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ABSTRACT
THE CHEMISTRY OF BIS-(TRIMETHYLSILYL)KETENE
AND A RATE OF DECOMPOSITION STUDY OF
BIS-SILYLATED ACETATES
By

Behrouz Cyrous

Methyl, ethyl, and isopropyl bis-(trimethylsilyl)-
acetate were prepared in 80-88% isolated yield by treating
bis-(trimethylsilyl)ketene with the appropriate alcohol
in the presence of methanesulfonic acid at room temperature.

The esters were converted quantitatively to the
corresponding lithium enolates by reaction with one
equivalent of lithium diisopropylamide (LDA) in tetrahydro-
furan (THF) at -78°C. The THF solutions are stable for
at least one hour at -?8°C, but decomposes to bis-(trimethyl-
silyl)ketene at higher temperatures. The less substituted
members of the series decompose faster than the more
highly substituted enolates; R=Me> Et> i-C3H7> t-C,Hg

Bis-(trimethylsilyl)ketene was reacted with methyl-
lithium, n-butyllithium and tert-butyllithium at room
temperature to give the corresponding of, X , -bis-(trimethyl-
silyl)ketone enolate.

x ,X -bis-(trimethylsilyl) ketones were obtained in
75-85% yield by quenching the reaction mixtures with dilute
acetic acid or H50.

The lithium enolate of &, X -bis-(trimethylsilyl)-

acetone was reacted with trimethylchlorosilane to give



Behrouz Cyrous

the corresponding silyl enol ether in quantitative yield.
This enolate was also reacted with benzaldehyde to give
the X-s8ilylvinyl ketone.

The lithium enolate of ¢,X -bis-(trimethylsilyl)-
acetone failed to react with aldehydes or ketones possessing
one or more X-hydrogen, presumably due to the protonation

of the enolate by carbonyl compounds with acidic X-hydrogens.
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CHAPTER I

PREPARATION OF X, X -BIS-(TRIMETHYLSILYL)ACETATES AND
EXAMINATION OF THEIR LITHIUM ENOLATE DECOMPOSITION



INTRODUCTION

1 the enolates of simple esters

Uniike ketone enolates,
2 but

are not stable indefinitely at room temperature,

decompose at varying rates to the corresponding A-keto

esters (eq. 1).
| 25°¢ oM %0
2M-C-C02R — MOR +/C = C-C-COZR ———-—"H?-E-?-COZR
l l 8 -keto ester (1)

M = Metal

The decomposition to 4-keto esters may occur by at

least three pathways:
(a) Direct coupling of the ester enolate with a second

molecule of enolate (eq. 2).

| 9 PR | oM 9 MR | 9§ §
M-C-C-OR + M-C-C-OR —»M -C-C- -c-oa ——» M-C-C-C-C-0R (2)
| | ORI |
o 0 1{30e
T
Hg-c-?-c-oa

48 -keto ester

(b) An inverse Claisen condensation which entails
removing a proton from the solvent or from amine and rapid

condensation of the ester thus formed with another molecule

of enolate3 (eq. 3).



19
| € |9 M-C-C-OR

M-C-C-OR + BH ——— H-C-C-OR | —> lo\eme 0 (3)
‘ ~BM ol o H-C-C-C-C-OR
| T Y -MOR l (')R
H-C-C~C~C-OR 4—————
d-keto ester

(¢) Initial decomposition to a ketene which then con-
denses with a second molecule of enolate to give the observed

A-keto ester product (eq. 4).

0
|
| § \ M-C-C-0R \ M §
M-(I:-C-OR——>M0R +/c=c=o } b/C=C-C-C-OR (4)
R H50%
HC-C-C-C-OR

}-keto ester
A study of the kinetic behavior of the decomposition of

ester enolates, which showed first order kinetics.u

provided
evidence against direct enolate coupling (pathway a).

The ketene intermediate (pathway c) to 4-keto ester
formation was suggested by Vaughan5 for the self conden-
sation of the reagent prepared from ethyl ¢X-br&mo=:. .

isobutyrate and zinc metal (eq. 5).

CH30 QﬁB
Ban-C C-0OEt —» BrZnOEt + (CH )2C=C=O BrZ%p-COZEt
CH CH
3 ® OZnBr 3
0 CH H50 3
3 3 CHB-C-C-OEt (5)
H;C-C-C-ﬁ-OEt ¢ — _C - b
CHy — C ~
CHy CHy O 3 il
3
Ketene intermediates have also been proposed for the
E,.p, mechanism in the hydrolysis of malonic and g-keto esters.é'lo

2



Recently, bis-(trimethylsilyl)ketene was isolated from
the decomposition of lithium bis-(trimethylsilyl) acetate
enolate.19

Since the direct 4-elimination of a metal alkoxide is
a very rare occurrence, and the trapping of the ketene

11 was often not possible (for example, ketene

intermediate
trapping with dimethylamine or detection by an IR study
of the solution was unsuccessful for lithio isobutyrate
and 1ithio t-butyl acetate decomposition)l® it was of
interest to study this reaction in more detail. In par-
ticular, it was of interest to know what effect the R group
in the alcohol portion of ester enolate has on the rate
of elimination of metal alkoxide, M-OR.

Since the elimination of MOR to form ketene from most
- ester enolates is followed by a further rapid condensation
of ketene, it was desirable to choose an ester which would
produce a stable ketene, thereby simplifying the rate
determination of the initial elimination. Both di-tert-
butylketene, 2 7, and bis-(trimethylsilyl)ketene, 1, are

reported to be very stable and unreactive to nucleophilic attack.

(CH;)LC Me ,Si
3 :C:C:O 3 l:C:C:O
(CHB)BC MeBSi
z 1

However, the esters leading to di-tert-butyl ketene are

reported to be inert to amide bases such as LDA, presumably



for steric reasons.lu Consequently, we decided to

synthesize for our study a series of esters derived from
bis-(trimethylsilyl)acetate, 2.

Me,Si O
3%
CH-C-0OR

/
MeBSi

2
R=CH3. C2H5, i—C3H7' t-C4H9
The synthesis of tert-butyl bis-(trimethylsilyl)-
acetate (2, R=t-butyl) by successive C-silylation (attach-
ment of silyl group to the carbon atom of tert-butyl acetate)
is reported in the literaturelS'16 (eq. 6, 7).
1) LDA, -78°C

CH,CO,C(CH,)
377277373 ) Me;SiC1

> MeBSiCHchZC(CHB)B (6)
98%
1) 1Da, -78°% MesSi
3)3 > :CH-COEF- +
2) Me ;SiC1 Me ;S
0SiMe
/ 3
Me 3S1iCH=C (7)

\
30% O—F_

The preparation of methyl, ethyl and isopropyl bis-(tri-

Me

3Sicnzcozc(cn

70%

methylsilyl)acetates by this procedure would be a difficult
task because methyl, ethyl, and isopropyl acetates in the
first step give mostly the O-silylated (attachment of silyl
group to oxygen atom) product, 8, rather than the C-silyl-
ated product17, 9 (eq. 8). For example: methyl acetate

n



gives 65% O-silylated and 35% C-silylated product.

1) LDA, -78°C ,0S1(CH,) 4 ,
CHBCOZR 2) (CH.) SiCi’. CH2=C\ + (CH3)331\/C02R
3’3 OR (8)
8 2
(major product) (minor product)
R=Me, Et

Also, in the second step of the silylation of 9, 0O-silyla-
tion would be a problem since X-substituted acetate enolates
(except for tert butyl esters) give almost exclusively

the 0-silylated compound ;9}8 (eq. 9).‘

1) DA, -78°C  (CH3) 381 0

(CH,).Si_ _CO.R CH-C-OR +
373772,y (CH;) 581C1 (CH3)351” (9)
C-silylated ester
0Si(CH,)
(CH4) 2SiCH=C. 373
3’3 . \OR
10

O-silylated ester
The O-silylated products obtained in the first and second
step cannot be used for our study.
A reasonable preparation of methyl, ethyl and isopropyl
bis-(trimethylsilyl)acetates would be the reaction of bis-

(trimethylsilyl)ketene with the corresponding alcohol (eq. 10).

HO

(Me,Si),C=C=0 + ROH ———p Me,Si
3 2 N

__CHCO,R (10)

R=CH3,Et, iso-propyl Me351

This stable ketene is readily available by the decomposition

5



of lithio tert-butyl bis-(trimethylsilyl)acetate19 (eq. 11).

