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Development of BET inhibitors as potential treatments for cancer: A search 
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A B S T R A C T   

We describe our efforts to identify structurally diverse leads in the triazole-containing N1-carboline series of 
bromodomain and extra-terminal inhibitors. Replacement of the N5 “cap” phenyl moiety with various hetero
aryls, coupled with additional modifications to the carboline core, provided analogs with similar potency, 
improved pharmacokinetic properties, and increased solubility compared to our backup lead, BMS-986225 (2). 
Rapid SAR exploration was enabled by a convergent, synthetic route. These efforts provided a potent BET in
hibitor, 3-fluoropyridyl 12, that demonstrated robust efficacy in a multiple myeloma mouse tumor model at 1 
mg/kg.   

Bromodomain and extra-terminal (BET) inhibition has gained 
considerable interest due to its ability to inhibit the master transcription 
factor c-Myc, which has been broadly implicated in cancer biology.1 

BET-family bromodomain-containing proteins2 (BRD2, BRD3, BRD4, 
and BRDT) each have two binding domains (BD1 and BD2) that recog
nize acetylated lysine residues on histone tails.3 As BET proteins bind to 
these modified histones, they facilitate gene expression by modulating 
chromatin architecture and recruiting transcriptional regulators to 
enhancer regions.4 Small-molecule BET inhibitors can disrupt these 
enhancer-activator interactions to prevent transcription – an effect that 
is amplified in the context of superenhancers. Cancers caused by 
superenhancer-mediated MYC expression are hypersensitive to changes 
in factor concentration, which provides potential clinical opportunity 
for BET inhibition.1b,5 

Early work in the field provided a structurally homogenous body of 
inhibitors like JQ11b and GSK5257626 (I-BET762, Fig. 1). Since that 
time, several second-generation BET inhibitors that employ novel 
chemical scaffolds, such as ABBV-0757 and BMS-986158 (1),8 have 
advanced into clinical trials for the treatment of hematologic malig
nancies and solid tumors. While utility in cancer has been the primary 
focus of BET inhibitors in clinical development, the scope of interest has 

also expanded beyond cancer, with preclinical efficacy reported in HIV, 
inflammation, acute heart failure, and other diseases.9 (Fig. 2). 

In an earlier disclosure, we described the discovery of N1-carboline 
1, a compound currently in phase I/IIa trials for advanced solid tu
mors.8 In preclinical models, this lead was tolerated at efficacious doses 
and had suitable projected human pharmacokinetics (PK). After iden
tification of clinical lead 1, we initiated work toward the identification 
of a backup candidate using a three-pronged approach: 1) reduce 
clearance of the carboline series, 2) introduce structural diversity, and 3) 
improve physicochemical properties. In the first disclosure describing 
our backup efforts, we detailed work to reduce clearance using simple 
carboline core substitutions and by harnessing the kinetic isotope effect 
(Scheme 2) to identify BMS-986225 (2)10 (Table 1) – a compound with 
increased liver microsome (LM) metabolic stability (metstab) and 
reduced glucuronidation and efflux potential. While these findings 
suggested the ability to increase total drug exposure, they did little to 
enhance solubility or reduce protein binding. Herein, we report our 
work to identify structurally diverse backup leads with increased solu
bility11 and reduced human serum protein binding (PB)12 without 
compromising the overall PK profile of backup 2.13 

To this end, we sought to replace the lipophilic phenyl of the “cap” 
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with more polar heterocycles. Carboline analogs with “heteroaryl caps” 
were conveniently prepared using a previously reported convergent 
route.8,10 The organomagnesium reagents used for all compounds dis
cussed herein were prepared from 4-bromotetrahydropyran and mag
nesium, using iodine as an activating agent (Scheme 1). This Grignard 
reagent was subsequently added to various heteroaryl aldehydes in 
chilled tetrahydrofuran to afford racemic, secondary alcohols. To 
expedite preliminary SAR investigation, racemic alcohols were often 
used directly in the subsequent Mitsunobu step. Chiral resolution of 
final, racemic compounds using HPLC or SFC provided individual en
antiomers for assay characterization. When resynthesis of final analogs 
was necessary or when specific caps were utilized for multiple final 
compounds, we found chiral resolution following Grignard addition to 
be most efficient. 

