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Abstract

The reaction of phenol with 1-bromoethylbenzene by liquid-liquid phase-transfer catalysis in an organic solvent/alkaline
solution was studied. The effects of solvents, catalysts, temperature, and basic concentration on reaction rate, and the yield of
O-arylation product were studied in order to find the optimum operating conditions for this reaction. The addition of phase-
transfer catalyst significantly enhanced the reaction rate and the yield of O-arylation product, and decreased the decomposition
of O-arylation product. The proper basic concentration could decrease the capability of solvation between catalyst and water,
and increase the O-arylated reactivity. In examining eight kinds of phase-transfer catalysts, benzyltributylammonium cation was
found to be the best for increasing the reaction rate and the yield of O-arylation product.
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1. Introduction

The phase-transfer catalyzed reaction system
has been studied by many chemists [1-3]. It has
been extensively applied to the syntheses of spe-
cial organic chemicals by displacement, alkyla-
tion, arylation, elimination, condensation,
oxidation, reduction and free-radical polymeri-
zation. Advantages arising from the syntheses of
organic chemicals with phase-transfer catalysis
are, rapid rate of reaction, high selectivity of prod-
uct, moderate operating temperature, and suita-
bility for industrial-scale production.

Synthesized 1-methylbenzyl phenyl ether has
found application in the fields of heat transfer flu-
ids, pesticides, dyestuffs, odor substances, anti-
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oxidants, and plastic additives [4,5]. Although
many methods are known for the preparation of
aryl alkyl ethers [ 6-10], the synthesis from meth-
ylbenzyl alcohol, using acid or base catalysts, was
not very successful. Traditional methods of syn-
thesis involving acid or base catalysis failed due
to the facile dehydration of the methylbenzyl alco-
hol used as a starting material. The result was little
or no aryl alkyl ether and a high styrene yield. The
O-arylation product yield was low.

Phenoxide ion is well known to be an ambident
anion capable of forming a covalent bond with the
oxygen or carbon atom on alkylation. Ordinarily,
the alkylation of phenolic salts in solution pro-
duces the O-alkylation product in high yields.
However, in certain protic solvents, C-alkylation
of phenolic salts dominates in the conversion
process. Phase-transfer catalyzed phenoxide dis-
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placement reactions have been carefully studied
[11-14]. In their results, the O-alkylation product
yield could be increased using phase-transfer
catalysis, and the O-alkylations of " nitrophenols
and salicylaldehyde were particularly noteworthy
since these phenols were otherwise cleanly alky-
lated only by special techniques. However, the
study of reaction kinetics in a two-phase reaction
has been limited. In the present work, the reaction
kinetics in the preparation of 1-methylbenzyl
phenyl ether in an organic solvent/alkaline solu-
tion with phase-transfer catalyst was studied.

2. Experimental
2.1. Materials

Phenol, solvents, tetra-n-butylammonium bro-
mide and the other quaternary ammonium salts
are all reagent grade chemicals. 1-Bromoethyl-
benzene was distilled under reduced pressure
before use.

2.2. Procedure

The reactor used was a 250-ml three-neck Pyrex
flask, serving the functions of agitating the solu-
tion, inserting the thermometer and condenser,
taking samples, and feeding reactants. The reactor
was submerged into a constant-temperature water
bath in which the temperature could be controlled
to within +0.02°C. To start a kinetic run, known
quantities of potassium hydroxide, phenol, and
tetra-n-butylammonium bromide were prepared
and introduced into the reactor thermostated at the
desired temperature. Measured quantities of 1-
bromoethylbenzene, chlorobenzene and diphenyl
ether (internal standard for HPLC), which were
also maintained at the desired temperature, were
then added to the reactor. An aliquot sample was
withdrawn from the reaction solution at a selected
time interval. The sample (0.5 ml) was immedi-
ately added to 1 ml dichloromethane/2 ml of
diluted hydrochloric acid to quench the reaction.
The phase separation time was less than 10 s. The

organic phase content was then analyzed quanti-
tatively by HPLC using the method of internal
standard.

