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Scheme 1.
Treatment of ortho-alkynylbenzoic acid esters with excess amounts of EtOH in the presence of a gold
catalyst results in the liberation of alcohols or phenols in high yields under mild conditions. The protec-
tion of alcohols and phenols proceeds smoothly by use of ortho-alkynylbenzoic acid or ortho-iodobenzoyl
chloride. Highly chemoselective deprotections are described.

� 2008 Elsevier Ltd. All rights reserved.
Transesterification under acidic conditions is one of the most
fundamental transformations in organic synthesis not only for
preparation of new ester compounds but also for release of alco-
hols and phenols as a deprotection method.1,2 A number of cata-
lysts have been developed for promoting the deprotection so far.
However, such conditions sometimes have encountered limita-
tions on its applications for multifunctional substrates having
acid-labile groups. While some catalysts have been developed for
promoting the transesterification under neutral conditions, high
temperatures were generally needed.3 In this Letter, we describe
a gold-catalyzed transesterification of ortho-alkynylbenzoic acid
esters with EtOH under mild conditions, which can be used as a no-
vel deprotection process of ester-protected alcohols and phenols
(Scheme 1). Moreover, it provides an effective discriminative
deprotection approach over other protected alcohols.4

Recently, we have reported that ortho-alkynylbenzoic acid alkyl
ester 1 is a masked electrophile, and it behaves as an effective
alkylating agent for etherification and Friedel–Crafts alkylation in
combination with a gold catalyst.5 The process would proceed
through the indirect activation of the ester moiety of 1 through
the formation of zwitterionic intermediate 5 (vide infra) by the
alkynophilic gold catalyst.6 To expand the synthetic utility of this
ll rights reserved.
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activation method of ester functionalities, we examined the transe-
sterification of 1 as a new deprotection method of ester-protected
alcohols, and the results are shown in Table 1. When the ester 1a
(R = PhCH2CH2, R0 = Bu) was treated with a mixture of Ph3PAuCl
(1 mol %) and AgOTf (1 mol %) at rt in a 1:1 mixture of benzene
and EtOH as solvent, the desired phenethylalcohol 2a was obtained
in 91% yield in 20 min (entry 1). On the other hand, the reaction of
phenethyl benzoate, having no alkynyl group, did not take place at
all under the same reaction conditions, and the starting material
was recovered nearly quantitatively even after 1 d. These results
clearly indicated that the alkynyl group of the ester 1 plays a cru-
cial role in this reaction. Other silver additives, such as AgBF4 and
AgSbF6, were less effective. Without silver catalysts, no reaction
took place. The chemical yield of 2a was increased up to 100% by
using 1c, having ortho-methoxyphenyl (o-anisyl) group at the ter-
minus of the alkynyl moiety (entry 3). Besides benzene, other sol-
vents such as toluene, hexane, CH2Cl2, and THF are suitable
although longer reaction times were needed for completion (en-
tries 4–7). The reaction also proceeded smoothly, in ethanol with-
out any co-solvents (entry 8). To know the generality of the current
protocol, we conducted the reaction with other substrates. Depro-
tection of dodecanol from 1d proceeded quantitatively (entry 9).
Benzyl alcohol was obtained from 1e in 83% yield together with
benzyl ethyl ether in 13% yield (entry 10). The reactions with cis-
and trans-4-phenyl-cyclohexyl esters 1f–g proceeded smoothly
and the corresponding cyclohexanol derivatives were obtained
nearly quantitatively in both cases (entries 11–12). Deprotections
are conducted not only with alkyl esters but also with aryl esters
1h–j, and the corresponding phenol analogs 2f–h were obtained
in high yields (entries 13–15). On the other hand, the present pro-
tocol is not suitable for deprotection of esters derived from cin-
namyl alcohol and 1-phenylcyclohexanol due to the formation of
the corresponding ethyl ethers in high yields.5 In the current cata-
lyst system, TfOH might be produced during the reaction. How-
ever, deprotection of 1c did not proceed at all with 10 mol % of
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Table 1
Gold-catalyzed deprotection of alcohols and phenolsa

O

O

R'

