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ABSTRACT

A bi phase electrolysis method has been develapdbd preparation of benzaldehyde. The electrslysis carried
out in an undivided cell using graphite electrodteshe presence of ceric ammonium sulphate (CA&)xeouple.
Some experimental conditions affecting the yieldblenzaldehyde production such as current densitarge
passed, different acids, acid concentration, défersolvents and recycle of CAS were studied. Thénmam yield
for benzaldehyde at room temperature was 98% i@éfi-method under the influence of 1.36 M percltladid, 2.3
mmol CAS and at a current density of 30 mA/cm
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INTRODUCTION

Aromatic aldehydes and ketones are important ctedmiovith applications such as chemical intermediat
pharmaceuticals, agricultural chemicals, pulp, pabemicals, dyestuffs, flavour and fragrance niale{1-3]. The
oxidation of alcohols using transition metal safsv [4], Co [5], Cu [6], Mo [7], Ru [8], Rh [9], & [10], Mn,
Zn[11], polyoxometalates[12-13] and trialkylammeami halochromates[14-15] as catalysts has beenteshdDf
the above metal oxidants, Cr (VI) is the most slel@nd has the lowest reduction potential andus the easiest to
regenerate electrochemically. On the other hand(MDr generally gives the lowest selectivities imetorganic
oxidations of interest. The manganic ion gives gselectivities but is unstable toward dispropoition, except at
very high acid concentrations where both Mn (lildavin (II) have low solubilities. The powerful CdlIJ ion is
also unstable, due to water oxidation. Cerium (B/yenerally the reagent of choice due to its highability and
solubility at acid concentrations [16], which yiadgcellent selectivities to aromatic carbonyl prady17-24]. Most
of these systems catalyze the oxidation of prinaaryell as secondary alcohols to give the corredipgraldehydes
and ketones. The selective oxidation of primarylatis to aldehydes is crucial for the synthesifiref chemicals
such as fragrances or food additives [25].

Benzylic and allylic alcohols are selectively osed to aldehydes under the conditions of anodidatixin of
alcohols at the hydroxide nickel anode in the tage system }CO; (aq) - petroleum ether. In the case of primary
alcohols, the process can be directed to the priedminformation of aldehydes by their extractiorthie course of
electrolysis into the non-polar organic phase neventing further oxidation to carboxylic acid§]2

A general electrochemical method for the selectiw@ation of primary and secondary alcohols to oasth
compounds under anaerobic conditions [mediatorsyiseem Pd(OAg}benzoquinone] that prevent the intermediate
formation of HO,, which induces side reactions of the products.[@#jer examples of indirect anodic oxidation of
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alcohols and their derivatives catalysed by redastesns based on manganese, cerium, chromiumecapms and
nitrate mediator are reported [28-29].

In the present work, a bi phase electrolysis methas been developed for the preparation of benzgpite Bi
phase liquid/liquid systems offer some advantages single phase methods, in that the aqueous mietaining
the spent redox mediator may be easily separatddpassed over an electrode to regenerate the aeilex
species, and product separation is also simplifidte electrolysis was carried out in an undivided csing
graphite electrodes in the presence of redox caDgl#Ce**. The maximum yield of 98% benzaldehyde production
at room temperature was achieved. The sequencallylobpresenting benzyl alcohol oxidation is atofes:

Anode

N .
2Ce*t 2ce3*

2H"

Scheme.1. Proposed electrochemical oxidation mechanism of benzyl alcohol
MATERIALSAND METHODS

Electrochemical oxidation of Benzyl alcol{bi-Cell method)

An Aplab power source was used as the direct cugeunrce for the electrolysis. Deionised water waed for
preparation of electrolyte. A beaker type glass$ (@€0 ml capacity) equipped with a magnetic stitm@as used for
the electrolysis and two platinum sheets of 15 anea were used as the anode and the cathodeedttion was
monitored by HPLC using a SHIMADZU LC-8A column @5mx4.6 mm) as the stationary phase. The eluent
consisted of acetonitrile/water (80:20) at a flaterof 1 ml/min. Samples were analysed at a wagétesf 254 nm
with a UV detector. Authentic sample of benzaldehgdd benzoic acid were used to calculate the aesgs of all

the experimental products for yield calculation.

A solution of benzyl alcohol (1.04 g, 10 mmol) inleroform (20 ml) was taken in a single compartneattrolytic
cell. To the above solution, 60 ml of aqgueous CAS fnmol) containing 1.36 M perchloric acid (PCAaswvadded.
The aqueous upper phase acted as the supportictgogiee. Two platinum electrodes were placed ia #iyueous
phase without touching the organic phase but vkrsecto the interphase. The organic phase alonestivasd with

a magnetic stirrer at a rate of 40 rpm in such & et the organic layer does not touch the eldeso The
electrolysis was carried out at room temperatutee €lectrolysis was conducted galvanostaticallya aturrent
density of 30 mA/cthwas passed. An aliquot was drawn periodically friiv@ organic phase and analysed by
HPLC. After the completion of the electrolysis, tlogver organic phase was separated, washed witbr2x25
ml), dried over anhydrous N&O, and the solvent was removed by distillation. HPaqdalysis of the residue
indicated the presence of 98% benzaldehyde yie@2¢) along with 1% unconverted benzyl alcohol.

