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Abstract

In this study, a few undecenoic acid-amino acid-based hybrid molecules were synthesized and evaluated for their biological
activities. Initially, methyl undecenoate was epoxidized using m-chloroperbenzoic acid to yield epoxy methyl undecenoate. Later
the epoxy ring was opened with amino group of the respective methyl esters of selected amino acids, namely, valine, tyrosine,
phenylalanine, methionine and leucine to yield methyl (11-methyl valinyl-10 hydroxy) undecenoate, methyl (11-methyl tyrosinyl-
10 hydroxy) undecenoate, methyl (11-methyl phenylalanyl-10 hydroxy) undecenoate, methyl (11-methyl methionyl-10 hydroxy)
undecenoate and methyl (11-methyl leucinyl-10 hydroxy) undecenoate, respectively. The hydroxy group in fatty amino ester
derivatives were further sulfated using chlorosulfonic acid to yield their sulfated sodium salts. Among the synthesized derivatives
the non-sulfated derivatives showed moderate antioxidant activities, while, the sulfated derivatives exhibited promising
cytotoxicity specifically against the prostate cancer (DU145) cell line.
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Introduction

Fatty acids are the main component of lipids in plants,
animals, and microorganisms. In general, fatty acids are
straight chain carbon molecules of varying length with a
carboxylic acid group at one end. Fatty acids are known to
possess various biological activities such as antibacterial and
antifungal properties [, It is well known that long-chain
unsaturated fatty acid derivatives exhibit greater potency than
saturated fatty acid derivatives . 10-undecenoic acid (10-
UDA) is a first generation derivative of castor oil, produced
by high temperature cracking of ricinoleic acid, the major
fatty acid present in castor oil Bl Similarly, undecenoic acid
is one of the well-studied fatty acid bearing anti-fungal
activity that finds use in topical creams for the treatment of
skin infections such as athletes foot, ring worm, etc 1€, 10-
UDA is an interesting renewable raw material readily used in
insecticidal, fungicidal and perfumery formulations [ 81, It is
also used as precursor for the synthesis of antitumor
compounds, antibiotics and a host of insect pheromones [ &,
10-UDA finds extensive use for the manufacture of
pharmaceuticals, anti-dandruff shampoos, antimicrobial
powders and some bioactive products. While, some of these
derivatives are being used in cosmetic formulations due to
their skin biocompatibility and mildness owing to the
structural resemblance to the skin and hair proteins.
Undecenoic acid’s terminal double bond is very reactive and
can undergo addition reactions to incorporate epoxy group [9,
10] despite its potential, 10-UDA has not been exploited
appropriately. Lipophilic derivatives are well known for their
vital role in antioxidant, biological and cosmetic applications.
In the recent years, the modification of various molecules by

lipophilization has become an important methodology to
improve the effectiveness in lipid based products [,

Amino acids have a wide range of biological functions and
provide nitrogen balance in our body and also plays an
important role in metabolic functions [*2 13, Amino acids are
the building blocks or basic structural units of peptides and
proteins. Some of the amino acids, namely alanine, valine,
tyrosine, phenylalanine, methionine and leucine possess
unusual structural features used for the synthesis of bioactive
molecules. In general, the amino acid derivatives are
considered as an important class of surfactants and function
as good amphoteric surface active germicides 1 However,
there is paucity of information on amino acid-undecenoic
acid-based hybrid molecules having multifunctional moieties
such as amine, hydroxyl, etc. Considering these facts, some
selected amino acids and undecenoic acid were used as raw
materials for the synthesis of some bioactive hybrid
molecules in the present study. Further, all the synthesized
molecules were evaluated for different biological activities.

