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Abstract - 3-Substituted 4-amino~l-methyl-5-methylthic-1,2,4-
triazelium salts react with acetonitriles activated by another
electron-delocalizing group to give enamines which undergo
cyclization by action of hydrogen chloride to give pyrazolo{ﬁ,l-c]—

1,2,4-triazole derivatives.

The synthesis of fused heterocycles which contain the 1,2,4-triazole mciety has
been of interest because ¢f the biolegical activity they rossess. In this con-
text we have reported the preparation of 1,2,4—triazolo[ﬁ,5—%}pyridinesl'2’3;
1,3,4-triazolo[3,2-a] pyridines?; 1,2,4-triazolo[3,4-5]-1,3,4-thiadiazoles: 1,2,4-
triazolo[5,1-c]—1,2,4-triazine56 and l,2,4—triazolo[4,B-b]—l,2,4—triazolesT’8’9.
We now describe a new general method for the synthesis of otherwise not readily
accesible pyrazolo[5,1—0]—1,2,4—triazole derivatives.

The methods described for the preparation of the pyrazoloI},lrc]—l,2,4—triazole
ring system can be classified in two groups. One starts from pyrazole derivatives

io,11,12,13 14,15

such as 3-hydrazino or 3-diazonium salts The other involves

cyclisative condensation reactions of 3,4—diamino—1,2,4—triazole516 or 4-amino-
S-thioxo-1,2,4-triazole derivative517

The method here reported is based in the reaction of the N-amino heterocvcles
4-amino-l=-methyl-3,5-bis(methylthio)-1,2,4-triazolium iodide la, readily available
from 4-amino-3,5-bis(methylthio)-1,2,4-triazole and methyl iodidels, and 4-amino-
1,3-dimethyl-5-methylthio-1,2,4-triazolium trifluoromethanesulfonate 1b, with

acetonitriles 2 activated by another electron-delocalizing qgroup such as an ester,

amide, hydrazide or a second nitrile qgroup.
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When treated with 1 ecuivalent of pyrrelidine and 1 ecuivalent of nitrile 2 in
ethanol at room temperature for 24 h , the 4-amino-1,2,4-triazolium cations la
and 1lb underwent elimination of methanethiol to give the corresponding functiona-
lized enamines 3 which were isolated as crystalline solids. The yields of the
reaction were found toc depend on the nature of the R' substituent in the nitrile
2. They were good for R'= CN, CCCEt and CQOMe, and moderate for R'= CONH2 and

CONHNH In these latter cases the tetrazine 5 was isoclated as the main product.

2
Compounds 3 (R'= CN, COOEt, COOMe) underge cyclization by action of dry hydrogen
chlioride at room temperature to give the corresponding pyrazolo[ﬁ,l—c]—l,2,4—
triazoles 4 . The short reaction time for this reagent is remarkable. Howewer,
attempted cyclization of compounds 3 (R'= CONH2 P CONHNHz} failed to give 4.

When enamine 3 (R'= CN) was treated with sodium methoxide the correspending pyra-

2010[5,1—01—1,2,4—triazole 4 was isclated in moderate yield. Howewer, for 3 (R'=

COOEt, COOMe) the corresponding compcunds 4 were isolated in very low yield and

for 3 (R'= CONH2 ’ CONHNHE) the cyclization reacticn failed to give 4
/CH3 /CH3
N—N , N—N
/ ~ % / '
iy + H2C _— R
R N SCH3 \CN R N
\ 1 CN
Y N]-[2 NH2
la R=CE,5 Y=I z 3
1b R=CH,  Y=CF,50, .
H
/CH3 /CH3
N—™N NN
HBCSATXN RAN\ N
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TABLE 3. Spectral data of compounds 3 and 4 .
Compound IR lH—NMRi MSE

No. v (em 1) § (ppm) m/e (%)

3a 3365,3245,3110,2200, 6.30(2H, s} 208(M+,44),193(5),192
2170,1665,1630,1575, 3.95(3H,s) (8)y,134(6),123(12),
1510,1310,1280,1245, 2.65(3H,s) 107¢(12),106{(100),80
1130,990,855,680. (13),79(21) ,42(38).

