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Poly(ADP-ribose) polymerase (PARP) and poly(ADP-ribose) glycohydrolase (PARG) are enzymes respon-
sible for catalyzing the formation and degradation of poly(ADP-ribose) (PAR) polymers, respectively.
Activation of PARP has been shown to be involved in cell death induced by genotoxic stimuli. On the other
hand, genetic disruption of PARG also leads to increased level of cell death by accumulation of PAR. Unlike
PARP, where significant medicinal effort has been expended to identify potent inhibitors, PARG has been
insufficiently investigated as a molecular therapeutic target. In this study, we report the design, synthesis,

?emaerg? and biological evaluation of phenolic hydrazide hydrazones as potent PARG inhibitors. Compounds 3d,
4 . 3e, 5d, 5e, 8a, 8b and 8c showed their ability to inhibit the catalytic activity of PARG in vitro with ICsg

Hydrazide-hydrazone .

PARG values of 1.0, 2.1, 3.1, 3.2, 3.1, 2.8 and 1.6 pM, respectively.

PARP © 2014 Elsevier Ltd. All rights reserved.

Inhibitor

Molecular docking

Poly(ADP-ribosyl)ation is a post-translational modification in
which an ADP-ribose unit from nicotinamide adenine dinucleotide
(NAD") is transferred to specific amino acids of its target proteins.
This modification influences protein-protein interactions and
regulates various cellular processes,' ™ such as cell division, tran-
scription, DNA repair, and different forms of cell death, ranging
from necrosis to apoptosis and autophagy. The synthesis and deg-
radation of poly(ADP-ribose) (PAR) are catalyzed by two types of
enzymes: PAR polymerase (PARP) family of proteins and PAR
glycohydrolase (PARG), respectively.” PARP1, PARP2 and PARP3
are involved in DNA repair®* and PARP inhibitors strongly block
DNA repair.® Extensive activation of PARP1 by DNA damage has
been specifically linked to the release of apoptosis inducing factor
(AIF) from mitochondria, resulting in NAD* depletion and cell
death.” On the other hand, genetic disruption of PARG can rapidly
increase the levels of PAR and cell death, facilitating the release of
mitochondrial proteins through signaling pathways.S~'® PARG
inhibitors do not inhibit PARP1 directly, but instead prevent
PARP1-mediated cell death by slowing the turnover of PAR and
thus slowing NAD* consumption.’ "2

* Corresponding author. Tel./fax: +81 96 275 2160.
E-mail address: okawara@kumamoto-hsu.ac,jp (T. Okawara).

hetp://dx.doi.org/10.1016/.bmcl.2014.06.065
0960-894X/®© 2014 Elsevier Ltd. All rights reserved.

Considering  cellular significance, targeting poly{ADP-
ribosyl)ation in the treatment of human diseases, especially cancer,
has attracted considerable attention over the past several years.
For this purpose, PARP inhibitors have been investigated broadly,
since a role for PARP-1 in DNA repair response has been well estab-
lished. To date, chemical inhibitors of PARP enzymes have reached
the first level of clinical application in the therapy of cancer.'*~'> In
contrast, due to the lack of significant evidence implicating PARG's
role in the regulation of cell death and bioavailable inhibitors,
there has been very little progress in identifying small molecule
inhibitors of PARGs. Recently the crystal structures of PARG from
bacterial, protozoan and mammalian sources have been
determined, and the catalytic mechanism of PARG has been
proposed.'®'® PARG comprises an N-terminal regulatory and
targeting domain (A-domain; residues 1-456 in the rat protein),
a central mitochondrial targeting sequence (MTS; residues 457
472), and a C-terminal catalytic domain (residues 473-972).'%
The catalytic domain of rat PARG adopts a bean shaped structure
with a deep central cleft containing the conserved PARG-signature
motif (GGG-X6-8-QEE)!%2% and Tyr791 that contributes strongly to
PARG catalytic efficiency and inhibitor binding.'®*' The glutamate
residues in the signature motif are critical for catalysis, and
mutation of these residues leads to a complete loss of PARG
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Figure 1. Reported PARG inhibitors.

