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Abstract—1,3-Diaryl-4-isocyanatopyrazoles were obtained by reaction of 1,3-diarylpyrazole-4-carboxylic
acids with ethyl chloroformate and sodium azide or by reaction of 1,3-diarylpyrazole-4-carbonyl chloride
with trimethylsilyl azide. Thetitle compoundseactwith amines, hydrazine hydrate, alcohols, phenols, and
monochloroacetic acid to afford 4-pyrazolyl-substitutedeas, semicarbazides, urethanes, amiides
respectively.

1,3-Diarylpyrazole-4-carboxylic acids that we haveprovides a possibility to use directly acid$a-e
formerly synthesized [2] can be applied as convenien{Scheme 1).Under mild conditions of the reaction
precursors to preparation of new derivatives with detween the acids and ethyl chloroformate and
highly electrophilic isocyanatgroup. Note that pyr- sodium azide we were able to isolate and characterize
azolyl isocyanates up till now remain a poorly studiedby IR spectra 4-pyrazoyl azideHla -e that were
heterocumulenetype. The only such compounds solid compound stable to prolonged storage in a
described in the literature are 5-pyrazolyl isocyanatesefrigerator butdecomposing atnelting. The target
[3], and 4-pyrazolyl isocyanates arenknown. Yet isocyanates were obtained by decomposing the azides
taking into account the high pharmacological-74 by heating for 4 h in toluene or dioxane.
and physiological [8, 9] activity of a number of |y the second¢organosilicori, procedure [11]l)
4-substituted pyrazoles the synthesis of 4-isocyanatgnto the reaction with pyrazole-4-carbonyl chlorides
pyrazoles as initial compounds for preparation oflva-e [2] was brought trimethylsilylzide instead of
versatile derivatives presents an importaask. sodium azide. The heating of the reagents for 4 h in

We tried two approaches to the synthesis ofoiling toluene furnished isocyanatks-e in 46-59%
1,3-diaryl-4-isocyanatopyrazolesa—e which were Yield (Scheme 1).
both improved preparative modifications @furtius Isocyanatopyrazoleka-e (Table 1) are crystalline
reaction. The“format€ method [10] (procedure) solids stable to prolonged storage protected from
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moisture. Thebest way to purify compounds, b, e
is by vacuum distillation, compound, d by re-

solution are monomeric. Thiack in the IR spectrum
of compounde taken in a KBr pellet of an absorption
band in 22502300 cm? region and the presence of a
band at 1730 cit suggests that it probably has
dimerized during distillation into urethinedion¥
with a melting point of 152C. Yet in solution
(independent of the solvent nature) compouwd
occurs exclusively as monomeric isocyanale.
Special spectral investigation showed that the dis-
sociation of urethinedionéd/ to isocyanatele can
proceed also withousolvent. Thus after 6 months of
storage compoundV completely converted into
isocyanate le with a melting point 5051°C
(Scheme 2).

It should be noted that the chemical shift of the
signal from the proton in th& position of the pyr-
azolering in the 'H NMR spectra of isocyanatels
depends considerably on the solverttaracter. In
particular, in polar solvents of DMSO type this
proton gives rise to a signal &90-8.75 ppm. At

crystallization. The analysis of the IR spectra revealedhe same time in deuterobenzene the signal shifts
that isocyanatesa-d both in the solid state and in upfield by 2 ppm to the regiof.72-6.85 ppm.

Table 1. Yields, constants, spectra, aalkmental analyses of 1,3-diaryl-4-isocyanatopyrazlzles

Compd. Yield, % bp, °C mp, °C IR spectrum
no. (p, mm Hg) (solvent for (CH,CL,), 'H NMR spectrum (GDy), 8, ppm
a b crystallization) | v(N=C=0), cm*
la 45 | 52 |195-198 (0.04 92 2270 8.06 d, 7.41 d (4H arom), 7.26.93 m
(6H arom), 6.79 s (1H,CH=)
Ib 47 | 55 |199-200 (0.04 105 2280 8.07-7.89 m (4H arom), 7.577.21 m
(5H arom), 6.73 s (1HCH=)
Ic 52 | 59 - 105-106 2275 7.79 d, 7.38 d (4H arom), 7.28.92 m
(hexanebenzenas, (5H arom), 6.75 s (1H,CH=)
10:1)
Id 46 | 53 - 121-122 2280 7.74 d, 7.37 d (4H arom), 7.36.91 m
(hexanebenzenas, (5H arom), 6.72 s (1H,CH=)
5:1)
le 44 | 46 |194-195 (0.04 50-51 2270 8.03 d, 7.43 d (4H arom), 7.18.91 m
(5H arom), 6.85 s (1HCH=), 2.46 q
(2H, CH,), 1.03 t (3H, CH)
Compd. Found, % Calculated, %
no. Formula
C H N C H N
la 73.82 4.08 15.81 C,H1:N O 73.75 4.24 16.08
Ib 68.99 3.53 15.17 CeH1oFN;O 68.81 3.61 15.05
Ic 65.22 3.20 14.33 C.eH1,CIN,O 64.98 3.41 14.21
Id 56.07 3.19 12.42 C,eH1BrN;O 56.49 2.96 12.35
le 74.95 4.97 14.29 CigHisN;O 74.72 5.22 14.52
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Table 2. Yields, constants, spectra and elemeatzlyses oN-(1,3-diaryl-4-pyrazolyl)ureabXa-g

