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57) ABSTRACT

Fatty acids play very important and diverse roles in living
organisms, from signal transduction, energy management,
maintaining of structural integrity to the normal metabolic
processes. Due to its diverse presence and roles, Fatty Acid
Synthase (FAS) is an attraclive drug target under different
pathologic contexts such as cancer, TB, obesity. microbial
infection, etc. There are a number of molecules targeting
Faty Acid Synthase (FAS) in the prior art like Cerulenin,
Orlistal, Pyrimidine, Triclosan, C75 etc. The present inven-
tion relates to a compound of formula 1 having fatty acid
synthase inhibitory properties which was confirmed by an
FAS inhibition assay. The present invention also relates 1o a
process [or collection, extraction, isolation, purification and
characterization of the claimed compound from marine
cyanobacterium, Phormidium ambiguum.
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1
COMPOUND FOR FATTY ACID SYNTHASE
INHIBITION

FIELD OF THE INVENTION

The present invention relates to fatty acid synthase inhib-
iting compounds, process of preparing the compounds, a
composition containing said compounds, and use thereof for
Fally Acid Synthase inhibition.

BACKGROUND OF THE INVENTION

Fauty acids play very important and diverse roles in living
organisms, [rom signal transduction, energy management,
maintaining of structural integrity to the normal metabolic
processes, elc. Due to ils diverse presence and role Fatty
Acid Synthasc (FAS) is an attractive drug target under
different pathologic contexts such as cancer, TB, obesity,
microbial infection, etc. There are a number of molecules
targeting Faity Acid Synthase (FAS) in the prior art like
Cerulenin, Orlistat, Pyrimidine, Triclosan, C75 cte. Different
FAS targeting molecules operate through different mode of
action, as these molecules bind to different components of

FAS complex. But, due to drawbacks associated with use of

FAS targeting molecules like side cffects and varying extent
of activity, there exists an ever increasing demand for novel
molecules with betler aclivily and reduced side effects.

Present invention involves methods for harvesting the
source malerial and isolaling a new molecule, from marine
cyanobacterium, Phormidium ambiguum, which has a
higher inhibitory activily than the current therapeutic drugs
of the category against FAS under laboratory test conditions.
Also, the newly developed process for sourcing and pro-
cessing of the raw material, isolation, purification and char-
acterization of the new molecule reduces the time and
resources required otherwise when we follow conventional
column chromatographic procedures. This molecule can act
as a drug lead compound for the design and development of
a better drug 1o inhibit FAS thus paving way for effective
treatment against discases like cancer, obesity and tubercu-
losis.

Dixit et al. (2013) focuses on anti-cancerous, antiviral and
antibacterial compounds from cyanobacteria; their clinical
status; extraction and detection lechniques for the isolation
of novel biomolecules from cyanobacleria. Marine micro-
bial sources have become one of the major focuses of
research for identifying new chemical entities with divcl:se
biological activitics. Cyanobacteria are one of the major
classes among them and are known for their huge repertoire
of metabolites and genetic flexibility. They are known to
produce molecules with diverse pharmacological properuics,
such as anti-helminthic, immunosuppressant, anLi-irjﬂ_afh-
matory, anti-microbial, anti-cancer, anli-coagulant activitics
cle.

Dutler et al. (1971) provides experimental evidence and
theoretical considerations which show that the pure enzyme
with oxidoreductase activity for alicyclic ketones which was
isolated from pig liver is a fatty acid synthetase. The enzyme
exhibils fatty acid synthetase activity with the natural sub-
strates, acetyl- and malonyl-CoA, and when ‘mcuhalod ‘."f;“h
14C-labeled acetyl-CoA, yields |'*Cl-palmitate and ['"C]
stearate. The oxidoreductase activity for alicyclic ketones
and the fatty acid synthetase activity of the enzyme could nol
be separated by chromatography on (wo different column
materials. Kinelic data obtained with the model substralc,
S-aceloacelyl-N-acetylcysicaming, as Wcl_l as slcrcospccllllu-
ity considerations support the view that it is Lthe 3-oxoacy-
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lacyl-carrier protein reductase component of the fatty acid
synthetase complex, which is responsible for the oxi-
doreductase activity toward alicyclic ketones.

Li ¢t al. (2002) discloses Fatty acid synthase (FAS)
inhibitors as potential anti-fungal agents. FAS prepared from
Saccharomyces cerevisiae was cmployed for bioactivity-
guided fractionation of Chlorophora tinctoria, Paspalum
conjugatum, Symphonia globulifera, Buchenavia parviflora,
and Miconia pilgeriana. Thirtcen compounds including
three new natural products were isolated and their structures
identified by spectroscopic interpretation. They represented
five chemotypes, namely, isoflavones, flavones, bifla-
vonoids, hydrolyzable tannin-rclated derivatives, and triter-
penoids. 3'-Formylgenistein (1) and ellagic acid 4-O-alpha-
1-rhamnopyranoside (9) were the most potent compounds
against FAS, with ICs, values of 2.3 and 7.5 microgram/mL,
respectively.  Structure-activity relationships for some
chemotypes were investigated. All these compounds were
evaluated further for antifungal activity against Candida
albicans and Cryptococcus neoformans.

Therefore, in view of the above there is an unmet need for
an FAS inhibitor with better activity and lesser side effects
compared (o the inhibitors already known in the art. The
known processes for preparing FAS inhibitors suffer from
problems, such as a cumbersome purification of the product
by column chromatography, low yields, use of costly, haz-
ardous, environmentally unsafe, carcinogenic or pyrophoric
reagents, elc. on industrial scale. There is a need for simple,
industrially scalable, cost effective and environment-
friendly processes for the preparation of FAS inhibitors that
is frec from above mentioned drawbacks and achieves high
yield and purity. Isolation, purification and characterization
of the new molecule using a combined solvent extraction
and precipitation method by exploiting the change in polar-
ity of the solvent system make the process unique. Unlike
purification by conventional column chromatography, this
method reduces cost of solvents and time.

