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Abstract—o-Acetoxy- and o-benzoyloxy-benzyl bromides and tosylates oxidatively rearrange in moist
dimethyl sulphoxide to o-hydroxybenzyl esters: o-acetoxy- and o-benzoyloxy- phenacyl bromides
rearrange to mixtures of 2-hydroxycoumaran-3-ones and o-hydroxyphenacyl esters; o-hydroxyphen-
acyl bromides also yield 2-hydroxycoumaran-3-ones, together with o-hydroxyphenacyl alcohols. 2-

Acetoxybenzaldehyde is reductively rearranged by

Since Kornblum, Jones, and Anderson' found, in
1959, that benzyl tosylates are readily oxidised to
benzaldehydes by sodium hydrogen carbonate in
anhydrous’ dimethyl sulphoxide (DMSO) there
have been reports’ that benzyl halides react simi-
larly. When studying the use of ortho oxy-
substituted benzyl bromides as possible precursors
of the unknown benzoxetene 1 we found,’ from
work involving the addition of aqueous reagents to
DMSO solutions of these bromides, that they are
reactive towards aqueous DMSO.
2-Acetoxybenzyl bromide 2a, in moist DMSO,
oxidatively rearranged after three days at room
temperature to a mixture of 2-hydroxybenzyl ace-
tate 3a and 5-bromo-2-hydroxybenzyl acetate 3b.
The former is almost certainly the initial product,
being halogenated in part by bromine slowly
formed from the reaction’ of the liberated bromide
with DMSO. The reaction rate was greatly in-
creased by first converting the benzyl bromide into
2-acetoxy-benzyl tosylate 2b and no nuclear
halogenated, secondary product was isolated. Only
the latter 3b, however, was obtained when 2-
acetoxybenzy! bromide 2a was heated in DMSO.
Changing bromine for the poorer acetoxyl leaving
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sodium borohydride to o-hydroxybenzyl acetate.

group completely suppressed the reaction; 2-
acetoxybenzyl acetate 2¢ was recovered unchanged
from DMSO even after being heated at 120-125°.

2-Acetoxy-5-bromobenzyl bromide 4a and tosy-
late 4b were readily converted into S5-bromo-
2-hydroxybenzyl acetate 3b. Benzoates were simi-
larly reactive; 2-benzoyloxy-5-bromobenzyl
bromide 4¢ oxidatively rearranged to 5-bromo-
2-hydroxybenzyl benzoate 4d.

Wakselman,® and Helferich and von Blumen-
cron,” have shown that o-acyloxybenzyl alcohols
rearrange readily in mild base or acid conditions to
benzyl esters. It appeared, therefore, that in the
present work the o-acyloxybenzyl bromides might
have been hydrolysed to the corresponding benzyl
alcohols which, in the presence of liberated hy-
drogen bromide, would undergo the ester inter-
change reaction. An attempt to prepare 2-acetoxy-
benzyl alcohol, for a study of its reactions in
DMSO, was unsuccessful. The reduction of 2-
acetoxybenzaldehyde 5§ by sodium borohydride
gave the reductively rearranged ester, 2-hydroxy-
benzyl acetate 6.

The possibility of initial benzyl alcohol formation
was discounted when 4-acetoxybenzyl bromide 7a
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SCHEME 1

was recovered unchanged after seven days in
DMSO: only when heated was 4-acetoxybenzyl al-
cohol 7b formed to a small extent and most of the
substrate was again recovered. The major product
(9%) was 4-acetoxybenzaldehyde, the Kornblum-
type reaction product. Thus, while the reaction is
intramolecular, it is unlikely that a benzyl alcohol is
an intermediate. We propose the mechanism out-
lined in Scheme 1 for the oxidative rearrangement.
It involves the initial formation of benzyloxy-
sulphonium salt (as shown by Torssell® for the reac-
tion of benzyl bromides with anhydrous DMSO)
followed, after reaction with water, by the forma-
tion of an ortho ester-type intermediate similar to
that proposed by Wakselman® for the ester
interchange rearrangement of o-acyloxybenzyl
alcohols.

