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A novel class of PARP-1 inhibitors was identified containing a non-aromatic heterocycle or carbocycle
fused to a pyrazolo pyridin-2-one. Compounds displayed low nanomolar binding activity in the PARP-
1 binding assay and submicromolar activity in a cell based chemosensitization assay.
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Poly(ADP-ribose)polymerase-1 (PARP-1) is a highly abundant
nuclear enzyme that is activated by single or double DNA strand
breaks.1 Activated PARP-1 uses nicotinamide adenine dinucleotide
as a substrate to catalyze the addition of long branched chains of
poly ADP ribose onto itself and other target proteins involved in
DNA replication, transcription, and repair.2

The involvement of PARP-1 in the regulation of DNA integrity
has made it an attractive target for cancer therapy. PARP-1 has
been demonstrated to be important for repair of damage induced
by radiation as well as by different classes of chemotherapy agents,
including the topoisomerase I inhibitors and the mono-functional
DNA alkylating agents. Disruption of PARP-1 expression or func-
tion results in increased sensitivity of tumor cells to these cancer
agents.3 Indeed, PARP-1 inhibitors have been in development as
sensitizers in radiation and chemotherapy treatment of cancer
for many years.4 In addition, PARP-1 inhibitors are currently being
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studied as protective agents against tissue damage occurring from
ischemia/reperfusion injuries5 and various forms of inflammation.6

The vast majority of PARP-1 inhibitors described to date are
competitive with NAD+, are analogs of nicotinamide, and have a
carboxamide attached to an aromatic ring or contain a fused aro-
matic lactam (Fig. 1).7

In this letter, we describe the discovery, synthesis, and SAR of a
novel series of tricyclic PARP-1 inhibitors that contains a non-aro-
matic heterocycle or carbocycle fused to a pyrazolo pyridin-2-one.8

To initiate this program, a large collection of commercial sam-
ples from different vendors was screened in a PARP-1 binding as-
say. From this screening effort, compound 5 was identified as a
potent PARP-1 inhibitor with an IC50 of 93 nM (Fig. 2). However,
after resynthesis of this compound and some close analogs, no sig-
nificant binding affinity for PARP-1 was observed. NMR analysis of
the commercial sample 59 showed strong NOE enhancements be-
tween methyl protons and methylene protons suggesting that
the correct structure was in fact compound 6, containing a pyri-
din-2-one (Fig. 2). This pharmacophore with a s-trans conforma-
tion of an amide functionality is known to be a favorable binding
conformation for PARP-1 inhibitors as described in the litera-
ture.10,11 Close analogs of structure 6 were synthesized, varying
both the substituents off the pyrazole unit and the non-aromatic
heterocycle fused to the pyridin-2-one.

Two synthetic routes were employed for the synthesis of ana-
logs around compounds 5 and 6:

Method A: Cyclic b-ketoesters (7) were reacted with 5-amino-
pyrazoles (8) in PPA at �130 �C to generate pyridin-4-ones pre-
dominantly12 (9) (Scheme 1). If reaction times surpassed 15 min
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Figure 1. PARP-1 inhibitors 1, 2, 3, and 4 with PARP-1 IC50 values of 160, 60, 20, and 5 nM, respectively.
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for the tetrahydrothiophene subseries, significant aromatization to
the thiophene pyridine-4-one occurred. When cyclic b-ketoesters
(7) were reacted with 5-aminopyrazoles (8) under basic condi-
tions13 amide intermediates (10) were formed which were purified
by HPLC chromatography. Subsequent cyclization under acidic
conditions or at high temperature in vacuo gave the pyrazolo pyri-
din-2-ones (11). In early reports, it is described that the enamine
condensation product from 5-amino-1,3-dimethylpyrazole and
ethyl acetoacetate does not cyclize in acetic acid to yield the ex-
pected 4-pyridinone but rather the 2-pyridinone due to intercon-
version of the enamine intermediate to the amide condensation
product (10).14 This possibly led to the disparity in assignment of
the commercial HTS lead (5).

