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ABSTRACT:

The CREB (cAMP responsive element binding protdimding protein (CBP) and its
homolog EP300 have emerged as new therapeutidtdagethe treatment of cancer and
inflammatory diseases. Here we report the idetifon, optimization and evaluation of
1-(1H-indol-1-yl)ethanone derivatives as CBP/EP300 iitbib starting from
fragment-based virtual screening (FBVS). A cocilysteucture of the inhibitor22e in
complex with CBP provides a solid structural bdsisfurther optimization. The most
potent compoun@2h binds to the CBP bromodomain and has aj W@lue of 0.037%M

in the AlphaScreen assay which was 2 times morenpothan the reported CBP
bromodomain inhibitor SGC-CBP30 in our han82h also exhibit high selectivity for
CBP/EP300 over other bromodomain-containing prsteiotably, the ester derivative
(29h) of compound32h markedly inhibit cell growth in several prostatncer cell lines
including LNCaP, 22Rv1l and LNCaP derived C4-2B. @ouond 29h suppresses the
MRNA expression of full length AR (AR-FL), AR tatggenes and other oncogene in
LNCaP cells.29h also reduces the expression of PSA, the biomarkprostate cancer.
CBP/EP300 inhibito29h represents a promising lead compound for the dpwetnt of

new therapeutics for the treatment of castrati@istant prostate cancer.
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1. Introduction

Prostate cancer (PCa) is the most common malignemayen and remains the second
leading cause of cancer mortality in men [1,2]. Agen-deprivation therapy (ADT)
represents the gold standard treatment for PCaifedbe initial benefit, the majority of
patients will progress to an incurable stage knaartastration-resistant prostate cancer
(CRPC) within 2-3 years. CRPC remains androgenptec€AR) signaling dependent
and responds to the recently approved androgemdgigninhibitor enzalutamide and the
androgen-synthesis inhibitor abiraterone acetatewd¥er, most patients eventually
develop resistance to these second-generatiorptbsras well. Therefore, an alternative
strategy for the development of new therapeutiaeges urgently needed. One potential
strategy is to disrupt AR upstream and/or downstregnaling without directly targeting
the AR ligand binding domain (LBD). Recently, Chayan and others have shown that
bromodomain-containing protein @RD4) inhibitors could disrupt the interaction
between the N-terminal domain (NTD) of AR and BRBd block metastatic CRPC
growth in animal models [3-5]. Sadar and othersehslvown that EPI-001 covalently
binds to the AR NTD, blocking the transcriptionatieity of AR and its splice variants
and reducing the growth of CRPC xenografts [6-8f Wave shown that retinoic acid
receptor-related orphan recepto(RORy) acts upstream of AR as a key determinant of
AR gene expression and that the RGiRRtagonist XY018 can potently inhibit the growth

of various AR-positive xenograft tumors in micel[d].

CREB (cAMP responsive element binding protein) bigdprotein (CBP) and its

homolog EP300 are two closely related transcriptioagulators bearing LXXLL motifs.



They act as steroid receptor co-activators foroeerinuclear receptors, including the
retinoid X receptor (RXR), estrogen receptor (ERJ AR [11-15]. CBP and EP300 have
been implicated in the development of various cemceflammatory conditions, and
other diseases [16-23]. In the advanced prostateer, CBP is highly expressed, and
its expression level has been found positivelydohkvith cancer patient survival [24,25].
Mechanistically, CBP and EP300 interact with the NRRD to potentially stabilize both
N/C interactions and AR binding to AREs (AR resporedements) [13]. Therefore,
interrupting the CBP-AR NTD interaction throughdgeting the bromodomain of CBP
may be an efficient strategy to block AR signaliagd the CBP bromodomain may

represent a potential therapeutic target for ptestancer.

There has been significant progress in the devetoaprof small molecule inhibitors
targeting the CBP bromodomain [20,25-35]. Amongéhmhibitors, compoundsand?2
were reported by Zhou using NMR spectroscopy [EgJmpoundl was discovered by
screening a focused library of 200 compounds and ta first compound that was
shown to inhibit the CBP-p53 interaction at 20 (Figure 1). Unzue and co-workers
have developed acetyl benzene compo@n¢Figure 1) as an inhibitor of CBP by
fragment-based docking and structure-guided opétiia. Compound3 showed
moderate potency against CBP, with agyl¢f 8.7uM as determined by TR-FRET [34].
Isoxazole derivatives were initially developed fargeting BET bromodomains and later
optimized as CBP bromodomain inhibitot, (SGC-CBP30, Figure 1) [20]. Recently,

compoundb (I-CBP112, Figure 1), with a 1,4-benzoxazepindfetth was reported as a



CBP chemical probe and displayed good selectivtyGBP over other bromodomains

and good cellular activity [29].

These studies enhance our understanding of theofo®BP in oncology, which could
potentially pave the way for the development ofrapeutics for various diseases.
However, more chemotypes are still urgently neadeorder to exploit the therapeutic

potential of CBP inhibition in different human déses such as prostate cancer.

In the present study, we report the fragment-bagddal screening, structure-guided
medicinal optimization and biological evaluation af-(1H-indol-1-yl)ethanone
derivatives as potent and selective CBP/EP300 bdomain inhibitors for the treatment

of castration-resistant prostate cancer.



2. Results and discussion

2.1 Identification and validation of 1-(1H-indol-1-yl)ethanone and
1-(1H-indol-3-yl)ethanone scaffold.

To obtain new scaffold of CBP inhibitors, a comnwintual screening strategy [10,36-38]
was used as shown in Figure 2A. The SPECS datalzesérst filtered with a molecular
weight threshold of less than 300. After that, tbsulting set of fragments was screened
through molecular docking-based evaluation. Aftaster analysis and visual inspection,
13 representative compounds were selected and gsedHor biological evaluation. The
inhibitory activity and structures of the 13 compda were shown in Figure 2B,
Supporting Information Table S1 and Figure S2. gsin AlphaScreen assay, 3 of the 13
compounds showed micromolar-level activity, withsJGralues less than 5@M.
Compounds 6 (3-(3-acetyl-H-indol-1-yl)propanoic acid) and 7
(1-(4,6-dinitro-H-indazol-1-yl)ethanone) showed dvalues of 16.73, and 9.11M,
respectively (Figure 2C). Not surprisingly, thénas a similar scaffold with the ligand of
4TS8. The corresponding ligand efficiencies wergraximately 0.4. These two
compounds bear different scaffolds and represemd gstarting points for further
optimization. To further evaluate the selectivity, more bromodomain-containing
proteins, BRD4(1), BAZ2B, and ATAD2, were testedassess the activity of these two
fragments by the AlphaScreen assay. The result ethaivat7 displayed equipotent
activities for all the bromodomain-containing piote tested. Howeverp showed
excellent selectivity for the CBP bromodomain owgher bromodomain-containing
proteins (Table S2). This result prompted us tooskd as a starting point for

optimization. To design more potent derivatives,als® compared the binding modes of



6 and 7 bound to CBP (Figure 3A,B). The predicted bindmgde of7 bound to CBP
showed tha¥ interacts with the conserved residues Asn1168Tgntl25 through direct
and water-mediated hydrogen bonds (Figure 3B).bii@ing model of is characterized
by the presence of a hydrogen bond between theomgrbgroup of the
1-(1H-indol-3-yl)ethanone ring and the Asnl1168 side ©haii CBP (Figure 3A). The
carbonyl group also interacts with Tyr1125 through indirect hydrogen bond via a
conserved water molecule present in the ZA channehddition, the propionic acid
group forms favorable hydrogen bonds with Argl1F&m the predicted binding mode
analysis, we can see that the H{ihdol-3-yl)ethanone moiety o6 could serve as an
acetylated lysine mimic and that three regions @dad explored for further optimization
of this lead compound (Figure 3A). The first aredhie LPF shelf, the second area is the

ZA channel, and the third area is the BC channel.

2.2 Chemistry.
The derivatives of 1-{-indol-1-yl)ethanone and 1-tindol-3-yl)ethanone were

designed and synthesized as shown in Schen3es 1

Briefly, intermediate1a-21bwere prepared bgcylation of secondary amin28a—20b
followed by reaction with 1-H-indol-3-yl)ethanone to produce
1-(1H-indol-1-yl)ethanone derivative®2b and22cin good yields. Compound&2d and
22e were obtained byydrolysis of compound22b and 22¢ respectively. Compound

22awas readily synthesized using a procedure sirtoléine one used to prepatab.



