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Chemoselective deprotection of aryl acetates is successfully carried out in excellent yield using a meso-
porous silica-supported (Salen) Co(II) catalyst. The catalyst shows high thermal stability and also can be
recovered and reused at least 10 times without any significant loss of its catalytic activity. The present
process is environmentally benign and economical.
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Phenol derivatives are a class of organic compounds which has
attracted attention regarding their various biological and pharma-
ceutical activities.1 Thus, selective protection and subsequent
deprotection of phenol groups is important in multi-step organic
syntheses. Generally, protection of phenolic compounds as their
acetates is preferred due to their ease of formation and cleavage.
Removal of an acetyl group can be achieved either using either
acidic or basic conditions. Commonly employed deprotection
methods include acid or base hydrolysis. Several acids and bases
have been reported to be effective in promoting selective
deprotection of acetates such as NaOMe,2 micelles,3 Zn–MeOH,4

cyclodextrin,5 enzymes,6 metallo-enzymes,7 metal complexes,8

and antibodies,9 Montmorillonite K-10,10 I2,11 NaBO3,12 and
HCOONH4–SiO2,13 These methods, while useful, suffer from limita-
tions including harsh reaction conditions, the use of unrecoverable
and expensive catalysts, long reaction times, large amounts of re-
agents, tedious work-up procedures, and difficulty in separation
of the catalyst, poor atom efficiency, and limited practical applica-
tion on a large scale. Therefore, the development of new and recov-
erable heterogeneous catalysts for selective deprotection of
aromatic acetates which work efficiently under economically and
environmentally appropriate conditions are highly desirable.

Recently, solid-supported catalysts have gained increased con-
sideration for organic transformations due to their ease of separa-
tion from the reaction mixture and the possibility of reuse as well
as for economical and environmental reasons.14 Among solid-sup-
ported catalysts, silica-based catalysts have attracted significant
attention due to their interesting properties including thermal sta-
bility and their commercial availability for liquid phase reactions.
It is believed that mesoporous silicas with tunable pore sizes are
able to facilitate reactions by localizing reactants in their pores
and providing a high local concentration of active centers (typically
acidic or basic).15
ll rights reserved.
During our recent research program on the development of
organic transformations employing efficient and recyclable
solid-based catalysts, an immobilized cobalt(II) Schiff base on
mesoporous silica showed good stability and activity in aerobic
oxidation and protection reactions.16 In this Letter, a convenient
and efficient procedure for the chemoselective deprotection of aro-
matic acetates in the presence of aliphatic acetates using a catalytic
amount of supported cobalt(II) catalyst is developed (Scheme 1).

Previously, we reported the chemoselective acetylation of alco-
hols and phenols catalyzed by the supported Co(II) catalyst in excel-
lent yield.17 However, to the best of our knowledge, there is no report
on the use of this catalyst for the selective deprotection of aryl ace-
tates. In this regard, deprotection of phenyl acetate in the presence
of solid-supported cobalt(II) in MeOH was investigated under vari-
ous conditions. The optimized conditions required phenyl acetate
(1 mmol), heterogeneous cobalt(II) catalyst (0.01 mmol), and MeOH
(5 mL) at room temperature (Scheme 1, Table 1, entry 2).

To prove that the immobilized Co(II) catalyst was required for
the deprotection of phenyl acetate, we examined the reaction in
the absence of the supported catalyst. However, no appreciable
deprotection was observed under similar reaction conditions even
after 12 h (Table 1, entry 1).

To test the catalytic activity and heterogeneity of the supported
cobalt(II) catalyst, the reaction was conducted with phenyl acetate
in the presence of supported cobalt(II) catalyst for 20 min which
 MeOH, rt

Scheme 1. Deprotection of aromatic acetates using a supported cobalt(II) catalyst.



Table 2
Recycling of the supported cobalt(II) catalyst for the deprotection of phenyl acetate
according to Scheme 1

Cycle 1 2 3 4 5 6 7 8 9 10

Time (h) 1.5 1.5 1.5 2 2 2 2.5 2.5 3 3.5
Yielda (%) 95 97 95 93 90 91 90 90 89 85

a Isolated yield.

