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Abstract 

Neuroblastoma is a paediatric cancer of neural crest origin and is the most common 

extracranial solid tumour in childhood. In high-risk patients with poor clinical outcome, 

mutations within the kinase domain of anaplastic lymphoma kinase (ALK), such as 

ALKF1174L, co-segregate with amplification of the MYCN gene. Transcription of MYCN 

is directly upregulated by ALKF1174L, whilst BRD4, a member of the BET family of 

transcriptional co-regulators is essential for MYCN expression  

The project hypothesis is that a dual ALK-BRD4 inhibitor is beneficial compared with 

single inhibitors of ALK and BRD4, avoiding the need for combinatorial trials and 

treatment. Thus the aim of the project is to generate dual ALK-BRD4 inhibitors that 

target both oncogenic mutations as an effective treatment for high-risk neuroblastoma 

patients.  

BI-2536, a known dual PLK-1-BRD4 inhibitor with modest potency against ALK, was 

chosen as the starting point. Using structure based design, analogues of BI-2536 

were prepared and tested with the aims of increasing ALK activity, decreasing PLK-1 

activity and maintaining BRD4 activity. The testing of these compounds has provided 

SAR on how the potency can be modulated at ALK, BRD4 and PLK-1. 

This work has led to a series of compounds with significantly improved dual ALK-

BRD4 profiles, favourable kinase and bromodomain selectivity and on-target activity 

in cells. Furthermore this work highlights the challenges of designing and developing 

dual inhibitors; in particular balancing multiple potencies and the physicochemical 

properties whilst maintaining selectivity against other bromodomains and kinases.   
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Chapter 1 Introduction 

 

1.1 Neuroblastoma 

Neuroblastoma is an embryonal tumour derived from neural-crest cells in the 

sympathetic nervous system and is the most common extracranial solid tumour in 

childhood. Neuroblastoma accounts for 6% of the total number of childhood cancer 

diagnosis with just under 100 children in the UK diagnosed each year.1 

Neuroblastoma most frequently develops within one of the adrenal glands but can 

also develop within the spinal cord (Figure 1). The cancer can spread to other organs 

including bone marrow, bone and the liver. Cases of neuroblastoma are quite diverse, 

with a number of varying clinical and biological features.2 The majority of cases are 

sporadic or non-familial with only 1 – 2% of cases running in families.3  

 

Figure 1. Locations of tumour development at primary and metastatic stages.4 

After a patient is diagnosed with neuroblastoma, the neuroblastoma is classified by a 

stage. The International Neuroblastoma Risk Group Staging System (INRGSS) uses 

results from imaging tests, such as a computerised tomography (CT) or magnetic 

resonance imaging (MRI) scan, to help decide a stage before treatment has started.5 

The assigned stage describes how much cancer is in the body ranging from the 

tumour being confined to one area (Stage L1) to tumours that have metastasised to 

another part of the body (Stage M or MS) (Table 1). To aid assessment the INRGSS 

uses image-defined risk factors, for example the tumour encasing important blood 

vessels or close proximity to vital organs.5  
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Stage Description 

L1 A tumour that is confined to one area. 

L2 
A tumour that has not spread far from its primary location and has one image-

defined risk factor. 

M A tumour that has metastasised to a distant part of the body. 

MS 
Metastatic disease in children < 18 months with cancer spread only to the skin, 

liver and/or bone marrow. 

Table 1. Neuroblastoma stage classification (INRGSS).5 

 

1.1.1 Neuroblastoma Risk Groups and Associated Treatments 

Patients are also assigned to a risk group based on their stage and several 

prognostic markers which help determine a child’s prognosis. These include: 

 Age – younger children under 12 – 18 months are more likely to be 

successfully treated.6 

 Tumour histology – tumours that contain more abnormal cells are defined as 

having unfavourable histology and tend to have a poorer prognosis.7 

 Grade of tumour differentiation – well-differentiated cancer cells appear more 

like normal cells and tend to grow and spread more slowly than poorly 

differentiated cancer cells.7  

 MYCN Amplification – neuroblastoma cells with amplification of the MYCN 

oncogene is a well-established poor prognostic marker.8 

 11q aberration – tumour cells that are missing part of chromosome 11 have a 

less favourable prognosis.2 

 DNA ploidy – diploid cells have the same amount of DNA as normal cells 

whilst hyperdiploid cells have more DNA than normal cells and are associated 

with better prognosis.9  

Together, the prognostic markers and stage of cancer define a risk group for the 

patient, outlined in Table 2. The International Neuroblastoma Risk Group (INRG) 

classification system was based on data collected from 8,800 children diagnosed with 

neuroblastoma between 1990 and 2002, across North America, Australia, Europe and 

Japan.2 The lower risk groups generally have favourable histology and do not have 

MYCN amplifications or 11q aberrations. Consequently the 5-year survival rate for 

very low and low risk patients is >95% with surgery being the primary method for 



Chapter 1 

13 
 

treatment.10 Intermediate risk patients usually require chemotherapy alongside 

surgery during treatment, with a 5-year survival rate of 90 – 95%.10 These patients 

can have unfavourable histology or 11q aberrations. High-risk patients have a poorer 

prognosis with a 5-year survival rate of 40 – 50% and require several intensive 

treatments including chemotherapy, surgery, radiation and immunotherapy.10 MYCN 

amplification is strongly associated with poor outcome and is present in 45% of high-

risk cases.11 Due to the poor clinical outcome in high-risk patients, novel treatment 

approaches are urgently required. 

INRG 

Stage 

Age 

* 
Histology 

Tumour 

Differentiation 
MYCN 

11q 

Aberration 
Ploidy 

Risk 

Group 

L1 
 Favourable  NA 

Amp. 
  Very Low 

High 

L2 

<18 
 
≥18 

Favourable 
 
Unfavourable 

 
 
Differentiating 
 
Poorly 
differentiated 

NA 
 
NA 
 
NA 
Amp. 

No 
Yes 
No 
Yes 

 Low 
Int. 
Low 
Int. 
Int. 

High 

M 

<18 
<18 
<18 
≥18 

  NA 
NA 
Amp. 

 Hyperdip. 
Diploid 

Low 
Int. 

High 
High 

MS 
<18   NA 

 
Amp. 

No 
Yes 

 Very Low 
High 
High 

Table 2. International Neuroblastoma Risk Group Classification Scheme.2 *Age is in months. 

NA = not amplified, Amp. = amplified, Hyperdip. = hyperdiploid, Int. = intermediate. 

 

1.1.2 Current Approaches to Targeting MYCN in Neuroblastoma 

Amplification of MYCN is a defining feature of high-risk neuroblastoma and various 

strategies to therapeutically target the activity of MYCN have been pursued (Figure 

2). MYC proteins are transcription factors, encoded by the MYCN gene, and due to 

the absence of stable and well defined pockets, are difficult structures to inhibit with a 

small molecule.12,13 Approaches to indirectly target MYC have been favoured 

including targeting MYCN transcription, MYCN protein stability and synthetic lethal 

interactions with MYCN. 

One method that focuses on directly targeting MYC family members is blocking the 

interaction between MYC and its partner protein MAX.12 MYCN requires MAX in order 

to function as a transcriptional activator as well as for proliferative and oncogenic 

functions.13,14 Therefore inhibition of this protein-protein interaction is an appealing 
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strategy. Two compounds, 10074-G5 and 10058-F4 have been shown to block the 

MYCN-MAX interaction and induce apoptosis in neuroblastoma cells (Figure 3). 

However the poor solubility and short half-life have limited the compounds 

development in vivo.15,16  

 

Figure 2. Current therapeutic approaches for MYCN-amplified neuroblastoma. 

Inhibiting MYCN transcription has been a viable strategy through inhibition of cyclin-

dependent kinase 7 (CDK7) or bromodomain-4 (BRD4) (see 1.1.2.1). In MYCN-

amplified cells a super enhancer cluster of transcription factors and chromatin 

regulators occurs, including CDK7, which regulates and enhances MYCN 

transcription.17 THZ1, a covalent inhibitor of CDK7, is potent and selective for MYCN-

amplified cells, suppressing MYCN transcription.18 The CDK7 inhibitor also showed 

significant tumour regression in a mouse model of high-risk neuroblastoma 

demonstrating the potential for a CDK7 inhibitor as a treatment for MYCN-driven 

cancers.18  
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Figure 3. Structures of inhibitors for indirectly targeting MYCN. 

Inhibiting proteins that stabilise MYCN has also been a promising strategy for 

indirectly targeting MYCN. Activation of the PI3K/AKT/mTOR pathway in 

neuroblastoma is associated with poor outcome and drives stabilisation of 

MYCN.12,19,20 MYCN is stabilised by the phosphorylation status of residues Thr58 and 

Ser62, allowing for increased oncogenic activity.21 Phosphorylation of Thr58 is 

regulated by GSK3β, a downstream target of the PI3K/AKT pathway and 

phosphorylation of Ser62 is regulated by PP2A, a downstream target of mTOR 

(Figure 2). Targeting the PI3K/AKT/mTOR pathway is a suitable way to regulate 
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MYCN stability and stimulate degradation of MYCN. Combined PI3K/mTOR inhibitor 

NVP-BEZ235 has been shown to destabilise MYCN and cause tumour regression of 

MYCN-driven neuroblastoma in vivo.21 Inhibitors to reach neuroblastoma clinical trials 

include PI3K/mTOR inhibitor SF1126, although this trial was terminated due to too 

few patients recruited,22 and mTOR inhibitor AZD2014,  for paediatric patients with 

molecular anomalies in relapsed or refractory tumours (NCT02813135).23  

An alternative approach is to disrupt the interactions between MYCN and Aurora A 

kinase (AURKA), which control the stability of MYCN and prevent proteasomal 

degradation.24 Disruption of the association between MYCN and AURKA results in 

increased degradation of MYCN, as observed with AURKA inhibitor MLN8237.25 

However MLN8237 was not well tolerated in a phase I clinical trial (NCT0244484), 

leaving the development for improved AURKA inhibitors open.26 Finally, polo-like 

kinase 1 (PLK-1) is also known to stabilise MYCN. Conversely MYCN directly 

activates PLK-1 transcription creating a positive activation loop which promotes 

tumour cell survival.17 Inhibitors of PLK-1, BI-6727 and BI-2536, have been shown to 

induce apoptosis in MYCN-amplified neuroblastoma cells.27 

                  

Figure 4. Synthetic lethal interactions between MYCN and target B (e.g. CHK1 and CDK1).  

Inhibitors targeting synthetic lethal interactions with MYCN have also been explored. 

In the case of MYCN-mediated synthetic lethality, overexpression of MYCN and 

inhibition of a synthetic lethal gene to MYCN causes cell death, but just MYCN 

overexpression or inhibiting the gene does not (Figure 4).28 Therefore targeting a 

gene synthetically lethal to MYCN should only cause cell death in cancer cells and 

not affect normal cells. Targets that are synthetically lethal towards MYCN have been 

identified through shRNA library screens, including checkpoint kinase 1 (CHK1) and 

cyclin-dependent kinase 1 (CDK1).29,30 Inhibiting CHK1 induces apoptosis in MYCN-

amplified neuroblastoma cell lines, with CHK1 inhibitor sensitivity correlating with total 

MYCN Target B MYCN Target B 
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MYC levels.29 Following from this, CHK1 inhibitor CCT244747 showed significant 

tumour reduction in a MYCN-driven transgenic model of neuroblatoma.31 Similarly, 

inhibiting CDK1 induces apoptosis in MYC-amplified cells and decreases tumour 

growth in MYC-dependent lymphoma and hepatoblastoma models.17,30 These results 

demonstrate the potential of targeting synthetic lethal interactions of MYCN in 

neuroblastoma and other MYC-driven cancers.  

 

1.1.2.1 Targeting MYCN Transcription through BRD4 Inhibition 

Targeting transcription of MYCN can be achieved through inhibition of BRD4. BET 

proteins, including BRD4, locate to MYC promoters and activate transcription of 

MYCN. In recent reports, BET inhibitors have shown therapeutic efficacy in targeting 

MYCN transcription. Puissant et al. reports the BET inhibitor JQ1 causes 

downregulation of MYCN transcription and inhibits the growth of neuroblastoma in 

vitro and in vivo.32 BRD4 binds acetyl lysine residues within the MYCN promoter 

region, recruiting additional proteins, including positive transcription elongation factor 

b (P-TEFb), that mediate chromatin density and allow for active MYCN transcription 

(Figure 5).33-35 The presence of JQ1 blocks binding of BRD4 to the MYCN promoter, 

downregulating MYCN and its target genes.32 This leads to cell cycle arrest, 

increased apoptosis and differentiation.  

 

Figure 5 A) BRD4 binds to MYCN promoter region recruiting additional proteins (purple ovals) 

leading to active MYCN transcription. B) JQ1 (green triangles) inhibits BRD4 from binding thus 

inhibiting MYCN transcription. 

Preclinical studies using MYCN-driven neuroblastoma models have been performed 

with BET inhibitor OTX015 (Figure 6). The compound demonstrated specific activity 
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against MYCN-target genes by disrupting transcription.36 BET inhibitors have 

progressed to clinic for adult malignancies but there has been limited progress for 

paediatric trials.12,33 A Phase I study of BET inhibitor BMS-986158 is due to start June 

2019 to evaluate the investigational drug in paediatric cancers including 

neuroblastoma.37  

 

Figure 6. BET Inhibitors currently used in preclinical and clinical paediatric studies. 

 

1.2 Anaplastic Lymphoma Kinase 

1.2.1 Targeting ALK Mutations 

Another common set of mutations in neuroblastoma is within the kinase domain of 

anaplastic lymphoma kinase (ALK), occurring in 10-15% of neuroblastoma cases.3 

The most common point mutations in neuroblastoma are F1174L and R1275Q 

accounting for >80% of sporadic ALK mutations and result in ALK being constitutively 

activated.38,39 Gain-of-function mutations can also be found in familial cases of 

neuroblastoma, in particular R1275Q.3 Patients harbouring the F1174L mutations 

show a high rate of co-segregation with MYCN amplifications leading to the 

development of neuroblastomas with earlier onset, higher penetrance and enhanced 

lethaltity.40 In addition, the activated ALK kinase further amplifies the oncogenic 

activity of MYCN via the PI3K/AKT/mTOR pathway which stabilises MYCN and 

activates transcription (Figure 2).41-43 Berry et al. provided in vivo evidence of the 

synergistic relationship between ALK and MYCN and activation of the downstream 

signalling pathway, using an ALKF1174L/MYCN transgenic model of high-risk 

neuroblastoma.40 This ultra-high-risk subgroup exhibiting both amplification of MYCN 

and mutations of ALK have a survival of less than 15% in 3 years and represent an 

un-met clinical need.44 Therapeutic approaches to target both MYCN and ALK are 
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desired, for example employing a combination of inhibitors from the strategies 

discussed (Figure 2). 

In contrast to MYCN, ALK is an amenable therapeutic target with many small 

molecule inhibitors already known (Figure 7).45-48 However first-generation inhibitor 

crizotinib has shown limited efficacy in patients with ALK-driven neuroblastoma, in 

particular with the F1174L mutation.49 This relates to the differential sensitivity of ALK 

mutants to crizotinib; crizotinib shows sustained tumour regression against R1275Q-

mutant xenografts but is less effective against F1174L-driven tumours.38 This may be 

due to insufficient blockage of the activating F1774L mutant kinase but also that 

MYCN amplification is maintained despite ALK being blocked. Second-generation 

inhibitor ceritinib shows greater potency compared to crizotinib and overcomes 

crizotinib-resistance mutations but is also only partially active against the F1174L 

mutant.50,51 Ceretinib is currently in phase I trials for neuroblastoma as a single 

treatment and in combination with CDK4/6 inhibitor ribociclib (Figure 7). The dual ALK 

and CDK4/6 combination previously showed complete tumour regression in 

neuroblastoma xenografts with the F1174L and F1245C mutations.52 

 

Figure 7. ALK inhibitors currently in clinical trials. 

The third-generation ALK inhibitor lorlatinib has shown excellent efficacy in ALK-

driven neuroblastoma models. Lorlatinib shows enhanced potency towards ALK 

mutants F1174L and F1245C compared to crizotinib and causes complete tumour 
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regression in crizotinib-resistant and sensitive xenografts as well as in xenografts with 

the F1174L and F1245C mutations.53,54 These promising preclinical results has 

allowed progression of Lorlatinib to clinical trials for patients with relapsed ALK-driven 

neuroblastoma (NCT03107988).55 

Anaplastic lymphoma kinase (ALK) is a receptor tyrosine kinase and part of the 

insulin receptor superfamily. ALK comprises of an extracellular ligand binding domain, 

a transmembrane region and intracellular region containing the kinase domain.51 ALK 

was first identified as a partner to nucleophosmin 1 (NPM1) in the NPM-ALK fusion 

protein which is activated in anaplastic large cell lymphoma (ALCL).56 Translocation of 

ALK to form an ALK fusion protein, causes constitutive activation of ALK and 

subsequent activation of downstream signalling pathways. Since the identification of 

the NPM-ALK fusion protein, many other oncogenic ALK fusion proteins have been 

identified including NPM-ALK, EML4-ALK and TPM3-ALK and have been observed in 

in ALCL, non-small-cell lung cancer (NSCLC), diffuse large B cell lymphoma (DLBCL) 

and inflammatory myofibroblastic carcinoma (IMT).57  

Other mechanisms leading to aberrant ALK activity include gene amplifications, as 

observed in NSCLC, and point mutations, usually within the tyrosine kinase domain 

(Figure 8).38,39,58 Gain-of-function mutations are found mainly in neuroblastoma as 

well as thyroid cancer and NSCLC, whilst secondary resistance mutations following 

crizotinib treatment have been observed in NSCLC and IMT.57  

 

Figure 8. Possible abnormal forms of ALK expressed in cancer including gene amplification, 

gene fusion and point mutations. 

1.2.2 ALK Point Mutations  

Gain-of-function mutations of ALK are primarily observed in neuroblastoma, but have 

also been seen in thyroid and lung cancers.59,60 Most of the mutations are found 
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within the kinase domain, in particular around areas important for activation of ALK, 

the α-helix of the activation loop and the αC helix (Figure 9A).57,61 Mutations at 

R1275, F1174 and F1245, account for 85% of the ALK mutations found in patients 

with neuroblastoma, all constitutively activating the kinase.62  

In comparison to the gain-of-function mutations, secondary mutations arising from 

crizotinib resistance in NSCLC and IMT generally cluster around the inhibitor and 

ATP binding site (Figure 9B).57 

 

Figure 9. Comparison of A) gain-of-function and B) secondary resistant mutations found in 

ALK. Red spheres represent gain-of-function mutations; yellow spheres represent secondary 

resistant mutations. αC helix in blue, activation loop in orange. 

 

1.2.2.1 ALK F1174L Mutation 

The ALKF1174L mutation is one of the most common neuroblastoma mutations, present 

in 41% of MYCN-amplified cases and 30% of cases overall.62 The F1174L mutation is 

an activating mutation and increases the catalytic turnover (kcat) by approximately 40-

fold, from 9.32 ± 0.85 min-1 to 365 ± 61 min-1.38 This activation is achieved by a subtle 

change to the kinase conformation that triggers adoption of the active form. Phe1174 

sits behind the ATP binding pocket and contributes to a hydrophobic phenyl core 

between the αC and activation loops (Figure 10A).61 Reducing the size of Phe1174 

disrupts the packing, weakens interactions and allows the kinase domain to adopt an 

active conformation. Furthermore Phe1174 is in direct contact with Phe1271, part of 

the DFG motif. Asp1270, of the DFG loop, coordinates to a Mg2+ ion involved in ATP 

binding (Figure 10B). Reducing the size of Phe1174 to Leu1174 removes a structural 

constraint of the DFG loop and may allow Asp120 to adopt a more optimal 

coordination geometry, increasing binding affinity for ATP.38  

B A 
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Figure 10. A) X-ray structure of crizotinib in ALK highlighting residue Phe1174 (2XP2). B) 

Overlay of ALK WT (green) and ALKF1174L (purple) highlighting ‘Phe’ core, shift in DFG loop 

and ADP/Mg2+ coordination (2YJR and 3LCT). 

 

1.2.2.2 ALK R1275Q Mutation 

The ALKR1275Q mutation is found in 45% of familial cases and 33% of sporadic cases 

of neuroblastoma.51 Arg1275 is positioned on a short α helix within the activation loop 

and provides stabilising hydrogen bond interactions with the αC helix (Figure 11A).62 

These interactions contribute to stabilisation of the activation loop in its inactive 

conformation.  

Mutation of this residue disrupts this stabilisation, and allows the activation loop to 

adopt a different, more extended conformation with the short α-helix no longer 

present (Figure 11B).63 As a result, residue Tyr1278, a key driver of ALK activation, is 

now much more available for autophosphorylation compared to within the α-helix 

present in the wildtype structure.63,64 This provides a structural rationale for the 

activating R1275Q mutant which increases the kcat 12-fold to 119 ± 13 min-1.38 
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Figure 11. X-ray structure of A) apo ALK WT (3L9P) and B) apo ALKR1275Q (4FNX) 

highlighting the mutant residue and shift in activation loop (orange). 

 

1.2.3 First Generation Inhibitor Crizotinib 

Crizotinib was the first ALK inhibitor to be approved by the FDA for treatment of ALK 

positive NSCLC (Figure 12). The compound was initially developed as a c-MET 

inhibitor by Pfizer with the ALK ‘off-target’ activity recognised later on in the project.65 

Crizotinib contains an 2-aminopyridine group which binds to the hinge residue 

Met1199 with the 3-benzyloxy group providing hydrophobic interactions within the 

ALK pocket.45  

 

Figure 12. Structure of first-generation ALK inhibitor crizotinib. 

However, the majority of patients develop resistance to crizotinib within 12 months 

due to various resistance mechanisms including amplification of the ALK fusion gene, 

by-pass signalling pathways and the development of secondary mutations.66  Two 

secondary mutations were initially found in patients with the EML4-ALK fusion protein, 

gatekeeper residue L1196M and C1156Y, though many more mutations have been 

identified since around the ATP binding site (Figure 9B).67-69 The identification of 
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these mutations initiated the development of second-generation inhibitors to 

overcome these resistant mutations.  

1.2.4 Second and Third Generation ALK Inhibitors 

 

Figure 13. Structures of second- and third-generation ALK inhibitors. 

Identification of secondary mutations quickly led to the development of novel second-

generation inhibitors including ceritinib and alectinib (Figure 13). Ceritinib, developed 

by Novartis, received approval by the FDA in 2014, for NSCLC patients previously 

treated with crizotinib. Ceritinib is active against several crizotinib-resistant mutations 

including the gatekeeper mutations L1196M, G1269A, I1171T and S1206Y.50 

Ceritinib was developed from early ALK inhibitor TAE-684, improving the kinase 

selectivity by introducing the isopropoxy group and reducing metabolism on the 

electron rich aniline by reversing the piperidine attachment and inclusion of the methyl 

group para to the isopropoxy group.46 The compound binds to the hinge region of 

ALK via a hydrogen bond donor and acceptor pair with the aminopyrimidine moiety.  
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The second ALK inhibitor approved by the FDA in 2014 was alectinib for patients with 

ALK positive NSCLC who have progressed or are intolerant to crizotinib treatment.70 

Alectinib is based upon a unique benzocarbazole core with the carbonyl interacting 

with hinge residue Met1199.71 Alectinib is sensitive to the L1196M gatekeeper 

mutation with a Ki of 1.6 nM as well as the C1156Y, F1174L and R1275Q 

mutations.65,72 The compound also has potent efficacy in other ALK-driven tumours 

including ALCL and neuroblastoma.72  

Brigatinib is a potent ALK, ROS1 and EGFR inhibitor and shows good selectivity over 

9 crizotinib resistant mutations of the EML4-ALK fusion gene.73 Brigatinib is similar in 

structure to ceritinib and TAE-684 but replaces the isopropyl sulfone group with a 

dimethyl phosphine oxide (DMPO). The DMPO aniline achieves similar potency to 

TAE-684 but improves selectivity over close family members insulin like growth factor 

1 receptor (IGF1R) and insulin receptor (INSR).74 In April 2017, the FDA approved 

brigatinib for the treatment of ALK positive NSCLC in patients with progressive 

disease with crizotinib treatment.75 

The third generation inhibitor lorlatinib was approved by the FDA in 2018, also for the 

treatment of ALK-driven NSCLC. Lorlatinib is a dual ALK-ROS1 inhibitor used to treat 

patients who have developed resistance to a crizotinib or second generation inhibitors 

ceretinib or alectinib. Lorlatinib was developed by Pfizer as a next generation inhibitor 

of crizotinib, with the aims of overcoming crizotinib resistant mutations and the ability 

to cross the blood brain barrier to target brain metastases.47,76 The compound has a 

novel macrocyclic scaffold containing the same aminopyridine hinge motif as 

crizotinib. Lorlatinib is brain penetrant, has high kinase selectivity and potently inhibits 

ALK resistance mutations from first or second generation inhibitor treatment including 

F1174L.47,73  

 

1.3 Bromodomain-4 

1.3.1 Bromodomain Function 

Acetylation of lysines on histone tails is a post-translational modification known to 

play an important role in chromatin modification and gene transcription.77-79 

Dysfunctional levels of acetylation has been linked to the development of several 

diseases including cancer.80,81 The level of lysine acetylation is regulated by 

histoneacetyltransferases (HATs), which covalently modify the ε-amino group of 
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lysines, and histone deacetylases (HDACs) which remove the acetyl modification 

(Figure 14). In addition, post translational modifications such as acetylation are 

processed by ‘readers’. Bromodomains recognise and bind to acetylated histones, in 

turn recruiting other proteins to form transcriptional regulation and chromatin 

modelling complexes.82,83 The functional role and druggability of bromodomains has 

prompted the design of a rapidly increasing number of small-molecule bromodomain 

inhibitors to explore new phenotypes and to gain a better understanding on the 

function and role of bromodomains in different disease settings including cancer, 

inflammation and immunology.84-86  

 

Figure 14. Acetylation signalling87 – HATs add an acetyl moiety to the ε-amino lysine group 

and HDACs remove the acetyl moiety. Acetylated lysines on histones are recognised by 

bromodomains (BRD). 

The human genome contains 61 bromodomains which are divided into eight 

subfamilies based on their sequence and structure (Figure 15).88 Bromodomain-

containing protein 4 is part of the bromo- and extra-terminal domain (BET) family and 

contains two sub bromodomain units, BRD4(1) and BRD4(2). Deregulation of BET 

proteins has been observed in cancer and inflammatory disease and consequently 

the BET family has been widely explored as a drug target with numerous chemical 

probes reported (see 1.3.3 for further discussion).84,89,90 Chemical probes and 

inhibitors targeting bromodomains other than the BET family have also been reported 

as reviewed by Moustakim et al.83 Chemical probes have been developed for 

members of all the bromodomain subfamilies, aside from sub-family VI due to the 

challenge in finding hit compounds for their atypical binding residues, asparagine in 

MLL and threonine in TRIM28.83 
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Figure 15. Bromodomain family tree consists of subfamilies I-VIII. Bromodomains marked with 

a circle have reported inhibitors. Example chemical probes/inhibitors for each subfamily are 

shown.  

 

1.3.2 Structure of BRD4 

The bromodomain structure consists of four α-helices linked by loop regions which 

surround the acetylated lysine binding pocket (Figure 16A).85 The acetylated lysine 

forms a hydrogen bond with a conserved asparagine, in the case of BRD4(1) Asn140. 

Bromodomain inhibitors mimic this hydrogen bond interaction as demonstrated by the 

triazole of BET-inhibitor JQ1 (Figure 16B). In the BRD4 pocket is a network of 

conserved water molecules situated in the region known as the ZA channel which is 
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framed by the ZA loop.84 Adjacent to the ZA channel is a region known as the ‘WPF 

shelf’ due to a conserved WPF motif in BET family members and a handful of other 

bromodomains such as PCAF and CECR2. Both the ZA channel and WPF shelf 

region provide further possibilities to enhance potency and selectivity over other 

bromodomain sub-families.84 For example, bromodomain BAZ2B lacks the structure 

of the ZA channel and WPF shelf due to changes in pocket residues, BAZ2B inhibitor 

BAZ2-ICR adopts a π-stacking arrangement that cannot fit into the more enclosed 

BRD4 pocket hence achieving selectivity over the BET family.91 The final region used 

to achieve selectivity is the gatekeeper residue located at the entrance of the pocket. 

In BRD4 this residue is Ile146 but for bromodomains BRD9 and PCAF this residue is 

a tyrosine. This allows for inhibitors such as BI-9564 and L-Moses to form π-π 

stacking interactions and achieve selectivity over the BET family (Figure 15).92,93  

 

Figure 16. Overview of bromodomain binding site (3MXF). A) Structure of BRD4(1) and JQ1 

complex showing 4 helix bundle and KAc biding site. B) Close up of KAc binding site with key 

amino acids and structural features highlighted. 

 

1.3.3 Current BET Inhibitors 

Many BET inhibitors have been identified and used as chemical probes to understand 

the molecular role of BET inhibition. BET proteins are considered to be very 

druggable targets and more inhibitors have been reported for the BET family than all 

of the other bromodomains combined.84 The first potent and selective BET inhibitors 

disclosed were JQ194 and I-BET67295, closely followed by I-BET15196 and PFI-197 

(Figure 17). These four compounds represent the three main types of KAc mimetic 

A B 
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observed in BET inhibitors: a triazole (JQ1 and I-BET762), a dimethyloxazole (I-

BET151) and a pyridone-like moiety (PFI-1). All three motifs form a hydrogen bond 

interaction with Asn140 and a conserved water in the BRD4 pocket, which in turn 

interacts with Tyr97 (Figure 18). The majority of disclosed BET inhibitors contain one 

of these KAc mimetic motifs and several reviews discuss the vast variety of 

compounds since identified from those in Figure 17.80,84,86 

  

Figure 16. Structures of BET bromodomain inhibitors. 

 

Figure 17. Key interactions for A) JQ1 (triazole,, 3MXF), B) I-BET151 (dimethylisoxazole, 

3ZYU) and C) PFI-1 (pyridone-like, 4E96). 

Alternative approaches to BET inhibition have been reported, including bivalent 

inhibition and the use of protein targeting chimeras (PROTACs). The former approach 

B A C 
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involves the simultaneous binding of the first and second bromodomains (BD1 and 

BD2) of BRD4, achieved by inhibitor BiBET (Figure 19).98 The compound contains 

two triazole KAc mimetics, one at each end of the molecule, to allow bivalent binding 

to BD1 and BD2. BiBET demonstrates high cellular potency with an EC50 of 100 pM 

and enhanced cancer-cell growth inhibition compared to monovalent inhibitor I-

BET762.98 

 

Figure 19. A) Structure of bivalent inhibitor BiBET. B) X-ray structure of BiBET with BRD4(1) 

dimer (5AD3). 

The second alternative approach to target BRD4 is the use of the rapidly growing 

technique, targeted protein degradation. PROTACs are small molecules which bind to 

a target protein and recruit an E3 ubiquitin ligase to allow for ubiquitination of the 

target protein and subsequent degradation by the proteasome.99 The molecule is 

comprised of three components: a small molecule inhibitor for the target protein, an 

E3 ligase binding ligand and a linker region (Figure 20). One example of a BRD4-

targeted degrader is ARV825, which consists of OTX015 as the BRD4 binding ligand 

and pomalidomide to bind to the E3 ligase cereblon.100 ARV825 induces effective 

degradation of the BET proteins as well as superior MYC suppression compared to 

JQ1 and OTX015.100,101 Similarly, compound MZ1 is able to effectively degrade BET 

bromodomains.102 MZ1 utilises a different E3 ligase, the von Hippel-Lindau E3 ligase, 

and JQ1 as the BRD4 binding ligand.  

Interestingly MZ1 shows selective degradation for BRD4 over BRD2 and BRD3.103 

Achieving selectivity between the BET bromodomains is a challenge due to high 

homology between the family members; all BET bromodomains exhibit 95% 

sequence homology at the KAc binding site.104 The majority of BET inhibitors are pan-

BET inhibitors which poses an issue due to impacting numerous transcriptional 

pathways and the specific functions of BET members. Therefore MZ1 represents a 
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unique method to target BRD4 selectively rather than the use of a pan-BET 

inhibitor.104  

       

Figure 20. Structures of BRD4 PROTACs. PROTACs are made up of a small molecule 

inhibitor for the target protein (orange), a linker and a ligand for the E3 ubiquitin ligase (green). 

Recently, small molecule inhibitors have been reported as being selective for BRD4 

over other BET bromodomains. Raux et al. discovered a class of xanthine based 

inhibitors (1) with a greater than 10-fold selectivity towards BRD4-BD1 (Figure 21).105 

This was attributed to the different dynamic behaviour of the ZA loop between the 

BET bromodomains whilst BD1 selectivity was achieved by interaction with a 

glutamine residue (a lysine in BD2). In 2015, Bayer disclosed compound 

BAY1238097 which shows selectivity for BRD4 (63 nM) over BRD3 (609 nM) and 

BRD2 (2430 nM).106 

Cereblon ligase 
binder 

ARV825 

OTX015 

MZ1 

Linker 

JQ1 

VHL ligase binder 
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Figure 21. Scaffolds of inhibitors that achieve selectivity within the BET family or between 

BD1 and BD2. 

Selective targeting of the first or second bromodomain of BRD4 also provides an 

opportunity to achieve selective transcriptional effects.104 Discriminating between the 

first and second bromodomains of the BET family has shown more promise than 

achieving selectivity within the BET family due to exploitation of a few structural 

differences between the BD1 and BD2 pockets. Sequence comparison of BRD4(1) 

and BRD4(2) revealed three key differing residues: Gln85 in BD1 is Lys378 in BD2, 

Asp144 in BD1 is His437 in BD2 and Ile146 is Val439 in BD2 (Figure 22).  

Preferential binding for BD1 has been observed with compound Olinone, exhibiting a 

greater than 100-fold selectivity over BD2 (Figure 21).107 The tricyclic structure 

interacts with BD1 specific residue Asp144 but is predicted to clash with BD2 specific 

residue His437. Selectivity for BD1 has also been observed with a series of 

azobenzene BET inhibitors, with compound MS436 showing 10-fold selectivity 

towards BD1 over BD2.108 In comparison, BD2 selectivity has been observed with 

compound RVX-208, showing a 30-fold selectivity for BD2 over BD1. Additional 

potency with the BD2 pocket is achieved by stacking of BD2 residue His437 against 

the phenyl ring.109 
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Figure 22. Residue differences between BRD4-BD1 (pale orange, 6Q3Z) and BRD4-BD2 

(blue, 6FFD). 

 

1.4 Polypharmacology 

It is increasingly recognised that targeting multiple pathways that support cancer 

growth and survival is necessary to treat aggressive cancers and overcome 

resistance.110,111 Due to the molecular and genetic complexity of cancer, a single 

agent targeting a single oncogenic pathway might not be sufficient to provide a 

durable response.112 Therefore focus is switching to drug discovery strategies which 

simultaneously target multiple pathways, either as a combination treatment or a 

polypharmacological drug. Over half of all combination trials are conducted in 

oncology highlighting the prevalence and interest in achieving effective combinations 

for cancer treatment.113  

However, drug combinations can lead to undesired side effects, drug-drug 

interactions and pharmacokinetic complexity.114 In children, combination trials are 

much more complicated due to increased chance of toxicity when two agents are 

tested and an increased length of trials due to establishing a tolerable dose for each 

new agent in very small patient populations.  

An alternative method for targeting multiple pathways is the use of a dual inhibitor. A 

single polypharmacological agent should have the same advantages as combinatorial 

treatments, such as improved therapeutic efficacy and prevent drug resistance, but 

should also minimise the liabilities.114,115 In addition to reducing the length and 

complexity of trials, the administration of a dual inhibitor would also decrease the 
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chance of drug-drug interactions, off-target toxicities and additive toxicities. A dual 

inhibitor would have a more predictable pharmacokinetic profile than multiple 

compounds administered in combination and also reduce costs in development and 

testing.116 Prominent examples of polypharmacological drugs are multi-kinase 

inhibitors, exploiting the secondary kinase activity to disrupt multiple pathways in 

cancer surivial.117-119   

The design and development of dual inhibitors that specifically inhibit two targets, 

particularly when they are structurally distinct and not from the same family, is 

challenging.110 It is difficult to balance multiple activities whilst also controlling the 

selectivity and physicochemical and pharmacokinetic properties of the 

compound.111,112 A further disadvantage is that with drug combinations the ratio of 

activities can be changed by modifying the dose of each compound but a single 

compound has a fixed ratio of activities. For biological investigation a selective target 

profile is desired; excessive promiscuity can lead to off-target toxicities.111 Therefore 

managing the selectivity of two protein families within a small molecule scaffold, in 

this case kinases and bromodomains, is essential but challenging. Although multi-

targeted kinase inhibitors have been used in oncology, the rational design and 

development of a dual kinase bromodomain inhibitor as a therapeutic has yet to be 

achieved.  

 

1.5 Dual Kinase-Bromodomain Inhibition 

1.5.1 Identification of Dual Kinase-Bromodomain Inhibitors 

Co-targeting of kinases and bromodomains, which both play key roles in cancer and 

inflammatory disease is an attractive strategy to target multiple cancer pathways and 

overcome problems of resistance.115,120 Synergy between bromodomains and kinases 

has been identified in several settings, providing excellent rationale for the 

development of dual kinase-bromodomain inhibitors as potential therapeutics. For 

example, JAK kinase and BRD4 have key roles in multiple myeloma models101,121 and 

the FLT3 kinase and BRD4 are both drivers in acute myelogenous leukaemia 

(AML).122 In combination, the FLT3 inhibitor Ponatinib and JQ1 demonstrate a lethal 

effect in AML cell lines.123 Synergistic effects have also been reported between 

Ibrutinib, a BTK inhibitor, and JQ1 against mantle cell lymphoma (MCL)124 and 

between BET inhibitors and inhibitors targeting the PI3K pathway.125,126  
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In 2014 Ciceri et al. discusses the possibility of rationally designing dual kinase-

bromodomain inhibitors to improve current therapies.115 Cross-reactivity between 628 

inhibitors and BRD4 was identified through AlphaScreen, with 12 compounds 

exhibiting strong inhibition of binding polyacetylated histone H4 peptide (Figure 23). 

At a similar time, Ember et al. established binding modes through BRD4 

crystallisation studies of 194 kinase inhibitors, identifying a similar set of 14 kinase 

inhibitors with nanomolar or low micromolar bromodomain activity.127  

 

Figure 23. Kinase inhibitors identified by Ciceri et al. and Ember et al. showing BRD4 activity. 

Two compounds that exhibit nanomolar potency for BRD4 and excellent selectivity for 

the BET family of bromodomains are the PLK-1 inhibitor BI-2536 and the JAK2 

inhibitor TG-101348, with Kd values of 37 and 164 nM respectively (Figure 24A+B). 

Considering the kinase selectivity of the compounds, TG-101348 is a promiscuous 

kinase inhibitor and a good example of the difficulty in achieving selectivity with a 

cross-family dual inhibitor (Figure 24C). Conversely BI-2536 demonstrates relatively 

good kinase selectivity for PLK-1 with a handful of other targets below 200 nM 

potency, including CAMKK2, DAPK3 and ALK.128 BI-2536 is an excellent example 

that demonstrates selective dual kinase-bromodomain inhibition can be achieved.  
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Figure 24. A) Structures and activities of dual inhibitors BI-2536 and TG-101348. B) 

Bromodomain interaction map of Tm shift data collected using a panel of 46 bromodomains.115 

Tm shift represented by circle size and colour. C) Kinome interaction map showing interactions 

with Kd <250 nM.128 Larger circles indicate higher affinity interactions. 

 

1.5.2 Structural Analysis of Dual Kinase-Bromodomain Inhibitors 

Structural analysis of the aforementioned inhibitors revealed different binding types 

for achieving dual kinase-bromodomain inhibition. Ember et al. classify the dual 

inhibitors into three different binding types: N Type, PZA/ZA Type and I Type (Table 

3).127  

The first binding type is ‘N-Type’ which is when the kinase hinge binding motif also 

acts as the KAc mimetic, directly interacting with Asn140.127 This is exemplified by 

TG-101209 and TG-101348 where the aminopyrimidine moiety binds to both the 
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hinge region and Asn140 via a hydrogen bond donor and acceptor. Designing novel 

dual inhibitors of this type may be challenging due to the overlapping binding regions. 

This binding region overlap makes it more difficult to extend and modify into two 

structurally different targets and may result in less potent inhibitors and also 

promiscuous inhibitors, like the kinase profile of TG-101348 (Figure 23C).  

 

 

 

 

 

 

 

 

N-Type PZA/ZA-Type I-Type 

Hinge binding region 

interacts with Asn140 

Hinge binding region interacts with 

Pro82 and/or ZA channel 

Hinge binding region 

does not interact with 

bromodomain 

KAc mimetic coincides with 

the hinge binding region 

KAc mimetic forms polar interactions 

with conserved back pocket residues 

KAc mimetic does not 

interact with kinase 

e.g TG-101348, TG-101209 e.g BI-2536, GW612286X 
e.g. LY294002, 

SB202190  

Table 3. Summary of the binding modes of dual kinase-bromodomain inhibitors. 

The second type of dual inhibitor is ‘PZA- or ZA-Type’ in which the hinge binding 

region interactions with Pro82 and/or the ZA channel of waters.127 The KAc mimetic is 

elsewhere on the structure as observed with BI-2536; the KAc mimetic is spatially 

separated from the aminopyrimidine hinge motif on the dihydropteridinone core. 

Although the binding regions are still relatively close, this type of dual inhibitor 

potentially offers more room for modification to different targets compared to N-type 

dual inhibitors.  

The final type is ‘I-Type’ in which the hinge region does not interact with the 

asparagine residue and the KAc mimetic does not interact with the hinge binding 
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region. An example of an I-type inhibitor is NU7441 where the morpholine interacts 

with the kinase and the carbonyl acts as the KAc mimetic.127 This type of dual kinase-

bromodomain inhibitor offers a lot of freedom for modification due to kinase and 

bromodomain binding regions being on separate parts of the molecule and not 

interacting with the other target.  

1.5.3 Current scope of Dual Kinase-Bromodomain Inhibitors 

The reports by Ciceri et al. and Ember et al. provide important precedence for dual 

kinase–bromodomain inhibition and structural insights. However the combination of 

bromodomain and kinase inhibited by these dual inhibitors was discovered 

serendipitously by screening selective kinase inhibitors against BRD4. To date, there 

are a few published reports of discovery efforts that aim to combine inhibition of a 

particular kinase with bromodomain inhibition into a single dual inhibitor to explore a 

specific disease hypothesis.  

Several papers have expanded on the dual inhibitors identified by Ciceri et al. and 

Ember et al. Dual PLK–BRD4 inhibitors, BI-2536 and BI-6727, have showed efficacy 

as latency reversing agents for the treatment of HIV-1129 whilst several papers 

discuss further modification of BI-2536 to modulate the kinase and bromodomain 

activity.130,131 This is exemplified by compound 2 which shows a balanced BRD4 and 

PLK-1 activity profile (Figure 25).132  

Schonbrunns team have continued from their identification of TG-101209 to develop 

novel dual kinase-bromodomain agents based on the same di-aminopyrimidine 

scaffold.133 Example compound 3 potently inhibits BRD4 (IC50 = 34 nM) and a series 

of tyrosine kinase inhibitors including JAK2, FLT3 and RET and ROS1 (IC50s = 0.9 – 

1.1 nM). Lead compounds including 3, showed promising potential as novel cancer 

therapeutics with on target inhibition in several blood cancer cell lines. 

Divakaran et al. expand on the 1,4,5-trisubstituted imidazole structure of 

SB284847BT, a p38 inhibitor.134 For example compound 4 shows modest BRD4 

potencies at 1.8 µM but unexpectedly they achieve selectivity towards BD1 over BD2 

due to steric hindrance of a histidine residue in BD2 (aspartic acid in BD1). With 

further development these compounds may reach potent and BD1 selective dual p38-

BRD4 inhibitors.  
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Dual PI3K-BRD4 inhibitor SF2535, which has similar scaffold to previously identified 

LY294002 and NU7441, has been shown to disrupt function of MYC.135 The dual 

inhibitor impairs PI3K and BRD4 signalling causing MYC downregulation and 

subsequent inhibition of cancer cell growth and metastasis. Importantly the dual 

inhibitor is compared to the two individual inhibitors combined and demonstrates 

improved efficacy and toxicity.  

 

Figure 25. Recently identified dual kinase-bromodomain Inhibitors. 

Finally a novel dual kinase-bromodomain combination was explored by Wang et al. 

with the development of JWG-047, an ERK5-BRD4 inhibitor.136 This combination was 

proposed for potential cancer drug target combination although biological evidence 

for this combination is yet to be discussed.  
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Overall, there has been successful discovery of novel dual kinase-bromodomain 

inhibitors but these polypharmacological agents have yet to reach the clinic to 

demonstrate their therapeutic benefits.  

 

1.6 Project Aims 

1.6.1 Project Hypothesis 

A possible effective but unavailable treatment for high-risk neuroblastoma patients is 

the concomitant inhibition of ALK and BRD4 in a single molecule to block both 

oncogenic drivers: the mutant ALK kinase and MYCN. Combining both ALK and 

BRD4 inhibition would serve two purposes. Firstly the dual inhibitor would target the 

two key oncogenic drivers of high-risk neuroblastoma and diminish MYCN 

expression, potentially resulting in strong antiproliferative or proapoptopic effects. In 

addition, blocking two targets at once lowers the risk of resistance, due to the 

probability of clonal adaptation to targeted therapy being lower for combination 

therapies.137  

No dual ALK-BRD4 inhibitor was identified in the kinase inhibitor screening performed 

by Ciceri et al. and Ember et al. and none has been described so far. Therefore the 

design strategies outlined in these papers would need to be applied to the new 

kinase-bromodomain combination to explore the specific disease hypothesis.  

The overall hypothesis is that dual inhibition of ALK and BRD4 is beneficial to 

neuroblastoma patients when compared to single ALK and BRD4 inhibitors and that a 

dual ALK-BRD4 inhibitor can be rationally designed. The project aims are thus: 

 Design and synthesise dual ALK-BRD4 inhibitors to validate the concept of 

dual inhibition in neuroblastoma cell lines. 

 Compare effectiveness of dual inhibitors with stand-alone inhibition of ALK 

and BRD4 and combinations of ALK and BRD4 inhibitors. 

 Contribute to the field of rationally designed dual kinase-bromodomain 

inhibition. 
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1.6.2 ALK and BRD4 Synergy  

At the beginning of the project, it was important to investigate if the two targets, ALK 

and BRD4, displayed synergy rather than antagonism. The synergism between ALK 

and BRD4 was tested using the Chou-Taleley method, carried out by my collaborator 

Lizzie Tucker.138 The GI50 of BRD4 inhibitor JQ1 and ALK inhibitor ceritinib were 

measured individually and also as a combination (Figure 26A). The GI50 of the 

combination of the two drugs is more potent used in combination at 0.6 µM, 

compared to 3.1 µM (JQ1) and 1.6 µM (ceritinib). A combination index was then 

calculated for the two drugs at 50% surviving fraction giving a value of 0.25, which is 

within the synergistic region of the isobologram plot (Figure 26B). This provided good 

evidence that ALK and BRD4 are synergistic rather than antagonistic.  

 

Figure 26. Chou Taleley experiment between JQ1 (BRD4 inhibitor) and ceritinib (ALK 

inhibitor) A) GI50 values of JQ1, ceritinib and as a combination B) Isobologram depicting the 

combination index between JQ1 and ceritinib. Performed by Lizzie Tucker. 

 

1.6.3 Project Cascade 

The project followed the cascade outlined in Scheme 1. The project started with the in 

silico design of the dual inhibitors, utilising docking methods and examining ALK and 

BRD4 structures and known inhibitors, to identify suitable modifications to benefit 

both targets. The dual inhibitors were synthesised and tested in biochemical assays 

against ALK (WT and F1174L mutant) and BRD4. This process was iterative until 

compounds with desired biochemical potencies of <100 nM at both targets were 

achieved.  
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Selected compounds were taken forward to look at the broader kinase and 

bromodomain selectivity. Co-crystal structures of selected compounds and BRD4 

were solved, by my collaborators at the Goethe University of Frankfurt. Despite 

several attempts, ALK co-crystallography was not possible due to difficulties with 

protein production and purification and the modest activity of earlier analogues.  

 

Scheme 1. Project cascade for the development of dual ALK-BRD4 inhibitors. 

Potent compounds were also taken forward for initial cellular testing to confirm on-

target engagement of the dual inhibitors in a cellular context. The first cellular 

experiments included measuring ALK autophosphorylation levels and nanoBRET 

target engagement assays. Further cellular experiments were available, in 

collaboration with the Paediatric Solid Tumour team at the ICR. This included 

measuring levels of BRD4-regulated transcripts MYCN and tyrosine hydroxylase (Th) 

using quantitative, reverse transcription, polymerase chain reaction (qRT-PCR), as 
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well as measuring growth inhibition in normal and resistant cell lines. Meanwhile the 

physicochemical properties of promising compounds were measured, including the 

solubility, permeability and clearance. Compounds with good biochemical and cellular 

potency as well as favourable physicochemical properties were suitable to put 

forward for in vivo experiments.  
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Chapter 2 Design and Synthesis of First 

Generation Dual ALK-BRD4 Inhibitor 

Part of this chapter is published in E.Watts et al., J. Med. Chem, 2019, 62, 2618-2637 

 

2.1 Introduction to BI-2536 

My aim at the start of the project was to discover starting points that showed 

significant activity against ALK and BRD4. Of particular interest was dual kinase-

bromodomain inhibitor BI-2536 (Figure 27A). The compound was discovered and 

developed as a PLK-1 kinase inhibitor but was found to potently inhibit BRD4 by 

Knapp and Schönbrunn’s labs.115,127,139 

           

Figure 27. A) Biochemical activity data and B) kinase selectivity data for BI-2536. 

A comprehensive screening of kinase inhibitors, including BI-2536, was performed by 

Davis et al. to understand kinase selectivity.128 Among the results, BI-2526 exhibited 

modest activity against ALK at 160 nM and a binding preference for ALK over the 

majority of other kinases. (Figure 27B) The selectivity of BI-2536 is partially due to the 

presence of the methoxy substituent. Few kinases are able to accommodate this 

substituent due to a steric clash with a larger tyrosine or tryptophan residue in the 

hinge region. Amongst the exceptions are PLK-1 and importantly ALK due to the 

presence of a smaller leucine at this position.140,141 

Following from this finding, I tested BI-2536 tested against ALK WT and ALKF1174L 

using a LanthaScreen® assay format showing comparable activities of 390 nM and 

A B 
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190 nM respectively. In addition, binding against BRD4 and PLK-1 were confirmed. 

The potency of BI-2536 against PLK-1 was beyond the dynamic range of the assay 

(IC50 < 2.6nM) consistent with a published Kd of 0.19 nM.128 

With BI-2536 established as a dual kinase-bromodomain inhibitor and demonstrating 

modest ALK activity and kinase selectivity, BI-2536 was a suitable starting point for 

the discovery of a dual ALK-BRD4 inhibitor. 

2.1.1 PLK-1 

Polo-like kinase 1 is a member of the PLK family of serine/threonine protein kinases 

and plays key rolls during many stages of the cell cycle, in particular during mitosis. 

PLK-1 controls the G2/M checkpoint (mitotic entry) by activating the CDK1/cyclinB 

complex and regulates the spindle assembly checkpoint in preparation for metaphase 

(Figure 28).142 PLK-1 also plays roles in centrosome maturation, chromosome 

segregation by activation of the anaphase-promoting complex/cyclosome (APC/C) 

pathway and controls mitotic exit and cytokinesis.143  

 

Figure 28. The involvement of PLK-1 during the cell cycle. 

Due to the close involvement of PLK-1 in cell-cycle progression in normal proliferating 

tissues, PLK-1 has expectedly been found to be overexpressed in a variety of 

cancers.144 Progression through mitosis is not possible if PLK-1 is inhibited,145 thus 

inhibitors have been developed through targeting of the kinase domain as seen with 

BI-2536 and later analogue BI-6727, or the polo-box domain, which is unique to the 

PLK family.146-148 
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Due to its prevalence in cells and multiple functions in cell cycle, inhibition of PLK-1 

has been shown to cause toxicity. As antimitotic compounds, PLK-1 inhibitors exhibit 

hematologic toxicity including neutropenia and thrombocytopenia.149 Therefore, for 

designing a dual ALK-BRD4 inhibitor from BI-2536, it was important to remove the 

PLK-1 activity to improve the selectivity and toxicity profile.  

 

2.1.2 Binding of BI-2536 to PLK-1 and BRD4 

     

Figure 29. Binding mode of BI-2536 in PLK-1 and BRD4 showing hydrogen bonding 

interactions (yellow dotted lines) and water mediated interactions (blue curves).  

Co-crystal structures of BI-2536 in PLK-1 and BRD4 aided understanding of the dual 

kinase-bromodomain activity (Figure 29).115 The kinase hinge-region and 

bromodomain KAc mimetic are spatially separated from each other on the 

dihydropteridinone core. The aminopyrimidine of the dihydropteridinone core forms 

the key hinge-binding interaction with residue Cys133 in the PLK pocket whilst in 

BRD4, the diaminopyrimidine motif forms a network of hydrogen bond interactions 

with Pro82, Gln85 and waters in the ZA channel.  

Cys133 

Arg57 

Leu59 Asn140 

Tyr97 

Pro82 

Gln85 

PLK-1 BRD4 
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The dihydropteridinone carbonyl acts as the KAc mimetic, interacting with residue 

Asn140 in the BRD4 pocket. In PLK-1 the same carbonyl forms a hydrogen bond with 

a conserved water. Further hydrogen bond interactions occur in the PLK-1 pocket 

between the amide motif and residues Leu59 and Arg57 whilst the methoxy and ethyl 

substituents point into PLK-1 specific hydrophobic pockets, increasing PLK-1 

selectivity.140 Similarly the ethyl group points into a hydrophobic pocket within BRD4.  

2.1.3 Literature Describing SAR of BI-2536 

Recent papers discuss the SAR of BI-2536, as a PLK-1 inhibitor or more recently as a 

dual PLK-1-BRD4 inhibitor.131,132,140,150 The key points are highlighted in Scheme 2 

establishing how the kinase and bromodomain activity can be manipulated. 

Replacement of the methoxy group with a bulkier cyclopentoxy and isobutoxy 

improved BRD4 activity 2-fold however decreased PLK-1 activity.131,132 Removing the 

methoxy group does not affect BRD4 inhibition but caused more promiscuous 

inhibition against the kinome signifying the importance of the methoxy group in 

discriminating against kinases with a bulky residue at this positon.140  

 

Scheme 2. Structure activity relationships of BI-2536 from published data. 

Changing both the methyl and ethyl substituents to larger groups or removing the 

groups completely decreases potency at both targets revealing small hydrophobic 

groups were optimal.131,132 Importantly, the SAR of the methyl group confirmed the 

functional role of the methyl amide as a KAc mimetic in BRD4. Conflicting data has 

been published for the SAR of the ethyl group. Chen et al. reported that changing the 

stereochemistry of the ethyl group from R- to S- did not affect BRD4 potency and 

caused a 2-fold drop in potency against PLK-1. However Liu et al. showed changing 
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the chirality did have an effect on potency with BRD4 and PLK-1 potency decreasing 

2-fold and 8-fold respectively.132  

Improvements in BRD4 potency were observed by changing the cyclopentyl to a 3-

bromobenzyl moiety, increasing activity 7-fold.131 This group provided extra flexibility 

to reach the WPF shelf, a recurring area of interest in the development of potent 

bromodomain inhibitors.84 For PLK-1, modifications to 3-bromobenzyl, isobutyl or 

isopropyl decreased activity, demonstrating the cyclopentyl group could be an 

important point of SAR to modulate the kinase and bromodomain activity. 

Substitution of the pyrimidine NH with an O saw a greater than 1000-fold drop in 

potency yet only a 2-fold decrease in BRD4 potency. This result agrees with the 

importance of the NH as a hydrogen bond donor in the hinge interaction with Cys133. 

Finally Liu et al. demonstrate that changing the terminal piperidine to other alkyl and 

aromatic amines did not impact BRD4 potency.132 

 

2.2 Design Rationale 

 

Figure 30 A) X-ray structure of TAE684 in ALK (2XB7). B) Docked structure of BI-2536 in ALK 

(2XB7) highlighting predicted interactions. 

With no co-crystal structure of BI-2536 in ALK available, I performed docking studies 

with Glide of BI-2536 in ALK (2XB7) to support the initial hypothesis (Figure 30). This 

protein structure was chosen due to structural similarity between TAE684 and BI-

2536 in particular the aminopyrimidine hinge binding motif and the ortho-methoxy 

phenyl group. For optimisation of the docking, see 2.2.1. Docking into ALK predicted 

the aminopyrimidine of BI-2536 to interact with the ALK hinge region including residue 

A B 
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Met1199 in a manner similar to PLK-1. The amide carbonyl was also predicted to 

interact with a conserved water in the back of the ALK pocket.  

Considering the previous SAR work on BI-2536 and analysis of the ALK and BRD4 

structures and known inhibitors, I established initial hypotheses on modifying BI-2536 

to meet the aims of increasing ALK activity, decreasing PLK-1 activity whilst 

maintaining BRD4 activity. Based on the ALK docking and BRD4 X-ray structure, the 

key kinase and bromodomain binding motifs on the dihydropteridinone core were to 

be maintained. Structural analysis suggested several positions around the core 

structure offered significant scope for modification including the ethyl (R1), cyclopentyl 

(R2), methoxy (R3) and the solvent channel (R4) groups (Figure 31).  

 

Figure 31. Highlighted regions for modification of BI-2536. 

 

2.2.1 Docking Experiments in ALK  

Initial docking experiments of BI-2536 in ALK (2XB7) did not produce suitable docking 

poses, with the dihydropteridinone shifted out of the pocket, forming no interaction 

with the hinge region (Figure 32A). I noticed that performing a restrained minimisation 

on the protein structure during protein preparation caused a shift in the conserved 

water in the ALK pocket. This minimisation refines the structure allowing hydrogen 

atoms to be freely minimised, while allowing for enough heavy-atom movement to 

relieve any strain.151 As seen in Figure 32B, before minimisation, the water is 

orientated to act as a hydrogen bond donor to the sulfone moiety in TAE684 and a 

hydrogen bond acceptor to Lys1150 (2XB7). This water is conserved in other ALK 

structures, including ceritinib and lorlatinib (4MKC and 4CLI).47,50 When the protein is 

minimised, this water rotates, maintaining its interaction with Lys1150 but losing its 

interaction with the sulfone (Fig 32C). The oxygen of the water is now facing into the 

pocket creating potential repulsion to other hydrogen bond acceptors, including the 

carbonyl of BI-2536.  
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Figure 32 A) Comparison of docking poses of BI-2536 in ALK (2XB7) and orientation of the 

key conserved water following minimisation (purple) and no minimisation (blue). B) X-ray 

structure of TAE684 in ALK (2XB7) binding to conserved water and Lys1150. C) Structure of 

TAE684 in ALK after restrained minimisation. 

I then docked BI2536 without the restrained minimisation to compare docking poses 

(Figure 32A). As a result, more suitable docking poses consistent with a hinge 

binding mode were predicted, with the aminopyrimidine motif interacting with the 

hinge-region and the carbonyl interacting with the conserved water. Going forward, all 

docking experiments were run in the same manner, following the Protein Preparation 

Wizard but without running the restrained minimisation.  

 

2.3 Synthesis of BI-2536 Analogues 

To address the different areas for modification, a convergent synthesis was 

established for analogues of BI-2536 (Scheme 3). The final analogues were 

synthesised via a coupling between intermediates 5 and 6, the former containing the 

alkoxy (R3) and solvent channel modifications (R4), the latter containing the (R)-ethyl 

(R1) and cyclopentyl (R2) modifications. The converging intermediates could be taken 

back to a simple nitroaryl starting material 7 for installation of the R3 and R4 groups, 

and an amino acid building block 8 containing the R1 substitution. Synthesis followed 
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procedures outlined in the literature for the synthesis of BI-2536, which were later 

optimised.131,152   

 

Scheme 3. Synthetic strategy for analogues of BI-2536. 

For the synthesis of the dihydropteridinone pharmacophore, the starting material was 

enantiopure methyl ester amino acids 8a-h (Scheme 4). In certain cases (when R1 = 

(R)-Et, (R)-Me and (S)-Et) I converted the free carboxylic acid 9a-c to the methyl 

ester using thionyl chloride and methanol. Reductive amination with 8a-h and the 

relevant aldehyde or ketone using sodium triacetoxyborohydride gave intermediates 

10a-u. Using 1,2-dichloroethane (DCE) as the solvent achieved higher yields 

compared to DCM and THF and faster reaction times.153 I synthesised a phenyl 

analogue from methyl 2-bromobutanoate and aniline to give intermediate 10v, taken 

forward as the racemic mixture.  

Regioselective SNAr of 10a-v with 2,5-dichloro-4-nitropyrimidine 11 was achieved to 

give intermediates 12a-v. Initially, I used potassium carbonate and acetone for the 

SNAr step as described in Chen et al. and Budin et al.131,152 However, substitution 

occurred at both the 2- and 4- position of the pyrimidine 11. I tried alternative 

conditions using NaHCO3 and cyclohexane, achieving sole substitution at the 4-

position and thus higher yields.154 The formation of the six-membered transition state 

between the nitroaryl substrate, nucleophile and alkali metal cation is highly stabilised 

in non-polar solvent, such as cyclohexane, compared to a more polar solvent, 
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achieving higher regioselectivity.155 Next, iron reduction and cyclisation formed the 

dihydropteridinone scaffold 13a-v, followed by methylation of the amide to give final 

intermediates 6a-v.  

 

Scheme 4. General procedure for the synthesis of dihydropteridinone intermediates 6a-v. 

For the synthesis of analogues containing a dialkyl R1 modification, I subjected 

intermediate 6a to strong base to allow deprotonation of the alpha-carbonyl proton 

(Scheme 5). This was followed by addition of ethyl iodide or methyl iodide to give 

dialkyl R1 intermediates 14a and 14b.  

 

Scheme 5. General procedure for the synthesis of dialkyl R1 intermediates 14a-b. 

For the synthesis of the left-hand side aniline moieties containing the R3 and R4 

modifications, I followed three synthetic procedures. For the amide-containing 

intermediates, I started with ester protection of 3-hydroxy-4-nitrobenzoic acid 15 

(Scheme 6). Alkylation of 16 with various alkyl halides gave intermediates 17a-d. The 
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ester was converted back to the carboxylic acid (18a-d), ready for amide coupling 

with 1-methylpiperidin-4-amine using coupling agent HBTU (1.6 eq.) and Et3N (2.eq.). 

In the case of R3 = H and OEt, intermediates 18e and 18f were commercially 

available for the amide coupling. Finally tin chloride nitro reduction of 19a-g yielded 

the final amide intermediates 20a-g.  

 

Scheme 6. General procedure for the synthesis of left-hand side intermediates 20a-g. R3 = -H 

or –OR. Note. For intermediates 19g and 20g, N,1-dimethylpiperidin-4-amine was used.  

For left-hand side intermediates without the amide moiety, I coupled 4-fluoro-2-

alkoxy-1-nitrobenzenes 21a-b with a selection of piperidine-solubilising groups 

(Scheme 7.)74 The second and final step was tin chloride reduction of 22a-i to give 

final intermediates 23a-i.  

 

Scheme 7. General procedure for the synthesis of left-hand side intermediates 23a-i. 

The final left-hand side intermediates had the amide functionality removed with the 

piperidine attached directly to the phenyl as seen similarly in ceritinib.46 To introduce 

the 1-methyl-4-piperidine group, I started with a Suzuki coupling between an alkoxy-

nitrobenzene 24a-c and pyridine-4-ylboronic acid to give 25a-d (Scheme 8). 

Methylation of the pyridine gave pyridinium iodides 26a-d which were partially 

reduced to 27a-d using sodium borohydride. Pressured hydrogenation (50 psi) using 
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PtO2 reduced the nitro group and final double bond to give piperidine intermediates 

28a-d.  

 

Scheme 8. General procedure for the synthesis of left-hand side intermediates 28-d. 

The final compounds were synthesised via acid promoted SNAr between right-hand 

side intermediates 6a-w and 14a-b and either 20a-g, 23a-i and 28-d (Scheme 9). The 

reaction proceeded typically between 24 – 48 hours achieving low to modest yields. 

Hydrogenation of compounds 49 and 56 to remove the aryl bromine yielded 

compounds 57 and 58.  

 

Scheme 9. General procedure for the synthesis of final compounds 29 - 56 and hydrogenation 

of final compounds 49 and 56 to give final compounds 57 and 58.  



Chapter 2 

55 
 

2.4 Biochemical Testing 

2.4.1 Biochemical Assay Cascade 

At the start of the project I required biochemical assays against the two targets ALK 

and BRD4, as well as for the ALKF1174L mutant in case of differing SAR to wildtype 

ALK (Scheme 10). For testing against ALK WT and the ALKF1174L mutant, I initially ran 

a mobility shift assay but later replaced this assay format with a LanthaScreen® TR-

FRET assay (see 2.4.2 & 2.4.3).  

 

Scheme 10. Biochemical testing assay cascade. BRD4 Tm and Kd values measured by David 

Heidenreich, Goethe University of Frankfurt. PLK-1 IC50 values measured at ThermoFisher 

Select Screen Profiling Services. 

The primary assay format for testing against BRD4 was a thermal shift assay, ran by 

my collaborator David Heidenreich. Compounds exhibiting modest to high degrees of 

thermal shift (>4 K) were then tested in an isothermal calorimetry assay to determine 

the Kd. There was no correlation observed between thermal shift measurements and 

Kd values (Figure 33), thus thermal shift was only used as an initial indicator that the 

compound was binding. As a key aim for the series was to decrease the PLK-1 

activity of BI-2536, I also required a biochemical assay to measure PLK-1 activity. 

PLK-1 activity was measured using a Z’-LyteTM Assay by ThermoFisher Select Screen 

Profiling Services.156 Potent and interesting compounds against both ALK and BRD4, 

in particular the ALKF1174L mutant, were tested against PLK-1 to determine any 

changes in kinase selectivity between ALK and PLK-1.  
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Figure 33. Correlation between Tm shift and Kd values measured for dual ALK-BRD4 series. 
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2.4.2 Caliper Mobility Shift Assay 

Microfluidic mobility shift assays monitor the separation of a phosphorylated product 

from its substrate. The assay was performed using the Caliper LabChip EZ reader 

which holds a LabChip microfluidic multi-sipper chip that sips up aliquots from the 

incubated enzymatic reaction. The non-phosphorylated peptide substrate and 

phosphorylated product from the reaction migrate at different rates within the chip and 

are then detected via LED induced fluorescence (Figure 34). The relative heights of 

the substrate and product fluorescent peaks on the trace reveal the extent of the 

reaction and can be used to determine the % conversion. The addition of an inhibitor 

prevents phosphorylation of the substrate and consequently produces a dose 

dependent reduction in conversion which is used to calculate an IC50.   

 

Figure 34 A) LabChip EZ reader technology – shift in mobility of non-phosphorylated 

substrate and phosphorylated product. B) Output from Caliper EZ reader demonstrating the 

shift in mobility between the substrate and product. Percent conversion from substrate to 

product can be determined using the peaks heights. 

Several issues arose during development of the mobility shift assay with ALK WT and 

ALKF1174L. Firstly during the enzyme titration experiments, the percent conversion was 

only reaching a maximum of 50% (Figure 35). I tried various conditions to improve the 

conversion and find out what was limiting the activity of the ALK protein, including 

different buffers, temperature, pH, enzyme and peptide suppliers and using protocols 

from previous work at the ICR and PerkinElmer. No improvement in percent 

conversion was made and thus the reason for low conversion is still not fully 

understood.  

A 
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Figure 35. Example ALK enzyme titration experiment using Caliper mobility shift technology.  

Despite the low conversion, I proceeded with the assay development by measuring 

the ATP Km for ALK WT and ALKF1174L and measuring the IC50 values of BI-2536 and 

synthesised analogues. The measured IC50 of BI-2536 against ALK was 290 nM and 

against ALKF1174L was 620 nM. Though the ALK WT potency matched the literature 

and externally measured IC50, the ALKF1174L IC50 was 3-fold less active compared to 

the externally measured IC50 of 190 nM. This difference was factored to the results 

being measured in different assay formats.  

A 

 
B Caliper 

pIC
50

 
S.Dev 

Lantha 

pIC
50

 
S.Dev 

BI-2536 6.17 0.30 6.74 0.15 

30 5.90 0.38 6.34 0.15 

33 5.37 0.05 5.78 0.03 

29 5.93 0.29 6.42 0.12 

31 5.51 0.23 6.18 0.25 

36 5.98 0.41 6.68 0.10 

37 5.83 0.49 6.39 0.20 

38 6.03 0.47 6.72 0.17 

32 5.60 0.55 5.91 0.04 

Figure 36. A) IC50 data for BI-2536 measured in different assay formats. B) Comparison of 

Caliper and Lantha pIC50 values and standard deviations against ALKF1174L. 

However, the standard deviations for the first set of synthesised analogues caused 

concern. As seen in in Figure 36B large deviations were observed for the pIC50 of BI-

2536 and compounds 29 – 33 and 36 – 38 against ALKF1174L. For example compound 

37 had a measured pIC50 ranging between 5.25 – 6.38 (IC50 between 0.41 µM – 5.6 

µM). An alternative assay format was pursued to verify the data collected in Caliper 

assay. Using the LanthaScreen® assay (see 2.4.3), IC50 values were measured for 

the same set of compounds and resulted in much smaller standard deviations. In 
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addition the Lantha data matched the external IC50 values, also measured by 

LanthaScreen®, for both ALK WT and ALKF1174L (Figure 36A).  

Due to the problems with low conversion and large standard deviations, as well as the 

Caliper LabChip EZ Reader requiring a more extensive set up compared to the 

simple mix and read LanthaScreen® assay, I changed the primary assay for testing 

ALK WT and ALKF1174L mutant to LanthaScreen®.  

2.4.3 LanthaScreen® Assay 

The LanthaScreen® Eu Kinase Binding Assay is a time resolved-fluorescence 

resonance energy transfer (TR-FRET) assay based on the binding and displacement 

of a tracer, Alexa Fluor® 647, to the kinase of interest. Binding of the tracer to the 

kinase, in this case ALK WT or ALKF1174L, was detected using a europium-labelled 

anti-GST antibody which binds to the GST-tagged kinase (Scheme 11). Simultaneous 

binding of the antibody and tracer results in a high degree of FRET between the close 

donor (Eu) and acceptor (tracer) fluorophores. Binding of an inhibitor to the kinase 

displaces the tracer causing a loss of FRET. 

 

Scheme 11. Schematic of LanthaScreen® Eu Kinase Binding Assay. Binding of antibody and 

tracer to a kinase results in high degree of FRET whilst displacement of the tracer with an 

inhibitor results in a loss of FRET.  

I first performed titrations of the tracer to find suitable concentrations of the Alexa 

Fluor® 647 tracer for the assay. Kd values of the tracer were measured as 13 nM and 

30 nM for ALK WT and ALKF1174L respectively. I then ran enzyme titrations to 

determine a concentration of ALK WT and ALKF1174L with a suitable fluorescence 

window between the high TR-FRET and background signals. Though a low 
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concentration of enzyme would enable the testing of more compounds with a batch of 

protein, too low a concentration will have a small fluorescence window and it is hence 

difficult to generate an IC50. The results from the enzyme titration showed 

concentrations of 5 nM for ALK WT and ALKF1174L had a suitable window and hence 

used in the assays.  

 

2.5 SAR of Analogues 

2.5.1 SAR of R3– Methoxy Group 

Previous design of both ALK and PLK-1 inhibitors report the location of the alkoxy 

group as important for kinase selectivity. For PLK-1 inhibitor BI-2536, this is achieved 

with the methoxy group situated in a pocket next to the hinge region whilst for ALK 

inhibitor ceritinib a bulkier isopropoxy group is used at this position (Figure 37).46,140 In 

addition, larger alkoxy groups were known to improve interactions at BRD4.131 

Consequently, the hypothesis was that changing the methoxy group to a larger alkoxy 

group, such as the isopropoxy in ceritinib, will promote ALK selectivity and BRD4 

potency.  

 

Figure 37. Alkoxy groups present on ceritinib and BI-2536 and proposed larger alkoxy groups 

for modification at the R3 position. 

I performed docking studies with analogues of BI-2536 modifying the alkoxy group to 

investigate if larger groups would be tolerated in the ALK and BRD4 pockets. Docking 

studies suggested that larger alkoxy groups such as an isobutoxy (Figure 38) could 

be tolerated in both targets, retaining the key hinge binding and KAc mimetic 

interactions. In ALK, the isobutoxy is predicted to further extend into the hydrophobic 

pocket formed by Arg1120, Glu1132 and the hinge region Leu1198 – Ala1200. 

Similarly in BRD4 the isobutoxy group fills a hydrophobic groove formed by Lys91 

and Leu92.  
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Figure 38. A) Docking of BI-2536 (blue) and isobutoxy analogue 33 (pink) into ALK (2XB7). B) 

Docking of isobutoxy analogue 33 (pink) overlayed with BI-2536 (blue) in BRD4 (4OGI). In 

both, the key pocket and residues are highlighted. 

I synthesised six analogues of BI-2536 modifying the size of the methoxy group, 

following the general synthesis outlined in 2.3 using the relevant alkyl halide (Scheme 

6). The biochemical assay results for the methoxy group modification (R3) are shown 

in Table 4. 

For ALK WT and ALKF1174L, increasing the size of the alkoxy group caused a gradual 

decrease in activity, with the largest isobutoxy analogue 33 11-fold (ALK WT) and 9-

fold (ALKF1174L) less potent than BI-2536. The IC50 values did not correlate with the 

docking studies which proposed larger groups were tolerated. When binding to ALK, 

the alkoxy group may be orientated slightly differently to the docking predication and 

instead clash with the pocket residues, lowering activity. Similarly in PLK-1, changing 

the methoxy to a larger alkoxy group causes a decrease in activity. This is 

exemplified by compounds 29, 32 and 33 with a less than 50% percent inhibition at 

10 nM, therefore indicating an IC50 of greater than 10 nM. This was confirmed with 

ethoxy analogue 29 with an IC50 of 12.6 nM, a 5-fold decrease in activity from BI-

2536. The real effect on PLK-1 potency of this structural change is likely greater, 

however, as the potency of BI-2536 is below the dynamic range of our assay. 

For BRD4, increasing the size of the alkoxy group gave an increase in thermal shift 

compared to 29 indicating that larger groups are stabilising the protein-compound 

complex. The measured Kd values confirmed that the majority of the alkoxy groups 

were tolerated with little change in binding affinities. Cyclopentoxy analogue 32 was 

the only analogue to give a large decrease in affinity, despite showing a high thermal 

shift. This reiterated the use of thermal shift only as an indicator of binding.  

A B 
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 ALK BRD4 PLK-1 

R3 
WT IC50 

(nM) 

F1174L 

IC50 (nM) 
∆Tm [K] Kd (nM) 

IC50 

(nM) 

% Inhibition  

(10 / 100 nM) 

BI-2536 OMe 
380 ± 

70 

180 ± 

40 

5.7 ± 

0.3 
37 <2.6 80 / 98 

29 OEt 
970 ± 

140 

380 ± 

60 

6.0 ± 

0.5 
81 12.4 40 / 80 

30 OiPr 
1600 ± 

200 

460 ± 

100 

7.2 ± 

0.1 
69 - 61 / 93 

31 
 2400 ± 

630 

670 ± 

210 

7.1 ± 

0.1 
33 - 54 / 96 

32 OcPen 
4400 ± 

1600 

1200 ± 

70 

7.4 ± 

0.3 
640 - 45 / 86 

33 OiBu 
4400 ± 

430 

1700 ± 

70 

7.2 ± 

0.2 
73 - 43 / 82 

34 H 
5200 ± 

1300 

1100 ± 

490 

4.3 ± 

0.2 
104 - - 

Table 4. Biochemical assay data for SAR of the OMe group (R3), - = not determined. ALK IC50 

values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration of 10 µM. 

BRD4 Kds, n = 1. PLK-1 IC50 values and % Inhibition: n = 1 (ATP = 10 µM) 

I investigated the contribution of the alkoxy group to ALK and BRD4 potency with 

analogue 34. Removing the methoxy group gave a large decrease in activity against 

ALK WT and ALKF1174L indicating the methoxy group is desirable for potency. The 

removal of the methoxy group also reduced BRD4 activity 3-fold. From this series the 

most promising analogue was 29 with the ethoxy group at the R3 position. Though 29 

gave a small drop in potency (2-fold) against ALKF1174L, the greater drop in PLK-1 

activity and retained BRD4 activity provided the best balance of potencies and 

selectivity against PLK-1.  
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2.5.2 SAR of R4 – Solvent Channel Group 

The amide linker of BI-2536 facilitates a network of interactions between the N- and 

C-lobes of PLK-1 (Figure 39).140 The carbonyl and NH directly interact with residues 

Arg57 and Leu59 through hydrogen bonds and interact with Arg136 via water-

mediated hydrogen bonds and van der Waals contacts (Figure 39). The initial 

hypothesis was to remove the amide linker and the consequent hydrogen bond 

interactions to decrease PLK-1 activity (Figure 40).  

 

Figure 39. X-ray structure of BI-2536 in PLK-1 highlighting key residues and interactions with 

the amide moiety (2RKU). 

Published SAR data for ALK inhibitors suggested a wide variety of groups are 

tolerated in this region including various saturated heterocycles, as seen in brigatinib 

and alectinib, aliphatic amines and fused rings. (Figure 40).74,157,158 The directly linked 

piperidine present in ceritinib is analogous to the proposed analogue of BI-2536 

removing the amide moiety. As the proposed group should be tolerated in ALK, this 

supported the hypothesis of removing the amide to decrease PLK-1 activity.  

 

Figure 40. Solvent channel groups present on BI-2536, ALK inhibitors ceritinib, brigatinib and 

alectinib and proposed analogue of BI-2536 with amide removed.  
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I next docked the directly linked piperidine analogue 35 into ALK and BRD4 to 

support the modification would be tolerated in both targets and not affect the binding 

(Figure 41). In ALK, the docked structure was predicted to retain key interactions with 

the hinge and the R4 modification pointing into solvent as with BI-2536. This further 

supported the hypothesis that removing the amide would not have much effect on 

ALK activity. In BRD4, the analogue 35 also retained its key interaction, with Asn140, 

and the R4 modification pointing out of the pocket. This complemented previous SAR 

modifying the solvent channel region in which changing the group had little impact on 

BRD4 activity.132 Overall, the docking suggested modification to the R4 solvent 

channel region would be tolerated in ALK and BRD4.  

 

Figure 41. A) Docking of BI-2536 (blue) and 35 (pink) into ALK (2XB7). B) Docking of 35 

(pink) overlayed with BI-2536 (blue) in BRD4 (4OGI). In both, key residues and predicted 

interactions highlighted. 

Compounds modifying the solvent channel group were synthesised according to 

Scheme 4 using (R)-2-Aminobutyric acid 9a and cyclopentanone. The solvent 

channel modifications followed Schemes 7 and 8 using a small selection of piperidine 

solubilising groups present in ALK inhibitors. The biochemical assay results for the 

four solvent channel modifications are shown in Table 5. 

Removing the amide group (compound 35) had little effect against ALK WT, ALKF1174L 

and BRD4, supporting the hypothesis that the amide functionality is not crucial for 

activity at these targets. However, consistent with the hypothesis, removing the amide 

decreased PLK-1 activity, showing a greater than 4-fold reduction in potency 

compared to BI-2536. Alternative solubilising groups found in published ALK inhibitors 

were then considered. Compounds 36 – 38 also retained ALK WT and ALKF1174L 

potency and gave similar decreases in PLK-1 potency to 35. The solvent channel 

group has demonstrated to be a suitable modification to maintain ALK and BRD4 

potency whilst decreasing PLK-1 potency.  

A B 
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 ALK BRD4 PLK-1 

R4 
WT IC50 

(nM) 

F1174L 

IC50 (nM) 

∆Tm 

[K] 

Kd 

(nM) 

IC50 

(nM) 

% Inhibition 

(10 / 100 nM) 

BI-2536 

 380 ± 

70 

190 ± 

40 

5.7 ± 

0.3 
37.0 <2.6 80 / 98 

35 

 310 ± 

10 

290 ± 

70 

5.4 ± 

0.2 
80.8 9.9 64 / 102 

36 

 

500 ± 

60 

200 ± 

30 

4.7 ± 

0.1 
86.8 - 39 / 88 

37 

 

620 ± 

20 

410 ± 

100 

4.7 ± 

0.1 
130.9 - 46 / 90 

38 

 

350 ± 

80 

190 ± 

50 

4.6 ± 

0.3 
112.5 16 40 / 85 

Table 5. Biochemical assay data for SAR of the solvent channel group (R4), - = not 

determined. ALK IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound 

concentration of 10 µM. BRD4 Kds, n = 1. PLK-1 IC50 values and % Inhibition: n = 1 (ATP = 10 

µM). 

 

2.5.3 SAR of R1 – (R)-Ethyl Group 

The (R)-ethyl group of BI-2536 conveys selectivity for PLK-1, poking into a small 

unique hydrophobic pocket at the top of the protein (Figure 42A). The cysteine 

residue at the top of this pocket is more commonly a valine in other kinases which 

interferes with the placement of the ethyl group.140 The ethyl residue situates in a 

similar small hydrophobic pocket of BRD4 formed by Val87, Leu92, Leu94 and Tyr97. 

Chen et al., report changing the ethyl to a larger benzyl group or a smaller proton 

decreases activity at both targets, concluding small hydrophobic groups are 

optimal.131 Conflicting activities were observed with the (S)-enantiomer by Chen et al. 

and Liu et al. The former states equipotent activity is observed between the 

enantiomers against BRD4 and a small drop in PLK-1 activity from 0.22 nM to 0.42 
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nM. Whereas the latter reports a 2-fold and 8-fold decrease in potency for BRD4 and 

PLK-1 respectively.132 From inspection of the co-crystal structures, it appears the (S)-

enantiomer would clash with the bottom of the BRD4 and PLK-1 pockets (Figure 

42B). It was important to confirm the difference in potencies between the (R)- and 

(S)-enantiomers. 

 

Figure 42. A) X-ray structure of BI-2536 in PLK-1 (2RKU) highlighting (R)-ethyl pocket 

(yellow). B) X-ray structure of BI-2536 in BRD4 (4OGI) highlighting (R)-ethyl pocket and 

residues (purple). Red circles highlight potential areas of clashing with (S)-enantiomer.  

Previous docking of BI-2536 into ALK predicts the ethyl group to fit into a pocket 

formed by Ala1148, Val1130, Lys1150 and Leu1196 (Figure 43). The hypothesis was 

that a small hydrophobic group is required for ALK and BRD4 potency. As no crystal 

structure of BI-2536 in ALK was available, the aim was to change the size of the ethyl 

group to understand what size groups are tolerated and find a group that could 

distinguish between ALK and PLK-1. I also wanted to synthesise the (S)-enantiomer. 

If the (S)-enantiomer was indeed equipotent against BRD4 and also tolerated in ALK 

this could be a useful modification in developing a dual ALK-BRD4 inhibitor and 

removing PLK-1 activity.  

 

Figure 43. Docking of BI-2536 into ALK (2XB7) highlighting pocket residues and surface 

(yellow) where (R)-ethyl group is predicted to situate. 

A B 
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I synthesised a series of compounds modifying the size and orientation of the ethyl 

group according to Scheme 4 from the relevant amino acids 8a-h. The biochemical 

assay results for the R1 modifications are shown in Table 6. 

 

 ALK BRD4 PLK-1 

R1 
WT IC50 

(nM) 

F1174L 

IC50 (nM) 

∆Tm 

[K] 

Kd 

(nM) 

IC50 

(nM) 

% Inhibition  

(10 nM / 100 nM) 

39 (R)-Et 
220 ± 

60  
140 ± 20 

6.3 ± 

0.3 
80 16 40 / 85 

40 (S)-Et 
1700 ± 

150 

860 ± 

160 

1.1 ± 

0.1 
- - 18 / 18 

41 Et 
530 ± 

40 
300 ± 40 

3.9 ± 

0.4 
- - - 

42 (R)-iPr 
330 ± 

50 
70 ± 10 

3.4 ± 

0.3 
- - - 

43 (R)-Me 
1300 ± 

140 
710 ± 30 

7.5 ± 

0.7 
130 - 39 / 82 

44 (S)-Me 
3300 ± 

280 

970 ± 

220 

0.3 ± 

0.3 
- - 17 / 37 

45 H 
1300 ± 

120 
850 ± 20 

0.4 ± 

0.1 
- - 12 / 29 

46 DiEt 
1400 ± 

130 
430 ± 30 

-0.5 ± 

0.1 
- - - 

47 Et, Me 
1800 ± 

310 

510 ± 

120 

0.2 ± 

0.1 
- - - 

48 Spiro-cPr 
660 ± 

170 
310 ± 50 

3.5 ± 

0.3 
950 170 33 / 66 

Table 6. Biochemical assay data for SAR of the (R)-ethyl group (R1), - = not determined. ALK 

IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration of 10 

µM. BRD4 Kds, n = 1. PLK-1 IC50 values and % Inhibition: n = 1 (ATP = 10 µM). 
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Importantly, the results show that the (S)-enantiomer (40) is detrimental to ALK, 

BRD4 and PLK-1 activity as expected from the X-ray but in contrast to the 

literature.131 The decrease in BRD4 Tm and PLK-1 inhibition is greater than both the 

literature reports on BI-2536 SAR. The contrasting results will be further discussed in 

Chapter 5. The racemic ethyl analogue 41 was also tested and was 2-fold less potent 

than (R)-ethyl analogue 39 against ALK and ALKF1174L. 

For ALK WT and ALKF1174L, the (R)-methyl analogue 43 decreased potency but 

interestingly the (R)-iPr analogue 42 was similar in potency to 39. This indicates a 

larger alkyl group in the (R)-configuration is tolerated, filling a potential hydrophobic 

pocket in the ALK structure, as predicted in Figure 42. However the BRD4 thermal 

shift was 3 K lower for 42 compared to 39 suggesting the larger group is less 

favourable in BRD4; a Kd measurement would be needed to confirm this.  

I synthesised compound 45 to confirm the importance of the alkyl group in providing 

potency. In fact, removing the ethyl group decreased ALK, BRD4 and PLK-1 activity. 

This is consistent with the literature, with the ethyl group being important in providing 

potency against BRD4 and PLK-1.131,140 For ALK, the (R)- and (S)-methyl analogues 

43 and 44 were equipotent to non-substituted 45. This supports that a larger ethyl or 

isopropyl is important in providing additional potency against ALK.  

Di-substitution at the R1 position was also considered as an approach to distinguish 

between ALK and PLK.-1. However the diethyl and ethyl-methyl analogues 46 and 47 

showed a 3-fold decrease in ALKF1174L activity compared to ethyl analogue 39 and 

completely diminished BRD4 activity. This drop in BRD4 activity, along with (S)-

analogues 40 and 44 confirm that substitution is not tolerated on the opposite face in 

the BRD4 pocket. Finally spiro-cyclopropyl analogue 48 was moderately tolerated at 

ALK and showed a decrease in PLK-1 activity to 170 nM. BRD4 activity also 

decreased with a lower thermal shift value of 3.5 which translated to a significantly 

lower Kd of 950 nM.  

Overall, the (R)-ethyl remained the most optimal group for ALK and BRD4 potency. 

Though reducing the size of the group and changing to the (S)-enantiomer reduced 

PLK-1 potency, ALK and BRD4 potency was also reduced and therefore not a 

constructive modification. Compound 42 with a (R)-isopropyl improved ALKF1174L 

activity to 70 nM and would be an interesting analogue to follow up on by measuring 

the BRD4 Kd and PLK-1 IC50.   
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2.5.4 SAR of R2 – Cyclopentyl Group 

Changing the cyclopentyl group (R2) of the dihydropteridinone core was of particular 

interest due to previous SAR showing BRD4 and PLK-1 selectivity can be tuned.131 

The presence of a 3-bromobenzyl group at this position increases BRD4 affinity 7-fold 

due to improved hydrophobic interactions with the WPF shelf but decreases PLK-1 

activity (Figure 44A). This suggests that modifications in this region could be used to 

improve selectivity over PLK-1.  

In ALK, the cyclopentyl of BI-2536 is predicted to situate in a similar region by docking 

to the isopropyl sulfonyl moiety found in ceritinib (Figure 44B). The sulfone forms 

hydrogen bond interactions with Lys1150 and a conserved water, whilst the isopropyl 

points towards a hydrophobic pocket on the bottom face. This hydrophobic pocket 

was considered an interesting area to explore, with the possibility of filling the pocket 

with suitable groups and/or forming polar interactions with pocket residues. 

 

Figure 43. A) Docked structure of 3-BrBn analogue 50 with WPF residues highlighted. B) 

Docked structure of BI-2536 overlayed with ceritinib (4MKC) highlighting key residues and R2 

pocket. Polar interactions in yellow.  

The hypothesis was further hydrophobic or polar interactions could be achieved in the 

ALK pocket by modifying the R2 region. I synthesised a small set of analogues 

incorporating benzyl, heterocycle and aliphatic groups to gain an initial understanding 

of what type of groups were tolerated at the R2 position. The majority of the R2 groups 

were installed via reductive amination as described in Scheme 4, the exception being 

phenyl analogue 51. The biochemical assay results for the cyclopentyl modification 

(R2) are shown in Table 7. 

A B 
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 ALK BRD4 PLK-1 

R2 
WT IC50 

(nM) 

F1174L 

IC50 (nM) 
∆Tm [K] 

Kd 

(nM) 

IC50 

(nM) 

% Inhibition  

(10 nM / 100 nM) 

29 

 970 ± 

140 
380 ± 60 

6.0 ± 

0.5 
81 12 40 / 80 

57 
 620 ± 

70 
440 ± 90 

4.1 ± 

0.1 
69 84 13 / 57 

49 
 320 ± 

40 
490 ± 70 

6.7 ± 

0.3 
73 

114 

± 12 
16 / 40 

50 

 500 ± 

100 

650 ± 

140 

4.0 ± 

0.3 
200 - 30 / 62 

51* 
 

1800 ± 

90 

1100 ± 

350 

1.5 ± 

0.1 
- - - 

52 

 

290 ± 

20 
220 ± 10 

6.8 ± 

0.4 
77 - - 

53 

 2600 ± 

300 

4200 ± 

1100 

4.0 ± 

0.1 
- - - 

54 

 

4600 ± 

990 

10000 ± 

1900 

1.5 ± 

0.2 
- - - 

55 
 2300 ± 

560 

2100 ± 

300 

1.6 ± 

0.1 
- - - 

Table 7. Biochemical assay data for SAR of the cyclopentyl group (R2), - = not determined. 

*Racemate. ALK IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound 

concentration of 10 µM. BRD4 Kds, n = 1. PLK-1 IC50 values and % Inhibition: mean ± S.D, n = 

1/2, (ATP = 10 µM). 

Compounds 57 and 49 with a benzyl and 3-bromobenzyl group respectively 

maintained BRD4 activity and led to a 30 – 40-fold decrease of the PLK-1 activity, as 

expected from previous reports.131 Compounds 49 and 57 were equipotent in 

ALKF1174L activity, compared to 29 whilst for 49, a 3-fold improvement in ALK WT 

activity was observed. Importantly, the divergent SAR between ALK and PLK-1 with 

49 and 57 supported the hypothesis that the R2 position could be used to optimise the 
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ALK/PLK-1 selectivity window. Moving the bromo to the ortho-position, compound 50, 

observed comparable ALK potencies to meta-substituted 49 but gave a decrease in 

BRD4 activity. This suggests meta-substitution is more favourable, with improved 

reach into the hydrophobic WPF shelf region. Phenyl analogue 51 was 1.8 µM and 

1.1 µM against ALK WT and ALKF1174L respectively, therefore would expect the single 

(R)-enantiomer to be comparable to 29, 49 and 57. 

Heterocycles were then considered, including thiophene 52, pyrazole 53 and 

isoxazole 54. Interestingly compound 52 improved ALK WT potency 3-fold and 

maintained modest ALKF1174L activity compared to 29. BRD4 activity was also 

maintained with thiophene analogue 52. With the more polar heterocycle analogues 

53 and 54, a large drop in ALK activity was observed; in particular an 11-fold and 27-

fold drop against ALKF1174L for 53 and 54 respectively. This suggests that more polar 

substituents are not tolerated in this part of the ALK pocket. Additionally a large drop 

in thermal shift against BRD4 was observed; the polar heterocycles are less favoured 

in the hydrophobic WPF shelf region. As seen in Figure 45 the ALK pocket is quite 

hydrophobic in this region, on both the bottom face where the isopropyl of ceritinib is 

situated and the top face where the phenyl is positioned, forming a H-π interaction 

with Val1130. The main polar residue in this area is Lys1150 which interacts with 

ceritinib. The introduction of a polar group at the R2 position would therefore require 

careful design, and if possible the use of X-ray crystallography, to guide suitable polar 

substituents that could interact with Lys1150 rather than situate in the predominant 

hydrophobic regions.  

 

Figure 45. Protein surface of ALK showing hydrophobic regions (blue) and polar regions 

(pink). Key residue interactions with ceritinib are highlighted (yellow).  

The final analogue 55 with an isobutyl group also decreased activity against ALK WT, 

ALKF1174L, and BRD4. The larger benzyl and thiophene analogues 49, 52 and 57 may 
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be filling the hydrophobic R2 pocket more favourably whilst for BRD4 they are 

providing more favourable interactions with the WPF shelf region.  

Initial modifications at the R2 position resulted in 49 and 57 with maintained ALK and 

BRD4 potency and a significant 30 – 40-fold decrease In PLK-1 potency. This area 

for modification warranted further substrate scope to improve ALK activity and 

achieve selectivity over PLK-1.  

 

2.6 Combining SAR Modifications 

 

Scheme 12. Development of BI-2536 analogues modifying R2, R3 and R4 positions. 

Changes to the R2, R3 and R4 groups had shown decreases in PLK-1 activity whilst 

maintaining ALK and BRD4 potency. This is exemplified by compounds 35, 29 and 57 
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which decreased PLK-1 potency 4, 5 and 32-fold respectively (Scheme 12). To 

conclude this initial SAR investigation, I combined these modifications to observe the 

overall effect on PLK-1 activity.  

I synthesised compounds 56 and 58 with the combined modifications of a benzyl or 3-

bromobenzyl group at R2, ethoxy group at R3 and removal of the amide at R4. The 

biochemical assay results for the combined modifications are shown in Table 8. 

 

 ALK BRD4 PLK-1 

R2 
WT IC50 

(nM) 

F1174L 

IC50 (nM) 
∆Tm [K] 

Kd 

(nM) 
IC50 (nM) 

56 

 

120 ± 12 290 ± 17 5.0 ± 0.5 120 540 

58 
 

120 ± 11 85 ± 19 4.7 ± 0.4 54 290 ± 45 

Table 8. Biochemical assay data for the combined SAR of R2, R3 and R4 groups. ALK IC50 

values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration of 10 µM. 

BRD4 Kds, n = 1. PLK-1 IC50 values: mean ± S.D, n = 1/2, (ATP = 10 µM). 

The combination of R2, R3 and R4 modifications provided a greater decrease in PLK-1 

activity for 56 and 58, 210-fold and 115-fold respectively compared to BI-2536. With 

benzyl compound 58, a 2-fold increase in ALKF1174L potency was achieved compared 

to BI-2536 and also maintained potent BRD4 activity. This was the first analogue 

demonstrating greater potency at ALKF1174L than at PLK-1 and hence a key milestone 

in the development of a dual ALK-BRD4 inhibitor by switching kinase selectivity.  
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Chapter 3 Exploring the R2 Region: Design and 

Synthesis of Second Generation Inhibitor 

Part of this chapter is published in E.Watts et al., J. Med. Chem, 2019, 62, 2618-2637 

 

3.1 Design Hypothesis for Exploring the R2 Pocket 

So far, the greatest change in PLK-1 activity resulted from modifying the cyclopentyl 

to a benzyl or 3-bromobenzyl group (Table 7). Further inspection of this region in ALK 

and PLK-1 structures shows that PLK-1 has a larger phenylalanine residue (Phe183) 

at the bottom of this pocket compared with a smaller leucine residue (Leu1256) in 

ALK (Figure 46). Thus the hypothesis was that the more restricted PLK-1 pocket 

would be less tolerant to substitution at the R2 position compared to the more open 

ALK structure.  

 

Figure 46. Surfaces of A) ALK (2XB7) and B) PLK-1 (2RKU) highlighting residues Leu1256 

and Phe183. 

To investigate this hypothesis further, I performed docking studies of 3-bromobenzyl 

analogue 56 in ALK and PLK-1 (Figure 47). The docking of 56 into ALK predicted the 

3-bromobenzyl extending into the lower ALK pocket, when compared to the 

cyclopentyl of BI-2536. For PLK-1, the aminopyrimidine moiety was still predicted to 

bind to the hinge region including Cys133 but a shift in the core was observed. 

Additionally, the core of the molecule adopts a more strained, puckered conformation. 

Both differences in the predicted docking pose were likely caused by clashes of the 

bromobenzyl group with the side chain of Phe183 and were consistent with the 

A B 
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decrease in activity observed with benzyl analogues 56 and 58 and in the literature 

(Table 7).131  

 

Figure 47. A) Docking of BI-2536 (blue) and 3-bromobenzyl analogue 56 (pink) into ALK 

(2XB7). B) Docking of 3-bromobenzyl analogue 56 (pink) overlaid with BI-2536 (blue) in PLK-1 

(2RKU). Interaction surface is shown (MOE) with key residues and/or pocket highlighted. 

 

3.2 Synthetic Route Development 

Due to the lack of structural information for the dual ALK-BRD4 series in ALK and 

with no crystallography available, I continued to probe the ALK pocket through 

systematic synthesis and testing. A key issue in preparing a significant number of 

analogues varying the R2 position was that this substituent was introduced early and 

preparation of each final compound required five steps (Scheme 4). There was no 

precedent in the literature for late stage variation at this position so to facilitate 

preparation of these derivatives, alternative approaches were attempted.  

The optimum synthesis would install the R2 group at the final step (Route A, Scheme 

13). However retrosynthetically removing the R2 group from final compound 58 gives 

intermediate 78 which has two free amines for potential reactivity. To avoid this 

regioselectivity issue, I proposed an alternative strategy which would take two steps 

to reach the final compounds from common intermediate 79 (Route B). For the 

forward synthesis, intermediate 79 could undergo an alkylation to give example 

intermediate 80, followed by SNAr to reach the final compound 58.  



Chapter 3 

75 
 

 

Scheme 13. Design strategy for installing the R2 group at a later stage in the synthesis. 

To synthesise the common intermediate 79, I attempted several synthetic routes, 

outlined in Table 9. I first attempted selective methylation of the amide on 

intermediate 81. However after 1 hr, both the mono-methylated and dimethylated 

products were present. The products could not be separated from one another and so 

this method was not continued.  

The second and third routes started with 2,4-dichloropyrimidin-5-amine which I 

methylated to give 82. I attempted an SNAr and a Buchwald coupling between 82 and 

methyl (R)-2-aminobutanoate 8a but both were unsuccessful. The alternative method 

(3) focused on amide coupling between the methyl amine and acid of 84. Amide 

coupling conditions using HBTU and T3P were attempted but these were also 

unsuccessful. In route 4, I tried a different formation of the core starting with an SNAr 

between 5-bromo-2,4-dichloropyrimidine and 2-amino-N-methylbutanamide to give 

intermediate 84. However intramolecular coupling between the bromine and amide 

was unsuccessful using both palladium and copper coupling conditions. This route 

would have made the desired intermediate 79 as the racemate so an alternative route 

was preferential.  

The fifth and sixth approaches utilised a protecting group on the secondary amine. 

The protecting group needed to be stable during the synthesis and also the 

deprotection had to occur under reaction conditions that left the remainder of the 

compound intact. For example a Boc group could be labile during the acetic acid step 

and removal of Cbz or benzyl group by hydrogenation could remove the chloro atom.  
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Route 1. Selective Methylation 
Single and dimethylated 

products observed. 
Difficult to separate. 

 
Route 2. S

N
Ar/Buchwald S

N
Ar conditions using K2CO3 

unsuccessful. 

Buchwald coupling conditions 
using Pd(OAc)2 and BINAP 

unsuccessful.  
Route 3. Amide Coupling 

Amide coupling conditions 
using HBTU or T3P 

unsuccessful. 
 

Route 4. Alternative Core Formation (Racemic) 
SNAr to form 84 successful 

(65%) however coupling 
between amide and pyrimidine 
unsuccessful using Pd(OAc)2 

and CuI. 
 

Route 5. PMB Protection/Deprotection 

Attempted PMB removal using 
CAN (0%), DDQ (0%) and 

TFA (rt and 80 °C, 0%) 

 
Route 6. DMB Protection/Deprotection 

Attempted DMB removal using 
CAN (0%) and DDQ (0%) 
Removal using TFA was 

successful at 80 °C 

 

Table 9. Attempted synthetic routes to form intermediate 79. 

