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ARTICLE INFO ABSTRACT

CBP bromodomain could recognize acetylated lysine and function as transcription coactivator to regulate
transcription and downstream gene expression. Furthermore, CBP has been shown to be related to many human
CBP malignancies including acute myeloid leukemia. Herein, we identified DC-CPin734 as a potent CBP bromodo-
Bromodomain main inhibitor with a TR-FRET ICs, value of 19.5 + 1.1 nM and over 400-fold of selectivity against BRD4
?g:::tgyeloi d letkemia bromodomains through structure based rational drug design guided iterative chemical modification endeavoring

to discover optimal tail-substituted tetrahydroquinolin derivatives. Moreover, DC-CPin7 34 showed potent in-
hibitory activity to AML cell line MV4-11 with an ICsq value of 0.55 + 0.04 uM, and its cellular on-target effects
were further evidenced by c-Myc downregulation results. In summary, DC-CPin7 34 showing good potency,
selectivity and anti AML activity could serve as a potent and selective in vitro and in vivo probe of CBP bro-
modomain and a promising lead compound for future drug development.

Keywords:
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CREB-binding protein (CREBBP, CBP) and its homologous
Adenovirus ElA-associated 300-kp protein (EP300, P300) are two
highly conserved mammalian histone acetyltransferases.' > CBP/P300
contains a bromodomain which could act as a histone lysine acetylation
“reader”.” CBP bromodomain as an important member of non-Bromo-
domain and Extraterminal domain (BET) family bromodomains could
function as transcription co-activator to regulate transcription and gene
expression. In particular, previous studies have shown that CBP bro-
modomain could regulate the expression of MYC,”° a widely over-
expressed oncogene in diverse human malignancies,” ® especially in
hematologic malignancies,'”'" suggesting CBP bromodomain in-
hibitors may serve as potential therapeutic agents for the treatment of

hematologic malignancies. Recently, CellCentric disclosed the devel-
opment of CCS1477, which has nanomolar-level affinity for p300/CBP
and is undergoing clinical trials in advanced prostate cancer,'*'?
multiple myeloma (MM), and acute myeloid leukemia (AML).' Due to
the exclusive role of CBP in various pathways, there is still a desi-
deration for new chemotypes of CBP Bromodomain inhibitors.

We recently identified DC-CPin7 with tetrahydroquinolin methyl
carbamate scaffold as a micromolar CBP bromodomain inhibitor
through in silico screening (Fig. 1).'® The co-crystal structure of DC-
CPin7 in complex with CBP bromodomain we obtained guided our
iterative structure based chemical optimization. We identified two re-
gions might be helpful to optimize our compounds: acetylated lysine
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Fig. 1. Our previous reported tetrahydroquinolin derivatives as CBP bromodomain inhibitors.

Fig. 2. Molecular docking aided chemical modification of tetrahydroquinolin derivatives. (A) The surface animation of CBP bromodomain (PDB code 6LQX). Two
important interacting regions were highlighted. Blue color represents positively charged group; red color represents negatively charged group; yellow color re-
presents hydrophobic group. (B-D) Molecular docking results of CBP bromodomain with DC-CPin711, DC-CPin724 and DC-CPin731 respectively.
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Table 1 Table 2
The inhibitory activities of heterocyclic derivatives based on DC-CPin711. The inhibitory activities of 4-position substituted derivatives.
H H
/NYO /N\fo R
H H
N N N N
R
O @)
Compound R ICs0 (UM) Compound R 1Cso (UM)
DC-CPin711 % ___ 0.0633 + 0.004 DC-CPin729 ; 0.195 * 0.009
\ N
AW %
DC-CPin721 0.0913 + 0.011 DC-CPin730 — 0.102 % 0.008
: {“ﬂ :
\
$ N\_NH : N7
DC-CPin722 % 0.0929 *= 0.006 DC-CPin731 % 0.0537 + 0.004
S —
N N
DC-CPin723 0.0554 * 0.009 DC-CPin732 0.0892 = 0.011
i (SN Wan
N\ A N
AN $ N\
DC-CPin724 0.0457 * 0.007
e
N\
NS
DC-CPin725 0.0765 = 0.008 interactions with hydrophobic pocket and a weak hydrogen bond with
% = ’}l CBP unique Arg 1173 showed an in vitro TR-FRET ICs, value of
\ N 63.3 = 4.0 nM and over 150-fold selectivity against BRD4 bromodo-
Yy ag
\”/ mains. In this study, we utilized molecular docking aided structure-
0] based optimization, combined with iterative organic synthesis trying to
DC-CPin726 0.0946 + 0.012 discover optimized tail-substituted tetrahydroquinolin derivatives with
§ ﬁ better in vitro and cellular potency and improved selectivity against
% \ _N BRD4 bromodomains.
N \U/ The molecular docking results of DC-CPin711 displayed that the tail
0 of DC-CPin711 was at the rim of the hydrophobic pocket and the ni-
DC.CPin727 0.2861 + 0.037 trogen of pyridine was a bit far from A.rgl 173 with which a hyd1j0gen
§ <N bond was formed (Fig. 2B). Based on this, we adopted two strategies to
% \ lil 0 seek suitable tail substituents to strengthen van der Waals interactions
~& and hydrogen bond interaction with residues in or around the hydro-
2 phobic pocket. First we replaced the tail of DC-CPin711 with smaller
(@)
. heterocyclic analogues, as we expected smaller substituents on the tail
DC-CPin728 0.1032 = 0.015 : . .
% ﬁ could fit better in the hydrophobic pocket (Table 1). Indeed, pyrazol
% \ N /O substituents DC-CPin723 (ICs, = 0.0554 pM) and DC-CPin724
N g’ (ICsp = 0.0457 uM) had an increase in potency over DC-CPin711.
2 y
/

