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Abstract

The research work embodied in this thesis describes the phytochemical studies on two
medicinally important plants, Buxus hyrcana and Barleria prionitis Linn. Chemical
investigations on the methanolic extract of the leaves of B. hyrcana have led to the
1solation of one non-nitrogenous triterpene, arbora-1,9(11)-dien-3-one (73) and seven
known steroidal alkaloids, cyclobuxoviridine (74), E-buxenone (75), Z-buxenone (76),
moenjodaramine (77), homomoenjodaramine (78), buxamine B (79), 31-
hydroxybuxamine B (80). These natural products were found to be active in
acetylcholinestrase (AChE) and glutathion S-transferase (GST) inhibition assays.

Phytochemical studies on the ethanolic extract of aerial parts of Barleria prionitis Linn
resulted in the isolation and identification of one known triterpene, lup-20(29)-ene-3f-ol
(lupeol) (87) that 1t displayed moderate AChE and GST inhibitory activity. Compound
(87) was isolated in a quantity sufficient to prepare three derivatives, and to evaluate
them for GST and AChE inhibitory activities. It was decided to synthesize 3-acetyl-
lupeol (88), 20-29 epoxylupeol (89) and 29-amino-20-hydroxylupeol (90) by using
compound (87) as a main precursor. Compound 89 showed moderate AChE activity and
compound 88 exhibited weak GST activity. The structures of all of the above mentioned
compounds were elucidated with the help of extensive spectroscopic techniques such as

UV, IR, MS, 1D-NMR and 2D-NMR.
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CHAPTER 1

General Introduction

1.0 Introduction

Life, disease and death are complementary to each other in every organism’s life. Nature
has created a super organism, “human being”, who has the ability to get benefit from
natural sources including terrestrial and marine organisms. Plants are important for
mankind’s survival because they are used as a vital source of nutrition, shelter, clothing,
means of transportation as well as fertilizers, flavors, fragrances, and medicines etc.
Plants produce a large number of secondary metabolites because of abiotic and biotic
stress'. These secondary metabolites are also known as natural products and are used as
competing plant and insect deterrents. These secondary metabolites are important for the
ultimate survival of living organisms as they play ecologically significant roles of their
interaction with their surroundings. Secondary metabolites include alkaloids, steroids,
coumarins, lignans, and flavonoids as well as many other chemical classes. Living
organisms synthesize secondary metabolites from primary metabolites. The primary
metabolites are the building blocks of life and examples include proteins, fats,
carbohydrates and lipids, which are necessary for growth and reproduction. We as human
being use these natural products (secondary metabolites) to cure and treat various
allments. For instance, taxol purified from pacific yew tree, Taxus brevifolia, is a drug of
choice for the treatment of breast, ovarian and lung cancers®.

1.1 Natural products in historical prospective

In primitive ages various natural materials such as different parts of plants, herbs and

animal products were used as medicines for the treatment of different diseases. For



example, oils of cedar (Cedrus species), cypress (Cupressus sempervirens), poppy juice
(Papaver somniferum), licorice (Glycyrrhiza glabra) and myrrth (Commiphora species)
were, and remain to be used for the treatment of various diseases like influenza, cough,
inflammations, and parasitic infections etc®. The effective treatments were recorded and
documented, which led to the foundation of early ethnopharmacopia (the use of herbs to
treat various ailments). This provided knowledge regarding the history of drugs, which is
long lasting. Furthermore, Chinese Materia Medica “Shen Nung Ben Tsao Jing”
describes about 6000 drugs out of which 4800 are of plant origin. These included Panax
ginseng, Ganoderma japonicum, Lioyd (reishi mushroom) and Chrysanthemum
morifolium ramat (Chrysanthemum). These herbs are still popular and used today as they
were previously”. Sun Simiao has also described the use of herbal medicine in his book’
“Qian Jin Yi Fang” whereas Li Shi Zhen has recorded 1898 herbal drugs and 8160
prescriptions in his book from the year 1596%”.

The Greeks took lead in the use of herbal drugs and the European healing system is
considered to have originated with Hippocrates (460-377 BC) and Aristotle (384-322
BC), who were impressed by ancient Indian and Egyptian health systems. Theophratus
(300 BC), the philosopher and natural scientist, has described the medicinal properties of
herbs and methods to change their characteristics through cultivation in his famous book
“History of Plants”. Dioscorides, a Greek physician (100 AD), recorded the collection,
storage and use of medicinal herbs during his stay with the Roman Army. “De Materia
Medica”, written by Dioscorides is one of the most famous books, which provided the
base for most of the later knowledge of herbal medicine. It is generally accepted to be the

first Buropean herbal system and was the standard reference in Europe for more than



1000 years. Galen (130-200AD) was the first Roman pharmacist who introduced
complex formulations of various drugs with multiple ingredients. He was the author of
more than two-dozen books about herbs and their uses in medicine ®°.

Arabic traditional writing on the use of traditional medicine is considered the oldest since
the earliest written information about medicinal plants comes from ancient Shanidar IV
records. In these documents, the medicinal uses of pollens of different species of plants
including Centaures solstitialis (Asteraceae), Ephedra altissima (Ephedraceae), Althea
species (Malvaceae) have been described'!. The King of Babylon (ca. 1700BC)
commissioned a comprehensive set of civil laws and in the light of these laws, Assyrians
and Sumerians listed hundreds of herbal formulations on clay tablets. The Egyptians are
also known to have recorded medical and pharmaceutical information on papyrus and in
wall paintings on tombs dating from the Old Kingdom. The Ebers Papyrus, which
originates from about 1500 BC, contains ancient medicinal knowledge from before 3000
BC and it discusses various diseases and their possible forms of treatment '.

Ancient Hindu records of medicinal plants and their use do not refer to any foreign
medicinal system although Greek and Middle Eastern writings refer to ideas and drugs of
Indian origin. In East India, the beginning of systemized medicine is considered to have
started with Ayurveda, which is an experimental and holistic set of guidelines to maintain
balance and harmony in the human body. The origin of Ayurveda is believed to be a
divine revelation of the ancient Indian creator God Lord Brahma'® and this knowledge

was transferred directly to Daksha Prajapati by Lord Brahma in the form of shloka

sung'®. Azadirachta indica (Neem), Centella asiatica (Gotu Kola), Cinnamomum



camphora (Camphor) and Withania somnifera (Aswargandha) '° are commonly used
Ayurvedic medicinal plants.

In the United States, early settlers selected herbal remedies on the basis of Native
American practices and later on their experience-based knowledge, which then became
the basis of the pharmacopoeia. Echinacea purpurea (Echinacea) and Hydrastis
canadensis (Goldenseal) are most commonly used medicinal plants of the United
States'®.

1.2 Natural products—Source of drug discovery

According to World Health Organization survey, 80% of the world’s population relies on
traditional medicines for their health care'’. Moreover, 74% of the 119 currently most
important drugs in the USA contain active ingredients from traditionally used medicinal
plants while 25% of all prescriptions dispensed presently contain an active ingredient
derived from plants'®.

As a result of 1993’s National Prescription Audit of the United States, it was observed
that 150 of the most prescribed drugs were based on 99 compounds, which were directly
derived from natural products and approximately 55% of the prescribed drugs were either
natural products or had structures based on natural product pharmacophores'®. In the last
two-decades, records of natural products as a source of new drugs show that 16.4% of
newly launched drugs are derived directly from natural products and 12% have been
designed based on a natural product®.

In present circumstances, the pharmaceutical market is facing some major challenges,
including the high cost and time of new drug discovery, drug development and marketing

of new drugs. This has resulted in a decrease in the number of new medicines introduced



into the world market. Although some success has been made over recent years with
natural products, pharmaceutical companies have generally lost their interest in natural
products as a platform for drug discovery due to the introduction of molecular biology
and combinatorial chemistry. Combinatorial chemistry can provide libraries of thousands
of compounds in a short period of time. Although natural product screening and isolation
provide fewer compounds over a longer period, it can lead to novel molecular structures,
which is seen very rarely through combinatorial chemistry”'. The degree of chemical
diversity found in natural products is vaster and broader when compared to any synthetic
source’® . Tt is hoped that interest in natural products will continue to exist and grow to
become an even more valuable source of new drugs. With the development of rapid
bioassay directed isolation techniques, it is now possible to isolate and characterize
bioactive natural products present in trace amounts. Thus natural sources can be explored
more efficiently for structurally complex biologically active molecules.

The continued investigation of new sources has led to the discovery of many
biomolecules that are now being used for the treatment of various diseases. For example,
B-lactam antibacterial drugs are produced by semi-synthesis from a natural product
template. At present, two broad-spectrum antibiotics of this class, which are both derived
from natural sources, ceftizoxime-alapivoxil (1) and ceftobiprole (2) are in clinical
trials®. Both drugs are very effective against both Gram positive and negative bacteria
but ceftobiprole (2) is found to be active against methicillin resistant Staphylococcus

aureus and penicillin resistant Streptococcus pneumoniae.
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One of the well known natural products was Quinine (3), isolated from bark of the South
American tree “Cinchona”. It is a naturally occurring alkaloid that saved millions of lives
in 17" and 18" century because of its antimalarial activity”. It also led to the
development of other antimalarial drugs such as chloroquine (4) 2°. Artemisinin B)isa
peroxy bridge containing compound, originally isolated from Chinese herb “Artemisia
annua” that has been used for over 2000 years by the Chinese to cure malaria®’. Tt is a
sesquiterpenoid which is effective against cerebral malaria as well as both chloroquinine-

resistant and chloroquinine-sensitive strains of Plasmodium falciparum®.

3)
Viral diseases like HIV, hepatitis B and C (HCV), influenza, Ebola, dengue fever, Severe
Acute Respiratory Syndrome (SARS) #, and yellow fever are all emerging threats to

human life. Great effort has been made to discover antiviral drugs, especially in the field



of HIV and hepatitis. One of the most promising compounds so far evaluated for the
treatment of HIV is a semi-synthetic derivative of the plant triterpenoid, betulinic acid
(6)°°, which has been found to be a weak inhibitor of HIV replication. Lee and co-
workers at the University of North Carolina has identified a semi-synthetic derivative (7)

as the promising agent for the treatment of HIV>!.

The history of natural products as anticancer compounds began in 1947 with
podophyllotoxin (8), which was first isolated from Podophyllum peltatum *?. However,
due to its cytotoxity it is only used in the topical treatment of genital warts>.
Podophyllotoxin acts by preventing the polymerization of tubulin into microtubules
where as 4-demethylepipodophyllotoxin (9) analog inhibits topoisomerase II, preventing
replication of DNA**, Taxol (10), isolated from the yew tree, Taxus brevifolia, is the drug
of choice for the treatment of breast, ovarian and lung cancers, as well as AIDS-related
Kaposi’s sarcoma. Because of its outstanding anticancer activity and relatively low

toxicity compared with other anticancer drugs taxol is widely used for chemotherapy”.
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The plant steroids, taccalonolides A (11) and E (12) found in different Tacca species is
comprised of taccalonolides A-V. Taccalonolide A, an antiproliferative agent used
against mouse p388 tumor cells, was reported in 1987 from Chinese medicinal plant
Tacca plantagine®. Taccalonolides A and E, isolated from Tacca chantrieri were
reported to be the first microtubule-stabilizing agents of plant origin® since the discovery
of taxol and protopanaxadiol (13), isolated from Panax ginseng, was reported to be

cytotoxic against multidrug resistant tumors®’.

In the last decade biologically active steroidal alkaloids have been reported with different
activities such as anti-HIV, anti-malarial, anti-bacterial, anti-AChE and anti-BChE but
they are found in a relatively small number of families*®>°. Buxaceae family is the most
prominent in this respect. For example, isosarcodine (14), sarcorine (15), sarcodine (16),
sarcocine (17) and alkaloid-C (18) isolated from Sarcococca saligna (Buxaceae), were
reported as inhibitors of acetylcholinestrase (ICso = 10.31, 69.99, 49.77, 20.0 and
42.2uM, respectively) and butyrylcholinestrase (ICso = 1.89, 10.33, 18.31, 3.86 and
22.13pM, respectively). The compounds (15-18) reported dose-dependent spasmolytic
activity in the rabbit jejunum intestinal preparations and also relaxed the high K'-induced

contraction, indicative of a calcium channel-blocking mechanism®®.
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Some other steroidal bases (19-24) isolated from Buxus papillosa, have been reported to
exhibit AChE and BChE inhibitory activities. All of these compounds (19-24) have been
shown to have weak to moderate anti-AChE and anti-BChE activities with none having

ICsp greater than 235 and 2.73M, respectively™.
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Four antibacterial steroidal alkaloids, cyclovirobuxeine F (25), N-benzoyl-O-
acetylbuxalongifoline (26), buxasamarine (27) and cyclobuxamidine (28) were purified
from Buxus longifolia. Alkaloids 25-27 showed antibacterial activity against Salmonella
typhi, Shigella flexneri and Pseudomonas aeruginosa, while 28 was active against S.

typhi and Escherichia coli *'.

