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Biocatalytic amidation of carboxylic acids and their
antinemic activity

ABINESH BOSE1, NAJAM AKHTAR SHAKIL1, PANKAJ2, JITENDRA KUMAR1

and MANISH K. SINGH1

1Division of Agricultural Chemicals, Indian Agricultural Research Institute, New Delhi, India
2Division of Nematology, Indian Agricultural Research Institute, New Delhi, India

A series of novel N-alkyl substituted amides, synthesized by enzyme catalysis, were evaluated against root-knot nematode, Meloidogyne
incognita and found to have potential antinemic activity. The corresponding amides were prepared by the condensation of equimolar
amounts of carboxylic acids with different alkyl amines in the presence of Candida antarctica lipase at 60–90◦C in 16–20 h. The reactions
were carried out in a non - solvent system without the use of any activating agents. All the products were obtained in appreciable
amounts and the yields for different compounds varied between 77.4–82.3%. The synthesized compounds were characterized using
spectroscopy techniques namely Infra Red (IR) and Nuclear Magnetic Resonance (NMR) (1H and 13C). Nematicidal activity of
synthesized amides was evaluated against J2s of Meloidogyne incognita at 500, 250, 125 and 62.5 ppm concentrations after 24 h, 48
h and 72 h of exposure. Among all the tested compounds, N-propyl-butyramide, N-propyl-pentanamide and N-propyl-hexanamide
were found to possess significant activity with LC50 values of 67.46, 83.49 and 96.53 respectively. N-propyl-butyramide with LC50

value of 67.46 ppm was found to be most active amide against J2s of Meloidogyne incognita. The bioactivity study showed that an
increase in alkyl chain significantly decreased the activity of amides against root-knot nematode.

Keywords: N-alkyl substituted amides; antinemic activity; Candida antarctica lipase; non-solvent system; Meloidogyne incognita;
N-propyl-butyramide.

Introduction

Among the many significant advances in organic chem-
istry, attempts for environmentally benign processes in or-
ganic synthesis have highlighted the importance of enzyme-
catalyzed reactions, particularly for large-scale industrial
applications.[1] Substituted amides and amines are impor-
tant compounds in organic synthesis because of the pres-
ence of these functional groups in many compounds having
both medicinal as well as pesticidal activity. They are re-
ported to have antibacterial, antifungal, antiviral, insecti-
cidal and herbicidal properties.[2−19] Conventional method
of synthesis of these compounds involved the generation
of a reactive carboxy derivative, either an acid chloride

Address correspondence to Najam A. Shakil. Division of Agri-
cultural Chemicals. Indian Agricultural Research Institute. New
Delhi 110012. India; E-mail: iamshakil@gmail.com
Received September 15, 2009.
A part of this paper was presented in the 13th Indian Society
of Chemists and Biologist (ISCB) International Conference on
Interplay of Chemical and Biological Sciences: Impact on Health
and Environment. 26th Feb-1st Mar 2009, held in New Delhi.
India.

or anhydride, followed by aminolysis with amine. Also,
the conversion of esters to amides has some limitations
as the commonly used reagents, that is, sodium methox-
ide, sodium hydride, sodium metal or butyl lithium often
interferes with other functional groups present in the react-
ing species. Even though some enzyme catalyzed reactions
were reported, most of them involved the use of activating
agents or solvents and the bioactivity of these synthesized
compounds was hardly studied.[20−28]

Plant parasitic nematodes are a worldwide problem af-
fecting plant growth, yield and quality (Fig. 1). The esti-
mated overall annual yield loss of world’s major crops due
to damage by plant parasitic nematodes has been reported
to the extent of 12.3%.[29] Among plant parasitic nema-
todes, root-knot nematode are the major pests affecting
vegetables (Fig. 2). In addition, they also cause significant
damage to cereals, legumes, ornamentals, fruits, medicinal
and aromatic plants, spices and condiments and planta-
tion crops. The menace caused by root-knot nematode,
Meloidogyne spp., limiting the world agriculture produc-
tivity is well-known and most of the plants are identified
to be susceptible to the infection of Meloidogyne spp. The
four major species (M. incognita, M. javanica. M. arenaria
and M. hapla) account for more than 95% of the root-knot

D
ow

nl
oa

de
d 

by
 [

N
 R

 C
 M

ed
ic

in
al

 &
 A

ro
m

at
ic

 P
la

nt
s 

] 
at

 0
5:

28
 0

9 
O

ct
ob

er
 2

01
4 



Biocatalytic amidation of carboxylic acids 255

Fig. 1. Microscopic view of plant parasitic nematodes.

Fig. 2. Root–Knot Nematode infected root.

nematode population the world over. Among the differ-
ent methods employed for the control of plant parasitic
nematodes, namely physical, mechanical, cultural and bi-
ological, only the chemical measures have the potential to
give an immediate control, which continue to play an im-
portant role in agribusiness in spite of the emergence of
novel biotechnological and biological solutions.

