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Abstract—The solid-phase synthesis of a series of imidazo[1,2-b]pyrazol-2-ones, an interesting 5,5-fused ring system, based on
diverse set of hydrazine acids and malanonitriles is described. The method involves formation of 5-aminopyrazoles on solid support
and subsequent cyclizative cleavage off the resin. Compounds were obtained in acceptable to excellent yields and are suitable for
biological evaluation without further purification.
� 2003 Elsevier Ltd. All rights reserved.
Interest in solid-phase heterocyclic chemistry originated
mainly in the pharmaceutical industry. Heterocycles not
only enable the spatial fixation of a set of structural
elements relevant to reversible binding to proteins, but
can also have a strong influence on the solubility and
properties of a compound. Because substituted hetero-
cycles are often more easily prepared than the corre-
sponding carbocycles, heterocyclic chemistry has played,
and continues to play an important role in the devel-
opment of new drugs.1 Despite the growing interest for
combinatorial chemistry and impressive achievements in
the area of solid-phase organic chemistry (SPOC), the
potential of solid-phase heterocyclic chemistry is rather
unexplored.2 Reports in the literature have indicated
that, from certain intermediate structures grafted on the
solid phase, it is possible to derive more than one type of
heterocyclic compound library. Examples include the
synthesis of pyrrolidines,3 thiazolidines,4 metathiaza-
nones4 and b-lactams5 from immobilized aldimines, as
well as the preparation of dioxopiperazines and dioxo-
morpholines from a-bromo-substituted dipeptides.6

Additionally, both pyrazoles and isoxazoles can be
generated from b-diketones.7

Our earlier efforts in this area have led to an investiga-
tion of several types of heterocycles, including 1,2,3-
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triazoles8 and 1,2,4-triazin-6-ones.9 As part of our
ongoing efforts to develop scaffolds for the preparation
of combinatorial libraries, we have recently reported a
solution phase synthesis of a very interesting 5,5-ring
system, imidazo [1,2-b]pyrazol-2-ones.10 Compounds
with a similar type of nucleus have shown potential as
CNS,11 antitumour,12 antiviral13 agents, and have also
been shown to inhibit interleukin, tumour necrosis fac-
tor14 and MAP kinases.15 We wish to report herein the
solid-phase synthesis of functionalized imidazo[1,2-b]-
pyrazol-2-ones.

The previously described resin bound Boc protected
a-hydrazino esters16 1 (Scheme 1) were deprotected
under standard conditions (50% TFA in dichloro-
methane) and were treated with various malanonitriles
in 10% acetic acid solution in ethanol at 70 �C to provide
the requisite amino pyrazoles (2) on solid support. An
examination of several reaction conditions revealed that
both neutral and basic reaction conditions were not
effective methods of promoting the desired cyclizative
cleavage, yielding at best trace amounts of the desired
products. Treatment of the resin with bis(trimethylsilyl)
trifluoroacetamide (BSTFA) in 1,2-dichloroethane at
80 �C gave some encouraging results, providing a mod-
est 12% yield of the desired cyclized product (3). The
best results, however, were obtained with 25% acetic
acid solution in toluene at 110 �C, which provided the
desired products in good to moderate yield (Table 1).
Interestingly, the chemistry was extendable to the

mail to: blass.be@pg.com


O

O
NHNHBoc

R1

N
N NH2

R2

R1

O

O
N

N

R2

R1

NH

O

a, b

1                                                                    2 (a-n) 3 (a-n)

c

R3 R3

Scheme 1. Reagents and conditions: (a) (i) 50% TFA–CH2Cl2, rt, 1 h, (ii) 5% DIPEA–CH2Cl2, rt, 1/2 h; (b) R2COCHR3CN, 10% AcOH–EtOH,

70 �C, 15 h; (c) AcOH (25%), toluene, 110 �C, 24–48 h.

Table 1. Representative examples of the solid-phase synthesis of 317

Entry R1 R2 R3 Yielda Entry R1 R2 R3 Yielda

3a t-Bu H 44 3h

O
F3C O

H 40

3b Ph H 70 3i t-Bu H 28

3c
Cl

Cl

H 40 3j
Cl

Cl

H 21

3d
O

H 70 3k Bn t-Bu H 40

3e

O
F3C

t-Bu H 32 3l Bn Ph H 23

3f

O
F3C

Ph H 32 3m –CH2SCH2– 39

3g

O
F3C Cl

H 23 3n

O
F3C

–CH2SCH2– 27

aYields are reported over three steps.
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preparation of fused tricycles (3m-n), by application of
the corresponding monocyclic malononitrile.

