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ABSTRACT

The cancer is a rapid and uncontrolled growth oé dells, which metastasizes
to the other parts of the body via the blood streand the lymphatic system.
Numerous recent studies have revealed the closecasSson between the cancer
and inflammation. The chimeric nonsteroidal antftammatory drugs (NSAIDs)
are increasingly gaining the ground in recent yeassthe anticancer agents,
since their target protein cyclooxygenase-2 (COX423s been found to be
actively involved in various malignancies. Lantae@sn are the pentacyclic
triterpenoids present in the leaves of weédntana camaralinn. These
lantadenes, particularly lantadene A and B havenbextensively explored in the
last few years for their anticancer potential, psednantly by our group and
have shown the remarkable cytotoxicity against flm@g cancer cells, while
suppressing the cell proliferation and differentoat regulating protein nuclear
factor-kappa B (NFe¢B). Keeping these accounts in mind, we have synides
the conjugates of NkB inhibitory scaffold lantadene and COX suppressing
NSAIDs, as the novel dual acting inhibitors of NdB- and COX, in the form of
lantadene—NSAID hybrid compounds. Along with thedantadene—NSAID

conjugates, various other congeners of lantadenerevalso synthesized.

The structural modifications were made at the C€322, and C-28 positions of
the lantadenes. Among the esters synthesized atCH3eposition of lantadenes,
the cinnamic acid50-51) and diclofenac conjugate$3-64) showed the highest
inhibition of inhibitor of nuclear factor-kappa Birkase (IKK) that subsequently
suppressed the inhibitor of nuclear factor-kappalBha (kBa) degradation and
restrained the NRB to transmigrate into the nucleus, thereby stiflirthe

transcription of proteins responsible for oncogeseslhe hydrolysis of C-22
ester side chain as well as synthesis of congersdr€-22 position led to a
decrease in the NkB and COX inhibitory potentials, indicating the ait
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importance of the C-22 ester side chain in the \atyi Interestingly, when

NSAIDs were conjugated at both the C-3 and C-22iposs of the lantadene
(228-hydroxy-oleanolic acid38), it dramatically augmented the COX inhibitory
activity of the conjugates along with moderatelyeedting the activity against
NF-kB; since, the two NSAID molecules were fused witHaamtadene molecule
and that in turn better served as a COX inhibitoggaffold. One of such
conjugates79, bearing diclofenac moieties at both the C-3 an@Z positions

not only displayed the greatest inhibition of COXbRt also suppressed the IKK
and kBa mediated NFkB activity to an appreciable degree. The modifioatior

methylation of the C-28 carboxylic group resulted the complete loss of

activity, rendering it a futile attempt.

The synthesized lead lantadene conjugate® 51, 63, 64, and 79 were
sufficiently stable in the simulated gastric fluod pH 2, surviving the artificial
gastric conditions, while hydrolyzed at a relatiyegreater pace in the human
blood plasma to fulfill the criteria of a succeskfprodrug. The molecular
docking studies further revealed the possible bmgdmode of the lead lantadene
congeners with the IKK, highlighting the role of Cys-99 residue in covate
Michael addition, apart from the roles of other idases taking part in hydrogen,

hydrophobic, and van der Waals interactions.



ACKNOWLEDGEMENTS

The Ph.D. thesis is not a merely an outline of e@sé and time, but it is a
summation of all sorts of supports, encouragemeriteendships and without
them, this thesis would not exist. First and foreasnol acknowledge the
almighty for bestowing me with the strength and g®rerance that needed to
accomplish this research work.

| am greatly indebted to my Ph.D. supervis®&r. Manu Sharma for his
invaluable mentoring and guidance, as well as thheel and patience he showed
towards me throughout this journey, while keeping on my toes and right path
to success. | am indeed deeply inspired by his shrenthusiasm, and activeness
for research and sometimes, | used to wonder theave to put some extra hours
to match with his pace of working. Moreover, hedted in me, my abilities, and
stood by me in all-weather of this journey. Withotitis, it would not have been
possible for me to achieve this goal. | wish thatdn mentor someone in the
future with his qualities. At last but not least,féel fortunate to have chosen
him as my supervisor.

I am also grateful toDr. R. S. Chauhan Professor and Head, Dept. of
Biotechnology, Bioinformatics & Pharmacy, for hisinkl support, making
valuable suggestions for the shaping of this tamskd providing all the essential

amenities for research work.

I convey my earnest gratitude to Vice ChancellBrof. (Dr.) S. K. Kak,
Director Brig. (Retd.) Balbir Singh, and Dean (A & R)Prof. (Dr.) T. S.
Lamba, Jaypee University of Information Technology, fomeir vital remarks
during the research and providing all the necessasearch facilities to carry
out this work.

I would like to thank all my Doctoral Program Mobpiing Committee members

Dr. Gopal Singh Bisht, Dr. Ghanshyam Singh, and Baurabh Bansal for their
VI



guidance and warm encouragement throughout the mdement of my Ph.D.

program.

Financial assistance from thRept. of Science & Technology (DST) Govt. of

India, is gratefully acknowledged.

Moral support and encouragement from Dr. G. L. GuypDr. Kuldeep Singh, Dr.
Udaybhanu, Dr. Poonam Sharma, A. N. Khan, R. K. &iw and Shilpi Chanda,
are highly appreciated.

Many thanks are due for my dear friends Sumit Bdanséarun, Ved, Piyush,
Ankush, Ranjan, and Varun Bhardwaj. | would als&elito acknowledge the
support of my seniors Jeet, Navin, Varun JaiswalanMa Bhatia, and Anshu
Aggarwal, my colleagues Arun Chauhan, S. S. Paslapnil, Aseem, Jibesh,
Amit, Deepika, Shivani, Manika, Mamta, Kritika, Kapriya, Charu, Priya, and
Sneha, and my juniors Rakesh, Rohit, Tarun, ArunAun P., Lalit, Ishan T.,
Vaibhav, Ankesh, Nivedita, Deepika, Monika, Manj®ajnish, Shifa, Simon,

and Amisha.

| extend my gratitude to Mr. Ismail Siddiqui, Mr.aRikant, Mr. Baleshwar,
Kamlesh Ji, Mahendra Ji, and Yaswant Ji for theuppgort and helps in the
routine functioning of the lab. | would also like tacknowledge the support of
Mrs. Somlata Sharma, Mrs. Mamta Mishra, and SonBdgta.

| am in debt to Dr. Alex Joseph, Dr. Siddharth SarKand Pankaj Sharma for
sharing their keenness, experience, and knowledgechemistry and their

thoughtful discussions and explanations in syntbetkills.

Finally, this dissertation would not have been pbss without the support from
my parents, brother, sister Rekha, cousins Om, Rréftesh Bhaiyya, and

Meenakshi and the rest of the family members.

Vil



AL JAYPEE UNIVERSITY OF INFORMATION TECHNOLOGY

Qf_'q\ A o,
@ A8 1IN £
§ (ﬁ.géi\) % (Established by H.P. State Legislative vide Act No. 14 of 2002)
v @ 3
‘%ﬁ \\‘J@l}”’ po P.O. Dumehar Bani, Kandaghat, Distt. Solan — 173234 (H.P.) INDIA
o @
J I Website: www.juit.ac.in

DECLARATION BY THE SCHOLAR

| hereby declare that the work reported in the Phtiesis entitled“Synthesis and
Development of Lantadene Congeners as Anticancer Agts” submitted at
Jaypee University of Information Technology, Waknagat, India, is an authentic
record of my work carried out under the supervisawinAssistant ProfessoDr. Manu

Sharma. | have not submitted this work elsewhere for ather degree or diploma. | am fully

responsible for the contents of my Ph.D. thesis.

(Signature of the Scholar)

Suthar Sharad Kumar

Department of Pharmacy

Jaypee University of Information Technology, Wakimaig India

Date:

VIiI



AL JAYPEE UNIVERSITY OF INFORMATION TECHNOLOGY

Qf_'q\ A o,
@ A8 1IN £
§ (ﬁ.géi\) % (Established by H.P. State Legislative vide Act No. 14 of 2002)
v @ 3
‘%ﬁ \\‘J@l}”’ po P.O. Dumehar Bani, Kandaghat, Distt. Solan — 173234 (H.P.) INDIA
o @
J I Website: www.juit.ac.in

SUPERVISOR’S CERTIFICATE

This is to certify that the work reported in the.lPh thesis entitled‘Synthesis and
Development of Lantadene Congeners as Anticancer Agts” submitted by
Suthar Sharad Kumar at Jaypee University of Information Technology,

Waknaghat, India, is a bonafide record of his original work carriedt cunder my

supervision. This work has not been submitted diseg/for any other degree or diploma.

(Signature of Supervisor)
Dr. Manu Sharma
Department of Pharmacy

Jaypee University of Information Technology, Wakmaig India

Date:



NSAIDs
NF-«xB
IKK
IkBa
COX-2
PGE
DNA
K562
DLKP
NADH
NADPH
L929
MCF-7

HT-29
PAHMA
HelLa
MIA PaCa-2
SW-620
WI-38
HepG2
LS 180
CYP
RNA
L1210
Molt 4/C8
CEM

LIST OF ABBREVIATIONS

Nonsteroidal anti-inflammatory drugs

Nuclear factor-kappa B

Inhibitor of nuclear factor-kappa B kinase

Inhibitor of nuclear factor-kappa B alpha
Cyclooxygenase-2

Prostaglandin E

Deoxyribonucleic acid

Human chronic myeloid leukemia cell line

Human lung carcinoma cell line

Nicotinamide adenine dinucleotide

Nicotinamide adenine dinucleotide phosphate
Murine aneuploid fibrosarcoma cell line (Fraatrain L)
Human breast adenocarcinoma cell line

(Michigan Cancer Foundation-7)

Human colorectal adenocarcinoma cell line
Poly{6-(4-phenylazophenoxy)hexyl methacrylatAHMA)}
Human cervical adenocarcinoma cell line (iettalLacks)
Human pancreatic carcinoma cell line

Human Caucasian colon adenocarcinoma
Caucasian fibroblast-like fetal lung cell

Human liver hepatocellular carcinoma cellelin
Intestinal human colon adenocarcinoma cialé |
Cytochrome P450

Ribonucleic acid

Mouse lymphocytic leukemia cell line

Human leukemia-derived cell line

Human T cell lymphoblast-like cell line

X



H460
COLO 320
DMBA
TPA
PA III
PC-3M
HIF-1o
p-AKT

Bcl-2
Bax
A549
C26
TRAMP-CI
SKBR-3

H292
H522
MDA-MB-468
IMR90
ERK
c-Src
u87-MG
NO
H,S
T98G
HCT 116
PC-3
VLA-4

Non-small cell lung carcinoma cell line

Human colon adenocarcinoma cell line
7,12-dimethylbenz(a)anthracene
12-O-tetradecanoylphorbol-13-acetate

Rat prostate adenocarcinoma Il cells

Human prostate carcinoma cells

Hypoxia-inducible factor 1-alpha

phospho-Protein kinase B

(AKR mouse, "T"; transformation capabilities)

B-cell lymphoma 2

Bcl-2 associated X protein

Human alveolar lung adenocarcinoma cell line
Murine colon carcinoma cell line

Transgenic adenocarcinoma of the mousespate cells
Human breast adenocarcinoma cell line (MeimloSloan—
Kettering Cancer Center)

Human lung mucoepidermoid pulmonary carcinoseds
Human non-small lung adenocarcinoma cells

Human breast adenocarcinoma cell line

Human Caucasian fetal lung fibroblast cehdi
Extracellular signal-regulated kinases
Proto-oncogene tyrosine-protein kinase Snc{Sarcoma)
Human glioblastoma-astrocytoma, epitheliedel cell line
Nitric oxide

Hydrogen sulfide

Human Caucasian glioblastoma cell line

Human colorectal carcinoma cell line

Human prostate adenocarcinoma cell line
Integrin alphad4betal (Very Late Antigen-4)

Xl



MDA-MB-231

DU-145
SK-0V3
FAP
FDA
TLC
FT-IR
KBr
cm™?t
NMR
ppm
CDCls
DMSO.ds
Hz
MHz
S
d
dd
t
m
br
Ar-H
ESI-MS
HR-MS
eV
Q-T
HPLC
PDA
MeOH

Human breast adenocarcinoma cell line
Human prostate carcinoma cell line
Human serous ovarian carcinoma cell line
Familial adenomatous polyposis

Food and drug administration

Thin layer chromatography

Fourier transform infra red

Potassium bromide

Per centimeter

Nuclear magnetic resonance

Parts per million

Deuterated chloroform

Deuterated dimethyl sulfoxide

Hertz

Megahertz

Singlet

Doublet

Double doublet

Triplet

Multiplet

Broad

Aromatic-hydrogen

Electrospray ionization mass spectrometry
High-resolution mass spectrometry
Electron volt

Quadrupole-time of flight

High performance liquid chromatography
Photodiode array

Methanol

Xl



THF
Rt
NaBH,
HCI
DCM
KOH
DMSO
4-DMAP
MTT
HEPES
ATP
Sf21
NasEDTA
pFASTBAC1
PCR
RAW
DMEM
FBS
ATCC
3D
PDB
Mp
DCC
kcal/mol
ICso

Tetrahydrofuran
Retention factor

Sodium borohydride
Hydrochloric acid
Dichloromethane
Potassium hydroxide
Dimethyl sulfoxide
4-Dimethylaminopyridine

3-(4,5-Dimethythiazol-2-yl)-2,5-diphenyltetralbiam bromide
(4-(2-Hydroxyethyl)-1-piperazineethanesulfomicid

Adenosine triphosphate

Ovarian cells fronspodoptera frugiperdavorm
Tetrasodium ethylenediaminetetraacetate
Transposable baculovirus expression vecto
Polymerase chain reaction

Raschke, Ralph, and Watson cells
Dulbecco's modified Eagle's medium

Fetal bovine serum

American type culture collection

Three dimensional

Protein data bank

Melting point

N,N'-dicyclohexylcarbodiimide

Kilo calorie per mole

Half maximal (50%) inhibitory concentration

Xl



J

m/z

nm
um
mm
ng
ug
mg

kg

pl
ml

min

%
w/w
cm
°C
nmol
pmol
mmol
mol
U/ml

LIST OF SYMBOLS

Delta

Coupling constant
Mass/charge
Angstrom
Nanometer
Micrometer
Millimeter
Nanogram
Microgram
Milligram
Gram
Kilogram
Microliter
Milliliter

Liter

Minute

Hour

Percent
Weight/weight
Centimeter
Degree Centigrade
Nanomole
Micromole
Millimole
Mole

Unit per ml

XV



Figure

Number

2.1

2.2

3.1
3.2

3.3
3.4
3.5
4.1

4.2

4.3

4.4

4.5

4.6

LIST OF FIGURES

Caption

The chemical structures of NSAID2&-32) used for the
synthesis of lantadene—NSAID ester conjugates
The chemical structures of parent lantader83-38)
used for the synthesis of lantadene—NSAID ester
conjugates
Synthesis of lantadene congen86s43
Synthesis of anhydride derivatives of aromatcads
(48'-51' and53'-54") and NSAIDs b5'-79’) for the
esterification step
Synthesis of lantadene esters congerersb4
Synthesis of lantadene—NSAID ester conjugd®s69
Synthesis of lantadene—NSAID ester conjugat@s/9
The sequence of steps involved in the isolatwdn
lantadene A 83) and B @34)
The proposed covalent Michael addition of |ladgae A
(33) and B B4) congeners (Fig. A & B, respectively)
with the Cys-99 residue of the IKKthat subsequently
leads to inhibition of NFRe<B
The effect of compound9 on TNF--induced PGE
secretion
The effect of compound9 on TNF-u-induced kBa
degradation
The effect of compound9 on TNF-u-induced cyclin D1
and COX-2 expressions.

Molecular docking of the lead lantadene—cinnamacid

XV

Page

Number

21

22

34
43

44
58
67
75

88

92

93

94

102



ester conjugat®l (prodrugmoieties AandB) into the

active site of IKKp

4.7 Molecular docking of the prodrumoiety A of the lead 103
lantadene—diclofenac ester conjug&t®into the active
site of IKKg.
4.8 Molecular docking of the prodrumoiety A of the lead 105

22p-hydroxy-oleanolic acid-diclofenac ester conjugd®

into the active site of IKR

XVI



LIST OF TABLES

Table Caption Page
Number Number
4.1 Quantification of lantadene A and B in lantadeaves by 74

using various solvents
4.2 Thein vitro cytotoxicity profile of the parent compounds 85
(33-39, lantadene congener849-79, NSAIDs, and
cisplatin against A549 cell line
4.3 Thein vitro inhibition of TNF-u-induced NF«xB 87
activation by parent compound83-38, lantadene
congenerg39-79, and NSAIDs
4.4 Thein vitro IKK g inhibition by parent compoundsS88%- 89
36) and lantadene congeners0E51, 63-64, and79)
4.5 The COX-2 inhibitory activities of the parendropounds 91
(33-38, lantadene—NSAID ester conjugatesh{79), and

NSAIDs
4.6 The chemical stability of the lead lantadeneag®eners 96
(50-51, 63-64and79) in simulated gastric fluid of pH 2
4.7 Themetabolic stability of the lead lantadene congeners 98

(50-51, 63-64and79) in human blood plasma

XVII



TABLE OF CONTENTS

INNER FIRST PAGE

ABSTRACT
ACKNOWLEDGEMENT
DECLARATION BY THE SCHOLAR
SUPERVISOR’S CERTIFICATE
LIST OF ABBREVIATIONS

LIST OF SYMBOLS

LIST OF FIGURES

LIST OF TABLES

TABLE OF CONTENTS

CHAPTER-1

INTRODUCTION AND REVIEW OF LITERATURE
1.1. Cancer and inflammation
1.2. Role of NF«B and COX-2 in cancer
1.3. NSAIDs as anticancer agents
1.3.1. Development of various NSAID derivatives as anticaser
agents
1.3.2. Gaseous mediator-releasing NSAID derivatives as aonancer
agents
1.3.3. NSAID-metal complexes as anticancer agents
1.3.4.Present status and future of NSAID derivatives asrdicancer
agents

CHAPTER-2
RESEARCH ENVISAGED AND PRESENT WORK

CHAPTER-3

MATERIALS AND METHODS

3.1. General experimental methods
3.2. Isolation and synthesis of lantadene congas
3.2.1. Plant materials

XVIII

14
16

19-22

23-73
23
24
24



3.2.2. Quantification of lantadene A and B in lantana leaes
3.2.3. Extraction and isolation of lantadene A (33) and §34)
3.2.4. Synthesis of B-hydroxy-22g-angeloyloxy-olean-12-en-28-oic
acid (35) and @-hydroxy-22f-senecioyloxy-olean-12-en-28-oic
acid (36)
3.2.5. Synthesis of 2B-hydroxy-3-oxo-olean-12-en-28-oic acid (37)
3.2.6. Synthesis of B,228-Dihydroxy-olean-12-en-28-oic acid (38)
3.2.7. Synthesis of Methyl 2g-hydroxy-3-oxo-olean-12-en-28-ate
(39)
3.2.8. Synthesis of Methyl #,22p-dihydroxy-olean-12-en-28-ate (40)
3.2.9. Synthesis of B-hydroxylimino-substituted 224-
Angeloyloxy/228-Senecioyloxy-olean-12-en-28-oic acids (41—
42)
3.2.10. Synthesis of B,228-Diacetoyloxy-olean-12-en-28-oic acid (43)
3.2.11. Synthesis of B-substituted and 2-substituted olean-12-en-
28-oic acids (44-54)
3.2.12. Synthesis of B-substituted and 2-substituted olean-12-en-
28-oic acids (55-69)
3.2.13. Synthesis of B-substituted and 3,22p-disubstituted olean-12-
en-28-oic acids (70-79)
3.3. Biological evaluations
3.3.1. Invitro cytotoxicity assay
3.3.2. Thein vitro inhibition of TNF- a-induced NF«B activation in
A549 lung cancer cells
3.3.3. Invitro phosphorylation assay I(n vitro IKK g inhibition
assay)
3.3.4.Thein vitro evaluation of COX-2 activity by the quantitation
of PGE,
3.3.5. The inhibition of TNF-a-induced PGE; secretion
3.3.6. The Western blot analysis of kBa, cyclin D1, and COX-2
3.4. Hydrolysis studies (HPLC studies)
3.4.1. Thein vitro chemical stability of the lead lantadene congeners
in simulated gastric fluid
3.4.2. Thein vitro metabolic stability of the lead lantadene congeners
in human blood plasma
3.5. Molecular docking studies
3.5.1. Predicting binding mode of lantadene congeners t&KK g
3.6. Statistical analysis

XIX

24
24
26

28
28
29

30
31
33

35
45
59
68
68
68
69
69

70

71
71
72
72
73

73
73



CHAPTER-4

RESULTS AND DISCUSSION 74-105
4.1. Extraction and isolation of lantadene A athB 74
4.2. Synthesis of lantadene congeners 76
4.3. Biological evaluations 83

4.3.1.1n vitro cytotoxicity assay 83
4.3.2. The inhibition of TNF- a-induced NF«B activation 86
4.3.3.1n vitro IKK g inhibition assay 89
4.3.4. The evaluation of COX-2 activity by quantification of PGE; 90
4.3.5. The inhibition of TNF-a-induced PGE, secretion 91
4.3.6. The Western blot analysis of kBa, cyclin D1, and COX-2 92
4.4. Chemical and plasma hydrolysis studies 95
4.4.1. The chemical stability of the lead lantadene congens in 95
simulated gastric fluid
4.4.2. The metabolic stability of the lead lantadene congers in 96
human blood plasma
4.5. Molecular docking studies 98

CHAPTER-5

CONCLUSIONS 106-107

CHAPTER-6

REFERENCES 108-119

LIST OF PUBLICATIONS 120-121

XX



CHAPTER 1

INTRODUCTION AND REVIEW OF LITERATURE

1.1. Cancer and inflammation

Cancer is the rapid creation of abnormal cells tlygaow beyond their usual

boundaries and which can then invade adjoining paft the body and spread to
other organs [1]. Lung cancer is the most commomcea diagnosed in men
worldwide (accounting for 16.5% of all new casesyhile breast is the most
common cancer diagnosed in women (23% of all newesa [2]. American

cancer society estimated a total of 1,638,910 neemcer cases and 577,190
deaths from cancer in the United States by the eh@012 [3]. In India, there

are 2 to 2.5 million cancer patients at any givesing of time with about 0.7

million new cases coming every year and nearly fflthem die every year [4].

Tobacco related cancers are most prevalent andwtsofor 34% of all cancers
in India (50% of all male cancers and 25% of allni@e cancers) [4]. Current
treatments for cancer involve chemotherapy, radeo#élpy, and extensive surgery
with chemotherapy remains the most noteworthy phecological approximation

to cancer treatment [5]. Though, the existing aaticer agents suffer from
limitations, like toxicity to normal cells and acged tumor resistance.

Therefore, there is an instant need of new antieanagents with the better

selectivity and improved pharmacological profile] [5

It has been well demonstrated that inflammation amdchcer are closely related
to each other [6]. A growing tumor expresses phgpets similar to
inflfammatory cells [7]. Various tumor cells have wtn the presence of
cytokines and chemokines that play a critical rdle the proliferation and
differentiation of cancer cells [8,9]. Chronic imfhmation plays a major role in

the lung carcinogenesis and there are a numbervodesmces from preclinical
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and clinical studies, which showed that persistanflammation can drive
normal lung cells to cancerous cells [10]. The afimation may be involved in
several stages of carcinogenesis, from tumor inidid to tumor promotion and
even in the metastatic progression through variomechanisms involving
genomic instability, epigenetic modifications, ldized immunosuppression, and
angiogenesis [11]. Based on these pro-tumor effe¢chslammation has been

identified as one of the key targets of cancer grevon and treatment strategies

[6].

1.2. Role of NFxB and COX-2 in cancer

Nuclear factor-kappa B (NkB) is one of the important targets of anticancer
drugs currently being developed. It regulates inflaatory response and
apoptotic pathways and remains inactive in the pyaem because of its
complex formation with an inhibitor of nuclear factkappa B alpha {Ba)
[12-15]. In response to inflammatory stimuli, IKKnfibitor of nuclear factor-
kappa B kinase) phosphorylatesBla, leading to its degradation and release of
NF-xB from the NF«xB-IkBa complex [13-15]. The free NEkB then
translocates to the nucleus and binds with specsiequences of DNA; thereby
regulating the transcription of target genes [13}k1%he expression of the
majority genes that are involved in inflammation or cellular proliferation

(e.g.cyclin D1) are regulated by NkB.

In response to various external stimuli, such a®-prflammatory cytokines,
bacterial lipopolysaccharides, ultraviolet rays,acéve oxygen species, and
phorbol ester, the cyclooxygenase-2 (COX-2) beconesvated in certain
tissues [16,17]. Abnormally elevated COX-2 causesonpotion of cellular
proliferation, suppression of apoptosis, enhancemeh angiogenesis, and
invasiveness, which leads to the oncogenesis [IMpre than two decades
before, anticancer properties of nonsteroidal anflammatory drugs (NSAIDs)

were discovered [6]. Since then various studies enavdicated that long-term
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use of aspirin and other NSAIDs decrease the incoee of colorectal,
esophageal, breast, lung, and bladder cancers [¢B depression of
prostaglandin £ (PGE) synthesis while inhibiting COX-2, which resulta the

suppression of proliferation [20].

1.3. NSAIDs as anticancer agents

Studies over the years have established that infdaton and cancer are closely
linked with each other. Currently existing anti-lalmmatory agents have
displayed remarkable anticancer efficacy againstioaas types of cancers,
particularly, colon, breast, pancreatic, prostateing, and skin cancers.
Numerous researchers all over the world are engagedthe design and
discovery of NSAIDs as anticancer agents. Such N3Aderivatives (1-27)
discovered as antiproliferative and antitumor agenh the recent past are

discussed below.

1.3.1. Development of various NSAID derivatives aanticancer agents

Zhang et al. (2000) screened the anticancer potential of indtdmcin against
chronic myeloid leukemia cells [21]. They discovdreghat at 400 pmol/l
concentration, indomethacin triggered the apoptosisl suppressed the growth
of K562 cells and primary culture bone marrow cedlstained from six chronic
myelogenous leukemia patients. Maguire and cowosk¢2001) synthesized
indomethacin analogs bearing botfrbenzyl andN-benzoyl groups for their
ability to suppress multidrug resistance-associapedtein-1 (MRP-1) mediated
drug efflux in a human lung carcinoma cell line, BR [22]. The results showed
that substitution of halogen atoms, specificapyhalogen atom substituteN-
benzyl and N-benzoyl rings yielded compounds with MRP-1 inhdry
capability. The aldo-keto reductase family 1 memb@B (AKR1C3) is an
enzyme; catalyze the conversion of aldehydes antbrkes to their respective
alcohols by employing NADH or NADPH as cofactorsuidan AKR1C3 reduces

a weak androgen, androstenedione to strong andrdagstosterone, and a weak
3



estrogen estrone to potent estrogeng-Eé&tradiol, employing NADPH as a
coenzyme. Therefore, AKR1C3 is an appealing tarfgetthe discovery of drugs
targeting hormone dependent cancexsz. prostate, breast, and endometrial
cancers. Intending to inhibit AKR1C3, Gobet al. (2005) synthesized analogs
of diclofenac and naproxen [23]. The most potentalag, 3-phenoxybenzoic
acid (1) displayed 1G, of 0.68 pmol against AKR1C3. Thus, compourid
represents a potential pharmacophore to be furtdeveloped as AKR1C3
inhibitor for treating hormonal based cancers. Aadase or estrogen synthase is
an enzyme which mediates biosynthesis of estrog&uset al. (2009) performed
lead optimization of nimesulide analogs towards G@Xto prevail over
aromatase inhibitor resistance in the breast cancels [24]. Synthesized
analogs were evaluated against long-standing esmogeprived MCF-7aro
(LTEDaro) breast cancer cell line, which is the llmigical model of aromatase
inhibitor resistance for hormone-dependent breastncer. Several tested
compounds showed Kg values close to 1 pmol against LTEDaro cells and
among them2 was found to be most efficacious with d€Cof 1.00 pmol, while
reference drug nimesulide displayed shCof 170.30 pumol against LTEDaro

breast cancer cells.

Synthesis and cytotoxicity of poly(anhydride esfeid salicylate derivatives,
viz. halogenated salicylates, aminosalicylates, saBlalicylic acid, and
thiolsalicylic acid was reported by Schmeltzer aoa-workers (2005) [25]. To
assess the cytotoxic potential, authors screened dmpounds against L929
fibroblast cells in serum containing medium and hduthat the morphology of
cells remained unchanged after the treatment witdstrof the compounds. In the
contemporary effort, Congiat al. (2005) synthesized derivatives of flufenamic
acid for anticancer activity [26]. Structural vatians on the flufenamic acid
scaffold yielded a series of (hetero)aryl esterdNef2-(trifluoromethyl)-pyridin-
4-yl)anthranilic acid. Among these synthesized naway of compoundsanalog

3 with pyridinyl substitution displayed remarkabliem vitro antiproliferative

4



efficacy with chemosensitive profile exhibiting aumber of Gk values at
concentrations below I0 mol in the full panel of NCI-60 human tumor cell

lines.
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Riboflavin or vitamin B acts as micronutrients for normal and cancer cells
though rapidly dividing cancer cells need highercamts of nutrients than the
normal cells. A covalent linking of micronutrientgith the anticancer agents is
one of the new strategies currently being practitecenhance internalization of
the anticancer agents into the cancerous cells.eRanich and associates (2007)
synthesized dexibuprofen derivatives covalently kbd to tetraacetylated
riboflavin by way of alkylene spacers of changeab&ngth [27]. Biological
evaluation studies revealed that the test compouweése significantly active
against MCF-7 (breast cancer cells) and HT-29 (oolmarcinoma cells) cells
with 1Cso values in the range of 8-15 pumol. Compouhdvas found to be the
most cytotoxic with 1Go values of 7.8 and 9.3 pumol against MCF-7 and HT-29
cells, respectively. In an effort to establish N®4l as anticancer agents, new
series of anti-tumor thiolated and nonthiolated ysdpartamide—diclofenac and
—fenoprofen prodrugs were synthesized in the labBafrbart and colleagues
(2007) [28]. Results ofn vitro anticancer assay disclosed that compounds with
polyaspartamide-type polymers, particularly thiadt polymers significantly
suppressed the tumor cell proliferation and growithe diclofenac prodrugs
were found to be more active than the fenoprofenrmterparts. The most potent

diclofenac-PAHMA congener5) showed IGos of 75, 18, 34, 61, 64, and 28
5



pmol against Hep-2, HelLa, MIA PaCa-2, SW-620, MCFahnd WI-38 cell lines
respectively, while against the same cell linesladienac exhibited 1gs of 43,

26, 55, 51, 60, and 67 umol, correspondingly.
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poly[a,B-(N-2-aminoethyl-DL-aspartamide)]-

poly[a,B-(N-2-hydroxyethyl-DL-aspartamide)]-

poly[a,B-(N-3-mercapto-1-methoxycarbonyl-
4 propyl-DL-aspartamide)]

Peroxisome proliferator-activated receptor gamm&ARy) regulates fatty acid
storage and glucose metabolism and is regarded asowel target for the
discovery of future anticancer and anti-inflammatoagents. Romeiro and
teammates (2008) explained the binding of existd8AIDs with PPAR with
the help of molecular docking analysis [29]. A deck complex of sulindac
sulfide showed that it possessed the pharmacophprecequisites to bind with
PPARy receptor; a polar head and a hydrophobic tail thhas partially buried in
the pocket covered by arm Il, a hydrophobic areatlod receptor. Conversely,
selective COX-2 inhibitors celecoxib and SC560 didimear the same structural
requirements and were poor inhibitors of PRARBasset al. (2009) examined
the influence of dithiolethione-modified NSAIDs aoarcinogen commencement
and detoxification modes in human hepatoma HepG# hAoman colon LS180
cells [30]. The authors discovered that synthesidedivatives of diclofenac6|
and sulindac {) suppressed the activity and regulation of carg@&o activating
enzymes cytochromes P-450 (CYP) CYP1A1l, CYP1B1, @&dP1A2 and this
suppression was mediated by transcriptional regahatof the aryl hydrocarbon

receptor (AhR) pathway. The NSAID derivatives lowdr the carcinogen-
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induced expression of CYP1A1l heterogeneous nuckRMA, which is a measure
of the transcription rate. Therefore, it can be eired that dithiolethione-
modified diclofenac ) and sulindac {) derivatives may act as potent
chemopreventive agents by constructively harmongzirthe equation of
carcinogen activation and detoxification mechanismihe phosphoramidate
structure is widely known for its antiproliferativend cytotoxic characteristics.
Wittine and teammates (2009) synthesized phospheadate compounds from 3-
hydroxypropyl derivatives of NSAIDs (fenoprofen, ti@rofen, ibuprofen,
indomethacin, diclofenac) [31]. Synthesized compdsiwere evaluated for their
anticancer activity against malignant tumor celhds (L1210, Molt4/C8, CEM,
HelLa, MIA PaCa-2, SW-620, MCF-7, and H460) and natrhuman fibroblasts
(WI-38). All the tested phosphoramidate derivativeshowed noteworthy
anticancer potencies with derivativ@ exhibiting highest inhibitory potential
against the cervical, pancreatic, and colon carmaocell lines (IGys 5-7
pmol). Aspiring to develop cytotoxic agents againilon cancer, Zawidlak-
Wegrzynska et al. (2010) reported the synthesis and anticancer surgg of
ibuprofen—oligo(3-hydroxybutyrate) conjugates [32]JFrom the series of
derivatives evaluated9 was found to have potential anticancer effects. It
showed IGps of 37 and 31 pmol against HT-29 and HCT 116 canzsl lines,
respectively. The authors postulated that the inveib antiproliferative activity
of ibuprofen—oligo(3-hydroxybutyrate) conjugates yn&ave been caused by
increased cellular uptake of ester conjugates thae free drug. In a different
but contemporary study, Fogli and co-workers (20d@pscribed the synthesis of
hydroxamic acid derivative of sulindac for anticamcactivity against human
pancreas and colon cancer cell lines [33]. Resuwfs biological screening
indicated that the hydroxamic acid derivative oflisdac and its sulfone and
sulfide metabolites were potent anticancer agehts displayed 1gys values in
the range of 6-64 umol. Sulfide derivativeé0j was the most active and showed
ICs0s of 32 and 6 pmol against MIA PaCa-2, and COLO 32dnhcer cells,
respectively. The mechanistic study disclosed thwutiroxamic acid derivatives
7



induced apoptosis, augmented Bax/Bcl-2 expressimnor which resulted in the

caspase 3/7 activation.
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Chemopreventive activities of etodolac and oxyphet@zone against mouse skin
carcinogenesis were studied by Kapaeéitaal. (2010) [34]. The authors reported
the inhibition of 7,12-dimethylbenz(a)anthracene MBA)-induced two-stage
mouse skin carcinogenesis by etodolac (ETD), wipéroxynitrite (PN)-induced
and 120O-tetradecanoylphorbol-13-acetai@ PA)-promoted skin tumors in the
mouse by oxyphenbutazone (OPB). Topical adminisoratof ETD at a very low
dose of 85 nmol exhibited a remarkable reductionboth tumor incidence and
burden. This effect was accompanied by a delayhie tumor latency period. The
orally administered 0.0025% dose of OPB was alsooved to be

chemopreventive. The COX-2 selective inhibitor a=dgib is believed as more
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potent antiproliferative and cytotoxic agent thaonselective COX inhibitors.
In a hybrid synthesis approach, Desai and co-woskg010) conjugated two
powerful anti-inflammatory and anticancer pharmalkopes with the objective to
enhance the biological activity [35]. They hypotihe=d that sulfonamide
pharmacophore and pyrazole ring of celecoxib istical for the proapoptotic
activity, while selenium is proven anticancer agertd therefore, synthesized
selenocoxib {1) by making a substitution at the 3 position of thgrazole ring.

