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CYCLIZATION OF 4-SUBSTITUTED 1-AMIDINOTHIOSEMI-
CARBAZIDES TO 1,2,4-TRIAZOLE AND 1,3,4-
THIADIAZOLE DERIVATIVES

F. Kurzer and J. CANELLE
Royal Free Hospital School of Medicine, University of London, W.C.1

(Received 18 June 1963)

Abstract—A number of 4-substituted 3-amino-5-mercapto-1,2,4-triazoles and 2-amino-5-alkyl (or
aryl)amino-1,3,4-thiadiazoles are synthesized by cyclization of 4-substituted 1-amidinothiosemi-
carbazides in alkaline or acid media, respectively. Amongst the intermediates required in these
syntheses, the three isomeric (trifluoromethyl)phenyl-thioureas and isothiocyanates are described.

THE readily accessible 4-substituted 1-amidinothiosemicarbazides (I) have recently
been shown to be useful starting materials in heterocyclic syntheses: their cyclizationin
alkaline or acid media yields 4-substituted 3-amino-5-mercapto-1,2,4-triazoles (II)12
and 2-amino-5-alkyl(or aryl)amino-1,3,4-thiadiazoles (IV),? respectively. This paper
reports the observations made on applying this group of reactions to the synthesis
of further members of these series of compounds (I-1V).

The required intermediates (I) were obtained in excellent yield by the condensa-
tion of aminoguanidine hydrochloride with the appropriate isothiocyanate esters in
dimethylformamide and conveniently isolated as the highly crystalline toluene-p-
sulphonates. (cf. Table 1). The less reactive aliphatic isothiocyanates underwent
addition more slowly than their aromatic analogues, but almost equally good yields
were realized by extending the time of reaction.

Boiling aqueous sodium hydroxide cyclized the 4-substituted I1-amidinothiosemi-
carbazides (I), to 4-substituted 3-amino-5-mercapto-1,2,4,-triazoles (II), usually in
yields exceeding 80 %; (cf. Table 2). The same triazoles (1I) were obtainable even more
conveniently by a procedure (cf. B, Experimental), which avoided the isolation of the
intermediates. The mercapto-triazoles(II) werereadily converted into the S-benzylthiol-
derivatives (IIT) by the usual method.2 Amongst the 1-amidinothiosemicarbazides (I)
examined, the 4-(o-trifluoromethyl)phenyl-derivative (I, R = o-F;C-C¢H,.) was the
only one that failed to undergo cyclization under the usual conditions. Both sodium
hydroxide and carbonate converted its toluene-p-sulphonate merely into the base, which
resisted further action even on prolonged boiling, and was the only member of the
series to be isolated in the free state. Its exceptional resistance to loss of ammonia (in-
volving the hydrogen of the N(4)-atom, and part of the amidino-group of I) may be
due to steric factors: the shielding effect of the adjacent o-trifluoromethyl-group may
prevent the ready elimination of the N(4)-hydrogen atom, and thus stabilize the
molecule. Purely electronic influences of the trifluoromethyl-group, though possibly
contributing to the observed stability, are unlikely to be entirely responsible, since

*D. J. Fry and A. J. Lambie, Brit. P.P. 741280; 741228 (1955).
* L. E. A, Godfrey and F. Kurzer, J. Chem. Soc. 5137 (1961).
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Cyclization of 4-substituted 1-amidinothiosemicarbazides

‘gonIs

-0dwoosp ss018 asnes oy pareadde spixoipAy wnipog N € “(Sulfioq uil (¢) s1eUeqIEd WNIPOS N ¢ Jo ash ay) Kq pauoprad sem uoneziokd ayJ s
Ya [Ay1souow (00413 susipig = A0
JUAA[0S JO swmjoA 9dreT ,
769-TE ‘N "D 16-T¢ ‘N ‘PUnog,

