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Abstract - A number of fused [1,3,4!thladlazoles 4 and 1 have been - 
prepared by treatment of lm~nophosphoranes - 2 and - 6 wlth acyl chlorides 

under neutral conditions. 

As a part of an investigation on fused heterocycles we have reported the prepara- 

tion of bridgehead nitrogen heterocycles whlch contam the [1,3,4]thlad1azole 
1 moiety e.g. [1,2.4]tr~azolo[3,4-b][1,3,4]th~ad~azoles , [1,3,4]th1ad~azolo[3,2-a] 

2 3 pyridines , [1,3,4]thiadiazolo[3.2-c]qulnazolines , and [1,3,4]th~adiazolo[2,3-c] 
4 [1,2,4ltrlazmes . 

We now describe a new general method for the preparation of fused [1,3,4]thiadl- 

aroles such as ~m~dazo[2,1-b][1,3,4Ith~adlazoles and [1,3.4Irh~ad~azolo[2.3-c] 

[1,2,4ltriazines. On the other hand, it has become increasingly apparent that the 

aza-Wittig reaction of iminophosphoranes is a highly useful reaction in prepara- 

tive heterocyclic chemistry. Consequently, improvements which increase the effi- 

clency or efllarge its appllcabllity are always des~rable and the discovery of 

novel functionalized iminophosphoranes bearing a molety able to react with the 

aza-Wittig product is important in thls respect. In this context, our approach 

for the preparation of fused [l,3,4]thladlazoles is based on the aza-wittig 

reaction of ~minophosphoranes derived from N-am~noheterocycles, which are 

convenlently functionalized in at least one of the adjacent positions to the 

endocyclic nitrogen atom hy a thiocarbonyl or methylthio group, with acyl 

chlorides to give N-heteroaromatic imidoyl chlorldes as highly reactlve inter- 

mediates whlch undergo cyclizatlon to give [1,3,4lthiadiazoles. 

In the N-aminonzole series the presence of a thioiminoether group allows the pre- 

paration of neutral fused [1,3,4]thiad~azoles whereas the N-aminoazine bearing a 

thiocarbonyl group leads to fused [1,3,4lthiadiazoles whlch display cationic 

character. 



Imidazo[2,1-bl[l,3,4Ithiadiazoles 

All the methods described so far for the preparation of imidazo[2,1-bl[l,3,41 

thladiazoles are based on the reactlon of 5-amino[l,3,4lthladlazole derivatives 
5 with o-halo carbonyl compounds . 

We report here an apparently widely applicable synthesis of 2-aryl-6-phenylimida- 

zo[2,1-b][l,3,4lthiadiazoles - 4 in synthetically useful ylelds based on the 

annelatlon of the 1,3,4 thiadiazole ring Into a preexisting imiAazole one. The 

aminoheterocycle l-amino-2-methylthio-4-phenyl1m1dazole 1, readlly available by 

condensatmn of isothiosemicarbazone derlved from benzaldehyde with phenacyl 
6 bcomide and subsequent hydrazinolysis , reacts wlth trlphenylphosphine dibromide 

in dry benzene to give 2-methylthio-4-phenyl-l-tr1phosphoranylidenamino- 

imidazole 2 as crystallme solid in 95% yield. Compound reacts wlth aroyl 

chlorides in dry toluene at reflux temperature to give the corresponding 

2-aryl-6-phenylimidazo[2.1-b1[1,3,41thiadiazoles 4 in moderate to good yrelds 

(55-77%) (Table 1). The conversion 2- 4 involves inltial aza-Wittig reaction 
between iminophosphorane 2 and the acyl chlorlde to glve the N-heteroaromatic 

imidoyl chloride - 3 as intermediate7 which undergoes cycllzatlon and elimination 

of methyl chloride to give 4. This assumption is supported by the isolation, in 
all cases, of imidoyl chlorides 2 in moderate yields (47-60%) (Table 1) and the 
demostration that they are converted by heating Into the corresponding fused 

[1,3,4]thiadiazoles 4 in moderate yields (30-57%). The ir spectra of compounds 3 
show bands in the reglon 1628-1636 cm-I due to the C=N bond and the '11-nm-Z 

spectra show among others a signal as a singlet at 6 2.65-2.75 ppm due to the 

S-methyl group. Mass spectra of 3 show the expected molecular ion peaks in high 
+ 

intensity, significative peaks are also found at m/z [ M  -CH3C1]. [Ar-CNI, 103 and 

