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Tris(pentafluorophenyl)borane: a mild and efficient catalyst
for the chemoselective tritylation of alcohols
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Abstract

An efficient acid-catalyzed protection of alcohols as trityl ethers is described using triphenylmethanol in the presence of tris(penta-
fluorophenyl)borane (3 mol %) in dichloromethane at room temperature. The chemoselectivity of this protocol is demonstrated by
studying the tritylation of a primary alcohol in the presence of a secondary alcohol and also the mildness of this catalyst was studied
with substrates containing acid labile protecting groups.
� 2007 Elsevier Ltd. All rights reserved.
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The development of efficient and practically useful Lewis
acid catalysts for various organic transformations is of great
importance. Tris(pentafluorophenyl)borane [B(C6F5)3] is
one such Lewis acid catalyst, which is being pursued as a
mild and environmentally benign catalyst for various acid
catalyzed transformations.1–10 It is a non-conventional,
air-stable, water-tolerant, and thermally stable Lewis acid.
Recently, our research group was engaged in exploring
the potential utility of B(C6F5)3 for various organic trans-
formations such as ring-opening of epoxides, and aza-
Ferrier glycosylation,11–13 and also as an efficient activator
for polymethylhydrosiloxane in the reduction of different
functional groups.14,15 In continuation, we report the appli-
cation of B(C6F5)3 in the chemoselective protection of alco-
hols as trityl ethers in a mild acidic medium.

The triphenylmethyl (trityl) group is a commonly used
protecting group for primary alcohols especially in carbo-
hydrate and nucleoside chemistry.16–18 The introduction
of this group to a hydroxyl functionality is traditionally car-
ried out with trityl chloride in the presence of a base.19–21

Several other reagents such as AgOTf–TrCl,22 TrODT–
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TrATCl5,23 tritylated pyridones,24 BnOTr–DDQ,25 TrOT-
MS–TMSOTf,26 and p-methoxybenzyl trityl ether (p-MBTE)
or prenyl trityl ether (PTE)–DDQ27 are also available.
Most of these tritylating reagents are not available commer-
cially and have to be prepared from trityl chloride. To date,
there are very limited examples known in the literature
describing the protection of alcohols as trityl ethers with tri-
phenylmethanol (as tritylating agent) in the presence of an
acid catalyst.28–31 The reaction conditions employed in
some of these methods involve strong acidic conditions
(H2SO4, FeCl3, etc.). Furthermore, these catalysts were
studied using only a few examples and no systematic study
on chemoselectivity has been carried out. Thus, the devel-
opment of a new Lewis acid for chemoselective protection
of alcohols as trityl ethers under mild reaction conditions
is interesting. Here we disclose our findings wherein
B(C6F5)3 has been identified as a mild and chemoselective
Lewis acid catalyst for the said transformation (Scheme 1).
R R Ph Ph CH2Cl2, rt, 3-8 h R       R
Ph

R= alkyl, aryl; R'= H, alkyl

Scheme 1. B(C6F5)3-catalyzed tritylation of alcohols.
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Initially, 3-phenyl-1-propanol 1a was treated with tri-
phenylmethanol in the presence of 3 mol % B(C6F5)3 in
dichloromethane at room temperature. The reaction
proceeded smoothly in 3 h and afforded the corresponding
trityl ether 2a in 92% isolated yield (Table 1, entry 1). The
scope of the reaction conditions was then tested for protec-
tion of various other alcohols and the results are summa-
rized in Table 1. The primary alcohols 1b and 1c reacted
well to yield the trityl ethers 2b and 2c in 87 and 93% yields,
Table 1
B(C6F5)3-catalyzed tritylation of alcohols
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a Isolated yields after column chromatography.
b Yield from the reaction carried out at reflux.
respectively (Table 1, entries 2 and 3). The secondary
benzyl alcohols 1d and 1e reacted slowly at room tempera-
ture, however, they reacted under refluxing conditions to
provide the corresponding trityl ethers 2d and 2e in 48
and 56% yields, respectively (Table 1, entries 4 and 5).
Entry 6 (Table 1) demonstrates the chemoselective protec-
tion of a primary benzylic alcohol in the presence of a
phenolic hydroxyl group. Substrates 1g to 1i were selec-
tively converted to the trityl ethers 2g to 2i, without
effecting the acid-labile acetonide, ketal, and benzyl
protecting groups (Table 1, entries 7–9). Similarly, the
reaction succeeded with alcohols 1j and 1k, keeping the
acid-sensitive tert-butylcarbamate (NBoc) protecting group
intact (Table 1, entries 10 and 11).

