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Abstract- The reaction of 4-aryl-3-mercapto-3-isothiazoline-5- 

thiones with aryl isocyanate result in exclusive formation of 

an N-acylated product, whose sulfur atom at C-5 undergoes a se- 

lective alkylation with diazomethane or alkyl iodide. 

Recently we reported1 that the reaction product of the sodium salt of arylcyano- 

dithioacetic acid with sulfur2 exists in solution as 4-aryl-3-mercapto-3-isothia- 

zoline-5-thione (1) and it is acylated exclusively at the sulfur atom at C-3 with - 
acid chloride in pyridine or alternatively with acid anhydride. To obtain a fur- 

ther insight m t o  the relative reactivity of nitrogen versus sulfur of (1) towards . 
acylating reagents, the reaction with aryl isocyanate were studied. 

When 4-aryl-3-rnercapto-3-i~othiazoline-5-thion (la-c) I2 mmol) and aryl -- - 
isocyanate (2 mmol) were heated in anhydrous tetrahydrofuran (20 ml), a good yield 

of the corresponding 1:l adduct3 was obtalned as the only reaction product. The Ir 

spectrum of the adduct reveals WINK), v(C=O), and v(C=S) absorptions at 3300, 1675- 

1695, and 1190-1200 cm-l. The band position of the second falls in the range given 

for the v(C=O) band of N-arylthiocarbamates (1662-1699 or 2-carbamoyl-4-iso- 

thiazoline-3-ones (1690-1720 cm-l) ,5 thus making difficult the assignment of the 

site of acylation. Like the starting isothiazolines,' the 'R nmr spectrum of the 

adduct displays a singlet at 6 3.30 (SH). 

The adduct of (la) with phenyl isocyanate, when heated with dimethyl acety- - - 
lenedicarboxylate in acetonitrile for 2 h, affords N-(phenylcarbamoy1)-[4,5- 

bis(methoxycarbonyl)-1,3-dithiol-2-y1idenelphenylethanethiomide (3) 185 %, mp 196- - 
197O ldecomp.) (from acetonitrile) (Found: C, 54.48; H. 3.83; N, 5.74; S ,  19.77. 

C22H18N205S3 requires C, 54.31; H, 3.73; N, 5.76; S, 19.77 % ) ,  Amax, 310 (log E 



3.93) and 421 nm (4.361, vmax, 3300 (NH), 1690 (C=Ol, and 1215 cm-I (C=S), SH 

(CCC13) 3.80 ( s ,  3H). 3.93 ( 5 ,  3H), 7.03-7.67 (m, 11H1, and 7.93 s ,  1 1 The 

v(c=O) and v(C=S) bands of (3) falls in the ranges recorded for those of thioacyl- - 
7 

~ r e a s . ~  The compound (3) could be independently prepared in 8 % yield by heating - 
for 24 h dimethyl 2-[phenyl(thiocarbamoy11methy1enel-1,3-dithiole-4,5-dicar- 

boxylatel and phenyl isocyanate in benzene in the presence of cuprous oxide. Thus, 

the possibility that the sulfur atom at C-5 had been acylated was ruled out. 

The adduct of (la) with phenyl isocyanate gives an S-methyl derivative upon - - 
reaction with diazomethane [80 8, mp 195-197' (decomp.1 (from aqueous acetone) 

(Found: C, 57.03: H, 3.90; N, 7.76. C17HlqN20S3 requires C, 56.96; H, 3.94; N, 

7.81 81, Amax. 272 (log c 3.93) and 380 nrn (4.17), vmax, 1705 (C=Ol, 1210 (C=Sl, 

and S 1310 cm-l (SMel, GR(CDCl3) 2.60 ( s ,  3Hl and 7.30-7.57 (m, 10H) 1. As this 

compound was unreactive towards dimethyl acetylenedicarboxylate even after heating 

for 72 h, the structure of 5-methylthio-4-phenyl-2-phenylcarbamoyl-4-isothiazol~ne- 

3-thione (4) was assigned. The compound (4) was alternatively prepared in 70 % - - 
yield by the treatment of the thallous salt of the adduct (prepared by adding 

thallous ethoxide into a solution of the adduct in dry tetrahydrofuranl with methyl 

iodide. Neither of the methods afforded the 3-methylthio derivative. 

Thus, it is concluded that acylation of (11 with aryl isocyanate takes place - 
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at nitrogen and the product is formulated as 4-aryl-2-arylcarbamoyl-3-mercapto- 

3-isothiazoline-5-thiones (2a-el, whose spectroscopic data are given in Table 1. --  - 
Although we have made no detailed studies on the tautomeric equilibrium of , its 

existence in solution as the 5-thiol-3-thione form will be ruled out because the uv 

spectrum of (21 differs from that of (4). Our further conclusions derived from the - - 
present and earlier1 observations are that the ralative reactivity of nitrogen 

versus sulfur of (11 towards acylation highly depends on the nature of an acylation - 
reagent and that the sulfur atom at C-5 appears Inert to acylation but it is selec- 

tively alkylated. 
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Table 1 

Spectroscopic Data of 4-Aryl-2-arylcarbamoyl-3-mercapto- 

3-isothiazoline-5-thiones (2a-e) --  - 
Yield Recrystal. Mp (OCI 'max. nm 

(%I Solvent (decomp.1 (log s )  

9 6 aq. Me2C0 203-204 

7 2 MeCN 203-204 

7 8 MeCN 204-205 

6 9 CHC13- 190-191 

Petroleum 

68 aq. Me2C0 188-189 

3300 3.30 ( s ,  1Hl 

1685 7.30 (m, 7H) 

1200 7.60-7.80 (m, 3H) 

9.40 (br s ,  1H) 

3300 2.05 ( s ,  3H) 

2250 3.37 ( s ,  1H) 

1695 7.20-7.63 (m, 9HI 

1195 9.40 (br s, 1Hl 

3350 

2250 

1695 

1200 

3200 2.40 ( 5 ,  3Hl 

1680 3.30 ( s ,  1Hl 

1190 7.46-7.73 (m, 9H) 

9.40 (br s, 1Hl 

3270 2.00 ( s ,  6Hl 

1705 3.30 ( s ,  1Hl 

1195 7.13-7.67 (m, 9H) 

9.50 (br s, 1Hl 

a Found: C, 55.90; H, 3.43; N, 8.00. C16H12N20S3 requires C, 55.78; H, 3.51; N, 

8.13 %. Found: C, 51.54; H, 3.44; N, 10.01; S, 23.17. Cl6Hl1C1N OS .CH3CN re- 
2 3 

quires C, 51.47; H, 3.36; N, 10.01; S, 22.91 % .  Found: C, 60.80; H, 3.76; N, 

8.33; S, 23.27. C20H14N20S3.1/2CH3CN requires C, 60.77; H, 3.76; N, 8.44; S, 23.18 

%. Found: C. 54.15; H, 3.67; C1. 4.63; N, 7.51; S, 25.82. C17H14N20S3.1/6CHC13 

requires C, 54.45; H. 3.77; C1, 4.69; N. 7.41; S, 25.42 8. Found: C, 52.19; H. 

3.95; N, 6.40; S, 22.17. C16H11C1N20S3.(CH3)2C0 requires C, 52.22; H, 3.92; N, 

6.41; S, 22.01 %. 
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