The synthesis oR5a-25eis illustrated in Scheme 2. 1-acetyi-indole-3-carboxylic
acid @4a) was first prepared by acetylization dfl-Indole-3-carboxylic acid43a) with
acetic anhydride, followed by condensation withimas amines to yield the desired
products. The est@5cwas hydrolyzed under basic conditions to yielddbeesponding

carboxylic acid 26), which was acetylated to afford compowige

Intermediates27a-27| were prepared according to Scheme 3. The corresppnd
carboxylic acids30a-| were prepared by deprotection 2fa—27| with TFA. Compound
29awas directly demethylated with BBto give 32b, which was subsequentétherified

to generate final produc82cand32d

Compounds28a-28q and 29a-29h were prepared using the procedure outlined in
Scheme 3, which is similar to the procedure usedhm preparation oR7a-27I
Compounds3la-31q 32a and 32e-32hwere prepared by a procedure similar to what
was used for the synthesis 8a—30l The synthesis of compoun@2b-32dis also

outlined in Scheme 3.

Scheme 1. Synthesis of 14tindol-3-yl)ethanone Derivatives 22a—2%¢
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57-80%.

Scheme 2. Synthesis of 14itindol-1-yl)ethanone derivatives 25a—-25e
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®Reagents and conditions: (a) acetic anhydridg\,BDMAP, DCE, 2 h, 60 °C, 38-63%;
(b) aliphatic amines, HATU, DIPEA, DCM, overnight, 60-71%; or aryl amines,
n-BwN, 2-chloro-1-methylpyridinium iodide, toluene, b6 90 °C, 30-68%; (c) NaOH,

MeOH, overnight, rt, 83%; (d) g, DMAP, DCE, 12 h, 60 °C, 35%.

Scheme 3. Synthesis of compounds 29a-29h, 30a-30h-31q, 32a-32h
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®Reagents and conditions: (a) acetic anhydridg\y,HDMAP, DCE, 2 h, 60 °C, 38-63%;
(b) aryl amines, n-BiN, 2-chloro-1-methylpyridinium iodide, toluene, 1§ 90 °C,
35-68%; (c) TFA, DCM, 6 h, rt, 58-90%; (d) BRIDCM, 15 h, rt, 60% (for reactant

29a); (e) bromoethane or iodopropaneQ;, Kl, acetone, 12 h, 70 9C38-43%.

2.3.Structure—activity relationship studies of the LPFshelf.

To discuss the structure—activity relationshipstied LPF shelf, we designed various
compounds with substituents on the head groupHtugtlol-3-yl)ethanone. The binding

affinities of these compounds to CBP were deterthiaed summarized in Table 1. To
ensure that these compounds can reach the LPFasitefiorm further interactions with

CBP, the propionic acid group originally presen6iwas replaced with larger groups. As

shown in Table 1, replacing the propionic acid grau6 with the corresponding ethyl



ester yielded22a which was found to have a very weak binding #ffiro CBP.
Considering the flexibility of22a we designed and synthesized conformational
constrained analog&®b-22e Compound®2b and22d exhibited potencies similar &

22c and22ewere 2-fold more potent tha) and they exhibited I§ values of 7.09 and
6.80uM, respectivelyThe results indicated that adding a substituetitetneta-position

of the piperidine can improve ligand binding affyni

To understand the structural basis for the prdigamd interactions, we determined the
cocrystal structure of th22e-CBP complex. As shown in Figure 4A and 4B, the brigd
mode of22e s clearly defined by the electron density mape plugs into the narrow
pocket with its 1-(H-indol-3-yl)ethanone group interacting with the served residues
Asnl1168 and Tyr1125. The 1-propionylpiperidine-8boxylic acid group can protrude
out of the pocket and reach the LPF shelf, fornfunther interactions with CBP. The
carboxyl group was involved in a canonical hydrogpemd with Argl1173. The crystal
structure also revealed that the carbonyl of thgrdpionylpiperidine-3-carboxylic acid
group interacts with Arg1173 through a water-mestiahydrogen bond. There are five
water molecules located in the ZA channel. To ebtabre potent compounds through
water-mediated hydrogen bonds, the head groupHii{dol-3-yl)ethanone was replaced

with 1-(1H-indol-1-yl)ethanone with an amide linker attached.

We synthesized compoun@5aand25b, which showed weaker affinities tha2e(Table
1). It seems that the flexibility of the attachedgp may be detrimental to CBP affinity.

Replacing the alkyl group with an aromatic groug te25¢ which was found to bind to



CBP protein with an I value of 3.39uM and was twice as potent &e The
corresponding acid form @5cwas also synthesized3e and evaluated. Compoug8e
showed a small increase in activity withsjalue of 1.6M, while the acetyl analog
25d showed a sharp decrease in potency(K25.37uM) relative to compoun@5e
This finding demonstrated that the carboxyl grofi2®e also seen i22¢ was critical

for compound activity.

Analysis of the predicted binding mode of compowi in complex with the CBP
bromodomain suggested that the NH group of the arfddns a new hydrogen bond
with one of the conserved water molecule near thelannel. The phenyl group @be
extends to the LPF shelf and forms VDW interactionith the hydrophobic residue
Leull09. The carboxyl group of compou8le had the optimal orientation to form a
very favorable hydrogen bond with the guanidiniunoup of Argl173 of the CBP
bromodomain (Figure 4C). It was indicated that daayl group at the meta-position of

phenyl ring was more favorable than other groups.

2.4. Structure—activity relationship studies of the ZA dannel.

To investigate the SAR in the direction of the Z#annel, the preferred carboxyl group
was maintained. The substitutions on the orthometa-position (Ror R, in Table 2)
were explored to improve the hydrophobic interaxtiovith the ZA channel. First,
short-chain alkyl groups were attached at thg @®sition and yielded30a—30c
Compound30b, with a longer-chain substitution, showed a sigaiit loss of activity

compared with the parent compou2iee The relatively small groups are well tolerated,



and the corresponding compounds showed activitylasino that of 25e When the
hydrophobic cycloalkyl groups80d—-301 were used to occupy the hydrophobic pocket, a
small increase in inhibition was observed. Analdgeand30f demonstrated 1§ values

of 1.89 and 1.67uM, respectively. To determine the importance of ropthobic
interactions, polar atoms were introduced to theoatkyl group. If the substituent atom
is an O, as i”80g a 4-fold decrease in inhibition was observedsThsult demonstrated
that incorporation of a polar atom causes a reduadti the inhibitory activity. A flexible
linker of one methylene carbon was used to attaslarpsubstituents in hopes of
improving activity B0h—-30K. However, these compounds did not show improved
activity. When a halogen atom (F) was introducedthie R-position, significantly
improved potency was achieved; Compo@d was found to display an kg value of
0.77 uM. As shown in Figure 5A, the predicted binding reoof compound0l was
similar to that of compoun#@5e The size of F atom is critical and may contribiat¢he
improved activity. This finding suggested that dnsabstituents at thesRposition were

favorable, while the larger groups may interferéhvather residues around this pocket.

For the meta-position (RTable 2), various substitutions were introduaeihtrease the
binding affinity through improving close contacttivithe protein surface. The results are
shown in Table 2. Compounds with alkyl or cyclodligyoups did not improve the
activity. Among these compounds, anal8@f was one of the best compounds with
moderate biochemical activity (&= 2.48u:M). Flexible linkers with 1 or 2 atom@81g
and 31h) were also used to attach polar substituents foproved activity. Not

surprisingly, compoun81gdemonstrated high potency, with arsd@alue of 1.QuM.



