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Abatrac-Carbodithioic acids react with trivalent sulphur compound8 bearing semipolar linkages 
(sulphoxides, sulphonium ylides and sulphilimines), to give the corresponding sulphides and add to 
olefins to afford dithioesters. The orientation of olefm addition is controlled by the olefm nature. Michael 
type addition takes place with olefms bearing an electron-withdrawing group a to the double bond while 
Markownikoff addition occurs with olefins hearing an electron-donating group. With vinyl and ally1 
sulphoxides. both addition and reduction took place simultaneously, and new dithioesten were obtained. 

XANTHIC (ROCS,H), dithiocarbamic (R2NCS2H) and carbodithioic (RCS,H) acids 
all belong to the dithioic acid family. The two former dithioic acids have been widely 
used in industry but carbodithioic acids are not popular because of their extreme 
unpleasantness and limited stability. However, carbodithioic acids, analogous to 
both thiols and carboxylic acids, are of interest because of their strongly acidic 
nature, i.e. they are more acidic than the corresponding carboxylic acids and thiols. 
@Ka : 2.55 for CH,C$H, 4.75 for AcOH,’ 7.47 for PhSH’) Except for the reaction 
with amines, e.g. ammonia gives thioamides, 3 there has been practically no work 
reported on carbodithioic acids. 

RCS,H + NH, + RCSNHl + H,S 

It is well known that thiols or their sodium salts react readily with olefins to form 
adducts by either radical or nucleophilic reaction, though electrophilic addition of 
thiols to olefins is rather rare because of the weakly acidic nature of most thiols.4 
However, a strongly acidic organic acid such as trichloroacetic acid will react with 
a cyclic enamine to form a somewhat unstable trichloromethyl derivative with evolu- 
tion of CO 2.s Therefore, carbodithioic acids, being fairly strong, should show inter- 
esting chemical reactions with oletins or other nucleophilic substrates. Thus, we 
investigated the reduction of trivalent sulphur compounds, i.e., sulphoxides, sul- 
phonium ylides and sulphilimines to the corresponding sulphides with carbodithioic 
acids and the addition of the acids to oletins giving the corresponding dithioesters, 
and found the reactions to go very smoothly probably because of the facile protona- 
tion by carbodithioic acids. This paper describes a detailed account of the investiga- 
tion. 

RESULTS AND DISCUSSION 

Reaction of dithioacetic acid with phenyl vinyl sulphoxide and ally1 phenyl sulphoxide 
When phenyl vinyl sulphoxide (I) (1 mole) was added to dithioacetic acid (2 mole) 

3203 
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at room temperature, an exothermic reaction occurred and 1,2-bis(dithioa~toxy)- 
ethyl pknyf sulphide (II) was obtained nearly quantitatively. 

PhSCH = CH, f 2CH,CSIH -. PhSCHCH,S&CH3 + Hz0 

1 I 
0 S-CCH, 

I 

II 

This product is formally a redu~ion-edition product from phenyl vinyl sulphoxide 
and dithioacetic acid. However, in the reaction of ally1 phenyl sulphoxide (III) with 
dithioacetic acid, ally1 phenyl suiphide (IV), the reduction product of sulphoxide (III), 
was obtainea with minor products such as diphenyl disulphide (V), phenyl trithioper- 
ace&ate (VI) and ally1 alcohol (VII). 

PhSCH,CHrCH, IV 

PhSCH,CH=CH, + ZCH,C&H -e PhSSPh 

1 
cl CH,CSSPh 

V 

VI 

CHI=CHCHIOH VII 

These observations show clearly that dithioacetic acid behaves as a reducing agent 
for sulphoxides and also adds to unsaturated bonds. In order to study the nature of 
these reactions in detail and also the relative ease of the reduction of sulphoxides 
and the addition of carbodithioic acids to olefins, we carried out both the reduction 
of trivalent sulphur compounds and the addition to various olefins with both dithio- 
benzoic and dithioacetic acids. 