R
ROH

1 mol % Ph3PAuCl

1 mol % AgOTf
EtOH-solvent, rt

1
2

Entry 1 R R0 Solvent Time (h) 2 Yieldb (%)

1 1a PhCH2CH2 Bu C6H6–EtOH 0.3 2a 91
2 1b PhCH2CH2 Ph C6H6–EtOH 0.3 2a 92
3 1c PhCH2CH2 o-Anisylc C6H6–EtOH 0.3 2a 100
4 1c PhCH2CH2 o-Anisyl Toluene–EtOH 0.8 2a 96
5 1c PhCH2CH2 o-Anisyl Hexane–EtOH 0.8 2a 100
6 1c PhCH2CH2 o-Anisyl CH2Cl2–EtOH 1.2 2a 100
7 1c PhCH2CH2 o-Anisyl THF–EtOH 1.5 2a 100
8d 1c PhCH2CH2 o-Anisyl EtOH 0.5 2a 100
9 1d CH3(CH2)11 o-Anisyl C6H6–EtOH 1.0 2b 100

10 1e PhCH2 o-Anisyl C6H6–EtOH 1.0 2c 83e

11 1f

Ph
o-Anisyl C6H6–EtOH 1.0 2d 99

12 1g

Ph
o-Anisyl C6H6–EtOH 0.5 2e 99

13 1h 2-Naphthyl o-Anisyl C6H6–EtOH 0.5 2f 99
14 1i p-NO2C6H4 o-Anisyl C6H6–EtOH 0.5 2g 98
15 1j p-MeOC6H4 o-Anisyl C6H6–EtOH 0.5 2h 99

a The reaction was carried out in the presence of 1 mol % of catalyst at rt in a 1:1 mixture of the indicated solvent and EtOH unless otherwise noted.
b Isolated yield.
c o-Anisyl = ortho-methoxyphenyl.
d The reaction was conducted in EtOH only.
e Benzyl ethyl ether was obtained in 13% yield.
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Scheme 2.
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TfOH even after 1 d. Besides alcohols 2, ortho-alkynylbenzoic acid
ethyl esters 10 were formed together with a small amount of iso-
coumarins 3 in each reaction in Table 1.7

On the basis of these results, a plausible mechanism is illus-
trated in Scheme 2.8 The coordination of the triple bond of 1 to
the gold catalyst enhances the electrophilicity of alkyne, and the
subsequent nucleophilic attack of the carbonyl oxygen to the elec-
tron-deficient alkyne forms the intermediate 5 through 4.9,10 Then,
the nucleophilic attack of EtOH to 5 gives ortho-ester type interme-
diate 6. Elimination of ROH 2 occurs through 7 to afford 50. The gold
catalyst is reproduced by the formation of transesterification prod-
uct 10 via retro-cyclization of 50. Obviously, all processes in this
scheme are reversible, but the deprotection reaction proceeds
due to the existence of a large amount of EtOH. Previously, we re-
ported the gold-catalyzed etherification with 1 as a masked elec-
trophile.5 In that case, even if intermediate 50 would be formed
from 5, it would be changed back to 5 reversibly because the
amount of alcohol was small and finally, etherification products
would be obtained. On the other hand, even with excess amounts
of EtOH, etherification products were obtained from several esters
derived from benzyl, cinnamyl, and 1-phenylcyclohexyl alcohols as
mentioned before. In these cases, EtOH would attack R group of 5
preferably because R–O bond would be significantly weakened
due to the high stability of the resulting carbocation intermediates.
The formation of 3 might be accounted for by the hydrolysis of the
intermediate 5 with small amounts of water, which might exist in
the reaction medium.

