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The reactions of a series of silyl-substituted vinylmetallic reagents with acetic and benzoic anhydride 
have been investigated a s  a general route to a,p-unsaturated ketones having a silyl group attached t o  the 
carbon-carbon double bond. The reaction has been found to be generally applicable for acetyl derivatives 
provided low temperatures are used but the reaction with benzoic anhydride gives poorer results. The i.r. 
and U.V. spectra of the ketones are discussed. The characterization of novel 1,4-dienes obtained a s  by- 
products in the syntheses is also described. 

Les rCactions d'une sCrie de reactifs vinylmCtalliques substitues par le silyle sur I'anhydride acetique et 
benzoique ont CtC Ctudiees comme voie gCnCrale d'acces aux cCtones a , p  insaturkes avec un groupe silyle 
attach6 i ladouble liaison carbone-carbone. La reaction est d'application gCnerale pour les dCrivCs acCtyles 
pourvu qu'on se place aux basses tempkratures mais avec I'anhydride benzoique, cette &action conduit 
B des resultats plus pauvres. Les spectres i.r. e t  U.V. des ci tones ont Cte discutCs. La caractCrisation des 
d ikes-1 ,4  nouveaux produits secondaires des syntheses, a CtC Cgalement donnCe. 

[Traduit par le journal] 
Can. J .  Chern., 51, 2023 (1973) 

Some years ago several a,P-unsaturated 
ketones having a silyl group directly attached to 
the carbon-carbon double bond were syn- 
thesized by the hydrosilylation of an acetylenic 
ketone (1, 2). However, the reaction led to  a 
mixture of a- and P-silylvinyl ketones which 
proved to be difficult to separate (eq. 1). 

More recently Felix and Weber (3) described 
a different synthetic approach to P-silylvinyl 
ketones involving dehydrogenation of the satu- 
rated y-ketosilanes (eq. 2). Another route recently 

[2] R3SiCH2CH2COCH3 -> R3SiCH=CHCOCH3 

used to prepare P-silylvinyl ketones and alde- 
hydes involved the hydrolysis of silylallyl ethers 
(4) (eq. 3). It appeared to us that a more gen- 

would be through the coupling of silylvinyl- 
metallic reagents with anhydrides, and the fol- 
lowing deals with such couplings using acetic 
and benzoic anhydride. 

Four previously described organometallic 
reagents were utilized: a-lithiovinyltriphenyl- 
silane (I), ( 5 ) ,  1-lithio-1-triphenylsilyl-2-phenyl- 
ethylene-E (2) ( 5 ) ,  a-trimethylsilylvinylmag- 
nesium bromide (3) (6), and P-trimethylsilylvinyl- 
magnesium bromide (4) (6). All four reagents 
coupled with acetic anhydride to give the acetyl 
derivatives l a ,  2a, 3a, and 4a and the triphenyl- 
silyl reagents, 1 and 2, coupled with benzoic 
anhydride to give the benzoyl derivatives 16 and 
2b. Using the optimum conditions for these 
preparations as described in Table 1, the yields 
varied from 3040%.  In general the couplings 
with acetic anhydride afforded reasonable 
yields, but the trimethylsilyl Grignard reagents, 
3 and 4, gave none of the expected benzoyl 
derivatives under any conditions attempted. All 
the a,P-unsaturated ketones obtained were 
stable to mild acidic or basic conditions and the 

H+  volatile ketones 3a and 4a could be converted 
[3] R-0-CR'=C=CR"(S~ ~ e ~ )  -+ 

H 2 0  into 2,4-dinitrophenylhydrazones in good yield. 
The reactions and the products formed are 

0 
I I shown in Scheme 1. 

R-C-CH=CR" (SiMe3) The ketones were found to be very sensitive 
towards 1,4-addition reactions and in order to 

erally applicable route to both a- and P-silyl minimize further reactions during their prepara- 
isomers of this interesting class of compound tion it was necessary to  use low temperatures. 
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BROOK AND DUFF: n.P-UNSATURATED KETONES 2025 

Ph3Si (RC0)pO Ph,Si\ 'c' 'C ' 
\ or 
,C=CH2 ,C=CH2 ,c.. 1 1 ,c. I 1 

RCO' H' 'HR' 

Ph3Si , ,,H (RC0)20 Ph3Si\ 
/ 

H 
/C=C\ - /c=C 

Li Ph RCO \ 
Ph 

2 2a R = M e  

26 R = Ph 
Me,Si\ ,CHI\ ,,SiMe3 

Me3Si\ (MeC0)20 C C 
\ or 

/C=CH2 C=CH2 
I I 
C 

II 
C 

BrMg M ~ C O /  H / \  / \  
H Me OCOMe 

SCHEME 1 .  Reactions of  silylvinylmetallic reagents with acid anhydrides. 

