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MULTISTEP SYNTHESIS OF PYRAZOLES FROM
THIOPHENE-CONTAINING CHALCONE ANALOGUES

Gheorghe ROMAN?

Three thiophene-substituted NH-pyrazoles with potential biological activities
have been obtained from the corresponding chalcone analogues in three synthetic
steps. The reaction sequence comprised addition of bromine, conversion of chalcone
dibromides into S-diketones, and ring closure. The enol-ketone tautomerism in the
case of p-diketones, and the annular tautomerism for NH-pyrazoles were
investigated in solution using NMR. The unusual replacement of the bromine atom f
to the carbonyl with ethoxy in two chalcone dibromides having a para-
methoxyphenyl moiety has also been reported.
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1. Introduction

One of the heteroaromatic ring systems that find many important practical
applications and a particularly extensive use in medicinal chemistry is pyrazole
[1]. As an example, over 200 biologically active pyrazoles have been reported in a
general review that covers the 2002-2012 decade [2], while the progress in the
development of novel pyrazoles with anti-inflammatory, antimicrobial and/or
anticancer activities has been recently reviewed [3-5]. In addition, monoamine
oxidase inhibitory activity of pyrazoles (as well as that of their partially and fully
reduced analogues) has been surveyed in correlation with these compounds'
usefulness as antidepressant and anticonvulsant agents [6], whereas a recent
overview of pyrazole as the core scaffold in the generation of antimycobacterials
is also available [7]. In particular, 3,5-diarylpyrazoles have been found to inhibit
arylamine N-acetyltransferase, an enzyme that has been implicated as a potential
anti-tubercular target [8], or to inhibit the growth of several carcinoma cell lines
[9]. 3,5-Diarylpyrazoles also exhibited neuroprotective properties against
excitotoxicity induced by N-methyl-p-aspartate, presumably through the
inhibition of voltage-gated sodium channels [10], and their tautomers were shown
to undergo a significant equilibrium perturbation that is induced during the
specific recognition by monoamine oxidases A and B isoforms [11]. As for the
thienyl-substituted pyrazoles, a close inspection of the literature revealed the
paucity of information regarding their biological activities [12, 13], which could
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be a consequence of the small number (less than 20) of pyrazoles featuring as
substituent a thiophene ring that have been described both in journal articles or
patents. Therefore, the present study aims at establishing a reliable multistep
synthetic pathway for the preparation of thienyl-substituted pyrazoles for
subsequent biological evaluation, and reports the synthesis and the structural
characterization of both the target compounds and the required intermediates.

2. Experimental

All chemical reagents and solvents were purchased from commercial
suppliers (Sigma—Aldrich, Alfa Aesar and Merck), and were used without further
purification. Melting points were taken on a Mel-Temp Il apparatus and are
uncorrected. *H and *C NMR spectra were recorded on a Bruker Avance 400-
MHz spectrometer. The signals owing to residual protons in the deuterated
solvents were used as internal standards for the *H NMR spectra. The chemical
shifts for the carbon atoms are given relative to CDCls (6 = 77.16 ppm) or de-
DMSO (0 = 39.52 ppm) [14].

3-(4-Methoxyphenyl)-1-(thiophen-2-yl)prop-2-en-1-one (5). A solution of
2-acetylthiophene 1 (2.52 g, 20 mmol) and 4-methoxybenzaldehyde 2 (2.72 g, 20
mmol) in ethanol (10 mL) was treated with 10% NaOH (10 drops), and then it
was stirred at room temperature overnight. The resulting solid was filtered,
sequentially washed with 2-propanol (5 mL) and petroleum ether (10 mL), air-
dried, and recrystallized from ethanol to afford yellow crystals (3.07 g, 63%), mp
81-82 °C (lit. mp 81-82 °C [15]; lit. mp 80-82 °C [16]); *H NMR (CDCls, 400
MHz): ¢ 3.86 (s, 3H), 6.94 (d, J = 8.4 Hz, 2H), 7.18 (dd, J = 4.0 and 4.8 Hz, 1H),
7.31 (d, J = 15.6 Hz, 1H), 7.60 (d, J = 8.4 Hz, 2H), 7.66 (dd, J = 0.8 and 4.8 Hz,
1H), 7.83 (d, J = 15.6 Hz, 1H), 7.85 (dd, J = 0.8 and 4.0 Hz, 1H); 3C NMR
(CDClg3, 100 MHz): 6 55.5, 114.6, 119.4, 127.6, 128.3, 130.4, 131.6, 133.6, 144.0,
145.9, 161.9, 182.2.