3b 3285,3190,2185,1645, 5.70(2H, s) 255(M*,25),210(19),
1562,1506,1450,1415, 4.35(2H,q) 183(42),167(25),158
1310,1275,1180,1150, 3.95(3H,s) (37),125{13},123(10),
1065,995,970,837, 2.65(3H,s) 109(22),107(31),101
765,700,680,650. 1.30(3H,t) (15),81(34),29(100).

3c 3279,3171,2197,1625, 5.55{(2H, s} 241 (M+,100) ,210(54},
1557,1500,1438,1370, 3.95(3H,s) 209(19),194(12),193
1342,1268,1200,1172, 3.80(3H,8) (11),183(23),167(18),
1132,1075,1019, %68, 2.60(3H,s) 158(27),139(11} ,107
83z,752. (48),80(33),43(35).

3d 3400,3310,3190,3090, 6.55(4H,m)} 226 (M*,100),210(30),
2180,1650,1620,1590, 3.90(3H,s) 209(65),193(46) ,167
1545,1500,1420,1405, 2.60(3H,8) {11},136(25),135(31),
1275,1150,1040,840, 124(13) ,107(67) ,81(47),
780,700. 66(23),44(52).

3e 3210,3137,2175,1680, 5.50(3H,m} 241 (m*,18),226(5),183
1602,1545,1500,1370, 3.90(3H,s) {(16) ,173(18),167(10),
1335,1275,1150, 1105, 3.55(3H,s) 158(14),129(25),111(10),
980,795. 2.55(3H,s) 109(9),99(35) ,84(17),

43(50) ,42(100) .

3f 3350,3260,3110,2200, 6.30(2H,s) 176 (M*,68) ,160(3),135
2170,1665,1625,1570, 4,00(3H,s) (9),118(7),109(7),107
1315,1250,1215, 1155, 2.60(3H,s) (10) ,106{100) ,91(25},
1040,1020,940,820, 79 (26),64(10),52(10C),
690. 43(25),42(56).

3g 3273,3188,2185,1638, 5.55(2H, s) 223(M*,93),195(12),178
1545,1440,1364,1285, 4.25(2H,q) (71) ,177(15) ,151(100),
1190,1166,1013,973, 3.85(3H,s) 135(18) ,126(40},123(15),
877,758, 2.40{3H, s} 109(33),107(29),81(31},

1.30(3H,t) 69(23),42(62).

3h 3276,3179,2190,1630, 5.65(2H,s) 209 (M+,100),178(82),
1556,1439,1344,1284, 3.90(3H,s) 177(20) ,153(7) ,151(36),
1205,1156,1078,1041, 3.80(3H,s) 135(12) ,126(21),123(11),
975,914,860,757. 2.50(3H,s) 107(25) ,80{19),69(16),
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TABLE 3 Cont.
4a 3360,3305,3200,2210, 6.15(2H, s) 208 (M+,62),191(9),175
1636,1530,1490,1160, 3.80(3H,s) (12) ,161(5),136(11),
1120,1025,985,970, 2.60(3H,s) 121(17),109(8),108(7),
910,715, 107{9%),106(11),83(10),
80(16),66(23),42{(100).
4b 3435,3280,3175,1675, 5.45¢( 2H, ) 255({M*+,56),210(29),209
1620,1495,1465,1363, 4.40(2H,q) (60),183(14) ,166(15),
1330,1275,1165,1105, 4 .15(3H, s) 156{9}),155(8),137 (12},
1020,770,695. 2.70(3H,s) 136(18),125(15),110(12),
1.40(3H, £} 107(9),83(11),82(67),
81(100) ,80(68),66(32)
dc 3455,3290,3175,1680, 5.35(2H, s) 241(M%,93),210{30},209
1620,1520,1490,1440, 4.20(3H, s) (80) ,208(16) ,192{10),
1340,1280,1165,1105, 3.95(3H,s) 166(16),163(10),142(18),
910,775,690. 2.75(3H, s} 139(12),137(16),110(16),
107{11}),83(12),82(68),
81(100),80(84),79(21),
68(25),66(25),42(32).
4d 3375,3335,3215,2215, 5.70(2H, s) 177(11},176(M*,100),
1650,1557,1523,15C0, 3.90(3H, s} 14%8(5),106(5) ,%1{6)
1320,1257,1223,1109, 2.45(3H, s) 83(5) ,80(5),66(8),
1040,939,719. 42(25) ,28(5) .
de 3443,3280,3194,1681, 5.25(2H, s} 223 (MT,74),178(45),
1630,1557,1523,1489, 4.25(2H,q) 177(100) ,151(14) ,136
1342,1285,1240,1108, 4.15(3H, s) (6} ,123(7),82(8) ,81
1019,951,787,707. 2,55(3H,s) (14),80(9),66(6} ,42
1.40(3H,t} (5),29(8).
4f 3449,32%6,3188,1687, 5.40(2H, s} 209 (M+,69),178(36),
1625,1557,1517,1489, 4.15(3H,s) 177(1C0) ,151(5),136
1347,1285,1240,1189, 3.95(3H,s) (5),123(7),82(6),81
1109,945,775,707. 2.55(3H, s} (13} ,80(10) ,66(6),
42(5),28(5).

