This article was downloaded by: [Brown University]

On: 07 May 2013, At: 09:56

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An International
Journal for Rapid Communication of
Synthetic Organic Chemistry

Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/lsyc20

Silica-PSCl3: A Mild and Efficient Reagent for
Deoxygenation of Sulfoxides

Lokesh Kumar Pandey ® , Uma Pathak * & A. Narasimha Rao ?

& Synthetic Chemistry Division, Defence Research and Development
Establishment, Gwalior, India
Published online: 10 Dec 2007.

To cite this article: Lokesh Kumar Pandey , Uma Pathak & A. Narasimha Rao (2007): Silica-PSCl;: A Mild and
Efficient Reagent for Deoxygenation of Sulfoxides, Synthetic Communications: An International Journal for
Rapid Communication of Synthetic Organic Chemistry, 37:23, 4105-4109

To link to this article: http://dx.doi.org/10.1080/00397910701572753

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the
contents will be complete or accurate or up to date. The accuracy of any instructions, formulae,
and drug doses should be independently verified with primary sources. The publisher shall not
be liable for any loss, actions, claims, proceedings, demand, or costs or damages whatsoever or
howsoever caused arising directly or indirectly in connection with or arising out of the use of this
material.



http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397910701572753
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Brown University] at 09:56 07 May 2013

Synthetic Communications®, 37: 4105-4109, 2007 e Taylor & Francis
Copyright © Taylor & Francis Group, LLC

ISSN 0039-7911 print/1532-2432 online

DOI: 10.1080/00397910701572753

Taylor & Francis Group

Silica—PSCl;: A Mild and Efficient Reagent
for Deoxygenation of Sulfoxides

Lokesh Kumar Pandey, Uma Pathak, and A. Narasimha Rao
Synthetic Chemistry Division, Defence Research and Development
Establishment, Gwalior, India

Abstract: A new solid supported reagent, silica—PSCl;, has been developed for
deoxygenation of sulfoxides. With this reagent, conversion of sulfoxides to sulfides
occurred cleanly and efficiently at room temperature. Facile isolation of the product
was achieved by simple filtration of the by-products without any extensive workup.
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Sulfides are important in organic chemistry because of their versatile utility.!"
The deoxygenation of sulfoxides is one of the most commonly used routes to
sulfides. Various reagents/methods are available for this transformation,lz*5 !
including the recently introduced Silphos® and PhSiH;/MoO,Cl,.!"!
Although these reagents are useful, many of them suffer from drawbacks
such as prolonged reaction time, difficult to prepare and expensive reagents,
elevated temperature, and complex experimental procedure, which make
isolation of the desired product tedious. Therefore, the search for a better
reagent/method had continued with an aim to develop a mild and clean
procedure, where various sensitive functional groups can be tolerated. For
the conversion of sulfoxide to sulfide, phosphorus compounds'™ have made
a major contribution, which is mainly due to the strong affinity between phos-
phorus and oxygen. Because, the oxo-transfer reaction from sulfoxide to
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phosphorus compounds is a thermodynamically favorable process,” this
reaction is expected to occur under mild condition. But, the use of these
reagents is limited by their high volatility, corrosive nature, and extremely
difficult isolation of the desired product from the malodorous by-products
formed during the reaction. Heterogenized reagents are being widely
accepted in organic synthesis.'™'"" Through heterogenization, easier
handling and lower toxicity can be achieved for toxic, explosive, or malodor-
ous reagents, as supported reagents are safer and more convenient than their
solution-phase equivalents. Another important motive for heterogenization
is the facile isolation of the pure product. Hence, a solid-supported deoxygen-
ating agent was particularly desirable. Herein, we report a new reagent, silica—
PSCl;, for a very simple, mild, clean conversion of sulfoxide into sulfide.
Silica-PSCl3 can be prepared conveniently from silica and PSCls, which is
available commercially.

This is an easily handled, low-odor reagent and can be stored for months
without any appreciable loss in activity. Clean deoxygenation can be achieved
by simple stirring of the reagent with sulfoxides at room temperature. The
interesting features of this protocol are the mild reaction condition and
facile isolation of the pure product without any extensive workup. The phos-
phorous oxide by-products remained bound to the silica, and there is no need
for any further purification. No undesirable side product formation was
observed under the reaction condition.

In a typical experimental procedure, sulfoxide 1 was stirred with silica—
PSCl; 2 in dry acetonitrile at room temperature (Scheme 1). Progress of the
reaction was monitored by thin-layer chromatography (TLC) and gas chrom-
atography (GC). After completion of the reaction, silica was filtered off, and
removal of the solvent afforded pure compound 3 (Table 1). Reaction with
alkyl sulfoxides occurred more rapidly than with aryl sulfoxides. Functional
group tolerance with this method is evident from entries 7 and 10 (Table 1).
Various solvents were screened for the reaction, and acetonitrile was found
to be most suitable. The reaction was studied with different molar ratios of
the reagent (Table 2). For alkyl and aryl/alkyl sulfoxide, best results were
obtained with sulfoxide and silica—PSCl; in 1:2 molar ratios, whereas
complete deoxygenation of aryl sulfoxides at room temperature required
2.5 mol.

