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Abstract-A simple, rapid and efficient procedure has been developed for the preparation of ethers of 
both simple and highly hindered phenols. Based on the principle of phase-transfer cataiysis. the 
method involves alkyfation of the phenoxide ion with an aIky1 halide or sulphate ester in a methylene 
chloride-water system at room temperature, using a qnatemary ammonium salt as the effective reagent 
for transport of the phenoxide ion between the two phases. In contrast to certain other processes in 
which phase-transfer “catalysis” is involved, the present procedure is truly catalytic with respect to 
the qnatemary ammonium salt when aIkyI bromides or sulphates are employed as alkylating agents. 

Preparation of phenol ethers is an important syn- 
thetic reaction for which a wide variety of proce- 
dures has been developed during the last hundred 
years.’ Most of the commonly used methods in- 
volve alkylation of the parent phenol or derived 
phenoxide ion, with the latter type of reaction being 
by far the more important. Use of dialkyl sulphate 
esters as alkylating agents often allows both gener- 
ation and alkylation of the phenoxide ion to be car- 
ried out in aqueous solution, and generally leads to 
excellent yields of the desired ethers. Use of the 
more readily accessible alkyl halides as alkylating 
agents, on the other hand, almost always necessi- 
tates operation in organic solvents. The phenoxide 
ion is generated by treatment of the phenol with a 
base such as sodium, sodium hydride or sodium 
amide in a solvent such as benzene, toluene or 
dioxane; alkylation with the appropriate alkyl 
halide is then normally carried out in the same 
solvent. This method is again usually highly et% 
cient, although some care must be exercised in the 
choice of solvent in order to avoid formation of 
both C- and 0-alkylated products.2.1 

There are few useful procedures available for the 
conversion of phenols into phenol ethers which do 
not necessitate initial formation of the correspond- 
ing phenoxide ion. Direct alkylation with 
diazomethane is the most widely used of these,’ but 
is seldom the method of choice because of the ob- 
noxious nature of the reagent. Alkylation has also 
been accomplished with alkyl orthocarbonate es- 
ters: with dialkyl oxalate esters,’ and by treatment 
of phenols with alcohols in the presence of dicyclo- 
hexylcarbodiimide.” None of these methods is, 
however, very general with respect to the variety of 
alkyl groups which can be introduced into the alkyl 
aryl ether, and hence they have usually been em- 
ployed under special circumstances. 

In the present paper we describe the results of an 

investigation into the use of phase-transfer 
catalysis for the preparation of phenol ethers. 
Phase-transfer catalysis, also often referred to as 
“ion pair partition” or “extractive alkylation”, is a 
technique which has been the subject of much in- 
terest in recent years largely as a result of the work 
of BrHndstriim, Makosza and Starks,’ A number of 
very useful synthetic applications of the method 
have been reported, but there are no detailed 
studies of which we are aware on application of the 
technique to the synthesis of aryl ethers.’ As ap- 
plied to the alkylation of phenols, the process can 
be represented schematically as shown in the Fig- 
ure (Q’ = RN’). In practice, the phenol is added to 
a two-phase system consisting of an aqueous solu- 
tion of the quaternary ammonium hydroxide and a 
methylene chloride solution of the alkylating agent. 
The phenol, which in most cases is partitioned 
naturally between the two phases, is converted into 
the co~es~nding quatemary ammonium phenox- 
ide in the aqueous phase. This latter salt has a 
discrete solubility in the organic phase; conse- 
quently, transport of the phenoxide ion into the 
methylene chloride solution is followed by rapid ir- 
reversible alkylation and formation of the phenol 
ether. 

