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Simple and convenient synthesis of hitherto unknown 3,5-diaminopyrazole-4-carbothioamides 3 as well
as new ethyl 3,5-diaminopyrazole-4-carboxylates 7 is reported. The key intermediates were 2-cyano-
propenethioamides 2 and 2-(ethoxycarbonyl)propenethioamides 5§ which were readily obtained by reaction
of phenyl isothiocyanate with 3-(2-acylhydrazino)-3-aminopropenenitriles 1 and ethyl 3-(2-acylhy-
drazino)-3-aminopropenoates 4 respectively. Intramolecular cyclization of compounds 2 afforded pyra-
zole-4-carbothioamides 3 while propenethioamides § gave pyrazole-4-carboxylates 7.
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3-Amino- or S-aminopyrazole-4-carboxylic acid deriva-
tives have been employed as a convenient starting mater-
ial for the preparation of purine analogues as pyrazolo-
[3,4-d]pyrimidine nucleosides [1,2], many of which show
cytostatic activity, or pyrazolo[1,5-a]pyrimidine deriva-
tives as anti-inflammatory agents [3,4] and angiotensin
antagonists [5,6]. Recently 3,5-diaminopyrazole-4-car-
boxylates have attracted considerable attention due to
their good antioxidant activity [7,8] and their use as inter-
mediates for magenta couplers [9].

Although much work has been devoted to the synthesis
of 3-amino- or 5-aminopyrazole-4-carboxylates, on scan-
ning the literature, we found only a few methods to obtain
3,5-diaminopyrazole-4-carboxylates. One of these proce-
dures consists in the condensation of ethyl 3-amino-2-cyano-
4,4 4-trihalo-2-butenoates with hydrazine and subsequent
cyclization in N,N-dimethylformamide or ethyl phenyl ether
[10]. In an alternative approach ethyl 2-cyano-3,3-(dimeth-
ylmercapto)acrylate was reacted with aniline to afford
ethyl 3-anilino-2-cyano-3-(methylmercapto)acrylate that
was finally reacted with hydrazine hydrate to give the
expected pyrazole derivatives [11]. However the above
synthetic pathways employ multistep reactions and fur-
thermore they required the use of expensive reactants. On
the contrary, to the best of our knowledge, 3,5-diaminopy-
razole-4-carbothioamide derivatives have not yet been
reported.

Pursuing our interest in the chemistry of 3-(2-acylhy-
drazino)-3-aminopropenenitriles 1 and ethyl 3-(2-acylhy-
drazino)-3-aminopropenoates 4, as useful intermediates
for the preparation of biologically interesting heterocyclic
compounds [12,13], in this paper we report that the syn-
thesis of 2-cyanopropenethioamides 2 and 2-(ethoxycar-
bonyl)propenethioamides 5 from the reaction of com-
pounds 1 and 4 with phenyl isothiocyanate constitute an
easier route to 3,5-diaminopyrazole derivatives 3, 7.

We previously reported that 3-(2-acylhydrazino)-3-ami-
nopropenenitriles 1 and ethyl 3-(2-acylhydrazino)-3-
aminopropenoates 4 react with electrophiles, through their
C-2 due to its higher nucleophilicity in comparison to that
of the amino groups [12]. As expected by reacting com-
pounds 1 and 4 with phenyl isothiocyanate the propene-
thioamides 2 and 5 were obtained in satisfactory yields.
After screening different reaction conditions we found
that treatment of 1 and 4 with an equimolecular amount of
phenyl isothiocyanate in dry N,N-dimethylformamide at
room temperature, afforded the propenethioamides 2 and
5 almost pure for subsequent reactions (Table 1). Any
attempt of further purification gave rise to partial decom-
position of the thioamides.

