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We have demonstrated in this report that (1) a-
silylated vinyl ketones successfully t rap even readily 
equilibrated lithium enolates under aprotic conditions; 
(2) the presence of copper is not required to account 
for the observed results, the "copper" enolate being 
indistinguishable in this case from the lithium enolate; 
and (3) an efficient synthesis of steroids is possible 
utilizing the reductive annelation procedure. This 
procedure seems to be amenable to large scale applica
tion bound by the costs of the silicon reagents, and the 
need to shrink ring D to obtain steroids of the natural 
series. 
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Regiospecific Michael Reactions in Aprotic 
Solvents with a-Silylated Electrophilic Olefins. 
Application to Annelation Reactions 

Sir: 

The discovery that lithium enolates of asymmetric 
ketones can be generated regiospecifically1,2 coupled 
with the original demonstration that such lithium eno
lates could be alkylated and carboxylated (cf. 1 -*• 2, 3) 
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more rapidly than they undergo equilibration via 
proton transfers1 greatly extended the synthetic possi
bilities for the construction of complex structures. 

Our original work was confined (if one excepts the 
carboxylation reactions) to the use of reactive alkyl 
halides3 and it became increasingly evident that im
portant progress would result if regiospecifically gener
ated lithium enolates could be used in two of the other 
fundamental processes for forming carbon-carbon 
bonds, the aldol and the Michael reactions. We deal 
elsewhere with the regiospecific aldol condensation4 

and wish to report here on the regiospecific Michael 
reaction with lithium enolates. 

We have recently taken the first step in the solution 
of this problem with the demonstration that a-tri-
alkylsilyl vinyl ketones such as 4 can be condensed with 
some regiospecifically generated lithium enolates in 
aprotic solvents (e.g., 5 -*• 6)6 
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We initially considered, as did Boeckman,6 that the 
enolate equilibration we had encountered, might be 
suppressed by making the enolate metal bond less 
easily dissociated. We were indeed successful with 
diethyl aluminum enolates (from addition of one equiv
alent of diethylaluminum chloride to the lithium eno
late) but eventually realized that with careful attention 
to details7 the original procedure5 is in fact applicable 
and leads in high yield to regiospecific Michael re
actions. Because of the importance of the reaction 
we report it here in detail. 

The most general procedure involves trapping of a 
regiospecifically generated enolate (e.g., from lithium-
ammonia reduction in the presence of 0.8 equiv of tert-
butyl alcohol) with trimethylchlorosilane, and regener
ating the lithium enolate from the isolated enol silyl 
ether.8 This procedure has the advantage that the 
silyl ether can be examined spectrally, to establish its 
structural homogeneity, before proceeding with the 
Michael reaction. We illustrate this for the annelation 
o f l t o 8 . 9 
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To a solution of 3 g-atoms lithium in dry, distilled 
liquid ammonia was added dropwise a solution of 1 
equiv of enone 1 in tetrahydrofuran (4 ml/mmol) con
taining 0.8 equiv of tert-bvXy\ alcohol. Excess lithium 
was destroyed after 5 more minutes with isoprene. 
Removal of the ammonia, finally under oil p u m p 
vacuum at ~ 4 0 ° for ca. 10 min, gave a residual white 

(5) G. Stork and B. Ganem, / . Amer. Chem. Soc, 95, 6152 (1973). 
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tious presence of traces of protic impurities in the medium. The glyme 
used in the present experiments was distilled from fresh lithium alumi
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the system at all times. 
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solid10 which was dissolved in tetrahydrofuran at room 
temperature, cooled to —10°, and treated with ~ 5 0 % 
excess of 1:1 chlorotrimethylsilane-triethylamine.11 

Addition of pentane after stirring for 10 min, followed 
by addition of, and washing with, ice-cold saturated 
aqueous sodium bicarbonate, washing with brine, and 
drying gave the silyl enol ether 7 in 90% yield after 
distillation (Kugelrohr, 65° (0.7 mm)). The nmr 
spectrum showed a 3 H methyl singlet at 5(CDCl3) 0.9 
ppm and a 1 H doublet (7 ~ 1 Hz) at 4.5 ppm. 

Dropwise addition of the silyl ether 7 in dry glyme 
(4 ml/mmol) to 1.05 equiv of ethereal methyl lithium 
in glyme (4 ml/mmol) was followed by stirring at room 
temperature for 30 min, cooling to —78° under a 
stream of nitrogen, adding 1.2 equiv of the unsaturated 
ketone 4 ,R = CH3,12 in glyme, stirring for 10 min, and 
allowing to warm over 30 min. Work-up (saturated 
ammonium chloride solution), followed by refluxing 
with 5 % sodium methoxide in methanol for 3 hr, gave 
(67% yield) the known tricyclic enone 8, mp 122°, 
identical with an authentic sample.2 

Under the same conditions, the octalone 913 was 
transformed, via the trimethylsilyl enol ether (nmr: 
5 (CDCl3) 0.94 (3 H, s), 4.7 (1 H, b s) from reductive 
trapping, into the tricyclic ketone 10, mp 141-142°: 

H3CO O 
H,CQ P 

nmr 5 1.1 (3 H, s), 3.9 (4 H, s), 5.8 (1 H, b s). Acid 
hydrolysis converted 10 into the known corresponding 
dione, mp 122°.14 

The use of the bis-annelating reagent 11 allows, as 
we have previously shown,5 the addition of the equiva
lent of two rings at a time, thus leading to the type of 
tricyclic enone which we previously used15 in the syn
thesis of (±)-progesterone. Under the conditions de
scribed for the conversion of 1 to 8, the silyl ether 13 
(88% yield after Kugelrohr distillation at 75° (0.01 
mm)) from the reductive trapping of 1216 was recon
verted to the lithium enolate 14 which was treated with 
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11, R = CH3, and cyclized to give 15 (74% yield) mp 
122°, identical with an authentic sample.17 
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The stereo- and regiospecific transformation, via 
reductive methylation, of tricyclic enones, such as 15, 
to natural steroids has been described previously.16 

It is clear that the growing usefulness of regiospecifi-
cally generated lithium enolates can now be extended to 
the Michael reaction, even with electrophilic olefins 
possessing exchangeable hydrogens. 
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Conformational Analysis of Hydrocarbon Chains in 
Solution. Carbon Tetrachloride 

Sir; 

Very little is known about the conformational prefer
ences of hydrocarbon chains longer than heptane and 
shorter than polyethylene, either in the gas phase1 or 
in solution.2 We present evidence which demonstrates 
the flexible nature and random orientation of hydro
carbon chains in carbon tetrachloride solution. 

Our probe of chain conformation is a benzophenone 
substituted with a remotely attached hydrocarbon 
chain.3 Conformations of the chain in which the chain 
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