Aqueous 
phase Q’HO- + ArOH P Q’ ArO- + H,O 

-if * 
Organic Q’X- +ArOR C- Q’ArO-+RX 

phase 

The procedure outlined above has been found to 
be highly effective for the preparation of a variety 
of phenol ethers. Data for representative conver- 
sions are summarised in Table 1, from which it cau 
be seen that yields of ethers are generally excellent 
and compare favourably with those obtained by 
classical methods. This is p~icul~ly true in the 
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Table 1. Preparation of alkyl aryl ethers ArOR 

AIOH RX Yield,% 

C&OH 

4-r-C,H,C&I,OH 

4CH,OCH,OH 

I-C,oH,OH 

2-C,oH,OH 

CHJ 
CH2 = CHCHIBr 
CHz - CH - CH,CI 

\/ 
0 

n -C,H& 
cycle-C,H,,Br 
Cd-I,CH,CI 
GHCH(CHI)Br 
BrCH,COOEt 
CHJ 
CH, = CHCHIBr 
CaH,CHIBr 
(CHMO. 
CHT - CH - CHZCI 

‘0’ 
CH,I 
(CHMO, 
(GH,XSO. 
CHrCH-CHzCI 

\ / 

95 
77 

77 

85 
73 
86 
91 
86 
% 
77 
83 
91 

42’ 

92 
92 
81 
41 

2-GH,GH.OH 
2-OHCCJ-LOH 

2-HOOCC&OH 

2-O,NC&OH 
3-02NCH,OH 
4-GNC&OH 

‘0’ 
(CHMO. 
(CHMO. 
(GHMO. 
(CH,)SO. 
(GH,MO. 
CH,I 
CHJ 
CHJ 

81 
78 
83 
78 
85’ 
81 
79 
83 

“Refers to isolated material. 
bAccompanied by 28% of di-I-naphthoxymethane. 
‘Refers to formation of ester, 2-ROOCCd-LOR. 

cases of the isomer+ nitrophenols and of salicylal- 
dehyde. phenolic 0-alkylation of which can be diffi- 
cult and normally requires the use of special techni- 
ques. The results with l- and 2-naphthol are also of 
interest. Komblum’ has reported that benzylation 
of sodium 2-naphthoxide gives mainly 1-benzyl-2- 
naphthol in hydrogen bonding solvents such as 
water or alcohol, but that the extent of C-alkylation 
does decrease with increase in the size of the cation 
associated with the naphthoxide ion from Li- 
through RN’. The exclusive 0-alkylation observed 
in the present study thus provides supporting evi- 
dence for the kinetic data reported by Starks, 
which indicate that the alkylation step in phase- 
transfer catalysis normally takes place in the or- 
ganic phase and not in the aqueous phase or at the 
interface. 

With the notable exceptions of the reactions of l- 
and 2-naphthol with epichlorohydrin and of p-t- 
butylphenol with benzyl chloride. the above 
method is remarkably free of side reactions and iso- 
lation of pure products is simple and straightfor- 
ward. Under the standard reaction conditions, how- 

ever, both l- and 2-naphthol reacted with epichlo- 
rohydrin to give brilliantly blue coloured reaction 
mixtures from which the expected alkyl aryl ethers 
were isolated in poor yield. Exclusion of oxygen 
during reaction failed either to remove the coloured 
species or to improve the yields of ethers. In the 
case of I-naphthol, however, a 20% yield of di-l- 
naphthoxymethane was isolated. In the case of 
p-t-butylphenol, treatment with benzyl chloride and 
a catalytic (5%) amount of quatemary ammonium 
salt led to formation of the expected benzyl ether in 
very poor yield; the major product was di-p-t- 
butylphenoxymethane. The desired benzyl ether 
was, however, obtained in excellent yield when a 
stoichiometric amount of ammonium salt was em- 
ployed. From these preliminary experiments it ap- 
pears that alkylations involving relatively unreac- 
tive alkyl chlorides are best carried out using a 
stoichiometric amount of quatemary ammonium 
salt, in order to avoid competition between 
methylene chloride and the alkyl chloride as al- 
kylating agents. 

