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Letters
Unforeseen formation of 2-bromo-3-hydroxybenzaldehyde by
bromination of 3-hydroxybenzaldehyde
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Abstract—Contrary to literature reports, bromination of 3-hydroxybenzaldehyde can afford both 2-bromo-5-hydroxybenzaldehyde
and 2-bromo-3-hydroxybenzaldehyde, but 4-bromo-3-hydroxybenzaldehyde was not detected. 2-Bromo-3-hydroxybenzaldehyde
was converted into 2-(benzyloxy)-1-bromo-5-methoxy-7-methylnaphthalene. X-ray crystallographic analysis supports the identity of
2-bromo-3-hydroxybenzaldehyde.
� 2004 Elsevier Ltd. All rights reserved.
As a result of recent debate in the chemistry literature
the outcome of the bromination of 3-hydroxybenzalde-
hyde 1 has been placed in doubt.1;2 In 1912 Pschorr
reported that bromination (Br2, CHCl3) of 3-
hydroxybenzaldehyde 1 afforded 2-bromo-5-hydroxy-
benzaldehyde 2 (Scheme 1).3 On the contrary, in 1925,
Hodgson and Beard reported that bromination of 1
under the same conditions afforded a mixture of 2 and 4-
bromo-3-hydroxybenzaldehyde 3 (Scheme 1), although
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Scheme 1. Bromination of 3-hydroxybenzaldehyde.
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only 2 was characterized.4 More than 25 years later,
Pandya et al. also reported that bromination of 1, this
time using acetic acid as solvent, afforded only 3 in a
52% yield.5

More recently, other workers,6 including ourselves,7

have used related reaction conditions (e.g., our condi-
tions: Br2, CCl4) for the bromination of 1 to afford 2. In
our work this product was used for the synthesis of
complex isochromanes and related compounds.7 At
least two other groups of workers8;9 have repeated the
reaction using the conditions published by both Hodg-
son (Br2, CHCl3) and Pandya (Br2, AcOH). These re-
sults, including an X-ray crystal structure,9 indicate that
bromination of 1 affords only the Pschorr product 2 and
not compound 3.

However, based on the fact that Hodgson’s bromination
of 1 can also apparently afford 3, Tatsuta and co-
workers have described a synthesis of the natural
product medermycin (also known as lactoquinomycin)10

5 and its enantiomer using the putative 3 as a starting
material.11 As shown in Figure 1 the phenolic sub-
stituent of the starting material is required to be the
phenol in position 9 of medermycin. Subsequently, in
2002, Morin and co-workers cast doubt on the product
of Tatsuta’s synthesis, based on their experimental evi-
dence.1 They reported that bromination of 3-hydroxy-
benzaldehyde 1 using Tatsuta’s bromination conditions
(HBr, AcOH), afforded the Pschorr product 2. This
assignment was supported by an X-ray crystal structure
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Scheme 2. Reagents and conditions: (i) Br2, CCl4, rt, add H2O, crys-

tallized at 0 �C; (ii) BnBr, K2CO3, DMF, 60 �C (45% over two steps);
(iii) NaOMe, dimethyl succinate, MeOH, 50 �C (77%).

Figure 2. X-ray crystal structure of 2-bromo-3-hydroxybenzaldehyde 4.
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Figure 1. Synthesis of medermycin 5 from the putative 4-bromo-3-

hydroxybenzaldehyde 3 or the isomer 6 from 2.
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of a derivative, 2-bromo-5-(p-nitrobenzoyl)benzalde-
hyde.1 Based on this experimental finding, Morin pro-
posed a structural revision to natural medermycin in
which the carbohydrate moiety is now attached to po-
sition 6 of the naphthoquinone that is 6. However, there
seems to be little doubt that the natural product itself
has structure 5: Williamson et al. has recently provided
extensive NMR spectral evidence to support the original
structure assigned to the natural product.2

In this paper we wish to report that the bromination
of 3-hydroxybenzaldehyde 1 can also afford an alterna-
tive regioisomer, 2-bromo-3-hydroxybenzaldehyde 4
(Scheme 1), indicating that another possible regioisomer
of medermycin may have been synthesized by Tatsuta
and co-workers.11

