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An efficient two steps synthetic methodology of new 5(4)-aryl-4(5)-[3(5)-(2-hydroxyphenyl)-
1H-pyrazol-5(3)-yl]-1H-1,2,3-triazole dyads was established. The reaction of (E)-2-styryl-4H-
chromen-4-ones, used as building blocks, with sodium azide, gave 4(5)-aryl-5(4)-(chromon-2-
yl)-1H-1,2,3-triazoles bearing either electron-donating or electron-withdrawing substituents in
their styryl moiety which upon reaction with hydrazine hydrate afforded the expected pyrazoles
in moderate to very good yields.

2009 Elsevier Ltd. All rights reserved.

1. Introduction

1,2,3-Triazoles are five-membered < nitrogen heterocyclic
compounds, which display a wide spectrum.of pharmacological
properties.™* They are also used as intermediates in the synthesis
of antibiotics (e.g. Tazobactum),*® and applied as agrochemicals,
mainly as fungicides,” insecticides,” and plant growth
regulators.2® They have practical use in industrial applications as
dyes, corrosion inhibitors (of copper and copper alloys),
photostabilizers andin photographic materials."” Likewise,
pyrazole derivatives are 'highly recognized because of their
significant biological activities, mainly as antimicrobial,
analgesic, anti-inflammatory (Celecoxib and Pirazolac), and
anticancer agents.***? In particular, certain C- and/or N-(2-
hydroxyphenyl)pyrazoles are used as ultraviolet stabilizers,****
analytical reagents in the complexation of transition metal ions,™
analgesic agents, platelet aggregation inhibitors,*® and also potent
inhibitors of Hsp90 ATP-ase activity.'™® Similarly to 1,2,3-
triazoles, pyrazoles have also widespread application in the fields
of agriculture and in industry. %%

Fused pyrazole-1,2,3-triazoles, such as pyrazole[3,4-d]-1,2,3-
triazoles are known to exhibit antiproliferative properties and
ability to cleave DNA upon activation by light.”® Moreover 1,2,4-
triazole-containing  diarylpyrazolylcarboxamides, are potent
receptor antagonists for the CB, cannabinoid-type receptors with
effect in the treatment of obesity animal models.** Some
diarylpyrazoles with cannabinomimetic activity present an amide
bond that seems to be very important for their activity. 1,2,3-
Triazoles are units that can act as mimics of the position of atoms
and chemical properties of the amide bond, with no significant
susceptibility to hydrolysis.

Considering the referred important applications and in
continuation of our previous work to find new biologically active

heterocyclic compounds, including cannabinoid-type compounds,
based on the 3(5)-(2-hydroxyphenyl)-5(3)-styryl-1H-pyrazole
scaffold,”*?® now we are describing the synthesis of novel 3(5)-
(2-hydroxyphenyl)pyrazole-1,2,3-triazole dyads.

2. Results and discussion

Our first approach to obtain pyrazole-1,2,3-triazole dyads
involved the 1,3-dipolar cycloaddition reaction of 3(5)-(2-
hydroxyphenyl)-5(3)-styryl-1H-pyrazole 1a®" with sodium azide
(Scheme 1), accordingly to the procedure reported by Silva et al.
for the synthesis of 4(5)-aryl-5(4)-(chromon-2-yl)-1H-1,2,3-
triazoles.?® An excess of sodium azide (5 molar equiv) was added
to a solution of pyrazole 1a in DMF being the mixture refluxed
and after 6 hours the formation of a new product was observed by
TLC. The NMR spectra of the isolated compound revealed the
formation of  5(3)-(2-azido-2-phenylethyl)-3(5)-(2-hydroxy-
phenyl)-1H-pyrazole 2a (20% vyield),” which results from the
nucleophilic attack of the azide anion to the p-position of the
styryl double bond (Scheme 1). The analysis of the '"H NMR
spectra of compound 2a confirms the absence of the signals
typical of the vinylic protons H-a and H-p of compound 1a, and
the presence of two signals in the aliphatic region of the spectra:
i) a doublet at & 3.13 ppm due to the resonance of H-1” and a
triplet at &, 5.03 ppm due to the resonance of H-2”. The *C
NMR spectra of 2a also presents two signals in the aliphatic
region due to C-1"" at & 34.9 ppm and C-2” at & 73.7 ppm, the
latter more deshielded due to the presence of the azide group.

