Tetrahedron Letters,Vol.27,No.39,pp 4745-4748,1986 0040-4039/86 $3.00 + .00
Printed in Great Britain Pergamon Journals Ltd.

ACYLATION OF ACTIVE METHYLENE COMPOUNDS VIA PALLADIUM COMPLEX-

CATALYZED CARBONYLATIVE CROSS-COUPLING OF ORGANIC HALIDES

*
Toshi-aki Kobayashi and Masato Tanaka

National Chemical Laboratory for Industry, Yatabe, Ibaraki 305, Japan

Summary: New procedures for acylation of active methylene compounds via
palladium complex-catalyzed carbonylation of organic halides are
disclosed.

Carbonylation of organic halides with molecular hydrogen or nucleophiles
(water, alcohols, and amines) smoothly proceeds and constitutes a useful and
industrially-important method for the synthesis of carboxylic acid derivatives.
Since we reported the first successful examples of carbonylative cross-coupling
of halides with carbon nucleophiles which gave various unsymmetrical ketones,
much effort has been focused on exploration for variations in this area.2
However, with the exception of our finding of acetylenic ketone synthesis based
on the carbonylative cross-coupling of halides and terminal acetylenes,ld there
is no paper on the carbonylation of halides with carbon acids. Successful ex-
tentions to active methylene compounds are disclosed in this communication.

Iodobenzene (1.88 mmol) and diethyl methylmalonate (2.0 mmol) in triethyl-
amine (2 ml) were reacted with carbon monoxide (20 atm) at 120°C in the pres-
ence of a catalytic amount of dichloro[1l,1'~bis(diphenylphosphino)ferrocene]-
palladium (1,88 x 10—2 mmol). Glc analysis of the resulting mixture revealed
the formation of diethyl methylbenzoylmalonate in 75.3% yield. The mixture was
filtered and distilled (Kugelrohr) to give the pure sample (61% isolated yield,
bp 120°C/0.1 torr).

Z Pd catalyst Z
rlx + co + CHR2< 5 rlcocrY

COOR® NEt,, -NEt H-X NCooR

(z = COOR®, cN)

3

Table 1 summarizes the results obtained through similar procedures. The
yields have not been optimized. In the reactions of diethyl and diisopropyl
malonate, the mono-benzoylation products (benzoylmalonates) once formed were
prone to further undergo (¢-benzoylation to give the double-benzoylation prod-
ucts. However, the mono-benzoylation product was obtained in the reaction of
ethyl cyanoacetate, though the yield was low. As was anticipated, ethyl aceto-
acetate exclusively gave the O-benzoylation product. 0O-Benzoylation was also

observed for 1,2-diphenylethanone and acetophenone. Other active methylene
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compounds such as indene, diphenylmethane, and ethyl phenylacetate were not
benzoylated at all under similar conditions. We could extend the reaction with
diethyl methylmalonate to bromobenzene, substituted iodobenzenes, and B-bromo-
styrene. In some of these reactions, V,V-diethylbenzamide was formed as a by-
product which resulted from the cleavage of triethylamine.3

When iodobenzene was allowed to react with pre-formed magnesium enolates

of active methylene compounds, different types of products were obtained (after

acidification). Thus, iodobenzene (2.0 mmol) and bromomagnesium enolate of di-
~ 1) Pd catalyst 3
ArX + CO + XMg[CH(COORd)z] I ArCOCH2COOR and/or (ArCO)ch2

2) H

isopropyl malonate (4.0 mmol) in ether-benzene (1 : 1) mixture (2 ml) were ex-
posed to carbon monoxide (20 atm) in the presence of iodophenylbis(triphenyl-
phosphine)palladium (1.88 x 10_2 mmol) at 120°C for 5 h. The resulting mixture
was poured into aqueous hydrochloric acid, and was extracted with ether. Glc
analysis showed that isopropyl benzoylacetate was formed in 77.5% yield. Evap-
oration of the ether layer and distillation (Kugelrohr) gave an analytically
pure sample (63.0% isolated yield, bp 122°C/1.0 torr). The results of other
reactions are summarized in Table 2. Ethoxymagnesium enolate of diethyl malo~-
nate reacted similarly, though ethyl benzoate was also formed presumably due to
the reaction of the ethoxy group originally bound to magnesium. However, when
the reaction of magnesium enolate of diethyl malonate was effected under forc-
ing conditions, the yield of benzoylacetate decreased, and instead, dibenzoyl-
methane became the main product. The reaction of the enolate of ethyl aceto-
acetate also gave the corresponding B8-diketone. For the B-keto esters and/or
R-diketones to be formed, decarbalkoxylation must intervene during the progress
of the reaction. We do not have any evidence for the decarbalkoxylation mecha-
nism. However, the magnesium halide-assisted decarbalkoxylation4 seems to

rationalize the results as follows:

MgXo
ArX, CO Yo\ -cos
XMg [ CH(COOR),, ] SR XMg [ ArCOCHCOOR |
Ar COORO 4H+
ArX, CO ArCOCH,,COOR
J ~CO ut

X Mg[ (ArCO),CHCOOR] XMg [ (ArCO),CH] — (ATCO),CH

2
(X = Br, I, or EtO)

In summary, the present paper offers the new method for acylation of
active methylene compounds via carbonylation with organic halides. The new

method will be useful when acid halides are not readily accessible.
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Table 2 Carbonylative cross-coupling of iodobenzene with magnesium enolate®

Magnesium enolate Temp Time Convb Product YieldC
(°C) (h) (%) %)
BrMgCH[COOCH(CH.)..].%¢ 120 5 81  C,H.COCH.COOCH(CH.,) 7.9
32212 615 2 372 (63)
71.5
C_H.COCH_.COOC . H
(CZHSO)MgCH(COOC2H5)26 100 8 nd 67572 275 (67)
CH5COOC 1 ~20
18.4
90 21 C_H_COCH_COOC H
BngCH(COOCsz)zd v + 98 { ©° 2 275 ;§7§
120 4 (C4H4CO) ,CH,, (605
; C 4H5COCH,,COCH,, (31)
(C,H-0)MgCH(COCH, ) (COOC, H, ) 100 18 nd
CH5COOC H ~20

% Effected under 20 atm of CO using 2.0 mmol of C
1.88 x 1072 mmol of PhPAI(PPh,),
to the consumption of iodobenzene. ¢ Glc yield based on CGH5I charged. The

6H5I, 2.1 mmol of enolates,

in 2 ml of the solvent. Conversion refers

figures in parentheses are isolated yields. d Benzene-ether (1 :1) solvent.

¢ Enolate charged = 4.0 mmol. § Benzene solvent.
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