The net result of these side reactions was the 
formation of 1,bdienes. For example, treatment 
of a-lithiovinyltriphenylsilane with an excess of 
acetic anhydride at  room temperature afforded 
a crystalline product (59% yield) along with a 
small amount of the a,P-unsaturated ketone. 
This product was assigned the structure 5. The 
i.r. spectrum showed strong bands a t  5.70 and 
6.12 p which are generally diagnostic of a vinyl 
acetate. The n.m.r. spectrum showed an aromatic 
multiplet (30H), two multiplets (each 1H) at  6 
6.26 and 5.50 (vinyl protons), a similar multiplet 
(2H) at 2.95 attributable to  the methylene group 
between two double bonds, and two singlets 
(each 3H) at 1.88 and 1.83 p.p.m. attributed to  
the two different methyl groups. The mass spec- 
trum showed the expected parent ion a t  mle 656. 
The geometry shown for the vinyl acetate double 
bond of 5 is assumed. Based on similar evidence, 
products from the reaction of 3 with acetic 
anhydride and 1 and 4 with benzoic anhydride 
were assigned structures 6, 7, and 8, respectively 
(geometries assumed). The reaction thus appears 
to be general. As additional structural evidence 
6 was subjected to  the reactions shown in eq. 4. 

Me3Si \/HZ\ / Si Me3 

MI 
C 

II II 
(1) LiAIH4 

C C (2)  H+ H 2 0  F 
H/ \H ~ e /  ' OCOMe 

6 

Lithium aluminum hydride reduction followed 
by acid hydrolysis afforded the P-ketosilane 9 in 
high yield. This base-sensitive compound in 
aqueous alkaline dioxane gave the ketone 10 in 
72% yield. 

An obvious mechanism for the formation of 
these dienes is the 1,4-addition of the vinyl- 
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TABLE 1. Preparation of a$-unsaturated ketones 

N 

Analytical data a i3 

M.p. or Calcd. Found 
Anhydride Temperature Yield B.p./mm Hg 

R M  (mol) ("C) Product(s) P A  PC) C H C H 

/ \ 
BrMg H 

Me3Si H 
\ / 
Ckc 

/ -  \ 
H MgBr 

Me3Si H 
\ / 

C-C 

- 78 
Acetic (2.5) 

25 

- 78 
Benzoic (1.2) 

- 78 

Acetic (2.0) - 78 

Benzoic (1.1) - 78 

- 120 
Acetic (3.0) 

Acetic (3 .O) - 120 

Benzoic (1 .O) - 78 

Characterized as the 2,4-diniuophenylhydrazone, m.p. 163-164°. 
Anal. Calcd. for C13HlBN404Si: C, 48.43; H, 5.63; N, 17.38. Found: C, 48.41 ; I-l, 5.61 ; N, 17.31. 
"Yield determined by g.1.p.c. analysis of crude product. 
CAlso characterized as the 2,4-DNPH, m.p. 171-172'. 
Anal. Calcd. for C13HlaN404Si: C, 48.43; H, 5.63; N, 17.38. Found: C, 48.20; H, 5.99; N, 17.13. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

M
IC

H
IG

A
N

 o
n 

11
/1

1/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



BROOK AND DUFF: a$-l JNSATURATED KETONES 2027 

metallic reagent to the a,P-unsaturated ketone, 
in the normal manner, to give an enolate ion 
which is then acetylated or benzoylated by the 
remaining anhydride. To confirm this pathway 
3-triphenylsilylbut-3-en-2-one (la) was treated 
with an equimolar amount of a-lithiovinyltri- 
phenylsilane (1) at -78'. Hydrolysis gave the 
expected P-ketosilane 11 in high yield (see eq. 5). 

