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1. INTRODUCTION the use of many tropical plants in traditional-medical
practice.’ However, there still exist a vast number of
tropical plants with tremendous medicinal potentials but
with no proof to support their claims of efficacy.

Leptadenia hastata (Pers.) Decne is a perennial plant of
the family of Asclepediacea. The plant is edible non-
domesticated vegetable and it is collected in wild
throughout Africa. Itis a valuable herb with creeping
latex stems, glabescent leaves, glomerulus and racemes
flowers as well as follicle fruits as shown in Figure 1.
The leaves are up to 10 cm long, mostly ovate and light
green. The flowers are cream or yellowish green. They
are commonly known in Nigeria and other west African
countries because of its potentials in traditional
medicine.™

It is well known that phytochemicals confirm the
pharmacological relevance on plants and the growing
interest in herbal medicine generally.! This demand of
information on various plants preparations used in the
treatment and management of ailments or disease
depends on those components. Hence scientific
evaluations of medicinal plants are important in the
treatment and prevention of disease as well as the
discovery of novel drugs and help to assess toxicity risk

Plant is widely distributed throughout the world. This are associated with their uses. !

source of medicine; the plants parts are used in various
applications especially for medicinal purposes. They are
significant element of the world cultural heritage; they
resort for treating health problems. This knowledge is
passed down from generation to the next generation with
or without little written information was available on the
active, safety and effectiveness of this medicine.?

The study of these plants focuses on the leaves, since
these parts are usually associated to the medicinal
properties and scientific literature related are still less
explored.®! Many research efforts by scientist have been
directed towards the provision of empirical proof to back
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2. MATERIAL AND METHODS

2.1. Chemicals. All chemicals used in this investigation
were of analytical grade and were obtained from Sigma
Chemical Co., St Louis, USA. Standard were obtained
from Oxoid Ltd, Wade Road, Basingstoke, Hants, RG24
8PW, UK.

2.2 Plant collection and identification

The leaves of Leptadenia hastata were plucked at
Michika Local Government Area, Adamawa state. The
plant part was authenticated in the Botanical laboratory
of the department of Botany Modibo Adama University
of Technology Yola Adamawa state. Nigeria. The leaves
are washed and air-dried and ground into fine powder
using mortar and pestle in the laboratory.

2.3 Preparation of extract of leaves of Leptadenia
hastata

Leptadenia hastata leaves were prepared by cold
maceration. The extracts of the leaves of Leptadenia
hastata were prepared by soaking 500 g of finely
grounded powder of leaves of Leptadenia hastata in
1000 ml of dichloromethane for 72 hours. After the
extracts were filtered through Whatman No. 1 filter
Paper and the residual matter was again soaked with 500
ml of Dichloromethane for another 24 hours. The extract
was then pooled together and then combined. The
extracts were then concentrated in a rotary evaporator.
The concentrated extract was transferred into clean and
dried universal bottle and stored in the refrigerator until
needed for analysis.

2.4 Determination of Percentage Yield

The percentage yield of the extract was calculated using
the formula below:

Percentage (%) yield =

Weight of the extracted oil (g) x 100

Dried weight of sample (g)

——

Figure 1: Leaves and flowers of Leptadenia hastata (Hruna etal., 17).
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2.5 Identification of Compounds

Identification of the compounds were based on the
molecular structure, molecular mass and calculated
fragments. Interpretation on mass spectrum GC-MS was
conducted using the database of National Institute
Standard and Technology (NIST) having more than
62,000 patterns. The name, molecular weight and
structure of the components of the test materials were
ascertained.

2.6 Column Chromatography (CC)

Prior to isolation process, the crude extract was
examined on TLC plate (Silica Gel 60 F254 Merck) to
find the best solvent systems for column chromatography
(Section 3.3.2.1). The solvent used were hexane, hexane-
dichloromethane, dichloromethane, dichloromethane-
chloroform, chloroform, chloroform-ethyl acetate, ethyl
acetate, ethyl acetate-methanol and methanol.

The basic principle of column chromatography is to
separate a mixture of metabolites based on their
molecular weight and polarity. A glass column of size
40/34 (large) was used for chromatography, and the
sorbent used was silica gel 60 (Merck 70-230 Mesh @
0.063-0.200 mm). Silica gel slurry was prepared by
dissolving silica gel (150 g) with suitable solvent, usually
hexane. The column was prepared by pouring a slurry
mixture of silica gel and solvent, into a glass column and
allow it to settle down.["? The packed column was left
over night before 4-10 g of sample was introduced onto
the top of the packed column via wet-packing method.
The column was eluted with suitable solvent systems
with increasing polarity.® The column's valve was then
opened and about 10-30 mL fraction of the solvent
coming out from the column was collected in test
tubes.”) The procedure was repeated by using different
solvent systems, based on increasing polarity. Samples
from the column fractions were examined by using TLC
plates in few suitable solvent systems to obtain the
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retention factor (Ry) of any components that appeared as
spots. Fractions with similar R¢ values were combined.
Fractions which contain more than one components were
further isolated and purified by using smaller glass
column of sizes 24/29 (medium) or 14/23 (small) with
suitable solvent systems.

Fraction with single component (one spot) that appeared
in TLC plate was treated as possible pure secondary
metabolite. The combined fractions which contain the
same single component was then allowed to air-dried or
evaporated to dryness to obtain a pure secondary
metabolite.

2.7 Chemical Structure Elucidation

Identification of the isolated secondary metabolite was
made by various spectroscopy method namely Gas
Chromatography - Mass Spectrometry (GC-MS),
Nuclear Magnetic Resonance (NMR) and Fourier
Transform Infra-Red spectrometry (FTIR) as described
by Fasihuddin et al.®! The elucidation of chemical
structural for the extracted secondary metabolite was
made based on the data obtained from various
spectroscopy methods and also comparison with
published information if available.

