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Different N-methylsubstituted, N-methylsubstituted and N,V'-unsubstituted triazol-1-ylcarbothiohydra-
zides were reacted with isocyanates and isothiocyanates to yield the corresponding carbamoyl and thiocar-
bamoyl derivatives 4. The thiocarbamoyl derivatives could be cyclised by heating in dimethylformamide or
10% sodium hydroxide solution, reacting them with dicyclohexylcarbodiimide or thier alkylation to the cor-
responding 1,3,4-thiadiazoles 12 and 16, and derivatives 5 formed by splitting the triazole moiety. Cleaved
derivatives 9 and 11 were also formed in the reaction of thiocarbamoyl derivatives 4 with carbon disulfide in
the absence or presence of methyl iodide, respectively. Spectroscopic evidence is given for the structure of

products obtained.
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In the previous paper of this series [1] we have reported
on the synthesis of different 1,2,4-triazolylthichydrazide
derivatives, among others the 1 (R' = methyl, R* = H), 1
(R* = H, R? = methyl) and 1 (R' = R? = H) type ones.
They were reacted with isocyanates (3, X = 0) and iso-
thiocyanates (3, X = S) expecting the formation of the cor-
responding carbamoyl and thiocarbamoyl derivatives 4 (X
= 0 and S, respectively) that were hoped to ring close to
the corresponding [1,2,4]iriazolo[1,5-d][1,2,4,6]tetraze-
pines (2) (Scheme 1).
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The reaction of 1 (R' = methyl, R*> = H, Q = methyl-
thio and morpholino, respectively) with phenyl isocyanate
(3, X = O, R = phenyl) afforded the expected carbamoyl
derivatives 4 (X = O, R = phenyl, R' = methyl, R? = H,
Q = methylthio and morpholino, respectively). However,
attempts to their cyclisation to the corresponding 2 type
[1,2,4]triazolo[1,5-d][1,2,4,6]tetrazepine derivatives (2)
failed.

Unexpectedly, from the reaction mixtures of 1 (R! =
methyl, R = H, Q = methylthio and morpholino, respec-
tively) and butyl or phenyl isothiocyanate (3, X = S, R
= n-butyl and phenyl, respectively) instead of the corre-
sponding thiocarbamoyl derivatives 4(X = S, R! = meth-
yl, R? = H, Q = methylthio and morpholino, R = n-butyl
and phenyl, respectively) 2,3-dihydro-3-methyl-5-(n-butyl-
amino)-1,3,4-thiadiazole-2-thione (3, R = n-butyl) and
2,3,4,5-tetrahydro-3-methyl-5-phenylimino-1,3,4-thiadia-
zole-2-thione (3a, R = phenyl), respectively, were isolated
besides the known [2,3] 5-amino-3-(methylthio and mor-
pholino)-1H-1,2,4-triazoles (6, Q = methylthio and mor-
pholino, respectively) (Scheme 2). This may be explained
by a nucleophilic attack of the negatively charged sulfur
atom of the newly constructed thiocarbamoyl moiety of the
unstable intermediate 4 on the carbon atom of the thiohy-
drazide moiety to yield after cleavage of the triazole ring
the corresponding derivatives 5 and 5a, respectively.
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The tautomeric form S of the n-butyl derivative proves
the primary coupling to be between the exocyclic NH
group and the R = butyl moiety attached shown in the
pmr (see Experimental). This is in accordance with a previ-
ous observation [4] that the ‘‘exo’’ benzylsubstituted 2-
aminothiazoles exist in the 3 type o ”
form.

However, the corresponding phenyl derivative should
exist at least in DMSO-d; solution in the tautomeric form
Sa (R = phenyl), as shown by its very different NH chemi-
cal shift from that of 5 (R = n-butyl) in the pmr (6 NH =
10.2 s and 7.69 t, respectively) and the unusually low chem-
ical shift of the para-phenyl carbon atom (6 p-PhC = 122.2
ppm) in excellent agreement with that of observed pre-
viously [5] for the 2+(2,6-dimethylphenyl)iminothiazolidine
(6 p-PhC = 122.6 ppm).

A similar cleavage of the triazole moiety was observed
when derivative 1 (R' = methyl, R? = H, X = §,Q =

morpholino) was reacted with carbon disulfide either

amino’’ tautomeric
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alone to yield 9 (Scheme 3) or in the presence of methyl io-
dide to yield 11 (Scheme 4), respectively. This reaction
could be again easily explained by assuming a nucleophil-
ic attack of the sulfur atom of the intermediate 8 on the
carbon atom of the thiohydrazide moiety to yield - after
cleavage of the corresponding triazole derivative 6 - the
thiadiazolidine derivative 9, which is followed in case of
methyl iodide present by the S-alkylation to yield 11
(Schemes 3 and 4). The by-product of the former reaction
is the bis(1,2,4-triazolylthiourea) derivative 10 formed
most probably from the cleaved triazole 6 and carbon di-
sulfide present. As expected derivative 11 could by easily
prepared by methylation of the isolated 9 as well (Scheme
4).

Derivative 9 may again exist in the tautomeric form 9a.
However, the close analogy of the chemical shifts of the
triazole carbon atoms of derivatives 9 and 11 (6 C-2 =
153.1 and 156.0, respectively; § C-5 = 186.5 and 185.0
ppm, respectively) supports the thiol form 9 in DMSO-d,
solution.

The reaction of the isomeric 1(R* = H,R> = CH;,Q =
methylthio, morpholino and dimethylamino, respectively)
with phenyl isothiocyanate (3, R = phenyl, X = S) afford-
ed at room temperature the expected phenylthiocarbam-
oyl derivatives 4 (R* = H, R* = CH;, R = phenyl, Q =
methylthio, morpholino and dimethylamino, respectively)
(Scheme 5). The thermally unstable derivatives 4 (R* = H
R? = CH,, R = phenyl, Q = methylthio, morpholino and
dimethylamino, respectively) could by easily cyclised -
probably through their tautomeric form 4a - to the thia-
diazoles 12 (Q = methylthio, morpholino and dimethyl-
amino, respectively) by their short heating in dimethylfor-
mamide (Scheme 5).

It should be mentioned that the loss of hydrogen sulfide
from derivatives 4 (R* = H, R2 = CH;, R = Ph, X = §)
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may - in principal - also lead to the formation of deriva-
tives 13, thus the structure of derivatives 12 formed had to
be confirmed. The chemical shifts of the triazole carbon
atoms 3' and 5 of derivatives 12 (161.2-164.2 and
154.5-155.0 ppm, respectively) were in accordance with
that of expected [1,6] confirming that during the reaction
no isomerisation of the carbothiohydrazide moiety to any
of positions 2 or 4 of the triazole ring occurred [1]. The
decision between structures 12 and 13 made possible the
comparison of the chemical shifts of the thiadiazole car-
bon atoms 5 of derivatives 12 (6 C-5 = 151.4-152.0 ppm)
with those of the corresponding carbon atoms of model
compounds 14 [7] and 15 [8] (6 C-5 = 152.1 and 166.4
ppm, respectively) (Scheme 5) to prove structure 12 une-
quivocally.

The reaction of the “‘non alkylated’’ carbothiohydra-
zides 1 (R* = R? = H, Q = methylthio, morpholino and
dimethylamino, respectively) provided at room tempera-
ture in methanol or dimethylformamide as solvent led
again to the thermally unstable thiocarbamoyl derivatives
4R'=R?*=H,X = S, R = ethyl, benzyl and phenyl, Q

= methylthio, morpholino, and dimethylamino, respec-
tively) (Scheme 6). These were cyclised either in boiling di-

methylformamide, or by reaction with dicyclohexylcarbo-
diimide, or by heating them in 10% sodium hydroxide to
the corresponding thiadiazoles 16.

Derivatives 16 may also exist in the tautomeric form
16a (Scheme 6). The 5-alkylamino tautomeric structure 16
of derivatives (R = ethyl and benzyl, respectively) in
DMSO0-ds solution corroborate the primary coupling be-
tween the NH and R (ethyl and benzyl) groups in the pmr
[see: 16 (R = ethyl): 6 CH,CH; = 3.30 m, § NH = 7.75 1;
16 (R = benzyl): 6§ CH,Ph = 449 d, 6 NH = 8.26 i].
However, derivatives 16 (R = phenyl) have to exist in
DMSO0-ds solution in the 5-imino tautomeric form 16a as
proved by their different NH proton shifis (§ NH = 10.2,
10.2 and 10.3 ppm, respectively) appearing as a broad
singlet and the downfield shift of the para-phenyl carbon
atoms (6 p-PhC = 121.9, 121.9 and 123.9 ppm, respective-
ly) {5] that changes to the ““normal’’ value after N-methyla-
tion to 18 (8 p-PhC = 127.1 ppm).