LT S 1d I€ TIv S'NCICHED §9T-€92 oL ‘F'd-HO P'e) H YHYD-O%-d
L€ 6 9-¢ £5S S’N*ISHD 1L1-691 vL Td-*DHD a *HOUd YH DD -1
L St 0-€ (47 S'NEI‘H*D PST-£5T oL ‘T d-HO o) H "H*D-O' g
9-€ 6-6% 9-€ $-6¥ S'NIGE'HT'O LST-SST €8 ‘T d-*IDOHD a *HOUd "H*Oug-d
97 ¥s€ §9- L-SE S'NIFCH'O T62-067 SL ‘q'd-39D q H YHoIg-d
|87 695 £y 896 S'NIDS'HTD 9ZI-$21 09 T d-*IOHD a *HOUd YH*OID-d
— — — — — 062882 06 HOW o) H H DI
1€ L 44 (4 8T S’NID*H®D 062-882 SL HO13 q H *HODA
1§ 19 I-s €19 SO'N"'H**D TEI-0E1 $8 q'd-*IDHD a *HOYd "H*DOIN-d
— — — — — 6ST-LST 06 q'd-994D o} H "H*DOIN-d
St $9-8p (%4 +-8t SO'N°'H*D 6ST-LST 08 s2d-999 q H "H*D03N-d
69 $-79 89 29 S'NH"'D 8TI-LZ1 78 I'd-*POHD a *HOud TP O-o1ko
I-L S-8f 0L L-8% S'N"'H*D 1vZ-0b2 8 +HO o] H TTH*D-010
69 6§ 9-9 0-09 S'NT'HSD SOI-£01 09 ‘q'd-*IDHD a *HOuUd *HOHO'(*HD)
0L 61v 89 (&4 »S'N*'H®D L61-S61 08 HOM o} H *HOHO'(*HD)
£9 0-8¢ 19 LLE S'N°'H*D 161-681 SL HOY o) H HD'(*HD)
H o) H o) o
a-:E.—O E| .m.E ° ~=0>_ow UNPA0Id A h. |
panmboy punog PIRIA
k'

Rwl‘_\ZﬁL:Z STTIOZYTL T [~TOIHL(TANTVHY)-G-ONINV-f QALNLLLSUNG-p 7 TV [,

N—N



1606 F. KurzEer and J. CANELLE

the comparable p-isomer (I, R = p-F;C-C4H,.) underwent ring closure readily in the
usudil wa_y.
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Of the two acidic reagents, viz. phosphoric acid and acetic anhydride, that have
been employed? in cyclizing amidinothiosemicarbazides (I) to 1,3,4-thiadiazoles (IV)
the latter proved more generally applicable: it usually afforded good yields of 2-amino-
5-alkyl(or aryl)amino-1,3,4-thiadiazoles as diacetyl-derivatives (cf. Table 3), which
were readily converted into the corresponding parent bases (IV) (cf. Table 4) by acid
hydrolysis.

TaABLE 3. DIACETYL DERIVATIVES OF 2-AMINC-5-SUBSTITUTED-1,3,4-THIADIAZOLES (IV)

Yield Found Required

R Solvent o m.p. Formula

° C H C H
(CH,).CH. EtOH 64  221-222 CH,.N,0,8 450 58 446 58
(CHy).CHCH, EOH 52 220-222  C,H,(N,0O,;8 470 61 469 625
cyclo-C¢Hy, EtOH 45 201203  C,H,;N,0,8 513 62 5111 64
p-MeOCH, Me,CO-EtOH* 40  272-274  C,;H,,N.O,S 5144 50 510 46
p-CICH, EtOH*® 72 274275  C,HuCINO,S 463 39 464 35
o-F,C-CsH,! EtOH 38 275-278  CH,FsN,O.S 457 36 4535 32
m-FyC-CH, Me,CO-EtOH* 64  280-282 C,H,,FsN,0,S 4515 35 4535 32
p-FsCCH, EtOH 56 253-254 C,H,FsN, 0,8 451 32 4535 32

* From a large volume, followed by partial evaporation by distillation.
¢ Prepared by 1 hr heating on a steam-bath, since resinification occurred when the solution was
refluxed.

