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Polysubstituted pyrazoles, part 4':

Synthesis, antimicrobial and antiinflammatory activity of some pyrazoles

A. M. FARGHALY, F. S. G. SoLimaN, M. M. A. EL SEMARY and SH. A. F. Rostom

As a continuation of an earlier interest in polysubstituted pyrazoles, the synthesis of some derivatives of 1H-pyrazol-4-yl-
2-oxo0-but-3-enoic acid and ethyl 4-hydroxy-1H-pyrazole-3-carboxylates of potential antimicrobial and antiinflammatory
activity is described. One compound showed in vitro antibacterial activity and two compounds displayed in vivo antiin-

flammatory potency in rats.

1. Introduction

A tremendous number of pyrazoles has been synthesized
and investigated for their biological activities. However,
the most impressive properties of these compounds are
their antipyretic, analgesic and antiinflammatory potencies.
Pyrazoles possessing a hydroxyl group at position 4, their
esters and ether derivatives and those which contain a car-
boxyl group or carboxamides have attracted most attention
[2-10]. Some of these derivatives displayed a wide range
of biological effects including antimicrobial and antiin-
flammatory activities. Based on the aforementioned back-
ground and as a continuation of our search for potent anti-
microbial and non-steroidal antiinflammatory pyrazoles
with a reduced incidence of side effects [11-14], certain
1H-pyrazole derivatives were selected for preparation.
Thus, we were interested in investigating the antimicrobial
potency of the key intermediate; 4-(3,5-dimethyl-1-phenyl-
1H-pyrazole-4-yl)-2-oxo-but-3-enoic acid (1) [1], which
has previously been reported [15]. It belongs to the aryli-
denepyruvic acid class of compounds of potential antimi-
crobial activity. However, the expected strong acidity of
this keto-acid ruled out the idea of screening it for anti-
inflammatory activity. Therefore, conversion of 1 to the
corresponding oxime 2a and phenylhydrazone 2b as well
as 3-(3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)propenoic acid
3 were considered to be interesting structural modifica-
tions of the parent keto-acid for both activities. It was also
planned to screen 3-bromo-2-hydroxy-4-(3,5-dimethyl-1-
phenyl-1H-pyrazol-4-yl)-4-crotonolactone (4) which has
also been described earlier [15] for both activities
(Scheme 1). The chemical and biological properties of the
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o,B-unsaturated-y-lactones may add some significance
with respect to the predicted bioactivities of the com-
pound. The N-1 phenyl and C-3 methyl groups would
confer lipophilicity to the molecule. Furthermore, the
synthesis of new derivatives of ethyl 4-hydroxy-1H-pyra-
zol-3-carboxylate was considered (Schemes 2, 3). The sub-
stitution pattern was carefully selected by analogy with
aspirin, diflunisal and flufenisal whose pharmacotoxicolo-
gical profiles are well documented, and antiinflammatory
pyrazoles carrying identical functionality [5—8]. The phe-
nyl substitution at N-1 was designed to encounter Cl or
CH; to enhance the activity, if any. On the other hand,
pyrazole-amides (Scheme 3) were designed by analogy
with salicylamide, the active pyrazole carboxamides [8—9]
and the naturally occuring antiviral antitumor C-nucleo-
side, pyrazofurin; 4-hydroxy-3-f-p-ribofuranosyl-1H-pyra-
zole-5-carboxamide [16].
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2. Investigations and results
2.1. Synthesis of the compounds

The desired compounds were synthesized by the reactions
outlined in Schemes 1-3. Reacting sodium 4-(3,5-di-
methyl-1-phenyl-1H-pyrazol-4-yl)-2-oxo-but-3-enoate (1)
with hydroxylamine hydrochloride or phenylhydrazine hy-
drochloride in water at room temperature yielded the cor-
responding oxime 2a or phenylhydrazone 2b, respectively.
The conversion of 1 to 3-(3,5-dimethyl-1-phenyl-1H-pyra-
zol-4-yl)propenoic acid 3 was carried out, as described by
Friedman and Mai [17], using perhydrol in an aqueous
alkaline medium. Compound 4 (3-bromo-2-hydroxy-4-
(3,5-dimethyl-1H-pyrazol-4-yl)-4-crotonolactone) was pre-
pared from 1 [15], while the intermediate ethyl 4-hydro-
xy-1-(4-substituted phenyl)-1H-pyrazole-3-carboxylates
Sa, b were prepared following the procedure described for
analogous compounds [15, 18]. Both compounds have