It should be mentioned that in contrast to the known
[9,10,11] ring closure of acyl thiosemicarbazides 20 under
basic conditions to yield triazolylthiones 21 (Scheme 7) we
did not observe during the cyclisation of derivatives 4 (R*
= R?* = H,X = S)in 10% sodium hydroxide solution the
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formation of the corresponding triazolylthione derivatives

19 (Scheme 6).

The alkylation of the “‘non alkylated’’ derivatives 4 (R*
= R? = H, R = ethyl, benzyl and phenyl, Q = methyl-
thio) with methyl iodide and benzyl bromide afforded
either in methanol or dimethylformamide the correspond-
ing 5-alkylthiothiadiazole derivatives 23 (Scheme 8). Their
structure was corroborated by the analogy of the chemical
shifts of their triazole 3’ and 5' carbon atoms as well as the
thiadiazole carbon atom 2 with those of derivatives 16 and
18 (6 C-3' = 161.2-163.0 and 160.8-164.4 ppm, respective-
ly; 6 C-5' = 154.9-155.0 and 154.5-155.1 ppm, respective-
ly; 6 C~2 = 162.7-163.4 and 165.0-166.7 ppm, respective-

ly).
EXPERIMENTAL

Melting points were determined on a Koffler-Boétius micro ap-
paratus and are uncorrected. The infrared spectra were obtained
as potassium bromide pellets using Perkin-Elmer 577 spectro-
photometer. The ultraviolet spectra were obtained by a Pye Uni-
cam SP 8-150 instrument. The ‘H-nmr and the **C-nmr measure-
ments were performed using Brucker WM-250 and Brucker
WP-80 SY instruments. The ms spectra were recorded on a
Kratos MS25RFA instrument using direct inlet probe.

1-(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl)- N'-phenylcarbam-
oylcarbothiohydrazide (4, R' = R? = H, R = phenyl, Q = meth-
ylthio, X = 0).

A mixture of 2.04 g (0.01 mole) of 145-amino-3-methylthio-1 H-
1,2,4-triazol-1-yl)carbothiohydrazide (1, R* = R* = H, Q =
methylthio) (1], 2.4 g (0.02 mole) of phenyl isocyanate (3, R =
phenyl, X = 0) and 50 ml of methanol was stirred at room tem-
perature for 16 hours. The crystals which precipitated were fil-
tered off and washed thoroughly with methanol to yield 2.91 g
(90%) of 14{5-amino-3-methylthio-1H-1,2,4-triazol-1-yl} N'-phenyl-
carbamoylcarbothiohydrazide (4, R = R*? = H, R = phenyl, Q
= methylthio, X = O), mp 178-180°; ir: » NH, = 3320 and 3265
cm™, » C=0 = 1689 cm™*; pmr (DMSO-d¢): 8, ppm 2.59 (s, 3H,
SCH;), 7.01 [dt J = 6.5 and 0.8 Hz), 1H, p-PhH], 7.30 (1, 2H,
m-PhH), 7.50 [dd (J = 8.5 and 0.8 Hz), 2H, o-PhH], 8.4 (bs, 2H,
NH.), 8.65 (s, 1H, NH), 9.0 (bs, 1H, NH); cmr (DMSO-d;): §, ppm
13.2 (SCH,), 118.7 (0-PhC), 122.8 (p-PhC), 128.7 (m-PhC), 139.4
(s-PhC), 154.1 (C=0), 157.9 (C-5), 160.5 (C-3), 174.7 (C=5).

Anal. Caled. for C,,H,;N,0S, (MW. 323.39): C, 40.85; H, 4.05;
N, 30.32; S, 19.83. Found: C, 41.02; H, 4.20; N, 30.28; S, 19.80.

1-(5-Amino-3-morpholino-1H-1,2,4-triazol-1-yl)- N-methyl-N'-
phenylcarbamoylcarbothiohydrazide (4, R* = methyl, R* = H,R
= phenyl, Q = morpholino, X = 0).

A mixture of 1.0 g (0.0039 mole) of 145-amino-3-morpholino-
1H-1,2,4-triazol-1-yl)- N-methylcarbothiohydrazide (1, R' =
methyl, R* = H, Q = morpholino) [1], 0.6 g (0.005 mole) of
phenyl isocyanate (3, R = phenyl, X = 0) and 60 ml of benzene
was refluxed with stirring for 8 hours. After cooling the crystals
which precipitated were filtered off to yield 1.35 g (92%) of 1-(5-
amino-3-morpholino-1 H-1,2,4-triazol-1-yl}- N-methyl- V'-phenylcar-
bamoylcarbothiohydrazide (4, R' = methyl, R? = H, R = phen-
yl, Q = morpholino, X = 0), that after recrystallization from
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acetonitrile melted at 168-170°; ir: v NH, = 3380 and 3305 cm™,
v C=0 = 1661 cm"!; pmr (DMSO-d;): §, ppm 3.22 (1, 4H, NCH,),
3.54 (b, 7TH, NCH; + OCH,), 7.00 (t, 1H, p-PhH), 7.28 (t, 2H,
m-PhH), 7.42 (d, 2H, o-PhH), 7.56 (bs, 2H, NH,), 9.11 (s, 1H, NH),
9.16 (s, 1H, NH); cmr (DMSO-d): 8, ppm 44.8 (NCH;), 45.6
(NCH,), 65.5 (OCH,), 118.4 (0-PhC), 122.2 (p-PhC), 128.7 (m-PhC),
139.1 (s-PhC), 153.5 (C=0), 157.7 (C-5), 161.1 (C-3), 178.2
(C=95).

Anal. Caled. for C,;H,N,0,S (MW. 376.44): C, 47.86; H, 5.36;
N, 29.77; S, 8.52. Found: C, 47.80; H, 5.40; N, 29.68; S, 8.48.

2-(n-Butylamino}-4-methyl-4,5-dihydro-1,3,4-thiadiazole-5-thione
(5, R = n-butyl).

A mixture of 0.77 g (0.003 mole) of 1(5-amino-3-morpholino-
1H-1,2,4-triazol-1-yl)-N-methylcarbothiohydrazide (1, R! = meth-
yl, R* = H, Q = morpholino) [1], 25 ml of benzene and 0.35 ¢
(0.003 mole) of n-butyl isothiocyanate (3, R = n-butyl, X = S)
was refluxed for 5 hours followed by its evaporation in vacuo to
dryness. The residue was chromatographed on a silica gel column
(eluent a 2:1 mixture of benzene and ethyl acetate) to yield after
recrystallisation from 2-propanol 0.18 g (30%) of 2{n-butylami-
no)-4-methyl-4,5-dihydro-1,3,4-thiadiazole-5-thione (5, R =
n-butyl), mp 88-90°; ir: » C=S = 1263 cm"; pmr (DMSO0-d;): 6,
ppm 0.86 [t (J = 7 Hz), 3H, CH,], 1.32 [sx (J = 7 Hz), 2H, CH,-3],
1.5 [qi (J = 7 Hz), 2H, CH,-2], 3.14 [q J = 5 Hz), 2H, NHCH,],
3.61 (s, 3H, NCH,), 7.69 [t J = 5 Hz), 1H, NH}; cmr (DMSO-de): 6,
ppm 13.3 (CH;), 19.3 (CH,-3), 30.2 (CH,-2), 38.7 (NCH;), 43.1
(NHCH,), 156.3 (C-5), 177.2 (C-2).

Anal. Caled. for C,H,,N,S, (MW. 203.32): C, 41.35; H, 6.44; N,
20.67; S, 31.54. Found: C, 41.31; H, 6.55; N, 20.73; S, 31.48.

Continuing the chromatography 0.31 g (61%) of 5-amino-3-
morpholino-1H-1,2,4-triazole (6, @ = morpholino) was isolated,
mp 165-167° (2-PrOH) {Lit [3] mp 166-167° (2-PrOH)}.

2-(Phenylimino)-4-methyl-2,3,4,5-tetrahydro-1,3,4-thiadiazole-
5(3H)-thione (5a, R = phenyl) from 1 (R! = methyl, R* = H, Q

= morpholino).