We next investigated the selective deprotection using 1c and
other protected alcohols 8, and the results are summarized in Table
2. Treatment of 1:1 mixture of 1c and benzyl acetate 8a with the
gold catalyst resulted in the chemoselective deprotection of 1c
over 8a, and phenethyl alcohol 2a was produced quantitatively



Table 2
Selective deprotection between 1c and 8a

O

O

o -Anisyl

+

1c 8

R
O Ph

HO Ph HO Ph+

2a 2c

Ph

Entry 8 R Conditions Yieldb (%)

2a 2c

1 8a Ac Ph3PAuCl–AgOTfc 100 0d

2 8b Bz Ph3PAuCl–AgOTfc 100 0d

3 8c TBS Ph3PAuCl–AgOTfc 100 0d

4 8c TBS TBAFe 0f 99
5 8d THP Ph3PAuCl–AgOTfc 100 0d

6 8d THP TsOHg 0f 99

a The reaction was carried out with 1:1 mixture of 1c and 8.
b Isolated yield.
c The reaction was carried out with a mixture of Ph3PAuCl (1 mol %) and AgOTf

(1 mol %) in a 1:1 mixture of benzene and EtOH at rt within 1 h.
d 8 was recovered, quantitatively.
e The reaction was carried out with TBAF (1.1 equiv) in THF at rt for 1 h.
f 1c was recovered quantitatively.
g The reaction was carried out with TsOH (10 mol %) in a mixture of MeOH and

THF at rt for 1 h.

Table 3
Protection of alcohols and phenols with 9

CO2H

R'

CO2R

R'

1. (COCl)2

2. ROH (2), Py
9 1

Entry 9 R0 ROH (2) 1 Yielda (%)

1 9a Bu PhCH2CH2OH (2a) 1a 77
2 9b Ph PhCH2CH2OH (2a) 1b 80
3 9c o-Anisyl PhCH2CH2OH (2a) 1c 81

4 9c o-Anisyl

Ph

OH

(2d)
1f 85

5 9c o-Anisyl

Ph

OH

(2e)
1g 93

6 9c o-Anisyl 2-Naphthol (2f) 1h 86
7 9c o-Anisyl p-NO2C6H4OH (2g) 1i 83
8 9c o-Anisyl p-MeOC6H4OH (2h) 1j 85

a Isolated yield.
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together with the recovered 8a (entry 1). The selective deprotec-
tion of 1c was also observed against benzyl benzoate 8b (entry
2). In the case of a mixture of 1c and TBDMS ether 8c, each of them
was deprotected selectively by use of the gold catalyst and
1.1 equiv of TBAF, respectively (entries 3 and 4). Analogously,
selective deprotections of 1c and THP ether 8d were achieved with
the gold catalyst and a 10 mol % of TsOH, respectively (entries 5
and 6).

The protection of alcohols and phenols can be achieved easily
by the esterification with ortho-alkynylbenzoic acid 9, using oxalyl
chloride under the standard conditions. Irrespective of alcohols
and phenols, the protection proceeded smoothly, and the corre-
sponding esters 1 were obtained in good to high yields (Table 3).

It is worth mentioning that ortho-halo-benzoyl chloride is an
alternative protecting agent for the present protocol. Indeed, the
protection of 2a with commercially available ortho-iodobenzoyl
chloride gave 10a in 97% yield. Deprotection of 10a can be con-
ducted by the conversion of iodo group to the alkynyl group by
the Sonogashira coupling, followed by the gold-catalyzed transe-
sterification; 2a is obtained in 96% overall yield from 10a as shown
in Scheme 3. We also examined the same protocol with chiral (S)-
2-octanol 2i. Successive protection and deprotection reaction
afforded (S)-2i via the formation of 10b without loss of enantio-
meric purity, which was determined from its benzoate deriva-
tive 2j by HPLC analysis with a Daicel Chiralpak AD-H column
(Scheme 4).

In conclusion, ortho-alkynyl benzoyl moiety was found to be
useful protecting group for alcohols and phenols due to its easy
protection and deprotection procedure. The alkynophilicity of the
gold catalyst enables the chemoselective deprotections over other
protected alcohols, such as acetate, benzoate, TBS ether, and THP
ether. The protection can be conducted easily by esterification with
ortho-alkynylbenzoic acid 9. Alternatively, ortho-iodobenzoyl chlo-
ride can be used as a protecting agent. The resulting esters can be
cleaved by successive alkynylation and gold-catalyzed transesteri-
fication. Further, studies to extend the scope of synthetic utility are
in progress in our laboratory.
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