Reduction ofsulphoxides, sulphilimines and sulphonium ylides 
The general formula for the reaction is 

R&-X i- CH,CS,H -+ R--S--R X = -0, -NTs. --C(COOCH,), 

When methyl phenyl N-tolylsu~phonylsulp~li~ne (1 mole) was added to dithio- 
acetic acid (2 mole) at room temp. an exothermic reaction took place, and methyl 
phenyl sulphide and ptoluenesulphonamide were obtained nearly quantitatively 
together with a minute amount of reddish oil. 

S--NT~ + 2cHg3,~ -_) PhscH3 + TSNH, + (cH,cs---1, 

CH,/ II 
S 

VIII 

Similarly, the reduction of sulphoxides proceeded smoothly, giving the corres- 
ponding sulphides in good yields although dimethyl sulphone was not reduced at all. 
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Ph 
\ 

/ 
S -. 0 + 2CH,CS,H -B PhSCH, + (H,O) + (CH,CS-), 

CH, 
II 
S 

VIII 

Methyl phenyl sulphonium bis(methoxycarbonyl)ethylide (1 mole) was also 
reduced readily by dithioacetic acid (1 mole) giving god yields of phenyl methyl 
sulphide and dimethyl dithioacetoxymalonate (IX). (Table 1). 

c 

Ph 
\+ f 

CH,’ 

SU$ZOOCH,), + CH,CS,H -. PhSCH, t CH3CSCH(COOCH,)I 

IX 

TABLE I. bLXJCTlON OF SULPHOXIDB, SULPHlLIMINE3 AND SULPHONI~N YLIDBS 

TO THLI CO~PONDING SULPHIDES BY CARBODl’THtOIC ACID5 

RI 

‘s --2 + RCS,H + k,S-R, 

R,/ 
x = 4. --NTs -_C(COOCH,), 

R, R2 Product* Yield 

CH, 
CH, 
CH, 
Ph 

Ph 
Ph’ 

CH, 
Ph 

Et 
Et 
CH,Ph 

Ph 

CH,S.CH, 
CH,SPh 
CH,SEt 
PhSEt 

PhSCH,Ph 
PhSPh 

quantitatively 
quantitatively 

quantitatively 
quantitatively 
quantitatively 

quantitatively 

l Other products (H,O), (CH3CSS-), forX = -0 

TsNH,, (CH,C>S-), for x = -NTs 

CH,CSSCH(COOCH,), for X = AJCOOCH,), 
H,O and (CH,CSS-), were not identified. The latter has not been charac- 

terized 

In the reactions of sulphilimines and sulphoxides with CH,CSSH, dithioacetyl 
disulphide (VIII) has to be formed initially but under these conditions was not iso- 
lated. (experimental) Reduction rate was markedly affected by the groups present on 
the sulphur atom, e.g. dimethyl sulphoxide was reduced more readily than methyl 
phenyl sulphoxide, which reacted more readily than diphenyl sulphoxide. Under 
the same conditions reduction of sulphoxides to the corresponding sulphides with 
thiolacetic acid took about a week6 while AcOH did not react at all.’ 

Ph 
0 

\ II 
S + 0 + CH,CSH 

/ 
aa;i; 0 PhSCHs 

CH, 

Ph 
0 

\ II 
.S -. 0 + CH,COHT. 

/ 
CH, 



Thus, dithioacetic acid displays different chemical behaviour from those of AcOH 
and thiolacetic acid. The initial step of the reaction is undoubtedly the protonation 
of the terminal x group by dithioic acid to give a sulphonium salt, which upon reaction 
with another molecule of dithioic acid eventually collapses to form products uia 
somewhat different paths that vary with the nature of group x. 
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In the reaction of methyl phenyl sulphonium bis(methoxycarbonyl)ethylide 
with AcOH, no reduction product was formed but methyl phenylmercaptoacetates 
obtained, while methyl phenyl sulphilimine gave the corresponding sulphoxide.9 

