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Ligand free Pd-catalyzed decarboxylative cross-coupling of potassium oxalate monoester and derivatives
with aryl iodides and bromides is described. Functionalized aromatic esters can be efficiently synthesized
via this method with only 1.0 mol % Pd(OAc), catalyst without any phosphine ligand. This method illus-
trates an inexpensive and operationally simple method for the preparation of aromatic esters and acids,
which is especially beneficial for a large scale synthesis.

© 2012 Elsevier Ltd. All rights reserved.

Carboxylic acids are cheap and environmentally benign com-
pounds. They can be used as an ideal d-synthon equivalent in the
cross coupling reactions.! After the pioneer work of Goossen et
al.,> many transition-metal catalyzed redox neutral decarboxyla-
tive cross-coupling reactions have been developed, recent exam-
ples include the ketone synthesis by Goossen,® biaryl synthesis
by Forgione,* diaryl alkyne synthesis by Lee, Jiao,° and other
groups,” and aromatic ester synthesis by Liu.® Other recent studies
by Miura,® Larros,'° Su,!! and other groups!? also highlight the syn-
thetic utility of related decarboxylative reactions. However, in
most reports on Pd-catalyzed redox neutral decarboxylative cou-
plings, especially when aryl halides are used as aryl electrophiles,
an expensive, toxic, and often sensitive phosphine ligand was re-
quired. For a more desirable transformation, the use of expensive
and sensitive ligands always makes an increase in the cost, espe-
cially on a relative large scale. Ligand free palladium catalyzed
Heck!® and Suzuki'* couplings have been widely studied, but there
is almost no report on the ligandless redox neutral decarboxylative
cross-coupling.
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In 2009, Liu et al. found a redox neutral decarboxylative cou-
pling for the synthesis of aromatic esters via the decarboxylation
of potassium oxalate monoester. In Liu’s reports, a bidentate phos-
phine ligand (dppp) is necessary. During our study on the synthesis
of aromatic carboxylic esters via this methodology, we find that for
aryl iodides and some aryl bromides this transformation can be
achieved under a ligand free condition with only 1 mol % palladium
acetate catalyst (Eq. 1). This new discovery illustrates that like
Heck and Suzuki couplings, in some cases for palladium catalyzed
redox neutral decarboxylative couplings, a ligandless condition is
feasible.

Our study started with an investigation on Pd-catalyzed decarb-
oxylative cross-coupling of potassium 2-ethoxy-2-oxoacetate!>1®
with iodobenzene in the presence of 1 mol % Pd(TFA), in NMP at
150 °C. The desired product was obtained in 83% yield (Table 1, en-
try 1). As we know, Pd(TFA), is prepared from Pd(OAc), through
complex process. To avoid wasting a lot of reagents, Pd(OAc),
was used instead of Pd(TFA), as catalyst in this reaction while
the yield decreased to 79% (entry 2). To our delight, the yield
slightly rose to 82% when the temperature was reduced to 140
°C (entry 3). A scan of commercially available palladium precursors
such as PdCl,, Pdy(allyl),Cl,, and Pdy(dba); revealed that Pd(OAc),
was the best choice (entries 5-7). Furthermore, using DMSO,
DMAc, DMF, or DMI as solvents gave lower yields than NMP (en-
tries 8-11). To make further improvement on the yield of the reac-
tion, we tested to change the reaction temperature (entries 16-19)
and time (entries 12-15) in the system. The results showed that
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Table 1
Pd-catalyzed decarboxylative cross-coupling of potassium 2-ethoxy-2-oxoacetate
with aryl halides®

0 Pd catalyst o
Ligand free
Ph—X  + EtOng/OK e0X
Solvent Ph
(e]
X=1,Br
Entry X Pd Source Time (h) Temp (°C) Solvent Yield® (%)
1 I Pd(TFA), 24 150 NMP 83
2 I Pd(OAc), 24 150 NMP 79
3 I Pd(OAc), 24 140 NMP 82
4 I Pd(TFA), 24 140 NMP 82
5 I PdCl, 24 140 NMP 80
6 I Pdy(allyl),Cl, 24 140 NMP 78
7 I Pd;(dba)s 24 140 NMP 76
8 I Pd(OAc), 24 140 DMSO 24
9 I Pd(OAc), 24 140 DMAc 36
10 I Pd(OAc), 24 140 DMF 54
11 I Pd(OAc); 24 140 DMI 43
12 I Pd(OAc), 26 140 NMP 80
13 I Pd(OAc), 16 140 NMP 80
14 1 Pd(OAc), 12 140 NMP 73
15 I Pd(OAc), 8 140 NMP 69
16 I Pd(OAc), 24 160 NMP 78
17 I Pd(OAc), 24 130 NMP 78
18 I Pd(OAc), 24 120 NMP 75
19 I Pd(OAc), 24 110 NMP 72
20 Br  Pd(OAc), 24 140 NMP <5

# Reaction conditions: aryl halides (0.5 mmol), oxalate monoester salts
(0.75 mmol), NMP (1 mL), and Pd source (1 mol %) at 140 °C under Ar atmosphere
for 24 h.

b GC yields (average of two runs), using naphthalene as the internal standard.