2.8 Gas Chromatography - Mass Spectrometry (GC-
MS)

The combined fractions eluted from column
chromatography that showed single spot in TLC were
further analysed by GC-MS performed on a Shimadzu
model QP 2010 Plus to obtain molecular mass of pure
and semi-pure compounds according to mass per charge
(m/z) ratio. The GC-MS used was equipped with BPX-5
column (5% phenyl polysilphenylene-siloxane) of 30 m
length, 0.25 um of film thickness and 0.25 mm internal
diameter. GC-MS was performed based on the method as
described by Kalaiselvan et al."® The electron ionization
energy system with ionization energy of 70 eV was used
for GC-MS detection. The carrier gas, helium (99.999%)
was used at a constant flow rate of 1 mL per minute and
1 uL purified sample was introduced into GC-MS using
syringe for analysis (by using split mode with split ratio
of 25:1). Injector temperature was set at 260 °C. The
temperature of oven was programmed from 60 °C
(isothermal for 5 minutes), with an increase of 10 °C per
minute to 280 °C, and ending with 10 minutes’
isothermal at 280 °C. At 70 eV, mass spectra were taken;
a 71 scan interval of 0.5 second and fragments from 45
to 450 Da. By matching its average peak area to the total
areas, the relative percentage quantity of each component
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was acquired. By matching the retention times with those
of authentic compounds, compound identification was
obtained and the mass spectral obtained from library data
of the corresponding compounds.™*”!

2.9 Nuclear Magnetic Resonance (NMR)

Nuclear Magnetic Resonance (NMR) spectrometry was
performed by using JEOL JNM-ECA 500 Spectrometer,
based on the method as described by Efdi et al.*! and
Danelutte et al.*? 'H and **C spectra were measured at
500 and 125 MHz, respectively. Sample was dissolved in
0.8 mL chloroform D1 (CDCL5) and placed into NMR
tube to make sample depth around 3.5 cm™ to 4 cm™ and
ready to be analysed by NMR spectrometer. Chemical
shifts were reported as & units (ppm) with
tetramethysilane (TMS) as internal standard and
coupling constants (J) in Hz.

Integration of the 'H-NMR and *C-NMR data was
performed by using DELTA version 5.0.4 software by
JEOL. Identification of the type of each *H-NMR and
BC-NMR detected was based on the Table of
characteristic NMR absorptions that published in
Organic Chemistry [13] and with the guide of the
possible proposed structure given by NIST library.

2.10 Fourier Transform
(FTIR)

The chemical bonds (functional groups) of the
compounds were detected by using Fourier Transform
Infra-Red spectrometry (FTIR) (Thermo Scientific,
Nicolet iS10 SMART iTR). The semi solid, crystalline
and powdered samples were introduced directly into
FTIR. Scan range employed was from 400 cm™ to 4000
cm™ with a resolution of 4 cm™, based on the method
described by Shalini & Sampathkumar.™*¥ Characteristic
of the chemical bond was read by spectrum produced
through transmittance of wavelength of the light. The
chemical bond in a molecule was detected by
interpreting the infra-red transmittance spectrum.
Identification of functional group in the compound was
based on the Table of characteristic IR absorptions
published in Organic Chemistry.™®!

Infra-Red Spectrometry

4. RESULT AND DISCUSSION

Compound 1 was obtained from a fraction of 170.0 mg
of dark brown colour of dichloromethane leaf extract.
TLC analysis of the fraction was carried out in the
following solvent ratio as shown in Table 1. It was
observed under UV (Long and short wave) and recorded.

Table 1: TLC and Ryvalue of fraction (A) of different solvent ration system under UV light.

Solvent system (v/v) Number of spots | Rfvalue | Stained TLC colour
Hexane : Chloroform (3:7) 2 0.42 0.21 | Brown
Hexane: Ethyl acetate (1:9) 2 0.550.13 | Brown

A dark coloured spots was seen under UV light with the
same R; value from fraction (A) which was targeted and
combined and was labelled as (A2). A2, was subjected to

——

smaller column for further separation and combined
fraction of (A3) was obtained. After preparative TLC of
the combined fraction (A3) which gave a good
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separation from other spots. The targeted spot was then
separated using smaller column and a fraction of (A4)
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was obtained which showed one spot under UV light and
vanillin staining as shown Table 2.

Table 2: TLC and Rvalue of A4 in different solvent ration system under UV light.

Solvent system (v/v)

Number of spots

R¢value | Stained TLC colour

Hexane: Ethyl acetate (1:9) 1

0.56 Light brown

Fraction of A4

Figure 2: TLC plate showing one sport from the of A4 in hexane and ethyl acetate (1:9).

Figure 2: TLC plate showing the spot of fraction A4 in
Hexane: Ethyl acetate (1:9) The GC analysis of fraction
A4 of Figure 2 was obtained and confirm from the
chromatogram (Figure 3) showed one single peak at the

retention time of 9.55 min. This suggest that A4 is a pure
compound and was named as Compound 1 with a weight
of 10.2 mg.
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Figure 3: Gas chromatogram of compound 1.

Structural Elucidation

Compound 1 was isolated from dichloromethane leaf
crude extract of Leptadenia hastata. It was eluted with
hexane: ethyl acetate 1:9 with its physical appearance as
brown powder. The mass spectrum of the compound in
Figure 4 showed a similarity index of 96.00% with the
mass spectrum of the suggested structure of compound 1

——
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in Figure 5 by NIST library. On the mass spectrum of
compound 1 one of the molecular ion peak was observed
at m/z 108 and it was found to correspond with the
molecular ion peak and molecular ion weight of
compound 1 suggested by the NIST library with
chemical formula CgHsCH,OH. The mass spectrum at
Figure 5 also shows base peak for compound 1 at m/z 79.
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This was also observed in the mass spectrum of the Spectrum of the isolated compound 1 figure 4 and
suggested compound 1. spectrum of the suggested structure of Benzyl alcohol
figure 5.

D153 1819 2§ B9 X7 200 305 33 3540 1848 4% 4 49 5 346
10 40 70 100 130 160 150 20 20 280 310 30 370 400 430 460 4% 5N

Figure 4: Mass spectrum of Compound 1.

SI:98 Fommula:C7TH8O CAS:100-51-6 MolWenght:108 RetIndex:1036
CompName:Benzyl alcohol $$ Benzenemethanol $$ alpha -Hydroxytoluene $8 alpha -Tohenol $$ (Hydroxymethyl)benzene $ Benzenecarbmol $$ Pheny

108

10\
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Figure 5: Mass spectrum of suggested structure of compound 1 by NIST Library.