A para-methoxybenzyl (PMB) group and dimethoxybenzyl (DMB) group were chosen 

as potentially suitable protecting groups (Routes 5 & 6, Table 9). The protecting 

groups were installed via a reductive amination using 4-methoxybenzaldehyde and 

2,4-dimethoxybenzaldehyde, following the same synthetic route as previously 

discussed in Chapter 2 (Scheme 4) to get to intermediates 85 and 86.  
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Various conditions can be used to remove PMB and DMB protecting groups including 

hydrogenation, oxidation and acidic cleavage, although the former was not was not 

pursued due to presence of the chloro atom. Deprotections using mild oxidising 

agents DDQ and CAN were attempted but did not remove the protecting group.159,160 

PMB and DMB protecting groups can also be cleaved in the presence of strong acid 

(Scheme 14).159 85 and 86 were at first stirred in trifluoroacetic acid (TFA) at room 

temperature but no removal was observed. Heating both reactions to 80 °C saw 

removal of the DMB group after 4 hours, however the PMB group was not removed. 

The more electron donating DMB group is more labile in the presence of acid. The 

use of the DMB protecting group successfully made the desired intermediate 79 for 

accessible late stage functionalisation at the R2 position.  

 

Scheme 14. Deprotection of the dimethoxybenzyl group using TFA to form 79. 

 

3.2.1 New Synthetic Route 

Using the DMB protecting group, I synthesised final compounds according to Scheme 

15 to introduce a wide range of groups at the R2 position. This approach maintained 

many elements of the initial route (Scheme 4) including the reductive amination, SNAr, 

reductive heterocyclisation and methylation steps to reach intermediate 86. 

Deprotection of the DMB group gave common intermediate 79 from which different 

groups could be added via an SN2 reaction, reaching intermediates 90a-aj. The 

synthesis concluded with the same acid-catalysed SNAr to reach final compounds 91 

– 127.  

A key challenge in the synthesis was that the reductive cyclisation step on 

intermediate 88 using iron and acetic acid partially removed the DMB group, as well 

as being an overall low yielding step. I attempted using tin chloride as an alternative 

reduction to prevent removal of the protecting group but this led to poor yields (10%). 

The nitro group was reduced, as evident by LCMS, but no cyclised product was being 

formed.  
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Scheme 15. Adapted synthetic route for R2 variations. 

It was hypothesised that hydrogenation conditions would pose problems due to 

removal of the DMB group and/or the chlorine atom. However, chemoselective 

hydrogenation of nitroarenes can be achieved using platinum oxide and vanadyl 

acetlyacetonate.161 Vanadyl acetylacetonate is used to suppress the accumulation of 

the hydroxylamine intermediates which can be hazardous, thermally unstable and 

condense with the nitroso intermediate to form azo or azoxy products.162 The 

presence of the vanadium promoter bypasses the slow reduction step of the 

hydroxylamine amine by fast disproportionation to the nitroso and amine (Scheme 

16).  

For the synthesis of intermediate 89, the reduction of nitropyrimidine 88 should 

undergo the same reductive steps to hydroxylamine 128, with the vanadium promoter 

allowing fast disproportionation to reach amine intermediate 129 (Scheme 16 (1)). 

The free amine should then quickly cyclise with the ester to form the cyclised 

intermediate 89. However, monitoring of the reaction by LCMS suggested an 

alternative mechanism, (2). During the course of the reaction, the starting material 
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and final compound masses, [M+H]+ 425 and 363 were observed as well as unknown 

mass [M+H]+ 379. The unknown mass was assigned to cyclised hydroxylamine 

intermediate 130, indicating hydroxylamine 128 is also able to quickly cyclise. Over 

time, the cyclised hydroxylamine intermediate 130 slowly reduces to the final 

intermediate 89. These conditions gave an excellent yield of 98% and importantly did 

not remove the DMB group or cause dehalogenation.  

 

Scheme 16. General mechanism for vanadium promoted nitro reduction and proposed 

mechanism for reductive heterocyclisation of intermediate 88 to 89. 

Overall, the new synthetic route enabled preparation of key intermediate 79 on a 

multi-gram scale with a 46% overall yield. The synthesis allowed for a more efficient 

installation of a wide variety of groups to pragmatically explore the R2 pocket in now 

only two steps from intermediate 79.  
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3.2.2 Chiral Shift Experiments 

The synthesis of dihydropteridinone intermediates 90a – aj contained strong basic 

steps using sodium hydride and a strong acidic step using TFA. This caused concern 

for the ethyl chiral centre present on the molecule and its potential to epimerise. The 

original synthesis detailed in Chapter 2 also contained the same strong basic step. To 

confirm if the chiral centre had epimerised under either the strong basic and acidic 

conditions, I used chiral shift NMR on intermediates from both synthetic routes. 

 

Figure 48. Structure of chiral shift NMR reagent Eu(hfc)3. 

The chiral shift reagent used was Eu(hfc)3, a chiral camphor derivative complexed 

with a europium ion (Figure 48). The europium reagent coordinates with a Lewis 

base, resulting in a downfield chemical shift of protons nearby to the Lewis basic site. 

The chemical shift is induced by the weak paramagnetic character of the lanthanide 

from the unpaired elections in its f shell.163 This change in chemical shift can separate 

out the coordinated enantiomer complexes. A useful application of the lanthanide shift 

reagents is to determine the enantiomeric purity if sufficient separation between the 

enantiomers is obtained.164  

Intermediates 6r and 90aj, synthesised via Schemes 15 and 4 respectively were 

subjected to incremental additions of Eu(hfc)3, taking an NMR spectrum after each 

addition (Figure 49). The addition of Eu(hfc)3 to the racemates of 6r and 90aj caused 

splitting of its peaks, indicating the presence of both enantiomers. This is exemplified 

by the aromatic proton signal highlighted on 6r and 90aj. In contrast the addition of 

Eu(hfc)3 to the single enantiomer intermediates did not see splitting of its peaks. This 

confirmed that only one enantiomer was present and the strong basic and acidic 

conditions in the synthesis had not caused epimerisation.  
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Figure 49. Chiral shift NMR experiments for 6r and 90aj, comparing the aromatic proton 

signal of the racemate and single enantiomer after increasing addition of Eu(hfc)3 (0.015 M). 

 

3.3 SAR of R2 position  

3.3.1 Benzyl Groups 

3.3.1.1 Exploring Substitution at the meta-Position 

The first set of analogues I synthesised explored different substitutions at the meta-

position on the benzyl group. I previously made meta-bromo analogue 56 which had 

modest potency against ALK and BRD4, and therefore decided to change the 

electronics and hydrophobicity of this group to build SAR.  

Docking of bromo-analogue 56 predicts the benzyl to fill the R2 pocket with the meta-

bromo pointing towards solvent (Figure 50A). In comparison docking of 59 with a 
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meta-fluoro positions the substituent either towards the top or bottom of the pocket. 

There may be some variance in the position of this meta-group, depending on the 

size and potential for further hydrophobic or polar interaction. The hypothesis was 

hydrophobic groups would be favoured in the predominantly hydrophobic pocket. In 

BRD4, the meta-substitution directs down into the WPF region, as observed in the 

literature with SAR on BI-2536 (Figure 50B).131 The conformation of the benzyl group 

differed between the ALK and BRD4 pockets but they were both predicted to be 

accessible low-energy conformations (Figure 50C). Previous SAR showed polar 

heterocycles being less tolerated in BRD4 so the hypothesis was that hydrophobic 

meta-substituents would also be preferred in this region.  

 

           

Figure 50. A) Docked structures of bromo-analogue 56 (pink) and fluoro-analogue 59 (green 

and yellow) in ALK (2XB7). B) Docked structure of 59 in BRD4 (4OGI). C) Torsion profile of 59 

in ALK (left) and BRD4 (right), generated in the MOE Torsion Profile application. The four 

atoms used for generating the torsion profiles are highlighted in purple. 

Compounds 59, 60 and 91 – 98 were synthesised according to Scheme 4 or Scheme 

15 and the biochemical results are shown in Table 10. I selected a series of different 

substituents based on the Craig’s plot which compares two different substituents 

parameters, in this case the Hammett sigma constant versus hydrophobicity, to aid 

rational drug design.165 The analogues I synthesised included polar and hydrophobic 

groups and ranged in electron donating and withdrawing character to understand 

which is preferred. 

A B 

C 
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 ALK BRD4 PLK-1 

R2 
WT IC50 

(nM) 

F1174L 

IC50 (nM) 
∆Tm [K] 

Kd 

(nM) 
IC50 (nM) 

58 
 

120 ± 11 85 ± 19 4.7 ± 0.5 54 290 ± 45  

56 
 

120 ± 10  290 ± 20 5.0 ± 0.5 120 540 

91 
 

80 ± 10 220 ± 40 6.2 ± 0.4 130 540 

59* 
 

140 ± 20 250 ± 60 6.4 ± 1.0 - - 

92 
 

480 ± 40 350 ± 30 5.1 ± 0.8 - - 

93 
 

140 ± 20 210 ± 60 6.3 ± 0.2 - - 

94 
 

190 ± 40 580 ± 90 5.3 ± 0.8 - - 

95 
 

100 ± 10 370 ± 20 4.8 ± 0.4 63 1800 

96 

 

990 ± 350 
1100 ± 

130 
3.5 ± 0.1 - - 

60* 

 

5800 ± 500 
3800 ± 

940 
0.7 ± 0.3 - - 

97 

 

1400 ± 120 
940 ± 
140 

4.4 ± 0.3 - - 

98 
 

1800 ± 180 
1700 ± 

130 
7.2 ± 0.2 - - 

Table 10. Biochemical assay data for benzyl groups (R2), - = not determined. ALK IC50 values: 

mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration of 10 µM. BRD4 

Kds, n = 1. PLK-1 IC50 values: mean ± S.D, n = 1/2 (ATP = 10 µM). 

Overall, non-substituted benzyl 58 remained the most potent against ALKF1174L. For 

ALK WT, both inductively withdrawing and donating groups were tolerated, including 

F, Cl, Br, Me, CN and CF3, and were equipotent to non-substituted 58. In general, 
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hydrophobic groups were well tolerated but polar groups decreased potency, 

matching the hypothesis. Polar analogues 60, 96 and 97 gave a greater than 11-fold 

decrease in potency against ALKF1174L. As previously observed with polar 

heterocycles, the hydrophobic R2 pocket is less tolerating of polar groups.  

The majority of analogues, both polar and hydrophobic, were tolerated in BRD4, with 

the benzyl likely to situate towards the WPF shelf. Although polar analogues 96 and 

97 were tolerated, carboxylic acid analogue 60 gave a very small thermal shift 

indicating the acidic group is disfavoured in the BRD4 pocket. At this point I also 

tested compound 98 with a naphthalene group to see if larger bicyclic systems could 

be tolerated. Despite the BRD4 thermal shift being high, ALK WT and ALKF1174L 

potency decreased 15- and 20-fold respectively suggesting the naphthalene group 

was too large.  

I chose 91 and 95 to be tested against PLK-1 to see if improvements in PLK-1 

selectivity were achieved. Chloro-analogue 91 had similar PLK-1 potency to 56 and 

58 providing a similar 2 – 3-fold selectivity towards ALKF1174L. Gratifyingly cyano 

compound 95 showed a greater decrease in PLK-1 potency to 1.8 µM. This provided 

a 5-fold selectivity towards ALKF1174L and was a >700-fold decrease in potency from 

BI-2536. Compound 95 demonstrated that PLK-1 activity can be substantially 

reduced by varying this position but I still needed to find a group that achieved this 

whilst maintaining or improving ALKF1174L potency.  

3.3.1.2 Alternative Substitution Positions 

Following the exploration of substitution at the meta-position, the next strategy was to 

investigate substitution at alternative positions on the benzyl group (Figure 51). This 

included moving the substituent from the meta- to the ortho- and para-positions and 

also substituting at the benzylic position, to further probe the ALK pocket and test if 

further potency could be achieved.  

 

Figure 51. Alternative substitution positions on the benzyl group for exploration. 
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I first docked a series of analogues with an ortho-, meta- or para-chlorobenzyl at the 

R2 position to understand what substitution patterns could be tolerated (Figure 52). In 

ALK, the benzyl of all three analogues was predicted to be situated in the R2 pocket. 

The ortho–chloro (100) was predicted to situate towards the upper ALK surface whilst 

the meta- and para-chloro (91 and 104) were predicted to point out towards solvent. I 

also docked the series into BRD4, which predicted all the chlorobenzyls bending 

down into the WPF shelf region. The meta- and para-chloro further fill into this region 

compared to the ortho-analogue 100 which may result in improved potency. Overall, 

the docking suggested all three substitution positions could be tolerated in ALK, 

though for BRD4, meta- and para-substation may be preferred.  

 

Figure 52. Docking of 100 (green), 91 (pink) and 104 (blue) with an ortho-, meta- and para-

chlorobenzyl at R2 respectively in A) ALK (2XB7) and B) BRD4 (4OGI). 

Analogues with a chloro or bromo in the ortho- or para-position were synthesised 

according to Scheme 15 to compare with the already synthesised meta-analogues 56 

and 91. Due to the possibility of the ortho-substitution filling ALK pocket space, 

additional analogues with an ortho-fluoro or methyl were synthesised. The 

biochemical data for the ortho- and para-analogues are shown in Table 11.  

Overall, changing the substitution from the meta- to the ortho- position saw no 

significant change in potency against ALK WT and ALKF1174L, exemplified by the 

bromo pair 56 and 99 and the chloro pair 91 and 100. The presence of a fluoro or 

methyl at the ortho-position (101 and 102) did not affect the potency either and were 

similarly equipotent to their meta-counterparts 59 and 93 (Table 10). Changing to the 

bromo and chloro para-substituted benzyl, 103 and 104, resulted in a small decrease 

in potency compared to the ortho- and meta-position. This suggested substitution at 

the para-position is less tolerated within the ALK pocket or does not fill pocket space 

as well as the ortho- or meta- substituents.  
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 ALK BRD4 PLK-1 

R2 
WT IC50 

(nM) 
F1174L 

IC50 (nM) 
∆Tm [K] Kd (nM) IC50 (nM) 

58 
 

120 ± 11 85 ± 19 4.7 ± 0.5 54 290 ± 45 

56 

 
120 ± 10 290 ± 20 5.0 ± 0.5 120 540 

91 

 
80 ± 10 220 ± 40 6.2 ± 0.4 130 540 

99 

 
150 ± 10 150 ± 40 2.9 ± 0.8 - - 

100 

 
80 ± 30 180 ± 30 3.2 ± 0.2 - - 

101 

 
250 ± 30 130 ± 10 4.3 ± 0.1 - - 

102 
 

180 ± 10 220 ± 30 5.2 ± 0.2 - - 

103 

 
570 ± 20 680 ± 30 5.8 ± 0.9 - - 

104 

 
490 ± 80 330 ± 60 5.7 ± 0.4 - - 

Table 11. Biochemical assay data for benzyl groups (R2), - = not determined. ALK IC50 values: 

mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration of 10 µM. BRD4 

Kds, n = 1. PLK-1 IC50 values: mean ± S.D, n = 1/2 (ATP = 10 µM). 

As seen in the previous SAR table, all of the substituted benzyls were less potent 

compared to the non-substituted analogue 58 against ALKF1174L. However for ALK 

WT, 58 was equipotent to many of the ortho- and meta-substituted analogues. This 

suggested there is a slight difference in pocket shape resulting from the mutation. As 

previously discussed (1.2.2.1) the F1174L mutation causes a shift in the DFG loop 

which backs on to the R2 pocket (Figure 53). Residue Asp1270 of the ALK mutant can 

be seen to extend further into the R2 pocket. This may limit the pocket space hence 

why substitution on the benzyl is less tolerated compared to ALK WT.  

For BRD4, the majority of analogues were tolerated as perceived from their moderate 

to high degrees of thermal shift. The slightly lower thermal shifts for the ortho-

analogues 99 and 100 suggest the meta- or para-substituted analogues could be 
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more optimal in situating towards the hydrophobic WPF shelf region, as predicted in 

the docking experiments (Figure 52).  

 

Figure 53. Overlay of ALK WT (grey, 2XB7) with docked analogue 56 and ALKF1174L (green, 

2YJR) structures highlighting the difference in DFG loop position.  

Next I considered substitution at the benzylic position as a possible method to gain 

ALK potency. The hypothesis was that substituting at a different vector on the 

molecule may fill additional ALK pocket space and cause a change in the 

conformational preference of the molecule. The additional substitution and change in 

conformation may also lead to a further decrease in PLK-1 potency due to the more 

restricted R2 pocket. As an initial test, analogues 105 and 106 with a methyl or ethyl 

group at the benzylic position were docked into ALK, comparing to non-substituted 

benzyl 58 (Figure 54). The docking experiments suggested the methyl and ethyl 

group situate towards a pocket on the upper surface with the phenyl remaining in the 

lower ALK R2 pocket in a similar conformation to non-substituted 58. This upper 

pocket is adjacent to the pocket predicted to be occupied by the R1 (R)-ethyl group.  

 

Figure 54. Docking of analogues 58, (green) 105 (pink) and 106 (purple) into ALK (2XB7). 

Additional pocket filled by alkyl group highlighted in orange. R2 ALK pocket highlighted in blue. 

Both 105 and 106 were initially synthesised to test if filling additional pocket space 

from this unexplored vector provided additional potency. 105 and 106 were 
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synthesised according to Scheme 15 using racemic (1-bromoethyl)benzene and (1-

bromopropyl)benzene. The biochemical assay results for substitution at the benzylic 

position are shown in Table 12. 

Pleasingly, the addition of the benzylic methyl group gave a 2-fold improvement in 

potency compared to 58 against the ALKF1174L mutant to 31 nM, although equipotent 

compared to ALK WT. The slightly larger ethyl group decreased potency 10-fold 

against ALKF1174L implying that groups larger than methyl are not tolerated. The ethyl 

group was also disfavoured in the BRD4 pocket with a low thermal shift 

measurement. Both 105 and 106 were made as a mixture of diastereomers and 

further investigation into the single diastereomer of 105 in particular is discussed in 

Chapter 4. 

 

 ALK BRD4 PLK-1 

R2 
WT IC50 

(nM) 
F1174L 

IC50 (nM) 
∆Tm [K] Kd (nM) IC50 (nM) 

58 
 

120 ± 11 85 ± 19 4.7 ± 0.5  54 290 ± 45 

105 

 

180 ± 51 31 ± 5  3.6 ± 1.7 - - 

106 

 

630 ± 73 300 ± 49 1.3 ± 0.0 - - 

Table 12. Biochemical assay data for substitution at the benzylic position, - = not determined. 

ALK IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration 

of 10 µM. BRD4 Kds, n = 1. PLK-1 IC50 values: mean ± S.D, n = 2 (ATP = 10 µM). 

Overall, exploring alternative substituent positions on the R2 benzyl group did not 

result in a significant change to ALK or BRD4 potency. Regarding substitution on the 

benzyl ring, ortho- and meta- substituents were slightly preferred in ALK but the non-

substituted benzyl 58 remained the most potent against ALKF1174L. The only 

compound to improve ALKF1174L potency was 105 with an additional methyl at the 

benzylic position. 
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3.3.1.3 Disubstituted Benzyl Groups 

Due to the minimal change in ALK WT potency with the ortho- and meta-substituted 

benzyl analogues, I then decided to explore the possibility of disubstitution on the 

benzyl ring to see if potency could be enhanced. I further analysed the docked 

structures of meta- and ortho-substituted analogues 91 and 100 to establish suitable 

vectors for additional substitution (Figure 55). With the meta-substituted benzyl, it 

appeared ortho-substitution could be tolerated towards the bottom or top of the 

pocket, filling additional hydrophobic space. Complementary to this, a methyl could be 

tolerated in the meta-position of ortho-analogue 100, filling into the lower ALK pocket. 

In addition, substitution at the 6-position on 100 could possibly be tolerated, also 

filling into the lower ALK pocket.   

 

Figure 55. Docked structures of A) meta-chloro analogue 91 and B) ortho-chloro analogue 

100, highlighting possible vectors for substitution.  

Therefore the strategy was to combine the ortho- and meta-substitutions to give the 

2,3- and 2,5-substituted benzyl groups (Figure 56). As suggested from Figure 55B, 

the 2,6-substituted analogue would also be prepared to potentially fill ALK pocket 

space as well as the 2,4-analogue to complete the methyl scan around the ring.  

 

Figure 56. Design strategy for disubstituted benzyl analogues. 
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I docked the four dimethyl substituted combinations to further understand where the 

two groups could situate (Figure 57). Comparing the ortho/meta substituted rings, 107 

and 109, the 2,5-substitution appeared more favourable with the ortho-methyl situated 

towards the upper ALK pocket and the meta-methyl situated towards the lower ALK 

pocket. In comparison the aryl ring of 107 has twisted in the docked pose to 

accommodate the 2-and 3-methyl groups in the pocket and does not fill the pocket 

space as well. With the 2,6-analogue 110, the methyl groups filled the upper and 

lower ALK pockets as predicted from Figure 54B. The 2,4-analogue 108 also 

predicted the ortho-methyl to situate towards to the upper pocket with the para-methyl 

situated towards solvent. In conclusion, the four disubstituted analogues were 

predicted to be tolerated in the ALK R2 pocket but may vary in potency based on 

conformation and hydrophobic contacts. 

 

Figure 57. Docking of disubstituted analogues 107 (2,3), 108 (2,4), 109 (2,5) and 110 (2,6) in 

ALK (2XB7). Interaction surface of compounds shown. 

The four disubstituted benzyl analogues 107 – 110 were prepared according to 

Scheme 15 with the biochemical assay results shown in Table 13. 

For ALK WT, the 2,5-dimethyl substituted benzyl 109 showed the best potency at 55 

nM. The additional methyl gained a 2 – 3-fold improvement in ALK potency compared 

to the mono-methyl substituted benzyls 93 and 102. There was a clear preference for 

the 2,5 substitution pattern over the 2,3, 2,4 and 2,6, 3-fold, 6-fold and 14-fold 

respectively. Despite the docking predicting the methyls of 2,6 analogue 110 to 
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situate favourably towards the upper and lower ALK surface, this in fact was the least 

potent analogue. Yet again, there was a clear difference between ALK WT and 

ALKF1174L SAR, with all the disubstituted analogues equipotent against ALKF1174L and 

showing no improvement from the single methyl substituted benzyls 93 and 102. 

 

 ALK BRD4 PLK-1 

R2 
WT IC50 

(nM) 

F1174L 

IC50 (nM) 
∆Tm [K] Kd (nM) IC50 (nM) 

102 
 

180 ± 13 220 ± 26 5.2 ± 0.2 - - 

93 
 

140 ± 15 210 ± 61 6.3 ± 0.2 - - 

91 
 

80 ± 7 220 ± 43 6.2 ± 0.4 130 540 

56 
 

120 ± 12 290 ± 17 5.0 ± 0.5 120 540 

107 

 

170 ± 38 200 ± 25 5.0 ± 0.7 - - 

108 
 

300 ± 93 360 ± 42 5.9 ± 1.2 - - 

109 
 

55 ± 19 200 ± 25 6.7 ± 1.3 - - 

110 

 

750 ± 69 230 ± 46 3.1 ± 0.3 - - 

61* 
 

41 ± 6 140 ± 24 8.4 ± 0.7 - - 

111 
 

42 ± 5 250 ± 8 9.3 ± 0.1 - 280 

112 
 

160 ± 23 660 ± 91 6.3 ± 0.4 - - 

Table 13. Biochemical assay data for disubstituted benzyl groups (R2), - = not determined. 

ALK IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration 

of 10 µM. BRD4 Kds, n = 1. PLK-1 IC50 values: n = 1 (ATP = 10 µM). 
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Following from the improvement in ALK WT potency, disubstitution was applied to 

meta-chloro and bromo analogues 91 and 57 with the addition of a methyl in the 2-

position. A similar 2 – 3-fold improvement in ALK WT potency with the additional 

methyl for 109 was observed with 61 and 111. Introducing a fluoro to the 2-position 

however, as seen with 2-fluoro-5-bromo analogue 112, lowered the potency against 

both ALK WT and ALKF1174L.  

I chose an example 2,5-disubstituted compound for testing against PLK-1 to see if the 

additional substitution would decrease PLK-1 potency further. However compound 

111 did not show a change in PLK-1 potency from the meta-bromo analogue 56. 

Overall, 2,5 disubstitution was preferred for ALK WT, resulting in a small improvement 

in potency compared to the mono-substituted benzyl. The disubstituted analogues 

were well tolerated against BRD4 but were still not as potent against ALKF1147L as the 

non-substituted benzyl 58. 

3.3.2 Heterocycle Groups 

3.3.2.1 Thiophene Analogues 

From the initial set of analogues exploring the R2 positon, thiophene analogue 52 was 

one of the most interesting. The compound was the most potent R2 analogue against 

ALK WT and ALKF1174L (290 nM and 220 nM) and retained good BRD4 activity (77 

nM). The first change I wanted to make with this compound was to remove the amide 

functionality. The hypothesis was that removing the amide would see a similar 

improvement in ALK potency and maintained BRD4 activity to 58 with a benzyl group 

at the R2 position (Figure 58). I also wanted to explore the thiophene group further, 

initially with a methyl scan around the ring and also removing the methyl to determine 

its impact on potency. 

 

Figure 58. Design strategy for initial thiophene analogues. 
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I docked the three methyl-thiophene regioisomers 62 – 64 into ALK to understand 

how this heterocycle would fill the R2 pocket (Figure 59). All three analogues were 

predicted to maintain the interaction with hinge residue Met1199 and place the 

thiophene in the R2 pocket. The methyl groups of 62 and 63 were predicted to fill into 

the lower ALK pocket, matching to the ALK surface, possibly providing additional 

hydrophobic contacts. With 4-methyl thiophene 63, it appears substitution at the 3-

position could also be tolerated to further match the surface of the pocket. 5-Methyl 

thiophene 64 does not appear to fill the R2 pocket as well as 62 and 63 suggesting 

this analogue could be less potent. 

 

Figure 59. Docking of thiophene analogues 62 (orange), 63 (green) and 64 (pink) into ALK 

(2XB7) highlighting key interactions (yellow) and interaction surface of compound. 

Compounds 62 – 64 were synthesised using Scheme 4 rather than the optimised R2 

synthesis, due to commercial availability of the aldehydes. As suggested from the 

docking, the 3,4-dimethylthiophene 114 was synthesised as well as the non-

substituted thiophene 113. For the dimethylthiophene analogue 114, the halide or 

aldehyde wasn’t available for alkylation via Scheme 15 or reductive amination via 

Scheme 4. However, the 3,4-dimethylthiophene-2-carboxylic acid 131 was 

commercially available which could be reduced to the alcohol using borane (Scheme 

17). Alcohol 132 could then be added to intermediate 79 via a Mitsunobu reaction 

using cyanomethyltributylphosphorane (CMBP). Unfortunately racemisation occurred 
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during the synthesis of 90w; details of this reaction and racemisation is further 

discussed in Chapters 4 and 5. The biochemical data for the thiophene analogues are 

shown in Table 14. 

 

Scheme 17. Synthesis of 3,4-dimethyl intermediate 90w. 

As predicted, removing the amide functionality to give 62 improved ALK WT and 

ALKF1174L potency 3-fold from compound 52. The PLK-1 potency was equipotent to 

ALKF1174L potency at 68 nM and BRD4 activity was maintained. Moving the methyl to 

the 4-position gave a further improvement in ALKF1174L potency to 17 nM, whilst 

moving the methyl to the 5-position decreased activity 3 – 4-fold. Pleasingly 

compound 63 showed good BRD4 activity and a further small decrease in PLK-1 

potency to 130 nM. This provided a 7-fold selectivity window towards ALKF1174L over 

PLK-1 and was a small improvement from the 3-fold selectivity observed with benzyl 

analogue 58. 

For BRD4, compounds 62 and 63 showed potent activity and were equipotent to 

starting compound BI-2536. The combined change to the R2, R3 and R4 groups had 

not disrupted the BRD4 binding and potent activity. 64 showed a large thermal shift 

for BRD4 but the Kd was 220 nM, 3 – 5-fold less potent compared to 62 and 63. This 

reiterated the lack of correlation between thermal shift and potency and that thermal 

shift is only used as an initial guide for further testing.  

Non-substituted thiophene 113 was 64 and 36 nM at ALK WT and ALKF1174L 

respectively. This implies the 4-methyl (63) provides additional potency in the ALK 

pocket, as well as blocking the potential of frequently observed thiophene reactive 

metabolites.166 However the methyl in the 3-position, despite being predicted to fill 

into the ALK pocket, does not aid potency. The racemic dimethylthiophene 114 was 

120 nM against ALKF1174L thus the single enantiomer is predicted to be around 60 nM. 

The additional methyl causes an approximate 4-fold decrease in potency from 63, 

despite predicting to fill additional pocket space. 
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 ALK BRD4 PLK-1 

R2 
WT IC50 

(nM) 

F1174L 
IC50 
(nM) 

∆Tm 

[K] 
Kd 

(nM) 
IC50 
(nM) 

% Inhibition 
(10 nM / 100 

nM) 

62* 
 

89 ± 4 63 ± 10 
5.4 ± 
0.5 

63 
68 ± 
0.6 

25 / 60 

63* 

 

60 ± 12 
17 ± 
3.5 

7.1 ± 
0.1 

44 
130 ± 

37 
18 / 55 

64* 
 

550 ± 
31 

220 ± 
71 

8.3 ± 
0.3 

210 - - 

113 
 

140 ± 6 41 ± 7 
4.4 ± 
0.3 

- - 23 / 65 

114** 

 

190 ± 
53 

120 ± 
33 

4.3 ± 
1.0 

- - - 

65* 

 

64 ± 16 31 ± 5 
6.9 ± 
0.4 

93 110 15 / 47 

66* 

 

150 ± 
12 

32 ± 13 
7.3 ± 
0.5 

84 - 19 / 57 

115 
 

63 ± 28 76 ± 11 
3.0 ± 
0.7 

- - - 

116 

 

230 ± 
45 

94 ± 11 
4.8 ± 
0.4 

- - - 

Table 14. Biochemical assay data for SAR of the benzyl group (R2), - = not determined. ALK 

IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration of 10 

µM. BRD4 Kds, n = 1. PLK-1 IC50 and % Inhibition values: mean ± S.D, n = 1/2 (ATP = 10 µM). 

*Synthesised by original scheme 4. **Racemate. 

Following from the success of compound 63, I changed the 4-methyl to a chloro and 

bromo group, both of which were tolerated in the benzyl analogue SAR. Compounds 

65 and 66 were potent against the ALK mutant at 30 nM, although not quite as potent 

as methyl analogue 63. I tested the PLK-1 potency to see if the chloro or large bromo 

affected the activity, but they were equipotent to methyl equivalent 63. I also changed 

from the 2-thiophene to the 3–thiophene (115 and 116) but this reduced potency 

against ALK WT and ALKF1174L.  
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Overall, changing from a benzyl to a thiophene at the R2 position was a successful 

modification. Compounds with a 4-substituted thiophene, 63, 65 and 66, had the best 

potencies thus far against ALKF1174L and retained potent BRD4 activity. 4-Methyl 

thiophene analogue 63 showed the best overall profile, with 17 nM ALKF1174L activity 

and 7-fold selectivity over PLK-1. 

3.3.2.2 Polar Heterocycles 

Although the previous polar heterocycle examples from Chapter 2 decreased activity, 

I wanted to confirm the poor tolerance of polar heterocycles in the R2 pocket. I 

decided to change the tolerated thiophene group to its more polar equivalent, a 

thiazole. I also wanted to synthesise a 6-membered heterocycle example – in 

particular a pyridine to compare to 58. In general, the thiophene and benzyl 

analogues are quite lipophilic so if a heterocycle is tolerated this would aid the 

physicochemical properties of the series by reducing the lipophilicity. Five polar 

heterocycle analogues were synthesised according to Scheme 15 with the 

biochemical data shown in Table 15.  

Consistent with the previous data, polar heterocycles were less tolerated in the 

hydrophobic ALK pocket. The addition of a nitrogen to thiophene 113 decreases 

potency 4 - 6-fold against ALKF1174L for 117 and 118. Similarly for 3-methyl thiophene 

62, the addition of a nitrogen decreases ALK WT and ALKF1174L activity approximately 

5-fold (119). A greater decrease was observed with dimethylthiazole 120, likely due to 

both the polarity of the heterocycle and disfavoured methyl groups. Pyridine 121 also 

decreased potency approximately 5-fold compared to its counterpart 58. The majority 

of BRD4 thermal shifts were similar for the polar heterocycle analogues to 58 and 62, 

implying the BRD4 pocket is much more accommodating to polar heterocycles in this 

solvent exposed region. 
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 ALK BRD4 

R2 
WT IC50 

(nM) 

F1174L IC50 

(nM) 
∆Tm [K] 

Kd 

(nM) 

113 
 

140 ± 6 41 ± 7 4.4 ± 0.3 - 

62* 
 

89 ± 4 63 ± 10 5.4 ± 0.5 63 

117 
 

360 ± 14 170 ± 33 2.5 ± 0.1 - 

118 
 

900 ± 150 250 ± 23 3.6 ± 0.1 - 

119 
 

490 ± 87 370 ± 51 4.6 ± 1.4 - 

120 
 

1200 ± 120 1700 ± 170 6.2 ± 2.9 - 

58* 
 

120 ± 11 85 ± 19 4.7 ± 0.5 54 

121 
 

300 ± 74 460 ± 81 4.1 ± 0.1 - 

Table 15. Biochemical assay data for SAR of the R2 group with polar heterocycles, - = not 

determined. ALK IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound 

concentration of 10 µM. BRD4 Kds, n = 1.  

 

3.3.3 Aliphatic Groups 

The final functionality I chose to explore at the R2 position was aliphatic groups. I 

wanted to explore aliphatic cycles to add sp3 character to the R2 group, in particular a 

cyclohexyl (122) to directly compare to benzyl 58 (Figure 60). Further analogues 

which reduced the size of the aliphatic cycle, added a heteroatom and opened the 

ring to form an aliphatic chain were also considered (123 – 126). I also planned to 

make the methyl analogue 127, to confirm the importance of the benzyl or thiophene 

filling into the R2 pocket. 
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Figure 60. Design strategy for exploring aliphatic substituents at the R2 position. 

Compounds 122 – 127 were synthesised according to Scheme 15 with the 

biochemical assay data shown in Table 18. Intermediate 133 for methyl analogue 127 

was synthesised via double methylation of 81, which was previously synthesised 

during synthetic route development, Table 9 (Scheme 18).  

 

Scheme 18. Synthesis of methyl intermediate 133. 

The majority of the aliphatic analogues did not provide additional potency. Comparing 

cyclohexyl 122 to benzyl 58, a 3-fold decrease in ALKF1174L potency was observed, 

though equipotent for ALK WT. Decreasing the size of the aliphatic cycle (123 and 

124) decreased ALK WT potency further whilst the presence of an aliphatic 

heterocycle (125) hindered ALK WT and ALKF1174L potency. Moderate thermal shift 

measurements were observed with the aliphatic analogues indicating both aliphatic 

and aromatic groups are suitable for extending to the WPF shelf region. Surprisingly 

the butyl chain analogue 126 improved ALKF1174L potency to 60 nM, although 

hindered ALK WT activity. It is possible the flexibility of the alkyl chain allows the 

group to map the surface of the pocket, improving hydrophobic contacts. Clipping 

back to a methyl group at the R2 position (127) saw a large decrease in potency at 

ALK WT and ALKF1174L, as well as a lower thermal shift with BRD4. This confirmed the 

importance of the benzyl/thiophene group in providing potency to both targets. 
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 ALK BRD4 

R2 
WT IC50 

(nM) 
F1174L IC50 

(nM) 
∆Tm [K] Kd (nM) 

58 
 

120 ± 11 85 ± 19  4.7 ± 0.5 54 

123 
 

200 ± 32 250 ± 12 5.3 ± 0.1 - 

123 
 

550 ± 140 220 ± 28 4.0 ± 0.6 - 

124 
 

580 ± 100 180 ± 39 4.7 ± 1.6 - 

125 
 

2400 ± 61 430 ± 18 4.5 ± 0.3 - 

126  350 ± 42 60 ± 18 4.9 ± 0.1 - 

127 Me 3600 ± 84 1700 ± 130 2.5 ± 0.2 - 

Table 16. Biochemical assay data for SAR of the R2 position with aliphatic groups, - = not 

determined. ALK IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound 

concentration of 10 µM. BRD4 Kds, n = 1. 

 

3.4 Further SAR on Lead Compound 63 

3.4.1 Revisiting SAR of the Alkoxy Group (R3) 

The work described in both Chapters 2 and 3 had yielded 63 as the most promising 

compound so far. With the 4-methyl thiophene installed at the R2 position, it was 

important to reconsider other points of SAR (R3 and R4) to check that the best 

combinations of groups were in place.  

I first returned to the R3 substitution to establish if the ethoxy group was the most 

optimal. The docked structure of 63 shows the ethoxy occupies the selectivity region 

by residue Leu1198 (Figure 61A). Though there seems to be extra space to extend 

into, previous SAR had indicated larger groups lower ALK activity. I decided to 

reinstall a smaller and larger alkoxy group to confirm which size alkoxy group was 

best for achieving ALK potency. The methoxy and isopropoxy left hand side 
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intermediates 28a and 28c were synthesised according to Scheme 8 and coupled to 

intermediate 6r (Figure 61B).  

 

 

Figure 61. A) Docked structure of 63, highlighting area for modification (R3). B) Design 

strategy and synthesis for analogues varying the R3 position on 63. 

In fact, the ethoxy group remained the most optimum in terms of its ALK WT and 

ALKF1174L potency (Table 17). The smaller methoxy group (67) saw a small decrease 

in ALKF1174L potency implying extension into the pocket slightly improves potency. 

However, increasing the size to the isopropoxy (68) also gave a similar small 

decrease in ALKF1174L potency and a 4-fold decrease in ALK WT potency. This result 

complements the SAR discussed in Table 4. Therefore the ethoxy group was 

considered optimal at this stage and maintained in the synthesis of future analogues. 

 

 

  

A 



Chapter 3 

101 
 

 

 ALK BRD4 PLK-1 

R3 
WT IC50 

(nM) 

F1174L 

IC50 (nM) 
∆Tm [K] 

Kd 

(nM) 
IC50 (nM) 

63 OEt 60 ± 12 17 ± 4 7.1 ± 0.1 44 130 ± 37 

67 OMe 63 ± 9  43 ± 12 5.6 ± 0.2 - - 

68 OiPr 260 ± 38 48 ± 13 7.2 ± 0.4 - - 

Table 17. Biochemical assay data for SAR of the alkoxy group (R3), - = not determined. ALK 

IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration of 10 

µM. BRD4 Kds, n = 1. PLK-1 IC50 values: mean ± S.D, n = 2 (ATP = 10 µM). 

 

3.4.2 Revisiting SAR of the Solvent Channel Group (R4) 

As discussed in Chapter 2, the solvent channel region proved to be a promising 

region for modification in that ALK and BRD4 activity could be maintained whilst PLK-

1 activity decreased (Table 5). With the thiophene right hand side of the molecule 

optimised, I returned to modifying the R4 group with previously attempted and new 

modifications to further decrease PLK-1 activity. 

 

Figure 62. A) Co-crystal structure of BI-2536 in PLK-1 (2RKU) highlighting potential 

interactions to block within the solvent channel. B) Docking of 35 in PLK-1 (2RKU) highlighting 

areas for potential clash with the PLK-1 pocket. 

A B 
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The first strategy to lower PLK-1 activity involved the removal of hydrogen bond 

interactions with the amide functionality of BI-2536. (Figure 62A). Previous design 

removed the amide to prevent hydrogen bond interactions with Arg57 and Leu59. As 

seen with the docking of analogue 35, without the amide, no hydrogen bonds can be 

formed with the compound in the solvent channel region and consequently decreased 

PLK-1 potency >4-fold (Figure 62B). Another plausible way to block one of the 

hydrogen bonds was methylation of the amide, as well as replacing with other solvent 

channel functionalities without hydrogen bond donors/acceptors (Figure 63).  

The second strategy to lower PLK-1 activity was considering the narrow channel in 

the PLK-1 pocket, formed by the flexible Arg57 and Arg136 chains, the latter not 

present in the ALK structure. The hypothesis was PLK-1 potency could be lowered if 

the solvent channel substituent clashes with the residues forming this solvent 

channel. Compound 35 with the amide removed, is predicted to situate the piperidine 

within the middle of the channel (Figure 62B). Therefore substitution on a piperidine 

carbon could clash with the pocket and the molecule will have to rotate to 

accommodate this group (Figure 63). This may lead to a disfavoured conformation of 

the molecule or cause a shift in the pocket residues which could lead to a decrease in 

potency.  

 

Figure 63. Design strategies for lowering PLK-1 activity, either removing hydrogen bond 

donors/acceptors or substitution on the piperidine to clash with the PLK-1 pocket. 

Analogues with the methylated amide (70) and alternative solvent channel groups 

(71-74) were synthesised according to Schemes 6 and 7. I also made the amide 

analogue 69 with the thiophene right hand side for direct comparison. For the second 

strategy, compound 75 with an additional methyl on the piperidine was synthesised 
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via Scheme 8 using (3-methylpyridin-4-yl)boronic acid. The biochemical data for all 

the solvent channel analogues is shown in Table 18. 

 

 ALK BRD4 PLK-1 

R4 
WT IC50 

(nM) 

F1174L 

IC50 (nM) 
∆Tm [K] 

Kd 

(nM) 

IC50 

(nM) 

% 

Inhibition 

(10 / 100 

nM) 

63 
 

60 ± 12 17 ± 4 7.1 ± 0.1 44 
130 ± 

37 
18 / 55 

69 

 

140 ± 18 98 ± 5 6.1 ± 0.2 - 22 40 / 82 

70 

 

66 ± 11 90 ± 4 8.4 ± 0.0 - 73 18 / 60 

71 

 

220 ± 32 120 ± 29 5.4 ± 0.6 - - - 

72 

 

88 ± 15 36 ± 7 6.5 ± 0.3 - - 19 / 48 

73 

 

93 ± 12 55 ± 17 6.7 ± 0.9 - - 10 / 43 

74 

 

140 ± 22 66 ± 14 7.1 ± 0.8 - - - 

75 
 

59 ± 5 26 ± 3 6.9 ± 0.1 - 150 15 / 45 

Table 18. Biochemical assay data for SAR of the solvent channel group (R4), - = not 

determined. ALK IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound 

concentration of 10 µM. BRD4 Kds, n = 1. PLK-1 IC50 vand % Inhibition values: mean ± S.D, n 

= 1/2 (ATP = 10 µM). 

Control compound 69 confirmed the drop in PLK-1 potency achieved by removing the 

amide. PLK-1 potency decreased 5-fold whilst the ALKF1174L potency improved 5-fold. 
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Methylation of the amide (70) also decreased PLK-1 potency, 3-fold, whilst 

maintaining ALK and BRD4 activity. From the alternative solvent channel groups, 72 

and 73 showed good ALK WT and ALKF1174L potency and also a similar decrease in 

PLK-1 activity to 63 and 70. Overall, removing the hydrogen bond donors/acceptors 

of the R4 group was a successful strategy in reducing PLK-1 activity.  

Unfortunately the second strategy of adding a methyl to the piperidine did not cause a 

decrease in PLK-1 potency and remained equipotent to 75. However compound 75 

retained excellent potency against ALKF1174L at 26 nM. Making the methyl substituent 

larger could have a greater effect on reducing PLK-1 potency but the synthesis of 

these analogues was challenging and therefore not pursued.  

 

3.5 X-Ray Crystallography 

Following SAR at the R1 – R4 regions of BI-2536, I now had promising compounds 

with good potencies against ALK and BRD4 (<100 nM) and small selectivity towards 

ALKF1174L over PLK-1. With these promising compounds, 58, 62 and 63, I decided to 

profile them in depth using X-ray crystallography, cellular testing and selectivity 

screens.  

I chose 58 and 63 as examples to co-crystallise with BRD4 to confirm the binding 

mode of the compounds in the BRD4 pocket. As previously mentioned, ALK 

crystallography proved difficult and was not possible to obtain, however BRD4 co-

crystallography was well established with our collaborators at the Goethe University 

of Frankfurt. Due to structural similarity between the synthesised analogues and 

starting compound BI-2536 with the key acetyl-lysine binding motif being maintained, 

it was expected that the binding mode should be similar to that of BI-2536 (Figure 29).  

The co-crystal structures were solved by David Heidenreich and deposited into the 

protein databank as 6Q3Y and 6Q3Z for 58 and 63 respectively (Figure 64). Both 

compounds bound into the acetyl-lysine binding site with the methyl amide moiety, 

retaining the key hydrogen bond interaction with Asp140. The methyl amide and 

pyrimidine moieties in both compounds retain interactions with conserved waters in 

the BRD4 pocket, whereas the thiophene and benzyl R2 substituents are situated in 

the hydrophobic WPF shelf region.  
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Figure 64 A) Co-crystal structures of 58 with BRD4 (6Q3Y) and associated│2FO│-│FC│ 

refined electron density map contoured at 1σ. B) Co-crystal structure of 63 with BRD4 (6Q3Z) 

and associated │2FO│-│FC│ refined electron density map contoured at 1σ. Both structures 

solved by David Heidenreich.  

 

3.6 Cellular Testing 

3.6.1 ALK Phosphorylation 

With several compounds reaching initial target potencies of <100 nM at both ALK and 

BRD4, I next wanted to confirm that that compounds demonstrated on-target 

engagement of ALK and BRD4 in cells.  

First, the effect of lead compounds on autophosphorylation of the ALKF1174L mutant 

using a meso-scale discovery (MSD) assay was measured. The quantitative 

immunoassay was developed in-house by Lizzie Tucker to measure total ALK (tALK) 

and phosphorylated ALK (pALK) at biologically relevant phosphorylation sites, in this 

case pY1586.167 The assay begins with the coating of an MSD plate, which has an 

electrode surface, with an ALK antibody (Scheme 19). This was followed by coating 

with cell lysates containing the target protein and selected inhibitor concentration, and 

then either an antibody specific for tALK or pY1586 ALK. Finally a detection antibody 

B 

A 
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is added, containing an electrochemiluminiscent label. The plate is then read, during 

which a voltage is applied to the plates electrodes causing the captured labels to emit 

light. The intensity of the emitted light is measured and provides a quantitative 

measurement for tALK and phosphorylated ALK (pY1586). If the inhibitor is bound to 

ALK, autophosphorylation is inhibited and levels of pALK are decreased. Therefore a 

decrease in the level of emitted light is observed. The ratio of tALK and pY1586 ALK 

is then calculated at the selected inhibitor concentrations and can be converted to an 

IC50 value for levels of phosphorylation.  

 

Scheme 19. Schematic of in-house ALK MSD phosphorylation assay. Series of antibodies 

and target protein added in sequence to which a voltage is applied. The 

electrochemiluminescent label allows a quantitative read out for tALK and pY1586 ALK. Green 

and purple lines represent example compound data.  

ALK autophosphorylation levels were measured for key compounds 58, 62 and 63 in 

two neuroblastoma cell lines, NBLW-R and Kelly, harbouring the F1174L mutation 

(Figure 65). Ceritinib was tested as a positive control and also starting compound BI-

2536 to see if the compounds had improved at inhibiting phosphorylation.  

Compound 63 showed inhibition of ALKF1174L phosphorylation at levels of 640 nM and 

980 nM in the NBLW-R cell and Kelly lines respectively. 63 displayed a significant 

improvement in inhibiting autophosphorylation from starting compound BI-2536 in the 

Kelly cell line (10 µM). 63 is also more potent compared to earlier analogues 58 and 
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62, which was in line with the biochemical IC50 trends. Ceritinib was approximately 20-

fold more potent at inhibiting ALK phosphorylation compared to 63, corresponding 

with the 30-fold difference in biochemical potency between ceritinib (0.6 nM) and 63 

(17 nM). Despite 63 not yet reaching the potencies of ceritinib, a significant 

improvement had been made from starting compound BI-2536 in its ALK activity in 

vitro.  

 

Figure 65. ALK MSD phosphorylation assays for key compounds 58, 62 and 63 in the Kelly 

and NBLW-R cell lines. Performed by Lizzie Tucker. - = not determined. 

 

3.6.2 NanoBRET Cellular Potency 

The cellular potency of 58, 62 and 63 were also tested against BRD4 and ALK WT 

using NanoBRET assays to confirm on-target engagement of both targets in cells 

(Figure 66). The BRD4 cellular potencies of 58, 62 and 63 were comparable to 

starting compound BI-2536, consistent with the compounds minimal disruption with 

the BRD4 pocket. The cellular IC50 of 63 was a 4-fold drop off from the biochemical 

IC50 of 44 nM.  

For ALK, 63 showed a cellular potency of 470 nM, an 8-fold drop off from its 

biochemical potency of 60 nM (ALK WT). Despite a 6-fold difference in biochemical 

potency between BI-2536 and 63 (390 nM and 60 nM), only a small improvement in 

cellular potency was observed in the nanoBRET experiment. However 63 was more 

Compound ALKF1174L 
Biochemical IC50 

NBLW-R IC50 Kelly IC50 

58 85 nM >10 µM >10 µM 

62 63 nM 850 nM 4.5 µM 

63 17 nM 640 nM 980 nM 

Ceritinib 0.8 nM 29 nM 53 nM 

BI-2536 180 nM - >10 µM 
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potent compared to earlier analogues 58 and 62, complimentary to the improvement 

in biochemical potency. Overall, the nanoBRET experiments, along with the ALK 

MSD phosphorylation experiments, nicely demonstrate that 63 has on-target 

engagement with ALK and BRD4 in a cellular environment.  

 

 

 

 

Figure 66. Cellular potency of lead analogues 58, 62 and 63 against ALK and BRD4 using the 

NanoBRET assay format. Performed by David Heidenreich. 

 

3.7 Selectivity 

The broader kinase and bromodomain selectivity of 63 was next considered. A key 

challenge with developing a cross-family dual inhibitor is achieving selectivity across 

both protein families. Therefore it was important to assess if 63 maintained the kinase 

and bromodomain selectivity. 

3.7.1 Bromodomain Selectivity 

Compound 63 was tested against a panel of 27 BET and non-BET bromodomains 

(Figure 67). In this panel, 63 exhibited excellent BET family selectivity, in common 

with BI-2536 and other BET inhibitors including JQ1 and I-BET151.94,96 High thermal 

shifts were observed with BRD4(1+2), BRD3(1+2) and BRD2(2) followed by BRDT(1) 

and Group VIII member PB1(1). The remaining 20 bromodomains showed less than 1 

°C shift or negative shift. Targeting the WPF shelf region, as achieved with compound 

63 (Figure 64), is a known way to enhance BET selectivity.168 The ‘WPF’ motif is 

Compound BRD4 
Biochemical 

IC50 (nM)  

BRD4 IC50 
(µM) 

ALK WT 
Biochemical 

IC50 (nM) 

ALK  IC50 
(nM) 

BI-2536 37 300 380 890 

58 54 540 120 1640 

62 63 310 89 1020 

63 44 260 60 470 
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conserved within the whole BET family and a handful of other bromodomains such as 

PCAF and BAZ2B. Changes in size and/or hydrophobicity of this motif can allow for 

BET selectivity to be achieved.84   

 

Figure 67. Screening of 63 against a panel of 27 bromodomains, showing ∆Tm as circles. 

Bromodomains in black text were tested with larger circles indicating greater ∆Tm. 

No selectivity was observed between the first and second bromodomain of BRD4. 

Although the sequence homology is very high between the BET bromodomains there 

are a few differences between BD1 and BD2 that allow selectivity to be achieved 

(Figure 68).169 These have been exploited in recent literature with the development of 

selective BD1 and BD2 inhibitors to help achieve selective transcriptional 

effects.105,107,169 Similar targeting of these residue differences could further improve 

the bromodomain selectivity of the dual ALK-BRD4 series. However this may be 

challenging as any change made to improve bromodomain selectivity could hinder the 

kinase potency. In particular, extending towards D144 and I146 via the thiophene 

may not be tolerated in the R2 ALK pocket. 
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Figure 68. Comparison of BRD4 BD1 structure with 63 (orange, 6Q3Z) and BRD4 BD2 

structure (green, 6FFD). 

 

3.7.2 Kinase Selectivity 

Compound 63 was tested against the DiscoverX scanEDGE panel of 97 kinases at a 

single point concentration of 1 μM. This panel was chosen as it included kinases 

across the different families, including ALK and PLK-1, and therefore would provide a 

good indication of the overall selectivity and whether the structural changes had made 

the compound more promiscuous compared to BI-2536.  

 

Kinase Hits at 1 µM (% Control) K
d
 (nM) 

ALK WT 7.1 89 

INSR 25 190 

PLK-1 1 11 

PLK-3 25 160 

ALK
F1174L

 - 23 

Figure 69. Screening of 63 against the Discover X scanEDGE panel of 97 kinases at single 

point concentration of 1 µM. Kd values for ‘hits’ (<35 % control) were then measured. 

Q85/K378 

I146/V439 

D144/H437 
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Pleasingly only four kinases were identified as hits from the 97 kinase panel, 

confirming that broad kinome selectivity had been maintained. The greatest inhibition 

was observed for ALK and PLK-1 followed by insulin receptor (INSR), a close family 

member to ALK, and PLK-3 (Figure 69 and Appendix A). Although close ALK family 

member INSR was observed as a hit with 63, a further close family member IGF1R 

was not (77 % control). In addition kinases targeted by other ALK inhibitors such as 

MET (crizotinib45), EGFR (brigatinib170) and TRKA (entrectinib48) were not potently 

inhibited by 63.  

Following the kinome screen, the Kd values for ALK, PLK-1, INSR and PLK-3, as well 

as for ALKF1174L, were measured to understand how potent 63 is against the four hit 

kinases. 63 showed similar Kd values for PLK-1 and ALKF1174L at 11 and 23 nM 

respectively, followed by 89 nM for ALK WT. The similar Kd values for PLK-1 and 

ALKF1174L is discussed in 3.7.3. The next two active hits, PLK-3 and INSR showed 

similar Kd values of 160 nM and 190 nM.  

The observed broad kinase selectivity of 63 was at least partially attributed to the 

ethoxy group. This group is positioned into a known vector to enhance kinase 

selectivity for ALK and PLK-1 inhibitors.76,140,171 The majority of the kinome has a 

larger residue at this position meaning the ethoxy group is likely to clash, as seen with 

TRKA (Figure 70). I analysed 295 kinases from the Kinase-Ligand Interaction 

Fingerprints and Structures (KLIFS) database and determined approximately 58% of 

kinases have a Tyr or Phe residue at this hinge position.172 Whilst 26% of the 

analysed kinases, including ALK, PLK-1, PLK-3 and INSR, have a smaller leucine 

residue and can therefore accommodate the ethoxy group of 63 (Figure 71). 63 

showed selectivity over all the kinases within the kinase panel containing a Tyr of Phe 

residue.  

 

Figure 70. Overlay of docked 63 into ALK (2XB7) with TRKA (5H3Q) highlighting the 

selectivity determining residue. 
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Figure 71. Analysis of the selectivity determining hinge residue for 295 kinases. Data 

compiled from the KLIFS database.172  

 

3.7.3 Cellular Selectivity between ALK and PLK-1 

Despite very good overall selectivity in the DiscoverX scan, 63 showed similar Kd 

values for the ALKF1174L mutant and PLK-1, at 23 nM and 11 nM respectively. (Figure 

69). However, given 63 had translated efficiently into cellular assays with a relatively 

minor drop off, I considered that a larger drop-off for PLK-1 may lead to a better 

cellular selectivity window.  

To investigate this hypothesis, I collaborated with Klaus Strebhardt’s group to test 63 

against PLK-1 in cells, investigating markers of PLK-1 inhibition and levels of mitotic 

arrest in the G2/M phase. In the literature, BI-2536 shows effects on markers PLK-1, 

cyclin B1 and phosphohistone H3 at concentration around 50nM, which is a 250-fold 

drop off from its Kd of 0.19 nM.173 As 63 is structurally similar to BI-2536, I expected 

that a similar potency drop off in cells would be observed. In this case, the drop off 

would be to >2.5 µM providing a small window of cellular selectivity towards ALK. 

Amino Acid Percentage 

Tyr 37.0 

Leu 24.9 

Phe 20.7 

Trp 3.0 

Val 2.3 

His 2.3 

Cys 2.0 

Met 1.6 

Arg 1.3 

Lys 1.3 

Pro 1.0 

Ile 1.0 

Ala 1.0 

Ser 0.3 

Gln 0.3 
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To assess the cellular selectivity, 63 and BI-2536 were assessed against the same 

markers, PLK-1, cyclin B1 and phosphohistone H3, in HeLa cells by our collaborators. 

Consistent with the literature, the potent PLK-1 inhibitor BI-2536 induced mitotic 

arrest and increased concentrations of PLK-1, cyclin B1, and phosphohistone H3 at a 

concentration as low as 50 nM (Figure 72).173 In addition, an increase in PLK-1 

phosphorylation at sites T210 and S137 was observed. In comparison, compound 63 

did not cause an increase in levels of these mitotic markers and phosphorylation sites 

up to concentrations of 10 μM. This is consistent with the improved selectivity 

achieved through the optimisation of BI-2536 to 63.  

 

Figure 72. Induction of mitotic arrest by BI-2536 and 63 in HeLa cells. Changes in the fraction 

of cells arrested in mitosis were analyzed by Western Blots against phosphorylation sites 

pT210 and pS137 and mitotic markers PLK-1, Cyclin B1, and phospho-histone H3. Western 

blot run by Monika Raab. 

Quantitative analysis of the cell cycle distribution by flow cytometry supported the 

data obtained by Western blot analysis (Figure 73). Increasing the concentration of 

BI-2536 considerably changed the cell cycle phase ratio, from 70% G0/G1 to 64% 

G2/M phase at 50 nM. The percentage of cells in G2/M phase increased further at 

100 and 500 nM to 81%. This substantial change in cell cycle distribution corresponds 

to the mitotic arrest caused by BI-2536 and the subsequent accumulation of cells at 

the G2/M phase. In comparison 63 did not cause a significant change in the cell cycle 

distribution until 10 µM where the G0/G1 phase decreased by 20% and the G2/M 

phase increased by 17%.  
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Figure 73. Cell cycle analysis of 63 compared to PLK-1 inhibitor BI-2536. Cell cycle analysis 

performed by Monika Raab. 

The cellular potency of 63 against PLK-1 (>10 µM) was much greater than the 

concentration where ALK (470 nM NanoBRET, 640 – 980 nM, MSD) and BRD4 (260 

nM NanoBRET) are inhibited in a cellular context (Figures 65 and 65). The 

combination of the reduction in PLK-1 activity and the improvement in ALKF1174L 

activity had resulted in a >10 – 20-fold selectivity window for ALKF1174L over PLK-1 in 

cells.  

In conclusion, profiling of compound 63 has shown the compound is broadly selective 

against kinases and bromodomains and has on-target engagement in cells. This 

compound represents a significant step from the initial goal of designing a potent and 

selective dual ALK-BRD4 inhibitor and is a suitable in vitro chemical probe for further 

experiments.  
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Chapter 4 Improving the Selectivity and 

Physicochemical Properties  

 

4.1 Synthesis of Single Diastereomers of Compound 105 

In Chapter 3, compound 105 was one of the most interesting compounds following 

modification at the R2 position. The addition of the methyl at the benzylic position 

slightly improved potency from 85 nM to 31 nM against ALKF1174L. Due to this 

promising result, I wanted to synthesise the single diastereomers 134 and 135, to 

determine if one diastereomer was more potent than the other (Scheme 20). 

Furthermore, I speculated that addition of the methyl would not be tolerated in the 

more restricted PLK-1 pocket and hence would decrease PLK-1 potency further. 

 

Scheme 20. Separation of diastereomers of 105. 

 

4.1.1 Mitsunobu Conditions 

To synthesise the single diastereomers 134 and 135, the original alkylation conditions 

were not used due to the potential for racemisation via an SN1 mechanism rather than 

an SN2 inversion (Scheme 21). An alternative method for installing the benzyl group 

enantioselectively was a Mitsunobu reaction between 79 and chiral benzyl alcohol 

Separate diastereomers 

Improve ALK activity? 

Decrease PLK-1 activity? 

105 

ALK
F1174L

 IC
50

 = 31 nM 

ALK WT IC
50

 = 180 nM 

134: (R,R) 

135: (R,S) 
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136 which generally proceeds with full inversion of the stereocentre.174 The 

disadvantages of a traditional Mitsunobu reaction using triphenylphosphine and 

diethylazodicarboxylate (DEAD) include the potentially difficult removal of by-product 

triphenylphosphine oxide and the pKa rule, in which the pKa of the nucleophile needs 

to be less than 11 for a successful reaction.175 This is due to the betaine formed by 

triphenylphosphine and DEAD having a pKa of 13 which deprotonates the 

nucleophile, otherwise alkylation of DEAD will occur. The reaction between 79 and 

(R)-136 did not proceed with the traditional Mitsunobu conditions using 

triphenylphosphine and DEAD, due to a higher pKa of the amine. 

 

Scheme 21. Proposed Mitsunobu reaction for the synthesis of single diastereomer 137. 

An alternative Mitsunobu reagent was used to overcome the pKa restriction. 

Phosphorous ylide reagents cyanomethylenemethylphosphorane (CMMP) and 

cyanomethylenebutylphosphorane (CMBP) can replace the azo-compound and 

phosphine combination and overcome the pKa restriction, facilitating reactions with 

nucleophiles in the pKa range of 11 – 23.176,177 In addition, the side products of the 

Mitsunobu reaction, acetonitrile and tributylphosphine oxide or trimethylphosphine 

oxide, are easier to remove during work up than triphenylphosphine oxide.178 A 

disadvantage of using CMMP and CMBP is that the reagents require anhydrous 

conditions as they are sensitive to air and moisture. 

The Mitsunobu reaction using CMBP follows the mechanism outlined in Scheme 22. 

The alcohol is deprotonated by the ylide and the resulting anion attacks the 

phosphonium group to give the alkoxy phosphonium. The cyanomethyl anion is 

protonated by the amine, yielding acetonitrile as a by-product. The resulting amine 

anion reacts with the alkoxy phosphonium to give the desired product and 

tributylphosphine oxide. Using CMBP, the Mitsunobu reaction between 79 and (R)-

136 was successful achieving 50% yield.  
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Scheme 22. Mechanism of Mitsunobu reaction using CMBP.178  

 

4.1.2 Separation and Characterisation of Diastereomers 

When analysing the NMR of the product from the Mistunobu reaction between 79 and 

(R)-136, two diastereomers were in fact present, 137 and 138 (Scheme 23). It was 

found the ethyl chiral centre had epimerised to give the (R,S) and (S,S) 

diastereomers; further discussion on distinguishing which diastereomers were formed 

and ways to prevent epimerisation can be found in Chapter 5.  

 

Scheme 23. Synthesis of the four diastereomer intermediates 137 – 140. Chiral centre 

nomenclature (ethyl, methyl). 

The diastereomers were separated out by HPLC achieving diastereomeric ratios (d.r) 

of 20:1 and 18:1 for 137 and 138 respectively. The (R,R) and (S,R) diastereomers 

139 and 140 were also synthesised as a 1.2:1 mixture using (S)-136 and purified 

using the same HPLC method. It was assumed that the major diastereomer of the 

synthesised mixtures would have the ethyl in the (R)-configuration with the minor (S)-

configuration as a result of epimerisation of the chiral centre. This was supported by 
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the elution time during HPLC purification and the NMR spectra of the major 

diastereomer from one Mitsunobu reaction (e.g. (R,R)) matching the minor 

diastereomer, its enantiomer, of the other Mitsunobu reaction (e.g (S,S)).  

I also conducted NOESY experiments on the four diastereomers to see which groups 

were close together in space and help determine which diastereomer was which. For 

diastereomer 137 (R,S), and its enantiomer 140, a NOESY signal was observed 

between the proton at the α-position to the carbonyl and the benzylic methyl group, 

indicating these groups are close together in space (Figure 74A). In comparison for 

diastereomer 139 (R,R), and its enantiomer 138, no signal was observed between 

these groups and not close together in space (Figure 74B). The observed NOESY for 

137 did seem reasonable, considering both the α-proton and methyl are pointing 

down from the plane of the molecule in its lowest energy conformation generated in 

MOE (Figure 74C).  

 

Figure 74. Comparison of NOESY signals between 137 and 139. A) Observed NOE between 

the CHCH3 and CHCH2CH3 signals of 137. B) No NOE signal observed between the CHCH3 

and CHCH2CH3 of 139. C) Lowest energy conformations of 137 (left) and 139 (right) 

generated by a stochastic conformation search in MOE.  
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The four intermediates 137 – 140 were coupled to the optimised left hand side 

intermediate 28b and the resulting four diastereomeric final compounds 134, 135, 140 

and 141 were taken forward for biochemical testing (Scheme 24, Table 19). 

 

Scheme 24. Synthesis of diastereomeric final compounds 134, 135, 141 and 142. Chiral 

centre nomenclature (ethyl, methyl). 

 

4.2 Analysis of Diastereomer Inhibitors 

4.2.1 Biochemical Data 

I first tested the four diastereomer final compounds against ALK WT and ALKF1174L 

(Table 19). The (R,S) diastereomer 135 was significantly more potent than the other 

diastereomers at 22 nM, a 3-fold improvement in potency from 58 with no methyl 

present at the benzylic position. Comparing the (R,S) and (S,S) diastereomers 135 

and 142, the (S)-ethyl caused a greater than 10-fold decrease in potency, 

corresponding to the previous SAR data at the R1 position which also saw a 

significant decrease with the (S)-ethyl (Table 6). Changing the methyl from the (R) to 

(S) configuration, 135 to 134, saw a greater than 10-fold decrease in potency against 

ALKF1174L. The (R)-methyl could be causing an unfavourable conformation or clashing 

with the ALK pocket, hence a lower potency.  

In addition, the (R,S) diastereomer 135 showed the greatest thermal shift against 

BRD4. This corresponded to a Kd of 110 nM, a small decrease from 58. The (S)-ethyl 

diastereomers 141 and 142 had very low thermal shifts of 1.0 and 1.3 K. This was 
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consistent with the drop in BRD4 potency previously observed with (S)-analogue 40 

due to clashing with the opposite face of the BRD4 pocket (Figure 41).  

 

 ALK BRD4 PLK-1 

 
R1 R2 

WT IC50 

(nM) 

F1174L 

IC50 (nM) 

∆Tm 

[K] 

Kd 

(nM) 
IC50 (nM) 

58 (R)-Et 
 

120 ± 11 85 ± 19 
4.7 ± 

0.5 
54 290 ± 45 

134 

d.r 9:1 
(R)-Et 

 

410 ± 12 330 ± 16 
3.4 ± 

0.1 
- - 

141 

d.r >20:1 
(S)-Et 

 

870 ± 

200 
250 ± 85 

1.0 ± 

0.1 
- - 

135 

d.r >20:1 
(R)-Et 

 

79 ± 12 22 ± 7 
5.9 ± 

0.3 
110 

3200 ± 

110 

142 

d.r >20:1 
(S)-Et 

 

1300 ± 

200 
290 ± 85 

1.3 ± 

0.1 
- - 

Table 19. Biochemical assay data for SAR of the benzyl group (R2), - = not determined. ALK 

IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration of 10 

µM. BRD4 Kds, n = 1. PLK-1 IC50 values: mean ± S.D, n = 2 (ATP = 10 µM). 

As 135 was the most potent diastereomer against ALKF1174L, I had the PLK-1 activity 

measured to test the hypothesis of the additional methyl causing a decrease in PLK-1 

potency. Pleasingly the PLK-1 potency of 135 was 3.2 µM, achieving an 11-fold drop 

off from 58 and an excellent (>)1200 fold drop off in potency from starting compound 

BI-2536. The (R,S) diastereomer showed a 150-fold selectivity towards ALKF1174L over 

PLK-1, greatly improved from the 7-fold biochemical selectivity observed with 4-

methyl thiophene analogue 63. No docking poses of 135 into PLK-1 predicted an 

interaction with the hinge region suggesting that the additional methyl causes a 

conformation which is not tolerated in the more restricted PLK-1 pocket. In summary, 
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the addition of the methyl at the benzylic position was an excellent modification in 

meeting the aims of increasing ALK potency and decreasing PLK-1 potency.  

4.2.2 Computational Modelling 

Due to co-crystallography in ALK not being available, I used computational modelling 

to help understand how the α-methylbenzyl group fits into the ALK pocket, why the 

(R,S)-diastereomer was the most potent and to generate hypothesis for further 

modifications. Previous docking experiments of the α-methylbenzyl group (3.3.1.2) 

resulted in (R,R) diastereomer 134 having the best docking score, forming an 

interaction with hinge residue Met1199 and the benzyl sitting in the R2 pocket. 

However 134 was not the most potent diastereomer.  

One limitation of docking is insufficient conformer sampling,179 thus I repeated 

docking experiments with the (R,R) and (R,S) analogues 134 and 135 using 176 and 

183 conformations respectively generated using a stochastic conformation search in 

MOE. The lowest energy conformation of the (R,R)-diastereomer 134 matched the 

previous top scoring docking poses and again predicted to fit into the ALK pocket and 

interact with hinge residue Met1199 (Figure 75A). None of the generated docking 

poses for the (R,S)-diastereomer 135 predicted any interactions with the hinge region, 

with the compound situated out of the pocket to accommodate the (S)-α-methylbenzyl 

moiety (Figure 75B).  

              

Figure 74. Docking of (R,R) analogue 134 and (R,S) analogue 135 into ALK (2XB7). 

For further insight into the conformation of the diastereomers small molecule X-ray 

structures of intermediates 137 and 139 were solved (Figure 76). The X-ray 

structures of 137 and 139 confirmed the correct stereochemistry as (R,S) and (R,R) 

respectively, matching the NOESY experimental data in Figure 74. I superposed the 

Met1199 Met1199 
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X-ray structures in MOE to previously docked analogue 58 to compare the 

conformation and position of the benzyl group. For the (R,R)-diastereomer 139, the 

benzyl sits in a similar conformation to the docked structure of 134 with the benzyl in 

the lower portion of the R2 pocket. The conformations generated by the docking for 

the (R,R) diastereomer were therefore considered to be reasonable. In comparison, 

the superposition of the (R,S) diastereomer 137 with 58 shows the benzyl would clash 

with the phosphate-binding loop (p-loop) of ALK. The benzyl is unable to be 

accommodated on the lower face, as the resulting conformation leads to a clash of 

the methyl with the pyrimidine (see Figure 78 (4.2.3)). 

 

Figure 76. Small molecule X-ray structure of A) 137 (0.82 Å) and B) 139 (0.83 Å). 

Crystallographic data provided by the National Crystallographic Service at the University of 

Southampton and solved in house with the help of Catherine Fletcher. C) Superposed 

structure of 137 with docked 58 in ALK (2XB7) highlighting clashes with p-loop (orange discs) 

D) Superposed structure of 139 with docked 134 in ALK (2XB7).  

The p-loop structure is a common motif in ATP- and GTP-binding proteins consisting 

of a glycine rich sequence and is known to be a highly flexible region in kinases.180  I 

hypothesised that the p-loop could be moving to accommodate the (S)-α-

methylbenzyl group. To analyse the flexibility of the p-loop in the ALK structure, I 

looked at the B-factors of the protein residues (Table 20). B-factors describe the 

displacement of atomic positions from the mean value, so the more flexible the atom, 

Met1199 Met1199 

P-loop P-loop 

A B 

137: (R,S) 139: (R,R) 

C D 
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the larger the displacement from the mean atom will be. The B-factors of the ALK 

structure 2XB7 indicate the p-loop is a flexible region with greater B-factors compared 

to the mean value. The flexibility of the p-loop may allow the (R,S)-diastereomer to fit 

into a conformation in the ALK pocket, which isn’t captured in the docking and thus 

consistent with the hypothesis. The effectiveness of docking is limited in situations 

where a protein is flexible due to assumption of a rigid protein and this therefore 

provides an explanation for no favourable conformations of the (R,S)-diastereomer 

docking into ALK.179 

Residue H1124 G1125 A1126 F1127 G1128 D1129 M1199 Mean 

B-Factor 53-67 53-55 56-57 55-63 50-53 46-62 21-28 34 

Table 20. B-factors for p-loop residues and hinge M1199 in ALK (2XB7). B-factors 1 – 2 x 

greater than mean value indicate flexibility. 

There are several examples of ALK structures highlighting the flexibility of the p-loop. 

For example a significant shift in the p-loop is observed in the co-crystal structure with 

entrectinib (Figure 77A) with the alignment of residue Phe1127 in the p-loop with the 

difluorobenzyl group48 whilst a more subtle shift in the p-loop is caused by the amide 

of lorlatinib (Figure 77B).47 There are also many examples of ALK structures where 

the p-loop is not fully resolved due to its flexibility, for example in the co-crystal 

structure of alectinib (Figure 77C).72 I docked the (R,S)-diastereomer 135 into the ALK 

structures 3AOX and 4CLI with a shift in the p-loop and missing portion of the p-loop 

respectively but again no hinge binding interaction was predicted.  

                

 

Figure 77. Comparison of p-loop structures. P-loop of 2XB7 shown in green A) p-loop 

structure with entrectinib (orange, 5FTO) B) p-loop structure with lorlatinib (pink, 4CLI) C) p-

loop structure with alectinib (red, 3AOX). 

A B 

C 
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In summary, attempts to predict the binding mode of the most potent diastereomer 

135 using docking were not successful. The (R,R)-diastereomer 134 was favoured in 

terms of docking score and interacting with the hinge but is 10-fold less potent than 

135. Superposition of the small molecule X-ray structure of 137 suggested the benzyl 

would clash with the p-loop. The flexibility of the p-loop structure is not captured by 

docking using a rigid protein template and thus likely the reason for no docking poses 

consistent with hinge binding predicted for the (R,S) analogue in a favourable 

conformation. Co-crystallography of the compound in ALK would provide the answer 

of how the compound binds to ALK and whether the superior activity of the (R,S)-

diastereomer 135 and poor docking predictions is related to a shift in the p-loop.  

4.2.3 Further SAR around (R,S)-Diastereomer Compound 135 

With 135 as the most potent diastereomer, I decided to explore SAR around this 

compound further. Due to the different conformation of the benzyl group from the 

presence of the additional methyl, I predicted the SAR around 135 may be different to 

the non-substituted benzyls previously discussed in Chapter 3. The benzyl of 143 

without the methyl is on the opposite face to the ethyl whilst (R,S)-diastereomer 

intermediate 137 with the methyl positions the benzyl on the same face as the ethyl 

(Figure 78). Rotation of the nitrogen-carbon bond of 137 to mimic the position of the 

benzyl in both the small X-ray structure and docked compound 58 shows the methyl 

would clash with the pyrimidine nitrogen. As the benzyl cannot accommodate the 

same conformation as 58, different SAR was expected.  

 

Figure 78 A) Small X-ray structure of 137 (yellow) highlighting dihedral angle of pink atoms. 

B) Rotation of nitrogen-carbon bond (pink atoms) to match benzyl position of 143 (grey, small 

molecule X-ray solved by Catherine Fletcher, 0.83 Å). C) Rotation of nitrogen-carbon bond 

(pink atoms) to match benzyl positon of docked analogue 58 (blue). Atom clashes represented 

by orange discs.  
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For initial SAR I decided to explore changing the methyl substitution, adding 

substitution on the ring as well as changing the phenyl to a thiophene ring (Figure 79). 

 

Figure 79. Initial SAR based on diastereomer compound 135. 

The first point of modification was the benzylic methyl group. I previously made the 

racemic ethyl (106) at this position which lowered ALK and BRD4 potency. For direct 

comparison to 135 I wanted to synthesise the single (R,S)-α-ethylbenzyl 

diastereomer. The single enantiomer (R)-1-phenylpropan-1-ol 144a was commercially 

available and used in the Mitsunobu reaction with 79 (Scheme 25). A limited number 

of chiral alcohols were also commercially available for adding substitution onto the 

benzyl ring including the ortho-, meta- and para-chloro, fluoro and methoxy benzyls 

(144b-g). As mentioned in 4.1.2 and discussed further in Chapter 5, prior 

epimerisation of the ethyl chiral centre meant two diastereomers were formed 

following the Mitsunobu reactions between intermediate 79 and alcohols 144a-g. The 

resulting diastereomers were separated using the same HPLC conditions used to 

separate the diastereomers 137 and 138. Final compounds were then synthesised 

using the same acid-promoted SNAr conditions between 145a-g and left hand side 

intermediate 28b. 

 

Scheme 25. Synthetic route for (R,S)-diastereomer analogues 146 – 152. 
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I initially synthesised and tested 146 with the ethyl at the benzylic position and 147 – 

149 with an ortho-, meta- and para-chloro (Table 21). As observed with the racemate 

106, the presence of a larger group at the benzylic positon (146) decreases potency 

against ALKF1174L and BRD4, although equipotent against ALK WT. The methyl of 135 

seems optimal for ALKF1174L potency. Introducing a chloro in the ortho-position (147) 

gave a 5-fold decrease in potency compared to 135 and was less favoured compared 

to the meta- and para-positions. Both the meta- and para-chloro analogues 148 and 

149 gave a small 2-fold drop off in ALKF1174L potency and equipotent for ALK WT. 

 

 

 

 

 

 

 

Table 21. Biochemical assay data for SAR of the benzyl group (R2), - = not determined. ALK 

IC50 values: mean ± S.E, n = 3. BRD4 ∆Tm: mean ± S.D, n = 2, compound concentration of 10 

µM. BRD4 Kds, n = 1.  

Due to preference for substitution in the meta- and para-position I changed the chloro 

to a fluoro or methoxy. The meta-fluoro 150, para-fluoro 151 and meta-methoxy 152 

analogues were all successfully synthesised according to Scheme 25. Compounds 

150 and 151 with the meta- and para-fluoro respectively saw a small 2-fold 

improvement in ALKF1174L potency to 10 and 11 nM whilst maintaining ALK WT and 

BRD4 activity (Table 21). The meta-methoxy analogue 152 also retained good 

potency, equipotent to 135. This suggests substitution at the meta- and para-positions 

of the α-methylbenzyl is tolerated which differs from the SAR of the non-α-methyl 

 ALK BRD4 

 R R’ 
WT IC50 

(nM) 

F1174L 

IC50 (nM) 
∆Tm [K] Kd (nM) 

135 Me H 79 ± 12 22 ± 7 5.9 ± 0.3 115 

146 Et H 65 ± 4 83 ± 5 1.3 ± 0.0 - 

147 Me o-Cl 100 ± 4 120 ± 17 4.3 ± 0.3 - 

148 Me m-Cl 45 ± 4 57 ± 9 7.6 ± 0.1 - 

149 Me p-Cl 140 ± 3 58 ± 8  7.6 ± 0.1 - 

150 Me m-F 78 ± 8 10 ± 1 5.6 ± 0.2 74 

151 Me p-F 100 ± 15 11 ± 2 5.1 ± 0.3 149 

152 Me m-OMe 91 ± 33 24 ± 3 6.4 ± 0.2 - 
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compounds (Table 11) in which ortho- and meta-substitution was preferred. Further 

SAR would confirm the limits of what is tolerated on the α-methyl benzyl ring.  

I also wanted to prepare a para-methoxy analogue but during the synthesis a 1.8:1 

ratio of diastereomers of 153 was formed (Scheme 26). As I had shown that 

epimerisation of the ethyl centre was not occurring during the Mitsunobu reaction (see 

5.5.4), the epimerisation was likely due to rearrangement of the electron rich ring of 

154. I was unable to separate the diastereomers via HPLC so decided to take 153 

forward as the mixture of diastereomers. Unfortunately during the final step, the para-

methoxybenzyl was removed under the acidic conditions yielding compound 155.   

 

Scheme 26. Attempted synthesis of para-methoxy analogue 154. 

The final modification I wanted to achieve was changing the benzyl of 135 to a 

thiophene. The hypothesis was adding the equivalent of the benzylic methyl to potent 

thiophene analogue 63 may give a similar increase in potency. As the chiral alcohol of 

156 wasn’t commercially available I used rac-156 with the aim of separating out the 

diastereomers after the Mitsunobu or final SNAr step (Scheme 27). However the 

diastereomers of 157 could not be separated following the Mitsunobu step and during 

the final SNAr step, the product formed was 155 without the thiophene group. The 

thiophene group is labile to acid in a similar manner to the para-methoxybenzyl group 

(Scheme 26). Alternative SNAr conditions without an acid promoter should be 

attempted in the future for the synthesis of further analogues.  
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Scheme 27. Attempted synthesis of thiophene diastereomer. 

Overall, substitution on the benzyl ring was tolerated, with the meta- and para- fluoro 

slightly improving ALKF1174L potency to 10 and 11 nM and the meta-methoxy retaining 

potency at 23 nM. Changing the benzylic methyl to an ethyl decreased potency, 

indicating the small methyl is optimal at this position. Further exploration of (R,S)-

diastereomer analogues is warranted to see if potency can be further optimised for 

ALK and BRD4, as well as determining the selectivity over PLK-1. The number of 

chiral commercially analogues with substitution on the ring is limited so further 

analogues could be prepared by chirally reducing the equivalent ketone via a CBS 

reduction.181  

 

4.3 Further Cellular Testing  

4.3.1 ALK Phosphorylation 

Compound 135 was a further example of a potent and selective dual inhibitor that 

was suitable for progressing to cellular testing. To confirm the compound had on-

target engagement in cells, 135 was first tested in the ALK MSD phosphorylation 

assay (3.6.1) and compared to thiophene analogues 62 and 63 and ALK inhibitor 

ceritinib in the Kelly cell line (Figure 80). 135 demonstrated on-target engagement in 

cells by effectively decreasing level of ALK phosphorylation with a comparable IC50 to 

63 of 880 nM.  
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Figure 80. ALK MSD phosphorylation assay with compound 135 compared to 62, 63 and 

ceritinib in the Kelly cell line. Performed by Lizzie Tucker. 

 

4.3.2 BRD4 qRT-PCR 

With 63 and 135 as suitable potent and selective in vitro probes, the compounds were 

taken forward to further cellular testing in collaboration with the Paediatric Solid 

Tumour Team at the ICR. The first experiment was to investigate the direct effect of 

the compounds on BRD4 and MYCN in cells using quantitative, reverse transcription, 

polymerase chain reaction (qRT-PCR)  to monitor levels of MYCN and tyrosine 

hydroxylase (Th) mRNA transcripts, the expression of both being regulated by BRD4 

(Figure 81).32 The expression of Tyrosine hydroxylase, a specific BRD4 target, was 

effectively inhibited by 63 and 135, comparable to BRD4 inhibitor JQ1. The 

compounds were also shown to decrease levels of MYCN with increasing 

concentration of 63 and 135 with the highest concentration (4 µM) reaching MYCN 

levels similar to JQ1.  

 Ceritinib 62 63 135 

IC50  53 nM 4.5 µM 990 nM 880 nM 
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Figure 81. qRT-PCR of BRD4 markers MYCN and Th. Performed by Lizzie Tucker. 

 

4.3.3 Growth Inhibition  

GI50 values for key compounds 58, 62, 63 and 135 were measured to test if the 

compounds had anti-proliferative effects. GI50 values were initially measured in the 

NBLW-R neuroblastoma cell line with the ALKF1174L mutation. (Table 22). The 

compounds were compared to ALK inhibitors lorlatinib, ceritinib and crizotinib and 

BRD4 inhibitor JQ1.  

  
ALKF1174L 

IC50 (nM) 

ALK MSD IC50 GI50 (NBLW-R) 

(µM) (NBLW-R) (Kelly) 

Lorlatinib 0.2 - - 0.08 

Ceritinib 0.8 29 nM 53 nM 0.11 

Crizotinib 1.2 - - 0.18 

JQ1 - - - 0.52 

58 85 > 10 µM > 10 µM 3.50 

62 63 850 nM 4.5 µM 0.65 

63 17 640 nM 980 nM 0.38 

135 22 - 880 nM 0.29 

Table 22. Biochemical IC50, ALK MSD IC50 and GI50 values for key compounds and clinical 

ALK and BRD4 inhibitors. - = not determined. GI50 analysis performed by Lizzie Tucker. 
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The GI50 values demonstrated the compounds are permeating into cells and inhibit 

cell proliferation. In the NBLW-R cell line, the improvement in GI50 from 58 to 63 and 

135 is consistent with the increase in ALKF1174L biochemical IC50. The BRD4 

biochemical potencies for the dual inhibitors are similar suggesting the increase in 

ALK potency increases inhibition of cell proliferation. Interestingly compound 135 had 

a similar GI50 value to crizotinib despite being 20-fold les potent than crizotinib in the 

ALKF1174L biochemical assay. A possible reason for the similar GI50 values could be 

the BRD4 activity of 135 further driving the growth inhibition which would support the 

project hypothesis of an ALK and BRD4 combination being beneficial. A further 

experiment to test this hypothesis would be the design and testing of a compound in 

the dual inhibitor series with a comparable IC50 to 63 and 135 but no BRD4 activity to 

see if BRD4 activity helps drive the anti-proliferative effects of 408 and 976. Similarly 

reaching compounds with similar potencies to the clinical ALK inhibitors would allow 

for a more direct comparison of potent ALK inhibitors with and without potent BRD4 

activity. GI50 analysis will be expanded to other ALK dependent cell lines to see if 

these initial trends are continued. 

 

4.4 Physicochemical Properties 

4.4.1 Physicochemical Properties of Key Compounds 63 and 135 

So far key compounds 63 and 135 showed good biochemical potencies, selectivity 

over PLK-1 and on-target engagement in cells with 63 also demonstrating good broad 

kinase and bromodomain selectivity. To progress the compounds as in vitro tools and 

to translate to in vivo work, it was important to consider the physicochemical 

properties of the compounds to improve the compounds’ absorption, distribution 

metabolism and excretion (ADME) profile.182  

I chose to profile some of the physicochemical properties of key compounds 63 and 

135 by measuring their solubility, permeability and microsomal clearance, as well as 

considering their structural properties, lipophilicity (clogP and clogD7.4) and pKaH 

(Table 23). I measured the kinetic aqueous solubility of the compounds using NMR183 

whilst permeability was measured by the DMPK team using the parallel artificial 

membrane permeability assay (PAMPA) and Caco-2 permeability assay.184,185 Both 

permeability assays measure the rate of permeation but in the Caco-2 assay the rate 

is effected by efflux as well as passive permeation. A microsomal stability assay to 

determine the in vitro intrinsic clearance of the compounds was also performed.186  
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 63 135 

ALKF1174L IC50 17 nM 22 nM 

BRD4 Kd 44 nM 115 nM 

clogP/clogD7.4 6.0 / 4.0 6.3 / 4.3 

pKaH 9.4 9.4 

Solubility (NMR) 179 µM 162 µM 

PAMPA pH7.4   (x 10-

6 cm/s) 
45.8 35.9 

Caco-2 A-B/B-A 

[efflux] (x 10-6 cm/s)  

1.5 / 4.8 

[3.3] 

3.4 / 9.3 

[2.7] 

Clearance (h/m)  

(µL min-1 mg-1) 
137 / 33 537 / 60 

Table 23. Physicochemical and in vitro DMPK properties of 63 and 135. pKa, logP and logD7.4 

calculated using MOKA. pKaH measurement is for the N-methyl piperidine. Kinetic aqueous 

solubility measured at pH7.4. Permeability and clearance measured by Angela Hayes. (h/m) = 

(human/mouse). 

Compounds in the logP range 0 – 3 have a high likelihood of having a good balance 

of solubility and permeability.187 Both 63 and 135 have a very high clogP at 6.0 and 

6.3 respectively, thus the physicochemical properties were expected to be sub-

optimal with poor solubility, high permeability and high potential for metabolism. The 

clogD values at pH7.4 were 4.0 and 4.3 for 63 and 135 due to protonation of the N-

methyl piperidine at physiological pH. This protonation is likely to account for the 

surprisingly high solubility of 63 and 135. As expected from the high lipophilicity, the 

compounds showed good permeability in the PAMPA assay though some efflux was 

observed in the Caco-2 permeability assay. The mouse clearance for 63 and 135 is 

moderate based on internal classification (low < 20, high > 60) but the human 

clearance, particularly for 135, is high. Though the physicochemical properties of the 

compounds were satisfactory, I wanted to explore reducing the high lipophilicity of the 

compound.  
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4.4.2 Modifications to the Solvent Channel Region 

To lower the lipophilicity of the dual ALK-BRD4 series, I needed to identify a suitable 

region of the molecule that could tolerate modification by introducing polarity or 

reducing hydrophobicity and retain potency. A high portion of the molecule was not 

suitable for modification, including the aminopyrimidine hinge binding region, the 

methyl amide KAc mimetic and the (R)-ethyl group (R1), all of which provide key 

interactions and site closely alongside the pocket surface in ALK and BRD4 (Figure 

82). The R2 region offered potential for modification being part solvent exposed in 

ALK and BRD4 but so far polar heterocycles and groups which would help lower the 

logP were not tolerated in ALK. A more suitable region for modification was the 

solvent channel region (R4). This portion of the molecule is solvent exposed in ALK 

and BRD4 so modifying this group will not disrupt key interactions within the pocket. 

Previously I had shown that modifying this region did not have a large impact on ALK 

and BRD4 potency (Chapter 2 & 3) and therefore I could install a wide range of 

groups to help lower the lipophilicity. This area has previously been used in other ALK 

inhibitor projects as a region for modifying physicochemical properites.46,74   

                                                     

Figure 82. Structure of 63 highlighting the regions of the molecule which fit close to the pocket 

surface of ALK and BRD4 (red) or are solvent exposed (blue).  

I first compared the clogP and clogD7.4 values of the solvent channel groups installed 

so far with the 4-methylthiophene scaffold (Figure 83). The morpholine, piperazine 

and N,N-dimethylpiperidin-4-amine analogues 71 – 73 have a higher clogP and/or 

clogD7.4 compared to 63. The presence of the amide in 69 reduced the clogP and 

clogD7.4 though the compound was not as potent as the more lipophilic compounds 63 

and 72 against ALKF1174L. In general, ALK contains quite a lipophilic pocket and so the 

more lipophilic compounds are likely to be favoured for potency.188  
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Figure 83. Comparison of clogD7.4, clogP and ALKF1174L IC50 values for previous solvent 

channel modifications. All the groups are linked on to the 4-methylthiophene scaffold of 63. 

clogP and clogD7.4 values generated using MOKA. 

To expand the current set of solvent channel groups, I focused on groups that would 

reduce the logP and/or the logD7.4 values. I considered several ways that are known 

to lower the lipophilicity of a drug (Figure 84).182 The first is to remove lipophilic 

groups; a suitable modification in the solvent channel region for 63 is to remove the 

methyl on the piperidine to give the free amine. Removing the methyl increases the 

basicity of the amine from a calculated pKaH of 9.4 to 10.4 for 158 and also 

significantly lowers the clogP and clogD7.4 by 1.5. The second method I considered to 

reduce lipophilicity was adding ionisable groups. With compound 159, there are two 

ionisable centres present in the solvent channel group, the piperidine and piperazine. 

Both groups will be protonated at physiological pH hence a lower clogD7.4 value of 

3.5. The disadvantage of this compound is the clogP is still predicted high at 6.0, 

equal to 63, but the lower logD7.4, relevant for physiological conditions, may be 

advantageous. Finally I considered adding polar atoms to the solvent channel group 

to lower lipophilicity. The addition of a nitrogen to 63 to form the piperazine (160) 

lowers the clogP from 6.0 to 5.3 whilst adding an carbonyl lowers the clogP further to 

4.4 (161). A further example I considered to lower the lipophilicity was 162 containing 

a thiomorpholine 1,1-dioxide group, which lowered to clogP and clogD7.4 to 3.5. 

Analogues 161 and 162 were not synthesised initially due to their lack of basicity 

which could hinder solubility.  
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Figure 84. Modifications to the solvent channel region to reduce lipophilicity. 

The left-hand side intermediates of analogues 159 and 160 were synthesised 

according to previous Schemes 7. For 158, intermediate 25b was subjected to high 

pressure hydrogenation conditions to reduce the nitro and pyridine groups to give 163 

(Scheme 28). 163 was then coupled to 6r to give final compound 158. The 

biochemical data for the new solvent channel analogues are shown in Table 24, along 

with their kinetic solubility.  

 

Scheme 28. Synthesis of unmethylated piperidine analogues. 

Compounds 158, 159 and 160 were all potent against ALKF1174L, in particular 158 with 

the unmethylated piperidine at 7.9 nM (Table 24). Compound 62 slightly improved the 

lipophilic ligand efficacy to 1.91, similar to previous analogue 69. Compound 158 

significantly improved the LLE to 3.60 due to the 2-fold improvement in potency and 

reduced clogP. The majority of analogues had high aqueous solubility, especially 

considering the clogP values are within the range of 4.5 – 6. Compounds 71 and 73 

with the highest clogD7.4 values had poor solubility as well as 159 despite having an 

extra ionisable centre. Overall 158 was the most promising modification to the solvent 

channel region (R4) for improving the physicochemical properties of the series. 
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R4 
 ALKF1174L 
IC50 (nM) 

clogP clogD7.4 LLE 
NMR Solubility 

(µM) 

71 

 

120 ± 29 5.8 5.5 1.11 19 

73 

 

55 ± 17 6.0 4.6 1.26 0 

72 
 

36 ± 7.1 6.2 4.3 1.24 250 

63 
 

17 ± 3.5 6.0 4.0 1.67 180 

69 
 

94 ± 5.4 5.1 3.6 1.93 100 

160 
 

62 ± 14 5.3 4.3 1.91 100 

159 

 

38 ± 3.3 6.0 3.5 1.42 11 

158 
 

7.9 ± 1.1 4.5 2.5 3.60 120 

Table 24. Biochemical assay, clogP, clogD7.4, LLE and NMR solubility data for SAR of the 

solvent channel group (R4). ALK IC50 values: mean ± S.E, n = 3. clogPs and clogDs generated 

using MOKA.22 Kinetic aqueous solubility measured at pH7.4. 

 

4.4.3 Comparison of Methylated and Unmethylated Piperidine Analogues 

Due to the unmethylated piperidine analogue 158 showing an improvement in 

potency and lowering the lipophilicity, I applied this group to other lead compounds 62 

and 135 to give 164 and 165 (Table 25). Both compounds were synthesised 

according to Scheme 28 between 163 and 6k or 137. I first measured ALKF1174L IC50 

values for 164 and 165 which showed a similar 2-fold improvement in potency from 

their methylated equivalents 62 and 135 as observed with 158 and 63. Alongside 

fluoro-substituted benzyls 150 and 151, 158 and 165 were the most potent analogues 
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against ALKF1174L in the dual ALK-BRD4 series. For BRD4 removing the methyl 

decreased the Kd values for analogous 158 and 164 4-fold and 10-fold though 

remained equipotent for 165. Whilst 62 and 63 have similar activities for ALK and 

BRD4, 158 and 165 exhibit an increased activity at ALK relative to BRD4. The 

differing ratios of kinase and bromodomain activities may be useful in future 

experiments to understand the ideal efficacious ratio of ALK and BRD4 activity.  

 

R2 

   

R4 
      

Compound 62 164 63 158 135 165 

ALKF1174L IC50 (nM) 63 ± 10 25 ± 9.4 17 ± 3.5 7.9 ± 1.1 22 ± 7 8.8 ± 1.1 

BRD4 Kd (nM) 63  270 44 449 115 145 

PLK-1 IC50 (nM) 68 ± 0.6 160 130 ± 37 230 
3200 ± 

110 
3500 

clogP/clogD7.4 5.8/3.7 5.2/2.3 6.0/4.0 5.5/2.6 6.3/4.3 5.8/2.9 

LLE (ALKF1174L) 1.52 2.02 1.67 3.60 1.36 2.20 

Solubility NMR 
(µM) 

202 180 179 115 162 180 

PAMPA pH7.4  
(x 10-6 cm/s) 

25.9 11.8 45.8 17.8 35.9 13.1 

Caco-2 A-B/B-A 
[efflux] (x 10-6 

cm/s) 

2.1/8.3 
(3.9) 

1.3/18 
(14.0) 

1.5/4.8 
(3.3) 

1.6/17 
(10.3) 

3.4/9.3 
(2.7) 

2.5/20 
(7.8) 

Clearance h/m 
(µL min-1 mg-1) 

181/49 137/33 140/54 54/19 537/60 298/46 

Table 25. Biochemical assay, physicochemical and in vitro DMPK data for key compounds. 

ALK IC50 values: mean ± S.E, n = 3. BRD4 Kds, n = 1. PLK-1 IC50 values: mean ± S.D, n = 1/2 

(ATP = 10 µM).clogPs and clogDs generated using MOKA.22 Kinetic aqueous solubility 

measured at pH7.4. Permeability and clearance measured by Angela Hayes. (h/m) = 

(human/mouse). 
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For PLK-1, the IC50 values were similar between the methylated and unmethylated 

piperidines. With the improvement in ALK activity and maintained PLK-1 activity, 165 

demonstrated the greatest kinase selectivity thus far of 380-fold towards ALKF1174L 

over PLK-1.  

As expected, removing the methyl lowered the clogP and clogD7.4 values with the 

logD7.4 values reaching the ideal range (1 – 3) for good a balance of solubility and 

permeability.182 Due to the improvement in potency and reduced lipophilicity, the LLE 

for 158, 164 and 165 improved greatly, in particular for 158. 

I next compared the physicochemical properties of the methylated and unmethylated 

analogues. All the analogues displayed good solubility and no significant difference 

was observed by removing the methyl group and lowering the logP. Removing the 

methyl on the piperidine lowered the passive permeability of 158, 164 and 165 in the 

PAMPA assay and significantly more efflux in the Caco-2 assay. This is an 

unsurprising result as lowering the lipophilicity of the compound and a greater number 

of hydrogen bond donors are associated with poorer lipid bilayer permeability. The 

Caco-2 assay was also performed in the presence of an inhibitor of the P-glycoprotein 

(PGP) transporter, a major efflux transporter that facilitates the export of compounds 

from cells.182 With the PGP inhibitor present, the efflux of 158, 164 and 165 was 

lowered, indicating the compounds are substrates for PGP (Table 26). A small level of 

efflux remains for 158, 164 and 165 as well as for 62, 63 and 135 so another 

unknown transporter allows efflux of these compounds. Finally removing the methyl 

group lowered the clearance in human and mouse for 158, 164 and 165. This data 

strongly supported the methyl group as a key site of metabolism, likely N-dealkylation 

of the piperidine or that the lower clogP reduces the binding of the compound to 

metabolic enzymes.  

 Efflux Ratio 

(B>A)/(A>B) 

Efflux Ratio with PGP 

Inhibitor (B>A)/(A>B) 

62 3.9 3.7 

163 14.0 3.2 

63 3.3 3.3 

157 10.3 1.8 

135 2.7 1.6 

164 7.8 2.0 

Table 26. Efflux ratios in Caco-2 assay with or without PGP inhibitor present. Performed by 

Angela Hayes. 
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Though removing the methyl group improved the ALKF1174L biochemical potency 

against ALK, improved selectivity over PLK-1 and lowered the clogP and clogD7.4. 

158, 164 and 165 were substrates of the PGP transporter causing an increase in 

efflux and for 158 and 164 the BRD4 potency was lowered. Overall the methylated 

analogues 62, 63 and 135 showed the best overall profiles with 63 favoured from its 

lower clearance compared to 135 and improved permeability and potency from 62. 

This work highlighted the importance in considering the physicochemical properties 

and not solely focusing on the potencies which may result in compounds with 

unfavourable profiles for translating to in vivo work.  

4.4.4 Cellular Testing of Unmethylated Piperidine Analogues 

As the unmethylated piperidine analogues were among the most potent analogues 

against ALKF1174L, I tested the analogues in the ALK MSD phosphorylation assay to 

engage how potent the compounds were in cells. I compared 158, 164 and 165 

against 63 and 135 with ceritinib as a control compound (Figure 85). The cellular IC50 

values for 158, 164 and 165 were of similar potencies, 430 – 480 nM, and a small 

improvement from the methylated piperidine compounds 63 and 135, complementary 

to the improvement in biochemical potencies. Though 158, 164 and 165 

demonstrated high efflux, the compounds were still efficacious in cells and may be 

useful as comparative in vitro tools with a kinase-biased potency ratio.  

 

 

Figure 85. ALK MSD phosphorylation assay for compounds 158, 164 and 165 compared to 

63, 135 and ceritinib in the Kelly cell line.  

158 
164 
165 
63 
135 
Ceritinib 

 Ceritinib 63 135 158 164 165 

IC50 (nM) 27 990 880 430 480 480 
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Chapter 5 Epimerisation 

 

5.1 Synthesis of Diastereomers 

As discussed in Chapter 4, synthesis of diastereomer 137 was achieved by a 

Mitsunobu reaction between chiral alcohol 136 and 79 (Figure 86). However, NMR 

revealed that two diastereomers were present in a 1:1 ratio following the Mitsunobu 

reaction meaning one of the chiral centres had racemised (Figure 86B). The two 

diastereomers could either be the ethyl in the (R) or (S) configuration, the methyl in 

the (R) or (S) configuration, or a combination of all four. Racemisation was also 

observed when installing the (S)-enantiomer of 136 to 79.  

