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SYNTHESIS AND SPECTRA OF 3,5-DIMETHYLPYRAZOLE-4-CARBOXYLIC ACIDS
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Condensation of ethyl 2-acetylaceto-acetate with hydrazine, arylhydrazines yielded ethyl 3,5-
dimethylpyrazole-4-carboxylate (III, R = H) and ethyl 1-aryl 3,5-dimethylpyrazole-4-carboxylates (III
R = aryl), which were hydrolyzed to the corresponding acids.
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INTRODUCTION

Electrophilic substitution in the pyrazole ring occurs
preferentially in the 4-position [1]. Accordingly, the syn-
thesis of 4-carboxypyrazoles must involve the use of
reagents capable of cyclization that possess either the
desired carboxyl or substituents which can subsequently
lead to it. Among such reagents is ethyl 2-acetylacetoace-
tate, which yields with hydrazine ethyl 3,5-dimethyl-
pyrazole4-carboxylate [2].

Peevious studies showed that several substituted 3,5-
dimethylpyrazoles and their active metabolite 5-methyl-
pyrazole-3-carboxylic acid possessed potent hypoglycemic
activities [3-7] .

Furthermore, in the light of biological data reported
by Soliman and coworkers [8-12] for many 3,5-disubsti-
tute pyrazoles, a possible structure-activity relationship for
hypoglycemic activity was observed.

The present study which is a continuation of the
previous work [13-18], describes the preparation of a
number of 1-aryl-3,5-dimethylpyrazole-4-carboxylic acids
in the expectation they might possess antimicrobial acti-
vity.

With hydrazine, arylhydrazines the 1,3-diketo-ester (I),
yielded the corresponding ethyl 1-H/aryl-3, S-dimethyl-
pyrazole-4-carboxylates (III, R = H/aryl). Formulation of
the reaction products as (III) was based on the reactivity
of the two similar carbonyl groups in the 1,3-diketo-ester
(I). Thus the attack of the nucleophilic reagent takes
place on one of the carbonyl groups resulting in the forma-
tion of its corresponding monohydrazone as an interme-
diate which simultaneously undergoes ring closure with
the elimination of a water molecule from the imino-proton
of the hydrazone residue and the hydroxyl group of the
second enolized carbonyl group. The IR absorption spec-

tra of these demethylpyrazole esters (III) revealed bands
in the region of 1710-1730 cm”1 due to carbonyl of the
ester group, at 1580-1605 cm™! for (C = N) group, at
1490-1595 cm™! indicative of (C = C, aromatic), at 1390-
1440 cm™ for (C-H) of the methyl group and the (NH)
group band of ester (III, R=H) appeared at 3240-3410
cm™. In addition of these absorption bands, the (NO3)
group bands was observed at 850 and in the region of
1350-1520 cm™!. The structure of these esters (III) was
further confirmed by measuring their p.m.r. (CDCl;)
spectra that gave signals at & 3.40 (quartet) and 1.08
(triplet) for the ethyl ester group protons; the two methyl
groups protons appeared as two very close singlets in the
region of 1.94 proving that they are non-equivalent and
the aromatic ring protons as multiplet at 6.10-7.00 ppm.
In addition to these signals, in ester (III, R = H) the (NH)
group proton signal was observed at a low field (6 = 5.8
ppm) and this was expected and attributed to the high
electronegativity of the N-atom that decreases the elec-
tron density on the H-atom of the (NH) group, whereas
their electronic absorption spectra were characterised by
several maxima stretching up to 360 nm. This was to be
expected since the molecule contained a high degree of
conjugation between the pyrazole ring, the phenyl ring and
the carbonyl of the carbethoxy group. In all the spectra,
the position and intensity of the different maxima did not
change when the spectra were measured in non-polar
solvents such as cyclohexane or in a polar solvent as
ethanol. This, together with their high extinction coeffi-
cient suggests that these absorption bands are due to 7 -
#* transitions. The weaker n-n* transitions which are
usually characterised by a wavy appearance in non-polar
solvents and which become blurred in polar solvents were
absent. They probably lie below the m — 7* transitions,
which due to the high degree of conjugation were shifted
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to longer wavelengths and overlap n-n* transitions which
are unaffected by conjugation [19]. These pyrazole esters
(I11) underwent hydrolysis on treatment with alcoholic
potassium hydroxide solution to give the corresponding
1-H/aryl-3,5-diemethylpyrazole-4-carboxylic acids (IV).