Many problems are involved in the structural assign-
ment of propenethioamides 2 and § because of the possi-
bility of existence of tautomeric species (amide hydra-
zone, hydrazide imide and enamine) and the E/Z iso-
merism. The 'H nmr spectra (Table 2), recorded in hexa-
deuteriodimethyl sulfoxide solution, provided evidence
for the presence of the enamine tautomer, while for the
absence of a methine proton the amide hydrazone and
hydrazide imide tautomers should not be considered.

The new propenethioamides, so easily obtained, were
submitted to cyclocondensation to give the target 3,5-di-
aminopyrazole derivatives 3 and 7. When equimolecular
amounts of propenethioamides 2 and triethylamine were
allowed to react in chloroform solution at room tempera-
ture high yields of 3,5-diaminopyrazole-4-carbothioamide
derivatives 3 were obtained (Tables 3 and 4).

The cyclization involves nucleophilic attack by the N-2
of the hydrazine function of compounds 2 at the cyano
group, through 5-exo-dig cyclization as confirmed by the
disappearance of the CN strecthing vibration in the ir
spectra of pyrazoles 3. The conditions for the cyclization
of 2 to 3 were very strict. Poor yields of compounds 3
and/or a complex mixture of products were obtained by
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Table 1
Physical and Analytical Data of Propenethioamides 2 and §

Compound X R Yield mp Formula Analysis (%)
No. (%) °C) Calcd./Found
C H N
2a CN CH, 95 209-210 Cy,HgNsOS 52.35 4.76 25.44
52.31 4.73 25.47
2b CN i-Pr 61 214215 C4H7N508 55.43 5.65 23.08
55.47 5.66 23.09
2¢ CN Ph 79 198-200 C,7H5N508 60.52 448 20.76
60.60 4.50 20.72
2d CN PhCH, 57 223-225 C13H17N508 61.52 4.88 19.93
61.46 4.87 19.90
2e CN 4-CIC¢H4CH, 98 204-205 C3H;CINSOS 56.03 4.18 18.15
56.08 420 18.09
Sa COOEt CH,4 60 140-141 C14H gN4O5S 52.16 5.63 17.38
52.23 5.65 17.35
5b COOEt i-Pr 76 129-130 C1gH,,N4038 54.84 6.33 15.99
54.86 6.30 16.03
Sc¢ COOEt Ph 80 138-140 CyoHygN4O3S 59.36 5.24 14.57
59.33 5.26 14.50
5d COOEt PhCH, 40 130-131 . CyoHpoN4O3S 60.28 5.56 14.06
60.33 5.55 13.99
Se COOEt 4-CIC¢H,4CH, 45 134-135 CyoHy1CINGO, 55.49 4.89 12.94
55.42 491 12.97
Table 2

