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Phenylsilane as an effective desulfinylation reagent
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The reduction using phenylsilane in a KOH-catalyzed system was applied successfully to the conversion of sulfinyl-substituted

cyclopropylcarboxylates into the corresponding alcohols. The presence of sulfinyl substituents in the a-position to the carboxylate

group caused a desulfinylation product formation with full regio- and stereoselectivity, instead of a carbonyl group reduction. In-

vestigations performed on different a-sulfinylcarbonyl compounds revealed that phenylsilane treatment constitutes a regiospecific

method for the desulfinylation of a-sulfinylesters; for corresponding ketones the reaction course depends on the character of the car-

bonyl group.

Introduction

The conversion of carboxylic acid derivatives to the corre-
sponding alcohols is one of the fundamental processes in
organic synthesis. Over the past decades, many reagents and
conditions for this transformation have been reported. Apart
from traditional hydride reducing agents like lithium aluminum
hydride and sodium borohydride [1,2], different modifications
were applied, using transition metal salts as catalysts or addi-
tives to change or enhance the properties of these reagents
[3-8]. Hydrogenation is another convenient method for the
reduction of carbonyl compounds, although low selectivities
have sometimes been observed and the reaction usually re-
quired drastic conditions [9]. Also, the catalytic hydrosilylation
of carbonyl moieties has become an important transformation as
an alternative reduction methodology [10-14]. Besides the well-

known metal-catalyzed hydrosilylation, transition metals in the
presence of Bronsted or Lewis acids were used for the reduc-
tion. Recently base-activated silanes were also used for this
purpose [15-17].

Results and Discussion

Our recent investigations were connected with the synthesis and
further conversion of multifunctional cyclopropanes, where the
carboxylate moiety was present in close proximity to sulfinyl
and phosphoryl substituents [18-20]. A selective and effective
method of the independent conversion of each of these substitu-
ents is therefore a subject of our interest. To extend the investi-
gations on the reduction of esters using a reagent with tolerance

for other functional groups present in the structure, we applied a
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hydrosilylation methodology (Scheme 1). Various cyclopropyl
phosphonates were subjected to the reaction with an excess of
phenylsilane under neat reaction conditions in the presence of a
catalytic amount of KOH. It appeared that results of this reac-
tion strongly depended on the relative position of particular sub-
stituents [21].

For compounds 1 and 2 the treatment with phenylsilane caused,
as expected, in a reduction of the ester group. In both cyclo-
propanes the carboxylate moiety and the sulfinyl group were in
vicinal relation, but in 1, formed in the reaction of vinyl phos-
phoryl sulfoxide with EDSA [22], the ester group was easily
accessed, since the bulky phosphoryl group was also in vicinal
position to the sulfoxide substituent. Compounds 2 and 3 were
obtained by us earlier [23] in diastereomerically pure form as
key intermediates in our approach to constrained phosphonic
acids by the reaction of phosphoryl acrylates with (S)-dimethyl-
sulfonium(p-tolylsulfinyl)methylide. The carboxylate moiety
was geminal to the phosphoryl substituent in these compounds.
In the case of cyclopropane 3 the reduction did not occur, since
the bulky tert-butyl substituent effectively protected the carbox-
ylate group. Hence, the starting material was recovered.

The next cyclopropane 4, which contained the sulfinyl substitu-
ent in geminal position to the ester group, was subjected to a
reaction with phenylsilane using the procedure described above.
In this case, to our surprise, no alcohol was detected, but the
desulfinylation process occurred exclusively.
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Cyclopropane 4 was formed by carboxylation of 3 with ethyl
chloroformate as a continuation of our studies on asymmetric
cyclopropanation of vinyl phosphonates using (S)-dimethylsul-
fonium(p-tolylsulfinyl)methylide and its further application. It
was formed as a single diastercomer with full stereoselectivity.
To determine the relative configuration of the obtained struc-
ture, in the absence of an a-proton at the sulfinyl group which
was conclusive in our former studies, we benefited from
13C NMR analysis. The small value of coupling constant
3Jp.c = 4 Hz indicated a trans relationship between the carbox-
ylate and the phosphoryl substituent.

