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In a previous paper(l), we reported the reaction of :J-sulflnylamlnes with 

Isocyanates. It was found that an exchange reaction of S-sulflnylamlnes and lso- 

cyanates and a formatlon reaction of azo comooun3e took alace at the same time. 
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In this paper, we report the reaction of X-sulflnylamines with Isothlocya- 

nates. Yhen h’-sulflnylamlnes and Isothlocyanates were sla?ly heated together at 

temperatures In the range of 183’ to 230’In an atmosphere of nitrogen, the forma- 

tion of oarbodiimides and the elimination of sulfur were observed with an ex- 

change reaction at the same time. These results are presented In Table 1. 

In the reaction of thionylanillne with benzoyllsothlocyanate, benzonltrlle 

and phenyllsothlocyanate were obtained In low yields (Table 2). 

The formation of benzonitrlle suggests that Ii-sulfinylbenzanlde, expected to 

be prepared In an exchange reaction, .decomposed to benzonitrlle under these co’)- 

dItlons(2). However, neither acetyl-nor benzoyl-Isothlocyanate :ave ang c~rno?i- 

Imlde, unidentified polymeric products being obtained In f:iIrly large quanti- 

ties, When N-sulfinylamlnes were treated In a sealed tube with excess ctir,b~? 

dlsulflde instead of Isothlocyanates, corresponding lsothlocgsnates and sulfur 

were obtained quantitatively (Table 5). 
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TABLiE 

THE .REaCTION OF N-SULFIXYLAMINEB 

1. 

UITH AROBATIC ISOTXOCYWATE3 

R-NSO t R'-NCS'R'NSO + RNCS t R(or RI)-N=C=N-R'(or R) 4 S 

Reactantsa Conditions 
Run. 

Productsb(Ylelds 5)' 

R-NSO R'-NCS temp.(%) tlme(hr.) R'-NRO R-NC? R(orR')-!J=C=N-R'(orR) 

1 C&- CGH5- 183-185 9.0 -__ ___ 11.3 

2 o-CH3CbH4- C-H - 
b5 

180-200 9.0 22.6 24.6 25.8 

3 p-CH3C6H4- C;H5- 183-203 9.0 22.3 35.8 21.4 

4 p-CH3OC6H4- CsH5- 185-203 9.0 11.1 11.1 18.5 

5 o-ClC;H4- CgH5- 185-190 9.0 13.7 73.6 15.8 

6 o-CH3C6R4- o-CH3C6H4 193-200 9.3 --- --- '5.7 

7 p-CH3CjH4SO2- ChH5- 170 8.0 8.2 --- 3. 0 

The reaction was carried out by using equiqolar amounts of N-sulfinylamlnes a 

b 

C 

or 

and lsothiocyantates. 

N-sulflnylamines and isothiocyantates for-led were identified by comparison to 

g.l.p.c.and i.r. spectrum of authentic sanples preDared independently. 

Carbodiimides, which were formed in each reactl2ns, were distilled as a alxture 

of three components and confirmed by 1.r. spectrum and by leading to guanldine- 

and urea-derivatives, respectively. In run 1 and 5, diDhenyl-and o-tolyl- 

carbodllmide were sole product. 

Yields based on starting iuothlocyanates in all cases. Yields of N-sulfinyl- 

amine8 and isothlocyanates were obtained from g.l.~.c., (sillcons column at 

180: folw rate 25.1 ml. Hp/mln.). Yields of carbodllmldee were calculated by 

estimating as dlphenglcarbodllmida except run 6. 

From the results of reaction between N-sulfinplamines and lsothlocyanates 

carbondlsulflde, the following scheme could be.proposed. 

R-N-S=0 
R-W.0 + R'-NC32 

I I 

I I *R-NC3 4 R'NSO (3) 
!%c-N-R' 

-R-!J=CLL'-3' C .j +@O] (4) 
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R-N-s=0 

R-NSO + CS2 2 s=c_s c 3 I I = R-N=C=S + 7 +(SO) (5) 

TASLE 2. 

THE REACTION OF TBIONYLINILINE WITH kCYLISOT:IIOCYANATES 

C$i5NS0 + RCONCS -CjH5NCS t RCN + 9 + SO2 
. 

Reactantsa Conditions Products (Yields %)b 
Run. 

R-GONGS temp.(;) tlme(hr.) CgHgNCS R-CN S 

1 C;H5- 170 8.5 , 8.2 18.5 75.8 

2 CH3- 145 5.0 trace trace 50.9 

a Equinolar amounts of lsothlocyanates and thionylanillne were used. 

b Yields based on starting isothiocyanates. Yields of phenylisothiocyanate and 

nitrile were obtained from g.l.a.c., (silicone column at 180: flow rate 26.1 

ml. H2/min.). Yields of sulfur were obtained by column chromatography on 

activated alumina. 

TdLE 3. 

THE %&110X OF N-SULFI::YLANI'ilES 'MIl'H C&30N DIliULFI3E 

Reactants= Conditions Products (Yields %)b 
Run. 

R-N:30 temp.&) time(Kr.) R-NCS 

1 C5H5- 200 10.5 193 

2 o-CH3CdH4- 200 13.0 100 

3 m-CH3C;54- 200 15.5 100 

4 o-ClCgHq- 203 13.0 130 

a w mixture of carbon alsulfide (0.15mole) and. N-sulfinylamines (0.03mole) was 

heated together in a sealed tube. 

b Yields based on starting N-sulflnylamines. 
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