H HsC H,C—0O
(25)

2 H = CGHS—C—T

/ “
HC  HyC CHa @7

N
K 28
HsC (':H3H3C CHs (28)

1.3 Acetylcholinestrase as Potential Targets in Alzheimer’s disease

Acetylcholinestrase (AChE) is an extrinsic membrane bound enzyme that terminates the
signal transduction of the cationic neurotransmitter acetylcholine (ACh). AChE functions
in the central and peripheral nervous system along with ACh receptors. AChE activates
and starts its function as soon as a presynaptic nerve process releases ACh, which readily

diffuses across the synapse and stimulates its receptors. This results in a series of
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reactions, which ftriggers the action potential in the postsynaptic cell. AChE terminates
this process by hydrolytic cleavage of ACh as shown in Figure 1.

CHy CH, CHs CHs
HsC I l
AN ACRE O

+
N+\/\ - N
H3C/ o o H,0 HSC/ \/\OH HO 0

Acetylcholine Choline Acetic acid
Figure 1 Breakdown of ACh into choline and acetic acid
The breakdown of ACh into choline and acetic acid by acetylcholinestrase proceeds in
two successive stages, acylation and deacylation, as shown in Figure 2.

Acylation

(0
R\o/lAj\\Ci-b _ His447 R O) His447 o His447

0 SOK TCHy /= —
UG Ser203
Ser203 l-k_, N\/NH — 9 HN\ NH —P \O/”\

CHs + + ROH
Ser203” PN
Deacylation
) 0
Ser203\o)AJ\\CH3 _ ’H'S4473er203\ ) His447 0 His447
H/o\ . 0 CHa +/—_—{ -
RN —> 0 N NH = HO™ “CHy 4+ _NH + Ser203-OH
| CHs

R= %/\/N\cm

Figure 2 Reaction mechanism of the hydrolysis of ACh catalyzed by AChE.

AChE has also been found to be involved in many other functions including roles as an
adhesion protein, a bone matrix protein, in neurite growth and in the production of
amyloid fibrils, which are found in the brain cell of patients with Alzheimer’s disease

(AD). The common cause of AD is accepted to be a deficiency in cholinergic
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neurotransmission. The rational therapeutic approach to treat AD is to enhance the ACh
level in the brain. This can be achieved by using AChE inhibitors*2.

1.3.1 Alkaloids as AChE inhibitors

AChE and inhibitor interactions have been investigated throughly due to its
pharmaceutical and pesticidal importance. AChE inhibitors can be divided into two
major groups, those bind to the active site at the bottom of the gorge in the enzyme
structure and those that bind to the peripheral anionic site (PAS). Alkaloidal inhibitors
bind to oxyanion hole of the active site at the bottom of the gorge and the important
features of an inhibitor appear to be a positively-charged nitrogen**.

Physostigmine (29) is a prototype acetylcholinesterase inhibitor that was isolated in 1864
from Physostigma venenosum (Papilionaceae). Subsequently, a number of
pharmacological studies were carried out, but the importance of 29 was recognized in
1926 with the discovery of its cholinergic effects due to its dose-dependent inhibitory
activity of AChE with ICso value of 0.25 pM **. The steroidal alkaloids occur in a variety
of structures but they are found in relatively few plant families. Solanaceae is one of the
prominent families in this respect. The toxicity of members of Solanum and related
species is considered to be caused by the presence of compounds like a-Solanine (30),

reported to have moderate anti-AChE effect*.

OH

H.C
L=
N HO

\g/o\ OH (30)

@) R %
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4750 which is

Buxaceae is another family known as a rich source of steroidal alkaloids
considered the reason for toxicity in this family. Many reports have been published for
the investigation of cholinesterase inhibitors from Buxaceae. For example axillaridine-A
(31), purified from the Sarcococca saligna along with twenty two other steroidal
alkaloids was found to be the best AChE inhibitor with IC50 value of 5.21uM".

Funtumafrine-C (32), isolated from Sarcococca coriacea has been shown to have anti-

ACHE activity with an ICsp value of 45.8 pM “%.

In 2003 Choudhary and his coworkers reported three N-acyl analogues of buxahyrcanine
(33-35) from Buxus hyrcana with AChE and BChE inhibitory activities all below an ICs,
value of 440 uM *°. The alkaloids buxamines B (36) and C (37), isolated from B.
papillosa and B. hyrcana are reported to inhibit AChE concentration dependently and
non-competitively with ICsy values of 74 and 7.5 uM, respectively’’. The difference in
anticholinestrase activity was explained by docking studies, which revealed that 37
penetrated deeper into the AChE gorge than 36, and that the positioning of the C-3
tertiary amino group resembles the quaternary ammonium group of ACh better than the

secondary amino group of 36>
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(33) R= C6H5

o s H
P S (34)R= )— 2,
o 2 HC CHy “3C“T 3 (36)R, =H R, =CH,
H HC' CHs (35) R= CH (CHy), R, 5C CH:  (37)R,=CH, R,-H

Currently, reminyl (galanthamine) is used as an AChE inhibitor in the treatment of AD
and 1t is reported to be safer in regards to side effects compared with other commercially
available AChE inhibitors such as cognex (tacrine), Aricept (donepezil) and Exelon
(rivastigmine) *'. However, these inhibitors can only be used to treat mild to moderate
levels of AD. There is still a need to discover more efficient drugs for AD.

1.4 Glutathione S-Transferase (GST) and its role in drug resistance

Glutathione S-Transferases (GSTs) are a group of enzymes that catalyze the conjugation
of glutathione to a variety of hydrophobic and electrophilic compounds. These enzymes
play an important role in the detoxification and metabolism of potential carcinogenic
molecules that can damage genetic material (DNA). GSTs are also known to protect the
body against potential alkylating agents, which unfortunately includes useful drugs. They
are also responsible for the elimination of xenobiotics and endobiotics through
glutathione adduct formation which makes the products more water-soluble to assist in

subsequent excretion®. A general reaction catalyzed by GST is shown below (Figure 3).
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GSH+R-X 95T _ GSR+HX

/\
Hooc/k/\ﬂ/ COOH HOOCW j/“\ N~ >COOH + HX

HS+ R—X

Glutathione (y-Glu-Cys- Gly) R-SG conjugate

Figure 3 A general reaction catalyzed by GST; R-X = electrophilic substrate

A number of GST isozymes, especially GST & and p, become over-expressed in a wide
range of malignancies like cancer of the lung, colon, kidney>, ovary®, esophagus and
stomach®® due to an adaptive cellular response which protects cellular nucleophiles from
drug-induced damage. Many findings lead to an established correlation between GST
overexpression and clinical drug resistance®. For example, a 2-fold increase in GST
activity was determined in lymphocytes from chronic lymphocytic leukemia patients
(CLL), who were resistant to chlorambucil (anticancer drug), compared to lymphocytes
from untreated CLL patients’’. Such over expression of GSTs may be used as a
prognostic marker in cancer patients under chemotherapy. GSTs have been implicated to
metabolize anticancer agents and conjugate to GSH through thioester bond formation by
utilizing detoxification mechanisms. Resultantly, they biotransform anticancer agents into
more hydrophilic compounds to ease in their elimination from the body and this

consequently reduces the effects of chemotherapy™® (Figure 4).
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cl Clan~
N\ N——<: :}—(CH2)3COOH
N—@-(CHZ)gc:OOH S
N

NU™  Reaction with cellular
Chlorambucil \ nucleophile like DNA
Gl
QN—<<j>>—(CH2)3COOH
Gy

Aziridinium ion O&

GS Cle
VEN*@(CHZECOOH «-GST, GSH 5N—©‘<CHZ>SCOOH
GS GS

Figure 4 Function of GST and GSH in the removal of chlorambucil, an anticancer drug.

A number of alkylating agents and their metabolites have been probed as GST substrates,
including  chlorambucil® (as shown in Figure 4), cyclophosphamide®,
aldophosphamide®’, melphalan®, mechlorethamine®, tris(1-aziridinyl) phosphine sulfide
(thiotepa), tris(1-aziridinyl) phosphine oxide (tepa)®, 1,3-bis(2-chloroethyl)-1-
nitrosourea (BCNU)65 and acrolein®®. Few more examples of typical GST catalyzed

reactions are shown in Figure 5.

Cl SG

NO, 8, % (o NO,

GSH,GST - -Cl

—_—
NO, N62 NG,
1-chloro 2, 4-dinitrobenzene
0 0]
CH CH

CHs3 CH,

GSH, GST
——————ree

O o)
A’-Androstene-3,17-dione A% Androstene-3,17-dione
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—_— ;
Z OH

77
0 SG =z
OH SG
phenanthrene 9,10-oxide (95, 10S)-GS-Phen. (9R, 10R)-GS-Phen.

Figure 5 GST catalyzed reactions
Several mechanisms have been reported regarding the removal of glutathione conjugates

from the cell®’

. The link between drug response and GST mechanism of action provides
an alternative target to improve the effect of therapeutic agents. The use of selective
inhibitors of GST as adjuvant in chemotherapy within therapeutic limitations can provide
an alternative approach for improved chemotherapy. In this respect, many competitive
and non-competitive GST inhibitors have been investigated. Examples include,
ethacrynic acid® (38), TER199 (y-glutamyl S-benzyl cysteinyl phenyl glycine diethyl
ester) ® (39), diospyrin” (40), quercetin’' (41) and B-estradiol 3, 17-disulfate’ (42). Due
to therapeutic limitations and different mode of action of GSTs slight success has been

achieved so for. It is therefore highly desirable to explore new GST inhibitors that can be

used as adjuvant to enhance the effect of chemotherapeutics.

0
COOCHs , O
N
HZN/W N"CO0C,Hs
Hooc” o cl o SA@

Cl (38) 39
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1, OSOH

QéjB
(42)

Though a little effort has been directed toward the screening of natural products which

can be used as potential drug candidates to cure various diseases, but with the growing
number of patients and diseases it is highly desirable to screen every single natural
product in different bioassays to evaluate its medicinal importance. Natural products offer
a wide range of structural diversity with characteristic features. Because of this,
compounds isolated from Buxus hyrcana and Barleria prionitis were evaluated for their
GST and AChE inhibitory activities. Chapter 2 and 3 explain the characterization of these
purified compounds and investigational results in terms of AChE and GST inhibitory

activities.
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CHAPTER 2

Phytochemical studies on the leaves of Buxus hyrcana

2.1 Introduction

Genus Buxus is a rich source of steroidal alkaloids. This genus has several species
including B. semipervirens, B. papillosa, B. microphylla, B. hildebrandtii, and B.
hyrcana'. The crude extracts of the aforementioned plants are used in the indigenous
(India, Iran, Australia) system of medicine to treat various ailments including fatigue,
rheumatism, malaria, tuberculosis, depression and skin diseases®. The ethanolic extract of
B. semipervirens containing cycloartenol, lanosterol, cyclobuxine-D and buxamine has
been reported to be active against the Human Immunodeficiency Virus (HIV)’. It has
further been reported that this extract delayed the progression of HIV disease in HIV-
infected asymptomatic patients®. Buxus alkaloids have also shown interesting biological
activities including anti-bacterial, anti-mycobacterial, anti-HIV and anti-malarial
activities®*”. For instance, cyclovirobuxine-D (43) has shown activity against heart
disorders®. Similarly, O°-buxafurandiene (44) and 7-deoxy-O°-buxafurandiene (45)
exhibit acetylcholinestrase inhibitory activity with ICso values of 17 and 13uM

respectively9 .
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(44) R=OH

@45) R=H

These alkaloids have a unique triterpenoid-steroidal pregnane type skeleton with C-4
methyl groups, a 98, 10B-cycloartenol system, and a degraded C-20 side chain. Previous
phytochemical studies on various Buxus species have resulted in the isolation of over 200
steriodal bases'® . Structurally Buxus alkaloids can be divided into two main classes.

A: Derivatives of 9B, 10B-cyclo-4, 4, l4o-trimethyl-5a-pregnane system (46).

Cycloprotobuxine-A (47)'2, cyclobuxine-D (48)"°, cyclobuxophylline-K (49)'* are

representative examples of this class.

(46) R=H or CHj (47)
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CH,
(48) (49)
B: Derivatives of abeo 9(10—19) 4, 4, l4o-trimethyl-5a-pregnane system (50).

Buxaquamarine (51), 16a, 31-diacetylbuxadine (52)", and buxaminol-E (53)°

belong to this class of Buxus alkaloids.