Desulfinylation of cyclopropane 4 under conditions used by us
before, i.e., by treatment with isopropylmagnesium chloride,
gave a mixture of diasterecomers 7a and 7b. It was probably due
to epimerization on carbon C2 of the carbanion, formed after
attack of the Grignard reagent on sulfur. To our satisfaction,
utilization of the silane procedure led to the single diastereomer
7a. In this case determination of the relative configuration as
trans was based on a high coupling constant 3J/p_; = 17.0 Hz,
which evidenced retention of configuration during the
desulfinylation process (Scheme 2).

The reaction conducted under solvent-free conditions with a
large excess of silyl reagent (procedure 1) occurred with full
conversion of the cyclopropanes, although some problems with
the isolation of the product due to an excess of silane induced a
modification of the reduction procedure. The gain of using THF
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Scheme 1: Different behaviour of cyclopropylphosphonates in the reaction with phenylsilane.
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Scheme 2: Synthesis and desulfinylation of 4.

as a solvent [17] (procedure 2) let us decrease the amount of
phenylsilane used in the reaction medium, which resulted in a
high yield of the corresponding cyclopropane 7a.

The obtained results demonstrated that the presence of a
sulfinyl substituent in o position to the carboxylate completely
changed the direction of the silane attack on the structure, so
this reaction could be considered as a new regiospecific method
of a desulfinylation. In order to examine the scope of observed
desulfinylation different carbonyl compounds with sulfinyl
substituents were synthetized and subjected to the reaction
with phenylsilane. Reactions of a-sulfinylcarboxylates 9
and 10 with phenylsilane evidenced that the desulfinylation
process occurred also in the case of acyclic sulfoxides
(Scheme 3).

o-Sulfinylphenylacetate 9 was formed as a mixture of diastereo-
mers difficult to separate. This mixture, without separation, was
subjected to the reaction with phenylsilane utilizing the proce-
dure described above and afforded phenylacetate 8 as the only
product. Methylation of 9 afforded product 10 with full stereo-
selectivity as the only diastereomer although the configuration
of this center was not determined. Also in this case treatment
with PhSiH3/KOH caused a desulfinylation process leading to
ester 11 [24]. Unfortunately in this case the stereogenic center
at the carbon undergoes epimerization under these reaction
conditions and 11 is obtained in racemic form.

To study the scope and limitation of the silane reactivity and its
selectivity we checked the influence of the ketone function on
the behaviour of the compounds with sulfur and carbonyl sub-

MeOchS;“‘p -Tol

A

stituents in geminal position. This relation turned out to be more
complex and was depended on the ketone structure (Table 1).

Introduction of an acyl moiety by substitution of 3 with acetic
anhydride led to compound 12, which was subjected to the reac-
tion with PhSiH3/KOH. Also in this case desulfinylation of
cyclopropane took place leading to 13 as a major product, how-
ever, accompanied by the corresponding alcohol 14, formed as
a result of the subsequent reduction of the carbonyl group
(Table 1, entries 1 and 2). Oxidation of the crude mixture by
stirring with chromium trioxide and pyridine allowed to obtain
desulfinylated ketone 13 in a reasonable yield.

For acyclic structures the reaction course dramatically depended
on the character of ketone. In the case of aliphatic ketone 15,
silane treatment gave desulfinylated product 17 as the only
product (Table 1, entry 3). However, the presence of a more
electrophilic aryl ketone group in 19 caused that the reduction
of carbonyl group took place, leading to alcohol 21 without
desulfinylation (Table 1, entry 5).

For comparison, for analogous carbonyl structures with sulfide
substituents, under these conditions, reduction of the carbonyl
group occurred leading to the corresponding alcohols (18 [25],
22) as the only products in high yield. It means that attack on
sulfur is not connected with the presence of a C—S bond but a

sulfinyl substituent is required.