 

 

Figure 86 A) Possible diastereomer combinations resulting from the Mitsunobu reaction with 

79 and (R)-136 with either the ethyl or methyl group epimerising. B) 1H-NMR of 137 indicating 

the presence of two diastereomers in the mixture (blue and red) 

A 

B 
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First, I decided to confirm if the starting materials were enantiopure. I checked the 

optical rotation of alcohol (R)-136, measured as +43.1 (c = 1.0, MeOH) and its 

enantiomer (S)-136, measuring at −42.1 (c = 1.0, MeOH) which closely matched the 

literature.190 Therefore poor enantiomeric purity of alcohols (R)-136 and (S)-136 was 

not the problem. Next I checked the batch of starting material 79 using chiral shift 

NMR to determine if the ethyl chiral centre had already epimerised (Figure 87). 

Indeed, 79 saw splitting of its peaks upon addition of Eu(hfc)3 in a roughly 2:1 ratio. 

This indicated two enantiomers were present in the mixture and that the ethyl centre 

had already partially epimerised prior to the Mitsunobu step. Although this did not 

confirm whether the methyl or ethyl group had further epimerised during the 

Mitsunobu reaction, I first set to resolve the issue of the ethyl group epimerising prior 

to this step.  

 

Figure 87. Chiral shift NMR of 79, comparing the racemate and presumed single enantiomer 

intermediates after increasing addition of Eu(hfc)3 (0.015 M). Zoomed in to look at the singlet 

aromatic proton peak (7.3 – 8.2 ppm).  

 

5.1.1 Differences in Synthetic Routes 

The formation of diastereomers was unexpected, especially as previous chiral shift 

NMR experiments showed that no epimerisation was observed during the original and 

adapted synthesis for R2 variations (see 3.2.2). These experiments showed that 

despite the strong basic and acidic steps, the single enantiomer was synthesised.  
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Scheme 29. Synthetic route for R2 variations highlighting the differences in synthesis between 

intermediates discussed in Chapter 3 and diastereomers in Chapter 4. 

The synthesis of diastereomers 137 and 138 followed the same adapted synthetic 

route for R2 analogues, starting with installation of the DMB protecting group (Scheme 

29). The only variations in the synthetic route for diastereomers 137 and 138 were the 

batch of starting amino acid 8a and the reductive heterocyclisation conditions. 

Though the PtO2/VO(acac)2 conditions had been previously used for the synthesis of 

intermediates, including 6r which was concluded to be a single enantiomer, I wanted 

to confirm whether the conditions had the potential to epimerise the chiral centre. I 

used chiral shift NMR on the racemic and presumed single enantiomer of 89 following 

the PtO2/VO(acac)2 step (Figure 88). The addition of Eu(hfc)3 to the rac-89 caused 

the two enantiomer peaks to split, as observed with the amide proton. In comparison 

addition of Eu(hfc)3 to the presumed (R)-enantiomer, did not see splitting of its peaks 

and hence verified as the single enantiomer. Due to no splitting in the chiral shift NMR 

and the rest of the synthetic route the same, it was assumed the starting amino acid 

8a was not enantiopure and the cause of the poor enantiomeric ratio.  
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Figure 88. Chiral shift NMR of 89, comparing the racemate and presumed single enantiomer 

intermediates after increasing addition of Eu(hfc)3 (0.015 M). Zoomed in to look at the singlet 

amide proton peak (9.7 – 8.6 ppm). 

 

5.2 Checking the Enantiopurity of Starting Material 8a 

With a new batch of staring amino acid 8a, I proceeded to repeat the synthesis of key 

intermediate 79. However repeating the Mitsunobu reaction with alcohol (R)-136 still 

gave two diastereomers in a 1.5:1 ratio. I subsequently checked the enantiopurity of 

the batches of starting material 8a via optical rotation and the use of a chiral 

derivatising agent.   

Fluorochem, the supplier of starting material 8a, provided a reference optical rotation 

value of −15.99. I measured the optical rotation of two separate batches of 8a and got 

similar values of −17.3 and −17.5. I also measured the optical rotation of the (S)-

enantiomer 8b as +17.8 which closely matched the literature value of +17.191 Though 

the measured optical rotations were similar to previously reported measurements, this 

did not confirm the enantiopurity of the compound and at worst the material was 

mostly one enantiomer. 

As chiral shift NMR was not successful with rac-8a, I decided to use Moshers acid 

chloride as a chiral derivatising agent.192 A chiral derivatising agent acts a chiral 
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auxiliary to convert a mixture of enantiomers into diastereomers which may be 

distinguishable by NMR or HPLC.193 I formed diastereomer intermediates 166 and 

167 via an amide formation between 8a and the (R)- and (S)-Moshers acid chloride 

165 (Scheme 30). Chromatography purification was not performed in case of 

selective enrichment of one diastereomer.193  

 

Scheme 30. Synthesis of diastereomers 167 and 168 using the Moshers acid chiral 

derivatising agent. 

Different NMR spectra were observed for 167 and 168 as seen with the ethyl proton 

peaks in Figure 89A. A closer inspection of the CH2 protons reveals no presence of 

the opposite diastereomer within each spectra (Figure 89B). This confirmed the 

starting material was indeed the single enantiomer (> 98%) and the epimerisation of 

the ethyl centre must be occurring during the synthesis.  

 

Figure 89. A) Overlay of 167 (R,R) and 168 (R,S) 1H-NMR spectra. B) Zoomed in spectra 

showing the CHCH2CH3 peaks of 167 and 168 and as a combination (2.15 – 1.60 ppm).  

168: (R,S) 

167: (R,R) 

167 + 168 

A B 
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5.3 Checking Synthetic Steps by Chiral Shift NMR 

As the starting amino acid 8a was confirmed as the single enantiomer, I proceeded to 

check all the synthetic steps individually using chiral shift NMR to understand where 

epimerisation was occurring (Scheme 31). The first reductive amination could not be 

monitored by chiral shift NMR due to the enantiomer peaks of racemic-87 not splitting 

in the presence of Eu(hfc)3. I also attempted to use a chiral derivatising agent to 

monitor this step but no reaction took place between Moshers acid chloride 166 and 

87. As the reductive heterocyclisation step had already been checked by chiral shift 

NMR (5.2) this left the SNAr, methylation and deprotection steps to be analysed. 

 

Scheme 31. Checking of epimerisation using chiral shift NMR during the synthesis of 

intermediate 79.  

 

5.3.1 Checking the SNAr Step By Chiral Shift NMR 

The SNAr step between 11 and 87 used a weak base, NaHCO3, so was reasoned less 

likely for this step to cause epimerisation. The racemic intermediate of 88 was 

compared to the presumed (R)-enantiomer of 88 using chiral shift NMR (Figure 90). 

The addition of Eu(hfc)3 caused splitting of the racemic intermediate 88 peaks as 

observed by the aromatic proton, however the (R)-enantiomer did not see splitting. 

Therefore the SNAr and also the previous reductive amination step had not caused 

epimerisation at the α-position to the carbonyl.  
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Figure 90. Chiral shift NMR of 88, comparing the racemate and presumed single enantiomer 

intermediates after increasing addition of Eu(hfc)3 (0.015 M). Zoomed in to look at the singlet 

aromatic proton peak (8.8 – 8.6 ppm).  

 

5.3.2 Checking the Methylation Step By Chiral Shift NMR 

The methylation step was a previous cause of concern when the synthesis was 

previously checked for epimerisation (3.2.2). Sodium hydride is a strong base and is 

likely able to deprotonate the α-carbon causing epimerisation. Deprotonation of the α-

carbon was previously achieved with strong bases n-BuLi and LiHMDS for the 

synthesis of analogues 14a and 14b with disubstitution at this position (Scheme 5). 

Chiral shift NMR revealed the presumed (R)-enantiomer 86 had epimerised with the 

single aromatic peak splitting into the two enantiomers, despite using the same 

reaction conditions in the previous synthesis which did not epimerise (Figure 91). A 

plausible reason for epimerisation not occurring during the previous synthesis of 86 

could be due to the quality of the sodium hydride being poor, with partial quenching to 

sodium hydroxide. As a weaker base compared to sodium hydride, sodium hydroxide 

may not cause epimerisation and hence a higher enantiomeric ratio was achieved. 

Following this result, I conducted optimisation of the methylation step (see 5.4.2).  

Rac-88 

88 

R
a

ti
o

 o
f 

C
D

C
l 3

 t
o

 E
u

(h
fc

) 3
 i
n

 C
D

C
l 3
 

8:1 

4:1 

8:3 

8:1 

4:1 

8:3 



Chapter 5 

147 
 

         

Figure 91. Chiral shift NMR of 86, comparing the racemate and presumed single enantiomer 

intermediates after increasing addition of Eu(hfc)3 (0.015 M). Zoomed in to look at the singlet 

aromatic proton peak (8.5 – 7.6 ppm). 

 

5.3.3 Checking the TFA Deprotection Step By Chiral Shift NMR 

Strong acid is also known to cause epimerisation of chiral centres thus it was 

important to check the deprotection step using TFA. As the batch of 86 synthesised in 

Figure 91 had epimerised, I used a previous enantiopure batch of 86 for deprotection, 

in particular the batch used for synthesis of enantiopure 90aj. Comparing the 

racemate of 79 and the presumed (R)-enantiomer, addition of Eu(hfc)3 caused 

splitting of the racemate as observed by the aromatic proton (Figure 92). However 

addition of Eu(hfc)3 to the (R)-enantiomer did not cause splitting and so the 

deprotection of the DMB group using TFA had not caused epimerisation.  
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Figure 92. Chiral shift NMR of 79, comparing the racemate and presumed single enantiomer 

intermediates after increasing addition of Eu(hfc)3 (0.015 M). Zoomed in to look at the singlet 

aromatic proton peak (8.5 – 7.6 ppm). 

 

5.4 Optimisation of Methylation Step 

5.4.1 HPLC Method 

With the methylation step identified as the cause for epimerisation during the 

synthesis, I sought to optimise this step to prevent epimerisation. At this point I 

decided to check if a HPLC method could be developed to measure the enantiomeric 

ratio of intermediate 86. Although chiral shift NMR had been previously used, 

determining an enantiomeric ratio using chiral shift NMR requires the enantiomeric 

peaks to split completely. This can be difficult to achieve due to broadening of the 

signals by the europium reagent and limited sensitivity by NMR. Therefore I wanted a 

more robust method that offered quantitative measurement for the level of 

epimerisation. 

A HPLC method was developed by Reach Separations using a Lux i-Cellulose-5 

column with a MeOH eluent (Figure 93). An equivalent column available in-house 

(CHIRALPAK IC®) also using MeOH as the eluent showed a similar 2 minute 

separation between the enantiomers of 86 and was subsequently used to monitor the 

methylation step.194  
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Figure 93. Chiral HPLC trace for racemic-86 developed by Reach Separations and run in-

house. 

 

5.4.2 Optimisation of conditions 

To prevent epimerisation during the methylation step, I made several modifications to 

the synthesis including changing the base, changing the equivalents and switching 

the order of addition. The products were monitored by the developed chiral HPLC 

method to determine the enantiomeric ratio (Table 27).  

The original conditions for the methylation step used 1.2 equiv. of sodium hydride 

added at −10 °C, after the addition of methyl iodide. I first lowered the equivalents of 

sodium hydride to lower the chance of additional base deprotonating the α-position of 

the carbonyl. However using 1 equiv. or 0.9 equiv. also caused complete 

racemisation. 

Next I decided to change the order of addition of the base and electrophile. Adding a 

slight excess of electrophile first, followed by the base means the deprotonated 

nucleophile is quickly quenched by the electrophile, whilst adding the base first allows 

full deprotonation of the nucleophile before the electrophile is added. Switching to the 

latter approach saw a significant improvement in the enantiomeric ratio to 9:1. 

Lowering the equivalents of sodium hydride with this swapped order of addition did 

not see further improvement in the enantiomeric ratio. 

I also considered using a weaker base than sodium hydride for the methylation step, 

in particular potassium carbonate and sodium hydroxide. I chose sodium hydroxide in 

particular as an older batch of sodium hydride could be partially quenched to sodium 

hydroxide, so I wanted to confirm what effect this base had. Both potassium 

carbonate and sodium hydroxide reduced the level of epimerisation to 9:1, the same 

Reach Separations In-House 
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ratio observed with changing the order of addition. This implies potassium carbonate 

and sodium hydroxide are capable of deprotonating the amide, but not the α-position 

to the carbonyl which has a higher pKa. No product formation was observed when 

DIPEA and triethylamine were used.  

 Change Enantiomeric Ratio 

Original Conditions 
 1.2 equiv. NaH 

 1.2 equiv. MeI added first 
1:1 

Change Equivalents 
 1 equiv. NaH 1:1 

 0.9 equiv NaH 1:1 

Change Order of 

Addition 

 Add NaH first (1 equiv.) 9:1 

 Add NaH first (0.9 equiv.) 9:1 

Change Base 

 K2CO3 (1 equiv.) 9:1 

 NaOH (1 equiv.) 9:1 

 DIPEA (1 equiv.) No reaction 

 NEt3 (1 equiv.) No reaction 

Table 27. Modified conditions to the methylation step with their associated enantiomeric ratio, 

measured by chiral HPLC (CHIRALPAK IC®, MeOH eluent). 

Though several conditions had improved the level of epimerisation, I was intrigued by 

the fact a weaker base such as potassium carbonate still showed an enantiomeric  

ratio of 9:1. I decided to check if the HPLC method could be used on the racemate of 

starting material 89 and hence confirm its enantiopurity prior to the methylation step. 

The racemic starting material 89 was successfully separated into its enantiomers 

using the same HPLC method as previously described (Figure 94). Subsequently the 

batch of starting material 89 used for the optimisation in Table 29 was analysed using 

chiral HPLC and revealed the compound was in fact a 9:1 mixture of enantiomers. 

Therefore the compound was already partially epimerised at the start of the 

methylation step. As the starting amino acid 8a was conclusively shown to be the 

single enantiomer, epimerisation was also occurring earlier in the synthesis. Despite 

using chiral shift NMR to analyse the previous SNAr and reductive heterocyclisation 

steps, the chiral shift experiments did not allow for quantitative measurement of the 

enantiomeric ratio and so the 10% of the (S)-enantiomer could have been missed. 

Using sodium hydride caused complete racemisation of the compound but using 

potassium carbonate, sodium hydroxide or changing the order of addition 

successfully prevented further epimerisation and maintained the 9:1 ratio.  
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Figure 94. HPLC traces for rac-89 and presumed (R)-enantiomer 89. 

Following this result, I wanted to check what effect the base had on the starting 

material 89 and product 86 with no electrophile present. Adding excess sodium 

hydride to the unmethylated starting material 89 resulted in no change to the 

enantiomeric ratio of 9:1 (Table 28). However adding excess sodium hydride to the 

methylated product 86 with a 9:1 e.r. saw full racemisation. This indicates that 

deprotonation of the α-position to the carbonyl only occurs after the compound is 

methylated when the α-proton is more acidic.  

Experiment Enantiomeric Ratio 

Excess NaH only to starting material 89 (9:1 e.r.) 9:1 

Excess NaH to 9:1 product 86 (9:1 e.r) 1:1 

Table 28. Enantiomeric ratios of 89 and 86 following the sole addition of sodium hydride.  

 

5.5 Checking Synthetic Steps by Chiral HPLC 

5.5.1 Revisiting the Enantiopurity of Intermediates 6r and 90aj 

With a HPLC method now developed I wanted to return to intermediates 6r and 90aj 

from Chapter 2 and 3 previously monitored by chiral shift NMR (Figure 95). The 

racemates of both intermediates were successfully separated using the developed 

HPLC method and therefore I could measure the enantiomeric ratio of 6r and 90aj. 

Intermediate 6r, synthesised via the original synthetic route based on the 

literature131,152 was indeed enantiopure with an enantiomeric ratio of 99:1. Similarly, 

intermediate 90aj synthesised via the modified synthetic route for R2 variations had 

an enantiomeric ratio of 98:2. These results confirmed that no epimerisation was 

observed in the synthesis of batches used to prepare compounds in Chapter 2 and 

Chapter 3.  

Rac-89 ‘(R)-Enantiomer’ – 89: 9:1 
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Figure 95. HPLC Traces of 6r and 90aj as the racemate and single (R)-enantiomer. 

 

5.5.2 Checking the Reductive Heterocyclisation Step By Chiral HPLC 

Intermediates 87 and 88 following the reductive amination and SNAr steps could not 

be separated using the developed chiral HPLC method. Therefore the only step 

before the methylation that could be partially checked by chiral HPLC was the 

reductive heterocyclisation step giving intermediate 89. This synthetic step usually 

takes between 24 – 48 hours so this variation in time and exposure to the catalysts 

may lead to epimerisation. I stirred intermediate 89 with either excess PtO2, 

VO(acac)2 or a combination of the two to see if the 9:1 ratio changed. The results in 

Figure 96 show the 9:1 ratio was maintained and the catalysts do not cause 

epimerisation to intermediate 89.  

 

Figure 96. HPLC Traces of 89 following exposure to excess PtO2, VO(acac)2 or as a 

combination.  

PtO2: 9:1 VO(acac)2: 9:1 

only 

Both: 9:1 
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5.5.3 Checking the TFA Deprotection Step By Chiral HPLC 

Next I used chiral HPLC to check the TFA deprotection step. I analysed the starting 

material 86 and product 79 from the deprotection step to monitor any difference in 

enantiomeric ratio (Figure 97). As suggested from the chiral shift NMR on the same 

batch of 79 (5.3.3), the presence of strong acid TFA had not caused epimerisation. 

The enantiomeric ratio of 79 was 96:4 and resulted in the formation 90aj in a 98:2 

enantiomeric ratio.  

 

Figure 97. Monitoring the synthesis of 90aj using chiral HPLC. 

 

5.5.4 Checking the Mitsunobu Step By Chiral HPLC 

With a HPLC method developed, I also returned to monitor the Mitsunobu step for 

epimerisation. As previously discussed using chiral alcohol 136, two diastereomers 

137 and 138 were formed with the epimerised ethyl group (R) or (S). I wanted to 

check that the methyl group had not also epimerised in fact forming the four possible 

diastereomers (Scheme 32). If the methyl group had epimerised, the enantiomer pairs 

would be present, 137 and 140 and 138 and 139, following the HPLC separation of 

diastereomers.  

86: 97:3 79: 96:4 90aj: 98:2 
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Scheme 32. Four potential diastereomers of 137 resulting from the Mitsunobu reaction. 

I used chiral HPLC on the enantiomeric pair (R,S) 137 and (S,R) 140 to confirm if the 

opposite enantiomer was indeed present following the HPLC separations. A scalemic 

mixture of 137 and 140 was separated successfully using the previously developed 

HPLC method (Figure 98) whilst chiral HPLC of 138 and 140 individually showed the 

intermediates had a high enantiomeric ratio of 99:1 and 98:2. Therefore the methyl 

group was not epimerising during the Mitsunobu reaction and the product was the 

single diastereomer and enantiomer.    

               

Figure 98. HPLC Traces of 138 and 140 and as a scalemic mixture. 

(R,S) 138: 99:1 (S,R) 140: 98:2 

Mixture of 138 and 140 
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5.6 Conclusions and Solutions 

Overall, the α-carbon chiral centre present on the dual ALK-BRD4 series is very 

susceptible to deprotonation and the chirality of this scaffold needs to be carefully 

monitored for the development of future analogues in this work and others. I have 

concluded my findings from the chiral shift NMR and chiral experiments in Scheme 

33.  

The use of chiral shift NMR and chiral HPLC revealed the methylation and 

deprotection steps can cause epimerisation of the chiral centre, although not always, 

due to the presence of strong acid or base. While a solution for epimerisation had 

been achieved for the methylation step, there was still an unknown factor causing 

epimerisation before this point. This problem could be resolved by developing chiral 

HPLC methods for 87 and 88 so every step in the synthesis could then be measured 

quantitatively for epimerisation. Chiral shift NMR suggested the SNAr and reductive 

heterocyclisation steps did not cause epimerisation but a quantitative method, such 

as chiral HPLC, would conclude this. Although reaction conditions were kept 

consistent throughout the synthesis of this dual inhibitor series, a slight difference in 

reaction time or equivalents may make that much of a difference to this susceptible 

chiral centre.  

 

Scheme 33. Conclusions from monitoring the chirality during the synthesis of 79. 
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The first solution detailed for preventing epimerisation was changing the base for the 

methylation step from sodium hydride to potassium carbonate or sodium hydroxide. 

As a strong base, sodium hydride is able to deprotonate both the amide and α-

position to the carbonyl but a weaker base is unable to deprotonate the α-position 

hence preventing epimerisation. However there was clear evidence that no 

epimerisation was occurring using sodium hydride in the synthesis of 6r and 90aj with 

enantiomeric ratios of 99:1 and 98:2. This could be due to the quality of the sodium 

hydride batch being poorer, with partial quenching of the sodium hydride to sodium 

hydroxide. The reaction can still proceed with sodium hydroxide (Table 27) and not 

cause epimerisation so this may explain why certain batches made with sodium 

hydride see less epimerisation. In addition, sodium hydride is usually dispersed in 

mineral oil and thus the equivalents added could in fact be less depending on the 

ratio of sodium hydride to oil. Using a base like potassium carbonate or sodium 

hydroxide also resolves this problem as they can be weighed out more easily as a 

powder.  

A definitive, but expensive solution to the epimerisation problem is chiral separation of 

the intermediates. Intermediate 79, 86 and 89 could all be easily separated using the 

developed chiral HPLC method. To allow the synthesis of further enantiopure final 

compounds, I had intermediate 79 chirally separated on 1 g scale by Reach 

Separations using supercritical fluid chromatography (LuxC4 column, 50:50 

MeOH;CO2 (0.2% v/v NH3)). Though this did not resolve the problem of where 

epimerisation is occurring, this did allow for the synthesis and testing of enantiopure 

final compounds to continue. Importantly all the tested compounds, unless indicated, 

were chirally pure.  

The observed epimerisation of the chiral centre helped explain the differences 

previously discussed between the reported potencies of the (R)- and (S)-enantiomers 

of BI-2536 (see 2.5.3). Within the dual ALK-BRD4 series, a significant difference in 

the BRD4 thermal shifts and PLK-1 activity was observed between the (R) and (S)-

enantiomer of BI-2536 as well as for similar analogues 39 and 40 (Table 29). In 

comparison, one report in the literature observes equipotent activity between the (R)- 

and (S)-enantiomers of BI-2536.131 This could be due to epimerisation occurring 

during the synthesis of these molecules hence equipotent potencies. Epimerisation of 

the chiral centre is not mentioned in these papers with no chiral separations or 

measurements reported to confirm the enantiopurity of the compounds. This work 

provides solutions to help prevent and resolve epimerisation in future work with the 

BI-2536 scaffold. 
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  (R)-BI-2536 (S)-BI-2536 (R)-39 (S)-40 

Chen et 

al.131 

BRD4 56 nM 54 nM - - 

PLK-1 0.22 nM 0.42 nM - - 

Liu et al.132 
BRD4 205 nM 489 nM - - 

PLK-1 4 nM 32.5 nM - - 

Own work 

BRD4 

Tm Shift [K] 
5.7 -0.2 6.3 1.1 

PLK-1* 80 / 98 

(2.6 nM) 

19 / 54 40 / 85 

(16 nM) 

18 / 18 

Table 29. Comparing activities of the (R)- and (S)-enantiomers of BI-2536 and 39 and 40. 

*PLK-1 % inhibition at 10 nM and 100 nM 
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Chapter 6 Conclusions and Future Directions  

 

The aim of the project was to design a dual ALK-BRD4 inhibitor to target key 

oncogenes, ALK and MYCN, in patients with high-risk neuroblastoma. The starting 

point of the project was dual PLK-1-BRD4 inhibitor BI-2536 which showed moderate 

activity and selectivity towards ALK compared to the majority of the kinome. Using 

structure based design I redesigned the series towards compounds with a dual ALK-

BRD4 profile by improving ALK activity, greatly reducing PLK-1 activity whilst 

maintaining BRD4 potency and overall kinome selectivity. A summary of the four 

areas chosen for modification is shown in Scheme 34.  

The R1 region did not tolerate much change with the (R)-ethyl optimal for achieving 

ALK and BRD4 potency whilst the R3 region was limited to small hydrophobic groups 

in providing ALK potency. The presence of the alkoxy group was important in 

achieving kinase selectivity as demonstrated by the favourable kinase selectivity of 63 

(Figure 69). For the R4 region, the initial hypothesis was to remove the amide to 

remove polar interactions with the PLK-1 pocket. This was achieved with compound 

35 whilst maintaining ALK and BRD4 potency. Different solvent channel groups were 

well tolerated in ALK and BRD4 which prompted for this region to be chosen for 

improving the physicochemical properties of the series.  

 

Scheme 34. SAR of BI-2536 for modifying ALK, BRD4 and PLK-1 activity. 
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The main area for modification I focused on was the R2 region due to the hypothesis 

that the more restricted PLK-1 pocket would be less tolerant to substitution compared 

to the more open ALK structure. Due to ALK crystallography not being available a 

systematic design and testing approach was taken and I developed a new synthetic 

route (Scheme 15) to allow for a more efficient installation of groups at the R2 

position. Epimerisation of the ethyl chiral centre during the methylation step of the 

synthesis was prevented by switching to a weaker base and chiral separation 

conditions were identified to ensure the compounds synthesised were enantiopure. 

Overall ALK SAR was quite flat at this positon and proved difficult to achieve gains in 

potency, especially without structural information of the series in ALK. However an 

approximately 10-fold improvement in ALKF1174L activity from BI-2536 was achieved 

with 6r and 135 showing improvements in potency can be made in this region with the 

right substitution (Scheme 35). Compound 135 also showed 150-fold selectivity 

towards ALKF1174L over PLK-1 as a result of PLK-1 being less tolerant to substitution 

at the R2 position.  

             

Scheme 35. Development of dual ALK-BRD4 inhibitors 63 and 135 from BI-2536. 
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A major drawback for the project was the lack of structural information on how the 

series would bind in ALK and being unable to do iterative X-ray driven structure 

based design. Attempts for co-crystallography in ALK were unsuccessful due to 

difficulties with protein production and purification and the modest activity of earlier 

analogues. Without a co-crystal of the dual ALK-BRD4 series in ALK, the binding 

pose was not confirmed and so the position of substituents in the binding pocket was 

unknown. This made it difficult to know what groups would cause a gain in potency 

and rationalise the SAR. Despite the lack of X-ray, a 10 – 15-fold improvement in ALK 

activity was achieved with a series of analogues modifying the R2 region including 

lead compounds 63 and 135, as well as 150 and 151. The improvement in ALK 

activity was achieved whilst importantly maintaining BRD4 activity and lowering PLK-

1 activity.   

Docking was used to predict the binding mode of the series in ALK and decide which 

groups were suitable for SAR exploration. However in general, docking did not match 

the observed SAR. For example, larger alkoxy groups were predicted to be tolerated 

at the R3 position but in fact decreased potency and the docking predicted no suitable 

docking poses for the most potent benzyl diastereomer 135. Future work for the 

project would be to focus on establishing ALK crystallography to post rationalise 

changes made and rationalise future changes to improve ALK potency. Compounds 

with a further 10-fold improvement in ALK potency, and maintained BRD4 potency, 

would allow for a more direct comparison to current ALK inhibitors and test the 

potential benefits of dual ALK and BRD4 inhibition. 

One key challenge of designing and developing a dual inhibitor is managing the 

multiple target potencies, especially in this case for two structurally different protein 

families. Modifications to certain areas which may have led to an improvement in 

kinase potency, such as the methyl substituent and (R)-ethyl group, had to remain 

untouched due to loss of BRD4 activity. In addition for this project, I had to monitor 

not only ALK and BRD4 potency but also the remaining PLK-1 activity. BI-2536 is a 

very potent PLK-1 inhibitor and excellent progress was made in reducing PLK-1 

activity, >1200-fold with 135, whilst controlling the ALK and BRD4 activity. The R2 

position proved to be a useful modification for achieving kinase selectivity towards 

ALK over PLK-1, without losing BRD4 activity. Importantly compound 63 showed 

selectivity over PLK-1 in cells underlining the design effort to change the kinase 

selectivity from PLK-1 to ALK.  
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Related to this challenge is not only ensuring potent inhibition of ALK and BRD4 but 

also selectivity within both protein families, kinase and bromodomains. Pleasingly the 

kinome and bromodomain screens for 63 showed the compound was relatively 

selective across both protein-families, addressing a key issue with cross-family dual 

inhibitors. Important to this progress was maintaining the alkoxy group that is not 

tolerated in the majority of kinases. For future work, it would be interesting to see the 

broader kinase selectivity of 135 which was more selective towards ALK over PLK-1 

compared to 63, as well as a full kinome scan of 63 to identify any further kinase hits.  

With the dual ALK-BRD4 series I was aware of the high lipophilicity of key 

compounds 62, 63 and 135. Initial efforts were taken to reduce the clogP by 

modifying the solvent channel region. With compounds 158, 164 and 165, removing 

the methyl on the piperidine lowered the clogP and improved ALKF1174L potency 

however the compounds showed high efflux by PGP. Due to its potent ALK and 

BRD4 activity, cellular on-target engagement and best overall physicochemical 

properties, compound 63 has been chosen for initial PK studies. Though the 

compounds are surprisingly soluble for highly lipophilic compounds, the high 

lipophilicity may have a greater effect on its PK properties such as low bioavailability 

resulting from high clearance. Many other solubilising groups could be tried at the 

solvent channel region as well as modifying other lipophilic groups on the scaffold 

such as the R2 and R3 positions. 

Overall, the project met the first hypothesis of designing a dual ALK-BRD4 inhibitor 

and has resulted in a series of suitable in vitro tool compounds. I successfully tuned 

the kinase activity of BI-2536 to a kinase-bromodomain combination for a specific 

disease hypothesis: targeting the two key drivers of neuroblastoma, ALK and MYCN. 

Key compound 63 demonstrated on-target engagement of ALK and BRD4 in cellular 

assays and favourable kinase and bromodomain selectivity, as well as good solubility 

and permeability (Scheme 35). The dual ALK-BRD4 inhibitors will be used in further 

in vitro experiments to test the second part of the hypothesis of the dual inhibitor 

being beneficial compared to single agents and combination treatments. 
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Chapter 7 Experimental 

 

7.1 LanthaScreen® Binding Assay 

ALK, ALKF1174L and ALKR1275Q activity were measured in a LanthaScreen® Eu kinase 

binding assay. The assay was performed in 384-well plates containing either ALK, 

ALKF1174L or ALKR1275Q enzyme (5 nM, Carna Biosciences), Kinase Tracer 236 (30 nM, 

Thermo Fisher Scientific), LanthaScreen® Eu-anti-GST antibody (2 nM, Thermo 

Fisher Scientific), either 1% (v/v) DMSO or the test compound (in the range from 0.5 

nM to 100 µM in 1% (v/v) DMSO), and assay buffer (50 mM HEPES pH 7.5, 10 mM 

MgCl2, 1 mM EGTA and 0.01% (w/v) Brij-35, 1 mM DTT). The reaction was incubated 

for 60 mins at room temperature. The plate was read on an EnVision multilabel plate 

reader (Perkin Elmer, UK) calculating an emission ratio between the acceptor/tracer 

emission (665 nM) and the antibody/donor emission (615 nM). IC50 values were 

determined using a non-linear regression fit of the log(inhibitor concentration) versus 

emission ratio with variable slope equation.   

 

7.2 ALK MSD Phosphorylation Assay167 

Protein Samples: The human neuroblastoma Kelly or NBLW-R cell line was 

maintained in RPMI media with 10% FCS.  For dose-response experiments, cells 

were seeded into 10 cm dishes and following attachment, treated with the indicated 

compound concentration in fresh media.  After 3 hrs, the plates were transferred onto 

ice, the media taken off and the cells washed once with ice-cold PBS, before adding 

5% CHAPS lysis buffer. After 20 mins in lysis buffer, cells were scraped, transferred 

into eppendorfs and spun at 4 °C for 12 mins at 12,000 rpm. The supernatant was 

transferred to a fresh tube and the protein content was quantified using the Direct 

Detect system (Millipore). Performed by Lizzie Tucker. 

ALK immunoassay analysis: Multiarray 96-well plates (Meso Scale Discovery) were 

coated overnight at 4 °C with 25 µL of mouse total ALK antibody (Clone 31F12; Cell 

Signaling Technology Inc.) diluted in PBS buffer (11 µL in 3 mL of buffer). Plates were 

washed X 3 in wash buffer (0.1% Tween 20 in Tris-buffered saline) and incubated for 

1 hr with blocking buffer (5% BSA in wash buffer). After washing, 15 µg of protein 
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samples in CHAPS Buffer (total volume 25 – 30 µL per well) were added in duplicate 

and incubated overnight at 4 °C. After washing, the plates were incubated for 1 hr 

with either 0.4 µg.mL-1 total ALK D5F3 or pY1586 ALK 3B4, washed and incubated 

for a further 1 hr with 0.5 µg.mL-1 anti-rabbit SULFO-tag antibody. The plates were 

washed, 2 X Read Buffer (Meso Scale Discovery) were added to wells, and 

electrochemiluminescence counts were made using a MSD SECTOR Imager 6000. 

IC50 values were determined using a non-linear regression fit of the log(inhibitor 

concentration) versus % DMSO treated control.  Performed by Lizzie Tucker or 

myself. 

 

7.3 Kinetic Solubility by NMR 

Solubility samples were prepared by adding 171 µL of PBS buffer (pH 7.4) to 9 µL of 

10 mM DMSO stock of compound in a 384-deep well plate, giving a final 

concentration of 500 µM with 5% DMSO. The plate is centrifuged for 1 min at 1000 

rpm and incubated for 20 hours. The plate is again centrifuged for 1 min at 1000 rpm 

and the solubility samples transferred from the plate to 3 mm NMR tubes using the 

Gilson-GX281 liquid handler.  

All data was acquired and processed using Bruker Topspin 4.0. The quantitative 1H-

NMR spectrum (@qHNMR3_bua) were acquired using an in-house 1D pulse 

sequence Ic1pngppsf2 with 32 scans. The sweep width was 6.2 ppm, and the FID 

contained 16k time-domain data points. Relaxation delay was set to 20 sec. The 1H 

spectrum of the samples were referenced to the internal deuterated solvent and 

acquired at a temperature of 298 K. The NMR data was processed using 

MestReNova.    

 

7.4 Docking with Glide 

Docking studies were performed using Glide, Schrödinger, LLC, New York, NY, 2018. 

Preparation of protein structures ALK using PDB code 2XB7, BRD4 using PDB code 

4OGI and PLK-1 using PDB code 2RKU were performed using Schrödinger Suite 

2018-3 Protein Preparation Wizard; Epik, Schrödinger, LLC, New York, NY, 2018 and 

preparation of ligands were performed using LigPrep, Schrödinger, LLC, New York, 

NY, 2018.  
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Crystal structures and docking images were prepared using The PyMOL Molecular 

Graphics System, Version 2.0 Schrödinger, LLC. 

 

7.5 Conformational Analysis 

Conformational searches were performed using a stochastic search and an Energy 

window of 7 kcal/mol in Molecular Operating Environment (MOE), Version MOE 

2019.0101, Chemical Computing Group ULC, 2019. Conformations were analysed 

using the dihedral profiles generated in MOE, using the Torsion Profile application, 

and Mogul Analysis, Version 1.8.2, Cambridge Crystallographic Data Centre, 

Cambridge, UK, 2019.  

 

7.6 General Synthetic Experimental 

All anhydrous solvents and reagents were obtained from commercial suppliers 

(Acros, Alfa Aesar, Apollo, Fisher Scientific, Fluorochem, Sigma Aldrich, Thermo 

Scientific and VWR) and used without further purification. All reactions were carried 

out under a positive pressure of N2 and moisture sensitive reagents transferred via 

syringe. All compounds reported at >95% purity unless stated.    

Analytical thin layer chromatography (TLC) was performed on pre-coated aluminium 

sheets (60 F245 nm, Merck) and visualised by short-wave UV light. Semi-automated 

flash column chromatography was carried out using a Biotage SP4 purification 

system, using Biotage SNAP KP-Si cartridges. Semi-preparative separations were 

carried out using a 1200 Series Preparative HPLC over a 15 minute gradient elution 

(Grad15min20mls.m) from 90:10 to 0:100 water:methanol (both modified with 0.1% 

formic acid) at a  flow rate of 20 mL/min. For diastereomer separations a 15-minute 

gradient elution from 60:40 to 75:25 water:methanol (both modified with 0.1% formic 

acid). For chiral HPLC, separations were carried out using an Agilent 1260 Series 

UHPLC over a 12 minute gradient elution with 100% methanol and the CHIRALPAK 

IC® column. 

All microwave reactions were performed using Biotage Initiator Microwave 

Synthesizer. Melting points were determined on a Stanford Research EZ-melt 

apparatus and are uncorrected. IR analyses were carried out on a Bruker Alpha-P 

FT-IR spectrometer and absorptions are specified in wavenumbers (cm-1). Optical 
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rotations were recorded on a Bellingham & Stanley Ltd. ADP440 Polarimeter with a 

path length of 0.1 dm, using a light emitting diode with interference filter (298 nm). 

Concentrations (c) are quoted in g/100mL.  

1H NMR spectra were recorded on a Bruker AMX 500 (500 MHz) spectrometer using 

an internal deuterium lock. Chemical shifts were measured in parts per million (ppm) 

relative to tetramethylsilane (δ = 0) using the follow residual solvent signals: CDCl3 

(δH 7.26) and CD3OD (δH 3.32). Data are presented in the following format: chemical 

shift (integration, multiplicity, coupling constants (J) in Hz, assignment). Coupling 

constants, J, are measured to the nearest 0.1 Hz, Atom numbering is arbitrary and 

does not refer to IUPAC nomenclature.  

13C NMR spectra were recorded at 126 MHz on a Bruker AMX 500 (500 MHz) 

spectrometer using an internal deuterium lock. Chemical shifts were measured in 

parts per million (ppm) relative to tetramethylsilane (δ = 0) using the following residual 

solvent signals: CDCl3 (δC 77.2) and CD3OD (δC 49.0). Data are presented in the 

following format: chemical shift (assignment) and for selected signals, multiplicities 

were assigned. Chemical shifts are quoted to 0.1 ppm. Atom numbering is arbitrary 

and does not refer to IUPAC nomenclature. 

19F NMR were recorded at 471 MHz on a Bruker AMX 500 (500 MHz) spectrometer 

using an internal deuterium lock. Chemical shifts were measured in parts per million 

(ppm) relative to tetramethylsilane (δ = 0). Data are presented in the following format: 

chemical shift (multiplicity, coupling constants (J) in Hz). Coupling constants J are 

measured to the nearest 1 Hz.  

LCMS and HRMS analyses were performed on an Agilent 1200 series HPLC and 

diode array detector coupled to a 6120 time of flight mass spectrometer with dual 

multimode APCI/ESI source. Samples were supplied at approximately 1 mg/mL 

solutions in MeOH with 0.5-10 µL injected on a partial loop fill. For standard LCMS, 

analytical separation was carried out at 40 °C on a Merck Chromolith Flash column 

(RP-18e, 25 x 2 mm) using a flow rate of 1.5 mL/min in a 2 minute gradient elution 

with detection at 254 nm. The mobile phase was a mixture of methanol (solvent A) 

and water containing formic acid at 0.1% (solvent B). Gradient elution was as follows: 

5:95 (A/B) to 100:0 (A/B) over 1.25 min, 100:0 (A/B) for 0.5 min, and then reversion 

back to 5:95 (A/B) over 0.05 min, finally 5:95 (A/B) for 0.2 min. For HRMS and 

extended LCMS, Analytical separation was carried out at 30 °C on a Merck 

Chromolith Flash column (RP-18e, 25 x 2 mm) using a flow rate of 0.75 mL/min in a 4 

minute gradient elution with detection at 254 nm. The mobile phase was a mixture of 

methanol (solvent A) and water containing formic acid at 0.1% (solvent B). Gradient 
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elution was as follows: 5:95 (A/B) to 100:0 (A/B) over 2.5 min, 100:0 (A/B) for 1 min, 

and then reversion back to 5:95 (A/B) over 0.1 min, finally 5:95 (A/B) for 0.4 min. 

HRMS references: caffeine [M+H]+ 195.08765; hexakis (2,2-

difluoroethoxy)phosphazene [M+H]+ 622.02896; and hexakis(1H,1H,3H-

tetrafluoropnetoxy)phophazene [M+H]+ 922.00980.  

 

7.7 General Methods 

General Method 1 – Methyl ester formation 

A carboxylic acid (1 equiv.) was suspended in MeOH (0.1 M) and SOCl2 (2 equiv.) 

was added dropwise at 0 °C. The reaction was heated at reflux for 4 – 5 h during 

which time LCMS analysis revealed the progress of the reaction. Upon its completion 

the volatiles were removed in vacuo and the residue was triturated with diethyl ether. 

The resulting solid was filtered and dried in vacuo to afford the title compound.  

General Method 2 – Reductive amination  

Methyl 2-aminobutanoate (1 equiv.) and the relevant aldehyde or ketone (0.8 – 1 

equiv.) were dissolved in DCE (0.1 M). The reaction was cooled to 0 °C and NaOAc 

(1 equiv.) and NaBH(OAc)3 (1.6 equiv.) were added. The reaction was stirred at rt for 

16 – 20 h during which time LCMS analysis revealed the progress of the reaction. 

Upon completion, sat. aq. NaHCO3 was added and the aqueous phase extracted with 

CH2Cl2 (X2). The combined organic phases were washed with water, dried over 

MgSO4, filtered and concentrated in vacuo to afford the title compound.  

General Method 3 – SNAr  

An amine (1 equiv.) and sodium bicarbonate (4 equiv.) were dissolved in cyclohexane 

(0.1 M) and stirred for 30 mins. 2,4-Dichloro-5-nitropyrimidine 11 (1.1 equiv.) was 

added and the reaction stirred at 60 °C for 16 – 20 h during which time LCMS 

analysis revealed the progress of the reaction. Upon completion, the reaction mixture 

was filtered, washed with CH2Cl2 and concentrated in vacuo. The residue was purified 

by column chromatography (cHex/EtOAc 0 – 20%) to afford the title compound.  

General Method 4 – Iron reduction and cyclisation 

A nitro compound (1 equiv.) was dissolved in glacial acetic acid (0.4 M) and the 

mixture heated to 70 °C. Iron powder (1.2 equiv.) was added portionwise over 5 mins 

and the reaction stirred for 6 h during which time LCMS analysis revealed the 

progress of the reaction. Upon completion, the mixture was filtered through Celite, 



Chapter 7 

167 
 

washing through with MeOH and concentrated in vacuo. The residue was purified by 

column chromatography (cHex/EtOAc 0 – 30%) to afford the title compound. 

General Method 5 – Methylation 

A pteridinone (1 equiv.) was dissolved in DMF (0.1 M), methyl iodide (1 - 1.3 equiv.) 

added and the mixture cooled to −10 °C. Sodium hydride (1.2 equiv.) was added and 

the reaction stirred at rt for 16 – 20 h during which time LCMS analysis revealed the 

progress of the reaction. Upon completion, ice was added and the aqueous phase 

extracted with EtOAc (X3). The combined organic phases were washed with water 

(X2), dried over MgSO4, filtered and concentrated in vacuo. The residue was purified 

by flash column chromatography (cHex:EtOAc 0 – 20%) to afford the title compound. 

General Method 6 – Alkylation  

Methyl 3-hydroxy-4-nitrobenzoate, HCl (1 equiv.) was dissolved in DMF (0.1 M). 

Potassium carbonate (5 equiv.) and an alkyl halide (1.4 equiv.) were added and the 

reaction stirred at 50 °C for 16 – 20 h during which time LCMS analysis revealed the 

progress of the reaction. Upon completion, EtOAc was added and the mixture 

washed with water (X2) and brine (X1), dried over MgSO4, filtered and solvent 

removed in vacuo. The residue was purified by column chromatography (cHex/EtOAc 

0-20%) to afford the title compound.  

General Method 7 – Hydroxylation  

An alkoxy-nitrobenzoate (1 equiv.) was dissolved in a solvent mixture of THF:H2O, 

(1:1, 0.1 M). LiOH (10 equiv.) was added and the reaction stirred at rt for 16 – 20 h 

during which time LCMS analysis revealed the progress of the reaction. Upon 

completion, the aqueous layer was acidified to pH 1 with 1 M HCl and extracted with 

EtOAc (X3). The combined organic phases were dried over MgSO4, filtered and 

concentrated in vacuo to afford the title compound.  

General Method 8 – Amide formation  

An alkoxy-nitrobenzoic acid (1 equiv.) was dissolved in DMF (0.1 M). HBTU (1.6 

equiv.), triethylamine (2 equiv.) and 1-methylpiperidin-4-amine (1 equiv.) were added 

sequentially and the reaction stirred at rt for 16 – 20 h during which time LCMS 

analysis revealed the progress of the reaction. Upon completion, the reaction mixture 

was partitioned between EtOAc and water and the aqueous layer extracted with 

EtOAc (X2). The organic phases were combined, dried over MgSO4, filtered and 

solvent removed in vacuo. The residue was purified by column chromatography 

(CH2Cl2/MeOH 0-15%) to afford the title compound.  
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General Method 9 – Tin mediated nitro reduction   

A nitro compound (1 equiv.) was dissolved in a solvent mixture of EtOAc:EtOH, (10:3, 

0.1 M). Tin(II) chloride dihydrate (5 equiv.) was added and the reaction stirred at 50 

°C for 16 – 20 h during which time LCMS analysis revealed the progress of the 

reaction. Upon completion, sat. aq. NaHCO3 was added and the reaction mixture 

partitioned between NaHCO3 and EtOAc. The aqueous layer was extracted with 

further EtOAc (X2) and the combined organic phases dried over MgSO4, filtered and 

concentrated in vacuo to afford the title compound.  

General Method 10 – Alkylation  

Amine (1 equiv.) was dissolved in DMF (0.1 M). Potassium carbonate (1.2 equiv.) and 

4-fluoro-2-methoxy-1-nitrobenzene (1 equiv.) were added and the reaction stirred at 

70 °C for 16 – 20 h during which time LCMS analysis revealed the progress of the 

reaction. Upon completion, the reaction was cooled and concentrated in vacuo and 

the residue partitioned between EtOAc and brine. The aqueous phase as extracted 

with EtOAc (X3) and the combined organic phases were dried over MgSO4, filtered 

and concentrated in vacuo. The residue was purified by column chromatography 

(CH2Cl2/MeOH 0 – 10%) to afford the title compound.  

General Method 11 – Transfer Hydrogenation 

To a microwave vial with a nitro compound (1 equiv.) in MeOH (0.15 M) was added 

10% Pd.C (0.1 equiv.) and ammonium formate (6 equiv.) The reaction vial was 

flushed with N2 and stirred for 16 – 20 h at rt during which time LCMS analysis 

revealed the progress of the reaction. Upon completion the catalyst was filtered 

through celite and the filtrate concentrated in vacuo. The residue was purified by 

Biotage column chromatography (CH2Cl2:MeOH 0 – 20%) to afford the title 

compound. 

General Method 12 – Suzuki Cross-Coupling 

An alkoxy-nitrobenzene (1 eq), pyridine-4-ylboronic acid (1 equiv.) Na2CO3 (1.6 

equiv.) and Pd(PPh3)2Cl2 (0.03 eq,) were dissolved in a solvent mixture of 1,4-

dioxane:water. (6:1, 0.38 M) and heated at 120 °C for 30 mins under microwave 

irradiation. Upon completion the mixture was diluted with EtOAc and water and the 

aqueous phase extracted with EtOAc (X3). The organic phases were combined, dried 

over MgSO4, filtered and concentrated in vacuo. The residue was purified by Biotage 

column chromatography (CH2Cl2/MeOH, 0 – 10%) to afford the title compound. 
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General Method 13 – Pyridine Methylation 

A nitrophenyl pyridine (1.equiv.) and methyl iodide (3.5 equiv.) were dissolved in 

acetonitrile (0.1 M) and the reaction heated for 4 h at 50 °C during which time LCMS 

analysis revealed the progress of the reaction. Upon completion the mixture was 

concentrated in vacuo to afford the title compound. 

General Method 14 – NaBH4 reduction  

A pyridinium iodide (1 equiv.) was dissolved in MeOH (0.05 M) and cooled to 0 °C. 

NaBH4 (10 equiv.) was added portionwise. The reaction was allowed to warm to rt 

and stirred for 2 h during which time LCMS analysis revealed the progress of the 

reaction. The reaction was quenched with 1 M HCl and MeOH partially removed in 

vacuo. The residue was partitioned between EtOAc and 1 M NaOH until pH 12 was 

reached. The EtOAc layer was washed with 1 M NaOH, dried over MgSO4, filtered 

and concentrated in vacuo to give the title compound. 

General Method 15 – Pt/H Reduction 

Tetrahydropyridine (1 equiv.) and PtO2 (0.3 equiv.) were dissolved in acetic acid (0.03 

M) and the mixture purged with N2. The mixture was placed under 50 psi of H2 gas at 

rt for 16 h. The mixture was filtered through celite, washed with MeOH and 

concentrated in vacuo. The residue was purified by Biotage column chromatography 

(CH2Cl2/MeOH, 0 – 10%) to afford the title compound. 

General Method 16 – HCl assisted SNAr  

Dihydropteridinone (1 equiv.) and an amine (0.9 – 1 equiv.) were dissolved in solvent 

mixture dioxane/EtOH/water, (1:1:1, 0.1 M). Concentrated HCl (2.1 equiv.) was added 

and the reaction mixture refluxed for 24 – 72 h during which time LCMS analysis 

revealed the progress of the reaction. Upon completion, the reaction mixture was 

partitioned between EtOAc and NaOH (1 M) and the aqueous layer extracted with 

further EtOAc (X2). The organic phases were combined, dried over MgSO4 and 

concentrated in vacuo. The residue was purified by Biotage column chromatography 

(CH2Cl2:20% methanoic ammonia in CH2Cl2 0 – 40%) and reverse phase column 

chromatograpy (Water:MeOH 0 – 100%) to afford the title compound.  

General Method 17 - Hydrogenation 

Aryl bromine (1 equiv.) and 10% Palladium on carbon (0.3 equiv.) in MeOH (0.01 M) 

was stirred at rt under a hydrogen atmosphere (1 atm.) for 30 mins during which time 

LCMS analysis revealed the progress of the reaction. The mixture was filtered 

through celite and washed with MeOH. The solvent was removed in vacuo and the 
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residue purified by reverse phase column chromatograpy (Water:MeOH 0 – 100%) to 

afford the title compound. 

General Method 18 – Pt/V Reductive Heterocyclisation  

To a nitro compound (1 equiv.) in THF (0.3 M) was added 10% Pt.C (0.1 equiv.) and 

VO(acac)2 (0.08 equiv.). The mixture was stirred at rt under a hydrogen atmosphere 

for 48 h during which time LCMS analysis revealed the progress of the reaction. Upon 

completion the mixture was filtered through celite and solvent removed in vacuo to 

afford the title compound.  

General Method 19 – Alkylation of R2 Group 

Dihydropteridinone 79 (1 equiv.) was dissolved in DMF (0.1 M) and an alkyl halide 

(1.2 equiv.) was added. The mixture was cooled to –10 °C to which NaH (60% 

dispersion in mineral oil, 1.2 equiv.) was added/. The reaction was stirred at rt for 16 – 

20 h during which time LCMS analysis revealed the progress of the reaction. Upon 

completion, ice was added and the aqueous phase extracted with EtOAc (X3). The 

combined organic phases were washed with water (X2), dried over MgSO4, filtered 

and concentrated in vacuo. The residue was purified by flash column chromatography 

(cHex:EtOAc 0 – 30%) to afford the title compound. 

General Method 20 – Mitsunobu  

To dihydropteridinone 79 (1 equiv.) in THF (0.1 M) was added alcohol (1.3 – 1.6 

equiv.) and (cyanomethylene)tributylphosphorane (2.8 equiv., 33% solution in THF) 

under a nitrogen atmosphere. The mixture was heated at 100 °C for 1 – 2 h under 

microwave irradiation. Upon completion, water was added and the THF removed in 

vacuo. The residue was purified by Biotage column chromatography (cHex:EtOAc 0 – 

40%) to afford the title compound. Co-eluting diastereomers were further purified 

using semi-preparative HPLC (Water:MeOH 40 – 60%). 

 

7.8 Chemistry Experimental 

(R)-Methyl 2-aminobutanoate, 8a 

(R)-2-Aminobutyric acid 9a (1 g, 9.70 mmol) was subjected to general 

method 1 to afford the title compound 8a (HCl salt) as a white solid (1.36 

g, 91%). LCMS purity >95%, ret. time 0.12 mins; HRMS (ESI +ve): found 

[M+H]+ 118.0859, [C5H12NO2]+ requires 118.0863; [𝛼]𝐷
21.9: −13.5° (c 1.0, MeOH); δH 
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(CDCl3, 500 MHz): 8.81 (2H, s, NH2), 4.15 – 4.09 (1H, m, CHCH2CH3), 3.83 (3H, s, 

CO2CH3), 2.21 – 2.09 (2H, m, CHCH2CH3), 1.13 (3H, t, J = 7.4 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 169.7 (CO2CH3), 54.4 (CHCH2CH3), 53.1 (CO2CH3), 23.9 

(CHCH2CH3), 9.6 (CHCH2CH3) 

(S)-Methyl 2-aminobutanoate, 8b 

(S)-2-Aminobutyric acid 9b (1 g, 9.70 mmol) was subjected to general 

method 1 to afford the title compound 8b (HCl salt) as a white solid (1.36 

g, 91%). LCMS purity >95%, ret. time 0.11 mins; HRMS (ESI +ve): 

found [M+H]+ 118.0859, [C5H12NO2]+ requires 118.0863; [𝛼]𝐷
21.8: +12.8° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 8.79 (2H, s, NH2), 4.20 – 4.11 (1H, m, CHCH2CH3), 

3.83 (3H, s, OCH3), 2.21 – 2.09 (2H, m, CHCH2CH3), 1.12 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 169.7 (CO2CH3), 54.4 (CHCH2CH3), 53.1 

(CO2CH3), 23.8 (CHCH2CH3), 9.7 (CHCH2CH3) 

(R)-Methyl 2-aminopropanoate, 8c 

(R)-2-Aminopropanoic acid 9c (1.5 g, 16.8 mmol) was subjected to 

general method 1 to afford the title compound 8c (HCl salt) as a white 

solid (1.85 g, 78%). LCMS purity >95%, ret. time 0.12 mins; HRMS (ESI +ve): found 

[M+H]+ 104.0708, [C4H10NO2]+ requires 104.0712; [𝛼]𝐷
22.1: −23.5° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.42 (2H, s, NH2), 4.06 – 3.97 (1H, m, CHCH3), 3.69 (3H, s, 

CO2CH3), 1.42 (3H, d, J = 6.9 Hz, CHCH3); δC (CDCl3, 126 MHz): 171.5 (CO2CH3), 

54.0 (CO2CH3), 50.0 (CHCH3), 16.4 (CHCH3) 

(R)-Methyl 2-(cyclopentylamino)butanoate, 10a 

(R)-Methyl 2-aminobutanoate, 8a (HCl salt, 1.5 g, 9.77 mmol), was 

reacted with cyclopentanone (0.87 mL, 9.77 mmol) using general 

method 2 to the title compound 10a as a yellow oil (1.45 g, 80%). 

LCMS purity >95%, ret. time 0.18 mins; HRMS (ESI +ve): found [M+H]+ 186.1498, 

[C10H20NO2]+ requires 186.1494; [𝛼]𝐷
21.8: −12.0° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 

3.73 (3H, s, CO2CH3), 3.22 (1H, t, J = 6.6 Hz, CHCH2CH3), 2.97 (1H, quin., J = 6.7 

Hz, H3), 1.83 – 1.60 (6H, m, cPeH & CHCH2CH3), 1.55 – 1.47 (2H, m, H1), 1.35 – 

1.27 (2H, m, H2), 0.92 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 176.5 

(CO2CH3), 61.6 (CHCH2CH3), 58.1 (C3), 51.5 (CO2CH3), 33.7 (C2), 32.7 (C2’), 27.0 

(CHCH2CH3), 23.9 (C1), 23.8 (C1’), 10.2 (CHCH2CH3) 
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 (S)-Methyl 2-(cyclopentylamino)butanoate, 10b 

(S)-Methyl 2-aminobutanoate 8b (HCl salt, 1.34 g, 8.72 mmol), was 

reacted with cyclopentanone (0.78 mL, 8.72 mmol) using general 

method 2 to afford the title compound 10b as a brown oil (1.42 g, 

88%). LCMS purity >95%, ret. time 0.18 mins; HRMS (ESI +ve): found [M+H]+ 

186.1498, [C10H20NO2]+ requires 186.1494; [𝛼]𝐷
22.0: +11.8° (c 1.0, MeOH); δH (CDCl3, 

500 MHz): 3.71 (3H, s, CO2CH3), 3.20 (1H, t, J = 6.6 Hz, CHCH2CH3), 2.96 (1H, p, J = 

6.7 Hz, H3), 1.83 – 1.58 (6H, m, cPeH & CHCH2CH3), 1.55 – 1.47 (2H, m, H1), 1.35 – 

1.27 (2H, m, H2), 0.91 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 176.5 

(CO2CH3), 61.6 (CHCH2CH3), 58.1 (C3), 51.5 (CO2CH3), 33.7 (C2), 32.7 (C2’), 27.0 

(CHCH2CH3), 23.9 (C1), 23.8 (C1’), 10.2 (CHCH2CH3) 

 

Methyl 2-(cyclopentylamino)butanoate, 10c 

Methyl 2-aminobutanoate, 8d (HCl salt, 800 mg, 5.21 mmol), was 

reacted with cyclopentanone (0.46 mL, 5.21 mmol) using general 

method 2 to the title compound 10c as a yellow oil (728 mg, 75%). 

LCMS purity >95%, ret. time 0.18 mins; HRMS (ESI +ve): found [M+H]+ 186.1487, 

[C10H20NO2]+ requires 186.1494; δH (CDCl3, 500 MHz): 3.73 (3H, s, CO2CH3), 3.22 

(1H, t, J = 6.6 Hz, CHCH2CH3), 2.97 (1H, quin., J = 6.7 Hz, H3), 1.83 – 1.60 (6H, m, 

cPeH & CHCH2CH3), 1.55 – 1.47 (2H, m, H1), 1.35 – 1.27 (2H, m, H2),  0.92 (3H, t, J 

= 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 176.5 (CO2CH3), 61.6 (CHCH2CH3), 

58.1 (C3), 51.5 (CO2CH3), 33.7 (C2), 32.7 (C2’), 27.0 (CHCH2CH3), 23.9 (C1), 23.8 

(C1’), 10.2 (CHCH2CH3) 

 

Methyl cyclopently-D-valinate, 10e 

Methyl D-valinate 8e (HCl salt, 1.80 g, 10.7 mmol), was reacted with 

cyclopentanone (0.27 mL, 9.66 mmol) using general method 2 to 

afford the title compound 10e as a colourless oil (1.26 g, 59%). LCMS 

purity >95%, ret. time 0.26 mins; HRMS (ESI +ve): found [M+H]+ 200.1651, 

[C11H21NO2]+ requires 200.1645; [𝛼]𝐷
22.9: −10.4° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 

3.73 (3H, s, CO2CH3), 3.01 (1H, d, J = 6.3 Hz, CHCH(CH3)2), 2.93 (1H, quin, J = 6.3 

Hz, H3), 1.90 – 1.76 (2H, m, CHCH(CH3)2 & C2), 1.75 – 1.65 (3H, cPeH), 1.55 – 1.47 

(3H, m, cPeH), 1.34 – 1.26 (2H, m, H2), 0.94 (3H, d, J = 6.9 Hz, CH(CH3)(C’H3), 0.92 

(3H, d, J = 6.9 Hz, CH(CH3)(C’H3); δC (CDCl3, 126 MHz): 176.4 (CO2CH3), 66.1 

(CHCH(CH3)2), 58.4 (C3), 51.4 (OCH3), 33.8 (C2), 32.6 (C2’), 31.8 (CH(CH3)2), 23.9 

(C1), 23.8 (C1’), 19.1 (CH(CH3)(C’H3)), 18.8 (CH(CH3)(C’H3)) 
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(R)-Methyl 2-(cyclopentylamino)propanoate, 10e 

(R)-Methyl 2-aminopropanoate 8c (HCl salt, 400 mg, 3.88 mmol), was 

reacted with cyclopentanone (0.34 mL, 3.88 mmol) using general 

method 2 to afford the title compound 10e as a colourless oil (200 mg, 

30%). LCMS purity >95%, ret. time 0.20 mins; HRMS (ESI +ve): found [M+H]+ 

172.1340, [C9H18NO2]+ requires 172.1337; [𝛼]𝐷
22.3: −10.2° (c 1.0, MeOH); δH (CDCl3, 

500 MHz): 3.72 (3H, s, CO2CH3), 3.39 (1H, q, J = 6.9 Hz, CHCH3), 2.99 (1H, quin, J = 

6.9 Hz, H3), 1.85 – 1.76 (2H, m, H2), 1.73 – 1.64 (2H, m, H1), 1.56 – 1.46 (2H, m, 

H1), 1.35 – 1.26 (2H, m, H2), 1.28 (3H, d, J = 7.1 Hz, CHCH3); δC (CDCl3, 126 MHz): 

176.8 (CO2CH3), 58.0 (C3), 55.4 (CHCH3), 51.8 (CO2CH3), 33.6 (C2), 32.8 (C2’), 24.0 

(C1), 23.9 (C1’), 19.6 (CHCH3) 

 

(S)-Methyl 2-(cyclopentylamino)propanoate, 10f 

(S)-Methyl 2-aminopropanoate 8f (HCl salt, 1.30 g, 12.6 mmol), was 

reacted with cyclopentanone (1.11 mL, 12.6 mmol) using general 

method 2 to afford the title compound 10f as a colourless oil (2.10 g, 

97%). LCMS purity >95%, ret. time 0.11 mins; HRMS (ESI +ve): found [M+H]+ 

171.1332, [C9H18NO2]+ requires 172.1337; [𝛼]𝐷
23.6: +11.8° (c 1.0, MeOH); δH (CDCl3, 

500 MHz): 3.70 (3H, s, CO2CH3), 3.37 (1H, q, J = 6.9 Hz, CHCH3), 2.98 (1H, quin., J 

= 6.9 Hz, H3), 1.85 – 1.76 (2H, m, H2), 1.73 - 1.64 (2H, m, H1), 1.56 – 1.46 (2H, m, 

H1), 1.35 - 1.26 (2H, m, H2), 1.28 (3H, d, J = 7.3 Hz, CHCH3); δC (CDCl3, 126 MHz): 

176.8 (CO2CH3), 58.0 (C3), 55.3 (CHCH3), 51.7 (OCH3), 33.6 (C2), 32.8 (C2’), 24.0 

(C1), 23.9 (C1’), 19.6 (CHCH3)  

Methyl cyclopentylglycinate, 10g 

Glycine methyl ester 8g (HCl salt, 1.10 g, 8.77 mmol) was reacted 

with cyclopentanone (0.62 mL, 7.01 mmol) using general method 2 to 

afford the title compound 10g as a colourless oil (535 mg, 38%). 

LCMS purity >95%, ret. time 0.19 min HRMS (ESI +ve): found [M+H]+ 158.1176, 

[C8H16NO2]+ requires 158.1176; δH (500 MHz, CDCl3): 3.73 (3H, s, CO2CH3), 3.42 

(1H, s, NHCH2), 3.07 (1H, quin, J = 6.5 Hz, H3), 1.85 – 1.77 (2H, m, H2), 1.75 – 1.66 

(2H, m, H1), 1.60 – 1.50 (2H, m, H1), 1.40 – 1.32 (2H, m, H2); δC (CDCl3, 126 MHz): 

173.1 (CO2CH3), 59.3 (C3), 51.8 (NHCH2), 49.6 (CO2CH3), 33.0 (C2), 24.0 (C1) 

Methyl 1-(cyclopentylamino)cyclopropanecarboxylate, 10h 

Methyl 1-aminocyclopropanecarboxylate 8h (735 mg, 6.4 mmol), was 

reacted with cyclopentanone (0.56 mL, 6.4 mmol) using general 
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method 2 to afford the title compound 10h as a colourless oil (667 mg, 57%). LCMS 

purity >95%, ret. time 0.24 mins; HRMS (ESI +ve): found [M+H]+ 184.1330, 

[C10H18NO2]+ requires 184.1337; δH (CDCl3, 500 MHz): 3.69 (3H, s, OCH3), 3.25  (1H, 

quin, J = 7.3 Hz, H3), 1.87 – 1.80 (2H, m, H2), 1.70 – 1.62 (2H, m, H1), 1.55 – 1.46 

(2H, m, H1) 1.33 – 1.26 (2H, m, H2), 1.24 (2H, dd, J = 7.3, 4.1 Hz, C(CH2)(CH2
’), 1.00 

(2H, dd, J = 7.3, 4.1 Hz, C(CH2)(CH2
’); δC (CDCl3, 126 MHz): 176.1 (CO2CH3), 59.0 

(C3), 51.9 (CO2CH3), 40.3 (C(CH2)2), 33.6 (C2), 23.4 (C1), 17.1 (C(CH2)2) 

 (R)-Methyl 2-((3-bromobenzyl)amino)butanoate, 10i 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 800 mg, 5.21 mmol), 

was reacted with 3-bromobenzaldehyde (0.61 mL, 5.21 mmol) 

using general method 2 to afford the title compound 10i as a 

yellow oil (1.37 g, 92%). LCMS purity >95%, ret. time 0.92 mins; HRMS (ESI +ve): 

found [M+H]+ 286.0431, [C12H17BrNO2]+ requires 286.0437; [𝛼]𝐷
21.9: +22.9° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.52 (1H, t, J = 1.6 Hz, H2), 7.38 (1H, dt, J = 7.9, 1.6 

Hz, H6), 7.28 – 7.25 (1H, m, H4), 7.20 – 7.17 (1H, m, H3), 3.80 (1H, d, J  13.2 Hz, 

ArCHH), 3.74 (3H, s, OCH3), 3.60 (1H, d, J = 13.2 Hz, ArCHH), 3.20 (1H, t, J = 6.6 

Hz, CHCH2CH3), 1.76 – 1.62 (2H, m, CHCH2CH3), 0.96 (3H, t, J = 7.6 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 175.8 (CO2CH3), 142.3 (C5), 131.2 (C2), 130.1 

(C6), 129.9 (C3), 126.7 (C4), 122.5 (C1), 61.9 (CHCH2CH3), 51.7 (CO2CH3), 51.5 

(ArCH2), 26.6 (CHCH2CH3), 10.2 (CHCH2CH3) 

 

(R)-Methyl 2-((2-bromobenzyl)amino)butanoate, 10j 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 700 mg, 4.56 mmol), 

was reacted with 2-bromobenzaldehyde (0.53 mL, 4.56 mmol) 

using general method 2 to afford the title compound 10j as a 

colourless oil (1.11 g, 85%). LCMS purity >95%, ret. time 0.86 mins; HRMS (ESI 

+ve): found [M+H]+ 286.0437, [C12H17BrNO2]+ requires 286.0443; [𝛼]𝐷
21.8: +13.9° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 7.54 (1H, dd, J = 7.8, 1.4 Hz, H2), 7.43 (1H, dd, J 

= 7.8, 1.6 Hz, H5), 7.31 – 7.27 (1H, m, H4), 7.12 (1H, td, J = 7.8, 1.6 Hz, H3), 3.90 

(1H, d, J = 14.2 Hz, ArCHH), 3.77 (1H, d, J = 14.2 Hz, ArCHH), 3.71 (3H, s, CO2CH3), 

3.24 (1H, t, J = 6.6 Hz, CHCH2CH3), 1.78 – 1.65 (2H, m, CHCH2CH3), 0.96 (3H, t, J = 

7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 175.6 (CO2CH3), 138.9 (C6), 132.8 (C2), 

130.2 (C5), 128.6 (C3), 127.4 (C4), 124.1 (C1), 62.2 (CHCH2CH3), 52.0 (ArCH2), 51.7 

(CO2CH3), 26.6 (CHCH2CH3), 10.3 (CHCH2CH3) 
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Methyl (R)-2-(((3-methylthiophen-2-yl)methyl)amino)butanoate, 10k 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 500 mg, 4.26 mmol), 

was reacted with 3-methylthiophene-2-carbaldehyde (0.46 mL, 

4.26 mmol) using general method 2 to afford the title compound 

10k as a yellow oil (720 mg, 74%). LCMS purity >95%, ret. time 0.43 mins; HRMS 

(ESI +ve): found [M+H]+ 228.1061, [C11H18NO2S]+ requires 228.1053; [𝛼]𝐷
22.6: +23.6° 

(c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.10 (1H, d, J = 5.2 Hz, H1), 6.78 (1H, d, J = 

5.2, H2), 3.93 (1H, d, J = 13.9 Hz, ArCHH), 3.76 – 3.73 (4H, m, ArCHH & CO2CH3), 

3.27 (1H, t, J = 6.6 Hz, CHCH2CH3), 2.17 (3H, s, CH3), 1.74 – 1.62 (2H, m, 

CHCH2CH3), 0.95 (3H, t, J = 6.9 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 175.8 

(CO2CH3), 136.6 (C3), 133.8 (C4), 130.0 (C2), 122.8 (C1), 61.7 (CHCH2CH3), 51.6 

(CO2CH3), 44.7 C5), 26.6 (CHCH2CH3), 13.4 (CH3), 10.2 (CHCH2CH3) 

 

Methyl (R)-2-(((1,3-dimethy-1H-pyrazol-4-yl)methyl)amino)butanoate, 10l 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 500 mg, 4.26 mmol), 

was reacted with 1,3-dimethypyrazole-4-carbaldehyde (477 mg, 

3.84 mmol) using general method 2 to afford the title compound 

10l as a colourless oil (720 mg, 74%). LCMS purity >95%, ret. time 0.18 mins; HRMS 

(ESI +ve): found [M+H]+ 226.1559, [C11H20N3O2]+ requires 226.1550; [𝛼]𝐷
22.6: +13.2° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 7.22 (1H, s, H3), 3.79 (3H, s, NCH3), 3.73 (3H, s, 

CO2CH3), 3.59 (1H, d, J = 12.9 Hz, ArHH), 3.45 (1H, d, J = 12.9 Hz, ArHH), 3.21 (1H, 

t, J = 6.9 Hz, CHCH2CH3), 2.22 (3H, s, ArCH3), 1.72 – 1.59 (2H, m, CHCH2CH3), 0.92 

(3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 175.9 (CO2CH3), 147.1 (C1), 

129.9 (C3), 117.2 (C2), 61.9 (CHCH2CH3), 51.6 (CO2CH3), 41.6 (C4), 38.5 (NCH3), 

26.6 (CHCH2CH3), 11.6 (ArCH3), 10.2 (CHCH2CH3) 

 

Methyl (R)-2-(((5-methylisoxazol-3-yl)methyl)amino)butanoate, 10m 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 500 mg, 4.26 mmol), 

was reacted with 5-methylisoxazole-3-carbaldehyde (474 mg, 4.26 

mmol) using general method 2 to afford the title compound 10m 

as a colourless oil (520 mg, 57%). LCMS purity >95%, ret. time 0.22 mins; HRMS 

(ESI +ve): found [M+H]+ 172.1340, [C10H17N2O3]+ requires 172.1337; [𝛼]𝐷
22.4: +16.6° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 5.99 (1H, d, J = 1.0 Hz, H2), 3.85 (1H, d, J = 14.2 

Hz, ArHH), 3.73 (3H, s, CO2CH3), 3.69 (1H, d, J = 14.2 Hz, ArHH), 3.23 (1H, t, J = 6.5 

Hz, CHCH2CH3), 2.40 (1H, d, J = 1.0 Hz, ArCH3), 1.88 (1H, s, NH), 1.75 – 1.63 (2H, 

m, CHCH2CH3), 0.93 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 175.4 
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(CO2CH3), 169.4 (C1), 162.9 (C3), 101.0 (C1), 61.8 (CHCH2CH3), 51.8 (CO2CH3), 

43.3 (C4), 26.4 (CHCH2CH3), 12.3 (ArCH3), 19.6 (CHCH2CH3)  

 

Methyl (R)-2-(isobutylamino)butanoate, 10n 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 600 mg, 5.12 mmol), was 

reacted with 2-methylpropanal (0.37 mL, 4.10 mmol) using general 

method 2 to afford the title compound 10n as a colourless oil (283 

mg, 31%). LCMS purity >95%, ret. time 0.17 mins; HRMS (ESI +ve): found [M+H]+ 

174.1487, [C9H18NO2]+ requires 174.1489; [𝛼]𝐷
22.3: −16.6° (c 1.0, MeOH); δH (CDCl3, 

500 MHz): 3.74 (3H, s, CO2CH3), 3.23 (1H, t, J = 6.6 Hz, CHCH2CH3), 2.35 (2H, d, J = 

6.6 Hz, NHCH2), 2.02 (1H, s, NH), 1.78 – 1.67 (3H, m, CH(CH3)2 & CHCH2CH3), 0.94 

– 0.89 (9H, m, CH(CH3)2 & CHCH2CH3); δC (CDCl3, 126 MHz): 175.6 (CO2CH3), 62.8 

(CHCH2CH3), 55.9 (NHCH2), 51.7 (CO2CH3), 28.3 (CH(CH3)2), 26.2 (CHCH2CH3), 

2.07 (CH(CH3)2), 10.1 (CHCH2CH3) 

 

Methyl (R)-2-((3-fluorobenzyl)aminol)butanoate, 10o 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 500 mg, 3.26 mmol), 

was reacted with 3-fluorobenzaldehyde (297 µL, 2.80 mmol) 

using general method 2 to afford the title compound 10o as a 

colourless oil (690 mg, 94%). LCMS purity >95%, ret. time 0.36 mins; HRMS (ESI 

+ve): found [M+H]+ 226.1240, [C12H16FNO2]+ requires 226.1238; [𝛼]𝐷
22.4: +20.1° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.31 – 7.26 (1H, m, H3), 7.12 – 7.08 (2H, m, H4 & H6), 

6.97 – 6.93 (1H, m, H2), 3.84 (1H, d, J = 13.6 Hz, ArCHH), 3.75 (3H, s, CO2CH3), 

3.63 (1H, d, J = 13.6 Hz, ArCHH), 3.22 (1H, t, J = 6.6 Hz, CHCH2CH3), 1.80 (1H, s, 

NH),  1.75 – 1.63 (2H, m, CHCH2CH3), 0.96 (3H, t, J = 7.6 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 175.8 (CO2CH3), 163.0 (d, JC-F = 245 Hz, C1) 142.7 (d, JC-F = 7.3 

Hz, C5), 129.8 (d, JC-F = 8.3 Hz, C3), 123.7 (d, JC-F = 2.8 Hz, C4), 114.9 (d, JC-F = 21.1 

Hz, C6), 113.9 (d, JC-F = 21.1 Hz, C2), 61.9 (CHCH2CH3), 51.7 (CO2CH3), 51.5 

(ArCH2), 26.7 (CHCH2CH3), 10.2 (CHCH2CH3); δF{H} (CDCl3, 471 MHz): −113.3  

 

Methyl (R)-3-(((1-methoxy-1-oxobutan-2-yl)amino)methyl)benzoate, 10p 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 700 mg, 5.98 

mmol), was reacted with methyl 3-formylbenzoate (981 mg, 

5.98 mmol) using general method 2 to afford the title 

compound 10p as a colourless oil (1.30 g, 82%). LCMS purity >95%, ret. time 0.85 

mins; HRMS (ESI +ve): found [M+H]+ 266.1388, [C14H20NO4]+ requires 266.1387; 

[𝛼]𝐷
22.1: +26.3° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.01 (1H, s, H8), 7.93 (1H, d, J = 
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7.7 Hz, H6), 7.56 (1H, d, J = 7.7 Hz, H4), 7.40 (1H, t, J = 7.7 Hz, H5), 3.92 (3H, s, 

H10), 3.87 (1H, d, J = 13.2 Hz, ArCHH), 3.74 (3H, s, H1), 3.68 (1H, d, J = 13.2 Hz, 

ArCHH), 3.21 (1H, t, J = 6.6 Hz, CHCH2CH3), 1.84 (1H, s, NH), 1.74 – 1.62 (2H, m, 

CHCH2CH3), 0.95 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 175.8 (C2), 

167.1 (C9), 140.4 (C3), 132.8 (C5), 130.3 (C8), 129.3 (C9), 128.5 (C6), 128.3 (C7), 

62.0 (CHCH2CH3), 52.1 (C11), 51.7 (C1), 43.4 (C4), 26.6 (CHCH2CH3), 10.2 

(CHCH2CH3) 

 

Methyl (R)-2-((5-chloro-2-methylbenzyl)aminol)butanoate, 10q 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 800 mg, 5.21 mmol), 

was reacted with 5-chloro-2-methyl-benzaldehyde (723 mg, 4.69 

mmol) using general method 2 to afford the title compound 10q 

as a colourless oil (1.19 g, 89%). LCMS purity >95%, ret. time 0.99 mins; HRMS (ESI 

+ve): found [M+H]+ 256.1099, [C13H18ClNO2]+ requires 256.1099; [𝛼]𝐷
22.3: +6.9° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.33 (2H, d, J = 2.2 Hz, H5), 7.13 (1H, dd, J = 8.0, 2.2 

Hz, H3), 7.07 (1H, d, J = 8.0 Hz, H2), 3.76 – 3.74 (4H, m, CO2CH3 & ArCHH), 3.56 

(1H, d, J = 13.2 Hz, ArCHH), 3.22 (1H, t, J = 6,5 Hz, CHCH2CH3), 2.30 (1H, s, 

ArCH3), 1.77 – 1.62 (3H, m, NH & CHCH2CH3), 0.97 (3H, t, J = 7.5 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 175.9 (CO2CH3),139.7 (C6), 134.9 (C1), 131.4 (C2 & C4), 

128.4 (C5), 126.9 (C3), 62.4 (CHCH2CH3), 51.7 (CO2CH3), 49.6 (ArCH2), 26.7 

(CHCH2CH3), 18.4 (ArCH3), 10.3 (CHCH2CH3) 

  

Methyl (R)-2-(((4-methylthiophen-2-yl)methyl)amino)butanoate, 10r 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 3.0 g, 19.5 mmol), was 

reacted with 4-methylthiophene-2-carbaldehyde (0.46 mL, 4.26 

mmol) using general method 2 to afford the title compound 10r as 

a brown oil (4.36 mg, 98%). LCMS purity >95%, ret. time 0.70 mins; HRMS (ESI +ve): 

found [M+H]+ 228.1062, [C11H18NO2S]+ requires 228.1053; [𝛼]𝐷
22.5: +28.4° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 6.78 (1H, t, J = 1.2 Hz, H1), 6.73 (1H, s, H3),  3.98 

(1H, dd, J = 13.9, 1.0 Hz, ArCHH), 3.78 (1H, dd, J = 13.9, 1.0 Hz, ArCHH), 3.74 (3H, 

s, CO2CH3), 3.29 (1H, t, J = 6.6 Hz, CHCH2CH3), 2.22 (3H, d, J = 1.2 Hz, ArCH3), 

1.81 (1H, s, NH), 1.74 – 1.62 (2H, m, CHCH2CH3), 0.95 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 175.7 (CO2CH3), 143.5 (C4), 137.2 (C2), 127.5 

(C3), 119.7 (C1), 61.5 (CHCH2CH3), 51.7 (CO2CH3), 46.9 (ArCH2), 26.7 (CHCH2CH3), 

15.7 (CH3), 10.2 (CHCH2CH3) 
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Methyl (R)-2-(((5-methylthiophen-2-yl)methyl)amino)butanoate, 10s 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 600 mg, 5.12 mmol), 

was reacted with 5-methylthiophene-2-carbaldehyde (0.44 mL, 

4.10 mmol) using general method 2 to afford the title compound 

10s as a brown oil (892 mg, 77%). LCMS purity >95%, ret. time 0.41 mins; HRMS 

(ESI +ve): found [M+H]+ 228.1049, [C11H18NO2S]+ requires 228.1053; [𝛼]𝐷
22.2: +25.6° 

(c 1.0, MeOH); δH (CDCl3, 500 MHz): 6.68 (1H, d, J = 3.2 Hz, H3), 6.58 – 6.55 (1H, m, 

H2), 3.95 (1H, d, J = 13.9 Hz, ArCHH), 3.75 (1H, d, J = 13.9 Hz, ArCHH), 3.73 (3H, s, 

CO2CH3), 3.28 (1H, t, J = 6.6 Hz, CHCH2CH3), 2.45 (3H, s, ArCH3), 1.89 (1H, s, NH), 

1.74 – 1.61 (2H, m, CHCH2CH3), 0.94 (3H, t, J = 6.9 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 175.7 (CO2CH3), 141.2 (C4), 139.1 (C1), 125.0 (C3), 124.5 (C2), 61.3 

(CHCH2CH3), 51.6 (CO2CH3), 47.0 (ArCH2), 26.6 (CHCH2CH3), 15.4 (ArCH3), 10.2 

(CHCH2CH3) 

Methyl (R)-2-(((4-bromothiophen-2-yl)methyl)amino)butanoate, 10t 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 852 mg, 5.55 mmol), 

was reacted with 4-bromothiophene-2-carbaldehyde (1.06 g, 5.55 

mmol) using general method 2 to afford the title compound 10t as 

a brown oil (1.60 g, 99%). Used in next step without further purification LCMS purity 

>65%, ret. time 0.73 mins; HRMS (ESI +ve): found [M+H]+ 291.9999, 

[C10H15BrNO2S]+ requires 292.0001; [𝛼]𝐷
22.5: +26.3° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 7.11 (1H, d, J = 1.6 Hz, H1), 6.84 – 6.83 (1H, m, H3), 4.02 (1H, dd, J = 14.4, 

1.0 Hz, ArCHH), 3.78 (1H, dd, J = 14.4, 1.0 Hz, ArCHH), 3.74 (3H, s, CO2CH3), 3.27 – 

3.23 (1H, m, CHCH2CH3), 1.82 (1H, s, NH), 1.74 – 1.60 (2H, m, CHCH2CH3), 0.96 

(3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 175.6 (CO2CH3), 145.6 (C4), 

127.3 (C3), 121.8 (C1), 108.9 (C2), 61.5 (CHCH2CH3), 51.8 (CO2CH3), 46.6 (ArCH2), 

26.6 (CHCH2CH3), 10.2 (CHCH2CH3) 

Methyl (R)-2-(((4-chlorothiophen-2-yl)methyl)amino)butanoate, 10u 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 900 mg, 5.86 mmol), 

was reacted with 4-chlorothiophene-2-carbaldehyde (859 mg, 5.86 

mmol) using general method 2 to afford the title compound 10u as 

a colourless oil (1.33 g, 92%). LCMS purity >95%, ret. time 0.68 mins; HRMS (ESI 

+ve): found [M+H]+ 248.0514, [C10H15ClNO2S]+ requires 248.0507; [𝛼]𝐷
22.4: +29.1° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 6.99 (1H, d, J = 1.6 Hz, H1), 6.79 – 6.78 (1H, m, 

H3), 3.99 (1H, dd, J = 14.2, 1.0 Hz, ArCHH), 3.77 – 3.74 (4H, m, ArCHH & CO2CH3), 

3.25 (1H, t, J = 6.6 Hz, CHCH2CH3), 1.85 (1H, s, NH), 1.76 – 1.62 (2H, 
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m, CHCH2CH3), 0.96 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 175.6 

(CO2CH3), 145.0 (C4), 125.0 (C2), 124.2 (C3), 119.0 (C1), 61.5 (CHCH2CH3), 51.8 

(CO2CH3), 46.8 (ArCH2), 26.6 (CHCH2CH3), 10.2 (CHCH2CH3) 

Methyl 2-(phenylamino)butanoate, 10v 

Methyl 2-bromobutanoate (0.64 mL, 5.52 mmol) and aniline (0.50 

mL, 5.52 mmol) were dissolved in acetonitrile (0.1 M). Potassium 

carbonate (1.53 g, 11.1 mmol) and potassium iodide (0.92 g, 5.52 

mmol) were added and the reaction stirred at reflux for 16 h during which time LCMS 

analysis revealed the progress of the reaction. Upon completion the reaction mixture 

was diluted with EtOAc, washed with sat. aq. NaHCO3 and the organic phase dried 

over MgSO4, filtered and concentrated in vacuo. The residue was purified by Biotage 

column chromatography (cHex/EtOAc, 9:1) to afford the title compound 10v as a 

colourless oil (667 mg, 63%). LCMS purity >95%, ret. time 1.35 mins; HRMS (ESI 

+ve): found [M+H]+ 194.1166, [C11H16NO2]+ requires 194.1176; δH (CDCl3, 500 MHz): 

7.21 – 7.16 (2H, m, H2), 6.75 (1H, tt, J = 7.6, 1.0 Hz, H1), 6.65 – 6.61 (2H, m, H3), 

4.17 – 4.12 (1H, d, J = 7.6 Hz, NH), 4.08 – 4.02 (1H, m, CHCH2CH3), 3.74 (3H, s, 

CO2CH3), 1.96 – 1.87 (1H, m, CHCHHCH3), 1.87 – 1.77 (1H, m, CHCHHCH3), 1.01 

(3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 174.5 (CO2CH3), 146.8 (C4), 

129.3 (C2), 118.2 (C1), 113.4 (C3), 57.7 (CHCH2CH3), 52.0 (CO2CH3), 26.0 

(CHCH2CH3), 9.9 (CHCH2CH3) 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)(cyclopentyl)amino)butanoate, 12a 

Aminobutanoate 10a (700 mg, 3.78 mmol) was reacted with 

pyrimidine 11 (806 mg, 4.16 mmol) using general method 3 to afford 

the title compound 12a as a yellow solid (1.03 g, 79%). LCMS purity 

>95%, ret. time 1.59 mins; HRMS (ESI +ve): found [M+H]+ 

343.1165, [C15H22ClN4O4]+ requires 343.1173; [𝛼]𝐷
21.8: +228.5° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.67 (1H, s, H6), 3.78 – 3.72 (1H, m, CHCH2CH3), 3.76 (3H, s, 

CO2CH3), 3.60 – 3.52 (1H, m, H3), 2.47 – 2.36 (1H, m, CHCHHCH3), 2.26 – 2.17 (1H, 

m, H2), 2.09 – 1.98 (1H, m, CHCHHCH3), 1.98 – 1.91 (1H, m, H2), 1.84 – 1.56 (6H, 

m, cPeH), 1.05 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.9 

(CO2CH3), 159.4 (C7), 156.5 (C6), 154.2 (C4), 131.1 (C5), 64.0 (C3), 60.2 

(CHCH2CH3), 52.5 (CO2CH3), 30.3 (C2), 27.4 (C2’), 23.1 (C1), 23.0 (C1’), 22.9 

(CHCH2CH3), 11.6 (CHCH2CH3) 
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Methyl (S)-2-((2-chloro-5-nitropyrimidin-4-yl)(cyclopentyl)amino)butanoate, 12b 

Aminobutanoate 10b (1.40 g, 7.56 mmol) was reacted with 

pyrimidine 11 (1.61 g, 8.31 mmol) using general method 3 to afford 

the title compound 12b as a yellow solid (830 mg, 32%). LCMS 

purity >95%, ret. time 1.59 mins; HRMS (ESI +ve): found [M+H]+ 

343.1171, [C14H20ClN4O4]+ requires 343.1173; [𝛼]𝐷
22.0: −229.9° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.67 (1H, s, H6), 3.78 – 3.72 (1H, m, CHCH2CH3), 3.76 (3H, s, 

CO2CH3), 3.60 – 3.51 (1H, m, H3), 2.46 – 2.36 (1H, m, CHCHHCH3), 2.25 – 2.17 (1H, 

m, H2), 2.09 – 2.01 (1H, m, CHCHHCH3), 1.99 – 1.90 (1H, m, H2), 1.84 – 1.47 (6H, 

m, cPeH), 1.05 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.9 

(CO2CH3), 159.3 (C7), 156.6 (C6), 154.2 (C4), 131.1 (C5), 64.0 (C3), 60.2 

(CHCH2CH3), 52.5 (CO2CH3), 30.3 (C2), 27.3 (C2’), 23.0 (C1), 22.9 (C1’), 22.9 

(CHCH2CH3), 11.6 (CHCH2CH3) 

 

Methyl 2-((2-chloro-5-nitropyrimidin-4-yl)(cyclopentyl)amino)butanoate, 12c 

Aminobutanoate 10c (728 mg, 3.93 mmol) was reacted with 

pyrimidine 11 (838 mg, 4.32 mmol) using general method 3 to 

afford the title compound 12c as a yellow solid (554 mg, 41%). 

LCMS purity >95%, ret. time 1.59 mins; HRMS (ESI +ve): found 

[M+H]+ 343.1166, [C14H20ClN4O4]+ requires 343.1173; δH (CDCl3, 500 MHz): 8.67 (1H, 

s, H6), 3.78 – 3.72 (1H, m, CHCH2CH3), 3.76 (3H, s, OCH3), 3.60 – 3.51 (1H, m, H3), 

2.46 – 2.36 (1H, m, CHCHHCH3), 2.25 – 2.17 (1H, m, H2), 2.09 – 2.01 (1H, m, 

CHCHHCH3), 1.99 – 1.90 (1H, m, H2), 1.84 – 1.47 (6H, m, cPeH), 1.05 (3H, t, J = 7.6 

Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.9 (CO2CH3), 159.3 (C7), 156.6 (C6), 

154.2 (C4), 131.1 (C5), 64.0 (C3), 60.2 (CHCH2CH3), 52.5 (CO2CH3), 30.3 (C2), 27.3 

(C2’), 23.0 (C1), 22.9 (C1’), 22.9 (CHCH2CH3), 11.6 (CHCH2CH3) 

 

Methyl N-(2-Chloro-5-nitropyrimidin-4-yl)-N-cyclopentyl-D-valinate, 12d 

Aminobutanoate 10d (1.26 g, 6.32 mmol) was reacted with 

pyrimidine 15 (1.35 g, 6.95 mmol) using general method 3 to afford 

the title compound 12d as a brown oil (1.06 g, 47%). LCMS purity 

>95%, ret. time 1.63 mins; HRMS (ESI +ve): found [M+H]+ 

357.1312, [C15H22ClN4O4]+ requires 357.1324; [𝛼]𝐷
22.7: +118.4° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.67 (1H, s, H6), 3.74 (3H, s, CO2CH3), 3.62 – 3.56 (1H, m, H3), 

3.45 (1H, d, J = 8.8 Hz, CHCH(CH3)2), 2.86 – 2.76 (1H, m, CHCH(CH3)2), 1.93 – 1.47 

(8H, m, cPeH), 1.23 (3H, d, J = 7.6 Hz, CH(CH3)(C’H3)), 0.90 (3H, d, J = 7.6 Hz, 

CH(CH3)(C’H3)); δC (CDCl3, 126 MHz): 170.9 (CO2CH3), 159.4. (C7), 156.6 (C6), 
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154.3 (C4), 130.7 (C5), 64.3 (CHCH(CH3)2), 64.0 (C3), 53.4 (CO2CH3), 30.5 (C2), 

27.7 (CHCH(CH3)2), 22.6 (C1), 22.4 (C1’), 22.3 (CH(CH3)(C’H3)), 19.9 (CH(CH3)(C’H3) 

 

Methyl(R)-2-((2-chloro-5-nitropyrimidin-4-yl)(cyclopentyl)amino)propanoate, 12e 

Aminobutanoate 10e (200 mg, 1.17 mmol) was reacted with 

pyrimidine 11 (249 mg, 1.28 mmol) using general method 3 to afford 

the title compound 12e as a brown solid (90 mg, 23%). LCMS purity 

>95%, ret. time 1.53 mins; HRMS (ESI +ve): found [M+H]+ 

329.1026, [C13H18ClN4O4]+ requires 329.1011; [𝛼]𝐷
22.0: +240.3° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.64 (1H, s, H6), 4.00 (1H, q, J = 6.7 Hz, CHCH3), 3.77 (3H, s, 

CO2CH3), 3.60 (1H, quin., J = 8.1, H3), 2.29 – 2.20 (1H, m, H2), 2.01 – 1.94 (1H, m, 

H2), 1.91 – 1.84 (1H, m, H2), 1.80 – 1.71 (2H, m, H1), 1.68 (3H, d, J = 6.7 Hz, 

CHCH3), 1.65 - 1.53 (3H, m, cPeH); δC (CDCl3, 126 MHz): 171.0 (CO2CH3), 159.4 

(C7), 156.5 (C6), 153.6 (C4), 130.9 (C5), 63.4 (C3), 54.3 (CHCH3), 52.7 (CO2CH3), 

29.9 (C2), 27.3 (C2’), 23.9 (C1), 23.8 (C1’), 16.0 (CHCH3) 

 

Methyl(S)-2-((2-chloro-5-nitropyrimidin-4-yl)(cyclopentyl)amino)propanoate, 12f 

Aminobutanoate 10f (1.15 g, 6.71 mmol) was reacted with 

pyrimidine 11 (1.43 g, 7.39 mmol) using general method 3 to 

afford the title compound 12f as a yellow solid (1.29 g, 58%). 

LCMS purity >95%, ret. time 1.50 mins; HRMS (ESI +ve): found 

[M+H]+ 343.1171, [C13H18ClN4O4]+ requires 343.1173; [𝛼]𝐷
23.4: −164.2° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 8.64 (1H, s, H6), 4.00 (1H, q, J = 6.7 Hz, CHCH3), 3.77 (3H, s, 

CO2CH3), 3.60 (1H, quin., J = 8.2 Hz, H3), 2.29 – 2.20 (1H, m, H2), 2.01 – 1.94 (1H, 

m, H2), 1.91 – 1.84 (1H, m, H2), 1.80 – 1.71 (2H, m, H1), 1.69 (3H, d, J = 6.7 Hz, 

CHCH3), 1.65 – 1.55 (3H, m, cPeH); δC (CDCl3, 126 MHz): 171.0 (CO2CH3), 159.4 

(C7), 156.5 (C6), 153.6 (C4), 130.9 (C5), 63.5 (C3), 54.3 (CHCH3), 52.6 (CO2CH3), 

29.9 (C2), 27.3 (C2’), 23.9 (C1), 23.8 (C1’), 16.0 (CHCH3) 

 

Methyl 2-((2-chloro-5-nitropyrimidin-4-yl)-cyclopentyl-amino)acetate, 12g 

Aminoacetate 10g (766 mg, 3.95 mmol) was reacted with 

pyrimidine 11 (431 mg, 7.19 mmol) using general method 3 to 

afford the title compound 12g as a yellow solid (577 mg, 51%). 

LCMS purity >95%, ret. time 1.45 mins; HRMS (ESI +ve): found 

[M+H]+ 315.0850, [C12H16ClN4O4]+ requires 315.0860; δH (CDCl3, 500 MHz): 8.65 (1H, 

s, H6), 4.17 (1H, s, NCH2), 3.98 – 3.88 (1H, m, H3), 3.79 (3H, s, CO2CH3), 2.16 – 

2.07 (2H, m, H2), 1.78 – 1.70 (2H, m, H1), 1.64 – 1.53 (4H, m, cPeH); δC (CDCl3, 126 



Chapter 7 

182 
 

MHz): 168.8 (CO2CH3), 160.2 (C7), 156.3 (C6), 154.9 (C4), 131.1 (C5), 63.5 (C5), 

62.3 (C3), 52.7 (CO2CH3), 46.8 (NCH2), 29.0 (C2), 23.9 (C1) 

 

Methyl 1-((2-chloro-5-nitropyrimidin-4-yl)-cyclopentyl-

amino)cyclopropanecarboxylate, 12h 

Carboxylate 10h (667 mg, 3.64 mmol) was reacted with pyrimidine 

11 (777 mg, 4.00 mmol) using general method 3 to afford the title 

compound 12h as a yellow oil (1.10 g, 89%). LCMS purity >95%, 

ret. time 1.56 mins; HRMS (ESI +ve): found [M+H]+ 341.1005, 

[C14H18ClN4O4]+ requires 341.1011; δH (CDCl3, 500 MHz): 8.65 (1H, s, H6), 4.23 (1H, 

quin., J = 8.8 Hz, H3), 3.84 (3H, s, CO2CH3), 2.27 – 2.10 (2H, m, H2), 2.08 – 1.93 

(4H, m, cPeH), 1.66 – 1.54 (4H m, 2 x H1 & C(CH2)2), 1.35 – 1.30 (1H, m, C(CH2)2), 

1.14 – 1.09 (1H, m, C(CH2)2); δC (CDCl3, 126 MHz): 171.4 (CO2CH3), 159.7 (C7), 

156.1 (C(CH2)2 & C6), 15.42 (C4), 132.7 (C5), 67.2 (C3), 52.9 (CO2CH3), 30.3 (C2), 

29.8 (C2’), 25.3 (C1), 20.7 (C(CH2)(C’H2), 18.5 (C(CH2)(C’H2)) 

 

Methyl (R)-2-((3-bromobenzyl)(2-chloro-5-nitropyrimidin-4-yl)amino)butanoate, 

12i 

Aminobutanoate 10i (1.30 g, 4.54 mmol) was reacted with 

pyrimidine 11 (0.97 g, 5.00 mmol) using general method 3 to 

afford the title compound 12i as a yellow oil (1.81 g, 90%). 

LCMS purity >95%, ret. time 1.64 mins; HRMS (ESI +ve): found 

[M+H]+ 443.0118, [C16H17BrClN4O4]+ requires 443.0122; [𝛼]𝐷
22.0: +12.0° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 8.64 (1H, s, H9), 7.45 (1H, s, H6), 7.41 (1H, d, J = 8.2 Hz, H2), 

7.23 (1H, d, J = 7.6 Hz, H4), 7.17 – 7.13 (1H, m, H3), 4.75 (1H, d, J = 15.8 Hz, 

ArCHH), 4.73 – 4.68 (1H, m, CHCH2CH3), 4.59 (1H, d, J = 15.8 Hz, ArCHH), 3.82 

(3H, s, CO2CH3), 2.32 – 2.23 (1H, m, CHCHHCH3), 2.10 – 2.00 (1H, m, CHCHHCH3), 

1.07 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.7 (CO2CH3), 160.6 

(C10), 156.8 (C9), 155.3 (C7), 135.7 (C5), 131.8 (C6), 131.6 (C8), 131.4 (C2), 130.3 

(C3), 127.3 (C4), 122.7 (C1), 64.9 (CHCH2CH3), 52.8 (ArCH2), 52.6 (CO2CH3), 23.5 

(CHCH2CH3), 11.2 (CHCH2CH3) 

 

Methyl (R)-2-((2-bromobenzyl)(2-chloro-5-nitropyrimidin-4-yl)amino)butanoate, 

12j 

Aminobutanoate 10j (1.00 g, 3.49 mmol) was reacted with 

pyrimidine 11 (0.75 g, 3.84 mmol) using general method 3 to 

afford the title compound 12j as a yellow oil (1.28 g, 83%). 
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LCMS purity >95%, ret. time 0.99 mins; HRMS (ESI +ve): found [M+H]+ 445.0102, 

[C16H17BrClN4O4]+ requires 445.0121; [𝛼]𝐷
22.2: +27.0° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 8.71 (1H, s, H9), 7.58 (1H, dd, J = 8.0, 1.1 Hz, H2), 7.37 – 7.34 (1H, m, H5), 

7.30 – 7.25 (1H, m, H4), 7.21 – 7.17 (1H, m, H3), 4.69 (1H, d, J = 16.5 Hz, ArCHH), 

4.63 (1H, d, J = 16.5 Hz, ArCHH), 4.39 – 4.34 (1H, m, CHCH2CH3), 3.71 (3H, s, 

CO2CH3), 2.34 – 2.25 (1H, m, CHCHHCH3), 2.10 – 2.00 (1H, m, CHCHHCH3), 1.07 

(3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.3 (CO2CH3), 157.2 (C10), 

156.6 (C9), 155.3 (C7), 133.2 (C2), 132.6 (C6), 131.7 (C8), 129.8 (C3 & C5), 127.5 

(C4), 124.4 (C1), 64.3 (CHCH2CH3), 52.8 (ArCH2), 52.4 (CO2CH3), 23.5 (CHCH2CH3), 

11.4 (CHCH2CH3) 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)((3-methylthiophen-2-

yl)methyl)amino)butanoate, 12k 

Aminobutanoate 10k (0.77 g, 3.39 mmol) was reacted with 

pyrimidine 11 (0.72 g, 3.72 mmol) using general method 3 to 

afford the title compound 12k as a yellow solid (1.18 g, 91%). 

