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ABSTRACT

A simple, efficient and cost effective method Ffar transesterification of structurally varied arotitaesters is
described. Transesterification is carried out irepence of a highly active heterogeneous base satdéveloped
from post-harvest banana plant. The catalyst derifrem different parts of the post-harvest plantsteaof the
Musa balbisiana and Musa acuminata varieties ofaren Successful transesterification of a varidtesiers have
been achieved to the corresponding methyl esteirsg ube catalyst at ambient temperature. The catalg

renewable, cost-effective and non-polluting. Paatrhst banana has no commercial value and availabieo cost.
It has potential applications in biodiesel indussi

Keywords: banana plant; transesterificatidiusa balbisiana; Musa acuminatheterogeneous; biodiesel.

INTRODUCTION

Transesterification is an important synthetic tfarmsation by which an ester is transformed into than It
involves the exchange of the alkoxy group of arerestith that of an alcohol. Transesterificationoise of the
prominent organic reactions that has entertainetsiderable attention and emerged as the most &ignifand
easiest procedure having boundless applicationacademic as well as industrial research [1]-[6]n&3al
technique of conversion of one ester to anotheeresivolves two steps: (a) conversion of the esteithe
corresponding carboxylic acid and (b) re-esteriftza of the acid. Transesterification reaction issiagle pot
equilibrium reaction which can be accomplished bgpdy mixing the reactants. However, presence chtalyst
speeds up the reaction. Transesterification isedemed process to the esterification of carboxglids of low
solubility, because esters that are starting nagefior transesterification are commonly solublemnst of the
solvents[7]. Transesterification has numerous apfibin in biodiesel industries [8]-[11] as welliagaint industry
[2]. Transesterification is a significant pathwaythe synthesis of biologically active compounds anugs [2],
[11]. The transesterification reaction can be gatad by a variety of protic and Lewis acids, orgaamd inorganic
bases, enzymes and antibodies [4], [12]-[14]. Brexhacid catalysed transesterification reactiormsioslowly and
high product yields are achieved at high tempeeatund pressure [14]-[16]. Base catalysed reactioosr rapidly
than the acid catalysed reactions [14]-[20]. Trates@ication can be accomplished using both homegas and
heterogeneous catalysts. Homogeneous alkalineysttdlave expansive use because the reaction isle®ah in a
short time under mild temperature and pressurét imippreciably costlier to separate homogeneatesysts from
the reaction mixture [17], [19], [20]. Heterogenea@atalysts are more profitable than the homogeneatalysts as
they are non-corrosive, easily separable from élaetion mixture making purification step easier egubsable [21]-
[26]. Here we have prepared an efficient and emwitentally benign catalyst for transesterificati@aation. The
North-Eastern part of India is a hub of naturabreses and they have not been exploited fully. Dxpraent of
catalyst from the natural resource is a green aotamic. We examined the catalytic activity of #eh derived
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from different parts of banana plant waste. The iastaditionally being used as a source of alkalthe entire
North Eastern region of India. The alkaline solntextracted from the ash is knownkadakharamong the people
of Assamese community and is used as a food additiVAssamese cuisines. The post-harvest bananés aee
agricultural waste and obtainable in plenty thraughindia. This agricultural waste is an excellew material for
the preparation of the catalyst due to its wider@®uminimal cost and biodegradability. The catatierived from
the trunk ofMusa balbisianahas been successfully utilized in biodiesel préidacfrom yellow oleanderThevetia
peruviang seed oil. Fuel properties conform to standard$seASTM D6751, EN14214, BSIl and BSlll, and in
certain aspects it is found to be better [27]. Bhene catalyst have been successfully (utilised)odrgd in the
transesterification of seed oils with methanol pmidg fatty acid methyl esters with a very goodld/ig28]. The
prominent advantages of this catalyst are: (a) dost, (b) non-toxic in nature, (c) general appliligbh (d) mild
reaction conditions, (e) high yield, (f) heterogeme and (g) easy separation. A wide range of stralty varied
aromatic esters underwent transesterification wigthanol by this catalyst. Reactions can be canigdffectively
at ambient temperature. We believe our procedultgoravide a better and more practical alternativéhe existing
methodologies and find useful applications bottaboratories and industries.