Compd. | Yield, mp, °C IR spectrum (KBr),y, cm*
no. % (solvent for 'H NMR spectrum [(CR),SO], 3, ppm
crystallization) Cc=0 N-H
IXa 55 253-255 1710 3310 8.74 s (1H,CH=),8.03 s (1H, NH), 7.88 d, 7.79d
(dioxane-ethanol, (4H arom), 7.537.31 m (8H arom), 6.89 d
1:10) (2H arom), 3.72 t (4H, CKD), 3.01 t (4H, CHN)
IXb 57 260-262 1705 3300 9.71 s (1H, NH), 8.73 s (1HCH=), 8.43 s (1H,
(dioxane-ethanol, NH), 8.12 d, 7.90 d, 7.80 d, 7.69 d (8H arom),
3:2) 7.56-7.29 m (6H arom)
IXc 78 137-138 1720 3290 8.52 s (1H,CH=), 7.22-7.05 m(14H arom), 6.30 s
(benzenehexane, (1H, NH), 4.56 s (2H, CH), 3.07 s (3H, CH)
5:1)
IXd 74 205-207 1720 3315 8.55 s (1H,CH=), 8.28 ¢ (1H, NH), 7.876.81 m
(dioxane-water, (14H arom), 3.61 m (4H, CEN), 3.16 m (4H,
3:1) CH,N)
IXe 77 229-231 1715 3280 8.58 s (1H,CH=), 7.82-7.29 m(10H arom, NH),
(dioxane-ethanol, 6.38 s (1H, NH), 3.46 m (1H, CH), 1.79.66 m
1:6) (8H, CH,)
IXf 55 243-245 1710 3330 9.12 s (1H, NH), 8.93 s (1H, NH), 8.74 s (1H,
(ethanotwater, CH=), 869 s (1H arom), 7.97.32 m
5:1) (10H arom)
IXg 58 130-131 1715 3315 8.57 s (1H,CH=), 7.83-7.34 m(10H arom, NH),
(benzenehexane, 6.45 t (1H, NH), 3.55 t (4H, CkD), 3.09 q (2H,
5:1) CH,), 2.67 q (2H, CH), 2.32-2.28 m (2H, CH),
156 q (2H, CH), 1.23 s (3H, CH)
Compd. Found, % Calculated, %
no. Formula
C H N C H N
IXa 70.77 5.77 16.10 C,6H,5N:0, 71.05 5.73 15.93
IXb 66.31 4.40 17.32 C,,H; N0, 66.15 4.29 17.53
IXc 71.54 5.41 13.62 C,,H,,FN,O 71.99 5.28 13.99
IXd 70.87 5.70 15.67 C,eH,.FN;O 70.73 5.48 15.86
IXe 66.71 5.59 14.07 C,,H,,CIN,O 66.91 5.87 14.19
IXf 56.03 3.34 11.47 C,;H,;sCILF;N,O 56.25 3.08 11.40
IXg 69.46 7.50 16.31 C,sH3iN:O, 69.26 7.21 16.05
In order to prepare from thisocyanatopyrazolels Some derivatives of 4-isocyanatopyrazole can be

potential bioactive compounds we carried out theiprepared without isolation of the isocyanates in pure
reaction with aminesVla-g, alcohols Vlla-c, state since the isolation process is accompanied with
phenolsVlld, e, and acidsVllla, b . The heating of significant decrease in thgield. In particular, ureas
isocyanateda-c, e in benzene with amine¥la-g IXh,i and semicarbazidetXj, k were obtained in
affords in high yieldN'-alkyl(aryl)-N-pyrazolylureas high yield by treating with aqueous ammonia and
IXa-g (Table 2). The reaction of the isocyanates withhydrazine hydrate crude isocyanaties ¢ prepared
alcohols Vlla -c and phenolsVlid, e requires pro- Py decomposition of the corresponding 4-pyrazolyl
longed heating in benzene-@ h) in the presence of azides in dioxane (Scheme 4).