Materials and Methods

All chemicals such as undecylenic acid, valine, tyrosine,
phenylalanine,  methionine, leucine, alanine, meta-
chloroperbenzoic acid, triethyl amine, thionyl chloride and
chlorosulfonic acid were purchased from M/s. S.D. Fine
Chemical Co. Ltd., Mumbai, India, and were of highest grade
of purity. Other commercial solvents were purchased from
Merck Group Co., Ltd. All reagents were used without further
purification. Infrared spectra were measured on KBr pellets
on Perkin Elmer Spectrometer in the range of 4000-400 cm™.
'H and *C- NMR spectras was recorded on Avance 300 MHz
and Avance 500 MHz NMR spectrometers. Chemical shifts (6
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values) and coupling constants (J values) were reported in
parts per million (ppm) and Hertz (Hz), respectively.
Chemical shifts were relative to tetramethylsilane (TMS)
except for solvents that were used, and the signals were
quoted as s (singlet), d (doublet), t (triplet), g (quartet) and m
(multiplet). The ESI-MS mass spectra were recorded on
Waters 2998 mass spectrometer.

General procedure for the synthesis of amino acid methyl
esters

Methanol (100 ml) was added to amino acid (30 mmol) and
the contents were cooled to 0 °C. And then, thionyl chloride
(2.4 ml, 40 mmol), was added drop wise to these contents and
the stirring was continued for 1 h at this temperature. The
reaction mixture was magnetically stirred for 2 h at RT
followed by refluxing for 3 h. The crude product mixture was
concentrated under the reduced pressure to remove excess
methanol and thionyl chloride (Scheme 1).

R SOCI,/MeOH R
)\ RT for 2 h then
H2N COOH Reflux, 3hr  H2N 2 COOMe

1

R = -CHj3 (a), -CH (CHz)2 (b), -CH2Ph-OH (c), -CH2Ph (d), -
C2H4-S-CH3 (8), -CH,-CH (CH3)2 (f)

Scheme 1: Synthesis of amino acid methyl esters

Alanine methyl ester (2a)

Yield 90%; CsHgNOz; FT-IR (cm?, neat): 3,425 (N-H str),
1,745 (-C=0 str); 'H- NMR (CDCls, 300 MHz) : 8 3.7 (3H, S,
-O-CHa), 2 (2H, m, -NHy), 1.2 (3H, d, -CHs), 3.5 (1H, m,
H,N-CH.); C3-NMR (CDCls, 300 MHz): 19.6, 49.6, 58.2,
76.9; MS/ESI (m/z) Calcd: 103 [M+], found: 103.958 (M+1);
HRMS: 104.07053.

Valine methyl ester (2b)

Yield 90%; CsH1iNOy; FT-IR (cm, neat): 3,429 (N-H str),
1,741(-C=0 str): H-NMR (CDCls, 300 MHz) : &/ppm 0.98
[6H, dd, (-CHa)2], 2 (2H, m, -NH), 2.7 (1H, m, -CH-), 3.3
(1H, d, H:N-CH), 3.7 (3H, s, -O-CHs); ¥C-NMR (CDCl,,
300 MHz): 18.6, 30.0, 53.1, 58.8, 169.2; MS/ESI (m/z) Calcd:
131 [M+], found:131.94 (M+1): HRMS: 132.10152.

Tyrosine methyl ester (2c¢)

Yield 90%; C1oH13sNOs; FT-IR (cm, neat): 3,432 (N-H str),
1,635 (-C=0 str); H!- NMR (CDCls, 300 MHz): 8/ppm 2 (2H,
m, H2N-), 3.1 (2H, d, Ph-CH>-), 3.67 (3H, s, -O-CHs), 3.8
(1H, m, HoN-CH-), 6.7 (2H, d, ortho-2H), 7 (2H, d, meta-
2H); C*-NMR (CDCls, 300 MHz): 34.1, 51.6, 52.57, 114.5,
129.4, 155.8, 168.5; MS/ESI (m/z) Calcd: 195 [M+], found:
218(M+23).

