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SYNTHETIC COMMUNICATIONS, 25(22), 3573-3581 (1995) 

A FACILE METHOD FOR THE SYNTHESES OF 
DIALKYL DISULFIDES FROM SULFUR 

UNDER PHASE TRANSFER CONDITIONS 

Jin-Xim Wang( Chin-Hsien Wtmg) I, Wenfeng Cui, nnd Yuhi  Hu 
Institute of Chemistry, Department of Chemistry, 

Northwest Normal University, Lanzhou, 730070, China 

Abstract: A convenient reaction of alkyl halides with 
sulfur in alkaline medium has been found to afford 
disulfides in good to excellent isolated yield under phase 
transfer conditions. 

Phase transfer catalysis is one of the most attractive 
techniques in organic synthesis. The process is 
versatile, fast, inexpensive, involves moth workup, gives 
good yields and needs less drastic conditions compared to 
conventional methods of synthesis. The technique has a 
very broad scope of application. 
few practical applications have been devised for inorganic 
synthesis. 

Surprisingly, however, 
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3574 WANG, CUI, AND HU 

The chemistry of organic sulfides,which are of interest 
from the viewpoint of organic synthesis, biochemistry, 
catalysis, organic ligand complexes, and polymer chemistry, 
has been well studied. 

Several methods for the preparation of organic 
dkulfides have been derJcribed.q-e One of them c o d &  of 
oxidizing the corresponding thiols, a reaction which has 
been extensively studied with a variety of reagents. 
Several reagents such as, bromodimethylsulfonium bromide, 
bromine/aqueous potassium hydrogen carbonatexo, 
bis[trinitratocerium( IV) Jchromate, 
Se02, 13 cluster (n-BGN) Fe4S4( SR) J02, 1R barium 
permanganate, BuanOMe/FeCg, ls benzyltrimethylRmmanium 
tribromide, l7 2,2’-dithiopyridine-l,1’-dioxide, 28 

( BrCH2CH2)zSeBrz, le MzB,Oe/O,, ao 5,6-dibromomeldFum’e 
acid, 31 corresponding chloroselenane, Co( 11) 
ealcen/O&tir, Na2TeOa, p- tolueneaulphonyl 
chloride Z Z ~  etc., have been used in the field. Disulfides 
can be easily prepared by electrochemical oxidation of the 
corresponding thiols in methanol/sodium methoxide solution 
under conditions of constant current, 26 thiol acetate with 
clayfen in the absence of solvent ST and oxidative 
cleavage of aryl or alkyl tert-butyl Although 
there are a number of methods available in the literature 
for the synthesis of disulfides, the most commonly 
employed method for the direct conversion of benzyl 
halides to disulfides has been using Na2Sa or Na2SP.”’ 
Usually, dialkyl polysulfides are obtained from alkyl 
halide8 and sulfur in an alkaline medium. 8o 

sulfonyl chlorides, ia 
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DIALKYL DISULFIDES 3575 

- 
a 
b 

d 
e 
f 

C 

NaOH, PEG-400 
2RX-I-23 -+ RSSR 

CaHe, S S C  
Qa--k 

R X 

Scheme 1 

Recently, we have reported the synthesis of di(acy1) 
disulfides and di( acyl) diselenides from sulfur or selenium 
with halides in alkalin medium under phase transfer 
conditions.a1,8aIn this paper, we have now used a phase- 
transfer method for the reaction of sulfur with alkyl 
halides. Dialkyl disulfides (3) can be synthesizedin high 
yield simply from the reaction of an alkyl halides (1) with 
sulfur @)in a two phase system consisting of bemne,water, 
and a phase -transfer cata1yst.The reactions are shown in 
Scheme 1 and the results are summarized in the Table 1. 

Table I showg r e d &  of reaction of gulfur with sodium 
hydroxide and alkyl chloride under phase transfer catalysis. 

The results show that the phase transfer catalyst is 
not only involved in production of the disulfide ion in 
solution, but also catalyses the substitution reaction on 
the alkyl ch1orides.For example, in order to elucidate the 
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3578 WANG, CUI, AND HU 

action of phaste transfer catalysts, we have investtigated 
the reaction of sulfur without them.The reaction of sulfur 
with sodium hydroxide was continued for 8h at  70-80C, but 
with no yellow(SZ-) in aqueous 1ager.After only a few 
drops of PEG-400 was added into the system,the aqueous 
layer becomes yellow after 5 minutes. The Table 1 shows that 
the yield of dibenzyl disulfide(3f) is 95%. Under the 
same conditions but without the phase transfer catalyst for 
15 h, the yield of 3f is only 13%. 

W e  also investigated the effects of different phase 
transfer catalysts on the reactions of S with OH- and Saa- 
with a hydrocarbyl ha1ides.R is found that the activities 
of the catalysts are in the following order. 

