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Abstract

The alkylation of vanillin, containing three reactive groups, with benzyl chloride is challenging and can lead to both C- and O-alkylated produc
particularly when liquid—liquid (L-L) phase transfer catalysis (PTC) is used. In the current studies, solid-liquid (S-L) PTC has been employed
the reaction of solid sodium salt of vanillin and benzyl chloride in toluene a&£96 make 4-benzyloxy vanillin, an ether, which is used as a perfume
and also as a starting material for the synthesis of thalifoline, ephedradine as alkaloids and in synthesis of flavonoid compounds. The select
towards the desired product under S—L PTC is 100%. The rates of reaction are enhanced greatly by using trace quantities of water (the so-c
omega phasex)) with 100% selectivity to the ether. Efficacy of various phase transfer agents such as TBAR-{petsd-ammonium bromide),
TBAHS (tetran-butyl ammonium hydrogen sulfate), TPAB (tetrgaropyl ammonium bromide), TEAB (tetraethyl ammonium bromide) and
ETPB (ethyl triphenyl phosphonium bromide) was evaluated under otherwise similar condition€eaa®dexplained. The order of activity was
as follows: TBAB (maximum)>TBHS > TPAB > TEAB > ETPB (minimum). A theoretical model is developed to account for the enhancements
in rates of reaction and selectivity to the ether. The kinetic constants have been evaluated and the apparent activation energy is determin
9.64 kcal/mol. The results are novel.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Williamson synthesis is the most widely used route for the
synthesis of substituted aromatic ethers. Although the normal
Phase transfer catalysis (PTC) has matured into a beneficialethod involves treatment of a halide with an alkoxide, it is also
industrial practice for the past three and half decdded. A possible to mix the halide and alcohol directly with solid KOH
repertoire of reactions with complex mechanisms and kineticand DMSO[4] or with HgO and tetrafluroboric acid in Gi&l,
has been pursued and over 600 odd examples are cited, amonfigt Yadav et al[6—13] have developed several new beneficial
which alkylation and polymerization constitute a majority. The PTC procedures for Williamson synthesis in terms of mildness
major advantages of PTC include high yield, high reaction rategpf conditions, yield, and convenience including liquid-liquid
and selectivity to the desired product with less quantity of cat{L—L), solid—liquid (S-L) and liquid—liquid—liquid (L—L-L)
alyst, mild conditions and reduction in energy consumptionPTC in the presence of microwave irradiation, named as MILL-
Various strategies by which PTC can be converted into a greeRTC, MISL-PTC and MILLL-PTC, respectiveljl4—-18]
concept have been recently highlighfdtl Alkylation reactions A large number of industrially important reactions involve
presenta challenging selectivity problem in PTC, wherein differthe use of PTC under liquid-liquid conditiofis2]. The major
ent functional groups such as OH, SH, pl&hd CH are present  disadvantage of L—-L PTC is that the catalyst remains distributed
in the same substrate leading to different products having sewetween the two-liquid phases and it cannot be recovered easily
eral applications. Preparation of substituted aromatic ethers &nd due to presence of water it can lead to side reactions such as
one such example, which is amenable to PTC. hydrolysis and oxidation in substituted phenolic compounds. To
overcome this problem the conversion of an L-L PTC reaction
in to a solid—organic liquid reaction proves to be favourable from

* Corresponding author. Tel.: +91 22 2410 2121, fax: +91 22 2414 5614. the p?rSpeCtive of nO.t only ;gpp.ression of different typ_e_s of side
E-mail address: gdyadav@yahoo.com (G.D. Yadav). reaction but also the intensification of rates and selectivity to the

1381-1169/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.molcata.2005.09.016



272 G.D. Yadav, S.V. Lande / Journal of Molecular Catalysis A: Chemical 244 (2006) 271-277

were used as received without any further purification. All other

Nomenclature chemicals were of analytical grade.