CeHg——C—N .
%

H HsC HC—0——C——CHj
(52) 0
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B. hyrcana is a tree like shurb'® that is abundant in Iran'’.The aqueous extract of B.
hyrcana is used for the treatment of malaria, rheumatism, venereal diseases and skin
infections. The methanolic extract of B. Ayrcana exhibited AChE inhibitory activity with
ICsp value’ of 45ug/ml. Previous chemical studies on this plant have yielded 26 steroidal
bases. Their names and biological activities (if any) are listed in Table 1.

Based on reported importance of Buxus alkaloids in the literature, it was decided to carry
out phytochemical studies on the methanolic extract of leaves of B. hyrcana of Iranian
origin. These chemical investigations have yielded one known non-nitrogenous
triterpenoid, arbora-1,9(11)-dien-3-one (73) along with seven known nitrogenous
triterpenoids,  cyclobuxoviridine (74), E-buxenone (75), Z-buxenone (76),
moenjodaramine  (77), homomoenjodaramine (78), buxamine-B  (79), 31-
hydroxybuxamine-B (80). This thesis is the first report of (73) being isolated from B.
hyrcana where as previously it was reported as a natural product from Glycosmis
arborea'®. Structures of all of these compounds were established with the aid of extensive
spectroscopic studies. This chapter describes the isolation and structure elucidation of

these compounds (73-80) as well as their AChE and GST inhibitory data.



Table 1 Steroidal alkaloids reported from B. hyrcana with their bioactivity
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Name of compound

Biological activity

TAChE (ICso | TBChE (ICso uM) | "Cytotoxic activity

M) (ICs0 pM)
N-Benzoylbuxahyrcanine (33) ' >1000 310.620.1 | ceeememeeee
N-tigloylbuxahyrcanine (34) ! 443.0+15.1 31.243.0 | e
N-isobutyroylbuxahyrcanine (35) "' >1000 53.7>10003.7 | —-memmeeeeee
Buxamine-B (36) ” T e ——
Buxamine-C (37) " 721 R [ S ———
O%buxafurandiene (44)° | e e e ——
7-deoxy-O°-buxafurandiene (45)° | K R e [—
Hyrcanone (54)%° 145.0£11.5 20.0£1.9 24.8+3 .4
Hyrcanol (55)° e e >178
G e —— 1.71£0.02 >206
Buxabenzacinine (57) *° 468.0+5.0 350.04+20.2 33.6+9.7
2a,16B,3 1-triacetylbuxiran (58)* | creeeeeeeeees [t | e
2a,16B,31-triacetyl-9-11- | ;;eeieeeces | et | e
dihydrobuxiran (59) **
Benzoylbuxidienine (60)° K | B et SEE——
Ny-dimethylcycloxobuxoviricine(61)*° | 310.0+22.1 1.12+0.1 194+9.8
Hyrcamine (62)*° 83.0£1.3 | e e
Buxidine (63)*° 210.6+8.3 58.6+2.1 >192
Buxandrine (64) % 175.4£11.0 37.1+0.1 >178
Buxippine-K (65) *° >1500 210.0£23.0 84.6+£23.1
E-buxenone (66)° | cen | e 133.8£33.0
R () R UUUTL e N I
Homomoenjodaramine (68) ' L Y I at N (re—
Menjodaramine (69) ' 50.8£0.812 | coremmmmeee | e
Buxaquamarine (70)° 4 R aaee N S —
Buxapapillinine (71)° 80.0 | e e
Irehine(72)° 0K D S [

TACHE = Acetylcholinestrase inhibition activity

TBChE = Butyrylcholinestrase inhibition activity

T Cytotoxic activity against fibroblast cell line




Structures of compounds 54-72 listed in table 1.
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2. 2 Results
2.2.1 Arbora-1,9(11)-dien-3-one (73)
Arbora-1,9(11)-dien-3-one (73) was purified from fraction F, as a white amorphous solid

by preparative TLC, using petroleum ether-tetrahydrofurane-diethylamine (95:5:1) as a

mobile phase (see experimental section for detail).

(73)

The UV spectrum of 73 showed a maximum absorption at 228 nm indicating the presence
of an o, B-unsaturated carbonyl chromophore®.

The electron impact mass spectrum (EIMS) of 73 showed a molecular ion peak (M") at
m/z 422 and chemical ionization mass spectrum (CIMS) showed a quasimolecular ion
[M+1]" peak at m/z 423. In EIMS, an ion at m/z 407 was observed due to the loss of a
methyl group from the molecular ion. A careful interpretation of MS and *C-NMR data
suggested a molecular formula of C5oHy6O for 73.

The 'H-NMR spectrum (CDCl3, 300MHz) displayed six singlets at & 0.75, 0.95, 1.03,
1.09, 1.15, and 1.25 due to the protons of C-28, C-27, C-25, C-24, C-23 and C-26 methyl
groups, respectively. A six-proton doublet at 6 1.12 (J = 6.5 Hz) was due to the methyl

protons of C-29 and C-30. The C-11 olefinic proton resonated as a broad singlet at & 4.89.
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Two doublets, integrating for one-proton each, appeared at 8 7.19 and 5.84 (J12=10.2
Hz) were ascribed to the C-1 and C-2 vinylic protons, respectively.

The COSY-45° spectrum was used to assign the 'H-NMR chemical shift assignments.
The vinylic protons of C-1 (8 7.19) and C-2 (5 5.84) showed vicinal coupling with each
other while the C-11 olefinic proton (5 4.89) showed cross-peaks with the C-12
methylene protons (8 1.32 and 2.31).

The “C-NMR (CDCl;, 50MHz) spectrum of 73 showed the resonance of all thirty
carbons. Multiplicity of each carbon signal was determined by DEPT experiment. The
HSQC spectrum was also recorded in order to determine the 'H/'*C one-bond shift
correlations of all protonated carbon atoms. The complete 'H and *C-NMR chemical
shift assignments of 73 are shown in Table 2.

The HMBC spectrum of 73 exhibited long range correlations of H-1 (8 7.19) with the C-3
(205.7), C-5 (3 45.1) and C-10 (8 39.6), while the H3-23 (5 1.15) and H;-24 (5 1.09)
displayed HMBC interactions with the C-3 (§ 205.7) and C-5 (5 45.1). Similarly, the H-
11 (3 4.89) showed a cross peak with the C-12 (8 34.3) and C-13 (5 37.6). The important

HMBC interactions are shown around structure 73, below.

Important HMBC interactions of 73
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These spectral data suggested that compound 73 was a member of pentacyclic

triterpenoid of hopane series as the 'H and *C-NMR spectral data were found to be
identical to those compounds of this series, reported in the literature®*?’. This is the first

report of the isolation of this compound from B. hyrcana.




1 13
Table2 Hand C-NMR chemical shift assignments of 73

Carbon No. IH-NMR ) 13C—NMR )
1 7.19d,J=10.2 Hz 160.2
2 5.84d,/=10.2Hz 125.2
3 ———- 205.7
4 -—— 33.9
5 1.52m 45.1
6 1.07 and 1.38 m 21.4
7 1.48 and 1.74 m 18.9
8 1.41*m 38.6
9 ———- 142.3
10 ——- 39.6
11 4.89 brs 129.9
12 1.32and 2.31 brs 34.3
13 -—- 37.6
14 -— 41.6
15 0.95*% and 1.34 m 29.7
16 1.36 and 2.36 br s 37.3
17 - 43.5
18 1.55*m 53.7
19 1.14 and 1.84 m 26.1
20 1.11and 1.76 m 27.5
21 1.55*m 53.7
22 1.41*m 38.6
23 1.15s 16.7
24 1.09s 21.4
25 1.03 s 25.3
26 1.25s 29.1
27 0.95% s 31.3
28 0.75 s 14.4
29 1.12d,/=6.5Hz 19.9
30 1.12d,/=6.5Hz 27.8

Solvent: CDCl;
* Overlapping signls

36
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2.2.2 Cyclobuxoviridine (74)

Cyclobuxoviridine (74) was isolated as a white amorphous solid from fraction F,, which
was obtained by eluting a column of silica gel with hexane-acetone (90:10) and was
found to contain one major compound on analytical TLC. This major compound was
purified by preparative TLC using hexane-acetone-diethylamine (95:5:1), as a developing

solvent.

(74

The UV spectrum of 74 showed absorption maxima at 268 nm, indicating the presence of
an a, B unsaturated carbonyl group adjacent to the cyclopropyl ring 2.

The EIMS of 74 showed the molecular ion peak at m/z 383 where as the CIMS showed
the quasimolecular ion [M+1]" peak at m/z 384. An ion at m/z 368 resulted from the loss
of a methyl group from the molecular ion in EIMS of 74. The base peak at m/z 72 was
also observed in the mass spectrum of this compound. Another ion at m/z 85 was
attributed to the cleavage of ring D. The combination of *C-NMR and mass spectral
data helped to suggest a molecular formula C,sH4NO for 74.

The '"H-NMR (CDCl3, 200 MHz) spectrum of 74 showed two three-proton singlets at &

0.92 and 1.09, corresponding to C-18 and C-31 methyl protons respectively. A singlet of
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six-protons at 8 1.26 was due to C-30 and C-32 methyls respectively. The C-21
secondary methyl group resonated as a doublet at § 0.99 (Jy; 50 = 6.0 Hz), while
neighboring C-20 methine proton appeared as a multiplet at § 2.05. A six-proton singlet
resonating at § 2.50 was assigned to N, N-dimethyl protons. Two sets of AB doublets
resonating at 6 0.75 and 0.81 (Ji9q, 19 = 5.07 Hz) were assigned to the C-19 cyclopropyl
methylene protons. The downfield shift from the usual chemical shift values®® was due to
the deshielding effect of the neighbouring olefinic functionality®’. Two doublets
integrating for one proton each at § 6.75 (J;,, = 10.1 Hz) and 5.94 (J1,2=10.1 Hz) were
ascribed to the C-1 and C-2 olefinic protons, respectively.

The 'H-"H COSY spectrum was used to establish the vicinal and geminal couplings. Two
doublets resonating at 8 6.75 and § 5.94 due to H-1 and H-2 methine protons showed
cross peaks with each other. A methine proton of H-17 resonating at § 1.62 showed
vicinal couplings with H-20 at § 2.05. The latter showed cross peak with methyl protons
of H3-21 at 6 0.99. Moreover, methylene protons of H,-6 resonating at § 1.53 and & 0.90
showed vicinal couplings with H-5 at § 1.72 and H,-7 at § 1.36. The H,-7 displayed a
cross peak with H-8 at 6 1.54.

The C-NMR spectrum (CDCl;, 50 MHz) of 74 showed the resonance of all twenty-six
carbons. The C-18, C-30, C-32 and C-31 methyl carbons resonated at 017.1, 18.6, 21.4
and 23.2, respectively. The olefinic C-1 and C-2 appeared at & 153.5 and & 126.9,
respectively. The complete assignments to all carbon atoms of 74 are shown in Table 3.
The UV, 1H, 13 C-NMR, and mass spectral data of compound 74 were identical to those of

28, 30, 31

cyclobuxoviridine, reported in the literature and this characterized compound 74 as
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cyclobuxoviridine. This compound was previously isolated from B. papillosa®® and B.

microphylla®?'. This is the first report of the isolation of 74 from B. hyrcana.

Table 3 *C-NMR chemical shift assignments of compound 74.

Carbon No. BC (5)
1 153.5
2 126.9
3 205.0
4 45.9
5 49.0
6 24.4
7 27.6
8 442
9 19.1
10 433
11 26.8
12 34.4
13 43.1
14 49.3
15 32.1
16 28.9
17 49.3
18 17.1
19 19.4
20 63.1
21 22.7
30 18.6
31 232
32 21.4

N(Me), 29.7

Solvent: CDCl;
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2.2.3 E-buxenone (75)

E-buxenone (75) was obtained as a colorless gummy material from fraction F, by eluting
the silica gel column with hexane-acetone (65:35), which was further purified by
preparative TLC using hexane-acetone-diethylamine (90:10:1), as a mobile phase.

The UV spectrum of 75 showed absorption maxima at 243 nm, suggesting the presence

of an o, B-unsaturated carbonyl system>2.

(75)

The EIMS and CIMS of 75 showed the molecular ion peak at m/z 369 and at m/z 370
[M+1]", respectively. A combination of mass and '>C-NMR Ied us to derive molecular
formula, C;5H39NO. An ion at m/z 354 arose due to the loss of a methyl group from the
molecular ion and another fragment at m/z 326 resulted from the loss of a carbon
monoxide (CO) molecule from the M'-15 ion, indicating the presence of carbonyl
functionality in this compound. The base peak at m/z 57 resulted from the cleavage of
ring A that suggested the presence of N-methyl functionality at C-3.

