
HETEROCYCLES, Voi. 3 I, No. 12. 1990 

HETEROCYCLIZATIONS OF THIOSEMICARBAZONES WITH a-CHLOROACETYL CHLORIDE 

Shigeru Kabashima, Yasuhiro Tomita, Tadashi Ohkawara, Tetsua Yamasaki, 

and Mitsuru ~urukawa* 

Faculty of Pharmaceutical Sciences, Kurnamoto University, Oe-hon-machi, 

Kumamoto 862, Japan 

Abstract - 4-Substituted thiosemlcarbazones were allowed to react with 

a-chloroacetyl chloride to give two types of 1,3-thiazolin-4-ones which 

arose from the different cyclization depending on the substituents. 

Thiosemicarbazides are widely used as versatile reagents in the preparation of 

heterocyclic ~ompounds.~ Although many reactions with carbaxylic acids, ketones, 

and acyl halides have hitherto been reported to provide various kinds of 

heterocyclic compounds, studies on the reaction with halogeno-acyl halides have 

been reported only scarcely. 

We report here the reaction of 4-substituted thiosemicarbazones Ill with a-chloro- 

acetyl chloride 121. In connection with this reaction, ~ u b o t a ~  has recently 

reported that the interesting novel reaction of benzaldehyde thiosemicarbazone (3) 

with acetyl chloride or acetic anhydride gives 2-acetamida-4-acetyl-5-phenyl-n2- 

1,3,4-thiadiazoline (41 (Scheme 11. 
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The reaction between 4-substituted thiosemicarbacones (1) and a-chloroacetyl 

chloride (21 is expected to proceed analogously to yield 1,3,4-thiadiazolines. 

However, when 1 was allowed to react with an equivalent of 2 in dichloromethane in 

the presence of triethylamine or in a mixture of 5% aqueous sodlum hydroxide and 

dichloromethane at room temperature, 1.3-thiazalines 15 and 61 were provided in 

low yields, without being isolated any anticipated thiadiacolines. In this 

reaction, the different direction of cyclization arising from the difference of 

the substituent at 4-position was observed. In the case that the substituent R' 

is the methyl group, the amino moiety adjacent to the methyl group is initially 

acylated, followed by the intramolecular S-alkylation to give the corresponding 

1.3-thiazolines ( 5 ) .  On the other hand, in the case  that the R' stands for 

phenyl group, tbe hydrazino moiety is first acylated, followed by cyclization by 

the intramolecular S-alkylation to provide another 1,3-thiazoline (61. Such a 

difference of the direction of cyclication may be due to the difference of the 
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steric bulkiness between phenyl and methyl groups and the basicity between the 

anilino and methylamino groups. These two different thiazolines 15 and 6) were 

obviously discriminate by the characteristic infrared spectral pattern. In the 

reaction of acetone 4-methylthiosemicarbazone (la) with 2, thiarolin-4-one 

bishydrazone 17) was also isolated in 16% yield, along with 18% yield of the 

anticipated thiazoline ( 5 a )  (Scheme 2). 

The structures of the compounds (5, 6, and 71 were assigned on the b a s e s  of the 

spectral data and elemental analyses. The ms indicated the molecular ions IM+) 

corresponding to the assigned structures. The '~-nmr spectra exhibited singlet 

signals assignable to the ring methylene at 3.52-3.99 ppm and signals 

corresponding to the substituent groups. The ir spectra showed the carbonyl 

absorption at 1700-1730 cm-l. The elemental analyses also supported the assigned 

structure. These data were summarized in Table 1. 

Table 1 1,3-Thiazolines (5.6,and 7) 

Compound R' R2 R3 Yield(%] mp ('CI Ir ( K B r l  ,cm-l ' ~ - ~ m r  lCDC13) 6, J (Hz1 

3.09138. s ,  CH31 

3.52(28, 5 ,  CH2) 

6.99-7.76158, m, Phl 

8.22118, 5 ,  CH=) 

1.83(3H, S, CH31 

2.0213H, s ,  CH31 

3.99(2H, 5 ,  CH2) 

7.20-7.10158, m, Phl 



Table 1 Icontinued) 

Analysis ( 8 1  

Compound R' R 2  R3 MS(M+) Formula CalcdlFound) 

C H N 



Regarding the structures of 5 and 6, the other four isomeric structures 18-91 and 

110-11) are also considered. Among them, the structures (8 and 9) are excluded, 

because of the absence of the absorption assignable to the thiocarbanyl group. 