In a former research performed by Fernandes and Roméo [26],
an a-sulfinyl-substituted ester (methyl(phenylsulfinyl)acetate)
was treated by phenylsilane, but using a silane/MoO,Cl, system

_C . MeOC Mes\-/;"‘P-Tol b MeozCYMe
Y%

Ph Ph
10 11

Scheme 3: Reaction of acyclic sulfoxides with phenylsilane. Reagents and conditions: (a) BuLi, THF, =70 °C, p-TolS(O)Men; (b) PhSiH3, THF, rt,

KOH (5 mol %); (c) Mel, 50% KOH, CHxCls.
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Table 1: Reaction of compounds with sulfur and carbonyl substituents in geminal relation with PhSiH3/KOH.

on i PhSiHy/KOH OH
R1 CHRZ PhSIHg/KOH R1 CR2 M3 R1 ICI:RZ R1 éHRz
n=01 n=1 Y Y
S(0),Ar ' S(0),Ar H H
18,21, 22 12,15, 16, 19, 20 13,17 14
0 Q Q
(MeO)zé COoit-Bu  (MeO)R, ,COut-Bu  (MeO)P, ,COzt-Bu
é/'qu é,%:Me é/CIJHMe
208 e ./ OH
o p-Tol 13 14
12
0 o OH o OH

1"
MeC._S(0),p-Tol MeC

T ]

15:n =1 17 18
16:n =0
Entry Ketone Reaction conditions
1 12 5 equiv PhSiH3, 0.1 equiv KOH,
0.5 h, rt, 20% conv.
2 12 5 equiv PhSiH3, 0.1 equiv KOH,
5 h, rt, 100% conv.
3 15 5 equiv PhSiH3, 0.1 equiv KOH,
5h, rt, 100% conv.
4 16 5 equiv PhSiH3, 0.1 equiv KOH,
5 h, rt, 100% conv.
5 19 5 equiv PhSiH3, 0.1 equiv KOH,
5h, rt, 100% conv.
6 20 5 equiv PhSiH3, 0.1 equiv KOH,

5 h, rt, 100% conv.

as a catalyst. Under those conditions both functional groups
were reduced, leading to the corresponding a-phenylsulfenyl
alcohol. The desulfinylation process of compounds of this type
by phenylsilane is the first observation. It is unknown until now
in literature. One could assume that the active species, usually
postulated in the fluoride- and base-catalyzed hydrosilylation
[27-30], in the presented case is additionally chelated by both
polar carbonyl substituents. It facilitates hydride anion forma-
tion, which attacks the most electrophilic center of a particular
structure.

Conclusion

A phenylsilane/KOH system was successfully applied as a
reducing agent for conversion of different cyclopropylcarboxy-
lates to the corresponding alcohols. However, our study
revealed that the presence of a sulfinyl substituent in the
o-position to the carboxylate moiety totally changes the direc-
tion of the reaction, leading to the corresponding ester deprived

of the sulfinyl group. The desulfinylation process of com-

I 1 |
MeHC TSp—ToI p-BrH4CeC, _S(0)sp-Tol p-BrH4CeC,_S(0);p-Tol

21:n =1
22:n =0

19:n =1
20:n=0

Product of reduction Product of desulfinylation

not detected 13/14

2:1
not detected 13/14

2:1
not detected 17
12 not detected
21 not detected
22 not detected

pounds of this type by phenylsilane was observed for the first
time, so far unknown in the literature. This approach increases
the number of selective desulfinylation methods which can be
performed under mild conditions [31-33]. The reactivity of
a-sulfinylketones with phenylsilane is less regioselective and
the direction of the reaction strongly depends on the character
of the ketone.

Supporting Information

Supporting Information File 1

Experimental and analytical data and NMR spectra.
[http://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-13-150-S1.pdf]
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