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The reaction of dicarbonyl compounds with potassium in the presence of trimethylsilyl chloride was studied.
The carbonyl compounds were benzil (II), 9,10-phenanthroquinone (III), p-benzoquinone (IV), disodium salt

of tetrahydroxy-p-benzoquinone (V), and trans-dibenzoylethylene (VI), as well as benzophenone (I).
gave bistrimethylsiloxy compounds in good yields, but III did not react under the same conditions.

I and II
1,4-Bistri-

methylsiloxybenzene and 1,4-diphenyl-1,4-bistrimethylsiloxybutadiene were obtained from IV and VI respec-
tively. A similar conjugate reductive silylation was successful with V affording hexakistrimethylsiloxybenzene in

359, yield.

In the presence of trialkylsilyl chlorides, monoketones
undergo reductive dimerization to pinacol bissilyl ethers
with magnesium or alkali metals.}=® 1,2-Bistrimethyl-
siloxy alkenes were obtained when acyloin condensation
was carried out in the presence of trimethylsilyl
chloride.®® Since the modified acyloin condensation
is very likely to involve reductive silylation of 1,2-
diketone intermediates,® it seems to be of interest to
study the reduction of dicarbonyl compounds with
alkali metal in the presence of trimethylsilyl chloride.
A few studies have been reported on the reductive
silylation of diketones. Rihlman treated benzil with
alkali metal and trimethylsilyl chloride to give two
isomeric enediol-disilyl ethers. However, no effort was
made to establish the structure of each isomer.%
Recently Bouas-Laurent reported the reductive silyla-
tion of quinones with magnesium, bistrimethylsiloxy
arenes being obtained.?

The present work deals with the reaction of
dicarbonyl compounds with potassium in the presence
of trimethylsilyl chloride. The compounds studied
were Dbenzil (II), 9,10-phenanthroquinone (III),
p-benzoquinone (IV), disodium salt of tetrahydroxy-
p-benzoquinone (V),® and #rans-dibenzoylethylen
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(VI), as well as benzophenone (I). The following
conjugate reductive silylation would be expected for
the 1,2- and 1,4-dicarbonyl compounds:

OO0
noon K, Me,SiCl

-C-C- ——5

Me,Si0-C = C-OSiMe,
|

o o  Me,SiOx ., OSiMe,
I M K, Me,SiCl Cc=C-C=C
~G-C=C-C- 27 ce=C X

Potassium was used as a reducing metal because it
melts above 64°C and can provide a clean metal
surface during the course of reaction. The standard
procedure of the reaction is as follows. Trimethylsilyl
chloride in a slight excess was added to a mixture of a
ketone, melted potassium and a solvent over a period
of 2hr at 60—70°C. When the total amount of
trimethylsilyl chloride was added at the beginning of
the reaction, the same products were obtained but
in a lower yield probably because of impurities formed
on the metal surface. The results are shown in Table
1.

Benzophenone (I) gave VII which was identical with
that prepared separately by the trimethylsilylation of
benzopinacol. The observed wide range of melting
point might be attributed to the dissociation of VII
into  diphenyl(trimethylsiloxy)methyl  radical as
suggested by Calas ¢t al.V From benzil (II), cis- and
trans-1,2-bistrimethylsiloxy-1,2-diphenylethylene (VIIIa
and VIIIb respectively) were obtained in good yields.
The assignment of the isomer was based on the IR
spectra. The cis-isomer VIIIa showed an absorption
due to the double bond at 1620 cm~1, while the trans-
isomer VIIIb showed no double bond absorption
usually observed for a double bond at the center of
symmetry.®» The high melting point of VIIIb might
also support this assignment. The ratio of VIIIa
to VIIIb was 70: 30. The predominant formation of
VIIIa could be explained by the stabilization of
cis-radical-anion.’®  9,10-Phenanthroquinone  (III)
which is considered to have s-cis configuration of II
resisted completely to react under the present con-
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TABLE 1. REDUCTIVE SILYLATION OF CARBONYL COMPOUNDS
Exp. No. Material Solvent Product Yield (%)
o Me,Si-O
1 |
1 C,H,CC,H, Toluene CeH,-C - 72
I
I CeHs/»
(VII)
CGH5\C /C6H5
Me,SiO” NOSiMe,
OO
o (Vllla)
2 CH;C-CC.H; Benzene ) 88
(I MeSiO | Colls cisftrans—170/30
CHy  “OSiMe,
(VIIIb)
3 — >—— Benzene No reaction
D ad
(I1I)
(0] Benzene No reaction
1]
4 @ THF MessiO—@—OSiMes 28
¢ (IX)
Iv)
O . .
HO. /"\/ONa Me,SiO,  ,OSiMe,
5 U THF Me,8i0-( O >-OSiMe, 35
/ N
NaO”\ ~OH Me,SiO” < OSiMe,
o X)
(V)
CeHs\ AH .
“c=d  OsiMe
MeSi07 oo
o H” NCgHj;
cH . H (XIa)
6 C=C Benzene or 12
/N
H CCqH, Me,SiO. _H
Cc=C C,H,
(VI) CHy” oo’
H’  “\OSiMe,
(XIb)

ditions.’» The double bond in the dianion of ene-diol
formed by reduction in the case of II might bring the
originally separated two phenyl groups into one m-net
work increasing ca. 18 kcal/mol of the delocalization
energy of the system.'® On the other hand, two
phenyl groups of III are originally coupled and the
effect of introducing a double bond at 9,10-position
by the reduction with alkali metal might decrease the
delocalization energy as compared with that of III.1?
The reaction of trans-dibenzoylethylene (VI), a
1,4-diketone, gave a bistrimethylsiloxybutadine (XI)
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whose NMR spectra showed one sharp singlet due to
the trimethylsilyl group. Of the three possible isomers
for XI, trans-trans- or cis-cis-1,4-diphenyl-1,4-bistri-
methylsiloxybutadine (XIb or XIa) is consistent with
the NMR data, but not for the cis-trans isomer with
two nonequivalent trimethylsilyl groups. The low
yield of XI might be due to polymerization of the
product.