When evaluated against PAIII cells derived from atastatic prostate tumor and
PC-3M human metastatic prostate cancer cells, selerib demonstrated I4gs

of around 5 pmol against both the cells, whilesd€ of celecoxib was found to
be greater than 20 pmol against the same cell lirBedenocoxib and celecoxib
also exhibited a declined expression of COX-2 inlIRAells. In a mechanistic
study, PAIIl cells treated with selenocoxib showeddcreased levels of HIFel

p-AKT, and Bcl-2. These results proved that selesvab was more potent

anticancer agent than celecoxib against prostateean

Glyoxalase-1 is a thio-dependent methylglyoxal detication enzyme,
considered as the potential target for antitumougirdevelopment. Liu and
colleagues (2011) studied kinetic analysis, molacutiocking, and molecular
dynamics simulations on indomethacin and its analdg find out anticancer
activity of these compounds, targeting human glylasa-1 (GLO1) [36]. The
study revealed that indomethacin was a prospectgent to be developed as
GLO1 inhibitor, as it binds with all subsites ofethactive site pocket of GLO1
and stabilized the flexible loop (152-159 residue$p target both human and
murine cancer cells, Sat al. (2011) synthesized amide derivatives of fenbufen
and ethacrynic acid through a facial preparation bfamino-4-azidobutane
followed by a coupling with large number of carbdicyacids [37]. Synthesized
derivatives were tested against two human cell $ifMCF7 and A549) and two
murine cell lines (C26 and TRAMP-C1). Fenbufen detives displayed better

anticancer activity than the ethacrynic acid detivas and cytotoxicity of
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fenbufen derivativesl2 and 13 was comparable to that of cisplatin. In a recent
study, Chennamaneni and associates (2012) syntadsimdomethacin and
sulindac derivatives as antiproliferative agents8][30ne of the synthesized
indomethacin derivatived4 exhibited 1Gos in the range of 0.51-17.19 umol
against variety of cancer cell linesgjz. SK-BR-3, H292, H522, MDA-MB-468,
MCF-7, and IMR90. The mechanistic study concludetatt compounds act
through COX independent anticancer mechanism amdpmund14 was found to
be inhibitor of tubulin polymerization. Although, h¢ parent compound
indomethacin didn’t show inhibitory potential againthe tubulin protein.
Molecular docking analysis disclosed that, 3,4,bBntgthoxyphenyl group ofL4
was located in the hydrophobic pocket defined by&50, Cys-241, Val-238,
Tyr-202, 1le-378, and Leu-255 residues of the coatihes binding site of

tubulin.
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Gliomas are tumors that originate from cells ofrasytic lineage and represent
brain tumors. Rosenbaurat al. (2005) synthesized and screened a library of
indomethacin analogs in the cytotoxicity assay gsithe MRP-1 (multidrug
resistance-associated protein-1) expressing humarbi@dstoma cell line T98G
as a model system [39Nine of the 60 evaluated compounds enhanced the
doxorubicin-mediated cytotoxicity at an equal or psuior level than the

indomethacin. Compound5 increased the doxorubicin-induced cytotoxicity by
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a 2.4-fold and emerged as the promising candidatédd developed as a potent
MRP-1 inhibitor. In another study against gliomageraardi and fellow workers
(2006) screened the chemically unrelated NSAIDs, domethacin,
acetaminophen, sulindac sulfide, and NS-398 (N-{2iohexyloxy)-4-
nitrophenyllmethane-sulfonamide) against C6 and 8MG glioma cell lines
[40]. The study disclosed that treatment of gliomells with NSAIDs lead to a
decline in cell numbers and pointed out caspaseiBfiEpendent apoptotic cell
death. Indomethacin inhibited the cell cycle proggmn of glioma cells and
decreased the cell counting mediated by c-Src aR&K EBignaling. In a peculiar
approach to treat glioma, Leet al. (2011) developed nanoprodrugs of
flufenamic acid [41]. Exceedingly hydrophobic monent and dimeric prodrugs
of flufenamic acid were synthesized via esterifioat method and subsequently
developed into nanoprodrugs of size 120 tol140 nmngsthe spontaneous
emulsification method. The monomeric nanoprodrug)(displayed 1G, of 20
umol against U87-MG glioma cells (brain tumor cellsyhile flufenamic acid
showed 1@y of 100 umol, indicating that the developed nanoprodrug wasre
potent than the parent drug. Conversely, the dim@anoprodrug did not exhibit

any similar effect on the proliferation and vialtifiof U87-MG glioma cells.
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1.3.2. Gaseous mediator-releasing NSAID derivativeas anticancer agents

Several in vitro and in vivo studies have shown that NO-releasing NSAIDs

possess anticancer activities. It is also well bi&hed that elevated levels of
11



NO promotes tumor cells to undergo apoptosis. Theme, the synthesis of NO-
donating NSAIDs as antitumor agents is a promisapproach to fight the battle
against the cancer. Yeh and associates (2004) avatu and compared the
anticancer effects of seven pairs of conventiona&ADs (aspirin, salicylic
acid, indomethacin, sulindac, ibuprofen, flurbipeof and piroxicam) and their
corresponding NO-NSAIDs [42]. In contrast to par&N$AIDs, all NO-NSAIDs
(excluding NO-piroxicam, which is a salt and notrae NO-NSAID) displayed
superior inhibitory potential against the growth 6ifT-29 and HCT-15 colon
cancer cells and showed 7-689-fold increase iBg$Cagainst HT-29 cells and
1.7-1083-fold increase in I{gs against HCT-cells, when compared to the parent
NSAIDs. In a subsequent study, Béziége al. (2008) designed and synthesized
profen—NO hybrid molecules for anti-inflammatory daranticancer activities,
specifically targeting human prostatic cancer cgl8]. The authors found that
apart from COX inhibition, time-dependent NO-releasontributed to the
anticancer activity of the compounds. A ketoprof&l®- hybrid compound X7)
exhibited 1Go of 0.73 pmol against COX-2, while at 100 pmol dpsteshowed
26% growth inhibition against PC-3 prostate canceells. The IGy of
ketoprofen against COX-2 was found to be 0.69 pmaob it didn't show any
growth inhibition of PC-3 cells. Hypoxic tumor csllare believed to be resistant
against chemotherapy. Stewart and associates (28608)ied the effects of NO-
donating sulindac analogl8) on PC-3 prostate cancer cells maintained under
hypoxic conditions [44].The authors noticed that NO-sulindad ) produced
pro-apoptotic, cytotoxic, and antiproliferative effts on the PC-3 cells under
normoxic and hypoxic conditions. NO-sulindac waaufid to be notably more
cytotoxic than sulindac at every oxygen level. lawseen that both HIFeland
Akt phosphorylation levels were lowered on treatmevith NO-sulindac. The
authors further stated that both the sulindac/linlkeend NO-donating subunits
contributed to the anticancer properties of NO-sdhc. Along with NO-
releasing agents, #4%-donating agents have also been shown to possesst g

anticancer potential. In this approach, recentlydétaet al. (2012) synthesized
12



novel aspirin hybrids possessing both NO- andSHeleasing moieties and
evaluated against eleven different human cancer Iceés of six different tissue
origins [45]. Among the compounds tested for anticar activity, 4-(3-thioxo-
3H-1,2-dithiol-5-yl)phenyl 2-((4-(nitrooxy)-butano)oxy) benzoate 19) was
found to be most potent with an §£of 0.048 pumol against HT-29 colon cancer
cells. Compoundl9 was at least 100,000-times more potent than thdraspn
HT-29 cells. The compoundl9 also displayed anti-inflammatory activity
equipotent to aspirin, determined in carrageenasdoed rat paw edema model.
In another recent study, Cheng and co-workers (304tidied the effects of
NONO-donating NSAIDs on the adhesion of melanomadlscd46]. For their
efforts, they synthesized novel NONO-aspirin and NN®D-naproxen compounds
and evaluated against human melanoma M624 cells 3tudy indicated that
both of the NONO-NSAIDs decreased adhesion of M6&dls on vascular
cellular adhesion molecule-1 (VCAM-1) by 20-30% aad fibronectin by 25-
44%. Also, NONO-naproxen 2Q) was capable of suppressing the activity
(~56%) of B1 integrin that binds withu4 integrin to generate late stage antigen-
4 (VLA-4), the ligand of VCAM-1. Therefore, it carbe inferred that
diazeniumdiolate (NOe¢)-releasing moiety was crucidbr decreasing the

adhesion between VLA-4 and its ligands.
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1.3.3. NSAID-metal complexes as anticancer agents

Cisplatin was first metal based compound to beoadtrced as an antitumor agent
in the market. Since then, plausible efforts hawsei made to the design and
discovery of metal based cytotoxic agents. Here, wecument recently
synthesized and screened NSAID-metal complexesetamg various cancers.
Ott et al. (2005) developed cytotoxic cobalt-alkyne complexdsaspirin [47].
All the synthesized complexes were evaluated agaMGF-7 and MDA-MB-231
cell lines. From the set of metal complexes test€d-ASS or [2-acetoxy-(2-
propynyl) benzoate]hexacarbonyldicobalt21l] was revealed as the Ilead
compound with IGy values of 1.4 and 1.9 pmol against MCF-7 and MD&M
231 cell lines, respectively. Other complexes sashdesacetoxy derivative Co-
Benz, amide derivatives Co-ASSAM and Co-Phthal, ahd structural isomer
Co-3-Acetbenz were found to be less active againsth the cell lines. In the
subsequent study, Rubner and fellow workers (20B@nthesized transition
metal complexes of aspirin and screened for gromthibition, antiproliferative
effects, and apoptosis induction in breast (MCFMDA-MB-231) and colon
cancer (HT-29) cell lines, and for COX-1/2 inhibito effects in the isolated
isoenzymes [48]Aspirin derivative, Prop-ASS-Ruor [(x>-7?)-(prop-2-ynyl)-2-
acetoxybenzoate]triruthenium nonacarbonyl22) exhibited highly potent
anticancer activity which was correlated with apogt induction. In a similar

but another study, the same research team (201pprted the synthesis and
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biological screening of [cyclopentadienyllmetalcarnyl complexes of aspirin,
by employing metals; molybdenum, manganese, cobtallium, and rhodium
[49]. Synthesized complexes showed feeble activagainst COX enzymes,
whereas against breast (MCF-7, MDA-MB-231) and coloancer (HT-29) cell
lines, all the complexes displayed considerable otyxic effects. Aspirin—
thorium complex, Et-Cp-ASS-Th2@) exhibited maximum cytotoxicity against
MDA-MB-231 and HT-29 cells with 1gs of 11.4 and 4.6 pmol, respectively,
while another aspirin—thorium complex, But-Cp-AS$®-124) displayed highest
activity towards MCF-7 cells with 16 of 5.4 umol. Clinically used cytotoxic
agent cisplatin showed Kgs of 2.0, 3.3, and 2.4 pmol against MCF-7, MDA-
MB-231, and HT-29 cancer cell lines, respectivelg.a recent advancement of
NSAIDs based metal complexes, O’Connet al. (2012), developed salicylic
acid—copper(ll) complexes with DNA binding and cW&mag capabilities against
cisplatin sensitive and resistant cancer cells fmomising chemotherapeutic
potential [50]. Synthesized complexe85-27 showed cytotoxicity against
cisplatin sensitive breast (MCF-7), prostate (DU5)4and colon (HT-29) cancer
cell lines and cisplatin resistant ovarian cellsK(®V-3) in micromolar doses
and were found to be more potent than the cisplathurthermore, these

complexes also exhibited strong vitro DNA binding and cleavage capabilities.
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1.3.4. Present status and future of NSAID derivatigs as anticancer agents
Ongoing preclinical and clinical studies of NSAIDand their derivatives,
probably to provide an answer related to their apgtions in the prevention and
treatment of various cancers along with GI and c¢avdscular safety issues
[51]. Epidemiological statistics propose that the occaoe of breast, colorectal,
and lung cancers is inversely associated with tlee wf aspirin and other
NSAIDs [52,53].Ample facts imply that COX is one of the decisivargets that
regulate the anticancer effects of NSAIDs [54]he finding of a relationship
between levels of COX-2 in human lung and colon @ans and patient forecast
was quoted as additional confirmation of the prodee significance of COX-2
as a target for cancer therapeutics [54-56]. Vasistudies have established that
aspirin can lessen the immediate risk of colon axwas in patients with a
previous record of adenomas [52,57]. An additiorsaldy verified that the
incidence and mortality from lung cancer in patiergdministering aspirin was
appreciably less in the non-smokers and past smokban those who did not
take aspirin [52,58]Another NSAID, sulindac has been reported to reduce the
reappearance and polyp number in familial adenomsat@olyposis (FAP)
patients [52,59]and caused degeneration of existing adenomas [32,60her
NSAIDs, ibuprofen and piroxicam have also been fouto lower the risk of

developing carcinomas [51,61-62].
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Presently, there are at least 98 clinical trialsplexing the use of selective
COX-2 inhibitor celecoxib in the prevention and atenent of cancer [52,63].
Previous clinical trials in patients suffering fromAP confirmed that celecoxib
initiated considerable regression of developed adeas [52,60]and these

discoveries led to the accelerated FDA approval cgflecoxib for adjuvant

therapy in the treatment of FAP in 1999 [64]. Tdhte, celecoxib is the only
NSAID approved by FDA for the therapy of FAP [6APPROVe (Adenomatous
Polyp PRevention On Vioxx) trial was undertaken bBherck in 2001 to screen
the potential of rofecoxib against adenomatous po[$6-68]. Though, study
was later terminated due to the increased risk afdcovascular adverse effects

caused by rofecoxib [68].

Numerous other NO-releasing,,8-releasing NSAIDs [69,70] and NSAID-metal
complexes have also shown promising anticancer erops and are being
investigated in several preclinical studies. Basem the results obtained in
various preclinical and clinical studies of NSAIR®d their derivative, it can be
concluded that the use of NSAIDs decreases thediemce of primary cancers,
suppress the growth of emerging tumors, while resgreg the developed cancers
and thereby reduces mortality among the canceremsi [52].Accordingly, in

the near future, existing NSAIDs and NSAID deriweds may supplement the

current arsenal available to fight against the acanc

In brief, existing NSAIDs suffer from GI toxicitieand cardiovascular adverse
effects. Novel NO- and iB-releasing NSAIDs offers a ray of hope to alleeiat
the problems associated with current NSAIDs. Moreqvthese agents have
shown promising activity and safety profiles in wars preclinical and clinical

trials. It is now proved that inflammation playscaitical role in the initiation

and propagation of cancer. The use of NSAIDs caduce the incidence and
reappearance of various cancers and thereby rethie®verall mortality rates in
patients. The use of NSAIDs in conjunction with s$acal anticancer agents is
making headway, and is likely to provide many nelmerapeutic strategies to
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treat cancer in the coming time. The developing hglcompounds such as NO-
NSAIDs, NONO-NSAIDs, HS—NSAIDs, NSAID-metal complex and selective
COX-2 inhibitors along with existing NSAIDs may symlize the future

generation of therapeutics to treat both inflammatiand cancer. Nonetheless,
optimal dosage, frequency, therapy regimen, berngék ratio, and the detailed

mechanism by which these agents act still remaitcetie solved.
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CHAPTER 2

RESEARCH ENVISAGED AND PRESENT WORK

Since the ages, human civilization has relied onunal resources to cater for
their basic needs, not the least of which are miais for the treatment of a
broad range of diseases [71]. In the present daxgdliscovery approach, there
are three main sources of new chemical entitiesgioal natural products, semi-
synthetically modified natural products, and comddiorial synthetic compounds
[72]. Among these, the natural products show highedsity as they bear many
chiral centers and specific stereochemistry [72]daare generally derived
through specific biosynthetic pathways, like shikite, polyketide or
mevalonate, leading to a particular class of compisi [73,74]. Accordingly,
natural products have played and continue to plasignificant role in the drug
discovery process, specifically in the domain okaiotherapeutics [72]. Indeed,
greater than 60% of the marketed drugs are of redtorigin [72]. Within the
spheres of cancer therapy, over the time periodnfriine 1940 to 2012, of the
175 approved small molecules, 131 (74.8%) are ottherxn synthetic, with 85
(48.6%) in fact being either natural products omsesynthetic natural products
[75].

Lantana camaraLinn. (Verbenaceae) is one of the noxious weedt thows in

tropical and sub-tropical regions of the world. ltadenes are pentacyclic
triterpenoids present in the leaves bédntana camara Opportunely, this weed
also grows abundantly in the surrounding areas af ¢taboratory. Previous
studies carried out by our group revealed that &alenes possess
chemotherapeutic potential against various can¢é6s-79]. Recently, lantadene
A and B along with their few other semi-synthetierdvatives showed potent

cytotoxicity against the NCI-60, a panel of 60 digse human cancer cell lines,
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screened at the National Cancer Institute, USA. Sehecompounds were
particularly more active against lung carcinoma lcBhes and demonstrated
cytotoxicity even superior to the Cisplatin [80]. h& mechanistic study
undertaken by our group indicated NB modulating effects of these
compounds [76-77,81].

Recent studies have confirmed that cancer and mfhation are closely related
with each other [6,8,10-11,15,17]. Many inflammatanediators, such as TNF-
a, NFxkB, COX-2, PGE, and cyclin D1 are up-regulated in the various oans
[7-9]. Persistent inflammation stimulates generatiof TNF-a, which in turn
activates IKK. The IKK then phosphorylates and seitpsently degradesxBa,
leading to a translocation of free NdB into the nucleus, where it binds with
the DNA and mediates transcription of proteins (eyclin D1) responsible for
the cell proliferation and differentiation. Intetegionship or crosstalk between
the regulations of NReB and COX-2 is complex and is still not well undersd.
Although in the COX-regulated pathway, the prostaglins are produced and
among them, particularly PGE is responsible for the angiogenesis and
vasculogenesis. As we know that actively growingmtu cells meet their
increased blood and nutrient supply through an aggnesis, thereby COX-2

has emerged as a promising target for cancer theraps.

NSAIDs exert their effects by suppressing COX theads to a decline in PGE
production. Over the last two decades, extensiveeagch has established the
COX-mediated chemopreventive and anticancer potdati of NSAIDs.
Currently, numerous NSAIDs, such as aspirin, ibdpm ketoprofen, naproxen,
diclofenac, coxibs and their derivatives are beidgveloped under various
anticancer drug discovery paradigms. One of sucadpminant drug discovery
strategies is a conjugation of NSAIDs with othert@wmtially acting anticancer
scaffolds and in the majority of cases, these aamiper scaffolds act through a
mechanism different than NSAIDs, leading to an dada effect.
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These observations collectively identify combinatitherapy of COX-2 and NF-
kB inhibitors as a logical and promising therapeustrategy against various
inflammatory diseases and cancer. Moreover, a ®nghemical moiety

simultaneously acting on two different targets nmly combats cancer more
vigorously but also bears the less possibility @fsistance development. The
conjugated or hybrid compounds may also alleviahe tissues pertaining to
absorption, distribution, metabolism, excretion,datoxicity, while displaying

better patient compliance than the relative phykrmoaxture.

Based on these explained factors, we decided totlmgize conjugates of
NSAIDs (Fig. 2.1), namely aspirin Z8), ibuprofen @9), ketoprofen B80),
naproxen 81), and diclofenac 32) with the various lantadene83-38, Fig. 2.2

as novel dual acting inhibitors of the COX-2 and-NB. As NF«B is activated
by IkBa and IKK mediated pathway; therefore, isolated asgnthesized
compounds were also evaluated againgtBd and IKK. The most potent
compounds were also tested against RB—~regulated protein cyclin D1. An
inflfammatory product PGEis produced by an action of COX-2 and this led to
the screening of compounds against both of thesgetis.

O

CHs

OH
CHs I
OH OH
@ ﬁm ¢
(@] (0) N
HeC™ C ©/ o
H>

PN

O~ "CHj
Aspirin (28) Ibuprofen (29) Ketoprofen (30)
OH
o]
CHs cl
OH NH
HsC. o)
o cl
S-Naproxen (31) Diclofenac (32)

Figure 2.1. The chemical structures of NSAID2&-32) used for the synthesis of lantadene-—
NSAID ester conjugates
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Lantadene A (LA) Lantadene B (LB)
(33 (34)

Reduced lantadene A (RLA)
(35)

223-hydroxy-3-oxo- 3B,22B3-dihydroxy-
olean-12-en-28-oic acid olean-12-en-28-oic acid
(37) (38)

Figure 2.2. The chemical structures of parent lantaden88-38) used for the synthesis

lantadene—NSAID ester conjugates
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CHAPTER 3

MATERIALS AND METHODS

3.1. General experimental methods

All the chemicals and solvents were purchased fr@&mectrochem, SD fine
chemicals limited, Loba Chemie, HiMedia, Finar cheals, Merck, and Sigma-
Aldrich, India. Antibodies to#Ba, COX-2, and cyclin D1 were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Taeti-p-actin antibody
was purchased from Sigma Chemicals (St Louis, MGBAY. Progresses of the
reactions were monitored on Merck TLC plates, sligel 60 Es4 (Merck,
Germany). For purification of compounds, glass aohs of appropriate sizes
were used. Melting points were determined on theitdl melting point
apparatus (Indosati scientific lab equipments, B)dand were uncorrected. FT-
IR spectra of isolated and synthesized compoundsreweecorded on a
PerkinElmer spectrum 400 FT-IR and FT-NIR spectrofmmeter using
potassium bromide pellets. NMR spectra of compoumdse recorded with a
Bruker AVANCE Il 400 NMR spectrometer using CDLIDMSO-ds, and a
mixture of CDCk and DMSOds as solvents, and chemical shifts were presented
in parts per million §). Tetramethylsilane was used as an internal stashda
NMR analysis. The ESI-MS spectra of compounds wegeorded on a Waters
Micromass Q-T of micro Mass spectrometer using #&legpray ionization at 70
eV. Elemental analyses of compounds were carried with a 2400 CHN
analyzer (PerkinElmer, USA). For high-performancieulid chromatography
(HPLC) analysis, a Waters HPLC system comprised Waters 717plus
autosampler, Waters 515 HPLC pumps, Waters SphewisdDS2 (80 A, 5 um,
4.6 x 250 mm) C18 column, Waters 2996 PDA detectord empower software

system 2.1 was used.
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3.2. Isolation and synthesis of lantadene congeners

3.2.1 Plant materials

Leaves of weed.antana camaraLinn. were collected in September 2010 from
Palampur (H.P.), India. The plant material was ectled from private land and
we confirm that the owner of the land gave theirmession for us to collect the
plant from his site. We further confirm that theapt collected was not an
endangered or protected species. The leaves weaglesdried and powdered.
The plant material was taxonomically identified aadthenticated by Dr. Sunil
Dutta, Scientist, National Medicinal Plant Boardywsh, New Delhi, India. A
voucher specimen (LC; 097 JUIT) have been depositedhe Herbarium of

Jaypee University of Information Technology, Wakhag, India.

3.2.2. Quantification of lantadene A and B in lantaa leaves

Lantana leaves were shade-dried and finely powdelsgdusing an electronic
grinder. The five different extracts were then pae@d by macerating 10 g of
finely powdered lantana leaves in 100 ml each ofrakydrofuran (THF),
chloroform, ethyl acetate, ethanol, and methanoleWH) at room temperature
for 24 h with intermittent shaking. The extracts rn@ethen filtered and the
filtrates were used for the quantification of lademme A and B by using HPLC.
The standard lantadene A and B were prepared ag/LlGnml in methanol. The
isocratic solvent system; methanol-acetonitrile-eraticetic acid
(68:20:12:0.01) was used as a mobile phase. Thecitngn volume was 10 pl and
the flow-rate was kept at 1 ml/min. The detectionasv made at 210 nm.
Quantification was done by applying the formula:af¢a of sample/area of
standard) x (weight of standard/volume of standaxdyolume of sample/weight

of sample)] x 100.

3.2.3. Extraction and isolation of lantadene A (33and B (34)
1 kg of lantana leaves powder was extracted with 6f ethyl acetate at room

temperature for 24 h with intermittent shaking. Téetract was filtered and 250
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g of activated charcoal was added to it for 1 h.eTéxtract was filtered again
and the filtrate was concentrated under reducedsguee in a rotary evaporator.
To the concentrated extract, 100 ml of chlorofornaswadded and partitioned
with 100 ml of water. The aqueous layer was agaasked with chloroform (100
ml x 2). The organic portion was finally evaporateddryness to yield the crude
mixture of lantadenes, 0.448% w/w (4.48 + 0.216 pantadene A and B were
isolated from a mixture of crude lantadenes withe tthelp of column

chromatography (14 cm silica gel bed height, 1108Gilica gel of 100-200
mesh, and 4 cm column diameter) in a mobile phakeeairoleum ether (60-80
°C): ethyl acetate (4:1). (Rlantadene A: 0.40, lantadene B: 0.37).

3.2.3.1. 2B-Angeloyloxy-3-oxo-olean-12-en-28-oic acid (33)

Mp: 285-286 °C. Anal. calcd. for ££Hs5,05 (552.38): %C, 76.05; H, 9.48.
Found: %C, 76.10; H, 9.49. IR (KBr, ¢M): 3308.77 (O-H), 2952.45, (C-H),
1736.06 (C=0 keto), 1715.85 (C=0 ester), 1702.14@Cacid), 1649.42 (C=C).
'H NMR (400 MHz, CDC}, & ppm): 5.9759-6.0295 (1H, m, C-33-H), 5.3816
(1H, s, C-12-H), 5.0911 (1H, s, C-22-H), 3.0321-83@ (1H, dd,J= 13.76, 3.36
Hz, C-18-H), 2.5175-2.6028 (1H, m, C-2-Ha), 2.33264033 (1H, m, C-2-Hb),
1.1754 (3H, s, CH), 1.0920 (3H, s, Ck), 1.0538 (6H, s, Chk), 1.0032 (3H, s,
CHs), 0.8951 (3H, s, CH), 0.8271 (3H, s, Ch. **C NMR (100 MHz, CDC4, &
ppm): 217.70 (C-3), 179.28 (C-28), 166.27 (C-3143111 (C-13), 139.07 (C-
33), 127.59 (C-32), 122.50 (C-12), 75.85 (C-22),.3b (C-5), 50.59 (C-17),
47.45 (C-9), 46.88 (C-4), 45.94 (C-19) 42.00 (C-18p.22 (C-8), 39.11 (C-1),
38.46 (C-18), 37.72 (C-21), 36.78 (C-10), 34.14 2§5-33.70 (C-29), 32.19 (C-
7), 30.05 (C-20), 27.57 (C-15), 26.45 (C-23), 26.(0527), 25.79 (C-30), 24.19
(C-16), 23.51 (C-11), 21.49 (C-6), 20.59 (C-35),.48 (C-26), 16.85 (C-24),
15.68 (C-34), 15.11 (C-25). ESI-MSn(2): 553.40 (M +1).

3.2.3.2. 2B-Senecioyloxy-3-oxo-olean-12-en-28-o0ic acid (34)

Mp: 283-284 °C. Anal. calcd. for £Hs5,05 (552.38): %C, 76.05; H, 9.48.

Found: %C, 76.13; H, 9.50. IR (KBr, ¢i: 3289.29 (O-H), 2950.25, 2925.42,
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2864.39 (C—H), 1738.61 (C=0 keto), 1712.29 (C=Oeekt1693.62 (C=0 acid),
1648.72 (C=C).*H NMR (400 MHz, CDC4, 5 ppm): 5.5577 (1H, s, C-32-H),
5.3785 (1H, s, C-12-H), 5.0404 (1H, s, C-22-H), B7@-3.0488 (1H, ddJ=
13.44, 3.48 Hz, C-18-H), 2.5190-2.6039 (1H, m, G4}, 2.3417-2.4022 (1H,
m, C-2-Hb), 1.1754 (3H, s, C4§), 1.0906 (3H, s, Ch), 1.0656 (3H, s, CH),
1.0486 (3H, s, Ch), 1.0027 (3H, s, Ck), 0.8845 (3H, s, Ch), 0.8388 (3H, s,
CHs). *3C NMR (100 MHz, CDC4, § ppm): 217.77 (C-3), 178.84 (C-28), 165.33
(C-31), 157.16 (C-33), 143.09 (C-13), 122.37 (C-1215.96 (C-32), 75.20 (C-
22), 55.30 (C-5), 50.57 (C-17), 47.45 (C-9), 46.@7-4), 45.97 (C-19) 42.05 (C-
14), 39.24 (C-8), 39.17 (C-1), 38.54 (C-18), 37.63-21), 36.77 (C-10), 34.16
(C-2), 33.75 (C-29), 32.26 (C-7), 30.07 (C-20), B9.(C-15), 27.46 (C-35),
26.44 (C-23), 26.28 (C-27), 25.77 (C-30), 24.13 16), 23.56 (C-11), 21.50 (C-
6), 20.25 (C-34), 19.52 (C-26), 16.85 (C-24), 15.16-25). ESI-MS (/2):
553.50 (M +1).

