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The Mechanism of the
Photodissociation of
1-(Chloromethyl)naphthalene

in Solution**

Lorenzo van Haelst, Edwin Haselbach, and Paul Suppan*

Abstract: The title compound (1) dissociates homolytically from its lowest triplet ex-
cited state as well as from its first and second singlet excited states, in competition with
internal conversion. The large resonance stabilization energy of the naphthylmethyl
radical is an important factor in the energy balance.

The photoinduced homolytic dissocia-
tion of the C—X bond in halogen-substi-
tuted aromatic molecules (X = Cl, Br, I,
but not F) is a well-known reaction of
practical importance!l. The energy bal-
ance and the detailed mechanism of the
dissociation of chloro-arenes are however
still rather mysterious in many cases; the
aryl-X bond dissociation energy of 94.5
kcal/mol is higher than the excited state
energies of the lowest singlet and triplet
states of naphthalene-type molecules for
instance, and for this (and other) reasons
reaction originating from upper excited
state has been postulated .

The photoinduced dissociation of chlo-
romethyl-naphthalenes is much more effi-
cient than that of chloronaphthalenes in
spite of the presence of an «insulating»
methylene group between the aromatic n-
system and the C-Cl bond. The bond
dissociation energy can be expected to be
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close to that of aliphatic chloro-com-
pounds, of around 81 kcal/mol for CH,—
CH,(CI; still too high for a naphthalene-
like lowest triplet state (52 kcal/mol) or
even singlet state ( ~ 75 kcal/mol). Again,
reaction through upper excited states
such as triplet o-c * has been suggested.

The photophysics of haloaromatics is
complicated by the heavy atom effect
which is known to enhance triplet yields
and to reduce the fluorescence yields and
lifetimes. In this respect the chloromethyl-
naphthalenes are remarkable in having
excitation wavelength dependent fluores-
cence quantum Yyields: irradiation in the
second absorption band (S,-S,) gives a
much lower fluorescence yield than exci-
tation in the S,—S, band, and this has
been explained in terms of enhanced in-
tersystem crossing from S, to a dissocia-
tive upper triplet state of g-g* type®.

A number of difficulties arise with the
mechanisms suggested so far. In the first
place, chloronaphthalenes do not show
such excitation wavelength dependence of
the fluorescence yield, although the heavy
atom effect should be even greater owing
to the proximity of the Cl atom and the
aromatic ring. In the second place, it is
established that in molecules in which the
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halogen atom is separated from the aro-
matic system by more than one methylene
group dissociation is inefficient: in the
molecules of the type Cl-Ph-O-(CH,),-Br
the stronger Cl Ph bond breaks in prefer-
ence to the much weaker aliphatic C-Br
bond ( &~ 68 kcal/mol)™. This observation
throws doubt on the involvement of up-
per g-¢ * triplet states, since intramolecu-
lar energy transfer in such small mole-
cules is very fast (as shown for instance in
the case of a benzophenone linked to a
naphthalene through a short aliphatic
chain)™. Since energy transfer to a disso-
ciative C-Br o-0* state does not take
place in competition with the rate of
Cl-Ph homolytic dissociation, it appears
that the dissociation process involves di-
rectly the aromatic n-m* states.

We report here the results of a detailed
study of the photophysics and photo-
chemistry of 1-(chloromethyl)naphthalene
(1); it is concluded that molecules of this
type (Ar-CH,X) are in a class of their
own, distinct from either Ar-X or Ar-
(CH,),X species (n> 1) because of the
aromatic free radical stabilization energy.

1. Photochemistry of
1-(chloromethyl)naphthalene

The photochemical reaction of 1 is
readily followed in aerated dilute solu-
tions through the change in the absorp-
tion spectrum. This shows good isosbestic
points from which it can be concluded
that the overall reaction mechanism re-
mains unchanged throughout the irradia-
tion (Fig. 1).

Separation of the components of the ir-
radiated solution (in n-heptane solvent,
aerated) by thin layer chromatography
shows that the major product is 1-naph-
thaldehyde, formed in nearly quantitative
yield from 1, although some other very
minor products are present as well
(Fig.2).














