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Synthesis of Arylacetates from Benzylic Alcohols and Oxalate Esters through
Decarboxylative Coupling

Matthias F. Griinberg and Lukas J. GooBen*!?!

The development of sustainable methodologies for
carbon—carbon bond formation is among the key objectives
in modern organic synthesis. Catalytic cross-coupling reac-
tions have proven to be efficient and versatile tools for as-
sembling even complex molecular structures.! In classical
redox-neutral cross-coupling reactions, carbon electrophiles,
for example, aryl halides [Eq. (1); X=halide], are regiospe-
cifically coupled with carbon nucleophiles, for example, or-
ganometallic compounds (M =main-group metal). Along
with the C—C coupling products, byproducts are formed re-
sulting from the leaving groups, usually metal salts. Within
the last decade, several strategies have been developed to
overcome the major limitations of this concept, that is, the
necessity to generate sensitive organometallic reagents in an
extra reaction step, the use of environmentally questionable
organohalides, and the formation of salt waste.
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One of these strategies consists in replacing traditional
with decarboxylative coupling reactions, which draw on car-
boxylate salts rather than organometallic reagents as the
carbon nucleophiles [Eq.(2)].? This reaction type has
found application, for example, in syntheses of biarylst®! and
arylketones”! and for the introduction of either allyl or
benzyl groups.’! Another strategy involves using carboxy-
lates in the place of organohalides in cross-coupling reac-
tions with organometallic reagents [Eq. (3)].”) A prominent
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example is the Tsuji-Trost allylation (R*=allyl)."’ The two
above approaches are combined in catalytic decarboxylation
reactions of allyl carboxylates [Eq. (4); R*=allyl].®! The
allyl carboxylate substrates provide both the electrophilic
allyl group and the carbon nucleophile that is masked ini-
tially, but liberated at the Pd catalyst by extrusion of CO,,
which is the only byproduct generated in the overall process.
This attractive reaction type was discovered by Saegusa and
Tsuji et al.”! and has been led to synthetic maturity by the
research groups of Tunge,'” Stoltz!'!l and others.®! Unfortu-
nately, an extra step is required to preform the starting ma-
terial, which often generates a lot of waste. Moreover, the
reaction is known only for allylic and benzylic esters. How-
ever, recent reports by the research groups of both Garg
and Shi, that aryl carboxylates (R*=aryl) can undergo oxi-
dative additions to catalyst metals that are capable of medi-
ating decarboxylative processes indicate that this attractive
concept may soon become more generally applicable,
maybe even to biaryl synthesis.[*!?

To the best of our knowledge, there is still no example of
a regiospecific intermolecular decarboxylative cross-cou-
pling reaction between an alcohol and either a carboxylic
acid or ester [Eq. (5); R*=H or alkyl].'¥ We envisioned
that this kind of C—C coupling should be achievable by com-
bining a reversible transesterification between an alcohol
and an appropriate alkyl carboxylate with a catalytic decar-
boxylation of the resulting ester. In the overall process, CO,
and an alcohol would be the only byproducts. As a first ex-
ample of such a process, we herein disclose a synthesis of a-
arylacetic acid esters from benzylic alcohols and diethyl oxa-
late (Scheme 1).

a-Arylacetic acids are an important product class because
many of its members possess unique biological and pharma-
ceutical activities (Figure 1).'Y Well-known representatives
include the nonsteroidal anti-inflammatory drugs, diclofenac
and indomethacin, and the antihistamine, olopatadine. Aryl-
acetic acids are also versatile intermediates used, for exam-
ple, in the synthesis of agrochemicals like spiromesifen and
pinoxaden.

