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Cross-coupling reaction of carboxylic acids with organo-
boron compounds catalyzed by palladium complexesin the pres-
ence of an activator such as dimethyl dicarbonate under mild
conditions gives ketones in excellent yields except for certain
substrates.

Ketones occupy pivotal positions as intermediates in organic
synthesis as well as end products for various commercial uses.
Although quite a variety of synthetic methods are available,
most methods entail some shortcomings in efficiency and envi-
ronmental problems.t

The C-O bond in various oxygen-containing compounds
can be cleaved by transition metal complexes.?2 We have previ-
oudly found that the C—O bonds in carboxylic esters and anhy-
drides are readily cleaved on interaction with Pd(0) complexes
to give acylpalladium aryloxides or carboxylates (eq 1).34
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The acylpalladium complexes react with organoboronic
acids to yield ketones. On further application of the findings
we could develop catalytic synthesis of ketonesfrom carboxylic
anhydrides and activated esters.>®

The catalytic synthesis of ketones is based on the reaction of
the acylpalladium complex 1 to undergo exchange of the aryl-
oxido or carboxylato ligand with phenylboronic acids to yield
acyl(phenyl)palladium species 2 that readily releases the phenyl
ketone on reductive elimination (eq 2).
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We have constructed catalytic processes on the basis of
these elementary processes to convert various carboxylic anhy-
drides and aryl esters into ketones using palladium complexes

(eq3).5°
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We have previously observed that treatment of carboxylic
acids with less reactive carboxylic anhydride such as pivalic
anhydride (2,2-dimethylpropanoic anhydride) leads to the anhy-
dride mixture, which can be subjected to the C-O bond cleav-
age process and further hydrogenolysis to yield aldehydes.” By
application of the similar concept we now developed the new
catalytic method of directly converting carboxylic acids into
mixed ketones using organoboronic acids.®

We first examined the effects of various activators in pro-
motion of direct conversion of heptanoic acid into heptanophe-
none with phenylboronic acid in the presence of [Pd(PPhy),].
Strong effects of the nature and molar amounts of the activators
added to the catalyst system on the yields of ketone were noted.

Pivalic anhydride that was most suitable for aldehyde syn-
thesis” proved to be not the best activator, giving 83% yield of
the ketone. Among the activators examined, dimethyl dicar-
bonate was most effective giving 95% yield of the ketone with
usage of 1.2 equiv of dimethyl dicarbonate per heptanoic acid.
With further decrease in the amount of the activator down to
1.0 equiv a dlight decrease in the yield was noted. Other addi-
tives such as acetic anhydride and di-tert-butyl dicarbonate
showed poor to moderate activities.

The catalyst system composed of [Pd(PPhs),] and 1.2 equiv
of (MeOCO),0 was effective affording a variety of ketones as
summarized in Table 1 by treating carboxylic acids and
organoboronic acids in the presence of the activator in dioxane
at80°Cfor6h.

The present process is applicable to various aromatic, hete-
rocyclic, and aliphatic carboxylic acids with organoboron com-
pounds and is tolerant to a variety of functiona groups. Benzoic
acid derivatives having functional groups such as methoxy,
chloro, formyl, cyano, and nitro groups at the para positions can
be catalytically converted into the corresponding ketones in
excellent yields on treatment with arylboronic acids in the pres-
ence of dimethyl dicarbonate and [Pd(PPhs),]. Heterocyclic car-
boxylic acids such as 2-thiophenecarboxylic acid, 3-furoic acid
and nicotinic acid readily coupled with phenylboronic acid
under standardized conditions to give the corresponding ketones
in good yields. trans-Cinnamic acid having the double bond
that may interact with the palladium center could be aso used,
although the yield was moderate. Various aliphatic carboxylic
acids such as heptanoic acid are converted smoothly into hep-
tanophenone in combination with phenylboronic acid, whereas a
bulky aliphatic carboxylic acid such as 2,2-dimethylpropanoic
acid resulted in alow yield probably due to the less reactivity of
its mixed anhydride in oxidative addition to a Pd(0) species.

We propose the catalytic cycle consisted of several elemen-
tary processes as shown in Scheme 1 to account for the catalytic
formation of ketones from carboxylic acids and organoboron
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Table 1. Synthesis of unsymmetrical ketones by the
palladium-catalyzed cross-coupling of carboxylic acids
with organoboronic acids in the presence of

dimethyl dicarbonate

1 mol% [Pd(PPhs)a]

1.2 equiv (MeOCO)»,0 O
R'COOH + 1.2 equiv R?B(OH), ~——— 73"
a (OM)2 = foxane. 80°C. 6 h RJ\R?

Entry R! R? Yield / %®
1 Ph Ph 97
2 p-MeOCgH, Ph 96 (86)
3 pCICH, Ph (88)
4  p-HCOCH, p-MeCgH,  (88)
5 p-NCCgH, Ph 98
6 p-O;NC¢H, Ph 96
7 Ph p-MeOCcHy 97
8 Ph pFCCH, 98
9  furan-3- Ph (85)
10  thiophene-2- Ph 99 (88)
11 pyridine-3- Ph 85
12 trans-PhCH=CH Ph 56
13 "CeHp Ph 96
14 By Ph 20

“Typical conditions: a mixture containing carboxylic acid (1 mmol),
organoboronic acid (1.2 mmol), dimethy! dicarbonate (1.2 mmol),
[Pd(PPh3),] (0.01 mmol) and dioxane (5 cm3) was stirred in a Schlenk
tube under argon at 80 °C for 6 h. Standard work-up procedure was
performed after the end of experiment and GC yields based on
carboxylic acids are given. The isolated yields are in the parentheses.
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Scheme 1. Catalytic cycle for the formation of ketones.
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compounds in the presence of dimethyl dicarbonate.

The carboxylic acid employed is considered to undergo the
exchange reaction with dimethyl dicarbonate to form a mixed
anhydride, whose acyl-O bond is cleaved on interaction with
Pd(0) complex A to give B. The acylpalladium complex B may
undergo decarboxylation (ii), transmetallation (iii) and reduc-
tive elimination (iv) producing the product and the catalyst.

The similar concept can be applied to a,B-akynyl ketone
synthesis, suggesting wide applicability of the process (eq 4).

5 mot% Pd(OAc),
20 mol% PPh; o
0 3 equiv (MeQCO),0
Ph)J\OH RO ene, 100°C P“/u\ @
(1.2 equiv) 94 b Ph
50% yield

The process is not limited to homogeneous systems. The
combination of Pd/BaSO, used in the presence of 4 equiv of
PPh; gave 88% yield of benzophenone from benzoic acid with
phenylboronic acid and dimethyl dicarbonate in dioxane at 90
°Cfor 6 h.

The present process does not require the prior synthesis of
carboxylic acid derivatives such as acyl halides, anhydrides, nor
needs any extra base. The versatility of the process, mild
experimental conditions, a wide scope of applications, and
environmentally benign nature makes the process promising as
one of the useful synthetic methods of ketones.
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