In order to discriminate the assigned structures 15, 6 1  and the possible 

structures (10, 111, the product (5b) was hydrolyzed with a mixture of 5% aqueous 

sodium hydroxide and ethanol (1:l) and, as the result, l-benzylidene-4- 

methylsemicarbazide (12) and dithioglycolic acid (13). which was formed by the 
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oxidative dimerization of intermediately formed thioglycolic acid4 were isolated 

lscheme 3). 

This result denies the other possible structure I10 and 111, from which 

dithioglycolic acid 1131 is not able to form directly by hydrolysis. The 

discrimination between 5 and 6 was defined by the fact that the N-N bond of 

hydrazones is readily cleaved, whereas that of N-amino heterocycles 1s stable and 

difficult to cleave. Thus, the product formed together with dimer I71 is 

presumed to be 5. Further extensions and developments of this work are in 

progres s .  

EXPERIMENTAL 

A11 melting points were taken on a Yanaglmoto micro-melting point apparatus and 

are uncorrected. The '~-nmr measurements were obtained an a JEOL-60H 

spectrometer using tetrarnethylsilane as an internal standard. The ir spectra 

were determined with a JASCO IR A-1 grating ir spectrophotometer. The mass 

Spectra were measured with JEOL-OlSG mass spectrometer. 

Reaction of 4-Substituted Thiosemicarbazones [la-el with Chloroacetyl Chloride (2) 

1. To a stirred solution of la, c, d 15 mrnal) in dichloromethane 130 m l )  

containing triethylamine 11.39 ml, 10 mmoll was added 2 (0.40 ml, 5 mrnoll upon 

cooling with ice. After stirring was continued overnight, the solution was 

washed with water (50 mlx3I. dried over anhydrous magnesium sulfate, and 

evaporated to dryness. The residue was recrystallized from ethanol to give 2- 

i ~ 0 p r o p y l i d e n e h y d r a z i n o - 3 - m e t h y l - 1 . 3 - t h l a z o l i d i n - 4 - o n e  !5al, 3 -  

i5opropy1ideneamina-Z-phenylimino-1,3-thiazolidin-4-one ( 6 a ) .  and 3 -  

i s o b u t y l i d e n e a m i n o - 2 - p h e n y l i m i n o - 1 , 3 - t h i z o l i d i n - 4 - o e  l6b), respectively. 

The washing aqueous layer was evaporated under reduced pressure, and to the 

residue was added a small amount of water. The insoluble crystals were collected 

and recrystallized from benzene to give 2,Z1-azinodi-3.3'-dimethyl-1,3- 

thiaaolidine-4,4'-dione I71 . 

2. TO a stirred solution of lb. e 110 mmoll in dichloromethane I60 ml) was 

alternately added 5% aqueous sodium hydroxide I16 ml. 20 mmall and 2 (0.80 ml, 10 

mmoll upon cooling, and stirring was continued for additional 24 h at room 
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temperature. The dichloromethane layer was separated, washed with water 120 

mlx2), dried over anhydrous magnesium sulfate, and evaporated. The residue was 

recrystallized from ethanol or ethyl acetate to give 2-benzylidenehydrazino-3- 

methyl-1,3-thiacolidin-4-one (5bJ and 3-benzylideneamino-2-phenylimino-1,3- 

thiazolidin-4-one 16~1. 

These data are summarized in Table 1. 

Hydrolysis of 2-Benzylidenehydraain0-3-methyl-1,3-thia01idi-4-0 l5bl 

A mixture of 5b 11.17 g ,  5mmoll in a mixture of 5% aqueous sodium hydroxide and 

ethanol 11:l) 130 ml) was heated for 6 h under reflux. The mixture was distilled 

to remove ethanol and extracted with ether. The etheral layer was dried over 

anhydrous magnesium sulfate and evaporated to dryness. The residue was 

recrystallized from ethanol to give 1-benzylidene-4-methylsemicarbazide (121. Ir  

IKBr), cm-l: 1680(C=Ol. Ms mlz: 177 1~'). w. Calcd for C9H11N30: C, 61.87; 
H, 6.10; N, 23.50. Found: C, 61.00; H, 6.26; N, 23.71. 

The aqueous layer was acidified with hydrochloric acid and distilled off to give 

dithioglycoli~ acid, of which structure was confirmed by comparison of the lr 

spectrum with that of ~ldrich.' 
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