3-(2,4-Dichlorophenyl)-1-(thiophen-2-yl)prop-2-en-1-one  (6). To a
solution of 2-acetylthiophene 1 (2.52 g, 20 mmol) and 2,4-dichlorobenzaldehyde
3 (3.50 g, 20 mmol) in ethanol (20 mL), 10% NaOH (10 drops) was added, and
then the mixture was stirred at room temperature overnight. The solid was filtered,
washed with ethanol (10 mL), air-dried, and recrystallized from ethanol to give
yellowish crystals (4.58 g, 81%), mp 120-121 °C (lit. mp 119-120 °C [17]); *H
NMR (CDCls, 400 MHz): ¢ 7.19 (dd, J = 4.0 and 4.8 Hz, 1H), 7.30 (dd, J = 2.0
and 8.4 Hz, 1H), 7.36 (d, J = 16.0 Hz, 1H), 7.46 (d, J = 2.0 Hz, 1H), 7.67 (d, J =
8.4 Hz, 1H), 7.70 (dd, J = 1.2 and 4.8 Hz, 1H), 7.86 (dd, J = 1.2 and 4.0 Hz, 1H),
8.14 (d, J = 16.0 Hz, 1H); 3C NMR (CDCls, 100 MHz): § 124.8, 127.7, 128.5,
128.7,130.3, 131.8, 132.3, 134.5, 136.3, 136.7, 138.7, 145.2, 181.7.
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3-(3,4-Dimethoxyphenyl)-1-(thiophen-2-yl)prop-2-en-1-one (7). A mixture
of 2-acetylthiophene 1 (2.52 g, 20 mmol) and 3,4-dimethoxybenzaldehyde 4 (3.22
g, 20 mmol) in abs. ethanol (10 mL) was dropwise treated with SOCI, (1 mL).
The mixture was stirred at room temperature for 1 h, and then it was kept at room
temperature overnight. The reaction mixture was carefully diluted with water (50
mL), and stirred at room temperature for 2 h. The resulting solid was filtered,
washed thoroughly with water, air-dried, and recrystallized from ethanol to give
yellow crystals (3.81 g, 63%), mp 104-105 °C (lit. mp 106 °C [18]); H NMR
(CDClgz, 400 MHz): ¢ 3.93 (s, 3H), 3.95 (s, 3H), 6.90 (d, J = 8.4 Hz, 1H), 7.15 (d,
J =2.0Hz, 1H), 7.18 (dd, J = 4.0 and 4.8 Hz, 1H), 7.24 (dd, J = 2.0 and 8.4 Hz,
1H), 7.29 (d, J = 15.6 Hz, 1H), 7.66 (dd, J = 0.8 and 4.8 Hz, 1H), 7.81 (d, J =
15.6 Hz, 1H), 7.86 (d, J = 4.0 Hz, 1H); 3C NMR (CDCls, 100 MHz): 6 56.1 (2 C
atoms), 110.3, 111.3, 119.6, 123.3, 127.8, 128.3, 131.6, 133.7, 144.3, 145.38,
149.3, 151.6, 182.1.

2,3-Dibromo-3-(4-methoxyphenyl)-1-(thiophen-2-yl)propan-1-one (8). To
a solution of 3-(4-methoxyphenyl)-1-(thiophen-2-yl)prop-2-en-1-one 5 (2.44 g, 10
mmol) in chloroform (6 mL) a solution of bromine (1.6 g, 10 mmol) in
chloroform (6 mL) was dropwise added, and the mixture was stirred at room
temperature for 2 h. The solid that resulted after dilution with hexanes (40 mL)
and refrigeration for 3 h was filtered, washed with hexanes and air-dried to give
off-white crystals (3.715 g, 92%), mp 153-154 °C (dec.) (lit. mp 148-149 °C
[19]); *H NMR (CDCls, 400 MHz): 6 3.84 (s, 3H), 5.61 (d, J = 11.2 Hz, 1H), 5.66
(d, J =11.2 Hz, 1H), 6.94 (d, J = 8.8 Hz, 2H), 7.23 (dd, J = 4.0 and 4.8 Hz, 1H),
7.44 (d, J = 8.8 Hz, 2H), 7.80 (dd, J = 0.8 and 4.8 Hz, 1H), 7.94 (dd, J = 0.8 and
4.0 Hz, 1H); °C NMR (CDCls, 100 MHz): § 48.7, 50.2, 55.5, 114.4, 128.7, 129.7,
130.3, 133.5, 136.0, 141.2, 160.3, 184.4.

