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The reaction of N-cyanocarbonimidodithioic acid di(alkyl and aralkyl)esters with different alkyl-, aralkyl-
and arylhydrazines to yield 1-substituted-3-R-thio-5-amino-1H-1,2,4-triazoles (3) and 2-substituted-3-R-thio-5-
amino-2H-1,2 4-triazoles (4) was studied. Isolation of the different types of isomeric pairs of 3 and 4 helped to
prove the structure of products obtained which made possible correction of some confusion in the literature.
The 3 (R = H) tautomeric structure of the non-substituted derivatives was supported by comparison of their
uv and cmr spectra with those of the alkylated and aralkylated derivatives 3 and 4, respectively, again correc-
ting confusion in the literature. An hplc determination of the ratio of products 3 and 4 formed in the above
reactions with different hydrazines made it possible to prove the mechanism of the reaction.

J. Heterocyclic Chem., 19, 1157 (1982).

In connection with our biological research, we have
studied the reaction of N-cyanocarbonimidodithioic acid
di(alkyl and aralkyl) esters (1) with different alkyl-, aralkyl-
and arylhydrazines (2) to yield l-substituted-3-R-thio-5-
amino-1H-1,2,4-triazole (3) or 2-substituted-3-R-thio-5-
amino-2H-1,2,4-triazole (4) derivatives (Scheme 1, Table I).
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Structure 3 was proposed for all derivatives obtained in
the reaction of Scheme 1 (above). In the case of 3 (R = Ph,
R' = CH,Ph) (1) and 3 (R = Ph, R" = CH;) (2), no
evidence is given. In the case of 3 (R = 4-Cl-Ph, R’ =
CH,) (3) the structure was proposed on the basis of the
fragment ion 153 observed in the ms spectrum correspon-
ding to the fragment ion “°Y”’. While in the case of 3R =
R’ = CH,)(4,5) the structure was proposed on the basis of
the pmr spectra comparing the N-CH, signal observed
with those of the corresponding N-CH; signals of the
known isomeric 1,3-dimethyl-5-amino-1H-, and 2,3-di-
methyl-5-amino-2H-1,2,4-triazoles chosen as models. The
above pmr studies (4,5) allowed us to recognize that the
isomeric 4 (R = R’ = CH;) was in the mother liquor of 3
(R = R’ = CH,) in about 6% concentration.

We have isolated in the various types of reactions in
Scheme 1 (i.e. R = alkyl, aralkyl and aryl, R* = alkyl and

aralkyl, respectively) both isomeric derivatives 3 and 4
(Table I) and compared their spectral data.

Surprisingly, the alkyl and aryl derivatives 3 and 4(R =
alkyl, aryl) can not be differentiated on the basis of the
sole appearance of any of the fragment ions arising from
splittings “*X”” or ““Y”’ (Table II), as proposed in the litera-
ture (3). On the other hand, they could be easily separated
into two distinct groups on the basis of different inten-
sities of the fragment ions, but no decision could be made
as to which one corresponded to structure 3 and

which to structure 4 (6-7). The ir spectra of derivatives 3
and 4 (R = alkyl, aralkyl, aryl, R" = alkyl, aralkyl) (Table
I11) again made possible their separation into two distinct
groups, one characterised by two strong v C=N bands bet-
ween 1660-1500 em™ and the other one characterised by
three strong » C=N bands between 1660-1500 cm™" which
are accompanied in the cases of R = alkyl and aralkyl
with a strong band in the 1310-1285 cm™ region, while in
the case of R = aryl with a strong band in the 1287-1255
cm™ region (Table III). Again, no decision could be made
as to which one corresponded to structure 3 and which to
structure 4.