189. Similarly, mass spectra of compounds 4 show the expected molecular ion peaks 
+ 

in high intensity and fragments at m/z [ M  -Ar-CN], [Ar-CN], 147, 116 and 103. 
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i= Ph3PBr2 

ii= Ar-COCI 

iii= heal 

[1.3.41Thladiazolo[2,3-cl[l,2,4~triazines 

Methods for the synthesis of ~1,3,4lthiadiazolo~2.3-cl[1.2,4]triazines may be 

conveniently classified into two main groups: construction of the [1,2,4ltriazine 
8 portion of the fused ring system onto a preformed [1,3,4lthiadiazole ring , and 

ring closure of an appropriate 4-amino-[1,2,4]-trlazine with a cazbon-inserting 

reagent which supplies the carbon of the [1,3,4]thiadiazole moiety9. In thls con- 

text. we report now that iminophosphorane 5 ,  readily available from 4-amino- 
2,6-dimethyl-5-oxo-3-thio~o-2,3,4,5-tetrahydo[l,2,4]triazine 2 and triphenyl- 

phosphine dibromide, reacts with acyl chlorides in dry benzene at room tempera- 

ture to give the corresponding [1,3,4lthladiazolo[2,3-c]~l,2,41triaz~nium 

chlorides 3 in moderate to good ylelds (Table 2). Structural elucidation of 1 1 s  

sccompllshed on the basis of the spectral and microanalytical data. The ~r 

spectra of all cat~onic derivatives 1 show a strong absorption band in the region 
1748-1738 cm-I attributable to the carbonyl group. In the 'H-nmr spectra of the 

chemical shifts of N-CH3 and C6-CH3 groups are characteristic at 6 4.36-4.25 and 

6 2.68-2.56 ppm, respectively, while in the 'a-nmr spectrum of compound 6 these 
groups appear at 6 3.93 and 6 2.11 ppm, respectively. The EI-mass spectra show 

peaks at masses corresponding to the fragments IM+-cl!, significatlve peaks are 

also found at m/z [M+-~1-COI, [R-CN], and [R-CSI. 



TABLE 1. Preparation of N-Heteroaromatic Imidcyl Chlorides 3 and Imidazo[Z,1-b][l,3,4]thiadiazoles - 4. 

Entry Ar M p ( T )  Yield Found Molecular Required 

( % I  C H N Formula C H N 

TABLE 2. Preparation of (2.3-c1[1,2,4]triazinlum Salts 7. 

Entry Ar MP("C) Yleld Found Molecular Hequlred 

( $ 1  c H N Formula c H N 

a Isolated as tetrafluoroborate. 
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EXPERIMENTAL 

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

Ir spectra were run using NaCl plates on a Nicolet FT-5DX spectrophotometer in 

Nujol emulsions. '~-Nmr spectra were obtained on a Varian FT-80 spectrometer at 

80 MHz. Ths EI-mass spectra were obtained wlth a Hswlett-Packard 5993C spectrome- 

ter. Elemental analysis were performed with a Perkin Elmer 240C instrument. 

2-Methylthio-4-phenyl-l-trlphenylphospho 1. Bromine 
(1.44 g, 9 mmol) In dry benzene (15 ml) was added dropwise to a stirred solution 

of tr~phenylphosphine (2.36 g, 9 mmol) in dry benzene (20 ml) at 0-5-C under ni- 

trogen. The mixture was stirred for 1 h and then allowed to warm to room tempera- 

ture. A solution of 1-amino-2-methylthio-4-phenyl-1H-lmidazoles (1.85 g, 9 mmol) 

and triethylamine (1.82 g, 18 mmol) I" dry benzene (20 ml) was added, after 

heatlng under reflux for 12 h, triethylammonlurn bromide was deposited. The salt 

was separated by filtration and the filtrate concentrated to dryness to afford a 

crude product which recrystalllzed from benzene/hexane (1:1, v/v), gave the 

imrnophosphorane 2 (3.95 g. 95%) as colourless prisms, mp 194-195 "C; (Found: C, 
72.15; H, 5.18: N, 8.98. C28H24N3PS requires C, 72.24; H, 5.20; N, 9.021; Ir vmax 

(Nujol) 1602, 1546, 1314, 1189, 1115, 1070, 1030, 996, 982, 964, 941, 752, 737, 

721, 694 cm-l; 'H-nmr 6 (CDCl3) 8.00-7.20(218), 2.50(3H,s) ; m/zi%) 465(~+,4l). 
450(5), 418(7). 348i16). 347i74). 263(14), 262i56). 184i20). 183i1001, 160(53). 

152(14), 133i14). 116i56). 108i72). 102(84), 77i14). 69(121, 57i15). 

