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Introduction



Introduction

 The biological world can be regarded as a chiral world in the chemical sense. Biological

activity of a compound often depends upon the absolute configuration of chiral centres

in molecule because the receptor, usually a protein, to which it binds has  chiral active

site[1].

Therefore preparation of optically pure enantiomers of the compounds is extremely

important from industrial point of view. The synthesis of such optically pure enantiomers

can be carried out either chemically or biochemically. Among biochemical methods use

of enzymes and microorganisms is of great potential. This is because of their

stereoselectivity[2].

Stereoselective esterification[3] is popurlarly carried out using lipase enzymes and by

chemical methods. Present work is an attempt to utilizes the enzyme generated bby

fungus cultures for esterification reaction. In biological systems most of such reactions

including transesterification is carried out by lipases.

       
R' C

O

OR" + R"' OH
Lipase

R' C

O

OR"'

R" = H (Esterif ication)
R = Alkyl or Aryl (Transesterification)

There are also reports where even amidation reaction have been carried out using lipase
enzymes.

       
R C

O

OR' + R" NH2

Lipase

R C

O

NHR"

Such enzymatic enantioselective esterification is advantageous over chemical

esterification for the preparation of lipophilic alkyl enantioselective ester, particularly

for food use because no hazardous chemicals are used.

For these reactions, lipase is taken as such or immobilized on organic or inorganic carrier[4].

Lipases being robust class of enzymes can be immobilized to solve the problems of

stability and recyclability for industrial and other uses.
1



Present work uses biomass immobilized fungus to carry out esterification of mandelic

acid with short, medium and long chain alcohols without any organic solvent.
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Review of Literature



Literature Review

 Catalytic asymmetric synthesis is an important and expansive area of organic chemistry[5].

Catalytic enantioselective organic reactions can be achieved either by chemocatalysis[6]

or biocatalysis[7]. The former field is dominated by metal catalysis while biocatalysis

involves enzymes.

 Among enzymes, lipase (triacylglycerol hydrolases, EC 3.1.1.3) catalyses hydrolysis

of triglyceride to corresponding fatty acid and glycerol. In the past years, various lipase

catalyzed reactions have attracted much interest due to their mild conditions and greener

chemistry there by becoming very useful in chemical and pharmaceutical industries. In

addition to this they also catalyse a plethora of other reactions such as esterification,

transesterification, amidation and organic carbonates wherever the reactants are prochiral,

lipase  leads to the formation of enantioselective pure products[8]  
. 

  A brief literature

survey of lipase catalysed enantioselective organic reactions is presented in following

lines.

Sanchez et.al.[9] have reported that  lipase can catalyse either  hydrolysis or synthesis of

ester bonds depending upon the environment in which they carry out the reaction.
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 Chen and Sih et al.[10] and Tawaki and Klibanov et al.[11] have shown that in the

esterification reactions enantioselectivity can be modulated and frequently improved

when compared with hydrolytic reaction.

OR

OAc

O

Pseudomoans Sp.
Lipase

H2O
OR

O

OH

OR

O

+

OAc

ee = 40%

            

C BrH3C
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300C
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Br
C
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HOOC Br

H

H

(R) (S)
Conversion 45%(+)

ee= 96%

 Santaniello et al.[12] and Schoffers et al.[13] demonstrated lipases have been used in

resolution of racemic mixtures for the preparation of optically pure compounds,

constituting an alternative method to chemical asymmetric synthesis.
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According to Izumi[14] asymmetric synthesis can be divided into two types i.e.

enantioselective synthesis and diastereoselective synthesis. A reaction is described as
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enantioselective if the reaction is carried out on an achiral molecule using an

enantioselective reagent or catalyst (Scheme-1).

OCO

Cl

Cl O
HO

H

O H

Pseudomonas sp.

CH3CN,Et3N

+

                           Scheme-1: Achiral substrate for enantioselective synthesis

In the case of diasteroselective synthesis, if a molecule contains a centre of chirality and
a centre of prochirality, the molecule can be divided by a plane in such a way that the
parts on either side of the plane are diastereotopically related to each other. If the reaction
results in the conversion of centre of prochirality into a new centre of chirality, the
reagent that may attack from either side of this diasterotopically reacting plane with the
result that diastereoisomers are formed (Scheme-2).
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R'
tBUOOH / Ti(OPr)
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HO R2

