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Facile synthesis of 1-substituted 4,5-diaminopyrazoles and
its application toward the synthesis of pyrazolo[3,4-b]pyrazines
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Abstract—1-Substituted 5-aminopyrazole-4-carbonylazides were prepared from the appropriate 5-aminopyrazole-4-carboxylates.
The acyl azides undergo a Curtius rearrangement followed by quenching with alcohols to form the corresponding carbamates. The
1-substituted 5-amino-4-benzyloxycarbonylaminopyrazoles were unblocked by catalytic hydrogenolysis to give the desired 4,5-
diaminopyrazoles. These 4,5-diaminopyrazoles were immediately condensed with glyoxal to afford 1-substituted pyrazolo[3,
4-b]pyrazines.
� 2004 Published by Elsevier Ltd.
Aromatic or heteroaromatic compounds possessing
ortho-diamino groups are versatile building blocks for
the synthesis of fused 1,4-diaza heterocycles such as
fused [d]imidazoles, [b]pyrazines, and [b]diazepines. Our
group had a particular interest in a facile synthesis of
4,5-diaminopyrazoles since they could then be used as
precursors for the synthesis of pyrazolo[3,4-b]pyrazines.
A perusal of the literature revealed that there are only a
limited number of synthetic routes available for the
preparation of 4,5-diaminopyrazoles.1–7 The most com-
mon approach has used an electrophilic nitrosation of 4-
unsubstituted 5-aminopyrazoles followed by a reduction
of the 4-nitroso group to afford the 4,5-diaminopyraz-
oles.1;4;6;7 Although this approach is effective, there are a
few limitations: (1) both the nitroso intermediates and
the resulting 4,5-diaminopyrazoles are unstable and can not
be stored for an extended period of time; (2) some of the
4-unsubstituted 5-aminopyrazoles are not readily avail-
able by the usual synthetic procedures. In our pre-
liminary studies, we encountered some difficulties in our
attempts to prepare 4,5-diaminopyrazole nucleosides
Keywords: 4,5-Diaminopyrazole; Curtius rearrangement; Pyrazolo[3,

4-b]pyrazine.

* Corresponding author. Address: Department of Medicinal Chem-

istry, College of Pharmacy, The University of Michigan, 428 Church

St. Rm. 4567 CCL, Ann Arbor, MI 48109-1065, USA. Tel.: +734-

764-7547; fax: +734-763-5633; e-mail: ltownsen@umich.edu
� Present address: Department of Chemistry, University of Illinois at

Urbana-Champaign, Urbana, IL 61801, USA.

0040-4039/$ - see front matter � 2004 Published by Elsevier Ltd.

doi:10.1016/j.tetlet.2004.03.142
through the nitrosation-reduction approach. The con-
densation of ribosylhydrazone8 with 1,3-dielectrophiles
such as benzoylacetonitrile9 or 3-aminocrotononitrile10

did not afford the expected 4-unsubstituted 5-aminopyr-
azole nucleosides. The 4-unsubstituted 5-aminopyrazole
nucleosides could be prepared from the corresponding
ethyl 5-aminopyrazole-4-carboxylate nucleosides11;12 by
saponification followed by thermal decarboxylation.13

However, nitrosation of the 5-aminopyrazole nucleo-
sides gave the desired nitroso product only in low yields
and was accompanied by undesired side products. These
circumstances prompted us to look for an alternative
route for the preparation of 4,5-diaminopyrazoles. We
now report the preparation of 4,5-diaminopyrazoles
from the 5-aminopyrazole-4-carbonylazides via a Cur-
tius rearrangement strategy.

Non-nucleoside models were investigated first in order
to explore and establish the reaction conditions. Ethyl
esters of 5-aminopyrazole-4-carboxylates 1a–c can be
easily prepared by a condensation of alkylhydrazines
with 2-cyano-3-ethoxyacrylate derivatives.14;15 Reac-
tions of the esters 1a–c with hydrazine monohydrate
gave the carbonyl hydrazides 2a–c in quantitative yields.
Treatment of 2a–c with sodium nitrite in a 10% aqueous
acetic acid solution at 0 �C afforded the acyl azides 3a–c.
These compounds were characterized by their significant
IR absorptions around 2150 cm�1. The acyl azides 3a–c
underwent Curtius rearrangements in the presence of
excess amounts of primary alcohols to give the corre-
sponding carbamates 4b and 5a–c, respectively. Since
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Table 1

