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Abstract: 3-Acylindoles were prepared by palladium catalyzed coupling of an acid sensitive 1,2-
disubstituted 3-indolylzinc chloride with a number of acid chlorides to give the corresponding
ketones in 33-74% yields. © 1997 Elsevier Science Ltd.

A great number of synthetic routes are available to prepare 3-acylindoles.! Vilsmeier acylation, Friedel-
Crafts acylation,? acylation of indole Grignard reagent* and acylation of 3-indolylzinc chloride’ have all been
utilized. Despite the seeming generality of these procedures, none are effective for acylation of acid sensitive 2-
aryloxyl methyl indoles such as 3. Palladium catalyzed cross-coupling approaches have been utilized to prepare
a wide variety of 2- and 3-substituted indoles, but no methods for the palladium catalyzed acylation of a highly
functionalized 3-indolylzinc chloride have been reported. Herein, we wish to report the first example of the
palladium catalyzed acylation of a substituted 3-indolylzinc chloride.

Indole 3 was prepared in three steps: 1) alkylation of the sodium salt of ethy! indole-2-carboxylate with
methy) iodide in DMF, 2) LAH reduction of the ester to alcohol 2, and 3) nucleophilic aromatic substitution of
1-chloro-4-fluorobenzene with the sodium alkoxide of 2 in DMF at 80 °C to give 3 in 98% overall yield (eq 1).

OH o-@—m
1) NaH, DMF, Mel I) NaH, DMF
mwgﬂ 2)) L/:H THF ©:>_/ m (e )
N . N
" ‘ 2 o \
H 99% CHa » F(ronsoc CH,
1 2 9% 3

Reaction of 3 with either POCl,/dimethyl acetamide or PPA/acetic anhydride® afforded no C-3 acylation, but
led to the formation of multiple by-products including p-chlorophenol. The acid instability imposed by the 2-
aryloxy functionality of 3 dictated the use of basic or neutral acylation conditions.

Preparation of 3-lithioindole 5a was accomplished by halogen-metal exchange of 3-bromoindole 4a’ with
either n-BuLi or #-BulLi at -78 °C (eq 2).* However, reaction of 5a with freshly distilled acetyl chloride at -78
°C produced only small amounts of acylation product 7a (<4%) and the recovery of mostly hydrogen quenched
product 3 (eq 2). Similarly, reaction of acetyl chloride with the Grignard reagent Sb, prepared from 3-
jodoindole 4b,° gave no acylation product and mostly 3. Reaction of the organolithium 5a with the Weinreb
amide 6 afforded a 43% yield of 7a. "
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We next turned our attention to the more stable but less reactive 3-indolylzinc chloride 5¢. Compound 5¢
was prepared from 3-bromoindole 4a by sequential treatment with 2 equiv of +-BuLi at -78 °C followed by 1
equiv of ZnCl, (0.5 molar solution in THF)." It has been demonstrated that unsubstituted 3-indolylzinc
chloride reacts with acetyl chloride and a variety of other acid chlorides at room temperature without cata]ysis;5
however, the 1,2-disubstituted indole 5c proved to be unreactive towards acetyl chloride under these conditions.
Negishi has shown that palladium-phosphine complexes catalyze the reaction of organozincs with acyl
chlorides.” Previous workers have also shown that 3-indolylzinc halides undergo cross-coupling with aryl and
heteroary] halides in the presence of Pd (0).” As an extension to this methodology, we have found that 5¢
reacts readily with acetyl chloride at -35 °C in the presence of 10 mole % of a palladium (0) catalyst. The
addition of 1 equiv of Cul did not catalyze acylation of 5¢, even after several hours at room temperature.

Optimization of the reactions conditions indicated that 1 equiv of ZnCl, and 1-3 equiv of acetyl chloride
furnished the best yields. Higher equivalents of zinc chloride or acetyl chloride led to lower yields of ketone
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Table. Pd (0) Catalyzed Acylation of 3-Indolylzinc Chloride S¢

Entry R Ketone  Yield® (%)
T CH, Ta 74
2 CH,Ph b 61
3 Ph Tc 66
4 (CH,) ,CH, 7d 70
5 CH,CI Te 33

*Yield of analytically pure product.
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due to zinc-mediated ring opening of THF with acetyl chloride to generate the corresponding 4-chlorobutyl
ester.'* Under the ideal reaction conditions, ketone 7a could be prepared in 74% yield (Table, entry 1, eq 3)."”

To determine the generality of this coupling procedure, Sc¢ was acylated with a variety of acid chlorides in
the presence of Pd (0) to give ketones 7a-d in 61-70% yield (Table, entries 2-4, eq 3). Low yields (<10%) and
poor regioselectivity have been reported on formation of 3-(2-haloacyl)indoles under Friedel-Crafts
conditions.” Palladium (0) catalyzed coupling of 5S¢ with chloroacetyl chloride afforded 7e in 33% yield
(Table, entry 5)." %

Preparation of 7a is representative of the general procedure: To a solution of 1.43 mmol of 4a in 10 mL of
degassed THF at -78 °C was added 2 equiv of 1.7 M t-BuLi in pentanes. One equiv of 0.5 M ZnCl, in THF was
added to the reaction after 10 min at -78 °C, and the reaction solution warmed to room temperature and stirred
for a total of 1h. The palladium catalyst was prepared in situ by treating a suspension of 0.1 equiv of
(PPh,),PdCl, in 5 mL of degassed THF with 0.2 equiv of 2.5 M n-BuLi in hexanes.” The resultant dark
solution was stirred 10 min at room temperature and then 2 equiv of distilled acetyl chloride was added. The
catalyst-acid chloride reaction solution was cooled to -35 °C and then the solution of 5¢ was added to the
reaction mixture keeping the temperature below -30 °C. The reaction was warmed to 0 °C for 2 h, diluted with
ethyl acetate and washed with saturated aqueous NaHCO, and brine. The product was purified by silica gel
chromatography (3/1 hexanes/ethyl acetate) to give 74% of analytically pure 7a.”®
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