AU of the transformations shown in Table 1 can 
be adequately explained on the basis of the equilib- 
ria shown in the Figure, i.e. initial formation of 
Q+ArO- in the aqueous phase, transport of this 
species into the methylene chloride layer, and fi- 
nally alkylation. It was of interest therefore to ex- 
amine the utility of the present method for the 
etherification of highly hindered phenols, where 
generation of the phenoxide ions is reported to be 
difficult. 2,6-Di-t-butylphenol, for example, is re- 
ported not to react with either diazomethane or 
with sodium in boiling ligroin, and one procedure 
for the preparation of the methyl ether involves ini- 
tial formation of the sodium salt by treatment of the 
phenol with sodium in liquid ammonia followed by 
methylation with methyl iodide under pressure.“’ A 
number of highly hindered phenols were therefore 
treated with either methyl iodide or dimethyl sul- 
phate under phase-transfer catalysis conditions: in 
each case an excellent yield of the corresponding 
methyl ether was obtained and the data are sum- 
marised in Table 2. AlI reactions were carried out at 

Table 2. Methylation of hindered phenols, ArOH, with di- 
methyl sulphate 

ArOH 

2.6Dimethylphenoib 
2,6Dimethyl-4-t-butylphenol 
2,CDimethoxyphenol 
26Diisopropylphenol 
2,6Di-t-butylphenol 
2.6~~t-butyWmethylpheno1 
2,6Di-t-butyl4methoxyphenol 
2,4&T&t-butylphenol 

Yield, % 

92 
79 

z 
83 
84 
85 
93 

“Refers to isolated material. 
bMethyl iodide used as alkylating reagent. 
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room temperature, and were complete in 2-12 h; as 
expected, there was no reaction in the absence of 
quaternary salt, while no evidence was obtained 
(TLC, GLC) in the reactions of either 2Wimethyl- 
or 2,&di-t-butylphenol for the formation of C- 
alkylated products. Not unexpectedly, virtually no 
reaction was observed when either ethyl or iso- 
propyl iodide was substituted for methyl iodide. 
These results are to some extent complementary to 
those obtained recently by Stoochnoff and Be- 
noiton,” who found that 2,6-di-t-butyl-p-cresol 
could be methylated in excellent yield simply on 
treatment at room temperature with sodium hyd- 
ride and methyl iodide in either tetrahydrofuran or 
tetrahydrofuran-dimethylformamide. Hence it ap- 
pears probable that many of the “difficulties” re- 
ported in attempts to generate and react the anions 
derived from highly hindered phenols have arisen 
simply as a result of incorrect selection of experi- 
mental conditions. 

One particularly attractive feature of phase- 
transfer catalysis is that the method is theoretically 
catalytic with respect to the quatemary ammonium 
salt, provided that sufficient base is present in the 
aqueous layer to regenerate the quatemary am- 
monium hydroxide from the halide which is formed 
in the irreversible alkylation step. The results ob- 
tained from a study of the rate of methylation of 4- 
t-butylphenol with dimethyl sulphate in the pres- 
ence of varying amounts of quaternary ammonium 
salt are summarised in Table 3, from which it can be 
seen that there are no significant experimental ad- 
vantages in using stoichiometric amounts of catal- 
yst rather than 10 mole% or even 1 mole%. In con- 
trast to, the situation with alkyl bromides and sul- 
phates, however, use of benzyl chloride (lot. cit.) or 
alkyl iodides as alkylating agents necessitated use 
of stoichiometric amounts of quatemary am- 
monium salt. Use of catalytic amounts of am- 
monium salt in the case of alkyl iodides resulted in 
poor conversions (3040%) due to the known role 
of iodide ion as a “catalyst poison” in phase- 
transfer catalysis.’ 