The '"H-NMR spectrum (CDCl;, 200 MHz) of 75 contained a set of two AB doublets at &
0.42 and 0.63 (J194, 199 = 4.5 Hz) due to C-19 cyclopropyl methylene protons. Four three-
proton singlets at § 0.93, 1.10, 1.26, and 1.32 were ascribed to the four methyl protons

attached to quaternary carbons atoms. A three-proton doublet at § 1.82 (Ja1, 20 = 7.4 Hz)



41

was due to the C-21 methyl protons. A one-proton quartet at § 6.55 (J21,20= 7.4 Hz) was
assigned to the C-20 olefinic proton. The C-3 methine proton resonated at § 3.67 as a
multiplet, while the N-methyl protons appeared as a three-proton singlet at 8 2.61.

The COSY-45° spectrum was also recorded to confirm the H-NMR chemical shift
assignments. The C-21 methyl protons (5 1.82) showed cross peak with C-20 methine (8
6.55) proton. The C-19 methylene protons (8 0.42 and 0.63) also exhibited geminal
coupling between them.

The “C-NMR spectrum (CDCl3, 50 MHz) showed the resonance of all 25-carbons. Two
downfield signals at §146.0 and 129.7 were due to the vinylic C-17 and C-20,
respectively. The N-CHj appeared at § 29.7 while the C-16 carbonyl carbon resonated at
§ 206.1. The complete *C-NMR chemical shift assignments of 75 are listed in Table 4.
The UV, 'H, 13C—NMR, and mass spectral data of compound 75 were found to be
identical to those of E-buxenone reported in the literature!® 3% 3% 33 that helped to identify
compound 75 as E-buxenone. This compound was previously purified from B. hyrcana

. microphyla *° and B. sempervirens >,



Table 4 '*C- NMR chemical shift assignments of 75

Carbon No. 8 °C
1 31.5
2 235
3 68.8
4 48.8
5 46.1
6 23.7
7 25.6
8 47.6
9 20.3
10 25.9
11 28.7
12 33.7
13 39.0
14 41.8
15 45.1
16 206.1
17 146.0
18 14.6
19 29.1
20 129.7
21 25.2
30 18.9
31 25.3
32 12.7

N,-Me 29.7

Solvent CDCl;

42
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2.2.4 Z-buxenone (76)

The procedure described for the isolation of E-buxenone 75 also yielded Z-buxenone (76)

as a colorless gummy material.

The UV and mass spectral data of 76 were similar to those of compound 75, discussed
previously. The 'H-NMR and COSY-45° of 76 was found to be nearly the same as those
discussed for compound 75, with the exception of resonance for a doublet of C-21 methyl
(8 2.05) (J21,20= 7.5 Hz) and a quartet of C-20 (8§ 5.65) methine protons. This downfield
resonance of C-21 methyl protons from & 1.82 to 2.05 and up field resonance of C-20
methine proton from § 6.55 to 5.65 compared with 75 suggested that compound 76 was a
Z-isomer of 75.

These spectral data led to propose structure 76 for this reported steroidal base. This
compound was previously separated from B. sempervirens>*. However, this is a first

report of compound 76 from B. hyrcana.
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2.2.5 Moenjodaramine (77)

Two steroidal alkaloids, moenjodaramine (77) and homomoenjodaramine (78) were
isolated as a white crystalline solid by the preparative TLC of fraction F. that was
obtained by eluting the column with hexane-acetone (10:90), which were further purified
by preparative TLC using ethylacetate-methanol-diethylamine (80:20:1) as mobile phase.
The UV spectrum of 77 showed the absorption maxima at 236 and 245 nm,

characteristics for the 9 (10—19) abeo-diene system'.

(77)

The EIMS and CIMS data of 77 exhibited the molecular ion peak at m/z 426 and its
combination with *C-NMR data proposed the molecular formula C,3HisN,O. The ion at
m/z 411 resulted from the loss of a methyl group from the molecular ion. The EIMS of
compound 77 showed ions at m/z 85 and 71. The base peak at m/z 58 was also observed
in the mass spectrum of this compound. These fragments are found in the Buxus alkaloids
having tetrahydrooxazine moiety at ring A>.

The "H-NMR (CDCl3, 200 MHz) showed three singlets, each integrating for three-proton
at § 0.70, 0.74, and 1.01 for the three-methyl groups due to C-18, C-32 and C-31,

respectively. The C-21 methyl protons resonated as a doublet at 8 0.86 (J3;, 20 = 6.0 HZ).
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A three-proton singlet at § 2.10 and six-proton singlet at § 2.22 were assigned to N-N-
dimethyl group attached to C-20 and N-methyl group at C-3 respectively. A set of two
AB doublets resonating at & 3.24 and 8 3.82 were due to C-31 methylene protons (Jag =
10.4 Hz), while another set of two AB doublets centered at § 3.57 and & 4.42 (Jap=174
Hz) were attributed to C-33 methylene protons of the tetrahydrooxazine ring respectively.
A singlet at § 5.98 was ascribed to the isolated olefinic proton at C-19 while a multiplet at
0 5.54 was assigned to the C-11 olefinic proton.

The *C-NMR spectrum (CDCI3, 50 MHz) showed four signals at § 13.9, 14.2, 15.8, and
17.1 that were assigned to C-18, C-21, C-32, and C-30 methyl carbons, respectively. The
olefinic carbon atoms C-19, C-11, C-10 and C-9 appeared at § 129.9, 130.1, 134.1, and
138.1, respectively. The carbons of methyl groups attached to nitrogen at C-3 and C-20
were found to resonate at & 36.4 and § 29.7 respectively. The complete *C-NMR
chemical shift assignments of 77 are shown in Table 5.

The UV, MS, 1H, and C-NMR spectral data of 77 were identical with those of
moenjodaramine reported in the literature °% 3> *°. Based on these spectral data,
compound 77 was identified as moenjodaramine. This compound has been previously

isolated from B. hyrcana®®, B. papillosa® and B. hildebrandtii .



Table 5 °C- NMR chemical shift assignments of Compound 77

Carbon No. §1°C
1 39.2

2 26.9

3 71.2

4 42.9

5 48.4

6 25.4

7 25.9

8 49.1

9 138.1
10 134.1
11 130.1
12 38.5
13 39.8
14 48.6
15 32.9
16 28.9
17 49.7
18 13.9
19 129.9
20 60.4
21 14.2
30 17.1
31 88.5
32 15.8
33 97.6
Na-Me 36.4
Np-(Me), 29.7

Solvent: CDCl;

46
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2.2.6 Homomoenjodaramine (78)

The procedure described for the isolation of moenjodaramine 77 also yielded
homomoenjodaramine (78) as a white crystalline solid.

The UV spectrum of homomoenjodaramine 78 was identical to that of 77 indicating the

presence of similar chromophore as described for moenjodaramine (77).

CHs

29\\\\\Nb ~

HaC

(78)

The EIMS and CIMS experiments were performed to determine the molecular ion peak.
The EIMS displayed the molecular ion peak at m/z 440 where as the CIMS exhibited the
quesimolecular ion [M+1]" at m/z 441. The combination of MS and *C-NMR data
helped to propose the molecular formula CyoHusN,O. An ion at m/z 425 was observed due
to the loss of a methyl group from the molecular ion. The base peak at m/z 72 was also
observed due to the loss of trimethyliminium ion in the mass spectrum of this compound.
The EIMS showed another ion at m/z 58, which is commonly observed in Buxus alkaloids

having N-methyl or N, N-dimethyl group at C-20 of ring D*’.
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The 'H-NMR spectrum (CDCl;, 200 MHz) of 78 was similar to that of compound 77
except for the C-33 methine proton appeared as a quartet at 8 3.62 (J33 o, e = 5.4 HZ) and
a three-proton doublet resonated at & 1.33 (J wme, 33 « = 5.4 HZ). This suggested the
substitution of a methyl group at C-33. For the correct identification of the methyl group
at C-33 COSY 45° experiment was performed. The COSY 45° spectrum displayed
vicinal coupling of C-33 methine proton (8 3.62) with the methyl protons (5 1.33).

The C-NMR spectrum (CDCl;, 50 MHz) also showed the resonance of all 29 carbons.
Multiplicity of each carbon was established by using APT spectrum. It revealed the
presence of eight methine, eight methylene, eight methyl and five quaternary carbons.
Complete chemical shifts of 78 are listed in Table 6.

The UV, 'H, *C-NMR, and mass spectral data of compound 78 were distinctly identical
to those of homomoenjodaramine, reported in the literature’’, and this characterized
compound 78 as homomoenjodaramine. This compound has been previously isolated

from B. hyrcana®.



Table 6 >C- NMR chemical shift assignments of Compound 78
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Carbon No. 8 "C-NMR Multiplicity
1 39.1 CH,
2 25.4 CH,
3 70.7 CH
4 39.5 C
5 48.5 CH
6 33.0 CH,
7 26.5 CH,
8 49.6 CH
9 138.2 C
10 134.3 C
11 129.7 CH
12 38.4 CH,
13 432 C
14 48.5 C
15 29.7 CH,
16 26.9 CH,
17 48.8 CH
18 17-1 CH;,
19 129.2 CH
20 64.5 CH
21 10.1 CH,
30 13.9 CH,
31 77.9 CH,
32 15.8 CH,
33 92.0 CH
N,-CH3 38.5 CH,
N (CHs), 349 CH;
N,-CH-CH,-O 20.8 CH,

Solvent: CDCl;

T Multiplicity was determined from APT experiment.
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2.2.7 Buxamine-B (79)

Buxamine-B (79) was isolated as a colorless amorphous solid from fraction Fy that was
obtained by eluting the column with acetone-methanol (90:10). The analytical TLC
analysis showed that it contains one major compound, which was purified by preparative
TLC using ethylacetate-isopropanol-diethylamine (80:20:1) as the developing solvent.

The UV spectrum of buxamine-B 79 was similar to those of 77 and 78 indicating the
presence of similar chromophore as described for moenjodaramine (77) and

homomoenjodaramine (78).

3 20 W o
o \C[ I3

(79)

The EIMS and CIMS spectra showed that compound (79) exhibited the molecular ion at
m/z 398 and quasimolecular ion [M+1]" at m/z 399 respectively. The combination of *C-
NMR and MS spectral data indicated the molecular formula of 79 as Cy7HssN,. An ion at
m/z 383 resulted due to the loss of a methyl group from the molecular ion. The EIMS of
79 showed two ions at m/z 43 and at m/z 57 due to the cleavage of ring A along with the
nitrogen containing side chain at C-3. The base peak at m/z 72 was also observed due to
the loss of trimethylliminium ion from ring D. This fragmentation pattern is found to be

identical with those of reported MS data in the literature®®.
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The 'H-NMR spectrum (CDCls, 200 MHz) of 79 revealed the presence of four methyl
groups attached to quaternary carbon atoms, which appeared as two three-proton singlets
at 8 0.75 and 1.01 for C-32 and C-31 respectively. A six-proton singlet at § 0.71 was
attributed to C-18 and C-30 methyl groups. A three-proton doublet at & 0.86 (J21,20=6.5
HZ) was due to the C-21 secondary methyl protons. A six-proton singlet at § 2.24 and a
three-proton singlet at § 2.48 were attributed to the C-20 N, N-dimethyl and C-3 N-
methyl protons respectively. A singlet at § 5.98 was ascribed to the C-19 olefinic proton
while a multiplet appeared at § 5.51 was assigned to the C-11 olefinic proton.

The *C-NMR spectrum (CDCl;, 50 MHz) of 79 showed the presence of twenty-seven
carbon atoms in the molecule. The multiplicity of the carbon signals was established by
using APT experiment. The olefinic carbons C-9, C-10, C-11and C-19 resonated at §
138.5, 134.8, 128.9 and 129.1, respectively. The *C-NMR chemical shifts assignments
of all the carbons with their multiplicity of this compound are shown in Table 7.

The UV, MS, 1H, and *C-NMR spectral data of 79 were found to be identical with those
of buxamine-B reported in the literature & % 3% ¥ This compound has been previously

isolated from B. semipervirene®, B. hyrcana®, B. papillosa®® and B. microphylla *°.



