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ABSTRACT: Through regulation of the epigenome, the bromodomain and extra terminal (BET) 

family of proteins represent important therapeutic targets for the treatment of human disease.  

Through mimicking the endogenous N-acetyl-lysine group and disrupting the protein-protein 

interaction between histone tails and the bromodomain, several small molecule pan-BET inhibitors 

have progressed to oncology clinical trials.  This work describes the medicinal chemistry strategy 

and execution to deliver an orally bioavailable tetrahydroquinoline (THQ) pan-BET candidate.  

Critical to the success of this endeavor was a potency agnostic analysis of a data set of 1999 THQ 

BET inhibitors within the GSK collection which enabled identification of appropriate lipophilicity 

space to deliver compounds with a higher probability of desired oral candidate quality properties.  

SAR knowledge was leveraged via Free-Wilson analysis within this design space to identify a 

small group of targets which ultimately delivered I-BET567 (27), a pan-BET candidate inhibitor 

that demonstrated efficacy in mouse models of oncology and inflammation. 

KEYWORDS: Bromodomain, BET, Epigenetics, Bromodomain and Extra Terminal, Povarov 

Reaction, Free-Wilson, Lipophilic Efficiency 

INTRODUCTION 

The bromodomain and extra terminal (BET) family of bromodomain containing proteins are 

comprised of BRD2, BRD3, BRD4 and BRDT.  These proteins contain tandem N-terminal 

epigenetic reader modules, BD1 (N-terminal to BD2) and BD2 (C-terminal to BD1), which 

recognize acetylated lysines on histone tails and regulate gene transcription.1-3 The profound 

biology associated with the BET proteins and interacting transcription factors has driven research 

across academia and industry to target this tractable protein-protein interaction with small 

molecules for potential disease modification across a variety of therapeutic areas.4-7 The majority 

of molecules described to date bind all eight bromodomains of the BET family, known as pan-
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BET inhibitors, although there are increasing reports of compounds selective for BD1 or BD2. 8-13 

As a direct result of this sustained and focused research effort, several pan-BET inhibitors have 

entered oncology clinical trials as a mixture of standalone and combination therapies (Figure 1).14 

 

Figure 1. Clinical pan-BET molecules of known structure.  The acetyl lysine mimetic is 

highlighted in blue. 

The majority of clinical candidates whose structures have been disclosed fall broadly into three 

structural classes: benzodiazepines, pyrrolopyridinones and oxazoles.  Molibresib (1),15 birabresib 

(2),16 pelabresib (3)17 and BAY-1238097 (4)18 all bear a similar core bicyclic benzo(di)azepine 

ring, with either a methyl substituted 5-membered heteroaromatic or urea acetyl lysine mimetic.  
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Mivebresib (5)19 and INCB057643 (6)20 both bear a pyrrolopyridinone acetyl lysine mimetic 

which makes a bidendate interaction with a conserved Asn residue (Asn140, BRD4 BD1 

numbering, vide infra) via the pyridinone carbonyl and pyrrole NH group.  The third structural 

class of molecules, INCB054329 (7),21 PLX51107 (8),22 GSK2820151 (9)23 and BMS-986158 

(10)24 all share a bi- or tricyclic core with a dimethyl substituted 5-membered heteroaromatic 

warhead which makes a monodentate interaction to the conversed Asn residue.  In a structural and 

mechanistic class of its own, AZD5153 (11) contains two acetyl lysine mimetics and binds both 

BD1 and BD2 of the BET bromodomains simultaneously in a bivalent fashion.25,26 

The structure of the eight BET bromodomains are well characterized with numerous published 

apo and liganded crystal structures.  The bromodomain consists of four antiparallel alpha helices 

(αZ, αA, αB, and αC) connected by two flexible loop regions (ZA and BC), which form the acetyl 

lysine binding pocket.  Using 1,2,3,4-tetrahydroquinoline (THQ) I-BET726 (12) bound to BRD4 

BD1 as an instructive example of the typical interactions between a small molecule and a pan-BET 

family bromodomain, the N-1 acetate mimics the endogenous acetyl lysine and makes a direct 

hydrogen bonding interaction with Asn140 and a through-water interaction with Tyr97 (Figure 2a 

and 2b). 27,28 This water molecule is part of a highly conserved network at the base of the binding 

pocket and the acetate methyl group protrudes into a small pocket adjacent to this network.  The 

chiral C-2 methyl group has S absolute stereochemistry and occupies a small lipophilic area next 

to Leu94.  The BRD4 BD1 gatekeeper residue is Ile146 which allows access to a lipophilic region 

known as the WPF shelf consisting of Trp 81, Pro82 and Phe83 (Figure 2c).  The chiral R-amine 

positions the hydrophobic chloroaryl moiety onto the WPF shelf with the ring perpendicular to the 

protein surface and the chloro-group adjacent to Trp81.  Occupation of the WPF shelf is a common 

strategy for both small molecule potency and selectivity at the BET bromodomains and removal 

Design, synthesis, and characterization of I-BET567, a pan-bromodomain and extra terminal (BET) bromodomain oral candidate

4



 5 

of this interaction is typically highly detrimental to activity.29 The 6-position phenyl ring protrudes 

into the ZA channel making an edge-to-face interaction with Trp81 and the carboxylic acid group 

does not appear to make any interactions with the protein and sits surrounded by bulk solvent. 

 

 

Figure 2. (a) Structure of I-BET726 (12).  The 2S,4R-THQ core is highlighted in blue; (b) Crystal 

structure of 12 (green) bound to BRD4 BD1 (grey) (pdb: 4bjx).  Water molecules are shown as 

red spheres and hydrogen bonds are marked in yellow; (c) As (b), but with the protein surface 

shown. 

GSK has previously disclosed studies on the ligand efficient THQ template culminating with in 

vivo active pan-BET inhibitor I-BET726 (12),28 and it is also of note that in 2016 Forma 

Therapeutics disclosed work on developing THQ BET inhibitors in the patent literature.30 

However, despite substantial internal work on this chemotype, challenges around unbound 

clearance, solubility, permeability and CYP3A4 inhibition still remained which precluded 

(a) 

(c) (b) 
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identification of a candidate molecule and led to a shift of chemistry focus onto alternative 

templates.15,23 In 2014, with molibresib (1) undergoing multiple clinical trials and GSK2820151 

(9) progressing towards the clinic, there was a timebound portfolio need within GSK for additional 

pan-BET clinical candidates to improve the probability of success of delivering transformational 

medicines to patients.  This portfolio approach aimed to mitigate lead molecule risks associated 

with potential off-target toxicities and developability challenges such as the discovery of a less 

soluble polymorph.31 Herein, we describe how a wealth of THQ SAR and developability data 

generated over several years’ worth of effort was leveraged to identify improved probability of 

success lipophilicity space (chromLogDpH7.4 2–4) for design.  This led to the identification of orally 

bioavailable clinical candidate I-BET567 which addressed the limitations of previous molecules 

from this chemotype and demonstrated efficacy in mouse models of oncology and inflammation.  

Efforts to improve the synthetic route reduced the step count from 10 steps the first time the 

compound was made to a scalable four step route which ultimately delivered 4.18 kg of drug 

substance. 

RESULTS AND DISCUSSION 

Target Product Profile. For a pan-BET oral drug candidate, several key parameters were 

prioritised in accordance with GSK small molecule desired candidate criteria: BRD4 BD1 / BD2 

pIC50 > 6.5 as representative members of the BET bromodomain family, passive permeability >30 

nm/s as determined by in an artificial membrane permeability (AMP) assay, fasted state simulated 

intestinal fluid (FaSSIF) solubility >100 μg/mL, CYP3A4 pIC50 <4.5 and property forecast index 

(PFI, defined as chromLogDpH7.4 + number of aromatic rings) ≤6.32 The solubility of a developable 

crystalline polymorph was a key parameter within this back-up effort due to the complexity 

brought about by the identification of a less soluble polymorph during the development of 
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GSK2820151 (9).23 Molibresib (1) is predominantly eliminated by CYP3A4 metabolism and at 

the time it was hypothesized (and later confirmed) that coadministration of therapeutics that 

modulate CYP3A4 would alter molibresib exposure.33 To mitigate this risk, a candidate that was 

not solely eliminated by a single metabolizing enzyme was a desirable profile.  Finally, structural 

differentiation over existing GSK pan-BET candidates was required to mitigate the risk of potential 

idiosyncratic toxicities.34 The THQ chemotype fit this requirement well with I-BET726 (12) 

demonstrating a Tanimoto similarity score of 0.301 and 0.254 when compared with molibresib (1) 

and GSK2820151 (9) respectively.  At the outset of this effort, 1999 THQ molecules had already 

been generated and profiled against not just BRD4 BD1/BD2, but also a variety of developability 

assays within GSK.  Despite challenges encountered previously with this template (vide supra), 

with a timebound opportunity to deliver a differentiated pan-BET candidate molecule, the 

chemistry team felt that leveraging the historical THQ dataset represented the highest probability 

of success. 

Data visualization and compound design.  The dataset of 1999 THQ molecules contained a 

wealth of SAR and developability knowledge and we set out to extensively mine this data in order 

to drive the medicinal chemistry design strategy.  Initially, the molecules were classified as either 

acidic (121), basic (682) or neutral (1196) based on in silico predicted pKa values.  Comparison of 

these groups of compounds enabled a high-level understanding of design hypothesis parameters.  

While there was little dependence between ionization state and BRD4 BD1 potency (Figure 3a), 

there was a clear drop in passive permeability and solubility for acids compared with basic and 

neutral compounds, although this was based on an extremely limited number of acid solubility 

data points (Figure 3b and c).  In contrast, acidic molecules showed less propensity for CYP3A4 

inhibition, albeit with a reduced number of data points supporting this conclusion (Figure 3d).  
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Comparison of these findings to those reported by Gleeson in his analysis of a set of 30000 diverse 

molecules from the GSK collection showed the same trends between ionization for passive 

permeability and CYP3A4 inhibition.35  However, in contrast to that observed for the set of THQ 

molecules, Gleeson found that for solubility acid > base > neutral highlighting the value of bespoke 

analyses where suitable data exists to enable them (Figure 3c).  With an intracellular target and an 

oral route of administration required, focus turned to basic and neutral molecules as likely to offer 

the highest probability of success in delivering a soluble and permeable candidate molecule.  

However, the data also demonstrated that neutral and basic molecules represented the most 

lipophilic compounds made which due to similar potency levels concomitantly drove a dramatic 

and concerning drop in median lipophilic efficiency (LipE, calculated as BRD4 BD1 pIC50 – 

chromLogDpH7.4) values (Figure 3e and f). 

  

  

(a) (b) 

(c) (d) 
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Figure 3. Analysis comparing the impact that the ionization state of 1999 THQ molecules has 

against (a) BRD4 BD1 pIC50; (b) Passive permeability as determined in the artificial membrane 

permeability assay (AMP); (c) FaSSIF solubility; (d) CYP3A4 pIC50; (e) ChromlogDpH7.4; (f) LipE 

as determined by BRD4 BD1 pIC50 – chromLogDpH7.4. 

Accordingly, attention turned to the lipophilicity space most likely to drive success to aid design 

hypothesis prioritization.36 The chromLogDpH7.4 values for all THQ molecules in this set were 

predicted using an internal GSK in silico model.  The output was then correlated with measured 

values for the 1852 THQ compounds where data was available with an R2 = 0.919 indicating 

excellent correlation between predicted and measured values (Supporting Information, Figure S1).  

To utilize as much data as possible across as wide a range of molecules, predicted lipophilicity 

values were used to identify desirable lipophilicity space for future molecules.  Filtering the entire 

compound set to basic and neutral compounds with permeability, solubility and CYP3A4 data 

gave 140 THQ compounds which unfortunately represents only 7% of the total compounds and 

highlights the somewhat sporadic nature of historical data collection.  Visualization of this data in 

a single chart demonstrated not only the strong dependence of these important developability 

measures on lipophilicity, but also enabled clear guidance of the desired lipophilicity space to 

target (Figure 4).  Permeability (black line) showed a bell-shaped curve which required a 

(e) (f) 
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chromLogDpH7.4 ≥1.5 to be measurable with a peak around 5.  As expected, FaSSIF solubility (red 

line) dropped drastically with increasing lipophilicity and, in direct contrast, CYP3A4 inhibition 

increased steadily with lipophilicity.  Of the compounds with a chromLogDpH7.4 range 2–4, 32% 

(31 out of 97) demonstrated FaSSIF >100 μg/mL, permeability >30 nm/s and CYP3A4 pIC50 <4.5.  

In contrast, only 5% (2 out of 43) of the molecules outside of this lipophilicity range met these 

developability criteria.  Thus, highlighting the complex and somewhat contradictory nature of 

lipophilicity on compound developability, a chromLogDpH7.4 range of 2–4 appeared to give the 

highest probability of success for an oral drug candidate from the THQ chemotype.  

 

 
Figure 4. Visualization of binned predicted chromLogDpH7.4 (green bar) compared to median 

artificial membrane passive permeability (nm/s) (black line) for each lipophilicity bin, median 

FaSSIF solubility (μg/mL) (red line) for each lipophilicity bin and median CYP3A4 pIC50 (purple 
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line) for each lipophilicity bin.  The number of compounds in each lipophilicity bin is shown as a 

bar label. 

With clear lipophilicity design parameters in hand, attention turned to activity against the BET 

bromodomains.  BRD4 BD1 and BD2 TR-FRET assays have been used as representative members 

of the BET family throughout GSK’s bromodomain drug discovery projects with data in both these 

assays for 1955 THQ molecules (pIC50 range <4 – 8.7).  Most of the diversity in the compound set 

was in the groups occupying the WPF shelf, the 4-position, and the ZA channel protruding 6-

position groups (Figure 2).  To interrogate this data, a linear regression Free-Wilson analysis was 

undertaken across the 52 different 4-position and 74 different 6-position groups that appeared at 

least twice in the compound set (328 compounds in total).37 This analysis demonstrated that not 

only was the structure-activity-relationship (SAR) across these two positions additive as judged 

by the R2 correlation between the measured and predicted potency (Supporting Information, Figure 

S2), but also provided calculated coefficients for each unique group to predict the activity of novel 

compounds.  This additive coefficient-based model predicted the BRD4 BD1 / BD2 potency with 

±0.5 log unit accuracy of ≥95% compounds (BRD4 BD1: 319 / 328 (97%), BRD4 BD2: 313 / 328 

(95%)) when utilized on molecules in the training set (Supporting Information, Figure S2).   

The Free-Wilson analysis highlighted the importance of a substituted aryl ring in the 4-position 

in driving BRD4 activity via occupancy of the WPF shelf, however it had not escaped attention 

that these groups are embedded anilines (e.g. 4-chloroaniline in I-BET726 (12)), the potential 

release of which via elimination either in vivo or during manufacture was a carcinogenicity risk.  

The amino-aryl groups in the 4-position were assessed for known and predicted Ames38 liability 

utilizing both an internal GSK database of Ames data and an internal in silico energy of the highest 

occupied molecular orbital (eHOMO) model.39 Only those groups with a known Ames negative 
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result or if lacking experimental data, predicted to be low risk of Ames mutagenicity by the 

eHOMO model were carried forward (R4, Table 1).  Consideration of the target lipophilicity space 

(chromLogDpH7.4 2–4) against the GSK small molecule candidate criteria of PFI ≤6 (defined as 

chromLogDpH7.4 + number of aromatic rings) strongly suggested that efforts should focus onto 

targets bearing only two aromatic rings.32 With the baseline 6-position group as a benzene ring 

(Free-Wilson coefficient = 0), analysis of the coefficients of the 74 groups from the Free-Wilson 

analysis revealed that while substituted aromatic groups in the 6-position had a positive impact on 

BRD4 potency (Free-Wilson coefficients >0), all non-aromatic groups in this vector had a negative 

impact on potency (Free-Wilson coefficients <0) (Figure 5).   

 

Figure 5. Bar chart showing the impact of the 6-position aryl (blue columns) and non-aryl (orange 

columns) groups on the Free-Wilson BRD4 BD1 pIC50 co-efficient for each group. 

Nonetheless, in order to achieve the required PFI ≤6, the aromatic 6-position groups were 

removed and the non-aromatics with the least detrimental Free-Wilson coefficients identified (R6, 

Table 1).  Finally, virtual enumeration of the triaged 4- and 6-position groups gave 40 compounds 
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which following Free-Wilson potency and chromLogDpH7.4 prediction were prioritised to give a 

target list of 22 THQ molecules (compounds 13-34) in desirable lipophilicity space (Table 1).  All 

the target molecules had a predicted BRD4 BD1 / BD2 pIC50 ≥6.1 which was considered 

acceptable bearing in mind the ±0.5 log unit accuracy of the prediction.    

Table 1. Virtual enumeration of THQ molecules with predicted chromLogDpH7.4 values 

 

 

        

H 6.1 5.0 
13 

3.8 
4.2 4.2 

14 

3.7 

15 

3.3 
4.6 

F 6.0 4.9 
16 

3.7 
4.3 4.2 

17 

3.6 

18 

3.3 
4.5 

CN 5.6 4.5 
19 

3.3 

20 

3.9 

21 

3.8 

22 

3.2 

23 

3.0 
4.1 

CONH2 
24 

3.7 

25 

2.6 
1.7 

26 

2.0 
1.9 1.5 1.3 

27 

2.2 

CONHEt 4.7 
28 

3.5 

29 

2.5 

30 

2.9 

31 

2.8 

32 

2.4 

33 

2.1 

34 

3.1 

Compound numbers are shown in bold.  Predicted chromLogDpH7.4 values <2 or >4 are colored 

red, values 2–4 are colored green. 

