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PARP inhibitors have been demonstrated to retard intracellular DNA repair and therefore sensitize tumor
cells to cytotoxic agents or ionizing radiation. We report the identification of a novel class of PARP1 inhib-
itors, containing a pyrrolo moiety fused to a dihydroisoquinolinone, derived from virtual screening of the
proprietary collection. SAR exploration around the nitrogen of the aminoethyl appendage chain of 1 led to
compounds that displayed low nanomolar activity in a PARP1 enzymatic assay.

� 2009 Elsevier Ltd. All rights reserved.
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Poly(ADP-ribose)polymerases (PARPs) play significant roles in
various cellular functions including DNA repair and control of
RNA transcription. Poly(ADP-ribose)polymerase-1 (PARP1) is the
most abundant nuclear enzyme of the PARP family. Its activation
represents one of the earliest cellular responses to DNA damage,
since it is able to recognize and rapidly bind to DNA strand breaks.1

Binding activates the enzyme which, using nicotinamide adenine
dinucleotide (NAD+) as a substrate, catalyzes the formation of long
branched chains of poly(ADP-ribose) onto a variety of nuclear tar-
get proteins including PARP itself.2 This process leads to the forma-
tion of poly-ADP-ribose chains. The formation of these negatively
charged polymers is suggested to act as a molecular beacon and
to facilitate recruitment of the base excision repair (BER) machin-
ery to the site of the DNA damage,3 upon which DNA repair occurs.

PARP1 plays a pivotal role in a number of cellular processes,
thus it is regarded as a target for treating several important disease
states, including cerebro-vascular disease, reperfusion injury4 and
cancer.5

In cancerous cells, inhibition of PARP1 would retard the repair
of DNA strand breaks and therefore sensitize tumor cells to the ef-
fects of radiation and chemotherapeutic agents, by suppressing the
repair of potentially lethal damage.6 Recent studies have indicated
that, in certain genetic backgrounds, tumor cells may be sensitive
to the effects of PARP inhibition, also in the absence of cytotoxic
chemotherapeutics.7 These results suggest that PARP inhibitors
could represent potential drug candidates for treatment of cancer,
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both as monotherapy in predefined patient populations and as
combination therapies.

The vast majority of PARP1 inhibitors described to date bind to
the nicotinamide binding site, since they are competitive with
NAD+, and prevent PAR polymer formation.1

Early PARP inhibitors were analogs of 3-amino-benzamide
(Fig. 1, A),8 since it was observed that the benzamide functionality
was crucial for the specific binding to the enzymatic site, forming 3
key H-bonds to the enzyme. In particular, several studies disclosed
an increasing binding affinity when the carboxamide group, which
is normally free to rotate, was restricted into a lactam (Fig. 1,
B–D).9

In our company a research program was initiated aiming at
developing a portfolio of different PARP1 inhibitors. In this article,
we describe the synthesis, SAR study and preliminary biological
evaluation of a novel series of PARP1 inhibitors that contains an
aminoethyl-pyrrole fused to a dihydroisoquinolinone (Fig. 2, 1).

Having shown previously that ligand based virtual screening
can be used successfully to extract novel scaffolds,10,11 this drug
discovery program was started with the virtual screening of our
NH2
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Figure 1. PARP1 Inhibitors.

mailto:danila_branca@merck.com
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl


NH

HN

O

1

NH2

Figure 2. Lead identified by virtual screening of proprietary collection.

Table 1
Structure–activity relationships for amine functionalized derivativesa
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Compound R1 R2 PARP1 IC50
b (nM)

1 H H 40
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proprietary sample collection. To train the machine learning meth-
ods 200 known inhibitors were selected from the MDL Drug Data
Report database,12 patents and publications as actives and a set
of 10,000 compounds representing the Merck collection were used
as negatives. All molecules were described by topological atom
pair descriptors.13 All activities were treated as binary, either ac-
tive or not active. This dataset was then used to train the support
vector machine classifier (SVM).14 The resulting SVM model was
employed to predict potential actives from the Merck compound
collection. The resulting potential PARP1 inhibitors were then
tested firstly at fixed 1 lM concentration tested in the PARP1 en-
zyme assays, and subsequently active compounds were titrated
with dose response curves.15 Among the compounds identified
aminoethyl-pyrrolodihydroisoquinolinone derivative 1 proved to
be a potent PARP1 inhibitor (IC50 = 40 nM).