To find more potent analogs based on the modetadtate of25ein complex with CBP
bromodomain, we designed compounds with varioumatic groups at the Jposition

to explore the chemical space for affinity improws(Table 2). The phenyl ring analog
(31i) showed similar potency t@5e against CBP, with an Kgvalue of 1.86uM. The
mono-substituted phenyl analogs were synthesizadiing to compound31j—31m. No
significant potency improvement was obtained. Whaerhlorine atom was substituted at

the meta-position3(Lk), the activity matched that 8fLe

To investigate the importance of polar atoms, walsssized compound&ln—-31qg 31n
exhibited a slightly increased potency comparedampound3li. Analog31owas one
of the most promising compounds with strong biodeaimactivity (IG, = 0.65uM).
Compound31p binds to CBP with Ig value of 2.81uM, which is one-fourth as strong
as 31a This finding may be due to the hydrophobic phegndup of compoun®lp
being exposed to the solvent environment. Compd@igishowed comparable activity,
with an 1Gg value of 1.0Q:M. Analysis of the predicted binding mode for compd310

in complex with CBP protein (Figure 5B) suggesteat the furan group orient along the
ZA channel, increasing binding affinity through s#ocontact with the protein surface.
The O atom of the furan ring is exposed to theeaenvironment, which is favorable
for ligand binding. The results demonstrated that furan group oBlois a favorable

group in the ZA channel.

2.5. Structure—activity relationship studies of the BC tannel.



Analysis of the predicted binding mode for compouwsitb in complex with CBP
bromodomain showed that there is still some spaa the BC channel for further
optimization. As shown in Table 2, we designedaasisubstituents at the Bosition to
explore the chemical space around the BC channelafiinity improvements. We
synthesized compour@Rb with a hydroxy group at thesfposition, which gave an k¢
value of 0.17«M, making it 4 times more potent th&4o. Expanding the size of alkoxy
group, compound82a 32c and32d were prepared to improve the activity. Compound
32a showed activity (Ig = 0.14uM) similar to that of32b. However, compound32c
and32d havelCsg values of 3.8@nd 26.1%M, respectively. From the predicted binding
mode, we can see that the substituent from thisction should also be exposed to
solvent, so a larger alkyl group may decrease thengy. These results suggested that the
optimal length of the substitution is approximatéh?2 heavy atoms. We next synthesized
compounds32e and32f, which were found to bind to CBP with J£values 0f0.29 and
0.69 uM, respectively. From the data shown in Table 2,cae see that heterocyclic
substituents at the 4Rposition are favorable. Changing the furan gronB2a to a
1-methyl-H-pyrazole led tB2g which showed an activity (K = 0.16:M) similar to
that of 32a (ICso = 0.14uM). The results demonstrated that the BC channelss a
critical region for potency (Figure 5B,C). Takergéther, our modifications at the BC
channel have yielded compoun8®a and 32g with much improved activities over the

initial compounds30l and31o0.

Combining all the substituents at, R, and R positions, we synthesized compol8&h.

32h demonstrated significantly improved activity weh 1G, of 0.037uM, which was



approximately 4 times more potent tha2g and 2 times more potent than compou#d
The phenyl group with fluorine, carbonyl, and 1-hytlH-pyrazole substituents fit
snugly in the pocket as shown in Figure 5D. Therbgdn bonding and polar interactions

may contribute to the improved potency.

2.6. Evaluation of bromodomains selectivity.

To investigate the selectivity profile, represene@atcompounds were tested against 8
bromodomain-containing proteins from different sulups of the bromodomain family
using an AlphaScreen assay (Table 3). Most of ¢stett compounds showed excellent
selectivity for the CBP bromodomain and its paraldeP300 over other
bromodomain-containing proteins. Compoud® and32a demonstrated high potency,
with ICs values of 0.65 an@.14 M for CBP, respectively; however, they also showed
weak potency for some other bromodomain-contaipirgeins. Compounds, 25¢ 30lI,
and 31g showed excellent selectivity. Among all the testednpounds32g and 32h
showed best activity and selectivity profiles. Totfier confirm the selectivity over other
bromodomain-containing proteins, compouB#8g and 32h were evaluated against 8
bromodomain-containing proteins using a thermadbibta shift (TSA) assay (Figure 6).
Similar to the AlphaScreen assay, the TSA assafiroted that compound32g and32h

showed promising selectivity profiles.

2.7. Inhibitory effect of cell growth, colony formdion and gene expression in

prostate cancer cells.



CBP and EP300 have been linked to the developniaer@rmus diseases. CBP inhibitors
have been evaluated for their therapeutic poteftiathe treatment of acute leukemia
[28,39,40]. In this study, we tested our select®BP inhibitors to determine if they
possess any growth inhibition effects on prostaé@cer cell lines. We selected
AR-dependent prostate cancer cell lines such asafmNé@nd 22Rv1 cells to test the
cellular proliferation inhibition effects (Table .4fEnzalutamide, a second generation of
AR antagonist, was chosen as positive control.mbst potent compound?a 32g and
32h did not show inhibition effect against LNCaP ar&R21 cells, which may be due to
the highly polar carboxyl group found 823 32g and 32h restricting cellular
permeability. Therefore, the polarity of the acrdwp was masked with ester [41,42]. In
this case, thetert-butyl ester derivatives29a 29g and 29h were obtained for
corresponding carboxyl substituted compouB8és, 32g and32h. In the AlphaScreen
assay, the esters derivati@3a, 29g and29h were found to bind to CBP with gvalues
of 1.05, 1.04 and 0.42\, respectively. However, the esters derivati28a 29gand29h
showed reasonable potency in prostate cells LNGaP22Rv1, with 1Gy values of
approximately 2.0 uM (Figure 7A,B). These antiproliferative activitiesvere

appoximately 17-fold potent than that of the pesitontrol enzalutamide (Table 4).

The antiproliferative activity of the compour&®h was also evaluated against a wide
range of cancer cell lines (Table S4). Not surpghi, the compound did not show
obvious inhibition on the growth of AR-negative ptate cancer cells PC-3 g 20

uM). 29h also displayed very weak inhibitory activities mga breast cancer cell lines

MCF-7 (ER positive), Hs578T (triple negative) andA-MB-231 (triple negative) with



ICso value of 7.46, 15.09 and 35.8%4, respectively. The growth inhibitory activities of
the compound against lung fibroblast HFL-1 celld &anman normal liver HL7702 cells
were also evaluated to monitor the potential togftects. As show in Table S4,
compound29h exhibited less cytotoxic effect against these twomal cells with G
values of 10QuM and 40uM, respectively, indicating that the cytotoxic effe of 29h

was minimal.

To further investigate the growth inhibition effectcolony formation assays were
performed for representative compound88g and 32h and their tert-butyl ester
derivatives29g and29h. Similar to the cell viability assay, compour@#gand32h show
no inhibitory activity for colony formation. Howekethe ester derivative®9g and29h
reduced colony formation in a dose-dependent mafiigure 7C,D). Colony formations
were reduced to less than 10% in 22Rv1 and C4-2B ae4uM. Thus,29g and 29h
significantly inhibit growth of prostate cancer IselOverall,32g 32h and their ester

derivatives29gand29h have good profiles for further optimization.

To investigate whether CBP inhibitors suppress dakpression of full length AR, AR
spliced variants, and AR-regulated target gene$;RER was performed in LNCaP cells.
As shown in Figure 8A, compour2bh strongly inhibited mRNA expression of full
length AR. The AR-regulated genes KLK2, PSA (alsown as KLK3) and TMPRSS2
were also inhibited upo29h treatment. Myc, a known oncogenic driver in prtesta

cancer, was also strongly inhibited B§h. Furthermore, western blot analysis indicated



that treatment of 22Rv1 cells with compowz@h resulted in down regulation of AR-FL

and AR-V7 level (Figure S2).

In a PSA luciferase reporter gene assay in LNC4dB, dmth 29g and 29h significantly
reduced the expression level of PSA in a dose-dkpegnmanner (Figure 8B). These
results indicated that targeting CBP may represamtalternative strategy for the

treatment of CRPC.

3. Conclusions

In this study, we report the discovery of the H{hdol-1-yl)ethanone derivatives as
CBP/EP300 bromodomain inhibitors for the treatm@n€RPC through structure-based
virtual screening, medicinal chemistry optimizatiomnd biological evaluation.
Determination of the high-resolution crystal sturet of the inhibitor with the CBP
provided guidance for structure-based optimizatibhe ester derivativ9h potently
inhibited cell growth or colony formation in thegstate cancer cell lines LNCaP, 22Rv1
and/or C4-2B.29h also reduced the expression of AR, c-Myc and ARetagenes.
Further optimization o29h may ultimately provide a new class of therapeufiicsthe

treatment of CRPC.



