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ABSTRACT: p300 and its paralog CBP can acetylate histones
and other proteins and have been implicated in a number of
diseases characterized by aberrant gene activation, such as
cancer. A novel, highly selective, orally bioavailable histone
acetyltransferase (HAT) domain inhibitor has been identified
through virtual ligand screening and subsequent optimization
of a unique hydantoin screening hit. Conformational restraint
in the form of a spirocyclization followed by substitution with
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a urea led to a significant improvement in potency. Replacement of the hydantoin moiety with an oxazolidinedione followed by
fluoro substitution led to A-48S, which exhibits potent cell activity, low clearance, and high oral bioavailability.

KEYWORDS: p300, CBP, histone acetyl transferase

eversible protein acetylation has emerged as a key signaling

mechanism for regulating cellular function and, in
particular, transcription regulation.' Acetylation of protein lysine
residues is mediated by a family of histone acetyltransferases
(HATs), whereas removal of acetyl groups is catalyzed by histone
deacetylases (HDACs).”” Small molecule HDAC inhibitors such
as panobinostat and vorinostat have been successfully developed
as novel therapeutic agents for the treatment of certain cancers;
however, progress on HAT inhibitors has been limited due to the
lack of selective, drug-like inhibitors. *° Two of the best described
HATSs are p300 and the closely related paralog CBP.® p300/CBP
acetylates histones on lysines 18 and 27 of histone H3 (H3K18,
H3K27), as well as numerous transcription factors to facilitate
gene activation programs important for cell growth and
differentiation.”” Inhibition of p300/CBP has been proposed
as a therapeutic strategy in diseases driven by gene activation
such as cancer, Alzheimer’s disease, diabetes, and cardiovascular
diseases.”"

In addition to the enzymatic HAT domain, p300/CBP has
multiple other domains including three cysteine-histidine rich
domains (CHI1, CH2, and CH3), a KIX domain, a
bromodomain, and a steroid receptor coactivator interaction
domain (SRC-1 interaction domain). Efforts at modulating the
activity of p300/CBP have focused on 1nh1b1t10n of the N-
terminal reglon that binds beta-catenin,'' the HIFla binding
KIX domain,"” the acetyl-Lys binding bromodomam, * and the
histone acetyltransferase (HAT) domain.'* Recent reports
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describe several examples of potent and selective p300/CBP
bromodomain inhibitors, such as -CBP112 and CPI-637.>'¢
These inhibitors exhibited potentially therapeutically relevant
cellular activities, such as inhibition of AML-ETO driven
transcription in leukemia and IRF4 driven transcription in
multiple myeloma."”

Due to the multiple biologically relevant domains of p300
described above as well as its scaffolding functions, genetic
knockdown approaches cannot be used to study the con-
sequences of HAT domain inhibition alone. Thus, selective small
molecule inhibitor compounds are needed to understand the
therapeutic potential of p300 HAT inhibition. Several early
literature reports of p300/CBP HAT inhibitors describe either
natural products (e.g., garcinol, Figure 1) or compounds based
on bisubstrate analogs.'* These compounds display only modest
potency and selectivity and have poor cell permeability."*
Compound C646, identified by virtual screening'® (Figure 1),
has been widely used as a tool compound, but its thiol reactive
functionality may limit its pharmacologic specificity.”*° There is
thus a pressing need for a highly selective, optimized HAT
inhibitor that can be used to unequivocally interrogate the
biology of p300/CBP."**' We have recently reported on the
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Figure 1. p300 HAT inhibitors.

biological characterization of A-485, a potent, highly selective
p300/CBP inhibitor suitable for in vitro and in vivo target
validation studies.”” We now wish to disclose the medicinal
chemistry optimization efforts that led to the discovery of A-485
(24).

