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Abstract

Monoallyl guaiacol such as eugenoteugenol and chavibetol are industrially important compounds, which were synthesized by the allylation
of guaiacol using zeolite HY. The reaction was performed in an autoclave in the temperature range 1@8G#08allyl alcohol to guaiacol mole
ratio 1:4, under nitrogen pressure. Among zeolites, HY gave maximum guaiacol conversion (46%) compared to H-beta (28%), H-mordenite (15%
and HZSM-5 (4%) when compared under identical reaction conditions. Zeolites showed better selectivity (>85%) for monoallyl guaiacol than
K-10 montmorillonite clay (47%). The pore architecture and acidic sites of the zeolites seems to influence the product selectivity.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction (1) perchlorate and Cu metal powder catalj&t Very recently
phase transfer catalyst is used for allylatiop-ohethoxyphenol
Friedel-Crafts reaction has been recognized as a versatilgith allylbromide as a allylating agefif]. Heterogeneous cat-
tool for substituting aromatic rings. Lewis acid catalysts suchalysts such as zeolites have been used for the allylation of alkyl
as AlCk, FeChk, ZnCl, and SO, are widely used in vari- aromaticq8]. There are very few reports on allylation of gua-
ous alkylation reactions to get substituted aromatics. But thesiacol using homogeneous catal{@t11]and no information is
homogeneous catalysts suffer from drawbacks such as enviroavailable on the use of heterogeneous catalyst for this reaction.
mental pollution, equipment corrosion and tedious worklJp  In our earlier studies, we have reported zeolite H-beta, lead halo
Soitis advantageous to use heterogeneous catalysts (solid acidsymposite (P§BrFs) and supported heteropolyacid catalysts for
with halide free process to overcome the above problems.  the allylation of aromatic compoun@s2—14]
Studies in the preparation of allyl aromatics have provento be Zeolites are used as catalysts for wide range of processes,
quite attractive because of the extensive use of these compounflsm simple drying to complicated catalytic reactidi$,16]
in the dyestuff, perfume, flavor, agriculture and pharmaceuticahcidic zeolites such as HZSM-5, HY, and H-beta have been
industries. There are numerous reports in the literature on th&hown to be effective catalysts for alkylation of aromatic com-
use of homogeneous catalysts in the allylation reaction suchounds. The main advantage of zeolites as an alkylating catalyst,
as ZnC) catalyzed allylation of 2,6-dimethyl anisole with allyl in comparison with a non-zeolite catalyst, is that it can sig-
chloride tometa allylated producf2]. Pd catalysts in the pres- nificantly influence the product selectivity due to its uniform
ence of molecular sieve 4A for the allylation of naphthols with microporous structure. It is well established that acid forms of
allylic alcohols[3] and Mo (Il) complexes catalyzed allylation zeolites are the most active in these reactions and the excel-
of anisole[4] have also been reported. Allylic carbonates havdent catalytic abilities are due to the presence of Brgnsted and
been employed as allylating agents for toluene, xylene and 1,2-ewis acid centers in the zeolite structure. Zeolite HY contains
dimethoxy benzene using Mo and W catalyStso-Allylphenol  a framework system of supercadgdg], which are connected
has been selectively obtained using a mixture of anhydrous Cly a three-dimensional array of large diameter channels and this
array enables a much easier diffusion of reactants and products.
Allylation of guaiacol is commercially important reaction,
* Corresponding author. which gives products such as eugenskugenol and chavi-
E-mail address: sb.halligudi@ncl.res.in (S.B. Halligudi). betol used in perfumeries, flavorings, and essential oils and in

1381-1169/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.molcata.2005.09.032



