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Abstract - A new synthetic method of 1.2.5-thiadlazoles is re- -- 
ported, which, affording mono- or disubstituted derivatives by 

one pot procedure, clarifies unknown aspects of the 1.2.5-thia- 

diazole ring reactivity. 

Previously some of us introduced the use of sulphur nitride S4N4 as a reagent far 
2-6 

the synthesis of 1,2,5-thiadiazole ring from various substrates. This paper 

deals with both the clarification of new aspects of the 1.2,s-thiadiazole rlng 

reactivity and a new unconventional synthetic method of 1.2.5-thiadiazole deriva- 

tives useful also for the preparation of compounds not easily obtainable by known 

procedures, which before any further development was exploited by some of us for 

the production of the wanted 3-vinyl-1,2,5-thiadiazole monomer.' According to our 

findings, it is possible to transform the readily available unsubstituted 1,2,5- 

thiadiazole or its monosubstituted derivatives into other 1.2.5-thiadiazoles by 

substituting an hydrogen atom with an alkyl, alkenyl or aryl group. The reaction 

is carried out through one pot procedure by treating the substrate with a proper 

Grignard reagent, then with sulphur dichloride. 

1) R'MgX N 

"\ j ,- H" + R'SH + R ' S  + 1 
2) SC1 

2 

/ \ 
2 

3) H 0 ,  HC1 
R H R R ' 

2 

Iodide Grignard reagents are not recommended for their anomalous low yields, pro- 

bably connected wlth redox reactions of the iodide ion. The comparison between 

the reactions of methylmagnesrum iodide and methylmagnesium bromide with unsub- 

stituted 1.2.5-thiadiazole confirms such observation. 



Table 1 summarizes the examined reactions. Table 2 collects data regarding new 

1.2.5-thiadiazoles. 

Table 1 .  Substituted 1.2,s-Thiadiazoles prepared 

R Rt-MgX Prod- Yield Product 1 

U C ~  2 I % 1 Yield ( % I  

Besides product 2, the reaction affords thiol and thioether together with 1 which 

does not derive from an incomplete conversion of the reagents, but it is regener- 

ated after sulphur dichloride addition. No traces of 1 are found in fact if,after 

treatment with Grignard reagent without addition of sulphur dichloride, the reac- 

tion mixture is hydrolyzed. 

Further experimental observations have shown that with Grignard reagents liable 

to transfer hydride ions from the 8-position, yields of 2 drop and those of 1 in- 

crease, while alkene and thiol are formed. 

Yields in regenerated 1 ,  even if not very significant for practical purposes, are 
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interesting for the comprehension of the reaction, in connection with substrate 

and Grignard reagents effects. 

It is also interesting to note that no hydrocarbon R'H is formed from the 

Grignard reagent before the addition of sulphur dichloride, according to the ab- 

sence of acidic hydrogens in the intermediate molecules. Careful examination of 

the unsubstituted 1,2,5-thiadiazole reactions with vinylmagnesium chloride and 

with phenylmagnesium bromide excluded the production of ethene or benzene respec- 

tively. 

The reaction mechanism undoubtedly involves ring opening and new cyclizations. 

In analogy to what has been previously found about the cleavage of disubstituted 

1,2,5-thiadiazoles and 1.2.5-selenadiaroles by Grignard reagents or lithium 

alkyls,' the initial step probably corresponds to a nucleophillc attack at the 

sulphur atom of substrate 1 with formation of the intermediates la and Ib which 

are coincident when R = H and are liable to further attacks by the nucleophile at 

different sites. 

SC12 . 
- R'SH 

Both la and Ib may be attacked at the sulphur atom forming thioether, which is 

recovered from the reaction mixture, and-magnesium salt of 1.2-diimine 11, which 

afford 1 by treatment with sulphur dichloride. Furthermore Ib may be attacked at 

the carbon atom of the sulphenimine group with formation of the magnesium salt 

111 in analogy to what is known for other sulphenimines with organolithium re- 



agents.g with sulphur dichloride the salt I11 undergoes cyclization fallowed by a- 

romatizatlon through ellmlnation of thiol, which is recovered from the r e ac tmn  mix- 

ture. The elimination of thiol before the cyclization seems unlikely because in 

such case  a thlrd molecule of Grignard reagent would salificate the thiolproducing 

the corresponding hydrocarbon, in opposition to the reported experimental observa- 

tions. An eventual nucleophilic attack at the carbon atom of the sulphenirmne group 

of Ia cannot be excluded, but in any case it would not be useful for further trans- 

formation into 1.2.5-thladiazoles. Reducing Grignard reagents also form the inter- 

mediates Ia and Ib, but the second nucleophilic attack prevailingly inserts an hy- 

drogen atom affording thlol and avoldinq the formation of products useful for the 

preparation of 2. 

Table 2 .  Physlcal and Spectral Data of New 1.2.5-Thiadiazoles 2 prepared. 

R' mp ['C 1 or MS,m/e Mt IR* 'H-NMR 

bp [OCI/torr (rel. int.%l v [ c m - 1 1  6[ppm] 

C2H5 

Cyclohexyl oil 168 
(15 

oil 188 
(481 

* The reported bands are tentatively asslgned to the ring on the basis of a com- 

parlson with the I R  and R a m a n  spectra of 1.2.5-thiadiazole. 
10 
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EXPERIMENTAL 

Melting points were determined with a Relchert Thermovar apparatus and are uncor- 

rected. The Mass spectra were determined with a Hewlett Packard 5995A Gas/Mass 

spectrometer operating at 70 eV. The I.R. spectra in KBr pellets or film were re- 

corded on a Perkin Elmer 1330 spectrophotometer. The ~ N . M . R .  spectra in CDCl 
3 

(TMS int. were measured on a Bruker 300 spectrometer. The microanalyses of all 

the new 1.2.5-thiadiazoles prepared were in satisfactory agreement wlth the cal- 

culated values. 

Subst i tu ted  1,2,5-Thiadiazoles (2 ; General Procedure: 

The reaction components are used in the molar ratiq of 1 : Grignard reagent : 

SC12 = 1 : 3.1 ; 1.8. 

A 0.4 molar solution of 1 in ether is added dropwise at -40 OC under nitrogen to 

a strrred solution of Grignard reagent (=2M) in ether, or ether/tetrahydrofuran 

(1:l) for vinylmagnesium chloride and 4-styrylmagnesium chloride. The mixture is 

stirred at -40 OC for 2 h then it is treated dropwise with a solution of commer- 

cial SC12 (;0.7M) in ether. At the end of this addition the cooling bath is re- 

moved and stirring 1s continued for 3 h. The mixture is then treated with water 

( 1 5 0  ml1,acidified with a few drops of hydrochloric acid, saturated with ammonium 

sulphate, extracted with ether and dried over anhydrous sodium sulphate. After 

removal of the solvent, the resldue is distrlled or chromatographed as follows: 
5 11 

2.3, 2b, 29, 211,' and 2n12 are obtained by distillation and purified by care- 

ful rectification at reduced pressure, 2c is obtained by distillation and purl- 
2 13 

fied by preparative gas-chromatography on PPG columns, 2d. 2e. 2f. 2i. 21, Zm, 

2oZ2 and 2p are separated b y  column-chromatography on srlica gel using petrol 

(40-70 "C) - benzene mixtures as an eluent and purified, with the exception of 

Zp, by crystallization from ether at low temperature. 

Th i s  work was  i n  par t  done w i th  f inancia l  suppor t  of "Ministero de l la  Pubblica Is t ruz ione" .  
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