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alkylphosphate}; NMR (CDCls) 6 1.33 (t,6 H,J = 7 Hz, CH;CH,0),
4,10 (m,4 H, J = 7 Hz, CH;CH20), 5.10 (m, 1 H, CH=C). This enol
phosphate ester was then immediately reduced as in the above pro-
cedure for 4 h to afford 0.077 g (84%) of cholest-3-ene (15D): mp
71.5-72.5 °C [lit.l” mp 72.0-7.25 °C]; IR (CHCls) 1660 cm™!
(CH=CH); NMR (CDCl3) 6 5.28 (m, 1 H, CH=CH) and 5.60 (m, 1
H, CH=CH).

Method e. 5-Methyl-58-cholest-3-ene (15E). To a solution of
lithium dimethy! cuprate [prepared from purified Cul (0.190 g, 1.00
mmol) and methyllithium (1.25 mL, 2.00 mmol, 1.6 M in ether)] in
ether (10 mL) at —40 °C was added 4-cholesten-3-one (0.192 g, 0.50
mmol) in ether (1.0 mL). This mixture was then allowed to warm to
room temperature and diethyl phosphorochloridate (0.344 g, 2.00
mmol) was added. After stirring for 3 h at room temperature the re-
action mixture was then poured into an ice-cold mixture of equal
volumes of saturated aqueous NH4CI solution, saturated aqueous
NH,OH solution, and water. The mixture was then extracted with
ether. The combined etheral extracts were then dried (MgSOy4) and
concentrated in vacuo to give 0.185 g of a yellow oil. Chromatography
on silica gel gave 0.149 g (56%) of the enol phosphate ester: IR (CHCls)
1675 (C==CH), 1250, 1025, and 975 ecm™! (trialkyl phosphate); NMR
(CDCl3) 61.33 (t,6 H,J = 7 Hz, CH;CH0), 4.10 (m, 4 H, J = 7 Hz,
CH3CH;0), and 5.10 {(m, 1 H, C=CH). This enol phosphate ester was
then immediately reduced as in the above procedure for 4 h to afford
0.090 g (84%) of 5-methyl-53-cholest-3-ene (15E): mp 78-80 °C [lit.1.1®
bp 150 -180 °C (0.05 mm)]; IR (CHCl;) 1660 cm~! (CH=CH); NMR
(CDCly) 6 5.27 (m, 1 H, CH=C) and 5.60 (m, 1 H, C=CH).

Method f. A24-Androstadiene-178-o0l (16F).1® To a cold (=30 °C)
solution of lithinm diisopropylamide prepared from diisopropylamine
(0.144 g, 1.42 mmol) and n-butyllithium (0.5 mL, 1.0 mmol, 1.0 M in
hexane) in THF (5.0 mL) was added testosterone (0.144 g, 0.500
mmol) in THF (1.0 mL) dropwise with vigorous stirring. After the
addition was completed the cooling bath was removed and the mixture
was allowed to warm to 0 °C. Diethyl phosphorochloridate (0.344 g,
2.00 mmol) was added and the stirring was continued for an additional
30 min. The mixture was then poured into water (20 mL) and ex-
tracted with ether. The combined etheral extracts were then dried
(MgSOy) and concentrated in vacuo: The resulting oil, 0.203 g, was
chromatographed on silica gel to give 0.102 g (48%) of the desired enol
phosphate ester: IR (thin film) 3450 (OH), 1655 (C=C), 1250, 1025,
and 960 cm™! (trialkyl phosphate); NMR (CDCl3) 5 1.35 (t, 6 H,J =
7 Hz, CH3CH0), 4.20 (m, 4 H, J = 7 Hz, CH3CH;0), 5.10 (s, 1 H,
C=CH), and 5.40 ppm (m, 1 H, CH==C). This enol phosphate ester
was then immediately reduced as in the above procedure for 4 h to
afford 0.056 g (86%) of A%4-androstadien-178-ol (16F): mp 170-171
°C [lit.2¥ mp 171-173 °C]; UV (EtOH) Amax 266 (¢ 6030), 273 (¢ 5720)
nm; IR (CHCI:) 3450 (OH), 1640, and 728 cm~! (CH=CHCH=C);
NMR (CDCls) é 3.80 (m, 1 H, CHOH), and 5.55 (m, 3 H, CH=
CHCH=C).
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Recent interest in utilizing reagents impregnated on inor-
ganic solid supports has been proved to be successful for or-
ganic synthesis in a number of aspects, such as selectivity,
reactivity, and manipulative convenience.l-1© We have en-
gaged in the study of selective oxidations of a variety of
functional groups based on this concept. In this note we wish
to report our results on a facile preparation of sulfoxides from
sulfides by using sodium metaperiodate supported on acidic
alumina.

The development of efficient reagents for selective oxida-
tion of sulfides to sulfoxides has been a challenge for many
years. The most commonly employed reagent for this purpose
is sodium metaperiodate,!!-12 for which a careful control of
reaction temperature and the quantity of oxidant is in general
of necessity. The use of alumina-supported thallium(III) ni-
trate may circumvent such inconvenience but the reagent is
toxic and is reactive toward many other functional groups, and
the reaction is sensitive to steric hindrance.l® None of these
disadvantages exists, however, in the newly developed pro-
cedure using supported sodium metaperiodate.

