Communications to the Editor

Silyl Ketone Chemistry.! Preparation of
Siloxyallenyl- and -allyllithium Reagents
Sir:

We report here a new connective route to siloxy substituted
allenic, allylic, and pentadienylic lithium reagents?3 which
provides an efficient procedure for the regiospecifc and ste-
reoselective assembly of allenol, enol, and dienol silyl ethers,

and the ketones derived from them by hydrolysis. The process
is illustrated in Scheme 1. It involves the addition of organo-
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lithium reagents to silyl ketones,* followed by carbon to oxygen
silyl shift (Brook rearrangement’) of the first-formed inter-
mediate alkoxide 1 to the propargylic-allenic lithium reagent
2. Reaction with electrophiles can lead to either 3 or the allenol
silyl ethers 4.

If a vinyllithium is used instead of the acetylenic lithium of
Scheme [, siloxyallyllithium reagents®2:3° are formed, These
can also be prepared by organometallic additions to vinyl silyl
ketones’ (runs 15-17, Table ).

The success of these procedures depends crucially on the
position of the equilibrium between the «-silyl alkoxide and
the siloxy carbanion (e.g., between 1 and 2). If the carbanion
is inadequately stabilized, its rate of formation will be so slow
that successful derivatization at carbon becomes difficult. This
is the case when there is more than one alkyl group at the ter-
mini of an allyl system,®? as in the anions 5 for which no de-
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tectable methylation with methyl iodide or C-protonation with
1-pentyne occurred. Only dimethyl and diphenyl sulfides gave
useful amounts of reaction at carbon with 8 (run 17, Table I).
Since the rate of reaction of § was identical with dimethyl or
diphenyl disulfide and only varied slightly when the concen-
tration of dimethyl disulfide was changed by a factor of 4,10
we conclude that here the [1,2]-sigmatropic rearrangement
of the silyl group is rate determining.

On the other hand, a highly stabilized carbanion (e.g., 6 or
7) can exist as a significant or even predominant species in the
equilibrium mixture® and a different problem emerges. As the
carbanion is formed it rapidly attacks unreacted silyl ketone
to form oligomeric and polymeric materials. Successful utili-
zation of the anion 6 is possible when silyl ketone is slowly
added to a solution containing lithium phenylacetylide and
alkyl iodide at —78 °C, so that 6 is immediately removed by
alkylation (runs 4 and 5, Table [). The anion 7 is even more
highly stabilized, and we have not been able to find conditions
under which it can be successfully formed and derivatized.
Anions 5 and 7 thus bracket the range of carbanion stabilities
that our method will tolerate in its present form.

The site of electrophilic attack on anions such as 1, 2, or §
is dependent on the choice of electrophile. Very reactive hard
electrophiles such as water or trimethylchlorosilane react at
oxygen.3 Protonation on carbon can be achieved by using a
terminal acetylene as proton source. Sulfenylations occur at
carbon and are the cleanest reactions which we have encoun-
tered. Alkylations proceed well with methyl and ethyl iodides,
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Table L. Preparation of Allenol and Enol Silyl Ethers
RUN  SILYL ORGANOLITHIUM
NO _KETONE (ELECTROPHILE) PRODUCT E-  viELD?
o SiMe;
. n-Bu—==—Li
1 SiMa, (CH, D) Y 7P
Ph Ph n-Bu
n-Pr—=—Li §SiMes
2 (CH,CH,1) B CHeH,- eogc
3 (n-Pr-=-—H) PK n-Pr H- 63
_— OSiMe;
Ph—Z==—Li
4 (CH,1) YE CHs- 70‘*3
5 (CHCH,1) P Ph CHiCH, 548
0SiMe;
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e n-8u
o CH,=CHLi 0Si Me,
7 SiMa, (CH;SSCHy) b g CHiS- 89
8 (n-Pr—==—H H- 79
o Ph (CHFCH-CH;Br) PH Alyl- 620
10 (CHACH,1) CH,CH,- 86°
11 (CH,1) , CHy-  83°
e SiMes
CH,=C(CH,Li .
12 (CHACH, 1) 64
PH ‘
o) PhLi® OSiMe,
13 (U\SiMcg (CH1SSCH3) Ph CH,;S- 79
14 (CH;CH, 1) E CHyCH,- 87
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2 Yields are for material purified by bulb-to-bulb distillation unless
indicated otherwise. ¢ Yields reported are for the ketones or enones
(cis-trans mixture, as well as 3, 'y isomer in some cases) obtained by
hydrolysis with HCI-MeOH. The enol and allenol silyl ethers were
characterized spectroscopically. ¢ One equivalent of HMPA was
added to facilitate alkylation. ¢ Silyl ketone was added over a 40-min
period to a mixture of PAC=CL,| and alkyl jodide at =78 °C. ¢ Silyl
ketone was added to a solution of the organolithium in ether, and the
electrophile dissolved in an equal volume of THF was added. The al-
kenyllithium reagents (runs 10-12, 15, 16) were prepared by addition
of vinyl bromide or 2-bromopropene to 2 equiv of tert-butylithjum
in ether at —78 °C: H. Neumann and D. Seebach, Chem. Ber., 111,
2785 (1978). / NMR yield. & The product was a 55:35 ratio of -
(shown) and a-sulfenylated products.