Phenyl alanine methyl ester (2d)

Yield 90%; C1oH13NO2; FT-IR (cm™, neat): 3,430 (N-H str),
1,744 (-C=0 str); *H- NMR (CDCls, 300 MHz): 8/ppm 2 (2H,
m, H:N-), 2.9-3.1 (2H, m, Ph-CH-), 3.67 (3H, s, -O-CH3),
7.2 (5H, m, aromatic-5H); MS/ESI (m/z) Calcd: 179 [M+],
found: 202 (M+23).

Methionine methyl ester (2¢)
Yield 90%; Ce¢H13NO:S; FT-IR (cm™, neat) data: 3,429 (N-H
str), 1,741 (-C=0 str); *H- NMR (CDCls, 300 MHz); §/ppm 2

(2H, m, H2N-), 2.1 (3H, s, -S-CHs), 2.6 (2H, t, -S-CH>-), 3.6
(IH, m, H:N-CH-), 3.75 (3H, s, -O-CH3); MS/ESI (m/z)
Calcd: 163 [M+], found: 186 (M+23).

Leucine methyl ester (2f)

Yield 90%; C7HisNOy; FT-IR (cm?, neat): 3,418 (N-H str),
1,742 (-C=0 str); *H- NMR (CDCl3, 300 MHz): 5 2 (2H, m, -
NHy), 3.45 (1H, m, HoN-CH-), 2.5 [1H, m,-CH (CH3)-], 1.8
(1H, m, -CH-CH3), 1 [9H, d, (-CH3)3]; C**-NMR (CDCls, 300
MHz): 15.8, 49.1, 49.8, 53.2, 170.4; MS/ESI (m/z) Calcd: 145
[M+], found: 146 (M+1); HRMS: 146.11689.

Synthesis of undecenoic acid methyl ester

Undecylenic acid (50 g) was dissolved in 200 ml of 2%
sulphuric acid in methanol. The reaction mixture was refluxed
at 65 °C for 2 h. The product mixture was concentrated on
rotary evaporator and the product was extracted using ethyl
acetate. Later, ethyl acetate was removed and the crude
product was passed through activated basic alumina to
remove unconverted undecylenic acid. The yield obtained
was up to 95%.

Methyl undecenoate (4)

Yield 95%; Ci2H2,0; ; FT-IR (cm?, neat) data: 1,743 (-C=0
str), 1,641 (-C=C- str); 'H-NMR (CDCls, 300 MHz):5 3.6
(3H, s, -O-CHs3), 2.3 (2H, t,-CH,-C=0), 5.03 (2H, m, H.C=),
5.7 (1H, m, =CH), 1.4 [14H, m, (-CH,-) 7]; C-NMR (CDCls,
300 MHz): 24.9, 289, 34.0, 51.3, 114.1, 139.0, 174.1;
MS/ESI (m/z) Calcd: 198 [M+], found: 199 (M+1).

Synthesis of epoxy methyl undecenoate

Methyl undecenoate (11.88 g, 1 eq) was dissolved in
dichloromethane (100 ml) and mCPBA (15.5 gr, 1.5 eq) was
taken in dichloromethane, added slowly to reaction mixture at
4 °C for 0.5 h with stirring. Stirring was continued at same
temperature for 6 h and the crude reaction mixture was
filtered under high vacuum to remove mCBA formed during
reaction. And then dichloromethane was removed by rotary
evaporation and again the crude product mixture was
dissolved in ethyl acetate and washed with ag. NaHCOs3, ag.
NaHSO;z; and ag. NaCl solutions, respectively. The pure
product was obtained through column chromatography where
2% ethyl acetate in hexane was used as eluent. The yield
obtained was up to 90%.

Epoxy methyl undecanoate (5)

Yield 85%; Ci1,H2,03; FT-IR (cm™, neat): 1,738 (-C=0 str),
912 (epoxy ring); *H-NMR (CDCls, 300 MHz): § 2.3 (2H, t,-
CH>-C=0), 3.67 (3H, s,--CH3), 1.4 (2H, m, epoxy-CH>-), 1.3
[12H, m, (-CH.-)], 2.4-2.7 (2H, m, epoxy-CH,); MS/ESI
(m/z) Calcd: 214 [M+], found: 237 (M+23).

