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ABSTRACT

Plants remain a major source of novel drugs fortteatment of various diseases like
cancer. The search for safe anticancer drugs frtantp has led to the discovery of
camptothecin and taxoBmilax kraussiana is used in herbal medicine to treat tumors,
veneral and skin diseases. Many plants includngraussiana are still underexploited
despite their ethnomedicinal properties. This stwdg designed to isolate and characterise
the constituents o8 kraussiana, synthesise active derivatives from the most bivacti

isolate and evaluate the anticancer activitiehefextracts and compounds.

The leaves and stems 8&f kraussiana were collected from Onigambari Forest Reserve,
Ibadan and authenticated at Forestry Researchuiiesbf Nigeria (Voucher number: FHI
108799), Ibadan, Oyo State. The samples were @id.dpulverized and successively
extracted with hexane, ethyl acetate and methahbé extracts were subjected to
chromatographic techniques to obtain pure isolé#ésictural elucidation of the isolated
compounds was done using 1D, 2D Nuclear MagnetsoRance and Mass Spectroscopic
methods. Isolated diosgenin was synthetically medifby oxidation, reduction, and
condensation reactions. The extracts, isolatessgnthesised compounds were evaluated
for anticancer activities against four human carcedk lines; leukaemic (K-562), hepatic
(WRL), breast (MCF-7) and colorectal carcinoma (@)Lat 20, 50 and 100 puM
concentrations using 3-(4,5-dimethylthiazol-2-y|%-2liphenyltetrazolium bromide and
Sorphordamine assays. Tamoxifen was used as posiiivtrol for both assays. Data were

analysed using descriptive statistics.

The successive extraction &fkraussiana with hexane, ethyl acetate and methanol yielded
14.0, 20.0 and 11.5 g of the extracts respectivehromatographic separation of hexane,
ethyl acetate and methanol extracts resulted in fune and six compounds respectively.
The isolates are mainly triterpenoids, steroids ity acids, while the most abundant
isolate was diosgenin [f&hydroxy-5-spirostene) (80.0 mg = 0.5 %). The migdiion of
diosgenin via two synthetic reaction schemes yitlfigeen and twelve compounds
respectively. The new analogues obtained fromiteedcheme included (B225-0x0-27-
nor-furost-5-en-B-acetate, (2@)-25-hydroxy-3B-yl-27-nor-furost-5-en-B-acetate, (22)-
(2)-26-(4-nitrobenzylidene)-B-yl-furost-5-en-P-acetate, (2®)-26-(3,4',5-



trimethoxybenzylidene){8yl-furost-5-en-B-acetate, B-acetoxy-furost-5-en-26-aldoxime
and 3P-acetoxy-27-nor-furost-5-en-25-ketoxime. The newnpounds from the second
scheme included (B25R)-P-acetoxy-spirost-5-en-7-one, (225R)-P-acetoxy-spirost-
5-en-7-ketoxime, (42 25R)-spirost-3,5-dien-7-one, (225R)-P-acetoxy-7-(&
nitrobenzylidene)-spirost-5-er33/1, (22B,25R)-3PB-acetoxy-spirost-5-enfByl-7-(ethyl-3-
propanoate)-ketoxime and (225R)-3-acetoxy-spirost-5-enf3yl-7-(ethyl-4-butyrate)-
ketoxime. Nineteen out of the 27 synthesised comgsiare reported for the first time.
Ethyl acetate and methanol extractsSokraussiana exhibited cytotoxic activity against
WRL and COLO cell lines with 16 of 46.1 and 90.0 uM, but showed low inhibition on
K-562 and MCF-7 with 16 of 113.0 and 236.0 uM respectively. Hexane exiabibited
low activity against the four cell lines with 4¢€between 130.0 and 310.0 pM. The most
bioactive isolate, diosgenin showed cytotoxic astivagainst the four cell lines by
suppressing the viability of cells with J¢€between 12.3 and 38.0 uM, while active
synthesised compounds inhibited the growth of the tell lines with 1Gy between 7.5
and 35.5 uM.

The phytochemical constituents &filax kraussiana extracts justify their use in herbal
medicine. The isolated compounds are reported Herfirst time from the plant. The
synthesised diosgenin derivatives could serve a ¢@mpounds for further investigation

as anticancer agents.

Keywords. Smilax kraussiana, Diosgenin, (2B)-26-(3,4',5'-trimethoxybenzylidene)-
3p-yl-furost-5-en-B-acetate, (2B)-25-ox0-27-nor-furost-5-enp3acetate,
(228,25R)-PB-acetoxy-spirost-5-enp3yl-7-(ethyl-3-propanoate)-ketoxime,

Human cell-lines.
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CHAPTER ONE

INTRODUCTION
1.1 Plants as source of Pharmaceuticals

The primordial significance of plants in creatioashcontinuously given limitless
satisfaction to mankind. Although man domesticgiéhts at early date, he did not
study them seriously for a long time afterwardsthtit plants there would be no other
form of life on earth (RothweBt al.,1989). Plants are the basis for the development of
most modern drugs, and medicinal plants have bsed ior many years in daily life to
treat diseases all over the world. Throughout tlesahumans have relied on nature for
their basic needs, for the production of food, Ehetlothing, transportation, fertilizers,
flavors, fragrances, and medicine (Newn&ral., 2003; Cragg and Newman, 2005).
Plants have formed the basis of some sophistidaselitional medicine systems that
have been in existence for thousands of years antince to provide mankind with
new remedies. Although some of the therapeutic gntas attributed to plants have
been proven to be erroneous, medicinal plant tlyegapased on the empirical findings
of hundreds and probably thousands of years of Tise.first records written on clay
tablets in cuneiform are from Mesopotamia aboutO28C (Heinrichet al., 2004).
Among the substances that were used are oilzedfusspecies (cedar) ar@upressus
semparvirongcypress)Glycyrrhiza glabra(licorice), CommiphoraSpecies (myrrh)
and Papaver somniferunfopium poppy), all of which are still in use todéy the
treatment of ailments ranging from coughs and caédd,parasitic infections and
inflammation (Heinricket al.,2004).

Sick animals tend to search for plants that artk i secondary metabolites,
such as terpenoids, steroids, tannins and alka{bid&hingset al.,2003). Since these

metabolites often have antiviral, antibacteriatifangal and antihelminthic properties,



a plausible case can be made for self-medicatioarigals in the wild (Engel and
Mifflin, 2002).

1.2. Drugs developed from Plants

Historically, plants have provided a source for eélodrug compounds and have made
tremendous contributions to human health and weihd (Chinet al., 2006). The
isoquinoline alkaloid, emetinél) isolated from the underground part Gephaelis
ipecacuanhand related species has been used for many years awoebicidal drug
and also for the treatment of abscesses due tsphead ofEntamoeba histolytica
infections. Another important drug isolated fronamt is quinineThis alkaloid occurs
naturally in the bark of Cinchona tree. Quin{@¢was widely used for the treatment of
malaria (Cragg and Newman, 2005). Yohimb{Bgis another drug obtained from the

bark of Pausinystalia yohimbindt possesses antihypertensive properties.

In the last 40 years, many potent drugs have besivedl from flowering
plants; including for example diosgenih) (from Dioscoreaspecies), from which all
anovulatory contraceptive agents have been deriveskrpine(5) and other anti-
hypertensive and tranquilizing alkaloids froRauwolfia species, and two powerful
anti-cancer agents, vincristin@g) and vinblastine(7) from the Rosy Periwinkle
(Catharanthus rosedgGurib-Fakim, 2006). Tropical rain forests comnto support a
vast reservoir of potential drug species becausy ttontain half of the world’'s
flowering plant species. They continue to providatunal product chemists with
invaluable compounds as starting points for theettgwment of new drugs. These
medicinal plants contain secondary metaboliteswhbich at least 12,000 have been
isolated and the number was estimated to be less 0% of the total. Many of the
plants and spices used by human as seasoning oh yads useful medicinal
compounds (Sofowora, 1982Sofowora, 1982 Harvey, 2001; Lai and Roy, 2004,
Tapsellet al.,2006).

Phytochemical investigation d&rtemisia annuded to isolation of an active
compound, sesquiterpene endoperoxide named an@m(8) (Newmanet al., 2000).
In Wall and Wani National Cancer Institute, USA, amticancer agent taxq®), a

diterpene was obtained from the barkrakus brevifolig Suffness, 1995).
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Artemisinin (8) Taxol (9)

Many compounds that have pharmacological propetigese been synthesized from
taxol and are currently in us@alanthus nivalisrom the Amaryllidaceous family has a
long history of use in the traditional medicineBaflgaria and Turkey for neurological
conditions. Investigation of the plant led to teelation of galantamingL0) which was
launched into the market in 2001 as a selectivayktdorlinesterase inhibitor for
Alzheimer's disease (Shu, 1998). Calanide (Al) isolated from Calophyllum
lanmigerium,a tree from the Malaysian rain forest is a reveraascriptase inhibitor.
An in-vitro study of the compound showed that ieffective against, including strains

resistant to AZT and other non-nucleoside reveraastriptase (Butler, 2004).



Galantamine (10)

Calanide A (11)



1.3 Research objectives

In view of the foregoing the research objectiveshaf work will include the following:

(@ To prepare extracts obmilax kraussianaaerial parts and evaluate the

antiproliferative acitivities of the plant extracts

(b) To isolate the chemical constituents of thenplextracts and elucidate the

structures of the isolated compounds.
(c) To determine the antiproliferative activitiefstioe pure compounds.

(d) Structural modification of the most active lege of Smilax kraussianaby

synthesis and bioevaluation of synthesized molscule



CHAPTER TWO

LITERATURE REVIEW

Since plants are known as source of pharmaceuytitésnecessary to discuss some of
them with promising ethnomedicinal applications.eOof the plant genus that has

shown interest iSmilaxL.
2.1 The Smilax genus

Smilaxis one of the 10 genera of Smilacaceae. It isnagef about 225 species, found
in temperate, tropical and subtropical zones oicafr Asia worldwide. In China for
example about 80 species are found (39 of whicheademic), while there are 20 in
North America north of Mexico (Mabberley, 1987; Ravand Zengyi, 2000). They are
climbing flowering plants, many of which are woodgd/or thorny. Common names
include catbriers, greenbriers, prickly-ivys and ilares. "Sarsaparilla® (also
zarzaparrilla, sarsparilla) is a name used spedjidor the Jamaica®. regellias well
as American specieSmilax species have long been used in traditional meditine
many countries for the treatment of infectious dsss, skin disorders and liver
inflammation (Burkill, 1985; Kuboet al., 1992; Ng and Yu, 2001). The chief
components are sarsaparilloside along with pardira breakdown product, including

desglucorhamno parillin and aglycone sarsapogénikunageet al.,1997).

2.2 Species of Smilax
Some species of smilax aBenilax kraussiana, Smilax aspeaad Smilax chinaThese

species are discussed below.

2.2.1 Smilax kraussiana (SynonymSmilax korthalsiiA.D.C.), is an evergreen shrub
or semi-shrub, climbing branches, stapler tendtilsrny, flowering and ornamental
plant (Mabberley, 1987; Brummitt, 1992; Inyang0@pMifsud, 2002; Inyang 2003).

It is commonly known as West African Sarsaparillaisiknown asOdufat by the



Ibibios, Uruk — ekwongdoy the Efiks,Jiabanammudoy the IbosKurangawofiby the
Hausas andEkanamagbo/Egun-igbaby the Yoruba of Nigeria. Earlier preliminary
work on the root of the plant revealed that it @améd saponins, tannins, simple sugar,
cardiac glycosides and flavonoids (Nwafor et aD&0Smilax kraussian& a widely
used shrub in traditional medicine. The leaf issaoellent antidote in the treatment of
poison and for the treatment of infertility in tBastern Tanzania tribes of South Africa
(Chhabreet al.,1993), and inflammation among the Ibibios of Sda#istern Nigeria. It
is used as a cure for gout in Latin American caastand decoction of the twig is
employed to hasten delivery while the root is aggplfor rheumatism, gout (Dalziel,
1937; Irvine, 1961), kidney problems, gonorrhea awpphilis (Irvine, 1961; Mitchell
and Rook, 1979; Ravens and Zengyi, 2000), febrifugalaria and skin diseases
(Irvine, 1961; Ravens and Zengyi, 2000; Odugberdi Akinsulire, 2008). Some of the
therapeutic properties of the plant have been ksl by various researchers. The
acute toxicity potential of the leaves, the antiimmatory as well as its analgesic
activities have been reported (lwu and Anyanwu 198&aforet al., 2006; Nwaforet
al., 2010). Okokoret al., (2012) reported the antiplasmodial and antipyrativities

of the plant. The root is used as a contracepiive root ofSmilax kraussianavas
investigated for its contraceptive activity in rote with the aim of ascertaining the
scientific basis for the use of this plant for fagnplanning and to establish if any, its

mechanism of action (Nwafet al.,2012; Nwaforet al.,2013).

o

Smilax kraussiana (Aerial parts)



2.2.2 Smilax aspera (Synonym Smilax mauritanicavar. vespertilioni$ is an
evergreen, creeping, extremely tough shrub thatrigsl to the Liliaceae (Smilacaceae)
family. The climbing stem is 1 — 4 metres (3 fn3413 ft 1 in) long. The leaves are

8 — 10 centimetres (3.1 — 3.9 in) long, petiolatternate, tough and leathery, heart-
shaped, with toothed and spiny margins. Also therilvs of the underside of the leaves
are provided with spines. The flowers, (very fradgyare small, yellowish or greenish,
gathered in axillaryacemes. The flowering period in Mediterranean regionseexis
from September to November. The fruits are globbsgies, gathered in clusters,
which ripen in Autumn. They are initially red, lateirn black. They have a diameter of
8 — 10 millimetres (0.31 — 0.39in) and contain doethree tiny and round seeds
(Pignatti, 1982; Longo and Vasapollo, 2006). They ased in herbal medicine for
muscle relaxation, skin ailment, rheumatic painputative, diuretic, diaphoretic,
antigout, dropsy, stimulant and for its tonic pndj@s (Longo and vasapollo, 2006;
Aburjai et al, 2007).S. asperahas also used traditionally for the treatment qifhslys
(Vermani and Garg, 2002), diabetes (Fukunetgal, 1997), rheumatism (Ageet al,
1989), as an antioxidant (Denetd al, 1998) and to treat symptoms of menopause in
women (Weilet al, 2000). In fact, several species of geBusilaxare well-known in
Chinese traditional medicines, and are used asirdl@mmatory, anticancer and

analgesic agents (Slet al, 2006).

2.2.3 Smilax china (SynonnymsSmilax nipponicaMiq, Smilax ripariaDC, Smilax
seiboldii Miq) is a hard tendril climbing vine with sparsedyickled or unarmed stems
and thick tuberous rhizomes. It is called Chinap&a#ia, China Root (Da Orta, 1895).
The main part of the plant used is the rhizome tvligcconsidered to be an alternative
antiscrofulatic, carminative, depurative, diuretichic and antivenereal. It came into
prominence when Da Orta reported success in tgeagiphilis, a disease introduced by
the Portuguese into India in the mid fifteenth centin Goa. As its fame spread far
and wide as an effective treatment for this rapgfiyeading disease globally, it fell to
disrepute due to the poor quality of the drug beimpgorted. However, it remains the
best treatment for syphilis to the east of Indieause of its quality. A decoction of the
roots of Smilax chinahas been used to treat all stages of syphilibat also been
advocated in the treatment of leprosy, scrofula arashy skin infections developing
into ulcers (Kimura and But, 1996). In the Far Eth&t roots had been used to treat



abscesses, pyoderma and burns (Da Orta, 1895).0bke of the plant are considered
carminative, depurative, laxative and digestive arelbeing prescribed for treatement
of dyspepsia, constipation, flatulence and colicthy Indians who received the drug
from Chinese merchants. The Chinese on the othet treade use of this drug to treat
cases of gastroenteritis and dysentery. In Koresad one of the drugs used in the
treatment of acute appenidicitis, taeniasis andstyostion (Warrieret al., 1994;
Kimura and But, 1996).

The root has been employed to treat cases of p@ayd sciatica. Its tonic effect has
been taken advantaged of and was prescribed ins aais@eneral weakness and
debilitating diseases. It has also been considanedphrodisiac and was used to treat
impotency. Emperor Charles the fifth was treatectesasfully for gout using this drug
and from thence on it has acquired much esteemréatment of this and other
rheumatic complaints apart from its use to treghh#is in Europe. It was also
advocated in the treatment of insanity and neuaaldits diuretic properties had made
the Indians use it to treat urinary tract infectistone and ulcers of the bladder and
even chyluria by the physicians of Hong Kong. lipsen relieving strangury and also
seminal weakness (Warriet al., 1994; Kimura and But, 1996). Apart from infective
skin conditions this root has been used to trelaérotlermatological conditions and
amongst them is psoriasis. its native land it was also used to treat diabeBoth
Chinese and Indians consider it an expectorantused them for treatment of cough
with phlegm. It is also given sometimes to treavefe and other inflammatory
conditions associated with fever like acute lympdratis (Kimura and But, 1996).

2.3 Isolated compounds from Smilax species

Smilax species are rich in saponins. Previous mingmical investigation of this genus
yielded flavonoids, fats, tannins, alkaloids, sapspand glycosides. Wargg al.,2014
isolated five phenolic compounds, dihydrokaempfét@l), dihydrokaempferol-3-Qx
L-rhamnoside (13), kaempferol-7-O3-D-glucoside (14), resveratrol (3, 5, 4'-
trinydroxystibene)(15) and oxyresveratro{16) from dried tuber ofSmilax china.A
flavonoid, Quercetir{l7) was isolated from the rhizome of the plant (Vijakshmiet

al., 2012). Steroidal saponins, Tigogen(8), neo-tigogenin (Sarsasapogeniip),
laxogenin(20), isonarthogenir(21), pseudoprotodioscif22), dioscin(23), diosgenin
(4), oleic acid(24) and rutin(25) were also reported from the plant (James, 2001,

10



Thomas, 2002; Khare. 2004; »a al.,2008). Xuet al., (2008) isolated kaemperol-7-
O-beta-D-glucopyranosid€26), engeletin(27), kaempferol(28), dihydrokaempferol
(12), dihydrokaempferol-5-@-D-glucopyranoside (29), kaempferol-5-O-beta-D-
glucopyranosidg30), vanillic acid (31), B-sitosterol(32), and beta-daucoster(33).
Shaoet al.,(2007) also isolated six stilbenes and flavonordsnfS. chinathey include
taxifolin-3-O-glycoside(34), piceid(35), engeletin(27), resveratrol13) and scirpusin
A (36). Phenylpropanoide/ere also obtained from the plant. These inclsithéglaside
E (37), heloniosides B38), and 2',6'-diacetyl-3,6-diferuloylsucro$&9) (Kuo et al.,
2005). Five Amino acids; 4-methylene- 4-methyl-ghaic acid (40), 4-hydroxy-4-
methyl-glutamic acid(41), arginine (42), N-a-acylarginine(43), and acidic N-a-
acylarginine derivatives were also reported fronzaime of S. China(Kimura and
Paul, 1996). Diosgenin4) is reported fromS. menispermoideaOther active
compounds reported from various greenbrier spesiesarillin (also sarsaparillin or
smilacin), sarsapic acid, sarsapogenin and sarsapon

Xu et al., (2013) isolated six new phenolic compounds, namewlabrone A(44),
smiglabrone B(45), smilachromanoné6), smiglastilbeng47), smiglactong48) and
smiglabrol(49) from the rhizomes dBmilax glabra
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Dihydrokaempfero(12): R = H
Dihydrokaempferol-3-QrL-rhamnosidg13): R = a-L-rhamnoside
Kaempferol-7-OB-D-glucoside(14): R; = -D-glucose

Resveratro(15): Ry =H, R = OH
Oxyresveratro(16). R; = OH, R = OH

OH
OH

OH O
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2.4 Biological potentials of Smilax species

Some of the reported pharmacological propertieSroflax species are antimicrobial,
antimalarial, antipyretic, antioxidant, antiprotiéive, anti-HIV, antihepatotoxic and

contraceptive activities. These are discussed below

2.4.1 Antimicrobial activity

Hexane and methanol extracts $milax kraussiandeaves showed inhibition on
Staphylococcus aure@ndBacillus subtilis(gram positive) than ethylacetate extract at
concentrations between 25 and 200mg/mL, while hexathyl acetate and methanol
extracts of the plant possess lower antibacteri@pgrties onEscherichia coli,
Pseudomonas aeruginosa, Klebsiellae pneumoaad Salmonellae typhii(gram
negative). However, hexane, ethylacetate and metleattracts ofSmilax kraussiana
leaves exhibited higher antifungal activities ©andida albicans, Aspergillus niger,
Rhizopus stolon, Penicillum notatum, Tricophytorbrem and Epidermophyton
floccosumwith activity comparable to that of the referencagdTioconozole (Hamid
and Aiyelaagbe, 2011). Xet al., (2013) reported the antibacterial and antifungal
properties of ethanol, ethyl acetate amtbutanol fractions of rhizomes d@milax
glabra. Seventeen of the isolated compounds from thet @ahibited antibacterial
activities against gram-negative bacteria; ten cmmgs inhibited the growth of tested
fungi while eight isolated compounds inhibited drewth of gram-positive bacteria.
These compounds were stilbenes, flavonols, flavads;3piro-acetal steroids and their
derivatives (Xuet al., 2013). Jagessaet al., (2009) also reported the antimicrobial
activities of ethanol and ethyl acetate extractSraflax schombrugkianiaaves against
S. aureuggram+ve),E. coli (gram-ve) andC. albicansusing the stokes disc diffusion,
well diffusion, streak plate and dilution method3iosgenin (1), which has been

isolated fromSmilaxspecies possesses antifungal properties (Zebair,2011).

2.4.2 Antimalarial and antipyretic activities

Okokonet al., (2012) investigated the antiplasmodial and antifagyngroperties of the
extract and fractions odmilax krausianalt was found that both the extract and its
fractions significantly reduced the parasitaemia prophylactic, suppressive and
curative models in a dose dependent fashion. Soecendary metabolites 05.

krausianamay be responsible for the plasmocidal activityitefextract and therefore
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explained the mechanism of antiplasmodial effedhefplant extract and its fractions.
On antipyretic activity, the extract inhibited sifgrantly dinitrophenol, amphetamine
and yeast-induced pyrexia. Dinitrophenol inducespéenthermia by uncoupling
oxidative phosphorylation causing release of catciiiom mitochondrial stores and
also prevent calcium reuptake. This results indased level of intracellular calcium,
muscle contraction and hyperthermia (Kuratial.,2002). The hypothermic activity of
the extract could have also been mediated by viadation of superficial blood vessels
leading to increased dissipation of heat followimgsetting of hypothalamic
temperature control center (Ramg al, 2007). This action may be due to the
phytochemical compounds in this plant. Therefdre,temperature lowering activity of
the extract may not be unconnected with the inioibiof one or combination of the

mechanisms mentioned above.

2.4.3 Antioxidant activity

The methanol extract ddmilax lanceaefoliaoot showed relatively high di(phenyl)-
(2,4,6-trinitrophenyl) iminoazanium (DPPH) radicatavenging activity, with an
average of 67.6%. The DPPH radical scavenging iactf isolated compounds,
apigenin glycosidg50), neotigogenin(19), neotigogenin-39-a-L-rhamnopyranosyl-
(1—6)-B-D-glucopyranosidg51) and stigmasterol glycosid®2) from the plant were
found to be in the order of 34.88%, 2.33%, 2.30% 4n44%, respectively (Warjeet
al., 2011). Thirugnanasampandagt al., (2009) reported then vitro antioxidant
activities of leaf and stem extractsSrhilax zeylanic¥ent. Among the extracts tested,
ethanol extract of the stem showed maximum DPPH3@2%6) scavenging activity
and chloroform extract of stem inhibited hydroxydical mediated linoleic acid
oxidation up to 50.87%. Ethanol extract of leagsaewed maximum reducing power
of 0.53. The total free phenolics were found t0288.3 pg in the ethanol extract of
leaf. Cheret al.,(2012) also established the antioxidant propedfesnstituents from
Smilax riparia. Thirteen compounds were isolated from the plarmeshoxy-[6]-
gingerol (53), 3,5-dimethoxy-4-hydroxybenzonic ac{@4), isovanillin (55), vanillic
acid (31), p-hydroxycinnamic acid56), p-hydroxycinnamic methyl estdb7), p-
hydroxybenzaldehydg58) and ferulic acid methyl estgi59) showed antioxidant

activities on DPPH method.
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2.4.4 Antiproliferative activity

Ivanovaet al., (2011) reported the isolation of furostanol sapsnif25S)-26-OB-D-
glucopyranosyl-B-furostan-3,3p,22u,26-tetraol-1-OB-D-glucopyranoside (60),
(25S)-26-0Op-D-glucopyranosyl-B-furostan-B,23,3p,58,220,26-hexaol (61), (25S)-
26-Of-D-glucopyranosyl-B-furostan-3,220,26-triol-3-O-w-L-rhamnopyranosyl-
(1—2)-O-B-D-glucopyranosyl-(3>2)-O{3-D-glucopyranosidg62) and (25S)-26-(-
D-glucopyranosyl-B-furostan-3,220,26-triol-3-O{$-D-glucopyranosyl-(+2)-O§-D-
glucopyranosidg63), from the rhizomes oSmilax asperaAll saponins have been
isolated as their 22-OMe derivatives, which werethfer subjected to extensive
spectroscopic analysis. The isolated furostanobsiayigs were evaluated for cytotoxic
activity against human normal amniotic and humamglgarcinoma cell lines using
neutral red and MTT assays. In vitro experimentsagd significant cytotoxicity in a
dose dependent manner withsdGralues in the range of 32.98 - 94.581. The
antiproliferative properties of butanol, ethandhyacetate and chloroform extracts of
Smilax china.. were also reported. The extracts showed cytoityxat concentrations
ranged from 0.8 pg/mL to 100 pg/mL (Waegal.,2014). Jaret al. (2007) and Raju
and Bird (2007) demonstrated that diosgg@inexhibited antiproliferative activity and

induce apoptosis in several cell lines.

2.4.5 Anti-HIV, antihepatotoxic and contraeptive activities

Wanget al., (2014) reported the anti-HIV-1 properties of butaethanol, ethylacetate
and chloroform extracts as well as five phenolimpounds (dihydrokaempfer¢l2),
dihydrokaempferol-3-Q@-L-rhamnoside (13), kaempferol-7-G3-D-glucoside (14),
resveratro(15) and oxyresveratrqll6)) isolated fromSmilax chinaL. Butanol extract
andresveratrol showed higher anti-HIV-1 activitiesrnthather extracts and compounds in
the tested concentrations. EtOAc extract and compd@ and14 showed moderate anti-
HIV-1 activities at a concentration higher thamg#mL. The acute toxicity of methanol
extract of Smilax kraussiandeaves investigated. The extract possesses antifiexia
activities. The results of non-protein nitrogen gmunds and ionic analysis showed that
the integrity of the kidney was not compromised @¥av et al.,2006). The anticonceptive,
estrogenic and progestational properties as weltsasopulatory behaviours d@dmilax
kraussianaroot are also reported to be due to theesence of its phytochemical

constituents which includes alkaloids, saponinsfebnoids (Nwafoet al.,2013).
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(25S)-26-0B-D-glucopyranosyl-B-furostan-B,3p,22u,26-tetraol-1-OB-D-
glucopyranosid€60)

(25S)-26-0B-D-glucopyranosyl-B-furostan-B,28,3B,58,220,26-hexaol61)
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(25S)-26-0B-D-glucopyranosyl-B-furostan-3,22a,26-triol-3-O-a-L-
rhamnopyranosyl-(#2)-O{§-D-glucopyranosyl-(32)-O-f-D-
glucopyranosid€62)

(25S)-26-0OB-D-glucopyranosyl-B-furostan-8,22u,26-triol-3-O-D-
glucopyranosyl-(32)-O-D-glucopyranosid€63)
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2.5 Cancer

Cancer is a disease characterized by unregulatddiepation of cells. The morbidity
and mortality of cancer is so high that it is amremmic concern to the society. It
involves about 6 million cases per year and issbeond major cause of death after
cardiovascular diseases. There are more than pe@ tyf cancers. Some of which are
lung, stomach, leukaemia, hepatic, cervical, liveslon and breast cancer. Lung,
stomach, liver, colon and breast cancer cause th&t deaths each year (Bishop and
Weinberg, 1996). Tobacco use is the single largestentable cause of cancer in the
world causing 20% of cancer deaths. Cancers of mpajblic health relevance such as
breast, cervical and colorectal cancer can be cifratbtected early and treated
adequately. One fifth of all cancers worldwide aseised by a chronic infection, for
example human papilloma virus (HPV) causes cervieaicer and hepatitis B virus
(HBV) causes liver cancer (Bishop and Weinberg, 6099 he search for natural
products as potential anticancer agents dates batdast, to the Ebers papyrus in 1550
BC, but the scientific period of this search is munore recent, beginning with the
investigations by Hartwell and co-workers in lat®6Qs on the application of
podophyllotoxin and its derivatives as anticancgerds. A large number of plant,
marine, and microbial sources have been testedams,| and many compounds have
survived the potential leads (Guptial.,2013).

2.6 Antiproliferative drugs

These are substances or drugs used to prevenhibitithe spread or growth of cells,
especially malignant cells, into surrounding tissu&® number of natural products, with
diverse chemical structures, have been isolatedrdiproliferative agents. Several
potential lead molecules such as camptothecin, righivee, vinblastine, taxol,
podophyllotoxin, combretastatins, etc. have beemaied from plants and many of
them have been modified to produce analogues ftieractivity, lower toxicity or
higher solubility. Several successful molecule lifopotecan, irinotecan, taxotere,
etoposide, teniposide, etc. have emerged as dps onodification of these natural

leads and many more are yet to come. Some of twespounds are discussed below.
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2.6.1 Camptothecin

In the early sixties, the discovery of camptothecin (CPT(64)by Wall and Wani as

an anticancer drug with a uniqgue mode of actiomhipition of DNA topoisomerase |, added
an entirely new dimension to the field of chemabgr This naturally occurring alkaloid was
first isolated from the stem wood of the Chines&nrental tre€amptotheca acuminaté.

is a member of quinolino-alkaloid group. It consistf a pentacyclic ring structure
which includes a pyrrole-quinoline moety and ongnawetric centre within the

hydroxyl lactone ring with 20(S) configuration (@irE). The planar pentacyclic ring
structure (rings A-E) was suggested to be the nmogortant structural features. The
earlier report that the complete pentacyclic riggtesm is essential for its activity has
been modified. Recently, reported results showtthatE-ring (lactone) is not essential
for its activity but, the ring in the present lawéoform with specific C-20 configuration
is required for better activity. A description ¢ structure activity relationship (SAR)
is as follows (Jaxedt al.,1989).

Camptothecin64) R, =H; R=H; RR=H; Ry =H
Topotecan65). R; = H; R = OH; R = CH,N(CHa),; Ry = H

Q

>N N D
H; Ry="C Q ; Re= H; Ry = CH,CH,
H; Ro=H; Ry=NO; Ry = H

H3CN NCH,
Lurtotecan(68). R, = OCHO; RR=H; RR=H; R, =
9-Aminocamptothecii69). R; = H; R =H; Re=NH,; R, = H

* Rings A-D are essential fam-vitro andin-vivo activity.

Irinotecan(66): Ry
Rubitecan67): R,

e Saturation of ring B: compounds show little actjvit
* A-Hydroxy lactone ring is necessary for activity.
* Oxygen at C-20 is crucial for better activity. Reg#ment of this oxygen with

suphur or nitrogen abolishes the activity of CPT.
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» Conformation at C-20 is crucial for better activig the 20(S) isomer is 10- to
100-fold more active than 20(R).
» D-ring pyridine is required for antitumor activity.
* Modifications in rings A and B are well tolerateddaresulted in better activity
than CPT in many cases.

The first generation analogues of Camptothecingahtin (topotecan)65) and
camptosar (irinotecan(66) are used for the treatment of ovarian and colarces
(Wall et al., 1966; Wall, 1998; Saltet al., 2000; Goreet al.,2001). CPT is a potent
cytotoxic agent. It shows anticancer activity mgioh solid tumors. It inhibits DNA
topoisomerase | (Redinbet al., 1998; Stakeret al., 2002). Although CPT exhibits
antiproliferative activity mainly against colon apéncreatic cancer cells, it could not
be used as a drug of choice due to its severeityxiBeveral groups have tried to
synthezise derivatives having lower toxicity. Thtiee development of these synthetic
and semisynthetic strategies has facilitated théysof the CPT mechanism, as well as
the identification of analogues with improved prdm@s (Table 2.1). Some of its
modification in quinoline A and B ring86, 67, 68 and 69)C and D ringq70, 71, 72
and 73),as well as derivatives/analogues obtained via nuadibn at E ring(74, 75,
76, 77, 78 and 79)showed anticancer activities in breast, coloredtahg, liver,
pancreatic, leukemia and prostate cells (Moegtehl., 1972; Muggiaet al., 1972,
Hertzberget al., 1989; Kingsburyet al., 1991; Potmesil and Kohn, 1991; Emerszin
al., 1995; Lackeyet al.,1995; Luzzioet al.,1995; Pommieket al.,1995; Potmesil and
Pinedo, 1995; Ormrod and Spencer, 1999; Herzoq2;2&8&aymondet al., 2002;
Schoffskiet al.,2002 and Srivastawt al.,2005).
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Table 2.1:Anticancer activities of camptothecin analogues

S/No | Analogues 1Go (uM) (Topo-1) | 1Cso (uM) (Topo-1)

64 | CPT 0.6-1.4 23 (L1210), 0.046 (HT-2
65 Topotecan 11 56 (L1210)

66 Irinotecan >100 1200 (L1210)

67 Rubitecan NA

68 Lurtotecal 0.4z 0.006 (H7-29)

69 | 9-Amino CP1 | 0.9 12(L1210

L1210 — Leukemia cells;
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HT-29 — Human colorectlsc



OH O
20-hydroxy thiocamptothecin (76) 6,7-dif luoride-20-hydroxycamptothecin (77)

X O

18-ethyl-16-methyl-20-methylene-
14-hydroxyl furacamptothecin (78) camptothecin (79)
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2.6.2 Combretastatin A-4

The isolation of antiproliferative compound, Conthsgatin from the bark of African
willow tree Combretum caffrunat Arizona State University, USA was reported (iPett
et al.,1982; Hamel and Lin, 1983; Petét al., 1985). Combretastatins A{80) (Pettit

et al., 1987a; Pettiet al., 1989; Pettitet al., 1995) and A-1(81) (Pettitet al., 1987b;
Pettit et al., 1987c; Pettitet al., 1989) were isolated by the same group in 1987 and
1989, respectively. Chemically, they are stilberevé@tives having two phenyl rings
separated by a C-C double bond. Ring-A has threbarg groups in 3,4,5-positions
while in ring B one hydroxyl group is at the C-3sgimn and one methoxy group at the
C-4 position. CA-4 has been reported to posseggralifierative activity against colon,
lung and leukaemia cancers. The compound was thet oybotoxic phytomolecule
with an LDsp value of 0.007 uM against murine L1210 leukaenaith lmes (Pettitet
al., 1995a; Pettiet al., 1995b; Ohsumet al., 1998). A number of studies have been
reported on the structure and activity relationstfigombretastatins (Liet al., 1989;
Brown et al.,1995; Bedforcet al.,1996; Dorret al., 1996; Pettitet al.,2000;Ducki et
al., 2005; Gwaltney llet al., 2001). For a minimal cytotoxic activity of such
compounds, a diaryl system should be separatedghra double bond along with a

trimethoxy system in one of the rings.

OH
HO OCH,
HCO O — O OH H,CO ‘ ~
H5CO OCH, HaCO
OCHj,4 OCH,
Combretastatins A480) Combretastatins A-B1)

» Trimethoxy benzene moiety is essential for its\éiti( Talvitie et al.,1992).

* The two aryl groups should be separated througloubld bond and the cis (2)
isomer is preferred over the Trans (E) as cis ichmmore active than Trans
(Cushmaret al.,1991).

Various modifications have been reported in the £/Aolecule. In some analogues,

only the functional groups have been modified Inuséveral analogues the total aryl

ring is either replaced or modified by some otheugs. However, in all cases
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3,4,5-trimethoxy aryl or ring A was kept intact, isinis considered to be indispensable
for cytotoxicity of the molecule.

Several nitrogen-containing stilbene derivativesensynthezised (Pinnest al., 2000)
where the nitrogen atom was present as a nitrap@mi azide group and some of the
derivatives exhibited excellent activity againse tNCI 60 human cancer cell line.
Similarly, Lawrenceet al., (2003) synthesized mono/difluoro derivatives of €At the
C-3 and C-5 positions of ring B. Meleeb al.,(2004) replaced one of the aryl groups with
a naphthalene group and synthsized naphthylconstiretawhere they modified ring B of
CA-4 to some quinoline and quinoxaline derivativédl. the compounds exhibited
cytotoxicity comparable to or better than CA-4 aadicluded that ring B in the present
form is not essential for the cytotoxicity of CA8everal phosphate esters of CA-4 have
been reported at phenolic hydroxyl of ring B, bah@ of the analogues showed better
activity than CA-4 by MTT assay. From the SAR sagglit is concluded that the presence
of an alkene is not necessary for activity. Howgetre restricted rotation of rings A and B
of CA-4 can also be maintained by introducing $iaconformationally restricted
arrangements. Stet al.,(2004) reported 1,4-disubstituted azetidinone sygtem having
good cytotoxicity against MCF-7, CHO-K and NCI-H68ncer cell lines. Thiophene-
based analogues of CA-4 have shown tubulin polyratoin inhibition activity
comparable to CA-4, Gwaltney dt al., (2001) used a sulfonate group between the aryl
groups for restricted rotation, and compourilg) and (83) showed cytotoxicity
comparable to CA-4 (Table 2.2). In the place ofil@ene arrangement of the two aryl
rings, several benzophenone type analogues havbeds synthesized.
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Table 2.2: Cytotoxicities of sulfonate derivatives of CA-4

Compounds HCT-15 Human colon NCI-H460 Human lung
carcinoma ICsq (NM) carcinoma 1Csg (NM)

80 CA-4 1.7 3.0

82 Methyl sulfonate CA-4| 3.3 3.1

83 Amino sulfonate CA-4| 4.1 2.7
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N-Methyl Indole combretastatin sulfonate (82) Combretastatin amino sulfonate (83)
2.6.3 Podophyllotoxin

Podophyllotoxin (PDT, 37§84) and deoxypodophyllotoxi85) are two well-known
naturally occurring aryltetralin lignans. Podoplytxin, a bioactive lignan, was first
isolated by Podwyssotzki in 1880 from the North Airen plant Podophyllum
peltatum Linnaeus (Americanpodophyllum) commonly known as the American
mandrake or May apple (Podwyssotzki, 1880). Lateribwas isolated from several
other species lik®. emodiWall (Indian podophyllumsyn.P. hexandrunRoyle) and
P. pleianthum(Taiwanesepodophyllun). Other than these, 4- deoxypodophyllotoxin
has also been isolated (Yaa al., 2004) from Anthriscus sylvestri@and Pulsatilla
koreana It is a potent cytotoxic agent. Two of the semtkgtic derivatives of PDT,
that is, etoposidg86) and teniposidg(87), are currently used in frontline cancer
chemotherapy against various cancers (O’'Dwsgeml., 1985). Chemically, it is an
aryltetralin lignan, having a lactone ring. Poddjdtgxin contains a five-ring system
(i.e., A, B, C, D and E rings). Only the A and Bgs are essential for its activity.
Earlier it was reported that all the rings are e#ak for its activity, but now the
statement is modified. D-ring in lactone form iseferred for better activity.
Modifications at the C-4 position in ring C are riipsicceptable and bulky groups at
this position enhance both anticancer and topoisaseeactivities. Podophyllotoxin
shows strong cytotoxic property against variouscearell lines. It is effective in the
treatment of Wilms tumors, various genital tumoarsl in non-Hodgkinis and other
lymphomas and lung cancer (Cassatial., 1980; Utsugiet al., 1996; Subrahmanyam
et al.,1998). The attempts to use PDT in the treatmehtuofan neoplasia were mostly
unsuccessful due to complicated side effects (Ketlyal.,, 1954) such as nausea,

vomiting, damage of normal tissues, etc.
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2.7  Secondary metabolites

Plants produce a vast and diverse assortment ahmrgompounds, the great majority
of which do not appear to participate directly irowth and development. These
substances traditionally referred to as secondaegabwolites, often differentially

distributed among limited taxonomic groups withie fplant kingdom. Their functions,
many of which remain unknown, are being elucidatéti increasing frequency. The
primary metabolitesin contrast, such as phytosterols, acyl lipids,leatides, amino

acids, and organic acids, are found in all plamig$ perform metabolic roles that are
essential and usually evident (Croteati al, 2000). The secondary metabolite
distribution in plants is far more limited than th&f primary metabolites; often it is
only found in a few species, or even within a fearieties within a species. The
production of these compounds is often low (lessth% dry weight), and it depends
greatly on plant species and its physiological a@edelopmental stage. Chemical
synthesis of some of the secondary metabolitestlieretechnically challenged or

economically not feasible (Dixon, 2001).
2.7.1 Terpenoids

Terpenoids perhaps are the most structurally vaii@ss of plant natural products. The
name terpenoid, or terpene, derives from the fa&t the first members of the class
were isolated from turpentine. Many insects metabolerpenes they have received
with their plant food to growth hormones and phevoss. Pheromones are luring and
signal compounds (sociohormones) that insects #rat organisms excrete in order to
communicate with others like them, e.g. 2-heptan@8&, an alarm pheromones from
honey bees, frontalii89) an aggregation pheromones from bark bettle andiasex
pheromones, 9-ketodecenoic a¢@®) produced by queen bee (Breitmaier, 2006). All
terpenoids are derived by repetitive fusion of brad five-carbon (isoprene) units
based on isopentane skeleton. The biosyntheserpérnoids follows a mevalonic acid
pathway (Scheme 1). These monomers generally tegead to as isoprene units, thus
conferring the name isoprenoids on the terpenoaimr(Croteawet al, 2000). The
isoprene units could assume head-to-tail, heackémttand head-to-middle combination

in the formation of different classes of terpenoids
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2.7.2 Flavonoids

Flavonoids are water soluble polyphenolic molecal@®taining 15 carbon atoms. They
belong to the polyphenol family and originated frahe shikimic acid biosynthetic
pathway (Scheme 2). Most of the beneficial heattéces of flavonoids are attributed
to their antioxidant and chelating abilities. Theibility of scavenging hydroxyl
radicals, superoxide anion radicals and lipid pgradicals highlights many of the
flavonoid health-promoting functions in organismhigh are important for prevention
of diseases associated with an oxidative damagemeshbranes, proteins and DNA
(Ferguson 2001). Flavonoids are classified intchteigroups: flavans, flavanones,
isoflavanones, flavones, isoflavones, anthocyasglirchalcones and flavonolignans.
The structures of these compounds are derived faoimeterocyclic hydrocarbon,
chromane, by substitution of its ring C in posisa or 3- with a phenyl-group (ring
B) thereby forming flavans, and an oxo-group in plosition 4 resulting in flavanones
and isoflavanones. Frequently, a double bond betwe2 and C3 in the ring C is
present providing these compounds with quinone4lif@erties. These flavonoids are
assigned as flavones (2-phenyl group) or isoflasof®phenyl group) depending on
the ring C substitution. The presence of an adaii@ouble bond in the ring C instead
of an oxo-group makes these compounds colourful andell-known group of
anthocyanidins. In addition, chalcones, bi-cyclenpounds possessing an opened C-
ring are also classified as flavonoids. Exampleslarsianin(91) isolated fromLusia

volucris, Myrigalone G and H92) from Myrica galeand (Heimet al, 2002; Hodelet

al., 2002).
RO l OR; l
HO OCH; HsC
. on ¢
HsCO 92

OH O Myrigalone G: R=CH3, Rj=H
Lusianin (91) Myrigalone H: R=H, R{=CHj
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2.7.3 Alkaloids

Alkaloids are a group of naturally occurring cheaticompounds that contain mostly
basic nitrogen atoms. Some alkaloid molecules, batiral and synthetic, can act as
narcotics e.g. amphetamir{®3) and morphing(94). The biosynthetic pathways of

alkaloid are numerous. The biological precursorsmaist alkaloids are amino acids,
such as ornithine, lysine and phenylalanine. Alidoare basic in nature, but some
non-basic forms, such as quaternary compoundsNaoglides exist. Alkaloids are

compounds needed for cell activity and gene codhkzegion in the genotype. They are
biologically significant as active stimulators, ibiors and terminators of growth, part
of an endogenous security and regulation mechar8sme alkaloids have significance
as haemoglobinizators of leukaemia cells and tlagybe biologically determined to be
estrogenically active molecules. They display amiobial and anti-parasitic

properties. Recent research has proved that allsaéoe not toxic to the organisms that

produce them but selectively attack foreign orgasisr cells (Aniszewski, 2007).

NH,

Amphetaming93)

Morphine(94)
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2.7.4 Saponins

Saponins are generally known as non-volatile, serfactive compounds that are
widely distributed in nature, occurring primarily the plant kingdom (Lasztitgt al.,
1998; Oleszek, 2002; Hostettmann and Marston, 200y are structurally diverse
molecules that are chemically referred to as dlerwmd triterpene glycosides. The
steroidal saponins have either spirost§®®8) or furostane(96) aglycone while the
triterpenenoid saponins have triterpene aglyc(@®. Examples are diosgeni@),
tigogenin (18), sarsasapogeni(l9) and laxogenin20). The nonpolar aglycones are
coupled with one or more monosaccharide moietidssg@k, 2002). This combination
of polar and non-polar structural elements in tmealecules explains their soap-like
behaviour in agueous solutions (Jean-Rauall.,2007). Saponins have also been sought
after in the pharmaceutical industry because sama the starting point for the semi-
synthesis of steroidal drugs. Many have pharmaadbgroperties and are used in
phytotherapy and in the cosmetic industry. They bedieved to form the main
constituents of many plant drugs and folk mediciaes! are considered responsible for
numerous pharmacological properties (Estratiaal., 2000). Steroidal saponins are
almost exclusively present in the monocotyledoremgiosperms while the triterpenoid
saponins, which are the most common, occur maimly the dicotyledonous
angiosperms (Bruneton, 1995; Spagal, 2004). The major biosynthetic pathways
adopted by both types of sapogenins are identicalvolves head to tail coupling of
various acetate units to form mevalonate. The eatigntransformation of mevalonate
forms triterpenoid hydrocarbon squalene, whichmatiely leads to the spiroketal

steroids or pentacyclic triterpenoids (Scheme 3).
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2.7.5 Tannins

Tannins are very complex group of plant secondagyabiolites, which are soluble in
polar solution and distinguished from other polypblee compounds by their ability to
precipitate protein. Their multiple phenolic hydybxjroups lead to the formation of
complexes with proteins, metal ions and other nractecule like polysaccharides
(Harborne, 1998; Van Ackeat al, 1998; Schofielcet al, 2001). The term tannin is
used for structurally variable polymers which h&een classified into two groups, the
hydrolysable and the non hydrolysable (condensadiins with repeating units of
gallic acid (98) and flavones(99) respectively. Condensed tannins are found in
gymnosperms and angiosperms, whereas hydrolysalleins are found only in
dicotyledons (Haslam, 1981; Silanikoee al, 2001). Biosynthesis of tannins follows
shikimic acid pathways of flavonoids. For examptée proanthocyanidins are

polymers of flavan-3-ol.

HO @)
O
HO OH
@)
OH
Gallic acid(98) Flavone£99)
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2.8  Chromatography

Chromatographys a technique for separating the constituentsrobdure based on the

difference in the interactions of the constituenith the mobile and stationary phase.
The mobile phase may be either a liquid or a ghdevihe stationary phase is either a
solid or a liquid. The mobile phase carrying a tunig is caused to move in contact

with a selectively absorbent stationary phase.
2.8.1 Column chromatography

Column chromatography is a type of adsorption clatmgraphy technique. The
stationary phase is a solid material packed inrtica¢ column while the mobile phase
is the eluting solvent. A small volume of the saenplthose constituents are to be
separated is introduced from top of the column,itigévidual components of mixture
move with different rates based on their affinibythe solid phase and polarity of the
eluting solvent. Those with lower affinity to statary phase move faster and eluted
out first while those with greater affinity move wavel slower and get eluted out last
(Harbone, 1998).

2.8.2 Thin layer chromatography (TLC)

Thin layer chromatography is a method used fortifieng substances and testing the
purity of compounds. The mobile phase is a soheemt the stationary phase is a thin
layer of finely divided solid, such as silica gal alumina, supported on glass or
aluminium sheet. The separation depends on theveskfinity of compounds towards
stationary and mobile phase. The compounds traxl the surface of stationary phase
by capillary action under the influence of mobileage. During this movement the
compounds with higher affinity to stationary phasevel slowly while the others travel
faster. Thus separation of components in the mexigrachieved. Once separation
occurs individual components are visualized asssabtespective level of travel on the
plate. Due to its rapidity of results, easy hargilamd inexpensive procedure, it finds its
application as one of the most widely used chrogragthy techniques. High
performance thin layer chromatography or high presshin layer chromatography is
advancement in TLC. It is faster and as well giveter separation and resolution than
the conventional TLC (Harbone, 1998).
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2.8.3 High performance liquid chromatography (HPLC)

The HPLC is a chromatographic technique used toarsép a mixture of
compounds with the purpose of identifying, quamtify or purifying the individual
components of the mixture. Analyte molecules mdweugh the porous packing beads
and tend to interact with the surface adsorptitessi The different types of adsorption
process include hydrophobic (non-specific) intecas in reversed-phaseparations
and dipole-dipole (polar) interactions in normalapé chromatography. In normal
phase, the stationary bed is strongly polar in reafe.g. silica gel) and the mobile
phase is nonpolar (e.g n-hexane). Polar samplethaseretained on the polar surface
of the column packing for longer than less polartenals. Reversed-phase
chromatography has a non-polar stationary bed amlar mobile phase such as
mixtures of water and methanol or acetonitrile. Tingre nonpolar the material is, the
longer it will be retained. lonic interactions aesponsible for the retention in ion-
exchangechromatography. This technique is used almost ekaly with ionic or
ionizable samples. The stronger the charge on #imepke, the stronger it will be
attracted to the ionic surface and thus, the longeill take to elute. The mobile phase
is an aqueous buffer, where both pH and ionic gtteare used to control elution time.
All these interactions are competitive; the analytelecules are competing with the
eluent molecules for the adsorption sites (Sngdeil, 1997; Wilsoret al, 2005).

2.8.4 Gas chromatography (GC)

This is used to detect the components based osdleetive affinity of components
towards the adsorbent materials. The sample isdaotred into the machine with the
help of GC syringe into the injection port, it getspourized at injection port then
passes through column with the help of continuouiiying carrier gas stream
(mobile phase), mainly Hor He, and gets separated/detected at the detqmit with
suitable temperature programming. Different chefhdoastituents of the sample travel
through the column at different rates dependingwpbysical and chemical properties,
and interaction of the analytes with a stationdrgge. As the chemicals exit the end of
the column, they are detected and identified edeatally (Snydeet al, 1997).
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2.9  Spectroscopic Techniques

2.9.1 Nuclear Magnetic Resonance (NMR) Spectroscopy

This is a research technique that exploits the mtgrproperties of certain atomic
nuclei to determine the structure of organic comnmasu Common NMR active nuclei
areH, 1°C, N, °F, 3'p, 2°Sj etc. NMR can provide detailed information abthg

structure, dynamics, reaction state, and chemivaf@ment of molecules.

The principle behind NMR is that many nuclei hapeésand all nuclei are electrically
charged. If an external magnetic field is appliead energy transfer is possible between
the base energy to a higher energy level (genesabingle energy gap). The energy
transfer takes place at a wavelength that corresptimradio frequencies and when the
spin returns to its base level, energy is emitteth@ same frequency. The signal that
matches this transfer is measured in many wayspaocessed in order to yield an
NMR spectrum for the nucleus concerned. The utditiNMR stems from the fact that
chemically distinct nuclei differ in resonance fuegcy in the same magnetic field.
This phenomenon is known as the chemical shift. atidition, the resonance
frequencies are perturbed by the existence of beiging NMR active nuclei, in a
manner dependent on the bonding electrons thatectrthe nuclei. This is known as
spin-spin, orJ coupling. Spin-spin coupling allows one to identifynnections between
atoms in a molecule, through the bonds that conterh (Paviaet al., 2001; Kalsi,
2004).

