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The photoinduced radical cleavage of carbon-halogen bonds 
in aryl halides is well known’ but has received surprisingly little 
mechanistic study.2 Molecular beam studies indicate that 
iodobenzene itself reacts in two stages:3q4 (i) an instantaneous 
direct dissociation, such as observed for many alkyl iodides, and 
(ii) a slower (- 1 ps) cleavage, presumed to be from a U,U* triplet, 
its decay rate being determined by its conversion to a U,U* state, 
in agreement with recent calculations.5 There have been almost 
no careful studies of substituted halobenzenes. Baum and Pitts6 
reported that some halophenyl ketones undergo photoinduced 
C-X bond cleavage but did not measure any excited state rate 
constants. Since the lower triplet energies of acylbenzenes relative 
to those of the halobenzenes should greatly influence the kinetics 
of any activated bond cleavage, we have studied several iodo- and 
bromophenyl ketones and find that rates for triplet cleavage are 
<1O”J s-1 and show much different positional dependency for 
iodo and bromo ketones. 

We have studied the meta and para isomers of the bromo- 
acetophenones (mBrA and pBrA), the bromobenzophenones 
(mBrB and pBrB), and the iodobenzophenones (mIB and pIB). 
In all cases, UV irradiation induces C-X cleavage; the resulting 
acylphenyl radicals abstract hydrogen atoms from the solvent or 
from added thiol to yield the dehalogenated phenyl ketones. 
Formation of benzophenone from mBrB and pBrB barely 
competes with pinacol formation. However, the BrAs and IBs 
undergo very little triplet state hydrogen abstraction from 
cyclopentane; yields of dehalogenated ketones are >go%. 

nH 

Table 1 lists photokinetics results: quantum yields of deha- 
logenated ketones, maximized by low concentrations of thiols;’ 
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Table 1. Room Temperature Photokinetics for Various Halophenyl 
Ketones 
ketone @-xmaXa kq7,M-l 107/r 10-7R~ lO-’k-x 
mBrAb 0.28 2oc 20 
pBrAb 0.17 7c 7 
mBrBd 0.002 0.7‘ -0.7 0.01 
pBrBd 0.003 0.6c -0.6 0.01 
mIB 0.096 265d 3.7 -0.7 3.0 (2.5)c 
PIB 0.126 3d 320 -0.6 320 

Containing sufficient thiol (-0.1 M) to maximize yield of deha- 
logenated ketone. In benzene. Extrapolated from the Arrhenius plot. 

In cyclopentane. e Value for comparable chloroketone in cyclopentane, 
ref 10. 
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Figure 1. Arrhenius plots for triplet decay of some halophenyl ketones 
(uncorrected for hydrogen abstraction): 0 mBrA in methanol; *, pBrA 
in toluene; 0, mIB in toluene; A, in methanol. 

deduced from them;* and cleavage rate constants. The latter 
were calculated from steady state or laser flashg lifetimes, which 
were either multiplied by quantum yields or decreased by known 
rates for hydrogen abstraction.10 The low overall quantum yield 
indicate 7 0 4 0 %  in-cage coupling of the phenyl-halogen radical 
pairs. 

Figure 1 shows Arrhenius plots for triplet decay of the BrAs 
and mIB between 0 and -100 OC. After correction for a few 
percent competing hydrogen abstraction from solvent, mBrA and 
pBrA share the same AH* value of 5.7 kcal/mol and have log 
A values of 12.4 and 12.0, respectively. The similarly corrected 
activation parameters for mIB are 4.0 kcal/mol and 10.5. The 
triplet lifetime of pIB was too short for observation even at  -70 
“C. Since the phosphorescence of pIB and mIB a t  77 K are as 
strong as that of benzophenone itself, k-, for both must be less 
than the known 2 X 102 s-1 rate of phosphorescence of 
benzophenone.lI This conclusion requires that AH* be 1 4  kcall 
mol for pIB (given the 298 K decay rate) and allows us to conclude 
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Figure 2. Potential energy diagrams for C-X bond cleavage by triplet 
haloketones: interactions of nondissociative states with dissociative ones 
of the same (- -) or different (- - -) symmetry. 

that the 100-fold rate difference between pIB and mIB is mainly 
nonenthalpic in origin. 