The absorption band of C-H of the chemical structure of cm™ this may represent the three double bond in the ring
compound 1 was observed at 2974 cm™ in the IR in the suggested structure of Benzyl alcohol (1). OH
spectrum (Figure 6) which indicated the presence of signal was also observed at 3340 cm™ and a single bond
methyl alkyl carbon in the chemical structure. Double of C-C stretching at 879 cm™ were observed in the IR
bond C=C signal was observed at 1646 cm™ and 1454 spectrum of compound 1 (Figure 6)

YT

7”{ Benzyl alcohol

3000 ' ' 2000 ’ ' " 1o0o0

W avenumbers (cm-1)

Figure 6: IR spectrum of Compound 1.
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NMR analysis of compound 1 chemical structure was
further elucidated and the result are shown in Figure 7
(*H-NMR) and Figure 8 (**C-NMR). With the result
obtained based on the table of *H-NMR characteristic
absorption and 'H-NMR peaks splitting pattern as
reported in spectrometric identification of Organic
compounds by Silverstein et al.,*® the proton signals
were integrated and was assigned to every proton NMR
of compound 1 as the proposed chemical structure. It
was understood that the *H-NMR spectrum of compound
1 in Table 3 showed five aromatic protons and two non-
aromatic protons with oxygen neighbour. Two doublet
proton signal were observed at & 7.25 (2H, d) and 4.70

5 - HE

|
i~ _-=._ _OH oo

Benzyd alkcohol *H-NMR (2)

1Ry

a8 a4 a0 as a2 78 76 74 72 70 3

1 (ppm
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(2H, d) indicating the presence of methane group of the
structure, therefore assigned to H-6 and H-7 respectively.

A multiplet proton signal was observed at & 7.32 (3H, m)
and was assigned to H-4, this proton signal showed the
proton that was attached to the symmetry carbon
attached to hydroxyl group of compound 1. Two singlet
proton was observed at 6 7.25 (2H, s) and therefore
assigned to H-1 and H-3 indicating the presence of
methane group.

A chemical shift at 4.60 (1H, s) a singlet proton signal
was observed which appeared to be attached to the
alcohol group and was assigned to OH.

Figure 7a: "H-NMR spectrum of Compound 1 (500MHz, CDCls).

H-&

Benzy slcohol *H-NMR (b)
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71 70 a9 -] 67 66 &5

Figure 7b: "H-NMR spectrum of Compound 1 (500MHz, CDCl,).
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Benzyd aloohol *H-NMR (c)
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AN

Figure 7c: "H-NMR spectrum of Compound (500MHz, CDCly).

Figure 8 shows the result of Compound 1 *C-NMR
spectrum. The result indicated signal of every carbon that
was observed and assigned to the proposed chemical
structure of compound 1 which is based on the table of
BC-NMR characteristic absorption as in spectrometric

identification of Organic compounds by Silverstein et
al.,®

BC-NMR spectrum of compound 1 as shown in Figure 8,
the result from every carbon NMR signal was as
assigned to the proposed chemical structure of compound
1 which is based on the table of C-NMR
characterization absorption as reported in spectrometric

identification of Organic compounds by Silverstein et
al.,®

From the observed spectrum, a total of 7 carbon
resonates was obtained in the spectrum as shown in

— N

N

Benzyl dcohol SCNMR (a)

ge

OO 00 N LR L

Table 4. The down field showed six signal at & 127.08,
6127.77, 6127.75, 8128.67, 6 127.06, and & 141.94 which
was identified as methine carbons and were assigned to
C-7, C-6, C-5, C-4, C-3, and C-2 respectively. A signal
at up field region a signal appeared at 6 65.51 which
indicated the presence of methylene (aliphatic) carbon
and was assigned to C-1 in the chemical structure of
Compound 1 The presence of an oxygenated quaternary
carbon at & 65.51 in the "> C-NMR spectrum as indicative
of the presence of a C-O bond. Thus suggested a
hydroxyl group as the substituent.

The chemical structure of carbon NMR for Compound1
is shown in Table 4 as well as the comparison with the
reference data of similar compound reported by Shaari
&Waterman.*!
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Figure 8a: ** C-NMR spectrum of Compound 1 (125MHz, CDCl5).
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Figure 8b: * C-NMR spectrum of Compound 1 (125MHz, CDCl5).

The C-NMR spectrum of compound 1 showed the
presence of 7 carbons, which indicated the presence of
methylene signal and one signal of alcohol (OH).

Table 3: Proton NMR signal of compound 1 and that reported by Shaari & Waterman. (1995).

_ _ _ Proton assigned to Proton chemical shift
Proton assigned to Proton chemical shift B | alcohol (Shaari (ppm) of Benzyl alcohol
Compound 1 (ppm) of compound 1 enzyl alcohol ( (Shaari &
& Waterman. 1995)
Waterman.1995)
H-1/H-3 7.25(s) H-3 7,59 (d, 8.8)
H-4 7.37 (M, 17.32) H-4 7.07 (dd, 8.8, 2.9)
H-6 7.25(dd, J 7.27) H-6 7.38 (d, 2.0)
H-7 4.70 (d, J4.70) H-7 5.75 (d,13.2)
OH 4.60 (s) OH 4.72 (s)

Table 4: Carbon NMR signal of compound 1 and that reported by Shaari & Waterman. (1995).

Carbon assigned | Carbon chemical shift Carbon assigned to Benzyl Carbon chemical shift (ppm) of
to Compound 1 (ppm) of compound 1 | alcohol (Shaari & Waterman. Benzyl alcohol (Shaari &
1995). Waterman. 1995).

C-1 128.67 C-1 128.40

C-2 127.77 C-2 129.80

C-3 127.75 C-3 129.20

C-4 127.08 C-4 126.90

C-5 141.94 C-5 154.80

C-6 127.06 C-6 126.60

C-7 65.51 C-7 63.00

From the data obtained, the GCMS analysis of
Compound 1 gave similarity index of 96.00% with the
mass spectrum of the compound proposed in the NIST
library which match with Benzyl alcohol (1) with
chemical formula CsHsCH,OH. The melting point of
Compound 1 is 239 °C (Lit 238 °C). it was also observed
that the mass spectrum of Compound 1 is similar to the
mass spectrum as suggested in NIST library as Benzyl
alcohol (1). Report from the IR data by Shaari &
Waterman,™ was found to match the IR data of
Compound 1 as Benzyl alcohol (1).
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Benzyl alcohol (1) is an aromatic alcohol with formula
CsHsCH,OH exhibited a wide range of bioactivity on
bacterial growth. This coupled with the findings from the
bioassay studies of the crude extract, justifying the use of
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Leptadenia hastata in the traditional medicine (Umaru et reported that compound 1 causes protein aggregation and
al 2018), furthermore the use of the leaves of Leptadenia therefore, decreases protein stability.!*8!

hastata as an anti-inflammation and for pain reliever as

well as a preservative in pharmaceutical topical Compound 2 was obtained from the combined fractions
preparation improve the half-life of the medicinal of (B) of 300.16 mg extract of Leptadenia hastata in
potential of the plant extract. It also acts as protein dichloromethane with a Dark green colour. The TLC
stabilizers work either by interacting directly with the analysis of the fraction B, was performed in a different
protein or by altering the solvent properties of the solvent system after which the result was observed under
surrounding medium, hence altering the protein—solvent UV light and recorded as shown in Table 5.
interactions.™"]

The biological activity of lysozyme was found to be the
highest in the presence of benzyl alcohol. It was also
Table 5: TLC and Rt values of combined fraction of B in different solvent system under UV light.