been described before by Garg and Singh [19] but with
much lower m.p’s. Alkaline hydrolysis of Sa and acidifi-
cation yielded the acid 6 in a good yield. Acetylation of
the latter with acetic anhydride under mild conditions
gave 4-acetoxy-1-(4-chlorophenyl)-1 H-pyrazole-3-car-
boxylic acid (7). Alkylation of 5a with allyl bromide in
the presence of sodium methoxide in anhydrous methanol
provided ethyl 4-allyloxy-1-(4-chlorophenyl)-1H-pyrazole-
3-carboxylate (8) in 52% yield. The ester 8 was hydro-
lyzed to the acid 9 on treatment with aqueous alcoholic
sodium hydroxyde solution followed by acidification.
Claisen rearrangement of compound 8 in refluxing bromo-
benzene led to ethyl 5-allyl-1-(4-chlorophenyl)-4-hydro-
xy-1H-pyrazole-3-carboxylate (10) which was hydrolyzed
directly without purification to the acid 11 using aqueous
alcoholic sodium hydroxide solution. Methyl 1-[(4-chloro
or 4-methylphenyl)-3-methoxycarbonyl-1H-pyrazol-4-yloxy]
acetates 12a, b were obtained when the sodium salts of
the appropriate 5a or b were reacted with ethyl chloroace-
tate in refluxing methanol (Scheme 2). Reacting the pyra-
zole esters Sa, b with hydrazine hydrate in methanol
yielded the respective acid hydrazides 13a, b. Condensa-
tion of the latter pyrazoles with benzaldehyde (14a) or
3,4-dimethoxybenzaldehyde (14b) gave the corresponding
3-(arylidene-hydrazinocarbonyl)-4-hydroxy-1-(4-chlorophe-
nyl or 4-methyl-phenyl)-1H-pyrazoles 15a—d (Table 1).
Ammonolysis of 5a, b with concentrated ammonia solu-
tion at 100 °C in a sealed tube gave good yields of the
corresponding amides 16a, b. Analogously, heating Sa
with methylamine or n-propylamine resulted in the respec-
tive N-substituted carboxamides 17a, b (Scheme 3).

2.2. Antimicrobial screening

Compounds 1, 2a, b, 4, 5a, b, 6, 8, 12a, b, 13a, 6, 15a—d,
16a, b, 17a, b, were subjected to preliminary screening
for in vitro activities against clinically isolates of S. aureus
(Oxford strain) as Gram-positive aerobic bacteria; E. coli
and K. aerogens as Gram-negative anaerobic bacteria;
P. aeruginosa as Gram-negative aerobic bacteria; and one
C. albicans strain as a representative for fungi. The agar
diffusion method in tryptic soy broth was adopted to de-
termine the growth inhibition zones [20]. Compounds
which showed acceptable inhibition zone diameters
(>17mm) at the concentration level used (20 ul of
10 mg/ml dimethylformamide) were evaluated for their
minimum inhibitory concentrations (MIC) in pl/ml against
the most sensitive organism, using the two-fold serial dilu-

Table 1: 3-(Arylidenehydrazinocarbonyl)-4-hydroxy-1-(4-substituted phenyl)-1H-pyrazoles 15a—d

IR (cm™)

Compd. R R! Yield M.P. (°C) Molecular formula
(%) Cryst. Solvent Molecular weight

15a Cl H 80 233-34 C7H,3CIN4O,
CHCl3 340.8

15b CH; H 87 225-26 Ci9H7CIN4O4
CHCl3 400.9

15¢ Cl 3,4-(OCH3)2 65 145-47 C]gH16N402
C,HsOH/H,O 320.4

15d CH; 3,4-(OCHj3), 66 160-62 Cu0H20N404
C,HsOH/H,O 380.4

3400-2500 (OH and NH); a band split at 1668
(C=0 amide 1), 1607 and at 1566; 1496 (C=N,
C=C, amide II and aromatics).