Aiming to promote the dehydrogenation and intramolecular
cyclization of the azide 2a, it was treated with chloranil (1 molar
equiv) in DMF and the mixture was refluxed for 24 hours, but
unfortunately, under these conditions only degradation of the
starting material was observed.
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In order to evaluate the electronic effect of the substituent on
the para-position of the styryl group on the reactivity of the
vinylic double bond, we tried the reaction of (E)-3(5)-(2-
hydroxyphenyl)-5(3)-(4-methoxystyryl)-1H-pyrazole 1b and (E)-
3(5)-(2-hydroxyphenyl)-5(3)-(4-nitrostyryl)-1H-pyrazole 1d with
sodium azide under the conditions previously described (a big
excess of sodium azide in refluxing DMF for more than 72
hours). In the case of 1b only the starting material was recovered
(90%) after 5 days of reaction time, while in the case of 1d
azidopyrazole 2d was obtained (37% yield) after 14 hours of
reaction. These results indicates that the g-addition of the azide
anion is favoured by the presence of an electron withdrawing
substituent on the para-position of the styryl group.

® R ;
B // O NaNg, DMF 3

OH N-\H 120°C, N,
1a,b,d

R = a) H, b) OCHa, d) NO,

cl
NaNs, DMFT

120°C, N,

Scheme 1. Reaction of (E)-3(5)-(2-hydroxyphenyl)-5(3)-styryl-1H-
pyrazoles 1a,b,d and 4a with sodium azide.

Our second approach towards the synthesis of pyrazole-1,2,3-
triazole dyads involved the protection of the NH of the pyrazole
with acetyl chloride in pyridine at room temperature. Acetyl was
selected as an electron withdrawing, in order to make the vinylic
double bond more electron deficient, and easily removable
protecting group. The reaction of 1-acetyl-3(5)-(2-hydroxy-
phenyl)-5(3)-styryl-1H-pyrazole 4a with 5 molar equiv of sodium
azide in refluxing DMF afforded pyrazole 1a (87% yield), due to
the cleavage of the acetyl group after 24 hours at reflux.

Since our strategies were not succeeded we had to develop
another synthetic method in order to prepare the pyrazole-1,2,3-
triazole dyads in good vyields. Following our previous work on
the  synthesis- of = 4(5)-aryl-5(4)-(chromon-2-yl)-1H-1,2,3-
triazoles,”® we prepared 4(5)-aryl-5(4)-(chromon-2-yl)-1H-1,2,3-
triazoles 6a,c,d (76-89%) from the reaction of (E)-2-styryl-4H-
chromen-4-ones 5a,c,d with sodium azide, whereas 6b was
obtained (34%) from the reaction of 2-[1,2-dibromo-2-(4-
methoxyphenyl)ethyl]-4H-chromen-4-one 7 with sodium azide,
both reactions in DMF at 120°C. Then, we performed the
reaction of compounds 6a-d with an excess of hydrazine hydrate
(5 molar equiv) in methanol at 60°C and we obtained the 5(4)-
aryl-4(5)-[3(5)-(2-hydroxyphenyl)-1H-pyrazol-5(3)-yl]-1H-1,2,3-
triazoles 3a-d/8a-d/9a-d in moderate to very good yields
depending on the substituent in the phenyl ring (Scheme 2, Table
1).%2 For compound 3a,b/8a,b/9a,b better yields were obtained
with a second addition of hydrazine hydrate (Table 1). The
reaction mechanism involves a nucleophilic attack at C-2 of the
4H-chromen-4-one nucleus and consequent ring opening,
followed by the intramolecular reaction between hydrazine and
the carbonyl group with consequent formation of the pyrazole
ring.** Compound 3a-d/8a-d/9a-d has six tautomers, two of the
pyrazole ring and three of the 1,2,3-triazole ring. That of the
pyrazole is suggested as represented due to the O-H--N
hydrogen bond between the OH and the N2' lone pair.2"%330%

The tautomerism of 1,2,3-triazoles generally involves the three
tautomers, N(1)H, N(2)H and N(3)H* and was not determined in
the present work.

3. Conclusions

(E)-2-styryl-4H-chromen-4-ones were used as building blocks
in the synthesis of 5(4)-aryl-4(5)-[3(5)-(2-hydroxyphenyl)-1H-
pyrazol-5(3)-yl]-1H-1,2,3-triazoles.  This  methodology  of

preparing pyrazole-1,2,3-triazole dyads is very expeditious since
the synthesis involves only two steps and compounds were
obtained in very good yields especially. for (E)-2-styryl-4H-
chromen-4-ones bearing electron-withdrawing - substituents in
their styryl moiety.