The slight but consequent differences between the cor-
responding chemical shifts of the SCH; and NH, groups of
derivatives 3 and 4 (R = alkyl, aralkyl, aryl; R' = methyl),
respectively in the pmr spectra (8) enabled the differentia-
tion between the given isomeric pair [e.g. 3/1 6 SCH, =
2.47 ppm, § NH, = 6.5 ppm with 4/1: 6 SCH, = 2.57 ppm,
& NH, = 5.3 ppm; or 3/5: § SCH; = 2.46 ppm, 6 NH, =
6.6 ppm with 4/5: 6 SCH; = 2.54 ppm, 6 NH, = 5.3 ppm;
or 3/9: 5 SCH, = 2.46 ppm, 6 NH, = 6.5 ppm with 4/9:
CH, = 2.65 ppm, & NH, = 5.6 ppm (all spectra taken in
hexadeuteriodimethylsulfoxide)). Again, it was not possi-
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Table I
Compound Conditions of preparation B.p. (°C) Moleoular formula Analysis
R R* rotemp. r.time Yield (orystallised Calod. (Pound)
Ro. Method r.solvent or reference m.p.
(°c)  (atn) (%) froa) nep ¢ x ¥ s Hal
2(a) 120-111 (V) 33.31 5.59 38,86 22,24
1
v Mathyl P A MeoH 20 60 (Btoro) Cyligh,s 33.40 5.88 Ja.81 22.18
85  106-107,5(0) .
n (EtOAo) (4,5)m.p,205-206
T7-78 54,51 9.15 23,12 13.2)
2
Y n=Octyl Methyl A EtOH reflux 900 26(d) (gyq,,) CyyHppH,S 54.52 9.13 23.18 13.16
16(a) 86-88 42,34 5.92 32,91 18.84
V3 a1 - . BoE rethux 180 (Z%0A0) CetioMyS 42,27 6,17 32,60 18.95
8(s) 120-122 42,34 5.92 32,91 18.84
43 o8 Cetioles 42.48 6.08 33,01 19.03
. 4 125-126 34,47 5.79 32,16 18.40
Y retytromyestiy - \ ston 2 30  (Bom) C5iyoM408 34.61 5.50 31,98 18.61
Hydroxy=e
. 13(a) 1132116 .. 34047 5.79 32,16 18.40
¥ (EtoA0) C5iyoly @ 34,66 5.91 32.08 18.32
5 49 140-141 54.52 5.43 25.44 14,56
y senty1 - . st a s (Et0Ae) C1oth2MyS 54.84 5,71 25.18 14.36
ngy. reflux
5 T(a) 92-93 54,52 5.49 25.44 14.56
Vv (B2) Crothas 54.88 5.71 25.39 14.73
3 27(a) 110112 . 56.38 6,02 23.91 113.68
rY elethylobeney . . seon s 3a (EtOAcsBzm119) C12714M4° 56.63 6413 23.30 13.48
~benzyl- Y. ays
. 29(a) 125126 o o 56.38 6€.02 23.91 13.68
&/ (EtOH) St s 56.15 5.89 24,15 13.49
8(a) 128129 . 47,15 4,35 22.00 12.59 13.92
41 thlorosbensyl kathy . seon 2 60 (B2) C1oHy O S AT.01 4048 22,23 12.35 13.80
=Chloro=benzy
35(a) 137-138 47,15 4,35 22,00 12.59 13.92
74 (B2) Cygty CLH, S 46.85 4.27 19.31 12.70 13.88
4(a) 110=121 } . 41,39 3.79 17.55 10,05 22.21
ve 2(2,6-Dichl Methyl n . 0 o (EtOA0) Ca1t2®12%08 41.68 3.9 17.46 10.07 22.42
- mlichloros k3
phenoxy )-e thyl 46 93-95 41039 3.79 17.55 10,05 22.21
8 (EtOAc) BILPLIPLAS 41.40 3.66 17.45 10,07 22.27
1/9 81 122123 (@) 15°
(1Prox) 2) m.p.10
FPhenyl Methyl A EtOH reflux 90
0,2(e)147-248 .
49 (1ProH) (30) m.p.148
144-146 . 54,52 5.49 25.44 14.56
/10 2-Methyl-phenyl Vathyl e VeOH  reflux 240 50 (pyqy) 1ot 54.86 5,52 25.26 14.87
123-125 54452 5.49 25.44 14.56
4/11  4=Nethyl-phenyl Nethyl e MeOH  reflux 240 54 (ypgyy Crof128,5 54,49 5.32 25.14 14.55
136-138 56.38 6,02 23.91 13.68
1/12 2,6=Dimethylephenyl Methyl A EtOH reflux lao 81 (w:a) CIIHI‘N‘S 56.44 €.28 23,88 13.52
84-86 59.51 6.92 21.36 12.22
b725) 2,6=Diethyl=phenyl Methyl A EtOH reflux 180 18 (Lprom) clJHIBHQS 53,64 6.89 21.14 12.26
143144 58.0) 6.49 22,56 12.91
a/].‘ :i:l.:;hmtb;l- Methyl c BtOH reflux T20 17 (EtOAc) Clleel‘s 58,12 6,60 22,49 12.85
143144 44.90 13,77 23.28 13.32 14.T)
/15  2=Chloro-phanyl Nathyl B NeOH  reflux 120 48 (ypgp ColgCLL,S 45.17 3.98 23.44 13.01 14.84
155-156
3/16  4=Chloro~phenyl Methyl A 1PrOH reflux 240 a5 (RtOH) (3 n.p.153-155°
170172 39.28 2.93 20,36 11.65 25,77
3/17  2,6=Dichloro-phenyl  Methyl B MeOH reflux 180 38 (pge0,) CqligPloH,s 39.37 2.54 19.97 11.89 25.9
1450147 .5 37.90 3.18 19.65 11.24 28.02
2/18  4~Bromoephenyl Netnyl B MeCH  reflux 240 27T (g0, CollgBriy 38,08 3.40 19.37 1131 28.15
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Conditions of preparation m.p. (°C) MNoleoular formuls Analyeis
Compound calod, (F
¥o R R r.temp. r.time Yield (0¥ystallized lod, (Found)
. Method r.solvent (°c) (min) (%) from) or reference m.p. c H N 5 Hal
150-151 43.02 3.61 27.87 12.76
Y19 2-Nitro-phenyl Nethyl . L0 reflux 270 92 (CH,0N) CqHigN5058 43.37 4.00 27.92 12.90
Mothyl . Buoi . 0 5 223-224 o HPNOS 37.62 2,53 21.94 10,04 17.85
20 2=Nitro=4=trifluoro- Me u reflux
Y e ci hnptaty (CH,ON) 1018¥3N502 37.62 2.65 22,07 10,09 17.72
) 195-196 43.02 3.61 27.87 12.76
3/21  4=Nitro-phenyl Methyl A BuOH reflux 300 ° T4 ctom CqtgN50,5 03,40 3,95 27.52 12,95
4749 63,12 7.95 18,40 10.53
3/22  Phenyl n=Octyl A EtOK reflux 240  40(d) (pyose) C1HaqN,S 63.36 7.99 18,32 10.60
102-105(£) o
3/23 1(a) (CH: 4 PrOHa331) (11) m.p.104=106
Methyl Benzyl A EtOH 25 1 day
87-89(g) 54,52 5.49 25.44 14,56
Y23 9 (EtoAc) C1oty 2,8 54.71 5.25 25.18 15.26
5 137=138.5 e
3/24 Fhenyl Benzyl A EtOH reflux 60 50 (MeOH) {31) m.p.137
176-178 46,71 2.87 14.53 8.31 27.58
a/e5 2,6«Dichloro~phenyl g;x(;‘:;gro- B MeOH reflux 180 17 (EtOAc) 015}{1101311‘5 47.01 3.13 14.25 8.46 27.80
190«192 45.46 2,80 17.68 8.09 17.89
3/26  2,6-Dichloro-phenyl g:g:;io- B MeOH reflux 480 46 (Etohe=Bz)  C15H171012M5055 45.76 3.05 17,41 8.32 17.91
146=-147 60,91 4.72 21.86 12,51
/21 Naphtuyl Ve thyl g EtoH  reflux 360 41 (gron) Caatly ol S 60.75 4.93 21,97 12.57
136-137 o
/28 H Methyl A MeOH 35 240 77 (1ProH) (13 )m.p. 135
76=78
/29 H Ethyl A MeOH 50 120 53 (4PrOH) (14) (n)
78-80 41.83 7.02 32.53 18.62
/30 H n-Butyl 2 EtOH  reflux 60 18 (p;;proacesil) FeM2Ned 42.14 1.36 32.57 18.45
31 H 4=Chl EtOH £1 600 78 140-143 (26) 142-144°
oro- A reflux m.pel42e]
e benezyl (EtOAo)
3 i N1 Bt fn 60 55 ©32) (n)
2 4=Nitro= A OH reflux o]
4 benzyl (CH ,CN)