General procedures for the epoxy methyl undecanoate
ring opening with amino acid methyl esters

10-epoxy undecanoate (2.4 g, 1 eq) and methyl valine (1.865
0, 1.5 eq) were dissolved in methanol (50 ml). Then catalytic
amount of triethylamine was added to the contents and
magnetically stirred for overnight under reflux conditions.
After completion of the reaction, the methanol was removed
using reduced pressure and the product was extracted with
ethyl acetate.
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Methyl(11-methyl alanine-10-hydroxy) undecanoate (6a)
Yield 45%; Ci6H3:NOs; FT-IR (cm™, neat): 3,645 (N-H str),
3,645 (O-H str), 1,729 (-C=0 str); *H-NMR (CDCls, 300
MHz): 8/ppm 3.8 (3H, s, -O-CH3), 1.4 [14H, m, (-CH-)], 2
(2H, m, H2N-), 3.6 (1H, -NH-CH-), 2.9 (2H, dd, -NH-CH>-),
2.3 (2H, t, -CH»-C=0) 3.45 [1H, m, -CH (OH)-]; MS/ESI
(m/z) Calcd: 317 [M+], found: 318 (M+1).

Methyl(11-methyl valinyl-10-hydroxy) undecanoate (6b)
Yield 55%; Ci1sH3sNOs; FT-IR (cm™, neat): 3,408 (N-H str),
3,408 (O-H str), 1,736 (-C=0 str); 'H-NMR (CDCls, 300
MHz): 6 0.9 [6H, t, - (CHa) 2], 3.67 [6H, t, (-O-CH3)2], 3.5
(1H, -CH-NH-), 3 [2H, dd, -NH-CH,-CH (OH)-], 2.3 (2H, t, -
CH,-C=0), 1.2 (14H, m, -(CH2) 7-], 2 (1H, m, -NH-); C®
NMR (CDCls, 300 MHz: 18.8, 24.4, 29.1, 34.1, 50.9, 53.3,
66.1, 69.7, 76.7, 173.5, 174.9; MS/ESI (m/z) Calcd: 345
[M+], found: 346 (M+1); HRMS: 346.25796.

Methyl-(11-methyl
(6c)

Yield 55%; CzH3sNOs; FT-IR (cm™, neat): 3,389 (N-H str),
3,389 (O-H str), 1,734(-C=0 str); H-NMR (CDCl;, 300
MHz): &/ppm 3.67 [6H, s, (-O-CH3)], 2.1 (1H, m, -NH-), 3
[2H, dd, -NH-CH>-CH (OH)-], 3.6 [1H, m, -CH (OH)-], 1.4
[14H, m, - (CHy) 7 -], 2.3 (2H, t, -CH,-C=0), 6.7 (2H, m,
meta —-H), 7 (2H, m, ortho-H); MS/ESI (m/z) Calcd: 409
[M+], found: 432 (M+23);

tyrosinyl-10-hydroxy) undecanoate

Methyl-(11-methyl phenylalanyl-10-hydroxy) undecanoate
(6d)

Yield 60%; C2H3sNOs; FT-IR (cm?, neat): 3,472 (N-H str),
3,472 (O-H str), 1,740 (-C=0 str); H:-NMR (CDCls, 300
MHz) : 6 0.98 [6H, dd, (-CH3)2], 2 (2H, m, -NH2), 2.7 (1H, m,
-CH-), 3.3 (1H, d, H2N-CH), 3.7 (3H, s, -O-CHs); MS/ESI
(m/z) Calcd: 393 [M+], found: 416 (M+23).