A mixture of 2.57 g (0.01 mole) of 1{5-amino-3-morpholino-
1H-1,2,4-triazol-1-yl)- N-methylcarbothiohydrazide (1, R* = meth-
yl, R? = H, Q = morpholino) [1], 30 ml of methanol and 1.4 ml
{0.012 mole) of phenyl isothiocyanate (3, R = phenyl, X = 5) was
stirred at room temperature for 5 hours. The crystals which pre-
cipitated were filtered off and recrystallised from methanol to
yield 1.48 g (66 %) of 2-{(phenylimino}4-methyl-2,3,4,5-tetrahydro-
1,3,4-thiadiazole-5(3 Hy-thione (5a, R = phenyl), mp 183-184°; ir:
» C=8 = 1265 cm™*; pmr (DMSO-d): 6, ppm 3.73 (s, 3H, NCH,),
7.02[t(J = 7.2 Hz), 1H, p-PhH], 7.32[t (J = 7.5 Hz), 2H, m-PhH],
7.43 [d J = 7.5 Hz), 2H, o-PhH]}, 10.2 (bs, 1H, NH); cmr (DMSO-
de): 6, ppm 38.0 (NCH,), 122.2 (p-PhC), 127.6 (0-PhC), 128.7
(m-PhC), 139.5 (s-PhC), 153.1 (C-5), 178.1 (C-2).

Anal. Caled. for CHN,S, (MW. 223.31): C, 48.41; H, 4.06; N,
18.82; S, 28.71. Found: C, 48.34; H, 4.15; N, 18.78; S, 28.70.

The mother liquor was evaporated to dryness and the residue
was crystallised twice from 2-propanol to yield 0.95 g (56 %) of 5-
amino-3-morpholino-1H-1,2,4-triazole (6, Q = meorpholino), mp
166-167° {Lit [3] mp 166-167° (2-PrOH)}.

2-(Phenylimino)-4-methyl-2,3,4,5-tetrahydro-1,3,4-thiadiazole-
5(3H)-thione (3a, R = phenyl) from 1 (R! = methyl, R? = H, Q
= methylthio).

A mixture of 1.09 g (0.005 mole) of 1{5-amino-3-methylthio-1H-
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1,2,4-triazol-1-yl}- N-methylcarbothiohydrazide (1, R' = methyl,
R? = H, Q = methylthio) [1], 20 ml of benzene and 0.6 ml (0.005
mole) of phenyl isothiocyanate (3, R = phenyl, X = S) was re-
fluxed with stirring for 1 hour. After cooling the crystals which
precipitated were filtered off and recrystallised from a 2:1 mix-
ture of methanol and water to yield 0.74 g (66%) of 2{phenyl-
imino)-4-methyl-2,3,4,5-tetrahydro-1,3,4-thiadiazole-5(3 Hy-thione
(3a, R = phenyl), mp 180-183°, that was identical (ir, mixed mp)
with that of 3a (R = phenyl) obtained above. The mother liquor
was evaporated to dryness and the residue was crystallised first
from ethyl acetate then from 2-propanol to yield 0.40 g (62%) of
S5-amino-3-methylthio-1H-1,2 4-triazole (6, Q = methylthio), mp
135-137° {Lit [2] mp 136-137° (2-PrOH)}.

2-Mercapto-4-methyl-4,5-dihydro-1,3,4-thiadiazole-5-thione  (9)
and 1,3-Bis(3-morpholine-1,2,4-triazole-5-yl)thiourea (10).

A mixture of 2.57 g (0.01 mole) 1{5-amino-3-morpholino-1H-
1,2,4-triazol-1-yl} N-methylcarbothiohydrazide (1, R* = methyl,
R? = H, Q = morpholino) [1] 12 ml of pyridine and 4 ml of car-
bon disulfide was refluxed with stirring for 8 hours. After cooling
the crystals which precipitated were filtered off and recrystallised
from dioxane to yield 0.94 g (49%) of 1,3-bis(3-morpholino-1,2,4-
triazole-5-yl)thiourea (10, Q = morpholine), mp 269-271° (Lit
[12], mp 268-270°).

To the mother liquor 50 ml of water was added, the crystals
which precipitated were filtered off and recrystallised from aceto-
nitrile to yield 0.51 g (31%) of 2-mercapto-4-methyl-4,5-dihydro-
1,3,4-thiadiazole-5-thione (9), mp 106-108°; ir: v C=S = 1265
cm™'; pmr (DMSO-dg): 6, ppm 3.73 (s, 3H, CH,); cmmr (DMSO-de):
6, ppm 37.9 (CH,), 153.1 (C-2), 186.5 (C-5).

Anal. Caled. for C;H,N,S, (MW. 164.26). C, 21.94; H, 2.45; N,
17.05; S, 58.55. Found: C, 22.03; H, 2.63; N, 16.99; S, 58.42.

4-Methyl-2-methylthio-4,5-dihydro-1,3,4-thiadiazole-5-thione (11)
- By Reaction of 1 (R* = methyl, R? = H, Q = morpholino) with
Carbon Disulfide and Methyl Iodide.

To a solution of 2.57 g (0.01 mole) 1{5-amino-3-morpholino-
1H-1,2,4-triazol-1-yl)}- N-methylcarbothiohydrazide (1, -R! =
methyl, R = H, Q = morpholino) [1] in 7 ml of dimethylforma-
mide, 4 ml of carbon disulfide and a solution of 0.62 g (0.011
mole) of potassium hydroxide in 3.5 ml of water were successively
added with stirring keeping the temperature of the reaction mix-
ture below 5°. The reaction mixture was then stirred at 30° for 2
hours and 0.7 ml (0.011 mole) of methyl iodide was added to it
below 20° with stirring and slight cooling. The reaction mixture
was then stirred for further 30 minutes, 20 ml of water was added
to it, stirred again for 1 hour, the crystals which precipitated were
filtered off and recrystallised from 2-propanol to yield 1.16 g
(65%) of 4-methyl-2-methylthio-4,5-dihydro-1,3,4-thiadiazole-5-
thione (11), mp 81-83°; ir: » C=S = 1260 cm™*; pmr (deuterio-
chloroform): 6, ppm 2.63 (s, 3H, SCH;), 3.84 (s, 3H, NCH.); cmr
(DMSO-d;): 8, ppm 15.4 (SCH;), 38.5 (NCH,), 156.0 (C-2), 185.0
(C-5).

Anal. Caled. for C,H,N,S, (MW. 178.29): C, 26.95; H, 3.39; N,
15.71; S, 53.95. Found: C, 27.02; H, 3.54; N, 15.68; S, 53.87.

The dimethylformamide-water containing mother liquor was
evaporated in vacuo to dryness and the residue was recrystallised
twice from 2-propanol to yield 1.15 g (68%) of 5-amino-3-morpho-
lino-1H-1,2,4-triazole (6, Q = morpholino), mp 165-167° {Lit (3]
mp 166-167° (2-PrOH)}.

4-Methyl-2-methylthio-4,5-dihydro-1,3,4-thiadiazole-5-thione (11)
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To the solution of 0.115 g (0.005 mole) of metallic sodium in 10
ml of methanol 0.82 g (0.005 mole) of 2-mercapto-4-methyl-4,5-
dihydro-1,3,4-thiadiazole-3-thione (9) was added and the solution
which was obtained refluxed for 1 hour. After cooling 0.35 ml
(0.0055 mole) of methyl iodide was added to the reaction mixture,
stirred at room temperature for 2 hours and evaporated in vacuo
to dryness. The residue was dissolved in a small amount of water
and made alkaline (pH = 8-9) with 10% sodium hydroxide solu-
tion. After standing for 1 hour the crystals which precipitated
were filtered off and recrystallised from 2-propanol to yield 0.69
g (78%) of 4-methyl-2-methylthio-4,5-dihydro-1,3,4-thiadiazole-5-
thione (11), mp 82-83°. The product is identical (ir, mixed mp)
with that of 11 obtained in the previous experiment.

1-(5-Amino-3-morpholino-1 A-1,2,4-triazol-1-yl)}- N'-methyl-NV'-
phenylthiocarbamoylcarbothiohydrazide (4, R* = H, R* =
methyl, R = phenyl, Q = morpholino, X = §).

A mixture of 2.57 g (0.01 mole) of 1<(5-amino-3-morpholino-1H-
1,2,4-triazol-1-yl} N'-methylcarbothiohydrazide (1, R* = H, R? =
methyl, Q = morpholino) [1], 400 ml of methanol and 1.42 g (1.26
ml = 0.0105 mole) of phenyl isothiocyanate (3, R = phenyl, X =
S) was stirred at room temperature for 4 hours. The crystals
which precipitated were filtered off and washed thoroughly with
methanol to yield 3.6 g (92%) of 1-(5-amino-3-morpholino-1H-
1,2,4-triazol-1-yl)}- V-methyl- V'-phenylthiocarbamoylcarbothiohy-
drazide (4, R* = H, R? = methyl, R = phenyl, Q = morpholino,
X = S), mp 112-115°; pmr (DMSO-d¢): 6, ppm 3.35 (t, 4H, NCH,),
3.53 (s, 3H, NCH,), 3.60 (1, 4H, OCH,), 7.27 (bs, 5H, PhH), 8.4 (bs,
2H, NH,), 9.7 (bs, 1H, NH), 11.3 (bs, 1H, NH).