(a) Isolated by column ohromatography on silica=gel. Developing solvent EtOAc.
erroneous struoture J/1 previously. (d) Isolated by column chromatogrephy on

(b) Compound not isolated by (4,5). (o) Compound desoribed with
silioa~gel. Developed by BziEtOAomwl:2 mixture. (e) Isolated by oolumm

chrommtography on silioa-gel. Developed by 1,2=dichloro=ethane s EtOAc=1:1 mixture. (£) Compound desoribed with erroneous structure 4/23 previously (11).

(g) Oompound not isolated by (11). (h) m.p. not given

Teble II

28 speotre of same lsomerio derivatives J and 4

/s Voo /s s A8 a/s
(RecH,) (R=OR, 1) (Reh)
i 008 1008% 220 100 % 100 % 206 wo$ 100%
143 20 13 219 3 5 208 17 1.5
12y ] 6 205 1 1.7 13 9.3 6
m 34 55 187 LT 22 154 25 -
100 7 - a3 1 1 16 5.6 -
m [ - 129 6 3.6 133 2 14
” 19 3 2 19 2 1 3 1
57(a) 3 0.7 | L5 25 119(a) 154 1
o [ 12 18 0.6 2
108(v) [ s
103 5 2
97 2.4 20
n 54 ”»
L ¢ 1
i 11 n
6 E I |

(s) arising frem fragaemtetion "Y"  (b) arising from fregeentetien <

ble to formulate a general rule for the safe verification of
the structure of those derivatives where only one isomer
was isolated.