LDA, -78°C Li 25°c
. —_— . . Al
(Me 1), CHCOéi— — (Me,Si),CC0; 3—_’0 — (Me5S1) ,C=C=0

(11)

+ LiO«l—



RESULTS

Preparation of Bis-(trimethylsilyl)ketene

Tert-butyl acetate was reacted with an equivalent of
lithium diisopropylamide (LDA) in tetrahydrofurén (THF)
at -78°C. The reaction mixture was stirred for 10 minutes
at -78°C to complete enolate formatiﬁn. One equivalent of
trimethylchlorosilane was added and stirred for an addi-
tional 30 minutes to convert the enolate to tert-butyl
(trimethylsilyl)acetate (eq. 12).

LDA, -78°C Me ,SiCl
_——’ _L__’ .

-78°C, THF
11 98% (12)

Quenching the solution with dilute hydrochloric acid
is not desirable because, not only does remaining acid or
water in the mono-silylated tert-butyl acetate, ll, destroy
the newly formed enolate in the next step, but also the‘
separation and distillation of 11 is time consuming.
Therefore, the solution of 1l without quenching was trans-
fered to an equivalent of LDA in THF at -78°C. The solution
was stirred for 15 minutes to convert the mono?silylated
.tert-butyl acetate to the corresponding lithium enolate, 12,

7



(eq. 13).
-78°¢C Li
Me ,SiCH,CO + LDA —» Me Si‘CHCOé’— + HN|CH(CH,) (13)
3 2772 THF 3 3’2
12 2

An equivalent of trimethylchlorosilane was added to
the solution and the solution was stirred for 30 minutes
at -78°C and for another 15 minutes at room temperature to
convert 12 to tert-butyl bis-(trimethylsilyl)acetate 13
(70%) and 14 (30%) (eq. 14).

OSiMe
/

1) LDA,-78°C Me 551
SCHCOg~  + MegSiCH = C

3

2
2) Me
3) Hy

3SiC'.'l; > Me3Si N\ +_ (14)
o® 13 (70% 14 (30%)

After quenching with 3M HCl and distillation, compound 13
was isolated in 60% yield.

Compound 14 was recovered and converted to the mono-
silylated ester 11 (eq. 15) in the quenching step. 1l was

then recycled for bis-silylation.
/’081Me3 HBda
Me 5SiCH=C — 3 MeBSiCHZCOZ}—- (15)

TR 1L

Pure 13 was treated with one equivalent of LDA in THF
at -78°C for 15 minutes, then the solution was warmed to
room temperature and stirred for 30 minutes to convert the
enolate 15 to bis-(trimethylsilyl)ketene, 1, (eq. 16, 17).

o .
(MeBSi)ZCHcozr_ LDA, -78°C_ MesSi_ 9
THF Ll;p—C—O (16)

MeBSi
8 15




30 min. MéBSi\
15 ——» Se=c=0 +  io}- (17)
25°¢ Me 3Si
1

Quenching with even dilute hydrochloric acid destroyed
at least some of the ketene. Quenching with distilled water
separated the ketene 1 from the aqueous layer without loss.
Separation and careful distillation of the organic layer
under reduced pressure gave a 60% yield of bis-(trimethyl-
silyl)ketene.

Some of the ketene was found in the evaporated solvent.
From this, it was concluded that using a lower boiling
solvent and dialkylamine in the reaction would simplify the
separation. With this in mind, diisopropylamine (B.P. 85°¢)
was replaced with the relatively volatile diethylamine
(B.P. 55°C); THF (B.P. 67°C) was replaced with diethylether
(B.P. 34°C). Then diethylether and diethylamine were eva-
porated at 0°C under reduced pressure. The ketene was dis-
tilled under reduced pressure using an oil bath at approxi-
mately 30°C. With this improved procedure the yield of
isolated ketene was increased from 60% to 80% (eq. 18).

1) LiNEt,,-78°C

(Me ,Si).,CHCO » (Me.Si),C=C=0  (18)
3re éf— 2) R.T., 30 min. 3772

80% isolated yield
Preparation of Bis-(trimethylsilyl) acetates

Bis-(trimethylsilyl)ketene was added to an equivalent
amount of the corresponding alcohol at room temperature

without any solvent. No addition product was found after

9



reacting overnight. Only starting materials were found in
the solution mixture.

The reaction was only slightly catalyzed by glacial
acetic acid, but it was catalyzed by stronger acids such as
concentrated sulfuric acid and methanesulfonic acid at
room temperature. Bis-(trimethylsilyl)ketene was added
dropwise to an equivalent amount of the corresponding alcohol
containing 0.01% mole equivalent of methanesulfonic acid.

The solution was stirred for 1-2 minutes. GLC analysis
of the solution confirmed that the ketene was converted to

the corresponding bis-(trimethylsilyl)acetate (eq. 19).

=o

CHySO0;H, R.T.  MegSi _
(Me5S1),C=C=0 + ROH > > ~CH-C-OR  (19)
3

1-2 mins. Me,Si

R=Me, Et, iso-CBH 2

7

The colorless &,X bis-(trimethylsilyl) acetates, 2,
are stable at room temperature indefinitely. The products
2 were distilled under reduced pressure, with isolated
yields ranging from 80% to 88%.

The results obtained with methanesulfonic acid are

summarized in Table 1.

10



Table 1. Preparation of Bis-(trimethylsilyl) acetates

Reaction Isolated
ROH Condition Product % yield
MeOH No solvent (MeBSi)ZCHCOZCH3 80
RoTl l min.
EtOH No solvent (Me Si)ZCHCOZEt 81
R.To 1 min'
Isopropyl| No solvent |(Me Sl)ZCHCO§C3 o 88
-0OH R.T. 1 min.

CH3 3H(O .01%) .
4 (MEBSl)ZCHCOZR

(MeBSi)ZC=C=O + ROH
R.T. 1 min.
1l eq. ' 1l eq.

R = Me, Et, 1so-03H7

Decomposition study of Lithio tert-butyl Bis-(trimethylsilyl)
acetate

Tert-butyl bis-(trimethylsilyl)acetate was added to
an equivalent amount of LDA in THF at -78°C. The solution
was stirred for 10 minutes to form the corresponding lithium

enolate 15 (eq. 20).

Me Si_ ? -78°¢ Me3Sl\ 9
> CH-C-0 + DA —m07m —» Li-C-C- o-k— (20)
Me THF /
3 Me381
15

19 is stable in solution at -78°C for at least 2
hours, but decomposes to bis-(trimethylsilyl)ketene and

lithium tert-butoxide within 30 minutes at room temperature (eq. 21]

MejSi 0 THF,R.T.
L1 C C 0 —_— (MeBSl)ZC =C=0 + Llo-}—- (21)
30 min.
°3% 5
11



Although the decomposition of 15 is slow enough at
room temperature to follow the rate of decomposition,
because of the fast decomposition of the methyl analogues,
even at O°C, a temperature of -23°C was chosen for a com-
parison of rates.

Five »1 of a THF solution of the lithium enolate of
tert-butyl bis-(trimethylsilyl)acetate at -78°C, was
withdrawn and injected quickly onto the GLC. Only bis-
(trimethylsilyl)ketene was observed, in quantitive yield
by internal standard. Similar behavior was observed for
the other lithium enolates of the bis-silylated acetates.
From these observations, it was concluded that lithium
enolates of bis-(trimethylsilyl)acetate decompose to bis-
(trimethylsilyl)ketene on the GLC column (SE-30.5% on
chromosorb W). Therefore, a THF solution of enolate 15
was warmed to -23°C in a CClu-Dry Ice bath. An internal
standard was added and the rate of decomposition was
followed by removing a small aliquot with a cooled syringe
and adding the aliquot to sufficient water to quench the
enolate to the ester.

After addition of pentane and drying over anhydrous
magnesium sulfate, the amount of ketene formed was measured

by GLC analysis. Results are shown in Table 2.

12



Table 2.

The Rate of Decomp

osition of Lithioatert-butyl
bis (trimethylsilyl) acetate at -23°C.

Ti@e (min.) en81ate

stirred at -23°C % ketene formed

7.5 13

30 28

60 33

100 37

200 50

Li -23°¢

(MeBSi)zccoéf— —— (Me;S1),0=C=0 + Lio+—-

by plotting the percent of produced ketene versus time.
These data show that at -23°C, 3.3 hours are needed to
convert half of the lithium enolate 15 to ketene.

15

These data are presented graphically in Figure 1,

Decomposition Stud
acetate

quantitively to the corresponding lithium enolate 16, by

treating with one equivalent of LDA in THF at -78°C for

Isopropyl bis- (trimethylsilyl)acetate was converted

of Lithio-isopro

10 minutes (eq. 22).