2,3-Dibromo-3-(2,4-dichlorophenyl)-1-(thiophen-2-yl)propan-1-one  (9).
This compound was prepared from 3-(2,4-dichlorophenyl)-1-(thiophen-2-yl)prop-
2-en-1-one 6 (2.83 g, 10 mmol) and bromine (1.6 g, 10 mmol) in chloroform (12
mL) in a manner similar to that described for dibromide 8. Recrystallization from
ethanol afforded off-white crystals (3.145 g, 71%), mp 138-139 °C; 'H NMR
(CDCls, 400 MHz): 6 5.62 (br s, 1H), 6.15 (br s, 1H), 7.23 (dd, J = 4.0 and 4.8 Hz,
1H), 7.36 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 1.2 Hz, 1H), 7.57 (br s, 1H), 7.81 (d, J
= 4.8 Hz, 1H), 7.94 (d, J = 4.0 Hz, 1H); 3C NMR (CDCls, 100 MHz): 6 43.6,
47.1,128.1, 128.8, 130.1 (br, 2 C atoms), 133.6, 134.6, 134.9, 135.7, 136.2, 140.9,
183.6.

2,3-Dibromo-3-(3,4-dimethoxyphenyl)-1-(thiophen-2-yl)propan-1-one
(10). This compound was prepared from 3-(3,4-dimethoxyphenyl)-1-(thiophen-2-
ylprop-2-en-1-one 7 (2.74 g, 10 mmol) and bromine (1.6 g, 10 mmol) in
chloroform (12 mL) in a manner similar to that described for dibromide 8. Off-
white crystals (3.73 g, 86%), mp 134135 °C (lit. mp 133-134 °C [19]); *H NMR
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(CDClz, 400 MHz): ¢ 3.92 (s, 3H), 3.95 (s, 3H), 5.59 (d, J = 11.6 Hz, 1H), 5.64
(d, J=11.6 Hz, 1H), 6.89 (d, J = 8.4 Hz, 1H), 6.99 (d, J = 2.0 Hz, 1H), 7.09 (dd, J
= 2.0 and 8.4 Hz, 1H) 7.23 (dd, J = 4.0 and 4.8 Hz, 1H), 7.80 (dd, J = 0.4 and 4.8
Hz, 1H), 7.95 (dd, J = 0.4 and 4.0 Hz, 1H); 3C NMR (CDCls, 100 MHz): ¢ 48.6,
50.6, 56.1, 56.2, 111.1, 111.3, 121.3, 128.7, 130.6, 133.5, 136.0, 141.2, 149.3,
150.0, 184.3.
2-Bromo-3-ethoxy-3-(4-methoxyphenyl)-1-(thiophen-2-yl)propan-1-one
(11). 2,3-Dibromo-3-(4-methoxyphenyl)-1-(thiophen-2-yl)propan-1-one 8 (404
mg, 1 mmol) was dissolved under efficient stirring in boiling abs. ethanol (6 mL),
and then the solution was allowed to slowly cool to room temperature. Addition of
hexanes (6 mL) and refrigeration at -10 °C overnight afforded colorless crystals
(284 mg, 77%), mp 96-97 °C; *H NMR (DMSO-ds, 400 MHz): § 0.87 (t, J = 7.2
Hz, 3H, -CHz), 3.25 (q, J = 7.2 Hz, 2H, -OCH>-), 3.78 (s, 3H, -OCHg), 4.78 (d, J
=10.0 Hz, 1H, >CHOEt), 5.59 (d, J = 10.0 Hz, 1H, >CHBr), 6.97 (d, J = 8.4 Hz,
2H, aromatic protons ortho to —-OCHs3), 7.32 (dd, J = 4.0 and 4.8 Hz, 1H, aromatic
proton at C-4 in thiophene), 7.47 (d, J = 8.4 Hz, 2H, aromatic protons meta to —
OCHpg), 8.15 (dd, J = 0.8 and 4.8 Hz, 1H, aromatic proton at C-5 in thiophene),
8.36 (dd, J = 0.8 and 4.0 Hz, 1H, aromatic proton at C-3 in thiophene); 13C NMR
(DMSO-dg, 100 MHz): 6 14.9 (-CH3), 48.3 (>CHBtr), 55.1 (-OCHj3), 64.3 (-OCH3-
), 80.7 (>CHOEL), 113.5 (tertiary C atom ortho to =C-OCHzs), 129.1 (C-4 in
