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Asymmetric oxidation of sulfides by LDH supported OsO4 catalyst
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Abstract

The asymmetric oxidation of sulfides to sulfoxides is realised with layered double hydroxides (LDH)-supported OsO4 catalyst usingN-
methyl morpholineN-oxide as co-oxidant and (DHQD)2PHAL (hydroquinidine 1,4-phthalazinediyl diether) as a chiral ligand in good yields
albeit moderate enantiomeric excess (e.e’s).
© 2004 Elsevier B.V. All rights reserved.
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. Introduction

Chiral sulfoxides have emerged as versatile building
locks in the synthesis of pharmaceutical products and chiral

igands in asymmetric catalysis[1–3]. Kagan[4,5] and Furia
nd Modena[6] independently reported high enantioselectiv-

ties using modified versions of sharpless epoxidation system:
lkyl hydroperoxide/titanium tetraisopropoxide/diethyl tar-

rate. Later, catalytic versions of this titanium-mediated reac-
ion and other catalytic systems using salen complexes were
lso developed[7–10]. Bolm and Bienewald[11a] reported
anadium-chiral Schiff base complex-catalyzed asymmetric
ulfur oxidation using hydrogen peroxide as the oxidant with
ood enantioselectivity. Later, Anson and co-workers[11b]
nd Katsuki and co-workers[11c] further improved the enan-

ioselectivity using more complex Schiff bases. In the recent
ears, efforts are devoted to the development of processes
sing a highly robust and recyclable catalyst that provides
igher atom utilization and minimized pollution levels using
reener ingredients[12].

Layered double hydroxides (LDHs) or hydrotalcite-l
compounds (HTLCs)[13] have recently received much
tention in view of their potential usefulness as adsorb
anion exchangers and most importantly as catalysts[14]. The
hydrophilicity of the LDH material makes the hosted oxi
tion catalyst water compatible to conduct the reactions u
water as a solvent. Recently, we have designed and deve
a recoverable and reusable osmium catalyst immobilize
layered double hydroxides (LDHs) by the ion-exchang
OsO4

2− for asymmetric dihydroxylation of olefins emplo
ing NMO as the co-oxidant[15] and effective oxidation o
sulfides directly to sulfones using molecular oxygen as
stoichiometric oxidant[16]. Considering that one could e
pect that a good asymmetric dihydroxylation catalyst
also work for the oxidation of sulfides, and also based
the earlier report of OsO4-catalyzed oxidation of sulfides
sulfones in the presence of NMO under homogeneous c
tions[17] by Kaldor and Hammond, we opted for the asy
metric oxidation of sulfides by LDH OsO4. We report in this
paper heterogeneous osmate-exchanged Mg-Al-LDH
∗ Corresponding author. Tel.: +91 40 2719 3510; fax: +91 40 2716 0921.
E-mail address:mlakshmi@iict.res.in (M.L. Kantam).

lyst for the asymmetric oxidation of sulfides to sulfoxides
using NMO (N-methyl morpholineN-oxide) as co-oxidant
and (DHQD)2PHAL (hydroquinidine 1,4-phthalazinediyl di-
ether) as a chiral ligand, with good yields albeit moderate e.e’s
(Scheme 1).
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Scheme 1.

2. Experimental

K2OsO4·2H2O, MgCl2·6H2O, AlCl3·6H2O, (DHQ)2
PHAL, NMO, tBuOH, NaOH, and thioanisole were pur-
chased from Aldrich and used as such without further purifi-
cation. (DHQD)2PHAL was purchased from Fluka and used
as such without further purification. High-performance liquid
chromatography (HPLC) was performed using the following
apparatus: SHIMADZU LC-10AT (liquid chromatograph),
SHIMADZU SPD-10A (UV detector), and SHIMADZU C-
R6A Chromatopac. ACME silica gel (100–200 mesh) was
used for column chromatography and thin-layer chromatog-
raphy was performed on Merck-precoated silica gel 60-F254
plates. Optical rotations were obtained on a Jasco P-1020 po-
larimeter. Slow addition of the sulfide was carried out using a
syringe pump. All the other solvents and chemicals were ob-
tained from commercial sources and purified using standard
methods.

