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Air Oxidative Coupling of Thiols to Disulfides Catalyzed by Fe(III) / Nal
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Abstract: A very simple and mild reaction is described for the effi-
cient coupling of thiols at room temperature catalyzed by Fe (IIT)/
Nal in the presence of air.
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Controlled oxidation of thiols to disulfides is important in
organic synthesis and wide range of reagents have been
used for this transformation.'” Recently, the catalytic
coupling of thiols has been the subject of some investiga-
tion and new methods have been reported. These methods
employ Fe(IlI)/montmorillonite/water/phosphate buffer!®
and Ca(OCl),/montmorillonite/water!' systems under
aqueous conditions. In this context, we have already re-
ported two catalytic methods for coupling of thiols
using tris(trinitrato)cerium(IV)para-periodate'? or
Cu(NO;),*N,0,"? as the catalyst. In both of these re-
agents, two oxidizing agents come together to show this
catalytic activity. In the course of our studies on some re-
actions of Fe(Ill), it was observed that the oxidative
dimerization of thiols with sodium iodide can be catalyzed
efficiently at room temperature with Fe(III) under air at-
mosphere and the corresponding disulfides are formed
rapidly in excellent yields (Scheme).
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Scheme

The possibility of using different Fe(IlI) species such as
anhydrous FeCl;, FeCl;+6H,0, Fe(NO;);*9H,0 and
NH,Fe(SO,),*12H,0 in the reaction of thiophenol with
Nal were studied. It was observed that among these com-
pounds, anhydrous FeCl; is more efficient than others.

The possibility of performing this coupling reaction with
catalytic amounts of Nal was also studied. It was observed
that 0.2 molar equivalent of Nal is enough to complete the
dimerization of thiols in the presence of 0.1 molar equiv-
alent of Fe(III). The effect of air oxygen on the progress
of this reaction is shown in Table 2.The results obtained
from the reaction of different thiols with catalytic amounts

Table 1 Catalytic Coupling of Thiols with Nal/Anhydrous FeCl; in
Acetonitrile at Room Temperature

R? Molar Equivaent Time Yield mp (°C) or bp (°C)/Torr

— (min) (%)
Fe(l1l) Nal found reported
a 01 0.2 15 97 59-60 60117
b 01 0.2 35 97 43 434415817
c 01 0.2 30 96 21 —2216a
d 01 0.2 30 98 45-46 454615217
e 01 0.2 10 99 71-72 721517
f 01 0.2 20 98 124-129 125-130160
g 01 0.2 7 98 153-154 154/760Y
h 01 0.2 7 97 116-118/20 114-115/18%5a17
i 02 0.3 40 98 183-184 182-183.516¢
] 0.1 0.2 12 96 119-121/1 112-115/0.5%

aFor R, see Scheme.
b |solated yield.

Table 2 Oxidative Coupling of Thiophenol Under Different Reaction
Conditionsin Acetonitrile

Entry Reaction Molar Ratio Temp/Time (h) Conversion?
Components

1 thiol/Nal 11 rt./10 0

2 thiol/FeCl/Nal  1:0.05:1 rt/15 100

3 thiol/FeCly/Nal® 1:0.1:1 r.t./0.1 100

4 thiol/FeCly/Nal  1:0.1:0.2 rt./0.25 100

5 thiol/l ,/Nal 1:051 rt./2 50

6 thiol/l, 11 reflux 50

7 thiol/FeCl4/1, 1:0.1:0.2 r.t./1.25 100
aGCyield.

b When this reaction was performed in oxygen-free solvent under ar-
gon atmosphere, only 4-7% of conversion to disulfide was ob-
served after 2 h.

of anhydrous FeCl; and Nal in acetonitrile at room tem-
perature are listed in Table 1.

In order to show the necessity of Fe(IIl), the role of Nal
and air oxygen in this transformation, a set of experiments
was undertaken by performing the coupling reaction of
thiophenol under different reaction conditions (Table 2).
These results show that Fe(III) in the presence of air oxy-
gen can catalyze the coupling of thiophenol with catalytic
amounts of Nal (Table 2, Entries 2—4), or iodine (Table 2,
Entry 7) but the reaction time with Nal is shorter.

Although oxidative coupling of thiols has been widely
studied with different reagents, due to the ready polymer-
ization reactions, the reported results on coupling of dithi-
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ols are rare."® We studied the possibility of coupling of
1,3-propanedithiol to 1,2-dithiacyclopentane with our
method under high dilution conditions.'® The reaction was
found to give some polymeric materials, but 1,2-dithi-
acyclopentane was also obtained in 55% yield.

In order to see the efficiency of other Lewis acids for this
catalytic transformation, coupling of thiophenol with dif-
ferent metal halides were studied. The results are tabulat-
ed in Table 3.

Table3 TheEffect of 0.1 Molar Equivalentsof Different LewisAcids
for Coupling of Thiophenol with Equimolar of Nal in Acetonitrile at
Room Temperature.

Entry  LewisAcid? Time (h) Conversion (%)°
1 FeCl, 0.1 100
3 crcl, 6 50
4 CoCl,+6 H,0 5 30
5 SnCl,*2 H,0 1 )
zrcl, 10 10
Ticl, 10 40

2 The conversion yield was found to be 0%, when chloride of Ni, Zn,
Al, Ce(l11), Po(I1), Mn(l1), Hg(l), Nb(V), Cd(I1) and Mg(ll) were
used as catalyst.

b GCYield.

In conclusion, this catalytic method is very simple and ef-
ficient for coupling of thiols. The easy procedure and sim-
ple workup, simplicity, availability of reagents, short
reaction times and excellent yield of the products make
this method a useful addition to the present methodolo-
gies.

Products were characterized by comparison of their physical data
with those of known samples. All yields refer to isolated products.
IR spectra were recorded on a Perkin Elmer 781 and Pye Unicam
8725 spectrometers. NMR spectra were recorded on a Bruker DPX
250 spectrometer. The purity determination of the substrates and re-
action monitoring were accomplished by TLC on silica gel poly-
gram SILG/UV 254 plates or by GC on a Shimadzu GC-14A
instrument.

Oxidative Coupling of Thiophenol with FeCl,,

Phenyl Disulfide; Typical Procedure

To a solution of thiophenol (1.1 g, 10 mmol) in MeCN (30 mL)
were added Nal (0.299 g , 2 mmol) and FeCl; (0.162 g, 1 mmol).
The resulting mixture was stirred at r. t. for 6 min. After completion
of the reaction, the solvent was evaporated and 1% aq solution of
Na,S,0; (30 mL) was added. The mixture was then extracted with
CH,Cl, (3 x 40 mL) and dried (Na,SO,). The solvent was evaporat-
ed and the residue was chromatographed on a short column of silica
gel using CCl, as the eluent. The pure product was obtained as col-
orless crystals (1.06 g, 97%).
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