SUMMARY OF THE INVENTION

In an embodiment, the present invention provides a com-
pound of general Formula I:

Formula |

or a salt, ester, prodrug or isomers thercol, wherein R1, R2
and R3 are independently selected from the group consisting
of alkyl halides; halide esters; allylation reaction products of
primary, secondary, tertiary and higher alcohols including
benzylic, propargylic, allylic, and other aliphatic alcohols;
nucleophilic substitution products of the hydroxy! group in
stereogenic  alcohols;  stercospecific-nucleophilic-substitu-
tion-of-hydroxyl groups; clectrophilic aromatic substitution
products of oxygen ol hydroxyl groups formed by aromatic
nitration, aromatic halogenation, aromatic sulfonation, and
acylation and alkylating reaction to yield products such as
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alkylZaryl halides; products formed by ester formation with
clectrophilic derivatives of carboxylic and sulfonic acids:
amides and R4 is —NH.,.

In a preferred embodiment, the compound is represented
by (35.5Z,78.82)-7-amino-3,5-dihydroxy-2-methyl-13-
|(Is.4s)-4-hydroxyeyclohexa-2,5-dicn- 1-yl Jirideca-S.8-
dien-4-one (Formula 1n): :

Formula Il

In another embodiment, the present invention provides a
compound of Formula | having anti-tumor activity.

In another embodiment, the present invention provides a
compound of Formula I having anti-proliferative activily.

In another embodiment, the present invention provides a
compound of Formula I exhibiting in-vitro anti-prolifera-
tive activity against A549 lung carcinoma cells with 1Cs, of
T74-78 pg/mL.,

In another embodiment, the present invention provides a
compound of Formula Il exhibiting in-vitro anti-prolifera-
tive activity against A549 lung carcinoma cells with 1Cs, of
76.034 pg/mL.

In another embodiment, the present invention provides a
compound of Formula | having fatty acid synthase inhibition
activity.

In another embodiment, the present invention provides a
compound of Formula II having a 'H and '*C NMR spectra
with signals at 8H 7.26 corrclated with 8C 67.62; 8R at 2.46
10 2.62 and 8C at 29.64; 3H at 1.25 10 1.67; and 5.23 10 5.27.

In a further embodiment, the present invention provides a
process for preparing the compound of the Formula I.

Formula |

or a sall, ester, prodrug, a pharmaccutically acceptable salt
or individual optical isomers thereof; wherein R1, R2 and
R3 are independently selected from the group consisting of
alkyl halides: halide esters:

allylation reaction products of primary, sccondary, tertiary
and higher alcohols including benzylic, propargylic, allylic,
and other aliphatic alcohols: nuclcophilic substitution prog-
ucts of the hydroxyl group in stercogenic alcohols: stereo-
spct:ilic-nuclcophilic-suhsliluli(m-nl'-hydruxyl groups; elec-

trophilic aromatic substilution products of oxygen of

4

hydroxyl groups formed r\y :1Imnu-|lic ni‘ll‘illE‘tm. aromatic
halogenation, aromatic sulfonation. and acylation and E.’Iky'
lating reaction 10 yield prndm:'l.-; suclh as Hl‘kylhlryl halides;
producls formed by ester formation with electrophilic

5 derivatives of carboxylic and sulfonic acids; amides, and R4
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is —NH, and comprising (he steps of:

a. cnll::uling cyanobacterial biomass by scrapping off (he
cyanobacteria from semi submerged rock pits and
washing with water; . )

b. squeezing and grinding the biomass with cthanol 1o
obtain a fine paste ol the biomass;

¢. drying and solidifying the pasic .uhlailncd in step (b);

d. grinding the solidified paste obtained in step (c) in to a
powder;

¢. defatting the biomass powder obtained in step (d);

f. extracting the defatted powder obtained in step () using
soxhlet 1o obtain a pale white precipitate;

g. concentrating the extract obtained in step (1) to 5™ the
volume:

h. precipitating the concentrated extract obtained in step
(g) using mecthanol and re-dissolving in chloroform;

i. repeating step (h) 3 to 4 times or until precipitate of pale
while color are obtained;

j. purifying the precipitatc oblained in step (i) using
column chromatography:

k. purifying the compound obtained in step (j) using
vacuum liquid chromatography; and

I. purifying the compound obtained in step (k) using
reverse phase High Pressure Liquid Chromatographic
(R-HPLC).

In yet another embodiment, the invention provides a
process for preparing the compounds of Formula | using
cyanobacterial biomass is collected during the period of
January Lo May.

In yel another embodiment, the invention provides a
process for preparing the compounds of Formula I, wherein
the drying and solidifying is carried out by spreading a thin
layer of the paste.

In yet another embodiment, the invention provides a
process for preparing the compounds of Formula I, wherein
the collected cyanobacterial biomass is processed within 1-2
hours 1o avoid microbial degradation.

In another embodiment, the invention provides a process
for preparing the compounds of Formula I, wherein the
defating is carried out using hexane.

In yet another embodiment, the invention provides a
process for preparing the compounds of Formula I, wherein
the extraction of defatted powder is carried out at 60° C. 10
70° C.

In yet another embodiment, the invention provides a
process for preparing the compounds of Formula I, wherein
the extraction of defatted powder is carried out at 65° C.

In yet another embodiment, the invention provides 2
process for preparing the compounds of Formula 1, wherein
extraction of defatted powder is carried out for 6 to 8 hours.

In yet another embodiment, the invention provides @
process [or preparing the compounds of Formula I, wherein
1hc_ extraction of defatied powder is carricd out using chlo-
roform.

In yet another embodiment, the invention provides 2
process [or preparing the compounds of Formula |, wherein
the concentration of extract is carried out using a rolary
vacuum evaporator operated at 145-155 rpm/and at 35-45
&

In yet another embodiment, the invention provides 3
process for preparing the compounds of Formula I, wherel
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the concentration of extract in step (g) is carried out using a
rolary vacuum cvaporator operated at 150 rpm at 40° C.