Compound synthesis. A variety of different synthetic routes were utilized to access the target 

molecules taking advantage of bulk intermediates available within GSK from historical work on 

the THQ template.  In particular, enantiopure isopropyl carbamate 35 proved especially versatile 

allowing rapid access to a number of targets.28 Halogen-lithium exchange of bromide 35 with 2 

equivalents of sec-BuLi was carried out with the aim of trapping with ethyl chloroformate to 

provide access to an intermediate to targets 24-34.(Scheme 1).  However, the major product of the 

reaction was the dehalogenated THQ which following carbamate deprotection gave amine 36.  

R6 
R4 
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Subsequent palladium catalyzed Buchwald-Hartwig arylation provided the required targets 13-15 

with R6 = H. 

Scheme 1. Synthesis of compounds 13-15a 

 

aReagents and conditions: (a) s-BuLi (2 eq.), THF, –78 °C, 45 min then ClCO2Et, –78 °C to –30 

°C, 36%; (b) TBAF, THF, 65 °C, 60%; (c) ArBr, IPentPEPPSI, Cs2CO3, 1,4-dioxane, 100 °C.  

Enantio- and diastereo-selective aza-Michael reaction with 37 afforded aniline 38 which was 

cyclized using sodium borohydride and magnesium chloride to give 39, isolated as a single cis-

diastereomer (Scheme 2).40 Acetylation was followed by acid-mediated Boc cleavage to give 

amine 40.  Buchwald-Hartwig amination or thermal SNAr provided the target compounds which 

underwent chiral purification to increase the enantiomeric excess from ~87% to >95%. 

Scheme 2. Synthesis of compounds 16-18a   

 

aReagents and conditions: (a) 4-fluoroaniline, [(R)-(BINAP)Pd(MeCN)2](OTf)2, toluene, 35 °C, 

14%; (b) NaBH4, MgCl2, EtOH / H2O, –15 °C to rt, 34%; (c) Ac2O, pyridine, CH2Cl2, rt, 99%; (d) 
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TFA, CH2Cl2, rt, 94%; (e) aryl halide, DIPEA, PhCF3, 150 °C or ArBr, IPentPEPPSI, Cs2CO3, 

1,4-dioxane, 100 °C; (f) chiral purification. 

As disclosed previously, commercially available enantiopure amine 41 underwent Buchwald-

Hartwig amination with bromobenzene, which was followed by regioselective electrophilic 

aromatic bromination to give 42 (Scheme 3).41 Acid-mediated hydrolysis and then imide formation 

with Boc anhydride gave cyclisation precursor 43.  Cyclization with sodium borohydride and 

magnesium chloride formed the THQ ring system which underwent acetylation with acetyl 

chloride to give THQ 44 as a single cis-diastereomer.  Palladium catalyzed Negishi cyanation with 

zinc cyanide was followed by acid-mediated deprotection to give amine 45.  This intermediate 

underwent thermal SNAr chemistry with the requisite aryl halides to give targets 19, 22 and 

intermediate 46.  Base mediated nitrile hydrolysis of 46 with hydrogen peroxide provided primary 

carboxamide 27. 

Scheme 3. Synthesis of compounds 19, 22 and 27a  
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aReagents and conditions: (a) Bromobenzene, Pd(OAc)2, DavePhos, PhB(OH)2, Cs2CO3, THF, 

toluene, 80 °C, 35%; (b) NBS, DMF, 0 °C, 82%; (c) H2SO4, toluene, 60 °C, 89%; (d) Boc2O, t-

BuOLi, THF, –10 °C to 0 °C, 77%; (e) NaBH4, MgCl2
.6H2O, EtOH, H2O, –5 °C, 86%; (f) AcCl, 

pyridine, CH2Cl2, rt, 82%; (g) Zn(CN)2, Pd(PPh3)4, DMF, 115 °C, 79%; (h) HCl, 1,4-dioxane, rt, 

90%; (i) aryl halide, DIPEA, NMP, 160–180 °C; (j) H2O2, K2CO3, DMSO, H2O, rt, 59%. 

Lewis acid mediated deprotection of known n-butyl ester 47 proceeded smoothly to give primary 

amine 48 (Scheme 4).41 Palladium catalyzed Buchwald amination introduced the required 4-

position aromatics to give 49a, c-g and subsequent hydrolysis with lithium hydroxide provided 

carboxylic acid intermediates 50a-g.  In contrast, Buchwald amination between 48 and 2-bromo-

5-chloropyridine resulted in concomitant ester hydrolysis to directly generate 50b.  Amide bond 

formation between the appropriate carboxylic acid 50a-g with either an ammonium salt or with 

ethylamine provided target compounds 24-26, 28-32 and 34. 

Scheme 4. Synthesis of compounds 24-26, 28-32 and 34a   
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aReagents and conditions: (a) AlCl3, NEt3, CH2Cl2, MeOH, 0 °C to rt, 86%; (b) aryl halide, Pd 

catalyst, phosphine ligand, base, solvent, heat; (c), LiOH, MeOH, THF, rt; (d) 2-bromo-5-

chloropyridine, Pd2(dba)3, DavePhos, NaOt-Bu, 1,4-dixoane, 120 °C, 11%; (e) 1-hydroxy-1H-

benzotriazole ammonium salt, EDC, N-ethylmorpholine, DMF, rt or NH4Cl, HATU, DIPEA, 

DMF, rt; (f) EtNH2
.HCl, HOBt, EDC, N-ethylmorpholine, DMF, rt or EtNH2

.HCl, HATU, DIPEA, 

DMF, rt.     

Initial biological and developability profiling.  Ultimately 18 of the targeted 22 compounds 

were accessed and profiled with the syntheses of four molecules (20, 21, 23 and 33) unsuccessful 

in the time available to the chemistry team for compound synthesis.  In accordance with the target 

product profile, initial screening focused on potency (desired BRD4 BD1/ BD2 pIC50 >6.5), 

lipophilicity (desired chromLogDpH7.4 = 2–4), solubility (desired FaSSIF >100 μg/mL) and 

permeability (desired AMP >30 nm/s) at the first stage of the cascade (Table 2).  It was accepted 

that the initial FaSSIF solubility data would highly likely be generated using amorphous material 

Design, synthesis, and characterization of I-BET567, a pan-bromodomain and extra terminal (BET) bromodomain oral candidate

17



 18 

and thus represented a best-case scenario with the crystalline solubility expected to ultimately be 

lower.    

Table 2. Profile of compounds 13-19, 22, 24-32 and 34. 

 

 R6 R4 
BRD4 BD1/BD2 

FRET pIC50 

chromLog

DpH7.4 

BRD4 

BD1/BD2 

LipEa 

FaSSIF 

(μg/mL) 

AMP 

(nm/s) 

13 H 

 

6.0 / 6.5 3.7 2.3 / 2.8 533 480 

14 H 

 

5.9 / 5.9 3.3 2.6 / 2.6 955 320 

15 H 

 

6.0 / 6.3 3.1 2.9 / 3.2 270 540 

16 F 

 

6.1 / 6.5 3.8 2.3 / 2.7 558 510 

17 F 

 

5.9 / 6.0 3.6 2.3 / 2.4 99b 300 

18 F 

 

5.9 / 6.2 3.3 2.6 / 2.9 >1000 520 

19 CN 

 

6.3 / 6.8 3.5 2.8 / 3.3 279 310 

22 CN 

 

6.3 / 6.3 3.2 3.1 / 3.1 60 190 

24 CONH2 
 

6.7 / 7.7 3.5 3.2 / 4.2 33 400 

25 CONH2 

 

6.6 / 7.1 2.7 3.9 / 4.4 884 150 

26 CONH2 
 

6.1 / 6.8 2.2 3.9 / 4.6 ≥143b 82 

27 CONH2 

 

6.9 / 7.2 2.1 4.8 / 5.1 >1000 68 

28 CONHEt 

 

6.5 / 7.1 3.6 2.9 / 3.5 90 350 
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29 CONHEt 

 

6.7 / 7.0 2.6 4.1 / 4.4 >1000 46 

30 CONHEt 
 

6.1 / 6.8 3.1 3.0 / 3.7 44 250 

31 CONHEt 

 

6.1 / 6.8 3.0 3.1 / 3.8 ≥126b 230 

32 CONHEt 

 

6.3 / 6.0 2.4 3.9 / 3.6 ≥73b <3 

34 CONHEt 

 

7.0 / 7.1 3.1 3.9 / 4.0 82 180 

a LipE = BRD4 BD1 / BD2 pIC50 – chromLogDpH7.4; 
b chemiluminescent nitrogen detection 

(CLND) solubility data 

Pleasingly, across all the compounds prepared, the predicted chromLogDpH7.4 matched the 

measured values with a R2 correlation = 0.928 (Figure 6a).  The result of this was that all the THQ 

compounds made had a measured PFI <6, a critical target of the medicinal chemistry effort.32 A 

comparison of the Free-Wilson analysis predicted BRD4 BD1/BD2 pIC50 values highlighted that 

both models consistently overestimated the measured potency of this set of THQ molecules (Figure 

6b).  The overestimation was far more pronounced for the BRD4 BD2 predictions which 

unfortunately showed a larger than expected (>0.5 log unit) difference between measured and 

predicted values.  The reasons behind the increased BRD4 BD2 overprediction relative to the 

BRD4 BD1 overprediction is not currently understood.  However, all the BRD4 BD1 predictions 

were within 0.5 log units of the measured values demonstrating the utility of the Free-Wilson 

approach for the THQ template.   
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Figure 6. (a) Correlation of measured and predicted chromLogDpH7.4 values for all compounds in 

Table 2 with the compound number shown in a box; (b) Difference in measured and Free-Wilson 

predicted potency calculated by measured pIC50–predicted pIC50 for BRD4 BD1 (yellow circles) 

and BRD4 BD2 (blue squares) for all compounds in Table 2. 

(a) 

(b) 
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Compounds with R6 = H, 13-15 all demonstrated encouraging FaSSIF solubility (>100 μg/mL) 

and passive permeability (>30 nm/s), however the potency of all three compounds was insufficient 

to warrant further progression.  When R6 = F, with compounds 16-18, the same story repeated 

itself, despite desirable solubility and permeability, the potency of the molecules precluded further 

progression.  Clearly a substituent larger than H or F is required in the ZA channel to drive potency 

into acceptable ranges when targeting a chromLogDpH7.4 space of 2–4.  Compounds 19 and 22 with 

R6 = CN showed slightly improved potency, but still below the required BRD4 BD1 / BD2 pIC50 

= 6.5 cut-off and despite the encouraging FaSSIF solubility and permeability of cyanopyridine 19, 

it was not progressed any further.  Primary carboxamide substituted 24-27 demonstrated a jump in 

BRD4 potency with all apart from methyl pyridine substituted 26 meeting the predefined cut-off 

for progression.  Chlorobenzene 24, pyridine 25 and pyrimidine 27 all met the permeability criteria 

(>30 nm/s), but 24 lacked the required FaSSIF solubility to be progressed further.  Compounds 

28-32 and 34 all contained an ethyl amide in the R6 position with only 28, 29 and 34 meeting the 

BRD4 BD1 / BD2 potency cut-off.  FaSSIF solubility was sub-optimal for compounds 28 and 34, 

with only 29 meeting both the solubility and permeability targets.  From the original design 

hypothesis that targeting a chromLogDpH7.4 space of 2–4 would drive an increased probability of 

identifying molecules with FaSSIF >100 μg/mL and AMP >30 nm/s, 61% (11 / 18) of the target 

molecules met both of these target developability criteria. 

Visualizing the relationship between potency, lipophilicity and lipophilic efficiency (LipE) is an 

important and powerful method to monitor the progression for all of these key molecular attributes 

of drug candidates.36, 42 Accordingly, the compounds from Table 2 were visualized via scatter plots 

with BRD4 BD1 / BD2 pIC50 on the y-axis and chromLogDpH7.4 on the x-axis with diagonal lines 

representing different LipE values (Figure 7). From a BRD4 BD1 LipE perspective, five of the 
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compounds occupy space in the bottom right hand corner with an LipE <3 and a further seven 

clustered around the LipE = 3 line (Figure 7a).  However, highlighting the utility of this type of 

visualization, the three compounds passing the predefined potency, solubility and permeability 

progression criteria are located towards the top left-hand corner with higher LipE values (25, 29, 

and 27).  A similar pattern is also shown when visualizing the BRD4 BD2 LipE with the 

compounds that meet the pre-defined developability criteria for progression found with higher 

LipE values (Figure 7b).  Of note is the stand-out BRD4 BD1 and BRD4 BD2 LipE for 27 

compared to the complete set (LipE: 4.8 and 5.1) which gave the medicinal chemistry team 

optimism for future profiling.36 

 

(a) 
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Figure 7. (a) Plot of BRD4 BD1 potency against chromLogDpH7.4; (b) Plot of BRD4 BD2 potency 

against chromLogDpH7.4.  In both plots, the diagonal lines represent LipE values.  Compounds with 

FaSSIF solubility >100 μg/mL are colored green and <100 μg/mL are blue.  Compounds with 

AMP >30 nm/s are circles and <30 nm/s are squares. 

Further biological and developability profiling. Only three THQ molecules were suitable for 

progression to the next phase of profiling, representing an 83% attrition from the 18 compounds 

initially synthesised. Accordingly, the compounds were profiled in pharmacologically relevant 

cellular assays, off-target liability assays and in vitro hepatocyte clearance assays (Table 3). 

Table 3. Further profiling of compounds 25, 27 and 29.a 

 

(b) 
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 R1 X R2 

hWB 

MCP-1 

pIC50 

CYP3A4 

pIC50 

CYP3A4 

MDI 

hERG 

pIC50 

Rat / Dog / Human 

hepatocyte CLint 

(mL/min/g tissue) 

25 H CH Cl 6.4 <4.4 No <4.3 n.d. 
27 H N Cl 6.7 <4.4 No <4.3 <0.80 /<1.26 / <0.87 
29 Et CH CN 6.6 <4.4 No <4.3 4.30 / <1.26 / <0.87 
a n.d. = not determined 

With BET bromodomain inhibition driving a profound anti-inflammatory phenotype, cellular 

activity was examined.  Inhibition of the proinflammatory cytokine monocyte chemoattractant 

protein-1 (MCP-1) in lipopolysaccharide (LPS) stimulated human whole blood (hWB) provides 

both evidence of cellular target engagement and a clinically relevant biomarker of BET 

inhibition.43 The three remaining THQ compounds were screened in a LPS-stimulated hWB assay 

with all of them demonstrating inhibition of MCP-1 at concentrations <0.5 μM.  Pleasingly, 

profiling against CYP3A4 demonstrated pIC50 <4.5 with no evidence of metabolism dependent 

inhibition (MDI) and all three compounds showed a low risk of hERG inhibition.  At this stage 

compound 25 was down prioritised due to the lower levels of activity in the hWB assay compared 

to 27 and 29.  Progression into in vitro hepatocyte incubations revealed an interesting separation 

between the two remaining compounds: 27 and 29 both showed promising intrinsic clearance 

(CLint) profiles in dog and human hepatocytes, however 29 was markedly less stable compared to 

27 in rat hepatocytes.  Although fraction unbound in hepatocytes was not generated at the time, 

with comparatively low levels of lipophilicity, it is likely that this difference in rat hepatocyte CLint 

is real, rather than due to differential nonspecific hepatocyte binding.44,45  

With desirable potency, developability data and a promising in vitro hepatic clearance profile, 

pyrimidine 27 was taken forward into a form screen which identified a single crystalline anhydrous 

phase pure form.  This developable crystalline form with a 234°C melting point still showed 

desirable levels of solubility with >600 μg/mL solubility across a range of biorelevant media, 
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FaSSIF, fed state simulated intestinal fluid (FeSSIF) and simulated gastric fluid (SGF) (Supporting 

Information, Table S5).   

Table 4. Pharmacokinetic profile of compound 27 following intravenous infusion and oral 

administration in male wistar han rat and beagle doga 

Species Dose ivb / 

poc (mg/kg) 

CLb 

(mL/min/kg) 

CLb,u 

(mL/min/kg) 

CLrenal 

(mL/min/kg) 

Vss 

(L/kg) 

Vss,u 

(L/kg) 

t½ (h) Fpo 

(%) 

fub 

rat 1.3 / 3 25 109 7 2.4 10.4 1.6 99d 0.23 

dog 1.0 / 3 8.1 20 6.9 1.2 2.9 1.8 98 0.41 
aValues are mean, n = 3 unless otherwise stated; bIV dose 1 h infusion in DMSO and (10%, w/v) 

Kleptose HPB in saline (2%:98% (v/v); cPO dose vehicle: 1% (w/v) methycellulose (400 cps) (aq);  
dmean n = 2.  

In both rat and dog, 27 had consistent in vivo pharmacokinetics with a moderate blood clearance, 

moderate volume of distribution and terminal half-life (Table 4).  Renal clearance of parent drug 

was observed in both species, though the proportion of renal elimination to total clearance was 

higher in dog (85%) than in rat (28%).  The mechanism of renal clearance was assumed to be net 

secretion as renal clearance was greater than the rate of filtration of unbound compound.46 This 

mixture of elimination by hepatic and renal routes in both rat and dog makes the likelihood that 27 

would be cleared solely by CYP3A4 in human low.33 Following oral administration as a 

suspension in both species, compound 27 was found to be rapidly absorbed and completely 

bioavailable. 