Methyl-(11-methyl methionine-10-hydroxy) undecanoate
(6e)

Yield 50%; Ci1sH3sNOsS; FT-IR (cm™, neat): 3,448 (N-H str),
3,448 (O-H str), 1,735 (-C=0 str); H:-NMR (CDCls, 300
MHz) : 8/ppm 0.98 [6H, dd, (-CHa)s], 2 (2H, m, -NH,), 2.7
(1H, m, -CH-), 3.3 (1H, d, H2N-CH), 3.7 (3H, s, -O-CHgy);
MS/ESI (m/z) Calcd: 377 [M+], found: 378 (M+1).

Methyl(11-methyl leucinyl-10-hydroxy) undecanoate (6f)
Yield 46%; C19H37NOs; FT-IR (cm, neat): 3,429 (N-H str),
3,429 (O-H str), 1,741(-C=0 str); H-NMR (CDCl;, 300
MHz) : &/ppm 0.98 [6H, dd, (-CHz3)2], 2 (2H, m, -NH), 2.7
(1H, m, -CH-), 3.3 (1H, d, H2N-CH), 3.7 (3H, s, -O-CHa);
MS/ESI (m/z) Calcd: 359.27 [M+], found: 382 (M+23).

General procedure for the sulfation of methyl (11-methyl
amino acid-10-hydroxy) undecanoate

Chlorosulfonic acid (0.17 g, 1.2 mmol) was added drop wise
to methyl (11-methyl amino acid-10-hydroxy) undecanoate
(0.318 g, 1 mmol) dissolved in chloroform (50 ml) at 5 °C for
30 min, while the mixture was magnetically stirred. Stirring
was continued for an additional 3.5 h at the same temperature.
The contents were diluted with n-butanol and neutralised with
16 N aqueous sodium hydroxide solution. The water and
butanol was removed using a rotary evaporator, and the
residue was dried under reduced pressure at 80 °C. The

product was treated with diethyl ether to separate the
unconverted reactant as ether solubles. The sulfated methyl
(11-methyl alanine-10-hydroxy) undecanoate was dried in a
vacuum desiccator. The product yield was 0.390 g (90%)
(Scheme 2)

Biology

Antimicrobial activity of the different prepared undecenoic
acid-amino acids based hybrid molecules (6a-f and 7a-f) was
screened using well diffusion method % against a panel of
pathogenic bacterial strains including Escherichia coli MTCC
739, Staphylococcus aureus MLS16, Bacillus subtilis MTCC
121, Klebsiella planticola MTCC 530, Pseudomonas
aeruginosa MTCC 2453 and Candida albicans MTCC 3017
which were procured from the Microbial Type Culture
Collection (MTCC), CSIR-Institute of Microbial Technology,
Chandigarh, India. The pathogenic reference strains were
seeded on the surface of the media Petri plates, containing
Muller-Hinton agar with 0.1 ml of previously prepared
microbial suspensions individually containing 1.5x108 cfu ml-
! (equal to 0.5 McFarland). Wells of 6.0 mm diameter were
prepared in the media plates using a cork borer and the
prepared molecules at a dose range of 125-0.48 pg well™
were added in each well under sterile conditions in a laminar
air flow chamber. Standard antibiotic solution of
ciprofloxacin and miconazole at a dose range of 125-0.48 ug
well-t and the well containing methanol served as positive and
negative controls, respectively. The plates were incubated for
24 h at 37 °C for bacterial and 30 °C for Candida albicans
and the well containing the least concentration showing the
inhibition zone was considered as the minimum inhibitory
concentration. All experiments were carried out in duplicates
and mean values are represented.

