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Abstract - N-Methyl-N'-(4-methyl-2-thiazolyl)-S-methylisothiourea (3) 

was pyrolyzed at 155OC, for 14 h. N-Methyl-NS,N"-bis(4-methyl-2- 

thiazoly1)guanidine (& )  was identified as the product. 3-Methyl- 

thiazolyl compounds such as N-methyl-N'-(3,4-dimethyl-2(3~)thia~olyl- 

idene)thiourea ( & )  and N-methyl-N'-(3,4-dimethyl-2-thiazolyl)-N"- 

(4-methyl-2-thiazoly1)guanidine (& )  were not obtained in the pyrolysis, 

in contrast to the previous finding that a main pyrolytic product of 

N,N-dimethyl-N'-(4-methy1-2-thia~o1yl)-S-methylisothiou was 

N,N-dimethyl-N'-(3,4-dimethy1-2(3~~thiazolylidene~thiourea. 

In the previous paper we reported that pyrolysis of N,N-dimethyl-Ns- 

(4-methyl-2-thiazoly1)-S-methylisothioura at 15S°C for 14 h gave N,N-dimethyl- 

N'-(3.4-dimethyl-2~3~~thia~0lylidene~thi0urea as the main product. The 

pyrolysis proceeded smoothly without any solvent. In the pyrolysis of other 

N,N-dialkyl-N'-~2-thia~o1yl~-S-methylisothiourea, a similar migration of the 

methyl group from the isothiourea sulfur atom to the thiazole nitrogen atom was 

observed. In contrast, an analogous S+N methyl-migration was not found in the 

pyrolysis of N - m e t h y l - N ' - ( 2 - t h i a z o l y l ) - S - m e t h y 1 i s o t h i o u  (Chart 1). The 

results were tentatively interpreted in terms of the difference in the 

predominant species in an equilibrium between (g) and ( 2 )  forms of the 

N,N-dialkyl and N-alkyl compounds. In order to confirm the results and to 

obtain further insight on the reaction mechanism, we reinvestigated the 

pyrolysis of the N-alkyl compounds. 



RESULTS AND DISCUSSION 

N-Methyl-N'-(4-methyl-2-thiazolyl)-~-methylisothiourea (&I was heated at 155'C 

for 14 h. By the chromatographic separation of the pyrolytic products, a pale 

yellow crystalline compound was obtained besides the starting compound. The 

product showed a molecular ion at m/z 2 6 7  in the mass spectrum. The proton 

1 nuclear magnetic resonance ( H-NMR) spectrum showed three methyl groups, one 

corresponding to the thiourea-N-methyl group and the other two corresponding to 

the methyl groups at the 4-position of thiazole. Two hydrogen atoms were 

replaced by deuterium, when heated in deuterium oxide. The 'H-NMR as well as 

the analytical data indicated that it lacked S-methylisothiourea moiety of the 

starting compound Is). Since the results strongly suggested that the product 

was N-methyl-N',N"-bis(4-methyl-2-thiazolyl)guanidine ( & I ,  the compound was 

synthesized as outlined below. The pyrolytic product of was identified as & 

by comparing its physicochemical properties with those of the synthesized 

sample. Similarly, a pyrolytic product of N-ethyl-N'-l4-methyl-2-thiazo1y1I-S- 

methylisothiourea (9) was identified as an N-ethyl analog of & 

(N-ethyl-N',N"-bis(4-methyl-2-thiazolyl)guanidine, 3 1 .  It is well known 2 

that reactions of S-alkylisothioureas with amines give corresponding guanidines 

with an elimination of the S-alkyl group. Compounds and 3 were synthesized 

N - C - H N  
N - C = N  

H' I 
S C H  3 

C h a r t  1 
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by the reaction of N,N'-bis(4-methyl-2-thia~o1yl~-S-methylisothiourea (4) with 

alkylamines. Compounds g and 2 were also obtained by the reactions of 

2-amino-4-methylthiazole ( 5 )  with la and ij?, respectively. The latter reactions 

lead us to assume that the formation of in the pyrolysis of 1 may involve the 

pyrolytic liberation of 4 and the subsequent nucleophilic substitution on the 

isothiourea carbon atom. The pyrolytic products of la were analyzed by means 

of thin layer chromatography. The SIN methyl migrated product, N-methyl-N'- 

(3,4-dimethyl-2(3H)-thiazoly1idene)thiourea ( g ) ,  was not detected. However. 

it is probable that compound & was thermally unstable and was not found in the 

final products due to its instantaneous decomposition. If this is the case, the 

decomposition of compound & may result in the formation of . . .  