Data for selected analogs are shown in Table 1.14 We began with 
simple, 5-membered heteroaryl analogs like racemic 1,2,3-triazole 3. 
Despite modest activity of 3 in a BRD4 binding assay (IC50 = 27 nM), a c- 
Myc functional assay that measured MYC expression (IC50 = 210 nM), 
and a Velcade®-resistant multiple myeloma (MM) cell proliferation 
assay (JJN3R IC50 = 710 nM), lipophilic ligand efficiency (LLE, calcu
lation based on MM proliferation IC50)15 was similar to highly potent 
backup 2 (LLE = 3.6 vs 3.7). Additional profiling revealed limited 
permeability (PAMPA at pH 7.4 = 120 nm/sec)16 for 1,2,3-triazole 3, 
consistent with its high polar surface area (PSA = 120 Å).17 Molecular 
modeling of 3 in BRD4 (domain 1) revealed a hydrophobic channel 
accessible by N1 alkylation of the triazole. In order to avoid non- 
selective alkylation of triazole 3, we opted to test this hypothesis by 
preparing 1,2-pyrazole 4. The methyl substituent of homochiral pyr
azole 4 accessed the putative hydrophobic channel, which provided 
approximately twelve-fold improved binding over 3 (IC50 = 2.3 nM vs 
27 nM), as well as improved activity in our c-Myc functional (IC50 = 7.1 
nM vs 210 nM) and MM prolif. assays (IC50 = 55 nM vs 710 nM). Due to 
increased polarity of 4 relative to lead 2, this compound had higher LLE 
(4.4 vs 3.7) and improved LM metstab across species.18 Conversely, this 
increased polarity (PSA = 96 Å) led to limited permeability (PAMPA at 
pH 7.4 = 150 nm/sec) that eroded translation of BRD4 binding to cell- 
based functional and prolif. activity compared to our leads. For 
example, the MM proliferation to BRD4 binding IC50 ratio for backup 
lead 2 was 6.7, whereas the ratio for pyrazole 4 was 23.9. 

Though isoxazole 5 was not expected to be highly permeable (PSA =
104 Å), this analog was designed to mitigate possible steric interactions 
between the N1 methyl of pyrazole 4 and the ZA loop of the binding site. 
As anticipated, this change led to increased potencies across our in vitro 
assays (e.g. MM prolif. IC50 = 11 nM, LLE = 4.8); however, diminished 
LM metstab, especially in mouse (ms), prevented advancement of 5, 
given the preclinical importance of this species. In prior studies, we 
replaced the C4′-Tz Me with Me-d3 to reduce clearance (Scheme 2).10 

Comparison of isoxazole 5 (msLM T½ = 10 min) with Me-d3, isoxazole 6 
(msLM T½ = 30 min) confirmed similar effects with heteroaryl caps. 
Free fraction was quite high for 6 (hPB = 14% free) relative to backup 2 
(hPB = 1% free), but this polarity-driven effect was accompanied by 
limited permeability (PAMPA at pH 7.4 = 260 nm/sec). Prior efforts 
revealed significant fluoro-derived influence on permeability.10,19 

Learning from this work, we prepared fluoro derivatives 7–9. Fluoro 
substituents at C6, C8, and C9 all improved permeability, but the effects 
varied considerably (C6 > C8 > C9). 