Thus, an environment friendly method for the one-step
conversion of carboxylic acids to corresponding amides
(in bulk) without the use of any activating agents and sol-
vents is very much desirable. There is no report whatsoever
in literature regarding nematicidal activity of these com-
pounds. Here, we report an enzyme-catalyzed procedure for
the one-step conversion of carboxylic acids to substituted
amides in a non-solvent system, without the use of haz-
ardous reagents and solvents and their bioefficacy evalua-
tion against root-knot nematode (Meloidogyne incognita).

Materials and methods

General

Laboratory grade reagents and solvents were procured
from Qualigens. Different amines were procured from M/S
Sigma Aldrich and used as received. Candida antarctica li-
pase, an immobilized enzyme, was a gift from Novozymes,
Denmark. Thin Layer Chromatography (TLC) was per-
formed on 200 µm thick aluminium sheets with silica gel
as adsorbent. The solvent system used for developing the
TLC plate was ethyl acetate:hexane, 2:8. Spots were visu-
alized in iodine. The Infra Red (IR) spectra were recorded
on either a Perkin-Elmer 2000 Fourier Transform Infra
Red (FT-IR) or RXI FT-IR spectrophotometer. All sam-
ples were analyzed in nujol mull. The 1H NMR and 13C
NMR spectra were recorded on a Bruker AC-300 Avance
spectrophotometer at 400 and 100 MHz, respectively us-
ing Tetramethylsilane (TMS) as an internal standard. The
chemical shift (δ) values are expressed in ppm and the cou-
pling constants (J) values are in Hertz (Hz).

R OH

O

+ R1NH2
R NHR1

O

+ H2O
CAL-B

60-900C, in bulk

under vacuum

OH

O
NH2

N
H

O

1
2

3

4

1'

2'
3'

1

+

R = CH3 (CH2)2, CH3 (CH2)3, CH3 (CH2)4

R1= CH3 (CH2)2, CH3 (CH2)5, CH3 (CH2)6, CH3 (CH2)7, CH3 (CH2)8, CH3 (CH2)9

Sch. 1. Synthesis of substituted amides.
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256 Bose et al.

General procedure for the preparation of N-alkyl
substituted amides

Eighteen novel N-alkyl substituted amides were synthe-
sized by the biocatalytic condensation of different car-
boxylic acids with amines in vacuum (Fig. 1). For the same,
equimolar amounts of different chain length amines and
acids, along with Candida antarctica lipase enzyme (10%
of the total amount of the reactants) were taken in a 250
mL, two necked round-bottom flask with a magnetic bar
(to facilitate stirring) and was then heated in an oil bath at
60–90◦C. One neck of the round bottom flask was attached
to a pump to make the reaction proceed in vacuum and
the other was punctured with a needle to regulate the pres-
sure inside the round-bottom flask. The different reactions
were let to proceed for 16–20 hours. The formation of the
products were confirmed by Thin Layer Chromatography
(TLC) in ethyl acetate:hexane (2:8) solvent system. Work
up of the reactions involved addition of dichloromethane
(DCM), followed by filtration to remove the enzyme. The
solvent DCM was then evaporated off in a rotary evapora-
tor. The different substituted amides synthesized were pu-
rified by column chromatography to afford the pure amides
in 77.4–82.3% yield.

Purification of individual amides by column
chromatography

The column was packed with 100–200 mesh size silica gel
in pure hexane. Elution was started with hexane and po-
larity was increased subsequently by the addition of ethyl
acetate, the ratio being 1%, 2%, 3% up to 5% of ethyl ac-
etate in hexane. The fractions obtained after eluting in the
range of 2–5% ethyl acetate in hexane showed single spot
in iodine (developing solvent 20% ethyl acetate in hexane).
Individual amides eluted in the range 2–5% as reported
later in individual compound details.

Spectral analysis of individual amides

N-propyl-butyramide (1) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in
hexane in 80.4% yield, Rf : 0.49 (ethyl acetate:hexane, 2:8);
IR (Nujol) cm−1: 1640 (C O stretching, amide I band),
1551 (N-H bending, amide II band), 1402 (C-N stretching,
amide III band), 3127 (N-H stretching) and 784; 1H NMR
(400 MHz, CDCl3): δ 0.86 (3H, t, J = 6.4, H-3′), 0.94 (3H,
J = 7.2, H-4), 1.59–1.61 (4H, m, H-3, H-2′), 2.19 (2H, t,
J = 7.2 , H-2), 3.17 (2H, q, H-1′) and 6.03 (1H, s, N-H);
13C NMR (75.5 MHz, DMSO): δ 11.1 (C-3′), 13.0 (C-4),
18.8, 24.5 (C-3 & C-2′), 36.5 (C-2), 45.3 (C-1′) and 174.7
(C-1).