Me,Si

Me

3
3

N i

Lot
CH-C-0~

ST

1DA, -78°C MeySi_ 0
NN ot
Me,Si
3
.16

13

1l Bis-(trimethylsilyl

(22)



The enolate 16 is stable at -78°C for at least 1.5
hr. As the temperature is increased to 25°C, the enolate
decomposes to bis-(trimethylsilyl)ketene and lithium

isopropoxide (eq. 23).

Li -78%¢c to 25°C (Me381), €=C=0 + Lio<
24

(MeBSi)zc-CO > (23)

16

The THF solution of this enolate 16 was warmed to -23°C
in a CClu-Dry Ice bath and an internal standard was added.
At appropriate intervals, ketene formation was ‘determined

as before. The results are presented in Table 3.

Table 3. The Rate of Decomposition of Lithioaisopropyl
Bis (trimethylsilyl) acetate at -23°C.

e % ketene formed
6 15
10 20
20 27
Lo 36
60 L1
90 L7
120 51
Li -23°
(MeBS:'L)2 C-Co I [(CHB)BSi] 2 C=C=0 + Lio-<

16

14
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The data show that, after approximately 2 hours at
-23°C, half of the Lithio-isopropyl bis-(trimethylsilyl)
acetate has decomposed to ketene. The - data are presented

graphically in Figure 2 as before.

Rate of decomposition of Lithio-Ethyl and Methyl-Bis
(trimethylsilyl) acetates

Ethyl and methyl bis-(trimethylsilyl)acetates were

treated similarly. The results are presented in Tables 4

and 5.

Table 4. The Rate of Decomposition of Lighio-Ethyl-Bis
(trimethylsilyl) acetate at -23°C.

Té?ﬁrggén;te?gégge % ketene formed
5 29
10 ~ 43
20 52
40 54
60 69

Li -23°C THF

(Me4Si), C-COp EY » ( Si), C=C=0 + LiO Et

These data show that less than 20 min. is needed for
the decomposition of half of the lithio ethyl bis-(trimethyl-
silyl)acetate. and less than 5 minutes for the methyl ester
at -23°C. These data are presented graphically in Figures 3
and 4. |
16
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Table 5. The Rate of Decomposition of LithiooMethyl
Bis-(trimethylsilyl)acetate at -23°C.

Té??régéné% 32§3Ste % ketene formed

2 25

b 41

5 50
10 65
15 0
20 75
Lo .81

Li -23%, THF
(Me381)2 C-CO, CHy + (MejSi), C=C=0 + Li0 CHj

18
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DISCUSSION

Preparation of &, -Bis-(trimethylsilyl)acetates

Trialkylchlorosilanes react with ketone enolates to
20-24

produce O-silylated products exclusively (eq. 24).
Ketones substituted on the &« position with trialkylsilyl
groups are unstable relative to their O-silylated isomers25
and rearrange to the O-silylated isomer under the influence

of heat or catalyst26 (eq. 25).

0SiMe
1) LDA . 3
R 9\ R R, CH=C-R (24)
NS 2 2) Me,SiCl 1 2
0 or _0SiR,
R,Si ~— R _é———p CH,=C (25)
Helo A “R

Silylation of ester enolates with trialkylhalosilanes

can occur on either the carbon or oxygen atom (Fig. 5).
0 o©
On, ! /
AN
OR

Figure 5. Ester enolates resonance structures.

The ratio of C to O-silylated product depends heavily

on the structure of the ester enolate used (eq. 26).
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OLi Me ,SiCl 0 OSiMe
’ 3 b \ 7
c=C ————» Me,Si-C-C-0OR + C=C (26)
\ 37 / N\
OR OR
It has been reported17 that the reaction path is deter-
mined by steric factors: substitution on the alcohol portion
of the ester favors C-silylation while substitution on the

alpha carbon of the ester favors 0O-silylation (eq. 27, 28).

1) LDA,- 78° /OSiMe3
CHBCOEP— —» Me Sl\\/)L-O+—- + CH,=C (27)

2) Me381Cl \04__

98% 2%
cH, 0 1) LDA,-78°C CHz 0 CHB\ 0SiMe,
\CH—C OEt - — 381 -C-C-0Et + /C=C\ - (28)
CH3 - 2) MBBSlcl CH3 CH3 OEt
1% 99%

Tert-butyl acetate enolate gives almost exclusively
C-silylated ester while ethyl isobutrate gives exclusively
O-silylated product. Methyl, ethyl and isopropyl acetates
give mostly (more than 60%) O-silylated products. We thought
that the preparation of methyl, ethyl, and isopropyl bis-
(trimethylsilyl) acetate for our decomposition rate studies
of the corresponding lithio enolates would be difficult,
because silylation of the lithium enolate of these acetates
would give mostly O-silylated products.

Furthermore, silylation of the mono-silylated acetates

to produce the desired bis-silylated acetates would be much
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more difficult, because as mentioned above, K-substituted
acetate enolates usually give almost exclusively O-silylated
product. Therefore, methyl, ethyl, and isopropyl bis-(tri-
methylsilyl)acetates 9 are unlikely to be produced in a
sufficient yield by successive silylation of corresponding

acetates in the manner of the tert-butyl analogues (eq. 29).

2{_ 1) LDA,-78°C | 1) LDa,-78°C
CH4CO » Me.SiCH,CO >
2) Me,Sicl 3 872 2| 2) MesSicl
98%
. ' (29)
_0SiMe
Me;SiCH=C 3 4 (MeBSi)ZCHCOE'—
\0+_
30% 70%

Methyl, ethyl and isopropyl bis-(trimethylsilyl)-
acetates were prepared by addition of bis-(trimethylsilyl)-
ketene to methanesulfonic acid. in a solution of the appro-

priate alcohol (eq. 30).

CHSo H(cat.) MeySi_ 0
(MeBSi)2C=C=O + ROH - .CH-C-OR (30)
R.T. 1 min. Me Si‘/
3
R=Me, Et, isopropyl 2

To observe the effect of the R group on the rate of
decomposition of the enolates of these esters, 2 was con-
verted to the corresponding lithium enolate by treatment
with LDA in THF at -78°C. It has been reportedlu that the

carbon analogues 17 are inert toward LDA (egs. 31, 32).

(o]
Me.,Si -78*C Me,Si 0
3"~ cH-G-0R + LDA 37N, I
—
Me,Si” THF Li-C-C-0R (31)
2 . MeBS
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Me3Q ﬁ -78°¢
CH-C-OR + LDA —— N.R. (32)

Me 3cf THF
17

This is probably due to two factors:

(1) The Si-C (1.872) bond is longer than C-C (1.544)27
bond which decreases steric hindrance: in the case of the
silicon analogues.

(2) The enhanced acidity of a Si-C-H group, compared
with C-C-H, may also be an important factor in the greater
reactivity of silicon analogues towards base. Such acidit&
is due to the vacant 3d-orbitals on the silicon atom which
are of suitable energy for back bonding with a filled 2p-
orbital on the adjacent carbon atom, thus stabilizing the

ad jacent carbanion.zs\

Decomposition Study of Lithio Bis-(trimethylsilyl)acetates.
All of the lithium enolates of bis (trimethylsilyl)

acetate 3 which we studied were stable at -78°C in THF

solution for at least 1 hour (eq. 33), but as the temperature

o -78%, THF  140® .
(Me 3S1) ,CCO,R = > (Me;Si),CHCO,R  (33)
3 98%

was increased, the enolates decomposed to the stable bis

(trimethylsilyl)ketene - and lithium alkoxide (eq. 34).
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R.T.
3 — (Me;Si), C=C=0 + LiOR (34)

Three mechanisms have been suggested for converting

simple ester enolates to f-keto esters (Figure 6).

—_— ECCO,R \ ! |

1
G{JCOZR?HCCOZR + = > ec':-co-clzcozR
|
MCCO,R =MOR,\ =B b=c=0 CC“°2 c
|

Figure 6. Three Proposed Pathways of Ester
Enolates Decomposition.

A study of the kinetic behavior in the decomposition of
ester enolart:es’“P provided evidence against direct enolate
¢oupling (path a). Path a requires that the decomposition
be second order in enolate concentration, while the kinetic
study showed the decomposition to be first order. A ketene
intermediate has been proposed for the decomposition of
zinc enolates. The reaction of this intermediate with the
ester enolate is believed to produce a dimer, 18, which

upon hydrolysis, yields 4 -keto esters” (eq. 35).

\ /OZnX \ XZn-CCO,R
/:: N —eep XZNOR + C=C=0 »
/ | 9an
—C - C—OR
5y 0 o
(35) HC-C-C-COR H,0 c’/

Ketene is produced in the thermal decomposition of
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silicon ester enolates29 (eq. 36).

