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Condensation of the trichloromethylthioamino derivatives of pyridazines, pyrimidines, and pyrazines derived 
from the corresponding amino compound and perchloromethyl mercaptan with primary aromatic amines gave a 
variety of 3-substituted derivatives of the new, title ring systems. In several instances transaminations were ob- 
served. Spectral characteristics of these derivatives are described. 

The 3H- [1,2,4]thiadiazolo [4,3-a]pyridine ring sys- 
tem 1 was synthesized recently from 2-aminopyridines 
and perchloromethyl mercaptan. 2a Isolation of the 
intermediate trichloromethylthioaminopyridine, fol- 
lowed by reaction with primary, aromatic amines, en- 
abled a wide variety of substituents to be introduced 
into the 3 position.2b Reaction with sodium sulfhy- 
drate and suitable enolate anions greatly extended the 
scope of this route to this fused-ring system.2b The 
isomeric ring system, 2-substituted 2H- [1,2,4]thia- 
diazo10 [2,3-a]pyridine (2), has also been prepared 

1 

recently3 by the oxidation of N-(2-pyridyl)thioureas 
with bromine or sulfuryl chloride, and 2-aminobenzo- 
thiazole and perchloromethyl mercaptan were found 
to yield the corresponding [1,2,4]thiadiazolo [3,4-b]- 
benzothiasole systeme4 It was of interest to establish 
whether the reaction of an appropriate amino hetero- 
cycle with perchloromethyl mercaptan is a general 
route to ring-fused [1,2,4]thiadiazole derivatives, and 
results obtained in the pyridazine, pyrimidine, and 
pyrazine systems are described in this communication. 

3H- [ 1,2,4]Thiadiazolo [4,3-a]pyrimidine (4). -2-Ami- 
nopyrimidine has been reported5 to react with 
perchloromethyl mercaptan giving 2-trichloromethyl- 
thioaminopyrimidine (3). Treatment of this sulfen- 
amide with a variety of primary, aromatic amines in 
chloroform solution gave in moderate yields the 3H- 
[1,2,4]thiadiazolo [4,3-a]pyrimidine derivatives 4 de- 
scribed in Table I. Reaction of 2-aminopyrimidine and 
perchloromethyl mercaptan in the ratio of 2 :  1 gave a 
small quantity of 3-(2-pyrimidylimino)-3H- [ 1,2,4]- 
thiadiaxolo [4,3-a]pyrimidine characterized only by a 
molecular ion, m/e 230, and an infrared absorption a t  
1620 cm-l (C=N). With 2-amino-4-methylpyridine 
and 3, the desired product 4 (R = 4-CH3-2-C5H3N) was 
obtained together with an equal amount of a product 
identified as 7-methyl-3-(4-methyl-2-pyridylimino)-3H- 
[1,2,4]thiadiazolo [4,3-a]pyridine (5). This could also 
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be prepared directly from 2-amino-4-methylpyridine 
and perchloromethyl mercaptan ( 2 :  1) as described pre- 
viously.2a This no doubt arose by a transamination re- 
action in which the more basic 2-amino-4-methyl- 
pyridine (pKa = 7.48)6 displaced 2-aminopyrimidine 
(pK, = 3.45)' from 3 forming the corresponding 4- 
methyl-2-trichloromethylthioaminopyridine (6), which 
then underwent ring closure with 2-amino-4-methyl- 
pyridine t o  5 .  In  this study transamination was always 
observed to  some extent when closure was attempted 
using 2-aminopyridine derivatives, being easily de- 
tected by tlc, but only with 2-amino-4-methylpyridine 
was the quantity of product sufficient for isolation. 
Related amine exchange in sulfenamides has also been 
observeds with 2-tert-butylaminothiobenzothiazole and 
morpholine on heating in an inert solvent to 100". 

As derivatives of this system decompose near their 
melting point, difficulties in purification occur with 
lower melting products. This was especially true in thc 
reactions of 3 with aniline derivatives. For example, 

4 

CH, 
5 

while those derivatives presented in Table I were easily 
purified, reaction of 3 with either p-toluidine or p -  
chloroaniline yielded products which decomposed upon 
attempted recrystallization. 

The analytical and spectral data described in Tables 
I and I1 clearly show that ring closure had occurred to 
these [1,2,4]thiadiaxolo [4,3-a]pyrimidines. The pos- 
sibility that ring closure had occurred in an alternative 
sense to yield a 2-substituted 2H- [1,2,4]thiadiazolo- 
[2,3-a]pyrimidine (7) (such would be the case if in 3 
the trichloromethylthio group were attached to  a ring 
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TABLE XI 
NMR DATA FOR SOME REPRESENTATIVE RING-FUSED 

1,2,4-THIADIAZOLES 
Structure R Chemical shift, la 

4 4,B-Dimethyl- 
2-pyridyl 

2 I 35 (s, 3, 4'-CHs), 2.60 (9, 3, 
6'-CH3), 6.55 (9, 1, 6-H), 6.70 
(m, 1, 5'-H), 7.02 (m, 1, 3'-H), 
8.66 (m, 1, 7-H), 8.80 (m, 1, 
5-H) 