As the BET family represents only 8 members of the 61 bromodomains that comprise the human 

bromodomain phylogenetic tree, in parallel to the above pharmacokinetic studies, the 

bromodomain selectivity profile of compound 27 was determined.47 BROMOscan profiling of 27 

demonstrated a BET selective profile with expected activity against all eight BET family 

bromodomains (BET family pKd 7.4–8.3) and the closest off-target CREBBP / EP300 (pKd 5.6) 

(Supporting Information, Table S2).,48 Additionally, 27 had an excellent profile in the GSK 

enhanced cross-screening panel of 53 pharmacologically relevant off-target liability assays 

(Supporting Information, Table S3).  As discussed above in the data analysis section, utilizing 4-
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position anilinic substituents with a low risk of mutagenicity was a purposeful design choice.  In 

the case of 27, the 4-position aniline (5-chloro-2-aminopyrimidine) is a known Ames negative 

molecule and 27 itself was also not mutagenic when tested in the Ames assay.  

Crystallography of 27 bound to BRD4 BD1 was used to confirm the expected binding mode and 

mechanism of action as an acetyl lysine mimetic (Figure 8).  An overlay of 27 with I-BET726 (12) 

showed an almost identical overlap of the acetate acetyl lysine mimetic, 2S methyl group and THQ 

core making the same canonical hydrogen bonding interactions to Asn140 and via water to Tyr97 

(Figure 8a and b).    The 4-position substituent of 27 adopted a slightly different position and an 

altered torsion angle compared with I-BET726 (12), but still occupied the lipophilic WPF shelf 

region of the BRD4 BD1 bromodomain (Figure 8a and c).  The pyrimidine makes a hydrogen 

bonding interaction with solvent molecules and the pendant chloro-group sits adjacent to Trp81.  

The 6-position carboxamide has a 22.6° dihedral angle relative to the THQ aryl ring consistent 

with that observed with other primary aryl carboxamides in the Mogul database.49 The 6-position 

primary carboxamide occupies the ZA channel entrance and is engaged in hydrogen bonding with 

bulk water. 

  

(b) (a) 
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Figure 8. (a) Overlay of the crystal structure of I-BET726 (green) bound to BRD4 BD1 (grey) 

(pdb:4bjx) and 27 (blue) bound to BRD4 BD1 (grey) (pdb: 7qdl); (b) Crystal structure of 27 (blue) 

bound to BRD4 BD1 (grey) (pdb: 7qdl).  Water molecules are shown as red spheres and hydrogen 

bonds are marked in yellow; (c) As (b), but with the protein surface shown. 

Improved synthesis of 27. At this stage, the potency, developability and pharmacokinetic 

profile of 27 warranted further downstream in vivo studies and more material was required to 

support this.  The first time compound 27 was made involved a 10-step sequence with an un-

optimized 4.4% overall yield from commercial materials which involved nine isolated 

intermediates and four column chromatography purifications (Scheme 3).  This original route was 

suitable for synthesis of the initial ~150 mg batch of material, however decagram amounts of 27 

were required to support imminent in vivo efficacy and safety studies.  While it was likely that the 

initial route could be optimized to improve yields, remove chromatographic purification and 

marginally reduce the number of steps, a drastic redesign was sought to access the compound in a 

fundamentally different manner with improved scalability and a vastly reduced step count.  

(c) 
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However, this was not a trivial task as the complexity of the synthesis of 27 is directly related to 

the densely functionalized THQ core itself with the 2S, 4R absolute configuration essential for 

BET activity.28 In the route described in Scheme 3, the relative and absolute 2S, 4R-

stereochemistry of this core was accessed over 5 steps in 16.9% yield from a chiral amine derived 

from L-alanine.  It had not escaped our attention that torcetrapib (58), a cholesterylester transfer 

protein (CETP) inhibitor, also contains a highly similar densely functionalized THQ core,40,50 

albeit with the opposite absolute stereochemistry to that required for 27.  As a result of the clinical 

development of torcetrapib, there have been multiple synthetic routes published, including an 

elegant chiral Brønsted acid catalyzed three-component Povarov reaction to rapidly access the 

THQ core.51 This enantio- and diastereoselective reaction formed the cornerstone of a drastically 

improved synthetic route to 27 (Scheme 5). 

Scheme 5. Four step scalable synthesis of 27 and structure of torcetrapib (58).a  

 

aReagents and conditions: (a) CH2Cl2, 0 °C to rt, 66%; (b) AcCl, NMP, 0 °C to rt, 82%; (c) Pd/C, 

H2, EtOH, 50 °C, 89%; (d) 2,5-dichloropyrimidine, DIPEA, DMSO, 120 °C, then seeded 

recrystallization, 65%. 
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There were no examples of acetaldehyde (52) or 4-aminobenzamide (51) being used as reaction 

components to deliver the THQ core in the original report from Liu and co-workers,51 so we were 

delighted to see the reaction scope extend to provide functionalized core 55 in a single step in 66% 

yield.  To deliver the required 2S, 4R-stereochemistry, the opposite enantiomer of the Brønsted 

acid catalyst 54 to that described by Liu and co-workers was utilized resulting in 55 as a single 

cis-diastereomer in >95% ee.  With the key stereocenters set in a single step, acetylation, then 

hydrogenolysis and finally SNAr with 2,5-dichloropyrimidine proceeded smoothly to provide 

intermediate grade 27.  A seeded recrystallization delivered 27 as the desired anhydrous phase 

pure crystalline form with excellent purity, >99% ee and in 31% overall yield. This four-step 

reaction sequence proceeded without recourse to chromatography to rapidly provide 101 g of 27 

in a single sequence.  Minor tweaks to the solvent choice (EtOH to i-PrOH for the hydrogenolysis 

and DMSO to NMP for the SNAr) and telescoping the hydrogenolysis deprotection output into the 

SNAr step enabled subsequent delivery of 4.18 kg of 27 to support future non-clinical and clinical 

studies.    

in vivo efficacy studies. With substantial amounts of 27 in hand, attention turned to 

demonstration of the in vivo efficacy of 27.  Numerous non-clinical studies of pan-BET inhibitors 

have demonstrated the profound anti-inflammatory effects of engaging the target in vivo.52,53  The 

T cell dependent mouse immunization model is a mechanistic model representing immune 

activation to the T cell dependent antigen keyhole limpet haemocyanin 2, 4, 6-nitrophenol (KLH-

TNP).  Administration of a single dose of KLH-TNP provokes an antibody response which 

involves fundamental immune cell interactions between T and B cells and dendritic cells.  Male 

CD1 mice (n=8 per group) were challenged with a single dose of KLH-TNP (via intraperitoneal 

route) 1 h post oral administration of 27 or the positive control (10 mg/kg pan-BET inhibitor I-
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BET151).54 A 30 mg/kg dose of 27 was selected for this study as this dose provided comparable 

potency adjusted exposure to other pan-BET inhibitors known to deliver efficacy in this model 

and was also considered to provide optimal probability of achieving efficacy following an 

intermittent dosing regimen.53 Following oral administration of 27 at 30 mg/kg daily (QD), every 

other day (QOD) or every third day (QOED) over a 14 day period to KLH-TNP challenged mice, 

statistical analysis (one-way ANOVA with a post hoc Dunnett’s test) indicated that significant 

reduction of IgG1 levels (P <0.001) was observed following QD and QOD dosing (98% and 93% 

inhibition respectively) but not QOED dosing when compared to vehicle controls (Figure 9a). 27 

was also shown to produce similar reduction of IgG1 as the positive control compound, pan-BET 

I-BET151, when dosed QD or QOD.  PK analysis confirmed that following 30 mg/kg dose 

administration at QD, QOD and QOED, the Cmax remained the same (8.5 µM) though a dose 

dependent reduction in AUC0-72 h (103, 69 and 34 µM.h, respectively) and unbound Cav (1.43, 0.96 

and 0.48 µM, respectively) over a 72 h dosing period was observed (Figure 9b).  Mouse 

bodyweights were not significantly affected across the 14 days of compound administration 

indicating that 27 was well tolerated. 

 

(a) 
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Figure 9. (a) Reduction in circulating IgG1 on Day 14 following daily dosing of positive control 

I-BET151 at 10 mg/kg and daily or intermittent oral dosing of 27 at 30 mg/kg in CD1 male mice 

(mean + SD) ***=P<0.001; (b) Mean unbound average concentration of 27 and IgG1 reduction 

on Day 14 in CD1 mice following daily and intermittent oral dosing of 27 at 30 mg/kg. 

As mentioned previously, all the pan-BET inhibitors currently progressing through clinical trials 

are doing so in oncology studies. To investigate whether 27 can drive anti-neoplastic mechanisms 

in an in vivo setting following chronic oral dosing, a mouse xenograft tumor model was employed. 

The mouse strain used, NOD/SCID, is deficient for immune function and therefore allows human 

cancer cells to be administered without provoking a xenoantigenic immune response.  Nuclear 

protein in testes (NUT) midline carcinoma (NMC) is a poorly differentiated carcinoma 

characterized by the occurrence of primary malignant epithelial tumors in the midline structures, 

a chromosomal translocation at t(15,19), and the expression of a fusion protein containing NUT 

and BRD3 or BRD4.55 Consistent with the biology of this prototypic BET-driven malignancy, 27 

effectively inhibited the proliferation of human NMC cell line 11060 in vitro with a mean gpIC50: 

6.2 (0.63 μM).  To investigate the translatability of this finding in vivo,56 NMC 11060 cells were 

administered to NOD/SCID male mice (n=7 per group), and tumors allowed to reach 160-300 mm3 

prior to randomization and commencement of once daily oral (PO) dosing of 27 at 3 mg/kg, 10 

mg/kg or 30 mg/kg.  Dosing was continued for 20 days with regular measurement of tumor 

(b) 
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volumes.  This led to a rapid and clear statistically significant reduction in tumor growth compared 

to vehicle controls at both 10 and 30 mg/kg (Figure 10a and b).  No reduction was observed 

following administration at 3 mg/kg (data not shown).  Furthermore, the 30 mg/kg dose reduced 

the mean tumor volume to below the day 1 starting volume, indicating that 27 can decrease tumor 

size.  Measured drug concentrations at 0.5 h on day 20 in the mouse xenograft model are in line 

with those of simulated profiles derived from a standalone PK study at 3 mg/kg in CD1 mice 

indicating dose proportional exposure and that no accumulation occurs following repeat oral 

dosing (Supporting Information, Figure S3).  Comparing tumor reduction to 27 concentration 

suggests an unbound Cmax concentration of at least 2 µM and unbound AUC0-24 h of at least 10 

μM.h is associated with tumor volume reduction of more than 50% (Figure 10c).  This corresponds 

with unbound exposure of 27 above the unbound NMC 11060 cell gIC50 for >3 up to 6 h each day 

(Supporting Information, Figure S3).  However, a single mouse from the 10 mg/kg dose group did 

not show any reduction in tumor growth despite having similar unbound concentrations on days 

1, 10 and 20 of 27 at 0.5 h post-dose compared to others within this dose group.  All three doses 

were well tolerated by the mice, apart from one mouse in the 30 mg/kg group which lost 19.6% 

body weight resulting in euthanasia on day 20. 

 

(a) (b) 
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Figure 10. Mean +/- SD tumor volume in the mouse NMC Xenograft model over 20-day dosing 

period (n=7) at (a) 10 mg/kg and (b) 30 mg/kg.  The % inhibition value quoted where statistical 

significance (P<0.05) was observed. The data are represented as means with standard deviation 

error bars; (c) Relationship between unbound blood concentrations of 27 and tumor reduction on 

Day 20 in individual NOD/SCID mice normalized to mean vehicle (n=5/6). 

 Taken together, the combination of efficacy, pharmacokinetics and developability data 

packages supported 27 (GSK3383567, I-BET567) as a desired candidate quality oral small 

molecule suitable for clinical progression.57 

CONCLUSION 

In conclusion, we report the medicinal chemistry strategy employed to exploit a large historical 

dataset for the identification of increased probability of success lipophilicity space for the design 

of oral pan-BET THQ molecules.  Free-Wilson SAR analysis was leveraged to identify preferred 

groups for potency which underwent virtual enumeration and then targets with a predicted 

chromLogDpH7.4 2–4 selected for synthesis.  18 pan-BET THQ compounds were accessed, 

profiled, and triaged against pre-defined progression criteria with 27 (I-BET567) standing out due 

(c) 
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to improved LipE which drove high solubility, permeability, low risk of off-target liabilities and 

suitable pharmacokinetics for in vivo studies.  Following dramatic improvements to the synthetic 

route, a scalable enantioselective multi-component Povarov reaction was used to deliver the 

densely functionalized THQ core and drug substance to support downstream studies.  Profound 

efficacy was demonstrated in vitro and in vivo via models of inflammation and oncology which, 

together with developability data, confirmed 27 as a desired quality oral candidate molecule for 

clinical progression. 

 

EXPERIMENTAL SECTION 

Physicochemical Properties.  Artificial membrane permeability, chromatographicLogD at pH 

7.4, FaSSIF solubility and CLND solubility were measured using published protocols.13   

Chemistry methods.  All solvents were purchased from Sigma Aldrich (anhydrous solvents) and 

commercially available reagents were used as received. All reactions were followed by TLC 

analysis (TLC plates GF254, Merck) or LCMS (liquid chromatography mass spectrometry) using 

a Waters ZQ instrument.  NMR spectra were recorded at ambient temperature unless otherwise 

stated using standard pulse methods on any of the following spectrometers and signal frequencies: 

Bruker AV-400 (1H = 400 MHz, 13C = 100.6 MHz), Bruker AV-500 (1H = 500 MHz, 13C = 125.8 

MHz), Bruker AVII+ 600 (1H = 600 MHz, 13C = 150.9 MHz). Chemical shifts are reported in ppm 

and are referenced to tetramethylsilane (TMS) or the following solvent peaks: CDCl3 (
1H = 7.27 

ppm, 13C = 77.00 ppm), DMSO-d6 (
1H = 2.50 ppm, 13C = 39.51 ppm) and CD3OD (1H = 3.31 ppm, 

13C = 49.15 ppm). Coupling constants are quoted to the nearest 0.1 Hz and multiplicities are given 

by the following abbreviations and combinations thereof: s (singlet), d (doublet), t (triplet), q 

(quartet), m (multiplet), br (broad). Column chromatography was performed on pre-packed silica 
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gel columns using biotage SP4, Isolera One or Teledyne ISCO apparatus.  High resolution mass 

spectra (HRMS) were recorded on a Micromass Q-Tof Ultima hybrid quadrupole time-of-flight 

mass spectrometer, with analytes separated on an Agilent 1100 Liquid Chromatograph equipped 

with a Phenomenex Luna C18(2) reversed phase column (100 mm × 2.1 mm, 3 µm packing 

diameter). LC conditions were 0.5 mL/min flow rate, 35 °C, injection volume 2-5 µL. Gradient 

elution with (A) H2O containing 0.1% (v/v) formic acid and (B) acetonitrile containing 0.1% (v/v) 

formic acid. Gradient conditions were initially 5% B, increasing linearly to 100% B over 6 min, 

remaining at 100% B for 2.5 min then decreasing linearly to 5% B over 1 min followed by an 

equilibration period of 2.5 min prior to the next injection.  LCMS analysis was carried out on a 

Waters Acquity UPLC instrument equipped with a BEH column (50 mm × 2.1 mm, 1.7 µm 

packing diameter) and Waters micromass ZQ MS using alternate-scan positive and negative 

electrospray. Analytes were detected as a summed UV wavelength of 210 – 350 nm. Two liquid 

phase methods were used: 

Formic – 40 °C, 1 mL/min flow rate. Gradient elution with the mobile phases as (A) H2O 

containing 0.1% volume/volume (v/v) formic acid and (B) acetonitrile containing 0.1% (v/v) 

formic acid. Gradient conditions were initially 1% B, increasing linearly to 97% B over 1.5 min, 

remaining at 97% B for 0.4 min then increasing to 100% B over 0.1 min. 

High pH – 40 °C, 1 mL/min flow rate. Gradient elution with the mobile phases as (A) 10 mM 

aqueous ammonium bicarbonate solution, adjusted to pH 10 with 0.88 M aqueous ammonia and 

(B) acetonitrile. Gradient conditions were initially 1% B, increasing linearly to 97% B over 1.5 

min, remaining at 97% B for 0.4 min then increasing to 100% B over 0.1 min. 
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Mass-directed automatic purification (MDAP) was carried out using a Waters ZQ MS using 

alternate-scan positive and negative electrospray and a summed UV wavelength of 210–350 nm. 

Two liquid phase methods were used:  

Formic – Sunfire C18 column (100 mm × 19 mm, 5 µm packing diameter, 20 mL/min flow rate) 

or Sunfire C18 column (150 mm × 30 mm, 5 µm packing diameter, 40 mL/min flow rate). Gradient 

elution at ambient temperature with the mobile phases as (A) H2O containing 0.1% volume/volume 

(v/v) formic acid and (B) acetonitrile containing 0.1% (v/v) formic acid. 

High pH – Xbridge C18 column (100 mm × 19 mm, 5 µm packing diameter, 20 mL/min flow 

rate) or Xbridge C18 column (150 mm × 30 mm, 5 µm packing diameter, 40 mL/min flow rate). 

Gradient elution at ambient temperature with the mobile phases as (A) 10 mM aqueous ammonium 

bicarbonate solution, adjusted to pH 10 with 0.88 M aqueous ammonia and (B) acetonitrile. 

Melting point analysis was carried out using Buchi M-565 melting point apparatus and are 

uncorrected.  IR spectra were obtained on a Perkin Elmer Spectrum 1 FTIR apparatus, with major 

peaks reported.  The purity of all compounds tested was determined by LCMS and 1H NMR to be 

>95% apart from compound 13 which showed 92% purity. 

