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An efficient protocol has been developed for synthesis of acetamides using Candida antarctica lipase B
(CaL B) in [BMIm(PFg)] as a greener reaction medium. The reaction is applicable to a wide variety of ali-
phatic esters/acetic acid and amines providing excellent yields of corresponding acetamide. The catalyst
exhibits remarkable activity and is reusable for up to four consecutive cycles.
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Biocatalysis in non-aqueous medium replacing the aqueous
ones has been widely discussed for more than two decades. How-
ever, use of the ionic liquids (ILs) as a reaction medium for bioca-
talysis has attracted great attention in recent years, as the
processes are green and ILs have several advantages compared to
conventional reaction media.!”* Room temperature ionic liquids
(RTILs) are organic salts, which are liquids at room temperature.
Their unique properties such as non-volatility, non-flammability,
excellent chemical and thermal stability, high polarity, and recy-
clability, have made them a promising replacement for traditional
volatile organic solvents.>® By varying the cations and anions, the
physico-chemical properties of ILs such as hydrophobicity, density,
viscosity, melting point, polarity, and solvent properties may be
tailored in many ways and thus can be made compatible with var-
ious biocatalytic processes.®”

Klibanov® studied the utility of enzymes in organic solvents and
reported the non-aqueous ammonolysis reaction of methyl buty-
rate with butylamine using porcine pancreatic lipase. Though the
use of organic solvents for enzymatic transformation played an
important role, their use has raised a lot of questions regarding
the environmental hazards, safety, and health issues.® When using
organic solvents at industrial scale, their post treatment in terms of
evaporation and recycling becomes more expensive and involves
tedious procedures. Also for many biocatalytic processes, sub-
strates and products have low solubilities in aqueous medium,
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which require an alternative non-conventional medium such as io-
nic liquids. Lipase-catalyzed reactions in ILs have been found to be
advantageous over those in conventional reaction medium, accom-
panied by increased activity, enantioselectivity and stability.!%12
After the first successful report by Erbeldinger et al.'> on thermol-
ysin-catalyzed synthesis of Z-aspartame in [BMIm(PFg)]/H,0, the
work from Sheldon and co-workers was the second publication
to demonstrate the potential use of ILs for enzymatic catalysis
and they were the first to use lipases.'*

An exhaustive research work related to esterification and
transesterification catalyzed by lipase has been done but less
attention subsists toward amidation reactions. Though some re-
ports on Candida antarctica lipase-catalyzed amidation in organic
solvent exist,! the area of amidation reaction using esters/acetic
acid as acyl donors remains unexplored. Considering this issue,
we have focused our attention toward the synthesis of acetamides.
Acetamides, being biologically active, have been widely used as
building blocks for pharmaceutical drugs,® clinical applications,!”
enzyme inhibitors,'® and herbicides.!®

We, herein, report an efficient protocol for the synthesis of
acetamides from esters and acetic acid as acyl donors with ali-
phatic amines in [BMIm(PFg)] as a reaction medium using CaL B
as a biocatalyst. The catalyst showed remarkable activity and is
applicable to a wide variety of aliphatic esters/acetic acid and
amines to yield the corresponding acetamides (Scheme 1).

In order to optimize the reaction conditions, reaction of benzyl
acetate with benzyl amine in presence of CaL B was chosen as a
model reaction.?? The type of C. antarctica lipase B enzyme used
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Scheme 1. CaL B-catalyzed synthesis of acetamides in [BMIm(PFg)].

was lipase immobilized on acrylic resin from C. antarctica with
>10,000 U/g, recombinant, and expressed in Aspergillus oryzae.
Hence, the amount of enzyme equivalent units used for this study
is 200 U. The influence of several parameters such as solvent, tem-
perature, catalyst loading, time, and mole ratio of substrates has
been studied (Table 1, entries 1-13).