3500-2500 (OH and NH); a band split at 1640
(C=0 amide I), 1598 and at 1573; 1496 (C=N,
C=C, amide II and aromatics); 1267 (C—0O—-C).

3500-2550 (OH and NH); a band split at 1666
(C=0 amide 1),1598 and at 1545; 1439 (C=N, C=C,
amide II and aromatics).

3500-2600 (OH and NH); a band split at 1667
(C=0 amide I), 1598 and at 1546; 1439 (C=N, C=C,
amide II and aromatics); 1246 (C—0O—-C).
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Table 2: Growth inhibition zone diameters of the active com-
pounds against S. aureus (Oxford strain) and their
minimum inhibitory concentrations (MIC)

Compd. Growth inhibition zone MIC
diameters (mm) (ug/ml)
2b 18 >500
12a 19 >500
13a 24 50
16a 17 250
17a 18 >500
Streptomycin 10

tion technique [20]. Streptomycin was used as a reference
drug and a control was used for the solvent. Of the com-
pounds tested, compounds 2b, 12a, 13a, 16a and 17a
showed inhibitory effects on the growth of S. aureus (Ta-
ble 2). Their MIC values showed that the hydrazide 13a
was the most potent. However, this activity was reduced
in the amide 16a and even more in the N-methylated ana-
log 17a.

2.3. Preliminary antiinflammatory screening

Compounds 3, 7, 9, 11, and 16a were chosen to be
screened for their in vivo antiinflammatory activity in male
Sprague-Dawly rats weighing 150-200 mg by applying
the cotton-pellet granuloma method [21]. The effect of the
test compounds on the growth of granuloma induced by
the cotton pellets was taken as the activity parameter.
Each group of animals comprised 6 rats. Ketoprofen, 2-(3-
benzoylphenyl)propionic acid, was selected as the refer-
ence drug. The results recorded in Table 3, revealed that
compound 3 is more potent than ketoprofen; whereas
compound 9 is nearly equiactive with the reference drug
at the same dose level. By contrast, compounds 7 and 16a
aggravated the inflammation conditions as indicated by
the increase in the weight of granuloma tissues over that
of the control.

3. Experimental

Melting points were determined in open-glass capillaries on a Griffin appa-
ratus and are uncorrected. The IR spectra were recorded for KBr discs, on
a Perkin-Elmer 421 spectrophotometer, or on a Shimatzu 408 spectrophot-
ometer. The 'H NMR spectra were determined on a Joel Fx 90q Fourrier
transform 200 MHz or on a Varian EM-90 MHz NMR spectrometer using
TMS as the internal standard. Microanalysis, for samples dried over CaCl,
at room temperature under reduced pressure, were carried out at the Micro-
analytical Unit, Faculty of Science, University of Cairo, A.R.Egypt. Light
petroleum b.p. 60—80 °C.

Table 3: Effect of the tested compounds and Kketoprofen
(0.01 mmol/pellet) on the growth of granuloma tis-
sues in subcutaneously implanted cotton pellets

Compd. Dry weight of granuloma p*
Mean (mg + S.E.) Inhibition %**
Control 73.17 £ 1.140 - —
Ketoprofen 67.50 + 1.024 —7.74 <0.005
3 61.80 &+ 1.300 —15.48 <0.001
7 87.00 £ 1.527 +18.90 NSH**
9 67.67 = 1.280 —7.50 <0.01
11 75.80 £+ 1.620 +3.50 NS
16a 84.33 £+ 1.540 +15.25 NS

* P = Significance in relation to control
#*  Change of the mean dry weight of granuloma from control granuloma
*** NS = Non significant
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3.1. 4-(3,5-Dimethyl-1-phenyl-1H-pyrazol-4-yl)-2-oxo-but-3-enoic acid
oxime (2a)