In yet another embodiment, the invention provides a
process for preparing the compounds of Formula I wherein
the column chromatography is silica gel chromatography
and is carmied out using ethyl acetate, dichloromethane and
methanol as solvents for gradient elution.

In ycet another embodiment, the invention provides a
process for preparing the compounds of Formula I, wherein
the clution for the purification step in column chromatog-
raphy is initiated with 100% ethyl acectate followed by
attaining 100% dichloromethane in the middle and finally
using 100% methanol in the stage,

In yct another embodiment, the invention provides a
process for preparing the compounds of Formula I, wherein
the vacuum liquid chromatography uses 100% dichlo-
romethane to 100% methanol for elution,

In yet another embodiment. the invention provides a
process for preparing the compounds of Formula I, wherein
the reverse phase High Pressure Liquid Chromatographic
(R-HPLC) uses a gradient elution with acetonitrile to water
at a constant flow rate of 0.2 mL/min with a constant column
lemperature of 30° C.

In yet another embodiment, the invention provides a
process for preparing the compound of Formula II,

Formula Il

In yet another embodiment, the present invention relates
10 a pharmaceutical composition comprising compound of
Formula 1 or Il and produced by process as described above,
along with the pharmaceutically acceptable excipients,
diluents, additives.

In yet another embodiment, the present invention relates
Lo a pharmaceutical composition used for fatty acid synthase
inhibition.

Further embodiments. features, and advantages of the
present invention, as well as the structure and operation of
the various embodiments of the present invention, are
described in detail below with a reference to the accompa-
nying drawings.

OBJECT OF THE INVENTION

An object of the present invention is (o provide a process
for collection of source material, extraction and punﬁ‘cal':o_n
of the compound having Fatty Acid Synthase (FAS) inhibi-
lory properties.

Another object of the present invention is to preparc a
compound which shows Fatty Acid Synthase (FAS) inhibi-
lory properties. ]

Another object of the present invention .is ) _pmwdc a
compound which shows increased interaction with FAS |
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and FAS I enzymes compared 1o other inhibitors known in
the domain, thus showing incrcased inhibition compared to
the known inhibitors.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates preparative HPLC profile of purified
compound of Formula 11 FIG. 2 illustrates FTIR Spectrum
of Compound of Formula Il FIG, 3 illustrates LC MS/MS
Spectrum of Compound of Formula Il FIG. 4 illustrates 'H
NMR Spectrum of Compound of Formula Il FIG. § illus-
trates '*C NMR Spectrum of Compound of Formula 11 FIG.
6 illustrates results of assay for inhibition of bacterial FAS
Il enzyme by compound of Formula Il FIG. 7 illustratcs
results of assay for inhibition of bovine FAS I enzymc by
compound of Formula Il

FIG. 8 illustrates compound of Formula Il at active sitc of
Bacillus subtilis FAS 11 B-ketoacyl-ACP synthase [1

FIG. 9 illustrates compound of Formula Il at active site of
human FAS | KS-MAT domain

DETAILED DESCRIPTION OF THE
INVENTION

Whilc the invention is susceptible to various modifica-
tions and alternative forms, specific embodiments thereof is
described in detail in examples section below. It should be
understood, however that it is not intended to limit the
invention 1o the particular forms disclosed, but on the
contrary, the invention is to cover all modifications. equiva-
lents, and alternative falling within the scope of the inven-
lion as defined by the appended claims.

The present invention relates to a general compound of
Formula 1.

o Formula |
il I R2
R1 N R3 | R4
N 7

wherein R1, R2 and R3 are independently selected from
the group consisting of alky halides; halide esters: all ylation
reaction products of primary, secondary, tertiary and higher
alcohols including benzylic, propargylic, allylic, and other
aliphatic alcohols; nucleophilic substitution products of the
hydroxyl group in stereogenic alcohols; stereospecific-
nuclcuphiIic-substilulion-of—hydroxyl groups; electrophilic
aromatic substitution products of oxygen of hydroxyl groups
formed by aromatic nitration, aromatic halogenation, aro-
matic sulfonation, and acylation and alkylating reaction 10
yicld products such as alkyl/ary| halides: products formed by
ester formation with electrophilic derivatives of carboxylic
and sulfonic acids; amides and R4 is —NH,,.

The present invention relates 1o a specilic compound,
(3S,52.7$,82)—7-amim»3.S-dihydroxy-Z-mcthyl- 13-[1s,
4s}-#hydroxycyclohcxa-2,5-dicn-I-yl]lridcca-S.B—dicn-4-
one, represented by the Formula 11
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Formula 11

Collection of Marine Cyanobacterium for Preparation of
Extract

Cyanobacteria samples were collected during the period
of January to May. Cyanobacterial cell biomass was lound
al semi submerged rock pits. During the high tide these pils
remain submerged around a depth of about 0.5 to 1 meter but
at low tide time seawater moves back and the pits become
exposed. Although exposed these pits are always filled with
sca waler. Cyanobacterial biomass was collected from the
rocks and moved to a plastic container. Collected cell
biomass was worked on within | to 2 hours of collection to
avoid microbial degradation which would affect the intended
compound yield. The collected sample was then washed
under tap water to remove ol any sand, mud and other small
sea creatures associated with the cell biomass. Then, the
cleaned biomass was squeezed well to gel rid of excess
water and ground with a small volume of ethanol in a
laboratory blender to form a fine paste. This paste was then
spread as thin layer on the surface of a large glass plate and
refrigerated (ill it dried and solidified.