Solvent system (v/v) Number of spotson TLC | Rsvalue | Stained TLC Colour
Dichloromethane: Ethyl acetate (7:3) 3 0.420.21 Light brown
Dichloromethane: Ethyl acetate (8:2) 2 0.550.13 Light brown
Dichloromethane: Ethyl acetate 9:1 2 0.60 0.20 Light brown

A fraction from dichloromethane and Ethyl acetate ration separation from the other sports. The targeted spots were
as shown in Table 5 containing a light brown colour was further purified in a smaller column using solvent ratio of
collected from a fraction B was targeted and combined, it dichloromethane: ethyl acetate (9:2) and
was labelled B1, it was then subjected for separation dichloromethane: ethyl acetate (8:2). Each fraction was
using small column and similar TLC fractions was collected and labelled as B3 and B4. The fractions where
collected and combined fractions was labelled as B2. subjected to UV light and those with same Ry value and
TLC which gave a good separation was performed in a colour similarity where combined separately. The result
solvent system dichloromethane: ethyl acetate gave good was as shown in the Table 6.

Table 6: TLC and R¢ values of combined fraction of B3 and B4 in different solvent system under UV light.

Solvent system (v/v) Number of spotson TLC | R¢value | Stained TLC Colour
Dichloromethane: Ethyl acetate (9:1) 2 0.730.69 | colourless
Dichloromethane: Ethyl acetate (9:1) 2 0.60 0.58 | colourless

The combined fractions showing similar R¢ value and (9:1). TLC of the fractions was collected and examined
colour were combined and labelled B5 and subjected to under UV and Vanillin stain which shows a single spot
small column using Dichloromethane: Ethyl acetate as shown in Table 7.

Table 7: TLC and R¢ values of combined fraction of B5 in different solvent system under UV light.

Combined fraction | Solvent system (v/v) Number of spot on TLC | R¢value | Stained TLC Colour
LHDCM8-A3 DCM: Ethyl acetate (9:1) 1 0.60 colourless

Figure 9: shows the TLC profile for the combined (9:1) with a single sport which suggest a pure compound
fraction, labelled as B5 in dichloromethane: ethyl acetate with a weight of 9.0 mg.

Fraction of BS

Y

Figure 9: TLC plate with one spot of combined fraction of B5 in dichloromethane: ethyl acetate (9:1).

The GC result of B5 Figure 9 was then carried out and
the report from the chromatogram indicated one peak at a
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retention time of 10.73 min as shown in figure 10, which
indicated that B5 is a pure compound and was renamed
as Compound 2.

International Journal of Modern Pharmaceutical Research
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Figure 10: Gas chromatogram of Compound 2.

Structural Elucidation

Compound 2 was obtained as a colourless solid fraction
from dichloromethane leaf extract of Leptadenia hastata
and a melting point at 253-254 °c. Figure 11 shows the
mass spectrum of Compound 2 with one of its molecular
ion peak observed at m/z 123 which correspond to the

same molecular ion peak and molecular ion weight as
suggested structure of Compound 2 by NIST library with
the chemical formula of CgHsNO,. Figure 12 also
indicated a base peaks of Compound 2 at m/z 105 which
was also obtained on the mass spectrum of the suggested
spectrum of 3-Pyridine carboxylic acid.

100_ 5 5]

80+ 105
- 78

60: 51

40+

204
il 4[(' 66 94 129 143 157 171182 199 213 '2"2“ 241 ,2“5626' 284297 317 340 359 376 40"2‘ 424 443 457 482 508 Sf}? 550
Lo s i D i b e L i i i e i i i i i

40 70 100 130 160 19 220 250 280 310 340 370 400 430 460 49 520

Figure 11: Mass spectrum of Compound 2.

SI:97 FornulaC6HSNOZ CAS:59-67-6 MolWeight=123 RetIndex:1144

CompName Niacin $$ 3-Pyndmecarboxylic acid $$ Nicotic acid $$ Akotin $S Apelagrin $$ Daslal $$ Efacin $$ Linic $$ Nicacid $$ Nicangin $$ Nico-Sp

100 o
80 e
60 105 SN
40 |
20: N

- 3 e P 1p4 D

10 40 70 100 130 160 190 220 250 280 310 340 370 400 430 460 490 520

Figure 12: Mass spectrum of suggested structure of compound 2 by NIST Library.

IR spectrum of Compound 2 (Figure 13) showed the
absorption band of C=C which was observed at 1526 cm’
! and a signal was observed at 1643 cm™ which was seen
to represent the C=0 bond and another one at 1526 cm™
which may represent the C=C bond in the ring in the
suggested structure of 3-Pyridine carboxylic acid and a
signal bond of C-C stretching at 879 cm™ was observed
on the IR spectrum of Compound 2 (Figure 13). IR
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spectrum of Compound 2 is similar with the IR spectrum
as reported by Venkateswarlu et al.*!

et



Isaac et al.

%T

International Journal of Modern Pharmaceutical Research

| \ OH
65
60! M
| 3-Pyridine carboxylic acid
5] : : .
4000 3000 2000 1000

W avenumbers (cm-1)

Figure 13: IR spectrum of Compound 2.

NMR analysis of Compound 2 was further performed for
the elucidation of the chemical structure and the result
are as shown in Figure 14a and b (*H-NMR) and Figure
15 (*C-NMR). The proton of Compound 2 was based on
the Table of "H-NMR characteristic absorption as well as
the 'H-NMR splitting pattern as reported in
spectrometric identification of Organic compounds by
Silverstein et al.,™® the proton signal was all integrated
and are assigned to every proton NMR of Compound 2
as the suggested chemical structure.

