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Drug discovery

The histone chaperone anti-silencing function 1 (Asfl) has emerged as a promising target for
therapeutic intervention for multiple cancers.1 Asfl is involved in the packaging of the
eukaryotic genome into chromatin, which is essential for normal growth, development, and
differentiation, as this regulates all. nuclear processes that use DNA as a substrate. Starting from
a collection of HTS leads, we identified a series of N-acyl hydrazones as novel inhibitors of the
Asf-histone H3/H4 interaction. These compounds represent the first example of inhibitors
capable of disrupting the Asf1-H3/H4 complex.

2009 Elsevier Ltd. All rights reserved.

Introduction

The histone chaperone anti-silencing function one (Asfl) has
emerged as a promising target for therapeutic intervention for
multiple cancers.*** Asf1 is involved in the packaging of the
eukaryotic genome into chromatin. Correct chromatin structure is
essential for normal growth, development, and differentiation, as
this regulates all nuclear processes that use DNA as a substrate.
Asfl binds directly to H3/H4 dimers and promotes acetylation of
histone H3 lysine 56,° which has been positively linked to
genomic stability, DNAreplication and repair, whereas decreased
acetylation sensitizes cells to DNA damaging agents. Therefore,
identification of -compounds that disrupt this process may
represent a-new therapeutic approach. The goal of our program
was to identify small molecules that are capable of disrupting the
Asf1-H3/H4 interaction in order to validate the biological target.

Figure 1. Ribbon diagram of Asf-1/ histones H3/H4 complex along
with expanded view of purported binding interaction of Asf-1
(purple) with Leu-Arg-Ile of histone H3 (blue).
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Recently crystal structures of Asfl from Saccharomyces
cerevisiae and human Asfla in complex with a dimer of H3/H4
were reported.®’ Interestingly, as depicted in Figure 1, the
structures revealed one molecule of Asfl binds to the H3/H4
dimer via a small pocket on the concave surface of the Asfl that
binds the leucine-arginine-isoleuucine (leu-arg-ile) Ig-like region
at the histone N-terminus that is highly conserved among
eukaryotes.

Our search for inhibitors began by conducting virtually
screening a 139,735 compound library (the National Cancer
Institute Developmental Therapeutics Program [NCI-DTP] 2007
plated set) to identify candidates that may interact with residues
on Asfl that participate in binding H3/H4. More than 800 A? of
surface area is buried at the H3/Asfl interface whereas
approximately 400 A? of surface area is buried at the H4/Asf1
interface.® Asfl Tyr112 contributes a significant fraction of
surface area buried at the interface with H3 compared to other
residues. Spheres depicting the sites of potential ligand atoms
were selected within 8 A of Asfl Tyr112 using PDB code 2HUE.
Molecular docking of each compound in the library (using
DOCKS®6.5, UCSF) to this selected site resulted in a ranked list of
compounds predicted to bind Asfl and prevent H3/H4
interactions. Samples of the top scoring compounds (0.03%)
were obtained from the NCI-DTP, further testing identified 6
examples which demonstrated promising binding activity in an
Asfl-H3/H4 ELISA assay.® The set of HTS lead compounds was
further refined to two chemical series exemplified by 1
(NSC23925) and 2 (DTP-35), both of which became the focus of
medicinal chemistry efforts (Figure 2).
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Figure 2. Lead series from HTS
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Based on analysis of drug-like properties, initial medicinal
chemistry efforts were carried out on the quinolone series 1.
These compounds have been reported to possess antiviral™ and
more recently have been reported to possess MDR activity. ' The
proposed binding orientation of quinolone 1 in the Asfl binding
pocket is shown in Figure 3.

Figure 3. Proposed
binding orientation of
quinolone derivative 1
docked into AsF-1
binding pocket

Preparation of 1 (NSC23925) has been reported previously.*
Although we investigated this approach, we opted to develop an
alternative route shown in Scheme 1. Pfitzinger reaction of isatin
3 with acetephenones 4 under basic conditions provided the
quinolone carboxylic 5 which was converted to the-hydroxamide
6. Lithiation of the Boc-piperidine 7 using conditions develop by
Beak et.al ** followed by condensation with the hydroxamic ester
afforded the amino ketone 8.

MeO.

MeO-NH,, EDCI

TMEDA, sBuLi
Et,0, -78°C

25%

Route 1
1) NaBH,, MeOH
2) HClI, diox

Route 2
1) HCI, Dioxane
2) NaBH,, MeOH

(+1-) 9, Threo

(+/-) 1, erythro
Route 1 leads primarily to 9 (threo)
Rout2 2 leads primarily to same diastereomer as DTP37 (erythro)
Scheme 1. Preparation of quinolone derivatives

Fortuitously we discovered by simply changing the sequence
of the subsequent reduction and Boc deprotection steps, we were
able prepare both diastereomers. For example removal of the
Boc protecting group from 8 followed by amide reduction
afforded an authentic sample of DTP-37 that was identical to the
sample provided by NCI (as judged by comparing proton NMR

spectra). Interestingly, reduction of amide 8 followed by Boc
deprotection appeared to provide the opposite diastereomer
(9,Threo). Additional conformation of the structural assignment
was later obtained by comparing NMR data with data recently
reported by Duan et al.™

In addition to preparing an authentic sample of 1, we prepared
a series of closely related amide analogs (e.g. 10-15) designed to
explore the role of the amino alcohol moiety and the results
summarized in Figure 4.