Ph 
0 

\+ - II 

/ 
S---C(COOCH,), + CH,COH -t (PhSCH,) + PhSCH,COCH, 

CH II 
0 

Ph 
0 0 

\+ - II t 
S-NTs + CH,COH - PhSCH, 

CH,’ 

H-SCCH, II 
i ;‘-,,H 

- ; 1 
f 

{X-H 

/ 

S 

SCCH, 
CH,CS,H \ / 

0Q$ 
S-C-CH, 

I 

II 
S 

4% + CH,CS,CH(COOCH,), 
I 

S 

[X = -C(COOCH,),] 
II 

--S-+H2X+(CH,CS-), 

(X = -0, -N-k) 

Dithiobenzoic acid also reduces trivalent sulphur compounds to the corresponding 
sulphides in high yields. 

R 
\+ - 

S-X + PhC&H - R-5-R 
/ 

R 

Thus, these carbodithioic acids are mild reducing agents for sulphoxides, sulph- 
ilimines and sulphonium ylides. 

Addition reaction to olefins 
The formation of the addition product in the reaction of phenyl vinyl sulphoxide 

implies that dithioacetic acid can easily add to olefins as in the reaction of thiols 
with unsaturated compounds. Dithioic acids are usually much stronger acids than 
commonly known thiols while a terminal mercapto group is quite nucleophilic. 
Therefore, it is expected that dithioic acids will behave both as good nucleophiles 
adding to electrophilic olefins such as acrylonitrile and vinylpyridine and also as 
electrophiles undergoing electrophilic addition to such nucleophilic oletins as styrene 
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and vinyl ether. In fact, all these addition reactions of dithioacetic acid with several 
different olefins went smoothly without any acid or base even with electrophilic 
olefins that undergo Michael type additions. 

With vinyl ether, vinyl thioether and 2-vinylpyridine the reaction proceeded exo- 
thermically, with the other olefins it was necessary to heat the mixture in Ccl,. 

The results of the additions in Tables II and III are divided into two classes, 
namely, the Markownikoff and the Michael type additions. 

CH,CS,H +A - 
? Michael type addition 

L 
Markownikoff type addition 

TABLIZ 2. MARKOWNIKOIT TYPE ADDITION PRODUCTS 

Olefin Adduct 

PhCH=CH, 

PhC=CH2 

I 
W 

(p)CH,C,H,OCH=CH, 

CH,=CHOAc 

PhCH=CHI 

PhSCH,CH=CH, 

CD I 

PhCH--SCCHB 

I II 
CH, S 

PhC(CH,),SCCH, 

II 
S 

(p)CH,C,H,OCH-SCCH, 

I II 
CH, S 

CH,-CHOAc 

I 
SCCH, 

! 

PhCH-SCPh 

I II 
CH, S 

PhSCH,CHSCCH, 

I II 
CH, S 

StCH, 

9 
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TABLE 3. h&CHAEL TYPE ADDITION PRODUCTS 

Olefin Adduct 

CH,=CHCN CH,CSCH,CH,CN 

II 
S 

CH,=CHCOOH CH,CSCH,CH,COOH 

1 

0 0 

II II 
(CH,),C=CHCCH, CH&SC(CH&IH,CCH~ 

II 
S 

CH,=C--COOCHj CH,CSCH,CHCOOCH, 

I II I 
CH, S CH, 

CH=CH, 

The ease of Markownikoff addition is influenced apparently by the ability of the 
substituents to stabilize the carbonium ion formed by initial protonation. This is 
supported qualitatively by the observation that the rates of addition reactions of 
vinyl ether, styrene and ally1 ether with CH,CS,H appear to fall in the order : 

ROCH = CH, z RSCH = CH2 $. PhCH = CH2 z ROCH,XH = CH2 

This mode of addition is quite different from that of thiolacetic acid, which usually 
adds to styrene” and isobutene’.’ in a Michael type manner, apparently via a free 
radical chain process. 