3.2.4. Synthesis of B-hydroxy-22f-angeloyloxy-olean-12-en-28-oic acid (35)
and 3f-hydroxy-22f-senecioyloxy-olean-12-en-28-oic acid (36)

Compound 33 and 34 weighing 1000 mg (1.80 mmol) each were separately
stirred with 68.09 mg (1.80 mmol) of sodium boromyte (NaBH,) in a 50 ml
solution of methanol (25 ml) and tetrahydrofuranHH) (25 ml) for 7 h E§cheme
3.1). After completion of the reaction, dilute hydrdohic acid (HCI) solution
was added to quench the NaBHThe organic solvents were evaporated in a
rotary evaporator and the precipitated reduced ddehes were extracted with
dichloromethane (DCM). The solvent was removed undeduced pressure to
afford 35 (902.12 mg, 89.88%) (pet. ether: ethyl acetatel, &R; 0.31) and36
(879.18 mg, 87.60%(pet. ether: ethyl acetate; 4:14,R0.28), respectively.

3.2.4.1. P-Hydroxy-22p-angeloyloxy-olean-12-en-28-oic acid (35)
Yield: 89.88% (902.12 mg), Mp: 279-280 °C. Anal.lecé for GC3sHs405
(554.40): %C, 75.77; H, 9.81. Found: %C, 75.84; #178. IR (KBr, cm?'):
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3482.87 (O—H), 2948.99, 2875.53 (C—H), 1717.87 (Cesler), 1701.25 (C=0
acid), 1650.10 (C=C)*H NMR (400 MHz, CDC4, & ppm): 5.9627-6.0167 (1H,
m, C-33-H), 5.3523 (1H, s, C-12-H), 5.0219 (1H, G;22-H), 3.2080-3.2430
(1H, dd,J = 9.64, 2.48 Hz, C-3-H), 2.9866-3.0551 (1H, dd= 22.48, 3.24 Hz,
C-18-H), 1.1602 (3H, s, C§J, 0.9910 (6H, s, Ck), 0.9178 (3H, s, Ch), 0.8883
(3H, s, CHy), 0.7855 (3H, s, CH), 0.7694 (3H, s, Ch). *C NMR (100 MHz,
CDCls, & ppm): 179.66 (C-28), 166.32 (C-31), 143.08 (C-1388.88 (C-33),
127.69 (C-32), 122.64 (C-12), 79.02 (C-3), 75.964L), 55.18 (C-5), 50.55 (C-
17), 47.63 (C-9), 46.02 (C-19), 41.87 (C-14) 39(228), 38.75 (C-4), 38.40 (C-
18), 38.31 (C-1), 37.70 (C-21), 37.05 (C-10), 33.(2-29), 32.60 (C-7), 30.04
(C-20), 28.10 (C-2), 27.56 (C-15), 26.61 (C-23),.28 (C-27), 25.90 (C-30),
24.21 (C-16), 23.44 (C-11), 20.61 (C-6), 20.23 (6)318.23 (C-26), 17.01 (C-
24), 15.60 (C-34), 15.44 (C-25). ESI-M®(2): 555.50 (M +1).

3.2.4.2. P-Hydroxy-22p8-Senecioyloxy-olean-12-en-28-o0ic acid (36)

Yield: 87.60% (879.18 mg), Mp: 277-278 °C. Anal. leéh for GCssHs405
(554.40): %C, 75.77; H, 9.81. Found: %C, 75.72; $180. IR (KBr, cm?):
3480.79 (O-H), 2949.59, 2875.08 (C-H), 1717.98 (Ce§ter), 1701.98 (C=0
acid), 1651.68 (C=C)*H NMR (400 MHz, CDC4, & ppm): 5.4899 (1H, s, C-32-
H), 5.2901 (1H, s, C-12-H), 4.9638 (1H, s, C-22-13)1349-3.1725 (1H, ddl =
10.12, 2.96 Hz, C-3-H), 2.9234-2.9700 (1H, dd= 14.12, 4.72 Hz, C-18-H),
1.1862 (3H, s, ChH), 1.0924 (3H, s, CH), 0.9334 (3H, s, ChH), 0.9207 (3H, s,
CHs), 0.8511 (3H, s, CH), 0.8128 (3H, s, Ch), 0.7145 (3H, s, CH. **C NMR
(100 MHz, CDC4, 6 ppm): 178.25 (C-28), 165.33 (C-31), 157.20 (C-3B833.06
(C-13), 128.86 (C-12), 116.00 (C-32), 79.01 (C-3p.22 (C-22), 55.19 (C-5),
50.53 (C-17), 47.63 (C-9), 46.01 (C-19), 41.92 (€)1B9.24 (C-8), 38.76 (C-4),
38.45 (C-18), 38.42 (C-1), 37.64 (C-21), 37.04 (Q)133.78 (C-29), 32.66 (C-
7), 30.08 (C-20), 28.11 (C-2), 27.61 (C-15), 27.48-35), 27.17 (C-23), 26.31
(C-27), 25.89 (C-30), 24.12 (C-16), 23.46 (C-110.26 (C-6), 20.24 (C-34),
19.20 (C-26), 16.97 (C-24), 15.45 (C-25). ESI-M®/f): 555.40 (M +1).
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3.2.5. Synthesis of 22-hydroxy-3-oxo-olean-12-en-28-oic acid (37)

To a 1 g mixture of33 and 34, 100 ml of 10% ethanolic potassium hydroxide
(KOH) was added and the reaction mixture was reéldxXor 6 h Scheme 3.].
After completion of the reaction, dilute HCI soloti was added to the reaction
mixture to neutralize the KOH and the product ppatated out was washed with
water (100 ml x 3) and purified through column chratography to afford the
compound37 (651.17 mg, 76.47%).

3.2.5.1. 2@-Hydroxy-3-oxo-olean-12-en-28-oic acid (37)

Yield: 76.47%, Mp: 240-242 °C. Anal. calcd. fordE4604 (470.34): %C, 76.55;
H, 9.85. Found: %C, 76.62; H, 9.87. IR (KBr, cht 3439.83, 3261.69 (O-H),
2929.90, 2868.21 (C-H), 1730.93 (C=0 keto), 1706@@3-0 acid), 1622.39
(C=C). 'H NMR (400 MHz, CDC}+DMSO-dg¢ mixture, 5 ppm): 5.2486-5.2637
(1H, t, J= 3.02 Hz, C-12-H), 3.7501-3.7670 (1H,J)s 3.38 Hz, C-22-H), 3.5997
(1H, s (br), C-22-OH), 2.9251-2.9699 (1H, dds 13.20, 4.28 Hz, C-18-H),
2.4448-2.5298 (1H, m, C-2-Ha), 2.2748-2.3405 (1H,Gn2-Hb), 1.1238 (3H, s,
CHs), 1.0769 (3H, s, Chk), 0.9908 (3H, s, CH), 0.8440 (3H, s, Ch), 0.8330
(3H, s, CH), 0.7805 (3H, s, CH), 0.7094 (3H, s, CH. **C NMR (100 MHz,
CDCI3+DMSO-dg mixture, 6 ppm): 216.41 (C-3), 176.33 (C-28), 144.25 (C-13),
120.77 (C-12), 77.23 (C-22), 54.56 (C-5), 51.07 1T), 47.10 (C-9), 46.70 (C-
4), 45.96 (C-19) 41.74 (C-14), 38.79 (C-8), 38.%5-1), 38.52 (C-18), 38.00 (C-
21), 36.22 (C-10), 33.68 (C-2), 33.59 (C-29), 31.82-7), 29.77 (C-20), 27.31
(C-15), 27.02 (C-23), 26.13 (C-27), 25.25 (C-308.88 (C-16), 22.97 (C-11),
21.00 (C-6), 19.11 (C-26), 16.52 (C-24), 14.67 (BY2ESI-MS (negative-ion
mode,m/2): 470.32 (M) (469.29 (M-1).

3.2.6. Synthesis of 8,228-Dihydroxy-olean-12-en-28-oic acid (38)
470.68 mg (1 mmol) of compound7 was stirred with 37.83 mg (1 mmol) of
NaBH; in a 50 ml solution of methanol (25 ml) and THF5(d2nl) for 7 h

(Scheme 3.]. After completion of the reaction, dilute HCI| sdion was added
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to the reaction mixture to quench the NaBHThe organic solvents were
removed under reduced pressure and precipitatedyoib was extracted with
DCM. The solvent was removed under reduced presgarafford a compound
38, which was further purified by using the columnromatography (silica gel
of 100-200 mesh and a gradient mobile phase of hexethyl acetate).

3.2.6.1. P,224-Dihydroxy-olean-12-en-28-o0ic acid (38)

Yield: 87.79%, Mp: 282-284 °C. Anal. calcd. fordE450,4 (472.36): %C, 76.23;
H, 10.24. Found: %C, 76.29; H, 10.23. IR (KBr, ¢ 3435.07 (O-H), 2948.50,
2876.33 (C-H), 1705.76 (C=0), 1648.59 (C=CYH NMR (400 MHz,
CDCI3+DMSO-dg mixture, & ppm): 11.4773 (1H, s (br), C-28-H (COOH)),
5.2267-5.2441 (1H, tJ= 3.48 Hz, C-12-H), 4.1543 (1H, s (br), C-22-0OH),
3.7499-3.7654 (1H, tJ= 3.10 Hz, C-22-H), 3.5768 (1H, s (br), C-3-OH),
3.0544-3.0934 (1H, tJ)= 7.80 Hz, C-3-H), 2.9195-2.9626 (1H, dds 13.84,
3.56 Hz, C-18-H), 1.1270 (3H, s, GH 1.0925 (3H, s, CH), 0.9397 (3H, s,
CHs), 0.8953 (3H, s, ChH), 0.8513 (3H, s, CH), 0.7982 (3H, s, Ch), 0.7250
(3H, s, CH). **C NMR (100 MHz, CDC4+DMSO-ds mixture, 8 ppm): 176.23
(C-28), 143.82 (C-13), 120.96 (C-12), 77.16 (C-3R.70 (C-22), 54.80 (C-5),
51.00 (C-17), 47.10 (C-9), 46.06 (C-19), 41.63 (€),141.11 (C-8), 38.80 (C-4),
38.30 (C-18), 38.10 (C-1), 37.93 (C-21), 36.52 (G)133.71 (C-29), 32.42 (C-
7), 29.79 (C-20), 27.96 (C-2), 27.32 (C-15), 27.0B-23), 26.80 (C-27), 25.38
(C-30), 23.89 (C-16), 22.90 (C-11), 17.90 (C-6),.4% (C-26), 15.63 (C-24),
15.03 (C-25). ESI-MS (negative-ion modm/2): 472.30 (M) 471.20 (M-1).

3.2.7. Synthesis of Methyl 22-hydroxy-3-oxo-olean-12-en-28-ate (39)
Compound37 (1 mmol, 470.68 mg) was refluxed with potassiunrbmnate (3
mmol, 414.61 mg) in acetone for 1 h. After that eithyl sulfate (2 mmol,
189.66 pul) was added to the reaction mixture anfluseng was continued for
another 11 h $cheme 3.]. After completion of the reaction, acetone was

removed under reduced pressure, the reaction mextuwas poured into water,
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and the precipitated product was extracted with DC®Irganic solvent was
removed in a rotary evaporator and the crude produas chromatographed over
silica gel (100-200 mesh) and eluted with a gradiemobile phase of hexane-
ethyl acetate to yield the final purified produ&9j.

3.2.7.1. Methyl 28-hydroxy-3-oxo0-olean-12-en-28-ate (39)

Yield: 72.00%, Mp: 190-192 °C. Anal. calcd. fors{H480,4 (484.36): %C, 76.82;
H, 9.98. Found: %C, 76.83; H, 9.96. IR (KBr, f:]r)t 3518 (O-H), 2945 (C-H),
1729 (C=0 keto), 1708 (C=0O esterfH NMR (400 MHz, CDC4, & ppm):
5.3678-5.3843 (1H, tJ= 6.60 Hz, C-12-H), 3.8837-3.8989 (1H, Js 6.08 Hz,
C-22-H), 3.6702 (3H, s, C-31-H), 3.0396-3.0843 (1dd, J= 13.84, 4.04 Hz, C-
18-H), 2.5138-2.5995 (1H, m, C-2-Ha), 2.3312-2.39&®, m, C-2-Hb), 1.1555
(3H, s, CH), 1.1262 (3H, s, CH), 1.0862 (3H, s, Ch), 1.0628 (3H, s, CH),
1.0473 (3H, s, CH), 0.8997 (3H, s, Ck), 0.8244 (3H, s, CH. **C NMR (100
MHz, CDCls, § ppm): 217.83 (C-3), 176.14 (C-28), 143.43 (C-13p2.19 (C-
12), 74.62 (C-22), 55.33 (C-5), 52.43 (C-31), 51.88-17), 47.46 (C-9), 46.87
(C-4), 45.97 (C-19), 42.11 (C-14), 41.39 (C-8), 3B.(C-1), 39.19 (C-18), 38.26
(C-21), 36.75 (C-10), 34.18 (C-2), 33.92 (C-29),.32 (C-7), 30.15 (C-20),
27.79 (C-15), 27.20 (C-23), 26.41 (C-27), 25.74 3Q), 24.49 (C-16), 23.55 (C-
11), 21.50 (C-6), 19.57 (C-26), 16.72 (C-24), 15.00-25). ESI-MS n/2:
507.50 (M+Naj, 991.90 (2M+Na).

3.2.8. Synthesis of Methyl B,228-dihydroxy-olean-12-en-28-ate (40)

Equimolar amount of compound39 (1 mmol, 484.71 mg) and sodium
borohydride (1 mmol, 37.83 mg) was stirred in a ®0 solution of methanol-
tetrahydrofuran (25 ml MeOH+25 ml THF) for 7 Is¢heme 3.]. At the end of
the reaction, sodium borohydride remained was quewc with a dilute HCI
solution. Organic solvents were removed in a rotagyaporator and the
precipitated product was extracted with DCM. The ®Gvas removed under

reduced pressure and the crude product was furfherfied with the help of
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column chromatography (silica gel: 100-200 mesh)jngsa gradient mobile
phase of hexane-ethyl acetate to give the finalifped product @0).

3.2.8.1. Methyl 3,22f-dihydroxy-olean-12-en-28-ate (40)

Yield: 86.70%, Mp: 179-180 °C. Anal. calcd. for{Hs004 (486.37): %C, 76.50;
H, 10.35. Found: %C, 76.47; H, 10.33. IR (KBr, ¢t 3566.56 (O-H), 3368.50
(O-H), 3270.80 (O-H of COOH), 2949.35, 2931.00, 2849 (C-H), 1711.48
(C=0), 1565.60 (C=C)*H NMR (400 MHz, CDC}, § ppm): 5.3429-5.3608 (1H,
t, J= 7.16 Hz, C-12-H), 3.8716-3.8883 (1H,J5 6.68 Hz, C-22-H), 3.6632 (3H,
s, C-31-H), 3.1955-3.2352 (1H, dd# 11.36, 5.00 Hz, C-3-H), 3.0220-3.0672
(1H, dd,J= 13.88, 4.20 Hz, C-18-H), 1.1420 (3H, s, §H1.1216 (3H, s, CH),
0.9877 (3H, s, CH), 0.9221 (3H, s, CH), 0.8978 (3H, s, Ch), 0.7835 (3H, s,
CHs), 0.7667 (3H, s, CH. **C NMR (100 MHz, CDC4, 8 ppm): 176.21 (C-28),
143.33 (C-13), 122.44 (C-12), 78.99 (C-3), 74.704L), 55.22 (C-5), 52.44 (C-
31), 51.55 (C-17), 47.62 (C-9), 46.02 (C-19), 42.0D-14), 41.38 (C-8), 39.29
(C-18), 38.75 (C-4), 38.48 (C-1), 38.18 (C-21), BZ.(C-10), 33.91 (C-29),
32.69 (C-7), 30.14 (C-20), 28.09 (C-2), 27.79 (C)}187.21 (C-23), 27.18 (C-
27), 25.85 (C-30), 24.53 (C-16), 23.46 (C-11), 1B(X-6), 16.80 (C-26), 15.58
(C-24), 15.38 (C-25). ESI-MSn{/2): 509.40 (M+Naj.

3.2.9. Synthesis of B-hydroxylimino-substituted 22f-Angeloyloxy/223-
Senecioyloxy-olean-12-en-28-oic acids (41-42)

1 mmol (552.78 mg) of lantadene83, 34) was refluxed with 10 equivalent of
hydroxylamine hydrochloride (10 mmol, 694.90 mg) pgridine at 92-95 °C for
8 h (Scheme 3.1) The reaction mixture was poured into the 10% H®©lution
and the product was extracted with DCM and washed & further three times
with a 10% HCI solution (100 ml x 3). The organiolgent was removed under
reduced pressure till dryness and the crude prodiudtined was subjected to
column chromatography using the silica gel (100-2@@sh) and a gradient

mobile phase of hexane-ethyl acetate to yield timalf purified product 41-42).
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3.2.9.1. 28-Angeloyloxy-3-hydroxylimino-olean-12-en-28-oic ad (41)

Yield: 59.88%, Mp: 235-236 °C. Anal. calcd. for34s3sNOs (567.39): %C,
74.04; H, 9.41. Found: %C, 74.00; H, 9.40. IR (KBym!): 3271.11 (O-H),
2951.50 (C-H), 1718.30 (C=0), 1647.24 (C=CYH NMR (400 MHz,
CDCI3+DMSO-d¢ mixture, & ppm): 11.7341 (1H, s (br), C-28-H (COOH)),
5.9792-6.0290 (1H, m, C-33-H), 5.3471-5.3645 (1HJ%* 6.96 Hz, C-12-H),
5.0170-5.0317 (1H, tJ= 5.88 Hz, C-22-H), 2.2019-2.2610 (1H, m, C-2-Ha),
2.0594-2.1419 (1H, m, C-2-Hb), 1.1498 (3H, s, LH1.0272 (3H, s, CH),
1.0189 (6H, s, 2xCHk), 1.0096 (3H, s, ChH), 0.8932 (3H, s, Ck), 0.8598 (3H, s,
CHj). *3C NMR (100 MHz, CDC4+DMSO-ds mixture, 8§ ppm): 175.35 (C-28),
165.77 (C-31), 164.22 (C-3), 143.11 (C-13), 137.85-33), 127.57 (C-32),
121.46 (C-12), 75.60 (C-22), 55.29 (C-5), 49.65 1), 46.60 (C-9), 45.53 (C-
19), 41.51 (C-14), 39.50 (C-4), 38.81 (C-8), 38.4@-18), 37.79 (C-1), 37.39
(C-21), 36.50 (C-10), 33.31 (C-29), 31.99 (C-7),.29 (C-20), 27.18 (C-15),
27.06 (C-23), 25.76 (C-27), 25.27 (C-30), 23.64 16}, 23.10 (C-2), 22.89 (C-
11), 20.07 (C-6), 18.51 (C-35), 16.42 (C-26), 16.3#+34), 15.14 (C-24), 14.40
(C-25). ESI-MS (negative-ion moden/2): 567.30 (M), 566.30 (M-1).

3.2.9.2. 2B-Senecioyloxy-3-hydroxylimino-olean-12-en-28-oic ad (42)

Yield: 59.53%, Mp: 231-232 °C. Anal. calcd. for3£Hs3NOs (567.39): %C,
74.04; H, 9.41. Found: %C, 74.10; H, 9.42. IR (KBrm!): 3256.38 (O-H),
2953.32, 2926.07, 2859.85 (C-H), 1738.33 (C=0), A.B3 (C=0), 1647.17
(C=C). 'H NMR (400 MHz, CDC}+DMSO-d¢ mixture, & ppm): 11.7373 (1H, s
(br), C-28-H (COOH)), 5.5564 (1H, s, C-32-H), 5.3b01H, s, C-12-H), 5.0073-
5.0238 (1H, t,J= 6.60 Hz, C-22-H), 2.2105-2.2568 (1H, m, C-2-H&)p545-
2.1524 (1H, m, C-2-Hb), 1.1478 (3H, s, @H1.0251 (3H, s, CH), 1.0167 (6H,
s, 2xCH), 1.0086 (3H, s, CH), 0.8872 (3H, s, Ck), 0.8578 (3H, s, CH). *°C
NMR (100 MHz, CDC§+DMSO-dg mixture, s ppm): 181.24 (C-28), 165.73 (C-
31), 164.08 (C-3), 156.41 (C-33), 143.12 (C-13),1140 (C-12), 116.77 (C-32),
75.59 (C-22), 55.28 (C-5), 49.52 (C-17), 46.59 (E-¢5.55 (C-19), 41.52 (C-
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14), 39.48 (C-4), 38.81 (C-8), 38.00 (C-18), 37.8D-1), 37.40 (C-21), 36.51
(C-10), 33.33 (C-29), 32.00 (C-7), 29.56 (C-20),.27 (C-15), 27.06 (C-23),
26.00 (C-35), 25.77 (C-27), 25.27 (C-30), 23.57 16), 23.12 (C-2), 22.89 (C-
11), 20.08 (C-6), 16.39 (C-26), 16.33 (C-34), 15.(5-24), 14.43 (C-25). ESI-
MS (negative-ion modem/2): 568.30 (M +1).

3.2.10. Synthesis of B,22#-Diacetoyloxy-olean-12-en-28-oic acid (43)
Compound38 (1 mmol, 472.70 mg) and acetyl chloride (3 mmol 3230 ul)
were refluxed in pyridine in the presence of 4-dilmdaminopyridine (4-DMAP)
for 10 h at 92-95 °C qcheme 3.]. At the end of the reaction, a 10% HCI
solution was added to the reaction mixture and frecipitated product was
extracted with DCM. The product was washed for atlier three times with a
10% HCI solution (100 ml x 3) and purified by usinghe column
chromatography (silica gel: 100-200 mesh) in a geatd mobile phase of

hexane-ethyl acetate.

3.2.10.1. B,22p-Diacetoyloxy-olean-12-en-28-oic acid (43)

Yield: 59.25%, Mp: 301-303 °C. Anal. calcd. forsfHs,06 (556.38): %C, 73.34;
H, 9.41. Found: %C, 73.36; H, 9.40. IR (KBr, ¢hjt 3355.26 (O-H of COOH),
2990.34, 2950.25, 2923.26, 2876.39, 2847.49 (C-H}31.60 (C=0O ester)'H
NMR (400 MHz, CDC4, & ppm): 5.3430-5.3599 (1H, tJ= 6.76 Hz, C-12-H),
5.0028-5.0172 (1H, tJ= 5.76 Hz, C-22-H), 4.4800-4.5196 (1H,Js 15.84 Hz,
C-3-H), 2.9854-3.0298 (1H, dd= 13.76, 4.00 Hz, C-18-H), 2.0498 (3H, s, C-
2'-H), 1.9411 (3H, s, C-2-H), 1.1530 (3H, s, Ch), 1.0225 (3H, s, CH), 0.9472
(3H, s, CH), 0.8944 (3H, s, CH), 0.8693 (3H, s, Ch), 0.8606 (3H, s, CH),
0.7650 (3H, s, Ch). **C NMR (100 MHz, CDC4, 8 ppm): 180.23 (C-28), 171.08
(C-1'), 169.70 (C-1), 142.86 (C-13), 122.71 (C-12), 80.85 (C-3), 76.(+22),
55.25 (C-5), 50.56 (C-17), 47.52 (C-9), 45.76 (C)181.80 (C-14), 39.24 (C-8),
38.14 (C-18), 38.10 (C-1), 37.68 (C-4), 37.68 (Cy286.94 (C-10), 33.69 (C-
29), 32.56 (C-7), 30.01 (C-20), 28.02 (C-15), 27.65-23), 26.29 (C-27), 25.86
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(C-30), 23.91 (C-16), 23.50 (C-11), 23.44 (C-2),.21 (C-2), 21.10 (C-4),
18.09 (C-6), 17.05 (C-26), 16.67 (C-24), 15.49 (BY2ESI-MS (negative-ion
mode,m/2): 556.20 (M), 555.20 (M-1).

d

N
S

41. R= OC(O)C(CH3)=CH-CH3 33. R= OC(O)C(CH3)=CH-CH, 35. R= OC(O)C(CHz)=CH-CH,4
42. R= OC(0O)CH=C-(CH,), 34. R= OC(O)CH=C-(CHs), 36. R= OC(O)CH=C-(CH3),
b

Scheme 3.1.Synthesis of lantadene congene35-43. Reagents and conditions: (a) NaBH
MeOH-THF, stir 7 h; (b) 10% Ethanolic KOH, reflux B; (c) K,CO3;, (CH30),S0O,, acetone,
reflux, 12 h; (d) NHOH.HCI, pyridine, reflux 92-95 °C, 8 h; (e) GHCO-CI, 4-DMAP,
pyridine, reflux 92-95 °C, 10 h.
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3.2.11. Synthesis of @substituted and 22Z-substituted olean-12-en-28-oic
acids (44-54)

Compounds44-47, 52 were synthesized through a single step processilewh
compounds48-51 and 53-54 were synthesized via a two step process. In the
first step of the synthesis of compoundi8-51 and53-54, the acid function was
converted into the anhydride functiomhe acid and acetyl chloride in the
presence of pyridine were refluxed in DCM for 4-5 (Bcheme 3.2. The
reaction mixture was concentrated and washed withomform (100 ml x 3)
under reduced pressure at-@b °C to afford solid to semisolid anhydride
products of the respective acids, which were usadthe next step without

further purification.

In the synthesis of Bsubstituted 44-51) and 22-substituted $2-54) olean-12-
en-28-oic acidsstep, compounds35, 36, and 37 with appropriate carbonyl
chlorides/anhydrides were refluxed in pyridine imetpresence of 4-DMAP for
10-14 h at 92-95 °CScheme 3.3. The reaction mixture was poured into 10%
HCI solution and the precipitated product was exteal with DCM and washed
for a further three times with a 10% HCI solutiod00 ml x 3). The organic
layer was evaporated to dryness and the crude prodabtained was
chromatographed over silica gel (100-200 mesh) ahded with varying ratios

of hexane-ethyl acetate to give the final purifiecbducts 44-54).

3.2.11.1. B-Acetoyloxy-228-angeloyloxy-olean-12-en-28-oic acid (44)

Yield: 84.10%, Mp: 178-180 °C. Anal. calcd. forsfHs606 (596.41): %C, 74.46;
H, 9.46. Found: %C, 74.50; H, 9.45. IR (KBr, chjt 2950.19, 2877.28 (C-H),
1736.33 (C=0 ester), 1719.91 (C=0 acid), 1649.66CE 'H NMR (400 MHz,
CDCl3, 6 ppm): 5.8822-5.9399 (1H, m, C-33-H), 5.2740-5.2884%, t, J= 5.96
Hz, C-12-H), 4.9972-5.0118 (1H, 8= 5.84 Hz, C-22-H), 4.4116-4.4512 (1H, t,
J= 15.84 Hz, C-3-H), 2.9424-2.9862 (1H, dds 13.92, 3.96 Hz, C-18-H),
1.9830 (3H, s, C-2H), 1.0885 (3H, s, CH), 0.9247 (3H, s, Ck), 0.8730 (3H, s,
CHs;), 0.8227 (3H, s, CH), 0.8015 (3H, s, CH), 0.7957 (3H, s, Ck), 0.6959
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(3H, s, CH). *3C NMR (100 MHz, CDC4, & ppm): 179.56 (C-28), 171.12 (C31
166.34 (C-31), 143.08 (C-13), 138.79 (C-33), 127.63®-32), 122.62 (C-12),
80.88 (C-3), 75.96 (C-22), 55.26 (C-5), 50.54 (C}147.55 (C-9), 45.97 (C-19),
41.83 (C-14) 39.22 (C-8), 38.35 (C-18), 38.28 (G-88.07 (C-1), 37.70 (C-21),
36.95 (C-10), 33.70 (C-29), 32.55 (C-7), 30.04 (G)228.04 (C-15), 27.55(C-
23), 26.15 (C-27), 25.85 (C-30), 24.20 (C-16), 2B.&-11), 23.43 (C-2), 21.35
(C-2"), 20.56 (C-6), 18.11 (C-35), 17.01 (C-26), 16.70-24), 15.65 (C-34),
15.51 (C-25). ESI-MS (negative-ion mod®m/2): 596.30 (M), 595.30 (M-1).

3.2.11.2. F-Acetoyloxy-22f-senecioyloxy-olean-12-en-28-oic acid (45)

Yield: 82.09%, Mp: 172-174 °C. Anal. calcd. forsfHs506 (596.41): %C, 74.46;
H, 9.46. Found: %C, 74.49; H, 9.47. IR (KBr, cht 2949.03 (C-H), 1720.98
(C=0 acid), 1653.63 (C=C).H NMR (400 MHz, CDC#4, 6 ppm): 5.4733-5.4789
(1H, t, J= 2.24 Hz, C-32-H), 5.2685-5.2841 (1H, 3= 6.24 Hz, C-12-H),
4.9927-5.0069 (1H, tJ= 5.68 Hz, C-22-H), 4.4113-4.4508 (1H,X 15.80 Hz,
C-3-H), 2.9395-2.9834 (1H, dd= 13.92, 3.92 Hz, C-3-H), 1.9825 (3H, s, C-2
H), 1.0870 (3H, s, CH), 0.9227 (3H, s, CH), 0.8722 (3H, s, Ck), 0.8213 (3H,
s, CHs), 0.8007 (3H, s, CH), 0.7959 (3H, s, CH), 0.6922 (3H, s, CH). *3C
NMR (100 MHz, CDC4, 6 ppm): 180.09 (C-28), 171.14 (CH1 166.33 (C-31),
157.16 (C-33), 143.09 (C-13), 122.59 (C-12), 115(@532), 80.88 (C-3), 75.96
(C-22), 55.25 (C-5), 50.55 (C-17), 47.55 (C-9), 95.(C-19), 41.81 (C-14)
39.21 (C-8), 38.29 (C-18), 38.24 (C-4), 38.06 (G-3y.69 (C-21), 36.95 (C-10),
33.70 (C-29), 32.53 (C-7), 30.04 (C-20), 28.04 (B)127.53 (C-23), 27.49 (C-
35), 26.15 (C-27), 25.85 (C-30), 24.20 (C-16), 2B.F-11), 23.43 (C-2), 21.34
(C-2"), 20.56 (C-6), 18.39 (C-34), 17.02 (C-26), 16.60-24), 15.50 (C-25).
ESI-MS (negative-ion modem/2): 596.30 (M), 595.30 (M-1).