Preparation of Compound

Dried cell biomass obtained was reduced to fine powder
using a laboratory blender. Approximately 400-600 g of the
powdered cyanobacterial cell mass was defalled with
hexane. The defatted powder was then dried and subjected
to Soxhlet extraction at 60° C. to 70° C. with chloroform for
about 6 (o 8 hrs. The chloroform extract was concentrated 1o
/5" the volume using a rotary vacuum evaporator at 145
rpm-155 rpm and 35° C. 10 45° C. The concentrate was then
added 1o excess of methanol in a separating funnel, stirred
and kept overnight till a greenish precipitate was formed.
The greenish precipitale was removed and re-dissolved in
minimal amount of chloroform. This step was repeated 3 1o
4 times until the precipitate wrned to pale white in color,

Purification

The Pale white waxy compound obtained above Wi
further purified using silica gel column chromatography, ‘The
column was subjected (o gradient clution using cthyl acetate
o methanol, and finally dichloromethane, ‘The column wyy
subjected 1o gradient clution using 100% cihyl acetate (o
100% methanol with attainment of 100% dichlorometh
in the middle ol the chromatography. Elution wiis started
with ethyl acetale alone and suhsuuucnlly (Iichlnrmnv.:lh:mc
was added in an increments of S 1o 20% (volume '
thus making a towal of 100% of cluent, Simil
middle of the chromatographic protacol, (he attained 100y
dichloromethane was diluted (0 zero with (e third solye ;
methanol which was added in incrementy of 1O% in \mlun.l .:.f
volume yielding 100% mcthanol at (he en. Hlution ; Li
fraction collected was not based on (ime interval by ,'""
volume basis. The compound was eluted it L

H| d'l.lll““'""plh‘
. and wias I’ll..‘ul Hlalll.(l oul a8 ‘uIL I W|lIlL
.m{a-m(.,'lh‘dlllﬂ I>I d
l l h AC
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fvolume)
arly, in the

20

25

30

35

45

50

55

of)

8

waxy form when excess methanol WE.IS added 1o the eluent,
A sccond purification slep was carricd oul using vacuum
liquid chromatography with TLC grade silica. Elution wag
carried oul with dichloromethane to methanol gradient and
the compound was cluted at a ratio of dichloromethane:
methanol 1:1. Final purification was carricd out using
reverse phase High Pressure  Liquid  Chromatographic
(R-HPLC). Gradicnt ¢lution was performed with acelonitrile
to water at a constant flow rate of 0.2 mL/min with 2
constant column temperature of 30° C. The compound
finally cluted exhibits a retention time (RT) of 2.9 ip
preparative HPLC under the said conditions (FIG. 1). The
HPLC column was cluted with the acetonitrile:walter ratio in
such a way that initially the eluent was at 100% acctonitrile,
with an increase in gradient of water, such that column was
cluted with 100% water by the end of 30 minutes.

EXAMPLES

The following examples are set forth below to illustrate
the methods and results according o the disclosed subject
matter. These examples are not intended to be inclusive of all
aspects of the subject matter disclosed herein, but rather to
illustrate representative methods, compositions. and results.
These examples are not intended to exclude equivalents and
variations of the present invention, which are apparent o
one skilled in the art.

Example |

Preparation of Compound of Formula I

Cyanobacteria samples were collected during the period
of January to May from Ezhara beach (GPS coordinates 11°
49'09.9"N 75° 25'02.9"E), Kannur district, Kerala, India.
Cyanobacterial biomass was collected from submerged rock
pits by scrapping off the cyanobacteria using a metal chisel
with wide end to detach the cyanobacterial cells from the
rocks. The floating cell biomass from the pits was collected
using a small net and moved (0 a plastic container. Collected
cell biomass was worked on within 1 (o 2 hours of collection
to avoid microbial degradation which would aflect the
inlended compound yield. If the collected biomass is used
immediately for extraction, a 40% increase in yicld was
observed compared 10 delayed extraction. The collected
sample was washed and then squeezed well to get rid of
Excess water and ground with a small volume of ethanol in
a laboratory blender to form a flinc paste. This paste was
spread as thin layer on the surface of a large glass plate and
refrigerated Gl it dried and solidified, Dried cell biomass
obtained was reduced 10 a fine powder using a laboratory
h_lcndcr. Approximately 500 ¢ of the puwdcru.:d cyanobacte-
rial cell mass was defatied with hexane. The defatted powder
was then dried and subjected 1o Soxhlet extraction at 63° C-
With chloroform for about 6 10 8 hrs. The chloroform extract
was concentrated (o 'Ath the volume using a rolary vacuum
evaporator at 150 rpm/40° C. The concentrate was then
added 10 exeess of methanol in a separating funnel, stired
and kept overnight il o greenish precipitate was formed:
Fhe grecnish precipitate was removed and ro-dissolved i
Minimal amount of chloroform, This step was repeated 3 1©
4,.“"""'“ until the precipitate wrned to pale white in color. The
Pale white waxy compound was further purified using silicd
pel cnll!mn \‘|"'"l!Iillngr:l|lhy (5%30 mm column) using 24
"wh'_h StZe silica, The column was subjected to B“‘di‘fm
“l"'!"" using 100% cthyl acetate to 100% methanol }r\’"h
altainment ol 100, dichloromethane in the middle of the

LIu-mmllngl'u|:I|y, LElution was started with clh)'l acelale

PR SRS
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alonc and subsequently dichloromethane was added in 10%
increments (volume/volume) as shown in the table, thus
making a total of 100 mL of eluent. Similarly, in the middle
of the chromatographic protocol, the attained 100% dichlo-
romethane was diluted to zero with the third solvent metha-
nol which was added in increments of 10% in volumes
volume yielding 100% methanol at the end (Elution and
fraction collected was not based on time interval but on
volume basis). The compound was eluted at dichlorometh-
anc:mcthanol 1:1 and was precipitated oul as clear white
waxy form when excess methanol was added to the eluent.

TABLE 1
in silica pel chmmalog[gghx

Solvent gradient system for el

Solvent A Solvent B
Column loading and 100% Ethyl 0% Dichloro-
starting of elution acetate methane
9% 10%
80% 20%
70% 30%
i 60% 40%
40% 60%
! 30% 70%
20% 30%
10% 2%
0% 100%
1 Dichloromethane Methanol
100% 0%
0% 10%
80% 20%
L 0% 30%
60% 40%
The compound 50% 50%
was cluled m
dichloromethane:
methanol 131,
4 40% 0%
0% 0%
20% 80%
{ 10% 90%
0% 100%

A second purification step was carried out using vacuum
liquid chromatography with TLC grade silica 60H (1.5x15
mm column). Elution was carried out with dichloromethane
(0 methanol gradient and the compound was eluted at a ratio
of dichloromethane:methanol 1:1.

