
1846 J .  Org. Chem., Vol. 36, No. 13, 1971 NOTES 

Bridgehead Nitrogen Heterocycles. V. Some 
3H-[1,2,4]Thiadiazolo[4,3-a]pyridines Derived 
from 2-Trichloromethylthioaminopyridine 

K. T. POTTS* AND 11. ARMBRUSTER~ 

D e p a r t m e n t  of C h e m i s t r y ,  Rensse laer  Poly technic  I n s t i t u t e ,  
T r o y ,  X e w  York 1$181 

Received November  $0, 19YO 

I n  a previous communicationZ it  was shown that 2- 
aminopyridines underwent ready reaction with per- 
chloromethyl mercaptan to  give 3-(2-pyridylimino)- 
3H-[1,2,4]thiadiazolo[4,3-a]pyridines. The reaction 
involved 2-trichloromethylthioaminopyridine (1) as an 
intermediate and, under carefully controlled reaction 
conditions, 1 was isolated in a pure and relatively stable 
state.3 This present communication deals with the use 
of this trichloro compound in the synthesis of 3H- 
[ 1,2,4]thiadiazolo [4,3-a]pyridines with a variety of sub- 
stituents in the 3 position. 

Condensation of 2-trichloromethylthioaminopyridine 
(1) occurred readily with aromatic primary amines 
(Table I). The products derived from the correspond- 
ing aliphatic amines were unstable, but i t  was possible 
to characterize that derived from ammonia by con- 
version into the p-nitrobenzoyl derivative. 2,5-Di- 
chloroaniline (pKa = 1.5) gave the corresponding 
3-(2’,5’-dichlorophenylimino)-3N- [1,2,4]t hiadiazolo- 
[4,3-a]pyridine (2, x = 2,5-ClzC&n’=) in good yield, 
whereas 2,6-dichloroaniline did not form the fused sys- 
tem. It is possible that ring closure was prevented by 
steric hindrance between the 3 substituent and the 5- 
hydrogen atom but, as other products with comparable 
steric requirements were prepared, a more likely ex- 
planation lies in the low basicity of 2,G-dichloroaniline 
preventing the formation of the intermediate imidoyl 
chloride. An aromatic diamine such as p-phenylene- 
diamine underwent condensation with two molecules of 
1 to  form bis(3H-[1,2,4]thiadiazolo [4,3-u]pyrid-3-yli- 
dene)-p-phenylenediamine (3). 
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Sodium sulfhydrate underwent ready reaction with 1 
to yield 322- [ 1,2,4]thiadiazolo [4,3-a]pyridine-3-thione 
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(2, X = S). These thiones reacted with methyl iodide 
to form unstable red salts which could not be character- 
ized. The exocyclic sulfur compounds were stable to 
acid hydrolysis, as was the corresponding N-phenyl- 
imino compound 2 (X = NPh). 

Suitable enolate anions, such as those derived from 
acetylacetone, acetoacetic ester, diethyl malonate, and 
ethyl cyanoacetate, also underwent ready condensation 
with 1 to the fused system 2.  This reaction probably 
involved displacement of a chloride ion from 1, followed 
by elimination of HC1 from this product, and subse- 
quent ring closure of the alp-unsaturated system 4 
through a Nichael-type addition of the pyridine system, 
These products, described in Table I, provided strong 
evidence for the assigned structure of the ring system, 