The overall reaction (Scheme 1, top), in which CO, and
ethanol are the only byproducts, compares favorably with
classical arylacetic acid syntheses such as the hydrolysis of
benzyl cyanides and the transition metal catalyzed carbon-
ylation of benzylic halides or alcohols." Tt is also a valuable
alternative to modern arylacetic acid syntheses, involving,
for example, the oxidative carbonylation of toluene,' the
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Scheme 1. Synthesis of a-arylacetates from benzylic alcohols.
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Figure 1. Biologically active arylacetic acid derivatives.

oxidation of terminal alkynes,'” the electrocatalytic carbox-
ylation of benzyl halides,'® transition metal catalyzed cross-
coupling reactions between aryl halides and enolates, ' mal-
onates,® cyanoacetates,”!! or acetoacetates® carbene-
transfer reactions from ethyl diazoacetate,”™ and coupling
reactions of a-haloacetate esters,”?!! each of which have their
individual drawbacks.

The mechanistic concept for the development of the new
cross-coupling process is outlined in Scheme 1, bottom. The
benzylic alcohol substrate 1 undergoes reversible transesteri-
fication with diethyl oxalate (2) leading to the benzyl ethyl
oxalate 3, which oxidatively adds to the Pd(0) catalyst, A.
The resulting benzyl complex, B, extrudes CO, to give acyl-
palladium(II) species C. Arylacetic ester 4 is then liberated
by reductive elimination, regenerating Pd species A.

As starting point for catalyst development, we chose reac-
tion conditions similar to those used by Fu, Liu et al. for the
decarboxylative coupling of potassium oxalate monoesters
with aryl halides.*) When heating benzyl ethyl oxalate (3a)
with 2 mol% Pd(OAc), and 3 mol % 1,3-bis(diphenylphos-
phino)propane (dppp) to 150°C, ethyl phenylacetate (4a)
was indeed obtained, albeit in low yield (38 % ). Because we
had observed that the presence of nucleophilic additives had
a profound effect on the related coupling of a-oxocarbox-
ylates,'zs] we screened various Lewis bases and found that
the addition of 4-(dimethylamino)pyridine (DMAP)
creased the yield to 64 %. To confirm that under these reac-
tion conditions, transesterification takes place at a reason-
able rate, diethyl oxalate was heated with benzyl alcohol to
150°C. To our delight, the benzyl ester was detected within
only a few minutes.
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Table 1. Optimization of the reaction conditions.

Pd source (2 mol%)
o phosphine (3 mol%)

A~ OEt additive (10 mol%)
Ph” OH + Eto%( ————— pp
NMP, 150°C, 16 h Ph™ "COEt

1a 2a  -COp—EtOH 4a
Entry Pd source Phosphine Additive Yield [%)]
1 Pd(OAc), dppp - 11
2 Pd(OAc), dppp DMAP 70
3 Pd(OAc), dppp t-butylamine 11
4 Pd(OAc), dppp diethylamine 14
5 Pd(OAc), dppp 2,6-lutidine 18
6 Pd(OAc), dppp TMP 39
7 Pd(OAc), dppp DABCO 89
8 Pd(OAc), dppp P(pTol), 20
olal Pd(OAc), dppp DABCO 75
10 [Pd(dba),] dppp DABCO 74
11 [Pd(acac),] dppp DABCO 71
12 Pd(OAc), - DABCO 0
13 Pd(OAc), PPh, DABCO 0
14 Pd(OAc), PCy, DABCO 0
15 Pd(OAc), dppb DABCO 36
16 Pd(OAc), dppe DABCO 75
17 Pd(OAc), dppp DABCO 82
18] Pd(OAc), dppp DABCO 69

Reaction conditions: 0.50 mmol 1a, 0.60 mmol 2a, 2 mol% Pd source,
either 6 mol % monodentate or 3 mol % bidentate ligand, 10% additive,
1 mL NMP, 150°C, 16 h, GC yields with n-tetradecane as internal stan-
dard. [a] 0.55 mmol 2a; [b] 140°C; [c] 2 mol % dppp. acac = Acetylaceto-
nate, Cy =cyclohexyl, dba=dibenzylidene acetone, dppb =1,2-bis(diphe-
nylphosphino)butane, dppe =1,2-bis(diphenylphosphino)ethane, NMP =
N-methylpyrrolidine, TMP =2,2,6,6-tetramethylpiperidine.