R3
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+

      Scheme-2: Chiral substrate for enantioselective synthesis

Lipase is a wide class of enzymes produced by almost all types of  microorganisms,

including bacteria[15] , yeast and fungi[16]. Lawson et al[17]  had demonstrated that among

lipases of plant, animal and microbial origin, microbial lipases have gained importance

due to their easy cultivation, low cost of extraction, thermal and pH stability and substrate

specificity. Still, the cost of pure lipase catalyzed organic reactions and their inability to

reuse makes it necessary to look for alternative way to make its use cheaper. Therefore

immobilization either on organic or inorganic surface has been in use. Because of the
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wide variety of reaction systems in which lipases can be used, the preparation of

immobilized derivatives has to be done according tothe requirement. Several approaches

have been reported for the immbolisation of lipase[17]

a.) Adsorption on carrier

b.) Covalent binding to a solid matrix

c.) Entrapment in a solid support

d.) Membrane confinement

The selection of an immobilisation strategy is based on effectiveness of enzyme lipase

utilization, cost of the immobilisation procedure, toxicity of immobilisation reagents

and desired final properties of the immobilised biocatalyst[18].

Sarda and Desnuelle et al.[19] have reported the adsorption of lipase on hydrophilic surface.

It involves the simple mixing of enzyme (lipase) with a suitable adsorbent like porous

carbon, clay or resins. It involves incubation for sufficient time under appropriate

conditions of pH and ionic strength followed by washing off  loosely bound and unbound

proteins to produce the immobilised lipase. The driving force causing this interaction is

usually due to a combination of hydrophobic effects and the formation of several salt

links per enzyme molecule. One of the drawbacks is the blocking of the active site of

immobilized  lipase due to matrix or bead, there by  reducing the activity of lipase in

some cases.

Immobilisation of lipase by their covalent bonding to an insoluble solid matrix is an

extensively researched technique[20]. Only a small amount of lipase is immobilised by a

chemical reaction in this method. While the binding is very strong and there is little

leakage of lipase from support. The ease of formation of covalent bonding depends

upon availability and nucleophilicity of various groups present in lipase. As the chemical

reaction ensures that binding site does not cover the lipase’s active site, the activity is

only affected by immobility.
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Entrapment of lipase within gels or fibres like cellulose acetate is another convenient

method for lipase immobilisation[21]. It is suitable only for low molecular weight substrates.

It may be a purely physical caging or involve covalent binding.

Membrane confinement involves the use of a semi-permeable[22] . On one side of this

membrane lipase is present and on another side of membrane reactant and product stream

is present. Hollow fibre membrane units are used for this purpose and this is permeable

to only substrates of low molecular weight i.e. less than lipase’s molecular weight. It is

applicable to a wide variety of enzymes but it is very costly technique.

         

Scheme-3: Mechanism of lipase catalyzed transesterification

The mechanism of lipase catalysed esterification[23]  involves two tetrahedral intermediate

(Scheme-3). The first tetrahedral intermediate is formed by nucleophilic attack of serine

residue of the catalytic triad on the acid (I-1). The intermediate loses a water molecule

to give an acyl-enzyme complex (I-2). An alcohol molecule attacks the complex

(nucleophilic attack) to give another tetrahedral intermediate (I-3), which, finally, loses

an ester molecule to give an enzyme in its native form. Both of the tetrahedral

intermediates possess an oxyanion i.e. stabilised by hydrogen bonding.
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Vander et al.[24]  have  reported  that  the  enantioselective  esterification  catalysed  by

lipase was coupled with pervaporation (defined as transport of liquid through a non-

porous membrane with simultaneous evaporation of the permeates) of water by-

product produced by the reaction  (Scheme-4)                                   .
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R
H

COOH
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CH3
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-H2O

Scheme-4

This enantiselectivity is the degree to which one enantiomer of a chiral product is

preferentially produced in a chemical reaction.

The mechanism of enantioselectivity has been probed by substrate mapping[25], and more

recently by x-ray crystallographic structural determination[26]. Based on the observed

enantioselectivities of lipases toward hundreds of secondary alcohols for hydrolysis

reactions, where the substrate is an ester, and for esterification reactions, where the

substrate is an alcohol, an empirical rule is formulated. It predicts which enantiomer of

racemic acid mixture reacts faster in lipase-catalyzed reactions by comparing the sizes

of the substituents at the stereocenter. This rule is represented schematically in (Fig- 1).

When the acid substrate is drawn with the carboxylic group pointing out of the plane of

the paper, the favoured substrate enantiomer is an that bears a large substituent on the

right (e.g., phenyl) and a medium substituent on the left (e.g., methyl). The attack for

esterification and takes  place from the left that is the side which bears medium substituent.

