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An interesting procedure for the oxidation of sulfides to
sulfones has been developed. By using catalytic amount of
zinc salt as the catalyst, DBU as the ligand, various sulfones
were produced in good yields with hydrogen peroxide as the
terminal green oxidant. Notably, this is the first example on
zinc-catalyzed oxidation of sulfides to sulfones.

Under the requests of green chemistry, the developments of
efficient and selective methodologies are under current interests. In
more detail, methodologies without the need of expensive or hazard
reagents and with high reaction selectivity are more desired. From
this respect, procedures with zinc as the catalyst and hydrogen
peroxide as the reagent are highly matched with these standards.?
Among all the transition metal catalysts, zinc salts are abundant,
inexpensive, environmental benign, non-toxic, etc. With those non-
fully listed advantages of zinc catalysts in mind, exploring the
potentials of zinc catalysts in organic synthesis is absolutely
interesting and necessary.®> Additionally, hydrogen peroxide is
considered as green oxidant with water as the only theoretical by-
product.*

In organic synthesis, zinc is more known as zinc reagent for
Negishi coupling and dialkylzinc as alkyl reagents or radical
initiator. Zinc salts have been applied as catalysts in reduction
reactions, addition reactions (Henry-, Michael-, Mannich-reaction,
and so on), etc. as well. Because of the special electronic properties
of zinc, zinc catalysts are rarely explored in oxidation reactions.?
Under this state, we have been working on the exploration of the
potential of zinc catalysts in oxidation reactions during the last three
years.® Various benzylic substrates were transformed into the
corresponding products in a selective manner. Among them, a
general zinc-catalyzed oxidation of sulfides to sulfoxides at room

This journal is © The Royal Society of Chemistry 2012

a,b*

temperature using hydrogen peroxide as a green oxidant was
developed in 2012.° Twenty-one examples of sulfoxides were
prepared in moderate to excellent yields. During the optimization
process of that study, sulfone was detected as an over oxidized
product in most of the cases. Because of the absence of report on
zinc-catalyzed oxidation of sulfides to sulfones, we started our
further study on this topic and focus on sulfones formation.

Based on our former studied, we decide to choose thioanisole as
the model substrate for further optimization. The first experiment
was carried out with ZnBr, (10 mol%) as the catalyst, bipyridine (25
mol%) as the ligand, in methanol at 80 °C, using 8 equivalents of
H,0, as the oxidant. Total conversion of starting material was
achieved; the ratiol of sulfoxide and sulfone was 25:75 (Table 1,
entry 1). As the known strong influence of ligand on zinc-catalyzed
oxidation of sulfides,® the testing of others typical nitrogen ligands
were performed subsequently (Table 1, entries 2-9). Full conversion
can be achieved in all the cases, but 7-30% of sulfoxide was detected
as well. To our delight, the situation changed when DBU was
applied as the ligand (Table 1, entry 10). Full conversion and full
selectivity was achieved in this case. Then we use DBU as the ligand
to test the effect of zinc salts (Table 1, entries 11-15). Except the
case of Znl,, full conversion and selectivity were resulted in all the
cases. Considering the price differences of zinc salts, we decide to
choose ZnCl, as the catalyst for further studies on oxidative
synthesis of sulfones.” Full conversion and selectivity can be
achieved with 4 equivalents of H,O, as well, and gave sulfone in
91% isolated yield (Table 1, entry 16). In the case of further
decreasing the loading of H,O, or ZnCl,, the conversion and
selectivity of thioanisole decreased (Table 1, entries 17 and 18). Low
conversion was observed in the absence of ZnCl, (Table 1, entry 19).
With the best combination system, the conversion and selectivity
decreased as well under lower temperature.
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Table 1. Zinc-catalyzed sulfone synthesis: Optimization. !

oy S BNl 0z 80°C @ O 0
MeOH, 10h Ph™ ™™ Ph™ ™
1 2

Entry [Zn] Ligand g,zr]][\éj Fi"j‘;{f,’]'
1 ZnBr, Bipyridine 100 25:75
2 ZnBr, DABACO 100 30:70
3 ZnBr, DMEDA 100 26:74
4 ZnBr, TMEDA 100 25:75
5 ZnBr, 1,10-Phen 100 17:83
6 ZnBr, 2-Aminopyridine 100 12:88
7 ZnBr, Pyridine 100 7:93
8 ZnBr, Tryptophan 100 11:89
9 ZnBr, Tyrosine 100 9:91
10 ZnBr, DBU 100 0:100
11 ZnCl, DBU 100 0:100
12 Znl, DBU 70 80:20
13 Zn(OTf), DBU 100 0:100
14 Zn(OAc), DBU 100 0:100
15 Zn(AcAc), DBU 100 0:100
. [c]