S.M. Kumbar et al. / Journal of Molecular Catalysis A: Chemical 244 (2006) 278-282 279

medicine (local antiseptic and analgegitd]. They are used in 4 h (200°C for mont. K-10) and cooled to room temperature just
formulating insect attractants and UV absorbers, analgesics, biprior to the reaction. In a typical experiment, powder form of
cides and antiseptics. These chemicals occur naturally mainieolite HY catalyst (0.85 g) was mixed with guaiacol (8.79 g)
in clove oil (eugenol) and betel nut (chavibetol). The aim ofand allylacohol (8.21 g) and placed in the reactor. The reactor
the present work is to study the allylation of guaiacol with allyl was pressurized with nitrogen (100 psig) and heated to desired
alcohol using zeolites as the catalyst and to optimize the reacticiemperature with stirring at 500 rpm. At a desired interval of
parameters to obtain high selectivity for monoallylated productstime, the reactor was cooled to room temperature, sample was
The effect of pore size and acidity on the activity and selectivitywithdrawn and centrifuged to get a clear solution and analyzed

of catalysts in allylation of guaiacol is elucidated. for products. The products of allylation of guaiacol were ana-
lyzed by Shimadzu 14B gas chromatograph fitted with a SE-52

2. Experimental capillary column, coupled with FID detector. The identity of the
products was confirmed by GC-MS (Shimadzu QP-5000) and

2.1. Materials GC-IR (Perkin-Elmer, System 2000). Conversion is given as the

conversion of guaiacol to allylated products.
Zeolite HY was purchased from Dow chemicals USA. Gua-
iacol was procured from Loba Chemie Ltd., Mumbai. Allyl alco- 3. Results and discussion
hol (hereafter AA) was purchased from s.d.fine Chemicals Ltd.,
Mumbai. Montmorillonite K-10 (mont. K-10) obtained from The allylation of guaiacol with AA yields isomers of mono
Aldrich chemicals. Zeolites H-beta, HZSM-5 and HY recov- allylated products viz. eugenol (4-allyl-2-methoxypheno#),
ered by calcining NY were obtained from Catalyst Pilot Plant eugenol (2-allyl-6-methoxyphenol), chavibetol (5-allyl-2-me-
(CPP-NCL, Pune). H-Mordenite was obtained from PQ Zeolitegshoxyphenol), 3-allyl-2-methoxyphenol, allyl-2-methoxyphe-
BV, Netherlands. All catalysts used in the reactions were in tha@ylether and small amount of diallyl guaiac&aheme }1 Dial-
powder form and were activated prior to their use in the reactionlyl ether also formed as a byproduct during the reaction. The
O-allylated product, i.e. allyl-2-methoxyphenylether undergoes
2.2. Characterization Claisen Rearrangement to give C-allylated guaiacol. This reac-
tion is mainly facilitated at high temperatures with enhanced
BET surface area of catalysts was determined by Omnisortates by acid catalyst. The selectivity of monoallyl guaiacol rep-
100 CX (Coultier USA). The acidity of the catalysts were resents the mixture of five isomers of monoallyl guaiacol as
measured by temperature programmed desorption (TPD) athown inScheme 1
NH3 using micromeritics AutoChem-2910 instrument. For this,
~0.3 g of the sample was dehydrated at 500ffor mont. K- 3.1. Catalytic activity of different catalysts
10 200°C) in He (30 cnd min~1) for 1 h. The temperature was
decreased to 10@ and NH; was adsorbed by exposing sam-  The initial investigations of allylation of guaiacol with AA
ples treated in this manner to a stream containing 10% NH using different zeolites and mont. K-10 yielded some interest-
He for 1 h at 100C. It was then flushed with He for another 1 h ing results. The characteristic data and catalytic activities of
to remove physisorbed NiHThe desorption of Nklwas carried  catalysts are presented Table 1along with reaction condi-
out in He flow (30 crd min~1) by increasing the temperature to tions. The reaction was carried out at &for 2 h with AA
650°C (300°C for mont. K-10) at 10C min~ measuring NH  to guaiacol mole ratio 2. The conversion of guaiacol was in
desorption using TCD detector. Both Surface area (63@)n the range 6-61% and the selectivities of monoallylated prod-
and total acidity (2.25 mmol/g) were highest for zeolite HY com-ucts varied from 47 to 94%. The large pore zeolites such as HY,

