
Korean o r. Chem. Eng., 19(3), 406-410 (2002) 

Selective O-Alkylation Reaction of Hydroquinone with Methanol 
over Cs Ion-Exchanged Zeolites 

Sang Sung Lee, Soo Chool Lee and Jae Chang Kim* 

Department of  Chemical Engineering, Kyungpook National University, Daegu 702-701, Korea 
(Received 24 September 2001 �9 accepted 16 January 2002) 

Abstract-O-alkylation reaction of hydi-oquanone with excess methmaoI was performed by using alkali metal ion- 
exchanged zeolite catalysts in a shwry type reactor to substitute the solid zeolite catalysts for the homogeneous liquid 
phase catalysts. This was also done to produce selectively mono-alkylated 4-methoxyphenol, a valuable mteaTnediate 
for the perfume, flavor, food and photo mdmtries. The effects of the basidty of vm-ious zeolites mad reaction conditions 
such as temperature, reaction time and the amount of catalyst on the catalytic activity and selectivity were tested to 
maximize the yield of 4-methoxyphenol. Thus far, 84% selectivity at 95% conversion of hydroquinone was obtained 
at the optilnm-n reaction conditions (240 ~ reaction with 0.6 g catalyst for 16 t0, which was thought to result from 
the strong basic property mad shape selectivity of the Cs ion-exchanged NaX zeolite. 
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INTRODUCTION 

Much research has focused on the use of solid acid/base cata- 
lysts [Hatton, 1995; Iglesia et aI., 1997; Imelik et al., 1985; Kim et 
al., 2000; Lee et aI., 15;97; Ono and Baba, 1997; Yoshihiro, 2000] 
instead of liquid phase catalysts to solve enviroimaeiltal and con-o- 
sion problems associated with a homogeneous liquid phase reac- 
fioi1 As well, expeilsive sep~-afion processes mad a stoichiome~ic 
amount of liquid phase catalysts are not needed in the reactions ru- 
ing solid catalysts. A study of O-alkylafion reaction ofphenoI defiva- 
fives ruth methanol was reported recently by Lee et al. [Lee et aI., 
1998]. In their paper, the reaction, which was conventionally pro- 
cee&ag in the homogeneous liquid phase reaction by using bases 
such as NaOH and K2CQ, was catalyzed by solid base zeolites. 
Methanol was used instead of DMSA (dimethyI suE'ate) as a meth- 
ylating agent to supply the methyl group. In adclition, nearly 100% 
selectivity to O-alkylated product, an~ole, was mamtarned, even at 
a conversion level higher than 95%. The use of solid catalysts and 
methanol makes the process economically deskable became they 
are very simple and inexpensive. Using dimethylcarbonate as a meth- 
ylating agent, Fu and Ono [Fu mad Ono, 1993] reported that a 92% 
anisole yield was attained over NaX zeolite. In a&iition, many au- 
thoi~ using solid acid catalysts rathe, than solid base catalysts re- 
ported ttmt the main reactions between phenol mad alcohol were 
the ring alkylations which produced cresol or xylenoI [Bavasta et 
aI., 15;93; Sm-aolada et al., 1995; Tleimat,Manzalji et al., 1993]. 

In this study, O-alkylation reaction of hy&oquinone was per- 
formed by using methanol as a methylating agent in the presence 
of solid base zeolite catalysts. The effects of basicity of the zeolite 
and reaction conditions such as temperature, reaction time and the 
m-nount of catalyst on the catalytic actMty mad selectivity were tested 
to maximize the yield of mono-allwIated product, 4-methoxyphe- 
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noI. This product is a valuable intea-aediate for the peffva'ae mad fla- 
vor industries, especially for food additives like vanillin. 

E X P E R ~ I E N T A L  

1. Preparation of Catalysts 
Solid base zeolite catalysts were prepared by three times ion ex- 

chaging sodium zeolite (Na~ NaY, AI&-ida Chemical Co.) with 
0.5N solufions of alkali metals (K (99+%)-, Rb (98%)- and Cs (95 
+%)-acetate, Al&ich Chemical Co.) at room tempera0m-e for 48 h. 
After washing, the samples were &-ied at 80 ~ mad calcined at 600 
~ for 3 h ['Kim et al., 1994]. Ni~ogen adsorption isotherms were 
obtained at 77 K to measure BET s ~ a c e  areas of the sa-nples by 
using a Micrometiics ASAP 2010 soiption apparatus. The degrees 
of ion-exchange of the samples were determined by using Varian 
spectra AA 800 atomic absorption spectrophotometm~ 
2. Catalytic Acth, ity Measurement 