Turning to a study of phenacyl bromides, it was
found by Kornblum and co-workers’ that these
compounds react with anhydrous DMSO, without a
catalyst, to form phenyl glyoxals. Mayor and Hess"
isolated phenyl glyoxalic acids also and Saikachi
and Matsuo'' found that thioformates (e.g. 16) were
formed to a minor extent. We now have observed
that o-acyloxyphenacyl bromides react consider-
ably faster in moist DMSO than the corresponding
benzyl bromides and that a reaction leading to the
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formation of 2-hydroxycoumaran-3-ones 10 occurs
to a similar extent as oxidative rearrangement. 2’-
Acetoxy-2-bromoacetophenone 8a yielded 2-
acetoxy-2’-hydroxyacetophenone 9a and 2-
hydroxycoumaran-3-one 10a. This coumaranone
was also obtained from 2'-benzoyloxy-
2-bromoacetophenone 8b, together with 2-
benzoyloxy-2'-hydroxyacetophenone 9b.

The formation of 2-hydroxycoumaran-3-one 10a
probably occurs (Scheme 2) via the acid-catalysed
cyclization of the unknown 2-hydroxy-phenyl
glyoxal 12, the latter arising by de-esterification of
the typical glyoxal product 11 of Kornblum oxida-
tion of a phenacyl bromide. In accord with this, 2-
bromo-2'-hydroxyacetophenone 8¢ also yielded the
2-hydroxycoumaranone 10a, together with 2,2'-di-
hydroxyacetophenone 13a. Similarly, 2-bromo-5'-
chloro-2'-hydroxyacetophenone 8d yielded 5-
chloro-2-hydroxycoumaran-3-one 10b and 5'-
chloro-2,2'-dihydroxyacetophenone 13b.

The mechanism proposed for the oxidative rear-
rangement of o-acyloxyphenacyl bromides is out-
lined in Scheme 2. It is similar to that (Scheme 1)
proposed for o-acyloxybenzyl bromides and tosy-
lates except that it incorporates an alternative path-
way, via a 2-hydroxyacetophenone 14, for the rear-
rangement of the intermediate phenacyloxysul-
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phonium salts. This was required by the ease with
which the phenacyl bromides were hydrolysed (see
above) to 2-hydroxyacetophenones in DMSO. 4'-
Acetoxy-2-bromoacetophenone 15a retained its

I
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16

ester group intact in DMSO and was converted into
4'-acetoxy-2-hydroxyacetophenone 15b. A minor
product from this reaction was methyl 4-acetoxy-
benzoyl thioformate 16.

EXPERIMENTAL

NMR spectra were obtained at 60 MHz with a Perkin
Elmer R12 spectrometer, in CDCl, with TMS as internal
reference. M.ps were taken with a Kofler hot-stage
apparatus.

Benzyl and phenacyl bromides and tosylates
N-Bromosuccinimide (2:4g) and benzoyl peroxide
(0-1 g) were added in four equal amounts, at 15 min inter-
vals, to a refluxing solution of 2-acetoxy-5-bromotoluene'?
(3-0g) in CCl, (30 ml). The cooled solution was filtered
and solvent was removed under reduced pressure. The
residual oil crystallised from light petroleum (b.p.
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Reactions of ortho oxy-substituted benzyl and phenacy! bromides

80-100° in needles (3:0g) of 2-acetoxy(l',5-
dibromotoluene 4a, m.p. S$6°. Found: C, 352;
H, 2-5; Br, 51:3; CsHeBr,0; requires C, 35-1; H, 2-6; Br,
51:9%. NMR spectrum: OAc 7-717, CH; 5-31x.

The above conditions were used for the bromination of
2-benzoyloxy-5-bromotoluene’ (1-0g) in CCL (i5 mi)
with N-bromosuccinimide (0-62g) except that benzoyl
peroxide had to be omitted because it rendered purifica-
tion of the product difficult. 2-Benzoyloxy-1’,5-dibromo-
toluene 4¢, m.p. 83-84°, crystallised (0-91 g) from light pet-
roleum (b.p. 60-80°). Found: C, 45-5; H, 2-7; Br, 43-5;
C,.H,Br,0, requires C, 45-4; H, 2-7; Br, 43-2%. NMR
spectrum: CH, 5-527.