After these successful trial experiments, we systematically
investigated the combined transesterification/decarboxyla-
tion process for the model reaction of benzyl alcohol (1a)
with diethyl oxalate (2a) in the presence of various catalyst
systems (Table 1). Using 2mol% Pd(OAc), and 3 mol%
dppp as the catalysts, the desired product (4a) was obtained
in only 11% yield (Table 1, entry 1). Whereas primary and
secondary amines, sterically hindered pyridines, and phos-
phines had little effect on the reaction outcome, the addition
of strongly nucleophilic tertiary amines led to a marked in-
crease in conversion (Table 1, entries 2-8). The best results
were obtained with the nontoxic inexpensive base, 1,4-
diazabicyclo[2.2.2]octane (DABCO). The highest yields,
based on benzyl alcohol, were obtained when diethyl oxa-
late was used in slight excess (1.2:1; Table 1, entries 7, 9).

Variation of the Pd source revealed that PdA(OAc), is most
effective (Table 1, entries 10-11). The properties of the
phosphine ligands have a profound influence on the reaction
outcome (Table 1, entries 12-16). In the absence of phos-
phine or when using monodentate ligands, the product is
formed in trace amounts at best. Similar to other coupling
reactions of oxalates,*! the reaction is effectively promoted
only by using bidentate phosphines. The reason for this con-
dition is unclear at this stage. Interestingly, the yields strong-
ly depend on the bite angle, the yield being highest when
using dppp. Phosphines bridged by either longer or shorter
carbon chains are less effective. Lowering the temperature
to 140°C still furnished the product in reasonable yield
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(Table 1, entry 17); below this temperature, the rate-deter-
mining decarboxylation of the palladium carboxylate no
longer occurred and the reaction became sluggish.

Further control experiments were conducted to elucidate
the role of the individual components in the catalytic proc-
ess.’! The influence of Pd(OAc), and the basic amine on
the esterification step was found to be minimal. However,
even the presence of small quantities of dppp accelerate the
equilibration.””? This observation explains why better results
are obtained when the phosphine is added in an amount
that is slightly in excess of that of Pd (Table 1, entries 7, 18).
The amine additive strongly affected the decarboxylation of
the oxalate. Both diethyl and benzyl ethyl oxalate decom-
posed with formation of CO, when stirred at 150°C in the
presence of DABCO, presumably through a reversible nu-
cleophilic addition process. This result is in agreement with
the observation that whereas the decarboxylative coupling is
slow in the absence of the amine, in the presence of too
much DABCO, the oxalate undergoes decarboxylation
faster than it undergoes cross-coupling, thus causing un-
reacted benzyl alcohol to be left behind.

The scope of the new transformation was investigated
using the optimized catalyst system, that is, Pd(OAc),
(2mol%), dppp (3mol%), and DABCO (10 mol%). As
can be seen from the examples in Table 2, various benzylic
alcohols with common functional groups, such as halides
and methoxy groups, were converted in good yields into the
corresponding arylacetic esters. Even alcohol 1m, which
contains two shielding methyl groups in ortho positions and
an exposed chloro substituent in the para position, gave the
desired ester 4m in 56% yield. Heterocyclic derivatives
were also successfully transformed.

Some benzylic alcohols with an electron-withdrawing
group in the para position did not give satisfactory yields in
the reaction with dialkyl oxalates; for example, the transfor-
mation of 4-cyanobenzylic alcohol (1q) led to less than 5%
yield of the expected product. We attributed this result to
the relatively low reactivity of such substrates in the trans-
esterification step. Consequently, we replaced ethyl oxalate
with the more activated derivatives, either diphenyl- or
bis(2,2,2-trifluoroethyl) oxalate. This change did indeed lead
to an increase in the efficiency of the process, so that 4-cya-
nobenzyl alcohol (1q) could also be converted into the cor-
responding arylacetate (4t). The reaction works reliably also
on gram scale. Phenylacetic ester 4a was synthesized in
95% yield on 50 mmol scale in concentrated solution (7.8 g
product/50 g solvent) with only 1 mol% of the Pd catalyst.
As expected, analogous reactions with either simple alka-
nols or phenol did not give C—C coupling products, although
the mixed oxalate esters were formed. In the reaction with
allyl alcohols, only decomposition products were detected.
However, first results indicate that the transformation may
be extendable to a-ketoacids.

