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We report a comparison, based ah initio computational
methods, of the reactivity of the-benzyne biradical versus
the phenyl radical as a model for the hydrogen abstraction
ability of the putative intermediates in the enediyne family of
antitumor antibioticg. In the original members of the enediyne
family of agents, Bergman cyclizatidhad always been much
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which the two respective €H bond lengths in the supermol-
ecule, i.e., benzyne (or phenyl)-to-H and hydroxymethyl-to-H,
entered parametrically at each point and the other geometric
parameters were allowed to relax. Some geometric constraints
had to be placed on the system to facilitate identification of the
orbitals in the active space and to speed computation: (i) the
aromatic ring was constrained tocal C,, symmetry, (ii) the
C--+H---C axis was held to linearity, and (iii) the hydroxymethyl
fragment was constrained to loc&ls symmetry with the
C—0O—H plane bisecting and perpendicular to the arene ring.
The latter geometric constraint was lifted at the last stage of
calculation to allow for stabilization of the incipient hydroxy-
methyl radical center by interaction with an oxygen lone pair.
Each surface was characterized by approximately 150 single-
point calculations (at relaxed geometries) at 0.1 A steps in each
of the C—H bond lengths, with the step size tightening to 0.025
A in the region near each transition state. The geometrids of

slower than any of the subsequent reactions of the biradicals,and2 in the supermolecule at the_ asymptotic limit in the reactant
making those latter steps kinetically unobservable. The commonchannel (10 A out) were essentially the same as independently
assumption had been that the rate of hydrogen abstraction byproduced geometries fdrand2 at higher levels of theor§:®

the arene biradicals would be comparable to that 2or

The singlet-triplet splitting for1, 4.1 kcal/mol at the CASPT2N/

Recently, a model compound representing the C-1027 chro-6-31G** level, is somewhat higher than that calculated by

mophore, a kedarcidin analog, has been sKotenexhibit

Nicolaides and Borden(1.8 kcal/mol) and Wierschke, Nash,

kinetics consistent with roughly comparable rates of Bergman and Squire%(2.2 kcal/mol), but that is understandable in that
cyclization and subsequent hydrogen abstraction. In that work, the latter two groups used correlation-consistent methods that

the rate of hydrogen abstraction Bywith an arbitrarily chosen
correction for steric interactions, was used explicitly as an

would minimize overestimation of the triplet energy. The
computed exothermicity for the homodesmotic region involving

estimate for the rate of abstraction by the biradical. Given the singletl, 2CsHs — C¢Hg + CgHa, is AH = —2.8 kcal/mol at

dearth of kinetic data on biradicals, the assumption is unsur-

our level of calculation, which lies within the error bounds of

prising, but simple theoretical considerations (see below) do the value using experimentally-determined heats of formation

suggest thatl should be less reactive thahon electronic

grounds, perhaps by a factor of 10 or more. The present

(AH = 5.3 & 3.4 by Wenthold and Squir&}.
The qualitative picture justifying an expectation of lowered

computational work confirms this expectation and suggests waysreactivity in singlet biradicals with regard to hydrogen abstrac-

in which the reactivity op-benzyne-like biradicals may be tuned
rationally to optimize reactivity and/or selectivity.

tion derives from either valence bond promotion enétégor
valence bond curve-crossitignodels. In short, the hypothetical

All calculations were performed using the Gaussian 92 and “noninteracting” biradical is identified (approximately) with the

MOLCAS-3 program$on an IBM RS/6000-590 workstation.
As a model for hydrogen abstraction bpr 2 from deoxyribose

triplet biradical, below which the singlet lies due to some
interaction between the radical sites. In the present case, the

at the 4 or 5 positions, the activation energy for hydrogen close correspondence between the 2.8 kcal/mol exothermicity
abstraction from methanol was computed at the CASPT2N/6- in the homodesmotic reaction above, and the computed singlet
31G**//CAS/3-21G level of theory. Inclusion of dynamic triplet gap of ~2 kcal/mol, support this interpretation. One
electron correlation by way of the MBPT2 correction to a would expect the “noninteractingd-benzyne #triplet 1), by
multireference CASSCF wave function has been demonstrateddefinition to show essentially the same abstraction rates as does
to be crucial to the accurate modeling of bond-making and bond- the phenyl radical. Accordingly, the actual singlet biradital

breaking processés.The general methodology involved con-

for which the stabilization energy must be repayed at least in

strained optimization of the geometry at series of points at the part at the transition state, should abstract hydrogens more

CAS(4x4) level for abstraction byl and CAS(33) for
abstraction by2 with a small basis set, followed by single-point

energy calculations at those geometries at the CASPT2N level
with the same active space and a much bigger basis set. Tthn
active space comprised of the one or two nonbonding orbitals

on the arene fragment and the-8 o and o* orbitals on the
methanol.

In this approach, necessitated by the absence o
analytic gradients in the CASPT2N method, the transition state

slowly. An upper bound on the elevation of the activation
energy would be the entire singtetriplet gap, which inl is a
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modest 2 kcal/mol. Such a difference I, corresponds Further computation and experimental studies are underway
nevertheless to a rate depression at room temperature by a factaio confirm this picture. In particular, because the modest
of 30. singlet-triplet gap in1 is due to through-space and through-

We find moderately early transition states for both abstrac- bond effects working in opposite directions, one can imagine
tions, with the arene €H and methanol €H bond distances  minor perturbations such as a small compression or stretching
at 1.375 and 1.275 A for bothl[+ methanol] and 7 + of the benzyne ring having an effect on the rate or abstraction.
methanol]. The local geometries at both the arene and methanolpreliminary computational results indicate that, as expected, a
moieties remain almost unchanged from unperturbed molecules.c1—c4 compressed benzyne has a smaller sirdtalet gap
The optimum dihedral angle between-€i---C axis and the  and a lowered activation energy abstraction, while a stretched
methanolic G-H bond was found to be-60° in both reactions,  penzyne shows just the opposite behavior. We would also
indicative of antiperiplanar overlap of an oxygen lone pair with predict that a larger perturbation, such as introduction of a
the o* orbital of the breaking bond. The transition state was heteroatom to make 2,5-dehydropyridine, for example, would
found to lie 9.53 (forl) and 7.95 (for2) kcal/mol above the — j,qeaq6 the singletriplet gap and lead to a less reactive, and

separated reactants, indicating that approximately two-thirds of ye 5 06 more selective, biradical. Studies in this direction wil
the singlet stabilization energy appears as an extra incremen e the subject of future reports
to the activation energy in reactions bf The computational ‘

results suggest that the room temperature rate of hydrogen Acknowled . .
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