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ABSTRACT

An efficient arylation of carboxylic acids with diaryliodonium salts has been developed, giving aryl esters in high yields within short reaction times
for both aromatic and aliphatic substrates. The transition-metal-free conditions are compatible with a range of functional groups, and good
chemoselectivity is observed with unsymmetric diaryliodonium salts. Furthermore, steric hindrance in the ortho positions is well tolerated both in
the carboxylic acid and in the diaryliodonium salt, yielding aryl esters that cannot be obtained via other esterification protocols.

Aryl esters are prevalent subunits in pharmaceuticals,
agrochemicals, and polymers, as well as in naturally
occurring compounds and building blocks for organic
synthesis. Despite the plethora of synthetic methods avail-
able toward this compound class, sterically congested aryl
esters remain difficult to obtain.1

Efficient esterification of carboxylic acids with phenols
requires activation of the substrate(s) and removal of 1
equiv of water.2 Both of these issues can be addressed
utilizing acid halides or anhydrides, but such reagents limit
the functional group tolerance and usually require separate
preparation (Scheme 1, path a).3Modern coupling reagents
can generate the activated intermediate in situ, but stoichio-
metric amounts of multiple reagents are typically needed.4

Transition-metal-catalyzed alternatives include the
copper-mediated Chan�Lam reaction5 (Scheme 1, path
b) or Pd-catalyzed coupling of aryl halides and phenols
under carbonylative conditions.6 Synthesis of aryl es-
ters via C�Hactivation of arenes often requires internal
directing groups and has focused on formation of
aryl acetates.7 Metal-catalyzed oxidative arylation of

Scheme 1. Synthesis of Aryl Esters from Carboxylic Acids
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aldehydes has been established almost exclusively for
aromatic aldehydes.8

Metal-free oxidative esterifications can be performed
with hypervalent iodine reagents.9 The reaction of diary-
liodonium salts with sodium carboxylates was briefly
reported in the 1950s,10 and one diaryliodonium salt has
also been utilized as benzyne precursor in the synthesis of
phenyl esters.11

The preparation of diaryliodonium salts has recently
been facilitated by the development of efficient one-pot
routes to these hypervalent iodine compounds.12 They
can be utilized as electrophilic arylating agents both
in metal-catalyzed13,14 and metal-free13,15 protocols
and can often replace organometallic reagents with less
benign profiles.

In the course of our continued investigation of the
synthesis12a�d and applications16 of diaryliodonium salts,
we have examined the arylation of carboxylic acids. Here-
in, we present our preliminary results on this reaction,
which proved to be tolerant of steric hindrance as well as a
range of functionalities.
The early reports on this transformation utilized excess

sodium benzoate and diaryliodonium halides or hydrogen
sulfates in refluxing protic solvents.10 These conditions are
potentially problematic for a number of functional groups,
e.g., enolizable carbonyls. We sought to develop a general
synthesis of aryl esters using aprotic solvents and diarylio-
donium triflates or tetrafluoroborates, as these conditions
allowed for lower reaction temperatures in the efficient
arylation of phenoxides.16b

The conditions were optimized using benzoic acid (1a)
anddiphenyliodonium triflate (2a) asmodel substrates.An
initial screening of solvents with several bases revealed that
the conversion to phenyl benzoate (3a) was much higher
in toluene than in THF, acetonitrile, or DMF. Further
studies were thus carried out in toluene, and the results are
summarized in Table 1.

The rate of the reaction shows strong dependence on
the cation of the base: sodium bases effected almost no con-
version to 3a in 1h at reflux (entries 1 and2),while potassium
and cesium bases resulted in good yields (entries 4�9).
Cesium carbonate provedmost efficient, as 0.55 equiv of

this diprotic base was sufficient to obtain 3a in high yield
(entry 10), but the price difference between Cs2CO3

andKOt-Bu does not justify the use of this base in general.
The reaction was slow or absent at lower temperatures,

Table 1. Optimization of the Model Reactiona

entry base equiv of base tempb (�C) time (h) yieldc (%)

1 NaOH 1.1 130 1 <5

2 NaO-t-Bu 1.1 130 1 <5

3 NaO-t-Bu 1.1 130 16 78

4 KOH 1.1 130 1 79

5 K3PO4 1.1 130 1 85

6 K2CO3 1.1 130 2 89

7 KOt-Bu 1.1 130 1 95

8d KOt-Bu 1.1 130 1 87

9 Cs2CO3 1.1 130 0.5 92

10 Cs2CO3 0.55 130 1 95

11 KOt-Bu 1.1 100 4 83

12 KOt-Bu 1.1 70 16 <5

13 Cs2CO3 0.55 100 2 93

14 Cs2CO3 0.55 70 16 63

aBase and benzoic acid (1.1 equiv) weremixed in toluene (3 mL) at rt
before addition of 2a (0.50 mmol) and heating to the tabulated tem-
perature. bOil bath temperature. c Isolated yield. dToluene not dried.
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although cesium carbonate enabled significant conversion
also at 70 �C (entries 11�14).
With the optimized conditions in hand, the influence of

different diaryliodonium anions was investigated. As ex-
pected, tetrafluoroborate 2b works just as efficiently as
triflate 2a (Table 2, entries 1 and 2). Tosylate 2c also
furnished 3a in high yield (entry 3), whereas bromide 2d

gave poor results (entry 4).
The modest yield obtained with 2d appears not to be

caused by radical side reactions, as addition of the radical
trap 1,1-diphenylethene had no effect (entry 5). The low
yield can instead be explained by themoderate solubility of
2d and the formation of bromobenzene from intramole-
cular coupling with the bromide anion, as previously
reported.17