Antioxidant activity of prepared undecenoic acid-amino acid-
based derivatives were assessed on the basis of the free
radical scavenging effect on the stable 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) by a modified method ¢ and the
DPPH radical scavenging activity was calculated using the
formula 271,

DPPH radical scavenging activity (%) = [(Absorbance of
control-Absorbance of test sample)/(Absorbance of control)]
%100

The radical scavenging potential was expressed as ECso value,
which represents the test compound concentration at which
50% of the DPPH radicals were scavenged. All tests were
performed in triplicate and values are represented as mean.
Cytotoxicity data was assessed on the basis of measurement
of in vitro growth of tumor cell lines in 96 well plates by cell
mediated reduction of tetrazolium salt to water insoluble
formazan crystals using doxorubicin as a standard control.
The cytotoxicity was assessed against a panel of four different
tumor cell lines: A549 derived from human alveolar
adenocarcinoma epithelial cells (ATCC No. CCL-185), HeLa
derived from human cervical cancer cells (ATCC No. CCL-
2), DU145 derived from human prostate (HTB-81)
adenocarcinoma cells (ATCC No. HTB-81) and HepG2
derived from human hepatocellular carcinoma cells (ATCC
No. HB-8065) using the MTT assay (8l The 1Cso values
(50% inhibitory concentration) were calculated from the
plotted absorbance data for the dose response curves. 1Csp
values (in pM) are expressed as the average of two
independent experiments.
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Results and discussion
Chemistry

Initially, the methyl undecenoate was prepared from undecenoic acid by using 2% sulfuric acid in methanol [IR, 1735 cm™ (ester
carbonyl); *H-NMR, 3.6 ppm (OCHzs); ESI-MS, 198 (M*); yield, 95%]

e O

o o

H,SO./MeOH

—_—

Reflux.2hr 4 0

W\/\WOM

mCPEA/DCM O

a a 40°C, 6 hr 5 0
H,N OH
0 o R COOMe H\/\/\/\/jfc'w
I)\A‘A/\/\rr - . HN. R 0
0  Methanol Reflux T 6
5 j
COOMe
oH 0S0,Na
(LW\/\/\”,CI 1. CISO,H / CHCI, M/\/W':'Na
A —_—
HM R 0 2. NaOH / Heating HN R 7 8]
IOGI"»-‘E 6 COOMNa

R =-CHjs(a), -CH (CHz3)2 (b), -CH2Ph- OH (c), -CH2Ph (d),-C2H4-S-CHz3 (e), -CH2-CH (CHz)2 (f)

Scheme 2: Synthesis of undecenoic acid-amino acid-based
hybrid molecules

Methyl undecenoate was epoxidized using
metachloroperbenzoic acid to yield epoxy methyl
undecanoate [IR, 1250 cm™ (epoxy gp); *H-NMR, 2.3 ppm
(epoxy protons); ESI-MS, 237 (M+23); yield, 90 %]. Later,
the amino acid methyl esters were prepared by treating with
some selected amino acids, namely, valine, tyrosine,
phenylalanine, methionine, leucine with thionyl chloride in
methanol [IR, 1735 cm™ (ester carbonyl); *H-NMR, 3.6 ppm
(OCHs3); ESI-MS of alanine analogue,103 (M*); yield, 95%]
(Scheme 1).

Epoxy methyl undecanoate was opened with amino group of
the respective amino acid-based methyl esters to yield the
corresponding fatty amino ester derivatives [presence of OH,
NH peaks in IR (3350-3500 cm™) and *H-NMR (2 ppm), ESI-
MS of alanine analogue, 318 (M+1); yield, 20 %]. Finally, the
hydroxy group in fatty amino ester derivatives were sulphated
using chlorosulfonic acid to yield their corresponding
sulphated sodium salts [yield, 80%] (Scheme 2).

Biological activities

The prepared amino acid-based undecanoic acid derivatives
were further subjected to antimicrobial and antioxidant
activities following established protocols. Based on the
antimicrobial activity results, it was observed that the
minimum inhibitory concentration (MIC) values for all the
compounds exhibited >125 pg/mL against the tested
microbial strains. The antioxidant results obtained by the

DPPH method are given as their ECso (ug ml) values and the
results to this regard are shown in the Table 1 and the results
were compared with BHT and o-tocopherol as standard
antioxidants. Among the tested amino acid-based undecenoic
acid derivatives, the presence of the following functional
moieties such as phenolic hydroxyl, phenolic group, branched
alkyl chain, thionyl group in alkyl chain exhibited the
antioxidant activity which supports the earlier published work
91 In view of these facts, the antioxidant activities for the
synthesized derivatives were performed.

