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Abstract-Gold(llI) halides catalyze the oxidation of sulfides to sulfoxides in a phase-transfer process. The organic 

sulfides, dissolved in nitromethane, are treated with (BudN’AuCb-) in catalytic amount and aqueous nitric acid which 

acts as oxidant. The oxidation of the thio-group is selective and can be carried out also in the presence of other 

oxidizable groups, such as vinyl, tertiary amino, hydroxy, diol etc. which are left unchanged. Moreover in the case of 

asymmetric disulfides the reaction is regiospecific leading to the formation of a single monosulfoxide. 

Gold(lIl) halides have been known from many years to 
oxidize organic sulfides to sulfoxides and sulfones’.’ 

and. more recently. the redox process has been studied 

from a kinetic point of view.4.5 The above process for 

the oxidation of a sulfide to sulfoxide is, according to the 

following eqn (l),: 

fl 
K-S-R’+AuCI, +H,& R--S-R’+AuCI, +2HCI 

R, R’=Alkyl group. (1) 

However, until now, the oxidizing Au(II1) species 
have been used in stoichiometric amounts and no 

attempts to find the conditions for a catalytic process 
have been carried out. Moreover its use as an oxidizing 

agent has been reported only in a few examples. 
Satisfactory results have been obtained performing the 

redox reaction in phase-transfer conditions. The two 
phases employed were aqueous nitric acid and 

nitromethane. The catalyst (0.02405 mole per mole of 
sulfide) can be added as (Bu,N’AuCi4 ) salt or as a I : I 
mixture of H[AuCl,] and (Bu,N’HS04 ). 

The redox process that occurs in the organic phase or 
at the interface is in agreement with the general eqn (2): 

0 

(Ar)R-S-R’ 
Au(IIl) catalyst 

CH1NOJHN02 10%. r.t. --) (Ar)R- -” 

Ar= Aryl group 
R, R’=Alkyl group 

(2) 

while at the nitromethane-water interface and/or in 
water the colourless Au(l) species are reoxidized to the 
yellow Au(lll) species according to eqn (3): 

2NO;t3AuCI,-t6U +8H,0++3AuCL- 

+ZNOt 12HzO. (3) 

Since the oxidation of the organic sulfide by Au(W) is 

generally faster than the oxidation of Au(I) by nitric acid, 

the reaction mixture was colourless until all the sulfide 
was oxidized to sulfoxide and became yellow (Au(II1) 

species) when the reaction was over. 

The working up of the mixture was carried out by 
extraction with dichloromethane, washing of the resul- 

ting solution with a saturated aqueous solution of sodium 
thiosulfate to eliminate the catalyst, drying over sodium 

sulfate, and distilling. The yields were generally high, 
ranging from 82 10 97% and the amount of side products 
was negligible. 

All the sulfides examined in this work together with 

the reaction time and yields, are summarized in Table I. 

Furthermore, in Table 2m.p’s and spectroscopical data 
of the unknown sulfoxides are reported. 

In the first place the hypothesis that (Bu,,N’NO,-) 

could have a catalytic activity was ruled out by 
substituting in the reaction (Bu,N’AuCI,J with 

(Bu,N ‘HSO, ). which does not show any catalytic 
effect. 

Moreover, (Bu,N ’ Br-) allows sulfide-sulfoxide trans- 
formation in appreciable amount for the easy oxidability 
of the Br- to Brz. Actually, the system (Bu&+Br-)/Br- 

in presence of nitric acid is not selective for the 
oxidation of the sulfides and gives very often mixtures of 
compounds. 

The choice of the organic solvent is of particular 

importance. Nitromethane only was found suitable, giv- 
ing rise to a relatively fast reaction rate at room 
temperature, while solvents such as dichloromethane, 
chloroform, some ethers, etc had to be discarded. This 
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Table 1. Phase-transfer catalyzed oxidation of sulfides with nitric acid 

sutmtrate Producta React1 on 
time fh) 

(1) CH,@H,),-S-(CH*),CH, 

(6)” C,E,CH,-%CH,CI!-CHI 

(2)’ C,H%CH,-S-CH,CHzOCOC!f~ 

C,H,C~,-~H,C.H~ 
0 

CH,(CH,),-S-(CH,),CH, 
8 

C.H~~~,-S-Z~~CH:CH, 
b’ 

C,HICH,-S-(CH,),COOH 

8 

CIH,CHI-S-CH,CH,CH 

8 

C,H&HI-~CH,CH,OCOW~ 

c 

2 

1 

1 

7 

2 

6 

4 

3 

5 

18 

(3) C,H,3!,-s-“,:i, (li’Jx C,H,CX r-5C,H, 
g 

W - 

7 
(lt;) C,Ys-S-(W,) &H, (15*)’ - C,H,-$-(C%)&li~ 60 

0 

fL?)PC*H,CH,C’(,-S-C*~~ f:?‘) 6C - C,Y,CH,CH,-pNS 

(tti~UCs~sCH,-S-(CU,),-S-C,H, (la*) C,H,CN,-~-(CH,),-S-C,HL 2 

94 (1) 

92 

97 (3) 

92 

85 (3) 

82 

85 

89 (3) 

87 (2) 

89 

76 

82 

9! 

59 (18) 

9; (20) 

02 (251 

47 

fact can be probably explained taking into account the 
high dielectric constant and water uptake of 
nitromethane. 