The preparation of m-(triffuoromethyl)phenyl isothiocyanate in 509 yields, by the
decomposition of the appropriate dithiocarbamate by lead nitrate, has been claimed,?
but physical constants for the product were not given. Our attempts to prepare this
compound, and its o-isomer, by this route (Eqs. 1, 2) were unsuccessful: the inter-
mediate ammonium salt was not obtained crystalline and treatment of the whole

® F. B. Dains, R. Q. Brewster, and C. P. Olander, Org. Synth. Coll. Vol. I, p. 449 (1941).
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TABLE 4. 2-AMINO-5-SUBSTITUTED-1,3,4-THIADIAZOLES (IV)

Yield Found Required
R Solvent o m.p. Formula

% Cc H c H
(CH,),CH EtOH-P.E. 56 186-188 C;H (NS 37-8 62 380 63
(CH,),CHCH, EtOH-P.E. 80 187-189 C4HsN,S 420 70 419 70
cyclo-C.H;y’ EtOH-P.E, 70 217-218 CsH; NS 48-8 76 485 7-1
p-MeO-CH,. EtOH 85 196-198 CyH )N,OS 4835 42 4865 45
pCI-CH, EtOH-P.E. 54 212-214 CgH,CINS 4245 35 424 31
0-F,C-C H* CHCI,-P.E. 78 204-205 C,H,F;N,S 418 34 415 27
m-F3C-C,H,} 209, EtOH 80 184-186 CH,F;N,S 413 27 415 27
p-F.C-CH* 409, EtOH 60 202-204 CH.F;N,S 420 34 415 27

# Also prepared directly by the use of phosphoric acid® (cf. Experimental).

¥ To ensure completeness of hydrolysis, the diacetyl-derivative was refluxed during 1-5 hr with
4 N hydrochloric acid—ethanol (80 and 40 ml respectively, per 0-01 mole).

! To ensure solution, an additional 10 m! ethanol were employed during the refluxing.

reaction mixture with lead nitrate resulted merely in the recovery of some of the
amine.

RNH, + CS, + NH,0H — RNHCSSNH, + H,0 (1)
RNHCSSNH, + Pb(NO,), — RNCS + NH,NO; + HNO, + PbS  (2)
RNH, + HCNS  — RNHCSNH, 3)
RNH, + PhCONCS — RNHCSNHCOPh @
RNHCSNHCOPh + H,;0 — RNHCSNH, + PhCOOH 0)
RNHCSNH, —» RNCS + NH, (6)

RNHCSNH, — RNH, + HCNS 0

RNH, + RNCS —~ RNHCSNHR ®)

The three isomeric (trifluoromethyl)phenyl isothiocyanates required in this work
were prepared in 50-709; yields by the thermal decomposition of the corresponding
thioureas in boiling chlorobenzene, by the method of Cymerman-Craig et al.%®
(Eq. 6). Small quantities of the corresponding sym-diarylthiourea that were
formed as a by-product, arose no doubt by the interaction of the aromatic amine
and isothiocyanate originating from the two alternative modes of dearrangement of
the thiourea (Eq. 6-8).

m-(Trifluoromethyl)phenylthiourea was obtainable by the thermal isomerization
of the corresponding amine thiocyanate (Eq. 3).% Since this method gave only very
small yields of the o-isomer, the o- and p-substituted phenylthioureas were produced
by the synthesis of N-benzoyl-N'-arylthioureas from benzoyl isothiocyanate and
o- and p-aminobenzotrifluoride, followed by the hydrolytic removal of the benzoyl
group.” (Eq. 4 and 5).

¢ J. Cymerman-Craig, M. Moyle, and R. A. White, Org. Synth. 36, 56 (1956).

& J. N. Baxter, J. Cymerman-Craig, M. Moyle, and R. A. White, Chem. & Ind. 785 (1954).

¢ F. Kurzer, Org. Synth. 31, 21 (1951).