— Qbtained as solutions in CDC1

3’
4d which were cbtaired in DMSO- d

Reccrded at 70 eV .

except for ceompounds 3a,
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EXPERIMENTAL

Melting points were obtained on & Kofler hot-stage apparatus, and are uncorrected.
Ir spectra were run using NaCl plates on a Nicolet FT-5DX spectrophotometer in
Nuijol emulsions. lH Nmr spectra were obtained on a Varian EM-360A 60 MHz spectro-
meter. Mass spectra were recorded on a Hewlett-Packard 5993 C spectrometer. Ele-

mental analyses were performed with a Perkin-Elmer 240 C instrument.

4-Amino-1,3-dimethyl-5-methylthio-1,2,4-triazolium Triflucremethanesulfonate l1b

4-Aminc-1, 3-dimethyl-1,2,4-triazole-5H-thicne (1.44 g, 10 mmel), methyl trifluocro-
methanesulfonate (1.64 ¢, 10 mmol) and dry dichlecromethane (30 ml} were stirred

at room temperature for 24 h . Elimination of seclvent under reduced pressure and
addition of ether (20 ml}) to the residual material gave a sclid which was filtered,
dried and recrystallised from ethanol-ether (1:1) to give 1lb (2.36g , 76%) as co-
lourless prisms, mp 56-57°C (Found : C, 23.23; H, 3.48; N, 18.0%; S, 20.65.
C6H11F3N40352 requires €, 23.37; H, 3.59; N, 18.17; 5, 20.80%). v max. {Nujol)

3320, 3275, 3225, 1625, 1260, 1165, 1030, 958, 850, 640 ; § (CDCl 5.95 (2H,s,bro-

3]
ad), 4.05 (3H,s), 2.75 {(3H,s), 2.55 (3H,s).

General Procedure for the Formation of Epamines 3 . Procedure A . To a golution

of triazolium iodide la (1.59 g, 5 mmel) and pyrrolidine (0.36 g, 5 mmecl) in
ethanol (20 ml} the corresponding nitrile 2 (5 mmol) was added. The resultant
mixture was stirred at room temperature for 24 h (evolution of methanethiol was
clearly detected). The precipitated solid was collected by filtraticon and recrys-
tallised from the appropriate solvent (see Table 1). Procedure B . Triazelium
trifluoromethanesulfonate 1b (1.54 g, 5 mmol). pyrrelidine (0.36 g, 5 mmol) and
the corresponding nitrile 2 (5 mmol) were stirred in ethanol (20 ml) at room
temperature for 24 h . Eliminaticn of the solvent under reduced pressure gave

a solid residue which was disseclved in chloroform {30 ml} and washed with water
{2x10 ml). The dried (MgSO4) crganic layer was evaporated under reduced pressure
to yield the crude product which recrystallised from the appropriate solvent

yielded 3 as crystalline solids (see Table 1)}.

General Procedure for the Formation of Pyrazolo[S,l—c]—l,2,4—triazoles 4

A stream of dry hydrogen chloride gas was passed through a well-stirred solution
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of enamine 3 (5 mmel) in dry dioxane (25 ml) for 30 min . The solution was con-
centrated under reduced pressure, the precipitate cbtained was filtered off and

recrystallised from the adequate solvent to give 4 {see Table 2).
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