A previously described virtual ligand screening approach,
based on compound docking to the Lys-CoA binding pocket
present in the X-ray structure of p300 HAT was used in the
discovery of C646.”” In order to identify novel chemical matter,
we pursued an alternative virtual screening approach based on
the hypothesis that the published X-ray structure represents a
closed form of the enzyme and that this enzyme can undergo
conformational changes upon binding of Ac-CoA and the
histone substrate, akin to other Ac-CoA binding proteins, such as
citrate synthase*** and serotonin N-acetyl transferase.”® The
initial challenge then was to predict the open form of p300 HAT.
We decided to focus on the loop 1438—1458, which lines one
side of the tunnel, based on the critical catalytic role of Tyr1446
and the known conformational changes of the Ac-CoA binding
proteins mentioned above. Normal mode analyses and Monte
Carlo searches of loop conformations allowed multiple
hypotheses to be formed. One conformation was distinctive, in
terms of its consistency with most known data on p300 HAT,
which we hypothesized to be the open conformation.

We applied a variety of computational approaches to this
hypothesized open conformation, to determine likely subpockets
where ligands may bind. Various constellations of subpockets
were used to form five distinct pharmacophore hypotheses. Each
approach was used to search an 800,000 compound set of
commercially available compounds, and approximately 1300
compounds were purchased and tested in a radioactive enzymatic
assay measuring inhibition of p300 HAT mediated acetylation of
a peptide substrate. This led to two confirmed hits, one of which,
compound 1, was successfully optimized as described below.

Compound 1 (Figure 2) is a micromolar inhibitor of p300
HAT with reasonable ligand and lipid efficiency (ICy, = 5.1 uM,

3aR=H 4
p300 HAT ICs = 1.6 uM

Figure 2. Discovery of spiroindane hydantoin lead.
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LE = 0.23, LipE = 3), devoid of reactive functionalities and thus
was an attractive starting point for hit-to-lead chemistry.”” Initial
SAR development focused on the indole and amide terminal
portions of 1. Extensive SAR looking at both substitution and
replacement of the indole and benzyl (2) either led to a loss in
activity or did not provide a boost in potency. Attempts at
significantly reducing molecular weight and increasing binding
efficiency were not fruitful, although the phenyl substituted
hydantoin 3a (ICs, = 7.6 #M) was found to be equipotent. ortho-
Methyl substitution (3b) provided a modest increase in potency
(ICsy = 2.7 uM, LE = 0.27) suggesting that a nonplanar
orientation between the phenyl and hydantoin group is
preferred. We hypothesized that restricting the conformational
mobility of the pendant phenyl might provide an improvement in
potency and more rigid vectors for substitution. Thus, the ring-
constrained spiro indane hydantoin compound 4 was prepared.
The compound was equipotent to 3b (IC, = 1.6 uM) but ca. 5-
fold more potent than the parent phenyl hydantoin 3a, and
provided the starting point for a successful lead optimization
effort as described below.

Compound 4 is a diastereomeric mixture; so to fully
understand the SAR and the effect of the spiro indane
rigidification, we synthesized all four diastereomers (Figure 3).
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Figure 3. Spiroindane hydantoin diastereomers.

As might be expected given the similar steric size of the methyl
and cyclopropyl groups, the stereochemistry of the side chain had
a modest (2—3-fold) effect on potency (cf. § vs 7 and 6 vs 8),
while a more significant (10—13 fold) difference was observed
between the diastereomers at the spiro carbon (cf. $ vs 6 and 7 vs
8). The observed differences in diastereomer activity, suggesting
specific enzyme interactions and the favorable ligand efliciency of
the (S,S) diastereomer 5 (LE = 0.29, LipE = 2.8), prompted us to
pursue an extensive optimization of this spiroindane series.