binding site and a hydrophobic pocket comprised of Leu1109, Pro1110,
Phell1l and Vall1174 (Fig. 2A). First, we replaced chemically unstable
N-methoxycarbonyl head with N-methylurea, the in vitro activity was
maintained. Afterwards, we started to explore suitable substituents in
the tail to increase interactions with residues in or around the hydro-
phobic pocket, among which DC-CPin711 making good van der Waals

Molecular docking result of DC-CPin724 (Fig. 2C) revealed that the tail
was sandwiched between Vall174 and Leul109, while the phenyl ring
and pyrazole ring made van der Waals interactions with the hydro-
phobic pocket formed by Leul109, Pro1110 and Vall174. Meanwhile,
the pyrazole ring sat in the hydrophobic pocket where nitrogen atom
made a hydrogen bond with Argl1173 and formed a = stacking inter-
actions with the pyrrolidinyl moiety of Pro1110. However, we observed
a decrease in affinity when the pyrazol ring was acylated, which in-
dicated the hydrogen bond receptor failed to enhance inhibitory po-
tency but aggravated steric clash between the tail and the hydrophobic
pocket (see Table 2).
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Table 3
The inhibitory activities of pyrazolyl analogues DC-CPin733-DC-CPin740.
H
/NYO R
H
N N
O
Compound R ICso (HM)
DC-CPin733 0.0477 = 0.004
% {N
|
§ N\_NH
DC-CPin734 0.0195 = 0.001
: e
N\
§ \-NH
DC-CPin735 0.0374 = 0.004
%{N
\ |
EONN
DC-CPin736 0.0402 = 0.003
¢ e
\
§ NN
DC-CPin737 0.0852 = 0.005
i (SN
|
@)
DC-CPin738 0.0523 = 0.007
: <3
\
; N’NW/
O
DC-CPin739 0.0931 = 0.010
: {N
|
% \ N_ /,O
228N
O
DC-CPin740 % 0.0744 = 0.004
-
\ O
% N/N\S//
/7 N

Another strategy we took was to explore different substitute posi-
tion in the tail to fully explore the optimal location of tail substituents
to fit in the hydrophobic pocket. The results showed that phenyl ring
substituted at 4-position (ICso = 0.1946 pM) was more potent than
substituted at 2- or 3- position (we have reported 2- and 3- position
substituted derivatives DC-CPin7 07 and DC-CPin7 08 with ICs( values
of 8.41 uM and 0.213 puM respectively). Moreover, with the substitution
of pyridine at 4-position, there was a 2- to 4-fold increase in potency
which suggested a hydrogen bond might be formed in the tail.
Meanwhile, we noticed that DC-CPin731, the most potent 4-position
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substituted pyridine derivative, had a higher affinity than the most
potent 3-position substituted derivative DC-CPin711, indicating that
substitution at 4-position might be more suitable for the tail sitting in
the hydrophobic pocket. Docking results (Fig. 1D) showed that the tail
of DC-CPin731 was no longer clashed with the hydrophobic pocket,
and both the phenyl and pyridyl moiety could made good van der Waals
interactions with Leu1109, Pro1110 and Val1174. Furthermore, the tail
formed a hydrogen bond with Argl173 which was stronger than DC-
CPin711, for 4-position substituted pyridine shorten the distance be-
tween the nitrogen atom and Arg1173. At this point, the two strategies
we adopted were successful to improve potency.

