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The behaviour of the aminopyrazole derivatives 1a-c, 2-amino-4-phenylthiazole (2) and 2-
amino-5-phenyl-1,3 4-thiadiazole (3) toward the action of ethoxycarbonyl and benzoyvl iso-
thiocyanate is reported. The data clearly demonstrates the dependence of the nature of the

products obtained from the reaction of isothiocyanates with cyclic amidines on the nature of

the substituents on the heterocyelic ring.

1. Heterocyclic Chem., 16, 61 (1979).

Alkoxycarbonyl, acyl and aroyl isothiocyanates have
recently found extensive utility in heterocyclic synthesis

(1-9).

pecause reactions at the unsaturated bonds in these

This utility is due to their high reactivily and
reagents, either by 1.3-dipolarcycloaddition or by a
Michael type additon followed by cyclisation through
the alkoxycarbonyl, acyl or arovl moieties, provides the
double bond requisites to a heteroaromatic system. Asa
part of our program dealing with the utility of cyclic
amidines as precursorz for the svathesis of fused hetero-
cyclic compounds (9-12). we have previously reported
the behaviour of some 5-aminopyrazoles (7.9) and amino-
isoxazoles (10) toward the action ol isothiocyanates. In
the present paper we report the behaviour of the amino
azole derivatives la.b. 2 and 3 toward the action of
ethoxycarbonyl and benzoyl isothiocyanates. The results
clearly indicate that the course ol reaction of the above
mentioned reagents with amino azoles depends both upon
the substituenis on the heterocyclic ring and the nature
of the latter ring.
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It has been found that S-amino-1.3-diphenylpyrazole
(1) reacts with ethoxyvearbonyvl and benzoyl isothio-
Cyanates to yield the corresponding pyrazol-5-vithiourea
derivatives 4a,b. That the addition of isothiocyanates has
involved the amino nitrogen and not the pyrazole C-4
Position was inferred from the presence of the pyrazole
CH in the Tnmr of the reaction products.  This is in
ontrast to the reported reaction of 5-amino-3-phenyl-
Pyrazole (1c) with benzovl isothiocyanate to yield products
fesulting from electrophilic attack of the reagent at the

Position on the pyrazole ring (9).

S'Amino—4-1)rmn()p'\'ruzol«r (1b) reacted with ethoxy-
carbonyl isothiocyanate to vield a produet in which the
alytical data indicated a molecular formula of

13”12N4()2 S. Although no molecular ion was revealed
or this compound in the mass spectrometer, molecular
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weight determination by classical methods were consistent
with the suggested molecular formula. The ir spectrum
of the product revealed absorptions for NH, CO and SCN
groups. The 'Honmr of this product showed signals for
ethyl ester. phenyl and two NH protons. Based on these
data, structure 5 or isomeric 6 seemed possible for this
product.  Structure 5 was considered most likely since
the reaction product proved stable under the conditions
reported to effect decomposition of N-1 acylpyvrazoles
(13) or upon treatment with reagents that readily alfected
evelisation of  5-amino-4-thiocyanate- 3-phenylpyrazole
(1d) (see latter). Attempled synthesis of 5ria the action
ol ethyl chloroformate on 1d, prepared by the action of
potassium thiocyanate on 1b. were unsiucceessful. Under a
variety of conditions, 1d cyclised into the thiazolo[4,5-¢]-
pyrazole derivative 7 on attempted condensation with
ethyl chloroformate or alforded the 5-amino-3-ethoxy-
carbonyl-3-phenyl-4-thiocyanatopyrazole (6). Compound
6 readily afforded 7 under a variety of reaction conditions
aimed to effect its rearrangement into 5.

Compound 1b reacted with benzoyl isothiocyvanate to
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yield a mixture of the thiazolo|-4.5-c [pyrazole 8 and the
diadduct 9. These were separated in 4 Lo 1 ratios. When
an excess of benzoyl isothiocyanate was used, compounds
8 and 9 were formed tn a L:1 ratio. With a little excess
of 1b, compound 8 and unreacted 1b were the only
isolable products.

The formation of 5 or 8 and 9 from the reaction of 1b
with ethoxyearbonyl or with benzoyl isothiocyanates
might be assumed to proceed via an intermediate thiourea
derivative, which then readily cydlises into the thiazolo-

[2.3-¢ |pyrazoles 8ab. Compound 8a rearranges then
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into the final isolable product 5 under the reaction con-
ditions.  On the other hand, 8b does not rearrange under
the same conditions and could be isolated as such or
form the diadduct 9 with an excess of the reagent.
Although attempts to isolate intermedaite thiourea deriva-
tives in the above reactions were unsuccess{ul, the isolation
of the thiourea derivative 10 from the reaction of phenyl
isothiocyanate and 1b may point to the intermediacy of
thiourca derivatives in these reactions. However, it scems
that a mechanistic study for these conversions is necessary
1o establish a rigid conclusion in this respect.