3.2.11.3. $-Benzoyloxy-28-angeloyloxy-olean-12-en-28-oic acid (46)

Yield: 90.00%, Mp: 117-119 °C. Anal. calcd. fory£s506 (658.42): %C, 76.56;

H, 8.87. Found: %C, 76.55; H, 8.88. IR (KBr, ¢t 3064.72, 2950.36, 2876.88

(C-H), 1716.97 (C=0), 1650.27 (C=C}H NMR (400 MHz, CDC}, & ppm):
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8.0325-8.0887 (2H, m, Ct3& C-7'-Ar-H), 7.5310-7.6216 (1H, m, CtBAr-H),
7.4215-7.4646 (2H, m, Ct4& C-6'-Ar-H), 5.9550-6.0677 (1H, m, C-33-H),
5.3776-5.3950 (1H, tJ= 6.96 Hz, C-12-H), 5.0955-5.1105 (1H, 35 6.00 Hz,
C-22-H), 4.7317-4.7724 (1H, m, C-3-H), 3.0441-3.888H, dd,J= 13.64, 4.40
Hz, C-18-H), 1.1947 (3H, s, C#j, 1.0267 (3H, s, Ck), 1.0142 (3H, s, CH),
1.0058 (3H, s, ChH), 0.9493 (3H, s, CH), 0.9077 (3H, s, ChH), 0.8131 (3H, s,
CHs). '*C NMR (100 MHz, CDC4, & ppm): 181.10 (C-28), 166.52 (C-31),
166.31 (C-1), 142.30 (C-13), 139.84 (C-33), 132.74 (0O-5130.44 (C-2),
129.54 (C-3& C-7'), 128.71 (C-32), 128.33 (C:& C-6'), 123.35 (C-12), 81.58
(C-3), 75.97 (C-22), 55.45 (C-5), 50.61 (C-17), @G.(C-9), 45.90 (C-19), 42.13
(C-14), 39.53 (C-8), 39.30 (C-18), 38.77 (C-4), BB.(C-1), 37.99 (C-21), 37.01
(C-10), 33.71 (C-29), 32.62 (C-7), 30.06 (C-20),.2B (C-15), 27.63 (C-23),
26.18 (C-27), 25.88 (C-30), 25.75 (C-16), 23.59 1C), 23.47 (C-2), 20.45 (C-
6), 18.21 (C-35), 16.98 (C-26), 16.73 (C-24), 15.83-34), 15.52 (C-25). ESI-
MS (negative-ion modem/2: 658.00 (M), 657.20 (M-1).

3.2.11.4. B-Benzoyloxy-2-senecioyloxy-olean-12-en-28-oic acid (47)

Yield: 88.17%, Mp: 115-116 °C. Anal. calcd. fory£Hs306 (658.42): %C, 76.56;
H, 8.87. Found: %C, 76.60; H, 8.85. IR (KBr, chr 2950.46, 2877.90, 2665.64
(C-H), 1716.35 (C=0), 1649.60 (C=C}H NMR (400 MHz, CDC4}, & ppm):
8.0327-8.0921 (2H, m, Ct3& C-7'-Ar-H), 7.5285-7.6294 (1H, m, CLRAr-H),
7.4187-7.4861 (2H, m, Ct4& C-6'-Ar-H), 5.5628-5.5689 (1H, tJ= 2.44 Hz, C-
32-H), 5.3730-5.3896 (1H, tJ= 6.64 Hz, C-12-H), 5.0464-5.0615 (1H, is
6.04 Hz, C-22-H), 4.7309-4.7716 (1H, m, C-3-H), 310-3.0653 (1H, dd)]=
13.72, 4.04 Hz, C-18-H), 1.1943 (3H, s, ©H1.0264 (3H, s, CH), 1.0167 (3H,
s, CHs), 1.0062 (3H, s, CH), 0.9499 (3H, s, CH), 0.8970 (3H, s, ChH), 0.8201
(3H, s, CH). **C NMR (100 MHz, CDC4, & ppm): 179.16 (C-28), 166.31 (C-
31), 165.34 (C-D, 157.12 (C-33), 143.06 (C-13), 132.74 (C;5130.95 (C-2),
129.54 (C-3& C-7'), 128.33 (C-4& C-6'), 122.57 (C-12), 115.99 (C-32), 81.52
(C-3), 75.28 (C-22), 55.38 (C-5), 50.63 (C-17), 89.(C-9), 46.01 (C-19), 41.96
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(C-14), 39.31 (C-8), 38.47 (C-18), 38.19 (C-4), BB.(C-1), 37.68 (C-21), 37.01
(C-10), 33.79 (C-29), 32.64 (C-7), 30.09 (C-20),.28 (C-15), 27.63 (C-23),
27.42 (C-35), 26.31 (C-27), 25.88 (C-30), 24.14 16), 23.59 (C-11), 23.51 (C-
2), 20.22 (C-6), 18.20 (C-34), 16.98 (C-26), 16.0B-24), 15.54 (C-25). ESI-
MS (negative-ion modem/2: 658.30 (M), 657.00 (M-1).

3.2.11.5. PF-(2-Chlorobenzoyloxy)-2-angeloyloxy-olean-12-en-28-oic acid
(48)

Yield: 85.53%, Mp: 176-178 °C. Anal. calcd. fors£5;ClOs (692.38): %C,
72.76; H, 8.29. Found: %C, 72.82; H, 8.31. IR (KBRm™'): 2948.62, 2877.90
(C-H), 1720.58 (C=0), 1548.70 (C=C}H NMR (400 MHz, CDC4}, & ppm):
7.7959-7.8191 (1H, m, Ct4Ar-H), 7.3828-7.4741 (2H, m, Ct4& C-5'-Ar-H),
7.2916-7.3325 (1H, m, CX6Ar-H), 5.9508-6.0081 (1H, m, C-33-H), 5.3552-
5.3709 (1H, tJ= 6.28 Hz, C-12-H), 5.0753-5.0892 (1H,Xs 5.56 Hz, C-22-H),
4.7682-4.8085 (1H, m, C-3-H), 3.0253-3.0687 (1H, dd 13.68, 3.72 Hz, C-
18-H), 1.1884 (3H, s, Cy, 0.9928 (3H, s, CH), 0.9828 (3H, s, CH), 0.9761
(3H, s, CH;), 0.9450 (3H, s, Ck), 0.9006 (3H, s, CH), 0.7889 (3H, s, CH). *3C
NMR (100 MHz, CDC4, 6 ppm): 181.40 (C-28), 166.35 (CJ1 165.71 (C-31),
143.11 (C-13), 138.78 (C-33), 133.48 (Cr5132.30 (C-3), 131.26 (C-7),
131.05 (C-4), 130.93 (C-2), 127.67 (C-32), 126.56 (CtpH 122.59 (C-12), 82.63
(C-3), 75.99 (C-22), 55.38 (C-5), 50.59 (C-17), 87.(C-9), 45.98 (C-19), 41.87
(C-14), 39.22 (C-8), 38.25 (C-18), 38.17 (C-4),36.(C-1), 37.69 (C-21), 36.99
(C-10), 33.70 (C-29), 32.55 (C-7), 30.07 (C-20),.28B (C-15), 27.55 (C-23),
26.15 (C-27), 25.91 (C-30), 24.22 (C-16), 23.50 1C), 23.46 (C-2), 20.56 (C-
6), 18.13 (C-35), 17.02 (C-26), 16.70 (C-24), 15.8%534), 15.53 (C-25). ESI-
MS (negative-ion modem/2): 691.60 (M).

3.2.11.6. F-(2-Chlorobenzoyloxy)-2-senecioyloxy-olean-12-en-28-oic acid

(49)

Yield: 84.52%, Mp: 170-172 °C. Anal. calcd. for;£#5;ClOs (692.38): %C,

72.76; H, 8.29. Found: %C, 72.79; H, 8.30. IR (KBRm™'): 2949, 2877 (C-H),
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1717 (C=0), 1651 (C=C)*H NMR (400 MHz, CDC}, & ppm): 7.7950-7.8183
(1H, m, C-7-Ar-H), 7.3818-7.4814 (2H, m, C!4& C-5'-Ar-H), 7.2909-7.3319
(1H, m, C-8-Ar-H), 5.5659-5.5721 (1H, tJ= 2.48 Hz, C-32-H), 5.3732-5.3897
(1H, t, J= 6.60 Hz, C-12-H), 5.0436-5.0578 (1H, 8= 5.68 Hz, C-22-H),
4.7666-4.8069 (1H, m, C-3-H), 3.0136-3.0580 (1H, dd 13.56, 4.44 Hz, C-
18-H), 1.1922 (3H, s, C¥, 1.0137 (3H, s, CH), 0.9908 (6H, s, 2xCf), 0.9799
(3H, s, CH), 0.8939 (3H, s, CH), 0.8124 (3H, s, CH. **C NMR (100 MHz,
CDCl3, & ppm): 178.49 (C-28), 165.41 (CH1 164.66 (C-31), 156.13 (C-33),
142.02 (C-13), 132.46 (C!p 131.34 (C-3), 130.21 (C-7), 130.01 (C-9,
129.94 (C-2), 125.52 (C-6), 121.49 (C-12), 114.92 (C-32), 81.61 (C-3), 74.22
(C-22), 54.37 (C-5), 49.57 (C-17), 46.54 (C-9), 98.(C-19), 40.89 (C-14),
38.25 (C-8), 37.37 (C-18), 37.17 (C-4), 36.93 (G-3p.66 (C-21), 35.96 (C-10),
32.72 (C-29), 31.56 (C-7), 29.04 (C-20), 27.17 (B)126.56 (C-23), 26.42 (C-
35), 25.27 (C-27), 25.11 (C-30), 24.85 (C-16), ZB(C-11), 23.11 (C-2), 19.20
(C-6), 17.13 (C-34), 15.98 (C-26), 15.94 (C-24), .49 (C-25). ESI-MS
(negative-ion modem/2): 691.60 (M).

3.2.11.7. -Cinnamoyloxy-22#-angeloyloxy-olean-12-en-28-oic acid (50)
Yield: 89.50%, Mp: 174-176 °C. Anal. calcd. foryfHeoOs (684.44): %C, 77.16;
H, 8.83. Found: %C, 77.13; H, 8.85. IR (KBr, tht 3266 (O-H of COOH),
2950, 2877 (C-H), 1719 (C=0), 1649 (C=CY4 NMR (400 MHz, CDC}, &
ppm): 7.6478-7.6878 (1H, d= 16 Hz, C-3-Ar-H), 7.5207-7.5446 (2H, m, C'5
& C-9'-Ar-H), 7.3725-7.3890 (3H, m, C:6C-8 & C-7'-Ar-H), 6.4243-6.4643
(1H, d,J= 16 Hz, C-2-H), 5.9749-6.0328 (1H, m, C-33-H), 5.3658-5.383H(
t, J= 7.00 Hz, C-12-H), 5.0882-5.1019 (1H, i 5.48 Hz, C-22-H), 4.6313-
4.6713 (1H, tJ= 16 Hz, C-3-H), 3.0294-3.0740 (1H, dds 13.96, 3.92 Hz, C-
18-H), 1.1817 (3H, s, C¥, 1.0093 (3H, s, CH), 0.9796 (3H, s, CH), 0.9532
(3H, s, CH), 0.9234 (3H, s, CH), 0.9029 (3H, s, CH), 0.7933 (3H, s, CH. **C
NMR (100 MHz, CDC4, 8 ppm): 179.30 (C-28), 165.85 (C-31), 165.28 (Q;1
143.35 (C-3), 142.06 (C-13), 137.75 (C-33), 133.47 (0-4129.15 (C-7),
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127.83 (C-6 & C-8'), 127.02 (C-5 & C-9'), 126.63 (C-32), 121.57 (C-12),
116.30 (C-2), 79.89 (C-3), 74.94 (C-22), 54.27 (C-5), 49.54-1T), 46.53 (C-
9), 44.95 (C-19), 40.80 (C-14), 38.21 (C-8), 37.QD-18), 37.07 (C-4), 36.92
(C-1), 36.66 (C-21), 35.95 (C-10), 32.66 (C-29),.81 (C-7), 29.01 (C-20),
27.08 (C-15), 26.51 (C-23), 25.11 (C-27), 24.853Q), 23.19 (C-16), 22.58 (C-
11), 22.41 (C-2), 19.52 (C-6), 17.09 (C-35), 16.02-26), 15.84 (C-24), 14.61
(C-34), 14.47 (C-25). ESI-MS (negative-ion mode/2): 683.70 (M).

3.2.11.8. F-Cinnamoyloxy-22#-senecioyloxy-olean-12-en-28-oic acid (51)
Yield: 85.99%, Mp: 165-166 °C. Anal. calcd. forfHeoOs (684.44): %C, 77.16;
H, 8.83. Found: %C, 77.23; H, 8.84. IR (KBr, tht 3240 (O-H of COOH),
2947, 2875 (C-H), 1745 (C=0 ester), 1715 (C=0 acit|$35 (C=C).'H NMR
(400 MHz, CDC§, 6 ppm): 7.6488-7.6887 (1H, d]= 15.96 Hz, C-3Ar-H),
7.5206-7.5445 (2H, m, Ci5 C-9'-Ar-H), 7.3722-7.3885 (3H, m, Ct6C-8 &
C-7'-Ar-H), 6.4254-6.4654 (1H, dJ= 16 Hz, C-2-H), 5.5490-5.5552 (1H, tJ=
2.48 Hz, C-32-H), 5.3506-5.3683 (1H, 3 7.08 Hz, C-12-H), 5.0753-5.0874
(1H, t, J= 4.84 Hz, C-22-H), 4.6323-4.6722 (1H, 8= 15.96 Hz, C-3-H),
3.0231-3.0646 (1H, ddJ= 13.92, 3.52 Hz, C-18-H), 1.1778 (3H, s, §H
1.0006 (3H, s, CH), 0.9776 (3H, s, Ck), 0.9539 (3H, s, Chk), 0.9230 (3H, s,
CHs), 0.8987 (3H, s, CH), 0.7826 (3H, s, Ch. **C NMR (100 MHz, CDC4, §
ppm): 180.12 (C-28), 166.83 (C-31), 166.27 (Q;1157.13 (C-33), 144.33 (C-
3'), 143.04 (C-13), 134.45 (C% 130.14 (C-7), 128.82 (C-6 & C-8'), 128.00
(C-5 & C-9), 122.57 (C-12), 118.71 (CtR 115.89 (C-32), 80.87 (C-3), 75.91
(C-22), 55.25 (C-5), 50.51 (C-17), 47.51 (C-9), 95.(C-19), 41.78 (C-14),
39.18 (C-8), 38.20 (C-18), 38.05 (C-4), 37.90 (G-3y.64 (C-21), 36.93 (C-10),
33.65 (C-29), 32.50 (C-7), 29.99 (C-20), 28.06 (B)127.99 (C-23), 27.49 (C-
35), 26.10 (C-27), 25.83 (C-30), 24.17 (C-16), ZB.8-11), 23.40 (C-2), 20.52
(C-6), 18.06 (C-34), 16.99 (C-26), 16.82 (C-24), .48 (C-25). ESI-MS
(negative-ion modem/2): 683.70 (M).
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3.2.11.9. 2Z-Benzoyloxy-3-oxo-olean-12-en-28-oic acid (52)

Yield: 55.15%, Mp: 123-124 °C. Anal. calcd. fors¢0s (574.37): %C, 77.31;
H, 8.77. Found: %C, 77.25; H, 8.75. IR (KBr, éjr)\: 2949.41 (C-H), 1720.54
(C=0), 1603.96 (C=C)'H NMR (400 MHz, CDC#4, § ppm): 7.7746-7.7974 (2H,
m, C-3 & C-7'-Ar-H), 7.3507-7.3908 (1H, m, CtRAr-H), 7.2097-7.2294 (2H,
m, C-4 & C-6'-Ar-H), 5.3667-5.3839 (1H, tJ= 6.88 Hz, C-12-H), 5.1223-
5.1373 (1H, t,J= 6.00 Hz, C-22-H), 3.0982-3.1430 (1H, dik 13.80, 4.12 Hz,
C-18-H), 2.4412-2.5270 (1H, m, C-2-Ha), 2.2664-2L33(1H, m, C-2-Hb),
1.1857 (3H, s, CH), 1.1249 (3H, s, ChK), 1.0218 (3H, s, Chk), 0.9854 (3H, s,
CHs), 0.8841 (3H, s, CH), 0.8210 (3H, s, CH), 0.7370 (3H, s, CH. *3*C NMR
(100 MHz, CDC}, & ppm): 217.68 (C-3), 178.11 (C-28), 165.12 (Q-1143.09
(C-13), 132.90 (C-5, 130.06 (C-2), 129.47 (C-3& C-7'), 128.28 (C-4 & C-
6'), 122.63 (C-12), 76.82 (C-22), 55.32 (C-5), 50.8®-17), 47.44 (C-9), 46.87
(C-4), 45.96 (C-19), 42.09 (C-14), 39.23 (C-8), BD.(C-18), 38.52 (C-1), 37.60
(C-21), 36.78 (C-10), 34.12 (C-2), 33.66 (C-29),.B2 (C-7), 29.98 (C-20),
27.61 (C-15), 26.46 (C-23), 26.26 (C-27), 25.80 3Q), 24.01 (C-16), 23.53 (C-
11), 21.49 (C-6), 19.54 (C-26), 16.81 (C-24), 15.00-25). ESI-MS (negative-
ion mode,m/2): 574.30 (M), 573.30 (M-1).

3.2.11.10. 2B-(2-Chlorobenzoyloxy)-3-oxo0-olean-12-en-28-o0ic aci(b3)

Yield: 49.57%, Mp: 193-195 °C. Anal. calcd. forz49ClOs (608.33): %C,
72.94; H, 8.11. Found: %C, 72.93; H, 8.13. IR (KB:rrn_l): 2955.55, 2927.40,
2874.30 (C-H), 1735.52 (C=0 keto), 1703.58 (C=0591.67 (C=C).*H NMR
(400 MHz, CDC§, 6 ppm): 7.8866-7.9101 (1H, m, C-Ar-H), 7.3686-7.4244
(2H, m, C-4 & C-5'-Ar-H), 7.2473-7.2884 (1H, m, CLAr-H), 5.3250-5.3424
(1H, t, J= 6.96 Hz, C-12-H), 5.2060-5.2206 (1H, 3= 5.84 Hz, C-22-H),
3.0374-3.0820 (1H, dd)J= 13.76, 4.24 Hz, C-18-H), 2.4468-2.5326 (1H, m, C-
2-Ha), 2.2759-2.3412 (1H, m, C-2-Hb), 1.1811 (3H, GHz), 1.1258 (3H, s,
CHs;), 1.0210 (3H, s, CH), 0.9776 (3H, s, Ck), 0.8789 (3H, s, Chk), 0.8395
(3H, s, CH), 0.7925 (3H, s, CH). **C NMR (100 MHz, CDC}4, & ppm): 217.99
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(C-3), 180.46 (C-28), 170.27 (CH1 142.91 (C-13), 133.34 (CLp 132.37 (C-
3’), 131.41 (C-7), 130.96 (C-4), 129.28 (C-2), 126.62 (C-6), 122.61 (C-12),
77.37 (C-22), 55.22 (C-5), 50.67 (C-17), 47.41 (I;-86.83 (C-4), 45.80 (C-19),
41.95 (C-14), 39.21 (C-8), 39.04 (C-18), 38.27 (L-B87.57 (C-21), 36.73 (C-
10), 34.09 (C-2), 33.62 (C-29), 32.05 (C-7), 30.0=2-20), 27.56 (C-15), 26.41
(C-23), 26.32 (C-27), 25.81 (C-30), 24.04 (C-16)3.248 (C-11), 21.43 (C-6),
19.47 (C-26), 16.78 (C-24), 15.06 (C-25). ESI-MSe@mative-ion mode,m/2):
609.50 (M +1), 607.50 (M-1).

3.2.11.11. 2g-Cinnamoyloxy-3-oxo0-olean-12-en-28-o0ic acid (54)

Yield: 56.59%, Mp: 281-283 °C. Anal. calcd. fords,05 (600.38): %C, 77.96;
H, 8.72. Found: %C, 77.99; H, 8.73. IR (KBr, cht 3210 (O-H of COOH),
2950, 2872 (C-H), 1738 (C=0 keto), 1699 (C=0), 16@2=C). '"H NMR (400
MHz, CDCl;, § ppm): 7.4707-7.5108 (1H, di= 16.04 Hz, C-3Ar-H), 7.3828-
7.4063 (2H, m, C-5& C-9’-Ar-H), 7.3229-7.3530 (3H, m, C:6C-8 & C-7'-Ar-
H), 6.1513-6.1914 (1H, dJ= 16.04 Hz, C-2Ar-H), 5.4020-5.4190 (1H, tJ=
6.80 Hz, C-12-H), 5.0958-5.1106 (1H, 35 5.92 Hz, C-22-H), 3.1014-3.1460
(1H, dd,J= 13.84, 4.20 Hz, C-18-H), 2.5140-2.5996 (1H, m2d4a), 2.3373-
2.4024 (1H, m, C-2-Hb), 1.1825 (3H, s, @K 1.0890 (3H, s, ChK), 1.0422 (3H,
s, CH), 1.0372 (3H, s, CH), 1.0086 (3H, s, ChH), 0.8936 (3H, s, Ck), 0.8448
(3H, s, CH). **C NMR (100 MHz, CDC4, & ppm): 218.03 (C-3), 180.44 (C-28),
165.56 (C-1), 144.94 (C-3), 143.05 (C-13), 134.33 (C¥ 130.74 (C-7),
128.94 (C-6 & C-8'), 128.36 (C-5& C-9'), 122.57 (C-12), 118.10 (CR 76.52
(C-22), 55.32 (C-5), 50.82 (C-17), 47.47 (C-9), 96.(C-4), 45.94 (C-19), 42.08
(C-14), 39.28 (C-8), 39.16 (C-18), 38.46 (C-1), BIF.(C-21), 36.77 (C-10),
34.16 (C-2), 33.69 (C-29), 32.18 (C-7), 30.10 (Cy2@7.64 (C-15), 26.45 (C-
23), 26.34 (C-27), 25.79 (C-30), 24.01 (C-16), ZB.(8>-11), 21.10 (C-6), 19.54
(C-26), 16.69 (C-24), 15.12 (C-25). ESI-MS (nega&tiion mode,m/z: 599.60
(M7).
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R'—”— 1 , |C|) 9
C-OH L CcHyC—Cl a_ R'—C.,C~CHj

éf O
48'-49', 53'. R'=
cl 59'-60', 67', 74'-75'. R'=

%
50'-51', 54'. R'=
61'-62', 68", 76'-77". R'= OO
v
E o
55'-56, 65', 70'-71". R'= ji)
H,C-OCO K@
HN

63'-64', 69', 78'-79". R'=
Cl Cl
5758 66', 72-73. R'= &

Scheme 3.2.Synthesis of anhydride derivatives of aromatic ac{d8-51" and 53'-54') and
NSAIDs (565-79') for the esterificationstep. Reagents and conditions: (a) Pyridine,
DCM/THF, reflux 4-5 h.
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33. R= OC(0)C(CHgz)=CH-CHj 35. R= OC(0)C(CHgz)=CH-CHg
34. R= OC(0)CH=C-(CHa), 36. R= OC(0)CH=C-(CHs), 44.R= CHsf 45.R'= CHgé

R= OC(O)C(CH3)=CH-CH; R= OC(O)CH=C-(CHs),

R= OC(0)C(CHg)=CH-CH; R= OC(O)CH=C-(CHs),

* %,
48.R'= | 49. R'= @i

C cl
R= OC(0)C(CH)=CH-CH; R= OC(O)CH=C~(CHa),

50.R= ©/\/% 51.R= ©/\/%

R=OC(0)C(CH3)=CH-CH;  R= OC(O)CH=C-(CHs),

Scheme 3.3.Synthesis of lantadene estec®ngeners44-54. Reagents and conditions: (a)
NaBH;, MeOH-THF, stir 7 h; (b) 10% Ethanolic KOH, reflu& h; (c) ) R-CO-CI/R-CO-0O-
CO-CHs, 4-DMAP, pyridine, reflux 92-95 °C, 10-14 h.

44



3.2.12. Synthesis of @substituted and 22Z-substituted olean-12-en-28-oic
acids (55-69)

Compoundsb5-69 were synthesized in two steps. In step 1, the i@cgtoup of
NSAIDs was converted into the anhydride groupckheme 3.2. An equimolar
guantity of NSAID and acetyl chloride in the presenof pyridine was refluxed
in dichloromethane (ibuprofen, ketoprofen, and ra@n)/tetrahydrofuran
(aspirin and diclofenac) for 4-5 h. The reactionxtoire was concentrated and
washed with chloroform (100 ml x 3) under reducemegsure at 6665 °C to
afford solid to semisolid anhydride products of thespective NSAIDs, which
were used in the next step without further puritioa.

In step 2, an equimolar amount of compou3w36/37 andappropriate anhydride
product of NSAID was refluxed in pyridine in thegeence of 4-DMAP for 10-
14 h at 92-95 °Cqcheme 3.4. The reaction mixture was poured into the 10%
HCI solution and the precipitated product was exteal with DCM and washed
for a further three times with a 10% HCI solutiod00 ml x 3). The organic
layer was evaporated to dryness and the reactiorxtuné obtained was
chromatographed over silica gel (100-200 mesh) ahded with varying ratios

of hexane-ethyl acetate to give the final purifipcbducts 65-69).

3.2.12.1. ($)-(2-Acetoxybenzoyloxy)-2#-angeloyloxy-olean-12-en-28-oic
acid (55)

Yield: 24.93% (201.10 mg), Mp: 99-101 °C. Anal. cdl for G4HeoOs (716.43):
%C, 73.71; H, 8.44. Found: %C, 73.75; H, 8.45. IRB¢, cm_l): 2951.38,
2876.85 (C-H), 1721.72 (C=0O ester), 1608.06 (C=¢j. NMR (400 MHz,
CDCls, 8 ppm): 7.8953-7.9189 (1H, dd,= 7.76, 1.76 Hz, C-ZAr-H), 7.5766—
7.6203 (1H, dt, C-5Ar-H), 7.4435-7.4662 (1H, ddJ = 8.24, 0.8 Hz, C-4Ar-
H), 7.3390-7.3793 (1H, dt, C46Ar-H), 5.9316-5.9533 (1H, m, C-33-H),
5.3206-5.3256 (1H, tJ = 1.00 Hz, C-12-H), 5.0374-5.0500 (1H,X~= 2.52 Hz,
C-22-H), 4.4089-4.4486 (1H, 1 = 7.94 Hz, C-3-H), 2.9835-2.9888 (1H, 1,=
1.06 Hz, C-18-H), 2.2883 (3H, s, C-#81), 1.1845 (3H, s, CH), 1.1096 (3H, s,
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CHs), 0.9493 (3H, s, CH), 0.9092 (3H, s, CH), 0.8624 (3H, s, CH), 0.7905
(3H, s, CH), 0.7394 (3H, s, CH. **C NMR (100 MHz, CDC4, & ppm): 180.24
(C-28), 174.57 (C-1, 170.33 (C-8), 168.08 (C-31), 148.56 (CB 143.16 (C-
13), 138.90 (C-33), 133.36 (CY% 131.79 (C-7), 127.35 (C-32), 126.22 (CtH
123.87 (C-4), 123.84 (C-2), 122.54 (C-12), 80.67 (C-3), 75.49 (C-22), 55.23
(C-5), 50.59 (C-17), 47.26 (C-9), 45.32 (C-19), @1.(C-14), 39.30 (C-8), 38.47
(C-18), 38.26 (C-4), 38.08 (C-1), 37.10 (C-21), 38.(C-10), 33.00 (C-29),
32.82 (C-7), 29.76 (C-20), 27.59 (C-15), 27.04 (B)226.20 (C-27), 25.65 (C-
30), 25.39 (C-16), 23.48 (C-2), 23.16 (C-11), 21.62-9), 20.72 (C-6), 20.35
(C-35), 19.68 (C-26), 17.57 (C-24), 16.21 (C-34)5.31 (C-25). ESI-MS
(negative-ion modem/2): 716.40 (M), 715.40 (M-1).

3.2.12.2. (P)-(2-Acetoxybenzoyloxy)-28-senecioyloxy-olean-12-en-28-oic
acid (56)

Yield: 22.63% (182.56 mg), Mp: 91-93 °C. Anal. cdlcfor Cs4aHs00g (716.43):
%C, 73.71; H, 8.44. Found: %C, 73.77; H, 8.46. IRB(, cm'): 2950.58,
2877.29 (C-H), 1718.34 (C=0 ester), 1606.84 (C=¢j. NMR (400 MHz,
CDCl3, 6 ppm): 7.8259-7.8501 (1H, dd,= 7.96, 1.72 Hz, C-7Ar-H), 7.5672-
7.6106 (1H, dt, C-5Ar-H), 7.3293-7.3511 (1H, dd] = 7.68, 1.04 Hz, C-4Ar-
H), 7.2082-7.2492 (1H, dt, C-6Ar-H), 5.4975-5.5036 (1H, tJ = 1.22 Hz, C-
32-H), 5.2459-5.2614 (1H, tJ = 3.10 Hz, C-12-H), 5.0435-5.0591 (1H, &,=
3.12 Hz, C-22-H), 4.3937-4.4327 (1H, 1,= 7.80 Hz, C-3-H), 2.9874-3.0324
(1H, dd,J = 14.04, 4.60 Hz, C-18-H), 2.2827 (3H, s, G49), 1.1844 (3H, s,
CHgs), 1.1139 (3H, s, CH), 0.9562 (3H, s, CH), 0.9024 (3H, s, Ck), 0.8600
(3H, s, CH), 0.8425 (3H, s, CH), 0.7457 (3H, s, CH. **C NMR (100 MHz,
CDCl3, 6 ppm): 180.29 (C-28), 174.30 (CH1 169.73 (C-9, 166.46 (C-31),
162.18 (C-33), 150.76 (C:B 142.97 (C-13), 133.57 (Ctp 130.89 (C-7),
125.94 (C-6), 123.81 (C-4), 123.76 (C-2), 122.74 (C-12), 117.76 (C-32), 81.60
(C-3), 76.05 (C-22), 55.42 (C-5), 50.79 (C-17), d0.(C-9), 45.96 (C-19), 41.92
(C-14), 39.48 (C-8), 39.31 (C-18), 38.46 (C-4), B8.(C-1), 38.04 (C-21), 36.98
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(C-10), 33.69 (C-29), 32.61 (C-7), 30.06 (C-20),.@¥ (C-15), 27.61 (C-35),
26.30 (C-23), 26.19 (C-27), 25.82 (C-30), 24.19 16), 23.53 (C-11), 23.47 (C-
2), 21.31 (C-9), 21.14 (C-6), 20.47 (C-34), 18.17 (C-26), 16.95-24), 15.33
(C-25). ESI-MS (negative-ion modem/2: 716.50 (M), 715.50 (M-1), 713.50
(M™=3).