The observed rate constants for cleavage are much lower than 
those for the plain halo benzene^;^ the difference can be related 
most simply to the differences in triplet excitation energies. The 
77 K phosphorescence of the haloketones indicates normal triplet 
energies: 68-9 kcal/mol for the benzophenones; 7 1-2 kcal/mol 
for the acetophenones. The triplet energy of plain halobenzenes 
is 79-80 kcal/mol.lZ The most current values for phenyl-X bond 
energies are 78-80 kcal/mol for X = Br and 64 kcal/mol for X 
= 1.13 Thus C-Br cleavage is 6-1 2 kcal/mol endothermic for the 
bromoketones, while C-I cleavage is -4 kcal/mol exothermic. 
The cleavage rate constants determined for the BrBs are only 
1/1000 as large as those for the BrAs and are similar for meta 
and para. We can safely assume that the B/A difference is entirely 
enthalpic, representing an extra 4 kcal/mol endothermicity, and 
deduce a AH* value of 10 kcal/mol for both BrBs. Thus the AH* 
values for all four types of bromoketone nearly equal the 
endothermicity of reaction. Figure 2 presents potential energy 
diagrams for cleavage that fit these observations. 

The lowest a,a* triplet of a halobenzene is not intrinsically 
dissociative; it has been suggested that such triplets cleave by 
undergoing endothermic C-X bond stretching until they become 
isoenergetic with and convert into a dissociative statee4-5 The 
n,a* triplets of these haloketones likewise should not be intrinsi- 
cally dissociative. Figure 2 shows avoided crossings between the 
lower energy "unreactive" states and dissociative states of 
comparable symmetry,14 which is u,u* for a,** triplets and nx- 
(u),a* or nx(a),u* for n,n* triplets. However, since the two 
unreactivestates directly correlate with excited radical pair states, 
the figure also contains conical intersections between states of 
different symmetry. 

Simple cleavage reactions have positive entropies of activation. 
The apparent negative values for these haloketones indicate a 
special source of inefficiency. We believe that poor electronic 
coupling at  the point of state interconversion is responsible for 
the low and variable A factors. In terms of transition state theory, 
the transmission coefficient K in the Eyring equation is small, and 
state interconversion is inefficient. 
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The question now shifts to why K is lower for meta than for 
para in the iodoketones but not in the bromoketones. The 
difference could reflect different dissociative states for the two 
halogens and/or different promoting states (n,?r* or a,a*) for 
the ketones. The a,** triplet energies of halophenyl ketones lie 
in the 71-74 kcal/mol range,I5 while n,a* triplet energies range 
from 68 kcal/mol for the benzophenones to 72-73 kcal/mol for 
the acetophenones.1°J5 Given the measured activation energies, 
the IBs react only from their n,a* triplets, whereas the bromo 
ketones have both n,a* and a,r* triplets several kcal/mol below 
the measured transition states and could "react" from either. Our 
results suggest that a,a* reaction dominates for the bromoketones, 
with better coupling between states than occurs for the n,a* triplet 
of mIB. 

Scheme 1 depicts the state interconversions as simple internal 
electron transfers from the a* orbital to the C-X u* orbital, that 
being the actual electronic change required for u radical formation. 
This a to u electron transfer picture in fact leads to radical pair 
states with different symmetry than the promoting triplet, which 
explains low K values. It is instructive that the strong para > 
meta preference of the n,a* triplet also governs halide cleavage 
from haloketone radical anions.16 In both cases, cleavage seems 
to be driven by a* electron density, which is much higher para 
than meta.17 The a,a* triplets of halophenyl ketones are more 
complicated in that there is significant charge transfer to the 
carbonyl from both meta and para donors.*5 We suggest that the 
partial positive charge on a meta bromine, close to the negative 
carbonyl, counteracts the normal higher para a* charge density. 
More complete analysis will be provided in full papers. 
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