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Over the past few years, the number of papers on photochemical reactions of nitrogen-
containing m-electron heterocycles has shown a steady increase.l However, only limited atten-
tion has been paid to photosubstitution reactions in these systems. It has been shown that
ultraviolet irradiation of 3-bromopyridine in aqueous sodium hydroxide leads to a smooth
photochemical substitution with the formation of 3-hydroxypyridine as the main reaction
product.2’3 Similarly, 2-bromopyridine is photohydrolyzed to 2-pyridone and 2-bromoquinoline
gives carbostyril (2-quinolone).3 On the other hand, 3-bromoquinoline and bromoquinolines
with the bromine atom attached to one of the carbon atoms of the benzene ring do not undergo
photohydrolysis in the presence of aqueous alkali hydroxide.3 Nasielski and co-workers have
shown that the ultraviolet irradiation of 2-methoxy-, 2-phenyl- and 2~dimethylamino~-5-bromo~
pyrimidine in methanol yields, among other compounds, the corresponding dehalogenated 2-
substituted pyrimidines as reaction products and that the reaction rate is strongly increased
in the presence of aliphatic amines.4-6 Quite recently, the ultraviolet irradiation of
chlorobenzene in cyclohexane has been reported to give benzene as one of the reaction
products.7 These recent disclosures prompt us to report our atudies of the photodebromin-
ation of bromoquinolines and bromoisoquinolines carried out in the presence of an electron
donor (a nucleophile) and a hydrogen domor (usually the solvent).

The ultraviolet irradiation of 3-bromo-, 4-bromo-2-methyl-, 6-bromo-, 7~bromo-, and
8~bromoquinoline in aqueous methanol in the presence of sodium hydroxide, potassium cyanide,
or aliphatic amines (methylamine, triethylamine) gives quinoline (or 2-methylquinoline in
the case of the zbove-mentioned 4-bromo compound) as the main reaction product.8 In an

analogous reaction, 4-bromoisoquinoline affords isoquinoline. In some experiments, ethanol

*To whom correspondence should be addressed.

**R, A. Welch Postdoctoral Fellow, 1971-1972. Present address: Department of Chemistry, The
University of Oklahoma, Norman, Oklahoma 73069.

1115



1116 No. 13

or 2~-propanol were used instead of methanol with similar results. In the absence of a nucleo-
phile, the reaction does not take place and it does not occur when acetonitrile is used as
the solvent in combination with sodium hydroxide as the nucleophile. Thus, the reaction
requires the presence of both an electron donor and of a hydrogen donmor. In protic solvents,
solvent molecules provide the needed hydrogen atoms. In an aprotic solvent (acetonitrile),
the amine serves not only as an electron donor but it also plays the role of a hydrogen domor.

To determine the source of hydrogen atoms, photodebromination of 4-bromoisoquinoline was
carried out in a CH30D—D20 mixture, with NaOD as base. After the reaction, isoquinoline
formed as the product was found by mass spectrometric and nmr analysis to contain no deuter-
ium. Thus, the hydrogens must have been removed from the methyl group of methanol. Because
tertiary aliphatic amines can be used as electron and hydrogen donors in the photodebromina-
tion, also in the case of amines the hydrogen atoms are abstracted from the alkyl group of
the amine., It has been shown that hydrogen a to the heteroatom is important for high reac-
tivity of alcohols and amines in the photoreduction of aromatic ketones, and that in amines
the o-C-H bond is weaker than the N-H bond.9

In the case of 3-bromoquinoline as an example, the reaction can be schematically repre-

sented as follows:

Br
N hv, OH™ N

CH3OH Z

\

Some initial quantum yields of photodebromination of the bromoheterocycles are shown

in Table I.
Table I. Quantum Yields of Photodebrominat:l.ona
[
Compound 254 nm 300 nm
3-Bromoquinoline 0.065 0.062
4-Bromo-2~methylquinoline —_— 0.031
6-Bromoquinoline 0.023 0.018
8-Bromoquinoline 0.025 0.015
4-Bromoisoquinoline 0.042 0.025

2.5 x 10_3 M substrate, non-degassed samples, in 0.1 N
aqueous NaOH-methanol (4:1, vol.).
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There 1s a linear dependence of the reciprocal value of the quantum yield, 1/%, on the
reciprocal concentration of the nucleophile, e.g., 1/[0OH ] or 1/[(02H5)3N], which indicates
a bimolecular process between the excited bromosubstituted heterocycle and the nucleophile
in the rate-determining step. It is assumed that the nucleophiles act as an electron donor
toward the excited state of the bromoheterocycles giving rise to the corresponding radical
anions. It is known that amines, but not hydroxides, possess a strong tendency to form

4-6,9,10

charge-transfer complexes. However, the hydroxide ion has been shown to react as

an electron donor in the catalytic dehalogenation of aliphatic halideslo and in the photo-

reduction of N,N'-dimethyl-4,4'-bipyridinium diiodide.ll The radical ion formed by the
electron transfer then loses a bromide ion with the formation of a heterocyclic radical
which abstracts a hydrogen atom from the protic solvent and gives the debrominated quino-~
line or isoquinoline.

The photodebromination reaction in the case of 3-bromoquinoline is quenched by oxygen
and the quantum yields are considerably higher in degassed solutions (under conditions ana-
logous to those in Table I, the quantum yield for 3-bromoquinoline at 300 nm is 0.33). On
the other hand, the reaction is sensitized by Michler's ketome.

Bromoquinolines and other halosubstituted azaheterocycles were shown to give phospho-
rescence spectra.lz In most cases, the lowest triplet states of pyridine-like heterocycles
are w,m* states.

The above information indicates that the most likely excited state of the bromohetero-
cycles undergoing the reaction is the first excited w,7* triplet‘state. The reaction mech-
anism may be similar to the mechanism of the base-catalyzed thermal dehalogenation of aryl
halides studied by Bunnett and co-workers.13’14

No noticeable photodechlorination was observed with chloroquinolines (2-chloroquinoline,
6-chloroquinoline, and 8-chloroquinoline) under the conditions analogous to those used in
the case of the bromo compounds.

A discussion of these and further results, the experimental details, a study of the
emission spectra of bromoquinolines and bromoisoquinolines, the results of PPP (LCI-SCF-MO)
calculations of these systems, and the mechanistic aspects of the photodebromination will

be the subject of a forthcoming publication.
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