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In addition, starting from compound 1 (X = alkyl,
H), various C-11 alkylprostaglandins and C-11 deoxy-
prostaglandins have been synthesized. By varying the
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type of Wittig reagent used, various side-chain analogs
have also been prepared. Description of this work is
in preparation.
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COMMUNICATIONS

The Oxymercuration of cis- and

trans-Di-tert-butylethylene. Evidence for a

m-Bridged Intermediate

Summary: The methoxymercuration of cis-di-tert-
butylethylene proceeds by an anti addition without
molecular rearrangement or earbon-carbon bond rota-
tion providing evidence for a w-bridged intermediate.

Sir: The intermediacy of mercurinium ions in the
oxymercuration reaction has been the subject of recent
controversy. Arguments for' and against? the involve-
ment of these mercury-bridged = complexes have re-
cently appeared in the literature. Although kinetic
studies® have not yet provided evidence for mercurinium
ions under oxymercurating conditions, they have been
observed in solution* and in the gas phase. We now
report convineing evidence for significant = bridging in
the oxymercuration of the highly strained cis-di-tert-
butylethylene (1). Our results also eclearly demon-
strate that alkene strain energy is not a dominant fac-
tor in the rate of oxymercuration of alkenes.

On the basis of theoretical calculations® and photo-
electron spectroscopy,” 1 has been determined to be
essentially a planar alkene with relief of steric repul-
sions of the tert-butyl groups being manifested by in-
plane angle distortion (C-C-tert-buty! bond angle,
136°). The ground-state energy of 1 is 10.2 keal/mol®
higher in energy than the relatively unstrained trans-
di-tert-butylethylene (2). The difference in strain en-
ergy between 1 and 2 provides a unique opportunity to
examine the question as to whether the steric repulsion
between the cis-tert-butyl groups is sufficient to de-
stabilize the w-bridged mercurinium ion by Cy;-C; bond
rotation affording a free carbonium ion.

Methoxymercuration of 1 with Hg(ClO4). in meth-
anol solvent followed by Cl— treatment afforded di-
threo-3-(chloromercuri)-4-methoxy-2,2,5,5- tetramethyl-
hexane (3)® by the preferred anti addition®® (eq 1).
The structural assignment of 3 was based on the vicinal
H,-H; coupling constant!! (Jg,, = 1.6 Hz) and on the
nmr chemical-shift difference!? of the methoxyl reso-
nance in carbon tetrachloride and pyridine solvent.
Methoxymercuration of 2 with Hg(ClO,), also afforded
the threo isomer 3 by & syn addition to the double bond.
This provides the first example of a syn addition to an
unstrained alkene in the oxymercuration reaction and
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clearly demonstrates that enhanced reactivity is not a
prerequisite for syn addition.

Since it is generally accepted that an increase in
alkene ground-state energy due to bond angle strain
will accelerate the rate of oxymercuration, in the ab-
sence of twist strain!® effects, we were quite surprised
to observe that the relative rate of methoxymercura-
tion of 1 with mercuric acetate was 10° times as slow as
the unstrained cyclohexene. Moreover, 2 did not
exhibit & measurable reactivity toward Hg(OAc); over
8 7-day period.* This result is precigely the opposite
to that which would be predicted on the basis of the
relative rates of the chlorination of 1 and 2 where the
relative rate ratio Kians/keis had a value of 2.7.1
Since both olefins are essentially planar,” steric effects
must play the dominant role in the lack of reactivity
and in the syn addition to 2.

Since the angle strain in 1 results from cisoid repul-
sion of the bulky tert-butyl groups, we thought that it
would be of interest to measure the relative rate of
methoxymercuration of cyclobutene where angle com-
pression strain but no steric effects are involved.
Again angle strain resulted in a decrease in relative
rate and the methoxymercuration of cyclobutene was
only 0.36 relative to cyclohexene despite the fact that
the preferred anti addition was involved in both cases.
Moreover, the relative rate of oxymercuration of nor-
bornene, which affords a syn adduct, was only 4.5 times
as fast as cyclohexene and, in fact, bicyclo[2.2.2]octene
exhibited a relative rate of only 0.03. irans-Cyclo-
octene, which has torsional strain (the double bond is
twisted ~20° out of plane’ resulting in 9.2 keal/mol of
strain energy relative to the cis isomer), methoxymercu-
rates at a rate of only 10.1 times as fast as cyclohexene.
Indeed, 1-octene exhibits a rate of methoxymercuration
comparable to that of trans-cyclooctene and is 9.5 times
as fast as that of cyclohexene. However, the com-
paratively faster rate (10%) of methoxymercuration of
trans-cyclooctene via a syn mode of addition relative to
the anti mode of addition to 1, which has a comparable
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strain energy, is indeed striking and, therefore, de-
mands a reevaluation of the effects of strain energy on
the rate of oxymercuration reactions with alkenes.

Several factors argue against a carbonium ion mech-
anism in the oxymercuration reaction. For example,
only 1,2 addition to 1,3-dienes has been observed in
the absence of structural rearrangement or conjugate
addition. Theoretical calculations® " also suggest that
mercurinium ions prefer to be planar in the absence of
steric strain and are stabilized principally by o—7 con-
jugation without development of significant charge at
carbon. The lack of carbonium ion rearrangements
during the syn oxymercuration of 2 is consistent with
this hypothesis. Moreover, bromination of 2 in meth-
anol solvent, where an appreciable charge at carbon
develops, afforded only rearranged products with no
methoxy bromination being detected. Therefore,
stereospecific anti addition to 1, in addition to the
absence of olefin isomerization or molecular rearrange-
ments due to carbonium ion formation, strongly sug-
gests that the extent of # bridging in the transition state
is comparable to or greater than the 10.2-keal/mol
strain energy in 1.

Further corroboration for the mercurinum ion sta-
bility comes from deoxymercuration studies. It may
be inferred from Kreevoy’s kinetic data® on deoxy-
mercuration that the enthalpy of activation for a syn
deoxymercuration is ~5 kecal/mol higher than the anti
deoxymercuration. In support of this, oxymercura-
tion and deoxymercuration of cis- and trans-stilbene!®
has been shown to be completely stereospecific (the
ground-state energy difference between the isomeric
olefins is 4.5 keal/mol). Deoxymercuration of 3, with
concentrated HCI, afforded exclusively the trans iso-
mer 2 which is compelling evidence for an unprecen-
dented syn deoxymercuration in an acyclic system.
Thus, a semiquantitative limit to steric inhibition for
the preferred trans deoxymercuration reaction may
now be placed between 4.5 and 10.2 keal/mol.

Thus, it may be concluded that the oxymercuration
of 1 proceeds via a bridged mercurinium ion interme-
diate. The relative rates observed provide dramatic
evidence that significant relief of strain in the transi-
tion state for oxymercuration is not attained. These
results are, therefore, consistent with the formation of
an olefin = complex with subsequent attack by solvent
in the rate-limiting step.
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