EXPERIMENTAL SECTION

Materials

All the esters used were prepared in the laboraigrypean-Stark trap for the removal of water andduafter
purification and characterization by NMR and IRI éther chemicals were procured from commerciakrsesiand
used without further purification. Methanol (Mertkd.) was procured from commercial vendors. Methamas
dried over anhydrous N&O, before use. Catalysts were dried in oven at 12@otCh prior to use as they are
hygroscopic in nature.

Preparation of the catalyst

Traditional method was followed for the preparatafrthe catalyst. The trunk of the banana plant sleed into
thin pieces and air dried under sun for severasdByy material was ignited, and allowed to burd anol down to
ambient temperature in its own. The ashes were pheserved in an air tight plastic container fog as and when
necessary. Time required for burning and naturalisg down process depends on the quantity of nateken.
Burning is usually expected to complete within haf hour, but cooling down process may take hdbirgilar
procedure was followed to prepare catalyst fronrtiome ofMusa balbisianaand trunk oMusa acuminataThe
chemical composition of the catalyst was estimatedhemical analysis, atomic absorption spectrogeoyl flame
photometry [29]. Major components present afeMa’, CO,%, and Clalong with some other metals viz. Al, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb in trace amountsr{dpvel). Metals are present as their carbonateisles or
chlorides. Finely divided carbon particles are afsond to be present. Nitrogen adsorption-desonpstudies
carried out using TriStar3000 V6.08A provided BEirface area as shown in Table 1. The decomposition
temperature of the catalyst was found to be ab6@Q by Thermogravimetric Analysis.

Table 1: Textural propertiesof the catalysts

Catalyst BET SurgaceArea PoreV3c>Iume Pore Size
(m7g) (cm’/g) (hm)
Catalyst from the trunk dflusa balbisiana 1.4870 0.019329 51.9961p
Catalyst from the rhizome ®usa balbisiana 0.5790 0.010196 70.44064
Catalyst from the trunk dflusa acuminata 1.3349 0.022677 67.9504p

Typical procedure for transesterification

A 1:100 molar ratio mixture of aromatic ester (5 atjrand methanol (500 mmol) together with the getia(20%
wt. of ester) was magnetically stirred in a two lneound bottom flask with a magnetic stirrer inrogen
atmosphere. Reactions (Scheme 1) were carriedt anlaient temperature.

o} O

R2 4+ MeOH Catalyst

> Me + R20OH

RT @)

Ester:alcohol=1:100
R? = n-Bu, n-Pr.

Scheme 1: Transesterification from higher to lower esters
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The progress of the reaction was monitored by TAffer completion of the reaction, the catalyst waparated by
filtration, and the reaction mixture was partitidnbetween petroleum ether and water. The orgarwer lavas
washed with brine solution (10%, 10 mix2) and dedr anhydrous N&O,. Solvent was removed under vacuum
and crude product was purified by column chromatphy over silica gel (60 - 120 mesh size) usindntlig
petroleum ether (bp 40-60 °C) and ethyl acetatthaseluent. Products were identified by IR, NMR. and**C
NMR were recorded in CDglat 300 and 75 MHz, respectively using Bruker Adeaihll 300MHz/54mm NMR
spectrometer. FT-IR spectra were obtained on a &mIR Affinity-1 IR spectrometer.

Recycling of the catalyst

Before executing the reusability test, catalystgeraeparation by filtration from the reaction moire, were washed
with DCM to remove any traces of organic compoulefisand then dried in oven for 2h at 120 °C folkxivby
cooling to ambient temperature inside a desiccdtbe. catalyst was then reused in transesterificagkperiments.
The catalyst was recycled without loss in theinatgt upto three cycles.