Method B by Winters et al. 15: Cyclic ketones (12) were reacted
with 5-aminopyrazoles (8) to give dienamines (13), converted to
ureas and subjected to thermal cyclization to give pyrazolo pyri-
din-2-ones (14) (Scheme 2).16 When tetrahydrothiophen-3-one
was used in this sequence, the major product isolated upon con-
densation with 5-aminopyrazole (8) was a fully aromatized thio-
phene aminopyrazole (13). Therefore this method was only
employed with the carbocyclic ketones. All compounds were iso-
lated by either filtration from crude reaction mixtures or reverse
phase HPLC/MS purification using mass triggered fraction
collection.17

Compounds were evaluated in a PARP-1 binding assay,18 and
the results are summarized in Tables 1–4. Representatives of the
pyridin-4-one series (Table 1), including 5, the reported structure
of the high-throughput screening hit, did not display the inhibitory
activity for PARP-1 as one would have expected based on the re-
sults (IC50 = 93 nM) for the commercial sample. None of the other
compounds in this series, in which the pyrazolo substituents and
the non-aromatic heterocycle attached to the pyridin-4-one core
were varied, showed PARP-1 inhibition with IC50 values <5 lM
(data not shown).

In contrast, the pyridin-2-one series resulted in potent PARP-1
inhibitors (Tables 2–4). In the dihydrothiophene (I), cyclopentene
(II) and cyclohexene (III) subseries, the most active compounds
contained methyl substituents at both R1 and R2 positions (6, 21,
27). Replacement of the methyl at R2 by phenyl or 2-thienyl typi-
cally resulted in a small decrease (up to 5-fold) in inhibition (17,
18, 22, 23, 28, 29). A more dramatic decrease in binding affinity
Figure 2. Reported structure (5) and correct structure (6) of high-throughput
screening hit.
was observed with bulky substituents at R1 such as t-butyl or phe-
nyl in the presence of methyl at R2 (19, 20, 24, 25, 30). Phenyl sub-
stituents at both R1 and R2 (26, 31) caused a complete loss of
inhibitory activity.

Preliminary docking experiments using the co-crystal structure
of chicken PARP-1 (1PAX) and the Parke-Davis/Pfizer inhibitor11a

(1) indicated that the pyrazolo pyridin-2-ones have a similar bind-
ing mode19 and provided a rationalization for the observed PARP-1
data. In Figure 3, a high scoring pose of compound 22 is shown,
making two hydrogen bonds between the amide bond and Gly-
863 and Ser 904. A fairly large binding pocket can accommodate
the phenyl group or a variety of other substituents at R2 in subser-
ies II. The volume tolerance in the direction of R1 in subseries II was
substantially less. Figure 3 displays a high scoring pose of inactive
compound 25. In this orientation the amide can only make one of
the two key donor/acceptor interactions because of the orientation
required to accommodate the R1 phenyl group (subseries II) in the
active site.

Comparison of dihydrothiophene (I), cyclopentene (II) and
cyclohexene (III) sub-series, indicates a preference for binding
affinity according to cyclohexene III > cyclopentene II > dihydrothi-
ophene I. These results are consistent with the predicted outcome
from modeling. Docking shows subseries III to be the most favored
as the additional methylene from the cyclohexyl provides addi-
tional favorable hydrophobic contact with PARP-1. In a comparison
of 6, 21, and 27, the hydrophobic surface area is 7% larger for 27
than for 6 and 21 and the ligand/protein contact in this area of
the binding site is predominantly aromatic/hydrophobic. A similar
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Scheme 1. Reagents and conditions: (a) PPA, 130 �C, 2 h (X = CH2 and CH2CH2),
15 min (X = S); (b) HOAc, reflux, 1 h; (c) �220 �C, vacuo, 15 min; (d) Pyr, o-Xylene,
110 �C, 2–6 h.
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Table 1
PARP-1 inhibition for pyrazolo pyridin-4-ones

N
H

X
N

N

O

Compound X PARP-1 Inhibition IC50, lMa

5 –S– >10
15 –CH2– 7
16 –CH2CH2– >10

a Values for single experiments.