0 0 

II II 
PhCH==CH, + CH,CSH - PhCH,CH$CH, 

CH, 
0 

CH, 
0 

\ II II 
C=CH2 + CH,CSH - 

/ 
; CHCH2SCCH, 

CH, CH, 

Whereas Markownikoff addition prevails with dithioacetic acid without any 
radical scavenger, the data in Table III reveals that dithioacetic acid can add to 
electrophilic olefms. The following two mechanisms are considered for the Michael 
type addition. One is that fast protonation of an electro-negative group forms an 
intermediate of type A which eventually collapses to final product (eq. I), the other 
mechanism is a concerted addition B (eq. 2). 
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PH 
-[ 1 

S 
C- CH,CS,H +c- 

..*’ X 
- );C-CH, 
S 

A 

S I OH S 0 

II I I III II 
CH,CS--C~- -+ CH,CSC--CHZ- 

I I I I 

S 0 
OH III II 

-C-C*, - 

S=C-CH, II 
CH,CSC-CH-C- 

S I I 

(eq. 1) 

(eq. 2) 

(B) 

Choice between the two possibilities is not easy, but, in the case of 2-vinylpyridine, 
the former may be favoured because protonation on nitrogen would be very fast. 

Mechanism of the reaction of phenyl vinyl and ally1 phenyl sulphoxides with dithioacetic 
acid 

In view of the fact that carbodithioic acids can reduce sulphoxides and add to 
olefins, reduction of phenyl vinyl sulphoxide with dithioacetic acid seems to proceed 
oia protonation on the sulphoxide oxygen, to form a sulphonium salt (C), followed 
by addition ofdithioacetate to form(D) or (D’) which is eventually attacked by another 
molecule of dithioacetic acid to form the final product. 

CH,CS,H S 
PhSCH=CH, - PhiCH=CH, 

[I 1 
.\ 

-: CCH, 
1 s.Y 

0 OH 
C 

S S 

[I 

II II 
Ph&--CHCH,SCCH, CI Ph&CHCH,SCCH, -I 

OH -OH 1 
D 

I 

D 

CH,C&H 

PhSCHXH,SCCH, 

LCH !+HO 

II3 1 
S 

In order to examine other possibilities, we carried out the reaction of phenyl vinyl 
sulphoxide (1 mole) and dithioacetic acid (2 mole), and obtained (l-methyl-l-dithio- 
acetoxy) methyl phenyl sulphide (X) as the only product and no 1,2-bis(dithioacetoxy)- 
ethyl phenyl sulphide (II) or ethyl phenyl sulphide (XI). 
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S 

II 

r PhSCH-SCCH, X 
I 

ZCH,CS,H 
CH, 

PhSCH=CH, s 

II 
PhSCHCH,SCCH, II 

i-CCH, 

II 
S 

k( PhSCH,CH, + (CH,CS-_), 

II 
s 

XI VIII 

Ally1 phenyl sulphoxide was reduced like other simple sulphoxides probably 
because a sulphinyl group was not directly attached to the olefinic group. Minor 
products (diphenyl disulphide, phenyl dithioacetyl disulphide and ally1 alcohol) 
encountered are considered to be formed by the initial rearrangement to a sulphenate” 
which upon further nucleophilic attack of either thiophenolate or dithioacetate 
would lead to final products. The apparently facile rearrangement seems to be due to 
initial protonation on the sulphoxide oxygen to facilitate heterolysis of the C-S 
bond. 

PhSCH,CH=CH, CH3e1H PhSCH,CH=CH, + H,O 
1 
0 

(PhSOCH,CH=CH2) 
CH,CS,H 

CH,=CHCH,OH 

The synthetic utility 
For the preparation of dithiocarboxylic esters, several procedures have been 

reported.‘* 3 One of the most popular is alkylation of a salt of a carbodithioic acid 
and many simple dithioesters have been prepared by this method (eq. 3). Another 
important procedure is an ester exchange reaction between carboxymethyl dithio- 
carboxylates and thiols. r3 By this procedure, a somewhat complicated ester, such as 
an aryl ester, can be obtained in a few steps (eq. 4). 