RESULTSAND DISCUSSION

In this investigation, the catalytic performancetloé new catalyst was studied with a number ofcstrally varied
carboxylic esters (Scheme 1). The correspondingsésterified products were obtained in good yield® results
of transesterification are summarized in Table Bese results strongly suggest that the new catadystem is
highly active towards transesterificatiorPropyl andn-butyl esters of cinnamic acid are efficiently sasterified
to methyl cinnamate by all the three varieties afatysts (Table 2, entries 1 to 6). However, thealgat derived
from the trunk oMusa acuminataequires longer time (entry 6) as compared toreated by the catalysts derived
from Musa balbisianaBoth thecatalysts derived from the trunk and rhizomeMafsa balbisianaappear equally
efficient. Esters of substituted benzoic acid asslefficiently transesterified by all the threeietées of catalysts.
The reactions demand much longer time (8 to 10gjnas compared to that involving cinnamic acid rest&s
expected, substituent effects are visible on thesgsterification reactions. Presence of electitimdvawing group
such as -N@ group in the benzene ring accelerates the trar#figsition of benzoic acid esters to some extent
(Table 2, entries 10 to 12). Electron releasingigsosuch as -Cl (entries 7 to 9) and -OH (entr&®115) appear to
have retarding effect on the transesterificati@ctiens.

Table2. Transesterification at ambient temperaturewith the banana plant derived catalysts

Entry Ester Product T(an)e Plant variety (part) 'E(irg)p Isolated yield (mol%)
o [e]
1 O/\)I\O/B“ ©/\)‘\o/ 6 | M. balbisiana(Trunk) | 29 80
(e} [0]
_Bu AN ~ M. balbisiana
2 O/\)‘\O @/\)‘\O 6  Riiome) 29 80
o [e]
_Bu AN e M. acuminata
3 O/\)‘\o ©/\)‘\O 6 G 29 76
0 o
4 O/\)A\O/Pr O/\)J\o/ 6 M -(b_lfl:S:]nga 25 85
o} (e}
_Pr N — M. balbisiana
> ©/\)‘\O ° 6 (Rhizome) 30 83
O o
6 N Pr N o 9 M. acuminata 30 82
© (Trunk)
o (0}
Bu - .
o~ 0 M. balbisiana
7 /@* /O)‘\ 72 CTrunk) 31 79
Cl cl
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Entry Ester Product T('E;e Plant variety (part) 'E%rg)p Isolated yield (mol%)
o (0]
Bu v ..
o~ e} M. balbisiana
8 /(j)k 72 (Rt 35 80
Cl Cl
o (0]
Bu - ;
o~ 0 M. acuminata
9 /@* 72 Crrunk) 35 73
Cl Cl
o o)
10 o o | 48 M. balbisiana 20 80
( Trunk)
OZN 02N
o o)
BU . .
e o M. balbisiana
11 /©/Lo 48 ( Rhizome) 30 78
OoN OoN
o o)
12 o Bu o | 48 M. acuminata 30 76
(Trunk)
OZN 02N
0 o]
HO _~Bu HO _ M. balbisiana
13 \O)ko 0 60 (Trunk) 32 53
o o]
HO. _~Bu HO - M. balbisiana
14 \Q)ko o 60 ( Rhizome) 32 51
(o} o
HO. _~Bu HO - M. acuminata
15 \@*0 0 67 (Trunk) 32 45

To compare the catalytic performance of the newlgt system with commercially available catalyst® carried

out experiments using XO; NaCO; and NaOEt. To make direct comparisons, all theegrents were carried
out in the same molar ratio 1:100(ester: methaamalpom temperature. Results of these reactionsuamenarized in
Table 3.