0S;
\_ SR \ :
C=C_ ——» (C=C=0 + CH,0SiR (36)
/~ ocH / 373
3
Bruice and Pratt8 have proposed an E1cb mechanism

involving a ketene intermediate in the hydrolysis of ortho and

para-nitrophenyl acetate esters (eq. 37).

0 0 base 0 0
0 I ] 0 i~
2 O-C-?H-C-OEt — 2 -C-?-C-OEt
R R l
50 .
(37) EtOC-?H-C-B < B @o + E‘tOC-(;J‘:C:O
R NO R
2 19

They reported that this ketene intermediate, 19, was
trapped using aniline buffers.
9

Rebek and co-workers” have reported a technique for the
detection of reaction intermediates from an insoluble poly-
meric precursor. The intermediates are detected by trapping
them on a second solid phase suspended in the same solvent.
An acyl transfer to 21 has been observed when the precursor
20 was treated with triethylamine in dioxane (Figure 7).
Unlike a classical trapping experiment, a direct reaction

of precursor and trapping agent is physically prohibited

in this three-phase system. This method is especially

suited for the detection of nucleophilic catalysis.
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reagent
solution
R0
(®)- cHy-NH, (®)- CHZNHCCH,COE® solid phase

21
Figure 7. Three Phase System for the Trapping of
Reaction Intermediates.
Ketene 22 hés been trapped by this procedure in the
decomposition of 23 (eq. 38). H ox
base  NO, 0\\‘,CH é-¢ 3

102 o oy bame, ¥
[:i:r' 0O O [Eg:r/ 0
23 o

22

In the reaction between isoalkyloxazolines and n-butyl-
lithium, Meyers and co-workers10 have suggested a ketene-
imine intermediate (eq. 39) which can be trapped with

trimethylchlorosilane.

0 n-Buli, 0° c Me,Sicl |
—
N/J*< H THF ’J‘r/"" =C=C
0SiMe
(39) ceC
N::
\

27
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Decomposition of thiol ester enolates to ketene or
ketene polymers also has been reported..30 Preliminary
evidence indicates that the sequence of events in the forma-
tion of mercaptide ion involves initial removal of an
X-proton from thiol ester followed by the decomposition of

this intermediate into a mercaptide ion and a ketene (eq. 40).

0
Il ' -
CH3 C-SR + LDA——» RS + ketene ——» polymer
1y . (40)
R-S-R* & 7

Under the basic conditions involved, ketene polymer-
ization occurs readily.31'32 Thus, when a thiol ester of
diphenylacetic acid was used, a gum having characteristics
of a diphenylacetic acid was ob'tained.30 However, there is
no report in the literature on what effect R groups have on
the rate of decomposition of thiol ester enolates. Also,
isolation of stable ketene from decomposition of hindered
thiol ester enolates has not been reported.

Decomposition studies of a wide variety of acetate
enolates have also shown some evidence to support ketene

12 Moreover, bis-(trimethylsilyl)ketene has

intermediates.
been successfully isolated from the decomposition of
lithio bis-(trimethylsilyl)acetate. Since there was some
ambiguity in the decomposition studies of ester enolates
and because the direct/f -elimination of a metal alkoxide

is a very rare occurrence, it was of interest to study this

28



reaction in more detail.

The objective of this study was to determine the rate
of decomposition of different bis-silylated acetate enolates
and to observe what effect the R group on the alcohol
portion of these enolateé had on the rate of decomposition.
Data from Tables 2, 3, 4 and 5 indicates that the rate of
decomposition of the enolates at -23°depends on the size
of the R group.

Comparison of the relative rates of decomposition
between methyl, ethyl, isopropyl and tert-butyl bis-(tri-
methylsilyl)acetate enolates, clearly indicates ‘that the
methyl ester enolate decomposition is the fastest while
tert-butyl ester enolate decomposition is the slowest of

the series (Figure 8).

Me Me ,Si
3 3 \
Ll— C—C02 CH Ll—CCOzEt Ll—CCO§<: Li;CCOzr—
Me3 Me Sl Me381
2life time —» 20 min. 3.3 hr.
)
at -23°C

Figure 8. Comparison of Half Life Stability
(T% of Bis-(trimethylsilyl) acetate Enolates.
As Figure 8 shows, the rate of decomposition for bis-
silylated acetate enolates decreases as the alkyl substi-
tution of R increases. The relative rate of decomposition

is presented graphically on the following page (Figure 9).
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If steric relief is assumed to be the driving force
in the formation of ketene, then the tert-butyl bis-silyl-
ated ester enolate should be the least stable of the series,
because the tert-butyl bis-silylated enolate is more
hindered than the others. Therefore, other factors must
be involved in the decomposition reaction. In studying

12 observed that the

lithio-tert butyl acetate, Woodbury
rate of decomposition decreased in the presence of lithium-

t-butoxide (eqs. 41, 42).

THF/25°C HBOQ
LiCH,C05 P > cu3c02-|— (41)
65%
THF/25°C i o®
Licnzcoé{— + LiO-}- R T T 3 _» CHBCoé-‘— (42)

86%
He concluded that the ketene formation was reversible
(eq. 43).

H

LiCH,COg- +—= >c=c=0 + Lio-|- (43)

H

As expected, an increase in the lithium t-butoxide
concentration would force the equilibrium towards the
enolate and slow the decomposition rate. This does not
occur with ethyl acetate enolate, probably because ethoxide
anion is a weaker base than tert-butoxide anion. If this
occurs in the decomposition of lithio bis-(trimethylsilyl)
acetates (eq. 44), then one would expect that with

increasing PKb of RO*, the equilibrium would be driven

31



to the left in eq. 44.

Li 1l
| —_—
(MeBSi)ZCCOZR -— (MeBSi)2C=C=O + LiOR (44)
2

Since bis-(trimethylsilyl)ketene was isolated quan-
titively from the decomposition of corresponding enolates,
it can be assumed that the reaction proceeds to completion.
This is probably due to the steric effect of bis-(trimethyl-
silyl)ketene which prevents the nucleophilic attack of
alkoxides on the ketene.

As the basicity of RO increases, the corresponding
enolate should become more stable, the relative PKb's of

the leaving groups are:

‘o-|- > ‘o—< > “OEt > “OMe
If enolate decomposition is related to the basicity of the
leaving group, then enolate decomposition should be in
accordance with Figure 8.

An ambiguity arose when we plotted the logarithm
of the decomposition raté of enolates versus time. Contrary
to our expectations, data from Tables 2, 3, 4 and 5 did not
fit a straight line which would confirm the first order
decomposition of enolates studied.

In conlcusion, it seems that the stability of bis-
silylated acetate enolates increases with increasing

basicity of the leaving group (RO ).
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EXPERIMENTAL

1. Materials

Ester

Tert-butyl acetate was commercially available from
Aldrich Chemical Company, and used without further puri-
fication.

Ethers

Anhydrous diethylether, was commercially available
and used without further purification.

. Tetrahydrofuran (THF), was commercially available from
Aldrich Chemical Company. THF was distilled from the
sodium ketyl of benzophenone and stored uﬁder argon.

Amines

Diisopropylamine was obtained from Aldrich Chemical
Company. It was used after distillation from calcium
hydride (bp 84°C, 760 mmHg) and stored under argon.

Diethylamine was obtained from Matheson Coleman &
Bell Company. It was distilled from calcium hydride
(bp 55, 760 mmHg), stored under argon and molecular sieve.

n-butyllithium

n-butyllithium was obtained as a 1.5M hexane solution
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from Aldrich Chemical Company and titrated prior to use by

the Watson-Eastham method.33

Trimethylsilylchorosilane

Trimethylchlorosilane was obtained from Aldrich Chem-
ical Company. It was distilled *(bp 57°C, 760mmHg) and
stored under argon.

Alcohols

Absolute methanol, ethanol and isopropanol were obtained
from Aldrich Chemical Company and used without further

purification.

