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Various alkyl phenyl ethers were obtained in high yields by
way of oxidation-reduction condensation where alkoxydiphenyl-
phosphine, prepared easily from chlorodiphenylphosphine and
corresponding alcohols, was treated with various phenols in the
co-existence of 2,6-dimethyl-1,4-benzoquinone(DMBQ) under
mild conditions.

The fundamental concept of oxidation-reduction condensa-
tion is to perform dehydration condensation by removing H2O in
elements of 2[H] and [O] with the use of weak reductant-oxidant
combination.1 The strong point of this concept is that the reaction
is carried out under mild and neutral conditions without having
any assistance of acids or bases. In our previous communication,
the high-yielding preparation of various carboxylic benzyl esters
was performed by way of a new-type oxidation-reduction
condensation that used benzyloxydiphenylphosphine
(Ph2POBn),

2 carboxylic acids and 2,6-dimethyl-1,4-benzo-
quinone under mild conditions.3 In the above reaction, Ph2POBn
was assumed to initially react with DMBQ to form an adduct,
which then transformed to the phosphonium carboxylate by the
interaction with carboxylic acid. Intramolecular attack of the
carboxylate anion to the benzylic carbon of the salt afforded the
corresponding carboxylic acid ester along with diphenylphos-
phiric acid 4-hydroxy-3,5-dimethylphenyl ester. Since benzyl-
oxydiphenylphosphine was used in the above reaction, only
carboxylic acid benzyl esters resulted.

In this new-type oxidation-reduction condensation, alkoxyl
group was introduced to the phosphorus in advance, and the
reaction completed through the steps in which tetra-valent
phosphorus of the intermediate phosphonium salt was converted
to so-called penta-valent phosphorus while negatively charged
oxygen of adduct 1 (Scheme 1) captured one hydrogen atom
synchronously. In order to extend the scope of this type of
condensation reaction, a similar oxidation-reduction condensa-
tion using several alkoxydiphenylphosphines, phenols and 2,6-

dimethyl-1,4-benzoquinone was studied and the corresponding
phenyl alkyl ethers were obtained in good yields under mild
conditions.

In the first place, benzylation of phenol with 1.1 equivalent of
Ph2POBn was tried by using 1.0 equivalent of 1,4-benzoquinone
in dichloromethane, and the desired product was obtained in 49%
yield within 0.5 h (Table 1, entry 1). When DMBQ was used
under the above conditions, the benzyl phenyl ether was obtained
in 85% yield (entry 2). On the other hand, the yield lowered to
75%when phenol, 1.1 equivalent of DMBQ and 1.1 equivalent of
Ph2POBn were allowed to react in dichloromethane at 0

�C and
stirred for additional 0.5 h at room temperature (entry 3). After
screening the reaction conditions, it was found that the desired
product was obtained in 92% yield under the above conditions
when 1.5 equivalent of Ph2POBn was used (entries 3–5).

Next, benzylation of various phenols with Ph2POBn and
DMBQwas tried (Table 2). As a result, the corresponding benzyl
phenols were obtained in good yields under mild conditions.

A proposed reaction mechanism is shown in Scheme 1:
Ph2POBn initially reacted with DMBQ to form adduct 1, which
then transformed to the phosphonium phenolate 2 by the
interaction with phenol. Intramolecular attack of the phenolate
anion to the benzylic carbon of the salt 2 afforded the
corresponding benzyl ether along with diphenylphosphinic acid
4-hydroxy-3,5-dimethylphenyl ester 3.

In the present reaction of using phenols, the corresponding
benzyl phenols were obtained in good yields under mild
conditions which accompanied the by-product 4 formed probably
by the competitive reaction between the two moles of initially
formed 1 having phenolic nature (Scheme 2).

Alkylations of phenol and p-nitrophenol with several
alkoxydiphenylphosphine and DMBQ were tried (Table 3) and
the corresponding alkyl phenyl ethers were obtained in good
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Table 1. Benzylation of phenol with Ph2POBn and quinones

CH2Cl2, rt, 0.5 h
OH OBn

Ph2POBn
Quinone (1.0 equiv.)

Entry Ph2POBn/equiv. Quinone Yield/%

1 1.1 1,4-benzoquinone 49
2 1.1 DMBQa 85
3 1.1 DMBQ 72b

4 1.2 DMBQ 85
5 1.5 DMBQ 92

aDMBQ(2,6-dimethyl-1,4-benzoquinone). bTo a mixture of
phenol and 2,6-dimethyl-1,4-benzoquinone was added a
Ph2POBn in CH2Cl2 at 0

�C and then reacted for 0.5 h at room
temperature.
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yields.
Typical experimental procedure is as follows: to a stirred

solution of phenol (0.60mmol) and DMBQ (0.60mmol) in
dichloromethane (0.25ml) under argon atmosphere was added a
solution of Ph2POBn (0.90mmol) in dichloromethane (0.25ml)
at room temperature. The reaction mixture was stirred for 0.5 h at
room temperature and was quenched with water after completion
of the reaction (detected byTLC). Themixturewas extractedwith
dichloromethane and the organic layers were dried over anhy-
drous sodium sulfate, filtered and concentrated. The crude
product was purified by preparative TLC to afford the corre-
sponding ethers in high yields.

Thus, a new and efficientmethod for the alkylation of phenols

was established by way of new-type oxidation-reduction con-
densation using several alkoxydiphenylphosphines having pri-
mary or secondary alkoxyl group, milder oxidizing agent such as
DMBQ, and phenols. The corresponding alkyl phenyl ethers were
obtained in good yields under mild conditions. In addition, it was
found that the desired phenyl ether was obtained in 62% yield
when alkoxydiphenylphosphine having bulky tertiary butyloxyl
group and p-nitrophenol were allowed to react under the above
condition. Further study on this type of condensation reaction is
now in progress.
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Scheme 2.

Table 3. Alkylation of phenol or p-nitorophenol with several
alkoxydiphenylphosphines and DMBQ

CH2Cl2, rt, 0.5 h
OHR1 ORR1

Ph2POR (1.5 equiv.)
DMBQ (1.0 equiv.)

Entry R1 Ph2POR Yield/%

1 H Ph2POMe 88
2 H Ph2POEt 84
3 H Ph2PO

nBu 87
4 H Ph2PO

iPr 81
5 NO2 Ph2PO

tBu 62a

aThe reaction mixture was refluxed for 10 h.

Table 2. Benzylation of various phenol with Ph2POBn and
DMBQ

CH2Cl2, rt, 0.5 h

OH

OH

OHMeO

OHO2N

ArOH ArOBn

ArOH

OHCl

OH

OH

OH

Ph2POBn (1.5 equiv.)
DMBQ (1.0 equiv.)

Yield /%Entry

1

2

3

4

5

6

7

8

92

82

78

88

84

70

81

84
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