LCMS purity >95%, ret. time 1.67 mins; HRMS (ESI +ve): found 

[M+H]+ 385.0732, [C15H18ClN4O4S]+ requires 386.0732; [𝛼]𝐷
22.1: +4.9° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 8.65 (1H, s, H7), 7.15 (1H, d, J = 5.2 Hz, H1), 6.70 (1H, d, J = 

5.2 Hz, H2), 4.92 (1H, dd, J = 5.4, 4.1 Hz, CHCH2CH3), 4.75 (2H, s, ArCH2), 3.80 (3H, 

s, CO2CH3), 2.30 – 2.20 (1H, m, CHCHHCH3), 2.16 (3H, s, ArCH3), 2.07 – 2.00 (1H, 

m, CHCHHCH3), 1.09 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.8 

(CO2CH3), 160.5 (C8), 156.4 (C7), 155.3 (C5), 138.4 (C4), 133.1 (C6), 131.6 (C3), 

129.9 (C2), 126.1 (C1), 64.1 (CHCH2CH3). 52.5 (CO2CH3), 46.7 (NCH2), 23.1 

(CHCH2CH3), 13.8 (ArCH3), 11.1 (CHCH2CH3) 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)((1,3-dimethylpyrazol-4-

yl)methyl)amino)butanoate, 12l 

Aminobutanoate 10l (0.72 g, 3.20 mmol) was reacted with 

pyrimidine 11 (0.68 g, 3.52 mmol) using general method 3 to 

afford the title compound 12l as a yellow solid (299 mg, 24%). 

LCMS purity >95%, ret. time 1.48 mins; HRMS (ESI +ve): found 

[M+H]+ 383.1264, [C15H20ClN6O4]+ requires 383.1234; [𝛼]𝐷
22.1: +2.1° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.66 (1H, s, H6), 7.19 (1H, s, H3), 4.75 (1H, dd, J = 10.1, 4.7 Hz, 

CHCH2CH3), 4.41 (2H, d, J = 4.4 Hz, ArCH2), 3.78 (3H, s, CO2CH3), 3.75 (3H, s, 

NCH3), 2.29 – 2.19 (1H, m, CHCHHCH3), 2.14 (3H, s, ArCH3), 2.10 – 2.01 (1H, m, 

CHCHHCH3), 1.04 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 171.0 
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(CO2CH3), 160.4 (C7), 156.3 (C6), 154.8 (C4), 147.7 (C1), 131.7 (C5), 131.6 (C3), 

110.4 (C2), 64.0 (CHCH2CH3). 52.5 (CO2CH3), 44.5 (C4), 38.9 (NCH3), 23.0 

(CHCH2CH3), 11.4 (ArCH3), 11.1 (CHCH2CH3) 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)((5-methylisoxazol-3-

yl)methyl)amino)butanoate, 12m 

Aminobutanoate 10m (0.50 g, 2.34 mmol) was reacted with 

pyrimidine 11 (0.50 g, 2.59 mmol) using general method 3 to 

afford the title compound 12m as a yellow solid (820 mg, 94%). 

LCMS purity >95%, ret. time 1.67 mins; HRMS (ESI +ve): found 

[M+H]+ 370.0896, [C14H16ClN5O5]+ requires 370.0913; [𝛼]𝐷
22.6: +26.3° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 8.75 (1H, s, H6), 6.09 (1H, d, J = 1.0 Hz, H2), 4.75 (1H, d, J = 

16.1 Hz, ArHH), 4.68 (1H, d, J = 16.1 Hz, ArHH), 4.64 – 4.58 (1H, m, CHCH2CH3), 

3.79 (3H, s, CO2CH3), 2.39 (3H, d, J = 1.0 Hz, ArCH3),  2.27 – 2.19 (1H, m, 

CHCHHCH3), 2.10 – 2.01 (1H, m, CHCHHCH3), 0.99 (3H, t, J = 7.4 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 170.7 (CO2CH3), 170.4 (C1), 160.6 (C7), 158.4 (C3), 157.0 

(C6), 155.4 (C4), 131.6 (C5), 101.6 (C2), 64.3 (CHCH2CH3). 52.6 (CO2CH3), 45.1 

(ArCH2), 23.1 (CHCH2CH3), 12.3 (ArCH3), 11.1 (CHCH2CH3) 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)-isobutyl-amino)butanoate, 12n 

Aminobutanoate 10n (0.30 g, 1.73 mmol) was reacted with 

pyrimidine (0.37 g, 1.90 mmol) using general method 3 to afford the 

title compound 12n as a yellow oil (490 mg, 86%). LCMS purity 

>95%, ret. time 1.48 mins; HRMS (ESI +ve): found [M+H]+ 331.1162, 

[C13H20ClN4O4]+ requires 331.1168; [𝛼]𝐷
22.3: +182° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 8.68 (1H, s, H3), 4.25 – 4.17 (1H, m, CHCH2CH3), 3.74 (3H, s, CO2CH3), 3.22 

(1H, dd, J = 13.9, 8.8 Hz, NCHH), 3.07 (1H, dd, J = 14.8, 6.3 Hz, NCHH), 2.21 – 2.13 

(1H, m, CHCHHCH3), 2.07 – 1.98 (1H, m, CHCHHCH3), 1.96 – 1.88 (1H, m, 

CH(CH3)2), 1.02 (3H, t, J = 7.4 Hz, CHCH2CH3), 0.87 (3H, d, J = 6.6 Hz, 

CH(CH3)(C’H3)), 0.80 (3H, d, J = 6.6 Hz, CH(CH3)(C’H3)); δC (CDCl3, 126 MHz): 170.2 

(CO2CH3), 160.2 (C4), 156.6 (C3), 156.5 (C1), 131.7 (C2), 66.1 (CHCH2CH3). 58.2 

(NCH2), 52.4 (CO2CH3), 26.4 (CH(CH3)2), 22.7 (CHCH2CH3), 20.3 (CH(CH3)(C’H3)), 

19.9 (CH(CH3)(C’H3)), 10.9 (CHCH2CH3) 
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Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)(3-fluorobenzyl)amino)butanoate, 

12o  

Aminobutanoate 10o (690 mg, 3.06 mmol) was reacted with 

pyrimidine 11 (654 mg, 3.37 mmol) using general method 3 to 

afford the title compound 12o as a yellow gum (910 mg, 78%). 

LCMS purity >95%, ret. time 1.57 mins; HRMS (ESI +ve): found 

[M+H]+ 383.0907, [C16H17ClFN4O4]+ requires 383.0917; [𝛼]𝐷
22.6: +12.5° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 8.62 (1H, s, H7), 7.26 – 7.23 (1H, m, H3), 7.06 – 7.00 (2H, m, 

H4 & H6), 6.97 (1H, td, J = 8.4, 2.5 Hz, H2), 4.93 (1H, dd, J = 9.8, 5.0 Hz, 

CHCH2CH3), 4.80 (1H, d, J = 15.8 Hz, ArCHH), 4.53 (1H, d, J = 15.8 Hz, ArCHH), 

3.82 (3H, s, CO2CH3), 2.32 – 2.23 (1H, m, CHCHHCH3), 2.12 – 2.01 (1H, m, 

CHCHHCH3), 1.08 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.8 

(CO2CH3), 162.8 (d, JC-F = 247 Hz, C1), 160.7 (C10), 156.7 (C9), 155.4 (C7), 135.9 

(C6), 131.7 (C8), 130.4 (d, JC-F = 8.2 Hz, C3), 124.4 (d, JC-F = 2.8 Hz, C4), 115.6 (d, 

JC-F = 22.9 Hz, C6), 115.4 (d, JC-F = 21.1 Hz, C2), 65.0 (CHCH2CH3), 52.8 (ArCH2), 

52.6 (OCH3), 23.5 (CHCH2CH3), 11.2 (CHCH2CH3); δF{H} (CDCl3, 471 MHz): −111.7 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)(1-methoxy-1-oxobutan-2-

yl)amino)methyl)benzoate, 12p  

Aminobutanoate 10p (1.30 g, 4.90 mmol) was reacted with 

pyrimidine 11 (1.05 g, 5.39 mmol) using general method 3 to 

afford the title compound 12p as a yellow oil (1.80 g, 87%). 

LCMS purity >95%, ret. time 1.55 mins; HRMS (ESI +ve): 

found [M+H]+ 423.1071, [C18H20ClN4O6]+ requires 423.1066; [𝛼]𝐷
22.6: +20.8° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 8.55 (1H, s, H14), 7.94 – 7.89 (2H, m, H4 & H8), 7.47 

(1H, d, J = 7.9 Hz, H6), 7.37 – 7.30 (1H, m, H5), 4.79 (1H, d, J = 15.8 Hz, ArCHH) 

4.72 – 4.66 (1H, m, CHCH2CH3), 4.64 (1H, d, J = 15.8 Hz, ArCHH), 3.87 (3H, s, H1), 

3.78 (3H, s, H10),  2.30 – 2.20 (1H, m, CHCHHCH3), 2.08 – 2.01 (1H, m, 

CHCHHCH3), 1.04 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.5 (C9), 

166.2 (C1), 160.4 (C14), 156.6 (C13), 155.1 (C11), 133.8 (C7), 132.9 (C6), 131.5 

(C12), 130.6 (C3), 129.8 (C4), 129.3 (C8), 128.7 (C5), 64.9 (CHCH2CH3), 53.1 

(ArCH2), 52.4 (C10), 52.1 (C1), 23.3 (CHCH2CH3), 11.0 (CHCH2CH3) 

 

Methyl (R)-2-((5-chloro-2-methylbenzyl)(2-chloro-5-nitropyrimidin-4-yl) 

amino)butanoate, 12q  

Aminobutanoate 10q (1.17 g, 4.58 mmol) was reacted with pyrimidine 11 (976 mg, 

5.03 mmol) using general method 3 to afford the title compound 12q as a yellow oil 
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(1.06 g, 56%). LCMS purity >95%, ret. time 1.63 mins; HRMS 

(ESI +ve): found [M+H]+ 413.0772, [C17H19Cl2N4O4]+ requires 

413.0778; [𝛼]𝐷
22.4: +28.4° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 

8.67 (1H, s, H9), 7.22 (1J, d, J = 2.0 Hz, H5), 7.17 (1H, dd, J = 8.1, 2.0 Hz, H3), 7.09 

(1H, d, J = 8.0 Hz, H2), 4.55 – 4.50 (3H, m, ArCH2 & CHCH2CH3), 3.75 (CO2CH3), 

2.34 – 2.26 (1H, m, CHCHHCH3), 2.25 (3H, s, ArCH3), 2.10 – 2.01 (1H, m, 

CHCHHCH3), 1.08 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.3 

(CO2CH3), 160.5 (C10), 156.6 (C9), 155.1 (C7), 135.1 (C1), 133.2 (C6), 132.1 (C2), 

131.9 (C4), 131.7 (C8), 128.2 (C3), 127.8 (C5), 64.4 (CHCH2CH3), 52.5 (CO2CH3), 

50.6 (ArCH2), 23.4 (CHCH2CH3), 18.8 (ArCH3), 11.3 (CHCH2CH3) 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)((4-methylthiophen-2-yl)methyl) 

amino)butanoate, 12r  

Aminobutanoate 10r (1.26 g, 4.85 mmol) was reacted with 

pyrimidine 11 (1.04 g, 5.34 mmol) using general method 3 to 

afford the title compound 12r as a yellow oil (1.46 g, 72%). 

LCMS purity >95%, ret. time 1.60 mins; HRMS (ESI +ve): found 

[M+H]+ 385.0738, [C15H18ClN4O4S]+ requires 385.0732; [𝛼]𝐷
22.5: +5.6° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 8.70 (1H, s, H7), 6.82 – 6.81 (1H, m, H1), 6.71 (1H, s, H3), 4.95 

– 4.80 (3H, m, CHCH2CH3 & ArCH2), 3.82 (3H, s, CO2CH3), 2.31 – 2.21 (1H, m, 

CHCHHCH3), 2.18 (3H, s, ArCH3), 2.09 – 1.99 (1H, m, CHCHHCH3), 1.06 (3H, t, J = 

7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.9 (CO2CH3), 160.5 (C8), 156.7 (C7), 

155.3 (C5), 137.2 (C2), 135.1 (C4), 133.1 (C3), 131.4 (C7), 122.9 (C1), 64.4 

(CHCH2CH3), 52.6 (CO2CH3), 48.6 (ArCH2), 23.3 (CHCH2CH3), 15.5 (ArCH3), 11.1 

(CHCH2CH3) 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)((5-methylthiophen-2-yl)methyl) 

amino)butanoate, 12s  

Aminobutanoate 10s (892 mg, 3.92 mmol) was reacted with 

pyrimidine 11 (837 mg, 4.32 mmol) using general method 3 to 

afford the title compound 12s as a yellow gum (1.30 g, 86%). 

LCMS purity >95%, ret. time 1.60 mins; HRMS (ESI +ve): found 

[M+H]+ 385.0729, [C15H17ClN4O4S]+ requires 385.0732; [𝛼]𝐷
22.4: −2.8° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 8.70 (1H, s, H7), 6.67 (1H, d, J = 3.5 Hz, H3), 6.53 – 6.51 (1H, 

m, H2), 4.98 – 4.93 (1H, m, CHCH2CH3), 4.84 (1H, d, J = 15.9 Hz, ArCHH), 4.81 (1H, 

d, J = 15.9 Hz, ArCHH), 3.82 (3H, s, CO2CH3), 2.39 (3H, s, ArCH3), 2.31 – 2.21 (1H, 

m, CHCHHCH3), 2.08 – 2.00 (1H, m, CHCHHCH3), 1.07 (3H, t, J = 7.4 Hz, 
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CHCH2CH3); δC (CDCl3, 126 MHz): 171.0 (CO2CH3), 160.5 (C8), 156.8 (C7), 155.3 

(C5), 142.8 (C1), 132.7 (C4), 131.4 (C6) 131.0 (C3), 124.5 (C2), 64.3 (CHCH2CH3), 

52.6 (CO2CH3), 48.7 (ArCH2), 23.3 (CHCH2CH3), 15.5 (ArCH3), 11.1 (CHCH2CH3) 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)((4-bromothiophen-2-yl)methyl) 

amino)butanoate, 12t  

Aminobutanoate 10t (1.40 g, 4.79 mmol) was reacted with 

pyrimidine 11 (1.02 g, 5.27 mmol) using general method 3 to 

afford the title compound 12t as a brown solid (1.62 g, 75%). 

LCMS purity >95%, ret. time 1.62 mins; HRMS (ESI +ve): found 

[M+H]+ 450.9644, [C14H15BrClN4O4S]+ requires 450.9658; [𝛼]𝐷
22.5: +7.6° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 8.75 (1H, s, H7), 7.17 (1H, d, J = 1.2 Hz, H1), 6.91 – 

6.89 (1H, m, H3), 4.88 (2H, dd, J = 7.3, 1.0 Hz, ArCH2), 4.71 – 4.63 (1H, m, 

CHCH2CH3), 3.81 (3H, s, CO2CH3), 2.30 – 2.22 (1H, m, CHCHHCH3), 2.07 – 1.95 

(1H, m,  CHCHHCH3), 1.02 (3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

170.8 (CO2CH3), 160.9 (C8), 157.1 (C7), 155.5 (C5), 137.6 (C4), 132.6 (C3), 131.4 

(C6), 124.8 (C1), 109.0 (C2), 64.7 (CHCH2CH3), 52.7 (CO2CH3), 47.6 (ArCH2), 23.6 

(CHCH2CH3), 11.1 (CHCH2CH3) 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)((4-chlorothiophen-2-yl)methyl) 

amino)butanoate, 12u  

Aminobutanoate 10u (1.33 g, 5.37 mmol) was reacted with 

pyrimidine 11 (1.15 g, 5.91 mmol) using general method 3 to 

afford the title compound 12u as a brown solid (1.26 g, 58%). 

LCMS purity >95%, ret. time 1.61 mins; HRMS (ESI +ve): found 

[M+H]+ 405.0178, [C14H15Cl2N4O4S]+ requires 405.0186; [𝛼]𝐷
22.5: +7.6° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 8.76 (1H, s, H7), 7.05 (1H, d, J = 1.6 Hz, H1), 6.87 – 6.85 (1H, 

m, H3), 4.87 (2H, dd, J = 7.9, 1.0 Hz, ArCH2), 4.73 – 4.64 (1H, m, CHCH2CH3), 3.82 

(3H, s, CO2CH3), 2.31 – 2.22 (1H, m, CHCHHCH3), 2.14 – 1.95 (1H, m, CHCHHCH3), 

1.03 (3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.9 (CO2CH3), 157.1 

(C8), 155.5 (C5), 136.9 (C4), 130.6 (C6), 130.3 (C3), 12.5 (C2), 121.9 (C1), 64.7 

(CHCH2CH3), 52.7 (CO2CH3), 47.8 (ArCH2), 23.6 (CHCH2CH3), 11.1 (CHCH2CH3) 

 

Methyl 2-((2-chloro-5-nitropyrimidin-4-yl)(phenyl)amino)butanoate, 12v  

Aminobutanoate 10v (660 mg, 3.42 mmol) was reacted with pyrimidine 11 (730 mg, 

3.76 mmol) using general method 3 to afford the title compound 12v as a yellow solid 

(900 mg, 75%). LCMS purity >95%, ret. time 1.51 mins; HRMS (ESI +ve): found 
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[M+H]+ 351.0843, [C15H16ClN4O4]+ requires 351.0855; δH (CDCl3, 

500 MHz): 8.57 (1H, s, H7), 7.43 – 7.35 (2H, m, H2), 7.33 (1H, tt, J 

= 7.3, 1.0 Hz, H1), 7.23 – 7.15 (2H, m, H3), 4.68 (1H, dd, J = 9.5, 

5.7 Hz, CHCH2CH3), 3.77 (3H, s, CO2CH3), 2.34 – 2.16 (2H, m, 

CHCH2CH3), 1.16 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.5 

(CO2CH3), 160.3 (C8), 155.8 (C7), 154.2 (C5), 142.7 (C4), 132.6 (C6), 130.1 (C2), 

128.4 (C1), 125.2 (C3), 67.8 (CHCH2CH3), 52.5 (CO2CH3), 22.0 (CHCH2CH3), 11.6 

(CHCH2CH3) 

 

(R)-2-chloro-8-cyclopentyl-7-ethyl-7,8-dihydropteridin-6(5H)-one, 13a 

Aminobutanoate 12a (1.00 g, 2.92 mmol) was subjected to general 

method 4 to afford the title compound 13a as a yellow solid (345 

mg, 42%). LCMS purity >95%, ret. time 1.51 mins; HRMS (ESI +ve): 

found [M+H]+ 281.1163, [C13H18ClN4O]+ requires 281.1169; [𝛼]𝐷
22.1: 

−96.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 9.39 (1H, s, NH), 7.68 (1H, s, H6), 4.37 

– 4.29 (1H, m, H3), 4.21 (1H, dd, J = 7.4, 3.6 Hz, CHCH2CH3), 2.11 – 2.05 (1H, m, 

H2), 2.00 – 1.74 (7H, m, cPeH & CHCH2CH3), 1.70 – 1.61 (2H, m, H1), 0.96 (3H, t, J 

= 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 165.7 (CONH), 154.2 (C7), 151.8 (C4), 

138.9 (C6), 118.0 (C5), 60.9 (CHCH2CH3), 59.6 (C3), 29.4 (C2), 29.2 (C2’), 26.9 

(CHCH2CH3), 23.9 (C1), 23.8 (C1’), 8.8 (CHCH2CH3) 

 

(S)-2-chloro-8-cyclopentyl-7-ethyl-7,8-dihydropteridin-6(5H)-one, 13b 

Aminobutanoate 12b (815 mg, 2.38 mmol) was subjected to general 

method 4 to afford the title compound 13b as a yellow solid 186 mg, 

28%). LCMS purity >95%, ret. time 1.51 mins; HRMS (ESI +ve): 

found [M+H]+ 281.1163, [C13H18ClN4O]+ requires 281.1169; [𝛼]𝐷
22.1: 

+96.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 9.67 (1H, s, NH), 7.70 (1H, s, H6), 4.32 

(1H, quin, J = 8.4 Hz, H3), 4.21 (1H, dd, J = 7.3, 3.5 Hz, CHCH2CH3), 2.12 – 2.04 

(1H, m, H2), 2.00 – 1.73 (7H, m, cPeH & CHCH2CH3), 1.70 – 1.60 (2H, m, H1), 0.94 

(3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 165.9 (CONH), 154.2 (C7), 

151.8 (C4), 138.9 (C6), 118.1 (C5), 60.9 (CHCH2CH3), 59.3 (C3), 29.4 (C2), 29.2 

(C2’), 27.2 (CHCH2CH3), 22.9 (C1), 22.8 (C1’), 8.8 (CHCH2CH3) 

 

2-Chloro-8-cyclopentyl-7-ethyl-7,8-dihydropteridin-6(5H)-one, 13c 

Aminobutanoate 12c (554 mg, 1.62 mmol) was subjected to general method 4 to 

afford the title compound 13c as a yellow solid (126 mg, 28%). LCMS purity >95%, 

ret. time 1.51 mins; HRMS (ESI +ve): found [M+H]+ 281.1163, [C13H18ClN4O]+ 
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requires 281.1169; δH (CDCl3, 500 MHz): 9.67 (1H, s, NH), 7.70 (1H, 

s, H6), 4.32 (1H, quin., J = 8.4 Hz, H3), 4.21 (1H, dd, J = 7.3, 3.5 Hz, 

CHCH2CH3), 2.12 – 2.04 (1H, m, H2), 2.00 – 1.73 (7H, m, cPeH & 

CHCH2CH3), 1.70 – 1.60 (2H, m, H1), 0.94 (3H, t, J = 7.6 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 165.9 (CONH), 154.2 (C7), 151.8 (C4), 138.9 

(C6), 118.1 (C5), 60.9 (CHCH2CH3), 59.3 (C3), 29.4 (C2), 29.2 (C2’), 27.2 

(CHCH2CH3), 22.9 (C1), 22.8 (C1’), 8.8 (CHCH2CH3) 

 

(R)-2-Chloro-8-cyclopentyl-7-isopropyl-7,8-dihydropteridin-6(5H)-one, 13d 

Aminobutanoate 12d (1.05 g, 2.94 mmol) was subjected to general 

method 4 to afford the title compound 13e as a yellow solid (567 mg, 

65%). LCMS purity >95%, ret. time 1.57 mins; HRMS (ESI +ve): 

found [M+H]+ 295.1325, [C14H20ClN4O]+ requires 295.1320; [𝛼]𝐷
22.6: 

−46.4° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.67 (1H, s NH), 7.61 (1H, s, H6), 4.22 

(1H, quin., J = 8.4 Hz, H3), 4.08 (1H, d, J = 4.1 Hz, CHCH(CH3)2), 2.20 – 2.04 (2H, m, 

CHCH(CH3)2 & C2), 2.03 – 1.77 (5H, m, cPeH), 1.70 – 1.58 (2H, m, cPeH), 1.13 (3H, 

d, J = 6.9 Hz, CH(CH3)(C’H3)), 0.88 (3H, d, J = 6.9 Hz, CH(CH3)(C’H3)); δC (CDCl3, 

126 MHz): 163.6 (CONH), 154.1 (C7), 151.9 (C4), 138.5 (C6), 118.4 (C5),  70.0 

(CHCH(CH3)2), 60.9 (C3), 35.4 (CHCH(CH3)2), 29.6 (C2), 29.5 (C2’), 24.1 (C1), 23.9 

(C1’), 20.2 (CH(CH3)(C’H3)), 16.6 (CH(CH3)(C’H3)) 

 

(R)-2-Chloro-8-cyclopentyl-7-methyl-7,8-dihydropteridin-6(5H)-one, 13e 

Aminobutanoate 12e (85 mg, 0.26 mmol) was subjected to general method 4 to afford 

the title compound 13e as a white solid (40 mg, 58%). LCMS purity 

>95%, ret. time 1.47 mins; HRMS (ESI +ve): found [M+H]+ 267.1022, 

[C12H16ClN4O]+ requires 267.1013; [𝛼]𝐷
21.1 : −26.3° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 9.45 (1H, s, CONH), 7.73 (1H, s, H6), 4.45 (1H, 

quin., J = 8.4 Hz, H3), 4.28 (1H, q, J = 6.8 Hz, CHCH3), 2.14 – 2.06 (1H, m, H2), 2.03 

– 1.96 (1H, m, H2), 1.91 – 1.62 (6H, m, cPeH), 1.44 (3H, d, J = 6.8 Hz, CHCH3); δC 

(CDCl3, 126 MHz): 167.0 (CONH), 154.5 (C7), 151.3 (C4), 139.3 (C6), 118.0 (C5), 

58.7 (C3), 55.2 (CHCH3), 29.7 (C2), 29.4 (C2’), 23.9 (C1), 23.6 (C1’), 19.7 (CHCH3) 

 

(S)-2-Chloro-8-cyclopentyl-7-methyl-7,8-dihydropteridin-6(5H)-one, 13f 

Aminobutanoate 12f (2.10 g, 12.2 mmol) was subjected to general 

method 4 to afford the title compound 13f as a white solid (1.70 m, 

42%). LCMS purity >95%, ret. time 1.47 mins; HRMS (ESI +ve): 

found [M+H]+ 267.1003, [C12H16ClN4O]+ requires 267.1007; [𝛼]𝐷
23.5 : 
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−17.3° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.65 (1H, s, NH), 7.68 (1H, s, H6), 4.36 

(1H, quin, J = 8.4 Hz, H3), 4.28 (1H, q, J = 6.8 Hz, CHCH3), 2.14 – 2.07 (1H, m, H2), 

2.03 – 1.96 (1H, m, H2), 1.91 – 1.64 (6H, m, cPeH), 1.44 (3H, d, J = 6.9 Hz, CHCH3); 

δC (CDCl3, 126 MHz): 166.5 (CONH), 154.5 (C7), 151.3 (C4), 139.2 (C6), 117.9 (C5), 

58.7 (C3), 55.2 (CHCH3), 29.7 (C2), 29.4 (C2’), 23.9 (C1), 23.6 (C1’), 19.7 (CHCH3) 

 

2-Chloro-8-cyclopentyl-7-ethyl-7,8-dihydropteridin-6(5H)-one, 13g 

Aminobutanoate 12g (410 mg, 1.30 mmol) was subjected to general 

method 4 to afford the title compound 13g as a yellow solid 101 mg, 

31%). LCMS purity >95%, ret. time 1.19 mins; HRMS (ESI +ve): 

found [M+H]+ 253.0854, [C11H14ClN4O]+ requires 254.0851; δH (CDCl3, 

500 MHz): 7.98 (1H, s, NH), 7.60 (1H, s, H7), 6.15 (1H, quin, J = 8.4 Hz, H3), 4.11 

(2H, s, COCH2), 1.98 – 1.89 (2H, m, H2), 1.80 – 1.57 (6H, m, cPeH); δC (CDCl3, 126 

MHz): 162.7 (CONH), 155.9 (C8), 151.5 (C5), 138.8 (C7), 117.5 (C6), 55.2 (C3), 45.0 

(COCH2), 27.1 (C2), 24.1 (C1) 

 

2-Chloro-8-cyclopentyl-5,8-dihydro-6H-spiro(cyclopropane-1,7-pteridin)-6-one, 

13h 

Aminobutanoate 12h (1.10 g, 3.23 mmol) was subjected to general 

method 4 to afford the title compound 13h as a yellow solid 90 mg, 

10%). LCMS purity >95%, ret. time 1.53 mins; HRMS (ESI +ve): 

found [M+H]+ 279.0996, [C13H16ClN4O]+ requires 279.1007; δH (CDCl3, 

500 MHz): 3.59 (1H, quin, J = 8.8 Hz, H3), 2.20 – 2.12 (2H, m, H2), 2.08 – 2.00 (2H, 

m, H2), 1.75 – 1.66 (2H, m, H1), 1.60 – 1.53 (4H, m, H1 & C(CH2)(CH2)), 1.34 – 1.27 

(2H, m, C(CH2)(CH2)); δC (CDCl3, 126 MHz): 166.7 (CONH), 153.5 (C4/7), 1527 

(C4/7), 138.5 (C6), 118.8 (C5), 57.4 (C3), 43.9 (C(CH2)2), 28.8 (C2), 25.6 (C1), 13.5 

(C(CH2)2) 

 

(R)-2-chloro-8-(3-bromobenzyl)-7-ethyl-7,8-dihydropteridin-6(5H)-one, 13i 

Aminobutanoate 12i, (1.80 g, 4.06 mmol) was subjected to general 

method 4 to afford the title compound 13i as an orange solid (280 

mg, 18%). LCMS purity >95%, ret. time 1.56 mins; HRMS (ESI 

+ve): found [M+H]+ 383.0078, [C15H15BrClN4O]+ requires 383.0091; 

[𝛼]𝐷
22.0: −18.0° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 9.33 (1H, s, CONH), 7.71 (1H, s, 

H9), 7.48 – 7.45 (1H, m, H4), 7.45 (1H, s, H6), 7.26 – 7.23 (2H, m, H2 & H3), 5.62 

(1H, d, J = 15.1, ArCHH), 4.16 – 4.12 (1H, m, CHCH2CH3), 4.08 (1H, d, J = 15.1, 

ArCHH), 2.05 – 1.97 (1H, m, CHCHHCH3), 1.96 – 1.86 (1H, m, CHCHHCH3), 0.91 
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(3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 165.2 (CONH), 154.4 (C10), 

151.8 (C7), 139.4 (C9), 137.3 (C5), 131.5 (C2), 131.3 (C6), 130.6 (C3), 126.9 (C4), 

123.1 (C1), 117.3 (C8), 60.3 (CHCH2CH3), 47.0 (ArCH2), 24.3 (CHCH2CH3), 8.4 

(CHCH2CH3) 

 

(R)-2-chloro-8-(2-bromobenzyl)-7-ethyl-7,8-dihydropteridin-6(5H)-one, 13j 

Aminobutanoate 12j, (1.20 g, 2.70 mmol) was subjected to general 

method 4 to afford the title compound 13j as an orange solid (350 

mg, 34%). LCMS purity >95%, ret. time 1.60 mins; HRMS (ESI 

+ve): found [M+H]+ 383.0085, [C15H15BrClN4O]+ requires 383.0118; 

[𝛼]𝐷
21.8: −24.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 9.64 (1H, s, CONH), 7.72 (1H, s, 

H9), 7.59 (1H, dd, J = 7.9, 1.2 Hz, H2), 7.35 (1H, dd, J = 7.6, 1.9 Hz, H5), 7.31 (1H, 

app. td, J = 7.6, 1.2 Hz, H4), 7.20 (1H, app. td, J = 7.9, 1.9 Hz, H3), 5.64 (1H, d, J = 

15.5, ArCHH), 4.34 (1H, d, J = 15.5, ArCHH), 4.15 (1H, dd, J = 6.2, 3.6 Hz, 

CHCH2CH3), 2.05 – 1.90 (2H, m, CHCH2CH3), 0.95 (3H, t, J = 7.4 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 165.7 (CONH), 154.4 (C10), 152.0 (C7), 139.3 (C9), 134.1 (C6), 

131.5 (C2), 130.6 (C5), 129.9 (C3), 127.9 (C4), 124.1 (C1), 117.5 (C8), 60.5 

(CHCH2CH3), 47.7 (ArCH2), 24.8 (CHCH2CH3), 8.6 (CHCH2CH3) 

 

(R)-2-chloro-7-ethy-8-((3-methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-

one, 13k 

Aminobutanoate 12k, (960 mg, 2.49 mmol) was subjected to general 

method 4 to afford the title compound 13k as an orange solid (380 

mg, 47%). LCMS purity >95%, ret. time 1.54 mins; HRMS (ESI +ve): 

found [M+H]+ 323.0727, [C14H16ClN4OS]+ requires 323.0728; [𝛼]𝐷
22.2: 

−11.1° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 9.20 (1H, s, NH), 7.69 (1H, s, H7), 7.18 

(1H, d, J = 5.2 Hz, H1), 6.83 (1H, d, J = 5.2 Hz, H2), 5.64 (1H, d, J = 15.5 Hz, 

ArCHH), 4.29 (1H, d, J = 15.5 Hz, ArCHH), 4.24 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 

2.26 (3H, s, ArCH3), 2.05 – 1.99 (1H, m, CHCHHCH3), 1.98 – 1.87 (1H, m, 

CHCHHCH3), 0.92 (3H, t, J = 7.6, CHCH2CH3); δC (CDCl3, 126 MHz): 165.4 (CONH), 

154.4 (C8), 151.4 (C5), 139.1 (C7), 136.8 (C4), 130.3 (C2), 130.2 (C3), 124.6 (C1), 

117.4 (C6), 59.9 (CHCH2CH3), 40.5 (C4), 24.6 (CHCH2CH3), 14.0 (ArCH3), 8.5 

(CHCH2CH3) 
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(R)-2-chloro-8-((1,3-dimethyl-1H-pyrazol-4-yl)methyl)-7-ethyl-7,8-

dihydropteridin-6(5H)-one, 13l 

Aminobutanoate 12l, (849 mg, 2.21 mmol) was subjected to general 

method 4 to afford the title compound 13l as colourless oil (130 mg, 

18%). LCMS purity >95%, ret. time 1.31 mins; HRMS (ESI +ve): 

found [M+H]+ 321.1228, [C14H18ClN6O]+ requires 321.1225; [𝛼]𝐷
22.1: 

−2.4° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 9.64 (1H, s, NH), 7.67 (1H, s, H6), 7.35 

(1H, s, H3), 5.32 (1H, d, J = 15.5 Hz, ArCHH), 4.19 (1H, dd, J = 6.3, 3.2 Hz, 

CHCH2CH3), 3.99 (1H, d, J = 15.5 Hz, ArCHH), 3.82 (3H, s, NCH3), 2.21 (ArCH3), 

2.03 – 1.96 (1H, m, CHCHHCH3), 1.92 – 1.84 (1H, m, CHCHHCH3), 0.91 (3H, t, J = 

7.7, CHCH2CH3); δC (CDCl3, 126 MHz): 171.3 (CONH), 154.5 (C7), 151.6 (C4), 147.5 

(C1), 138.9 (C6), 131.2 (C3), 117.5 (C5), 112.3 (C3), 59.8 (CHCH2CH3), 38.8 (NCH3), 

37.9 (ArCH2), 24.5 (CHCH2CH3), 11.9 (ArCH3), 8.4 (CHCH2CH3) 

 

(R)-2-chloro-7-ethyl-8-((5-methylisoxazol-3-yl)methyl)-7,8-dihydropteridin-6(5H)-

one, 13m 

Aminobutanoate 12m, (820 mg, 2.21 mmol) was subjected to 

general method 4 to afford the title compound 13m as yellow oil (100 

mg, 15%). LCMS purity >95%, ret. time 1.33 mins; HRMS (ESI +ve): 

found [M+H]+ 308.0914, [C13H15ClN5O2]+ requires 308.0909; [𝛼]𝐷
22.0 : 

−12.5° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.97 (1H, s, NH), 7.69 (1H, s, H6), 6.07 

(1H, d, J = 1.0 Hz, H2), 5.31 (1H, d, J = 15.5 Hz, ArCHH), 4.41 (1H, d, J = 15.5 Hz, 

ArCHH), 4.32 (1H, dd, J = 6.0, 3.2 Hz, CHCH2CH3), 2.43 (3H, s, ArCH3), 2.09 – 1.94 

(1H, m, CHCH2CH3), 0.87 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

170.7 (C1), 165.0 (CONH), 159.0 (C3), 154.3 (C7), 151.5 (C4), 139.2 (C6), 101.6 

(C5), 61.3 (CHCH2CH3), 40.0 (ArCH2), 24.4 (CHCH2CH3), 12.4 (ArCH3), 8.2 

(CHCH2CH3) 

 

(R)-2-chloro-7-ethyl-8-isobutyl-5,7-dihydropteridin-6(5H)-one, 13n 

Aminobutanoate 12n, (480 mg, 1.45 mmol) was subjected to 

general method 4 to afford the title compound 13n as an orange 

solid (120 mg, 30%). LCMS purity >95%, ret. time 1.45 mins; HRMS 

(ESI +ve): found [M+H]+ 269.1156, [C12H18ClN4O]+ requires 

269.1164; [𝛼]𝐷
22.2: −56.1° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 9.51 (1H, s, NH), 7.67 

(1H, s, H6), 4.20 – 4.15 (2H, m, NCHH & CHCH2CH3), 2.71 (1H, dd, J = 13.7, 7.1 Hz, 

NCHH), 2.15 – 2.07 (CH(CH3)2), 2.00 – 1.91 (1H, m, CHCHHCH3), 1.90 – 1.82 (1H, 

m, CHCHHCH3), 0.99 (3H, d, J = 6.6, CH(CH3)(C’H3)), 0.93 – 0.90 (6H, 
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m, CH(CH3)(C’H3) & CHCH2CH3); δC (CDCl3, 126 MHz): 162.7 (CONH), 154.5 (C4), 

152.2 (C1), 138.9 (C3), 117.5 (C2), 62.0 (CHCH2CH3), 52.0 (NCH2), 26.1 (CH(CH3)2), 

25.0 (CHCH2CH3), 19.9 (CH(CH3)2), 8.8 (CHCH2CH3) 

 

(R)-2-Chloro-7-ethyl-8-(3-fluorobenzyl)-7,8-dihydropteridin-6(5H)-one, 13o 

Aminobutanoate 12o, (910 mg, 2.38 mmol) was subjected to 

general method 4 to afford the title compound 13o as an orange 

solid (252 mg, 33%). LCMS purity >95%, ret. time 1.48 mins; 

HRMS (ESI +ve): found [M+H]+ 321.0908, [C15H15ClFN4O]+ 

requires 321.0913; [𝛼]𝐷
22.4: −18.0° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.79 (1H, s, 

NH), 7.68 (1H, s, H9), 7.36 – 7.32 (1H, m, H3), 7.09 (1H, d, J = 7.9 Hz, H4), 7.06 – 

7.00 (2H, m, H2 & H6), 5.63 (1H, d, J = 15.1 Hz, ArCHH), 4.16 – 4.11 (2H, m, 

CHCH2CH3 & ArCHH), 2.05 – 1.97 (1H, m, CHCHHCH3), 1.95 – 1.86 (1H, 

m,CHCHHCH3), 0.91 (3H, d, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 165.0 

(CONH), 163.1 (d, JC-F = 247 Hz, C1), 154.6 (C10), 151.8 (C7), 139.3 (C9), 137.5 

(d, JC-F = 6.4 Hz, C5), 130.6 (d, JC-F = 8.3 Hz, C3), 123.9 (d, JC-F = 2.8 Hz, C4), 117.2 

(C8). 115.4 (d, JC-F  = 21.1 Hz, C6), 115.2 (d, JC-F = 22.9 Hz, C2), 60.4 (CHCH2CH3), 

47.1 (ArCH2), 24.4 (CHCH2CH3),  8.4  (CHCH2CH3); δF{H} (CDCl3, 471 MHz): −111.8 

 

Methyl (R)-3-((2-chloro-7-ethyl-6-oxo-6,7-dihydropteridin-8(5H)-

yl)methyl)benzoate, 13p 

Aminobutanoate 12p, (1.80 g, 4.26 mmol) was subjected to 

general method 4 to afford the title compound 13p as a white 

solid (307 mg, 20%). LCMS purity >95%, ret. time 1.56 mins; 

HRMS (ESI +ve): found [M+H]+ 361.1054, [C17H18ClN4O3]+ 

requires 361.1062; [𝛼]𝐷
22.7: −19.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.65 (1H, s, 

NH), 8.01 (1H, d, J = 7.6 Hz, H2), 7.97 (1H, s, H6), 7.67 (1H, s, H9), 7.53 (1H, d, J = 

7.3 Hz, H4), 7.46 (1H, m, H3), 5.68 (1H, d, J = 15.2 Hz, ArCHH), 4.18 (1H, d, J = 15.2 

Hz, ArCHH),  4.12 (1H, t, J = 4.7 Hz, CHCH2CH3), 3.94 (3H, s, CO2CH3), 2.04 – 1.97 

(1H, m, CHCHHCH3), 1.96 – 1.87 (1H, m, CHCHHCH3), 0.91 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 166.6 (CO2CH3), 164.8 (CONH), 154.5 (C10), 

151.9 (C7), 139.2 (C9), 135.5 (C5), 132.8 (C4), 130.9 (C1), 129.6 (C2), 129.4 (C6), 

129.2 (C3), 117.3 (C8), 60.3 (CHCH2CH3), 52.4 (CO2CH3), 47.3 (ArCH2), 24.4 

(CHCH2CH3), 8.4 (CHCH2CH3) 
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(R)-2-Chloro-8-(5-chloro-2-methylbenzyl)-7-ethyl-7,8-dihydropteridin-6(5H)-one, 

13q 

Aminobutanoate 12q, (1.04 g, 2.52 mmol) was subjected to 

general method 4 to afford the title compound 13q as an orange 

solid (247 mg, 28%). LCMS purity >95%, ret. time 1.58 mins; 

HRMS (ESI +ve): found [M+H]+ 351.0768, [C16H17Cl2N4O]+ 

requires 351.0774; [𝛼]𝐷
22.2: −4.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 10.0 (1H, s, 

NH), 7.77 (1H, s, H9), 7.21 (1H, dd, J = 7.9, 2.2 Hz, H3), 7.16 (1H, d, J = 2.2 Hz, H5), 

7.13 (1H, d, J = 7.9 Hz, H2), 5.65 (1H, d, J = 15.5 ArCHH), 4.05 – 4.01 (2H, m, 

ArCHH & CHCH2CH3), 2.24 (3H, s, CH3), 2.00 – 1.86 (2H, m, CHCH2CH3), 0.93 (3H, 

t, J = 8.2 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 166.0 (CONH),154.4 (C10), 151.8 

(C7), 139.5 (C9), 135.4 (C1), 134.2 (C6), 132.3 (C2), 132.0 (C4), 128.7 (C5), 128.4 

(C3), 117.3 (C8), 59.7 (CHCH2CH3), 45.2 (ArCH2), 24.4 (CHCH2CH3), 18.9 (CH3), 8.5 

(CHCH2CH3) 

 

(R)-2-Chloro-7-ethyl-8-((4-methylthiophen-2-yl)methyl)-7,8-dihydropteridin-

6(5H)-one, 13r 

Aminobutanoate 12r, (6.70 g, 17.4 mmol) was subjected to general 

method 18 to afford the title compound 13r as an orange solid (5.38 

g, 96%). LCMS purity >95%, ret. time 1.50 mins; HRMS (ESI +ve): 

found [M+H]+ 323.0728, [C14H16ClN4OS]+ requires 323.0728; [𝛼]𝐷
22.8: 

−18.0° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.73 (1H, s, H7), 6.86 (1H, s, H3), 6.83 

(1H, s, H1), 5.58 (1H, d, J = 15.5 Hz, ArCHH), 4.32 – 4.28 (2H, m, ArCHH & 

CHCH2CH3), 2.23 (3H, s, ArCH3)  2.07 – 1.99 (1H, m, CHCHHCH3), 1.97 – 1.86 (1H, 

m, CHCHHCH3), 0.89 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 165.7 

(CONH), 154.3 (C8), 151.4 (C5), 139.2 (C7), 137.6 (C2), 136.7 (C4), 130.3 (C3), 

121.6 (C1), 117.5 (C6), 60.0 (CHCH2CH3) 42.6 (ArCH2), 24.4 (CHCH2CH3), 15.6 

(ArCH3), 8.3 (CHCH2CH3) 

 

(R)-2-Chloro-7-ethyl-8-((5-methylthiophen-2-yl)methyl)-7,8-dihydropteridin-

6(5H)-one, 13s 

Aminobutanoate 12s, (1.30 g, 3.38 mmol) was subjected to general 

method 4 to afford the title compound 13s as an orange solid (200 

mg, 18%). LCMS purity >95%, ret. time 1.51 mins; HRMS (ESI 

+ve): found [M+H]+ 323.0724, [C14H16ClN4OS]+ requires 323.0728; 

[𝛼]𝐷
22.5: −18.7° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.70 (1H, s, NH), 7.65 (1H, s, 

H7), 6.86 (1H, d, J = 3.3 Hz, H3), 6.63 – 6.61 (1H, m, H2), 5.55 (1H, d, J = 15.5 Hz, 
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ArCHH), 4.33 – 4.28 (2H, m, CHCH2CH3 & ArCHH) 2.46 (3H, s, ArCH3), 2.07 – 1.88 

(2H, m, CHCH2CH3), 0.90 (3H, d, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

165.2 (CONH), 154.4 (C8), 151.4 (C5), 141.4 (C1), 138.9 (C7), 134.3 (C4), 128.1 

(C3), 124.9 (C2), 117.3 (C6), 60.0 (CHCH2CH3), 42.9 (ArCH2), 24.5 (CHCH2CH3), 

15.4 (ArCH3),  8.4 (CHCH2CH3) 

 

(R)-8-((4-Bromothiophen-2-y)methyl)-2-chloro-7-ethyl-7,8-dihydropteridin-6(5H)-

one, 13t 

Aminobutanoate 12t, (1.97 g, 4.37 mmol) was subjected to general 

method 4 to afford the title compound 13t as a yellow solid (395 mg, 

23%). LCMS purity >95%, ret. time 1.54 mins; HRMS (ESI +ve): 

found [M+H]+ 323.0724, [C13H13BrClN4OS]+ requires 323,0728; 

[𝛼]𝐷
22.4: −12.5° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.67 (2H, m, NH & H7), 7.19 (1H, 

d, J = 1.3 Hz, H1), 7.00 – 6.99 (1H, m, H3), 5.50 (1H, dd, J = 15.7, 0.8 Hz, ArCHH), 

4.41 (1H, d, J = 15.7 Hz, ArCHH), 4.29 (1H, dd, J = 6.2, 3.3 Hz, CHCH2CH3), 2.10 – 

2.02 (1H, m, CHCHHCH3), 1.96 – 1.88 (CHCHHCH3), 0.89 (3H, t, J = 7.6 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 164.6 (CONH), 154.4 (C8), 151.2 (C5), 139.4 

(C7), 138.9 (C4), 130.3 (C3), 123.8 (C1), 117.3 (C6), 109.5 (C2), 60.8 (CHCH2CH3), 

42.8 (ArCH2), 24.6 (CHCH2CH3), 8.3 (CHCH2CH3) 

 

 (R)-8-((4-Chlorothiophen-2-y)methyl)-2-chloro-7-ethyl-7,8-dihydropteridin-6(5H)-

one, 13u 

Aminobutanoate 12u, (1.25 g, 3.08 mmol) was subjected to general 

method 4 to afford the title compound 13u as an orange solid (127 

mg, 12%). LCMS purity >95%, ret. time 1.53 mins; HRMS (ESI +ve): 

found [M+H]+ 343.0174, [C13H13Cl2N4OS]+ requires 343.0182; [𝛼]𝐷
22.4: 

−29.8° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.79 (1H, s, NH), 7.68 (1H, s, H7), 7.07 

(1H, d, J = 1.6 Hz, H1), 6.96 – 6.95 (1H, m, H3), 5.47 (1H, dd, J = 15.5, 0.8 Hz, 

ArCHH), 4.39 (1H, d, J = 15.5 Hz, ArCHH), 4.29 (1H, dd, J = 6.2, 3.3 Hz  CHCH2CH3), 

2.09 - 2.04 (1H, m, CHCHHCH3), 1.96 – 1.88 (1H, m, CHCHHCH3), 0.89 (3H, t, J = 

7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 164.8 (CONH), 154.4 (C8), 151.3 (C5), 

139.2 (C7), 138.2 (C4), 128.0 (C3), 124.9 (C2), 120.9 (C1), 117.3 (C6), 60.8 

(CHCH2CH3), 43.0 (ArCH2), 24.6 (CHCH2CH3), 8.3 (CHCH2CH3) 

 

2-Chloro-7-ethyl-8-phenyl-7,8-dihydropteridin-6(5H)-one 13v 

Aminobutanoate 12v (890 mg, 2.54 mmol) was subjected to general method 4 to 

afford the title compound 13v as a yellow solid (195 mg, 27%). LCMS purity >95%, 
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ret. time 1.38 mins; HRMS (ESI +ve): found [M+H]+ 289.0867, 

[C14H14ClN4O]+ requires 289.0856; δH (CDCl3, 500 MHz): 7.67 (1H, s, 

H7), 7.54 – 7.48 (3H, m, H1 & H2), 7.43 – 7.40 (2H, m, H3), 4.72 

(1H, dd, J = 5.7, 3.2 Hz, CHCH2CH3), 2.05 – 1.95 (1H, m, 

CHCHHCH3), 1.73 – 1.64 (1H, m, CHCHHCH3), 0.96 (3H, t, J = 7.4 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.0 (CONH), 156.2 (C8), 151.7 (C5), 139.1 (C4), 138.4 (C7), 

129.2 (C2), 127.7 (C1), 127.3 (C3), 119.8 (C6), 64.4 (CHCH2CH3), 24.4 (CHCH2CH3), 

6.9 (CHCH2CH3) 

(R)-2-chloro-8-cyclopentyl-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 6a  

Dihydropteridinone 13a (345 mg, 1.22 mmol) was reacted with 

methyl iodide (100 µL, 1.60 mmol) using general method 5 to afford 

the title compound 6a as a white solid (308 mg, 85%). LCMS purity 

>95%, ret. time 1.53 mins; HRMS (ESI +ve): found [M+H]+ 295.1321, 

[C14H20ClN4O]+ requires 295.1326; [𝛼]𝐷
21.4: +88.3° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 7.62 (1H, s, H6), 4.41 – 4.29 (1H, m, H3), 4.25 (1H, dd, J = 7.6, 3.5 Hz, 

CHCH2CH3), 3.33 (3H, s, NCH3), 2.12 – 2.04 (1H, m, H2), 2.02 – 1.58 (9H, m, cPeH 

& CHCH2CH3), 0.86 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.7 

(CONCH3), 154.0 (C7), 152.3 (C4), 137.9 (C6), 121.2 (C5), 60.7 (CHCH2CH3), 59.4 

(C3), 29.4 (C2), 29.2 (C2’), 28.2 (NCH3), 27.4 (CHCH2CH3), 23.9 (C1), 23.7 (C1’), 8.9 

(CHCH2CH3) 

(S)-2-chloro-8-cyclopentyl-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 6b 

Dihydropteridinone 13b (180 mg, 0.64 mmol) was reacted with 

methyl iodide (52 µL, 0.83 mmol) using general method 5 to afford 

the title compound 6b as a white solid (180 mg, 95%). LCMS purity 

>95%, ret. time 1.54 mins; HRMS (ESI +ve): found [M+H]+ 295.1321, 

[C14H20ClN4O]+ requires 295.1326; [𝛼]𝐷
21.5: +93.5° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 7.65 (1H, s, H6), 4.37 – 4.28 (1H, m, H3), 4.23 (1H, dd, J = 7.6, 3.8 Hz, 

CHCH2CH3), 3.31 (3H, s, NCH3), 2.10 – 2.02 (1H, m, H2), 2.00 – 1.58 (9H, m, cPeH 

& CHCH2CH3), 0.85 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.7 

(CONCH3), 153.9 (C7), 152.2 (C4), 137.9 (C6), 121.1 (C5), 60.7 (CHCH2CH3), 59.4 

(C3), 29.3 (C2), 29.2 (C2’), 28.2 (NCH3), 27.3 (CHCH2CH3), 23.9 (C1), 23.7 (C1’), 8.9 

(CHCH2CH3) 

2-Chloro-8-cyclopentyl-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 6c  

Dihydropteridinone 13c (126 mg, 0.45 mmol) was reacted with methyl iodide (36.5 µL, 

0.58 mmol) using general method 5 to afford the title compound 6c as a yellow solid 
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(70 mg, 53%). LCMS purity >95%, ret. time 1.53 mins; HRMS (ESI 

+ve): found [M+H]+ 295.1324, [C14H20ClN4O]+ requires 295.1326; δH 

(CDCl3, 500 MHz): 7.62 (1H, s, H6), 4.41 – 4.29 (1H, m, H3), 4.25 

(1H, dd, J = 7.6, 3.5 Hz, CHCH2CH3), 3.33 (3H, s, CONCH3), 2.12 – 

2.04 (1H, m, H2), 2.02 – 1.58 (9H, m, cPeH & CHCH2CH3), 0.86 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.7 (CONCH3), 154.0 (C7), 152.3 (C4), 137.9 

(C6), 121.2 (C5), 60.7 (CHCH2CH3), 59.4 (C3), 29.4 (C2), 29.2 (C2’), 28.2 (CONCH3), 

27.4 (CHCH2CH3), 23.9 (C1), 23.7 (C1’), 8.9 (CHCH2CH3) 

(R)-2-chloro-8-cyclopentyl-7-isopropyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 
6d  

Dihydropteridinone 13d (567 mg, 1.92 mmol) was reacted with 

methyl iodide (144 µL, 2.31 mmol) using general method 5 to afford 

the title compound 6d as a as a white solid (250 mg, 42%). LCMS 

purity >95%, ret. time 1.57 mins; HRMS (ESI +ve): found [M+H]+ 

309.1480, [C15H21ClN4O]+ requires 309.1477; [𝛼]𝐷
22.6: −42.9° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 7.63 (1H, s, H6), 4.27 – 4.21 (1H, m, H3), 4.13 (1H, d, J = 3.8 Hz, 

CHCH(CH3)2), 3.32 (3H, s, CONCH3), 2.14 – 2.01 (3H, m, CHCH(CH3)2 & C2), 2.00 – 

1.78 (4H, m, cPeH), 1.78 – 1.61 (2H, m, C1), 1.09 (3H, d, J = 6.9 Hz, CH(CH3)(C’H3)), 

0.77 (3H, d, J = 6.6 Hz, CH(CH3)(C’H3)); δC (CDCl3, 126 MHz): 162.1 (CONCH3), 

153.8 (C7), 152.3 (C4), 137.6 (C6), 120.9 (C5), 65.6 (CHCH(CH3)2), 60.7 (C3), 34.6 

(CHCH(CH3)2), 29.6 (C2), 28.0 (CONCH3), 24.1 (C1), 23.9 (C1’), 20.2 

(CH(CH3)(C’H3)), 16.8 (CH(CH3)(C’H3)) 

(R)-2-Chloro-8-cyclopentyl-7-methyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 6e 

Dihydropteridinone 13e (35.0 mg, 0.13 mmol) was reacted with methyl 

iodide (8.20 µL, 0.13 mmol) using general method 5 to afford the title 

dihydropteridinone 6e as a white solid (18 mg, 49%). LCMS purity 

>95%, ret. time 1.48 mins; HRMS (ESI +ve): found [M+H]+ 281.1173, 

[C13H18ClN4O]+ requires 281.1169; [𝛼]𝐷
23.5: −36.7° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 7.71 (1H, s, H6), 4.49  – 4.41 (1H, m, H3), 4.34 (1H, q, J = 6.8 Hz, CHCH3), 

3.32 (3H, s, NCH3), 2.12  – 2.05 (1H, m, H2), 2.04 – 1.96 (1H, m, H2), 1.90 – 1.62 

(6H, m, cPeH), 1.36 (3H, t, J = 6.9 Hz, CHCH3); δC (CDCl3, 126 MHz): 65.0 

(CONCH3), 154.2 (C7), 151.9 (C4), 121.2 (C5), 58.6 (C3), 55.1 (CHCH3), 29.7 (C2), 

29.4 (C2’), 28.4 (NCH3), 23.9 (C1), 23.6 (C1’), 19.6 (CHCH2CH3) 
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(S)-2-chloro-8-cyclopentyl-5,7-dimethyl-7,8-dihydropteridin-6(5H)-one, 6f 

Dihydropteridinone 13f (255 mg, 0.96 mmol) was reacted with methyl 

iodide (78 µL, 1.24 mmol) using general method 5 to afford the title 

compound 6f as a white solid (167 mg, 62%). LCMS purity >95%, ret. 

time 1.47 mins; HRMS (ESI +ve): found [M+H]+ 281.1159, 

[C13H18ClN4O]+ requires 281.1164; [𝛼]𝐷
20.8: +31.9° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 7.71 (1H, s, H6), 4.45 (1H, quin, J = 8.4 Hz, H3), 4.34 (1H, q, J = 6.6 Hz, 

CHCH3), 3.32 (3H, s, NCH3), 2.12 – 2.05 (1H, m, H2), 2.01 – 1.96 (1H, m, H2), 1.89 – 

1.82 (1H, m, H1), 1.80 – 1.63 (4H, m, cPeH), 1.36 (3H, d, J = 6.6 Hz, CHCH3);  δC 

(CDCl3, 126 MHz): 164.5 (CONCH3), 154.2 (C7), 151.9 (C4), 138.3 (C6), 121.2 (C4), 

56.6 (C3), 55.1 (CHCH3), 29.7 (C2), 29.4 (C2’), 28.4 (NCH3), 23.9 (C1), 23.6 (C1’), 

19.5 (CHCH3) 

 

2-Chloro-8-cyclopentyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 6g 

Dihydropteridinone 13g (85 mg, 0.37 mmol) was reacted with methyl 

iodide (27 µL, 0.44 mmol) using general method 5 to afford the title 

compound 6g as a white solid (53 mg, 59%). LCMS purity >95%, ret. 

time 1.40 mins; HRMS (ESI +ve): found [M+H]+ 267.1010, 

[C12H16ClN4O]+ requires 267.1013; δH (CDCl3, 500 MHz): 7.67 (1H, s, H7), 5.14 (1H, 

quin, J = 8.4 Hz, H3), 4.13 (2H, s, COCH2), 3.33 (3H, s, NCH3), 1.97 – 1.91 (2H, m, 

H2), 1.81 – 1.65 (4H, m, H1), 1.64 – 1.56 (2H, m, H2); δC (CDCl3, 126 MHz): 161.6 

(CONCH3), 154.2 (C8), 152.6 (C5), 138.0 (C7), 120.9 (C6), 55.2 (C3), 45.0 (COCH2), 

28.0 (NCH3), 27.1 (C2), 24.1 (C1) 

 

2-Chloro-8-cyclopentyl-5-methyl-5,8-dihydro-6H-spiro(cyclopropane-1,7-

pteridin)-6-one, 6h 

Dihydropteridinone 13h (90 mg, 0.32 mmol) was reacted with methyl 

iodide (26 µL, 0.42 mmol) using general method 5 to afford the title 

compound 6h as a white solid (49 mg, 52%). LCMS purity >95%, ret. 

time 1.55 mins; HRMS (ESI +ve): found [M+H]+ 293.1172, 

[C14H18ClN4O]+ requires 293.1164; δH (CDCl3, 500 MHz): 7.66 (1H, s, H6), 3.64 (1H, 

quin, J = 8.8 Hz, H3), 3.28 (3H, s, CH3), 2.16 – 2.08 (2H, m, H2), 2.05 – 1.97 (2H, m, 

H1), 1.73 – 1.66 (2H, m, H2), 1.58 – 1.50 (4H, m, 2 x H1 & C(CH2)(C’H2)), 1.27 – 1.22 

(2H, m, C(CH2)(C’H2)); δC (CDCl3, 126 MHz): 165.6 (CONCH3), 155.3 (C4), 153.1 

(C7), 137.9 (C6), 122.1 (C5), 57.5 (C3), 43.7 (C(CH2)2), 28.8 (NCH3 & C2), 25.5 (C1), 

13.4 (C(CH2)2) 
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(R)-8-(3-Bromobenzyl)-2-chloro-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 

6i 

Dihydropteridinone 13i (270 mg, 0.71 mmol) was reacted with 

methyl iodide (58 µL, 0.92 mmol) using general method 5 to afford 

the title compound 6i as a yellow solid (200 mg, 71%). LCMS 

purity >95%, ret. time 1.61 mins; HRMS (ESI +ve): found [M+H]+ 

395.0269, [C16H17BrClN4O]+ requires 395.0274; [𝛼]𝐷
22.1: +5.2° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 7.73 (1H, s, H9), 7.48 – 7.44 (2H, m, H2 & H6), 7.25 – 7.22 (2H, 

m, H3 & H4), 5.62 (1H, d, J = 15.1 Hz, ArCHH), 4.17 (1H, dd, J = 6.3, 3.5 Hz, 

CHCH2CH3), 4.09 (1H, d, J = 15.1 Hz, ArCHH), 3.35 (3H, s, NCH3), 2.02 – 1.93 (1H, 

m, CHCHHCH3), 1.90 – 1.80 (1H, m, CHCHHCH3), 0.84 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONH), 154.2 (C10), 152.2 (C7), 138.3 

(C9), 137.4 (C5), 131.4 (C6), 131.3 (C2), 130.5 (C3), 126.7 (C4), 123.0 (C1), 120.4 

(C8), 60.2 (CHCH2CH3), 47.1 (ArCH2), 28.3 (NCH3), 24.8 (CHCH2CH3), 8.5 

(CHCH2CH3) 

(R)-8-(2-Bromobenzyl)-2-chloro-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 

16j 

Dihydropteridinone 13j (330 mg, 0.87 mmol) was reacted with 

methyl iodide (70 µL, 1.12 mmol) using general method 5 to afford 

the title compound 16j as a yellow solid (300 mg, 88%). LCMS purity 

>95%, ret. time 1.41 mins; HRMS (ESI +ve): found [M+H]+ 

397.0250, [C16H17BrClN4O]+ requires 397.0274; [𝛼]𝐷
21.5: +20.1° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 7.72 (1H, s, H9), 7.59 (1H, dd, J = 7.9, 1.1 Hz, H2), 7.36 (1H, dd, J 

= 7.9, 1.8 Hz, H5), 7.30 (1H, app. td, J = 7.7, 1.1 Hz, H4), 7.20 (1H, app. td, J = 7.7, 

1.8 Hz, H3), 5.64 (1H, d, J = 15.1 Hz, ArCHH), 4.33 (1H, d, J = 15.1 Hz, ArCHH), 4.19 

(1H, dd, J = 6.5, 3.6 Hz, CHCH2CH3), 3.35 (3H, s, NCH3), 2.02 – 1.84 (1H, m, 

CHCH2CH3), 0.87 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.6 

(CONCH3), 154.1 (C10), 152.4 (C7), 138.1 (C9), 134.2 (C6), 133.3 (C2), 130.7 (C5), 

129.8 (C3), 127.8 (C4), 124.1 (C1), 120.6 (C8), 60.6 (CHCH2CH3), 47.9 (ArCH2), 28.2 

(NCH3), 25.2 (CHCH2CH3), 8.8 (CHCH2CH3) 

(R)-2-chloro-7-ethyl-5-methyl-8-((3-methylthiophen-2-yl)methyl-7,8-

dihydropteridin-6(5H)-one, 6k 

Dihydropteridinone 13k (370 mg, 1.15 mmol) was reacted with methyl iodide (72 µL, 

1.15 mmol) using general method 5 to afford the title compound 6k as a yellow solid 

(186 mg, 48%). LCMS purity >95%, ret. time 1.53 mins; HRMS (ESI +ve): found 



Chapter 7 

200 
 

[M+H]+ 337.0901, [C15H18ClN4OS]+ requires 337.0884; [𝛼]𝐷
23.3: +6.9° 

(c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.69 (1H, s, H7), 7.17 (1H, d, J 

= 5.4 Hz, H1), 6.83 (1H, d, J = 5.4 Hz, H2), 5.61 (1H, d, J = 15.4 Hz, 

ArCHH), 4.29 (1H, d, J = 15.4 Hz, ArCHH), 4.27 (1H, dd, J = 6.6, 3.5 

Hz, CHCH2CH3), 3.32 (3H, s, NCH3), 2.25 (3H, s, ArCH3), 2.03 – 1.93 (1H, m, 

CHCHHCH3), 1.91 – 1.81 (1H, m, CHCHHCH3), 0.84 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): δ 163.6 (CONCH3), 154.2 (C8), 151.9 (C5), 138.1 (C7), 136.8 

(C4), 130.3 (C3), 130.2 (C2), 124.6 (C1), 120.5 (C6), 59.9 (CHCH2CH3), 40.6 

(ArCH2), 28.2 (NCH3), 25.0 (CHCH2CH3), 14.0 (ArCH3), 8.7 (CHCH2CH3) 

(R)-2-chloro-8-((1,3-dimethyl-1H-pyrazol-4-yl)methyl)-7-ethyl-5-methyl-7,8-

dihydropteridin-6(5H)-one, 6l 

Dihydropteridinone 13l (110 mg, 0.34 mmol) was reacted with methyl 

iodide (21 µL, 0.34 mmol) using general method 5 to afford the title 

compound 6l as a yellow solid (50 mg, 44%). LCMS purity >95%, ret. 

time 1.33 mins; HRMS (ESI +ve): found [M+H]+ 335.1377, 

[C15H20ClN6O]+ requires 335.1382; [𝛼]𝐷
23.5: +20.8° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 7.67 (1H, s, H6), 7.35 (1H, s, H3), 5.31 (1H, d, J = 15.2 Hz, ArCHH), 4.23 (1H, 

dd, J = 6.6, 3.5 Hz, CHCH2CH3), 4.00 (1H, d, J = 15.2 Hz, ArCHH), 3.82 (3H, s, 

NCH3), 3.32 (3H, s, CONCH3), 2.22 (3H, s, ArCH3), 2.00 – 1.94 (1H, m, CHCHHCH3), 

1.92 – 1.80 (1H, m, CHCHHCH3), 0.83 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 163.6 (CONCH3), 154.2 (C7), 152.0 (C4), 147.5 (C1), 137.9 (C6), 131.2 (C3), 

120.5 (C5), 112.4 (C2), 59.9 (CHCH2CH3), 38.8 (NCH3), 38.1 (ArCH2), 28.2 

(CONCH3), 25.0 (CHCH2CH3), 11.9 (ArCH3), 8.6 (CHCH2CH3) 

 

(R)-2-chloro-7-ethyl-5-methyl-8-((5-methylisoxazol-3-yl)methyl)-7,8-

dihydropteridin-6(5H)-one, 6m 

Dihydropteridinone 13m (60 mg, 0.20 mmol) was reacted with methyl 

iodide (12 µL, 0.20 mmol) using general method 5 to afford the title 

compound 6m as an orange oil (30 mg, 24%). used in next step 

without further purification. LCMS purity >75%, ret. time 1.32 mins; 

HRMS (ESI +ve): found [M+H]+ 322.1063, [C14H17ClN5O2]+ requires 322.1071; δH 

(CDCl3, 500 MHz): 7.71 (1H, s, H6), 6.05 (1H, d, J = 1.0 Hz, H2), 5.33 (1H, d, J = 15.1 

Hz, ArCHH), 4.39 (1H, d, J = 15.1 Hz, ArCHH), 4.31 (1H, dd, J = 6.6, 3.5 Hz, 

CHCH2CH3), 3.32 (3H, s, NCH3), 2.40 (3H, d, J = 1.0 Hz, ArCH3), 2.04 – 1.98 (1H, m, 

CHCHHCH3), 1.94 – 1.87 (1H, m, CHCHHCH3), 0.77 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 170.6 (C1), 163.3 (CONCH3), 159.0 (C3), 153.9 (C7), 152.0 
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(C4), 138.1 (C6), 120.6 (C5), 101.6 (C2), 61.2 (CHCH2CH3), 40.1 (ArCH2), 28.2 

(NCH3), 24.9 (CHCH2CH3), 12.3 (ArCH3), 8.3 (CHCH2CH3) 

(R)-2-chloro-8-7-ethyl-8-isobutyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 6n 

Dihydropteridinone 13n (90 mg, 0.33 mmol) was reacted with methyl 

iodide (21 µL, 0.33 mmol) using general method 5 to afford the title 

compound 6n as a yellow solid (42 mg, 44%). LCMS purity >95%, 

ret. time 1.47 mins; HRMS (ESI +ve): found [M+H]+ 283.1308, 

[C13H20ClN4O]+ requires 283.1320; [𝛼]𝐷
22.1: −33.9° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 7.65 (1H, s, H3), 4.21 – 4.16 (2H, m, NCHH & CHCH2CH3), 3.34 (3H, s, 

NCH3), 2.68 (1H, dd, J = 13.9, 7.3 Hz, NCHH), 2.14 – 2.05 (1H, m, CH(CH3)2), 1.96 – 

1.88 (1H, m, CHCHHCH3), 1.85 – 1.76 (1H, m, CHCHHCH3), 0.97 (3H, d, J  = 6.6 Hz, 

(CH(CH3)(C’H3)), 0.91 (3H, d, J = 6.6 Hz, (CH(CH3)(C’H3)), 0.85 (3H, t, J = 7.6 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.7 (CONCH3), 154.3 (C4), 152.7 (C1), 138.2 

(C9), 137.9 (C3), 120.6 (C2), 62.1 (CHCH2CH3), 52.2 (NCH2), 28.2 (NCH3), 26.1 

(CH(CH3)2), 25.3 (CHCH2CH3), 20.2 (CH(CH3)(C’H3)), 19.9 (CH(CH3)(C’H3)), 9.0 

(CHCH2CH3) 

 

 (R)-2-Chloro-7-ethyl-8-(3-fluorobenzyl)-5-methyl-7,8-dihydropteridin-6(5H)-one, 

6o 

Dihydropteridinone 13o (250 mg, 0.78 mmol) was reacted with 

methyl iodide (49 µL, 0.78 mmol) using general method 5 to afford 

the title compound 6o as a white solid (96 mg, 37%). LCMS purity 

>95%, ret. time 1.50 mins; HRMS (ESI +ve): found [M+H]+ 

335.1051, [C16H17ClFN4O]+ requires 335.1069; [𝛼]𝐷
23.4: −6.2° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 7.72 (1H, s, H9), 7.24 – 7.29 (1H, m, H3), 7.07 (1H, d, J = 7.9 Hz, 

H4), 7.03 – 7.00 (2H, m, H2 & H6), 5.61 (1H, d, J = 15.1 Hz, ArCHH), 4.16 (1H, 

dd, J = 6.3, 3.5 Hz, CHCH2CH3), 4.12 (1H, d, J = 15.1 Hz, ArCHH), 3.35 (3H, s, 

CONCH3), 2.01 – 1.92 (1H, m, CHCHHCH3), 1.88 – 1.79 (1H, m, CHCHHCH3), 0.83 

(3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 163.1 (d, JC-

F = 247.4 Hz, C1), 154.2 (C10), 152.3 (C7), 138.3 (C9), 137.6 (d, JC-F = 6.4 Hz, C5 

(C8), 130.6 (d, JC-F = 8.3 Hz, C3), 123.9 (d, JC-F = 2.8 Hz, C4), 115.3 (dd, JC-F = 21.1, 

5.5 Hz, C2 & C6), 60.3 (CHCH2CH3), 42.3 (ArCH2), 28.3 (CONCH3), 24.8 

(CHCH2CH3), 8.6 (CHCH2CH3); δF{H} (CDCl3, 471 MHz): −112.0 
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Methyl (R)-3-((2-chloro-7-ethyl-5-methyl-6-oxo-6,7-dihydropteridin-8(5H)-

yl)methyl)benzoate, 6p 

Dihydropteridinone 13n (300 mg, 0.83 mmol) was reacted with 

methyl iodide (52 µL, 0.83 mmol) using general method 5 to 

afford the title compound 6p as a yellow solid (108 mg, 35%). 

LCMS purity >95%, ret. time 1.47 mins; HRMS (ESI +ve): found 

[M+H]+ 375.1214, [C18H20ClN4O3]+ requires 375.1218; [𝛼]𝐷
23.4: −2.8° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 7.99 – 7.94 (2H, m, H2 & H6), 7.70 (1H, s, H9), 7.50 (1H, d, J = 

7.6 Hz, H4), 7.44 – 7.41 (1H, m, H3), 5.64 (1H, d, J = 15.1 Hz, ArCHH), 4.16 (1H, 

d, J = 15.1 Hz, ArCHH), 4.14 – 4.08 (1H, m, CHCH2CH3), 3.90 (3H, s, CO2CH3), 3.32 

(3H, s, CONCH3), 1.99 – 1.92 (1H, m, CHCHHCH3), 1.89 – 1.80 (1H, m, 

CHCHHCH3),0.81 (3H, t, J = 7.3 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 166.6 

(CO2CH3), 163.4 (CONCH3), 154.2 (C10), 152.3 (C7), 138.3 (C9), 135.6 (C5), 132.9 

(C4), 130.9 (C1), 129.5 (C2 & C6), 129.2 (C3), 120.5 (C8), 60.3 (CHCH2CH3), 52.3 

(CO2CH3), 47.4 (ArCH2), 28.2 (CONCH3), 24.8 (CHCH2CH3), 8.5 (CHCH2CH3) 

 (R)-2-Chloro-8-(5-chloro-2-methylbenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-

6(5H)-one, 6q 

Dihydropteridinone 13q (240 mg, 0.68 mmol) was reacted with 

methyl iodide (56 µL, 0.88 mmol) using general method 5 to afford 

the title compound 6q as a yellow solid (175 mg, 70%). LCMS 

purity >95%, ret. time 1.46 mins; HRMS (ESI +ve): found [M+H]+ 

365.0921, [C17H19Cl2N4O]+ requires 365.0930; [𝛼]𝐷
22.2: +6.9° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 7.73 (1H, s, H9), 7.23 – 7.20 (1H, m, H3), 7.16 (1H, d, J = 1.9 Hz, 

H5), 7.12 (1H, d, J = 8.2 Hz, H2), 5.64 (1H, d, J = 15.3 Hz, ArCHH), 4.05 (1H, dd, J = 

6.5, 3.6 Hz, CHCH2CH3), 4.02 (1H, d, J = 15.3 Hz, ArCHH), 3.35 (3H, s, CONCH3), 

2.24 (3H, s, CH3), 2.00 – 1.92 (1H, m, CHCHHCH3), 1.89 – 1.80 (1H, m, 

CHCHHCH3), 0.85 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.5 

(CONCH3), 154.2 (C10), 152.3 (C7), 138.3 (C9), 135.4 (C1), 134.4 (C6), 132.3 (C2), 

131.9 (C4), 128.9 (C5), 128.4 (C3), 120.6 (C8), 59.7 (CHCH2CH3), 45.4 (ArCH2), 28.3 

(CONCH3), 24.8 (CHCH2CH3), 18.9 (ArCH3), 8.7 (CHCH2CH3) 

(R)-2-Chloro-7-ethyl-5-methyl-8-((4-methylthiophen-2-yl)methyl)-7,8-

dihydropteridin-6(5H)-one, 6r 

Dihydropteridinone 13r (5.40 g, 16.7 mmol) was reacted with methyl iodide (1.36 mL, 

21.7 mmol) using general method 5 to afford the title compound 6r as a brown solid 

(4.22 g, 75%). LCMS purity >95%, ret. time 1.52 mins; HRMS (ESI +ve): found 
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[M+H]+ 337.0881, [C15H18ClN4OS]+ requires 337.0890; [𝛼]𝐷
23.3: +4.9° 

(c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.69 (1H, s, H7), 6.86 (1H, s, 

H3), 6.82 (1H, s, H1), 5.56 (1H, d, J = 15.5 Hz, ArCHH), 4.33 – 4.29 

(2H, m, ArCHH & CHCH2CH3), 3.31 (3H, s, CONCH3), 2.22 (3H, s, 

ArCH3), 2.03 – 1.95 (1H, m, CHCHHCH3), 1.91 – 1.84 (1H, m, CHCHHCH3), 0.81 

(3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.5 (CONCH3), 154.1 (C8), 

151.8 (C5), 138.0 (C7), 137.5 (C2), 136.7 (C4), 130.3 (C3), 121.6 (C1), 120.5 (C6), 

60.0 (CHCH2CH3), 42.8 (ArCH2), 28.2 (CONCH3), 24.9 (CHCH2CH3), 15.6 (ArCH3), 

8.5 (CHCH2CH3) 

(R)-2-Chloro-7-ethyl-5-methyl-8-((5-methylthiophen-2-yl)methyl)-7,8-

dihydropteridin-6(5H)-one, 6s 

Dihydropteridinone 13s (200 mg, 0.62 mmol) was reacted with 

methyl iodide (39 µL, 0.62 mmol) using general method 5 to afford 

the title compound 6s as a yellow solid (110 mg, 53%). LCMS 

purity >95%, ret. time 1.54 mins; HRMS (ESI +ve): found [M+H]+ 

337.0866, [C15H18ClN4OS]+ requires 337.0890; [𝛼]𝐷
23.5: +1.7° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 7.69 (1H, s, H7), 6.85 (1H, d, J = 3.5 Hz, H3), 6.61 – 6.59 (1H, m, 

H2), 5.53 (1H, d, J = 15.5 Hz, ArCHH), 4.33 – 4.29 (2H, m, ArCHH & CHCH2CH3), 

3.32 (3H, s, CONCH3), 2.45 (3H, s, ArCH3), 2.04 – 1.95 (1H, m, CHCHHCH3), 1.91 – 

1.83 (1H, m, CHCHHCH3), 0.82 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

163.6 (CONCH3), 154.2 (C8), 151.8 (C5), 141.3 (C1), 138.0 (C7), 134.5 (C4), 128.1 

(C3), 124.8 (C2), 120.5 (C6), 56.0 (CHCH2CH3), 43.1 (ArCH2), 28.2 (CONCH3), 24.9 

(CHCH2CH3), 15.4 (ArCH3), 8.5 (CHCH2CH3) 

(R)-8-((4-Bromothiophen-2-yl)methyl)-2-chloro-7-ethyl-5-methyl-7,8-

dihydropteridin-6(5H)-one, 6t 

Dihydropteridinone 13t (217 mg, 0.56 mmol) was reacted with 

methyl iodide (46 µL, 0.73 mmol) using general method 5 to afford 

the title compound 6t as a yellow solid (165 mg, 69%). LCMS purity 

>95%, ret. time 1.56 mins; HRMS (ESI +ve): found [M+H]+ 402.9801, 

[C14H15BrClN4OS]+ requires 402.9811; [𝛼]𝐷
23.7: −18.7° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 7.72 (1H, s, H7), 7.17 (1H, s, H1), 6.99 (1H, s, H3), 5.47 (1H, d, J = 15.8 Hz, 

ArCHH), 4.41 (1H, d, J = 15.8 Hz, ArCHH), 4.31 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 

3.33 (3H, s, CONCH3), 2.05 – 1.98 (1H, m, CHCHHCH3), 1.90 – 1.82 (1H, m, 

CHCHHCH3), 0.81 (3H, t, J = 7. Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 

(CO2CH3), 154.0 (C8), 151.7 (C5), 139.0 (C4), 138.3 (C7), 130.3 (C3), 123.8 (C1), 
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120.5 (C6), 109.4 (C2), 60.8 (CHCH2CH3), 43.0 (ArCH2), 28.3 (CONCH3), 25.1 

(CHCH2CH3), 8.5 (CHCH2CH3) 

(R)-8-((4-Chlorothiophen-2-yl)methyl)-2-chloro-7-ethyl-5-methyl-7,8-

dihydropteridin-6(5H)-one, 6u 

Dihydropteridinone 13u (120 mg, 0.35 mmol) was reacted with 

methyl iodide (28 µL, 0.45 mmol) using general method 5 to afford 

the title compound 6u as a yellow solid (114 mg, 91%). LCMS purity 

>95%, ret. time 1.54 mins; HRMS (ESI +ve): found [M+H]+ 

357.0334, [C14H15Cl2N4OS]+ requires 357.0338; [𝛼]𝐷
22.8: −2.8° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 7.72 (1H, s, H7), 7.06 (1H, d, J = 1.3 Hz, H1), 6.95 – 6.94 (1H, m, 

H3), 5.45 (1H, d, J = 15.6 Hz, ArCHH), 4.39 (1H, d, J = 15.6 Hz, ArCHH), 4.31 (1H, 

dd, J = 6.0, 3.5 Hz, CHCH2CH3), 3.34 (3H, s, CONCH3), 2.06 – 1.98 (1H, m, 

CHCHHCH3), 1.91 – 1.82 (1H, m, CHCHHCH3), 0.81 (3H, t, J = 7.4 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.3 (CO2CH3), 154.1 (C8), 151.7 (C6), 138.3 (C4 & C7), 

128.0  (C3), 124.8 (C2), 120.9 (C1), 120.5 (C6), 60.8 (CHCH2CH3), 43.2 (ArCH2), 

28.3 (CONCH3), 25.1 (CHCH2CH3), 8.5 (CHCH2CH3) 

2-Chloro-7-ethyl-5-methyl-8-phenyl-7,8-dihydropteridin-6(5H)-

one, 6v  

Dihydropteridinone 13v (190 mg, 0.66 mmol) was reacted with methyl 

iodide (54 µL, 0.86 mmol) using general method 5 to afford the title 

compound 6v as a white solid (135 mg, 69%). LCMS purity >95%, ret. 

time 1.40 mins; HRMS (ESI +ve): found [M+H]+ 303.1013, [C15H16ClN4O]+ requires 

303.1013; δH (CDCl3, 500 MHz): 7.81 (1H, s, H7), 7.51 – 7.45 (2H, m, H2), 7.40 – 

7.33 (3H, m, H1 & H3), 4.66 (1H, dd, J = 6.3, 3.6 Hz, CHCH2CH3), 3.42 (3H, s, 

NCH3), 2.06 – 1.97 (1H, m, CHCHHCH3), 1.77 – 1.68 (1H, m, CHCHHCH3), 0.93 (3H, 

t, J = 7.9 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.5 (CONCH3), 154.1 (C8), 151.7 

(C5), 139.1 (C7), 139.0 (C4), 129.6 (C2), 127.8 (C1), 126.9 (C3), 120.6 (C6), 64.6 

(CHCH2CH3), 28.4 (NCH3), 25.6 (CHCH2CH3), 8.5 (CHCH2CH3) 

 

2-Chloro-8-cyclopentyl-7,7-diethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 14a  

Under nitrogen conditions, nBuLi (1.6 M solution in hexane, 42 µL, 

0.46 mmol) was added dropwise to a stirred solution of diisopropyl 

amine (68 µL, 0.49 mmol) in THF (3.05 mL, 0.1 M) at −78 °C. The 

solution was stirred for 5 mins then warmed to 0 °C for a further 20 

mins. The resulting solution was added dropwise to dihydropteridinone 6a (90 mg, 

0.30 mmol) in THF (3.05 mL, 0.1 M) at −78 °C. After 30 mins, iodoethane (0.47 mL, 
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0.92 mmol) was added and the solution stirred for 1 hour. Upon completion, water 

was added, and the aqueous phase extracted with EtOAc (X3). The combined 

organic phases were washed with water, dried over MgSO4, filtered and concentrated 

in vacuo. The residue was purified by Biotage column chromatography (cHex:EtOAc 

0 – 20%) to afford the title compound 14a (62 mg, 63%) as a white solid. LCMS purity 

>95%, ret. time 1.62 mins; HRMS (ESI +ve): found [M+H]+ 323.1632, [C16H24ClN4O]+ 

requires 323.1633; δH (CDCl3, 500 MHz): 7.53 (1H, s, H6), 3.80 (1H, quin, J = 8.7 Hz, 

H3), 3.31 (3H, s, CONCH3), 2.43 – 2.34 (2H, m, H2), 2.23 – 2.09 (4H, m, H1 & 

(CHHCH3)2), 1.88 – 1.77 (2H, m, (CHHCH3)2), 1.74 – 1.65 (2H, m, H2), 1.61 – 1.51 

(2H, m, H1), 0.82 (1H, tt, J  =  7.3, 1.3 Hz, ((CH2CH3)2); δC (CDCl3, 126 MHz): 166.0 

(CONCH3), 153.2 (C7), 151.0 (C4), 136.6 (C6), 119.8 (C5), 73.0 (C(CH2CH3)2), 56.8 

(C3). 31.8 ((CH2CH3)2)., 28.7 (C2), 28.1 (NCH3), 26.1 (C1), 8.7 ((CH2CH3)2) 

2-Chloro-8-cyclopentyl-7-ethyl-5,7-dimethyl-7,8-dihydropteridin-6(5H)-one, 14b  

To dihydropteridinone 6a (53 mg, 0.18 mmol) in THF (1.78 mL, 0.1 M) 

at −78 °C was added LiHDMS (1 M solution in THF, 37 µL, 0.20 

mmol). The solution stirred at RT for 4 hrs. Upon completion, sat. aq. 

NH4Cl was added, and the aqueous phase extracted with CH2Cl2 (X3). 

The combined organic phases were dried over MgSO4, filtered and concentrated in 

vacuo. The residue was purified by Biotage column chromatography (cHex:EtOAc 0 – 

20%) to afford the title compound 14b (35 mg, 64%) as a white solid. LCMS purity 

>95%, ret. time 1.59 mins; HRMS (ESI +ve): found [M+H]+ 309.1474, [C15H22ClN4O]+ 

requires 309.1477; δH (CDCl3, 500 MHz): 7.55 (1H, s, H6), 3.89 - 3.82 (1H, m, H3), 

3.31 (3H, s, NCH3), 2.46 – 2.39 (1H, m, H2), 2.35 – 2.09 (4H, m, cPeH & CHHCH3), 

1.99 – 1.80 (1H, m, CHHCH3), 1.75 – 1.69 (2H, m, H2), 1.67 (3H, s, CH3), 1.63 – 1.52 

(2H, m, H1), 0.84 (3H, t, J = 7.4 Hz, CH2CH3); δC (CDCl3, 126 MHz): 165.6 (CONCH3), 

153.2 (C7), 150.4 (C4), 136.7 (C6), 112.0 (C5), 67.8 (C(CH3)(CH2CH3)) 57.4 (C3), 

32.4 (CH2CH3), 29.2 (C2), 28.5 (C2’), 28.4 (NCH3), 26.3 (C1), 26.1 (C1’), 8.9 

(CH2CH3) 

Methyl 3-Hydroxy-4-nitrobenzoate, 16   

3-Hydroxy-4-nitrobenzoic acid 15 (1 g, 5.46 mmol) was subjected to 

general method 1 to afford the title compound 16 (HCl salt) as a 

yellow solid (1.05 g, 82%). LCMS purity >95%, ret. time 1.20 mins, 

correct mass not observed; δH (CDCl3, 500 MHz): 10.51 (1H, s, OH), 8.18 (1H, d, J = 

8.5 Hz, H3), 7.84 (1H, d, J = 1.6 Hz, H6), 7.62 (1H, dd, J  = 8.5, 1.6 Hz, H4), 3.97 (3H, 

s, CO2CH3); δC (CDCl3, 126 MHz): 164.8 (CO2CH3), 154.7 (C1), 138.0 (C5), 135.8 

(C2), 125.3 (C3), 121.7 (C6), 52.9 (CO2CH3) 
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Methyl 3-isopropoxy-4-nitrobenzoate, 17a 

Methyl 3-hydroxy-4-nitrobenzoate 16 (200 mg, 0.86 mmol) was 

reacted with 2-iodopropane (0.12 mL, 1.20 mmol) using general 

method 6 to afford the title compound 17a as a yellow oil (180 mg, 

88%). LCMS purity >95%, ret. time 1.48 mins, correct mass not 

observed; δH (CDCl3, 500 MHz): 7.76 (1H, d, J = 8.5 Hz, H3), 7.75 (1H, d, J = 1.6 Hz, 

H6), 7.65 (1H, dd, J = 8.5, 1.6 Hz, H4), 4.78 (1H, sept, J = 6.0 Hz, CH(CH3)2), 3.97 

(3H, s, OCH3), 1.42 (6H, d, J = 6.0 Hz, CH(CH3)2); δC (CDCl3, 126 MHz): 165.3 

(COOCH3), 150.7 (C1), 143.7 (C2), 134.4 (C5), 125.0 (C3), 121.0 (C4), 116.9 (C6), 

72.9 (CH(CH3)2), 52.7 (OCH3), 21.7 (CH(CH3)2 

 

Methyl 3-(cyclopropylmethoxy)-4-nitrobenzoate, 17b 

Methyl 3-hydroxy-4-nitrobenzoate 16 (130 mg, 0.56 mmol) was 

reacted with (bromomethyl)cyclopropane (76 µL, 0.78 mmol) using 

general method 6 to afford the title compound 17b as a yellow solid 

(119 mg, 85%). LCMS purity >95%, ret. time 1.49 mins, correct mass not observed; 

δH (CDCl3, 500 MHz): 7.81 (1H, d, J = 8.5 Hz, H3), 7.72 (1H, d, J = 1.6 Hz, H6), 7.69 

– 7.66 (1H, m, H4), 4.04 (2H, d, J = 6.6 Hz, OCH2), 3.96 (3H, s, CO2CH3), 1.36 – 1.27 

(1H, m, CH(CH2)2), 0.71 – 0.64 (2H, m, CH(CH2)(CH2), 0.45 – 0.39 (2H, m, 

CH(CH2)(CH2); δC (CDCl3, 126 MHz): 165.3 (CO2CH3), 151.8 (C1), 142.9 (C2), 134.6 

(C5), 125.2 (C3), 121.3 (C4), 116.0 (C6), 74.6 (OCH2), 52.8 (CO2CH3), 9.8 

(CH(CH2)2), 3.3 (CH(CH2)2) 

 

Methyl 3-(cyclopentyloxy)-4-nitrobenzoate, 17c  

Methyl 3-hydroxy-4-nitrobenzoate 16 (200 mg, 1.01 mmol), 

cyclopentanol (74 µL, 0.81 mmol) and triphenylphosphine (346 mg, 

1.32 mmol) were dissolved in THF (0.1 M). Di-(tert-butyl) 

azodicarboxylate (234 mg, 1.01 mmol) was added and the reaction 

stirred at rt for 18 hrs during which time LCMS analysis revealed the progress of the 

reaction. Upon its completion, the reaction was quenched with water (5 mL) and the 

aqueous phase extracted with CH2Cl2 (X3). The organic phases were combined, dried 

over MgSO4 and concentrated in vacuo. The reaction was purified by Biotage column 

chromatography (cHex/EtOH, 4:1) to afford the title compound 17c as a yellow solid 

(230 mg, 85%). LCMS purity >95%, ret. time 1.57 mins, correct mass not observed; 

δH (CDCl3, 500 MHz): 7.77 (1H, d, J = 8.2 Hz, H5), 7.74 (1H, d, J = 1.3 Hz, H8), 7.64 

(1H, dd, J = 8.2, 1.3 Hz, H6), 5.02 – 4.98 (1H, m, OCH), 3.97 (3H, s, CO2CH3), 2.01 – 
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1.90 (4H, m, H2), 1.89 – 1.80 (2H m, H1), 1.73 – 1.62 (2H m, H1); δC (CDCl3, 126 

MHz): 165.4 (CO2CH3), 151.0 (C3), 143.3 (C4), 134.4 (C7), 125.1 (C5), 120.8 (C6), 

116.6 (C8), 81.8 (OCH), 52.8 (CO2CH3), 32.7 (C2), 23.8 (C1)  

 

Methyl 3-isobutoxy-4-nitrobenzoate, 17d 

Methyl 3-hydroxy-4-nitrobenzoate 16 (200 mg, 0.86 mmol) was 

reacted with 1-iodo-2-methylpropane (0.12 mL, 1.20 mmol) using 

general method 6 to afford the title compound 17d as a colourless oil 

(158 mg, 73%). LCMS purity >95%, ret. time 1.60 mins, correct mass 

not observed; δH (CDCl3, 500 MHz): 7.81 (1H, d, J = 8.2 Hz, H3), 7.71 (1H, d, J = 1.6 

Hz, H6), 7.67 – 7.64 (1H, m, H4), 3.96 (3H, s, CO2CH3), 3.92 (1H, d, J = 6.3 Hz, 

OCH2), 2.20 – 2.11 (1H, m, CH(CH3)2), 1.05 (6H, d, J = 6.9 Hz, CH(CH3)2); δC (CDCl3, 

126 MHz): 165.3 (CO2CH3), 152.0 (C1), 142.4 (C2), 134.7 (C5), 125.1 (C3), 121.0 

(C4), 115.3 (C6), 75.9 (OCH2), 52.8 (CO2CH3), 28.2 (CH(CH3)2), 19.0 (CH(CH3)2) 

 

3-Isopropoxy-4-nitrobenzoic acid, 18a 

Methyl 3-isopropoxy-4-nitrobenzoate 17a (180 mg, 0.75 mmol) was 

subjected general method 7 to afford the title compound 18a as a 

yellow solid (153 mg, 90%). LCMS purity >95%, ret. time 1.47 mins, 

correct mass not observed; δH (CDCl3, 500 MHz): 7.81 (1H, d, J = 8.4 

Hz, H3), 7.79 (1H, d, J = 1.6 Hz, H6), 7.74 (1H, dd, J = 8.4, 1.6 Hz, H4), 4.80 (1H, 

sept., J = 6.0 Hz, CH(CH3)2), 1.44 (6H, d, J = 6.0 Hz, CH(CH3)2); δC (CDCl3, 126 

MHz): 169.1 (CO2H), 150.8 (C1), 144.3 (C2), 133.2 (C5), 125.2 (C3), 121.7 (C4), 

117.3 (C6), 73.1 (CH(CH3)2), 21.8 (CH(CH3)2) 

 

3-(Cyclopropylmethoxy)-4-nitrobenzoic acid, 18b 

Methyl 3-(cyclopropylmethoxy)-4-nitrobenzoate 17b (110 mg, 0.44 

mmol) was subjected to general method 7 to afford the title compound 

18b as a yellow solid (58 mg, 56%). LCMS purity >95%, ret. time 1.47 

mins, correct mass not observed; δH (CDCl3, 500 MHz): 7.84 (1H, d, J = 8.5 Hz, H3), 

7.79 (1H, d, J = 1.3 Hz, H6), 7.78 – 7.75 (1H, m, H4), 4.07 (2H, d, J = 6.9 Hz, OCH2), 

1.38 – 1.28 (1H, m, CH(CH2)2), 0.73 – 0.63 (2H, m, CH(CH2)(CH2), 0.47 – 0.39 (2H, 

m, CH(CH2)(CH2); δC (CDCl3, 126 MHz): δ 169.3 (CO2H), 151.8 (C1), 143.5 (C2), 

133.5 (C5), 125.2 (C3), 122.0 (C4), 116.4 (C6), 74.7 (OCH2), 9.8 (CH(CH2)2), 3.4 

(CH(CH2)2) 
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3-(Cyclopentyloxy)-4-nitrobenzoic acid, 18c 

Methyl 3-(cyclopentylmethoxy)-4-nitrobenzoate 17c (225 mg, 0.81 

mmol) was subjected to general method 7 to afford the title compound 

18c as a yellow solid (181 mg, 89%). LCMS purity >95%, ret. time 

1.49 mins, correct mass not observed; δH (CDCl3, 500 MHz): 7.81 (1H, 

d, J = 8.2 Hz, H5), 7.80 (1H, d, J = 1.6 Hz, H8), 7.73 (1H, dd, J = 8.2, 1.6 Hz, H6), 

5.03 – 4.99 (1H, m, OCH), 2.03 – 1.88 (4H, m, H2), 1.90 – 1.78 (2H m, H1), 1.73 – 

1.59 (2H m, H1); δC (CDCl3, 126 MHz): 168.9 (CO2H), 151.0 (C5), 144.0 (C4), 133.2 

(C7), 125.2 (C5), 121.5 (C6), 117.0 (C8), 82.0 (OCH), 32.7 (C2), 23.1 (C1) 

 

3-Isobutoxy-4-nitrobenzoic acid, 18d 

Methyl 3-isobutoxy-4-nitrobenzoate 17d (150 mg, 0.59 mmol) was 

subjected to general method 7 to afford the title compound 18d as a 

yellow solid (100 mg, 71%). LCMS purity >95%, ret. time 1.47 mins, 

correct mass not observed; δH (CDCl3, 500 MHz): 7.85 (1H, d, J = 8.2 

Hz, H3), 7.79 (1H, d, J = 1.3 Hz, H6), 7.76 (1H, dd, J = 8.2, 1.3 Hz, H4), 3.95 (1H, d, J 

= 6.3 Hz, OCH2), 2.23 – 2.14 (1H, m, CH(CH3)2), 1.08 (6H, d, J = 6.9 Hz, CH(CH3)2); 

δC (CDCl3, 126 MHz): 169.0 (CO2H), 152.1 (C1), 143.1 (C2), 133.5 (C5), 125.3 (C3), 

121.7 (C4), 115.8 (C6), 76.0 (OCH2), 28.2 (CH(CH3)2), 19.0 (CH(CH3)2) 

 

3-Ethoxy-4-nitrobenzoic acid, 18e 

To a solution of 3-fluoro-4-nitrobenzoic acid (500 mg, 2.70 mmol) in 

EtOH (0.3 M) was added KOH (348 mg, 2.3 equiv.). The mixture was 

heated under microwave irradiation at 100 °C for 5 mins. The reaction 

mixture was acidified using 2N HCl and extracted with EtOAc (X3). 