N-hexyl-butyramide (2) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in

hexane in 80.4% yield, Rf : 0.48 (ethyl acetate:hexane, 2:8);
IR (Nujol) cm−1: 1635 (C O stretching, amide I band),
1560 (N-H bending, amide II band), 1410 (C-N stretching,
amide III band), 3150 (N-H stretching) and 793; 1H NMR
(400 MHz, CDCl3): δ 0.87 (3H, t, J = 6.4, H-6′), 0.95 (3H,
t, J = 7.2, H-4) 1.29–1.61 (10H, m, H-3, H-2′, H-3′, H-4′ &
H-5′), 2.18 (2H, t, J = 7.2, H-2), 3.2 (2H, q, H-1′) and 5.5
(1H, s, N-H); 13C NMR (75.5 MHz, DMSO): δ 13.0 (C-6′),
14.0 (C-4), 18.8, 23.1, 27.1, 31.7, 32.2 (C-3, C-2′, C-3′, C-4′
& C-5′), 36.5 (C-2), 43.1 (C-1′) and 174.7 (C-1).

N-heptyl-butyramide (3) was obtained as a brownish-
yellow coloured viscous liquid, after purification by column
chromatography by eluting with 2% ethyl acetate in hexane
in 80.4% yield, Rf : 0.49 (ethyl acetate:hexane, 2:8); IR (Nu-
jol) cm−1: 1645 (C O stretching, amide I band), 1555 (N-H
bending, amide II band), 1412 (C-N stretching, amide III
band), 3120 (N-H stretching) and 778; 1H NMR (400 MHz,
CDCl3): δ 0.87 (3H, t, J = 6.4, H-7′), 0.94 (3H, t, J = 7.2,
H-4), 1.11–1.78 (12H, m, H-3, H-2′, H-3′, H-4′, H-5′ & H-
6′), 2.14 (2H, t, J = 7.2, H-2), 3.24 (2H, q, H-1′) and 5.46
(1H, s, N-H); 13C NMR (75.5 MHz, DMSO): δ 13.0 (C-7′),
14.0 (C-4), 18.8, 23.1, 27.4, 29.7, 31.7, 32.5 (C-3, C-2′, C-3′,
C-4′, C-5′ & C-6′), 36.5 (C-2), 43.1 (C-1′) and 172.2 (C-1).

N-octyl-butyramide (4) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in
hexane in 80.4% yield, Rf : 0.49 (ethyl acetate:hexane, 2:8);
IR (Nujol) cm−1: 1640 (C O stretching, amide I band),
1559 (N-H bending, amide II band), 1412 (C-N stretch-
ing, amide III band), 3131 (N-H stretching) and 790; 1H
NMR (400 MHz, CDCl3): δ 0.84 (3H, t, J = 6.4, H-8′),
0.93 (3H, t, J = 7.2, H-4), (1.21–1.65 (14H, m, H-3, H-2′,
H-3′, H-4′, H-5′, H-6′ & H-7′), 2.23 (2H, t, J = 7.2, H-2),
3.17 (2H, q, H-1′) and 6.02 (1H, s, N-H); 13C NMR (75.5
MHz, DMSO): δ 13.5 (C-8′), 14.6 (C-4), 18.1, 20.3, 23.8,
26.9, 29.1, 31.7, 32.2 (C-3, C-2′, C-3′, C-4′, C-5′, C-6′ &
C-7′), 36.5 (C-2), 43.1 (C-1′) and 173.3 (C-1).

N-nonyl-butyramide (5) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in
hexane in 80.4% yield, Rf : 0.47 (ethyl acetate:hexane, 2:8);
IR (Nujol) cm−1: 1656 (C O stretching, amide I band),
1562 (N-H bending, amide II band), 1402 (C-N stretching,
amide III band), 3133 (N-H stretching) and 788; 1H NMR
(400 MHz, CDCl3): δ 0.88 (3H, t, J = 6.4, H-9′), 0.92 (3H,
t, J = 7.2, H-4), 1.13–1.70 (16H, m, H-3, H-2′, H-3′, H-4′,
H-5′, H-6′, H-7′ & H-8′), 2.15 (2H, t, J = 7.2, H-2), 3.22
(2H, q, H-1′) and 5.57 (1H, s, N-H); 13C NMR (75.5 MHz,
DMSO): δ 13.2 (C-9′), 14.9 (C-4), 19.1, 20.3, 22.2, 23.8,
26.9, 29.1, 31.7, 32.2 (C-3, C-2′, C-3′, C-4′, C-5′, C-6′, C-7′
& C-8′), 36.5 (C-2), 43.1 (C-1′) and 173.3 (C-1).

N-decyl-butyramide (6) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in
hexane in 80.4% yield, Rf : 0.47 (ethyl acetate:hexane, 2:8);
IR (Nujol) cm−1: 1640 (C O stretching, amide I band),
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Biocatalytic amidation of carboxylic acids 257

1550 (N-H bending, amide II band), 1400 (C-N stretching,
amide III band), 3120 (N-H stretching) and 782; 1H NMR
(400 MHz, CDCl3): δ 0.84 (3H, t, J = 6.4, H-10′), 0.88 (3H,
t, J = 7.2, H-4), 1.33–1.77 (18H, m, H-3, H-2′, H-3′, H-4′,
H-5′, H-6′, H-7′, H-8′ & H-9′), 2.24 (2H, t, J = 7.2, H-2),
3.22 (2H, q, H-1′) and 5.88 (1H, s, N-H); 13C NMR (75.5
MHz, DMSO): δ 13.2 (C-10′), 14.9 (C-4), 19.1, 19.8, 20.3,
22.2, 23.8, 26.9, 29.1, 31.7, 32.2 (C-3, C-2′, C-3′, C-4′, C-6′,
C-7′, C-8′ & C-9′), 36.5 (C-2), 43.1 (C-1′) and 170.9 (C-1).