The importance of substituent size was confirmed by studies, that showed that lipases

resolve acids with two similarly sized substituents poorly, but they resolve these acids

efficiently when the size of one substituent is increased. X-ray crystallographic structures

of active site of lipases support the above hypothesis.
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M P

HOOC H

Fig-1: The schematic shows the favoured enantiomer   for acid,

M and L represent medium and large substituents, respectively

The enantioselectivity can be calculated by measuring the enantiomeric excess (ees)
[27]

and enantiomeric factor (EF)[28]. The enantiomeric excess of the substrate, ees, at a given

time was calculated using:

                                 ees= [B] – [A] \ [A]+[B]

where [A] and [B] are the concentrations of the faster and slower reacting enantiomer

respectively. The extent of conversion at any given time, c, was calculated using:

                                             c = 1- [A]-[B] \ [A]0+[B]0

where the subscript 0 denotes initial concentrations.

The enantiomeric factor is defined as the correlation between the experimental

enantiomeric excess and the theoretical enantiomeric excess of the reaction

                                                  EF = ees\eet

 In this esterification, ees is the one measured (for the remaining substrate) at a defined

reaction time. The eet is the value which would be obtained at the same reaction time

with the same measured yield, only if the fast reacting enantiomer is transformed.

Therefore eet is calculated as

                                                 eet = [Yield] \ [100- Yield]×100

The maximum EF (1) value indicates that the enzyme is acting exclusively on one

enantiomer. But when the reaction yield is less than 50% then EF value of 0.95 ensures

a good resolution. And when reaction yield is higher than 50% then EF value must be
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calculated considering eet = 100, a value which indicates maximum enantioselectivity.

And this is measured by HPLC and capillary electrophoresis using a chiral stationary

phase, chiral mobile phase or a ligand exchange and by fluorescence detector circular

dichorism[29],[30].

Prakash et. al[31] have optimized the conditions of pH, growth medium, ambient

temperature, source of nitrogen and carbon for the production of Aspergillus species.

They have demonstrated that oil (50% v/v)  acting as carbon source, peptone (0.5 w/v)

as nitrogen source at 7.5pH and 350c gives maximum lipase activity for the production

of biodiesel.

 The group has also demonstrated that the fungus from Aspergillus species (RBD 01)

acts as potential catalyst for the transesterification of used frying oil with an free fatty

acid content upto 3.7%[32]. And they have also reported that extended frying of oil reduce

the extent of initial biocatalyzed hydrolysis compared with final transesterification.

Present work has been initiated with an objective of developing an enzymatic method to

obtain pure enantiomer of racemic mandelic acid mixture and to establish best conditions

to achieve maximum activity. The lipase used is of Aspergillus sp. for which Prakash et.

al. have optimized conditions as mentioned above.
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MATERIALS AND METHODS

A. Source of reagents and analytical facilities

 All the acids and alcohols used were procured from Aldrich. LR grade solvents

were used for the synthesis and produced from S.D. Fine-Chem Limited, Mumbai,

India.  Powdered biomass of Aspergillus species was procured as such from Dr. R.

Prakash, School of Chemistry and Biochemistry, Thapar University Patiala.1H NMR

spectral analysis were performed on BRUCKER ADVANCE Ï 400MHz

spectrophotometer installed at SIAF, Panjab University Chandigarh.

Experimental

Ethyl 2-hydroxy 2-phenylacetate (Compound-1, Table -1): Lipase (2 gm, i.e.

3% by weight) was added to a round bottom flask containing racemic mandelic

acid (5 gm) and dissolved in minimum quantity of water The reaction mixture was

allowed to equilibrate by heating at a constant temperature (400C) water bath with

continuous stirring for about one hour. The mild temperature and solvent conditions

were unlikely to compromise the stability of the enzymes over the duration of the

reaction. Ethanol (0.6 ml × 3, 1\3rd of total volume) was added to the reaction

mixture to stirring at 400C every six hours. Progress of the reaction was monitored

using TLC (Ethyl acetate : Pet ether, 25:75). A new spot was observed after 86

hours. The reaction mixture was brought to room temperature and ethyl acetate

(10 ml) added and organic layer separated from aqueous one. The organic solvent

is evaporated to get compound. (1H NMR: δ 1.29 (t,3H), δ 4.22 (q,2H), δ 5.37

(s,1H), δ 7.28 (m,8H).

Oleyl 2-hydroxy 2-phenylacetate: Lipase (2 gm, i.e. 3% by weight) was added to

a round bottom flask containing racemic mandelic acid (5 gm) and dissolved in

minimum quantity of water. The reaction mixture was allowed to equilibrate by

heating at a constant temperature (400C) water bath with continuous stirring for

about one hour. The mild temperature and solvent conditions were unlikely to

compromise the stability of the enzymes over duration of the reaction. Oleyl alcohol

(0.6 ml × 3, 1\3rd of total volume) was added to the reaction mixture to stirring at

11



400C every six hours. Progress of the reaction was monitored using TLC (Ethyl

acetate : Pet ether, 25:75). A new spot was observed after 86 hours. The reaction

mixture was brought to room temperature and ethyl acetate (10 ml) added and

organic layer separated from aqueous one. The organic solvent is evaporated to

get compound.