An O-alkylafion reaction of hy&-oqumone with methanol was 
cmsed out in an antoclave reactor (300 ml) in the temperature rarge 
of 200 ~ to 300 ~ Before reaction, the catalyst was preheated at 
300~ for 2 h to remove moisture. After the reactor was chm-ged 
with the catalyst and the solution of  hydroquinone in the excess 
amount of methmaol, nitrogen flow was in~aoduced to the reactor to 
purge the system and to maintain the initial pressure of the reactor 
at 150 psia. The mole ratio of methanol to hydroquinone was 1000. 
The temperature was then increased to the reaction temperature. 
After reaction for 2 h, the products were analyzed by a gas ch-o- 
matograph equipped with DB-5 capillary column (J & W Scien- 
tific Co. USA) and FlY) detector, GC-IvIS (QUATTRO 1I; VG Co. 
UK) and NMR (Varian Lrtity plus 300, 500 MH~ Varian Co. USA). 

RESULTS AND DISCUSSION 

1. Anab, sis of Products 
The coi~arersions and selecfivifies of the catalysts were calculated 
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Fig. 1. G ~ N I S  spectrmn of 4-methoxyph~noL 
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Fig. 2. HLNMR spem'tmt of 4-methoxyphenol. 

by using the data obtained fi'ont agas dwomatogr-aph and its qualita, 
tire malysis was can'ied out using the GC-MS mdN-MR. The spec- 
tra of the GC-MS ond ~ of the main Foduct, 4-methoxyphe- 
nol separated from the product mixture are showit in Fig. 1 ond 2, 
respectively. The m ~ t  product could be distinguished ~ m  the by- 
products such as C-alkylaed products and 1,4-dhnethoxybenzene 
produced by using the GC-MS peaks at 124 and 109 (x~hout methyl 
group) in Fig. 1 and the N-MR peaks at 6.77 ppm (originated from 
archaic  ring), 5.58 ppm (fi~n hydroxyl group) ond 3.06 ppm (from 
methyl group) in Fig. 2. 
2. Activities of Various Alkali Metal Ion-Exchmnged ZeoUtes 
in the O-Alkylafion Reaction of  Hydroquinone 

The catalytic activities and selectivities of  zeolites NaX, NaY 
and Cs ion-exchonged NaX ond NaY in the alkylation reaction of 
hydroquinone at 260 ~ are sho~wt in Fig. 3. Cs ion-exdtonged zeo- 
lite X shows the highe~ conversion and selectivity to the mono- 
alkylaed product, 4-methoxypham[ Considering that X type zeo- 
lite has more ion exchangeable sites than Y type zeolite [Breck, 1974] 
mad that Cs ion-exchonged zeolite shows slronga" basicity than N a  
ion-excbonged zeolite [Lee et al., 1998], the higher conva~ion of 
NaX than CsNaY indicates that the number of the basic sites as well 
as file stmlgth of basic site was a important factor in file reaction. 
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Fig~ 3. The catalytic activities of Cs ion-exchanged NaX and NaY 
zeolitcs in the O-a~ylation reaction of hydroquinone wilh 
methanol at 260 ~ C. 

", I }'. I,H' : -. 

t . . h : . ~ , . d  +H..:. - , ' : d  h,v,  

Fig. 4. The catalytic aclivilies of NaX zeomes ion-exdlanged w}th 
various alkali metal ir at 240 +C. 

Table I. ~ r f a c e  areas and composi4ion of zeolite catalysts used 
in this experiment 

BET surface Ion-exchange 
Catalyst area (m2/g-cat.) wt%~ degree (%) 

NaX 580 
KN aX 476 10.9 62.2 
RbNaX 385 27.6 85.9 
CsNaX 345 23.4 46.4 

+Determined by using an atomic absorption spectrophotometer. 

