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The reactions of 2-isothiocyanatobenzonitrile with ethyl-, tert-butyl-,
cyclohexyl-, and benzylamine as well as with aniline, 4-toluidine, 4-ani-
sidine, 4-bromoaniline, phenylhydrazine, and hydrazine were studied. In
dependence on the structure of the starting amine and on the reaction
conditions either 3-substituted 1-(2-cyanophenyl)thioureas, 3-substituted
4-imino-1,2,3,4-tetrahydroquinazoline-2-thiones or a mixture of both com-
pounds were formed. 4-Amino-1,2-dihydroquinazoline-2-thione was
formed in the reaction of 2-isothiocyanatobenzonitrile with ammonia. The
structure of the latter was proved by an independent synthesis.

3-Substituted 1-(2-cyanophenyl)thioureas with the exception of the last
were cyclized in boiling ethanol to corresponding 3-substituted 4-imino-
-1,2,3,4-tetrahydroquinazoline-2-thiones.

HccnenoBaHa peakius 2-M30THOIIMAHATOOEH30HUTPHIIA C 3THII-, Mpem-
-OyTHII-, UKJIOTEKCHII- B OEH3UJIAMHHOM, aHWJIMHOM, 4-TOJYHOAMHOM, 4-
-aHU3HOMHOM, °4-OpOMaHMIMHOM, (EHHITHAPAa3HHOM M THIPa3HHOM.
B 3aBHCHMOCTH OT CTPYKTYphl HCXOOHOTO aMHHA H OT PEaKLHOHHBIX
ycnoBuii, 06pa3oBsIBaiCh 3-3aMelieHHble |-(2-nmaHoGeHNT) THOMOYEBHHBI,
3-3amMerieHHble 4-UMHHO-1,2,3,4-TeTparnApOXUHA30JINH-2-THOHEI, HJIH XK€
cMech BellecTB oboux THNOB. 4-AMHHO-1,2-TUrHOPOXMHA30JIMH-2-THOH
obOpa3oBasics peakuuell 2-U30THOLHMAHATOOEH3OHUTPHUIIA C aMMHMAKOM M
€ro CTPYKTypa Obljla MOATBEPXXIEHA BCTPEYHBIM CHHTE30M.

3-3amernennsle  1-(2-nMaHO(EHUT)THOMOYEBHHBI KpOME TOCJEQHEH
OB MOJBEPXKEHBI MUKJIM3ALUHN MYyTEM KHISAYEHHUS B 3THIOBOM CIIHPTE C
o6pa3oBaHHEM COOTBETCTBYIOLIUX 3-3aMellleHHbIX 4-uMuHO-1,2,3,4-TeTpa-
TMIPOXHHA30JIHH-2-THOHOB.

Syntheses leading to 3-substituted 1-(2-cyanophenyl)thioureas utilizing the
interaction of isothiocyanato group with amino group may start with two
different substrates. Either it is 2-aminobenzonitrile reacting with substituted
isothiocyanates or it may be 2-isothiocyanatobenzonitrile that reacts with pri-
mary amines. Both ways were applied to the synthesis of 3-phenyl-1-(2-cyano-
phenyl)thiourea [1, 2]. This compound is thermally unstable and can immediate-
ly enter into pyrimidine ring closure by the interaction of cyano group with
thioureido group.
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The reaction of 2-aminobenzonitrile with phenyl isothiocyanate without any
solvent for 20 h at the temperature of 50 °C [1] was unsuccessfully reproduced
[2]. In all cases under varied conditions the only product of cyclization of
3-phenyl-1-(2-cyanophenyl)thiourea, i.e. 3-phenyl-4-imino-1,2,3,4-tetrahydro-
quinazoline-2-thione was obtained. The synthesis of 3-phenyl-1-(2-cyano-
phenyl)thiourea by the reaction of 2-isothiocyanatobenzonitrile with aniline at
room temperature in the medium of dichloromethane—petroleum ether in the
yield of 98 % is reported in literature [2]. The structure of the product was
proved by IR and 'H NMR spectroscopies.

The aim of our work was the synthesis of 3-substituted 1-(2-cyanophenyl)-
thioureas I—VIII by the reaction of 2-isothiocyanatobenzonitrile with primary
amines (Scheme 1). These were the intermediates for the synthesis of 3-sub-
stituted 4-imino-1,2,3,4-tetrahydroquinazoline-2-thiones.