2.9.1.1 Two-dimensional nuclear magnetic resonanspectroscopy(2D NMR)

This is a set of nuclear magnetic resonance spacpy (NMR) methods which give
data plotted in a space defined by two frequenoysavather than one. 2D NMR
experiments include (i) Homonuclear through-bondralation methods such as
COrrelation SpectroscopY (COSY),) (i) Heteronuclethrough-bond correlation
methods, such as Heteronuclear Single-Quantum l@bam spectroscopy (HSQC) and
Heteronuclear Multiple-Bond Correlation spectrosc¢pMBC). (iii) Through-space

correlation methods, like Nuclear Overhauser Eff&pectroscopY (NOESY) and
Rotating frame nuclear Overhauser Effect Spectéd®OESY). The most common
types of 2D experiments are homonuclear correlafG@SY) and Heteronuclear
CORrelation (HETCOR) spectroscopy (Schram and Beld|lal988).
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'H-'H COSY: This is homonuclear correlation spectroscopy Whihows correlation
between protons that are coupled to each othereTdre many modified version of the
basic COSY experiment: DQF-COSY (Double-Quantuntered), COSY45, Long
Range Correlation SpectroscopY (LRCOSY) and Exetusiorrelation SpectroscopY
(ECOSY) (Macomber, 1998).

HETCOR: This 2D NMR indicates heteronuclear correlatiosiially betweenH and
13C resonances mediated dy. The experiment can be run using eitllery or longer
range couplings. It has poor sensitivity becausedbserved nucleus 1§C and has
been largely replaced by the inverse detection raxeats, Heteronuclear Multi-
Quantum Coherence (HMQC) and Heteronuclear Singien@m CoherencgHSQC)
(Lamber and Mazzola, 20p2

Heteronuclear Multi-Quantum Coherence (HMQC): This experiment is similar to
CH-COSY or HETCOR experiment, except that the isgeietection using a
Distortionless Ehancement by Polarisation TranfldPT) sequence provides much
better sensitivity. It is used to correlate pro&ma carbon signals using either one bond

or longer range couplings (Kalsi, 2004).

Heteronuclear Single Quantum Coherence (HSQC)This is a CH correlation
experiment which uses proton detection of i@ signals using an Insensitive Nuclear
Enhancement by Polarisation Transfer (INEPT) secglelt shows higher resolution in
the C-dimension than does the related HMQC experirf®&chram and Bellama, 1988).

Nuclear Overhauser Spectroscopy (NOESY)This experiment shows the correlation
between protons that are close in space. The mumleahauser effect arises throughout
radio frequency saturation of one spin, the effeises the perturbation via dipolar
interactions with further nucleus spins. This erdeanthe intensity of other spins. This
method is a very useful tool to study the conforarabf molecules. This is a NMR
technique for determining the 3-dimensional strretof molecules (Lamber and
Mazzola, 2002).
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29.2 Mass Spectrometery (MS)

Mass spectrometers use the difference in massaigelratio Ifvz) of ionized atoms or
molecules to separate them. Therefore, mass speopy allows quantitation of atoms
or molecules and provides structural informationtbg identification of distinctive
fragmentation patterns. Detection of compoundsheaaccomplished with very minute
quantity of samples (Pavét al.,2001; Kalsi, 2004).

The general operation of a mass spectrometer tilsr@e parts, creation of gas-phase
ions, separation of the ions in space or time basetheir mass-to-charge ratio and
measurement of the quantity of ions of each mastéwge ratio. These three phases

are carried out by suitable ionisation source, naasdysers and detector respectively.

The lonisation source This converts gas phase sample molecules in® (on in the
case of electrospray ionization, move ions thasteixi solution into the gas phase)
examples include Chemical lonisation (Cl), Atmosph@ressure Cl (APCI), Electron
Impact (El), Electro-Spray lonization (ESI), Fastosm Bombardment (FAB), Field
Desorption/Field lonisation (FD/FI), Matrix AssidgteLaser Desorption lonisation

(MALDI) and Thermospray lonisation (TI).

Electron Impact lonisation (El): A beam of electrons passes through a gas-phase
sample and collides with neutral analyte molcuéegroduce a positively charged ion
or a fragment ion. Generally, electrons with eresgf 70 ev are used. This method is
applicable to all volatile compounds (>103 Da) ayies reproducible mass spectra

with fragmentation to provide structural informati(Rose and Johnstone, 2001).

Chemical lonisation (CI): In this method, a reagent gas is first ionizedelsctron
impact and then subsequently reacts with analyteecutes to produce analyte ions.
This method gives molecular weight information areHuced fragmentation in

comparison to El.

Fast Atom Bombardment (FAB): lons are produced by using a high current of
bombarding particles is used to bombard the anai§tieh is in low volatile liquid
matrix. This is a soft ionisation technique andustable for analysis of low volatility

species. It produces large peaks for the pseudeeular ion species [M+HJand [M-
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H]" along with other fragment ions and some highersm@sster ions and dimmers
(Kalsi, 2004).

Electro-Spray lonization (ESI): A solution is nebulized under atmospheric pressur
and exposed to a high electrical field which creadecharge on the surface of the
droplet. The production of multiple charged ionskemelectrospray extremely useful
for accurate mass measurement, particularly fanta#y labile, high molecular mass
substances (ie. proteins, oligonucleotides, syimtheolymers, etc.) (Hoffman and
Stroobank, 2002).

Matrix-Assisted Laser Desorption/lonization (MALDI): This is a soft ionization

technique suitable for the analysis of moleculegcivitend to be fragile and fragment
when ionized by more conventional ionization methosuch as biomolecules
(biopolymers e.g DNA, proteins, peptides and sygarsl large organic molecules
(such as polymers, dendrimers and other macromiefgcut is similar in character to
electrospray ionization both in relative softnessl dhe ions produced (although it
causes many fewer multiple charged ions). MALDhiso more tolerant of salts and

complex mixture analysis than ESI (Rose and Johest2001).

The mass analyzer This sorts the ions by their masses by applyilegteomagnetic
fields. Examples include quadrupoles, Time-of-RlighOF), magnetic sectors, Fourier

transform and quadrupole ion traps.

29.3 Infrared Spectroscopy (IR)

Infrared spectroscopy measures the vibrations déontes. The infrared region of the
electromagnetic spectrum is divided into threeaegi the near-, mid-, and far-IR. The
mid-IR (400-4000 cr) is the most commonly used region for analysialbsolecules
possess characteristic absorbance frequenciesramdrp molecular vibrations in this
range. Mid-infrared spectroscopy methods are basedtudying the interaction of
infrared radiation with samples. As IR radiationpsssed through a sample, specific
wavelengths are absorbed causing the chemical bondke material to undergo
vibrations such as stretching, contracting, anddimen Functional groups present in a
molecule tend to absorb IR radiation in the sam&ewmaumber range regardless of

other structures in the molecule, and spectral paak derived from the absorption of
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bond vibrational energy changes in the IR regiomi{s, 1996; Tolstoyet al., 2003).
IR spectroscopic analysis is mainly for determmatof chemical functional groups in

the sample.
294 Ultra violet Spectroscopy (UV)

Ultra violet spectroscopy (UV) is type of absorptispectroscopy in which light of
ultra-violet region (200-400 nm.) is absorbed by tholecule. Absorption of the ultra-
violet radiations results in the excitation of #lectrons from the ground state to higher
energy state. The energy of the ultra-violet raolathat are absorbed is equal to the
energy difference between the ground state andehigmergy statesAE = hf).
Generally, the most favoured transition is from kiighest occupied molecular orbital
(HOMO) to lowest unoccupied molecular orbital (LUM@aviaet al., 2001; Kalsi,
2004).

UV spectroscopy employs the Beer-Lambert law, whstdtes that when a beam of
monochromatic light is passed through a solutioarofibsorbing substance, the rate of
decrease of intensity of radiation with thicknesk the absorbing solution is
proportional to the incident radiation as well s toncentration of the solution or the
greater the number of molecules capable of abspiight of a given wavelength, the
greater the extent of light absorption. This is basic principle of UV spectroscopy.
UV spectroscopy can be used for detection of chainfiimctional group and extent of
conjugation, determination of purity of a substaacel configuration of geometrical

isomers, and as well as identification of unknowmpound.

295 X-ray crystallography

X-ray crystallography is a technique in which tlatern produced by the diffraction of
x-rays through the closely spaced lattice of atams crystal is recorded and then
analysed to reveal the nature of that lattice. X-caystallography allows precise
determination of the atomic positions and consetyid¢ine bond lengths and angles of
molecules within a single crystal. X-rays are ealmtiagnetic radiation with
wavelengths between about 0.02 A and 100 A (1A"Y hteters).

When X-rays are beamed at the crystal, electroficadi the X-rays, which cause a
diffraction pattern. Through the use of the mathirah Fourier transform these

patterns can be converted into electron densitysmBpese maps show contour lines of
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electron density. Since electrons more or lesand atoms uniformly, it is possible
to determine where atoms are located; only hydrageiifficult to map because it has
one electron thus resulting to very low electrongily around it. The crystal is rotated
while a computerized detector produces two dimeradi@lectron density maps for
each angle of rotation. The third dimension commemfcomparing the rotation of the
crystal with the series of images. Computer prograse this method to come up with
three dimensional spatial coordinaf@fodes, 1993; Carter, 1997).
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CHAPTER THREE

MATERIALS AND METHODS

3.1  General Experimental Procedures

All solvents were of analytical grade and were usasl supplied. Column
chromatography was performed on silica gel (Mer@ X 200 mesh). Thin layer
chromatography (TLC) was performed on aluminiumtgdacoated with silica gel
(Merck, 60 mesh). TLC bands were visualized unde&aviolet light (at 254 nm and

365 nm) and by exposure to iodine vapour.

'H and®C NMR were recorded at 300 MHz (75 MHz f6€ NMR analysis) on
Brucker Avance spectrophotometer at 300 K in deirer solvents. Tetramethylsilane
was used as internal reference and chemical shéfte expressed in parts per million
(ppm). ESI mass spectra were recorded on API 3@MS-MS, Applied Biosystem,
USA after dissolving the compounds in methanol egtanitrile. FT-IR spectra were
recorded on Perkin-Elmer Spectrum BX. Melting psintere determined in open
capillaries using E-Z Melt automated melting poapparatus, Stanford Research

System, USA and were uncorrected.

3.2  Collection of plant materials

The aerial parts dbmilax kraussianavere collected from Onigambari Forest Reserve,
Ibadan, Oyo State in May 2010. The plant was ifiedtiand authenticated at Forestry
Research Institute of Nigeria (FRIN) Ibadan, Oyat&tof Nigeria. Voucher specimen
of the plant was deposited at the herbarium of FRMN identification number of FHI

108799 was assigned % kraussiana
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3.3 Extraction of Plant materials

The air-dried, powdered plant materials: (1,200agjial parts ofSmilax kraussiana
was successively extracted with hexane, ethyl szatad methanol by maceration. The
extracts were filtered with Whatmann No. 1 filtexper and separately concentrated on
rotatory evaporator at 3T to about 50 mL and freeze dried. The sequeatighction

of the aerial parts obmilax kraussianavith hexane yielded a yellowish brown solid
(14 g) coded SKH. The marcs were air-dried to enghat all residual hexane is
evaporated, and then re-soaked in ethyl acetativiodays to give brown extract (20
g) coded SKE. The marc of the plant was air-dried ge-soaked in methanol for five
days to give a dark brown extract (11.5 g). All tBrtracts were subjected to

antiproliferative assay.

3.4  Antiproliferative Assays of Extracts

3.4.1 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-&-tetrazolium bromide (MTT)
assay

Four human (K562 Leukemia, WRL hepatic, MCF-7 breasl COLO colon) cancer
cells were obtained from the American Type Cult@alection (Lucknow, India), and
cultured in DMEM/Ham’s F-12 medium containing 10%akrinactivated FBS, 5
mg/mL of penicillin, 10 mg/mL of neomycin and 5 mu!/ streptomycin. All cells were
cultured at 37C in a humidified incubator containing 5% ¢dhe suppressive effects
of test agents on cell viability were assesseddayguthe 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) assaysi replicates. Cells (5x103/200
pL) were seeded and incubated in 96-well, flatdmo#d plates in 10% FBS-
supplemented medium for 24 h and were exposed riougaconcentrations of test
agents dissolved in DMSO (final DMSO concentratidh,1%) in 5% FBS-
supplemented medium. Controls received DMSO velatla concentration equal to
that of drug-treated cells. The medium was remaaed replaced by 0.5 mM MTT
(200 pL) in 10% FBS-containing DMEM/Ham’'s F-12 memi, and cells were
incubated in the 5% CQncubator at 37C for 2 h. Supernatants were removed from
the wells, and the reduced MTT dye was solubilizad200 pL/well DMSO.
Absorbance at 570 nm was determined on a plateeredde cell viability was
expressed as a percentage to the viable cells mfatoculture condition and Kg

values of each group were calculated (Woerdeeetbady, 1993).
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3.4.2 Sulphorhodamine assay

Cytotoxic activity of the compounds was assessedtiphorhodamine B dye based
plate assay (Adaramoyat al., 2011). In brief, 10 cells/well were added in 9&ell
culture plates and incubated overnight at 37 °C5% CQ. Next day (at 80%
confluency), serial dilutions of test compound wadeled to the wells. Untreated cells
served as control. After 48h, cells were fixed wik-cold 50% (w/v) Tri-chloroacetic
acid (100ul/well) for 1h at 4 °C. Cells were thdaised with SRB (0.4% w/v in 1%
acetic acid, 50ul/well), washed and-dired. Bound dye was solubilised with 10mM
Tris base (15@/ well) and absorbance was read at 540 nm on t& ptader (Biotek,
USA). The cytotoxic effect of compound was calcethtis % inhibition in cell growth
as per formula: [1- (Absorbance of drug treatedst&bsorbance of untreated cells)
x100]. Determination of 50 % inhibitory concentoati (IGg) was based on dose-

response curves.

3.5 Phytochemical Screening
Preliminary qualitative phytochemical screeningeath extract was carried out using

the following methods:

3.5.1 Flavonoids Test

About 5 mL of dilute ammonia solution were addea fportion of the aqueous filtrate
of test extracts followed by addition of concergthtthbSO,. A yellow colouration
observed in each extract indicated the presendinainoids. The yellow colouration

may disappear on standing (Edeegal, 2005).

3.5.2 Tannins Test
Few drops of 1% lead acetate were added to theetdsact (2 mL). A yellowish

precipitate indicating the presence of tannins el@erved (Savithramnsat al, 2011).

3.5.3 Saponins Test
The test extract (5 mL) was mixed with 20 mL oftidisd water and then agitated in a
graduated cylinder for 15 minutes. Formation of nioéndicates the presence of

saponins (Kumaet al, 2011).
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3.5.4 Anthocyanins Test

About 2 mL of agueous test extract was added td.2h2M HCI and ammonia. The
pink-red colouration turned blue-violet. This shawthe presence of anthocyanins
(Savithrammaet al, 2011).

3.5.5 Anthraquinone Test

Borntrager's test was used for the detection dfraguinones. Five grams of each plant
extract was shaken with 10 mL benzene, filtered mmdL of 10% ammonia solution
added to the filtrate. The mixture was then shawhthe appearance of a red colour in
the ammoniacal phase (lower) indicated the presehéee hydroxyl-anthraguinones
(Edeogeet al, 2005).

3.5.6 Cardiac glycoside Test

The test extract (0.5 g) was dissolved in 2 mL adte anhydride and cooled in ice
after which conc. sulphuric acid was carefully atldehe colour change from violet to
blue or green indicating the presence of a steroideeus (i.e. aglycone portion of the

cardiac glycoside).

3.5.7 Alkaloids Test

About 0.5 g test extract was stirred with 5 mL @b Hilute hydrochloric acid on a
water bath. The resulting solution was then fileesnd 1 mL of the filtrate was then
treated with a few drops of Mayer's reagent andeeorsd 1 mL portion with
Dragendorff's reagent. Turbidity or precipitationttweither of these reagents was taken
as evidence for the presence of alkaloids in theaex (Harborne, 1998; Trease and
Evans, 1989).

3.5.8 Carbohydrates Test

Two drops of the Molisch reagent (a solutior=3hapthol in 95% ethanol) was added
to 2 mL of a test solution in a test tube. The gofuis then poured slowly into a test
tube containing 2 mL of concentrated sulphuric doigive two layers. The formation
of a purple interface at the layer indicated thespnce of carbohydrates. i.e a positive

test is indicated bthe formation of a purple product at the interfatéhe two layers.
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3.6  Column chromatography of hexane extract 08. kraussiana (aerial parts)

Hexane extract (11.0 g) &. kraussianaerial parts (SKH) was preadsorbed on silica
gel (30 g) to form a homogenous solid which wagestibd to column chromatography
(silica gel, 700 g, 100-200 mesh size) using Hex@HAEl; (19:1, 500 mL); (9:1, 500
mL); (17:3, 500 mL); (8:2, 500 mL); (7:3, 500 mlB:2, 500 mL); (1:1, 500 mL);
(2:3, 500 mL); (3:7, 500 mL); (1:4, 500 mL); (1:300 mL); (1:19, 500 mL); CHGI
(100%, 500 mL) and hexane: ethyl acetate (9:1, Q) (17:3, 500 mL); (4:1, 500
mL); (7:3, 500 mL) and (3:2, 500 mL) separatelytofal of 90 fractions (100 mL each)
were collected and pooled to 4 sub-fractions (SKBKH-4) based on TLC analysis
(Scheme 6). The sub-column chromatographic separati SKH-2 and SKH-4
followed by preparative thin layer chromatographgTIC) yielded two pure
compounds each; a white crystalline solid Haskh3D ng), light yellow oily

compound Haskh-2 (25 mg), creamy yellow solids Ha3K21 mg) and Haskh-4 (15
mgQ).

3.6.1 Characterisation of the Isolated compounds

The pure compounds were characterized by subjettieq to Infra red (IR), Mass

Spectrometry (MS), Proton and Carbon-13 Nuclear id#ig Resonance (NMR) and

analysis of the different spectra coupled with canigon with literature data.
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Smilax krgussoiong
aerial part (1,200

Successive extraction with
Hex, Et0AC and MeOH

SKH (14.0g)

(33
SOFr

41

SKkR-2

e, PTLC
& Recry

Haskh-1 &
Haskh-2

SKH-4
cc, PTLC &
Recry

Hazkh-3 &
Haskh-6

SKE(20.0g) SKM [115g)
[3 cc
70 Fr E’D Fl' |
2 i
SKE-2 | [ske-3 | [ske-5 | [SKE-6 | [sKe-7 | fkm-2 | [skm-s | fskm-s KNG
cc, PTLC cc, PTLCE&  |cc&Recry fcc, FTLCE| «&PTLC e Raery | €€ & &
Recry Recry PTLC Recry
Haske-16 &| kiacke.18.1|Haske-24 &) Haske-25 & Haskm3 | [Haskm-16 s | P
Haske-13 |Haske-17 | g Haske-2][Haske-245 | Haske-26 |k packmeg| [& Haskm-10

Key:: Fraction [Fr}, Column chromategraphy (cc), Preparative Thin Layer chromatography [PTLC), Recrystallisation [Recry)
SKH = Hexane extract of Smilax kraussiana, SKE = Ethyl acetate extract of Smifax kraussiana, SKM = Methanol extract of

Smilax kraussiana,

Scheme 4:Extraction and Isolation of compounds from S. kraussiana (aerial parts)
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3.7 Column chromatography of ethyl acetate extractf S.kraussiana
(aerial parts)

Ethyl acetate extract (17.0 g) 8f kraussianaerial parts (SKE) was mixed with 40 g
of silica gel and chromatographed on 800 g, 100-2@3%h silica gel. Elution was
carried out using gradient of n-hexane and ethyddeeA total of 70 fractions of 100
mL each were collected and pooled to 8 sub-frasti®@KE (1-8). The sub-column
chromatographic separation of SKE- 2, 3, 5, 6 amgei®e purified by preparative TLC
and crystallization using different eluting solveatios of n-hexane: ethylacetate. This
yielded nine compounds: Creamy white solid, HaskéAlhite crystal, Haske-2;
Creamy white solid, Haske-3; white powdered saldske-4; light yellow gelly-like
solid, Haske-5; creamy yellow solid, Haske-6; wtttgstals, Haske-7; brown solid,
Haske-8 and cream powdered solid, Haske-9.

3.7.1 Characterisation of the Isolated compounds

This was carried out as stated in 3.6.2

3.8 Column chromatography of methanol extract of.kraussiana (aerial parts)

The methanol extract (8.5 g) 8f kraussianaerial parts (SKM) was mixed with silica
gel (30 g) to form slurry. The extract slurry wasramatographed on silica gel and
eluted with gradient of hexane and ethylacetaterder of hexane: ethylacetate (9:1,
500 mL); (4:1, 500 mL); (7:3, 500 mL); (3:2, 500 jni1:1, 500 mL); (2:3, 500 mL);
(3:7, 500 mL); (1:4, 500 mL), (1:9, 500 mL), (1:300 mL), ethyl acetate (100%, 500
mL), and ethyl acetate: methanol (98:2, 500 mLJ:49 500 mL), (95:5, 500 mL),
(94:6, 500 mL) and (92:8, 500 mL) to give 80 frang of 100 mL each. The fractions
were pooled to 9 sub-fractions, SKM (1-9) using Th@alysis. Formation of dirty
white solid was observed in the SKM-2 eluted wittxHEtOAc, 4:1 and 7:3. The dirty
white solid was purified with Preparative TLC inda@e-ethyl acetate 4:1 to give white
crystals coded Haskm-1 (26 mg) and cream solid Ma3K17 mg). The sub-column
chromatography and preparative TLC of SKM-4, 5 a8d followed by re-
crystallization afforded one pure compound eactes€hare Haskm-3 (white crystals,
15 mg), Haskm-4 (light yellow gelly-like solid, 26g) and Haskm-5 (white powdered
solid, 22 mg).

3.8.1 Characterisation of the Isolated compounds
This was carried out as stated in 3.6.2
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3.9  Antiproliferative assay of Isolated compounds

The isolated compounds were tested against fouahurancer cells (K562 Leukemia,
WRL hepatic, MCF-7 breast and COLO colorectal) gs3A4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) and Suhphodamine assays as
explained in 3.4.1 and 3.4.2.

3.10 Chemical synthesis of Diosgenin (Haske-9) dogues

Diosgenin (Haske-9)s a Gy spiroacetal steroidal sapogenin which has bedatésb
from Smilax spp (Xu et al., 2008), and other plant families (Gurib-Fakim, 2006)
was the most abundant and cytotoxic pure molead&ated from the ethyl acetate
extract ofS. kraussianaerial parts. Diosgenin was modified at spirokptaition, Gy,

(Scheme 5) and at th& position (Scheme 6) to get new analogues.

3.10.1. Synthesis of (JR25R)-spirost-5-en-PB-yl-3-acetate (Haad-1)

Diosgenin (Haske-9) (200 mg, 0.43 mmol) was aceyglavhen it was dissolved in the
mixture of dry chloroform (5 mL), dry pyridine (1lhand acetic anhydride (0.5 mL),
then stirred at room temperature for 6 hrs. Theesulwas evaporated and the product
mixture was cooled in ice bath. The residue wadifeed with dil. HCI (5%, 10 mL),
dissolved in ethyl acetate (30 mL) and washed wiiler. The organic layer was dried
over anhydrous sodium sulphate and diredacuo The crude solid was recrystallised
with chloroform-hexane (1:3) to get Haad-1 as cneavrhite crystalline solid (Yield =
183 mg, 91%).

3.10.2. Synthesis of (JR25R)-3B,26-dihydroxyfurost-5-en-3-acetate (Haad-2a)
Compound Haad-2a was synthesized when 200 mg af-Hamas dissolved in 5 mL
glacial acetic acid with gradual addition of 200 nsgdium cyanoborohydride
(NaCNBHs). The mixture was stirred at room temperature Zohrs. The product
mixture was cooled in ice bath, dissolved in ethgétate (30 mL) and washed with
water. The organic layer was dried over anhydraausn sulphate and dried vacuo
The crude mass was then purified by column chrogmafthy with ethyl acetate-
hexane (1:12) to obtain cream crystalline solice(@i= 164 mg, 81%).
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CHO

aad'
H I I AcO

(&) AgO, dry pyridine, dry CHGJ RT, 6 hrs. (b) AcOH, NaCNBHRT, 2 hrs.

(c) Dry DCM, PCC, reflux, 1 h. (d) Ethanol, substéd aniline, RT, 3 hrs.

(ey) Benzyltriphenylphosphonium bromide, NaH, dry e, RT, 4 hrs.

(e2) 4-nitrobenzyltriphenylphosphonium bromide, Naldy thluene, RT, 4 hrs.

(e3) 3,4,5-trimethoxybenzyltriphenylphosphonium broaitilaH, dry toluene, RT, 3 hrs.
(f) NH,OH.HCI, EtOH, reflux, 2 hrs.

(g) Methanol, NaBli RT, 1 h.

Scheme 5Modification of Diosgenin at spiroketal positiony£
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3.10.3. Synthesis of (25R)-furost-5-en-3P,26-diacetate(Haad-2b)

Compound Haad-2b was synthesized by acetylatidteati-2a.

Haad-2a (200 mg, 0.44 mmol) was dissolved in theure of dry chloroform (5 mL),
dry pyridine (1 mL) and acetic anhydride (0.5 mlgnd then stirred at room
temperature for 6 hrs. Solvent was evaporated la@gtoduct mixture was cooled in
ice bath. The residue was acidified with dil. HGP4, 10 mL), dissolved in ethyl
acetate (30 mL) and washed with water. The orgkyier was dried over anhydrous
sodium sulphate. The crude solid was recrystalliséd chloroform-hexane (1:3) to

get Haad-2b as creamy white crystalline solid (' ®I100 mg, 35%).

3.10.4. Synthesis of (d225R)-26-formyl-furost-5-en-3-yl-P-acetate (Haad-3)
Alcohol Haad-2a (200 mg, 0.43 mmol) was dissolvedry dichloromethane (10 mL)
and stirred at room temperature. Pyridinium chloromate (PCC) (200 mg, 0.93
mmol) was added to the mixture and further stifoedan hour. Solvent was evaporated
and residue was dissolved in ethyl acetate (30 mkyas acidified with dil. HCI (5%,
10 mL) and washed with water. The organic layer d@asd over anhydrous sodium
sulphate and drieth vacuo The crude product was recrystallised with chlornof-
hexane (1:3) to get the aldehyde Haad-3 as browstatline solid (Yield = 182 mg,
91%).

3.10.5. Synthesis of ()-25-0x0-27-nor-furost-5-en-3-yl-B-acetate(Haad-4)
Aldehyde Haad-3 (200 mg, 0.44 mmol) was taken fraedl (10 mL) and stirred at
ambient temperature (30 - ®5. To this 3,4,5-trimethoxyaniline (200 mg, 1.08nof)
was added and refluxed for 3 hrs. The solvent wap@ated, residue was dissolved in
ethyl acetate (30 mL) and washed with water. Thgawoic phase was dried over
anhydrous sodium sulphate and driedszacuo.The crude mass was purified through
silica gel column eluting with ethyl acetate: hexaii:10). The ketone Haad-4 was
obtained at 8-10% ethyl acetate-hexane as creantyg adlid (Yield = 163 mg, 84%).
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3.10.6. Wittig reaction on (2B,25R)-26-formyl-furost-5-en-3-yl-P-acetate
(Haad-3)

3.10.6.1 Synthesis qb2p)-(E)-26-Benzylidene-B-yl-furost-5-en-3-acetate(Haad-5)
Benzyltriphenylphosphonium bromide (Wittig salt,02thg) was taken in dry toluene
(10 mL). To this stirred solution, pre-washed sadioydride (200 mg, 8.33 mmol) was
added and stirred for 20 min. Haad-3 (100 mg, @22ol) was added and the reaction
mixture was further refluxed for 4 hrs. Toluene wasporated under vacuum and
residue was taken in ethyl acetate (20 mL x 3),hedswith water and dried over
anhydrous sodium sulphate. The organic layer wigsl dr vacuoto get a crude mass,
which was purified through silica gel column elgtiwith ethyl acetate-hexane. The
desired product was obtained as yellowish viscimusd (Yield = 158 mg, 68%).

3.10.6.2. Synthesis of (P-(Z2)-26-(4'-Nitrobenzylidene)-3-yl-furost-5-en-3-
acetate (Haad-6)

The procedure is same as for Haad-Bhe Wittig salt used was 4-
nitrobenzyltriphenylphosphonium bromide (200mg)gMi= 157 mg, 62%).

3.10.6.3. Synthesis of (}-(E)-26-(3,4',5'-Trimethoxybenzylidene)-3-yl-furost-
5-en-3-acetate (Haad-7a) and (8-(2)-26-(3',4',5'-Trimethoxy
benzylidene)-3-yl-furost-5-en-3-acetate (Haad-7b).

The procedure is same as for Haad-6. The Wittigt saded was 3,4,5-

trimethoxybenzyltriphenylphosphonium bromide (20§)ro getHaad-7a (Yield = 142
mg, 52%) and Haad-7b (Yield = 79 mg, 29%).

3.10.7. Synthesis of (2B)-3p-Acetoxy-furost-5-en-26-aldoxime (Haad-8)

Haad-3 (100 mg, 0.22 mmol) was taken in ethanolnil(). To this dry pyridine (0.5
mL) and hydroxyaminehydrochloride (100 mg, 1.43 mma@s added and refluxed for
2hrs. On completion ethanol was evaporated andH@il (10 mL) was added to it,
extracted with ethyl acetate (20 mL x 3), washethwiater and the organic layer was
dried with anhydrous sodium sulphate. The resithus bbtained was purified through
silica gel coumn using hexane-ethyl acetate asn&dud he desired aldoxime Haad-8

was obtained as creamy white solid (Yield = 73 #@p).
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3.10.8. Synthesis of (2B)-3p-Acetoxy-furost-5-en-26-aldoxime acetate (Haad-9)
Compound Haad-9 was also synthesized by acetylafi¢taad-8.Compound Haad-8
(200 mg, 0.43 mmol) was dissolved in acetic antdgd(D.5 mL), in the presence of dry
pyridine (1 mL) and chloroform (5 mL), and therrr&td at room temperature for 5 hrs
in dry condition. Solvent was evaporated and thedpct mixture was cooled in ice
bath. The residue was acidified with dil. HCI (5% mL), dissolved in ethyl acetate
(30 mL) and washed with water. The organic layes waed over anhydrous sodium
sulphate and drieith vacuo The crude mass was recrystallised with chlorofbarane
(1:3) to get Haad-9 as creamy white crystallinéds@field = 1.0g, 92%).

3.10.9. Synthesis of (J2-3p-Acetoxy-27-nor-furost-5-en-25-ketoxime (Haad-10).

The ketoxime Haad-10 was prepared frdamd-4using the same method as for aldoxime,

Haad-8 (Yield = 87 mg, 84%).

3.10.10.Synthesis of (2B)-3p-Hydroxy-27-nor-furost-5-en-25-ketoxime-3,26-
diacetate (Haad-11).

Compound Haad-11 was also synthesized by acetylafitiaad-10200 mg, 0.44 mmol

of Haad-10 was dissolved in the mixture of dry ebform (5 mL), dry pyridine (1 mL)

and acetic anhydride (0.5 mL), and then stirredoaim temperature for 5 hrs in dry

condition. Solvent was evaporated and the produxtune was cooled in ice bath. The

residue was acidified with dil. HCI (5%, 10 mL)sdolved in ethyl acetate (30 mL) and

washed with water. The organic layer was dried ewverydrous sodium sulphate and dried

in vacuo The crude mass was recrystallised with chlorofbexrane (1:3) to get Haad-11

as creamy white solid (Yield = 57 mg, 52%).

3.10.11.Synthesis of (2B)-25a-Hydroxy-3g-yl-27-nor-furost-5-en-3-acetate
and (228)-253-Hydroxy-3p-yl-27-nor-furost-5-en-3-acetate (Haad-12)

Ketone Haad-4 (100 mg, 0.23 mmol) was stirred irthaeol (5 mL). To this stirred
solution sodium borohydride (30 mg, 0.79 mmol) \adsled and reaction mixture was
further stirred for 1 hr. On completion, solventsmavaporatedn vacuoand residue
was taken in ethyl acetate (2 x 20 mL). It was ified with dil. HCI (5%, 5 mL),
washed with water (2 x 10 mL) and organic layer wded over anhydrous sodium
sulphate. The solvent was evaporated vacuo and residue thus obtained was
recrystallised with chloroform-hexane (1:4) to ¢tad-12 as mixture of both &-
hydroxy isomers (Yield = 86 mg, 86%).
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Hak-10

Hak-5
N-OCH,CH,CH,CH,CH,CH,COOCH,CH3

Hak-9 N Hak-8

N-OCH,COOCH,CHj
Hak-3

N-OCH,CH,COOCH,CH3
Hak-4

N-OCH,CH,CH,CH,COOCH,CHj
Hak-6

AcO N-OCH,CH,CH,CH,CH,COOCH,CH3

Hak-7
(a) AgO, dry pyridine, dry CHG| RT, 6 hrs; (b) Crg dry pyridine, DCM, RT, 10 hrs
(c) NH,OH.HCI, EtOH, reflux, 2 hrs; (d) ¥CO;, acetone, ethyliodoacetate, reflux, 2 hrs
(e) K.CO;s, acetone, ethyl-3-bromopropanoate, reflux, 2 hrs;
() KoCOs, acetone, ethyl-4-bromobutyrate, reflux, 3 hrs
(g9) K,CO;, acetone, ethyl-5-bromopentanoate, reflux, 3 hrs
(h) KxCO;, acetone, ethyl-6-bromohexanoate, reflux, 4 hrs
(i) K,CG;, acetone, ethyl-7-bromoheptanoate, reflux, 4 hrs
() Ko.COs, acetone, benzylbromide, reflux, 2 hrs; (k) K@A@%MeOH, RT, 1 h
(1) 4-nitrobenzyltriphenylphosphonium bromide, Naldy tbluene, reflux, 4 hrs.
(I2) 3,4-methylenedioxybenzyltriphenylphosphonium biaem NaH, dry toluene, reflux, 4 hrs.

Scheme 6Modification of Diosgenin at position 7
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3.10.12. Synthesis of (B225R)-7-0xo-spirost-5-en-p-yl-3-acetate (Hak-1)

The addition of dry pyridine (4 mL) and dichlororhahe (20 mL) was cooled in ice

bath for 20 mins and chromium (VI) oxide (200 mgsaadded and stirred in ice bath
for 10 mins. Haad-1 (200 mg, 0.43 mmol) was takenlichloromethane (5 mL) and

added to the reaction mixture, then refluxed fohi€) On completion dichloromethane
was evaporated and dil. HCI (10 mL) was added, textracted with ethyl acetate (20
mL x 3), washed with water and dried over anhydrsodium sulphate. The residue
thus obtained was purified through silica gel counsing hexane-ethyl acetate as
eluants. The desired 7-keto analogue Hak-1 wasrgatas white solid

(Yield =106 mg, 53%).

3.10.13. Synthesis of (J25R)-3p -Acetoxy-spirost-5-en-B-yl-7-ketoxime (Hak-2)
Ketone Hak-1 (100 mg, 0.24 mmol) was taken in eth&tD mL). To this dry pyridine
(0.5 mL) and hydroxyaminehydrochloride (100 mg, 3L.simol) was added and
refluxed for 2 hrs. On completion ethanol was evafeml and dil HCI (10 mL) was
added to it, extracted with ethyl acetate (20 mB)xwashed with water and diy
vacuo The residue thus obtained was purified throuibasgel column using hexane-
ethyl acetate as eluants. The desired 7-ketoxinke2Haas obtained as light yellow oil
(Yield = 90 mg, 90%).

3.10.14. Synthesis of (B225R)-3P-Acetoxy-spirost-5-en-B-yl-7-(ethyl-2'-acetate)-
ketoxime (Hak-3)

The addition of potassium carbonate (1 g) to aae{@® mL) was stirred for 20 mins,
then ethyl iodoacetate (0.5 mL) was added andestifor 10 mins. Hak-2 (100 mg,
0.22 mmol) was taken in acetone (1 mL) and addethéoreaction mixture, then
refluxed at 80 — 10€ for 2 hrs. On completion acetone was evaporatet! the
product was extracted with ethyl acetate (20 mL) xwaashed with water and dig
vacuo The residue thus obtained was purified throutjbasgel coumn using hexane-
ethyl acetate as eluants. The desired 7-oxime gualéiak-3 was obtained as white
crystals (Yield = 82 mg, 82%).
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3.10.15. Synthesis of (J25R)-3B-Acetoxy-spirost-5-en-B-yl-7-(ethyl-3'-
propanoate)-ketoxime (Hak-4)

The same procedure as for Hak-3. The reagent ssethyl-3-bromopropanoate and
the desired 7-oxime analogue Hak-4 was obtainedhate crystals (Yield = 90 mg,
90%).

3.10.16. Synthesis of (JR25R)-3B-Acetoxy-spirost-5-en-B-yl-7-(ethyl-4'-
butyrate)-ketoxime (Hak-5)

The same procedure as for Hak-4. The reagent gsethyl-4-bromobutyrate and the
desired 7-oxime analogue Hak-5 was obtained asnyreehite crystals (Yield = 82
mg, 82%).

3.10.17. Synthesis of (J25R)-3B-Acetoxy-spirost-5-en-B-yl-7-(ethyl-5'-
pentanoate)-ketoxime (Hak-6)

The same procedure as for Hak-4. The reagent ssttiyl-5-bromopentanoate and the

desired 7-oxime analogue Hak-6 was obtained a®whystals (Yield = 92 mg, 92%).

3.10.18. Synthesis of (B225R)-3P-Acetoxy-spirost-5-en-B-yl-7-(ethyl-6'-
hexanoate)-ketoxime (Hak-7)

The same procedure as for Hak-6. The reagent sseithyl-6-bromohexanoate and the
desired 7-oxime analogue Hak-7 was obtained asnyraehite crystals (Yield = 90
mg, 90%).

3.10.19. Synthesis of (B225R)-3P-Acetoxy-spirost-5-en-B-yl-7-(ethyl-7'-
heptanoate)-ketoxime Hak-8

The same procedure as for Hak-5. The reagent ssttiyl-7-bromoheptanoate and the
desired 7-oxime analogue Hak-8 was obtained asyyreehite crystals (Yield = 51
mg, 51%).

3.10.20. Synthesis of (P25R)-3P-Acetoxy-spirost-5-en-B-yl-7-benzyketoxime
(Hak-9)
The same procedure as for Hak-6. The reagent gsBdrizylbromide and the desired

7-oxime analogue Hak-9 was obtained as brownidowedolid (Yield = 95 mg, 95%).
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3.10.21. Synthesis of (B225R)-3P-Acetoxy-spirost-5-en-B-yl-7-(4'-butanoic)-
ketoxime (Hak-10)

The addition of potassium hydroxide/sodium hydrex{d50 mg) to 90%MeOH (10
mL) was stirred for 20 mins. Hak-5 (100 mg, 0.21 alynwas added to the reaction
mixture, and stirred for 1 h at RT. On completioethanol was evaporated and the
product was extracted with ethyl acetate (20 mb),xw&ashed with water and drieal
vacua The residue thus obtained was purified througbasgel coumn using hexane-
ethyl acetate as eluants. The desired analoguelBlakas obtained as brownish yellow
solid (Yield = 95 mg, 95%).

3.10.22. Synthesis of (B225R)-3P-Acetoxy-7-(4-nitrobenzylidene)-spirost-5-en-
3P-yl (Hak-11)

Procedure same as for Haad46nitrobenzyltriphenylphosphonium bromide (Wittig
salt, 200mg) was taken in dry toluene (10 mL). fis tstirred solution, pre-washed
sodium hydride (200 mg, 8.33 mmol) was added aimcedtfor 20 min. Hak-1 (100
mg, 0.22 mmol) was added and the reaction mixtuae wefluxed for 4 hrs. Toluene
was evaporated under vacuum and residue was takerthyl acetate (20 mLx3),
washed with water and dried over anhydrous sodiulphate. The organic layer was
dried in vacuoto get a crude mass, which was purified througdicasigel column
eluting with ethyl acetate-hexane. The desired tligvanalogue Hak-16 was obtained
as orange solid (Yield = 65 mg, 65%).

3.10.23. Synthesis of (B225R)-7-oxo-spirost-3,5-diene (Hak-12)
3,4-methylenedioxybenzyltriphenylphosphine (Witsiglt, 200 mg) was taken in dry
toluene (10 mL). To this stirred solution pre-wastssdium hydride (200 mg, 8.33
mmol) was added and stirred for 20 mins. 7-Keto -#ald00 mg, 0.22 mmol) was
added and the reaction mixture was further stifoedt hrs at 110-12€C. Toluene was
evaporated under vacuum and residue was takeyh atetate (20 mL x 3), washed
with water and dried over anhydrous sodium sulph&lbe organic layer was dried
vacuoto get a crude mass, which was purified througjbasgel column eluting with
ethyl acetate-hexane. The product Hakvi@s obtained as orange solid. Different
wittig salts Benzytriphenylphosphonium pentanoaenzyltriphenylphosphine and
3,4,5-trimethoxybenzyltriphenylphosphine) were alsed with the same procedure,
and the same desired product Hakwig yielded (Yield = 90 mg, 90%).
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Extraction procedure

Smilax kraussiandaerial parts) was successively extracted withahex ethyl acetate and
methanol by maceration. The extracts were filtendth whatmann No. 1 filter paper,
separately concentrated on rotatory evaporator7atC3and freeze dried. The yields of
sequential extraction of the aerial partsSofilax kraussiandScheme 4) are presented in
Table 4.1.

4.2  Antiproliferative assay

Various parts ofS. kraussianaare traditionally used for the treatment of diffietr
diseases, especially fever, veneral diseases,, fevfertility, rheumatism and tumors
without any scientific justification for this prace. Thus, the efficacy or otherwise and
the toxicity profile of this plant are yet to beasished. 3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium Bromide (MTT) and Sulphodamine (SBR) assays were
employed for cytotoxicity.

The cell viability was expressed as a percentagheoviable cells of control culture
condition. Table 4.2 shows percentage inhibitiomainan cancer cell lines (leukaemia
carcinoma (K562), breast carcinoma (MCF-7), hepdater (WRL) cell lines and colon
carcinoma (COLOQ)) by the extracts at 50 and 100qokkentrations. The ethyl acetate
extract ofS. kraussianaaerial parts coded SKE exhibited antiproliferatativities
against WRL (IGy = 46.1 pM) and K562 (I§3 = 113 pM), while methanol extract of
the plant SKM, showed anticancer activities agaW&L, COLO and K562 with 16

of 193.0, 90.0 and 201.0 uM respectively. Furthexane extract of aerial parts $f
kraussianacoded SKH inhibited the growth of WRL, MCF-7 an®I0 with 1Csg
values of 130, 310 and 155 pM respectively.
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Table 4.1: The yields of extracts obtained from successiteaetionof S. kraussiana

aerial parts
Plant Sample | n-Hexane | % Ethyl % Yield | Methanol | % Yield
sample weight extract (g)| Yield acetate extract (g)

(9) extract (g)
SKap 1200.0 14.0 1.17 20.0 1.67 11.5 0.98

Key: SKap =S. kraussianaerial parts
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Table 4.2:In-vitro cytotoxicities of extracts obtained from succes®xtractiorof

S. kraussianaerial parts

S/No. Cell lines/1Cso(ug/mL)

Extract code K562 WRL MCF-7 COLO
1. SKH ok 130 310 155
2. SKE 113 46.1 il 160
3. SKM 201 193 236 90

*** 1C 50(ug/mL) >500

K562 - leukaemia carcinoma

WRL - hepatic liver cell lines

MCF-7 — breast carcinoma

COLO - colorectal carcinoma

SKH- Hexane extract @&. kraussianaerial parts
SKE- Ethyl acetate extract 8 kraussianaerial parts

SKM- Methanol extract 0. kraussianaerial parts
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4.3 Phytochemical screening

The crude extracts fron®. kraussiana(aerial parts)were separately screened for
secondary metabolites using various standard mstl{@dease and evans, 1989;
Harborne, 1998; Edeoget al., 2005). The results of the phytochemical screening
indicated the presence of flavonoids, steroidscagides and anthraquinones in all the
extracts except in methanol extract ®f kraussianaaerial parts which showed the
absence of flavonoids and steroids. Saponins ahetieg sugars were found only in
ethyl acetate and methanol extractsSofkraussianaerial partswhile alkaloids and
tannins were not detected in all the extra€tse detailed results of the phytochemical
screening are presented in Table 4.3.
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Table 4.3:Results of théhytochemical screening of the extracts from sisiees
extraction oB. kraussianaerial parts.

Secondary metabolites SKH SKE SKM
Reducing sugars - + +
Alkaloids - - -
Tannins - - -
Saponins - + +
Flavonoids + + -
Steroids + + -
Glycosides + + +
Anthraquinones + + +

+ indicates presence and — indicates absence

Key: SKH: Hexane extract &. kraussianaerial parts
SKE: Ethyl acetate extract®f kraussianaerial parts

SKM: Methanol extract &. kraussianaerial parts
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4.4  Column chromatography of hexane extract 0. kraussiana (aerial parts)

The chromatographic separation of hexane extra&. dfraussianaaerial parts SKH,
(11.0 g) gave four compounds as described in se&i6. The compounds are coded
Haskh-1 (35.0 mg), Haskh-2 (25 mg), Haskh-3 (21 arg) Haskh-4 (15 mg).

4.4.1 Characterisation of Haskh-1

Compound Haskh-1 was obtained as white crystal® (8fg) with a melting point of
27 - 29C. The ESI-MS fragment ions at m/z 253.3 [M-H277.3 [M+Na], 509.4
[2M+H]* gave molecular formula 1gHsg (254.3). The IRb (cm™) spectrum showed
absorption bands for C-H stretching and bendingatibns at 2923 and 1017 &m
respectively. ThéH NMR spectrum of Haskh-1 showed peak$;a0.89 (6H, t, H &
H.1g) correspond to terminal methyl protons [Table 4.4Mhile the mutiplet peaks &t
1.10 — 1.26 were assigned to cluster of methylenéops at 2-17 positions. THEC
NMR spectrum displayed eighteen carbon resonanoesweere sorted by DEPT
experiment as sixteen methylene carbons and twayearbons §c 14.49 (G) and
14.49 (Cy57)]. Based on the spectroscopic data of Haskh-Xktitecture was elucidated
to be octadecand00).
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Table 4.41:*C and'H NMR (CDCh) spectral data of Haskh-1

Assignment °C Multiplicity H

1. 14.49 CH 0.89,t, 3H

2. 23.10 CH 1.10-1.26, m, 2H
3. 23.10 CH 1.10-1.26, m, 2H
4. 23.10 CH 1.10-1.26, m, 2H
5. 29.37 CH 1.10-1.26, m, 2H
6. 29.37 CH 1.10-1.26, m, 2H
7. 29.58 CH; 1.10-1.26, m, 2H
8. 29.58 CH; 1.10-1.26, m, 2H
9. 29.78 CH, 1.10-1.26, m, 2H
10. 29.78 CH; 1.10-1.26, m, 2H
11. 30.12 CH; 1.10-1.26, m, 2H
12. 30.12 CH; 1.10-1.26, m, 2H
13. 30.12 CH; 1.10-1.26, m, 2H
14. 30.12 CH; 1.10-1.26, m, 2H
15. 30.47 CH, 1.10-1.26, m, 2H
16. 32.35 CH; 1.10-1.26, m, 2H
17. 32.35 CH; 1.10-1.26, m, 2H
18. 14.49 CHs 0.89, t, 3H

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
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4.4.2 Characterisation of Haskh-2

Compound Haskh-2 is a light yellow oily liquid (25mg). The ESI-MS fragment ion at
m/z 437.2 [2M+2K+Na]calculated for a molecular formula8,4 (M = 168.23). The IR

& (cmY) absorption bands for C-H 5i€-H sp and C=C stretching vibrations were seen at
3045, 2940 and 1468 chrespectively. ThéH NMR spectrum of Haskh-2 showed signals
at 6y 0.88 (3H, t, Hi,) corresponding to terminal methyl protons [Tablé23, while the
mutiplet peaks aéy 1.26 — 1.47 were attributed to cluster of methgl@notons at 5-11
positions. Olefinic protons were shown by the pneseoféy 4.96 (2H, d, H) and 5.02
(1H, m, H,). The®™C NMR spectrum indicated twelve carbon resonanoéswaere sorted
by DEPT experiment as two olefinic carborg [L114.46 (G) and 130.05 (G)], nine
methylene carbons and one methyl carb@n14.50 (G>)]. Haskh-2 was resolved to be

Dodec-1-eng¢101)based on the available spectral data.
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Table 4.42:*C and'H NMR (CDCH) spectra data of Haskh-2

Assignment °C Multiplicity  *H

1. 114.46 CH 4,96, d, 2H

2. 130.05 CH 5.02, m, 1H

3. 34.22 CH 2.05, m, 2H

4, 23.08 CH 1.58, m, 2H

5. 29.36 CH 1.26-1.47,m,2H
6. 29.56 CH 1.26-1.47,m,2H
7. 29.75 CH, 1.26-1.47,m,2H
8. 29.91 CH, 1.26-1.47,m,2H
9. 30.09 CH, 1.26-1.47,m,2H
10. 30.09 CH, 1.26-1.47,m,2H
11. 32.32 CH, 1.26-1.47,m,2H
12. 14.50 CHs 0.88, t, 3H

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
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Dodec-1-ene (101)
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4.4.3 Characterisation of Haskh-3
Compound Haskh-3 (21.0 mg) is a creamy yellow sdhiatlting point 185 - 18€). The

ESI MS fragment ions 501.5 [M+H] 579.6 [M+2K+H] correspond to a molecular
formula G,Hs;04 (M = 500.3) [Fig. 4.0]. The IR (cm™) absorptions at 3467, 2940, 1710
and 1468 cil revealed the presence of O-H, C-H, C=0 and C=C tfomal groups
respectively. ThéH NMR spectrum signals @t 0.86-0.93 (6H, m, 2 x C#), 0.95-1.42
(27H, m, 3 x CH& 9 x CHy) and 1.43-1.67 (3H, m, 3 x CH) are characteristicsethyl,
methylene and methine protons of triterpenoids. HBignals atéy 3.66 and 4.10
correspond to oxymethine proton at C-3 and oxyniettey protons at C-23 respectively
[Fig. 4.1], while oxymethylene protons and olefim@thine proton at positions 24 and 6
were confirmed by the presence &f 4.60 (s) and 5.35 (d) respectively. THE NMR
spectrum also indicates resonances consistent peiyhydroxy oleanane skeleton [Fig.
4.2 and 4.3]. The identified carbon skeleton werntesl by DEPT experiment [Fig. 4.4 and
4.5] into seven methyl carbons, ten methylene csmbdour methine carbons, one
oxymethine and two oxymethylene carbons, and eiglairtenary carbon resonances. In
'H-'H COSY spectrum [Fig. 4.6], the correlation of oxatimylene protons at C-24 to
methine proton at C-6 was observed, while methylgotons at C-1 was correlated with
methylene protons at C-2. Thd-*C HMBC spectrum [Fig. 4.9 and 4.10] showed a long
range correlation of methylene protons at C-2 wi#i, C-4 and C-32, while methyl
protons at C-31 were also correlated with C-32.tHeur methylene protons at C-23
revealed correlation with C-4, and oxymethyleneiqgme at C-24 showed correlation with
olefinic carbon C-5, C-6 and C-32, which confirne fhresence of olefinic carbons at C-5
and C-6. The spectroscopic data of Haskh-3 [TaBl&]4vas identical to oleana-5-en-ol
derivatives (Toyota&t al, 1990) except the position of hydroxyl moietie€a23 and C-24
which was confirmed byH-'H COSY and‘H-*C HMBC experiments. Therefore, Haskh-
3 was elucidated as 23,24-dihydroxyoleana-5-ene3ade(102).
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Table 4.43: °C and'H NMR (CDCk) spectra data of Haskh-3

Assignment = C Muiltiplicity " H, muiltiplicity
1 23.08 CH 0.95-1.67, m, 2H
2 34.51 CH 0.95-1.67, m, 2H
3 51.79 CH 3.66, s, 3H

4 40.13 Q ;

5 142.94 Q -

6 118.61 CH 5.35, d, 1H

7 32.32 CH 2.29,d, 2H

8 40.25 Q ;

9 39.70 CH 0.95-1.67, m, 1H
10 37.83 Q -

11 25.43 CH 0.95-1.67, m, 2H
12 29.56 CH 0.95-1.67, m, 2H
13 33.19 CH 0.95-1.67, m, 1H
14 39.78 Q -

15 26.34 CH 0.95-1.67, m, 2H
16 27.61 CH 0.95-1.67, m, 2H
17 37.03 Q -

18 33.03 CH 0.95-1.67, m, 1H
19 30.10 CH, 0.95-1.67, m, 2H
20 37.76 Q i

21 34.80 CH, 0.95-1.67, m, 2H
22 29.75 CH, 0.95-1.67, m, 2H
23 61.58 CH, 4.60, s, 2H

24 64.79 CH, 4,10, s, 2H

25 24.87 CHs 0.95-1.67, m, 3H
26 20.13 CH3 0.95-1.67, m, 3H
27 23.01 CH3 0.95-1.67, m, 3H
28 25.20 CH3 0.65, d, 3H

29 14.50 CH3 0.86-0.93, m, 3H
30 16.65 CH3 0.86-0.93, m, 3H
31 37.70 CHs 2.03,d, 1H

32 174.30 Q -

Implied mulitiplicities of the carbons were deten@ad from the DEPT experiment.
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23,24-dihydroxyoleana-5-en-3-acetate (102)
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Fig. 4.8 Expanded HSQC spectrum of Haskh-3 in CDCI
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Fig. 4.9 HMBC spectrum of Haskh-3 in CDLI
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Fig. 410 Expanded HMBC spectrum of Haskh-3 in CBCI
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444 Characterisation of Haskh-4

Compound Haskh-4 (15.0 mg) was obtained as a yedtdid which has a melting point of
190 - 198C. The Mass fragment ions 436 [M}J37 [M+H] gave the molecular formula
CaoHa40- (436). The IRS (cm) absorption signals at 3368, 2924, 1719 and 1460 c
indicated the presence of O-H, C-H, C=0 and C=Ceties respectively. ThtH NMR
spectrum signals at; 0.85-0.87 (6H, d, 2 x CHland 2.03-2.24 (2H, d, ¥) correspond to
two angular methyl protons and methylene protons-a¢, C-28 and C-7, whilé, 0.97-
1.67 (31H, m, 5 x CEHH& 8 x CH,) multiplet peaks are characteristics of methyl and
methylene protons of triterpenoids. The signals.aét.72 (s) and 5.12 (t) revealed the
presence of terminal olefinic methylene and metpiretons at C-30 and C-12 respectively
[Fig. 4.11]. *C NMR spectrum also showed resonances consisteifit wisa-diene
skeleton [Fig. 4.12 ans 4.13)EPT experiment [Fig. 4.14 and 4.15] classified ¢hebons
into seven methyl carbons, ten methylene carboosr fnethine carbons and nine
quartenary carbon resonances. '‘M-'H COSY spectrum [Fig. 4.16 and 4.17], the
correlation of methine proton at C-12 to methyl@natons at C-11 and methine proton at
C-18 was shown, while methylene protons at C-1 wereelated with methylene protons
at C-2. In*H-*C HMBC experiment [Fig. 4.20, 4.21 and 4.22], thex&s correlation of
olefinic methylene protons at C-30 with C-19, whidonfirmed the presence of
oxyquartenary carbon at C-19 revealed by HSQC [it8 and 4.19] experiment. HMBC
spectrum also showed a long range correlation ¢hime proton at C-12 with C-11, C-18
and C-14, while methylene protons at C-2 and metpmoton at C-5 were also correlated
with keto-C-3 [Fig. 4.15]. Further, methylene pragcat C-22 revealed correlations with C-
20 and C-30. The spectroscopic data of Haskh-4|gT4l44] was identical to 3-keto-ursa-
diene derivatives (Reynolag al, 1986, Kojimaet al.,1987, Fujiokaet al.,1989, Numata
et al.,1990). Therefore, Haskh-4 was elucidated as Urs201@ien-19-o0l-3-on¢103).
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Table 4.44: **C and'H NMR (CDCk) spectral data of Haskh-4

Assignment ¥ C Muiltiplicity TH, muiltiplicity
1 24.87 CH 0.99-1.67, m, 2H
2 27.11 CH 0.99-1.67, m, 2H
3 210.02 Q -

4 39.78 Q ;

5 40.13 CH 2.03-2.24,d, 1H
6 23.02 CH 0.99-1.67, m, 2H
7 32.32 CH 0.99-1.67, m, 2H
8 41.87 Q ;

9 39.77 CH 2.03-2.24,d, 1H
10 41.72 Q -

11 34.21 CH 0.99-1.67, m, 2H
12 124.67 CH 5.12,t, 1H

13 135.33 Q -

14 37.68 Q -

15 30.09 CH 0.99-1.67, m, 2H
16 29.57 CH 0.99-1.67, m, 2H
17 36.58 Q -

18 40.14 CH 2.03-2.24,d, 1H
19 87.45 o) ;

20 139.68 Q -

21 29.75 CH, 0.99-1.67, m, 2H
22 27.88 CH, 0.99-1.67, m, 2H
23 14.50 CH; 0.67-0.97, s, 3H
24 16.42 CH; 0.67-0.97, s, 3H
25 20.14 CH; 0.67-0.97, s, 3H
26 23.10 CH; 0.67-1.97, s, 3H
27 25.19 CH; 0.67-1.97, s, 3H
28 23.10 CH; 0.99-1.67, m, 3H
29 28.37 CH; 0.99-1.67, m, 3H
30 114.46 CH, 4.72,s, 2H

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
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Ursa-12,20-dien-19-0l-3-one (103)
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Fig. 411 'H NMR spectrum of Haskh-4 in CDgI
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Fig. 412 *C NMR spectrum of Haskh-4 in CDCI
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Fig. 413 Expanded®C NMR spectrum of Haskh-4 in CDLI
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Fig. 4.14 DEPT spectrum of Haskh-4 in CRCI
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Fig. 4.15 Expanded DEPT spectrum of Haskh-4 in CPCI
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Fig. 416 'H-'H COSY spectrum of Haskh-4 in CDCI
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Fig. 417 ExpandedH-'H COSY spectrum of Haskh-4 in CDCI
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Fig. 4.18 HSQC spectrum of Haskh-4 in CRCI
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Fig. 4.19 Expanded HSQC spectrum of Haskh-4 in CPCI
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HMBC

Fig. 4.22

ExpandedH-"°C HMBC spectrum of Haskh-4 in CDGZR)
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4.5  Column chromatography of ethyl acetate extracof S.kraussiana (aerial parts)

The ethyl acetate soluble extract (17.0 gfSofkraussiandaerial parts) was subjected to
column chromatography (silica gel) and fractionateth hexane: ethyl acetate to obtain
70 fractions. The fractions were pooled togethenquILC anaylsis to 8 sub-fractions,
SKE (1-8). Fractions SKE-2 and SKE-3 were chroma@plged on silica gel using
appropriate solvent systems, followed by recryistilon to obtain creamy white solid
coded Haske-1 (15 mg); and a white crystalline caump coded Haske-2 (18 mg) and
creamy white solid, Haske-3 (35 mg) respectivelye Tsolation of fractions SKE 5, 6 and
7 using column chromatography, preparative TLC aectystallization yielded white

powdered solid coded Haske-4 (20 mg) and lighoyeljelly-like solid, Haske-5 (18 mg);

creamy yellow solid, Haske-6 (35 mg) and white dsollaske-7 (16 mg); and a brown
solid coded Haske-8 (30 mg) and cream powdered,dadske-9 (80.0 mg) respectively.