The accuracy of our analytical techniques was
within 2-3% and most of the data could be repro-
duced well within 5% of the values reported in
this work. The yields of O-arylation product were
equal to the concentration of 1-methylbenzyl
phenyl ether divided by the initial concentration
of 1-bromoethylbenzene. They were calculated
when the variation of the concentration of 1-meth-
ylbenzyl phenyl ether was less than 3%, and the
concentration of 1-bromoethylbenzene was
exhausted. The apparent reaction rate constant
(kapp) was obtained by following in [RX] vs. time
and computed by the least-squares method (cor-
relation coefficient >(0.99).

Liquid chromatography was carried out on a
Shimadzu LC-10AD instrument, using a column
packed with Inertsil 5 ODS (5 um, Vercotech
Inc). The eluent was CH;CN/H,0=3/1, with a
flow rate of 1.0 ml/min monitored at 268 nm (UV
detector).

3. Kinetics of the two phase reaction

In this investigation, tetra-n-butylammonium
bromide was used as a liquid-liquid phase-trans-
fer catalyst. Potassium phenoxide was synthesized
in situ directly by reacting phenol with potassium
hydroxide in the aqueous phase. 1-Methylbenzyl
phenyl ether was synthesized by reacting phenol
with 1-bromoethylbenzene in an organic solvent
and alkaline solution by liquid-liquid phase-trans-
fer catalytic reaction. From Starks et al. (1994)
[2] offering the classic diagram of phase-transfer
catalytic cycle, the reaction scheme is as depicted
in Scheme 1 where Q represents phase-transfer
catalytic cation. 1-Methylbenzyl phenyl ether,
styrene and a mixture of o- and p-1-phenylethyl-
phenols were formed.

The arylations of phenoxide ion and phenol
with 1-methylbenzyl alcohols were Sy2-type sub-
stitution [15] and Syl-type substitution [10],
respectively. Thus, the overall reaction rate
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( — r)g for the case without adding phase-transfer where k,,, is the apparent reaction rate constant.

catalyst as a promoter can be expressed as

(=r)e=[((=7)e+ (=1t (=r))pmo-
+((=r)o+(—r)+( _r)s)phOH]B
= ((kop+k.p+ksp)pno-[PhO™ ]

+ (kop ke + ko p) pron) [RX] (2)

In the presence of PTC, the arylation of phe-
noxide ion comes from the contribution of the
reaction with and without using PTC as a pro-
moter. Thus, the total reaction rate ( — r) g, can be
written as

(3)

where ( — r)pyc denotes the reaction rate which
comes from the contribution with adding PTC to
the reaction system, i.e.

(=r)1=(—")prct(—1rp

(=nerc=[(—1r)o+(—r)c+(—r)]prc
= (koprc T keprc t+ ks prc) [PhOQ] [ﬁ]
(4)

A generalized approach to accurately describe
the phase-transfer catalyzed reaction system
involves using a pseudo-first order reaction [2].

_d[RX]

5~ Kape[RX]

(5)

Substituting Eq. 2 and 4 into Eq. 5, k,;,, can be
derived as follows:

kapp = (ko prc + k. prc+ ksprc) [phOQ]
+ (kopt+keptksp)pno- [phO~]

+ (ko,B + kc,B + ks,B)phOH ( 6)

On the basis of experimental results (k,,, values),
the reactivity for PTC and blank reactions are ana-
lyzed.

4. Resuits and discussion

The phenoxide ion can be alkylated with other
compounds to form a covalent bond at the oxygen
or carbon atom in which O-alkylation and C-alkyl-
ation may both occur. In view of recent papers
[6-10] for the synthesis of I-methylbenzyl
phenyl ether, the yield of the O-arylation product
was generally below 60% in the absence of phase-
transfer catalyst. The yield of O-arylation product
was increased to 27% and then decreased to 11%
in the present heterogeneous two-phase reaction
system without adding phase-transfer catalyst
(Fig. 1). The report by Kinoshita et al. { 10] indi-
cated that 1-methylbenzyl phenyl ether could be
rearranged to p-, o-(1-phenylethyl)phenols by
liberated hydrogen chloride in the organic phase.
Hence, the experimental results reveal that the
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Fig. 1. Plot of the yield of O-arylation product vs. time on various

amounts of (C,H,),NBr (@) 0 g; (W) 0.35g; (+) 1.05g; (%)

