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About 10% of all natural products and many synthetic in-
termediates contain 2 y-butyrolactone skeleton.! Various syn-
thetic methods to these y-butyrolactones are present such
as intramolecular esterification of y-hydroxyacids or their
derivatives in the presence of acid or base catalyst? halolac-
tonization of y,8-unsaturated acids?® palladium-catalyzed lac-
tonization of y,8-unsaturated acids leading to the formation of
y-vinyl substituted y-lactones* and an intramolecular addition
of oxycarbonyl radicals to double or triple bonds’ Although
those methods have been widely applied to the many natural
products syntheses, yet y-butyrolactones, having a labile or
reactive functional group such as an ester at the ¥ position,
are limited to access. We wish to describe an easy and con-
venient synthetic method to regiospecifically substituted y-
lactones. Our strategy involved three steps: alkylation of cy-
clic ketones® Baeyer-Villiger oxidation for generating the
transient y-hydroxyacid equivalents, and followed by transes-
terification of the corresponding lactones (Scheme 1)

The pyrrolidine enamine of cyclohexanone smoothly under-
went the Michael addition with ethyl acrylate to afford ethyl
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3-(2-oxocyclohexyl)propanoate (1a) in over 80% yield. When
the above 2Z-alkyl substituted cyclohexanone la was treated
with MCPBA and disodium phosphate as a base resulted
in clean disappearance of the starting material on analytical
TLC plate after 5-6 h at room temperature® The extractive
workup and separation on flash chromatography afforded the
corresponding 7-membered lactone 2a in 84% yield. The 7-
membered lactone 2a was then subjected to a catalytic
amount of sodium ethoxide in refluxing ethanol and the cor-
responding y-lactone 3a was obtained after purification in
79% yield.

Structural variations from the cyclohexanone to a cyclopen-
tanone and a cycloheptanone were highly operative. When
ethyl 3-(2-oxocyclopentyb)propancate (1b) was subjected to
the MCPBA oxidation conditions, the corresponding §-lactone
2b was formed in a few hours. However, the Baeyer-Villiger
reaction of ethyl 3-(2-oxocycloheptyl)propancate (lc) with
MCPBA was not completed, because the cycloheptancne le¢
is much less reactive than the cyclohexanone or the cyclo-
pentanone. The synthesis of y-butyrolactones vig translacto-
nization of the above 6-, 7-, and 8-membered lactones was
more interesting to us. In facts, the eight membered lactone
2¢ has been transformed smoothly to the corresponding y-
butyrolactone 3¢ in 1 h in refluxing ethanol in the presence
of a catalytic amount of sodium ethoxide, while the §-lactone
2b derived from ethyt 3-(2-oxocyclopentyl)propanoate (1hb)

"required longer reaction time (20 h) to complete the trans-

lactonization presumably due to the stability of a 6-memb-
ered lactone 2b. It is an important finding that the 6-memb-
ered lactone 2b has been thermodynamically transformed
to the 5-membered lactone 3b in a very high yield. We have
also concerned about the Dieckmann cyclization of the twe
pendant ester groups in the presence of a catalytic amount
of a base. Note that no other side product was formed during
this translactonization,

Further structural variations in the Michael acceptors have
provided the very easy synthesis of more substituted y-lac-
tons (Scheme 2).° The substituent R, and R, in the Michael
acceptors would be eventually ended in the B and a position
in the final y-lactones, respectively. Although the Michael
addition of carbanions to a,B-unsaturated esters has been
well-known," several attempts to obtain the addition product
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of the cyclohexanone enolate with substituted o,f-unsatu-
rated esters were unsuccessful. Finally, we could find that
the enamine in refluxing ethanol reacted with the substituted
a,B-unsaturated esters to yield the addition products, 1d and
le.

The Baeyer-Villiger oxidation of 1d and le as before un-
derwent well to give the corresponding 7-membered lactones,
2d and 2e, respectively. The more substituted alkyl group
was migrated to the peroxide oxygen. The substituents R,
and R; did not interfere to the oxidation and translactoniza-
tion.

Ethyl 2-oxocyclopentanecarboxylate was cleanly alkylated
in the presence of catalytic amount of sodium ethoxide in
ethanol and the resulting ketone 1f was transformed to 3f
under the similar conditions employed above (Scheme 3).
The lactone 2f, however, was quite sluggish in the transeste-
rification probably due to steric hindrance.