The reaction scope was initially explored by pheny-
lating carboxylic acids 1 with diphenyliodonium tri-
flate (2a) and tetrafluoroborate (2b) (Table 3). As
expected, the nucleophilicity of the carboxylic acid
influenced the outcome of the reaction, and 2,4-di-
methoxybenzoate was phenylated in better yield than
4-nitrobenzoate (entries 1 and 2). On the other hand,
steric bulk of the carboxylic acid does not affect the
reaction greatly and even highly hindered ester 3f was
formed in 90% yield (entries 3�5).
In contrast to classical esterification protocols, the

presence of a primary alcohol moiety did not hamper
the ester formation, and hydroxy ester 3g was obtained
as the only product (entry 6). N-Boc-phenylglycine
could also be arylated to give amino acid derivative
3h (entry 7).18

Further exploration of the reaction scope involved ar-
ylation with substituted diaryliodonium salts, which are
easily available via one-pot reactions (see the Supporting

Information).12 Aryl groups with substituents ranging
from electron-donating to electron-withdrawing could be
transferred efficiently, as demonstrated with the sym-
metric salts 2e and 2f (Table 4, entries 1 and 2). The
unsymmetric salt 2g selectively transferred the nitro-
substituted aryl moiety to the carboxylate, delivering
product 3k (entry 3).
Steric bulk in the ortho positions was verywell tolerated,

as demonstrated by arylations with salts 2h and 2i to yield
highly congested products, including the novel esters
3m�p (entries 4�8). Excellent chemoselectivity was ob-
served with the unsymmetric salt 2i, which transferred the
tri(isopropyl)phenyl group (TRIP) in high yield (entries
5�8). Thus, unsymmetric diaryliodonium salts can be used
with advantagewhen the symmetric reagent is expensive or
cumbersome to prepare.

Table 2. Influence of the Diphenyliodonium Aniona

entry salt 2 X yieldb (%)

1 2a OTf 95

2 2b BF4 97

3 2c OTs 90

4 2d Br 19

5c 2d Br 19

6d 2d Br 21

aKOt-Bu (1.1 equiv) andbenzoic acid (1.1 equiv) weremixed in toluene
(3 mL) at rt before addition of 2 (0.50 mmol) and heating to reflux.
b Isolated yields. cWith 1,1-diphenylethene (1.0 equiv). d In DMF.

Table 3. Phenylation of Carboxylic Acidsa

a See Table 2 for conditions. b Isolated yields. cNo etherification
products detected.
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(18) Racemic N-Boc-phenylglycine was used. Arylation of enantio-

merically enriched carboxylic acidswill be investigated for the full paper.
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The observed chemoselectivity trends with diaryliodo-
nium salts 2g and 2i follow previously reported selectivities
formetal-free reactions, i.e., that electron-poor aryl groups

are transferredmore readily than electron-rich aryl groups
(entry 3)19 and that ortho-substituted aryl groups are
transferred preferentially over aryl groups lacking such
substituents (entries 5�8).20

Interestingly, the opposite chemoselectivity trends are
observed with diaryliodonium salts used in the presence of
a transition-metal catalyst. Then themore electron-rich, or
least bulky, aryl group is generally transferred and the
TRIP group is often used as a dummy ligand to increase
the selectivity toward transfer of the other group.13,14

Finally, the carboxylic acid scope was further investi-
gated, and aliphatic substrates were arylated without
problems (entries 2, 7, and 8; see also Table 3, entry 6).
Furthermore, a keto substituent posednoproblem, as ester
3owas obtained in high yield without formation of detect-
able amounts of byproducts via base-catalyzed condensa-
tion reactions (entry 7).
For reasons of atom economy, it should be stressed that

the equivalent of iodoarene formed in the reaction can be
isolated and utilized to regenerate the diaryliodonium salt,
as demonstrated by the isolation of 1-bromo-4-iodoben-
zene in entry 2.
In conclusion, a fast synthesis of aryl esters directly from

carboxylic acids and diaryliodonium salts has been devel-
oped.Good to excellent yields are obtainedwithout the use
ofmetal catalysts, halogenated solvents or excess reagents.
Aryl esters can be synthesized in the presence of primary
alcohols, N-Boc substituents and ketones, and both aro-
matic and aliphatic substrates are tolerated. The scope
includes synthesis of remarkably hindered esters, which are
impossible to obtain via direct esterification.
With the recent advances in efficient diaryliodonium salt

synthesis, these reagents are now readily available. Con-
tinued investigations on the arylation of heteroatoms with
diaryliodonium salts are underway, and the results will be
reported in due course.
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Table 4. Arylation of Carboxylic Acidsa

a See Table 2 for conditions. b Isolated yield. c 1-Bromo-4-iodoben-
zene isolated in 92% yield. dNo 3i detected. eNo phenyl ester detected.
f 3% 3e isolated as byproduct.