45.1 Characterisation of Haske-1

Compound Haske-1 (15.0 mg) is a creamy white solidlting point 143 - 14%). The
molecular formula gH430 (424.3) was obtained from ESI-MS fragment ions 347.
[M+Na]*, 463.3 [M+K] [Fig. 4.23]. The IRv (cm?) vibrational absorptions of O-H, C-H
and C=C functions appeared at 3418, 2958 and l4®brespectively. TheH NMR
signals aby 0.82-0.94 (24H, m, 8 x GJj{ 1.17-1.40 (18H, m, 9 x GiHand 1.43-1.61 (2H,
bs, 2 x CH) are characteristics of methyl, methglemd methine protons of oleanane
triterpenoids. The peaks &t 3.64 (t) and 5.52 (dd) were attributed to oxymmaghproton

at C-3 and olefinic protons at C-11 and C-12 retpely [Fig. 4.24].*C NMR spectrum
also indicates resonances consistent with thirtpaa member-oleanane skeleton [Fig.
4.25]. The identified carbon skeleton were eighthylecarbons, nine methylene carbons,
five methine carbons and eight quartenary carbsor@nces. The spectroscopic data of
Haske-1 [Table 4.45] was identical to oleana-9Z-Jien-3-ol data reported previously
(Kobayashiet al, 1981). Hence, the structure of Haske-1 was ifiletitas oleana-
9(11),12-dien-3-0(104)
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Table 4.45:*C and'H NMR (CDCE) spectra data of Haske-1 and
Oleana-9(11),12-dien-3-ol

Assignment  ©“C Muiltiplicity TH, *5C
1 38.11 CH 1.17-1.40, m, 2H 38.8
2 29.20 CH 1.17-1.40, m, 2H 27.9
3 76.64 CH 3.64,t, 1H 78.6
4 38.45 Q - 38.9
5 63.50 CH 1.43-1.61, bs, 1H 51.2
6 29.76 CH 1.17-1.40, m, 2H 18.4
7 32.33 CH 1.17-1.40, m, 2H 32.2
8 37.08 Q - 37.0
9 157.04 Q - 154.3
10 49.15 Q ; 40.7
11 117.15 CH 5.52,d, 1H 115.8
12 131.21 CH 5.52,d, 1H 120.8
13 147.90 Q - 147.1
14 41.65 Q - 42.8
15 34.16 CH 1.17-1.40, m, 2H 25.7
16 35.52 CH 1.17-1.40, m, 2H 27.3
17 39.56 Q - 32.2
18 49.34 CH 1.43-1.61, bs, 1H 45.6
19 49.66 CH, 1.17-1.40, m, 2H 46.9
20 36.18 Q - 37.2
21 33.74 CH, 1.17-1.40, m, 2H 34.7
22 32.65 CH, 1.17-1.40, m, 2H 31.1
23 28.58 CHs 0.82-0.94, m, 3H 28.8
24 16.67 CH3 0.82-0.94, m, 3H 15.1
25 17.51 CH3 0.82-0.94, m, 3H 20.1
26 19.80 CH3 0.82-0.94, m, 3H 21.0
27 23.01 CH3 0.82-0.94, m, 3H 25.3
28 23.75 CH3 0.82-0.94, m, 3H 28.3
29 14.46 CHs 0.82-0.94, m, 3H 23.7
30 14.90 CHs 0.82-0.94, m, 3H 15.1

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
*Kobayashiet al.,(1981).

110



Oleana-9(11),12-dien-3-ol (104)
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ESI-MS spectrum of Haske-1 in MeOH
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4.5.2 Characterisation of Haske-2

Compound Haske-2 (15.0 mg) was obtained as a whystalline solid and has a melting
point of 205 - 208C. The Mass fragment ions 447.2 [M+2H+Na}84.7 [M+K+NaJ
gave the molecular formulasO (422) [Fig. 4.28]. The IR6 (cm™) absorptions at
3485, 2916, 1604 and 1324 ¢mevealed the presence of O-H, C-H, C=C and C-O
functions respectively. The signals’®f NMR spectrum aby 0.88-0.90 (6H, m, 2 x C#}
and 1.02-1.41 (14H, m, 6GH 2CH) correspond to cluster of methyl, methylemal a
methine protons of triterpenoids, whidg4.16 (d) and 4.19 (d) were attributed to terminal
olefinic methylene protons [Fig. 4.29]. The signai$y 5.10 (m) and 5.43 (t) revealed the
presence of olefinic methine protons at C-20 an@ @spectively. Furthermore, olefinic
methine protons at C-11 and C-12 were showiy &t 16 (dd) and 7.57 (t).

13%C NMR experiment showed resonances consistent wifrane skeleton [Fig. 4.30].
DEPT spectrum [Fig. 4.31] classified the carbon® ione oxymethylene carbon, six
methyl carbons, eight methylene carbons, nine metbarbons and six quartenary carbon
resonances:H-'H COSY spectrunjFig. 4.32] revealed the correlation of oxymethyen
protons at C-23 with methine proton at C-6 whicfoon the presence of primary
hydroxyl at C-23. In*H-*C HMBC experiment [Fig. 4.35, 4.36 and 4.37], theras
correlation of oxymethylene protons at C-23 wittb@nd C-6. Methine proton at C-9
showed correlations with olefinic methine carbonhpasitions 11 and 12, while methylene
protons at C-7 were also correlated with C-5 an@l Eurther, methylene protons at C-22
revealed correlation with C-20. The spectroscopia f Haske-2 [Table 4.46] was similar
to lupane derivatives (Reynolds al, 1986, Wenkeret al.,1978) Haske-2 was elucidated
as Lup-5,11,20(30)-trien-23-¢105).
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Table 4.46: *C and'H NMR (CDCk) data of Haske-2

Assignment C Muiltiplicity "' H, muiltiplicity
1 34.21 CH 1.02-1.41, m, 1H
2 25.19 CH 1.02-1.41, m, 2H
3 25.54 CH 1.0241.41, m, 2H
4 40.27 CH 1.5@-.69, t, 1H
5 140.64 Q -

6 124.84 CH 5.43,t, 1H

7 33.19 CH 1.02-1.41, m, 2H
8 37.83 Q -

9 39.77 CH 2.022.16,d, 1H
10 34.91 Q -

11 124.37 CH 7.16, dd, 1H

12 123.50 CH 7.57,dd, 1H

13 35.26 0 -

14 33.09 Q -

15 23.11 CH 1.02-1.41, m, 2H
16 29.76 CH 1.02-1.41, m, 2H
17 37.07 Q -

18 31.82 CH 1.02-1.41, s, 1H
19 37.69 CH 2.02-2.16, d, 1H
20 119.50 CH 5.10, m, 1H

21 32.32 CH, 1.02-1.41, m, 2H
22 24.87 CH, 1.02-1.41, m, 2H
23 59.80 CH, 4.16 & 4.19, dd, 2H
24 16.42 CH; 0.88-0.90, m, 3H
25 20.14 CH; 0.88-0.90, m, 3H
26 23.08 CH; 0.88-0.90, m, 3H
27 14.50 CH; 0.88-0.90, m, 3H
28 30.59 CH; 0.88-0.90, m, 3H
29 28.37 CH; 0.88-0.90, m, 3H
30 114.45 CH, 4,93, d, 2H

Implied mulitiplicities of the carbons were deten@ad from the DEPT experiment.
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Lup-5,11,20(30)-trien-23-ol (105).
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Fig. 4.33 HSQC spectrum of Haske-2 in CRCI
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Fig. 436 ExpandedH-°C HMBC spectrum of Haske-2 in CD{L)
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Fig. 437 ExpandedH-°C HMBC spectrum of Haske-2 in CD{R)
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4.5.3 Characterisation of Haske-3

Compound Haske-3 (35.0 mg) appeared as a whitd solh a melting point of 123 -
126°C. The molecular formula GHscO (414.3) was revealed by ESI MS fragment ions
182.1, 437.3 [M+N4d] 453.1 [M+K] [Fig. 4.38]. The IRb (cm™) absorptions at 3419,
2953, 1523 and 1326 ¢heorrespond to the presence of O-H, C-H, C=C and Gelties
respectively. The signals ff NMR spectrum aby 0.49-0.70 (6H, m, 2 x Cfiand 0.82-
1.67 (18H, m, 9Ch) are characteristics of cluster of methyl and ryletie protons of
Stigmastane, whiléy 2.02 (t) and 2.28 (d) were attributed to methylpraons at C-7 and
C-4 respectively [Fig. 4.39]. The signalséat3.53 (m) and 5.36 (t) revealed the presence
of oxymethine and olefinic methine protons at C+&laC-6 respectively’*C NMR
experiment showed resonances similar to stigmasskeéeton [Fig. 4.40]. There are
twenty nine carbon resonances which were sorte@BRT experiment [Fig. 4.41] into
one oxymethine, six methyl, eleven methylene, eméthine and three quartenary carbon
resonances. The signals & 71.58 (m), 121.57 (t) and 140.75 (m) were dueh®®

presence of oxymethine carbon at C-3 and olefiarb@ns at C-5 and C-6.

'H-'H COSY spectruniFig. 4.42] revealed the correlation of oxymethpreton at C-3
with methylene protons at C-2 and C-4, while olefimethine proton at C-6 was
correlated with methylene protons at C-7. The HS§ectrum (Fig. 4.43 and 4.44)
showed that methine protonsdat3.53 (1H, m, K) and 5.36 (1H, t, i) were bonded to
carbons ac 71.58 (C-3), 121.57 (C-6) respectively.'t-*C HMBC experiment [Fig.
4.45 and 4.46], there was correlation of methingtqr at C-6 with C-4, C-7 and C-8.
Methylene protons at C-1, C-2, C-4 and C-7 showadetations with oxymethine carbon
at C-3, while methylene protons at C-7 were alsoetated with olefinic carbons C-5 and
C-6. Further, methylene protons at C-4 also revkatarelation with C-5 and C-6. The
spectroscopic data of Haske-3 [Table 4.47] was laimito stigmast-5-en-3-ol
(Chaturvedula and Prakash, 2012, Jasetal., 2009, Jain and BarR010, Habibet al.,
2007). Hence, Haske-3 was identified as Stigma=t-3-ol -sitosterol)(106)
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Table 4.47: **C and'H NMR (CDCk) spectra data of Haske-3 apwsitosterol

Assignment ¥ C Muiltiplicity TH H B
1 37.26 CH 0.82-1.67, m, 2H 1.47 37.5
2 31.38 CH 0.821.67, m, 2H 1.56 31.9
3 71.58 CH 3.53, m, 1H 3.52 72.0
4 42.24 CH 2.28,d, 2H 2.28 42.4
5 140.75 Q - - 140.9
6 121.57 CH 5.36, t, 1H 5.36 121.9
7 29.67 CH 2.02,t, 2H 2.03 32.1
8 45.82 CH 1.62.02, m, 1H 1.67 32.1
9 50.14 CH 1.692.02, m, 1H 1.48 50.3
10 36.46 Q - - 36.1
11 21.06 CHl 0.821.67, m, 2H 1.52 21.3
12 23.05 CHl 0.82-1.67, m, 2H 1.49 39.9
13 39.77 Q - - 42.6
14 56.07 CH 1.69-22, m, 1H 1.50 56.9
15 22.65 CH 0.82-167, m, 2H 1.60 26.3
16 28.21 CHl 0.82-167, m, 2H 1.84 28.5
17 56.75 CH 1.62-02, m, 1H 1.49 56.3
18 36.11 CH 1.62-02, m, 1H 1.64 36.3
19 11.81 CH; 0.490.70, m, 3H 0.68 19.2
20 11.93 CH; 0.490.70, m, 3H 1.02 12.2
21 14.06 CH; 0.490.70, m, 3H 0.94 12.0
22 24.26 CH, 0.8241.67, m, 2H 0.88 34.2
23 26.12 CH, 0.8241.67, m, 2H 1.04 26.3
24 33.93 CH 1.692.02, m, 1H 1.50 46.1
25 29.16 CH 1.692.02, m, 1H 1.65 29.4
26 19.03 CH; 0.490.70, m, 3H 0.83 20.1
27 18.75 CH; 0.490.70, m, 3H 0.85 19.6
28 19.76 CH, 0.8241.67, m, 2H 1.04 19.0
29 19.34 CH; 0.490.70, m, 3H 0.88 23.3

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
* Chaturvedula and Prakash, 2012
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3C NMR spectrum of Haske-3 in CDLI

Fig. 4.40

135



56.85'
56.75°
56.06-

.95

5

ol

5122
50.13-

42.24
41.28
40,45
397
J'} 68
3‘) 34

=
W
k4

P

39.06
38 81
3’7 26

fi:f}.;}isj

&
S 5
N &
~

28.2‘!‘

]
X &
~

&\\\\\\\\\\,\\\\\\

36.12
35.85
33.93
33.78
33.70
32.76
32.37
31.90
31.87
31.58
31.38
30.54
30.29
30.16
29, r,s

5
B

45

10 35 30 5 20 15 ppm

10

MAP-DEPT 90
OJECT NO, :ILP-13

1
ab NGy Nl

Current Data Parameters
NAME  asnhaskel7.p
X 3

F2 - Acquisition Parameters
Date_ 20121120

Time 12.03
INSTRUM spect

PROBHD 5 mm M
E, LPROG 4.2:__:%/

6553
mC—.f ENT [0} [@k)
N§ 512
DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz

AQ 1.8219508 sec
RG 16384

DW 27.800 usec
DE 6.00 usec
TE 2997 K

CNST2  145.0000000
DI 2.00000000 sec
d2 0.00344828 sec
diz 0.00002000 sec
DELTA 0.00001592 sec

TDO 1

sm====== CHANNEL [] sss=====
NUC1 13C

P1 12.50 usec

p2 25.00 usec

PL1 -6.00 dB

SFO1 754752950 MHz
======== CHANNEL 2 =
CPDPRG2 waltz16

NUC2 IH

P3 6.85 usec

p4 13,70 usec

PCPD2 80.00 usec

PL2 4.00 4B

PLI2 1535dB

SFO2  300.1312000 MHz

F2 - Processing parameters

s1 32768

SF 75.4677518 MHz
WDW EM

S5B 0

LB 1.00 Hz

GB 0

PC 140

Fig. 441 DEPT spectrum of Haske-3 in CRCI
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Fig. 442 'H-'H COSY spectrum of Haske-3 in CRCI
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45.4 Characterisation of Haske-4

Compound Haske-4 (20.0 mg) was obtained as a \pbitelered solid (melting point 73 -
76°C). The molecular formula £H00. (324.2) was identified by ESI MS fragment ions
325.1 [M+HJ, 347.1 [M+Na], 363.2 [M+K]. The IRb (cm™) signals at 3420, 2923, 1705
and 1462 cil correspond to O-H, C-H, C=0 and C=C functional gtespectively. The
signals of'H NMR spectrum aby 0.85-0.88 (3H, t, CklH.,1) and 1.17-1.25 (30H, m,
15CH,) are characteristics of methyl and cluster of ryletie protons of fatty acid, while
oy 1.63 (s) and 2.37 (t) were assigned to methylep&ps at C-3 and C-2 respectively.
The signal atoy 5.36 (t) were attributed to olefinic methine prdoat C-9 and C-10
respectively’*C NMR experiment showed resonances similar to fattyl skeleton. There
are twenty one carbon resonances, which were fitasgito one methyl carbon, seventeen
methylene carbons, two methine carbon and one enpamt carbon resonances [Table
4.48]. The spectroscopic data of Haske-4 whichuiel'H-'H COSY and HMBC
experiments, was identical to uneicos-9-enoic déikita et al., 2004, Siddiquiet al.,

2004). Hence, Haske-4 was elucidated as uneicomig-acid(107)
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Table 4.48: **C and'H NMR (CDC}) spectra data of Haske-4

Assignment “C Muiltiplicity 1 H, muiltiplicity
1 179.88 Q -

2 34.38 CH 2.37,t, 2H

3 29.84 CH 1.17-1.25, m, 2H
4 29.77 CH 1.17-1.25, m, 2H
5 29.65 CH 1.17-1.25, m, 2H
6 29.65 CH 1.17-1.25, m, 2H
7 29.65 CH 1.17-1.25, m, 2H
8 28.57 CH 1.17-1.25, m, 2H
9 130.32 CH 5.36, t, 1H

10 130.08 CH 5.36,t, 1H

11 25.09 CH 1.17-1.25, m, 2H
12 29.47 CH 1.17-1.25, m, 2H
13 29.47 CH 1.17-1.25, m, 2H
14 30.10 CH 1.17-1.25, m, 2H
15 30.10 CH 1.17-1.25, m, 2H
16 30.10 CH 1.17-1.25, m, 2H
17 30.10 CH 1.17-1.25, m, 2H
18 30.10 CH 1.17-1.25, m, 2H
19 23.10 CH, 1.17-1.25, m, 2H
20 32.33 CH, 1.63, s, 2H

21 14.51 CHs 0.85-0.88, t, 3H

Implied mulitiplicities of the carbons were deten@ad from the DEPT experiment.
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455 Characterisation of Haske-5

Compound Haske-5 (18.0 mg) was obtained as lighdwegel (melting point 76 - 7C).
The ESI-MS fragment ions at m/z 182.0 [M-2Na274.34 [M+2Na] calculated for a
molecular formula §H»sO (228.12). The IR (cm™) absorption bands for O-8-H, C=C
and C-O moieties appeared at 3385, 2958, 1624 368 dm' respectively. ThéH NMR
spectrum of Haske-5 showed signal$,a0.87-0.90 (3H, t,) correspond to methyl protons
[Table 4.49], while the mutiplet peaksét1.03 — 1.71 (16H, m, 8 x GiHwere attributed
to cluster of methylene protons at 3-10 positiddgymethylene protons appeareddat
4.13 (2H, t, H) while the signals at 4.96 (2H, t,.g and 5.02 (1H, m, k) correspond to
olefinic methylene and methine protons. @ NMR spectrum revealed fourteen carbon
resonances and were sorted by DEPT experimenteas)ymethylene carboreg 60.80],
two olefinic carbonsdc 114.45 (G3) and 139.65 (G,)], ten methylene carbongd 23.07
(C.3), 25.26 (G), 29.35 (G), 29.55 (G), 29.75 (Cy), 29.90 (Gg), 30.08 (&), 31.82 (C
11), 32.31 (G) and 34.20 (G)] and one methyl carbod 14.49 (G4)]. The structure of
Haske-5 was identified as 11-methyl-tridec-12-a018).
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Table 4.49: **C NMR and’H (CDCL) spectra data of Haske-5

Assignment °C Multiplicities H

1. 60.80 CH 4.13,t, 2H

2. 34.20 CH 2.06, s, 2H

3. 23.07 CH 1.031.71,m,2H
4, 29.75 CH 1.03-1.71,m,2H
5. 29.35 CH 1.03-1.71,m,2H
6. 29.55 CH 1.03-1.71,m,2H
7. 29.26 CH, 1.03-1.71,m,2H
8. 29.90 CH, 1.03-1.71,m,2H
9. 30.09 CH, 1.03-1.71,m,2H
10. 32.31 CH, 1.03-1.71,m,2H
11. 31.82 CH 2.24, m, 1H

12. 139.65 CH 5.36, m, 1H

13. 114.45 CH, 4.96,t, 2H

14. 14.49 CHs 0.87-0.90,t,3H

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
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456 Characterisation of Haske-6

Haske-6 (35.0 mg) is a creamy yellow solid. It Bamelting point of 113 - 1£6. The
molecular formula gH340,4 (326) was confirmed by ESI MS fragment ions 28 M3-H-
2Na], 325.2 [M-H]. The IR% (cm™) absorptions at 3489, 2840, 1694 and 1685' cm
indicated the presence of O-H, C-H, C=0 and C=Gtions respectively. ThtH NMR
spectrum is identical to ester of fatty acid. Thgnals atéy 0.86-0.89 (3H, t, Ck) and
4.14 (2H, m, Hg) were attributed to terminal methyl and oxymethggrotons of fatty
ester, whiledy 1.17-1.42 (m) was attributed to cluster of methgl@motons of fatty acid.
The signal aby 5.35 (s) revealed the presence of olefinic metpno¢ons at C-9 and C-10.

13%C NMR experiment showed resonances consistent faily ester skeleton. DEPT
spectrum classified the carbons into one oxymeitigylgarbon, one methyl carbon, thirteen
methylene carbons, two methine carbons and twotepuey carbon resonances. The
spectroscopic data of Haske-6 [Table 4.50] was kewaised to elucidate the compound
as Ethylheptadecan-17-oic-9-enoit@9).
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Table 4.50: **C and'H NMR (CDC}) spectra data of Haske-6

Assignment = C Muiltiplicity 1 H, muiltiplicity
1 171.72 Q -

2 34.19 CH 2.05, s, 2H

3 23.06 CH 1.17-1.42, m, 2H
4 29.75 CH 1.17-1.42, m, 2H
5 29.45 CH 1.17-1.42, m, 2H
6 29.63 CH 1.17-1.42, m, 2H
7 30.08 CH 1.17-1.42, m, 2H
8 32.31 CH 1.63, m, 2H

9 130.06 CH 5.35, s, 1H

10 130.34 CH 5.35, s, 1H

11 27.58 CH 1.17-1.42, m, 2H
12 24.18 CH 1.17-1.42, m, 2H
13 25.07 CH 1.17-1.42, m, 2H
14 30.08 CH 1.17-1.42, m, 2H
15 29.82 CH 1.17-1.42, m, 2H
16 29.98 CH 2.32,t, 2H

17 180.47 Q -

18 14.50 CH 0.86-0.89, t, 3H
19 60.84 CH 4.14, m, 2H

Implied mulitiplicities of the carbons were deten@ad from the DEPT experiment.
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457 Characterisation of Haske-7

Compound Haske-7 (16.0 mg) was obtained as creamylge ESI MS spectrum signals
m/z 282.2 [M], 305.4 [M+Na] correspond tanolecular formula GHs40, (282). The IR

& (cm) vibrations for O-H, C-H, C=0 and C=C appeare®#57, 2919, 1704 and 1461
cm® respectively. ThéH NMR spectrum is identical to fatty acid. The signatdy 0.89
(3H, t, Hig) and 1.12-1.46 (22H, m, 11 x GHcorrespond to terminal methyl and cluster
of methylene protons of fatty acid, while the sigatoy 5.38 (s) revealed the presence of
olefinic methine protons at C-9 and C-1C NMR spectrum data also showed resonances
consistent with eighteen-carbon member fatty akeleton. The DEPT experiment sorted
out the carbons into one methyl carbon, fourteethyhene carbons, two methine carbons
and one quartenary carbon resonances. The spexgifosiata of Haske-7 [Table 4.51] was
similar to Oleic acid data reported in the literat(Akitaet al.,2004, Siddiquet al.,2004,
Tesemmaeet al., 2013.). Therefore, Haske-7 was elucidated to bex@feecenoic acid
(110).
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Table 4.51:°C and'H NMR (CDCH) spectra data of Haske-7 and Z9-octadecenoic acid

Assignment “C  Muiltiplicity H 3¢

1 180.32 Q - 180.5
2 34.46 CH 2.35,t, 2H 34.12
3 23.08 CH 1.1241.46, m, 2H 24.66
4 29.75 CH 1.124.46, m, 2H 29.14
5 29.46 CH 1.12-1.46, m, 2H 29.07
6 29.63 CH 1.12-1.46, m, 2H 29.05
7 30.08 CH 1.1241.46, m, 2H 29.68
8 30.08 CH 2.10, s, 2H 27.16
9 130.11 CH 5.38, s, 1H 129.7
10 130.41 CH 5.38, s, 1H 130.0
11 27.55 CH 1.64, m, 2H 27.22
12 29.91 CH 1.124.46, m, 2H 29.78
13 25.08 CH 1.124.46, m, 2H 22.68
14 30.08 CH 1.121.46, m, 2H 29.53
15 29.83 CH 1.121.46, m, 2H 29.33
16 29.98 CH 1.124.46, m, 2H 29.33
17 32.31 CH 1.124.46, m, 2H 31.92
18 14.49 CH 0.89, t, 3H 14.07

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
* Tesemmeet al.,2013
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458 Characterisation of Haske-8

Compound Haske-8 (30.0 mg) is a creamy gel compolineg ESI MS fragment ions m/z
255.2 [M+H]', 277.4 [M+Na] correspond tanolecular formula gHs¢O2 (254). The IRb
(cm™) absorptions at 3650, 2858, 1728 and 1468 evere assigned to O-H, C-H, C=0
and C=C moieties respectively. Thé NMR spectrum is also identical to fatty acid. The
signals aby 0.88 (3H, t, He) and 1.17-1.41 (18H, m, 9 x GHwere attributed to terminal
methyl and cluster of methylene protons of fattydaevhile 64 5.35 (s) indicated the
presence of olefinic methine protons at C-9 and0C*,C NMR spectrum data showed
resonances consistent with sixteen-carbon memlbgr daid skeleton, which was sorted
by DEPT experiment into one methyl carbon, twelvethylene carbons, two methine
carbons and one quartenary carbon resonances.pébgascopic data of Haske-8 [Table
4.52] was identical to hexadec-9-enoic acid dagaipusly reported in the literature (Akita
et al.,2004, Siddiquiet al.,2004, Tesemmat al.,2013). Hence, the structure of Haske-8

was identified as cis-hexadec-9-enoic dditll).
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Table 4.52:*C and'H NMR (CDCH) spectra data of Haskea®d
cis-hexadec-9-enoic acid

Assignment “C Muiltiplicity ~ *H *1°C

1 180.41 Q - 180.5
2 34.45 CH 2.37,t, 2H 34.12
3 23.06 CH 1.17-1.41m, 2H 24.66
4 29.75 CH 1.17-1.41m, 2H 29.14
5 29.45 CH 1.17-1.41,m, 2H 29.07
6 29.63 CH 1.17-1.41,m, 2H 29.05
7 29.83 CH 1.17-1.41m, 2H 29.68
8 30.08 CH 2.14, s, 2H 27.16
9 130.12 CH 5.35, s, 1H 129.7
10 130.41 CH 5.35, s, 1H 130.0
11 27.55 CH 1.63, m, 2H 27.22
12 29.98 CH 1.17-1.41m, 2H 29.78
13 30.08 CH 1.17-1.41m, 2H 29.33
14 32.32 CH 1.17-1.41m, 2H 31.92
15 25.08 CH 1.17-1.41m, 2H 22.68
16 14.49 ChHl 0.88, t, 3H 14.07

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
*Tesemmaeet al.,2013, Siddiquet al.,2004
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459 Characterisation of Haske-9

Haske-9 (80.0 mg) appeared as a cream powderebveitii a melting point of 160-16€.
The ESI-MS fragment ions 415.3 [M+H]437.4 [M+Na] calculated for a molecular
formula G7H.,05 (414.3) [Fig. 4.47]. The IR (cm™) absorptions at 3437, 2910, 1592 and
1327 cm correspond to O-H, C-H, C=C and C-O functions resipely. The signals ofH
NMR spectrum ady 0.79-1.31 (3H, m, 2 x CHland 1.44-2.03 (21H, m, 8GK& 5CH) are
characteristics of steroidal ring, whil& 3.38 (d) and 4.41 (m) were attributed to
methylene and methine protons of spiroacetal b@ntds-26 and C-16 respectively [Fig.
4.48]. The signals ay 3.58 (m) and 5.35 (t) indicated the presence ghwthine and
olefinic methine protons at C-3 and C-6 respedjivel

13C NMR spectrum also showed resonances similar itostpne steroidal skeleton [Fig.
4.49]. There are twenty seven carbon resonanceshwiere sorted by DEPT experiment
[Fig. 4.50] into two oxymethine carbons, one oxyny&gne carbon, four methyl carbons,
nine methylene, seven methine carbons and foutepeay carbon resonances. The carbon
signals atéc 72.11 (CH), 109.67 (Q), 121.57 (CH) and 140.75 (@re due to the
presence of oxymethine carbon at C-3, a quartecayon at C-22 and olefinic methine
and quartenary carbons at C-5 and C-6 respectiVdig. spectroscopic data of Haske-9
[Table 4.53] was similar to that ofp3dwydroxyspirost-5-ene (diosgenin) previously
reported in the literature (Zubaat al., 2011). Hence, Haske-9 was elucidated As 3
hydroxyspirost-5-ene (diosgeni).
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Table 4.53: **C and'H NMR (CDCL) spectra data of Haske-9 and Diosgenin

Assignment ¥ C Muiltiplicity ' H, muiltiplicity =~ ™H *c

1 21.23 CH 1.44-2.03, m, 2H 1.61 20.9

2 37.63 CH 1.44-2.03, m, 2H 1.96 37.2
3 72.11 CH 3.58, m, 1H 3.46 1.7
4 42.68 CH 1.44-2.03, m, 2H 2.26 42.3

5 141.22 Q - ; B0
6 121.80 CH 5.35,t, 1H 5.32 112
7 32.45 CH 2.30,t, 2H 1.82 32.1
8 31.79 CH 1.44-2.03n, 1H 1.46 315

9 50.48 CH 1.44-2.03, m, 1H 0.80 50.1
10 37.04 Q - - 36.9
11 32.24 CHl 1.44-2.03, m, 2H 1.36 31.9
12 29.20 CHl 1.44-2.03, m, 2H 1.38 39.8
13 40.66 Q - - 41.9
14 40.19 CH 1.44-2.03, m, 1H 1.00 41.6
15 30.69 CH 1.44-2.03, m, 2H 1.96 31.6
16 81.22 CH 441, m, 1H 4.40 80.8
17 62.52 CH 1.44-2.03, m, 1H 1.61 62.1
18 56.93 CH 1.44-2.03, m, 1H 0.76 56.5
19 14.90 CH; 0.97-1.31, m, 3H 0.75 16.3
20 16.67 CH; 0.97-1.31, m, 3H 1.84 194
21 17.51 CH; 0.79-0.81, m, 3H 0.95 14.5
22 109.67 Q - - 109.3
23 32.02 CH, 1.44-2.03m, 2H 1.58 314
24 30.69 CH, 1.44-2.03m, 2H 1.46 28.8
25 42.68 CH 1.44-2.03m, 1H 1.54 30.3
26 67.24 CH, 3.38,d, 3H 3.31 66.9
27 19.80 CH; 0.97-1.31, m, 3H 1.06 17.1

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.

* Zubairet al.,2011
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4.6  Column chromatography of methanol extract ofS.kraussiana (aerial parts)

The methanol extract (8.5 g) &. kraussiandaerial parts) was subjected to column
chromatography (silica gel) and eluted with hexastbyl acetate to obtain 80 fractions.
The fractions were pooled together using TLC ansyis 9 sub-fractions, SKM (1-9).
SKM-2 was chromatographed on silica gel and furpheified with preparative TLC using
appropriate solvent ratios as described in se@i8rto give a white crystalline compound
coded Haskm-1 (26.0 mg) and cream solid, Haskm720(iIng). The chromatographic
isolation and recrystallisation of fraction SKM-4caSKM-6 yielded a white crystalline
compound, Haskm-3 (15.0 mg) and a light yellowygéKe solid coded Haskm-4 (25.0
mg). SKM-8 was also purified with column chromatygny on silica gel and
recrystallised with CHGland hexane to give a pure white powdered soli@dddiaskm-5
(22.0 mg).

4.6.1 Characterisation of Haskm-1

Compound Haskm-1 (26.0 mg) is a white crystallioempound which has a melting point
of 84 - 86C. The MS fragment ions 615 [M-2K-Najalculated for molecular formula
CusHgoOs (716). The IR® (cm) vibrational absorptions of O-H, C-H, C=0 and C=C
functions appeared at 3750, 2854, 1744 and 1544respectively. ThéH NMR signals
atoy 0.87-0.89 (3 x 3H, t, 3 x GHH.14), 1.25-1.42 (3 x 14H, m, 3 x 7TGH 1.60 (3 x 2H,

m, Hg), 4.13 and 4.28 are characteristics of methyl hylehe and oxymethylene protons
of fatty triglycerides. The peaks &t 5.20 (s) and 5.35 (t) correspond to oxymethine
proton of fatty triester and olefinic protons aZ@nd C-8 respectively’C NMR spectrum
also indicates resonances consistent with glyceradefatty acid skeleton. The identified
carbon skeleton in each chain were one methyl catiem methylene carbons, two olefinic
methine carbons, carbony quartenary carbon, andrymethine and two oxymethylene
carbonoéc 62.49 (2 x OCH and 69.29 (OCH) resonances. The spectroscopa afat
Haskm-1 [Table 4.54] was identical to that of 1;Ry®panetriyl (7Z, 7'Z, 7"Z)tris(-7-
tetradecenoate) reported in the literature (Lie Bienand Lam 1995). Hence, the structure
of Haskm-1 was identified as 1,2,3-Propanetriyl,(7Z, 7'Z)tris(-7-tetradecenoatél 12).
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Table 4.54: **C and'H NMR (CDCE) spectra data of Haskm-1 and 1,2,3-Propanetriyl
(7Z, 7Z, 1'Z)tris(-7-tetradecenoate)

Assignment °C, Muiltiplicity ~ 'H, Muiltiplicity ~°C “H
1 173.24 173.27,

173.68 (Q) i 172.88 i
2 34.45 (CH) 2.33,t, 2H 34.07 2.31
3 23.03 (CH) 1.25-1.42, m, 2H 24.91 1.23
4 29.67 (CH) 1.25:1.42,m,2H  29.16 1.23
5 29.52 (CH) 1.25-1.42, m, 2H 29.32 1.23
6 27.62 (CH) 1.60, m, 2H 27.52 1.63
7 130.09 (CH) 5.35,t, 1H 130.20 5.37
8 130.41 (CH) 5.35,t, 1H 130.45 5.37
9 29.72 (CH) 2.12, m, 2H 29.72 2.32
10 30.09 (CH) 1.25-1.42, m, 2H 29.64 1.23
11 29.75 (CH) 1.25-1.42, m, 2H 29.72 1.23
12 30.09 (CH) 1.25-1.42, m, 2H 29.42 1.23
13 32.32 (CH) 1.25-1.42, m, 2H 31.98 1.23
14 14.42 (CH) 0.87-0.89,t,3H  14.11 0.89

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
* Lie Ken Jie and Lam 1995
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4.6.2 Characterisation of Haskm-2

Compound Haskm-2 (17.0 mg) was obtained as a csedich(melting point 135 - 138).
The MS fragment ions 447 [M+2Na+H]685 [2M-5Na] correspond to a molecular
formula GgHagO (400.12) [Fig. 4.51]. The IR (cm™) absorptions at 3433, 2939 and 1646
cm® indicated the presence of O-H, C-H and C=C funetiagroups respectively [Fig.
4.52]. The’H NMR signals a6y 0.68-0.85 (18H, m, 6 x G} 0.87-1.32 (16H, m, 8 x
CH,) and 1.33-1.81 (14H, m, 7 x CH) are charactessticmethyl, methylene and methine
protons of oleanane steroids. The signal$aB.53 (m) and 5.36 (t) were assigned to
oxymethine proton at C-3 and olefinic proton at @e8pectively [Fig. 4.53[*C NMR
spectrum also showed resonances consistent withtywaight carbon member-steroid
skeleton [Fig. 4.54 and 4.55]. The identified carbavere sorted by DEPT experiment
[Fig. 4.56] into six methyl carbons, ten methyleaebons, nine methine carbons and three
quartenary carbons. The chemical shifts72.21 (m), 141.17 (s) and 122.11 (t) were
attributable to oxymethine carbon at C-3 and oleficarbons at C-5 and C-8H-'H
COSY spectruniFig. 4.57] revealed the correlation of oxymethimeton at C-3 with
methylene protons at C-4, while olefinic methinetpn at C-6 was correlated with
methylene protons at C-7. The HSQC spectrum (F&8)4showed that methine protons at
oy 3.53 (1H, m, K) and 5.36 (1H, t, K) were bonded to carbons &t 72.21 (C-3),
122.11 (C-6) respectively. fH-*C HMBC experiment [Fig. 4.59], there was correlatio
of methine proton at C-6 with C-4, C-7 and C-8. M@&ne protons at C-1, C-2, C-4 and
C-7 showed correlations with oxymethine carbon &, @/hile methylene protons at C-7
were also correlated with olefinic carbons C-5 @nfél. Further, methylene protons at C-4
also revealed correlation with C-5 and C-6. Thecspscopic data of Haskm-2 [Table
4.55] was similar to campesterol reported by Jaith Bari, (2010). Hence, Haskm-2 was
elucidated to be Campeste(ilL3)
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Table 4.55: **C and'H NMR (CDC}) spectra data of Haskm-2 and Campesterol

Assignment ¥ C Muiltiplicity L H, muiltiplicity

1 21.61 CH 0.87-1.32, m, 2H
2 37.67 CH 0.87-1.32, m, 2H
3 72.21 CH 3.53, m, 1H

4 42.72 CH 2.28,d, 2H

5 141.17 Q -

6 122.11 CH 5.36,t, 1H

7 32.32 CH 1.98, t, 2H

8 40.19 CH 1.33-1.81, m, 1H
9 56.48 CH 1.33-1.81, m, 1H
10 34.37 Q -

11 23.48 CH 0.87-1.32, m, 2H
12 24.70 CH 0.87-1.32, m, 2H
13 36.91 Q -

14 46.26 CH 1.33-1.81, m, 1H
15 30.09 CH 0.87-1.32, m, 2H
16 32.07 CH 0.87-1.32, m, 2H
17 57.18 CH 1.33-1.81, m, 1H
18 50.56 CH 1.33-1.81, m, 1H
19 12.25 CH; 0.68-0.85, m, 3H
20 12.38 CH; 0.68-0.85, m, 3H
21 19.18 CH; 0.68-0.85, m, 3H
22 26.52 CH, 0.87-1.32, m, 2H
23 28.64 CH, 0.87-1.32, m, 2H
24 29.50 CH 1.33-1.81, m, 1H
25 36.54 CH 1.33-1.81, m, 1H
26 19.44 CH; 0.68-0.85, m, 3H
27 19.79 CH; 0.68-0.85, m, 3H
28 20.20 CH; 0.680.85, m, 3H

Implied mulitiplicities of the carbons were deten@ad from the DEPT experiment.
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46.3 Characterisation of Haskm-3

Compound Haskm-3 (15.0 mg) is a white crystallioBdswhich has a melting point of
51 - 52C. The MS fragment ions 255 [M+H]508 [2M] calculated for molecular formula
C16H300, (254). The IRb (cm™) vibrational absorptions at 3760, 2854, 1703 a#s3lcm’
indicated the presence of O-H, C-H, C=0 and C=Ctions respectively. ThtH NMR
signals aby 0.86-0.88 (3H, t, He) and 1.26-1.43 (18H, s, 9 x GHare characteristics of
methyl and cluster of methylene protons of fattylathe peaks aiy 2.37 (t) and 5.34 (t)
correspond to methylene protons at C-2 and olefiméthine protons at C-9 and C-1éC
NMR spectrum also showed characteristics of fatig asonances, which are consistent
with hexadec-9-enoic acid skeleton. The DEPT expent classified the carbon
resonances into one methyl carbon, twelve methytambons, two methine carbons and
one quartenary carbon resonances. The spectrosdatacof Haskm-3 [Table 4.56] was
similar to that of cis-hexadec-9-enoic acid presgigueported in the literature (Gunstone
1993, Manninaet al. 1999, Buset al. 1976, Joshet al., 2009, Syeckt al., 2006). Hence,

the structure of Haskm-3 was identified as cis-dexad-enoic acid114).
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Table 4.56:°C and'H NMR (CDCL) spectra data of Haskm-3 and Hexadec-9-enoic acid

Assignment = C Muiltiplicity UH, muiltiplicity  ™°C

1 180.65 Q - BR. -

2 34.21 CH 2.37,t, 2H 34.03 2.34
3 30.08 CH 1.26-1.43, s, 2H 24.69 1.63
4 30.08 CH 1.26-1.43, s, 2H 29.35 1.27
5 29.83 CH 1.26-1.43, s, 2H 29.46 1.27
6 29.75 CH 1.26-1.43, s, 2H 29.61 1.27
7 29.98 CH 1.26-1.43, s, 2H 29.26 1.27
8 25.07 CH 1.61, m, 2H 25.82

9 130.11 CH 5.34,t, 1H 130.21 5.
10 130.40 CH 5.34,t, 1H 130.85 5.28

11 27.61 CH 2.02, m, 2H 27.71

12 29.46 CH 1.26-1.43, s, 2H 29.72 1.27
13 29.63 CH 1.26-1.43, s, 2H 29.07 1.27
14 32.32 CH 1.264.43, s, 2H 31.95 1.
15 23.74 CH 1.26-1.43, s, 2H 22.72 1.27
16 14.49 CH 0.86-0.88, t, 3H 14.15 0.88

Implied mulitiplicities of the carbons were deten@ad from the DEPT experiment.

*Gundstone, 1994, Josti al.,2009, Syecet al., 2006
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cis-hexadec-9-enoic acid (114)
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46.4 Characterisation of Haskm-4

Compound Haskm-4 (25.0 mg) was obtained as liglibwegelly-like solid. It has a
melting point of 85 - 8&. The MS signals at 299 [M-2K-Na]776 [2M-Na-H]
correspond to a molecular formula/B8440, (400). The IRb (cm™) vibrations at 3750,
2852, 1707 and 1664 chrevealed the presence of O-H, C-H, C=0 and C=C tiesie
respectively. ThéH NMR signals aty 0.84-0.86 (3H, t, Hy), 1.18-1.38 (18H, d, 9 x
CHp) and 5.29 (t) are characteristics of methyl, miethg and olefinic methine protons of
fatty acid.’*C NMR spectrum indicates resonances consistent patpunsaturated fatty
acid skeleton. The identified carbon skeleton wsyded by DEPT experiment into one
methyl carbon, fifteen methylene carbons, ten piefinethine carbons and one quartenary
carbon resonances. Thd-'H COSY spectra data showed correlation of olefinithine
proton at C-7 with methylene protons at C-6 and. @A@thylene protons at C-2 were
correlated with methylene protons at C-3 and CHiJesterminal methyl protons at C-27
also showed correlation with methylene protons-24CC-25 and C-26. The correlation of
methine proton at C-7 with C-5 and C-9 was shown'ty*C HMBC spectrum, while
methylene protons at C-9, C-12 and C-21 were aedl with C-11, C-8 and C-19
respectively. Further, methylene protons at C-2vgtbcorrelation with carbony C-1. The
spectroscopic data of Haskm-4 [Table 4.59] coreelavith the reported data from the
literature (Gundstone, 1993, Spitzet al., 1996, Blaiseet al., 1997) resulting in
elucidation of Haskm-4 to be Z-7,10,13,16,19-heptzepentaenoic acid 15).

182



Table 4.57: **C and'H NMR (CDCk) spectra data of Haskm-4

Assignmer C Muiltiplicity " H, muiltiplicity
1 180.29 Q -

2 34.21 CH 2.34,1, 2H

3 30.08 CH 1.12-1.29, d, 2H
4 30.08 CH 1.12-1.29, d, 2H
5 30.08 CH 1.12-1.29, d, 2H
6 28.36 CH 1.53, bs, 2H

7 127.51 CH 5.33, bs, 1H

8 128.14 CH 5.33, bs, 1H

9 29.45 CH 2.75,t, 2H

10 128.30 CH 5.33, bs, 1H

11 128.46 CH 5.33, bs, 1H
12 30.59 CH 2.75,t, 2H

13 128.63 CH 5.33, bs, 1H

14 130.10 CH 5.33, bs, 1H
15 31.81 CH 2.75,1, 2H

16 130.39 CH 5.33, bs, 1H
17 130.58 CH 5.33, bs, 1H
18 29.52 CH 2.75, 1, 2H

19 130.61 CH 5.33, bs, 1H

20 132.32 CH 5.33, bs, 1H

21 25.07 CH, 2.02, bs, 2H

22 29.97 CH; 1.121.29, d, 2H
23 29.82 CH; 1.12-1.29, d, 2H
24 29.62 CH; 1.12-1.29, d, 2H
25 32.31 CH, 1.12-1.29, d, 2H
26 23.06 CH, 1.12-1.29, d, 2H
27 14.42 CH3 0.84-0.86, t, 3H

Implied mulitiplicities of the carbons were deten@ad from the DEPT experiment.
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7-7,10,13,16,19-heptaeicos-pentaenoic acid (115)
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4.6.5 Characterisation of Haskm-5

Haskm-5 (22.0 mg) is a white powdered solid (mgltpoint 51 - 53C). The ESI MS
fragment ions 309.2 [M+H] 331.4 [M+Na] correspond to molecular formuladzsO-
(308). The IR (cm™) absorptions of O-H, C-H, C=0 and C=C functionpegred at
3753, 2925, 1725 and 1464 ¢mespectively. ThéH NMR signals aby 0.89 (3H, t, Hho)
and 1.18-1.38 (20H, m, 10 x GHare characteristics of methyl and accumulated
methylene protons of fatty acid, while the peaB85.29 (t) correspond to olefinic protons
of fatty acid.’*C NMR spectra data revealed resonances consisiémtdisunsaturated
fatty acid skeleton. The carbon skeletons weresiflad by DEPT spectrum into one
methyl carbon, fourteen methylene carbons, fourhinet carbons and one quartenary
carbon resonances. The spectroscopic data of HagKrable 4.58] was correlated to cis-
eicos-5,8-dienoic acid (Gunstone and Seth, 1994s®ue et al, 1995, Lie ken jieet al.,
1996). The structure of Haskm-5 was identified As&eicosdienoic acifl16).

All these isolated compounds frdgn kraussianare being characterized and reported for

the first time fromSmilax kraussiana.
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Table 4.58:°C and'H NMR (CDCE) spectra data of Haskm-5 and Z5,8-eicosdienoit aci

Assignment ¥ C Muiltiplicity 'H, muiltiplicity  ™C

1 180.45 Q - 180.36
2 34.26 CH 1.18-1.38,d, 2H 33.48
3 29.47 CH 3.58, m, 1H 24.51
4 25.07 CH 1.56, bs, 2H 26.48
5 127.52 CH 5.29,t, 1H 129.09
6 128.15 CH 5.29,t, 1H 128.77
7 26.02 CH 2.74, s, 2H 25.63
8 128.69 CH 5.29,t, 1H 127.88
9 130.65 CH 5.29,t, 1H 130.52
10 27.60 CH 1.98-2.11, s, 2H 27.26
11 29.53 CH 1.18-1.38, d, 2H 29.37
12 29.75 CH 1.18-1.38,d, 2H 29.37
13 29.96 CH 1.18-1.38,d, 2H 29.37
14 30.09 CH 1.18-1.38,d, 2H 29.98
15 30.69 CH 1.18-1.38,d, 2H 29.98
16 30.09 CH 1.18-1.38,d, 2H 29.98
17 30.09 CH 1.18-1.38,d, 2H 29.98
18 32.32 CH 1.18-1.38,d, 2H 31.57
19 23.09 CH, 1.18-1.38, d, 2H 22.63
20 14.51 CH; 0.89,t, 3H 14.12

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
*Lie ken jieet al.,1996
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75, 8-eicosdienoic acid (116)
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4.7  Antiproliferative activity of isolated compounds obtained from Smilax

kraussiana (Aerial parts)
The isolated compounds from extracts 8f kraussianawere tested forin-vitro
antiproliferative activites against four human cancell lines; leukaemia carcinoma
(K562), hepatic liver (WRL) cell lines, breast damma (MCF-7) and colorectal
carcinoma (COLO) at 100 and 50 uM concentrations.

