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Investigations of photoinduced electron transfer reactions have
led to the finding of several ion—radical fragmentation reactions
in which relatively strong covalent bonds in the neutral (or
starting molecule) rapidly cleave in the one-electron redox
product.2 Among oxidized donors that undergo relatively rapid
bond-breaking reactions are 1,2-diarylethanes, pinacols, di-
amines, and amino alcohols.3>"8 One-electron reduction of
acceptors such as ethers, esters, and organic halides can also
result in bond cleavage;?~'* the cleavage of organic halides is
particularly interesting since electrochemical studies as well as
thermochemical calculations indicate that the carbon halide bond
can have a negative bond energy in certain reduced halides and
that the cleavage process must be extremely rapid.'2"4 The
efficiency of these reactions is determined by the relative rates
of back electron transfer (k-.), fragmentation (k;), and separation
of the ion—radical pair (ksp). While some examples of fast
bond cleavage of ion radical systems have been reported and
high quantum efficiencies have been obtained, the quantum yield
of fragmentation reactions is generally low due to the fast back
electron transfer (k-.), which can be in the range of ~10°—
10! 57! when singlet excited state quenching is involved. One
strategy for increasing the efficiency of net fragmentation
reactions is to use both a fragmentable donor and a fragmentable
acceptor in a potential cofragmentation process.’S In this way
even a slowly fragmenting redox intermediate can form product
with high efficiency if the rapid fragmentation of its cointer-
mediate can avert return electron transfer. In the present paper
we report an investigation in which excited states of amino
pinacols 1—3 are reacted with the halides CCly, benzyl bromide,
and p-cyanobenzyl bromide. Interesting results from this study
include the finding that low-to-moderate quantum efficiencies
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Scheme 1. Possible Reaction Pathways for Amino Pinacols
with CCly in Acetonitrile
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for reaction are observed when the reactions are carried out
under degassed conditions, indicating that the halide radical
anions must survive long enough within the initial ion pair
formed in the quenching step to undergo considerable return
electron transfer.'® More strikingly, we find that for certain
pinacol—halide combinations reaction in aerated solutions leads
to much higher efficiencies, which can be attributed to a chain
reaction involving oxygen capture of a primary radical product.

Pinacols 1—3 were prepared as previously described.!’
Carbon tetrachloride and benzyl bromide were purified by
distillation while p-cyanobenzyl bromide was purified by
recrystallization from hexane. The fluorescence of the three
pinacols was found to be quenched by the three halides at or
near diffusion-controlled rates in acetonitrile. Irradiation of the
pinacols in the presence of the halides was found to lead to
spectral changes consistent with oxidative cleavage of the central
C—C bond to form the corresponding carbonyl products!’
(Scheme 1). A study of the reaction of 1 with carbon
tetrachloride in degassed deuterated acetonitrile by 'H-NMR
showed p-(V,N-dimethylamino)acetophenone as the only detect-
able proton-bearing product. When the reaction in degassed
deuterated acetonitrile was monitored by 3C-NMR using 3C-
labeled carbon tetrachloride, the only product detected was
deuteriochloroform. However, when the same irradiation was
carried out in aerated solution, the only peak detected by '3C-
NMR was a singlet at 134.5 ppm, which we assign to an
oxygenated species, presumably CC130,H.'® Quantum yields
for the fragmentations as measured by disappearance of pinacol
are given in Table 1. In all cases the reaction in degassed
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Table 1. Quantum Yields for Pinacol Fragmentation with Organic
Halides

p-cyanobenzyl benzyl carbon
pinacol  conditns? bromide bromide tetrachloride
1 aerated 3.7-3.9 1.1-15 8.2—-10.1
degassed 0.22 0.14 0.42-0.55
2 aerated 0.87-1.1 045-0.52  2.7-28
degassed 0.038 0.041 0.11
3 aerated 0.98 0.56 1.1
degassed 0.094 0.24

“In a typical experiment, 2.0 x 107> M 1 and 0.78 M carbon
tetrachloride in acetonitrile (in which case, 98% of the pinacol
fluorescence was quenched) was irradiated with a 250 W high-pressure
mercury lamp through a 0-54 glass filter and a 334 nm interference
filter at room temperature. Degassed solutions were prepared by six
cycles of freeze—pump—thaw degassing and sealed under high vacuum
(ca. 1 x 10~ Torr). The reaction was monitored by the appearance of
the ketone product absorption at 340 nm. The quantum yeild for pinacol
fragmentation was assumed to be half of the quantum yield for
formation of ketone, which was determined at 1% conversion of the
starting material.