RESULTSAND DISCUSSION

3.1 Eelectrochemical oxidation of Benzyl alcohol

Bi-phase electrolysis is one where the electrobtel the substrate are present in different phaBephase
electrolysis is advantageous than the homogeneaasrelysis because in the homogenous system léssigity is
observed due to substrate gets oxidised on thacgudf the electrode giving mixture of products.eilelectrolysis
occurs, electrolytically generated species trafrelsi aqueous phase to organic phase and attaclssitistrate. The
products obtained in bi-phase electrolysis will i the same as in the homogenous electrolysisthén
homogenous electrolysis the products are non-setedt the bi phases are made into emulsion bpnrags stirring,
then this type of electrolysis is called emulsidectolysis [30, 31]. In the electrochemical oxidat of benzyl
alcohol, the following parameters were studied tuedresults are reported:

3.2 Effect of current density

Indirect electrochemical oxidation of benzyl alcbtvas carried out in an undivided cell at a curmgnsity from 30
to 75 mA/cni. Table 1 and Figure 1 show the effect of curresisity on product yield and current efficiency. At
low current densities it takes a long time for tixéation of benzyl alcohol to benzaldehyde. Higinrent densities
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resulting in decrease in yield of product. Hence dptimum current density for the indirect electremical
oxidation of benzyl alcohol is 30mA/ém

Table 1: Effect of current density

S.No Current density (mA/cth Benzaldehyde Yield (%) Current efficiency (%)

1 30 90 67
2 45 89 66
3 50 88 65
4 60 86 64
5 75 82 61

Anode: Platinum (area = 15 cm2), cathode: platin(area = 15 cm2), current density = 30 mA/cm2, eldgte:
60 ml of aqueous solution of CAS (9.5 mmol) anddNitid (2.6 M), solvent: chloroform (20 ml), stixg rate: 20—
40 rpm, cell volume: 100 ml, type of cell: undiddgass cell, temperature = room temperature.
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Figure.l: Effect of current density on benzaldehyde yield

3.3 Effect of charge passed

In indirect electrochemical oxidation of benzyl @ol at optimum conditions, 95% of benzaldehyde a% of
unconverted benzyl alcohol was obtained after pgs&i5 F charge per mole of benzyl alcohol. Thevesirin
Figure 2 shows relative quantities of benzyl aldplenzaldehyde as a function of charge passedndinect
electrochemical oxidation of benzyl alcohol. Theximaum concentration of benzaldehyde is reachedchiaage of
2.5 F/mole. There is no increase in the produdtyeyond this charge, as shown in Table 2.

Table 2: Effect of charge passed

S.No Charge passed (F) Benzaldehyde Yield (%) @Guaticiency (%)

1 15 91 68
2 2.0 90 67
3 2.5 95 71
4 3.0 93 69
5 3.5 93 69

Anode: Platinum (area = 15 cm2), cathode: platin(area = 15 cm2), current density = 30 mA/cm2, aldgte:
60 ml of aqueous solution Of CAS (9.5 mmol) andd\icid (2.6 M), solvent: chloroform (20 ml), stirg rate:
20-40 rpm, cell volume: 100 ml, type of cell: umttx glass cell, temperature = room temperature.
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Figure.2: Effect of Charge passed on benzaldehydeyield
3.4 Effect of CAS concentration
The effect of CAS concentration on the oxidationbehzyl alcohol was studied from the range 2.4 mod.5
mmol. The results are reported in Table 3. Aimdshtical yields were obtained (94-95%). Hence 2rdomCAS
was chosen as the optimum concentration.

Table 3: Effect of cerium concentration

S.No Cerium Benzaldehyde Yield (%) Current efficiency
concentration (mmol) (%)
1 9.5 95.4 71.5
2 7.1 94.9 71.1
3 4.7 95.9 71.9
4 2.4 95.7 71.7

Anode:Platinum (area = 15 cm2), cathode: Platinareg = 15 cm2), current density = 30 mA/cm2, etdyte:60
ml of aqueous solution Of CAS and Nitric acid (B1§, solvent: chloroform (20 ml), stirring rate: 248-rpm, cell
volume: 100 ml, type of cell: undivided glass ctdinperature = room temperature.

3.5 Effect of acids

Indirect electrochemical oxidation of benzyl alcbhas carried out in an undivided cell at varioagi&la and Table
4 shows the effect of various acids on productdyatd current efficiency. Hence the suitable aoidtlie indirect
electrochemical oxidation of benzyl alcohol is PO&e oxidant capacity of CAS increases in the presef the
acids in the following order HCISHNO;>H,SO,>HCI.