Docking of 1 into the PARP enzyme crystal structure (Fig. 3) re-
veals a tight overlap with the known PARP inhibitor D9 and the
possibility of a hydrogen bond between the indole NH and Glu
988 (2.8 Å).

Furthermore, the presence of the additional pyrrole ring on the
isoquinolinone scaffold enhances the lipophilic surface area,
resulting in a better lipophilic interaction within the hydrophobic
cavity of the enzyme binding site.

Thus, 1 appeared to be a promising starting point and prompted
us to explore the SAR around the amino group in the appending
Figure 3. Docking of 1 (in green) and D (in blue) in the NAD binding site of PARP
enzyme (pdb code: 2pax). 1 and D were manually placed in the NAD binding site
and, to obtain the minimum conformation, a conformational analysis was
performed using the MMFF forcefield20 as implemented in Macromodel 7.0.21
chain, with the hypothesis that this side chain could extend out
into the adenosine binding pocket and pick up additional interac-
tions. A number of functionalizations were investigated (amino,
amide and urea derivatives) and the most relevant results are re-
ported in Tables 1–3.

Alkylation of the amino group of 1 with isopropyl (2) and cyclo-
hexyl (3) were tolerated (IC50 = 82 and 85 nM, respectively).

Introduction of a benzyl group, as in 4, caused a threefold drop
in activity compared to 1, and small loss of potency occurred when
the phenyl ring was substituted for oxazole (5). A further activity
loss was observed upon introduction of a pyrazole (6), a methyl
pyrazole (7) or a quinoline (8). A tertiary amine such as diethyl
amine 9 was tolerated but suffered from a threefold drop of
potency.

To further explore the SAR, a series of amides (Table 2) was syn-
thesized. Previously reported studies revealed that incorporation
of additional ring systems into the design of PARP inhibitors, thus
expanding the planar structure, often led to poor aqueous solubil-
ity. To overcome this problem a possible approach was to intro-
duce basic substituents.9c For this reason, the amides were
chosen to include a protonatable nitrogen into the structure. Cyclic
2 H 82

3 H 85

4 H 110

5
N

O H 180

6
N

NH H 340

7
N

N H >500

8
N

H >500

9 130

a Results are the mean of at least two independent experiments, and std. dev. are
<30% mean.

b Enzymatic assay performed as described in Ref. 11.



Table 2
Structure–activity relationships of the amide seriesa
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a See notes in Table 1.

Table 3
Structure–activity relationships of the bioisosteric amide replacement: urea analogsa
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amino groups, such as N-methyl pyrrolidine (10) and N-methyl
piperidine (11) retained similar potency to the lead 1. Moving from
the tertiary to secondary amine (12), an adverse impact on the
inhibition of PARP1 was observed. The study of the effect of substi-
tution on the piperidine ring showed that a pyridyl-moiety, as in
13, produced an inhibitor displaying similar activity to the lead
1, whilst the introduction of a pyrimidine (14) resulted in a three-
fold loss in potency.
The position of the basic amine had little influence on activity as
a methylene spacer between the carbonyl and the piperidine ring
proved to be not beneficial (compare 11 with 15).

The N,N-dimethylglycinamide 16 displayed comparable activ-
ity, while its close analog morpholine 17, bearing a less basic
amine, proved to be a weaker PARP1 inhibitor. Turning attention
to aromatic amines, of the three pyridine amides, the 4-pyridyl-
derivative (18) proved to be the least active (IC50 = 97 nM), while
the other regioisomers 19 and 20 were equipotent with lead 1
(IC50 = 44 and 45 nM, respectively).

