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Figure 2. Relationship between [OBr~] and apparent rate constants for

the enolization of acetone determined by bromine scavenging in aqueous
solution at 25 °C, ionic strength = 0.10 M (NaCl).

In the original work,' hydroxide ion catalytic coefficients for
the protium and deuterium reactions were determined by bromine
scavenging of the acetone enolate ion as it formed, eq 2. This

o K, o 0
)'\ HH0 —— /L% —-—ci:r )K/“' @
+H0
technique requires the scavenging reaction to be sufficiently faster
than re-formation of acetone, k,[OBr] > k_,, but it seems likely,
now that k_, is known,’” that this condition was not fulfilled. We
have found that apparent rate constants for the enolization of
protioacetone, determined at scavenger concentrations normally
used in enolization studies, depend on [OBr] as shown in Figure
2. This is the behavior expected under conditions of inadequate
scavenging. Least-squares fitting of the data to the rate law that
applies under these conditions, eq 3, gave the true enolization

kopsa = ki /(1 + k_; /k;[OBr]) (3)

catalytic coefficient kH,o- (=k;) = (2.24 £0.03) X 107" M 57!
and the ratio k_,/k, = (4.62 £ 0.20) X 10™* M. Combination
of this ratio with the known value of k_, (=5.0 X 10*s™")7 gives
k, = (1.08 £ 0.06) X 10®* M™' 57!, which is consistent with a
previous estimate of this rate constant, k = 1.4 X 10* M s7'.#
Our new catalytic coefficient for the enolization of protioacetone
is 40% greater than the value reported before,' and we conclude
that inadequate scavenging did lead to errors in the previous study.
This new catalytic coefficient for the protium reaction, when
combined with our rate constant for tritioacetone, gives the isotope
effect ky/kr = 19.2 £ 0.7; this is nearly twice the previously
published result.'

There is available a value of the hydroxide ion catalytic
coefficient for enolization of deuterioacetone that was obtained
from mass spectrometric measurement of deuterium-exchange
rates, and this rate constant is consequently not subject to errors
introduced by inadequate scavenging.® When this result, AP0

= (3.10 £ 0.08) X 102 M~ s, is combined with our value of
kHyo- the isotope effect ky/kp = 7.24 £ 0.21 is obtained.
Comparison of this with our newly determined tritium isotope
effect gives the Swain-Schaad exponent x = 1.49 £ 0.07; this
agrees well with Swain and Schaad’s prediction, x = 1.44, and
also falls within the range expected from higher level theory, x
= 1.33-1.58.
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Since it was suggested' that the homolysis of the carbon—cobalt
bond of adenosylcobalamin coenzyme (coenzyme B,,) was the first
step in the process that led to product formation in its dependent
enzymes, the study of its radical chemistry has been extensive.?
The standard mechanism for rearrangements catalyzed by this
coenzyme is as follows: (a) homolysis to form B, and the
enzyme-bound deoxyadenosyl radical, followed by (b) hydrogen
atom transfer from the bound substrate to this radical to form
a substrate radical. Then (c) the derived substrate radical re-
arranges, followed by (d) hydrogen atom transfer back to reform
the deoxyadenosyl radical, which then couples with B,y to reform
the coenzyme. Although a number of model systems exist that
mimic some of the rearrangement steps of such processes,’ there
are not yet examples in which a substrate and B, or a surrogate
are bound together in a receptor site, such that intracomplex atom
transfers to the carbon radical can mimic the opening stages of
this general mechanism.

1t seemed to us that the attachment of cobalamin by a direct
cobalt-carbon bond to the primary carbon of 8-cyclodextrin should
lead to a compound (1) with very interesting potential. Homolysis
of the carbon—cobalt bond would generate B,y and a primary
cyclodextrin radical (2) of a glucose unit? strongly related to the
primary ribose radical formed from the true coenzyme. In water,
hydrophobic substrates will bind into the cyclodextrin cavity, so
that 2 could perform an intracomplex atom transfer to generate
a substrate radical (Figure 1). We have prepared compound 1
and shown that its properties are very promising.
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Figure 1.