The supported oxidant can readily be prepared by soaking
the inorganic support with a hot 1.67 M solution of sodium
metaperiodate and then evaporating to dryness. The oxidation
is carried out simply by vigorous stirring of this solid oxidant
with the solution of a sulfide at room temperature. The
products were isolated by removal of the solid reagents by
filtration and then evaporation of the solvent. Systematic
study on some ten inorganic supports, including alumina,
celite, charcoal, florisil, montmorillonite clays, and silica gel,
indicated that the acidic alumina and the acidic clays, Girdler
Catalyst K-10 and KO, are by far the most effective ones. The
readily available chromatographic adsorbent, Merck acidic
Aluminium oxide 90 for column chromatography, was then
employed for the present purpose. Solvent also plays an im-
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Table I. Preparation of Sulfoxides from Sulfides by
Oxidation with Alumina-Supported Sodium

Metaperiodate®
Registry Time, Isolated Bp, °C (Torr)
Sulfoxide no. h yield,% [mp,°C]

1,4-Oxathian 109-03-5 0.5 91 97-101 (1)
4-oxide [41-43]

Tetramethylene 1600-44-8 0.5 85 97-103 (3)
sulfoxide

Di-n-butyl 2168-93-6 1 85 87-89 (1)
sulfoxide [30-31]

Di-sec-butyl 13153-06-5 2.5 91 72-74 (1)
sulfoxide

Di-tert-butyl 92911-92.9 15 85 (55-58]
sulfoxide

Diallyl sulfoxide 14180-83-3 3 87 98-102 (3)

Benzyl isopropyl  33038-70-9 1.5 85 79-81 (1)
sulfoxide

2-(Methyl- 21281-74-3 0.5 67 130-133 (1)
sulfinyl)ethanol [33-35]

Methyl phenyl 1193-82-4 5 88 98-102 (1)
sulfoxide

Isopropyl phenyl  4170-69-8 5 89 107-108 (1)
sulfoxide

2-exo-Norbornyl 659566-70-9 13 85 (38-40)
phenyl
sulfoxide®

3-endo-Chloro- 65956-71-0 34 85 (89-90)
2-exo-norbornyl
phenyl
sulfoxide®

Diphenyl 945-51-7 48 90 (69-71)
sulfoxide

Benzo[b]thio- 48 0t

phene S-oxide

@ The structure was confirmed by IR, NMR, mass spectra, and
satisfactory elemental analysis. ® Recovery of starting material.
¢ Registry no. 7790-28-5.

portant role in this oxidation. Ethanol (95%) was found to be
superior to dichloromethane, dichloromethane saturated with
water, benzene, benzene saturated with water, carbon tetra-
chloride, or tetrahydrofuran. An excess, 2 equiv, of the oxidant
is required for complete conversion of sulfides to sulfoxides
in a reasonable time. A variety of sulfides have been studied
and the results are summarized in Table 1. Although the yield
is comparable with that which has been obtained from the
oxidation with aqueous sodium metaperiodate,!!:12 in the
present procedure the reaction is faster and easier to con-
duct.

The crude product was found to be essentially free from
sulfone. Purification by the conventional distillation, re-
crystallization, or sublimation gave the pure sulfoxide, and
the yield was in general no less than 85%. The inertness of
benzo[b]thiophene is likely the consequence of its aromatic
character. The relatively low yield, 67%, of 2-(methylsul-
finyl)ethanol!® might be due to the cleavage of the glycol-like
carbon-carbon bond by sodium metaperiodate, similar to the
case of thia derivatives of sugars.!® Unsaturated functionsl®
and chloro substituent can be tolerated. Unlike the oxidation
of sulfides with iodobenzene dichloride!? the electronic effect
of the chloro and phenyl groups seems to be significant.

Evidently the facile oxidation of sulfides to sulfoxides with
sodium metaperiodate supported on acidic alumina has the
advantages of manipulative convenience, excellent yield, and
wide application. Although the nature of the supported so-
dium metaperiodate or the principal factor responsible for its
remarkable performance is not yet understood, the present
method provides an additional example to illustrate the su-
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periority of inorganic solid-supported reagents, which might
soon become a new category of the most useful reagents in
general organic synthesis.

Experimental Section

Preparation of the Supported Oxidant. Merck acidic Aluminium
oxide 90 for column chromatography® (33.4 g) was added in one
portion to a magnetically stirred solution of 21.4 g (0.1 mol) of sodium
metaperiodate in 60 mL of water at 60 °C. The mixture was stirred
for 20 min at 60 °C and then dried in a rotatory evaporator. The re-
sulting white powder was heated at 120 °C for 16 h to get a constant
weight. The concentration of the oxidant is 3 mmol on 1 g of alumina.
This supported oxidant can be stored in a desiccator for months
without losing its activity.

General Oxidation Procedure. To a solution of 0.05 mol of the
sulfide in 50 mL of 95% ethanol was added 54.8 g (0.1 mol) of the
supported oxidant in one portion at room temperature. The mixture
was stirred vigorously at the same temperature until the sulfide was
completely consumed, as was detected by GC analysis on a Varian
Model 1420 instrument with 6 ft X Y& in. 5% Carbowax 20M column.
After filtration of the solid and removal of most of the ethanol from
the filtrate, 25 mL of dichloromethane was added. The solution was
dried over anhydrous sodium sulfate and the solvent was stripped off.
The sulfoxide was purified by distillation, recrystallization, or sub-
limation. For the known sulfoxides IR and NMR spectra and bp
and/or mp were found to be identical with literature data unless
otherwise mentioned. For new sulfoxides satisfactory elemental
analysis was obtained.
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