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Table 2. Selective Reduction of Aldehyde Groups in the pres-
ence of Keto and Other Functional Groups with Ipc;0'Bu in Pen-
tane at 25°

Ratio of reduction

Starting mixture Time (h) products
Butanal/Cyclohexanone 1 100:0
Hexanal/Cyclohexanone 6 100:0
Hexanal/2-Heptanone 6 100:0
Hexanal/Acetophenone 6 100:0
Hexanal/Benzophenone 6 100:0
Benzaldehyde/Hexanal 6 60 : 40
Benzaldehyde/Cyclohexanone 6 100:0
Benzaldehyde/2-Heptanone 6 100:0
p-Anisaldehyde/Cyclohexanone 6 >99.9 : trace
Hexanal/Hexanoy! chloride 6 100:0
Hexanal/Benzoy! chloride 6 100:0
Hexanal/1,2-Butylene oxide 6 100:0

9Reaction mixture were ca. 1 M in substrates. One equivalent
of reagent was utilized for competitive reduction of equimolar
mixture of two carbonyl compounds. ®Normalized ratio deter-
mined by GLC with appropriate internal standard; the total
yields of product alcohols were 2 99.9%.

tained by GC analysis of the reaction mixture with internal
standard are summarized in Table 2.

Both aliphatic and aromatic aldehydes examined are selec-
tively reduced in the presence of simple ketones : hexanal
is selectively reduced in the presence of even cyclohexanone.
Likewise, benzaldehyde can be selectively reduced in the
presence of cyclohexanone. Even more important is the che-
moselective discrimination between hexanal and acid chlo-
ride. Furthermore, epoxides are inert to the reagent. Conse-
quently, the reagent permits the selective reduction of alde-
hyde groups in the presence of nearly all other functional
groups. Although Ipc,BOH has proven to be the most excel-
lent reagent in its ability to discriminate between an alde-
hyde and a ketone, the reduction rate is quite slow :the
reagent requires a 24 h reaction at 25° for completion.! Con-
sequently, a_remarkable inertness of Ipc,BO'Bu toward most
of the functional groups, coupled with a superior selectivity
(100%) and a high reactivity (6 h at 25°) in the reduction
of aldehydes provide an extremely useful method for such
selective reduction.
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Since the direct synthesis of methylchlorosilanes from ele-
mental silicon and methyl chloride catalyzed by copper was
invented by Rochow in 1940’s,! direct reactions of metallic
silicon with various alkyl chlorides have been studied exten-
sively.? However the direct reaction of benzyl chloride has
not been reported yet, because benzyl chloride decomposes
rapidly when contact with Si-Cu contact mass at temperature
above 150 €. We recently reported the direct synthesis of
2,2-dichloro-2-silaindan by reacting a,0’-dichloro-o-xylene
with elemental silicon (eq. 1).* It was first example that ben-

- zylic chloride was used in the direct synthesis. We also found

that hydrogen chloride addition to organic chlorides in the
direct synthesis suppressed the decomposition of starting
compounds and gave the Si-H containing silane products
mainly.

*To whom correspondence should be addressed.
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We wish to report herein the preparation of Si-H contain-
ing a,a-bis(silyl)toluene§ by directly reacting elemental sili-
con with a mixture of a,a-dichlorotoluene and hydrogen
chloride in the presence of copper catalyst using a stirred
reactor equipped with a spiral band agitator at carefully con-
trolled temperatures between 280 and 360 C.