CN R—NH, CN
— @: I-vir
N=C=S

NH—ﬁ—NHR
R S
I, IX  (CHg)CH
I, X cycloCgHy ld
I, x1 L-CH3C6H4
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V., XII  4-Bregh, nR
VI, XV CgHgNH /k Ix-xviI
NS
VII, XV CgHsCH, |
XVI CoHs
v (CHg4C
xvir NHz Scheme 1
Experimental

Melting points were measured on a Kofler hot-stage, Wigetechnik Rapido 79-2106.

The composition of the prepared compounds was checked by the elemental analysis
with C. Erba 1102 instrument.

IR spectra were measured with Unicam SP 1000 in KBr pellets, 'H and °C NMR
spectra were recorded with Tesla BS 567 (100 or 25 MHz) in hexadeuteroacetone (inter-
nal standard TMS) or in hexadeuterodimethyl sulfoxide (internal standard HMDSO) in
1 M solution.

772 Chem. Papers 43 (6) 771781 (1989)



3-SUBSTITUTED 1-(2-CYANOPHENYL)THIOUREAS

TLC was carried out on Silufol UV 254 plates (Kavalier, Votice); detection with the
instrument Fluotest Universal (Quarzlampen, Hanau). As eluents were used benzene,
chloroform, diisopropyl ether, diethyl ether, and acetonitrile in a container saturated by
the vapours of the used solvent. The compounds were deposited on the plates dissolved
in acetonitrile [3].

Characteristics of the synthesized compounds are presented in Tables 1—6.

3-Substituted 1-(2-cyanophenyl)thioureas I—VIII

Solution of amine (0.05 mol) in dichloromethane (75 cm®) was dropwise added during
10 min into solution of 2-isothiocyanatobenzonitrile (8 g; 0.05 mol) [2] in the mixture
dichloromethane—petroleum ether (¢, = 1:1) (100 cm®). After 2-isothiocyanatoben-
zonitrile disappeared (checked by TLC) petroleum ether (50—75 cm®) was added and
thus white crystals formed were filtered off, washed with dichloromethane and petroleum
ether, dried in vacuum at room temperature.

3-Substituted 4-imino-1,2,3 4-tetrahydroquinazoline-2-thiones IX—XV

Compounds I—V1I (1 mmol) were cyclized refluxing in ethanol (50 cm®). When the
reaction finished (checked by TLC in 1 min intervals) the solution was cooled down to
the temperature of 0—5 °C and the crystals formed were filtered off and dried in vacuum.

3-Ethyl-4-imino-1,2,3 4-tetrahydroquinazoline-2-thione (XVI)

The compound was prepared by the reaction of 2-isothiocyanatobenzonitrile (4 g;
0.025 mol) in the mixture dichloromethane—petroleum ether (¢, = 1:1, 75 cm®) with
ethylamine (1.5 g; 0.033 mol) dissolved in dichloromethane (20 cm®) at room tem-
perature. White crystalline compound was obtained, m. p. = 210—211 °C, yield = 49 g
(95 %). For C;H;;N,S (M, = 205.31) wi(calc.): 58.53 % C, 5.37 % H, 20.48 % N;
wi(found): 58.45 % C, 5.28 % H, 20.40 % N. '*C NMR spectrum (DMSO-d,, TMS),
6/ppm: 174.06 (s, C=S), 152.82 (s, C=N), 135.73 (s), 132.89 (d), 125.80 (d), 123.78 (d),
115.90 (d), 114.79 (s), 42.07 (t, CH,), 11.27 (g, CH,).