2-Amino-4-phenylthiazole (2) reacted with ethoxy-
carbonyl isothiocyanate to yield the thiazolylthiourea
derivative 12. The structure of 11 was inferred from its
"Honmr and its chemical behaviour. Thus. whereas N-
thiocarhbamoylazoles has heen reported to decompose
readily on treatment with acid or with methanolic sodium
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methoxide (1), compound 12 was recovered almost
unaffected on treatment with both reagents. Attempted
cyclisation of 11 by the action of acetic anhydride has
resulted in its decomposition.  2-Acctamido-4-phenyl-
thiazole (13) was the only isolable reaction product. The
decomposilion of 11 into 12 is similar to the previously
reported  decomposition of azolyl thioureas into the
corresponding acvlamino derivatives by the action of acetic
anhydride (6).  Compound 11 could be successfully
cyclised into the thiazolo[2,3-d ]-s-triazine derivative by
the action of ethanolic sodium hydroxide solution.
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The reaction of 2-amino-§,3 4-thiadiazoles with ethoxy-
carbonyl isothiocyanates is straight forward and affords
the expected thiourea derivatives (13). We have found,
however, that 2-amino-5-phenyl-1,3.4-thiadiazole (3) re-
acts with cthoxvearbonyl isothiocyanate to yield the
ethoxycarbonylamino derivative 14 as the only isolable
product (80% vield).
benzoyl isothioeyanate to yield the expected thiourea

Compound 3 also reacted with
derivative 15 as a minor product. The major reaction
product was found to be the benzovlamino derivative 16.
The structure of 15 and 16 was confirmed via synthesis
from 3 and ethy] chloroformate or with benzoyl chloride
respectively. Although the mechanism of this reaction is
still uncertain and several logical routes leading to the
formation of 14 and 15 cannot, based on the available
data, be overlooked, it seems Lo us most likely that 14
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and 16 are formed rvia rearrangement of the initially

formed 1-t
ation below.

hiocarbamoylated adduct as illustrated in the
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The formation of acyl derivatives on reaction of
strongly basic acvelic amidines with ethoxycarbonyl iso-
g ) : ) )

thiocyanate has been previously reported (14).

The data gathered from the present work when com-
bined with the results of our previously published results
dlearly indicate that caution must be used in proposing
structures by analogy to other reactions. The data also
emphasise the importance of structural moditications on
the reactivity of cyclic amidines and suggests that charge
separate resonance forms for cvelic amidines plays a
substantial role in determining C vs. ring N and vs. exo-
cyclic amino group reactivities.

EXPERIMENTAL

All melting points are uncorrected. Ir spectra were recorded
(potassium bromide) on a Perkin-Eimer model 337 spectrophoto-
meter. 'H-nmr spectra were obtained with a Varian A-G0 spec-
trophotometer using TMS as internal standard and chemical
shifts are expressed as & ppn.

1-Substituted-341,3-diphenylpyrazol-3-vDthiourea (4a.b).

Compound 1a was treated with an equimolecular amount of
either ethoxycarbonyl isothiocyanate or benzoyl isothioeyanate
in acetone solution using the experimental procedure previously
described for the reaction of 1¢ with benzoyl isothiocyanate (6).
The reaction products were crystallized from ethanol.

Compound 4a formed pale vellow crystals, m.p. 134°, yield
85%; ir: 1735 cm”™' (ester CO). 3000-3080 and 3200 (NI):
"Henme:  1.21 (1, 3IL Cll3). 413 (q. 21L CHay). 7.13 (s, HIL,
pyrazole C-4 proton). 7.36-8.03 (m. 10H. 2 CgHs) and 11.50
(d, 2H, lost after deuterium oxide exchange. NH).

Anal. Caled. for C gl gNg0,S8: €, 6220 H, 4.9: N, 15.3:
§,8.7. Found: C.62.2: I1,5.3: N, 13.1: §,8.7,

Compound 4b formed pale yellow crystals. m.p. 160°. vield
30%; ir: 1615 em ™! (C=N) and 1690 (benzov!l CO).

Anal. Caled. for (423}118[\408 C. 69.33: ” 4.5: N, 14.0.
S$,8.0. Found: C,09.77. H,4.3; N.11.0: §,7.8.

S-Elhuxycarbonylum ino-d-thiocyanato-3-phenylpyrazole (5).

