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' The Reaction of 4-Substituted
Thiosemicarbazides with Phenyl
Isocyanide. 1,3,4-Thiadiazoles
and 1,2,4-Triazoles
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Copenhagen, Rédmandsgade 71, DK-2200
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In connection with our investigations on the
reactivity of isocyanides towards hydrazines !
we were interested in the reaction between
thiosemicarbazides and phenyl isocyanide. No
a-addition produets or products from cleavage
of the N*—C bond as observed for reaction
with thioureas ? were isolated, instead we found
cyclization by insertion of =CH— between
N and S or between N and N. Similar insertion
reactions of = CH'— with isocyanides have been
reported for reaction with bifunctional com-
pounds such as diamines, aminoalcohols, and
aminothiols.?

The reactions were carried out in refluxing
benzene with copper(I) chloride as catalyst.
Three thiosemicarbazides were examined, name-
ly 4-methyl-, 4-phenyl- and unsubstituted thio-
semicarbazide.

4-Methylthiosemicarbazide (Ia) was the most
slowly reacting thiosemicarbazide (1.75 h)
giving almost exclusively 2,4-dihydro-4-methyl-
3H-1,2,4-triazole-3-thione (3a). Thiosemicar-
bazide (1b) and 4-phenylthiosemicarbazide (Ic)
required both 0.75 h for consuming the iso-
cyanide. Thiosemicarbazide (Ib) gave only 2-
amino-1,3,4-thiadiazole (2b), and 4-phenylthio-
semicarbazide (Ic) gave a mixture of 2-phenyl-
amino-1,3,4-thiadiazole (2¢) and 2,4-dihydro-4-
phenyl-3H-1,2,4-triazole-3-thione (3¢). In all
three reaction mixtures we found an almost
quantitative yield of aniline determined by
GLC analysis.

By TLC analysis we determined that only
4-phenylthiosemicarbazide formed both the
thiadiazole and the triazole in high yield. 2-
Methylamino-1,3,4-thiadiazole (2a) and 2,4-
dihydro-3H-1,2,4-triazole-3-thione (3b) could
only be detected as traces (less than 1 %) in
the other two reaction mixtures.

It is known that thiosemicarbazides can be

cyclized to either thiadiazoles (2) or triazoles
(3) or a mixture,** depending on the reaction
conditions ® and the cyclizing agent.” The sub-
stituent (alkyl or aryl) in the 4-position of the
thiosemicarbazide has been reported important
for the product distribution with triethyl ortho-
formate as cyclizing agent ® as reported in this
communication when phenyl isocyanide is used
as cyclizing agent.

Experimental. Microanalyses were carried out
in the Microanalysis Department of Chemical
Laboratory II, The H. C. Orsted Institute.
‘H NMR spectra were obtained on a JEOL
JNM MH 60/II instrument. IR spectra were
recorded on a Perkin-Elmer model 225 grating
spectrograph or model 157 NaCl spectro-
photometer. Mass spectra were taken on an
AEI-902 instrument operating at 70 eV. GLC-
analyses were carried out on a Perkin-Elmer
F11 gas chromatograph equipped with a
Chromosorb 103 column. Melting points are
uncorrected.

All the compounds mentioned have previ-
ously been described in the literature.*-'* Their
identities were established by IR, NMR and
mass spectrometry. The IR spectra were com-
pared with spectra of authentic samples.

2,4-Dihydro-4-methyl-3H-1,2,4-triazole-3-thione
(3a).® A solution of phenyl isocyanide (0.05
mol) and copper(I) chloride (0.00075 mol) in
50 ml of benzene was refluxed with 4-methyl-
thiosemicarbazide (Ia) (0.05 mol) for 1.75 h.
The reaction mixture was cooled in ice and
the precipitate filtered off and washed with
ether. Yield 81 9, of yellow crystals, m.p.
163—165 °C.