? I. B. Douglas and F. B. Dains, J. Amer. Chem. Soc. 56, 1408 (1934); R. L. Frank and P. V. Smith,
Org. Synth. Coll. Vol. III, p. 735 (1955).
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water-containing fraction rejected.

m-(Tr1ﬁuoromethyl)phenylthiourea A warm solution of m-aminobenzotrifluoride (48:3g; 03
mole) in N-hydrochloric acid (330 ml, 0-33 mole), contained in a large evaporation basin, was treated
with ammonium thiocyanate (25 g, 0-33 mole) and heated on the steam-bath during I-5hr. The
liquid was set aside overnight (separation of crystalline solid), then evaporated to dryness on the
steambath, The residual solid was powdered, covered with water (300 ml), again evaporated, and
the solid residue ﬁi‘lauy kept at 100° for 4 hr. The residue was ground with cold water {300 ml),
the solid collected, washed with water, and air-dried at room-temp. Crystallization from chloroform-
light petroleum (3 and 2 mi per g) gave lustrous microplatelets of m-(trifluoromethyl)phenyithiourea
(47-5 g, 72%) m.p. 104-106°. (Found: C, 43-2; H, 3-05; N, 12:5; §, 15-5. CoH,F,N,S requires:
C,436; H,32; N, 127; §,14-5%).

o-(Trifluoromethyl)phenylthiourea. A solution of dry ammonjum thiocyanate (84 g, 0-11 mole)
in acetone (70 mi) was treated dropwise with benzoyl chioride {14'1 g, 0:1 mole) and the stirred
suspension refluxed during 5Smin. o-Aminobenzotriftuoride (16-1g, 0:1 mole) was then rapidly
added, refluxing continued during 10 min, and the mixture stirred into water (700 ml). The resulting
yellow precipitate (of crude n-benzoyl-N’~(o-trifluoromethyl)phenylthiourea) was collected after 1 hr,
suspended in a solution of sodium hydroxide (14 g, 0-35 mole) in water (150 ml) and boiled during
5 min (loss of some volatile material). The resulting clear liquid was acidified with conc hydro-
chloric acid, and then just basified with 3 N ammonia. The pale-yellow solid was collected at 0°
(m.p. 158-161°, after sintering at 154°; 18-7 g, 85%() and gave, after crystallization from 20%;
ethanol (15 ml per g, recovery 75%), needles of o-(trifluoromethyl)phenylthiourea, m.p. 162-164°
after sintering from 160°. {Found: C, 432; H, 3:3; N, 12-7; §, 14-5. CHFN,S requires: C,
43-6; H, 32; N, 12:7; S, 14-5%).

The direct interaction of the amine with thiocyanic acid (as described for the m-isomer, above)
gave only 8-1279( yields of the desired thiourea, m.p. and mixed m.p. 162-164° (after sintering
from 158°).

p-(Trifluoromethyl)phenylthiourea. The crude N-benzoyl-derivative was prepared, by the use
of p-aminobenzotrifiuoride (16'1 g, 0-1 mole), as described for the o-isomer. The resulting pale-
yellow granular solid was suspended in 3 N sodium hydroxide (150 ml) and carefully heated, with
good stirring, on the steam-bath, when solution occurred gradually (5-7 min, max temp 75-85°).
The liquid, which began to darken rapidly, was quickly cooled, acidified with conc hydrochloric
acid, and basified with 3 N ammonija. The resulting product (20-21 g) gave, on crystallization tfrom
chioroform-light petroleum (150 ml each), pale-yellow platelets (14-0 g, 649,) of the thiourea, m.p.
140-142°, (Found: C, 44-1, H, 3-8; N, 13-05; S, 14-7. C.H,F;N;S requires: C, 43-6; H, 3-2;
N, 12-7; 8§, 14-5%). Under more vigorous hydrolytic conditions (see o-isomer above), the crude
product was a brown granular solid, from which the thiourea was isolated in much diminished
yields.

m-(Trifluoromethyl)phenyl isothiocyanate. A solution of m-(trifluoromethyl)phenylthiourea
(22:0 g, 0-1 mole) in dry chlorobenzene (200 ml) was refluxed during 18 hr, ammonia being evolved
(more rapidly in the beginning). The solvent was removed from the greenish-yellow liquid in a
vacuum (steam-bath) and the oily residue dissolved in light petroleum (2 x 75 ml). On storage
at 0° overnight, a small amount of crystalline solid had separated. The liquid was decanted there-
from, and the solvent removed under red. press. Fractional distillaticn of the residue at atm. press
gave (after a fore-run, b.p. 175-200°, 1-2 g) the isothiocyanate (10-9-13-2 g; 54-65%) as a colourless
liquid, b.p. 206-208°. (Found: C, 47-5; H, 1-95. C;H,F,NS requires: C, 47-3; H, 2:0%).