Table 4: Effect of Acids

S.No Acids Benzaldehyde Yield (%) Current efficigrieo)

1 HCIO, 96.9 72.6
2 HNO, 95.7 71.7
3 H,SO, 94.1 70.5
4 HCI 55.4 41.5

Anode: Platinum (area = 15 cm2), cathode: platifarea = 15 cm2), current density = 30 mA/cm2, etdyte:60
ml of aqueous solution Of CAS (9.5 mmol) and sotvehloroform (20 ml) and different acids (10 ns)irring rate:
20-40 rpm, cell volume: 100 ml, type of cell: uridad glass cell, temperature = room temperature.

3.6 Effect of Acid Concentration

Acid concentration is another important parameighée redox mediated indirect oxidation. Studieseneonducted
to observe the effect of PCA concentration on tkieladion of benzyl alcohol to benzaldehyde. Theultssare
reported in Table 5. Almost identical yields wetdained (93-97%). It is observed from the tabld thadation of
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benzyl alcohol to benzaldehyde is favoured withubke of minimum acid concentration of around 1.3@®A. At
lower acid concentration, the ceric ion is produdéedthe slurry form due to lower solubility. 1.36 MCA
concentration appears to be the optimum acid cdratem.

Table5: Effect of acid concentration

S.No Acid Concentration (M) Benzaldehyde Yield (%urrent efficiency (%)

1 2.13 96.9 72.6
2 1.94 96.9 72.6
3 1.74 93.7 70.2
4 1.55 94.3 70.7
5 1.36 95.9 71.9

Anode:Platinum (area = 15 cm2), cathode: Platinuare@ = 15 cm2), current density = 30 mA/cm2, elelgte:
60ml of aqueous solution of CAS (2.4 mmol) and,RGAent: Chloroform (20 ml), stirring rate: 20—4pm, cell
volume: 100 ml, type of cell: undivided glass delinperature = room temperature.

3.6 Effect of solvent

Studies were conducted at room temperature usifigrefit solvents. The results are reported in Tdbldt is
observed that dichloromethane and chloroform gaagly identical results. Even though carbon tetaade gave
guantitative yield, dichloromethane is considersdaa ideal solvent for the oxidation of benzyl &lclodue to its
less toxicity.

Table 6: Effect of solvent

S.No Solvent BenzaldehydeCurrent efficiency (%)

Yield (%)
1 CHCl 95.9 71.9
2 CHCl 96.0 72.0
3 ccl, 98.6 73.9

Anode: Platinum (area = 15 cm2), cathode: platin(area = 15 cm2), current density = 30 mA/cm2, aldgte:
60ml of aqueous solution Of CAS (2.4 mmol) and PIC26 M), solvent: chloroform (20 ml), stirring eat20-40
rpm, cell volume: 120 ml, type of cell: undividddss cell, temperature = room temperature.

3.8 Effect of various anodes

The behaviour of various anode materials on th@&entlelectrochemical oxidation of benzyl alcohasastudied
using platinum and graphite as electrodes. Fronidide 7 it is observed that the best yield wasiolkt using
graphite as electrodes.

Table 7: Effect of various anodes

S.No Anode Cathode Benzaldehyde Yield (%) Curre

efficiency (%)
1 Platinum  Platinum 96.0 72.0
2 Graphite Graphite 98.1 73.5
3 Graphite Platinum 97.6 73.2
4 Platinum Graphite 85.1 63.8

Current density = 30 mA/cm2, electrolyte: aqueodmbof aqueous solution Of CAS (2.4 mmol) and PL36(M),
solvent: Dichloromethane (20 ml), stirring rate:-24D rpm, cell volume: 100 ml, type of cell: undaddylass cell,
temperature = room temperature.

3.9 Effect of recycle use of CAS

A few reactions were conducted for the oxidatiorbefizyl alcohol to benzaldehyde under optimizecceatration
with continuous recycling of CAS. The results agparted in Table 8. Almost identical yields werdaihed (96-
98%) with recycling the CAS. This reaction has btd®n up for scale-up studies.
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Table 8: Effect of recycle use of CAS

S.No Amount of CAS (mmol) Benzaldehyde Yield (%) rf@mt efficiency (%)

1 2.3 98.1 73.5

2 Reuse 1 97.5 73.1
3 Reuse 2 97.1 72.8
4 Reuse 3 96.6 72.4

Anode: Graphite (area = 15 cm2), cathode: Graplfdeea = 15 cm?2), current density = 30 mA/cm2, elagte:
60ml of aqueous solution Of CAS and PCA (1.36 dyesit: Dichloromethane (20 ml), stirring rate: 208-rpm,
cell volume: 100 ml, type of cell: undivided glasdl, temperature = room temperature.

CONCLUSION

In conclusion, an electrochemical method involvthg oxidation of benzyl alcohol to benzaldehyd®&3% yield
with the current efficiency of 74% by bi-phase #lelysis constitutes a novel and efficient alteiweimethod over
conventional chemical methods. The reactions amgieda out under mild condition with a very simple
electrochemical setup and present several advantagd as absence of secondary products, low £psbaduction,
high conversion and yield.
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