The situation was just the same in the case of the uv
spectra of alkyl, aralkyl and aryloxylalkyl derivatives 3 and
4, the spectra of which could again be well separated into
two distinct groups (compare the spectra of 3/1-3/8 and
4/1-4/8, respectively, Table III). Again, no decision could
be made as to which one corresponded to structure 3 and
which to structure 4 (9). Moreover the spectra strongly de-
pended on the nature of the R and R’ groups, (compare
e.g. 3/1, 3/9, 3/16 and 3/21, or 3/1 and 3/23, respectively,
Table III) and in the case of R = ortho-substituted
phenyl, they were influenced by the steric effects. This is
excluding the coplanarity of the phenyl and 1,2,4-triazole
rings (compare e.g. 3/9 with 3/10, 3/12, 3/13, 3/15 or 317,
Table III).

In the hope of excluding the above uncertainties, deri-
vatives 3 and 4 were transformed into their Schiff bases 5
and 6 (Scheme 2, Table IV), where as a consequence of the
prolonged linear conjugation in derivatives 5, a batho-
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Table II1

el 1 () uv A (21073

pound

Xo. vH, vC =¥ g:-:.ﬁot. 96 £ EtCH 10 % EtOH + 90 % 0.1 NaOH 10 £ BtOH + 90 % 0.1 ¥ HCL
/1 3420 330 3110 1652 1581 1514 1310 1302 238k (2.3) 238eb (2.7) 213 (8.9) 237sh (4.3)

&1 3400 3310 220 1612 153% 228en (4.1) 247 (3.6) 226sh (3.8) 245 (4.1) 253 (4.9)

Y2 3340 3140 3105 1650 1568 1510 1292 242sh (3.5) 240mh (2.6) 236sh (6.0)

&3 3360 3320 130 1648 1572 1515 1290 218ax (6.5) 239sh (2.8) 237sh (4.0) 210 (9.8) 2)8sh (4.6)

&3 3340 3220 1642 2546 231 (4.0) 247 (4.0) 244 (4.3) 255 (5.4)

Y4 3420 3320 3200 1660 15680 1520 1298 216sh (7.0) 2)9sh (2.4) 2388h (2.9) 21) (9.4) 2)8sh (4.2)

&4/4 3410 3320 3210 3180 164% 1545 227 (4.1) 247 (4.2) 229eh (4.0) 244 (4.5) 256 (5.6)

&/5 3310 3180 1654 1560 1505 1298 2408h (3.8) 240ah (4,1) 206 (15.2) 240sh (5.0)

&/5 3410 3320 3220 1629 1550 230sh  !5.3) 248sh (4.5) 247 (5.5) 256 (5.6)

Y6 3300 360 1656 1563 1512 1302 216ah (15.0) 2408h (4.0) 239sn (4.5) 215 (17.9) 238an (5.3)

4/6 3400 3320 3220 1628 1546 249sh (4.5) 245 (4.9) 218eh (11.2) 256 (5.8)

3/T 3360 3320 2120 1655 1572 1513 1298 218 (16.3) 241 (4.0} 29 (4.7) 220 (19.7) 238 (6.0)

&7 3400 3320 3220 1630 1545 219 (14.4) 250 (4.6) 246 (5.0} 219 (14.0) 256 (5.6}

Y8 3320 3160 1645 1570 1508 1310 1300 218sh (16,1) 241sk (2.7) 2408k (3.2) 216sh (17.9) 2408k (4.3)

4/8 3360 3220 1645 1545 2208k (13.3) 249 (4.7) 245 (4.8) 2208h (11.6) 256 (5.7)

/3 3400 3380 3300 3150 1640 1600 1550 1500 1287 260 (8.9) 257 (8.€) 247 (8.7)

4/9 1380 3320 3220 3190 1640 1590 1550 1500 217sh (12.0) 274 (7.6) 265 (6.4) 2178k (11.4) 267 (6.8)

3/10 3390 3250 3080 1620 1540 1495 1270 210ah (21.7) 2428h (5.0) 26€ (2.4) 240sh (4.8) 266eh (1.1) 240ah (7.4) 266sh (1,))

/11 3420 3250 3060 1620 1535 1500 1265 2128k (21.9) 256 (10.5) 250 (8.6) 2)8sh (10.8)

/12 3420 3250 3090 1615 1540 1495 1280 212sh (22.8) 241sh (4.8) 270sh (1.6) 240sh (4.5) 270 (1.0) 206 (24.3) 240sh (7.3) 270 (1.5)
/13 3460 3280 3200 3120 1632 1555 1510 1275 2158k (19.8) 243ah (4.3) 272 (1.3) 242eh (4.3) 262eb (1.3) 271 (0.8) ;%&ga%)zg;n(ﬁ;g)