solution leads to quantum yields substantially lower than unity
even under conditions under which excited state quenching is
complete.'6

The above results for photoreaction of the pinacols with halide
acceptors in degassed solution can be described by the reactions
shown in Scheme 1. The lower than unit quantum efficiencies
are ascribed to competition between fragmentation of the
acceptor anion and return electron transfer, since the pinacols
have been previously shown to fragment at rates which would
not compete with return electron transfer from a singlet ion—
radical pair.!” Evidence that return electron transfer limits the
quantum efficiency is also provided by picosecond laser transient
absorption spectroscopy studies of pinacols 1 and 2 with carbon
tetrachloride and benzyl bromide.'® For these studies argon
deoxygenated solutions of pinacol and halide were irradiated
in a flow cell at high concentrations of halide (2.6 M) to allow
laser excitation at 355 nm. Under these conditions direct
excitation is followed by a fast generation of a transient at 480
nm assigned to the pinacol cation which shows decay patterns
dependent upon the pinacol—halide combination used. For both
1 and 2 with benzyl bromide and for 2 with carbon tetrachloride
a rapid decay of the majority of the transient signal on a time
scale of 100—200 ps was observed followed by a plateau of
extremely slow decay which matched the rate of unassisted
pinacol fragmentation previously observed. For 1 and carbon
tetrachloride no fast decay could be observed after the initial
buildup of the transients, within the 50 ps time resolution of
the instrument.

Further support for the mechanism for cofragmentation in
degassed solution was provided by spin-trapping experiments
with the 2-methyl-2-nitrosopropane dimer (MNP) in irradiated
samples of 1 with carbon tetrachloride in acetonitrile. A single
radical was trapped which gave spectra and hyperfine coupling
constants in agreement with the reported values for the adduct
of *‘CCl; with MNP."® In contrast, irradiation of the same
solution under aerated conditions showed only an enhanced
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signal in the region where a weak absorption is observed in
blank solutions of MNP (an MNP decomposition product);
however, this coincides with the reported signal for the MNP
trapped CCl;0;" radical.!®

As indicated in Table 1, the photoreaction of pinacols 1 and
2 with p-cyanobenzyl bromide and carbon tetrachloride in
aerated solutions gives pinacol disappearance quantum efficien-
cies much higher than unity, suggesting that a chain reaction
may be operative. Since it is unlikely that the ambient oxygen
concentrations will affect either the quenching or initial
fragmentation processes outlined in Scheme 1, the most reason-
able source of the chain process must be in subsequent reactions
of the radicals generated in the fragmentation step. For *CCls,
reaction with oxygen is well established (with rate constants
on the order of 10° M~! s71)2 and it has also been demonstrated
that the resultant radical, CC130;° , is a strong oxidant which
should be capable of oxidizing ground state pinacol as indicated
in Scheme 1.20-2* The '3C-NMR results described above are
also in accord with oxygen trapping of the radical formed by
cleavage of carbon tetrachloride. The quantum yield in aerated
solution was suppressed from 10 to 0.6 for 1—CCl, by addition
of the radical scavenger 2,6-di-tert-butyl-4-methylphenol.

The chain reaction proposed in Scheme 1 is reasonable on
the basis of both experimental evidence and energetic consid-
erations. The difference between the nonchain process and the
chain reaction is attributed to the difference in reactivity between
*CCl; and CC130;* in that the former is not sufficiently reactive
to efficiently oxidize ground state pinacol while the latter should
easily do 50.%5 It is likely that a similar mechanism is involved
with the benzyl halide acceptors. The chain process is interest-
ing in that it produces not only oxidized pinacol but also acid
with high efficiency. The production of acid can be readily
detected in aerated solutions; however, the current system is
not an ideal photo acid generating one since the pinacols and
their oxidative cleavage products are weakly basic substituted
anilines. However, the reactions observed in this study should
be fairly general and the use of nonbasic donors should permit
similar chain processes to occur resulting in highly efficient
acid and free radical generation via cofragmentation.
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