  Butyl 2-hydroxy 2-phenylacetate: Lipase (2 gm, i.e. 3% by weight) was added

to a round bottom flask containing racemic mandelic acid (5 gm) and dissolved in

minimum quantity of water The reaction mixture was allowed to equilibrate by

heating at a constant temperature (400C) water bath with continuous stirring for

about one hour. The mild temperature and solvent conditions were unlikely to

compromise the stability of the enzymes over duration of the reaction. Butyl alcohol

(0.6 ml × 3, 1\3rd of total volume) was added to the reaction mixture to stirring at

400C every six hours. Progress of the reaction was monitored using TLC (Ethyl

acetate : Pet ether, 25:75). A new spot was observed after 86 hours. The reaction

mixture was brought to room temperature and ethyl acetate (10 ml) added and

organic layer separated from aqueous one. The organic solvent is evaporated to

get compound.

THIN LAYER CHROMATOGRAPHY (TLC): Aliquots were withdrawn from

the reaction mixture and dissolved in minimum quantity of suitable solvent. The

conversion by esterification was checked by TLC on 0.3mm layers of silicagel G

as stationary phase and a mixture of ethyl acetate: pet ether (1:3) was used as a

mobile phase. The plate was developed in an iodine chamber.
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RESULTS AND DISCUSSION

 The use of Aspergillus sp. , isolated by Prakash et. al. for the production of highly pure

samples of biodiesel is well known[32]
 .

  In this study the same species immbolized on its

biomass was used to carry out esterification reaction of racemic acid (A) to study the

COOH

R1 R2

R1 = H, R2 = OH
R1 = OH, R2 = H
Racemic mandelic acid (A)

enantioselectivity of extracellular enzyme. Racemic Mandelic acid, an easily available

chemical in any general laboratory, was chosen as substrate and made to react with

different alcohols of short, medium and long chain length in aqueous medium.

The conditions used for the reaction were same as optimized by Prakash et. al. The

initial attempt to carry out esterification by taking alcohol in excess and using limiting

amount of acid was not successful. This may be due to the inactivation of the enzyme in

the presence of excess alcohol. Many groups have[34] shown such inactivation.

Thus, alternative approach using limiting amount of alcohol and stiochometric amount

of acid was used in the presence of 3% w/w biomass at 400C in aqueous medium. The

alcohol addition was carried out over a period of 18 hours using one third of its total

stiochometry every six hours. The progress of reaction as monitored by TLC showed a

prominent spot of each ester after 86 hours though light esterification was observed after

40 hours also. The alcohols used were ethanol, butanol and oleyl alcohol. The TLC spot

at Rf  value lower than that of Mandelic acid confirmed by the formation of ester. This

was validated with 1H NMR in case of ethyl and oleyl ester with a signal corresponding

to (-CO-CH2) protons at 4.1- 4.3 ppm in both the cases.
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The specific rotation of the reaction mixture was compared with that of racemic acid

(Table-1)

         COOH

OH

(i)ROH

(ii) Biomass,400

COOH

HO H

COOH

H OH

+

                                                     Table-1

Sr. No. R    %Yield ee(%)

1. CH2CH3 50% -

2. CH2CH2CH2CH3 - -

3. CH2(CH2)7CH=CH(CH2)7CH3 30%

4. H - 00

14

55.55

([α]25
 =66.66

0)



The amount of ester formed was estimated by comparing the singlet due to α-H at 5.19

and 5.23 ppm due to mandelic acid and mandelic esters (Fig-B).

  

                                                                       Fig-B

The ratio of protons due to (-COCH2-) in the range of 4.14- 4.32 ppm was an indication

of the enantioselectivity of the enzyme. In case of ethyl ester (compound-1) the intensity

of quarters due to  above mentioned protons was 1:1 there by indicating that both R and

S ester are formed in equal amounts (Fig-C)

Fig-C
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 Intrestingly in case of oleyl ester the peaks in the region of 4.01-4.15 ppm indicated

enantioselectivity due to varied intensity (-COCH2-)  protons in (Fig-D)

Fig-D

 The triplet due to unreacted alcohol observed at its usual position 3.6 ppm.

The optical rotation observed in case of of reaction mixture is an indication that though

reaction is enantioselective in all the cases, but 1H NMR clearly indicates that as the

chain length is increased selectivity of enzyme increases.
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CONCLUSION



Conclusion

 It can be concluded that biomass immobilized enzyme can carry out esterification for

mandelic acid with short, medium and long chain alcohols. However the enzyme is

more enantioselective in case of oleic ester, a long chain alcohol rather than in case of

short chain alcohol.
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