thiophene), 129.8 (tertiary C atom meta to =C-OCHs), 130.0 (quaternary C atom
para to =C-OCHs), 135.2 (C-3 in thiophene), 137.0 (C-5 in thiophene), 141.8
(quaternary C-2 in thiophene), 159.4 (=C-OCHj3), 186.5 (>C=0).
2-Bromo-3-ethoxy-3-(3,4-dimethoxyphenyl)-1-(thiophen-2-yl)propan-1-
one (12). 2,3-Dibromo-3-(3,4-dimethoxyphenyl)-1-(thiophen-2-yl)propan-1-one
10 (434 mg, 1 mmol) and abs. ethanol (5 mL) were stirred efficiently at reflux
temperature until the solid dissolved. Upon slow cooling to room temperature, the
solution deposited colorless crystals (315 mg, 79%), mp 133-134 °C; 'H NMR
(CDClz, 400 MHz): ¢ 1.00 (t, J = 7.2 Hz, 3H), 3.39 (q, J = 7.2 Hz, 2H), 3.90 (s,
3H), 3.93 (s, 3H), 4.85 (d, J = 10.0 Hz, 1H), 4.94 (d, J = 10.0 Hz, 1H), 6.89 (d, J =
8.0 Hz, 1H), 6.98 (d, J = 1.6 Hz, 1H), 7.02 (dd, J = 1.6 and 8.0 Hz, 1H), 7.17 (dd,
J=4.0and 4.8 Hz, 1H), 7.73 (dd, J = 0.8 and 4.8 Hz, 1H), 7.86 (dd, J = 0.8 and
4.0 Hz, 1H); 13C NMR (CDCls, 100 MHz): 6 15.2, 49.5, 56.0, 56.1, 65.7, 81.5,
110.6, 110.7, 121.0, 128.4, 131.0, 133.2, 135.2, 142.2, 149.1, 149.4, 186.3.
3-Hydroxy-1-(4-methoxyphenyl)-3-(thiophen-2-yl)prop-2-en-1-one (or 3-
hydroxy-3-(4-methoxyphenyl)-1-(thiophen-2-yl)prop-2-en-1-one) (13). A solution
of sodium methoxide, previously obtained from sodium (230 mg, 10 g-atom) and
abs. methanol (10 mL), was gradually added to a suspension of 2,3-dibromo-3-(4-
methoxyphenyl)-1-(thiophen-2-yl)propan-1-one 10 (1616 mg, 4 mmol) in abs.
methanol (10 mL) at room temperature. The mixture was heated at reflux
temperature for 1 h, then it was cooled in a water bath to approximately 40 °C.
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Concentrated HCI (36.5%, 4 mL) was carefully added to the reaction mixture,
which was subsequently heated at reflux temperature for 5 min. Gradual addition
of water (80 mL) gave a solid material, which was filtered, washed with water,
air-dried, and recrystallized to afford yellow crystals (820 mg, 79%), mp 124-125
°C (2-propanol); *H NMR (CDCls, 400 MHz): 6 3.88 (s, 3H), 6.62 (s, 1H), 6.97
(d, J = 8.8 Hz, 2H), 7.16 (dd, J = 4.0 and 4.8 Hz, 1H), 7.61 (dd, J = 0.8 and 4.8
Hz, 1H), 7.78 (dd, J = 0.8 and 4.0 Hz, 1H), 7.92 (d, J = 8.8 Hz, 2H), 16.53 (br s,
1H); BC NMR (CDCIls, 100 MHz): 6 55.6, 92.2, 114.2, 127.1, 128.4, 129.1,
130.0, 132.2, 142.3, 163.2, 181.6, 181.8.
1-(2,4-Dichlorophenyl)-3-hydroxy-3-(thiophen-2-yl)prop-2-en-1-one  (or
3-(2,4-dichlorophenyl)-3-hydroxy-1-(thiophen-2-yl)prop-2-en-1-one) (14). This
compound was prepared from 2,3-dibromo-3-(2,4-dichlorophenyl)-1-(thiophen-2-
yl)propan-1-one 9 (1772 mg, 4 mmol) in a manner identical to that described for
keto-enol 13. Recrystallization afforded yellow crystals (775 mg, 65%), mp 95-96