[Y~]o concentration of Y in thew phase (mol/crf)

[QX]., concentration of QX irw phase (mol/crf) 2.2. Experimental set-up

[QX]org concentration of QX in organic phase (molfm

[X"]» concentration of X in w phase (mol/cr#) The reactions were studied in a 5.0cm i.d. fully baffled

[QY]., concentration of QY i phase (mol/crf) mechanically agitated contactor of 100ttotal capacity, which

[RX]Jorg concentration of RX in the organic phase was equipped with a six-blade-turbine impeller (1.7 cm diame-
(mol/cn?) ter) and areflux condenser. The reactor was kept in an isothermal

Nototal feed mole of catalyst (mol) bath whose temperature could be maintained at the desired value

Ng-» moles of catalyst in omega phase (mol) using a temperature indicator controller. Typical runs were con-

Ng-org moles of catalyst in organic phase (mol) ducted by taking 3 g vanillin as fine solid particles (0.02 mol),

Nox-» moles of QX in omega phase (mol) 0.97 g dry NaOH (0.02425 mol) and 30 ml toluene. It was agi-

Nqvy-org moles of QY in organic phase (mol) tated at 1200 rpm at 1 X for 1 h to ensure complete formation

Ngx-org Moles of QX in organic phase of the sodium salt of vanillin. Then the temperature was reduced

Nov-» moles of QY in omega phase (mol) to 90°C. The reaction mass contained 0.36 ml water, which was

kg, second order rate constant &mol~1 min—1) miscible in the toluene phase. The reaction mass contained fine

slurry of sodium vanillinate. To this slurry, 0.02 mol benzyl chlo-
ride and 1 ml of waterd phase) and 0.002 mol phase transfer

desired product. The rates are enhanced due to the increaseci?q[ffj‘lySt were added. Aze“? time sample was withdrawn. All the
particle surface area by orders of magnitude in comparison tg/plcgl reactions were garned out at 90 and 1200 rpm. The
that offered in liquid—liquid dispersion. Furthermore, in a S-L reaction scheme is as given below.
PTC process, addition of a third agueous phase in trace amounts
to form the so-called omega phase) enhances the rates and 2.3. Analysis and isolation of product
selectivity to a great exteiit9—23] While several papers have
been written on the advantages of S—-L PTC in several types of Samples were withdrawn periodically and analyzed by
reactiong1-3,24-27] there is a dearth of studies on the mod- GC (Chemito Model 8610) by using a stainless steel column
eling aspect§28-30] (3.25 mmx 4 m) packed with a liquid stationary phase of 10%
The current work focuses on the novelties of etherificationOV-17. The conversion was based on the disappearance of
of vanillin with benzyl chloride under S (reagent)-L (aque-benzyl chloride in the organic phase. At the end of the reaction,
ous w phase) and L (organic reagent) PTC process over L-lthe reaction mass which contained 4-benzyloxy vanillin was
PTC to get 4-benzyloxy vanillin selectively which is an impor- washed with water to remove any traces of catalyst, sodium salt
tant product in perfumery industries. The product is also usedf vanillin, and the solvent was distilled under vacuum to get
as a starting material for synthesis of thalifoline, ephedrading@ure solid product. The melting point of isolated 4-benzyloxy
as alkaloids and in synthesis of flavonoid compoufds32]  vanillin (99.0% purity) was found to be 63-6€ (literature
Besides, vanillinis an ideal substrate containing hydroxyl, aldevalue 61-64C). It was also confirmed by GC-MS. A complete
hyde and ether groups, in which only the O-alkylation with- material balance was also done. There was no side product in
out attacking any other groups is targeted. The current papehis reaction.

covers the determination of process parameters such as cat CHO oo

alyst structure, catalyst loading, substrate loading, and tem-

perature on the conversion and rates of reaction. The role of ocr, _ox O + Na'CI (s
omega @) phase, in the intensification of rate and selectivity is o ol 90°C OCH;
investigated. 0

CH,

Sodium salt of vanillin (S) Benzyl chloride (L)
2. Experimental ©

2.1. Chemicals and catalysts 4-Benzyloxyvanillin (L)

Benzyl chloride, vanillin, toluene and sodium hydroxide all MY (8 + RX @ /[Q» I ey memx)
of AR grade were obtained from M/s s.d. Fine Chemicals Pvt. ’(Z;[::,
- - - - +=] u 3
Ltd. Mumbai, India. TBAB (tetras-butyl ammonium bromide), MINa® - substrate i phase PO

Y =nucleophile

TEAB (tetraethyl ammonium bromide), TPAB (tetrapropy!

ammonium bromide), ETPB (ethyl triphenyl phosphonium bro- A general mechanism for the reaction and mode of oper-
mide) and TBAHS (tetra-butyl ammonium hydrogen sulfate) ation is shown inFig. 1, which involves the dissolution of
of pure grade were procured as gift samples from M/s. Dishmasolid M*Y ~ (sodium vanillate) in to the aqueousphase, fol-
Pharmaceuticals and Chemicals Ltd., Ahmedabad, India. Thes$ewed by anion-exchange reaction with the catalyst to form the
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