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ABSTRACT

Alkyl- and arylmanganese reagents react with o-chloro or o-bromoaryl ketones to give the substituted ketones in high yields. The cross-
coupling reaction is performed under mild conditions ( −60 to +40 °C, 30 min to 4 h) and takes place with excellent chemoselectivity.

The discovery of new economically and environmentally
friendly alternatives to palladium and nickel catalyzed-cross-
coupling reactions between an organic halide and an organo-
metallic compound is of current interest, especially for large-
scale application. In this field, we have recently reported the
first manganese-catalyzed cross-coupling reaction between
activated aryl halides (X) Cl, Br, F) or activated aryl methyl
ethers and organomagnesium reagents.1

Recently, we have tried to extend this reaction to a new
family of activated aryl halides: theo-chloro oro-bromoaryl
ketones.2

The first preliminary experiments were quite encouraging
since in THF at 0°C, phenylmagnesium chloride quickly

reacts witho-chlorovalerophenone oro-chlorobenzophenone
to lead to the corresponding coupling products in good yields
(88-89%, Scheme 1).

Unfortunately, all of our attempts to perform the reaction
with a more reactive organomagnesium compound such as
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Scheme 1. Mn-Catalyzed Cross-Coupling Reaction between
PhMgCl ando-Chloroaryl Ketones
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butylmagnesium chloride gave poor yields (45%) of substi-
tuted ketone since the Grignard reagent mainly reacts with
the carbonyl group (Scheme 2).

Then, we tried to perform the reaction by using a milder
organometallic. Surprisingly, an almost quantitative yield of
cross-coupling product (94% isolated yield) was obtained
by using butylmanganese chloride (Scheme 3). It should be

emphasized that it is the first example of a direct coupling
reaction between organomanganese reagents and aryl halides.

The reaction has been applied successfully to various
organomanganese reagents (Table 1). Thus, even in the case
of theo-chloroacetophenone, which is a reactive ketone, the
coupling reaction takes place highly chemoselectively with
alkyl or arylmanganese chlorides to give excellent yields of
substitution products (entries 1-6).

The reaction conditions have to be optimized depending
on the nature of both substrate and organomanganese

chloride. Thus, isopropylmanganese chloride reacts with
o-chloroacetophenone in 30 min at-60°C (entry 2), whereas
45 min at 20°C is required in the case of phenylmanganese
chloride (entry 6). For less reactive substrates, the reaction
is still more difficult. For instance, withtert-butyl-o-
chlorophenyl ketone it is necessary to warm to 50°C for 6
h (entry 11). The reaction can also be performed with
alkenylmanganese chlorides (entry 15), but all of our attempts
to introduce a methyl or atert-butyl group failed.

(3) General Procedure for the One-Pot Acylation-Substitution
Sequence with 2′-Chlorobenzoyl Chloride (2′-Octyl Valerophenone,
Scheme 1).Under nitrogen, a 500 mL three-necked flask was charged with
2′-chlorobenzoyl chloride (7 g, 40 mmol), CuCl (120 mg, 1.2 mmol), and
THF (60 mL). A solution ofn-BuMnCl in THF (116 mL, 0.41 M, 48 mmol)
and then a solution ofn-OctMnCl in THF (146 mL, 0.41 M, 60 mmol)
were added dropwise at-40 °C in, respectively, 1 h and 15 min. The
mixture was allowed to warm to 0°C. After the mixture was stirred for 15
min, 180 mL of 1 N HCl was added, and the resultant mixture was stirred
at 20°C for 30 min and extracted with Et2O (2 × 150 mL). The combined
organic layers were washed successively with a saturated aqueous solution
of NaHCO3 (150 mL) and brine (150 mL), dried (MgSO4), and concentrated
under vacuum. Purification by chromatography on silica gel (90:10
cyclohexane/ethyl acetate) gave 10.59 g (yield: 97%) of 2′-octyl vale-
rophenone as a clear oil.