3.2.12.3. ($)-((RS)-2-(4-Isobutylphenyl)propanoyloxy)-228-angeloyloxy-
olean-12-en-28-oic acid (57)

Yield: 69.99% (523.61 mg), Mp: 132-133 °C. Anal. le for CugH700s
(742.52): %C, 77.59; H, 9.50. Found: %C, 77.55; #148. IR (KBr, cm?):
3306.74 (O-H), 2951.65, 2874.48 (C-H), 1726.03 (CeS€er), 1650.61 (C=C).
'H NMR (400 MHz, CDC}, & ppm): 7.1887-7.2087 (2H, d, = 8.00 Hz, C-5&
C-9'-Ar-H), 7.0614-7.1026 (2H, m, Ct6& C-8'-Ar-H), 5.9331-5.9909 (1H, m,
C-33-H), 5.3251-5.3435 (1H, 8= 3.68 Hz, C-12-H), 5.0603-5.0744 (1H,X~
2.82 Hz, C-22-H), 4.4066-4.4463 (1H, 3,= 7.94 Hz, C-3-H), 3.6538-3.7056
(1H, m, C-2-H), 2.9992-3.0437 (1H, dd] = 13.68, 4.28 Hz, C-18-H), 2.4305-
2.4485 (2H, dJ = 7.20 Hz, C-10H), 1.1374 (3H, s, CH), 0.9896 (3H, s, CH),
0.9093 (3H, s, CH), 0.8865-0.8905 (6H, d, CH, 0.8772 (3H, s, CH), 0.7779
(3H, s, CH), 0.6969 (3H, s, CH), 0.5506 (3H, s, Ck. **C NMR (100 MHz,
CDCl3, & ppm): 179.60 (C-28), 174.36 (CH1 166.34 (C-31), 143.02 (C-13),
140.37 (C-7), 138.64 (C-33), 138.17 (C¥ 129.19 (C-5& C-9), 127.72 (C-
32), 127.28 (C-6& C-8'), 122.64 (C-12), 80.84 (C-3), 75.96 (C-22), 55.@&
5), 50.59 (C-17), 47.52 (C-9), 45.97 (C-19), 45.65-2'), 45.01 (C-10), 41.87
(C-14), 39.23 (C-8), 38.37 (C-18), 38.05 (C-4),89.(C-1), 37.77 (C-21), 36.90
(C-10), 33.68 (C-29), 32.56 (C-7), 30.22 (C‘L130.03 (C-20), 27.57 (C-15),
27.43 (C-23), 26.15 (C-27), 25.83 (C-30), 24.20 16}, 23.51 (C-11), 23.42 (C-
2), 22.88 (C-12 & C-13'), 20.51 (C-6), 18.16 (C-3, 17.89 (C-35), 16.92 (C-
26), 16.46 (C-24), 15.61 (C-34), 15.42 (C-25). B8% (negative-ion mode,
m/2): 742.60 (M), 741.60 (M-1).
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3.2.12.4. ($)-((RS)-2-(4-Isobutylphenyl)propanoyloxy)-228-senecioyloxy-
olean-12-en-28-oic acid (58)

Yield: 67.10% (502.00 mg), Mp: 127-128 °C. Anal. leé for CsgH700s
(742.52): %C, 77.59; H, 9.50. Found: %C, 77.67; ®i54. IR (KBr, cm'):
3295.21 (O-H), 2952.25, 2874.24 (C-H), 1725.87 (CeS€er), 1650.19 (C=C).
'H NMR (400 MHz, CDC}, & ppm): 7.1889-7.2090 (2H, d, = 8.04 Hz, C-5&
C-9'-Ar-H), 7.0616-7.0881 (2H, m, Ct6& C-8'-Ar-H), 5.5370-5.5431 (1H, tJ
= 1.22 Hz, C-32-H), 5.3244-5.3417 (1H,J}t= 3.46 Hz, C-12-H), 5.0602-5.0745
(1H, t, J = 2.86 Hz, C-22-H), 4.4072-4.4469 (1H, 3, = 7.94 Hz, C-3-H),
3.6540-3.7055 (1H, m, CtH), 2.9984-3.0421 (1H, dd]l = 13.60, 3.96 Hz, C-
18-H), 2.4311-2.4489 (2H, dJ = 7.12 Hz, C-10H), 1.1375 (3H, s, CH),
0.9898 (3H, s, CH), 0.9032 (3H, s, ChH), 0.8844-0.8906 (6H, d, CH, 0.8769
(3H, s, CH), 0.7715 (3H, s, Ck), 0.6970 (3H, s, CH), 0.5512 (3H, s, Ch). *3C
NMR (100 MHz, CDC4, 6 ppm): 179.70 (C-28), 174.36 (C)1 166.28 (C-31),
158.39 (C-33), 143.05 (C-13), 140.37 (C17138.17 (C-4), 129.14 (C-5& C-
91, 127.21 (C-6& C-8'), 122.63 (C-12), 117.01 (C-32), 80.88 (C-3), 75.@>
22), 55.23 (C-5), 50.58 (C-17), 47.52 (C-9), 45.68-19), 45.66 (C-2, 45.03
(C-10), 41.85 (C-14), 39.22 (C-8), 38.33 (C-18), 38.06-4), 37.88 (C-1),
37.77 (C-21), 36.93 (C-10), 33.68 (C-29), 32.54 {%-30.22 (C-11, 30.02 (C-
20), 27.94 (C-35), 27.57 (C-15), 27.55 (C-23), 2%.(C-27), 25.84 (C-30),
24.22 (C-16), 23.50 (C-11), 23.43 (C-2), 22.88 (€-& C-13'), 20.55 (C-6),
18.17 (C-3), 17.89 (C-34), 16.97 (C-26), 16.45 (C-24), 15.63-25). ESI-MS
(negative-ion modem/2): 742.60 (M), 741.60 (M-1).

3.2.12.5. ($)-((RS)-2-(3-Benzoylphenyl)propanoyloxy)-2g-angeloyloxy-

olean-12-en-28-oic acid (59)

Yield: 68.05% (454.16 mg), Mp: 140-141 °C. Anal.lecé for Gsi1HgsO7

(790.48): %C, 77.43; H, 8.41. Found: %C, 77.49; 8143. IR (KBr, cm?'):

3308.75 (O-H), 2948.49, 2876.83 (C-H), 1721.54 (Cefter), 1662.79 (C=0
keto), 1598.38 (C=C)!H NMR (400 MHz, CDC}, & ppm): 7.7531-7.8027 (3H,
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m, C-12, C-16, & C-5'-Ar-H), 7.6574-7.6891 (1H, m, Ct/Ar-H), 7.5435-
7.6144 (2H, m, C-14& C-9'-Ar-H), 7.4166-7.4997 (3H, m, C-13C-15, & C-
8'-Ar-H), 5.9663-6.0242 (1H, m, C-33-H), 5.3389-5.85(1H, t,J = 2.58 Hz,
C-12-H), 5.0720-5.0864 (1H, 8, = 2.88 Hz, C-22-H), 4.4618-4.5025 (1H,X~
8.14 Hz, C-3-H), 3.7744-3.8317 (1H, m, CR), 3.0043-3.0483 (1H, ddJ =
13.84, 4.04 Hz, C-18-H), 1.1520 (3H, s, ©H0.9946 (3H, s, CH), 0.8976 (3H,
s, CH), 0.8884 (3H, s, CH), 0.7491 (3H, s, CH), 0.7149 (3H, s, Ck), 0.6187
(3H, s, CH). **C NMR (100 MHz, CDC4, 8 ppm): 196.65 (C-10, 179.02 (C-
28), 173.82 (C-1, 166.30 (C-31), 143.06 (C-13), 140.94 (0O,6139.02 (C-33),
137.79 (C-4), 137.56 (C-11), 132.50 (C-9), 131.62 (C-14, 130.07 (C-12 &
C-16'), 129.28 (C-5, 128.91 (C-8), 128.44 (C-7), 128.32 (C-13 & C-15'),
127.61 (C-32), 122.62 (C-12), 81.30 (C-3), 75.882L), 54.23 (C-5), 50.55 (C-
17), 47.51 (C-9), 45.96 (C-19), 45.79 (C)241.87 (C-14), 39.20 (C-8), 38.35
(C-18), 37.97 (C-4), 37.87 (C-1), 37.76 (C-21), 8B.(C-10), 33.71 (C-29),
32.54 (C-7), 30.04 (C-20), 27.75 (C-15), 27.53 (B)226.15 (C-27), 25.85 (C-
30), 24.20 (C-16), 23.46 (C-11), 23.41 (C-2), 21.61-6), 20.59 (C-35), 18.32
(C-3), 17.99 (C-26), 16.93 (C-24), 15.68 (C-25), 15.4€-34). ESI-MS
(negative-ion modem/2): 790.40 (M), 789.40 (M-1).

3.2.12.6. ($)-((RS)-2-(3-Benzoylphenyl)propanoyloxy)-2#-senecioyloxy-
olean-12-en-28-oic acid (60)

Yield: 65.44% (436.79 mg), Mp: 133-134 °C. Anal. leéh for GsiHgsO7
(790.48): %C, 77.43; H, 8.41. Found: %C, 77.40; 842. IR (KBr, crﬁl):
3307.72 (O-H), 2947.97, 2876.73 (C—-H), 1722.04 (Ce€ler), 1662.40 (C=0
keto), 1598.45 (C=C)!H NMR (400 MHz, CDC}, & ppm): 7.7519-7.7965 (3H,
m, C-12, C-16, & C-5-Ar-H), 7.6531-7.6849 (1H, m, C:4Ar-H), 7.5384-
7.6079 (2H, m, C-14& C-9'-Ar-H), 7.4108-7.4930 (3H, m, C-13C-15, & C-
8'-Ar-H), 5.5404-5.5465 (1H, tJ = 1.22 Hz, C-32-H), 5.3301-5.3439 (1H, 1,
=2.76 Hz, C-12-H), 5.0631-5.0777 (1H,XtF= 2.92 Hz, C-22-H), 4.4429-4.4825
(1H, t, J = 7.92 Hz, C-3-H), 3.7539-3.8109 (1H, m, CH), 3.0016-3.0448
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(1H, dd,J = 13.40, 3.96 Hz, C-18-H), 1.1438 (3H, s, §H0.9913 (3H, s, CH),
0.9062 (3H, s, Ch), 0.8867 (3H, s, Ch), 0.7439 (3H, s, Ch), 0.7168 (3H, s,
CHs), 0.6232 (3H, s, Ch). **C NMR (100 MHz, CDC4, 8 ppm): 196.57 (C-10,
179.59 (C-28), 173.61 (C!), 166.32 (C-31), 157.09 (C-33), 143.05 (C-13),
141.22 (C-6), 137.89 (C-4), 137.58 (C-11), 132.46 (C-9), 131.59 (C-14,
130.02 (C-12 & C-16'), 129.26 (C-5), 128.87 (C-8), 128.47 (C-7), 128.30 (C-
13" & C-15'), 122.58 (C-12), 115.97 (C-32), 81.31 (C-3), 75.48-22), 55.22
(C-5), 50.57 (C-17), 47.53 (C-9), 45.98 (C-19), 38.(C-2), 41.87 (C-14),
39.23 (C-8), 38.34 (C-18), 38.02 (C-4), 37.87 (G-3Y.77 (C-21), 36.91 (C-10),
33.68 (C-29), 32.58 (C-7), 30.02 (C-20), 27.76 (B)127.54 (C-23), 27.44 (C-
35), 26.15 (C-27), 25.84 (C-30), 24.21 (C-16), ZB.A-11), 23.42(C-2), 23.22
(C-6), 20.53 (C-34), 18.28 (CtR 18.07 (C-26), 16.95 (C-24), 15.62 (C-25).
ESI-MS (negative-ion modem/2): 789.50 (M-1).

3.2.12.7. (#)-((+)-(S)-2-(6-Methoxynaphthalen-2-yl)propanoyloxy)-28-
angeloyloxy-olean-12-en-28-oic acid (61)

Yield: 68.56% (482.79 mg), Mp: 159-160 °C. Anal. leéh for Cy9Hgs07
(766.48): %C, 76.73; H, 8.67. Found: %C, 76.80; 8165. IR (KBr, cm?):
3304.63 (O-H), 2949.46, 2876.89 (C-H), 1725.59 (CeS€er), 1633.21 (C=C).
'H NMR (400 MHz, CDC#4, & ppm): 7.6035-7.6285 (3H, d, = 10.00, C-7, C-
12', & C-5-Ar-H), 7.3282-7.3536 (1H, ddJ = 8.44, 1.76 Hz, C-13Ar-H),
7.0287-7.0722 (2H, m, Ct8& C-10-Ar-H), 5.8689-5.9256 (1H, m, C-33-H),
5.2488-5.2629 (1H, tJ = 2.82 Hz, C-12-H), 4.9843-4.9975 (1H,X= 2.64 Hz,
C-22-H), 4.3784-4.4183 (1H, t1 = 7.98 Hz, C-3-H), 3.8347 (3H, s, C-1H),
3.7382-3.7911 (1H, m, CtH), 2.9202-2.9636 (1H, dd] = 13.60, 3.88 Hz, C-
18-H), 1.0583 (3H, s, C¥, 0.9142 (3H, s, CK), 0.8231 (3H, s, ChH), 0.8094
(3H, s, CH), 0.6533 (3H, s, Ch), 0.6339 (3H, s, CH), 0.5019 (3H, s, CH. **C
NMR (100 MHz, CDC4, 6 ppm): 179.67 (C-28), 174.29 (CH1 166.29 (C-31),
157.55 (C-9), 143.04 (C-13), 138.79 (C-33), 136.02 (0-4133.63 (C-11),
129.25 (C-7), 128.93 (C-6), 127.68 (C-32), 126.97 (C-12 126.40 (C-5H),
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126.02 (C-13), 122.60 (C-12), 118.87 (C-B 105.60 (C-10, 81.03 (C-3), 75.92
(C-22), 55.28 (C-1%, 55.22 (C-5), 50.56 (C-17), 47.51 (C-9), 46.00-19),
45.98 (C-2), 41.85 (C-14), 39.21 (C-8), 38.34 (C-18), 38.0&-4), 37.87 (C-1),
37.72 (C-21), 36.90 (C-10), 33.68 (C-29), 32.54 1-30.02 (C-20), 27.71 (C-
15), 27.52 (C-23), 26.15 (C-27), 25.83 (C-30), 24.2C-16), 23.51 (C-11),
23.42 (C-2), 20.55 (C-6), 18.19 (C)3 17.95 (C-35), 16.95 (C-26), 16.56 (C-
24), 15.63 (C-25), 15.42 (C-34). ESI-MS (negativearimode,m/2): 766.40 (M),
765.40 (M-1).

3.2.12.8. (#)-((+)-(S)-2-(6-Methoxynaphthalen-2-yl)propanoyloxy)-28-

senecioyloxy-olean-12-en-28-oic acid (62)

Yield: 68.61% (483.16 mg), Mp: 154-155 °C. Anal. lecéh for CsgHesO7

(766.48): %C, 76.73; H, 8.67. Found: %C, 76.83; 8170. IR (KBr, cm?'):

3306.93 (O-H), 2948.06, 2876.91 (C-H), 1725.76 (CeS€er), 1633.95 (C=C).
'H NMR (400 MHz, CDC}, 8 ppm): 7.6027-7.6386 (3H, m, C57C-12, & C-5'-

Ar-H), 7.3332-7.3585 (1H, ddJ = 8.48, 1.64 Hz, C-13Ar-H), 7.0330-7.0782
(2H, m, C-8 & C-10'-Ar-H), 5.4707-5.4759 (1H, tJ = 1.04 Hz, C-32-H),
5.2570-5.2707 (1H, tJ = 2.74 Hz, C-12-H), 4.9435-4.9554 (1H,X~= 2.38 Hz,

C-22-H), 4.3800-4.4200 (1H, g = 8.00 Hz, C-3-H), 3.8417 (3H, s, C-1#),

3.7416-3.7944 (1H, m, CtH), 2.8995-2.9435 (1H, dd] = 13.36, 4.28 Hz, C-
18-H), 1.0610 (3H, s, Cy, 0.9182 (3H, s, CH), 0.8242 (3H, s, CH), 0.8017
(3H, s, CH), 0.6691 (3H, s, Ck), 0.6346 (3H, s, CH), 0.4967 (3H, s, ChH). *3C

NMR (100 MHz, CDC4, 6 ppm): 178.59 (C-28), 174.45 (C3J1 165.31 (C-31),
157.53 (C-9), 157.20 (C-33), 143.01 (C-13), 135.82 (0»4133.61 (C-11,

129.27 (C-7), 128.91 (C-6), 126.98 (C-12, 126.41 (C-5), 125.92 (C-13,

122.51 (C-12), 118.89 (C‘B 115.96 (C-32), 105.55 (C-1Q 81.05 (C-3), 75.19
(C-22), 55.30 (C-19%, 55.23 (C-5), 50.52 (C-17), 47.49 (C-9), 45.96-19),

45.86 (C-2), 41.89 (C-14), 39.20 (C-8), 38.39 (C-18), 38.00-4), 37.87 (C-1),
37.76 (C-21), 36.89 (C-10), 33.69 (C-29), 32.53 {¥-30.03 (C-20), 27.70 (C-
15), 27.54 (C-23), 27.47 (C-35), 26.29 (C-27), 26.8C-30), 24.12 (C-16),
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23.50 (C-11), 23.43 (C-2), 20.23 (C-6), 18.43 (C)348.20 (C-3), 16.93 (C-
26), 16.71 (C-24), 15.64 (C-25). ESI-MS (negativmimode,m/2): 765.50 (M-
1).

3.2.12.9. (#$)-(2-(2-(2,6-Dichlorophenylamino)phenyl)acetoyloxy)22-
angeloyloxy-olean-12-en-28-oic acig63)

Yield: 20.64% (127.09 mg), Mp: 165-167 °C. Anal.lcé for C49Hg3CI2NOg
(831.40): %C, 70.66; H, 7.62. Found: %C, 70.62; HB1. IR (KBr, cm?):
3386.89 (N-H), 3259.33 (O-H), 3078.83, 2951.21, 28D (C-H), 1721.17
(C=0 ester).'H NMR (400 MHz, CDC4+DMSO-ds mixture, & ppm): 9.4642
(1H, s, N-9-H), 7.3048-7.3249 (2H, dJ = 8.04 Hz, C-12 & C-14'-Ar-H),
7.1383-7.1564 (1H, dJ = 7.24 Hz, C-8Ar-H), 6.9102-6.9751 (2H, m, C-1&
C-6'-Ar-H), 6.7328-6.7693 (1H, tJ = 7.30 Hz, C-7-Ar-H), 6.3527-6.3724 (1H,
d, J = 7.88 Hz, C-5Ar-H), 5.9558-6.0067 (1H, m, C-33-H), 5.3090-5.326
(1H, t, J = 3.50 Hz, C-12-H), 5.0084-5.0221 (1H, d,= 2.74 Hz, C-22-H),
4.4191-4.4579 (1H, tJ) = 7.76 Hz, C-3-H), 3.5934 (2H, s, C-H), 3.0285-
3.0658 (1H, ddJ = 12.92, 2.52 Hz, C-18-H), 1.1653 (3H, s, §H1.0040 (3H,
s, CHs), 0.9336 (3H, s, ChH), 0.8922 (3H, s, Ch), 0.8559 (3H, s, CH), 0.8481
(3H, s, CH), 0.8239 (3H, s, CH. *C NMR (100 MHz, CDC}+DMSO-d¢
mixture, 8 ppm): 177.12 (C-28), 175.71 (C31 165.80 (C-31), 143.46 (C-13),
143.04 (C-4), 138.09 (C-10, 137.23 (C-33), 129.23 (CtB 129.06 (C-11& C-
15), 128.37 (C-12 & C-14'), 127.78 (C-6), 127.67 (C-32), 125.52 (C<B
122.88 (C13), 121.20 (C-5, 121.11 (C-12), 119.74 (Cty 80.17 (C-3), 75.75
(C-22), 54.79 (C-5), 49.66 (C-17), 47.05 (C-9), 46.(C-19), 43.51 (C-3,
41.47 (C-14), 38.77 (C-8), 38.20 (C-18), 37.61 (I;-87.47 (C-1), 37.14 (C-21),
36.43 (C-10), 33.40 (C-29), 32.20 (C-7), 29.60 (Q)y227.62 (C-15), 27.12 (C-
23), 26.71 (C-27), 25.87 (C-30), 25.39 (C-16), 28.(C-11), 23.67 (C-2), 20.82
(C-6), 20.15 (C-35), 18.88 (C-26), 17.69 (C-24),.4B (C-25), 15.18 (C-34).
ESI-MS (negative-ion modem/2): 833.30 (M +2).
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3.2.12.10. (#)-(2-(2-(2,6-Dichlorophenylamino)phenyl)acetoyloxy)22f-
senecioyloyloxy-olean-12-en-28-oic acid (64)

Yield: 16.36% (100.76 mg), Mp: 162-163 °C. Anal.lcd for CsoHe3CI2NOg
(831.40): %C, 70.66; H, 7.62. Found: %C, 70.73; H66. IR (KBr, cm?):
3384.71 (N-H), 3260.51 (O-H), 2950.89, 2877.41 (¢-H724.02 (C=0 ester),
1648.65 (C=C).'*H NMR (400 MHz, CDC4+DMSO-ds mixture, & ppm): 9.6548
(1H, s, N-9-H), 7.3255-7.3455 (2H, dJ = 8.00 Hz, C-12 & C-14'-Ar-H),
7.1101-7.1282 (1H, dJ = 7.24 Hz, C-8Ar-H), 6.9574-6.9974 (1H, tJ = 8.00
Hz, C-13-Ar-H), 6.9011-6.9388 (1H, tJ = 7.54 Hz, C-6-Ar-H), 6.7224-6.7589
(1H, t,J = 7.30 Hz, C-7-Ar-H), 6.3222-6.3420 (1H, d]) = 7.92 Hz, C-5Ar-H),
5.5490 (1H, s, C-32-H), 5.2727-5.2932 (1H,Jt= 4.10 Hz, C-12-H), 4.9772-
4.9935 (1H, t,J = 3.26 Hz, C-22-H), 4.3989-4.4388 (1H,X~ 7.98 Hz, C-3-H),
3.5479 (2H, s, C-2H), 3.0039-3.0501 (1H, ddJ = 14.20, 4.48 Hz, C-18-H),
1.1609 (3H, s, CH), 0.9923 (3H, s, CH, 0.9278 (3H, s, CH), 0.8857 (3H, s,
CHs), 0.8465 (3H, s, Ch), 0.8390 (3H, s, CH), 0.8144 (3H, s, CH). **C NMR
(100 MHz, CDC§+DMSO-ds mixture, 8 ppm): 176.62 (C-28), 175.56 (CH1
165.69 (C-31), 155.75 (C-33), 143.58 (C-13), 143.43-4'), 138.13 (C-10,
129.93 (C-8), 129.02 (C-11& C-15), 128.51 (C-12& C-14'), 127.98 (C-6),
125.24 (C-3), 123.08 (C13, 121.08 (C-B, 121.05 (C-12), 119.73 (C-x
115.81 (C-32), 80.05 (C-3), 75.81 (C-22), 54.78 §5-49.63 (C-17), 47.04 (C-
9), 45.78 (C-19), 43.75 (Ctp 41.52 (C-14), 38.80 (C-8), 38.30 (C-18), 37.65
(C-4), 37.48 (C-1), 37.16 (C-21), 36.46 (C-10), 8B.(C-29), 32.26 (C-7), 29.65
(C-20), 27.68 (C-15), 27.15 (C-23), 26.88 (C-35K.26 (C-27), 25.98 (C-30),
25.44 (C-16), 23.78 (C-11), 23.72 (C-2), 20.85 (5-@0.20 (C-34), 17.74 (C-
26), 16.38 (C-24), 15.24 (C-25). ESI-MS (negativeti mode, m/2: 833.20
(M™+2).

3.2.12.11. 2p-(2-Acetoxybenzoyloxy)-3-oxo0-olean-12-en-28-o0ic ati65)
Yield: 21.19% (150.89 mg), Mp: 128-130 °C. Anal.led for CzoHs,0-
(632.37): %C, 74.02; H, 8.28. Found: %C, 73.94; 8i27. IR (KBr, cm?'):
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2953.35, 2928.89, 2874.09 (C—H), 1745.18 (C=0O ketbJ09.00 (C=O ester),
1612.10 (C=C)!H NMR (400 MHz, CDC4, & ppm): 7.7487-7.7729 (1H, dd,=
8.00, 1.68 Hz, C-7Ar-H), 7.3583-7.4016 (1H, dt, CtFAr-H), 6.8983-6.9214
(1H, dd, J = 8.44, 0.88 Hz, C-4Ar-H), 6.7885-6.8289 (1H, dt, CL6Ar-H),
5.3117-5.3287 (1H, t) = 3.40 Hz, C-12-H), 4.9546-4.9691 (1H,X= 2.90 Hz,
C-22-H), 2.9400-2.9906 (1H, dd}, = 15.00, 6.44 Hz, C-18-H), 2.4459-2.5220
(1H, m, C-2-Ha), 2.2573-2.3355 (1H, m, C-2-Hb), 292 (3H, s, C-9H),
1.1862 (3H, s, Ch), 1.0242 (3H, s, CH), 0.9561 (3H, s, Ch), 0.8818 (3H, s,
CHs), 0.8365 (3H, s, Ch), 0.8278 (3H, s, Ck), 0.7465 (3H, s, Ch). *C NMR
(100 MHz, CDC}, & ppm): 217.78 (C-3), 176.42 (C-28), 173.15 (Q;1170.13
(C-8), 149.20 (C-3), 144.66 (C-13), 134.76 (CYf 132.05 (C-7), 126.71 (C-
6'), 123.75 (C-4), 123.09 (C-2), 122.64 (C-12), 77.47 (C-22), 55.30 (C-5),
50.04 (C-17), 47.60 (C-9), 46.09 (C-4), 45.18 (C)182.09 (C-14), 39.28 (C-8),
39.04 (C-18), 38.34 (C-1), 37.96 (C-21), 36.52 (G)}134.16 (C-2), 33.70 (C-
29), 32.45 (C-7), 30.76 (C-20), 27.78 (C-15), 26.8323), 26.29 (C-27), 25.36
(C-30), 24.37 (C-16), 23.61 (C-11), 21.48 (C-6),.24 (C-9), 18.79 (C-26),
16.09 (C-24), 15.45 (C-25). ESI-MS (negative-ion deom/2): 633.40 (M+1),
631.40 (M—1).

3.2.12.12. 2R-((RS)-2-(4-Isobutylphenyl)-propanoyloxy)-3-oxo-olean-12en-

28-0ic acid (66)

Yield: 54.31% (360.29 mg), Mp: 144-146 °C. Anal. leé for Cy3Hg205

(658.46): %C, 78.38; H, 9.48. Found: %C, 78.46; #i51. IR (KBr, cm?'):

2953.19, 2926.65, 2868.87 (C-H), 1736.37 (C=0 ketbJ07.25 (C=0O ester),
1614.97 (C=C).1H NMR (400 MHz, CDC4, 6 ppm): 7.1395-7.1590 (2H, d, =

7.80 Hz, C-5& C-9'-Ar-H), 6.9667-7.0317 (2H, m, C:& C-8'-Ar-H), 5.2692-
5.2848 (1H, t,J = 3.12 Hz, C-12-H), 4.9407-4.9554 (1H,X,= 2.94 Hz, C-22-
H), 3.6164-3.6701 (1H, m, CtH), 2.8530-2.8942 (1H, ddl = 16.20, 2.28 Hz,
C-18-H), 2.4403-2.5076 (1H, m, C-2-Ha), 2.3415-B352H, d,J = 6.68 Hz,

C-10-H), 2.2627-2.3283 (1H, m, C-2-Hb), 1.1846 (3H,GH3), 1.0721 (3H, s,
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CHs), 1.0121 (3H, s, CH), 0.9737 (3H, s, Ck), 0.8130-0.8188 (6H, d, C-1&
C-13-CHs),-H), 0.7965 (3H, s, Ck), 0.7313 (3H, s, Ck), 0.6937 (3H, s, CH.
13C NMR (100 MHz, CDC4, & ppm): 217.15 (C-3), 180.24 (C-28), 173.33 (C-
1), 143.03 (C-13), 140.83 (C.7 137.07 (C-4), 129.39 (C-5& C-9'), 127.25
(C-6' & C-8'), 122.44 (C-12), 77.22 (C-22), 55.34 (C-5), 50.88-17), 47.45
(C-9), 46.88 (C-4), 45.91 (C-19), 45.25 (Cy245.05 (C-10), 42.01 (C-14),
39.23 (C-8), 39.18 (C-18), 38.45 (C-1), 37.73 (C)236.77 (C-10), 34.14 (C-2),
33.52 (C-29), 32.22 (C-7), 30.20 (C-2130.16 (C-20), 27.60 (C-15), 26.45 (C-
23), 25.94 (C-27), 25.71 (C-30), 24.11 (C-16), 2B8.8-11), 22.38 (C-12& C-
13'), 21.48 (C-6), 19.55 (C-26), 18.18 (C)316.68 (C-24), 15.11 (C-25). ESI-
MS (negative-ion modem/2): 658.40 (M), 657.50 (M-1).

3.2.12.13. 2RA-((RS)-2-(3-Benzoylphenyl)-propanoyloxy)-3-oxo-olean-12n-
28-o0ic acid (67)

Yield: 48.06% (286.67 mg), Mp: 155-157 °C. Anal. lecéh for CseHs50s6
(706.42): %C, 78.15; H, 8.27. Found: %C, 78.22; 8i25. IR (KBr, cm?):
3292.69 (O-H), 2949.09, 2873.05 (C-H), 1735.38 (C3@®eto), 1704.95 (C=0
ester), 1661.01 (C=0O 1&eto), 1598.96 (C=C)!H NMR (400 MHz, CDC}, 5
ppm): 7.8205-7.9107 (3H, m, C-12C-16, & C-5-Ar-H), 7.6025-7.6271 (1H,
m, C-7-Ar-H), 7.4482-7.5089 (2H, m, C-14& C-9'-Ar-H), 7.3575-7.4171 (3H,
m, C-13, C-15, & C-8'-Ar-H), 5.3372-5.3547 (1H, tJ = 3.50 Hz, C-12-H),
5.0242-5.0388 (1H, tJ = 2.92 Hz, C-22-H), 3.7479-3.8009 (1H, m, GH2),
2.9975-3.0430 (1H, dd] = 13.92, 4.40 Hz, C-18-H), 2.4986-2.5836 (1H, m, C-
2-Ha), 2.3204-2.3860 (1H, m, C-2-Hb), 1.1645 (3H, GHz), 1.0867 (3H, s,
CHs), 1.0448 (3H, s, CH), 1.0378 (3H, s, CH), 1.0007 (3H, s, Chk), 0.8987
(3H, s, CH;), 0.8847 (3H, s, CH). **C NMR (100 MHz, CDC4, & ppm): 217.80
(C-3), 199.09 (C-10, 174.65 (C-28), 172.86 (C41, 143.18 (C-13), 141.45 (C-
6'), 137.61 (C-4), 136.66 (C-11), 133.36 (C-9), 131.43 (C-14, 130.84 (C-12
& C-16'), 130.64 (C-5), 129.19 (C-8), 128.38 (C-13& C-15'), 128.26 (C-7),
122.30 (C-12), 77.71 (C-22), 55.42 (C-5), 49.99 1T), 47.48 (C-9), 46.94 (C-
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4), 46.02 (C-19), 45.32 (C:p 42.13 (C-14), 39.26 (C-8), 39.22 (C-18), 38.48
(C-1), 37.84 (C-21), 36.79 (C-10), 34.18 (C-2), BB.(C-29), 32.25 (C-7), 30.11
(C-20), 27.60 (C-15), 26.44 (C-23), 26.12 (C-27R.@6 (C-30), 24.05 (C-16),
23.54 (C-11), 21.50 (C-6), 19.62 (C-26), 17.55 (§;3L7.00 (C-24), 15.07 (C-
25). ESI-MS (negative-ion moden/2): 706.40 (M), 705.40 (M-1).