Isopropyl ((2S,4R)-1-acetyl-2-methyl-1,2,3,4-tetrahydroquinolin-4-yl)carbamate (59). To a 

stirred solution of isopropyl ((2S,4R)-1-acetyl-6-bromo-2-methyl-1,2,3,4-tetrahydroquinolin-4-

yl)carbamate (35)28 (5.06 g, 13.70 mmol in THF (100 mL) cooled to –78 °C under N2 was added 

dropwise sec-butyllithium (1.4 M in cyclohexane) (20.0 mL, 28.0 mmol) whilst maintaining the 

internal reaction temperature below –65 ºC.  The mixture was stirred for 45 min and then ethyl 

chloroformate (1.5 mL, 15.62 mmol) was added dropwise whilst maintaining the internal reaction 

temperature below –65 °C, and stirring was continued at –78 °C for a further 15 min.  The mixture 

was allowed to warm to –30 °C before being quenched by the careful addition of EtOH (5 mL).  
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After allowing to warm to rt, the mixture was partitioned between EtOAc (100 mL) and 2 M 

aqueous sodium carbonate solution.  The phases were separated, and the aqueous phase was 

extracted with further EtOAc (2 × 50 mL).  The combined organic phases were washed with H2O 

(50 mL) and saturated brine solution (50 mL), dried (MgSO4), filtered and the solvent evaporated 

in vacuo to give a clear gum.  The gum was redissolved in CH2Cl2 (10mL) and was purified by 

Biotage SP4 flash chromatography (100 g silica SNAP cartridge) eluting with 0-100% EtOAc in 

cyclohexane.  The required fractions were combined and evaporated in vacuo to give a residue.  

The residue was again dissolved in CH2Cl2 (10mL) and was purified by Biotage SP4 flash 

chromatography (split across 2 × 100g silica SNAP cartridge) eluting with 20-60% EtOAc in 

cyclohexane.  The required fractions were combined and evaporated in vacuo to give a residue.  

The residue was dissolved in DMSO (21 mL) and was further purified by MDAP (high pH).  The 

required fractions were combined and evaporated in vacuo to give 59 as a colorless crystalline 

solid (1.42 g, 36%).  1H NMR (400 MHz, CDCl3) δ 7.32–7.26 (m, 3H), 7.14 (d, J = 6.9 Hz, 1H), 

5.01 (dt, J = 12.5, 6, 6 Hz, 1H), 4.93–4.87 (m, 1H), 4.78 (d, J = 9.3 Hz, 1H), 4.69–4.67 (m, 1H), 

2.61 (ddd, J = 12.5, 8.3, 4.7 Hz, 1H), 2.13 (s, 3H), 1.33–1.14 (m, 10H); LCMS (formic) (M+H)+ 

= 291.3, Rt = 0.91 min (98%). 

1-((2S,4R)-4-Amino-2-methyl-3,4-dihydroquinolin-1(2H)-yl)ethenone (36). A stirred 

mixture of 59 (1.403 g, 4.83 mmol) and TBAF (1 M solution in THF) (15 mL, 15.00 mmol) was 

heated under N2 at 65 °C for 21 h.  Further TBAF (1 M solution in THF) (10 mL, 10.00 mmol) 

was added and the reaction mixture was allowed to heat under N2 at 65 °C for a further 49 h.  The 

reaction mixture had the solvent removed in vacuo to give a yellow residue which was redissolved 

in CH2Cl2 and applied to a 50 g SNAP silica column which was pre-wetted with cyclohexane and 

eluted with 0-100% EtOAc/ cyclohexane followed by 0-100% 3:1 EtOAC:EtOH in cyclohexane. 
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The required fractions were combined and had the solvent removed in vacuo to give an orange 

residue which was redissolved in MeOH and applied to a 70 g SCX cartridge which was pre-wetted 

with MeOH and washed with MeOH (2 CV) and 2 M ammonia in MeOH (6 CV). The 2 M 

ammonia in MeOH fractions were combined and had the solvent removed in vacuo to give an 

orange residue which was redissolved in MeOH and applied to another 70 g SCX cartridge which 

was pre-wetted with MeOH and washed with MeOH (2 CV) and 2 M ammonia in MeOH (6 CV). 

The 2 M ammonia in MeOH factions were combined and had the solvent removed in vacuo to give 

an orange residue which was redissolved in MeOH and had the solvent evaporated under a stream 

of N2 to give 36 as a yellow solid (589 mg, 60 %).  1H NMR (400 MHz, CDCl3) δ 7.62–7.41 (m, 

1H), 7.34–7.21 (m, 2H), 7.18–7.01 (m, 1H), 4.83 (br d, J = 6.4 Hz, 1H), 3.82 (br dd, J = 12.0, 3.7, 

1H), 2.66–2.55 (m, 1H), 2.09 (s, 3H), 1.23–1.03 (m, 4H); LCMS (high pH) (M+H)+ = poor 

ionisation, Rt = 0.65 min (100%). 

6-(((2S,4R)-1-Acetyl-2-methyl-1,2,3,4-tetrahydroquinolin-4-yl)amino)nicotinonitrile (13). 

A mixture of i-Pent PEPPSI (37 mg, 0.05 mmol) and Cs2CO3 (601 mg, 1.84 mmol) in 1,4-dioxane 

(1.5 mL) was degassed by bubbling N2 through the mixture for 10 min. To the mixture was added 

6-bromonicotinonitrile (186 mg, 1.01 mmol) and a solution of 36 (188 mg, 0.92 mmol) in 1,4-

dioxane (3.5 mL). The resulting mixture was heated in a sealed vial with stirring at 100 °C for 41 

h.  The crude reaction mixture was diluted with EtOAc (10 mL) and applied to a 10 g Celite 

cartridge which was eluted with EtOAc (3 × 10 mL). The required fractions were combined and 

had the solvent removed in vacuo to give a black residue which was redissolved in CH2Cl2 and 

applied to a 10 g SNAP silica column which was pre-wetted with cyclohexane and eluted with 0-

100 % EtOAc/ cyclohexane. The required fractions were combined and had the solvent removed 

in vacuo to give a brown residue which was redissolved in CH2Cl2 and had the solvent evaporated 
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under a stream of N2 to give 13 as a brown gum (70 mg, 25 %).  1H NMR (400 MHz, CDCl3) δ 

8.42 (d, J = 2.9 Hz, 1H), 7.66 (dd, J = 8.8, 2.0 Hz, 1H), 7.43–7.29 (m, 1H), 7.27–7.16 (m, 3H), 

6.50 (d, J = 8.8 Hz, 1H), 5.24–5.07 (m, 1H), 4.96–4.83 (m, 2H), 2.79–2.67 (m, 1H), 2.20 (s, 3H), 

1.45–1.23 (m, 2H), 1.20 (d, J = 6.4 Hz, 3H); LCMS (formic) (M+H)+ = 307.0, Rt = 0.89 min 

(92%). 

5-(((2S,4R)-1-Acetyl-2-methyl-1,2,3,4-tetrahydroquinolin-4-yl)amino)pyrazine-2-

carbonitrile (14). A mixture of i-Pent PEPPSI (41 mg, 0.052 mmol) and Cs2CO3 (645 mg, 1.98 

mmol) in 1,4-dioxane (1.5 mL) was degassed by bubbling N2 through the mixture. To the mixture 

was added 5-bromopyrazine-2-carbonitrile (165 mg, 0.90 mmol) and a solution of 36 (198 mg, 

0.97 mmol) in 1,4-dioxane (3.5 mL). The resulting mixture was heated in a sealed vial with stirring 

at 100 °C for 17 h.  The crude reaction mixture was diluted with EtOAc (10 mL) and applied to a 

10 g Celite cartridge which was eluted with EtOAc (3 × 10 mL). The required fractions were 

combined and had the solvent removed in vacuo to give a black residue which was redissolved in 

CH2Cl2 and applied to a 10 g SNAP silica column which was pre-wetted with cyclohexane and 

eluted with 0-100 % EtOAc/ cyclohexane. The required fractions were combined and had the 

solvent removed in vacuo to give a brown residue which was redissolved in CH2Cl2 and had the 

solvent evaporated under a stream of N2 to give 14 as a brown solid (172 mg, 58 %).  1H NMR 

(400 MHz, d6-DMSO) δ 8.60 (br d, J = 7.8 Hz, 1H), 8.49 (s, 1H), 8.17 (d, J = 1.5 Hz, 1H), 7.42–

7.26 (m, 2H), 7.26–7.08 (m, 2H), 5.05–4.80 (m, 1H), 4.80–4.55 (m, 1H), 2.68–2.52 (m, 2H), 2.08 

(s, 3H), 1.33 (td, J = 12.1, 9.0 Hz, 1H), 1.08 (d, J = 6.4 Hz, 3H); LCMS (high pH) (M-H) = 306.4, 

Rt = 0.89 min (100%). 

1-((2S,4R)-2-Methyl-4-((5-methylpyrazin-2-yl)amino)-3,4-dihydroquinolin-1(2H)-

yl)ethenone (15). A mixture of i-Pent PEPPSI (35 mg, 0.05 mmol) and Cs2CO3 (581 mg, 1.78 
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mmol) in 1,4-dioxane (1 mL) was degassed by bubbling N2 through the mixture for 10 min. To 

the mixture was added 2-bromo-5-methylpyrazine (167 mg, 0.97 mmol) and a solution of 36 (182 

mg, 0.89 mmol) in 1,4-dioxane (4 mL). The resulting mixture was heated in a sealed vial at 100 

°C for 24 h.  The reaction mixture was diluted with EtOAc (10 mL) and filtered using a 10 g Celite 

cartridge which was washed with further EtOAc (3 × 10 mL). The EtOAc fractions were combined 

and had the solvent removed in vacuo to give a purple residue which was applied to a 10 g SNAP 

silica cartridge which was pre-wetted with cyclohexane and eluted with 0-100 % 

EtOAc/cyclohexane. The required fractions were combined and had the solvent removed in vacuo 

to give a purple residue which was redissolved in CH2Cl2 and had the solvent evaporated under a 

stream of N2 to give 15 as a brown foam (41 mg, 16 %).  1H NMR (400 MHz, CDCl3) δ 7.95–7.89 

(m, 2H), 7.38–7.12 (m, 4H), 4.95–4.90 (m, 1H), 4.82 (ddd, J = 12.1, 8.2, 4.2 Hz, 1H), 4.55 (br d, 

J = 8.3 Hz, 1H), 2.69 (ddd, J = 12.3, 8.2, 4.4 Hz, 1H), 2.43 (s, 3H), 2.19 (s, 3H), 1.39–1.27 (m, 

1H), 1.19 (d, J = 6.4 Hz, 3H); LCMS (high pH) (M-H) = 297.3, Rt = 0.79 min (97%). 

 (S)-tert-Butyl (3-((4-fluorophenyl)amino)butanoyl)carbamate (38). A mixture of 4-

fluoroaniline (5.0 g, 45.0 mmol), (E)-tert-butyl but-2-enoylcarbamate (37) (10.0 g, 54.0 mmol) 

and [((R)-BINAP)Pd(MeCN)2](OTf)2 (1.25 g, 1.13 mmol) in toluene (25 mL) was stirred at 35 °C 

for 48 h. The reaction mixture was cooled to rt and the solvent was evaporated. The residue was 

chromatographed using 15% EtOAc/hexane, then re-chromatographed using 15% EtOAc/hexane 

to give 38 as a colourless solid (1.9 g, 14%).  1H NMR (400 MHz, d6-DMSO) δ 10.25 (s, 1H), 

6.95–6.86 (m, 2H), 6.55 (s, 1H), 6.54–6.52 (m, 1H), 5.31 (d, J = 8.8 Hz, 1H), 3.82–3.68 (m, 1H), 

2.66 (dd, J = 15.7, 5.4 Hz, 1H), 2.42 (dd, J = 15.6, 7.3 Hz, 1H), 1.43 (s, 9H), 1.11 (d, J = 6.4 Hz, 

3H); LCMS (formic) (M+H)+ = 297.2, Rt = 0.89 min (100%). 
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tert-Butyl ((2S,4R)-6-fluoro-2-methyl-1,2,3,4-tetrahydroquinolin-4-yl)carbamate (39). A 

solution of 38 (3.10 g, 10.46 mmol) in EtOH (40 mL) was cooled to –15 °C. The solution was 

treated with sodium borohydride (594 mg, 15.69 mmol) followed by a solution of anhydrous 

magnesium chloride (1.05 g, 11.03 mmol) in H2O (10 mL) added slowly, maintaining the 

temperature below –10 °C. The mixture was stirred at <0 °C for 1 h and then at rt for 1 h.  The 

resulting suspension was poured onto a stirred mixture of citric acid (5.02 g, 26.2 mmol), 1 M aq. 

hydrochloric acid (50 mL) and CH2Cl2 (50 mL). The mixture was stirred for 30 min. The aqueous 

phase was separated, then basified by the addition of solid potassium carbonate and extracted with 

EtOAc (2 × 50 mL). The combined EtOAc portions were washed with H2O and brine. The organic 

phase was dried and evaporated. The residue was chromatographed using 10-30% EtOAc/hexane 

to give 39 as a colorless solid (1.01 g, 34%).  1H NMR (400 MHz, d6-DMSO) δ 7.17 (d, J = 8.8 

Hz, 1H), 6.74 (td, J = 8.7, 2.7 Hz, 1H), 6.64 (dd, J = 10.3, 2.4 Hz, 1H), 6.53 (dd, J = 9.0, 4.6 Hz, 

1H), 6.44 (dd, J = 8.8, 4.9 Hz, 1H), 5.55 (s, 1H), 4.70 (br dd, J = 8.6, 6.1 Hz, 1H), 3.57–3.33 (m, 

1H), 1.89 (br dd, J = 12.0, 5.6 Hz, 1H), 1.44 (s, 9H), 1.11 (d, J = 6.4 Hz, 3H); LCMS (formic) 

(M+H)+ = 281.1, Rt = 1.00 min (99%). 

tert-Butyl ((2S,4R)-1-acetyl-6-fluoro-2-methyl-1,2,3,4-tetrahydroquinolin-4-yl)carbamate 

(60).  Acetic anhydride (1.08 g, 1.0 mL, 10.6 mmol) was added to a stirred solution of 39 (1.0 g, 

3.57 mmol) in CH2Cl2 (30 mL) and pyridine (10 mL). The reaction mixture was stirred at rt for 24 

h. Acetic anhydride (1.08 g, 1.0 mL, 10.6 mmol) was added and stirring at rt continued for 24 h. 

A third portion of acetic anhydride (1.08 g, 1.0 mL, 10.6 mmol) was added and stirring at rt 

continued for 24 h. The solvent was evaporated, and the residue was azeotroped twice with toluene. 

The residue was chromatographed using 15-40 % EtOAc/hexane to give 60 as a colourless solid 

(1.14 g, 99%).  1H NMR (400 MHz, CDCl3) δ 7.19–6.96 (m, 3H), 4.90 (br d, J = 6.4 Hz, 1H), 4.68 
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(br d, J = 8.3 Hz, 1H), 4.59 (br d, J = 8.3 Hz, 1H), 2.59 (ddd, J = 12.6, 8.4, 4.4 Hz, 1H), 2.13–2.07 

(m, 3H), 1.53 (s, 9H), 1.13 (d, J = 6.4 Hz, 3H); LCMS (formic) (M+H)+ = 323.2, Rt = 0.98 min 

(88%). 

1-((2S,4R)-4-Amino-6-fluoro-2-methyl-3,4-dihydroquinolin-1(2H)-yl)ethanone, 

hydrochloride salt (40).  TFA (1 mL) was added to a stirred solution of 60 (1.0 g, 3.10 mmol) in 

CH2Cl2 (10 mL). The reaction mixture was stirred at rt for 24 h. TFA (1 mL) was added and the 

rection mixture stirred at rt for a further 2 h. The solvent was evaporated and the residue azeotroped 

with toluene twice. The residue was dissolved in MeOH (20 mL) and loaded onto an SCX column. 

The column was washed with MeOH (10 CV). The product was eluted with 2 M ammonia in 

MeOH (5 CV). The solvent was evaporated, and the residue dissolved in Et2O (20 mL) and 1 M 

HCl in Et2O (5 mL). The solid was filtered, washed with Et2O and dried to give 40 as a colourless 

solid (758 mg, 94%).  1H NMR (400 MHz, d6-DMSO) δ 8.94 (br s, 3H), 7.46 (dd, J = 8.8, 4.9 Hz, 

1H), 7.32–7.20 (m, 2H), 4.72–4.44 (m, 1H), 4.24–4.16 (m, 1H), 2.79–2.64 (m, 1H), 2.03 (s, 3H), 

1.30 (td, J = 12.1, 9.0 Hz, 1H), 1.05 (d, J = 6.4 Hz, 3H); LCMS (high pH) (M+H)+ = poor 

ionisation, Rt = 0.65 min (100%). 