General Procedure fortheFormation of Aryl-N-[Z-methylthio-4-phenyl-imidazol-1- 

yl]imidoyl-Chlorides - - 3. To a solution of 2-methylthio-4-phenyl-1-triphenylphos- 

phoranylidenamino-1H-imidazole 2 (0.939. 2mmol) I" dry toluene (25 ml), the 

approprlate aroyl chloride (2 -01) was added.   he reactlon mixture was st~rred 

at reflux temperature for 15 h. After cooling, the solvent was removed off under 

reduced pressure and the residual material was slurried with ether (20 ml) and 

the separated solld was collected by filtration and recrystalllzed from 

ether/dlchloromethane (1:l , v/v) to give 2 as yellow prlsms ( s e e  Table 1). 

General-Procedure forthe Formation of 2-Aryl-6-phenylimldazo[2,1-b][1,3,4]thia- 

diazoles 4. 
Method A. The appropriate aryl-N-[2-methylthio-4-phenyl-imidazol-l-yl]lmidoyl 

chloride 2 (2 mmol) was heated at a temperature sllghtly its melting point 

(180-210DC) under reduced pressure. After coollng, the residual material was re- 

crystallized from hexane/dichloromethane (2:1, v / ~ )  to give - 4 as colourless 

prisms. 

Method B. To a solution of 2-methylthio-4-phenyl-1-triphosphoranylldenami- 

no-1H-imldazole (0.93 g, 2 mmol) in dry toluene (25 ml), the approprlate aroyl 

chloride (2 moll was added. The reactlo" mixture was heated at reflux tempera- 

ture for 60 h. After cooling, the solvent was removed off under reduced pressure 



TABLE 3. Spectral Data of Compounds 2, 4, and 1. 

Compound IR 

NO. v (cm-'1 
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TABLE 3 (Cont.) 



TABLE 3 (Cont.1 

a 
Obtained as solutions in CDC13 + CF3COOH, except for compounds 3 which were 
recorded in CDCl 

3 ' 
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and the residual material was slurrled with ethanol (35 ml), the separated solid 

was collected by filtration drled and recrystall~zed from hexane/dichloromethane 

(2:1, v/v) to give 4 (see Table 1). 

2,6-Dlmethyl-4-tripheny1phosphorany1idenamino-5-oxo-3-thioxo-2,3,4,5-tetrahydro[l, 

2,4]triazine 5. Bromine (7.29 g. 45.65 mmol) in dry benzene (45 ml) was added 

dropwise to a stirred solution of triphenylphosphlne (11.87 g, 45.65 mmol) in dry 

benzene (50 ml) at 0-S°C under nitrogen. The mixture was stirred for 1 h and then 

allowed to warm to room temperature. A solution of 4-amino-2.6-dimethyl-5-0x0-3- 

thioxo-2.3.4.5-tetrahydro 1.2.4 triazine 5 (6.54 g, 38 mol) and triethylamlne 
(9.24 g, 91.30 mmol) in dry benzene (40 ml) was added, after heating under reflux 

for 24 h, triethylammonium bromide was deposited. The salt was separated by fil- 

tration and the filtrate concentrated to dryness to afford a crude product which 

was slurried with hexane and the formed sol~d w a s  recrystallized from d~chloro- 

methane to give the imlnophosphorane 5 (13.13 q, 80%) as pale yellow prlsms, mp 
223-C (Found: C, 63.66; A, 5.08; N, 12.84. C23H21N40PS requires C, 63.87; H, 

4.92; N, 12.95); Ir vmax (Nujol) 1670. 1319, 1268, 1178, 1110, 1030, 1020. 986, 

894, 844, 747, 725, 661 cm-l; '~-nmr 6 (CDC13) 7.96-7.89(6H.m). 7.54-7.40(9H,m), 

3.93(3H.s), 2.11(3H,s); m/z ( % )  432(~+,21), 308(22), 277(13), 276(56), 263(11), 

262(58), 261(11), 185(13), 184(21), 183(100), 152(12), 108(61), 107(18), 77(12), 

73(24). 

General Procedure for the Formation of 1.3-Dimethyl-7-substltuted-4-0x0- 

4 ~ - [  1,3,4] thladiazolo[2,3-c 1 [1,2,4 Itriazinu Chlorides 1. 
TO a solution of 2.6-dimethy1-4-tripheny1ph05ph0rany1idenamin0-5-0x0-3-th10x0- 

2,3,4,5-tetrahydro[1,2,4ltriazine 5 (0.43 g ,  1 mmol) in dry benzene (15 ml), the 

appropriate acyl chloride (1 mmol) was added. The reacticn mixture was stlrred at 

room temperature for 24 h. Whereupon the precipitated solid was collected by fil- 

tration, washed with ether (10 ml), dried and recrystallized from ethanol/ether 
1 :  v to give 1 (see Table 1). 
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