The 1,6-conjugate reductive silylation was extended
to p-quinones. The reaction of p-benzoquinone (IV)
in benzene gave 1,4-bistrimethylsiloxybenzene (IX)
when tetrahydrofuran was used as a solvent. A
similar conjugate reductive silylation was successful
with disodium salt of tetrahydroxy-p-benzoquinone (V)
affording hexakistrimethylsiloxybenzene (X) is 359,
yield. Inspection of a model of X revealed the
existence of two representative structures; one with
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TABLE 2. PROPERTIES OF SILYLATED PRODUCTS
Analyses (%) )
Mp °C Found (Calcd) NMR* IR
Products (Bp °C/mmHg) Formula T em-1
G H
VII 130—135% C;,H,0,81, 75.28 7.43 9.98 (s, 18H) 1250, 830 (Me,Si)
(75.29)  (7.45) 2.89 (s, 20H) 1105 (C-O-Si)
VIIIa (160—161/8)> C,oH,ps 0,51, 67.74 8.18 9.95 (s, 18H) 1250, 850 (Me,Si)
(67.41)  (7.87) 3.20 (s, 10H) 1150 (CG-O-Si)
1620 (C=C)
VIIIb 108—1109 C,H,, 0,51, 67.55 7.97 10.23 (s, 18H) 1250, 850 (Me,Si)
(67.41)  (7.87) 2.07 (s, 10H) 1150 (CG-O-Si)
X 48-—508) C,,H,,0,8i, 56.76 8.69 9.76 (s, 18H) 1225, 1255, 840 (Me,Si)
(56.65)  (8.65) 3.36 (s, 4H) 925 (C-O-Si)
X 220 G,y H;,O6Sig 47.39 9.12 9.86 (s) 1250, 840 (Me,Si)»
(47.47)  (8.96) 1040 (C-O-Si)
X1 128—130 C,,H,,0,51, 68.73 7.82 9.75 (s, 18H) 1245, 870 (Me,Si)
(69.07)  (7.73) 3.63 (s, 2H) 1580, 1555 (C=C-C=C)

2.70 (m, 10H) 1060 (C-O-Si)

a) Obtained in CCl,. s: singlet, m: multiplet.

mass and UV spectroscopic data were reported elsewhere.®

f) Lit,* 109.5—110°C. g) Lit? 49—50°C.

all the silicon and oxygen atoms in the same plane of
benzene ring and the other in which only the six oxygen
atoms lie in the plane of the ring leaving the six silicon
atoms outside (alternatively above and below) the
plane. Low temperature NMR study was carried
out in the hope of obtaining information on the non-
equivalent methyl groups which might arise. However,
the one sharp singlet (7 9.86 in CCl; at room tem-
perature) remained unchanged even at —100°C (in
ether-pentane). This could be accounted for in
different way, such as (a) as being due to the methyl
protons lying too far apart to be affected by aromatic
m-electrons or (b) to free rotation about the bonds in
trimethylsilyl groups. No conclusive evidence of the
structure of X has so far been obtained.

The reductive silylation has been proven to be a
good synthetic method for compounds such as X and
XI which might be otherwise difficult to obtain.

Experimental

The starting materials, ketone, diketones, and quinones
were commercially available except for #rans-1,2-dibenzoyl-
ethylene.’® All the reactions were carried out under dry
nitrogen. Boiling and melting points were uncorrected.

b) There was an additional strong absorption at 890 cm~2.

c) The

d) Lit,» 158°C decomp. e) Lit,*® bp 142—143.5/2 mmHg

General Procedure. To a rapidly stirred mixture of
0.1 mol of carbonyl compound and potassium (0.1 g atom
for I and 0.2 g atom for II—IV, and VI, and 0.4 g atom
for V) in an appropriate solvent was added a slight excess
of trimethylsilyl chloride (above the amount of potassium
used) over a period of 2 hr at 60—70°C. The reaction mix-
ture was then cooled to room temperature and left to stand
overnight. Filtration of potassium chloride followed by evapo-
ration of the solvent afforded the product mixture. This
was found to contain merely starting carbonyl compounds
in the case of Expts. 3 and 4 (in benzene). In Expts. 1, 4
(in THF), 5, and 6, the resulting product mixture was solids
and was recrystallized from hexane to give pure silylated
compounds VII, IX, X, and XI, in the yields shown in
Table 1. In Expt. 2, the product mixture was a yellow
liquid which on standing partially crystallized. The solids
were collected by filtration and crystallized from hexane to
give VIIIb, colorless rhombic crystals. The filtrate was
distilled under reduced pressure and afforded VIIIa, a
colorless liquid, bp 160—161°C/8 mmHg. The cis/trans ratio
was determined from the NMR spectrum of the mixture.

The authors are indebted to Shin-etsu Kagaku
Kogyo Co. Ltd. for the supply of trimethylsilyl chloride.
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