6-(((2S,4R)-1-Acetyl-6-fluoro-2-methyl-1,2,3,4-tetrahydroquinolin-4-

yl)amino)nicotinonitrile (16).  A mixture of i-Pent PEPPSI (15 mg, 0.02 mmol) and Cs2CO3 (249 

mg, 0.77 mmol) in 1,4-dioxane (0.5 mL) was degassed by bubbling N2 through the mixture. To 

the mixture was added  6-bromonicotinonitrile (77 mg, 0.42 mmol) and a solution of 40 (85 mg, 

0.38 mmol) in 1,4-dioxane (0.5 mL). The resulting mixture was heated in a sealed vial with stirring 

at 100 °C for 20 h.  The reaction mixture was diluted with EtOAc (5 mL) and applied to a 2.5 g 

Celite cartridge which was eluted with EtOAc (3 × 5 mL). The required fractions were combined, 

and the solvent removed in vacuo to give a black residue which was redissolved in CH2Cl2 and 
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applied to a 10 g SNAP silica column which was pre-wetted with cyclohexane and eluted with 0-

100 % EtOAc/cyclohexane. The required fractions were combined and had the solvent removed 

in vacuo to give a brown residue which was redissolved in CH2Cl2 and had the solvent evaporated 

under a stream of N2 to give a brown solid (90 mg).  The solid was dissolved in EtOH (1 mL) and 

injected onto a 30 mm × 25 cm Chiralpak AS-H column using  35% EtOH (+0.2% isopropylamine) 

/ heptane (+0.2% isopropylamine) as eluent at 30 mL/min flow and 215 nm wavelength.  The 

appropriate fractions were combined and evaporated to give 16 as a clear glass (56 mg, 45%, >99% 

ee).  1H NMR (400 MHz, CDCl3) δ 8.49–8.34 (m, 1H), 7.67 (dd, J = 8.8, 2.0 Hz, 1H), 7.27–7.11 

(m, 1H), 7.02 (td, J = 8.1, 2.9 Hz, 1H), 6.91 (ddd, J = 8.8, 2.9, 1.0 Hz, 1H), 6.52 (d, J = 8.8 Hz, 

1H), 5.09 (br d, J = 7.3 Hz, 1H), 5.01–4.90 (m, 1H), 4.90–4.66 (m, 1H), 2.77–2.62 (m, 1H), 2.18 

(s, 3H), 1.45–1.23 (m, 1H), 1.18 (d, J = 6.4 Hz, 3H);  LCMS (formic) (M+H)+ = 325.3, Rt = 0.93 

min (99%); The enantiomeric excess was confirmed by chiral HPLC analysis, 25 cm Chiralpak 

AS-H column no.ASH0CE-RG029, 35% EtOH (+0.2% isopropylamine):heptane, flow rate: 1 

mL/min, wavelength: 215 nm, temperature: rt.  Rt = 15.0 min, undesired enantiomer = 6.2 min. 

   5-(((2S,4R)-1-Acetyl-6-fluoro-2-methyl-1,2,3,4-tetrahydroquinolin-4-yl)amino)pyrazine-

2-carbonitrile (17).  A mixture of 40 (50 mg, 0.19 mmol), 5-chloropyrazine2-carbonitrile (30 mg, 

0.21 mmol), and DIPEA (0.17 mL, 0.97 mmol) in α,α,α-trifluorotoluene (2 mL) was heated at 150 

°C for 6 h in a microwave. The solvent was evaporated and the residue was chromatographed using 

0-4% MeOH/CH2Cl2 to give a brown oil. Trituration with Et2O gave 17 as a brown solid (47 mg, 

75%).  1H NMR (400 MHz, d6-DMSO) δ 8.59 (br d, J = 8.3 Hz, 1H), 8.50 (d, J = 1.5 Hz, 1H), 

8.17 (d, J = 1.5 Hz, 1H), 7.42 (dd, J = 8.8, 4.9 Hz, 1H), 7.14 (td, J = 8.8, 2.9 Hz, 1H), 7.00 (br dd, 

J = 9.5, 2.2 Hz, 1H), 4.87 (ddd, J = 12.1, 7.7, 4.6 Hz, 1H), 4.71 (br d, J = 5.9 Hz, 1H), 2.66–2.53 
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(m, 1H), 2.08 (s, 3H), 1.33 (br d, J = 8.3 Hz, 1H), 1.07 (d, J = 6.4 Hz, 3H); LCMS (formic) (M+H)+ 

= 326.2, Rt = 0.84 min (98%). 

1-((2S,4R)-6-Fluoro-2-methyl-4-((5-methylpyrazin-2-yl)amino)-3,4-dihydroquinolin-

1(2H)-yl)ethenone (18).  A mixture of  i-Pent PEPPSI (16 mg, 0.02 mmol) and Cs2CO3 (259 mg, 

0.80 mmol) in 1,4-dioxane (0.5 mL) was degassed by bubbling N2 through the mixture. To the 

mixture was added 2-bromo-5-methylpyrazine (76 mg, 0.44 mmol) and a solution of 40 (89 mg, 

0.40 mmol) in 1,4-dioxane (0.5 mL). The resulting mixture was heated in a sealed vial with stirring 

at 100 °C for 20 h.  The crude reaction mixture was diluted with EtOAc (5 mL) and applied to a 

2.5 g Celite cartridge which was eluted with EtOAc (3 × 5 mL). The required fractions were 

combined and had the solvent removed in vacuo to give a black residue which was redissolved in 

CH2Cl2 and applied to a 10 g SNAP silica column which was pre-wetted with cyclohexane and 

eluted with 0-100 % EtOAc/cyclohexane. The required fractions were combined and had the 

solvent removed in vacuo to give a brown residue which was redissolved in MeOH and had the 

solvent evaporated under a stream of N2 to give a pale brown foam (62 mg).  The solid was 

dissolved in EtOH (1 mL) and injected onto a 30 mm × 25 cm Chiralpak AS-H column using  15% 

EtOH (+0.2% isopropylamine) / heptane (+0.2% isopropylamine) as eluent at 30 mL/min flow and 

215 nm wavelength.  The appropriate fractions were combined and evaporated to give 18 as a clear 

glass (28 mg, 22%, >99% ee).  1H NMR (400 MHz, CDCl3) δ 7.99–7.90 (m, 2H), 7.17–7.09 (m, 

1H), 7.04–6.95 (m, 2H), 5.11–4.89 (m, 1H), 4.80 (ddd, J = 12.3, 7.9, 4.6 Hz, 1H), 4.50 (br d, J = 

8.3 Hz, 1H), 2.81–2.62 (m, 1H), 2.44 (s, 3H), 2.17 (s, 3H), 1.36–1.25 (m, 1H), 1.18 (d, J = 6.4 Hz, 

3H); LCMS (formic) (M+H)+ = 315.3, Rt = 0.82 min (98%); The enantiomeric excess was 

confirmed by chiral HPLC analysis, 25 cm Chiralpak AS-H column no.ASH0CE-RG029, 10% 
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EtOH (+0.2% isopropylamine):heptane, flow rate: 1 mL/min, wavelength: 215 nm, temperature: 

rt.  Rt = 28.5 min, undesired enantiomer = 13.5 min. 

tert-Butyl ((2S,4R)-1-Acetyl-6-cyano-2-methyl-1,2,3,4-tetrahydroquinolin-4-yl)carbamate 

(61). A mixture of tert-butyl ((2S,4R)-1-acetyl-6-bromo-2-methyl-1,2,3,4-tetrahydroquinolin-4-

yl)carbamate (44)41 (2.0 g, 5.22 mmol) and zinc cyanide (766 mg, 6.52 mmol) in dry, degassed 

DMF (20 mL) was treated with Pd(PPh3)4 (301 mg, 0.73 mmol).  The reaction mixture was stirred 

at 115 oC for 2 h.  The reaction mixture was cooled to rt, filtered through celite and the solvent 

evaporated from the filtrate. The residue was partitioned between EtOAc (100 mL) and H2O (50 

mL). The organic phase was separated, washed with H2O, brine, dried and evaporated.  The residue 

was purified by column chromatography using a gradient of 25-50% EtOAc / cyclohexane to give 

61 as a colorless solid (1.36 g, 79%).  1H NMR (400 MHz, d6-DMSO) δ 7.76 (dd, J = 8.2, 1.6 Hz, 

1H), 7.55 (d, J = 8.1 Hz, 1H), 7.51–7.39 (m, 2H), 4.60 (d, J = 6.4 Hz, 1H), 4.42–4.31 (m, 1H), 

2.47–2.41 (m, 1H), 2.09 (s, 3H), 1.46 (s, 9H), 1.31–1.15 (m, 1H), 1.05 (d, J = 6.4 Hz, 3H); LCMS 

(formic) (M+H)+ = 330.2, Rt = 0.98 min (100%). 

(2S,4R)-1-Acetyl-4-amino-2-methyl-1,2,3,4-tetrahydroquinoline-6-carbonitrile 

hydrochloride (45).  4 M hydrogen chloride in 1,4-dioxane (5 mL, 20 mmol) was added to a 

stirred solution of 61 (1.35 g, 4.1 mmol) in 1,4-dioxane (5 mL). The reaction mixture was stirred 

at rt for 24 h. Et2O (50 mL) was added and the mixture stirred for 20 min. The solvent was 

decanted. The residue was triturated with Et2O to give 45 as a colourless solid (0.98 g, 90%).  1H 

NMR (400 MHz, d6-DMSO) δ 9.08 (br. s., 3H), 7.91–7.83 (m, 2H), 7.64 (d, J = 8.8 Hz, 1H), 4.61 

(d, J = 6.4 Hz, 1H), 4.31–4.29 (m, 1H), 2.75 (dt, J = 8.4, 4.1 Hz, 1H), 2.09 (s, 3H), 1.39 (dd, J = 

12.0, 2.9 Hz, 1H), 1.11 (d, J = 6.4 Hz, 3H); LCMS (high pH) (M)+ = 213.3 (loss of NH2), Rt = 

0.65 min (94%). 
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(2S,4R)-1-Acetyl-4-((5-cyanopyridin-2-yl)amino)-2-methyl-1,2,3,4-tetrahydroquinoline-6-

carbonitrile (19). A mixture of 45 (100 mg, 0.38 mmol), 6-bromonicotinonitrile (207 mg, 1.13 

mmol), and DIPEA (0.33 mL, 1.88 mmol) in NMP (2 mL) was heated in a microwave at 180 °C 

for 2 h. The crude reaction mixture was purified by high pH MDAP to give 19 as an off-white 

solid (87 mg, 70%).  1H NMR (400 MHz, d4-MeOH) δ 8.32 (d, J = 1.5 Hz, 1H), 7.78–7.64 (m, 

2H), 7.53 (d, J = 8.3 Hz, 1H), 7.47 (d, J = 1.5 Hz, 1H), 6.78 (d, J = 8.8 Hz, 1H), 5.01 (br dd, J = 

12.2, 3.4 Hz, 1H), 4.88–4.79 (m, 1H), 2.69 (ddd, J = 12.6, 8.4, 4.4 Hz, 1H), 2.23 (s, 3H), 1.44 (td, 

J = 12.5, 9.3 Hz, 1H), 1.20 (d, J = 6.4 Hz, 3H); LCMS (formic) (M+H)+ = 332.0, Rt = 0.88 min 

(100%). 

(2S,4R)-1-Acetyl-4-((5-cyanopyrazin-2-yl)amino)-2-methyl-1,2,3,4-tetrahydroquinoline-6-

carbonitrile (22).  A mixture of 45 (100 mg, 0.38 mmol), 5-chloropyrazine-2-carbonitrile (158 

mg, 1.13 mmol), and DIPEA (0.33 mL, 1.88 mmol) in NMP (2 mL) was heated in a microwave at 

180 C for 2 h. The crude reaction mixture was purified by high pH MDAP to give 22 as a brown 

solid (38 mg, 30 %).  1H NMR (400 MHz, d6-DMSO) δ 8.60 (br d, J = 7.8 Hz, 1H), 8.50 (d, J = 

1.0 Hz, 1H), 8.17 (d, J = 1.5 Hz, 1H), 7.78 (dd, J = 8.1, 1.7 Hz, 1H), 7.67 (s, 1H), 7.60 (d, J = 8.3 

Hz, 1H), 4.92 (ddd, J = 11.7, 7.3, 4.4 Hz, 1H), 4.77–4.56 (m, 1H), 2.62 (ddd, J = 12.7, 8.3, 4.4 Hz, 

1H), 2.14 (s, 3H), 1.42 (td, J = 12.2, 8.8 Hz, 1H), 1.12 (d, J = 6.4 Hz, 3H); LCMS (formic) (M+H)+ 

= 333.0, Rt = 0.85 min (100%). 

(2S,4R)-1-Acetyl-4-((5-chloropyrimidin-2-yl)amino)-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carbonitrile (46).  DIPEA (0.493 mL, 2.82 mmol) was added in a single 

portion to a stirred solution of 45 (250 mg, 0.941 mmol) and 2,5-dichloropyrimidine (280 mg, 

1.882 mmol) in DMSO (2 mL) at rt.  The vial was sealed and then heated in a Biotage Initiator 

microwave using initial high absorption setting to 160 °C for 30 min.  Upon cooling to rt, the vial 
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was reheated in a Biotage Initiator microwave using initial high absorption setting to 160 ºC for 

30 min.  Upon cooling to rt, EtOAc (10 mL) and H2O (10 mL) were added.  The separated aqueous 

phase was extracted with EtOAc (2 × 10 mL).  The combined organic phase was passed through a 

hydrophobic frit and evaporated under reduced pressure to give a brown oil.  The oil was loaded 

in CH2Cl2 and purified by column chromatography (25 g silica) using a gradient of 0-50% EtOAc 

/ cyclohexane.  The appropriate fractions were combined and evaporated under vacuum to give 46 

as a pale yellow oil (248 mg, 77%).  1H NMR (400 MHz, CDCl3) δ 8.29 (s, 2H), 7.61 (dd, J = 8.1, 

1.2 Hz, 1H), 7.55–7.50 (m, 1H), 7.30 (s, 1H), 5.22 (d, J = 8.1 Hz, 1H), 4.99–4.81 (m, 2H), 2.71 

(ddd, J = 12.7, 8.4, 4.6 Hz, 1H), 2.22 (s, 3H), 1.47–1.35 (m, 1H), 1.22 (d, J = 6.4 Hz, 3H); LCMS 

(formic) (M+H)+ = 342.0, 344.0, Rt = 0.94 min (99%). 

(2S,4R)-1-Acetyl-4-((5-chloropyrimidin-2-yl)amino)-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxamide (27, GSK3383567, I-BET567).  Hydrogen peroxide (0.12 

mL, 35% by weight in H2O, 1.40 mmol) was added dropwise over 30 s to a stirred suspension of 

46 (240 mg, 0.702 mmol) and potassium carbonate (388 mg, 2.81 mmol) in DMSO (5 mL) at rt 

under N2.  The resultant suspension was stirred at rt for 2 h.  EtOAc (10 mL) and H2O (10 mL) 

were added.  The separated aqueous phase was extracted with EtOAc (2 × 10 mL), the combined 

organic phase was passed through a hydrophobic frit and evaporated under reduced pressure to 

give a pale yellow oil.  The sample was loaded in CH2Cl2 and purified by column chromatography 

(25 g silica) using a gradient of 0-60% EtOAc / cyclohexane and then 0-10% EtOH / EtOAc.  The 

appropriate fractions were combined and evaporated under vacuum to give 27 as a white solid 

(150 mg, 59%, >99% ee).  m.p. 234 °C; 1H NMR (600 MHz, d6-DMSO) δ 8.39 (br s, 2H), 7.94 

(br. s, 1H), 7.94 (d, J =  8.4 Hz, 1H), 7.78 (dd, J = 8.2, 1.8 Hz, 1H), 7.69 (s, 1H), 7.39 (d, J = 8.2 

Hz, 1H), 7.28 (br. s, 1H), 4.81 (ddd, J = 12.5, 8.3, 4.3 Hz, 1H), 4.67 (ddq, J = 9.1, 8.5, 6.3 Hz, 1H), 
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2.54 (ddd, J = 12.7, 8.5, 4.4 Hz, 1H), 2.10 (s, 3H), 1.37 (td, J = 12.5, 9.1 Hz, 1H), 1.07 (d, J = 6.3 

Hz, 3H); 13C NMR (151 MHz, d6-DMSO) δ 168.5, 167.4, 160.3, 156.6, 156.0, 138.9, 136.6, 130.9, 

125.8, 125.5, 122.8, 117.8, 47.2, 47.1, 40.1, 22.7, 21.4; HRMS (M+H)+ calculated for 

C17H19ClN5O2 360.1222; found 360.1221; LCMS (formic) (M+H)+ = 360.2, 362.0, Rt = 0.71 min 

(100%); The enantiomeric excess was confirmed by chiral HPLC analysis, 25 cm Chiralpak AD 

column no.ADOOCE-A1074, 40% EtOH:heptane, flow rate: 1 mL/min, wavelength: 215 nm, 

temperature: rt.  Rt = 6.845 min, undesired enantiomer = 10.586 min, >99% ee. 

(2S,4R)-Butyl 1-acetyl-4-amino-2-methyl-1,2,3,4-tetrahydroquinoline-6-carboxylate (48).  