Eighteen compounds isolated from aerial part$S.okraussiananhibited the growth of
tested cancer cell lines at different concentrati@dctadecane (Haskh-1) and Ursa-12,20-
dien-19-ol-3-one (Haskh-4) showed antiproliferataetivities against K-562 and WRL
with 1Csp values of 32.0 and 114.2 uM, and 75.20 and 256 rpépectively. Oleana-
9(11),12-dien-3-ol coded Haske-1, Lup-5,11,20-t28rol (Haske-2) and Ethylheptadec-
17-oic-9-enoate (Haske-6) obtained from ethyl geetatract ofS. kraussianaerial parts
inhibited the growth of COLO, K-562 and WRL withdGralues of 125.3, 90.2 and 125.5
UM respectively. Further, fatty acids Haske-7 ardlke¢-8 possess high cytotoxic activities
against all tested cell lines except MCF-7. The traagive and prominent compound
isolated fromS. kraussianagdiosgenin (Haske-9) exhibited significant antipietative
activity against all the cell lines: K-562, WRL, N7 and COLO with correspondingd&
values of 6.25, 14.34, 38.0 and 12.4 pM. The isdl@ompounds from methanol extract of
S. kraussianaerial parts, campesterol (Haskm-2), showed inbibibf K-562 and WRL
cells with 1G, values of 432.1 and 85.2, while cis-hexadec-9eeaeid (Haskm-3)
exhibited anticancer activities against K-562 anBM¢ell lines with 1G, values of 50.66
and 30.10 pM. Meanwhile polyunsaturated fatty akligskm-4 and Z5,8-eicosdienoic acid
coded Haskm-5 also exhibited antiproliferative gnties against K-562, MCF-7 and K-
562, COLO with the corresponding d&values between 23.23 and 86.36; and 13.13 and
141.5 uM. The antiproliferative activities of adblated compounds with their respectively
ICs0 values were shown in Table 4.59
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Table 4.59:Antiproliferative activities of isolated compounfilem extracts ofs. kraussiana

(aerial parts)

S/No. Compound codes from Cell lines/ICso(uM)

hexane extract K562 WRL MCF-7 COLO
1. Haskh-1 32.00 114.20 ok rx
2 Haskh-2 *xx s . s
3. Haskh-3 140.20 195.40 ok rx
4. Haskh-4 75.20 256.00 450.10 225.00

Compound codes from
ethyl acetate extract
5. Haske-1 rx 482.30 ok 125.30
6. Haske-2 90.20 282.20 282.20 301.00
7. Haske-3 rx 295.00 ok 216.50
8. Haske-4 Frx 248.50 rrx 410.00
9. Haske-5 322.00 420.00 e 233.00
10. Haske-6 483.10 125.50 Frx 182.00
11. Haske-7 75.92 104.60 rx 145.00
12. Haske-8 50.72 35.20 Frx 282.2
A3. Haske-9 12.25 14.34 35.50 12.40
Compound codes from
methanol extract
14. Haskm-1 *rx 392.20 rrx 280.00
15. Haskm-2 432.10 85.20 481.30 365.10
16. Haskm-3 50.66 30.10 e 283.00
17. Haskm-4 23.23 495.30 82.36 65.30
18. Haskm-5 13.13 462.10 104.30 141.50
Tamoxifen 7.26 12.25 8.54 10.08

*** |C 50(ug/mL) >500; K562 - leukaemia carcinoma; WRL - hepétier cell lines;
MCF-7 — breast carcinoma; COLO — colorectal canciao
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4.8 Synthetic modification of diosgenin (First reation scheme)

3B-hydroxy-5-spirostene (diosgenin) is a spiroacstatoid which has been isolated from
Smilax spp.and other plant families. It was the most abund@eutt anticancer-active pure
molecule isolated from ethyl acetate extract ofahguarts ofS. kraussianaDiosgenin was
modified synthetically to obtain new derivativesvd reaction schemes were proposed.
The first scheme involved synthetic modificationdidsgenin to form diosgenin acetate.
The reductive cleavage of ring F of spiroketal igk of diosgenin acetate was done by
using sodium cyanoborohydride in ethanoic acid {OBIOH) at room temperature to get
the alcohol, Haad-2a that possesses furostenierayat spiroketal position (C-22). The
first reaction scheme eventually yielded fifteeffedtent furostane analogues. The second
scheme involved oxidation and condensation reastainC-7 position and protection of
spiroketal linkage of diosgenin to give twelve agales. Nineteen out of the twenty seven

compounds from the two schemes are being syntlte&izehe first time.

4.8.1. Synthesis and characterization of (B25R)-spirost-5-en-B-yl-3-acetate
(Haad-1)

Acetylation of diosgenin (Haske-9) was done usingetia anhydride in pyridine
(Chaosuancharoeet al., 2004) in the presence of chloroform as a solvenyietd the

acetate as a creamy white crystalline compounddHa@haosuancharoen al.,2004).

28 6 -
Haske-9 Haad-1 Re

agents and conditionsa) Acetic anhydride (A©), chloroform, dry pyridine, RT, 6 hrs
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Haad-1 (1.01 g, 91%) has a melting point of 1996°C (195-196C, Rosado-Aboret al.,
2013). The ESI-MS fragment ions 457.3 [M+H]479.3 [M+Na], 495.4 [M+K]
correspond to a molecular formulag84.04 (456) [Fig. 4.60]. ThéH NMR [Fig. 4.61],
13%C NMR [Fig. 4.62] and DEPT spectra of Haad-1 [F4g63] are similar to that of
diosgenin except the formation of acetate at Ceé®|[@ 4.60]. Hence, Haad-1 is (825R)-
spirost-5-en-B-yl-3-acetate (Rosado-Abon et al., 2013). The diffiees in'H and *C

NMR of Haad-1 and diosgenin are listed below.

'H NMR (CDCk): 2.01 (s, 3H, Hs, CH:COO, Acetate);
13C NMR (CDCE): 170.82 (C-29) and 30.12 (C-28) [Table 4.60; Fig81 - 4.63]

IR (KBr, cmi®): 2907 (C-H), 1724 (C=0), 1651 (C=C), 1231 (C-O)
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Table 4.60:Comparison of°C and'H NMR data of Diosgenin and Haad-1

Assignment *C Muiltiplicity *'H, muiltiplicity ~ “C

1 21.23 CH 1.44-2.03, m, 2H 21.74 1.44-1.96, m, 2H
2 37.63 CH 1.44-2.03, m, 2H 37.34 1.44-1.96, m, 2H
3 72.11 CH 3.58, m, 1H 74.26 .3%s, 1H

4 42.68 CH 1.44-2.03, m, 2H 42.00 1.44-1.96, m, 2H
5 14122 Q - 1400 -

6 121.80 CH 5.35,t, 1H 122.75%.36, t, 1H

7 32.45 CH 2.30,t, 2H 32.42 2.32,H, 2

8 31.79 CH 1.44-2.03, m, 1H 31.80 11496, m, 2H

9 50.48 CH 1.44-2.03, m, 1H 50.35 1.44-1.96, m, 2H
10 37.04 Q - 37.10 -

11 32.24 CHl 1.44-2.03, m, 2H 32.24 1.44-1.96, m, 2H
12 29.20 CHl 1.44-2.03, m, 2H 29.19 1.44-1.96, m, 2H
13 40.66 Q - 40.66 -

14 40.19 CH 1.44-2.03, m, 1H 40.19 146, m, 2H

15 30.69 CHl 1.44-2.03, m, 2H 30.66 1.44-1.96, m, 2H
16 81.22 CH 441, m, 1H 81.16 4.59, m, 1H

17 62.52 CH 1.44-2.03, m, 1H 62.52 411406, m, 2H
18 56.93 CH 1.44-2.03, m, 1H 56.82 411406, m, 2H
19 14.90 CH; 0.97-1.31, m, 3H 14.89 0.96-1.32, m, 3H
20 16.67 CH; 0.97-1.31, m, 3H 16.64 0.96-1.32, m, 3H
21 17.51 CH; 0.79-0.81, m, 3H 1751 0.78-0.86, m, 3H
22 109.67 Q - 109.60 -

23 32.02 CH, 1.44-2.03, m, 2H 32.21 1.44-1.96, i, 2
24 28.13 CH, 1.44-2.03, m, 2H 28.12 1.44-1.96, i, 2
25 42.68 CH 1.44-2.03, m, 1H 42.00 1.44-1.96, i, 2
26 67.24 CH, 3.38,d, 3H 67.19 3.383H,

27 19.80 CH; 0.97-1.31, m, 3H 19.69 0.96-1.32 3,
28 - CH; - 30.07 2.01,s, 3H

29 - Q - 170.82 -

Implied mulitiplicities of the carbons were detened from the DEPT experiment.

*Haske-9
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4.8.2. Synthesis and characterization of (B25R)-26-hydroxyfurost-5-en--acetate
(Haad-2a)

The reduction of Haad-1 at spiroketal ring in thegence of Sodium cyanoboro hydride
(NaCNBHy) in glacial acetic acid gave 26-hydroxy analogodex] Haad-2a
(Chaosuancharoest al.,2004).,

Haad-1 5 8)2‘J9\O

gents and conditionsb) AcOH, NaCNBH, RT, 2hrs

Rea

Haad-2a (164 mg, 81%) has a melting point of 1222C. The ESI-MS fragment ions
459.4 [M+HT, 481.3 [M+Na], 497.4 [M+K] calculated for molecular formula 4604
(458) [Fig. 4.64]. The!H NMR signal atdy 3.36 (bs) and 3.48 (m) were due to the
presence of oxymethine proton at C-22 and oxymetigyprotons of alcohol at C-26 [Fig.
4.65]. °C NMR [Fig. 4.66] and DEPT experiment [Fig. 4.67] élaad-2a are
characteristics of diogenin acetate except the dtion of methine and methylene Carbons
at 22 and 26 positions by breakage of spiroketabllfdable 4.61]. Therefore, Haad-2a is
(22B,25R)-26-hydroxyfurost-5-enp3acetate. The differences itH and **C NMR of
Haad-2a and Haad-1 are shown below.

'H NMR (CDCk): 3.36 (bs, 1H, H,), 3.48 (m, 2H, 26-ChDH);
13C NMR (CDCE): 90.71 (C-22), 68.27 (C-26) [Table 4.61; Fig8%- 4.67]

IR (KBr, cmi®): 3423 (O-H), 2934 (C-H), 1731 (C=0), 1664 (C=C376 (C-O)
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Table 4.61:Comparison of°C and'H NMR data of Haad-1 and Haad-2a

Assignment  *C Muiltiplicity “H “c H

1 21.74 CH 1.44-1.96, m, 2H 21.03 1.34-1.902MM,
2 37.34 CH 1.44-1.96, m, 2H 37.37 1.34-1.902M,
3 74.26 CH 4.35, m, 1H 74.26  4.34,m, 1H

4 42.00 CH 1.44-1.96, m, 2H 38.46 1.34-1.902H,
5 140.05 Q - 140D.0 -

6 122.72 CH 5.36,t, 1H 122.74 5.40,t, 1H

7 32.42 CH 2.32,t, 2H 32.36 2.8&H

8 31.80 CH 1.44-1.96, m, 1H 31.94 3411.90, m, 2H
9 50.35 CH 1.44-1.96, m, 1H 50.39 3411.90, m, 2H
10 37.10 0 - 37.07 -

11 32.24 CH 1.44-1.96, m, 2H 30.46 1.34-1.902M,
12 29.19 CH 1.44-1.96, m, 2H 30.06 1.34-1.902H,
13 40.66 Q - 39.78 -

14 40.19 CH 1.44-1.96, m, 1H 38.28 .3411.90, m, 2H
15 30.66 CH 1.44-1.96, m, 2H 32.59 1.34-1.902H,
16 81.16 CH 459, m, 1H 83.57 4.63, m, 1H
17 62.52 CH 1.44-1.96, m, 1H 65.48 .3411.90, m, 2H
18 56.82 CH 1.44-1.96, m, 1H 57.28 .3411.90, m, 2H
19 14.89 CH; 0.96-1.32, m, 3H 19.69 0.83-1.293H,
20 16.64 CH; 0.96-1.32, m, 3H 17.00 0.83-1.293H,
21 17.51 CH; 0.78-0.86, m, 3H 16.80 0.83-1.293H,
22 109.60 Q - 90.71 3.36, s, 1H
23 32.21 CH, 1.44-1.96, m, 2H 32.21 1.34-1.902M,
24 28.12 CH, 1.44-1.96, m, 2H 28.12 1.34-1.902M,
25 42.00 CH 1.44-1.96, m, 1H 42.00 1.34-1.90 1M,
26 67.19 CH, 3.38,d, 2H 68.27 3.48, m, 2H
27 19.69 CH; 0.96-1.32, m, 3H 19.69 0.83-1.29,3M,
28 30.07 CH; 2.01,s,3H 30.82 2953H

29 170.82 Q 170.91 -
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Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
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4.8.3. Synthesis and characterisatio of (B25R)-furost-5-en-3,26-diacetate
(Haad-2b)

Acetylation of Haad-2a using acetic anhydride inigiye and chloroform as a solvent

afforded 3,26-diacetyl analogue, Haad-2b (Chaodwaoeret al.,2004).

Haad-2b Re
agents and conditionsa) AcO, chloroform, dry pyridine, RT, 5 hrs

Haad-2b (100 mg, 35%) was obtained as a cream wolid a melting point of 167 -
169C. The fragment ions 501.4 [M+H]523.4 [M+Na] and 539.4 [M+K] obtained from
ESI-MS correspond to a molecular formula;#gOs (500) [Fig. 4.68]. The'H NMR
signals atoy 3.36 (bs) and 3.98 (dd) were attributed to oxynmetlproton at C-22 and
oxymethylene protons at C-26 [Fig. 4.69], while 5{€) and 2.07(s) were assigned to
methyl protons of acetate at C-29 and C-30 respyti*C NMR [Fig. 4.70] and DEPT
spectra data [Fig. 4.71] of Haad-2b were similaH&&ad-2a spectroscopic data except the
formation of an acetyl group at positions 28 and £ble 4.62]. Haad-2b is identified as
(22B,25R)-furost-5-enB,26-diacetate. The differences in its spectroscdpta and Haad-

2a are given below.

'H NMR (CDCk): 2.07 (s, 3H, Ho, CHsCOO, Acetate)
13C NMR (CDCh): 171.56 (C-28), 21.29 (C-29) [Table 4.62; Fig&%- 4.71]
IR (KBr, cm‘): 2934 (C-H), 1731 (C=0), 1656 (C=C), 1248 (C-O)
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Table 4.62:Comparison of°C and*H NMR data of Haad-2a and Haad-2b

Assignment  *C Muiltiplicity “H “c H

1 21.03 CH 1.34-1.90, m, 2H 21.03 1.34-1.902H,

2 37.37 CH 1.34-1.90, m, 2H 37.37 1.34-1.902M,

3 74.26 CH 434, m, 1H 74.26 4.34, m, 1H

4 38.46 CH 1.34-1.90, m, 2H 38.46 1.34-1.902H,

5 140.04 Q ; 1400 -

6 122.74 CH 5.40,t, 1H 122.74 5.40,t, 1H

7 32.36 CH 2.36,t, 2H 32.36 2.8&2H

8 31.94 CH 1.34-1.90, m, 1H 31.94 3411.90, m, 2H

9 50.39 CH 1.34-1.90, m, 1H 50.39 3411.90, m, 2H

10 37.07 Q - 37.07 -

11 30.46 CH 1.34-1.90, m, 2H 30.46 1.34-1.902H,

12 30.06 CH 1.34-1.90, m, 2H 30.06 1.34-1.902M,

13 39.78 Q - 39.78 -

14 38.28 CH 1.34-1.90, m, 1H 38.28 .3411.9Q0m, 2H

15 32.59 CH 1.34-1.90, m, 2H 32.59 1.34-1.902M,

16 83.57 CH 4.63, m, 1H 83.57 4.63, m, 1H

17 65.48 CH 1.34-1.90, m, 1H 65.48 .3411.9Q0m, 2H

18 57.28 CH 1.34-1.90, m, 1H 57.28 .3411.90, m, 2H

19 19.69 CH; 0.83-1.29, m, 3H 19.69 0.83-1.293H,

20 17.00 CH; 0.83-1.29, m, 3H 17.00 0.83-1.293H,

21 16.80 CH; 0.83-1.29, m, 3H 16.80 0.83-1.293H,

22 90.71 CH 3.36, s, 1H 90.52 3.36, s, 1H

23 32.21 CH, 1.34-1.90, m, 2H 32.21 1.34-1.902H,

24 28.12 CH, 1.34-1.90, m, 2H 28.12 1.34-1.902H,

25 42.00 CH 1.34-1.90, m, 1H 42.00 1.34-1.90 1M,

26 67.19 CH, 3.48, m, 2H 69.71 3.48.2H

27 19.69 CH; 0.83-1.29, m, 3H 19.69 0.83-1.293M,

28 30.82 CH; 2.05, s, 3H 171.56 -

29 170.91 Q 21.29 2.07,s, 3H
21.74 2.05, s, 3H

171.56 -
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4.8.4. Synthesis and characterization of (P25R)-FP-hydroxy,26-formyl-furost-5-
en-3P-acetate (Haad-3)

Haad-2a was oxidized to aldehyde analogue Haadk8 pgridinium chlorochromate
(PCC) in dichloromethane (DCM).

agents and conditionsc) Pyridinium chlorochromate (PCC), DCM, RT, 1 hr

Haad-3 (182 mg, 91%) was obtained as a brown dlipgtasolid, which has a melting
point of 122 - 12%C (123-128C, Shawakfehet al., 2010). The fragment ions 457.3
[M+H]", 479.3 [M+Na] and 495.4 [M+K] obtained from ESI-MS correspond to a
molecular formula GH4.04 (456) [Fig. 4.72]. ThéH NMR spectra data & 3.45 (bs)
and 9.75 (s) indicated the presence of oxymethiatp at C-22 and methine proton at C-
26 [Fig. 4.73], while 2.16(s) was assigned to miefitgtons of acetate at C-28C NMR
spectrum [Fig. 4.74] showed twenty nine carbon masces and DEPT experiment [Fig.
4.75] of Haad-3 sorted the carbons into five methiyie methylene, ten methine and five
guartenary carbons present in the compound. Thersgeopic data of Haad-3 was similar
to Haad-2a data except at position 26 where theohlytl was converted to aldehyde
moiety [Table 4.63]. Hence, Haad-3 was elucidated24B,25R)-26-formyl-furost-5-en-
3p-acetate (Shawakfeh et al., 2010). The differemtdéts spectroscopic data and Haad-2a

are outlined below.

'H NMR (CDCk): 9.75 (s, 1H, 26-CHO);
13C NMR (CDCE): 205.54 (C-26) and 170.91 (C-29) [Table 4.63sFify73 - 4.75]

209



IR (KBr, cm*): 2833 (C-H), 1739 (C=0), 1254 (C-0)

Table 4.63:Comparison of°C and'H NMR data of Haad-2a and Haad-3

Assignment  *C Muiltiplicity “H “c H

1 21.03 CH 1.34-1.90, m, 2H 21.03 1.34-1.902H,
2 37.37 CH 1.34-1.90, m, 2H 37.39 1.34-1.902H,
3 74.26 CH 434, m, 1H 74.28 434, m, 1H
4 38.46 CH 1.34-1.90, m, 2H 38.48 1.34-1.80 2H
5 140.04 Q ; 1400 -

6 122.74 CH 5.40,t, 1H 122.73 5.40,t, 1H

7 32.36 CH 2.36,t, 2H 32.37 2.8&2H

8 31.94 CH 1.34-1.90, m, 1H 38.28 .3411.90, m, 2H
9 50.39 CH 1.34-1.90, m, 1H 50.41 .3411.9Q0m, 2H
10 37.07 Q - 37.09 -

11 30.46 CH 1.34-1.90, m, 2H 30.07 1.34-1.902H
12 30.06 CH 1.34-1.90, m, 2H 31.96 1.34-1.902H
13 39.78 Q - 39.77 -

14 38.28 CH 1.34-1.90, m, 1H 41.08 1.34-1.90m, 2H
15 32.59 CH 1.34-1.90, m, 2H 32.59 1.34-1.902H
16 83.57 CH 4.63, m, 1H 83.28 4.63, m, 1H
17 65.48 CH 1.34-1.90, m, 1H 65.44 1.34-1.90m, 2H
18 57.28 CH 1.34-1.90, m, 1H 57.29 1.34-1.90, m, 2H
19 19.69 CH; 0.83-1.29, m, 3H 19.22 0.83-1.293H
20 17.00 CH; 0.83-1.29, m, 3H 16.79 0.83-1.293H
21 16.80 CH; 0.83-1.29, m, 3H 13.78 0.83-1.293H
22 90.71 CH 3.36, s, 1H 90.11 3.45, s, 1H
23 32.21 CH, 1.34-1.90, m, 2H 31.11 1.34-1.902i4
24 28.12 CH, 1.34-1.90, m, 2H 28.15 1.34-1.90 21
25 42.00 CH 1.34-1.90, m, 1H 46.72 1.34-1.901i1
26 67.19 CH, 3.48, m, 2H 205.54 9.75, s, 1H
27 19.69 CH; 0.83-1.29, m, 3H 19.71 0.83-1/293H
28 30.82 CH; 2.05, s, 3H 21.77 2.16,s,3H -
29 170.91 Q 170.91 2.07,s,3H
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Implied mulitiplicities of the carbons were deténed from the DEPT experiment.
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4.8.5. Synthesis and characterization of (B2-25-o0xo-27-nor-furost-5-en-
3p-acetate (Haad-4)

A new analogue, £ ketone derivative Haad-#was formed while trying to synthesize
Schiff's bases from § aldehyde analogue, Haad-3. Compound Haad-3 reamiths
aromatic amine (3,4,5-trimethoxyaniline) in ethaaol30 - 35C to give a creamy white
solid. Various aromatic amines (3,4,-dimethoxyawi)i 3,4,5-trimethoxyaniline and 3,4-
methylenedioxyaniline) were employed and the samoelyct, Haad-4 was obtained in
varied yields (66 - 84%). The reaction of aldehydaad-3 with aliphatic amines (MeNH
and EtNH) and even with ammonia was unsuccessful. Benzyhesn(BnNH and 3,4-
methylenedioxybenzylamine) also did not yield theduct Haad-4[Table 4.64]. The
effect of various solvents was also observed, awshn Table 4.65. Ethanol was found to
be the best solvent. However, methanol was equg@ibd. In case of less polar solvents
like THF, dichloromethane and toluene, the yieldh&f product was relatively low. It will
be worth mentioning that without aromatic amines ttransformation does not take place.
Aldehyde Haad-8lid not form Schiff’'s base with any of these aminBse structure of the
ketone Haad-4 was confirmed by 1D NM®RI & **C), 2D NMR (COSY, HSQC, HMBC),
Mass and IR spectroscopy, and X-ray.

Haad-4
Reagents and conditionsd) Aromatic amine, DCM, pyridine, reflux, 3 hrs

A plausible mechanism of the reaction is givenio B.76
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Compound Haad-4 (163 mg, 84%) was obtained asamgravhite solid (melting point
138-1406C). The ESI-MS fragment ions 443.3 [M+H}65.4 [M+Na] and 481.3 [M+K]
gave molecular formula &H4,0, (442) [Fig. 4.77]. The IR (cm™) absorptions of C-H,
C=0 and C=C functional groups appeared at 29274 Hrl 1453 cirespectively. The
'H NMR signals aty 0.79-0.98 (9H, s, 3 x Gjj| 1.02-1.87 (20H, m, 8 X GH& 4 x CH)
and 2.32 (2H, d, H) are similar to methyl, methylene and methine gmetof diosgenin,
while the signals aiy 3.27 (bs) and 4.26 (bs) correspond to oxymethydgreoxymethine
protons at C-22 and C-16 of furostane skeleton.[Big8]. **C NMR spectrum also
showed resonances consistent with twenty eightecarbember skeleton [Fig. 4.79]. The
identified carbons were sorted by DEPT experimé&ig.[4.80] into five methyl carbons,
nine methylene carbons, nine methine carbons aedjfiartenary carbon resonances. The
chemical shiftsdc 89.53 (d), 170.95 (s) and 209.24 (s) were atieidbuto oxymethine
carbon at C-22 and quartenary carbonyl carbonsethge and ketone moieties at C-28 and
C-25 respectively.

'H-'H COSY spectruniFig. 4.81 & 4.84] revealed the correlation of oxgtiine protons
at C-16 and C-22 with methylene protons at C-15 @23 respectively, while olefinic
methine proton at C-6 was correlated with methylgrodons at C-7. The HSQC spectrum
(Fig. 4.82) showed that methine protonségt3.27 (bs) and 4.26 (bs) were bonded to
carbons abc 89.53 (C-22) and 83.69 (C-16) respectively #h'*C HMBC experiment
[Fig. 4.83 & 4.84], there was correlation of me#ng protons at C-23 with C-22, C-24
and C-25. Methyl protons at C-26 also showed catimis with C-24 and C-25, which
confirm the presence of ketonic carbon at posi#ibnFurthermore, methylene protons at
C-24 were also correlated with C-23 and C-26 winlethyl protons at C-27 revealed
correlation with carbony C-28 and olefinic carbddss and C-6. Therefore, the new
derivate, Haad-4 [Table 4.66] was elucidated as3)(28-oxo-27-nor-furost-5-enf3
acetateThe difference in NMR of Haad-3 and Haad-4 are:

'H NMR (CDCh): 2.13 (s, 3H, H-26, C#CO);

3C NMR (CDCE): 30.33 (C26) and 209.24 (C25) [Table 4.66; Figg8 - 4.80]

IR (KBR, cmi‘): 2927 (C-H), 1724 (C=0), 1653 (C=C), 1241 (C-O)
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Further, the molecular conformation of compound dddan crystals is depicted in Figure
4.85. All the bond lengths and bond angles areimwithe accepted range. The crystal
packing is stabilized by van der Waals interactiomshe absence of strong hydrogen bond
donors in this molecule. However, the ketonic Omatand the methylene group (C24)
adjacent to the ketone functionality of symmetrated molecules are at 3.22A apart,
suggesting a weak C-H...O interaction (O3...H $4,5C24...03 = 3.22A[1C24-H...03 =
125.8°). The ring conformations of compound Haaalel very similar to that observed in

other diosgenin derivatives and solvates.
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Fig. 4.76: Plausible mechanism of conversion of aldehydea(i-2) to ketone (Haad-4).
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Table 4.64:Effect of various amines on transformation of H&ad Haad-4

Entry | Aldehyde Amine solven | Reactior | %Yield of
Time Haad-4

1. Haac-3 No amine EtOH 16F No reactiol
2. Haac-3 3,4 -Dimethoxyanilin EtOH 2h 66
3. Haac-3 3,4,5-Trimethoxyaniline EtOH 2h 84
4. Haac-3 3,4-Methylenedioxyanilin EtOH 2h 72
5. Haac-3 Benzyl amin EtOH 16F No reactiol
6. Haac-3 | 3,4-Methylenedioxybenzyl amii | EtOH 16F No reactiol
7. Haac-3 Ammonie EtOH 16F No reactiol
8. Haac-3 Methylamine EtOH 16F No reactiol
9. Haac-3 Ethylamine EtOH 16F No reactiol

Table 4.65: Effect of solvent polarity on transformation @nspound Haad-3 to Haad-4.

Entry | aldehyd | Amine Solven Reactior | %Yield of
Time Haad-4

1. Haac-3 | 3,4,t-trimethoxyaniline | EtOH 2h 84

2. Haac-3 | 3,4,t-trimethoxyaniline | MeOH 2h 73

3. Haac-3 | 3,4,t-trimethoxyaniline | THF 2h 44

4. Haac-3 | 3,4,t-trimethoxyaniline | Dichloromethan | 2h 48

5. Haac-3 | 3,4,5-trimethoxyaniline | Toluene 2h 28
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Table 4.66:Comparison of°C and'H NMR data of Haad-3 and Haad-4

Assignment  *C Muiltiplicity “H *c H

1 21.03 CH 1.34-1.90, m, 2H 21.02 1.32-1802H
2 37.37 CH 1.34-1.90, m, 2H 37.38 1.32-11802H
3 74.26 CH 434, m, 1H 74.28 4.57, m, 1H

4 38.46 CH 1.34-1.90, m, 2H 39.75 1.32-18902H
5 140.04 o) ; 14D.1 -

6 122.74 CH 5.40,t, 1H 122.72 5.35,t, 1H

7 32.36 CH 2.36,t, 2H 32.37 2.82H

8 31.94 CH 1.34-1.90, m, 1H 3195 1.32-1.90m, 2H
9 50.39 CH 1.34-1.90, m, 1H 50.38 1.32-1.90m, 2H
10 37.07 Q - 37.10 -

11 30.46 CH 1.34-1.90, m, 2H 28.13 1.32-1802H
12 30.06 CH 1.34-1.90, m, 2H 38.48 1.32-1802H
13 39.78 Q - 41.09 -

14 38.28 CH 1.34-1.90, m, 1H 38.24 1.32-1.90m, 2H
15 32.59 CH 1.34-1.90, m, 2H 32.55 1.32-1802H
16 83.57 CH 4.63, m, 1H 83.69 4.29, m, 1H
17 65.48 CH 1.34-1.90, m, 1H 65.39 1.32-1.90m, 2H
18 57.28 CH 1.34-1.90, m, 1H 57.27 1.32-1.90, m, 2H
19 19.69 CH; 0.83-1.29, m, 3H 19.01 0.83-11293H
20 17.00 CH; 0.83-1.29, m, 3H 16.80 0.83-11293H
21 16.80 CH; 0.83-1.29, m, 3H 19.71 0.83-11293H
22 90.11 CH 3.45, s, 1H 89.53 3.27,s, 1H
23 32.21 CH, 1.34-1.90, m, 2H 27.44 1.32-1902H
24 28.12 CH, 1.34-1.90, m, 2H 41.28 2.51,d, 2H
25 42.00 CH 1.34-1.90, m, 1H 209.24 -

26 205.54 CH 9.75, s, 1H 30.33 2.13,s, 3H
27 19.71 CH; 0.83-1.29,m,3H 21.80 1.95, s, 3H
28 21.77 CH; 2.05, s, 3H 170.95 -

29 170.91 Q

Implied mulitiplicities of the carbons were deténed from the DEPT experiment.

* Haad-3
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Fig. 4.84: COSY and HMBC correlations of Haad-4

Fig. 4.85: Molecular conformation (X-ray) of Haad-4 in crgfst Thermal ellipsoids are
shown at 50% probability level.

4.8.6. Synthesis and characterisation of (B-(E)-26-Benzylidene-B-yl-furost-5-en-
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3-acetate (Haad-5)
Several novel styrene derivatives (Haad-5, Haada&d-7a and Haad-7b) were prepared from

aldehyde Haad-3 using Wittig reaction. Various Witt  salts
(Benzylidenetriphenylphosphonium bromides) werepared using triphenylphosphine ¢Ph
and corresponding benzylbromides in toluene. Rntdile styrene derivatives of diosgenin
were obtained by treating Wittig salts with Haadk3sodium hydride in the presence of
toluene under reflux conditions at 110 - 430 The formation of Haad-by Wittig reaction

involves the use of Benzylidenetriphenylphosphonhromide as Wittig salt.

AcO 6 Haad-5

Reagents and conditions: g Wittig salt (benzylidenetriphenylphosphonium bide), NaH,
Toluene, Reflux 110 - 130, 4 hrs.

Haad-5 (158 mg, 68%) was obtained as yellowishouisdiquid. The ESI-MS fragment ions
531.5 [M+HT, 553.5 [M+Na] and 569.6 [M+K] correspond to a molecular formulgs8s,03
(530) [Fig. 4.86]. ThéH NMR chemical shifts ad, 5.96 (dd) and 6.29 (d) were attributed to
olefinic methine protons at C-26 and C-28, while signals of aromatic protons at C2 C-8
appeared aby 7.12 (m) [Fig. 4.87]. The peaks at 3.23 (bd) ar2R4bs) were assigned to
methine protons at C-22 and C-16 respectivEly.NMR [Fig. 4.88] and DEPT spectra [Fig.
4.89] of Haad-5 were identical to Haad-3 spectrpsrdata except the at the side chain where
the wittig condensation reaction of benzylidenéteipyl group with Haad-3 occur (26, 28 and
2'-6' positions) [Table 4.67]. Therefore, Haad-5 wasidied as (2B)-(E)-26-Benzylidene-
3p-yl-furost-5-en-3-acetate. The differences in gecral data and Haad-3 are given below.

'"H NMR (CDCk): 5.96 (t, IH, H-26), 6.29 (s, IH, H-28), 7.1, 5H, H-2 - H-6);

3C NMR (CDCE): 127.15, 128.83 (C-26 & 28), 127.15 (Ge6phenyl ring), 137.05 (CL4f
phenyl ring), 128.73 (C'Z C-6'of phenyl ring), 126.39 (C'& 5' of phenyl ring) and 138.33
(C-1 of phenyl ring). [Table 4.67; Figs: 4.87 - 4.89]

IR (KBR, cni®): 2946 (C-H), 1734 (C=0), 1656 (C=C), 1372 (C-O)

Table 4.67: Comparison of °*C and'H NMR data of Haad-3 and Haad-5
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Assignment ¥ C Muiltiplicity ~ ** H, muiltiplicity *c H

1 21.03 CH 1.34-1.90, m, 2H 28.16 1.4951 m, 2H
2 37.39 CH 1.34-1.90, m, 2H 37.41 1.4951 m, 2H
3 74.28 CH 4.34, m, 1H 74.33 4.24, m, 1H

4 38.48 CH 1.34-1.90, m, 2H 39.82 1.4951 m, 2H
5 141.09 Q - 140.09 ]

6 122.73 CH 5.49,t, 1H 122.7 5.29,t, 1H

7 32.37 CH 2.36,t, 2H 32.40 2.26,t, 2H

8 38.28 CH 1.34-1.90, m, 1H 31.94 1.42-1.95, m, 1H
9 50.41 CH 1.34-1.90, m, 1H 50.44 1.4951 m, 1H
10 37.09 Q - 37.12 -

11 30.07 CH 1.34-1.90, m, 2H 21.06 1495, m, 2H
12 31.96 CHl 1.34-1.90, m, 2H 38.51 11495, m, 2H
13 39.77 Q - 39.78 -

14 41.08 CH 1.34-1.90, m, 1H 38.31 1.42-1.95,m, 1H
15 32.59 CHl 1.34-1.90, m, 2H 32.66 11495, m, 2H
16 83.28 CH 4.63, m, 1H 83.58 451, m, 1H
17 65.44 CH 1.34-1.90, m, 1H 65.60 1.42-1.95, m, 1H
18 57.29 CH 1.34-1.90, m, 1H 57.31 1.42-1.95, m, 1H
19 19.22 CH; 0.83-1.29, m, 3H 19.39 0.7241 m, 3H
20 16.79 CH; 0.83-1.29, m, 3H 16.83 0.7841 m, 3H
21 13.78 CH; 0.79-0.81, m, 3H 19.72 0.7241 m, 3H
22 90.11 CH, 3.45,s, 2H 90.82 3.23, bd, 1H
23 31.11 CH, 1.34-1.90, m, 2H 32.21 1.4251 m, 2H
24 28.15 CH, 1.34-1.90, m, 2H 34.48 1.4251 m, 2H
25 46.72 CH 1.34-1.90, m, 1H 42.00 1.4951 m, 1H
26 205.54 Q 9.75, 2, 1H 127.15 5.96, dd, 1H
27 19.71 CH; 0.83-1.29, m, 3H 19.69 01784, m, 3H
28 21.77 CH; 2.16, s, 3H 128.83 6.29,d, 1H
29 170.91 Q - 21.79 1.99, s, 3H
30 170.97 -

1 138.33 -

2 128.73 7.12,m,1H

3 128.83 7.12,m,1H

2 137.05 -

5 128.83 7.12,m,1H

e 128.73  7.12,m1H

Implied mulitiplicities of the carbons were detened from the DEPT experiment.

*Haad-3
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4.8.7. Synthesis and characterisation of (B2-(2)-26-(4'-Nitrobenzylidene)-3-yl-



furost-5-en-3-acetate (Haad-6)

The formation of Haad-6y Wittig reaction followed the same reaction pihoe as for

Haad-5, but the Wittig salt used was 4-nitrobemipiienylphosphonium bromide
21

NO,

Haad-6
Reagents and conditionse;) Wittig salt (4-nitrobenzyltriphenylphosphoniumolonide),
NaH, Toluene, Reflux 110-130, 4 hrs

Haad-6 (157 mg, 62%) also appeared as yellowistous liquid. The fragment ions 576.6
[M+H]*, 598.6 [M+Na] and 614.5 [M+K] of ESI-MS gave molecular formula
CaeHaoNOs (575) [Fig. 4.90]. ThéH NMR signals aby 6.29 (dd) and 6.79 (d) correspond
to olefinic methine protons at C-26 and C-28, wktie chemical shifts of aromatic protons
at C-C-2, C-3, C-5 & C-6' appeared ady 7.33-8.05 (m) [Fig. 4.91]. The peaks at 3.20
(bd) and 4.20 (bs) were assigned to methine pra#r3-22 and C-16 respectivelfC
NMR [Fig. 4.92] and DEPT carbon resonances [Fi§3}of Haad-6 were similar to Haad-
3 spectroscopic data except at the side chain whergvittig condensation reaction of 4-
nitrobenzyltriphenyl group with Haad-3 occur (26 and 26' positions) [Table 4.70].
Hence, Haad-6 was elucidated to(B2B)-(Z)-26-(4-Nitrobenzylidene)-B-yl-furost-5-en-
3-acetate. The main differences in the spectrosatdgiia of Haad-6 and Haad-3 are given

below.

'H NMR (CDCL): 6.29 (t, IH, H-26), 6.79 (d, IH, H-28), 7.33 (2H, H-3 & H-5'), 8.05
(t, 2H, 2H, H-2 & H-6")

¥C NMR (CDCly): 134.03, 130.53 (C-26 & 28), 142.28 (C& C-6' of phenyl ring),
143.26 (C-3& C-5' of phenyl ring) and 162.83 (C}4Table 4.68; Figs: 4.91 - 4.93]

IR (KBR, cni'): 2940 (C-H), 1728 (C=0), 1595 (C=C), 1340 (C-0O)

Table 4.68: Comparison of*C and'H NMR data of Haad-3 and Haad-6
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Assignment ¥ C Muiltiplicity  ** H, muiltiplicity *c H

1 21.03 CH 1.34-1.90, m, 2H 28.11 11495, m, 2H
2 37.39 CH 1.34-1.90, m, 2H 37.36 11495, m, 2H
3 74.28 CH 4.34, m, 1H 74.50 451, m, 1H

4 38.48 CH 1.34-1.90, m, 2H 39.74 11495, m, 2H
5 141.09 Q ; 140.09 -

6 122.73 CH 5.49,t, 1H 22. 5.29,t, 1H

7 32.37 CH 2.36,t, 2H 32.40 2.26,t, 2H

8 38.28 CH 1.34-1.90, m, 1H 31.94 1.42-1.95, m, 1H
9 50.41 CH 1.34-1.90, m, 1H 50.37 11495, m, 1H
10 37.09 Q - 37.09 -

11 30.07 CHl 1.34-1.90, m, 2H 21.01 11495, m, 2H
12 31.96 CH 1.34-1.90, m, 2H 38.51 11495, m, 2H
13 39.77 Q - 39.78 -

14 41.08 CH 1.34-1.90, m, 1H 41.10 1.42-1.95, m, 1H
15 32.59 CH 1.34-1.90, m, 2H 32.66 11495, m, 2H
16 83.28 CH 4.63, m, 1H 83.58 4.24, m, 1H
17 65.44 CH 1.34-1.90, m, 1H 65.40 1.42-1.95, m, 1H
18 57.29 CH 1.34-1.90, m, 1H 57.27 1.42-1.95, m, 1H
19 19.22 CH; 0.83-1.29, m, 3H 19.39 01784, m, 3H
20 16.79 CH; 0.83-1.29, m, 3H 16.83 01784, m, 3H
21 13.78 CH; 0.79-0.81, m, 3H 19.72 01784, m, 3H
22 90.11 CH, 3.45, s, 2H 90.54 3.20, bd, 1H
23 31.11 CH, 1.34-1.90, m, 2H 32.21 11495, m, 2H
24 28.15 CH, 1.34-1.90, m, 2H 34.48 11495, m, 2H
25 46.72 CH 1.34-1.90, m, 1H 42.00 11495, m, 1H
26 205.54 Q 9.75, 2, 1H 143.03 6.29, dd, 1H
27 19.71 CH; 0.83-1.29, m, 3H 19.69 01784, m, 3H
28 21.77 CH; 2.16, s, 3H 130.53 6.79,d, 1H
29 170.91 Q - 21.81 2.02, s, 3H
30 171.85 -

1 144.83 -

2 142.28 8.05,m,1H

3 143.26 7.33,m,1H

4 16283 -

5 143.26 7.33,m,1H

o 14228  8.05,m,1H

Implied mulitiplicities of the carbons were deténed from the DEPT experiment.

*Haad-3
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4.8.8. Synthesis and characterisation of (B2-(E)-26-(3,4',5'-Trimethoxy
benzylidene)-g-yl-furost-5-en-3-acetate (Haad-7a)

Haad-7awas also obtained by wittig reaction with the sameaction procedure as for
Haad-6. The wittig salt used was 3,4,5-trimethoxyy#triphenylphosphonium bromide.

27

AcO ¥ Haad-7a
Reagents and conditionsie;) Wittig salt (3,4,5-trimethoxybenzyltriphenylphdgmium
bromide), NaH, Toluene, Reflux 110-80 3 hrs.

Haad-7a (142 mg, 52%) obtained as a yellowish @ypound. The fragment ions 621.5
[M+H]", 643.5 [M+Na] and 659.4 [M+K] of ESI-MS gave molecular formulaz§iscOs
(620) [Fig. 4.94]. The'H NMR spectrum showed signals &t 5.98 (dd) and 6.22 (d)
correspond to olefinic methine protons at C-26 @B, which is a characteristic of trans-
product, while the signals of aromatic protons &' & C-6' appeared aiy 6.54 (s) [Fig.
4.95]. The signals at 3.30 (bd) and 4.27 (bs) vegtgbutable to methine protons at C-22
and C-16 respectively°C NMR [Fig. 4.96] and DEPT carbon resonances [Bi§7] of
the analogue were also similar to Haad-3 spectpsatata except the coupling of 3,4,5-
trimethoxybenzyltriphenyl group to the side chainmittig product Haad-7a [Table 4.69].
Haad-7a was elucidated to be [§22E)-26-(3,4',5-Trimethoxybenzylidene){8yl-furost-
5-en-3-acetate. The differences in the spectrosatgtia of the compound and Haad-3 are
given below.

'H NMR (CDCk): 5.98 (t, IH, H-26), 6.22 (d, IH, H-28), 6.54, @H, H-2 & H-6')
13C NMR (CDCE): 134.05, 128.64 (C-26 & 28), 136.50, 128.64 (@&2C-6' of phenyl

ring), 153.63 (C-3& C-5' of phenyl ring) and 137.61 (C}4Table 4.69; Figs: 4.95-4.97]
IR (KBR, cnmi'): 2943 (C-H), 1732 (C=0), 1588 (C=C), 1337 (C-0O)
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Table 4.69: Comparison of *C and'H NMR data of Haad-3 and Haad-7a

Assignment  *C Muiltiplicity ~ * *H, muiltiplicity “c H

1 21.03 CH 1.34-1.90, m, 2H 28.11 11495, m, 2H

2 37.39 CH 1.34-1.90, m, 2H 37.36 11495, m, 2H

3 74.28 CH 4.34, m, 1H ™.5 451, m, 1H

4 38.48 CH 1.34-1.90, m, 2H 39.74 11495, m, 2H

5 141.09 Q - 140.09 -

6 122.73 CH 5.49,t, 1H 21 5.29,t, 1H

7 32.37 CH 2.36, t, 2H 32.40 2.26,t, 2H

8 38.28 CH 1.34-1.90, m, 1H 31.94 1.42-1.95, m, 1H

9 50.41 CH 1.34-1.90, m, 1H 50.37 241495, m, 1H

10 37.09 Q - 37.09 -

11 30.07 CHl 1.34-1.90, m, 2H 21.01 4241.95, m, 2H

12 31.96 CH 1.34-1.90, m, 2H 38.51 42+1.95, m, 2H

13 39.77 Q - 39.78 -

14 41.08 CH 1.34-1.90, m, 1H 41.10 1.42-1.95, m, 1H

15 32.59 CH 1.34-1.90, m, 2H 32.66 42+1.95, m, 2H

16 83.28 CH 4.63, m, 1H 583. 4.27, m, 1H

17 65.44 CH 1.34-1.90, m, 1H 65.40 1.42-1.95, m, 1H

18 57.29 CH 1.34-1.90, m, 1H 57.27 1.42-1.95, m, 1H

19 19.22 CH; 0.83-1.29, m, 3H 19.39 01724, m, 3H

20 16.79 CH; 0.83-1.29, m, 3H 16.83 1724, m, 3H

21 13.78 CH; 0.79-0.81, m, 3H 19.72 01724, m, 3H

22 90.11 CH, 3.45, s, 2H 90.72 3.30, bd, 1H

23 31.11 CH, 1.34-1.90, m, 2H 32.21 211495, m, 2H

24 28.15 CH, 1.34-1.90, m, 2H 34.48 241495, m, 2H

25 46.72 CH 1.34-1.90, m, 1H 42.00 211495, m, 1H

26 205.54 Q 9.75, 2, 1H 136.50 5.98, dd, 1H

27 1971 CH; 0.83-1.29, m, 3H 19.69 1724, m, 3H

28 21.77 CH; 2.16, s, 3H 128.64 6.22,d, 1H

29 170.91 Q - 21.77 1.99, s, 3H

30 170.85 -

1 144.83 -

2 134.05 6.54, s, 1H

3 153.63 -

4 137.61 -

5 153.63 -

6 134.05  6.54,s, 1H

3 X OCH; 60.73 3.84,s, 1H
61.26 3.84, s, 1H
57.26 3.84, s, 1H

Implied mulitiplicities of the carbons were detémed from theDEPT experiment. *Haad-3

242



v F
*¥PE Calibravicn

TH +Q1 10 MCA scans from Sampie 23 (haad181b) of asnegiwiff (Turba Spray], Centroided E

6.0:8

5.58 1

5.0a8 -

4.5e8

4,0a8 -

3.5e8

308

Intensity, cps

2.508

2028

5.0e7 -

1.
v_mm

Central Facility Sample Name: hasdlBdb
Roq. Fller asoegi.will Polarity/2can Type: Positive Q1 HE

+ Max. 6,18 cps
4 __,r..h
34

MM- 620

3012 K,.%

_ 621,

181.1 I _
27143 | i sa Lm&.A _ 657.5
1231 1492 am_k;u;? 2634, 31833202 3535 344373 54 agia sa0s. B4 el | 955 7066 mss rars

6504 '

B&A

50

_
100 150 200 250 300 350 400 450, 500 550 600 650 700 750 800

_mzame S

Warkstatian: APT

00001 IR 0040 Page 1 of 1 Analyst Veraian: 1,4.1

Fig. 4.94: ESI-MS spectrum of Haad-7a in MeOH

243



.04

(e ]
Lt
1]
[ % g}
&8
L)
£l H
b T8
Bl
30
L5
£ ]
4,04
4017
493
AFT
A
an
ame
A
A
im
Lyt
pL
Pl ]
!.H
1 Iﬂ
Ll-ﬂ
il

T
_WRE
L
A
E
B2
EL
E- o
44
.:u

3 CIMAP PROTON
mmmmmmmm PROJECT NO.: mlp-02

Curvent Data Parameters
NAME asnhand 18a.p
1

EXPNO
PROCNO 1
F2 = Aeguikition Parameters —_—
Date_ 20130121
..ﬂﬁ..—.h..ﬂ. o
spact
“ﬂﬂuﬂ-ﬂwﬁ & mum Multinucl @)
™D 658345 y £
SOLVENT Lalh ik I
N 18 N~
ns 2 1
SWH B992.8006 Hz ©
FIDRES S.13T21% Hi ©
.ﬁm AH4IBELS woc ©
RL; 154 T
DW 55.600 usoc
DE 6,00 usee .m
TE I94.0 K
17 1 DVTOO0HD wex =
T ¥
=
CHANNEL N —
NUCT IH O
el BB usee 5]
FLI 4.00 dB (o3
SFO1 I00.1318534 MHz n
0
E2 = Processi rameiers
_ sl LAy >
5F 300.1300064 MHz prd
i 3 . M...,_...ai i EM
i - 5 X .-
g % m h ‘%u%_ \ﬁ % r ! LB n.38 Hz 1u__n
- PR U R o N | LR LV, [ ! —— H 0

PC i.40

ﬂ I_m: Bl

i B R -- ..:ql...i.1..|_.1l|1._| - T

T
B0 £5 S0 4% nk_ .P.._ u.._.._ 158 10 15 10 05 ppm

1258 )g

7 pra—p——

Fig. 4.95:

244



CIMAP-CARBON
FROJECT HO. 'MLP-04

Current Data Paranetors
MNAME asaband ] ap
: 2

FHAM NG 1

F2 - Acgubition Parsmeiors
Dmie, 2oi30121
Tiwng

8.3
INSTREM t
PROBHD 5 mm Multinucl
FULFROG wpgia

™ B5836
SOLYENT TR
b b Rl >3
s 4
SWH 17945611 His
FIDRES L7440 Haz
Add 1.H2 I0E0R sy
R 3276l
BwW T s
DE b0 user
TE 1048 K
o1 2 AMMMMHMOM Ses-
dil AR IDOTHRD st
DELTA L e 8
Tix 1

N 1 smmmsesa [ HANNEL 11 —
NLUC LM
id 1150 nxec

1 L -6.00 dB

SFO¥ TAATAIOR0 MHz

e CHANNEL 2
CPDPRGE walizlo

N2 1H
PR R0 wier
P2 400 dB
LAz 2535 (B
PLIA 061 i

sFR 01312000 MHz
F2 - Processing parameicrs

s N TaR
SF TEATTIH0 Mk

wnw EM

s 8

: i B 100 iz

= L — S T B T = T E T T . I T L 1.&. 1.40
100 180 160 140 120 100 L ol 40 0 o ppm

3C NMR spectrum of Haad-7a in CDCI
245

Fig. 4.96:



CIMAP-DEPT 135
gzagan PROJECT NO. ;ILP-13
A

— 1938
— 12808
— 12277
— 196,17
— w7
—

‘Current Thata Parkmeters
NAME  ssihaad{8bp
EXPMNL =
PROCNG 1

BELTA  -S.0008159F ser
i
CHANNEL 11 se———
Lt LT 130

[ 12.50 usec
28 2500 npec
PFLY 500 d B
RFO TTEATRIVE0 MHE

- CHANNEL i
CPDFRGE waleel 6
N2 _IH
L8 685 wmec
pd ¥3.70 wsee
Sl -
PLI2 255.dB
SFOZ 30030 MHz
Fi- pRrmmEters.
51 768,
SF THABTT I MHE
WEw E
SSB
L8 _m.en Ha
o6 L]
P 10

o {3 T T T T T 54 T t . T i T T T T T T
90 i 1T L 150 140, 130 120 LRL 184 L] &0 o &l 50 48 30 e i ] P

Fig. 4.97: DEPT spectrum of Haad-7a in CRCI
246



4.8.9. Synthesis and characterisation of (B2-(Z2)-26-(3',4',5'-Trimethoxy
benzylidene)-g-yl-furost-5-en-3-acetate (Haad-7b)

Haad-7bwas formed by Wittig reaction with the same reacttwocedure as for Haad-7a.
The wittig salt used was also 3,4,5-trimethoxybdnphenylphosphonium bromide

AcO §

Haad-7b
Reagents and conditions:e) Wittig salt (3,4,5-trimethoxybenzyltriphenylpipd®nium

bromide), NaH, Toluene, Reflux 110-780) 3 hrs

Haad-7b has a low yield (79 mg, 29%) and also gayellowish oily compound. The ESI-
MS fragment ions 620.5 [M+H] 643.5 [M+Na] and 659.4 [M+K] calculated for a
molecular formula GHs¢Ogs (620) [Fig. 4.98]. ThéH NMR spectrum showed signals&at
6.28 (dd) and 6.32 (d) correspond to olefinic meghprotons at C-26 and C-28, which is a
characteristic of cis-product, while the chemidafts of aromatic protons at C-& C-6'
appeared aby 6.50 (s) [Fig. 4.99]. The proton peaks at 3.27 (adyl 4.28 (bs) were
assigned to methine protons at C-22 and C-16 résphc °*C NMR [Fig. 5.00] and
DEPT carbon resonances [Fig. 5.01] of the analogees also identical to Haad-7a
spectroscopic data except the olefinic methine gm®tat 26 and 28 positions which
distinguished cis- and trans-derivatives. The campowas also similar to aldehyde,
Haad-3 except the coupling of 3,4,5-trimethoxybéinphenyl group to the side chain of
wittig product Haad-7b [Table 4.70]. Therefore, Had was elucidated to be (®22)-
26-(3,4',5-Trimethoxybenzylidene){8yl-furost-5-en-3-acetate. The main differences in
the spectroscopic data of Haad-7b with that of Haade given below.