/14 1470 3280 3200 3090 1638 1555 1510 1275 216sh (18.6) 244sh (5.8) 274sh (1.1) 241sh (5.6) 215sh (18.9) 240sh (7.5) 272sh (1.0)
/15 3280 3110 1620 1540 1495 1265 212eh (36.0) 240ah (6.3) 2408 (5.3) 270sh (1.9) 206sh (36.3) 2)6sh (10,8) 270sh (1.7)
3/16 3450 3280 3120 1650 1560 1505 1275 218sh  (16.6) 267 (10.9) 259 (9.5) 216 (16.4) 243 (10.2)

3/17 3380 3340 3300 3120 1650 1625 1560 1500 1260 g}’g"(tzag)zwnh (426) 2708k (2.6) 240sk (3.9) 270sh (1.3) 278ak (1.7) ;;;gu(\z?iag)zw-n (4.4) 27081 (2.1)
/18 3400 3250 3100 1630 1540 1485 1260 216an (24.8) 266 (10.1) 260 (8.1) 22ésh (14.4) 250 (3.3)

3/19 3420 3310 J160 1650 1605 1587 1567 1280 248 (8.9) 3308k (1.3) 248 (8.4) 240 (10,4}

2/20 -3430 3310 311C 1650 1625 1585 1560 1270 270ah (5.1) 3326k (1.5) 2408k (10,0) 262ah (7.5) 2408h (12.0)

3/21 3390 3260 3190 1640 1540 1430 1270 238 (11.2) 336 (9.4) 238 (10.0) 330 (7.3) 212sh (18.3) 238sb (11.9) 302 (T.4)
/22 1340 3300 3120 1640 1600 1555 1505 1270 258 (10.1) 252 (6.8) 246 (9.6)

/23 3360 3130 1650 1580 1505 1310 1300 215sh (16.3) 249ah (2.€) 246 (3.0) 214sh (13.6) 252sh (3.3)

4/23 3330 3200 1650 1540 216sh (11.9) 258 (4.1) 256 (3.9) ) 2178k (8.0) 263 (5.1)

/24 3410 1260 3080 1630 1550 1505 1270 2158h (25.5) 258 (16.1) 252 (7.6) 244ah (8,4)

/25 3440 3280 3000 1635 1550 1500 1265 216sh (35.7) 2488k (5.2) 200ah (2.3) 248ah (4.0) 278k (1.7) 214sh (29,1) 248sh (5.5) 278ex (1.9)
3/26 3420 3320 2180 1€50 1560 1510 1255 216sh {30.0) 268 (12.0) 272 (9.7) 278 (9.7) 216sh (26.0) 270 (10.4) 278 (10.4)
2/27 3440 3200 30%0 1640 1552 1508 1210 g;gn(lz?ie;)zsa (7.5) 285 (4.1) 256 (7.6) 204sh (3.8) 221 (25.4) 249 (8,5) 279 (3.0)
/28 3430 3300 D160 3140 3647 1598 1552 1503 1292 1205 240sh (2.1) 241ah (2.7) 209 (8.8) 236sn (3.7)

3/29 3460 3330 3190 3080 1640 1500 1298 209 (8.9) 238an (2.1) 222 (9.2) 240mh (3.2) 214 (8.5) 2408k (3.6)

/30 3420 3330 3240 3210 1622 1550 1520 1270 2408k (2.8) 2408k (3.3) 2388h (4.1)

/71 3430 3330 220 3120 1620 1550 1280 221 (18,0) 249sh (3.1) (=) 223 (16.6) 247sh (4.2) 26sn (3.1) 223 (18.9) 248sh (4.0)

3/32 3440 3300 3240 3180 1630 1505 1280 214sh (13.8) 273 (9.9) (w) 275 (10.0) 214sh (15.6) 27) (10.1)

(a) UV taken in 50 § B0

chromic shift of the highest maxima is expected as com-
pared with those of derivatives 6 (9). The observed uv

maxima of derivatives 5 and 6 (R"
supported the above idea (A max 5 = 328-341 nm, A max 6

