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Abstract: 1H-Pyrazolo[1,5-b]indazoles were prepared via a domi-
no Staudinger—aza-Wittig cyclization in one-pot fashion, starting
from easily accessible azides and triphenylphosphine.
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Domino reactions have drawn great interest in modern or-
ganic synthesis and medicinal chemistry because of their
ability to create structurally diverse complex molecules
from simple precursors in efficient one-pot processes.!
Compared to stepwise reactions, domino reactions have
high bond-forming efficiency owning to that they can
form several bonds in one sequence without isolating the
reaction intermediates.

The indazole unit represents an important structural motif
found in some biologically relevant compounds. Mole-
cules containing this motif are the subject of considerable
interest as potent anti-HIV,? antiplatelet,’ anticancer,*
antimicrobial,>® and antifungal agents.”® Much effort has
been invested in the synthesis of indazoles or fused inda-
zoles to deduce structure—activity relationships and dis-
cover new analogues with improved properties.

The aza-Wittig reaction has become a powerful synthetic
tool for the preparation of acyclic and heterocyclic com-
pounds.’ Molina et al. have reported an effective route for
the synthesis of indazoles by tandem aza-Wittig reaction
(Scheme 1).!° The intermediate indazolyl iminophospho-
rane 3 was directly obtained from the abnormal Stauding-
er reaction of the azides 1 through the phosphazide
intermediate 2 in 53% yield. We envisioned that a domino
Staudinger—aza-Wittig reaction would take place to give
fused indazoles without isolating the iminophosphorane
intermediate, if a suitable azide 1 containing a carbonyl
group was used. Continuing our interest in the synthesis of
N-heterocycles via the aza-Wittig reaction,!! we wish to
report herein an efficient synthesis of 1H-pyrazolo[1,5-
blindazoles by a domino Staudinger—aza-Wittig reaction
in one-pot fashion.

A mixture of 2-azidobenzaldehyde (4) and ketones was
stirred in ethanol at 0 °C for one to two hours in the pres-
ence of piperidinium acetate.'? The condensation reaction
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was carried out smoothly, and the azides 5 were obtained
after recrystallization in good yields (Scheme 2).!?
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Scheme 1 Literature preparation of indazolyl iminophosphorane 3
from abnormal Staudinger reaction
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Scheme 2 Synthesis of the azides §

When azides 5 were treated with triphenylphosphine in
toluene at 0 °C for two hours, and then at refluxing tem-
perature for two to eight hours, the previously seldom re-
ported 1H-pyrazolo[1,5-b]indazoles 9 were isolated
directly in good yields (78-90%, Scheme 3, Table 1).'?
The domino formation of 1H-pyrazolo[1,5-b]indazoles 9
can be viewed as an initial abnormal Staudinger reaction
between the azide 5 and triphenylphosphine to create the
phosphazide intermediate 6, which cyclizes to give imino-
phosphorane 7, probably via nucleophilic attack of the
central nitrogen atom of the phosphazide moiety on the [3-
carbon atom of the o,-unsaturated ketones and subse-
quent transformation. Further intramolecular aza-Wittig
reaction of 7 produces cyclized compound 8, in which a
1,3-H shift takes place to give the 1H-pyrazolo[1,5-b]in-
dazoles 9. It is noteworthy that the reaction proceeds un-
der mild conditions to give various substituted 1H-
pyrazolo[1,5-b]indazoles 9, and the overall transforma-
tion is run in a simple one-pot procedure from azides 5 in
good overall yields.
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Scheme 3 Synthesis of the 1H-pyrazolo[1,5-b]indazoles 9 by
domino Staudinger—aza-Wittig reaction

Table 1 Preparation of Compounds 9a-1 from Azides 5a—1

Entry Product9 R! R? Yield (%)?
1 9a Me OEt 90
2 9b Me Me 85
3 9¢ Me PhNH 82
4 9d Ph OEt 85
5 9e Me 4-MeC¢H,NH 82