Anal. Caled. for C ;H,)N,0S, MW. 392.50): C, 45.90; H, 5.14;
N, 28.55; S, 16.34. Found: C, 45.88; H, 5.21; N, 28.50; S, 16.36.

2<(5-Amino-3-morpholino-1H-1,2 4-triazol-1-yl}-5-phenylimino-4,5-
dihydro-4-methyl-1,3,4-thiadiazole (12, Q = morpholino).

A solution of 1.00 g (0.0025 mole) of 1{5-amino-3-morpholino-
1H-1,2,4-triazol-1-yl)}- N'-methyl- N'-phenylthiocarbamoylcarbo-
thiohydrazide (4, R* = H, R*? = methyl, R = phenyl, Q = mor-
pholino, X = 8)in 40 ml of a 1:1 mixture of dimethylformamide
and water was refluxed for 5 minutes. After cooling the crystals
which precipitated were filtered off to yield 0.43 g (48%) of 2(5-
amino-3-morpholine-1H-1,2,4-triazol-1-yl}-5-phenylimino-4,5-dihy-
dro-4-methyl-1,3,4-thiadiazole (12, Q = morpholino), mp 207-
208°; ir: » NH, = 3440 and 3315 cm™'; pmr (deuteriochloro-
form): 6, ppm 3.33 (t, 4H, NCH,), 3.65 (s, 3H, NCH,;), 3.73 (1, 4H,
OCH,), 5.9 (s, 2H, NH,), 7.05[dt J = 6.5 and 0.8 Hz), 1H, p-PhH],
7.08 (dd, 2H, o-PhH), 7.34 (t, 2H, m-PhH); cmr (deuteriochloro-
form): 8, ppm 35.9 (NCH,), 46.2 (NCH,), 66.4 (OCH,), 121.0
(0-PhC), 123.8 (p-PhC), 129.7 (m-PhC), 141.6 (s-PhC), 151.9 (C-5),
153.4 (C-2), 155.0 (C-5"), 163.7 (C-3"); cmr (DMSO-d,): 6, ppm
35.8 (NCH;), 45.7 (NCH,), 65.6 (OCH,), 120.1 (o-PhC), 123.5
(p-PhC), 129.8 (m-PhC), 139.8 (s-PhC), 151.7 (C-5), 154.1* (C-2),
154.5* (C-5"), 163.6 (C-3").

Anal. Caled. for C;H,,N,0S (MW. 358.42): C, 50.27; H, 5.06;
N, 31.26; S, 8.94. Found: C, 50.30; H, 5.12; N, 31.21; S, 8.90.

1{(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl}- V-methyl-V'-phen-
ylthiocarbamoylcarbothiohydrazide (4, R* = H, R? = methyl, R
= phenyl, Q = methylthio, X = S).

To a solution of 1.20 g (0.005 mole) of 1{5-amino-3-methylthio-
1H-1,2 4-triazol-1-yl} N'-methylcarbothichydrazide (1, R* = H, R?
= methyl, Q = methylthio) [1] in 50 ml of dimethylformamide
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1.39 g (1.23 ml = 0.0095 mole) of phenyl isothiocyanate (3, R =
phenyl, X = S) was added and the mixture was stirred at room
temperature for 1 hour. To the solution obtained 8 ml of water
was added with cooling at 0°. The crystals which precipitated
were filtered off and recrystallised from ethyl acetate to yield
1.14 g (59%) of 1{5-amino-3-methylthio-1H-1,2,4-triazol-1-yl}-
N'-methyl-N-phenylthiocarbamoylcarbothiohydrazide (4, R' =
H, R? = methyl, R = phenyl, Q = methylthio, X = §), mp 146-
149°; pmr (DMSO-de): 8, ppm 2.56 (s, 3H, SCH;), 3.35 (s, 3H,
NCH,), 7.35-7.55 (m, SH, PhH), 8.4 (bs, 2H, NH,), 10.2 (bs, 1H,
NH), 11.25 (bs, 1H, NH).

Anal. Caled. for C,,H,,N.S,(MW. 363.56): C, 40.78; H, 4.28; N,
27.74; S, 27.21. Found: C, 40.82; H, 4.44; N, 27.65; S, 27.30.

2-(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl)}-5-phenylimino-4-
methyl-4,5-dihydro-1,3,4-thiadiazole (12, Q = methylthio).

A solution of 0.35 g (0.001 mole) of 1{(5-amino-3-methylthio-
1H-1,2,4-triazol-1-yl)- N'-methyl- N'-phenylthiocarbamoylcarbo-
thichydrazide (4, R' = H, R? = methyl, R = phenyl, Q = meth-
ylthio, X = S)in 1 m! of dimethylformamide was refluxed for 5
minutes. To the still hot solution 2 ml of water was added and
allowed to crystallise. After cooling the crystals which precipi-
tated were filtered off to yield 0.28 g (88%) of 2{(5-amino-3-meth-
ylthio-lH-l,2,4-triazol-l-yl)-5-phenylimin0-4--methyl-4-,5-dihydro-
1,3,4-thiadiazole (12, Q = methylthio) that after recrystallisation
from methanol melted at 219-220°; ir: » NH, = 3435 and 3300
em™; » C=S = 1267 cm™Y; pmr (deuteriochloroform): 4, ppm
2.48 (s, 3H, SCH.), 3.68 (s, 3H, NCHs), 6.3 (bs, 2H, NH,), 7.04 (d,
2H, o-PhH), 7.11 (1, 1H, p-PhH), 7.35 (1, 2H, m-PhH); cmr (DMSO-
dox 8, ppm 132 (SCH;), 35.8 (NCH.), 120.6 (o-PhC), 123.6
(p-PhC), 129.8 (m-PhC), 139.0 (s-PhC), 151.4 (C-5), 154.2* (C-2),
154.8* (C-5", 161.2 (C-3").

Anal. Caled. for C,H,,N,S,(MW. 319.41): C, 45.13; H, 4.10; N,
30.70; S, 20.07. Found: C, 45.10; H, 4.22; N, 30.65; S, 19.89.

1-(5-Amino-3-dimethylamino-1 H-1,2,4-triazol-1-yl)- ¥'-methyl-N"-
phenylthiocarbamoylcarbothiohydrazide (4, R' = H, R? = meth-
yl, R = phenyl, Q = dimethylamino, X = S).

A mixture of 0.43 g (0.002 mole) of 1-5-amino-3-dimethylami-
no-1H-1,2 4-triazol-1-yl} N'-methylcarbothiohydrazide (1, R* = H,
R? = methyl, Q = dimethylamino) [1], 80 ml of methanol and
0.34 g (0.0025 mole) of phenyl isothiocyanate 3, R = phenyl, X
= S) was stirred at room temperature for 2 hours. The crystals
which precipitated were filtered off and recrystallised from ethyl
acetate to yield 0.46 g (66%) of 1{5-amino-3-dimethylamino-1H-
1,2 4-triazol-1-yl)- N'-methyl-N'-phenylthiocarbamoylcarbothiohy-
drazide (4, R* = H, R? = methyl, R = phenyl, Q = dimethyl-
amino, X = S), mp 144-146°; pmr (DMSO-d,): 8, ppm 2.95 (s, 6H,
NCHS,), 3.54 (s, 3H, NCH,), 7.30 (bs, 5H, PhH), 8.4 (bs, 2H, NH,),
9.7 (bs, 1H, NH), 11.3 (bs, 1H, NH).

Anal. Caled. for C,H,N,S, (MW. 350.46): C, 44.55; H, 5.18; N,
31.97; S, 18.30. Found: C, 44.63; H, 5.34; N, 32.08; S, 18.21.

2.(5-Amino-3-dimethylamino-1 H-1,2,4-triazol-1-yl}5-phenylimino-
4-methyl-4,5-dihydro-1,3,4-thiadiazole (12, Q = dimethylamino).