S S 

II II 
RX + NaSCR’ - RSCR’ + NaX (eq. 3) 

RCSCH,COOH + R’SH - .HR’ + HSCH 2 COOH (q. 4) 

II 
S 
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In the addition of dithioic acids to olefins, however, dithioesters can be obtained 
nearly quantitatively simply by mixing the reactants and practically all kinds of 
dithioesters bearing complicated skeletons like E or F can be prepared. 

Rz S S 

I II H fi’ ‘i’ 
R,--CSCR, or R,CS--CCH-X 

I I 
CH, RZ 

E F 

X: electron-withdrawing group 

Thus, even the l&bisdithioester shown below can be prepared. 

RSCHCHsSCR’ 

I II 
SCR’ S 

II 
s 

TABLET 

Dithioester NMR 
IR (cm-‘) Elemental 

(C+.v Analysis (%) 

P;lC&C& 

I II 
CH, S 

3 

I\ 
PhSC-SC&, 

I II 
CH, S 

PilSC&C;l, 

CH ! 3 
3 

P’hSC;r,ClLCC~, 

I II 
cy3 s 

(P)Cl&C,;I,0&CC;1, 

I II 
cy3 s 

1 

2 

3 
4 

1 730 (m, 5H) 

2 190 (9, 6H) 1200 861 

3 2.62 (s, 3H) 

7.17 (s, 5H) 

5.01 (q. 1H) 

1.69 (9, 3H) 1196 862 

277 (s, 3H) 

7.30 (m, 5H) 

5.15 (q, 1H) 1190 860 

1.70 (d, 3H) 

2.74 (s, 3H) 

7.35 (m, 5H) 

3.35 (t, 2H) 1190 860 

4.00 (nz 1H) 
1.52 (d, 3H) 
279 (s, 3H) 

2.31 (s, 3H) 

6.92 (m, 4H) 1190 861 

612 (q, 1H) 
1.85 (d. 3H) 

CdWz 
Calc C, 61.22 

H, 612 

Found C, 59.82 

H, 5.87 

C,,H,,Sz 
Calc. C. 62.86 

H, 667 
Found C, 61.22 

H, 6.60 

C,,H,,S, 
Calc. C, 52.63 

H, 5.26 

Found C, 51.69 

H, 5.29 

C,,H,.Ss 
Calc. C 5454 

H, 5.78 

Found C. 52.71 
H, 5,34 

CIIHI&% 
Calc. C, 58.89 

H, 6.32 

Found C, 57.10 
5 280 (s, 3H) H, 6.30 
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TABLE &continued 

Dithioester 

__-- 

NMR 
IR (cm-‘) Elemental 

(C=s) Analysis (%) 

Ck,CIfSCCA, 

Lb 
3 

&I,CSCI&,CN 1 2.88 (s, 3H) 

II 2 3.50 (1. 2H) 

s 3 2.72 (1, 2H) 

&s&*&c00;1 
II 
S 

Cl”, 
I &,cs&c0& 

I I 
S CHI, 

CH; 

I 
C;1,CSCtl,CHCOOCH3 

CsFi,NCii2C;I,SCC;13 
II 
s 

PkC;I-CI;,SCCH, 

I II 1’ 
SCCH, S 

II 4 
S 

PhsckcPt 

I II 
cy,s 

I 1.62 (d, 3H) 

2 6.43 (q, 1H) 

3 208 (s, 3H) 

4 2.75 (s, 3H) 

1 2.83 (8, 3H) 

2 3.47 (t. 2H) 

3 2.76 (1, 2H) 

4 11.38 (s, 1H) 

1 2.70 (s, 3H) 

2 1.61 (s, 6H) 

3 3.36 (s, 2H) 

4 2.08 (s, 3H) 

1 2.80 (s. 3H) 