16 znCl, DBU 00 o
17 ZnCl, DBU 79 30:70'
18 ZnCl, DBU 100 89:11%
19 / DBU 33 80:20

[a] Substrate (1 mmol), zinc catalyst ( 10 mol%), ligand (25
mol%), H,0, (8 equiv.; 30 mol% in water), MeOH (2 mL), 80
°C, 10 h. [b] Conversion and ratiol were detected by GC using
dodecane as internal standard. [c] H,0, (4 equiv.). [d] H,O, (2
equiv.). [e] H,O, (4 equiv.), ZnCl, (5 mol%), DBU (5 mol%). [f]
Isolated yield. DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene.

With the best reaction conditions in our hand, we started the
substrates testing.8 As shown in Table 2, 19 substrates were tested
and succeeded. Halogen-substituted sulfones were isolated in good
to excellent yields (70-94%; Table 2, entries 2-6). Nitro-substituted
sulfone was formed in 70% yield from the corresponding sulfide
(Table 2, entry 7). 98% of 1-methyl-4-(methylsulfonyl)benzene was
isolated under our conditions (Table 2, entry 8). Methoxy- functional
group can be tolerated as well (Table 2, entry 9).

Table 2. Zinc-catalyzed sulfones synthesis.
s ZnCl, (10 mol%), DBU (25 mol%) O, O

Py

R™7"R' "MeOH, H,0,(4 equiv.) 80°C, 10n . R->°R
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[a] Substrate (1 mmol), ZnCl, ( 10 mol%), DBU (25 mol%),
H,0, (4 equiv.; 30 mol% in water), MeOH (2 mL), 80 °C, 10 h.
[b] Isolated yield.

Amino as a potentially oxidizable group can be tolerable under our
conditions as well, the corresponding 4-(methylsulfonyl)aniline was
isolated in 97% vyield (Table 2, entry 11). Additionally, vinyl-,
cyclopropyl-, benzyl-, and 2-chloroethyl- substituted sulfides were
tested as substrates as well, and succeeded to give the desired
sulfones in 48-98% yields (Table 2, entries 12-15). Furthermore,
aliphatic sulfides were oxidized and gave the corresponding sulfones
in  62-98%  yields (Table 2, entries 16-18). 2-
(Methylthio)benzo[d]thiazole as an examples of heterocyclic
substituted sulfides was tested under our standard conditions, 22% of
the desired sulfone was isolated. The decomposition of
benzo[d]thiazole under oxidative conditions is responsible for the
low yield.

Conclusions

In conclusion, an efficient methodology on oxidation of
sulfides to the corresponding sulfones has been developed. In
the presence of catalytic amount of ZnCl,, using DBU as
unusual ligand and H,O, as green oxidant, 19 examples of
sulfones were isolated in moderate to excellent yields. Notably,
this is the first example of zinc-catalyzed oxidation of sulfides
to sulfones.
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Sigma-Aldrich Product Catalogue.

Under air, in a 50 mL tube, ZnCl, (10 mol %), DBU (25 mol%),
and a stirring bar was added. Then H,0, [4 mmol; 30 % aq] was
added slowly to the tube after the addition of substrate (1 mmol)
and MeOH (2 mL) by syringe. Then close the tube and keep the
final solution at 80 °C for 10 h. When the reaction was finished,
the solvent was removed in vacuo, and the residue was purified by
flash column (petroleum ether/ethyl acetate). All the products are
commercially available.

s ZnCl,, DBU . 0.0 19 examples

A

R™ R'"MeOH, H,0,, 80°C  Rr-S“r up 98% yielc

The first example on zinc-catalyzed oxidation of sulfides to
sulfones has been developed. By using catalytic amount of zinc
salt as the catalyst, DBU as the ligand, various sulfones were
produced in good yields with hydrogen peroxide as the terminal
green oxidant.

J. Name., 2012, 00, 1-3 | 3