°C (ethanol); *H NMR (CDClIs, 400 MHz): 6 6.61 (s, 1H), 7.17 (dd, J = 4.0 and
4.8 Hz, 1H), 7.35 (dd, J = 2.0 and 8.8 Hz, 1H), 7.50 (d, J = 2.0 Hz, 1H), 7.62—7.69
(m, 2H), 7.77 (dd, J = 1.2 and 4.0 Hz, 1H), 15.92 (br s, 1H); **C NMR (CDCls,
100 MHz): ¢ 98.7, 127.6, 128.6, 130.8, 131.1, 131.3, 133.0, 133.3, 133.5, 137.3,
141.7,179.5, 182.6.
3-Hydroxy-1-(3,4-dimethoxyphenyl)-3-(thiophen-2-yl)prop-2-en-1-one (or
3-hydroxy-3-(3,4-dimethoxyphenyl)-1-(thiophen-2-yl)prop-2-en-1-one) and 1-
(3,4-dimethoxyphenyl)-3-(thiophen-2-yl)propan-1,3-dione (15). This compound
was prepared from  2,3-dibromo-3-(3,4-dimethoxyphenyl)-1-(thiophen-2-
yl)propan-1-one 10 (1736 mg, 4 mmol) in a manner identical to that described for
keto-enol 13. Addition of water to the reaction mixture led to the separation of a
heavy reddish oil, which did not solidify after having been stirred at room
temperature for 1 h. The supernatant was then removed as thoroughly as possible,
and the oil was dissolved in hot ethanol (8 mL). Slow cooling of the solution to
room temperature and subsequent refrigeration afforded yellow crystals (755 mg,
65%), mp 78-79 °C; for the keto-enol form: *H NMR (CDCls, 400 MHz): 6 3.95
(s, 3H), 3.96 (s, 3H), 6.62 (s, 1H), 6.92 (d, J = 8.4 Hz, 1H), 7.15 (dd, J = 4.0 and
4.8 Hz, 1H), 7.49 (d, J = 2.0 Hz, 1H), 7.56 (dd, J = 2.0 and 8.4 Hz, 1H), 7.60 (dd,
J=0.8 and 4.8 Hz, 1H), 7.78 (dd, J = 0.8 and 4.0 Hz, 1H), 16.58 (br s, 1H); **C
NMR (CDCls, 100 MHz): ¢ 56.2, 92.3, 109.6, 110.7, 121.1, 127.6, 128.4, 130.0,
130.2, 142.0, 149.2, 152.9, 181.1, 182.3; for the B-diketone form: 'H NMR
(CDCls, 400 MHz): 6 3.91 (s, 3H), 3.93 (s, 3H), 4.50 (s, 2H), 6.89 (d, J = 8.4 Hz,
1H), 7.11-7.16 (m, 1H), 7.54-7.59 (m, 1H), 7.65-7.73 (m, 2H), 7.87 (dd, J = 0.8
and 4.0 Hz, 1H); *C NMR (CDCls, 100 MHz): 6 51.6, 56.1, 56.2, 110.3, 110.8,
124.5. 128.5, 129.6, 130.0, 134.2, 135.1, 149.2, 186.6, 191.8.
5(3)-(4-Methoxyphenyl)-3(5)-(thiophen-2-yl)-1H-pyrazole (16). A mixture
of diketone 13 (520 mg, 2 mmol) and hydrazine hydrate (800 mg, 16 mmol) in
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ethanol (5 mL) was heated at reflux temperature for 2 h. The mixture was cooled
to room temperature and gradually diluted with water (45 mL). The solid was
filtered, thoroughly washed with water, air-dried, and recrystallized from 2-
propanol to give colorless crystals (328 mg, 64%), mp 158-159 °C (lit. mp 100 °C
[20]); *H NMR (CDCls, 400 MHz): 6 3.78 (s, 3H), 6.54 (s, 1H), 6.79 (d, J = 8.4
Hz, 2H), 6.96 (dd, J = 4.0 and 4.8 Hz, 1H), 7.17 (d, J =5.2 Hz, 1H), 7.21 (d, J =
4.4 Hz, 1H), 7.54 (d, J = 8.4 Hz, 2H), 10.17 (br s, 1H); **C NMR (CDCls, 100
MHz): 6 55.4, 99.3, 114.3, 122.8, 124.1, 124.6, 127.0, 127.6, 135.5, 145.7, 146.5,
159.8.