Table 3
PARP-1 inhibition for cyclopentene subseries II

NH

O

N

N R1

R2

II

Compound R1 R2 PARP-1 Inhibition IC50
a, nM

21 Me Me 29.8
22 Me Ph 106.0
23 Me 2-Thienyl 148.6
24 t-Bu Me 519.2
25 Ph Me >10,000
26 Ph Ph >10,000

Single determinations when IC50 > 1000 nM.
a Values of duplicate determinations are within twofold of each other.
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increase in binding potency was observed in a bicyclic uracil series
when a cyclopentyl group was replaced by a cyclohexyl moiety.20

Potent compounds were subsequently tested for their ability to
augment cytotoxicity of the alkylating agent streptozotocin with
the human colon carcinoma HCT 116 cell line21 (Table 5). Com-
Table 2
PARP-1 inhibition for dihydrothiophene subseries I

NH
S

O

N

N R1

R2

I

Compound R1 R2 PARP-1 Inhibition IC50
a, nM

6 Me Me 92.7
17 Me Ph 110.3
18 Me 2-Thienyl 428.1
19 t-Bu Me 1841.5
20 Ph Me >10,000

Single determinations when IC50 > 1000 nM.
a Values of duplicate determinations are within twofold of each other.

Figure 3. Dock of 22 (left) and 25 (right) using the co-crystal structure
pounds from the cyclohexene subseries III, the most potent in
the enzyme binding assay (27–29), were also most active in the
Table 4
PARP-1 inhibition for cyclohexene subseries III

NH

O

N

N R1

R2

III

Compound R1 R2 PARP-1 Inhibition IC50
a, nM

27 Me Me 2.2
28 Me Ph 7.3
29 Me 2-Thienyl 6.9
30 Ph Me 9720
31 Ph Ph >10,000

Single determinations when IC50 > 1000 nM.
a Values of duplicate determinations are within twofold of each other.

of chicken PARP-1 (1PAX) and the Parke-Davis/Pfizer inhibitor (1).



Table 5
Chemosensitization, cell toxicity, and therapeutic index for compounds 6 and 17, 21–
23, and 27–29

Compound ECsens, lMa LD40, lM TIc

6 28.6 >50 >1.8
17 15.4 21.2 1.4
21 19.3 27.2 1.4
22 26.8 42.5 1.6
23 3.1 (1.3) 11.2 3.6
27 1.9 (1.2) >12.5b >6.6
28 0.38 (0.15) 7.5b 19.7
29 0.38 (0.21) >12.5b >32.9

a Values for quadruplicate experiments. Single determinations if ECsens values
were >10 uM.

b Values of duplicate determinations are within twofold of each other.
c In vitro therapeutic index (LD40/ECsens).
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chemosensitization assay and displayed the most favorable thera-
peutic index. Addition of an aromatic group at R2 in compounds 28
and 29 appeared to accentuate chemosensitizer potency relative to
the dimethyl analog 27. Since analogs 27-29 exhibited similar en-
zyme potency in vitro, this result implies that other factors are
contributing to the enhanced potency of the aryl-substituted ana-
logs in the cell-based assay. Possible factors would include solubil-
ity and cellular permeability, which is consistent with the observed
lack of activity for compound 21 in cyclopentene subseries II.

In conclusion, tricyclic pyrazolo pyridin-2-ones containing a
non-aromatic carbocyle or heterocycle fused to the pyridin-2-one
were identified as a novel series of potent low nanomolar inhibi-
tors of PARP-1. Structure activity was further developed in the pyr-
azolo moiety resulting in the identification of analogs with
submicromolar activity in a chemosensitization assay.

The compounds described herein could be useful for further
studies on the role of PARP-1 inhibitors as adjunct agents in cancer
therapy.
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