The combined organic phases were washed with water, dried over MgSO4, filtered 

and concentrated in vacuo to afford the title compound 18e as a brown solid (550 mg, 

96%). δH (CDCl3, 500 MHz): 7.83 – 7.80 (2H, m, H3 & H6), 7.70 (1H, dd, J = 8.2, 1.6 

Hz, H4), 4.27 (2H, q, J = 6.9 Hz, OCH2CH3), 1.44 (3H, t, J = 6.9 Hz, OCH2CH3); δC 

(CDCl3, 126 MHz): 167.3 (COOH), 149.5 (C1), 139.8 (C2), 134.3 (C4), 124.4 (C3), 

121.4 (C4), 115.2 (C6), 65.3 (OCH2CH3), 13.3 (OCH2CH3) 

 

3-Isopropoxy-N-(1-methylpiperidin-4-yl)-4-nitrobenzamide, 19a 

Benzoic acid 18a (50 mg, 0.22 mmol) was reacted with 1-

methylpiperidin-4-amine (25.4 mg, 0.22 mmol) using general 

method 8 to afford the title compound 19a as a yellow solid (55 

mg, 76%). LCMS purity >95%, ret. time 0.97 mins; HRMS (ESI 
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+ve): found [M+H]+ 322.1744, [C16H24N3O4]+ requires 322.1767; δH (CDCl3, 500 MHz): 

7.77 (1H, d, J = 8.5 Hz, H3), 7.58 (1H, d, J = 1.6 Hz, H6), 7.21 (1H, dd, J = 8.5, 1.6 

Hz, H4), 6.07 (1H, d, J = 7.3 Hz, NH), 4.78 (1H, sept., J = 6.1 Hz, CH(CH3)2), 4.05 – 

3.91 (1H, m, NHCH), 2.85 (2H, d, J = 11.4 Hz, H8), 2.32 (3H, s, NCH3), 2.21 – 2.14 

(2H, m, H8), 2.09 – 1.99 (2H, m, H7), 1.68 – 1.55 (2H, m, H7), 1.40 (6H, d, J = 6.3 

Hz, CH(CH3)2); δC (CDCl3, 126 MHz): 165.0 (CONH), 151.4 (C1), 142.5 (C2), 139.4 

(C5), 125.4 (C3), 117.1 (C4), 115.5 (C6), 73.0 (CH(CH3)2), 54.5 (C8), 47.1 (NHCH), 

46.1 (NCH3), 32.1 (C7), 21.8 (CH(CH3)2) 

 

3-(Cyclopropylmethoxy)-N-(1-methylpiperidin-4-yl)-4-nitrobenzamide, 19b 

Benzoic acid 18b (52 mg, 0.22 mmol) was reacted with 1-

methylpiperidin-4-amine (25 mg, 0.22 mmol) using general 

method 8 to afford the title compound 19b as a white solid (41 

mg, 56%). LCMS purity >95%, ret. time 1.02 mins; HRMS (ESI +ve): found [M+H]+ 

334.1776 [C17H24N3O4]+ requires 334.1767; δH (CDCl3, 500 MHz): 7.83 (1H, d, J = 8.3 

Hz, H3), 7.56 (1H, d, J = 1.6 Hz, H6), 7.23 (1H, dd, J = 8.3, 1.6 Hz, H4), 5.99 (1H, s, 

NH), 4.05 (2H, d, J = 6.9 Hz, OCH2), 4.03 – 3.93 (1H, m, NHCH), 2.85 (2H, d, J = 

11.4 Hz, H8), 2.32 (3H, s, NCH3), 2.20 – 2.13 (2H, m, H8), 2.10 – 2.01 (2H, m, H7), 

1.65 – 1.54 (2H, m, H7), 1.36 – 1.27 (1H, m, CH(CH2)2), 0.72 – 0.64 (2H, m, 

CH(CH2)(C’H2), 0.43 – 0.37 (2H, m, CH(CH2)(C’H2); δC (CDCl3, 126 MHz): 164.9 

(CONH), 152.5 (C1), 141.7 (C2), 139.7 (C5), 125.5 (C3), 117.3 (C4), 114.6 (C6), 74.6 

(OCH2), 54.4 (C8), 47.2 (NHCH), 46.2 (NCH3), 32.2 (C7), 9.8 (CH(CH2)2), 3.3 

(CH(CH2)2) 

 

3-(Cyclopentyloxy)-N-(1-methylpiperidin-4-yl)-4-nitrobenzamide, 19c  

Benzoic acid 18c (50 mg, 0.20 mmol) was reacted with 1-

methylpiperidin-4-amine (23 mg, 0.20 mmol) using general 

method 8 to afford the title compound 19c as a yellow solid (42 

mg, 61%). LCMS purity >95%, ret. time 1.15 mins; HRMS (ESI 

+ve): found [M+H]+ 348.1920 [C18H26N3O4]+ requires 348.1923; δH (CDCl3, 500 MHz): 

7.78 (1H, d, J = 8.2 Hz, H5), 7.59 (1H, d, J = 1.6 Hz, H8), 7.22 (1H, dd, J = 8.2, 1.6 

Hz, H6), 6.28 (1H, d, J = 6.9 Hz, NH), 5.02 – 4.98 (1H, m, OCH), 4.07 – 4.00 (1H, m, 

NHCH), 2.99 (2H, d, J = 11.4 Hz, H10), 2.40 (3H, s, NCH3), 2.33 – 2.26 (2H, m, H10), 

2.12 – 2.06 (2H, m, H9), 2.00 – 1.65 (2H, m, cPeH & H9); δC (CDCl3, 126 MHz): 165.1 

(CONH), 151.6 (C3), 142.2 (C4), 139.5 (C5), 125.4 (C5), 117.0 (C6), 115.2 (C8), 81.8 

(OCH), 54.3 (C10), 46.6 (NHCH), 45.6 (NCH3), 32.7 (C2), 31.5 (C9), 23.8 (C1) 
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3-Isobutoxy-N-(1-methylpiperidin-4-yl)-4-nitrobenzamide, 19d 

Benzoic acid 18d (50 mg, 0.21 mmol) was reacted with 1-

methylpiperidin-4-amine (23.9 mg, 0.21 mmol) using general 

method 8 to afford the title compound 19d as a yellow solid (60 

mg, 86%). LCMS purity >95%, ret. time 1.02 mins; HRMS (ESI 

+ve): found [M+H]+ 336.1927, [C17H26N3O4]+ requires 336.1923; δH (CDCl3, 500 MHz) 

7.81 (1H, d, J = 8.2 Hz, H3), 7.55 (1H, d, J = 1.6 Hz, H6), 7.28 (1H, dd, J = 8.2, 1.6 

Hz, H4), 6.44 (1H, d, J = 7.6 Hz, NH), 4.06 – 3.97 (1H, m, NHCH), 3.92 (2H, d, J = 

6.3 Hz, OCH2), 2.94 (2H, d, J = 11.7 Hz, H8), 2.37 (3H, s, NCH3), 2.31 – 2.23 (2H, m, 

H8), 2.18 – 2.10 (1H, m, CH(CH3)2), 2.09 – 2.03 (2H, m, H7), 1.78 – 1.69 (2H, m, H7), 

1.04 (6H, d, J = 6.6 Hz, CH(CH3)2); δC (CDCl3, 126 MHz): 165.0 (CONH), 152.6 (C1), 

141.2 (C2), 139.6 (C5), 125.4 (C3), 117.4 (C4), 114.0 (C6), 76.0 (OCH2), 54.4 (C8), 

46.7 (NHCH), 45.7 (NCH3), 31.5 (C7), 28.1 (CH(CH3)2), 19.0 (CH(CH3)2) 

 

3-Ethoxy-N-(1-methylpiperidin-4-yl)-4-nitrobenzamide, 19e 

Benzoic acid 18e (100 mg, 0.47 mmol) was reacted with 1-

methylpiperidin-4-amine (54.1 mg, 0.47 mmol) using general 

method 8 to afford the title compound 19e as an orange solid 

(100 mg, 69%). LCMS purity >95%, ret. time 0.88 mins; HRMS 

(ESI +ve): found [M+H]+ 308.1624 [C15H22N3O4]+ requires 308.1610; δH (CDCl3, 500 

MHz): 7.82 (1H, d, J = 8.2 Hz, H3), 7.58 (1H, d, J = 1.9 Hz, H6), 7.23 (1H, dd, J = 8.2, 

1.9 Hz, H4), 5.99 (1H, d,  J = 7.3 Hz, NH), 4.26 (2H, q,  J = 7.2 Hz, OCH2CH3), 4.05 – 

3.94 (1H, m, NHCH), 2.87 (2H, d, J = 11.2 Hz, H8), 2.33 (3H, s, NCH3), 2.23 – 2.16 

(2H, m, H8), 2.10 – 2.03 (2H, m, H7), 1.65 – 1.56 (2H, m, H7), 1.49 (3H, t, J = 6.9 Hz, 

OCH2CH3); δC (CDCl3, 126 MHz): 164.9 (CONH), 152.4 (C1), 140.6 (C2), 139.7 (C5), 

125.5 (C3), 117.3 (C4), 114.2 (C6), 65.8 (OCH2CH3), 54.5 (NHCH), 53.4 (C8), 46.2 

(NCH3), 32.2 (C7a+b), 14.5 (OCH2CH3) 

 

N-(1-Methylpiperidin-4-yl)-4-nitrobenzamide, 19f 

4-Nitrobenzoic acid 18f (400 mg, 2.39 mmol) was reacted with 1-

methylpiperidin-4-amine (273 mg, 2.39 mmol) using general 

method 8 to afford the title compound 19f as a white solid (350 

mg, 55%). LCMS purity >95%, ret. time 0.18 mins; HRMS (ESI +ve): found [M+H]+ 

264.1335 [C13H18N3O3]+ requires 264.1343; δH (CDCl3, 500 MHz): 8.29 (2H, d, J = 8.2 

Hz, H2), 7.93 (2H, d, J = 8.2 Hz, H3), 6.08 (1H, d, J = 6.0 Hz, NH), 4.06 – 3.97 (1H, 

m, NHCH), 2.87 (2H, d, J = 13.9 Hz, H6), 2.33 (3H, s, NCH3), 2.29 – 2.22 (2H, m, 

H6), 2.11 – 2.05 (2H, m, H5), 1.64 (2H, qd, J = 11.9, 3.8 Hz, H5); δC (CDCl3, 126 
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MHz): 164.9 (CONH), 149.6 (C1), 140.3 (C4), 128.1 (C3), 123.8 (C2), 54.4 (C6), 46.8 

(NHCH), 45.8 (NCH3), 31.7 (C5) 

 

3-Ethoxy-N-methyl-N-(1-methylpiperidin-4-yl)-4-nitrobenzamide, 19g 

Benzoic acid 18e (300 mg, 1.42 mmol) was reacted with N,1-

dimethylpiperidin-4-amine (0.21 mL, 1.42 mmol) using general 

method 8 to afford the title compound 19g as an orange solid 

(255 mg, 55%). LCMS purity >95%, ret. time 0.57 mins; HRMS 

(ESI +ve): found [M+H]+ 322.1756, [C16H23N3O4]+ requires 322.1761; Rotomer A δH 

(CDCl3, 500 MHz): 7.77 (1H, d, J = 8.5 Hz, H3), 7.58 (1H, d, J = 1.6 Hz, H6), 7.21 

(1H, dd, J = 8.5, 1.6 Hz, H4), 4.59 – 4.50 (1H, m, H7), 4.22 (2H, q, J = 6.9 Hz, 

OCH2CH3), 3.05 – 2.95 (2H, m, H9), 2.82 (3H, s, CONCH3), 2.36 (3H, s, NCH3), 2.28 

– 2.18 (2H, m, H9), 1.98 – 1.75 (2H, m, H8), 1.48 (3H, d, J = 6.9 Hz, OCH2CH3); δC 

(CDCl3, 126 MHz): 169.3 (CONCH3), 152.5 (C1), 142.5 (C2), 140.1 (C5), 125.7 (C3), 

117.7 (C4), 112.8 (C6), 65.7 (OCH2CH3), 54.9 (C9), 50.9 (C7), 45.9 (NCH3), 32.0 

(CONCH3), 28.3 (C8), 14.5 (CH2CH3); Rotomer B δH (CDCl3, 500 MHz): 7.77 (1H, d, J 

= 8.5 Hz, H3), 7.58 (1H, d, J = 1.6 Hz, H6), 7.21 (1H, dd, J = 8.5, 1.6 Hz, H4), 3.41 – 

3.33 (1H, m, H7), 4.22 (2H, q, J = 6.9 Hz, OCH2CH3), 2.90 – 2.84 (2H, m, H9), 2.82 

(3H, s, CONCH3), 2.23 (3H, s, NCH3), 2.04 – 1.75 (5H, m, 3 x H8 & 2 x H9), 1.62 – 

1.56 (1H, m, H8), 1.48 (3H, d, J = 6.9 Hz, OCH2CH3); δC (CDCl3, 126 MHz): 169.3 

(CONCH3), 152.5 (C1), 142.5 (C2), 140.1 (C5), 125.7 (C3), 117.7 (C4), 112.8 (C6), 

65.7 (OCH2CH3), 56.4 (C7), 54.7 (C9), 45.9 (NCH3), 29.8 (C8), 27.7 (CONCH3), 14.5 

(OCH2CH3) 

 

4-Amino-3-isopropoxy-N-(1-methylpiperidin-4-yl)benzamide, 20a 

4-Nitrobenzamide 19a (55 mg, 0.17 mmol) was subjected to 

general method 9 to afford the title compound 20a as a yellow 

solid (34 mg, 68%). LCMS purity >95%, ret. time 0.32 mins; 

HRMS (ESI +ve): found [M+H]+ 292.2015, [C16H26N3O2]+ requires 

292.2025; δH (CDCl3, 500 MHz) 7.36 (1H, d, J = 1.9 Hz, H6), 7.09 (1H, dd, J = 8.2, 

1.9 Hz, H4), 6.65 (1H, d, J = 8.2 Hz, H3), 5.87 (1H, d, J = 7.3 Hz, NH), 4.65 (1H, 

sept., J = 6.3 Hz, CH(CH3)2), 4.11 (2H, s, NH2), 4.02 – 3.93 (1H, m, NHCH), 2.83 (2H, 

d, J = 11.5 Hz, H8), 2.31 (3H, s, NCH3), 2.20 – 2.13 (2H, m, H8), 2.06 – 2.00 (2H, m, 

H7), 1.63 – 1.53 (2H, m, H7), 1.36 (6H, d, J = 6.3 Hz, CH(CH3)2); δC (CDCl3, 126 

MHz): 166.8 (CONH), 144.8 (C1), 140.7 (C2), 124.2 (C5), 119.3 (C4), 113.4 (C3), 

112.7 (C6), 70.8 (CH(CH3)2), 54.5 (C8), 46.3 (NHCH), 46.1 (NCH3), 32.3 (C7), 22.2 

(CH(CH3)2) 
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4-Amino-3-(cyclopropylmethoxy)-N-(1-methylpiperidin-4-yl)benzamide, 20b 

4-nitrobenzamide 19b (40 mg, 0.12 mmol) was subjected to 

general method 9 to afford the title compound 20b as a white 

solid (20 mg, 55%). LCMS purity >95%, ret. time 0.52 mins; 

HRMS (ESI +ve): found [M+H]+ 304.2008 [C17H26N3O2]+ requires 304.2020; δH 

(CDCl3, 500 MHz): 7.29 (1H, d, J = 1.9 Hz, H6), 7.11 (1H, dd, J = 8.2, 1.9 Hz, H4), 

6.65 (1H, dd, J = 8.2 Hz, H3), 5.94 (1H, s, NH), 4.18 (2H, s, NH2), 4.03 – 3.91 (1H, m, 

NHCH), 3.87 (2H, d, J = 6.9 Hz, OCH2CH3), 2.84 (2H, d, J = 11.0 Hz, H8), 2.31 (3H, 

s, NCH3), 2.26 – 2.19 (2H, m, H8), 2.05 – 1.99 (2H, m, H7), 1.64 – 1.53 (2H, m, H7), 

1.31 – 1.22 (1H, m, CH(CH2)2), 0.65 – 0.59 (2H, m, CH(CH2)(C’H2), 0.36 – 0.31 (2H, 

m, CH(CH2)(C’H2); δC (CDCl3, 126 MHz): 166.8 (CONH), 146.1 (C1), 139.9 (C2), 

124.2 (C5), 119.5 (C5), 113.2 (C3), 111.0 (C6), 73.4 (OCH2), 54.5 (C8), 46.2 (NHCH), 

46.0 (NCH3), 32.1 (C7), 10.3 (CH(CH2)2), 3.2 (CH(CH2)2) 

 

4-Amino-3-(cyclopentyloxy)-N-(1-methylpiperidin-4-yl)benzamide, 20c 

4-Nitrobenzamide 19c (37 mg, 0.11 mmol) was subjected to 

general method 9 to afford the title compound 20c as a white 

solid (25 mg, 74%). LCMS purity >95%, ret. time 0.89 mins; 

HRMS (ESI +ve): found [M+H]+ 318.2172 [C17H28N3O2]+ requires 

318.2176; δH (CDCl3, 500 MHz): 7.34 (1H, d, J = 1.9 Hz, H8), 7.08 (1H, dd, J = 7.9, 

1.9 Hz, H6), 6.64 (1H, d, J = 7.9 Hz, H5), 5.93 (1H, d, J = 7.9 Hz, NH), 4.87 (1H, tt, J 

= 5.7, 2.8 Hz, OCH), 4.03 – 3.93 (1H, m, NHCH), 2.93 – 2.84 (2H, m, H10), 2.33 (3H, 

s, NCH3), 2.20 (2H, t, J = 10.9 Hz, H10), 2.06 – 2.00 (2H, m, H9), 1.99 – 1.64 (6H, m, 

cPeH), 1.68 – 1.57 (4H, m, cPeH & H9); δC (CDCl3, 126 MHz): 166.9 (CONH), 145.0 

(C3), 140.3 (C4), 124.1 (C7), 119.1 (C6), 113.2 (C5), 112.0 (C8), 79.9 (OCH), 54.4 

(C10), 46.2 (NHCH), 45.9 (NCH3), 32.9 (C2), 32.1 (C9), 24.0 (C1); NH2 peak not 

observed. 

 

4-Amino-3-isobutoxy-N-(1-methylpiperidin-4-yl)benzamide, 20d 

4-Nitrobenzamide 19d (60 mg, 0.18 mmol) was subjected to 

general method 9 to afford the title compound 20d as a yellow 

solid (30 mg, 55%). LCMS purity >95%, ret. time 0.90 mins; 

HRMS (ESI +ve): found [M+H]+ 306.22161, [C17H28N3O2]+ 

requires 306.2176; δH (CDCl3, 500 MHz) 7.32 (1H, d, J = 1.9 Hz, H6), 7.10 (1H, d, J = 

8.2, 1.9 Hz, H4), 6.66 (1H, d, J = 8.2 Hz, H3), 5.86 (1H, d, J = 6.3 Hz, NH), 4.12 (2H, 

s, NH2), 4.02 – 3.92 (1H, m, NHCH), 3.83 (2H, d, J = 6.3 Hz, OCH2), 2.83 (2H, d, J = 

11.0 Hz, H8), 2.31 (3H, s, NCH3), 2.22 – 2.09 (3H, m, H8 & CH(CH3)2), 2.07 – 2.00 
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(2H, m, H7), 1.57 (2H, qd, J = 11.7, 3.6 Hz, H7), 1.04 (6H, d, J = 6.9 Hz, CH(CH3)2); 

δC (CDCl3, 126 MHz): 166.8 (CONH), 146.2 (C1), 139.7 (C2), 124.3 (C5), 119.3 (C4), 

113.1 (C3), 110.7 (C6), 74.7 (OCH2), 54.5 (C8), 46.3 (NHCH), 46.1 (NCH3), 32.4 

(C7), 28.3 (CH(CH3)2), 19.3 (CH(CH3)2)  

 

4-Amino-3-ethoxy-N-(1-methylpiperidin-4-yl)benzamide, 20e 

4-Nitrobenzamide 19e (95 mg, 0.18 mmol) was subjected to 

general method 9 to afford the title compound 20e as a yellow 

solid (28 mg, 32%). LCMS purity >95%, ret. time 0.21 mins; 

HRMS (ESI +ve): found [M+H]+ 278.1874 [C15H24N3O2]+ requires 

278.1863; δH (CDCl3, 500 MHz) 7.33 (1H, d, J = 1.9 Hz, H6), 7.11 (1H, dd, J = 8.1, 

1.9 Hz, H4), 6.66 (1H, dd, J = 8.1 Hz, H3), 5.86 (1H, d, J = 7.3 Hz, NH), 4.18 – 4.09 

(4H, m, NH2 & OCH2CH3), 4.05 – 3.94 (1H, m, NHCH), 2.86 (2H, d, J = 11.0 Hz, H8), 

2.33 (3H, s, NCH3), 2.24 – 2.17 (2H, m, H8), 2.07 – 2.01 (2H, m, H7), 1.59 (2H, qd, J 

= 11.6, 3.6 Hz, H7), 1.45 (3H, t, J = 6.9 Hz, OCH2CH3); δC (CDCl3, 126 MHz): 166.8 

(CONH), 146.1 (C1), 139.8 (C2), 124.3 (C5), 119.4 (C4), 113.2 (C3), 110.7 (C6), 64.0 

(OCH2CH3), 53.4 (C8), 46.3 (NHCH), 46.1 (NCH3), 31.0 (C7), 14.9 (CH2CH3)  

 

4-Amino-N-(1-methylpiperidin-4-yl)benzamide, 20f 

4-Nitrobenzamide 19f (160 mg, 0.61 mmol) was subjected to 

general method 9 to afford the title compound 20f as a 

colourless gum (80 mg, 56%). LCMS purity >95%, ret. time 0.09 

mins; HRMS (ESI +ve): found [M+H]+ 234.1619 [C13H20N3O]+ requires 234.1601; δH 

(CDCl3, 500 MHz): 7.61 – 7.58 (2H, m, H3), 6.68 – 6.65 (2H, m, H2), 5.83 (1H, d, J = 

6.6 Hz, NH), 4.02 – 3.93 (3H, m, NH2 & NHCH), 2.85 (2H, d, J = 11.7 Hz, H6), 2.32 

(3H, s, NCH3), 2.20 – 2.115 (2H, m, H6), 2.07 – 2.01 (2H, m, H5), 1.63 – 1.54 (2H, m, 

H5); δC (CDCl3, 126 MHz): 166.6 (CONH), 149.5 (C1), 128.6 (C3), 124.3 (C4), 114.2 

(C2), 54.6 (C6), 46.3 (NHCH), 46.1 (NCH3), 32.4 (C5)  

 

4-Amino-3-ethoxy-N-methyl-N-(1-methylpiperidin-4-yl)benzamide, 20g 

Nitrobenzene 19g (215 mg, 0.67 mmol) was subjected to 

general method 9 to afford the title compound 20g as a 

colourless oil (180 mg, 92%). LCMS purity >95%, ret. time 0.12 

mins; HRMS (ESI +ve): found [M+H]+ 292.2025 [C16H26N3O2]+ 

requires 292.2020; δH (CDCl3, 500 MHz): 6.82 (1H, d, J = 1.5 Hz, H6), 6.78 (1H, dd, J 

= 8.0. 1.5 Hz, H4), 6.61 (1H, d, J = 8.0 Hz, H3), 4.05 – 3.97 (4H, m, OCH2CH3 & H7), 

2.90 – 2.83 (5H, m, CONCH3 & H9), 2.23 (3H, s, NCH3), 2.05 – 1.81 (4H, m, 2 x H8 + 
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2 x H9), 1.70 - 1.60 (2H, m, H8), 1.39 (3H, t, J = 7.1 Hz, OCH2CH3); δC (CDCl3, 126 

MHz): 172.2 (CONCH3), 145.9 (C1), 137.9 (C2), 126.1 (C5), 120.1 (C4), 113.6 (C3), 

110.7 (C6), 63.8 (C7 & OCH2CH3), 55.0 (CONCH3 & C9), 45.9 (NCH3), 29.0 (C8), 

14.9 (OCH2CH3); NH2 peak not observed 

 

1-(1-(3-Methoxy-4-nitrophenyl)piperidin-4-yl)-4-methylpiperazine, 22a 

1-Methyl-4-(piperdin-4-yl)piperazine (200 mg, 1.09 mmol) was 

reacted with nitrobenzene 21a (187 mg, 1.09 mmol) using 

general method 10 to afford the title compound 22a as a yellow 

solid (234 mg, 64%). LCMS purity >95%, ret. time 0.43 mins; 

HRMS (ESI +ve): found [M+H]+ 335.2078 [C17H27N4O3]+ requires 335.2083; δH 

(CDCl3, 500 MHz): 8.00 (1H, d, J = 9.5 Hz, H3), 6.42 (1H, dd, J = 9.5, 2.5 Hz, H4), 

6.31 (1H, d, J = 2.5 Hz, H6), 3.95 (3H, s OCH3), 2.98 (2H, td, J = 12.6, 2.5 Hz, H7), 

2.72 – 2.57 (4H, m, H9), 2.57 – 2.43 (5H, m, NCH & H7), 2.31 (3H, s, NCH3), 2.01 – 

1.95 (2H, m, H8), 1.69 – 1.57 (2H, m, H8); δC (CDCl3, 126 MHz): 156.5 (C5), 155.3 

(C1), 129.1 (C2), 129.0 (C3), 105.6 (C4), 97.0 (C1), 61.3 (NCH), 56.2 (OCH3), 55.4 

(C10), 49.0 (C9), 47.0 (C7), 46.0 (NCH3), 27.8 (C8) 

 

4-(1-(3-Methoxy-4-nitrophenyl)piperidin-4-yl)morpholine, 22b 

4-(Piperidin-4-yl)morpholine (200 mg, 1.18 mmol) was reacted 

nitrobenzene 21a (201 mg, 1.18 mmol) using general method 10 

to afford the title compound 22b as a yellow solid (353 mg, 

94%). LCMS purity >95%, ret. time 0.47 mins; HRMS (ESI +ve): 

found [M+H]+ 322.1781 [C16H24N3O4]+ requires 322.1767; δH (CDCl3, 500 MHz): 8.00 

(1H, d, J = 9.2 Hz, H3), 6.43 (1H, dd, J = 9.2, 2.5 Hz, H4), 6.32 (1H, d, J = 2.5 Hz, 

H6), 3.97 – 3.92 (2H, m, H7), 3.95 (3H, s OCH3), 3.76 – 3.72 (4H, m, H10), 3.02 – 

2.95 (2H, m, H7), 2.60 – 2.57 (4H, m, H9), 2.49 – 2.42 (1H, m, NCH), 2.01 – 1.95 

(2H, m, H8), 1.66 – 1.56 (2H, m, H8); δC (CDCl3, 126 MHz): 156.5 (C5), 155.3 (C1), 

129.3 (C2), 129.0 (C3), 105.6 (C4), 97.0 (C1), 67.2 (C10), 61.5 (NCH), 56.2 (OCH3), 

49.8 (C9), 46.8 (C7), 27.8 (C8) 

 

1-(3-Methoxy-4-nitrophenyl)-N, N-dimethylpiperidin-4-amine, 22c 

N,N-Dimethylpiperidin-4-amine (200 mg, 1.56 mmol) was reacted 

with nitrobenzene 21a (267 mg, 1.56 mmol) using general method 

10 to afford the title compound 22c as a yellow oil (365 mg, 84%). 

LCMS purity >95%, ret. time 0.55 mins; HRMS (ESI +ve): found 

[M+H]+ 335.2078 [C14H22N3O3]+ requires 335.2083; δH (CDCl3, 500 MHz): 8.00 (1H, d, 
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J = 9.5 Hz, H3), 6.42 (1H, dd, J = 9.5, 2.5 Hz, H4), 6.32 (1H, d, J = 2.5 Hz, H6), 3.97 

– 3.91 (2H, m, H7), 3.95 (3H, s OCH3), 2.98 (2H, td, J = 12.5, 2.7 Hz, H7), 2.47 – 2.37 

(1H, m, NCH), 2.32 (6H, s, N(CH3)2), 2.01 – 1.92 (2H, m, H8), 1.66 – 1.53 (2H, m, 

H8); δC (CDCl3, 126 MHz): 156.5 (C5), 155.3 (C1), 129.1 (C2), 129.0 (C3), 105.6 

(C4), 97.0 (C1), 61.7 (NCH), 56.2 (OCH3), 46.8 (C7), 41.7 ((NCH3)2), 27.9 (C8) 

 

4-(1-(3-Ethoxy-4-nitrophenyl)piperidin-4-yl)morpholine, 22d 

4-Morpholinepiperidine (92 mg, 0.54 mmol) was reacted with 

nitrobenzene 21b (100 mg, 1.56 mmol) using general method 

10 to afford the title compound 22d as a yellow oil (142 mg, 

78%). LCMS purity >95%, ret. time 0.90 mins; HRMS (ESI 

+ve): found [M+H]+ 336.1906 [C17H26N3O4]+ requires 336.1918; 

δH (CDCl3, 500 MHz): 8.00 (1H, d, J = 9.1 Hz, H3), 6.42 (1H, dd, J = 9.1, 2.5 Hz, H4), 

6.32 (1H, d, J = 2.5 Hz, H6), 4.15 (2H, q, J = 7.0 Hz, OCH2CH3), 3.95 – 3.89 (2H, m, 

H7), 3.75 – 3.72 (4H, m, H11), 2.99 – 2.93 (2H, m, H7), 2.59 – 2.56 (4H, m, H10), 

2.44 (1H, tt, J= 11.0, 3.7 Hz, H9), 1.99 – 1.94 (2H, m, H8), 1.65 – 1.56 (2H, m, H8), 

1.55 (3H, t, J = 7.0 Hz, OCH2CH3); δC (CDCl3, 126 MHz): 155.8 (C1), 155.2 (C5), 

129.0 (C2), 128.8 (C3), 105.7 (C4), 98.5 (C6), 67.2 (C11), 65.3 (OCH2CH3), 61.5 

(C9), 49.9 (C10), 46.9 (C7), 27.7 (C8), 14.7 (OCH2CH3) 

 

1-(3-Ethoxy-4-nitrophenyl)-N,N-dimethyl-piperidin-4-amine, 22e 

4-(Dimethylamino)piperidine (64 mg, 0.50 mmol) was reacted with 

nitrobenzene 21b (100 mg, 0.50 mmol) using general method 10 

to afford the title compound 22e as a yellow oil (86 mg, 59%). 

LCMS purity >95%, ret. time 0.94 mins; HRMS (ESI +ve): found 

[M+H]+ 294.1805 [C15H24N3O3]+ requires 294.1812; δH (CDCl3, 500 MHz): 7.98 (1H, d, 

J = 9.1 Hz, H3), 6.43 (1H, dd, J = 9.1, 2.5 Hz, H4), 6.33 (1H, d, J = 2.5 Hz, H6), 4.16 

(2H, q, J = 6.9 Hz, OCH2CH3), 3.97 – 3.91 (2H, m, H7), 2.96 (2H, td, J = 13.2, 2.5 Hz, 

H7), 2.66 – 2.57 (1H, m, H9), 2.44 (6H, s, N(CH3)2), 2.07 – 2.01 (2H, m, H8), 1.66 

(2H, qd, J = 12.0, 4.1 Hz, H8), 1.51 (3H, t, J = 6.9 Hz, OCH2CH3); δC (CDCl3, 126 

MHz): 155.7 (C1), 155.0 (C5), 129.7 (C2), 128.7 (C3), 105.8 (C4), 98.8 (C6), 65.3 

(OCH2CH3), 62.1 (C9), 46.8 (N(CH3)2), 41.2 (C7), 27.3 (C8), 14.7 (OCH2CH3) 

 

1-(1-(3-Ethoxy-4-nitrophenyl)piperidin-4-yl)-4-methylpiperazine, 22f 

4-Morpholinepiperidine (68 mg, 0.37 mmol) was reacted with nitrobenzene 21b (69 

mg, 0.37 mmol) using general method 10 to afford the title compound 22f as a yellow 

oil (92 mg, 71%). LCMS purity >95%, ret. time 0.95 mins; HRMS (ESI +ve): found 
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[M+H]+ 349.2229 [C18H29N4O3]+ requires 349.2234; δH (CDCl3, 

500 MHz): 7.97 (1H, d, J = 9.3 Hz, H3), 6.41 (1H, dd, J = 9.3, 

2.5 Hz, H4), 6.31 (1H, d, J = 2.5 Hz, H6), 4.15 (2H, q, J = 7.0 

Hz, OCH2CH3), 3.92 (2H d, J = 12.7 Hz, H7), 2.95 (2H, td, J = 

12.7, 2.2 Hz, H7), 2.71 – 2.47 (9H, m, H9, H10 & H11), 2.33 

(3H, s, NCH3), 1.98 – 1.94 (2H, m, H8), 1.65 – 1.57 (2H, m, H8), 1.50 (3H, t, J = 7.0 

Hz, OCH2CH3); δC (CDCl3, 126 MHz): 155.8 (C1), 155.2 (C5), 129.0 (C2), 128.8 (C3), 

105.7 (C4), 98.5 (C6), 67.2 (C11), 65.3 (OCH2CH3), 61.5 (C9), 49.9 (C10), 46.9 (C7), 

27.7 (C8), 14.7 (OCH2CH3) 

 

1-(3-Ethoxy-4-nitrophenyl)-4-(pyrrolidin-1-yl)piperidine, 22g 

4-(1-Pyrolidinyl)-piperidine (153 mg, 0.99 mmol) was reacted 

with nitrobenzene 21b (200 mg, 0.99 mmol) using general 

method 10 to afford the title compound 22g as a yellow oil 

(207 mg, 65%). LCMS purity >95%, ret. time 0.94 mins; HRMS 

(ESI +ve): found [M+H]+ 320.1961 [C17H26N3O3]+ requires 

320.1969; δH (CDCl3, 500 MHz): 7.96 (1H, d, J = 9.1 Hz, H3), 6.42 (1H, dd, J = 9.1, 

2.5 Hz, H4), 6.33 (1H, d, J = 2.5 Hz, H6), 4.15 (2H, q, J = 7.0 Hz, OCH2CH3), 3.93 

(2H, d, J = 13.9 Hz, H7), 3.09 – 3.01 (4H, m, H10), 2.98 – 2.93 (2H, m, H7), 2.85 – 

2.77 (1H, m, H9), 2.17 – 2.11 (2H, m, H8), 2.05 – 1.90 (6H, m, 2 x H8 & H11), 1.51 

(3H, t, J = 7.0 Hz, OCH2CH3); δC (CDCl3, 126 MHz): 155.6 (C1), 155.0 (C5), 130.4 

(C2), 128.6 (C3), 106.0 (C4), 99.2 (C6), 63.4 (OCH2CH3), 61.5 (C9), 50.9 (C10), 46.4 

(C7), 28.8 (C8), 23.2 (C11), 14.7 (OCH2CH3) 

 

1-(3-Ethoxy-4-nitrophenyl)-4-(pyrrolidin-1-yl)piperidine, 22h 

1-Methylpiperazine (61 mg, 0.60 mmol) was reacted with 

nitrobenzene 21b (112 mg, 0.60 mmol) using general method 10 to 

afford the title compound 22h as a yellow oil (66 mg, 41%). LCMS 

purity >95%, ret. time 0.56 mins; HRMS (ESI +ve): found [M+H]+ 

266.1494 [C13H20N3O3]+ requires 266.1499; δH (CDCl3, 500 MHz): 7.98 (1H, d, J = 9.3 

Hz, H3), 6.42 (1H, dd, J = 9.3, 2.5 Hz, H4), 6.33 (1H, d, J = 2.5 Hz, H6), 4.16 (2H, 

q, J = 6.9 Hz, OCH2CH3), 3.41 – 3.37 (4H, m, H7), 2.57 – 2.52 (4H, m, H8), 2.36 (3H, 

s, NCH3), 1.50 (3H, t, J = 6.9 Hz, OCH2CH3); δC (CDCl3, 126 MHz): 155.6 (C1 & C5), 

130.1 (C2), 128.6 (C3), 105.6 (C4), 98.5 (C6), 65.3 (OCH2CH3), 54.6 (C8), 47.1 (C7), 

46.1 (NCH3), 14.7 (OCH2CH3) 
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1-(3-Ethoxy-4-nitrophenyl)-4-(1-methylpiperidin-4-yl)piperazine, 22i 

1-(1-Methylpiperdin-4-yl)piperazine (229 mg, 1.25 mmol) was 

reacted with nitrobenzene 21b (307 mg, 1.25 mmol) using 

general method 10 to afford the title compound 22i as a yellow 

solid (77 mg, 18%). LCMS purity >95%, ret. time 0.16 mins; 

HRMS (ESI +ve): found [M+H]+ 349.2223 [C18H29N4O3]+ 

requires 349.2234; δH (CDCl3, 500 MHz): 7.98 (1H, d, J = 9.1 Hz, H3), 6.42 (1H, dd, J 

= 9.1, 2.5 Hz, H4), 6.32 (1H, d, J = 2.5 Hz, H6), 4.15 (2H, q, J = 7.2 Hz, OCH2CH3), 

3,40 – 3.36 (4H, m, H7), 2.94 (2H, d, J = 12.0 Hz, H11), 2.72 – 2.68 (4H, m, H8), 2.35 

– 2.30 (1H, m, H9), 2.29 (3H, s, NCH3), 2.00 – 1.94 (2H, m, H11), 1.85 – 1.79 (2H, m, 

H10), 1.66 – 1.58 (2H, m, H10), 1.50 (3H, t, J = 7.2 Hz, OCH2CH3); δC (CDCl3, 126 

MHz): 155.5 (C1), 154.0 (C5), 1301 (C2), 128.6 (C3), 105.2 (C4), 98.4 (C6), 65.3 

(OCH2CH3), 61.4 (C9), 55.3 (C11), 48.7 (C8), 47.6 (C7), 46.1 (NCH3), 28.1 (C10), 

14.7 (OCH2CH3) 

 

2-Methoxy-4-(4-(4-methylpiperazin-1-yl)piperidin-1-yl)aniline, 23a 

Nitrobenzene 22a (230 mg, 0.69 mmol) was subjected to 

general method 9 to afford the title compound 23a as a yellow 

solid (67 mg, 32%). LCMS purity >95%, ret. time 0.13 mins; 

HRMS (ESI +ve): found [M+H]+ 305.2339 [C17H29N4O]+ 

requires 305.2341; δH (CDCl3, 500 MHz): 6.64 (1H, d, J = 8.2 Hz, H3), 6.53 (1H, d, J 

= 2.5 Hz, H6), 6.42 (1H, dd, J = 8.2, 2.5 Hz, H4), 3.84 (3H, s OCH3), 3.52 (2H, d, J = 

12.3 Hz, H7), 2.77 – 2.47 (10H, m, 2 x H7, H9 & H10), 2.38 (1H, tt, J = 11.6, 3.6 Hz, 

NCH), 2.33 (3H, s, NCH3), 1.97 – 1.90 (2H, m, H8), 1.77 – 1.68 (2H, m, H8); δC 

(CDCl3, 126 MHz): 148.0 (C1), 145.3 (C5), 130.0 (C2), 115.4 (C3), 109.8 (C4), 102.8 

(C6), 61.8 (NCH), 55.5 (OCH3), 55.3 (C10), 51.5 (C7), 48.8 (C9), 45.8 (NCH3), 28.4 

(C8); NH2 peak not observed. 

 

2-Methoxy-4-(4-morpholinopiperidin-1-yl)aniline, 23b 

Nitrobenzene 22b (350 mg, 1.09 mmol) was subjected to 

general method 9 to afford the title compound 23b as a yellow 

solid (283 mg, 89%). LCMS purity >95%, ret. time 0.13 mins; 

HRMS (ESI +ve): found [M+H]+ 292.2025 [C16H26N3O2]+ 

requires 292.2025; δH (CDCl3, 500 MHz) 6.64 (1H, d, J = 8.2 Hz, H3), 6.53 (1H, d, J = 

2.5 Hz, H6), 6.43 (1H, dd, J = 8.2, 2.5 Hz, H4), 3.84 (3H, s OCH3), 3.77 – 3.73 (4H, 

m, H10), 3.56 – 3.50 (2H, m, H7), 2.67 – 2.57 (6H, m, 2 x H7 & H9), 2.30 (1H, tt, J = 

11.4, 3.8 Hz, NCH), 1.97 – 1.90 (2H, m, H8), 1.75 – 1.66 (2H, m, H8); δC (CDCl3, 126 
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MHz): 148.0 (C1), 145.3 (C5), 130.0 (C2), 115.4 (C3), 109.8 (C4), 102.8 (C6), 67.3 

(C10), 62.1 (NCH), 55.4 (OCH3), 51.4 (C7), 49.8 (C9), 28.4 (C8); NH2 peak not 

observed. 

 

1-(4-Amino-3-methoxyphenyl)-N, N-dimethylpiperidin-4-amine, 23c 

Nitrobenzene 22c (360 mg, 1.29 mmol) was subjected to reacted 

general method 9 to afford the title compound 23c as a yellow 

solid (120 mg, 37%). LCMS purity >95%, ret. time 0.14 mins; 

HRMS (ESI +ve): found [M+H]+ 250.1939 [C14H24N3O]+ requires 

250.1919; δH (CDCl3, 500 MHz) 6.64 (1H, d, J = 8.2 Hz, H3), 6.54 (1H, d, J = 2.5 Hz, 

H6), 6.43 (1H, dd, J = 8.2, 2.5 Hz, H4), 3.84 (3H, s OCH3), 3.54 – 3.49 (2H, m, H7), 

2.62 (2H, td, J = 12.0, 2.4 Hz, H7), 2.34 (6H, s, N(CH3)2), 2.32 – 2.24 (1H, m, NCH), 

1.96 – 1.90 (2H, m, H8), 1.74 – 1.65 (2H, m, H8); δC (CDCl3, 126 MHz): 147.9 (C1), 

145.3 (C5), 130.0 (C2), 115.4 (C3), 109.8 (C4), 102.9 (C6), 62.1 (NCH), 55.4 (OCH3), 

51.5 (C7), 41.6 ((NCH3)2), 28.5 (C8); NH2 peak not observed. 

 

2-Ethoxy-4-(4-morpholinopiperidin-1-yl)aniline, 23d 

Nitrobenzene 22d (142 mg, 0.42 mmol) was subjected to 

general method 11 to afford the title compound 23d as a brown 

oil (40 mg, 31%). LCMS purity >95%, ret. time 0.13 mins; 

HRMS (ESI +ve): found [M+H]+ 306.2181 [C17H28N3O2]+ 

requires 306.2176; δH (CDCl3, 500 MHz): 6.64 (1H, d, J = 8.5 

Hz, H3), 6.54 (1H, d, J = 2.4 Hz, H6), 6.43 (1H, dd, J = 8.5, 2.4 Hz, H4), 4.05 (2H, q, J 

= 6.9 Hz, OCH2CH3), 3.89 – 3.83 (4H, m, H11), 3.53 (2H, d, J = 12.3 Hz, H7), 2.79 – 

2.73 (4H, m, H10), 2.70 – 2.62 (2H, m, H7), 2.58 – 2.50 (1H, m, H9), 2.04 (2H, d, J = 

12.0 Hz, H8), 1.85 – 1.76 (2H, m, H8), 1.43 (3H, t, J = 6.9 Hz, OCH2CH3); δC (CDCl3, 

126 MHz): 147.3 (C1), 144.1 (C5), 130.7 (C2), 115.4 (C3), 110.0 (C4), 104.1 (C6), 

66.4 (C11), 63.9 (OCH2CH3), 62.6 (C9), 51.4 (C7), 49.4 (C10), 27.6 (C8), 15.0 

(OCH2CH3); NH2 peak not observed. 

 

1-(4-Amino-3-ethoxyphenyl-N,N-dimethylpiperidin-4-amine, 23e 

Nitrobenzene 22e (25 mg, 85 µmol) was subjected to general 

method 11 to afford the title compound 23e as a yellow oil (12 mg, 

53%). LCMS purity >95%, ret. time 0.02 mins; HRMS (ESI +ve): 

found [M+H]+ 264.2067 [C15H26N3O]+ requires 264.2070; δH 

(CDCl3, 500 MHz): 6.64 (1H, d, J = 8.5 Hz, H3), 6.53 (1H, d, J = 2.5 Hz, H6), 6.43 

(1H, dd, J = 8.5, 2.5 Hz, H4), 4.05 (2H, q, J = 6.9 Hz,  OCH2CH3), 3.53 – 3.47 (2H, m, 
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H7), 2.64 – 2.58 (2H, m, H7), 2.33 (6H, s, N(CH3)2), 2.29 – 2.23 (1H, m, H9), 1.95 – 

1.89 (2H, m, H8), 1.72 – 1.65 (2H, m, H8), 1.43 (3H, t, J = 6.9 Hz, OCH2CH3); δC 

(CDCl3, 126 MHz): 147.3 (C1), 145.3 (C5), 130.2 (C2), 115.4 (C3), 109.9 (C4), 104.0 

(C6), 63.8 (OCH2CH3), 62.1 (C9), 51.5 (C7), 41.6 (N(CH3)2), 28.5 (C8), 15.0 

(OCH2CH3); NH2 peak not observed 

 

2-Ethoxy-4-(4-(4-methylpiperazin-1-yl)piperidin-1-yl)aniline, 23f 

Nitrobenzene 22f (167 mg, 0.48 mmol) was subjected to 

general method 9 to afford the title compound 23f as a brown 

oil (40 mg, 31%). LCMS purity >95%, ret. time 0.03 mins; 

HRMS (ESI +ve): found [M+H]+ 319.2488 [C18H31N4O]+ requires 

319.2492; δH (CDCl3, 500 MHz): 6.61 (1H, d, J = 8.2 Hz, H3), 

6.49 (1H, d, J = 2.5 Hz, H6), 6.39 (1H, dd, J = 8.2, 2.5 Hz, H4), 4.02 (2H, q, J = 6.6 

Hz, OCH2CH3), 3.67 (2H, s, NH2), 3.51 – 3.46 (2H, m, H7), 2.71 – 2.55 (6H, m, 2 x H7 

& H10), 2.54 – 2.40 (4H, m, H11), 2.36 – 2.20 (1H, m, H9), 2.28 (3H, s, NCH3), 1.93 – 

1.87 (2H, m, H8), 1.69 (2H, qd, J = 12.1, 3.8 Hz, H8), 1.40 (3H, t, J = 6.6 Hz, 

OCH2CH3); δC (CDCl3, 126 MHz): 147.3 (C1), 145.2 (C5), 130.1 (C2), 115.4 (C3), 

109.8 (C4), 103.8 (C6), 63.8 (OCH2CH3), 61.8 (C9), 55.4 (C11), 51.6 (C7), 48.9 

(C10), 46.0 (NCH3), 28.4 (C8), 15.0 (OCH2CH3)  

 

2-Ethoxy-4-(4-pyrrolidin-1-yl)piperidin-1-yl)aniline, 23g 

Nitrobenzene 22g (207 mg, 0.65 mmol) was subjected to general 

method 11 to afford the title compound 23g as a brown oil (20 

mg, 11%). LCMS purity >95%, ret. time 0.04 mins; HRMS (ESI 

+ve): found [M+H]+ 290.2221 [C17H28N3O]+ requires 290.2227; δH 

(CDCl3, 500 MHz): 6.68 (1H, d, J = 8.2 Hz, H3), 6.50 (1H, d, J = 

2.5 Hz, H6), 6.45 (1H, dd, J = 8.2, 2.5 Hz, H4), 4.07 (2H, q, J = 6.6 Hz, OCH2CH3), 

3.86 – 3.70 (2H, m, H7), 3.52 – 3.25 (5H, m, H9 & H11), 3.20 – 2.98 (2H, m, H7), 

2/49 – 2.40 (2H, m, H8), 2.36 – 2.27 (2H, m, H8), 2.20 – 2.10 (4H, m, H11), 1.44 (3H, 

t, J = 6.6 Hz, OCH2CH3); δC (CDCl3, 126 MHz): 147.4 (C1), 142.9 (C5), 121.2 (C2), 

115.2 (C3), 108.8 (C4), 102.1 (C6), 64.3 (OCH2CH3), 60.0 (C9), 51.3 (C7), 51.1 

(C10), 26.7 (C8), 23.5 (C11), 14.9 (OCH2CH3); NH2 peak not observed. 

 

2-Ethoxy-4-(4-methylpiperazin-1-yl)aniline, 23h 

Nitrobenzene 22h (66 mg, 0.25 mmol) was subjected to general method 11 to afford 

the title compound 23h as a brown oil (35 mg, 60%). LCMS purity >95%, ret. time 

0.02 mins; HRMS (ESI +ve): found [M+H]+ 236.1757 [C13H22N3O]+ requires 236.1757; 
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δH (CDCl3, 500 MHz): 6.66 (1H, d, J = 8.2 Hz, H3), 6.48 (1H, d, J = 

2.3 Hz, H5), 6.42 (1H, dd, J = 8.2, 2.3 Hz, H4), 4.04 (2H, q, J = 7.0 

Hz, OCH2CH3), 3.27 – 3.23 (4H, m, H7) 3.19 – 3.14 (4H, m, H8), 

2.71 (3H, s, NCH3), 1.43 (3H, t, J = 7.0 Hz, OCH2CH3); δC (CDCl3, 

126 MHz): 147.3 (C1), 143.1 (C5), 131.6 (C2), 115.4 (C3), 110.8 (C4), 103.9 (C6), 

63.9 (OCH2CH3), 53.6 (C8), 49.3 (C7), 43.5 (NCH3), 15.0 (OCH2CH3); NH2 peak not 

observed. 

 

2-Ethoxy-4-(4-(1-methylpiperidin-4-yl)piperazin-1-yl)aniline, 23i 

Nitrobenzene 22i (77 mg, 0.11 mmol) was subjected to general 

method 9 to afford the title compound 23i as a brown oil (56 

mg, 79%). LCMS purity >95%, ret. time 0.03 mins; HRMS (ESI 

+ve): found [M+H]+ 319.2496 [C18H31N4O]+ requires 319.2492; 

δH (CDCl3, 500 MHz): 6.64 (1H, d, J = 8.2 Hz, H3), 6.52 (1H, d, 

J = 2.5 Hz, H6), 6.42 (1H, dd, J = 8.5, 2.5 Hz, H4), 4.04 (2H, q, J = 6.9 Hz, 

OCH2CH3), 3.51 (2H, d, J = 12.3 Hz, H8), 2.70 – 2.58 (6H, H7 & 2 x H8), 2.55 – 2.40 

(4H, m, H11), 2.38 – 2.32 (1H, m, H9), 2.30 (3H, s, NCH3), 1.95 – 1.89 (2H, m, H10), 

1.71 (2H, qd, J = 12.1, 3.5 Hz, H10), 1.43 (3H, t, J = 6.9 Hz, OCH2CH3); δC (CDCl3, 

126 MHz): 147.3 (C1), 145.3 (C5), 130.1 (C2), 115.4 (C3), 109.8 (C4), 103.9 (C6), 

63.8 (OCH2CH3), 61.8 (H9), 55.5 (C11), 51.6 (C8), 49.0 (C7), 46.1 (NCH3), 28.4 

(C10), 15.0 (OCH2CH3); NH2 peak not observed 

 

4-(3-Methoxy-4-nitrophenyl)pyridine, 25a 

4-Chloro-2-methoxy-1-nitrobenzene 24a (250 mg, 1.33 mmol), was 

reacted with pyridine-4-ylboronic acid (164 mg, 1.33 mmol) using 

general method 12 to afford the title compound 25a as a yellow solid 

(200 mg, 65%). LCMS purity >95%, ret. time 0.79 mins; HRMS (ESI +ve): found 

[M+H]+ 231.0803 [C12H11N2O3]+ requires 231.0770; δH (CDCl3, 500 MHz): 8.74 – 8.72 

(2H, m, H9), 7.99 – 7.96 (1H, m, H3), 7.51 – 7.48 (2H, m, H8), 7.28 – 7.25 (2H, m, H4 

& H6), 4.05 (3H, s OCH3); δC (CDCl3, 126 MHz): 153.4 (C1), 150.6 (C9), 146.4 (C7), 

144.5 (C5), 139.6 (C2), 126.6 (C3), 121.7 (C8), 119.0 (C4), 112.2 (C6) 56.7 (OCH3) 

 

4-(3-Ethoxy-4-nitrophenyl)pyridine, 25b 

4-Bromo-2-ethoxy-1-nitrobenzene 24b (1.5 g, 6.10 mmol) was 

reacted with pyridine-4-ylboronic acid (749 mg, 6.10 mmol) using 

general method 12 to afford the title compound 25b as a yellow solid 

(81 mg, 54%). LCMS purity >95%, ret. time 1.09 mins; HRMS (ESI 
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+ve): found [M+H]+ 245.0917 [C13H13N2O3]+ requires 245.0921; δH (500 MHz, CDCl3): 

8.73 (2H, dd, J = 44, 1.2 Hz, H9), 7.94 (1H, d, J = 8.2 Hz, H3), 7.49 (2H, dd, J = 4.4, 

1.6 Hz, H8), 7.27 – 7.23 (2H, m, H4 & H6), 4.28 (2H, q, J = 7.2 Hz, OCH2CH3), 1.53 

(3H, t, J = 7.0 Hz, OCH2CH3); δC (CDCl3, 126 MHz): 152.8 (C1), 150.6 (C9), 146.5 

(C2), 144.2 (C5), 140.0 (C7), 126.4 (C3), 121.8 (C8), 118.9 (C4), 113.2 (C6) 

4-(3-Isopropoxy-4-nitrophenyl)pyridine, 25c 

4-Bromo-2-isopropoxy-1-nitrobenzene 24c (1.20 g, 4.63 mmol) was 

reacted with pyridine-4-ylboronic acid (570 mg, 4.63 mmol) using 

general method 12 to afford the title compound 25c as a yellow solid 

(770 mg, 64%). LCMS purity >95%, ret. time 1.21 mins; HRMS (ESI 

+ve): found [M+H]+ 259.1079 [C14H15N2O3]+ requires 259.1077; δH (500 MHz, CDCl3): 

8.74 (2H, dd, J = 4.4, 1.9 Hz, H9), 7.91 (1H, d, J = 8.4 Hz, H3), 7.49 (2H, dd, J = 4.4, 

1.9 Hz, H8), 7.28 (1H, d, J = 1.7 Hz, H6), 7.24 (1H, dd, J = 8.4, 1.7 Hz, H4), 4.79 (1H, 

sept., J = 6.0 Hz, CH(CH3)2), 1.46 (6H, d, J = 6.0 Hz, CH(CH3)2); δC (CDCl3, 126 

MHz): 151.8 (C1), 150.5 (C9), 146,6 (C7), 143.9 (C5), 141.1 (C2), 126.3 (C3), 121.7 

(C8), 118.8 (C4), 114.8 (C6), 73.1 (CH(CH3)2), 21.9 (CH(CH3)2) 

4-(3-Ethoxy-4-nitrophenyl)-3-methyl-pyridine, 25d 

4-Bromo-2-ethoxy-1-nitrobenzene 24b (400 mg, 1.63 mmol) was 

reacted with 3-methylpyridine-4-boronic acid (223 mg, 1.63 mmol) 

using general method 12 to afford the title compound 25c as a yellow 

solid (225 mg, 54%). LCMS purity >95%, ret. time 1.07 mins; HRMS 

(ESI +ve): found [M+H]+ 259.1080 [C14H15N2O3]+ requires 259.1077; δH (500 MHz, 

CDCl3): 8.57 (1H, s, H9), 8.54 (1H, d, J = 4.7 Hz, H10), 7.92 (1H, d, J = 8.2 Hz, H3), 

7.15 (1H, d, J = 4.7 Hz, H11), 7.00 (1H, d, J = 1.6 Hz, H6), 6.97 (1H, dd, J = 8.2, 1.6 

Hz, H4), 4.22 (1H, q, J = 7.0 Hz, OCH2CH3), 2.29 (3H, s, CH3), 1.51 (3H, t, J = 7.0 Hz, 

OCH2CH3); δC (CDCl3, 126 MHz): 152.3 (C1), 151.6 (C9), 147.6 (C10), 147.3 (C7), 

145.1 (C5), 139.4 (C2), 130.3 (C8), 125.8 (C3), 123.3 (C11), 120.3 (C4), 114.7 (C6), 

65.6 (OCH2CH3), 17.1 (CH3), 14.5 (OCH2CH3) 

4-(3-Methoxy-4-nitrophenyl)-1-methylpyridin1-ium Iodide, 26a 

25a (200 mg, 0.87 mmol) was reacted with methyl iodide (0.19 mL, 

3.04 mmol) using general method 13 to afford the title compound 

26a as a yellow solid (295 mg, 91%). LCMS purity >95%, ret. time 

0.28 mins; HRMS (ESI +ve): found [M]+ 245.0920 [C13H13N2O3]+ 

requires 245.0926; δH (CD3OD, 500 MHz) 8.99 (2H, d, J = 6.7 Hz, H9), 8.49 (2H, d, J 

= 6.7 Hz, H8), 8.01 (1H, d, J = 8.2 Hz, H3), 7.81 (1H, d, J = 1.9 Hz, H6), 7.66 (1H, dd, 
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J = 8.2, 1.9 Hz, H4), 4.45 (3H, s, NCH3), 4.10 (3H, s OCH3); δC (CD3OD, 126 MHz): 

154.5 (C1), 147.2 (C9), 143.6  (C2), 140.8 (C5), 127.3 (C3), 127.1 (C8), 121.4 (C4), 

115.0 (C6), 57.8 (OCH3) 49.4 (NCH3) 

 

4-(3-Ethoxy-4-nitrophenyl)-1-methylpyridin1-ium iodide, 26b 

25b (600 mg, 2.47 mmol) was reacted with methyl iodide (0.54 mL, 

8.65 mmol) using general method 13 to afford 26b as a yellow solid 

(945 mg, 99%). LCMS purity >95%, ret. time 0.83 mins; HRMS (ESI 

+ve): found [M]+ 259.1076 [C14H15N2O3]+ requires 259.1082; δH (500 

MHz, CD3OD): 8.99 (2H, d, J = 6.7 Hz, H9), 8.48 (2H, d, J = 6.7 Hz, H8), 7.98 (1H, d, 

J = 8.2 Hz, H3), 7.79 (1H, d, J = 1.9 Hz, H6), 7.64 (1H, dd, J = 8.2, 1.9 Hz, H4), 4.46 

(3H, s, NCH3), 4.38 (2H, q, J = 6.9 Hz, OCH2CH3). 1.48 (3H, t, J = 6.9 Hz, OCH2CH3); 

δC (CD3OD, 126 MHz): 154.4 (C7), 152.2 (C1), 145.6 (C9), 142.1 (C2), 139.2 (C5), 

125.6 (C3), 125.3 (C8), 119.8 (C4), 114.3 (C6), 65.9 (OCH2CH3), 47.1 (NCH3) 13.4 

(OCH2CH3) 

4-(3-Isopropoxy-4-nitrophenyl)-1-methylpyridin1-ium iodide, 26c 

25c (718 mg, 2.78 mmol) was reacted with methyl iodide (0.61 mL, 

9.73 mmol) using general method 13 to afford 26c as a yellow solid 

(1.03 g, 93%). LCMS purity >95%, ret. time 0.94 mins; HRMS (ESI 

+ve): found [M]+ 273.1245 [C15H17N2O3]+ requires 273.1239; δH (500 

MHz, CD3OD): 8.98 (2H, d, J = 6.8 Hz, H9), 8.46 (2H, d, J = 6.8 Hz, H8), 7.95 (1H, d, 

J = 8.5 Hz, H3), 7.81 (1H, d, J = 1.9 Hz, H6), 7.66 (1H, dd, J = 8.5, 1.9 Hz, H4), 5.03 

(1H, sept., J = 6.0 Hz, CH(CH3)2), 4.45 (3H, s, NCH3), 1.41 (6H, d, J = 6.0 Hz, 

CH(CH3)2); δC (CD3OD, 126 MHz): 154.5 (C7), 151.1 (C1), 145.6 (C9), 143.2 (C2), 

138.9 (C5), 125.6 (C3), 125.5 (C8), 119.9 (C4), 115.6 (C6), 73.0 (CH(CH3)2), 47.1 

(NCH3), 20.7 (CH(CH3)2) 

4-(3-Ethoxy-4-nitrophenyl)-1,3-dimethylpyridin1-ium iodide, 26d 

25d (225 mg, 0.87 mmol) was reacted with methyl iodide (0.19 mL, 

3.05 mmol) using general method 13 to afford 26d as a brown solid 

(344 mg, 99%). LCMS purity >95%, ret. time 0.87 mins; HRMS (ESI 

+ve): found [M]+ 273.1232 [C15H17N2O3]+ requires 273.1239; δH (500 

MHz, CD3OD): 8.94 (1H, s, H9), 8.83 (1H, d, J = 6.3 Hz, H10), 8.00 (1H, d, J = 6.3 

Hz, H11), 7.97 (1H, d, J = 8.3 Hz, H3), 7.42 (1H, d, J = 1.8 Hz, H6), 7.20 (1H, dd, J = 

8.3, 1.8 Hz, H4), 4.44 (3H, s, NCH3), 4.28 (2H, q, J = 6.9 Hz, OCH2CH3), 2.50 (3H, s, 

CH3), 1.46 (3H, t, J = 6.9 Hz, OCH2CH3); δC (CD3OD, 126 MHz): 156.0 (C7), 151.8 

(C1), 146.0 (C9), 142.6 (C10), 140.9 (C4), 140.8 (C2), 137.0 (C8), 127.7 (C11), 125.2 
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(C3), 120.1 (C4), 114.8 (C6), 65.7 (OCH2CH3), 46.9 (NCH3), 16.5 (CH3), 13.4 

(OCH2CH3) 

4-(3-Methoxy-4-nitrophenyl)-1-methyl-1,2,3,6-tetrahydropyridine, 27a 

Pyridinium iodide 26a (212 mg, 0.57 mmol) was subjected to 

general method 14 to afford the title compound 27a as a yellow oil 

(80 mg, 56%). LCMS purity >95%, ret. time 0.33 mins; HRMS (ESI 

+ve): found [M+H]+ 245.1239 [C13H17N2O3]+ requires 249.1243; δH 

(CDCl3, 500 MHz): 7.85 (1H, d, J = 8.5 Hz, H3), 7.04 (1H, d, J = 1.9 Hz, H6), 7.02 

(1H, dd, J = 8.5, 1.9 Hz, H4), 6.21 – 6.19 (1H, m, H8), 3.96 (3H, s, OCH3), 3.17 – 3.14 

(2H, m, H9), 2.71 – 2.67 (2H, m, H10), 2.60 - 2.56 (2H, m, H11), 2.42 (3H, s, NCH3); 

δC (CDCl3, 126 MHz): 153.3 (C1), 147.6 (C5), 138.0 (C2), 133.7 (C7), 126.1 (C3), 

125.7 (C8), 116.9 (C4), 110.0 (C6), 56.4 (OCH3), 54.9 (C9), 51.9 (C10), 45.6 (NCH3), 

28.1 (C11) 

4-(3-Ethoxy-4-nitrophenyl)-1-methyl-1,2,3,6-tetrahydropyridine, 27b 

Pyridinum iodide 26b (945 mg, 2.45 mmol) was subjected to general 

method 14 to afford 27b as a yellow oil (609 mg, 95%). LCMS purity 

>95%, ret. time 0.30 mins; HRMS (ESI +ve): found [M+H]+ 263.1387 

[C14H19N2O3]+ requires 263.1390; δH (500 MHz, CDCl3): 7.85 (1H, d, 

J = 8.5 Hz, H3), 7.04 – 7.00 (2H, m, H4 & H6), 6.21 – 6.18 (1H, m, H8), 4.20 (2H, q, J 

= 6.9 Hz, OCH2CH3), 3.17 – 3.14 (2H, m, H9), 2.69 (2H, t, J = 5.7 Hz, H10), 2.60 – 

2.56 (2H, m, H11), 2.43 (3H, s, NCH3), 1.49 (3H, t, J = 6.9 Hz, OCH2CH3); δC (CDCl3, 

126 MHz): 152.7 (C1), 147.3 (C5), 138.4 (C2), 133.7 (C7), 126.0 (C3), 125.9 (C3), 

125.6 (C8), 116.8 (C4), 111.1 (C6), 65.4 (OCH2CH3), 54.9 (C9), 52.0 (C10), 45.6 

(NCH3), 28.1 (C11), 14.6 (OCH2CH3) 

4-(3-Isopropoxy-4-nitrophenyl)-1-methyl-1,2,3,6-tetrahydropyridine, 27c 

Pyridinium iodide 26c (315 mg, 0.78 mmol) was subjected to 

general method 14 to afford 27c as a brown oil (215 mg, 99%). 

LCMS purity >95%, ret. time 0.90 mins; HRMS (ESI +ve): found 

[M+H]+ 277.1560 [C15H21N2O3]+ requires 277.1552; δH (500 MHz, 

CDCl3): 7.76 (1H, d, J = 8.5 Hz, H3), 7.02 (1H, d, J = 1.8 Hz, H6), 6.97 (1H, dd, J = 

8.5, 1.8 Hz, H4), 6.17 – 6.13 (1H, m, H8), 4.71 – 4.63 (1H, m, OCH(CH3)2), 3.15 – 

3.10 (2H, m, H9), 2.66 (2H, t, J = 5.4 Hz, H10), 2.57 – 2.52 (2H, m, H11), 2.39 (3H, s, 

NCH3), 1.38 (6H, d, J = 5.7 Hz, OCH(CH3)2); δC (CDCl3, 126 MHz): 151.5 (C1), 146.9 

(C6), 139.3 (C2), 133.6 (C7), 125.9 (C3), 125.4 (C8), 116.8 (C4), 112.8 (C6), 72.6 

(OCH(CH3)2), 54.8 (C9), 51.9 (C10), 45.5 (NCH3), 28.0 (C11), 21.8 (OCH(CH3)2) 
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4-(3-Ethoxy-4-nitrophenyl)-1,5-dimethyl-1,2,3,6-tetrahydropyridine, 27d 

Pyridinium iodide 26d (404 mg, 1.00 mmol) was subjected to 

general method 14 to afford 27d as a brown oil (202 mg, 72%). 

LCMS purity >95%, ret. time 0.90 mins; HRMS (ESI +ve): found 

[M+H]+ 277.1550 [C15H21N2O3]+ requires 277.1552; δH (500 MHz, 

CDCl3): 7.81 (1H, d, J = 8.2 Hz, H3), 6.86 (1H, d, J = 1.6 Hz, H5), 6.80 (1H, dd, J = 

8.2, 1.6 Hz, H4), 4.15 (2H, q, J = 6.6 Hz, OCH2CH3), 2.95 (2H, s, H9), 2.63 (2H, t, J = 

5.8 Hz, H10), 2.44 – 2.40 (5H, m, NCH3 & H11), 1.58 (3H, s, CH3), 1.47 (3H, t, J = 6.6 

Hz, OCH2CH3); δC (CDCl3, 126 MHz): 152.3 (C1), 149.3 (C5), 138.1 (C2), 129.5 (C8), 

129.3 (C7), 125.7 (C3), 120.2 (C4), 114.6 (C6), 65.3 (OCH2CH3). 59.6 (C9). 52.4 

(C10), 45.6 (NCH3), 32.0 (C11), 18.0 (CH3), 14.6 (OCH2CH3) 

2-Methoxy-4-(1-methylpiperidin-4-yl)aniline, 28a 

Tetrahydropyridine 27a (40 mg, 0.16 mmol) was subjected to 

general method 15 to afford the title compound 28a as a yellow oil 

(30 mg, 85%). LCMS purity >95%, ret. time 0.12 mins; HRMS (ESI 

+ve): found [M+H]+ 245.0920 [C13H13N2O3]+ requires 245.0926; δH 

(CDCl3, 500 MHz) 6.65 – 6.61 (3H, m, H3, H4 & H6), 3.84 (3H, s, OCH3), 3.31 – 3.26 

(2H, m, H9), 2.51 – 2.45 (4H, m, H7 & NCH3), 2.37 (2H, td, J = 12.1, 2.5 Hz, H9), 2.01 

– 1.94 (2H, m, H8), 1.90 – 1.84 (2H, m, H8); δC (CDCl3, 126 MHz): 147.3 (C1), 136.3 

(C2), 134.3 (C5), 119.0 (C4), 114.9 (C3), 109.1 (C6), 55.9 (OCH3), 55.3 (C9), 45.6 

(NCH3), 42.1 (C7), 33.1 (C8); NH2 peak not observed 

 

2-Ethoxy-4-(1-methylpiperidin-4-yl)aniline, 28b 

Tetrahydropyridine 27b (600 mg, 2.32 mmol) was subjected to 

general method 15 to afford the title compound 28b as an orange oil 

(410 mg, 75%). LCMS purity >95%, ret. time 0.08 mins; HRMS (ESI 

+ve): found [M+H]+ 235.1819 [C14H23N2O]+ requires 235.1809; δH 

(500 MHz, CDCl3): 6.68 - 6.60 (3H, m, H3, H4 & H6), 5.52 (2H, s, NH2), 4.05 (2H, q, J 

= 7.0 Hz, OCH2CH3), 3.15 (2H, d, J = 11.7 Hz, H9), 2.46 – 2.38 (4H, s, NCH3 & H7), 

2.24 (2H, td, J = 11.7, 2.5 Hz, H9), 1.95 – 1.79 (4H, m, H8), 1.42 (3H, t, J = 7.0 Hz, 

OCH2CH3); δC (CDCl3, 126 MHz): 146.7 (C1), 135.8 (C2), 134.6 (C5), 119.0 (C4), 

114.9 (C3), 110.2 (C6), 63.8 (OCH2CH3), 55.5 (C9), 45.1 (NCH3), 40.9 (C7), 32.5 

(C8), 15.0 (OCH2CH3) 

 

2-Isopropoxy-4-(1-methylpiperidin-4-yl)aniline, 28c  

Tetrahydropyridine 27c (200 mg, 0.72 mmol) was subjected to general method 15 to 

afford the title compound 28c as a yellow oil (152 mg, 85%). LCMS purity >70%, ret. 
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time 0.16 mins; HRMS (ESI +ve): found [M+H]+ 250.2042 

[C15H25N2O]+ requires 250.2045; δH (500 MHz, CDCl3): 6.72 – 6.61 

(3H, m, H3, H4 & H6), 4.51 (1H, sept., J = 6.2 Hz, OCH(CH3)2), 3.12 

(2H, d, J = 11.3 Hz, H9), 2.44 – 2.37 (4H, m, H7 & NCH3), 2.20 (2H, 

td, J = 11.3, 4.1 Hz, H9), 1.92 – 1.80 (4H, m, H8), 1.34 (6H, d, J = 6.2 Hz, 

OCH(CH3)2); δC (CDCl3, 126 MHz): 145.4 (C1), 136.0 (C2), 135.5 (C5), 119.2 (C4), 

115.3 (C3), 112.3 (C6), 70.6 (OCH3), 55.7 (C9), 45.5 (NCH3), 41.0 (C7), 32.8 (C8), 

22.3 (OCH(CH3)2); NH2 peak not observed 

Cis-4-(1,3-Dimethylpiperidin-4-yl)-2-ethoxyaniline, 28d  

Tetrahydropyridine 27d (200 mg, 0.72 mmol) was subjected to 

general method 15 to afford the title compound 28d as an orange oil 

(142 mg, 79%). LCMS purity >95%, ret. time 0.08 mins; HRMS (ESI 

+ve): found [M+H]+ 249.1964 [C15H25N2O]+ requires 249.1961; δH 

(500 MHz, CDCl3): 6.66 (1H, d, J = 7.9 Hz, H3), 6.57 – 6.54 (2H, m, H4 & H6), 4.03 

(2H, q, J = 6.6 Hz, OCH2CH3), 2.94 – 2.83 (3H, m, H7 & H9), 2.74 (3H, s, NCH3), 2.70 

– 2.60 (4H, m, H10 & H11), 2.26 – 2.21 (1H, m, H8), 1.42 (3H, t, J = 6.6 Hz, 

OCH2CH3), 0.93 (3H, d, J = 7.3 Hz, CH3); δC (CDCl3, 126 MHz): 146.7 (C1), 134.7 

(C2), 132.0 (C5), 119.6 (C4), 115.0 (C3), 110.8 (C6), 63.9 (OCH2CH3), 60.1 (C9), 

54.9 (C10), 44.5 (C11 & NCH3), 42.1 (C7), 34.1 (C8), 15.0 (OCH2CH3), 12.2 (CH3)  

(R)-4-((8-Cyclopentyl-7-ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-

yl)amino)-3-ethoxy-N-(1-methylpiperidin-4-yl)benzamide, 29 

Dihydropteridinone 6a (30.0 mg, 102 µmol) was reacted 

with aniline 20e (28.2 mg, 102 µmol) using general 

method 16 to afford the title compound 29 as a white solid 

(13.0 mg, 24%). LCMS purity >95%, ret. time 1.22 mins; 

HRMS (ESI +ve): found [M+H]+ 536.3345, [C29H42N7O3]+ 

requires 536.3349; m.p.: 74 – 76 °C; νmax (thin film, cm-1): 3418 (w, N-H), 2966 (w, 

CON-H), 1659 (C=O), 1592 (C=O); [𝛼]𝐷
21.8: −62.3° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 8.55 (1H, d, J = 8.2 Hz, H9), 7.73 (1H, s, ArNH), 7.68 (1H, s, H6), 7.41 (1H, d, 

J = 1.9 Hz, H12), 7.35 (1H, dd, J = 8.2, 1.9 Hz, H10), 6.56 (1H, s, CONH), 4.52 – 4.44 

(1H, m, H3), 4.28 – 4.18 (4H, m, OCH2CH3, NHCH & CHCH2CH3), 3.50 (2H, d, J = 

10.4 Hz, H15), 3.34 (3H, s, CONCH3), 2.72 – 2.64 (2H, m, H15), 2.74 (3H, s, NCH3), 

2.20 – 1.97 (6H, m, 4 x H14 & cPeH), 1.93 – 1.68 (8H, m, cPeH & CHCH2CH3), 1.51 

(6H, t, J = 6.9 Hz, OCH2CH3), 0.88 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 166.8 (CONH), 163.7 (CONCH3), 154.9 (C7), 152.2 (C4), 146.4 (C13), 137.6 

(C6), 133.5 (C8), 125.4 (C11), 119.4 (C10), 116.3 (C9), 116.0 (C5), 109.8 (C12), 64.5 
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(OCH2CH3), 60.2 (CHCH2CH3), 58.7 (C3), 53.9 (C15), 44.4 (NHCH), 43.7 (NCH3), 

29.7 (C14), 29.4 (C2), 29.3 (C2’), 28.2 (CONCH3), 27.2 (CHCH2CH3), 23.7 (C1), 23.3 

(C1’), 14.8 (OCH2CH3), 9.1 (CHCH2CH3) 

 

(R)-4-((8-Cyclopentyl-7-ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-

yl)amino)-3-isopropoxy-N-(1-methylpiperidin-4-yl)benzamide, 30 

Dihydropteridinone 6a (18 mg, 61 µmol) was reacted with 

aniline 20a (18 mg, 61 µmol) using general method 16 to 

afford the title compound 30 as a white solid (10 mg, 30%). 

LCMS purity >95%, ret. time 1.19 mins; HRMS (ESI +ve): 

found [M+H]+ 550.3493, [C30H44N7O3]+ requires 550.3506; 

m.p.: 175 – 177 °C; νmax (thin film, cm-1): 3338 (w, N-H), 2931 (w, CON-H), 1674 

(C=O), 1624 (C=O); [𝛼]𝐷
22.0: −63.7° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.55 (1H, d, 

J = 8.5 Hz, H9), 7.68 (1H, s, H6), 7.65 (1H, s, ArNH), 7.44 (1H, d, J = 1.4 Hz, H12), 

7.22 (1H, dd, J = 8.5, 1.4 Hz, H10), 5.93 (1H, d, J = 6.9 Hz, CONH), 4.82 – 4.68 (1H, 

m, CH(CH3)2), 4.49 – 4.42 (1H, m, H3), 4.23 (1H, dd, J = 7.6, 3.5 Hz, CHCH2CH3), 

4.11 – 3.91 (1H, m, NHCH), 3.33 (3H, s, CONCH3), 2.87 (2H, d, J = 10.4 Hz, H15), 

2.33 (3H, s, NCH3), 2.24 – 2.16 (2H, m, H15), 2.16 – 1.57 (14H, m, H14, cPeH & 

CHCH2CH3), 1.42 (6H, d, J = 6.0 Hz, CH(CH3)2), 0.88 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 166.7 (CONH), 163.7 (CONCH3), 155.0 (C7), 152.1 (C4), 145.3 

(C13), 137.9 (C6), 134.2 (C8), 126.4 (C11), 118.7 (C10), 116.3 (C9), 116.0 (C5), 11.8 

(C12), 71.5 (CH(CH3)2), 60.4 (CHCH2CH3), 58.8 (C3), 54.6 (C15), 46.5 (NHCH), 46.1 

(NCH3), 32.3 (C14), 29.7 (C2), 29.4 (C2’), 28.2 (CONCH3), 27.1 (CHCH2CH3), 23.9 

(C1), 23.5 (C1’), 22.2 (CH(CH3)2), 9.2 (CHCH2CH3) 

 

(R)-4-((8-Cyclopentyl-7-ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-

yl)amino)-3-(cyclopropylmethoxy)-N-(1-methylpiperidin-4-yl)benzamide, 31 

Dihydropteridinone 6a (15 mg, 49 µmol) was reacted with 

aniline 20b (15 mg, 49 µmol) using general method 16 to 

afford the title compound 31 as a white solid (11 mg, 40%). 

LCMS purity >95%, ret. time 1.22 mins; HRMS (ESI +ve): 

found [M+H]+ 562.3495, [C31H44N7O3]+ requires 562.3506; 

m.p.: 118 – 120 °C; νmax (thin film, cm-1): 3412 (w, N-H), 2818 (w, CON-H), 1646 

(C=O), 1612 (C=O); [𝛼]𝐷
21.8: −52.6° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.51 (1H, d, 

J = 8.8 Hz, H9), 7.92 (1H, s, ArNH), 7.68 (1H, s, H6), 7.44 – 7.41 (2H, m, H10 & H12), 

6.89 (1H, d, J = 7.6 Hz, CONH), 4.48 – 4.40 (1H, m, H3), 4.33 – 4.26 (1H, m, NHCH), 

4.25 (1H, dd, J = 7.6, 3.5 Hz, CHCH2CH3), 3.97 (2H, d, J = 7.3 Hz, OCH2), 3.55 (2H, 
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d, J = 11.7 Hz, H15), 3.33 (3H, s, CONCH3), 2.84 – 2.77 (2H, m, H15), 2.78 (3H, s, 

NCH3), 2.27 – 2.11 (5H, m, cPeH & H14), 2.04 – 1.65 (9H, m, cPeH & CHCH2CH3), 

1.40 – 1.31 (1H, m, CH(CH2)2), 0.88 (3H, t, J = 7.6 Hz, CHCH2CH3), 0.69 – 0.65 (2H, 

m, CH(CH2)(C’H2), 0.41 – 0.36 (2H, m, CH(CH2)(C’H2); δC (CDCl3, 126 MHz): 166.8 

(CONH), 163.7 (CONCH3), 154.7 (C7), 152.2 (C4), 146.7 (C13), 137.0 (C6), 133.5 

(C8), 125.6 (C11), 119.8 (C10), 116.4 (C9), 116.2 (C5), 110.3 (C12), 74.0 (OCH2), 

60.4 (CHCH2CH3), 59.1 (C3), 54.0 (C15), 44.2 (NHCH), 43.6 (NCH3), 29.6 (C14), 

29.2 (C2), 29.0 (C2’), 28.2 (CONCH3), 27.2 (CHCH2CH3), 23.7 (C1), 23.4 (C1’), 10.3 

(CH(CH2)2), 9.1 (CHCH2CH3), 3.3 (CH(CH2)2) 

 

(R)-4-((8-Cyclopentyl-7-ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-

yl)amino)-3-(cyclopentyloxy)-N-(1-methylpiperidin-4-yl)benzamide, 32 

Dihydropteridinone 6a (20.0 mg, 68 µmol) was reacted 

with aniline 20c (21.5 mg, 68 µmol) using general method 

16 to afford the title compound 32 as a yellow solid (8.6 

mg, 22%). LCMS purity >95%, ret. time 1.27 mins; HRMS 

(ESI +ve): found [M+H]+ 576.3663, [C32H46N7O3]+ requires 

576.3662; m.p.: 159 – 161 °C; νmax (thin film, cm-1): 3423 (w, N-H), 2869 (w, CON-H), 

1658 (C=O), 1593 (C=O); [𝛼]𝐷
21.7: −37.4° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.51 

(1H, d, J = 8.5 Hz, H9), 7.77 (1H, s, ArNH), 7.68 (1H, s, H6), 7.45 (1H, d, J = 1.9 Hz, 

H12), 7.37 (1H, dd, J = 8.5, 1.9 Hz, H10), 6.78 (1H, d, J = 7.6 Hz, CONH), 5.00 – 4.95 

(1H, m, OCH), 4.46 – 4.37 (1H, m, H3), 4.32 – 4.27 (1H, m, NHCH), 4.25 (1H, dd, J = 

7.9, 4.1 Hz, CHCH2CH3), 3.55 (2H, d, J = 11.7 Hz, H17), 3.33 (3H, s, CONCH3), 2.84 

– 2.76 (2H, m, H17), 2.78 (3H, s, NCH3), 2.30 – 2.10 (6H, m, H2 & H16), 2.04 – 1.64 

(16H, m, cPeH & CHCH2CH3), 0.88 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 166.9 (CONH), 163.7 (CONCH3), 154.7 (C7), 152.2 (C4), 145.6 (C13), 137.0 

(C6), 134.0 (C8), 125.6 (C11), 119.3 (C10), 116.3 (C9), 116.2 (C5), 111.4 (C12), 80.7 

(OCH), 60.6 (CHCH2CH3), 59.1 (C3), 54.0 (C17), 44.3 (NHCH), 43.6 (NCH3), 32.9 

(C14), 29.6 (C16), 29.3 (C2), 29.0 (C2’), 28.2 (CONCH3), 27.2 (CHCH2CH3), 24.0 

(C15), 23.8 (C1), 23.5 (C1’), 9.1 (CHCH2CH3)  

 

(R)-4-((8-Cyclopentyl-7-ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-

yl)amino)-3-isobutoxy-N-(1-methylpiperidin-4-yl)benzamide, 33 

Dihydropteridinone 6a (13 mg, 44 µmol) was reacted with aniline 20d (13 mg, 44 

µmol) using general method 16 to afford the title compound 33 as a white solid (7 mg, 

28%). LCMS purity >95%, ret. time 1.26 mins; HRMS (ESI +ve): found [M+H]+ 

564.3652, [C31H46N7O3]+ requires 564.3657; m.p.: 121 – 123 °C; νmax (thin film, cm-1): 
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3418 (w, N-H), 2956 (w, CON-H), 1673 (C=O), 1595 

(C=O); [𝛼]𝐷
20.8: −31.2° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 8.55 (1H, d, J = 8.3 Hz, H9), 7.68 (1H, s, H6), 7.67 

(1H, s, PhNH), 7.40 (1H, d, J = 1.6 Hz, H12), 7.22 (1H, dd, 

J = 8.3, 1.6 Hz, H10), 6.50 (1H, d, J = 6.9 Hz, CONH), 4.40 

– 4.32 (1H, m, H3), 4.23 (1H, dd, J = 7.4, 3.3 Hz, CHCH2CH3), 4.22 – 4.17 (1H, m, 

NHCH), 3.90 (2H, d, J = 6.3 Hz, OCH2), 3.41 (2H, d, J = 10.4 Hz, H15), 3.33 (3H, s, 

CONCH3), 2.72 – 2.63 (5H, m, H15 & NCH3), 2.26 – 1.65 (15H, m, 4 x H14, cPeH, 

CH(CH3)2 & CHCH2CH3), 1.09 (6H, d, J = 6.6 Hz, CH(CH3)2), 0.87 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 166.8 (CONH), 163.8 (CONCH3), 154.9 (C7), 

152.1 (C4), 146.5 (C13), 137.7 (C6), 133.6 (C8), 125.6 (C11), 119.4 (C10), 116.4 

(C9), 115.9 (C5), 109.8 (C12), 75.3 (OCH2), 60.8 (CHCH2CH3), 59.3 (C3), 53.8 (C15), 

44.7 (NHCH), 43.9 (NCH3), 29.7 (C14), 29.6 (C2), 29.3 (C2’), 28.3 (CH(CH3)2), 28.2 

(CONCH3), 27.2 (CHCH2CH3), 23.9 (C1), 23.6 (C1’), 19.4 (CH(CH3)2), 9.1 

(CHCH2CH3) 

 

(R)-4-((8-Cyclopentyl-7-ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-

yl)amino)-N-(1-methyl-piperidin-4-yl)benzamide, 34 

Dihydropteridinone 6a (25.mg, 90 µmol) was reacted with 

aniline 20f (18 mg, 80 µmol) using general method 16 to 

afford the title compound 34 as a white solid (15 mg, 

36%). LCMS purity >95%, ret. time 1.06 mins; HRMS (ESI 

+ve): found [M+H]+ 492.3060, [C27H38N7O2]+ requires 492.3087; m.p 210 – 212 °C; 

νmax (thin film, cm-1): 3295 (w, N-H), 2940 (w, CON-H), 1662 (C=O), 1607 (C=O); 

[𝛼]𝐷
21.5: −31.9° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.73 – 7.69 (2H, m, H10), 7.68 – 

7.65 (3H, m, H6 & H9), 7.14 (1H, s, PhNH), 5.95 (1H, d, J = 7.9 Hz, CONH), 4,50 – 

4.42 (1H, m, H3), 4.22 (1H, dd, J = 7.9, 3.8 Hz, CHCH2CH3), 4.03 – 3.95 (1H, m, 

NHCH), 3.32 (3H, s, CONCH3), 2.83 (2H, d, J = 11.4 Hz, H13), 2.30 (3H, s, NCH3), 

2.19 – 2.11 (3H, m, 1 x H2 & 2 x H13), 2.07 – 2.02 (2H, m, H12), 2.00 – 1.96 (1H, m, 

H2) 1.90 – 1.78 (4H, m, cPeH & CHCHHCH3), 1.76 – 1.64 (4H, m, cPeH & 

CHCHHCH3), 1.63 – 1.54 (2H, m, H12), 0.87 (3H, t, J = 7.6 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 166.4 (CONH), 163.7 (CONCH3), 155.0 (C7), 152.2 (C4), 143.3 

(C8), 137.8 (C6), 127.8 (C10), 127.1 (C11), 117.4 (C9), 116.4 (C5), 59.9 

(CHCH2CH3), 58.5 (C3), 54.5 (C13), 46.4 (NHCH), 46.2 (NCH3), 32.4 (C12), 29.6 

(C2), 29.2 (C2’), 28.1 (CONCH3), 27.1 (CHCH2CH3), 23.5 (C1), 23.1 (C1’), 9.1 

(CHCH2CH3) 
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(R)-8-Cyclopentyl-7-ethyl-2-((2-methoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-5-methyl-7,8-dihydropteridin-6(5H)-one, 35 

Dihydropteridinone 6a (25 mg, 80 µmol) was reacted with 

aniline 28a (18 mg, 80 µmol) using general method 16 to 

afford the title compound 35 as a yellow gum (9 mg, 22%). 

LCMS purity >95%, ret. time 1.04 mins; HRMS (ESI +ve): 

found [M+H]+ 479.3101, [C27H39N6O2]+ requires 479.3129; νmax (thin film, cm-1): 2940 

(w, N-H), 1671 (C=O); [𝛼]𝐷
21.8: −9.1° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.20 (1H, d, 

J =8.2 Hz, H9), 7.88 (1H, s, NH), 7.61 (1H, s, H6), 6.80 (1H, dd, J = 8.2, 1.9 Hz, H10), 

6.75 (1H, d, J = 1.9 Hz, H12), 4.42 (1H, quin., J = 8.0 Hz, H3), 4.21 (1H, dd, J = 7.7. 

3.6 Hz, CHCH2CH3), 3.90 (3H, s, OCH3), 3.59 (2H, d, J = 10.7 Hz, H16), 3.31 (3H, s, 

CONCH3), 2.75 (3H, s, NCH3), 2.77 – 2.67 (3H, m, H14 & H16), 2.27 (2H, q, J = 12.5 

Hz, H15), 2.14 – 1.92 (4H, m, 2 x H2 & 2 x H15), 1.92 – 1.60 (8H, m, cPeH & 

CHCH2CH3), 0.87 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.6 

(CONCH3), 155.0 (C7), 152.4 (C4), 148.8 (C13), 136.1 (C6 & C11), 128.3 (C8), 119.2 

(C9), 118.7 (C10), 115.7 (C5), 108.5 (C12), 60.0 (CHCH2CH3), 58.6 (C3), 55.8 

(OCH3), 54.8 (C16), 43.5 (NCH3), 40.1 (C14), 30.6 (C15), 29.5 (C2), 29.2 (C2’), 28.2 

(CONCH3), 27.2 (CHCH2CH3), 23.5 (C1), 23.3 (C1’), 9.1 (CHCH2CH3) 

 

(R)-8-Cyclopentyl-7-ethyl-2-((2-methoxy-4-(4-(4-methylpiperazin-1-yl)piperidin-1-

yl)phenyl)amino)-5-methyl-7,8-dihydropteridin-6(5H)-one, 36 

Dihydropteridinone 6a (25 mg, 85 µmol) was reacted with 

aniline 23a (25 mg, 85 µmol) using general method 16 to 

afford the title compound 36 as a brown solid (14 mg, 

30%). LCMS purity >95%, ret. time 1.02 mins; HRMS (ESI 

+ve): found [M+H]+ 563.3813, [C31H47N8O2]+ requires 563.3822; m.p.: 63 – 65 °C; νmax 

(thin film, cm-1): 3421 (w, N-H), 1654 (C=O); [𝛼]𝐷
21.6: −36.8° (c 1.0, MeOH); δH (CDCl3, 

500 MHz): 7.88 (1H, d, J = 8.5 Hz, H9), 7.55 (1H, s, H6), 7.13 (1H, s, NH), 6.53 (1H, 

d, J = 2.2 Hz, H12), 6.50 (1H, dd, J = 8.5, 2.2 Hz, H10), 4.33 – 4.23 (1H, m, H3), 4.21 

(1H, dd, J = 8.0, 3.6 Hz, CHCH2CH3), 3.88 (3H, s, OCH3), 3.66 (2H, d, J = 12.3 Hz, 

H14), 3.29 (3H, s, CONCH3), 3.11 – 2.89 (8H, m, H17 & H18), 2.75 – 2.65 (3H, m, 

H14 & H16), 2.58 (3H, s, NCH3), 2.06 – 1.51 (14H, m, cPeH, CHCH2CH3 & 4 x H15), 

0.88 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.5 (CONCH3), 154.7 

(C7), 152.5 (C4), 150.6 (C13), 147.7 (C11), 133.9 (C6), 122.1 (C8), 121.6 (C9), 115.2 

(C5), 108.6 (C10), 101.4 (C12), 61.7 (C16), 60.8 (CHCH2CH3), 59.5 (C3), 55.7 

(OCH3), 53.2 (C18), 50.2 (C14), 46.7 (C17), 43.9 (NCH3), 29.2 (C2), 28.9 (C2’), 28.2 

(CONCH3), 27.7 (C15), 27.2 (CHCH2CH3), 23.5 (C1), 23.2 (C1’), 8.9 (CHCH2CH3) 
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(R)-8-Cyclopentyl-7-ethyl-2-((2-methoxy-4-(4-(4-morpholinopiperadin-1-

yl)phenyl)amino)-5-methyl-7,8-dihydropteridin-6(5H)-one, 37 

Dihydropteridinone 6a (25 mg, 85 µmol) was reacted with 

aniline 23b (25 mg, 85 µmol) using general method 16 to 

afford the title compound 37 as a yellow solid (22 mg, 

47%). LCMS purity >95%, ret. time 1.04 mins; HRMS (ESI 

+ve): found [M+H]+ 550.3489, [C30H44N7O3]+ requires 550.3506; m.p.: 109 – 112 °C; 

νmax (thin film, cm-1): 3431 (w, N-H), 1667 (C=O); [𝛼]𝐷
21.7: −54.7° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.20 (1H, d, J = 8.8 Hz, H9), 7.64 (1H, s, H6), 7.15 (1H, s, NH), 

6.57 (1H, d, J = 2.5 Hz, H12), 6.54 (1H, dd, J = 8.8, 2.5 Hz, H10), 4.52 – 4.44 (1H, m, 

H3), 4.25 (1H, dd, J = 7.8, 3.7 Hz, CHCH2CH3), 3.88 (3H, s, OCH3), 3.77 – 3.73 (4H, 

m, H18), 3.64 (2H, d, J = 12.6 Hz, H14), 3.31 (3H, s, CONCH3), 2.73 – 2.66 (2H, m, 

H14), 2.62 – 2.58 (4H, m, H17), 2.33 (1H, tt, J = 11.4, 3.6 Hz, H16), 2.15 – 2.08 (1H, 

m, H2), 2.02 – 1.63 (13H, m, cPeH, CHCH2CH3 & 4 x H15), 0.88 (3H, t, J = 7.6 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.7 (CONCH3), 156.0 (C7), 152.3 (C4), 148.8 

(C13), 146.8 (C11), 138.3 (C6), 123.2 (C8), 119.1 (C9), 115.4 (C5), 108.6 (C10), 

101.3 (C12), 67.3 (C17), 62.0 (C16), 60.0 (CHCH2CH3), 58.3 (C3), 55.6 (OCH3), 50.6 

(C14), 49.8 (C17), 29.7 (C2), 29.2 (C2’), 28.2 (CONCH3), 28.1 (C15), 27.0 

(CHCH2CH3), 23.5 (C1), 23.1 (C1’), 9.2 (CHCH2CH3) 

 

(R)-8-Cyclopentyl-2-((4-(4-(dimethylamino)piperdin-1-yl)-2-

methoxyphenyl)amino-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 38 

Dihydropteridinone 6a (25 mg, 85 µmol) was reacted with 

aniline 23c (25 mg, 85 µmol) using general method 16 to 

afford the title compound 38 as a yellow gum (21 mg, 50%). 

LCMS purity >95%, ret. time 1.03 mins; HRMS (ESI +ve): 

found [M+H]+ 508.3358, [C28H42N7O2]+ requires 508.3340; νmax (thin film, cm-1): 3429 

(w, N-H), 1664 (C=O); [𝛼]𝐷
21.5: −70.0° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.22 (1H, 

s, NH), 7.93 (1H, d, J = 8.8 Hz, H9), 7.55 (1H, s, H6), 6.54 – 6.47 (2H, m, H10 & 

H12), 4.33 – 4.24 (1H, m, H3), 4.21 (1H, dd, J = 7.8, 3.8 Hz, CHCH2CH3), 3.86 (3H, s, 

OCH3), 3.69 (2H, d, J = 12.0 Hz, H14), 3.29 (3H, s, CONCH3), 3.16 (1H, t, J = 11.5, 

H16), 2.81 – 2.68 (8H, m, H14 & N(CH3)2), 2.13 (2H, d, J = 10.7 Hz, H15), 2.06 – 1.98 

(1H, m, H2), 1.94 – 1.52 (11H, m, cPeH, CHCH2CH3 & 2 x H15), 0.85 (3H, t, J = 7.3 

Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.5 (CONCH3), 154.7 (C7), 152.5 (C4), 

150.5 (C13), 147.1 (C11), 134.2 (C6), 122.7 (C8), 121.5 (C9), 115.3 (C5), 109.0 

(C10), 101.7 (C12), 62.5 (NCH), 60.8 (CHCH2CH3), 59.5 (C3), 55.7 (OCH3), 50.0 
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(C14), 38.9 (N(CH3)2), 29.3 (C2), 28.9 (C2’), 28.2 (CONCH3), 27.2 (CHCH2CH3), 26.0 

(C15), 23.5 (C1), 23.2 (C1’), 8.9 (CHCH2CH3) 

 

(R)-8-Cyclopentyl-7-ethyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-

5-methyl-7,8-dihydropteridin-6(5H)-one, 39 

Dihydropteridinone 6a (43.0 mg, 146 µmol) was reacted with 

aniline 28b (32.5 mg, 139 µmol) using general method 16 to 

afford the title compound 39 as a brown solid (16.9 mg, 

24%). LCMS purity >95%, ret. time 1.05 mins; HRMS (ESI 

+ve): found [M+H]+ 493.3280, [C28H41N6O2]+ requires 

493.3286; m.p.: 97 – 99 °C; νmax (thin film, cm-1): 3424 (w, N-H), 1669 (C=O); [𝛼]𝐷
23.0: 

−36.0° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.26 (1H, d, J = 8.3 Hz, H9), 7.77 (1H, s, 

NH), 7.63 (1H, s, H6), 6.79 (1H, d, J = 8.3 Hz, H10), 6.74 (1H, s, H12), 4.42 (1H, 

quin., J = 7.4 Hz, H3), 4.22 (1H, dd, J = 7.9, 3.6 Hz, CHCH2CH3), 4.12 (2H, q, J = 6.9 

Hz, OCH2CH3), 3.58 (2H, d, J = 11.7 Hz, H16), 3.32 (3H, s, CONCH3), 2.76 – 2.62 

(6H, m, NCH3, H14 & H16), 2.27 – 2.16 (2H, m, H15), 2.13 – 2.07 (1H, m, H2), 2.02 – 

1.94 (3H, m, 1 x H2 & 2 x H15), 1.92 – 1.62 (8H, m, cPeH, 2 x H15 & CHCH2CH3), 

1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 0.88 (3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 163.6 (CONCH3), 155.1 (C7), 152.3 (C4), 147.8 (C13), 136.7 (C8), 136.6 

(C6), 128.5 (C11), 118.7 (C9), 118.5 (C10), 115.6 (C5), 109.5 (C12), 64.4 

(OCH2CH3), 60.4 (CHCH2CH3), 59.0 (C3), 54.6 (C16), 43.5 (NCH3), 40.1 (C14), 30.6 

(C15), 29.5 (C2), 29.2 (C2’), 28.2 (CONCH3), 27.2 (CHCH2CH3), 23.6 (C1), 23.3 (C1’), 

14.9 (OCH2CH3), 9.1 (CHCH2CH3) 

  
(S)-8-Cyclopentyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-

5-methyl-7,8-dihydropteridin-6(5H)-one, 40  

Dihydropteridinone 6b (30 mg, 102 µmol) was reacted with 

aniline 28b (23 mg, 97 µmol) using general method 16 to 

afford the title compound 40 as a brown solid (11 mg, 26%). 

LCMS purity >95%, ret. time 1.09 mins; HRMS (ESI +ve): 

found [M+H]+ 493.3272, [C28H41N6O2]+ requires 493.3286; 

m.p.: 97 – 99 °C; νmax (thin film, cm-1): 3421 (w, N-H), 1668 (C=O); [𝛼]𝐷
20.5: +9.0° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.19 (1H, d, J = 8.2 Hz, H9), 7.96 (1H, s, NH), 

7.62 (1H, s, H6), 6.78 (1H, dd, J = 8.2, 1.6 Hz, H10), 6.74 (1H, d, J = 1.6 Hz, H12), 

4.39 (1H, quin., J = 8.3 Hz, H3), 4.23 (1H, dd, J = 7.6, 3.5 Hz, CHCH2CH3), 4.11 (2H, 

q, J = 6.9 Hz, OCH2CH3), 3.61 (2H, d, J = 10.4 Hz, H16), 3.31 (3H, s, CONCH3), 2.77 

– 2.61 (6H, m, NCH3, H14 & H16), 2.25 – 2.15 (2H, m, H15), 2.03 – 1.83 (5H, m, 2 x 

H1, 2 x H15 & CHCHHCH3), 1.81 – 1.60 (5H, cPeH & CHCHHCH3), 1.47 (3H, t, J = 
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6.9 Hz, OCH2CH3), 0.87 (3H, t, J = 7.64 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

163.6  (CONCH3), 154.9 (C7). 152.4 (C4), 137.0 (C11), 136.0 (C6), 128.3 (C8), 119.2 

(C9), 118.5 (C10), 115.5 (C5), 109.5 (C12), 64.4 (OCH2CH3), 60.5 (CHCH2CH3), 59.1 

(C3), 54.6 (C16), 43.5 (NCH3), 40.0 (C14),  30.5 (C15), 29.5 (C2), 29.2 (C2’), 28.2 

(CONCH3), 27.2 (CHCH2CH3), 23.6 (C1), 13.3 (C1’), 14.9 (OCH2CH3), 9.0 

(CHCH2CH3) 

 

8-Cyclopentyl-7-ethyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-5-

methyl-7,8-dihydropteridin-6(5H)-one, 41 

Dihydropteridinone 6c (38 mg, 129 µmol) was reacted with 

aniline 28b (29 mg, 123 µmol) using general method 16 to 

afford the title compound 41 as a brown solid (4 mg, 6%). 

LCMS purity >95%, ret. time 1.05 mins; HRMS (ESI +ve): 

found [M+H]+ 493.3280, [C28H41N6O2]+ requires 493.3286; 

m.p.: 98 – 100 °C; νmax (thin film, cm-1): 3424 (w, N-H), 1667 (C=O); δH (CDCl3, 500 

MHz): 8.26 (1H, d, J = 8.3 Hz, H9), 7.77 (1H, s, NH), 7.63 (1H, s, H6), 6.79 (1H, d, J = 

8.3 Hz, H10), 6.74 (1H, s, H12), 4.42 (1H, quin. J = 7.4 Hz, H3), 4.22 (1H, dd, J = 7.9, 

3.6 Hz, CHCH2CH3), 4.12 (2H, q, J = 6.9 Hz, OCH2CH3), 3.58 (2H, d, J = 11.7 Hz, 

H16), 3.32 (3H, s, CONCH3), 2.76 – 2.62 (6H, m, NCH3, H14 & H16), 2.27 – 2.16 (2H, 

m, H15), 2.13 – 2.07 (1H, m, H2), 2.02 – 1.94 (3H, m, 1 x H2 & 2 x H15), 1.92 – 1.62 

(8H, m, CpH, 2 x H15 & CHCH2CH3), 1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 0.88 (3H, t, J 

= 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.6 (CONCH3), 155.1 (C7), 152.3 

(C4), 147.8 (C13), 136.7 (C8), 136.6 (C6), 128.5 (C11), 118.7 (C9), 118.5 (C10), 

115.6 (C5), 109.5 (C12), 64.4 (OCH2CH3), 60.4 (CHCH2CH3), 59.0 (C3), 54.6 (C16), 

43.5 (NCH3), 40.1 (C14), 30.6 (C15), 29.5 (C2), 29.2 (C2’), 28.2 (CONCH3), 27.2 

(CHCH2CH3), 23.6 (C1), 23.3 (C1’), 14.9 (OCH2CH3), 9.1 (CHCH2CH3) 

 

(R)-8-Cyclopentyl-7-isopropyl-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-5-methyl-7,8-dihydropteridin-6(5H)-one, 42 

Dihydropteridinone 6d (50 mg, 162 µmol) was reacted with 

aniline 28b (36 mg, 154 µmol) using general method 16 to 

afford the title compound 42 as a yellow solid (17 mg, 21%). 

LCMS purity >95%, ret. time 1.14 mins; HRMS (ESI +ve): 

found [M+H]+ 507.3425, [C29H43N6O2]+ requires 507.3442; 

m.p.: 67 – 70 °C; νmax (thin film, cm-1): 3425 (w, N-H), 1666 (C=O); [𝛼]𝐷
23.0: - 54.0° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.16 (1H, d, J = 8.4 Hz, H9), 8.02 (1H, s, NH), 

7.58 (1H, s, H6), 6.77 (1H, dd, J = 8.4, 1.6 Hz, H10), 6.73 (1H, d, J = 1.6 Hz, H12), 
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4.28 (1H, quin, J = 8.3 Hz, H3), 4.12 – 4.08 (3H, m, CHCH(CH3)2 & OCH2CH3), 3.59 

(2H, d, J = 9.8 Hz, H16), 3.30 (3H, s, CONCH3), 2.77 – 2.62 (6H, m, NCH3, H14 & 

H16), 2.25 – 2.15 (2H, m, H15), 2.11 – 2.03 (1H, m, CHCH(CH3)2), 2.02 – 1.95 (3H, 

m, 1 x H2 & 2 x H15). 1.91 – 1.67 (4H, m, cPeH), 1.65 - 1.57 (2H, m, H1), 1.46 (3H, t, 

J = 6.9 Hz, OCH2CH3), 1.08 (3H, d, J = 7.3 Hz, (CH3)(C’H3)), 0.78 (3H, d, J = 6.9 Hz, 

(CH3)(C’H3)); δC (CDCl3, 126 MHz): 161.9 (CONCH3), 154.7 (C7), 152.4 (C4), 148.3 

(C13), 137.1 (C11), 135.1 (C6), 128.2 (C8), 119.4 (C9), 118.5 (C10), 116.2 (C5), 

109.5 (C12), 65.4 (OCH2CH3), 64.3 (CHCH(CH3)2), 60.4 (C3), 54.6 (C16), 43.5 

(NCH3), 40.1 (C14), 34.5 (CHCH(CH3)2), 30.5 (C15), 29.6 (C2), 28.0 (CONCH3), 23.6 

(C1), 23.4 (C1’), 20.3 ((CH3)(C’H3)), 16.7 ((CH3)(C’H3)), 14.9 (OCH2CH3) 

 

(R)-8-Cyclopentyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-5,7-

dimethyl-7,8-dihydropteridin-6(5H)-one, 43  

Dihydropteridinone 6e (36.2 mg, 129 µmol) was reacted with 

aniline 28b (28.7 mg, 123 µmol) using general method 16 to 

afford the title compound 43 as a brown oil (13.2 mg, 21%). 

LCMS purity >95%, ret. time 1.05 mins; HRMS (ESI +ve): 

found [M+H]+ 479.3115, [C27H39N6O2]+ requires 479.3129; 

νmax (thin film, cm-1): 3422 (w, N-H), 1666 (C=O); [𝛼]𝐷
22.3 : −27.7° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.23 (1H, d, J = 8.3 Hz, H9), 7.86 (1H, s, NH), 7.67 (1H, s, H6), 

6.78 (1H, dd, J = 8.3, 1.3 Hz, H11), 6.74 (1H, d, J = 1.3 Hz, H13), 4.49 (1H, quin, J = 

8.0 Hz, H3), 4.32 (1H, q, J = 6.7 Hz, CHCH3), 4.12 (2H, q, J = 6.8 Hz, OCH2CH3), 

3.61 (2H, d, J = 8.5 Hz, H16), 3.31 (3H, s, CONCH3), 2.80 – 2.63 (6H, m, NCH3, H14 

& H16), 2.27 – 2.16 (2H, m, H15), 2.13 – 3.06 (1H, m, H2),  2.04 – 1.96 (3H, m, 1 x 

H2 & 2 x H15), 1.84 – 1.63 (6H, m, cPeH), 1.47 (3H, t, J = 6.8 Hz, OCH2CH3), 1.35 

(3H, d, J = 6.7 Hz, CHCH3); δC (CDCl3, 126 MHz): 164.9 (CONCH3), 155.1 (C7). 