'H NMR (CDChk): 6.28 (t, IH, H-26), 6.32 (d, IH, H-28), 6.56, @H, H-2& H-6)

¥C NMR (CDCk): 139.38, 128.05 (C-26 & 28), 106.17 (C& C-6' of phenyl ring),
153.27 (C-3& C-5' of phenyl ring) and 133.94 (C}4Table 4.70; Figs: 4.99 - 5.01]

IR (KBR, cmi'): 2945 (C-H), 1733 (C=0), 1582 (C=C), 1243 (C-0)
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Table 4.70:  Comparison of*C and'H NMR data of Haad-3 and Haad-7b

Assignment ¥ C Muiltiplicity ~ ** H, muiltiplicity “c H

1 21.03 CH 1.34-1.90, m, 2H 28.11 1.4951.m, 2H

2 37.39 CH 1.34-1.90, m, 2H 37.36 1.4951.m, 2H

3 74.28 CH 4.34, m, 1H 7450 4.61, m, 1H

4 38.48 CH 1.34-1.90, m, 2H 39.74 1.4951.m, 2H

5 141.09 Q - 140.09 -

6 122.73 CH 5.49,t, 1H T22. 5.29,t, 1H

7 32.37 CH 2.36, t, 2H 32.40 2.26,t, 2H

8 38.28 CH 1.34-1.90, m, 1H 31.94 1.42-1.95, m, 1H

9 50.41 CH 1.34-1.90, m, 1H 50.37 1.4951 m, 1H

10 37.09 Q - 37.09 -

11 30.07 CHl 1.34-1.90, m, 2H 21.01 11495, m, 2H

12 31.96 CH 1.34-1.90, m, 2H 38.51 1495, m, 2H

13 39.77 Q - 39.78 -

14 41.08 CH 1.34-1.90, m, 1H 41.10 1.42-1.95, m, 1H

15 32.59 CH 1.34-1.90, m, 2H 32.66 1495, m, 2H

16 83.28 CH 4.63, m 1H 83.58 4.28, m, 1H

17 65.44 CH 1.34-1.90, m, 1H 65.40 1.42-1.95, m, 1H

18 57.29 CH 1.34-1.90, m, 1H 56.41 1.42-1.95, m, 1H

19 19.22 CH; 0.83-1.29, m, 3H 19.39 0.7841 m, 3H

20 16.79 CH; 0.83-1.29, m, 3H 16.83 0.7241 m, 3H

21 13.78 CH; 0.79-0.81, m, 3H 19.72 0.7841 m, 3H

22 90.11 CH, 3.45, s, 2H 90.71 3.27,bd, 1H

23 31.11 CH, 1.34-1.90, m, 2H 32.21 1.4951 m, 2H

24 28.15 CH, 1.34-1.90, m, 2H 34.48 1.4951 m, 2H

25 46.72 CH 1.34-1.90, m, 1H 42.00 1.4951 m, 1H

26 205.54 Q 9.75, 2, 1H 139.38 6.28, dd, 1H

27 19.71 CH; 0.83-1.29, m, 3H 19.69 0.7241 m, 3H

28 21.77 CH; 2.16, s, 3H 128.05 6.32,d, 1H

29 170.91 Q - 21.77 2.02,s, 3H

30 170.97 -

1 144.89 -

2 106.17 6.50, s, 1H

3 153.27 -

4 133.94 -

5 153.27 -

6 106.17  6.50, s, 1H

3 X OCH; 60.71 3.85,s, 1H
61.30 3.85, s, 1H
57.28 3.85, s, 1H

Implied mulitiplicities of the carbons were detémed from theDEPT experiment. *Haad-3
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4.8.10. Synthesis and characterisation of (BP-3p-Acetoxy-furost-5-en-26-aldoxime
(Haad-8)

Aldoxime Haad-8was also formed from the reaction of aldehyde Haadith hydroxyl

ammonium hydrochloride (N4®H.HCI) and dry pyridine in ethanol.

NOH

Re
agents and conditionsf) NH,OH.HCI, Ethanol, pyridine, reflux, 2 hrs

Haad-8 (73 mg, 70%) was obtained as a creamy vgaolie. The fragment ions 472.4
[M+H]*, 4945 [M+Na] and 510.3 [M+K] of ESI-MS gave molecular formula
CooHasNO, (471) [Fig. 5.02]. TheH NMR spectrum showed signals &t 3.29 (m) and
4.29 (m) correspond to methine protons at C-22@uid, while the signals at; 4.59 (m)
and 5.36 (s) indicated the presence of oxymethimoeop at C-3 and olefinic methine
proton at C-6 [Fig. 5.03]. The signals at 7.29 (wd} attributed to methine proton alpha to
oxime carbon at 26 positioff'C NMR [Fig. 5.04] and DEPT carbon resonances [5i§5]

of the analogue were also similar to Haad-3 datepmixthe oxime carbon at position 26
[Table 4.71]. Haad-8 was identified as [§3p3-acetoxy-furost-5-en-26-aldoxime. Some
slight differences in the spectroscopic data ofdd8and Haad-3 are given below.

'H NMR (CDCh): 7.29 (bd, 1H, 26-CH);

3C NMR (CDCk): 156.46 (C-26) [Table 4.71; Figs: 5.03 - 5.05]

IR (KBR, cmi'): 2945 (C-H), 1733 (C=0), 1582 (C=C), 1243 (C-O)
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Table 4.71:  Comparison of*C and'H NMR data of Haad-3 and Haad-8

Assignment ¥ C Muiltiplicity ~ ** H, muiltiplicity “c H

1 21.03 CH 1.34-1.90, m, 2H 28.12 11495, m, 2H
2 37.39 CH 1.34-1.90, m, 2H 37.38 11495, m, 2H
3 74.28 CH 434, m, 1H 73.32 459, m, 1H

4 38.48 CH 1.34-1.90, m, 2H 39.78 11495, m, 2H
5 141.09 Q ; 140.06 -

6 122.73 CH 5.49,t, 1H . 5.36,t, 1H

7 32.37 CH 2.36, t, 2H 32.36 2.26,t, 2H

8 38.28 CH 1.34-1.90, m, 1H 38.24 1.42-1.95, m, 1H
9 50.41 CH 1.34-1.90, m, 1H 50.39 11495, m, 1H
10 37.09 Q - 37.08 -

11 30.07 CH 1.34-1.90, m, 2H 21.03 11495, m, 2H
12 31.96 CH 1.34-1.90, m, 2H 31.95 11495, m, 2H
13 39.77 Q - 41.07 -

14 41.08 CH 1.34-1.90, m, 1H 38.47 1.42-1.95, m, 1H
15 32.59 CH 1.34-1.90, m, 2H 32.56 11495, m, 2H
16 83.28 CH 4.63, m, 1H 83.62 4.29, m, 1H
17 65.44 CH 1.34-1.90, m, 1H 65.46 1.42-1.95, m, 1H
18 57.29 CH 1.34-1.90, m, 1H 57.28 1.42-1.95, m, 1H
19 19.22 CH; 0.83-1.29, m, 3H 19.26 01784, m, 3H
20 16.79 CH; 0.83-1.29, m, 3H 16.81 01784, m, 3H
21 13.78 CH; 0.79-0.81, m, 3H 18.44 01784, m, 3H
22 90.11 CH, 3.45, s, 2H 90.39 3.29, m, 1H

23 31.11 CH, 1.34-1.90, m, 2H 31.32 11495, m, 2H
24 28.15 CH, 1.34-1.90, m, 2H 30.06 11495, m, 2H
25 46.72 CH 1.34-1.90, m, 1H 42.00 11495, m, 1H
26 205.54 Q 9.75, 2, 1H 156.46 7.29, bd, 1H
27 19.71 CH; 0.83-1.29, m, 3H 19.70 01784, m, 3H
28 21.77 CH; 2.16, s, 3H 21.78 2.01,s,3H

29 170.91 Q - 171.01 -

Implied mulitiplicities of the carbons were detémed from theDEPT experiment. *Haad-3
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4.8.11. Synthesis and characterisation of (BR3p-Acetoxy-furost-5-en-26-aldoxime
acetate (Haad-9)

Aldoxime acetate, Haad-®as also formed from acetylation of aldoxime Haadv8ich
was done using acetic anhydride and pyridine (Qleosharoeret al., 2004) in the
presence of chloroform as a solvent to yield arageaompound.

Reagents and conditionsa) AcO, chloroform, dry Byridine, RT, 5 hrs

Haad-9 (1.0 g, 92%) was obtained as a cream Sdtie.ESI-MS fragment ions 511.4 [M-
2H]" and 551.4 [M+K-H] gave molecular formula £H4/NOs (513) [Fig. 5.06]. ThéH
NMR spectrum revealed signalséat2.02 (s) correspond to methoxyl protons at C-29 an
C-30. The chemical shifts at 3.29 (bs) and 4.29Wexe attributed to oxymethine protons
at C-22 and C-16, while the signalséat4.60 (m) and 5.36 (t) indicated the presence of
oxymethine proton at C-3 and olefinic methine pino&b C-6 [Fig. 5.07]. The signal at 7.50

(d) showed the presence of methine proton of oxiareon at C-26-*C NMR [Fig. 5.08]
and DEPT spectra data [Fig. 5.09] of the analogeewalso similar to Haad-8 data except
the carbonyl moiety at positions 28 and 29 [Tabl2} Hence, Haad-9 was elucidated to
be (23)-3B-Acetoxy-furost-5-en-26-aldoxime acetate. The défeces in the spectroscopic
data of Haad-9 and that of Haad-8 are given below.

'H NMR (CDCh): 2.02 (s, 3H, H-29, C4€0O0)

3C NMR (CDCE): 26.33 (C-29), and 170.95 (C-28) [Table 4.72:sF#507 - 5.09]

IR (KBR, cni): 2934 (C-H), 1734 (C=0), 1582 (C=C), 1244 (C-0O)
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Table 4.72:  Comparison of*C and'H NMR data of Haad-8 and Haad-9

Assignment *C Muiltiplicity  ** H, muiltiplicity °c H

1 28.12 CH 1.34-1.90, m, 2H 28.14 1.42-11952H
2 37.38 CH 1.34-1.90, m, 2H 37.39 1.42-11952H
3 73.32 CH 4.34, m, 1H 74.29 4.60, m, 1H

4 39.78 CH 1.34-1.90, m, 2H 39.77 1495, m, 2H
5 141.06 Q i 40112 -

6 122.75 CH 5.49,t, 1H 122.74 5.36,t, 1H

7 32.36 CH 2.36, t, 2H 32.38 2.26,t, 2H

8 38.24 CH 1.34-1.90, m, 1H 38.28 1.424.95, m, 1H
9 50.39 CH 1.34-1.90, m, 1H 50.40 1495 m, 1H
10 37.08 Q - 37.11 -

11 21.03 CH 1.34-1.90, m, 2H 21.03 1.495]1.m, 2H
12 31.95 CH 1.34-1.90, m, 2H 31.52 1.4251.m, 2H
13 41.07 Q - 41.09 -

14 38.47 CH 1.34-1.90, m, 1H 38.49 1.421.95, m, 1H
15 32.56 CH 1.34-1.90, m, 2H 32.59 1.4251.m, 2H
16 83.62 CH 4.63, m, 1H 83.83 4.29, m, 1H
17 65.46 CH 1.34-1.90, m, 1H 65.32 1.421.95, m, 1H
18 57.28 CH 1.34-1.90, m, 1H 57.29 1.42-1.95, m, 1H
19 19.26 CHjs 0.83-1.29, m, 3H 19.20 0.7841.12, 3H
20 16.81 CHs 0.83-1.29, m, 3H 16.81 01724, m, 3H
21 18.44 CHs 0.79-0.81, m, 3H 19.91 0.7841 12, 3H
22 90.39 CH 3.45, s, 2H 90.14 3.29, bs, 1H
23 31.32 CH, 1.34-1.90, m, 2H 30.08 1.4251 19, 2H
24 30.06 CH, 1.34-1.90, m, 2H 31.96 1.4251 19, 2H
25 42.00 CH 1.34-1.90, m, 1H 38.06 1.4251 19, 1H
26 156.46 CH 7.29,d, 1H 163.46 507.d, 1H

27 19.70 CHs 0.78-1.24, m, 3H 19.72 0.7841.12, 3H
28 21.78 CHs 2.01, s, 3H 170.85 -

29 171.01 Q - 21.81 2.02, s, 3H

21.81 2.01, s, 3H
169.16 -

Implied mulitiplicities of the carbons were detened from the DEPT experiment.

*Haad-8
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4.8.12. Synthesis and characterisation of (B23p-Acetoxy-27-nor-furost-5-en-
25-ketoxime (Haad-10)

Ketoxime Haad-1Qvas also prepared from the reaction of ketone Haadth hydroxyl
ammonium hydrochloride (N4OH.HCI) and dry pyridine in the presence of ethgsame
method as for Haad-8).

Reagents and conditionst) NH,OH.HCI, Ethanol, pyridine, reflux, 2 hrs

Haad-10 (87 mg, 84%) appeared as a cream solidfripment ions 458.3 [M+H] 480.3
[M+Na]" and 496.4 [M+K] of ESI-MS correspond to a molecular formulaghisNO,
(457) [Fig. 5.10]. ThéH NMR spectrum showed signals&it 1.97 (s) and 2.03 (s) were
attributable to methoxy protons of acetate at G:2@ methyl protons of C-26 attached to
carbony of ketoxime. Chemical shifts@&t 3.33 (m) and 4.29 (m) correspond to methine
protons at C-22 and C-16, while the signalsdat4.53 (m) and 5.36 (t) showed the
presence of oxymethine proton at C-3 and olefin@hime proton at C-6 [Fig. 5.11FC
NMR [Fig. 5.12] and DEPT carbon resonances [Fifj3pof the compound were identical
to Haad-4 data except the oxime carbon at postiiTable 4.73]. Therefore, Haad-10
was identified as (49-3p-Acetoxy-27-nor-furost-5-en-25-ketoxime. The major
spectroscopic data difference between Haad-10 aadiH4 are:

'H NMR (CDCh): 2.03 (s, 3H, 26-Ckl CH3C=N-O)

3C NMR (CDCE): 21.81 (C-26 & 27) and 158.98 (C-25) [Table 4.F®s: 5.11 - 5.13]

IR (KBR, cni): 3382 (O-H), 2941 (C-H), 1721 (C=0), 1648 (C=0348 (C-O)
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Table 4.73:  Comparison of*C and'H NMR data of Haad-4 and Haad-10
Assignment  *C Muiltiplicity "IH, Muilgtiplicity  ®C H

1 21.02 CH 1.34-1.90, m, 2H 28.14 1.34-11902H
2 37.38 CH 1.34-1.90, m, 2H 37.39 1.34-11902H
3 74.28 CH 434, m, 1H 74.30 453, m, 1H

4 38.75 CH 1.34-1.90, m, 2H 39.77 1.34-11902H
5 140.12 Q ; o) -

6 122.72 CH 5.40,t, 1H 122.76 5.36,t, 1H

7 32.37 CH 2.36, t, 2H 32.38 3@ t, 2H

8 31.95 CH 1.34-1.90, m, 1H 38.20 1.34-1.90, m, 2H
9 50.38 CH 1.34-1.90, m, 1H 50.39 1.34-1.90, m, 2H
10 37.10 Q - 37.10 -

11 28.13 CH 1.34-1.90, m, 2H 21.04 1.34-11902H
12 38.48 CH 1.34-1.90, m, 2H 31.96 1.34-11902H
13 41.09 Q - 41.10 -

14 38.24 CH 1.34-1.90, m, 1H 38.48 1.34-1.90m, 2H
15 32.55 CH 1.34-1.90, m, 2H 32.59 1.34-11902H
16 83.69 CH 4.63, m, 1H 83.70 4.29, m, 1H
17 65.39 CH 1.34-1.90, m, 1H 65.49 1.34-1.90m, 2H
18 57.27 CH 1.34-1.90, m, 1H 57.29 1.34-1.90, m, 2H
19 19.01 CH; 0.83-1.29, m, 3H 19.20 0.83-11293H
20 16.80 CH; 0.83-1.29, m, 3H 16.80 0.83-11293H
21 19.71 CH; 0.83-1.29, m, 3H 19.72 0.83-11293H
22 89.53 CH 3.27,s,1H 89.70 3.33, s, 1H
23 27.44 CH, 1.34-1.90, m, 2H 30.19 1.34-18902H
24 41.28 CH, 2.51,d,2H 42.02 2.51,d, 2H
25 209.24 Q - 158.98 -

26 30.33 CH; 2.13, s, 3H 30.08 2.03, s, 3H
27 21.80 CH; 1.95, s, 3H 21.81 1.97, s, 3H
28 170.95 Q 170.97 -

Implied mulitiplicities of the carbons were deténed from the DEPT experiment.

* Haad-4

266



*PEC Callbration

Central Facilicy
Acq. File: AsHegl.wiff

Sample Hame: hazdld
Folarity/Scan Type: Posltive Q1 HS

" @ +Q1. 10 MCA scans from Sample 5 (haadd] of ASNeg. wiff (Turbo Spray), Centrorded

110e8
1.05e8
1.00e8
9.50e7
9.00e7

HON

8.50e7
8.00e7 4
7.50e7 4
7.00e7
6.50e7
60087
5.50e7 4
5.00e7 {
4.50e7 4
4.00e7 4
3560e7 4
3.00e7
25087
20087
1.60e7 4

Intensity, cps

1.0087
5,006 4

100 150

Py

O
ol

Haad-10

21

4592

& ¢mm 4

4404
662
9200

L1

2532
160 13301671, 1832 ,2130 | 4742

332
ol 63, B3

L

1496 4

: a.*_i f 6909

"~ Max 1128 cps]

——[M+H]*

MM- 457

1857474

698.4

5224 L;

5383 _

w ﬁwh
|

528 6115, 6313 6634 | ||| 7206 76257705

200 250 00 350 a00 450
Mz, amu

550 £00 850 700 750 BOD

Workatation: APII000D13R5040

Fage 1 of ]

Analyst Version: 1.4.1

Fig. 5.10: ESI-MS spectrum of Haad-10 in MeOH

267



HON

CIMAF FROTON
PROJECT NOC.: mlp-02

- T. 28T

Current Data Parameters
NAME asnhaady.p
EXPNGO 1
PROCNO 1

CDLI

n Parameters
Date 0120913
Time 4.4

n

o INSTRUM spect
- FROBID 5 mm Multinuel
PULPROG FAR]l]
M ™ #5536
@© SOLYENT cnen
- I NS 3
™ DS 2

SWH 6172839 Hz
FIDRES 0.094190 Hz
AQ 53084660 see

'H NMR spectrum of Haad-10

© RG 90.5
\ _ W $1.000 usee
DE 6.00 usec
TE 975K
« N1 100000000 sec
\ D0 1
H \ amsmms CHANNEL {1 ====o=
@) NUCT H
P1 6.65 usee
o=z PLI 400 dB ..
SFOT  300.1318534 Mz —
- —
N F2 - Processing parameters e}
| 5 sI < .
; ! | f SF o
m WoW BT
h S5B
.__ h \\3 . LB 0.30 Hz
I R Taay ey .Y I N (ST 0
= _ PC 140
|
1 mﬁ = 2 z
2 a 2 3
_17 x s_ r =
T T T T T 1 T | T T

ppm

268



170,97

[
)
1

— 158,98
140.09

89.95
89.70
83,70
77.85

L TT.A2

A

77

CIMAP-CARBON
PROJECT NO. :MLP-04

ZeRECrEESaSE N RN e 2
i s 0 0 P Do Bl L Wl Bl L W T o N B -l
WS =0 MW -l r e S 0 e .
e R R i A R R R S S o SR ot i i

LU L \ J J )

Current Data Parameters
NAME asnhaad®.p
EXPNO 1
FROCNG 1

F2 - Acquisitien Parameters
Date_ 012003

Ti 0.4
INSTREN spect
PROBHD 5 mm Multinuel
PULPROCG pEpp il

=

D H5530
SOLVENT o
NS 1024

D% 4

SWH 17985611 He
FIDRES 0.274434 Hz

AQ 1.8219508 sec
RG 31748

nw 27804} usee
DE 6.0 usec
TE MK

m LO000B00 sec
a1 Q0300000 sec
DELTA 1.RG99990Y o
1o I

======== [[HANNEIL. | ======
NUC1 13C

Pl 12,50 usee

PLI =6.{H i B

SFO1 TRATEIE0 MHz

BO00 usec
4.00 4B
25.01 UB
20,61 B

SO0, 1312000 MUz

F - Processing parameters

sl 11708
SF T5.46T7T190 MHz
wWDw EM
SSR [}
LB 100 Hz

170

T
160 150 140 130 120

LU

0 0 &0 S0 40 3 20 10 ppm

10 in CDLI

13C NMR spectrum of Haad

Fig. 5.12:

269



[efpt CIMAF-DEPT 135
PROJECT NO.:ILP-13

P}

59,08 7
G544
5728
1407

59.70
— 43
— 30
— 539
— ]l

Current Dhata Parameiers
NAME  asnhaadtp
EXPNG 2
PROCND 1

1z

4
17885611 Hi
178439 He

LE2 19504 se

16384
27800 wse
LRRTETS
944K

145, HKHHH
ZAMI0HICH ¢
DALY s
DO sec

TA LALL TR ¥
oo I

4 1750 wsee.
2500 maee
600 <IB

TEATSIV MM

(TP TEPITEPuve N | Loigad Bl
i%’(&i; o VA LA v ...,..:E...%f: : _ et L L...___._

#
1 2o N EH:

02 30013

FI - Brocessing parameters
E1 X768

5F TEATIHI M1

W[4 EM

h]

: g f T T T i T T T L in— T T B R BT S e T T T T T T AR I
O s o s L R L] sl 5 Tt 65 ol 55 50 45 Ll R 30 15 ) 15 10 5 ppm

DEPT spectrum of Haad-10 in CRCI
270

Fig. 5.13



4.8.13. Synthesis and characterisation of (B227-nor-furost-5-en-25-ketoxime-3-yl-
3p,26-diacetate (Haad-11)

Ketoxime acetate, Haad-11 was also prepared fratylation of ketoxime, Haad-10 using

the same procedure as for Haad-9.

AcO
Reagents and conditionsa) AcO, dry pyridine, Chloroform, RT, 5 hrs

Haad-11 (57 mg, 52%) was obtained as creamy wilauliel. sThe ESI-MS ions 500.4
[M+H] " and 538.3 [M+K] gave molecular formula 4H4sNOs (499) [Fig. 5.14]. ThéH
NMR signals aby 1.98 (s) and 2.03 (s) correspond to methyl pro&in§-28 and C-29.
The chemical shifts at 3.30 (m) and 4.32 (m) wenebaited to oxymethine protons at C-
22 and C-16, while the signals &t 4.60 (m) and 5.38 (t) were assigned to oxymethine
proton at C-3 and olefinic methine proton at Cfag[ 5.15]. Chemical shift at 2.16 (s)
showed the presence of methy protons at C-26 aithtth ketoxime carbon at C-25C
NMR [Fig. 5.16] and DEPT spectra data [Fig. 5.17fh@ analogue were also similar to its
ketoxime analogue, Haad-10 data except at C-28Cad@ (acetate), and also similar to
diosgenin skeleton except at C-22, and terminaiexacetates at C-25, C-27 and C-30
[Table 4.74]. Haad-11 was identified as [{E27-nor-furost-5-en-25-ketoximeB3dyl-
3B,26-diacetate. Some main spectroscopic data differe of Haad-11 and Haad-10 are
given below.

'H NMR (CDCh): 1.98 (s, 3H, H-28, C#€0O0), 2.16 (s, 3H, H-26, GEO).

3C NMR (CDCE): 21.80 (C-28), 29.89 (C-26) and 170.90 (C-27)i€ad.74; Figs: 5.15 -
5.17];

IR (KBR, cmi%): 2924 (C-H), 1735 (C=0), 1658 (C=C), 1245 (C-O)
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Table 4.74:  Comparison of*C and'H NMR data of Haad-10 and Haad-11

Assignment *C Muiltiplicity ~ "™H, Muiltiplicity *C H

1 28.14 CH 1.34-1.90, m, 2H 28.04 1.3861m, 2H

2 37.39 CH 1.34-1.90, m, 2H 37.39 1.3@61.m, 2H

3 74.30 CH 4.53, m, 1H 74.27 4.60, m, 1H

4 39.77 CH 1.34-1.90, m, 2H 39.36 1.3@91m, 2H

5 140.12 Q - 010D ;

6 122.76 CH 5.36,t, 1H 122.7 5.38,t, 1H

7 32.38 CH 2.36,t, 2H 32.37 2.36,t, 2H

8 38.20 CH 1.34-1.90, m, 1H 38.07 1.34-1.90m, 2H

9 50.39 CH 1.34-1.90, m, 1H 50.40 1.34-1.90m, 2H

10 37.10 Q - .1 -

11 28.04 CH 1.34-1.90, m, 2H 21.03 1.3801 m, 2H

12 31.96 CH 1.34-1.90, m, 2H 31.97 1.3¢61 m, 2H

13 41.10 Q - 2.1 -

14 38.48 CH 1.34-1.90, m, 1H 38.48 1.34-1.90m, 2H

15 32.59 CH 1.34-1.90, m, 2H 32.57 1.3¢61 m, 2H

16 83.70 CH 4.29, m, 1H 83.73 432, m, 1H

17 65.49 CH 1.34-1.90, m, 1H 65.46 1.34-1.90m, 2H

18 57.29 CH 1.34-1.90, m, 1H 57.28 1.34-1.90, m, 2H

19 19.20 CH; 0.83-1.29, m, 3H 19.13 0.8391.12, 3H

20 16.80 CH; 0.83-1.29, m, 3H 16.82 0.8391.12, 3H

21 19.72 CH; 0.83-1.29, m, 3H 19.72 0.8391.12, 3H

22 89.70 CH 3.30, s, 1H 89.61 3.30, m, 1H

23 30.19 CH, 1.34-1.90, m, 2H 30.08 1.3@e1.m, 2H

24 42.02 CH, 2.51,d, 2H 33.76 2.51,d, 2H

25 158.98 Q - 166.81 -

26 30.08 CH; 2.13, s, 3H 29.89 2.16, s, 3H

27 21.81 CH; 1.95,s, 3H 170.90 -

28 170.97 Q 21.80 1.98, s, 3H
21.80 2.03, s, 3H
169.26 -

Implied mulitiplicities of the carbons were detaned from the DEPT experiment.
* Haad-10
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4.8.14. Synthesis and characterisation of (B225a-Hydroxy-3p-yl-27-nor-furost-5-
en-3-acetate and (2B)-253-Hydroxy-3g-yl-27-nor-furost-5-en-3-acetate(Haad-
12a and Haad-12b)

Haad-12- and - productswere synthesised via the reduction of ketone (HBadith

sodium borohydride (NaBplin methanol at room temperature.

Reagents and conditionsg) NaBH,, MeOH, RT, 1 hr.

Haad-12. and 13 (21 mg, 21%; and 86 mg, 86%) appeared as creaysgatime and
brown solid. The ESI-MS fragment ions 445.3 [M+H}67.4 [M+Na] and 483.2 [M+K]
correspond to a molecular formulag84.0, (444) [Fig. 5.18]. TheH NMR chemical
shifts atdy 2.03 (s) and 2.30 (d) were assigned to methylopobf acetate at C-27 and
methyl protons at C-26 attached to oxymethine aarfacohol) at C-25. The proton
signals aby 3.35 (bs) and 3.80 (m) correspond to methine po&d C-22 and C-25, while
the chemical shiftdy 4.33 (bs) and 5.36 (s) showed the presence of ethine proton at
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C-16 and olefinic methine proton at C-6 [Fig. 5.18C NMR [Fig. 5.20] and DEPT
spectra [Fig. 5.21] of the analogues were identicaHaad-4 data except at hydroxyl
carbon at position 25 where both(67.91, C-25a) an@ (68.75, C-25b) products were
confirmed, while the spectroscopic data of the conmgls were also similar to diosgenin
data except at the acetate, C-22 and C*®5and *C NMR spectroscopic data of the
derivatives and ketone Haad-4 were shown in Tald&.4ence, Haad-12a & 12b were
identified as (2B)-25a-Hydroxy-33-yl-27-nor-furost-5-en-3-acetate and [3256-
hydroxy-3-yl-27-nor-furost-5-en-3-acetate.

'H NMR: 3.80 (m, 1H, H-25, alcohol)

13C NMR: 67.91 (C-26) and 68.75 (C-2% [Table 4.75; Figs: 5.19 - 5.21];

IR (KBR, cni): 3423 (O-H), 2935 (C-H), 1732 (C=0), 1245 (C-O)
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Table 4.75:  Comparison of*C and'H NMR data of Haad-4 and Haad-12andp)

Assignment *C Muiltiplicity ~ "*H, Muiltiplicity *c H

1 21.02 CH 1.34-1.90, m, 2H 28.14 11380, m, 2H
2 37.38 CH 1.34-1.90, m, 2H 37.38 11380, m, 2H
3 74.28 CH 4.34, m, 1H 74.28 457, m, 1H

4 38.75 CH 1.34-1.90, m, 2H 39.81 11380 m, 2H
5 140.12 Q ; 018 ;

6 122.72 CH 5.40,t, 1H 122.75 5.36,t, 1H

7 32.37 CH 2.36, t, 2H 32.36 2.36,t, 2H

8 31.95 CH 1.34-1.90, m, 1H 36.69 1.34-1.90m, 2H
9 50.38 CH 1.34-1.90, m, 1H 50.38 1.34-1.90m, 2H
10 37.10 Q - 37.10 -

11 28.13 CHl 1.34-1.90, m, 2H 21.03 113840, m, 2H
12 38.48 CHl 1.34-1.90, m, 2H 31.93 11340, m, 2H
13 41.09 Q - 41.10 -

14 38.24 CH 1.34-1.90, m, 1H 38.47 1.34-1.90m, 2H
15 32.55 CHl 1.34-1.90, m, 2H 32.49 113840, m, 2H
16 83.69 CH 4.63, m, 1H 83.80 433, m, 1H
17 65.39 CH 1.34-1.90, m, 1H 65.17 1.34-1.90m, 2H
18 57.27 CH 1.34-1.90, m, 1H 57.38 1.34-1.90, m, 2H
19 19.01 CH; 0.83-1.29, m, 3H 19.08 01829, m, 3H
20 16.80 CH; 0.83-1.29, m, 3H 16.80 01829, m, 3H
21 19.71 CH; 0.83-1.29, m, 3H 19.71 01829, m, 3H
22 89.53 CH 3.27,s,1H 90.60 3.35, 5, 1H
23 27.44 CH, 1.34-1.90, m, 2H 30.08 11380, m, 2H
24 41.28 CH, 2.51,d,2H 38.28 2.51,d, 2H
25 209.24 Q i 67.91¢), 68.756) 3.80, m, 1H

26 30.33 CH; 2.13,s, 3H 30.08 2.30s, 3H

27 21.80 CH; 1.95, s, 3H 21.81 2.03, s, 3H

28 170.95 Q 170.94 -

Implied mulitiplicities of the carbons were deténed from the DEPT experiment.
* Haad-4
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4.9 Synthetic modification of diosgenin (Second agtion scheme)

4.9.1. Synthesis and characterisation of (B25R)-7-0xo-spirost-5-en-p-yl-3-acetate
(Hak-1)

7-Ketone analogue, Hak-lwas prepared when diosgenin acetate (Haad-1) in

dichloromethane (DCM) reacts with chromium VI oxid€rO;) and pyridine in the

presence of (DCM) in ice bath, and later at roomgerature for 10 hrs.

21 23 24

AcO

Reagents and conditionsa) AcO, dry pyridine, Chloroform, RT, 6 hrs

b) CrGs-Pyridine-DCM system, RT, 10 hrs
Hak-1 (106 mg, 53%) was obtained as white solice EBI-MS ions 471.4 [M+H] 493.5
[M+Na]* and 509.4 [M+K] correspond to molecular formulad84,0s (470) [Fig. 5.22].
The'H NMR signals aty 0.77-1.82 (m) are similar to cluster of methyl,thyéene and
methine protons chemical shifts of diosgenin. Clramshiftséy 2.01 (s) and 4.43 (bs)
were attributed to methyl protons of acetate a8BG2d methine proton at C-3, while 3.39
(m) and 2.84 (t) were assigned to methylene pro&drns-26 and methine proton at C-8.
The proton signals &y 4.67 (bd) and 5.67 (s) correspond to methine pratoC-16 and
olefinic methine proton at C-6 respectively [Fig23]. °C NMR [Fig. 5.24] and DEPT
spectra data [Fig. 5.25] of the analogue were idahto that of diosgenin acetate except at
keto (C-7) position*H and**C NMR spectroscopic data of the derivative and Hhackre
shown in Table 4.76. Hence, Hak-1 was elucidatdaet(®P,25R)-7-0x0-spirost-5-enfi3
yl-3-acetate. The main differences in spectra datdak-1 and Haad-1 were listed below
'H NMR (CDCh): 2.01 (s, 3H, H-28, C}OO0, Acetate), 2.84 (t, 1H, H-8).
¥C NMR (CDCk): 164.46 (C-5) and 201.66 (C-7) [Table 4.76; F§&3 - 5.25];
IR (KBR, cni): 2907 (C-H), 1724 (C=0), 1709 (C=C), 1231 (C-0O)
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Table 4.76:  Comparison of*C and'H NMR data of Haad-1 and Hak-1

Assignment *C Muiltiplicity ~ "'H, Muiltiplicity “c H

1 21.74 CH 1.44-1.96, m, 2H 29.18 QtM497, m, 2H
2 37.34 CH 1.44-1.96, m, 2H 36.37 QtM497, m, 2H
3 74.26 CH 4.35, m, 1H 72.51 4.39, m, 1H

4 42.00 CH 1.44-1.96, m, 2H 40.15 U497, m, 2H
5 140.05 Q - 164.4¢ -

6 122.72 CH 5.35,t, 1H B5. 5.67,t, 1H

7 32.42 CH 2.32,t, 2H 201.6¢ -

8 31.80 CH 1.44-1.96, m, 1H 45.26 2.50,t, 2H

9 50.35 CH 1.44-1.96, m, 1H 50.04 1.40-1.97, m, 2H
10 37.10 0 - 3®.5 ;

11 32.24 CH 1.44-1.96, m, 2H 21.28 11497, m, 2H
12 29.19 CH 1.44-1.96, m, 2H 30.06 11497, m, 2H
13 40.66 Q - 4.3 -

14 40.19 CH 1.44-1.96, m, 1H 41.46 1.40-1.97, mH
15 30.66 CH 1.44-1.96, m, 2H 32.29 11497, m, 2H
16 81.16 CH 4.59, m, 1H 81.30 4.67, m, 1H
17 62.52 CH 1.44-1.96, m, 1H 62.45 1.40-1.97, m, 2H
18 56.82 CH 1.44-1.96, m, 1H 61.50 1.40-1.97, m, 2H
19 14.89 CH; 0.96-1.32, m, 3H 17.67 01932, m, 3H
20 16.64 CH; 0.96-1.32, m, 3H 16.78 01932, m, 3H
21 17.51 CH; 0.79-0.81, m, 3H 14.86 01932, m, 3H
22 109.60 Q - 109.67 -

23 32.21 CH, 1.44-1.96, m, 2H 30.68 11497, m, 2H
24 28.12 CH, 2.51,d, 2H 27.70 1.40-1.97, m, 2H
25 42.00 CH 1.44-1.96, m, 2H 38.47 11486, m, 2H
26 67.19 CH; 3.38,d, 2H 67.15 3.43,d, 2H

27 19.69 CH; 0.96-1.32, m, 3H 17.50 01932, m, 3H
28 30.07 CH; 2.01,s, 3H 21.59 2.03,s, 3H

29 170.82 Q 170.61 i

Implied mulitiplicities of the carbons were det@ned from the DEPT experiment.

* Haad-1
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4.9.2. Synthesis and characterisation of (B25R)-3 -Acetoxy-spirost-5-en-B-yl-
7-ketoxime (Hak-2)

7-Ketone (Hak-1yas transformed to 7-ketoxime, Hak-2 when Hak-Ttewith hydroxyl
ammonium hydrochloride (NMDH.HCI) and dry pyridine in the presence of ethamwla

solvent.

Hak-1

eagents and conditionsc) NH,OH.HCI, pyridine, Ethanol, 2 hrs

Hak-2 (90 mg, 90%) was obtained as brown oily ligiihe ESI-MS fragment ions 486.4
[M+H] ", 508.3 [M+Na] and 524.4 [M+K] gave molecular formulagH43sNOs (485) [Fig.
5.26]. The'H NMR signals aby 2.02 (s) and 2.82 (s) were attributed to methgtqms of
acetate at C-28 and methine proton at C-8. The dashifts atoy 3.46 (m) and 4.55 (bs)
correspond to oxymethylene and oxymethine protdr3-26 and C-3 respectively, while
the signals aby 4.65 (bd) and 6.57 (s) indicated the presencexgimethine proton at C-
16 and olefinic methine proton at C-6 [Fig. 5.2%C NMR [Fig. 5.28] and DEPT carbon
resonances [Fig. 5.29] of the compound were idahtw 7-keto derivative (Hak-1) data
except at C-7 [Table 4.77]. Therefore, the striectof Hak-2 was elucidated to be
(228,25R)-PB-Acetoxy-spirost-5-en{Byl-7-ketoxime. The difference in spectroscopicadat
of Hak-2 and Hak-1 are:

'H NMR: 2.82 (t, 1H, 8-CH), 6.57 (s, 1H, 6-CH)

3C NMR: 56.86 (C-7) [Table 4.77; Figs: 5.27-5.29];

IR (KBR, cni®): 3452 (O-H), 2932 (C-H), 1723 (C=0), 1643 (C=C311 (C-O)
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Table 4.77:  Comparison of*C and'H NMR data of Hak-1 and Hak-2

Assignment *C Muiltiplicity ~ "™H, Muiltiplicity “c H

1 29.18 CH 1.40-1.97, m, 2H 29.10 1.3961.m, 2H
2 37.37 CH 1.40-1.97, m, 2H 36.58 1.3961.m, 2H
3 72.51 CH 4.35, m, 1H 73.36 455, m, 1H

4 40.15 CH 1.40-1.97, m, 2H 39.00 1.3961m, 2H
5 164.46 Q - 151.7¢ -

6 126.85 CH 5.67,s, 1H 114.96 6.57, s, 1H

7 201.66 CHl - 156.¢6 -

8 45.26 CH 2.50,t, 1H 38.89 2.82,t, 1H

9 50.04 CH 1.40-1.97, m, 1H 49.81 1.39-1.90, m,H
10 35.55 Q i 36.67 ;

11 21.28 CH 1.40-1.97, m, 2H 20.88 1.39e1 m, 2H
12 30.06 CH 1.40-1.97, m, 2H 38.45 1.39e1 m, 2H
13 41.34 Q - 41.04 -

14 41.46 CH 1.40-1.97, m, 1H 41.97 1.39-1.90, m,A
15 32.29 CH 1.40-1.97, m, 2H 34.89 1.3961.m, 2H
16 81.30 CH 4.67, m, 1H 81.26 4.65, m, 1H
17 62.45 CH 1.40-1.97, m, 1H 61.01 1.39-1.90m, 2H
18 61.50 CH 1.40-1.97, m, 1H 50.24 1.39-1.90, m, 2H
19 17.67 CH; 0.93-1.22, m, 3H 18.29 0.786113, 3H
20 16.78 CH; 0.93-1.22, m, 3H 16.78 0.786113, 3H
21 14.86 CH; 0.93-1.22, m, 3H 14.86 0.786113, 3H
22 109.67 Q - 109.96 -

23 30.68 CH, 1.40-1.97, m, 2H 30.67 1.39a1.m, 2H
24 27.70 CH, 1.40-1.97, m, 2H 27.87 1.39a1.m, 2H
25 38.47 CH 1.40-1.97, m, 2H 30.67 1.39a1.m, 2H
26 67.15 CH; 3.43,d, 2H 67.13 3.46,d, H

27 17.50 CH; 0.93-1.22, m, 3H 19.81 0.7861.m, 3H
28 21.59 CH; 2.03, s, 3H 21.68 2.02, s, 3H

29 170.61 Q 170.69 -

Implied mulitiplicities of the carbons were detenad from the DEPT experiment.
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4.9.3. Synthesis and characterisation of (P25R)-3-Acetoxy-spirost-5-en-3B-yl-7-
(ethyl-2'-acetate)-ketoxime (Hak-3)

Several new 7-oxime esters of diosgenin were pegp&om the reaction of Hak-2 with
iodo/bromoester chains and benzy bromide usingspatan carbonate @Os) in dried
acetone. The new analogues prepared included Hdri34, Hak-5, Hak-6, Hak-7, Hak-8
and Hak-9.

Hak-2

Reagen
ts and conditions:d) K,CO;, dried Acetone, Ethyl-2-iodoethanoate, reflux at
80 - 100C, 2hrs

Hak-3 (82 mg, 82%) was obtained as white crystasltfng point 143 - 14&). The ESI-
MS fragment ions 572.3 [M+H] 594.4 [M+Na] confirm the molecular formula
Ca3sHagNO; (571). The'H NMR signals aby 2.03 (s) and 2.51 (t) were assigned to methyl
protons of acetate at C-28 and methine proton &f €hemical shifts aiy 3.36 (m, 2H,
OCH,) and 4.24 (d, 2H, OCHn 2-CH,) correspond to oxymethylene protons of ester and
C-2 respectively, while the signals &t 3.45 (m) and 4.43 (bs) indicated the presence of
oxymethylene protons at C-26 and oxymethine pretbf-3 [Fig. 5.30]*C NMR [Fig.
5.31] and DEPT carbon resonances [Fig. 5.32] of dbmpound were similar to 7-
ketoxime, Hak-2. The changes were signalk:at57.70 (C-7), 60.86 (OGHbf ester) and
61.51 (C-2, ester chain [Table 4.78]. Hence, the structdrklak-3 was elucidated to be
(22B,25R)-P-Acetoxy-spirost-5-en{8yl-7-(ethyl-2-acetate)-ketoxime.The spectroscopic
data below highlight the difference between Hak:@ Blak-2

'H NMR (CDCk): 3.36 (m, 2H, OChlof ester), 4.24 (d, 2H, OGH2-CH,)

13C NMR (CDCE): 60.86 (OCH of ester), 61.51 (CRand 170.69 (ester) [Table 4.77;
Figs: 5.30 -5.32]; IR (KBR, cif): 2931 (C-H), 1723 (C=0), 1643 (C=C), 1341 (C-O)
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Table 4.78:  Comparison ot°C and'H NMR data of Hak-2 and Hak-3

Assignment *C Muiltiplicity "IH, Muiltiplicity “c H

1 29.10 CH 1.39-1.90, m, 2H 29.21 1.391 19, 2H
2 36.58 CH 1.39-1.90, m, 2H 37.57 1.3991 19, 2H
3 73.36 CH 455 m, 1H 73.20 4.43, m, 1H

4 39.00 CH 1.39-1.90, m, 2H 39.11 1.391 19, 2H
5 151.75 Q - 583 -

6 114.96 CH 6.57, s, 1H 114.48 6.54, s, 1H

7 156.86 CH . 157.70 ;

8 38.89 CH 2.82,t, 1H 38.81 251,t, 1H

9 49.81 CH 1.39-1.90, m, 1H 49.85 1.39-1.90, m, 1H
10 36.67 Q - 36.61 -

11 20.88 CH 1.39-1.90, m, 2H 20.94 1.391 19, 2H
12 38.45 CH 1.39-1.90, m, 2H 38.42 1.3991®, 2H
13 41.04 Q - 41.11 -

14 41.97 CH 1.39-1.90, m, 1H 41.96 1.39-1.90, m,H
15 34.89 CH 1.39-1.90, m, 2H 34.92 1.391 19, 2H
16 81.26 CH 4.66, m, 1H 81.08 4.56, m, 1H
17 61.01 CH 1.39-1.90, m, 1H 61.13 1.39-1.90, m, 1H
18 50.24 CH 1.39-1.90, m, 1H 50.50 1.39-1.90, m, 1H
19 18.29 CH; 0.78-1.36, m, 3H 18.28 0.78-11363H
20 16.78 CH; 0.78-1.36, m, 3H 16.78 0.78-118363H
21 14.86 CH; 0.78-1.36, m, 3H 14.86 0.78-11363H
22 109.96 Q - 109.58 -

23 30.67 CH, 1.39-1.90, m, 2H 30.70 1.39-11902H
24 27.87 CH, 1.39-1.90, m, 2H 27.82 1.39-11902H
25 30.67 CH 1.39-1.90, m, 2H 30.07 1.39-11902H
26 67.13 CH; 3.46,d, 2H 67.18 3.45,d, 2H
27 19.81 CH; 0.78-1.36, m, 3H 17.47 0.7861.13, 3H
28 21.68 CH; 2.03, s, 3H 21.68 2.03, s, 3H
29 170.69 Q 170.66 -

1', ester 170.66 -

2 61.51 4.24,d, 2H
OCH; of ester 60.86 3.36, m, 2H

Implied mulitiplicities of the carbons were deten@d from the DEPT experimerit Hak-2
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4.9.4. Synthesis and characterisation of (P25R)-3P-Acetoxy-spirost-5-en-3B-yl-7-
(ethyl-3'-propanoate)-ketoxime (Hak-4)

Hak-4 was also prepared by using the same methtat &&ak-3. The ester chain used was

ethyl-3-bromopropanoate.

Hak-2

Hak-4

Reagents and conditionse) K,CO;, dried Acetone, Ethyl-3-bromopropanoate, reflux at
80 - 100C, 2 hrs

Hak-4 (90 mg, 90%) is a creamy white crystallindsmelting point 139 - 14C). The
ESI-MS fragmentation peaks at 586 [M+HJ08 [M+Na], 625 [M+K+H]" gave molecular
formula GuHs:NO; (585) [Fig. 5.33]. The'H NMR signals aty 2.01 (s) and 2.41 (1)
correspond to methyl protons of acetate and ested,methine proton at C-8, while the
proton signals ady 3.34 (m, 2H, OCK) and 4.15 (m, 2H, OCHi showed the presence of
oxymethylene protons of ester and oxime at'GeSpectively. Methylene and methine
protons of oxygenated carbons at C-26 and C-3 apgeat oy 3.42 (d) and 4.20 (m)
respectively [Fig. 5.34]*C NMR spectrum [Fig. 5.35] revealed thirty four toam
resonances and the carbons were sorted by DEPTradéqy. 5.36] into six methyl,
twelve methylene, nine methine and seven quartenzaybon resonances. The
spectroscopic data of Hak-4 were also identic#ist@-keto derivative except the coupling
of ester chain at position 3{36.55 (C-2), 61.57 (OCH of ester), 61.57 (CBand 173.31
(C-1, ester)]. The®C and'H NMR data of Hak-4and Hak-2 were shown ifiable 4.79.
Therefore, the structure of Hak-4 was confirmetaq23,25R)-3-Acetoxy-spirost-5-en-
3B-yl-7-(ethyl-3-propanoate)-ketoxime.
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Table 4.79:  Comparison ot°C and'H NMR data of Hak-2 and Hak-4

Assignment  *C Muiltiplicity ~ "H, Muiltiplicity *c H

1 29.10 CH 1.39-1.90, m, 2H 29.21 .39:1.86, m, 2H
2 36.58 CH 1.39-1.90, m, 2H 37.57 .391.86, m, 2H
3 73.36 CH 455 m, 1H 73.24 4.20, m, 1H

4 39.00 CH 1.39-1.90, m, 2H 38.09 .391.86, m, 2H
5 151.75 Q - 153.08 -

6 114.96 CH 6.57, s, 1H 411 6.52, s, 1H

7 156.86 CH - 156.90 -

8 38.89 CH 2.82,t, 1H .88 2.41,t 1H

9 49.81 CH 1.39-1.90, m, 1H 49.92 1.39-1.86, mH
10 36.67 Q - 36.61 -

11 20.88 CH 1.39-1.90, m, 2H 20.91 1.39-1.86, m, 2H
12 38.45 CH 1.39-1.90, m, 2H 38.40 1.39-1.86, m, 2H
13 41.04 Q - 40.02 -

14 41.97 CH 1.39-1.90, m, 1H 41.92 1.39-1.86, mH
15 34.89 CH 1.39-1.90, m, 2H 34.76 1.39-1.86, m, 2H
16 81.26 CH 4.66, m, 1H .31 4.56, m, 1H
17 61.01 CH 1.39-1.90, m, 1H 60.03 1.39-1.86, mH
18 50.24 CH 1.39-1.90, m, 1H 50.92 1.39-1.86, m, 1H
19 18.29 CH; 0.78-1.36, m, 3H 18.26 .7431.33, m, 3H
20 16.78 CH; 0.78-1.36, m, 3H 16.95 .741.33, m, 3H
21 14.86 CH; 0.78-1.36, m, 3H 14.69 .7431.33, m, 3H
22 109.96 Q - 109.48 -

23 30.67 CH, 1.39-1.90, m, 2H 34.98 .39:1.86, m, 2H
24 27.87 CH, 1.39-1.90, m, 2H 27.81 .39t1.86, m, 2H
25 30.67 CH 1.39-1.86, m, 2H 30.67 .39:1.86, m, 2H
26 67.13 CH; 3.46,d, 2H 67.13 3.42,d,H

27 19.81 CH; 0.78-1.36, m, 3H 17.50 .741.33, m, 3H
28 21.68 CH; 2.03, s, 3H 21.64 2.01, s, 3H

29 170.69 Q 170.91 -

1', ester 173.31 -

2 36.55 1.18-2.41, m, 2H
3 61.57 4.15,d, 2H
OCHZOf ester 61.57 334, m, 2H

Implied mulitiplicities of the carbons were deten@d from the DEPT experimerit Hak-2

302



Central Institute of Medicinal and Aromatic Plants

AMALYTICAL TEST REPORT

{Analytical Chemistry Division)
Lucknow=226015

Sample Information for Direct Mass Analysis of lsclates’synthetic molecule

Sample Code | ASH-HAK-S )
Solubility : MeOH Project Code: MLP-02
Name of the Scientist ; Dr.A S Negi Mass Range: 100-800

Mass chromatogram

L
1:[;, ?"\mﬁhﬂa______l =4

UN-Spectra

ESI+

et 100,000
20
i

20

[Mrer+H]

ESI-
T 00 20000
() --\""-\..__\_\-
Al T [Meia]
A0 [M"‘I"-]
—
20 e
o
E*
o
P RILEL :ﬂapw w0 4?’1‘ sy P .| L it
0 e = i a0 Py in
File PatheD\Direct Mass reports Aug 200 0ASHHAK:S doc
Oct 14, 2013 [, Karuna Shanker]

Fig. 5.33 Mass spectrum of Hak-4 in MeOH

303



Hak-4

il

Current Data Parameters
ANAME asnhakS.p
« EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20130719

Time 16,16
INSTRI'M spect
PROBHD 5 mm Multinuel
PULPROG 230

L)) 65536
SOLVENT D13
NS 16

DS 2

SWH 6172.839 Hz
FIDRES  0.094190 Hz
AQ 5.3084660 sec

RG 453
DW 81.000 usec
DE 6.00 usec
TE 300.6 K
DI 1.00000000 sce
™o 1
=== CHANNEL {| ========
IH

6.78 usec

PL1 4.00 dB

SFOT  300.1318534 MUy

F2 - Processing parameters
| 32768

SF 300.1300060 MHz
WDwW EM

SSB 0

LB 0.30 Hz

GB 0

PC 140

CDhe¢l

n

4

'H NMR spectrum of Hak

Fig. 5.34

304



W 15,04

s

20 0 ppm

PROJECT NO.
bl e = N e -
SANTEMNS =23
SEEEE S 7 g
A=msa 22
|

CIMAP-CARBON

1

_.&,_
EXPNO 2
PROCNO 1

Parameters
719

INSTRUM
PROBHD 3§
PULPROG

'n (5330
SOLVENT e
NS 230

DS 4

SWH 17983.611 He
FIDRES 0274439 Hz

13C
Pl 12.60 usee
PLI
SFO1
sems==s= CHANNEL f2 ========
CPDPRG2 waltzlo
NUC2 IH
PCPD2 80.00 usec
PL2 400 dB
PLI2 2544 dB
"L13 29.61 dB

SEO 3001312000 MH;

F2- Processing P

meters

Sl 32708

i, SF 754677190 MHz
WDhW EM
SsB

LB

CD¢l

In

4

C NMR spectrum of Hak-

Fig. 5.35

305



114.74

114.46

CIMAP-DEPT 135
PROJECT NO

fon Parameters
Date_ 20130719

3 16.46
INSTRUM spec
PROBID 5 mm M
PULPROG depti3s
™ 63336
SOLVENT D
h

1 Hz
0.274439 Hz
AQ 1.8219508 sec
RG 16384
[1\8 27,800 usec
DE 6.00 usec
TE MK

CNSTL 145.0000000
Dl 2.00000000 sec
0.00344828 sec «
.00602000 see

e A ™ R s ... ;
|
1

g parameters

31768
3 754677190 MHz

‘ WO EM

SSB 0

LB 100 Hy

GB 0

P 140

T T T S T T T T T 1 T T T T T f N
2100 15 110 05 100 9% %0 K5 80 7R 70 65 o A3 S0 48 40 3 M BN

CDLI

n

DEPT spectrum of Hak-4 i

Fig. 5.36

306



4.9.5. Synthesis and characterisation of (B25R)-3-Acetoxy-spirost-5-en-3-yl-7-
(ethyl-4'-butyrate)-ketoxime (Hak-5)

Hak-5 was also prepared by using long ester chatimyl-4-bromobutyrate.The same

method was employed as for Hak-3.