Quaternary ammonium salts have been used pre- 
viously for the preparation of phenol ethers. Bawl2 
reported in 1926 that benzyl phenyl ethers were ob- 
tained when phenols were heated with benzyl- 
dimethylaniline chloride for several hours in the 
presence of either sodium hydroxide or sodium car- 

Table 3. Effect of quantity of catalyst Q’Br- on rate of 
methylation of 4-t-butylphenol with dimethyl sulphate at 

20” 

Q-Br-, mole % 

100 
IO 

1 
0 

Y. min 

<I 
3kO.5 

403 
160*10 

bonate. This type of reaction has subsequently 
been used on a number of occasions for the prep- 
aration of methyl, ethyl, butyl and benzyl ethers, 
especially those of phenolic alkaloids and hydrox- 
ypyridines.‘%” In contrast to the very mild condi- 
tions used in the present method, however, (a) the 
above procedures involve heating of a mixture of 
the preformed quaternary ammonium phenoxide in 
a high boiling solvent such as dimethylformamide 
or xylene, and yields of ethers are in most cases 
moderate; and (b) the generality of these techni- 
ques with respect to the variety of alkyl groups 
which can be introduced to the product ether has 
not been demonstrated. 

EXPERIMENTAL 
M.ps were determined on a Kofler hot-stage micro- 

scope apparatus and are uncorrected. IR spectra were re- 
corded on a Perkin-Elmer Model 257 Grating Infrared 
Spectrophotometer using the standard liquid film and 
Nujol mull techniques. Nuclear magnetic resonance 
spectra were recorded on a Perkin-Elmer R12 6Oh4H.z 
Spectrometer as solutions in carbon tetrachloride or 
deuterochloroform, using tetramethylsilane as internal 
standard. Where possible, identity of products was con- 
firmed by comparison if IR and NMR spectra with those 
of commercial samples. Analytical gas-liquid chromate 
grams were carried out using a Perkin-Elmer Model Fll 
Gas Chromatograph with standard one metre Carbowax 
20M columns. Quantitative work was carried out using 
anisole as internal standard; product ratios were deter- 
mined with a Vitatron UR 400 digital readout integrator. 

Quotemary ammonium salts. Benzyltri-n-butyl- 
ammonium salts were used throughout, due to the high 
crystallinity and ease of manipulation of the chloride, 
bromide and iodide derivatives. Solutions of the quater- 
nary ammonium hydroxide were prepared either by: (a) 
passage of an aqueous solution of benzyltri-n- 
butylammonium bromide through a basic ion exchange 
resin (Deacidite FF-IP 8RA66, preactivated by through 
percolation of 25 ml of 3N KOH solution) followed by 
concentration of the eluate under reduced pressure (bath 
temperature - 60”); and standardisation of the final solu- 
tion by titration against standard hydrochloric acid; or (b) 
by dissolving equimolar amounts of sodium hydroxide 
and the quatemary ammonium bromide in water. Methyl- 
ation of 4-t-butylphenol was used in standard control ex- 
periments to show that the yield of 4-t-butylanisole was 
independent of the method of preparation of the quater- 
nary ammonium hydroxide. 

Starting phenols and product ethers. The phenols used 
were commercial samples and were purified, where neces- 
sary, prior to use. Analytical and spectral data for the 
product ethers were consistent with the assigned struc- 
tures. 

General procedure for the preparation of ethers. A mix- 
ture of 50 ml of dichloromethane, 5Oml of water, 
10 mmoles of the phenol, 15 mmoles of sodium hydroxide, 
20-30 mmoles of alkylating agent and 0.1-l nunole of 
quatemary ammonium bromide was agitated with a vib- 
romixer at room temperature for 2-12 h. The organic layer 
was then separated and the aqueous layer extracted twice 
with 20 ml portions of methylene chloride. The combined 
organic extracts were evaporated, the residue mixed with 
water, and the mixture extracted with ether or pentane. 
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The organic extract was washed twice with 2N ammonia 
solution to remove dimethyl sulphate if necessary 
(methanolic ammonia in the case of diethyl sulphate), then 
with 2N sodium hydroxide solution (Claisen’s alkali in the 
case of hindered phenols) to remove unreacted phenol, 
and finally with saturated sodium chloride solution. After 
drying with sodium sulphate, the solvent was evaporated 
and the residual ether puritied by distillation or crystallisa- 
tion. 
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