The important features of the i.r. and U.V. 
spectra of the a,P-unsaturated ketones are given 
in Tables 2 and 3. The carbonyl stretching wave- 
lengths (5.93-6.05 p) are normal for a,p-un- 
saturated ketones (typically 5.94-6.02 p (7)), as 
previously noted by Felix and Weber (3) for a 
series of P-silylvinyl ketones. The shift to longer 
wavelength in the more polar solvent, ace- 
tonitrile, is also as expected (8). 

The i.r. carbonyl band of P-ketosilanes is 
generally shifted to about 0.1 p longer wave- 
length than that of their carbon analogs (9) 
(e .g.  Me,SiCH,COMe, 5.89 ; Me,CCH,COMe, 
5.82 p). This effect, probably attributable to 
inductive release from silicon toward the car- 
bony1 group, may not be as strongly pronounced 
in the a-silylvinyl ketones since the acetyl deriva- 
tives la-4a absorb at very similar wavelengths. 

Unfortunately only one of the six compounds 
prepared, 4a, showed a band (ca. 6.29 p) which 
could be clearly assigned to a carbon-carbon 
double bond stretch. No similar band was ob- 
served in the a-isomer, 3a. Triphenylsilyl com- 
pounds in general have i.r. absorption at 6.28 p 

and above, associated with the phenyl groups, 
which probably obscure the carbon-carbon 
double bond stretch in the four triphenylsilyl 
ketones. 

Five of the six ketones prepared show a U.V. 

n -+ x* absorption band which shifts to shorter 
wavelength with increasing solvent polarity 
(Table 3). The two trimethylsilyl ketones 3a and 
4a also show a n-n* band which shifts to longer 
wavelength with increasing solvent polarity. 
This shift, about 10 nm on changing from cyclo- 
hexane to water, is similar to that found in 
analogous carbon compounds (8). 

Although the silyl-substituted a,P-unsaturated 
ketones undergo n-x* transitions at slightly 
lower energy than analogous carbon or unsub- 
stituted compounds (typically 305-340 nm, E 

25-100) (7) the small effect is in marked contrast 
to the effect of direct silicon substitution at the 
carbonyl chromophore. For example, replace- 
ment of a methyl group of acetone by a triphenyl- 
silyl group results in a lowering of the n -+ n* 
transition energy by about 26 kcal/mol. Effects 
of this magnitude (which would have resulted 
in a shift in A,,, from 320 to about 450 nm with 
silyl substitution) can definitely be ruled out for 
both a-  and P-silylvinyl ketones. 

It has been suggested (3) that the main effect 
of the P-silyl substituent on the n -t n* transi- 
tion of a,gunsaturated ketones is in stabilizing 
the x* excited state. The similarity in the n -t n* 
absorption of the a-  and P-silyl isomers 3a and 
4a tends to support this and confirms that direct 
conjugative interaction between the p-silicon 
atom and the carbonyl group is unimportant 
(es. 6). 

However, if lowering the x* level is the only 
significant effect of silyl substitution then one 
would predict similar x-x* absorption bands for 
3a and 4a. This is clearly not the case. The 
x -t n* band of the P-silylvinyl isomer, 4a, 
occurs at 13 nm longer wavelength (ca. 8 kcall 
mol lower energy) and with a somewhat higher 
extinction coefficient, a result which is not incon- 
sistent with conjugative interaction. It is also 
of interest to compare the x -t x* bands of 3a 
and 4a in methanol (Table 3) with those of 
methyl vinyl ketone (A,,,, (ethanol) 210), 
3-methylbut-3-en-2-one (21 8), and pent-3-en- 
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2028 C A N .  J. CHEM. VOL. 51. 1973 

TABLE 2. Spectral data for a,a-unsaturated ketones 
-- 

U.V. h,,, (E)' 
1.r. C=O 

Compound stretch" n + n* Other bands 

Ph3Si 
\ 

C=CH, 5.98 p 329 nm (76)' - - 
/ 

P ~ C O  

Ph3Si 
\ 

C=CHPh 
/ 

MeCO 

Ph3Si 
\ 

C=CHPh 
/ 

PhCO 

/ 
MeCO 

H COMe 
-- 

C a r b o n  tetrachloride solution, s = strong, w = weak. 
bcyclohexane solvent. Maxima underlined for n --t a* bands. 
=Fine structure not resolved. 
dExpccted a -> n* t ransi t~on of benzoyl group. 
CThe n --t a* band is buried. 
'Band associated with the triphenylsilylstyryl system (c.g. ~ ~ I I S - P ~ ~ S ~ C H = C H P ~  261 nm (E 15 000)). 
9The n -t n* band is a shoulder of  the more intense bands. 
*Measured in 1 mrn silica cells w ~ t h  nltrogen purging. 