Treatment of 3 with cob(I)alamin, in a manner similar to that
described” for the preparation of other cobalamins, yields 1 in the
“base-off” form as a purified yellow powder [MS (FAB) 2447
(M* + 1); UV-vis® At mcn 340 (1.00), 405 (0.61), 450 (0.64),
Amaxieit 7) 370 (1.00), 425 (0.61), 477 (0.81), 510 (0.81)]. The
compound must be almost pure, as judged from the greater than
90% yield of reaction product 5 (vide infra). Treatment of 1 with
I, afforded 4.

In this form 1 may be handled briefly in air. In neutral 0.05
M phosphate buffer, however, it is quite reactive; its pseudo-
first-order aerobic decomposition’ has a half-life of 152 £ 13 min
at 25 °C in the absence of light. This compares with 5 min for
the same process in benzylcobalamin and 75 min for neo-
pentylcobalamin.” The aerobic decomposition of adenosyl-
cobalamin itself is too slow to be measured in the absence of the
enzyme under these conditions, and dissociation requires heating
or irradiation.® Since the bonding in adenosylcobalamin is similar
to that in 1, we ascribe the greater reactivity of 1 to steric crowding
by the cyclodextrin system. Thus 1 is in rapid equilibrium with
B,y() and the cyclodextrinyl radical (2) and is actually a better
model for the reactive coenzyme—enzyme complex than is ade-
nosylcobalamin itself. In 1 M HCI, where the benzimidazole group
of 1 is not coordinated with the cobalt, decomposition is much
slower.

Reaction of 1 in the dark with benzyl or rert-butylbenzyl iodide
in aqueous deoxygenated neutral 0.05 M phosphate buffer at room
temperature and then quenching with air in the dark produces
4 and the corresponding benzaldehyde, probably from air oxidation
of the product benzylcobalamin. Attempts to detect selective
reaction for the more strongly binding 4-zert-butylbenzyl iodide,
or bromide, were hampered by problems with solubility, hydrolysis,
and radical exchange. These were overcome with the selenide
(6a), which underwent group transfer to 2 under the above con-
ditions and afforded a 95 + 5% yield, based on 1, of the cyclo-
dextrin selenide 5. Competition between 6a and the weaker-
binding 6b showed a preference for reaction with 6a of greater
than 10-fold, as judged by the relative yields of 5 and of the
corresponding p-chloro derivative. As expected, if this preference
reflects binding, the addition of 20% ethanol decreased the
preference to less than 2-fold by decreasing the effectiveness of
hydrophobic binding to the cyclodextrin cavity. A similar decrease
in selectivity between 6a and 6b was seen if an excess of p-tert-
butylbenzoate ion, a competitive binder, was present.

X
“CH,
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i X = Br
;X =1
: X = Se-Ph 6a; X

=H R
b X=CLR
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To look for rearrangements, we examined cyclizations of the
type demonstrated by Curran® but with substrates carrying a
hydrophobic binding group. Reaction did not occur exclusively
within the cavity, but there was instead a radical atom transfer
chain process in free solution initiated by 1. It is interesting that
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(6) All intensities are relative.
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Interscience: New York, 1982; p 364.

(9) Curran, D. P.; Chang, C.-T. J. Org. Chem. 1989, 54, 3140-3157.

in some enzymatic reactions coenzyme B,, may also be serving
only as a chain initiator,'” rather than performing all the atom
transfers described above. Thus we have not yet mimicked all
the steps of B, catalysis. However, the properties of cyclo-
dextrin-B,;, (1), with a carbon—cobalt bond labile under physio-
logical conditions and a binding site in the resulting radical, make
it a very attractive candidate for further enzyme model studies.
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Organometallics bearing electrophilic functionalities are ver-
satile intermediates for the synthesis of a wide range of highly
functionalized organic molecules,*? including important biolog-
ically active compounds.* The readily prepared alkyl* and
benzylic®®’ organozinc halides, in particular, have found wide-
spread applications and were shown to be compatible with most
organic functionalities.”® Their relatively low reactivity can be
dramatically enhanced by transmetalation to copper™ organo-
metallics or by using a palladium(0) catalyst.” Unfortunately,
the preparation of polyfunctionalized alkenyl and aryl organo-
metallics is less straightforward, as a direct metal insertion can
be troublesome. The use of highly activated metals (zinc,’ copper®)
or polar solvents is required to perform a metal insertion into the
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