Fig. 4 shows the catalytic activities o fNaX zeolites ion-exchonged 
with v+mJaas alkali metal ions and Table 1 shov~ their physical laX)- 
petties such as surface area and ion-exchange degree. In these ex- 
perknents tile reaction tempa"~ure was changed fi'om 260 ~ to 
240 ~ ond the amount of catalyst , ,as changed fi'ont 0.2 g to 0.6 g. 
As the basicity of the zeolite increased fi'om Nato Cs ion-exchonged 
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Fig. 5. The effect of reaction tempelatm'e on the conversion and 
selectivities of  CsNaX catalyst. 
(%,o,~: selectivity to mono-alkylated product, S~: selectivity to 
di-alkylated product, S~Q: selectivity to methylhy&-oquinone, 
X~: comrei~ion to hy&-oqumone) 

zeoIite, the conversion also mcreasect The conversion 1eve1 was 
well con-elated with the basicity of the alkali metal ion-exchanged. 
The man  product fi-om the reaction at this temperatLtre was mono- 
alkylated 4-methoxyphenol. C-alkylated products were not detected 
at 260 ~ and thus, higher selectivity to the mono-alkylated prod- 
uct above 95% was obtained at this low teml:emture. As indicated 
in the Fig. 4, the by-product mainly produced was a di-alkylated 
product. 
3. The Effect  of  React ion  Condi t ions  

The conversion of the reaction as a function of the amount of 
the reactant, hydrociLtinone at 260 ~ was observed in a separate ex- 

pertinent to test the effect of extemaI mass tralsfei: As the amount 
of hydroqumone decreased fi-om 1.1 g (0.01 moI) to 0.22g (0.002 
tool) per a fixed amount of mettmoI (2 moI) and catalyst (0.2 g), 
the conversion increased linearly, indicating no external mass trans- 
fer limitation m three reaction conditions. As a result, 0.002 moI of 
hydi-oqumone was used in the following reactions. 

The effect of reaction temperaktre on the conversion and selec- 
tivity of CsNaX catalyst was tested as shown in Fig. 5. The con- 
version of hydi-oqumone increased with the reaction temperature. 
In the temperature range between 220 ~ and 240 ~ only mono 
alkylated 4-methoxyphenol was prcxJuced Above 260~ the C- 
alkylated pr~xluct, methylhy&oquinone (IvIHQ) and a di-alkylated 
product were found while the selectivity to mono-alkylated prod- 
uct decreased to 80%. The coi~arersion and product selectivities as 
fimctions of reaction time and teml:emture are shown in Table 2. 
As expected, the coi~arei~ion Imearly increased with reaction time 
at each reaction temperature. Howevei; the selectivity to the mono- 
alkylated product decreased rapidly when the reaction temperature 
was tfigcher than 260 ~ At those high tempera~ues, the selectivi- 
ties seem to be inversely proportional to conversion. However, at 
temperatures lower than 240 ~ the selectivity to mono-alkylated 
product was above 93% even when the convei~ion increased up to 
50~ These results suggest the possibility to the selective produc- 
tion of mono-alkylated 4-methoxyphenol with a high yield by in- 
creasing the residence time from 2 h to 10 h at a low tempera~ue. 

In Fig. 6, the effect of the loading of CsNaX catalyst on the con- 
version and selectivity at 260 ~ is presented. The coi~a~ei~ion in- 
creased with the catalyst loading and the selectivity to mono-alky- 
Iated product achieved 82% even at 68% convei~ion over 0.6g cat, 
alyst The 10% selectivity to C-alkylated product over the catalyst 
of 0.1 g decreased rapidly with mcreastng the loading amount of 
the catalyst. As a result, when 0.6 g of  the catalyst was used, C- 
alkylated products were not detected. Mstead the selectivity to di- 
alkylated product changed from 9% to 19%. It was reported that 
C-alkylated prcxJucts from the reaction of phenol and methanol such 
as cresol and xylenol could be produced over sohd acid catalysts 

Table 2. The conversions and selectivities of  CsNaX catalyst as functions of  reaction t ime and temperature 

Reaction Reaction Conversion 
temp. (~ time (h) (%) 

Selectivity (%) 

M onomethoxy- Dimethoxy- M ethylhy&-o- UrJa~own 
phenol benzene quinone byproducts 

220 2 1.9 100 0 0 0 
4 3.1 100 0 0 0 

10 7.1 89 0 11 0 
240 2 6.5 100 0 0 0 

4 20.1 92 0 8 0 
6 27.9 98 2 0 0 

10 51.0 90 4 5 0 
260 2 32.2 83 10 7 0 

4 52.1 82 11 5 2 
6 61.8 77 15 5 3 

11 94.8 79 15 1 5 
280 2 53.3 77 9 10 4 

4 81.6 69 20 5 6 
6 90.2 61 25 6 8 
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Fig. 6. The effect of CsNaX catalyst Ioadings on file conversion and 
se lec t i~ ies  at 260 ~ 
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Fig. 7. The conversion and selectivities of  CsNaX catalyst as a 
function of the reaction t ime at 240 ~ 