3.2.12.14. 2R-((+)-(S)-2-(6-Methoxynaphthalen-2-yl)-propanoyloxy)-3-oxo-
olean-12-en-28-oic acid (68)

Yield: 51.05% (320.11 mg), Mp: 170-171 °C. Anal.leé for Cy4Hs55056
(682.42): %C, 77.38; H, 8.56. Found: %C, 77.31; 858. IR (KBr, cm?):
3305.93 (O-H), 2957.61, 2926.69, 2855.52 (C-H), 413 (C=0 3-keto),
1706.10 (C=0 ester), 1633.58, 1606.82 (C=EH. NMR (400 MHz, CDC}, &
ppm): 7.5994-7.6327 (3H, m, C57C-12, & C-5'-Ar-H), 7.2663-7.2919 (1H,
dd, J = 8.44, 1.76 Hz, C-13Ar-H), 7.0027-7.0627 (2H, m, Ct& C-10"-Ar-H),
5.2959-5.3128 (1H, tJ = 3.38, C-12-H), 4.9015-4.9171 (1H,1,= 3.12 Hz, C-
22-H), 3.8295 (3H, s, C-14H), 3.7094-3.7648 (1H, m, C-H), 2.9137-2.9578
(1H, dd,J = 13.76, 4.16 Hz, C-18-H), 2.4318-2.5170 (1H, m2@+4a), 2.2534—
2.3187 (1H, m, C-2-Hb), 1.1856 (3H, s, @H1.0643 (3H, s, Ck), 1.0028 (3H,
s, CH), 0.9601 (3H, s, CH), 0.7617 (3H, s, CH), 0.7318 (3H, s, Ck), 0.7066
(3H, s, CH). **C NMR (100 MHz, CDC4, 5 ppm): 216.64 (C-3), 176.05 (C-28),
172.33 (C-1), 156.54 (C-9 141.93 (C-13), 133.88 (Cix 132.62 (C-1),
128.35 (C-7), 127.78 (C-6), 125.86 (C-12, 125.54 (C-5), 124.94 (C-13,
121.48 (C-12), 117.85 (C:B 104.53 (C-10, 76.75 (C-22), 54.31 (C-5), 54.24
(C-14'), 49.31 (C-17), 46.41 (C-9), 45.83 (C-4), 44.90-18), 44.68 (C-2),
41.00 (C-14), 38.17 (C-8), 38.14 (C-18), 37.49 (E-86.76 (C-21), 35.73 (C-
10), 33.11 (C-2), 32.51 (C-29), 31.20 (C-7), 29.69-20), 26.46 (C-15), 25.39
(C-23), 24.94 (C-27), 24.61 (C-30), 23.10 (C-16)2.28 (C-11), 21.66 (C-6),
20.45 (C-26), 18.49 (C'3, 16.64 (C-24), 15.67 (C-25). ESI-MS (negative-ion
mode,m/2): 682.40 (M), 681.40 (M-1).
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3.2.12.15. 2R-(2-(2-(2,6-dichlorophenylamino)phenyl)acetoyloxy)3-oxo-
olean-12-en-28-oic acid (69)

Yield: 14.58% (80.74 mg), Mp: 178-179 °C. Anal. cdl for G4Hs55CI;NOs
(747.35): %C, 70.57; H, 7.40. Found: %C, 70.65; HA41l. IR (KBr, cm?):
3387.05 (N-H), 3258.29 (O-H), 3078.97, 3035.75, 298 (C-H), 1721.13
(C=0O keto), 1706.35 (C=0O ester)H NMR (400 MHz, DMSOds, & ppm):
10.0846 (1H, s, N-9H), 7.4399-7.4599 (2H, d] = 8.00 Hz, C-12& C-14'-Ar-
H), 7.0473-7.0865 (2H, m, C:& C-13'-Ar-H), 6.9097-6.9475 (1H, t) = 7.56
Hz, C-6-Ar-H), 6.7213-6.7578 (1H, tJ = 7.30 Hz, C-7-Ar-H), 6.2324-6.2521
(1H, d, J = 7.88 Hz, C-5Ar-H), 5.2404-5.2550 (1H, tJ = 2.92, C-12-H),
4.9104-4.9232 (1H, tJ = 2.56 Hz, C-22-H), 3.4080 (2H, s, C-B), 2.9498-
2.9917 (1H, dd,J = 13.72, 3.36 Hz, C-18-H), 2.4737-2.5577 (1H, m2d+a),
2.2731-2.3363 (1H, m, C-2-Hb), 1.1498 (3H, s, £H1.0041 (3H, s, CH),
0.9881 (3H, s, Ch), 0.9605 (3H, s, Ch), 0.9576 (3H, s, Ck), 0.8673 (3H, s,
CHs), 0.8183 (3H, s, CH. **C NMR (100 MHz, DMSO¢dg, & ppm): 216.20 (C-
3), 175.06 (C-28), 173.77 (C41 143.62 (C-13), 143.28 (Ct4 138.11 (C-10),
130.04 (C-8), 129.01 (C-11& C-1%5), 128.89 (C-12 & C-14"), 128.24 (C-6),
125.66 (C-3), 123.80 (C13), 121.15 (C-5), 121.12 (C-12), 119.76 (CL¥ 77.39
(C-22), 54.27 (C-5), 49.63 (C-17), 46.61 (C-9), #56.(C-4), 45.66 (C-19), 44.15
(C-2), 41.72 (C-14), 38.76 (C-8), 38.49 (C-18), 38.4@-1), 37.27 (C-21),
36.24 (C-10), 33.63 (C-2), 33.35 (C-29), 31.87 (5-29.74 (C-20), 27.17 (C-
15), 26.24 (C-23), 26.08 (C-27), 25.27 (C-30), 28.6C-16), 22.99 (C-11),
21.07 (C-6), 19.11 (C-26), 16.53 (C-24), 14.74 (B}2ESI-MS (negative-ion
mode,m/2): 749.26 (M+2), 748.21 (M+1).
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Scheme 3.4Synthesis of lantadene—NSAID ester conjugab®s69. Reagents and conditions:
(a) NaBH;, MeOH-THF, stir 7 h; (b) 10% Ethanolic KOH, reflu& h; (c) R-CO-O-CO-CH,
4-DMAP, pyridine, reflux 92-95 °C, 10-14 h.
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3.2.13. Synthesis of Bsubstituted and 3,22f-disubstituted olean-12-en-28-
oic acids (70-79)

The synthesis of Bsubstituted 70, 72, 74, 76, and78) and 3,223-disubstituted
(71, 73, 75, 77, and79) olean-12-en-28-0ic acid prodrugs was carried ioutwo
steps. In step 1, the carboxylic function of NSAI@Dwas converted into the
anhydride function by the base catalyzed reaction acid and acyl halide
(Scheme 3.2. NSAIDs with an equimolar amount of acetyl chldei, in the
presence of pyridine, were refluxed in dichloromatle (ibuprofen, ketoprofen,
and naproxen)/tetrahydrofuran (aspirin and diclafen for 4-5 h. The organic
solvent was removed in a rotary evaporator andrégection mixture was washed
with chloroform (100 ml x 3) under reduced pressate60-65 °C to yield solid
to semisolid anhydride products of the respectivBANDs, which were used in

the subsequent step without additional purification

In step 2, $,228-dihydroxy substituted compound8 and the anhydride
derivatives of the respective NSAIDs, in the presenof 4-DMAP, were
refluxed in pyridine for 10-14 hScheme 3.%. At the end of the reaction, the
reaction mixture was transferred to the 10% HCI uwodn and precipitated
product was extracted with dichloromethane and veasHor a further three
times with a 10% HCI solution (100 ml x 3). The argc layer was removed
under reduced pressure and the crude product oétlanmas chromatographed
over silica gel (100-200 mesh) and eluted with vagyratios of hexane-ethyl

acetate to yield the final purified product80-79).

3.2.13.1. B-(2-Acetoxybenzoyloxy)-2#-hydroxy-olean-12-en-28-oic acid (70)
Yield: 23.47%, Mp: 181-182 °C. Anal. calcd. fordHs4,07 (634.39): %C, 73.78;
H, 8.57. Found: %C, 73.82; H, 8.56. IR (KBr, ¢chjt 3429, 3355 (O-H), 2990,
2950, 2924, 2876, 2847 (C-H), 1731 (C=0), 1614, 458=C).'H NMR (400
MHz, CDCl;, 6 ppm): 7.8194-7.8435 (1H, ddl= 8.00, 1.68 Hz, C-ZAr-H),
7.4308-7.4740 (1H, dt, CtFAr-H), 6.9693-6.9923 (1H, dd]= 8.40, 0.8 Hz, C-
4'-Ar-H), 6.8604-6.9007 (1H, dt, CtAAr-H), 5.3443-5.3612 (1H, tJ= 3.38 Hz,
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C-12-H), 4.4800-4.5196 (1H, t]= 7.92 Hz, C-3-H), 3.9033-3.9180 (1H, iz
2.94 Hz, C-22-H), 2.9863-3.0309 (1H, dd 13.76, 4.12 Hz, C-18-H), 2.3532
(3H, s, C-9-H), 1.1535 (3H, s, Ck), 1.0226 (3H, s, Ck), 0.9473 (3H, s, CH),
0.8944 (3H, s, Ch), 0.8696 (3H, s, Ch), 0.8609 (3H, s, Ch), 0.7678 (3H, s,
CHs). 3C NMR (100 MHz, CDC4, 6 ppm): 180.05 (C-28), 171.09 (C31 169.72
(C-8), 149.63 (C-3), 142.88 (C-13), 135.51 (CLf5 129.74 (C-7), 125.61 (C-
6'), 123.92 (C-4), 123.85 (C-2), 122.67 (C-12), 80.86 (C-3), 76.15 (C-22),
55.25 (C-5), 50.54 (C-17), 47.52 (C-9), 45.77 (C),181.81 (C-14), 39.24 (C-8),
38.15 (C-18), 38.09 (C-1), 37.68 (C-4), 37.68 (C)286.93 (C-10), 33.69 (C-
29), 32.56 (C-7), 30.01 (C-20), 28.02 (C-15), 27.65-23), 26.29 (C-27), 25.86
(C-30), 23.91 (C-16), 23.50 (C-2), 23.44 (C-11),.21 (C-9), 18.10 (C-6),
17.04 (C-26), 16.67 (C-24), 15.49 (C-25). ESI-MSeg@gative-ion mode m/2):
634.50 (M), 633.50 (M-1).

3.2.13.2. ,22p-Di(2-acetoxybenzoyloxy)-olean-12-en-28-oic acid 1J

Yield: 17.19%, Mp: 172-173 °C. Anal. calcd. forsdBlgoO10 (796.42): %C,
72.34; H, 7.59. Found: %C, 72.31; H, 7.57. IR (KBrm™'): 3358.44 (O-H),
2949.33, 2926.35, 2877.47 (C-H), 1730.16 (C=0), 461 (C=C).'H NMR
(400 MHz, CDC§, 6 ppm): 7.7515-7.8444 (2H, m, C-& C-7'"-Ar-H), 7.4317-
7.5244 (2H, m, C-5& C-5"-Ar-H), 6.8631-7.0952 (4H, m, Ct4C-6' & C-4",
C-6""-Ar-H), 5.3489-5.3655 (1H, tJ= 3.32 Hz, C-12-H), 5.0076-5.0219 (1H, t,
J=2.86 Hz, C-22-H), 4.4802-4.5198 (1H,X 7.92 Hz, C-3-H), 2.9877-3.0321
(1H, dd,J= 13.76, 4.28 Hz, C-18-H), 2.3557 (3H, s, G19), 2.2111 (3H, s, C-
9'"-H), 1.1553 (3H, s, Ck), 1.0241 (3H, s, CH), 0.9487 (3H, s, Ch), 0.8958
(3H, s, CH), 0.8702 (3H, s, CH), 0.8616 (3H, s, CH), 0.7706 (3H, s, CH).
ESI-MS (negative-ion modeam/2): 795.60 (M).

3.2.13.3. B-((RS)-2-(4-1sobutylphenyl)propanoyloxy)-228-hydroxy-olean-12-

en-28-oic acid (72)

Yield: 39.49%, Mp: 109-111 °C. Anal. calcd. fon4s405 (660.48): %C, 78.14;

H, 9.76. Found: %C, 78.18; H, 9.74. IR (KBr, cthr 2953, 2870 (C-H), 1733,
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1713 (C=0).'H NMR (400 MHz, CDC}, & ppm): 7.0775-7.1396 (2H, m, C-
5'and C-9-Ar-H), 6.9831-7.0163 (2H, m, Ct6and C-8-Ar-H), 5.2531-5.2674
(1H, t, J= 2.86 Hz, C-12-H), 4.3275-4.3674 (1H, m, C-3-H).8823-3.8652
(1H, t, J= 2.58 Hz, C-22-H), 3.5256-3.6157 (1H, m, G42), 2.8519-2.8953
(1H, dd, J= 13.64, 3.72 Hz, C-18-H), 2.3450-2.3739 (2H, m1C-H), 1.1839
(3H, s, CH), 1.0373 (3H, s, ChH), 0.8129 (3H, s, CH), 0.8029 (6H, s, 2xC}),
0.7870 (3H, s, CH), 0.6678 (3H, s, CH), 0.6165 (3H, s, ChH), 0.4648 (3H, s,
CHs). 3C NMR (100 MHz, CDC4, 5 ppm): 176.11 (C-28), 172.35 (C31 141.90
(C-13), 139.44 (C-%), 137.11 (C-4), 128.06 (C-5& C-9'), 126.43 (C-6 & C-
8'), 121.53 (C-12), 79.84 (C-3), 75.56 (C-22), 54.43-5), 49.23 (C-17), 46.44
(C-9), 44.60 (C-19), 44.42 (Ctp 43.97 (C-10), 40.83 (C-14), 38.14 (C-8),
37.33 (C-18), 37.02 (C-4), 36.84 (C-1), 36.72 (Cy2B85.84 (C-10), 32.49 (C-
29), 31.54 (C-7), 29.18 (C-1), 28.84 (C-20), 26.51 (C-15), 26.44 (C-23), 24.95
(C-27), 24.65 (C-30), 23.09 (C-16), 22.46 (C-11p.27 (C-2), 21.30 (C-12&
C-13), 16.83 (C-6), 16.25 (C-}3, 15.81 (C-26), 15.41 (C-24), 14.37 (C-25).
ESI-MS (negative-ion modeam/2): 659.60 (M).

3.2.13.4. $,228-Di((RS)-2-(4-isobutylphenyl)propanoyloxy)-olean-12-en-28-
oic acid (73)

Yield: 30.85%, Mp: 99-100 °C. Anal. calcd. fors500s (848.60): %C, 79.20;
H, 9.50. Found: %C, 79.23; H, 9.51. IR (KBr, éjm: 2952.20, 2876.35 (C—-H),
1738.17 (C=0), 1613.56, 1585.61 (C=C'H NMR (400 MHz, CDC}, & ppm):
7.0370-7.2092 (8H, m, Ct5C-9, C-6, C-8, & C-5", C-9’, C-6", C-8'-Ar-H),
5.3193-5.3351 (1H, tJ= 3.16 Hz, C-12-H), 5.0102-5.0228 (1H, X 2.52 Hz,
C-22-H), 4.3978-4.4376 (1H, m, C-3-H), 3.5834-3.82@H, m, C-2-H & C-
2'"-H), 2.9231-2.9658 (1H, ddl= 13.64, 4.12 Hz, C-18-H), 2.4094-2.4491 (4H,
m, C-10-H & C-10"-H), 1.113 (3H, s, Ch), 0.9105 (3H, s, ChH), 0.8850 (3H, s,
CHs3), 0.8767 (3H, s, CH), 0.8734 (3H, s, CH), 0.8688 (3H, s, Ck), 0.8578
(3H, s, CH), 0.8237 (3H, s, Ck), 0.7491 (3H, s, Ch), 0.6838 (3H, s, CH),

61



0.5348 (3H, s, CH). ESI-MS (negative-ion modem/2: 848.80 (M), 847.70
(M™=1).

3.2.13.5. P-((RS)-2-(3-Benzoylphenyl)propanoyloxy)-2#-hydroxy-olean-12-
en-28-oic acid (74)Yield: 31.03%, Mp: 110-112 °C. Anal. calcd. fordsoOs
(708.44): %C, 77.93; H, 8.53. Found: %C, 77.91; 8i54. IR (KBr, cm?'):
3479.44 (O-H), 3061.34, 2945.16, 2876.26 (C-H), 2218 (C=0), 1658.12
(C=0 keto), 1597.28, 1580.34 (C=C}H NMR (400 MHz, CDC4, & ppm):
7.7831-7.8430 (3H, m, C-12C-16, & C-5-Ar-H), 7.6742-7.6924 (1H, m, C-
7'-Ar-H), 7.5525-7.6148 (2H, m, C-1& C-9'-Ar-H), 7.4233-7.5013 (3H, m, C-
13, C-15, & C-8'-Ar-H), 5.3003-5.3166 (1H, tJ= 3.26 Hz, C-12-H), 4.4546-
4.4949 (1H, t,J= 8.06 Hz, C-3-H), 3.9593-3.9743 (1H, 35 3.00 Hz, C-22-H),
3.7924-3.8463 (1H, m, CtH), 2.9541-2.9986 (1H, dd]J= 13.72, 4.32 Hz, C-
18-H), 1.1433 (3H, s, Cy, 0.9773 (3H, s, CH), 0.9403 (3H, s, CH), 0.8879
(3H, s, CH), 0.8802 (3H, s, Ck), 0.7824 (3H, s, CH), 0.7707 (3H, s, CH. **C
NMR (100 MHz, CDC4, & ppm): 196.43 (C-10, 179.12 (C-28), 172.81 (C4,
142.99 (C-13), 140.23 (Ctp 137.91 (C-4), 137.41 (C-11, 132.54 (C-9,
131.62 (C-14), 130.09 (C-12 & C-16'), 129.33 (C-5), 129.24 (C-8), 128.57
(C-7"), 128.31 (C-13& C-15'), 122.54 (C-12), 79.10 (C-3), 77.55 (C-22), 55.23
(C-5), 50.05 (C-17), 47.64 (C-9), 45.41 (C-19), 13.(C-2), 41.94 (C-14),
39.23 (C-8), 38.73 (C-18), 38.46 (C-4), 38.32 (G-3y.78 (C-21), 37.02 (C-10),
33.68 (C-29), 32.74 (C-7), 30.05 (C-20), 28.07 (B),127.56 (C-23), 26.12 (C-
27), 25.77 (C-30), 24.06 (C-16), 23.47 (C-11), 28.42-2), 18..31 (C-6), 18.17
(C-3), 17.48 (C-26), 16.90 (C-24), 15.57 (C-25). ESI-M®egative-ion mode,
m/2): 708.30 (M), 707.30 (M-1).

3.2.13.6. $,228-Di((RS)-2-(3-benzoylphenyl)propanoyloxy)-olean-12-en-28-

oic acid (75)

Yield: 24.86%, Mp: 107-108 °C. Anal. calcd. fos£7,05 (944.52): %C, 78.78;

H, 7.68. Found: %C, 78.83; H, 7.70. IR (KBr, chjt 3445.45 (O-H), 3061.38,

2946.13, 2875.25 (C—H), 1732.70 (C=0 ester), 1680(C=0 keto), 1597.31,
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1580.37 (C:C).lH NMR (400 MHz, CDC4, 6 ppm): 7.7484-7.8598 (6H, m, C-
12’, C-16, C-5, & C-12", C-16’, C-5"'-Ar-H), 7.3511-7.6882 (12H, m, C-7C-
14, C-9, C-13, C-15, C-8, & C-7", C-14’, C-9’, C-13’, C-15’, C-8'-Ar-H),
5.3634-5.3789 (1H, tJ= 3.10 Hz, C-12-H), 5.0105-5.0224 (1H, Js 2.38 Hz,
C-22-H), 4.4591-4.4931 (1H, 11=6.80 Hz, C-3-H), 3.6814-3.8447 (2H, m, C-
2'-H & C-2'"-H), 2.9635-3.0053 (1H, ddJ= 13.84, 3.44 Hz, C-18-H), 1.1472
(3H, s, CH), 0.9622 (3H, s, Ck), 0.8864 (3H, s, Ch), 0.8673 (3H, s, CH),
0.7957 (3H, s, CH), 0.7059 (3H, s, ChK, 0.6153 (3H, s, CH. ESI-MS
(negative-ion modem/2): 944.40 (M-1), 943.50 (M-2).

3.2.13.7. F-((+)-(S)-2-(6-Methoxynaphthalen-2-yl)propanoyloxy)-2%-
hydroxy-olean-12-en-28-oic acid (76)

Yield: 41.61%, Mp: 169-170 °C. Anal. calcd. foufs0O¢ (684.44): %C, 77.16;
H, 8.83. Found: %C, 77.21; H, 8.84. IR (KBr, ¢t 3422 (O-H), 2947, 2874
(C—H), 1733 (C=0), 1634, 1606 (C=C}H NMR (400 MHz, CDC4, & ppm):
7.6512-7.7046 (3H, m, C:7C-12, & C-5'-Ar-H), 7.3991-7.4244 (1H, ddJ=
8.52, 1.72 Hz, C-13Ar-H), 7.0672-7.1400 (2H, m, C!8& C-10'-Ar-H),
5.3086-5.3255 (1H, tJ= 3.38 Hz, C-12-H), 4.4377-4.4774 (1H, X5 7.94 Hz,
C-3-H), 3.8963 (3H, s, C-14H), 3.8062-3.8817 (2H, m, C-22-H & C-H),
2.9334-2.9790 (1H, ddJ= 13.96, 4.52 Hz, C-18-H), 1.0966 (3H, s, @H
0.8880 (3H, s, CH), 0.8302 (3H, s, CH), 0.7568 (3H, s, CH), 0.7262 (3H, s,
CHs), 0.6955 (3H, s, CH), 0.5516 (3H, s, Ch). **C NMR (100 MHz, CDC4, §
ppm): 179.94 (C-28), 174.30 (CH1 157.68 (C-9), 142.91 (C-13), 136.00 (C-
4'), 133.80 (C-11, 129.28 (C-7), 128.28 (C-6), 127.23 (C-12, 126.39 (C-5H),
126.11 (C-13), 122.57 (C-12), 119.05 (CtB 105.55 (C-10, 81.01 (C-3), 76.51
(C-22), 55.28 (C-14, 55.26 (C-5), 50.60 (C-17), 47.45 (C-9), 45.56-19),
45.16 (C-2), 41.83 (C-14), 39.19 (C-8), 38.22 (C-18), 38.05-4), 37.84 (C-1),
37.67 (C-21), 36.85 (C-10), 33.49 (C-29), 32.51 {¥-29.78 (C-20), 28.07 (C-
15), 27.65 (C-23), 27.52 (C-27), 25.75 (C-30), 24(C-16), 23.49 (C-2), 23.40
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(C-11), 18.27 (C-6), 18.13 (CtB 16.71 (C-26), 16.54 (C-24), 15.40 (C-25).
ESI-MS (negative-ion modem/2): 684.50 (M), 683.50 (M-1).

3.2.13.8. F.22p-Di((+)-(S)-2-(6-methoxynaphthalen-2-yl)propanoyloxy)-
olean-12-en-28-oic acid (77)

Yield: 32.21%, Mp: 135-136 °C. Anal. calcd. fosdH;,0g (896.52): %C, 77.64;
H, 8.09. Found: %C, 77.58; H, 8.07. IR (KBr, tht 3437.54 (O-H), 3058.48,
2944.32 (C—-H), 1725.29, 1709.28 (C=0), 1633.46, 686 (C=C).'H NMR
(400 MHz, CDC§, 6 ppm): 7.5485-7.6984 (6H, m, C57C-12, C-5, & C-7", C-
12", C-5"-Ar-H), 7.2909-7.4193 (2H, m, C-1x C-13"-Ar-H), 7.0763-7.1412
(4H, m, C-8, C-10 & C-8", C-10'-Ar-H), 5.2679-5.2839 (1H, tJ= 3.20 Hz, C-
12-H), 4.9809-4.9928 (1H, tJ= 2.38, C-22-H), 4.4419-4.4817 (1H, 37 7.96
Hz, C-3-H), 3.9067 & 3.8953 (6H (3H+3H), singletodg C-14-H & C-14""-H),
3.7697-3.8579 & 3.6307-3.6829 (2H (1H+1H), multipleach, C-2H & C-2'"-
H), 2.7949-2.8386 (1H, ddJ= 13.64, 4.00 Hz, C-18-H), 1.1279 (3H, s, §H
0.9308 (3H, s, ChH), 0.8027 (3H, s, CH), 0.7406 (3H, s, ChH), 0.7243 (3H, s,
CHs3), 0.6906 (3H, s, ChH), 0.5512 (3H, s, CK). ESI-MS (negative-ion mode,
m/2): 895.60 (M-1).

3.2.13.9. F-(2-(2-(2,6-Dichlorophenylamino)phenyl)acetoyloxy)22f-

hydroxy-olean-12-en-28-oic acid (78)

Yield: 19.58%, Mp: 153-154 °C. Anal. calcd. foryfi57;CI;NOs (749.36): %C,
70.38; H, 7.65. Found: %C, 70.33; H, 7.66. IR (KRm'): 3387.23, 3259.24
(N-H & O-H), 3079.34, 2949.29, 2877.39 (C-H), 17%4.(C=0), 1574.12
(C=C). 'H NMR (400 MHz, CDC4+DMSO-dg¢ mixture, 8 ppm): 9.7204 (1H, s,
N-9'-H), 7.3506-7.3707 (2H, dJ= 8.04 Hz, C-12 & C-14'-Ar-H), 7.0962-
7.1179 (1H, d,J= 8.68 Hz, C-8Ar-H), 6.9822-7.0223 (1H, tJ= 8.02 Hz, C-
13'-Ar-H), 6.9033-6.9452 (1H, tJ= 8.38 Hz, C-6-Ar-H), 6.7264-6.7656 (1H, t,
J=7.84 Hz, C-7-Ar-H), 6.3043-6.3257 (1H, dJ= 8.56 Hz, C-5Ar-H), 5.2517-
5.2678 (1H, t,J= 3.22 Hz, C-12-H), 4.3893-4.4293 (1H, m, C-3-H)8B811-
3.8849 (1H, tJ= 2.76 Hz, C-22-H), 3.8088 (1H, s (br), C-22-OH).5364 (2H,
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s, C-2-H), 2.9384-2.9824 (1H, dd]= 13.80, 3.84 Hz, C-18-H), 1.1504 (3H, s,
CHs;), 0.9998 (3H, s, Ch), 0.9317 (3H, s, Ch), 0.8768 (3H, s, Ch), 0.8414
(3H, s, CH), 0.8369 (3H, s, CH), 0.7983 (3H, s, CH. **C NMR (100 MHz,
CDCl3+DMSO-dg mixture, 8 ppm): 175.97 (C-28), 169.81 (C31 143.39 (C-13),
143.14 (C-4), 138.11 (C-10, 129.23 (C-8), 128.98 (C-11 & C-15'), 128.60
(C-12 & C-14'), 127.97 (C-6), 125.57 (C-3), 123.23 (C13, 121.12 (C-12),
119.75 (C-3), 115.75 (C-7), 79.97 (C-3), 75.87 (C-22), 54.72 (C-5), 49.51-(C
17), 46.98 (C-9), 45.63 (C-19), 43.71 (C)241.52 (C-14), 38.79 (C-8), 38.11
(C-18), 37.64 (C-4), 37.39 (C-1), 37.16 (C-21), 85.(C-10), 33.42 (C-29),
32.26 (C-7), 29.63 (C-20), 27.69 (C-15), 27.11 (B)226.09 (C-27), 25.41 (C-
30), 23.55 (C-16), 23.09 (C-11), 22.92 (C-2), 17.(k3-6), 16.60 (C-26), 16.42
(C-24), 15.06 (C-25). ESI-MS (negative-ion mode/2): 749.20 (M).

3.2.13.10. B.224-Di(2-(2-(2,6-dichlorophenylamino)phenyl)acetoyloxy-
olean-12-en-28-oic acid (79)

Yield: 13.60%, Mp: 143-144 °C. Anal. calcd. fosdBssCI4sN2Og (1026.37): %C,
67.70; H, 6.47. Found: %C, 67.64; H, 6.49. IR (KBm!): 3355.18 (N—H/O-
H), 2990.30, 2950.24, 2925.26, 2877.35 (C—H), 17149(C=0), 1604.43 (C=C).
'H NMR (400 MHz, CDC4+DMSO-d¢ mixture, 5 ppm): 7.3071-7.3502 (4H, m,
C-12, C-14 & C-12", C-14"-Ar-H), 7.1127-7.1714 (2H, m, Ct& C-8""-Ar-H),
6.8799-7.0435 (4H, m, C-13C-6' & C-13", C-6"'-Ar-H), 6.7122-6.7910 (2H,
m, C-7 & C-7"-Ar-H), 6.3331-6.3684 (2H, m, C!5& C-5"-Ar-H), 5.2733-
5.2895 (1H, t,J= 3.24 Hz, C-12-H), 4.9055-4.9194 (1H,J)s 2.78 Hz, C-22-H),
4.4020-4.4420 (1H, tJ= 8.00 Hz, C-3-H), 3.5648 & 3.5120 (4H (2H+2H),
singlet each, C-2H & C-2""-H), 2.9627-3.0070 (1H, dd]= 13.80, 3.96 Hz, C-
18-H), 1.1536 (3H, s, C¥J, 1.0109 (3H, s, CH), 0.9339 (3H, s, CH), 0.8821
(3H, s, CH), 0.8491 (3H, s, Ck), 0.8424 (3H, s, CH), 0.8126 (3H, s, CH). **C
NMR (100 MHz, CDC4+DMSO-d¢ mixture, 6 ppm): 176.70, 172.82, 171.94,
143.07, 142.70, 142.32, 138.10, 137.04, 130.92,.330129.33, 129.02, 128.75,
128.58, 127.83, 127.50, 124.53, 124.34, 123.89,.423122.61, 121.20, 119.76,
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117.00, 115.87, 80.11, 75.93, 54.77, 49.59, 47.82.86, 45.60, 43.58, 41.49,
38.78, 38.07, 37.42, 37.41, 37.15, 36.43, 33.41,232 29.60, 27.65, 27.12,
26.02, 25.40, 23.53, 23.04, 22.89, 17.71, 16.53,336 15.03.ESI-MS (m/2):
1025.21 (M=1).
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33. R= OC(O)C(CH3)=CH-CHs
34. R= OC(0)CH=C-(CHs),
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Scheme 3.5Synthesis of lantadene—NSAID ester conjugai®s79. Reagents and conditions:

(a) 10% Ethanolic KOH, reflux 6 h; (b) NaBHMeOH-THF, stir 7 h; (c) RCO-O-CO-CH,
4-DMAP, pyridine, reflux 92-95 °C, 10-14 h.
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3.3. Biological evaluations

3.3.1.1n vitro cytotoxicity assay[81]

The A549 lung cancer cell line was procured frone tAmerican Type Culture
Collection (ATCC, USA) and was grown in RPMI mediusupplemented with
5% fetal bovine serum and 1% penicillin-streptomyc{Gibco, Invitrogen,

USA). The A549 cells (4000 cells/well) were seediedo 96-well plates and
incubated overnight for cell attachment. For treatry the compounds were
added at concentrations ranging from 0.01 to 1@®@ol and incubated for 48 h.
At the end of incubation, 2Ql/well of 5 mg/ml 3-(4,5-dimethythiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) (Amresco, USA) wadded and the cells
were further incubated for 4 h. The supernatant wlascarded and the purple
formazan complex formed was dissolved using 10D of DMSO (Fisher

Scientific, UK). The absorbance was read at 570 msnng a Spectra Max M4

microplate reader (Molecular Devices Inc., USA).

3.3.2. Thein vitro inhibition of TNF-a-induced NF-xB activation in A549
lung cancer cells[82]

The A549 cells were cultured in 12-well plates atrdnsiently co-transfected
with 0.2 ug of a pNFxB-Luc vector (Stratagene, La Jolla, CA) and Q@ of the
pSV-s-galactosidase dissolved ind lipofectaminéd™ or lipofectaminé™ 2000
(Invitrogen, Carlsbad, CA) as the internal controThe plasmids were
transfected according to the manufacturer’s instimes. After 6 h, the medium
was changed and the cells were cultured for an taddal 6 h. The cells were
then treated with TNFex (15 ng/ml) and the test compounds simultaneously d
h. The A549 cells treated with TNé&-alone served as positive controls, while
the cells without TNFa treatment served as negative controls. The lucai$er
activities from these cells were then measured bging the Bright-Glo
Luciferase Assay kit from Promega (Madison, WI)Jlbaving the manufacturer’s

protocol. The relative NRB activities of the cells treated with the test
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compounds were obtained as the ratio of its lu@aber activity to that from the
positive controls, both of which had been correctwidh background (signals
from negative controls) and cell viability. In thesexperimental conditions,
none of the test compounds induced significant toyi to the A549 cells (<5%
reduction of cell viability). The Ig of each fraction was determined by fitting
the relative NFxB activity to the drug concentration by using amigidal dose-
response model of varied slope in GraphPad Pristn §he IG, reported herein

is the average of at least three replicates.

3.3.3.In vitro phosphorylation assay [n vitro IKK g inhibition assay)[83]

The cDNA encoding human IKKwas isolated by PCR with primers containing
sequences encoding a FLAG tag in the carboxy-teahiregion and subcloned
into an insect cell expression vector, pFastBaaivifrogen, U.S.A.). The Sf21
cells were infected with the IKK recombinant baculovirus and cultured at 28
°C for 72 h. The cells were lysed and FLAG-tagge&X s protein was purified
by the affinity chromatography using an anti-FLAG2Maffinity gel (Sigma,
U.S.A.). The kinase reaction of the purified humi&K g was performed at room
temperature for 1 h in kinase reaction buffer (2%nail/l HEPES, pH 7.5, 10
mmol/l magnesium acetate, 1mmol dithiothreitol, D90 bovine serum albumin,
0.01% Tween20) containing 500 nmol ATP, and baaByi expressed GST-
IkBa, and then terminated by adding the same volum&imfase-GId" reagent
(Promega, U.S.A.). After incubating at room tempera for 10 min, the
luminescent signal correlated with the amount of ATemaining in a solution
following the reaction, was measured by Wallac Ard@S multilabel counter
(Perkin Elmer, U.S.A.).