Table 1: Antioxidant activity of the synthesized undecenoic acid-
amino acid based derivatives

Test compounds ECso (ug mI) (Mean + S.D.)
6a 123.0+0.35
6b 82.6 £0.19
6c 113.7£0.17
6d 368.3 +£0.38
6e 76.5£0.62
6f 128.8 £0.32
7a -2
7b -
7c 606.5 £ 0.22
7d 2
7e -2
7f 260.4 £0.28

BHT 28.7+0.24
a-Tocopherol 10.6 £0.32

-2 — No activity
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Further, in the present study it was noticed that the aliphatic
hydroxylamine-based compounds (6 series compounds — non-
sulfated) with free hydroxyl group functioned as good
antioxidants which corroborates with the observations
recorded in the earlier studies . While, the 7 series
compounds (sulfated) did not show significant antioxidant
activity.

Compounds 6a-f, 7a-f were screened for in vitro cytotoxicity
against four human cancer cell lines such as A549, Hela,
DU145 and HepG2 cancer cell lines using Doxorubicin as
standard. The results to this regard are shown in Table 2.
Among all the compounds screened, the compounds 6e, 7b,
7c, 7d, 7e and 7f showed good cytotoxicity at micromolar
concentration towards DU145 cell line. However, compounds
6a, 6b, 6¢, 6d, 6f and 7a did not exhibit cytotoxicity against
any of the tested cell lines.

Table 2: Cytotoxic activity of the synthesized undecenoic acid-
amino acid based derivatives

1Cs0 values in (uM)
Testcompound 30 T Hela | DU145 | HepG2
6a K 2 |665+011] -2
6b -a -a -a -a
6C -a -a -a -a
Gd -a -a -a -a
6e 2 |112.8+0.22|27.7+0.2639.30.18
6f -a -a -a -a
7a -a -a -a -a
7b A & |318£022] @
7c E 2 [321£028] =@
7d - 2 |303:0.14] =@
7e a 2 |255£009] -2
7f A & |275:032] =@
(Stg)noé‘;r??gﬁfml) 0.7¢0.11| 0.6£0.21 | 0.620.13 | 0.8£0.14
-2 — No activity

From a structure-activity relationship perspective, it was
observed that the cytotoxicity for compound 6e is attributed
to the presence of thio group which is an electron
withdrawing group, while compounds 7b, 7c, 7d, 7e and 7f
are sulphated in nature having a strong electron withdrawing
sulphate group which contributed to the cytotoxicity. In some
of the earlier studies, it was also reported that the sulphate
group attached to the parent scaffold tends to exhibit a strong
electron withdrawing property which plays a pivotal role in
contributing to the cytotoxicity Y, which corroborates the
above observation. While in case of compound 6a, the methyl
group which is a moderate electron donating group exhibited
cytotoxicity specifically against the DU145 cell line.

Conclusions

In conclusion, various undecenoic acid-amino acid based
derivatives were prepared by using the different amino acids
and undecenoic acid as starting materials and these prepared
derivatives were further evaluated for different biological
activities. These synthesized derivatives showed no
significant antimicrobial activity against any the tested
microbial strains. Further, the non-sulfated derivatives
showed moderate antioxidant activities. While, the sulfated
derivatives exhibited promising cytotoxicity against the
prostate cancer (DU145) cell line. Further studies on the

preparation of derivatives involving undecenoic acid and
other amino acids may provide interesting bioactive lead
molecules.

Acknowledgements

S. Chinna Gopal, V Vijayendar and Y. Poornachandra
acknowledges the University Grants Commission (UGC),
New Delhi, India, Council of Scientific and Industrial
Research (CSIR), New Delhi, India, respectively, for the
financial support extended in the form of Fellowship.