N-propyl-pentanamide (7) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in
hexane in 80.4% yield, Rf : 0.46 (ethyl acetate:hexane, 2:8);
IR (Nujol) cm−1: 1664 (C O stretching, amide I band),
1565 (N-H bending, amide II band), 1402 (C-N stretching,
amide III band), 3134 (N-H stretching) and 795; 1H NMR
(400 MHz, CDCl3): δ 0.87 (6H, m, H-5 & H-3′), 1.19–1.59
(6H, m, H-4, H-3 & H-2′), 2.14 (2H, t, J = 7.6, H-2), 3.16
(2H, q, H-1′) and 6.09 (1H, s, N-H); 13C NMR (75.5 MHz,
DMSO): δ 11.1 (C-5), 13.3 (C-3′), 22.1, 24.5, 28.2 (C-4, C-3
& C-2′), 34.0 (C-2), 45.3 (C-1′) and 170.8 (C-1).

N-hexyl-pentanamide (8) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in
hexane in 80.4% yield, Rf : 0.48 (ethyl acetate:hexane, 2:8);
IR (Nujol) cm−1: 1649 (C O stretching, amide I band),
1558 (N-H bending, amide II band), 1405 (C-N stretching,
amide III band), 3134 (N-H stretching) and 797; 1H NMR
(400 MHz, CDCl3): δ 0.95 (6H, m, H-5 & H-6′), 1.29–1.57
(12H, m, H-4, H-3, H-2′, H-3′,H-4′ & H-5′), 2.23 (2H, t,
J = 7.6, H-2), 3.27 (2H, q, H-1′) and 5.52 (1H, s, N-H); 13C
NMR (75.5 MHz, DMSO): δ 13.3 (C-5), 14.7 (C-6′), 22.1,
23.3, 27.4, 31.9, 32.5 (C-4, C-3, C-2′, C-3′, C-4′ & C-5′),
34.4 (C-2), 42.7 (C-1′) and 174.7 (C-1).

N-heptyl-pentanamide (9) was obtained as a brownish-
yellow coloured viscous liquid, after purification by column
chromatography by eluting with 2% ethyl acetate in hexane
in 80.4% yield, Rf : 0.47 (ethyl acetate:hexane, 2:8); IR (Nu-
jol) cm−1: 1654 (C O stretching, amide I band), 1566 (N-H
bending, amide II band), 1402 (C-N stretching, amide III
band), 3120 (N-H stretching) and 794; 1H NMR (400 MHz,
CDCl3): δ 0.92 (6H, m, H-5 & H-7′), 1.33–1.63 (14H, m,
H-4, H-3, H-2′, H-3′, H-4′, H-5′ & H-6′), 2.16 (2H, t, J =
7.6, H-2), 3.23 (2H, q, H-1′) and 5.66 (1H, s, N-H); 13C
NMR (75.5 MHz, DMSO): δ 13.6 (C-5), 14.1 (C-7′), 22.8,
23.4, 27.7, 28.7, 39.9, 31.8, 32.4 (C-4, C-3, C-2′, C-3′, C-4′,
C-5′ & C-6′), 34.9 (C-2), 43.2 (C-1′) and 171.2 (C-1).

N-octyl-pentanamide (10) was obtained as a brownish-
yellow coloured viscous liquid, after purification by column
chromatography by eluting with 2% ethyl acetate in hexane
in 80.4% yield, Rf : 0.46 (ethyl acetate:hexane, 2:8); IR (Nu-
jol) cm−1: 1644 (C O stretching, amide I band), 1567 (N-H
bending, amide II band), 1402 (C-N stretching, amide III
band), 3136 (N-H stretching) and 798; 1H NMR (400 MHz,
CDCl3): δ 0.91 (6H, m, H-5 & H-8′), 1.36–1.64 (16H, m,
H-4, H-3, H-2′, H-3′, H-4′, H-5′, H-6′ & H-7′), 2.17 (2H, t,

J = 7.6, H-2), 3.23 (2H, q, H-1′) and 5.56 (1H, s, N-H); 13C
NMR (75.5 MHz, DMSO): δ 13.2 (C-5), 14.5 (C-8′), 22.3,
24.8, 26.2, 28.8, 30.6, 30.9, 31.6, 32.7 (C-4, C-3, C-2′, C-3′,
C-4′, C-5′ C-6′ & C-7′), 34.9 (C-2), 43.4 (C-1′) and 176.1
(C-1).