2 3.38 (d, 2H) 

3 2.84 (m, 1H) 

4 1.28 (d, 3H) 

5 3.67 (s, 3H) 

1 848-8.10 (m, 4H) 

2 3.08 (1, 2H) 

3 360 (1, 2H) 

4 2.76 (s, 3H) 

1 7.34 (m, 5H) 

2 5.35 (& 1H) 

3 3.76 (d, 2H) 
4 or 4’ 2.82, 2.77 (8, 6H) 

1 or 1’ 7.52, 8.15 (111, 10H) 

2 5.54 (4, lH) 
3 1.32 (d, 3H) 

1 7.14 (m, 4H) 

2 260-1.62 (III, 4H) 

3 530 (t. 1H) 

4 228 (s, 3H) 

1220 856 

1220 (C=o) 

1199 860 

2260 (CN) 

1194 860 

1700 (C=o) 

1185 865 

1710 (C=o) 

1192 856 

1730 (c--o) 

1192 862 

1194 856 

11% 858 

1200 860 

G~JO,S~ 
Calc. c, a45 

. H, 5.62 

Found C, 39G5 

H, 5.40 

C,H,NSz 
talc. c 41.37 

If, 4.83 

Found C, 4@8 

H, 5.2 

WW2S2 

Calc. C, 36.58 

H, 488 

Found C, 35.49 

H, 463 

CsH,,W 
Calc. c, 5@53 

H, 7,37 

Found C, 48.82 

H, 7@I 

GH12O2S2 

Calc. c, 43.75 

H, 6.25 

Found C, 41.96 

y 590 

C,H, INS, 
Calc. C, 54.82 

H, 559 

N, 7.11 

S, 3248 

Found C, 525 

H, 5.6 

N, 6.9 
S, 29.6 

C,sH& 
Calc. C. 62Q2 

H, 4.82 
Found C, 61.89 

H, 5.01 

G,%tS2 

Calc. C, 63.77 
H, 5.31 

Found C, 61.17 
H, 5.65 
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Ditbiocster 

TNILE 4-continued 

NMR 
IR (cm- ‘) Elemental 

(-1 Analysis (%) 

1 7.35 (m 6H) 
2 427-3.02 (m, 2H) 
3 515 (m,lH) 
4 2.78 (s, 3H) 

1200 860 CJWI 
Calc. C, 68.85 

H, 4.83 
Found C, 66.41 

H, 4.83 

EXPERIMENTAL 

IR spectra were determined with a SG-25 instrument, Japan spectroscopic Co. Ltd., in CCI,. KBr disk 
or neat. NMR spectra were recorded on a Hitachi R-20 spectrometer using CCl, or CDCI, containing 
TMS as internal standard. Chemical shifts are reported in ppm downtield from TMS. 

Dithioacetic acid was prepared by the method described by HoubenL4 The fraction boiling at 3540”/20 
mm was collected (yield 1 S%).!Dithiobenzoic acid was prepared by the method of Becke” and used without 
further purification. 

Phenyl viny1 sulphoxide and ally1 phenyl sulphoxide were prepared by oxidation of the corresponding 
sulphides with H,O,. b.p. 133-lW/6mm (132-133”/7 mm)” 51% yield; b.p. 113-llS”/l mm (103-lW/ 
0.36 mm”) W/. yield. Research grade reagents of olefms were used without further purification. 

Preparation of sulphoxides, sulfiilimines and sulphonium ylides. The sulphoxides listed below were 
prepared by oxidation of the corresponding sulphides by Br, in the presence of pyridine in AcOH and 
water, according to the usual procedure.‘* 

Ph 
\ 

S + 0 b.p. 1 lo”/l-2 mm (lit.‘* b.p. W/O25 mm) 

CH,’ 

Ph 
\ 

S -t 0 mp. 127” (lit. I9 m.p. 127”) 

PhCH( 

Ph 
\ 

S + 0 b.p. 101.5-102’/2 mm (lit.” b.p. lOl-102”/1 mm) 
/ 

Et 

DMSO was purified by repeated vacuum distillation from NaH, b.p. 81-82”/20 mm (lit.” b.p. 86”/ 
25 mm). Diphenyl sulphoxidc was prepared by the reaction of SOCI,, benzene and AICI,, m.p. 70-71” 
(lit.22 mp. 71”). 