5(3)-(2,4-Dichlorophenyl)-3(5)-(thiophen-2-yl)-1H-pyrazole (17). This
compound was prepared from diketone 14 (598 mg, 2 mmol) in a manner
identical to that described for pyrazole 16. Recrystallization afforded colorless
crystals (389 mg, 66%), mp 187-188 °C (2-propanol); *H NMR (DMSO-ds, 400
MHz) for both tautomers: 6 6.94-7.04 (1Hmajor + 1Hminor), 7.10 (dd, J = 4.0 and
48 HZ, 1Hmajor), 717 dd, J = 40 and 48 HZ, leinor), 742—754 (2Hmajor +
2Hminor), 754—765 (1Hmajor + 1Hminor), 765—773 (1Hmajor + 1Hminor), 779 (S,
1Hmajor), 7.87 (d, J = 8.4 Hz, 1Hminor); *C NMR (DMSO-ds, 100 MHz) for both
tautomers: 6 103.2, 123.9, 124.8, 126.2, 127.3, 127.5, 127.6, 127.7, 128.1, 129.6,
129.8, 130.9, 131.0, 131.5, 131.8, 132.0, 132.8, 133.8, 136.5, 137.3, 139.1, 146.4,
147.8.

5(3)-(3,4-Dimethoxyphenyl)-3(5)-(thiophen-2-yl)-1H-pyrazole (18). This
compound was prepared from diketone 15 (580 mg, 2 mmol) in a manner
identical to that described for pyrazole 16. Recrystallization afforded colorless
crystals (378 mg, 66%), mp 163-164 °C (2-propanol); *H NMR (CDCls, 400
MHz): 6 3.60 (s, 3H), 3.83 (s, 3H), 6.46 (s, 1H), 6.67 (d, J = 8.0 Hz, 1H), 6.86
(dd, J = 4.0 ad 4.8 Hz, 1H), 7.04-7.22 (m, 4H), 11.66 (br s, 1H); ¥C NMR
(CDCl3, 100 MHz): ¢ 55.7, 55.9, 98.8, 108.6, 111.2, 118.2, 122.8, 124.0, 124.4,
127.5, 135.1, 145.4, 146.6, 149.1 (2 C atoms).

3. Results and discussion

The reaction of 1,3-diarylpropane-1,3-diones with hydrazine or hydrazine
derivatives is by far the broadest and most efficient method for the preparation of
3,5-diarylpyrazoles [21], making 1,3-diketones the most widely used
intermediates in the synthesis of these heterocycles. Although 1,3-diaryl-
substituted p-diketones are typically obtained through the mixed Claisen
condensation of an acetophenone with an aromatic ester in the presence of a
strong base [22], we decided to explore a different, less employed route using
chalcone analogues as starting materials. This approach, which requires a couple
of additional but undemanding steps compared to the aforementioned direct one-
step Claisen condensation, leads to the desired B-diketones through a sequence
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Scheme 1. Multistep synthesis of 3(5)-aryl-5(3)-(thiophen-2-yl)pyrazoles from chalcone
analogues: a) ethanol, NaOH, rt, overnight (or ethanol, SOCI, rt, overnight); b) bromine,
chloroform, rt, 2 h; c) ethanol, reflux, 1 min; d) sodium methoxide, methanol, reflux, 1 h, then
36% HCI, reflux, 5 min; e) hydrazine hydrate, ethanol, reflux, 2 h.

that comprises a Claisen—-Schmidt condensation giving the desired chalcone
analogues, followed by addition of bromine to afford the corresponding chalcone
dibromides, which were subsequently converted in the key step of this sequence
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into propane-1,3-diones, as previously reported for similar compounds [23].
Finally, ring closure of these propane-1,3-diones to the target thienyl-substituted
pyrazoles was accomplished using excess hydrazine hydrate (Scheme 1).

The thienyl-containing chalcone analogues 5 and 6 required as starting
materials in this study were synthesized with very good yields through the NaOH-
catalyzed Claisen condensation of 2-acetylthiophene 1 with the appropriate
commercially available benzaldehydes 2 and 3 (Scheme 1). Alternatively,
chalcone analogue 6 has been synthesized using a recently described protocol [24]
which uses catalyst HCI generated in situ from thionyl chloride and ethanol as
catalyst, and has proved very useful for the preparation of phenolic chalcone
analogues. All of the chalcone analogues 5-7 are known compounds, and their
identity has been confirmed by comparing the melting point recorded for each of
the compounds synthesized with the literature data (see Experimental).
Furthermore, the 'H and *C NMR spectra of chalcone analogues 5-7 are identical
with the ones reported in the literature [25, 26]. The *H NMR spectra of these
chalcone analogues present the two characteristic doublets, one at approximately
7.30 ppm for one olefinic proton, and another at 7.80 ppm (in the case of
methoxy-substituted chalcone analogues 5 and 7) or 8.14 ppm (for chalcone
analogue 6) for the second olefinic proton. The E geometry of these chalcone
analogues is supported by the value of the coupling constant (16 Hz) of these two
doublets.