3-Amino-4-imino-1,2,3 4-tetrahydroquinazoline-2-thione (XVII)

The compound was prepared by the reaction of 2-isothiocyanatobenzonitrile (4 g;
0.025 mol) with hydrazine hydrate (100 %, 1.25 g; 0.025 mol) in the mixture dichloro-
methane—petroleum ether (¢, = 1:1) at room temperature. White crystalline compound
was formed, m.p. = 223—225°C, yield = 4.4 g (92 %). For CgHgN,S (M, = 192.32)
wi(calc.): 4999 % C, 4.17% H, 29.16 % N; w(found): 49.89 % C, 4.09% H,
28.99 % N.
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Table 1

Characteristics of synthesized 3-substituted 1-(2-cyanophenyl)thioureas I—VIII

wi(cale.)/% Temperature
Compound Formula M, w(found)/% Yield M.p. R of the reaction
C H N % °C (C,Hy),0 CHCl, °C
I C,H,N,S 21930 6025 598  19.16 90 156—158  0.66 0.30 2025
60.31 5.87 19.16
n C,,H;;N,S 259.37 64.83 6.61 16.19 92 171—173 0.72 0.29 20—25
64.71 6.50 16.24
I C,sH|;N,S 267.33 67.39 4.90 15.71 94 181—183 0.65 0.31 0
67.40 4.80 15.60
v C,H,N,0S 28333 6359 463 1482 96  204—206 042 0.27 0
63.65 4.54 14.78
4 C,,H,(N;BrS 332.20 50.61 3.03 12.64 95 239—241 0.37 0.28 20—25
50.55 2.98 12.55
144 C,,H;;)N,S 268.32 62.67 4.51 20.88 90 191—193 0.61 0.28 0
62.60 441 20.79
VIl C,H,N,S 26733 6739 490 1571 92 196—198  0.62 0.24 —15t0 —10
67.58 4.80 15.65
VI C,,HsN3S 233.31 61.79 6.44 18.02 76 163-—164 0.71 0.35 20—25

61.75 6.40 17.93

(6861) 18L-—1LL(9) £# S4adpd “wayD
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Table 2

IR spectral characteristics (#/cm™') of the synthesized compounds

(6861) 18L—1LL (9) £p s42dpq "wayD

Compound v(C=N) v(NHCS) v(NH) v(C,,5—N) v(Ar—N) v(C=C) v,(COC)

1 2240 1550, 1210 3190, 3280 1195 1300 1600, 1590 —

b/ 2240 1560, 1220 3200, 3280 1185 1300 1600, 1590 —

bii4 2230 1555, 1230 3190, 3280 — 1290, 1310 1595, 1450 —

w 2240 1550, 1220 3180, 3260 — 1305 1600, 1460 1040

vV 2230 1550, 1230 3190, 3270 - 1280, 1315 1590, 1490 -

VI 2230 1540, 1210 3150, 3240 3300 1300, 1335 1600, 1450 —

1214 2240 1555, 1210 3180, 3300 1195 1310 1600, 1590 —
Vi 2220 1540, 1205 3190, 3230 1200 1300 1585, 1450 —

Table 3

'HNMR characteristics of the synthesized compounds

Compound 6/ppm

r 7.14—8.50 (m, 4H, Ar—H), 8.80 (s, IH, N—H), 8.59 (s, IH, N—H), 6.48 (m, 1H, CH, J = 7.0 Hz),
1.63 (d, 6H, CH;, J = 7.0 Hz)
i 7.25—7.90 (m, 4H, Ar—H), 8.75 (s, 2H, N—H), 1.00—2.40 (m, 11H, cyclo C,H,,)
ur 7.18—8.20 (m, 8H, Ar—H), 9.22 (s, 1H, N—H), 8.84 (s, 1H, N—H), 2.42 (s, 3H, CH,)
we 7.10—8.23 (m, 8H, Ar—H), 8.58 (s, IH, N—H), 8.33 (s, IH, N—H), 3.90 (s, 3H, OCH,)
v 7.24—8.25 (m, 8H, Ar—H), 10.33 (s, 1H, N—H), 10.02 (s, 1H, N—H)
vr 6.82—8.70 (m, 9H, Ar—H), 9.15 (s, 1H, N-—H), 10.02 (s, 1H, N—H), 10.60 (s, 1H, N—H)
VIF 7.24—17.98 (m, 9H, Ar—H), 8.13 (s, IH, N—H), 9.13 (s, 1H, N—H), 5.00 (s, 2H, CH,)
vir 7.25—17.93 (m, 4H, Ar—H), 8.52 (s, IH, N—H), 8.78 (s, 1H, N—H), 1.58 (s, 9H, CH,)

