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Electrophilic substitution reactions of the molecules withcyclic compounds calculated with the MP2/6-311+Hével.
an allylsilane group have been extensively applied to the Three schematic potential energy diagrams and optimized
organic synthesis:° In particular, the electrophilic reactions structures for the structural isomers of the 6-, 7-, and 8-
of acyclic polyolefins having the allylsilane have beenmembered cyclic compounds are drawn in Figure 1. All
applied to the synthesis of 6-, 7-, 8-, and 9-membered cyclioptimized geometrical structures of the cyclic compounds
compounds. In the 6-, 7-, and 9-membered cyclic productsare local minima without an imaginary frequency. The
the methylenecycloalkanes with an exocyclic double bondjeometrical isomers of the 6-, 7-, and 8-membered cyclic
are synthesized, while, in the 8-membered cyclic products;ompounds with higher potential energy are not represented.
the 7-methoxy-1-methylcycloctene with a double bond onThe structures of the cyclic compounds are classified to be
the cyclic skeleton is synthesized. chair and boat types except for 5-methoxy-1-methylcyclo-

In the experiments of van der Gen al,! the acyclic hexene with fused-ring form. In these compounds, the
aldehyde having no allylsilane group under methanol condieptimized structures of the chair types are more stable than
tions was completely cyclized to a cyclic olefin having athose of the corresponding boat types, respectively. The
double bond. That is, the cyclization of 5-methyl-5-hexenakyclic structures of the methylcycloalkenes with a methyl
gives all three possible alkene isomers (endo- and exo-cycligroup are more symmetric than those of the corresponding
delocalized isomers) of 6-membered cyclic compound. Meammethylenecycloalkanes with a methylene group. A methoxy
while, in the experiments of Flemirg al,>* the acyclic  group is substituted as a horizontal or vertical direction on
acetals with an allylsilane and vinylsilane groups cyclized tahe cyclic skeleton. In the most stable structures of 6-, 7-,
give the methylenecyclohexane and methylcyclohexeneand 8-membered cyclic compounds, the geometrical confor-
respectively. Recently, by the experimental results of kkang mation between three hydrogen atoms of a methoxy group
al.®9 Lewis acid-induced intramolecular annulation of theand a carbon atom on the ring bonded to a oxygen atom is
allylsilanes with an electrophilic group was applied to aoptimized as an eclipsed form. The structures of the 6- and
regioselective formation of several cyclic systems. The8-membered cyclic compounds are more symmetric than
cyclizations of the acyclic alkenes with an allylsilane groupthose of the 7-membered cyclic compounds.
give the methylenecyclohexane, methylenecycloheptane, As shown in Figure 1, the lowest potential energies of the
methylcycloctene, and methylenecyclononane, respectivel\6-, 7-, and 8-membered cyclic compounds are set equal to
That is, in these cyclizations, the site of the double bond hazero, respectively. The chair types of these cyclic compounds
been controlled by the number of the carbon atoms in acycliare more stable than the boat types. In the 6- and 7-member-
skeleton. ed cyclic compounds, the methylenecyclohexanes with a

By the above experimental results, in the 6-memberednethylene group are more stable than the methylcyclohexenes
cyclic products, the methylenecyclohexane with an exowith a methyl group. That is, the structures with an exocyclic
cyclic double bond and the methylcyclohexene with adouble bond are more stable than those with a double bond
double bond on the cyclic skeleton are synthesized. Whileyn the ring. While, in the 8-membered cyclic compound, the
in the 8-membered cyclic products, the methylcycloctenamethylcyclohexenes with a methyl group are more stable
with a double bond on the ring is easily synthesized. Tahan methylenecyclohexanes with a methylene group. In the
analyze the experimental findings, we carried out systemati6- and 8-membered cyclic compounds, the structures sub-
calculations for the 6-, 7-, and 8-membered cyclic compoundstituted by a methoxy group as a horizontal direction are
with the same accuracy. The geometrical structures of themore stable than those substituted by a methoxy group as a
cyclic compounds are fully optimized usialy initio Hartree-  vertical direction. While, in the 7-membered cyclic compounds,
Fock (HF) and second-ordergier-Plesset (MP2) methods the structures substituted by a methoxy group as a vertical
with the 6-311+G basis set. After the optimization, the direction are more stable than those substituted by a
harmonic vibrational frequencies of those compounds arenethoxy group as a horizontal direction.
evaluated to confirm the existence of a stable structure at theln the 6- and 7-membered cyclic compounds, the potential
HF/6-311+G’ level. The Gaussian 94 program was used. energies of 5-methoxy-1-methylenecyclohexane and 6-
We represented the relative stabilities and structures of th@ethoxy-1-methylenecycloheptane are more stable than