To check the compatibility and to confirm the mildness
of the reagent system, we studied the protection of 1,3-pro-
panediol monoether substrates 3a to 3h having a free-
hydroxyl group at one end and a hydroxyl-protecting
group at the other end. These substrates underwent trityl-
ation at the free hydroxyl group without affecting the other
protecting groups (Table 2, entries 1–8).

The efficiency of other Lewis acids was also investigated
for this transformation using 3-phenylpropanol as a model
substrate (Table 3). Treatment of 3-phenylpropanol with
triphenylmethanol in the presence of 3 mol % of BF3�Et2O
led to a complex mixture (Table 3, entry 1). The other acid
catalysts, ZnCl2, AlCl3, p-TSA, and I2 catalyzed the trityla-
tion (Table 3, entries 2–5). Among these catalysts, B(C6F5)3

was found to be more effective in terms of yield, reaction
profile, and selectivity (Table 3, entry 6).
Table 2
Tritylation of alcohols in the presence of other protecting groups

Entry Substrate Time
(h)

Product Yielda

(%)

1 HO OTHP
3a

3 TrO OTHP
4a

90

2 HO OTBDMS
3b

3.5 TrO OTBDMS
4b

92

3 HO OTBDPS
3c

4 TrO OTBDPS
4c

94

4 HO OMOM
3d

3.5 TrO OMOM
4d

85

5 HO OPMB
3e

4 TrO OPMB
4e

92

6 HO OBn
3f

4 TrO OBn
4f

90

7 HO OTr
3g

3.5 TrO OTr
4g

93

8 HO OTs
3h

4 TrO OTs
4h

95

a Isolated yields after column chromatography.



Table 3
Tritylation of 3-phenylpropanol in the presence of different acid catalysts

Entry Acid catalyst (3 mol %) Time (h) Yielda (%)

1 BF3�Et2O 4 Complex mixture
2 ZnCl2 5 86
3 AlCl3 4 84
4 p TSA 4 88
5 I2 4 74
6 B(C6F5)3 3 92

a Isolated yield.
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Deprotection of the trityl group, which is well known
under acidic conditions,16,32–34 was also attempted using
the same catalyst [B(C6F5)3] in methanol, but without suc-
cess even at refluxing temperature.

In conclusion, we have demonstrated an extremely facile
and efficient method for protection of alcohols as trityl
ethers in the presence of 3 mol % of tris(pentafluoro-
phenyl)borane. Using this procedure, primary alcohols
were protected as trityl ethers in the presence of secondary
alcohols under mild reaction conditions. The stability of
acid-labile protecting groups is an added advantage of
the method. In addition, the protocol offers the opportu-
nity to install a trityl protecting group in the presence of
base-sensitive functionalities such as esters.

General experimental procedure for the tritylation of alco-

hols: To a mixture of alcohol (1.0 mmol) and triphenyl-
methanol (1.5 mmol) in dichloromethane (5 mL), 3 mol %
of B(C6F5)3 was added and the reaction mixture stirred
for the given time (see Tables 1 and 2). After completion
of the reaction (monitored by TLC), the reaction mixture
was diluted with dichloromethane (5 mL) and washed with
water (1 � 5 mL) and brine (1 � 5 mL). The organic layer
was dried over Na2SO4 and evaporated in vacuo. The
crude compound was purified by column chromatography
(hexanes and ethyl acetate) to afford the corresponding
trityl ether.35
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