4. Experimental section

4.1. Computational methods.

The crystal structure of CBP bromodomain (PDB IDS8.pdb) [34] was used for the
molecular docking study. All of the ligand and miat preparation were performed with
in Maestro (version 9.4, Schrodinger, LLC, New YoMY, 2013) implemented in the
Schrodinger  program  (http://www.  Schrédinger.com)lhe SPECS database
(http://www.specs.net), containing more than 270,08olecules, was filtrated with a
molecular weight threshold of less than 300 Dalfbme resultant fragment dataset was
submitted to molecular docking study. The molecdiacking study was performed with
the Glide program using the standard precision &Bje mode. Top 5000 compounds
were selected for cluster analysis and visual ictspe The molecules, which bear a
carbon bond and form hydrogen bond with conservetlA68, were selected and

submitted for subsequent biological evaluation.

4.2 General chemistry.

All commercial reagents and anhydrous solvents wmrechased and used without

purification, unless otherwise specified. Flashoaomatography was performed using

silica gel (300—-400 mesh). All reactions were margtl by TLC, using silica gel plates

with fluorescence F254 and UV light visualizatigxl products were characterized by

their NMR and MS spectrdH NMR spectra were recorded using a Bruker AV-400
spectrometer at 400 MHz or 500 MHz ah€ NMR spectra were recorded using a
Bruker AV-500 spectrometer at 500 MHz. Coupling stants J) are expressed in hertz

(Hz). Chemical shiftsd), which relative to internal control (TMS), arepogted in parts



per million (ppm) units. The low resolution of EBIS was recorded on an Agilent 1200
HPLC-MSD mass spectrometer. The purities of comdeumere determined to be over
95% by reverse-phase high performance liquid chtography (HPLC) analysis. HPLC
instrument: Dionex Summit HPLC (column: Inertsil SEP, 5.um, 4.6 mm x 250 mm

(GL Sciences Inc.); detector, UVD170U; injector,maal injector; pump, P680; detection

wavelength, 254 nm; flow rate, 1.0 mL/min.

4.2.1Procedure a of scheme 1.

A mixture of methyl piperidine-4-carboxylate (2 §4 mmol) @08, 2-chloroacetyl
chloride (1.16 mL, 15.4 mmol) and,®O; (5.8 g, 42 mmol) in DCM was stirred for 5 h
at rt. Upon completion, the solvent was removed/asuo. Water was added and the
mixture was extracted with ethyl acetate (20 mL.xTBe organic layer was washed with
water, 1 N HCI and brine, dried over /88, and evaporated. The compouBda
(methyl piperidine-4-carboxylate) was obtained agebow oil (2.072 g, 67.4% yield).
This oil was used in the next step without furtiperrification. MS (APCI), m/z for

CgH14CINO3 ([M + H]™): Caled 219.67, found 220.1.

4.2.2 Procedure b of scheme 1.

To a solution of compounéla (437.48 mg, 2 mmol) in acetone (50 mL) was added
1-(1H-indol-3-yl)ethanone (264 mg, 1.66 mmol),@0; (688 mg, 4.98 mmol) and Ki
(42 mg, 0.252 mmol). The mixture was heated und#éux for 5 h. The aqueous layer
was extracted with ethyl acetate (50 mL x 3), dm&l drganic layer was washed with

water and brine, dried over p&0, and concentrated under reduced pressure. Theleesid



was purified by chromatography on silica gel to oeff methyl
1-(2-(3-acetyl-H-indol-1-yl)acetyl)piperidine-4-carboxylat®Zb) (397 mg, 70% yield)
as a white solid*H NMR (400 MHz, DMSOe) & 8.24 (s, 1H), 8.18 (dl = 6.9 Hz, 1H),
7.44 (d,J= 7.2 Hz, 1H), 7.20 (s, 2H), 5.29 @= 4.7 Hz, 2H), 4.17 (d] = 12.5 Hz, 1H),
3.94 (d,J = 12.9 Hz, 1H), 3.64 (s, 3H), 3.24 {t= 12.1 Hz, 1H), 2.80 (] = 11.7 Hz,
1H), 2.69 (tJ = 10.7 Hz, 1H), 2.42 (s, 3H), 1.94 (®= 11.6 Hz, 1H), 1.86 (dl = 12.6
Hz, 1H), 1.71 (dJ = 10.5 Hz, 1H), 1.44 (dJ = 9.9 Hz, 1H).”°*C NMR (125 MHz,
DMSO-ds) 6 192.05, 174.28, 164.91, 138.48, 137.57, 125.49,582 121.73, 121.27,
115.98, 110.75, 51.50, 47.40, 43.48, 40.86, 28010, 27.16, 18.48. MS (APCI), m/z
for CigH2oNO4 ([M + H]Y): Caled 342.39, found 343.1. HPLC analysis: MeOM20
(80:20), 5.20 min, 99.68% purity. The synthesis2@a and 22c can refer to22b (for

details, see Supporting Information).

4.2.3 Procedure c of scheme 1.

Methyl 1-(2-(3-acetyl-H-indol-1-yl)acetyl)piperidine-4-carboxylate (284 ny83 mmol)
in a mixture of MeOH (8 mL) was treated with 1 NQld (4 mL, 4.15 mmol) and stirred
for 2 h at room temperature. Then concentratecemoove MeOH and cooled to room
temperature in an ice bath and neutralized with HGI. The solid precipitate was
collected by filtration, washed with water and drie
1-(2-(3-acetyl-H-indol-1-yl)acetyl)piperidine-4-carboxylic aci®®Zd) (156 mg, 57.2%
yield) was white solid"H NMR (400 MHz, DMSOdg) 5 12.32 (s, 1H), 8.23 (s, 1H), 8.20
—8.09 (M, 1H), 7.46 (dd,= 21.2, 7.4 Hz, 1H), 7.27 — 7.14 (m, 2H), 5.36.225m, 2H),

4.16 (d,J = 13.0 Hz, 1H), 3.94 (dl = 13.4 Hz, 1H), 3.27 — 3.19 (m, 1H), 2.81)& 11.1



Hz, 1H), 2.61 — 2.55 (m, 1H), 2.43 (s, 3H), 1.98.89 (m, 1H), 1.85 (d] = 11.2 Hz, 1H),
1.69 (d,J = 10.6 Hz, 1H), 1.43 (d] = 9.9 Hz, 1H), 1.24 (s, 1H}*C NMR (125 MHz,
DMSO-tg) 6 192.12, 175.49, 164.92, 138.58, 137.59, 125.5Q,582 121.75, 121.28,
115.97, 110.80, 47.45, 43.63, 41.02, 41.02, 2MSB.(APCI), m/z for GgH2oN»04 ([M
+ H]"): Calcd 328.36, found 329.1. HPLC analysis: MeQBo(TFA) - HO (90:10),
4.15 min, 96.64% purity. The synthesis ®2e can refer to22d (for details, see

Supporting Information).

4.2.4 Procedure a of scheme 2.

1H-indole-3-carboxylic acid 238 (1.5 g, 9.3 mmol), BN (4 mL, 27.9 mmol) and
DMAP (0.114 g, 0.93 mmol) were dissolved in DCE (iiR). Then acetic anhydride (2.8
mL, 27.9 mmol) was added and the mixture was stifoe 2 h at 60 °C. Upon completion,
the solvent was evaporated. The residue was dedalvEtOAc, extracted with saturated
NaHCG; solution (20 mL x 3), the aqueous phase was caoléd°C and then acidified
with 1 N HCI. The precipitated solid was collectag filtration, washed with water and
dried in vacuum to obtain the desired compound etyddH-indole-3-carboxylic acid
(243 (1.2 g, 63% yield) as white solid NMR (400 MHz, DMSQds) & 8.42 (s, 1H),
8.35 (dd,J = 6.9, 1.8 Hz, 1H), 8.08 (dd,= 6.5, 2.1 Hz, 1H), 7.44 — 7.28 (m, 2H), 2.73 (s,

3H).