In conclusion, the present results might imply following
several important features. 1) This simple method could pro-
vide an easy access to highly substituted y-lactones in a few
steps. 2) For the first time, all substituents in the a,f-unsat-
urated esters have been incooperated in the y-butyrolactones
3a-f. Therefore, the use of a properly substituted a,B-unsatu-
rated ester could lead stereoselectively to a,B,y-substituted-
y-lactones in high yields. 3) Dieckmann cyclization or other
carbocyclization using the two pendant ester groups in the
resulting y-lactones could provide an easy access to very
useful 7, 8, and 9-membered carbocycles which are rich in
many natural products.”? Further manipulation of the resul-
ting lactones to the useful carbocycles are under study, and
those results will be reported when available.
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The incorporation of heteroatom to hydrocarbon molecules
changes the conformational preference dramatically, One of
the interesting features is a phenomenon known as the “gau-
che effect”.! Many molecules containing N, O, S, P, F, or
Cl atom show the preference to adopt the gaucheconforma-
tion.’? The “gauche effect” in these molecules has heen in-
terpreted on the basis of electronic natures such as lone-
pairs, electron/nuclear charge distributions, and polar bonds.

The “gauche effect” is also ubiquitous in various silicon
compounds.3® Various butane-like silicon compounds such as
ethylmethylsilane (CH,CH,SiH,CH.),®»# ethylchlorosilane
(CH3CH,SiH.Cl),®¢ 1.2-dimethyldisilane (CH>SiH,SiHCHa),*%
and (chioromethyl)methylsilane (CICH;SiH;CHz)*? are more
stable in the gauche conformation than in the anti conforma-
tion. Cyclic 6-membered ring systems also provide valuable
information about the “gauche effect”. The A value, the free
energy difference between the axial and equatorial confor-
mations, is largely attributed to the gauche/anti energy dif-
ference of the torsional frame which is composed of the sub-
stituent and 3 ring atoms. 1-Methylsilacyclohexane and 1-ch-
lorosilacyclohexane are more stable in the axial conformation
than in the equatorial conformation by 0.13 kcal/mol® and
0.81 kcal/mol,* respectively. In contrast to other heteroatoms,
the “gauche effect” of silicon compounds has been explained
mostly by steric reasons due to the longer Si-C bond leng-

In connection with the conformational analyses of various
monosubstituted silacyclohexanes (SCHs), we have been in-
terested in the structure and electronic nature of SCH. Un-
derstanding the exact structural and electronic natures of
SCH is important, because SCH serves as the reference mo-
lecule in quantifying the A values of various monosubstituted
SCHs. Especially, it is our intention to analyze electronic
natures including the electrostatic potential (ESP), which is
generally accepted to furnish useful information about the
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Figures 1, MP2/6-31G* optimized chair conformation of CH (—)
and SCH (—); least-square fit using 4 ring carbons (2a-carbons
and 2P-carbons in SCH).
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Figure 2. [NP], (CHELPG), and MP charges of ring atoms and
axial hydrogens in CH and SCH calculated by MP2/6-31G*.

charge distribution around the molecule.”

Ab initio molecular orbital calculations have been perfor-
med using the GAUSSIAN-92 series of programs,® on a Cray
Y-MP computer. The geometries of cyclohexane (CH) and
SCH have been optimized at the MP2/6-31G* level of theory.®
Only the chair conformation has been considered by impo-
sing Dyd symmetry on CH and C, symmetry on SCH.

The MP2/6-31G* calculated structures of SCH and CH
are compared in Figure 1. An interesting structural modifica-
tion in SCH is that the axial hydrogen attached to Si moves
away from the ring. According to our MP2/6-31G* calcula-
tions, the torsional angles of ring carbons in CH are 55.6°
In SCH, the torsional angle of C-Si-C-C is only 458° which
shows the Si tip of the ring quite flattened. The torsional
angle of Cr-Ci-Ci-Cs in SCH is 65.8° which indicates the
puckering degree of y-carbon greater (See Figure 1). Conse-
quently, the change of ring skeleton forces the geometric
parameters including hydrogens to be altered substantially.
The distances from the axial hydrogen of Si to the axial
hydrogens of B-Cs in SCH are 3.00 A, while the distances
between 1,3-diaxial hydrogens in CH are 2,62 &. This implies
that most axial substituents at Si atom of SCH may relieve
unfavorable 1,3-diaxial interactions due to (1) the longer Si-
bonds, i.e. Si-C ring bonds and exocyclic Si bonds to substi-
tuents, and (2) flattening of Si tip. However, the subtle in-
crease of the distance between 1,3-diaxial hydrogens by 0.4
A may not be accounted for the “gauche effect” of silicon
compounds entirely.

The nonbonded interactions between neutral atoms usually
contribute small energy differences with respect to electro-