IR and !H NMR Data of Compounds 2 and §

Compound IR (Nujol) TH NMR (tetramethylsilane/dimethyl-dg sulfoxide)
No. v (cm1) 5,] (Hz)
2a 3260, 3090, 2170, 1700 1.89 (s, 3H, CH3), 7.13-7.61 (m, 7H, ArH and NH,, 9.53, 9.94, 10.38 (s, 3H, NH)
2b 3280, 2160, 1670, 1610 1.03 (d, J = 6.3 Hz, 6H, CHy,), 2.40 (m, 1H, CH), 7.10-7.38 (m, 7H, ArH and
NH,), 9.50, 9.83, 10.22 (s, 3H, NH)
2c 3350, 3270, 2150, 1670, 1610 7.15-7.98 (m, 12H, ArH and NH,), 9.60, 10.60, 10.64 (s, 3H, NH)
24 3420, 3240, 2190, 1705, 1610 3.48 (s, 2H, CH,), 7.16-7.32 (m, 12H, ArH and NH,), 9.49, 10.17, 10.37 (s, 3H, NH)
2e 3320, 3230, 3150, 3050, 2180, 1700, 1620 3.48 (s, 2H, CHy), 7.12-7.36 (m, 11H, ArH and NH,), 9.49, 10.16, 10.36 (s, 3H, NH)
5a 3310, 3220, 1635, 1590 1.06 (t, J=7.1 Hz, 3H, CH;), 1.85 (s, 3H, CHj), 3.89 (q, J = 7.1 Hz, 2H,
CH,), 7.03-7.56 (m, 5H, ArH), 8.35 (br s, 2H, NH,), 9.94, 10.42, 11.60, (s, 3H, NH)
5b 3350, 3290, 3230, 1675, 1660, 1640, 1600 1.00-1.05 (m, 9H, CHy), 2.38-2.43 (m, 1H, CH), 3.87 (q, J = 7.1 Hz, 2H, CH,),
7.02-7.55 (m, 5SH, ArH), 8.06 (br s, 2H, NH,), 9.87, 10.41, 11.56 (s, 3H, NH)
Sc 3460, 3260, 3190, 1670, 1635 1.07 (t, J = 6.8 Hz, 3H, CHy), 3.90 (g, J = 6.8 Hz, 2H, CHy), 7.07-7.91 (m, 10H,
ArH), 8.35 (br s, 2H, NH,), 10.56, 10.67, 11.51 (s, 3H, NH)
5d 3350, 3200, 1675, 1650, 1600 1.04 (t, ] = 6.8 Hz, 3H, CH;), 3.47 (s, 2H, CH;), 3.86 (q, J = 6.8 Hz, 2H,
CH,), 7.14-7.29 (m, 10H, ArH), 8.40 (br s, 2H, NH;), 10.23, 10.46, 11.60 (s, 3H, NH)
S¢ 3430, 3340, 3200, 1725, 1660, 1610 1.04 (t, J = 7.3 Hz, 3H, CH,), 3.48 (s, 2H, CH,), 3.86 (q, ] = 7.3 Hz, 2H, CH,),

7.15-7.30 (m, 9H, ArH), 8.40 (br s, 2H, NH,), 10.23, 10.45, 11.60 (s, 3H, NH)

carrying out the reaction under acidic conditions. The 5, in which an ethoxycarbonyl group replaces the cyano

reaction did not occur at lower temperature but gave com- group, the cyclocondensation followed a completely dif-