Table 7 *C- NMR chemical shift assignments of Compound 79

Carbon No 8 "C-NMR "Multiplicity

1 38.5 CH,
2 29.7 CH,

3 68.3 CH

4 42.9 C

5 49.1 CH
6 25.6 CH,
7 28.9 CH,

8 51.3 CH

9 1385 C

10 134.8 C

11 128.9 CH
12 40.3 CH,

13 41.1 C

14 48.6 C
15 39.9 CH,
16 26.9 CH,
17 49.6 CH
18 15.7 CH,
19 129.1 CH
20 61.6 CH
21 17.1 CH,
30 14.7 CH,
31 24.7 CH,
32 14.1 CH,
N,-CH3 35.6 CH,
Ny-(CH3), 32.9&30.2 CH;

Solvent: CDCl,
T Multiplicity was determined from APT experiment.
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2.2.8 31-Hydroxybuxamine-B (80)

31-Hydroxybuxamine-B (80) was purified as a white amorphous solid from acetone-
methnol (80:20 %) column chromatographic fraction F, by preparative TLC using ethyl
acetate-isopropanol-diethylamine (80:20:1) as mobile phase.

The UV spectrum of 80 was recorded that found to be similar to those of 77, 78 and 79

indicating the presence of same chromophore in this compound.

HsC

Ny
I H3C HQC_OH
Ho 30 3

(80)

The EIMS spectral studies were performed to deduce the molecular ion peak, which was
observed at m/z 414. The comparison of 'H-NMR and MS spectral data (fragmentation
pattern) with reported literature®® was consistent with the molecular formula C,7H4sN,0.
A peak at m/z 399 was due to the loss of a methyl group from the molecular ion.
Compound (80) showed the base peak at m/z 72 which arose by cleavage of the ring D
nitrogen containing side chain. The peak at m/z 57 was due to the cleavage of ring A
along with the nitrogen containing side chain at C-3. Moreover a loss of [M-18]" at m/z
396 indicated the presence of alcoholic functionality in this compound.

The '"H-NMR spectrum (CDCl3, 200 MHz) revealed the presence of three methy! groups

bonded to quaternary carbons appeared as three-proton singlets at § 0.64, 0.70 and 0.95
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for C-18, C-30 and C-32 respectively. A three-proton doublet at § 1.18 (J 51,20 = 6.4 HZ)
was due to the C-21 secondary methyl group while the C-20 methine proton appeared as
a multiplet at 8 2.35. A six-proton singlet at 8 2.38 and a three-proton singlet at § 2.29
were attributed to the N, N-dimethyl protons at C-20 and N-methyl protons at C-3
respectively. A singlet at § 5.88 was ascribed to the C-19 olefinic proton while a multiplet
appeared at 6 5.45 was assigned to the C-11 olefinic proton. The C-3 a-proton appeared
as a multiplet at § 3.50. A set of two AB doublets resonated at & 3.35 and 3.75 (Jyz
=10.4Hz) were due to the geminal methylene protons at C-31.

The COSY-45° spectrum was also recorded to confirm the 'H-NMR chemical shift
assignments. The C-11 olefinic proton (8 5.45) showed COSY 45° interactions with the
C-12 methylene protons (5 1.84 and 2.0). The C-19 methine proton (5 5.88) exhibited
allylic interactions with the C-5 (8 2.10) methine proton. Moreover, C-5 methine proton
showed vicinal couplings with the C-6 (3 1.36 and 1.68) which in turn showed cross peak
with the C-7 (6 1.98 and 1.45) methylene protons. The later displayed cross peaks with
C-8 (3 2.35) methine proton. A set of two AB doublets appeared at § 3.35 and 3.75 were
due to the geminal methylene protons at C-31 also showed cross peak with each other.
The EIMS, '"H-NMR and two-dimensional 'H-"H COSY spectroscopic techniques were
very informative regarding the presence and location of the hydroxyl group at C-31. As
described above mass spectrum showed a characteristic loss of M™-18 at m/z 396
indicating the presence of hydroxyl group. A deshielded two AB doublets for the C-31
methylene protons at § 3.35 and 3.75 (J4z = 10.4 Hz) further suggested the presence of
the hydroxyl group. The absence of one three-proton signal for the two-methyl groups in

the "H-NMR spectrum, which are normally substituted at C-4 in Buxus alkaloids,
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confirmed the presence of hydroxyl methylene group at C-4 (this was indicative of the
existence of hydroxyl group at C-31). It has been reported earlier that a-methyl
substituted at C-4 under goes oxidation preferably compared with B-methyl, therefore a-
stereochemistry was assigned to hydroxymethylene substituted at C-4*>*!. Based on the
above spectral data (UV, Mass, 1H—NMR, 'H-'"H COSY) and its comparison with those
reported in the literature®®, compound (80) was identified as 31-hydroxybuxamine-B.
This is the first report of 80 from B. hyrcana although it has been previously reported

from B. hildebrandtii>®.
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2.3 Bioactivity of the chemical constituents of Buxus hyrcana

Enzyme inhibition is an important area of pharmaceutical research that has led to the
discovery of a wide variety of drugs used to cure various ailments. Specific inhibitors
interact with enzymes to block or decrease their activity towards their corresponding
natural substrates. The importance of enzyme inhibitors as drugs is enormous since these
molecules have been used for treating a number of physiological conditions. Because of
the manifold of traditional activities of the plant Buxus hyrcana, we screened its
constituents for new biological activities. The constituents from this plant were found to
be active against acetylcholinesterease (AChE) and glutathione S-transferase (GST)
enzymes. All of the compounds isolated from B. hAyrcana showed AChE inhibitory
activities. Compounds 74 to 80 were not tested for GST inhibitory activities due to their
limited quantities. The ICsq values of all compounds are shown in Table 8.

Table 8 AChE and GST inhibitory activities (ICsp = puM+SEM) of compounds 73 to 80

Compounds AChE + SEM GST + SEM
Arbora-1,9(11)-dien-3-one (73) 47.89 £1.87 7423 £1.17
Cyclobuxoviridine (74) 179.68 + 1.65 -
E-buxenone (75) 71.04 +2.90 —
Z-buxenone (76) 87.38 £2.40 —
Moenjodaramine (77) 57.88+1.93 —
Homomoenjodaramine (78) 19.46 +£0.34 —
Buxamine-B (79) 79.68 + 1.34 —
31-hydroxybuxamine-B (80) 61.27 = 0.67 —

SEM = Standard error of mean of three assays
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The steroidal alkaloid, homomoenjodaramine (78) displayed the best AChE inhibitory
activity while its structural analog moenjodaramine (77) showed 2-fold less anti-AChE
activity which may be due to the absence of methyl group at C-33. The structural analysis
and anti-AChE activity data of all of these purified compounds indicated that the
presence of amino group at C-20 is not important for enzyme inhibition. However the
presence of amino functionality at C-3 of these types of compounds seems necessary for
the better interaction of enzyme and compounds. This hypothesis is evident from the anti-
AChE activities of E-buxenone (75) (ICsp 71.04 uM) and Z-buxenone (76) (ICsy 87.38
uM) as both have amino group at C-3, where as cyclobuxoviridine (74) (ICsp 179.68 uM)
has relatively 3-fold lower anti-AChE activity, which may be due to the absence of amino
group at C-3. The anti-AChE activity of all of these compounds was very weak compared
with reported AChE inhibitory activities of presently used AChE inhibitors like eserine
(ICso 0.041 pM), tacrine (ICsp 0.021 pM) and galanthamine (ICso 0.45 uM) for the
treatment of AD*. The pentacyclic triterpenoidal compound, Arbora-1,9(11)-dien-3-one
(73) was also assayed for GST inhibitory activity (ICso 74.23 uM). This GST inhibitory
activity was excellent compared with standard triterpene sodium taurocholate (ICsy 398
uM) * and found to be weak compared with previously used chemosensitizer, ethacrynic

acid (ICso 16.0 pM) *.
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2.4 Discussion

Buxus hyrcana produces steroidal bases as revealed by the results obtained from previous
phytochemical studies by our research group’. A few of the isolated compounds showed
acetylcholinestrase (AChE) inhibition activity. It was decided to perform phytochemical
studies on the crude extract (350gm) in order to isolate more steroidal alkaloids and to
evaluate them for AChE inhibitory activity. These studies resulted in the isolation of
eight more triterpenoids: arbora-1,9(11)-dien-3-one (73), cyclobuxoviridine (74), E-
buxenone (75), Z-buxenone (76), moenjodaramine (77), homomoenjodaramine (78),
buxamine-B (79), and 31-hydroxybuxamine-B (80). Quantities of each and their % yields
are listed in Table 9.

Table 9 Yields of eight triterpenoids isolated from B. hyrcana

Compound Yield (mg) % Yield
102 6.0 0.0017
103 32 0.0009
104 5.5 0.0015
105 32 0.0009
106 2.4 0.0007
107 33 0.0009
108 3.6 0.0010
109 1.5 0.0004

During the isolation procedures, analytical and preparative TLC were used extensively to
establish the proper solvent system in order to purify these compounds. By performing

analytical TLC, this might have contributed to a decreased final yield of these
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compounds. It can therefore be concluded that to achieve an acceptable yield of these
compounds, a proper HPLC/LC-MS method needs to be developed for the purification of
these alkaloids. However, the Ry values and %yield calculated during these studies will
help in isolating these compounds for future works.

Many plants of the family Buxaceae have been explored for the identification of
acetylcholinestrase inhibitors*’. Buxaminol-E, a pregnane type steroidal alkaloid from B.
sempervirens has been reported as a good inhibitor of the enzyme*®. Inhibition of AChE
is considered as a potential target for the treatment of Alzheimer’s disease along with
possible therapeutic use in the treatment of Parkinson’s disease, ageing and myasthenia
gravis’. In the light of this literature evidence, it was decided that all the purified
compounds from B. Ayrcana should be investigated for anti-AChE effect in order to
evaluate them for their medicinal importance. The results of these anti-AChE studies are
summarized in Table 8. All compounds (73-80) displayed AChE inhibitory activity in a
dose-dependent manner. Homomoenjodaramine (78) showed excellent anti-AChE
activity compared to other isolates (73-77, 79-80). This may be due to the presence of
tetrahydrooxazine ring at C-3/C-4. This hypothesis seems true from the recent
investigations of its structural analogs (81-82) which displayed AChE inhibitory activities
with ICso value of 0.029 and 0.018uM, respectively®. In the study it was also
investigated that steroidal alkaloid having oxazine and pyrimidines moieties at C-3/C-4
positions are more active AChE inhibitors. Furthermore the presence of cyclopropane

ring also increases the AChE inhibition activity in the oxazine and pyrimidine series.
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In addition to this substitutent at C-33 in oxazines can also effect the inhibition of AChE.
Since in case of homomoenjodaramine (78), cyclopropane ring is absent while in case of
moenjodaramine (77) cyclopropane ring as well as substitutent at C-33 both are absent,
that may be the reason of its inefficient interaction with AChE, as a result has weaker
ACHE inhibitory effect. Galanthamine (reminyl) is an AChE inhibitor and is used to treat
the symptoms of mild to moderate AD. The concentration of the inhibitor yielding 50 %
inhibition of enzyme activity i.e. ICsy of galanthamine has been documented as 0.45uM
in vitro*. In the present study AChE inhibitory data compared with galanthamine,
homomoenjodaramine (78) displayed moderate inhibitory activity of AChE where as
moenjodaramine (77) and all other purified compounds from B. Ayrcana showed weaker
inhibitory activity. The structural comparison of rest of the alkaloids (74-76, 79-80) with
respect to their anti-AChE activity showed that secondary or tertiary amino group at C-3
is important for the enzyme inhibitory activity. This is also evident from the inhibitory
activity of cyclobuxoviridine (74), which is about 2 to 3-fold less active compared to 75,

76,79 and 80 due to the absence of amino group functionality at C-3.
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Arbora-1,9(11)-dien-3-one (73) is a pentacyclic triterpene which showed anti-AChE
activity with ICsq value of 47.89 uM. Based on intensive literature search, it is the first
report from B. hyrcana. It needs more experimentation in order to investigate the reason
of its relatively better anti-AChE activity. Arbora-1,9(11)-dien-3-one (73) was also
assayed for glutathione S-transferase inhibitory activity (ICso 74.23uM). This enzyme
inhibitory activity was about 4-fold higher compared with standard steroidal inhibitor
sodium taurocholate (ICso 398 pM) *. This GST inhibitory activity of 73 possibly due to
Michael type addition reaction on the endocyclic methylene group and resultantly
formation of GSH adduct during the assay period.

Biogenetically non-nitrogenous and nitrogenous triterpenes are synthesized by plants.
Natural synthesis of all terpenoids is based on the isoprene rule, which was proposed by
Ruzica in 1938 * . Isoprene (2-methyl buta-1,3-diene) is a monomeric unit which is
formed by acetyl coenzyme-A as biogenetic precursor. Biochemically isoprene units are
actually diphosphate esters termed as isopentenyl pyrophosphate (IPP) and dimethyl allyl

pyrophosphate (DMAPP) as shown n Figure 6.

o}
—— Isomerase N
—— — e
OPP —_~— OPP

HeC” SNSCoA ——— 5
Isopentenyl pyrophosphate Dimethyallyl pyrophosphate
Acetyl-CoA (IPP) (DMAPP)

Figure 6 Formation of IPP from acetyl-CoA through mevalonate parthway.