4.2.5 Procedure b of scheme 2.
The N-(2-aminoethyl)acetamide (153 mg, 0.74mmol), HAT21§ mg, 0.74 mmol) and

DIPEA (191 mg, 1.48 mmol) were dissolved in DCM.eTimixture was stirred at rt for



30 min. The 1-acetylH-indole-3-carboxylic acid24a (100 mg, 0.49 mmol) was then
added, the reaction mixture was stirred overnight.arhe aqueous layer was extracted
with EtOAc (30 mL x 3), and the organic layer waasled with water and brine, dried
with N&SQ,, and evaporated. The residue was purified by asilgel to vyield
N-(2-acetamidoethyl)-1-acetylHtindole-3-carboxamide26a) (100 mg, 71% vyield) as
white solid.*H NMR (400 MHz, CDC}) § 8.51 — 8.43 (m, 1H), 8.12 — 8.05 (m, 1H), 8.02
(s, 1H), 7.46 — 7.37 (m, 2H), 7.17 (s, 1H), 6.341¢d), 3.64 (dd,) = 10.7, 5.0 Hz, 2H),
3.55 (dd,J = 10.9, 5.5 Hz, 2H), 2.70 (s, 3H), 2.03 (s, 3tC NMR (125 MHz,
DMSO-dgs) 8 170.68, 170.39, 164.24, 135.96, 129.65, 129.08,082 124.87, 122.46,
116.61, 116.59, 39.42, 39.36, 24.70, 23.58. MS (A\RG/z for GisH17N305 (M + H]):

Calcd 287.32, found 288.1. HPLC analysis: MeOH ;,0H80:20), 5.26 min, 98.69%

purity.

The synthesis ad25b can refer t®25a(for details, see Supporting Information).

4.2.6 Another procedure b of scheme 2.

The methyl 3-aminobenzoate (288 mg, 1.55 mmol)xeityd-1H-indole-3-carboxylic acid
(300 mg, 1.86 mmol)24a), 3-chloro-1-iodo-2-methylpyridin-1-ium (950 mg,72 mmol)
and n-ByN (1379 mg, 7.44 mmol) were dissolved in toluenadé&l nitrogen, the
reaction mixture was stirred overnight at 90 °Cw#s concentrated and redissolved in
EtOAc. The organic phase was extracted with sadratH,Cl solution, saturated
NaHCQ; solution, 1 N HCI and brine. The combined orgapiase was dried over

NaSOy and concentrated under reduced pressure. Thetingsarude product was



purified by silica gel chromatography to yield mgth
3-(1-acetyl-H-indole-3-carboxamido)benzoat25() (185 mg, 30% yield) as white solid.
H NMR (400 MHz, DMSOdg) & 10.28 (s, 1H), 8.83 (s, 1H), 8.39 (s, 1H), 8.361(4),
8.27 (d,J = 7.1 Hz, 1H), 8.14 (d] = 7.9 Hz, 1H), 7.70 (d] = 7.7 Hz, 1H), 7.54 () =
7.9 Hz, 1H), 7.40 (dqJ = 13.8, 6.8 Hz, 2H), 3.89 (s, 3H), 2.76 (s, 3HE NMR (125
MHz, DMSO-s) 6 170.80, 167.04, 163.01, 140.40, 136.03, 131.0D,.773 130.16,
129.03, 126.31, 125.17, 125.15, 124.84, 122.46,2021116.73, 116.03, 53.11, 24.82.
MS (APCI), m/z for GoH16N2O4 ([M — H]"): Calcd 336.35, found 334.6. HPLC analysis:
MeOH - H0 (80:20), 10.71 min, 99.45% purity. The synthesi22d can refer t25¢

(for details, see Supporting Information).

4.2.7 Procedure c of scheme 2.

Methyl 3-(1-acetyl-H-indole-3-carboxamido)benzoat25¢c) (100 mg, 0.3 mmol) in a
mixture of MeOH (10 mL) was treated with 1 N NaOHY mL, 1.5 mmol) and stirred
for overnight at room temperature. Then concerdraderemove MeOH and cooled to
room temperature and acidified with 1N HCI. Thedwelas collected by filtration, rinsed
with water and dried, the 34itindole-3-carboxamido)benzoic acid was obtain2ske]
H NMR (400 MHz, DMSO#dg) 5 12.91 (s, 1H), 11.75 (s, 1H), 9.89 (s, 1H), 8891H),
8.34 (d,J = 3.0 Hz, 1H), 8.21 (d] = 7.4 Hz, 1H), 8.07 (d] = 8.1 Hz, 1H), 7.62 (d] =

7.7 Hz, 1H), 7.47 (d) = 7.3 Hz, 1H), 7.44 (d] = 7.9 Hz, 1H), 7.26 — 7.08 (m, 2H).

4.2.8 Procedure d of scheme 2.



A mixture of 3-(H-indole-3-carboxamido)benzoic acid6) (67 mg, 0.23 mmol), BN
(68.68 mg, 0.68 mmol) and DMAP (2.8 mg, 0.023 mmial)DCE (10 mL). Acetic
anhydride (69.36 mL, 0.68 mmol) was added andestiior 12 h at 60 °C. Then
concentrated to remove DCE and diluted with EtOthe, organic phase was extracted
with saturated NaHC#{solution, 1 N HCI and brine. The combined orgghases were
dried over NgSQO, and concentrated under reduced pressure. The tedpeempound
3-(1-acetyl-H-indole-3-carboxamido)benzoic aci®@5@ was obtained (26 mg, 35%
yield) as white solid*H NMR (400 MHz, DMSOsg) § 12.99 (s, 1H), 10.24 (s, 1H), 8.84
(s, 1H), 8.37 (ddJ = 9.7, 1.5 Hz, 2H), 8.27 (dd,= 6.5, 1.3 Hz, 1H), 8.11 (dd,= 8.1,
1.1 Hz, 1H), 7.68 (dJ = 7.8 Hz, 1H), 7.51 (t) = 7.9 Hz, 1H), 7.40 (pd] = 7.2, 1.4 Hz,
2H), 2.76 (s, 3H)®C NMR (125 MHz, DMSOds) § 169.74, 167.09, 161.96, 139.21,
135.05, 131.30, 129.66, 128.86, 128.07, 125.26,1024.23.85, 121.46, 120.59, 115.70,
115.18, 23.76. MS (APCI), m/z fori§414N,04 (M + H]*): Calcd 322.32, found 323.0.

HPLC analysis: MeOH (1%o. TFA} H,O (90:10), 4.95 min, 99.12% purity.

4.2.9 Procedure a of scheme 3.

The synthesis of compound 1-acetyl-5-methokisiidole-3-carboxylic acid24b) (38%
yield) can refer to 1-acetylHkindole-3-carboxylic acid24a). The solid was white'H
NMR (400 MHz, DMSOeg) 5 8.39 (s, 1H), 8.24 (d = 9.1 Hz, 1H), 7.55 (d] = 2.6 Hz,

1H), 7.00 (dd,J = 9.1, 2.6 Hz, 1H), 3.81 (s, 3H), 2.71 (s, 3H).

4.2.10 Procedure b of scheme 3.



The tert-butyl  3-amino-5-(furan-2-yl)benzoate (450 mg, 1.74mmol),
1-acetyl-5-methoxy-H-indole-3-carboxylic acid (485 mg, 2.08 mmol)24p),
3-chloro-1-iodo-2-methylpyridin-1-ium (1.07 g, 4.X@mol) and n-BeN (1.54 g, 8.4
mmol) were dissolved in toluene. The reaction nixtwas stirred under Natmosphere
for 16 h at 90 °C. Afterwards the solvent was evafsul, water was added and extracted
with EtOAc (3 x 50 mL). The combined organic layeas dried over N&O, and
concentrated under reduced pressure. The residug puaified by silica gel
chromatography to provide the desired compound tert-butyl
3-(1-acetyl-5-methoxy-H-indole-3-carboxamido)-5-(furan-2-yl)benzoag9§ (370 mg,
45.1%) as white solidH NMR (400 MHz, DMSO€s) & 10.31 (s, 1H), 8.82 (s, 1H), 8.45
(s, 1H), 8.25 (dJ = 9.0 Hz, 1H), 8.19 (s, 1H), 7.92 (s, 1H), 7.84X¢ 1.2 Hz, 1H), 7.78
(d, J = 2.6 Hz, 1H), 7.01 (m, 2H), 6.66 (ddi= 3.3, 1.8 Hz, 1H), 3.84 (s, 3H), 2.74 (s,
3H), 1.60 (s, 9H). HRMS (ESI) for £H»N-0s [M + H], calcd: 474.1790, found:

475.1828.