catalytic quantity of triethylamine. As a resutrm Isocyanatda with acids exhibits peculigbehavior.
urethanesXa-e (Scheme 3). For instance, when treated with glacedetic acid it
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is hydrolyzed to affordsymdipyrazolylureaXl. Yet
the monochloroacetic acid with this compound affords
amide Xl (Scheme 5).

EXPERIMENTAL

IR spectra of compounds obtained were registered
on spectrophotometddR-20. 'H NMR spectra were
measured on spectrometer Varian Gemini (808z).

1,3-Diaryl-4-isocyanatopyrazoles lae (Table 1).
(a). To a dispersion d.01 mol ofacidlla-ein 30 ml
of anhydrous acetone was addedsttring andcool-
ing to O°C 0.011 mol of triethylamine, andfter
15 min 0.011 mol ofethyl chloroformate in 5 ml of
acetone. The stirring wasontinued for 1 hmore, and
at the same temperature was adde2011 mol of
sodium azide in 15 ml ofvater. Thereaction mixture
was stirred for 4 h at @ and then poured into
100 ml of ice water. Th@roduct was filtered off and
dried in a vacuum desiccator ovep®®. Thus were
obtained pyrazole-4-carbonyl azidéda -e. Yields,
melting points, and IRspectra of the crude com-
pounds are as follows92%, 7274°C, 2140 cm!
(lla), 88%, 8992°C, 2145 cm® (lllb), 91%,
102-103°C, 2150 cm' (llic), 86%, 9195°C,
2155 cm? (llld ), 76%, 7376°C, 2145 cm’ (llle).
Azides Illa -e in 50 ml of toluene were heated to
boiling for 4 h till the liberation of nitrogen stopped.
The solvent was removed at reducpdessure, the
residue was purified by distillation or recrystalliz-
ation.

(b) To a solution of0.01 mol of pyrazole-4-carb-
onyl chloride was added astirring within 0.5 h
0.012 mol of trimethylsilylazide in 10 ml oftoluene.
The mixture was heated for-8 h till the liberation
of nitrogen stopped. The solvent was removed at
reducedpressure, theesidue was purified by distill-
ation or recrystallization.

N'-Alkyl(aryl)- N-(4-pyrazolyl)ureas |Xa-g
(Table 2). To a solution of 4 mmol of isocyanate
la-c, ein 30 ml of benzene was added 4 mmol of
amineVla-g, and the mixture was heated to boiling
for 2 h. Then the solvent was evaporated, and the
residue was purified by recrystallization.

N-(4-Pyrazolyl)ureas 1Xh, i, and 1-[N-(4-pyr-
azolyl)]semicarbazideslIXj, k. In 10 ml of dioxane
was heated to boiling 2 mmol of pyrazolyl azithe ¢
for 3 h till the liberation of nitrogen stopped. The
solution was cooled, and thereto wadded 4 ml of
25% aqueous ammonia (hydrazine hydrate) in 10 ml
of dioxane. The mixture was stirred for 1 h at room
temperature and 1 h at boiling. Then the reaction
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of N-(1,3-diaryl-4-pyrazolyl)urethants-e

Compd. | Yield, mp, °C IR spectrum (KBr),, cm*
% (solvent  for 'H NMR spectrum [(CRQ),SO], 8, ppm
no. crystallization) Cc=0 N-H
Xa 82 120-122 1740 3245 8.51 s (1H,CH=), 8.16 s (1H, NH), 7.937.83 m
(benzenehexane, (4H arom), 7.567.31 m (6H arom), 4.25 m
4:1) (2H, CH,0), 3.59 m (2H, CHO), 2.61 m (2H,
CH,N), 2.47 m (4H, CHN)
Xb 60 125-127 1735 3260 8.34 s (1H,CH=), 7.81-7.35 m(15H arom, NH),
(ethanotwater,5: 1) 5.26 s (2H, CHO)
Xc 53 132-133 1735 3250 9.13 s (1H, NH), 8.61 s (1HCH=), 7.87-7.36 m
(benzenehexane, (10H arom), 6.47 m (2H arom), 5.09 m (2H,
4:1) CH,0)
Xd 62 144-145 1740 3245 8.66 s (1H,CH=), 8.39 s (1H, NH), 7.887.30 m
(benzenehexane, (13H arom)
3:1)
Xe 53 165-166 1735 3260 8.45 s (1H,CH=), 7.72-7.01 m (13H arom),
(ethanolwater, 2.71 q (2H, CH), 2.37 s (3H, CH), 1.28 t (3H,
6:1) CH,)
Compd. Found, % Calculated, %
no. Formula
C H N C H N
Xa 67.48 6.01 14.20 C,,H,,N,O, 67.33 6.16 14.28
Xb 68.58 4.57 10.03 C,sH,;sCIN,O, 68.40 4.49 10.40
Xc 64.45 4.29 10.42 C,H;sCIN,;O, 64.04 4.09 10.67
Xd 67.14 4.04 10.67 C,,H;sCIFN,O 67.44 3.86 10.72
Xe 75.75 5.54 10.28 C,sH,5N;0, 75.54 5.83 10.57