(4) General Procedure for the Coupling Reaction of 2′-Chloroac-
etophenone with Organomanganese Reagents (2′-Butyl Acetophenone,
Table 1, Entry 4). Under nitrogen, to a solution of MnCl2‚2LiCl (MnCl2:
8.19 g, 65 mmol; LiCl: 5.53 g, 130 mmol) in THF (130 mL) at-10 °C
was slowly added a THF solution of butylmagnesium chloride (38.2 mL,
1.7 M, 65 mmol). Then, a solution of 2′-chloroacetophenone (7.72 g, 50
mmol) in THF (50 mL) was added dropwise over 15 min. After being stirred
for 15 min, the reaction mixture was hydrolyzed at-10 °C with 1 N HCl
(150 mL) and extracted with Et2O (2 × 100 mL). The combined organic
layers were washed successively with a saturated aqueous solution of
NaHCO3 (100 mL) and brine (100 mL), dried (MgSO4), and concentrated
under vacuum. Purification by chromatography on silica gel (95:5 cyclo-
hexane/ethyl acetate) gave 8.54 g (yield: 97%) of (2′-butyl acetophenone)
as a pale yellow oil.

Scheme 2. Mn-Catalyzed Reaction betweenn-BuMgCl and
o-Chlorobenzophenone

Scheme 3. Cross-Coupling Reaction betweenn-BuMnCl and
o-Chlorobenzophenone

Table 1. Coupling Reactions of Various Organomanganese
Reagents witho-Chlorophenyl Ketones

a 2 equiv of RMnCl was used.b 1.2 equiv of RMnCl was used.c 1.3
equiv of n-BuMnCl was used.d Conversion rate: 93%.e GC yield.
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It is interesting to note that this reaction tolerates the
presence of halogenoalkanes (X) Cl, Br or I) as well as
aliphatic nitriles, esters, and ketones (Scheme 4). At-10

°C, the chemoselectivity is generally excellent. However, in
the case of the 5-nonanone it is necessary to operate at-60
°C to avoid completely the attack of the ketone.

These encouraging results prompted us to prepare func-
tionalized ketones (Table 2).

Thus, various functionalized organomanganese reagents
such as 3-tert-butyloxypropylmanganese chloride (entries 1,
5, and 10) as well as 4-dimethylamino-, 4-methoxy-, 4-
cyano-, and 4-carbethoxyphenylmanganese chlorides (entries
2-4 and 6-8) led to excellent yields of cross-coupling
products. On the other hand, good yields were obtained when
the startingo-chloroaryl ketone bears a COOEt group (entries
9 and 10). The reaction only occurs fromo-halogenoaryl
ketones; thus, 2,5-dichloroacetophenone and 2,4′-dichloro-
benzophenone led to theortho-substituted product selectively
(entries 11 and 12).

It is well-known that organomanganese halides can be
easily acylated even at low temperature in THF with or
without a CuCl catalysis.1b We have thus tried to perform a
one-pot acylation-substitution sequence with chlorobenzoyl
chloride (Table 3).

By using 2.5-3 equiv of organomanganese chloride, the
ortho-substituted phenyl ketones were actually obtained in
quantitative yields (Table 3).

Furthemore, we were also able to perform selectively the
acylation and then the substitution step. Thus,o-octyl
valerophenone ando-phenyl valerophenone were obtained
with excellent overall yields (Scheme 5).

For a general procedure, see note 3.

Scheme 4. Reaction ofn-BuMnCl with o-Chloroacetophenone
in the Presence of Various Functionalized Compounds

a GC yield. All reactions were performed on a 50 mmol scale
(1.3 equiv ofn-BuMnCl, -10 °C, 30 min).bIsolated yields: 95-
97%. c2 equiv ofn-BuMnCl, -60 °C, 1 h. At -10 °C; recovered
5-nonanone: 91%, yield of coupling product: 98%.

Table 2. Preparation of Functionalized Aromatic Ketones

a Conversion rate: 74%.b Isolated as the carboxylic acid; conversion
rate: 92%.

Table 3. Reaction of 2-Chlorobenzoyl Chloride with
Organomanganese Chlorides Reagents

entry RMnX yield (%)

1 n-BuMnCl 99
2 c-HexMnCl 99
3 PhMnCl 99

Scheme 5. One-Pot Acylation-Substitution Procedure from
o-Chlorobenzoyl Chloride
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In conclusion, we reported here a new efficient cross-
coupling reaction betweenortho-acylated aryl chlorides and
organomanganese reagents (for a general procedure see ref
4). Yields are generally excellent, and the reaction occurs
readily under very mild conditions with excellent chemo-
selectivity. We think this unexpected coupling reaction could
be of great interest since to our knowledge very few examples
of substitution ofo-chloroaryl ketones are described in the
literature.2
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