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Stereochemistry of Electrophilic Attack in the
Base-Catalyzed Cleavage of
3,7-Dimethyltricyclo[3.3.0.0%"Joctan-1-ol

Sir:

Recently we reported the synthesis of 3,7-dimethyl-
tricyclo[3.3.0.0%"Joctan-1-0l (1) by reaction of 1,5-
dimethylbicyclo[3.3.0Joctane-3,7-dione with zinc and
hydrochloric acid in acetic anhydride.! When treated
with potassium fers-butoxide in refluxing rsers-butyl
alcohol, 1 undergoes rapid cleavage to 1,5-dimethyl-
bicyclo[3.3.0Joctan-1-one (2). Since 1 is stable under
these conditions in the absence of base, this appears to
be an example of what Cram terms? an SEl reaction
with carbon as the leaving group. Cram finds in acyclic
systems that the stereochemistry of this reaction depends
on the solvent.? Retention of configuration pre-
dominates in solvents of low dielectric constant like
fert-butyl alcohol, while inversion is the major course
in solvents which have high dielectric constants and
are good proton donors like ethylene glycol.

The solvent dependence of the stereochemistry of
electrophilic attack at carbon has also been studied in
the base-catalyzed cleavage of cyclopropanols. Nickon
found that nortricyclanol undergoes base-catalyzed
reketonization to norbornanone with 909 net inver-
sion, independent of solvent.®! However, Wharton
has argued that this is due to a special feature of the
rigid skeleton of this system and not to a special feature
of cyclopropanols in general, for he found that exo-7-
hydroxy-1,6-dimethylbicyclo[4.1.0Jheptane behaves like
the systems studied by Cram in cleaving to the corre-
sponding cyclohexanecarboxaldehyde with nearly quan-
titative retention of configuration in rers-butyl alcohol
and 409 net inversion in ethylene glycol.+ Neverthe-
less, the endo alcohol, also studied by Wharton and
Bair, seems anomalous in giving 209 retention of
configuration in ethylene glycol.

In the hope of clarifying some of the effects important
in controlling the stereochemistry in such ring-opening
reactions, we examined the stereochemistry of the
base-catalyzed conversion of 1 to 2. The reactions
were carried out in (CH;);COD? at 70° and (CH,OD).¢
at 175° using the corresponding potassium alcoholates
as base. Under these conditions the reactions were
complete in 5 hr, and the sole product was ketone 2-4.
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In order to facilitate analysis of the stereochemistry
of the deuterium in 2-d, the protons « to the carbonyl,
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which had been partially exchanged for deuterium
during the reaction, were reexchanged by refluxing
2-d in methanol in the presence of sodium methoxide.
After 4 hr the mass spectrum of 2-d was unchanged
and showed that the molecule contained one nonex-
changeable deuterium atom. To establish the stereo-
chemical disposition of the deuterium, it was desirable to
functionalize 2 stereospecifically at C-6.7 To this
end, 2-d was converted by reaction with methyllithium
to a 1:1 mixture of epimeric alcohols 3 which was ox-
idized with lead tetraacetate in benzene to give the ex-
pected® cyclic ether 4 in 609 yield, after chromatog-
raphy.*
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In the nmr spectrum of the undeuterated ether the
methine proton appeared as a doublet with J = 4 Hz,
Models show that this splitting must be due to the
exo proton at C-7, since the dihedral angle between
the endo C-H and methine C-H bonds is ~90°; so,
according to the Karplus relationship,!! the coupling
constant between these protons should be close to
zero. The methine proton of 4 also showed this same
nmr signal in the material obtained from the cleavage re-
action run in either (CH3);COD or (CH;OD),. This
implies that the deuterium must be incorporated pre-
dominantly in the endo position, irrespective of the
solvent.

To make this result more quantitative the ether 4 was
treated with boron trifluoride in acetic anhydride.!?
The methyl group at C-3 ensured that the ether opened
in only one direction so as to give the more stable
carbonium ion, and the endo acetate 5 was obtained
as a mixture of two double bond isomers., No attempt
was made to separate these; the mixture was pyrolyzed
at 550° in a flow system and a mixture of the two
isomeric bicyclooctadienes 6 was isolated. Mass
spectral analysis showed that within experimental error
6 contained no deuterium. Since acetate pyrolysis
results in cis elimination,'® the deuterium must have
been >98 9 endo.