The nmr spectra of the products in Table I were 
simpler than those of this ring system described earlier2 
and provided confirmation of the earlier assignments. 
The 3-thione 2 (X = S) and its 5-methyl derivative 2 
(X = S; R = 5-CH3) were particularly informative. 
The possibility of a Dimroth-type rearrangement4 
occurring in ring systems of this type cannot be over- 
looked and the alternative structure 5 must be consid- 
ered. I n  the case of the 3-thiones 2 (X = S; R = H 
and 5-CH3) equivalent structures are produced on re- 
arrangement, whereas with 5-methyl-3-(3’,4’-dichloro- 
phenylimino)-3H- [ 1,2,4]thiadiazolo [4,3-a]pyridine (2, 
X = 3,4-Cl&eH3N; R = 5-CH3) rearrangement would 
result in 2-(3,4-dichlorophenyl)-2,3-dihydro-5-methyl- 
s-triazolo[4,3-a]pyridine-3-thione (5,  X = 3,4-c1& 
HaN; R = 5-CH3). If this were the case, the 5-methyl 
group would be under the strong deshielding influence 
of the 3-thione group arid its chemical shift would be 
equivalent in both compounds. The nmr data5 for 
2 (X = S; R = 5-CH3) [T 6.75 (d, 3, J j , 6  = 1.2 Hz, 5 
CHI), 3.71 (m, 1, J j , e  = 1.2 Hz, Jg,7 = 5.2 Hz, 6 H),  
2.76 (m, 1, Je,7 = 5.2 Hz, J7,*  = 6.0 Hz, 7 H),  2.55 
(m, 1, J7,8 = 6.0 Ha, S H ) ]  and that for 2 (X = 3,4- 

CHI), 3.95 (m, 1, J5,6 = 1.2 Ha, J a , 7  = 6.0 Hz, 6 H)] 
clearly show that in the former the 5-CH3 group is in a 
different deshielding environment than in the latter. 

Other spectral data provided confirmation of these 
structures, in particular the extended conjugation evi- 
dent in the ultraviolet spectra (Table I) and the car- 
bonyl absorption of those compounds derived from 2 
and enolate ions. Thus, in 3-(diacety1methylidene)- 
3H-[1,2,4]thiadiazo10[4,3-~]pyridine (6 )  the carbonyl 
absorption occurred at 1660 cm-’, indicative of an a,P- 
unsaturated ketone. Such an absorption is incompati- 
ble with the corresponding isomeric structure 5 .  Simi- 
lar absorptions were observed with the other compounds 
of this type. 

An interesting feature of the nmr spectrum of 3- 
(diacetylmethylidene)-3H- [1,2,4]thiadiazolo [4,3-a]pyr- 
idine was the appearance of the methJIl resonance as 
an extremely sharp, ringing-out singlet a t  T 7.50. This 
could not be split into two peaks at  -25” or by the 
addition of pyridine. This symmetry may be explained 

CI2CGH3X; R = 5-CH3) [ T  7.10 (d, 3, J;,e = 1.2 HZ, 6 
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NOTES J. Org. Chew., Vol. 36, N o .  13, 1971 1847 

a - s 

m 
0 



1848 J .  Org. Chern., Vol. 36, No.  13, 1971 NOTES 

in terms of a significant amount of single bond char- 
acter in the exocyclic double bond, resulting in rotation 
of the exocyclic moiety as shown in 7. A similar aver- 
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aging effect has been observed6 for the methyl groups in 
l-butyl-l,4-dihydro-2,6-dimethyl-4-inden-1-ylide1iepyr- 
idine (8) nhere the methyl resonance was a sharp sin- 
glet until -20". 

I n  the mass spectrometer the compounds described 
above all underwent fission of the 2,3 and 3,4 bonds of 
the nucleus and gave a 2-thionitrosopyridinium ion 
which lost NS. forming the pyridyne ion. Hoir-ever, 
the 3-methylidene derivatives underwent fragmenta- 
tion of the exocyclic substituents prior to fragmentation 
of the fused-ring system. 

Experimental Section7 

Synthesis of 2-Trichloromethy1thioaminopyridines.-The 2- 
amiiiopyridiiie (0.3 mol) iu water (200 ml) was added dropwise 
with rapid stirring to a water (1000 m1)-ice (500 g )  mixture of 
C1,CSCl (0.5 mol),  KKO, (0.5 mol), arid 1 g of Alcoiiox. The 
product precipitated rapidly aiid was filtered cold in a siriteyed 
glass funnel and air-dried. The yield was 70cj,, with further 
purification being uiinecessary and the stability of the product 
depending on its dryness and storage iii the cold. 

(6) G. 7'. Boyd, A .  X', Ellis, and M. D. Harns, J .  Chem. Soc. C ,  800 
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I. Reaction of 2-Trichloromethylthioaminopyridines with 
Primary Amines.-The following variety of procedures result in 
reproducible yields of the products reported in Table I. 