1054 Bull. Korean Chem. Sp2002 Vol. 23, No. 8

(@) T

0.6 T
0

o

/‘?js Tt /\Hz CHy /(}:z GH.
Oy, O ey, O
K/\ocx-xJ OCH, N ~ock, ~ocH, K/“':JCH; ~OcH;
1 2 3 4 5 6
chair type hoat type
(b) Jasy
o 19 22
- — 13 N
09 1.0 0.3

0.0

T Hy 3 Hy GHa CHy GH, CH,
A .
i\/>‘ocx-r3 < ~OCH;3 CH; “OCH; O‘OCH, Owocr{} O\ocu, G ~OCH;3
2 3 4

1 5 6 7 8

chair type boat type chair type boat type

(c) L4

RN
240

0.0

CHs Hy Hy Hy Hy ) ﬁf: CHa

A A O O Qo O, S O

\—J\)CHg "™OCH; CH; "‘OCH; CH; "OCH; ICH; v'”OCH]
1 2 3 5 6 7 8

4

chair type boat type chair type boat type

Communications to the Editor

group and the acyclic substrates. While, in the 8-membered
ring, the acetals with an allylsilane group only cyclized to
methylcycloctene. Our results for the relative stability are in
line with the experimentt® and theoreticdd*® results.
Conclusionally, the relative potential energies of the 6- and
7-membered cyclic products with an exocyclic double bond
are similar to those of the methylcycloalkene products with a
double bond on the cyclic frame. The potential energy differ-
ences between the methylcycloalkene and methylenecyclo-
alkane products are very small (0.6 kcal/mol for 6-
membered ring and 0.9 kcal/mol for 7-membered ring). Due
to small energy differences between methylcyclohexenes
and methylenecyclohexanes, both products can be formed
from acyclic substrates. Whereas, in the 8-membered cyclic
product, the potential energies of the methylcycloctenes are
much lower than those of the methylenecycloctanes. The
energy difference between two isomeric products is 3.6 kcal/
mol. A more stable 7-methoxy-1-methylcycloctene is formed
from the acyclic substrates. As a result, the olefinic cycli-
zations produced from the acyclic substrates with an allyl-
silane group may be greatly depended on the relative
stability for the structural isomers of the fused-ring products.
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Figure 1. Three schematic potential energy diagrams and optimiz- g
ed structures of the structural isomers of the 6-, 7-, and 8-
membered cyclic compounds at the MP2/6-31"1+@vel. (a):
Relative potential energies of the 6-membered cyclic compounds.
(b): Relative potential energies of the 7-membered cyclic compoundsg
(c): Relative potential energies of the 8-membered cyclic compounds.q
All energies are adiabatic values and are in units of kcal/mol.

those of 5-methoxy-1-methylcyclohexene and 6-methoxy-1-
methyl-cycloheptene by 0.6 and 0.9 kcal/mol, respectively.
Meanwhile, in the 8-membered cyclic compound, 7-meth-;,

methylenecycloctane by 3.6 kcal/mol. The relative energy

difference (3.6 kcal/mol) between 7-methoxy-1-methylcycloc-14-

tene and 7-methoxy-1-methylenecycloctane is four timeq_5

larger than those (0.6 and 0.9 kcal/mol) of the 6- and 7-

membered rings. By the experimental resttsmethyl-

cyclohexene and methylenecyclohexane of 6-membered cyclics.
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