3.3.4. Thein vitro evaluation of COX-2 activity by the quantitation o PGE,
[84]
The effect of test compounds on COX activity wastedtenined by measuring

PGE; production as described previously [84]. Brieflihe reaction mixtures
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were prepared in 100 mmol Tris—HCI buffer (pH 8.€dntaining 1 pmol heme,
500 pmol phenol, 300 pmol epinephrine, sufficienmcunt of COX-2 to
generate 150 ng of PGHnI and various concentrations of test compoundse T
reaction was initiated by the addition of arachidoracid (final concentration,
10 pumol) and incubated for 10 min at room temperat(final volume, 200 pul).
The reaction was then terminated by adding 20 pthef reaction mixture to 180
pl of 27.8 pmol indomethacin, and Pgl&as quantitated by an ELISA method.
The samples were diluted to the desired concendmatvith 100 mmol potassium
phosphate buffer (pH 7.4) containing 2.34% NaCl1%.bovine serum albumin,
0.01% sodium azide and 0.9 mmol META. Following transfer to a 96-well
plate (Nunc-lImmuno Plate Maxisorp, Fisher SciergjfiPittsburgh, PA) coated
with a goat anti-mouse I1gG (Jackson Immuno Reseakelboratories, West
Grove, PA), the tracer (PGEacetylcholinesterase, Cayman Chemical, Ann
Arbor, MI) and primary antibody (mouse anti-PgBVonsanto, St. Louis, MO)
were added. Plates were then incubated at room eéeatpre overnight, the
reaction mixtures were removed, and the wells wemeshed with a solution of
10 mmol potassium phosphate buffer (pH 7.4) conitagn0.01% sodium azide
and 0.05% Tween 20. Ellman’s reagent (200 pl) wddead to each well and the
plate was incubated at 37 °C for 3-5 h, until tlemtwol wells yielded an optical
density of 0.5-1.0 at 412 nm. A standard curve WRGE, (Cayman Chemical,
Ann Arbor, MI) was generated on the same plate,ahhwas used to quantify the
PGE, levels produced in the presence of test samplebe Tesults were
expressed as a percentage, relative to controlvesdttreated) samples, and
dose-response curves were constructed for the debation of 1G, values. The
ICs0 values were generated from the results of fouriadedilutions of test

compounds and are the mean of three different expents.

3.3.5. The inhibition of TNF-a-induced PGE; secretion[85]
The effect of compound/9 on the PGE secretion was studied. The murine

macrophage cell line RAW 264.7 was procured fromre hmerican Type Culture
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Collection (ATCC, USA). The cells were cultured iDulbecco's modified
Eagle's medium (DMEM; GIBCO, Inc., NY, USA) supplemted with 100 U/ml
of penicillin, 100 pg/ml of streptomycin and 10% fetal bovine serum B
GIBCO, Inc., NY, USA). The cells were incubated am atmosphere of 5% GO
at 37°C and were subcultured every 3 days. Oneianllmurine macrophage
cells were seeded into a six-well plate, pretreatadth the different
concentrations of compound9 for 4 h, then stimulated with 1 nmol TNdé&-for
12 h. The culture media were collected and the emtration of PGE was
determined using a PGEELISA kit purchased from R&D Systems (Minneapolis,
MN, USA).

3.3.6. The Western blot analysis ofkBa, cyclin D1, and COX-2[86—-87]

The cytoplasmic protein (30-35 mg) or whole-celltmct was prepared as
described previously and resolved by employing SDS-polyacrylde gel

electrophoresis (PAGE). Then, the proteins were cel@ransferred to a
nitrocellulose membrane, blocked with 5% nonfat dmilk and probed with

primary antibodies againstBa, cyclin D1, and COX-2 for 2 h at 40 °C. The
blotting membrane was washed, exposed to horseshageroxidase-conjugated
secondary antibodies for 1 h and the blots were aliiyn detected by
chemiluminescence.

3.4. Hydrolysis studies (HPLC studies)

The reversed-phase HPLC was used for the analysishemical and metabolic
stability, and the chromatographic purity of commals. The isocratic solvent
systems comprising of methanol-acetonitrile-wateefac acid (68:20:12:0.01)
and methanol-acetonitrile-water-acetic acid (68120.01) were used as a
mobile phase. The mobile phase constitutes for HRAn@lysis were mixed (v/v)

and filtered through a 0.22 pm Millipore membranbker. The injection volume
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was 10 pl and the flow-rate was kept at 1 ml/mimeTpeak areas showed a good
reproducibility with a relative standard deviatioh 0.5%.

3.4.1. Thein vitro chemical stability of the lead lantadene congenersn
simulated gastric fluid [88,89]

The chemical stability of the lead lantadene comgen50-51, 63-64 and 79
was determined in the HCI buffer of pH 2 at 37 “Che reaction was initiated
by adding 200 pl stock solution of compound (5 mg/im THF) to 1.80 ml of
the HCI buffer of pH 2 in a screw-capped glass vidhe reaction mixture was
kept in a water bath at constant temperature, aathpdes (200 pl) were
withdrawn at an appropriate time intervals, dilutedth 800 pl ACN, and
analyzed by using HPLC. The level of prodrug thamained unhydrolyzed was
calculated as: % remaining = (peak area at the e@espe time (min)/peak area
at 0 min) x 100.

3.4.2. Thein vitro metabolic stability of the lead lantadene congener in
human blood plasma[88,89]

The enzymatic hydrolysis of the lead lantadene comays50-51 63-64 and79
was studied in 80% human plasma diluted with antosoc phosphate buffer of
pH 7.4. The reaction was initiated by adding a 90sfock solution of prodrug
(5 mg/ml in THF) to 450 pl of diluted plasma. Thelstion was incubated in a
water bath at 37 °C. The samples (50 pul) were witlweh at an appropriate time
intervals and added to 1950 pl of ACN. The samplextore was then
centrifuged for 5 min at 7000 rpm and the supernatappeared was used for the
HPLC analysis. The extent of the prodrug that remeali unhydrolyzed was
calculated as: % remaining = (peak area at the e@espe time (min)/peak area
at 0 min) x 100.
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3.5. Molecular docking studies

3.5.1. Predicting binding mode of lantadene congeng to IKK g

The 3D crystal structure of IKK was obtained from Protein Data Bank (PDB
ID: 3QA8) [14]. The PDB structures of the ligandseme prepared in CS
ChemDraw Ultra 8.0. AutoDock tools 1.5.4 were uded the virtual screening
studies. The receptor was initially prepared by iaddpolar hydrogen atoms at
pH 7.4 followed by assigning the Gasteiger chargdsnpolar hydrogens were
merged and partial charges to their parent carbtmoma were added. The search
space was defined as a cubic box with dimensionsA48 40 A x 40 A and
center x = =20, y = =15, z = 30. The Lamarckian gea algorithm (LGA) was
used to search the conformers of the lowest bindengrgies. The results of
virtual screening studies were obtained as theneasted free energy of binding

in kcal/mol (docking score).

3.6. Statistical analysis
Results are expressed as the mean of atleast thabkees and were analyzed by
one way ANOVA followed by Tukey’s multiple companomss test using

GraphPad Prism 6.0. The statistical significanceswgat atP < 0.05 level.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1. Extraction and isolation of lantadene A and B

In order to find out the optimal solvent for thetexction of lantadene A and B
from the leaves ot antana camara.., shade-dried powder of lantana leaves was
subjected to maceration for 24 h with various soltse namely tetrahydrofuran,
chloroform, ethyl acetate, ethanol, and methanolJdwed by quantification of
the obtained extract for the estimation of lantagleh and B by using HPLC.
The results of HPLC analysis showed that lantadéneand B were highest
extracted with the ethyl acetate followed by extian with chloroform, ethanol,
tetrahydrofuran, and methanol. It was noticed tpatar solventsyiz. methanol
and ethanol were less suitable for the extractidnlamtadenes, while solvents
with comparatively medium polarity, such as ethytetate and chloroform
displayed the increased extraction of lantadenesveNtheless, an extraction
with further non-polar solvent THF vyielded radicalldeclined yield of
lantadenes. It is the fact that lantadene A and m® aelatively non-polar
structures and therefore, solvents of relativelydmen polarity, such as ethyl
acetate and chloroform were the most suitable tox e&xtraction of lantadenes,
with ethyl acetate being the slightly more polaabhchloroform was found to be
the most optimal solvent. Amount of lantadene A aldxtracted with various
solvents is presented ihable 4.1

Table 4.1.Quantification of lantadene A and B in lantana leawy using various solvents

Solvent % Lantadene A (w/w) % Lantadene B (w/w)
Tetrahydrofuran 0.164+0.0130 0.090x0.0087
Chloroform 0.211+0.0103 0.115+0.0076
Ethyl acetate 0.248+0.0028 0.131+0.0036
Ethanol 0.170£0.0041 0.100x0.0057
Methanol 0.08010.0028 0.047+0.0045
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Followed by the optimization of the solvent for tlextraction of lantadene A
and B, 1 kg of lantana leaves powder was extracteth ethyl acetate. The
extract was filtered and activated charcoal waseattb remove the chlorophyll
and other impurities. The partially colorless exirawas then filtered and
concentrated under the reduced pressure, followgdthe chloroform-water
partitioning of the extract to remove the poly-plo¢ic and polar impurities with
water. Although, ethyl acetate—water partitioningayn also be used, still
chloroform being the relatively non-polar than etlacetate holds the edge and
is more suitable for the removal of polar impurdieChloroform layer was
repeatedly washed with water and evaporated intargoevaporator to yield the
partially purified mixture of lantadenes, which weerisolated as the pure
lantadene A and B with the help of column chromatgzhy while using a
mobile phase consisting of petroleum ether and kedtetate. The scheme of the

extraction and isolation of lantadene A and B i®wh in Fig. 4.1

Lantana camara leaves

.

1. Ethyl acetate extraction
2. Charcoal treatment
3. Chloroform-water partitioning

l

Partially purified lantadenes

Column
chromatography

Lantadene A (LA) Lantadene B (LB)
33 34

Figure 4.1. The sequence of steps involved in the isolation of Eddne A 83) and B @4)
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4.2. Synthesis of lantadene congeners

The sequence of steps involved in synthesis ofddehe congeners3g-79) are
summarized in the previous chapter 3%shemes3.1-3.5 Lantadene A 33) and
B (34) are pentacyclic triterpenoids present in the lkesavof weedLantana
camaralinn. Structurally lantadene A3@) and lantadene B3@) both share an
olean-12-ene-28-o0ic acid template, while differifrpm the each other at the C-
22 position via an ester linkage. The structurestiod isolated and synthesized
compounds were confirmed byH NMR, *3C NMR, FT-IR, and Mass
spectroscopic techniques. THel NMR spectrum of the isolated compous®
showed peaks characteristic to the C-12-H, C-22€H]18-H, and C-2-H. The C-
12 and C-22 hydrogens were appeared at 5.3816 a@813 ppm, respectively.
The signal of C-18-H was observed as a double deulbetween 3.0321 and
3.0734 ppm. Two protons of C-2 were observed asudtiplet (ddd) with C-2-Ha
appearing downfield between 2.5175 and 2.6028 pmhile C-2-Hb appeared
upfield between 2.3396 and 2.4033 ppm. In th€ NMR analysis, the C-3-keto
group appeared at 217.70 ppm, while the C-28 caybamarbon (of COOH) was
observed at 179.28 ppm. The peaks at 166.27, 127a%@ 139.07 ppm were
assigned to the C-31, C-32, and C-33, respectivelfythe side chain carbons of
compound33. The signals of C-12 and C-13 were detected at.3@2and 143.11
ppm, respectively. The FT-IR spectrum of the isekhttompound33 showed O-
H (COOH) stretching at 3308.77 ¢ while the stretchings at 1736.06,
1715.85, and 1702.14 crhwere assigned to the C=0 (keto), C=0O (ester), and
C=0 (acid) groups, respectively. The ESI-MS spentrwf 33 showed a
molecular ion peak at 553.40n(2 (mol. mass 552.38).

The 'H NMR spectrum of the isolated compoursdt showed peaks at 5.3785,
5.0404, 3.0072-3.0488 (dd), 2.5190-2.6039 (m), &n8417-2.4022 (m) ppm
characteristic to the C-12-H, C-22-H, C-18-H, C-&H and C-2-Hb,

respectively. The'3C NMR spectrum of34 indicated the presence of C-3-keto
group at 217.77 ppm, while the C-28 carbonyl carfoh COOH) was observed
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at 178.84 ppm. The peaks at 127.37 and 143.09 ppicated the presence of C-
12 and C-13, respectively.

The isolated compound83 and 34 differ only in the arrangement of atoms in
the side chain withE conformation present in the side chain 83, while the
side chain of compoun@®4 possesseZ conformation. Hence, in the compound
33, the olefinic C-33-H appeared at 5.9759-6.0295 pasnmultiplet, while in
the compound34, the olefinic-H was present at C-32 position armqppaared as a
singlet at 5.5577 ppm. Th€C NMR of the compoun®3 showed C-32 and C-33
peaks at 127.59 and 139.07 ppm, while in the commglo84, C-32 and C-33
peaks were observed at 115.96 and 157.16 ppm, oésqedy. The C-35 0f33
appeared at 20.59 ppm, while it appeared downfiald 27.46 ppm in the
compound34. In the FT-IR, the O-H (COOH) stretching of thencpound 34
was observed at 3289.29 ¢l The stretchings at the 1738.61, 1712.29, and
1693.62 cm® were assigned to the C=0 (keto), C=0 (ester), amdDacid)
groups, respectively. The molecular ion peak of toanpound34 was appeared
at 553.50 /2 (mol. mass 552.38). Therefore, interpretationtbé *H and**C
NMR along with the FT-IR and mass spectra indicates successful isolation
of the compounds33 and 34 as lantadene A (22angeloyloxy-3-oxo-olean-12-
en-28-oic acid) and lantadene B (28enecioyloxy-3-oxo-olean-12-en-28-oic

acid), respectively.

The isolated compounds33 and 34 were reduced into the corresponding
compounds35 and 36, respectively, using NaBHas a selective reducing agent
and MeOH-THF mixture as the solvent. Our isolatemmpounds33 and 34 were
only sparingly soluble in MeOH and therefore, theeuof MeOH-THF mixture
as the solvent alleviated the solubility problens,38 and 34 were freely soluble
in the THF. NaBH reduces carbonyl groups more rapidly in the padatvents,
as NaBH must be ionized in the polar solvent to transfee thydride ion (H) to
the carbonyl group and because of this reason, MeTHF mixture was used as
the solvent instead of using the THF alone as tblvent. The'H NMR spectra
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of the reduced compound3®5 and 36 showed the appearance of the new double
doublet peak of C-3-H at 3.2080-3.2430 and 3.134%%#35 ppm, respectively.
The signals of C-2-Ha and C-2-Hb protons were sdftupfield on a reduction
of 33 and34 into the35 and 36, correspondingly. In thé3C NMR, the C-3 peak
appeared upfield at 79.02 and 79.01 ppm3tand 36, respectively (217.70 and
217.77 ppm in33 and 34, respectively). On reduction, the C-2 and C-4 peak
also appeared upfield along with slight upfield féing in the peak of C-1. In
the FT-IR spectra, C=0 (keto) stretching was disaged on reduction, while
the new O—H stretching was appeared at 3482.87 284B0.79 cm® in 35 and
36, respectively. The ESI-MS spectra 85 and36 showed the presence of peaks

corresponding to their molecular weights.

Compound37 was synthesized by alkali hydrolysis &3 and 34 using 10%
ethanolic KOH as a hydrolysis agent. On hydrolysis33 and 34 into the 37,
the side chain peaks (C-31-H/C-31 to C-35-H/C-35cmimpounds33 and 34)
were disappeared in thtH and **C NMR spectra of compoun87. The C-22-H
appeared upfield as triplet at 3.7501-3.7670 ppn0931 and 5.0404 ppm i&3
and 34, respectively), while in the'3C NMR, the C-22 peak was observed
downfield at 77.23 ppm (75.85 and 75.20 ppm3i® and 34, respectively). The
FT-IR spectrum of37 showed two O-H stretchings at 3439.83 and 3261ppM,
characteristic to the C-22-OH and 28-COOH groupsspectively. The ESI-MS

spectra of37 signified the presence of the molecular ion peak.

Compound38 was synthesized bgelective reduction of the C-3 carbonyl group
of compound37 into the hydroxyl group by using NaBHOnN the generation of
the hydroxyl group, the C-3-H 038 appeared as a triplet between 3.0544 and
3.0934 ppm, while the newly generated C-3-OH appdaas a broad signal at
3.5768 ppm. The C-2-H signals were also moved ugfien a reduction of37
into 38. The'*C NMR spectrum of38 showed upfield shifting of the C-3-H and
it emerged at 77.16 ppm, while it was present a6.21 ppm in37. The FT-IR
spectrum of compoun@®8 showed a peak characteristic to the hydroxyl group
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while the ESI-MS spectrum of the compourd® exhibited the corresponding
molecular ion peak.

Compound39 was synthesized from compour8¥ by esterification of the C-28
carboxylic group using dimethyl sulfate. On methtytan of the carboxylic
group, the newly created C-31-H (i.e. glrotons) appeared as a singlet at
3.6702 ppm, while in thé*C NMR, a signal of C-31 (COO-C#jl was detected at
52.43 ppm. However, no noticeable change in thetslwias observed for C-28
(O—C=0) and it was appeared at 176.14 ppm, while in 1@ NMR spectrum of
the compound37, C-28 was also observed at 176.33 ppm. The ESIg@8ctrum
of the compound9 showed the characteristic (M+Naand (2M+Na) peaks.

Compound 40 was synthesized from compound9 by reduction of the C-3
carbonyl group into the hydroxyl group by employirige selective reducing
agent NaBH. The 'H NMR spectrum of40 indicated the appearance of new
double doublet peak at 3.1955-3.2352 ppm, which wasigned to the C-3-H.
The C-3 signal in thé®C NMR appeared upfield at 78.99 ppm, while the same
signal was observed at 217.83 ppm3f. The C-1, C-2, and C-4 signals in the
13C NMR were also moved upfield on conversion of camapd 39 into 40. The
FT-IR spectrum of40 showed the presence of hydroxyl groups, while &®I-
MS spectrum indicated the presence of the distneetinolecular ion peak.

The 3-hydroxylimino substituted compoundd and 42 were synthesized from
33 and 34, correspondingly by the reaction of hydroxylamingdrochloride with
the 3-oxo group of33 and 34. The *3*C NMR spectra of41 and 42 indicated
upfield shifting of the C-3 signal and it was appe@ at 164.22 and 164.08 ppm,
respectively (C-3 was appeared at 217.70 and 217ppm in 33 and 34,
respectively). The signal of C-4 was also affectend it shifted upfield from
46.87-46.88 ppm i3 and 34 to 39.48-39.50 ppm iMl and 42. The FT-IR
spectra of4l and 42 showed peaks distinctive to the hydroxyl groupsile the

ESI-MS spectra showed peaks analogous of the modeomueights.

79



The 33,22p-diacetoyloxy substituted compound3 was synthesized from the
34,223-dihydroxy substituted compound88 by the reaction of acetyl chloride
with the hydroxyl groups of38 in the presence of 4-DMAP. Refluxing in
pyridine for 10 h at 92-95 °C yielded compou#ad. On formation, C-3-H signal
appeared downfield from 3.0544-3.0934 ppm3i®&to 4.4800-4.5196 ppm iA3
and it was observed as a triplet. The C-22-H sigalalo appeared downfield as a
triplet at 5.0028-5.0172 ppm, while it was presant3.7499-3.7654 ppm i88.
The sharp singlet peaks at 2.0498 and 1.9411 ppmevassigned to the methyl
groups of C-2 (COOCH;) and C-4 (COOCH;), respectively. In the'®C NMR,
the newly generated C=0 of the ester group (@A COOCH3;) was observed at
171.08 ppm, while C=0 of the newly formed ester gpo(C-3 or COOCH;) was
detected at 169.70 ppm. The C-2 signal was discedeupfield at 23.44 ppm,
while it was present at 27.96 ppm 88. The C-2 and C-4 signals of the methyl
groups were observed at 21.31 and 21.10 ppm, rdspdyg. The C-3 signal in
the 13C NMR remained unaffected from acetylation and @svappeared at 80.85
ppm. The presence of stretching at 1731.60 tim the FT-IR spectrum was
assigned to the C=0 stretching of the ester grolihe molecular ion peak
distinctive to the molecular weight was also pretseanthe ESI-MS spectrum of
43.

Compounds44-47 and 52 were synthesized in a single step process by the
reaction of carbonyl chlorides with the hydroxylogip of the compound85, 36,

and 37. Compounds35, 36, and 37 with appropriate carbonyl chlorides were
refluxed in pyridine, in the presence of 4-DMAP @2-95 °C for 10-14 h to
yield the compounds44-47 and 52. Compounds 48-51 and 53-54 were
synthesized in a two step process. In step 1, tkedia function of the
compounds was converted into the anhydride functhgnreacting it with acetyl
chloride in the presence of pyridine. In the steptl2e anhydride function of the

respective derivatives (anhydride derivatives) wasacted with the hydroxyl
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group of the compound85, 36, and37 in the presence of 4-DMAP to yield the
compoundsA8-51 and 53-54.

On synthesis of B-substituted compound44-51, the distinguishing C-3-H peak
appeared downfield between 4.4113 and 4.8085 pptiheeias a triplet or as a
multiplet (3.2080-3.2430 and 3.1349-3.1725 ppnB8thand 36, respectively). In
13C NMR, the carbonyl carbon of the newly generated ester gr¢Gpl’) was
observed at 165.28-171.14 ppm. The C-2 peak wasadetl upfield at 22.41-
23.51 ppm (28.10-28.11 ppm i35 and 36, respectively). Also, the C-3 signal
appeared between 79.89 and 82.63 ppm and no obBkErvehange in the shift
was observed in it, when compared to the C-3 sigo&l35 and 36. The
respective aromatic protons and the carbons wese abserved in théH NMR
and '3*C NMR spectra of the compound46-51. The FT-IR spectra of the
compounds 44-51 indicated the presence of C=0 stretching of the lyew
generated ester group. The ESI-MS spectra confirnpedks related to the

molecular weights of the compoundg-51.

On chemical synthesis of g2substituted compoundS2-54 from the compound
37, the distinguishing C-22-H appeared downfield at0%%8-5.2206 ppm
(3.7501-3.7670 ppm i87), while in the'*C NMR spectra of the compound&®-—
54, the C-22 peak appeared between 76.52 and 77.37. dhe carbonyl carbon
of the ester group (C{1 generated on esterification at the C-22 position
appeared between 165.12 and 170.27 ppm. The C=@tgdting of the ester
group and the respective molecular ion peaks wde® @bserved in the FT-IR
and ESI-MS (negative-ion mode) spectra of the compbs 52-54,

correspondingly.

Compounds55-69 were synthesized in a two step process. In stephé&,acidic
function of the NSAIDs was converted into the anhyge function by the
reaction with acetyl chloride in the presence ofrigyne. In step 2, the

anhydride function of the respective NSAIDs was aieal with compounds35,
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36, and 37 in the presence of 4-DMAP, in pyridine. Refluxirag 92-95 °C, for
10-14 h, produced the compoun85-69. Attempts were also made to synthesize
the esters by converting the acidic group of theAN3s into the halide and then
into the esters by conjugation of the halide andoalol groups, and also by
direct hybridization of acid and alcohol in the pesmnce of N,N'-
dicyclohexylcarbodiimide (DCC) and 4-DMAP, as theae§lich esterification;
though, couldn’t met with success. The stability thie NSAID halides and the
presence of free acidic group in compour3s 36, and37 might have hindered
the chances of the reactions, in these unsuccegssfithods, respectively. In the
synthesis of compound§5-69, the 'H NMR spectra showed the presence of
aromatic protons, while the aromatic carbons wetsarved in the’3C NMR
spectra. On the synthesis of compounsts-64, the C-3-H appeared downfield
between 4.3784 and 4.5025 ppm, as a triplet (3.2@82430 and 3.1349-3.1725
ppm in 35 and 36, respectively). In the*C NMR spectra, the carbonyl carbon
(C-1') of the newly generated ester group was observetnben 173.61 and
175.71 ppm. The C-2 peak was shifted to upfiel®2at41-23.72 ppm (28.10 and
28.11 ppm in35 and 36, respectively). The FT-IR spectra of the compoumhds
64 exhibited the C=0 stretching of the newly generaester group. The ESI-
MS negative-ion mode spectra showed the peaks,esponding to the molecular
weights of the compounds5-64

In the synthesis of compoun®&$-69, the C-22-H appeared downfield at 4.9015-
5.0388 ppm (3.7501-3.7670 ppm @&7), while in the **C NMR, no distinct
change in the shift was observed for the C-22. Thebonyl carbon (C-] of the
ester group created on esterification in compourbds-69 appeared between
172.33 and 173.77 ppm in tHéC NMR spectra. The C=0 stretching of the ester
group and the respective molecular ion peaks wde® @bserved in the FT-IR

and ESI-MS (negative-ion mode) spectra of the comps65-69, respectively.

The compound¥0-79 are ester conjugates off224-dihydroxy-olean-12-en-28-
oic acid @8) with different NSAIDs, and were synthesized via a two step
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process. In step 1, the reaction was carried out atarboxylic group of the
NSAIDs to convert it into the anhydride functiony breacting it with acetyl
chloride in the presence of pyridine as a base.the subsequent step, the
anhydride derivatives of the respective NSAIDs wesfluxed for 10-14 h in
pyridine with compound38 in the presence of 4-DMAP to yield the mixture of
34-substituted and B224-disubstituted derivatives, which were separated by
means of column chromatography using silica gel Idd0—-200 mesh as an
adsorbent and varying ratios of hexane and ethydtait® as a mobile phase to
yield the isolated g-substituted 70, 72, 74, 76, and 78) and 3,224-
disubstituted 71, 73, 75, 77, and 79) compounds in the pure form.

On the synthesis of compounds0-79, the C-3-H shifted downfield from
3.0544-3.0934 ppm iB8 to 4.3275-4.5198 i7r0-79, while in the disubstituted
compounds, the C-22-H signal was also detected dmich at 4.9055-5.0228
ppm (it was detected at 3.7499-3.7654 ppnB88&). In the’*C NMR analyses, the
carbonyl carbon of the newly created ester groupl(Cwas detected between
169.81 and 174.30 ppm. The C-3 signal gf-fubstituted compounds remained
unaffected on esterification and it appeared atl®981.01 ppm, while it was
detected at 77.16 ppm in compour8B. The FT-IR spectra displayed C=0
stretching, distinctive to the ester group of thempounds70-79, while the
ESI-MS spectra of the compounds showed molecular peaks corresponding to

the molecular weights of the compound8-79.

4.3. Biological evaluations

4.3.1.1n vitro cytotoxicity assay

All the isolated and synthesized lantadene congermnvegre evaluated for thein
vitro cytotoxicity against lung cancer cells A549. Thergat pentacyclic
triterpenoids33, 34, 35, and 36 showed cytotoxicity against A549 lung cancer
cells with 1Go values of 2.84, 1.19, 0.79, and 0.43 pumol, respety, whereas

the other parent compounds/ and 38 along with lantadene congeneB9-43,
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and various NSAIDs (aspirin, ibuprofen, ketoprofemproxen, and diclofenac)
showed 1Gps >10 pmol. Among all the compounds3379) screened, the
hybrids of compound85 and 36 with cinnamic acid,.e. 50 and51 showed the
highest cytotoxicity with 1Gos of 0.12 and 0.08 pmol, respectively.

The ester conjugates &5 and 36 with various NSAIDs at C-3 position56-64)
also showed the marked cytotoxicity in the range 12081 to 0.15 pmol, with
diclofenac-lantadene conjugaté8 and64 being the most active, while showing
ICs0s of 0.15 and 0.42 pmol, correspondingly. Conveysethe hybrids of
compound37 with various NSAIDs at C-22 position656-69) were less active

and exhibited decreased activity.

The ester conjugates of compouB@ with various NSAIDs with at C-3 and C-22
positions 70-79) displayed appreciable cytotoxicity (¥65) in the range of 6.74
to 0.42 pmol. Among the ester conjugaté®-79, the diclofenac moiety bearing
compounds78 and 79 showed the most promising cytotoxicity against A54
cells with 1G, values of 0.84 and 0.42 pmol, respectively. Théerence drug

cisplatin showed Ig, of 21.30 pmol.

In brief, the cinnamic acid conjugates0 and 51 demonstrated the highest
cytotoxicity followed by diclofenac conjugate$3, 64, and 79. Further,
compounds 50, 51, 63, 64, and 79 inhibited proliferation of lung
adenocarcinoma A549 cells in a dose dependent manfrm the cytotoxicity
profiles of compounds33-79, it was evident that the removal of the ester side
chain at C-22 position led to a decrease in theivatt The «,f-unsaturated
carbonyl group of the ester side chain is stronglgctrophilic and seems to play
an important role in binding of the compounds toetheceptor site. The
cytotoxicity profile of the parent compound83-38) and lantadene congeners
(39-79)are reported imable 4.2
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Table 4.2. The in vitro cytotoxicity profile of the parent compound@3-38) lantadene
congenerqd39-79) NSAIDs, and cisplatin against A549 cell line

Compound ICs50 (umol) Compound ICs0 (Mmol)
33 2.84+0.72 60 1.23+0.12
34 1.19+0.28 61 0.90+0.05
35 0.79+0.01 62 0.91+0.03
36 0.431£0.03 63 0.15+0.01
37 >10 64 0.42+0.04
38 >10 65 >10
39 >10 66 2.95%0.75
40 >10 67 >10
41 >10 68 3.45+0.45
42 >10 69 1.65+0.45
43 >10 70 5.64+1.32
44 5.42+1.24 71 3.40x1.20
45 4.90+1.20 72 1.74+0.24
46 7.36%£1.06 73 0.92+0.02
47 7.20£1.20 74 6.74+2.24
48 6.80£2.40 75 5.60+2.20
49 6.52+2.32 76 2.68+0.18
50 0.12+0.02 77 1.92+0.02
51 0.08+0.02 78 0.84+0.04
52 >10 79 0.42+0.02
53 >10 Aspirin >10
54 3.64+1.24 Ibuprofen >10
55 0.77+0.07 Ketoprofen >10
56 1.10+0.20 Naproxen >10
57 0.75+0.05 Diclofenac >10
58 1.13+0.21 Cisplatin 21.3+£3.62
59 1.31+0.10

Results presented are the mean + S.E.M of threaesl
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4.3.2. The inhibition of TNF-a-induced NF-kB activation

The human lung adenocarcinoma cell line A549, tianty co-transfected with
NF-kB-luc was used to monitor the effects of lantadesongeners on TNFe-
induced NFxB activation. The compounds38-79) were evaluated in a dose-
dependent manner to determine the concentratiome@do inhibit 50% of TNF-
a-induced NF«xB activation (1Goes). The parent compound83-37 showed
inhibition of TNF-a-induced NFxB activation in the range of 6.42 to 0.98 umol.
The reduction of a C-3 keto group of compound88 and 34 into the C-3
hydroxyl group of compounds5 and 36 led to an increase in the activity,
whereas hydrolysis of a C-22 ester side chain ompound33 and 34 into the
compound 37 led to a decrease in the activity. The parent poond 38,
lantadene congenei®9-43, and various NSAIDs (aspirin, ibuprofen, ketoprofe

naproxen, and diclofenac) showedsh€ >10 pumol.

The conjugates oB5 and 36 with aliphatic @4-45) or aromatic acidg46-51)
showed inhibition of TNFe-induced NF«xB activation in the range between 5.04
and 0.42 pmol, with cinnamic acid conjugat®e@ and 51 displaying the notable
ICs0s of 0.56 and 0.42 pmol, respectively. On the cangr the conjugates o37
with aromatic acids §2-53) showed 1Gos >10 pumol, excluding the cinnamic
acid conjugate §4) that showed Ig, of 2.42 pumol.