TABLE 2

Solvent gradient system for

elution in vacuum liguid chromatography e
Column loading and 100% 0%
starting of elution Dichloromethane Methanol
i 90% 10%
80% 20%
70% 30%
1 60% 40%
Compound eluted 50% 50%
out of the column
40% 60%
30% 70%
20% 80%
10% 90%
Final ¢lution 0% 100%

of the column

Final purification is carried out using reverse phase High
Pressure  Liquid Chromatographic, R-HPLC system
equipped with Extend—C 18 column of 1.8 pm, 2.1x50 mm,
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Diode Array Detector in combination with Chem32, Chc{n-
station softwarc. Gradient eclution was performed wn!h
acetonitrile to waler at a constant flow rate of 0.2 mL/min
with a constant column temperature of 30° C. The com-
pound finally eluted exhibits a retention time (RT) of 2.9 in
preparative HPLC under the said conditions (FIG. 1). 'T‘t.u:
HPLC column was cluted with the acetonitrile:water ratio in
such a way that initially the eluent is at 100% acetonitrile,
with an increase in gradient of water, such that column is
cluted with 100% water by the end of 30 minutes.

Example 2

Characterization of the Eluted Compound
Structure Elucidation
I. Fourier-Transform Infrared Spectroscopy

Infrared (IR) spectra was taken on a FTIR spectropho-
lometer as neal. The Fourier Transform Infrared Spectros-
copy (FTIR) spectrum exhibited the presence of alkenes,
alkanes, hydroxy and aldehyde groups is shown in FIG. 2.

2. Mass Spectrometry

Molccular weight of the compound was determined by
LCMS/MS cquipped with Aquity BEH ¢ 18 1.7 M column
having 2.1x50 mm dimensions. QTOF MS/MS data
revealed m/z value of 349.093 from which its molecular
Formula was determined o be CyoH4,NO,. This was con-
sistent with the molecular composition calculated by CHN
analysis which gave a value of C: 0.687, H: 0.089, N: 0.040,
O: 0.183. The molecular weight of the compound was later
calculated to be 349.475 g/mol (FIG. 3). The fragmentation
data search from LC MS/MS spectrum did not match with
any compound from the databasc. So, NMR data was
required for structure solution. The structure of the novel
compound was resolved from the LC MS/MS data together
with NMR spectra as below (FIG. §).

3. Nuclear Magnetic Resonance Spectroscopy

'H NMR spectra were recorded and the chemical shifts
were expressed in § (ppm) with trimethylsilane as an intcrnal
reference. 'H NMR and '°C NMR spectra were recorded
operating at 500 MHz for '"H NMR and 500 MHz for '3C
spectra. The chemical shifts were given in ppm (8) and were
referenced relative to CDCI3 (6§7.26 and 77.24 ppm for 'H
and "*C NMR respectively). From the 'H NMR and '*C
NMR spectra, the isolated compound was confirmed as
(38.52.75.82)-7-amino-3,5-dihydroxy-2-mcthyl-I 3-[(1s,
4s)-4-hydroxycyclohcxa-Z.S-dicn-l-yl] trideca-5,8-dien-4-
one as observed from FIGS. 4 and § respectively. The 'H and
"*C NMR spectra pointed to a compound with long aliphatic
chain and an open ring. Signals at 3H 7.2¢ correlated with
8C 67.62 suggesting the presence of an NH group. 8H at
2.46 10 2.62 and 3C at 29.64 pointed 1o the presence of CH,,
groups. 8R at 1.25 (o 1.67 was attributed o presence of CH,
and 5.23 1o 5.27 to C=CH, respectively. This was i
correlation with 3C 19.76 and confirmed the long aliphatic
chain. 8C at 169.17 indicated a CH—CH and an absence of
any signal corresponding to aromatic ring, inferred 10 an
open ring structure. Activity spectra of the identified com-
pound were predicted using PASS prediction server (htup//
www.way2drug.com/PASSOnline/) (Filimonoy et al., 2004)
which generated FAS as possible lead largel enzyme.
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Example 3

Anti-Tumor Assay

1. Determination of In-Vitro Cytotoxic Elfect on Cultured
L.929 Cells !

Cultures of 1929 (Fibroblast cells) were maintained in
Dulbeceo’s modified cagles media supplemented with 10%
fetal bovine serum (FBS) and grown to confluence at 37° C.
and 5% CO, in a humidified atmosphere using a CO,
incubator. The cells were trypsinised (500 uL of 0.025?*:
Trypsin in PBS/0.5 mM Ethylene diamine tetraacetic acid
(EDTA) solution for 2 minutes and passed to T flasks under
complele aseptic conditions. Test compounds were added to
grown cells at a final concentration of 6.25, 12.5, 25. 50 and
100 pg/mL from a stock of 1 mg/mL and incubated for 24
hours. The percentage difference in viability was determined
by standard MTT assay after 24 hours of incubation. The
MTT assay is a colorimetric assay [or assessing cell meta-
bolic activity. NAD (P) H-dependent cellular oxidoreduclase
enzymes under defined conditions, reflect the number of
viable cells present.

Cytoloxicily lest revealed that the compound of Formula
I1 had an LD, of about 89.65 (ug/mL) against L929 cell
lines. Viabilily percentage was calculated using the Formula,

% viability=(0D of Test/OD of control}x100,
where control OD was 0.993.

