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Abstract: N,N’-Bis ACHTUNGTRENNUNG[3,5-bis(trifluoromethyl)phe-
nyl]thiourea, employed at only 1 mol% loading,
was found to be a very effective catalyst for the oxi-
dation of sulfides with tert-butyl hydroperoxide
(TBHP), affording the sulfoxides in high yield, ex-
cellent chemoselectivity, fairly good diastereoselec-
tivity.
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Sulfoxides are both useful elements of stereocontrol
in asymmetric synthesis and important targets of
pharmaceutical interest.[1] The oxidation of sulfides is
undoubtly the most direct and easy approach for the
preparation of sulfoxides and several transition metal-
based methodologies have been reported to date em-
ploying different sources of oxygen donors.[2] More re-
cently, particular attention has been paid to the devel-
opment of efficient and highly selective methodolo-
gies of sulfoxidation with favourable environmetal
impact. Thus, the most important issues to be ad-
dressed are i) the use of as low as possible catalyst
loading, cheap and environmentally friendly oxidants,
ii) high control of the chemoselectivity, iii) mild reac-
tion conditions amenable to tolerate other oxidable
functional groups present in the molecule. Some ex-
amples of Brønsted acid-catalysed oxidation of sul-
fides have been reported.[3] Interestingly, alcohols[4]

and phenol,[5] used as solvents, in the presence of hy-
drogen peroxide, proved to be suitable systems for
the sulfoxidation. These neutral hydrogen-bonding
donors were suggested to provide electrophilic activa-
tion of hydrogen peroxide through hydrogen-bonding
interactions.

Given our interest in the development of metal-
based[6] and organocalysed[7] methodologies of oxida-

tion, we envisaged the possibility to employ an organ-
ic compound having good hydrogen-bonding donating
ability as a catalytic activator of the oxygen donor in
sulfoxidation. Recently, ureas and thioureas have
been shown to behave as excellent organocatalysts,
operating through double hydrogen-bonding activa-
tion of different electrophiles.[8] The readily accessi-
ble, electron-poor diaryl thiourea 3 displayed high
catalytic efficiency in carbon-carbon bond forming re-
actions,[9] acetalisation,[10] epoxide opening[11] and re-
duction of imines[12] (Figure 1). Herein, we report the
first example of a thiourea employed as promoter in
an oxidative process. An efficient, chemoselective and
diastereoselective sulfoxidation protocol was estabil-
ished using N,N’-bis ACHTUNGTRENNUNG[3,5-bis(trifluoromethyl)phenyl]
thiourea 3 at low loadings and TBHP as the oxidant.

Electron-poor diarylureas 1[9] and 2[11b] (Figure 1)
were firstly employed at 10 mol% loading in the oxi-
dation of model compound methyl p-tolyl sulfide 5a
in CH2Cl2 at room temperature with TBHP (Table 1).

Compound 1 and more acidic urea 2 afforded sulf-
oxide 6a in low yields after 22 h, but with complete
chemoselectivity, since traces of sulfone were not de-
tected by 1H NMR analysis of the crude reaction mix-
ture (entries 1 and 2). The experiment carried out
under otherwise identical conditions, but in the ab-
sence of the catalyst (entry 3), proved that the uncata-
lysed oxidation was a negligible process and con-
firmed that ureas could moderately catalyse the sul-
foxidation.

When using thiourea 3, we were very pleased to ob-
serve complete conversion to sulfoxide (entry 4) and
the chemoselectivity was mantained high with a 99/1
sulfoxide/sulfone ratio.[13] A different double hydro-
gen-bonding donor, (R)-BINOL, was then checked
(entry 5). Compound 4 proved to be as active as ureas
1 and 2. In apolar toluene and chloroform, thiourea 3
could be equally employed although displaying lower
activity than in CH2Cl2 as solvent (entries 6–8). As ex-
pected, in hydrogen-bonding acceptor THF, catalyst
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activity was almost suppressed (entry 9). Loadings of
3 as low as 1 mol% led to completion of the reaction
within the same reaction time (entries 10 and 11) and
although a longer reaction time was required, only
0.1 mol% loading can be successfully employed
(entry 12). Working at 1 mol% loading under more
concentrated conditions (0.5M), enabled us to speed
up the reaction, whereas a poor contribution of the
uncatalysed oxidative pathway was demonstrated (en-
tries 13 and 14).

In order to check the stability of the catalyst under
oxidative degradation, compound 3 was reacted with
TBHP (12 equiv.) in the absence of the sulfide at
room temperature. After a prolonged reaction time of

72 h, compound 3 was recovered in 89% yield. This is
a clear indication that thiourea 3 is not prone to de-
composition and catalyst preservation is assured
throughout the oxidation of the sulfide. With the opti-
mised conditions in hand, a variety of sulfides were
reacted with TBHP and catalyst 3 at room tempera-
ture to study the scope of the oxidation (Table 2).