Bioisosteric amide replacement with a urea moiety was also
investigated and the results are reported in Table 3. Knowing that
small cyclic amines gave potent PARP1 inhibitors, piperazine 21
and diazepane 22 were prepared and shown to display twofold
improvement compared to amide 12 (IC50 = 25 and 27 nM, respec-
tively). In this case methylation of the nitrogen of the diazepane 22
led to 23 which resulted in a twofold loss in potency. The inclusion
of a basic amine was important as when the nitrogen in 22 was
benzylated (24), a significant drop of activity was observed. A
marked reduction of the pKa of the amine, by difluoro-substitution
on the homopiperazine (25), proved to be detrimental for activity
(compare 25 with 22) and a 13-fold loss of activity was observed.

The most active compounds 21 and 22 were tested on other two
PARP isoforms (PARP2 and PARP3) and on two other proteins
which share homology with PARP catalytic domain (Tankyrase
and mPARP). Both 21 and 22 resulted single digit nanomolar inhib-
itors of PARP2 (IC50 = 32 and 17 nM, respectively), whilst they
proved to be not active up to 500 nM on PARP3, mPARP and Tank-
yrase.16 Several of the most potent compounds were tested in cells
for their ability to inhibit PAR formation upon DNA damage caused
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Scheme 1. Reagents and conditions: (a) NH2NH2�H2O, lW (115 �C, 15 min); (b)
EtOH/H2O, rt, 24 h; (c) when R = alkyl: aldehyde or ketone, MP-triacetoxyborohy-
dride, DMF, lW (80 �C, 10 min); (d) when R = COR: RCOOH, PL-Mukaiyama, PS-
dimethylaminopyridine (PS-DMAP), DCM/DMF, rt, 24 h; (e) when R = CONR1R2: (i)
CDI, DIPEA, DMF, lW (80 �C, 5 min); (ii) HNR1R2, DIPEA, lW (80 �C, 5 min).
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by addition of hydrogen peroxide, unfortunately the compounds
were inactive at 5 lM.

The synthetic route for the synthesis of the pyrrolo-
dihydroisoquinolone scaffold is outlined in Scheme 1.

The treatment of 2617 with hydrazine, upon microwave irradia-
tion at 115 �C for 15 min, provided compound 27 (yield: 85%) that,
after reaction with 2-(3-chloropropyl)-1,3-dioxolane, gave rise to a
mixture of two regioisomers (1:1 ratio, by HPLC). Their separation
by HPLC provided the desired pyrrolo-tetrahydroisoquinolinone 1
(yield: 32%).18 All the derivatives in Tables 1–3 were prepared by
functionalization of 1.

Alkyl derivatives (Table 1) were obtained by reductive amina-
tion of 1 with the appropriate aldehyde or ketone.

Amide compounds in Table 2 were prepared by amide coupling
reaction of 1 with the appropriate carboxylic acid. Activation of 1
with 1,10-carbonyldiimidazole (lW, 80 �C, 5 min), followed by
addition of the appropriate amine upon microwave irradiation,
afforded urea analogs (Table 3).19

In conclusion, the synthesis and preliminary biological evalua-
tion of a novel class of pyrrolo-isoquinolinones as PARP1 inhibitors
have been described. After a virtual screening of the proprietary
collection, compound 1 was identified as potent PARP1 inhibitor
(IC50 = 40 nM). A variety of functionalizations on the terminal
nitrogen of the pendant 2-aminoethyl chain were evaluated. The
introduction of alkyl and acyl groups resulted in compounds with
low nanomolar activity in the PARP1 enzymatic assay (Tables 1 and
2). Urea derivatives, such as compounds 21 and 22, proved to be
the most promising PARP1 inhibitors in the series displaying an
IC50 = 25 and 27 nM, respectively (Table 3).
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