:]' The spectra' were measured in hexadeuteroacetone’ (internal standard TMS) or in hexadeuterodimethyl sulfoxide® (internal standard
v HMDSO).
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Table 4

Characteristics of 3-substituted 4-imino-1,2,3,4-tetrahydroquinazoline-2-thiones prepared
by the cyclization of compounds I—V1I

w;(calc.)/%

Compound Formula M, w;(found)/% Yield M.p. T

C H N % °C min

X C, H;;N,S 219.30  60.25 598 19.16 91 259—260 40
60.20  5.85 19.12

X Cy.H;N,S 259.37 6483 661 1619 92  318—320 20
64.74  6.49 16.20

XI CsH,;N;S 26733 6739 490 1571 97  298—300 10
67.35 4.78 15.61

XII CH,N,0S 28333 63.59 463 1482 93 284285 8
63.54 4.50 14.75

XIr C.HN,BrS 33220 5061 303 1264 84 276278 15
50.51 2.95 12.60

X1V C,;H;,N,S 268.32  62.67 4.51 20.88 90 210—212 5
62.61 4.40 20.76

XV C,sH3N,S 267.33 6739 490 15.71 98 209—211 4

67.40  4.81 15.67

T is the time of cyclization.

Table 5

IR spectral characteristics (7/cm™") of the synthesized compounds

Compound v(C=N) v(NHCS) w(C=C) v(NH) v(C,:—H)

X 1620 1540 1580, 1460 3200, 3290 2980, 2880

X 1630 1550 1595, 1500, 1455 3160, 3250 2950, 2880

X1 1640 1550 1600, 1490 3180, 3280 2960, 2280

X1 1640 1550 1595, 1490 3190, 3270 2950, 2890
X 1640 1540 1585, 1495 3170, 3280 ==
X 1640 1550 1600, 1500, 1450 3190, 3260, 3300 —

xXv 1630 1540 1590, 1500, 1445 3190, 3250 2950

XvI 1625 1550 1590, 1470 3250, 3390 2980, 2880

XxXvi 1640 1560 1600, 1455 3200, 3280, 3400 =

4-Amino-1,2-dihydroquinazoline-2-thione (XVIII)
Procedure A

Gaseous ammonia was introduced into solution of 2-isothiocyanatobenzonitrile (4 g;
0.025 mol) in chloroform (50 cm®) as long as a white precipitate was formed and TLC
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Table 6

'HNMR spectral characteristics of the synthesized compounds

Compound 6/ppm

IX*  7.25—8.48 (m, 4H, Ar—H), 9.10 (s, 1H, N—H), 10.52 (s, 1H, N—H), 4.75 (m, 1H, CH, J = 6.5 Hz),
1.30 (d, 6H, CH,, J = 6.5 Hz) !
Xt 7.19—8.11 (m, 4H, Ar—H), 1.00—2.03 (m, 11H, cyclo C,H,,)
XF  7.15—8.30 (m, 8H, Ar—H), 8.93 (s, IH, N—H), 10.48 (s, 1H, N—H), 2.42 (s, 3H, CH,)
XIP  7.15—8.25 (m, 8H, Ar—H), 3.90 (s, 3H, OCH,)
XIIP  7.25—8.30 (m, 8H, Ar—H), 9.38 (s, 2H, N—H)
XIV*  6.70—8.36 (m, 9H, Ar—H), 8.90 (s, 1H, N—H), 10.40 (s, 2H, N—H)
XV*  7.02—8.20 (m, 9H, Ar—H), 5.98 (s, 2H, CH,)
XVF  7.383—8.20 (m, 4H, Ar—H), 9.18 (s, 1H, N—H), 10.48 (s, 1H, N—H), 5.09 (g, 2H, CH,, J = 6.5 Hz),
1.35 (t, 3H, CH,, J = 6.5 Hz)
XVIP  7.18—8.20 (m, 4H, Ar—H), 11.49 (s, 4H, N—H)