plicated product mixture upon reflux. ferent course. As a matter of fact thioamides § produced
Under the same reaction conditions propenethioamides  ethyl pyrazole-4-carboxylate derivatives 7 (Table 5).
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Scheme 1 The structure of compounds 7 was deduced by micro-
8 analyses, ir, nmr and mass spectral data. The nmr spectra
chl\ PhN=C=$ NC | NHPh of 7 revealed that compounds 7a,c exist as 2,5-dihydro-3-
_— S P d PR
N COR H;N” ~NHNHCOR amino-5 (phenyhmmo) 1H pyraz.oles, 7b,. as 3-amino-5
(phenylamino)-1H-pyrazoles, while only in the case of 7e
la-e 2a-e a mixture of the two tautomers was detected (10:1 ratio by
integration of the 'H nmr signals) (Table 6). From the
CHCL bove it that the exist £ le taut 7
triethylamine above it seems that the existence of pyrazole tautomers
1-3 R rt is affected by the nature of the acylic moiety on the N-1
a CH s position. From the comparative analysis of the 'H nmr of
b g}gcm)z HN the two tautomers we note that there are significant differ-
C 5 . .
d  CHCH, 1 130 ences in all the chemical shifts values of the NH, group
e 4-CICHLCH, NN, (~5.8 ppm for 7a,c and ~7.5 ppm for 7b,d) and NH
COR groups (~9.4 for NH of pyrazole ring and ~8.3 ppm for
3a-e the exocyclic NH). Another interesting feature of the 'H nmr
spectra of pyrazoles 7a,c is an upfield shift of 0.5-0.6 ppm
of the signals for the ethyl protons of the carboxylic
group, compared with 7b,d, probably due to the presence
of an exocyclic double bond that constrains the phenyl
Table 3
Physical and Analytical Data of 3,5-Diaminopyrazole-4-carbothioamide Derivatives 3
Compound R Yield mp Formula Analysis (%)
No. (%) () Calcd./Found
C H N
3a Me 97 219-220 C,H3N508 52.35 4.76 25.44
52.29 4.77 25.45
3b i-Pr 85 220-221 C,4H,7N508 55.43 565  23.08
55.37 5.66 23.02
3¢ Ph 98 179-180 C7H5N508 60.52 448 2076
60.58 446 2081
3d PhCH, 89 199-200 CygH7N508 61.52 4.88 19.93
61.47 4.85 19.92
3e 4-CIC4H,CH, 63 209-210 C5H14CIN5OS 56.03 418 1815
56.10 422 1822
Table 4
Ir and 'H NMR Data of Compounds 3
Compound IR (Nujol) IH NMR (tetramethylsilane/dimethyl-dg sulfoxide)
No. v (em'1) 8, ] (Hz)
3a 3480, 3370, 3310, 1700, 1590 2.43 (s, 3H, CH3), 5.80 (s, 2H, NH,), 7.17-7.61 (m, 5H, ArH), 8.28 (s, 2H, NH,),
10.45 (s, 1H, NH)
3b 3480, 3270, 1700, 1620 1.10 (d, ] = 6.3 Hz, 6H, CH3;), 3.37-3.44 (m, 1H, CH), 5.77 (s, 2H, NH,),
7.15-7.56 (m, SH, ArH), 8.27 (s, 2H, NH,), 10.41 (s, 1H, NH)
3¢ 3400, 3320, 3190, 1665, 1620 5.80 (s, 2H, NH,), 7.15-7.90 (m, 10H, ArH), 8.42 (s, 2H, NH,), 10.50
(s, 1H, NH)
3d 3420, 3240, 1705, 1610 4.18 (s, 2H, CHy), 5.83 (s, 2H, NH,), 7.13-7.56 (m, 10H, ArH), 8.23 (s, 2H, NH,),
10.43 (s, 1H, NH)
3e 3380, 3330, 3160, 1710, 1615 4.29 (s, 2H, CH,), 5.85 (s, 2H, NH,), 7.15-7.59 (m, 9H, ArH), 8.23 (s, 2H, NH,),

10.43 (s, 1H, NH)
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ring in a position such that it can exert a remarkable
shielding effect on the neighboring ethyl protons of the
ester group. Furthermore in the 13C nmr spectrum of the
same compounds we note, respectively, a difference of
about 6 ppm and about 3 ppm for the chemical shifts of
C-4 and C-1' between the two tautomers. The nmr spectra
of pyrazole 7e show two sets of signals due to the con-
temporary presence of the two tautomers.

Structural evidence for compounds 7 resulted from their
mass spectra that are characterized by the initial loss of
the acylic group from the molecular ion, while the subse-
quent fragmentation pattern is the same for all pyrazoles 7
and like that reported for ethyl 5(3)-amino-3(5)-(phenyl-
amino)-1H-pyrazole-4-carboxylate [11]. The above com-
pound was also obtained by submitting pyrazoles 7 to
hydrolysis with tricholoroacetic acid.

It is likely that the mechanism of formation of 7
involves the addition of N-2 of hydrazine moiety of 5 on
the thicamidic carbon atom to give cyclic intermediate 6,
that subsequently loses H,S to afford pyrazoles 7.

Melting points were determined with a Kofler hot stage
and are uncorrected. The ir spectra were recorded on
Nujol mulls between salt plates in a Perkin-Elmer 398
spectrophotometer. The 1H and 13C nmr spectra were
recorded with a Varian Unity 300 spectrometer. Mass
spectra were recorded with Fisons QMD 1000 spectrome-
ter in EI mode at 70 eV. Elemental analyses were carried
with a Carlo Erba Model 1106 Elemental Analyser. 3-(2-Acyl-
hydrazino)-3-aminopropenenitriles 1 and ethyl 3-(2-acyl-
hydrazino)-3-aminopropenoates 4 were prepared as
described in the literature [13].