more poorly with less reactive halides.!! All of these derivati-
zations proceed predominantly or exclusively ¥ to the siloxy
group. With the exception of run 12, only Z isomers of the enol
silyl ethers are formed.

It is possible to perform intramolecular alkylations leading
to the unusual enol ethers and ketones shown below. The re-
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action can also be used to prepare the cyclobutane analogue,
I-methoxy-1-(2-ox0-4-phenylbutyl)cyclobutane (58%
yield).

Simple enol silyl ethers have a broad spectrum of applica-
tions as enolate equivalents.'3 The procedures developed here
expand the range of such compounds available. They also
provide an efficient route to a previously almost unknown type,
the allenol silyl ethers 8,!2 formally derived from «,3-un-
saturated ketones by enolization of the vinyl hydrogen (9).
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Utilization of 8 as a synthetic equivalent of 9 has so far been
limited to protonation (hydrolysis) and halogenation, but other
more useful electrophiles are being studied.

>==<:sam, _ ;}:O

A typical experimental procedure for the preparation of
allenol silyl ethers is as follows (run 6). To a stirred solution
of 0.37 mL (3.2 mmol) of 1-hexyne in 5 mL of dry THF at 0
°C was added 2,8 mL (3.2 mmol, 1.15 M) of MeLi (1:1 LiBr
complex in ether). After 15 min, the solution was cooled to —78
°C and 0.47 mL (3.0 mmol) of ethyl trimethylsilyl ketone was
added dropwise. A white precipitate formed. After 15 min, 0.25
mL (4.0 mmol) of Mel was added and the flask was warmed
to 0 °C and stirred for 30 min. The contents were then parti-
tioned between cold aqueous 7% NaHCO; and ether-pentane
(1:1) and washed with saturated NaCl. After drying (Na>SOy,
then K,CO3) and concentration of the organic layer, distilla-
tion of the residue (Kugelrohr, 24 mm, bath temperature
89-91 °C) gave 0.50 g (74%) of 3-trimethylsilyloxy-5-
methyl-3,4-nonadiene as a clear, mobile liquid;: NMR (CDCl;)
60.12(s,9H),0.80-1.12 (m, 6 H), 1.20-1.68 (m, 4 H), 1.74
(s,3H), 1.92-2.36 (m, 4 H); IR (salt plate) 2960, 1962, 1628,
1467, 1260, 1201, 1178, 855 cm™!; MS caled for C3H260Si
226.1753, found 226.1738.
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Molecular Mechanics Calculations of Reactivity
Differences between Alicyclic Compounds
Sir:

The I-strain explanation of Brown for the differences in
nucleophilic substitution, ketone reduction, cyanohydrin
equilibria, etc., between alicyclic compounds represents one
of the earliest attempts to relate steric energy changes ac-
companying sp? = sp? interconversions to chemical reactiv-
ity.12 Thus Brown suggested that relief of torsional angle or
Pitzer strain and of transanular repulsions eases the formation
of an sp? center in medium-ring compounds, opposite to
strain-free cycloalkanes, Molecular mechanics force fields?
allow calculations not only on ground states but in principle
also on transition states and thus in particular on steric hin-
drance in reactivity. Other than in related earlier force-field
approaches to reaction rates,? a rigorous test of the /-strain
hypothesis requires strain energy calculations of a large
number of conformations for each ring compound. This is il-
lustrated with methylcyclodecane (Figure 1), where minimi-
zations using the Allinger force field? yield the following
conformer distribution. TCCC; Me in position 2, 16%; in po-
sition 3, 30%; in position 4, 14%. BCB: Me in position 2, 15%;
in position 3, 22%; in position 4, 3%. Low-temperature '3C
NMR measurements have so far offered limited information
supporting conformational equilibria of medium-ring com-
pounds.*

BCB

Figure 1, Cyclodecane conformations: TCCC, twist chair chair chair; BCB,
boat chair boat.
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