A solution of Na,CO3 (0.21 g; 2 mmol) in HyO (5 ml) was added to a
stirred suspension of 1 [15] (1.1 g, 4 mmol) in H,O (10 ml) and the mix-
ture was stirred until the evolution of CO; ceased and a clear deep yellow
solution was obtained. To this solution, a solution of hydroxylamine hydro-
chloride (0.42 g, 6 mmol) in H,O (5 ml) was added while stirring. After
stirring for 3 h at RT, the solution was acidified with HOAc and the preci-
pitated oxime was filtered, washed with H,O and dried. It was crystallised
from CH3;OH as creamy white needles, m.p. 158-160 °C; yield: 0.95 g
(83.2%). IR: 3650-2250 with multiple splits (OH-acid and oxime), 1722
(C=0); a band splitt at 1624 and at 1572, 1532, 1499 (C=N-oxime,
C=N, C=C and aromatics), 965 cm~! (N—O-oxime).

Cy5H15N303 (285.3)

3.2. 4-(3,5-Dimethyl-1-phenyl-1H-pyrazol-4yl)-2-oxo-but-3-enoic acid
phenylhydrazone (2b)

A solution of phenylhydrazine hydrochloride (0.58 g, 4 mmol) in H,O
(5 ml) was added, while stirring, to a solution of the sodium salt of 1
prepared as described under 2a. Stirring was maintained for 3 h at RT
during which the orange product was separated out. It was filtered, washed
with H,O, dried and crystallised from MeOH as orange microcrystals, m.p.
151-152°C; yield: 1.0 g (83.3%). IR: 3600-2000 with multiple splits
(OH-acid and NH); 1648 (C=0); 1593 a band splitt at 1505 and
1427 cm~! (C=N, C=C and aromatics).

C31Hz0N40; (360.4)

3.3. 3-(3,5-Dimethyl-1-phenyl-1H-pyrazol-4-yl)propenonic acid (3)

Perhydrol (0.6 ml) was added, dropwise while stirring, to an ice cooled
sodium salt solution of 1, prepared by treating the acid (1.3 g, 5 mmol) in
H,0 (20 ml) with Na,COs3 (0.25 g, 2.5 mmol) in HO (10 ml). Stirring and
cooling were maintained for 2 h until the evolution of gases ceased. The
resulting solution was acidified with 2 N H,SO, and the precipitate was
filtered, washed with HyO and dried. It was crystallized from aqueous
EtOH as white needles, m.p. 150—152 °C; yield 0.7 g (57.8%). IR: 3250—
2250 with multiple splits (OH-acid ); 1682 (C=0); a band split at 1613
and at 1545, 1539 cm~! (C=N, C=C and aromatics). 90 MHz-'H NMR
(CDCls): 6 2.28 (s, 3H, CH3); 2.32 (s, 3H, CH3); 5.95 (d, J = 15Hz, 1 H,
=CH—CO); 7.0-7.35 (m, 5 Ar-H); 7.6 (d, ] = 15Hz, 1H, CH=C).
C14H14N>0O; (242.3)

3.4. 3-Bromo-2-hydroxy-4-(3,5-dimethyl-1-phenyl-1H-pyrzol-4-yl)-4-cro-
tonolactone (4)

This was prepared as previously described [15]. IR: 3600—-2000 with mul-
tiple splits (OH); 1767 (enol-lactone form); 1685 (keto-lactone form); a
band split at 1596 and at 1536, 1501 cm~! (C=N, C=C and aromatics).

3.5. Ethyl 1-(substituted phenyl)4-hydroxy-1H-pyrazole-3-carboxylates
Sa,b

These were prepared following the conditions reported earlier [18].

3.5.1. Ethyl 4-hydroxy-1-(4-chlorophenyl)-1H-pyrazole-3-carboxylate (5a)

M.p. 131-132 °C (reported 80 °C [19]); yield 69.9%. IR: 3550-2500 with
multiple splits (OH); 1697 (C=0 ester); 1579, 1500, 1497 (C=N, C=C
and aromatics); 1247, 1067 (C—O—C); 827 cm~! (C—Cl).

