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Abstract - The E-amznoazoles 1 and G react with dlarylcarbd- 
irnrdes to glve the corresponding E-guan~d~noazol e s  w h ~  ch undergo 

base-catalyzed cycl~zation to gzve the fused [1,Z,L]triazoles 2 
and - 6 respect~vely. The reactions of F-aminotr~az~nes 7 and 8 
with d~arylcarbodzirnide.~ lead dzrect ly to the new triazolo-trla- 

zines 9 which display mesoionic character. 

As a part of an investigation on fused heterocycles, we have been engaged in the 

preparation of bridghead nitrogen heterocycles which contain the [1,2,4]triazolo 
1 2 moiety, e.g. [1,2,4]triazolo[l,5-~lpyrrdine , [1,2,4]triarolo[l,5-~]qu1naaoline , 

4 
[1,2,4 ]t1~a~olo[5,1-c - ljl, 2,4]triaz1ne~, [l. 2,4]tr1azolo[4,3-b] [l,2,4 ltriazole , 

5 pyrazolo[5,1-~][1,2,4Itriazole , 6 [ 1,2,4] triazolo[3,4-b] [1,3,4]thiadiazole , 
7 8 [1,2,4]triazolo[1,5-51pyrazine , and [1,2,4]tr~azolo[3,4-~][1,3,4]thiadiaz1ne . 

In this context, we have brlefly reported9 that the reaction of functionalized 

N-aminoheterocycles - with carbodiiraides leads to fused [1,2,4]triazoles. 

We now describe a general method for the preparation of some derivatives of the 

[1,2,41triazolo[4,3-~][1,2,4]tr1azole ring system and of the otherwise not 

readily available imidazo[ l,2-b] [ L,2,4] trlazole and [ 1,2,4] triazolo[ 1.5-dl[ 1,2,4]- 

triazine ring systems. Our approach is based on the reaction of the appropriate 

N-amino heterocycle, which is conveniently functlonalized in at least one of the - 
ad~acent positions to the endocyclic nitrogen atom by a carbonyl, thiocarbonyl or 

methylthio group, whlth diarylcarbodilmides to glve N-heteroaromatic guanidines 

which undergo cyclization either by heating or in the presence of bases to give 

fused [1,2,4]triazoles. In the - N-aminoazole series the presence of a 

thioiminoether group allows the preparation of neutral fused [1,2,41triazoles, 



whereas N-aminoazines bearing a carbonyl or thiocarbonyl group lead to fused 

[1,2,4]triazoles which display mesoionic character. 

[1,2,4]Triazolo[4,3-b]triaeoles 

The Ij-aminoheterocycle 4-amino-3.5-bis(methylthio)[l,2,4]triazole 1, readily 
available from thiocarbonohydrazide, carbon disulfide and methyl iodide1', reacts 

with diarylcarbodiimides in dry toluene at reflux temperature for 60 h to give 

the corresponding 4-guanidino[l,2,4ltriazoles 2 as crystalline solids in good 
yields (60-776) (Table 1). The ir spectra of compounds show a strong absorption 

band in the region 3415-3330 cm-' due to the NH group and at 1540-1515 cm-I 

attributable to the C=N bond. In the 'H-nmr spectra the chemical shift of the 

S-methyl groups is characteristic at 6 2.50 ppm. The mass spectra show the 

expected molecular ion peaks, and other significative is due to the fragment at 

m/z - - [Ar-N=C=N-Ar] . The 4-guanidino[1,2,4]triazoles Z undergo base catalyzed 

cyclization by the action of potassium t-butoxide in - t-butanol at reflux 

temperature for 48 h to give the corresponding [ 1.2.41 triazolo[ 4.3-b] [ 1.2.41 - 
triazoles 3 as crystalline solids in moderate to excellent yields (50-948) (Table 

-1 21. In the H-nmr spectra of compounds 1 the chemical shift of the S-methyl group 
is characteristic at 6 2.6-2.7 ppm, and one aryl group appears as a singlet which 

is characteristic of an out-of-plane aryl, whereas the other one appears as a 

multiplet. In addition, compound (Ar=4-H3C-C6H4) shows two signals due to the 

two methyl groups on the benzene ring. Mass spectra show the expected molecular 

ion peaks in high intensity. 