N-nonyl-pentanamide (11) was obtained as a brownish-
yellow coloured viscous liquid, after purification by column
chromatography by eluting with 2% ethyl acetate in hexane
in 80.4% yield, Rf : 0.47 (ethyl acetate:hexane, 2:8); IR (Nu-
jol) cm−1: 1649 (C O stretching, amide I band), 1550 (N-H
bending, amide II band), 1400 (C-N stretching, amide III
band), 3125 (N-H stretching) and 785; 1H NMR (400 MHz,
DMSO): δ 0.94 (6H, m, H-5 & H-9′), 1.34–1.63 (18H, m,
H-4, H-3, H-2′, H-3′, H-4′, H-5′, H-6′, H-7′ & H-8′), 2.17
(2H, t, J = 7.6, H-2), 3.24 (2H, q, H-1′) and 5.58 (1H, s,
N-H); 13C NMR (75.5 MHz, DMSO): δ 13.3 (C-5), 14.1
(C-9′), 22.2, 23.1, 27.8, 28.2, 29.9, 30.6, 30.9, 31.6, 32.7 (C-
4, C-3, C-2′, C-3′, C-4′, C-5′, C-6′, C-7′& C-8′), 34.9 (C-2),
43.4 (C-1′) and 176.1 (C-1).

N-decyl-pentanamide (12) was obtained as a brownish-
yellow coloured viscous liquid, after purification by column
chromatography by eluting with 2% ethyl acetate in hexane
in 80.4% yield, Rf : 0.48 (ethyl acetate:hexane, 2:8); IR (Nu-
jol) cm−1: 1655 (C O stretching, amide I band), 1555 (N-H
bending, amide II band), 1405 (C-N stretching, amide III
band), 3129 (N-H stretching) and 782; 1H NMR (400 MHz,
DMSO): δ 0.93 (6H, m, H-5 & H-10′), 1.24–1.63 (20H, m,
H-4, H-3, H-2′, H-3′, H-4′, H-5′, H-6′, H-7′, H-8′ & H-9′),
2.16 (2H, t, J = 7.6, H-2), 3.21 (2H, q, H-1′) and 5.67 (1H,
s, N-H); 13C NMR (75.5 MHz, DMSO): δ 13.7 (C-5), 14.7
(C-10′), 22.7, 23.4, 27.6, 28.6, 29.7, 30.6, 30.9, 31.1, 31.8,
32.9 (C-4, C-3, C-2′, C-3′, C-4′, C-5′, C-6′, C-7′, C-8′ &
C-9′), 35.9 (C-2), 43.7 (C-1′) and 175.3 (C-1).

N-propyl-hexanamide (13) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in
hexane in 80.4% yield, Rf : 0.49 (ethyl acetate:hexane, 2:8);
IR (Nujol) cm−1: 1640 (C O stretching, amide I band),
1551 (N-H bending, amide II band), 1402 (C-N stretching,
amide III band), 3129 (N-H stretching) and 794; 1H NMR
(400 MHz, CDCl3): δ 0.88 (6H, m, H-6 & H-3′), 1.21–1.61
(8H, m, H-5, H-4, H-3 & H-2′), 2.26 (2H, t, J = 7.6, H-2),
3.16 (2H, q, H-1′) and 6.08 (1H, s, N-H); 13C NMR (75.5
MHz, DMSO): δ 14.1 (C-6), 14.2 (C-3′), 22.4, 24.6, 25.7,
34.5 (C-5, C-4, C-3 & C-2′), 39.3 (C-2), 40.6 (C-1′) and
174.8 (C-1).

N-hexyl-hexanamide (14) was obtained as a brownish-
yellow coloured viscous liquid, after purification by column
chromatography by eluting with 2% ethyl acetate in hexane
in 80.4% yield, Rf : 0.46 (ethyl acetate:hexane, 2:8); IR (Nu-
jol) cm−1: 1648 (C O stretching, amide I band), 1562 (N-H
bending, amide II band), 1408 (C-N stretching, amide III
band), 3134 (N-H stretching) and 792; 1H NMR (400 MHz,
CDCl3): δ 0.93 (6H, m, H-6 & H-6′), 1.29–1.66 (14H, m,
H-5, H-4, H-3, H-2′, H-3′, H-4′ & H-5′), 2.25 (2H, t, J =
7.6, H-2), 3.27 (2H, q, H-1′) and 5.59 (1H, s, N-H); 13C
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258 Bose et al.

NMR (75.5 MHz, DMSO): δ 13.9 (C-6), 14.2 (C-6′), 22.3,
23.5, 25.1, 27.8, 31.5, 31.7, 32.2 (C-5, C-4, C-3, C-2′, C-3′,
C-4′ & C-5′), 34.4 (C-2), 43.1 (C-1′) and 173.3 (C-1).

N-heptyl-hexanamide (15) was obtained as a brownish-
yellow coloured viscous liquid, after purification by column
chromatography by eluting with 2% ethyl acetate in hexane
in 80.4% yield, Rf : 0.47 (ethyl acetate:hexane, 2:8); IR (Nu-
jol) cm−1: 1669 (C O stretching, amide I band), 1564 (N-H
bending, amide II band), 1411 (C-N stretching, amide III
band), 3138 (N-H stretching) and 787; 1H NMR (400 MHz,
CDCl3): δ 0.94 (6H, m, H-6 & H-7′), 1.25–1.62 (16H, m,
H-5, H-4, H-3, H-2′, H-3′, H-4′, H-5′ & H-6′), 2.14 (2H, t,
J = 7.6, H-2), 3.21 (2H, q, H-1′) and 5.9 (1H, s, N-H); 13C
NMR (75.5 MHz, DMSO): δ 14.0 (C-6), 14.0 (C-7′), 22.4,
23.1, 25.7, 27.4, 29.7, 31.5, 31.7, 32.5 (C-5, C-4, C-3, C-2′,
C-3′, C-4′, C-5′ & C-6′), 34.3 (C-2), 43.1 (C-1′) and 174.3
(C-1).