Table 1
Deprotection of aromatic acetates with a supported cobalt(II) catalyst in MeOH at
room temperature

Entry Substrate Product Time
(h)

Yielda

(%)

1 C6H5OAc C6H5OH 12 7b

2

OAc OH

1.5 98

3 4-Cl(C6H4)OAc 4-Cl(C6H4)OH 2.5 88
4 4-N02(C6H4)OAc 4-N02(C6H4)OH 2.5 90
5 4-Br(C6H4)OAc 4-Br(C6H4)OH 3 92
6 2-Br(C6H4)OAc 2-Br(C6H4)OH 3.5 94
7 2-Cl(C6H4)OAc 2-Cl(C6H4)OH OH 3.5 95

8

OAc OH

2 91

9

OAc OH

2 94

10

O OAcO O OHO

1.5 93

11

O OAcO O OHO

1.5 90

12
OAc OH

12 0

13

OAc

H3C

OH

H3C
1 95

14

AcO

O

HO

O

2.5 93

15

OAc

AcO

OAc

HO

2 91

16

CHO

AcO

CHO

HO

2.5 90

a Isolated yield.
b The reaction was conducted in the absence of the supported cobalt(II) catalyst.
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gave a conversion of 55%. The catalyst was then removed from the
reaction mixture. The filtered, ‘catalyst-free’ reaction liquor was re-
turned to the reaction conditions. It was observed that no further
conversion of substrate occurred. The catalyst showed excellent
selectivity for the deprotection of aryl acetates to the correspond-
ing phenols. Alkyl acetates (benzyl acetate, 4-CH3(C6H4)-
CH2OAc, and butyl acetate) were unaffected under similar
experimental conditions even after 12 h. Furthermore, the che-
moselectivity of the reaction was demonstrated. Thus, in a compet-
itive reaction, when a mixture of benzyl acetate and phenyl acetate
was treated with the mesoporous silica-supported Co(II) catalyst in
methanol, benzyl acetate remained intact while phenyl acetate
was easily deprotected to phenol.

In order to explore the generality of this procedure, a variety of
aromatic acetates were subjected to the optimized deprotection
conditions. Aromatic acetates containing electron-donating or -
withdrawing groups were deprotected to the corresponding phe-
nols in excellent yields.

The reusability of supported catalysts is an important benefit and
makes them useful for commercial applications. Therefore, the reus-
ability of the supported cobalt(II) catalyst was investigated. After the
first use of the catalyst for the deprotection of phenyl acetate, it was
removed from the reaction mixture via filtration and successfully
used in 10 subsequent runs without any significant loss in catalytic
activity under similar experimental conditions. However, the reac-
tion time increased from 1.5 h to 3.5 h over the 10 runs (Table 2).
No pretreatment step was required, although the recovered catalyst
was washed with ca. 5 mL of MeOH to remove traces of the previous
reaction mixture and dried before the next cycle.

In conclusion, a novel and efficient protocol for selective cleav-
age of aromatic acetates using a supported cobalt(II) Salen complex
in methanol at room temperature is developed. The advantages of
the present method are the simplicity of operation, the high yield
of deprotected products, and the recyclability of the catalyst. The
use of the supported cobalt(II) Salen complex catalyst provides a
useful alternative to the selective deprotection of aryl acetates
with the notable advantages that the work-up procedure is re-
duced to a simple filtration. The catalyst is very robust and shows
high thermal stability (up to 480 �C). The use of a small amount of
supported catalyst (1 mol %) makes this procedure an environmen-
tally friendly chemical process. Further experiments are ongoing in
our laboratory in order to investigate the catalytic activity of the
mesoporous silica-supported Co(II) catalyst in various organic
transformations.

General procedure: aryl acetate (1 mmol) and supported cobal-
t(II) catalyst (0.01 mmol, 0.033 g) were stirred in methanol (5 mL)
at room temperature. After completion of the reaction (TLC), the
cobalt catalyst was removed by filtration and then rinsed twice
with methanol (15 mL) and reused. The filtrate was concentrated
under vacuum to give the phenol in almost pure form which could
be purified by flash chromatography through a short pad of silica
gel using an appropriate solvent, if necessary.
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Supplementary data

Supplementary data (copies of thermogravimetric analysis, sur-
face analysis nitrogen adsorption/desorption experiments, and dif-
fuse reflectance fourier transform infrared spectroscopy of the
supported cobalt(II) catalyst before and after recovery are avail-
able) associated with this article can be found, in the online ver-
sion, at doi:10.1016/j.tetlet.2009.10.012.