pared to other zeolites and mont. K-Table J). H-beta and H-mordenite gave 46, 28 and 15% guaiacol conver-
sions with comparable monoallyl guaiacol selectivities 85, 90
2.3. Activity measurement and 92%, respectively. Total acidity of HY (2.25 mmol/g BH

is greater than H-beta (0.94 mmol/g BHand H-mordenite
All reactions were carried out in a 50 ml Parr autoclave undef0.72 mmol/g NH) while these contain three-dimensional (one
nitrogen atmosphere. The catalysts were activated &tG@6  dimensional for H-mordenite) array of large diameter channels,

Table 1

Comparison of the catalysts

Catalyst Si/Al Surface area Pore size,i\) [17] Acidity (mmolg™1) Guaiacol Selectivity (%)
(m?g1 Convn. (wt.%)  monoallyl guaiacol

HY 6.7 630 7.4 2.25 46 85

H-beta 15 540 5.% 7.5 (linear) 6.5« 5.6 (tortuous) 0.94 28 90

H-mordenite 10 490 6.57.02.6x5.7 0.72 15 92

HZSM-5 50 364 0.54 0.56 (straight) 0.5% 0.51 (sinusoidal) 0.82 4 94

Mont. K-10 - 230 - 0.4 61 47

Conditions: catalyst wt. =0.85 g, total reaction mixterg?7 g, temperature = 18€, AA/guaiacol mole ratio =2, tim=2 h.
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Scheme 1.

which might allow easier diffusion of reactants to form mainly enhanced with increase in temperature. Amount of side prod-
monoallylated products. It is suggested that small amount oficts also increased with increase in reaction temperature and
diallylated products and others were formed due to surface acidhere by reducing the major product selectivities. Polymeriza-
ity of these zeolites. The low activity (6% conversion of AA) of tion seems to dominate at high temperatures, which decreases
H-ZSM-5 could be because of smaller pore size (636 and  the selectivity of monoallyl guaiacol. At 18C, 46% of gua-

5.1x 5.5,&) and hence bulkier sizes of the allylated products doiacol was converted to products while monoallyl guaiacol and
not have easy access. Mont. K-10 gave maximum conversiodiallyl guaiacol selectivities were 85, 9%, respectively. Hence,
(61%) but suffered from poor selectivity of monoallylated prod- 180°C was selected for further optimization of the reaction con-
ucts. Due to the spatial restriction arising from the controlledditions. In addition to the above major products, diallyl ether and

pore size, guaiacol conversion was lower in zeolites than imthers (unidentified products) also formed during the reaction
mont. K-10. (Table 2.

3.2. Effect of temperature 3.3. Effect of mole ratio

The allylation of guaiacol was carried out in the range The reaction was carried out with different mole ratio of

140-200°C and the results are presentedFiig. 1 Conver- AA 10 guaiacol (1-4) keeping the total reaction mass con-

sion of guaiacol was poor at lower temperature (<1@pand ~ Stant and the results are depictedFilg. 2 It was observed
that the conversion of guaiacol decreased with increase in

100 - 100

Table 2
Product distribution
= . = guaiacol - 80 Product distribution wt.%
°‘\_.' —&— monoallyl guaiacol w AA 27
£ 601 —a— diallyl guaiacol L 60 % Guaiacol 37
£ —w— other: = .
-2 others =. Monoallyl guaiacol 29
§ 40+ L0 2 Diallyl guaiacol 3
g S Diallyl ether 2
“ ol " Others 2
W‘d Guaiacol conversion (wt.%) 46
04 M 0 Selectivity (%)
140 150 160 170 180 190 200 Monoallyl guaiacol 85
Temperature (C) Diallyl guaiacol 9
Others 6

Fig. 1. Effect of reaction temperature. Conditions: catalyst = zeolite HY, catalyst —— — - — ”
wt. =0.85g, weight of the reaction mixture = 17 g, AA/guaiacol mole ratio = 2, Conditions: catalyst=zeolite HY, catalyst wt.=0.859, temperature =€80
time=2h. total reaction mixture =17 g, AA/guaiacol mole ratio=2, &m2h.