In conclusion, a catalyst system consisting of Pd(OAc),/
dppp and DABCO efficiently promotes the decarboxylation
of benzyl oxalates to give arylacetates under reaction condi-
tions allowing the continuous generation of these materials
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Table 2. Scope of the reaction.

Pd(OACc), (2 mol%)
(0] dppp (3 mol%)

DABCO (10 mol%
A OH + ROJ\H/OR #’Ar/YOR
o) NMP, 150°C, 16 h

o
- CO,, - ROH
1a—q 2a-e 4a-v

Product Yield [%] Product Yield [%)]
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o~ SN
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~
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~ 85 - m w22
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Reaction conditions: 1.00 mmol benzylic alcohol, 1.20 mmol oxalate,
2 mol% Pd(OAc),, 3 mol% dppp, 10 mol % DABCO, 2 mL NMP, 150°C,
16 h.

from benzylic alcohols and dialkyl oxalates. The overall
process represents an intermolecular regiospecific C—C
bond-forming reaction in which volatile alcohols and carbon
dioxide are released as the only byproducts. This process
may lead to the development of a new generation of salt-
free cross-coupling reactions, for example, the dream reac-
tion between alkyl benzoates and phenols to give the corre-
sponding biaryl compound.

Experimental Section

Standard procedure for the synthesis of arylacetic esters: A crimp-cap re-
action vessel was charged with palladium(II) acetate (4.58 mg,
0.02 mmol), 1,3-bis(diphenylphosphino)propane (12.4 mg, 0.03 mmol),
and 1,4-diazabicyclo[2.2.2]octane (11.2 mg, 0.10 mmol). Under an inert
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atmosphere, a degassed solution of the benzylic alcohol (1.00 mmol) and
the oxalate (1.20 mmol) in NMP (2 mL) was added using a syringe. The
reaction mixture was stirred at 150°C for 16 h and then cooled to room
temperature. The slight pressure buildup caused by the partially dissolved
CO, was carefully released by piercing the septum with a syringe needle
before uncapping. Ethyl acetate (20 mL) was added and the mixture was
washed with water (20 mL) and a saturated aqueous bicarbonate solution
(20 mL). The organic layer was separated, dried over MgSO,, and fil-
tered, followed by removal of solvents in vacuo (40°C, 200 mbar). The
remaining residue was further purified by flash chromatography (SiO,;
ethyl acetate/hexane, 1:10), yielding the corresponding esters 4 (41—
95%).
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Synthesis of Arylacetates through Decarboxylative Coupling

2 mol% Pd(OAc),

3 mol% dppp
10 mol% DABCO R A

o7 eolyon

NMP

150°C, 16 h

dppp = 1,3-bis(diphenylphosphino)propane

DABCO = 1,4-diazobicyclo[2.2.2]octane

NMP = N-methylpyrrolidine
Follow that dream: By combining a
reversible transesterification between
benzylic alcohols and dialkyl oxalates
with catalytic decarboxylation of the
resulting esters, a regiospecific C—C-
bond-forming reaction to give a-aryla-
cetates was achieved. In the overall

OEt

EtOH
T o) +COzf+ tO

22 examples, 41-95% yield

process, CO, and a volatile alcohol are
the only byproducts. Various a-arylace-
tates were thus synthesized in high
yields from easily accessible starting
materials in the presence of catalytic
amounts of Pd(OAc),, dppp, and
DABCO (see scheme).
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