TABLE 3. Effect of solvent polarity on spectra 
-- 

1.r.W U.V. (h11131 nm) 
- 

Compound CCI, MeCN Band CsHI, MeCN MeOH H,O C
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BROOK AND DUFF: a$-UNSATURATED KETONES 2029 

2-one (220 nm)' (10). Whereas methyl substitu- 
tion at the double bond causes moderate shifts 
to longer wavelength (8 nm for a and 10 nm 
for p) silyl substitution either causes a slightly 
greater increase (13 nm for P), or no increase at 
all in the transition wavelength. 

To gain some insight into possible causes of 
these unexpected shifts we have carried out 
preliminary molecular orbital calculations of the 
CND0/2 type (11) on the five model com- 
pounds, methyl vinyl ketone, 3-methylbut-3-en- 
2-one, trans-pent-3-en-2-one, and the silyl (i.e. 
SiH,) analogs of the latter two compounds. 
Bond lengths were obtained from standard 
tables (12) and S-trans geometries were used. 
The important results are summarized, in a 
qualitative manner, in Fig. 1. As expected, each 

I - T* - a* 

FIG. 1. Qualitative illustration of the results of 
CNDO calculations for silyl- and methyl-substituted 
a,a-unsaturated ketones. 

compound showed an n-type orbital as the 
highest filled n~olecular orbital and a n-type 
orbital at somewhat lower energy. The lowest 
energy unfilled molecular orbital was also of the 
n-type and is designated as n*. The calculations 
showed a slight raising of the n level on substitu- 
tion at the double bond with the effect being 
greatest, though still small, for the a-silyl com- 
pound. The n* level remained relatively un- 
changed with either a- or P-methyl substituents 
but with silyl substituents the n* energy was 
substantially lowered. These results are in 
accord with the observed longer n + n* transi- 

'There is no significant difference between methanol 
and ethanol solvent as regards the n + n* transitions in 
a$-unsaturated ketones (8). 

tion wavelength in the silyl isomers. The effect 
of substitution on the n molecular orbital was 
somewhat unexpected. While methyl substitution 
caused a raising of the level silyl substitution 
resulted in an equally pronounced lowering of 
the energy. The predicted result on the n + n* 
transition are thus a bathochromic shift for the 
carbon-substituted ketones, as observed, while 
with the silyl ketones the net effect on the transi- 
tion energy would depend on the relative 
amounts by which the n and n* levels were 
affected. Our calculations predicted a net batho- 
chromic shift on silyl substitution ( i t .  n* 
lowered more than n). However, it is reasonable 
to expect that these effects would depend to 
some extent on the position of the silyl substit- 
uent and the anomalous n + n* spectra of the 
silyl ketones could thus be explained by different 
degrees of interaction of an a- or P-silyl group 
with the n and n* orbitals. 

The study of silyl-substituted a,P-unsaturated 
ketones is in an early stage at present and, in our 
opinion, more compounds, particularly suitable 
carbon and other Group 1V analogs will be 
required before final conclusions may be drawn 
regarding their spectral properties. The present 
work has introduced a synthetic method which 
should serve to remedy the deficiency of com- 
pounds. Additionally, the demonstrated ease 
with which these compounds undergo 1,4-addi- 
tion reactions has shown that they will be 
versatile intermediates in synthetic organo- 
silicon chemistry. 