2.1g:(00)3.5g(A)5.25g;(O) 7g: CHsCl=50ml, KOH=0.25

mol, aqueous phase=50 ml, CcH;OH=53 mmol, 1-

BrC,H,CsHs = 10.8 mmol, 50°C.

small amount of phenol in the organic phase could
react with 1-bromoethylbenzene by Sy1-type sub-
stitution which liberated hydrogen chloride in this
heterogeneous two-phase reaction system (Eq.
2). Moreover, sodium phenoxide exists usually in
chlorobenzene as an ion pair and/ or higher aggre-
gates in the concentrated solution. Hence, the het-
erogeneous reaction leads to the formation of
C-arylated product, more than that of O-arylated
product.

Using tetra-n-butylammonium bromide as a
liquid—liquid phase-transfer catalyst, the experi-
mental results for studying the catalytic effects are
shown in Fig. 1 and Fig.2. The reaction was
clearly enhanced by adding more catalyst and the
apparent reaction rate constant was proportional
to the amount of tetra-n-butylammonium bro-
mide. Thus, the arylation follows second-order
kinetics.

The O-alkylated yields of the PTC reaction
compare favorably with those of more conven-
tional methods, especially in critical cases where
C-alkylation intervenes [11,12]. The yield of O-
arylation product increases with an increasing
amount of tetra-n-butylammonium bromide
(more than 90%, Fig. 2). Moreover, 1-methyl-
benzyl phenyl ether was not rearranged to phen-
ylethylphenol. No arylation of phenol and no
side-reaction product (styrene) were observed in
the presence of tetra-n-butylammonium bromide,

and no evidence was obtained from HPLC as phe-
nol reacted with 1-bromoethylbenzene. When the
amount of tetra-n-butyl ammonium bromide is
more than 21.7 mmol, the yield of O-arylation
product is found to be more than 98%. No C-
arylation product was observed in this PTC reac-
tion. The PTC-arylation of 1-bromoethylbenzene
with phenoxide ion leads only to O-arylation
because bulky quaternary cations activate the
anion by increasing the distance separating cation
from anion in the ion pair. However, the desired
I-methylbenzyl phenyl ether was obtained in
excellent yield only when a stoichiometric or
excess amount of ammonium salt was employed.
Experimental results reflect that the arylations
were best carried out using a stoichiometric or
excess amount of quaternary ammonium salt, in
order to avoid competition between the arylations
of phenoxide ion and phenol (see Eq.2). As noted
above, Eq. 6 could be rewritten as

kapp = ko,PTC [ phOQ ] + (ko,B + kc,B) [Pho - ]
(7)

Based on experimental results, k, pyrc[phOQ] is
more significant than (k.5 +k.5) [phO~ ] when
the amount of tetra-n-butylammonium bromide
was equal to 21.7 mmol. The value of k, prc( =
k,,p/ [PhOQ]) using tetra-n-butylammonium
bromide for phase transfer catalyst is 0.51 (mol/
1-min) ~'. The concentration of phOQ in the

O-arylation, Z

0
6 8

2 4

Amount of TBAB,g
Fig. 2. Effect of (C,Hj,) ,NBr on the yield of O-arylation product and
apparent reaction rate constant: CgH;Cl= 50 ml, KOH =0.25 mol,
aqueous phase =50 ml, C;H;OH = 53 mmol, 1-BrC,H,CsHs=10.8
mmol, 50°C.
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Fig. 4. Effect of concentrations of NaOH (A) and KOH (O) on the
yield of O-arylation product, (- - -) (C4Hy),NBr=6.5 mmol; (—)
(C4Hg) NBr=0 mmol: C;H;Cl=50 ml, aqueous phase =50 mi,
C¢H;OH =53 mmol, 1-BrC,H,C¢Hs = 10.8 mmol, 50°C.
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Fig. 5. Effect of temperatures on the apparent reaction rate constants
for (O) (C,Hy) NBr=6.5 mmol; (A) (C;H;) ,NBr=21.7 mmol;
(O) (C,Hy)sNBr=0 mmol: C¢HsCl=50 ml, KOH=0.25 mol,
aqueous phase = 50 ml, CsH;OH =53 mmol, 1-BrC,H,CcHs=10.8
mmol, 50°C.

organic phase was measured by the extractive-
titration method [16,17].