) A suspension of 1b (0.1 mole) in acetone (50 ml.) was treated
with ethoxycarbonyl isothiocyanate solution (prepared from 0.12
mole of ammoniwm thiocyanate and an equivalent amount of
ethyl chloroformate as has been previously described (9). The
Teaction mixture was refluxed for fifteen minutes and then
&vaporated in vacuo. The remaining product was triturated with
water, collected by filtration and crystallised from ethanol.

y Compound 5 formed colourless crystals, m.p. 162°, yield 80%,
llr.411730 em™(ester COY and 3300-3500 (NH bands): 'Henmr:

A1 (¢, 3H, CH3), 4.5 (q. 2H, Cl,). 7.56-8.08 (m. 71, integrated

or . : . .
5 protons after deuterium oxide exchange, aromatic and Nl
Protons),
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Anal. Caled. for Cy3H;aNg028: o510 HLE2D NO1OH
S, 110 Found: €, 33.8: H, 4.0 No1vd: SO 012,

5-Amino-4-thiocyanato-3-phenyvipvrazole ( 1d).

A solution of Tb (0.1 mole) in acetone (100 mb) was tregted
with polassium thioeyvanate (0.1 mole). The mixture was refluxed
for three hours, left to cool and then poured onto waler. The
product, so formed. was collected by filtration and crystaliised
from ethanol.

Compound 1d formed yellow crystals. m.p. 120% vield 88%:
ir: 1620 em™! (6 Cll,), 2180 (SLN) and a broad band at 3050-
3350 (NH vibrations).

Anal. Caled. for CyollgNgS: €. 53.5: ML 3.7 N, 28
14.8. Found: C,55.4: H.4.0: N. 206.0: S, 15.0.

R R

<

5-Amino-1-ethoxycarbouyl-4-thiocvanatopyrazole (6).

A suwspension of 1d (0.1 mole) in acetone (100 ml) and
potassium carbonate (5.0 g.) was treafed with ethyl chloroformate
(0.1 mole). The reaction mixture was refluned for two hours.,
then evaporated in vacuo. The remaining product was triterated
with water and the resulting solid was collected by filtration.
dried and cryvstallised from acetonk,

Compound 6 formed colourless ervstals, m.p. 120°. vield 15%;
irr 1630 cm™' (NH,), 2160 (SCN) and 3200-3300 (N1T bands).

Anal. Caled. for CpatlaN3j0,S: €50 HoL20 N 19k
S, 111, Found: C,53.9: H,4.3: N, 19.6: S.11.1.

2-Amino-6-phenylthiazolo[-4.5-¢ | pyrazole (7).

A solution of 1d (2.0 ¢} in ethanol (100 ml. 95%) wax
refluxed for four hours, then evaporated in racuo. The remaining
solid produced was triturated with water. coliceted by filiration
and crystallized from ethanol.

Compound 6 formed vellow crystals, mop. 177 yield 887
ir: 1620 em™! (o-NH3) and a broad band al 3930-3350 (NH
vibrations).

Anal. Caled. for CioHgNgS: €. 3550 1L 3,70 NU 2590 8.
1-£.8. Found: C, 334 H.4.0: N, 20,00 5. 15.0.

Reaction of 1b with Benzoyl lsothiocyanate.

A solution of 1b{0.1 mole) in acetone (130 mb) was treated
with a solution of benzoyl isothiocvanate (prepared from .15
mole of ammonium thioevanate and 0.17 mole of benzovl chioride
as has been previously described). The reaction N ire was
reffuxed for three howrs and then filtered white hot. The colleeted
product was washed several times with cold water and erystaliised
from ethanol to vield compound 9 a~ colourless ervstals. map.
275°, vield 15%.

Anal. Caled. For CaghiyaNs028,: (L6020 1L B350 N LR
S 13.25. Found: C.62.0: H.3.60 NoVLT 50130

Evaporation of the filtrate afforded o pale vellow solid which
was purified by crystallisation from ethanol to vield compound 8
(R = Ph) as vellow erystalsc mep. 230, vield 350,

Anal. Caled. for CyaHaNg0OS: 0370 1L 3,70 N 1Tk
S,10.0. Found: €.063.5; 11,4.0: N, 17.3: §.10.0.

N (4-Bromo-3-phenylpyrazol-5- - -phenylthiourea (10).

A mixture of 1h (2.0 2.) and phenylisothioeyvanate (2.0 ml)
was heated on a boiling water bath for one hour. The reaction
product was then treated with ethunol and the solid product.
so formed, was collected by filtration and crystallised from
ethanol.

Compound 10 formed pale vellow ecrystais, muop. 170° vield
60%.