activity.'®"1%2% In particular, the Glu752 residue could play an
important role in PARG catalytic activity by functioning as a
general acid or base to protonate the 2’-OH of the ribose of the
leaving group, and subsequently activating a water molecule for
nucleophilic attack.'® It is noteworthy that PARG is encoded by a
single gene, and it has low cellular abundance (approximately
2000 molecules per cell).?” Progress in understanding the struc-
ture, properties and catalytic mechanism of PARG has created an
opportunity for bioorganic medicinal chemists to design new
anti-cancer drugs that target PARGs.
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There are several reports of natural and synthetic PARG inhibitors
that exhibit PARG suppressing activities.'"**~* However, the use-
fulness of these agents has been limited due to toxicity, lack of spec-
ificity, poor cell permeability and high molecular weights.?%-*
Nevertheless, adenosine diphosphate (hydroxymethyl)pyrrolidine-
diol (ADP-HPD),”** mono-galloyl glucose,*” RBPI-2* and salicylan-
ilide” inhibit PARG specifically and help to understand their role
within a wider biological context (Fig. 1). ADP-HPD has been widely
used in the study of PAR in spite of its high cost and lengthy synthetic
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Scheme 1. Synthesis of compounds 3a-f and 5a-f. Reagents and conditions: (a) AcOH, MeOH, reflux, 6-8 h; (b) AcOH, MeOH, reflux, 6-8 h.
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Table 1

In vitro PARG inhibitory activity of compounds 3a-f, 5a-f and 8a-h
Compound PARG inhibitory activity, ICso (LM)
3a >75
3b >75
3c >75
3d 1.0
3e 21
3f 9.9
5a 14.8
5b 40.1
5¢ 19.2
5d 3.1
5e 32
5f 18.8
8a 3.1
8b 2.8
8c 1.6
8d 154
8e 9.8
8f 8.2
8g 13.9
8h 274
ADP-HPD 0.1
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route. Despite these efforts, the design and preparation of potent
PARG inhibitors remain very challenging tasks.

Within this context, we have designed and synthesized small
molecules, phenolic hydrazide hydrazones, and performed
in vitro evaluation of their PARG inhibitory activities. To facilitate
the understanding of PARG binding affinity of the synthesized
compounds, potential binding modes of selected compounds in
the active site of PARG protein were modeled using the X-ray crys-
tal structure of rat PARG (rPARG*®”, pdb code 3UEK).'®

Synthesis of the title compounds 3a-f, 5a—f and 8a-h was
accomplished® as outlined in Schemes 1 and 2. Condensation of
the appropriate commercially available aryl hydrazides 1 and 4
with the appropriate hydroxybenzaldehydes 2a-f in the presence
of a catalytic amount of acetic acid in methanol under reflux, affor-
ded the corresponding hydrazones 3a-f and 5a-f in quantitative
yields (Scheme 1). The requisite aliphatic dihydrazides 7a-d were
prepared in moderate yields by the reaction of the appropriate
diesters 6a-d with hydrazine hydrate in methanol at elevated
temperatures (Scherne 2). Subsequent reaction of 7a-d with the
appropriate aldehydes 2d,e, under similar conditions used for the
preparation of 3a—-f and 5a-f, gave the corresponding second series

Asn 736

c Gly 741
T g5
. Gly 867 \ / Glu 751 Glu 762"
|5 -
oA Phe 734 ;
ff\zﬂ Gy 869 ¢ Vel 749
“’Cys:868 s
R Gln 750

I

% Tyr 791,

(e

(712-918)

Tyr 791

Figure 2. Potential binding modes of compounds 3d, 5d and ADP-HPD within the catalytic domain of rPARG. (A) Alignment of 3d (yellow) and 5d (deep green) within the
active site (electrostatic surface shown). (B) Active site residues showing H-bond interactions (dotted lines) of 3d. (C) Active site residues showing H-bond interactions
(dotted lines) of 5d. (D) Ribbon structure of the rPARG catalytic macrodomain fold (residues 712-918) showing the docking mode of 3d (yellow) and ADP-HPD (magenta) in
the active pocket (green). The tyrosine clasp and Tyr791 acid residue are shown in maroon and cyan, respectively.