The nature of the starting sulfides controls both the 
activity of the Au catalyst and the reaction rate. The 
reaction time, determined in the presence of Au-catalyst, 
results for dialkylsulhdes (1-7 hr) much shorter than for 
~ky~arylsul~des (ca 60 hr) and is extremely long for 
di~lsul~des. Moreover the reaction rate is very sensitive 
to steric factors being much faster for unhindered sub- 
strates than for hindered ones. When the reaction is carried 
out in the same conditions but in absence of Au-catalyst 
(BuN’AuCI.,~ the dialkylsulfides are converted into the 
corresponding sulfoxides to a slight extent (l-3%), while 
~kyl~lsul~des show a higher degree of conversion 
f H-24%). 

The oxidation accomplished by the above procedure 
takes place selectively at the S atom even if other 
oxidizable groups such as vinyl, tertiary amino, hydroxy, 
dial, etc. are present together with the sulfide function. 
Some additional relationships between chemical struc- 
ture and reactivity can be deduced on the basis of the 
results obtained. 

Compound I2 shows a reaction rate much lower than 
that of other d~aikylsulfides jndicating that the presence 
of the amino group produces a strong deactivating effect; 
on the other hand when an amide function is present, as 
in compound 13, this effect appears to be smaller. 

For the compound BzPh(CN)C-S-Bz. both elec- 
tronic and steric effects hinder the oxidation reaction 
and, in our experimental conditions. the starting sulfide 
can be quantitatively recovered after ca 20 hr. 
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When the oxidation reaction is applied to djsul~d~~, 
different rest&s are obtained de~endiog on the relative 
position of the two S atoms. Cyclic d~~~oket~~, for 
example ~-cho4estanone ethy~enthjoketa~ or phenyl-2- 
trombone ethy~entb~~eta~ do not onder~o oxidation at 
the S atom: on the contrary, a quantitative re~ene~tion of 
the corresponding ketone, through a 4-5hr hydrolysis, 
occurs, The phenylacet~d~hyde ~thyienthioke~i behaves 
similarly and the hy~oIy~~~ is complete in 15 hr. 

In the case of disulfides, such as dithiane (14) or the 
dithioether 18, the formation of a monosulfoxide in 93- 
97% yield takes place, Particulariy, the reaction OF the 
latter is regioselective, leading to the oxidation only at 
the benzylie S atom. Otherwise, with the majority of the 
oxidizing agents, both mono- and di~ulfoxjde were 
obtained in comparable yields. 

It is our aim to extend this reaction to other organic 
substrates paying particular a~tentjon to the factors 
which can determine the selectivity and the regio- 
~~ecj~cjty of the redox process. 

~q~i~~e~f. M.ps are uncorrected and were determined with a 
Buchi apparatus. ‘H-NMR and MS spectra were recorded with a 
Yarian EM-390 speclrometer (TMS internal standard) and a 
Hewlett-Packard HPS98QA spectrometer equipped with a Data 
System 587OA. IR spectra were recorded as films or in nujol muil 

tometers. 
AnalyticaE liquid ~bromato~raph~ was performed on a Waters 

Associates A~~C~GPC-2~2~R 401 ~hromato~rauh (Waters Ass+ 
Gates, Redford. MA, U.S.A.) equipped &h ‘a U6K universal 
injector. a Model Mu and M-45 solvent delivery systems, a 

Mode! 4X0 A,,$, differential QY detector and a Model 4Qi refrac- 
tive index (RI) detector. 

Analytical data PK. H, N and SJ were obtained from Mik- 
r~n~iytisches ~ahoratorium, Dr. H. Pascher, Bonn ~G~rmany~. 

Reagenfs. (BurN’ HSO?-XTetraburylammonium hydrogen SUIT 
fate) and HA&I, were purchased from FIuka and from Ventron 
Corp. respectively and were used as such. The starting sulfides 1, 
2,.X 4, 14, 15 are ~ommercia~fy available and were used without 
futther purification. Sulfides S-12, ICI8 were prepared according 
to cited refs. 

P~p~?~r~~ of N-ilc~~~~ffx~rarhoff~~-2-phenvfmelh~fthio- 
~~~~UrnjnP 03). 2-Phenyimethylthio-etbylamineLL 0.00& 
5.99 mm&) reacted with benzylch~oroformate (1+022g, 
5.99 mm& following the ~~tten-Bau~an procedures’ The 
mixture was extracted with CH$& the organic layer washed 
with wafer, dried (Na$XU and ~o~~~nt~ted under reduced 
pressure. The residue WAS recrystallized from MeOHlwater: 
yield: 1.57 8 (87%): m.p, 3?-3P. IR (liquid fitm): 3340. 1730. 1520, 
1250, 750, 7OOcm+. ’ H-NMR (CD&) 6: 7%7.10 cm, IOH, 
2-C&). 5.35 fbt, IH. -NHCOOBz), 5.05 (II, 2H, _COOCH&,HJ), 
3.60-k 2H. CfiHcCH& 3.40-3.10 (m. 2H. -SCH@NH-), 
3.45 it. 7ti. -~C~~C~~N~-~ ppm. (Found: C. 67.68, H. 6.39: N, 
4.ti S, 10.40. C,%IYNS02 requires: C.67.77: H. 6.37: N, 4,fd: S. 
10.64%). 