Sulfilimines were prepared by the reaction of tbz corresponding sulphides and chloramine-T as de- 
Scribed.2 

Ph 

(CH,),&Ts mp. 157-157.5”: 
\+ - 

S-NTs 129-130”: 

CH( 
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Ph Ph 
\+ \+ - 

S-NTs 146-147”: S-NTs 97-98”: Ph,+S--NTs 11 l-l 12”: 

PhC”( Et’ 
Sulphonium ylides were prepared by the reaction of the corresponding sulphides and dimethyl- 

diazomalonate in the presence of copper salt by a literature procedure.” 
Ph 

(CH&--C(COOCH,), m.p. 169-170”: ) ;aCOOCH& 126-127” 

CH3 
Ph 

;;--c(COOCH,), mp. 1505-151w: Ph,&(COOCH,), 127-128” 

PhCH, 

Phenyl vinyl sulphoxide 1 with di&oacetic acid. When phenyl vinyl sulphoxide (I) (042 g, ooO27 mole) 
and ditbioacetic acid (055 g, 06 mole) were mixed, an exothermic reaction occurred. The reaction 
product was separated by chromatography through a silica gel column with benzene-hexane and 018 g 
of wine coloured 1,2-bis(dithioacetoxy)ethyl phenyl sulfide (II) was obtained (90%) IR and NMR spectra 
are in Table 4. (Calc. for C, 2H ,$s : C, 45240/, H, 4.42 Found : C, @98; H, 421%). 

Ally1 phenyl sulphoxide III with dithiwcetic acid. A CCl, solution of ally] phenyl sulphoxide (III) (2Og, 
012 mole) and dithioacetic acid (2.4 g 0026 mole) was heated at 70” for 4 hr. After evaporation of CCl*, 
the products were separated by column chromatography (silica gel, benzene-hexane) and ally1 phenyl 
sulphide (IV) (09 g, 52%) was obtained as main product together with diphenyl disulphide (V) (@2 g, 8%). 
phenyl trithioperacetate (VI) as a reddish oily product (@12 g, 5%) and ally1 alcohol (VII) (trace). IV, V 
and VII were identified by IR and NMR comparison with those of authentic samples. VI was identified 
by IR, NMR and elemental analysis. 

(VI): IR (cm-‘) 1210 (C=S) 850: NMR 2.87 (s, 3H. SCSCH,) 741 (s. 5H. -Ph). (Calc. for CsHsS,: 
C. 5074: H, 4.43. Found : C. 48M); H, 4#/,). 

Dithiwcetic acid with phenyl vinyl sulphide. When dithioacetic acid (@18 g, O-C02 mole) was added to 
phenyl vinyl sulphide (Q14 g, 0001 mole) a vigorous exothermic reaction occurred. After separation of 
mixture by column chromatography (benzene-hexane) an only product obtained quantitatively was 
found to be a-dithioacttoxyethyl sulfide, a simple addition product of dithioacetic acid to phenyl vinyl 
sulfide together with a minute amount of an oily reddish material. 

Reduction of sulphoxides, sulphilimines and sulphonium ylides with dithioacetic acid and dithiobenzoic acid. 