Significantly, C6-fluoroisoxazole 7 demonstrated improved solubil
ity in a 50 mM phosphate buffer at pH 6.5 (120 μg/mL) relative to 
backup 2 (4 μg/mL)20 and improved hPB % free (16% vs 1%, respec
tively). Following a 24 h mouse PK study (3 mg/kg, PO: AUC24h = 8.7 
μM*h), we advanced 7 into a MM mouse xenograft tumor model 
(JJN3R).21 In this experiment, designed to recapitulate human tumor 

Fig. 1. Representative BET inhibitors.  

Fig. 2. A) Modeling suggested an opportunity to improve potency of 1,2,3-tri
azole 3, in BRD4 (domain 1). Carbons of 3 are colored magenta. Hydrogen 
bonds are shown as yellow dashes. B) Model of optimized isoxazole 5 in BRD4 
(domain 1). 
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Table 1 
BRD4 and c-Myc inhibition, MM (JJN3R) proliferation, LLE, metstab, PAMPA, and PB data.  

Compound BRD4 IC50 ± SEM 
(nM)a 

c-Myc IC50 ±

SEM (nM)a 
MM prolif. IC50 ±

SEM (nM)a 
LLEb metstab T½ (min)(h/r/ 

ms/d/mk)c,d 
PAMPA pH 7.4 
(nm/sec) 

PB % 
free(h) 

2 0.9 ± 0.2 (6) 2.0 ± 1.0 (7) 6.0 ± 1.0 (8)  3.7 52/46/41/32/19 690 1 

3 27 ± 13 (2) 210 (1) 710 (1)  3.6 na 120 na 

4 2.3 ± 0.8 (2) 7.1 ± 1.0 (3) 55 ± 23 (3)  4.4 83/59/50/52/36 150 na 

5 1.6 ± 0.2 (3) 2.8 ± 0.3 (3) 11 ± 6 (4)  4.8 61/26/10/38/16 350 na 

6 1.2 (1) 2.1 ± 0.3 (2) 9.9 ± 1.1 (3)  4.9 64/33/30/75/37 260 14 

7 2.0 ± 1.2 (3) 3.9 ± 1.4 (3) 13 ± 4 (3)  4.6 79/30/30/52/23 800 16 

8 1.4 (1) 2.2 ± 0.6 (3) 14 ± 4 (3)  4.6 54/3/26/33/21 690 na 

9 na 2.8 ± 0.2 (3) 3.9 ± 3.0 (3)  5.2 120/33/17/71/34 410 na 

10 1.0 ± 0.2 (8) 1.2 ± 0.2 (4) 4.8 ± 1.6 (4)  4.3 55/62/35/61/37 610 6 

11 0.9 ± 0.2 (5) 1.0 ± 0.2 (3) 3.6 ± 0.8 (3)  4.9 79/48/24/36/22 270 4 

12 0.6 ± 0.3 (4) 0.9 ± 0.3 (4) 1.7 ± 0.2 (3)  5.1 75/47/16/37/22 420 6 

M.D. Hill et al.                                                                                                                                                                                                                                  



Bioorganic & Medicinal Chemistry Letters 44 (2021) 128108

4

physiology, mice were dosed (PO, QD) for 7 days beginning 8 days after 
tumor-cell implantation. C6-Fluoroisoxazole 7 treatment marginally 
impaired the growth of established MM tumors (TGI = 71%) at MED = 4 
mg/kg; the response was more robust with backup 2 (TGI = 77% at 2 
mg/kg). Based on these data, we set new cellular potency guidelines for 
moving analogs into efficacy studies (e.g. JJN3R prolif. IC50 < 10 nM). 

