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SYNTHESIS OF ORGANIC SULFIDES VIA
Zn/AICl; SYSTEM IN AQUEOUS MEDIA

M. M. Lakouraj,”* B. Movassagh,' and Z. Fadaei’

"Department of Chemistry, Mazandaran University,
Babolsar 47415, Iran
*Department of Chemistry, Razi University,
Kermanshah 67149, Iran

ABSTRACT

An efficient procedure for preparation of various sulfides
has been introduced through a simple reaction of disulfides
with suitable alkyl or aryl halides which is promoted by com-
mercial zinc powder in the presence of AICl; in aqueous
media at 65°C.

Recently, organometallic-type reactions in aqueous media have
attracted considerable interest in organic synthesis.! If one can perform
these reactions in aqueous media just as generally and easily as in organic
solvent, such reactions may offer a number of advantage: i) practical con-
venience and environmental benefits due to the omission of inflammable and
anhydrous solvents; ii) protection and deprotection process for certain func-
tional groups can possibly be simplified; iii) water-soluble compounds and
substrates bearing active functional groups can be reacted directly without
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the need of derivatization; iv) the rate and stereochemical outcomes of the
reactions may offer new opportunities in synthesis.

Most commonly, zinc, indium, tin and bismuth or BiCl;/Al,
BiCl;/Zn and BiCl;/Fe systems are used.'> However, the application of
aqueous organometallic reactions seems to have been somewhat limited
mainly to allylation and propargylation of carbonyl compounds.

Sulfides are useful synthetic reagents and intermediates in organic syn-
thesis. Many methods are known for the formation of sulfides including
desulfurization of disulfides, reduction of sulfoxides and sulfones, aryllithium
or organocuprate addition to thiocarbonyl compounds;® the treatment of
halides with sodium sulﬁdes,4 thiourea;’ the use of electrophilic sulfur
species;® the use of bis(tributyltin)sulfide as a sulfur transfer agent;’ treatment
of thiols and alkyl halides with DBU.® Under the action of phosphorus(III)
compounds disulfides are subjected to partial desulfurization leading to sul-
fides.” A number of complexes of iron, nickel and other transition metals
have been studied rather extensively as reagents for desulfurization of various
compounds.'? But, all methods mentioned above lack in general applicability
because of severe reaction conditions and complicated procedures and/or
activated reactants are required. The traditional method for preparation of
unsymmetrical sulfides and the alkylation of thiols suffer from drawbacks
such as foul smelling of thiols and elevated temperature. Recently, montmor-
illonite-3-aminopropyl triethoxysilane and Ce exchanged zeolite catalyzed
synthesis of sulfides has been reported.'! Also, in a more recent study Lu
and Zhang reported the formation of benzyl sulfides catalyzed by a Sm/BiCl;
system in aqueous media, in which disulfides were used as a thiolating
source.'? Disulfides are important reagents in synthetic chemistry, and
many methods have been published for synthesis of disulfides.”'* Among
them, oxidative coupling of thiols to disulfides is the most important one."*

In connection with our ongoing work on Zn/AICl; system, we wish to
report a convenient route to the preparation of different sulfides through a
simple coupling of disulfides with alkyl and aryl halides promoted by cheap
and reactive metallic zinc dust in the presence of AlCl; in DMF-H,O-mixed
solvent (Scheme 1).

The results are summarized in Table 1. The treatment of symmetrical
aryl disulfides with benzyl bromides (Entries 1-7, Table 1) and primary alkyl
bromides (Entries 8 and 9, Table 1) affords the corresponding aryl-alkyl

Zn/AICI,

RSSR + 2R'X >
DMF/H,0

2RSSR’

Scheme 1.
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sulfides in excellent yields. Under the same conditions tertiary alkyl halide
(Entry 10, Table 1) does not produce the expected sulfide even after 27 h. This
represents the Sn2 type nucleophilic reaction (Scheme 2). In the case of aryl
halides containing strong electron withdrawing substituents (Entries 11-17,
Table 1), the reactions proceed more easily to afford diaryl sulfides in good to
excellent yields, but simple aryl halides (Entries 18-20, Table 1) and those
having electron donating substituents (Entry 21, Table 1) do not react at all.
As a result, an SyAr mechanism is proposed for these halides (Scheme 2).
While symmetrical dialkyl disulfides react conveniently with alkyl halides
(Entries 2427, Table 1) to give the corresponding sulfides, the reaction of
symmetrical dialkyl disulfides (Entries 22 and 23, Table 1) with aryl halides
failed due to fast formation of an unknown complex. Also, under the same
conditions, a-cyanothioethers (Entries 28 and 29, Table 1) were easily synthe-
sized in high yields, using chloroacetonitrile as alkyl halide.

R'-X
— ————%® RSR’
SNZ
Zn
RS-8R > [(RS)ZZn
AICI;
Ar-X
RSAr
SNAI'

Scheme 2.