2-Amino-1,3,4-thiadiazole (2b)* was pre-
pared from thiosemicarbazide (1b) as described
above. Reflux for 0.75 h consumed the phenyl
isocyanide and left a syrupy mass after decan-
tation. Recrystallization from ethanol gave
30 9 of light yellow crystals, m.p. 188 — 190 °C.

When the reaction was carried out without
copper(I) chloride the phenyl isocyanide was
consumed after 2 h yielding 65 9%, of 2-amino-
1,3,4-thiadiazole (2b).

2-Phenylamino-1,3,4-thiadiazole(2c ) and
2,4-dihydro-4-phenyl-3H-1,2,4-triazole-3-thione
(3c).1* A solution of phenyl isocyanide (0.10
mol) and copper(I) chloride (0.0015 mol) in
100 ml of benzene was refluxed with 4-phenyl-
thiosemicarbazide (I¢) (0.10 mol) for 0.75 h.
The reaction mixture was cooled in ice and
the precipitate was filtered off. The precipitate
was extracted with 1 M NaOH solution, the
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Scheme 1. a, R=CH,; b, R=H; ¢, R=Ph.
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residue filtered off, washed with water yielding
32 9, oflight yellow crystals of 2-phenylamino-
1,3,4-thiadiazole (2c), m.p. 171172 °C.
2,4-Dihydro-4-phenyl-3H-1,2,4-triazole-3-

thione (3c) was precipitated from the alkaline
filtrate by acidification with glacial acetic acid.
Yield 42 %, of colourless crystals, m.p. 164—
165 °C.
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Conformational Analysis. XVI. The
Enthalpy and Entropy Difference
Between Twist and Chair Forms of the
1,3-Dithian Ring

KALEVI PIHLAJA and HANNU NIKANDER

Department of Chemistry, University of Turku,
SF-20500 Turku 50, Finland

Conformational equilibria of substituted six-
membered heterocycles have been widely in-
vestigated and the conformational energies ob-
tained have led to at least a qualitative under-
standing of the different forces and interactions
in these compounds. 1,3-Dithians are especially
suitable for studies of conformational equili-
bria since — A4G°-values may be determined
for a particular group at all three nonequiv-
alent sites (2, 4/6 and 5) of the ring and more-
over, acid-catalysed equilibration of epimerie
derivatives normally occurs readily thus per-
mitting the use of the reliable direct equilibrium
method. For this purpose one must find models
in which a given substituent biases one con-
formation for each isomer. In cyclohexanes the
most commonly used models have a t-butyl
group ! (— A4G°~24 kJ mol™?) located in posi-
tion 4 with respect to the group studied. In
1,3-dithians, however, cis-2,5-dialkyl substi-
tuted derivatives are seldom biased 1 and
hence unsuitable as direct models of the twist-
chair equilibrium. Consequently, it is prefer-
able to employ, e.g., r-2-alkyl,cis-4,cts-6-di-
methyl-(1) and r-2-alkyl,trans-4,trans-6-di-
methyl-1,3-dithians (2) as model compounds 3
to determine the chair-twist enthalpy and
entropy differences (Fig. 1). For this purpose
epimeric 2-t-butyl-4,6-dimethyl-1,3-dithians
were prepared in an acid-catalysed condensa-
tion reaction from meso-2,4-pentanedithiol and
2,2-dimethylpropanal.! Epimers were separated
by preparative gas chromatography and then
equilibrated at three temperatures using tri-
fluoroacetic acid as catalyst. The samples were
analysed by gas chromatography. The result-
ing equilibrium constants and thermodynamic
parameters are shown in Table 1.
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Fig. 1. The studied epimerTequilibria. I (A) is
r-2-alkyl,cis-4,cis-6-dimethyl- and 2 (B-E)
r-2-alkyl,trans-4,trans-6-dimethyl-1,3-dithian. a,
R=¢-Bu; b, R=i-Pr.
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