After extensive SAR investigation of 5-membered, heteroaryl com
pounds, we shifted focus to 6-membered heteroaryls. Empirically, we 
found analogs that incorporated the phenyl cap could achieve single- 
digit nM potencies in our MM assay.8,10 Therefore, we prepared pyri
dine and diazine derivatives with varied substitution and found halo- 
containing 2-pyridyl analogs were most potent across binding and 
cell-based assays. 5-Chloropyridyl 10 and 3-fluoropyridyl 11 were both 
<5 nM in our MM prolif. assay (LLE > 4.3) with improved or equivalent 
metstab and hPB relative to our leads. Although the permeability of 5- 

chloropyridyl 10 (PAMPA at pH 7.4 = 610 nm/sec) was well above 
our acceptable threshold (PAMPA at pH 7.4 > 400 nm/sec), perme
ability was limited for 3-fluoropyridyl 11 (PAMPA at pH 7.4 = 270 nm/ 
sec).22 Fortunately, installation of a C6-fluoro substituent on the car
boline provided improved permeability for analog 12 (PAMPA at pH 7.4 
= 420 nm/sec), although to a lesser extent than had been observed with 
5-membered heteroaryl caps (11 → 12 = 56% increase vs 6 → 7 = 210% 
increase). 3-Fluoropyridyl 12 was exquisitely potent across our in vitro 
assays (e.g. MM prolif. IC50 = 1.7 nM, LLE = 5.1) due to binding in
teractions that included several conserved water residues (Fig. 3).8 The 
overall metstab profile was superior to backup 2 except for msLM (msLM 
T½ = 16 min vs 41 min, respectively). Despite the 61% decrease in 
msLM T½ between backup 2 and 12, we observed only 13% decreased 
exposure (3 mg/kg, PO: AUC24h = 12.6 and 10.9 μM*h, respectively) in 
24 h mouse PK study. Gratifyingly, 12 was highly soluble in 50 mM 
phosphate buffer at pH 6.5 (91 μg/mL) and provided increased free 
fraction (hPB = 6% free) relative to earlier leads. 

Due to their robust antiproliferative effects in the JJN3R cell line, 
both pyridyl analogs 10 and 12 advanced into the MM mouse tumor 
model (JJN3R). Mice were dosed (PO, QD) for 7 days beginning 8 days 
following tumor-cell implantation (Fig. 4). Treatment with 12 impaired 
tumor growth (TGI = 91%) at MED = 1 mg/kg and demonstrated more 
robust efficacy than a 4 mg/kg dose (TGI = 78%) of backup 2.23 

Compared to 2, 5-Chloropyridyl 10 was similarly efficacious (TGI =
76%) at a 4 mg/kg dose. 

In summary, we explored heteroaryl cap SAR to introduce structural 
diversity and improve physicochemical properties of backup com
pounds. We began looking at 5-membered heteroaryl caps and used 
structural information to improve in vitro potency (~70 fold). From 
these efforts, C6-fluoroisoxazole 7 was identified. This compound had 
reduced human serum protein binding, improved solubility, and 
increased exposure in a mouse PK study. In a MM mouse tumor model, 7 
provided only modest efficacy, a result attributed to >10 nM potency in 

a Number of determinations in parentheses. bLLE = pIC50 − cLogP. chuman = h, rat = r, mouse = ms, dog = d, monkey = mk. dMeasurement limit = 120 min. 

Scheme 1. Highlighted steps en route to carbolines with heteroaryl N5 caps.  

Scheme 2. Deuteration strategy to mitigate primary route of metabolism.  

Fig. 3. X-ray structure of BRD4 (domain 1) bound to 12. Close-up image of 
interactions of 12 with BRD4 and waters. Some of the waters directly hydrogen 
bound to 12 are shown. 

Fig. 4. Activity of leads in JJN3R MM tumor model.  
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the same MM cell line. This result inspired an SAR shift to 6-membered 
heteroaryl caps, including 2-pyridyl analogs 10 and 12. Both pyridyl 
derivatives provided enhanced exposure in mouse PK and were <5 nM 
in our MM cell proliferation assay, which translated to robust in vivo 
efficacy when compared to our backup lead, BMS-986225 (2). 3-Fluoro
pyridyl 12 also met our goals of improved solubility and free fraction in 
hPB. Additional optimization studies will be reported in due course. 
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