R =a)H, c) Cl, d) NO, NH,NH,.H,0
MeOH, 60°C, N,

Scheme 2. Synthesis of 5(4)-aryl-4(5)-[3(5)-(2-hydroxyphenyl)-1H-
pyrazol-5(3)-yl]-1H-1,2,3-triazoles 3a-d/8a-d/9a-d starting from 4(5)-
aryl-5(4)-(chromon-2-yl)-1H-1,2,3-triazoles 6a-d.

Table 1. Reaction conditions and yields obtained in the synthesis of 5(4)-
aryl-4(5)-[3(5)-(2-hydroxyphenyl)-1H-pyrazol-5(3)-yl]-1H-1,2,3-triazoles 3a-
d/ 8a-d/ 9a-d.

Compound NH;NH,.H,O  Reaction Temperature  Yield of
(molar equiv)  time (h) (°C) 3 (%)

6a, R=H 5 24 r.t 50
6a, R=H 5+5 48+27 r.t then 60 86

5 24 60 86
6b,R=0CH; 5 48 60 54
6b,R=0CH; 5+5 48424 60 67
6¢c,R=Cl 5 72 60 96
6d, R = NO, 5 72 60 90
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5(3)-(2-Azido-2-phenylethyl)-3(5)-(2-hydroxyphenyl)-1H-pyrazole
2a: Orange solid; Mp 251-252 °C. *H NMR (DMSO-dg+TFA,
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36.
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38.

3
300.13 MHz): &; 3.13 (d, 2H, J = 6.2 Hz, H-17), 5.03 (t, 1H, J =
6.2 Hz, H-27), 6.42 (s, 1H, H-4), 6.89 (dt, 1H, J = 7.8, 1.1 Hz, H-
5%),7.01 (dd, 1H,J =7.8, 1.1 Hz, H-3"), 7.20 (dt, 1H, J = 7.8, 1.6
Hz, H-4%), 7.35-7.39 (m, 5H, H-2"",3"".4",5"°,6"), 7.51 (dd, 1H,
J = 7.8, 1.6 Hz, H-6"), 13.00 (s, 1H, 2’-OH) ppm; *C NMR
(DMSO-de+TFA, 125.77 MHz): & 34.9 (C-17), 73.7 (C-27),
101.5 (C-4), 116.9 (C-1°), 117.1 (C-3*), 119.3 (C-5"), 125.8 (C-
377.57%), 126.5 (C-6), 128.5 (C-4""), 129.0 (C-2",6""), 129.2 (C-
4%), 141.3 (C-5), 143.1 (C-1"), 151.9 (C-3), 156.1 (C-2’) ppm.
ESI(+) MS m/z (int. rel.) 306 ([M+H)", 76), 328 ([M+Na]*, 10);
HR-ESI(+) MS m/z calcd. for (C17HisNsO+H)": 306.1277; found
306.1276.
General procedure for the synthesis of 5(4)-aryl-4(5)-/3(5)-(2-
hydroxyphenyl)-1H-pyrazol-5(3)-yl /-1H-1,2,3-triazoles 3a-d. To a
solution of 4(5)-aryl-5(4)-(chromon-2-yl)-1H-1,2,3-triazoles 6a—-d
(0.52 mmol) in methanol (10 mL) were added an excess of
hydrazine monohydrate (see Table 1) and the mixture was heated
at 60°C (for reaction time see Table 1) under nitrogen atmosphere.
After this period the mixture was poured into acidified water (pH
= 5) and the aqueous layer was extracted with chloroform and
dried over anhydrous sodium sulfate. The solvent was evaporated
to dryness and the solid residue was purified by thin layer
chromatography- using a 3:1 mixture of ethyl acetate: light
petroleum as eluent. After several elutions, the main fraction was
collected -and after solvent evaporation the residue was
recrystallized from ethanol to give compounds 3a-d in moderate to
very good yields (3a, 86%, 135.64 mg; 3b, 67%, 116.14 mg; 3c,
96%, 168.61 mg; 3d, 90%, 163.01 mg).
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(DMSO-ds+TFA, 300.13 MHz) &4 6.86 (dt, 1H, J = 7.8, 0.9 Hz,
H-5"), 6.95 (dd, 1H, J = 7.8, 0.9 Hz, H-3”), 6.97 (s, 1H, H-4"),
7.16 (dt, 1H, J = 7.8, 1.5 Hz, H-4"), 7.41-7.48 (m, 3H, H-
27,6™,4),7.66 (dd, 1H, J =7.8, 1.5 Hz, H-6), 7.80 (dd, 2H, J =
8.2, 1.4 Hz, H-3"",5"), 13.00 (s, 2°’-OH) ppm; *C NMR (DMSO-
de+TFA, 75.47 MHz): & 103.8 (C-4’), 116.1 (C-17), 116.7 (C-
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