—um

(=]
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B

3-Pyridine Carboxylic acid 'H-NMR (z)

From the result it was observed that *H-NMR spectrum
of compound 2 is composed of 5 proton resonates, two
doublet proton signals were observed at 6 8.24 (2H, d,
J=8.24), 8.24 (2H, d, J=8.24,) and 8.76 (2H, d, J=8.50)
indicating the presence of methane group of the
structure, however, was assigned to H-3, H-4 and H-5
respectively. A singlet was observed at 9.04 (1H, s) and
was assigned to H-1 indicate the existence of alcohol

group.
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Figure 14a: "H-NMR (a) spectrum of Compound 2 (500 MHz, CDCL).
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H1

T - -+ T T ~ - -
120 115 110 105 100 95

a0

am

H5

as

1 (ppm)

Figure 14b: *H-NMR (b)spectrum of Compound 2 (500 MHz, CDCL)

The *C-NMR of Compound 2 as shown in Figures 15
presented the result of carbon NMR signal result, was
assigned to the proposed chemical structure which is
based on the Table of ™C-NMR characteristics
absorption as reported in spectrometric identification of
Organic compounds by Silverstein et al.l*®!

A total of 6 carbon resonates was observed in the
spectrum presented. The down field region showed six

3-Pyridine Carboxylic acid “"CNMR

C4

, MMMWNMMMMMWWm

International Journal of Modern Pharmaceutical Research

a9

raa

a7

5]

ras

H4

H3 Las

a2

ra1

®
- a1

~ . - B - ™
75 70 65 60 5§

signals at 6 150.19, 6 123.90, 6 154.23 and 6 167.23 were
identified as methane Carbon and were assigned as C-1,
C-4, C-5 and C-7, respectively. Another signal was
observed at & 127.70 was assigned C-3 which was
identified as C=0 group. A signal was also observed to
appear at 6 137.60 and was assigned to C-3. Six signals
appeared at the down field which indicated the chemical
structure of Compound 2.
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Figure 15: *C-NMR spectrum of Compound 2 (125 MHz, CDCL.).
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Compound 2 chemical shift of every 'H-NMR and *C-
NMR are shown in Tables 8 and 9 together with

International Journal of Modern Pharmaceutical Research

reference data to similar NMR Compound reported by
Venkateswarlu et al.[*®!

Table 8: Proton NMR signal of compound 2 and that reported by Venkateswarlu et al. (2015).

Proton assigned to 3- Proton chemical shift
Proton assigned to Proton chemical shift Pyridine carboxylic (ppm) of 3-Pyridine
Compound 2 (ppm) of compound 2 | acid (Venkateswarlu et carboxylic acid
al., 2015) (Venkateswarlu et al., 2015)

H-1 9.04 (1H,). H-1 9.02 (1H, s)

H-3 8.24 (2H, d, J=8.24,) H-3 8.32 (d, 2H, J=2.9)

H-4 7.50 (d, 2H, J=7.50) H-4 7.48 (d, 2H, J=7.48)

H-5 8.76 (2H, d, J=8.50) H-5 8.64 (2H, d, J=3.6)

Table 9: Carbon NMR signal of compound 2 and that reported by Venkateswarlu et al. (2015).

. Carbon chemical shift
Carbon assigned to 3- (ppm) of 3-Pyridine
Carbon assigned to Carbon chemical shift Pyridine carboxylic p?:arbox Iicyacid
Compound 2 (ppm) of compound 2 acid (Venkateswarlu et K y I |
al., 2015) (Venkateswarlu et al.,
' 2015)
C-1 150.19 C-1 151.20
C-2 127.70 C-2 128.70
C-3 137.60 C-3 139.30
C-4 123.90 C-4 125.30
C-5 154.23 C-5 153.60
C-7 167.23 C-7 167.70

Therefore, based on the spectrum data of Compound 2
which include similarity of the mass spectrum with the
suggested structure by the NIST library, this matched the
characteristic of 3-Pyridine carboxylic (2) with a
chemical formula CgHsNO,. The melting point of
Compound 2 is 235 °c thus, the mass spectrum of
Compound 2 is similar to the mass spectrum of the
suggested structure by the NIST library which was
identified as 3-Pyridine carboxylic acid reported by
Venkateswarlu et al.*®!

OH

=
=
N

The mass spectrum of IR, *H-NMR and “*NMR based on
the published literature (Venkateswarlu et al., 2015),
Compound 2 was identified as 3-Pyridine carboxylic acid
(2) and it has been reported as fungal metabolite from
phycomyces blakesleenu. the compound is widely used
as vitamin, coenzyme co-factor, Vasodilator and anti-
hyperglycaemic agent. 3-pyridine carboxylic acid is also
used as plant intermediate and in the treatment of Lipid
disorder as well as the compound for treatment of
HIV. 2

Compound 3 was isolated from the combined fraction of
C, from 177.9 mg with light yellow colour (Leptadenia
hastata DCM extract). TLC analysis of the combined
fraction was subjected to a different solvent ratio and
then observed under UV light and recorded as shown in
Table 10.

Table 10: TLC and Ry values of combined fraction of C, in different solvent system under UV light.

Solvent system (v/v) Number of spots on TLC | R value | Stained TLC Colour
Hexane: Ethyl acetate (7:3) 3 0.42 0.21 | yellow
Hexane: Ethyl acetate (8:2) 4 0.550.13 | yellow
Hexane: Ethyl acetate (9:1) 2 0.36 0.47 | yellow

From the TLC, fraction of the yellow colour where
collected, combined and labelled as C1. The combined
fractions were then purified in small column using a
sweet-able solvent system, Hexane: Ethyl acetate (8:2).
Each fraction collected were observed under UV light
and those with yellow colour and similar R¢ value were
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combined and labelled as C2 was then subjected to TLC
and observed for possible one sport under UV as shown
in Table 11.
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Table 11: TLC and Rsvalues of combined fraction of C2 in different solvent system under UV light.

Solvent system (v/v)

Number of spots on TLC | R¢value | Stained TLC Colour

Hexane: Ethyl acetate

(7:3) 2

0.83 yellow

Hexane: Ethyl acetate

(8:2) 2

0.82 yellow

Further column chromatography of the combined
fraction of C3 (8:2). The TLC analysis of the fraction
resulted in one single sport as shown in Table 12.

Table 12: TLC and R¢ values of combined fraction of C3 in different solvent system under UV light.