N-octyl-hexanamide (16) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in
hexane in 80.4% yield, Rf : 0.47 (ethyl acetate:hexane, 2:8);
IR (Nujol) cm−1: 1641 (C O stretching, amide I band),
1552 (N-H bending, amide II band), 1401 (C-N stretching,
amide III band), 3122 (N-H stretching) and 781; 1H NMR
(400 MHz, CDCl3): δ 0.93 (6H, m, H-6 & H-8′), 1.26–1.79
(18H, m, H-5, H-4, H-3, H-2′, H-3′, H-4′, H-5′. H-6′ & H-
7′), 2.16 (2H, t, J = 7.6, H-2), 3.24 (2H, q, H-1′) and 5.48
(1H, s, N-H); 13C NMR (75.5 MHz, DMSO): δ 13.6 (C-6),
14.1 (C-8′), 22.3, 23.4, 25.5, 27.8, 29.9, 31.5, 31.8, 32.1, 32.5
((C-5, C-4, C-3, C-2′, C-3′, C-4′, C-5′, C-6′ & C-7′), 35.8
(C-2), 44.2 (C-1′) and 173.5 (C-1).

N-nonyl-hexanamide (17) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in
hexane in 80.4% yield, Rf : 0.46 (ethyl acetate:hexane, 2:8);
IR (Nujol) cm−1: 1649 (C O stretching, amide I band),
1561 (N-H bending, amide II band), 1409 (C-N stretching,
amide III band), 3132 (N-H stretching) and 796; 1H NMR
(400 MHz, CDCl3): δ 0.93 (6H, m, H-6 & H-9′), 1.26–1.79
(20H, m, H-5, H-4, H-3, H-2′, H-3′, H-4′, H-5′. H-6′, H-7′
& H-8′), 2.30 (2H, t, J = 7.6, H-2), 3.24 (2H, q, H-1′) and
5.48 (1H, s, N-H); 13C NMR (75.5 MHz, DMSO): δ 13.8
(C-6), 14.2 (C-9′), 22.4, 23.6, 25.7, 27.5, 30.9, 31.8, 31.8,
32.1, 32.1, 32.6 (C-5, C-4, C-3, C-2′, C-3′, C-4′, C-5′, C-6′,
C-7′ & C-8′), 35.9 (C-2), 43.9 (C-1′) and 172.8 (C-1).

N-decyl-hexanamide (18) was obtained as a brownish-
yellow coloured viscous liquid, after purification by col-
umn chromatography by eluting with 2% ethyl acetate in
hexane in 80.4% yield, Rf : 0.49 (ethyl acetate:hexane, 2:8);
IR (nujol) cm−1: 1666 (C O stretching, amide I band),
1567 (N-H bending, amide II band), 1409 (C-N stretching,
amide III band), 3142 (N-H stretching) and 799; 1H NMR
(400 MHz, CDCl3): δ 0.89 (6H, m, H-6 & H-10′), 1.24–1.65
(22H, m, H-5, H-4, H-3, H-2′, H-3′, H-4′, H-5′. H-6′, H-7′,
H-8′ & H-9′), 2.15 (2H, t, J = 7.6, H-2), 3.24 (2H, q, H-1′)
and 5.63 (1H, s, N-H); 13C NMR (75.5 MHz, DMSO): δ

13.4 (C-6), 14.6 (C-10′), 22.1, 22.8, 25.1, 27.8, 30.6, 31.4,
31.7, 32.0, 32.0, 32.6, 33.1 (C-5, C-4, C-3, C-2′, C-3′, C-4′,
C-5′, C-6′, C-7′, C-8′ & C-9′), 36.3 (C-2), 43.4 (C-1′) and
173.3 (C-1).

Bioassay

Screening for nematode toxicity

All the synthesized compounds were tested by water
screening method against root-knot nematode, Meloidog-
yne incognita. Root-knot nematode-infected soil and roots
of plants were collected from the glass house of Divi-
sion of Nematology, I.A.R.I., New Delhi. Nematodes were
extracted from the soil by Cobb’s sieving and decanting
technique.[30]The collected soil was taken in a bowl and
sufficient amount of water was added to make slurry. The
slurry was passed through a 20 mesh sieve to remove the
heavy materials and then through a set of 60,100 and 325
mesh sieves. The collected suspension was rinsed with a
gentle jet of water was then poured carefully on a double-
layered tissue paper supported by wire gauge to a Petri plate
containing clean water. After 48 h, the suspension was ob-
served under stereo-scopic binocular microscope and the
number of second-stage juveniles (J2s) of M. incognita was
counted per mL aliquot of distilled water. From the infected
roots, Meloidogyne egg masses were collected under stereo-
scopic microscopic microscope. The egg masses were kept
on double-layered tissue paper supported by wire mesh for
2–3 days in incubator at 25–30◦C for hatching. The num-
ber of freshly hatched J2s was counted per 1 mL aliquot
of distilled water. Suspension of the J2s was diluted to get
approximately 50 J2s per mL.