2. Preparation of tert-butyl bis-(trimethylsilyl)acetate "

A dry 500 ml side arm round-bottomed flask was equipped
with a magnetic stirring bar, septum inlet, gas inlet valve
and mercury bubbler. The flask was flushed with argon and
charged with 100 ml of distilled THF and 13.4 ml (100 mmole}’
of distilled diisopropylamine was injected by syringe. The
flask was cooled to 0°C in-an ice bath and 66.7 ml of 1.5 M
solution of n-butyllithium was added dropwise over 10
minutes. The ice bath was removed and flask was immersed
in a Dry Ice-acetone bath. 13.4 ml (100 mmole), of tert-
butyl acetate was added dropwise over a period of 10 minutes.
The solution was stirred an additional 10 minutes. Then
12.8 m1 (100 mmoles) of distilled trimethylchlorosilane
was injected dropwise over 10 minutes. The solution was
stirred for another 15 minutes. The Dry Ice-acetone bath
was removed and the solution in the flask was transfered by
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Teflon tubing to a 1000 ml round-bottomed containing 100 m
moles lithium diisopropylamide under argon in 100 ml THF

at -78°C. The solution was stirred for 15 minutes and
another 12.8 ml (100 m mole) of distilled trimethylchloro-
silane was added droﬁwise over a 10 minute period. The
mixture was stirred for 30 minutes at -78°C; Then the dry
ice-acetone bath was removed and the solution was stirred
for 15 minutes at room temperature.

100 ml of 3 M aqueous HCl was injected. The aqueous
layer was separated in a 1000 ml separatory funnel and
discarded. THF and diisopropylamine were evaporated from
the organic layer under reduced pressure. The mono silylated
tert-butyl acetate was distilled under reduced pressure
(bp 67°C, 13 mmHg) and was used for further silylation.

The tert-butyl bis-(trimethylsilyl) acetate was then dis-
tilled under reduced pressure (bp 61°C, 0.4 mmHg). The
yield was 14.4 g (60%) of pure tert-butyl bis-(trimethyl-

silyl)acetate.

3. Preparation of bis-(trimethylsilyl)ketene

A dry 500 ml side-armed round-bottomed flask was
equipped with a magnetic stirring bar, septum inlet, gas
inlet valve and a mercurry bubbler. The flask wés flushed
with argon and 125 ml of anhydrous diethyl ether was in-
jected into the flask. 15.6 ml (150 m mole) of diethyl-
amine was added. The flask was immersed in an ice bath.

Then 100 ml of n-butyllithium (1.5M, 150 m mole) was added
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by syringe over 15 minutes to the stirring solution.

After stirring for an additional 10 minutes, the flask was
put in a dry ice-acetone bath and 39 g (150 m mole) of pure
tert-butyl bis-(trimethylsilyl) acetate was added over a

10 minute period. The reaction mixture was stirred for

an additional 20 minutes at -78°C. warmed to room temperature
and stirred 30 minutes longer. 100 ml distilled water was
injected into the flask. The two layers were separated in

a separatory funnel. The organic layer was poured into a

500 ml side armed round-bottomed flask equipped with a
magnetic stirring bar, septum inlet, a short vertical con-
denser and a gas inlet valve on top of the condenser. The
flask was immersed in an ice bath and stirred. The solvents
(hexane, diethylamine and diethylether) were removed under
reduced pressure. The ice bath was removed for 30 minutes
and the solvent evaporation was completed. The remaining
ketene residue was distilled under reduced pressure (bp: .
20°C, 2 mm Hg) and afforded 20.2 g (80%) of pure bis (tri-
methylsilyl) ketene. lH”NMR(CClu)S 0.25(S) IR (neat) 2085cm-l

and 1295em™L (Lit 2085, 1295em™1).

L., pPreparation of Methyl bis-(trimethylsilyl)acetats
A dry 25 ml side armed round-bottomed flask was equipped

with a magnetic stirring bar, septum inlet, gas inlet valve
and a mercury bubbler. The flask was flushed with argon
and was charged with 0.8 ml (20 m mole) of methanol and

5 micro liters (0.01 mole) of methanesulfonic acid as a
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catalyst. Then 4.0 ml (20 m mole) of pure bis-(trimethyl-
silyl)ketene was added dropwise to the solution at room
temperature. GLC analysis of the solution on 6 foot 5%
SE-30 column confirmed fhat all of the ketene was converted
to methyl bis-(trimethylsilyl)acetate within one minute.
Bulb-to-bulb distillation of this solution under reduced
pressure (.95 mm, 49-51°C) gave 3.5 g ( 80%) of methyl
bis-(trimethylsilyl)acetate.

Product Analysis:

bp 49-51°C/0.95 mm, Density 0.911

IR (neat), 1700 em™1 strong C=0 absorption
1 .

5. Preparation of Ethyl bis-(trimethylsilyl)acetate
A 25 ml side-armed round-bottomed flask was equipped

with a magnetic stirring bar, septum inlet, gas inlet valve
and a mercury bubbler. The flask was flushed with argon
and charged by 1.1 M ml (20 m mole) of absolute ethanol and
5 micro liters (0.01 m mole) of methanesulfonic acid as

a catalyst. Then 4.00 ml (20 m mole) of pure bis-(tri-
methylsilyl)ketene was added dropwise to the-solution at
room temperature. After stirring 1 minute, GLC analysis

of the solution of 6%, 5% SE-30 column confirmed that the
ketene was converted to ethyl bis-(trimethylsilyl)acetate.
Bulb-to-bulb distillation of this solution under reduced
pressure gave 3.9 g ( 81%) of pure ethyl bis-(trimethyl-

silyl)acetate.
37
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Product Analysis:

B.P. 57-59°C/ 1.1 mm, Density = 0.8519

IR(neat) 1720 em™t strong C=0 absorption

1 NMR(CCL,) € 0.23 (S, 18H),§2.3 (%, 3H),§1.6 (S, 1H)
$ 4.1 (q. 2H)

6. Preparation of Isopropyl bis-(trimethylsilyl)acetats:

The same procedure was applied as with the methyl and

ethyl analogues. Bulb-to-bulb distillation of the solution
in final step gave 4.32 g (87.8%) of isopropyl bis-(tri-
methylsilyl)acetate. .

Product Analysis:

B.P. 63-65°C/ 1.1 mm, Density = 0.8621

1 strong absorption for c=0

IR(neat) 1720 cm™
1y MR (CC1,):§ 4.85(s, 1H),{ 1.5 (S,.1H),§ 1.2(d, 6H)

$ 0.15(s, 18H).

7. Rate of Decomposition of Bis-(trimethylsilyl)

acetate Lithium Enolate

The following procedure is representative for all
rate decomposition studies of the lithio bis-silylated
acetates.

A dried 10 ml side armed round-bottomed flask was
equipped with a magnetic stirring bar, septum inlet, gas
inlet valve and a mercury bubbler. The flask was flushed
with argon and charged with 1 ml g dry THF. 0.155 (1.0 m
mole) freshly distilled diisopropylamine was added. The
flask was immersed in an ice bath. Then 0.73 ml of a 1.5 M
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solution (1.1 m mole) of n-butyl lithium was added dropwise.
After a few minutes the flask was placed in a dry ice-
acetone bath. Then 1 m mole of desired bis-silylated
acetate was added dropwise and stirred an additional 10
minutes at -78°C. The flask was then placed in a carbon
tetrachloride-dry ice bath (-23°C) and 0.21 ml (1.00 m mole)
of undecane was injected into the solution as the internal
standard. At appropriate intervals, approximately 0.1 ml
aliquots of the solution were removed using a cooled syringe
and quenched by injecting it into approximately 50 ml H,0
in a small vial. Approximately 0.15 ml of pentane was
added into the vial. The solution was dried over anhydrous
magnesium sulfate and analyzed for ketene. The results

are presented in Tables 2, 3, 4 and 5.
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CHAPTER II

REACTIONS OF BIS-(TRIMETHYLSILYL)KETENE



INTRODUCTION

The annelation of 2-alkylcyclohexanones 24 with methyl-
vinyl ketones 25 is an important route to the fused poly-
cyclic system g§,3“ (eq. 45). While condensation at the
less substituted X carbon of the 2-alkylcyclohexanone can
be carried out efficiently using the corresponding enamines,35
the conditions required for reaction at the more substituted
site result in low yields due to polymerization of the
vinyl ketone36 (eq. 45).

This difficulty is avoided by the use of alkyl halides
instead of vinyl ketones,37’38 but a number of steps are
then required to transform the added alkyl group into the
3-keto alkyl function.