Solvent system (v/v)

Number of spots on TLC | Rsvalue | Stained TLC Colour

Hexane: Ethyl acetate (8:2) 1

0.82 yellow

The combined fraction of C3 was observed to have one
spot and was renamed as C4

Fraction C4

Figure 16: Shows the TLC profile for C4 (8:2) as a

Figure 16: TLC plate showing the single spot of fraction
C4, Hexane: Ethyl acetate (8:2)

This shows that C4 is a pure compound. Gas
chromatography analysis of C4 was carried out and the
result showed a single peak indicating a pure compound
at retention time of 14.792 min as shown in the
chromatogram figure 17. This shows that C4 is a pure
compound of yellow colour and thus, was renamed
Compound 3 with 10.5 mg.

single spot.
Intercity ) TIC
20,000,000
j
r ; —_—
100 200 300 350
Retention Tume mn

Figure 17: Gas chromatogram of Compound 3.
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Compound 3 was obtained from dichloromethane crude
extract of Leptadenia hastata, its physical appearance as
a light yellowish compound with a melting point of 28°%
The mass spectrum of Compound 3 (Figure 18) showed a
similarity index of 94.42 % with the mass spectrum of
compound suggested by the NIST library in Figure 19.
The mass spectrum of Compound 3 showed an ion base

International Journal of Modern Pharmaceutical Research

peak at m/z 150 and a molecular ion peak of m/z 150 was
observed in the spectrum of the suggested structure of
Compound 3. One of the molecular ion peak of
compound 3 mass spectrum was observed at m/z 135 this
corresponded with the ion peak and molecular weight of
the suggested structure of compound 3 in the NIST
library figure 19 with a chemical formula of CgH1,0..
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Figure 18: Mass spectrum of compound 3.
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Figure 19: Mass spectrum of suggested structure of compound 3 by NIST Library.
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IR spectrum of Compound 3 (Figure 20) showed
functional groups and absorption bands which appeared
at 33746 cm™ as O-H stretch as illustrated in the IR
spectrum. An absorption at 1681 cm™ for C=C stretching
which illustrated the presence of double bond in the
chemical structure of Compound 3. The absorption of C-

%T

280

310 340 370 400 430 460 490 520

H was observed at 2975 cm™ which indicated the
presence of methyl carbon in the chemical structure. A
signal was observed at 1042 cm™ as C-O bond and single
bond stretching was observed at 878 cm™ in the IR
structure of Compound 3.

2 Methoxy-d-vmyiphenol

65.

4000 3000

2000 1000

W avenumbers {(cm-1)

Figure 20: IR Spectrum of Compound 3.

In NMR analysis, integration and assignation of every
proton and carbon of Compound 3 is based on the *H-
NMR and *C-NMR analysis. The analysis of the
chemical structure of Compound 3 and the result are as
shown in Figure 21 for "H-NMR and Figure 22 for *C-
NMR. Observation of the *H-NMR revealed a total 10
proton resonance, where the proposed chemical structure
is based on the splitting pattern as reported in
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spectrometric identification of Organic compounds by
Silverstein et al.,™®

The 'H-NMR spectrum of Compound 3 exhibited 10
proton resonates. A singlet proton signal was observed at
8 2.17 (3H, s) indicating that they had no neighbouring
proton and the methyl group is attached to pi-bonded
carbon. A set of two doublet signal at 7.06 (2H, d)
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J=6.93 and 6.94 (2H, d) J=6.93 indicating they are
neighbours attached to the same alkenic carbon. A
singlet was observed at 6 3,48 indicating the presence of
a methoxy group and was assigned as 11-OMe. A singlet
proton signal was observed at & 9.37 (1H, s) indicating
the presence of an O-H group (hydroxyl) of the structure
and was assigned to H-7.

HO. s~

HLC P
7o

2-Methoxy -4-Vimydp henol "H-NMR (a)

International Journal of Modern Pharmaceutical Research

A proton was also observed at the chemical shift 6 6.92
(H, s), & 2.17 (3H, s) which represent a singlet of
methane group in the structure of the compound and was
assigned to H-6 and H-11. At chemical shift of 6 7.45 a
multiplet proton signal was observed as to methane
group of the structure and was assigned to H-5 (7.45 9
(2H, m, J=7.44). A signal was also observed of chemical
shift at 5.29 (H, s) and was assigned to H-13.
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Figure 21a: "H-NMR spectrum of Compound 3 (500 MHz, CDCL.).

]

B2

14

r034
: 032
: 030
'L 028
.'0.25
Lﬂl‘l
| a2
: 020

2-Methaory -4-Vimyiphenol 1H-NMR (b) r018
i 018
.—0.14
Lﬂ,l)

|I ~0.10
[ Laos

([t
{ HO08
I

.........................................................

722 70 68 66 64 62 60 SA 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 1@
1 (pom)

Figure 21b: *H-NMR spectrum of Compound 3 (500 MHz, CDCL).
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Figure 21c: *H-NMR spectrum of Compound 3 (500 MHz, CDCL).

The *C-NMR result of Compound 3 indicated every
Carbon bond signal and was assign to the proposed
chemical structure of Compound 3 which is based on the
table of *C-NMR characteristics absorption as reported
in spectrometric identification of Organic compounds by
Silverstein et al.1*®]

A total of 9 carbon resonates were observed in the
carbon spectrum of Compound 3. The down field region
of the spectrum of Compound 3 indicated a signal which
was observed as 6 147.00, 6 148.42, 6 109.55, 6 126.81,
6 123.44,5 114.33, 5 146.89, 5 114.86 and were assigned
to C-1, C-2, C-3, C4, C5 C-6, C-8 and C-9
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respectively. C-1 was found to be attached to the
hydroxyl group, C-2 indicated the presence of methane
group of the structure and was found to be attached to the
methoxy group.

At the up field region a signal was observed at § 55.78
that was identified as the carbon attached to the methoxy
group and was assigned to C-11 in the chemical structure
of Compound 3. The chemical shift of all the proton and
carbon NMR for Compound 3 are shown in Table 13 and
Table 14 and comparison was made with the NMR data
of similar Compound as reported by Easwaran et. al.l?!
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Figure 22a: *C-NMR spectrum of Compound 3 (500 MHz, CDCL;).
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Figure 22b: *C-NMR spectrum of Compound 3 (125 MHz, CDCL.).
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Figure 22¢: *C-NMR spectrum of Compound 3 (500 MHz, CDCL ).
Table 13: Proton NMR signal of compound - and that reported by Easwaran et. al., (2014).
Proton assigned to 2- Proton chemical shift
Proton assigned to Proton chemical shift | Methoxy-4-Vinylphenol | (ppm) of 2-Methoxy-4-
Compound 3 (ppm) of compound 3 (Easwaran et. al., Vinylphenol (Easwaran
2014). et. al., 2014).
H-3 7.06 (2H, d, J=6.93) H-3 6.561 (d)
H-5 7.45 (2H, m) J=7.44 H-5 6.734 (d)
H-6 6.92 (H, s) H-6 6.560 (d)
H-7 9.37(H,s) H-7 9.412 (s)
H-11 2.17 (3H, s) H-11 2.016 (s)
H-12 6.94 (2H, d, J=6.93) H-12 6,72 (d)
H-13 5.29 (H, s) H-13 5.337 (d)
H-14 3.48 (3H, m, J 3.94) H-14 4.892 (d)
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Table 14: Carbon NMR signal of compound 3 and that reported by Easwaran et. al., (2014).

