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Triphenylphosphine hydrobromide was found to cleave the benzyl ethers derived from 1�, 2� alkyl, and
aryl alcohols to the corresponding alcohols and benzyltriphenylphosphonium bromide in good yields.
Alkene and allyl phosphonium salts were produced from the benzyl ethers with 3� alkyl and allyl groups,
respectively. These results indicate that the formation of the product is determined by the relative stabil-
ity of the carbocationic intermediate. The anhydrous, stoichiometric amount of PPh3�HBr offers a new and
effective method for the deprotection of benzyl ethers.

� 2010 Elsevier Ltd. All rights reserved.
Protecting hydroxyl groups as benzyl ethers (Bn–OR) have been
widely applied in multi-step organic synthesis. Benzyl ether is ro-
bust, relatively low cost in preparation, and orthogonal to other
protective groups, making benzyl ether and its derivatives, such
as p-methoxybenzyl ether (PMB–OR), among the most used pro-
tective groups.1 Conventionally, the removal of the benzyl group
is achieved by hydrogenolysis2 (H2, Pd/C, or Raney Nickel), reduc-
tive or oxidative cleavage (Na/ammonia and 2,3-dichloro-5,6-dicy-
ano-1,4-benzoquinone, etc);3–5 however, these methods might be
incompatible with unsaturated substrates and reduction/oxidation
sensitive functional groups. Brønsted acid and Lewis acid based
cleavage provides alternative deprotection methods when such
concerns are involved. For example, trifluoromethanesulfonic acid,
trifluoroacetic acid, iodotrimethylsilane, and boron trichloride
have been developed along this direction.6,7 Recently, debenzyla-
tion with the combination of chlorosulfonyl isocyanate–sodium
hydroxide was reported.8 Although ethers are known to hydrolyze
in hydrobromic acid or anhydrous hydrogen bromide,9 only a few
examples using HBr to cleave benzyl ethers have been re-
ported,10,11 probably due to the strongly acidic or aqueous reaction
conditions being incompatible with other functional groups. Here-
in, we would like to report the deprotection of benzyl ethers using
triphenylphosphine hydrobromide (PPh3�HBr). In contrast to the
volatile and flammable boron/silicon based Lewis acids, or incon-
venient HBr, the salt PPh3�HBr is a stable, white powder (mp
196 �C),12 which makes it easy to apply with a correct quantity. In-
deed, PPh3�HBr has been used as the source of anhydrous hydrogen
bromide,13 an alternative of sulfonic acids,14 and the precursor of
phosphorus ylides.15 We found that PPh3�HBr could also be used
in the deprotection of benzyl ethers (Eq. 1) and would like to report
this finding herein.
ll rights reserved.
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The reactions of various benzyl alkyl or aryl ethers with
PPh3�HBr were carried out in refluxing acetonitrile (Table 1).16

The insoluble by-product, benzyltriphenylphosphonium bromide,
could be removed by simple filtration and the deprotected alcohols
were harvested after the removal of the solvent. Later, we short-
ened the reaction time to 30 min by elevating the reaction temper-
ature to 100 �C under a microwave-assisted heating condition. This
protocol also removed p-methoxybenzyl (PMB) group (entry 2). In-
deed, we found that the PMB ether is more susceptible to PPh3�HBr
than the benzyl ether and the selective deprotection was achieved
(entry 3). All the primary, secondary, and aryl alcohol-derived ben-
zyl ethers were deprotected successfully (entries 4–11). Internal
olefin and alkynyl groups remained intact under the reaction con-
dition (entries 4 and 6) but partial hydrobromination was observed
for the terminal olefin (entry 5). Although 1-admantanol (22) was
produced from the ether 21 (entry 12), the tertiary alcohol-derived
benzyl ether 23 gave the elimination product 24 (entry 13). Allyl
and cinnamyl ethers, 25 and 27 gave only the corresponding
phosphonium bromides 26 and 28, rather than the allyl and cin-
namyl alcohols (entries 14 and 15). These results are consistent
with the triphenylphosphine attaching to the ether substituents
(R–O–Bn) with the more carbocationic character (Scheme 1). The
formation of tertiary or allyl alcohols was not observed because
the corresponding carbocations have better or parallel stability
compared to the benzyl group.18,19

The anhydrous condition and stoichiometric amount of HBr
offer some advantages that hydrobromic acid and gaseous HBr can-
not provide. For example, debenzylations were achieved in the
presence of the ester, amide, and 1,3-dioxolane functional groups
(entries 16, 18–19). The oxidation/reduction sensitive functional
groups, such as alkene, alkyne, and nitro are compatible with
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Table 1
Cleavage of benzylethers with PPh3�HBr

Entry Reactant Product Conditiona Yieldb (%)

1
MeO (CH2)2OBn

1a
MeO (CH2)2OH

2

A 77
B 54

2
MeO (CH2)2OPMB

1b
MeO (CH2)2OH

2

A 88
B 76

3
PMBO OBn

3
HO OBn

4 A 63

4
(CH2)3OBnH3CH2C

5
(CH2)3OHH3CH2C
6 A 88

5 (CH2)8OBn 7 (CH2)8OH
8

A 45(26)c

B 63(8)c

6
CH2OBnn-C6H13

9 10
CH2OHn-C6H13

A 62

7
OBn

11
OH
12

A 87

8 (CH2)2CHCH3

OBn

13
(CH2)2CHCH3

OH

14
A 93

9 OBn
15

OH
16

A 88

10

17

OBn

18

OH

A 94

11
OBn

19
OH
20

A 66

12

21
OBn

22
OH A 83

13 (CH2)2C(CH3)2
OBn

23
24

C(CH3)2
A 89

14d

CH2OBn

n-C3H7 25 26

CH2PPh3Br

n-C3H7

A 91

15d
OBn

27 28

PPh3Br
A 93

16

OBnH3CO2C

29

OHH3CO2C

30
A 97

17
O2N OBn

31

O2N OH

32
A 61

18 N
H

OBn

33

O BzHN
OH
34 A 67

B 84

19
OBnO

O 35

OHO

O 36
A 57e

20d BnHN
OBn
37

BnHN
OH
38

A 72
B 66

a Condition A: microwave heating, 100 �C for 30 min in a sealed tube; condition B: reflux for 12 h.15

b Isolated yield.
c 9-Bromodecanol.
d 2.1 equiv of PPh3�HBr were used.
e Basic, aqueous work-up was applied; Ref. 17.
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Scheme 1. Proposed debenzylation mechanism by PPh3�HBr.
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PPh3�HBr (entries 4, 6, and 17, respectively). Benzyl amine is unaf-
fected during the removal of the benzyl ether (entry 20).

In summary, it was found that triphenylphosphine hydrobro-
mide is a new and effective reagent for the deprotection of benzyl
ethers. The studies of the reaction scope indicate that the forma-
tion of product is determined by the relative stability of the
carbocationic intermediate.
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