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ABSTRACT

The aromatic boron −nitrogen heterocycle 1,2-dihydro-1,2-azaborine undergoes classical electrophilic substitution. These reactions allow easy
functionalization to provide a variety of 3- and 5-substituted derivatives.

Boron-nitrogen heterocycles are becoming increasingly
important as ligands1-4 and for their potential application in
organic-based optical and electronic devices.5 Although these
ring systems are moderately easy to prepare, methods for
their functionalization are not well developed. For example,
the B-N analogue of benzene, 1,2-dihydro-1,2-azaborine1,
was first prepared in very low yield in 1962,6 and several
ring-fused derivatives of1 were reported by the Dewar group
in the 1960s.7 However, there has been little further work
on the chemistry of the monocyclic system. We recently

reported on a good general synthesis of derivatives of14a

and have reported on their coordination chemistry.4 We now
wish to report that 1,2-dihydro-1,2-azaborines undergo
electrophilic aromatic substitution reactions which allow
facile functionalization of the ring (Scheme 1).

We initially chose to examine the simplest electrophilic
aromatic substitution reaction, acid-catalyzed proton-
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deuterium isotopic exchange.8 A large number of data are
available for the exchange of aromatic compounds in
trifluoroacetic acid. For reasons of compound stability, we
have chosen to examine the deuterium exchange of 1-ethyl-
1,2-dihydro-2-phenyl-1,2-azaborine (1a)4a in 1:3 w/w mix-
tures of trifluoroacetic acid-d1/ acetic acid-d4. On mixing1a
with acid at 25°C, exchange occurred slowly at C(3)H as
indicated by the1H NMR spectrum. No furthur deuterium
exchange was noted. After standing for 24 h at 25°C, 1a
was converted to phenylboronic anhydride9 and other
unidentified products.

Competition experiments with other heterocycles allowed
determination of the relative reactivity. Compound1a is more
reactive than furan and thiophene but less reactive than
1-methylindole. Compound1a is 1.4 times more reactive
than 2-methylfuran.8b Thus, 1a is shown to be a highly
nucleophilic aromatic compound.

Bromination of1a with molecular bromine in CH2Cl2 at
0 °C gave a 91% yield of monobromide2 as a pale yellow
oil which slowly crystallized on standing. An X-ray crystal
structure of2 confirmed the assignment as the 3-isomer. The
molecular structure of2 shown in Figure 1 features a C4-

BN-ring which is completely planar. The intraring bond
lengths are similar to those previously found for another
2-substituted derivative of14c which is consistent with those
of an aromatic ring.

Bromide2 can be converted to nitrile3 in 60% yield by
heating with CuCN in DMF. Although we have not further
explored conversions from2, it seems likely that the bromide
could be converted to other 1,2-dihydro-1,2-azaborine de-

rivatives using the well-honed methods used for the conver-
sion of aryl halides to other aryl derivatives.10

The reaction of1a with excess iodine monochloride in
CH2Cl2 at 0°C followed by quenching with aqueous Na2S2O3

gave hydroxy derivative4 in 46% isolated yield. Although
we have not been able to isolate intermediate products, the
conversion is consistent with an attack of an iodine electro-
phile on1a followed by a nucleophilic hydrolysis. The IR
spectrum of4 showed bands for a phenolic OH group but
none for a carbonyl. Thus, the keto tautomer of4 is not
present in significant concentration. It is plausible to assume
that4 has an aromatic stabilization not present for the keto
tautomer.

Substitution can also take place at the 5-position (Scheme
2). 1,2-Dihydro-1,2-azaborine1a undergoes Friedel-Crafts

acetylation when treated with acetic anhydride and SnCl4 in
CH2Cl2 at 25°C. Unfortunately, the reaction gives a messy
product mixture from which the 5-acetyl compound5 can
be isolated in only 10% yield. The Mannich reaction on1a
is much more successful.11 Treating1a with N,N-dimethyl-
methyleneiminium chloride in refluxing acetonitrile gave6
which could be isolated in 60% yield. No other regioisomers
were detected.

The electrophilic aromatic substitution of1aaffords either
3- or 5-substituted products depending on the reaction. High-
order MO calculations on1 indicate that the 3- and
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Figure 1. Molecular structure of 3-bromo-1-ethyl-1,2-dihydro-2-
phenyl-1,2-azaborine (hydrogen atoms have been omitted for
clarity).
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5-positions are the most negative12 and are thus the expected
positions for electrophilic attack. Alternatively, resonance
stabilization of the putative intermediates for electrophilic
substitution as shown in Scheme 3 indicates that attack at
the 3- and 5- positions should be favorable.

In conclusion, 1,2-dihydro-1,2-azaborine undergoes the
most characteristic aromatic reaction, electrophilic substitu-
tion. This reaction allows the preparation of a variety of 3-

and 5-substituted derivatives which should greatly facilitate
the further exploration of the chemistry of this heterocycle.
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