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Abstract

Photolysis of ‘naphtho-o-carborane’ in the presence of excellent hydrogen donors such as 1,4-cyclo-
hexadiene leads to quantitative double hydrogen abstraction. Other molecules, including supercoiled
DNA, similarly act as hydrogen atom donors towards photolyzed naphtho-o-carborane. A diradical
intermediate is proposed. © 2000 Elsevier Science Ltd. All rights reserved.

In 1970, Matteson and Davis reported the synthesis of ‘naphthocarborane’ 1.1 They were
interested in the question of whether 1 could be called aromatic—was there sufficient orbital
connection across the carborane carbon�carbon bond to close the cycle? Since Matteson and
Davis’ pioneering efforts, they and others have answered this question in the negative, as was
suspected from the beginning.1,2 In this paper we revisit compound 1, describe some of its
photochemical reactions, and suggest a mechanism for the hydrogen abstraction observed. At
the end, we point to future developments in the practical application of the photochemistry of
1. Matteson’s exquisitely simple synthesis is shown below. We have slightly modified the original
synthesis to eliminate isolation of an intermediate dibromide.

Photolysis of 1 with a medium pressure Hanovia mercury arc through either quartz or Pyrex
in relatively poor sources of hydrogen such as THF and pentane leads to modest amounts of 2,
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the product of abstraction of two hydrogen atoms. Much intractable solid is also formed, and
this material is the sole ‘product’ when photolysis is carried out in an even worse hydrogen
donor such as benzene. We were intrigued despite the poor yield, and pursued photolysis in the
presence of an excellent hydrogen donor, 1,4-cyclohexadiene. The yield as measured by 1H
NMR spectroscopy is now quantitative, and 2 can be isolated by preparative thick layer
chromatography in ca. 80% yield.

The question naturally arises as to the structure of the abstracting species, and the diradical
3 seems a likely intermediate. The relationship of 3 to the diradical 4 formed from enediynes3 in
the Bergman/Sondheimer4 rearrangement is obvious. Activity remains high in the chemistry of
related 1,4-diradicals. For example, Sander, Herges, and their collaborators have recently
described the matrix isolation of 5, a diradical closely related to 4 and superficially much like 3.5

However, diradicals 4 and 5 and all their relations are sigma diradicals, whereas 3 is likely a pi
diradical. Moreover, there are two offending hydrogens in 3 that are not present in 4 or 5, and
the steric demands of the species may be very different.

A labeling experiment using hexadeuterio-1 reveals that the new hydrogens appear in the
expected positions, assuming 3 to be the reactive ingredient in the abstraction process. Analysis
by 1H NMR spectroscopy shows a 1:1:1 triplet at d 3.83 (J=2.5 Hz) ppm.

In further support of the intermediacy of 3, we find that laser flash photolysis of 1 (308 nm,
XeCl eximer laser, 17 ns) produces a transient species that absorbs broadly between 350 and 450
nm. The transient decays exponentially at ambient temperature with lifetimes of 250, 320, and
778 ns in methanol, pentane, and cyclohexane respectively. The lifetime (t) in cyclohexane-d12 is
1754 ns (tD/tH=2.44), demonstrating that the transient reacts with the C�H bonds of the
solvent. This notion is consistent with the finding that t=2360 ns in CF2ClCFCl2, a solvent
devoid of hydrogens. The lifetime of the transient is reduced to 1770 ns in aerated CF2ClCFCl2.
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The relative insensitivity of t to oxygen demonstrates that the carrier of the transient absorp-
tion is not a radical species. It is also likely not a triplet, although we must qualify that
surmise until we know more about the steric shielding afforded the radical center by the
carborane cage, and in particular the 3,6 pair of hydrogens, which overhang the reactive
center. Further, although we see diradical 3 as the most likely source of the transient, and as
the active ingredient in the double hydrogen abstraction, we cannot entirely eliminate the
closed species 6 at this point. We hope to report on the resolution of this problem in short
order.6

The practical opportunities of the photo-induced hydrogen abstraction are obvious, espe-
cially given the potential therapeutic utility of molecules such as calicheamicin and the
synthetic enediynes. Accordingly, we next investigated the photochemical reaction in super-
coiled cyclic DNA (PBR322). Irradiation of a solution of 1 in a TE buffer (40 mM Tris, 4 nM
EDTA, pH 7.5) with 10% vol./vol. DMSO with a Rayonet Reactor (350 nm) for 1 h at 37°C
led to efficient single strand cleavage.7 Cleavage of DNA on photolysis of 1 is as efficient as
that by any of a host of synthetic enediyne mimics.8,9 Matteson’s synthesis is exceptionally
simple, and starts from quite cheap starting materials. The triggering procedure does not
depend upon heating or some chemical event, and the abstraction process can be induced at
37°C. Moreover, the reaction is light-initiated, and therefore it seems possible that substantial
selectivity in activating this agent should be possible.10

It is also important to note that the carborane cage is far from an innocent bystander. Even
though it is not directly involved in the chemistry of hydrogen abstraction, it enables diradical
character to be expressed by the o-quinodimethane portion of 1. In fact, had 1 been deliber-
ately designed to do what it does (in truth, it was not), much could be made of the cleverness
of incorporating the carborane. In 1, the boron�carbon cage eliminates all of the normal
escape routes for o-quinodimethanes. Were the carborane not present, 1 would be a simple
o-xylylene, and would surely close to a benzocyclobutene11 or possibly dimerize. The long
carbon�carbon bond in the cage (1.63 A, in the parent compound,12) apparently prevents
closure. If the cage carbon�carbon bond were replaced with a normal carbon�carbon bond, a
Cope rearrangement would seem certain to ensue.13 Again, the cage makes the escape route
impossible. That cage carbon�carbon bond is no normal two-electron bond, but a participant
in the web of three-center, two-electron bonding making up the cage. Although it looks like a
normal bond, it is not, and cannot participate in the array of pericyclic reactions available to
normal bonds.14
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