H) (Table V) fully
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Table IV
R
! R
@-GH-NYN\ @—au-n\(n\ v
N
" "
SR? SR!
5 6
. . Conditions of preparation nep. (°C) Moleoular formule Analysis
Compowr !
Calod. {(Pound)
", R R® R** A (erystallised
lo. r.solvent r.somp. r.time Yield or reference m.p.
(°c) (min) (%) from) c H X H] Hal
85-86 56.87 5.21 24.12 13.80
Y1 detin1 Nethyl H EtOH  reflux 180 37  (4poy) LELPLAY 57.04 5.10 23.86 14.01
86-87 56,87 5.21 24.12 13.80
§1 Neryl Nethyl H EtoH  reflux 900 58  (4pgy) CrathoRyS 56.99 5.31 23.97 13.87
140-141.5 49.53 4.16 21.01 12.02 13.29
§/2  Methyl Methyl 4=Chloro 1ProR reflux 360 95  (ipous Gyt  C1N,S 49.68 4.32 20,87 11.8) 13,28
104-105 ) L 54,94 5.38 21.36 12.22
£/3  2-Hydroxy-ethyl MNethyl H EtOH reflux 40 34 (EtOM) Cy oty 45408 55.32 5.58 21,04 12.48
1624163 54.94 5.38 21.36 12.22
§/3 2-hytroxyethyl lMethyl J EtOH  reflux 60 38 (yprom) C1214¥,08 54.68 5.42 21,04 12,22
1024103 , 66,20 5.2 18.17 10.40
5/4 Benzyl Methyl H EtoH reflux 180 42 (ypen) CypiyeTyS 66.30 .55 18,12 10.73
115-116 ] 66.2C 5.2) 18.17 10.40
/¢ Benzyl Nethyl " EtOR  reflux 360 49 (pioae) RIS TS 66.12 5.00 18,10 10.56
. 133-135 67,05 5.63 17.38 9.95
5/5  4=Methylebenzyl Methyl H EtOH reflux 3¢ 59 e Cy gy a¥,5 61.18 5.92 17.71  9.64
133-134 o 67.05 5.63 17.38  9.95
§/5 A=Methylebenzyl Methyl H EtOH reflux 30 71 “"3""” S1016%,S 67.42 5.85 17.67 10.0€
111-113 ) : 59,55 4,41 16.34 9,35 10.34
§/6  4=Chloro=benzyl Methyl H EtOH reflux 9¢C 45 (1FrOH) Sy 785013, E 59.84 4.55 16,12  9.37 10.48
114-115 53.55 4.41 16,34  9.35 10.34
§/¢  4-Chloro-benzyl Methyl il BYOH  weflux 40 25 (yprom) Sy S 59.88 4.57 16.41 9.01 10.56
- 36-88 53.07 3.9€ 13.76 7.87 17.41
7 2+(2,6=Dichloro- Methyl H EtoH reflux 420  59(a Cyaly 310,03 i i A . .
4 SR (1PrGH) 187161244 53.23 4,13 13.75 7.92 17.28
102-104 48.94 3.22 12,68 7.26 24.08
5/8 2=-(2,6=Dichloro= Methyl 4=Chloro 1PrOH reflux 6GC 98 (.o 01_31-!1::13!}40? 48,79 3.50 12.68 T.22 24.19
phenoxy)=ethyl 3 i
7172 . 65,28 4.79 19.0) 10.89
i/9  Tnenyl Methyl E EtOH  reflux 40 < (45r0n) ’ €5.33 5.69 18.94 1C.93
i 133-134 L 65.28 4.79 19.C3 10.89
§/9 rrenyl Methyl B EtOH reflux 360 24 (gioue) 81y %5 Aot Bl i SSeR
. 126-127.5 . 58.44 3.99 17.04 9.75 10.78
5/10 Fhenyl Methyl 4~Chloro 1ProH reflux 360 79 (4Pron) PTRS SRRt 58.€7 4.2C 1€.95  9.98 11,01
104.5~105 e £9.35 5.24 14.57 8.4
5/11 Fuenyl Wethyl :::;,2;;”' EtOd reflux 240 38 (peon) “19t2c¥e03s 53.49 5.35 14.29  8.61
109-111 e e €7.05 5.6 17.38  9.95
/12 f,{.f,'ﬁi""”l' ethyl g EESE reflux 240 20 (pyos) 1518747 66,77 5.79 17.43 10.13
158-1€C . .. 63.40 3.99 14.79 8.46 9.3
5/13 Yaphthyl Nethyl 4=Cnloro 1ProH reflux 900 48 (5yp) 320ty S 63,31 3.98 14.81 8.51 9.32
165-168 . 64,93 4,15 14043  8.26
§/14 laphthyl Nethyl ii::nb;hnn-smu reflux 840 44 (oMp) Sa1H16%4958 64.9€ 4,19 14.32 8.21
85.5-89.5 . 66.20 £.23 18.17 10,40
3/15 Methyl Benzyl H BtoH reflux 36 21 (pyom) Cr7thyetiys 66,07 £.45 18,02 10.61
7718 . 66.20 5,23 18.17 10.40
§/15 Nethyl Benzyl H EECH reflux 120 34 (yprom) YT 65.93 5.35 17.91 10.2)
98=10C . 71.32 4.9C 15.12  8.66
£/16 FPhenyl Bentyl H EtOH refluc €0 42 (gy.am) S2athaly S 71.32 5.06 14.98 8.7

(a) Isclated by column chromstography oun silioa=gel. Eluent BziEtOAcel:2 .