( C,Hd * N C L  ( C2Hs) rNBr 
The efficiency of various solvents on the formation of 

dibenzyl disulfides was studied using phase transfer 
catalysts. The benzene were found to be effective solvents 
for the reaction,. For various solvents, the effect for 
the synthesis of dihydrocarbyl disulfides is in the 
f ollowinp; order: 

PEG-~OOJPEG-~OO>PEG~>CTMAB- (CZH,) ,NI-1&-GB> 

0 >Q >CH,CN>CH,C1,>CHs(CH2)rCHs 
An original attempt was made to introduce phase transfer 

catalysis into inorganic reaction system by Deng and 
&en.* Deng et al.,2R' have also reported the mechanism of a 
sulphur disproportionation reaction at  dilute alkali under 
phase transfer conditions, which is the same as the one 
which occurs at high temperature. 

4St60H- - +2Sa-tS~@-t3H~0 
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DIALKYL DISULFIDES 3579 

We consider that the mechanism includes two parts, 
inorganic synthesis and organic synthesis under phase 
transfer catalysissa.The PEG was chosen as the catalyst 
for the reaction between hydroxide ions in aqueous phase 
and elemental sulfur in organic phase and the generates 
Sg-. Reaction of PEG with NaOH forms [PEG-NarOH- 
which, in the presence of SE-, generates [PEG-NaESZ- 
and transfer to organic phase from aqueous phase. 
[PEG-NaESE-reacts with the RX rapidly to afford the 
desired RSSR,and PEG-NarOH- i s  regenerated by ion 
exchange of [PEG -NarX-with NaOH. The PI33 is used 
circularly in the reaction. 

EXPERIMENTAL SECTION 
IR spectra were measured for KBr discs using an Alpha 

Centnuri FT-R specfrophotometer. H'NMR spech(B0MHz) wme 
recorded in CDCl, using a FT-80 spectrometer. Microanalyam 
were measured using Carlo Elba llO6 microelemental analyaer. 

General Procedure. -Sulfur powder(l2. bmol} was added to 
armxture of PEC3-400(0.05 mmol), sodium hyhxide(6M 2Oml), 

and benzene(30ml) a t  05-70c for 3h with stirring. The 
alkyl halides (10 mmol}was added and the reaction mixture 
was stirred at 65% for 1 h.The aqueous layer changed from 
yellow to colourless immediately. The organic layer was 
separated, washed with water(3XlOml), and dried (MgSO,), 
The solvent was removed by evaporation under reduced 
pressure to afford a crystaline dialkyl disulfide. 
Recrystallization from ethanol or ethanolbemne gave the 
analytically pure products. 

D
ow

nl
oa

de
d 

by
 [

U
Q

 L
ib

ra
ry

] 
at

 1
2:

51
 0

6 
N

ov
em

be
r 

20
14

 



3580 WANG, CUI, AND HU 

We are grateful to the Gansu Natural Science Foundation 
of China and the Educational Committee of Gansu province 
for financial support of this project. 

REFERENCES 
1 (a) E. V. Dehmlow, S. S. Dehmlow. Phase Trader Ca-, Verlag Chemie, 

Weinheim, 3nd edn., 1993; 

2 (a) T. F. Warren, T. Masao, Polymer Supportsp Phase Transfer Catalysts: Reaction 

Mechanisms, Advances in Polymer Science 55,Sl- 101, Springer Verlag, Berlin, 
Heidelberg, 19E4; 

(c) Chin-Hsien, Wang et al., Synthesis, 1982, 494. ; 1982,868. ; 1981, 6n. 

(b) Jin- Xian Wang and H.Alper, J. Org.Chem.,lW, 61, 27% 

3 (a) T. Deng, and J. Y. Chert, J. Inorg. Chem., 1987, 3, E&(Ch) (b)T.Deng, 

and J. Y. Chen, J. Chem. Ind. zmd Eng., 1988, 538. (Ch). 
4 (a) R. J. Parry, Tetrahedron, 1983, 39, 1215; (b) J. H. Karchmer,The 

Analytical Chemistry of Sulfur and Its Compounds;Wiley: New York, 1972, 

(c) E. Kuhle, The Chemistry of the Sulfenic Acids; Georg Thieme Verlag. 
Stuttgart, 1973; (d) I. B.Douglass, R. V. Norton, J. Org. Chem. 19€8, 33, 

2104; (e) I.B. Douglass, J. Org. Chem. 1974, 39, 663; ( f )  C. M. Suter, 

The Urganic Chenktry of sulfur and Its Compounds; Wiley: New Ymk, l97!?; 
(g) S.Oae,&ganic Chemistry of Sulfur, Plenum Prees,New Yark,1977; (h) 

Klamann, Methoden der Organkhen Chmie (Houbn-Weyl), Ed GemgTbime 

Veriag,Stnttgart,4tb edn, 1985, Vol. Ell, Part 1. 
5 (a) H. Ohe, Bull. Chem. Soc., Jpn., 1983, 66, 3813; fb) J.R. Babu, and M.V. 