3.5.2. Ethyl 4-hydroxy-1-(4-methylphenyl)-1H-pyrazole-3-carboxylate (5b)

M.p. 113-115°C (reported 99 °C [19]; yield 63.6%. IR: 3550—2550 with
multiple splits (OH) ; 1696 (C=0 ester); 1619, 1510 (C=N, C=C and
aromatics); 1279, 1089 cm™! (C—0—C).

3.6. 1-(4-Chlorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylic acid (6)

The ester 5a (1.3 g, 5 mmol) was heated at 60 °C with a solution of NaOH
(0.4 g, 10 mmol) in a mixture of H,O (30 ml) and EtOH (10 ml) for 1.5 h.
Subsequently, the deep orange reaction mixture was acidified with dilute
H,SO4 and the yellow product was filtered, washed with H,O and air
dried. It was crystallized from benzene containing a few drops of EtOH, as
fine yellow crystals, m.p. 240-241 °C; yield 1.0 g (83.8%). IR: 3750—
2400 (OH); 1670 (C=0 acid); 1545, 1500, 1460 (C=N, C=C, and aro-
matics); 830 cm™!' (C—Cl). 200 MHz- 'H NMR (DMSO-Dy ), §: 7.60 (d,
J=10Hz, 2H, two Ar—H); 7.88 (d, J = 10Hz, 2H, two-Ar-H); 8.11 (s,
1H, H at Cs pyrazole).

C;0H;CIN,03 (238.7)
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3.7. 4-Acetoxy-1-(4-chlorophenyl)-1H-pyrazole-3-carboxylic acid (7)

The acid 6 (1.2g; 5mmol) was warmed with (CH3CO),O (4 ml) for
15 min, then the mixture was allowed to attain RT. The yellow solid preci-
pitated was washed by decantation with light-petroleum, filtered and air
dried. It was crystallized from Cg¢Hg as yellow microcrystals, m.p. 170—
172 °C; yield 0.9 g (64.12%). IR (cm™'): 3600-2100 with multiple splits
(OH acid); a band split at 1752 (C=0 acetyl) and at 1684 (C=0 acid);
1548, 1532, 1498 (C=N, C=C and aromatics), 822 cm~' (C—Cl).
C2HoCIN,04 (280.7)

3.8. Ethyl 4-allyloxy-1-(4-chlorophenyl)-1H-pyrazole-3-carboxylate (8)

A solution of Na (0.15 g, 6 mmol) in anh. CH;0H (10 ml) was added to a
solution of 5a (1.6 g; 6 mmol) in anh. CH30H (20 ml). The resulting sodio
derivative was treated with allyl bromide (0.5 g, 6.6 mmol) and the mixture
was refluxed at 80 °C for 12 h. The reaction mixture was then filtered and
the filtrate was concentrated under vacuum. The residue was treated with
dilute NaOH and the solid was filtered, washed with H,O and dried. It
was crystallized from benzene-light petroleum as yellow needles, m.p. 92—
93 °C; yield 0.95 (51.9%). Some unreacted ester (about 0.4 g) could be
recovered upon acidification of the alkaline filtrate. IR: 1720 (C=0O ester);
1570, 1500 (C=N, C=C and aromatics); 1270, 1070 (=C—-0-C),
830 cm~! (C—CI).

C5H;5CIN,O3 ( 306.8)

3.9. 4-Allyloxy-1-(4-chlorophenyl)-1H-pyrazole-3-carboxylic acid (9)

The ester 8 (1.5 g, 0.5 mmol) was heated with a solution of NaOH (0.4 g,
10 mmol) in a mixture of H,O (20 ml) and CoHsOH (10 ml) for 1 h. The
brown reaction mixture was filtered and acidified with dilute HySOy; the
precipitated solid was separated, washed with H,O and air dried. It was
crystallized from benzene-light petroleum as fine brown needles, m.p.
128-130 °C; yield 0.9 g (64.6%). IR: 3500-2250 (OH-acid); 1700 (C=0
acid); a band split at 1590 and at 1567, 1493 (C=N, C=C and aromatics);
1276, 1062 (C—O—C); 823 cm™! (C—Cl).