Anal. Caled. for CygHy3BrNgS: €, 5140 Ho3ob N8,
S, 8.5: Br. 214, Found: €, 50.2: H. 3.4 No15.00 5085 Br,
21.2.
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N-Ethoxycarbony -V (4-phenvithiazol-2-v])thiourea (11).

Compound 2 was treated with cthoxycarbonyl isothiocvanate
using the experimental conditions utilised for the reaction of 1
with the same reagent. The formed 11 was purified by crystal-
lisation from ethanol. Compound 11 formed vellow crystals,
m.p. 205°, yield 75%: 'Hnmr: 1.31 (1, 3H, Cl), 4.43 (q, 21,
Cly), 7.4-8.5 (in, 61, phenyl and thiazole ring protons), 11,93
(IH. deuteriwm oxide exchangeable, NH) and 13.16 (br, 1H,
deuterium oxide exchangeable. NH).

Anal. Caled. for C13H13N30,8,: C, 50.8; H, 4.2; N.13.6;
S.21.0. Found: C,50.7: H.4.3: N, 13.4: S, 20.9.

2-Acetamido-4-phenylthiazole (12).

A suspension of 11 (2.0 ¢.) in acetic anhydride (30 ml) was
sefluxed for three hours. The solvent was then removed in vacuo
and the resulting solid produet was triturated with water and
collected by filtration. The reaction product was identified (m.p.
and mixed m.p.) as 12.

3.14-Dihvdro-5-0x0-8-phenvl-3-thioxothiazolo[2,3-d |-s- triazine

(13).

A solution of 11 (2.0 g.) in aqueous sodium hydroxide (20
ml., 3%) was kept overnight at room temperature and then
neutralised by concentrated hydrochloric acid. The solid product,
so formed, was collected by filtration and erystallised from
cthanol.  Compound 13 formed colourless crystals, m.p. 205°,
yield 58%.

Anal. Caled. for Cyp1H,N30S,: €, 50.7: H. 2.7:
S. 244, Found: C,50.7: 1, 3.0: N,106.0; S, 24.2.

N, 16.0:

2-Ethoxycarbonylamino-5-phenyl-1.3 f-thiadiazole (14).

To an ethoxycarbonyl isothiocyanate solution (prepared from
0.12 mole of ammonium thiocvanate and 0.1 mole of ethyl
chloroformate in dry acetone) 0.1 mole of 3 was added. The
reaction mixture was heated for ten hours and then allowed to
cool.  The solid product, obtained on cooling was collected by
filtration and washed well with water to afford crude 14. Evapora-
tion of the filtrate afforded additional quantity of the same
compound.  Compound 14 formed colourless crystals from
ethanol, m.p. 307°, vield 80%: ir: 1730 em™! (ester CO). 2900-
3250 (chelated NIT).

AAnal. Caled. for Cy1Hy1N30,S: C.53.0: I 4.4; N, 10.8:
5.12.8. Found: C.52.5: H.1.4: N, 17.2; S.13.0

Reaction of 2-Amino-5-phenyl-1.3.4-thiadiazole (3) with Benzoyl
lsothiocyanate.

To an acclone solution of benzovl isothiocyanate (prepared
from ammonijum thiocvanate (0.1 mole) and the appropriate
quantity of benzoyl chloride in 100 ml. of acetone as has been
previously deseribed), 0.1 mole of compound 3 was added. The
reaction mixture was refluxed for 8 hours and thenleft to cool.
The solid product. separated. was collected by filtration and
washed well with water to yield 62% of 15. Evaporation of the
filtrate afforded a solid product which was also collected by
trituration with water and crystallised from ethanol to afford 20%
of compound 16.

Compound 15 formed colourless crystals, m.p. 230°, vield
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62%: ir: 1700 em™! (CO group).

Anal. Caled. for CysH;1N3OS: C 64.0; H, 3.9: N, 14.9;
S,11.4. Found: C,64.2; H,4.0; N, 14.7; S,11.4.

Compound 16 formed pale yellow crystals, m.p. 227°. vield
20%.

Anal. Caled. for C16H12N4OSQZ C. 5()4— H. 3.5: N, 164-
S, 18.8. Found: C,56.2; H,3.6: N,16.7: §,19.0.

Reaction of Compound 3 with Benzovl Chloride and with Ethyl
Chloroformate.

A solution of compound 3 (0.1 mole) in pyridine (100 ml.)
was treated with an equimolecular amount of either ethyl chloro-
formate or benzoyl isothiocyanate. After refluxing the reaction
mixture for 10 hours. the solvent was removed in vacuo. The
remaining products were triturated with water. collected by fil-
tration and crystallised from ethanol. The reaction products were
identificd as compounds 14 and 15, respectively. Identification
was carried out by m.p. and mixed m.p. determinations.
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