Carbon assigned to 2- Carbon chemical shift
Carbon assigned to Carbon chemical shift | Methoxy-4-Vinylphenol | (ppm) of 2-Methoxy-4-
Compound 3 (ppm) of compound 3 (Easwaran et. al., Vinylphenol (Easwaran
2014). et al., 2014).
C-1 147.00 C-1 14292
C-2 148.42 C-2 155.90
C-3 109.55 C-3 107.55
C-4 126.81 C-4 139.91
C-5 123.44 C-5 120.83
C-6 114.33 C-6 114.21
C-8 146.89 C-8 142.14
C-9 114.86 C-9 115.43
C-11 55.78 C-11 56.51

From the result obtained the spectrum for Compound 3
gave a similarity index of 94.42 % with the mass
spectrum of the proposed structure by the NIST library,
which matched the characteristic of 2-Methoxy-4-
Vinylphenol (3) with the chemical formula CgH,0, the
melting point of Compound 3 is (28 °c). The Compound
3 proton and carbon NMR data were mostly identical to
match the NMR signal of 2-Methoxy -4-Vinylphenol (3)
as reported by Easwaran et. al.?!

Based on the reported results of IR, *H-NMR and *C-
NMR and comparisons with published literature.?!!

2-Methoxy -4-Vinylphenol is a compound Containing a
methoxy group attached to the benzene ring of a phenol
moiety. 2-Methoxy-4-Vinylphenol (3) was found to
contain antibacterial potential.”! It was found to induce
a spicy odour quality and 2-Methoxy-4-vinylphenol can

Compound 3 was identified as 2-Methoxy -4-  jnquce cell cycle arrest by blocking the hyper-
Vinylphenol (3). phosphorylation ~ of  retinoblastoma  protein  in
benzo[a]pyrene-treated NIH3T3 cells.*?
Table 15:
Concentration (ppm)
Control
Isolated Compound Organism (Tetracycline) 25 ppm 50 ppm 100 ppm
(mm) (mm) (mm) (mm)
Escherichia coli 3.17+£0.43 0.94+0.08 1.14+0.08 1.17+£0.04
Benzyl alcohol (1) Klebsielia pneumonia 2.95+0.17 0.97+0.04 1.374£0.04 1.77+£0.04
Staphylococcus aureus 3.21+0.58 2.11+0.31 2.70+0.01 2.24+0.35
Escherichia coli 3.17+£0.43 1.04+0.05 1.14+0.05 1.94+0.09
?Z)P yridinecarboxylate | 01, cielia pneumonia 2.95+0.17 0.89£0.01 | 2.57+0.04 | 2.7240.02
Staphylococcus aureus 3.21+0.58 2.3920.02 1.87+0.09 2.57+0.09
Escherichia coli 3.17+£0.43 1.04+0.05 1.47+£0.04 1.69+0.05
2-Methoxy-4- Klebsielia pneumonia 2.95+0.17 1144008 | 152+002 | 1.97+0.04
vinylphenol (3).
Staphylococcus aureus 3.21+0.58 0.82+0.02 1.04+0.05 2.47+0.04

Result is in Mean £SD. N=3. * = significant activity was
observed

Figures are in mm and include the diameter of the paper
disc (5mm). Data are means of triplicate determinations.

The in vitro antibacterial activity of isolated Pure
compond from Leptadenia hastata, extracts was carried
out for 24 hrs culture of three selected bacteria. The
bacteria organisms used were Staphylococcus aureus,
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Escherichia coli, and Klebsielia pneumonea. All the test
organisms were obtained from stock cultures at virology
Laboratory, Faculty of resource and Technology
Universiti Malaysia Sarawak.

With the aid of a single hole punch office paper
perforator, circular discs of 5 mm diameter were cut
from Whatman No 1 filter paper. The sensitivity of each
test microorganism to the pure compounds was
determined using the Disc Diffusion Technique.
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The growth inhibitory concentration of the pure
compounds were significantly active on all the selected
pathogen From the result, greater antibacterial activity
was shown against Staphylococcus aureus, Escherichia
coli, and Klebsielia pneumonea suggesting that the
isolated compounds of Leptadenia hastata could be used
in the treatment of bacteraemia infections.

The Table 15 shows the mean value of zone of inhibition
of the antibacterial activity of the isolated compounds
from Leptadenia hastata against the three selected
bacteria. Significant activity was observed in all the
fractions at 25 ppm, 50 ppm and 100 ppm in all the
bacteria accept of Pyridine carboxylic acid was there
observe to less growth inhibition on Klebsielia
pneumonia at 25 ppm.

Strong growth inhibition of Benzyl alcohol (1) activity
was observed on Staphylococcus aureus at all the
concentration. Higher inhibition was on concenttration
50 ppm of 2.70£0.01 mm and weaker inhibition of
Staphylococcus aureus was at 25 ppm of 2.11+0.31.

Klebsielia pneumonia was observed to be inbited
strongly by Pyridine Carboxylic acid (2) at 50 ppm and
100 ppm of 2.57+0.04 mm and 2.72+0.02 mm. there was
no inhibition observed at 25 ppm.

This compound 2-Methoxy-4-vinyl phenol (3) exhibited
strong inhibition rate on Klebsielia pneumonia at 25
ppm, Escherichia coli, Klebsielia pneumonia at 50 ppm.
Higher inhibition on Staphylococcus aureus at 100 ppm
of 2.47+0.04 mm was as shown in Table 15. Weaker
growth inhibition rate was observed at 25 ppm of
0.82+0.02 mm against Staphylococcus aureus when
compared to the control tetracycline of 3.21+0.58 mm.

5. CONCLUSION

This study revealed that this medicinal plant Leptadenia
hastata extract from dichloromethane had some potential
phytochemicals. The structure of the pure compound
isolated were elucidated using various spectroscopic
methods especially Gas Chromatography and Mass
Spectrometry (GC-MS), Nuclear Magnetic Resonance
and Fourier Transformer Infrared (FT-IR). A total of
three secondary phytochemicals were isolated and
characterised. They are Benzyl alcohol (1), 3-pyridine
carboxylic acid (2) and 2-Methoxy -4-Vinylphenol (3). It
was interesting to note that the three compound isolated
from the extract of Leptadenia hastata was observed in
Table 15 to have a significant activity on Escherichia
coli, Klebsielia pneumonia, Staphylococcus aureus.