These biochemically active isoprene units condense in a head to tail fashion to form pre-
squalene which undergoes rearrangement to form squalene as a result of different
catalytic actions of the squalene synthase enzyme. The cyclization of squalene is
promoted by either oxidative or non-oxidative agents resulting in either lanosterol or

cycloartenol type triterpenes. Lanosterol is distributed in vertebrates where as
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cycloartenol is widespread in higher plants, serving as a biosynthetic precursor in the

biosynthesis of triterpenoids”".
MVA

(Gerany! PP(GPP)} » | Monoterpenes (C,

@quiterpenes(cl 5))
Farnesyl PP(FPP) ———

\ €D) Triterpenes (Cy)

' ——— (Diterpenes (Cy)

(Geranyl Geranyl PP(GGPP) —I @
\ b———===— | Tetraterpenes (C4q)

Y

‘%amesyl PP(GFPP)——— (Sesterterpenes (C,5)

/

Polyprenyl PP| >

Polyphenols
(e.g.Castaprenols)
and polyterpenes

(e.g.rubber, gutta)

Figure 7 General biosynthesis of terpenoids; DMAPP = Dimethylallyl pyrophosphate,
PP = Pyrophosphate, X2 = Dimerization

Buxus alkaloids are considered to be the derivatives of cycloartenol® *% %, Though the
mechanism for this has not yet been proven experimentally, one hypothesis asserts that
this transformation takes place with 20-ketosteroid intermediates by oxidative cleavage of
the C-20 side chain. In addition to this, oxidation of C-3 hydroxyl group may lead to the
formation of 3,20-diketosteroids. Thus the Buxus alkaloids may have been derived by the
reductive amination of mono or diketosteroids (Figure 8). This hypothesis is also
supported by the fact that most of the aminosteroids, 20-amino-3-ketosteroids, 3-amino-

20-ketosteroids and 3,20-diaminosteroids have been reported from plants®>*,
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Figure 8 Biosynthesis of mono and diamino-ketosteroids.

In this way, Buxus alkaloids with a cyclopropane ring may directly form from
cycloartenol and most of the structural diversity of Buxus alkaloids may arise due to the
opening of cyclopropane ring. Herlem-Gaulier et al >® proposed a possible mechanism for

the generation of abeo 9(10—19)-diene system (conjugated or non-conjugated) by a

decyclization processes (Figure 9).

NH,

HoN

P
~
<

Figure 9 Biosynthesis of abeo 9(10—19)-diene conjugated and non-conjugated system
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A characteristics feature of some Buxus alkaloids is the presence of a tetrahydrooxazine
or methyl substituted tetrahydrooxazine ring®®, which may proceed in nature by the
condensation of formaldehyde or acetaldehyde with the C-3 amino group. The attack of
C-4 o-hydroxymethylene group® on the corresponding  ketimine can yield

tetrahydrooxazine ring. This process is summarized in Figure 10.

NH,

RHN

NH
NH, 2

R=H or CH,

Figure 10 Biosynthesis of Buxus alkaloids having tetrahydrooxazine ring,
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2.5 EXPERIMENTAL

2.5.1 General experimental conditions

2.5.1.1 Spectroscopy

Ultra violet (UV) spectra were recorded in methanol, dichloromethane and
tetrahydrofurane (THF) on a Shimadzu UV-VIS-240 spectrophotometer. Infrared (IR)
spectra were recorded on Michelson Bomem Hartmann and Braun-MB-series
spectrophotometer in KBr. EIMS and CIMS data were obtained on a Hewlett Packard
5970 series II (mass selective detector) spectrometer using direct insertion probe method.
Proton magnetic resonance (IH-NMR) spectra were recorded in CDCl; on a Varian
spectrometer at 200 MHz. The C-NMR spectra were recorded at 50 MHz on the same
instrument. All 2D-NMR spectra were recorded in CDCl; on Bruker 300 MHz at the
University of Manitoba. Chemical shifts were recorded in (8), ppm and referenced to
solvents.

2.5.1.2 Chromatography

Column chromatography was carried out on silica gel (200-400 mesh type-60A°)
purchased from Sigma-Aldrich. The purity of samples was checked on precoated silica
gel GF 254 alumina backed plates (20 X 20 cm) (Merck Kieselgel).

2.5.1.3 Detection of triterpenes and alkaloids on TLC plates

An ultra violet lamp of wavelength 254 and 366 nm was used to view compounds.
Triterpenes were visualized with the help of 10% H,SO, spraying agent. The alkaloids
were detected with the help of Dragendorff’s spraying reagent. The alkaloids gave

positive Dragendorff’s test with orange-red colored spots. All ACS grade solvents
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(methanol, ethyl acetate, dichloromethane, chloroform, hexane, petroleum ether and
THF) were purchased from Fisher Scientific.

2.5.2 Plant material

Dr. M. H. Meshkatalsadat, Department of Chemistry, University of Lorestan, Iran,
collected the leaves of B. hyrcana. The plant was identified by Dr. Jahad Sazandegi,
Mazandaran State, Iran, and a voucher specimen (No. B-530) was deposited in the
herbarium of the Shaheed Beheshti University, Tehran, Iran. The crude methanolic
extract of the leaves of B. hyrcana was shipped to us under a collaborative program
between Department of Chemistry, University of Lorestan, Iran and the Department of
Chemistry, University of Winnipeg, Manitoba, Canada.

2.5.3 Extraction and Isolation

The crude methanolic extract (350 g) of B. hyrcana, was loaded onto a silica gel column.
The column was eluted with n-hexane-ethyl acetate (0-100%), ethyl acetate-methanol (0-
100%) to afford one hundred and forty five fractions. Similar fractions were combined on
the bases of same Ry values. This gave three main fractions Fi, F,, F3. Fractions F,
contained a mixture of two compounds revealed by analytical TLC, but several attempts
to purify this mixture were not successful. The purification of fractions F, by preparative
TLC using pet.ether: THF: Et;NH (95:5:1) as mobil phase yielded one non-nitrogenous
triterpene arbora-1,9(11)-dien-3-one (73) (6.0 mg, 0.0017 % yield, R, 0.58). This non-
nitrogenous triterpene has been isolated for the first time from B. hyrcana (scheme # 1).
Impure fraction F3 (65.5g) from primary column was again fractioned by gradient elution
of silica gel column. The column was eluted with n-hexane-acetone (0-100%), acetone-

methanol (0-100%), to afford sixty-three fractions, which were again concentrated and
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pooled together based on similar Ry values. It yielded five sub-fractions F, to F. which
after successive column chromatography and preprative TLC yielded seven steroidal
alkaloids, cyclobuxoviridine (74), E-buxenone (75), Z-buxenone (76), moenjodaramine
(77), homomoenjodaramine (78), buxamine-B (79), 31-hydroxybuxamine-B (80),
isolated from the leaves of B. hyrcana.

Compound (74) (3.2 mg, 0.0009 % yield, Ry = 0.72) was isolated as white amorphous
solid from secondary column chromatographic fraction F, by using Hex: Acetone: Et,NH
(95:5:1) as mobile phase. Compound (75) (5.5 mg, 0.0015 % yield, Ry = 0.30) and
Compound (76) (3.2 mg, 0.0009 % yield, R,= 0.42) were isolated as colorless gummy
materials from 2° CC fractions F, by subjecting on preparative TLC using Hex: Acetone:
Et,NH (90:10:1). Preparative TLC on 2° CC fraction F, that was obtained on elution with
Hex: Acetone (10:90) using EtOAc: MeOH: Et,NH (80:20:1) yielded two compounds
(77) (2.4 mg, 0.0007 % yield, R,= 0.73) and compound (78) (3.3 mg, 0.0009 % yield, Ry
= 0.49) as white crystalline solid. Compound (79) (3.6 mg, 0.001 % yield, R;= 0.77) was
purified from fraction Fg as colorless amorphous solid by using EtOAc: Isopropanol:
Et;NH (80:20:1). The last compound (80) (1.5 mg, 0.0004 % yield, R, = 0.23) was also
isolated from 2° CC fraction F, (Acetone: MeOH) (80:20) that was subsequently purified
by preparative TLC by using the same solvent system as used for compound (79)

(scheme # 2).
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Scheme 1 Isolation procedure for compound 73
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Scheme 2 Isolation procedure for compounds 74-80
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2.5.4 Spectral data of arbora-1,9(11)-dien-3-one (73)

White amorphous solid

UV A max (CH,CL): 228 nm

"H-NMR (CDCl;, 300 MHz) (8ppm): See Table-2

BC-NMR (CDCls, 50 MHz) (5ppm): See Table-2

EIMS m/z (rel. int. %): 422 [M] ¥ (6), 407 [M-CHs] * (6), 218 (8), 204 (12), 69 (100).
2.5.5 Spectral data of cyclobuxoviridine (74)

White amorphous solid

UV A max (MeOH): 268 nm

'H-NMR (CDCl;, 200 MHz) (Sppm): 50.75 and 0.81(2H, dd, Jigq, 195 = 5.07Hz, C-19
CH,), 0.92 3H, s, 18-Me), 1.09 (3H, s, 31-Me), 1.26 (6H, s, 30 and 32-Me), 0.99 (3H, d,
J21,20= 6.0 Hz, 21-Me), 2.50 (6H, s, N-(Me),), 2.05 ( 1H, m, Joy, 20= 6.0 Hz, Jpg, ;7= 10.2
Hz, H-20), 5.94(1H, d, J5, ;= 10.1Hz, H-2), 6.75 (1H, d, J; , = 10.1Hz, H-1).

BC-NMR (CDCl;, 50 MHz) (5ppm): See Table-3

EIMS m/z (rel. int. %): 383 [M] * (19), 368 [M-CH;] * (12), 354 (20), 339 (14), 312 (12),
85 (20), 72 (100).

2.5.6 Spectral data of E-buxenone (75)

Colorless gummy material

UV A max (MeOH): 243 nm

'"H-NMR (CDCls, 200 MHz) (8ppm): § 0.42 (1H, d, Jisq, 19 = 4.5 Hz, H-190), 0.63 (1H,

d, Jiop, 104 = 4.5 Hz, H-19 ), 0.93 (3H, s, 18-Me), 1.10 3H, s, 30-Me), 1.26 (3H, s, 31-
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Me), 1.32 (3H, s, 32-Me), 1.82 (3H, d, J1,20= 7.4 Hz, 21-Me), 2.61 (3H, s, N-Me), 3.67
(1H, m, H-3), 6.55 (1H, q, , J1,20 = 7.4 Hz, H-20).

BC-NMR (CDCls, 50 MHz) (6ppm): See Table-4

EIMS m/z (rel. int. %): 369 [M] ¥ (25), 354 [M-CHs] " (20), 83 (30), 71 (45), 57 (100).
2.5.7 Spectral data of Z-buxenone (76)

Colorless gummy material

UV A max (MeOH): A ay 236, 243 nm

"H-NMR (CDCl3, 200 MHz) (8ppm): 8 0.38 (1H, d, Jios, 195 = 4.5 Hz, H-190), 0.64 (1H,
d, Jiop, 192 = 4.5 Hz, H-19 B), 0.80 (3H, s , 18-Me), 0.87 (3H, s, 30-Me), 0.92 (3H, s, 31-
Me), 0.99 (3H, s, 32-Me), 2.05 (3H, d, Ja1, 20 = 7.50 Hz, 21-Me), 2.45 (3H, s, N-Me),
3.65 (1H, m, H-3), 5.65 (1H, q, , J31,20= 7.50 Hz, H-20).

EIMS m/z (rel. int. %): 369 [M] * (42), 354 [M-CH;] * (35), 83 (30), 71 (45), 57 (100).
2.5.8 Spectral data of moenjodaramine (77)

White crystalline solid

UV (MeOH): A 1ax 236, 245 nm, A 1in 203, 254 nm.

"H-NMR (CDCl;, 200 MHz) (5ppm): 0.70 (3H, s , 18-Me), 0.74 (3H, s, 32-Me), 1.01
(3H, s, 30-Me), 0.86 (3H, d, Ja1,20= 6.0 Hz, 21-Me), 2.1 (3H, s, N,-Me), 2.22 (6H, s, Nj-
(Me),, 3.24,3.82 (2H, dd, (J314,31p=10.4 Hz, H-31), 3.57, 4.42 (2H,dd, (334 33p=7.4
Hz, H-33), 5.54 (1H, m, H-11), 5.98 (1H, s, H-19).