It is worth mentioning that zinc powder was also examined with dif-
ferent Lewis acids such as BF3-Et,O, AlCl;, FeCls, and ZnCl, in different
solvents, but the best result was obtained with the Zn/AICl; system in DMF-
H,0 mixed solvent. The presence of AICl; and H,O is essential in this
procedure.

To conclude, this method is attractive since it offers some advantages
over earlier reported procedures in that it avoids the need to apply thiol, the
manipulation of air-sensitive transition metal complexes, and the use of dry
solvent, as well as being carried out under mild conditions.

EXPERIMENTAL

Disulfides were prepared according to the method reported by Rieke
et al.'® Zinc powder and AICl; were purchased from Merck company.
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Table 1. Preparation of Sulfides from Disulfides with Zn/AlCl; in DMF/H,O

Time Yield® M.P. (°C) (obs.)/M.P. or

No. R R'X or ArX (h) (%) B.P. (°C/mm) (lit.)™"
1 Ph PhCH,Br 13 90 (41.5-42.5)/40-42"2

2 p-CIC¢Hy PhCH,Br 15 90 (53)/53'"

3 p-MeC¢H, PhCH,Br 11 94 (45-45.5)/45-46"°

4  m-MeCe¢H, PhCH,Br 12 94 (30-32)/31"7

5 Ph p-NO,C¢H,CH,Br 12 95 (79)/79'8

6 p-MeC¢H, p-NO,C¢H,CH,Br 10.5 93 (94-94.5)/90"°

7 p-ClCH, p-NO,CqH,CH,Br 14 85 (70-70.5)/66-67%°

8 p-MeCe¢H, CH;(CH,),CH,Br 17 95° (80-82/1 mm)/

135-138/15 mm?!

9 p-ClC¢H, CH;(CH,),CH,Br 18 100° (0il)/175-6/12 mm*>
10 p-MeCgH,; Me;CCl 27 0 -

11 Ph 2,4-(NO,),C¢HsCl 6 95 (120-121)/120%

12 p-CIC¢H,  2,4-(NO,),CeH,Cl 8 85 (125-126)/123-124*
13 p-MeCgH; 24-(NO,),CeH,Cl 45 95 (102-103.5)/102.5-104%°
14 m-MeC¢Hs 2,4-(NO»),CeH4Cl 5.5 75 (100-101)/100-101.5°
15 Ph 2,4-(NO,),CcHF - 3 92 (120-121)/120%

16 p-ClC¢Hy  2,4-(NO,)CcHLF 35 92 (125-126)/124%

17 m-MeCe¢H,; 2,4-(NO5),CcH,F 2 73 (100-101)/100-101.5%
18 Ph Ce¢Hs-F 18 0 -

19 Ph CgHs-Cl 18 0 -
20 Ph C6H5-Br 19 O —
21  Ph m-MeCeH4Br 17 0 -
22 Cyclohexyl 24-(NO,),C¢H,Cl 19 0 -
23 CH;(CH,); 2.4-(NO,),C¢H,Cl 19 0 -
24  CH;s(CH,); CH;5(CH,),CH,Br 18 88° (oil)/187/5 mm>
25 CH;(CH,); PhCH,Br 19 86 (0il)/175/12 mm>®
26 PhCH, PhCH,Br 21 550 (50)/49-51%
27 CH;s(CH,); PhCH,Br 16 100° (o0il)/130/5 mm?’
28 Ph CICH,CN 3.5 87 (0il)/133-135%
29 p-CIC¢H, CICH,CN 6 85 (89-90)/88-90°

*Yields based on pure isolated product.

G.C. Yields.

All products were characterized by comparison of their spectral and physi-
cal data with those of known samples. IR spectra were obtained using a
Shimadzu 470 instrument. "H NMR spectra were determined by Jeol INM-
PMX 60 MHz or Bruker 200 MHz NMR spectrometer. Melting points were
obtained by a Gallen-Kamp apparatus and were corrected.
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General Procedure for Preparation of Sulfides from Corresponding
Diaryl Disulfides (Method A). A mixture of diaryl disulfide (0.5 mmol),
zinc powder (130mg, 2mmol), aluminum chloride (133mg, 1mmol),
DMF (10ml), and water (2.5ml) was stirred at 65°C for 1h until the zinc
powder disappeared; alkyl halide and/or aryl halide (1.5mmol) was then
added at once to the solution and stirring was continued at that temperature
for 2-19h in air atmosphere. After completion of the reaction, the solution
was filtered and washed with diethyl ether. The combined ether/DMF sol-
ution was then washed with water and dried over sodium sulfate. The sol-
vent was evaporated in vacuo to give the corresponding sulfide in high yield
which recrystallized from ethanol.