Bhatt, Tetrahedron Lett., 1986, 27, 1073; (c) P, Dhar, R. Ranjan and S. 
Chandrasekaran,J. 01-8. Chem., 1990. 55, 3728. 

6 0. Tadashi, N. Tomoki and F. Takayuki, Tetrahedron Lett., 1990, 31, 1017. 

7 Y .  Uhar and s. Chandrasekmn, J. Org. Chem., 1989, 64, 2998. 

8 G. Capmzi, Tetrahedron Lett., 1989, 30, 2996. 

9 G. A. O l d ,  M w u d  Itmaghi ,  Y. D. Va&ar, Synthwis, 19779, 721. 

I0 J. Drabowicz, hi. Mikotaczyk, Synthesis, 1980, 32. 

LI H. Fkouzabsdi, N. Iranpoor, H. Parham, A.fku&man ' andJ.Tdan,Synth. 

Commun., 1984, 14, 717. 

D
ow

nl
oa

de
d 

by
 [

U
Q

 L
ib

ra
ry

] 
at

 1
2:

51
 0

6 
N

ov
em

be
r 

20
14

 



DIALKYL DISULFIDES 3581 

l2 Jean-Pierre Mahien, Martine Gosselet, Bernard Sebill, Yves Beuzad,Syntb. 

Commun., 1988, 16, 1709. 

13 K. A. Uemriashvili, V. A. USOV, M. W.Larik,M.G. Vwmkop,'Lh. (hg. Khjmn, 

XXII, 454. 
14 T. Nagano, K. Yoshikawa and M. Hirobe, Tetrahedron Lett., 1980, 21, 297. 

16 H. Firouzabadi, E. Mottghinejad, M. Seddighi, Synthesis, 1989, 378. 

16 T. Sam, J. Otera and H. Nozaki, Tetrahedron lett., Isso, 31, 3691. 
17 S. Kajigaeshi, et al., Chem. Express, 1991, 6. 129. 
18 Derek H. R. Barton, Chen Chen and G.Mic;hael,Wdl, Tetrahedron, 1991, 4 7 , W .  

19 S. Akabori, Y. Takanohashi, S. Takagi, Synth. Commun., 1990, 20, 3l87. 

20 A. Mckillop, D. K~yuncn,  Tetrahedron Lett., 1990.31, MWI. 
!!A Guqong wa, Zhihen Hu and Xian Huang, Chemical Reagents, 1991, 13, 136. 

B H .  iu- H. M. b d  & N .  F- J. ~ m .  cben. k , m  
u3, 6337. 

23 K. %&at, Y. l'achifuii and M. Haahknoto, Synth.Heact. Inorg. Me&chg. Chem., 
1990, 20, 901. 

U H. Suauki, Sri-ichi kawato and A. Nasu, Bull. Chem. Sot;. Jpn., 1992, 66, 828. 

25 Brian 0 Broin and Raphael Darcy, Synth. Commun., 1993.23, l.209. 

26 Sergio L. S. Leite, Vera L, Padhi, and Viertler Hans, Synth. Coramrm, ISSO. 

27 Harshadas M. Meshram, Tetrahedron lett., 1998, 34, %a. 
28 Daniel A. Dickman, S. Chemburh, Danald B. KoPropacLi E,.Michae Elieseou, 

29 S. V. Amwva,  V. V. Nospreva, M. V. Sigalov, 2%. Org. Khim., 1992, 28, 927, 
30 (a) G. Morel, E. Marchand, A. Foucaud, Synthesis, IS80, 918. (b) J. J-k, 

20, 393. 

Synthesis, 1993, 673. 

Angew. Cbem. Int. Ed. Engl. 1919, 18, !2l7. 

31 Jin-Xian W q ,  W. F. Cui, Y. L. Hu, aad S. S. m, J. C h  Res, (8, Isea, 
230. 

32 J i n - h  W-, W. F. C& Y. L. Hu, and K. b, Chin. Chem. W. Isso, I, 
193. 

3a.Jin-lCian Wang, W.k'.cui, Y.L. Hu, Synth.Commun., 19%,26, in the prw. 

(Received in The Netherlands 24 April 1995) 

D
ow

nl
oa

de
d 

by
 [

U
Q

 L
ib

ra
ry

] 
at

 1
2:

51
 0

6 
N

ov
em

be
r 

20
14

 