In summary, we have developed a simple and efficient
solid-phase synthesis of functionalized imidazo[1,2-b]-
pyrazol-2-ones. The products were easily purified by
HPLC and obtained in acceptable yields.
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the reaction was cooled, drained of the solvent and washed
with methylene chloride (three times) and methanol (three
times). The combined washings were evaporated to yield
the product (3b, 70%). Spectral data for Table 1. Entry 3a,
1H NMR (300MHz, CD3OD): d 1.33 (s, 9H), 2.43 (m,
2H), 2.60 (t, J ¼ 7:62Hz, 2H), 4.61 (t, J ¼ 5:0Hz, 1H),
5.51 (s, 1H), 7.15–7.25 (m, 5H). (MþH) 284. Entry 3b, 1H
NMR (300MHz, CD3OD): d 2.37 (m, 2H), 2.56 (m, 2H),
4.61 (t, J ¼ 5:27Hz, 1H), 5.97 (s, 1H), 7.05–7.24 (m, 8H),
7.67 (d, J ¼ 8:10Hz, 2H). (MþH) 304. Entry 3c, 1H NMR
(300MHz, CD3OD): d 2.36 (m, 2H), 2.57 (m, 2H), 4.60 (t,
J ¼ 5:43Hz, 1H), 6.02 (s, 1H), 7.05–7.15 (m, 5H), 7.43 (d,
J ¼ 8:4Hz, 1H), 7.60 (d, J ¼ 6:40Hz, 1H), 7.84 (s, 1H).
(MþH) 372. Entry 3d, 1H NMR (300MHz, CD3OD):
d 2.36 (m, 2H), 2.58 (m, 2H), 3.73 (s, 3H), 4.60 (t,
J ¼ 5:22Hz, 1H), 5.90 (s, 1H), 6.87 (d, J ¼ 6:81Hz, 2H),
7.07–7.12 (m, 5H), 7.59 (d, J ¼ 8:91Hz, 2H). (MþH) 334.
Entry 3e, 1H NMR (300MHz, CD3OD): d 1.33 (s, 9H),
3.53 (dd, J ¼ 5:01Hz each, 2H), 4.91 (m, 1H), 5.41 (s, 1H),
6.10–7.05 (m, 4H). (MþH) 354. Entry 3f, 1H NMR
(300MHz, CD3OD): d 3.33 (d, J ¼ 3:63Hz, 2H), 4.93 (t,
J ¼ 4:65Hz, 1H), 5.81 (s, 1H), 6.92–7.02 (m, 4H), 7.23–
7.33 (m, 3H), 7.77 (d, J ¼ 6:99Hz, 2H). (MþH) 374. Entry
3g, 1H NMR (300MHz, CD3OD): d 3.32 (d, J ¼ 3:72Hz,
2H), 4.93 (t, J ¼ 3:84Hz, 1H), 5.81 (s, 1H), 6.93–7.01 (m,
4H), 7.30 (d, J ¼ 6:72Hz, 2H), 7.66 (d, J ¼ 6:66Hz, 2H).
(MþH) 408. Entry 3h, 1H NMR (300MHz, CD3OD):
d 3.31 (d, J ¼ 3:60Hz, 2H), 3.73 (s, 3H), 4.92 (t,
J ¼ 4:00Hz, 1H), 5.73 (s, 1H), 6.85–7.01 (m, 6H), 7.60
(d, J ¼ 8:70Hz, 2H). (MþH) 404. Entry 3i, 1H-NMR
(300MHz, CD3OD): d 0.91 (d, J ¼ 6:42Hz, 3H), 0.99 (d,
J ¼ 6:45Hz, 3H), 1.31 (s, 9H), 1.93 (m, 1H), 2.01 (m, 2H),
4.58 (t, J ¼ 6:1Hz, 1H), 5.62 (s, 1H). (MþH) 236. Entry 3j,
1H NMR (300MHz, CD3OD): d 0.97 (dd, J ¼ 6:69 and
9.09Hz, 6H), 1.96 (m, 1H), 2.13 (m, 2H), 4.73 (t,
J ¼ 6:93Hz, 1H), 6.12 (s, 1H), 7.53 (d, J ¼ 8:38Hz, 1H),
7.69 (d, J ¼ 6:37Hz, 1H), 7.94 (s, 1H). (MþH) 325. Entry
3k, 1H NMR (300MHz, CD3OD): d 1.33 (s, 9H), 3.32 (m,
2H), 4.79 (m, 1H), 5.37 (s, 1H), 6.96–7.12 (m, 5H). (MþH)
270. Entry 3l, 1H NMR (300MHz, CD3OD): d 3.21 (m,
2H), 4.95 (m, 1H), 5.80 (s, 1H), 6.90–7.32 (m, 10H).
(MþH) 290. Entry 3m, 1H NMR (300MHz, CD3OD): d
2.26 (m, 2H), 2.52 (m, 2H), 3.69 (s, 2H), 3.81 (s, 2H), 4.55
(t, J ¼ 5:31Hz, 1H), 7.06–7.16 (m, 5H). (MþH) 286. Entry
3n, 1H NMR (300MHz, CD3OD): d 3.27 (d, J ¼ 3:80Hz,
2H), 3.37 (s, 2H), 3.43 (s, 2H), 4.86 (t, J ¼ 4:21Hz, 1H),
6.99 (br s, 4H). (MþH) 356.
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