A.-The 2-trichloromethylthioamiiiopyridine (0.02 mol), the 
amine (0.02 mol), aiid a large excess of KzC03 (anhydrous) were 
refluxed in et'haiiol (300 ml) for 24 hr. After the insoluble ma- 
terial was filtered o f f ,  t,he solvent was removed yielding an oil 
which crystallized from the appropriate solvent listed in Table I. 

B.-The above reactants were stirred a t  room temperature 
for 24 hr and the reaction mixture was worked up as in A. 

C.-The 2-trichloromethylthioamiriopyridine (0.02 mol) and 
the amine (0.02 mol) were stirred iii ethanol (200 ml) a t  0' in 
the presence in Et& (0.06 mol) for 2 hr. The solvent was re- 
moved aiid water (50 ml) was added. The resultant oil was ex- 
tracted with ether aiid the product finally crystallized from 
ethanol. 

D.-The reactioii mixture obtained as in A above was added 
to water (300 ml) and the residue filt,ered and recrystallized from 
glacial acetic acid. 

11. Preparation of 3-(p-Nitrobenzimid0)-3H-j 1,2,4] thiadi- 
azolo[4,3-a]pyridine (9).-A stream of ammonia was passed into 
a chloroform (300 ml) solution of 2-trichloromethylthioamiiio- 
pyridine (0.05 mol) a t  0'. ilfter 2 hr,  the TU"dC1 was filtered 
off arid the solveiit removed to  yield a yellow oil which was dis- 
solved it1 acetone aiid p-iiitrobeiizoyl chloride, and KzC03 (aii- 
hydrous) was added. After 24 hr a t  room temperature the pre- 
cipitate was filtered, washed with water, mid then recrystallized 
from DlIF. 

111. Preparation of 3H- [ 1,2,4]Thiadiazolo [4,3-a] pyridine-3- 
thiones.-The appropriate 2-trichloromethylthioamiiiopyridiiie 
(0.02 mol) was dissolved iii ethanol (200 ml) mid a solution of 
NaSII (0.02 mol) was added dropwise with stirriiig a t  0". After 
1 hr the solutioii was allowed to come t o  room temperature aiid, 
after ail additioiial 3 hr, the solutioii was filtered aiid the solveiit 
removed. The resultant oil crystallized from methaiiol and the 
product was further purified by sablimatioii a t  100" (bath tem- 
perature) (0.03 mm). 

IV. Reaction of 2-Trichloromethylthioaminopyridine with 
Carbanions.--A solutioii of the active methylene conipoiind 
(0.02 mol) and XOH (0.02 mol) in ethaiiol (100 ml) was added 
dropwise a t  room temperature to the 2-tricliloromethylthio- 
amiriopyridiiie (0.02 mol) iii ethanol (400 ml) in the presetice of 
excess KzCO, (aiihydrous). After 24 hr the solutioii was filtered 
aiid the solveiit removed to yield a dark residue which was dis- 
solved in benzene mid passed over ail alumiiia columii (1 X 6 in). 
The eUir1eiit solution was evaporated t o  yield a yellow solid which 
was sublimed a t  130" (bath temperature) (0.03 mm). 

V. In  Situ Generation of 5-Bromo-2-trichloromethylthio- 
aminopyridine and Its Reaction with 2-Aminopyridine .-A 
solution of 2-amiiio-5-bromopyridiiie (0.02 mol) aiid triethyl- 
amine (0.02 mol) in chloroform (*XI ml) was added dropwise to 
a solut,ion of CI3CSC1 (0.02 mol) in chloroform (300 ml) a t  0". 
After the addition was completed a solutioii of 2-amiiiopyridiiie 
(0.02 mol) arid triethylamiiie (0.06 mol) iii chloroform (100 ml) 
was added dropwise arid the solution was warmed to rooin tem- 
perature. After 3 hr the solveiit was removed aiid the residue 
washed with l leOH to yield a yellow solid which was purified 
by preparative tlc. 
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