Hak-2

Hak-5
Reagents and conditionsf) K,CO;s, dried Acetone, Ethyl-4-bromobutyrate, reflux at
80 - 106C, 3 hrs

Hak-5 (82 mg, 82%) was obtained as a white crys&abolid which has a melting point of
145 - 148C. The ESI-MS fragment ions at 242, 599 [Mp23 [M+Na+H], 640
[M+K+2H]* confirm the molecular formula $6HsaNO; (599) [Fig. 5.37]. ThéH NMR
chemical shifts aéy 0.78-1.13 and 2.03 (s) are characteristics of languethyl protons,
and methyl protons of acetate and esters, whileptio¢gon signals aéy 3.34 (m, 2H,
OCH,) and 4.05 (m, 2H, OCH indicated the presence of oxymethylene protongstér
and oxime at C-4respectively. Methine proton at C-16 appeared.@4 4bd), while the
proton signals aiy 3.45 (d) and 4.14 (m) were assigned to methyleengethine protons
of oxygenated carbons at C-26 and C-3 respectfdy 5.38].°C NMR spectrum [Fig.
5.39] revealed thirty five carbon resonances whighre sorted by DEPT spectra [Fig.
5.40] into six methyl, thirteen methylene, nine hie¢ and seven quartenary carbon
resonances. The spectroscopic data of Hak-5 weréasito spirostene skeleton except at
position 7 where the condensation of ester chai@- occurred dc 25.23 (C-3, 31.85
(C-2), 61.56 (OCH of ester), 61.56 (Cijand 173.31 (C!lester)]. Thé*C and'H NMR
data of Hak-5and Hak-2 were shown ifiable 4.80. The spectroscopic data of Hak-5,
compared with its 7-ketoxime analogue led to stmadt elucidation of Hak-5 to be
(228,25R)-3PB-Acetoxy-spirost-5-en{Byl-7-(ethyl-4-butyrate)-ketoxime.
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Table 4.80: Comparison of*C and'H NMR data of Hak-2 and Hak-5

Assignment *C Muiltiplicity "IH, Muiltiplicity “c H

1 29.10 CH 1.39-1.90, m, 2H 29.23 1.41-11872H
2 36.58 CH 1.39-1.90, m, 2H 37.61 1.41-11872H
3 73.36 CH 455 m, 1H 73.30 4.14, m, 1H

4 39.00 CH 1.39-1.90, m, 2H 39.17 1.41-11872H
5 151.75 0 ; 8. ;

6 114.96 CH 6.57, s, 1H 114.51 6.45, s, 1H

7 156.86 CH - 156.90 -

8 38.89 CH 2.82,t, 1H 38.80 2.40,t, 1H

9 49.81 CH 1.39-1.90, m, 1H 49.97 1.41-1.87,m, 1H
10 36.67 Q - 36.67 -

11 20.88 CHl 1.39-1.90, m, 2H 20.91 1.41-11872H
12 38.45 CH 1.39-1.90, m, 2H 38.46 1.41-11872H
13 41.04 Q - 41.12 -

14 41.97 CH 1.39-1.90, m, 1H 4199 1.41-1.87, mH
15 34.89 CH 1.39-1.90, m, 2H 35.04 1.41-11872H
16 81.26 CH 4.66, m, 1H 81.14 4.64, m 1H
17 61.01 CH 1.39-1.90, m, 1H 60.69 1.41-1.87, m, 1H
18 50.24 CH 1.39-1.90, m, 1H 50.63 1.41-1.87, m, 1H
19 18.29 CH; 0.78-1.36, m, 3H 18.33 0.78-11363H
20 16.78 CH; 0.78-1.36, m, 3H 16.95 0.78-11363H
21 14.86 CH; 0.78-1.36, m, 3H 14.69 0.78-11863H
22 109.96 Q - 109.48 -

23 30.67 CH, 1.39-1.90, m, 2H 35.04 1.41-1@72H
24 27.87 CH, 1.39-1.90, m, 2H 27.85 1.41-1872H
25 30.67 CH 1.39-1.90, m, 2H 31.43 1.41-1@72H
26 67.13 CH; 3.46,d, 2H 67.20 45.d, 2H

27 19.81 CH; 0.78-1.36, m, 3H 17.50 0.78-11363H
28 21.68 CH; 2.03, s, 3H 21.67 03, 3H

29 170.69 Q 170.91 -

1', ester 173.31

2 3185 1.18-2.40, m, 2H
3 25.23 1.18-2.40, m, 2H
2 61.56  4.05, d, 2H
OCH, of ester 61.56 3.34, m, 2H

Implied mulitiplicities of the carbons were deten@d from the DEPT experimerit Hak-2
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4.9.6. Synthesis and characterisation of (B25R)-3-Acetoxy-spirost-5-en-3-yl-7-
(ethyl-5'-pentanoate)-ketoxime (Hak-6)

Hak-6 was also obtained in the presence of ethylebropentanoate as the ester chain.
The same method was used as for Hak-3.

Hak-2 Hak-6 R

eagents and conditionsg) K,COs,dried Acetone, Ethyl-5-bromopentanoate, reflux at
80 - 106C, 3 hrs

Hak-6 (92 mg, 92%) yielded a white crystalline dolimelting point 198 - 20C). The
ESI-MS fragment ions at 566 [M-2Na-Hp67 [M-2Na], 636 [M+Na], 660 [M+2Na+H]
gave molecular formula 4HssNO; (613) [Fig. 5.41]. ThéH NMR signals aby 2.02 (s)
and 2.44 (t) indicated the presence of methyl protof acetate and esters, and methine
proton at C-8, while the proton signalségt3.41 (m, 2H, OCH and 4.06 (m, 2H, OCHi
correspond to the presence of oxymethylene praibester and oxime at C-3ethylene
and methine protons of oxygenated carbons at GA6Ca3 also appeared & 3.46 (d)
and 4.46 (m) respectively [Fig. 5.42JC NMR experiment [Fig. 5.43] revealed thirty six
carbon resonances. The carbons were sorted by BEETrum [Fig. 5.44] into six methyl,
fourteen methylene, nine methine and seven quastezs@bon resonances. The spectra
data of Hak-6 were similar to Hak-2 except the @nsétion of ester chain at position 7
[6c29.12 (C-3, 31.75 (C-3, 32.01 (C-9, 60.76 (OCH of ester), 61.16 (Cpand 171.54
(C-1, ester)]. Theé”C and*H NMR data of Hak-Gand Hak-2 were shown ifiable 4.81.
Hence, the structure of Hak-6 was elucidated t(2Bg,25R)-P-Acetoxy-spirost-5-en{3
yl-7-(ethyl-53-pentanoate)-ketoxime.
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Table 4.81: Comparison of*C and'H NMR data of Hak-2 and Hak-6

Assignment *C Muiltiplicity ~ "*H, Muiltiplicity “c H

1 29.10 CH 1.39-1.90, m, 2H 29.12 1.39%118, 2H
2 36.58 CH 1.39-1.90, m, 2H 37.57 1.396118, 2H
3 73.36 CH 455 m, 1H 73.35 4.46, m, 1H
4 39.00 CH 1.39-1.90, m, 2H 39.02 1.396118, 2H
5 151.75 0 ; e ;

6 114.96 CH 6.57, s, 1H 114.08 6.52, s, 1H

7 156.86 CH - 156.99 -

8 38.89 CH 2.82,t, 1H 38.87 2.44,t, 1H

9 49.81 CH 1.39-1.90, m, 1H 49.85 1.39-1.86, m,H
10 36.67 Q - 36.67 -

11 20.88 CHl 1.39-1.90, m, 2H 20.88 1.3%1 1@, 2H
12 38.45 CH 1.39-1.90, m, 2H 38.45 1.39611®, 2H
13 41.04 Q - 41.04 -

14 41.97 CH 1.39-1.90, m, 1H 41.96 1.39-1.86, m,H
15 34.89 CH 1.39-1.90, m, 2H 34.88 1.39611®, 2H
16 81.26 CH 4.66, m, 1H 81.22 4.56, m, 1H
17 61.01 CH 1.39-1.90, m, 1H 60.76 1.39-1.86, m,H
18 50.24 CH 1.39-1.90, m, 1H 50.30 1.39-1.86, m, 1H
19 18.29 CH; 0.78-1.36, m, 3H 18.28 0.74-11333H
20 16.78 CH; 0.78-1.36, m, 3H 16.78 0.74-11833H
21 14.86 CH; 0.78-1.36, m, 3H 14.86 0.74-11333H
22 109.96 Q - 109.84 -

23 30.67 CH, 1.39-1.90, m, 2H 30.66 1.39-1186 2H
24 27.87 CH, 1.39-1.90, m, 2H 27.85 1.39-1186 2H
25 30.67 CH 1.39-1.90, m, 2H 30.00 1.39-11902H
26 67.13 CH; 3.46, d, 2H 67.13 3.46,d, H

27 19.81 CH; 0.78-1.36, m, 3H 17.47 0.743113, 3H
28 21.68 CH; 2.03, s, 3H 21.65 2.02,s,3H

29 170.69 Q 170.67 -

1', ester 171.54

2 3201 1.17-2.40, m, 2H
3 29.12 1.17-2.40, m, 2H
4 31.75 1.17-2.40, m, 2H
5 61.16 4.06, d, 2H
OCH,of ester 61.57 3.41, m 2H

Implied mulitiplicities of the carbons were deten@d from the DEPT experimerit Hak-2
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4.9.7. Synthesis and characterisation of (P25R)-3P-Acetoxy-spirost-5-en-3B-yl-7-
(ethyl-6'-hexanoate)-ketoxime (Hak-7)

Hak-7 was obtained using the same procedure addk+3, but ethyl-6-bromohexanoate
was employed as bromoester chain.

Hak-2 Hak-7 R

eagents and conditionsh) K,COgs,dried Acetone, Ethyl-6-bromohexanoate, reflux at
80 -100C, 4 hrs

Hak-7 (90 mg, 90%) was a creamy white crystalliokds It has a melting point of

87 - 90C. The ESI-MS fragmentation peaks at 509 [M-3K:H§87 [M+K+Na-2HT
calculated for a molecular formulas®Es;NO; (627) [Fig. 5.45]. ThéH NMR chemical
shifts atéy 2.02 (s) and 2.59 (t) were attributed to methgltpns of acetate and esters, and
methine proton at C-8, while the signalséat3.35 (m, 2H, OCEH and 4.04 (m, 2H,
OCH,) correspond to oxymethylene protons of ester axidh® at C-6 respectively.
Oxymethylene protons at C-26 and oxymethine pretoG-3 appeared &t 3.43 (m) and
4.41 (bs) respectively [Fig. 5.461°C NMR spectrum [Fig. 5.47] revealed thirty seven
carbon resonances. These carbons were sorted by Bferiment [Fig. 5.48] into six
methyl, fifteen methylene, nine methine and seveartgnary carbon resonances. NMR
spectroscopic data of the compound were identc@tketo diosgenin acetate data except
the coupling of long ester chain at positionéé 29.44(C-4), 31.67 (C-5, 32.01 (C-3,
32.10 (C-9), 171.80 (C-1 ester), 60.84 (OCtbf ester) and 61.15 (C)p The*C and*H
NMR data of Hak-7and Hak-2 were shown ifiable 4.82. Therefore, the structure of Hak-
4 was confirmed to be (B25R)-PB-Acetoxy-spirost-5-en{8yl-7-(ethyl-6-hexanoate)-

ketoxime.

319



Table 4.82:  Comparison of*C and'H NMR data of Hak-2 and Hak-7

Assignment *C Muiltiplicity ~ "*H, Muiltiplicity “c H

1 29.10 CH 1.39-1.90, m, 2H 29.05 1.39%61®, 2H

2 36.58 CH 1.39-1.90, m, 2H 37.62 1.3961.8, 2H

3 73.36 CH 455 m, 1H 73.40 441, m, 1H

4 39.00 CH 1.39-1.90, m, 2H 38.95 1.3961.8, 2H

5 151.75 Q ; 637 ;

6 114.96 CH 6.57, s, 1H 163.70 6.52, s, 1H

7 156.86 CH - 157.16 -

8 38.89 CH 2.82,t, 1H 38.88 2.59,t, 1H

9 49.81 CH 1.39-1.90, m, 1H 49.88 1.39-1.86, m, 1H
10 36.67 Q - 36.61 -

11 20.88 CH 1.39-1.90, m, 2H 20.94 1.3861.m, 2H
12 38.45 CH 1.39-1.90, m, 2H 38.40 1.3%61.m, 2H
13 41.04 Q - 40.96 -

14 41.97 CH 1.39-1.90, m, 1H 41.89 1.39-1.86, m,HA
15 34.89 CH 1.39-1.90, m, 2H 34.62 1.3%61l.m, 2H
16 81.26 CH 4.66, m, 1H 81.08 4.56, m, 1H

17 61.01 CH 1.39-1.90, m, 1H 60.84 1.39-1.86, m,H
18 50.24 CH 1.39-1.90, m, 1H 54,12 1.39-1.86, m, 1H
19 18.29 CH; 0.78-1.36, m, 3H 18.28 0.743113, 3H
20 16.78 CH; 0.78-1.36, m, 3H 16.78 0.74313, 3H
21 14.86 CH; 0.78-1.36, m, 3H 14.86 0.743113, 3H
22 109.96 Q - 109.89 -

23 30.67 CH, 1.39-1.90, m, 2H 30.57 1.396118, 2H
24 27.87 CH, 1.39-1.90, m, 2H 27.76 1.3%1 @&, 2H
25 30.67 CH 1.39-1.90, m, 2H 30.00 1.396118, 2H
26 67.13 CH; 3.46,d, 2H 67.11 3.43,d, 2H

27 19.81 CH; 0.78-1.36, m, 3H 17.47 0.74313, 3H
28 21.68 CH; 2.03, s, 3H 21.68 2.02, s, 3H

29 170.69 Q 170.91 -

1', ester 170.66 -

2 32.10 1.17-2.40, m, 2H
3 32.01 1.17-2.40, m, 2H
4 29.44 1.17-2.40, m, 2H
5 31.67 1.17-2.40, m, 2H
e 61.15 4.04, m, 2H
OCH; of ester 60.84 3.35, m, 2H

Implied mulitiplicities of the carbons were deten@d from the DEPT experimerit Hak-2
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4.9.8. Synthesis and characterisation of (P25R)-3-Acetoxy-spirost-5-en-3B-yl-7-
(ethyl-7'-heptanoate)-ketoxime (Hak-8).

The ester chain used for the preparation oHak-8 was ethyl-7-
bromoheptanoate.

Hak-2 Hak-8

Reagents and conditionsn) K,CQO;, dried Acetone, Ethyl-7-bromoheptanoate, reflux at
80 - 106C, 4 hrs

Hak-8 (82 mg, 82%) was obtained as white crystliolid (melting point 115 - 118).
The ESI-MS fragment ions at 577 [M-K-Nap85 [M+2Na], 740 [M+2K+Na] gave
molecular formula GHseNO7 (639) [Fig. 5.49]. ThéH NMR chemical shifts ady 0.78-
1.41 and 1.90 (s) are characteristics of angulathyherotons, and methyl protons of
esters, while the signals &t 3.38 (m, 2H, OCH and 4.05 (m, 2H, OCHi revealed the
presence of oxymethylene protons of ester and o®in@& 7 respectively. Methine protons
at C-16 and C-6 appeared at 4.45 (m) and 6.45v(8le the peaks ay 3.40 (d) and 4.12
(bs) correspond to methylene and methine protomscggenated carbons at C-26 and C-3
respectively [Fig. 5.50]**C NMR spectrum [Fig. 5.51] revealed thirty eightrhmn
resonances. The multiplicities of the carbons vefi@ved by DEPT spectrum [Fig. 5.52].
They are: six methyl, sixteen methylene, nine nmethand seven quartenary carbon
resonances. The spectra data of Hak-8 were alstasito spirostene skeleton of its 7-
ketoxime derivative except the coupling of a lostee chain at position 3§28.17 (C-5,
28.85 (C-4, 29.72 (C-6, 31.80 (C-3, 35.24 (C-9, 60.62 (OCH of ester), 64.68 (Cy
and 173.31 (C'lester)]. The”C and'H NMR data of Hak-8 and Hak-2 were shown in
Table 4.83. The spectroscopic data of Hak-8, coetpaiith its 7-ketoxime analogue,
Hak-2 led to characterization of Hak-8 to be {2BR)-3P-Acetoxy-spirost-5-en{Byl-7-

(ethyl-7-heptanoate)-ketoxime.
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Table 4.83:  Comparison of*C and'H NMR data of Hak-2 and Hak-8

Assignment *C Muiltiplicity ~ "*H, Muiltiplicity *c H

1 29.10 CH 1.39-1.90, m, 2H 29.12 1.4881m, 2H

2 36.58 CH 1.39-1.90, m, 2H 37.04 1.4881 m,2H

3 73.36 CH 455 m, 1H 73.30 4,12, m, 1H

4 39.00 CH 1.39-1.90, m, 2H 39.35 1.4881m, 2H

5 151.75 Q - 2148 -

6 114.96 CH 6.57, s, 1H 112.02 6.45, s, 1H

7 156.86 CH - 156.90 -

8 38.89 CH 2.82,t, 1H 38.80 2.40,t, 1H

9 49.81 CH 1.39-1.90, m, 1H 51.41 1.45-1.88, m,H

10 36.67 Q - 36.67 -

11 20.88 CH 1.39-1.90, m, 2H 20.91 1.4881.m, 2H

12 38.45 CH 1.39-1.90, m, 2H 38.46 1.4881.m, 2H

13 41.04 Q - 41.56 -

14 41.97 CH 1.39-1.90, m, 1H 42.00 1.45-1.88, m,H

15 34.89 CH 1.39-1.90, m, 2H 34.07 1.4881.m, 2H

16 81.26 CH 4.66, m, 1H 81.23 445 m, 1H

17 61.01 CH 1.39-1.90, m, 1H 60.62 1.45-1.88, m,H

18 50.24 CH 1.39-1.90, m, 1H 5141 1.45-1.88, m, 1H

19 18.29 CH; 0.78-1.36, m, 3H 18.33 0.7811.m, 3H

20 16.78 CH; 0.78-1.36, m, 3H 16.95 0.7811 14, 3H

21 14.86 CH; 0.78-1.36, m, 3H 14.69 0.7811.m, 3H

22 109.96 Q - 109.70 -

23 30.67 CH, 1.39-1.90, m, 2H 25.14 1.4581 @&, 2H

24 27.87 CH, 1.39-1.90, m, 2H 26.09 1.4581.8, 2H

25 30.67 CH 1.39-1.90, m, 2H 30.70 1.45-11882H

26 67.13 CH; 3.46,d, 2H 67.18 3.40,d, X

27 19.81 CH; 0.78-1.36, m, 3H 17.50 0.7811 4, 3H

28 21.68 CH; 2.03,s, 3H 21.67 99 s, 3H

29 170.69 Q 170.91 -

1, ester 173.31 -

2 32.24 1.21-2.40, m, 2H

3 31.80 1.21-2.40, m, 2H

4 28.85 1.21-2.40, m, 2H

5 28.18 1.212.40, m, 2H

6 29.72 1.21-2.40, m, 2H

- 61.68 4.05, m, 2H
60.62 3.38, m, 2H

OCH,, of ester

Implied mulitiplicities of the carbons were deten®d from the DEPT experimerftdak-2
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4.9.9. Synthesis and characterisation of (P25R)-3P-Acetoxy-spirost-5-en-3B-yl-7-
benzyketoxime (Hak-9)

Aromatic analogue of 7-ketoximélak-9 was also prepared by using benzy bromide.The

same method was employed as for Hak-3.

Hak-2

Hak-9 Re

agents and conditionsj) K.COs, dried Acetone, Benzy bromide, reflux at 80 - AD0
4 hrs

Hak-9 (95 mg, 95%) was obtained as brownish yeBolid which has a melting point of
107 - 116C. The Mass fragment ions at 576 [M+HP0O8 [M+Na] gave molecular
formula GeHagNOs (575) [Fig. 5.53]. The assignéd NMR signals aby 2.00 (s) and 2.75
(t) were due to the presence of methyl protonscetaie and methine proton at C-8, while
the proton signals aty 3.35 (m, 2H, OChR) and 4.98 (d, 1H, OCH) were attributed to
oxymethylene and oxymethine protons at C-26 and Cespectively. Methine proton at
C-3 and methylene protons at Cdppeared at 4.58 (m) and 4.03 (m). Further, the
chemical shift atoy 6.42 (s) correspond to olefinic methine protonCaé while the
aromatic protons (CH.3") appeared aiy 8.52 (s) [Fig. 5.54]**C NMR spectrum [Fig.
5.55] showed thirty six carbon resonances whichevgarted by DEPT experiment [Fig.
5.56] into five methyl, ten methylene, fourteen hie¢ and seven quartenary carbon
resonances. The spectroscopic data of Hak-9 wendasito that of Hak-2 skeleton. The
difference was the coupling of benzy group at pmsi which was also shown ByC
chemical shiftsdc61.32 (C-1), 127.40 (C-§, 127.89 (C-3, 128.54 (C-3, 128.70 (C-9,
128.82 (C-§ and 138.63 (C'J. The °C and'H NMR data of Hak-%nd Hak-2 were
shown inTable 4.84. The spectra data of Hak-9, which werapgared with its 7-ketoxime
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analogue, Hak-2 led to its structural elucidatiorbé (23,25R)-3-Acetoxy-spirost-5-en-
3B-yl-7-benzyketoxime.
Table 4.84: Comparison of*C and'H NMR data of Hak-2 and Hak-9

Assignment *C Muiltiplicity ~ "*H, Muiltiplicity *c H

1 29.10 CH 1.39-1.90, m, 2H 29.95 1.4881 m, 2H
2 36.58 CH 1.39-1.90, m, 2H 37.51 1.4881 m, 2H
3 73.36 CH 455 m, 1H 73.56 458, m, 1H

4 39.00 CH 1.39-1.90, m, 2H 38.99 1.4881 m, 2H
5 151.75 Q ; 215 .

6 114.96 CH 6.57, s, 1H 114.61 6.42, s, 1H

7 156.86 CH - 156.43 -

8 38.89 CH 2.82,t, 1H 38.68 2.75,t, 1H

9 49.81 CH 1.39-1.90, m, 1H 49.87 1.45-1.88, m, 1H
10 36.67 Q - 36.51 -

11 20.88 CH 1.39-1.90, m, 2H 20.81 1.4881 m, 2H
12 38.45 CH 1.39-1.90, m, 2H 38.23 1.4881 m, 2H
13 41.04 Q - 40.98 -

14 41.97 CH 1.39-1.90, m, 1H 41.89 1.45-1.88, mA
15 34.89 CH 1.39-1.90, m, 2H 31.59 1.4881 m, 2H
16 81.26 CH 4.66, m, 1H 81.23 4.98,d, 1H
17 61.01 CH 1.39-1.90, m, 1H 61.00 1.45-1.88, m, 1H
18 50.24 CH 1.39-1.90, m, 1H 50.45 1.45-1.88, m, 1H
19 18.29 CH; 0.78-1.36, m, 3H 18.07 0.7811.m, 3H
20 16.78 CH; 0.78-1.36, m, 3H 16.79 0.7811.m, 3H
21 14.86 CH; 0.78-1.36, m, 3H 14.80 0.7811.m, 3H
22 109.96 Q - 109.84 -

23 30.67 CH, 1.39-1.90, m, 2H 34.69 1.488..m, 2H
24 27.87 CH, 1.39-1.90, m, 2H 27.66 1.4881.m, 2H
25 30.67 CH 1.39-1.90, m, 2H 30.46 1.488..m, 2H
26 67.13 CH; 3.46,d, 2H 67.02 3.35, m, 2H
27 19.81 CH; 0.78-1.36, m, 3H 17.25 0.7811 m, 3H
28 21.68 CH; 2.03,s, 3H 21.07 2.00, s, 3H

29 170.69 Q 177.02 -

1 61.32 4.03, m, 2H

o 138.63 ;

3 128.54 8.52,s, 2H

4 127.89  852,s, 2H

5 128.82 8.52, s, 2H

e 127.40  8.52,s, 2H

- 128.70 8.52, s, 2H

332



Implied mulitiplicities of the carbons were deten®d from the DEPT experimerftdak-2
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Fig. 5.53: Mass spectrum of Hak-9 in MeOH
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4.9.10. Synthesis and characterisation of (R25R)-3-Acetoxy-spirost-5-en-3-yl-7-
(4'-butanoic)-ketoxime (Hak-10).

Hak-10 was prepared by dissolving Hak-5 in sodium pmtassium hydroxide
(NaOH/KOH) in the presence of 90% methanol (MeOtHpam temperature.

21

27 21

O 23 24
T6 k 12
14 2 ‘

I 0 15 J
1
9
28)‘4\0 7> “NOCH,CH,CH,COOCH;  § ool
)J\ \ z
0) 4 > 6

Hak-5

27

NOCH,CH,CH,COOH

Hak-10
Reagents and conditionsk) NaOH/KOH, 90%MeOH, RT, 1 hr

Hak-10 (82 mg, 82%) is a light brown crystals (imgtpoint 158 - 162C). The Mass
fragmentation peaks at 571 [M]619 [M+2Na+2H] correspond to molecular formula
CasHaoNO; (571) [Fig. 5.57]. IR® (cm™) absorptions of O-H, C-H, C=0 and C=C
functions appeared at 3428, 2365, 1629 and 1448'HTINMR chemical shifts ady 2.09

(s) and 2.40 (t) are characteristics of methylgmetof acetate, and methine proton at C-8,
while the proton signals aby 3.35 (m) and 3.55 (m) indicated the presence of
oxymethylene protons at C-dnd C-26 respectively. Methine protons at C-16 &r8
appeared at 4.23-4.28 (m), while the proton signd}; 6.40 (s) was attributed to olefinic
methine proton at C-6 [Fig. 5.58°C NMR spectrum [Fig. 5.59] revealed thirty three
carbon resonances which were confirmed by DEPT tspedata [Fig. 5.60]. The
multiplicities of carbons are: five methyl, twelhreethylene, nine methine and seven
guartenary carbon resonances. The NMR data of Bakelre also compared with its 7-
oxime ester analogue data in Table 4B% spectroscopic data of Hak-10, compared with
its 7-oxime ester analogue, Hak-5 led to its stmadtelucidation to be (B225R)-3-

Acetoxy-spirost-5-en{8yl-7-(4'-butanoic)-ketoxime.
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Table 4.85: Comparison of°C and'H NMR data of Hak-5 and Hak-10

Assignment *C Muiltiplicity ~ "*H, Muiltiplicity *c H

1 29.23 CH 1.41-1.87, m, 2H 29.06 11389, m, 2H
2 37.61 CH 1.41-1.87, m, 2H 37.57 11389, m, 2H
3 73.30 CH 455 m, 1H 71.14 4.28, m, 1H

4 39.17 CH 1.41-1.87, m, 2H 38.97 11389, m, 2H
5 152.40 Q - 53191 -

6 11451 CH 6.57, s, 1H 164.4 6.45, s, 1H

7 156.90 CH - 157.38 -

8 38.80 CH 2.82,t, 1H 38.84 2.40,t, 1H

9 49.97 CH 1.41-1.87, m, 1H 4997 1.38-1.79, m, 1H
10 36.67 Q - B6. -

11 20.91 CH 1.41-1.87, m, 2H 20.85 81379, m, 2H
12 38.46 CH 1.41-1.87, m, 2H 31.37 8t1379, m, 2H
13 41.12 Q - M. -

14 41.99 CH 1.41-1.87, m, 1H 41.84 1.38-1.79, mH
15 35.04 CH 1.41-1.87, m, 2H 34.73 8t1379, m, 2H
16 81.14 CH 4.66, m, 1H 81.11 4.23, m, 1H
17 60.69 CH 1.41-1.87, m, 1H 60.76 1.38-1.79, mH
18 50.63 CH 1.41-1.87, m, 1H 50.61 1.38-1.79, m, 1H
19 18.33 CH; 0.78-1.36, m, 3H 18.27 81630, m, 3H
20 16.95 CH; 0.78-1.36, m, 3H 16.92 81630, m, 3H
21 14.69 CH; 0.78-1.36, m, 3H 14.47 81630, m, 3H
22 109.48 Q - 109.74 -

23 35.04 CH, 1.41-1.87, m, 2H 30.56 81379, m, 2H
24 27.85 CH, 1.41-1.87, m, 2H 22.45 81379, m, 2H
25 31.43 CH 1.41-1.87, m, 2H 29.96 81379, m, 2H
26 67.20 CH; 3.46, d, 2H 67.07 3.55,d, 2H
27 17.50 CH; 0.78-1.36, m, 3H 17.42 681.30, m, 3H
28 21.67 CH; 2.03, s, 3H 21.01 2.09, s, 3H
29 170.91 Q - 174.81 -

1', acid 173.31 Q ] 178.47 ;

2 31.85 CH 1.18-2.40, m, 2H 42.43 2231, m, 2H
3 25.23 CH 1.18-2.40, m, 2H 28.85 22131, m, 2H
4 61.56 CH, 4.05, m, 2H 69.00 3.35, m, 2H
OCH, of ester 61.56 CH 3.34, m, 2H

Implied mulitiplicities of the carbons were detened from the DEPT experimeritHak-5
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4.9.11. Synthesis and characterisation of (B25R)-3P-Acetoxy-7-(4-nitrobenzylidene)-
spirost-5-en-3-yl (Hak-11)

Wittig analogue Hak-11 was also prepared fridak-1 following the same procedure as
for Haad-6. The Wittig salt used was 4-nitrobengyftenylphosphonium bromide

Hak-1

Hak-11 Re

agents and conditionsi;) Wittig salt (4-nitrobenzyltriphenylphosphoniumobnide),
NaH, Toluene, Reflux at 110 - £8) 4 hrs

Hak-11 (65 mg, 65%) was obtained as orange solitl aimelting point of 150 - 15G.
The Mass fragment ions at 549 {K4H]", 691 [M+2K+Na+H] gave molecular formula
CasHa7NOg (589) [Fig. 5.61]. ThéH NMR signals aby 1.95 (s) and 2.96 (t) correspond to
methyl protons of acetate and methine proton at @+8le the proton signals at; 3.26
(m, 2H, OCH) and 4.30 (m, 1H, OCH) were attributed to oxymé&thg and oxymethine
protons at C-26 and C-16 respectively. Methine@rstat C-3 and C'Ahlso appeared at
4.03 (m) and 5.99 (bd). The chemical shiftéat5.50 (s) was due to the presence of
olefinic methine proton at C-6 while the aromatiotpns (CH-3 4, 6 & 7') appeared at
8y 8.02 (t) [Fig. 5.62]C NMR spectrum [Fig. 5.63] revealed the resonaricspivostene
skeleton of thirty six carbons, which were sortgd=PT experiment [Fig. 5.64] into five
methyl, nine methylene, fourteen methine and eggrdrtenary carbon resonances. The
NMR data of Hak-11 were identical to 7-keto diosgeskeleton, Hak-1. The difference
was coupling of benzy group at position 7 which @k indicated by°C chemical shifts
[6c 127.97 (C-1), 124.09 (C-3, 124.18 (C-7, 129.66 (C-) and 130.04 (CJ. The**C
and'H NMR data of Hak-1lnd Hak-1 were shown ifable 4.86. The spectroscopic data
of Hak-11 and Hak-1 led to the confirmation ofstsucture to be (4825R)-3-Acetoxy-
7-(4-nitrobenzylidene)-spirost-5-er33/l.
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Table 4.86:  Comparison of*C and'H NMR data of Hak-1 and Hak-11

Assignment  *C Muiltiplicity ~ "*H, Muiltiplicity *c H

1 29.18 CH 1.40-1.97, m, 2H 30.01 11399 m, 2H
2 37.37 CH 1.40-1.97, m, 2H 36.79 11396 m, 2H
3 72.51 CH 435, m, 1H 61.47 4.03, m, 1H
4 40.15 CH 1.40-1.97, m, 2H 39.25 11390 m, 2H
5 164.46 Q - 62127 ;

6 126.85 CH 5.67,s, 1H 137.5 5.50, s, 1H

7 201.66 CH - 171.85 -

8 45.26 CH 2.50,t, 1H 45.90 2.40,t, 1H

9 50.04 CH 1.40-1.97, m, 1H 49.91 1.39-1.90, m,A
10 35.55 Q - 34.14 -

11 21.28 CH 1.40-1.97, m, 2H 21.28 11390, m, 2H
12 30.06 CH 1.40-1.97, m, 2H 37.20 11390, m, 2H
13 41.34 Q - 41.80 -

14 41.46 CH 1.40-1.97, m, 1H 41.99 1.39-1.90, m,HA
15 32.29 CH 1.40-1.97, m, 2H 31.71 11390, m, 2H
16 81.30 CH 4.67, m, 1H 81.43 4.30, m, 1H
17 62.45 CH 1.40-1.97, m, 1H 61.47 1.39-1.90m, 2H
18 61.50 CH 1.40-1.97, m, 1H 50.54 1.39-1.90, m, 2H
19 17.67 CH; 0.93-1.22, m, 3H 21.04 0.786l m, 3H
20 16.78 CH; 0.93-1.22, m, 3H 16.86 01786, m, 3H
21 14.86 CH; 0.93-1.22, m, 3H 14.45 0.786l m, 3H
22 109.67 Q - 109.67 -

23 30.68 CH, 1.40-1.97, m, 2H 33.13 1.3961 m, 2H
24 27.70 CH, 1.40-1.97, m, 2H 29.08 1.3961 m, 2H
25 38.47 CcH 1.40-1.97, m, 2H 30.59 11390, m, 2H
26 67.15 CH; 3.43,d, 2H 67.11 3.26d, 2H

27 17.50 CH; 0.93-1.22, m, 3H 17.40 01786, m, 3H
28 21.59 CH; 2.03, s, 3H 23.73 1.95,s, 3H

29 170.61 Q 176.90 -

1 127.97 5.99,d, 1H
o 148.50 -

3 124.09 8.02, s, 1H

4 129.66 8.02, s, 1H

5 176.90 -

o 130.04  8.02,s, 1H

- 124.18 8.02, s, 1H

Implied mulitiplicities of the carbons were deten®d from the DEPT experiment. * Hak-1
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Fig. 5.61: Mass spectrum of Hak-11 in MeOH
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4.9.12 Synthesis and characterisation of (B25R)-7-oxo-spirost-3,5-diene (Hak-12)
Hak-12 was formed while trying to obtrain wittigadagues from 7-keto derivative Hak-1
by using other electron withdrawing-substituentigisalts (Benzyltriphenylphosponium
bromide,3,4,5-trimethoxybenzyltriphenylphosphonium broméatel 3,4-
methylenedioxybenzyltriphenylphosphonium bromidd)e same procedure was also used

as for Haad-6.

Reagents and conditionst,) Wittig salts (Benzyltriphenylphosponium bromide,
3,4,5-trimethoxybenzyltriphenylphosphonium bromadel 3,4-methylenedioxy
benzyltriphenylphosphonium bromide), NaH, TolueReflux at 110 - 13, 3 hrs

Hak-12 (90 mg, 90%) is an orange solid (meltinghpdi81 - 184C). The Mass fragment
peaks at 412 [M+2H] 433 [M+Na], 449 [M+K] gave molecular formuladgHsg03 (410)
[Fig. 5.65]. The'H NMR chemical shifts aiy 2.86 (t) and 3.40 (m) correspond to methine
and oxymethylene protons at C-8 and C-26, whilepifegon signals ady 4.44 (m,) and
5.56 (s) were assignable to oxymethine and olefmé&thine protons at C-16 and C-6
respectively. The chemical shift & 6.13 (m) indicated the presence of olefinic methin
protons at C-3 and C-4 [Fig. 5.66fC NMR and DEPT spectra [Fig. 5.67 & 5.68] also
revealed carbon resonances similar to spirostemdetsk. There were twenty seven
carbons which were sorted into four methyl, eighttmglene, ten methine and five
guartenary carbon resonances. The NMR data of Ralwdre identical to its 7-keto
analogue skeleton, Hak-1 except the presence bhiclearbons at 3 and 4 positiongk:|
124.32 (C-3) and 137.13 (C-4)]. TH& and'H NMR data of Hak-12and Hak-1 were
shown inTable 4.87. Hence, the structure of Hak-12 wastifled as (28,25R)-7-0xo0-

spirost-3,5-diene.
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Table 4.87: Comparison of°C and'H NMR data of Hak-1 and Hak-12

Assignment  *C Muiltiplicity ~ "*H, Muiltiplicity *c H

1 29.18 CH 1.40-1.97, m, 2H 29.19 11486 m, 2H
2 37.37 CH 1.40-1.97, m, 2H 33.20 2.50, m, 2H

3 72.51 CH 4.35, m, 1H 124.32 6.13, m, 1H

4 40.15 CH 1.40-1.97, m, 2H 137.13 6.13, m, 1+

5 164.46 Q - 161.59 -

6 126.85 CH 5.67,s, 1H 038. 5.56, s, 1H
7 201.66 CH - 202.14 -

8 45.26 CH 2.50,t, 1H 45.95 2.86,t, 1H

9 50.04 CH 1.40-1.97, m, 1H 49.94 2.25,d,4

10 35.55 Q - 3b.8 -

11 21.28 CH 1.40-1.97, m, 2H 21.31 11486 m, 2H
12 30.06 CH 1.40-1.97, m, 2H 34.27 11486, m, 2H
13 41.34 Q ; .7 ;

14 41.46 CH 1.40-1.97, m, 1H 42.01 1.40-1.86, m,H
15 32.29 CH 1.40-1.97, m, 2H 32.28 11486 m, 2H
16 81.30 CH 4.67, m, 1H 81.41 444, m, 1H
17 62.45 CH 1.40-1.97, m, 1H 61.60 1.40-1.86m, 2H
18 61.50 CH 1.40-1.97, m, 1H 50.61 1.40-1.86, m,HA
19 17.67 CH; 0.93-1.22, m, 3H 17.50 01782 m, 3H
20 16.78 CH; 0.93-1.22, m, 3H 16.85 01732 m, 3H
21 14.86 CH; 0.93-1.22, m, 3H 15.02 01752, m, 3H
22 109.67 Q - 109.51 -

23 30.68 CH, 1.40-1.97, m, 2H 30.69 11486 m, 2H
24 27.70 CH, 1.40-1.97, m, 2H 23.76 11486 m, 2H
25 38.47 CH 1.40-1.97, m, 2H 30.06 11486 m, 2H
26 67.15 CH; 3.43,d, 2H 67.15 3.4Qd, 2H

27 17.50 CH; 0.93-1.22, m, 3H 16.97 01752, m, 3H
28 21.59 CH; 2.03, s, 3H

29 170.61 Q

Implied mulitiplicities of the carbons were detenad from the DEPT experiment. * Hak-1
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4.10 Antiproliferative activity of synthezised compunds

Fifteen and twelve diogenin derivatives from scheBnand scheme 6 respectively were
tested for antiproliferative activities. All symsized compounds were evaluated against
C33A (Cervical carcinoma), A549 (Lung carcinomaB KHelLa contaminant of mouth
epidermal carcinoma), MCF-7 (Breast adenocarcinprba)145 (prostate carcinoma),
COLO (colorectal adenocarcinoma) and Fagbypopharyngeal carcinoma) human cancer
cell lines by Sulphorhodamine assay. The synthdsizempounds possess higher
antiproliferative properties than diosgenin. Fivé the analogues from scheme 5;
(228,25R)-26-hydroxyfurost-5-enp3acetate (Haad-2a), (BR25-oxo0-27-nor-furost-5-en-
3p-acetate (Haad-4), (B®3p-acetoxy-furost-5-en-26-aldoxime (Haad-8), [{R3p-
Acetoxy-furost-5-en-26-aldoxime acetate (Haad-9) §233)-25-0x0-27-nor-furost-5-en-
25-ketoxime-B,26-diacetate (Haad-11) exhibited significant ariaer activities at a very
low concentration of 20 uM. Compound Haad-2a inbkibithe growth of KB, C-33A and
MCF-7 with 1G, of 11.43, 7.54 and 10.95 uM respectively, the véets being
comparable with that of the standard drug, Tamoxi{@33)-25-0x0-27-nor-furost-5-en-
3p-acetate (Haad-4) exhibited cytotoxic activity aghiKB, C-33A, DU145 and MCF-7
with 1Csp of 17.55, 11.54, 16.83 and 15.17 uM but showedctivity against A549 cell
line below concentration of 20 uM [Table 4.88]. Aldme and ketoxime derivatives,
Haad-8, Haad-9 and Haad-11 showed antiproliferateBvities against KB, C-33A,
DU145, A549 and MCF-7 cell lines with dg€below 20 uM, except Haad-11 which
exhibited no anticancer activity against DU145 te# below 1Goof 20 puM.

Four analogues from scheme 6 exhibited cytotoxiwiies against FaDU, A549, COLO,
MCF-7 and DU145 cell lines. The compounds aref(22R)-3-Acetoxy-spirost-5-en{3
yl-7-(ethyl-3*-propanoate)-ketoxime (Hak-4), (225R)-3PB-Acetoxy-spirost-5-en{8yl-7-
(ethyl-7-heptanoate)-ketoxime (Hak-8), (225R)-3-Acetoxy-spirost-5-en{Byl-7-(4*-
butanoic)-ketoxime (Hak-10) and (225R)-3-Acetoxy-7-(4-nitrobenzylidene)-spirost-5-
en-3B-yl (Hak-11). The results of antiproliferative adties of the derivatives are shown in
Table 4.89. Compounds Hak-4 and Hak-8 inhibitedgtewth of FaDU, A549, COLO,
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MCF-7 and DU145 cancer cell lines with withsiess than 50 uM, except Hak-4 which
showed low inhibition of A549 cell line with withCky above 50 uM. Butanoic and
nitrobenzylidene ketoxime derivatives, Hak-10 andakH1 exhibited significant

antiproliferative activities against five cell lime(FaDU, A549, COLO, MCF-7 and
DU145) with IG of 16.56 and 15.21; 17.05 and 15.77; 16.01 an8514.5.59 and 15.77;

and 14.67 and 12.82 uM respectively. The activitedsthe two derivatives were

comparable to that of anticancer drug, Tamoxif&yylof 10.25, 6.94, 12.24, 10.07 and
8.54 uM). Other analoques showed <50% growth itibitiat 50 UM concentrations.
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Table 4.88:Antiproliferative activities of synthesized compalsrfrom the first reaction scheme

S/No Compound Cell lines/ICso(uM)
code/Standard KB C-33A | DU145 A549 MCF-7

1. Haad-1 >2C >2C >2C >2C >2C
2. Haad-2a 11.4: 7.54 >2C >2C 10.9¢
3. Haad-2b >2C >2C >2C >2C >2C
4, Haad-3 >2C >2C >2C >2C >2C
5. Haad-4 17.5¢ 11.5¢ 16.£3 >2C 15.1%
6. Haad-5 >2C >2C >2C >2C >2C
7. Haad-6 >2C >2C >2C >2C >2C
8. Haad-7a >2C >2C >2C >2C >2C
9. Haad-7b >2C >2C >2C >2C >2C
10. Haad-8 15.97 11.1¢ 17.0¢ 15.2% 14.5:¢
11. Haad-9 13.9¢ 12.2; 13.2; 12.5¢ 14.2¢
12 Haad-10 >2C >2C >2C >2C >2C
13. Haad-11 17.52 13.1¢ >2C 16.2¢ 18.67
14, Haad-12a >2C >2C >2C >2C >2C
15. Haad-12b >2C >2C >2C >2C >2C
16. Tamoxifer 10.2¢ 6.94 12.2¢ 10.0; 8.54

KB - HeLa contaminant of mouth epidermal carcino@a3A - Cervical carcinoma
DU145- prostate carcinom#549 - Lung carcinomalCF-7 - Breast adenocarcinoma
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Table 4.89:Antiproliferative activities of synthesized compalsrifrom the second reaction scheme

S/No Compound Cell lines/ICso(UM)
code/Standard | FaDu A549 COLO | MCF-7 | DU145

1. Hak-1 >50 >50 >50 >50 >50
2. Hak-2 >50 >50 >50 >50 >50
3. Hak-3 >50 >50 >50 >50 >50
4. Hak-4 33.3( >5C 35.4¢ 35.1( 31.52
S. Hak-5 >50 >50 >50 >50 >50
6. Hak-6 >50 >50 >50 >50 >50
7. Hak-7 >50 >50 >50 >50 >50
8. Hak-8 26.9¢ 21.9: 40.2( 29.4: 35.4:
9. Hak-9 >50 >50 >50 >50 >50
10. Hak-10 16.5¢ 17.0¢ 16.01] 15.5¢ 14.67
11. Hak-11 15.2] 15.7i 14.5¢ 15.77 12.82
12 Hak-12 >50 >50 >50 >50 >50
13. Tamoxifer 10.2¢ 6.94 12.2¢ 10.0; 8.5

FaDu —hypopharyngealA549 - Lung carcinomacarcinoma,
COLO - colorectal adenocarcinomsllCF-7 - Breast adenocarcinoma;

DU145- prostate carcinoma
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4.11 Conclusion and Recommendations

Smilax kraussiana isised traditionally for the treatment of fever, viealiseases, skin
diseases, tumor and infertility. The findings akthesearch showed that the aerial parts of
S. kraussian@ossess antiproliferative properties. Nineteenpmmds were isolated from
the plant, and exhibited anticancer activities agfaitested cancer cell lines. These
compounds are being reported for the first timenfrf®milax kraussianaFurthermore,
synthetic modification of the most bioactive iselhtcompound, diosgenin via two
different schemes afforded twenty seven compouNiseteen of these compounds are
new, and have not been previously reported in tmemaical literature. Some of these
synthesized compounds exhibited higher antipralifee activities than diosgenin at low
concentration of 20 uM. The phytochemical constitseof extracts ofS. kraussiana

justify its use in ethnomedicine.

The synthesized diosgenin derivatives could sesMead compounds in drug discovery.
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Diosgenin has been modified to furostane derivatives after opening the F-spiroacetal ring. The aldehyde
group at C26 in derivative 8 was unexpectedly transformed to the ketone 9. The structure of ketone 9 was
confirmed by spectroscopy and finally by X-ray crystallography. Five of the diosgenin derivatives showed
significant anticancer activity against human cancer cell lines. The most potent molecule of this series i.e.
compound 7, inhibited cellular growth by arresting the population at Go/G; phase of cell division cycle.
Cells undergo apoptosis after exposure to the derivative 7 which was evident by increase in sub Gg
population in cell cycle analysis. Docking experiments showed caspase-3 and caspase-9 as possible
molecular targets for these compounds. This was further validated by cleavage of PARP, a caspase target
in apoptotic pathway. Compound 7 was found non-toxic up to 1000 mg/kg dose in acute oral toxicity in

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Cancer is a major heath menace. Over the period, cancer has
become a challenge to public healthcare system. The morbidity
and mortality of cancer is so high that it is an economic concern
to the society nowadays. There are more than 100 types of cancers.
Worldwide lung, stomach, liver, colon and breast cancer cause the
most deaths each year. About 70% of all cancer deaths occur in low-
and middle-income countries. Tobacco use is the single largest pre-
ventable cause of cancer in the world causing 20% of cancer deaths.
Cancers of major public health relevance such as breast, cervical
and colorectal cancer can be cured if detected early and treated
adequately. One fifth of all cancers worldwide are caused by a
chronic infection, for example human papillomavirus (HPV) causes
cervical cancer and hepatitis B virus (HBV) causes liver cancer [1].
Despite continued efforts of researchers to combat cancer, this dis-
ease presents about 13% of total deaths.

* Corresponding author. Tel.: +91 522 2718583; fax: +91 522 2342666.
E-mail address: arvindcimap@rediffmail.com (A.S. Negi).

http://dx.doi.org/10.1016/j.steroids.2014.05.025
0039-128X/© 2014 Elsevier Inc. All rights reserved.

Development of cancer therapeutics from steroids has been an
attractive choice for medicinal chemists and many active mole-
cules have emerged. Steroids have been developed either as anti-
proliferative or cytotoxic agents. Withaferin A (1), Gymnasterol
(2), 24-hydroxyperoxide desmosterol (3), timosaponin A-III (4)
etc. are some of the notable plant based cytotoxic steroidal leads
[2,3]. Semisynthetic modification of some these natural products
have yielded better cytotoxic analogs. Several synthetic analogs
of withaferin are much better cytotoxic compounds [2].

Diosgenin (5) is a Cy; spiroacetal steroidal sapogenin abun-
dantly available in nature. It is obtained mainly in saponin form
from Smilax spp., Dioscorea spp., Costus speciosus etc. The molecule
exhibits significant activity against colon and leukemia cells by
inducing apoptosis [4a-c|. In the present communication, we mod-
ified diosgenin at spiroketal position to get few anticancer analogs.
While transforming C,g aldehyde to Schiff’s bases a Cpg ketone was
formed which was confirmed by spectroscopy. All the derivatives
were evaluated for cytotoxicity by Sulphorhodamine assay against
five human cancer cell lines. The best analog of the series was
further evaluated for cell cycle analysis and in-vivo acute oral
toxicity in Swiss-albino mice.
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2. Experimental
2.1. General

Melting points were determined in open capillaries using E-Z
Melt automated melting point apparatus, Stanford Research
System, USA and were uncorrected. The starting substrate dios-
genin was procured for Sigma, USA. Dry solvents were prepared
as per standard methods. Reactions were monitored on aluminium
thin layer chromatography (TLC, UV,s4nm plates), E. Merck
Germany. Further, visualization was accomplished by spraying
with a solution of 2% ceric sulfate in 10% aqueous sulfuric acid
and charring at 80-100 °C. Column chromatography was carried
out on silica gel (100-200 mesh, Avra Chemicals, India). NMR spec-
tra were obtained on Bruker Avance-300 MHz instrument with tet-
ramethylsilane (TMS, chemical shifts in 8 ppm) as an internal
standard. ESI mass spectra were recorded on API 3000 LC-MS-
MS, Applied Biosystem, USA after dissolving the compounds in
methanol or acetonitrile. The best compound 7 was analyzed for
high resolution mass (ESI-HRMS) also in Agilent 6520 Q-TOF. FT-
IR spectra were recorded on Perkin-Elmer SpectrumBX. X-ray
diffraction data were collected on a Bruker AXS SMART APEX
CCD diffractometer using MoK, radiation (i=0.71073A).
Nomenclature of steroid derivatives has been given as per the
recommendations published by the Joint Commission on the
Biochemical Nomenclature (JCBN) of IUPAC [5].

2.2. Chemical synthesis

2.2.1. Synthesis of (22p,25R)-spirost-5-en-3p-yl-3-acetate (6)

Acetylation of diosgenin (5) was done as per reported method
[6a] with a little modification using dry chloroform as a co-solvent.

6: Yield=1.01g (91%), mp=193-96 °C [195 °C, 6b]; 'H NMR
(CDCl3), & 0.77 (s, 3H,18-CH3), 0.96 (d, 3H, 27-CH3), 1.02 (s, 3H,
19-CH3), 1.11-2.31 (m, 25H, rest of the 1 x CHsz, 8 x CH, and
6 x CH of steroidal ring), 2.01 (s, 3H, CH3COO, Acetate), 2.24-2.31
(bd, 2H, 7-CH,), 3.38 (m, 2H, 26-CH;), 4.37 (bs, 1H, 3-CH), 4.42
(bd, 1H, 16-CH), 5.36 (s, 1H, 6-CH). '3C NMR (CDCls, 75 MHz); §
14.89 (C21), 16.64 (C18), 17.51 (C11), 19.69 (C19), 21.20 (C11),
21.74 (acetate CHj3), 28.12 (C24), 29.19 (C2), 30.66 (C25), 31.78
(C23), 31.80 (C8), 32.21 (C7), 32.41 (C15), 37.10 (C10), 37.34
(C1), 38.47 (C12), 40.10 (C4), 40.63 (C13), 42.00 (C20), 42.68,
50.35 (C9), 56.82 (C14), 62.52 (C17), 67.19 (C26), 74.26 (C3),
81.16 (C16), 109.60 (C22),122.72 (C6), 140.05 (C5), 170.82 (acetate
ester). ESI Mass (MeOH): 457.3 [M+H]", 479.3 [M+Na]", 495.4
[M+K]*. IR (KBr, cm™): 2907, 1724, 1451, 1231.