Taken together, 5-membered heterocyclic substituents at the 4-po-
sition were synthesized to investigate the effects of the combination of
these two strategies (Table 3). Gratifyingly, several highly potent
compounds were identified through this modification. Among them, we
managed to obtain DC-CPin7 34 which had an ICs, value of 0.0195 uM,
a 2-fold improvement in potency over DC-CPin724 and 2.5-fold over
DC-CPin731. Docking result of DC-CPin734 (Fig. 3A) showed that N-
methylurea moiety occupied the KAc binding site, making multiple
hydrogen bonds with Asn1168 and Tyr1125. The tail of DC-CPin7 34
was sandwiched between Vall174 and Leul109, while the phenyl ring
and pyrazole ring sat in the center of the hydrophobic pocket formed by
Leul109, Pro1110 and Vall174, making strong van der Waals inter-
actions. Meanwhile, the pyrazole ring sat in the hydrophobic pocket
made a cation-r interaction with Argl173 and formed a mv stacking
interactions with the pyrrolidinyl moiety of Pro1110, of which the ni-
trogen atom formed a strong hydrogen bond with Argl1173. Taken to-
gether, the docking results rationalized the SAR and provided a rea-
sonable binding mode for optimized compound DC-CPin7 34.

Chemistry. Consistent with what we reported before'®, key inter-
mediate compound DC_3 was prepared as depicted in Scheme 1.
Treatment of tetrahydroquinoline 1 with 4-nitrophenyl chloroformate
afforded DC_1, then followed by methylamine hydrochloride gave urea
DC_2. Hydrogenation of DC_2 by Pd/C with H, yielded key inter-
mediate DC_3 from which all the compounds were produced.

Amide coupling of DC_3 with 4-biphenylcarboxylic acid provided
DC-CPin729 in Scheme 2.

The synthesis of aryl analogues DC-CPin723, 24, 30, 31, 32, 35
and 36 is outlined in Scheme 3. Acids CP_01-CP_07 were formed from
Suzuki coupling of 3-Carboxyphenylboronic acid 11 or 4-Carbox-
yphenylboronic 12 acid with appropriate aryl bromides. Subsequent
amide coupling with intermediate DC_3 yielded DC-CPin723, DC-
CPin724, DC-CPin730, DC-CPin731, DC-CPin7 32, DC-CPin735 and
DC-CPin7 36.

The synthesis of aryl analogues DC-CPin721, 22, 25, 26, 27, 28,
33, 34, 37, 38, 39 and 40 is outlined in Scheme 4. Amide coupling of
DC_3 with 3 or 4-bromobenzoic acid provided DC_4 and DC_5, respec-
tively. From these intermediates, DC-CPin721, 22, 33 and 34 could be
accessed readily with Suzuki coupling of the appropriate boronic acid,
then followed by acylation with acetyl chloride or methanesulfonyl
chloride yielded DC-CPin725- DC-CPin728 and DC-CPin737- DC-
CPin740.

We utilized a couple of biophysical experiments to validate direct
and strong binding of DC-CPin7 34 to CBP bromodomain. The results of
CPMG and STD NMR experiments ruling out false positive binding were
included in Supplementary Information. Moreover, Ky value of DC-
CPin734 binding to CBP bromodomain were measured by microscale
thermophoresis (MST). The Ky value calculated by a Ky fitting model
was 25.4 nM (Fig. 4), suggesting the strong binding of DC-CPin7 34 to
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Fig. 3. The binding mode of DC-CPin7 34 to CBP bromodomain. (A) The 3D interaction map of DC-CPin7 34 with CBP bromodomain. (B) The 2D interaction map of

DC-CPin7 34 with CBP bromodomain generated by Maestro.
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Scheme 1. Synthesis of Key Intermediate DC_3. Reagents and conditions: (a) 4-
nitrophenyl chloroformate, TEA, DCM, 0 °C to rt; 70%; (b) methylamine hy-
drochloride, K5CO3, MeCN, 60 °C,85%; (c) H,, Pd/C, MeOH, rt, 70%.

o g Foh Y

DC-CPin729

N O

Scheme 2. Synthesis of Compounds DC-CPin729. Reagents and conditions: (a)
DIPEA, HATU, DCM, rt, 53%.

CBP bromodomain.

The selectivity of CBP bromodomain inhibitors against BET bro-
modomains has become an key issue of present CBP bromodomain in-
hibitor development. We used ALPHAScreen assays to test the in-
hibitory activities of DC-CPin734 to two BRD4 bromodomains. The
result showed that DC-CPin734 showed over 400-fold selectivity
against BRD4 bromodomains (Fig. 5). Argl173 is a unique residue for
CBP. A previous molecular dynamics and metadynamics simulations

study revealed that the hydrogen bond and cation-it interaction be-
tween GSC-CBP30 and Argl173 may be responsible for its selective
binding.'® As previous molecular docking analysis illustated, the se-
lectivity of DC-CPin7 34 against BRD4 bromodomains might partly due
to the hydrogen bond and cation -x interaction between DC-CPin7 34
and Argl173.