R 0
Tl + o JTD v e
24 25

26

The problem with simple vinyl ketones, such as methyl
vinyl ketone, stems from the similar base strengths and
reactivities of the enolate ions derived from the starting

material and the Michael adduct (1, 4 adduct).
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There is good evidence that silicon with its vacant 3d

orbitals can stabilize an adjacent negative cha.rge39”"'o'l"'l

and can be easily removed after cyclization. Taking advan-

b2 has reported the synthesis

tage of this principle, Stork
and use of X-silylated vinyl ketones 27 (eq. 46) for the

annelation of ketones. oLi

0
oH =C/MgBr 1) RCHO. R \/'\"/letB @,cn§
2 o 27 ,

\‘SiEtB 2) Oxidation
K]

o <
L 0 CH30H 0

However, this preparation of a-silyl vinyl ketones. requires

(46)

L
several steps from commercially available vinyl silanes.”?
The synthesis of &k-silyl vinyl esters 28
by reacting lithio-tert-butyl bis-(trimethylsilyl) acetate
15 (obtained by reaction of the corresponding ester, 13,
with LDA (eq. 47))and aldehydes (eq. 48) was reportedla.
(Me4S1),CHCOg—  + LDA ——— (Me,Si) CCOZ— + HN|[CH(CHg),|  (47)
372 THF 3772 372,
13
OL1 SlMe SiMe
THF 3 / 3
15 + RCHO ————» R- CH—C 002 —» RCH=C (48)

-780C | C
S;Me3 |
+ LiOSiMe3
The reagent, 15, failed to react with ketones. Thus,
addition of cyclohexanone to a solution of 15 gave only

recovered tert-butyl bis (trimethylsilyl) acetate and the

lithium enolate of cyclohexanone (eq. 49) which was trapped
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by trimethylchlorosilane.

0 MeBSiCl OSiMe3
@ + 15 . . (49)

We thought that the ketone analogue of 15 (i.e. 4)

would be more efficient and probably would be able to convert
both aldehydes and ketones to their corresponding X-silyl-
vinyl ketones 29 (eq. 50).

Li g QLi SiMe,
(Me;S1) ,CCOR  + RZ/C\R3—> Ry - C - ¢ - COR _l (50)
L4 : R3 SlMe3
R2 /SiMeB
R=alkyl Li0SiMey + _ C=C_
Ry COR
29

This procedure would be a convenient synthesis of the

K-silyl vinyl ketones which are very useful Michael

acceptors.uu However, the bis-silylated ketones required

to prepare 4 are not available by successive silylation
of the ketones. Treatment of trimethylehlerosilane with
a ketone enolate usually leads to a silyl enol ether
(0-silylated product) rather than the C-Silylated Ketonelw'l"’-7
(eq. 51).
0 0SiMe
R"’JL“ 1) LDA 3

—> R ”%=> (51)
2) MeBSiCl

Since o, X bis-silylated ketones could not be pre-
pared by this procedure, we decided to prepare reagent 4
by treating alkyl lithium and Grignard reagents with bis
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(trimethylsilyl)ketene, available from lithio-tert-butyl
bis- (trimethylsilyl)acetate 15 (eq. 52, 53).

Li R.T.
(MeBSi)szOd— W (MeBSi)2C=C=O + LiO'*— (52)
15
Li
(Me4Si),C=C=0 + RLi _R.T. 5 (Me4Si),-C-COR  (53)

n
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RESULTS

1. Preparation of X,X -Big-silylated ketones

Alkyl lithium reagents were added to an ethereal
solution containing an equivalent amount of bis-(trimethyl-
silyl)ketene at room temperature. Individual solutions
were stirred at room temperature for periods of time
ranging from one hour to 8 hours, depending on the R group
of the alkyl lithium reagent. After complete reaction, the
resulting enolates were converted to the colorless, stable,
«,»& bis-(trimethylsilyl) ketones 2 by quenching with
acetic acid (eq. 54).

R.T. /OLi ®
(Me381)2C=C=0 + RLi —e_t};;' (MeBSl)ZC=C\R j H30 (54)
(MeBSi)ZCHCOR
2

The ohox -bis-(trimethylsilyl) ketones were decomposed
on a 30.5% SE G1C column. Consequently, the yields were
determined by 1HPNMR.The yields ranged from 75% to 85%
by NMR analysis.

Grignard reagents such as methyl magnesium iodide
in ether were added dropwise to ethereal solutions

containing an equivalent amount of bis-(trimethylsilyl)-
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ketene at room temperature. The solutions were stirred
for 1 hour, but no products were detected by G1C. No
product was found in the mixture even after stirring over-
night. Ketene was recovered quantitively by GlC using

an internal standard. The same observation was made with
ethyl magnesium iodide and phenyl magnesium bromide even
at reflux for one hour (eq. 55).

ether
(Me351)20=c=o + RMgX —————9p N.R. (55)

R = alkyl, phenyl

2. Reaction of the Enolate Formed by Adding
Methyl lithium to Bis-(trimethylsilyl)ketene

A. With Trimethylchlorosilane.

Methyl lithium was added to an ethereal solution
containing an equivalent of bis-(trimethylsilyl)ketene at
room temperature. The solution was stirred for one hour
to complete the reaction. Then one equivalent of distilled
trimethylsilylchlorosilane was added. The GlC analysis

of the solution without quenching gave the desired addition

product 30 as the only product, identified by its ;HTNMR
spectrum (eq. (56).
R.T. b Me ,SiCl
(Me,Si),C=C=0 + CH,Li ——— (Me,Si),C=C 3
3 2 3 1 hr 377727 N
' CH3
(56)
0SiMe
) s 3
(MeBSl)ZC—C\\
CH3

30
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Quenching the solution with 3 M HCl converted the
product 30 to X,® -bis-(trimethylsilyl)acetone (eq. 57).

30 + Hyo® __ (Mejsi), cHeOCH, (57)
b2
Attempted purification of the product 30 by distilla-

tion under reduced pressure was unsuccessful. Only a black

tar was formed.

B. With Aldehydes.

One equivalent of methyl lithium was added dropwise
to dan equivalent of bis-(trimethylsilyl)ketene in ether at
room temperature. The solution was stirred for one hour to
convert the ketene to the enolate. Then freshly distilled
benzaldehyde was added dropwise by syringe. After 5 minutes,
the enolate was converted to the corresponding vinyl ketone,

31, (eq. 58, 59).‘ The product 31 was identified by its

1H NVR spectrum.
R.T. OLi
(Me351)2c=c=o + CHjLi ——— (Me3Si),C= c (58)
1 hr. Nk
3
32
SlMe3 SlMe3
3__+¢CH0——»ﬂcn-c-co-CHB_,ﬂICH-c (59)
5 min. SiMe, COCH,

31

The same procedure was followed with acetaldehyde and

propionaldehyde. The products were identical to the
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L2

quenching product, both by G1C retention time and ﬁNMR

(eq. 60).

/OLi R 9
(Me3Sl)ZC=C\CH + Rl>CHCH0 —_— (MeBSJ.)ZCHCCH3 (60)
? 42
+ R _OLi
JC=C_

R H

C. With Ketones.

One equivalent of methyl lithium was added to an
ethereal solution containing one equivalent of bis-(tri-
methylsilyl)ketene at room temperature to complete the
reaction. Then one equivalent of acetone was added and the
reaction mixture stirred for one hour. Analysis of the
reaction mixture by G1lC gave the quenching product, o, X -

bis-(trimethylsilyl)acetone (eq. 61).

oLi
(Me351)2c=c: + CH,COCH, —— (Me;Si),CH CO CHy (61)
32 CH, oLi
CH, = C
2 -
CH,

The same procedure was followed with cyclohexanone.
In this case, a product other than X,x -bis-(trimethylsilyl)-
acetone was found in the reaction mixture. The l.HF NMR: of
this product was similar to the self condensation product

of the cyclohexanone enolate (eq. 62).
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/OLi 0 9 Li
(Meysi),0=¢] @ & (MeS3) ,CHECH, 4 (62)
32 CH3 .

condensation?

D. With Alkylhalides.
An equivalent amount of methyl or ethyl iodide was

added to the enolate 32 formed as before. G1lC analysis of
the solution after stirring at room temperature gave

several products with higher boiling points than the
starting materials, but all attempts to isolate and identify

these products were unsuccessful (eq. 63).

/OLi MeBS% 9 /OR
(MeBSi)ZCfC\ + R-X ——» R:g-C-CHB or (MeBSi)ZC=C\ ‘(63)
32 CH3 Me351 CH3
/OSiMeB
3. Reaction of (Me3Si)ZC=C\ , 30, with Ketones.
CH3

An ethereal solution of 30 was prepared. One equiva-
lent amount of cyclohexanone was added to the solution at
-78°C. Then 3 drops of BF3 OEt2 was injected as a catalyst.
The solution was stirred for 1.5 hows at -78°C and then 30
minutes at room temperature. Only trace amounts of an
unidentified compound was formed. It definitely was not

the expected product 33 (eq. 64).

0 Sile,
30 + O By OBt \L <:>=c-cocH3 (64)
or 1 eq TiClu/ﬂ\ 33
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The same reaction was done with an equivalent of TiClu
with similar results. More than 80% of cyclohexanone was
recovered from the solution after work up.