= 297-304 nm) enabling the safe verification of the struc-
ture of all the derivatives of 3 and 4 containing different R
and R’ groups even if only one isomer was isolated. This
method was of general validity but in each case required
the synthesis of the corresponding Schiff bases.

The chemical shifts of the two triazole carbon atoms of
derivatives 3 and 4 differed either by 0.3-3.0 ppm, or by
12-13 ppm and were not influenced significantly by the
quality of the R and R’ groups, again enabling the separa-
tion of the derivatives into two distinct groups (8). The un-
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Table V
Com~ ir (em™1) uv A ( .10™3)
pound T
No.  wOH vC = N gz:;:ct. 96 % EtOH
bands ’
N 1620 1580 1518 1295 217sh (14.4) 273 (15.5) 328 (12.6)
81 1615 1580 1500 215 (15.0) 262 (13,0) 301 (13.3)
§/2 1620 1595 1570 1500 218 (14.8) 272 (14.8) 312 (15.0)
5/3 3310 1610 1600 1578 1510 1295 217sh (15.5) 274 (15.5) 330 (12.3)
§/3 3320 1615 1575 215sh (15.9) 263 (13.2) 301 (12.9)
5/4 1610 1575 1505 1290 276 (15.7) 333 (12.6)
6/4 1618 1578 1500 263 (14.3) 304 (14.3)
5/5 1612 1580 1515 1503 1290 215sh (22.0) 274 (15.0) 331 (12,0)
6/5 1618 1580 1510 215sh (23.0) 262 (13,9) 302 (13.8)
5/6 1615 1580 1505 1285 219 (25.4) 275 (15.4) 331 (12.2)
/6 1620 1580 1505 218 (25.9) 263 (14.8) 302 (14.6)
5/7 1615 1600 1580 1570 1290 216sh (25.0) 274 (15.6) 330 (12.0)
5/8 1612 1595 1568 1502 1291 216sh (24.3) 281 (17.3) 333 (13.8)
5/9 1610 1600 1580 1500 1300 254 (19.8) 276 (18.0) 341 (10.7)
§/9 1620 1600 1580 1506 214sh (21.8) 261 (20,0) 306 (15.3)
5/10 1605 1595 1568 1495 1297 233sh (13.8) 252 (16.0) 285 (17.6) 347 (10.6)
3/11 1610 1600 1580 1500 1300 221 (22.0) 239 (23.4) 347 (19.2) (a)
5/12 1610 1580 1490 1300 213sh (26.6) 275 (17.0) 330 (12,3)
5/13 1630 1603 1590 1562 1510 1297 223 (57.7) 254 (31.9) 280 (25.9) 340 (11.6)
5/14 1612 1591 1512 1500 1280 1275 219 (55.0) 246 (31.0) 285sh (13.6) 358 (19.1)
5/15 1615 1600 1575 1517 1302 1298  214sh (23.0) 274 (15.6) 328 (12.7)
§/15 1615 1575 214sh (23.3) 265 (14.2) 297 (13.4)
5/16 1600 1572 1492 1306 257 (19.3) 276sh (17.9) 340 (9.4)

(a) 1n 50 % EtOH

equivocal adaptation of these groups to structures 3 and 4

made possible the *JC H couplings between the triazole N-benzyl derivatives 3/5 and 4/5 had to appear as a
carbon atoms and the R groups. Consequently, the split- quartet and a multiplet, respectively, while the correspon-
ting scheme of the two triazole carbon atoms of the two ding carbon atoms 5 of the above derivatives had to ap-
isomers must be different (e.g. the carbon atoms 3 of the pear as a triplet and singulet, respectively (Figure 1)). The
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above results were in full agreement with the X-ray studies
of derivatives 3/1, 4/6 and 4/9 (10) which were chosen as
models.

The undoubted proof of the structure of derivatives 3
and 4 by the cmr technique pointed out the error of Heitke
and McCarty (4,5) and Blank and Coworkers (11) made in
describing derivatives 3/1, 4/1 and 3/23 with just the oppo-
site structure.

The full analogy of the uv and cmr spectra (8) of the
non-substituted derivatives 3/28-3/32 (R = H) with those
of the alkylated and aralkylated derivatives 3/1-3/8 strong-
ly supports the idea that these derivatives exist at least in
solution in the tautomeric form 3 (R = H) (i.e. in the 1H
form). X-Ray studies (12) established the 1H tautomeric
form of the analogues 3-amino-1,2,4-triazole exists in the
solid state as well.

These results again made it possible to correct the error
in the literature describing the above derivatives as
imino<(13), 2H- (14-24), or (4H)- (25-29) tautomeric forms.