Cy3H;,CIN,O; (278.8)

3.10. Ethyl 5-allyl-1-(4-chlorophenyl)-4-hydroxy-1H-pyrazole-3-carboxy-
late (10)

A solution of 8 (0.9 g, 3 mmole) in bromobenzene (10 ml) was refluxed
for 3h and then concentrated under vacuum. The resulting dark brown
solution was diluted with light petroleum and the precipitated brown solid
was filtered, dried and crystallized from light petroleum as brown micro-
crystals, m.p. 84—86 °C; yield 0.65 g (72.2%). The compound was utilized
without further purification in the next reaction.

3.11. 5-Allyl-1-(4-chlorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylic acid
an

The ester 10 (0.6 g, 2 mmo) was heated at 60 °C with a solution of NaOH
(0.16 g, 4 mmol) in a mixture of HO (10 ml) and EtOH (5 ml) for 1 h.
After being cooled at RT, the brownish solution was acidified with dilute
H,SO4 and the precipitated product was filtered, washed with H,O and
dried. It was crystallized from benzene-light petroleum as brownish crys-
tals, m.p. 150—152 °C; yield 0.4 g (71.7%). IR: 3438—-2600 with multiple
splits (OH); 1685 (C=O0-acid); a band split at 1527, 1494 (C=N, C=C
and aromatics); 839 cm~! (C—CI). 90 MHz-'"HNMR (CDCl3): & 3.3 (d,
J=6Hz, 2H, CHy); 4.8-52 (m, 3H, CH=CH,-); 7.12-7.45 (m,
4 Ar—H).

Ci3H;;CIN,O3 (278.8)

3.12. Methyl [1-(4-substituted phenyl)-3-methyoxycarbonyl-1H-pyrazol-4-
yloxy) acetates (12)

General procedure: A solution of Na (0.14 g, 6 mmol) in anh. CH3;0H
(10 ml) was added to a solution of 5a, b (6 mmol) in anh. CH3;0OH
(20 ml). The resulting sodium salt solution was treated with ethyl chloroa-
cetate (0.86 g, 7 mmol) and the mixture was refluxed for 16 h. After cool-
ing, the reaction mixture was filtered, and the filtrate was concentrated
under reduced pressure. The residue was treated with dilute NaOH, fil-
tered, washed thoroughly with H,O and dried. It was crystallized from
EtOH as buff needles.

3.12.1. Methyl [1-(4-chlorophenyl)-3-methoxycarbonyl-1H-pyrazol-4-yloxy]
acetate (12a)

M.p. 137-138 °C; yield 0.8 g (41%). IR: A band at 1663 shouldered at
1706 and at 1642 (C=O-ester); a band split at 1529, 1513 and 1474
(C=N, C=C and aromatics); 815cm~! (C—CIl). 200 MHz-'H NMR
(DMSO-Dg): 8 3.75 (s,3H, CHz); 3.9 (s, 3H, CH3); 4.8 (s, 2H,CHp); 7.6
(d, J=10Hz, 2H, two Ar—H ); 7.8 (d, J = 10 Hz, 2 H, two Ar—H); 8.55
(s, 1 H, H at C-5 in pyrazole).

C4H,3CIN,O5 (324.8)
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3.12.2. Methyl [1-(4-methylphenyl)-3-methoxycarbonyl—1H-pyrazol-4-yl-
oxy] acetate (12b)

M.p. 180-182°C; yield 0.7g (38.3%). IR: 1680 shouldered at 1760
(C=O0 ester); a band split at 1590, 1524 and 1461 cm~!' (C=N, C=C and
aromatics).

C5H1¢N,0s5 (304.3)

3.13. 4-Hydroxy-1-(4-substituted phenyl)-1H-pyrazole-3-carboxylic acid
hydrazides (13)

General procedure: A solution of the appropriate 5a, b (6 mmol) and hy-
drazine hydrate (0.79 g, 1.2 mmol) in MeOH (20 ml) was refluxed for 2 h.
After being cooled to RT, the deposited yellow product was filtered,
washed with cold MeOH and dried. It was crystallized from MeOH as
deep yellow clusters.