References and notes

1. (a) Greene, T. W.; Wuts, P. G. M. Protecting Groups in Organic Synthesis, 2nd ed.;
Wiley: New York, 1995; (b) Kocieneski, P. G. Protecting Groups; Thieme:
Stuttgart, 1994.

2. Otera, J. Chem. Rev. 1993, 93, 1449.
3. Kunitake, T.; Okahata, Y.; Sakamoto, T. J. Am. Chem. Soc. 1976, 98, 7799.
4. Gonzalez, A. G.; Jorge, Z. D.; Dorta, H. L.; Rodriguez, F. L. Tetrahedron Lett. 1981,

22, 335.
5. Tee, O. S.; Mazza, C.; Zano-Hemmer, R. L.; Giorgi, I. B. J. Org. Chem. 1994, 59,

7602.
6. Parmer, V. S.; Prasad, A. K.; Sharma, N. K.; Bisht, K. S.; Pati, H. N.; Taneja, P.

Bioorg. Med. Chem. Lett. 1993, 3, 585.
7. Crampton, M. R.; Holt, K. E.; Perey, J. M. J. Chem. Soc., Perkin Trans. 2 1990, 1701.
8. (a) Boisselier, V. L.; Postel, M.; Dunach, E. Tetrahedron Lett. 1997, 38, 2981; (b)
Koike, T.; Kimura, E. J. J. Am. Chem. Soc. 1991, 113, 8935; (c) Suh, J.; Cho, Y.; Lee,
K. J. J. Am. Chem. Soc. 1991, 113, 4198; (d) Sharma, N. S.; Ilangovan, A. Synlett
1999, 1963.

9. Guo, J.; Huang, W.; Scanlan, T. S. J. Am. Chem. Soc. 1994, 116, 8062.
10. Bandgar, B. P.; Uppalla, L. S.; Sagar, A. D.; Sadavarte, V. S. Tetrahedron Lett. 2001,

42, 1163.
11. Das, B.; Banerjee, J.; Ramo, R.; Pal, R.; Ravindranath, N.; Ramesh, C. Tetrahedron

Lett. 2003, 44, 5465.
12. Bandgar, B. P.; Uppalla, L. S.; Sadavarte Patil, V. S. New J. Chem. 2002, 26, 1273.
13. Ramesh, C.; Mahender, G.; Ravindranath, N.; Das, B. Green Chem. 2003, 5, 68.
14. (a) Kresge, C. T.; Leonowicz, M. E.; Roth, W. J.; Vartuli, J. C.; Beck, J. S. Nature

1992, 359, 710; (b) Beck, J. S.; Vartuli, J. C.; Roth, W. J.; Leonowicz, M. E.; Kresge,
C. T. J. Am. Chem. Soc. 1992, 114, 10834; (c) Zhao, D.; Feng, J.; Huo, Q.; Melosh,
N.; Fredrickson, G. H.; Chmelka, B. F.; Stucky, G. D. Science 1998, 279, 548; (d)
Zhao, D.; Huo, Q.; Feng, J.; Chmelka, B. F.; Stucky, G. D. J. Am. Chem. Soc. 1998,
120, 6024; (e) Wight, A. P.; Davis, M. E. Chem. Rev. 2002, 102, 3589; (f) Mercier,
L.; Pinnavaia, T. J. Adv. Mater. 1997, 9, 500; (g) Corma, A.; Garcia, H. Chem. Rev.
2002, 102, 3837; (h) Mallat, T.; Baiker, A. Chem. Rev. 2004, 104, 3037; (i) Lu, Z.
L.; Lindner, E.; Mayer, H. A. Chem. Rev. 2002, 102, 3543; (j) Baleizao, C.; Garcia,
H. Chem. Rev. 2006, 106, 3987.

15. (a) De Vos, D. E.; Dams, M.; Sels, B. F.; Jacobs, P. A. Chem. Rev. 2002, 102, 3615;
(b) Taguchi, A.; Schuth, F. Micropor. Mesopor. Mater. 2005, 77, 1.

16. (a) Rajabi, F.; Karimi, B. J. Mol. Catal. A 2005, 232, 95; (b) Rajabi, F.; Clark, J. H.;
Karimi, B.; Macquarrie, D. J. Org. Biomol. Chem. 2005, 3, 725.

17. Rajabi, F. Tetrahedron Lett. 2009, 50, 395.


