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An efficient method for the formation of a-carbonyl-monosubstituted acetophenones from ortho-meth-
oxy- and ortho-hydroxy-o,a-dibromoacetophenones and a range of selected nucleophiles, occurring via a
carbophilic substitution/bromophilic substitution/protonation cascade process, is described. In turn, the
preparation of o,a-dibromoacetophenones, isolated in high yields, relies on the neighboring group par-

ticipation of the ortho-substituents in the starting ortho-substituted acetophenones.
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Nucleophilic substitutions occurring by attack at the carbon
atom of a large number of alkyl halides 1, that is, carbophilic reac-
tions (SnC), have far-reaching theoretical and synthetic significance
in organic chemistry (Scheme 1, route a).

By contrast, relatively little information on nucleophilic substi-
tutions taking place at the halogen atom X (route b), with the
expulsion of a carbanion 3 as a leaving group, has thus far been
presented.! Referred to in the literature as halophilic reactions
(SnX),? they have been observed for a range of preferably, soft
nucleophiles with specific reactants 1. The reported examples in-
volve substrates which, after forming reactive carbanions 3, may
undergo diverse transformations. The products of reductive
dehalogenation, being frequently neglected (step 3—4, Scheme
1), are significant as evidence for halophilic reactions. Research
focusing on the structural and electronic features of the reactants
1 has shown that they preferably contain one or more fluorine
atoms, and/or another electron-withdrawing group at the o-C
atom, thus providing the necessary stabilization of the incipient
carbanion 3. Based on the increased suppression of these reactants
toward nucleophiles in common carbophilic reactions, especially if
they are highly fluorinated, the utilization of diverse geminal and
vicinal perhalo® and haloalkanes,* halogenated nitroalkanes,> o-
halo-p-ketosulfones,® diethyl dibromo- and bromomalonate,’
N-chloroacetanilides,® and N-bromosuccinimide® in halophilic
reactions comes as no surprise.

Recently, we have shown that pyridine and a variety of pyridine
derivatives'® possess the chemical potential to rearrange effi-
ciently 5-unsubstituted 4-oxothiazolidine vinyl bromides 5 into a
class of new pyridinium salts 6 (Scheme 2) via a reaction sequence
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initiated by a bromophilic step of the general type depicted in
Scheme 1 (route b).

As part of our ongoing project involving the synthesis of diverse
4-oxothiazolidines 5 (EWG = COAr; R' =H, Me, CH,CO-Et),!" we
observed that the key step in the preparation of one of the precur-
sors, that is, ortho-methoxy-o-cyanoacetophenone 10a (Scheme 3,
R =Me; Nu: CN™) from ortho-methoxy o,o-dibromoacetophenone
7a, is an unexpected cyanide-induced bromophilic reaction (step
ii). It seemed highly desirable to further probe if this new mode
of reactivity of 7a can be extended to other nucleophiles. We
now report, to the best of our knowledge, the first examples of
synthetically useful nucleophile-induced cascade reactions of
ortho-substituted o,0-dibromoacetophenones 7a,b, giving rise to
a-substituted acetophenone derivatives 10 (Scheme 3) through
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Scheme 1. General equations for carbophilic and halophilic reactions.
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Scheme 3. Suggested cascade process leading to a-carbonyl-substituted products
10.
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Scheme 4. Effect of neighboring group participation of the ortho-groups in
intermediates 12a,b on the formation of a,a-dibromoacetophenones 7a,b.

combined carbophilic attack and bromophilic attack on C-Br bonds
(steps i and ii), followed by protonation (step iii).

After some experimentation with various bromination reagents,
the o,a-dibromo derivative 7a (R = Me) required for the nucleo-
phile-induced carbophilic-bromophilic sequence was obtained,
as a single compound in high yield (Table 1, entry 1), by treatment
of 11a with 2 M equiv of bromine in CHCl; at —10 °C. The corre-
sponding derivative 7b was obtained in 92% yield from 11b,
employing bromine in HOAc (Table 1, entry 3). In spite of the exis-
tence of numerous brominating reagents for o-mono- and oo~
dibromination of acetophenone derivatives,'>!3 there is no specific
reaction regarding the synthesis of o-methoxy dibromo derivative
7a.'* In addition, a single preparation of o-hydroxy derivative 7b
(Table 1, entry 5), based on in situ generated zinc bromide, has
been described.!??

It is worth mentioning that the previously reported experi-
ments'2°-4 established that o-substituted acetophenones 11a,b re-
act with selected brominating reagents to yield, under the
specified conditions presented in Table 1 (entries 5-8), monobromi-
nated products 12a,b.