2.2.2. Synthesis of (22,25R)-3p,26-dihydroxyfurost-5-en-3p-acetate
(7)

Compound 7 was synthesized as per reported method [6a].

7: Yield = 164 mg (81%), mp = 108-110 °C [6a]. "H NMR (CDCls):
5 0.83 (s, 3H, 18-CH3), 0.94 (s, 3H, 19-CHs), 1.03-1.90 (m, 28H, rest
of the 2 x CHs, 8 x CH, and 6 x CH of steroidal ring), 2.05 (s, 3H,
CH5COO, acetate), 2.35 (bd, 2H, 7-CH,), 3.36 (bs, 1H, 22-CH), 3.48
(m, 2H, 27-CH,0H), 4.34 (bs, 1H, 3-CH), 4.63 (bs, 1H, 16-CH),
5.40 (s, 1H, 6-CH). *C NMR (CDCls, 75 MHz): & 16.80 (C18),
17.00 (C20), 19.30 (C27), 19.69 (C19), 21.03 (C11), 21.77 (acetate
CH3), 28.13 (C24), 30.46 (C2), 30.82 (C25), 31.94 (C8), 32.36 (C7),
32.59 (C15), 36.08 (C23), 37.07 (C10), 37.37 (C1), 38.28 (C4),
38.46 (C12), 39.78 (C13), 41.07 (C20), 50.39 (C9), 57.28 (C14),
65.48 (C17), 68.27 (C26), 74.28 (C3), 83.57 (C16), 90.71 (C22),
122.74 (C6), 140.04 (C5), 170.91 (acetate ester); ESI Mass (MeOH):
459.4 [M+H]", 481.3 [M+Na]*, 497.4 [M+K]*; ESI-HRMS: 459.3467
for CyoH4704 cal: 459.3474; 481.3282 for Cy9Hus06Na, cal:

481.3294; IR (KBr, cm™!): 3423, 2934, 1731, 1456, 1376, 1248,
1035.

2.2.3. Synthesis of (228,25R)-3p-hydroxy,26-formyl-furost-5-en-3§-
acetate (8)

Alcohol 7 (200 mg, 0.43 mmol) was dissolved in dry dichloro-
methane (10 mL) and stirred at room temperature. To this pyridi-
nium chlorochromate (PCC) (200 mg, 0.93 mmol) was added and
further stirred for an hour. Solvent was evaporated and residue
was dissolved in ethyl acetate (30 mL). It was acidified with dil.
HCI (5%, 10 mL) and washed with water. The organic layer was
dried over anhydrous sodium sulfate and dried in vacuo. The crude
mass was recrystallised with chloroform-hexane (1:3) to get alde-
hyde 8 as brown crystalline solid.

8: Yield=182mg (91%), mp=119-123°C; 'H NMR (CDCl5):
50.80 (s, 3H, 18-CH3), 0.93 (s, 3H, 19-CH3), 1.16-1.97 (m, 28H, rest
of the 2 x CH3, 8 x CH, and 6 x CH of steroidal ring), 2.16 (s, 3H,
CH53COO, Acetate), 2.46 (bd, 2H, 7-CH,), 3.45 (bs, 1H, 22-CH),
4.44 (bs, 1H, 3-CH), 4.73 (bd, 1H, 16-CH), 5.50 (s, 1H, 6-CH), 9.75
(s, 1H, 26-CHO). *C NMR (CDCls, 75 MHz): & 13.78 (C21), 16.79
(C18), 19.22 (C19), 19.71 (C27), 21.03 (C11), 21.77 (acetate CHs),
28.15 (C24), 30.07 (C2), 31.11 (C23), 31.96 (C20), 32.37 (C7),
32.59 (C15), 37.09 (C10), 37.39 (C1), 38.26 (CH), 38.48 (C12),
39.77 (C4), 41.08 (C13), 46.72 (C25), 50.41 (C9), 57.29 (C14),
65.44 (C17), 74.28 (C3), 83.28 (C16), 90.11 (C22), 122.73 (C6),
140.09 (C5), 17091 (acetate ester), 205.54 (C26); ESI Mass
(MeOH): 457.3 [M+H]", 479.3 [M+Na]*, 495.4 [M+K]"; IR (KBr,
cm™1): 2833, 1739, 1254.

2.2.4. Synthesis of (22B)-3p-hydroxy,25-0x0-27-nor-furost-5-en-3p-
acetate (9)

Aldehyde 8 (200 mg, 0.44 mmol) was taken in ethanol (10 mL)
and stirred at ambient temperature (30-35 °C). To this 3,4,5-trime-
thoxyaniline (200 mg, 1.09 mmol) was added and further stirred
for 2 h. The solvent was evaporated, residue was dissolved in ethyl
acetate (30 mL) and washed with water. The organic phase was
dried over anhydrous sodium sulfate and dried in vacuo. The crude
mass was purified through silica gel column eluting with ethyl ace-
tate:hexane. The ketone 9 was obtained at 8-10% ethyl acetate
hexane as creamish white solid.

9: Yield = 163 mg (84%), mp =138-40 °C; 'H NMR (CDCl3): &
0.79 (s, 3H, 18-CH3), 0.98 (s, 3H, 19-CH3), 1.02-1.87 (m, 23H, rest
of the 1 x CHs, 8 x CH, and 4 x CH of steroidal ring), 1.95 (s, 3H,
CH53COO, acetate), 2.13 (s, 3H, 26-CH3CO), 2.32 (d, 1H, 7-CH,,
J=6.3Hz), 2.51-2.63 (bd, 2H, 24-CH,;), 3.26-3.29 (bs, 1H, 22-CH),
4,24-4.29 (bs, 1H, 16-CH), 4.57 (bd, 1H, 3-CH), 5.35 (s, 1H, 6-CH).
13C NMR (CDCl;, 75MHz): & 16.80 (C18), 19.01 (C19), 19.71
(C21), 21.02 (C11), 21.80 (acetate CH3), 27.44 (C23), 28.13 (C1),
30.33 (C26), 31.95 (C8), 32.37 (C7), 32.55 (C15), 37.10 (C10),
37.38 (C2), 38.24 (C20), 38.48 (C12), 39.75 (C4), 41.09 (C13),
41.28 (C24), 50.38 (C9), 57.27 (C14), 65.39 (C17), 74.28 (C3),
83.69 (C16), 89.53 (C22), 122.72 (C6), 140.12 (C5), 170.95 (Acetate
ester), 209.24 (C25); ESI Mass (MeOH): 443.3 [M+H]*, 4654
[M+Na]*, 481.3 [M+K]"; IR (KBr, cm™'): 2927, 1724, 1453, 1372,
1241.

2.2.5. Wittig reaction on aldehyde 8

Synthesis of (228)-(E)-26-Benzylidene-3p-yl-furost-5-en-3-acetate
(10): Benzyltriphenylphosphonium bromide (Wittig salt, 200 mg)
was taken in dry toluene (10 mL). To this stirred solution pre-
washed sodium hydride (200 mg, 8.33 mmol) added and stirred
for 20 min. Aldehyde 8 (100 mg, 0.22 mmol) was added and the
reaction mixture was further stirred for 2 h. Toluene was evapo-
rated under vacuum and residue was taken in ethyl acetate
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(20 mL x 3), washed with water and dried over anhydrous sodium
sulfate. The organic layer was dried in vacuo to get a crude mass,
which was purified through silica gel column eluting with ethyl
acetate-hexane. The desired product was obtained as yellowish
viscous liquid.

10: Yield = 158 mg (68%), oil; '"H NMR (CDCls): & 0.73 (s, 3H, 18-
CH3), 0.95 (s, 3H, 19-CH3), 1.02-1.95 (m, 26H, rest of the 2 x CHs,
7 x CH, and 6 x CH of steroidal ring), 1.99 (s, 3H, CH3COO, ace-
tate), 2.23 (d, 2H, 4-CH,, J=5.4Hz), 2.30 (bd, 2H, 7-CH,), 3.23
(bd, 1H, 22-CH), 4.22 (bs, 1H, 16-CH), 4.51 (bs, 1H, 3-CH), 5.28 (s,
1H, 6-CH), 5.96 (dd, 1H, 26-CH, ]J=15.6 Hz and 7.8 Hz), 6.26 (d,
1H, 28-CH, ] =15.6 Hz), 7.12 (m, 5H, aromatic protons of phenyl
ring). 13C NMR (CDCls, 75 MHz): 5 16.83 (C18), 19.39 (C19), 19.72
(C21), 21.06 (C11), 21.79 (acetate CH3), 28.16 (C1), 30.06 (C28),
31.85, 31.99, 32.40 (C7), 32.66 (C15), 34.48 (C24), 37.12 (C10),
37.41 (C2), 38.04, 38.31 (C20), 38.51 (C12), 39.82 (C4), 41.10,
50.44 (C9), 57.31 (C14), 65.60 (C17), 74.33 (C3), 83.58 (C16),
90.82 (C22), 122.77 (C6), 126.39 (C3' & C5 of Phenyl ring),
127.15 (C26), 128.73 (C2’ & C6' of phenyl ring), 128.83 (C27),
137.05 (C4’' of phenyl ring), 138.33 (C1’ of phenyl ring), 140.09
(C5), 170.97 (acetate ester); ESI Mass (MeOH): 531.5 [M+H]",
553.5 [M+K]", 569.6 [M+K]",; IR (KBr, cm™'): 2946, 1734, 1456,
1372, 1244.

2.2.6. (22B)-(Z)-26-(4'-Nitrobenzylidene)-3-yl-furost-5-en-3-acetate
(11): procedure same as for 10, Wittig salt (200mg) was 4-
nitrobenzyltriphenylphosphonium bromide

Yield = 157 mg (62%), oil; 'H NMR (CDCl;): & 0.71 (s, 3H,
18-CH;), 0.96 (s, 3H, 19-CH;), 1.05-1.88 (m, 26H, rest of the
2 x CHs, 7 x CH; and 6 x CH of steroidal ring), 2.02 (s, 3H, CH3COO,
acetate), 2.21 (bs, 2H, 4-CH,), 2.30 (bd, 2H, 7-CH,), 3.20 (bd, 1H,
22-CH), 4.20 (bs, 1H, 16-CH), 4.50 (bs, 1H, 3-CH), 5.26 (bs, 1H, 6-
CH), 6.29 (m, 1H, 26-CH), 6.79 (d, 1H, 28-CH, ] = 9.0 Hz), 7.33-
8.05 (m, 4H, aromatic protons of phenyl ring). >C NMR (CDCls,
75MHz): & 16.80 (C18), 19.29 (C19), 19.69 (C21), 20.62, 21.01
(C11), 21.81 (acetate CHs), 28.11 (C1), 29.74, 31.38, 31.95, 32.35
(C7), 32.99 (C15), 34.01 (C23), 37.09, 37.36 (C2), 38.22, 38.45
(C12), 39.74 (C4), 41.10, 50.37 (C9), 57.27 (C14), 65.40 (C17),
74.50 (C3), 83.69 (C16), 90.54 (C22), 122.77 (C6), 123.92, 124.33,
126.80, 130.53 (C27), 134.03 (C26), 140.04 (C5), 142.28 (2’ & 6
of phenyl ring), 143.26 (3’ & 5’ of phenyl ring), 162.83 (4’ of phenyl
ring), 171.85 (acetate ester); ESI Mass (MeOH): 576.6 [M+H]",
574.6 [M—HJ", 598.6 [M+Na]*, 614.5 [M+K]*; IR (KBr, cm™):
2940, 1728, 1595, 1516, 1340, 1246.

2.2.7. (22B)-(2)-26-(3',4',5'-Trimethoxybenzylidene)-3p-yl-furost-5-
en-3-acetate (12): procedure same as for 10 Wittig salt was 4-
nitrobenzyltriphenylphosphonium bromide (200 mg) to get 12 and 13

Yield = 79 mg (29%), oil; 1H NMR (CDCl3): 5 0.79 (s, 3H, 18-CH3),
0.95 (s, 3H, 19-CH3), 1.04-1.87 (m, 29H, rest of the 2 x CHs,
8 x CH; and 7 x CH of steroidal ring), 2.02 (s, 3H, CH3COO, ace-
tate), 2.29 (bd, 2H, 7-CH,), 3.85 (s, 9H, 3XOCHj3), 4.28 (bd, 1H,
22-CH), 4.61 (bs, 1H, 3-CH), 5.39 (t, 1H, 6-CH), 6.28 (d, 1H, 27-
CH,] =11.4 Hz), 6.32 (bd, 1H, 26-CH), 6.50 (d, 2H, 2’ & 6'-CH of phe-
nyl ring). 3C NMR (CDCls, 75 MHz): 5 16.83 (C18), 19.41 (C19),
19.71 (C21), 21.03 (C11), 21.82 (acetate CH3), 28.14 (C1), 30.06,
31.97, 32.37 (C7), 32.61 (C15), 33.39, 35.13, 37.10, 37.39 (C2),
38.29, 38.48 (C12), 39.77 (C4), 41.06, 50.38 (C9), 56.42, 57.28
(C14), 61.30, 65.51 (C17), 74.30 (C3), 83.58 (C16), 90.71 (C22),
106.17 (2’ & 6’ of phenyl ring), 122.77 (C6), 128.05 (C27), 133.94
(4 of phenyl ring), 139.38 (C26), 140.09 (C5), 153.27 (3' & 5’ of
phenyl ring), 170.97 (acetate ester); ESI Mass (MeOH): 621.5
[M+H]*, 643.4 [M+K]", 659.4 [M+K]*,; IR (KBr, cm™!): 2945, 1733,
1582, 1504, 1456, 1243.

2.2.8. (22B)-(E)-26-(3',4'5' -Trimethoxybenzylidene)-3-yl-furost-5-
en-3-acetate (13)

Yield = 142 mg (52%), oil; 'H NMR (CDCl5): 5 0.77 (s, 3H, 18-
CHs), 0.94 (s, 3H, 19-CH3), 1.04-1.84 (m, 30H, rest of the 2 x CHs,
9 x CH; and 6 x CH of steroidal ring), 1.99 (s, 3H, CH3COO, ace-
tate), 2.29 (bd, 2H, 7-CH,), 3.84 (s, 9H, 3XOCH3;), 4.10 (bd, 1H,
22-CH, J=7.1 Hz), 4.27 (bs, 1H, 16-CH), 4.54 (bs, 1H, 3-CH), 5.33
(s, 1H, 6-CH), 5.98 (dd, 1H, 26-CH, J=15.6 Hz & 7.8 Hz), 6.22 (d,
1H, 27-CH, J=15.9Hz), 6.54 (s, 2H, 2’ & 6'-CH of phenyl ring).
13C NMR (CDCl;, 75MHz): 5 16.83 (C18), 19.41 (C19), 19.70
(C21), 21.01 (C11), 21.77 (acetate CHs), 28.12 (C1), 30.07, 31.81,
31.96, 32.36 (C7), 32.65 (C15), 34.45, 37.08, 37.37 (C2), 37.96,
38.27, 38.47 (C12), 39.77 (C4), 41.06, 50.37 (C9), 56.41, 57.26
(C14), 61.26, 65.55 (C17), 74.24 (C3), 83.55 (C16), 90.72 (C22),
103.39 (2’ & 6 of phenyl ring), 122.74 (C6), 128.64 (C27), 134.05
(C5), 136.50 (C26), 137.61 (4 of phenyl ring), 140.06 (C26),
153.63 (3’ & 5’ of phenyl ring), 170.85 (acetate ester); ESI Mass
(MeOH): 621.5 [M+H]*, 643.5 [M+Na]", 659.4 [M+K]";

2.2.9. Synthesis of (228)-3p-Acetoxy-furost-5-en-26-aldoxime (14)

Aldehyde 8 (100 mg, 0.22 mmol) was taken in ethanol (10 mL).
To this dry pyridine (0.5 mL) and hydroxyaminehydrochloride
(100 mg, 1.43 mmol) was added and refluxed for 2 h. On comple-
tion ethanol was evaporated and dil HCI (10 mL) was added to it,
extracted with ethyl acetate (20 mLx3), washed with water and
dry in vacuo. The residue thus obtained was purified through silica
gel coumn using hexane-ethyl acetate as eluants. The desired
aldoxime 14 was obtained as creamish white solid.

14: Yield = 73 mg (70%), mp = 130-33 °C; 'H NMR (CDCls): 5
0.78 (s, 3H, 18-CH3), 0.97 (s, 3H, 19-CH3), 1.07-1.86 (m, 26H, rest
of the 2 x CH3, 8 x CH, and 4 x CH of steroidal ring), 2.01 (s, 3H,
CH3COO, acetate), 2.31 (bd, 2H, 7-CH,), 3.29 (bs, 1H, 22-CH), 4.29
(bs, 1H, 3-CH), 4.59 (bd, 1H, 16-CH), 5.36 (s, 1H, 6-CH), 7.29 (bd,
1H, 26-CH, ] = 6.3 Hz). '*C NMR (CDCls, 75 MHz): 5 16.81 (C18),
18.44, 19.26 (C19), 19.70 (C27), 21.03 (C11), 21.78 (acetate CH3),
28.12 (C24), 30.06 (C2), 31.32 (C23), 31.95 (C20), 32.36 (C7),
32.56 (C15), 35.06, 37.08 (C10), 37.38 (C1), 38.24 (C8), 38.47
(C12), 39.78 (C4), 41.07 (C13), 50.39 (C9), 57.28 (C14), 65.46
(C17), 74.32 (C3), 83.62 (C16), 90.39 (C22), 122.75 (C6), 140.06
(C5), 156.46 (C26), 170.01 (acetate ester); ESI Mass (MeOH):
4724 [M+H]', 494.5 [M+Na]", 510.3 [M+K]"; IR (KBr, cm™!):
3405, 2948, 1735, 1455, 1371, 1256, 1043.

2.2.10. (22B)-3p-Acetoxy-furost-5-en-26-aldoxime acetate (15)

The procedure is same as for 6 starting substrate was 14.

Yield = 1.0 g (92%), mp = 90-93 °C; '"H NMR (CDCl3): & 0.79 (s,
3H, 18-CH3), 0.99 (s, 3H, 19-CH3), 1.02-1.97 (m, 29H, rest of the
2 x CHs, 8 x CH; and 7 x CH of steroidal ring), 2.02 (s, 6H, 2 x CHs._
COO, 3 & 26-oxime acetates), 2.30 (bd, 2H, 7-CH,, ] = 6.9 Hz), 3.29
(bs, 1H, 22-CH), 4.29 (bs, 1H, 3-CH), 4.60 (bd, 1H, 16-CH), 5.36 (s,
1H, 6-CH), 7.50-7.53 (d, 1H, 26-CH, ] =8.1 Hz); '3C NMR (CDCl3,
75 MHz): 5 16.81 (C18), 19.20 (C19), 19.72 (C27), 19.91 (C21),
21.03 (C11), 21.81 (acetate CHs3), 26.33 (Oxime acetate CHs),
28.14 (C1), 30.08 (C23), 31.52 (C20), 31.96, 32.38 (C7), 32.59
(C15), 37.11 (C10), 37.39 (C2), 38.06, 38.28 (C24), 38.49 (C12),
39.77 (C4), 41.09 (C13), 50.40 (C9), 57.29 (C14), 65.32 (C17),
74.29 (C3), 83.83 (C16), 90.14 (C22), 122.74 (C6), 140.12 (C5),
163.46 (C26), 169.16 (Oxime acetate), 170.95 (3-acetate ester);
ESI Mass (MeOH): 514.4 [M+H]*, 536.3 [M+Na]"; IR (KBr, cm™'):
2934, 1734, 1454, 1372, 1244.

2.2.11. Synthesis of (228)-38-Acetoxy-27-nor-furost-5-en-25-
ketoxime (16)

The ketoxime 16 was prepared from 9 using the same method
as for aldoxime 14.
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Yield = 87 mg (84%), mp = 151-53 °C; 'H NMR (CDCls): 5 0.79 (s,
3H, 18-CH3), 0.99 (s, 3H, 19-CH3), 1.02-1.95 (m, 28H, rest of the
1 x CHs, 8 x CH, and 5 x CH of steroidal ring), 1.97 (s, 3H, CH3COO,
acetate), 2.03 (s, 3H, 25-CH;C=N—0), 2.34 (bd, 2H, 7-CH,), 3.33
(bm, 1H, 22-CH), 4.29 (bm, 1H, 16-CH), 4.53 (bm, 1H, 3-CH), 5.36
(s, 1H, 6-CH). '3C NMR (CDCls;, 75 MHz): & 16.80 (C18), 19.20
(C19), 19.72 (C21), 21.04 (C11), 21.81 (acetate CH3), 28.14 (C1),
30.08 (C26), 30.19 (C23), 31.96 (C8), 32.38 (C7), 32.59 (C15),
33.58 (C24), 37.10 (C10), 37.39 (C2), 38.20 (C20), 38.48 (C12),
39.77 (C4), 41.10 (C13), 50.39 (C9), 57.29 (C14), 65.49 (C17),
74.30 (C3), 83.70 (C16), 89.70 (C22), 122.76 (C6), 140.09 (C5),
158.98 (C25), 170.97 (acetate ester); ESI Mass (MeOH): 458.3
[M+H]*, 480.3 [M+Na], 496.4 [M+K]*; IR (KBr, cm~!): 3382,
2941, 1721, 1448, 1374, 1248.

2.2.12. (228)-3p-Hydroxy-27-nor-furost-5-en-25-ketoxime-3p,25-
diacetate (17)

Procedure as for 6.

Yield = 57 mg (52%), mp = 113-16 °C; "H NMR (CDCls): § 0.80 (s,
3H, 18-CH3), 0.96 (s, 3H, 19-CH3), 1.08-1.88 (m, 24H, rest of the
1 x CHs, 8 x CH, and 5 x CH of steroidal ring), 1.98 (s, 3H, CH3COO,
Acetate), 2.03 (s, 3H, 25-CH3COO-, acetate), 2.16 (t, 3H, CH3CO),
2.36 (bd, 2H, 7-CH,), 3.30 (bs, 1H, 22-CH), 4.32 (bd, 1H, 16-CH,
] =5.4Hz), 4.60 (bs, 1H, 3-CH), 5.38 (s, 1H, 6-CH). '>C NMR (CDCl5,
75 MHz): 5 16.82 (C18), 19.13 (C19), 19.72 (C21), 20.09, 21.03
(C11), 21.80 (acetate CH3), 28.04 (C1), 29.89 (C26), 30.08 (C2),
31.97 (C8), 32.37 (C7), 32.57 (C15), 33.76 (C24), 37.10, 37.39
(C23), 38.07, 38.48 (C12), 39.76 (C4), 41.12 (C13), 50.40 (C9),
57.28 (C14), 65.46 (C17), 74.27 (C3), 83.73 (C16), 89.61 (C22),
122.71 (C6), 140.12 (C5), 166.81 (C25), 169.26 (Oxime acetate),
170.90 (3-acetate ester); ESI Mass (MeOH): 500.4 [M+H]", 538.3
[M+K]"; IR (KBr, cm™1): 2924, 2369, 1735, 1458, 1371, 1245.

2.2.13. Synthesis of (22)-25-Hydroxy-3B-yl-27-nor-furost-5-en-3-
acetate (18)

Ketone 9 (100 mg, 0.23 mmol) was stirred in methanol (5 mL). To
this stirred solution sodium borohydride (30 mg, 0.79 mmol) was
added and reaction mixture was further stirred for 30 min. On com-
pletion, solvent was evaporated in vacuo and residue was taken in
ethyl acetate (2 x 20 mL). It was acidified with dil. HCI (5%, 5 mL),
washed with water (2 x 10 mL) and organic layer was dried over
anhydrous sodium sulfate. The solvent was evaporated in vacuo
and residue thus obtained was recrystallised with chloroform-hex-
ane (1:4) to get 18 as mixture of both 25a/B-hydroxy isomers.

18: Yield = 86 mg (86%), mp = 159-62 °C; 'H NMR (CDCl5): &
0.80 (s, 3H, 18-CHj3), 0.95 (s, 3H, 19-CH3), 1.02-1.95 (m, 25H, rest
of the 2 x CH3, 8 x CH; and 3 x CH of steroidal ring), 2.03 (s, 3H,
CH3COO, Acetate), 2.30 (s, 1H, 20-CH), 2.32 (bd, 2H, 7-CH,), 3.35
(bs, 1H, 22-CH), 3.79 (m, 1H, 25-CHOH), 4.33 (bd, 1H, 16-CH),
4.59 (bs, 1H, 3-CH), 5.36 (s, 1H, 6-CH). *C NMR (CDCls, 75 MHz):
5 16.80 (C18), 19.08 (C19), 19.71 (C21), 21.03 (C11), 21.81(acetate
CHs), 23.62 (CH), 24.01 (CH), 28.14 (C1), 30.08 (C23), 31.93 (C8),
32.36 (C7), 32.49 (C15), 36.69 (C20), 37.10 (C10), 37.38 (C2),
38.28 (C24), 38.47 (C12), 39.81 (C4), 41.10 (C13), 50.38 (C9),
57.26 (C14), 65.17 C17), 67.91/68.75 (C250/p) 74.28 (C3), 83.80
(C16),90.60 (C22), 122.75 (C6), 140.08 (C5), 170.94 (acetate ester);
ESI Mass (MeOH): 445.3 [M+H]*, 467.4 [M+Na]*, 483.2 [M+K]"; IR
(KBr, cm™1): 3423, 2935, 1732, 1245,

2.3. Crystal structure determination by X-ray diffraction
crystallography

Single crystals of compound 9 (CygH4204, M =442.6) were
obtained by slow evaporation from a 50:50 mixture of chloroform
and methanol at 4 °C. The compound crystallized in orthorhombic
space group P2:2:2; with one molecule in the asymmetric unit.

The unit cell dimensions were determined to be a=6.0194 (6) A,
b=11.7762 (14)A, c=35229 (4)A, Z=4, V=24972 (5)A3
Deaie = 1.177 gm/cm?®, F(000) =968. X-ray diffraction data were
collected on a Bruker AXS SMART APEX CCD diffractometer using
Mo Kot radiation (4 =0.71073 A). Data were acquired using o scan
mode at room temperature (293 K). The structure was solved by
direct methods using SHELXS [7a] and was refined against F? with
full-matrix least squares method by using SHELXL [7b]. All the non
hydrogen atoms were refined anisotropically. Hydrogen atoms
were fixed geometrically in idealized positions and were refined
as riding over the atoms to which they were bonded. 10149 reflec-
tions were measured (5107 independent reflections) with
Rine = 0.060. The final R-value was 0.055 (wR=0.1239) for 2040
observed reflections with [I > 2sigl] and for 286 parameters. The
goodness-of-fit was 0.902. The largest difference peak was
0.28 eA3 and the largest difference hole was -0.25 eA~3. The abso-
lute configuration was chosen based on the known configuration of
the starting diosgenin molecule. Crystallographic data (excluding
structure factors) have been deposited with the Cambridge Crystal-
lographic Data Centre as supplementary publication number CCDC
967022. Copies of the data can be obtained, free of charge, on
application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK,
(fax:+44-(0)1223-336033 or e-mail: deposit@ccdc.cam.ac.uk)

2.4. Biological evaluation

2.4.1. Cytotoxicity evaluation by Sulphorhodamine assay

Cytotoxic activity of the compounds was assessed by Sulpho-
rhodamine B dye based plate assay [8]. In brief, 10* cells/well were
added in 96-well culture plates and incubated overnight at 37 °C in
5% CO,. Next day (at 80% confluency), serial dilutions of test com-
pound were added to the wells. Untreated cells served as control.
After 48 h, cells were fixed with ice-cold 50% (w/v) Tri-chloro ace-
tic acid (100 pL/well) for 1 h at 4 °C. Cells were then stained with
SRB (0.4% w/v in 1% acetic a&&&cid, 50 pL/well), washed and air-
dried. Bound dye was solubilized with 10 mM Tris base (150 pL/
well) and absorbance was read at 540 nm on a plate reader (Biotek,
USA). The cytotoxic effect of compound was calculated as% inhibi-
tion in cell growth as per formula: [1- (Absorbance of drug treated
cells/Absorbance of untreated cells) x100]. Determination of 50%
inhibitory concentration (ICso) was based on dose-response curves.

2.4.2. Cell cycle analysis

The effect of most potent compound on cell division cycle was
assessed by flow cytometry with Pl-stained cellular DNA, as
described earlier [9]. Briefly, cells (4 x10° per well) were seeded
in 6-well culture plate and grown overnight at 37 °C in 5% CO,.
After exposure to the compound for different time points, cells
were harvested by trypsinization and fixed with ice-cold 70% eth-
anol for 30 min at 4 °C. The pellets were washed with PBS and re-
suspended in a solution containing PI (20 mg/ml), Triton X100
(0.1%) and RNase (1 mg/ml) in PBS. After distribution of cells in dif-
ferent phases of cell cycle was calculated using “Cell Quest”
software.

2.4.3. Western blot assay

Compound treated cells were lysed (30 min, in ice) with cold M-
PER (mammalian protein extraction reagent) supplemented with
protease inhibitor cocktail. Equal amount of proteins (25 ug)
extracted from the cells treated for different time intervals were
separated by 10% SDS-polyacrylamide gel electrophoresis and
transferred electrophoretically onto PVDF membranes. The mem-
branes were blocked with 5% nonfat dry milk powder dissolved
in Tris-buffered saline (TBS; 20 mM Tris-HCl pH 7.6, 137 mM NacCl)
containing 0.1% Tween 20 (TBS-T) for 1 h at room temperature and
subsequently incubated overnight with anti-PARP antibody (cat#
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CHO

9

Scheme 1. (a) Ac,0, dry pyridine, dry CHCls, RT, 2 h, 91%; (b) AcOH, NaCNBHj3, RT, 5 h, 81%; (c) Dry DCM,PCC, reflux, 1 h, 91%; (d) Ethanol, substituted aniline, RT, 2 h, 66-84%.

HO

Fig. 1. Some of the plant based potent cytotoxic molecules on steroidal framework; 1: withaferin A, 2: gymnasterol 3: 24-hydroxyperoxide desmosterol, 4: timosaponin A-III,
5: diosgenin.

Table 1

Effect of various amines on transformation of 8-9.
Entry Aldehyde Amine Solvent Reaction time (h) %Yield of 9
1 8 No amine EtOH 16 No reaction
2 8 3,4,-Dimethoxyaniline EtOH 2 66
3 8 3,4,5-Trimethoxyaniline EtOH 2 84
4 8 3,4-Methylenedioxyaniline EtOH 2 72
5 8 Benzyl amine EtOH 16 No reaction
6 8 3,4-Methylenedioxybenzyl amine EtOH 16 No reaction
7 8 Ammonia EtOH 16 No reaction
8 8 Methylamine EtOH 16 No reaction
9 8 Ethylamine EtOH 16 No reaction

AcO!
8
Aldehyde

Schiff's base
Enamine

N NHCH;
Ri\/ +

Fig. 2. Plausible mechanism of conversion of aldehyde 8 to ketone 9.
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AcO'

Fig. 3. HMBC correlations of side chain of ketone 9.

9542, Cell Signaling Technology, USA) at 4 °C. After 3 washes with
TBS-T, the membranes were incubated with HRP conjugated anti-
rabbit antibody for 1 h at room temperature and washed again
with TBS-T (x3 times). Proteins were detected with an enhanced
chemiluminescence (ECL) reagent and visualized by a chemilumi-
nescence detector (Bio-Rad Laboratories, USA). The densitometry
analysis of blots was done by using Bio-Rad Image Lab 4.0
software.

2.4.4. Docking studies

The two dimensional structures of the molecules were con-
structed with the ChemDraw Ultra. Energy minimization of the
compounds was performed with ‘ChemBio office’ considering
MM2/MM3 molecular mechanics parameter up to its lowest stable
energy state. This energy minimization process was performed
until the energy change was less than 0.001 kcal mol~! or the mol-
ecules had been updated almost 300 times. The 3D chemical struc-
ture of doxorubicin (Positive control) was retrieved from the
PubChem compound database at NCBI (http://www.pub-
chem.ncbi.nlm.nih.gov). Crystallographic 3D structures of target
proteins (caspase-9: (PDB:1NW9- chain B) and caspase-3:
(PDB:3KJF) were retrieved from the Brookhaven Protein Databank
(http://www.pdb.org) [10,11]. Hydrogen atoms were added to
the protein targets to achieve the correct ionization and tautomeric
states of amino acid residues such as His, Asp, Ser, and Glu. Molec-
ular docking of the compounds against selected target was
achieved using the ‘AutoDock Vina'. To perform the automated
docking of ligands into the active sites, we used a Lamarkian
genetic algorithm [12].

2.4.5. In-vivo acute oral toxicity

In view of potent anti-cancer activity of compound 7 in in-vitro
model, acute and sub-acute oral toxicity of the same was carried
out in Swiss albino mice for its further development into drug
product. Experiment was conducted in accordance with the Orga-
nization for Economic Co-operation and Development (OECD) test
guideline No 423 (1987).

For this experiment, 30 mice (15 male and 15 female) were
taken and divided into four groups comprising 3 male and 3 female
mice in each group weighing between 20 and 25 g. The animals
were maintained at 22 + 5°C with humidity control and also on
an automatic dark and light cycle of 12 hours. The animals were
fed with the standard mice feed and provided ad libitum drinking

. _rc19

Cc28

B Gy/G,
uG,/M
|S

m Sub-G,

Fig. 5. Cell cycle analysis of compound 7.
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Fig. 6. Cleavage of PARP, a caspase target by compound 7.

PARP

water. Mice of group 1 were kept as control and animals of groups
2, 3,4 and 5 were kept as experimental. The animals were acclima-
tized for 7 days in the experimental environment prior to the
actual experimentation. The test compound was solubilized in
dimethyl sulphoxide with few drops of tween 80 and then sus-
pended in caboxymethyl cellulose (0.7%) and was given at 5, 50,
300 and 1000 mg/kg body weight to animals of groups 2, 3, 4
and 5 respectively once orally. Control animals received only
vehicle.

The animals were checked for mortality and any signs of ill
health at hourly interval on the day of administration of drug
and there after a daily general case side clinical examination was
carried out including changes in skin, mucous membrane, eyes,
occurrence of secretion and excretion and also responses like lach-
rymation, piloerection respiratory patterns etc. Also changes in
gait, posture and response to handling were also recorded [13].
In addition to observational study, body weights were recorded
and blood and serum samples were collected from all the animals
on 7™ day of the experiment in acute oral toxicity. The samples
were analyzed for total RBC, WBC, differential leucocytes count,
hemoglobin percentage and biochemical parameters like ALKP,
SGPT, SGOT, total cholesterol, triglycerides, creatinine, bilirubin,
serum protein, tissue protein, malonaldehyde and reduced GSH
activity. The animals were then sacrificed and were necropsed
for any gross pathological changes. Weights of vital organs like
liver, heart, kidney etc. were recorded [14].

Fig. 4. Molecular conformation of 9 in crystals. Thermal ellipsoids are shown at 50% probability level.
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2.4.6. Statistical analysis
Statistical analysis was carried out in Microsoft Excel.

3. Results and discussion

Scheme 1 denotes the synthetic strategy of these derivatives
starting with diosgenin (5). Diosgenin 5 was converted to dios-
genin acetate 6 by acetylation with acetic anhydride-pyridine in
dry chloroform at room temperature. The spectral data of acetate
6 was alike the earlier reports [6a]. The reductive cleavage of ring
F of spiroketal linkage was done by using sodium cyanoborohy-
dride in AcOH at room temperature to get the alcohol 7 that pos-

PHE-a0¢
PRO-318

336 ALA‘316

anss 4

Y §
L

sesses furostenic system. Oxidation of alcohol 7 with pyridinium
chlorochromate (PCC) yielded aldehyde 8 (Fig. 1).

We tried to prepare some Schiff’s bases onto C,9 aldehyde (8),
but unexpectedly, we ended with a C,g ketone (9). Aldehyde 8 on
treatment with an aromatic amine in ethanol at room temperature
afforded product 9 as a ketone in 2 h. Various aromatic amines
(3,4,-dimethoxyaniline, 3,4,5-trimethoxyaniline 3,4-methylenedi-
oxyaniline) were tried and every time the same product 9 was
obtained in varied yields (66-84%). The reaction of aldehyde 8 with
aliphatic amines (MeNH,; and EtNH;) and even with ammonia was
unsuccessful. Benzyl amines (BnNH; and 3,4-methylenedioxyben-
zylamine) also did not yield the product 9 (Table 1). It will be
worth mentioning that without aromatic amine this transforma-
tion does not take place. Aldehyde 8 did not form Schiff’s base with

TRP.354

Fig. 7a. In-silico molecular docking studies elucidating the possible mechanisms of diosgenin (5), its derivatives 7, and positive control doxorubicin with Caspase-9 (PDB:
1NWO9-B). The docking studies were carried out using ‘AutoDock Vina’, using Lamarkian genetic algorithm.
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Fig. 7b. In-silico molecular docking studies elucidating the possible mechanisms of diosgenin (5), its derivatives 7, and positive control doxorubicin with Caspase-3: (PDB:
3KJF). The docking studies were carried out using ‘AutoDock Vina’, using Lamarkian genetic algorithm.

Table 2

Effect of solvent polarity on transformation of compound 8-9.
Entry Aldehyde Amine Solvent Reaction time (t) h % Yield of 9
1 8 3,4,5-Trimethoxyaniline EtOH 2 84
2 8 3,4,5-Trimethoxyaniline MeOH 2 73
3 8 3,4,5-Trimethoxyaniline THF 2 44
4 8 3,4,5-Trimethoxyaniline Dichloromethane 2 49
5 8 3,4,5-Trimethoxyaniline Toluene 2 28

Table 3

In-vitro cytotoxicities of diosgenin analogs.
S. no. Compound no./name ICs0 (uM) (Mean + SE)*

KB C-33A DU145 A549 MCEF-7

1 7 11.43+1.47 7.54 +0.93 >20 >20 10.95+0.73
2 8 17.55 £ 1.25 11.54+0.10 16.826 >20 1517 £1.36
3 14 15.97 £1.96 11.18 £ 0.63 17.08 £ 0.09 1527 £1.18 14.53 £1.07
4 15 13.96 £ 0.39 12.27 £0.38 13.27£0.25 12.56 +0.18 14.28 £0.20
5 17 17.52 13.15 >20 16.29 18.67
6 Tamoxifen 10.25+1.21 6.94 £ 0.09 12.24+0.28 10.07 £ 0.46 8.54+1.01
7 Podophyllotoxin <1.25 <1.25 <1.25 <1.25 <1.25

¢ Rest of the compounds have ICsq > 20 uM, considered inactive.
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any of these amines. The structure of the ketone 9 was confirmed
by 1D NMR ('H & '3C), 2D NMR (COSY, HSQC, HMBC), mass and IR
spectroscopy. A plausible mechanism is given in Fig. 2.
Compound 9 was obtained as yellow amorphous powder. Its
structure was established by spectroscopy. Its molecular formulae
CygH4204 was determined by its HR-ESI-MS at m/z 443.3139
[M+H]"* (Calcd 443.3161). '*C NMR showed total 28 distinct car-
bons indicating loss of one carbon as compared to aldehyde 8.
There were 5 methyls (516.80, 19.01, 19.71, 21.80, 30.33), 9 meth-
ylenes (521.02, 27.44, 28.13, 32.37, 32.55, 37.38, 38.48, 39.75,
41.28), 9 methines (831.95, 38.24, 50.38, 57.27, 65.39, 74.28,
83.69, 89.53, 122.72) and 5 quaternary carbons (8 37.10, 41.09,
140.12, 170.95, 209.24). There was no aldehyde group and a car-
bonyl group was generated as ketone at 5209.24 ppm. Least change

AcO

in the chemical shifts of C1 to C22 suggested possibility of no
change in the ring system of the ketone 9. From HSQC spectrum,
chemical shifts of 22-CH (83.26 m, 89.53), 23-CH, (51.72, 27.44),
24-CH, (82.49-2.61, 41.28) and 26-CH; (52.13, 30.33) were estab-
lished. In 'H-'H COSY spectrum, 22-CH (83.26) showed coupling
with 23-CH, (81.72) and 24-CH, (52.49-2.61) showed coupling
with 23-CH, (81.72). In HMBC correlations, 26-CH3 protons
(82.13 ppm) showed correlations with C24 (541.28) and C25
ketone (6209.24). 24-CH, protons (52.49-2.61) exhibited correla-
tions with C26 (830.33) and C23 (827.44) carbons. C23- CH; pro-
tons (81.72) showed correlations with C22 (589.53), C24 (41.28)
and C25 (8209.24) carbons. HMBC correlations of side chain are
shown in Fig. 3. The structure of 29 was finally authenticated by
single crystal X-ray crystallography (Fig. 4).

HsCO  OCH,

OCH,

OCH,

ACO HsCO  OCH,

AcO'

AcO'

Scheme 2. (e) Wittig salt, NaH, dry Toluene, RT, 3-4 h, 62-81%; (f) NH,OH.HCI, EtOH, reflux, 2 h, 84%; (g) Ac,0, dry pyridine, dry CHCl3, RT, 3 h, 92%.

AcO

Mixture of isomers

18

N-OAc
\

Scheme 3. (f) NH,OH.HCI, EtOH, reflux, 2 h, 79%; (g) Ac,0, dry pyridine, dry CHCls, RT, 3 h, 89%; (h) NaBH;-MeOH, RT, 30 min, 86% (Mix of isomers).
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Further, the molecular conformation of compound 9 in crystals
is depicted in Fig. 4. All the bond lengths and bond angles are
within the accepted range. The crystal packing is stabilized by
van der Waals interactions, in the absence of strong hydrogen bond
donors in this molecule. However, the ketonic O atom and the
methylene group (C24) adjacent to the ketone functionality of
symmetry-related molecules are at 3.22A apart, suggesting a weak
C-H..O interaction (03..H=2.55A, (24..03=3.22A, /C24-
H...03 = 125.8°). The ring conformations of compound 9 are very
similar to that observed in other diosgenin derivatives and solvates
(Figs. 5, 6, 7A, 7B).

The effect of various solvents was also observed, as shown in
Table 2. Ethanol was found to be the best solvent. However, meth-
anol was equally good. In case of less polar solvents like THF,
dichloromethane and toluene the yield of the product 9 was rela-
tively low (Table 3).

Further, several styrene derivatives were prepared on to 8
aldehyde using Wittig reaction. Various Wittig salts (Benzylidene-
triphenylphosphonium bromide) were prepared using triphenyl-
phosphine and corresponding benzylbromide in toluene. Finally
the styrene derivatives of diosgenin were obtained by treating
wittig salt with aldehyde 8 in sodium hydride/toluene under reflux
conditions in 29-68% yields. 8 was transformed to aldoxime (14)
also and then oxime acetate (15) by usual methodologies [15].
All these transformations are depicted in Scheme 2.

Similarily, Scheme 3 shows modification of ketone 9 to various
other derivatives. 9 was modified to ketoxime (16) and its corre-
sponding acetate (17) same as described earlier for aldehyde 8.
The ketone group of 9 was reduced to alcohol (18) with sodium
borohydride in methanol. Both C250-OH and C25B-OH isomers
were formed in equal ratio as evident from '*C NMR at 867.91
and 868.75 respectively.

All synthesized compounds were evaluated against C33A (Cer-
vical carcinoma), A549 (Lung carcinoma), KB (HeLa contaminant
of mouth epidermal carcinoma), MCF-7 (Breast adenocarcinoma),
DU145 (prostate carcinoma) human cancer cell lines by Sulpho-
rhodamine assay [7]. Only five of the analogs exhibited significant
anticancer activity, rest were inactive at 20 M concentration.

Cell cycle regulation ensures the fidelity of genomic replication
and cell division. G;/S and G,/M transitions are two major check-
points to allow the cells to control any modification in DNA con-

Table 4
Molecular interactions of diosgenin (5) and its derivative 7 docked with Caspase-9: (PDB: 1NW9-B) and Caspase-3: (PDB: 3KJF) and binding pocket residues (amino acids).

tent. Checkpoint loss results in genomic instability and induce
carcinogenesis. Induction of cell cycle arrest in cancer cell lines
constitutes one of the most prevalent strategies to stop or limit
cancer spreading [16]. Our data demonstrate that Compound 7
arrests cells at Go/G; phase of division cycle which is associated
with decrease in G,/M population. We also observed accumulation
of cells in sub-Gq phase after treatment confirming induction of
apoptosis by the molecule.

Diosgenin and related compounds have been good cytotoxic
agents against various human cancer cell lines [17a-f]. Diosgenin
and its semisynthetic derivatives induced apoptosis through
increased expression of caspase-3 [18a-e]. Caspases are a family
of cystein-aspartic proteases, which are crucial mediators of apop-
tosis. Among these caspase-3 encoded as CAS3 gene is identified in
numerous mammals. It remains as zymogens (procaspase) unless
activated biochemically. It cleaves and activates caspases 6, 7
and 9, and the protein itself is processed by caspases 8, 9 and 10.
Caspase-3 is necessary for its typical role in apoptosis, where it is
responsible for chromatin condensation and DNA fragmentation
[19]. PARP is an enzyme involved in DNA repair when cell are
exposed to environmental stress [20]. During apoptosis, PARP is
cleaved and inactivated by caspases [21,22]. Therefore, cleavage
of PARP is a well established marker for detection of apoptosis.
In the present study we found cleavage of PARP in MCF-7 cells at
24 h exposure to the Compound 7 implying activation of caspases
by the molecule to trigger apoptosis.

The binding affinity obtained in the docking experiment
allowed the activity of the diosgenin derivative 7 to be compared
to that of the standard anticancer compound doxorubicin (Table 4).
The diosgenin and its active derivatives ‘7’ showed high binding
affinity (high negative docking energy) against known human
caspases 9 (-7.3 kcal/mol) and caspase 3 (-7.8 kcal/mol) (PDB:
1NWO-B; PDB: 3KJF). When we compared how the binding site
pocket amino acid residues interacted with the derivatives, we
found that the in case of CASPASE 9, ‘PHE, PRO, THR, GLY, ARG,
and HIS’ amino acids were in share with positive control doxorubu-
cin. While, in case of CASPASE 3, ‘GLN, PHE, TYR, TRP, SER, ALA, GLY
and ARG’ were in share with doxorubicin.

In acute oral toxicity studies of compound 7, no observational
changes, morbidity and mortality were observed throughout the
experimental period up to the dose level of 1000 mg/kg body

Compound code Caspase-3 (PDB entry 1pau)

Caspase-9 (PDB entry 1nw9)

Binding  Binding pocket amino acids Binding  Binding pocket amino acids

affinity affinity

(Kcal/ (kcal/

mol) mol)

-7.9 ARG(B)-207, ASN(B)-208, GLU(B)-248, PHE(B)- -87 ALA-316, ARG-408, GLN-245, LEU-244,
247, PHE(B)-250, PHE(B)-256, SER(B)-209, PHE-406, PRO-318, PRO-336, THR-337
SER(B)-249, SER(B)-251, TRP(B)-206, TRP(B)-214

-7.8 CYS(A)-163, GLU(A)-123, GLY(A)-122, HIS(A)- -7.3 GLN-240, GLY-288, GLY-350, GLY-395,

CH,OH 121, MET(A)-61, PHE(A)-128, THR(A)-166, ILE-396, LYS-394, LYS-398, PHE-348,
ARG(B)-207, ASN(B)-208, PHE(B)-250, PHE(B)- PHE-351, PRO-349, THR-347, TRP-354,
256, SER(B)-209, SER(B)-249, SER(B)-251, TYR-397
TRP(B)-206, TRP(B)-214, TYR(B)-204
Doxorubicin -82 ALA(A)-162, ARG(A)-64, CYS(A)-163, GLN(A)- -82 ARG-178, ARG-180, ASP-186, CYS-287,

161, GLY(A)-122, HIS(A)-121, MET(A)-61,
SER(A)-120, ARG(B)-207, ASP(B)-253, PHE(B)-
256, SER(B)-205, SER(B)-251, TRP(B)-206,

TYR(B)-204

GLY-182, GLY-288, GLY-360, HIS-237,
PHE-351, PRO-349, PRO-357, SER-183,
SER-361, THR-179, THR-181
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Table 5
Effect of compound 7 as a single acute oral dose at 5, 50, 300 and 1000 mg/kg body weight on body weight, haemogram and serum biochemical parameters in Swiss albino mice
(Mean + SD; n = 6) compared to control, 5, 50, 300 and 1000 mg/kg).* significant (P < 0.05).

Parameters Dose of compound 7 at mg/kg body weight as a single oral dose
Control 5 mg/kg 50 mg/kg 300 mg/kg 1000 mg/kg

Body weight (gm) 23.32+0.60 23.31+0.48 23.95 £0.45 21.92 +0.47 23.10+0.55
Hemoglobin (gm/dL) 11.23+0.92 11.44 +0.50 10.94 £ 0.58 11.51+1.02 12.10 £ 0.40
RBC (million/mm?) 5.82+0.19 6.55+0.30 5.85+0.31 5.42+0.34 6.19+0.30
WABC (1000*/mm?) 10.68 +2.14 11.03+2.24 1048 £1.76 10.71 £ 2.52 12.53 +2.77
ALKP (U/L) 222.1+144 259.4+6.9 263.6 £ 16.2 239.4+13.7 139.7+17.4
SGOT (U/L) 24.44 +2.37 3249 +3.51 31.50 £2.98 36.04 +3.33 32.54 +3.50
SGPT (U/L) 12.96 £ 1.96 18.76 £1.79 18.07 £3.20 19.96 + 4.63 18.33£2.27
Albumin (g/dL) 3.60 £ 0.45 3.08 £0.15 298 +0.13 2.87+£0.24 3.27+£0.11
Creatinine (mg/dL) 0.63+0.11 0.48 + 0.09 0.50 + 0.07 0.44 + 0.05 0.47 + 0.08
Triglycerides (mg/dL) 172.21+£17.57 180.55+19.70 172.73 +19.15 171.74 +19.80 166.89 +17.97
Serum protein (mg/mL) 1.15+0.13 1.02 +£0.08 0.94 £ 0.08 1.00 £ 0.08 1.23+0.09
Cholesterol (mg/dL) 156.4+35.8 1143 +21.2 11591234 123.8+25.6 156.4 +28.3

Relative Organ weight

2.0 - % conitrol . Absolute Organ weight(g)
5 mg/kg 1.60 u control
1.40 m5mg/kg
6.0 1 50mg/kg b some/ke
= Cal
w® m300mg/kg T 120 w300 mg/keg
o & 1.00 1000 mg/k
4.0 o M 1000 mg/kg H . mg/kg
& £ 080
a 5 0.60
X2.0 4 646
0.20 4
0.0 A 0.00 +
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Fig. 8. Effect of compound 7 as a single acute oral dose at 5, 50, 300 and 1000 mg/kg on absolute and relative organ weight in Swiss albino mice (n = 6, Non significant changes
were found compared to control).

oral dose except significant decrease in ALKP activities in groups
treated with compound 7 at 1000 mg/kg. However, sub-acute
and or chronic experiment with the test drug needs to be carried
out to look for any adverse effect on repeated exposure to com-
pound 7 for its future development [23] Fig. 10.

weight. No morbidity or any other gross observation changes could
be noticed in the group of animals treated with the test drug at
1000 mg/kg. Blood and serum samples upon analysis showed
non-significant changes in all the parameters studied like total
hemoglobin level, RBC count, WBC count, differential leucocytes
count, SGPT, creatinine, triglycerides, cholesterol, albumin, serum
protein (Table 5 and Fig. 8) except significant changes in ALKP
activities in groups of animals treated with the compound at
1000 mg/kg; wherein ALKP activity was decreased significantly
compared to control. Animals on gross pathological study showed
no changes in any of the organs studied including their absolute
and relative weight (Figs. 7a and 7b). Therefore, the experiment
showed that compound 7 is well tolerated by the Swiss albino mice
up to the dose level of 1000 mg/kg body weight as a single acute

4. Conclusion

Diosgenin was modified to obtain novel derivatives. The unu-
sual transformation was observed and product has been confirmed.
Compound 7 is the most potent derivative of this series which
inhibits cell proliferation by arresting the population in Go/G,
phase of the cell cycle. The mechanism of antiproliferative action
Differential Leucocyte Count (DLC) of this molecule is through induction of caspase depended apopto-
70.00 - sis pathway. Compound 7 is a non-toxic anticancer furostane
derivative of diosgenin. The lead obtained in this study can further
be optimized for better activity in future.