TABLE 3

Result of eytotoxic assay against

1929 cells using compound of Formula 11

Sample Average Percentage
Concentration (pg/mL) Absorbance @ 540 nm Viability
Control 0.993 999
6.25 0.901 90.821
12.5 0.852 85793
25 0.741 74.680
50 0.638 64.262
100 0.554 55.768

2. In-Vitro Anti-Proliferative Property on Cullured AS49
Cells

A549 lung carcinoma cells were maintained in Dulbec-
co’s modified cagles media (Himedia, India) supplemented
with 10% FBS (Invitrogen, India) and grown (o confluence
a1 37° C. and 5% CO, in a humidified atmospherc using a
CQ, incubator (NBS, Eppendorf, Germany). The cells were
trypsinized (500 pl. of 0.025% (rypsin in PBS/0.5 mM
EDTA solution (Himedia, India) for 2 minutes and trans-
ferred to T flasks under ascptic condition. ‘Test compounds
were added o grown cells with a final concentration of 6.25
12.5, 25, 50, 100 pg/mb, from a stock of | mg/ml, umi
incubated for 24 hours, The % dillerence in vizll-ailily wiis
determined by standard MTT assay (Arung ct al, 2000) aller
24 hours ol incubation. Viability percentage was calculated
using the Formula,

% viability=(0D of TesthOD of Comrol )« 1(6)

Compared o the LD5O ol aboul 89,605 (ug/ml.) againg
1.929 cell lines, A549 cells showed higher susu:pﬁhi]i} |.“
the compound of Formula 1L 10 means that the cnmpunu?; 1)
Formula Il is required in lesser amount (o obiain equival ‘t
level of cytotoxicity. In other words, A549 cells “UL'{I‘ Il;
amount ol Lthe compound of Formuly || Compared (o | y
cel) lines 1o obtain complete destruction of cancer cell
type A549. This may be assumed (o be gl less in cey
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other cancer cells. In addition, it is observed that more
amounts of Cerulenin and C75 arc required as compared (o
the compound of Formula Il to achicve the same level of

cancer ccll destruction.

TABLE 4

In-vitro anti-proliferative effect of compound
of Formula I, C75 and Cerulenin on culured A549 cells

Sample Percentage Viability — Percentage Percentage
Conceniration Compound of Viability Viability
(pg/ml.) Formula 11 Cerulenin C7s

6.25 92.302 100.0 100.0

12.5 89.669 96.869 100.0
25 67.385 72.007 80.110
50 55.654 62.247 66.483
100 42,615 48.066 55.985
1Cy, pg/mL 76.034 86.419 99.034

Example 4
FAS Assay

Preparation of Bacterial FAS Il Enzyme for FAS Assay

Crude FAS containing protein fraction was isolated
according to the modified protocol of Ahmad et al. (1981).
Stock culture of Bacillus subtilis was inoculated in 100 mL
LB broth pH 7.2 and cultured for 24 hours at room tem-
perature. It was used for further inoculation of four 1000 mL
flasks with same media and culwre conditions. The flasks
were placed in a rolator shaker to ensure adequate suspen-
sion of cells. Bacleria were harvested during the late-
exponential phase of growth by centrifugation at 10000xg
for 10 minutes and washed twice with 50 mM sodium
phosphate buffer (pH 7.0) to provide cell pastes which were
stored at —20° C. until use. Frozen cell pastes (25-35 g) were
thawed and suspended in S0 mM sodium phosphate buffer
(pH 7.0). The cell suspension was disrupted by sonication
(12 W, 6x15 pulses with 15 second intervals) in 2 mL
Eppendort (ubes containing 1.5 mL of ccll suspension,
supplemented with lysozyme (250 pg/mL) in a sonicator,
operating al maximum power output while maintaining the
tlemperature below 4° C, Unbroken cells and cell debris were
removed by centrifugation at 30000xg for 30 minutes at 4°
C. The pellets were re-suspended in S0 mM sodium phos-
phate bufler (pH 7.0) and made up to appropriate volume
and subjected to ammonium sulphate precipitation. Solid
ammonium sulphate was added and the protein precipitate at
40-60% saluration was collected by centrifugation, dialyzed
and used lor further assay.

Extraction of FAS I Enzyme from Bovine Liver

Crude preparation of FAS | enzyme was made according
to-modilicd protocol of Dulter ¢t al. (1971). Liver from
ll'cshl}' .\'Imlghlcrcd Indian water bullalo was cn"CL'lcd and
ll"ill'l!\'[‘m['lcll inice bucket and k\:l)[ at 4° C. il [‘II‘(‘IL‘CS.\'iI'lg-
The liver was processed at the earliest by removing con-
nective tissues and sliced into small picces. Using a blender,
about 750 g of liver was minced 1o form a suspension wilh
0.05 M potassium phosphate buffer pHl 7.4 containing I m
EDTA to make up (0 a volume of 2.5 liters. The thick
solution was centrifuged at 7500xg for 20 minules 10
remove meat debris and the supernatant obtained was further
centrifuged at 30000xg for 30 minutes to get a translucent
solution. The supernatant was further diluted to specift®
volume using 0.05 M Potassium phosphate bufler (pH 7.
with | mM EDTA and brought initially to 10% and then 10
40% satration with solid ammonium sulfate at 4° C. The
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40% ammonium sullate fraction was centrifuged and protein
precipitale was re-dissolved in 0.05 mM Tris HCI buffer, pH
7.4, dialyzed against same buffer. The FAS | enzyme was
further purified by ion exchange chromatography with
Dicthylaminoethyl (DEAE) cellulose column as described
above (Dulter et al. 1971).

FFAS Assay

FAS assay for FAS | enzyme was performed according Lo
a modified process of Li et al. 2002. Crude protein was made
up to a concentration of 0.5 mg/mL of protein and used for
the assay. Assay was carricd oul in 96 well plates with the
final working volume of 100 pL. Compounds to be tested
were incubated with previously made crude protein extract
for 30 minutes at 25° C. 50 pL of this mixture was added (o
50 of reaction mixture containing | mM each of malony|
CoA and Nicotinamide adenine dinucleotide' phosphate
(NADPH), 40 pM acetyl CoA. and 2 mM Dithiothreitol
(DTT) in phosphate bufler (250 mM).