9 2,G-Dimethyl- 2.30 (d, 3, 7-CHs), 2.48 (s, 3, 
6'-CH3), 2.72 (s, 3, 2'-C&), 
3.20 (s, 3, 5-CH3), 6.62 (m, 1, 
8-H), 6.88 (m, 1, .5'-H) 

9.02 (m), 9.34 (m), 9.50 (m) 

4-pyrimidyl 

10 2-Pyrazinyl 8.02 (m), 8.45 (m), 8 .93  (m), 

12 5-Methyl-2- 2.38 (s, 3, 5'-CHs), 7.35 (m), 
pyridyl 8.40 (m) 

a All spectra were determined in CDCla except 10, where CFa- 
COzD was used. 

nitrogen) can be excluded on the basis of the close 
relationship of the spectral data to that of derivatives of 
the 3H- [ 1,2,4]thiadiazolo [4,3-aj]pyridine system.2 

Steric considerations clearly exert an influence on the 
ring closure to the fused system, as 2-amin0-4~6-di- 
methylpyrimidine failed to yield a product with per- 
chloromethyl mercaptan in a 2 : l  ratio. In contrast 
to 2-trichloromethylthioaminopyridine, the pyrimidine 
derivative 3 did not react with sodium sulfhydrate or a 
variety of enolate anions such as sodium acetylace- 
tonate, most likely owing to ring opening under the 
alkaline reaction conditions. 

(9). -This 
ring system could only be prepared from the reaction 

3H- [ 1,2,4 IThiadiazolo [4,3-c]pyrimidine 

I 
CH:, 7 

8 9 

of 4-arnin0-2~6-dimethylpyrimidineg with perchloro- 
methyl mercaptan ( 2  : 1) in the presence of triethylamine. 
All attempts to  isolate the postulated 2,6-dimethyl-4- 
trichloromethylthioaminopyrimidine (8) intermediate 
were unsuccessful. The nmr spectrum of 9 showed four 
clearly separated methyl resonances at 6 2.30, 2.48, 
2.72, and 3.20 and the assignments made in Table I1 
are based on decoupling experiments and on the down- 
field shift expected for protons or methyl groups ad- 
jacent to nitrogen. 

3H- [1,2,4]Thiadiazolo [4,3-a]pyrazine (10). -As with 
the 4-aminopyrimidine derivative above, 2-amino- 
pyrazine could only be converted into 3-(2-pyrazinyl- 
imino) -3H- [1,2,4]thiadiazolo [4,3-a]pyrazine (10) by re- 
action with perchloromethyl mercaptan in the pres- 
ence of triethylamine. The intermediate 2-trichloro- 
methylthioaminopyraiine also proved too unstable for 
isolation and 10 could only be purified b y  numerous 
preparativc layer chromatograms. 

3H- [1,2,4 JThiadiazolo [4,3-b]pyridazine (12).-2- 
Amino-6-chloropyridazine reacted with perchloro- 
methyl mercaptan to give 6-chloro-2-trichloromethyl- 
thioaminopyridazine (1 1) , sufficiently pure for further 
reaction. With 2-amino-5-methylpyridine, ring closure 
(9) A. R. Ronsio end W. B. Cook, "Organic Syntheses," Colleot. Vol. 111, 

Wiley, New York, N. Y., 1965, p 71. 
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occurred to 6-chloro-3-(5-methyl-2-pyridylimino)-3H- 
[1,2,4]thiadiazolo [4,3-b]pyridazine (12, R = 5-CH3- 

c1 c1 
11 NR 

12 

2-CbHaN). However, using a 2: 1 ratio of the amino- 
pyridaeine and perchloromethyl mercaptan gave 6- 
chloro-3-(6-chloro-3 - pyridazinylimino) - 3H - [ 1,2,4]thia- 
diazolo [4,3-b]pyridazine (12, R = 6-C1-3-C4HzN2), 
Preparative layer chromatography was necessary to 
effect satisfactory purification of both derivatives. 

Spectral Characteristics. -Infrared bands common to 
all compounds were observed at  1610-1640 and 1440- 
1450 cm-' and may be assigned to the C=N group and 
a thiadiazole ring deformation,2*'O respectively. In  
contrast to derivatives of the 3H- [1,2,4]-thiadiazolo- 
[4,3-a]pyridine system,'l all the members of these 
present systems, with the exception of S17-dimethyl-3- 
(2,6-dimethyl-4-pyrimidylimino)-3H- [ 1,2,4 lthiadiaeolo- 
[4,3-c]pyrimidine (9) , showed no fluorescence and, in 
one or two instances, gave as yet unidentified photo- 
products. In  derivatives of the two fused-ring systems 
with exocyclic pyridyl substituents at  the 3 position, 
the ultraviolet spectra consisted of four main bands 
centered a t  approximately 400, 330, 275, and 2SO nm 
with the bands at  330 and 275 nm associated with the 
pyridine nucleus as in the 3H- [1,2,4]thiadiaeolo [4,3-a]- 
pyridine system. Variation of substituents had pre- 
dictable effects on the absorptions which are shown in 
Table I. 