2-imino-3,4-dimethyl-4-thiazoline, which should give N,-methyl-N'-(3.4-dimethyl- 

2-thiazolyl)-N'~-(4-methy1-2-thiazo1y1~ganidi (@)  by the reaction with la. 

Compound 5 was synthesized by the methylation of & and by the reaction of 

N-methyl-N'-(3,4-dimethy1-2(3~t-thia~olylidene-S-methyiothiorea (?at and i. 

Compound was not found in the pyrolytic products of la in detectable amounts. 

This leads to the conclusion that compound & was not formed by the pyrolysis of 

la. Similarly, N-ethyl-N'-(3,4-dimethy1-2-thiazo1yl)-N"-(4-methyl-2- - 

thiazoly1)yuanidine (6&) was not formed by the pyrolysis of s. In 

conclusion, the results of the present study confirm the previous findings that 

the pyrolytic methyl migration from the isothiourea sulfur to the thiazole 

nitrogen did not take place in N-alkyl-N'-(2-thiazoly1)-S-methylisothiou in 

any detectable amount. Analysis of the absorption spectra in the ultraviolet 

region of N-(2-thiazoly1)thioureas showed that N,N-dialkyl-N'-(2-thiazoly1)- 

S-methylisothioureas are present predominantly in form I, whereas N-alkyl-N'-(2- 

thiazoly1)-S-methylisothioureas in form I1 in neutral media. The thiarale 

Chart 2 



nitorogen is more basic in the N,N-dialkyl compounds than in the N-alkyl 

compounds. The differnce in the basicity and in tne predominant forms may 

be the cause of the different pyrolytic products. Compounds e, b, 4, & and 

6b have not been described in the literature. Analytical and spectral data of 

the compounds are summarized in Table 1 and 2 .  

EXPERIMENTAL 

A JEOL JMS-Dl00 mass spectrometer, a JEOL JNM-NH 100 NMR-spectrometer (100 MHz], 

a JEOL JNM-FXZOOA FT-NMR-spectrometer [270 MHz], a Shimadzu UV-200s double-beam 

spectrometer, and a Hitachi EPIFG3 infrared spectrometer were used throughout 

the present study. 

Materials. N-Methyl-N'-(4-methyl-2-thiazolyl)-S-methylisothiourea (la) and 

~-~thyl-~~-(4-methyl-2-thia~olyl)-S-methylisothiourea (l&) were prepared as 

described in the previous pipers. 

Qrolytic Procedure. A typical pyrolytic procedure is as follows. Compound 

lb (300 mg), which is liquid at room temperature, was placed in a Pyrex flask - 

equipped with a condenser and was heated with stirring for 14 h in a silicon oil 

bath maintained at 155'C. Brown solid was obtained upon cooling to room 

temperature. The brown solid was washed with EtOH and subjected to column 

chromatography on silica-gel eluted by acetone-CHC13 (1:9). A yellow 

crystalline compound was separated from the eluate and recrystallized from 

acetone-H 0, yield 30 mg. The compound was identified as by elemental 2 

analysis and by comparing its physicochemical properties with an independently 

synthesized sample. 

N,N'-Bi~(4-methyl-2-thia~01~l)-S-methylisothiourea ( 4 ) .  Methyl iodide I2 ml) was 

added dropwise to an EtOH solution of N,NV-bisl4-methyl-2-thiaro1yl)thiourea 

(1.35 g/40 ml) prepared by the method of Ledovskikh and Shapovalova. The 

mixture was kept at 60-65OC for 1 h with stirring and then evaporated in vacuo, 

and the residue was treated with an aqueous NaHC03. The precipitate was 

recrystallized from acetone-H20. Yield, 0.9 g. 

N-Methyl-(or eth~l)-N',N"-bis(4-methyl-2-thiacolyl)gnidine (2 and 2).  

An EtOH solution of 4 (1 g) was mixed with an aqueous solution of methylamine 

(40%, 4 ml) or ethylamine (70%. 2.5 ml) and heated at 140°C for 5 - 10 min in a 
sealed tube. The reaction mixture was concentrated in vacuo and the precipitate 

was recrystallized from acetone-H20. Yields; 66% (2). 65% (2). 