The hybrid compounds o885 and 36 with various NSAIDs $5-64) showed
inhibition of TNF-a-induced NFxB activation in the range of 1.32 to 0.62 umol,
whereas the conjugates of compouBd with various NSAIDs $5-69) showed
ICs508 >10 pumol. The diclofenac conjugaté8 and 64 demonstrated the marked
inhibition of NF«B with 1Csosof 0.62 and 0.89 umol, respectively.

The conjugates of compoun?B with various NSAIDs 70-79) were less active’
yet, the conjugates of compound®8 with diclofenac showed the noteworthy
activity, with diclofenac moiety bearing compound$ and 79 displaying 1Gy

values of 0.96 and 0.64 pmol, respectively.
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Table 4.3. The in vitro inhibition of TNF-a-induced NF«B activation by parent compounds
(33-38) lantadene congenen89-79) and NSAIDs

Compound ICs50 (umol) Compound ICs0 (Mmol)
33 1.06+0.46 59 1.32+0.68
34 1.56+0.04 60 1.24+0.32
35 0.98+0.02 61 1.02+0.01
36 1.02+0.62 62 1.05£0.25
37 6.42+1.24 63 0.62+0.02
38 >10 64 0.89+0.09
39 >10 65 >10
40 >10 66 >10
41 >10 67 >10
42 >10 68 >10
43 >10 69 >10
44 2.80x0.24 70 4.20+1.20
45 2.3240.01 71 3.92+0.42
46 5.04+1.02 72 2.6010.30
47 4.64+1.76 73 1.92+0.62
48 4.18+1.68 74 >10
49 3.70£0.32 75 >10
50 0.56+0.06 76 >10
51 0.42+0.01 77 >10
52 >10 78 0.96+0.06
53 >10 79 0.64+0.02
54 2.42+0.24 Aspirin >100
55 0.78+0.01 Ibuprofen >100
56 1.20£0.02 Ketoprofen >100
57 0.92+0.02 Naproxen >100
58 1.18+0.76 Diclofenac >100

Results presented are the mean + S.E.M of threeesl
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Taken together, the introduction of the C-3 cinnatoxy functionality in the
parent compound85, 36, and37 led to an increase in the activity, highlighting
the importance of the strongly electrophilic a,f-unsaturated carbonyl
functionality at the C-3 and C-22 positions and itheole in binding of
compounds to the receptor site. Apart from cinnameid conjugate$0 and51,
the diclofenac conjugate$3, 64, and 79 significantly inhibited the TNFa-
induced NF«xB activation. The hydrolysis of the C-22 ester ftiooality in
lantadenes led to a significant reduction in theiaty, supporting the notion
that the mechanism of inhibition is likely through covalent Michael addition
of nucleophiles (such as SH from cysteine) from teio candidate(s) to
lantadenes Kig. 4.2). The results of inhibition of TNF-induced NF«xB
activation in A549 lung adenocarcinoma cell line kpympounds33-79 are

shown inTable 4.3

Figure 4.2. The proposed covalent Michael addition of lantadeA (33) and B @4)
congeners (Fig. A & B, respectively) with th@ys-99 residue of thexK g that subsequently
leads to inhibition of NFeB.
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4.3.3.1n vitro IKK g inhibition assay

The NF«B can be activated by various signaling pathways amostly through
upstream IKK based phosphorylation of«kBla. The phosphorylation and
subsequent degradation okBo leads to transmigration of NkB from the
cytoplasm into the nucleus, where it binds with tB& A and transcripts the
proteins responsible for the oncogenesis. As themgounds50, 51, 63, 64, and
79 showed the potent inhibition of NkB; therefore, we decided to evaluate the
effect of these compounds along with the most aetparent compound35 and
36 against the upstream kinase IKKwhich is responsible for the activation of
the NF«B pathway. The results oh vitro IKK /g inhibition assay revealed that
along with the parent compoun®$ and 36, lantadene congeneis0, 51, 63, 64,
and 79 suppressed the activity of IKKto an appreciable degree, with §
values of 2.62, 4.24, 1.20, 0.94, 1.56, 1.98, an@5lumol, respectivelyTable
4.4).

Table 4.4. The in vitro IKKg inhibition by parent compounds35-36 and lantadene
congeners §0-51, 63-64 and 79)

Compound ICs50 (Lmol)
35 2.62+0.82
36 4.24+0.94
50 1.20 £0.42
51 0.94+0.04
63 1.56 £0.42
64 1.98+0.62
79 1.65+0.52

Results presented are the mean + S.E.M of threaesl
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4.3.4. The evaluation of COX-2 activity by quantifcation of PGE;

The COX-2 inhibitory potential of the lantadene—NI®Ahybrid compounds §5—
79) and their parent compounds3338) was determined by measuring the
concentration of PGE a product of the COX-2 reactioifthe parent compounds
(33-38) showed IGps >100 umol. The hybrids of compoundb and 36 with
various NSAIDs §5-62) showed inhibition of COX-2 with 16s >9.64 pmol,
except diclofenac conjugate®3 and 64, which revealed Igs of 0.68 and 0.84
pumol, respectivelyThe hybrids of compoun®7 with various NSAIDs §5-69)
exhibited inhibition of COX-2 with 1G,s >16.80 umol.

Among the hybrids of compoun®8 with various NSAIDs, the diclofenac

conjugates78 and 79 showed 1Ges of 1.20 and 0.56 pumol, respectively. The
selected NSAIDs (aspirin, ibuprofen, ketoprofen,pn@axen, and diclofenac)

exhibited varying degrees of COX-2 inhibition, wleém aspirin showing the

least COX-2 inhibition with 1Go of >100 pmol, whereas diclofenac displayed
the most promising COX-2 inhibitory potential witso0f 0.038 umol.

In brief, conjugates of diclofenac with NSAIDs, duas63, 64, 78, and79 were

the most potent inhibitors of COX-2 activity, wittompound79 displaying the
highest COX-2 inhibitory potential. The lantadenengeners39-54 did not bear
any COX inhibitory or NSAID scaffold; hence, theyewe not tested for COX-2
inhibitory activity. The results of COX-2 inhibitgr activity by parent
compounds §3-38) and lantadene—NSAID hybrid compounds5¢79) are shown
in Table 4.5
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Table 4.5. The COX-2 inhibitory activities of the parent compound83-38) lantadene—
NSAID ester conjugate§55—-79) and NSAIDs

Compound ICs50 (umol) Compound 1Csq (umol)
33 >100 67 44.4+8.60
34 >100 68 >100
35 >100 69 16.8+8.20
36 >100 70 >100
37 >100 71 >100
38 >100 72 7.20+2.20
55 >100 73 5.60+2.60
56 >100 74 9.64+1.64
57 9.64+3.44 75 8.42+2.62
58 10.80+£2.40 76 15.62+4.42
59 12.2+2.60 77 12.40+6.20
60 14.6+4.20 78 1.20+0.2(
61 42.2+12.6 79 0.56+0.06
62 48.4+16.4 Aspirin >100
63 0.68+0.20 Ibuprofen 7.60+2.30
64 0.84+0.42 Ketoprofen 9.20+3.40
65 >100 Naproxen 28.2+8.24
66 28.2+6.20 Diclofenac 0.038+0.02

Results presented are the mean £ S.E.M of threaemsl

4.3.5. The inhibition of TNF-a-induced PGE, secretion

The PGE is formed via the COX-mediated conversion of arakdnic acid [90].
Further, we examined whether the suppression of €OHActivity by the most
active compound79 correlates with the suppression of P&GEBynthesis. The
mouse macrophages were pretreated with the diffecemcentrations o¥9 for 4

h, followed by stimulation with 1 nmol TNk- for 12 h. Thereafter, culture
media were collected and analyzed for RGdecretion. The results showed that
TNF-a induced the PGEsecretion, while compound9 suppressed it in a dose-

dependent manneiF(g. 4.3).
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Figure 4.3. The effect of compound9 on TNF-u-induced PGE secretion. The results shown

are the average + SEM of three separate experimeAtd value < 0.05 was considered

significant. ****P < 0.0001, 2.5vs. 0; **** P < 0.0001, 0.5 TNFe treatedvs. 0 TNF-u
treated, ****P < 0.0001, 1.0 TNFa treatedvs. 0 TNF-u treated; ****P < 0.0001, 2.5 TNFs
treatedvs. 0 TNF-u treated.

4.3.6. The Western blot analysis of#Ba, cyclin D1, and COX-2

Compound79 that not only showed the marked inhibition of TNFihduced NF-
kB activation in A549 lung adenocarcinoma cells, bakso displayed the
distinguished activity against the COX-2, was seéacfor further studies. The
activation of NFxB requires the phosphorylation and degradation «Bad, the
natural inhibitor of NFkB [91]. To determine whether the inhibition of TN¥=-
induced NF«B activation was due to the inhibition okBoa phosphorylation and
subsequent degradation, the cells were treated wathous concentrations of9
for 8 h and then exposed to 0.1 nmol TMFor 30 min. The cell extracts were
then examined fordBa status in the cytoplasm by Western blot analydike
TNF-a induced the #Ba degradation in the control cells, whereas in tledls
pretreated with compound@9, TNF-a failed to induce the degradation ofBa
(Fig. 4.4)
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Figure 4.4. The effect of compound79 on TNF-w-induced kBa degradationa) Western blot
analysis describing the effect of compou@® on TNF-w-induced kBa degradation;b) The
densitometry analysis of the Western blots shows thlative intensity of «Ba/B-actin. The
results shown are the average * SEM of three sepamxperiments.”P > 0.05 or not
significant, 1.0vs. 0; "P > 0.05 or not significant, 0.5 TNEk-treatedvs. 0 TNF-u treated;
P <0.01, 1.0 TNFa treatedvs. 0 TNF treated.

TNF-a induced NFxB activation is necessary for the initiation of ¢yc D1,
which possess NkB-binding sites in their promoters [92-94]. The pu@ssion
of COX-2 is essential for anti-inflammatory effectwhereas the suppression of
cyclin D1 is responsible for the antiproliferatiyeoperties of NSAIDs [92-94].
To determine whether the compouA® inhibited the TNFe-induced cyclin D1
and COX-2expression, the cells were pretreated with and were then exposed
to TNF-a. The results indicated that TNdé-induced the cyclin D1 expression,
while compound79 blocked the TNFea-induced expression of this gene product
in a dose-dependent mannefFig. 4.5a and 4.5b). Similarly, TNF-a also up-
regulated the COX-2 protein expression, whereas toanpound 79 down-
regulated the expression of TNd&=induced COX-2 protein in a dose-dependent
manner Fig. 4.5cand 4.5d).
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Figure 4.5. The effect of compound@9 on TNF-a-induced cyclin D1 and COX-2 expressions.
The results shown are the average + SEM of threpasate experiments. # value < 0.05
was considered significanta) The effect of compound79 on TNF--induced cyclin D1
expressionb) The densitometry analysis of the Western blotswsdhe quantification of the
cyclin D1 levels.”P > 0.05 or not significant, ¥s. 0; P < 0.001, 0 TNFe treatedvs. O;
"SP > 0.05 or not significant, 0.5 TNE-treatedvs. 0 TNF-a treated,” P < 0.01, 1.0 TNFe
treated vs. 0 TNF-u treated; c) The effect of compound79 on TNF-w-induced COX-2
expression;d) The densitometry analysis of the Western blot®wé the quantification of
the COX-2 levels®P > 0.05 or not significant, ¥s. 0; " P < 0.0001, 0 TNFa treatedvs. 0;
"SP > 0.05 or not significant, 0.5 TNE-treatedvs. 0 TNF- treated,” P < 0.001, 1.0 TNFe
treatedvs. 0 TNF- treated.
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4.4. Chemical and plasma hydrolysis studies

4.4.1. The chemical stability of the lead lantadene&ongeners in simulated
gastric fluid

One of the criteria of a successful prodrug is titathould be chemically stable
in the acidic pH of the stomach. The compourbds 51, 63, 64, and 79 emerged
as the lead lantadene congeners out of the syntkdsiseries, were further
studied for stability studies against chemical hgigsis. Synthesized lantadene
ester congener$0, 51, 63, 64, and 79 were exposed to the simulated gastric
fluid of pH 2 for 0, 2, 5, 8, and 12 h. Results HPLC analysis of lantadene
congeners exposed to the simulated gastric fluidgoHf2 showed that only 0.0,
3.57, 9.33, 15.26, and 23.42% 60, 0.0, 2.80, 7.52, 12.39, and 18.95% %f,
0.0, 5.29, 12.46, 21.74, and 29.67% &4, 0.0, 3.97, 9.75, 17.39, and 23.02% of
64, and 0.0, 2.39, 6.76, 10.43, and 15.28% 7 were hydrolyzed after the
exposure time of 0, 2, 5, 8, and 12 h, respectivélable 4.6). The chemical
structures of lantadene congen&®and51, as well as 063 and 64 differ from
each other only at the ester side chain, presenthen C-22 position. The 22
angeloyloxy side chain is present BD, while 225-senecioyloxy side chain is
present in the congené&sl. Similarly, congener63 possesses Z2angeloyloxy
side chain, while 22-senecioyloxy side chain is present in the congeé#rThe
lantadene congener9 possesses diclofenac moiety at both the C-3 and2C-
positions. It can be inferred from the results dfemical hydrolysis studies that
the lantadene congené&l showed slightly higher resistances towards hydsody
in comparison with the&0 and in the similar vein, congené&d showed slightly
more resistance towards hydrolysis in comparisobhwhe 63. Interestingly, all
the lantadene ester congené&x@® 51, 63, 64, and 79 were sufficiently stable in

the simulated gastric fluid anslccessfullysurvived the stomach pH conditions.
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Table 4.6. The chemical stability of the lead lantadene congengg8-51, 63-64 and 79) in

simulated gastric fluid of pH 2

Time % congeners remaining in simulated gastric fluid
Compd.50 Compd.51 Compd.63 Compd.64 Compd.79
0h 100 100 100 100 100
2 h 96.43 97.20 94.71 96.03 97.61
5h 90.67 92.48 87.54 90.25 93.24
8 h 84.74 87.61 78.26 82.61 89.57
12 h 76.58 81.05 70.33 76.98 84.72

4.4.2. The metabolic stability of the lead lantade@m congeners in human
blood plasma

To study plasma hydrolysis or susceptibility of tadene ester congenefd,
51, 63, 64, and 79 towards human blood plasma esterases, they weresegto
80% human plasma for 0, 15, 30, 60, and 120 min dhd extent of the
hydrolysis was monitored by HPLC. On exposure tamtam plasma, lantadene
ester congenerS80, 51, 63, 64, and 79 were hydrolyzed at a notably higher rate
than the rate of their hydrolysis observed in theslated gastric fluid. A level
of lantadene ester congeners hydrolyzed was foumdbé¢ 0.0, 25.84, 45.32,
53.19, and 63.25% 030, 0.0, 25.78, 44.50, 51.87, and 60.76%5df 0.0, 27.86,
48.86, 56.71, and 70.10% @&f3, 0.0, 27.04, 47.38, 54.50, and 66.74%6a 0.0,
19.13, 34.52, 43.91, and 55.65% 09 after the exposure period of 0, 15, 30, 60,
and 120 min, respectivelyTéble 4.7). Lantadene ester congenéd showed a
slightly lesser degree of hydrolysis th&®, while congener64 was hydrolyzed
in slightly lesser extent thar63. HPLC results indicated that lantadene
congenerss0, 51, 63, 64, and 79 underwent rapid hydrolysis in the human blood
plasma to liberate the parent drug molecules tachethe site of action, while in

the simulated gastric fluid of pH 2, they survivetde gastric conditions.
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The stability of an ester depends on the reactivatycarbonyl carbon; because,
it gets attacked by the reactive functional groups.the synthesized lantadene
ester congenerS0, 51, 63, and 64, the oxygen atom neighboring to the carbonyl
carbon of the ester function is an electron withditag in nature and hence, it
decreased the electron density on the carbonyl @arbn this process, electron
deficient carbonyl carbon would become more prowmesuffer a nucleophilic
attack and ultimately undergoes hydrolysis. Theeestongener51 and 64
showed a slower rate of hydrolysis th&0 and 63, respectively; because, they
possessed geminal methyl groups in the C-22 eside €hain. The geminal
methyl groups would bear slightly higher ability tkecrease the electrophilicity
of the ester carbonyl carbon. On the contrary, pedroups of the side chain of
ester congeneb0 and 63 were present in the vicinal position and therefo%é,
and 63 exhibited a slightly higher degree of hydrolysi®iah 51 and 64,

respectively.

In general, cinnamic acid-lantadene conjugaté® é&nd 51) displayed higher
resistance towards chemical and plasma hydrolysisntdiclofenac—lantadene
conjugates €3 and 64) as a,f-unsaturated carbonyl carbon system is present in
the 3-cinnamolyoxy substituted compoun®® and 51, which in turn would
increase the electron density on the electron defitester carbonyl carbon to a
greater extent than the 3-(2-(2-(2,6-dichlorophergino) phenyl)acetoyloxy
substituted or diclofenac moiety bearing compoureBsand 64. Consequently,
the ester carbonyl carbon 050 and 51 would comparatively become less
susceptible to the nucleophilic attack atiterebyexperienced a lesser degree of
hydrolysis than63 and 64. The lantadene ester congene9 showed the least
hydrolysis among the compound®, 51, 63, 64, and 79, as it bears diclofenac
or aromatic moiety at both the C-3 and C-22 pogidp while the rest of the
compounds50, 51, 63, and 64 possess either a gZangeloyloxy or a 22-
senecioyloyloxy aliphatic side chain at C-22 posii As a result, the ester

carbonyl carbon at both the C-3 and C-22 positions79 was relatively less
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electron deficient than that of congen&s8, 51, 63, and64. In other words, the
lantadene ester congen@9 possessed a less cumulative chance (considering
both the C-3 and C-22 ester bonds) to suffer a eaphilic attack than the rest
of the compound$0, 51, 63, and64. As a reason, the lantadene ester congener

79 demonstrated comparatively least hydrolysis.

Table 4.7. The metabolic stability of the lead lantadene congengr8-51, 63—-64 and79) in

human blood plasma

Time % congeners remaining in human blood plasma

Compd.50 Compd.51 Compd.63 Compd.64 Compd.79
0 min 100 100 100 100 100
15 min 74.16 74.72 72.14 72.96 80.87
30 min 54.68 55.50 51.14 52.62 65.48
60 min 46.81 48.13 43.29 45.50 56.09
120 min 36.75 39.24 29.90 33.26 44.35

4.5. Molecular docking studies
Molecular docking study was performed to rationalithe obtained biological
results and to explain the possible interactionattimight take place between the
lead lantadene congeneisl, 63, 79 and IKKS. Before the discovery of the
crystal structure of IKK8 by Xu et al. in 2011 [14], molecular docking of
ligands to the IKKZ has been reported either by performing comparative
modeling using the BLAST algorithm for template sefion and the automated
Modeler or by using the Swiss-Model server for mbdweilding [95]. During
literature survey we did not come across any studst used the 3D crystal
structure of IKKs for molecular docking analysis. Newly discoveredystal
structure of IKK3 revealed 8 chains, and the human IKKcinase domain
consisting of 15-312 residues [96]. Previous resbharevealed that Tyr-98
residue interacts with the adenine base of the Am@lecule by hydrophobic
contact [95]. The NH of Cys-99 acts as a hydrogemd donor to adenine base,
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while carbonyl oxygen of Glu-97 acts as a hydrogateptor [95]. In our study,
lantadene congeners were docked into the active sftIKKg (PDB ID: 3QA8)
using AutoDock tools 1.5.4.

The lead lantadene congenBt is a prodrug or hybrid compound of two potent
anticancer moietiesi.e. reduced lantadene B and cinnamic acid, and atstie
of action it is supposed to be hydrolyzed back intloe parent moieties.
Therefore, we docked both of the parent moietie®,. reduced lantadene B
(moiety A) and cinnamic acid njoiety B) into the active site of IKK (Fig.
4.6a-4.6d). The estimated free energy of binding of the dedkrodrugmoiety

A was found to be -5.87 kcal/mol. Analyses of theclkded complex Fig. 4.6a
4.6b) indicated that 22-senecioyloxy side chain and C-28 carboxylic group
were critical for the IKK inhibitory activity. Both the oxygens of the ester
function of 223-senecioyloxy side chain interacted with the amimarogens of
Arg-31 by means of hydrogen bonding (O=C-0...H-N, &.2nd O-C=0...H-N,
2.7 A). Furthermore, the carbonyl oxygen of theegsgroup formed a hydrogen
bond with the GIn-40 residue of the target prot¢@®-C=0...H-N, 2.2 A). The
hydroxyl oxygen of the C-28 carboxylic group showadydrogen bond with the
hydroxyl hydrogen of Tyr-98 residue (O=C-0...H-0, 1A9, whereas carbonyl
oxygen of the acid function exhibited hydrogen bomgd with the Gly-101
residue of the IKK (O-C=0...H-N, 1.9 A). Apart from hydrogen bondings,
pentacyclic triterpenoid scaffold of the prodrugioiety A also showed
hydrophobic and van der Waal interactions with tteu-104, Val-152, Leu-153,
Leu-160, and Ile-161 residues of the target proteuhile the 2Z-senecioyloxy
side chain demonstrated hydrophobic and van der IWageractions with the
Leu-21 and Val-41 residues of the IKWKFig. 4.6b).

The estimated free energy of binding of the prodmgiety B (cinnamic acid) of

51 to IKKg was found to be —4.65 kcal/mol. Analyses of theckied complex

(Fig. 4.6c-4.6d) showed that the hydroxyl oxygen of the carboxyfienction

was hydrogen bonded to Tyr-98 (O=C-0...H-O, 2.0 A)hemeas carbonyl
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oxygen of the carboxylic function formed a hydrogemth the Gly-102 residue
of the IKKg (O-C=0...H-N, 2.1 A). In addition, carbonyl oxyger the acid
group exhibited hydrogen bonding with Asp-103 rastdof the target protein
with a distance of 2.2 A (O-C=0...H-N). Furthermoieth the oxygens of the
carboxylic acid function also interacted with Ly§4 residue of the target
protein (O=C-0...H-N, 2.3 A and O-C=0...H-N, 1.9 A). &laromatic scaffold
of the moiety B exhibited hydrophobic and van der Waal interactomith Met-
96 and lle-161 residues of the IKKprotein Fig. 4.6d).

The lead compound63 is a prodrug or hybrid of anticancer and anti-
inflammatory moieties and at the site of actionjgtsupposed to get hydrolyzed
back into the parent moietiesi.e. reduced lantadene A moiety A) and
diclofenac (moiety B). The binding mechanism ohoiety B to COX-2 is well
established, as the carboxylic acid group of dielwdc forms hydrogen-bondings
with the Ser-530 and Tyr-385 residues of the COX92]. The phenylacetic acid
port of themoiety B is surrounded by Tyr-385, Trp-387, Leu-384, andut®s?2
residues, while the dichlorophenyl part is involvedvan der Waals interactions
with Val-349, Ala-527, Leu-531, and Val-523 residuef the COX-2 [97]. As
the binding mechanism of the prodrugoiety B (diclofenac) to its target site
(COX-2) is already known; hence, molecular dockimgalysis of prodrug

moiety A to IKKgS was only performed.

The estimated free energy of binding of the doclominplex of prodrugmoiety

A of 63 and IKKpg (Fig. 4.7a-4.7d) was found to be —-4.67 kcal/mol. Further
analysis of the docked complex showed that the pugdmoiety A interacted
with the Arg-31, Tyr-98, and Gly-101 residues ofetHKKg via hydrogen
bonding Fig. 4.7b and 4.7¢). It was observed that Z2angeloyloxy side chain
was crucial for the IKK inhibitory activity. The ester group oxygen of tR&g-
angeloyloxy side chain formed a hydrogen bond wtlhle NH of Arg-31 residue
(O...H-N, 2.6 A). Another functionality that showdte paramount importance
for IKKg inhibitory activity was C-28 carboxylic group. Botthe oxygens, as
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well as hydrogen of the carboxylic group were invedl in the hydrogen bond
formation with the Arg-31, Tyr-98, and Gly-101 resies of the IKK. The
carbonyl oxygen of C-28 carboxylic group exhibitéydrogen bondings with
NH of Arg-31 and OH of Tyr-98, with a bond distanad 1.90 and 2.0 A,
respectively. The hydroxyl oxygen of C-28 carboxylgroup showed hydrogen-
bonding with the Gly-101 residue of the IKKO=C-0...H-N, 2.1 A), while the
hydroxyl hydrogen of carboxylic group formed a hypgen bond with the Tyr-98
(0=C-0O-H...0, 2.1 A) residue of the protein. Aparbifr hydrogen bondings,
hydrophobic and van der Waal interactions were atdmserved between the
prodrugmoiety A of 63 and the target IKKR (Fig. 4.7d). The stereoview of the
docked complex showed that the non-polar amino adidu-21, Val-41, Val-74,
and Met-96 were encircling the aliphatic side chaihthe prodrugmoiety A;
indicating the strong possibility of interactiongtiveen these residues and side
chain. Strong hydrophobic or van der Waal interantiwas observed between
the ring A of themoiety A and the Pro-155 residue of the target protein. The
pentacyclic triterpenoid scaffold of the prodrugoiety A also showed weak
hydrophobic and van der Waal interactions with theu-153, Leu-160, and lle-
161 residues of the target IKK

Besides hydrogen, hydrophobic, and van der Waaé¢ria¢tions, the SH group of
Cys-99 residue of the IKKthat acts as a nucleophile was projected towahas t
p-carbon of the 22-senecioyloxy side chain ohoiety A (reduced lantadene B)
of 51 (Fig. 4.6b) and 22p-angeloyloxy side chain ofmoiety A (reduced

lantadene A) of63 (Fig. 4.7d). This indicates possible covalent Michael
addition reaction between the Cys-99 and fhearbon of the C-22 side chains
that might have played a central role in the IKkKnhibitory potency of the lead

lantadene congenefsl and 63.
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Figure 4.6. Molecular docking of the lead lantadene—cinnamicida ester conjugate51

(prodrugmoieties AandB) into the active site of IKIg. a) Binding of prodrugmoiety A of
51 into the active site of IKK. The amino acids Arg-31, GIn-40, Tyr-98, and GI91l
involved in the hydrogen bond interactions with tpeodrug moiety A, are highlighted;b)
Stereoview of the docked structure of prodrmngpiety A of 51 into the active site of IKI.
The amino acid residues involved in hydrogen, hymlrobic, and van der Waal interactions
with prodrug moiety A, are highlighted;c) Binding of prodrugmoiety B of 51 within the
active site of IKKS. The amino acid residues Tyr-98, Gly-102, Asp-108nd Lys-106
involved in the hydrogen bond interactions with tpeodrug moiety B, are highlighted;d)
Docking of prodrugmoiety B of 51 into the active site of IKI§. The amino acid residues
engaged in hydrogen, hydrophobic, and van der Watdractions with the prodrugoiety B,
are highlighted.
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Figure 4.7. Molecular docking of the prodrugnoiety A of the lead lantadene—diclofenac
ester conjugates3 into the active site of IKIE. a) 3D crystal structure of IKIK (PDB ID:
3QA8); b) Docking of prodrugmoiety A of 63 into the active site of IKIE. The amino acids
Arg-31, Tyr-98, and Gly-101 involved in the hydrogdond interactions with prodrugpoiety
A, are highlightedc) Binding orientation of prodrugnoiety A of 63 within the active site of
IKKg; d) Docking of prodrugmoiety A of 63 into the binding site of IKI§. The amino acid
residues of IKK8 present around the docked structure of prodmgiety A of 63, are
highlighted. The Cys-99 residue of IKKinvolved in covalent binding with the side chain
carbon (3-carbon) of the prodrugmoiety A is highlighted in dot surface with red dots
indicating the SH group of Cys-99 projected towamdde chain carbongtcarbon) of prodrug
moiety A of 63.
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Another lead lantadene ester conger is a conjugate of anticancer moiety
22p-hydroxy-oleanolic acid or 224-dihydroxy-olean-12-en-28-o0ic acid
(moiety A) and anti-inflammatory moiety diclofenaaenpiety B). The peculiar
thing about this conjugate is that it bears twoldfenac scaffolds, one at C-3
position, whiles another at C-22 position, and iasvfound to be the most potent
inhibitor of COX-2, among all the tested compoundBhis conjugate also
displayed considerable degree of inhibitions of NB-and IKKS with I1Cs0s in a
single digit micro-molar range. Though, the binding diclofenac (nhoiety B)
with the COX-2 is extensively researched and alneadcounted, and we too
have discussed it in the previous section; therefore only docked NkB and
IKK g inhibitory moiety A into the active site of IKI§, which is shown inFig.
4.8a-4.8b. The estimated free energy of binding mbiety A of 79 to IKKp was
found to be —3.89 kcal/mol. The closer analysistloé docked complex showed
that the C-28 carboxylic group of thmoiety A showed three hydrogen bond
interactions with the Arg-31 and Tyr-98 residuestbe IKKS (Fig. 4.88. The
carbonyl oxygen of the carboxylic group ofoiety A exhibited two hydrogen
bonds, as i) HO-C=0...H-O-Tyr-98, 2.6 A and ii) HO-@=.H-N-Arg-31, 2.8
A. The remaining oxygen of the carboxylic group wako hydrogen bonded
with the Arg-31 residue of the IKK (O=C-0O...H-N, 2.8 A). Aside from
hydrogen bond interactions, rings A, B, and C paft the moiety A was
projected into the hydrophobic cavity created by tihe-151, Val-152, Leu-153,
Pro-155, Leu-160, and lle-161 residues, while rinBsand E demonstrated
hydrophobic and van der Waals contacts with the-Igs Leu-21, Leu-30, and
Val-41 residues of the IKK In brief, the C-28 carboxylic acid group of the
moiety A and its protrusion into the hydrophobic cavity defined earlier along
with the other hydrophobic and van der Waals cotdagere accountable for the
IKK g inhibitory activity of the lead prodru@9.
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Figure 4.8. Molecular docking of the prodrugioiety A of the lead 22-hydroxy-oleanolic
acid—diclofenac ester conjugaf® into the active site of IKIR. A) The amino acid residues
Arg-31 and Tyr-98 of IKKs involved in the hydrogen bond interactions withetmoiety A
(22p-hydroxy-oleanolic acid), are highlightedB) The amino acid residues of the IKKK
present in the surroundings of tmeoiety A and also involved in the hydrogen, hydrophobic,
and van der Waals interactions with theiety A of 79, are highlighted.
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CHAPTER 5

CONCLUSIONS

The combination therapy in recent years, is incregl finding a place among
the principal strategies to combat the issues peirtg to drug’s bioavailability,
toxicity, and resistance. Moreover, the double-edig&vord, an approach capable
of targeting the two proteins at a time, is a noaald highly promising tactic,
with several research groups around the globe ag@vaely working in this
direction. Taking consideration of this fact, lademe—NSAID ester conjugates
along with other lantadene congeners were syntlexksizas the cancer

therapeutics, simultaneously inhibiting both the-NB and COX-2.

Our developed lantadene—NSAID and other lantadenageners were highly
effective against the IKK and«Ba mediated actions of NkB and inflammatory
regulators COX-2 and PGE These agents further showed distinct cytotoxicity
against A549 lung cancer cells with the majority tfe lantadene congeners
displaying activity superior to the clinically usedrug cisplatin. In advance
study, the lead lantadene—diclofenac conjuga®efurther suppressed the NEB
regulated protein cyclin D1, responsible for prelition and differentiation of
cancerous cells. Additionally, the lead lantaderstee congeners survived the
gastric pH conditions, whereas hydrolyzed to a ¢geeaextent in the human

blood plasma to release the active moieties to hethe site of action.

Currently, efforts are being made to vivo evaluate these lead lantadene ester

congeners, namelyb0, 51, 63, 64, and 79 in the hollow fiber assay and a

xenograft mouse model. On the whole, while considgrthe highly active

biological profile of our developed lantadene esteongeners, these agents

could be therapeutically exploited as novel duatimg anticancer and anti-

inflfammatory agents. At last but not least, transfiong these vital findings
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from NF-«xB and COX-2 domains into fruitful cancer therapestiin the coming
years should be an attainable target. Much workhiswever warranted to further
develop these lantadene congeners as potentiatamt¢er and anti-inflammatory
agents with improved tumor selectivity and incredgmtency.
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