Lipase-catalyzed reactions are markedly influenced by the reac-
tion media. Recent studies,*'®!! have also shown that the activity,
stability, and selectivity of the enzymes are considerably enhanced
by changing the reaction medium. As compared with organic sol-
vents and ionic liquids, high activity was observed with
[BMIm(PFg)] (Table 1, entries 1-4). Low yield with [BMIm(BF,)]
may be because it is prone to desorb water from the enzyme sur-
face and thus decrease the enzyme activity.2® Also the half-life per-
iod of [BMIm(PFg)] is greater than that of the other two ILs. The
effect of temperature on the activity of CaL B for acetamide synthe-
sis was studied in [BMIm(PFg)] by varying temperatures ranging
from 30 °C to 80 °C. It was observed that with increase in temper-
ature the yield of acetamide increases initially (Table 1, entries
5-7). However, at higher temperature, i.e., 80°C the yield
decreases (Table 1, entry 7), reflecting that 60 °C is the optimum
temperature. In an effort to determine the optimum concentration
of the catalyst, various amounts of catalyst loadings were deliber-
ated as shown in Table 1 (entries 8 and 9). The optimum results
were observed with respect to yield 94% (Table 1, entry 3), dem-
onstrating that further increase in the catalyst concentration has
no significant effect on the yield of acetamides. A remarkable
increase in yield, that is, 94% (Table 1, entry 3) was obtained

Table 1

Effect of reaction parameters on amidation reaction catalyzed by CaL B*
Entry Solvent Temp (°C) Catalyst loading (mg) Yield® (%)
Influence of solvent

1 [BMIm(BF4)] 60 20 76
2 [BMIM(NTF,)] 60 20 80
3 [BMIm(PFg)] 60 20 94
4 Di-iso propyl ether 60 20 66
Influence of temperature

5 [BMIm(PFs)] 30 20 51
6 [BMIm(PFg)] 45 20 62
7 [BMIm(PFe)] 80 20 81
Influence of catalyst loading

8 [BMIm(PFg)] 60 10 70
9 [BMIm(PFg)] 60 30 95
10¢ [BMIm(PFg)] 60 20 76
114 [BMIm(PFs)] 60 20 81
12¢ [BMIm(PFg)] 60 - 0
13¢ [BMIm(BE,)] 60 = 0

2 Reaction conditions: Benzyl acetate (0.3 mmol), benzyl amine (0.25 mmol),
solvent (0.5 ml), catalyst (CaL B lipase), molecular sieves 4 A (35 mg), time = 24 h.

b Yields based on GC analysis.

¢ Time =18 h.

4 Benzyl acetate/benzyl amine molar ratio is 1:1.

€ Without catalyst.

when molar ratio of benzyl acetate/benzyl amine (1.2:1) was used
whereas the equimolar concentration of substrates (1:1) yielded
81% of acetamides (Table 1, entry 11). The control reaction exper-
iments were also carried out in absence of the enzyme keeping
other reaction parameters constant, which demonstrated that
only the enzyme CaL B is responsible for the respective transfor-
mations (Table 1, entries 12 and 13). Hence, the optimum reac-
tion parameters were: ionic liquid [BMIm(PFs)] 0.5 ml,
temperature 60 °C, CaL B loading 20 mg, and time 24 h. Optimized
reaction conditions were subsequently applied for amidation of
various esters or acetic acid with different aliphatic and alicyclic
amines providing moderate to good yields of the desired products
(Table 2, entries 1-19).

It was observed that CaL B has the potential to catalyze the reac-
tions of four different esters as acyl donors with a comparative
high yield with butyl acetate (Table 2, entries 1-4). On the other
hand, CaL B was effective as catalyst only with aliphatic amines.
The reaction was smooth for simple aliphatic amines whereas yield
was very poor for the alicyclic amines. n-Butylamine and n-hexyl-
amine were found to react smoothly with benzyl acetate providing
good yields of the desired acetamides (Table 2, entries 5 and 6)
whereas with cyclohexylamine the yield had decreased (Table 2,
entry 7). The system also permits the reaction of benzyl acetate
with secondary amines such as piperidine with moderate yields
of the corresponding acetamide (Table 2, entry 8). The yield de-
creases with butylacetate as we move down from n-hexylamine
to cyclohexylamine (Table 2, entries 10-12). Vinyl acetate is the
most commonly used acyl donor for lipase-catalyzed acylation or
esterification reactions.? Vinyl acetate has been observed to be an
efficient donor with benzyl amine as well as with long chain ali-
phatic dodecamine for acetamide-synthesis producing moderate
to good yields (Table 2, entries 4 and 13). Also ethyl acetate served
as a good acyl donor producing corresponding acetamide (Table 2,
entry 14).