Table 5

Physical and Analytical Data of Ethy! 3,5-Diaminopyrazole-4-carboxylate Derivatives 7

Scheme 2
00C
EtOOle\ _enees Et j:u\NHPh
HN NHNHCOR NHNHCOR
4a-e Sa-e
CHCly/
triethylamine
r.t.
SH
EtOOC
| -‘NHPh
NO
BN N TCOR
6
EtO0C NH, EtOOC NH,
PhN IIJ PhHN I?I
COR COR
Ta,c.e 7b,d,e
4-7 R
a CH3
b CH(CHj),
¢ Cgls
d CHsCH,
e 4-CICH,CH,
Compound R Yield mp
No. (%) O
Ta Me 98 158-160
. Th i-Pr 83 87-88
Te Ph 96 165-167
7d PhCH, 89 132-133
Te 4-CICgH,CH, 95 153-154

Formula Analysis (%)
Calcd./Found
C H N
C14H6N4O4 58.32 5.59 19.43
58.33 5.57 19.47
C6Hy0N404 60.75 6.37 17.71
60.79 6.38 17.65
C19H5N4O4 65.13 5.18 15.99
65.17 5.16 16.04
C,oHoN40O4 65.92 5.53 15.37
65.97 5.55 15.34
C,oH;oCIN,O4 60.23 4.80 14.05

60.14 4.78 14.09
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General Procedure for the Synthesis of Propenethio-
amides 2, 5.

A mixture of compound 1 or 4 (5 mmoles) and phenyl
isothiocyanate (0.68 g, 5 mmoles) in dry dimethylform-
amide (10 ml) was stirred at room temperature. After 24
hours water (30 ml) was added and the resulting precipi-
tate was filtered, washed with ethyl acetate (2 x 15 ml)
and dried to give compounds 2 and 5 in analytically pure
form without additional purification by recrystallization
or by chromatography.

General Procedure for the Synthesis of 3,5-Diamino-
pyrazole-4-carbothioamide Derivatives 3.

A mixture of propenethioamide 2 (2.5 mmoles) and tri-
ethylamine (0.25 g, 2.5 mmoles) in dry chloroform (100 ml)
was stirred at room temperature for 48 hours. Then the
solution was concentrated in vacuo and ice-water was
poured onto the residue at once. The resulting solid was
filtered by suction, dried and recrystallized from 2-pro-
panol in the case of 3a and from ethanol in the other cases.

General Procedure for the Synthesis of Ethyl 3,5-Diamino-
pyrazole-4-carboxylate Derivatives 7.

A mixture of propenethioamide $ (2.5 mmoles) and tri-
ethylamine (0.25 g, 2.5 mmoles) in dry chloroform (100 ml)
was stirred at room temperature for 48 hours. Then the
solution was concentrated in vacuo and ice-water was
poured onto the residue at once. The resulting solid was
filtered by suction, dried and recrystallized from n-hexane
in the case of 7b and from 2-propanol in the other cases.

Hydrolysis of Pyrazole Derivatives 7.

A mixture of pyrazole 7 (1.5 mmoles) and trichloro-
acetic acid (0.5 g, 3 mmoles) in ethanol (5 ml) was heated
at reflux for 2 hours. The solvent was evaporated in vacuo,
and the residue was mixed with 40% aqueous potassium car-
bonate (20 ml) and then extracted with chloroform (3 x 20 ml).

M. T. Cocco, C. Congiu, V. Onnis, A. M. Bernard and P. P. Piras
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The organic layer was dried (sodium sulfate) and concen-
trated in vacuo to give ethyl 5(3)-amino-3(5)-(phenyl-
amino)-1H-pyrazole-4-carboxylate in quantitative yield,
mp 164-165° (lit [11] 166°).
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