General Procedure for Synthesis of Sulfides from Corresponding Dialkyl
Disulfides (Method B). A mixture of dialkyl disulfide (0.5 mmol), aryl or
alkyl halide (1.5 mmol), zinc powder (130 mg, 2 mmol), aluminum chloride
(133mg, 1 mmol), DMF (10 ml), and water (2.5ml) was stirred at 65°C for
3.5-19h in air atmosphere. After completion of the reaction, the solution
was filtered and washed with diethyl ether. The combined ether/DMF sol-
ution was then washed with water and dried (Na,SQO,). The solvent was
evaporated in vacuo to afford desired sulfide.

ACKNOWLEDGMENT

Authors are thankful to Razi University Research Council for finan-
cial support, and also grateful to Institute of Chemistry of Mazandran
University for complementary assistance of this work.

REFERENCES

1. (a) Li, C.J. Chem. Rev. 1993, 93, 2023; (b) Chan, T.H.; Li, C.J.; Lee,
M.C.; Wei, Z.Y. Can. J. Chem. 1994, 72, 1181.

2. Katritzky, A.R.; Shobana, N.; Harris, P.A. Organometallics 1992,
11, 1381.

3. (a) Urch, CJ. General and Synthetic Methods. R.S.C: London, 1987,
Vol. 12, pp. 236-241; (b) Barrett, G.C. Comprehensive Organic
Chemistry, Jones, N., Ed.; Pergamon: Oxford, 1979; Vol. 3, 943.

4. Lawson, J.K.; Easly, W.K.; Wanger, W.S. Org. Synth. 1963, 4, 892.

5. (a) Fujisaki, S.; Fujiwara, I.; Norisue, Y.; Kajigaeshi, S. Bull. Chem.
Soc. Japan 1985, 58, 2429.

6. Hartman, W.W.; Smith, L.A.; Dickey, J.B. Org. Synth. 1943, 2, 242.

7. Harpp, D.N.; Gingrass, M.; Aida, T.; Chan, T.H. Synthesis 1987, 1122.



Downloaded by [Stanford University Libraries] at 11:54 04 October 2012

1242

10.
11.

12.
13.

14.

15.
16.
17.
18.
19.

20.
21.
22.
23.

24,
25.

26.
217.

28.
29.

LAKOURAJ, MOVASSAGH, AND FADAEI

Ono, N.; Miyake, H.; Saito, T.; Kaji, A. Synthesis 1980, 952.

Belen kii, L.I. Chemistry of Organosulfur Compounds. Ellis Horwood
Ltd.: London, 1990; p. 220.

Angelici, R.J. Acc. Chem. Res. 1988, 21, 387.

(a) Kannan, P.; Pitchumani, K.; Rajagopal, S.; Srinivasan, C. J. Chem.
Soc., Chem. Commun. 1996, 369; (b) Reddy, T.I.; Varma, R.S. ibid
1997, 621.

Lu, L.; Zang, Y.M. Synth. Commun. 1998, 28, 4479.

Capozzi, G.; Modena, G. In The Chemistry of Thiol Group, Patai, S.,
Ed.; John Wiley & Sons: London, 1974; Part 2, p. 801.

Hudlicky, M. Oxidation in Organic Chemistry, ACS Monograph
186, 1990.

Xiaoming, W.; Rieke, R.D. Synth. Commun. 1996, 26, 1910.
Downie, I.M.; Heany, H.; Kemp, G. Tetrahedron 1988, 44, 2619.
Vowinkel, E. Synthesis 1974, 430.

Russell, G.A.; Pecoraro, J.M. J. Am. Chem. Soc. 1979, 101, 3332.
Brookes, R.F.; Cranham, J.E.; Greenwood, D.; Stevenson, H.A. J. Sci.
Food Agr. 1958, 9, 141.

Brookes, R.F.; Clark, N.G.; Cranham, J.E.; Greenwood, D.; Marshal,
G.R.; Stevenson, H.A. ibid 1958, 9, 111.

Gilam, H.; Beaber, N. J. Am. Chem. Soc. 1925, 47, 1449.

Nose, A.; Kudo, T. Yakugaku Zasshi 1976, 96, 140.

Vogel, A. Textbook of Practical Organic Chemistry, 4th Ed.; Longman
Ltd: New York, 1978.

Kharasch, N.; Swidler, R. J. Org. Chem. 1954, 19, 1704.

Rappoport, Z. Handbook of Tables for Organic Compound
Identification, 3rd Ed.; CRC Press, 1967.

Ostrowski, Z.; Lensnianski, W. Roczniki Chem. 1956, 3, 981.
Obolentsev, R.D.; Netupskaya, S.V.; Mashkina, A.V.; Gladkova, L.K.
Izvest. Vostoch. Filialov. Akod. Nauk S.S.S.R. 1957, 10, 60.
Dressler, H.; Graham, J.E. J. Org. Chem. 1967, 32, 985.

Falco, E.A.; Rath, B.; Hitchings, G.H. J. Org. Chem. 1961, 26, 1143.

Received in the UK January 18, 2001



	first