L., Reaction of the Bis (trimethylsilyl)
Ketene with Silylenol ethers.

An equivalent amount of bis-(trimethylsilyl)ketene
containing 10% mole equivalent of BFB-OEt2 as a catalyst
was injected dropwise to a preformed solution of cyclo-
hexanone silyl enol ether.

None of the expected addition product was detected by
GlC after 30 minutes stirring at 0°C. A trace amount of
an unknown compound was detected on the G1lC after solution

was stirred overnight at room temperature (eq. 65).

BF3-0Et2 10%
/\:/>- 0 + (MejSi),C=C=0 . >  N:R. (65)
SiMe3 | e
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DISCUSSION

Synthesis of X-Silylated Vinyl Ketones.

Stork™2 bl

and Boeckman have shown that X-silyl vinyl
ketones undergo Michael addition reactions with a number of
electrophiles. A valuable synthetic application of KX-silyl
vinyl ketones is in the annelation of ketones to fused
polycyclic systems.49 Several methods are reported for the
preparation of X-silyl vinyl ketones in the literature.
Hydro-silylation of acetylenic l:e1:ones-‘50'5l yields a
mixture of silyl vinyl ketones, 34, and , 35, from which
it is difficult to separate the desired X-silylated product

(eq. 66).
0 R,Si H R,Si
e 3

. | N \
R,SiH + HC=C-C-CH;—» C=C + C=CH (66)
3 3 7 N Ve 2
0
32 34

Brook and Duff52 have described a general route to
both and #-silyl vinyl ketones by the coupling of silyl
vinyl organometallic reagents 36 and 38 with acid anhydrides
(eq. 67, 68).
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PhsSi (RCO) ,0 PhySi Ph,Si CHZ\ ,
C=CH, —* C=CH, or c c
/ i 0
Li R-C=0 O °
H H R OCOR
-] 37
M9351\ _H (RCO) ,0 Mejs;\ H
cC=2¢C > c=C or
< N H”  “COR -
H MgBr
38 (68)
H SiMe

X and 4 -silyl vinyl ketones were found to be very sensitive
towards 1, 4-addition reactions and therefore low tempera-
tures were necessary to minimize production of 37 and 39.
However, the yields varied from 30-80% under optimum condi-
tions. The trimethylsilyl Grignard reagents, 38, gave none
of the expected product with benzoic anhydride under any

48

conditions. Stork =~ used a similar procedure for the

preparation of x-gilyl vinyl ketones (eq. 69).

MgBr RCH,,CHO OH oxidation

» R ~ SiEt3 —_—
SiEt3 ‘
0

rd
CH,=C

4o R\\/)k\r’ SiEt, (69)
|

Several steps are required to prepare Grignard reagent
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40  from commercially available vinyl silames.L"3

It has been reported18

that lithio tert-butyl bis-
(trimethylsilyl)acetate 15, obtained by treatment of the
corresponding ester 13 with LDA (eq. 70), reacts with

aldehydes to give &-silyl vinyl esters (eq. 71).

Li
-78°¢
(MeBSl)ZCHc02-|— + LDA — (MeBSl)zCCOZ+— (70)
13 19
OLi SiMe, | SiMe
N 3 /
15 + RCHO ——» R-CH-'C-Coz-l— ———= RCH=C (71)

SiMe

N\
3 CO4—

Reagent 15 fails to react with ketones presumably due

to steric effects.18

Bis silylation of ketones on

carbon has not yet been reported because the silylation
of ketone enolates with trimethylchlorosilane usually
leads to silyl enol ethers (0O-silylated product) rather

than C-silylated ketonesuS'u? (eq. 72).

0 1) LDA, -78°C 0SiMe
—> 3

RN

2) Me,SiCl C R (72)

Mono C-silylated ketones can be synthesized by
53

other - methods. Hauser-- prepared C-silylated
ketones by the reaction of acid anhydrides with trialkyl-

silylmethyl magnesium halides (eq. 73).

1 (73)

. 1 .
R4SiCH,MgCl + (R7C0) ,0 ————=R3SiCH,COR
41
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Brook54 reported that acylsilanes react with diazo-

methane to form a mixture of 0- and C-silylated products

(eq. 74).
0 © ]
L 1 | 1
RBSl-C-R + CH2N2——>R331—?-R
CHZN%
stlQ .‘/,gs A
l/C—CHz +«— [R5S1 :;? - R
R on,®
O-silylated
RY = alkyl

§9
si-c-rt
CH, (74)
0
. {1
RBSchZC-R
41

C-silylated

C-silylation of the #-keto silanes has not yet been

reported. Although it has been reported that hindered

ketenes such as di-t-butyl ketenel? and bis (trimethylsilyl)

ketene are unreactive to nucleophilic attack, the ketone

analogues of 15 were prepared by the addition of alkyl

lithium reagents to an ethereal solution of bis (trimethyl-

silyl) ketene which is formed by decomposing 15 at room

temperature (eq. 75).

0Li
( ) LI ) = (75)
Me,Si),C=C=0 + RL1 ———— (MexSi),C=C . 75
3772 ether 3772 \‘R

Using methyl lithium, the enolate formed was reacted

with aldehydes and ketones. Only benzaldehyde was

. converted to the expected & -silyl vinyl ketone (eq. 76).
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OLi lSlMe3 -LiOSiMe §1Me
32 + #CHO —— |@CH-C-COCH,[ ~—————2» goH=C__ 0 (76)
|SiMe C\,
3 CH,

All other aldehydes and ketones having at least one
X -hydrogen gave the same product with enolate 32 as did
H,0 or dilute acetic acid (eq. 77-79).

H,0 or H30ea ¢
32 > (MeBSi)ZCH-C-CHj (77)
b2
R\
32+ Rl/CH-CHO —p k42 (78)

0
32 + R \\’/)k- g » 42 or condensation (79)

That means that the enolate 32 is protonated by
aldehydes and ketones having X-hydrogen, again probably due
to steric effects.

The reaction of alkyllithium : with bis-(trimethylsilyl)-
ketene can be used as a general route in preparing o, X -bis-
(trimethylsilyl)ketones. Because the Grignard reagents
could easily be prepared from a wide variety of alkyl halides,
an attempt was made to use Grignard reagents instead of
alkyl lithium. But bis-(trimethylsilyl)ketene was totally
unreactive towards Grignard reagents.

During the G1lC analysis of x,x -bis-silylated ketones,

it was observed that (X,X bis-silylated acetone 42 partially
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decomposed on the G1lC column (30.5%-SE on chromosorb W).

The 1

H NMR investigation of the decomposed mixture showed
that the decomposition occurred by the migration of a

silyl group (eq. 80).

MeBSl\ 8 on Glec MeBSl\ _ OSlMe3
/CH-C-CH3 _— C=C (80)
Me.Si SE-30 i CH
3 3
L2

cis and trans

The migration was confirmed by the following observations:
1) Pure (,X bis-(trimethylsilyl)acetone, prepared by
treating methyl lithium with bis-(trimethylsilyl)ketene
and quenching with 3M HCl, was heated in a sealed tube in
0il bath. No change was observed until 200°C. When the

temperature rose above 200°C a yellow color formed.

2) The YH NMR of bis (trimethylsilyl)acetcne 42
in €G, possesses
c
(CH3)351\ 99 a
. /CH-C-CH3
(CH3)381
42

a singlet at £0.27 ppm (18H) for the methyl groups on
silicon (protons ¢), a singlet at§ 2.01 ppm (3H) for the
methyl ketone group (protons a), and a singlet at {2.31 ppm

1H NMR of the

(1H) for the« -proton (proton b). But the
heated yellow solution (decomposed solution) possesses five
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singlets at 0.1-0.27 ppm for the trimethyl silyl groups;
one for the remaining bis-silylated acetone (c) and four

1. b, gl) for the cis and trans migrated products

(a, a
(eq. 81).
(a) (b)

(CH3)3Si\(£) (8)  over 2009 (CH3)3Si  0Si(CHj),
/CHCO-CH3 oil bat? H /C=C\CH
(CH3)381 3

(c)

cis (81)

(ah) (d)
(CHB)BS;\ ) /CH3

7T N A
OSI(CH3)3

H
(gh) (&)
trans
Two singlets at 1.8-2.00 ppm, for the cis and trans
methyl groups (d, at protons), -one singlet
at 2.01 ppm for the methyl of the remaining bis-silylated
acetone (e proton), one singlet at 2.31 ppm for the
& -proton of the remaining silylated acetone (f) and one
singlet at 4.4 ppm for cis (g) and trans (gl) vinyl protons
were observed.
3) The IR spectrum of (x, x -bis-silylated acetone
1

possesses a strong carbonyl absorption at 1680 cm ~. This

strong absorption decreased after heating to over 200°C
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1

and instead, an absorption appeared at 1620 cm - for a -

carbon-carbon double bond.