mixture was cooled and poured into ieeater, the
precipitate was filtereoff, dried, andcrystallized.

1-[1-phenyl-3-(4-chlorophenyl)]-4-pyrazolyl-
semicarbazide (1Xk). Yield 67%, mp 182183C
(ethanotdioxane, 10:1). IR spectrum (KBr), crit:
1690 (C=0), 3290-3350 (N-H). Found, %: C
58.96; H 4.11; N 21.59. ¢H,,CIN;O. Calculated,
C 58.70; H 4.30; N 21.33.

N-(4-Pyrazolyl)-O-alkyl(aryl)urethanes Xa-e
(Table 3). To a solution of 4 mmol of isocyanate
la, ¢, ein 30 ml of benzene was add€d04 mol of
alcohol Vlla-c or phenolVlld, e, and 5 drops of
triethylamine. The mixture wakeated to boiling for
4-5 h, then the solvent was evaporated, and the
residue recrystallized.

N-(1,3-Diphenyl)-4-pyrazolylurea
(IXh). Yield 68%, mp 152153C (ethanot
dioxane, 2:1). IR spectrum (KBr), cm': 1695 29
(C=0), 3300-3350 (N-H). Found, %: C 69.34; %:
H 4.86; N 20.27. GH.4,N,O. Calculated, %:
C 69.05; H 5.07; N 20.13.

N-[1-Phenyl-3-(4-chlorophenyl)]-4-pyrazolylurea
(IXi). Yield 72%, mp 208209°C (ethanotdioxane,
1:1). IR spectrum (KBr), cit: 1690(C=0), 3280
3300 (N-H). Found, %: C 61.62; H 3.99; N 17.74.
C,6H13CIN,O. Calculated, %: G51.44; H 4.19; N

17.91. N,N'-Bis[1,3-diphenyl-4-pyrazolyllurea (XI) and

1-(1,3-Diphenyl-4-pyrazolyl)semicarbazide (IX]).
Yield 64%, mp 169170°C (ethanol). IR spectrum
(KBr), cm % 1700(C=0), 3300-3370 (N-H). Found,
%: C 65.62; H 5.21; N 23.61. {gH;5N:O. Calculat-
ed, %: C 65.58; H 5.14; N 23.83.

(1,3-diphenyl-4-pyrazolyl)chloroacetamide (XII).
To a solution of isocyanat in 15 ml of toluene was
added 2 mmol of acetic or monochloroacetmd, and

the mixture was boiled for 3 h. The solvent was

evaporated, and the residue recrystallized.
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Compound XI. Yield 65%, mp 242 243C. IR

spectrum (KBr), cm: 1685 (C=0), 32153280 3.

(N-H). H NMR spectrum [(CR),SO], 5, ppm:
8.68 s (2H,CH=), 8.46 s (2H, NH), 7.92 s, 7.81 d
(8H arom), 7.587.31 m (12H arom). Found, %:
79.20; H 5.33; N 12.11. gH,,N,O. Calculated, %:
C 79.46; H 5.16; N 11.96.

Compound XI. Yield 58%, mp 113114C. IR

spectrum (KBr), cm: 1705 (C=0), 3280 (N-H). 6.

'H NMR spectrum [(CR),SO], 6, ppm: 9.94 s (1H,
NH), 8.74 s (1H,CH=), 7.87 d, 7.79 d (4H arom),
7.53-7.31 m (6H arom). Found, %: C 65.74; H
4.71; N 13.16. G,H,,CIN;O. Calculated, %: C
65.49; H 4.53; N 13.48.
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