Imidazo[ 1.2-b] [ 1,2,41 triazoles 

The methods described so far for the preparation of imidazo[ 1.2-b] [ 1.2.41 - 
triazoles can be classified in two groups: a) from derivatives of the imidazole ' 

ring, e.g. phosphorus oxychloride-promoted dehydrative cyclization of 2-amino- 
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4-arylimida~oles~~; and b) from derivatives of the [1,2,4]triazole ring, e.g. 

ring-closure of l-phenacyl-5-amino[l,2,4ltr1azole with concentrated sulfuric 
acid12,13 . We now report here an apparently widely applicable synthesis of 

2-arylamino-3,5-diaryl-3H-imidazo[1,2-b][l,2,4]triazoles - - - 6 in synthetically 

useful yields. Thus, N-aminoheterocycles 1-amino-2-methylthio-4-arylimidazoles 4, 
themselves readily available by condensation of isothiosemicarbazones derived 

from aromatic carbonyl compounds with phenacyl bromides and subsequent 

hydraz~nolysis~~. react with diarylcarbodiimides in dry toluene at reflux 

temperature for 24 h to give the corresponding 1-guanidinoimidazoles 2 in good 
yields (60-87%) (Table 1). Compounds 2 undergo cyclization either by heating in 
dry toluene or by the action of potassium g-butoxide in t-butanol to give the 

desired 2-arylamino-3,5-diaryl-3H-imidazo[l,2-bl[l,2,4]triazoles - - 5 as crystalline 
solids in good yields (65-76%) (Table 2). The ir spectra of compounds 5 show th.e 
typical bands due to the guanidino moiety and the 'H-nmr spectra show among 

others a signal as a singlet at 6 2.60 ppm due to the S-methyl group. Mass 

spectra of 5 show the expected molecular ion peaks, significative peaks are also 
- 1 1 1 1 found at m/z - - [ ~ r  -N=C=N-Ar 1, [M' - CH~SH], [A= -NH-CN], [A~,~-cN] and [Ar -NH2 1. 

Similarly, mass spectra of compounds 5 show the expected molecular ion peaks in 
1 2 high intensity and fragments at m/c [M' - Arl-NH-CN], [AI -NH-CN] and [ A r  -CN]. 

[1.2,4]Triazolo[l,5-d][l,2,4]triazines 

Only two methods have been reported for the synthesis of [1,2,4]triazolo[l,5-dl- 

[1,2,4ltriazines: cyclization of 4-amino-5-imino[l,2,4ltriazines with orthocarbo- 

xylates, acyl chlorides or carbonic acid anhydrides15; and, starting from 

5-hydrazinofl,2,4ltriazines, cyclization to [1,2,4]triazolo[4,3-~][1,2,4]- 

triazines and rearrangement to the isomeric [1,2,4]triazolo[l,5-d][1,2,4]- 

triazines16. We now describe here a new general method for the preparation of the 

unknown mesoionic derivatives of the [1,2,4]triazolo[l,5-d][1,ZZ4]triazine ring 



system from 4-amino[l,2,4ltriazines and carbodiimides. The N-aminoheterocycle 

4-amino-2,6-dimethyl-5-oxo-3-thioxo-2,3,4,5-tetrahydro~1,2,4]triazine 1, readily 
available from 2-methylthiocarbonohydrazide and pyruvic acid17, reacts with 

diarylcarbodiimides in dry toluene at reflux temperature for 24 h to give 

directly the mesolonic l-aryl-6,8-dimethyl-5-th~oxo~1,2,4ltriazolo[l,5-~]~1,2,4l- 

triazylium-2-arylaminides 9 as red solids in farr yields (59-69%). Similar 

results can be achleved from 4-amino-2,6-dimethyl-3,5-dithioxo-2,3,4,5- 

tetrahydro[lr2.4]triazine 8, available from and phosphorus pentasulfide, under 

similar reaction conditions. Structural elucidation of - 9 is accomplished on the 

basis of spectral and microanalytical data. The ir spectra of all mesoionic 

derivatives 9 show strong absorption bands in the region 1619-1560cm-' which can 

be attributed to C=N stretching: t h ~ s  wavenumber is simrlar to that reported for 

the monocyclic [1,2,4]tr1azolium-2-aminides~~; in addition, the ir spectra show 
-1 neither NH absorption bands nor a carbonyl stretching vibration (1676 cm 1. The 

FAB-mass spectra show relatively abundant peaks at masses corresponding to the 

molecular ions but no significant fragment ions. The EI-spectra, obtained at 

sample temperatures of 210-215°C, show the expected molecular Ion peaks and the 

fragmentation pattern is according with the proposed structure. 

H&hNA, CH, 

S ~~l~ + Ar-N=C=N-Ar - 
I 
NHz N-Ar 

EXPERIMENTAL 

Melting points were obtained on a Kofler hot-stage apparatus and are uncorrected. 