HETEROCYCLES. Vol 23. No 9, 1985 

T a b l e  1 P h y s i c o c h e m i c a l  p r o p e r t i e s  

Compd. mp('C) A n a l y s i s ( % )  UVA Z - P ~ O H ~ )  Mass NMR(6,CDCl 
( R e c r y s t .  f rom) C a l c d .  (Found) max m / z ( R . I . % )  
Appearance  nm ~ ( ~ 1 0 ' )  

2a - 1 3 1  C:44 .92(44 .97)  270 1 0 . 5  
( a c e t o n e - H 2 0 )  H: 4 . 9 0 ( 4 . 9 4 )  277 1 0 . 2  
p a l e  y e l l o w  N:26 .19(25 .92)  317 20 .9  
n e e d l e s  

2  b  - 82 C:46 .95(46 .97)  270 1 0 . 6  
(acetone-HnO) H :  5 . 3 7 (  5 . 2 9 )  277 1 0 . 2  

p a l e  y e l l o w  N:24 .89(24 .81)  318 20 .3  
n e e d l e s  S : 2 2 . 7 9 ( 2 2 . 8 7 )  

4  - 1 4 1  C:42 .23(41 .97)  270sh 5 . 7  
( a c e t o n e - H 2 0 )  H: 4 . 2 5 (  4 . 3 3 )  316 1 1 . 6  
y e l l o w  n e e d l e s  N:19 .70(19 .54)  3 3 3  11. '3 
P i c r a t e  
248 
( d i o x a n e )  

ha  - 186-188  C : 4 6 . 9 5 ( 4 6 . 9 6 )  247 5 . 6  
( ace tone-HzO)  H: S . 3 7 (  5 . 3 0 )  292sh 1 2 . 5  
y e l l o w  n e e d l e s  N : 2 4 . 8 9 ( 2 4 . 8 4 )  297 1 2 . 6  

345 21.2  

6  b - 138-139  C : 4 8 . 7 9 ( 4 8 . 9 7 )  247 5 . 2  
( ace tone-H,O)  H: 5 . 8 0 (  5 . 7 2 )  292sh 1 3 . 3  
c o l o r l e s s  N:23 .71(23 .68)  297 1 2 . 7  
n e e d l e s  344 20 .0  

281 (51  , M + )  
168 ( b a s e )  
1 4 0 ( 4 3 )  
1 1 4 ( 2 5 )  

284(25,Mt) 
237 ( b a s e )  
1 5 6 ( 2 5 )  

. . 
a )  s h  i n d i c a t e s  s h o u l d e r .  

b )  I n t e r n a l  s t andard ;TMS,  s;singlet, d ; d o u b l e t ,  t ; t r i p l e t .  



Table 2 "C-NMR Spectral data of thiazole derivatives a )  

CH ,NH - 
Compd. Solvent CH3CHzNH N-C-N - 

(temp. "C) 4-CH3 2-C 4-C 5-C SCH, CH 3CH2NH - 2 or NH 
16.94 168.62 148.07 101.78 

~ - ,  

a) Chemical shifts are given in 6 values(ppm) downfield from tetra- 

methylsilane(TMS) as an internal standard(d;doublet, t;triplet, q: 

quartet). The temperature was at 27°C unless otherwise cited. 

The assignment of their chemical shifts was confirmed mainly by 

long-range selective proton decoupling experiments. 

b) Not detectable. 
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N-Alkyl-N'-(3,4-dimethyl-2-thiazolyl)-N"-(4-methyl-2-thiazolyl)quanidine ( 5 ) .  

N-Methyl-N'-(4-methyl-2-thiazo1yl)-S-methylisothiourea ( 2 1  was prepared as 

described previ~usly.~ A mixture of & (2 mmol) and 2-amino-4-methylthiazole 

( 5 )  (10 mmol) was heated without solvent at 100DC for 3.5 h. The product was 

purified through column chromatography on silica-gel with AcOEt-benzene 11:l) as 

an eluate. A pale yellow product was recrystallized from acetone-H O Yield, 2 ' 

180mg. N-Ethyl-N'-13.4-dimethyl-2-thiazoly1)- N"-14-methyl-2- 

thiazoly1)guanidine 1%) was prepared from N-ethyl-N9-(4-methyl-2-thiazoly1)- 

S-methylisothiourea (7h13 in a similar manner. Yield, 240mg. The samples of 

6a and were proved identical with those synthesized in the following - 

alternative route. An EtOH solution of (750mg) was mixed with methyl iodide 

(2 ml), refluxed far 4.5 h, and evaporated in vacua. The residue was neutralized 

with an aqueous NaHCOj and subjected to chromatography on a silica-gel column 

with acetone-CHC13 (1:9) as an eluate. Yield, 30mg. Compound was obtained 

similarly from (200mgl. Yield. 10mg. 
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