The stereospecificity of the base-catalyzed cleavage
of 1 to give 2 with >98 97 retention of configuration in
both fert-butyl alcohol and ethylene glycol is all the
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more remarkable since it is exactly the opposite of the
result found by Nickon in the opening of nortri-
cyclanol.? The two systems differ, of course, in that the
carbanionic center and ketone leaving group probably
cannot escape interaction in the bicyclo[2.2.1] ring sys-
tem, while during the cleavage of 1 to 2 they must move
apart a considerable distance. Both systems demon-
strate, however, that in SEl reactions in which the
carbon leaving group remains in the same molecule as
the carbanion, structural effects can be far more im-
portant than solvent effects in determining the stereo-
chemical course of reaction, !4

Although the enforced proximity of carbanion and
ketone in the nortricyclanol opening might be ex-
pected? to produce inversion, the structural features
responsible for the observed retention of configuration
in the cleavage of 1 are less obvious. One possibility
is that the cage structure of 1 excludes solvent from
part of one face of the developing carbanion. Proton-
ation of the carbanion from the backside to give in-
version would then generate an ion pair separated by a
cavity of low dielectric constant and would be ener-
getically less favorable than protonation from the same
side as the departing carbonyl group, a process leading
to retention.!® Experiments to test this and other!¢
hypotheses are in progress.
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A Model] of the Methylmalonyl Isomerase Reaction
Sir:
Several years ago, a mechanism was proposed® for

the vitamin By catalyzed methylmalonyl isomerase
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reaction which involves ionic cleavage of an organo-
cobalt intermediate and subsequent rearrangement of
the resulting carbanion. This mechanism is sup-
ported by the statistical partitioning of deuterium be-
tween substrate and product,? but there has been no
organic analog of the reaction. Now that a method
for ionic cleavage of the carbon—cobalt bond has been
found,® we have been able to show the rearrangement of
an organocobalt compound comparable to the methyl-
malonyl isomerase reaction.* A solution of 0.52
mmol of l-carbethoxy-2-oxocyclopentylmethyl(pyrid-
inato)bis(dimethylglyoximato)cobalt(III) (1) (4nal.
Caled: C, 49.16; H, 6.00; N, 13.03. Found: C,
49.11; H, 5.98; N, 13.20) prepared by the method of
Schrauzer and Windgassen® from ethyl 1-bromomethyl-
2-oxocyclopentanecarboxylate® in 10 ml of dimethyl-
formamide and 10 ml of absolute alcohol at 50° was al-
lowed to react with 4.6 mmol of 1,4-butanedithiol for 48
hr. Product isolation was accomplished by dilution
with water, extraction with petroleum ether, and
washing with 297 aqueous KOH, 1 & HC], and finally
water. Gas chromatograms of this mixture were com-
pared to those of known esters on four analytical col-
umns with different stationary phases (SE-30, Carbowax
20M, LAC-446, and DEGS). On each column, peaks
corresponding to 5%, of the unrearranged ester, ethyl 2-
oxo-1-methylcyclopentanecarboxylate (1I),” 0.3 % of the
rearranged ester, ethyl 3-oxocyclohexanecarboxylate
(III),® and none of the other possible rearranged ester,
ethyl 2-oxocyclopentaneacetate (IV)? were obtained.
Using gas chromatography followed by mass spec-
trometry, mass spectrograms of components of the
reaction mixture were found to be identical with those of
authentic IT and III. (Peaks with m/e greater than 102
were: 11, 170 (m™*), 142, 125, 115, 114, 113; 11, 170
(m+), 142, 128, 127, 125, 124, 114, 113.) The reaction
sequence in Scheme [ appears reasonable. In a similar
reaction of cobaloxime I in ethanol, smaller yields
were observed and in dimethylformamide only a trace
of the rearranged product, III, was observed. The low
yield of rearranged ester may result from the addition
of 1,4-butanedithiol to a Kketene intermediate. In
methanol, neither ethyl nor methyl 3-oxocyclohexane-
carboxylate was observed.

A solution of the cobaloxime, I, in ethanol containing
109 of toluene was exposed to sunlight for 6 hr. This
photolysis gave 0.2 % of unrearranged ester, I1, but no
(<0.01%) rearranged products, II1 and IV, by gas
chromatographic analysis.

These results support an ionic but not a radical mech-
anism for the methylmalonyl isomerase reaction. At-
tempts to show similar rearrangements in acyclic sys-
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