4) The 1

H NMR and IR spectra of &,X bis (trimethyl-
silyl) acetone, collected from the G1lC column outlet
(30.5%-SE) were the same as that for the heated solution
discussed previously. From these data it was concluded
that the o ,x bis (trimethylsilyl) acetone decomposes by
migration of a trimethylsilyl group (eq. 81) if heated over
200°c.

A similar type of decomposition has been reported by

25,26

Brook for 4 -keto silanes (o« -silylated ketones) on

prolonged heating at temperatures from 80-175°C (eq. 82).

0
u .
RBSiCHZC-Rl R4810 (82)
_C=CH,
1
R
43

Related arrangements of trialkylsilyl acetones cata-
lyzed by mercuric iodide or trialkyl silyl iodide have also
been described.5L" It has been suggested that this reaction

proceeds via a four-centered activated complex (eq. 83).

0 . 0,
. k/\\ l -»'- .‘... l
R381 \A/C-R _— RBSl_‘..‘ ’/C-R — 43
CHp CH, (83)

A crossed aldol reaction has been reported between
silyl enol ethers and carbonyl compounds activated by
titanium terachloride”” (eq. 84).
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. 4 (3 o
0SiMe, R ricy, | RN AP35, ci-rica

\C=C + cC=0 —» | ;
27 N\;3 4 RVANSE c\=6
rY RO
Ll

0 O N -MeBSlC

 HyO R¥ ‘R® R (84)
g3 O OH ,\/L 45 ‘

Therefore, the enolate formed by addition of methyl-
lithium to bis-(trimethylsilyl)ketene was reacted with
trimethylchlorosilane (eq. 85) to yield the corresponding
silylenolether (30).

Me .Si OLi
N N
C=C=0 + CHBLi-————r' /C=C MeBSiCl

/ AN
Si Me381 CH3

MeBSi

Me3
Me381\C C/OSIMe3 &
" 7N 5)
e381 CH3
0
- Silylenolether 30 was treated with cyclohexanone
in the presence of BFB-OEt2 with no detectable amounts of
the corresponding & -silylvinyl ketone formed (eq. 86).
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0 BF OEt2

QT

The same reaction was performed in the presence of

condensation ? (86)

TiClu; none of the expected X-silylvinyl ketone was observed
by G1C. It appears that the reaction is prevented by

the steric effect of bulky trimethylsilyl groups which
disfavor the formation of transition states 44 or 45 (see

eq. 84).
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EXPERIMENTAL

1. Matefials

Ketene

Bis-(trimethylsilyl)ketene was prepared from t-butyl
acetate by the procedure described in Chapter I and stored
under argon at 0°c.

Alkyllithium Reagents

Methyllithium, n-butyllithium and tert-butyllithium
were available from the Aldrich Chemical Company as standard

56

solutions which were titrated prior to use.

Trimethylchlorosilane

Trimethylchlorosilane was commercially available from
the Aldrich Chemical Company and used after distillation
(bp 57°C, 760 mm Hg).

Aldehydes

Acetaldehyde was available from Aldrich Chemical Com-
pany. It was distilled (bp 21°C 760 mm) prior to use.
Benzaldehyde was also available from Aldrich Chemical
Company and distilled prior to use (bp 178°C).

Ketones

Acetone was commercially available from Aldrich Chemical
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Company and distilled prior to use (b.p 56°C). Cyclo-
hexanone was also available from Aldrich Chemical Company

distilled prior to use (b.p 155°¢).

2. Preparation of X, -Big-(trimethylsilyl) Ketones.

The following procedure is typical for preparing
bis-(trimethylsilyl) ketones. Argon was flushed through a
25 m side-armed round-bottomed flask, which was equipped
with a magnetic stirring bar, septum inlet, gas inlet valve
and mercury bubbler. The flask was charged with 5 ml
anhydrous ether and 0.9 ml (5 mmoles) of methyl lithium
in ether was added dropwise over 2 minutes. The solution
was stirred for 1 hour at room temperature. Then 2.5 ml
of 2 M solution of HCl was added to quench the solution.
The aqueous layer was separated and organic‘solvent was
removed under reduced pressure. The product was identified
by its %{NWRand IR spectrum. The yield was determined to
be 75%.111NMR of o,k -bis-(trimethylsilyl acetone in CC1,:

0.27 ppm (S, 18H), =2.01 (S, 3H, 2.31 (S, 1H), relative

1

to TMS. IR, strong absorption at 1680 cm ~ for the

carbonyl group.

3. Reactions of X,&X -Bis-(trimethylsilyllacetone Enolate.

A. With Trimethylchlorosilane.

Argon was flushed through a 25 ml side-armed round-
bottomed flask, equipped with magnetic stirring bar, septum

inlet, gas inlet valve and mercury bubbler. The flask was
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charged with 5 ml anhydrous ether. Then 0.9 ml (5 m moles)

of bis-(trimethylsilyl)ketene was injected and 3.4 ml of
al.6 M (5.44 m moles) solution of methyllithium in ether

was added dropwise over a 2 minute period. The solution

was stirred for 1 hour at room temperature to convert the
ketene to the corresponding enolate. Then 0.64 ml (5 m moles)
of distilled trimethylchlorosilane was added dropwise.,
Stirring was continued for 1 hour.

The product, 30, was identified by its 1

H NMR spectrum
in CCly: Three.singlets for three different kinds of tri-
methylsilyl groups at 0.27-0.4 ppm and one singlet for the
methyl group at 2.00 ppm, relative to the TMS.

B. With Benzaldehyde.

A 10 ml side-armed round-bottomed flask was equipped
with a magnetic stirring bar,. septum inlet, gas inlet valve
and mercury bubbler. The flask was flushed with argon,

2 ml anhydrous ether and 0.18 ml (1 m mole) of pure bis-
(trimethylsilyl)ketene were injected into flask. Then

0.7 ml of 2a 1.6 M (1.1 m mole) solution of the methyl-
lithium in ether was added dropwise. The mixture was stirred
for 1 hour, then 0.056 ml (1 m mole) of distilled benzalde-
hyde was injected dropwise. The solution was stirred for

5 minutes. GLC analysis showed that all of the enolate was
converted to the desired product in quantitive yield. The

i NMR of product, 31, in CCl, was: 0.33 (S, 9H) for the

trimethylsilyl group, 2.02 (S, 3H) for the methyl group,
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§ 6.76 (s, 1H) for the vinyl proton (due to the phenyl
ring) and§ 7.58 (S, 5H) for the phenyl.
C. With other Aldehydes.

The same procedure was followed with acetaladehyde and
is a butyraldehyde. The results were the same as in
quenching the enolate. No &-silylated vinyl product was
detectable; instead, x , X bis-(trimethylsilyl)acetone-was
found in the solution.

D..  With Ketones.

The same procedure as before was followed to make
1 mmole - of the ketone enolate. 0.104 ml (1 mmole)  dis-
tilled cyclohexanone was added dropwise. The reaction was
stirred for 0.5 to 1.5 hours. After quenching with suffi-
cient water, none of the desired X-silyl vinyl ketone was
found in the solution. The same result was observed for
acetone.

E. Reaction of the Enolate with Alkylhalides.

1 mmole of ketene enolate was made by the above
procedure. Then 62 ml (1 mmode) of distilled methyl iodide
was injected dropwise at room temperature. New products
were observed by Glc but all attempts to isolate and
identify'these products were unsuccessful. The same result

was observed with ethyl iodide.
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OSJ.Me3

s
L. Attempt to React (Me,Si),C=C , 30, with Ketones.
3 2 \CHB

A 1 mmole ethereal solution of 30 was formed as
described previously in this chapter. The flask was
immersed in a dry ice-acetone bath and 0.104 ml (1 m mole)
of cyclohexanone was added over 1 minute. 3 drops of
BF3 OEt2 was added as a catalyst to the flask. The solution
was stirred for 1.5 hours at -78°C. Then the solution was
warmed to room temperature and stirred 30 minutes longer.
None of the expected product was detected by Glc analysis.

The same experiment was done using an equivalent of
TiClu instead of BFjOEtz. The solution was quenched with
sufficient water at —78°C. No product was formed and more
than 80% of the starting cyclohexanone was recovered, using

Glc analysis.
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