[BautJsta et al., 15;93; Sanolada et aI., 1995; Tleimat-Ma~alji et 
al., 1993] in addition to O-alkylated product (i.e., anisole). Lee et 
al. [Lee et aI., 1998] suggested that the various reaction pathways 
for the acid catalyst such as decomposition of an/sole to phenol and 
direct nng-alkylahon to cresol and methylarnsole caused the poor 
selectivity in the alkylation of phenol. In addition, the high selec- 
tivity to anisole over base catalysts was due to the suppression of 
such side reactions cccl~xmg on acid catalysts. However, in the case 
of hy&-oquinone, the C-alkylated product, 2-methylhy&oqumone, 
was always detected at above 260 ~ 

Even though the reaction mechanism of C-alkylation at high tean- 
peratures and short residence times with a small loading of catalyst 
is not expIamed well, it is clear that production rate of C-alkylation 
products decreases rapidly with Iowecing the reaction temperature 
or increasing the loading of catalyst. The basic nature of Cs ion- 
exchanged zeolite is considered to be responsible for these results. 
In other- words, the incaease in the contact time by increasing the 
catalyst Ioadmg or the decrease in the reaction temperature pro- 
motes the rate of O-alkylation reaction coml:~ed to that of C-aI- 
kylation reaction. This ks because O-alkylation reactions prevail on 
the basic catalysts. In addition, this reasorm'g can be inferred fi-om 
the results represented in Fig. 3, because zeolite X has Iaiger num- 
ber of basic sites than zeolite Y has. 

Another interesting fact observed in this reaction is the high se- 
Iectivity to the mono-alkylated prcx;tuct even at high cot~a~ei~ion. Be- 
came the di-O-alkylated product is obtained from the mono-alky- 
Iated product by further O-alkylation reaction, it was expected that 
the selectivity to the mono-alkylated product would be invei~ely 
proportional to the com~ersion. However, a high selectivity to mono- 
alkylated product even at high conversion levels was observed in 
Table 2. This ~xend may be due to the dit~ional limitation of the 
mono-alkylated product in zeolite pores. 
4. Optimizat ion of the Reaction Conditions to M a ~ m i z e  the 

Yield o f  M o n o  Alkylated  4 -Methoxypheno l  

To produce 4-methoxyphenol selectively without the production 
of C-alkylated products, the op~'num reaction conditions were de- 
duced fion~ the expelimeilt results. 0.002 moI of hydroqumone was 
reacted with 2 moI of excess methanol over 0.6 g of the catalyst at 
240 ~ In Fig. 7, the convei~ion (XHQ) and selectivity to mono-al- 
kylated products (S,,o,o) as a function of the reaction ame are showrL 
By increasing the reaction N-he to 1613, coi~a~ersion inca-eased to 95%. 
The selectivity to C-alkylated product (IvIHQ) was less than 1% 
even at a conversion level of 95%. 96% selectivity to mono-alky- 
lated product was obtained at 34% convei~ioil, while the selectiv- 
ity decreased to 84% with incaeasing conversion to 95%, whereas 
the selectivity to the di-alkylated product incaeased to 15%. In a 
separate experiment, it was coi~Tned that the mono-alkylated 4- 
methoxyphenol reacted with methanol to make di-alkylated prod- 
uct even though the reaction rate was imrtiaUy affected by the dif- 
fnsional limitation in zeolite pores. This indicates that the yield 
showed the maximum and that the optimum conditions for the max- 
imum yield of 4-methoxyphenol had to be deteiTnmed kmeticalIy 

SUMMARY 

An O-alkylation reaction of hydroquinone with methanol was 
performed by using alkali metal ion-~xcharged zeolites to produce 
mono O-alkylated 4-methoxyphenol selectively The catalytic activ- 
ities of the zeolites are well con-elated ruth the number of basic sites. 
C-alkylated methylhydroqumone was produced at above 260 ~ 
but its production rate decreased rapidly with decreasing the reac- 
tion tempera~are below 240 ~ and increasing the loacling of cata, 
lyst Thus far, 84% selectivity to 4-raethoxyphenol at 95% con- 
version of hydroquinone has been obtained at the optimum reac- 
tion conditions. S~xong basicity of the zeolite catalysts promohng 
O-alkylation reaction rather than C-alkylation reaction at low tem- 
pera~res and the dJt~ionaI limitation of the mono-alkylated prod- 
uct in zeolite pores are responsible for the b i ~  selectivity to 4-meth- 
oxyphenol, the intermediate product m the series reaction. 
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