The microplate was read immediately for 10 minutes at
340 nm. FAS aclivity was calculated by subtracting the
optical density (OD) value obtained afier 1 minute from the
OD value obtained after 10 minutes. FAS aclivity was
calculated and compared with that of control and test
compounds. Dimethyl sulfoxide (DMSQO)' was taken as
control as it was used to dilute the compounds. DMSO (1%)
was also tested and did not interfere with FAS activity. The
negative control consisted of protein plus reaction buffer.
Another control consisted of buffer reaction without protein.
The ICy, was determined by linear regression. FAS activity
was determined by the rate of oxidation of NADPH to
NADP which was monitored at 340 nm. The change in
concentration of NADPH during oxidation was calculated
using the following equation:

AC=AVE

Where, AC was change in the concentration of NADPH,
AA was change in absorbance, and E was extinction coef-
ficicnt of NADPH (E340 nm=6.22 mM~".cm™"). FAS activ-
ity was expressed as n mol NADPH oxidized/min/mg pro-
ein.

Assay using partially purified enzyme from Bacillus sub-
tilis was also performed to verily the FAS II inhibitory
activity of compound of Formula II. At lower concentra-
tions, compound of Formula Il showed results comparable
with Cerulenin and C75 and higher inhibition at higher
concentration of compound of Formula I1. The graph was
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plotted with change in concentration of NADP to NADPH
against time. Each point in graph was the concentration of
NADPH mcasured on a spectrophotometer at 340 nm
(FIGS. 6 and 7 for FAS Il and FAS I respectively).

TABLE 5

FAS inhibition activity of compound of Formula I
vis-a-vis Cerulenin and C75 taken as standard inhibitors

FAS | assay comparcd with known inhibitors

Compound of
Control Cerulenin ¢~ Formula 11 C75
Average AC 0.051383 0.032476 0.030064 0.036125
Inhibition compared 1o control ~ 36.49% 41.49% 29.60%
FAS 11 assay compared with known inhibitors
Compound of
Control Cerulenin Formula 11 C75
Average AC 0.05037 0.03955 0.034984 0.042476
Inhibition compared to control = 21.48% 30.54% 15.67%

Example 5: Evaluation of ADME and Docking
Studies

ADME Prediction

In a drug design point of view the ADME (absorption,
distribution, metabolism, and excretion) properties of the
compound of Formula I compared Lo the standard. Ceru-
lenin and C75 was predicted using the Schrodinger suite’s
Qikprop module (QikProp, version 3.5, Schrodinger, LLC,
New York,). Also, Qikprop can predict any possible drug
leads by comparing the compound scaffolds with known
database and analyzing similarity within a class of com-
pounds (Schrodinger Release 2015: QikProp, Schrodinger,
LLC, New York, N.Y., 2016.). Table 6 demonstrates that the
Compound of Formula II ¢xhibits values which fall well
within the acceptable ranges for the ADME parameters as
tested.

TABLE 6

ADME predictions of compound of Formula Il vis-a-vis Cerulenin

and C75 predicied using QikProp module of Schrodinger suit.

Compound SASA® Donor Accept  QPlogPo/ PSAM
D #stars®  Mrotor”  (A)  HBY  HB w o QPlogKp*  (A)
Compound of 0 10 7216 5 7 1.882 =527 106,23
Formula I

Cerulenin 0 7 237 |} s 0.697 -3.59 9039
C75 0 9 25432 | 5 2,616 -3.22 87.84

Recommended ranges:

“Number of deseriptor values fall outside values of Y5% known drugs: O o §

Enumber of olatable honds: ) 15

OFotal solvent accessible surface wea (SASA) in sqquare angstroms; M0 10 1000
dnumber of hydrogen-bond donors: () 10 6

eNumber of hydrogen-bond acceptons: 2 1o 20

Sppedicted octanol/waler partition coellicient: =2 o 6.5

tpredicted skin permeability: =80 w —1.0
hyan der Wanls surface arca of polar nitrogen and oxygen aloms and carbonyl carbon atoms: 7-200
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Molecular Docking Studies

Molccular docking studics were carried out 10 expl
possible binding mode of the purified compound 10 FAS.
Since the structure of the purified compound of Formula Il
was similar (0 Cerulenin, crystal structure with protein data
bank (PDB) structure no. 4L.S7 was selected as receplor
which is of Bacillus subtilis FAS 11 beta-ketoacyl-ACP
synthase 11 (FabF) domain with non-covalently bonded
Cerulenin. Similarly, for studying the interactions of (he
ligand with mammalian FAS-I. PDB structure no. 3HHD
(Pappenberger ct al, 2010) consisting of human FAS-I's
KS-MAT domain was taken as a framework. Prior to the
docking studies, the receplor structure was prepared by
deleting the crystallographic water molecules and adding
hydrogen to polar atoms. Later. the disulphide bond lengths
were corrected and a minimization was performed by apply-
ing a RMSD cut off 0.30 A using a force ficld OPLS 2001.
In PDB structure no. 4187 (Trajtenberg et al. 2014), Ceru-
lenin at the active site was taken as reference and grid was
generated with 15x15x15 A volume surrounding the ligand.
In case of PDB structure no. 3HHD, according to Weustein-
Knowles et al. (2006), aclive site residues CYS161, HIS331
and HIS293 play crucial roles in FAS I's activily, hence
these residues were taken as the center and a grid was
generated with a box dimensions of 15x15x15 A. Docking
simulation was performed using extra precision (XP) dock-
ing method implemented in Schrodinger version 9.4.0.
(Friesner el al, 2006).