I spectra were run using NaCl plates on a Nicolet FT-~DX spectrophotometer in 

Nujol emulsions. l ~ - ~ m r  spectra were obtained on a Varian FT-80 spectrometer at 

80 MHz. The EI-mass spectra were obtained with a Hewlett-Packard 5993 C 

spectrometer. The FAB-mass spectra were determined on a Varian MAT 311 A 

instrument equipped with an Ion Tech F A B - 1 1 ~ ~  saddle field gun, using 8-9 kV 

argon atoms. Elemental analyses were performed with a Perkin Elmer 240 C 

instrument. 



TABLE 1. P r e p a r a t l o n  of N-Guanidlno Azoles 2 and 5. - 

Ent ry  AT AT Mp(OC) Yield Found Molecular Required 1 

( % )  C H N Formula C H N 

e 
0 
O 

I 
TABLE 2 .  Prepara t ion of T r i a z o l o t r i a z o l e s  2 and Imidazo t r i azo les  5.  

Ent ry  A r  Mp(V) Yield Found Molecular Required 1 AT 
2 

( % )  C H N Formula H c -  N 



4-Amino-2,6-dimethyl-3,5-dithioxo-2,3,4,5-tetrahydro[l,2,4]triazine 8. To a solu- 
tion of 4-amino-2,6-dimethyl-5-oxo-3-thioxo-2,3,4,5-tetrahydro[l,2,4]triazine 1 
11.72 g, 10 moll in dry pyridine I40 ml), phosphorus pentasulfide (2.82 g) was 

added. The reaction mixture was stirred at reflux temperature for 5 h . After 
cooling, the solution was poured into ice-water (50 mll and the precipitated 

solid was separated by filtration, dried and treated with hot ethanol (45 mll. 

The resultant solution was filtered and kept at 0°C overnight. The precipitated 

solid was collected by filtration and recrystallized from ethanol to give 8 (1.18 
g, 63%) as yellow prisms, mp 150-151°C (Found: C, 31.83; H, 4.32; N, 29.63. 

C5H8N4SZ requires C. 31.89; H, 4.28; N, 29.751; Ir v max. (Nujol) 3274, 3171, 

1563, 1512, 1438, 1410, 1393, 1285, 1200, 1149, 1058, 787 an-'; 'H-nmr 6(CDC13) 

7.85 (2H.s.broad). 4.10 (3H,sl, 2.60 (3H,s); m/z(%l 188(~+, 100). 1721141. 

159(11), 102(141, 99(121, 74(571, 73(151, 721161. 70(12), 69(121, 45(141, 431121, 

42(13). 

General Procedure for the Formation of 6-Arylamino-7-aryl-3-methylthio[1.2.4]- 

triazolo[4,3-b][l.2,41triaz01es 1. To a solution of 4-amino-3.5-bis(methylthi0) 
[1,2,4]triaeole 1 (1.76 g, 10 moll in dry toluene (50 ml) the appropriate 

diarylcarbodiimide (10 moll was added. The reaction mixture was stirred at 

reflux temperature for 60 h . After cooling, the precipitated solid was collected 
by filtration, dried and recrystallized from toluene to give - 2 as colourless 

needles. 

To. a solution of the appropriate 4-(N,N'-diary1)guanidino-3,5-bislmethylthio) - - 

[1,2,4ltriazole 2 (2 moll in t-butanol (30 mll. potassium 5-butoxide (4 moll 

was added. The resultant solution was heated under reflux with stirring for 48 h. 

After cooling, the solvent was removed under reduced pressure and the residual 

material was scratched w ~ t h  cold water (5 ml) and 1N hydrochloric acid was added 

until pH=7. The separated solid was collected by filtration, washed with water 

(3x30 ml), dried and recrystallized from ethanol/ether (1:l. v/vl to give 3 as 
white prisms. 

General Procedure for the Formation of 2-Arylamino-3.5-diaryl-3~-imidazo[l,2-bl- 

[1,2,4ltriazoles 5. To a solution of the appropriate 1-amino-4-aryl-2-methylthio- 
imidazole 4 (10 -01) in dry toluene (50 ml), the corresponding diaryl- 

carbodiimide (10 ml) was added. The resultant solution was heated under reflux 

for 24 h . After cooling, the solution was concentrated to dryness under reduced 
pressure. The crude product was purified by recrystallization from dichloro- 

methane/hexane (1:1, v/v) to give 5 as colourless needles. 
To a solution of the appropriate 1-IN,!'-diary1)guanidino-4-aryl-2-methylthioimi- 

dazole 1 (5 moll in 5-butanol (60 mll, potassium t-butoxide I10 moll was added. 
The reaction mixture was heated under reflux for 24 h . After cooling, the 

solvent was removed under reduced pressure and the residual material was washed 

with water (3x30 mll, dried and recrystallized from dichloromethane/hexane ll:l, 

V/VI to give 5 as white needles. 
Similar results were obtained when a solution of 5 in dry toluene was heated 
under reflux for 60 h . 
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TABLE 3 .  S p e c t r a l  Data of Compounds 2, 3, 5 and 5. 