In the absence of any structural information about the binding
mode, we undertook a systematic investigation of all portions of
the molecule including indane and amide substitutions or
replacements. Ultimately, the most fruitful avenue of inves-
tigation was substitution on the phenyl portion of the indane
core. A variety of substituents including lipophilic, hydrogen
bond acceptors and donors were incorporated and select results
are shown in Table 1. In order to quickly obtain the SAR,
compounds were initially prepared and tested as mixtures of
either all four possible diastereomers or mixtures of the two
diastereomers at the spiro indane center. In general, substitution
at C5’ was better tolerated than C4’ (cf. 9 vs 10 and 11 vs 12).
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Table 1. SAR of Indane Substitution

o A
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R 5 4
R2
p300 HAT ICq,

compd *stereochemistry R1 R2 (uM)

4 RS H H 16

9 RS CN H 2.5

10 RS H CN 27.8

11 RS CONH, H 4.86

12 RS H CONH, 179

13 RS OMe H 16

14 RS CH, OH H 14.0

15 RS cyclopropyl H 1.71

16 RS NHCOMe H 0.78

17 S NHCO,-Me H 1.0

18 S NHSO,-Me H 16.0

19 S NHCONH- H 0.24

Me

Substitution with ethers (13), small alkyl (e.g., cyclopropyl 15),
or carboxamide (11) was tolerated but did not provide a boost in
potency. A modest boost in potency was observed when a
hydrogen bond donor was directly attached to the indane core
such as an amide (16). Following up on this observation we
prepared the corresponding carbamate (17), sulfonamide (18),
and urea (19) in the more active (S)-cyclo-propyl ethyl motif.
The urea 19 was found to provide a further boost in activity and
significantly improved lipid efficiency (ICs, = 245 nM, LE = 0.26,
LipE = 5.24).

The improved potency of the urea analog 19 prompted us to
prepare the corresponding single diastereomer with the desired
(S)-stereochemistry at the spiro center (20). As expected, the
compound potently inhibited p300 HAT domain acetyltransfer-
ase activity (ICsp = 170 nM). Gratifyingly, the compound also
inhibited acetylation of histone substrates in cells, as measured by
a decrease in H3K27Ac levels in PC-3 cells (ICg, = 470 nM).
Given the promising in vitro profile of 20, we evaluated its
pharmacokinetic properties in mice. The compound exhibited
very high clearance (CL, = 6.6 L/h/kg) in excess of liver blood
flow and no oral exposure. We hypothesized that reducing the
number of H-bond donors could be beneficial in improving
permeability, which in conjunction with improved microsomal
stability could lead to better oral exposure. To this end, we
prepared the oxazolidinedione analog 21, which maintained
potency in both the enzymatic and cellular assays (Figure 4). We
also prepared the diastereomeric (R)-spiro center analog 22 and
surprisingly found that the oxazolidinedione and hydantoin
series had the opposite preferred stereochemistry at the spiro
center. Thus, compound 22 was ca. 5-fold more potent in
inhibiting p300 HAT than the (S)-spiro center analog 21. This
improved enzyme inhibitory activity also translated into
improved cellular activity (H3K27Ac ICy, = 47 nM). The
pharmacokinetic profile in mice was significantly improved
relative to the hydantoin 20 with improvements in both clearance
(CL, 1.62 vs 6.6 L/h/kg) and oral exposure (AUC = 2.5 ug-h/
mL vs no exposure; 10 mg/kg oral dose). The improved oral
bioavailability of the oxazolidinedione 22 relative to the
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Figure 4. From spirohydantoins to spirooxazolidinediones.

hydantoin analog 20 is consistent with improved permeability
as measured by PAMPA (2.35 X 107 cm/s for 22 vs 0.47 X 107
cm/s for 20).