Figure 4. Summary of cytotoxicity activity of quinolone
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The original NCI sample (DTP-37), as well as the synthetic
variants 1 and 9 appeared to be potently inhibit cell viability
(Figure 4).. However, all closely related amide-containing
analogs 10-15 were inactive suggesting the hydroxyl-piperidine
group is essential for activity. Unfortunately, in subsequent
binding studies with Asfl using two different versions of the
Amplified Luminescent Proximity Homogeneous Assay
(ALPHA)? compound 1 and analogs were shown not to bind to
untagged Asfl (data not shown). Based on this result, we felt the
previously observed cytotoxic effect was most likely not due to
disruption of Asf1-H3/H4 complex, and this series was halted.

We next turned our attention to exploring the - lactam-based
series exemplified by 2 (DTP-35) since binding data suggested
the compound acted upon Asfl. Azetidinones have been reported
to display a wide variety of biological activities."*"> During QC
evaluation of the sample from NCI, (LCMS, and 1H NMR) we
became concerned regarding the chemical identity. For example,
B-lactam compounds as 2 are reported to be prepared via a
Staudinger reaction involving N-acyl hydrazines and
chloroketene.’®  However, after repeated attempts we were
unsuccessful in preparing an azetidinone.  Upon closer
inspection, we discovered the original NCI material appeared to
be comprised predominately of an N-acyl hydrazone 17, not the
B-lactam 2 (Equation 1).
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This finding was confirmed through independent synthesis of
the a-chloro keto N-acyl hydrazone 17 from hydrazone 16.
Comparison of *H NMR spectrum of 17with samples obtained
from the NCI collection confirmed the structural assignment.*’

Having serendipitously uncovered a new chemotype of Asfl
inhibitors, we explored a small set of N-acyl hydrazone
derivatives as chemical probes that could be used to further
validate the biological mechanism of action of the target.



Hydrazones have been reported to exhibit a wide variety of
biological activity'® although their use as inhibitors of histone
chaperones is novel. Moreover, we felt the ease of synthesis
would allow rapid analog preparation thus expediting exploration
of SAR (Scheme 2). It was anticipated that once we had
identified more potent derivatives it might be possible to replace
the hydrazone portion therefore improving the overall drug-like
nature of the compounds. *°

Scheme 2. Proposed optimization of N-acyl hydrazones
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N-acyl hydrazone modifications
-Alkylations of N and C
-Replace hydrazone with isosteres or heterocyles

R1 and R2 Modifications

-Vary aromatic group and connectivity
-Incorporate heteroaromatic rings
-incorporate non-aromatic rings
-Incorporate additional functionality
(eg. amines, acids)

Our approach to explore SAR included dividing the molecule
into three sections, which included the carboxylic acid (R1), the
hydrazone linker and the group derived from aldehydes/ketones
(R2). N-acyl hydrazones were readily prepared using known
chemistry and all compounds were evaluated for Asfl-H3/H4
binding. Results from a variety of 3-bromovanillin derivatives
are shown in Table 1.

Table 1. SAR of 3-bromovanillin derivatives
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The biological activity of the synthesized a-chloro ketone
hydrazone 17 recapitulated the biological activity observed with
the original NCI sample. As expected, removal of the a-chloro
group 18, resulted in a significant loss of potency. However we
discovered potency could be retained by incorporating a phenyl
group (20) or other bulky substituent (e.g. 21). Incorporation of
non-aromatic groups such as the piperidine 25 or pyran 26 was
ineffective. Attempts to incorporate branched groups or inclusion
of solubilizing groups (eg. 33) did not improve potency.

We also explored modification to the hydrazone substituent.
Keeping R1= phenyl acetamide, we explored replacement or
modification to the vanillin motif. Dramatic changes in potency
were observed when modifications were made (Table 2),
although few compounds showed improved potency.

Table 2. SAR of Phenyl acetamide derivatives
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Interestingly, a significant boost in potency was observed in a
series of 2-hydroxy substituted compounds exemplified by
compounds 46 and 47. However, upon further analysis we
discovered compounds these compounds were acting as potent
metal scavengers, leading to false positive results. Similar
compounds have been reported to be potent metal chelators.*

Lastly, efforts were also directed at modification or
replacement of the hydrazine linkage (48-52, Figure 5).
Surprisingly, all attempts to modify or remove the acyl hydrazine
moiety resulted in significant loss of activity. Only N-
methylation of the hydrazine 52 was tolerated. Interestingly, this
outcome is similar to reports regarding other N-acyl hydrazone
derivatives. ** % For reasons that are unexplained at this time, the
acyl hydrazone appears to required for biological activity.

Figure 5. Summary of hydrazine modifications
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Conclusion Starting from a computational high throughput
screen of the NCI compound collection, a series of N-acyl
hydrazones that appear to inhibit the Asf1-H3/H4 interaction has
been discovered.  This is the first reported example of
compounds that potentially inhibit Asf-1/histone interactions.
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Table 1. SAR of phenyl acetamide derivatives
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Table 2. SAR of vanillin derivatives
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