AlCl3 (3.82 g, 28.7 mmol) was suspended in CH2Cl2 (100 mL) under N2 and cooled in an ice-bath 

and stirred.  (2S,4R)-Butyl 1-acetyl-4-((isopropoxycarbonyl)amino)-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxylate (47)41 (2.94 g, 7.54 mmol) was added and the mixture stirred 

for 30 min producing a clear solution.  NEt3 (12.61 mL, 90 mmol) in MeOH (13.33 mL) was 

slowly added producing a thick white precipitate.  The reaction was stirred and allowed to warm 

to rt overnight. Further AlCl3 (1.91 g) was added and stirring continued for a further 3 h.  The 

reaction was re-cooled in an ice-bath and another portion of NEt3 (6.3 mL) in MeOH (6.5 mL) was 

added.  After stirring for a further 4 h, CH2Cl2 (100 mL) and sat. NaHCO3 (100 mL) were added 

to the reaction mixture followed by Rochelle's salt (20 g) and stirring continued for 30 min.  H2O 

(100 mL) was added and stirring continued for a further 30 min.  CH2Cl2 and H2O (100 mL) were 

added and the layers separated.  The aqueous phase was re-extracted with CH2Cl2 (2 x 200 mL) 

and the combined organic phase filtered through celite, eluted through a hydrophobic frit and 

concentrated in vacuo to give a clear oil.  The oil was loaded in CH2Cl2 and purified by column 

chromatography using a gradient of 5-50% (3:1 EtOAc / EtOH) / cyclohexane.  The appropriate 

fractions were concentrated in vacuo to give 48 as a yellow oil (2.08 g, 86%).  1H NMR (400 MHz, 
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CDCl3) δ 8.16 (s, 1H), 7.98 (dd, J = 8.2, 1.6 Hz, 1H), 7.17 (d, J =  8.3 Hz, 1H), 4.90–4.74 (m, 1H), 

4.41–4.27 (m, 2H), 3.76 (dd, J = 12.1, 4.3 Hz, 1H), 2.56 (ddd, J = 12.7, 8.6, 4.4 Hz, 1H), 2.13 (s, 

3H), 1.84–1.69 (m, 2H), 1.59 (br.s, 2H), 1.49 (dq, J = 15.0, 7.4 Hz, 2H), 1.21–1.08 (m, 4H), 0.99 

(t, J = 7.5 Hz, 3H); LCMS (high pH) (M+H)+ = 329.3, Rt = 0.98 min (100%). 

(2S,4R)-Butyl 1-acetyl-4-((3-chlorophenyl)amino)-2-methyl-1,2,3,4-tetrahydroquinoline-

6-carboxylate (49a). A mixture of 48 (500 mg, 1.64 mmol), Cs2CO3 (1.07 g, 3.29 mmol), QPhos 

(70 mg, 0.10 mmol), Pd2(dba)3 (48 mg, 0.05 mmol) and 1-bromo-3-chlorobenzene (0.232 mL, 

1.97 mmol) in anhydrous 1,4-dioxane (5 mL) was degassed and then heated to 100 °C for 16 h 

under N2.  Upon cooling to rt, the EtOAc (30 mL) was added and the resultant mixture was filtered 

through celite.  The filtrate was evaporated under reduced pressure to give a black oil which was 

purified by column chromatography eluting with 8%-38% EtOAc / cyclohexane.  Appropriate 

fractions were combined and evaporated under reduced pressure to give 49a as a brown oil (450 

mg, 66%).  1H NMR (400 MHz, d4-MeOH) δ 8.00–7.87 (m, 2H), 7.40 (d, J = 8.1 Hz, 1H), 7.07 (t, 

J = 8.1 Hz, 1H), 6.68 (t, J = 2.1 Hz, 1H), 6.63–6.55 (m, 2H), 4.82–4.79 (m, 1H), 4.33–4.19 (m, 

3H), 2.68 (t, J = 4.0 Hz, 1H), 2.22 (s, 3H), 1.72–1.58 (m, 2H), 1.41–1.29 (m, 3H), 1.17 (d, J = 6.4 

Hz, 3H), 0.92 (t, J = 7.3 Hz, 3H); LCMS (formic) (M+H)+ = 415.1, Rt = 1.38 min (95%). 

(2S,4R)-1-Acetyl-4-((3-chlorophenyl)amino)-2-methyl-1,2,3,4-tetrahydroquinoline-6-

carboxylic acid (50a). To a mixture of 49a (450 mg, 1.09 mmol) in MeOH (5 mL) and THF (5 

mL) was added LiOH (5.42 mL, 1 M aq. 5.42 mmol). The mixture was stirred under N2 for 16 h 

and then the solvent was evaporated under reduced pressure.  The residue was diluted with H2O 

(50 mL), then made acidic (pH~5) by the dropwise addition 2 M aq. HCl. The aqueous phase was 

extracted with CH2Cl2 (3 × 50 mL), the combined organic phase passed through a hydrophobic frit 

and evaporated under reduced pressure to give 50a as a brown solid (420 mg, 100%).  1H NMR 
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(400 MHz, d4-MeOH) δ 8.01–7.89 (m, 2H), 7.39 (d, J = 8.3 Hz, 1H), 7.07 (t, J = 8.1 Hz, 1H), 6.68 

(t, J = 2.1 Hz, 1H), 6.65–6.53 (m, 2H), 4.81–4.77 (m, 1H), 4.25 (dd, J = 12.1, 4.0 Hz, 1H), 2.70–

2.64 (s, 1H), 2.22 (s, 3H), 1.33 (d, J = 9.0 Hz, 1H), 1.17 (d, J=6.4 Hz, 3H); LCMS (formic) (M+H)+ 

= 359.0, Rt = 1.03 min (98%).   

(2S,4R)-1-Acetyl-4-((3-chlorophenyl)amino)-2-methyl-1,2,3,4-tetrahydroquinoline-6-

carboxamide (24).  A mixture of 50a (430 mg, 1.20 mmol), EDC (276 mg, 1.44 mmol), N-

ethylmorpholine (0.303 mL, 2.40 mmol), 1-hydroxy-1H-benzotriazole, ammonium salt (365 mg, 

2.40 mmol) in DMF (6 mL) was stirred under N2 at rt for 18 h. The mixture was then partitioned 

between EtOAc (50 mL) and sat. aq. sodium bicarbonate solution (50 mL).  The separated aqueous 

phase was extracted with EtOAc (2 × 50 mL), the combined organics were passed through a 

hydrophobic frit and evaporated under reduced pressure.  The residue was purified by column 

chromatography eluting with 8%-38% EtOAc/cyclohexane.  The appropriate fractions were 

combined and evaporated under reduced pressure.  The residue was then dissolved in 1:1 

MeOH/DMSO (4 mL) and purified by MDAP (high pH).  The appropriate fractions were 

combined and evaporated under reduced pressure to give 24 as a white solid (153 mg, 36%).  1H 

NMR (400 MHz, d4-MeOH) δ 7.86–7.77 (m, 2H), 7.39 (d, J = 8.1 Hz, 1H), 7.07 (t, J = 8.1 Hz, 

1H), 6.69 (t, J = 2.0 Hz, 1H), 6.64–6.56 (m, 2H), 4.80–4.75 (m, 1H), 4.27 (dd, J = 12.0, 4.2 Hz, 

1H), 2.71–2.64 (m, 1H), 2.22 (s, 3H), 1.36–1.28 (m, 1H), 1.16 (d, J = 6.4 Hz, 3H); LCMS (formic) 

(M+H)+ = 358.0, Rt = 0.91 min (100%).   

(2S,4R)-1-Acetyl-4-((5-chloropyridin-2-yl)amino)-2-methyl-1,2,3,4-tetrahydroquinoline-

6-carboxylic acid (50b). A mixture of 48 (500 mg, 1.64 mmol), 2-bromo-5-chloropyridine (632 

mg, 3.29 mmol), sodium tert-butoxide (316 mg, 3.29 mmol), Pd2(dba)3 (150 mg, 10 mol%), and 

DavePhos (129 mg, 20 mol%) in anhydrous degassed 1,4-dioxane (10 mL) was heated at 120 °C 
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under N2 overnight. The cooled reaction mixture was diluted with EtOAc (20 mL) and filtered 

through celite. The solvent was evaporated from the filtrate and the residue purified by column 

chromatography eluting with 0-20% EtOH / EtOAc to give 50b as a brown oil (64 mg, 11%).  1H 

NMR (400 MHz, d6-DMSO) δ 7.97 (d, J = 2.7 Hz, 1H), 7.83 (dd, J = 8.1, 1.7 Hz, 1H), 7.73 (s, 

1H), 7.53 (dd, J = 9.0, 2.7 Hz, 1H), 7.42 (d, J = 8.3 Hz, 1H), 7.28 (d, J = 8.3 Hz, 1H), 6.72 (d, J = 

8.8 Hz, 1H), 4.84–4.78 (m, 1H), 4.71– 4.65 (m, 1H), 2.60–2.57 (m, 1H), 2.12 (s, 3H), 1.33–1.20 

(m, 1H), 1.09 (d, J = 6.1 Hz, 3H); LCMS (formic) (M+H)+ = 360.0, 362.0 Rt = 0.81 min (84%).   

(2S,4R)-1-Acetyl-4-((5-chloropyridin-2-yl)amino)-2-methyl-1,2,3,4-tetrahydroquinoline-

6-carboxamide (25). A mixture of 50b (30 mg, 0.08 mmol), N-ethylmorpholine (0.021 mL, 0.16 

mmol), N-hydroxybenzotriazole ammonium salt (38 mg, 0.25 mmol) and EDC (20 mg, 0.10 

mmol) in DMF (1 mL) was stirred at rt overnight.  The reaction mixture was then purified by 

MDAP (high pH), the appropriate fractions were combined and evaporated under reduced pressure 

to give 25 as a white solid (19 mg, 64%).  1H NMR (400 MHz, d6-DMSO) δ 8.03–7.90 (m, 2H), 

7.78 (d, J = 8.3 Hz, 1H), 7.71 (s, 1 H), 7.52 (dd, J = 8.9, 2.6 Hz, 1H), 7.40 (d, J = 8.1 Hz, 1H), 

7.30 (br. s., 1H), 7.22 (d, J = 8.1 Hz, 1H), 6.71 (d, J = 8.8 Hz, 1H), 4.90–4.77 (m, 1H), 4.74–4.61 

(m, 1H), 2.61–2.54 (m, 1H), 2.12 (s, 3H), 1.32–1.14 (m, 1H), 1.08 (d, J = 6.1 Hz, 3H); LCMS 

(formic) (M+H)+ = 359.1, 361.1 Rt = 0.66 min (100%).  

(2S,4R)-1-Acetyl-4-((5-chloropyridin-2-yl)amino)-N-ethyl-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxamide (28).  A mixture of 50b (150 mg, 0.42 mmol), DIPEA (108 

mg, 0.146 mL, 0.83 mmol), HATU (190 mg, 0.50 mmol) and ethylamine hydrochloride (170 mg, 

2.08 mmol) in DMF (2 mL) was stirred at rt for 24 h. The reaction mixture was treated with 

saturated NaHCO3 (10 mL) and extracted with EtOAc (3 × 10 mL). The combined extracts were 

washed with H2O and brine. The organic phase was dried and evaporated. The residue was 
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chromatographed using 0-15% EtOH/EtOAc to give 28 as a colourless solid (63 mg, 39%).   1H 

NMR (400 MHz, d6-DMSO) δ 8.43 (br s, 1H), 7.97 (br s, 1H), 7.80–7.61 (m, 2H), 7.52 (br dd, J 

= 8.8, 2.0 Hz, 1H), 7.41 (br d, J = 8.3 Hz, 1H), 7.23 (br d, J = 7.8 Hz, 1H), 6.72 (br d, J = 8.8 Hz, 

1H), 4.84 (br s, 1H), 4.68 (br d, J = 6.4 Hz, 1H), 3.30–3.18 (m, 2H), 2.70–2.53 (m, 1H), 2.11 (s, 

3H), 1.37–1.16 (m, 1H), 1.16–1.01 (m, 6H)l; LCMS (formic) (M+H)+ = 387.0, 389.0, Rt = 0.81 

min (100%). 

(2S,4R)-Butyl 1-acetyl-2-methyl-4-((5-methylpyridin-2-yl)amino)-1,2,3,4-

tetrahydroquinoline-6-carboxylate (49d). A mixture of i-pent PEPPSI (46 mg, 0.06 mmol) and 

Cs2CO3 (760 mg, 2.33 mmol) in 1,4-dioxane (1.5 mL) was degassed by bubbling N2 through the 

mixture for 10 min. To the mixture was added 2-bromo-5-methylpyridine (221 mg, 1.28 mmol) 

and a solution of 48 (355 mg, 1.17 mmol) in 1,4-dioxane (3.5 mL). The resulting mixture was 

heated in a sealed vial with stirring at 100 °C for 41 h.  The crude reaction mixture was diluted 

with EtOAc (10 mL) and applied to a 10 g celite cartridge which was eluted with EtOAc (3 × 10 

mL). The filtrate was evaporated under reduced pressure and the resultant residue purified by 

column chromatography eluting with 0-100 % EtOAc/ cyclohexane. The appropriate fractions 

were combined and evaporated under reduced pressure to give 49d as a red foam (141 mg, 31%).  

1H NMR (400 MHz, CDCl3) δ 8.01–7.92 (m, 3H), 7.30 (dd, J = 8.4, 2.3 Hz, 1H), 7.20 (d, J = 8.1 

Hz, 1H), 6.43 (d, J = 8.3 Hz, 1H), 4.88 (d, J = 6.4 Hz, 1H), 4.78 (ddd, J = 12.2, 8.4, 4.2 Hz, 1H), 

4.45 (d, J = 8.6 Hz, 1H), 4.32–4.25 (m, 2H), 2.70 (ddd, J = 12.4, 8.4, 4.4 Hz, 1H), 2.21 (s, 3H), 

2.20 (s, 3H), 1.73–1.68 (m, 2H), 1.46–1.37 (m, 2H), 1.35–1.23 (m, 1H), 1.19 (d, J = 6.4 Hz, 3H), 

0.94 (t, J = 7.3 Hz, 3H); LCMS (formic) (M+H)+ = 396.1, Rt = 0.73 min (94%). 

(2S,4R)-1-Acetyl-2-methyl-4-((5-methylpyridin-2-yl)amino)-1,2,3,4-tetrahydroquinoline-

6-carboxylic acid (50d). 49d (141 mg, 0.36 mmol) was stirred in THF (2 mL), MeCN (2 mL) and 
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H2O (2 mL) under N2.  LiOH (72 mg, 3.01 mmol) was added and the reaction stirred for at rt for 

75.5 h.  The mixture was evaporated to dryness under a stream of N2 before 2 M aq. HCl (3 mL) 

was added and the mixture stirred for 5 min.  The mixture was again evaporated to dryness under 

a stream of N2, dissolved in DMSO (6 mL) and then purified by MDAP (high pH).  The appropriate 

fractions were combined and evaporated under reduced pressure to give 50d as a yellow solid (82 

mg, 67%).  1H NMR (400 MHz, d6-DMSO) δ 7.86–7.73 (m, 3H), 7.38 (d, J = 8.3 Hz, 1H), 7.29 

(dd, J = 8.6, 2.2 Hz, 1H), 6.77 (d, J = 8.3 Hz, 1H), 6.60 (d, J = 8.3 Hz, 1H), 4.80 (ddd, J = 12.2, 

8.2, 4.3 Hz, 1H), 4.73–4.60 (m, 1H), 2.61–2.52 (m, 1H), 2.12 (s, 3H), 2.11 (s, 3H), 1.24 (td, J = 

12.4, 9.2 Hz, 1H), 1.07 (d, J = 6.1 Hz, 3H); LCMS (formic) (M+H)+ = 340.4, Rt = 0.44 min (100%). 

(2S,4R)-1-Acetyl-2-methyl-4-((5-methylpyridin-2-yl)amino)-1,2,3,4-tetrahydroquinoline-

6-carboxamide (26). A mixture of 50d (40 mg, 0.12 mmol), NH4Cl (32 mg, 0.60 mmol) and 

HATU (54 mg, 0.14 mmol) in DMF (1 mL) had DIPEA (0.104 mL, 0.60 mmol) added.  The 

mixture was stirred at rt for 2.75 h.  The reaction mixture was purified directly by MDAP (high 

pH).  The appropriate fraction was evaporated under reduced pressure to give 26 as a pale-yellow 

solid (35 mg, 87%).  1H NMR (400 MHz, d6-DMSO) δ 7.93 (dd, J = 1.5, 0.7 Hz, 1H), 7.82–7.74 

(m, 2H), 7.31 (dd, J = 8.4, 2.1 Hz, 1H), 7.23 (d, J = 8.8 Hz, 1H), 6.43 (d, J = 8.3 Hz, 1H), 6.17 (br. 

s., 1H), 5.82 (br. s., 1H), 4.87 (d, J = 6.4 Hz, 1H), 4.80–4.67 (m, 1H), 4.61 (d, J = 8.3 Hz, 1H), 

2.70 (ddd, J = 12.5, 8.5, 4.4 Hz, 1H), 2.21 (s, 3H), 2.20 (s, 3H), 1.30 (td, J = 12.1, 9.0 Hz, 1H), 

1.18 (d, J = 6.4 Hz, 3H); LCMS (formic) (M+H)+ = 339.3, Rt = 0.37 min (100%). 

(2S,4R)-1-Acetyl-N-ethyl-2-methyl-4-((5-methylpyridin-2-yl)amino)-1,2,3,4-

tetrahydroquinoline-6-carboxamide (30).  A mixture of 50d (40 mg, 0.12 mmol), ethylamine (2 

M in THF, 0.30 mL, 0.60 mmol) and HATU (58 mg, 0.15 mmol) in DMF (1.0 mL) had DIPEA 

(0.05 mL, 0.30 mmol) added.  The mixture was stirred at rt for 2.75 h before further ethylamine (2 
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M in THF, 0.30 mL, 0.60 mmol) was added and stirring at rt continued for a further 1.25 h.  The 

mixture was directly purified by MDAP (high pH) and the required fraction was evaporated under 

a stream of N2 to give 30 as a pale-yellow solid (23 mg, 52%). 1H NMR (400 MHz, CDCl3) δ 

8.01–7.90 (m, 1H), 7.77–7.69 (m, 2H), 7.32 (d, J = 8.1 Hz, 1H), 7.22 (d, J = 7.3 Hz, 1H), 6.43 (d, 

J = 8.3 Hz, 1H), 6.11 (br s, 1H), 4.96–4.83 (m, 1H), 4.77 (ddd, J = 12.2, 8.3, 4.4 Hz, 1H), 4.50 (br 

d, J = 8.3 Hz, 1H), 3.55–3.40 (m, 2H), 2.70 (ddd, J = 12.6, 8.4, 4.4 Hz, 1H), 2.22 (s, 3H), 2.19 (s, 

3H), 1.33–1.16 (m, 7H); LCMS (formic) (M+H)+ = 367.4, Rt = 0.45 min (100%). 