The direct reaction was carried out as shown in the follow-
ing typical example using the same reactor as described
elsewhere>® A mixture of 90.0 g of elemental silicon (100-
325 mesh) and 10.0 g of copper was placed in a reactor
made of Pyrex® glass tube (25 mm inner diameter and 400
mm length) with an electrical heating wire coiled outside
and equipped with a spiral band agitator. The mixture was
flushed at 350 C for 2 h with a dried nitrogen. At this point,
methyl chloride was introduced at the rate of 60 mL/min
to activate the contact mixture for 4 h. After removing the
methylchlorosilanes formed during activation, 0.50 g of cad-
mium powder was added at 30 T, the inside temperature
of the contact mixture was maintained at 320 C during 1
h. Then the temperature was readjusted to the desired reac-
tion temperature, e.g. 320 C, and a,a-dichlorotoluene was
added using a syringe pump into the evaporator attached
at the bottom of the reactor at the rate of 6.62 mL/h. Simul-
taneously, hydrogen chloride flow rate was set to 115 mL
/min by using Matheson 600 rotameter. Nitrogen flow was
set to 60 mL/min to remove the products out of the reactor
better. The products were collected in the receiver at the
top of the reactor. From the 49.6 g (308 mmol) of the a,a-
dichlorotoluene, 174 g (19% yield) of 1,1,3,3-tetrachloro-2-
phenyl-1,3-disilapropane, 1,° 9.4 g (9% yield) of 1,1,1,3,3-pen-
tachloro-2-phenyl-1,3-disilapropane, 2,7 2.0 g (2% yield) of 1,1,
1,3,3,3-hexachloro-2-phenyl-1,3-disilapropane, 32 7.0 g (12%
yield) of benzyldichlorosilane, 4° and 2.0 g (2% yield) of
benzyltrichlorosilane, 5° were obtained along with 0.9 g of
benzene, 1.0 g of toluene, 0.4 g of diphenylmethane, 0.6 g
of 1,2-diphenylethane, and 2.0 g of {rans-stilbene. The yields
were calculated on the basis of starting a,a-dichlorotoluene.

SiCu SiHCI SiHCI sicl
PhCHCI2/ HCI ——— phcHZ 2. PhCHZ 2, PhcHZ *
“SiHCI SiCl3 SiCly

1,19% 2, 9% 3, 2%

+ PhCH.SIHCI; +  PhCHSICly + others (2)
4, 12% 5, 2%

The product, 1 was presumably derived from the reaction
in which 1 mol of a,a-dichlorotoluene and 2 mol of hydrogen
chloride reacted with the silicon atom simultaneously. The
product, 2 was obtained from the reaction in which 1 mol
of a,a-dichlorotoluene and 1 mol of hydrogen chloride re-
acted with the silicon atom followed by chlorine abstraction.
The product, 3 was similarly derived from the reaction of
1 mol of a,a-dichlorotoluene and 2 mol of chlorine with the
silicon atom. The products, 4 and § were presumably. produc-
ed from benzyl chloride which derived from the reduction
of a,a-dichlorotoluene by hydrogen chloride in the contact
mixture.

In order to optimize the reaction temperature for the di-
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Table 1. Effect of Reaction Temperature on the Direct Synthe-
sis’

Entry Reaction  Amountof Products composition (wt %)

no. temp. (C) product(g) 1 2 3 4 5

1 280 7.3 31 49 50 34 24
2 300 49 250 255 69 79 23
3 320 10.6 288 175 29 123 31
4 340 10.5 270 164 25 105 21
5 360 11.0 198 153 39 69 22

2 Catalyst/co-catalyst : 10% Cu/0.5% Cd. Mole ratio of a,a-dichlo-
rotoluene/hydrogen chloride : 1/6. a,a-Dichlorotoluene, 8.3 g, was
used during 1 h of reaction time.

Table 2. Effect of Mole Ratio on the Direct Synthesis”

Entry Mole Amount of Products composition (wt %)

no. ratic® product (g 1 2 3 4 5

1:4 6.5 115 215 127 93 72
1:6 10.6 288 1756 29 123 31
1:9 16,6 147 86 21 72 17

N W

¢ Catalyst/co-catalyst : 10% Cu/0.5% Cd. Reaction temperature :
320 T. a,a-Dichlorotoluene, 8.3 g, was used during 1 h of reac-
tion time. ®a,a-Dichlorotoluene : hydrogen chloride.

rect reaction, the reactions were carried out at the various
reaction temperatures ranging from 280 to 360 T and pro-
duct distributions are given in Table 1. In this study, 0.5%
of cadmium was employed in all experiments, because it
was known as a best promoter for the direct synthesis of
Si-H containing chlorosilanes.’