Compound 11 l ~ - I i m r ~  

NO. v 6 lppm) 



Table 3 (Cont.) 
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Table 3 (Cont . )  

6 a Obtained a s  s o l u t i o n s  i n  DMSO-d . except for  compounds 3 which were 

recorded i n  CDC13. Recorded a t  70 eV. 



General Procedure for the Formation of l-~ryl-6,8-dimethyl-5-thioxo[l,2,4ltriazo- 

1011.5-dl[1,2,41triazYlium-2-arylaminide 9 .  To a solution of 4-amino-2.6-dime- 
thyl-5-oxo-3-thioxo-2,3,4,5-tetrahydro~l,2,4ltriazine 1 (0.86 g, 5 mmol) in dry 
toluene (40 ml), the appropriate diarylcarbodiimide (5 mmol) was added. The 

reaction mixture was stirred at reflux temperature for 24 h . After cooling. the 
red precipitated solid was collected by filtration, washed with hot toluene (4x10 

ml), dried and recrystallized from nitrobenzene to give 9 as red-orange needles. 

l - P h e n y l - 6 , 8 - d i m e t h y l - 5 - t h i o x o [ l , 2 , 4 ] t ~ ] [ l , 2 , 4 l t r i a z y l i u m - 2 - p h e n y l -  

aminide (s) (1.04 g, 60%) as red-orange needles, mp 290°C (Found: C, 61.91; H, 

4.43; N, 24.32. C18H16N6S requires C, 62.05; H, 4.63; N, 24.12); Ir v max. 

(Nujol) 1619, 1580, 1546, 1489, 1381, 1268, 1206, 1132, 1093, 1008, 866, 764. 

730, 690 cm-l; !/:(a) 349(26), 348(~+, 100). 289(36), 273(12), 232(16). 216(46). 

119(19), 103(34), 91(13), 77(32). 

l-(3-Chlorophenyl)-6,8-dimethyl-5-thioxo[1,2,4]triazolo[l,5-~][1,2,4]triazylium-2- 

(3-chloropheny1)aminide (z) (1.43 g, 69%) as red-orange needles, mp 298'C 

(Found: C, 51.57; H, 3.43; N, 20.29, C18H14C12N6S requires C, 51.80; H. 3.38; N, 

20.14); Ir v max. (Nujol) 1619, 1581, 1545, 1481, 1389, 1281, 1211, 1140, 1074, 

911, 866, 781, 758, 730, 690 cm-l; m/:(%) 4,20(~+ + 4, 7). 418(~+ + 2, 50). 

416(~+, 72). 252(4), 250(12), 218(6), 217(14), 216(lOO). 139(12), l37(4O), 

127(8), 111(22), 102(12), 73(16). 

l-(4-Chlorophenyl)-6,8-dimethyl-5-thioxo[1,2,4]triazolo[l,5-~][1,2,4]triazylium-2- 

(4-chloropheny1)aminide (E) (1.28 g, 62%) as red-orange needles, mp 302T 

(Found: C, 51.73; H, 3.18; N, 20.33. Cl8Hl4CL2N6S requires C, 51.80; H, 3.38; N, 

20.14); Ir v max. (Nujol) 1619, 1585, 1546, 1489, 1279, 1206, 1138, 1087, 1002, 

832, 758, 724, 696 cm-l; ;/:(%I 420(~+ + 4, 10). 418(M+ + 2. 50). 416(~+. 72). 

252(6), 250(12), 217(16), 216(100), 139(14), 137(42), 127(10), 111(22), 102(12), 

73(10). 

l-(4-~romophenyl)-6,8-dimethyl-5-thioxo[1,2,4]triazolo[l,5-~][l,2,4ltriazylium-2- 

(4-bromopheny1)aminide (z) (1.86 g, 66%) as red-orange needles, mp 311PC (Found: 

C, 42.61; H, 2.85; N, 16.51. C18H14Br2N6S requires C, 42.71; H. 2.79; N, 16.60); 

Ir v max. (Nujol) 1619, 1580, 1557, 1489, 1285, 1161, 1138, 1070, 1019. 991. 832. 

758, 724, 696 cm-l; !/?(%) 508(M+ + 4, 8). 506(M+ + 2, 14). 504(~+. 8 ) .  451(50). 

449(100), 447(50), 369(30), 367(30), 312(16), 310(16). 210(26), 173(38), 171(44), 

157(28), 155(28), 102(24), 71(32), 42(28). 
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