27a-27| 28a—28q 29b-29h were prepared by the method similar to thal®é (for

details, see Supporting Information).

4.2.11 Procedure c of scheme 3.

Tert-butyl 3-(1-acetyl-5-methoxyH-indole-3-carboxamido)-5-(furan-2-yl)benzoa#94
(50 mg, 0.011 mmol) was dissolved in DCM (10 mLydrifluoroacetic acid (1 mL).
The mixture was stirred at rt for 5 h. The solver#s removed and the reside was

recrystallized with petroleum/ethyl acetate to affothe desired compound



3-(1-acetyl-5-methoxyHi-indole-3-carboxamido)-5-(furan-2-yl)benzoic acid2§ (36
mg, 78.3% yield) as white solitH NMR (400 MHz, DMSOd) & 13.19 (s, 1H), 10.28
(s, 1H), 8.84 (s, 1H), 8.44 (s, 1H), 8.32 (s, 181p5 (d,J = 9.0 Hz, 1H), 7.98 (s, 1H),
7.83 (d,J = 1.2 Hz, 1H), 7.80 (d] = 2.5 Hz, 1H), 7.06 (d] = 3.3 Hz, 1H), 7.01 (dd] =
9.0, 2.6 Hz, 1H), 6.65 (dd,= 3.3, 1.8 Hz, 1H), 3.84 (s, 3H), 2.74 (s, 3HL NMR (125
MHz, DMSO-s) 6 169.63, 166.98, 162.36, 156.53, 152.11, 143.50,.0B4 132.13,
131.10, 130.37, 129.74, 129.30, 119.37, 119.11,171816.66, 114.73, 114.26, 112.37,
106.87, 103.76, 55.38, 23.66. MS (APCI), m/z fegtGaN,Os (M — H]): Calcd 418.41,
found 416.3. HRMS (ESI) for £8H1gN,Og [M + H]", calcd: 418.1165, found: 419.1241.

HPLC analysis: MeOH (1%o. TFA) — 40 (90:10), 9.34 min, 99.09% purity.

Other 1-(H-indol-3-yl)ethanone derivative80a-30] 31la-31q and 32e-32h were
synthesized by using the procedure similar to tfaB2a (for details, see Supporting

Information).

4.2.12 Procedure d of scheme 3.

To a stirred solution dert-butyl 3-(1-acetyl-5-methoxyH-indole-3-carboxamido)-
5-(furan-2-yl)benzoate2@a) (50 mg, 0.11 mmol) in dry DCM (20 mL), boron trdmnide
(70.15 mg, 0.28 mmol) was dropwise added at 0 He. fEaction mixture was warmed to
room temperature and stirred for 15 h. Then thetir@awas quenched with water at 0 °C,
followed by extraction with DCM (20 mL x 3). The mmbined extracts were dried over
anhydrous MgS® The solvent was evaporated in vacuo, and thétigerude product
was purified by recrystallization to provide

3-(1-acetyl-5-hydroxy-#H-indole-3-carboxamido)-5-(furan-2-yl)benzoic aci@2l) (26



mg, 60% yield) as white solidH NMR (500 MHz, DMSOdg) § 13.15 (s, 1H), 10.25 (s,
1H), 9.40 (s, 1H), 8.78 (s, 1H), 8.45 (s, 1H), 8&91H), 8.15 (s, 1H), 7.97 (s, 1H), 7.83
(s, 1H), 7.67 (s, 1H), 7.04 (s, 1H), 6.86 (s, 164H5 (s, 1H), 2.72 (s, 3H)’C NMR (125
MHz, DMSO4dg) & 169.23, 166.79, 162.24, 154.36, 152.06, 143.39,9E3 132.02,
130.93, 129.95, 129.31, 128.87, 119.30, 118.17,3B1@14.67, 114.19, 112.16, 106.59,
106.34, 106.47, 23.45. MS (APCI), m/z foB16N206 (M — H]7): Calcd 404.38, found

403.1. HPLC analysis: MeOH (1% TFA)H,O (90:10), 4.73 min, 95.35% purity.

4.2.13 Procedure e of scheme 3.

A mixture of commercially available
3-(1-acetyl-5-hydroxy-f#-indole-3-carboxamido)-5-(furan-2-yl)benzoic ack2b) (200 mag,
0.49 mmol), KCO; (202 mg, 1.47 mmol) and bromoethane (0.05 mL, @ar3ol) in
acetone (20 mL) is stirred at 70 °C. After the tmacwas completed, the reaction
mixture was cooled to room temperature. The reactixxture was extracted with EtOAc

(50 mL X 2). The organic layer was washed with brine andddover NaSQO,. The

solid was filtered off, and the filtrate was contated under reduced pressure. The
resulting crude product was purified by silica gehromatography to afford
3-(1-acetyl-5-ethoxy-Hi-indole-3-carboxamido)-5-(furan-2-yl)benzoic acid32¢) as
white solid (80 mg, 37.9% yield)}H NMR (500 MHz, DMSO¢k) 5 11.89 (s, 1H), 10.06
(s, 1H), 8.50 (s, 1H), 8.42 (d,= 2.3 Hz, 1H), 8.31 (s, 1H), 7.92 (s, 2H), 7.831(H),
7.49 (d,J = 8.7 Hz, 1H), 7.02 (d] = 3.0 Hz, 1H), 6.96 (d] = 8.6 Hz, 1H), 6.65 (s, 1H),
4.29 (t,J = 6.6 Hz, 2H), 2.29 (s, 3H), 1.01 @,= 7.4 Hz, 3H).3C NMR (125 MHz,

DMSO-dg) 6 169.88, 165.54, 163.33, 152.12, 145.20, 143.40,78%4 133.99, 131.10,



131.04, 130.25, 126.77, 118.90, 118.38, 118.14,881413.46, 112.52, 112.32, 110.19,
106.77, 61.03, 20.88, 14.25. MS (APCI), m/z fesGoN,0s (M — H]7): Calcd 432.43,

found 430.8. HPLC analysis: MeOH (1%0 TFA) -®1(90:10), 5.95 min, 97.54% purity.

Compound32d was synthesized through an analogous procedutkatoused for the

synthesis 0B2c (for details, see Supporting Information).

4.3. Biological evaluation.

4.3.1. Protein expression and purification.

The bromodomains were expressed as a His6-fusiaeiprwith a TEV cleavage site
between His6 and bromodomain using the pET24a egjue vector (Novagen). cDNA
encoding bromodomain of human BRD4(1) (residues -H248), EP300 (residues
A1040-G1161), CBP (residues R1081-G1197), BRD9idues L14-Q134), PCAF
(residues G715-D831), BAZ2B (residues S1858-S19VE)(1) (residues G896-E1014)
and TAF1(1) (residues R1377-D1503) were synthedigeGenscript. BL21 (DES3) cells
transformed with these expression plasmids weregiio LB broth at 25 °C to an Qb
of approximately 1.0 and then induced with 0.1 mM
isopropyl$-D-1-thiogalactopyranoside (IPTG) at 16 °C for 187ells were harvested by
centrifugation (6000 g for 15 min at 4 °C, JLA 80Q®@tor, on a Beckman Coulter Avanti
J-20 XP centrifuge) and were frozen at —80 °C allefgefor storage. Cells were
resuspended in extract buffer (50 mM HEPES, pHaf.35 °C, 500 mM NaCl, 5 mM
imidazole, 5% glycerol, and 0.5 mM TCEP (Tris(2f&tyethyl)phosphine

hydrochloride)) and high-pressure homogenized usaimgIN3000 PLUS high pressure



homogenizer (JNBIO, Guangzhou, China) at 4 °C. [i/eate was collected on ice and
centrifuged at 12000 g for 40 min. The supernatamis loaded onto a 5 mL
NiSOs-loaded HisTrap HP column (Ni-NTA, GE HealthcareJ)NThe column was

washed with 20 mL of extract buffer (50 mM HEPER, 5 at 25 °C, 500 mM NacCl, 50
mM imidazole). The protein was eluted with a 50-50® imidazole gradient in elute
buffer with 50 mM HEPES, pH 7.5 at 25 °C, 500 mMQ{a500 mM imidazole. The

protein was concentrated and further purified byge filtration column (HiLoad,

Superdex 75, 16/60, GE Healthcare). The sampldypofieach fraction was examined
by SDS-PAGE, and the sample concentration wasrdated by Bradford assay. Purified
proteins were concentrated and stored in the etfon buffer (10 mM Hepes pH 7.5 at
25 °C, 150 mM NacCl, 0.5 mM TCEP) and were useddigstallization or stored at

—80 °C for AlphaScreen, TSA, or ITC assay.