Proving the correct structure of the derivatives 3 and 4,

On Triazoles. L.

1163

| “‘m
WWMNAW\MNQWNW ] H;Wﬂw\m W, " a

M
W'WJ MM W\M

S0 Hz

Figure 1

as well as determination of their ratio, made it possible to
establish the mechanism of the reaction in which they
were formed. Thus the reaction starts with a nucleophilic
attack on one of the hydrazino nitrogen atoms against the
central - and probably the most nucleophilic - carbon atom
of the N-cyanocarbonimidodithioic acid dialkyl ester,
which is followed by the formation of an isothiosemicarb-
azide intermediate and its intramolecular cyclisation to

form 3 or 4 (Scheme 3).

If this mechanism is correct, then in the case of electron
withdrawing R-substituents the nucleophilic attack of the
hydrazine NH, group is expected, leading to the formation
of type 3 products, while in the case of electron attracting
R groups the nucleophilic attack of the NH group would
predominate giving rise to the formation of type 4
derivatives.

The ratio of products formed in the reaction of Scheme
1 determined by high pressure liquid chromatography
(hplc) (3/1:4/1 = 3:.97; 3/5:4/5 = 73:27; 3/6:4/6 = 69.31;
3/7:4/7 = 67:33; 3/9:4/9 = 99:1) gave unequivocal proof of

the correctness of the above mechanism.
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EXPERIMENTAL

Melting points were determined on a Koffler-Bo&tius micro ap-
paratus and are uncorrected. The infrared spectra were obtained as
potassium bromide pellets using a Perkin-Elmer 577 spectrophotometer.
The electron impact mass spectra were determined with a Varian MAS
SM-1 spectrometer. The ultraviolet spectra were obtained by a Varian
Cary 118 and a Pye Unicam SP 8-150 instrument. The hplc determina-
tions were performed using a Varian 8500 pump, Variscan spectrophoto-
meter, Varian Stop-Flow sampler and a Varian A-25 recorder.

General Method for the Preparation of Derivatives 3 and 4.
Method A.

To a stirred solution of 0.1 mole of the appropriate N-cyanocarbon-
imidodithioic acid di(alkyl or aralkyl) ester in 100 ml of the appropriate
solvent (Table I) 0.12 mole of the appropriate alkyl-, aralkyl- or aryl-
hydrazine was added and the solution stirred under conditions given in
Table I. During the reaction the appropriate alkyl- or aralkylthiol was
liberated. After the reaction had ceased the solution was evaporated to
dryness and the residue crystallised from an appropriate solvent (Table
I). The corresponding isomers were obtained from the mother liquors by
column chromatography on silica gel (Table I).

Method B.

To a stirred mixture of 0.1 mole of the appropriate N-cyanocarbon-
imidodithioic acid di(alkyl or aralkyl) ester, 0.1 mole of the correspon-
ding alkyl-, aralkyl- or arylhydrazine hydrochloride and 100 ml of an ap-
propriate solvent (Table I) a solution of 4.0 g (0.1 mole) of sodium
hydroxide in 50 ml of methano! was added and the mixture stirred under
conditions given in Table I. During the reaction the appropriate alkyl- or
aralkylthiol was liberated. After the reaction had ceased the mixture was
evaporated to dryness, the residue was partitioned between water and
chloroform, the organic layer was dried, evaporated to dryness and the
residue recrystallised from an appropriate solvent (Table I).

Method C.

To a stirred mixture of 0.1 mole of the appropriate N-cyanocarbon-
imidodithioic acid di(alkyl or aralkyl) ester, 0.1 mole of the correspon-
ding alkyl-, aralkyl- or arylhydrazine hydrochloride and 100 ml of an ap-
propriate solvent (Table I) 13.7 ml (10.1 g = 0.1 mole) of triethylamine
was added and the mixture was stirred under conditions given in Table I.
During the reaction the appropriate alkyl-, or aralkylthiol was liberated.
After the reaction had ceased the mixture was evaporated to dryness, the
residue was partitioned between water and chloroform, the organic layer
was dried, evaporated to dryness and the residue recrystallised from an
appropriate solvent (Table I).

General Method for the Preparation of Schiff Bases 5 and 6.

A solution of 0.1 mole of the appropriate 1- or 2(alkyl-, aralkyl-, aryl-
oxyalkyl- or aryl}-3{(alkyl- or aralkylthio}-5-amino-1,2,4-triazole (3 or 4, re-
spectively) in 100 ml of an appropriate solvent (Table IV), 0.3 mole of the
corresponding aldehyde and 1 ml of piperidine was added and the reac-
tion mixture was stirred under conditions given in Table IV. After the
reaction had ceased the reaction mixture was evaporated to dryness and
the residue was recrystallised from an appropriate solvent (Table IV).
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