The effects of NaOH and KOH concentrations
on the apparent reaction rate constant are illus-
trated in Fig. 3. The k,,, values also increased to
a maximum of 0.09 min~"' at 7 M. Similar to the
above case for the effect of KOH, the k,,, values
were increased by increasing the concentration of
KOH. In this case, the k,,, values increased

- slightly when the concentration of NaOH or KOH

increased without adding tetra-n-butylammonium
bromide.

The report of Landini et al. (1982) [18] indi-
cated that the capability of solvation between cat-
alyst and water could be decreased by increasing
the concentration of NaOH, and the substitution
reactivity of (n-C,Hg),N* “OC¢Hs could be
increased. Hence, the apparent reaction rate con-
stant should be increased by increasing the free
concentration of NaOH with respect to phenol.
When the concentration of NaOH is more than 7
M, the aqueous solution is saturated, and a
decrease in the apparent reaction rate constant is
observed.

The effects of basis concentration on the yields
of O-arylation product with and without the pres-
ence of tetra-n-butylammonium bromide are dis-
played in Fig. 4. The capability of solvation
between catalyst (n-C,Hy),N* “OC¢Hs and
water could be decreased by increasing the con-
centration of base. The yields of O-arylation prod-
uct increased from 15 to 80% when the amount of
base increased from 0.045 to 0.4 mol. The effect
may be explained that the selective hydration of
the oxygen of the phenoxide (higher electron den-
sity) decreases as the base concentration
increases. As the oxygen of the phenoxide is less
hydrated (less competition with Na* and OH~
for association with water molecules), the O-ary-
lation alternative increases. Results in Fig. 3 and
Fig. 4 indicate that the choice of potassium
hydroxide enhances the reaction rate and the yield
of O-arylation product. The results are consistent
with that reported by Wu and Lai [19].

The temperature effect on the apparent reaction
rate constant is shown in Fig. 5. The results show
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Table 1
Effects of catalysts on the apparent rate constant and the yields of
O-arylation products

Table 2
Effects of solvents on the apparent rate constant and the yields of O-
arylation products

PTC Kyppy min !
PTC =21.7 mmol PTC=6.5 mmol

BTBAB 0.24 (99) 0.11 (74)
TBAI 0.23 (99) 0.11 (74)
TBAB 0.22 (98) 0.11 (74)
Aliq336 0.11 (40) 0.054 (28)
BTEAC 0.095 (33) 0.046 (23)
CTMAB 0.088 (28) 0.043 (20)
TEAC 0.087 (27) 0.042 (19)
TMAC 0.049 (18) 0.024 (13)

The values in parentheses are the yields of O-arylation product.
Reaction conditions: C¢HsCl=50 ml, KOH=0.25 mol, aqueous
phase =50 ml, C;HsOH =53 mmol, 1-BrC,H,C¢Hs=10.8 mmol,
50°C.

that the apparent reaction rate constant increases
when the temperature is increased. The corre-
sponding blank experiments without using the cat-
alyst were also carried out in order to test the effect
of the catalyst. The activation energy of the blank
reaction was 28.6 kcal/mol. Upon addition of
tetra-n-butylammonium bromide, a much faster
reaction rate was obtained, and the activation
energy decreased to 21.4 and 21 kcal/mol, cor-
responding to 6.5 mmol and 21.7 mmol of tetra-
n-butylammonium bromide.

The functional groups of the quaternary cation
generally affect the dissolution of the catalyst in
the organic phase. Furthermore, the phase transfer
of the anion will also affect the reaction rate in the
two-phase reaction. Therefore, a proper choice of
phase-transfer catalyst is rather crucial in promot-
ing the reaction rate. The experimental results of
the apparent rate constant and the yields of O-
arylation product for different kinds of phase-
transfer catalysts in the two-phase reaction system
are shown in Table 1. The order of the reactivity
for these phase-transfer catalysts is BTBAB >
TBAI > TBAB > Aliq336 > BTEAC >
CTMAB > TEAC > TMAC. The order of the
yield of O-arylation product is BTBAB =~ TBAI
= TBAB > Aliq336 > BTEAC > CTMAB >
TEAC > TMAC. The O-arylated yield is favored
in the PTC reaction. The yield of O-arylation prod-