A solution of 0.35 g (0.001 mole) of 1<5-amino-3-dimethylami-
no-1H-1,2,4-triazol-1-yl} N-methyl- N'-phenylthiocarbamoylcarbo-
thiohydrazide (4, R’ = H, R* = methyl, R = phenyl, Q@ = di-
methylamino, X = S)in 1 ml of dimethylformamide was refluxed
for 5 minutes. To the still hot solution 2 ml of water was added
and allowed to crystallise. After cooling the crystals which precip-
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itated were filtered off to yield 0.21 g (66%) of 2-(5-amino-3-di-
methylamino-1H-1,2,4-triazol-1-yl)-5-phenylimino-4-methyl-4,5-
dihydro-1,3,4-thiadiazole (12, Q@ = dimethylamino) that after
recrystallisation from the mixture of dimethylformamide and
water melted at 238-240°; ir: » NH, = 3420 and 3310 cm™'; pmr
(DMSO0-d,): 8, ppm 2.81 (s, 6H, NCH,), 3.58 (s, 3H, NCH,), 7.2 (bs,
2H, NH,), 6.95-7.65 (m, 5H, PhH); cmr (DMSO-de): é, ppm 36.0
(NCH,), 37.5 (NCHS), 120.8 (¢-PhC), 123.6 (m-PhC), 129.8 (p-Ph(),
140.0 (s-PhC), 152.0 (C-5), 154.3* (C-2), 155.0* (C-5'), 164.2
(C-3"); ms: M* = 316.

Anal. Caled. for C,,H,N,S (MW. 316.39): C, 49.35; H, 5.10; N,
35.42; S, 10.13. Found: C, 49.32; H, 5.18; N, 35.38; S, 10.17.

1-(5-Amino-3-morpholino-1H-1,2,4-triazol-1-yl)- V-phenylthiocar-
bamoylcarbothiohydrazide (4, R* = R* = H, R = phenyl, Q =
morpholino, X = S).

A mixture of 0.97 g (0.004 mole) of 1{5-amino-3-morpholino-
1,2,4-triazol-1-yl)carbothiohydrazide (1, R* = R? = H, Q = mor-
pholino) [1], 25 ml of methanol and 0.54 g (0.004 mole} of phenyl
isothiocyanate (3, R = phenyl, X = S) was stirred at room tem-
perature for 5 hours. The crystals which precipitated were fil-
tered off and washed thoroughly with methanol to yield 0.98 g
(65%) of 1<(5-amino-3-morpholino-1H-1,2,4-triazol-1-yl}- V'-phen-
ylthiocarbamoylcarbothiohydrazide (4, R' = R*> = H, R =
phenyl, Q = morpholino, X = S), mp 160-162°; pmr (DMSO-d,):
5, ppm 3.38 (1, 4H, NCH,), 3.64 (t, 4H, OCH,), 7.13-7.55 (m, 5H,
PhH), 8.05 (bs, 1H, NH), 8.3 (bs, 2H, NH,), 8.6 (bs, 1H, NH), 9.8
(bs, 1H, NH).

Anal. Caled. for C,,H,,N,0S, (MW. 378.47): C, 44.43; H, 4.79;
N, 29.61; S, 16.94. Found: C, 44.51; H, 4.96; N, 29.57; S, 17.03.

2+(5-Amino-3-morpholino-1H-1,2,4-triazol-1-yl}-5-phenylimino-4,5-
dihydro-1,3,4-thiadiazole (16a, Q = morpholino, R = phenyl).

A solution of 0.19 g (0.0005 mole) of 1-(5-amino-3-morpholino-
1 H-1,2,4-triazol-1-y1)- V'-phenylthiocarbamoylcarbothiohydrazide
(4,R! = R? = H, R = phenyl, Q = methylthio, X = S)in 1 ml of
dimethylformamide was refluxed for 5 minutes. To the still hot
solution 2 ml of water was added and allowed to crystallise. After
cooling the crystals which precipitated were filtered off to yield
0.11 g (57%) of 2<5-amino-3-morpholino-1H-1,2,4-triazol-1-yl)-5-
phenylimino-4,5-dihydro-1,3,4-thiadiazole (16a, Q = morpholino,
R = phenyl) that after recrystallisation from the mixture of di-
methylformamide and water melted at 303-306°; ir: » NH, =
3400 and 3300 cm~!, » C=N = 1659, 1589 and 1564 cm™'; pmr
(DMSO-dg): 8, ppm 3.25 (1, 4H, NCH,), 3.67 (1, 4H, OCH,), 7.35
(bs, 2H, NH,), 6.99-7.66 (m, SH, PhH), 10.2 (bs, 1H, NH); cmr
(DMSO-de): 45.8 (NCH,), 65.7 (OCH,), 117.4 (o-PhC), 121.9
(p-PhC), 129.2 (m-PhC), 140.5 (s-PhC), 152.7 (C-5), 154.5 (C-5),
159.8 (C-2), 163.8 (C-3"); ms: M* = 344.

Anal. Caled. for C,,H,,N,0S (MW. 344.40): C, 48.83; H, 4.68;
N, 32.54; S, 9.31. Found: C, 48.99; H, 4.86; N, 32.50; S, 9.28.

1-(5-Amino-3-dimethylamino-1 H-1,2,4-triazol-1-yl} N'-phenylthio-
carbamoylcarbothiohydrazide (4, R' = R? = H, R = phenyl, Q
= dimethylamino, X = S).

A mixture of 1.02 g (0.005 mole) of 1-(5-amino-3-dimethylami-
no-1,2,4-triazol-1-yl)-carbothiohydrazide (1, R* = R* = H,Q =
dimethylamino) [1], 25 ml of methanol and 0.88 g (0.0065 mole) of
phenyl isothiocyanate (3, R = phenyl, X = S) was stirred at room
temperature for 5 hours. The crystals which precipitated were
filtered off and washed thoroughly with methanol to yield 0.98 g



340 J. Reiter and J. Barkéczy

(57%) of 1-(5-amino-3-morpholino-1H-1,2,4-triazol-1-yl)}- V-phenyl-
thiocarbamoylcarbothiohydrazide (4, R' = R?* = H, R = phenyl,
Q = dimethylamino, X = S), mp 142-145°; pmr (DMSO-d): 6,
ppm 2.95 (s, 6H, NCH;), 7.14-7.60 (m, SH, PhH), 8.05 (bs, 1H,
NH), 8.4 (bs, 2H, NH,), 8.6 (bs, 1H, NH), 9.8 (bs, 1H, NH).
Anal. Caled. for C,H, NS, (MW. 336.44): C, 42.84; H, 4.79; N,
33.31; S, 19.06. Found: C, 42.86; H, 4.88; N, 33.18; S, 19.01.

2-(5-Amino-3-dimethylamino-1 H-1,2,4-triazol-1-yl)}-5-phenylimino-
4,5-dihydro-1,3,4-thiadiazole (16a, Q = dimethylamino, R =
phenyl).

A solution of 0.17 g (0.0005 mole) of 1-(5-amino-3-dimethyl-
amino-1H-1,2,4-triazol-1-yl)}- N'-phenylthiocarbamoylcarbothiohy-
drazide (4, R' = R? = H, R = phenyl, @ = methylthio, X = S)
in 1 ml of dimethylformamide was refluxed for 5 minutes. To the
still hot solution 2 ml of water was added and allowed to crystal-
lise. After cooling the crystals which precipitated were filtered off
to yield 0.12 g (79%) of 2{(5-amino-3-dimethylamino-1H-1,2,4-
triazol-1-yl}-5-phenylimino-4,5-dihydro-1,3,4-thiadiazole (16a, Q
= dimethylamino, R = phenyl) that after recrystallisation from
the mixture of dimethylformamide and water melted at 325-328°;
ir: v NH; = 3380 and 3305 cm™!, » C=N = 1655, 1591 and 1560
cm™'; pmr (DMSO-de): 6, ppm 2.88 (s, 6H, NCH,), 7.4 (bs, 2H,
NH,), 6.95-7.65 (m, 5H, PhH), 10.2 (bs, 1H, NH); cmr (DMSO-d):
8, ppm 37.1 (NCH;), 117.3 (0-PhC), 121.9 (p-PhC), 129.2 (m-PhC),
140.6 (s-PhC), 152.7 (C-5), 154.5 (C-5"), 159.7 (C-2), 164.4 (C-3");
ms: M* = 302.

Anal. Caled. for C,H, NS (MW. 302.36): C, 47.67; H, 4.67; N,
37.06; S, 10.60. Found: C, 47.48; H, 4.65; N, 36.99; S, 10.51.

1-(5-Amino-3-methylthio-1H-1,2 4-triazol-1-yl}- N'-phenylthiocar-
bamoylcarbothiohydrazide (4, R* = R* = H, R = phenyl, Q =
methylthio, X = S).