Their electronic absorption spectra were similar to
those of the pyrazole esters (III) since the ethyl group of
the esters has no effect on the uv-spectra. Their IR spec-
tra revealed bands for (C = N) group at 1610 cm™, at
1690-1720 cm™" for the carbonyl of the carboxyl group,
at 3500 cm™ for the (QH) group, at 1500-1600 cm™!
indicative of (C=C, aromatic), at 1400-1440 cm™!for
(C-H) of the methyl group and the (NH) group band of
acid (IV, R = H) was.observed at 3350 cm™. In addition of
these absorption bands, the (NO,) group bands appeared
at 870 and'1350 cm™!,

EXPERIMENTAL

Melting points were determined in open glass capil-
laries and are uncorrected. IR absorption spectra were
recorded with a Unicam SP 1025 recording spectrophoto-
meter using potassium bromide pellets; uv spectra were
measured with a Unicam SP 1750 instrument in ethanol
and p.m.r. spectra were taken with a Varian HA 100
instrument. Microanalyses were performed in the Facul-
ty of Science, Cairo University.

Ethyl 2-acetylacetoacetate. This ester was prepared
with slight modification to the method reported by Ogata
et al [20] and Spasov [21] as follows:

To a suspension of sodium powder (0.1 mole) in dry
ether (250 ml), ethyl acetoacetate (0.1 mole) was added
drop by drop with continuous shaking for a period of 1 hr.

Table 1. Microanalysis and Spectral Data of Ethyl 1-H/aryl-3, 5-dimethylpyrazole-4-carboxylates (III).

R M.p. Formula Analyses UV absorption data KBr 'H NMR data
(o) Calcd./Found Amax (log €) Ymax §/ppm
C H N (em™)
H 98X 238(3.14) 1710(CO); 3.4(q, 2H, CH,),
3300(NH) 1.08(t, 3H, CH3),

1.94-1-98(s, s, 6H,
2CH3;), 5.8 (s, 1H,NH)

Q 68%X 248(4.10),  220sh(3.69) 1720(CO) 3.42(q,2H,CH;),1.06

69.8 6.8 11.1

51.8 44 8.7

455 42 74

60.5 5.5 10.0

C,;sHisN;0;,  69.8 7.0 109 249(3.87),
Ci4H sN20,C1 603 54 101 315(3.66) 255

60.5 52 104 245sh (3.93) 210 (3.76)
C14H;sN;0,Br 520 46 87 260(391),
C14HisN,0,1 454 41 7.6 260(4.12),
C14H;sN;0,Cl 60.3 5.4 10.1 250(3.99),
295(4.09), 227

360(4.16), 227

(t,3H, CH3),1.29 —

1.94 (s, s, 6H, 2CHj;),

6.08-7.02 (m, 5H, Ar).
220sh(3.54) 1730(CO)
(3.96), 1730(CO) 3.39(q, 2H, CH,), 1.08
(t,3H, CH;), 1.94 —
1.96 (s, s, 6H, 2CH3),
6.10-7.00 (m, 4H, Ar).
220sh (3.53) 1720(CO)

225sh (3.72) 1720(CO)

220sh (3.75) 1720(CO)

(3.97) 1720(CO870
and 1350 (NO,)

(4.05) 1720(CO); 870
and 1350(NO,)

X Lit.2 m.p. 96° xx Lit.2* m.p. 68° xxx Lit.2? 23

mp. 142° xxxx Lit.222® m.p. 156-156.5°.
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Table 2. Microanalysis and Spectral Data of 1-H/Aryl-3, 5-dimethylpyrazole-4-carboxylic acids (IV).