3.13.1. 4-Hydroxy-1-(4-chlorophenyl)-1H-pyrazole-3-carboxylic acid
hydrazide (13a)

M.p. 213-215°C; yield 1.0 g (65%). IR: 3400-3550 (OH and NH); 1670
(C=0, amide I band); a band split at 1595, 1570 and 1550, 1490 cm™!
(C=N, amide II band, C=C and aromatics).

C0HyCIN,O; (252.7)

3.13.2. 4-Hydroxy-1-(4-methylphenyl)-1H-pyrazole-3-carboxylic acid
hydrazide (13b)

M.p. 184—185 °C; yield 0.85 g (60.9%).
C11H2CIN,O, (232.3)

3.14. 3-(Arylidenehydrazinocarbonyl)-4-hydroxy-1-(4-substituted phenyl)-
1H-pyrazoles (15a—d)

General procedure: A mixture of the appropriate acid hydrazide 13a, b
(4 mmole) and the aromatic aldehyde 14a, b (4 mmol) was refluxed in
C,HsOH (20 ml) containing 2 drops of concentrated H,SO4 for 1 h. The
solvent was then removed under vacuum and the residue was washed with
ether, filtered, and crystallized from the solvent. The IR data are included
in Table 1. 90 MHz-'"HNMR (CDCI3) of 15b: & 3.68 (s, 3H, OCH3); 3.80
(s, 3H, OCHj3); 6.6 (s, 1 H, CH=); 6.98-7.30 (m, 7H, Ar—H); 7.94 (s, H
at C-5 pyrazole); 9.43 (s, 1 H, NH—).

3.15. 4-Hydroxy-1-(4-substituted phenyl)-1H-pyrazole-3-carboxamides
(16a, b)

General procedure: The appropriate 5a, b (0.2 g) was heated with concen-
trated NH4OH (3 ml) at 100 °C in a sealed ampoule for 1.5-2 h. The dark
solution was then acidified with concentrated HCI and the product was
filtered, washed with H,O and dried. It was crystallized from C,HsOH.

3.15.1. 4-Hydroxy-1-(4-chlorophenyl)-1H-pyrazole-3-carboxamide (16a)

M.p. 220-222 °C; yield 0.16 g (75%). IR: 3400-2500 (OH and NH); a
band split at 1682 (C=0 amide I) and at 1609; 1500; 1461 (C=N amide
II and aromatics); 824 cm~' (C—Cl).

C5sHgCIN3O, (237.7)

3.15.2. 4-Hydroxy-1-(4-methylphenyl)-1H-pyrazole-3-carboxamide (16b)

M.p. 185-186 °C; yield 0.1 g (56%). IR: 3400-2600 (OH, NH); a band
split at 1655 (C=0 amide I) and at 1566; 1513 cm~! (C=N, amide II and
aromatics).

C H N30, (217.2)

3.16. N-Substituted 1-(4-chlorophenyl)-4-hydroxy-1H-pyrazole-3-carbox-
amides (17a, b)

General procedure: The appropriate 5a, b (0.2 g) was heated with methyl
or n-propylamine 16a, b (3 ml) at 100 °C in a sealed ampoule for 1-2 h.
The solution was acidified with HCl and the precipitate was filtered,
washed with H,O, dried and crystallized from C,HsOH.

3.16.1. N-Methyl 1-(4-chlorophenyl)-4-hydroxy-1H-pyrazole-3-carbox-
amide (17a)

M.p. 190-191°C; yield 0.12 g (71.4%). IR: 3600-2500 (OH—NH); a
band split at 1660 (C=0, amide I) and at 1576; 1555; 1492 (C=N, amide
II and aromatics), 824 cm~' (C—Cl).

C11HoCIN;O, (251.7)

3.16.2. N-propyl 1-(4-chlorophenyl)-4-hydroxy-1H-pyrazole-3-carboxamide
(17b)

M.p. 187—188 °C; yield 0.14 g (75%).
C13H14CIN;O, (279.8)
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