Conflicts of Interest
The authors declare that they have no conflicts of
interest.

——

113

International Journal of Modern Pharmaceutical Research

ACKNOWLEDGEMENT

The authors are grateful to Universiti Malaysia Sarawak
for supporting this research. 07(ZRC05/1238/2015(2).

REFERENCES

1. Haruna, A., Mann, A, & Ogbadoyi, E. O.
Phytochemical composition and antitrypanosomal
activity of the leaf extract of Leptadenia hastata
(Pers) Decne. Bayero Journal of Pure and Applied
Sciences, 2017; 10(2): 292-299.

Sarkiyayi S.,Umaru H.A, Onche H.O. Anti-
Inflammatory and Analgesic Effect of Leptadenia
hastata on Albino Rats. American Journal of
Biochemistry, 2015; 5(2): 35-41.

Rahman, S.F.S, Kamaruzaman, S. & Dzolkhifli, O.
Piper sarmentosum Roxb. A mini review of

ethnobotany, phytochemistry and pharmacology.
Journal of Analytical and Pharmaceutical Research,
2016; 2(5): 31-33.

Dahiru, D., Wakawa, H.Y., Obidah, W., & Agamah,
M.A. Antiperoxidative Activity of aqueous extract
of Hibiscus sabdariffa Calyx on alcohol-induced
Hepatic Damage. Nigerian Journal of Tropical
Agriculture, 2009; 11: 47-52.

Obidah, W., Godwin, J. L., Fate, J. Z, &
Madusolumuo, M. A. Toxic effects of Grewia mollis
stem bark in experimental rats. Journal of American
Science, 2010; 6(12): 1544-1548.

Rafieian-Kopaei, M., Saki, K., Bahmani, M.,
Ghafourian, S., Sadeghifard, N., & Taherikalani, M.
Listeriosis phytotherapy: A review study on the
effectiveness of Iranian medicinal plants in
treatment of listeriosis. Journal of Evidence-based
Complementary & Alternative Medicine,
2017; 22(2): 278-283.

Firdous, AM., Fayaz, ALL. & Mushtag, A.S.
Isolation of active components derived from
rhizome of Euphorbia wallichii Hook. International
Journal of Ayurvedic and Herbal Medicine, 2013;
3(3): 1173-1183.

Fasihuddin, B. A., Sallehuddin, N. K. N. M., &
Assim, Z. Chemical constituents and antiviral study
of Goniothalamus velutinus. Malaysian Journal of
Fundamental and Applied Sciences, 2010; 6(1): 73-
76.

Patra, J. K., Gouda, S., Sahoo, S. K., & Thatoi, H.
N. Chromatography separation, 1H NMRanalysis
and bioautography screening of methanol extract of
Excoecaria agallocha L. from Bhitarkanika, Orissa,
India. Asian  Pacific  Journal of  Tropical
Biomedicine, 2012; 2(1): S50-S56.

Kalaiselvan, A., Gokulakrishnan, K. & Anand, T.
Gas chromatography mass spectrum analysis of
bioactive components of the ethanol extract of
Andrographis paniculata. Journal of
Pharmaceutical and Biomedical Science, 2012;
20(15): 1-3.

Efdi, M., Fujita, S., Inuzuka, T., & Koketsu, M.
Chemical studies on  Goniothalamus tapis

10.

11.

et



Isaac et al. International Journal of Modern Pharmaceutical Research

Mig. Natural Product Research, 2010; 24(7): 657-
662.

12. Danelutte, A.P., Lago, J.H.G., Young, M.C.M,,
Kato, M.J. Antifungal flavanones and prenylated
hydroquinone’s  from  Piper  crassinervium
Kunth. Phytochemistry, 2003; 64(2): 555 559.

13. Janice, G. S. Key concepts - Mass spectrometry,
infrared  spectroscopy and nuclear magnetic
resonance spectroscopy. Organic Chemistry 2nd
Edition. New York, McGraw-Hill, 2008; 485-525.

14. Shalini, S., & Sampathkumar, P. Phytochemical
screening and antimicrobial activity of plant extracts
for disease management. International Journal of
Current Science, 2012; 1(1): 209-218.

15. Shaari, K., & Waterman, P. G. Glucosides of 2, 5-
dihydroxybenzyl alcohol from Homalium
longifolium. Phytochemistry, 1995; 39(6):  1415-
1421,

16. Silverstein R.M., Webster, F.X., Kiemle, D.J.
Spectrometric Identification of Organic Compound.
ISBN 978-0-471-39362-7. John Wiley & Sons.
USA, 2005.

17. Goyal, M.K.,, Roy, I., Amin, A., Banerjee, U.C,,
Bansal, A.K. Stabilization of Lysozyme by Benzyl
Alcohol: Surface Tension and Thermodynamic
Parameters. Biotechnology, 2010; 99(10): 4149-
4161.

18. Roy, S., Jung, R., Kerwin, B. A., Randolph, T. W.,
& Carpenter, J. F. Effects of benzyl alcohol on
aggregation of recombinant human
interleukin-1-receptor antagonist in reconstituted
lyophilized formulations. Journal of Pharmaceutical
Sciences, 2005; 94(2): 382-396.

19. Venkateswarlu, V., K. A. Aravinda Kumar, Sorav
Gupta, Deepika Singh, Ram A. Vishwakarma,
Sanghapal D. Sawant. Electronic Supplementary
Information DMSO/I2 mediated C-C bond cleavage
of a-ketoaldehydes followed by C-O bond
formation: A metal-free approach for one-pot
esterification. The Royal Society of Chemistry, 2015.

20. Justin, E., Boman, E., Ceide, S., Montalban, A.,
Nakanishi, H., Roberts, E., Saiah, E., Lum, C.
"Compounds for the treatment of HIV infection."
U.S. Patent Application 10/774,040, filed December
9, 2004.

21. Easwaran, L & V. Alex Ramani. Phytochemical
examination and GC-MS studies of the medicinal
plant - Naravelia zeylanica. International Journal of
Research and Development in Pharmacy and Life
Sciences, 2014; 3(5): 1180-1188.

22. Jin Boo Jeong, Hyung Jin Jeong 2-Methoxy-4-
vinylphenol can induce cell cycle arrest by blocking
the hyper-phosphorylation of retinoblastoma protein
in benzo[a]pyrene-treated NIH3T3 cells.
Biochemical and Biophysical Research
Communications, 2016; 200: 752-757.

114

——
| —