2.1. Preparation of the catalysts

2.1.1. The preparation of LDH (Mg–Al–Cl)
A mixture of MgCl2·6H2O (30.49 g, 0.15 mmol) and

AlCl3·6H2O (12.07 g, 0.05 mmol) was dissolved in 200 ml
of deionised water[15]. To this, aqueous solution was then
s H
1 was
m 2 M
N nder
a by
fi ried
o ing
d

Table 2
Effect of Osmium/ligand on the LDH OsO4-catalyzed oxidation of methyl
phenyl sulfidea

Entry Osmium/ligand Conversion
(%)

Selectivity
(1a/1b)b

Isolated yieldc

(e.e, %)d

1 1:1 100 80/20 74 (28)
2 1:3 100 82/18 71 (36)
3 1:5 92 81/11 67 (51)
4 1:10 100 77/23 65 (30)

a Methyl phenyl sulfide (3 mmol), NMO (3.9 mmol), (DHQD)2PHAL
(0.03 mmol), and LDH OsO4 (0.03 mmol) in a given solvent (10 ml) were
stirred at room temperature for 3 h.

b Values in parenthesis(sulfoxide/sulfone) are based on1H NMR spec-
troscopic integration of crude product.

c Isolated yields of sulfoxides after column chromatography.
d Determined by HPLC analysis using Chiralcel OD column (conditions:

hexane:2-propanol (9:1), 0.5 ml/min).

2.1.2. The preparation of LDH OsO4
One gram of Mg–Al–Cl LDH was suspended in 100 ml

of 0.689 g (1.87 mmol) aqueous potassium osmate solution
and stirred at 25◦C for 12 h under nitrogen atmosphere. The
solid catalyst was filtered, washed thoroughly with 300 ml
of water, and vacuum-dried to obtain 1.416 g of LDH OsO4
(1.34 mmol of Os per gram).

2.1.3. Typical procedure asymmetric oxidation of methyl
phenyl sulfide

LDH OsO4 (0.03 mmol), (DHQD)2PHAL (0.03 mmol),
andN-methylmorpholineN-oxide (3.9 mmol) were taken in
a round-bottomed flask containingtBuOH-water (1:1, 10 ml)
and stirred at room temperature. Then sulfide (3 mmol) was
added slowly for 1 h and the reaction mixture was stirred.
After completion of the reaction as indicated by TLC, the
catalyst was filtered and washed with methanol. After re-
moving the solvent by rotavapor, the crude material was chro-
matographed on silica gel to afford the corresponding oxida-
tion product.

3. Results and discussion

We first examined the asymmetric oxidation of methyl
p t

T
A ing NM

L ity (1a

(
(

(
l
(

QD)2PH
ude pro

tions: h
and H
lowly added at 25◦C, 100 ml of NaOH (2 M) solution at p
0 under a nitrogen flow. The pH of the reaction mixture
aintained at this value by the continuous addition of
aOH. The resulting suspension was stirred overnight u
nitrogen flow at 70◦C. The solid product was isolated

ltration, washed thoroughly with deionized water, and d
vernight at 80◦C. All synthetic steps were carried out us
ecarbonated water.

able 1
symmetric oxidation of methyl phenyl sulfide catalyzed by LDH OsO4 us

igand Conversion (%) Selectiv

DHQD)2PHAL 100 80/20
DHQ)2PHAL 100 75/25

+) Diisopropyl
-tartrate 100 78/22
+)DET 100 78/22

a Sulfide (3 mmol), NMO (3.9 mmol), LDH OsO4 (0.03 mmol) and (DH
b Sulfoxide/sulfone based on1H NMR spectroscopic integration of cr
c Isolated yield of sulfoxide after column chromatography.
d Determined by HPLC analysis using Chiralcel OD column (condi
e The configurations were assigned by comparing optical rotations
henyl sulfide by LDH OsO4 with NMO using differen

O with different ligandsa

/1b)b Isolated yieldc (e.e, %)d Configuratione

74 (28) (R)
71 (23) (S)

69 (24) (R)
69 (26) (R)

AL (0.03 mmol) intert-butanol-H2O (1:1, 10 ml) for 3 h.
duct.

exane:2-propanol (9:1), 0.5 ml/min).
PLC elution orders with known literature data[5,6,9,18,19].
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Table 3
Effect of solvent on the LDH OsO4-catalyzed oxidation of methyl phenyl sulfidea