A mixture of 0.41 g (0.002 mole) of 1{5-amino-3-methylthio-1H-
1,2,4-triazol-1-yl)carbothiohydrazide (I, R = R? = H, Q =
methylthio) [1], 80 ml of methanol and 0.34 g (0.0025 mole) of
phenyl isothiocyanate (3, R = phenyl, X = S) was stirred at room
temperature for 2 hours. The crystals which precipitated were fil-
tered off and recrystallised from ethyl acetate to yield 0.46 g
(68%) of 14{5-amino-3-methylthio-1H-1,2,4-triazol-1-yl} N'-phenyl-
thiocarbamoylcarbothiohydrazide (4, R* = R? = H, R = phenyl,
Q = methylthio, X = §), mp 164-166°; pmr (DMSO-d¢): 6, ppm
2.55 (s, 3H, SCH,), 7.3-7.5 (m, 5H, PhH), 8.0 (bs, 1H, NH), 8.4 (bs,
2H, NH,), 8.6 (bs, 1H, NH), 9.8 (bs, 1H, NH).

Anal. Caled. for C, H,,N,S, (MW. 339.45): C, 38.92; H, 3.86; N,
28.88; S, 28.33. Found: C, 39.04; H, 3.92; N, 28.97; S, 28.35.

1-(5-Amino-3-methylthio-1 H-1,2,4-triazol-1-yl)- N'-phenylthiocar-
bamoylcarbothiohydrazide (4, R' = R? = H, R = phenyl, Q =
methylthio, X = S).

To a solution of 0.41 g (0.002 mole) of 1{5-amino-3-methylthio-
1H-1,2,4-triazol-1-yl)carbothiohydrazide (1, R* = R* = H, Q =
methylthio) in 10 ml of dimethylformamide 0.41 g (0.003 mole) of
phenyl isothiocyanate (3, R = phenyl, X = §) was added and
stirred at room temperature for 16 hours. 20 ml of water was
added to the reaction mixture, the crystals which precipitated
were filtered off and recrystallised from ethyl acetate to yield
0.44 g (65%) of 14{5-amino-3-methylthio-1H-1,2 4-triazol-1-yl)- V'
phenylthiocarbamoyicarbothiohydrazide (4, R* = R? = H,R =
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phenyl, Q = methylthio, X = S), mp 162-165°. The product is
identical (mixed mp, ir) with that of 4 (R* = R? = H, R =
phenyl, Q = methylthio, X = S) obtained above.

2-(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl}-5-phenylimino-4,5-
dihydro-1,3,4-thiadiazole (16a, Q = methylthio, R = phenyl).

A solution of 0.34 g (0.001 mole) of 1-(5-amino-3-methylthio-1 H-
1,2,4-triazol-1-yl)} N'-phenylthiocarbamoylcarbothiohydrazide (4,
R! = R? = H, R = phenyl, Q = methylthio, X = S)in 1 ml of
dimethylformamide was refluxed for 5 minutes. To the still hot
solution 2 ml of water was added and allowed to crystallise. After
cooling the crystals which precipitated were filtered off to yield
0.22 g (72%) of 2<(5-amino-3-methylthio-1H-1,2,4-triazol-1-yl}-5-
phenylimino-4,5-dihydro-1,3,4-thiadiazole (16a, Q = methylthio,
R = phenyl) that after recrystallisation from dioxane melted at
323-325%; ir: » NH, = 3405 and 3300 cm™"; pmr (DMSO-ds): 6,
ppm 2.50 (s, 3H, SCH;), 7.1-7.6 (m, 5H, PhH), 7.5 (s, 2H, NH,),
10.3 (s, 1H, NH); cmr (DMSO-d¢): 6, ppm 13.3 (SCH;), 119.3
(0-PhC), 123.9 (p-PhC), 130.9 (m-PhC), 142.1 (s-PhC), 151.7 (C-5),
155.0 (C-5"), 160.9* (C-2), 161.4* (C-3").

Anal. Calced. for C, H, N.S,(MW. 305.38): C, 43.26; H, 3.63; N,
32.11; S, 21.00. Found: C, 43.33; H, 3.88; N, 32.14; S, 20.94.

2-(5-Amino-3-methylthio-1 H-1,2,4-triazol-1-yl}-5-phenylimino-4,5-
dihydro-1,3,4-thiadiazole (16a, Q = methylthio, R = phenyl).

A mixture of 3.39 g (0.01 mole) of 1{5-amino-3-methylthio-1H-
1,2,4-triazol-1-yl} V'-phenylthiocarbamoylcarbothiohydrazide (4,
R' = R? = H, R = phenyl, Q = methylthio, X = S) 75 ml of dry
benzene and 3.1 g (0.015 mole) of dicyclohexylcarbodiimide was
refluxed for 1 hour. After cooling the crystals which precipitated
were filtered off and recrystallised from dioxane to yield 1.98 g
(65%) of 2<5-amino-3-methylthio-1H-1,2 4-triazol-1-yl)}-5-phenyl-
imino-4,5-dihydro-1,3,4-thiadiazole (16a, Q = methylthio, R =
phenyl), mp 322-324°. The product is identical (mixed mp, ir)
with that of 16a (Q = methylthio, R = phenyl) obtained above.

2-(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl}-5-phenylimino-4,5-
dihydro-1,3,4-thiadiazole (16a, @ = methylthio, R = phenyl).

A mixture of 3.39 g (0.01 mole) of 1{5-amino-3-methylthio-1H-
1,2,4-triazol-1-yl)-N'-phenylthiocarbamoylcarbothiohydrazide (4,
R! = R? = H, R = phenyl, Q = methylthio, X = S)and 30 ml of
10% sodium hydroxide was stirred at room temperature for 7
days. The crystals which precipitated were filtered off washed
with water and recrystallised from dioxane to yield 1.55 g (51%)
of 2-(5-amino-3-methylthio-1H-1,2,4-triazol-1-yl)-5-phenylimino-
4,5-dihydro-1,3,4-thiadiazole (16a, Q = methylthio, R = phenyl),
mp 322-325°. The product is identical (mixed mp, ir) with that of
16a (Q = methylthio, R = phenyl) obtained above.

1-(5-Amino-3-methylthio-1H-1,2 4-triazol-1-yl)}- V-benzylthiocar-
bamoylcarbothiohydrazide (4, R* = R? = H, R = benzyl, Q =
methylthio, X = S§).

A mixture of 4.08 g (0.02 mole) of 1{5-amino-3-methylthio-1H-
1,2,4-triazol-1-yl)carbothiohydrazide (1, R* = R? = H, Q =
methylthio), 100 ml of methanol and 7.46 g (6.6 ml = 0.05 mole)
of benzyl isothiocyanate (3, R = benzyl, X = S) was stirred at
room temperature for 3 days. The crystals which precipitated
were filtered off and recrystallised from acetonitrile to yield 5.33
g (715%) of 145-amino-3-methylthio-1H-1,2,4-triazol-1-yl)}-NV'-
benzylthiocarbamoylcarbothiohydrazide (4, R' = R* = H,R =
benzyl, Q = methylthio, X = S), mp 166-169°; pmr (DMSO-d,):
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8, ppm 2.55 (s, 3H, SCH3), 4.30 (d, 2H, NHCH,), 7.15-7.55 (m, 5H,
PhH), 8.05 (bs, 1H, NH), 8.4 (bs, 2H, NH,), 8.6 (bs, 1H, NH), 9.6 (,
1H, NH).

Anal. Caled. for C ,H,;N,S,(MW. 353.49): C, 40.78; H, 4.28; N,
27.74; S, 27.21. Found: C, 40.66; H, 4.21; N, 27.80; S, 27.23.

2-(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl)-5-benzylamino-
1,3,4-thiadiazole (16, Q = methylthio, R = benzyl) and 5-Benzyl-
amino-2,3-dihydro-1,3,4-thiadiazole-2(3 H}-thione (17).

A solution of 0.35 g (0.001 mole) of 1{5-amino-3-methylthio-
1H-1,2 4-triazol-1-yl)- N'-benzylthiocarbamoylcarbothiohydrazide
(4,R* = R? = H, R = benzyl, Q = methylthio, X = S)in 2 ml of
dimethylformamide was refluxed for 5 minutes, then 2 ml of
water was added to the still hot solution. After cooling the crys-
tals which precipitated were filtered off to yield after recrystal-
lisation from ethanol 0.17 g (53 %) of 2{5-amino-3-methylthio-1 H-
1,2,4-triazol-1-yl}5-benzylamino-1,3,4-thiadiazole (16, Q = meth-
ylthio, R = benzyl), mp 242-244°; ir: » NH, = 3390 and 3300
cm'; pmr (DMSO-d¢): 8, ppm 2.47 (s, 3H, SCH;), 4.49[d (J = 5.7
Hz), 2H, CH,Ph], 7.3 (s, 2H, NH,), 7.25-7.40 (m, 5H, PhH), 8.26 (t,
1H, NH); cmr (DMSO-d¢): 6, ppm 13.2 (SCH;), 49.5 (CH,), 128.8
(p-PhC), 129.2 (0-PhC), 130.0 (m-PhC), 142.4 (s-PhC), 150.6 (C-5),
155.0 (C-3"), 160.8 (C-5"), 165.0 (C-2).