80.00 4
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Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.steroids.2014.05.
025.
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We herein report the synthesis of diosgenin analogues from commercially available diosgenin as the
starting material. The structures of newly synthesised compounds were confirmed by 'H NMR, 3C NMR
and mass spectrometry. All analogues were evaluated for in-vitro anti-inflammatory profile against
LPS-induced inflammation in primary peritoneal macrophages isolated from mice by quantification
of pro-inflammatory (TNF-a, IL-6 and IL-1[3) cytokines in cell culture supernatant using the ELISA
technique followed by in-vitro cytotoxicity study. Among the synthesised analogues, analogue 15 [(E) 26-

g?gsg(;ﬁi (3,45 -trimethoxybenzylidene)-furost-5en-3[3-acetate)] showed significant anti-inflammatory activity
Inflammation by inhibiting LPS-induced pro-inflammatory cytokines in a dose-dependent manner without any cyto-
Macrophage toxicity. Efficacy and safety of analogue 15 were further validated in an in-vivo system using LPS-induced
Lipopolysaccharide sepsis model and acute oral toxicity in mice. Oral administration of analogue 15 inhibited the pro-
Sepsis inflammatory cytokines in serum, attenuated the liver and lung injury and reduced the mortality rate in
Docking sepsis mice. Acute oral toxicity study showed that analogue 15 is non-toxic at higher dose in BALB/c mice.
Mice Molecular docking study revealed the strong binding affinity of diosgenin analogues to the active site of

the pro-inflammatory proteins. These findings suggested that analogue 15 may be a useful therapeutic
candidate for the treatment of inflammatory diseases.
© 2014 Elsevier Ltd. All rights reserved.

inflammation. Inflammation s linked to a wide range of progressive
diseases, including sepsis, auto-immune disorders, neurological
diseases, metabolic disorder and cardiovascular disease [2,3]| which

1. Introduction

Inflammation is a complex and an important host defence mech-

anism in response to different stimuli, such as pathogens, physical
injury and chemical injury. At a damaged site, inflammation is
initiated by migration of immune cells from blood vessels and
release of mediators, followed by recruitment of inflammatory cells
and release of reactive oxygen species, reactive nitrogen species
and pro-inflammatory cytokines to eliminate foreign pathogens,
resolving infection and repairing injured tissues [ 1].In general, nor-
mal inflammation is rapid and self-limiting, but aberrant resolution
and prolonged release of inflammatory mediators lead to chronic
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impose severe social and financial burdens including poor quality
of life, high health-care costs and substantial loss of productiv-
ity. Sepsis, a life-threatening disease with a high mortality rate,
is accompanied by systemic inflammation with excessive pro-
duction of pro-inflammatory cytokines including tumour necrosis
factor-a (TNF-a) and interleukin-13 (IL-1) [4]. Lipopolysaccha-
ride (LPS), an endotoxin and the outer membrane component of
Gram-negative bacteria, is a major pathogenic factor in sepsis [5].
LPS has been established for inflammatory research because LPS
induces systemic inflammation mimicking the initial clinical fea-
tures of sepsis [6].

Steroids are very important class of anti-inflammatory agents
(SAIA). They suppress immune response through inhibition of NF-
kB and by suppression of pro-inflammatory cytokines. They also
inhibit production of prostaglandins and leukotrienes. Some of
the notable steroidal anti-inflammatory drugs are dexamethasone,
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Fig. 1. Structures of standard anti-inflammatory steroid drugs; dexamethasone (2), beclometasone dipropionate (3), fluticasone (4), budesonide (5), mometasone (6) and

ciclesonide (7).

beclometasone dipropionate, fluticasone, budesonide, mometa-
sone, ciclesonide, etc. (Fig. 1). These are used for the management
of various human disease conditions linked with inflammation [7].

The majority of natural molecules and their analogues
showed potent anti-inflammatory activities and some established
themselves as clinical agents for chronic inflammatory disease
conditions. Therefore, plant-based natural compounds play a sig-
nificant role in the development of anti-inflammatory drugs in the
pharmaceutical industry which can serve as a good source of lead
molecules suitable for further modification during the drug devel-
opment process.

Diosgenin is a C27 spiroketal steroidal sapogenin abundantly
available in nature. It is mainly present in the form of saponin
in the plants including Trigonella, Dioscorea [8], Costus [9] and
Smilax species [10]. In traditional medicine, it is used as an anti-
hypercholesterolemia, antihypertriacylglycerolemia, antidiabetes
and antihyperglycemia agent [11]. Several pharmacological reports
reveal that diosgenin improves vascular function by increasing
aortic eNOS expression in chronic renal failure model in rat [12],
inhibits proliferation and induces apoptosis in a wide variety of
cancer cell lines [13,14]. The antiproliferative and apoptotic prop-
erties are due to its ability to arrest the cell cycle, activate p53,
release apoptosis-inducing factor, modulate caspase-3 activity [15]
and due to inhibition of the ERK, JNK and phosphoinositide 3-
kinase signalling pathways and nuclear factor kappa B activity
(NF-kB) [16]. The NF-kB family of transcription factors has been
increasingly recognised as a crucial player in many steps of cancer
and inflammation [17]. Recently, it has been reported that dios-
genin exhibits anti-inflammatory activity due to down-regulation
of ICAM-1 expression through NFkB pathway [18]. In the present
study, we have synthesised several analogues of diosgenin by
modifying at spiroketal ring (Fig. 2) to examine its influences on
inflammatory response; we validated the hypothesis using in-vitro
and in-vivo bioassay techniques and it was further confirmed using
in-silico study.

2. Materials and methods
2.1. General procedures

The starting substrate diosgenin (purity ~93%) was procured
from Sigma Chemicals, USA. All the dry solvents were prepared as

Planned analogues

Fig. 2. Structures of diosgenin (1) and planned analogues.

per standard methods. Reagents were used as such without any fur-
ther purification. Reactions were monitored in Merck aluminium
sheet silica gel thin layer plates (TLC, 60F,54), visualised in UV-
cabinet (Amax =254 and 365 nm) and further charred with 2% ceric
sulphate in 10% aqueous sulphuric acid with subsequent heating
at 80-100°C. Melting points were determined in open capillar-
ies in E-Z Melt melting point apparatus, Stanford Research System,
USA. Solvents were evaporated under reduced pressure at 50°C in
Buchi Rotavapor. Compounds were purified through column chro-
matography over silica gel (Avra Chemicals, India, 100-200 mesh).
NMR experiments were performed on Bruker Avance DRX 300 MHz
spectrometer using tetramethylsilane (TMS, & scale, 0.00 ppm) as
internal standard. Splitting of peaks are abbreviated as s for singlet,
d for doublet, t for triplet, q for quartet, bs for broad singlet and m
for multiplet. 'H and 13C spectra are reported. Electrospray mass
analysis was done on API 3000 Triple Quad LC-MS-MS (Applied
Biosystem, USA) mass spectrometer after dissolving samples in
methanol or acetonitrile. Nomenclature of diosgenin analogues
has been done as per recommendations published by the Joint
Commission on the Biochemical Nomenclature (JCBN) of IUPAC
[19].

2.2. Chemical synthesis

2.2.1. Synthesis of analogues 8 and 17

Acetylation was done as per reported method [20]. Substrate
was taken in dry chloroform and pyridine at room temperature
and acetic anhydride was added to it. Usual work-up was done after
pouring into water.

Analogue 8  (3B-Hydroxy-(25R)-Spirost-5-en-3p-acetate):
Yield=91%, mp=193-196°C; 'H NMR (CDCl3), 8§ 0.77 (s, 3H,
18-CH3), 0.96 (d, 3H, 27-CH3), 1.02 (s, 3H, 19-CH3), 1.11-2.31
(m, 25H, rest of the 1xCHs3, 8xCH; and 6xCH of steroidal ring),
2.01 (s, 3H, CH3COO, acetate), 2.24-2.31 (bd, 2H, 7-CH,), 3.38
(m, 2H, 26-CH;), 4.37 (bs, 1H, 3-CH), 4.42 (bd, 1H, 16-CH),
5.36 (s, 1H, 6-CH). 13C NMR (CDCls, 75MHz); § 14.89, 16.64,
17.51, 19.69, 21.20, 21.74, 28.12, 29.19, 30.66, 31.78, 31.80,
32.21, 32.41, 37.10, 37.34, 38.47, 40.10, 40.63, 42.00, 42.68,
50.35, 56.82, 62.52, 67.19, 74.26, 81.16, 109.60, 122.72, 140.05,
170.82; ESI mass (MeOH): 457.3 [M+H]*, 479.3 [M+Na]*, 495.4
[M+K]*.

Analogue 17 (Furost-5-en-38, 26N-diacetoxy-26-aldoxime):
Yield =92%, mp=90-93°C, 'H NMR (CDCl3): § 0.79 (s, 3H, 18-
CH3), 0.99 (s, 3H, 19-CH3), 1.02-1.97 (m, 29H, rest of the 2xCH3,
8xCH, and 7xCH of steroidal ring), 2.02 (s, 6H, 2xCH3CO0O, 3 and
26-oxime acetates), 2.30 (bd, 2H, 7-CH,, J=6.9Hz), 3.29 (bs, 1H,
22-CH), 4.29 (bs, 1H, 3-CH), 4.60 (bd, 1H, 16-CH), 5.36 (s, 1H, 6-CH),
7.50-7.53 (d, 1H, 26-CH, J=8.1Hz); 13C NMR (CDCls, 75 MHz): §
16.81, 19.20, 19.72, 19.91, 21.03, 21.81, 26.33, 28.14, 30.08, 31.52,
31.96, 32.38, 32.59, 37.11, 37.39, 38.06, 38.28, 38.49, 39.77, 41.09,
50.40, 57.29, 65.32, 74.29, 83.83, 90.14, 122.74, 140.12, 163.46,
169.16, 170.95; ESI mass (MeOH): 551 [M+K-1]*.
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2.2.2. Synthesis of (25R) furost-5-en-, 3-acetoxy, 26-ol (9)

Diosgenin 3-acetate (200 mg, 0.44 mmol) was stirred in a 5 mL
acetic acid. To this solution, sodium cyanoborohydride (200 mg,
3.17 mmol) was added in portions over a period of 30 min. After 2 h,
when the reaction was complete, the reaction mixture was poured
in ice-cool water, extracted with ethyl acetate (3 x 30 mL), washed
with water and dried over anhydrous sodium sulphate. The organic
layer was dried in-vacuo to get a crude mass, which was purified
through column chromatography over silica gel using hexane-ethyl
acetate as eluants. The desired alcohol 9 was obtained at 10-12%
ethyl acetate-hexane as white crystalline solid.

Analogue 9: Yield=81%, mp=121-122°C; 'H NMR (CDCl3): §
0.83 (s,3H, 18-CH3), 0.94 (s, 3H, 19-CH3), 1.03-1.90 (m, 28H, rest of
the 2xCHj3, 8xCH, and 6 xCH of steroidal ring), 2.05 (s, 3H, CH3COO,
acetate), 2.35 (bd, 2H, 7-CH,), 3.36 (bs, 1H, 22-CH), 3.48 (m, 2H,
27-CH,0H), 4.34 (bs, 1H, 3-CH), 4.63 (bs, 1H, 16-CH), 5.40 (s, 1H, 6-
CH). 13C NMR (CDCl3, 75MHz): § 16.80, 17.00, 19.30, 19.69, 21.03,
21.77, 28.13, 30.46, 30.82, 31.94, 32.36, 32.59, 36.08, 37.07, 37.37,
38.28, 38.46, 39.78, 41.07, 50.39, 57.28, 65.48, 68.27, 74.28, 83.57,
90.71, 122.74, 140.04, 170.91; ESI mass (MeOH): 459.4 [M+H]",
481.3 [M+Nal*, 497.4 [M+K]*.

2.2.3. Synthesis of furost-5-en-3p-acetoxy 26-al (10)

Alcohol 9 (200 mg, 0.43 mmol) was taken in 10 ml methylene
chloride. To this stirred solution, pyridinium chlorochromate (PCC,
200 mg, 0.93 mmol) was added and further stirred for an hour. On
completion, solvent was evaporated and residue was dissolved in
ethyl acetate. It was acidified with dil. HCl and washed with water.
The organic layer was dried over anhydrous sodium sulphate and
dried in-vacuo. The residue thus obtained was recrystallised with
chloroform-hexane (1:3) to get aldehyde 10 as brown coloured
solid.

Analogue 10: Yield=91%, mp=119-123°C; 'H NMR (CDCl3): §
0.80 (s, 3H, 18-CH3), 0.93 (s, 3H, 19-CH3), 1.16-1.97 (m, 28H, rest of
the 2xCHj3, 8xCH, and 6 xCH of steroidal ring), 2.16 (s, 3H, CH3COO,
Acetate), 2.46 (bd, 2H, 7-CH5), 3.45 (bs, 1H, 22-CH), 4.44 (bs, 1H, 3-
CH), 4.73 (bd, 1H, 16-CH), 5.50 (s, 1H, 6-CH), 9.75 (s, 1H, 26-CHO).
I3CNMR (CDCl3, 75 MHz): § 13.78,16.79,19.22,19.71, 21.03, 21.77,
28.15, 30.07, 31.11, 31.96, 32.37, 32.59, 37.09, 37.39, 38.26, 38.48,
39.77,41.08,46.72,50.41, 57.29, 65.44, 74.28, 83.28,90.11, 122.73,
140.09, 170.91, 205.54; ESI mass (MeOH): 457.3 [M+H]*, 479.3
[M+Nal*, 495.4 [M+K]*; ESI-HRMS: 457.33181 (calculated), and
457.3311 (observed) for C;gH4504.

2.2.4. Synthesis of 27-nor- furost-5-en- 3B-acetoxy-25-one (11)

Aldehyde 10 (200 mg, 0.44 mmol)was taken in 10 mL ethanol. To
this stirred solution, 3,4,5-trimethoxyaniline (200 mg, 1.09 mmol)
was added and further stirred for 2 h at room temperature. The
solvent was evaporated and the residue was dissolved in ethyl
acetate and washed with water. The organic phase was dried
over anhydrous sodium sulphate and dried in-vacuo to get a
residue. It was purified through silica gel column eluting with ethyl
acetate:hexane. The desired ketone 11 was obtained at 8-10% ethyl
acetate-hexane as creamish white solid.

Analogue 11: Yield=84%, mp=138-140°C; 'H NMR (CDCl3):
8 0.79 (s, 3H, 18-CH3), 0.98 (s, 3H, 19-CH3), 1.02-1.87 (m, 23H,
rest of the 1xCH3, 8xCH; and 4xCH of steroidal ring), 1.95 (s,
3H, CH3COO, acetate), 2.13 (s, 3H, 26-CH3C0), 2.32 (d, 1H, 7-CHa,
J=6.3Hz) 2.51-2.63 (bd, 2H, 24-CH,), 3.26-3.29 (bs, 1H, 22-CH),
4.24-4.29 (bs, 1H, 16-CH), 4.57 (bd, 1H, 3-CH), 5.35 (s, 1H, 6-CH).
I3CNMR (CDCl3, 75 MHz): § 16.80, 19.01,19.71,21.02, 21.80, 27.44,
28.13, 30.33, 31.95, 32.37, 32.55, 37.10, 37.38, 38.24, 38.48, 39.75,
41.09,41.28,50.38,57.27,65.39,74.28,83.69,89.53,122.72,140.12,
170.95, 209.24; ESI mass (MeOH): 443.3 [M+H]*, 465.4 [M +Na]*,

481.3 [M+K]*; ESI-HRMS: 443.31616 (calculated) and 443.3139
(observed) for CogH4304.

2.2.5. Synthesis of Wittig products 12-15

2.2.5.1. Synthesis of (22)-(E)-26-benzylidene-3B-yl-furost-5-en-3-
acetate (12). Sodium hydride (200 mg, 8.3 mmol) was washed with
dry hexane and taken in 10 mL dry toluene. To this Wittig salt
(150 mg, 0.34 mmol) was added and refluxed for 20 min. To this
aldehyde 10 (100 mg, 0.22 mmol) was added and further refluxed
for 4h. Toluene was evaporated under vacuum and residue was
taken in ethyl acetate, washed with water and dried over anhy-
drous sodium sulphate. The organic layer was dried in-vacuo to get
a crude mass, which was purified through silica gel column eluting
with ethyl acetate-hexane. The desired product was obtained as
yellowish viscous liquid.

Analogue 12: Yield = 68%, oil; TH NMR (CDCl3): § 0.73 (s, 3H, 18-
CH3), 0.95 (s, 3H, 19-CH3), 1.02-1.95 (m, 26H, rest of the 2xCHj3,
7xCH, and 6xCH of steroidal ring), 1.99 (s, 3H, CH3COO, acetate),
2.23 (d, 2H, 4-CH, J=5.4Hz), 2.30 (bd, 2H, 7-CH;), 3.23 (bd, 1H,
22-CH), 4.22 (bs, 1H, 16-CH), 4.51 (bs, 1H, 3-CH), 5.28 (s, 1H, 6-
CH), 5.96 (dd, 1H, 26-CH, J=15.6 Hz and 7.8 Hz), 6.26 (d, 1H, 28-CH,
J=15.6Hz), 7.12 (m, 5H, aromatic protons of phenyl ring). 13C NMR
(CDCl3, 75MHz): § 16.83, 19.39, 19.72, 21.06, 21.79, 28.16, 30.06,
31.85,31.99, 32.40, 32.66, 34.48, 37.12, 37.41, 38.04, 38.31, 38.51,
39.82,41.10,50.44,57.31,65.60,74.33,83.58,90.82,122.77,126.39,
127.15, 128.73, 128.83, 137.05, 138.33, 140.09, 170.97; ESI mass
(MeOH): 531.5 [M+H]*, 553.5 [M +K]*, 569.6 [M +K]*.

Analogue 13 (z) 26-(4'-nitrobenzylidene )-furost-5en-3f-acetate:
Yield = 62%, oil; 1H NMR (CDCl3): § 0.71 (s, 3H, 18-CH3), 0.96 (s, 3H,
19-CH3), 1.05-1.88 (m, 26H, rest of the 2xCH3, 7xCH, and 6xCH
of steroidal ring), 2.02 (s, 3H, CH3COO, acetate), 2.21 (bs, 2H, 4-
CH,), 2.30 (bd, 2H, 7-CH5), 3.20 (bd, 1H, 22-CH), 4.20 (bs, 1H, 16-
CH), 4.50 (bs, 1H, 3-CH), 5.26 (bs, 1H, 6-CH), 6.29 (m, 1H, 26-CH),
6.79 (d, 1H, 28-CH, J=9.0Hz), 7.33-8.05 (m, 4H, aromatic protons
of phenyl ring). 13C NMR (CDCl3, 75MHz): § 16.80, 19.29, 19.69,
20.62,21.01, 21.81, 28.11, 29.74, 31.38, 31.95, 32.35, 32.99, 34.01,
37.09, 37.36, 38.22, 38.45, 39.74, 41.10, 50.37, 57.27, 65.40, 74.50,
83.69,90.54,122.77,123.92,124.33,126.80,130.53, 134.03, 140.04,
142.28, 143.26,162.83, 171.85; ESI mass (MeOH): 576.6 [M+H]*,
574.6 [M-H]*, 598.6 [M +Nal*, 614.5 [M +K]*.

Analogue 14 (z) 26-(3',4,5' -trimethoxybenzylidene)-furost-5en-
3B-acetate: Yield =29%, oil; TH NMR (CDCl3): § 0.79 (s, 3H, 18-CH3),
0.95 (s, 3H, 19-CH3), 1.04-1.87 (m, 29H, rest of the 2xCHs, 8xCH,
and 7 xCH of steroidal ring), 2.02 (s, 3H, CH3COO, acetate), 2.29 (bd,
2H, 7-CH;), 3.85 (s, 9H, 3x0CH3), 4.28 (bd, 1H, 22-CH), 4.61 (bs,
1H, 3-CH), 5.39 (t, 1H, 6-CH), 6.28 (d, 1H, 27-CH, J=11.4Hz), 6.32
(bd, 1H, 26-CH), 6.50 (d, 2H, 2" and 6'-CH of phenyl ring). 13C NMR
(CDCl3, 75 MHz): § 16.83, 19.41, 19.71, 21.03, 21.82, 28.14, 30.06,
31.97,32.37, 32.61, 33.39, 35.13, 37.10, 37.39, 38.29, 38.48, 39.77,
41.06, 50.38, 56.42,57.28,61.30,65.51, 74.30, 83.58,90.71, 106.17,
122.77, 128.05, 133.94, 139.38, 140.09, 153.27, 170.97; ESI mass
(MeOH): 621.5 [M+H]*, 643.4 [M+K]*, 659.4 [M +K]*.

Analogue 15 (E) 26-(3',4,5' -trimethoxybenzylidene)-furost-5en-
3B-acetate: Yield =52%, oil; TH NMR (CDCl3): § 0.77 (s, 3H, 18-CH3),
0.94 (s, 3H, 19-CH3), 1.04-1.84 (m, 30H, rest of the 2xCH3, 9xCH,
and 6 x CH of steroidal ring), 1.99 (s, 3H, CH3COO, acetate), 2.29 (bd,
2H, 7-CHy), 3.84 (s, 9H, 3x0CH3), 4.10 (bd, 1H, 22-CH, J=7.1 Hz),
4,27 (bs, 1H, 16-CH), 4.54 (bs, 1H, 3-CH), 5.33 (s, 1H, 6-CH), 5.98 (dd,
1H, 26-CH, J=15.6 Hz and 7.8 Hz), 6.22 (d, 1H, 27-CH, J=15.9Hz),
6.54 (s, 2H, 2’ and 6/-CH of phenyl ring). 13C NMR (CDCl3, 75 MHz):
616.83,19.41,19.70,21.01, 21.77,28.12,30.07,31.81, 31.96, 32.36,
32.65, 34.45, 37.08, 37.37, 37.96, 38.27, 38.47, 39.77, 41.06, 50.37,
56.41, 57.26, 61.26, 65.55, 74.24, 83.55, 90.72, 103.39, 122.74,
128.64, 134.05, 136.50, 137.61, 140.06, 153.63, 170.85; ESI mass
(MeOH): 621.5 [M+H]*, 643.5 [M +Nal*, 659.4 [M +K]*.
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2.2.6. General synthesis of aldoxime 16

Analogue 16 Furost-5-en-3B-acetoxy 26-aldoxime: Yield =70%,
mp=130-133°C; TH NMR (CDCl3): § 0.78 (s, 3H, 18-CH3), 0.97 (s,
3H, 19-CH3), 1.07-1.86 (m, 26H, rest of the 2xCHs3, 8xCH, and
4xCH of steroidal ring), 2.01 (s, 3H, CH3COO, acetate), 2.31 (bd,
2H, 7-CH,), 3.29 (bs, 1H, 22-CH), 4.29 (bs, 1H, 3-CH), 4.59 (bd, 1H,
16-CH), 5.36 (s, 1H, 6-CH), 7.29 (bd, 1H, 26-CH, J=6.3 Hz). 13C NMR
(CDCl3, 75 MHz): § 16.81, 18.44, 19.26, 19.70, 21.03, 21.78, 28.12,
30.06, 31.32, 31.95, 32.36, 32.56, 35.06, 37.08, 37.38, 38.24, 38.47,
39.78,41.07,50.39,57.28,65.46,74.32, 83.62,90.39, 122.75, 140.06,
156.46, 170.01; ESI mass (MeOH): 472.4 [M+H]*, 494.5 [M + Na]*,
510.3 [M +K]*.

2.3. Pharmacology

2.3.1. Cell culture

Primary cell culture was carried out as described previously [21].
In brief, the macrophage cells were collected from the peritoneal
cavities of mice (8-week-old female Swiss albino mice) after an
intra peritoneal injection of 1.0 mL of 1% peptone (BD Biosciences,
USA) 3 days before harvesting. Mice were euthanised by cervical
dislocation under ether anaesthesia and peritoneal macrophages
were obtained by intra-peritoneal injection of phosphate buffer
saline (PBS; pH 7.4). Membrane debris was removed by filter-
ing the cell suspensions through sterile gauze. The viability of
the cells was determined by trypan blue exclusion and the viable
macrophage cells at the concentration of 0.5 x 106 live cells/mL
were used for the experimentation. Cells were grown in tissue cul-
ture plates in DMEM (Dulbecco modified Eagle medium, Sigma)
supplemented with 10% foetal bovine serum with 1x stabilised
antibiotic-antimycotic solution (Sigma) in a CO, incubator at 37 °C
with 5% CO, and 90% relative humidity.

2.3.2. Quantification of pro-inflammatory cytokines

Cells were pretreated with 1 and 10 pg/mL of diosgenin ana-
logues and standard anti-inflammatory drug dexamethasone
(Sigma, USA), respectively, for 30 min. The cells were stimulated
with lipopolysaccharide (LPS, E. coli 055:B5 Sigma, USA; 1 jug/mL).
After incubation with LPS for 24 h, supernatants were collected and
immediately frozen at —80 °C. Harvested supernatants were tested
for quantification of pro-inflammatory cytokines using mouse-
specific enzyme immuno assay (EIA) kits (BD Biosciences, USA)
following the manufacturer’s protocol. Briefly, the ELISA plates
were coated (100 pL per well) with specific mouse TNF-q, IL-13
and IL-6 capture antibody and incubated overnight at 4°C. The
plate was blocked with 200 pL/well assay diluents. Culture super-
natant and standard (100 pL) were added into the appropriate
coated wells and incubated for 2 h at room temperature (20-25 °C).
After incubation, the plates were washed thoroughly 5 times with
wash buffer. 100 uL of detecting solution (detection antibody
and streptavidin HRP) was added into each well. The plates were
sealed and incubated for 1h at RT and then washed thoroughly
5 times with wash buffer. 100 L of tetramethylbenzidine (TMB)
substrate solution was added to each well and the plate was
incubated (without plate sealer) for 30 min at room temperature
in the dark. Finally, 50 pL of stop solution (2N H,SO4) was added
to each well. The colour density was measured at 450 and 570 nm
using a microplate reader (Spectramax; Molecular Devices, USA).
Subtracted absorbance was measured at 570 nm from absorbance
450nm. The values of TNF-a, IL-18 and IL-6 were expressed
as pg/mL. The percentage (%) inhibition of pro-inflammatory

cytokine production was calculated as follows:%inhibition =
(concentration of vehicle control—concentration of test treatment)

]OO.X . OD of concentration of vehicle control i V\(here

vehicle control indicates cells treated with vehicle in LPS-induced

inflammation.

2.3.3. Cytotoxicity evaluation

Effect of diosgenin analogues on cytotoxicity was carried out
in peritoneal macrophage cells using 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium (MTT) assay. Peritoneal macrophage
cells (0.5 x 10° cells/well) isolated from mice were suspended
in DMEM medium (Sigma, USA) containing 10% heat-inactivated
foetal bovine serum (Gibco, USA) and incubated in a 96-well cul-
ture plate at 37°C in 5% CO; in an incubator and left overnight
to attach. Cells were treated (1, 10 and 30 ug/mL) and incubated
for 24 h at 37°C in 5% CO,. Thereafter, 20 pL aliquots of MTT solu-
tion (5mg/mL in PBS) were added to each well and left for 4h .
Then, the MTT-containing medium was carefully removed and the
formazan crystals formed were solubilised in DMSO (100 L) for
10 min. The culture plate was placed on a micro-plate reader (Spec-
tramax; Molecular Devices, USA) and the absorbance was measured
at 550 nm. The amount of colour produced is directly proportional
to the number of viable cells. Cell cytotoxicity was calculated as the
percentage of MTT absorption as percentage (%) of survival =(mean
experimental absorbance/mean control absorbance x 100).

2.3.4. In-vivo study

Animal experiments were carried out as per the approved proto-
col by the Institutional Animal Ethics Committee (IAEC) followed by
the Committee for the Purpose of Control and Supervision of Exper-
imental Animals (CPCSEA), Government of India (Registration no.:
400/01/AB/CPCSEA).

2.3.4.1. LPS-induced sepsis model in mice. BALB/c mice, 6-8 weeks
of age, and weighing 18-22 g, were procured from the institute’s
animal house and acclimatised to the animal room for a week prior
to experiment. The mice were fed with the standard mice feed and
ad libitum drinking water under standard environmental conditions
of 22 4+3°C, 12:12 dark-to-light cycle. After 1 week of adaptation,
the mice were randomly divided into six groups of six mice each.
Sepsis was induced in the experimental mice except normal group
of mice by intra-peritoneal (i.p.) injection of LPS (5 mg/kg) in normal
saline. Analogue 15 was dissolved in 0.7% carboxymethyl cellulose
(CMCQ) to obtain a uniform suspension and administered orally 24 h
and 2 h before LPS injection.

Group 1: Normal control administered CMC
Group 2: Vehicle control administered CMC +LPS
Group 3: Analogue 15 (3 mg/kg) + LPS

Group 4: Analogue 15 (10 mg/kg) +LPS

Group 5: Analogue 15 (30 mg/kg) + LPS

Blood was collected 2 h after LPS administration from orbital
plexus and serum was separated and stored at —80°C until anal-
ysis. Pro-inflammatory cytokines (IL-1f3, IL-6 and TNF-a) from
serum were quantified using commercially available mouse-
specific enzyme immune assay kits (BD Biosciences, USA) by
following the manufacturer’s instruction.

2.3.4.2. Histopathology examination. Liver and lung samples were
obtained 24h after LPS challenge. Tissues were collected and
fixed in 10% buffered formalin. After fixation, tissues were rinsed
with water, dehydrated with graded concentration of ethanol and
embedded in paraffin wax. The samples were sectioned into 5 pum
thick and mounted on glass slides. The sections were then de-
waxed using xylene and ethanol, and stained with haematoxylin
and eosin (H&E stain). A representative area was selected for qual-
itative light microscopic analysis under 100x magnification.
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AcO'
12 (trans): R4=H, R,=Phenyl;

13 (cis): Ry=4-nitrophenyl, Ry=H;

14 (cis): R1=3,4,5-trimethoxyphenyl, Ry=H;
15 (trans):R,=H, R,=3,4,5-trimethoxyphenyl.

AcO

CHO CH=NOR

Scheme 1. (i) Ac;0, dry pyridine, CHCls, RT, 2 h, 91%; (ii) AcOH, NaCNBHg4, RT, 3 h, 81%; (iii) dry DCM, PCC, reflux, 1h, 91%; (iv) ethanol, 3,4,5-trimethoxyaniline, RT, 2 h, 84%;
(v) Wittig salt, NaH, toluene, reflux, 3-4 h, 29-68%; (vi) NH,OH-HCI, EtOH, reflux, 2 h, 70%; (vii) Ac; O, dry pyridine, dry CHCls, RT, 92%.

2.3.4.3. Survival study. The second set of experiments was per-
formed to examine the effect of analogue 15 on LPS-induced
lethality in mice. The female BALB/c mice were divided into five
groups (n=6). The treatment group received analogue 15 orally at
doses of 3, 10 and 30 mg/kg, 24 and 2 h before injection of LPS,
the LPS group received an intraperitoneal injection at a dose of
15 mg/kg, and the control group received the equal amount of vehi-
cle instead of analogue 15. Survival of mice was monitored every
12 h for 5 days.

2.3.5. Acute oral toxicity study

Acute oral toxicity study of the analogue 15 was done on BALB/c
male mice as described previously [22]. For this study, mice admin-
istered orally with analogue 15 (300 mg/kg body weight) were
considered as the test group and mice treated with corresponding
volume of vehicle (0.7% carboxymethyl cellulose [ CMC]) were con-
sidered the control group. Mice were observed individually, after
dosing, at least once during the first 30 min, periodically during the
first 24 h and daily thereafter for a total of 7 days.

2.4. Molecular docking

Two-dimensional molecular structures were drawn with the
ChemDraw Ultra and energy minimization was performed with
MM2/MM3 molecular mechanics parameter until achieving the
lowest stable energy state. This energy minimization pro-
cess was performed until the energy change was less than
0.001kcalmol~! or the molecules had been updated almost
300 times [23]. The 3D chemical structure of known drug
was collected from the PubChem compound database of NCBI,
USA (http://www.pubchem.ncbi.nlm.nih.gov). Crystallographic 3D
structures of target proteins TNF-a (PDB: 2AZ5), IL-6 (PDB: 1ALU)
and IL-13 (PDB: 9ILB) were retrieved from the Brookhaven Pro-
tein Databank (PDB) (http://www.pdb.org). Hydrogen atoms were
added to the protein targets to achieve the correct ionisation and
tautomeric states of amino acid residues such as His, Asp, Ser and
Glu. Molecular docking of the compounds against selected tar-
get was achieved using the ‘AutoDock Vina’ software. To perform
the automated docking of ligands into the active sites, we used a
Lamarckian genetic algorithm [24].

2.5. Statistical analysis

Results were presented as the means £ SE and analysed using
GraphPad Prism 4. The ANOVA followed by Tukey’s multiple
comparison test was used to assess the statistical significance
of vehicle vs treatment groups. Results are presented as the
means £ SE. Differences with a p value<0.05 were considered
significant.

3. Results
3.1. Chemistry

The synthetic strategy was depicted as Scheme 1. Diosgenin (1)
was acetylated with acetic anhydride-pyridine system in dry chlo-
roform to get diosgenin 3-acetate (8) at room temperature. The
spiroketal bond was reduced with sodium cyanoborohydride in
acetic acid to get a primary alcohol (9). The alcohol 9 was oxidised
to its corresponding aldehyde (10) by treating it with pyridinium
chlorochromate (PCC) in dichloromethane.

Further, while preparing Schiff's bases of aldehyde 10 with
an aromatic amine, ketone 11 was obtained unexpectedly.
Compound 10 was reacted with an aromatic amine (aniline/3,4-
methylenedioxyaniline/3,4,5-trimethoxyaniline) in ethanol and
each time it was transformed to ketone 11. We did not do any
mechanistic study to establish this transformation. However, it
is assumed that after the formation of a Schiff's base, it was
converted to an enamine. Further decomposition of enamine by
water might have converted it to ketone 11. The structure of 11
was established by 1D, 2D NMR, ESI-HRMS and finally by X-ray

crystallography.
Diverse analogues were prepared on aldehyde 10.
Three different Wittig salts (benzyltriphenylphosphonium

bromide, 4-nitrobenzyltriphenylphosphonium bromide, 3,4,5-
trimethoxybenzyltriphenylphosphonium bromide) were treated
with sodium hydride-toluene system to get styrene type analogues
(12-15) at C27 of steroidal framework of aldehyde 10. Aldoxime
(16) and oxime-acetate (17) were also prepared on 10 by treating
with hydroxylamine hydrochloride and then acetylating. All theses
diosgenin analogues were confirmed through spectroscopy.
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Table 1
Effect of diosgenin analogues on production of pro-inflammatory cytokines in LPS-induced inflammation in macrophage cells..

Analogues Dose (g/mL) Pro-inflammatory cytokine (pg/mL)
TNF-o IL-6 IL-1B
Normal - 68.17 + 9.67 93.52 £ 5.14 22.65 + 4.09
Vehicle - 1301.07 + 93.68* 912.63 + 21.71% 103.08 + 8.72*
Diosgenin
1 1138.74 + 77.05™ 792.58 + 49.25™ 96.50 + 3.18™
10 1052.72 + 93.68" 693.69 + 16.10° 81.33 + 7.23ns
8 1192.86 +79.42" 777.13+15.17™ 98.00+6.18"
10 794.84+13.09° 718.24+19.70° 87.33 +£4.98"
9 1077.04 +66.6" 841.72+61.28™ 92.46 + 747"
10 801.94+53.08 774.53 £ 61.50™ 82.46 +6.06"
10 1037.36 £43.22" 822.39+30.99™ 98.67 +6.94"
10 810.96 +24.37" 781.33+£34.57" 93.45 +4.09™
11 1227.5 +£58.02" 740.96 +57.40™ 88.67+10.27"
10 1155.38 £45.14™ 727.53+52.43 83.61+6.13™
12 1049.54 4+ 73.35™ 599.58 +13.33 98.60 +£4.70"
10 548.76 +58.51 569.58 +32.86 82.67 +-8.42"
13 1013.42 +£46.32 551.97 +27.30° 98.65 +4.45"
10 623.78 +63.25 540.14+33.92 95.33 £7.54"
14 971.20+75.12 557.82+16.70° 97.004+1.77"s
10 458.94 +55.30 465.60+12.43" 84.67 +2.34"
15 1 950.220 +33.90° 517.61+25.54 93.50+5.18"
10 307.56 +65.03 387.61+16.01 69.00+8.15
16 1 1215.66 +54.18" 758.15+52.4" 96.0 +6.24"
10 1178.92 +£61.79™ 687.64+34.12 94.44 +5.26™
17 1 1067.20 4+ 63.58™ 667.26+57.24" 92.50 £7.23™
10 493.38 +45.40 591.70+16.89 70.67 +£8.02°
Dexamethasone 1 439.48 +57.49 313.85+50.57 88.50+2.73"
10 177.04+35.18 163.74+10.18" 57.66+8.85
n=3,p<0.05.
# normal vs vehicle.
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Fig. 3. Effect of analogue 15 and dexamathasone on percent (%) inhibition of pro-inflammatory cytokine production in LPS-induced inflammation in macrophage cells. (A)
TNF-q; (B) IL-6; (C) IL-1[3.
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3.2. Pharmacology

3.2.1. Effect of diosgenin analogues on LPS-induced
pro-inflammatory cytokines production in macrophages

All the synthesised diosgenin analogues were evaluated for
their anti-inflammatory status against the production of pro-
inflammatory cytokines (TNF-o, IL-6 and IL-1f) using ELISA
technique in LPS-induced inflammation in macrophage cells at the
concentrations of 1 and 10 p.g/mL.

Production of pro-inflammatory cytokines was significantly
(p<0.05) increased in LPS-stimulated cells when compared with
normal un-stimulated cells. All the analogues including parent
diosgenin exhibited inhibition of pro-inflammatory cytokines pro-
duction when compared with vehicle treated LPS-stimulated cells
(Table 1).

Among the all analogues, analogue 15 [(E) 26-(3',4',5'-
trimethoxybenzylidene)-furost-5en-3[3-acetate] possessed signif-
icant inhibition of TNF-a, IL-1f3 and IL-6 at both the concentration
(Table 1). The percent inhibition of pro-inflammatory cytokines
by analogue 15 in comparison to dexamethasone, a standard
anti-inflammatory steroid drug is depicted in Fig. 3. These pro-
inflammatory cytokines are the mediators of various acute and
chronicinflammation linked diseases. Based on this study, analogue
15 was chosen for its further validation for evaluation of efficacy
and safety in in-vivo system using LPS-induced sepsis as a systemic
inflammation model and acute oral toxicity respectively in mice.

3.2.2. In-vitro cytotoxicity profile of diosgenin analogues

We first examined the in-vitro cytotoxicity profile of all syn-
thesised diosgenin analogues using MTT assay in peritoneal
macrophage cells isolated from mice. The significant change in
percent live cell population was not observed (p <0.05) at any con-
centration of diosgenin analogues treatment when compared with
normal cells. Results are summarised in Table 2.

3.2.3. Effect of analogue 15 on pro-inflammatory cytokine
production in sepsis model of mice

To substantiate the physiological function of ana-
logue 15 in in-vivo system, we examine the therapeutic
anti-inflammatory effect of analogue 15 in a mouse model of
sepsis, a systemic inflammatory condition. Serum level of pro-
inflammatory cytokines (TNF-c, IL-6 and IL-13) was significantly
increased in LPS-challenged vehicle-treated mice when compared
to normal mice. Oral administration of analogue 15 before LPS
challenge significantly (p<0.05) inhibited TNF-a and IL-6 pro-
duction in a dose-dependent manner at dose rates of 3, 10 and
30mg/kg body weight. The higher pretreatment dose (10 and
30 mg/kg) could also inhibit the IL-13 production in serum (Fig. 4).

3.2.4. Histopathological changes in lung and liver tissues

To elucidate the effect of analogue 15 on lung and liver injuries
in sepsis model of mice, histopathological examination of liver
and lung tissue section was performed. Significant damage was
observed in liver and lung tissues as evidenced by inflammatory
cell infiltration in LPS-challenged vehicle-treated mice when com-
pared with normal mice. Pretreatment of analogue 15 ameliorated
the tissue damage in a dose-dependent manner (Fig. 5).

3.2.5. Effect of analogue 15 on LPS-induced mortality in mice

The survival study was conducted to assess the protective effect
of analogue 15 on LPS-induced mortality in mice. We monitored
its effect on survival of mice for 5 days at 12 h. All the mice in
LPS-challenged vehicle-treated group died within 48 h. Pretreat-
ment of analogue 15 resulted in a markedly improved survival in

Table 2
Effect of diosgenin analogues on percent (%) cell viability in macrophage cells using
MTT assay.

Analogues Dose (jg/mL) % Cell viability
Diosgenin
1 1 104.31+5.97
10 101.18 £1.97
30 97.73+1.78
8 1 104.25+9.05
10 99.62 £1.77
30 97.80+3.08
9 1 99.42 +2.66
10 96.87 +3.71
30 93.34+1.39
10 1 105.40 +£2.41
10 101.81+4.85
30 95.17 £5.81
11 1 102.22 +£2.66
10 99.63 +4.48
30 94.47 £6.09
12 1 101.62 +3.56
10 97.92 +2.64
30 96.62 +£5.34
13 1 100.25+2.87
10 98.20+0.90
30 97.13+1.18
14 1 101.33+£3.55
10 99.65+1.96
30 98.25+2.78
15 1 103.28 £6.28
10 100.78 £2.67
30 96.73 +2.11
16 1 104.21+4.19
10 100.94 +3.67
30 94.51 +4.40
17 1 102.83+3.30
10 97.26 £2.69
30 97.57 +£4.17
Dexamethasone
1 99.87 £3.92
10 96.11+5.55
30 93.78 +8.71

n=3.

dose-dependent manner at 5 days and these animals are still sur-
vived (Fig. 6).

3.3. Acute oral toxicity study

The acute toxicity study showed that a single oral administra-
tion of analogue 15 (300 mg/kg) did not produce any mortality,
behavioural changes (gait, posture, fur, depression and panting) in
the mice as compared to the control group. Similarly, no signifi-
cant changes were recorded in body weight, organ weight, serum
biochemical (total bilirubin, creatinine, triglycerides, SGOT and glu-
cose) as well as haematology parameters (total RBCs and total
WABCs) of the treated group when compared to the control group.
The representative results are depicted in Table 3 and Fig. 7.

3.3.1. Molecular interaction study of diosgenin analogues
through docking

In-vitro and in-vivo anti-inflammatory profiles of diosgenin
analogues were further confirmed by molecular docking exper-
iments. The aim of the molecular interaction study was to
explore the molecular interaction of diosgenin analogues with
pro-inflammatory cytokine receptors. The interaction study
was compared with dexamethasone, a standard steroidal anti-
inflammatory drug (Table 4).

The studied molecules show molecular interaction with TNF-
o (PDB: 2AZ5), IL-6 (PDB: 1ALU) and IL-1B (PDB: 9ILB). The
representative molecular interaction results of analogue 15 and
dexamethasone are depicted in Fig. 8.
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Fig. 4. Effect of analogue 15 on pro-inflammatory cytokine production in sepsis model of mice. (A) TNF-a; (B) IL-6; (C) IL-1f3. Data are expressed as mean + SEM: *p <0.05;

vehicle vs treatment; # vehicle vs normal; (Tukey’s multiple comparison test); n=6.

TNF-a interaction study found that residues Tyr-119, Leu-
120, Gly-121, Leu-57, Tyr-59, Ser-60, Gly-122 and Tyr-151 were
commonly shared by dexamethasone and diosgenin analogue 15.
Similarly analysis of binding pocket residues of IL-6 interacted with
the diosgenin analogue 15, and dexamethasone shared Asn-63,
Leu-64, Pro-65, Glu-93, Val-96, Tyr-97, Pro-139, Thr-143, Asn-
144, Leu-147 and Lys-150 residues. IL-1@ interaction with the
diosgenin analogue 15 and dexamethasone revealed the com-
mon residues as Leu-57, Ile-58, Tyr-59, Ser-60, Gln-61, Asn-63,
Leu-64, Pro-65, Gly-122, Tyr-151, Ile-155, Tyr-119, Leu-120 and
Gly-121.

4. Discussion

There has been increasing interest in the discovery and devel-
opment of novel pharmaceuticals from natural origin that have
the same or better efficacy accompanied by less side effects. The
majority of natural molecules and their analogues showed potent
anti-inflammatory activities and some established themselves as
clinical agents for chronic inflammatory disease conditions. There-
fore, plant-based natural compounds play a significant role in
the development of anti-inflammatory drugs in the pharmaceu-
tical industry which can serve as good lead molecules suitable

Analogue 15

Fig. 5. Representative microphotograph of lung and liver (H&E stain, 100x ) sections from the mice. Arrows indicate leukocyte infiltration.
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Fig. 6. Effect of analogue 15 on LPS-induced mortality in mice.

for further modification during the drug development process.
Diosgenin (DG) is a C27 spiroketal steroidal sapogenin abun-
dantly available in nature. It is mainly present in the form of
saponin in the plants [25]. Previous investigations have shown
that diosgenin plays an important pharmacological role including
anti-inflammatory activity [ 18]. In present study, we have reported
the influence of synthesised analogues of diosgenin by modify-
ing at spiroketal ring on LPS-induced inflammatory response; an
in-vitro, in-vivo study and it was further confirmed using in-silico
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production of pro-inflammatory cytokines (TNF-a, IL-6 and
IL-13). Synthesised analogues along with parent diosgenin exhib-
ited inhibition of pro-inflammatory cytokines productions in
LPS-stimulated cells without any cytotoxic effect as assessed by
MTT assay. Several previous studies reported that diosgenin, a
parent molecule, reduces the production of inflammatory medi-
ators by inhibiting CK2, JNK, NF-kB and AP-1 activation [18,26].
This study, to our knowledge, provides the first evidence that
synthesised analogues of diosgenin modifies at spiroketal ring
exhibiting anti-inflammatory activity by inhibiting the production
of pro-inflammatory cytokines in LPS-induced inflammation in
macrophage cells. Pro-inflammatory cytokines, namely, TNF-
a, IL-1B and IL-6, in LPS-induced macrophages, are known to
have profound effects on the regulation of immune reactions,
haematopoiesis and inflammation [27]. Overproduction of these
cytokines has been implicated in the pathogenesis of many dis-
ease processes. The control of macrophage overproduction of
these mediators should greatly facilitate the treatment of many
inflammation-linked diseases such as sepsis, rheumatoid arthritis
and autoimmune diabetes [16,17].

Among all analogues, analogue 15 26-(3,4',5'-
trimethoxybenzylidene)-furost-5en-3[3-acetate] possessed
significant (p<0.05) inhibition of pro-inflammatory cytokines
(TNF-q, IL-6 and IL-1[3) at both the concentrations. It would also
be interesting to evaluate its therapeutic effect in in-vivo systemic
inflammation model. To substantiate the physiological function of
most potent analogue, we have further evaluated the therapeutic
efficacy and safety profile of analogue 15 in in-vivo system using
LPS-induced sepsis and acute oral toxicity respectively in mice.

[(E)

study. Sepsis is marked by a systemic inflammatory response. Persistent
We have evaluated the in-vitro anti-inflammatory sta- or inappropriate or overproduction of multiple pro-inflammatory
tus of the synthesised diosgenin analogues against the mediators such as TNF-a and IL-6 leads to severe injury and
Table 3
Effect of analogue 15 on acute toxicity at 300 mg/kg as a single oral dose in BALB/c mice.
Parameters studied Oth day 7th day
Control Experimental Control Experimental
Body weight (g) 21.85 + 0.36 21.80 + 0.40 22.53 + 0.49 22.6 + 0.361
SGOT (U/L) 32.30 +4.34 31.56 + 3.21 31.50 + 5.34 31.06 + 8.42
SGPT (U/L) 23.46 + 4.01 22.45 + 3.02 23.83 + 7.53 21.96 + 3.28
Cholesterol (mg/dL) 101.03 + 1.33 105 + 2.87 103.0 + 1.69 100.28 + 1.58
Triglycerides (mg/dL) 147.09 + 7.28 128.47 £ 5.71 106.93 + 7.14 108.69 + 4.67
Haemoglobin (g/dL) 14.81 + 2.11 1496 + 1.34 13.42 + 1.51 14.44 + 0.86
RBC (million/mm?3) 731 +£1.17 7.80 + 1.33 7.58 + 0.38 7.21 +£ 0.41
WABC (thousands/mm?) 4.09 + 0.12 435+ 0.75 5.51 £ 0.19 432 + 034
Data are expressed as mean +£S.E.M., n=6.
. B.
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Fig. 7. Effect of analogue 15 as a single acute oral dose at 300 mg/kg on (A) absolute and (B) relative organ weight in BALB/c albino mice (n =6, non significant changes were

found compared to control).
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Table 4

Binding affinity (kcal mol~") and interacting residual information of diosgenin derivatives with respect to the anti-inflammatory targets TNF-a (PDB: 2AZ5), IL-6 (PDB: 1ALU)

and IL-1B (PDB: 9ILB).

Protein Ligands Binding affinity (kcal mol~") Pocket residues
TNF-« (2AZ5) Analogue 15 -9 GIn(C)-61, Gly(C)-121, Gly(C)-122, lle(C)-58, lle(C)-155, Leu(C)-57, Leu(C)-120,
Ser(C)-60, Tyr(C)-59, Tyr(C)-119, Tyr(C)-151, Gly(D)-121, Leu(D)-57,
Leu(D)-120, Ser(D)-60, Tyr(D)-59, Tyr(D)-119, Tyr(D)-151
Dexamethasone -7.9 GIn(B)-125, Leu(B)-55, Leu(B)-157, Gly(C)-121, Gly(C)-122, Leu(C)-57,
Leu(C)-120, Tyr(C)-59, Tyr(C)-119, Gly(D)-121, Leu(D)-120, Ser(D)-60,
Tyr(D)-59, Tyr(D)-119, Tyr(D)-151
IL-6 (1ALU) Analogue 15 —6 Asn-63, Leu-64, Pro-65, Lys-66, Lys-86, Glu-93, Val-96, Tyr-97, Pro-139,
Asp-140, Thr-143, Asn-144, Leu-147, Lys-150
Dexamethasone —6.4 Asn-61, Asn-63, Asn-144, Glu-93, Leu-64, Leu-147, Lys-150, Pro-65, Pro-139,
Thr-143, Tyr-97, Val-96
IL-1(3 (9ILB) Analogue 15 -5.7 Arg-4, Asn-108, Glu-51, Glu-105, Ile-56, Leu-6, Leu-110, Lys-103, Met-44,
Met-148, Phe-46, Phe-150, Ser-5
Dexamethasone -74 Asn-7, Asn-66, Asp-86, Glu-64, Leu-62, Lys-63, Lys-65, Pro-87, Pro-91, Ser-43,

Ser-153, Tyr-68, Tyr-90, Val-85

Analogue 15

Guvd21

Dexamethasone wam | {nz

N
\ g
Lew-s7 /\ cm .v'\
B .
Ty " Leuss
R bl m\/.(;
Ledas?

TNF-a (PDB:2AZ5)

" X
M TR X
\}\ N \ Leg120 . A/‘s
/ l GLN125

IL-6 (PDB:1ALU) IL-18 (PDB:9ILB)

Fig. 8. Analogue 15 and dexamethasone docked on target protein; TNF-o (PDB: 2AZ5), IL-6 (PDB: 1ALU) and IL-1(3 (PDB: 9ILB).

increased mortality in sepsis [28,29]. Thus, regulation of multiple
mediators could be more beneficial than suppression of single
mediator. In fact, the clinical trials targeting single inflamma-
tory cytokine have been proved ineffective in the treatment of
sepsis [30,31]. In LPS-induced sepsis model study in mice, we
demonstrated that the oral administration of analogue 15 before
LPS challenge significantly (p<0.05) inhibited TNF-a and IL-6
production in dose-dependent manner at the dose rate of 3, 10
and 30 mg/kg body weight and higher dose (30 mg/kg) is required
to inhibit (p <0.05) the IL-1[3 production in serum. Pretreatment of
analogue 15 also ameliorated the lung and liver injuries in sepsis
model of mice as an evidence of histopathological examination
as well as it helps to improve the survival of mice in lethal sepsis
model. Overproduction of TNF-a and IL-13 leads to tissue damage
[32,33], multiple organ failure and finally causes lethal sepsis [21].
Therefore, agents attenuating the production of pro-inflammatory
cytokines may have potential as treatments for prevention of
lethal sepsis [22].

Molecular interaction study of diosgenin analogue 15 with pro-
inflammatory targets (TNF-c, IL-6 and IL-13) through docking
showed high binding affinity i.e. low docking energy. Sev-
eral previous reports also concluded that the molecules having
high binding affinity with targeted protein exhibited therapeutic
efficacy [34,35].

5. Conclusion

Collectively, we demonstrated that diosgenin analogues inhibit
the production of pro-inflammatory cytokines in both in-vitro and
in-vivo condition, it was further confirmed with docking study.
This finding confirms the suitability of diosgenin analogues as
candidates for further investigation towards the management of
inflammation related diseases.
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