Entry Solvent Conversion (%) Selectivity (1a/1b)b Isolated yieldc (e.e, %)d

1 H2O-acetone (1:3) 100 82/18 71 (23)
2 Acetone-DCE (1:1) 100 78/22 67 (18)
3 H2O-CH3CN (1:3) 100 77/23 65 (23)
4 H2O-tBuOH (1:3) 100 80/20 70 (28)

a Methyl phenyl sulfide (3 mmol), NMO (3.9 mmol), (DHQD)2PHAL (0.03 mmol), and LDH OsO4 (0.03 mmol) in a given solvent (10 ml) were stirred at
room temperature for 3 h.

b Values in parenthesis(sulfoxide/sulfone) are based on1H NMR spectroscopic integration of crude product.
c Isolated yields of sulfoxides after column chromatography.
d Determined by HPLC analysis using Chiralcel OD column (conditions: hexane:2-propanol (9:1), 0.5 ml/min).

Table 4
Reusability of LDH OsO4 catalyst in the oxidation of methyl phenyl sulfidea

Cycle Conversion (%) Selectivity (1a/1b)b Isolated yieldc (e.e, %)d

1 100 80/20 74 (28)
2 100 78/22 67 (15)
3 100 77/23 65 (9)
4 85 66/19 60 (4)

a Methyl phenyl sulfide (3 mmol), NMO (3.9 mmol), (DHQD)2PHAL (0.03 mmol), and LDH OsO4 (0.03 mmol) in a given solvent (10 ml) were stirred at
room temperature for 3 h.

b Values in parenthesis(sulfoxide/sulfone) are based on1H NMR spectroscopic integration of crude product.
c Isolated yields of sulfoxides after column chromatography.
d Determined by HPLC analysis using Chiralcel OD column (conditions: hexane:2-propanol (9:1), 0.5 ml/min).

Table 5
Asymmetric oxidation of sulfides catalyzed by LDH OsO4 using NMO at room temperaturea

S.No Sulfide Ligand Conversion (%) Selectivity (1a/1b)b Isolated yieldc (e.e, %)d Configuratione

1 (DHQD)2PHAL 100 80/20 74 (28) (R)

2 (DHQD)2PHAL 100 82/18 76 (27) (R)

3 (DHQD)2PHAL, 100 80/20 71 (28) (R)

4 (DHQD)2PHAL, 100 82/18 73 (26) (R)

a Sulfide (3 mmol), NMO (3.9 mmol), LDH OsO4 (0.03 mmol) and (DHQD)2PHAL (0.03 mmol) intert-butanol-H2O (1:1, 10 ml) for 3 h.
b Sulfoxide/sulfone based on1H NMR spectroscopic integration of crude product.
c Isolated yield of sulfoxide after column chromatography.
d Determined by HPLC analysis using Chiralcel OD column (conditions: hexane:2-propanol (9:1), 0.5 ml/min).
e The configurations were assigned by comparing optical rotations and HPLC elution orders with known literature data[5,6,9,18,19].

ligands(Table 1).The e.e is slightly lower with hydroquinine
1,4-phthalazinediyl diether (DHQ)2PHAL when compared
to (DHQD)2PHAL. With K2OsO4, under similar conditions,
only sulfone was obtained. The reaction at 25◦C gave sul-
foxide and sulfone in 80/20 ratio and the enantiomeric ex-
cess (e.e) is 28% with (DHQD)2PHAL ligand. The reaction
proceeded at 0◦C with 80% conversion (60/20), and no e.e.
We have examined the effect of L/Os (ligand: osmium) on
e.e’s (Table 2) and the higher e.e is obtained using L/Os ratio
5. tert-Butanol/water gave the best results among the sol-
vents examined in the oxidation of sulfides (Table 3). The
catalyst was reused for three cycles successfully, whereas in
the fourth cycle the catalyst shows slightly reduced activity.

However, the e.e’s of the sulfoxides were reduced in the re-
cycle experiments (Table 4). There was no leaching of Os
even after the fourth cycle as determined by SEM-EDAX.
The asymmetric oxidation of other sulfides is summarized in
Table 5.

4. Conclusions

In conclusion, asymmetric oxidation of sulfides has been
developed using osmate-exchanged LDHs in the presence of
cinchona alkaloids for the first time. The reactions proceeded
with good yields, albeit moderate e.e’s.
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