The spectra were measured in solution® (c = 1 moldm~3), or in saturated solution® in hexadeuterodimethyl sulfoxide (internal standard
HMDSO).
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showed unreacted 2-isothiocyanatobenzonitrile (about 3 min). Then the product was
filtered off, washed with chloroform and dried in vacuum. White crystalline compound
was obtained, m.p. = 306—308 °C, yield = 4.3 g (97 %). For CgH,;N;S (M, = 177.31)
wycalc.): 54.23% C, 3.96 % H, 23.73 % N; wi(found): 54.15% C, 3.85% H,
23.70 % N. IR spectrum (KBr pellet), vcm™': 3280, 3370 v(NH,), 3400 v(NH),
1630 v(C=N), 1550 v(NHCS), 1660 v(C=C). ‘"H NMR spectrum (saturated solution in
hexadeuterodimethyl sulfoxide, internal standard TMS), d/ppm: 7.22--8.15 (m, 4H,
Ar—H), 10.50 (s, 2H, NH,), 12.38 (s, 1H, NH).

Procedure B

1-Acetyl-3-(2-cyanophenyl)thiourea [4, 5] (2.2 g; 0.01 mol) was suspended in water
(50 cm®) and heated to boiling point. During boiling aqueous solution of sodium hy-
droxide (10 %, 10 cm®) was dropwise added and then boiling continued for another
3—4 min. Reaction mixture was then filtered with charcoal and acidified with acetic acid
to pH = 5—7. The precipitated compound XVIII was crystallized from acetic acid.
White crystals were formed, m. p. = 305—307 °C, yield = 1.7 g (91 %).

Results and discussion

3-Substituted 1-(2-cyanophenyl)thioureas were tried to be prepared by the
addition of amines (isopropyl-, cyclohexyl-, tert-butyl-, ethyl-, and benzylamine,
aniline, 4-toluidine, 4-anisidine, 4-bromoaniline, ammonia, hydrazine hydrate,
and phenylhydrazine) to 2-isothiocyanatobenzonitrile (Scheme 1). Using the
knowledge about the synthesis of 3-phenyl-1-(2-cyanophenyl)thiourea [2] we
carried out the reaction in the mixture dichloromethane—petroleum ether at
room temperature. TLC and IR spectra of the reaction products proved that the
reaction proceeded in all cases but only in the case of the addition of isopropyl-,
cyclohexyl-, tert-butylamine and 4-bromoaniline we were able to isolate the pure
3-substituted 1-(2-cyanophenyl)thioureas. Compounds I—/III and VIII showed
in the IR spectrum the stretching vibration of the nitrile group in the region of
2220—2240 cm~'. A band of the vibration v(C=N) in 3-substituted 4-imino-
-1,2,3,4-tetrahydroquinazoline-2-thione in the region of 1620—1640 cm ™' was
not observed, which supports our previous statement. On the other hand, the
addition of ethylamine, hydrazine hydrate, and ammonia led only to cyclized
compounds — 3-substituted 4-imino-1,2,3,4-tetrahydroquinazoline-2-thiones
XVI, XVII and 4-amino-1,2-dihydroquinazoline-2-thione (XVIII). The struc-
ture of XVIII was proved by an independent synthesis, i. e. by the cyclization of
1-acetyl-3-(2-cyanophenyl)thiourea in boiling aqueous sodium hydroxide solu-
tion (Scheme 2).
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H
CN
NH3 NaOH, HZO
N=C=S NH—ﬁ—NH—COCHa
S
X VIII
Scheme 2

The structure of compounds XVI—XVIII was proved by IR spectroscopy.
There was no band of stretching vibration of the nitrile group in their spectra
but the significant vibration v(C=N) at ¥ = 1630—1640 cm~'. The proof that
the reaction proceeded by way of interaction of nitrile group with the nitrogen
atom of thioureido group (similarly as during the cyclization of 3-phenyl-1-(2-
-cyanophenyl)thiourea [1, 2]) forming pyrimidine ring and not by way of in-
teraction with the sulfur atom was gained from IR and *C NMR spectra. In the
IR spectrum characteristic vibration bands of NHCS group were found. In the
3C NMR spectrum of 3-ethyl derivative X VI the signal of the carbon atom of
the C=S group at é = 174.06 ppm was found.

The reaction of 2-isothiocyanatobenzonitrile with benzylamine, 4-toluidine,
4-anisidine, and phenylhydrazine led to the mixture of 3-substituted 1-(2-cya-
nophenyl)thiourea and its cyclization product, i.e. 3-substituted 4-imino-
-1,2,3,4-tetrahydroquinazoline-2-thiones X7, XII, XIV, and XV as it was proved
by TLC and by the presence of the stretching vibration of nitrile group and
imino group in their IR spectra.