Table 3: Comparison of the banana plant derived catalyst with commer cially available catalysts

Entry Ester Product Catalyst Temp. (° :)T('Eq)e ISO(I;thdO /()%'eld

[0} [e]

1 @/\)I\O/Bu ©/\)‘\O/ K,CO 30 6 79
(0] 0]

2 ©/\)‘\0/Bu O/\)‘\O/ N&,COs 31 6 76
(0] 0]

i @MKO/BU O/\)ko/ NaOEt 34 6 83
[0} [e]

4 ©/\)I\O/Bu ©/\)‘\O/ Trunk of M. balbisiana 29 6 80
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These results demonstrate that the efficiency ®@hiw catalytic system towards transesterificagogimilar to that
of commercially available }COs;. However, it is found to be better than,N&; and NaOEt. We examined the
reusability of the three varieties of the catalystal it is quite appealing that we have successfalsed the
catalysts up to three cycles without significarsslin their activity.

M ethyl cinnamate (Table 2, entry 1 - 6)

0
©/vj\o/
14 NMR (300 MHz, CDC)): & 3.809 (s, 3H), 6.45 (d] = 16.2 Hz, 1H, olefinic), 7.376-7.395 (m, 3H, aatfo), 7.51-7.53 (m, 2H, aromatic),

7.70 (d,%] = 15.9 Hz, 1H, olefinic)**C NMR (75 MHz, CDGCJ): § 51.65, 117.70, 128.01, 128.82, 130.24, 134.28,8P44.67.38. FT-IR (thin
film/cm™): 1176, 1442, 1585, 1639, 1716, 2951, 3020.

M ethyl 4-chlor obenzoate (Table 2, entry 7 - 9)

0]
J@AO/
Cl

4 NMR (300 MHz, CDGJ): § 3.9 (s, 3H), 7.40 (d, 3J = 8.4 Hz, 2H, aromaficd6 (d, 3J = 8.4 Hz, 2H, aromati&C NMR (75 MHz, CDC):
§52.23, 128.47, 128.64, 130.86, 139.29, 166.17IRE(thin film/cm): 520, 852, 1103, 1280, 1442, 1593, 1724, 2954730

M ethyl p-nitrobenzoate (Table 2, entry 10 - 12)

O,N
\O\H/O\
(o]

14 NMR (300 MHz, CDCJ)): § 3.983 (s, 3H), 8.198-8.309 (m, 4H, aromatid; NMR (75 MHz, CDG)): § 52.81, 123.51, 130.68, 135.43,
150.48, 165.14. FT-IR (thin film/cf): 717, 806, 1276, 1346, 1523, 1597, 1716, 2953730

M ethyl m-hydroxybenzoate (Table 2, entry 13 - 15)

o)
HO
\©)\O/
H NMR (300 MHz, CDCJ): & 3.922 (s, 3H), 6.537 (bs, 1H, phenolic), 7.0693.0m, 3H, aromatic), 7.588 (s, 1H, aromatidL NMR (75

MHz, CDCk): § 52.34, 116.28, 120.35, 121.71, 129.68, 131.19,9153.67.44. FT-IR (thin film/cA): 759, 879, 1234, 1068, 1315, 1442, 1593,
1685, 2966, 3039, 3398.

CONCLUSION

In conclusion, the present procedure using banatayst provides a very efficient method for trastedfication.
Using the catalyst a couple of structurally differe-butyl andn-propyl esters have been successfully transeg@rifi
to methyl esters in moderate to high yield (TableThe catalyst shows similar activity irrespectiviethe parts
(trunk vs rhizome) used. The catalyst from the bar@lant varietyMusa balbisianaappears to have higher activity
as compared to that from the banana plant valietga acuminataThe catalysts are, however, not much different
in chemical composition or in activity. Work up $mple and the products can be easily isolated diynm
chromatography. The catalytic performance of thesvrcatalytic system (obtained from banana plang) een
compared to those of three widely reported tramssiisation catalyst viz., KCO; N&,CO; and NaOEt (Table 3).
Results revealed that the performance of the bapéarat (derived) extracted catalyst is at par Wi§CO; but
superior to both N&£0O; and NaOEtThe naturally obtained catalyst is environmentaltgeptable, non-toxic, and
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more economical with higher efficacy which come ainost zero cost. We believe this protocol will dfin
widespread applications in the field of modern aigaynthesis.