Calculation of Binding Free Encrgics

The docked poses with highest glide score were selecled
and binding free energies for the protein-ligand complex
was calculated using Prime MM-GBSA. Prime MM-GBSA
generates energy properties for the ligand, the receptor, and
complex structure along with energy differences relating o
strain and binding. Prime calculates the binding frec energy
using the equation:

ain the

AG (bind)=E_complex (minimized)-(F_ligand (mini-
mizedH+H_receptor (minimized))

Inference

Binding result was interpreted based on the score obtained
in docking studics as well as the theoretical binding energies
calculated from the docked poses. Possible amino acid
residues involved in binding and the type of interactions
made by compound of Formula Il with active site residues
are shown in FIG. 8 for FAS Il and in FIG. 9 in the case of
FAS 1. Table 7 and 9 for FAS 1l and FAS 1 respectively,
indicate that the glide score as well as the theoretically
calculated binding cnergy was betier for compound of
Formula 1l compared to that of both the other standard
inhibitors. Glide score was calculated based on different
paramelers of ligand-protein interaction and it represented
the overall affinity of ligand-protein binding. MMGRSA
method was uscd to determine simulated binding free cnergy
of ligand-protein interaction and more negative values rep-
resented tighter binders. Parameters like number of H-bonds
between ligand atoms and active site residucs, ligand inll:r:
action with number of" hydrophobic residues and the total
number of van der Waals contacts involved in ligand binding
indicated the aflinity and strength of ligand enzyme in[crb
actions. Table 8 and 10 give a comparison of total numb :
of these parameters with respect o compound of Formu|; t|-||-
and other two FAS inhibitors. It can be clearly seen ;;,
compound of Formula Il has good interaction with both FAasl
Il and FAS 1 enzymes when compared (o other k
inhibitors. Hown
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TABLE 7

Comparison of docking of Compound of

Formula 11, Cerulenin and C75 against Bacillus FAS 11

XP Glide Score MMGBSA dG Bing
Compound (kealfmol) (kcal/mol)
Compound of Formula 11 -8.612 ~54.679
Cemlenin -7.589 —48.109
75 -5.040 -30.549
TABLE 8 1
¥
Number of interactions at 5 A distance from active site with j
docked ligands in Bacillus beta-ketoacyl-ACP synthase 1l domain
Number of Number of Number of
Hydrogen Hydrophobic residues van der Waals 1
Compound bonds at 5 A distance interactions ;
Compound of 3 18 465
Formula 11 )
Cemlenin 2 17 47
C75 3 13 i :
y
TABLE 9

Comparison of docking of Compound of Formula II,
Cerulenin and C75 against human FAS |

XP Glide Score  MMGBSA dG Bind

Compound (kcal/mol) (kcalfmol)

Compound of Formula Il -5.003 -43.936

Cemlenin —4.850 -39.420

C75 -3.900 —-26.439
TABLE 10

N_umhcr of interactions at 5 A distance from active site
with docked ligands in human FAS IKS-MAT di-domain __—

Number of Number of Number of |

. Hydrogen  Hydrophobic residucs  van der Waals |

Compound bonds at 5 A distance interactions |

— g

Compound of 4 9 632 J

Formula 1l !
Cesulenin 3 8 363

C75 | 8 4 {

I ;

The above analyses convincingly demonstrate that com-
pound of Formula Il is a better inhibitor of human a7

bacterial or cukaryotic and prokaryotic FAS enzymes ¥
comparison to the inhibitors used currently as drugs-
We claim:
droxy-

1. A compound of (38,5Z,7S,8Z)-7-amino-3,5-dihy
2-methyl-13-{(15,4s)-4-hydroxycyclohexa-2,5-dien- I
deca-5,8-dicn-4-one represented by Formula Ik

.yl]l.n'
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Formula 11

2. The compound as claimed in claim 1, wherein the
compound has a 'H and '*C NMR spectra with signals at SH
7.26 correlated with 8C 67.62; 8H at 2.46 to 2.62 and 8C at
29.64: 8H at 1.25 10 1.67; and 5.23 to 5.27.

3. A process for preparing the compound of the formula
I1 as claimed in claim 1. comprising the steps of:

a. collecling cyanobacterial biomass by scrapping off the

cyanobacteria from semi submerged rock pits and

washing with waler;

b. squeezing and grinding the biomass with ethanol to
obtain a fine paste of the biomass;

c. drying and solidifying the pasle obtained in step (b) by
spreading a thin layer of the paste;

d. gninding the solidified paste obtained in step (c) into a
powder;

e. defatting the biomass powder obtained in step (d) using
hcxane;

. extracting the defatted powder obtained in step () using
soxhlet at 60° C. o 70° C. for 6 to 8 hours using
chloroform to obtain a pale white precipitate;

2. concentrating the extract obtained in step (f) to 15" of
its original volume using a rotary vacuum evaporator
operated at 145 rpm-155 rpm/and at 35° C.-45° C.;
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h. precipitating the concentrated extract obtained in step
(g) using methanol and re-dissolving in chloroform;

i. repeating step (h) 3 (o 4 times or until precipitate of pale
while color arc obtained;

J. purifying the precipitate obtained in step (i) using silica
gel column chromatography carried out using ethyl
acelale, dichloromethanc and methanol as solvents for
gradient elution and wherein elution is initiated with
100% cthyl acetate followed by attaining 100% dichlo-
romethane in the middlc and finally using 100% mctha-
nol in the last stage;

k. purifying the compound obtained in step (j) using a
vacuum liquid chromatography using 100% dichlo-
romethane to 100% methanol for elution; and

. purifying the compound obtained in step (k) using a
reverse phase High Pressure Liquid Chromatographic
(R-HPLC) with a gradient elution using acetonitrile to
waler at a constant flow rate of 0.2 mL/min with a
constant column temperature of 30° C.

4. The process as claimed in claim 3, wherein the col-
lected cyanobacterial biomass is processed within 1-2 hours.

5. The process as claimed in claim 3, wherein the extrac-
tion of defatted powder in step (f) is carried out at 65° C.

6. The process as claimed in claim 3, wherein the con-
centration of extract in step (g) is carried out using a rotary
vacuum evaporator operated at 150 rpm at 40° C.

7. A pharmaceulical composition produced by the process
as claimed in claim 3, the pharmaceutical composition
comprising said compound.

8. The pharmaceutical composition as claimed in claim 7,
further comprising pharmaceutically acceptable excipients,
diluents, or additives.

9. A pharmaceutical composition produced by the process
as claimed in claim 5, the pharmaceutical composition
comprising said compound.

10. A pharmaceutical composition produced by the pro-
cess as claimed in claim 6, the pharmaceutical composition
comprising said compound.
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