(2S,4R)-Butyl 1-acetyl-4-((5-cyanopyridin-2-yl)amino)-2-methyl-1,2,3,4-tetrahydroquinoli 

ne-6-carboxylate (49c).  DIPEA (0.384 mL, 2.20 mmol) was added in a single portion to a 

stirred solution of 48 (250 mg, 0.73 mmol) and 6-fluoronicotinonitrile (179 mg, 1.47 mmol) in 

DMSO (2 mL) at rt.  The vial was sealed and then heated in a Biotage Initiator microwave using 

initial high absorption setting to 160 °C for 30 min.  Upon cooling to rt, EtOAc (10 mL) and H2O 

(10 mL) were added.  The separated aqueous phase was extracted with EtOAc (2 × 10 mL).  The 

combined organic phase was passed through a hydrophobic frit and evaporated under reduced 

pressure to give a brown oil.  The sample was loaded in CH2Cl2 and purified by Biotage SP4 SNAP 

25g silica using a gradient of 0-40% EtOAc / cyclohexane.  The appropriate fractions were 

combined and evaporated under vacuum to give 49c as a pale-yellow oil (285 mg, 96%).  1H NMR 

(400 MHz, CDCl3) δ 8.42 (d, J = 1.5 Hz, 1H), 8.01 (dd, J = 8.3, 2.0 Hz, 1H), 7.94–7.80 (m, 1H), 

7.67 (dd, J = 8.6, 2.2 Hz, 1H), 7.26 (d, J = 7.6 Hz, 1H), 6.55 (d, J = 8.8 Hz, 1H), 5.10 (br d, J = 

8.3 Hz, 1H), 5.03–4.85 (m, 2H), 4.35–4.25 (m, 2H), 2.73 (ddd, J = 12.6, 8.4, 4.4 Hz, 1H), 2.23 (s, 

3H), 1.78–1.66 (m, 2H), 1.49–1.34 (m, 3H), 1.22 (d, J = 6.4 Hz, 3H), 0.97 (t, J = 7.3 Hz, 3H); 

LCMS (formic) (M+H)+ = 407.1, Rt = 1.15 min (99%). 
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(2S,4R)-1-Acetyl-4-((5-cyanopyridin-2-yl)amino)-2-methyl-1,2,3,4-tetrahydroquinoline-6-

carboxylic acid (50c).  LiOH (2.10 mL, 1 M in H2O, 2.10 mmol) was added in a single portion to 

a stirred solution of 49c (285 mg, 0.70 mmol) in MeOH (2 mL) and THF (2 mL) at rt.  The resultant 

solution was stirred at rt for 2 h and then 2 M aq. HCl (1 mL) was added.  H2O (20 mL) and EtOAc 

(20 mL) were added, the separated aqueous phase was extracted with EtOAc (2 × 10 mL).  The 

combined organic phase was passed through a hydrophobic frit and evaporated under reduced 

pressure to give 50c as a pale-yellow foam (223 mg, 91%).  1H NMR (400 MHz, d6-DMSO) δ 

12.89 (br s, 1H), 8.42 (d, J = 2.4 Hz, 1H), 8.07 (d, J = 8.3 Hz, 1H), 7.94–7.73 (m, 2H), 7.68 (s, 

1H), 7.48 (d, J = 8.3 Hz, 1H), 6.79 (br d, J = 8.8 Hz, 1H), 5.06–4.88 (m, 1H), 4.76–4.61 (m, 1H), 

2.64–2.55 (m, 1H), 2.13 (s, 3H), 1.40–1.28 (m, 1H), 1.10 (d, J = 6.4 Hz, 3H); LCMS (formic) 

(M+H)+ = 351.0, Rt = 0.78 min (99%). 

(2S,4R)-1-Acetyl-4-((5-cyanopyridin-2-yl)amino)-N-ethyl-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxamide (29).  HATU (266 mg, 0.70 mmol) was added in a single 

portion to a stirred solution of 50c (223 mg, 0.64 mmol) and DIPEA (0.222 mL, 1.27 mmol) in 

DMF (5 mL) at rt under N2.  Following stirring at rt for 10 min, ethylamine (0.64 mL, 2 M in THF, 

1.27 mmol) was added dropwise over 30 s.  The resultant solution was stirred at rt for 16 h.  EtOAc 

(10 mL) and H2O (10 mL) were added and the separated aqueous phase was extracted with EtOAc 

(2 × 10 mL).  The combined organic phase was passed through a hydrophobic frit and evaporated 

under reduced pressure to give a pale-yellow oil.  The oil was dissolved in 1:1 MeOH:DMSO (3 

mL) and purified by MDAP (high pH).  The solvent was evaporated under vacuum to give 29 as a 

white solid (106 mg, 44%).  1H NMR (400 MHz, d6-DMSO) δ 8.52–8.36 (m, 2H), 8.11–7.97 (m, 

J = 8.3 Hz, 1H), 7.85–7.71 (m, 2H), 7.63 (s, 1H), 7.53–7.32 (m, J = 8.3 Hz, 1H), 6.78 (br d, J = 

8.8 Hz, 1H), 5.00 (br d, J = 2.0 Hz, 1H), 4.75–4.61 (m, 1H), 3.29–3.20 (m, 2H), 2.62–2.52 (m, 
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1H), 2.12 (s, 3H), 1.31 (td, J = 12.0, 9.3 Hz, 1H), 1.15–1.03 (m, 6H); LCMS (formic) (M+H)+ = 

378.0, Rt = 0.77 min (99%). 

(2S,4R)-Butyl 1-acetyl-4-((5-fluoropyridin-2-yl)amino)-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxylate (49e).  A mixture of i-Pent PEPPSI (48 mg, 0.06 mmol) and 

Cs2CO3 (722 mg, 2.22 mmol) in 1,4-dioxane (1.5 mL) was degassed by bubbling N2 through the 

mixture for 10 min. To the mixture was added 2-bromo-5-fluoropyridine (222 mg, 1.26 mmol) and 

a solution of 48 (344 mg, 1.13 mmol) in 1,4-dioxane (3.5 mL). The resulting mixture was heated 

in a sealed vial with stirring at 100 °C for 19 h.  The reaction mixture was diluted with EtOAc (10 

mL) and filtered through celite.  The celite was washed with EtOAc (30 mL) and the filtrate was 

evaporated under reduced pressure to give a black residue.  The residue was purified by column 

chromatography eluting with 0-100% EtOAc/cyclohexane.  The appropriate fractions were 

combined and evaporated under reduced pressure to give 49e as a red foam (163 mg, 36%).  1H 

NMR (400 MHz, CDCl3) δ 8.04–7.89 (m, 3H), 7.32–7.17 (m, 2H), 6.47 (dd, J = 9.0, 3.4 Hz, 1H) 

4.89 (d, J = 6.4 Hz, 1H), 4.83–4.71 (m, 1H), 4.52 (d, J = 8.3 Hz, 1H) 4.29 (td, J = 6.6, 2.7 Hz, 2H) 

2.70 (ddd, J = 12.4, 8.4, 4.4 Hz, 1H) 2.20 (s, 3H), 1.77–1.64 (m, 2H), 1.49–1.24 (m, 3H), 1.19 (d, 

J = 6.4 Hz, 3H) 0.95 (t, J = 7.3 Hz, 3H); LCMS (formic) (M+H)+ = 400.1, Rt = 1.15 min (100%). 

(2S,4R)-1-Acetyl-4-((5-fluoropyridin-2-yl)amino)-2-methyl-1,2,3,4-tetrahydroquinoline-6-

carboxylic acid (50e).  49e (163 mg, 0.41 mmol) was dissolved in THF (2 mL) and H2O (2 mL) 

and treated with LiOH (49 mg, 2.04 mmol). The resulting mixture was stirred at rt under N2 for 73 

h.  The reaction mixture was then loaded onto an amino propyl column (20 g) that had been 

prewashed with MeOH.  The column was eluted with MeOH (4 CV), CH2Cl2 (4 CV) and 2 M aq. 

HCl (4 CV).  The appropriate fractions were combined, and the solvent evaporated under reduced 

pressure to give 50e as an orange solid (132 mg, 94%).  1H NMR (400 MHz, d6-DMSO) δ 7.90 (d, 
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J = 2.9 Hz, 1H), 7.80–7.71 (m, 2H), 7.41 (td, J = 8.8, 2.9 Hz, 1H), 7.15 (d, J = 8.6 Hz, 1H), 7.00 

(d, J = 8.3 Hz, 1H), 6.68 (dd, J =  9.3, 3.7 Hz, 1H), 4.80–4.62 (m, 2H), 2.54–2.50 (m, 1H); 2.06 

(s, 3H), 1.26–1.11 (m, 1H), 1.03 (d, J = 6.4 Hz, 3H); LCMS (formic) (M+H)+ = 344.3, Rt = 0.69 

min (100%). 

(2S,4R)-1-Acetyl-N-ethyl-4-((5-fluoropyridin-2-yl)amino)-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxamide (31).  To a solution of 50e (83 mg, 0.24 mmol) in 

Anhydrous DMF (1 mL) was added DIPEA  (0.211 mL, 1.21 mmol)  and HATU (123 mg, 0.32 

mmol)  and allowed to stir at rt for 15 min after which ethanamine (2 M in THF, 0.600 mL, 1.20 

mmol) was added and the reaction was allowed to stir for a further 4.75 hrs.  The reaction mixture 

was diluted with DMF (1 mL) and purified directly by MDAP (formic).  The required fractions 

were combined and had the solvent removed in vacuo to give a clear residue.  The residue was 

redissolved in 1:1 DMSO:MeOH and re-purified by MDAP (high pH).  The required fraction had 

the solvent removed in vacuo to give a residue which was redissolved in CH2Cl2 and had the 

solvent evaporated under a stream of N2 to give 31 as a clear glass (6 mg, 7%).  1H NMR (400 

MHz, CDCl3) δ 7.97 (d, J = 2.9 Hz, 1H), 7.76–7.64 (m, 2H), 7.26–7.20 (m, 2H), 6.47 (dd, J = 9.3, 

3.4 Hz, 1H), 6.09 (br s, 1H), 4.87 (br d, J = 6.4 Hz, 1H), 4.77 (ddd, J = 12.2, 8.3, 4.4 Hz, 1H), 4.62 

(d, J = 8.3 Hz, 1H), 3.53–3.42 (m, 2H), 2.69 (ddd, J = 12.3, 8.2, 4.4 Hz, 1H), 2.18 (s, 3H), 1.32–

1.14 (m, 7H); LCMS (formic) (M+H)+ = 344.3, Rt = 0.69 min (100%). 

(2S,4R)-Butyl 1-acetyl-4-((5-cyanopyrazin-2-yl)amino)-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxylate (49f).  A mixture of 48 (100 mg, 0.33 mmol), 5-

chloropyrazine-2-carbonitrile (92 mg, 0.66 mmol), and DIPEA (127 mg, 172 mL, 0.99 mmol) in 

NMP (2 mL) was heated in a microwave at 180 °C for 2 h. The crude reaction mixture was purified 

by high pH MDAP to give 49f as a brown solid (30 mg, 22%).  1H NMR (400 MHz, d4-MeOH) δ 
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8.35 (d, J = 1.5 Hz, 1H), 8.17 (d, J = 1.5 Hz, 1H), 8.00 (dd, J = 8.3, 2.0 Hz, 1H), 7.90–7.71 (m, 

1H), 7.47 (d, J = 8.3 Hz, 1H), 5.03 (br dd, J = 12.2, 3.9 Hz, 1H), 4.92–4.86 (m, 1H), 4.29 (t, J = 

6.6 Hz, 2H), 2.72 (ddd, J = 12.6, 8.4, 4.4 Hz, 1H), 2.22 (s, 3H), 1.81–1.60 (m, 2H), 1.53–1.34 (m, 

3H), 1.21 (d, J = 6.4 Hz, 3H), 1.03 – 0.91 (m, 3H); LCMS (formic) (M+H)+ = 408.1, Rt = 1.15 min 

(100%). 

(2S,4R)-1-Acetyl-4-((5-cyanopyrazin-2-yl)amino)-2-methyl-1,2,3,4-tetrahydroquinoline-6-

carboxylic acid (50f).  1 M LiOH solution (0.5 mL, 0.50 mmol) was added to a stirred solution of 

49f (30 mg, 0.07 mmol) in MeOH (0.5 mL) and THF (0.5 mL). The reaction mixture was stirred 

at rt overnight. The organic solvents were evaporated, and the residue was diluted with H2O (5 

mL). The solution was neutralised (pH 5) by the dropwise addition of 2 M hydrochloric acid. The 

mixture was extracted with CH2Cl2 (3 × 5 mL). The combined extracts were dried and evaporated 

to give 50f as a colorless glass (14 mg, 54%).  1H NMR (400 MHz, d4-MeOH) δ 8.36 (d, J = 1.5 

Hz, 1H), 8.17 (d, J = 1.5 Hz, 1H), 8.02 (dd, J = 8.3, 2.0 Hz, 1H), 7.88–7.81 (m, 1H), 7.45 (d, J = 

8.3 Hz, 1H), 5.05 (br dd, J = 12.2, 4.4 Hz, 1H), 4.96–4.88 (m, 1H), 2.71 (ddd, J = 12.6, 8.4, 4.4 

Hz, 1H), 2.22 (s, 3H), 1.47 (td, J = 12.2, 8.8 Hz, 1H), 1.21 (d, J = 6.4 Hz, 3H); LCMS (formic) 

(M+H)+ = 352.0, Rt = 0.76 min (93%). 

(2S,4R)-1-Acetyl-4-((5-cyanopyrazin-2-yl)amino)-N-ethyl-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxamide (32). A mixture of 50f (14 mg, 0.04 mmol), N-

ethylmorpholine (9 mg, 10 mL, 0.08 mmol), N-hydroxybenzotriazole hydrate (8 mg, 0.052 mmol) 

and EDC (10 mg, 0.052 mmol) in DMF (1 mL) was treated with 2 M ethylamine in THF (60 μL, 

0.12 mmol). The reaction mixture was stirred at rt overnight and then purified directly by high pH 

MDAP to give 32 as a colorless glass (2 mg, 13%).  1H NMR (400 MHz, d4-MeOH) δ 8.35 (d, J 

= 1.0 Hz, 1H), 8.16 (d, J = 1.5 Hz, 1H), 7.82 (dd, J = 8.3, 1.5 Hz, 1H), 7.71 (dd, J = 2.0, 1.0 Hz, 
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1H), 7.44 (d, J = 8.3 Hz, 1H), 5.06 (br dd, J = 12.0, 4.2 Hz, 1H), 4.94–4.87 (m, 1H), 3.39 (q, J = 

7.0 Hz, 2H), 2.70 (ddd, J = 12.6, 8.4, 4.4 Hz, 1H), 2.21 (s, 3H), 1.46 (td, J = 12.3, 9.0 Hz, 2H), 

1.25–1.16 (m, 5H); LCMS (formic) (M+H)+ = 379.1, Rt = 0.76 min (100%). 

(2S,4R)-Butyl 1-acetyl-4-((5-chloropyrimidin-2-yl)amino)-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxylate (49g).  DIPEA (0.344 mL, 1.97 mmol) was added in a single 

portion to a stirred solution of 48 (200 mg, 0.66 mmol) and 2,5-dichloropyrimidine (196 mg, 1.31 

mmol) in DMSO (2 mL) at rt.  The vial was sealed and then heated in a Biotage Initiator microwave 

using initial high absorption setting to 160 °C for 40 min.  Upon cooling to rt, EtOAc (10 mL) and 

H2O (10 mL) were added.  The separated aqueous phase was extracted with EtOAc (2 × 10 mL).  

The combined organic phase was passed through a hydrophobic frit and evaporated under reduced 

pressure to give a brown oil.  The sample was loaded in CH2Cl2 and purified by column 

chromatography (25 g, silica) using a gradient of 0-40% EtOAc / cyclohexane.  The appropriate 

fractions were combined and evaporated under vacuum to give 49g as a pale yellow oil (265 mg, 

97%).  1H NMR (400 MHz, CDCl3) δ 8.28 (s, 2H), 7.99 (dd, J = 8.3, 1.5 Hz, 1H), 7.93 (s, 1H), 

7.23 (d, J = 8.3 Hz, 1H), 5.32 (d, J = 9.0 Hz, 1H), 5.03–4.87 (m, 2H), 4.31 (t, J = 6.6 Hz, 2H), 2.70 

(ddd, J = 12.5, 8.4, 4.5 Hz, 1H), 2.20 (s, 3H), 1.77–1.67 (m, 2H), 1.48–1.40 (m, 2H), 1.38–1.31 

(m, 1H), 1.20 (d, J = 6.4 Hz, 3H), 0.96 (t, J = 7.5 Hz, 3H); LCMS (formic) (M+H)+ = 417.1, 419.1, 

Rt = 1.23 min (100%). 