Anal. Caled. for C,,H,,N,S, (MW. 319.40). C, 45.13; H, 4.10; N,
30.70; S, 20.07. Found: C, 45.10; H, 4.21; N, 30.65; S, 20.13.

To the dimethylformamide-containing mother liquor 10 ml of
water was added which initiated crystallisation again to yield
after filtration 0.07 g (31 %) of 5-benzylamino-2,3-dihydro-1,3,4-
thiadiazole-2(3 H)-thione (17), mp 139-141°; ir: » NH = 3295 and
3260 ecm™', » C=N = 1553 ¢cm~*; pmr (DMSO-d¢): 6, ppm 4.34 [d
(J = 5.7 Hz), 2H, CH,], 7.3 (m, 5H, PhH), 8.04 [t J = 5.7 Hz), 1H,
NH], 13.3 (bs, 1H, NH); cmr (DMSO-d,): 6, ppm 47.0 (CH,), 127.1
(p-PhC), 127.3 (0-PhC), 128.2 (m-PhC), 138.0 (s-PhC), 160.7 (C-5),
181.0 (C=S); ms: M* = 223.

Anal. Caled. for C,H,N,S, (MW. 223.32): C, 48.41; H, 4.06; N,
18.82; S, 28.71. Found: C, 48.44; H, 4.11; N, 18.95; S, 28.75.

2-(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl)-5-benzylamino-
1,3,4-thiadiazole (16, Q = methylthio, R = benzyl).

A mixture of 1.06 g (0.003 mole) of 15-amino-3-methylthio-1 H-
1,2,4-triazol-1-yl}- N'-benzylthiocarbamoylcarbothiohydrazide (4,
R' = R? = H, R = benzyl, Q = methylthio, X = S), 40 ml of
benzene and 0.93 g (0.0045 mole) of dicyclohexylcarbodiimide
was refluxed for 2 hours. The reaction mixture was evaporated in
vacuo to dryness and the residue (2.04 g) was chromatographed
on a silica gel column (eluent a 9:1 mixture of chloroform and
methanol) to yield 0.47 g (49%) of 2<5-amino-3-methylthio-1 H-
1,2,4-triazol-1-yl}-5-benzylamino-1,3,4-thiadiazole (16, Q = meth-
ylthio, R = benzyl) that after recrystallisation from ethanol
melted at 242-243°. The product is identical (mixed mp, ir) with
that of 16 (Q = methylthio, R = benzyl) obtained above.

2-(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl)-5-benzylamino-
1,3,4-thiadiazole (16, Q = methylthio, R = benzyl).

A mixture of 1.06 g (0.003 mole) of 1(5-amino-3-methylthio-
1H-1,2 4-triazol-1-yl)- N'-benzylthiocarbamoylcarbothiohydrazide
(4,R' = R? = H, R = benzyl, Q = methylthio, X = S) and 10
ml of 10% sodium hydroxide was stirred at room temperature for
16 hours. The crystals which precipitated were filtered off to
yield 0.40 g (42%) of 2{5-amino-3-methylthio-1H-1,2,4-triazol-1-
y)}-5-benzylamino-1,3,4-thiadiazole (16, Q = methylthio, R = ben-
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zyl) that after recrystallisation from ethanol melted at 241-243°.
The product is identical (mixed mp, ir) with that of 16 (Q = meth-
ylthio, R = benzyl) obtained above.

15-Amino-3-methylthio-1 H-1,2 4-triazol-1-yl} N'-ethylthiocarbam-
oylcarbothiohydrazide (4, R* = R* = H, R = ethyl, Q = methyl-
thio, X = S) and 245-Amino-3-methylthio-1H-1,2,4-triazol-1-yl}-5-
ethylamino-1,3,4-thiadiazole (16, Q = methylthio, R = ethyl).

A mixture of 6.12 g (0.03 mole) of 145-amino-3-methylthio-1H-
1,2,4-triazol-1-yl)carbothiohydrazide (1, R* = R* = H, Q =
methylthio) [1], 150 ml of dimethylformamide and 5.23 g (5.25 ml
= 0.06 mole) of ethyl isothiocyanate (3, R = ethyl, X = S) was
stirred at room temperature for 16 hours; 250 ml of water was
added to the reaction mixture. The crystals which precipitated
were filtered off and washed with methanol to yield 5.25 g (60%)
of 1<(5-amino-3-methylthio-1H-1,2,4-triazol-1-yl)- N'-ethylthiocar-
bamoylcarbothiohydrazide (4, R* = R* = H, R = ethyl, Q =
methylthio, X = S), mp 155-157°; pmr (DMSO-d,): 6, ppm 1.10 (1,
3H, CH,), 2.56 (s, 3H, SCH,), 3.42 (qi, 2H, CH,), 7.80 (t, 1H, NH),
8.4 (bs, 2H, NH,), 8.6 (bs, 1H, NH), 9.8 (bs, 1H, NH).

Anal Caled. for C,H ,N,S, (MW. 291.41): C, 28.85; H, 4.50; N,
33.65; S, 33.01. Found: C, 28.92; H, 4.67; N, 33.60; S, 33.08.

The mother liquor crystallised again upon standing for some
days to yield 1.01 g (13%) of 2{5-amino-3-methylthio-1H-1,2,4-
triazol-1-yl}-5-ethylamino-1,3,4-thiadiazole (16, Q = methylthio,
R = ethyl) that after recrystallisation from ethanol melted at 268-
270°; ir: v NH + NH, = 3400 and 3280 ¢cm*; pmr (DMSO-d¢): 4,
ppm 1.19 [t J = 7 Hz), 3H, CH,], 2.48 (s, 3H, SCH,), 3.30 (m, 2H,
CH,), 7.4 (bs, 1H, NH,), 7.75 [t (J = 6 Hz), 1H, NH]; cmr (DMSO-
de): 6, ppm 13.5 (SCH,), 14.5 (CH,), 39.5 (CH,), 150.5 (C-5), 155.1
(C-5), 161.2 (C-3"), 165.2 (C-2).

Anal. Caled. for C,H, NS, (MW. 257.33): C, 32.67; H, 4.31; N,
38.10; S, 24.92. Found: C, 32.70; H, 4.43; N, 30.01; S, 25.04.

2(5-Amino-3-methylthio-1 H-1,2,4-triazol-1-yl)-5-ethylamino-1,3,4-
thiadiazole (16, Q = methylthio, R = ethyl).

A mixture of 0.87 g (0.003 mole) of 1{5-amino-3-methylthio-1H-
1,2,4-triazol-1-yl}- V'-ethylthiocarbamoylcarbothiohydrazide (4, R*
= R? = H, R = ethyl, Q = methylthio, X = S)40 ml of benzene
and 0.93 g (0.0045 mole) of dicyclohexylcarbodiimide was re-
fluxed with stirring for 1 hour. After cooling the crystals which
precipitated were filtered off to yield 0.45 g (58%) of 2<(5-amino-
3-methylthio-1 H-1,2,4-triazol-1-yl)-5-ethylamino-1,3,4-thiadiazole
(16, Q = methylthio, R = ethyl) that after recrystallisation from
ethanol melted at 268-270°. The product is identical (mixed mp,
ir) with that of 16 (Q = methylthio, R = ethyl) obtained above.

2-(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl}5-ethylamino-1,3,4-
thiadiazole (16, Q = methylthio, R = ethyl).

A mixture of 1.75 g (0.006 mole) of 1{5-amino-3-methylthio-1 H-
1,2,4-triazol-1-yl}- N-ethylthiocarbamoylcarbothiohydrazide (4, R*
= R? = H, R = ethyl, Q = methylthio, X = S) and 20 ml of
10% sodium hydroxide was stirred at room temperature for 16
hours. The crystals which precipitated were filtered off to yield
0.73 g (47%) of 24{5-amino-3-methylthio-1H-1,2,4-triazol-1-yl)-5-
ethylamino-1,3,4-thiadiazole (16, Q = methylthio, R = ethyl)
that after recrystallisation from ethanol melted at 268-270°, The
product is identical (mixed mp, ir) with that of 16 (Q = methyl-
thio, R = ethyl) obtained above.
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2-(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl)-5-(N-phenyl-N-
methyl)amino-1,3,4-thiadiazole (18).