Experimental 
Experiments involving reactive organometallic re- 

agents were carried out under nitrogen using dried, 
purified solvents. 1.r. spectra were recorded on a Perkin- 
Elmer 237B instrument using 0.1 mm sodium chloride 
cavity cells. U.V. spectra were determined on Bausch 
and Lomb or  Perkin-Elmer instruments in 10 mm silica 
cells for n -> n* bands and 1 mm cells in the short wave- 
length region. N.m.r. spectra were determined on Varian 
A-60 or HR 100 instruments. Melting points were deter- 
mined on a Fisher-Johns apparatus and are uncorrected. 

Conditions of most runs, together with details of 
yields and analyses are summarized in Table 1. 

3-T~ipllenylsilylb~rt-3-en-2-one ( l a )  
A solution of a-bromovinyltriphenylsilane (1.83 g, 

5.0 mmol) in dry diethyl ether (75 ml) at room tempera- 
ture was treated with 3.75 ml (6 mmol) of n-butyllithium 
in hexane (1.6 M). The resulting light yellow solution 
was stirred for 5 min then was cooled to ca. -78' using 
a Dry-Ice - acetone bath. Addition of acetic anhydride 
(0.944 ml, 10 minol) to the resultant light-yellow sus- 
pension gave a fine white suspension. After 30 min a t  

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

M
IC

H
IG

A
N

 o
n 

11
/1

1/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



2030 CAN.  J .  CHEM. VOL. 51, 1973 

- 78" work-up with saturated aqueous ammonium chlo- a-Triphertylsilylbenzalacetophenone (26) 
ride gave a thick oil which crystallized from 30 ml of Using the same molar quantities as above, and identical 
pentane to give the desired product (1.35 g, 82%) as  conditions, treatment of the organolithium reagent from 
white solid, m.p. 112-115". Recrystallization from hexane 2 with benzoic anhydride gave a complex mixture of 
gave the analytical sample, m.p. 115-116"; n.m.r. (CCI,) products. Crystallization of the crude product from 
6 6.27, 6.10 (2d, each lH ,  J = 2 Hz) and 2.05 p.p.m. ethanol gave 0.71 g (58%) of trans-13-triphenylsilylstyrene. 
6 ,  3H). The residual product was chromatographed on silica gel. 

2-Acetoxy-3,5-bis(triphenylsilyl)hexa-2,5-die11e (5) 
When the above preparation was carried out at -20" 

a mixture (ca. 3:2, respectively) of the ketone l a  and 
compound 5 was obtained. 

Addition of acetic anhydride to a solution of a-lithio- 

Elution with 1 : 1 benzene - carbon tetrachloride gave an 
oil (0.61 g) which was crystallized from hexane to give 
0.46 g (29%) of the required ketone, m.p. 117-119". 
Recrystallization from hexane gave m.p. 120-12l0, n.m.r. 
6 7.0-7.9 p.p.m. (aromatic multiplet). 

vinyltriphenylsilane at room temperature gave a 59% 4-Trimet/zylsily/but-3-en-2-011e (4a) 
yield of 5 on crystallization of the crude reaction product The Grignard reagent prepared from 16.1 g (0.09 mol) 
from pentane. Recrystallization from methylene chlo- of P-bromovinyltrimethylsilane and magnesium (2.43 g, 
ride - methanol gave analytically pure material, m.p. 0.1 g atom) in 300 ml of tetrahydrofuran was cooled to 
189-190". ca. - 120" in a liauid nitromn - methvlcvclohexane slush 

bath. The s o ~ u t i ~ n  was treated (all ai once) with 30.6 g 
a-Triphenylsilyloinyl Pherzyl Ketone (Ib) (28.4 ml; 0.3 mol) of acetic anhydride. After 5 min the 

To a solution of the organolithium reagent, prepared suspension was to warm up, and then 
as above, from 0.92 g (2.5 mmol) of a-bromovin~ltri- was diluted with ether and worked-up. The organic layer 
phenylsilane in ether at -78" was added 0.68 g (3.0 was thoroughly washed with sodium bicarbonate solution 
mmol) of benzoic anhydride. After 30 min the resultant to remove acetic acid and excess anhydride, was dried 