(2S,4R)-1-Acetyl-4-((5-chloropyrimidin-2-yl)amino)-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxylic acid (50g).  LiOH (1.91 mL, 1 M in H2O, 1.91 mmol) was 

added in a single portion to a stirred solution of 49g (265 mg, 0.64 mmol) in MeOH (2 mL) and 

THF (2 mL) at rt.  The resultant solution was stirred at rt for 2 h and then 2 M HCl (1 mL) was 

added.  H2O (20 mL) and EtOAc (20 mL) were added, the separated aqueous phase was extracted 
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with EtOAc (2 × 10 mL).  The combined organic phase was passed through a hydrophobic frit and 

evaporated under reduced pressure to give 50g as a yellow oil (212 mg, 92%).  1H NMR (400 

MHz, d6-DMSO) δ 12.88 (br. s., 1H), 8.41 (br. s., 2H), 8.05 (d, J = 8.3 Hz, 1H), 7.85 (dd, J = 8.2, 

1.8 Hz, 1H), 7.70 (s, 1H), 7.46 (d, J = 8.3 Hz, 1H), 4.88–4.77 (m, 1H), 4.73–4.62 (m, 1H), 2.12 (s, 

3H), 1.45–1.23 (m, 2H), 1.08 (d, J=6.4 Hz, 3H); LCMS (formic) (M+H)+ = 361.0, 363.0, Rt = 0.83 

min (100%). 

(2S,4R)-1-Acetyl-4-((5-chloropyrimidin-2-yl)amino)-N-ethyl-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxamide (34).  HATU (246 mg, 0.65 mmol) was added in a single 

portion to a stirred solution of 50g (212 mg, 0.59 mmol) and DIPEA (0.205 mL, 1.18 mmol) in 

DMF (5 mL) at rt under N2.  Following stirring at rt for 10 min, ethylamine (0.59 mL, 2 M in THF, 

1.18 mmol) was added dropwise over 30 s.  The resultant solution was stirred at rt for 16 h.  EtOAc 

(10 mL) and H2O (10 mL) were added.  The separated aqueous phase was extracted with EtOAc 

(2 × 10 mL).  The combined organic phase was passed through a hydrophobic frit and evaporated 

under reduced pressure to give a pale-yellow oil.  The oil was loaded in CH2Cl2 and purified by 

column chromatography (25 g silica) using a gradient of 0-100% EtOAc / cyclohexane.  The 

appropriate fractions were combined and evaporated under vacuum to give a yellow oil.  The oil 

was dissolved in 1:1 MeOH:DMSO (3 mL) and purified by MDAP (high pH).  The solvent was 

evaporated under vacuum to give 34 as a white solid (67 mg, 29%).  1H NMR (400 MHz, d6-

DMSO) δ 8.50–8.30 (m, 3H), 7.96 (d, J = 8.6 Hz, 1H), 7.74 (dd, J = 8.1, 1.7 Hz, 1H), 7.64 (s, 1H), 

7.40 (d, J = 8.3 Hz, 1H), 4.81 (ddd, J = 12.4, 8.5, 4.0 Hz, 1H), 4.70–4.60 (m, 1H), 3.28–3.20 (m, 

2H), 2.58–2.52 (m, 1H), 2.10 (s, 3H), 1.35 (td, J = 12.5, 9.3 Hz, 1H), 1.12–1.02 (m, 6H); LCMS 

(formic) (M+H)+ = 388.0, 390.1, Rt = 0.83 min (100%). 
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Scale-up synthesis of 27 (GSK3383567, I-BET567): Benzyl ((2S,4R)-6-carbamoyl-2-

methyl-1,2,3,4-tetrahydroquinolin-4-yl)carbamate (55).  A mixture of 4-aminobenzamide (51) 

(170 g, 1.25 mol, 1 wt, 1 eq.) and acetaldehyde (52) (110 g, 2.5 mol, 0.647 wt, 2.0 eq.) in CH2Cl2 

(4250 mL, 25 volumes) was stirred at 20-30 °C for 1 h under N2 protection. To the cooled solution 

prepared above, was added solution of (11bS)-2,6-bis(4-chlorophenyl)-4-hydroxy-

8,9,10,11,12,13,14,15-octahydrodinaphtho[2,1-d:1',2'-f][1,3,2] dioxaphosphepine 4-oxide (54)51 

(7.21 g, 12.49 mmol, 0.042 wt, 0.01 eq.) in CH2Cl2 (1700 mL, 10 volumes) and a solution of 

benzyl vinylcarbamate (53) (1.43 wt, 243.4 g, 1.37 mol, 1.1 eq) in CH2Cl2 (1700 mL, 10 volumes) 

successively at 0-5 °C. The reaction was stirred at 20-30 °C for 16 h until judged complete by 

HPLC. The mixture was filtered and rinsed with CH2Cl2 (3400 mL, 20 volumes). The filter cake 

was slurried with MeOH (1700 mL, 10 volumes) at 20-30 °C for 4 h, filtered and then washed 

with MeOH (170 mL, 1 volume).  This slurrying process was repeated and then the solid was dried 

under vacuum at 50-60 oC to give 55 as an off-white solid (280 g, 66%, 98.6% purity as judged by 

HPLC).  1H NMR (400 MHz, d6-DMSO) δ ppm 7.59–7.32 (m, 9H), 6.79 (br.s, 1H), 6.44 (d, J = 

8.3 Hz, 1H), 6.20 (s, 1H), 5.16–5.07 (m, 2H), 4.81–4.75 (m, 1H), 3.54–3.50 (m, 1H), 2.01–1.97 

(m, 1H), 1.47 (q, J = 11.8 Hz, 1H), 1.16 (d, J = 6.1 Hz, 3H); LCMS (formic) (M + H)+ = 340.1, Rt 

= 0.88 min.  On a 2.48 g reaction scale in the medicinal chemistry laboratory, the product (55) had 

97.1% ee, as determined by chiral HPLC analysis, 25 cm Chiralpak AD column no.ADOOCE-

A1074, 30% EtOH:heptane, flow rate: 1 mL/min, wavelength: 215 nm, temperature: rt.  Rt = 

11.018 min, undesired enantiomer = 17.842 min. 

Benzyl ((2S,4R)-1-acetyl-6-carbamoyl-2-methyl-1,2,3,4-tetrahydroquinolin-4-

yl)carbamate (56).  AcCl (115.6 g, 1.47 mol, 0.46 wt, 2 eq.) was added to a pre-cooled solution 

of 55 (250 g, 736.6 mmol, 1 wt, 1 eq.) in NMP (1000 mL, 4 volumes) under N2 while maintaining 
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the temperature below 5 °C. After 2 h of stirring at 20-30 °C, the reaction was judged complete by 

HPLC.  The reaction mixture was added to a mixture of 7% NaHCO3 aqueous solution (1500 mL, 

6 volumes) and EtOAc (1500 mL, 6 volumes) with stirring. The phases were separated, and the 

aqueous phase was extracted with EtOAc (1500 mL, 6 volumes) twice. The combined organic 

phases were washed with 7% NaHCO3 aqueous solution (1000 mL, 4 volumes) and H2O (1000 

mL, 4 volumes). The solvent was concentrated to 500 mL (2 volumes) and heptane (1500 mL, 6 

volumes) was added.  The mixture was stirred at 15-25 °C for 30 min.  The solid was collected by 

filtration, washed with heptane (500 mL, 2 volumes) and dried under vacuum to give 56 as an off-

white solid (230 g, 82%, 98.9% purity as judged by HPLC, 95.2% ee).  1H NMR (400 MHz, d6-

DMSO) δ ppm 7.96 (br.s, 1H), 7.84–7.77 (m, 3H), 7.44–7.33 (m, 7H), 5.17–5.10 (m, 2H), 4.67–

4.61 (m, 1H), 4.45 (ddd, J = 12, 9, 4 Hz, 1H), 2.48–2.44 (m, 1H), 2.08 (s, 3H), 1.24 (td, J = 12, 9 

Hz, 1H), 1.04 (d, J = 6 Hz, 3H); LCMS (formic) (M + H)+ = 382.2, Rt = 0.78 min.  

(2S,4R)-1-Acetyl-4-amino-2-methyl-1,2,3,4-tetrahydroquinoline-6-carboxamide (57). The 

reaction was carried out in two batches: A mixture of 56 (100 g, 262.18 mmol, 1 wt, 1 eq.) and 

Pd/C (10 g, 0.1 wt, 50% wet) in EtOH (1000 mL, 10 volumes) was stirred at 40-50 °C under 40-

50psi of H2 for 4 h until judged complete by HPLC. The two batches were combined, the mixture 

was filtered, and the filter cake rinsed with EtOH (200 mL, 1 volume). The filtrate was 

concentrated to 200-400 mL (1-2 volumes) and t-BuOMe (600 mL, 3 volumes) was added.  The 

solution was concentration to 400-600 mL (2-3 volumes) and t-BuOMe (600 mL, 3 volumes) was 

added.  The resulting mixture was stirred at 15-25 °C for 1 h. The solid was collected by filtration, 

washed with t-BuOMe (100 mL, 0.5 volume) and dried under vacuum at 55 °C for 16 h to give 57 

as an off-white solid (116 g, 89%, 99.1% purity as judged by HPLC).  1H NMR (400 MHz, 

CD3OD) δ ppm 8.05 (s, 1H), 7.93 (dd, J = 8, 2 Hz, 1H), 7.45 (d, J = 8 Hz, 1H), 4.85 – 4.81 (m, 
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1H), 3.91 (dd, J = 12, 4 Hz, 1H), 3.42 (app. s, 3H), 2.70 (ddd, J = 13, 9, 4 Hz, 1H), 2.21 (s, 3H), 

1.21 – 1.15 (m, 5H); LCMS (high pH) (M - H)+ = 246.4, Rt = 0.47 min.  

(2S,4R)-1-Acetyl-4-((5-chloropyrimidin-2-yl)amino)-2-methyl-1,2,3,4-

tetrahydroquinoline-6-carboxamide (27).  A mixture of 57 (107 g, 432.69 mmol, 1 wt, 1 eq.), 

DIPEA (167.76 g, 1.30 mol, 1.57 wt, 3.0 eq.) and 2,5-dichloropyrimidine (70.91 g, 475.85 mmol, 

0.66 wt, 1.1 eq.) in DMSO (640 mL, 6 volumes) was stirred under N2 at 120-130 °C for 16 h until 

judged complete by HPLC. The reaction mixture was added to H2O (1070 mL, 10 volumes) and 

extracted with EtOAc (1070 mL, 10 volumes) three times. The combined organic layers were 

washed with H2O (1070 mL, 10 volumes) twice and concentrated to 214 mL (2 volumes) under 

vacuum. The resulting mixture was filtered, and the filter cake was dissolved in a mixture of MeCN 

and H2O (1070 mL, 10 volumes) at 70-80 °C. The solution was filtered, and the filtrate was 

concentrated. The residue was dissolved in MeOH (1070 mL, 10 volumes) at 60 °C. The mixture 

was filtered, and the filtrate was stirred at 50-55 °C.  Purified H2O (535 mL, 5 volumes) was added 

at 50-55 °C. Crystalline 27 (0.1 g) was added and the mixture was stirred at 50-55 °C for 2 h. 

Additional purified H2O (535 mL, 5 volumes) was added and the mixture was cooled slowly to 

10 °C and stirred for 2 h. The mixture was filtered, washed with H2O (214 mL, 2 volumes) and the 

filter cake was dried under vacuum at 55 °C for 60 h to give crystalline 27 as a slightly colored 

solid (101 g, 65%, >99% ee, 99.9% purity as judged by HPLC).  Analytical data the same as above.  

in vitro assays.  All TR-FRET, hWB cytokine, developability, hepatic clearance and in vitro 

pharmacokinetic assays have been described previously.13  

Cellular proliferation assay. The NMC line 11060 was obtained under licence from Prof. Chris 

French, Brigham and Women’s Hospital, Boston, MA.  NMC 11060 cells were maintained in 

RPMI 1640 medium (Invitrogen) supplemented with 10% HI-FBS (Heat-Inactivated Fetal Bovine 
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Serum, Hyclone) and 2 mM L-glutamine (Invitrogen) at 37°C and an atmosphere of 5% CO2. Cells 

were diluted to 1.11×105 cells/mL  and 90 µL/well plated into black sided, clear bottomed 96 well 

tissue culture plates (Corning), using growth media supplemented with penicillin / streptomycin 

(Invitrogen). Cells were incubated overnight at 37 °C and in one plate, ATP levels were measured 

using the CellTiter Glo assay (Promega) according to the manufacturer’s instructions, to give a 

baseline reading (t=0). 3-fold serial dilutions of 27 ranging from 6 mM to 0.3 µM were prepared 

in 100% DMSO. The DMSO dilution series was diluted 20-fold in growth media before 10 µl of 

the resulting dilutions were added to the appropriate wells of the remaining cell plates. The final 

compound concentrations in the wells ranged from 30 µM to 1.5 nM in 0.5% DMSO. Cells were 

incubated with compounds for 72 hours before assaying for ATP content using CellTiter Glo 

(t=72). CellTiter Glo data from each t=72 time point was normalized to the relevant t=0 time point 

data and expressed as %t=0.  This data was analyzed using GraphPad Prism V5.04 software with 

sigmoidal curve fitting (log(inhibitor) vs. response – variable slope (four parameters)), 

constraining the minimum value of the curve to values ≥100%  to obtain gpIC50 values. 

in vivo studies statement. All animal studies were ethically reviewed and carried out in 

accordance with Animals (Scientific Procedures) Act 1986 and the GSK Policy on the Care, 

Welfare, and Treatment of Animals. 

in vivo efficacy study: trinitrophenol-keyhole limpet hemocyanin (TNP-KLH) induced 

Immunoglobulin-1 (IgG1) production mouse study. Male CD1 mice (Charles River 

Laboratories, 8 per group) received a single oral administration of compound (in 1% (w/v) 

methylcellulose, aq 400) either once every day (QD), once every 48 h (QOD) or once every 72 h 

(QOED) over a 14 day dosing period. On day 1 of the study, each mouse received a single bolus 

intraperitoneal (ip) administration of TNP-KLH (100 ug/kg, T-5060-25, Lot # 021562-06) 1 hour 
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after oral administration of compound. Serial blood samples were collected at 1 h post oral 

compound administration via tail veil on days 1, 4, 7, 9 and 11 or via cardiac puncture (terminal 

sample) on day 14 and the serum harvested from the blood samples was frozen at -80 oC. On the 

day of analysis, the serum was thawed to room temperature and levels of IgG1 were measured 

using a TNP ELISA (developed in-house) and read on a SpectraMax 190 spectrophotometer 

(Molecular Devices, CA). The mean IgG1 values were generated and the mean percent IgG1 

reduction on day 14 following treatment with compound was calculated compared to the 

corresponding vehicle treated group. Levels of significance were calculated by analysis of variance 

(ANOVA) followed by Dunnett’s multiple comparison t-test using Graphpad Prism version 5.04 

(Graphpad Software, San Diego, CA). 

in vivo efficacy study: NMC 11060 xenograft mouse model. The NMC line 11060 was 

obtained under license from Prof. Chris French, Brigham and Women’s Hospital, Boston, MA.  

1×10
7
 NMC 11060 cells, in 200 μL of 75% matrigel, were injected subcutaneously into each 

NOD/SCID mouse. Randomized oral administration of vehicle formulation, 1% methycellulose 

(MC), or 27 was initiated from the day tumor volume reached between 160-301 mm3. Tumor 

volume was then measured every third day until either 21 days post inoculation or tumor volume 

had surpassed approximately 1000 mm3. 
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All screening statistics, detailed pharmacokinetic data for 27, solubility of 27 in biorelevant media, 
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Molecular formula strings (CSV)  

Accession Codes. Coordinates have been deposited with the Protein Data Bank under accession 

code 7qdl (BRD4 BD1/27 complex).  Authors will release atomic coordinates and experimental 

data upon article publication. 
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ABBREVIATIONS 

AMP, artificial membrane permeability; BD1, bromodomain 1 (N-terminal bromodomain); 

BD2, bromodomain 2 (C-terminal bromodomain); BRD2, bromodomain containing protein 2; 

BRD3, bromodomain containing protein 3; BRD4, bromodomain containing protein 4; BRDT, 

bromodomain containing protein, testis-specific; CAD, charged aerosol detection; CLb, blood 

clearance; CLb,u, unbound blood clearance; CLint, intrinsic clearance; CLrenal, renal clearance; 

CLND, chemiluminescent nitrogen detection; CREBBP, CREB binding protein; EP300, E1A-

associated protein p300; FaSSIF, fasted state simulated intestinal fluid; Fub, fraction unbound in 

blood; LCMS, liquid chromatography mass spectrometry; KLH-TNP, keyhole limpet 

haemocyanin 2, 4, 6-nitrophenol; LE, ligand efficiency; LipE, lipophilic efficiency; MCP-1, 

monocyte chemoattractant protein-1; MDAP, mass-directed auto preparation; MDI, metabolism 

dependent inhibition; NMC, nuclear protein in testis midline carcinoma; PEPPSI, pyridine-

Design, synthesis, and characterization of I-BET567, a pan-bromodomain and extra terminal (BET) bromodomain oral candidate

67



 68 

enhanced precatalyst preparation stabilization and initiation; pIC50, –log10(IC50); THQ, 1,2,3,4-

tetrahydroquinoline; TR-FRET, time-resolved Fӧrster resonance energy transfer; Vss, volume of 

distribution at steady state; Vss,u, unbound volume of distribution at steady state; WPF, tryptophan-

proline-phenylalanine. 
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