Tetrahedron Letters No.36, pp. 4297-4301, 1966, Pergamon Press Ltd.
Printed in Great Britain.

FACILE INTRAMOLECULAR CYCLIZATION OF AN OLEFINIC
GRIGNARD REAGENT (1)

Herman G. Richey, Jr., (3) and Thomas C. Rees

Department of Chemistry
The Pennsylvania State University
University Park, Pennsylvania 16802

(Received 13 June 1966)

Intramolecular addition of a Grignard reagent to an unconjugated
carbon-carbon double bond to form a cyclic product occurs readily ina
system that we have studied. A tetrahydrofuran solution of 6-chloro-1-
heptene (4) was refluxed with magnesium for 5 hours. The product obtained
in 88% yield from hydrolysis of the solution consisted mostly of cis- and
trans-1, 2-dimethylcyclopentane (5) in a ratio of about 1:4. This reaction
presumably proceeds by cyclization of Grignard reagent I to form cis and

trans II. This ready cyclization suggests that formation of rings from
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intramolecular Grignard additions to carbon-carbon multiple bonds will be
feasible in a variety of other systems.

The mild conditions needed for this cyclization are surprising since
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intermolecular additions of Grignard reagents to unconjugated carbon-
carbon double bonds are unknown (6). However, the cylization of I to II
must be related to some known rearrangements (7). For example, cyclic

Grignard reagent V is presumably an intermediate in the equilibration of
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labeled IV and VI studied by Roberts and his coworkers (8}, though
reactions of the equilibrium mixture do not furnish detectable amounts

of cyclic products (9). The isomerization of VII to IX that we found to

MgCl CH, CH;MgCl
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X via VIl IX
occur under much more stringent conditions (rate==3 x 10_6 sec"l at

110° in tetrahydrofuran) must also be due to a cyclization followed by
ring opening (10). The cyclic isomer (VIII) is less stable than IX and
cyclic products are not observed.

Formation of small rings instead of less strained larger rings is a
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striking feature of the cyclizations of I and VII. It might have been
expected that the difference in ring strain between VIII and X of ~20 kcal/
mole (11) and between II and IIl of about 7 kcal/mole (11) would be
reflected in relative energies of transition states for cyclization that
would greatly favor formation of the larger rings. Cyclization to form
the smaller rings might be favored to the extent that the energies of the
transition states reflect the greater stability of primary than of second-
ary Grignard reagents. However, a recent study (12) indicates that this
difference should not exceed a few kcal/mole.

Therefore, some additional factor, perhaps the necessity of achieving
a particular geometry in the transition state for cyclization, must favor
formation of the smaller rings. For example, the results can be ration-
alized by assuming that the addition to a double bond is a concerted
process (13) that involves formation of a C-Mg bond at the same time

that the new C-C bond is being formed. Structure XI shows a conforma-

XI CH,

tional isomer of VII, free of angle strain, that should approximate the
geometry of a concerted transition state for formation of VIII if angles

a and B are decreased. It is much more difficult to achieve the geometry
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requisite for a concerted addition of C-1 to C-5 and of Mg to C-4

that would lead to X. Though the significance of this factor in favoring
formation of smaller rings should decrease as chain length increases,

it may be responsible for the formation of 1I instead of III. Alternatively,
the ring sizes obtained may be due to a stringent requirement for approach
of C-1 along the axis of a p~orbital even though a new C-Mg bond is not
forming simultaneously (14). In system XI, for example, it may be

easier to achieve such approach to C-4 than to C-5.
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