Compounds 5-7 were then transformed into the corresponding thienyl-
containing chalcone dibromides 8-10 by treatment with bromine at room
temperature (Scheme 1) [19]. The value of the coupling constant (approximately
11 ppm) between the protons at the chiral carbon atoms indicates that dibromides
8-10 exist in erythro form in solution [27]. Addition of hexanes to the reaction
mixture provided 2,3-dibromopropan-1-ones 8-10 in good yields and excellent
purity, and they were used as such in the subsequent step. The attempt to
recrystallize compound 8 from ethanol led to the recovery of derivative 11 in
whose structure an ethoxy group had replaced the bromine atom f to the carbonyl
group (Scheme 1). Chalcone dibromide 10 behaved analogously to afford
compound 12, whereas 2,3-dibromopropan-1-one 9 did not undergo any
transformation upon recrystallization. Similar replacements of the extremely
labile bromine atom adjacent to a phenyl ring para-substituted with an electron-
donating group with alkoxy or hydroxy groups have been previously documented
[28-30]. In order to unequivocally establish the position of the ethoxy group in
compound 11, a complete NMR analysis (including 2D correlation spectra) was
performed. The data allowed the accurate assignment of the signals in both *H and
13C NMR spectra (see Experimental), and showed that erythro is the preferred
diastereomer of compound 11 in solution (Jux = 10 Hz). More importantly,
through the strong correlation between the signal at 80.7 ppm (aliphatic carbon in
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the ethoxy group directly linked to oxygen) and the signal at 7.47 ppm (aromatic
protons meta to the methoxy group), the HMBC spectrum recorded for compound
11 confirmed beyond any doubt that the substitution of bromine with ethoxy had
occurred at the carbon atom f to carbonyl.

The key intermediate compounds 13-15 were obtained in good vyield by
the reaction of chalcone dibromides 8-10, respectively, with sodium methoxide in
methanol and subsequent hydrolysis in the presence of HCI. Based on a study [31]
which describes the stepwise transformation of 2,3-dibromopropan-1-ones into
enol-ketones, the most likely intermediates in this reaction appear to be the
corresponding 2-bromoprop-2-en-1-ones and 2-bromo-3-methoxypropan-1-ones,
although prop-2-yn-1-ones should also be considered as potential intermediates
[32]. It is very likely that the first step in the mechanism of methoxide-catalyzed
formation of enol-ketones from chalcone dibromide 1 is its dehydrobromination
to give a-bromoenone I1. Recent data [33] suggests that intermediate 11 could
subsequently either undergo addition of methanol to vyield 2-bromo-3-
methoxydihydrochalcone 111 or a second dehydrobromination to afford ynone 1V
(Scheme 2). Both intermediates 111 and 1V lead through elimination of HBr and
addition of methanol, respectively, to methoxyenone V, which is hydrolyzed in
the last step to enol-ketone VI in the presence of a mineral acid (Scheme 2).
Despite the experimental evidence which supports the above mentioned

O Br (e}
Arl)S/KAr2 > Arl)S/AAr2
Br Br
| Il
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O OCHs 0
Arl)H/kArz Arl)\
Br Ar?
1 v
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AT A2 e Arl)J\/kAr2
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Scheme 2. Proposed mechanism for the transformation of chalcone dibromides into enol-ketones
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mechanism, one should not exclude the possibility that enol-ketone V1 is formed
directly from a-bromoenone 11 through nucleophilic cine-substitution [34].

Compounds 13-15 are known to exist as two fast interchanging enolic
tautomers (B and C) which are also involved in a slower keto-enol tautomerism
with B-diketone A (Scheme 1). Because cis-enolic forms B and C are so more
stable than the corresponding trans-enolic forms (not shown) owing to the
presence of an intramolecular hydrogen bond, the trans-enolic forms have no real
contribution to the tautomeric mixture. In addition, enolic forms B and C are
usually more stable than the diketone form A, although the preference for either
the enolic or the keto form depends on the nature of substituents, temperature, or
the polarity of the solvent. Amongst the spectroscopic methods, NMR provides
the most suitable techniques for the study of enol-ketone tautomerism in solution
and also in solid state [35]. The energy barrier that separates the keto tautomer
form the enol tautomers allows the observation of distinct signals in the NMR
spectrum for these tautomers at room temperature, but the low energy for the enol
B/enol C interconversion is so small that the NMR spectrum of the cis-enolic
tautomers are a weighted average of the two forms. Consequently, the non-
symmetric cis-enolic forms B and C of compounds 13-15 give a single resonance
for each type of nuclei, and the tautomeric equilibrium is not apparent. Structural
investigation of compounds 13-15 in CDClIs solution at room temperature using
NMR has shown that 13 and 14 exist solely as the enolic form. On the other hand,
the NMR spectra recorded for 15 suggest that this compound is a mixture of
tautomers in which the enolic form is the major constituent. Thus, the enolic
proton can be associated with a broad signal at approximately 16 ppm in the H
NMR spectra of compounds 13-15, and the vinylic proton gives a sharp singlet at
6.6 ppm. The presence of a peak in the vicinity of 95 ppm in the *C NMR spectra
of compounds 13-15, which is associated with the vinylic carbon atom, is also
indicative for the presence of the enol form in solution. The existence of the keto
tautomer for compound 15 has been inferred from the presence of a small
intensity singlet at 4.5 ppm in its proton spectrum corroborated with the presence
of a peak at 51.6 ppm in its carbon spectrum, which have been assigned to the
corresponding type of atoms in the methylene group of tautomer A.

