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Organosilane chemistry

Kev organosilane reductions

Dr Gerald Larson of Gelest summarises some of the reduction possibilities with silanes

e 5-H bond, based on the relative elec
trongativities of S (190} and H (2.200, is
polarised such that the hydrogen s shightly

hydnidic i nature. The tact that the slanes are not
strongly hydndsc makes them excellent candidates
for mild and selective reductions of organic func
nonal groups

Under i conditions, it 15 essentally a require
ment that the substrate to be reduced should pro
vide a carbocabonic intermediate in order (o be
reduced effectively by the silane. Thus the reachons
are commaonly camed out in the presence of an
acd catalyst, with tnfluoroacetic acd being partiou
larty useful in a number of mstances

The vanety of available organosilane structures
and the relative ease of the syntheses of this class
of organosilane make it possible to alter the
crganosilane electronically andfor stencally to pro-
vide derivatives that allow for the control of reactiv
ity, stereoselectvity and work-up conditions, while
also having the potential for recyching the sihcon
containing by-product

Organosilanes have low toxicty, are stable in air
and are easily handled, although they wall react
with acid or base to generate hydrogen gas. lonic
and transition-metal-catalysed organosiane reduc-
tons have recently been comprehensively
reviewed.'

There are many organosilanes to choose from
for the wvarous organic reductions. Amaong the
miast popular 15 tnethytsilane, which has a conven-
ient boiling point and s easily handled. The least
expensive on a per-equivalent of 5i-H basis is paly-
methylhydrogensiloxane (PMHS). Figure 1 lists the
maore popular organosilanes, their by-products after
reaction and an estimate of pnce on a per-hydride
basis

The direct reducton of alcohols 1o alkanes,
winch usually involves conversion al the alcohol 1o
a good leaving group lollowed by reduction with a
strong metal hydnde reagent, can be camed out
directly in a single step with organosilanes. The
ease of reduction and the catalyst required depend
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Figure I - Reductions of alcohols, halides & carboxylic acids

upon the nature ol the alcohol For example, ben-
ylic, secondary, or terhary alcohols are reduced to
the hydrocarbon in the presence of tnifluoroacetic
acid or boron trifluonde £

The potental rearrangement of the intermediate
carbocanons must always be considered in these
reactions. Pnmary alcohols are reduced by tnethyl-
silane with tnsipentafiuorophenyliboron as the cat-
alyst (Figure 2a). The reacton stops with the non-
reductive tnethylshydation of the alcchol of only a
single equivalent of the slane is used 45

Cost/muole hydride (5)
Silane by-product 1,000 kg scale
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Figure 1 - Common organosilanes

The reduction of alkyl halides is possible in a
number of ways that compete well with organosi
lane methods. On the other hand, organosilanes
have been shown to reduce aryl halides and -
flates in good yields (Figure 2b-c)7

The reduction of carboxylic ackds normally
requirés conversion 1o the ester, wihich typically s
mated to the solaton of the alcohol. Direct reduc-
tion can be accomplished with borane, The use of
tnethylsilane and trifluorcacetic acid has been
shown o reduce carboxylic acids 1o the trifluoroac
etate ester of the alcohol, Le. reduction 1o the alco-
hol, followed by estenfication wath tnfluoroacehic
acd ¥

Direct reduction to the corresponding alcohol
can be achieved in good yields with EtéMe;SiH and
a rutherium catalyst® The nsipentafiuorophenyl-
boron-catalysed reduction of carboxylc acds leads
to the corresponding alkane in high yields (Figure
2c) M fsplation ol the intermechate tnethylsiyl
ether of the alcohol 15 also possible '

In a heghly useful transformation, the internally
activated silane, 1-iphenylsilyl}-7-dimethylaming
methylnaphthalene, reduces carboxylbc acids to

the aldehyde (Figure 2e)'? A similar silane, 1-
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Figure 3 - Reductions of esters, amines & amides

= an aldehyde, however, is a more difficult process
requinng highly selective reducng agents. The

combination of EtySaHIEN/ELNHITRuCIICO],
reduces esters to the corresponding sihylated hemi
acetal in good yields (Figure 3a)."

Other methods, including Et;SIHACF3B or
PhSIHNC Fo)sB also work well for this transior
mation. """ Simple hydrolysis of the silylated
hemiacetal provides the aldehyde. An intramolec
ular example 15 shown with fuonde catalysis
(Figure 3b0.'%"7 With rerr-butyl esters the reduc-
tion with EtySIH/TFA occurs at the ferr-butyl group
to saponify the ester and give sobutane and the
free acid.™

The reductive amination of aldehydes wath the
intriguing reagent (diethylaminoldimethylsidane,
wherein the wulane reagent prowides both the
hydnde and the amine, can be accomplished n
good yeld (Figure 3¢).™ Allernatively, the silane
can provide the reduction in the presence of the
amine, &0

In addition, high-yeld reductive aminations of
aldehydes with PHMS and the amine have been
reported ¥ These kinds of reactions provide useful
alternatives to the cyanoborohydride and related

iphenylmethylsilyl)- 7-dimethylaminonaphthalene,
reduces acid chlondes to aldehydes in excellent
yields, ™
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The reduction of esters to alcohols s a well-
known comversion that can be carmed oul by a
number of processes. The reduction of an ester 1o

O5FhMe;

r-|..'.1r_.f,-.-+ RhHPPh5),;

borchydnde approaches
The reducton of amides to amines is typically
carmed out with borane or borane denvatives. This
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transformation can be accomplished with the more
easily handled organosilanes with ruthenium catal-
ysis as well as other transition metal catalysts result-
ing in high yields under modest reaction conditions
(Figure 3d).2? In a very useful transformation the
combination of diphenylsilane and titanium
tetraisopropoxide gives good yields of the aldehyde
from the amide **

The reduction of enones can be accomplished in
a 1,2- or a 14-manner (Figure 4a1.%* The 1.4-reduc-
ton introduces the hydnde at the B-carbon with the
silicon reacting with the oxygen resulting in the inter-

mediacy of an isolable enal silyl ether, thus providing
a convenient route 1o regioselectively-generated enal
sityl ethers (Figure 451.2% The 1,4-reduction has been
employed in a tandem 1 4-hydrositylation/Michael
addition of bislenones) 2627

The ability of acetals and ketals to form a rela-
tively stable carbocationic intermediate upon reac-
tion with an acid makes them excellent candidates
for silane reductions. This can be exploited in sugar
chemistry.

This abdlity was employed in the reduction of a
benzaldehyde acetal in the presence of an anomenic

acetal of a sugar (figure 42,27 The high regioselec-
trvity of the tnethylsilane reduction of 1, to produce
somer 2 over somer 3 is an imporant step in the
synthesis of the ‘bird Au’ drug, Tamiflu (Figure 4d) 30
The organosilane reducticn of oximes in the
presence of (Boc);O/Pd-C results in the reduction
of the oxime and Boc-protection of the resulting
amine.¥ A similar protocol in the reduction of
azides gives the Boc-protected amine (Figure
4213233 Finally, a large number of organosilane
enantioselective reductions have been reported.’
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