Solvent Dielectric Kyppy min ™!
constant

PTC=21.7 PTC=6.5

mmol mmol
dichloromethane 9.08 (20°C)  0.30 (99) 0.14 (86)
chlorobenzene 5.6 (25°C) 0.22 (98) 0.11 (73)
toluene 237 (25°C) 0.20(79) 0.091 (59)
cyclohexane 1.89 (20°C) 0.17(72) 0.061 (54)
diethyl ether 4.33 (20°C)  0.11 (63) 0.049 (48)
benzene 2.28 (20°C)  0.088 (71) 0.046 (53)

The values in parentheses are the yield of O-arylation product.
Reaction conditions: solvent=50 ml, KOH=0.25 mol, aqueous
phase =50 ml, C¢H;OH =53 mmol, 1-BrC,H,C¢H;s=10.8 mmol,
PTC=TBAB, 50°C.

uct decreases with increasing accessibility of qua-
ternary ammonium cation [2]. The concentration
of active catalyst in the organic phase, using
BTEAC, CTMAB, CTMAB or TEAC was small
so that its reactivity could not compete with that
of ambident phenoxide ion. The significance of
koprc[phOQ] is smaller than that of
(kop+k.p)[phO~ ] in Eq. 6.

Six kinds of solvents, including polar or non-
polar, are examined for the sake of investigating
the effects of the solvents on the apparent rate
constant k,,, and the yield of O-arylation product.
The results are depicted in Table 2. The apparent
reaction rate constants k,,, of the PTC reaction for
solvents with a higher dielectric constant are
larger. The yields of O-arylation products were
about 10% for solvents in the absence of tetra-n-
butylammonium bromide. The yield of O-aryla-
tion product for solvents can be increased using
tetra-n-butylammonium bromide in an organic
solvent/alkaline solution. Using phase-transfer
catalyst, phenoxide anion can be O-arylated in a
solvent with a higher dielectric constant.

5. Conclusion
An improved process for the catalytic prepara-

tion of 1-methylbenzyl phenyl ether from phenol
and 1-bromoethylbenzene with a liquid-liquid
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phase-transfer catalyst in an organic solvent/alka-
line solution was examined in this work. The
advantages of the process are high ether yield
(>98%) and the easy separation by distillation.
The PTC-arylation led to O-arylation only and
prevented the decomposition of 1-methylbenyl
phenyl ether. Quaternary ammonium cation
accessibility, hydration and solvation effect were
considered to optimize selectivity of alkylation of
ambident nucleophiles. The best reaction condi-
tions are suggested (i) the mole ratio of PTC
(BTBAB used as a catalyst) to 1-bromoethylben-
zene is more than 50%. (ii) the mole ratio of base
(KOH) to phenol is more than 5.

6. Nomenclature

Alig336 tricarylmethylammonium chloride
BTBAB benzyltributylammonium bromide
BTEAC benzyltriethylammonium chloride
CTMAB cetyltrimethylammonium bromide

Ind tetrabromophenol phthalein ethyl ester
potassium

kapp apparent reaction rate constant, min '

k. rate constant for C-arylation, (mol/
l.min) 7!

ko rate constant for O-arylation, (mol/
l.min) ~!

k, rate constant for producing styrene,
(mol/l.min) ~!

(—r)g reaction rate in the absence of PTC,
mol/1-min~"

(—r)r overall reaction rate, mol/1- min !

( — r)prc reaction rate contribution when PTC
is added, mol/1- min ™!

RX 1-bromoethylbenzene

phenoxide ion

PTC phase-transfer catalyst

t reaction time, min

TBAB  tetra-n-butylammonium bromide
TBAI  tetra-n-butylammonium iodide
TEAC  tetraethylammonium chloride

6.1. Superscript

species in the organic
phase

6.2. Subscripts

B reaction without using PTC
phO~ arylation of phenoxide ion
phOH arylation of phenol

PTC reaction with presence of

PTC
T total amount
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