100+

80

60

40

Conversion (wt.%)

204

S.M. Kumbar et al. / Journal of Molecular Catalysis A: Chemical 244 (2006) 278-282

/\’\—.

—&— guaiacol

—&— monoallyl guaiacol
—&— diallyl guaiacol
—¥— others

- 100

D
(%) Ananps

T
N
=]

T
[¥]
<

Fig. 2. Effect of AA to guaiacol mole ratio Conditions: catalyst =zeolite HY,
catalystwt. =0.85 g, weight of the reaction mixture = 17 g, temperature =@ 80
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Fig. 4. Recyclability of the catalyst. Conditions: catalyst=zeolite HY, cata-
lyst wt.=0.859, weight of the reaction mixture =179, temperature =30

mole ratio. The conversion of AA was highest at equimolaraa/guaiacol mole ratio=2, tim=2h.

ratio (54%) but suffered with lower selectivity of monoallyl

guaiacol. As the AA concentration increased, the selectivity

to diallyl alcohol increased from 9 to 18%. At higher mole
ratio, AA is being utilized in forming diallyl ether limiting
its availability for the main reaction. Hence, AA to guaiacol

3.5. Effect of reaction time

The reaction was studied as a function of time over a period of

mole ratio of 2 was found to be appropriate to get reason? h, at 18@C_With AATO gugigcol mole rati_o_2, in orde_r to know
ably good conversion of guaiacol and selectivities for monoallylthe effect of time on the activity and selectivity of zeolites HY for
guaiacol.

3.4. Effect of catalyst concentration

allylation of guaiacol. The conversion of guaiacol increased with
time up to 2 h (46%) and then remained constant, which could
be due to product inhibition after 2 h. There was no appreciable
change in the product selectivities.

The reaction was carried out with the catalyst concen-
tration in the range 2.5-10% of the total reaction mixture3.6. Recyclability of the catalyst

weight (17g) and the results are presentedFig. 3. It

was found that the conversion of guaiacol increased with The recyclability HY zeolite was carried out by conducting
increase in catalyst concentration (15-60%), due to the prdhree runsktig. 4). After each run, the catalyst (brown in color)
portional increase in the number of active sites. As it waswas repeatedly washed with methanol, dried at“X2@or 2 h
observed in the effects of the other parameters, at higheand calcined at 50€C in air for 4 h (turned white). It was then
conversion of guaiacol more of side products were formedused in the allylation reaction with a fresh reaction mixture.

which ultimately decreased the selectivities for monoallylOnly small decrease in guaiacol conversion after 3 cycles was
guaiacol.
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Fig. 3. Effectof catalystconcentration. Conditions: catalyst = zeolite HY, weight
ofthe reaction mixture = 17 g, temperature = 280 AA/guaiacol moleratio=2,
time=2h.

noticed while the selectivity of monoallyl guaiacol increased
marginally.

4. Conclusions

Allylation of guaiacol with AA was studied in detail using
HY zeolite and the reaction conditions were optimized. Under
the optimized reaction conditions (temperature =1@0mole
ratio (AA/guaiacol) =2; time =2) conversion of guaiacol was
46% with selectivity to monoallyl guaiacol 85%, diallyl guaia-
col 9% and rest others. HY zeolite showed better activity than
the other zeolites because of its higher acidity. H-ZSM-5 is less
active, which could be attributed to its small pore size. K-10 clay
was more active (61%), however the selectivity for monoallyl
guaiacol was poor (47%). Zeolites showed higher selectivity to
monoallyl guaiacol due to the steric restriction imposed by the

pore structure, suppressing consecutive reactions of the allylaro-
matics.
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