Synthesized amides (12 mg) were weighed separately and
dissolved in a minimal amount of solvent (acetone) and
12 mL of Tween 80 emulsified water was added to get a
stock solution of 1000 ppm. Solutions of 500 ppm, 250
ppm, 125 ppm and 62.5 ppm were prepared by serial dilu-
tions of the stock solutions with distilled water. An amount
measuring 1 mL of root-knot nematode suspension con-
taining 50 J2s was taken in glass vials and an equal volume
of the test solutions was added separately to obtain the de-
sired test concentrations of 500 ppm, 250 ppm, 125 ppm
and 62.5 ppm respectively. Each treatment was replicated
twice separately for 24, 48 and 72 h. For each treatment a
control was taken by adding 1 mL of nematode suspension
with equal volume of acetone-tween 80 emulsified water at
25–30◦C.

Observations were taken for each treatment after 24 h,
48 h and 72 h under a stereo-scopic binocular microscope
for determining juvenile mortality. A revival test was per-
formed for each treatment by decanting the test solvents
and adding distilled water. Juvenile nematodes found im-
mobile after the revival test were considered as dead. The
percent mortality in treatment as well as in control for each
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Biocatalytic amidation of carboxylic acids 259

compound was calculated and the corrected percent mor-
tality was calculated using Abbot’s formula.[31]

Corrected mortality % = T − C
100 − C

× 100

T = Total mortality in treatment
C = Total mortality in control
LC50 (Lethal Concentration for 50% mortality) is the

concentration of the chemical in the external medium re-
quired to kill 50% of the test population. From the con-
centrations (ppm) of test solution, LC50 value (ppm) was
calculated for each compound with the help of a basic
LC50program version 1.1 using a personal computer.[32]

Results and discussion

Synthesis of substituted amides

The condensation of equimolar amount of different
carboxylic acids namely butyric acid, pentanoic acid and
hexanoic acid with amines viz propyl amine, hexyl amine,
heptyl amine, octyl amine, nonyl amine and decyl amine,
catalyzed by Candida antarctica lipase (CAL-B) in a non
solvent system at 60–90◦C in 16–20 h resulted in the for-
mation of N-propyl-butyramide (1), N-hexyl-butyramide
(2), N-heptyl-butyramide (3), N-octyl-butyramide (4),
N-nonyl-butyramide (5), N-decyl-butyramide (6), N-
propyl-pentanamide (7), N-hexyl-pentanamide (8),
N-heptyl-pentanamide (9), N-octyl-pentanamide (10),
N-nonyl-pentanamide (11), N-decyl-pentanamide (12),

N-propyl-hexanamide (13), N-hexyl-hexanamide (14),
N-heptyl-hexanamide (15), N-octyl-hexanamide (16),
N-nonyl-hexanamide (17), N-decyl-hexanamide (18)
respectively, in quantitative yields.

In IR spectra, Amide I band due to C O stretching ap-
peared at approximately 1640 cm−1, Amide II band due
to N-H bending appeared at approximately 1550 cm−1 and
Amide III band due to C-N stretching appeared at approxi-
mately 1400 cm−1, confirmed the condensation of carbonyl
group with amino group. In 1H NMR spectra, the triplet at
δ 2.14–2.30 for CH2-CO protons (J = 7.2 and 7.6), quartet
at δ 3.16–3.27 for CONH-CH2 and a singlet at δ 5.46–6.09
for the N-H proton were characteristic of all the synthesized
amides. In 13C NMR, the peaks at δ 40.4–44.2 for CONH-
CH2 and at δ 170.8–176.1 for CONH were prominent for
all the compounds.

In addition to the above mentioned characteristics, bands
at approximately 3125 cm−1 (broad multiplet due to N-H
stretching), 2930 cm−1 (strong) and 780 cm−1(strong) were
also present for all the test compounds in IR spectra. In
1H NMR spectral analysis, the methyl protons appeared in
the range δ 0.86–0.95 as a triplet (J = 6.4 and 7.2) and the
methylene protons appeared as a multiplet at δ 1.11–1.79.
The multiplet at δ 1.59–1.61, integrating for 4 protons was
characteristic for N-propyl-butyramide (1), 1.29–1.61 inte-
grating for 10 protons for N-hexyl-butyramide (2), 1.11–
1.78 integrating for 12 protons for N-heptyl-butyramide
(3), 1.21–1.65 integrating for 14 protons for N-octyl-
butyramide (4), 1.13–1.70 integrating for 16 protons for
N-nonyl-butyramide (5), 1.33–1.77 integrating for 18 pro-
tons for N-decyl-butyramide (6), 1.19–1.59 integrating for 6

Table 1. Nematicidal activity of N-alkyl substituted amides against root-knot nematode, Meloidogyne incognita (after 72 h of
exposure).