151.9 (C4), 147.9 (C13), 136.7 (C6 & C11), 128.4 (C8), 118.9 (C9), 118.5 (C10), 

115.5 (C5), 109.5 (C12), 64.4 (OCH2CH3) 58.2 (C3), 54.9 (CHCH3), 54.6 (C16), 43.5 

(NCH3), 40.0 (C14), 30.5 (C15), 29.8 (C2), 29.4 (C2’), 28.3 (CONCH3), 23.7 (C1), 

23.3 (C1’), 19.2 (CHCH3), 14.9 (OCH2CH3) 

 

(S)-8-Cyclopentyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-5,7-

dimethyl-7,8-dihydropteridin-6(5H)-one, 44  

Dihydropteridinone 6f (29 mg, 102 µmol) was reacted with 

aniline 28b (23 mg, 96 µmol) using general method 16 to 

afford the title compound 44 as a brown oil (7 mg, 15%). 

LCMS purity >95%, ret. time 1.05 mins; HRMS (ESI +ve): 
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found [M+H]+ 479.3107, [C27H39N6O2]+ requires 479.3129; νmax (thin film, cm-1): 3425 

(w, N-H), 1666 (C=O); [𝛼]𝐷
22.3: +34.0° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.23 (1H, 

d, J = 8.3 Hz, H9), 7.86 (1H, s, NH), 7.67 (1H, s, H6), 6.78 (1H, dd, J = 8.3, 1.3 Hz, 

H11), 6.74 (1H, d, J = 1.3 Hz, H13), 4.49 (1H, quin., J = 8.0 Hz, H3), 4.32 (1H, q, J = 

6.7 Hz, CHCH3), 4.12 (2H, q, J = 6.8 Hz, OCH2CH3), 3.61 (2H, d, J = 8.5 Hz, H16), 

3.31 (3H, s, CONCH3), 2.80 – 2.63 (6H, m, NCH3, H14 & H16), 2.27 – 2.16 (2H, m, 

H15), 2.13 – 3.06 (1H, m, H2),  2.04 – 1.96 (3H, m, 1 x H2 & 2 x H15), 1.84 – 1.63 

(6H, m, cPeH), 1.47 (3H, t, J = 6.8 Hz, OCH2CH3), 1.35 (3H, d, J = 6.7 Hz, CHCH3); 

δC (CDCl3, 126 MHz): 164.9 (CONCH3), 155.1 (C7). 151.9 (C4), 147.9 (C13), 136.7 

(C6 & C11), 128.4 (C8), 118.9 (C9), 118.5 (C10), 115.5 (C5), 109.5 (C12), 64.4 

(OCH2CH3) 58.2 (C3), 54.9 (CHCH3), 54.6 (C16), 43.5 (NCH3), 40.0 (C14), 30.5 

(C15), 29.8 (C2), 29.4 (C2’), 28.3 (CONCH3), 23.7 (C1), 23.3 (C1’), 19.2 (CHCH3), 

14.9 (OCH2CH3) 

 

8-Cyclopentyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-5-methyl-

7,8-dihydropteridin-6(5H)-one, 45  

Dihydropteridinone 6g (30 mg, 113 µmol) was reacted with 

aniline 28b (25 mg, 107 µmol) using general method 16 to 

afford the title compound 45 as a yellow solid (8 mg, 15%). 

LCMS purity >95%, ret. time 1.05 mins; HRMS (ESI +ve): 

found [M+H]+ 465.2969, [C26H37N6O2]+ requires 465.2973; 

m.p.: decomp.; νmax (thin film, cm-1): 3434 (w, N-H), 1675 (C=O); δH (CDCl3, 500 

MHz): 8.31 (1H, d, J = 8.3 Hz, H9), 7.63 (1H, s, H6), 7.53 (1H, s, NH), 6.79 (1H, 

dd, J = 8.3, 1.5 Hz, H10), 6.73 (1H, d, J = 1.5 Hz, H12), 5.13 (1H, quin, J = 8.2 Hz, 

H3), 4.12 (2H, q, J = 6.8 Hz, OCH2CH3), 4.06 (2H, s, CH2), 3.55 (2H, d, J = 11.0 Hz, 

H16), 3.30 (3H, s, CONCH3), 2.71 (3H, s, NCH3), 2.70 – 2.61 (3H, m, H14 & H16), 

2.23 – 2.13 (2H, m, H15), 2.01 – 1.92 (4H, 2 x H2 & 2 x H15), 1.84 – 1.59 (6H, m, 

cPeH), 1.48 (3H, t, J = 6.8 Hz, OCH2CH3); δC (CDCl3, 126 MHz): 161.7 (CONCH3), 

154.5 (C7), 152.0 (C4), 147.3 (C13), 137.7 (C11), 136.4 (C6), 128.7 (C8), 118.6 

(C10), 117.9 (C9), 115.2 (C5), 109.5 (C12), 64.4 (OCH2CH3), 55.2 (C3), 54.6 (C16), 

45.3 (CH2), 43.6 (NCH3), 40.2 (C14), 30.7 (C15), 27.8 (CONCH3), 27.2 (C2), 24.2 

(C1), 15.0 (OCH2CH3) 

 

8-Cyclopentyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7,7-diethyl-

5-methyl-7,8-dihydropteridin-6(5H)-one, 46  

Dihydropteridinone 14a (30 mg, 93 µmol) was reacted with aniline 28b (21 mg, 88 

µmol) using general method 16 to afford the title compound 46 as a yellow solid (5 
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mg, 11%). LCMS purity >95%, ret. time 1.13 mins; HRMS 

(ESI +ve): found [M+H]+ 521.3598, [C30H45N6O2]+ requires 

521.3599; m.p.: 96 – 98 °C; νmax (thin film, cm-1): 3424 (w, N-

H), 1657 (C=O); δH (CDCl3, 500 MHz): 7.83 (1H, d, J = 8.0 

Hz, H10), 7.46 (1H, s, H6), 6.79 (1H, dd, J = 8.0, 1.9 Hz, 

H11), 6.73 (1H, d, J = 1.9 Hz, H13), 4.07 (2H, q, J = 6.9 Hz, OCH2CH3), 3.74 – 3.67 

(1H, m, H3), 3.59 (2H, d, J = 10.4 Hz, H16), 3.30 (3H, s, CONCH3), 2.74 (3H, s, 

NCH3), 2.76 – 2.63 (3H, m, H14 & H16), 2.47 – 2.39 (2H, m, H2), 2.26 – 2.15 (4H, m, 

2 x H15 & C(CH2CH3)(C’H2CH3), 1.98 (2H, d, J = 14.5 Hz, H15), 1.83 – 1.76 (2H, m, 

C(CH2CH3)(C’H2CH3), 1.63 – 1.53 (4H, m, cPeH), 1.42 (5H, m, H1 & OCH2CH3), 0.82 

(6H, t, J = 7.3 Hz, C(CH2CH3)2); δC (CDCl3, 126 MHz): 165.4 (CONCH3), 153.6 (C7). 

151.4 (C4), 150.0 (C13), 137.8 (C11), 131.2 (C6), 127.5 (C8), 121.9 (C9), 118.9 

(C10), 114.4 (C5), 109.7 (C12), 73.0 (C(CH2CH3)2), 60.8 (OCH2CH3), 57.3 (C3), 54.6 

(C16), 43.6 (NCH3), 40.1 (C14), 31.7 (C(CH2CH3)2), 30.5 (C15), 28.1 (CONCH3), 28.0 

(C2), 25.2 (C1), 14.8 (OCH2CH3), 8.7 (C(CH2CH3)2) 

 

8-Cyclopentyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-diethyl-

5,7-dimethyl-7,8-dihydropteridin-6(5H)-one, 47  

Dihydropteridinone 14b (25.0 mg, 81 µmol) was reacted with 

aniline 28b (18.0 mg, 77 µmol) using general method 16 to 

afford the title compound 47 as a yellow oil (2 mg, 5%). 

LCMS purity >95%, ret. time 1.12 mins; HRMS (ESI +ve): 

found [M+H]+ 507.3426, [C29H42N6O2]+ requires 507.3442; 

νmax (thin film, cm-1): 3423 (w, N-H), 1653 (C=O); δH (CDCl3, 500 MHz): 8.05 (1H, d, J 

= 8.2 Hz, H9), 8.01 (1H, s, NH), 7.51 (1H, s, H6), 6.81 (1H, dd, J = 8.2, 1.6 Hz, H10), 

6.76 (1H, d, J = 1.6 Hz, H12), 4.09 (2H, q, J = 6.9 Hz, OCH2CH3), 3.82 – 3.75 (1H, m, 

H3), 3.62 – 3.54 (2H, m, H16), 3.30 (3H, s, CONCH3),  2.77 – 2.62 (3H, m, H14 & 

H16), 2.56 – 2.50 (1H, m, H2), 2.45 – 2.30 (3H, m, 1 x H2 & 2 x H15), 2.25 – 2.18 

(1H, m, CHHCH3), 2.02 (2H, d, J = 13.2 Hz, H15), 1.86 – 1.75 (3H, m, CHHCH3 & 

H2), 1.70 – 1.60 (5H, m, CCH3 & H1), 1.56 – 1.48 (2H, m, H1), 1.45 (3H, t, J = 6.9 Hz, 

OCH2CH3), 0.84 (3H, t, J = 7.4 Hz, CH2CH3); δC (CDCl3, 126 MHz): 166.1 (CONCH3), 

156.2 (C7). 150.5 (C4), 146.8 (C13), 137.4 (C11), 133.6 (C6), 128.3 (C8), 119.1 (C9), 

117.0 (C10), 114.7 (C5), 109.4 (C12), 67.6 (C(CH3)(CH2CH3)), 64.3 (OCH2CH3) 57.5 

(C3), 54.6 (C16), 43.5 (NCH3), 40.0 (C14), 32.4 (C15), 28.2 (CONCH3), 28.0 (C2), 

26.1 (CCH3), 25.5 (CH2CH3), 25.4 (C1), 14.8 (OCH2CH3), 8.8 (CH2CH3) 
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8-Cyclopentyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-5-methyl-

5,8-dihydro-6H-spiro(cyclopropane-1,7-pteridin)-6-one, 48  

Dihydropteridinone 6h (33 mg, 111 µmol) was reacted with 

aniline 28b (25 mg, 106 µmol) using general method 16 to 

afford the title compound 48 as a brown solid (4 mg, 7%). 

LCMS purity >95%, ret. time 1.10 mins; HRMS (ESI +ve): 

found [M+H]+ 493.3112, [C28H39N6O2]+ requires 491.3129; 

m.p.: 120 – 122 °C; νmax (thin film, cm-1): 3424 (w, N-H), 1667 (C=O); δH (CDCl3, 500 

MHz): 8.29 (1H, d, J = 8.2 Hz, H9), 7.73 (1H, s, H6), 7.43 (1H, s, NH), 6.79 (1H, 

dd, J = 8.2, 1.6 Hz, H10), 6.75 (1H, d, J = 1.6 Hz, H12), 4.11 (2H, q, J = 6.9 Hz, 

OCH2CH3), 3.96 (1H, quin., J = 9.1 Hz, H3), 3.41 (2H, d, J = 11.0 Hz, H16), 3.30 (3H, 

s, CONCH3), 2.61 (3H, s, NCH3), 2.60 – 2.47 (3H, m, H14 & 2 x H16), 2.18 – 2.05 

(4H, m, 2 x H2 & 2 x H15),1.98 – 1.85 (4H, m, 2 x H1 & 2 x H15), 1.80 – 1.72 (2H, m, 

H2), 1.65 – 1.55 (2H, m, H1), 1.50 – 1.45 (5H, m, C(CH2)(C’H2)a & OCH2CH3), 1.23 – 

1.19 (2H, m, C(CH2)(C’H2)); δC (CDCl3, 126 MHz): 165.9 (CONCH3), 155.1 (C7), 

154.7 (C4), 147.3 (C13), 138.7 (C6), 137.2 (C8), 128.5 (C11), 118.7 (C10), 118.0 

(C9), 117.3 (C5), 109.4 (C12), 64.3 (OCH2CH3), 58.4 (C3), 55.0 (C16), 44.2 (NCH3), 

43.4 (C(CH2)2), 31.4 (C15), 28.9 (C2 & CONCH3), 24.8  (C1), 14.9 (OCH2CH3), 12.9 

(C(CH2)2) 

 

(R)-4-((8-(3-Bromobenzyl)-7-ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-

yl)amino)-3-ethoxy-N-(1-methylpiperidin-4-yl)benzamide, 49 

Dihydropteridinone 6i (65.0 mg, 164 µmol) was reacted 

with aniline 20e (45.6 mg, 164 µmol) using general 

method 16 to afford the title compound 49 as a white solid 

(55.0 mg, 53%). LCMS purity >95%, ret. time 1.08 mins; 

HRMS (ESI +ve): found [M+H]+ 622.2302, 

[C31H39BrN7O3]+ requires 636.2298; m.p.: 212 – 214 °C; 

νmax (thin film, cm-1): 3415 (w, N-H), 3311 (w, CON-H), 1664 (C=O), 1630 (C=O); 

[𝛼]𝐷
22.1: +5.1° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.23 (1H, d, J = 8.5 Hz, H12), 7.74 

(1H, s, H9), 7.63 (1H, s, ArNH), 7.50 (1H, t, J = 1.6 Hz, H6), 7.44 (1H, dt, J = 7.6, 1.6 

Hz, H2), 7.42 (1H, d, J = 1.9 Hz, H15), 7.28 – 7.20 (2H, m, H3 & H4), 7.14 (1H, dd, J 

= 8.5, 1.9 Hz, H13), 5.96 (1H, d, J = 7.9 Hz, CONH), 5.51 (1H, d, J = 15.8 Hz, 

ArCHH), 4.23 – 4.16 (4H, m, OCH2CH3, ArCHH & CHCH2CH3), 4.04 – 3.94 (1H, m, 

NHCH), 3.38 (3H, s, CONCH3), 2.76 – 2.67 (2H, m, H18), 2.31 (3H, s, NCH3), 2.17 

(2H, t, J = 10.9 Hz, H18), 2.09 – 2.01 (2H, m, H17), 2.00 – 1.93 (1H, m, CHCHHCH3), 

1.89 – 1.80 (1H, m, CHCHHCH3), 1.63 – 1.58 (2H, m, H17) 1.49 (3H, t,  J = 7.1 Hz, 
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OCH2CH3), 0.87 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 166.5 (CONH), 

163.3 (CONCH3), 155.2 (C10), 151.8 (C7), 146.6 (C16), 138.7 (C5), 138.5 (C9), 

132.8 (C11), 131.0 (C2), 130.7 (C6), 130.5 (C3), 126.7 (C14), 126.1 (C4), 122.9 (C1), 

118.5 (C13), 116.1 (C12), 115.3 (C8), 110.1 (C15), 64.5 (OCH2CH3), 61.4 

(CHCH2CH3), 54.6 (C18), 47.7 (ArCH2), 46.3 (NHCH), 46.2 (NCH3), 32.5 (C17), 28.2 

(CONCH3), 24.9 (CHCH2CH3), 14.9 (OCH2CH3), 8.7 (CHCH2CH3) 

 

(R)-4-((8-(2-Bromobenzyl)-7-ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-

yl)amino)-3-ethoxy-N-(1-methylpiperidin-4-yl)benzamide, 50 

Dihydropteridinone 6j (31 mg, 80 µmol) was reacted with 

aniline 20e (21 mg, 70 µmol) using general method 16 to 

afford the title compound 50 as a white solid (5 mg, 10%). 

LCMS purity >95%, ret. time 1.27 mins; HRMS (ESI +ve): 

found [M+H]+ 638.2242, [C31H39BrN7O3]+ requires 636.2298; 

m.p.: 166 – 168 °C;  νmax (thin film, cm-1): 3411 (w, N-H), 2964 (w, CON-H), 1663 

(C=O), 1589 (C=O); [𝛼]𝐷
21.8: −15.9° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.34 (1H, d, 

J = 8.5 Hz, H12), 7.76 (1H, s, PhNH), 7.74 (1H, s, H9), 7.63 (1H, dd, J = 7.6, 1.3 Hz, 

H2), 7.41 (1H, d, J = 1.9 Hz, H15), 7.33 – 7.26 (3H, m, H4, H5 & H13), 7.21 – 7.16 

(1H, m, H3), 6.67 (1H, d, J = 8.2 Hz, CONH), 5.66 (1H, d, J = 15.8 Hz, ArCHH), 4.34 

(1H, d, J = 15.8 Hz, ArCHH), 4.30 – 4.22 (1H, m, NHCH), 4.20 (2H, q, J = 7.0 Hz, 

OCH2CH3) 4.16 (1H, dd, J = 6.6, 3.8 Hz, CHCH2CH3), 3.52 (2H, d, J = 11.4 Hz, H18), 

3.38 (3H, s, CONCH3), 2.82 – 2.75 (2H, m, H18), 2.76 (3H, s, NCH3), 2.24 – 2.12 (4H, 

m, H17), 2.05 – 1.96 (1H, m, CHCHHCH3), 1.95 – 1.86 (1H, m, CHCHHCH3), 1.50 

(3H, t, J = 7.0 Hz, OCH2CH3), 0.91 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 166.6 (CONH), 163.4 (CONCH3), 155.0 (C10), 151.9 (C9), 146.5 (C16), 137.8 

(C9), 134.9 (C6), 133.3 (C2), 133.1 (C11), 129.5 (C3), 129.4 (C5), 127.9 (C4), 125.7 

(C14), 123.7 (C1), 119.7 (C13), 116.4 (C12), 115.4 (C8), 109.7 (C15), 64.5 

(OCH2CH3), 61.2 (CHCH2CH3), 53.9 (C18), 48.1 (ArCH2), 44.3 (NHCH), 43.6 (NCH3), 

29.1 (C17), 28.2 (CONCH3), 25.3 (CHCH2CH3), 14.9 (OCH2CH3), 9.0 (CHCH2CH3) 

 

3-Ethoxy-4-((7-ethyl-5-methyl-6-oxo-8-phenyl-5,6,7,8-tetrahydropteridin-2-

yl)amino)-N-(1-methylpiperidin-4-yl)benzamide, 51 

Dihydropteridinone 6v (30 mg, 99 µmol) was reacted with 

aniline 2oe (28 mg, 99 µmol) using general method 16 to 

afford the title compound 51 as a white solid (19 mg, 35%). 

LCMS purity >95%, ret. time 1.22 mins; HRMS (ESI +ve): 

found [M+H]+ 544.3030, [C30H38N7O3]+ requires 544.3036; 
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m.p.: 136 – 139 °C; νmax (thin film, cm-1): 3417 (w, N-H), 2971 (w, CON-H), 1667 

(C=O), 1587 (C=O); δH (CDCl3, 500 MHz): 7.87 (1H, d, J = 8.5 Hz, H10), 7.78 (1H, s, 

H7), 7.74 (1H, s, ArNH), 7.57 – 7.52 (2H, m, H2), 7.47 (1H, t, J = 7.3 Hz, H1), 7.42 – 

7.38 (2H, m, H3), 7.33 (1H, d, J = 1.3 Hz, H13), 7.01 (1H, dd, J = 8.5, 1.3 Hz, H11), 

6.80 (1H, d, J = 7.9 Hz, CONH), 4.66 (1H, dd, J = 6.2, 3.6 Hz, CHCH2CH3), 4.28 – 

4.18 (1H, m, NHCH), 4.13 (2H, q, J = 6.9 Hz, OCH2CH3), 3.51 (2H, d, J = 11.0 Hz, 

H16), 3.41 (3H, s, CONCH3), 2.81 – 2.73 (2H, m, H16), 2.74 (3H, s, NCH3), 2.24 – 

2.01 (5H, m, CHCHHCH3 & H14), 1.82 – 1.72 (1H, m, CHCHHCH3), 1.44 (3H, t, J = 

6.9 Hz, OCH2CH3), 0.95 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 166.9 

(CONH), 163.3 (CONCH3), 154.7 (C8), 151.5 (C5), 146.1 (C14), 140.1 (C4), 138.8 

(C7), 133.1 (C9), 129.6 (C2), 127.8 (C3), 127.7 (C1), 125.4 (C12), 119.6 (C11), 116.1 

(C10), 115.0 (C6), 109.5 (C13), 64.5 (OCH2), 64.4 (CHCH2CH3), 53.9 (C16), 44.3 

(NHCH), 43.6 (NCH3), 29.1 (C15), 28.2 (CONCH3), 25.5 (CHCH2CH3), 14.8 

(OCH2CH3), 8.5 (CHCH2CH3)  

 

(R)-3-Ethoxy-4-((7-ethyl-5-methyl-8-((3-methylthiophen-2-yl)methyl)-6-oxo-

5,6,7,8-tetrahydropteridin-2-yl)amino)-N-(1-methylpiperidin-4-yl)benzamide, 52 

Dihydropteridinone 6k (37 mg, 110 µmol) was reacted with 

aniline 20e (29 mg, 104 µmol) using general method 16 to 

afford the title compound 52 as a white solid (15 mg, 24%). 

LCMS purity >95%, ret. time 1.26 mins; HRMS (ESI +ve): 

found [M+H]+ 578.2981, [C30H39N7O3S]+ requires 578.2908; 

m.p.: decomp.; νmax (thin film, cm-1): 3420 (w, N-H), 2971 (w, CON-H), 1660 (C=O), 

1591 (C=O); [𝛼]𝐷
23.7: −4.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.51 (1H, d, J = 8.3 

Hz, H10), 7.93 (1H, s, ArNH), 7.71 (1H, s, H7), 7.42 (1H, d, J = 1.2 Hz, H13), 7.37 

(1H, dd, J = 8.3, 1.2 Hz, H11), 7.16 (1H, d, J = 5.2 Hz, H1), 6.84 (1H, d, J = 5.2 Hz, 

H2), 6.77 (1H, d, J = 7.9 Hz, CONH), 5.62 (1H, d, J = 15.5 Hz, ArCHH), 4.39 (1H, d, J 

= 15.5 Hz, ArCHH), 4.34 – 4.26 (1H, m, NHCH), 4.25 – 4.18 (3H, m, OCH2CH3 & 

CHCH2CH3), 3.58 (2H, d, J = 10.1 Hz, H16), 3.34 (3H, s, CONCH3), 2.95 - 2.85 (2H, 

m, H16), 2.83 (3H, s, NCH3), 2.31 – 2.16 (7H, m, ArCH3 & H15), 2.01 – 1.93 (1H, m, 

CHCHHCH3), 1.91 – 1.81 (1H, m, CHCHHCH3), 1.52 (3H, t, J = 7.1 Hz, OCH2CH3), 

0.86 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 166.9 (CONH), 163.3 

(CONCH3), 154.8 (C8), 151.6 (C5), 146.7 (C14), 137.2 (C7), 136.2 (C4), 133.2 (C9), 

130.1 (C2), 125.7 (C12), 124.4 (C1), 119.8 (C11), 116.7 (C10), 115.5 (C6), 109.8 

(C13), 64.6 (OCH2CH3), 60.2 (CHCH2CH3), 54.2 (C16), 44.2 (NHCH), 43.7 (NCH3), 

40.7 (C5), 29.0 (C15), 28.1 (CONCH3), 24.9 (CHCH2CH3), 14.9 (OCH2CH3), 14.0 

(CHCH2CH3) 
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(R)-4-((8-(1,3-Dimethyl-1H-pyrazol-4-yl)methyl)-7-ethyl-5-methyl-6-oxo-5,6,7,8-

tetrahydropteridin-2-yl)amino)-3-ethoxy-N-(1-methylpiperidin-4-yl)benzamide, 53 

Dihydropteridinone 6l (35 mg, 104 µmol) was reacted with 

aniline 2oe (13 mg, 136 µmol) using general method 16 to 

afford the title compound 53 as a colourless oil (17 mg, 

29%). LCMS purity >95%, ret. time 1.11 mins; HRMS (ESI 

+ve): found [M+H]+ 576.3388, [C30H42N9O3]+ requires 

576.3405; νmax (thin film, cm-1): 3418 (w, N-H), 2924 (w, CON-H), 1658 (C=O), 1591 

(C=O); [𝛼]𝐷
23.8: +18.0° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.43 (1H, d, J = 8.0 Hz, 

H9), 7.81 (1H, s, ArNH), 7.67 (1H, s, H7), 7.44 (1H, d, J = 1.3 Hz, H12), 7.37 (1H, dd, 

J = 8.0, 1.3 Hz Hz, H10), 7.26 (1H, s, H1), 7.05 (1H, s, CONH), 5.32 (1H, d, J = 15.1 

Hz, ArHH), 4.31 - 4.24 (1H, m, NHCH), 4.24 – 4.16 (3H, m, OCH2CH3 & CHCH2CH3), 

4.06 (1H, d, J = 15.1 Hz, ArHH), 3.78 (3H, s, ArNCH3), 3.54 (2H, d, J = 10.4 Hz, H15), 

3.32 (3H, s, CONCH3), 2.90 – 2.75 (5H, m, H15 & NCH3), 2.30 – 2.12 (7H, m, ArCH3 

& H14), 2.00 – 1.90 (1H, m, CHCHHCH3), 1.86 – 1.77 (1H, m, CHCHHCH3), 1.49 

(3H, t, J = 6.5 Hz, OCH2CH3), 0.84 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 166.9 (CONH), 163.4 (CONCH3), 154.9 (C7), 151.7 (C4), 147.2 (C3), 146.6 

(C13), 137.3 (C6), 133.2 (C10), 130.7 (C1), 125.8 (C11), 119.7 (C10), 116.4 (C9), 

115.4 (C5), 113.1 (C2), 109.9 (C12), 64.5 (OCH2CH3), 60.0 (CHCH2CH3), 54.1 

(C16a), 44.2 (NHCH), 43.6 (NCH3), 38.7 (ArNCH3), 38.2 (C4), 29.0 (C14), 28.1 

(CONCH3), 24.8 (CHCH2CH3), 14.9 (OCH2CH3), 11.9 (ArCH3), 8.8 (CHCH2CH3) 

 

(R)-3-Ethoxy-4-((7-ethyl-5-methyl-8-((5-methylisoxazol-3-yl)methyl)-6-oxo-

5,6,7,8-tetrahydropteridin-2-yl)amino)-N-(1-methylpiperidin-4-yl)benzamide, 54 

Dihydropteridinone 6m (30 mg, 93 µmol) was reacted with 

aniline 20e (25 mg, 89 µmol) using general method 16 to 

afford the title compound 54 as a yellow solid (2 mg, 3%). 

LCMS purity >95%, ret. time 1.12 mins; HRMS (ESI +ve): 

found [M+H]+ 563.3077, [C29H39N8O4]+ requires 563.3089; 

m.p.: decomp.; νmax (thin film, cm-1): 3387 (w, N-H), 2963 (w, CON-H), 1660 (C=O), 

1585 (C=O); [𝛼]𝐷
23.6 : +38.8° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.41 (1H, d, J = 8.6 

Hz, H9), 8.17 (1H, s, ArNH), 7.71 (1H, s, H6), 7.40 (1H, d, J = 1.7 Hz, H12), 7.36 (1H, 

d, J = 8.6, 1.7 Hz, H10), 6.74 (1H, d, J = 7.3 Hz, CONH), 5.99 (1H, s, H2), 5.40 (1H, 

d, J = 15.8 Hz, ArCHH), 4.40 (1H, d, J = 15.8 Hz, ArCHH), 4.35 – 4.27 (1H, m, 

NHCH), 4.26 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 4.20 (2H, q, J = 7.0 Hz, 

OCH2CH3), 3.61 (2H, d, J = 9.5 Hz, H15), 3.34 (3H, s, CONCH3), 2.97 – 2.89 (2H, m, 

H15), 2.86 (3H, s, NCH3), 2.40 (3H, s, ArCH3), 2.31 – 2.19 (4H, m, H14), 2.05 – 1.96 
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(1H, m, CHCHHCH3), 1.93 – 1.85 (1H, m, CHCHHCH3), 1.50 (3H, t, J = 7.0 Hz, 

OCH2CH3), 0.83 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 170.6 (C1), 

166.9 (CONH), 163.1 (CONCH3), 159.6 (C3), 154.7 (C10), 151.6 (C7), 146.7 (C14), 

135.6 (C6), 133.0 (C4), 125.8 (C11), 119.7 (C10), 116.7 (C9), 115.5 (C5), 109.8 

(C12), 101.2 (C2), 64.6 (OCH2CH3), 61.4 (CHCH2CH3), 54.5 (C15), 44.2 (NHCH), 

43.8 (NCH3), 40.2 (ArCH2), 29.1 (C14), 28.2 (CONCH3), 24.8 (CHCH2CH3), 14.8 

(OCH2CH3), 12.4 (ArCH3), 8.8 (CHCH2CH3) 

 

(R)-3-Ethoxy-4-((7-ethyl-8-isobutyl-5-methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-

yl)amino)-N-(1-methylpiperidin-4-yl)benzamide, 55 

Dihydropteridinone 6n (25 mg, 88 µmol) was reacted with 

aniline 20e (23 mg, 84 µmol) using general method 16 to 

afford the title compound 55 as a yellow solid (7 mg, 16%). 

LCMS purity >95%, ret. time 1.16 mins; HRMS (ESI +ve): 

found [M+H]+ 524.3362, [C28H42N7O3]+ requires 524.3344; m.p.: decomp.; νmax (thin 

film, cm-1): 3412 (w, N-H), 2958 (w, CON-H), 1660 (C=O), 1584 (C=O); [𝛼]𝐷
23.3 : 

−22.9° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.44 (1H, d, J = 8.2 Hz, H6), 8.11 (1H, s, 

ArNH), 7.64 (1H, s, H3), 7.46 – 7.40 (2H, m, H7 & H9), 7.01 (1H, d, J = 6.9 Hz, 

CONH), 4.36 – 4.25 (1H, m, NHCH), 4.25 – 4.15 (4H, m, OCH2CH3, NCHH & 

CHCH2CH3), 3.58 (2H, d, J = 6.9 Hz, H12), 3.34 (3H, s, CONCH3), 2.97 – 2.85 (2H, 

m, H12), 2.83 (3H, s, NCH3), 2.71 – 2.64 (1H, m, NCHH), 2.34 – 2.14 (5H, m, 

CH(CH3)2) & H11), 1.97 – 1.88 (1H, m, CHCHHCH3), 1.87 – 1.78 (1H, m, 

CHCHHCH3), 1.49 (3H, t, J = 6.6 Hz, OCH2CH3), 0.99 (6H, t, J = 6.3 Hz, CH(CH3)2), 

0.86 (3H, t, J = 7.3 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 165.8 (CONH), 163.3 

(CONCH3), 154.3 (C4), 152.2 (C1), 146.9 (C10), 135.6 (C3), 133.0 (C5), 126.0 (C8), 

119.6 (C7), 116.8 (C6), 115.4 (C2), 110.0 (C9), 64.6 (OCH2CH3), 63.1 (CHCH2CH3), 

54.3 (C12), 53.3 (CH2CH(CH3)2), 44.2 (C11), 43.7 (NCH3), 28.9 (C11), 28.2 

(CONCH3), 26.6 (CH(CH3)2), 25.5 (CHCH2CH3), 20.3 (CH(CH3)2), 14.8 (OCH2CH3), 

9.1 (CHCH2CH3) 

 

(R)-4-((8-Benzyl-7-ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-yl)amino)-3-

ethoxy-N-(1-methylpiperidin-4-yl)benzamide, 56 

Compound 49 (10 mg, 16 µmol) was subjected to general 

method 17 to afford the title compound 56 as a pale yellow 

solid (4 mg, 46%). LCMS purity >95%, ret. time 1.20 mins; 

HRMS (ESI +ve): found [M+H]+ 558.3161, [C31H40N7O3]+ 

requires 558.3193; m.p.: 158 – 160 °C; νmax (thin film, cm-
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1): 3416 (w, CON-H), 2932 (w, N-H), 1668 (C=O), 1592 (C=O); [𝛼]𝐷
21.9: −9.7° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 8.45 (1H, d, J = 8.5 Hz, H10), 7.75 (1H, s, PhNH), 7.73 

(1H, s, H7), 7.42 (1H, d, J = 1.6 Hz, H13), 7.40 – 7.29 (6H, m, H1, H2, H3 & H11), 

6.61 (1H, d, J = 8.2 Hz, CONH), 5.66 (1H, d, J = 15.1 Hz, ArCHH), 4.28 – 4.19 (4H, 

m, OCH2CH3, ArCHH & NHCH), 4.18 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 3.48 (2H, 

d, J = 11.7 Hz, H16), 3.37 (3H, s, CONCH3), 2.80 – 2.72 (2H, m, H16), 2.73 (3H, s, 

NCH3), 2.20 – 2.12 (4H, m, H15), 2.01 – 1.92 (1H, m, CHCHHCH3), 1.91 – 1.82 (1H, 

m, CHCHHCH3), 1.51 (3H, t, J = 6.9 Hz, OCH2CH3), 0.87 (3H, t, J = 7.9 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 166.8 (CONH), 163.4 (CONCH3), 155.1 (C8), 

152.0 (C5), 146.5 (C14), 137.8 (C7), 135.9 (C4), 133.3 (C9), 129.0 (C2), 128.0 (C1 & 

C3), 125.7 (C12), 119.6 (C11), 116.4 (C10), 115.4 (C6), 109.8 (C13), 64.5 

(OCH2CH3), 60.6 (CHCH2CH3), 53.8 (C16), 47.8 (ArCH2), 44.4 (NHCH), 43.7 (NCH3), 

29.3 (C15), 28.1 (CONCH3), 24.7 (CHCH2CH3), 14.9 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-8-(3-Bromobenzyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-

ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 57 

Dihydropteridinone 6i (100 mg, 252 µmol) was reacted with 

aniline 28b (56.3 mg, 240 µmol) using general method 16 to 

afford the title compound 57 as a white solid (28.0 mg, 19%). 

LCMS purity >95%, ret. time 1.21 mins; HRMS (ESI +ve): 

found [M+H]+ 593.2209, [C30H38BrN6O2]+ requires 593.2234; 

m.p.: 94 – 97°C; νmax (thin film, cm-1): 3415 (w, N-H), 1664 

(C=O); [𝛼]𝐷
24.1: +1.7° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.13 (1H, s, PhNH), 7.96 

(1H, d, J = 8.2 Hz, H12), 7.68 (1H, s, H9), 7.46 – 7.42 (2H, m, H2 & H6), 7.23 – 7.20 

(2H, m, H3 & H4), 6.74 – 6.70 (2H, m, H13 & H15), 5.51 (1H, d, J = 15.5 Hz, ArCHH), 

4.19 – 4.13 (2H, m, ArCHU & CHCH2CH3), 4.11 (2H, q, J = 6.9 Hz, OCH2CH3), 3.70 – 

3.61 (2H, m, H19), 3.35 (3H, s, CONCH3), 2.85 – 2.75 (5H, m, H19 & NCH3), 2.70 – 

2.61 (1H, m, H17), 2.28 (2H, q, J = 12.3 Hz, H18), 2.05 – 1.94 (3H, m, H18 & 

CHCHHCH3), 1.90 – 1.80 (1H, m, CHCHHCH3), 1.47 (3H, t, J = 6.9 Hz, OCH2CH3), 

0.85 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.1 (CONCH3), 154.6 

(C10), 152.1 (C7), 148.3 (C16), 138.2 (C6), 137.0 (C14), 135.5 (C9), 131.2 (C2), 

130.9 (C6), 130.5 (C3), 127.8 (C12), 126.4 (C4), 123.0 (C1), 119.5 (C12), 118.5 

(C13), 114.7 (C8), 109.7 (C15), 64.5 (OCH2CH3), 61.1 (CHCH2CH3), 55.1 (C19), 47.7 

(ArCH2), 43.8 (NCH3), 39.9 (C17), 30.5 (C18), 28.2 (CONCH3), 25.0 (CHCH2CH3), 

14.9 (OCH2CH3), 8.7 (CHCH2CH3) 
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(R)-8-Benzyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-

methyl-7,8-dihydropteridin-6(5H)-one, 58 

Compound 57 (14 mg, 24 µmol) was subjected to general 

method 17 to afford the title compound 58 as a yellow solid (5 

mg, 41%). LCMS purity >95%, ret. time 1.12 mins; HRMS 

(ESI +ve): found [M+H]+ 515.3114, [C30H39N6O2]+ requires 

515.3129; m.p.: 65 – 68 °C; νmax (thin film, cm-1): 3420 (w, 

CON-H), 1666 (C=O), [𝛼]𝐷
21.9: +24.2° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz):  8.22 (1H, d, J = 8.6 Hz, H10), 7.68 (1H, s, H7), 7.58 (1H, s, 

PhNH), 7.37 - 7.29 (5H, m, H1, H2 & H3), 6.72 (1H, d, J = 1.6 Hz, H13), 6.70 (1H, dd, 

J = 8.6, 1.6 Hz, H11), 5.62 (1H, d, J = 15.1 Hz, PhCHH), 4.18 – 4.15 (3H, m, PhCHH 

& CHCH2CH3), 4.11 (2H, q, J = 7.2 Hz, OCH2CH3), 3.64 (2H, d, J = 10.4 Hz, H17), 

3.34 (3H, s, CONCH3), 2.73 (3H, s, NCH3), 2.73 – 2.58 (3H, m, H15 & H17),  2.25 – 

2.15 (2H, m, H16), 2.02 – 1.92 (3H, m, H16 & CHCHHCH3), 1.90 – 1.81 (1H, m, 

CHCHHCH3), 1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 0.85 (3H, t, J = 7.4 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.4 (CONCH3), 155.6 (C8), 152.1 (C5), 147.4 (C14), 137.8 

(C7), 136.0 (C4), 131.6 (C9), 128.9 (C2), 128.5 (C12), 128.1 (C3), 127.9 (C1), 118.7 

(C11), 118.2 (C10), 114.7 (C6), 109.3 (C13), 64.4 (OCH2CH3), 60.5 (CHCH2CH3), 

53.4 (C17), 47.8 (PhCH2), 43.6 (NCH3) 39.5 (C15), 30.6 (C16), 28.1 (CONCH3), 24.7 

(CHCH2CH3), 15.0 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-8-(3-

fluorobenzyl)-5-methyl-7,8-dihydropteridin-6(5H)-one, 59  

Dihydropteridinone 6o (40 mg, 120 µmol) was reacted with 

aniline 28b (27 mg, 114 µmol) using general method 16 to 

afford the title compound 59 as a yellow solid (18 mg, 28%). 

LCMS purity >95%, ret. time 1.11 mins; HRMS (ESI +ve): 

found [M+H]+ 533.3013, [C30H38FN6O2]+ requires 533.3035; 

m.p.: 60 – 63 °C; νmax (thin film, cm-1): 3421 (w, N-H), 1665 

(C=O); [𝛼]𝐷
23.5: +20.8° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.14 (1H, d, J = 8.2 Hz, 

H12), 7.70 (1H, s, H9), 7.61 (1H, s, NH), 7.33 (1H, td, J = 7.9, 6.0 Hz, H3), 7.11 (1H, 

d, J = 7.9 Hz, H4), 7.05 – 6.98 (2H, m, H2 & H6), 6.73 – 6.70 (2H, m, H13 & H15), 

5.58 (1H, d, J = 15.5 Hz, ArCHH), 4.18 (1H, d, J = 15.5 Hz, ArCHH), 4.15 (1H, dd, J = 

6.3, 3.8 Hz, CHCH2CH3), 4.12 (2H, q, J = 6.9 Hz, OCH2CH3), 3.59 (2H, d, J = 9.5 Hz, 

H19), 3.36 (3H, s, CONCH3), 2.74 (3H, s, NCH3), 2.75 – 2.60 (3H, m, H17 & 

H19),  2.20 (2H, m, H18), 2.02 – 1.92 (3H, m, 2 x H18 & CHCHHCH3), 1.88 – 1.79 

(1H, m, CHCHHCH3), 1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 0.87 (3H, t, J = 7.6 Hz, 
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CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 (CONCH3), 163.1 (d, JC-F = 246 Hz, C1), 

155.5 (C10), 152.0 (C7), 147.5 (C16), 138.8 (d, JC-F = 6 Hz, C5), 137.8 (C9), 136.5 

(C14), 130.4 (d, JC-F = 8 Hz, C3), 128.4 (C11), 123.4 (d, JC-F = 3 Hz, C4), 118.6 (C13), 

118.4 (C12), 114.9 (d, JC-F = 24 Hz, C2/C6), 114.8 (C8), 114.7 (d, JC-F = 24 Hz, 

C2/C6), 109.4 (C15), 64.4 (OCH2CH3), 61.0 (CHCH2CH3), 54.6 (C19), 47.6 (ArCH2), 

43.6 (NCH3), 40.1 (C17), 30.5 (C18), 28.1 (CONCH3), 24.8 (CHCH2CH3), 14.9 

(OCH2CH3), 8.8 (CHCH2CH3); δF{H} (CDCl3, 471 MHz): −112.3 

 

(R)-3-((2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-6-

oxo-6,7-dihydropteridin-8(5H)-yl)methyl)benzoic acid, 60  

Dihydropteridinone 6p (40 mg, 107 µmol) was reacted with 

aniline 28b (14 mg, 139 µmol) using general method 16 to 

afford the title compound 60 as a brown solid (7 mg, 12%). 

LCMS purity >95%, ret. time 1.08 mins; HRMS (ESI +ve): 

found [M+H]+ 559.3020, [C31H39N6O4]+ requires 559.3027; 

m.p.: 186 – 189 °C; νmax (thin film, cm-1): 3425 (w, N-H), 1676 

(C=O); [𝛼]𝐷
23.3: −42.9° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.50 (1H, s, COOH), 8.18 

(1H, s, H6), 8.00 (1H, d, J = 6.6 Hz, H2), 7.89  (1H, s, NH), 7.65 (1H, s, H9), 7.50 (1H, 

d, J = 8.2 Hz, H12), 7.42 – 7.36 (2H, m, H3 & H4), 6.84 (1H, d, J = 8.2 Hz, H13), 6.59 

(1H, s, H15), 5.25 (1H, d, J = 16.1 Hz, ArCHH), 4.46 (1H, dd, J = 6.2, 4.3 Hz, 

CHCH2CH3), 4.38 (1H, d, J = 16.1 Hz, ArCHH), 4.07 – 3.99 (2H, m, OCH2CH3), 3.73 

– 3.64 (2H, m, H19), 3.40 (3H, s, CONCH3),  2.92 (3H, s, NCH3), 2.77 (2H, q, J = 12.3 

Hz, H19), 2.58 – 2.50 (1H, m, H17), 2.38 (1H, q, J = 12.6 Hz, H18), 2.19 – 2.08 (1H, 

m, H18) 2.08 – 1.99 (2H, m, H18 & CHCHHCH3), 1.95 – 1.86 (2H, m, H18 & 

CHCHHCH3), 1.43 (3H, t, J = 6.9 Hz, OCH2CH3), 0.93 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 166.9 (COOH), 163.3 (CONCH3), 154.7 (C10), 151.8 (C7), 

147.0 (C16), 136.8 (C5), 136.4 (C9 & C14), 135.5 (C1), 129.1 (C2), 128.9 (C4), 128.5 

(C3 & C6), 127.6 (C11), 119.2 (C12), 117.4 (C13), 114.7 (C8), 110.9 (C15), 64.8 

(CHCH2CH3), 64.3 (OCH2CH3), 55.2 (C19), 50.1 (ArCH2), 44.2 (NCH3), 40.5 (C17), 

30.3 (C18), 28.3 (CONCH3), 26.0 (CHCH2CH3), 14.9 (OCH2CH3), 9.2 (CHCH2CH3) 

 

(R)-8-(5-Chloro-2-methylbenzyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 61  

Dihydropteridinone 6q (40 mg, 110 µmol) was reacted with aniline 28b (24 mg, 104 

µmol) using general method 16 to afford the title compound 61 as a brown solid (20 

mg, 32%). LCMS purity >95%, ret. time 1.23 mins; HRMS (ESI +ve): found [M+H]+ 

563.2876, [C31H40ClN6O2]+ requires 563.2896; m.p.: 72 – 75 °C; νmax (thin film, cm-1): 
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3415 (w, N-H), 1669 (C=O); [𝛼]𝐷
22.2: +3.5° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.06 (1H, d, J = 8.2 Hz, H12), 7.69 (1H, s, 

H9), 7.61 (1H, s, NH), 7.21 – 7.14 (3H, m, H2, H3 & H5), 6.72 

(1H, s, H15), 6.67 (1H, d, J = 8.2 Hz, H13), 5.59 (1H, d, J = 

15.5 Hz, ArCHH), 4.10 (1H, d, J = 15.5 Hz, ArCHH), 4.06 – 

4.01 (2H, m, CHCH2CH3 & OCH2CH3), 3.58 (2H, d, J = 10.1 Hz, H19), 3.35 (3H, s, 

CONCH3), 2.76 – 2.66 (5H, m, NCH3 & 2 x H19), 2.65 – 2.58 (1H, m, H17), 2.26 (3H, 

s, ArCH3), 2.24 – 2.13 (2H, m, H18), 2.00 – 1.93 (3H, m, 2 x H18 & CHCHHCH3), 

1.89 – 1.81 (1H, m, CHCHHCH3), 1.46 (3H, t, J = 6.9 Hz, OCH2CH3), 0.87 (3H, t, J = 

7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 (COOCH3), 155.4 (C10), 151.9 

(C7), 147.5 (C16), 137.7 (C9), 136.5 (C14), 135.4 (C1/6), 135.0 (C1/6), 132.1 (C2), 

131.9 (C4), 128.3 (C11), 128.3 (C3/5), 128.0 (C3/5), 118.5 (C13), 118.3 (C12), 114.8 

(C8), 109.4 (C15), 64.3 (OCH2CH3), 60.4 (CHCH2CH3), 54.6 (C19), 45.7 (ArCH2), 

43.5 (NCH3). 40.0 (C17), 30.5 (C18), 28.1 (CONCH3), 24.7 (CHCH2CH3), 18.9 (CH3), 

14.9 (OCH2CH3), 8.9 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((3-

methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 62  

Dihydropteridinone 6k (50 mg, 148 µmol) was reacted with 

aniline 28b (19 mg, 141 µmol) using general method 16 to 

afford the title compound 62 as a yellow solid (9 mg, 11%). 

LCMS purity >95%, ret. time 1.10 mins; HRMS (ESI +ve): 

found [M+H]+ 535.2828, [C29H39N6O2S]+ requires 535.2850; 

m.p.: 117 – 119 °C; νmax (thin film, cm-1): 3419 (w, N-H), 1665 (C=O); [𝛼]𝐷
24.0: +7.6° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.31 (1H, d, J = 8.2 Hz, H10), 7.67 (1H, s, H7), 

7.64 (1H, s, NH), 7.15 (1H, d, J = 5.0 Hz, H3), 6.83 (1H, d, J = 5.0 Hz, H2), 6.78 (1H, 

dd, J = 8.2, 1.6 Hz, H11), 6.73 (1H, d, J = 1.6 Hz, H13), 5.63 (1H, d, J = 15.3 Hz, 

ArCHH), 4.33 (1H, d, J = 15.3 Hz, ArCHH) 4.19 (1H, dd, J = 6.5, 3.6 Hz, CHCH2CH3), 

4.13 (2H, q, J = 6.9 Hz, OCH2CH3), 3.57 (2H, d, J = 9.1 Hz, H17), 3.32 (3H, s, 

CONCH3), 2.76 – 2.60 (6H, m, H15, 2 x H17 & NCH3), 2.25 (3H, s, ArCH3), 2.24 – 

2.15 (2H, m, H16), 2.02 – 1.91 (3H, m, 2 x H16 & CHCHHCH3), 1.88 – 1.79 (1H, m, 

CHCHHCH3), 1.49 (3H, t, J = 6.9 Hz, OCH2CH3), 0.85 (3H, t, J = 7.4 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.4 (CONCH3), 155.4 (C8), 151.6 (C5), 147.4 (C14), 137.6 

(C7), 136.5 (C12), 136.1 (C4), 131.5 (C1), 130.1 (C2) 128.5 (C9), 124.2 (C3), 118.8 

(C11), 118.4 (C10), 114.9 (C6), 109.4 (C14), 64.4 (OCH2CH3), 60.1 (CHCH2CH3), 

54.7 (C17), 45.5 (NCH3), 40.6 (ArCH2), 40.1 (C15), 30.5 (C16), 28.1 (CONCH3), 24.8 

(CHCH2CH3), 15.0 (OCH2CH3), 14.0 (ArCH3), 8.9 (CHCH2CH3) 
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(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((5-

methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 63  

Dihydropteridinone 6r (55 mg, 163 µmol) was reacted with 

aniline 28b (36 mg, 155 µmol) using general method 16 to 

afford the title compound 63 as a yellow solid (20 mg, 23%). 

LCMS purity >95%, ret. time 1.17 mins; HRMS (ESI +ve): 

found [M+H]+ 535.2835, [C29H39N6O2S]+ requires 535.2850; 

m.p.: 83 – 86 °C; νmax (thin film, cm-1): 3420 (w, N-H), 1665 (C=O); [𝛼]𝐷
23.1: +7.6° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.33 (1H, d, J = 8.2 Hz, H11), 7.67 (1H, s, H7), 

7.57 (1H, s, NH), 6.85 (1H, s, H3), 6.81 (1H, s, H1), 6.78 (1H, dd, J = 8.2, 1.6 Hz, 

H11), 6.74 (1H, d, J = 1.6 Hz, H13), 5.61 (1H, d, J = 15.3 Hz, ArCHH), 4.34 (1H, d, J 

= 15.3 Hz, ArCHH), 4.36 (1H, dd, J = 6.0, 3.5 Hz, CHCH2CH3) 4.13 (2H, q, J = 6.9 Hz, 

OCH2CH3), 3.54 (2H, d, J = 10.7 Hz, H17), 3.32 (3H, s, CONCH3), 2.67 (3H, s, 

NCH3), 2.73 – 2.59 (3H, m, H15 & 2 x H17), 2.22 (3H, s, ArCH3), 2.24 – 2.16 (2H, m, 

H16), 2.01 – 1.92 (3H, m, 2 x H16 & CHCHHCH3), 1.89 – 1.81 (1H, m, CHCHHCH3), 

1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 0.84 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): δ 163.34 (CONCH3), 155.5 (C8), 151.4 (C5), 147.4 (C14), 138.2 (C4), 

137.9 (C7), 137.4 (C2), 136.5 (C14), 129.7 (C3), 128.5 (C9), 121.2 (C1), 118.8 (C11), 

118.3 (C9), 114.8 (C6), 109.4 (C13), 64.4 (OCH2CH3), 60.3 (CHCH2CH3), 54.7 (C17), 

43.6 (NCH3), 42.9 (ArCH2), 40.2 (C14), 30.8 (C16), 28.1 (CONCH3), 24.7 

(CHCH2CH3), 15.7 (ArCH3), 15.0 (OCH2CH3), 8.7 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((5-

methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 64  

Dihydropteridinone 6s (45 mg, 134 µmol) was reacted with 

aniline 28b (30 mg, 127 µmol) using general method 16 to 

afford the title compound 64 as a yellow oil (18 mg, 25%). 

LCMS purity >95%, ret. time 1.16 mins; HRMS (ESI +ve): 

found [M+H]+ 535.2833, [C29H39N6O2S]+ requires 535.2850; 

νmax (thin film, cm-1): 3420 (w, N-H), 1666 (C=O); [𝛼]𝐷
23.1: +11.1° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.34 (1H, d, J = 8.3 Hz, H10), 7.67 (1H, s, H7), 7.63 (1H, s, NH), 

6.83 (1H, d, J = 3.2 Hz, H3), 6.79 (1H, dd, J = 8.3, 1.8 Hz, H11), 6.75 (1H, d, J = 1.8 

Hz, H13), 6.6 (1H, d, J = 3.2 Hz, H2), 5.57 (1H, d, J = 15.5 Hz, ArCHH), 4.43 (1H, d, J 

= 15.5 Hz, ArCHH), 4.26 (1H, dd, J = 6.2, 3.6 Hz, CHCH2CH3), 4.14 (2H, q, J = 6.9 

Hz, OCH2CH3), 3.57 (2H, d, J = 10.1 Hz, H17), 3.32 (3H, s, CONCH3), 2.73 (3H, s, 

NCH3), 2.75 – 2.61 (3H, m, H15 & 2 x H17), 2.44 (3H, s, ArCH3), 2.20 (2H, qd, J = 

12.3, 3.2 Hz, H16), 2.02 – 1.92 (3H, m, 2 x H16 & CHCHHCH3), 1.89 – 1.80 (1H, m, 
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CHCHHCH3), 1.60 (3H, t, J = 7.1 Hz, OCH2CH3), 0.84 (3H, t, J = 7.4 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.4 (CONCH3), 155.4 (C8), 151.5 (C5), 147.4 (C14), 140.9 

(C1), 137.6 (C7), 136.5 (C12), 135.8 (C4), 128.5 (C9), 127.5 (C3), 124.7 (C2), 118.8 

(C11), 118.4 (C10), 114.8 (C6), 109.4 (C13), 64.4 (OCH2CH3), 60.2 (CHCH2CH3), 

54.6 (C17), 43.5 (NCH3), 43.1 (ArCH2), 40.1 (C15), 30.6 (C16), 28.1 (CONCH3), 24.7 

(CHCH2CH3), 15.4 (ArCH3), 15.0 (OCH2CH3), 8.7 (CHCH2CH3) 

 

(R)-8-((4-Bromothiophen-2-yl)methyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 65  

Dihydropteridinone 6t (55 mg, 137 µmol) was reacted with 

aniline 28b (31 mg, 130 µmol) using general method 16 to 

afford the title compound 65 as a yellow solid (13 mg, 16%). 

LCMS purity >95%, ret. time 1.20 mins; HRMS (ESI +ve): 

found [M+H]+ 601.1776, [C28H36BrN6O2S]+ requires 601.1781; 

m.p.: 59 – 61 °C; νmax (thin film, cm-1): 3417 (w, N-H), 1665 (C=O); [𝛼]𝐷
22.5: +21.5° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.25 (1H, d, J = 8.2 Hz, H10), 7.69 (1H, s, H7), 

7.57 (1H, s, NH), 7.14 (1H, d, J = 1.6 Hz, H1), 6.96 (1H, s, H3), 6.78 (1H, dd, J = 8.2, 

1.7 Hz, H11), 6.74 (1H, d, J = 1.7 Hz, H13), 5.50 (1H, d, J = 15.5 Hz, ArCHH), 4.42 

(1H, d, J = 15.5 Hz, ArCHH), 4.25 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 4.13 (2H, q, J 

= 6.9 Hz, OCH2CH3), 3.58 (2H, d, J = 10.7 Hz, H17), 3.33 (3H, s, CONCH3), 2.75 – 

2.65 (5H, m, NCH3 & 2 x H17), 2.65 – 2.60 (1H, m, H15), 2.27 – 2.16 (2H, m, H16), 

2.02 – 1.93 (3H, m, 2 x H16 & CHCHHCH3), 1.88 – 1.79 (1H, m, CHCHHCH3), 1.48 

(3H, t, J = 6.9 Hz, OCH2CH3), 0.83 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 163.1 (CONCH3), 155.5 (C8), 151.3 (C5), 147.5 (C14), 140.4 (C4), 138.2 (C7), 

136.6 (C12), 129.5 (C3), 128.4 (C9), 123.2 (C1), 118.8 (C11), 118.4 (C10), 114.8 

(C6), 109.4 (C13), 109.2 (C2), 64.4 (OCH2CH3), 61.1 (CHCH2CH3), 54.6 (C17), 43.5 

(NCH3), 43.3 (ArCH2), 40.6 (C15), 30.5 (C16), 28.1 (CONCH3), 25.0 (CHCH2CH3), 

15.0 (OCH2CH3), 8.7 (CHCH2CH3) 

 

(R)-8-((4-Chlorothiophen-2-yl)methyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 66  

Dihydropteridinone 6u (39 mg, 109 µmol) was reacted with 

aniline 28b (24 mg, 104 µmol) using general method 16 to 

afford the title compound 66 as a yellow solid (11 mg, 18%). 

LCMS purity >95%, ret. time 1.19 mins; HRMS (ESI +ve): 

found [M+H]+ 555.2298, [C28H36ClN6O2S]+ requires 555.2303; 

m.p.: 82 – 85 °C; νmax (thin film, cm-1): 3420 (w, N-H), 1665 
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(C=O); [𝛼]𝐷
22.2: −17.3° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.24 (1H, d, J = 8.3 Hz, 

H10), 7.69 (1H, s, H7), 7.62 (1H, s, NH), 7.01 (1H, d, J = 1.6 Hz, H1), 6.92 (1H, s, 

H3), 6.78 (1H, dd, J = 8.3, 1.6 Hz, H11), 6.75 (1H, d, J = 1.6 Hz, H13), 5.48 (1H, d, J 

= 15.5 Hz, ArCHH), 4.41 (1H, d, J = 15.5 Hz, ArCHH), 4.26 (1H, dd, J = 6.3, 3.8 Hz, 

CHCH2CH3), 4.13 (2H, q, J = 6.9 Hz, OCH2CH3), 3.60 (2H, d, J = 11.4 Hz, H17), 3.33 

(3H, s, CONCH3), 2.78 – 2.60 (6H, m, NCH3, H15 & 2 x H17), 2.26 – 2.15 (2H, m, 

H16), 2.03 – 1.94 (3H, m, 2 x H16 & CHCHHCH3), 1.88 – 1.70 (1H, m, CHCHHCH3), 

1.49 (3H, t, J = 6.9 Hz, OCH2CH3), 0.84 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 163.1 (CONCH3), 155.4 (C8), 151.3 (C5), 147.5 (C14), 139.7 (C4), 138.0 

(C7), 136.6 (C12), 128.4 (C9), 127.3 (C3), 124.6 (C2), 120.4 (C1), 118.7 (C11), 118.6 

(C10), 114.8 (C6), 109.4 (C13), 64.4 (OCH2CH3), 61.1 (CHCH2CH3), 54.6 (C17), 43.3 

(ArCH2 & NCH3), 40.0 (C15), 30.5 (C16), 28.1 (CONCH3), 25.0 (CHCH2CH3), 15.0 

(OCH2CH3), 8.7 (CHCH2CH3) 

 

(R)-7-Ethyl-2-((2-methoxy-4-(1-methylpiperidin-4-yl)phenyl)amino-5-methyl-8-((4-

methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 67  

Dihydropteridinone 6r (60 mg, 178 µmol) was reacted with 

aniline 28a (37 mg, 169 µmol) using general method 16 to 

afford the title compound 67 as a yellow oil (20 mg, 22%). 

LCMS purity >95%, ret. time 1.14 mins; HRMS (ESI +ve): 

found [M+H]+ 521.2674, [C28H37N6O2S]+ requires 521.2693; 

νmax (thin film, cm-1): 3423 (w, N-H), 1665 (C=O); [𝛼]𝐷
22.8: +9.7° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.24 (1H, d, J = 8.3 Hz, H10), 7.78 (1H, s, NH), 7.63 (1H, s, H7), 

6.85 – 6.69 (4H, m, H1, H3, H11 & H13), 5.57 (1H, d, J = 15.4 Hz, ArCHH), 4.30 (1H, 

d, J = 15.4 Hz, ArCHH), 4.26 – 4.23 (1H, m, CHCH2CH3), 3.89 (3H, s, OCH3), 3.61 – 

3.51 (2H, m, H17), 3.29 (3H, s, CONCH3), 2.74 – 2.60 (6H, m,  NCH3,  2 x H15 & 

H17), 2.22 – 2.15 (5H, m, ArCH3 & 2 x H16), 2.01 – 1.90 (3H, m, 2 x H16 & 

CHCHHCH3), 1.88 – 1.77 (1H, m, CHCHHCH3), 0.81 (3H, t, J = 7.4 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.3 (CONCH3), 155.1 (C8), 151.5 (C5), 148.4 (C14), 137.9 

(C4), 137.4 (C2), 136.8 (C7), 136.7 (C12), 129.7 (C3), 128.2 (C9), 121.2 (C1), 118.9 

(C10), 118.8 (C11), 114.8 (C6), 108.5 (C13), 60.2 (CHCH2CH3), 55.8 (OCH3), 54.6 

(C17), 43.4 (NCH3), 42.8 (ArCH2), 40.0 (C15), 30.5 (C16), 28.1 (CONCH3), 24.8 

(CHCH2CH3), 15.7 (ArCH3), 8.7 (CHCH2CH3) 

 



Chapter 7 

248 
 

(R)-7-Ethyl-2-((2-isopropoxy-4-(1-methylpiperidin-4-yl)phenyl)amino-5-methyl-8-

((4-methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 68  

Dihydropteridinone 6r (70 mg, 208 µmol) was reacted with 

aniline 28c (49 mg, 197 µmol) using general method 16 to 

afford the title compound 68 as a yellow solid (13 mg, 12%). 

LCMS purity >95%, ret. time 1.25 mins; HRMS (ESI +ve): 

found [M+H]+ 549.2991, [C30H41N6O2S]+ requires 549.3006; 

m.p.: 76 – 78 °C; νmax (thin film, cm-1): 3416 (w, N-H), 1668 (C=O); [𝛼]𝐷
23.3: +11.1° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.33 (1H, d, J = 7.9 Hz, H10), 7.68 (1H, s, H7), 

7.44 (1H, s, NH), 6.86 (1H, s, H3), 6.82 – 6.78 (3H, m, H1, H11 & H13), 5.61 (1H, d, J 

= 15.3 Hz, ArCHH), 4.59 (1H, sept., J = 6.0 Hz, OCH(CH3)2), 4.35 (1H, d, J = 15.3 Hz, 

ArCHH), 4.26 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 3.32 (3H, s, CONCH3), 3.01 – 

2.96 (2H, m, H17), 2.47 – 2.40 (1H, m, H15), 2.34 (3H, s, NCH3), 2.23 (3H, s, ArCH3), 

2.06 (2H, td, J = 11.4, 3.2 Hz, H17), 1.99 – 1.92 (1H, m, CHCHHCH3), 1.89 – 1.77 

(5H, m, 4 x H16 & CHCHHCH3), 1.40 (3H, t, J = 6.6 Hz, OCH(CH3)2, 0.84 (3H, t, J = 

7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 155.8 (C8), 151.4 (C5), 

145.8 (C14), 139.3 (C12), 138.4 (C4 & C7), 137.6 (C2), 129.5 (C3), 128.8 (C9), 121.1 

(C1), 118.9 (C11), 118.1 (C10), 114.7 (C6), 111.3 (C13), 71.1 (OCH(CH3)2), 60.4 

(CHCH2CH3), 56.4 (C17), 46.5 (NCH3), 42.9 (ArCH2), 41.8 (C15), 33.7 (C16), 28.1 

(CONCH3), 24.8 (CHCH2CH3), 22.3 (OCH(CH3)2), 15.7 (ArCH3), 8.8 (CHCH2CH3) 

 

(R)-3-Ethoxy-4-((7-ethyl-5-methyl-8-((4-methylthiophen-2-yl)methyl)-6-oxo-

5,6,7,8-tetrahydropteridin-2-yl)amino)-N-1-methylpiperidin-4-yl)benzamide, 69  

Dihydropteridinone 6r (47 mg, 140 µmol) was reacted 

with aniline 20e (37 mg, 133 µmol) using general method 

16 to afford the title compound 69 as a yellow solid (20 

mg, 24%). LCMS purity >95%, ret. time 1.27 mins; HRMS 

(ESI +ve): found [M+H]+ 578.2882, [C30H40N7O3S]+ 

requires 578.2908; m.p.: 126 – 129 °C; νmax (thin film, cm-1): 3413 (w, N-H), 2933, (w, 

N-H),  1667 (s, C=O), 1591 (s, C=O); [𝛼]𝐷
23.7: +2.8° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 8.46 (1H, d, J = 8.5 Hz, H10), 8.04 (1H, s, ArNH), 7.69 (1H, s, H8), 7.46 (1H, d, 

J = 1.6 Hz, H13), 7.42 (1H, dd, J = 8.5, 1.6 Hz, H11), 7.00 (1H, d, J = 7.3 Hz, CONH), 

6.85 (1H, s, H3), 6.81 (1H, s, H1), 5.57 (1H, d, J = 15.5 Hz, ArCHH), 4.38 (1H, d, J = 

15.5 Hz, ArCHH), 4.32 – 4.25 (2H, m, CHCH2CH3 & NHCH), 4.21 (2H, q, J = 6.9 Hz, 

OCH2CH3), 3.57 (2H, d, J = 11.0 Hz, H16), 3.33 (3H, s, CONCH3), 2.87 – 2.79 (5H, 

m,  NCH3 & 2 x H16), 2.25 – 2.19 (5H, m, ArCH3 & 2 x H15),  2.16 – 2.10 (2H, m, 

H15), 2.03 – 1.94 (1H, m, CHCHHCH3), 1.91 – 1.82 (1H, m, CHCHHCH3), 1.50 (3H, t, 
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J = 6.9 Hz, OCH2CH3), 0.83 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

166.9 (CONH), 163.3 (CONCH3), 154.6 (C8), 151.5 (C5), 146.9 (C14), 137.7 (C4), 

137.5 (C2), 136.7 (C7), 132.9 (C9), 129.7  (C3), 126.0 (C12), 121.3 (C1), 119.8 

(C11), 117.1 (C10), 115.3 (C6), 109.9 (C13), 64.5 (OCH2CH3), 60.4 (CHCH2CH3), 

54.1 (C16), 44.1 (NHCH), 43.6 (NCH3), 43.1 (ArCH2), 28.8 (C15), 28.1 (CONCH3), 

15.6 (CHCH2CH3), 14.8 (OCH2CH3), 8.6 (CHCH2CH3) 

 

(R)-3-Ethoxy-4-((7-ethyl-5-methyl-8-((4-methylthiophen2-yl)methyl)-6-oxo-

5,6,7,8-tetrahydropteridin-2-yl)amino)-N-methyl-N-(1-methylpiperidin-4-

yl)benzamide, 70  

Dihydropteridinone 6r (47 mg, 140 µmol) was reacted 

with aniline 20g (39 mg, 133 µmol) using general method 

16 to afford the title compound 70 as a yellow oil (7 mg, 

8%). LCMS purity >95%, ret. time 1.19 mins; HRMS (ESI 

+ve): found [M+H]+ 592.3048, [C31H41N7O3S]+ requires 

592.3064; νmax (thin film, cm-1): 3415 (w, N-H), 3311 (w, CON-H), 1664 (C=O), 1630 

(C=O); [𝛼]𝐷
22.3: + 8.3° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.51 (1H, d, J = 8.1 Hz, 

H12), 7.72 (1H, s, H9), 7.64 (1H, s, NH), 7.00 – 6.96 (2H, m, H13 & H15), 6.87 (1H, s, 

H3), 6.83 (1H, s, H1), 5.60 (1H, d, J = 15.4 Hz, ArCHH), 4.39 (1H, d, J = 15.5 Hz, 

ArCHH), 4.29 (1H, dd, J = 6.4, 3.6 Hz, CHCH2CH3), 4.17 (2H, q, J = 6.8 Hz, 

OCH2CH3), 3.35 (3H, s, CONCH3), 1.52 (3H, t, J = 6.8 Hz, OCH2CH3), 0.86 (3H, d, J 

= 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 168.7 (C17), 163.4 (C5), 155.3 (C10). 

151.4 (C7), 146.5 (C16), 138.2 (C4), 138.1 (C9), 137.4 (C2), 131.3 (C11), 129.6 (C3), 

128.7 (C14), 121.2 (C1), 116.4 (C12), 115.3 (C7), 64.4 (OCH2CH3), 60.4 

(CHCH2CH3), 54.8 (C16), 43.0 (ArCH2), 28.1 (CONCH3), 24.8 (CHCH2CH3), 15.7 

(ArCH3), 14.9 (OCH2CH3), 8.7 (CHCH2CH3); peaks for piperidine and connected 

amide can’t be seen due to rotomers 

 

(R)-2-((2-Ethoxy-4-(4-morpholinopiperidin-1-yl)phenyl)amino-7-ethyl-5-methyl-8-

((4-methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 71  

Dihydropteridinone 6r (35 mg, 104 µmol) was reacted 

with aniline 23d (30 mg, 99 µmol) using general method 

16 to afford the title compound 71 as a brown solid (11 

mg, 18%). LCMS purity >95%, ret. time 1.11 mins; HRMS 

(ESI +ve): found [M+H]+ 606.3189, [C32H44N7O3S]+ 

requires 606.3221; m.p.: 72 – 74 °C; νmax (thin film, cm-1): 3418 (w, N-H), 1666 (C=O); 

[𝛼]𝐷
22.9: +9.7° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.14 (1H, d, J = 8.8 Hz, H10), 7.62 
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(1H, s, H7), 7.54 (1H, s, NH), 6.81 (1H, s,  H3), 6.79 (1H, s, H1), 6.54 (1H, d, J = 2.5 

Hz, H13), 6.50 (1H, dd, J = 8.8, 2.5 Hz, H11),  5.58 (1H, d, J = 15.4 Hz, ArCHH), 4.28 

(1H, d, J = 15.4 Hz, ArCHH), 4.23 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 4.08 (2H, q, J 

= 7.0 Hz, OCH2CH3), 3.81 – 3.78 (4H, m, H19), 3.64 – 3.60 (2H, m, H15), 3.29 (3H, s, 

CONCH3), 2.74 – 2.71 (4H, m, H18), 2.71 – 2.64 (2H, m, H15), 2.55 – 2.49 (1H, m, 

H17), 2.20 (3H, s, ArCH3), 2.00 – 1.92 (3H, m, 2 x H16 & CHCHHCH3), 1.86 – 1.79 

(1H, m, CHCHHCH3), 1.78 – 1.70 (2H, m, H16), 1.45 (3H, t, J = 7.0 Hz, OCH2CH3), 

0.81 (3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 (CONCH3), 155.5 

(C8), 151.5 (C5), 148.4 (C14), 146.7 (C12), 138.2 (C4), 137.4 (C2), 137.3 (C7), 129.7 

(C3), 123.1 (C9), 121.2 (C1), 119.7 (C10), 114.4 (C6), 108.8 (C11), 102.4 (C13), 66.4 

(C19), 64.3 (OCH2CH3), 62.3 (C17), 60.2 (CHCH2CH3), 50.4 (C15), 49.2 (C18), 42.7 

(ArCH2), 28.1 (CONCH3), 27.5 (C16), 24.7 (CHCH2CH3), 15.7 (ArCH3), 15.0 

(OCH2CH3), 8.7 (CHCH2CH3) 

 

(R)-2-((4-(4-dimethylamino)piperidin-1-yl)-2-ethoxyphenyl)amino)-7-ethyl-5-

methyl-8-((4-methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 72  

Dihydropteridinone 6r (30 mg, 89 µmol) was reacted with 

aniline 23e (22 mg, 85 µmol) using general method 16 to 

afford the title compound 72 as a brown solid (5 mg, 11%). 

LCMS purity >95%, ret. time 1.12 mins; HRMS (ESI +ve): 

found [M+H]+ 564.3106, [C30H42N7O2S]+ requires 564.3121; 

m.p.: 64 – 66 °C; νmax (thin film, cm-1): 3422 (w, N-H), 1666 (C=O); [𝛼]𝐷
23.1: +23.5° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.19 (1H, d, J = 8.7 Hz, H10), 7.63 (1H, s, H7), 

7.49 (1H, s, NH), 6.82 (1H, s,  H3), 6.80 (1H, s, H1), 6.54 – 6.44 (2H, m, H11 & H13), 

5.59 (1H, d, J = 15.4 Hz, ArCHH), 4.31 (1H, d, J = 15.4 Hz, ArCHH), 4.24 (1H, dd, J = 

6.3, 3.5 Hz, CHCH2CH3), 4.09 (2H, q, J = 7.0 Hz, OCH2CH3), 3.66 (2H, d, J = 12.6 

Hz, H15), 3.30 (3H, s, CONCH3), 3.08 (1H, tt, J = 12.3, 3.8 Hz, H17), 2.76 – 2.69 (2H, 

m, H15), 2.67 (6H, s, N(CH3)2), 2.21 (3H, s, ArCH3), 2.13 – 2.08 (2H, m, H16), 1.99 – 

1.92 (1H, m, CHCHHCH3), 1.90 – 1.79 (3H, 2 x H16 & CHCHHCH3), 1.47 (3H, t, J = 

7.0 Hz, OCH2CH3), 0.82 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 

(CONCH3), 155.6 (C8), 151.5 (C5), 148.3 (C14), 145.9 (C12), 138.2 (C4), 137.6 (C7), 

137.4 (C2), 129.6 (C3), 123.8  (C9), 121.2 (C1), 119.4 (C10), 114.5 (C6), 109.2 

(C11), 102.7 (C13), 64.3 (OCH2CH3), 62.3 (C17), 60.2 (CHCH2CH3), 50.1 (C15), 42.8 

(ArCH2), 41.0 (N(CH3)2), 28.1 (CONCH3), 26.0 (C16), 24.7 (CHCH2CH3), 15.7 

(ArCH3), 15.0 (OCH2CH3), 8.7 (CHCH2CH3) 
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(R)-2-((2-Ethoxy-4-(4-methylpiperazin-1-yl)piperidin-1-yl)phenyl)amino-7-ethyl-5-

methyl-8-((4-methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 73  

Dihydropteridinone 6r (35 mg, 104 µmol) was reacted 

with aniline 23f (31 mg, 99 µmol) using general method 

16 to afford the title compound 73 as a brown solid (10 

mg, 16%). LCMS purity >95%, ret. time 0.93 mins; 

HRMS (ESI +ve): found [M+H]+ 619.3549, 

[C33H47N8O2S]+ requires 619.3542; m.p.: 65 – 67 °C; νmax (thin film, cm-1): 3426 (w, N-

H), 1665 (C=O); [𝛼]𝐷
22.9: +6.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.06 (1H, s, NH), 

8.03 (1H, d, J = 8.8 Hz, H10), 7.61 (1H, s, H7), 6.82 – 6.78 (2H, m, H1 & H3), 6.53 

(1H, d, J = 2.5 Hz, H13), 6.48 (1H, dd, J = 8.8, 2.5 Hz, H11), 5.57 (1H, d, J = 15.4 Hz, 

ArCHH), 4.30 – 4.24 (2H, m, ArCHH & CHCH2CH3), 4.08 (2H, q, J = 7.0 Hz, 

OCH2CH3), 3.62 (2H, d, J = 12.0 Hz, H15), 3.29 (3H, s, CONCH3), 3.08 – 2.92 (8H, 

m, H18 & H19), 2.72 – 2.63 (3H, m, 2 x H15 & H17), 2.59 (3H, s, CONCH3), 2.20 (3H, 

s, NCH3), 2.00 – 1.93 (3H, m, 2 x H16 & CHCHHCH3), 1.89 – 1.81 (1H, m, 

CHCHHCH3), 1.78 – 1.69 (2H, m, H16), 1.45 (3H, t, J = 7.0 Hz, OCH2CH3), 0.82 (3H, 

t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.1 (CONCH3), 154.8 (C8), 151.7 

(C5), 149.2 (C14), 147.0 (C12), 137.7 (C4), 137.5 (C1), 135.2 (C7), 129.8 (C3), 122.4 

(C9), 121.3 (C1), 120.7 (C10), 114.3 (C6), 108.7 (C11), 102.4 (C13), 64.3 

(OCH2CH3), 61.8 (C17), 60.2 (CHCH2CH3), 53.0 (C19), 50.2 (C15), 4.66 (C18), 43.8 

(NCH3), 42.8 (ArCH2), 28.1 (CONCH3), 27.5 (C16), 24.8 (CHCH2CH3), 15.7 (ArCH3), 

15.0 (OCH2CH3), 8.6 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(4-(pyrrolidin-1-yl)piperidin-1-yl)phenyl)amino-7-ethyl-5-

methyl-8-((4-methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 74  

Dihydropteridinone 6r (25 mg, 74 µmol) was reacted with 

aniline 23g (20 mg, 71 µmol) using general method 16 to 

afford the title compound 74 as a brown solid (5 mg, 10%). 

LCMS purity >95%, ret. time 0.95 mins; HRMS (ESI +ve): 

found [M+H]+ 590.3290, [C32H44N7O2S]+ requires 590.3277; 

νmax (thin film, cm-1): 3425 (w, N-H), 1668 (C=O); [𝛼]𝐷
22.3: +12.2° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.15 (1H, d, J = 8.7 Hz, H10), 7.62 (2H, m, NH &  H7), 6.82 (1H, 

s,  H3), 6.80 (1H, s, H1), 6.52 (1H, d, J = 2.5 Hz, H13), 6.48 (1H, dd, J = 8.7, 2.5 Hz, 

H11),  5.59 (1H, d, J = 15.4 Hz, ArCHH), 4.31 (1H, d, J = 15.4 Hz, ArCHH), 4.25 (1H, 

dd, J = 6.3, 3.5 Hz, CHCH2CH3), 4.09 (2H, q, J = 7.0 Hz, OCH2CH3), 3.67 – 3.60 (2H, 

m, H15), 3.35 – 3.20 (7H, m, 4 x H18 & CONCH3), 3.00 (1H, tt, J = 12.1, 4.3 Hz, H17), 

3.71 – 2.64 (2H, m, H15), 2.21 (3H, s, ArCH3), 2.11 (2H, d, J = 11.2 Hz, H16), 2.09 – 
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2.00 (6H, m, 2 x H16 & H19), 1.98 – 1.92 (1H, m, CHCHHCH3), 1.88 – 1.80 (1H, m, 

CHCHHCH3), 1.47 (3H, t, J = 7.0 Hz, OCH2CH3), 0.82 (3H, t, J = 7.4 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.3 (CONCH3), 155.4 (C8), 151.5 (C5), 148.5 (C14), 146.2 

(C12), 138.1 (C4), 137.4 (C1), 137.1 (C7), 129.7 (C3), 123.6 (C9), 121.1 (C10), 119.7 

(C11), 114.5 (C6), 109.0 (C13), 64.3 (OCH2CH3), 61.6 (C17), 60.2 (CHCH2CH3), 50.0 

(C18), 49.9 (C15), 42.8 (ArCH2), 28.1 (CONCH3), 28.0 (C16), 24.8 (CHCH2CH3), 23.4 

(C19), 15.7 (ArCH3), 15.0 (OCH2CH3), 8.7 (CHCH2CH3) 

 

(7R)-2-((-4-(1,3-dimethylpiperidin-4-yl)-2-ethoxyphenyl)amino)-7-ethyl-5-methyl-

8-((4-methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 75  

Dihydropteridinone 6r (45 mg, 134 µmol) was reacted with 

aniline 28d (32 mg, 127 µmol) using general method 16 to 

afford the title compound 75 as a yellow oil (4 mg, 5%). LCMS 

purity >95%, ret. time 1.19 mins; HRMS (ESI +ve): found 

[M+H]+ 549,2986, [C30H41N6O2S]+ requires 549.3006; νmax 

(thin film, cm-1): 3417 (w, N-H), 1667 (C=O); δH (CDCl3, 500 MHz): 8.34 (1H, d, J = 

8.2 Hz, H10), 7.67 (1H, s, H7), 7.63 (1H, s, NH), 7.14 (1H, s, H1), 6.85 (1H, s, H3), 

6.73 (1H, dd, J = 8.2, 1.6 Hz, H11), 6.66 (1H, d, J = 1.6 Hz, H13), 5.60 (1H, d, J = 

15.5 Hz, ArCHH), 4.35 (1H, dd, J = 15.5, 5.4 Hz, ArCHH), 4.27 (1H, dd, J = 5.5, 3.0 

Hz, CHCH2CH3), 4.12 (2H, q, J = 6.9 Hz, OCH2CH3), 3.80 – 3.65 (1H, m, H18), 3.43 – 

3.35 (1H, m, H17), 3.32 (3H, m, CONCH3), 2.96 – 2.86 (2H, m, H17 & H19), 2.80 – 

2.58 (6H, m, NCH3, H17, H18 &, H19), 2.33 – 2.26 (1H, m, H16), 2.22 (3H, s, ArCH3), 

2.01 – 1.92 (2H, m, CHCH2CH3), 1.49 (3H, t, J = 6.9 Hz, OCH2CH3), 0.95 (3H, d, J = 

7.6 Hz, CHCH3), 0.83 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 

(CONCH3), 155.4 (C8), 151.4 (C5), 142.7 (C14), 138.1 (C4), 137.6 (C2), 137.4 (C7), 

134.7 (C12), 129.7 (C3), 128.4 (C9), 121.2 (C1), 119.3 (C11), 118.1 (C10), 114.8 

(C6), 110.0 (C13), 64.4 (OCH2CH3), 60.3 (CHCH2CH3 & C17), 54.8 (C18), 44.5 

(NCH3), 42.9 (ArCH2), 42.3 (C15 & C19), 34.1 (C16), 28.1 (CONCH3), 24.8 

(CHCH2CH3), 15.7 (ArCH3), 14.9 (OCH2CH3), 12.0 (CHCH3), 8.7 (CHCH2CH3) 

(R)-2-((2-Ethoxy-4-(4-methylpiperazin-1-yl)phenyl)amino-7-ethyl-5-methyl-8-((4-

methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 76  

Dihydropteridinone 6r (35 mg, 104 µmol) was reacted with 

aniline 23h (23 mg, 99 µmol) using general method 16 to 

afford the title compound 76 as a brown oil (3 mg, 5%). LCMS 

purity >95%, ret. time 0.90 mins; HRMS (ESI +ve): found 

[M+H]+ 536.2814, [C28H38N7O2S]+ requires 536.2807; νmax 
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(thin film, cm-1): 3427 (w, N-H), 1663 (C=O); [𝛼]𝐷
23.0: +18.0° (c 1.0, MeOH); δH (CDCl3, 

500 MHz): 8.10 (1H, d, J = 8.5 Hz, H10), 8.00 (1H, s, NH), 7.62 (1H, s, H7), 6.92 – 

6.79 (2H, m, H1 & H3), 6.52 – 6.48 (2H, m, H11 & H13), 5.57 (1H, d, J = 15.4 Hz, 

ArCHH), 4.33 – 4.25 (2H, m, ArCHH & CHCH2CH3), 4.08 (2H, q, J = 7.0 Hz, 

OCH2CH3), 3.35 – 3.28 (7H, m, 4 x H15 & CONCH3), 3.16 – 3.08 (4H, m, H16), 2.67 

(3H, s, NCH3), 2.21 (3H, s, ArCH3), 2.01 – 1.93 (1H, m, CHCHHCH3), 1.89 – 1.81 

(1H, m, CHCHHCH3), 1.47 (3H, t, J = 7.0 Hz, OCH2CH3), 0.82 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 (CONCH3), 155.0 (C8), 151.8 (C5), 149.2 

(C14), 145.9 (C12), 137.8 (C4), 137.6 (C1), 135.7 (C7), 129.9 (C3), 123.7 (C9), 121.5 

(C1), 120.7 (C10), 114.6 (C6), 109.4 (C11), 102.5 (C13), 64.5 (OCH2CH3), 60.4 

(CHCH2CH3), 53.7 (C16), 48.7 (C15), 43.8 (NCH3), 43.0 (ArCH2), 28.3 (CONCH3), 

25.0 (CHCH2CH3), 15.8 (ArCH3), 15.0 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)piperazin-1-yl)phenyl)amino)-7-ethyl-

5-methyl-8-((4-methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 77  

Dihydropteridinone 6r (50 mg, 148 µmol) was reacted 

with aniline 23i (45 mg, 141 µmol) using general method 

16 to afford the title compound 77 as a yellow solid (7 

mg, 8%). LCMS purity >95%, ret. time 1.21 mins; HRMS 

(ESI +ve): found [M+H]+ 619.3525, [C33H47N8O2S]+ 

requires 619.3537; m.p.: 83 – 86 °C; νmax (thin film, cm-1): 3424 (w, N-H), 1667 (C=O); 

[𝛼]𝐷
23.0: +16.6° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.10 – 8.00 (2H, m, H10 & NH), 

7.63 (1H, s, H7), 6.84 – 6.81 (2H, m, H1 & H3), 6.55 (1H, d, J = 2.5 Hz, H13), 6.51 

(1H, dd, J = 8.9, 2.5 Hz, H11), 5.50 (1H, d,  J = 15.4 Hz, ArCHH), 4.32 – 4.25 (2H, m, 

ArCHH & CHCH2CH3), 4.10 (2H, q, J = 7.0 Hz, OCH2CH3), 3.65 (2H, d, J = 12.8 Hz, 

H19), 3.31 (3H, s, CONCH3), 3.12 – 2.94 (8H, m, H15 & H16), 2.74 – 2.63 (3H, m, 

H17 & 2 x H19), 2.61 (3H, s, NCH3), 2.23 (3H, s, ArCH3), 2.02 – 1.95 (3H, m, 

CHCHHCH3 & 2 x H18), 1.90 – 1.84 (1H, m, CHCHHCH3), 1.80 – 1.71 (2H, m, H18), 

1.48 (3H, t, J = 7.0 Hz, OCH2CH3), 0.84 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 163.3 (CONCH3), 155.0 (C8), 151.8 (C5), 149.2 (C14), 147.1 (C12), 137.8 

(C4), 137.6 (C2), 135.5 (C7), 130.0 (C3), 122.6 (C9), 121.4 (C1), 120.8 (C10), 114.5 

(C6), 108.9 (C11), 102.5 (C13), 64.4 (OCH2CH3), 61.9 (C17), 60.3 (CHCH2CH3), 53.2 

(C16), 50.3 (C19), 46.7 (C15), 43.9 (NCH3), 43.0 (ArCH2), 28.2 (CONCH3), 27.7 

(C18), 25.0 (CHCH2CH3), 15.8 (ArCH3), 15.0 (OCHCH3), 8.7 (CHCH2CH3) 

 

 

 



Chapter 7 

254 
 

Methyl (R)-2-((2,4-dimethoxybenzyl)amino)butanoate, 87 

(R)-Methyl 2-aminobutanoate 8a (HCl salt, 5.0 g, 32.0 mmol), 

was reacted with 2,4-dimethoxyobenzaldehyde (4.65 g, 28.0 

mmol) using general method 2 to afford the title compound 87 as 

a colourless oil (8.50 g, 98%). LCMS purity >95%, ret. time 0.88 mins; HRMS (ESI 

+ve): found [M+H]+ 268.1541, [C14H21NO4]+ requires 268.1543; [𝛼]𝐷
23.9: +11.8° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.14 (1H, d, J = 8.2 Hz, H5), 6.45 – 6.41 (2H, m, H2 & 

H4), 3.81 (3H, s, C1OCH3), 3.81 (3H, s, C3OCH3), 3.71 (1H, d, J = 12.9 Hz, ArCHH), 

3.67 (4H, m, CO2CH3 & ArCHH), 3.23 (1H, t, J = 6.6 Hz, CHCH2CH3), 1.94 (1H, s, 

NH), 1.72 – 1.63 (2H, m, CHCH2CH3), 0.91 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 175.8 (CO2CH3), 160.1 (C3), 158.7 (C1), 130.4 (C5), 120.5 (C6), 103.7 

(C4), 98.5 (C2), 62.1 (CHCH2CH3), 55.3 (C1OCH3 & C3OCH3), 51.5 (CO2CH3), 47.1 

(ArCH2), 26.6 (CHCH2CH3), 10.1 (CHCH2CH3) 

 

Methyl (R)-2-((2-chloro-5-nitropyrimidin-4-yl)(2,4-

dimethoxybenzyl)amino)butanoate, 88  

Aminobutanoate 87 (9.70 g, 36.3 mmol) was reacted with 

pyrimidine 11 (7.74 g, 39.9 mmol) using general method 3 to 

afford the title compound 88 as a yellow gum (13.0 g, 84%). 

LCMS purity >95%, ret. time 1.58 mins; HRMS (ESI +ve): found 

[M+H]+ 425.1211, [C18H22ClN4O6]+ requires 425.1222; [𝛼]𝐷
23.7: −6.9° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.64 (1H, s, H9), 7.04 (1H, d, J = 8.8 Hz, H5), 6.40 – 6.37 (2H, m, 

H2 & H4), 4.46 – 4.43 (2H, m, CHCH2CH3 & ArCHH), 4.40 (1H, d, J = 14.8 Hz, 

ArCHH), 3.79 (3H, s, C3OCH3), 3.71 (3H, s, C1OCH3), 3.62 (3H, s, CO2CH3), 2.28 – 

2.19 (1H, m, CHCHHCH3), 2.06 – 1.97 (1H, m, CHCHHCH3), 1.05 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 170.5 (CO2CH3), 161.4 (C3), 159.7 (C10), 159.0 

(C1), 156.0 (C9), 154.6 (C7), 131.7 (C8), 131.0 (C5), 113.3 (C6), 104.2 (C4), 98.4 

(C2), 63.4 (CHCH2CH3), 55.4 (C3OCH3), 55.2 (C1OCH3), 52.2 (CO2CH3), 49.8 

(ArCH2), 22.9 (CHCH2CH3), 11.1 (CHCH2CH3) 

 

(R)-2-Chloro-8-(2,4-dimethoxybenzyl)-7-ethyl-7,8-dihydropteridin-6(5H)-one, 89 

Aminobutanoate 88, (13.0 g, 30.6 mmol) was subjected to general 

method 18 to afford the title compound 89 as a brown solid (11.0 

g, 98%). LCMS purity >95%, ret. time 1.48 mins; HRMS (ESI +ve): 

found [M+H]+ 363.1198, [C17H20ClN4O3]+ requires 363.1218; 

[𝛼]𝐷
23.4: +15.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 9.72 (1H, s, NH), 7.65 (1H, s, 

H9), 7.30 (1H, d, J = 9.1 Hz, H5), 6.47 – 6.45 (2H, m, H2 & H4), 5.35 (1H, d, J = 14.7 
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Hz, ArCHH), 4.28 (1H, dd, J = 5.4, 4.4 Hz, CHCH2CH3), 4.20 (1H, d, J = 14.7 Hz, 

ArCHH), 3.80 (6H, s, C1OCH3 & C3OCH3), 2.03 – 1.94 (2H, m, CHCH2CH3), 0.94 (3H, 

d, J = 7.3 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 166.2 (CONH), 161.0 (C3), 159.0 

(C1), 154.3 (C10), 151.9 (C7), 138.7 (C9), 132.0 (C5), 117.5 (C8), 115.6 (C6), 104.4 

(C4), 98.6 (C2), 60.7 (CHCH2CH3), 55.4 (C1OCH3 & C3OCH3), 47.7 (ArCH2), 25.0 

(CHCH2CH3),  8.7 (CHCH2CH3) 

 

(R)-2-Chloro-8-(2,4-dimethoxybenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-

6(5H)-one, 86 

Dihydropteridinone 89 (10.8 g, 29.8 mmol) was reacted with 

methyl iodide (2.42 mL, 38.7 mmol) using general method 5 to 

afford the title compound 86 as a white solid (9.67 g, 86%). 