Carboxylic acid has scarcely been used as acyl donor as it is sup-
posed that the spontaneous formation of unreactive salt with
amine would prevent the formation of the acyl-enzyme complex.
However, the salt formation is reversible reaction. Montet et al.?*
demonstrated that the amide bond was synthesized by lipase in
hexane, though with a very low reaction rate of 60% conversion
of amine in 12 days. Also it is noteworthy to mention that while
using aliphatic acids?® with racemic 2-ethylhexyl amine, no amida-
tion reaction had occurred in organic solvents, i.e., diisopropyl
ether, tetrahydrofuran, and acetonitrile using CaL B and hence it
was carried out in bulk (without solvent) at 90 °C under vacuum.
In contrary, the use of acetic acid as an acyl donor has been found
to be effective for acetamide-synthesis in ionic liquid [BMIm(PFg)].
For these particular transformations, water was produced instead
of alcohols and it had no adverse effects on the enzyme activity.
Acetic acid as acyl donor reacted smoothly with the aliphatic
amines producing the good yields of the corresponding acetamides
(Table 2, entries 15 and 16). However, as like with esters, the acetic
acid when reacted with secondary amines such as morpholine and
pyridine gave lower yields of 40% and 62%, respectively.(Table 2,
entries 17 and 18).

The aromatic amines such as aniline were not compatible as
substrates for this particular protocol (Table 2, entries 9 and 19).
Basicity is one of the key factors differentiating the reactivity of ali-
phatic amines and aromatic amine, for example, aniline. It is well
known that aromatic amines are weak bases due to the aromatic-
ity. We think that it may be contributing to the results obtained in
present work. In case of acetic acid as an acyl donor in the reaction
with aniline, a low yield of 20% was obtained as compared with
benzyl acetate wherein the reaction did not proceed. Again this
may be due to the steric hindrance to N lone pair between these
two moieties.
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Reactions of esters/acetic acid with amines catalyzed by CaL B in [BMIm(PFg)]*
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Table 2 (continued)

No.  Ester/Acid Amine Product Yield ® (%)
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¢ Reaction conditions: Acetate/acetic acid (0.3 mmol), amine (0.25 mmol),
[BMIm(PF)] (0.5 ml), CaL B (20 mg), molecular sieves 4 A (35 mg), time = 24 h.

b Yields based on GC analysis, the yields given in the parentheses are the isolated
yields.

The reaction mechanism involves covalently linked acyl-en-
zyme intermediate that deacylates via nucleophilic attack of
amine. Generally one of the possible reasons for lower yield with
alicyclic amines is that lipase, being a serine hydrolase, depends
on the accessibility of the nucleophile to attack and cleave the
acyl-serine bond inside the cavity of the active site. Lipase usually
discriminates against certain acyl chain length, degrees of unsatu-
ration and location of double bond in the chain. Any of these fac-
tors could affect the interaction between the acyl chain and the
active site. Also, the release of smaller alcohols may cause deacti-
vation of the enzyme to some extent; similar results were observed
with esterification using goat pregastric lipase where the rate of
formation of ethyl butyrate was found to be lower than that of bu-
tyl butyrate.?!? Hence, the yield was more for butyl acetate than for
other acetates. Also, the alicyclic amines find it difficult to ap-
proach the catalytic site of the enzyme due to their size and thus
produce a poor yield.?'® In addition, cyclic structures could pro-
duce steric hindrance thus reducing the product yield.

In order to make the biocatalytic processes economical at large
scale, the recyclability of the enzyme in ionic liquids has to be ta-
ken into consideration.?®> During this study, enzyme-ionic liquid
reaction system was recycled up to four cycles. There was no sig-
nificant decrease during first cycle whereas the yield declined up
to 65% after the completion of the fourth cycle as shown in Figure
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Figure 1. Reaction conditions: Benzyl amine (0.25 mmol), benzyl acetate
(0.3 mmol), 0.5 ml of [BMIm(PF)], 20 mg CaL B, 35 mg molecular sieves 4 A at
temp = 60 °C for time =24 h.
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1. This decrease in yield might be due to handling loss of the en-
zyme during recycles or inactivation of the enzyme as the cycles
are increased.

In conclusion, we have studied the behavior of CaL B in ionic
liquid for acetamide-synthesis. The ionic liquid has influenced
the stability and yield of the acetamides with considerable recy-
clability. These advantages thus suggest that ionic liquid would
be used as green alternative reaction medium for acetamide-
synthesis.
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