References

1. Russel AD. Mechanisms of bacterial resistance to non-
antibiotics: food additives and food and pharmaceutical
preservatives. J. Appl. Bacteriol. 1991; 71:191-201.

2. Kabara JJ, Swieczkowski DM, Conley AJ, Truant JP.
Fatty acids and derivatives as antimicrobial agents.
Antimicrob. Agents Chemother, 1972; 2:23-28.

3. Ogunniyi DS. Castor oil: A vital industrial raw material.
Bioresour Technol, 2006; 97:1086-1091.

4. Hunting ALL. The sweating of lipsticks. Cosmet Toilet,
1981; 96:29-32.

5. Naughton FC. Production, chemistry, and commercial
applications of various chemicals from castor oil. J Am
Oil Chem Soc. 1974; 51:65-71.

6. Dalavoy VS, Nayak UR. 10-Undecenoic acid: A versatile
synthon from castor oil. J Sci Ind Res (India). 1981;
40:520-528.

7. Rahman VPM, Mukhter S, Ansari WH, Lemiere G.
Synthesis, stereochemistry and biological activity of
some novel long alkyl chain substituted thiazolidin-4-
ones and thiazan-4-one from 10-undecenoic acid
hydrazide. Eur J Med Chem. 2005; 40:173-184.

8. Ishmuratoy GY, Yakovieva MP, Tolstikov GA. 10-
Undecenoic acid in the synthesis of insect pheromones.
Chem Nat Compd, 2000; 36:105-119.

9. Ronda JC, Liigadas G, Galia M, Cadiz V. Vegetable oils
as platform chemicals for polymer synthesis. Eur J Lipid
Sci Technol. 2011; 113:46-58.

10. Steen MV, Christian VS. Undecylenic acid: A valuable
and physiologically active renewable building block from
castor oil. Chemsus Chem. 2009; 2:692-713.

11. Liu L, Jin C, Zhang Y. Lipophilic phenolic compound
(Lipo-PC): An emerging antioxidant applied in lipid
systems. RSC Adv. 2014; 4:2879-2891.

12. Wu G. Amino acids: metabolism, functions, and
nutrition. Amino Acids. 2009; 37:1-17.

13. Cynober LA. Metabolic & Therapeutic Aspects of
Amino Acids in Clinical Nutrition, Second edition book
CRC, ISBN: 0849313821; 2003.

14. Morédn MC, Pinazo A, Pérez L, Clapés P, Angelet M,
Garcia MT, et al. “Green” amino acid-based surfactants.
Green Chem, 2004; 6:233-240.

15. Amsterdam D. Susceptibility testing of antimicrobials in
liquid media. In: Loman, V. (ed) Antibiotics in laboratory
medicine, 4" ed. Williams and Wilkins, Baltimore, MD,
1996, 52-111.

16. Moon JH, Terao J. Antioxidant activity of caffeic acid
and dihydrocaffeic acid in lard and human low density
protein. J Agric Food Chem. 1998; 46:5062-5065.

27



17.

18.

19.

20.

21.

Bors W, Heller W, Michel C, Saran M. Flavonoids as
antioxidants:  determination of radical-scavenging
efficiencies, Methods Enzymol, 1990; 186:343-355.
Mosmann TJ. Rapid colorimetric assay for cellular
growth and survival; application to proliferation and
cytotoxicity assays. Immunol Methods, 1983; 65:55-63.
Shahidi F, Janitha PK, Wanasundara PD. Phenolic
antioxidants. Crit Rev Food Sci Technol, 1992; 32:67—
103.

Van der Veen J, Weil JT, Kennedy TE, Olcott HS.
Aliphatic hydroxylamines as lipid antioxidants. Lipids,
1970; 5:509-512.

Imperatore C, Aiello A, D’Aniello F, Luciano P,
Vitalone R, Meli R, et al. New bioactive alkyl sulfates
from Mediterranean tunicates. Molecules, 2012;
17:12642-12650.

28