4.3.2. AlphaScreen assay.
Interactions between bromodomain-containing pretéBCP) and ligands were assessed
by luminescence-based AlphaScreen technology (P&flkner) as previously described
in references [9,10,37] using a histidine deteckirfrom PerkinElmer (Norwalk, CT).
All of the reactions contained bromodomain-contagnprotein bound to nickel acceptor
beads (5ug/mL) and biotinylated acetylated histone H4 peptisbund to streptavidin
donor beads (ng/mL) in the presence or absence of the indicateduats of control
compound SGC-CBP304), or candidate compounds. The C-terminal biotireda
tetra-acetylated histone peptide H4 (bH4KAc4) segae was

H-SGRGK(Ac)GGK(AC)GLGK(AC)GGAK(AC)RHRK-Biotin-OH  (gnthesized by



Genscript). The experiments were conducted witiouarprotein/peptide ratio as follows
for sensitive signal: BRD4(1) : bH4KAc4 = 50 nM0 &BM; CBP : bH4KAc4 = 150 nM :
50 nM; EP300 : bH4KAc4 = 150 nM : 50 nM; BRD9 : hikic4 = 150 nM : 50 nM;

ATAD2 : bH4KAc4 = 100 nM : 100 nM; BAZ2B : bH3K14As 150 nM : 100 nM

TAF1 = 150 nM: 50 nM; TIF1 = 500 nM : 100 nM; PCA¥+150 nM : 50 nM. All
reagents were diluted in the buffer (50 mM MOPS, p# 50 mM NaF, 5aM CHAPS,
and 0.1 mg/mL bovine serum albumin) and allowee&dailibrate at room temperature
prior to addition to low-volume 384-well plates ¢RiPlate-384 Plus, PerkinElmer, USA).
Plates were foil sealed to protect from light, inated at room temperature for 2.5 h and
read on an EnSpire plate reader (PerkinElmer, US¥)en excited by a laser beam of
680 nm, the donor beam emits singlet oxygen thtwades thioxene derivatives in the
acceptor beads, which releases photons of 520-620as the binding signal. All
experiments were carried out in triplicate on thms plate. The results were based on an
average of three experiments with standard errgpgcally less than 10% of the

measurements.

4.3.3. Thermal stability shift assay (TSA).

Thermal stability shift assays were carried ouhgshe Bio-Rad CFX96 Real-Time PCR
system. All reactions were buffered in 10 mM HEPRH,7.5, 150 mM NacCl at a final
concentration of 1M proteins and 20@M compounds. The 2L reaction mix was
added to the wells of 96-well PCR plate. SYPRO Qea(ABI, Sigma) was added as a
fluorescence probe at a dilution of 1:1000 and liated with compounds on ice for 30

min. Total DMSO concentration was restricted to @Pdess. Excitation and emission



filters for the SYPRO Orange dye were set to 468 &0 nm, respectively. The
temperature was raised with a step of 0.3 °C perutai from 30 to 75 °C, and
fluorescence readings were taken at each (0.3 A@rvial. All experiments were
performed in triplicates. Melting temperature$,)( were calculated by fitting the
sigmoidal melt curve to the Boltzmann equation gstraphPad PrismdTy, is the

difference in Tm values calculated for reactionswvaind without compounds.

4.3.4. Cell culture, cell viability and cell colonyformation assays.

LNCaP, 22Rv1 and C4-2B prostate cancer cells weltered in RPMI1640, plus 10%
FBS; Cells were grown at 37 °C in 5% g@cubators. For cell viability, cells were
seeded in 384-well plates at 500—-1000 cells pel @ptimum density for growth) in a
total volume of 2Q.L of media. After 12 h, 1@L chemical compounds with 2-fold serial
dilution was added in a final volume of 8D of media each well with final concentration
from 5 nM to 100uM. The measurement was conducted 96 h after se@ded, of
Cell-Titer GLO reagents (Promega) was added, amdinkescence was measured on
GLOMAX microplate Iluminometer (Promega), according the manufacturer’'s
instructions. The estimatad vitro half-maximal inhibitory concentration (kg) values

were calculated using GraphPad Prism 6 software.

For colony formation assay, 1500 and 2000 cellswadl were seeded in a 6-well plate
for C4-2B and 22Rvl, respectively. Cells were aaltli with vehicle or indicated
concentrations of compounds for 14 days with 3 nddimm. When the cell colony grew

visible, the medium was removed and the plates waghed with 2 mL PBS for one



time. The cell colonies were stained with 2.5% t&lysiolet (in MeOH) for 2 h. The

plates were scanned with a HP scanner.

4.3.5. RNA isolation and quantitative real-time PCR

LNCaP cells were seeded in RPMI containing 10% kB32-well plates. Cells were
treated with vehicle o29h (5 uM) for 48 hours. Total RNA was then isolated wilttet
Eastep ® Super Total RNA Extraction Kit and cDNAssynthesized from 1,000 ng total
RNA using the All-in-oneTM First-Strand cDNA Syn8ige Kit. gPCRs were performed
in triplicate using standard SYBR green reagenif.lEngth AR, AR-V7, PSA (KLK3),
KLK2, TMPRSS2, MYC and ERG gene expression levetsenassessed by real-time
PCR, normalizing to th@-Actin. The primer sequences for gPCR used arelimafs:
AR-FL_fwd, ACATCAAGG AAC TCGATC GTATCATTG C;

AR-FL_rev, TTG GGC ACT TGC ACA GAG AT;

PSA_fwd, CAC AGG CCAGGT ATT TCAGGT,

PSA_rev, GAG GCT CAT ATC GTA GAG CGG;

KLK2_fwd, CAA CAT CTG GAG GGG AAA GGG;

KLK2_rev, AGG CCAAGT GAT GCC AGAAC,;

TMPRSS2_fwd, CAAGTG CTC CAACTC TGG GAT;

TMPRSS2_rev, AACACACCGATT CTC GTC CTC;

C-MYC_fwd, GGC TCC TGG CAAAAG GTCA;

C-MYC_rev, CTG CGT AGT TGT GCT GAT GT,

B-Actin_fwd, GAG AAA ATC TGG CAC CAC ACC;

B-Actin_rev, ATA CCC CTC GTA GAT GGG CAC.



4.3.6. PSA luciferase reporter gene assay.

LNCaP cells were seeded in 24-well plates and ieatly transfected using
Lipofectamine 3000 (Invitrogen) according to thenmfacturer’s instructions. 200 ng
PSA-Luc reporter plasmid and 10 ng renilla luciéer&xpression plasmid per well were
cotransfected into LNCaP cells. Chemicals were dd¥eh after transfection. The cells

were harvested after another 24 h for a lucifesss

ay using the dual-luciferase reporter
assay system (Promega). Luciferase activities wermalized to Renilla activity, which
was co-transfected as an internal control. Allhed aissays were performed in triplicate,

and the standard deviations were calculated acuglgdi

4.3.7. Crystallization, data collection, and struaire determination.

The purified and concentrated (10-15 mg/mL) CBReginowas incubated with ligands at
a molar ratio of 1:3 for 40 min on ice. All crydiaations were carried out using the
sitting drop vapor diffusion method in 24-well @ait 4 °C. Crystals of CBP with ligands
were grown by mixing LL of the protein (10—-15 mg/mL) with AL of reservoir solution
containing various well buffers. Crystals of CBPttwR2e were grown with reservoir

solution containing 0.2 M Mg@| 0.1 M Tris HCI, pH 8.5 and 30% PEG3350.