Although several byproducts were also obtained together
from the reaction, the benzal and benzyl containing chloro-
silanes were only included in the table for simplicity. The
low boiling rest were almost about 5 : 1 mixture of trichloro-
silane and tetrachlorosilane that produced from the reaction
of hydrogen chloride and elemental silicon. As shown in the
Table 1, the starting o,o-dichlorotoluene was not detected
in the products throughout the reaction temperatures except
280 T, indicating that the reaction temperature 280 C was
too low for the reaction. For all cases, 1 was obtained as
the major product except 280 . The total amount of
products and selectivity for 1 gradually increased as the tem-
perature increased up to 320 C. However, beyond 320 T
the amount of products and the selectivity decreased again,
suggesting higher decomposition of a,a-dichlorotoluene at
higher reaction temperatures.

To study the effect of hydrogen chloride addition, the di-
rect reaction was carried out using various mixing ratios
of ¢,a-dichlorotoluene and hydrogen chloride at 320 C. The
product distributions obtained from the direct reaction are
given in Table 2.

As shown in Table 2, the total amount of products in-
creases with increase of hydrogen chloride addition because
the large amount of trichlorosilane and tetrachlorosilane
were produced from the reaction between silicon and hydro-
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gen chloride.! The yield of 1 based on a,a-dichlorotoluene
consumption also increases as hydrogen chloride increases.
This result suggests that a higher mixing ratio of hydrogen
chloride content suppress the decomposition of a,a-dichloro-
toluene better. In the case of mole ratio of reactants higher
than 1:6, however, about same amounts of products (1-5)
were obtained.

In summary, we have shown that the direct synthesis of
a,a-bis(silyDtoluenes successfully by reacting elemental sili-
con with a mixture of a,a-dichlorotoluene and hydrogen
chloride in the presence of copper catalyst.
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The generation and synthetic utility of o-quinodimethanes
as the diene partner in Diels-Alder ‘cycloaddition reactions
is well documented.! In the previous report,? we found that
the reactions of stannyl aldehydes and ketones 1 with anhy-
drous MgBr; at 0 T in CHCl; led to a-oxy-o-quinodimeth-
anes 2, which could be trapped as Diels-Alder adducts in
good yields (Scheme 1).

As an extension of this study, we now wish to report a
new and mild method for the generation of a-phenylthio-o-
quinodimethanes 5 by the Lewis-acid promoted internal car-
bon-tin bond cleavage reaction of dithioacetal S-oxides 4
(Scheme 2). The method utilizes the potential of the C-Sn
o bond as a latent carbanionic nucleophile® and- the sensitiv-
ity of sulfoxides as a leaving group in the presence of Lewis
acids.* It is noteworthy that despite the well-known activating
and regiodirecting effects of the sulfur substituents on diene
in Diels-Alder reaction,” no report has yet been described
concerning the generation and cycloadditions of o-quinodi-
methanes bearing the sulfur substituents at the a position.

The requisite precursors 4 employed in the present study
were easily prepared from the known stannyl alchols 7%
in three steps (Scheme 3). Reaction of 7 with n-BusP and
N-(phenylthio)phthalimide in benzene at room temperature®
afforded their corresponding sulfides, which were subjected
to mCPBA oxidation (1 equiv, —78°-—50 T/CH.Cly/2 h) to
give sulfoxides 8 in 70-75% overall yields. Sequential treat-

R; Ry R, OMgBr Rz Ry OH
cm- A
SnBug - BuySnBr B
1 Ry=H,Me 2 3
Ry = H, OMe
Scheme 1.
R PhS=0O . R SPh R SPh
©i\spn Lewis acid A-=-8 @j‘
SnBug B8
4 5 6
a:R=H,b: R=0OCHj
Scheme 2.
R R .
i) n-BuaP,
@Co“ N-PhS-phthalimide @: S(OPh_oA _
SnBuj i) mCPBA SnBuz PhSSPh
7 8

a:R=H,b: R=0CH,
Scheme 3.