6 9f Me 4-CIC,H,NH 87
7 9¢ Me 3-CIC{H,NH 81
8 9h Me 2-MeC¢H,NH 84
9 9i Me n-PrNH 87
10 9j Me N(CH,)s 81
11 9k Ph Ph 83
12 91 4-O,NC¢H, OEt 78
2 Yields based on azides 5.
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Scheme 4 Literature preparation of quinolines 11 from azides §
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It is noteworthy that Smalley et al. have reported the syn-
thesis of quinolines 11 from the normal tandem Stauding-
er—aza-Wittig reaction of some azides 5 with triethyl
phosphite (Scheme 4).'"* However, in our laboratory,
when some azides 5 were reacted with triethyl phosphite
at room temperature for two hours and then at refluxing
temperature for three to four hours, only 1 H-pyrazolo[1,5-
blindazoles 9 were obtained with no quinolines 11 forma-
tion.

In conclusion, we have developed an efficient one-pot
synthesis of 1H-pyrazolo[1,5-b]indazoles by a domino
Staudinger—aza-Wittig reaction. The mild reaction condi-
tions and the easy availability of the starting materials
make this method a valuable tool for generating 1 H-pyr-
azolo[1,5-b]indazoles, which are of considerable interest
as potential biological active compounds or pharmaceuti-
cals.
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General Procedure for the Preparation of Azides S

To a mixture of piperidine (0.85 g, 10 mmol) and AcOH (0.6
g, 10 mmol) in EtOH (10 mL) at 0 °C was added 2-
azidobenzaldehyde (1.32 g, 10 mmol) and ketone (10
mmol). After stirring for 1-2 h, the solvent was evaporated
under vacuum, and the residue was recrystallized to give the
azide 5.

Compound 5a: light yellow solid (yield 89%), mp 75-76 °C.
"H NMR (600 MHz, CDCl,): 6 = 7.80 (s, 1 H, =CH), 7.46—
7.11 (m, 4 H, ArH), 4.30-4.25 (m, 2 H, OCH,), 2.45 (s, 3 H,
CHj;), 1.24-1.20 (m, 3 H, CH;) ppm. '*C NMR (150 MHz,
CDCl,): d=194.7,167.1,139.3, 136.2, 135.5, 131.6, 128.9,
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(13)

(14

124.6, 118.3,61.5,26.4, 13.7 ppm. MS (EI, 70 eV): m/z (%)
=259 (4) [M*], 231 (12), 217 (19), 203 (27), 143 (100), 115
(58). Anal. Calcd for C;3H3N;05: C, 60.22; H, 5.05; N,
16.21. Found: C, 60.01; H, 4.92; N, 16.02.

General Procedure for the Preparation of 9

To a solution of azide 5 (2 mmol) in dry toluene (10 mL) was
added dropwise a solution of Ph;P (0.52 g, 2 mmol) in
toluene (10 mL) at 0 °C. The reaction mixture was stirred for
2 h and then was refluxed for 2-8 h. The mixture was
condensed, and the precipitate was collected or the residue
was chromatographed (PE-Et,0, 4:1) on a silica gel column
to give 1H-pyrazolo[1,5-b]indazole derivatives 9.
Compound 9a: white solid (yield 90%); mp 193-194 °C. 'H
NMR (600 MHz, CDCl;): 6 =12.0 (s, 1 H,NH), 8.27 (d, /=
7.8 Hz,2 H, ArH), 7.54-7.32 (m, 4 H, ArH), 4.45 (q,J=7.2
Hz, 2 H, OCH,), 2.67 (s, 3 H, CH;), 1.50 (t,/=7.2 Hz, 3 H,
CH,) ppm. 3C NMR (150 MHz, CDCl,): § = 164.0, 152.7,
143.4,135.5,128.4,123.0, 122.4,116.2, 110.8, 100.2, 59.9,
14.8, 14.3 ppm. MS (EI, 70 eV): m/z (%) = 243 (39) [M*],
198 (10), 144 (100). Anal. Calcd for C,;H,;N;0,: C, 64.19;
H, 5.39; N, 17.27. Found: C, 63.89; H, 5.22; N, 17.32.
Luheshi, A. B.N.; Salem, S. M.; Smalley, R. K. Tetrahedron
Lett. 1990, 31, 6561.
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