As part of our ongoing programme on the synthesis of
substituted naphthalenes,12 we had previously bromi-
nated 3-hydroxybenzaldehyde 1 (Br2, CCl4) to afford 2-
bromo-5-hydroxybenzaldehyde 2 under rather specific
conditions.13;14 Recently, we isolated the product of this
reaction in a different manner. The reaction mixture was
stirred for 2 h at room temperature, water was added
and the resulting solution placed in a refrigerator. After
16 h an off-white solid had crystallized from the reaction
mixture. This was isolated by filtration and subjected to
a normal O-benzylation protocol (BnBr, Me2CO,
K2CO3). However, we were surprised to isolate the 2-
bromo-3-benzyloxy regioisomer 7 as the major product
(45%, two steps) after column chromatography,15 rather
than the 2-bromo-5-benzyloxy isomer 8 (yield 1%) iso-
lated previously as the major component in our work
(Scheme 2).7;15 Repeating the reaction a number of times
in this manner again gave 7 as the major product.

The structure of the O-benzylated product 7 was sup-
ported by NOE NMR spectroscopic studies in which
distinctive interactions were evident between the benzyl
methylene and 4-H protons, and also between the
aldehyde and 6-H protons. In addition, comparison of
the spectroscopic data of 7 with the same compound
synthesized by Nicolaou et al.16 using an alternative
route indicated that 7 was the product obtained and not
8. The 13C NMR spectrum of 7 proved to be substan-
tially different to that of 8.15

Further investigation of this reaction showed in fact that
a mixture of the regioisomers 2 and 4 (ratio 1:2) was
obtained in the bromination of 1 and we were able to
obtain predominantly 2-bromo-3-hydroxybenzaldehyde
4 by crystallization at 0 �C from CCl4.

17 Most impor-
tantly, a single crystal X-ray structure (Fig. 2) confirmed
that the bromine atom of intermediate 4 was placed
between the aldehyde and the phenol substituents as
suggested by the NOE NMR spectroscopic studies and
comparison of spectral data.18

Pursuing our interests in the synthesis of substituted
naphthalenes, we converted the aldehyde 7 into the
conjugated half-ester 9 (77% yield) by using modified
Stobbe conditions.19 We used sodium methoxide gen-
erated in situ as base instead of the usual potassium tert-
butoxide because the benzyl-protecting group of 7
proved to be unstable when using the latter. Subsequent
cyclization of 9 with sodium acetate in acetic anhydride
afforded naphthalene derivative 10 in acceptable yields
(Scheme 3).
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Acetate 10 was successfully hydrolyzed with sodium or
potassium hydroxide to give the crystalline naphthol in
quantitative yield. The intermediate was methylated
under standard conditions to afford the substituted
naphthalene 11 in excellent yield. The ester substituent
of 11 was then converted into a methyl group using
conditions optimized by Bringmann et al.20 to afford 12,
characterized by rigorous NMR spectroscopy, which
included NOE and a three bond HMBC 1H–13C NMR
spectroscopy experiment. Comparison of the spectro-
scopic data of 12 with those obtained by using 8 as a
starting material by other researchers, which led to
4-(benzyloxy)-1-bromo-5-methoxy-7-methyl-naphthalene
proved to be substantially different.21

In conclusion, it is clear that the bromination of 1 gives
mixtures of monobrominated products. In our case we
were able to detect both the 2-bromo-5-hydroxybenz-
aldehyde and 2-bromo-3-hydroxybenzaldehyde isomers
2 and 4 in the reaction mixture, but not 3. We were also
successful in synthesizing the substituted naphthalene 12
from isomer 4. It is unlikely that the structure of the
natural medermycin is incorrect, as extensive spectro-
scopic data have been produced to verify the structure.2

On the basis of the bromination experiments conducted
in our laboratories, 2-bromo-5-hydroxybenzaldehyde 2
and 2-bromo-3-hydroxy-benzaldehyde 4 were the only
isomers that we were able to isolate in appreciable
quantities. An extensive literature search shows no
claims, apart from the work of Hodgson and Beard,4
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Figure 3. Regioisomer 13 of medermycin, which could be synthesized

from 2-bromo-3-hydroxybenzaldehyde 4.
Tatsuta and co-workers11 and Pandya et al.,5 for the
formation of the alternative regioisomer 3 from 1.
Therefore, in addition to the regioisomer of medermycin
suggested by Morin and co-workers1 it is also possible
that Tatsutamay have synthesized regiosiomer 13 from 2-
bromo-3-hydroxybenzaldehyde 4 as depicted in Figure 3.
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