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Generally, reduction of the carbonyl group of aldehvde
and ketone 1o the corresponding methylenc derivative can be
carricd out by chemical metheds such as Clemimensen
reduction,! Wolff-Kishner reduction * LiAll 1;-AlCI:,* NaBI -
CF:CO:H," EGSiH-BF: or CF:CO:H,>" HI-Phosphorus™ or
by catalytic hydrogenation.'” However, because of (heir
harsh conditions or requirement of using stoichiometric or
excess amount of Lewis acid, many of these methods arc
restricted from the use for compounds containing other
functional groups. Recently, the combination of a catalytic
amount of InClz and 2 cquivalent of Mc2SiClH is reported (o
be quite clfective for deoxygenation of aryl ketones to the
corresponding hydrocarbons under mild conditions.!” The
combination of hydride donor and Lewis acid was reported
as usciul synthetic method for the reductive Friedel-Crall
alkylation of aromatic compounds with various ketones via
carbocation intermediate.'* Direct deoxygenation of ketones
was carricd oul by the reaction of carbocation inlermediate
with hydride.

Elements which belong to the same group in the Periodic
table revealed the same chemical reactivity, We paid
attention to the reactivity of galliwun which belongs to the
same group as boron, aluminwm, and indium. However,
there had been only few examples ol synthetic reaction
using gallium compounds.’*"™ In this paper. we report on (he
gallium(I1I) chloride-mediated direct deoxygenation of aryl
ketones with chlorodimethylsilanc as a hydride donor.

The analogous reductions of aryl kelones to (he corre-
sponding methylenes by using chlorodimethylsilane with
gallium(I1T) chloride as L.ewis acid instcad of indium(IIT)
chloride were invesligated.

General procedure is as the following. Gallium(III)
chloride was dissolved in CHxCl> dried over CaCls to
prepare a 0.1 A solution. Aryl ketone (2.0 mmol) in CH>Cla
(I mL) was added dropwise to a mixture of gallium(III)
chloride (I or 5 mol%) and chlorodimethylsilane (4.8 mmol)
in CHaCl> (2 ml.) al ambient (emperature under nitrogen
atmosphere. [n some cases, arvl ketone was added dropwise
under ice cooling (Table 1). After completion of the reaction,
the reaction mixture was washed with walter. The organic
layer was separated and dried over MgSO,. The filtrate was
evaporated to the dryness. The yield of desired product was
acquired by GC analysis [25 m OV-1701 silica capillary
column, temperature programmed 50 °C (1 min hold) to 280

“C (3 min hold) at a rate of 25 °Cimin, helium flow rate 30
ml./min] and the structure of isolated product was conlirmed
by 'H NMR speetrum.

Under the above conditions, direct deoxygenation reac-
tions of various carbonyl compounds with gallium(IIl)
chloride and chlorodimethylsilane were carricd out. The
obtained results are as shown in Table 1.

In accordance with the proposal by Akio Baba and his co-
workers,”” a plausible mechanism is shown in Scheme 1,
which has three steps: hydrosilylation of carbonyl group,
gencration of the carbocation by desiloxylation, and reaction
of carbocation with hydride derived from cxcess chlorodi-

Table 1. Direct deoxygenation of various aryl Ketones using the
combination of chlorodimethylsilane and gallium(111) chloride

0O
R Me,SiCH (2.4 eq)
GaCl; (1 mol%)
1a-r CHyCly, 1t 2a-r
Run R R'efaction Tn.nef Vield%
[emp min
I Ta CH; H 0°C 10 2a 99
2 1b CH.CI: I 0°C 0 2b 94
3 1le CH.CH:CH: H 0°C 10 2¢ 79
4 1d CH(CH:)> H rt 10 2d 75
5 le Ph IT it 30 2 o4
6 1f CHs 0-Ph 0°C 10 26 72
7 g CHs m-OCH; rt 5 20 -
8 1h CH5 p-OCH: it 60 2g 95
9 CHs m-NQ; 0°C 10 2§ 37
10 1j CH; p-NO.  0°C 100 2 37
11 1k CH; m-NI> rt —  Norcaction
12 1m CH:z £-NHa rt = Noreaction
13 1n CHs p-CH; rt 10 2n 62
14 1o CEl; -Br 0°C 0 20 82
15 1p  3.4-Dihydro-1(2H)- it 60 2p 78
naphthalenone
16 1q Methyl I-naphthyl ketone  0°C 10 2q 90
17 1Ir 2-Methoxy-2- rt 10 2r 88

phenylacetophenone

“S mol% of GaCl: was used. "Inseparable many products were oblained
‘28% of {1-Methvl)-m-nitrobenzy] ether was obtained. “9% ol (I-
MethyD)-p-nitrobenzy | ether was obtained.
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Scheme 1

methylsilane.

In this study, we found that the combination of
gallium{I1T) chloride and chlorodimethylsilane is more
effective for the deoxygenation of aryl ketones to the
corresponding methylene compounds than the combination
ol indium(ITT) chloride and chlgrodimethylsilanc, In most
cases, the reaction was over within 10 min and the direct
deoxygenation by using gallium(Ill) chlonde proceeded
faster than using indium(I11) chloride. Direct deoxygenation
using indium(111) chloride for the aryl ketones took at 1cast |
hour for the completion of the reaction.'! Furthermore, aryl
kelones were deoxygenated to the corresponding hydro-
carbons by using lower concentrations of  gallium(I1T)
chloride (1-5 mol%) than those of indium(II[) chlonde (5-10
mol%). Thus, we assumed that gallium(IIl) chloride was
more cffective and powerful in producing a carbocation
intermediate from an alcohol than indivm(IID) chloride.

The reduction of acetophenone (la), propiophenone (1b),
butyrophenone (1¢), and isobutyrophenone (1d) provided
the corresponding methylenes (2a-d) in good vields (run 1-
4). However, the yields of isolated methylene compounds
were inversely proportional to the length of the acyl side
chain of aryl ketones.

The relatively slow reaction rates for benzophenone (le,
un 5) and p-methoxy-acetophenone (Th, run 8) were
observed. It was considered that the resonance eftects with
two phenyl groups of le and the presence of para-
substituled clectron-donaling group of Th appeared to hinder
the reduction by increasing the electron density of carbonyl
group. On the other hand. m- or p-mitroacetophenone (1i and
1j. run 9 and 10) was reduced to (he corresponding
hydrocarbon with poor yields and inseparable by-products
due to the decomposition of unstable intermediate. Further-
more, from the reduction of 1i and 1j, the corresponding
dimerized ethers, (1-methyl)-m-nitrobenzyl ether and (1-
methyl)-p-nitrobenzyl ether were isolated m 28% and 9%

yield, respectively. It was assumed that the formation of
carbocation was difficult by electron-withdrawing character
of the nitro group.

in- or p-Aminoacetophenone (1k and Tm, run 11 and 12)
provided no reaction under the conditions mentioned above
because of the formation of (he complex  between
gallium(I1T) chloride and amino group.

In conclusion. we have found that the direct deoxy-
genation of aryl ketone using GaCls as a Lewis acid and
chloredimethylsilane as a hydride donor proceeded effec-
tively under mild conditions.
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