R M.,p. Formula Analyses UV absorption data KBr
(o) Calcd./Found % Amax (log €) vmax (cm™!)
C H N
H 53 CeHgN, 0, 514 57 200 248sh(2.23), 237(2.63)  1705(CO); 3350(NH); 3500(OH).
514 55 199
193% 277sh(3.03), 255(3.40)  1720(CO); 3500(OH).
Q_ 182  Ci3H1aN;0; 67.8 6.1 12.2 267s (3.43), 250(3.63)  1720(C): 3500(OH).
677 63 121
c1-@- 102 CpHyN>0,Cl 574 44 112 285sh(3.52), 255(3.61)  1705(CO);3500(OH).
‘ 57.7 47 109
Br-@- 115 CpH;N,O,Br 488 37 9.5 303sh(3.71), 255(3.86)  1705(CO), 3500(OH).
486 39 95
1-@- 119 CpHyuN,0,1 421 32 82 317sh(3.73), 262(3.89)  1705(CO), 3500(0H)
423 32 80
C‘@ 185 CpH;N,0,Cl 574 44 112 270 (3.29), 352(3.52)  1705(CO), 3500(OH).
573 42 115
om@- 140 C;,Hy;N;0, 552 42 161 297 (4.03), 222(4.13), 1705(CO);3500(0H) 870 and
553 4.4 158 210sh(4.00), 1350 (NO,).
0,8 Y 113 C1H N, O 47.1 33 183 303 (3.96), 222(4.28)  1705(CO), 870 and 1350 (NO,).
=NO, 469 33 186

x Lit.” m.p. 194-196°

After the addition of ethyl acetoacetate, the reaction was
left overnight until all sodium was reacted. To the pre-
pared sodium salt, acetyl chloride (0.1 mole) in dry ben-
zene was added dropwise with continuous shaking for
1 hr. The mixture was refluxed for 10 hr., cooled, treated
with water and the benzene-ether layer was separated,
whereas the aqueous layer was extracted several times with
ether. The combined benzene-ether extracts was treated
with cold 10 % sodium hydrogen carbonate solution to

remove acidity, then with water and dried. After distilla-

tion of the solvents, the pale brown oily residue was sub-
jected to vacuum distillation where ethyl 2-acetylaceto-
acetate was collected at 65-70°/17 mm Hg (yield 45%).

Ethyl 1-HJaryl-3,5-dimethylpyrazole-4-carboxylates
(III; R = Hfaryl). These compounds were obtained when
ethyl 2-acetylacetoacetate (I, 0.1 mole) in ethanol was
heated -under, reflux with 0.1 mole of hydrazine (II; R = H)
or with the appropriate arylhydrazine (II; R = aryl) (0.1
mole) for a period of 2-3 hr. The mixture was then con-
centrated, cooled and the precipitated product filtered
and crystallized from light petroleum (b.p. 40-60°) or
benzene-petroleum mixture in needles, yield 50-70%
(see Table 1).

1-H/aryl-3,5-dimethylpyrazole-4-carboxylic acids
(IV; R=H]/aryl). The foregoing esters (III; 0.5 g) was reflux-

ed with ethanolic 2N KOH solution (25 ml) on a boiling
water bath for 3 hr. On concentration, cooling, acidifica-
tion with dilute hydrochloric acid, the solid mass that
separated out was filtered off and recrystallized from light
petroleum (b.p. 40-60°) or benzene-petroleum mixture in
needled, yield 50-60% (see Table 2).

Scheme

1. Na/ dry ether
CH§CO~CH2-COOE(

fO-CH

CH3-C0-CH-C00EQ + RNHNH2
2, CH3'C0 Cl
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