BC-NMR (CDCl3, 50 MHz) (dppm): See Table-5

EIMS m/z (rel. int. %): 426 [M] ©(1.05), 411 [M-CH:] ¥ (2), 85 (15), 72 (70), 71 (45), 58

(30), 57(100).
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2.5.9 Spectral data of homomoenjodaramine (78)

White crystalline solid

UV (MeOH): A ax 238, 245 nm,

"H-NMR (CDCl;, 200 MHz) (8ppm): 0.70 (3H, s , 18-Me), 0.76 (3H, s, 32-Me), 1.02
(3H, s, 30-Me), 0.95 (3H, d, J1,20=6.4 Hz, 21-Me), 2.14 (3H, s, N;-Me), 2.34 (6H, s, Ny
(Me),, 3.32, 3.81 (2H, dd, (J314,31p=10.4 Hz, H-31), 3.62, (1H,q, (J33¢,cus = 5.4 Hz,
H-33), 1.33 (3H, d, J cu3, 330 = 5.4 Hz), 5.54 (1H, m, H-11), 5.98 (1H, s, H-19).
BC-NMR (CDCl;, 50 MHz) (Sppm): See Table-6

EIMS m/z (rel. int. %): 440 [M]* (6), 425 [M-CHs]" (5), 141(9), 85 (45), 72 (100), 58
(84).

2.5.10 Spectral data of buxamine-B (79)

Colorless amorphous solid

UV (MeOH): A ax 237, 244 nm,

'H-NMR (CDCl;, 200 MHz) (3ppm): 0.75 (3H, s , 32-Me), 1.01 (3H, s, 31-Me), 0.71
(6H, s, C-18 and 30-Me), 0.86 (3H, d, J51,20= 6.5 Hz, 21-Me), 2.48 (3H, s, N,-Me), 2.24
(6H, s, Ny-(Me),, 5.51 (1H, m, H-11), 5.98 (1H, s, H-19).

BC-NMR (CDCl;, 50 MHz) (8ppm): See Table-7

EIMS m/z (rel. int. %): 398 [M]*(1.5), 425 [M-CH;]* (1.5), 85 (14), 72 (100), 58 (41).
2.5.11 Spectral data of 31-hydroxybuxamine-B (80)

White amorphous solid

UV (MeOH): A 1o 237, 244 nm,
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"H-NMR (CDCl;, 200 MHz) (ppm): 0.64 (3H, s, 18-Me), 0.70 (3H, s, 31-Me), 0.95
(3H, s, 32-Me), 1.18 (3H, d, J21,20 = 6.4 Hz, 21-Me), 2.29 (3H, s, N,-Me), 2.38 (6H, s,
Ny-(Me),, 5.45 (1H, m, H-11), 5.88 (1H, s, H-19)}, 3.50 (1H, m, H-3), 3.35, 3.75 (2H,
dd, (J300,30p=10.4 Hz, H-30).

EIMS m/z (rel. int. %): 414 [M]" (15), 399 [M-CH;]" (3), 129 (7), 115 (5), 85 (15), 72
(100), 58 (61).

2.6 Enzyme Inhibition Assays

2.6.1 Acetylcholinesterease Assay

Acetylcholinesterease inhibition was determined spectrophotometrically by using
acetylthiocholine as substrate with slight modifications in the Ellman’s method™®. The
reaction was carried in 100 mM sodium phosphate buffer at pH 7.8 at room temperature.
In a typical assay, 126uL buffer, SOuL of 0.01M DTNB [5-5-dithio-bis (2-nitrobenzoic
acid)], 2uL enzyme and 2pL test compound solution were mixed and incubated for 30
minutes. The reaction was then initiated by the addition of 20pL of 0.075M
acetylthiocholine. Hydrolysis of acetylthiocholine was monitored by the formation of
yellow 5-thio-2-nitrobenzoate anion as a result of the reaction of DTNB with thiocholine,
released by the enzymatic hydrolysis of acetylthiocholine at a wavelength of 406 nm. All
assays were carried out in triplicate in 96-well microplate on KC-4 Bio-TEK microplate
reader.

2.6.2 Glutathione S-Transferase Inhibition Assay

The inhibitory activity of GST was measured by following the Habig spectrophotometer
method”’. The assay was carried out after incubating the specific concentrations of the

compounds with the enzyme at 25 °C for 10 minute. The final assay mixture contained
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5mM GSH, ImM CDNB, 100mM phosphate buffer (pH 6.5) in a 200uL solution and
GST (with initial effective assay activity of 0.12106 UmL™"). The assay measured the
activity of GST in conjugating CDNB to GSH, and the product of conjugation was
measured at 340 nm using KC-4 Bio-TEK microplate reader. The inhibitory activity of
GST was calculated with reference to a control assay. Under these reaction conditions,
basal coupling between the substrates was found to be insignificant. All assays were

carried out in triplicates.
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CHAPTER 3

3.0 Phytochemical studies on the aerial parts of Barleria prionitis

3.1 Introduction

Barleria prionitis Linn is a member of the family Acanthaceae. It is commonly referred
to as “Vajradanti” in Hindi, and “Karunta” in Sanskrit, and is abundant in tropical Asia,
Africa, India, and Pacific" 2,

B. prionitis is an annual, prickly shrub that grows to approximately 1-3 feet high. Its
brown and smooth branches are covered with oval shaped leaves with pointed tips ending
in a short spine. The plant is armed with 5-20 mm long spines in the leaf axils. It
produces flowers in the early dry season. The yellow, tubular flowers, 3 to 4 cm long
with long, projecting stamens occur in an upright spike at the top of the plant’.

B. prionitis is well known for various pharmaceutical applications in folk medicine of
Asia®. For example, in Thailand, the extracts of its leaves and roots are taken orally to
cure fever. The crude plant extract has been reported to exhibit antiviral activity’. In
India, different parts of this plant are used for different purposes in traditional Indian
medicine. For example, the hot aqueous extracts of leaves are used to promote healing of
unhealthy wounds and to relieve joint pains and toothache®. Hot aqueous extracts of
leaves and flowers are used to treat fever’ while the green shoots of this plant are taken
orally to treat whooping cough and asthma in infants and children®. Additionally, a hot-
water extract of the dried leaves and roots of B. cristata is used orally to cure bronchitis
and coughs®'®. The respiratory syncytial virus (RSV) infection of the lungs is one of the
most common causes of “asthma-like” symptoms in infants. This indicates that the above

mentioned hot aqueous extracts may have the ability to destroy viruses. Moreover, the
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extracts of whole plant have also been reported to suppress the growth of the fungi,
Trichophyton mentagrophytes, in vitro''. The aqueous bioactive fractions of B. prionitis
have been reported to contain hepatoprotective, anti-stress and immunorestorative
properties'?. This plant has also been reported as an anti-arthritic, anti-inflammatory '
and anti-fertility agent'*.

Previous chemical studies on B. prionitis resulted in the isolation of iridoids, iridoid
glycosides and unsaponified materials >'* '*'® The iridoid glycosides 83, 84, barlerin 85,
and verbascoside 86, from the whole-plant extracts of B. prionitis have been reported to
exhibit potent activity against respiratory syncytial virus in vitro'®. The antiviral activity
of these pure compounds isolated from the genus Barleria provides a complete

justification for the traditional use of different species of this genus to cure infectious

diseases.
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Considering the aforementioned medicinal importance of this plant, it was decided to
isolate natural products from the ethanolic extract of B. prionitis and to evaluate them for
AChE and GST inhibitory activities. These studies resulted in the isolation of a
triterpenoidal natural product, lupeol (87). Compound 87 was isolated in a quantity
sufficient to prepare three derivatives and evaluate them for GST and AChE inhibitory
activities. It was decided to synthesize 3-acetyl-lupeol (88), 20-29 epoxylupeol (89), and
29-amino-20-hydroxylupeol (90) by using compound (87) as a synthetic precursor. Their

structures were elucidated with the help of NMR spectroscopic studies.
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3.2 Results
3.2.1 Lup-20(29)-ene-3p-ol (Lupeol) (87)
Phytochemical investigations on the ethanolic extract of B. prionitis have resulted in the

isolation of a pentacyclic triterpenoid lupeol (87), as a white crystalline solid (see

experimental section for detailed isolation procedure).

29
CH,

30 //
HiC 20

Z
2
Z,

(87)
The UV spectrum of compound 87 displayed terminal absorption (Apax 227 nm),

indicating the absence of a conjugated n system. The IR spectrum (KBr) revealed intense
absorptions at 3420 (OH), 2944 (C-H), and at 3065, 1637, 880 cm™ for a terminal double
bond®.

The molecular formula, C30H;500, was established by the combination of BC-NMR and
EIMS spectral data. Compound 87 showed molecular ion peak at m/z 426 in EIMS. A
fragment at m/z 411 was due to the loss of a methyl group from the molecular ion.
Another ion at m/z 393 showed the loss of a methyl group with water molecule (CHs-

H,0) from the molecular ion.
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The "H-NMR spectrum (CDCls, 200 MHz) of 87 displayed seven tertiary methyl signals
at 8 0.75, 0.77, 0.82, 0.94, 0.96, 1.02 and 1.68 due to C-23, C-24, C-25, C-26, C-27, C-28
and C-30 methyl protons, respectively. Two broad singlets, integrating for one-proton
each, resonated at § 4.56 and 4.68 were ascribed to C-29 methylene protons. Another
one-proton double doublet at § 3.20 (dd, J;,, = 5.6 and J;, 3= 10.7 Hz) was assigned to C-
3 methine proton. A one-proton multiplet at § 2.38 was due to the C-19 methine proton.
The COSY-45° spectrum was also recorded to confirm the '"H-NMR chemical shift
assignments. In COSY-45° spectrum, the C-3 methine proton (8 3.20) showed cross peak
with C-2 methylene protons (8 1.54 and 0.95), which in turn showed cross peaks with the
C-1 methylene protons (61.67 and 0.90). The C-9 methine proton (& 1.27) exhibited cross
peaks with the C-11 methylene protons (8 1.24 and 1.41). The latter showed cross peaks
with the C-12 methylene protons (§1.07 and 1.65), which in turn exhibited a cross peak
with the C-13 methine proton (1.66). The C-19 methine proton (3 2.38) showed cross
peaks with the C-18 methine (8 1.37) and C-21 methylene protons (8 1.34 and 1.93),
which in turn showed cross peaks with the C-22 methylene protons (8 1.20 and 1.42).
The*C-NMR spectrum (CDCls;, 50 MHz) of 87 showed that it contains 30 carbons. The
DEPT experiment was used to establish the multiplicities of these carbon atoms and this
showed the presence of seven methyl, eleven methylene, six methine, and six quaternary
carbon atoms in the molecule. The complete “C-NMR and DEPT multiplicities
assignments of the molecule 87 are presented in Table 10.

The HSQC spectrum was helpful in determining the 'H/"C one-bond shift correlations of

all protonated carbons.
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The structural formula of 87 was also confirmed by HMBC spectrum. The C-3 methine
proton (8 3.20) showed long-range connectivities with the C-2 (8 27.4) and C-4 (6 38.7)
carbons. The C-24 methyl protons (& 0.77) showed connectivity to the C-3 (8 79.0) and
C-4 (8 38.7) while the C-25 methyl protons (8 0.82) showed cross peaks with C-5 (8
55.2) and C-9 (8 50.4) carbon atoms. The C-28 methyl protons (8 1.02) exhibited cross
peaks with C-16 (& 35.5) and C-17 (6 42.9) carbons atoms. The C-29 methylene protons
(6 4.56 and 4.68) also showed connectivity with the C-30 (3 19.3) methyl and C-19 (8

47.9) methine protons. Important HMBC interactions are shown in the figure below.

o
/////
c 3

Long-range correlation of 87 determined through HMBC

HaC

The UV, 'H, >C-NMR, and mass spectral data of compound 87 were distinctly identical

20-25 and this led to the identification of compound

to those of lupeol, reported in literature
87 as lupeol. This compound was previously isolated from Pyrus communis™, Maytenus
cuzcoina®', Campanula lactiflora 22 Cirsium pascuarense 2 Rhus taitensis ** and Ireris

chinensis . To the best of our knowledge, this is the first report of a naturally occurring

triterpene (lupeol) from B. prionitis.



Table 10 °C- NMR chemical shift assignments of 87 with their multiplicities

86

Carbon No 5"”C-NMR +Multiplicity
1 38.8 CH,
2 274 CH,
3 79.0 CH
4 38.7 C
5 55.2 CH
6 183 CH,
7 342 CH,
8 40.8 C
9 50.4 CH
10 37.1 C
11 20.9 CH,
12 29.7 CH,
13 38.0 CH
14 42.8 C
15 25.1 CH,
16 35.5 CH,
17 42.9 C
18 483 CH
19 47.9 CH
20 150.9 C
21 29.8 CH,
22 39.9 CH,
23 153 CH,
24 27.9 CH;
25 16.1 CH;
26 14.5 CH,
27 15.9 CH,
28 17.9 CH,
29 109.3 CH,
30 19.3 CH,

"Multiplicity was determined from DEPT experiment.