Furthermore, effect of temperature on the progress of the reaction was
also investigated. With an increase in temperature, a marked acceleration in

0 .
CH;CN S
” +  Silica- PSCl3 — 0 > Rl/"\Rg
e 0
R R, 25°C
1 2 3

Scheme 1. Deoxygenation of sulfoxides.
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Table 1. Deoxygenation of sulfoxides by 2

Entry R, R, Time" Time” Yield (%)
1 C4H, C4H, 2h 0.5h 94
2 CeHs CeHs 6h 2h 91¢
3 CeHs CH; 45h 1h 93
4 p-CH;CeH, CH, 25h 0.7h 92
5 CeHsCH, CeHsCH, 25h 0.6h 93
6 C,oH, p-NO,C¢Hs 55h 1.7h 88¢
7 CeHs Vinyl 4h 09h 92
8 CioH, CH, 3h 0.7h 91
9 p-CICgH, p-CICGH, 8h 25h 907

10 HO(CH>), CH, 2h 0.5h 88

11 Benzothio- — 45h 0.8h 924

phene
5-oxide

Note: All the products gave satisfactory NMR, IR and MS data.
“Reactions carried out at room temperature.

PReactions carried out at 70°C.

“Isolated yield.

“Molar ratio of sulfoxide and silica—PSCls is 1:2.5.

Table 2. Optimization of reagent for conversion of sulfoxides to sulfides

Molar ratio of
substrate (mmol)/

Entry reagent (mmol)? Reaction time (h)  Conversion (%)“
1 1:1 2.0 30
2 1:1 4.0 66
3 1:1 6.0 70
4 1:2 3.0 59
5 1:2 6.0 84
6 1:2.5 4.0 83
7 1:2.5 6.0 100
8 1:1 1.0 71
9 1:1.5 2.0 74

10 1:2.0 1.0 86

11 1:2.0 2.0 100

Note: Entries 1-7 for diphenyl sulfoxide and 8-—11 for n-butyl
sulfoxide.

“Conversion was determined by GC analysis.

21 mmol ~ 0.77 g of silica—PSCls.
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the reaction rate was observed. At 70°C, optimum conversion was obtained.
Further increase in temperature no doubt increased the reaction rate, but
some side product formation was also observed. To see the importance of
silica—PSCl;, similar reactions with PSCl; were also carried out. No signifi-
cant conversion could be obtained, and the reaction mixture gradually
turned brown with excessive side product formation.

In conclusion, silica—PSClI; has been found to be a very mild and efficient
reagent for deoxygenation of sulfoxides to sulfides. Because, the reaction
occurred at room temperature, the method is of considerable interest for
heat-sensitive compounds. Additional important features of this protocol are
clean conversion with no undesired side product formation and facile purifi-
cation of the product without any extensive workup. Other potential appli-
cations of this newly developed reagent are being explored and will be
reported in due course.

EXPERIMENTAL
General Procedure for Deoxygenation of Sulfoxide

Methyl p-tolyl sulfoxide (0.15 g, 1 mmol) was taken in 10 mL of dry aceto-
nitrile. To this, 1.54 g (2.0 mmol) of silica—PSCl; was added. The reaction
mixture was stirred slowly, and progress of the reaction was monitored by
TLC and GC. After completion of the reaction, which took ca. 2.5h, 2.0 g
of dry silica was added to the reaction mixture to absorb the traces of
leached by-products, and the product was filtered and washed with hexane.
Removal of the solvent afforded the pure compound. The phosphorous
oxide by-products remained bound to the silica; there is no need for any
further purification. When the same reaction was carried at 70°C, the
reaction was complete within 40—45 min. The compound was found to pure
by GC. MS: m/z; 138 [M'], 123, 91, 79, 65, 51. '"H NMR (CDCl;,
400 MHz): 6 = 2.32 (s, 3H), 2.47 (s, 3H), 7.09-7.2 (m, 4H).

Preparation of Silica—PSCl;

PSCl; (41.6 mL, 0.4 mol) was added to dry silica-gel (54.0 g, 0.9 mol) and
constantly stirred for 60 min. The mixture was then heated to 70°C for 3 h
to remove all the HCI under nitrogen while stirring was continued. Silica-
PSCI; (59.4 g) was obtained as white free-flowing solid and was stored in a
capped bottle in a refrigerator. This can be used for months without appreci-
able loss in activity. IR spectra of both silica and silica—PSCl; were found to
be similar, and both showed strong adsorption at 1100 cm ™' and 800 cm ™.
Sulfur content was found to be 4.5% by elemental analysis, corresponding
to the 1.3 mmol of sulfur per g of silica—PSCl;. IR (KBr disk), v (cm ™ Y):
3420, 1100, 804.
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