Attempts to prepare m-trifluoromethylpheny!l isothiocyanate from m-aminobenzotrifluoride
by the general procedure of Dains et al® were unsuccessful, the intermediate ammonium
m-trifluoromethylphenyl dithiocarbamate being unobtainable under the usual conditions.

o-(Trifluoromethyl)phenyl isothiocyanate, prepared from recrystallized o-(trifluoromethyl)phenyl-
thiourea (22-0 g, 0-1 mole) as described for the m-isomer, formed a colourless liquid, (12:2-13-8 g,
60-68%,) b.p. 214-216°. (Found: C, 47-8; H,2-1; N, 7:1; 8, 16-0. CeHF,NS requires: C, 47-3;
H, 2:0; N, 6:9; S, 15-8%).

A small light petroleum insoluble fraction (up to 1-1g, 6%) was NN"di(o-triflucromethyl-
phenylthiourea, m.p. and mixed m.p. (see below) 163-165° (from ethanol-light petroleum).
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As in the case of the m-isomer, attempts to prepare the isothiocyanate from o-aminobenzotri-
fluoride by the method of Dains et al.* was unsuccessful,

NN'-Di(o-triffuoromethylpheny)thiourea was prepared by keeping a solution of o-aminobenzo-
trifluoride and o-(trifluoromethyl)phenyl isothiocyanate (0-01 mole each) in anhydrous pyridine
(20 ml) at 100° for 1 hr. The liquid was stirred into conc hydrochloric acid (20 ml)-ice, the wax-like
product stirred with methanol (5 ml), and the resulting white solid (1-52 g, 42%;) crystallized from
ethanol-light petroleum, yielding the thiourea as minute prisms, m.p. 163-165°. (Found: C, 48-7;
H, 3-6; N, 7'7; §,92. C,H,oFsN,S requires: C, 49-45; H, 275; N, 7:7; §, 8:8%).

p-(TrifluoromethyDphenyl isothiocyanate was prepared from recrystallized p-(trifluoromethyl)-
phenylthiourea (22-0 g, 0-1 mole) as described for the m-isomer. The residue obtained after removal
of the chlorobenzene was extracted with hot light petroleum (4 x 100 ml), and separated from the
insoluble residue R by decanting. Removal of the solvent, and distillation of the remaining liquid
gave the isothiocyanate (10-6 g, 52%) b.p. 205-207°, solidifying to long needles at room temp.
(Found: C, 46'9; H, 2:15; N, 6:9; S, 14-7. CiH,F,NS requires: C, 47-3; H, 2-0; N, 69; S,
15:8%,).

Residue R (m.p. 158-160°; 3-25 g, 18%;) consisted, after crystallization from chloroform, (30 mi
per g, recovery 75%) of pale yellow needles of NN'-di-(p-trifiuoromethylphenyl)thiourea, m.p. 164—
165°. (Found: C, 48-7; H, 2:7; N, 7-9; §, 9-25. C,;;H;(F¢N,S requires: C, 49-45; H, 2-75; N,
77; S, 88%).

4-Substituted 1-Amidinothiosemicarbazide Toluene-p-sulphonates (cf. Table 1}

Procedure A. A suspension of finely powdered aminoguanidine hydrochloride (11-0 g, 0-1 mole)
in dimethylformamide (60 ml) was treated with the isothiocyanate ester (0-1 mole), and heated on
the steam-bath during 1 hr, solution occurring generally after 15-30 min. Aliphatic isothiocyanates
required 5 hr heating. The liquid was stirred into a solution of toluene-p-sulphonic acid mono-
hydrate (23-75 g, 0-125 mole) in water (250 ml); the toluene-p-sulphonate was generally precipitated
as a crystalline solid, or when oily, solidified presently on stirring; it was collected at 0° and
crystallized as shown in Table 1, where individual compounds are listed.