Our experimental results have indicated that the presence of
ortho-substituents with lone electron pairs is responsible for effi-
cient formation of the dibromo derivatives 7a,b. A rationale in
terms of neighboring group effects, operating through space via
intramolecular hydrogen bonding and through the C(o)-H bond,
implies that the reaction of an in situ formed monobrominated
intermediate 12 (Scheme 4) with another molar equivalent of bro-
mine is apparently assisted due to an increase of the electron den-
sity at the C(ot) atom. Furthermore, in the case of equimolar ratios
of aromatic ketones 11a,b and bromine, this reaction pathway was

o-Bromination and o,o-dibromination of ortho-methoxy- and ortho-hydroxyacetophenones 11a,b

(0] (0] o
Br Br
2Br,
CHCI; or HOAc Br
OR s OR OR
1la (R = Me) 7ab 12a,b
11b (R=H)
Entry Substrate Reagent (mmol) Solvent Temp (°C) Time Product 7 (%) Product 12 (%)
1 11a Br, (2) CHCl; -10 1-2h 7a (95)° 12a (0)
2 11a Br, (1) CHCl; -10 1-2h 7a (<50) 12a (0)
3 11b Br, (2) HOAc Reflux 45 min 7b (92)? 12b (0)
4 11b Br; (1) HOACc Reflux 45 min 7b (<50) 12b (0)
S2e 11b Zn dust, Br; (2.5) H,0 70 Not specified 7b (80) 12b (0)
6'2b 11b CuBr;, (~1.7) CHCl;3 Reflux 3-5h 7b (0) 12b (100)
772 11b NBS (1), hv Ether 30 10 min 7b (0) 12b (15)
gl 11a NBS (1), PTSA (0.1) Solvent-free 20 2h 7a (0) 12a (91)

@ Isolated yields.
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again the exclusive one (Table 1, entries 2 and 4), the formation of
monobrominated products 12a,b not being detected.

The subsequent reactions of o,a-dibromoacetophenones 7a,b
with soft nucleophiles (CN~, SCN~, AcS™, and "), in a 1/3 molar ra-
tio (Table 2, entries 1-4 and 7), were typically carried out at ambi-
ent temperature in acetone/H,O or DMF/H,0 solvent mixture, for
40-120 min, providing the mono-a-carbonyl-substituted acetoph-
enones 10a-d and 10g in moderate to high yields of 58-88%.!” The

Table 2

Carbophilic/bromophilic/protonation cascade reactions of 7a,b with selected nucleophiles

generality of this transformation, under similarly mild experimen-
tal reaction conditions, has also been demonstrated for the moder-
ately soft N3~ nucleophile (Table 2, entry 5).

Even in the case of a hard nucleophile, that is, the acetate ion,
the desired product 10f was isolated in 74% yield after a longer
reaction time (Table 2, entry 6) using the more polar DMF/H,0 sol-
vent mixture. In contrast, no substitution product 10f was formed
in acetone/H,0 mixture after 3 h at ambient temperature.

0 (6]
Br Nu
—_—
Br
OR OR
7ab 10a-g
Entry Substrate (1 mmol) Nu~ (3 mmol) Solvent® Time (min) Product Yield® (%)
(e}
CN
1 7a CN Acetone/H,0 40 10a 58
OMe
(@]
SCN -
2 7a SCN Acetone/H,0 120 10b 88
OMe
(@]
SAc
3 7a AcS Acetone/H,0 60 10c 78
OMe
(0]
|
4 7a I DMF/H,0 40 E:fj\/ 10d 78
OMe
(0]
N3
5 7a N3 Acetone/H,0 45 10e 84
OMe
(@]
OAc -
6 7a AcO DMF/H,0 150 10f 74
OMe
(0]
SAc
7 7b AcS Acetone/H,0 60 10g 75 (29)°

OH

2 In all experiments, 0.32 mmol of substrate 7a,b, 0.96 mmol of nucleophile, and 5.5 cm® of acetone/H,0 or DMF/H,0 solvent mixture in 10/1 (v/v) ratio were used.

b Isolated yield after column chromatography purification.

¢ Combined yields of 2-hydroxy- and 2-OAc compounds. Isolated yield of the 2-OAc product is indicated in parentheses.
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As shown in Scheme 3, the formation of the a-carbonyl- substi-
tuted acetophenones 10a-g is consistent with the stepwise nature
of the reaction of 7a,b with anionic nucleophiles. As a result of the
carbophilic reaction (Scheme 3, step i), the initially formed inter-
mediate in the reactions of 7a,b with a range of nucleophiles is
the o-bromo-a-substituted species 8, which was not isolated.
Changing the one a-carbon substituent in 7a,b from Br to an elec-
tron-withdrawing substituent presumably makes the intermediate
8 susceptible to bromophilic attack (step ii), allowing the forma-
tion of the fairly stable carbanion 9, which is subsequently proton-
ated to the corresponding product 10.1®

In summary, we have found that o-methoxy- and o-hydroxy-
a,o-dibromoacetophenones react in an unexpected and facile
manner with various soft, moderate, and hard anionic nucleo-
philes, giving rise to a-carbonyl-substituted acetophenones. The
new type of reactivity of these compounds is attributed to the
ambident nature of the C-Br bonds which undergo stepwise,
nucleophile-induced carbophilic and bromophilic reactions.
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General experimental procedure: To a stirred solution of 0.32 mmol of o,0-
dibromoacetophenone 7a,b in 5.5 cm? of acetone/H,0 or DMF/H,0 in 10/1 (v/
v) ratio, 0.96 mmol of the corresponding nucleophile was added. The reaction
mixture was stirred at rt for the time specified in Table 2 when TLC indicated
complete consumption of the substrate 7a,b. After extraction of the mixture
with CHCls, washing with H,0, drying, and evaporation, the crude products
10a-g were purified by column chromatography on silica gel, using petroleum
ether/ethyl acetate gradient 100:0 to 80:20 (v/v).

At the present time it is not possible to rule out that the bromophilic step
precedes the carbophilic step.