Representative nmr data for these compounds are 
described in Table 11. In compounds containing the 
exocyclic 2-pyridylimino moiety, assignments for this 
substituent were made by analogy to related deriva- 
tives in the 3H- [1,2,4]thiadiazolo [4,3-a]pyridine sys- 
tem2 and in those derivatives containing the thiadi- 
aeolo [4,3-a]pyrimidine nucleus, assignments are based 
on the downfield shift expected for protons adjacent to 
nitrogen and by comparison with derivatives of the s- 
triazolo [1,5-a]pyrimidine system. l2  

The stability of these compounds is reflected in the 
intensity of the molecular ions (frequently >go%) in 
their mass spectra. In all products derived from 2- 
aminopyrimidine and 2-aminopyrazine, a major frag- 
mentation pathway of the bicyclic systems is the forma- 
tion of a 2-pyrimidyl or 2-pyrazinylthionitroso ion. 
Other pathways are shown in Scheme I. In  contrast, 
derivatives of the 3H- [ 1,2,4]thiadiazolo [4,3-c]pyrimi- 
dine system undergo a much more complicated frag- 
mentation in which the only definitive feature is the 
loss of acetonitrile from the molecular ion. Similarly 
the 3H- [1,2,4]thiadiazolo [4,3-b]pyridazines lose a chlo- 
rine radical from the molecular ion in addition to  the 
elimination of C6H2C1?J&3. In  the latter case a 
[C3H&11+ ion, possibly a chlorocyclopropenium ion, is 
formed. 

(10) J. Goerdeler and M. Budnowski, Chem. Ber., S4, 1682 (1961). 
(11) K. T. Potts. H. H. Richtol, and R. Armbruster, Anal. Chem., 48, 

(12) Y. Makisurni, H. Watanabe, and K. Tori, Chem. Pharm. Bull., 18, 
1304 (1971). 

204 (1964). 

-cGHY 

m/e 125 (43) 

*bk 

m/e 79 (64) 

SCHEME I a  

m/e 78 (51) m/e 136 (10) 
*/-HCX 

[C,H31+ 
m/e 51 (38) 

aDenotes metastable  t ransi t ion.  

Experimental Sectionla 
The following procedures illustrate the general methods em- 

ployed. 
2-Trichloromethylthioaminopyrimidine (3).-Perchloromethyl 

mercaptan (37.2 g) wag suspended in a stirred solution of potas- 
sium carbonate (30 g), Alconox (1 g), water (600 ml), and 
crushed ice. A solution of 2-aminopyrimidine (19.0 g )  in water 
(200 ml) was then added over 30 min. The precipitated product 
was collected, washed with water, and dried by suction. This 
was sufficiently pure for further use. 

Method A .  3-(2-Pyridylimino)-3H-[ 1,2,4] thiadiazolo[4,3-a]- 
pyrimidine (4, R = 2-CsH4N).-A solution of 2-trichloromethyl- 
thioaminopyrimidine (4.0 g) in chloroform (100 ml) was added 
at  room temperature to a stirred solution of 2-aminopyridine 
(1.54 g) ,  triethylamine (6.0 g), and chloroform (250 ml). After 
stirring for 24 hr the solvent was removed from the reaction mix- 
ture, giving a brown solid which, after washing with methanol, 
crystallized from acetone as orange needles, 1.5 g (40%), mp 
226-228 a dec . 

Method B, 5,7-Dimethyl-3-(2,6-dimethyl-4-pyrimidylimino)- 
3H-[ 1,2,4] thiadiazolo [4,3-c]pyrimidine (9).-A solution of per- 
chloromethyl mercaptan (3.72 g) in chloroform (50 ml) was added 
over 30 min to a stirred solution of 4-amino-2,6-dimethylpyrim- 
idine (4.93 g), triethylamine (8.1 g), and chloroform (150 ml). 
After stirring for 24 hr a t  room temperature, the reaction mix- 
ture was evaporated to dryness and the residue was leached with 
several portions of boiling benzene. The benzene was evaporated, 
and the residue was dissolved in a small volume of chloroform 
and then added to a column of Florisil (ea. 10 x 6.5 cm) and eluted 
with ethyl acetate. The resulting yellow solid Crystallized from 
cyclohexane as matted, yellow needles, 1.9 g (33%), mp 182- 
184". 
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4 (R = 5-iodo-2-pyridyl), 40899-23-8; 4 (R = 2,5-dichloro- 
phenyl), 40899-24-9; 4 (R = 3,4-dichlorophenyl), 40899-25-0; 
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