Reactant Product R1 R3 Yield (%)

1a 2a Ph H 65a

1b 2b Bn H 73a

1c 2c Bn Me 44a

2a 3a Ph H 88a

2b 3b Bn H 82a

2c 3c Bn Me 78b

3b 4bc Bn H 71a

3a 5ad Ph H 33b

3b 5be Bn H 71b

3c 5cd Bn Me 35b

5a 7a Ph H 83b ;f

5b 7b Bn H 55b ;f

5c 7c Bn Me 71b ;f

a Yields are isolated yields after recrystallization.
bYields are isolated yields after flash column chromatography.
c Ethanol was used as co-solvent, EtOH–xylenes¼ 1:9 (v/v).
d Benzyl alcohol (4 equiv) was used.
e Benzyl alcohol (10 equiv) was used.
f Yields are after two-step reactions from 5a–c.
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Scheme 1. Reagents and conditions: (a) hydrazine monohydrate,

EtOH, reflux; (b) NaNO2, 10% acetic acid in H2O, 0 �C, 30min; (c)

ROH, xylenes, reflux, (d) 10% Pd/C, H2, MeOH, rt, 90min; (e) 40% wt

glyoxal, EtOH, rt.
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carbamates are widely used protecting groups for
amines,16 a removal of the carbamates should occur to
give the desired 1-substituted 4,5-diaminopyrazoles.
Catalytic hydrogenolysis of the Cbz-masked diamino-
pyrazoles 5a–c gave the desired 1-substituted 4,5-di-
aminopyrazoles (6a–c) in situ. The diamine intermediates
were immediately condensed with glyoxal to afford the
pyrazolo[3,4-b]pyrazines (7a–c) in good yields (Scheme 1
and Table 1).

A conversion of the nucleoside precursor, ethyl 5-amino-
1-(2,3-O-isopropylidene-b-DD-ribofuranosyl)pyrazole-4-
carboxylate8;11;12 (8), into the corresponding acyl azide
10 was accomplished by the same procedures as
described earlier for the model compounds. The iso-
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Scheme 2. Reagents and conditions: (a) hydrazine monohydrate/EtOH (2:1, v

8; (c) (i) TFA/H2O¼ 9:1, rt, 1 h; (ii) Ac2O, pyr, rt, 1 h, 73% from 10 ; (d) 10

90min; (f) glyoxal or 2,3-butandione, EtOH, rt; (g) NH3/MeOH, rt, 1 h.
propylidene group was removed and the three hydroxy
groups were then fully protected with acetyl esters to
provide compound 11. Compound 11 then underwent a
Curtius rearrangement in the presence of excess benzyl
alcohol to give 5-amino-4-benzyloxycarbonylamino-1-
(2,3,5-tri-O-acetyl-b-DD-ribofuranosyl)pyrazole (12) in
51% yield. Catalytic hydrogenolysis of 12 afforded the
diamine 13 in situ and compound 13 was immediately
condensed with glyoxal or 2,3-butanedione to furnish
the peracetylated pyrazolo[3,4-b]pyrazine nucleosides
14a–b. The acetyl groups were removed with methanolic
ammonia to afford the desired nucleosides 15a–b
(Scheme 2 and Table 2).
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/v), reflux; (b) NaNO2, 10% acetic acid in H2O, 0 �C, 20min, 71% from

equiv BnOH, xylenes, reflux, 5 h, 51%; (e) 10% Pd/C, H2, MeOH, rt,



Table 2

Reactant Product R2 R3 R5 R Yield

(%)a

12 14a Ac Ac Ac H 68b

12 14b Ac Ac Ac Me 44b

14a 15a H H H H 76

14b 15b H H H Me 71

aThe reported yields are isolated yields.
bYields are after two-step reactions from 12.
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Our success in these Curtius rearrangement reactions
has provided a viable alternative route for the prepara-
tion of 4,5-diaminopyrazoles. The synthesis of pyraz-
olo[3,4-b]pyrazine nucleosides from the pre-formed
pyrazole nucleosides has established that the ribose is
located at the N1-position and avoids the formation of
possible regioisomers by the Vobruggen or the fusion
method.17;18 Synthesis of the 4,5-diaminopyrazole
nucleoside 13 and the nucleosides 15a–b19–23 also illus-
trates the potential for the synthesis of other nucleosides
with pyrazole-fused bicyclic heterocycles.
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