Different types of phenyl substitution in the methyl
aryl sulfides are well-tolerated although sulfides bear-
ing para-electron-withdrawing groups or ortho-Lewis
basic substituents required longer reaction times in
order to be converted to sulfoxides in high yields (en-
tries 2–4). The ethyl substitution at sulfur significantly
slowed down the reaction rate (entry 5). This result
showed that steric effects seem to play an important
role in the sulfoxidation. The less reactive diphenyl
sulfide was oxidised in good yield (entry 6).

Sulfides having functional groups susceptible to oxi-
dation were selectively sulfoxidated (entries 7 and 8).
Aryl benzyl and dialkyl sulfides afforded the sulfox-
ides in high yields and general excellent chemoselec-
tivity (entries 9–11). Finally, the issue of diastereose-
lectivity was briefly investigated. Interestingly, 2-
phenly-1,3-dithiane and dithiolane gave the trans-
monosulfoxides in high yield and diastereoselectivity
(entries 12 and 13). The stereocontrol achieved with
thiourea 3/TBHP system is comparable to that ob-
served in metal-catalysed[14] sulfoxidation processes
and better than the diastereoselectivity afforded by
classical and strong oxidants such as m-chloroperben-
zoic acid[15] or NaIO4.

[14a]

It is interesting to note that the catalytic perfor-
mance of thiourea 3 in terms of turnover numbers
(TON up to 990) competes well with transition metal
complexes generally used in the oxidation of sulfides
with alkyl hydroperoxides. The effectiveness in the ac-
tivation of TBHP could be rationalised according to a
double hydrogen-bonding interaction of 3 with the
proximal oxygen of TBHP, which should significantly
enhance the electrophilic character of the distal
oxygen attacked by the sulfide (Figure 2).

Figure 1. Catalysts checked in the sulfoxidation.

Table 1. Oxidation of sulfide 5a with TBHP promoted by
catalysts 1–4.

Entry Cat.
[mol%]

Solvent Conc.
[M]

Time
[h]

Yield 6a
[%][a]

1 1 [10] CH2Cl2 0.25 22 29
2 2 [10] CH2Cl2 0.25 22 31
3 – CH2Cl2 0.25 22 5
4 3 [10] CH2Cl2 0.25 15 99
5 4 [10] CH2Cl2 0.25 30 26
6 3 [10] toluene 0.25 22 84
7 – toluene 0.25 22 7
8 3 [10] CHCl3 0.25 22 56
9 3 [10] THF 0.25 23 29
10 3 [5] CH2Cl2 0.25 20 99
11 3 [1] CH2Cl2 0.25 20 99
12 3 [0.1] CH2Cl2 0.25 47 99
13 3 [1] CH2Cl2 0.5 16 99
14 – CH2Cl2 0.5 22 20

[a] Isolated yields after flash chromatography.
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1H NMR analysis of the 3/TBHP 1/1 mixture, under
diluted conditions (0.02 M) in CDCl3 (400 MHz), sup-
ported the formation of the TBHP-catalyst 3 complex.
Indeed, the chemical shift of Ha was downfield shifted
from 7.96 to 8.12 ppm after the addition of TBHP.
The aromatic protons Hb were downfield shifted from
7.88 to 7.91 ppm. Finally, the Hc proton of TBHP was
downfield shifted from 7.14 to 7.42 ppm.[16]

In conclusion, we have disclosed that simple and
readily accessible N,N’-bis ACHTUNGTRENNUNG[3,5-bis(trifluoromethyl)-
phenyl] thiourea 3 can efficiently activate an oxygen
donor such as tert-butyl hydroperoxide at remarkable
low loadings of up to 0.1 mol%. A mild, metal-free
methodology of sulfoxidation has thus been devel-
oped. A variety of sulfoxides were obtained in high
yields, excellent chemoselectivity, fairly good diaste-
reoselectivity. This study opens new possibilities for
the employment of thioureas in the area of organoca-
talysed oxidations.

Experimental Section

General Procedure

Sulfide 5 (0.2 mmol) and 3 (0.002 mmol, 1 mg) were dis-
solved in anhydrous CH2Cl2 (400 mL) at room temperature.
TBHP (0.24 mmol, 44 mL of 5–6 M decane solution) was
then added. After the completion of the reaction, as moni-
tored by TLC, the solvent was removed under reduced pres-
sure and the crude mixture was analysed by 1H NMR to de-
termine the sulfoxide/sulfone ratio. The sulfoxide was then
isolated by flash chromatography eluting with PE/ethyl ace-
tate mixtures (8/2 to pure ethyl acetate). All sulfoxides are
known compounds, their analytical data were identical to
those reported in the literature.[2,3,6b]
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