Crystals were cryoprotected using the well solutsupplemented with additional
ethylene glycol and were flash frozen in liquidrogen. All diffraction data were
collected on beamlines BL18U1 at Shanghai SynobmoRadiation Facilities (SSRF) at

100 K. Data sets were processed (indexing andritieg) using the program MOSFLM



[43] and scaled using Aimless from the Collabomattvomputational Project 4 (CCP4)
program suite [44]. Molecular replacement was pentdl with the CCP4 program
Phaser [45] using known CBP complex structure (RDB4NYX) as a search model.
The model was refined using CCP4 program REFMAGH ghd rebuilt with COOT

[47]. The quality of the models was checked usinglobity [48]. Structure figures
were prepared using the program PyMOL [49]. Théisties of data collection and the
model refinement are summarized in Supporting mfdron, Table S3. Crystals @Re

with CREBBP diffracted to resolutions of 1.62 A.
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Figure Legends
Figure 1. Structures of representative CBP bromodomain itdibi 1G, values for the

inhibitors are shown with the method used.

Figure 2. Virtual screening and experimental validation f@R”bromodomain inhibitors.
(A) The flowchart of virtual screening for CBP brodomain inhibitors. (B) The
inhibition rate of all tested compound$ (SGC-CBP30) was used as positive control).

(C) The inhibitory curves dd and?7.

Figure 3. Predicted binding modes 6f(A) and7 (B) in complex with CBP protein. The
ligands and important residues are shown as stiader molecules are shown as red
spheres. The hydrogen bonds are shown as yelloheddmes. Figures were prepared

using PyMOL.

Figure 4. Complex structures from co-crystal or prediction fompound22e and25e
(A) Co-crystal structure of compourzle with CBP (PDB ID: 5XXH). (B) The omit
Fo—F¢ electron density map for compour&®e shown as grid contoured at.3(C)
Predicted binding mode @&b5ein complex with CBP protein. The ligands are shagn
sticks. The electrostatic potential surfaces arewshin transparent for clarity. The
binding site residues are shown as lines. Hydrdgamds interactions are indicated by

dashed lines in yellow. Compounds are well-defingdhe electron density.

Figure 5. Predicted binding modes for compourg (A), 310 (B), 32g (C), and32h

(D). The ligands are shown as sticks, the binditg residues are shown as lines. The



electrostatic potential surfaces are shown in prarent for clarity. The water molecules
are shown as sphere in red. Hydrogen bonds intenacare indicated by dashed lines in

yellow.

Figure 6. Compounds32g and 32h are selective CBP inhibitors. The bromodomains
selectivity profiles were determined by thermaftshssay. Compound concentration, 200
uM; protein concentration, 1@M. Heat map shows the relativ&T,, values. Red

indicates larg& Ty, and green indicates smalT,.

Figure 7. Growth inhibition effects of CBP inhibitors in deffent prostate cancer cell
lines. (A) 1G; curves o29a 29gand29h toward the LNCaP cell line. (B) Kgcurves of
29a 29g and 29h toward the 22Rv1 cell line. (C) Compou@8g inhibits C4-2B and
22Rv1 cancer cell colony formation. (D) Compoul@h inhibits C4-2B and 22Rv1

cancer cell colony formation.

Figure 8. (A) gRT-PCR analysis for mRNA expression of ARI&R-related genes in
LNCaP cells treated with vehicle (DMSO) or wizBh (1 or 5uM) for 48 h. (B) LNCaP
cells were transfected with PSA-luc and treatedh wéhicle or with 0.4, 2.0 or 1M of
29g and29h. Cells were lysed and assayed for luciferase iactivata are expressed as

the mean = s.e.m. (n = 3). NS, not significant<*9.05 , **p < 0.01.



Table 1. Structure-activity relationship studies of the L PF shelf.

R Qj)LHRZ
S —

N
0 Oé/\
AlphaScreen c
No. R R cLogP LE
d 2 (MM)a g
4 - - 0.08 4.420 0.33
§ OH
6 TN - 16.73 1.829 0.39
(o]
22a A - 39.55+0.89 2.82 0.32

22b E}NQJ{D - 19.8410.71 1.34 0.26

22¢ A o - 7.09+0.41 250 0.29

22d EA}NQ—«O - 13.62+0.23 0.96 0.28

(0] (0]
22 By oH x 6.80+1.53 2.04 0.30
H
25a - N 33.85+4.89 0.51 0.30
(6]
%
25b - e 32.64+4.10 0.58 0.27

25¢ - f@*o/ 3.39+0.29 3.33 0.31
25d - 5@ 25.37+1.50 2.80 0.27
25e - fﬁ%. 1.69+0.17 2.93 0.34

®The 1G, was calculated from the AlphaScreen assay. Trewlate expressed as the
means = SD, representing the data from at leastrtdependent experimenf’sLogP
values were calculated using ChemBiodraw Ultral2.B.(Ligand Efficiency) = 1.4

(pICso/heavy atoms).



Table 2. Structure-activity relationship studies of the ZA and BC channels.

O
HO

R4

(0] NH Rj
N
O)\
No. Rs R4 Rs AlphaScreef(uM)
30a N -H -H 6.560.74
H
30b E*Nﬂ_\ H H >50
H
30c 5*“} H H 2.33+0.35
30d R H H 4.84+0.37
30e =] H H 1.89+0.03
30f %—HO ‘H H 1.67+0.03
30g <o -H -H 8.50£0.03
H
30h 5”}> H H 21.58+3.96
7H
30i g Nb H H 2.33+0.91
N
30j “C> H H 6.36+0.57
(0]
7H
30K % N?} H H 4.11+1.42
301 F H H 0.77+0.20



3la

31b

3lc

31d

3le

31f

31g

31h

31

31]

31k

31l

31m

31n

3lo

3lp

31q

-Br

4

7

4.70+0.19

2.840.24

3.39+0.93

2.74+0.32

2.99+0.38

2.48+0.38

1.00+0.27

1.96+0.13

1.86+0.12

3.52+0.18

1.44+0.11

4.05+0.13

2.07+0.03

1.69+0.44

0.65+0.06

2.81+0.35

1.00+£0.11



32a

32b

32c

32d

32e

32f

329

32h

‘F

EQN‘N/
e

-OMe

-OH

-OEt

-OPr

-OMe

-OMe

-OMe

-OMe

0.14+0.01

0.17+0.04

3.89+0.56

26.19+2.98

0.29+0.06

0.69+0.09

0.16+0.01

0.037+0.01

®The IGo was calculated from the AlphaScreen assay. Thewlate expressed as the

means + SD, representing the data from at leasirtdependent experiments.



Table 3. 1-(1H-indol-1-yl)ethanone derivatives ar e selective CBP inhibitors.

No. CBP EP300 BRD4(1) TAF1 BAZ2B BRD9 TIF1 PCAF
4 0.08 0.23 > 20 > 20 > 20 > 20 > 20 > 20
25e 1.69 5.55 > 20 > 20 > 20 >20 >20 >20
30l 0.77 4.45 > 20 > 20 > 20 >20 >20 >20
31g 1.00 2.51 > 20 > 20 > 20 >20 >20 >20
310 0.65 0.97 2.19 > 20 1.69 >20 1044 >20
32a 0.14 1.78 >20 > 20 12.16 > 20 >20 >20
329 0.16 0.51 > 20 > 20 > 20 >20 >20 >20
32h 0.046 0.049 > 20 > 20 > 20 > 20 >20 >20

The bromodomains selectivity profiles were deteedirby AlphaScreen. All 16

values are reported as means of values from dttlgagleterminations.

Table 4. Anti-proliferation effects against cell linesLNCaP and 22Rv1.

No. 0 (1M)
LNCaP* 22RvY
Enzalutamide® 33.84 36.66
4 NA NA
32a NA NA
32g NA NA
32h NA NA
29a 1.76 £ 0.70 4.31
299 1.28 £+ 0.01 2.22
29h 2.01 £0.63 2.13

The IGo was calculated from cell viability assay by Ceilef GLO (Promega):The

data were expressed as the means + SD, represaattifgpst two independent

experimentsThis data was expressed from single experinfémtzalutamide is AR

antagonist which was used as standard drug fotgieosancer.
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Figure 7
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Figure 8
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Highlights:

Fragment-based virtual screening and optimization yielded selective CBP BRD
inhibitors

CBP inhibitors potently suppress the expression of AR, AR-V7 in prostate cancer cells
CBP inhibitors markedly inhibit the growth and colony formation of prostate cancer
cells

Targeting CBP represents a promising and alternative strategy for treatment of CRPC