To a solution of 0.91 g (0.003 mole) of 2-(5-amino-3-methylthio-
1H-1,2,4-triazol-1-yl)-5-phenylimino-4,5-dihydro-1,3,4-thiadiazole
(16a, Q = methylthio, R = phenyl) in 4 ml of dry dimethylforma-
mide 0.12 g (0.0039 mole) of sodium hydride (80% solution in
parraffin oil, Aldrich) was added and the mixture was stirred at
room temperature for 1 hour. Then 0.32 ml (0.005 mole) of
methyl iodide was added to the reaction mixture by dropping it
with stirring and cooling below 15°. Cooling was discontinued
and the reaction mixture was stirred at room temperature for 1
hour. The mixture thus obtained was quenched with 8 ml of
water, the crystals which precipitated were collected and
recrystallised twice from methanol to yield 0.43 g (45%) of 2{5-
amino-3-methylthio-1 H-1,2,4-triazol-1-yl)}-5-( N-phenyl- N-methyl)-
amino-1,34-thiadiazole (18), mp 224-226°; ir: » NH, = 3395 and
3300 cm™Y, » C=S = 1274 cm"*; pmr (DMSO-d): 6, ppm 2.45 (s,
3H, SCH,), 3.53 (s, 3H, NCH,), 7.50 (bs, 2H, NH,), 7.37-7.55 (m,
1H, p-PhH), 7.55-7.60 (m, 4H, 0- and m-PhH); cror (DMSO0-dq): 6,
ppm 13.2 (SCH,), 39.9 (NCH,), 124.3 (0-PhC), 127.1 (p-PhC), 130.1
{m-PhC), 146.3 (s-PhC), 150.9 {C-5), 155.1 {C-5"), 161.3 (C-3),
166.7 (C-2).

Anal. Caled. for C,H,,N.S, (MW. 319.40): C, 45.13; H, 4.10; N,
30.70; S, 20.07. Found: C, 45.16; H, 4.22; N, 30.68; S, 20.11.

2-(5-Amino-3-methylthio-1 H-1,2,4-triazol-1-yl}-5-methylthio-1,3,4-
thiadiazole (23, R* = methyl) - from 4(R* = R? = H,R = ethyl,
Q = methylthio, X = §).

The mixture of 1.02 g (0.0035 mole) of 1{5-amino-3-methylthio-
1H-1,2,4-triazol-1-yl)- N'-ethyithiocarbamoylcarbothiohydrazide
4, Rt = R? = H, R = ethyl, Q = methylthio, X = §) 20 ml of
methanol and 1.42 g (0.62 ml = 0.01 mole) of methyl iodide was
refluxed for 2 hours. After cooling the crystals which precipitated
were filtered off to yield 0.65 g (71 %) of 2«(5-amino-3-methylthio-
1H1,2,4-triazol-1-yl}-5-methylthio-1,3,4-thiadiazole (23, R’ =
methyl) that after recrystallisation from acetonitrile melted at
189-190°; ir: » NH, = 3400 and 3290 cm™', »C=N = 1662, 1561
and 1518 em'; pmr (DMSO-dq): 6, ppm 2.50 (s, 3H, SCH,-3"),
2.77 (s, 3H, SCH;-5), 7.65 (bs, 2H, NH,); cmr (DMSO-d): 6, ppm
13.2 (SCH,-3", 16.4 (SCH,-5), 155.0 (C-5"), 160.1 (C-5), 162.7*
(C-2), 163.0* (C-3"); ms: M* = 260.

Anal. Caled. for C.H,N,S, (MW. 260.37): C, 27.68; H, 3.10; N,
32.28; S, 36.94. Found: C, 27.77; H, 3.26; N, 32.21; S, 36.89.

2-(5-Amin0-3-methylthi0-lH-l,2,4-triazol-l-yl)-S-methylthio-l,3,4-
thiadiazole (23, R® = methyl) - from 4 (R* = R = H, R = ben-
zyl, Q = methylthio, X = 5).

The mixture of 1.06 g (0.003 mole) of 1-(5-amino-3-methylthio-
1H-1,2,4-triazol-1-yl)- N'-benzylthiocarbamoylcarbothiohydrazide
(4, R* = R* = H, R = benzyl, Q = methylthio, X = 5) 20 ml of
methanol and 1.42 g (0.62 ml = 0.01 mole) of methyl iodide was
refluxed for 2 hours. After cooling the crystals which precipitated
were filtered off to yield 0.52 g (57 %) of 2<(5-amino-3-methylthio-
1H-1,2 4-triazol-1-yl}-5-methylthio-1,3,4-thiadiazole (23, R® =
methyl) that after recrystallisation from acetonitrile melted at
188-190°. The product is identical (mixed mp, ir) with that of 23
(R? = methyl) obtained above.

2-(5-Amino-3-methylthio-1 H-1,2 4-triazol-1-yl}-5-methylthio-1,3,4-
thiadiazole (23, R? = methyl) - from 4 (R* = R* = H, R = phen-
yl, Q = methylthio, X = S) in methanol.
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The mixture of 1.02 g (0.003 mole) of 1-(5-amino-3-methylthio-
1 H-1,2,4-triazol-1-yl)- V'-phenylthiocarbamoylcarbothiohydrazide
4, R' = R* = H,R = phenyl, Q = methylthio, X = S) 20 ml of
methanol and 1.42 g (0.62 ml = 0.01 mole) of methyl iodide was
refluxed for 2 hours. After cooling the crystals which precipitated
were filtered off to yield 0.58 g (74%) of 2{5-amino-3-methylthio-
1H-1,2,4-triazol-1-yl)-5-methylthio-1,3,4-thiadiazole (23, R® =
methyl) that after recrystallisation from acetonitrile melted at
189-190°. The product is identical (mixed mp, ir) with that of 23
(R? = methyl) obtained above.

24(5-Amino-3-methylthio-1H-1,2,4-triazol-1-yl}-5-methylthio-1,3,4-
thiadiazole (23, R® = methyl) - from 4 R* = R* = H, R =
phenyl, Q = methylthio, X = §) in dimethylformamide.

The mixture of 1.02 g (0.003 mole) of 1{(5-amino-3-methylthio-
1H-1,2,4-triazol-1-yl)- N'-phenylthiocarbamoylcarbothiohydrazide
(4, R* = R? = H, R = phenyl, Q = methylthio, X = §) 15 ml of
dimethylformamide and 1.42 g (0.62 ml = 0.01 mole) of methyl
iodide was stirred at room temperature for 5 hours; 50 ml of
water was added to the reaction mixture and the crystals which
precipitated were filtered off to yield 0.55 g (71 %) of 2<(5-amino-
3-methylthio-1H-1,2,4-triazol-1-yl)-5-methylthio-1,3,4-thiadiazole
(23, R’ = methyl) that after recrystallisation from acetonitrile
melted at 188-189°. The product is identical (mixed mp, ir) with
that of 23 (R* = methyl) obtained above.

2-(5-Amino-3-methylthio-1 H-1,2,4-triazol-1-yl}-5-benzylthio-1,3,4-
thiadiazole (23, R® = benzyl) - from 4 (R’ = R* = H, R =
phenyl, Q = methylthio, X = §).

The mixture of 1.02 g (0.003 mole) of 1-(5-amino-3-methylthio-
1H-1,2,4-triazol-1-yl)- V'-phenylthiocarbamoylcarbothiohydrazide
4, R* = R? = H, R = phenyl, Q = methylthio, X = S) 10 ml of
dimethylformamide and 0.86 g (0.6 ml = 0.005 mole) of benzyl
bromide was stirred at room temperature for 16 hours. The crys-
tals which precipitated were filtered off and washed with acetoni-
trile to yield 0.73 g (72%) of 2-(5-amino-3-methylthio-1H-1,2,4-
triazol-1-yl}-5-benzylthio-1,3,4-thiadiazole (23, R> = benzyl) that
after recrystallisation from acetonitrile melted at 163-165°; ir: »
NH, = 3405 and 3300 cm™, » C=N = 1650, 1563 and 1512
cm"Y; pmr (deuteriochloroform): §, ppm 2.52 (s, 3H, SCH;), 4.50
(s, 2H, SCH,), 6.83 (s, 2H, NH,), 7.2-7.4 (m, 5SH, PhH); cmr (deuter-
iochloroform): 8, ppm 13.8 (SCH,), 38.6 (SCH,), 128.0 (p-PhC),
128.8 (6-PhC), 129.1 (m-PhC), 135.5 (s-PhC), 154.9 (C-5'), 161.0*
(C-5), 161.2* (C-3"), 163.4 (C-2).

Anal. Caled. for C,H ,N.S, (MW. 336.45): C, 42.84; H, 3.60; N,
24.98; S, 28.59. Found: C, 42.88; H, 3.82; N, 25.04; S, 28.66.
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