Bromine (1-6 g) in acetic acid (20 ml) was added to a
solution of 2’-benzoyloxyacetophenone'® (2-4 g) in acetic
acid (20 ml). After 3 h the mixture was diluted with water
(300ml) and the precipitated 2'-benzoyloxy-2-bromo-
acetophenone 8b, m.p. 73-74°, crystallised (2-8g) from
light petroleum (b.p. 80-100°). Found: C, 56-5; H, 3-2; Br,
24-8; C,,H,,BrO, requires C, 56:4; H, 3-5; Br, 25-0%.
NMR spectrum: CH, 5-567.

A warm solution of 5'-chloro-2'-hydroxyacetophenone
(5-1g) in CHCI, (25 ml) was added to a suspension of
cupric bromide (11-2 g) in refluxing ethyl acetate (25 ml).
Refluxing was continued until the mixture was amber-
coloured; it was then cooled and filtered and the solvent
was removed under reduced pressure. The residual oil
crystallised from light petroleum (b.p. 60-80°) in yellow
crystals (5-5g) of 2-bromo-5-chloro-2’'-hydroxyaceto-
phenone 8d, m.p. 64-65°. Found: C, 38-4; H, 2-7; Hal,
46-0; CsH,BrClO, requires C, 38-5; H, 2-4; Hal, 46-2%.
NMR spectrum: CH, 5-54r, OH - 1-727.

AgOTs (1:5g) was added to a solution of 2-acetoxy-
’-bromotoluene (1-2g) in MeCN (20 ml) and protected
from light. After 16 h, the solution was filtered and the
solvent removed by distillation under reduced pressure.
The residual white solid was extracted with Et,0. Evap-
oration of the Et,0 gave an oil which crystallised from
EtOH, giving 2-acetoxy-1'-tosyloxytoluene 2b as col-
ourless crystals (2:4 g), m.p. 72-74°. NMR spectrum: OAc
7-711, ArCH, 7-537, CH, 4-917. Both this and the follow-
ing tosylate rapidly decomposed and were not microanal-
ysed.

2-Acetoxy-1’,5-dibromotoluene (1-54g) reacted simi-
larly with AgOTs (1-48g) in MeCN (20 ml) to give 2-
acetoxy-5-bromo-1'-tosyloxytoluene 4b as colourless
crystals (1:75 g), m.p. 100-101°, from EtOH. NMR spec-
trum: OAc 7-68r, ArCH, 7-517, CH, 4-93r.

Reactions of bromides and tosylates in DMSO

The details of these reactions are given in the Table.
The substrates were dissolved in approximately 20 times
their weight of undried DMSO (additional H,O was found
to be unnecessary). The reactions were worked-up by di-
lution with saturated aq NaCl and extration with Et,O.
The extracts were washed with water and dried before the
solvent was removed under reduced pressure. The res-
idue was then fractionated by preparative layer
chromatography on silica gel.

Hydrolysis of 2-benzoyloxy-2'-hydroxyacetophenone 9b
Aq KOH (0-5 ml; 50%) was added to a solution of the

benzoate (0-25 g) in ethanol (25 ml). The solution was re-

fluxed for 3 4h, diluted with water (50 ml), neutralised with

3983

dil HCI, concentrated on a rotary evaporator under re-
duced pressure, and extracted with CHCI,. The extract
was dried and solvent removed. The residual oil crystal-
lised from light petroleum (b.p. 60-80°) in colourless
needles (0-108 g) of 2,2'-dihydroxyacetophenone 13a, m.p.
63-64°.

Reduction of 2-acetoxybenzaldehyde S

Sodium borohydride (0-16 g) was added to a soln of the
aldehyde (0-50 g) in EtOH (10 ml) and H,O (5 ml). After
15 min the mixture was diluted with water (25 ml), con-
centrated on a rotary evaporator under reduced pressure,
and extracted with CHCl,. The extract was dried and sol-
vent removed. The residual oil was fractionated by pre-
parative layer chromatography on silica gel into 2-
hydroxybenzaldehyde (0-102 g) and 2-hydroxybenzy! ace-
tate (0-316 g). Both products were oils and were character-
ised by comparison of their spectra with samples other-
wise obtained.
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