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A FACILE AND SELECTIVE OXIDATION OF SULFIDES TO SULFONES
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Abstract: Sulfides undergo a facile and selective oxidation to sulfones under mild conditions using a catalytic
amount of osmium tetroxide and tertiary amine N-oxides (N-methylmorpholine N-oxide or trimethylamine N-
oxide). Both N-oxides are equally effective. The ohaerved yields ranged between 60%-95%.

An important synthetic aspect of sulfone chemistry?2 is the possibility to penerate o-sulfonylcarbanions as

well as nucleophilic addition to the electron-deficient double-bond of a,B-unsaturated sulfones. The numerous

applications of the Rionberg-Backlund reaction further demonstrate the synthetic usefulness of sulfone group.2
In carbohydrate chemistry, aryl glycosyl sulfones have been successtully used for the synthesis of 1,6-anhydro-
mono- and disaccharides3 and the synthesis of 1-sulfonyl glycals.4

The most common method for the preparation of sulfones is the oxidation of sulfides. A variety of
oxidizing reagents have been described in the literature, including hydrogen peroxide, peracids, oxygen, ozone,
organic peroxides, potassium and zinc permanganate, potassium persulfate, sodium hypochlorite.5 They
seemed to be effective when a substrate is a simple sulfide; however, other functionalities often are not
compatible with the above mentioned oxidizing agents. Therefore, there was a need for a reagent that would

selectively oxidize sulfides to sulfones in a high yield under mild conditions.
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More than ten years ago, in an initial study involving functionalization of a double bond of unsaturated
thioglycosides, we discovered that the combination of a tertiary amine N-oxide and a catalytic amount of osmium
tetroxide can act as an effective reagent for oxidizing sulfides to sulfones.®7 Here we present the cxtension of
these studies and examples demonstrating the oxidation of suifides to sulfones under mild conditions in the
presence of N-methylmorpholine N-oxide (NMMO), as well as a less expensive tertiary N-oxide, trimethylamine
N-gxide (TMNO).



7354

Table 1. Oxidation of Sulfides to Sulfones Using Catalytic Amount of
0s04 and Tertiary Amine N-Oxide
Yield [«]28p
No Product (isolated)@ m.p {(c=1.0, CH2Clp)
CHOAc
—Q
1 Je 92 % 143°C +137.2°
A S0:Et
CHZOAc
)—s0,Ph 185 -186°C - 23.6°
2 i 93 %
AcO— (it. 189°C)12 | (lit. - 26.9°, CHClg)
QAc
CH0Ac
- Q&QQ(GHgbGH: 95 %
3 7 136-137°C - 26.0°
AcO i‘jm 94% (TMNO)b
CH,OH
0505(CHz)7EH;
3 il 87 % 126-128°C -16.0°
HO
OH
CH,0Ac
AcO | oS0,CH(CHgl,
am Qhc an ar A A a4 Ao/ an o
> 686 Yo F1Z2-1197G +12.37
_ OAc
GHy0AG
AO—CHG SO:Me 94 %
6 kOAc ) 87°C + 44.0°
{ 94% (TMNO)b
_ QAg -
CH,NHAC
7 o 83 % 118-119°C (d,))
= B0,(CHa)Ma
Ve
8 CO: 85 % 167 °C (dec.) (d.y
== 50,Ma
CH,0Ac
/—o\ 83 % +315.3°
9 L 7 124-135 °C {c=1.2, EtOAc)
Al Ref.7
SO,CH,
/\\\/NH\/\/OMS
o | [ 1 1 J 60 % 211°C -
o

aThe yields of isolated products are for reactions conducted with 4-methylmorpholine N-oxide and a catalytic
amount of osmium tetroxide. All products gave satisfactory elemental analysis (+ 0.3%). 1H NMR and 13C
NMER specira were in full agreement with proposed structures. PReported yields are for reactions with
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oxides can occur solely for sulfoxides and under extreme conditions. Dimethyl sulfoxide was oxidiz
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18 - sulfide substrate for sulione product 1 92%

Oxidation of sulfides to sulfones, Typical procedure.
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butanal 4:1 mixture (§ mL). Then ihe monohydrate of N-metiyimorpholine N-oxide (351 mg, 2,56 mmoi) and osmium iziroxide
{10 mg, 0.0393 mmol; added as 0.5 mL of 20 mg/mL stock solution of OsOy in t-butanol) were added and the mixture was stirred at

=

pvemnight. After 24 hr the TLC showed one product (R

E

state 11 1Y mora ryslap
103} MOrS PR

(.65), The reaction mixture was treated with sodium hydrogen sulfite and water and then exiracted with cthyl acetate. The organic
solution was dried with anhydrous sodium sulfate, filtered, and evaporated under diminished pressure to give a crystalline residoe of
3.4 6-tetra-O-acetyl--D-glucopyranoside ethyl sulfone (1), which was purified by trituration with hexane-ethyl acetate 9 : 1 mixiure.
ield: 328 mg (92 %).

Oxidation reactions were carried out in various mixtures of tetrahydrofuran and t-butanol containing

AAAAAA A1 TT iy A 11 aam ki e
nong or 5% of added H0. Ai all ratios, a5 j

process. A 3- to 4-fold excess of amine N-oxide was used. Osmium tetroxide was handled as a t-butanol
solution (20 mg/mL) and was used in catalytic amounts ranging from 1 to 5 mole percent. Two tertiary N-
oxides were tested: N-methylmorpholine N-oxide and imethylamine N-oxide. They were used as monohydrate

acetyl-1-thio-B-D-glucofuranoside (68) and n-octyl 2,3,4,6-tetra-0-acetyl-1-thio-B-D-glucopyranoside (38) as
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substrates. The yields and the reaction times for both the N-methylmorpholine and trimethylamine N-oxides
were similar (Table 1).

Al] reactions were carefully monitored by TLC in order to check for the presence of possible intermediate
sulfoxides. In all cases only formation of a single product (sulfone) was observed. This fact could be explained
by a significantly lower rate of the oxidation by OsO4/NMMO of sulfides to sulfoxides than of sulfoxides to
sulfones. Support for this explanation can be found in Henbest's and Khan's work.9 They observed a drastic
difference in the ability of 050y itself 1o oxidize sulfoxides and sulfides. Sulfoxides, in contrast to unreactive
sulfides, were easily oxidized by OsQj4 to corresponding sulfones.9

High degree of chemoselectivity was observed for compounds 78§, 88, and 958. All of these sulfides
increase of the reaction time , as it was shown before,6.7 might lead to cis-hydroxylated products.

This study proved that OsO4/NMMQO is a highly efficient, mild, and selective reagent for the oxidation of
sulfides 1o sulfones. It also established thai the other less-expensive N-oxides like trimethylamine N-oxide can

be as effective reagent as NMMO.
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