Table 2
Decarboxylative cross-coupling scope with respect to aryl halides*”

o)

140 °C and 24 h respectively were the best reaction conditions. To
our disappointment, when bromobenzene was used as alternative
reagent, the yield of the desired product was less than 5%.

Overall, by using Pd(OAc), as catalyst, without any ligand and
additive, we obtained the optimal catalytic system for the Pd-cat-
alyzed decarboxylative cross-coupling of oxalate monoester salts
with iodobenzene'” (entry 3).

With the optimized conditions in hand, we next explored the
scope of this reaction with various aryl iodides and bromides
(Table 2). To our satisfaction, the reaction took place easily to give
a good yield and was applicable to a broad range of aryl iodides
carrying both electron-donating and electron-withdrawing func-
tional groups (3a-3h). Ortho-substituted substrates (3e, 3f) and
halogenated heterocycles, such as pyridine (3i), thiophene (3j), di-
phenyl (3k), and naphthalene (31) also gave good yields. However,
only the decarboxylative cross-coupling of aryl bromides with
electron-withdrawing groups including nitro (3m, 3n) and nitrile
(30, 3p) with potassium 2-ethoxy-2-oxoacetate in this catalytic
system was applicable. In addition, the reactions of potassium
2-butoxy-2-oxoacetate with aryl iodides were subsequently inves-
tigated. It was clear that the reactions of electron-rich (3r-3t), elec-
tron-poor (3u) aryl iodides, or halogenated heterocycles (3v-3x)
with potassium 2-butoxy-2-oxoacetate all gave the desired prod-
ucts in moderate yields.

Although nonactivated aryl bromides were not desired sub-
strates, we thought that the combination of the Finkelstein halide
exchange and decarboxylative coupling in a one pot manner may
make the utilization of nonactivated aryl bromides successful. By
using this new protocol we synthesized biphenyl-4-carboxylic acid

o
1 mol% Pd (OAc)
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F cl Br
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Table 2 (continued)
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@,COOBu—n /@,COOBu-n

@CJOOBu—n

/@,COOBu—n

7
66% 76% 75% 65%
3q 3r 3s 3t
COOBu-n @ »CO0BUN COOBu-n
/© S~ "COOBu-n U
Cl N
o
60% Ggﬂ,/ ° 54%
3u 3w 80%
3x

@ Reaction conditions: aryl halides (1 mmol), oxalate monoester salts (1.2 mmol), NMP (1 mL), and Pd(OAc), (1 mol %) at 140 °C under Ar atmosphere for 24 h.

b Isolated yields.
¢ Using bromobenzene derivatives.

1 mol% Pd(OAc),
5 mol% Cul, 10 mol%

H,
NH,
Nal

o .
2.0 equiv
Br + EtO OK
o 140
1 mmol 1.2eq

1 mL n-pentanol, 1 mL NMP
°C,24h

Scheme 1. One-pot manner synthesis of biphenyl-4-carboxylic acid ethyl ester from bromobenzene derivatives.

ethyl ester from bromobenzene derivatives in a one-pot manner
(Scheme 1). Our work started by an investigation of Cu-catalyzed
halogen exchange in aryl halides reported by Buchward.'® In this
work, Cul and 1,3-diamine were used as catalyst and ligand in
the conversion of the aryl bromides into aryl iodides. Based on this
study, we used 1 mol% Pd(OAc), and 5mol% Cul as catalysts,
10 mol % 1,3-propanediamine as ligand, 2.0 equiv Nal, n-pentanol,
and NMP as solvent in the decarboxylative cross-coupling of potas-
sium 2-ethoxy-2-oxoacetate with 4-bromobiphenyl. The desired
product was obtained in 71% yield.

In conclusion, we have developed an inexpensive and opera-
tionally simple protocol for Pd-catalyzed decarboxylative aromatic
ester synthesis from aryl halides under ligand free condition. This
new catalytic system was suitable for iodobenzene and some acti-
vated bromobenzene derivatives, and we achieved the utilization
of nonactivated bromobenzene via the combination of copper
catalyzed aromatic Finkelstein halide exchange reaction and
decarboxylative cross-coupling. Due to the convenient operation,
versatility, and environmental friendliness of this procedure, we
hope the newly developed ligand free catalytic system could be ap-
plied not only in laboratory but also in large-scale production.
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