When methyl phenyl sulphoxide (084 g, OGO6 mole) was added to dithioacctic acid (1.2 g 0013 mole) at 
room temp, an exothermic reaction occurred. The products were separated by chromatography through 
a silica gel column with benzene-hexane as solvent or collected by GLC (SE-30, So/’ 2 m, H2 as a carrier 
gas). Methyl phenyl sulphide (070 g, 95%) was identified by IR and NMR comparison with an authentic 
sample. The reddish oily product was obtained together with a trace of water but could not be purified. 
The IR spectrum of the product showed a strong band at 12OOcm-’ due partly to dithioacetyl disulphide 
(VIII), prepared by the KI-I, oxidation of dithioacetic acid. Other sulphoxides were similarly reduced to 
the corresponding sulphides. With diphenyl sulphoxide the reaction proceeded rather slowly but gave the 
corresponding sulphide quantitatively. 

Similarly, the reduction of N-ptoluenesulphonyl sulphilimines procazded smoothly giving the corres- 
ponding sulphides and ptoluenesulphonamide in good yields. Thiiamide was identified by IR comparison 
with an authentic sample. IR (cm-‘) 906, 1155, 1330, 1093, m.p. 137”. 

When an equimolar amount of methyl phenyl sulphonium bisjmethoxycarbonyl)ethylide and dithio- 
acetic acid was mixed, an exothermic reaction occurred to form phenyl methyl sulphide and dimethyl 
dithioacetoxymalonate (IX), respectively. IX was readily prepared from the reaction of dimethyl bromo- 
malonate with sodium dithioacetate. In the case of dithiobenzoic acid, dimethyl dithiobenzoyloxy- 
malonate was obtained as a reddish oil. 

S 

II 
CH&SCH(COOCH,), IR (cm-‘) 1195 (CkS), 864: 1738 (c--O, broad); NMR 551 (S, lH, +k 3% 

(S, 6H, --COOCH& 2.89 (S, 3H, -SCSCH,). 
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s 
II 

PhCSCH(COOCH,), IR (cm-‘) 1201 (c=s), 868: 1742 (C=O, broad): NMR &25,7.71 (m, 5H, -Ph), 

3.94 (S, 6H, XOOCHs), 5.89 (S, lH, 9. 

Addition reaction ofcarbodithioic acids with 01&s. All addition reactions were carried out in CCI, or 
neat without degassing in sealed tubes and the products separated by column chromatography (silica gel, 
benzene-hexane) and identified by IR, NMR and elemental analysis (Table 4). All products were red- 
coloured. A CCI, solution of styrene and carbodithioic acid was sealed in a degassed tube which was 
heated at 70”. The resulting product was almost the same as the product of the reaction carried out without 
degassing. 

(i) Markownikofl~ype addition. In the case of vinyl sulphoxide and vinyl ether, an exothermic reaction 
took place immediately upon mixing with the olelins, while in the case of other olefins a CCI, solution of 
an equimolar mixture of an carbodithioic acid and an olefin was heated at 70” for 4 hr. The products listed 
in Table 2 were obtained quantitatively. 

(ii) Michael type addition. Except 2-vinylpyridine, other electrophilic olefins were mixed with carbo- 
dithioic acids in Ccl4 and heated at 70” for 20-30 hr. When 2-vinylpyridine was mixed with carbodithioic 
acids, a vigorous exothermic reaction occurred and the adduct was quantitatively formed. Products 
obtained are shown in Table 3. 

Competitive reaction between olefn and sulphonium ylide toward dithioocetic acid. A half mole of dithio- 
acetic acid was added to a CHCI, solution of an equimolar mixture of methyl phenyl sulphonium 
bis(methoxycarbonyl)methylide and olefin in the NMR sample tube and the mixture was heated gently 
until the S-H absorption (602 ppm) in the NMR spectrum had disappeared. The relative intensities of 
the signals of methyl group (2.4 ppm) of the resulting methyl phenyl sulphide and that (about 1.7 ppm) of 
the resulting adducts in the NMR spectrum w:re measured. The results are shown below. 

Oletin Ylide/Oletin 

PhSCH==CH, 
CH,X,H,OCH=CH, 
PhCH=CHI 
PhSCH,CH*H, 
PhOCH,CH==CH, 

-1 
-1 

l 

l 

l 

l Too slow for olefin to be observed 
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