In light of the potent in vitro profile and promising
pharmacokinetic properties of 22 we focused our lead
optimization efforts on the urea substituted oxazolidinediones.
The primary objective was to improve microsomal stability,
which we hoped would translate into reduced plasma clearance.
We hypothesized that the low microsomal stability of 22 was due
to oxidative metabolism of the side chain phenyl and/or amide
N-alkyl substituents. Thus, we prepared a number of fluorinated
derivatives. Substitution with one or two fluorine atoms on the
terminal phenyl was tolerated (data not shown), and the site of
substitution was not critical for potency; we focused our
optimization on the para-substituted mono-fluorophenyl ana-
logs, and representative compounds are shown in Table 2.
Replacement of the methyl group with trifluoromethyl (23)
maintained potency, but microsomal stability was not imgproved
when corrected for nonspecific microsomal binding.”* Total
plasma clearance for 23 was improved (Cl, = 0.4 L/h/kg);
however, unbound clearance was still high and comparable to the
parent 22 in accordance with the in vitro data.”’ However,
replacement of cyclopropyl with trifluoromethyl (24; A-485) led
to significantly improved microsomal stability, which impor-
tantly translated into low unbound plasma clearance and very
high oral exposure. Its pharmacokinetic properties were also
evaluated in rats and dogs, species that could be potentially used
for tolerability studies. The compound had modest clearance in
rat (1.23 L/h/kg) and very low clearance in dogs (0.09 L/h/kg)
with good oral bioavailability in both species (Table 3).

The synthesis of 24 (A-485) is typical of the general route used
to prepare analogs (Scheme 1). The chirality at the spiro center
was established via an enantioselective TMSCN addition to
indanone 2S. Nitrile hydrolysis followed by triphosgene-
mediated cyclization led to the oxazolidinedione 27 in 99.8%
ee after recrystallization (74% overall yield from 25). Stereo-
chemistry of the spiro center was unequivocally established via an
X-ray crystal structure. The versatile intermediate 28 was
alkylated with the bromide 30, and the urea was introduced via
a Buchwald amination, followed by urea formation with
triphosgene and methyl amine.

A-485 has been extensively characterized for its selectivity
within the HAT family and against nonepigenetic off-targets, and
the binding mode has been definitively established through an X-
ray crystal structure in complex with the fully active p300 HAT
domain, as previously described.”” Notably, the compound was
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Table 2. Oxazolidinedione Ureas

mouse microsomal stability

mouse pharmacokinetics

p300 HAT H3K27 Ac CLscaled  f,, (CLI%'“/ CL,, iv" CL,, F %
compd RI R2 X ICsq (uM) ICg (uM) (L/h/kg)  mic” kg) (L/il/kg) PPB % (L/h/kg) oral  oral AUC (ug-h/mL)
22 Me cyclopropyl H 0.025 0.047 107 0.48 188 1.62 99.1 186 40 2.5°
23 CF, cyclopropyl F 0.032 0.045 41 022 181 0.4 99.8 252 45 L1
24 Me CF; F 0.060 0.101 21.1 0.56 37.6 0.56 99.2 75 >100 1.94,d1 1.6°

“Fraction unbound in human microsomes. 1 mg/kg dose.

10 mg/kg dose. 9 mg/kg dose. °12.5 mg/kg dose. flL/h/kg = 16.6 mL/min/kg.

Table 3. Pharmacokinetic Properties of 24 (A-485)

mouse rat dog
CL, (L/h/kg) 0.56 123 0.09
CL,,, (L/h/kg) 75 47 4.4
t1, (h) 0.7 12 7
Vss (L/kg) 0.5 1.5 0.8
F (%) 110 63 74
F, X F*° 1 0.93 0.78

Scheme 1. Synthesis of 24 (A-485)“
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evaluated for its CYP inhibitory activity in anticipation of
possible preclinical in vivo combination studies. The compound
exhibited modest inhibition of CYP2C8 (ICg, = 0.99 uM) and
CYP2C9 (ICy, = 1.6 M) but significantly weaker inhibition of
CYP3A4 (ICy, = 24 uM).
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In summary, we have described the optimization of a
micromolar hit from a VLS screen into a potent (mid-
nanomolar), selective, drug-like, orally bioavailable small
molecule inhibitor of p300/CBP HAT. Compound 24 (A-
485) has cellular and pharmacokinetic properties that make it
suitable for definitive biological interrogation of the effects of
p300/CBP HAT inhibition in both the in vitro and in vivo
settings.
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