Reaction of compounds 13-15 with excess hydrazine in refluxing ethanol
afforded good vyields of NH-unsubstituted pyrazoles 16-18. These compounds
present annular tautomerism owing to the potential existence of forms D and E for
a given NH-pyrazole. Although the similarity between NH-pyrazole tautomers D
and E and enol-ketone tautomers B and C, respectively, is striking, the analogy
with enol-ketones stops here, as the existence of a NH-pyrazole tautomer
analogous to diketone tautomer A is highly unlikely due to its obvious lack of
aromaticity. Interconversion of tautomers occurs through an intermolecular
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transfer of proton from N-1 in a molecule to N-2 in another molecule of an NH-
pyrazole, and it has a low energy barrier which results in NMR spectra usually
presenting average signals arising from both forms D and E. However, under
certain conditions, mixtures of both tautomers can be evidenced in solution by
NMR. For example, Elguero et al. have shown that NH-pyrazoles derived from
curcumin exhibit tautomerism in DMSO-ds [36], and Dzvinchuk et al. have
proven that a few 3,5-diaryl-1H-pyrazoles having an imidazole-2-yl [37] or a
benzimidazol-2-yl moiety [38] at position 4 also display tautomerism in DMSO-
ds. In the case of our compounds, the NMR spectra of NH-pyrazoles 16 and 18
were recorded in CDCls, and only one set of signals representing the average
signals of both tautomers is noticeable. The NMR analysis of NH-pyrazole 17 has
been performed in DMSO-de, and in this case two sets of signals from both
tautomers can be observed. It is, however, worth mentioning that no tautomerism
was observed for compound 16 when his NMR structural investigation was
conducted in DMSO-dg [39]. In the *H NMR spectrum of 17, the proton at C-4 in
the pyrazole ring has been assigned the singlets at 6.97 and 7.00 ppm for the two
tautomers, while the singlets in the off-set (13.31 and 13.68 ppm) correspond to
the NH proton in the individual tautomers. The ratio between the major and the
minor tautomer of NH-prazole 17 is approximately 1.5 to 1. Not all of the carbon
atoms in the two sets of signals of the distinct tautomers are noticeable in the *C
NMR spectrum of pyrazole 17, presumably due to superimposition in the crowded
aromatic region of the spectrum. The tentative assignment of signals for C-3, C-4
and C-5 in both tautomers of compound 17 was accomplished through 2D NMR
spectroscopy. Only one signal can be observed for the C-4 of both pyrazole
tautomers (103.2 ppm), which correlates in HMQC with both signals for the
protons at C-4 in the distinct tautomers. In the HMQC spectrum, the singlet for
the NH proton (13.31 ppm) and the singlet for the proton at C-4 (7.00 ppm) in the
major tautomer strongly correlate with the peaks at 146.4 ppm and 139.1 ppm,
which have been tentatively assigned the C-3 and C-5, respectively. On the other
hand, the signals for the NH proton (13.68 ppm) and for the proton at C-4 (6.97
ppm) in the minor tautomer show a correlation with the peaks at 147.8 ppm and
137.3 ppm, which most likely correspond to C-3 and C-5, respectively. No
definite structural assignment (D or E) for the major and minor tautomers of NH-
pyrazole 17 could be inferred from the NMR analysis in solution alone, and no
supplementary experiments (such as solid-state NMR Cross-Polarization Magic
Angle Spinning (CPMAS), or X-ray crystallography structure determination) have
been performed at this stage with a view to establish their identity.
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4. Conclusions

A three-step approach has been described for the synthesis of
pharmacologically relevant  3(5)-(substituted aryl)-5(3)-(thiophen-2-yl)-1H-
pyrazoles starting from thiophene-containing chalcone analogues. The key
intermediate B-diketones have been obtained through bromine addition to the
chalcone analogues and subsequent conversion of the resulting chalcone
dibromides in the presence of sodium methoxide. These key intermediates
underwent ring closure with hydrazine to afford the target NH-pyrazoles with
satisfactory total yields (46%, 30% and 37%) after three steps. Attempts to
recrystallize two chalcone bromides having a para-methoxyphenyl moiety from
ethanol led to the substitution of the labile bromine atom adjacent to the
aforementioned ring with ethoxy. According to the NMR analysis, only the enol
form could be detected in CDClIs for two of the prepared -diketones, whereas the
third B-diketones was present as a mixture of both tautomers, the enol being the
major component in this case as well. Two of the target NH-pyrazole did not
present annular tautomerism in CDClIs, while both possible tautomers (ratio 1.5 to
1) were evidenced for the third NH-pyrazole in DMSO-d.
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