REFERENCES

[1]1 T Jin; S Zhang; T. LiGreen Chemistry2002, 4, 32—-34.

[2] J OteraChemical Review4993, 93 (4), 1449-1470.

[3] B Jousseaume; C Laporte; MC Rascle; T Toupa@bemical Communication2003, 12, 1428-1429.

[4] BC Ranu; P Dutta; A. Sarkafrhe Journal of Organic ChemistryQ98, 63(17), 6027-6028.

[5] T Chatterjee; D. Saha; BC Ranietrahedron Letter2012, 53 (32), 4142—-4144.

[6] F Bazi; H El Badaoui; S Sokori; S Tamani; Mmza; S Boulaajaj; S Sebfynthetic Communication2006,
36, 1585-1592.

[7]1 ML Kantam; P SreekantiCatalysis Letters2001, 77 (4), 241-243.

[8] NE Leadbeater; LM Stencedtnergy & Fuels2006, 20, 2281-2283.

[9]1 M Iso; B Chen; M Eguchi; T Kudo; S Shrestliaurnal of Molecular Catalysis B: Enzymat901, 16, 53-58.
[10]1D Fang; J Yang; C Jiao; A. Som&CS Catal.2011, 1, 42-47.

[11]1K Wilson; C Hardacre; AF Lee; M Montero; L Slaed. Green Chemistry2008, 10 (6), 654—659.

[12]1 D Kumar; A. Ali. Energy Fuels2010, 24, 2091-2097.

[13]U Schuchardt; R Sercheli; R MathedisBraz. Chem. Sqd998, 9, 199-210.

[14]1K Narasimharao; A Lee; K Wilsonlournal of Biobased Materials and Bioenergg07, 1 (1), 19-30.
[15]DW Lee; YM Park; KY LeeCatalysis Surveys from Asi2009, 13(2), 63-77.

[16] G Vicente; M Marti; A Estebamnd. Eng. Chem. Re005, 44, 5447-5454,

[17]H Li; W Xie. Catalysis Letters2006, 107 (February), 25-30.

[18]D Samios; F Pedrotti; A Nicolau; QB Reiznaud) Martini;FM Dalcin. Fuel Processing Technolog2009,
90, 599-605.

[191MP Dorado; E Ballesteros; FJ Lo; M Mittelba&nergy & Fuels2004, 18, 77-83.

[20] X Liu; X Piao; Y Wang; S ZhuEnergy & Fuels2008, 22, 2007, 1313-1317.

[211MY Kim; G Seo; OZ Kwon; DR Chan@ghemical communication2009, 21, 3110-3112.

[22]M del R Hernandez; JA Reyes-Labarta; FJ Valdés. Industrial & Engineering Chemistry Resear@910, 49
(19), 9068-9076.

[23]FR Abreu; DG Lima; EH Hamu; S Einloft; JC Rohi PAZ SuarezJournal of the American Oil Chemists’
Society 2003, 80(6), 601-604.

[24]1M Fuming; P Zhi; L Guangxingdrganic Process Research & Developmeo4d, 8(3), 372-375.

[25]MD Serio; M Ledda; M Cozzolino; G Minutillo; Resser; E Santacesarlad. Eng. Chem. Res2006, 45,
3009-3014.

[26] G Teng; L Gao; G Xiao; H. LikEnergy & Fuels2009,14, 4630-4634.

[27]1DC Deka; S Basumatargjomass and Bioenergg011, 35(5), 1797-1803.

[28] P Barua; K Dutta; S Basumatary; DC DeMatural product researgt2014, 28(8), 577-80.

[29]1 DC Deka; NN Talukdanndian Journal of Traditional Knowledg2007, 6(January), 72—78.

491