was wOrked-up with saturated aqueous (MgSO,) and then was distilled to a head temperature of 
ammonium chloride solution to give an oil. The spectra 1050. ~h~ residue, 10.55 of light yellow liquid, con- 
of this oil indicated that a mixture of products was tained some THF and unidentified material along with 
Present. Chromatography on silica gel gave vinyltri- the desired a,P-unsaturated ketone. G.1.p.c. analysis of 
~ h e n ~ l s i l a n e  (0.26 g, 36%) on elution with carbon the solution indicated a yield of ca. 66%. pure samples of 
tetrachloride. Elution with 1 : I  benzene - carbon tetra- the ketone were obtained by preparative g.l,p.c. using a 
chloride gave an oil (0.63 g) which was crystallized from 5 f t ,  4 in. column of 20% SE 30 on ~ h ~ ~ ~ ~ ~ ~ ~ b  w 
hexane to give 0.41 g (42%) of the desired ketone, m.P. (oven temperature 9S0). The pure ketone was a colorless 116-120". Recrystallization from hexane gave Pure mobile liquid with a camphoraceo~ls odor, 
material, m.p. 120-121"; n.m.r. (CC14) 6 6.35, 6.21 P.P.m. nDzl 1.4480; i.r. (CCI,) 10.08 p ;  n.m.r. (CCI,) 6 6.89 and 
(2d, J = 2 Hz). 6.40 ( J  = 19.5 Hz, CH=CH, AB pattern), 2.20 (s, 3H, 

CH3CO-), 0.14 p.p.m. (s, 9H, Me3Si). The large cou- 
l-Be1zzoyloxy-l-pherzyl-2,4-bis(triphe1~ylsilyl)pe11ta- pling constant between the vinylic protons and the 

l,4-dierze (7) presence of a band at 10.08 p in the i.r. spectrum indicate 
In a similar experiment to  the above, the organolithium that the ketone has tralzs-stereochemistry, 

reagent from 0.45 g (1.23 mmol) of a-bromovinyltri- A sample of the purified ketone (0,10 g) was dissolved 
phenylsilane was treated at -78" with benzoic anhydride in  dimethyl sulfoxide ml) containing 0,16 of 2,4- 
(0.31 g, mmO1). The crude product after dinitropheny]hydrazine and one drop of concentrated 
w o r k - ~ p  was 

- hydroch]oric A precipitate formed, and after 5 min 
to give (38%) Of ', m.p. methanol was added to give 0.16 g of an orange solid. 

175-1800. Recrystallization from gave the Recrysta]]ization from &loride - 
m.p. 175-1770; i.r. (CC14) 5.77, 6.26 p gave the pure dinitrop~eny]hydrazone (0.14 g, 66%), benzoate); mmJ. (CC1d) 6 6.33, 5.50 (2m, each lH, m.p. 171-172"; n,m.r. (CDC],) 6 6.81, 6.51 (AB, J = 

C=CHz), 3'25 p.p.m' (ml 2H, C=C-CHz-C=C); 19.5 Hz, 2H) 2.18 (s, 3H, CH3C=N-), and 0.22 p,p,m. 
mass spectrum 780 (2%, M), 303 (70%, PhzSiOCOPh), 

(s, 9H, 259 (loo%, Ph,Si). 
l-Be1zzoyloxy-l-plrenyl-3,5-bis(trirnethylsilyl)penta- 

3-Tripherzylsilyl-4-phenylb~ct-3-en-2-ore (2a) 1,4-diene ( 8 )  
1-Bromo-I-triphenylsilyl-2-phenylethylen- (13) (1.50 A solution of the Grignard reagent, prepared from 