Since CBP has been identified to be closely involved in the occur-
rence and development processes in diverse human malignancies, we
have evaluated the antitumor activities of tetrahydroquinolin deriva-
tive DC-CPin711 in 12 cancer cell lines, among which acute myeloid
leukemia (AML) cell line MV4-11 was the most sensitive cell line
evaluated.'® Previous literature as well as our previous results have
provided evidence of using CBP bromodomain inhibitors as potential
therapeutic agents for the treatment of AML.'"'”'® Therefore, cell
viability of AML cell line MV4-11 was evaluated after 6.25 uM or
1.56 UM exposure of our tail-modified tetrahydroquinolin derivatives
for 6 days. The ICsq values of seven compounds showing over 50% of
cell growth inhibition at 1.56 uM were shown in the Table 4, indicating
DC-CPin7 34 also showed best cellular anti-AML proliferation activity
of compounds tested, which favors its cellular on-target effects.

Previous studies have shown that inhibition of the CBP bromodo-
main could regulate the expression level of c-Myc and thus alters
downstream pathways.>®'? The alterations of protein expression level
of c-Myec after different concentrations (0, 0.25, 0.5, 1, 2 uM) of DC-
CPin734 treatments for 12 h were presented in Fig. 6. DC-CPin7 34
could significantly downregulate c-Myc expression levels at a dose-de-
pendent manner in MV4-11 cell line, further suggesting the high on-
target effects of DC-CPin7 34 in MV4-11 cell line.

We identified acetylated lysine binding site and a hydrophobic
pocket in the co-crystal structure of DC-CPin7 in complex with CBP
bromodomain might be helpful to optimize our compounds. Thereby,
after N-methylurea head as acetylated lysine mimic was fixed, we fo-
cused on explore optimal substituents in the tail to increase interactions
with residues in or around the hydrophobic pocket. Through molecular
docking aided structure based rational drug design guided chemical
modification, we optimized the tail from 3-position pyridyl derivatives
to 4-position pyrazolyl substituents and eventually managed to obtain
DC-CPin7 34 with a TR-FRET ICsq value of 19.5 + 1.1 nM. The direct
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Fig. 4. The K4 fitting curve of DC-CPin734 binding to CBP bromodomain using
K4 fitting model measured by microscale thermophoresis.

and strong binding of DC-CPin734 to CBP bromodomain was further
confirmed by CPMG, STD NMR and MST biophysical experiments.
Notably, DC-CPin734 showed over 400-fold selectivity to BRD4 bro-
modomains, which might be the result of introducing hydrogen bond
and cation-wt interaction with CBP unique Argl173. Moreover, DC-
CPin734 showed potent inhibitory activity to AML cell line MV4-11
with an ICsy value of 0.55 = 0.04 puM, and its cellular on-target effects
were further evidenced by c-Myc downregulation results. In summary,
DC-CPin734 could represent as a potent and selective in vitro and in
vivo probe of CBP bromodomain and a promising lead compound for
anti-AML drug development.
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Fig. 5. The inhibitory activities of DC-CPin734 on two BRD4 bromo
domains.CPI-637 was used as positive control.

Table 4

The inhibitory activities of tail-modified derivatives on MV4-11 cell line.
Compound Inhibition rate (%) at Inhibition rate (%) at 1Cso (M)

6.25 uM * 1.56 uM *

DC-CPin707 1.39 2.83 -
DC-CPin708  60.39 10.65 -
DC-CPin721 77.68 27.93 -
DC-CPin722 89.74 27.30 -
DC-CPin723  93.52 71.19 1.04 = 0.07
DC-CPin724  99.50 70.52 0.98 = 0.08
DC-CPin725 81.97 33.55 -
DC-CPin726 87.61 27.59 -
DC-CPin727 18.01 1.60 -
DC-CPin728 36.96 4.03 -
DC-CPin729 74.34 19.65 -
DC-CPin730  79.23 31.95 -
DC-CPin731  92.08 62.45 1.16 = 0.08
DC-CPin732 88.66 37.61 -
DC-CPin733  98.28 73.45 0.87 = 0.08
DC-CPin734  99.10 92.52 0.55 = 0.04
DC-CPin735 94.41 77.35 0.73 = 0.08
DC-CPin736  97.00 72.22 0.83 = 0.1
DC-CPin737 83.76 23.93 -
DC-CPin738 91.35 35.84 -
DC-CPin739  40.17 4.50 -
DC-CPin740 57.24 8.81 -

2All inhibition rate values are reported as means of values from at least two
determinations.
—: Less than 50% inhibition was observed at concentration of 1.56 puM.

DC-CPin734 (UM) £

uM 5

2 1 05 025 ©

- L — DA
GADPH | #— m|

Fig. 6. The c-Myc protein expression levels after 12 h of DC-CPin734 treat-
ment.
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