LCMS purity >95%, ret. time 1.54 mins; HRMS (ESI +ve): found 

[M+H]+ 377.1366, [C18H22ClN4O3]+ requires 377.1375; [𝛼]𝐷
23.7 : +35.3° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 7.62 (1H, s, H9), 7.32 (1H, d, J = 8.8 Hz, H5), 6.47 – 6.45 (2H, 

m, H2 & H4), 5.34 (1H, d, J = 14.5 Hz, ArCHH), 4.34 (1H, dd, J = 6.3, 3.8 Hz, 

CHCH2CH3), 4.20 (1H, d, J = 14.5 Hz, ArCHH), 3.81 (C1OCH3 & C3OCH3), 3.30 (3H, 

s, NCH3), 1.99 – 1.85 (1H, m, CHCH2CH3), 0.85 (3H, t, J = 7.9 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 164.0 (CONCH3), 161.0 (C3), 159.0 (C1), 154.2 (C10), 152.3 (C7), 

137.6 (C9), 132.1 (C5), 120.6 (C8), 115.7 (C6), 104.3 (C4), 98.6 (C2), 60.8 

(CHCH2CH3), 55.5 (C1OCH3 & C3OCH3), 43.0 (ArCH2), 28.1 (CONCH3), 25.4 

(CHCH2CH3), 8.9 (CHCH2CH3) 

(R)-2-Chloro-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 79 

A solution of dihydropteridinone 86 (5.09 g, 13.5 mmol) in TFA (1.3 

M) was stirred at 80 °C for 4 hrs. Upon completion, the reaction was 

concentrated in vacuo to remove the majority of the TFA. The 

remaining TFA was quenched with sat. aq. NaHCO3 until pH 7 – 8 was reached and 

extracted with DCM (X3). The organic layers were washed with brine, dried over 

MgSO4, filtered and concentrated in vacuo. The residue was purified by Biotage 

column chromatography (DCM/MeOH, 0 – 15%) to afford the title compound 79 as a 

brown solid (2.02 g, 66%). LCMS purity >95%, ret. time 0.88 mins; HRMS (ESI +ve): 

found [M+H]+ 227.0695, [C9H12ClN4O]+ requires 227.0694; [𝛼]𝐷
23.7: +35.3° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.73 (1H, s, H3), 6.23 (1H, s, NH), 4.36 – 4.32 (1H, m, 

CHCH2CH3), 3.35 (CONCH3), 2.01 – 1.88 (2H, m, CHCH2CH3), 0.99 (3H , t, J = 7.4 

Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 164.1 (CONCH3), 154.2 (C4), 152.6 (C1), 
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138.3 (C3), 120.1 (C2), 56.9 (CHCH2CH3), 28.3 (CONCH3), 28.2 (CHCH2CH3), 8.9 

(CHCH2CH3) 

(R)-2-Chloro-8-(3-chlorobenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 

90a 

Dihydropteridinone 79 (50 mg, 0.22 mmol) was reacted with 3-

chlorobenzyl bromide (57 mg, 0.28 mmol) using general method 

19 to afford the title compound 90a as a yellow solid (51 mg, 

66%). LCMS purity >95%, ret. time 1.56 mins; HRMS (ESI +ve): 

found [M+H]+ 351.0770, [C16H17Cl2N4O]+ requires 351.0774; [𝛼]𝐷
23.0: −15.2° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.72 (1H, s, H9), 7.31 – 7.28 (3H, m, H2, H3 & H6), 

7.20 – 7.17 (1H, m, H4), 5.62 (1H, d, J = 15.3 Hz, ArCHH), 4.16 (1H, dd, J = 6.3, 3.5 

Hz, CHCH2CH3), 4.08 (1H, d, J = 15.3 Hz, ArCHH), 3.35 (3H, s, CONCH3), 2.01 – 

1.92 (1H, m, CHCHHCH3), 1.90 – 1.80 (1H, m, CHCHHCH3), 0.83 (3H, t, J = 7.6 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 154.2 (C10), 152.3 (C7), 138.3 

(C9), 137.2 (C5), 134.9 (C1), 130.3 (C3), 128.5 (C2/C6), 128.4 (C2/C6), 126.5 (C4), 

120.5 (C8), 60.3 (CHCH2CH3), 47.2 (ArCH2), 28.3 (CONCH3), 24.8 (CHCH2CH3), 8.6 

(CHCH2CH3) 

(R)-2-Chloro-7-ethyl-8-(3-methoxybenzyl)-5-methyl-7,8-dihydropteridin-6(5H)-

one, 90b 

Dihydropteridinone 79 (50 mg, 0.22 mmol) was reacted with 3-

methoxybenzyl bromide (56 µL, 0.28 mmol) using general 

method 19 to afford the title compound 90b as a yellow solid (50 

mg, 65%). LCMS purity >95%, ret. time 1.49 mins; HRMS (ESI 

+ve): found [M+H]+ 347.1262, [C17H20ClN4O2]+ requires 347.1269; [𝛼]𝐷
23.6: −9.7° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.73 (1H, s, H9), 7.31 – 7.27 (1H, m, H3), 6.91 – 6.86 

(3H, m, H2, H4 & H6), 5.63 (1H, d, J = 15.5 Hz, ArCHH), 4.21 (1H, dd, J = 6.3, 3.5 

Hz, CHCH2CH3), 4.10 (1H, d, J = 15.5 Hz, ArCHH), 3.82 (3H, s, OCH3), 3.36 (3H, s, 

CONCH3), 2.04  – 1.83 (2H, m, CHCH2CH3), 0.85 (3H, t, J = 7.4 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 163.6 (CONCH3), 160.0 (C1), 15.2 (C10), 152.5 (C7), 132.1 (C9), 

136.5 (C5), 130.0 (C3), 120.7 (C4), 120.5 (C8), 114.4 (C6), 113.4 (C2), 60.0 

(CHCH2CH3), 55.3 (OCH3), 47.7 (ArCH2), 28.2 (CONCH3), 24.8 (CHCH2CH3), 8.6 

(CHCH2CH3) 
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(R)-2-Chloro-7-ethyl-5-methyl-8-(3-methylbenzyl)-7,8-dihydropteridin-6(5H)-one, 

90c 

Dihydropteridinone 79 (70.0 mg, 0.31 mmol) was reacted with 1-

(bromomethyl)-3-methyl-benzene (68.5 µL, 0.37 mmol) using 

general method 19 to afford the title compound 90c as a yellow 

solid (56.0 mg, 55%). LCMS purity >95%, ret. time 1.57 mins; 

HRMS (ESI +ve): found [M+H]+ 331.1326, [C17H20ClN4O]+ requires 331.1320; [𝛼]𝐷
23.7: 

+ 4.9° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.70 (1H, s, H9), 7.26 – 7.22 (1H. m, H3), 

7.13 (1H, d, J = 7.6 Hz, H2/6), 7.10 – 7.08 (2H, m, H5 & H2/6), 5.66 (1H, d, J = 14.8 

Hz, ArCHH), 4.18 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 4.03 (1H, d, J = 14.8 Hz, 

ArCHH), 3.34 (3H, s, CONCH3), 2.35 (ArCH3), 1.99 – 1.92 (CHCHHCH3), 1.91 – 1.84 

(1H, m, CHCHHCH3), 0.83 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

163.7 (CONCH3), 154.3 (C10), 152.4 (C7), 138.8 (C1), 138.0 (C9), 134.7 (C5), 129.2 

(C2/6), 129.1 (C2/6), 128.9 (C3), 125.6 (C4), 120.4 (C8), 59.8 (CHCH2CH3), 

47.5 (ArCH2), 26.9 (CONCH3), 24.7 (CHCH2CH3), 21.4 (ArCH3), 8.6 (CHCH2CH3) 

(R)-2-Chloro-7-ethyl-5-methyl-8-(3-(trifluoromethyl)benzyl-7,8-dihydropteridin-

6(5H)-one, 90d 

Dihydropteridinone 79 (55 mg, 0.24 mmol) was reacted with 1-

(chloromethyl)-3-(trifluoromethyl)benzene (60 mg, 0.31 mmol) 

using general method 19 to afford the title compound 90d as a 

colourless oil (64 mg, 69%). LCMS purity >95%, ret. time 1.56 

mins; HRMS (ESI +ve): found [M+H]+ 385.1040, [C17H17F3ClN4O]+ requires 385.1043; 

[𝛼]𝐷
23.7: −6.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.74 (1H, s, H7), 7.61 – 7.58 (2H, 

m, H2 & H6), 7.52 – 7.47 (2H, m, H3 & H4), 5.63 (1H, d, J= 15.1 Hz, ArCHH), 4.21 

(1H, d, J  = 15.1 Hz, ArCHH), 4.17 (1H, dd, J= 6.3, 3.5 Hz, CHCH2CH3), 3.35 (3H, s, 

CONCH3), 2.03 – 1.94 (1H, m, CHCHHCH3), 1.89 – 1.80 (1H, m, CHCHHCH3), 0.84 

(3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 (CONCH3), 154.2 (C8), 

152.3 (C5), 138.4 (C7), 136.3 (C5), 131.7 (C4), 131.3 (q, JC-F = 32 Hz, C1), 129.5 

(C3), 125.3 – 125.1 (m, C2 & C6), 123.8 (q, JC-F = 272 Hz, CF3), 120.5 (C6), 60.6 

(CHCH2CH3), 47.5 (ArCH2), 28.3 (CONCH3), 24.9 (CHCH2CH3), 8.6 (CHCH2CH3); 

δF{H} (CDCl3, 471 MHz): −62.7  

(R)-3-((2-Chloro-7-ethyl-5-methyl-6-oxo-6,7-dihydropteridin-8(5H)-

yl)methyl)benzonitrile, 90e 

Dihydropteridinone 79 (50 mg, 0.22 mmol) was reacted with 3-

(bromomethyl)benzonitrile (35 µL, 0.28 mmol) using general method 19 to afford the 
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title compound 90e as a white solid (28 mg, 37%). LCMS purity 

>95%, ret. time 1.39 mins; HRMS (ESI +ve): found [M+H]+ 

342.1112, [C17H17ClN5O]+ requires 342.1116; [𝛼]𝐷
22.9: −4.9° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 7.74 (1H, s, H9), 7.63 – 7.59 

(2H, m, H2 & H6), 7.56 (1H, d, J = 7.7 Hz, H4), 7.47 (1H, t, J = 7.7 Hz. H3), 5.58 (1H, 

d, J = 15.5 Hz, ArCHH), 4.18 (1H, d, J = 15.5 Hz, ArCHH), 4.15 (1H, dd, J = 6.5, 3.6 

Hz, CHCH2CH3), 3.35 (3H, s, CONCH3), 2.01 – 1.94 (1H, m, CHCHHCH3), 1.87 – 

1.78 (1H, m, CHCHHCH3), 0.83 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

163.1 (CONCH3), 154.1 (C10), 152.1 (C7), 138.4 (C9), 137.0 (C5), 132.6 (C4), 131.8 

(C6), 131.6 (C2), 129.8 (C3), 120.4 (C8), 118.2 (CN), 113.1 (C1), 60.8 (CHCH2CH3), 

47.2 (ArCH2), 28.3 (CONCH3), 24.9 (CHCH2CH3), 8.5 (CHCH2CH3) 

 (R)-2-Chloro-7-ethyl-5-methyl-8-(3-(methylsulfonyl)benzyl)-7,8-dihydropteridin-

6(5H)-one, 90f 

Dihydropteridinone 79 (70.0 mg, 0.31 mmol) was reacted with 1-

(bromomethyl)-3-(methylsulfonyl)benzene (92.3 mg, 0.37 mmol) 

using general method 19 to afford the title compound 90f as a 

white solid (42.0 mg, 34%). LCMS purity >95%, ret. time 1.29 

mins; HRMS (ESI +ve): found [M+H]+ 359.0943, [C17H20ClN4O3S]+ requires 359.0939; 

[𝛼]𝐷
22.5: −13.9° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.92 – 7.88 (2H, m, H2 & H6), 

7.74 (1H, s, H9), 7.61 (1H, d, J = 7.6 Hz, H4), 7.59 – 7.54 (1H, m, H3), 5.59 (1H, d, J 

= 15.3 Hz, ArCHH), 4.25 (1H, d, J = 15.3 Hz, ArCHH), 4.19 (1H, dd, J = 6.6, 3.5 Hz, 

CHCH2CH3), 3.35 (3H, s, CONCH3), 3.07 (3H, s, SO2CH3), 2.03 – 1.95 (1H, m, 

CHCHHCH3), 1.89 – 1.80 (CHCHHCH3), 0.80 (3H, t, J = 7.6 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 163.2 (CONCH3), 154.1 (C10), 152.2 (C7), 141.3 (C1), 138.5 (C9), 

137.4 (C5), 133.4 (C4), 130.1 (C3), 127.3 (C2/6), 127.2 (C2/6), 120.6 (C8), 61.1 

(CHCH2CH3), 47.7 (ArCH2), 44.6 (SO2CH3), 28.3 (CONCH3), 25.0 (CHCH2CH3), 8.6 

(CHCH2CH3) 

(R)-3-((2-Chloro-7-ethyl-5-methyl-6-oxo-6,7-dihydropteridin-8(5H)-yl)methyl)-

N,N-dimethylbenzamide, 90g 

Dihydropteridinone 79 (80 mg, 0.35 mmol) was reacted with 3-

(chloromethyl)-N,N-dimethylbenzamide (88 mg, 0.45 mmol) 

using general method 19 to afford the title compound 90g as a 

white solid (42 mg, 34%). LCMS purity >95%, ret. time 1.35 

mins; HRMS (ESI +ve): found [M+H]+ 388.1532, [C19H23ClN5O2]+ requires 388.1540; 

[𝛼]𝐷
23.9: +4.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.72 (1H, s, H9), 7.41 – 7.34 (4H, 
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m, H1, H3, H4, H6), 5.63 (1H, d, J = 15.2 Hz, ArCHH), 4.20 (1H, dd, J = 6.3, 3.4 Hz, 

CHCH2CH3), 4.16 (1H, d, J = 15. Hz, ArCHH), 3.35 (3H, s, CONCH3), 3.11 (3H, s, 

N(CH3)(C’H3)), 2.97 (3H, s, N(CH3)(C’H3)), 2.01 – 1.95 (1H, m, CHCHHCH3), 1.89 – 

1.84 (1H, m, CHCHHCH3), 0.84 (3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

171.0 (CON(CH3)2), 163.4 (CONCH3), 154.2 (C10), 152.3 (C7), 138.2 (C9), 137.1 

(C2), 135.6 (C6), 129.3 (C1/C5), 129.0 (C3/C4), 127.1 (C1/C5), 126.9 (C3/C4), 120.5 

(C8), 60.5 (CHCH2CH3), 47.8 (ArCH2), 39.6 (N(CH3)(C’H3)), 35.4 (N(CH3)(C’H3)), 28.3 

(CONCH3), 24.8 (CHCH2CH3), 8.6 (CHCH2CH3)  

(R)-2-Chloro-7-ethyl-5-methyl-8-(napthalen-2-ylmethyl)-7,8-dihydropteridin-

6(5H)-one, 90h  

Dihydropteridinone 79 (50 mg, 0.22 mmol) was reacted with 2-

(bromomethyl)napthalene (34 µL, 0.26 mmol) using general 

method 19 to afford the title compound 90h as a white solid (35 

mg, 43%). LCMS purity >95%, ret. time 1.61 mins; HRMS (ESI 

+ve): found [M+H]+ 367.1322, [C20H20ClN4O]+ requires 

367.1320; [𝛼]𝐷
23.5: +6.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.86 – 7.81 (3H, m, H2, 

H4, & H7), 7.76 (1H, s, H9), 7.72 (1H, s, H14), 7.53 – 7.50 (2H, m, H5 & H6), 7.40 

(1H, dd, J = 8.4, 1.7 Hz, H1), 5.82 (1H, d, J = 15.1 Hz, H11a), 5.82 (1H, d, J = 15.1 

Hz, H11b), 4.21 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 3.34 (3H, s, NCH3), 2.01 – 1.86 

(CHCH2CH3), 0.85 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.6 

(CONCH3), 154.3 (C13), 152.5 (C12), 138.2 (C14), 133.3 (C8), 133.1 (C3), 132.3 

(C10), 129.1 (C4), 127.8 (C2/7/9 & C2/7/9), 127.7 (C2/7/9), 126.6 (C6), 126.4 (C5), 

125.9 (C1), 120.5 (C13), 60.0 (CHCH2CH3), 47.9 (C11), 28.2 (NCH3), 24.8 

(CHCH2CH3), 8.6 (CHCH2CH3) 

(R)-2-Chloro-8-(2-chlorobenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 

90i 

Dihydropteridinone 79 (95 mg, 0.42 mmol) was reacted with 1-

(bromomethyl)-2-chloro-benzene (103 mg, 0.50 mmol) using 

general method 19 to afford the title compound 90i as a white solid 

(100 mg, 68%). LCMS purity >95%, ret. time 1.56 mins; HRMS (ESI 

+ve): found [M+H]+ 351.0789, [C16H17Cl2N4O]+ requires 351.0774; [𝛼]𝐷
22.7: −19.4° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 7.72 (1H, s, H9), 7.42 – 7.38 (2H, m, H2/4 & H5), 

7.40 – 7.25 (2H, m, H2/4 & H3), 5.64 (1H, d, J = 15.3 Hz, ArCHH), 4.35 (1H, d, J = 

15.3 Hz, ArCHH), 4.21 (1H, dd, J = 6.6, 3.8 Hz, CHCH2CH3), 3.35 (3H, s, CONCH3), 

2.02 – 1.93 (CHCHHCH3), 1.92 – 1.85 (CHCHHCH3), 0.89 (3H, t, J = 7.6 Hz, 
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CHCH2CH3); δC (CDCl3, 126 MHz): 163.6 (CONCH3), 154.2 (C10), 152.4 (C7), 138.2 

(C9), 134.2 (C6), 132.6 (C1), 130.8 (C5), 130.0 (C2/4), 129.6 (C2/4), 127.2 (C3), 

120.6 (C8), 60.7 (CHCH2CH3), 45.6 (ArCH2), 28.2 (CONCH3), 25.2 (CHCH2CH3), 8.8 

(CHCH2CH3) 

 (R)-2-Chloro-7-ethyl-8-(2-fluorobenzyl)-5-methyl-7,8-dihydropteridin-6(5H)-one, 

90j 

Dihydropteridinone 79 (55 mg, 0.24 mmol) was reacted with 1-

(bromomethyl)-2-fluoro-benzene (55 mg, 0.29 mmol) using general 

method 19 to afford the title compound 90j as a white solid (64 mg, 

69%). LCMS purity >95%, ret. time 1.52 mins; HRMS (ESI +ve): 

found [M+H]+ 335.1074, [C16H17ClFN4O]+ requires 335.1069; [𝛼]𝐷
22.5: - 8.2° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.69 (1H, s, H9), 7.41 (1H, td, J = 7.5, 1.7 Hz, H5), 

7.34 – 7.29 (1H, m, H3), 7.14 (1H, td, J = 7.5, 1.1 Hz, H4), 7.10 – 7.06 (1H, m, H2), 

5.56 (1H, d, J = 14.8 Hz, ArCHH), 4.30 – 4.24 (2H, m,  ArCHH & CHCH2CH3), 3.33 

(3H, s, CONCH3), 2.04 – 1.86 (CHCHHCH3), 1.94 – 1.85 (CHCHHCH3), 0.86 (3H, t, J 

= 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.6 (CONCH3), 162.4 (d, JC-F = 247 

Hz, C1), 154.2 (C10), 152.3 (C7), 138.1 (C9), 131.2 (d, JC-F = 3.7 Hz, C5), 130.1 (d, 

JC-F = 8.3 Hz, C3), 124.6 (d, JC-F = 3.7 Hz, C4), 122.1 (d, JC-F = 14.7 Hz, C6), 120.6 (d, 

JC-F = 21.1 Hz, C2), 60.6 (CHCH2CH3), 41.6  (ArCH2), 28.2 (CONCH3), 25.1 

(CHCH2CH3), 8.7 (CHCH2CH3); δF{H} (CDCl3, 471 MHz): - 117.7 

(R)-2-Chloro-7-ethyl-5-methyl-8-(2-methylbenzyl)- 7,8-dihydropteridin-6(5H)-one, 

90k 

Dihydropteridinone 79 (95 mg, 0.42 mmol) was reacted with 1-

(bromomethyl)-2-methyl-benzene (93 mg, 0.50 mmol) using general 

method 19 to afford the title compound 90k as a yellow solid (98 

mg, 71%). LCMS purity >95%, ret. time 1.54 mins; HRMS (ESI 

+ve): found [M+H]+ 331.1319, [C17H20ClN4O]+ requires 331.1320; [𝛼]𝐷
22.4: +24.9° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 7.71 (1H, s, H9), 7.26 – 7.22 (1H, m, H3), 7.20 – 

7.17 (3H, m, H2, H4 & H5), 5.70 (1H, d, J = 15.1 Hz, ArCHH), 4.07 (1H, d, J = 15.1 

Hz, ArCHH), 4.04 (1H, dd, J = 6.5, 3.6 Hz, CHCH2CH3), 3.34 (3H, s, CONCH3), 2.26 

(3H, s, ArCH3), 1.97 – 1.82 (2H, m, CHCH2CH3), 0.80 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.7 (CONCH3), 154.3 (C10), 153.4 (C7), 138.1 (C9), 137.1 

(C1), 132.3 (C6), 131.0 (C2), 129.3 (C5), 128.5 (C3), 126.3 (C4), 120.6 (C8), 59.3 

(CHCH2CH3), 45.8 (ArCH2), 28.2 (CONCH3), 24.8 (CH3), 19.3 (CHCH2CH3), 8.7 

(CHCH2CH3) 
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(R)-2-Chloro-8-(4-bromobenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 

90l 

Dihydropteridinone 79 (44 mg, 0.19 mmol) was reacted with 4-

bromobenzyl bromide (61 mg, 0.25 mmol) using general method 

19 to afford the title compound 90l as a white solid (29 mg, 37%). 

LCMS purity >95%, ret. time 1.53 mins; HRMS (ESI +ve): found 

[M+H]+ 397.0249, [C16H17BrClN4O]+ requires 397.0247; [𝛼]𝐷
22.3: −47.1° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 7.71 (1H, s, H7), 7.47 (1H, d, J = 8.5 Hz, H2), 7.18 (2H, d, J = 

8.5 Hz, H3), 5.52 (1H, d, J = 15.1 Hz, ArCHH), 4.14 (1H, dd, J = 6.3, 3.5 

Hz, CHCH2CH3), 4.10 (1H, d, J = 15.1 Hz, ArCHH), 3.33 (3H, s, CONCH3), 1.98 – 

1.90 (CHCHHCH3), 1.86 – 1.77 (CHCHHCH3), 0.81 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.4 (COOCH3), 154.2 (C8), 152.3 (C5), 138.2 (C6), 134.2 

(C4), 132.1 (C2), 130.1 (C3), 122.3 (C1), 120.5 (C6), 60.4 (CHCH2CH3), 47.3 

(ArCH2), 28.3 (CONCH3), 24.9 (CHCH2CH3), 8.6 (CHCH2CH3) 

(R)-2-Chloro-8-(4-chlorobenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 

90m 

Dihydropteridinone 79 (70 mg, 0.31 mmol) was reacted with 1-

(bromomethyl)-4-chloro-benzene (41 mg, 0.20 mmol) using 

general method 19 to afford the title compound 90m as a white 

solid (44 mg, 40%). LCMS purity >95%, ret. time 1.56 mins; HRMS 

(ESI +ve): found [M+H]+ 351.0780, [C16H17Cl2N4O]+ requires 351.0774; [𝛼]𝐷
24.1: +2.8° 

(c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.71 (1H, s, H7), 7.33 (2H, d, J = 8.3 Hz, H2), 

7.25 (2H, d, J = 8.3 Hz, H3), 5.55 (1H, d, J = 15.1 Hz, ArCHH), 4.15 (1H, dd, J = 6.3, 

3.5 Hz, CHCH2CH3), 4.12 (1H, d, J = 15.1 Hz, ArCHH), 3.34 (3H, s, CONCH3), 2.00 – 

1.92 (CHCHHCH3), 1.87 – 1.78 (CHCHHCH3), 0.83 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.4 (CONCH3), 154.2 (C8), 152.3 (C5), 138.3 (C7), 134.2 

(C1), 133.6 (C4), 129.8 (C3), 129.2 (C2), 120.5 (C6), 60.3 (CHCH2CH3), 47.3 

(ArCH2), 28.3 (CONCH3), 24.9 (CHCH2CH3), 8.8 (CHCH2CH3) 

(7R)-2-Chloro-7-ethyl-5-methyl-8-(1-phenylethyl)-7,8-dihydropteridin-6(5H)-one, 

90n  

Dihydropteridinone 79 (80 mg, 0.35 mmol) was reacted with (1-

bromoethyl)benzene (58 µL, 0.42 mmol) using general method 19 to 

afford the title compound 90n as a white solid (43 mg, 37% d.r. 2:1). 

LCMS purity >95%, ret. time 1.54 mins; HRMS (ESI +ve): found 

[M+H]+ 331.1317, [C17H20ClN4O]+ requires 331.1320; Major Isomer δH (CDCl3, 500 
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MHz): 7.73 (1H, s, H7), 7.40 – 7.36 (2H, m, H2), 7.35 – 7.30 (3H, m, H1 & H3), 5.95 

(1H, q, J = 7.2 Hz, CHCH3), 3.93 (1H, dd, J = 7.6, 3.2 Hz, CHCH2CH3), 3.32 (3H, s, 

CONCH3), 1.91 – 1.83 (1H, m, CHCHHCH3), 1.78 (3H, d, J = 7.3 Hz, CHCH3), 1.75 – 

1.69 (1H, m, CHCHHCH3), 0.83 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

163.5 (CONCH3), 154.2 (C8), 152.5 (C5), 138.3 (C4 & C7), 129.0 (C2), 128.3 (C1), 

127.6 (C3), 120.9 (C6), 58.1 (CHCH2CH3), 54.6 (CHCH3), 28.3 (CONCH3), 28.1 

(CHCH2CH3), 17.4 (CHCH3), 8.8 (CHCH2CH3); Minor Isomer δH (CDCl3, 500 MHz): 

7.72 (1H, s, H7), 7.57 – 7.54 (2H, m, H2), 7.40 – 7.36 (1H, m, H1), 7.35 – 7.30 (2H, 

m, H3),  6.15 (1H, d, J = 7.3 Hz, CHCH3), 4.22 (1H, dd, J = 8.2, 3.5 Hz, CHCH2CH3), 

3.32 (3H, s, NCH3), 1.68 (3H, d, J = 6.9 Hz, CHCH3), 1.11 – 1.03 (CHCHHCH3), 1.02 

– 0.93 (CHCHHCH3), 0.54 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

163.4 (CONCH3), 154.1 (C8), 152.4 (C5), 139.6 (C4), 138.6 (C7), 128.7 (C2), 128.4 

(C1), 128.1 (C3), 121.2 (C6), 58.1 (CHCH2CH3), 53.1 (CHCH3), 28.4 (CONCH3), 17.4 

(CHCH3),16.6 (CHCH2CH3), 9.0 (CHCH2CH3) 

(7R)-2-Chloro-7-ethyl-5-methyl-8-(1-phenylpropyl)-7,8-dihydropteridin-6(5H)-

one, 90o  

Dihydropteridinone 79 (80 mg, 0.35 mmol) was reacted with (1-

bromopropyl)benzene 64 µL, 0.42 mmol) using general method 19 

to afford the title compound 90o as a white solid (43 mg, 35% d.r. 

2:1). LCMS purity >95%, ret. time 1.59 mins; HRMS (ESI +ve): 

found [M+H]+ 345.1477, [C18H22ClN4O]+ requires 345.1477; Major Isomer δH (CDCl3, 

500 MHz): 7.70 (1H, s, H7), 7.38 – 7.30 (5H, m, H1, H2 & H3), 5.58 (1H, d, J = 7.6 

Hz, ArCHCH2CH3), 3.93 (1H, dd, J = 7.7, 3.3 Hz, CHCH2CH3), 3.27 (3H, s, CONCH3), 

2.20  (2H, app. quin., J = 7.3 Hz, ArCHCH2CH3), 1.90 – 1.82 (1H m, CHCHHCH3), 

1.74 – 1.66 (1H, m, CHCHHCH3), 1.03 (3H, t, J = 7.3 Hz, ArCHCH2CH3), 0.81 (3H, t, 

J = 7.4 Hz, ArCHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 154.1 (C8), 152.5 

(C4), 138.3 (C7), 136.9 (C4), 129.0 (C2/3), 128.5 (C2/3) 128.4 (C1), 120.8 (C6), 61.8 

(ArCHCH2CH3), 58.4 (CHCH2CH3), 28.3 (CONCH3), 28.1 (CHCH2CH3), 24.4 

(ArCHCH2CH3), 11.6 (ArCHCH2CH3), 8.9 (CHCH2CH3); Minor Isomer δH (CDCl3, 500 

MHz): 7.72 (1H, s, H7), 7.38 – 7.30 (5H, m, H1, H2 & H3), 5.94 (1H, d, J = 8.0 Hz, 

ArCHCH2CH3), 4.14 – 4.10 (1H, m, CHCH2CH3), 3.32 (3H, s, CONCH3), 2.11 (2H, 

app. quin., J = 7.2 Hz, ArCHCH2CH3), 0.92 – 0.86 (5H, m, CHCH2CH3 & 

ArCHCH2CH3), 0.51 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 

(CONCH3), 154.1 (C8), 153.1 (C4), 138.9 (C4), 138.8 (C7), 128.8 (C1/2/3), 128.5 

(C1/2/3), 128.4 (C1/2/3), 59.0 (ArCHCH2CH3), 57.6 (CHCH2CH3), 28.5 (CONCH3), 

26.4 (CHCH2CH3), 23.1 (ArCHCH2CH3), 11.1 (ArCHCH2CH3), 9.2 (CHCH2CH3) 
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(R)-2-Chloro-8-(2,6-dimethylbenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-

one, 90p 

Dihydropteridinone 79 (58 mg, 0.26 mmol) was reacted with 2-

(chloromethyl)-1,3-dimethyl-benzene (65 µL, 0.30 mmol) using 

general method 19 to afford the title compound 90p as a white solid 

(30 mg, 34%). LCMS purity >95%, ret. time 1.59 mins; HRMS (ESI 

+ve): found [M+H]+ 345.1474, [C18H22ClN4O]+ requires 345.1477; [𝛼]𝐷
22.5: +4.2° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.72 (1H, s, H7), 7.13 (1H, t, J = 7.6 Hz, H1), 7.04 (2H, 

d, J = 7.6 Hz, H2), 5.53 (1H, d, J = 15.0 Hz, ArCHH), 4.34 (1H, d, J = 15.0 Hz, 

ArCHH), 3.81 (1H, dd, J = 7.6, 3.5 Hz, CHCH2CH3), 3.32 (3H, s, CONCH3), 2.28 (6H, 

s, 2 x ArCH3), 1.94 – 1.86 (CHCHHCH3), 1.78 – 1.69 (CHCHHCH3), 0.85 (3H, t, J = 

7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.8 (CONCH3), 154.3 (C8), 152.5 (C5), 

138.0 (C3 & C7), 130.5 (C4), 129.0 (C2), 128.3 (C1), 120.8 (C6), 58.7 (CHCH2CH3), 

42.6 (ArCH2), 28.2 (CONCH3), 25.4 (CHCH2CH3), 20.2 (2 x ArCH3), 9.2 (CHCH2CH3) 

(R)-2-Chloro-8-(2,3-dimethylbenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-

one, 90q 

Dihydropteridinone 79 (59 mg, 0.26 mmol) was reacted with 1-

(chloromethyl)-2,3-dimethyl-benzene (65 µL, 0.31 mmol) using 

general method 19 to afford the title compound 90q as a white solid 

(60 mg, 69%). LCMS purity >95%, ret. time 1.60 mins; HRMS (ESI 

+ve): found [M+H]+ 345.1475, [C18H22ClN4O]+ requires 345.1477; [𝛼]𝐷
22.4: +33.9° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 7.70 (1H, s, H9), 7.14 (1H, d, J = 7.4 Hz, H3), 7.10 

– 7.06 (1H, m, H4), 7.05 (1H, d, J = 6.5 Hz, H5), 5.73 (1H, d, J = 15.1 Hz, ArCHH), 

4.04 (1H, d, J = 15.1 Hz, ArCHH), 3.99 (1H, dd, J = 6.5, 3.6 Hz, CHCH2CH3), 3.33 

(3H, s, CONCH3), 2.29 (3H, s, C1CH3), 2.12 (C2CH3), 1.95 – 1.80 (CHCH2CH3), 0.83 

(3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.8 (CONCH3), 154.3 (C10), 

152.3 (C7), 138.0 (C9), 137.9 (C1), 131.9 (C6), 130.3 (C3), 127.6 (C5), 125.8 (C4), 

120.6 (C8), 58.9 (CHCH2CH3), 46.4 (ArCH2), 28.2 (CONCH3), 24.7 (CHCH2CH3), 20.5 

(C2CH3), 15.2 (C1CH3), 8.7 (CHCH2CH3) 

(R)-2-Chloro-8-(2,4-dimethylbenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-

one, 90r 

Dihydropteridinone 79 (57 mg, 0.25 mmol) was reacted with 1-

(bromomethyl)-2,4-dimethyl-benzene (48 µL, 0.32 mmol) using 

general method 19 to afford the title compound 90r as a white solid 

(68 mg, 79%). LCMS purity >95%, ret. time 1.60 mins; HRMS (ESI 
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+ve): found [M+H]+ 345.1472, [C18H22ClN4O]+ requires 345.1477; [𝛼]𝐷
22.3: +24.9° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 7.70 (1H, s, H9), 7.08 (1H, d, J = 7.8 Hz, H5), 7.02 

(1H, s, H2), 6.99 (1H, d, J = 7.8 Hz, H4), 5.66 (1H, d, J  = 15.1 Hz, ArCHH), 4.05 – 

4.01 (2H, m, ArCHH & CHCH2CH3), 3.33 (3H, s, CONCH3), 2.32 (3H, s, C3CH3), 2.21 

(3H, s, C1CH3), 1.96 – 1.79 (2H, m, CHCH2CH3),  0.84 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.8 (CONCH3), 154.3 (C10), 152.4 (C7), 138.3 

(C3), 138.0 (C9), 136.9 (C1), 131.9 (C2), 129.6 (C5), 129.0 (C6), 126.9 (C4), 120.5 

(C8), 59.1 (CHCH2CH3), 45.7 (ArCH2), 28.2 (CONCH3), 24.7 (CHCH2CH3), 21.0 

(C3CH3), 19.3 (C1CH3), 8.7 (CHCH2CH3) 

(R)-2-Chloro-8-(2,5-dimethylbenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-

one, 90s 

Dihydropteridinone 79 (65 mg, 0.29 mmol) was reacted with 2-

(bromomethyl)-1,4-dimethyl-benzene (65 µL, 0.34 mmol) using 

general method 19 to afford the title compound 90s as a white 

solid (35 mg, 35%). LCMS purity >95%, ret. time 1.60 mins; HRMS 

(ESI +ve): found [M+H]+ 345.1474, [C18H22ClN4O]+ requires 345.1477; [𝛼]𝐷
22.0: +22.9° 

(c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.70 (1H, s, H9), 7.09 – 7.03 (1H, m, H2 & H3), 

6.99 (1H, s, H5), 5.68 (1H, d, J = 15.0 Hz, ArCHH), 4.05 (1H, dd, J = 6.5, 3.6 Hz, 

CHCH2CH3), 4.01 (1H, d, J = 15.0 Hz, ArCHH), 3.34 (3H, s, CONCH3), 2.31 (3H, s, 

C4CH3), 2.20 (C1CH3), 1.98 – 1.81 (2H, m, CHCH2CH3), 0.84 (3H, t, J = 7.6 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.8 (CONCH3), 154.3 (C10), 153.4 (C7), 138.0 

(C9), 135.8 (C4), 134.0 (C1), 131.9 (C6), 131.0 (C2), 130.2 (C5), 129.2 (C3), 120.5 

(C8), 59.1 (CHCH2CH3), 45.8 (ArCH2), 28.2 (CONCH3), 24.7 (CHCH2CH3), 21.0 

(C4CH3), 19.0 (C1CH3), 8.7 (CHCH2CH3) 

(R)-8-(5-bromo-2-methylbenzyl)-2-chloro-7-ethyl-5-methyl-7,8-dihydropteridin-

6(5H)-one, 90t 

Dihydropteridinone 79 (50 mg, 0.22 mmol) was reacted with 4-

bromo-2-(bromomethyl)-1-methyl-benzene (91 µL, 0.26 mmol) 

using general method 19 to afford the title compound 90t as a 

white solid (44 mg, 49%). LCMS purity >95%, ret. time 1.59 mins; 

HRMS (ESI +ve): found [M+H]+ 411.0401, [C17H19BrClN4O]+ requires 411.0404; 

[𝛼]𝐷
23.5: −10.4° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.74 (1H, s, H9), 7.37 (1H, dd, J 

= 8.2, 2.2 Hz, H3), 7.32 (1H, d, J = 2.2 Hz, H5), 7.08 (1H,d, J = 8.2 Hz, H2), 5.65 (1H, 

d, J = 15.3 Hz, ArCHH), 4.06 (1H, dd, J = 6.6, 3.5 Hz, CHCH2CH3), 4.02 (1H, d, J = 

15.3 Hz, ArCHH), 3.36 (3H, s, CONCH3), 2.23 (3H, s, CH3),  2.01 – 1.93 
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(CHCHHCH3), 1.90 – 1.81 (CHCHHCH3), 0.86 (3H, t, J = 7.6 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 163.5 (CONCH3), 154.3 (C10), 152.3 (C7), 138.3 (C9), 136.0 (C1), 

134.8 (C6), 132.6 (C2), 131.9 (C5), 131.4 (C3), 120.6 (C8), 119.9 (C4), 59.7 

(CHCH2CH3), 45.3 (ArCH2), 28.3 (CONCH3), 24.8 (CHCH2CH3), 19.0 (CH3), 8.7 

(CHCH2CH3) 

 (R)-8-(5-bromo-2-fluorobenzyl)-2-chloro7-ethyl-5-methyl-7,8-dihydropteridin-

6(5H)-one, 90u 

Dihydropteridinone 79 (100 mg, 0.44 mmol) was reacted with 4-

bromo-2-(bromomethyl)-1-fluoro-benzene (141 mg, 0.53 mmol) 

using general method 19 to afford the title compound 90u as a 

white solid (50 mg, 27%). LCMS purity >95%, ret. time 1.59 mins; 

HRMS (ESI +ve): found [M+H]+ 415.0150, [C16H16BrClFN4O]+ requires 415.0153; 

[𝛼]𝐷
24.2: −13.9° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.71 (1H, s, H9), 7.55 (1H, dd, J 

= 6.5, 2.4 Hz, H5), 7.43 – 7.40 (1H, m, H3), 6.98 (1H, t, J = 9.1 Hz, H2), 5.48 (1H, d, J 

= 14.8 Hz, ArCHH), 4.25 – 4.21 (2H, m, ArCHH & CHCH2CH3), 3.34 (3H, s, 

CONCH3), 2.06 – 1.99 (CHCHHCH3), 1.98 – 1.85 (CHCHHCH3), 0.86 (3H, t, J = 7.6 

Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 160.4 (d, JC-F = 247 Hz, 

C1), 154.1 (C10), 152.1 (C7), 138.3 (C9), 134.0 (d, JC-F = 3.7 Hz, C5), 133.0 (d, JC-F = 

8.3 Hz, C3), 124.5 (d, JC-F = 16.5 Hz, C6), 120.6 (C8), 117.5 (d, JC-F = 23.8 Hz, C2), 

117.0 (d, JC-F = 3.7 Hz, C4),  61.0 (CHCH2CH3), 41.3 (d, JC-F = 3.7 Hz, ArCH2), 28.3 

(CONCH3), 25.1 (CHCH2CH3), 8.7 (CHCH2CH3); δF{H} (CDCl3, 471 MHz): - 117.7 

(R)-2-Chloro-7-ethyl-5-methyl-8-(thiophen-2-ylmethyl)-7,8-dihydropteridin-6(5H)-

one, 90v  

Dihydropteridinone 79 (70 mg, 0.31 mmol) was reacted with 2-

(chloromethyl)thiophene (33% in toluene, 149 mg, 0.37 mmol,) using 

general method 19 to afford the title compound 90v as a white solid 

(60 mg, 60%). LCMS purity >95%, ret. time 1.47 mins; HRMS (ESI 

+ve): found [M+H]+ 323.0727, [C14H16ClN4OS]+ requires 323.0728; [𝛼]𝐷
22.6: −15.9° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 7.70 (1H, s, H7), 7.28 (1H, dd, J = 5.0, 1.3 Hz, 

H1), 7.09 – 7.07 (1H, m, H3), 6.98 (1H, dd, J = 5.0, 3.5 Hz, H2), 5.59 (1H, dd, J = 

15.5, 1.3 Hz, ArCHH), 4.43 (1H, d, J = 15.5 Hz, ArCHH), 4.32 (1H, dd, J = 6.3, 3.2 

Hz, CHCH2CH3), 3.33 (3H, s, CONCH3), 2.05 – 1.97 (1H, m, CHCHHCH3), 1.93 – 

1.84 (1H, m, CHCHHCH3), 0.82 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

163.5 (CONCH3), 155.8 (C8), 153.7 (C5), 138.1 (C7), 137.1 (C4), 128.0 (C3), 129.9 
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(C2), 126.6 (C1), 120.5 (C6), 60.3 (CHCH2CH3), 42.9 (ArCH2), 28.2 (CONCH3), 25.0 

(CHCH2CH3), 8.5 (CHCH2CH3) 

(3,4-Dimethylthiophen-2-yl)methanol, 132 

To a solution of 3,4-dimethylthiophene-2-carboxylic acid 131 (70 mg, 0.49 

mmol) in THF (0.06 M), at 0 °C was added borane tetrahydrofuran complex 

(1.0 M in THF, 1.79 mL, 1.79 mmol). Upon completion, MeOH was added 

and concentrated in vacuo. Sat. aq. NaHCO3 was added and the aqueuous phase 

extracted with EtOAc (X3). The organic phases were combined, dried over MgSO4 

and concentrated in vacuo to afford the title compound 132 as a white solid (60 mg, 

94%). δH (CDCl3, 500 MHz): 6.84 (1H, d, J  = 0.8 Hz, H1), 4.72 (2H, s, CH2OH), 2.16 

(1H, d, J = 0.8 Hz, C2CH3), 2.13 (3H, s, C3CH3); δC (CDCl3, 126 MHz): 138.2 (C2), 

136.6 (C4), 134.7 (C3), 119.2 (C1), 58.1 (CH2OH), 15.0 (C2CH3), 12.1 (C3CH3)  

(R)-2-Chloro-8-(3,4-dimethylthiophen-2-yl)methyl)-7-ethyl-5-methyl-7,8-

dihydropteridin-6(5H)-one, 90w 

Dihydropteridinone 79 (50 mg, 0.22 mmol) was reacted with 132 (50 

mg, 0.35 mmol) using general method 19 to afford the title 

compound 90w as a yellow oil (45 mg, 58%). LCMS purity >95%, 

ret. time 1.57 mins; HRMS (ESI +ve): found [M+H]+ 351.1041, 

[C16H20ClN4OS]+ requires 351.1046; δH (CDCl3, 500 MHz): 7.69 (1H, s, H7), 6.84 (1H, 

d, J = 0.8 Hz, H1), 5.66 (1H, d, J = 15.5 Hz, ArCHH), 4.27 – 4.22 (2H, m, ArCHH & 

CHCH2CH3), 3.32 (3H, s, CONCH3), 2.14 (3H, d, J = 0.8 Hz, C2CH3), 2.12 (3H, s, 

C3CH3), 2.03 – 1.94 (1H, m, CHCHHCH3), 1.90 – 1.80 (1H, m, CHCHHCH3), 0.84 

(3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 166.6 (CONCH3), 154.2 (C8), 

151.9 (C5), 138.1 (C2), 138.0 (C7), 136.6 (C3), 130.1 (C4), 120.5 (C6), 120.0 (C1), 

59.6 (CHCH2CH3), 41.0 (ArCH2), 28.2 (CONCH3), 25.0 (CHCH2CH3), 15.2 (C2CH3), 

12.6 (C3CH3), 8.7 (CHCH2CH3) 

(R)-2-Chloro-7-ethyl-5-methyl-8-(thiophen-3-ylmethyl)-7,8-dihydropteridin-6(5H)-

one, 90x  

Dihydropteridinone 79 (62 mg, 0.27 mmol) was reacted with 2-

(bromomethyl)thiophene (38 µL, 0.35 mmol,) using general method 

19 to afford the title compound 90x as a white solid (62 mg, 70%). 

LCMS purity >95%, ret. time 1.47 mins; HRMS (ESI +ve): found 

[M+H]+ 323.0723, [C14H16ClN4OS]+ requires 323.0728; [𝛼]𝐷
23.2: −20.1° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 7.69 (1H, s, H7), 7.34 – 7.32 (1H, d, J = 4.7, H2), 7.27 – 7.26 

(1H, s, H1), 7.05 (1H, d, J = 4.7 Hz, H3), 5.47 (1H, d, J = 15.1 Hz, ArCHH), 4.26 – 
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4.21 (2H, m, ArCHH & CHCH2CH3), 3.33 (3H, s, CONCH3),  2.01 – 1.93 (1H, m, 

CHCHHCH3), 1.90 – 1.81 (1H, m, CHCHHCH3), 0.81 (3H, t, J = 7.4 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.6 (CONCH3), 154.2 (C8), 152.1 (C5), 128.0 (C7), 135.6 

(C4), 127.6 (C3), 127.0 (C2), 124.4 (C1), 120.5 (C6), 60.2 (CHCH2CH3), 43.1 

(ArCH2), 28.2 (NCH3), 24.9 (CHCH2CH3) 8.5 (CHCH2CH3) 

(R)-8-((5-Bromothiophen-3-yl)methyl)-2-chloro-7-ethyl-5-methyl-7,8-

dihydropteridin-6(5H)-one, 90y  

Dihydropteridinone 79 (55 mg, 0.24 mmol) was reacted with 4-

bromo-2-(chloromethyl)thiophene (65 mg, 0.31 mmol,) using general 

method 19 to afford the title compound 90y as a white solid (45 mg, 

46%). LCMS purity >95%, ret. time 1.58 mins; HRMS (ESI +ve): 

found [M+H]+ 402.9802, [C14H15BrClN4OS]+ requires 402.9811; [𝛼]𝐷
23.0: −11.1° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.69 (1H, s, H7), 7.16 – 7.15 (1H, m, H1), 6.99 (1H, d, 

J = 1.6 Hz, H3), 5.39 (1H, d, J = 15.1 Hz, ArCHH), 4.21 (1H, dd, J = 6.3, 3.5 Hz, 

CHCH2CH3), 4.13 (1H, d, J = 15.1 Hz, ArCHH), 3.32 (3H, s, CONCH3),  2.02 – 1.93 

(1H, m, CHCHHCH3), 1.87 – 1.80 (1H, m, CHCHHCH3), 0.80 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 154.2 (C8), 151.9 (C5), 138.2 

(C7), 136.4 (C4), 130.1 (C3), 125.7 (C1), 120.5 (C6), 113.7 (C2), 60.4 (CHCH2CH3), 

43.1 (ArCH2), 28.3 (CONCH3), 24.9 (CHCH2CH3) 8.5 (CHCH2CH3) 

(R)-2-Chloro-7-ethyl-5-methyl-8-(thiazol-2-ylmethyl)-7,8-dihydropteridin-6(5H)-

one, 90z  

Dihydropteridinone 79 (60 mg, 0.26 mmol) was reacted with 2-

(chloromethyl)thiazole (42 mg, 0.32 mmol) using general method 19 

to afford the title compound 90z as a white solid (37 mg, 43%). 

LCMS purity >95%, ret. time 1.30 mins; HRMS (ESI +ve): found 

[M+H]+ 324.0674, [C13H15ClN5OS]+ requires 324.0680; [𝛼]𝐷
22.4: −11.1° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 7.74 (1H, d, J = 3.5 Hz, H2), 7.72 (1H, s, H6), 7.35 (1H, d, J = 

3.5 Hz, H1), 5.49 (1H, d, J = 15.5 Hz, ArCHH), 4.78 (1H, d, J = 15.5 Hz, ArCHH), 4.45 

(1H, dd, J = 6.0, 3.5 Hz, CHCH2CH3), 3.34 (3H, s, CONCH3), 2.06 – 1.91 (2H, m, 

CHCH2CH3), 0.75 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 164.0 (C3) 

163.3 (CONCH3), 154.0 (C7), 151.6 (C4), 142.4 (C2), 138.2 (C6), 121.0 (C1), 120.6 

(C5), 61.8 (CHCH2CH3), 46.1 (ArCH2), 28.2 (CONCH3), 25.2 (CHCH2CH3), 8.3 

(CHCH2CH3) 
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(R)-2-Chloro-7-ethyl-5-methyl-8-(thiazol-5-ylmethyl)-7,8-dihydropteridin-6(5H)-

one, 90aa  

Dihydropteridinone 79 (75 mg, 0.33 mmol) was reacted with 5-

(chloromethyl)thiazole (53 mg, 0.40 mmol) using general method 19 

to afford the title compound 90aa as a white solid (13 mg, 12%). 

LCMS purity >95%, ret. time 1.30 mins; HRMS (ESI +ve): found 

[M+H]+ 324.0674, [C13H15ClN5OS]+ requires 324.0680; [𝛼]𝐷
22.5: −13.9° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 8.79 (1H, s, H1), 7.89 (1H, s, H3), 7.72 (1H, s, H6), 5.39 (1H, d, 

J = 15.5 Hz, ArCHH), 4.62 (1H, d, J = 15.8 Hz, ArCHH), 4.32 (1H, dd, J = 6.2, 3.3 Hz, 

CHCH2CH3), 3.33 (3H, s, CONCH3), 2.08 – 2.00 (CHCHHCH3), 1.92 – 1.83 

(CHCHHCH3), 0.78 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.1 

(CONCH3), 154.9 (C1), 154.0 (C7), 151.5 (C4), 143.5 (C3), 138.2 (C6), 132.2 (C2) 

120.5 (C5), 61.3 (CHCH2CH3), 41.2 (ArCH2), 28.3 (CONCH3), 25.4 (CHCH2CH3), 8.4 

(CHCH2CH3) 

(R)-2-Chloro-7-ethyl-5-methyl-8-((4-methylthiazol-5-yl)methyl)-7,8-

dihydropteridin-6(5H)-one, 90ab  

Dihydropteridinone 79 (70.0 mg, 0.31 mmol) was reacted with 5-

(chloromethyl)-4-methyl-1,3-thiazole hydrochloride (68.2 mg, 0.37 

mmol) using general method 19 to afford the title compound 90ab 

as a white solid (41.0 mg, 39%). LCMS purity >95%, ret. time 1.32 

mins; HRMS (ESI +ve): found [M+H]+ 338.0813, [C14H17ClN5OS]+ requires 338.0837; 

[𝛼]𝐷
22.7: −14.5° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.68 (1H, s, H2), 7.71 (1H, s, 

H6), 5.46 (1H, d, J = 15.6 Hz, ArCHH), 4.46 (1H, d, J = 15.6 Hz, ArCHH), 4.27 (1H, 

dd, J = 6.3, 3.5 Hz, CHCH2CH3), 3.33 (3H, s, CONCH3), 2.53 (3H, s, ArCH3), 2.04 – 

1.98 (1H, m, CHCHHCH3), 1.88 – 1.70 (1H, m, CHCHHCH3), 0.83 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 (CONCH3), 154.1 (C7), 152.2 (C2), 151.6 

(C4), 149.9 (C1), 138.3 (C6), 125.0 (C3), 120.6 (C5), 61.1 (CHCH2CH3), 40.4 

(ArCH2), 28.3 (CONCH3), 25.3 (CHCH2CH3), 15.4 (ArCH3), 8.6 (CHCH2CH3) 

(R)-2-Chloro-8-((2,4-dimethylthiazol-5-yl)methyl)-7-ethyl-5-methyl-7,8-

dihydropteridin-6(5H)-one, 90ac  

Dihydropteridinone 79 (60 mg, 0.26 mmol) was reacted with 5-

(chloromethyl)-2,4-dimethyl-1,3-thiazole (51 mg, 0.32 mmol) using 

general method 19 to afford the title compound 90ac as a white 

solid (26 mg, 28%). LCMS purity >95%, ret. time 1.36 mins; HRMS 

(ESI +ve): found [M+H]+ 352.0997, [C15H19ClN5OS]+ requires 352.0993; [𝛼]𝐷
22.2: −4.8° 



Chapter 7 

269 
 

(c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.69 (1H, s, H6), 5.40 (1H, d, J = 15.5 Hz, 

ArCHH), 4.34 (1H, d, J = 15.5 Hz, ArCHH), 4.25 (1H, dd, J = 6.6, 3.5 Hz, CHCH2CH3), 

3.32 (3H, s, CONCH3), 2.62 (C1CH3), 2.42 (C2CH3), 2.04 – 1.97 (CHCHHCH3), 1.86 – 

1.77 (CHCHHCH3), 0.82 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 165.3 

(C1), 163.3 (CONCH3), 154.1 (C7), 151.6 (C4), 150.8 (C2), 138.2 (C6), 124.3 (C3), 

120.5 (C5), 60.7 (CHCH2CH3), 40.3 (ArCH2), 28.2 (CONCH3), 25.3 (CHCH2CH3), 19.2 

(C1CH3), 15.2 (C2CH3), 8.7 (CHCH2CH3) 

(R)-2-Chloro-7-ethyl-5-methyl-8-(pyridine-3-ylmethyl)-7,8-dihydropteridin-6(5H)-

one, 90ad 

Dihydropteridinone 79 (80 mg, 0.35 mmol) was reacted with 3-

picolylchloride (HCl salt, 75 mg, 0.46 mmol) using general method 

19 to afford the title compound 90ad as a yellow solid (56 mg, 

50%). LCMS purity >95%, ret. time 0.93 mins; HRMS (ESI +ve): 

found [M+H]+ 318.1115, [C15H17ClN5O]+ requires 318.1116; [𝛼]𝐷
22.9: −9.7° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 8.64 – 8.58 (2H, m, H1 & H2), 7.74 (1H, s, H8), 7.70 

(1H, d, J = 7.9 Hz, H4), 7.32 (1H, dd, J = 7.9, 4.9 Hz, H3), 5.56 (1H, d, J = 15.2 Hz, 

ArCHH), 4.24 – 4.18 (2H, m, ArCHH & CHCH2CH3), 3.36 (3H, s, CONCH3), 2.04 – 

1.98 (1H, m, CHCHHCH3), 1.91 – 1.83 (1H, m, CHCHHCH3), 0.86 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 (CONCH3), 154.2 (C9), 152.2 (C6), 149.7 

(C1 & C2), 138.6 (C8), 136.1 (C4), 131.2 (C5), 123.8 (C3), 120.5 (C7), 60.8 

(CHCH2CH3), 46.7 (ArCH2), 28.3  (CONCH3), 25.0 (CHCH2CH3), 8.6 (CHCH2CH3) 

(R)-2-Chloro-8-(cyclohexylmethyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-

one, 90ae 

Dihydropteridinone 79 (80 mg, 0.35 mmol) was reacted with 

(bromomethyl)cyclohexane (54 µL, 0.46 mmol) using general 

method 19 to afford the title compound 90ae as a colourless oil (53 

mg, 46%). LCMS purity >95%, ret. time 1.62 mins; HRMS (ESI 

+ve): found [M+H]+ 323.1654, [C16H24ClN4O]+ requires 323.1633; [𝛼]𝐷
22.9: −11.1° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 7.65 (1H, s, H7), 4.24 (1H, dd, J = 13.8, 7.8 Hz, 

NCHH), 4.20 (1H, dd, J = 6.6, 4.0 Hz, CHCH2CH3), 3.35 (3H, s, CONCH3), 2.71 (1H, 

dd, J = 13.8, 6.8 Hz, NCHH), 1.96 – 1.89 (1H, m, CHCHHCH3), 1.84 – 1.63 (7H, m, 1 

x H1, 2 x H2, 2 x H3, H4 & CHCHHCH3), 1.27 – 1.14 (3H, m, 1 x H1 & 2 x H2), 1.08 – 

1.00 (1H, m, H3), 0.98 – 090 (1H, m, H3), 0.85 (3H, t, J = 7.5 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 163.6 (CONCH3), 154.3 (C8), 152.7 (C5), 137.8 (C7), 120.5 (C6), 



Chapter 7 

270 
 

62.0 (CHCH2CH3), 50.8 (NCH2), 35.5 (C4), 31.0 (C3), 30.5 (C3’), 28.2 (CONCH3), 

26.2 (C1), 25.8 (C2), 25.6 (C2’), 25.3 (CHCH2CH3), 9.0 (CHCH2CH3) 

(R)-2-Chloro-8-(cyclopentylmethyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-

one, 90af  

Dihydropteridinone 79 (55.0 mg, 0.24 mmol) was reacted with 

(bromomethyl)cyclopentane (39 µL, 0.31 mmol,) using general 

method 19 to afford the title compound 90af as a white solid (26.0 

mg, 35%). LCMS purity >95%, ret. time 1.56 mins; HRMS (ESI 

+ve): found [M+H]+ 309.1478, [C15H22ClN4O]+ requires 309.1477; [𝛼]𝐷
23.0: - 20.2° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 7.64 (1H, s, H7), 4.31 – 4.25 (2H, m, H4a & 

CHCH2CH3), 3.34 (3H, s, CONCH3), 2.86 (1H, dd, J = 13.7, 7.1 Hz, H4b),  2.31 (1H, 

sept, J = 7.6 Hz, H3), 1.98 – 1.89 (1H, m, CHCHHCH3), 1.85 – 1.62 (5H, m, cPeH & 

CHCHHCH3), 1.61 – 1.51 (2H, m, H1), 1.31 – 1.16 (2H, m, H2), 0.84 (3H, t, J = 7.4 

Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.7 (CONCH3), 154.3 (C8), 152.6 (C5), 

137.8 (C7), 120.5 (C6), 61.5 (CHCH2CH3), 49.3 (C4), 37.4 (C3), 30.5 (C2), 30.1 (C2), 

28.2 (CONCH3), 25.3 (CHCH2CH3), 25.0 (C1), 24.8 (C1), 8.9 (CHCH2CH3) 

(R)-2-Chloro-8-(cyclobutylmethyl)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-

one, 90ag  

Dihydropteridinone 79 (65.0 mg, 0.29 mmol) was reacted with 

(bromomethyl)cyclobutane (54.0 mg, 0.36 mmol,) using general 

method 19 to afford the title compound 90ag as a white solid (32.0 

mg, 38%). LCMS purity >95%, ret. time 1.59 mins; HRMS (ESI +ve): 

found [M+H]+ 295.1314, [C14H20ClN4O]+ requires 295.1320; [𝛼]𝐷
22.5: −18.7° (c 1.0, 

MeOH); δH (CDCl3, 500 MHz): 7.63 (1H, s, H7), 4.30 (1H, dd, J = 14.0, 7.7 Hz, H4a), 

4.21 (1H, dd, J = 6.6, 3.8 Hz, CHCH2CH3), 3.33  (3H, s, NCH3), 3.04 (1H, dd, J = 

14.0, 7.7 Hz, H4b), 2.69 (1H, sept., J = 7.7 Hz, H3), 2.15  –  2.02 (2H, m, H2), 2.01  –  

1.87 (3H, m, H1 & CHCHHCH3), 1.85 – 1.72 (3H, m, H2 & CHCHHCH3), 0.83 (3H, t, J 

= 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.6 (CONCH3), 154.3 (C8), 152.5 

(C5), 137.7 (C7), 120.5 (C6), 61.5 (CHCH2CH3), 50.0 (C4), 33.1 (C3), 28.2 (NCH3), 

26.7 (C2), 26.3 (C2), 25.4 (CHCH2CH3), 18.5 (C1), 8.8 (CHCH2CH3) 

(R)-2-Chloro-7-ethyl-5-methyl-8-((tetrahydro-2H-pyran-4-yl)methyl)-7,8-

dihydropteridin-6(5H)-one, 90ah 

Dihydropteridinone 79 (80 mg, 0.35 mmol) was reacted with 4-

(bromomethyl)tetrahydropyran (61 µL, 0.46 mmol) using general method 19 to afford 

the title compound 90ah as a white solid (41 mg, 36%). LCMS purity >95%, ret. time 
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1.33 mins; HRMS (ESI +ve): found [M+H]+ 325.1422, 

[C15H22ClN4O2]+ requires 325.1426; [𝛼]𝐷
22.6: - 13.2° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 7.67 (1H, s, H6), 4.27 (1H, dd, J = 13.9, 7.2 

Hz, NCHH), 4.17 (1H, dd, J = 6.7, 4.1 Hz, CHCH2CH3), 3.99 – 3.93 

(2H, m, H1), 3.39 – 3.31 (5H, m, H1 & CONCH3), 2.75 (1H, dd, J = 13.9, 7.4 Hz, 

NCHH), 2.06 – 1.98 (1H, m, H3), 1.95 – 1.88 (1H, m, CHCHHCH3), 1.84 – 1.77 (1H, 

m, CHCHHCH3), 1.64 – 1.54 (2H, m, H2), 1.43 – 1.30 (2H, m, H2), 0.85 (3H, t, J = 7.5 

Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.5 (CONCH3), 154.3 (C7), 152.6 (C4), 

137.9 (C6), 120.6 (C5), 67.4 (C1), 62.6 (CHCH2CH3), 50.6 (NCH2), 33.1 (C3), 30.8 

(C2), 30.3 (C2), 28.3 (CONCH3), 25.4 (CHCH2CH3), 9.0 (CHCH2CH3) 

(R)-8-Butyl-2-chloro-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 90ai 

Dihydropteridinone 79 (80 mg, 0.35 mmol) was reacted with 1-

bromobutane (50 µL, 0.46 mmol) using general method 19 to afford 

the title compound 90ai as a yellow solid (51 mg, 51%). LCMS purity 

>95%, ret. time 1.50 mins; HRMS (ESI +ve): found [M+H]+ 283.1321, 

[C13H20ClN4O]+ requires 283.1320; [𝛼]𝐷
22.9: −14.5° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 7.63 (1H, s, H6), 4.25 (1H, dd, J = 6.3, 3.8 Hz, CHCH2CH3), 4.19 (1H, ddd, J = 

14.0, 8.7, 6.5 Hz, NCHH), 3.33 (3H, s, CONCH3), 3.01 (1H, ddd, J = 14.0, 8.6, 5.8 Hz, 

NCHH), 2.00 –1.94 (1H, m, CHCHHCH3), 1.86 – 1.78 (1H, m, CHCHHCH3), 1.68 – 

1.56 (2H, m, H3), 1.39 – 1.33 (2H, m, H2), 0.95 (3H, t, J = 7.4 Hz, H1), 0.83 (3H, t, J 

= 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.6 (CONCH3), 154.4 (C7), 152.2 

(C4), 137.6 (C6), 120.4 (C5), 61.4 (CHCH2CH3), 44.9 (NCH2), 28.8 (C3), 28.2 

(CONCH3), 25.5 (CHCH2CH3), 20.0 (C2), 13.8 (C1), 8.7 (CHCH2CH3) 

(R)-2-Chloro-8-(5-chloro-2-fluorobenzyl)-7-ethyl-5-methyl-7,8-dihydropteridin-

6(5H)-one, 90aj 

Dihydropteridinone 79 (205 mg, 0.58 mmol) was reacted with 4-

chloro-2-(bromomethyl)-1-fluoro-benzene (155 mg, 0.70 mmol) 

using general method 19 to afford the title compound 90aj as a 

white solid (83 mg, 39%). LCMS purity >95%, ret. time 1.57 mins; 

HRMS (ESI +ve): found [M+H]+ 369.0675, [C16H16Cl2FN4O]+ requires 369.0680; 

[𝛼]𝐷
23.0: −4.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.72 (1H, s, H9), 7.40 (1H, dd, J = 

6.3, 2.5 Hz, H5), 7.29 – 7.26 (1H, m, H3), 7.0 (1H, t, J = 9.1 Hz, H2), 5.49 (1H, dd, J = 

15.1, 1.3 Hz, ArCHH), 4.26 – 4.21 (2H, m, ArCHH & CHCH2CH3), 3.34 (3H, s, 

CONCH3), 2.05 – 1.97 (1H , m, CHCHHCH3), 1.94 – 1.85 (1H, m, CHCHHCH3), 0.87 

(3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CO2CH3), 159.8 (d, JC-F 
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= 247.4 Hz, C1), 154.2 (C10), 152.1 (C7), 138.3 (C9), 130.9 (d, JC-F = 4.6 Hz, C5), 

130.0 (d, JC-F = 8.3 Hz, C3), 129.7 (C4), 124.0 (d, JC-F = 16.5 Hz, C6), 120.6 (C8), 61.0 

(CHCH2CH3), 41.3 (ArCH2), 28.3 (CONCH3), 25.1 (CHCH2CH3), 8.7 (CHCH2CH3); 

δF{H} (CDCl3, 471 MHz): - 120.4  

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-8-(3-

chlorobenzyl)-5-methyl-7,8-dihydropteridin-6(5H)-one, 91  

Dihydropteridinone 90a (40 mg, 114 µmol) was reacted with 

aniline 28b (25 mg, 108 µmol) using general method 16 to 

afford the title compound 91 as a yellow solid (8 mg, 13%). 

LCMS purity >95%, ret. time 1.16 mins; HRMS (ESI +ve): 

found [M+H]+ 549.2727, [C30H38ClN6O2]+ requires 549.2739; 

m.p.: 108 – 111 °C; νmax (thin film, cm-1): 3422 (w, N-H), 1666 

(C=O); [𝛼]𝐷
23.7: +15.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.16 (1H, d, J = 8.2 Hz, 

H12), 7.71 (1H, s, H9), 7.46 (1H, s, ArNH), 7.30 – 7.27 (2H, m, H2 & H3), 7.23 – 7.20 

(1H, m, H4),  6.76 – 6.70 (2H, m, H13 & H15), 5.58 (1H, d, J = 15.5 Hz, ArCHH), 4.18 

– 4.09 (4H, m, ArCHH, CHCH2CH3 & OCH2CH3), 3.50 (2H, m, H19), 3.36 (3H, s, 

CONCH3), 2.69 (3H, s, NCH3), 2.69 – 2.59 (3H, m, H17 & 2 x H19), 2.17 (2H, q, J = 

12.3 Hz, H18), 2.00 – 1.91 (3H, m, 2 x H18 & CHCHHCH3), 1.88 – 1.80 (1H, m, 

CHCHHCH3), 1.47 (3H, t, J = 7.6 Hz, OCH2CH3), 0.87 (3H, t, J = 7.0 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.3 (CONCH3), 155.7 (C10), 151.9 (C7), 147.3 (C16), 138.4 

(C5 & C9), 136.7 (C14), 134.7 (C1), 130.1 (C3), 128.4 (C11), 128.1 (C2/C6), 128.0 

(C2/C6), 126.0 (C4), 118.7 (C13), 118.1 (C12), 114.7 (C8), 109.4 (C15), 64.3 

(OCH2CH3), 61.0 (CHCH2CH3), 54.7 (C19), 47.4 (ArCH2), 43.7 (NCH3), 40.3 (C17), 

30.9 (C18), 28.1 (CONCH3), 24.7 (CHCH2CH3), 15.0 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-8-(3-

methoxybenzyl)-5-methyl-7,8-dihydropteridin-6(5H)-one, 92  

Dihydropteridinone 90b (40 mg, 115 µmol) was reacted with 

aniline 28b (26 mg, 110 µmol) using general method 16 to 

afford the title compound 92 as a yellow solid (20 mg, 32%). 

LCMS purity >95%, ret. time 1.16 mins; HRMS (ESI +ve): 

found [M+H]+ 545.3221, [C31H41N6O3]+ requires 545.3235; 

m.p.: 64 – 66 °C; νmax (thin film, cm-1): 3425 (w, N-H), 1666 

(C=O); [𝛼]𝐷
24.0: +13.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.19 (1H, d, J = 8.8 Hz, 

H12), 7.71 (1H, s, ArNH), 7.67 (1H, s, H9), 7.29 – 7.26 (1H, m, H3), 6.91 (1H, d, J = 

7.6 Hz, H4), 6.88 – 6.84 (2H, m, H2 & H6), 6.75 – 6.72 (2H, m, H13 & H15), 5.61 (1H, 
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d, J = 15.1 Hz, ArCHH), 4.18 – 4.09 (4H, m, OCH2CH3, ArCHH & CHCH2CH3), 3.77 

(OCH3), 3.61 (2H, m, H19), 3.34 (3H, s, CONCH3), 2.80 – 2.69 (2H, m, H19), 2.75 

(3H, s, NCH3), 2.67 – 2.60 (1H, m, H17), 2.19 (2H, q, J = 12.4 Hz, H18), 2.02 – 1.90 

(3H, m, 2 x H18 & CHCHHCH3), 1.89 – 1.80 (1H, m, CHCHHCH3), 1.48 (3H, t, J = 6.9 

Hz, OCH2CH3), 0.85 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 

(CONCH3), 160.0 (C1), 155.3 (C10), 152.1 (C7), 147.5 (C16), 137.5 (C9), 137.2 (C5), 

136.5 (C14), 130.0 (C3), 128.4 (C11), 120.4 (C4) 118.7 (C13), 118.5 (C12), 114.7 

(C8), 114.0 (C6), 113.0 (C2), 109.3 (C15), 64.4 (OCH2CH3), 60.5 (CHCH2CH3), 55.3 

(OCH3), 54.6 (C19), 47.8 (ArCH2), 43.5 (NCH3), 40.0 (C17), 30.5 (C18), 28.1 

(CONCH3), 24.7 (CHCH2CH3), 14.9 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-8-(3-

methylbenzyl)-5-methyl-7,8-dihydropteridin-6(5H)-one, 93  

Dihydropteridinone 90c (42 mg, 127 µmol) was reacted with 

aniline 28b (28 mg, 121 µmol) using general method 16 to 

afford the title compound 93 as a yellow solid (15 mg, 22%). 

LCMS purity >95%, ret. time 1.18 mins; HRMS (ESI +ve): 

found [M+H]+ 529.3307, [C31H41N6O2]+ requires 529.3286; 

m.p.: 80 – 83 °C; νmax (thin film, cm-1): 3424 (w, N-H), 1666 

(C=O); [𝛼]𝐷
23.6: +5.9° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.26 (1H, d, J = 7.9 Hz, 

H12), 7.68 (1H, s, H9), 7.49 (1H, s, NH), 7.22 (1H, t, J = 7.4 Hz, H3), 7.13 – 7.09 (3H, 

m, H2 H4 & H6), 7.23 – 7.20 (1H, m, H4), 6.75 – 6.71 (2H, m, H13 & H15), 5.64 (1H, 

d, J = 15.1 Hz, ArCHH), 4.14 – 4.06 (4H, m, ArCHH, CHCH2CH3 & OCH2CH3), 3.48 

(2H, d, J = 11.0 Hz, H19), 3.33 (3H, s, CONCH3), 2.66 (3H, s, NCH3), 2.65 – 2.56 

(3H, m, H17 & 2 x H19), 2.33 (3H, s, ArCH3),  2.17 (2H, q, J = 12.9 Hz, H18), 2.00 – 

1.89 (3H, m, 2 x H18 & CHCHHCH3), 1.86 – 1.80 (1H, m, CHCHHCH3), 1.47 (3H, t, J 

= 6.8 Hz, OCH2CH3), 0.87 (3H, t, J = 7.3 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 

163.5 (CONCH3), 155.7 (C10), 152.1 (C7), 147.2 (C16), 138.6 (C1), 138.0 (C9), 

136.6 (C14), 135.9 (C1), 128.8 (C3 & C2/C6), 128.7 (C2/C6), 125.2 (C4), 118.6 

(C13), 118.1 (C12), 114.7 (C8), 109.4 (C15), 64.3 (OCH2CH3), 60.3 (CHCH2CH3), 

54.7 (C19), 47.6 (ArCH2), 43.8 (NCH3), 40.3 (C17), 30.9 (C18), 28.1 (CONCH3), 24.6 

(CHCH2CH3), 21.4 (ArCH3), 15.0 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-(3-

(trifluoromethyl)benzyl)-7,8-dihydropteridin-6(5H)-one, 94  

Dihydropteridinone 90d (40 mg, 104 µmol) was reacted with aniline 28b (23 mg, 99 

µmol) using general method 16 to afford the title compound 94 as a yellow solid (10 
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mg, 17%). LCMS purity >95%, ret. time 1.24 mins; HRMS 

(ESI +ve): found [M+H]+ 583.2981, [C31H38F3N6O2]+ requires 

583.3003; m.p.: 83 – 85 °C; νmax (thin film, cm-1): 3424 (w, N-

H), 1668 (s, C=O); [𝛼]𝐷
23.2: - 7.6° (c 1.0, MeOH); δH (CDCl3, 

500 MHz): 8.14 (1H, d, J = 8.2 Hz, H13), 7.71 (1H, s, H8), 

7.60 – 7.55 (2H, m, H2 & H6), 7.52 – 7.45 (3H, m, H3, H4 & ArNH), 6.72 - 6.78 (2H, 

m, H3 & H15), 5.59 (1H, d, J = 15.5 Hz, ArCHH), 4.27 (1H, d, J = 15.5 Hz, ArCHH), 

4.13 – 4.08 (2H, m, CHCH2CH3 & OCH2CH3), 3.53 (2H, d, J = 11.0 Hz, H19), 3.35 

(3H, s, CONCH3),  2.70 – 2.57 (6H, m,  NCH3,  H17 & 2 x H19), 2.20 – 2.11 (2H, m, 

H18), 1.98 – 1.91 (3H, 2 x H18 & CHCHHCH3), 1.86 – 1.78 (1H, m, CHCHHCH3), 

1.46 (3H, t, J = 6.9 Hz, OCH2CH3), 0.86 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 163.2 (CONCH3), 155.6 (C10), 151.9 (C7), 147.3 (C16), 138.3 (C9), 134.5 

(C5), 136.6 (C14), 131.1 (q, JC-F = 32 Hz, C1), 11.1 (C4), 129.4 (C3), 128.3 (C11), 

124.8 (q, JC-F = 4 Hz, C2/6), 124.7 (q, JC-F = 4 Hz, C2/6), 123.9 (q, JC-F = 272 Hz, CF3) 

118.6 (C13) 118.1 (C12), 114.8 (C8), 109.3 (C15), 64.3 (OCH2CH3), 61.3 

(CHCH2CH3), 54.6 (C19), 47.7 (ArCH2), 43.6 (NCH3) 40.1 (C17), 30.7 (C18), 28.1 

(CONCH3), 24.8 (CHCH2CH3), 14.9 (OCH2CH3), 8.8 (CHCH2CH3); δF{H} (CDCl3, 471 

MHz): − 62.5 

 

(R)-3-((2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-6-

methyl-6-oxo-6,7-dihydropteridin-8(5H)-yl)methyl)benzonitrile, 95  

Dihydropteridinone 90e (40 mg, 117 µmol) was reacted with 

aniline 28b (26 mg, 111 µmol) using general method 16 to 

afford the title compound 95 as a yellow solid (7 mg, 10%). 

LCMS purity >95%, ret. time 1.08 mins; HRMS (ESI +ve): 

found [M+H]+ 540.3071, [C31H38N7O2]+ requires 540.3081; 

m.p.: 137 – 139 °C; νmax (thin film, cm-1): 3424 (w, N-H), 2228 

(s, C≡N), 1661 (C=O); [𝛼]𝐷
23.5: −2.1° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.08 (1H, d, 

J = 8.2 Hz, H12), 7.73 (1H, s, H9), 7.62 – 7.55 (3H, m, H2, H4 & H6), 7.47 (1H, t, J = 

7.9 Hz, H3), 7.41 (1H, s, NH), 6.73 – 6.69 (2H, m, H13 & H15), 5.55 (1H, d, J = 15.5 

Hz, ArCHH), 4.23 (1H, d, J = 15.5 Hz, ArCHH), 4.14 – 4.07 (3H, m, CHCH2CH3 & 

OCH2CH3), 3.44 (2H, d, J = 11.7 Hz, H19), 3.37 (3H, s, CONCH3), 2.64 (3H, s, 

NCH3), 2.63 – 2.52 (3H, m, H17 & 2 x H19), 2.12 (2H, q, J = 13.2 Hz, H18), 2.00 – 

1.91 (3H, m, H18 & CHCHHCH3), 1.86 – 1.77 (1H, m, CHCHHCH3), 1.46 (3H, t, J = 

6.9 Hz, OCH2CH3), 0.87 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.1 

(CONCH3), 155.7 (C10), 151.7 (C7), 147.3 (C16), 138.8 (C9), 138.3 (C5), 137.2 

(C14), 132.1 (C6), 131.5 (C4), 131. (C2), 129.7 (C3), 128.2 (C11), 118.6 (CN & C13), 
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118.1 (C12), 114.8 (C8), 112.9 (C1), 109.5 (C15), 64.3 (OCH2CH3), 61.7 

(CHCH2CH3), 54.9 (C19), 47.6 (ArCH2), 40.4 (C17), 31.3 (C18), 28.2 (CONCH3), 24.9 

(CHCH2CH3), 15.0 (OCH2CH3), 8.9 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-(3-

(methylsulfonyl)benzyl)-7,8-dihydropteridin-6(5H)-one, 96  

Dihydropteridinone 90f(35 mg, 89 µmol) was reacted with 

aniline 28b (20 mg, 84 µmol) using general method 16 to 

afford the title compound 96 as a brown solid (25 mg, 48%). 

LCMS purity >95%, ret. time 1.05 mins; HRMS (ESI +ve): 

found [M+H]+ 593.2897, [C31H41N6O4S]+ requires 593.2905; 

m.p.: 68 – 71 °C; νmax (thin film, cm-1): 3414 (w, N-H), 1664 

(C=O), 1140 (s, S=O); [𝛼]𝐷
22.8: −4.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.01 (1H, d, 

J = 7.9 Hz, H12), 7.91 (1H, s, H6), 7.87 (1H, d, J = 7.3 Hz, H2), 7.76 (1H, s, NH), 7.71 

(1H, s, H9), 7.62 – 7.54 (2H, m, H3 & H4), 6.73 – 6.68 (2H, m, H13 & H15), 5.58 (1H, 

d, J = 15.8 Hz, ArCHH), 4.32 (1H, d, J = 15.8 Hz, ArCHH), 4.17 (1H, dd, J = 6.2, 3.6 

Hz, CHCH2CH3), 4.10 (2H, q, J = 6.9 Hz, OCH2CH3), 3.68 – 2.56 (2H, m, H19), 3.37 

(3H, s, CONCH3), 3.01 (3H, s, SO2CH3), 2.85 – 2.70 (5H, m, NCH3 & 2 x H19), 2.70 – 

2.61 (1H, m, H17), 2.25 – 2.15 (2H, m, H18), 2.04 – 1.95 (3H, m, 2 x H18 & 

CHCHHCH3), 1.89 – 1.80 (1H, m, CHCHHCH3), 1.47 (3H, t, J = 6.9 Hz, OCH2CH3), 

0.88 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.0 (CONCH3), 155.2 

(C10), 151.9 (C7), 14.7. (C16), 141.2 (C1), 138.4 (C5), 137.5 (C9), 136.7 (C14), 

132.7 (C4), 130.1 (C3), 128.0 (C11), 126.8 (C2), 126.6 (C6), 118.6 (C13), 118.5 

(C12), 114.7 (C8), 109.5 (C15),  64.4 (OCH2CH3), 61.8 (CHCH2CH3), 54.7 (C19), 48.0 

(ArCH2), 44.5 (SO2CH3), 43.5 (NCH3), 39.8 (C17), 30.4 (C18), 28.2 (CONCH3), 25.0 

(CHCH2CH3), 14.9 (OCH2CH3), 8.9 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-6-oxo-

6,7-dihydropteridin-8(5H)-yl)methyl)-N,N-dimethylbenzamide, 97  

Dihydropteridinone 90g (33 mg, 85 µmol) was reacted with 

aniline 28b (19 mg, 81 µmol) using general method 16 to 

afford the title compound 97 as a brown oil (25 mg, 48%). 

LCMS purity >95%, ret. time 1.09 mins; HRMS (ESI +ve): 

found [M+H]+ 586.3474, [C33H44N7O3]+ requires 586.3500; 

νmax (thin film, cm-1): 3420 (w, N-H), 1673 (s, C=O), 1592 

(C=O); [𝛼]𝐷
22.8: −4.8° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.06 (1H, d, J = 8.1 Hz, 

H12), 7.80 (1H, s, NH), 7.66 (1H, s, H9), 7.38 – 3.30 (4H, m, H2, H3, H4 & H6), 6.70 
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– 6.66 (2H, m, H13 & H15), 5.58 (1H, d, J = 15.4 Hz, ArCHH), 4.18 (1H, d, J  = 15.4 

Hz, ArCHH), 4.13 (1H, dd, J = 6.4, 3.6 Hz, CHCH2CH3), 4.09 (2H, q, J = 6.9 Hz, 

OCH2CH3), 3.64 – 3.54 (2H, m, H19), 3.32 (3H, s, CONCH3), 3.06 (3H, s, 

N(CH3)(C’H3)), 2.89 (3H, s, N(CH3)(C’H3)), 2.78 – 2.70 (5H, m, NCH3, & 2 x H19), 

2.67 – 2.63 (1H, m, H17), 2.22 – 2.13 (2H, m, H18), 1.99 – 1.90 (3H, 2 x H18 & 

CHCHHCH3), 1.85 – 1.78 (1H, m, CHCHHCH3), 1.44 (3H, t, J = 6.9 Hz, OCH2CH3), 

0.83 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 171.2 (CON(CH3)2), 163.1 

(CONCH3), 155.1 (C10), 152.1 (C7), 147.8 (C16), 136.8 (C1), 136.7 (C9 & C14), 

136.5 (C5), 129.0 (C4), 128.9 (C3), 128.1 (C11), 126.6 (C6), 126.5 (C2), 118.8 (C12), 

118.6 (C13), 114.7 (C8), 109.4 (C15), 64.4 (OCH2CH3), 60.9 (CHCH2CH3), 54.6 

(C19), 47.7 (ArCH2), 43.5 (NCH3), 39.8 (C17), 35.4 (N(CH3)2), 30.4 (C18), 28.1 

(CONCH3), 24.8 (CHCH2CH3), 14.9 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-

(naphthalene-2-ylmethyl)-7,8-dihydropteridin-6(5H)-one, 98  

Dihydropteridinone 90h (35 mg, 95 µmol) was reacted with 

aniline 28b (21 mg, 91 µmol) using general method 16 to 

afford the title compound 98 as a white solid (10 mg, 19%). 

LCMS purity >95%, ret. time 1.23 mins; HRMS (ESI +ve): 

found [M+H]+ 565.3273, [C34H41N6O2]+ requires 565.3286; 

m.p.: 80 – 83 °C; νmax (thin film, cm-1): 3419 (w, N-H), 1665 

(C=O); [𝛼]𝐷
23.6: +55.4° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.18 (1H, d, J = 8.2 Hz, 

H16), 7.86 – 7.79 (4H, m, NH & H2/4/5/6/7), 7.76 (1H, s, H9), 7.70 (1H, s, H9), 7.52 – 

7.48 (2H, m, H2/4/5/6/7), 7.42 (1H, d, J = 8.2 Hz, H1), 6.72 (1H, s, H19), 6.68 (1H, 

d, J = 8.2 Hz, H17), 5.78 (1H, d, J = 15.1 Hz, ArCHH), 4.35 (1H d, J = 15.1 Hz, 

ArCHH), 4.19 (1H, dd ,J = 5.8, 3.6 Hz, CHCH2CH3), 4.12 (2H, q, J = 6.9 Hz, 

OCH2CH3), 3.65 – 3.55 (2H, m, H23), 3.35 (3H, s, CONCH3), 2.75 (3H, s, NCH3), 2.76 

– 2.58 (3H, m, H21 & 2 x H23), 2.18 (2H, q, J = 12.1 Hz, H22), 2.02 – 1.93 (3H, m, 2 

x H22 & CHCHHCH3), 1.93 – 1.86 (1H, m, CHCHHCH3), 1.48 (3H, t, J = 6.9 Hz, 

OCH2CH3), 0.87 (3H, t, J = 6.3 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 

(CONCH3), 155.3 (C14), 152.2 (C11), 147.7 (C20), 136.9 (C13), 136.6 (C19), 133.3 

(C8 & C10), 133.0 (C3), 128.9 (C2/4/5/6/7), 128.3 (C15), 127.8 (C2/4/5/6/7), 127.7 

(C2/4/5/6/7), 127.1 (C9), 126.5 (C2/4/5/6/7), 126.2 (C2/4/5/6/7), 125.7 (C18), 118.7 

(C17), 118.6 (C16), 114.5 (C12), 109.4 (C19), 64.4 (OCH2CH3), 60.6 (CHCH2CH3), 

54.7 (C23), 48.2 (ArCH2), 43.4 (NCH3), 39.9 (C21), 30.3 (C22), 28.1 (CONCH3), 24.8 

(CHCH2CH3), 14.9 (OCH2CH3), 8.8 (CHCH2CH3) 
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(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-(2-

bromobenzyl)-7,8-dihydropteridin-6(5H)-one, 99  

Dihydropteridinone 6j (33 mg, 83 µmol) was reacted with 

aniline 28b (19 mg, 79 µmol) using general method 16 to 

afford the title compound 99 as a brown solid (9 mg, 18%). 

LCMS purity >95%, ret. time 1.23 mins; HRMS (ESI +ve): 

found [M+H]+ 593.2210, [C30H38BrN6O2]+ requires 593.2234; 

m.p.: 77 – 79 °C; νmax (thin film, cm-1): 3416 (w, N-H), 1666 

(C=O), 751 (C-Br); [𝛼]𝐷
22.0: −19.4° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.06 (1H, d, J 

= 8.8 Hz, H12), 7.70 (1H, s, H9), 7.57 (1H, d, J = 7.6 Hz, H2), 7.52 (1H, s, ArNH), 

7.29 – 7.26 (2H, m, H4 & H3/5), 7.19 – 7.16 (1H, m, H3/5), 6.72 – 6.70 (2H, m, H13 & 

H15), 5.41 (1H, d, J = 16.1 Hz, ArCHH), 4.30 (1H, d, J = 16.1 Hz, ArCHH), 4.15 (1H, 

dd, J = 6.6, 3.8 Hz, CHCH2CH3), 4.10 (2H, q, J = 6.9 Hz, OCH2CH3), 3.54 (2H, d, J = 

10.7 Hz, H19), 3.37 (3H, s, CONCH3), 2.74 – 2.60 (6H, m,  NCH3,  H17 & 2 x H19), 

2.21 – 2.14 (2H, m, H18), 2.02 – 1.86 (4H, m, 2 x H18 & CHCH2CH3), 1.47 (3H, t, J = 

6.9 Hz, OCH2CH3), 0.90 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 

(CONCH3), 155.5 (C10), 151.9 (C7), 147.3 (C16), 138.1 (C9), 136.5 (C14), 135.1 

(C6), 133.2 (C2), 129.3 (C3 & C5), 128.3 (C11), 127.8 (C4), 123.6 (C1), 118.8 (C13), 

118.1 (C12), 114.8 (C8), 109.2 (C15), 64.3 (OCH2CH3), 61.3 (CHCH2CH3), 54.6 

(C19), 48.2 (ArCH2), 43.6 (NCH3) 40.1 (C17), 30.7 (C18), 28.1 (CONCH3), 25.1 

(CHCH2CH3), 15.0 (OCH2CH3), 9.0 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-(2-

chlorobenzyl)-7,8-dihydropteridin-6(5H)-one, 100  

Dihydropteridinone 89i (30 mg, 85 µmol) was reacted with 

aniline 28b (19 mg, 81 µmol) using general method 16 to 

afford the title compound 100 as a yellow solid (6 mg, 13%). 

LCMS purity >95%, ret. time 1.19 mins; HRMS (ESI +ve): 

found [M+H]+ 549.2729, [C30H38ClN6O2]+ requires 549.2739; 

m.p.: 88 – 91 °C; νmax (thin film, cm-1): 3420 (w, N-H), 1667 

(s, C=O); [𝛼]𝐷
22.9: −5.5° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.09 (1H, d, J = 8.2 Hz, 

H12), 7.69 (1H, s, H9), 7.51 (1H, s, ArNH), 7.43 (1H, dd, J = 7.7, 1.4 Hz, H2), 7.30 

(1H, dd, J = 7.6, 2.2 Hz, H5), 7.25 – 7.20 (2H, m, H3 & H4), 6.72 – 6.69 (2H, m, H13 

& H15), 5.65 (1H, d, J = 16.1 Hz, ArCHH), 4.31 (1H, d, J = 16.1 Hz, ArCHH), 4.15 

(1H, dd, J = 6.6, 3.8 Hz, CHCH2CH3), 4.10 (2H, q, J = 6.9 Hz, OCH2CH3), 3.52 (2H, d, 

J = 10.7 Hz, H19), 3.36 (3H, s, CONCH3), 2.70 (3H, s, NCH3), 2.69 – 2.57 (3H, m, 

H17 & 2 x H19), 2.22 – 2.16 (2H, m, H18), 2.02 – 1.93 (3H, m, 2 x H18 & 
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CHCHHCH3), 1.90 – 1.84 (1H, m, CHCHHCH3), 1.47 (3H, t, J = 6.9 Hz, OCH2CH3), 

0.89 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 155.6 

(C10), 151.9 (C7), 147.3 (C16), 138.1 (C9), 136.5 (C14), 133.7 (C1), 133.6 (C6), 

129.9 (C2), 129.4 (C5), 129.1 (C3), 127.2 (C4), 118.9 (C13), 118.1 (C12), 114.8 (C8), 

109.2 (C15), 64.3 (OCH2CH3), 61.3 (CHCH2CH3), 54.7 (C19), 46.7 (ArCH2), 43.6 

(NCH3), 40.2 (C17), 30.7 (C18), 28.1 (CONCH3), 25.1 (CHCH2CH3), 15.0 (OCH2CH3), 

9.0 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-(2-

fluorobenzyl)-7,8-dihydropteridin-6(5H)-one, 101  

Dihydropteridinone 90j (36 mg, 108 µmol) was reacted with 

aniline 28b (24 mg, 102 µmol) using general method 16 to 

afford the title compound 101 as a colourless oil (11 mg, 

19%). LCMS purity >95%, ret. time 1.15 mins; HRMS (ESI 

+ve): found [M+H]+ 533.3027, [C30H38FN6O2]+ requires 

533.3040; νmax (thin film, cm-1): 3320 (w, N-H), 1638 (C=O); 

[𝛼]𝐷
23.6: +29.8° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.23 (1H, d, J = 8.2 Hz, H12), 

7.68 (1H, s, H9), 7.43 (1H, s, NH), 7.33 (1H, t, J = 7.6 Hz, H5), 7.31 – 7.26 (1H, m, 

H3), 7.12 – 7.07 (2H, m, H2 & H4), 6.76 – 6.72 (2H, m, H13 & H15), 5.61 (1H, d, J = 

15.3 Hz, ArCHH), 4.29 (1H, d, J = 15.3 Hz,  ArCHH) 4.16 (1H, dd, J = 6.3, 3.5 Hz, 

CHCH2CH3), 4.11 (2H, q, J = 6.9 Hz, OCH2CH3), 3.41 (2H, d, J = 10.7 Hz, H19), 3.33 

(3H, s, CONCH3), 2.62 (3H, s, NCH3), 2.62 – 2.49 (3H, m, H17 & 2 x H19), 2.11 (2H, 

q, J = 11.8 Hz, H18), 2.00 – 1.83 (3H, m, 2 x H18 & CHCHHCH3), 1.88 – 1.80 (1H, m, 

CHCHHCH3), 1.47 (3H, t, J = 6.9 Hz, OCH2CH3), 0.87 (3H, t, J = 6.9 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.4 (CONCH3), 161.2 (d, JC-F = 247 Hz, C1), 155.7 (C10), 

151.9 (C7), 147.2 (C16), 138.3 (C9), 137.1 (C14), 130.2 (d, JC-F = 5 Hz, C5), 129.6 (d, 

JC-F = 8 Hz, C3), 128.4 (C11), 124.5 (d, JC-F = 4 Hz, C4), 123.2 (d, JC-F = 14 Hz, C6), 

118.8 (C13), 118.1 (C12), 115.6 (d, JC-F = 22 Hz, C2), 114.8 (C8), 109.4 (C15), 64.3 

(OCH2CH3), 61.0 (CHCH2CH3), 54.9 (C19), 44.2 (NCH3), 41.3 (ArCH2), 40.5 (C17), 

31.3 (C18), 28.1 (CONCH3), 24.8 (CHCH2CH3), 15.0 (OCH2CH3), 8.9 (CHCH2CH3); 

δF{H} (CDCl3, 471 MHz): −118.3 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-(2-

methylbenzyl)-7,8-dihydropteridin-6(5H)-one, 102  

Dihydropteridinone 89k (45 mg, 136 µmol) was reacted with aniline 28b (17 mg, 177 

µmol) using general method 16 to afford the title compound 102 as a brown oil (10 

mg, 14%). LCMS purity >95%, ret. time 1.17 mins; HRMS (ESI +ve): found [M+H]+ 
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529.3283, [C31H41N6O2]+ requires 529.3286; νmax (thin film, cm-

1): 3421 (w, N-H), 1666 (C=O); [𝛼]𝐷
23.4: +13.2° (c 1.0, MeOH); 

δH (CDCl3, 500 MHz): 8.10 (1H, d, J = 8.2 Hz, H12), 7.74 (1H, 

s, NH), 7.67 (1H, s, H9), 7.26 – 7.15 (4H, m, H12, H3, H4 & 

H5), 6.71 (1H, s, H15), 6.68 (1H, d, J = 8.5 Hz, H13), 5.67 (1H, 

d, J = 15.1 Hz, ArCHH), 4.12 – 4.08 (3H, m, ArCHH & OCH2CH3), 4.03 (1H, dd, J = 

6.3, 3.8 Hz, CHCH2CH3), 3.59 (2H, d, J = 7.3 Hz, H19), 3.34 (3H, s, CONCH3), 2.74 

(3H, s, NCH3), 2.78 – 2.68 (2H, m, H19), 2.66 – 2.59  (1H, m, H17), 2.28 (3H, s, 

ArCH3), 2.23 – 2.17 (2H, m, H18), 2.01 – 1.91 (3H, m, 2 x H18 & CHCHHCH3), 1.90 – 

1.81 (1H, m, CHCHHCH3), 1.47 (3H, t, J = 6.9 Hz, OCH2CH3), 0.86 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.5 (CONCH3), 155.3 (C10), 152.0 (C7), 147.6 

(C16), 137.0 (C9), 136.8 (C14), 136.5 (C6), 133.1 (C1), 130.9 (C2), 128.7 (C5), 128.1 

(C3/4), 126.3 (C3/4), 118.6 (C12), 118.5 (C13), 114.8 (C8), 109.4 (C15), 64.4 

(OCH2CH3),59.9 (CHCH2CH3), 54.6 (C19), 46.0 (ArCH2), 43.5 (NCH3), 40.0 (C17), 

30.5 (C18), 28.1 (CONCH3), 24.7 (CHCH2CH3), 19.4 (ArCH3), 14.9 (OCH2CH3), 8.9 

(CHCH2CH3) 

  

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-(4-

bromobenzyl)-7,8-dihydropteridin-6(5H)-one, 103  

Dihydropteridinone 89l (35 mg, 89 µmol) was reacted with 

aniline 28b (20 mg, 84 µmol) using general method 16 to 

afford the title compound 103 as a white solid (3 mg, 6%). 

LCMS purity >95%, ret. time 1.24 mins; HRMS (ESI +ve): 

found [M+H]+ 593.2242, [C30H38BrN6O2]+ requires 593.2234; 

m.p.: 118 – 120 °C; νmax (thin film, cm-1): 3419 (w, N-H), 1668 

(C=O), 767 (C-Br); [𝛼]𝐷
23.4: +6.2° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.16 (1H, d, J 

= 7.9Hz, H10), 7.69 (1H, s, H7), 7.59 (1H, s, NH), 7.47 (2H, d, J = 8.2 Hz, H2), 7.20 

(2H, d, J = 8.2 Hz, H3), 6.74 – 6.69 (2H, m, H11 & H13), 5.51 (1H, d, J = 15.5 Hz, 

ArCHH), 4.19 – 4.09 (4H, m, ArCHH, CHCH2CH3 & OCH2CH3), 3.58 (2H, d, J = 9.1 

Hz, H17), 3.34 (3H, s, CONCH3), 2.74 (3H, s, NCH3), 2.75 – 2.59 (3H, m, H15 & 2 x 

H17), 2.22 – 2.16 (2H, m, H16), 2.02 – 1.90 (3H, m, 2 x H16 & CHCHHCH3), 1.85 – 

1.76 (1H, m, CHCHHCH3), 1.47 (3H, t, J = 6.9 Hz, OCH2CH3), 0.85 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 (CONCH3), 155.5 (C8), 151.9 (C5), 147.4 

(C14), 137.9 (C7), 136.5 (C12), 135.2 (C4), 132.0 (C2), 129.7 (C3), 128.4 (C9), 121.8 

(C1), 118.6 (C11), 118.3 (C10), 114.7 (C6), 109.4 (C13), 64.4 (OCH2CH3), 60.9 

(CHCH2CH3), 54.7 (C17), 47.5 (ArCH2), 44.0 (NCH3), 40.1 (C15), 30.7 (C16), 28.1 

(CONCH3), 24.8 (CHCH2CH3), 14.9 (OCH2CH3), 8.8 (CHCH2CH3) 
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(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-(4-

chlorobenzyl)-7,8-dihydropteridin-6(5H)-one, 104  

Dihydropteridinone 90m (43 mg, 122 µmol) was reacted with 

aniline 28b (27 mg, 116 µmol) using general method 16 to 

afford the title compound 104 as a white solid (6 mg, 9%). 

LCMS purity >95%, ret. time 1.20 mins; HRMS (ESI +ve): 

found [M+H]+ 549.2761, [C30H38ClN6O2]+ requires 549.2739; 

m.p.: 94 – 97 °C; νmax (thin film, cm-1): 3420 (w, N-H), 1666 

(C=O); [𝛼]𝐷
23.4: +31.4° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.16 (1H, d, J = 6.6 Hz, 

H12), 7.68 (1H, s, H9), 7.63 (1H, s, NH), 7.32 (2H, d, J = 8.2 Hz, H2), 7.27 – 7.24 

(2H, m, H3), 6.73 – 6.70 (2H, m, H13 & H15), 5.53 (1H, d, J = 15.1 Hz, ArCHH), 4.18 

(2H, d, J = 15.1 Hz, ArCHH) 4.14 – 4.09 (3H, m, CHCH2CH3 & OCH2CH3), 3.80 (2H, 

d, J = 10.0 Hz, H19), 3.34 (3H, s, CONCH3), 2.74 (3H, s, NCH3), 2.76 – 2.66 (2H, 

m, H19), 2.65 – 2.59 (1H, m, H17), 2.24 – 2.17 (2H, m, H18), 2.02 – 1.89 (3H, m, 2 x 

H18 & CHCHHCH3), 1.85 – 1.78 (1H, m, CHCHHCH3), 1.47 (3H, t, J = 6.9 Hz, 

OCH2CH3), 0.85 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 

(CONCH3), 155.5 (C10), 152.0 (C7), 147.5 (C16), 137.8 (C9), 136.5 (C14), 134.7 

(C4), 133.7 (C1), 129.3 (C2), 129.0 (C3), 128.4 (C11), 118.6 (C13), 118.3 (C12), 

114.7 (C8), 109.4 (C15), 64.4 (OCH2CH3), 60.9 (CHCH2CH3), 54.7 (C19), 47.4 

(ArCH2), 43.6 (NCH3), 40.0 (C17), 30.6 (C18), 28.2 (CONCH3), 24.8 (CHCH2CH3), 

14.9 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(±)-(7R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-

(1-phenylethyl)-7,8-dihydropteridin-6(5H)-one, 105  

Dihydropteridinone 90n (43 mg, 130 µmol) was reacted with 

aniline 28b (29 mg, 124 µmol) using general method 16 to 

afford the title compound 105 as a white solid (8 mg, 12%, d.r 

2:1). LCMS purity >95%, ret. time 1.16 mins; HRMS (ESI +ve): 

found [M+H]+ 529.3288, [C31H41N6O2]+ requires 529.3286; 

Major diastereomer δH and δC see compound 135 experimental. Minor diasteromer δH 

and δC see compound 134 experimental.  

 

(7R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-(1-

phenylpropyl)-7,8-dihydropteridin-6(5H)-one, 106  

Dihydropteridinone 90o (40 mg, 116 µmol) was reacted with aniline 28b (26 mg, 110 

µmol) using general method 16 to afford the title compound 106 as a white solid (2 

mg, 2%, d.r 1.5:1). LCMS purity >95%, ret. time 1.21 mins; HRMS (ESI +ve): found 
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[M+H]+ 543.3442, [C32H43N6O2]+ requires 543.3442; Major 

diastereomer δH and δC see compound 146 experimental. 

Minor Isomer δH (CDCl3, 500 MHz): 8.44 (1H, d, J = 7.9 Hz, 

H10), 7.72 (1H, s, H7), 7.65 (1H, s, NH), 7.38 – 7.30 (5H, m, 

H1, H2 & H3), 6.81 – 6.74 (2H, m, H11 & H13), 5.66 (1H, 

dd, J = 9.3, 5.5 Hz, ArCHCH2CH3), 4.16 (2H, q, J = 7.1 Hz, OCH2CH3), 3.86 (1H, 

dd, J = 7.4, 3.3 Hz, CHCH2CH3), 3.61 – 3.53 (2H, m, H17), 3.28 (3H, s, CONCH3), 

2.80 – 2.62 (6H, m, NCH3, H15 & 2 x H17), 2.27 – 2.08 (2H, m, 2 x H16 & 

ArCHCH2CH3), 2.04 – 1.82 (3H, m, 3 x H16 & CHCHHCH3), 1.74 – 1.66 (1H, m, 

CHCHHCH3), 1.49 (3H, t, J = 7.1 Hz, OCH2CH3), 1.90 – 1.82 (1H m, CHCHHCH3), 

1.74 – 1.66 (1H, m, CHCHHCH3), 1.07 (3H, t, J = 7.3 Hz, ArCHCH2CH3), 0.84 (3H, t, 

J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 (CONCH3), 155.5 (C8), 152.5 

(C5), 147.8 (C14), 138.3 (C7), 136.9 (C4), 136.6 (C12), 129.0 (C2/3), 128.6 (C9), 

128.5 (C2/3), 128.4 (C1), 118.7 (C10 & C11), 114.3 (C6), 109.2 (C13), 64.4 

(OCH2CH3), 61.8 (ArCHCH2CH3), 58.4 (CHCH2CH3), 54.8 (C17), 43.8 (NCH3), 40.1 

(C15), 30.7 (C16), 28.3 (CONCH3), 28.1 (CHCH2CH3), 24.4 (ArCHCH2CH3), 15.0 

(OCH2CH3), 11.6 (ArCHCH2CH3), 8.9 (CHCH2CH3) 

(R)-8-(2,3-Dimethylbenzyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-

7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 107  

Dihydropteridinone 90p (30 mg, 87 µmol) was reacted with 

aniline 28b (19 mg, 83 µmol) using general method 16 to 

afford the title compound 107 as an orange oil (2 mg, 4%). 

LCMS purity >95%, ret. time 1.03 mins; HRMS (ESI +ve): 

found [M+H]+ 543.3425, [C32H43N6O2]+ requires 543.3442; 

νmax (thin film, cm-1): 3434 (w, N-H), 1665 (C=O); [𝛼]𝐷
22.6: +5.5° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.24 (1H, d, J = 8.2 Hz, H12), 7.68 (1H, s, H9), 7.43 (1H, s, NH), 

7.14 – 7.11 (1H, m, H3), 7.09 – 7.06 (2H, m, H4 & H5), 6.75 – 6.70 (2H, m, H13 & 

H15), 5.74 (1H, d, J = 15.0 Hz, ArCHH), 4.11 (2H, q, J = 7.0 Hz, OCH2CH3), 4.06 (1H, 

d, J = 15.0 Hz, ArCHH), 3.96 (1H, dd, J = 6.6, 3.6 Hz, CHCH2CH3), 3.36 – 3.30 (5H, 

m, CONCH3 &  2 x H19), 2.62 – 2.43 (7H, m, NCH3, H17 & 2 x H19), 2.30 (3H, s, 

C2CH3), 2.16 (3H, s, C1CH3), 2.16 – 2.07 (2H, m, H18), 1.95 – 1.80 (4H, m, 2 x H18 & 

CHCH2CH3), 1.46 (3H, t, J = 7.0 Hz, OCH2CH3), 0.85 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.6 (CONCH3), 155.8 (C10), 151.9 (C7), 138.2 (C9), 137.7 

(C2 & C14), 135.6 (C1), 133.0 (C6), 129.9 (C3), 128.5 (C11), 127.2 (C5), 125.7 (C4), 

118.7 (C13), 117.8 (C12), 114.8 (C8), 109.3 (C15), 64.3 (OCH2CH3), 59.3 

(CHCH2CH3), 55.4 (C19), 46.4 (ArCH2), 44.5 (NCH3), 40.7 (C17), 31.6 (C18), 28.0 
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(CONCH3), 24.5 (CHCH2CH3), 20.5 (C2CH3), 15.1 (C1CH3), 15.0 (OCH2CH3), 8.9 

(CHCH2CH3) 

 

(R)-8-(2,4-Dimethylbenzyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-

7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 108  

Dihydropteridinone 90q (40 mg, 116 µmol) was reacted with 

aniline 28b (26 mg, 110 µmol) using general method 16 to 

afford the title compound 108 as a yellow solid (6 mg, 9%). 

LCMS purity >95%, ret. time 1.24 mins; HRMS (ESI +ve): 

found [M+H]+ 543.3423, [C32H43N6O2]+ requires 543.3442; 

m.p.: 83 – 85 °C; νmax (thin film, cm-1): 3425 (w, N-H), 1668 

(s, C=O); [𝛼]𝐷
23.2: +20.1° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.13 (1H, d, J = 7.9 Hz, 

H12), 7.84 (1H, s, NH), 7.66 (1H, s, H9), 7.09 (1H, d, J = 7.6 Hz, H5), 7.03 (1H, s, 

H2), 6.98 (1H, d, J = 7.6 Hz, H4), 6.73 – 6.68 (2H, m, H13 & H15), 5.65 (1H, d, J = 

15.1 Hz, ArCHH), 4.11 (2H, q, J = 6.9 Hz, OCH2CH3), 4.05 (1H, d ,J = 15.1 Hz, 

ArCHH), 4.01 (1H, dd, J = 6.5, 3.6 Hz, CHCH2CH3), 3.60 (2H, d, J = 8.2 Hz, H19), 

3.33 (3H, s, CONCH3), 2.78 – 2.69 (5H, m, NCH3 & 2 x H19), 2.67 – 2.60 (1H, m, 

H17), 2.31 (3H, s, C3CH3), 2.24 – 2.14 (5H, m, C1CH3 & 2 x H18), 2.02 – 1.82 (4H, m, 

2 x H18 & CHCH2CH3), 1.47 (3H, t, J = 6.9 Hz, OCH2CH3), 0.85 (3H, t, J = 7.4 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 155.1 (C10), 152.0 (C7), 147.7 

(C16), 137.9 (C3), 136.7 (C1), 136.5 (C11), 136.4 (C9), 131.7 (C2), 129.8 (C6), 129.0 

(C5), 128.2 (C14), 126.8 (C4), 118.6 (C12), 118.5 (C13), 114.7 (C8), 109.4 (C15), 

64.3 (OCH2CH3), 59.5 (CHCH2CH3), 54.6 (C19), 45.7 (ArCH2), 43.4 (NCH3), 39.9 

(C17), 30.5 (C18), 28.0 (CONCH3), 24.6 (CHCH2CH3), 21.0 (C3CH3), 19.2 (C1CH3), 

14.9 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-8-(2,5-Dimethylbenzyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-

7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 109  

Dihydropteridinone 90r (35 mg, 102 µmol) was reacted with 

aniline 28b (23 mg, 96 µmol) using general method 16 to 

afford the title compound 109 as a brown solid (7 mg, 12%). 

LCMS purity >95%, ret. time 1.23 mins; HRMS (ESI +ve): 

found [M+H]+ 543.3434, [C32H43N6O2]+ requires 543.3442; 

m.p.: 70 – 73 °C; νmax (thin film, cm-1): 3424 (w, N-H), 1667 (C=O); [𝛼]𝐷
22.4: +7.6° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.12 (1H, d, J = 8.2 Hz, H12), 7.88 (1H, s, NH), 

7.67 (1H, s, H9), 7.10 (1H, d, J = 7.5 Hz, H2), 7.5 (1H, d, J = 7.5 Hz, H3), 7.01 (1H, s, 

H5), 6.75 – 6.78 (2H, m, H13 & H15), 5.67 (1H, d, J = 15.1 Hz, ArCHH), 4.12 (1H, 
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dd, J = 6.9 Hz, OCH2CH3), 4.07 – 4.03 (2H, m, ArCHH & CHCH2CH3), 3.67 – 3.57 

(2H, m, H19), 3.35 (3H, s, CONCH3), 2.80 – 2.70 (5H, m, NCH3 & 2 x H19), 2.68 – 

2.60 (1H, m, H17), 2.31 (3H, s, C4CH3), 2.26 – 2.15 (5H, m, C1CH3 & 2 x H18), 2.03 – 

1.85 (4H, m, 2 x H18 & CHCH2CH3), 1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 0.87 (3H, t, J 

= 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.5 (CONCH3), 155.1 (C10), 152.1 

(C7), 147.8 (C16), 136.6 (14), 136.4 (C9), 135.8 (C4), 133.7 (C1), 132.7 (C6), 130.9 

(C2), 129.6 (C5), 128.9 (C3), 128.2 (C11), 118.712), 118.6 (C13), 114.7 (C8), 109.4 

(C15), 64.4 (OCH2CH3), 59.6 (CHCH2CH3), 54.7 (C19), 46.0 (ArCH2), 43.5 (NCH3), 

39.9 (C17), 30.4 (C18), 28.1 (CONCH3), 24.7 (CHCH2CH3), 21.0 (C4CH3), 18.9 

(C1CH3), 14.9 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-8-(2,6-Dimethylbenzyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-

7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 110  

Dihydropteridinone 90s (25 mg, 73 µmol) was reacted with 

aniline 28b (16 mg, 69 µmol) using general method 16 to 

afford the title compound 110 as a brown solid (9 mg, 24%). 