g, 3.4 mmol; prepared by dehydrobromination of 1,2- 5.37 g (0.03 mol) of 13-bromovinyltrimethylsilane and 
dibromo-1-triphenylsilyl-2-phenylethane with pyridine) 0.80 g (0.033 g atom) of magnesium in T H F  (100 ml), at 
in 50 ml of dry ether at room temperature was treated en. -78", was treated with benzoic anhydride (6.80 g, 
with n-butyllithium (4 mmol). The resultant deep yellow 0.03 mol). After 30 min the resultant white suspension 
solution was cooled to  -78" and then was treated with was warmed to room temperature and was worked-up 
acetic anhydride (0.82 ml, 8.0 mmol) to give a fine as above by adding ether, and then washing in succession 
gelatinous suspension. Work-up after 30 min with with ammonium chloride and sodium bicarbonate solu- 
ammonium chloride solution gave a thick clear oil which tions. Removal of solvent at reduced pressure gave an oil 
was crystallized from hexane to  give 0.91 g (67%) of the which was chromatographed on silica gel, eluting with 
desired ketone, m.p. 127-128"; n.m.r. (CCl,) 6 6.90 (s, 1 :1 benzene - carbon tetrachloride, to give the com- 
l H ,  C=CH-) and 1.80 p.p.m. (s, 3H, CH3CO-). pound 8, as a clear thick oil (2.51 g, 59%). This product 
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was air sensitive, turning yellow on standing. A sample 
was distilled (190°/0.2 mm Hg, Kugelrohr); mass spec- 
trum 408 (I%, M), 303 (6.5%, M - PhCO), 105 (70%, 
PhCO), 73 (loo%, Me3Si); i.r. (CCI,) 5.75, 6.25 g (C=O 
and C=C of a vinyl benzoate); n.m.r. (CCI,, 100 MHz, 
see structure below) F 6.06 (HA), 5.93 (H,), 5.54 (Hc), 

2.92 (Hx) (JAx = 7.4, Jsx = 11.4, Jcx = 1.2, JAC = 19.6, 
J,\s = Jsc = 0 Hz), 0.06 p.p.m. (s, 18H, 2Me3Si). 

3-Trimetl~ylsilylb~rt-3-en-2-one (3a) 
The Grignard reagent prepared from a-bromovinyl- 

trimethylsilane (27.9 g, 0.15 mol) and magnesium (4.03 g, 
0.16 g atom) in THF (275 ml) was diluted with ether 
(175 ml) and the solution was cooled to ca. - 120" in a 
liquid nitrogen - methylcyclohexane slush bath. To the 
rapidly stirred suspension was added 71.2 g (67 ml; 
0.60mol) of acetic anhydride. After 5 rnin the mixture 
was warmed to room temperature and was worked-up 
as above using ammoniun chloride and sodium bicar- 
bonate solutions. Distillation of the organic layer to a 
head temperature of 100" gave 33.6 g of light yellow 
residue. An n.m.r. spectrum indicated that this liquid 
contained a 1 :I  mixture of the desired ketone and the 
diene, 6.  A similar experiment carried out at -78" gave 
a 1 :4 mixture of ketone and diene respectively. 

The volatile product was pumped (25"/0.1 mm) into a 
Dry-Ice - acetone trap to give 7.7 g of light yellow liquid. 
This liquid was estimated (by g.1.p.c.) to contain 82% of 
the desired ketone along with three minor unidentified 
contaminants. The approximate yield of ketone is thus 
29%. 

The ketone was purified by preparative g.1.p.c. using 
the conditions described above for its isomer. The pure 
compound, a faintly yellow, pleasant-smelling liquid, 
nDZ1 1.4396, boiled at 140" (760 mm) with decomposition. 
It also decomposed slowly at room temperature but was 
stable at -20' in the dark. N.m.r. (CCI,) 6 6.54 and 6.22 
(2d, each IH, J = 2 Hz, C=CHz), 2.31 (s, 3H, CH3CO), 
0.19 p.p.m. (s, 9H, Me3Si). 

A sample of the impure ketone (0.71 g; 82%) was 
dissolved in DMSO (10 ml) containing 2,4-dinitrophenyl- 
hydrazine (1.0 g) and one drop of concentrated hydro- 
chloric acid. The 0.68 g of product was purified by 
chromatography on silica gel, m.p. 163-164"; n.m.r. 
(CCI,) 6 6.24, 5.95 (2d, each IH, J = 1.5 Hz), 2.20 (s, 
3H, CH3CO), 0.26 p.p.m. (s, 9H, Me3%). 

2-Acetoxy-3,5-bis(tri1~1etI1~~lsil)'lJl1exa-2,5-diene ( 6 )  
The less volatile product in the above preparation was 

distilled (120°/0.3 mm; Kugelrohr) to give the pure diene 
as an oil, nDZ2 1.4616; i.r. (liquid film) 5.70, 6.09 g 
(C=C-0-COCH,); n.m.r. (CCI,) 6 5.42, 5.25 (2m, 
each lH,  C=CHz), 2.75 (m, 2H, C=C-CHz-C=C), 
2.01 and 1.95 (2s, each 3H, MeC=C and MeC=O), 0.1 1 
and 0.06 p.p.m. (2 s, each 9H, 2 Me3Si); mass spectrum 

284 (I%, M), 169 (13%, M - Me3Si), 73 (loo%, Me3Si), 
43 (19%, MeCO). 