Heterogenity Fiducial limit (mgL−1)
No. of carbon Regression equation

Test compound atoms Degrees of freedom χ2 y = a + bx LC50 (mgL−1) Min. Max.

1 7 2 0.37 1.27 + 2.04x 67.46 55.3 79.4
2 10 2 0.91 0.47 + 2.18x 118.82 98.5 140.0
3 11 2 1.03 −0.36 + 2.46x 150.13 137.8 178.2
4 12 2 3.54 −1.48 + 2.73x 238.66 202.1 265.7
5 13 2 5.23 −1.14 + 2.58x 238.69 200.9 264.5
6 14 2 1.14 0.11 + 2.02x 264.17 225.7 298.0
7 8 2 5.65 0.65 + 2.26x 83.49 62.5 101.2
8 11 2 0.99 −0.28+2.40x 153.75 138.5 172.1
9 12 2 3.03 −1.39 + 2.71x 227.94 195.3 258.4

10 13 2 4.44 −1.71 + 2.81x 242.68 208.1 270.2
11 14 2 3.84 1.03 + 1.59x 291.2 250.1 350.2
12 15 2 0.54 0.42 + 1.9x 288.55 215.0 320.1
13 9 2 5.28 −0.78 + 2.91x 96.53 68.2 128.4
14 12 2 0.25 −0.81 + 2.57x 182.08 145.3 217.4
15 13 2 2.96 −1.19 + 2.61x 236.38 201.2 278.4
16 14 2 2.90 0.48 + 1.85x 275.17 205.1 305.1
17 15 2 5.51 −1.18 + 2.61x 296.77 238.4 340.4
18 16 2 5.16 −1.03 + 2.51x 312.02 264.3 360.7
Carbofuran 3.1
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260 Bose et al.

Fig. 3. Effect of increase in alkyl chain on activity of amides (after
72 h of exposure).

protons for N-propyl-pentanamide (7), 1.29–1.57 integrat-
ing for 12 protons for N-hexyl-pentanamide (8), 1.33–
1.63 integrating for 14 protons for N-heptyl-pentanamide
(9), 1.36–1.64 integrating for 16 protons for N-octyl-
pentanamide (10), 1.34–1.63 integrating for 18 protons
for N-nonyl-pentanamide (11), 1.24–1.63 integrating for
20 protons for N-decyl-pentanamide (12), 1.21–1.61 inte-
grating for 8 protons for N-propyl-hexanamide (13), 1.29–
1.66 integrating for 14 protons for N-hexyl-hexanamide
(14), 1.25–1.62 integrating for 16 protons for N-hexyl-
hexanamide (15), 1.26–1.79 integrating for 18 protons for
N-hexyl-hexanamide (16), 1.26–1.79 integrating for 20 pro-
tons for N-hexyl-hexanamide (17) and 1.24–1.65 integrat-
ing for 22 protons for N-hexyl-hexanamide (18). In 13C
NMR spectral analysis, in addition to the peak at δ 170.8–
176 for CONH, the methyl carbon atoms appeared at δ

11.1–14.9 and the methylene carbon atoms at δ 18.1–44.2.

Antinemic activity

The values in Table 1 show that even though all the com-
pounds possessed activity against Meloidogyne incognita,
N-propyl-butyramide (1), N-propyl-pentanamide (7) and
N-propyl-hexanamide (13) were found to possess signif-
icant activity with LC50values of 67.46, 83.49 and 96.53
respectively after 72 h of exposure. It was evident that the
duration of exposure considerably affected the mortality
of the nematode, as the time of exposure increases from
24 h to 72 h the percent mortality of nematode increases.
A similar effect was observed in the case of dose, as the
concentration was brought down from 500 to 62.5 ppm the
percent mortality was found to decrease.

Thus, N-propyl-butyramide (1) was found to be most
active against M. incognita as compared to others amides.
The relative high toxicity of N-propyl-butyramide may be

attributed to the presence of lesser carbon atoms in the alkyl
chain. The lesser the number of carbon atoms in the alkyl
chain, more potent was the corresponding amide (Fig. 3).

Conclusions

An eco-friendly, one-pot solvent-free process for the syn-
thesis of the substituted amides was found feasible, whereby
carboxylic acids were directly converted into amides by
reacting with different amines in the presence of Can-
dida antarctica Lipase (CAL-B). The non-solvent reac-
tion and experimental simplicity are assets of this ap-
proach. All the products were obtained in quantitative
yields varying between 77.4–82.3%. Although all the com-
pounds possessed activity against Meloidogyne incognita,
N-propyl-butyramide (1), N-propyl-pentanamide (7) and
N-propyl-hexanamide (13) were found to be more potent
with LC50values of 67.46, 83.49 and 96.53 respectively. The
relative high toxicity of N-propyl-butyramide may be at-
tributed to the presence of lesser carbon atoms in the alkyl
chain. The lesser the number of carbon atoms in the alkyl
chain, the more potent the corresponding amide.
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