LCMS purity >95%, ret. time 1.25 mins; HRMS (ESI +ve): 

found [M+H]+ 543.3419, [C32H43N6O2]+ requires 543.3442; 

m.p.: 93 – 96 °C; νmax (thin film, cm-1): 3424 (w, N-H), 1669 (C=O); [𝛼]𝐷
22.4: +17.1° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.39 (1H, d, J = 8.5 Hz, H10), 7.69 (1H, s, H7), 

7.59 (1H, s, NH), 7.13 (1H, t, J = 7.6 Hz, H1), 7.04 (2H, d, J = 7.6 Hz, H2), 6.80 (1H, 

d, J = 8.5 Hz, H11), 6.75 (1H, s, H13), 5.61 (1H, d, J = 14.6 Hz, ArCHH), 4.35 (1H, d, 

J = 14.6 Hz, ArCHH), 4.13 (2H, d, J = 6.9 Hz, OCH2CH3), 3.75 (1H, dd, J = 7.7, 3.3 

Hz, CHCH2CH3), 3.54 (2H, d, J = 10.7 Hz, H17), 3.31 (3H, s, CONCH3), 2.72 – 2.60 

(7H, m, NCH3, H15 & 2 x H17), 2.31 (6H, s, 2 x ArCH3), 2.24 – 2.15 (2H, m, H16), 

2.00 – 1.94 (2H, m, H16) 1.92 – 1.87 (1H, m, CHCHHCH3), 1.78 – 1.71 (1H, m, 

CHCHHCH3), 1.49 (3H, t, J = 6.9 Hz, OCH2CH3), 0.87 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.5 (CONCH3), 155.6 (C8), 152.2 (C5), 147.3 (C14), 138.1 

(C7), 137.9 (C3), 136.4 (C12), 131.5 (C4), 128.9 (C2), 128.6 (C9), 128.1 (C1), 118.8 

(C11), 118.0 (C10), 115.1 (C6), 109.3 (C13), 64.3 (OCH2CH3), 58.7 (CHCH2CH3), 

54.6 (C17), 43.6 (NCH3), 41.8 (ArCH2), 40.1 (C15), 30.6 (C16), 28.1 (CONCH3), 24.8 

(CHCH2CH3), 20.3 (2 x ArCH3), 15.0 (OCH2CH3), 9.3 (CHCH2CH3) 

 

(R)-8-(5-Bromo-2-methylbenzyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 111  

Dihydropteridinone 90t (44 mg, 107 µmol) was reacted with aniline 28b (24 mg, 102 

µmol) using general method 16 to afford the title compound 111 as a white solid (10 
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mg, 15%). LCMS purity >95%, ret. time 1.24 mins; HRMS (ESI 

+ve): found [M+H]+ 608.2378, [C31H40BrN6O2]+ requires 

608.2421; m.p.: 86 – 89 °C; νmax (thin film, cm-1): 3417 (w, N-

H), 1666 (C=O), 757 (C-Br); [𝛼]𝐷
23.6: +7.6° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.11 (1H, d, J = 8.3 Hz, H12), 7.70 (1H, s, 

H9), 7.55 (1H, s, NH), 7.37 – 7.33 (2H, m, H3 & H5), 7.10 (1H, d, J = 7.9 Hz, H2), 

6.72 (1H, d, J = 1.3 Hz, H15), 6.69 (1H, dd, J = 8.3, 1.3 Hz, H13), 5.60 (1H, d, J = 

15.5 Hz, ArCHH), 4.11 (2H, q, J = 6.9 Hz, OCH2CH3), 4.06 – 4.02 (2H, m, ArCHH & 

CHCH2CH3), 3.57 (2H, d, J = 9.1 Hz, H19), 3.36 (3H, s, CONCH3), 2.72 (3H, s, 

NCH3), 2.74 – 2.58 (3H, m, H17 & 2 x H19), 2.25 (3H, s, ArCH3), 2.25 – 2.15 (2H, m, 

H18), 2.00 – 1.92 (3H, m, 2 x H18 & CHCHHCH3), 1.89 – 1.81 (1H, m, CHCHHCH3), 

1.47 (3H, t, J = 6.9 Hz, OCH2CH3), 0.88 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 163.4 (CONCH3), 155.5 (C10), 151.9 (C7), 147.4 (C16), 138.1 (C9), 136.5 

(C14), 135.8 (C1/6), 135.7 (C1/6), 132.5 (C2), 131.3 (C5), 131.0 (C3), 128.4 (C11), 

119.9 (C4), 118.6 (C13), 118.1 (C12), 114.8 (C8), 109.4 (C15), 64.3 (OCH2CH3), 60.3 

(CHCH2CH3), 54.7 (C19), 45.6 (ArCH2), 43.6 (NCH3), 40.2 (C17), 30.6 (C18), 28.1 

(CONCH3), 24.7 (CHCH2CH3), 19.0 (CH3), 15.0 (OCH2CH3), 8.9 (CHCH2CH3) 

 

(R)-8-(5-Bromo-2-fluorobenzyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 112  

Dihydropteridinone 90u (43 mg, 104 µmol) was reacted with 

aniline 28b (23 mg, 99 µmol) using general method 16 to 

afford the title compound 112 as a white solid (2 mg, 3%). 

LCMS purity >95%, ret. time 1.22 mins; HRMS (ESI +ve): 

found [M+H]+ 613.2131, [C30H37BrFN6O2]+ requires 613.2124; 

νmax (thin film, cm-1): 3421 (w, N-H), 1666 (s, C=O); [𝛼]𝐷
23.1: 

+13.9° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.20 (1H, d, J = 8.2 Hz, H12), 7.70 (1H, 

s, H9), 7.46 – 7.44 (2H, m, H5 & NH), 7.39 (1H, ddd, J = 8.7, 4.6, 2.5 Hz, H3), 7.0 

(1H, t, J = 8.8 Hz, H2), 6.77 (1H, dd, J = 8.4, 1.7 Hz, H13), 6.7 (1H, d, J = 1.7 Hz, 

H15), 5.52 (1H, d, J = 15.5 Hz, ArCHH), 4.24 (1H, d, J = 15.5 Hz, ArCHH) 4.17 (1H, 

dd, J = 6.5, 3.6 Hz, CHCH2CH3) 4.12 (1H, q, J = 7.2 Hz, OCH2CH3), 3.51 (2H, d, J = 

12.0 Hz, H19), 3.35 (3H, s, CONCH3), 2.72 (3H, s, NCH3), 2.72 – 2.61 (3H, m, H17 & 

2 x H19), 2.20 – 2.14 (2H, m, H18), 2.01 – 1.95 (3H, m, 2 x H18 & CHCHHCH3), 1.91 

– 1.84 (1H, m, CHCHHCH3), 1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 0.88 (3H, t, J = 7.6 

Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 (CONCH3), 158.3 (d, JC-F = 246 Hz, C1), 

155.6 (C10), 151.7 (C7), 147.4 (C16), 138.4 (C9), 136.5 (C14), 133.0 (d, JC-F = 6 Hz, 

C5), 132.5 (d, JC-F = 8 Hz, C3), 128.6 (C11), 125.6 (d, J = 24 Hz, C6), 118.7 (C13), 
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118.3 (C12), 117.5 (d, JC-F = 22 Hz, C2), 117.3 (d, JC-F = 4 Hz, C4), 114.5 (C8), 109.4 

(C15), 64.4 (OCH2CH3), 61.4 (CHCH2CH3), 54.9 (C19), 43.9 (NCH3), 41.0 (C17 & 

ArCH2), 30.0 (C18), 28.1 (CONCH3), 24.9 (CHCH2CH3), 15.0 (OCH2CH3), 8.9 

(CHCH2CH3); δF{H} (CDCl3, 471 MHz): −120.1 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-

(thiophen-2-ylmethyl)-7,8-dihydropteridin-6(5H)-one, 113  

Dihydropteridinone 90v (35 mg, 108 µmol) was reacted with 

aniline 28b (24 mg, 103 µmol) using general method 16 to 

afford the title compound 113 as a yellow oil (12 mg, 21%). 

LCMS purity >95%, ret. time 1.11 mins; HRMS (ESI +ve): 

found [M+H]+ 521.2679, [C28H37N6O2S]+ requires 521.2693; 

νmax (thin film, cm-1): 3418 (w, N-H), 1665 (C=O); [𝛼]𝐷
22.7: −2.8° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.35 (1H, d, J = 8.2 Hz, H10), 7.68 (1H, s, H7), 7.50 (1H, s, NH), 

7.26 (1H, d, J = 5.0 Hz, H1), 7.06 (1H, d, J = 3.5 Hz, H3), 6.97 (1H, dd, J = 5.0, 3.5 

Hz, H2), 6.79 (1H, dd, J = 8.2, 1.4 Hz, H11), 6.74 (1H, d, J = 1.4 Hz, H13), 5.62 (1H, 

d, J = 15.5 Hz, ArCHH), 4.46 (1H, d, J = 15.5 Hz, ArCHH), 4.25 (1H, dd, J = 6.2, 3.6 

Hz, CHCH2CH3), 4.13 (2H, q, J = 6.9 Hz, OCH2CH3), 3.47 (2H, d, J = 11.7 Hz, H17), 

3.32 (3H, s, CONCH3), 2.65 (3H, s, NCH3) 2.64 – 2.56 (3H, m, H15 & 2 x H17), 2.19 – 

2.10 (2H, m, H16), 1.99 – 1.92 (3H, m, 2 x H16 & CHCHHCH3), 1.89 – 1.80 (1H, m, 

CHCHHCH3), 1.49 (3H, t, J = 6.9 Hz, OCH2CH3), 0.83 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.3 (CONCH3), 155.6 (C7), 151.4 (C5), 147.2 (C14), 138.6 

(C4), 138.2 (C7), 136.8 (C12), 128.5 (C9), 127.3 (C3), 126.7 (C2), 126.1 (C1), 118.8 

(C11), 118.1 (C10), 114.8 (C6), 109.4 (C13), 64.3 (OCH2CH3), 60.5 (CHCH2CH3), 

54.8 (C17), 43.9 (NCH3), 42.9 (ArCH2), 40.4 (C15), 31.1 (C16), 28.1 (CONCH3), 24.8 

(CHCH2CH3), 15.0 (OCH2CH3), 8.7 (CHCH2CH3) 

 

8-((3,4-Dimethylthiophen-2-yl)methyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 114  

Dihydropteridinone 90w (26 mg, 74 µmol) was reacted with 

aniline 28b (16 mg, 70 µmol) using general method 16 to 

afford the title compound 114 as a yellow solid (3 mg, 8%). 

LCMS purity >95%, ret. time 1.26 mins; HRMS (ESI +ve): 

found [M+H]+ 549.2983, [C30H41N6O2S]+ requires 549.3006; 

m.p.: 82 – 85 °C; νmax (thin film, cm-1): 3425 (w, N-H), 1669 (s, C=O); δH (CDCl3, 500 

MHz): 8.35 (1H, d, J = 8.2 Hz, H10), 7.68 (1H, s, H7), 7.51 (1H, s, NH), 6.83 (1H, s, 

H1), 6.79 (1H, d, J = 8.2 Hz, H11), 6.75 (1H, s, H13), 5.71 (1H, d, J = 15.5 Hz, 
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ArCHH), 4.28 (1H, d, J = 15.5 Hz, ArCHH), 4.20 – 4.17 (1H, m, CHCH2CH3), 4.13 

(2H, q, J = 6.8 Hz, OCH2CH3), 3.52 – 3.46 (2H, m, H17), 3.32 (CONCH3), 2.67 (3H, s, 

NCH3), 2.65 – 2.57 (3H, m, H15 & 2 x H17), 2.22 – 2.11 (8H, m, C2CH3, C3CH3 & 2 x 

H16), 2.01 – 1.91 (3H, m, 2 x H16 & CHCHHCH3), 1.88 – 1.77 (1H, m, CHCHHCH3), 

1.49 (3H, t, J = 6.8 Hz, OCH2CH3), 0.86 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 163.3 (CONCH3), 155.6 (C8), 151.6 (C5), 147.2 (C14), 138.1 (C7), 138.0 

(C2), 136.6 (C12), 136.0 (C3), 131.4 (C4), 128.5 (C9), 119.8 (C1), 118.8 (C11), 118.1 

(C10), 114.9 (C6), 109.3 (C13), 64.3 (OCH2CH3), 59.7 (CHCH2CH3), 54.8 (C17), 43.9 

(NCH3), 41.0 (ArCH2), 40.3 (C15), 31.0 (C16), 28.0 (CONCH3), 24.7 (CHCH2CH3), 

15.2 (C2CH3), 15.0 (OCH2CH3), 12.6 (C3CH3), 8.9 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-

(thiophen-3-ylmethyl)-7,8-dihydropteridin-6(5H)-one, 115  

Dihydropteridinone 90x (45 mg, 139 µmol) was reacted with 

aniline 28b (24 mg, 103 µmol) using general method 16 to 

afford the title compound 115 as a yellow oil (4 mg, 6%). 

LCMS purity >95%, ret. time 1.12 mins; HRMS (ESI +ve): 

found [M+H]+ 521.2676, [C28H37N6O2S]+ requires 521.2693; 

νmax (thin film, cm-1): 3426 (w, N-H), 1665 (s, C=O); [𝛼]𝐷
23.2: +11.1° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.26 (1H, d, J = 8.2 Hz, H10), 7.66 (1H, s, H7), 7.60 (1H, s, NH), 

7.32 (1H, dd, J = 5.0, 2.6 Hz, H3), 7.23 (1H, d, J = 2.6 Hz, H1), 7.06 (1H, d, J = 5.0 

Hz, H2), 6.76 – 6.73 (2H, m, H11 & H13), 5.50 (1H, d, J = 15.1 Hz, ArCHH), 4.28 (1H, 

d, J = 15.1 Hz, ArCHH), 4.17 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 4.12 (2H, q, J = 

6.6 Hz, OCH2CH3), 3.56 (2H, m, H17), 3.33 (3H, s, CONCH3),  2.72 (3H, s, NCH3), 

2.72 – 2.60 (3H, m,  H15 & 2 x H17), 2.24 – 2.15 (2H, m, H16), 2.00 – 1.91 (3H, m, 2 

x H16 & CHCHHCH3), 1.86 – 1.78 (1H, m, CHCHHCH3), 1.48 (3H, t, J = 6.9 Hz, 

OCH2CH3), 0.83 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 

(CONCH3), 155.5 (C8), 151.8 (C4), 147.4 (C14), 137.7 (C7), 136.7 (C4), 136.4 (C12), 

128.5 (C9), 127.5 (C2), 126.8 (C3), 123.6 (C1), 118.7 (C11), 118.2 (C10), 114.8 (C5), 

109.3 (C13), 64.4 (OCH2CH3),  60.5 (CHCH2CH3). 54.6 (C17), 43.5 (NCH3), 43.3 

(ArCH2), 40.1 (C15), 30.6 (C16), 28.1 (CONCH3), 24.8 (CHCH2CH3), 15.0 

(OCH2CH3), 8.7 (CHCH2CH3) 

 

(R)-8-((5-Bromothiophen-3-yl)methyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 116  

Dihydropteridinone 90y (50 mg, 125 µmol) was reacted with aniline 28b (28 mg, 118 

µmol) using general method 16 to afford the title compound 116 as a yellow oil (4 mg, 
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5%). LCMS purity >95%, ret. time 1.20 mins; HRMS (ESI 

+ve): found [M+H]+ 601.1770, [C28H36BrN6O2S]+ requires 

601.1781; νmax (thin film, cm-1): 3427 (w, N-H), 1666 (s, C=O); 

[𝛼]𝐷
23.2: −2.1° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.19 (1H, 

d, J = 8.2 Hz, H10), 7.68 (1H, s, H7), 7.58 (1H, s, NH), 7.11 

(1H, s, H1), 7.00 (1H, s, H3), 6.76 (1H, dd, J = 8.2, 1.6 Hz, H11), 6.74 (1H, d, J = 1.6 

Hz, H13), 5.41 (1H, d, J = 15.1 Hz, ArCHH), 4.19 – 4.15 (2H, m, ArCHH & 

CHCH2CH3), 4.12 (2H, q, J = 6.9 Hz, OCH2CH3), 3.57 (2H, d, J = 9.6 Hz, H17), 3.34 

(3H, s, CONCH3), 2.74 – 2.60 (6H, m,  NCH3, H15 & 2 x H17), 2.26 – 2.17 (2H, m, 

H16), 2.01 – 1.91 (3H, m, 2 x H16 & CHCHHCH3), 1.88 – 1.77 (1H, m, CHCHHCH3), 

1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 0.84 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 163.2 (CONCH3), 155.5 (C8), 151.6 (C5), 147.5 (C14), 137.9 (C7), 137.5 

(C4), 136.6 (C12), 130.0 (C3), 128.4 (C9), 124.8 (C1), 118.7 (C11), 118.3 (C10), 

114.7 (C6), 113.4 (C2), 109.4 (C13), 64.4 (OCH2CH3), 60.8 (CHCH2CH3), 54.6 (C17), 

43.4 (ArCH2 & NCH3) 40.1 (C15), 30.6 (C16), 28.1 (CONCH3), 24.8 (CHCH2CH3), 

15.0 (OCH2CH3), 8.7 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-

(thiazol-2-ylmethyl)-7,8-dihydropteridin-6(5H)-one, 117  

Dihydropteridinone 90z (33 mg, 110 µmol) was reacted with 

aniline 28b (23 mg, 97 µmol) using general method 16 to 

afford the title compound 117 as an orange solid (9 mg, 16%). 

LCMS purity >95%, ret. time 1.03 mins; HRMS (ESI +ve): 

found [M+H]+ 522.2651, [C27H36N7O2S]+ requires 522.2646; 

m.p.: 97 – 99 °C; νmax (thin film, cm-1): 3418 (w, N-H), 1665 (C=O); [𝛼]𝐷
22.7: +13.9° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.22 (1H, d, J = 8.3 Hz, H9), 7.75 (1H, d, J = 3.5 

Hz, H2), 7.70 (1H, s, H6), 7.62 (1H, s, NH), 7.31 (1H, d, J = 3.5 Hz, H1), 6.75 (1H, 

dd, J = 8.3, 1.6 Hz, H10), 6.73 (1H, d, J = 1.6 Hz, H12), 5.57 (1H, d, J = 15.8 Hz, 

ArCHH), 4.76 (1H, d, J = 15.8 Hz, ArCHH), 4.36 (1H, dd, J = 6.0, 3.5 Hz, CHCH2CH3), 

4.12 (2H, q, J = 6.9 Hz, OCH2CH3), 3.59 (2H, d, J = 10.0 Hz, H16), 3.34 (3H, s, 

CONCH3), 2.75 (3H, s, NCH3), 2.75 – 2.60 (3H, m, H14 & 2 x H16), 2.15 – 2.09 (2H, 

m, H15), 2.02 – 1.95 (3H, m, 2 x H15 & CHCHHCH3), 1.93 – 1.85 (1H, m, 

CHCHHCH3), 1.48 (3H, t, J = 7.1 Hz, OCH2CH3), 0.80 (3H, t, J = 7.4 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.3 (CONCH3), 163.1 (C3), 155.3 (C8). 151.2 (C4), 147.5 

(C13), 142.3 (C2), 138.0 (C7), 136.6 (C11), 128.3 (C9), 120.5 (C1), 118.8 (C11), 

118.5 (C10), 114.9 (C5), 109.3 (C12), 64.4 (OCH2CH3), 62.1 (CHCH2CH3), 54.6 
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(C16), 46.3 (ArCH2), 43.5 (NCH3), 40.0 (C14), 30.5 (C15), 28.1 (CONCH3), 25.1 

(CHCH2CH3), 15.0 (OCH2CH3), 8.6 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-

(thiazol-5-ylmethyl)-7,8-dihydropteridin-6(5H)-one, 118 

Dihydropteridinone 90aa (20 mg, 62 µmol) was reacted with 

aniline 28b (14 mg, 14 µmol) using general method 16 to 

afford the title compound 118 as a yellow oil (2 mg, 6%). 

LCMS purity >95%, ret. time 1.00 mins; HRMS (ESI +ve): 

found [M+H]+ 522.2651, [C27H36N7O2S]+ requires 522.2646; 

νmax (thin film, cm-1): 3362 (w, N-H), 1661 (C=O); [𝛼]𝐷
22.4: +3.5° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.75 (1H, s, H1), 8.29 (1H, d, J = 8.4 Hz, H9), 7.87 (1H, s, H2), 

7.70 (1H, s, H6), 7.51 (1H, s, NH), 6.79 (1H, dd, J = 8.4, 1.8 Hz, H10), 6.77 (1H, 

d, J = 1.8 Hz, H12), 5.57 (1H, d, J = 15.6 Hz, ArCHH), 4.62 (1H, d, J = 15.6 Hz, 

ArCHH), 4.24 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 4.14 (2H, q, J = 6.9 Hz, 

OCH2CH3), 3.42 (2H, d, J = 11.0 Hz, H16), 3.32 (3H, s, CONCH3), 2.67 (3H, s, 

NCH3), 2.65 – 2.57 (3H, m, H14 & 2 x H16), 2.31 – 2.20 (2H, m, H15), 2.02 – 1.94 

(3H, m, 2 x H15 & CHCHHCH3), 1.89 – 1.79 (1H, m, CHCHHCH3), 1.49 (3H, t, J = 6.9 

Hz, OCH2CH3), 0.82 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.0 

(CONCH3), 155.5 (C7), 154.4 (C1), 151.1 (C4), 147.4 (C13), 142.9 (C2), 138.5 (C6), 

137.2 (C11), 133.5 (C3), 128.4 (C8), 118.9 (C10), 118.2 (C9), 114.8 (C5), 109.4 

(C12), 64.4 (OCH2CH3), 61.4 (CHCH2CH3), 55.3 (C16), 44.3 (NCH3), 41.1 (ArCH2), 

40.4 (C14), 31.2 (C15), 28.1 (CONCH3), 25.1 (CHCH2CH3), 15.0 (OCH2CH3), 8.6 

(CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-(4-

methylthiazol-5-ylmethyl)-7,8-dihydropteridin-6(5H)-one, 119 

Dihydropteridinone 90ab (35 mg, 104 µmol) was reacted with 

aniline 28b (23 mg, 98 µmol) using general method 16 to 

afford the title compound 119 as an orange solid (17 mg, 

31%). LCMS purity >95%, ret. time 1.05 mins; HRMS (ESI 

+ve): found [M+H]+ 536.2787, [C28H38N7O2S]+ requires 

536.2802; m.p.: 84 – 86 °C; νmax (thin film, cm-1): 3422 (w, N-H), 1664 (C=O); [𝛼]𝐷
22.5: 

−8.3° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.65 (1H, s, H1), 8.24 (1H, d, J = 8.3 Hz, 

H9), 7.69 (1H, s, H6), 7.64 (1H, s, NH), 6.77 (1H, dd, J = 8.3, 1.8 Hz, H10), 6.74 (1H, 

d, J = 1.8 Hz, H12), 5.47 (1H, d, J = 15.8 Hz, ArCHH), 4.48 (1H, d, J = 15.8 Hz, 

ArCHH), 4.17 (1H, dd, J = 6.5, 3.6 Hz, CHCH2CH3), 4.13 (2H, q, J = 6.9 Hz, 
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OCH2CH3), 3.61 (2H, d, J = 10.4 Hz, H16), 3.32 (3H, s, CONCH3), 2.75 (3H, s, 

NCH3), 2.75 – 2.70 (2H, m, H16), 2.66 – 2.63 (1H, m, H14), 2.52 (ArCH3), 2.26 – 2.15 

(2H, m, H15), 2.03 – 1.94 (3H, m, 2 x H15 & CHCHHCH3), 1.86 – 1.76 (1H, m, 

CHCHHCH3), 1.49 (3H, t, J = 7.1 Hz, OCH2CH3), 0.84 (3H, t, J = 7.6 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.0 (CONCH3), 155.3 (C7), 152.0 (C1), 151.3 (C2/4), 151.2 

(C2/4), 147.5 (C13), 137.8 (C6), 136.6 (C11), 128.3 (C8), 126.4 (C3), 118.7 (C10), 

118.4 (C9), 114.9 (C4), 109.4 (C5), 64.4 (OCH2CH3), 61.2 (CHCH2CH3), 54.7 (C16), 

43.6 (NCH3), 40.3 (ArCH2), 40.0 (C14), 30.4 (C15), 28.1 (CONCH3), 25.1 

(CHCH2CH3), 15.3 (ArCH3), 15.0 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-8-((2,4-dimethylthiazol-5-yl)methyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 120  

Dihydropteridinone 90ac (30 mg, 85 µmol) was reacted with 

aniline 28b (19 mg, 81 µmol) using general method 16 to 

afford the title compound 120 as an orange solid (5 mg, 11%). 

LCMS purity >95%, ret. time 1.05 mins; HRMS (ESI +ve): 

found [M+H]+ 550.2935, [C29H40N7O2S]+ requires 550.2959; 

m.p.: 68 – 71 °C; νmax (thin film, cm-1): 3419 (w, N-H), 1667 (C=O); [𝛼]𝐷
22.6: +13.2° (c 

1.0, MeOH); δH (CDCl3, 500 MHz): 8.26 (1H, d, J = 8.2 Hz, H9), 7.67 (1H, s, H6), 7.65 

(1H, s, NH), 6.78 (1H, dd, J = 8.2, 1.6 Hz, H10), 6.74 (1H, d, J = 1.6 Hz, H12), 5.43 

(1H, d, J = 15.8 Hz, ArCHH), 4.76 (1H, d, J = 15.8 Hz, ArCHH), 4.18 (1H, dd, J = 6.2, 

3.5 Hz, CHCH2CH3), 4.13 (2H, q, J = 6.9 Hz, OCH2CH3), 3.60 (2H, d, J = 10.7 Hz, 

H16), 3.31 (3H, s, CONCH3), 2.75 (3H, s, NCH3), 2.75 – 2.70 (2H, m, H16), 2.66 – 

2.63 (1H, m, H14), 2.60 (3H, s, C1CH3), 2.41 (C2CH3), 2.20 (2H, qd, J = 14.5, 3.8 Hz, 

H15), 2.02 – 1.92 (3H, m, 2 x H15 & CHCHHCH3), 1.84 – 1.76 (1H, m, CHCHHCH3), 

1.49 (3H, t, J = 6.9 Hz, OCH2CH3), 0.84 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 165.1 (C1), 163.1 (CONCH3), 155.3 (C7), 151.3 (C4), 150.0 (C2), 147.5 

(C13), 137.7 (C6), 136.7 (C11), 128.4 (C8), 125.5 (C3), 118.7 (C10), 118.4 (C9), 

114.9 (C5), 109.4 (C12), 64.4 (OCH2CH3), 60.8 (CHCH2CH3), 54.6 (C16), 

43.4  (NCH3), 40.1 (ArCH2), 40.0 (C14), 30.5 (C15), 28.1 (CONCH3), 25.0 

(CHCH2CH3), 19.1 (C1CH3), 15.2 (C2CH3), 15.0 (OCH2CH3), 8.8 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-

(pyridine-3-ylmethyl)-7,8-dihydropteridin-6(5H)-one, 121  

Dihydropteridinone 90ad (30 mg, 94 µmol) was reacted with aniline 28b (21 mg, 90 

µmol) using general method 16 to afford the title compound 121 as a yellow solid (10 

mg, 21%). LCMS purity >95%, ret. time 0.91 mins; HRMS (ESI +ve): found [M+H]+ 
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516.3073, [C29H37N7O2]+ requires 516.3081; m.p.: 61 – 64 °C; 

νmax (thin film, cm-1): 3427 (w, N-H), 1666 (s, C=O); [𝛼]𝐷
22.8: 

+2.8° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.62 (1H, m, H5), 

8.58 (1H, d, J = 4.8 Hz, H1), 8.10 (1H, d, J = 8.2 Hz, H11), 

7.71 (1H, s, H8), 7.70 – 7.67 (1H, m, H3), 7.61 (1H, s, NH), 

7.33 – 7.30 (1H, dd, J = 7.9, 4.8 Hz, H2), 6.74 – 6.71 (2H, m, H12 & H14), 5.56 (1H, 

d, J = 15.5 Hz, ArCHH), 4.26 (1H, d, J = 15.5 Hz, ArCHH), 4.16 – 4.10 (3H, m, 

OCH2CH3 & CHCH2CH3), 3.60 (2H, d, J = 11.1 Hz, H18), 3.36 (3H, s, CONCH3), 2.77 

– 2.68 (5H, m, 2 x H18 & NCH3), 2.67 – 2.61 (1H, m, H16), 2.25 – 2.16 (2H, m, H17), 

2.02 – 1.95 (3H, m, 2 x H17 & CHCHHCH3), 1.88 – 1.81 (1H, m, CHCHHCH3), 1.48 

(3H, t, J = 6.9 Hz, OCH2CH3), 0.88 (3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 163.0 (CONCH3), 155.4 (C9), 151.9 (C6), 148.9 (C1 & C5), 147.5 (C15), 137.9 

(C8), 136.6 (C13), 135.8 (C3), 132.3 (C4), 128.3 (C10), 123.9 (C2), 118.6 (C12), 

118.4 (C11), 114.8 (C7), 109.3 (C14), 64.4 (OCH2CH3), 61.4 (CHCH2CH3), 54.7 

(C18), 45.8 (ArCH2), 43.5 (NCH3), 40.0 (C16), 30.6 (C17), 28.2 (CONCH3), 24.9 

(CHCH2CH3), 14.9 (OCH2CH3). 8.8 (CHCH2CH3) 

(R)-8-(Cyclohexylmethyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-

7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 122  

Dihydropteridinone 90ae (30 mg, 93 µmol) was reacted with 

aniline 28b (27 mg, 88 µmol) using general method 16 to 

afford the title compound 122 as a yellow solid (14 mg, 28%). 

LCMS purity >95%, ret. time 1.20 mins; HRMS (ESI +ve): 

found [M+H]+ 521.3595, [C30H45N6O2]+ requires 521.3599; 

m.p.: 70 – 73 °C; νmax (thin film, cm-1): 3427 (w, N-H), 1668 

(C=O); [𝛼]𝐷
23.3: −10.4° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.32 (1H, d, J = 8.2 Hz, 

H10), 7.62 (1H, s, H7), 7.60 (1H, s, NH), 6.79 – 6.73 (2H, m, H11 & H13), 4.23 (1H, 

dd, J = 13.7, 6.2 Hz, NCHH), 5.17 – 4.10 (3H, m, CHCH2CH3 & OCH2CH3), 3.54 (2H, 

d, J = 11.7 Hz, H17), 3.34 (3H, s, CONCH3), 2.71 – 2.61 (6H, m, H15, 2 x H17 & 

NCH3), 2.23 – 2.14 (2H, m, H16), 2.01 – 1.96 (2H, m, H16), 1.92 – 1.63 (8H, m, 2 x 

H1, 1 x H2, 2 x H3, H4 & CHCH2CH3), 1.49 (3H, t, J = 7.0 Hz, OCH2CH3), 1.27 – 1.16 

(3H, m, H2), 1.05 – 0.96 (2H, m, H3), 0.86 (3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 163.4 (CONCH3), 155.5 (C8), 152.1 (C5), 147.3 (C14), 137.3 (C7), 136.6 

(C12), 128.6 (C9), 118.5 (C11), 118.1 (C10), 114.8 (C6), 109.4 (C13), 54.5 

(OCH2CH3), 62.1 (CHCH2CH3), 54.6 (C17), 51.7 (NCH2), 43.7 (NCH3), 40.2 (C15), 

35.9 (C4) 31.2 (C3), 30.8 (C16), 28.1 (CONCH3), 26.4 (C1), 25.7 (C2), 25.3 

(CHCH2CH3), 14.9 (OCH2CH3), 9.2 (CHCH2CH3) 
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(R)-8-(Cyclopentylmethyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-

7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 123  

Dihydropteridinone 90af (30 mg, 97 µmol) was reacted with 

aniline 28b (22 mg, 92 µmol) using general method 16 to 

afford the title compound 123 as a yellow oil (4 mg, 8%). 

LCMS purity >95%, ret. time 1.16 mins; HRMS (ESI +ve): 

found [M+H]+ 507.3426, [C29H43N6O2]+ requires 507.3442; 

νmax (thin film, cm-1): 3423 (w, N-H), 1667 (s, C=O); [𝛼]𝐷
23.1: −6.2° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.26 (1H, d, J = 8.2 Hz, H9), 7.79 (1H, s, NH), 7.58 (1H, s, H6), 

6.76 (1H, dd, J = 8.3, 1.9 Hz, H10), 6.72 (1H, d, J = 1.9 Hz, H12), 4.30 (1H, dd, J = 

13.7, 7.2 Hz, NCHH), 4.21 (1H, dd, J = 6.3, 3.5 Hz, CHCH2CH3), 4.10 (2H, q, J = 7.0 

Hz, OCH2CH3), 3.58 (2H, d, J = 11.7 Hz, H16), 3.31 (3H, s, CONCH3), 2.80 (1H, 

dd, J = 13.7, 7.9 Hz, NCHH), 2.74 – 2.61 (5H, m, NCH3, H14 & 2 x H16), 2.39 (1H, 

quin, J = 7.5 Hz, H3), 2.24 – 2.15 (2H, m, H15), 2.01 – 1.96 (2H, m, H15), 1.93 – 1.87 

(1H, m, CHCHHCH3), 1.82 – 1.70 (3H, m, H2 & CHCHHCH3), 1.68 – 1.61 (2H, m, 

H1), 1.58 – 1.50 (2H, m, H1), 1.46 (3H, t, J = 7.0 Hz, OCH2CH3), 1.30 – 1.21 (2H, m, 

H2), 0.83 (3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 

155.1 (C7), 152.2 (C4), 147.7 (C13), 136.6 (C11), 136.6 (C7), 128.5 (C8), 118.5 (C9 

& C10), 114.7 (C6), 109.4 (C12), 64.6 (OCH2CH3), 62.3 (CHCH2CH3), 54.6 (C16), 

50.0 (NCH2), 43.5 (NCH3), 40.0 (C14), 37.8 (C3), 30.6 (C2), 30.5 (C15), 30.1 (C2’), 

28.1 (CONCH3), 25.3 (CHCH2CH3), 25.2 (C1), 24.8 (C1’), 14.9 (OCH2CH3), 9.1 

(CHCH2CH3) 

 

(R)-8-(Cyclobutylmethyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-

ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 124  

Dihydropteridinone 90ag (30 mg, 102 µmol) was reacted with 

aniline 28b (23 mg, 97 µmol) using general method 16 to 

afford the title compound 124 as a yellow oil (21 mg, 42%). 

LCMS purity >95%, ret. time 1.12 mins; HRMS (ESI +ve): 

found [M+H]+ 493.3271, [C28H41N6O2]+ requires 493.3286; νmax 

(thin film, cm-1): 3423 (w, N-H), 1665 (C=O); [𝛼]𝐷
23.0: −3.5° (c 1.0, MeOH); δH (CDCl3, 

500 MHz): 8.33 (1H, d, J = 8.5 Hz, H9), 7.59 (1H, s, H6), 7.56 (1H, s, NH), 6.78 (1H, 

d, J = 8.2 Hz, H10), 6.73 (1H, s, H12), 4.29 (1H, dd, J = 13.9, 6.9 Hz, NCHH), 4.16 

(1H, dd, J = 6.5, 3.9 Hz, CHCH2CH3), 4.11 (2H, q, J = 6.9 Hz, OCH2CH3), 3.52 (2H, d, 

J =  11.4 Hz, H16), 3.31 (3H, s, CONCH3), 3.06 (1H, dd, J = 13.9, 7.6 Hz, NCHH), 

2.77 (1H, quin, J = 7.3 Hz, H3), 2.70 – 2.60 (7H, m, NCH3, H14 & 2 x H16), 2.22 – 

2.03 (4H, m, 2 x H2 & 2 x H15), 2.00 – 1.85 (5H, m, 2 x H1, 2 x H15 & CHCHHCH3), 
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1.83 – 1.74 (3H, m, 2 x H2 & CHCHHCH3), 1.47 (3H, t, J = 6.9 Hz, OCH2CH3), 0.83 

(3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.5 (CONCH3), 155.5 (C7), 

152.1 (C4), 147.3 (C13), 137.4 (C6), 136.5 (C11), 128.7 (C8), 118.6 (C10), 118.1 

(C9), 114.7 (C5), 109.4 (C12), 64.3 (OCH2CH3), 62.1 (CHCH2CH3), 54.6 (C16), 50.4 

(NCH2), 43.6 (NCH3), 40.2 (C14), 33.4 (C3), 30.8 (C15), 28.0 (CONCH3), 26.9 (C2), 

26.2 (C2’), 25.3 (CHCH2CH3), 18.5 (C1), 14.5 (OCH2CH3), 9.0 (CHCH2CH3) 

 (R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-

((tetrahydro-2H-pyran-4-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 125  

Dihydropteridinone 90ah (25 mg, 77 µmol) was reacted with 

aniline 28b (17 mg, 73 µmol) using general method 16 to 

afford the title compound 125 as a pale orange solid (14 mg, 

34%). LCMS purity >95%, ret. time 1.02 mins; HRMS (ESI 

+ve): found [M+H]+ 523.3380, [C29H43N6O3]+ requires 

523.3391; m.p.: 82 – 85 °C; νmax (thin film, cm-1): 3424 (w, N-H), 1667 (s, C=O); 

[𝛼]𝐷
23.2: −9.0° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.26 (1H, d, J = 8.7 Hz, H10), 7.76 

(1H, s, NH), 7.64 (1H, s, H6), 7.15 (1H, d, J = 5.0 Hz, H3), 6.77 – 6.74 (2H, m, H10 & 

H12), 4.30 (1H, dd, J = 13.8, 6.4 Hz, NCHH), 4.16 – 4.11 (3H, m, CHCH2CH3 & 

OCH2CH3), 4.00 – 3.96 (2H, m, H1), 3.61 (2H, d, J = 10.5 Hz, H16), 3.38 – 3.32 (5H, 

m, H1 & CONCH3), 2.77 – 2.63 (7H, m, NCHH, H14, 2 x H16 & NCH3), 2.26 – 2.17 

(2H, m, H16), 2.15 – 2.08 (1H, m, H3), 2.03 – 1.98 (2H, m, H15), 1.94 – 1.87 (1H, m, 

CHCHHCH3), 1.84 – 1.78 (1H, m, CHCHHCH3), 1.72 – 1.68 (1H, m, H2), 1.63 – 1.58 

(1H, m, H2), 1.49 (3H, t, J = 7.0 Hz, OCH2CH3), 1.44 – 1.34 (2H, m, H2), 0.87 (3H, t, 

J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 (CONCH3), 155.3 (C7), 152.2 

(C4), 147.7 (C13), 136.9 (C6), 136.7 (C11), 128.4 (C8), 118.4 (C9 & C10), 114.8 

(C5), 109.4 (C11), 67.5 (C1), 64.4 (OCH2CH3), 63.3 (CHCH2CH3), 54.6 (C16), 51.2 

(C4), 43.5 (NCH3), 40.0 (ArCH2), 33.5 (C3), 31.1 (C2), 30.8 (C2’ & C15), 28.1 

(CONCH3), 25.3 (CHCH2CH3), 14.9 (OCH2CH3), 9.2 (CHCH2CH3) 

(R)-8-Butyl-2-((2-ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-

methyl-7,8-dihydropteridin-6(5H)-one, 126  

Dihydropteridinone 90ai (30 mg, 106 µmol) was reacted with 

aniline 28b (24 mg, 101 µmol) using general method 16 to 

afford the title compound 126 as a brown oil (9 mg, 17%). 

LCMS purity >95%, ret. time 1.12 mins; HRMS (ESI +ve): 

found [M+H]+ 481.3276, [C27H41N6O2]+ requires 481.3286; νmax 

(thin film, cm-1): 3428 (w, N-H), 1665 (s, C=O); [𝛼]𝐷
23.3: −12.5° (c 1.0, MeOH); δH 

(CDCl3, 500 MHz): 8.38 (1H, s, NH), 8.15 (1H, d, J = 8.2 Hz, H9), 7.60 (1H, s, H6), 
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6.79 – 6.74 (2H, m, H10 & H12), 4.25 (1H, dd, J = 6.2, 3.6 Hz, CHCH2CH3), 4.15 – 

4.07 (3H, m, NCHH & OCH2CH3), 3.70 - 3.62 (2H, m, H16), 3.33 (3H, s, CONCH3), 

3.12 – 3.06 (1H, m, NCHH), 2.82 – 2.64 (6H, m, H14, 2 x H16 & NCH3), 2.27 – 2.18 

(2H, m, H15), 2.06 – 1.97 (3H, m, 2 x H15 & CHCHHCH3), 1.89 – 1.81 (1H, m, 

CHCHHCH3), 1.77 – 1.61 (2H, m, H3), 1.49 (3H, t, J = 7.0 Hz, OCH2CH3), 1.42 – 1.35 

(2H, m, H2), 0.96 (3H, t, J = 7.4 Hz, H1), 0.85 (3H, t, J = 7.6 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 163.1 (CONCH3), 154.2 (C7), 152.0 (C4), 148.4 (C13), 137.3 

(C11), 133.5 (C6), 122.8 (C8), 119.6 (C9), 118.2 (C10), 114.6 (C5), 109.7 (C12), 66.4 

(OCH2CH3), 62.1 (CHCH2CH3), 54.7 (C16), 45.9 (NCH2), 43.4 (NCH3) 39.9 (C14), 

30.5 (C15), 29.1 (C3), 28.1 (CONCH3), 25.7 (CHCH2CH3), 20.3 (C2), 14.8 

(OCH2CH3), 13.8 (C1), 8,7 (CHCH2CH3) 

 

(R)-2-Chloro-7-ethyl-5,8-dimethyl-7,8-dihydropteridin-6(5H)-one, 133  

Dihydropteridinone 81 (125 mg, 0.59 mmol) was reacted with methyl 

iodide (80.9 µL, 1.29 mmol,) using general method 5 to afford the 

title compound 133 as a colourless oil (55.0 mg, 39%). LCMS purity 

>95%, ret. time 1.15 mins; HRMS (ESI +ve): found [M+H]+ 241.0858, [C10H14ClN4O]+ 

requires 241.0851; [𝛼]𝐷
23.5: −8.3° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.61 (1H, s, 

H3), 4.22 (1H, dd, J = 6.0, 3.5 Hz, CHCH2CH3), 3.31 (3H, s, CONCH3), 3.11 (3H, s, 

CONCH3), 2.05 – 1.99 (1H, m, CHCHHCH3), 1.90 – 1.81 (1H, m, CHCHHCH3), 0.79 

(3H, t, J = 7.9 Hz, (CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 154.3 (C4), 

152.4 (C1), 137.2 (C3), 120.4 (C2), 63.7 (CHCH2CH3), 33.4 (NCH3), 28.2 (CONCH3), 

25.1 (CHCH2CH3), 8.4 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5,8-dimethyl-

7,8-dihydropteridin-6(5H)-one, 127  

Dihydropteridinone 133 (40 mg, 166 µmol) was reacted with 

aniline 28b (37 mg, 158 µmol) using general method 16 to 

afford the title compound 127 as a brown solid (11 mg, 15%). 

LCMS purity >95%, ret. time 1.24 mins; HRMS (ESI +ve): 

found [M+H]+ 439.2802, [C24H35N6O2]+ requires 439.2816; m.p.: 65 – 68 °C; νmax (thin 

film, cm-1): 3422 (w, N-H), 1663 (C=O); [𝛼]𝐷
22.6: −18.0° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 8.35 (1H, d, J = 8.2 Hz, H6), 7.74 (1H, s, ArNH) 7.59 (1H, s, H3), 6.81 (1H, 

d, J = 8.2 Hz, H7), 6.73 (1H, s, H9), 4.12 (1H, dd, J = 5.5, 3.6 Hz), 4.12 (2H, q, J = 6.5 

Hz, OCH2CH3), 3.59 (2H, d, J = 9.8 Hz, H13), 3.32 (3H, s, CONCH3), 3.16 (3H, s, 

CHNCH3), 2.74 (NCH3), 2.75 – 2.64 (3H, m, H11 & 2 x H13), 2.25 – 2.19 (2H, m, 

H12), 2.05 – 1.96 (3H, m, 2 x H12 & CHCHHCH3), 1.91 – 1.83 (1H, m, CHCHHCH3), 
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1.48 (3H, t, J = 6.5 Hz, OCH2CH3), 0.83 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 163.2 (CONCH3), 155.3 (C4), 152.2 (C1), 147.5 (C10), 136.4 (C8), 136.2 

(C3), 128.5 (C5), 118.5 (C7), 118.4 (C6), 114.7 (C2), 109.5 (C9), 64.4 (OCH2CH3), 

63.9 (CHCH2CH3), 54.7 (C13), 43.6 (NCH3), 40.0 (C11), 33.5 (CHNCH3), 30.9 (C12), 

28.0 (CONCH3), 24.9 (CHCH2CH3), 14.9 (OCH2CH3), 8.6 (CHCH2CH3) 

 

(R)-2-Chloro-7-ethyl-5-methyl-8-((S)-1-phenylethyl)-7,8-dihydropteridin-6(5H)-

one, 137 

Dihydropteridinone 79 (300 mg, 1.32 mmol) was reacted with (R)-1-

phenylethan-1-ol (260 µL, 2.18 mmol) using general method 20 to 

afford the title compound 137 as a white solid (94 mg, d.r 20:1, 

21%). separated from diastereomer 138. LCMS purity >95%, ret. 

time 1.54 mins; HRMS (ESI +ve): found [M+H]+ 331.1321, [C17H20ClN4O]+ requires 

331.1325; [𝛼]𝐷
22.4: −209.8° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 7.72 (1H, s, H7), 

7.57 – 7.54 (2H, m, H2), 7.40 – 7.31 (3H, m, H1 & H3), 6.15 (1H, d, J = 7.2 Hz, 

CHCH3), 4.23 (1H, dd, J = 8.2, 3.5 Hz, CHCH2CH3), 3.33 (3H, s, NCH3), 1.68 (3H, d, 

J = 7.2 Hz, CHCH3), 1.11 – 0.93 (2H, m, CHCH2CH3), 0.54 (3H, t, J = 7.6 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 154.0 (C8), 152.4 (C5), 139.6 

(C4), 138.5 (C7), 128.7 (C2), 128.4 (C1), 128.1 (C3), 121.2 (C6), 58.1 (CHCH2CH3), 

53.1 (CHCH3), 28.4 (NCH3), 26.7 (CHCH2CH3), 16.6 (CHCH3), 9.0 (CHCH2CH3) 

(S)-2-Chloro-7-ethyl-5-methyl-8-((S)-1-phenylethyl)-7,8-dihydropteridin-6(5H)-

one, 138 

Dihydropteridinone 79 (300 mg, 1.32 mmol) was reacted with (R)-1-

phenylethan-1-ol (260 µL, 2.18 mmol) using general method 20 to 

afford the title compound 138 as a white solid (27 mg, d.r 18:1, 6%). 

separated from diastereomer 137. LCMS purity >95%, ret. time 

1.56 mins; HRMS (ESI +ve): found [M+H]+ 331.1322, [C17H20ClN4O]+ requires 

331.1325; δH (CDCl3, 500 MHz): 7.73 (1H, s, H7), 7.41 – 7.37 (2H, m, H2), 7.36 – 

7.31 (3H, m, H1 & H3), 5.96 (1H, q, J = 7.2 Hz, CHCH3), 3.95 (1H, dd, J = 7.6, 3.2 Hz, 

CHCH2CH3), 3.33 (3H, s, NCH3), 1.92 – 1.85 (1H, m, CHCHHCH3), 1.79 (3H, d, J = 

7.2 Hz, CHCH3), 1.77 – 1.70 (1H, m, CHCHHCH3), 0.84 (3H, t, J = 7.6 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.5 (CONCH3), 154.2 (C8), 152.5 (C5), 138.3 

(C4 & C7), 129.0 (C2), 128.3 (C1), 127.6 (C3), 120.9 (C6), 58.1 (CHCH2CH3), 54.6 

(CHCH3), 28.3 (NCH3), 28.1 (CHCH2CH3), 17.4 (CHCH3), 8.8 (CHCH2CH3) 
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(R)-2-Chloro-7-ethyl-5-methyl-8-((R)-1-phenylethyl)-7,8-dihydropteridin-6(5H)-

one, 139 

Dihydropteridinone 79 (115 mg, 0.51 mmol) was reacted with (S)-1-

phenylethan-1-ol (100 µL, 0.82 mmol) using general method 20 to 

afford the title compound 139 as a white solid (21 mg, d.r 9:1, 13%). 

separated from diastereomer 140. LCMS purity >95%, ret. time 1.56 

mins; HRMS (ESI +ve): found [M+H]+ 331.1321, [C17H20ClN4O]+ requires 331.1325; δH 

(CDCl3, 500 MHz): 7.73 (1H, s, H7), 7.41 – 7.37 (2H, m, H2), 7.36 – 7.31 (3H, m, H1 

& H3), 5.96 (1H, q, J = 7.2 Hz, CHCH3), 3.95 (1H, dd, J = 7.6, 3.2 Hz, CHCH2CH3), 

3.33 (3H, s, NCH3), 1.92 – 1.85 (1H, m, CHCHHCH3), 1.79 (3H, d, J = 7.2 Hz, 

CHCH3), 1.77 – 1.70 (1H, m, CHCHHCH3), 0.84 (3H, t, J = 7.6 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 163.5 (CONCH3), 154.2 (C8), 152.5 (C5), 138.3 (C4 & C7), 129.0 

(C2), 128.3 (C1), 127.6 (C3), 120.9 (C6), 58.1 (CHCH2CH3), 54.6 (CHCH3), 28.3 

(NCH3), 28.1 (CHCH2CH3), 17.4 (CHCH3), 8.8 (CHCH2CH3) 

(S)-2-Chloro-7-ethyl-5-methyl-8-((R)-1-phenylethyl)-7,8-dihydropteridin-6(5H)-

one, 140 

Dihydropteridinone 79 (115 mg, 0.51 mmol) was reacted with (S)-1-

phenylethan-1-ol (100 µL, 0.82 mmol) using general method 20 to 

afford the title compound 140 as a white solid (21 mg, d.r 14:1, 

12%). separated from diastereomer 139. LCMS purity >95%, ret. 

time 1.54 mins; HRMS (ESI +ve): found [M+H]+ 331.1322, [C17H20ClN4O]+ requires 

331.1325; δH (CDCl3, 500 MHz): 7.72 (1H, s, H7), 7.57 – 7.54 (2H, m, H2), 7.40 – 

7.31 (3H, m, H1 & H3), 6.15 (1H, d, J = 7.2 Hz, CHCH3), 4.23 (1H, dd, J = 8.2, 3.5 Hz, 

CHCH2CH3), 3.33 (3H, s, NCH3), 1.68 (3H, d, J = 7.2 Hz, CHCH3), 1.11 – 0.93 (2H, 

m, CHCH2CH3), 0.54 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 

(CONCH3), 154.0 (C8), 152.4 (C5), 139.6 (C4), 138.5 (C7), 128.7 (C2), 128.4 (C1), 

128.1 (C3), 121.2 (C6), 58.1 (CHCH2CH3), 53.1 (CHCH3), 28.4 (NCH3), 26.7 

(CHCH2CH3), 16.6 (CHCH3), 9.0 (CHCH2CH3) 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((R)-

1-phenylethyl)-7,8-dihydropteridin-6(5H)-one, 134  

Dihydropteridinone 139 (16 mg, 47 µmol) was reacted with 

aniline 28b (10 mg, 45 µmol) using general method 16 to 

afford the title compound 134 as a yellow solid (3 mg, d.r 9:1, 

12%). LCMS purity >95%, ret. time 1.12 mins; HRMS (ESI 

+ve): found [M+H]+ 529.3261, [C31H41N6O2]+ requires 
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529.3286; δH (CDCl3, 500 MHz): 8.33 (1H, d, J = 8.7 Hz, H10), 7.70 (1H, s, H7), 7.49 

(1H, s, NH), 7.40 – 7.30 (5H, m, H1, H2 & H3), 6.79 – 6.74 (2H, m, H11 & H13), 5.99 

(1H, q, J = 7.1 Hz, CHCH3), 4.14 (2H, q, J = 7.0 Hz, OCH2CH3), 3.92 (1H, dd, J = 7.8, 

3.3 Hz, CHCH2CH3), 3.59 (2H, d, J = 11.7 Hz, H17), 3.33 (3H, s, CONCH3), 2.77 – 

2.67 (6H, m, NCH3, H15 & 2 x H17), 2.28 – 2.15 (2H, m, H16), 2.00 (2H, d, J = 14.3 

Hz, H16), 1.89 – 1.81 (4H, m, CHCH3 & CHCHHCH3), 1,78 – 1.71 (1H, m, 

CHCHHCH3), 1.50 (3H, t, J = 7.0 Hz, OCH2CH3), 0.86 (3H, t, J = 7.5 Hz, CHCH2CH3); 

δC (CDCl3, 126 MHz): 163.4 (CONCH3), 155.4 (C8), 152.2 (C5), 147.4 (C14), 139.3 

(C4), 137.7 (C7), 136.4 (C13), 128.9 (C2), 128.5 (C9), 128.0 (C1), 127.5 (C3), 118.6 

(C11), 118.2 (C10), 115.2 (C6), 109.4 (C13), 64.4 (OCH2CH3), 58.3 (CHCH2CH3), 

54.7 (C17), 54.2 (CHCH3) 43.5 (NCH3), 40.1 (C15), 30.6 (C16), 28.2 (CONCH3), 27.9 

(CHCH2CH3), 17.6 (CHCH3), 15.0 (OCH2CH3), 9.0 (CHCH2CH3) 

 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((S)-

1-phenylethyl)-7,8-dihydropteridin-6(5H)-one, 135  

Dihydropteridinone 137 (17 mg, 51 µmol) was reacted with 

aniline 28b (11 mg, 49 µmol) using general method 16 to 

afford the title compound 135 as a yellow solid (7 mg, d.r 

>20:1, 26%). LCMS purity >95%, ret. time 1.10 mins; HRMS 

(ESI +ve): found [M+H]+ 529.3269, [C31H41N6O2]+ requires 

529.3286; m.p.: 72 – 76 °C; νmax (thin film, cm-1): 3420 (w, N-

H), 1667 (C=O); [𝛼]𝐷
23.4: - 147.5° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.33 (1H, d, J 

= 8.7 Hz, H10), 7.70 (1H, s, H7), 7.62 (1H, s, NH), 7.59 – 7.55 (2H, m, H3), 7.40 – 

7.30 (3H, m, H1 & H2), 6.77 – 6.74 (2H, m, H11 & H13), 6.20 (1H, q, J = 7.1 Hz, 

CHCH3), 4.19 – 4.13 (3H, m, CHCH2CH3 & OCH2CH3), 3.55 (2H, d, J = 11.7 Hz, 

H17), 3.33 (3H, s, CONCH3), 2.74 – 2.60 (6H, m,  NCH3, H15 & 2 x H17), 2.24 – 2.15 

(2H, m, H16), 2.01 – 1.96 (2H, m, H16), 1.70 (3H, d, J = 7.1 Hz, CHCH3), 1.51 (3H, t, 

J = 7.0 Hz, OCH2CH3), 1.10 – 0.99 (2H, m, CHCH2CH3), 0.57 (3H, t, J = 7.5 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 (CONCH3), 155.5 (C8), 152.1 (C5), 147.4 

(C14), 140.7 (C4), 138.4 (C7), 136.5 (C13), 128.6 (C2 & C9), 128.0 (C1), 127.8 (C3), 

118.8 (C11), 118.3 (C10), 115.5 (C6), 109.3 (C13), 64.4 (OCH2CH3), 58.2 

(CHCH2CH3), 54.7 (C17), 52.5 (CHCH3) 43.5 (NCH3), 41.0 (C15), 30.7 (C16), 28.3 

(CONCH3), 26.4 (CHCH2CH3), 16.8 (CHCH3), 15.0 (OCH2CH3), 9.1 (CHCH2CH3) 
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(S)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((R)-

1-phenylethyl)-7,8-dihydropteridin-6(5H)-one, 141  

Dihydropteridinone 140 (16 mg, 48 µmol) was reacted with 

aniline 28b (11 mg, 46 µmol) using general method 16 to 

afford the title compound 141 as a yellow solid (5 mg, d.r 

20:1, 20%). LCMS purity >95%, ret. time 1.10 mins; HRMS 

(ESI +ve): found [M+H]+ 529.3267, [C31H41N6O2]+ requires 

529.3286; δH (CDCl3, 500 MHz): 8.33 (1H, d, J = 8.7 Hz, 

H10), 7.70 (1H, s, H7), 7.62 (1H, s, NH), 7.59 – 7.55 (2H, m, H3), 7.40 – 7.30 (3H, m, 

H1 & H2), 6.77 – 6.74 (2H, m, H11 & H13), 6.20 (1H, q, J = 7.1 Hz, CHCH3), 4.19 – 

4.13 (3H, m, CHCH2CH3 & OCH2CH3), 3.55 (2H, d, J = 11.7 Hz, H17), 3.33 (3H, s, 

CONCH3), 2.74 – 2.60 (6H, m, NCH3, H15 & 2 x H17), 2.24 – 2.15 (2H, m, H16), 2.01 

– 1.96 (2H, m, H16), 1.70 (3H, d, J = 7.1 Hz, CHCH3), 1.51 (3H, t, J = 7.0 Hz, 

OCH2CH3), 1.10 – 0.99 (2H, m, CHCH2CH3), 0.57 (3H, t, J = 7.5 Hz, CHCH2CH3); δC 

(CDCl3, 126 MHz): 163.3 (CONCH3), 155.5 (C8), 152.1 (C5), 147.4 (C14), 140.7 (C4), 

138.4 (C7), 136.5 (C13), 128.6 (C2 & C9), 128.0 (C1), 127.8 (C3), 118.8 (C11), 118.3 

(C10), 115.5 (C6), 109.3 (C13), 64.4 (OCH2CH3), 58.2 (CHCH2CH3), 54.7 (C17), 52.5 

(CHCH3) 43.5 (NCH3), 41.0 (C15), 30.7 (C16), 28.3 (CONCH3), 26.4 (CHCH2CH3), 

16.8 (CHCH3), 15.0 (OCH2CH3), 9.1 (CHCH2CH3) 

 

(S)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((S)-

1-phenylethyl)-7,8-dihydropteridin-6(5H)-one, 142  

Dihydropteridinone 138 (23 mg, 70 µmol) was reacted with 

aniline 28b (16 mg, 66 µmol) using general method 16 to 

afford the title compound 142 as a yellow solid (5 mg, d.r 

20:1, 14%). LCMS purity >95%, ret. time 1.12 mins; HRMS 

(ESI +ve): found [M+H]+ 529.3261, [C31H41N6O2]+ requires 

529.3286; δH (CDCl3, 500 MHz): 8.33 (1H, d, J = 8.7 Hz, 

H10), 7.70 (1H, s, H7), 7.68 (1H, s, NH), 7.40 – 7.30 (5H, m, H1, H2 & H3), 6.79 – 

6.74 (2H, m, H11 & H13), 5.99 (1H, q, J = 7.1 Hz, CHCH3), 4.14 (2H, q, J = 7.0 Hz, 

OCH2CH3), 3.92 (1H, dd, J = 7.8, 3.3 Hz, CHCH2CH3), 3.59 (2H, d, J = 11.7 Hz, H17), 

3.33 (3H, s, CONCH3), 2.77 – 2.67 (6H, m, NCH3, H15 & 2 x H17), 2.28 – 2.15 (2H, 

m, H16), 2.00 (2H, d, J = 14.3 Hz, H16), 1.89 – 1.81 (4H, m, CHCH3 & CHCHHCH3), 

1,78 – 1.71 (1H, m, CHCHHCH3), 1.50 (3H, t, J = 7.0 Hz, OCH2CH3), 0.86 (3H, t, J = 

7.5 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 155.4 (C8), 152.2 (C5), 

147.4 (C14), 139.3 (C4), 137.7 (C7), 136.4 (C13), 128.9 (C2), 128.5 (C9), 128.0 (C1), 

127.5 (C3), 118.6 (C11), 118.2 (C10), 115.2 (C6), 109.4 (C13), 64.4 (OCH2CH3), 58.3 
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(CHCH2CH3), 54.7 (C17), 54.2 (CHCH3) 43.5 (NCH3), 40.1 (C15), 30.6 (C16), 28.2 

(CONCH3), 27.9 (CHCH2CH3), 17.6 (CHCH3), 15.0 (OCH2CH3), 9.0 (CHCH2CH3) 

 

(R)-2-Chloro-7-ethyl-5-methyl-8-((S)-1-phenylpropyl)-7,8-dihydropteridin-6(5H)-

one, 145a 

Dihydropteridinone 79 (100 mg, 0.44 mmol) was reacted with (R)-1-

phenylpropan-1-ol 144a (96 mg, 0.71 mmol) using general method 

20 to afford the title compound 145a as a white solid (33 mg, d.r 

24:1, 22%). LCMS purity >95%, ret. time 1.54 mins; HRMS (ESI 

+ve): found [M+H]+ 345.1483, [C18H22ClN4O]+ requires 345.1477; δH (CDCl3, 500 

MHz): 7.73 (1H, s, H7), 7.57 (2H, m, H3), 7.40 – 7.33 (3H, m, H1 & H2), 5.96 (1H, t, J 

= 8.0 Hz, ArCHCH2CH3), 4.13 (1H, dd, J = 7.3, 5.0 Hz, CHCH2CH3), 3.34 (3H, s, 

NCH3), 2.16 – 2.10 (2H, m, ArCHCH2CH3), 0.94 – 0.88 (5H, m, ArCHCH2CH3 & 

CHCH2CH3), 0.52 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.3 

(CONCH3), 154.1 (C10), 153.1 (C7), 138.9 (C4), 138.8 (C9), 128.8 (C2), 128.4 (C1 & 

C3), 121.1 (C8), 59.0 (ArCHCH2CH3), 57.5 (CHCH2CH3), 28.5 (NCH3), 26.3 

(CHCH2CH3), 23.0 (ArCHCH2CH3), 11.0 (ArCHCH2CH3), 9.1 (CHCH2CH3) 

(R)-2-Chloro-8-((S)-1-(2-chlorophenyl)ethyl)-7-ethyl-5-methyl-7,8-

dihydropteridin-6(5H)-one, 145b 

Dihydropteridinone 79 (80 mg, 0.35 mmol) was reacted with (R)-1-

(2-chlorophenyl)ethan-1-ol 144b (88 mg, 0.56 mmol) using general 

method 20 to afford the title compound 145b as a white solid (22 

mg, d.r >20:1, 17%). LCMS purity >95%, ret. time 1.52 mins; HRMS 

(ESI +ve): found [M+H]+ 365.0922, [C17H19Cl2N4O]+ requires 

365.0930; δH (CDCl3, 500 MHz): 7.78 (1H, dd, J = 7.7, 1.4 Hz, H5), 7.65 (1H, s, H9), 

7.39 – 7.33 (1H, m, H2 & H4), 7.29 – 7.26 (1H, m, H3), 5.63 (1H, q, J = 7.0 Hz, 

CHCH3), 4.44 (1H, dd, J = 7.3, 3.5 Hz, CHCH2CH3), 3.30 (3H, s, NCH3), 1.84 (3H, d, 

J = 7.0 Hz, CHCH3), 1.68 – 1.61 (1H, m, CHCHHCH3), 1.47 – 1.38 (1H, m, 

CHCHHCH3), 0.72 3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 

(CONCH3), 153.6 (C10), 151.5 (C7), 138.2 (C9), 135.9 (C6), 135.1 (C1), 130.8 (C5), 

129.7 (C2), 129.5 (C3), 126.5 (C4), 121.0 (C8), 61.9 (CHCH2CH3), 54.4 (CHCH3), 

28.3 (NCH3), 27.1 (CHCH2CH3), 17.3 (CHCH3), 8.7 (CHCH2CH3) 
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(R)-2-Chloro-8-((S)-1-(3-chlorophenyl)ethyl)-7-ethyl-5-methyl-7,8-

dihydropteridin-6(5H)-one, 145c 

Dihydropteridinone 79 (145 mg, 0.64 mmol) was reacted with (R)-

1-(3-chlorophenyl)ethan-1-ol 144c (127 mg, 0.81 mmol) using 

general method 20 to afford the title compound 145c as a white 

solid (45 mg, d.r >20:1, 19%). LCMS purity >95%, ret. time 1.55 

mins; HRMS (ESI +ve): found [M+H]+ 365.0922, [C17H19Cl2N4O]+ 

requires 365.0930; δH (CDCl3, 500 MHz): 7.73 (1H, s, H9), 7.54 (1H, s, H6), 7.48 – 

7.44 (1H, m, H4), 7.32 – 7.30 (2H, m, H2 & H3), 6.05 (1H, q, J = 7.2 Hz, CHCH3), 

4.24 (1H, dd, J = 8.2, 3.5 Hz, CHCH2CH3), 3.33 (3H, s, NCH3), 1.68 (3H, d, J = 7.2 

Hz, CHCH3), 1.22 – 1.14 (1H, m, CHCHHCH3), 1.12 – 1.03 (1H, m, CHCHHCH3), 

0.59 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 (CONCH3), 154.0 

(C10), 152.2 (C7), 141.9 (C5), 138.8 (C9), 134.6 (C1), 130.0 (C3), 128.6 (C2), 128.1 

(C6), 126.3 (C4), 121.1 (C8), 58.4 (CHCH2CH3), 52.9 (CHCH3), 28.4 (NCH3), 26.7 

(CHCH2CH3), 16.4 (CHCH3), 8.9 (CHCH2CH3) 

(R)-2-Chloro-8-((S)-1-(4-chlorophenyl)ethyl)-7-ethyl-5-methyl-7,8-

dihydropteridin-6(5H)-one, 145d 

Dihydropteridinone 79 (145 mg, 0.64 mmol) was reacted with (R)-

1-(4-chlorophenyl)ethan-1-ol 144d (160 mg, 1.02 mmol) using 

general method 20 to afford the title compound 145d as a white 

solid (63 mg, d.r >20:1, 27%). LCMS purity >95%, ret. time 1.56 

mins; HRMS (ESI +ve): found [M+H]+ 365.0936, [C17H19Cl2N4O]+ requires 365.0930; 

δH (CDCl3, 500 MHz): 7.72 (1H, s, H7), 7.50 (2H, d, J = 8.2 Hz, H3), 7.35 (2H, d, J = 

8.2 Hz, H2), 6.05 (1H, q, J = 7.2 Hz, CHCH3), 4.23 (1H, dd, J = 8.0, 3.6 Hz, 

CHCH2CH3), 3.32 (3H, s, NCH3), 1.67 (3H, d, J = 7.2 Hz, CHCH3), 1.21 – 1.13 (1H, 

m, CHCHHCH3), 1.10 – 1.01 (1H, m, CHCHHCH3), 0.58 (3H, t, J = 7.6 Hz, 

CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 (CONCH3), 154.0 (C8), 152.3 (C4), 138.8 

(C7), 138.3 (C4), 134.2 (C1), 129.4 (C3), 128.9 (C2), 121.1 (C6), 58.3 (CHCH2CH3), 

52.7 (CHCH3), 28.4 (NCH3), 26.7 (CHCH2CH3), 16.5 (CHCH3), 8.9 (CHCH2CH3) 

(R)-2-Chloro-8-((S)-1-(3-fluorophenyl)ethyl)-7-ethyl-5-methyl-7,8-dihydropteridin-

6(5H)-one, 145e 

Dihydropteridinone 79 (110 mg, 0.49 mmol) was reacted with (R)-

1-(3-fluorophenyl)ethan-1-ol 144e (109 mg, 0.78 mmol) using 

general method 20 to afford the title compound 145e as a white 

solid (42 mg, d.r 10:1, 25%). LCMS purity >95%, ret. time 1.50 



Chapter 7 

300 
 

mins; HRMS (ESI +ve): found [M+H]+ 349.1214, [C17H19ClFN4O]+ requires 349.1226; 

δH (CDCl3, 500 MHz): 7.74 (1H, s, H9), 7.37 – 7.32 (2H, m, H3 & H4), 7.30 – 7.26 

(1H, m, H6), 7.06 – 7.02 (1H, m, H2), 6.09 (1H, q, J = 7.0 Hz, CHCH3), 4.24 (1H, dd, J 

= 8.2, 3.5 Hz, CHCH2CH3), 3.33 (3H, s, NCH3), 1.69 (3H, d, J = 7.0 Hz, CHCH3), 1.20 

– 1.12 (1H, m, CHCHHCH3), 1.10 – 1.02 (1H, m, CHCHHCH3), 0.58 (3H, t, J = 7.6 

Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 (CONCH3), 162.9 (d, JC-F = 247 Hz, C1), 

154.0 (C10), 142.5 (d, JC-F = 7 Hz, C5), 138.8 (C9), 130.2 (d, JC-F = 7 Hz, C3, 123.6 

(d, JC-F = 3 Hz, C4), 121.1 (C8), 115.3 (d, JC-F = 20 Hz, C2), 58.3 (CHCH2CH3), 52.7 

(CHCH3), 28.4 (NCH3), 26.6 (CHCH2CH3), 16.4 (CHCH3), 8.9 (CHCH2CH3); δF{H} 

(CDCl3, 471 MHz): −112.0 

(R)-2-Chloro-8-((S)-1-(4-fluorophenyl)ethyl)-7-ethyl-5-methyl-7,8-dihydropteridin-

6(5H)-one, 145f 

Dihydropteridinone 79 (120 mg, 0.53 mmol) was reacted with (R)-

1-(4-fluorophenyl)ethan-1-ol 144f (119 mg, 0.85 mmol) using 

general method 20 to afford the title compound 145f as a white 

solid (63 mg, d.r 14:1, 11%). LCMS purity >95%, ret. time 1.51 

mins; HRMS (ESI +ve): found [M+H]+ 349.1227, [C17H19ClFN4O]+ requires 349.1226; 

δH (CDCl3, 500 MHz): 7.72 (1H, s, H7), 7.56 – 7.52 (2H, m, H3), 7.09 – 7.04 (2H, m, 

H2), 6.10 (1H, q, J = 7.3 Hz, CHCH3), 4.21 (1H, dd, J = 8.2, 3.5 Hz, CHCH2CH3), 3.32 

(3H, s, NCH3), 1.67 (3H, d, J = 7.3 Hz, CHCH3), 1.15 – 1.08 (1H, m, CHCHHCH3), 

1.05 – 0.98 (1H, m, CHCHHCH3), 0.56 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 163.2 (CONCH3), 162.6 (d, JC-F = 247 Hz, C1), 154.0 (C8), 152.3 (C5), 138.7 

(C7), 135.6 (d, JC-F = 4 Hz, C4), 129.7 (d, JC-F = 8 Hz, C3), 121.1 (C6), 115.6 (d, JC-F = 

21 Hz, C2), 58.1 (CHCH2CH3), 52.5 (CHCH3), 28.4 (NCH3), 26.6 (CHCH2CH3), 16.7 

(CHCH3), 8.9 (CHCH2CH3); δF{H} (CDCl3, 471 MHz): −113.3  

(R)-2-Chloro-8-((S)-1-(3-methoxyphenyl)ethyl)-7-ethyl-5-methyl-7,8-

dihydropteridin-6(5H)-one, 145g 

Dihydropteridinone 79 (120 mg, 0.53 mmol) was reacted with (R)-1-

(3-methoxyphenyl)ethan-1-ol 144g (129 mg, 0.85 mmol) using 

general method 20to afford the title compound 145g as an orange 

oil (87 mg, d.r 11:1, 46%). LCMS purity >95%, ret. time 1.50 mins; 

HRMS (ESI +ve): found [M+H]+ 361.1424, [C18H22ClN4O2]+ requires 

361.1431; δH (CDCl3, 500 MHz): 7.72 (1H, s, H9), 7.32 – 7.27 (1H, m, H3), 7.18 – 

7.16 (1H, m, H6), 7.15 – 7.12 (1H, m, H4), 6.91 – 6.85 (1H, m, H2),  6.10 (1H, q, J = 

7.1 Hz, CHCH3), 4.25 (1H, dd, J = 8.3, 3.5 Hz, CHCH2CH3),  3.83 (3H, s, OCH3), 3.33 

(3H, s, NCH3), 1.67 (3H, d, J = 7.1 Hz, CHCH3), 1.17 – 1.10 (1H, m, CHCHHCH3), 
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1.08 – 0.99 (1H, m, CHCHHCH3), 0.58 (3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 163.4 (CONCH3), 159.8 (C1), 154.0 (C10), 152.4 (C7), 141.3 (C5), 138.6 (C9), 

129.7 (C3), 121.2 (C8), 120.1 (C4), 114.0 (C6), 113.7 (C2), 58.2 (CHCH2CH3), 55.3 

(OCH3), 53.1 (CHCH3), 28.4 (NCH3), 26.6 (CHCH2CH3), 17.0 (CHCH3), 9.0 

(CHCH2CH3) 

(R)-2-((2-Ethoxy-4-(1-methylpiperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((S)-

1-phenylpropyl)-7,8-dihydropteridin-6(5H)-one, 146  

Dihydropteridinone 145a (16 mg, 46 µmol) was reacted with 

aniline 28b (10 mg, 44 µmol) using general method 16 to 

afford the title compound 146 as a brown solid (7 mg, d.r 

19:1, 29%). LCMS purity >95%, ret. time 1.20 mins; HRMS 

(ESI +ve): found [M+H]+ 543.3442, [C32H43N6O2]+ requires 

543.3442; δH (CDCl3, 500 MHz): 8.33 (1H, d, J = 7.9 Hz, 

H10), 7.88 (1H, s, NH), 7.70 (1H, s, H7), 7.55 (2H, d, J = 6.9 Hz, H3), 7.38 – 7.30 

(3H, m, H1 & H2), 6.81 – 6.74 (2H, m, H11 & H13), 6.02 (1H, dd, J = 9.0, 6.8 Hz, 

ArCHCH2CH3), 4.16 (2H, q, J = 7.1 Hz, OCH2CH3), 4.07 (1H, dd, J = 8.4, 3.9 Hz, 

CHCH2CH3), 3.61 (2H, d, J = 8.8 Hz, H17), 3.33 (3H, s, CONCH3), 2.80 – 2.62 (6H, 

m, NCH3, H15 & 2 x H17), 2.27 – 2.08 (4H, m, ArCHCH2CH3 & 2 x H16), 2.04 – 1.98 

(2H, m, H16), 1.49 (3H, t, J = 7.1 Hz, OCH2CH3), 0.95 – 0.81 (5H, m, ArCHCH2CH3 & 

CHCH2CH3), 0.52 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 

(CONCH3), 155.2 (C8), 153.0 (C5), 147.8 (C14), 139.7 (C4), 137.6 (C7), 136.6 (C12), 

128.8 (C2), 128.5 (C9), 128.4 (C3), 128.2 (C1), 118.7 (C10 & C11), 115.4 (C6), 109.4 

(C13), 64.6 (OCH2CH3), 58.7 (ArCHCH2CH3), 57.8 (CHCH2CH3), 54.7 (C17), 43.4 

(NCH3), 40.0 (C15), 30.5 (C16), 28.4 (CONCH3), 26.2 (CHCH2CH3), 23.3 

(ArCHCH2CH3), 14.9 (OCH2CH3), 11.2 (ArCHCH2CH3), 9.2 (CHCH2CH3) 

 

(R)-8-((S)-1-(2-chlorophenyl)ethyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 147  

Dihydropteridinone 145b (23 mg, 63 µmol) was reacted with 

aniline 28b (14 mg, 60 µmol) using general method 16 to 

afford the title compound 147 as a white solid (12 mg, d.r 

14:1, 34%). LCMS purity >95%, ret. time 1.13 mins; HRMS 

(ESI +ve): found [M+H]+ 563.2887, [C31H40ClN6O2]+ requires 

563.2896; δH (CDCl3, 500 MHz): 8.39 (1H, d, J = 8.2 Hz, 

H12), 7.72 (1H, s, NH), 7.65 (1H, s, H9), 7.59 – 7.54 (1H, m, H5), 7.44 – 7.39 (1H, m, 

H2), 7.32 – 7.27 (2H, m, H3 & H4), 6.81 (1H, dd, J = 8.2, 1.3 Hz, H13), 6.75 (1H, d, J 

= 1.3 Hz, H15), 6.12 (1H, q, J = 6.9 Hz, CHCH3), 4.19 (1H, dd, J = 7.6, 3.5 Hz, 
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CHCH2CH3), 4.13 (2H, q, J = 6.9 Hz, OCH2CH3), 3.58 (2H, d, J = 9.8 Hz, H19), 3.31 

(3H, s, CONCH3), 2.76 – 2.62 (6H, m, NCH3, H17 & 2 x H19), 2.27 – 2.15 (2H, m, 

H18), 2.04 – 1.97 (2H, m, H18), 1.69 (3H, d, J = 6.9 Hz, CHCH3), 1.50 (3H, t, J = 6.9 

Hz, OCH2CH3), 1.42 – 1.33 (1H, m, CHCHHCH3), 1.22 – 1.14 (1H, m, CHCHHCH3), 

0.66 (3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.1 (CONCH3), 155.3 

(C10), 151.4 (C7), 147.7 (C16), 137.5 (C9), 136.7 (C6), 136.6 (C14), 135.7 (C1), 

129.9 (C5), 129.8 (C2), 129.5 (C3), 128.5 (C11), 126.7 (C4), 118.9 (C12/13), 118.8 

(C12/13), 115.5 (C8), 109.4 (C15), 64.4 (OCH2CH3), 59.9 (CHCH2CH3). 54.6 (C19), 

52.4 (CHCH3), 45.5 (NCH3), 40.2 (C17), 30.6 (C18), 28.2 (CONCH3), 27.1 

(CHCH2CH3), 17.7 (CHCH3), 15.0 (OCH2CH3), 8.9 (CHCH2CH3) 

 

(R)-8-((S)-1-(3-chlorophenyl)ethyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 148  

Dihydropteridinone 145c (35 mg, 96 µmol) was reacted with 

aniline 28b (21 mg, 91 µmol) using general method 16 to 

afford the title compound 148 as a pink solid (10 mg, d.r 

>20:1, 18%). LCMS purity >95%, ret. time 1.14 mins; HRMS 

(ESI +ve): found [M+H]+ 563.2895, [C31H40ClN6O2]+ requires 

563.2896; [𝛼]𝐷
23.2: −120.5° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 8.08 (1H, d, J = 7.9 Hz, H12), 7.95 (1H, s, NH), 7.69 (1H, s, H9), 7.51 (1H, s, 

H6), 7.42 – 7.37 (1H, m, H4), 7.31 – 7.26 (2H, m, H2 & H3), 6.77 – 6.72 (2H, m, H13 

& H15), 5,98 (1H, q, J = 7.1 Hz, CHCH3), 4.21 (1H, dd,  J = 7.9, 3.8 Hz, CHCH2CH3), 

4.13 (2H, q, J = 6.9 Hz, OCH2CH3), 3.68 – 3.58 (2H, m, H19), 3.33 (3H, s, CONCH3), 

2.80 – 2.60 (6H, m,  NCH3,  H17 & 2 x H19), 2.26 – 2.16 (2H, m, H18), 2.03 – 1.97 

(2H, m, H18), 1.69 (3H, d, J = 7.1 Hz, CHCH3), 1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 

1.26 – 1.10 (2H, m, CHCH2CH3), 0.63 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 163.0 (CONCH3), 154.9 (C10), 152.1 (C7), 148.2 (C16), 142.7 (C5), 137.0 (C9 

& C14), 134.6 (C1), 129.9 (C3), 128.2 (C2), 128.1 (C11), 127.9 (C6), 125.7 (C4), 

119.4 (C12), 118.6 (C13), 115.3 (C8), 109.5 (C15), 64.4 (OCH2CH3), 58.7 

(CHCH2CH3), 54.7 (C19), 52.8 (CHCH3), 43.4 (NCH3), 39.9 (C17), 30.5 (C18), 28.9 

(CONCH3), 26.6 (CHCH2CH3), 16.7 (CHCH3), 14.9 (OCH2CH3), 8.9 (CHCH2CH3) 

 

(R)-8-((S)-1-(4-chlorophenyl)ethyl)-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 149  

Dihydropteridinone 145d (30 mg, 82 µmol) was reacted with aniline 28b (18 mg, 78 

µmol) using general method 16 to afford the title compound 149 as a brown solid (12 

mg, d.r >20:1, 12%). LCMS purity >95%, ret. time 1.14 mins; HRMS (ESI +ve): found 
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[M+H]+ 563.2889, [C31H40ClN6O2]+ requires 563.2896; m.p.: 

80 – 82 °C; νmax (thin film, cm-1): 3425 (w, N-H), 1667 (C=O); 

[𝛼]𝐷
23.2: −204.3° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.22 

(1H, d, J = 8.2 Hz, H10), 7.71 (1H, s, NH), 7.69 (1H, s, H7), 

7.48 (2H, d, J = 8.3 Hz, H3), 7.31 (2H, d, J = 8.3 Hz, H2), 

6.08 (1H, q, J = 6.9 Hz, CHCH3), 4.18 – 4.11 (3H, m, CHCH2CH3 & OCH2CH3), 3.60 

(2H, d, J = 9.8 Hz, H17), 3.32 (3H, s, CONCH3), 2.77 – 2.60 (6H, m, NCH3, H15 & 2 x 

H17), 2.25 – 2.15 (2H, m, H16), 2.02 – 1.96 (2H, m, H16), 1.68 (3H, d, J = 6.9 Hz, 

CHCH3), 1.49 (3H, t, J = 6.9 Hz, OCH2CH3), 1.18 – 1.03 (2H, m, CHCH2CH3), 0.59 

(3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.1 (CONCH3), 155.3 (C8), 

152.1 (C5), 14.7.7 (C14), 139.4 (C4), 138.0 (C7), 136.7 (C12), 133.8 (C1), 129.1 

(C3), 128.7 (C2),128.4 (C9), 118.7 (C11), 118.6 (C10), 155.4 (C6), 109.4 (C13), 64.6 

(OCH2CH3), 58.3 (CHCH2CH3), 54.6 (C17), 52.1 (CHCH3), 43.5 (NCH3), 40.0 (C15), 

30.5 (C16), 28.3 (CONCH3), 26.5 (CHCH2CH3), 16.7 (CHCH3), 14.9 (OCH2CH3), 9.0 

(CHCH2CH3) 

 

(R)-8-((S)-1-(3-fluorophenyl)ethyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 150  

Dihydropteridinone 145e (35 mg, 101 µmol) was reacted with 

aniline 28b (23 mg, 96 µmol) using general method 16 to 

afford the title compound 150 as a yellow solid (12 mg, d.r 

>20:1, 22%). LCMS purity >95%, ret. time 1.16 mins; m.p.: 78 

– 80 °C; νmax (thin film, cm-1): 3423 (w, N-H), 1667 (C=O), 

1041 (C-F); [𝛼]𝐷
23.7: −126.7° (c 1.0, MeOH);  HRMS (ESI +ve): 

found [M+H]+ 547.3176, [C31H40FN6O2]+ requires 547.3196; δH (CDCl3, 500 MHz): 

8.24 (1H, d, J = 8.5 Hz, H12), 7.70 (1H, s, H9), 7.53 (1H, s, NH), 7.36 – 7.26 (3H, m, 

H3, H4 & H2/6), 7.03 – 6.98 (1H, m, H2/6), 6.76 – 6.72 (2H, m, H13 & H15), 6.08 (1H, 

q, J = 6.9 Hz, CHCH3), 4.18 (1H, dd, J = 7.9, 3.8 Hz, CHCH2CH3), 4.13 (2H, q, J = 6.9 

Hz, OCH2CH3), 3.53 (2H, d, J = 10.7 Hz, H19), 3.32 (3H, s, CONCH3), 2.71 – 2.58 

(6H, m, NCH3, H17 & 2 x H19), 2.20 – 2.15 (2H, m, H18), 1.99 – 1.94 (2H, m, H18), 

1.69 (3H, d, J = 6.9 Hz, CHCH3), 1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 1.19 – 1.07 (2H, 

m, CHCH2CH3), 0.60 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.1 

(CONCH3), 162.9 (d, JC-F = 246 Hz, C1), 155.5 (C10), 151.9 (C7), 147.4 (C16), 143.6 

(d, JC-F = 6 Hz, C5), 138.7 (C9), 136.7 (C14), 130.1 (d, JC-F = 8 Hz, C3), 128.5 (C11), 

123.3 (d, JC-F = 3 Hz, C4), 118.7 (C13), 118.0 (C12), 115.4 (C8), 114.9 (d, JC-F = 22 

Hz, C2 & C6), 109.4 (C15), 64.4 (OCH2CH3), 58.9 (CHCH2CH3), 54.6 (C19), 52.2 
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(CHCH3), 43.6 (C17), 40.2 (C17), 30.7 (C18), 28.3 (CONCH3), 26.4 (CHCH2CH3), 

16.7 (CHCH3), 15.0 (OCHCH3), 9.0 (CHCH2CH3); δF{H} (CDCl3, 471 MHz): −112.3 

 

(R)-8-((S)-1-(4-fluorophenyl)ethyl)-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 151  

Dihydropteridinone 145f (24 mg, 69 µmol) was reacted with 

aniline 28b (15 mg, 65 µmol) using general method 16 to 

afford the title compound 151 as a yellow solid (10 mg, d.r 

>20:1, 28%). LCMS purity >95%, ret. time 1.15 mins; HRMS 

(ESI +ve): found [M+H]+ 547.3183, [C31H40FN6O2]+ requires 

547.3196; m.p.: 77 – 79 °C; νmax (thin film, cm-1): 3420 (w, N-

H), 1667 (C=O), 1042 (C-F); [𝛼]𝐷
23.4: −149.6° (c 1.0, MeOH); δH (CDCl3, 500 

MHz): 8.30 (1H, d, J = 8.5 Hz, H10), 7.70 (1H, s, H7), 7.58 (1H, s, NH), 7.54 (2H, dd, 

J = 7.9, 5.7 Hz, H3), 7.04 (2H, t, J = 8.5 Hz, H2), 6.76 – 6.73 (2H, m, H11 & H13), 

6.16 (1H, q, J = 6.9 Hz, CHCH3), 4.16 – 4.11 (3H, m, CHCH2CH3 & OCH2CH3), 3.55 

(2H, d, J = 10.1 Hz, H17), 3.32 (3H, s, CONCH3), 2.72 – 2.59 (6H, m, NCH3, H15 & 2 

x H17), 2.21 – 2.16 (2H, m, H16), 2.00 – 1.96 (2H, m, H16), 1.68 (3H, d, J = 6.9 Hz, 

CHCH3), 1.49 (3H, t, J = 6.9 Hz, OCH2CH3), 1.12 – 0.98 (2H, m, CHCH2CH3), 0.57 

(3H, t, J = 7.4 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.1 (CONCH3), 162.4 (d, JC-F 

= 247 Hz, C1), 155.5 (C8), 152.0 (C5), 147.4 (C14), 138.6 (C7), 136.7 (d, JC-F = 3 Hz, 

C4), 136.6 (C12), 129.5 (d, JC-F = 8 Hz, C3), 128.5 (C9), 118.7 (C11), 118.2 (C9), 

115.5 (d, JC-F = 21 Hz, C2), 115.4 (C7), 109.4 (C13), 64.4 (OCH2CH3), 58.0 

(CHCH2CH3), 54.6 (C17), 51.8 (CHCH3), 45.5 (NCH3), 40.1 (C15), 30.7 (C16), 28.3 

(CONCH3), 26.4 (CHCH2CH3), 16.9 (CHCH3), 15.0 (OCH2CH3), 9.1 (CHCH2CH3); δF{H} 

(CDCl3, 471 MHz): −114.0 

 

(R)-8-((S)-1-(3-methoxyphenyl)ethyl)-2-((2-ethoxy-4-(1-methylpiperidin-4-

yl)phenyl)amino)-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-one, 152  

Dihydropteridinone 145g (36 mg, 99 µmol) was reacted with 

aniline 28b (22 mg, 95 µmol) using general method 16 to 

afford the title compound 152 as a pale orange solid (20 mg, 

d.r 18:1, 36%). LCMS purity >95%, ret. time 1.15 mins; 

HRMS (ESI +ve): found [M+H]+ 559.3382, [C32H42N6O3]+ 

requires 559.3391; δH (CDCl3, 500 MHz): 8.27 (1H, d, J = 8.8 

Hz, H12), 7.86 (1H, s, NH), 7.69 (1H, s, H9), 7.28 – 7.25 (1H, m, H3), 7.15 – 7.11 

(2H, m, H4 & H6), 6.85 (1H, dd, J = 8.2, 2.6 Hz, H2), 6.77 – 6.74 (2H, m, H13 & H15), 

6.13 (1H, q, J = 7.1 Hz, CHCH3), 4.20 (1H, dd, J = 8.1, 3.7 Hz, CHCH2CH3), 4.14 (2H, 
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q, J = 6.7 Hz, OCH2CH3), 3.73 (3H, s, OCH3), 3.64 – 3.57 (2H, m, H19), 3.32 (3H, s, 

CONCH3), 2.77 – 2.70 (5H, m, 2 x H19 & NCH3), 2.67 – 2.61 (1H, m, H17), 2.24 – 

2.16 (2H, m, H18), 2.02 – 1.97 (2H, m, H18), 1.68 (3H, d, J = 7.1 Hz, CHCH3), 1.50 

(3H, t, J = 7.0 Hz, OCH2CH3), 1.15 – 1.02 (2H, m, CHCH2CH3), 0.58 (3H, t, J = 7.5 

Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.2 (CONCH3), 159.8 (C1), 155.1 (C10), 

152.2 (C7), 147.8 (C16), 137.3 (C9), 136.7 (C14), 129.6 (C3), 128.3 (C11), 119.8 

(C4), 118.9 (C12), 1118.7 (C13), 115.4 (C8), 113.7 (C6), 113.4 (C2), 109,4 (C15), 

64.6 (OCH2CH3), 58.2 (CHCH2CH3), 55.2 (OCH3), 54.7 (C19), 52.6 (CHCH3), 43.5 

(NCH3), 40.0 (C17), 30.5 (C18), 28.3 (CONCH3). 26.4 (CHCH2CH3), 16.7 (CHCH3), 

14.9 (OCH2CH3), 9.1 (CHCH2CH3) 

 

2-Ethoxy-4-(piperidin-4-yl)aniline, 163  

Pyridine 25b (400 mg, 1.63 mmol) was subjected to general method 

15 to afford the title compound 163 as a brown oil (355 mg, 98%). 

LCMS purity >95%, ret. time 0.02 mins; HRMS (ESI +ve): found 

[M+H]+ 221.1651 [C13H21N2O]+ requires 221.1654; δH (500 MHz, 

CDCl3): 6.68 – 6.63 (3H, m, H3, H4 & H6), 4.06 (2H, q, J = 6.9 Hz, OCH2CH3), 3.23 – 

3.17 (2H, m, H9), 2.74 (2H, td, J = 12.3, 2.5 Hz, H9), 2.52 (1H, tt, J = 12.1, 3.7 Hz, 

H7), 1.83 (2H, d, J = 13.9 Hz, H8), 1.60 – 1.61 (2H, m, H8), 1.43 (3H, t, J = 7.1 Hz, 

OCH2CH3); δC (CDCl3, 126 MHz): 146.7 (C1), 137.1 (C5), 134.4 (C2), 118.8 (C4), 

115.0 (C3), 110.2 (C6), 63.7 (OCH2CH3), 46.8 (C9), 42.4 (C7), 34.3 (C8), 15.1 

(OCH2CH3); NH2 peak not observed. 

(R)-2-((2-Ethoxy-4-(piperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((4-

methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 158  

Dihydropteridinone 6r (100 mg, 297 µmol) was reacted with 

aniline 163 (62 mg, 282 µmol) using general method 16 to 

afford the title compound 158 as a yellow solid (67 mg, 43%). 

LCMS purity >95%, ret. time 1.17 mins; HRMS (ESI +ve): 

found [M+H]+ 521.2693, [C28H37N6O2S]+ requires 521.2695; 

m.p.: 102 – 105 °C; νmax (thin film, cm-1): 3419 (w, N-H), 2928 

(w, N-H), 1676 (C=O); [𝛼]𝐷
23.0: +17.3° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.31 (1H, 

d, J = 8.4 Hz, H10), 7.67 – 7.64 (2H, m, H7 & ArNH), 6.84 (1H, s, H3), 6.81 (1H, s, 

H1), 6.78 (1H, dd, J = 8.4, 1.5 Hz, H11), 6.74 (1H, d, J = 1.5 Hz, H13), 5.59 (1H, d, J 

= 15.5 Hz, ArCHH), 4.34 (1H, d, J = 15.5 Hz, ArCHH), 4.26 (1H, dd, J = 6.3, 3.5 Hz, 

CHCH2CH3), 4.13 (2H, q, J = 6.9 Hz, OCH2CH3), 3.50 (2H, d, J = 11.7 Hz, H17), 3.31 

(3H, s, CONCH3), 3.02 – 2.93 (2H, m, H17), 2.74 – 2.66 (1H, m, H15), 2.22 (3H, s, 
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ArCH3), 2.10 – 1.93 (5H, m, H16 & CHCHHCH3), 1.89 – 1.80 (1H, m, CHCHHCH3), 

1.48 (3H, t, J = 6.9 Hz, OCH2CH3), 0.83 (3H, t, J = 7.6 Hz, CHCH2CH3); δC (CDCl3, 

126 MHz): 163.3 (CONCH3), 155.3 (C8), 151.5 (C5), 147.5 (C14), 138.1 (C2), 137.5 

(C4), 137.4 (C7), 137.0 (C12), 129.7 (C3), 128.4 (C9), 121.2 (C1), 118.5 (C10 & 

C11), 114.8 (C6), 109.5 (C13), 64.4 (OCH2CH3), 60.3 (CHCH2CH3), 44.2 (C17), 42.9 

(ArCH2), 40.5 (C15), 30.2 (C16), 28.1 (CONCH3), 24.8 (CHCH2CH3), 15.7 (ArCH3), 

15.0 (OCH2CH3), 8.7 (CHCH2CH3); Piperidine NH  not observed in NMR. 

 

(R)-2-((2-Ethoxy-4-(piperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((3-

methylthiophen-2-yl)methyl)-7,8-dihydropteridin-6(5H)-one, 164  

Dihydropteridinone 6k (40 mg, 119 µmol) was reacted with 

aniline 163 (25 mg, 113 µmol) using general method 16 to 

afford the title compound 164 as a yellow solid (7 mg, 11%). 

LCMS purity >95%, ret. time 1.15 mins; HRMS (ESI +ve): 

found [M+H]+ 521.2679, [C28H37N6O2S]+ requires 521.2695; 

m.p.: 103 – 106 °C; νmax (thin film, cm-1): 3420 (w, N-H), 1665 

(C=O); [𝛼]𝐷
23.2: −18.0° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.37 (1H, d, J = 8.2 Hz, 

H10), 7.70 (1H, s, H7), 7.48 (1H, s, ArNH), 7.16 (1H, d, J = 5.1 Hz, H1), 6.90 – 6.79 

(2H, m, H2 & H11), 6.75 (1H, s, H13), 5.65 (1H, d, J = 15.6 Hz, ArCHH), 4.36 (1H, 

d, J = 15.6 Hz, ArCHH), 4.20 (1H, dd, J = 6.6, 3.6 Hz, CHCH2CH3), 4.15 (2H, q, J = 

6.9 Hz, OCH2CH3), 3.50 (2H, d, J = 12.4 Hz, H17), 3.34 (3H, s, CONCH3), 3.05 – 2.87 

(2H, m, H17), 2.73 – 2.67 (1H, m, H15), 2.27 (3H, s, ArCH3), 2.11 – 1.90 (5H, m, H16 

& CHCHHCH3), 1.89 – 1.81 (1H, m, CHCHHCH3), 1.50 (3H, t, J = 6.9 Hz, OCH2CH3), 

0.86 (3H, t, J = 7.8 Hz, CHCH2CH3); δC (CDCl3, 126 MHz): 163.4 (CONCH3), 155.6 

(C8), 151.5 (C5), 147.1 (C14), 138.3 (C7), 136.7 (C12), 136.1 (C3), 131.6 (C4), 130.1 

(C2), 128.6 (C9), 124.2 (C1), 118.7 (C11), 118.0 (C10), 114.8 (C6), 109.4 (C13), 64.3 

(OCH2CH3), 60.1 (CHCH2CH3), 44.3 (C17), 40.7 (C15), 40.5 (ArCH2), 30.6 (C16), 

28.1 (CONCH3), 24.8 (CHCH2CH3), 15.0 (CH3), 14.0 (OCH2CH3), 8.9 (CHCH2CH3); ; 

Piperidine NH  not observed in NMR. 

 

(R)-2-((2-Ethoxy-4-(piperidin-4-yl)phenyl)amino)-7-ethyl-5-methyl-8-((S)-1-

phenylethyl)-7,8-dihydropteridin-6(5H)-one, 165 

Dihydropteridinone 137 (60 mg, 181 µmol) was reacted with 

aniline 163 (38 mg, 172 µmol) using general method 16 to 

afford the title compound 165 as a yellow solid (17 mg, d.r 

>20:1, 18%). LCMS purity >95%, ret. time 1.13 mins; HRMS 

(ESI +ve): found [M+H]+ 515.3128, [C30H39N6O2]+ requires 
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515.3129; m.p.: 92 – 95 °C; νmax (thin film, cm-1): 3424 (w, N-H), 2972 (w, N-H), 1676 

(C=O); [𝛼]𝐷
23.0: −171.8° (c 1.0, MeOH); δH (CDCl3, 500 MHz): 8.22 (1H, d, J = 8.8 Hz, 

H10), 7.71 (1H, s, ArNH), 7.70 (1H, s, H7), 7.56 (2H, d, J = 7.4 Hz, H3), 7.39 – 7.31 

(3H, m, H1 & H2), 6.78 – 6.74 (2H, m, H11 & H13) 6.18 (1H, q, J = 7.2 Hz, CHCH3), 

4.21 – 4.13 (3H, m, CHCH2CH3 & OCH2CH3), 3.53 (2H, d, J = 12.5 Hz, H17), 3.33 

(3H, s, CONCH3), 3.04 – 2.96 (2H, m, H17), 2.75 – 2.68 (1H, m, H15), 2.10 – 2.00 

(4H, m, H16), 1.70 (3H, d, J = 7.2 Hz, CHCH3), 1.51 (3H, t, J = 7.0 Hz, OCH2CH3), 

1.13 – 0.99 (2H, m, CHCH2CH3), 0.58 (3H, t, J = 7.5 Hz, CHCH2CH3); δC (CDCl3, 126 

MHz): 163.4 (CONCH3), 155.4 (C8), 152.3 (C5), 14.7.7 (C14), 140.7 (C4), 137.9 (C7), 

137.1 (C12), 128.8 (C2), 128.6 (C9), 128.2 (C1), 128.0 (C3), 118.8 (C10), 118.7 

(C11), 115.6 (C6), 109.6 (C13), 64.5 (OCH2CH3), 58.4 (CHCH2CH3), 52.8 (CHCH3), 

44.4 (C17), 40.6 (C15), 30.4 (C16), 28.5 (CONCH3), 26.5 (CHCH2CH3), 16.9 

(CHCH3), 15.1 (OCH2CH3), 9.2 (CHCH2CH3); Piperidine NH  not observed in NMR. 
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Chapter 8 Appendices 

 

8.1 Appendix A: Kinome Screen Data for 63 

Kinase % Control 
(1 µM) 

Kinase % Control 
(1 µM) 

ABL1(E255K)-phosphorylated 100 ERK1 100 

ABL1(T315I)-phosphorylated 71 FAK 60 

ABL1-nonphosphorylated 84 FGFR2 100 

ABL1-phosphorylated 100 FGFR3 98 

ACVR1B 85 FLT3 100 

ADCK3 100 GSK3B 82 

AKT1 96 IGF1R 77 

AKT2 100 IKK-alpha 97 

ALK 7.1 IKK-beta 100 

AURKA 99 INSR 25 

AURKAB 86 
JAK2 (JH1 domain-

catalytic 
83 

AXL 98 
JAK3 (JH1 domain 

catalytic 
100 

BMPR2 100 JNK1 64 

BRAF 100 JNK2 44 

BRAF(V600E) 98 JNK3 39 

BTK 100 KIT 100 

CDK11 93 KIT (D816V) 100 

CDK2 100 KIT (V559D, T670I) 100 

CDK3 89 LKB1 82 

CDK7 88 MAP3K4 92 

CDK9 100 MAPKAPK2 100 

CHEK1 100 MARK3 100 

CSF1R 100 MEK1 100 

CSNK1D 90 MEK2 100 

CSNK1G2 100 MET 94 

DCAMKL1 100 MKNK1 100 

DYRK1B 63 MKNK2 60 
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EGFR 86 MLK1 100 

EGFR(L858R) 69 p38-alpha 92 

EPHA2 100 p38-beta 89 

ERBB2 100 PAK1 100 

ERBB4 93 PAK2 100 

PAK4 100 RET 99 

PCTK1 95 RIOK2 74 

PDGFRA 96 ROCK2 100 

PDGFRB 100 
RSK2 (Kin.Dom.1-N-

terminal) 
59 

PDPK1 98 SNARK 100 

PIK3C2B 88 SRC 100 

PIK3CA 96 SRPK3 100 

PIK3CG 98 TGFBR1 94 

PIM1 97 TIE2 99 

PIM2 86 TRKA 91 

PIM3 100 TSSK1B 91 

PKAC-alpha 100 
TYK2 (JH1 domain-

catalytic) 
100 

PLK1 1 ULK2 64 

PLK3 25 VEGFR2 87 

PLK4 100 YANK3 100 

PRKCE 100 ZAP70 94 

RAF1 100   
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