Degradation of2-Acetoxy-3,5-bis(trimethy/silyl)l~exa- 
2,5-diene (6 )  

( A )  To 3,5-Bis(trimethylsilyl) hex-5-en-2-one (9)  
A solution of 6 (14.2 g, 0.05 mol) in diethyl ether 

(100 ml) containing lithium aluminum hydride (1 .I4 g, 
0.03 mol) was heated to reflux for 30 rnin. The resultant 
suspension was cautiously worked-up with a slurry of 
ice and ammonium chloride. Hydrochloric acid (10%) 
was added to dissolve the aluminum salt and the organic 
layer was separated, dried, and distilled to give 11.1 g 
(92%) of pure a-ketosilane 9, nDZ2 1.4600; i.r. (film) 5.89 g 
(C=O, to Si); U.V. (cyclohexane) h,,, 285 nm (E 92); 
n.m.r. (CCI,) F 5.42 and 5.23 (2m, each lH,  C=CH2), 
1.9 (s, 3H, CH3CO), 0.04 (s, 18H, 2 Me&), 2-3 p.p.m. 
(complex, 3H, CH2-CH); mass spectrum 242 (12%, M), 
73 (loo%, Me3Si) 43 (lo%, CH3CO). 

Anal. Calcd. for ClzHz60Si2: C, 59.43; H, 10.81. 
Found: C, 59.64; H,  10.91. 

( B )  5-Trin~ethylsilylhes-5-elf-2-or~e (10) 
A solution of 9.2 g of 3,s-bis(trimethylsilyl)hex-5-en- 

2-one (9, above) in dioxane (50 ml) -water (10 ml) was 
treated with 0.5 g of potassium hydroxide. The resultant 
solution was stirred at room temperature for 20 rnin and 
then was diluted with ether (3 vol) and was worked-up 
with dilute hydrochloric acid. The organic layer was 
dried and distilled to give pure 5-trimethylsilylhex-5-en- 
2-one (lo), (5.02 g, 78%), b.p. 80.5"/10 mm; nDZo 1.4460; 
i.r. (CCI,) 5.81 p (C=O); U.V. (cyclohexane) A,,, 281 nm 
(E 27); n.m.r. (CCI,) F 5.53 and 5.34 (2m, each IH, 
C=CHz), 2.45 (m, 4H,-CH2-CH2-), 2.10 (s, 3H, 
CH3CO), 0.10 p.p.m. (s, 9H, Me3Si). 

Anal. Calcd. for C9H180Si: C, 63.47; H, 10.65. Found: 
C, 63.30; H, 10.68. 

3,5-Bis(tripl1er1ylsilyl) hex-5-en-2-one (11) 
A solution of a-bromovinyltriphenylsilane (1.83 g, 

5 mmol) in diethyl ether (50 ml) at room temperature 
was treated with 3.44 ml (5.5 mmol; 1.6 M) of 11-butyl- 
lithium. After 20 rnin the solution was cooled to ca. 
-78" and 1.64 g (5 mmol) of 3-triphenylsilylbut-3-en- 
2-one (In) was added. The resultant suspension was 
worked-up with saturated ammonium chloride solution 
after 5 rnin to give a glass. Crystallization from hexane 
gave the required product as white needles, m.p. 131-133" 
(2.06g, 67%). Several recrystallizations from hexane 
and methylene chloride - methanol raised the m.p. to 
138-140"; i.r. (CCI,) 5.90 p (C=O to Si); n.m.r. 
(CCI,); 100 MHz) 6 5.97 and 5.60 (2m, each IH, 
C=CH2), 3.6-2.5 (m, 3H, CH2-CH), 1.60 p.p.m. (s, 
3H, CH3CO). 

Anal. Calcd. for C42H380Si2: C, 82.03; H, 6.23. 
Found: C, 81.92; H, 6.15. 

I'his research was supported by the National Research 
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