1-Amidino-4-(o-trifluoromethyl)phenylthiosemicarbazide

A solution of the toluene-p-sulphonate (1-8 g, 0-004 mole) in 3 N sodium carbonate (16:5 ml,
0-025 mole) was refluxed during 15 min (slight evolution of ammonia), then acidified with 3 N
acetic acid. The thick white precipitate, collected at 0°, washed with water, and crystallized from
ethanol-light petroleum (12 ml each, per g), formed opaque white prisms (0-93 g, 85 %) of 1-amidino-
4-(o-triflucromethyl)phenylthiosemicarbazide, m.p. 239-241° (dec). (Found: C, 39-2; H, 3:55; N,
25-7; S, 11'7. GHFyN¢S requires: C, 39-0; H, 3-6; N, 25-3; S, 11-55%). The toluenc-p-sul-
phonate gave, by procedure C (see below), the same base, m.p. and mixed m.p. 240-242°, but in
much reduced yield (20%). The corresponding triazole (II) was not obtained.

4-Substituted 3-Amino-5-mercapto-1,2,4-triazoles (cf. Table 2)

Procedure B. A solution of aminoguanidine hydrochloride (3-32 g, 0-03 mole) in dimethyl-
formamide (8 ml), treated with the isothiocyanate (0-03 mole), was heated on the steambath during
1 hr. To the resulting liquid, 3 N sodium hydroxide (25 ml) was added, and the solution refluxed
during 15 min, ammonia being evolved. Acidification with conc hydrochloric acid gave a white
granular precipitate, which was collected at 0°, and purified as specified in Table 2.

Procedure C. The 4-substituted 1-amidinothiosemicarbazide toluene-p-sulpbonate (0-01 mole}
dissolved readily in boiling 3 N sodium hydroxide (20-27 ml, 0-06~0-08 mole). The liquid was
refluxed during 20 min (evolution of ammonia; usual colour-change: orange — yellow — colour-
less), allowed to cool somewhat, and acidified with 3 N hydrochloric acid (to Congo-red). The
precipitated solid was collected at 0° and purified as above. Individual compounds thus prepared
are listed in Table 2.

4-Substituted 3- Amino-5-benzylthiol-1,2 4-triazoles (cf. Tabie 2)

Procedure D. A warm suspension of the appropriate finely powdered thiol (see procedures B, C)
(0-1 mole) in ethanol (20 ml)-benzyl chloride (152 g, 0-012 mole) was treated with 3 N sodium
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hydroxide (4 ml, 0-012 mole). The resulting clear liquid was refluxed on the steambath during
30 min, (sodium chloride being slowly deposited). The mixture was stirred into water (60 ml),
the solidified oil collected at 0°, and crystallized as specified in Table 2.

Diacetyl Derivatives of 2-Amino-5-substituted-1,3,4-thiadiazoles (cf. Table 3)

Procedure E. A solution of the 4-substituted 1-amidinothiosemicarbazide toluene-p-sulphonate
(0-01 mole) in acetic anhydride (25-30 ml) was refluxed during 3/4 to 1 hr, and the resulting brown
liquid stirred into warm water (100-120 ml). The solidified crude product was collected at 0°, and
crystallized as specified in Table 3.

2-Amino-5-substituted-1,3,4-thiadiazoles (cf. Table 4)

Procedure F. The crude diacetyl-derivative (0-01 mole) dissolved on being boiled with 3 N
hydrochloric acid (30 ml). The liquid was refluxed during 30 min, cooled somewhat, then basified
with 3 N ammonia. The precipitated crude product was collected at 0° and purified as specified
in Table 4. Small amounts of brown oil separated occasionally during the refluxing, in which case
the supernatant liquid was decanted before basification.

2-Amino-S-cyclohexylamino-1,3,4-thiadiazole

1-Amidino-4-cyclohexylthiosemicarbazide toluene-p-sulphonate (3-85g, 0-01 mole) in 100%
orthophosphoric acid (12 ml) was kept at 130° during 30 min. The clear dark liquid was stirred
into ice (100 g) and basified with conc ammonia. The resulting thick white precipitate was collected
after a few min, rinsed with a little water, dried, and exhaustively extracted with acetone—ethanol
(1:1, 3 x 40 ml). The filtered extracts, on distillation to small volume (10-15 ml) and storage,
deposited clusters of needles (0-90 g, 45%;), which gave, on recrystallization from ethanol-light
petroleum, needles of the rhiadiazole, m.p. 217-218°.