In order to suppress the cyclization of 3-substituted 1-(2-cyanophenyl)thio-
ureas we reduced the reaction temperature to 0 °C under the same conditions of
the reaction. So we succeeded to isolate a pure 3-(4-tolyl)- (/II), 3-(4-me-
thoxyphenyl)- (I/V), and 3-phenylamino-1-(2-cyanophenyl)thiourea (V). But
the addition of benzylamine led again to the mixture of VII and XV The pure
compound VII was succeeded by the addition reaction at the temperature of
— 15 °C. In all the other cases only the products of cyclization XVI—XVIII were
isolated. No 3-ethyl-, 3-amino-1-(2-cyanophenyl)thiourea and 2-cyanophenyl-
thiourea were proved either in the reaction mixture or in the product of the
reaction.

The reason for it seems to be the high nucleophility of the 3-substituted
nitrogen atom which after its attack at the cyano group forms the pyrimidine
ring with higher conjugation of 7 and nonbonding electrons within the six-
-member plane ring than that of the noncyclic derivative of thiourea.

Our statement may seem to be in contradiction with the fact that the com-
pounds /, I, and VIII under the same conditions during the preparation do not
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cyclize although the nucleophility of their nitrogen atom attacking the cyano
group is comparable (this statement is at least valid for the basicity of corre-
sponding amines characterized by pKj (Table 7)). This contradiction may be
explained by the steric hindrance of the interaction of the nitrogen atom of
thioureido group with the carbon atom of cyano group by the substituent bound
at the nitrogen atom.

Table 7

Values of the negative decadic logarithms of the basicity constants pKj [6] of the amino derivatives
used for the preparation of 3-substituted 1-(2-cyanophenyl)thioureas, the Taft constants Eg [7], and
the steric constants ¢; [8] of the substituents

Substitution pka E @/(10*Jmol ")
C,H; 33 —-0.07 0.86
(CH,),CH 3.3 —0.47 2.29
cyclo CH,, 33 —0.79 2.29
(CH,),C 36 —1.54 3.82
C,H,CH, 4.6 —038 =
4-C,H,CH, 8.9 - -
4-CH,0CH, 8.8 - -
4-C,H,Br 10.1 -~ -
C,H,NH 8.8 - =
NH, 5.5 - -
H 4.8 1.24 -

In order to support our conclusion with experiment we tried to cyclize the
synthesized thioureas I—V1I in boiling ethanol following the Taylor and Ravin-
dranathan method [1] who cyclized 3-phenyl-1-(2-cyanophenyl)thiourea to 3-
-phenyl-4-imino-1,2,3,4-tetrahydroquinazoline-2-thione. If our conclusion
about the steric hindrance is right, then the reaction time needed for the
cyclization of 3-substituted 1-(2-cyanophenyl)thioureas should increase from
isopropyl derivative through cyclohexyl to tert-butyl derivative (for the measure
of the steric hindrance the Taft constant Eg is taken [7] (Table 7)).

As it was found 3-tert-butyl-1-(2-cyanophenyl)thiourea (V1II) did not cyclize
even after 10 h boiling in ethanol. The reaction time of the other substances
I—VII, given in Table 4, is not in good agreement with the considerations about
the nucleophility of the nitrogen atom of thioureido group which attacks the
cyano group. However, simultaneously it is not in a good agreement with the
Taft constants Eg of substituents, not even with the values of steric constants of
substituents ¢y [8].

Thus respecting the values of pKj of isopropylamine and cyclohexylamine
compound 7 should cyclize more quickly than II in case that the steric effect is
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expressed by the constant Eg. In case the steric effect is expressed by the constant
¢r, compound 7 should cyclize at the same rate as /1. But our data found about
the time of cyclization do not correspond to even one of the mentioned cases,
but on the other hand, compound I needs at the same concentration double time
than compound /I. Therefore the steric effect of the substituent must be ex-
pressed by another parameter, so far unconsidered, the determination of which
will be the contents of the following work dealing with a kinetic measurement
in a number of 3-substituted 1-(2-cyanophenyl)thioureas.
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