Solvent: CDCls
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3.2.2Acetylation of lup-20(29)-ene-3§3-ol (lupeol) (88)

Acetylation of lupeol 87 was performed using acetic anhydride/pyridine to yield

acetylated lupeol (88) as white crystalline solid*®.

(88)

The UV spectrum of compound 88 showed maximum absorption at 229 nm. The IR
spectrum (KBr) revealed intense absorption at 1735 cm™ for the presence of carbonyl
group.

The molecular formula, C3;Hs,0,, of the acetylated product 88 was established through
BC-NMR and EIMS spectral data, which showed molecular ion peak at m/z 468 where as
the parent compound (87) showed molecular ion peak at m/z 426.

The '"H-NMR spectrum (CDCls, 200 MHz) of the acetylated product 88 showed a
downfield shift of the C-3 methine proton from & 3.20 to 4.5. An additional three-proton
singlet appeared at & 2.01 due to the C-3 acetyl methyl protons. The rest of the '"H-NMR
spectrum was similar to that of the parent alcohol 87.

The *C-NMR spectrum (CDCl3;, 50 MHz) of the acetylated product 88 showed the

resonance of 32 carbons instead of 30 carbons of parent alcohol. The acetylated product
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(88) showed a downfield shift of the C-3 carbon atom from & 79.0 to 80.9. It also showed
a signal at & 171.1, indicated the presence of an ester carbonyl carbon in 88. An
additional signal at & 21.3 was due to methyl carbon of the acetylated group. The rest of

the "*C-NMR spectrum was similar to that of the parent alcohol (87).
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3.2.3 Epoxidation of side chain of lup-20(29)-ene-3§-ol (89)

Oxidation of the isopropenyl side chain of lupeol with m-chloroperbenzoic acid furnished

epoxide?’ (89) as a white opaque solid.

(89)

The UV spectrum of compound 89 showed absorption maxima at 224 nm. The IR
spectrum (KBr) revealed intense absorptions at 3519 (OH), 2925 (C-H) and at 1168 cm™
for C-O-C group.

The CIMS data of 89 exhibited the quasimolecular ion [M+1]" at m/z 443. This mass
spectral data in combination with the '*C-NMR data provided molecular formula,
C30Hs00,.

The 'H-NMR spectrum (CDCls, 200 MHz) of the oxidized product (89) showed an
upfield shift of the C-30 methyl protons from 6 1.68 to 1.25. In addition to this, two broad
singlets of one-proton each corresponding to C-29 resonated at § 4.56 and 4.68 were
absent. The rest of the "H-NMR spectrum was similar to that of the parent alcohol 87.
The *C-NMR spectrum (CDCls, 50 MHz) of the oxidized product 89 showed two signals

at 6 57.5 and 60.4 instead of signals at 109.3, 150.9 for C-29 and C-20, suggesting the
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presence of an epoxide moiety at C-20/C-29. The rest of the BC-NMR spectrum was

similar to that of the parent alcohol.
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3.2.4 Preparation of amino-alcohol side chain of lup-20 (29)-ene-3f3-0l
90)

First epoxidation of the isopropenyl side chain of lupeol with m-chloroperbenzoic acid
was carried out to prepare an epoxide followed by the procedure described in the
literature?”. Then 29-amino-20-hydroxylupeol was synthesized by reacting compound 89

with 33% NHj3 using microwave radiations®®,

(90)

The formation of 90 was confirmed by recording the 'H and *C NMR spectra. The 'H-
NMR spectrum of 90 showed the resonance of C-29 methylene protons at & 2.18 as sharp
singlet. The ?C-NMR spectrum of 90 showed two signals at 8 60.4 and 75.8 instead of
signals at 8§ 57.5 and 60.4 for C-29 and C-20 indicated the formation of 29-amino-20-
hydroxylupeol. The rest of the BC-NMR spectrum was similar to that of the parent

alcohol 89.
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3.3 Bioactivity of the chemical constituents of B. prionitis and its

derivatives.

Due to the reported folk medicinal properties of B. prionitis, lupeol and its derivatives
were evaluated in AChE and GST inhibition assays. All of these compounds were found
to have inhibitory activities against acetylcholinesterease and glutathione S-transferase
enzymes. The ICsg values of isolated compound 87 and its derivatives are shown in Table
11.

Table 11 AChE and GST inhibitory activities (ICso = pM = SEM) of compounds 87 to

90

Compounds AChE + SEM GST + SEM
Lupeol (87) 89.16 + 1.70 60.85 £1.25
3-acetyl-lupeol (88) 70.61 +1.98 147.41 £1.35
20-29 epoxylupeol (89) 38.61 +0.36 103.59 + 1.00
29-amino-20-hydroxylupeol (90) 67.60+1.13 44.86 + 1.87

SEM = Standard error of mean of three assays

Lupeol (87) displayed 89.16 uM anti-AChE activity. Among all three derivatives 20-29
epoxylupeol (89) was found to be the best AChE inhibitor (ICso 38.61 uM) which
indicate that epoxy functionality at C-20/C-29 is an important structural feature that
provides improved interaction with the enzyme compared with parent compound. The
rest of the derivatives, 3-acetyl-lupeol (88) and 29-amino-20-hydroxylupeol (90)
displayed almost same AChE activity (ICs values of 70.61 and 67.60 uM, respectively).
Comparison of the AChE values of lupeol and its derivatives with that of reported

inhibitory activities of standard AChE inhibitors, eserine (ICso 0.041 pM), tacrine (ICso
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0.021 pM), and galanthamine (ICso 0.45 uM) showed that compounds 87-90 are very
weak AChE inhibitors™.

Lupeol and its derivatives were also assayed against GST spectrophotometrically.
Compound 87 and its derivatives 88-90 displayed variable GST inhibitory activities
ranged from 44.86 to 147.41pM. These concentration dependent GST inhibitory
activities were found to be excellent compared with reported steroidal type GST inhibitor
sodium taurocholate (ICsp 398 uM) *°. However concentration dependent GST inhibitory
activity of 29-amino-20-hydroxylupeol (90) was found to be moderate compared with

previously reported GST inhibitor ethacrynic acid (ICso 16.0 pM) A



94

3.4 Discussion

From the ethanolic extract of B. prionitis a pentacyclic triterpenoid lupeol (87) was
purified. It was a known triterpenoid that has been reported from a number of plant
species of different genera’®?’. Lupeol is a member of lupane triterpenoidal series. Most
of the members of this class have different kinds of biological activities including anti
HIV*, antimicrobial and cytotoxic activity*"”**. The amount of this compound (135 mg),
and aforementioned biological activities, encouraged us to modify this molecule into
different derivatives and evaluate all of these derivatives along with the parent compound
for acetylcholinestrase (AChE) and glutathione S-transferase (GST) inhibitory activity
using inhouse available facilities. The results of these bioassays have been tabulated in
Table 11.

The AChE and GST inhibition bioassay results indicated that lupeol has variable
inhibitory activity against both enzymes. The GST inhibitory results showed that
acetylated lupeol (88) and 20,29-epoxylupeol (89), both have decreased inhibitory
activity against GST compared with the parent compound. The decreased activity might
be due to both olefinic functionality at C-20/C-29 and hydroxyl functionality at C-3,
which might be necessary for the improved conjugation of GST with compounds of
lupane series. On the other hand the results of GST inhibitory activity of derivative 90
showed that amino functionality at C-29 and hydroxyl functionality at C-3 and C-20
enhance the inhibitory activity of this molecule compared with the parent compound.

The ACHE inhibitory data of the different derivatives of lupeol showed that epoxide ring
at C-20/C-29 (89) enhances the AChE inhibitory activity. This might occur due to the

improved interaction of this derivative with an active site of acetylcholinestrase
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compared with the parent compound. On the other hand the openings of epoxide ring, as
in the case of amino derivative (90) again decreased the AChE inhibitory activity. This
indicated that the epoxide ring at C-20/C-29 was necessary for the improved interaction
of this compound with the enzyme. However all of these compounds were weakly active
against AChE, where as moderately active against GST compared with standard
inhibitors of respective enzymes.

Terpenoidal natural products are widely distributed in nature having interesting chemical
groups in their structures. The biogenetic isoprene rule describes the formation of
different types of tetra and pentacyclic triterpenoids according to the conformation that
squalene or 2,3-epoxy squalene adopts at the enzyme surface prior to its folding. Each
leads to a particular cyclization product stereospecifically. Lupeol, which is a member of
pentacyclic triterpenes may originate in nature by the folding of squalene oxide to a
chair-chair-chair-boat conformation leading to the formation of dammarenyl cation. As a
result of Wagner-Meerwein rearrangement dammarenyl cation is transformed into
baccharenyl cation. Now a pentacyclic ring system can be formed by the cyclization of
double bond giving a tertiary lupenyl cation. Lastly, a loss of proton from lupenyl cation

gives lupeol® (Figure 11).
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3.5 EXPERIMENTAL

3.5.1 General experimental conditions

General experimental conditions for this part of research were the same as those
described in chapter-2 (page # 65).

3.5.2 Plant material

The aerial parts of B. prionitis Linn were collected from Gampaha, Western province of
Sri Lanka in September 2004. Dr. Radhika Samarasakera identified the plant, and a
voucher specimen was deposited with the Natural Product Development Group at
Industrial Technology Institute, Colombo, Sri Lanka.

3.5.3 Extraction and Isolation

Our collaborator, Dr. Radhika Samarasakera from Gampaha, Western province of Sri
Lanka in September 2004, collected the aerial parts of B. prionitis L. The crude ethanolic
extract of the leaves of B. prionitis was shipped to us under a collaborative program
between Natural Products Development Group at Industrial Technology Institute,
Colombo, Sri Lanka and the Department of Chemistry, University of Winnipeg,
Manitoba, Canada.

This extract (72.5 g) was fractionated by column chromatography over silica gel (200-
400 mesh) using n-hexane-ethyl acetate (0-100 %), ethyl acetate-methanol (0-100 %), to
afford 180 fractions. Similar fractions were combined together based on similar Ryvalues
on analytical TLC. The primary fraction F; obtained at 65:35% (Hex: EtOAc) was again
loaded on another silical gel column. The column was eluted with n-hexane-ethyl acetate

(90:10 %) to afford fifty fractions. The sub-fraction F,s was subjected to preparative TLC
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using n-hexane-ethyl acetate (80:20) as mobile phase to afford lupeol (87) as white

crystalline solid (135 mg, 0.18 % yield, Ry= 0.50).

Ethanolic exfract
(725 g)

Hex:EtOAc, EtOAc:MeOH | C.C. silica gel (200-400 mesh)

(0-100%)
l 180 Fractionsl
Hex: EtOAc Hex: EtOAc Hex: EtOAc Hex: EtOAc Hex: EtOAc Hex: EtOAc |Hex: EtOAc
(95:5.0) (90:10) (85:15) (80:20) (75:25) (70:30) (65:35)
Fy

c©
l 50 Fractions I

s

Hex: EtOAc | TLC
(80:20)

Lup-20 (29)-ene-3p-ol
Comp.# 87 (135mg)

Epoxidation

Acetyilation

Comp. #90 Comp. # 89
Yield 60% | Yield 95 %
Comp. # 88
Yield 98 %

Scheme 3 Isolation procedure for compound 87
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3.5.4 Spectral data of lup-20(29)-ene-3p-o0l (87)

White crystalline solid

UV A 1ax (CH,CL): 227 nm

IR (KBr) Vs, cm™': 3420 (OH), 2944(C-H).

'H-NMR (CDCl;, 200 MHz) (ppm): 0.75 (3H, s , 23-Me), 0.77 (3H, s , 24-Me), 0.82
(3H, s, 25-Me), 0.94 (3H, s, 26-Me), 0.96 (3H, s, 27-Me), 1.02 (3H, s , 28-Me), 1.68
(3H, s, 30-Me), 3.20 (dd, J;, , = 5.6 and J; 3= 10.7 Hz , H-3), 4.56 (1H, brs, H-29), 4.68
(1H, brs, H-29),

BC-NMR (CDCl;, 50 MHz) (8ppm): See Table-10

EIMS m/z (rel. int. %): 426 [M] * (18), 411 [M-CH;] * (15), 393 (7), 218 (65), 204 (25),
189 (100),

3.5.5 Synthesis of 3-acetylupeol (88)

5 mg of lupeol 87 was dissolved in pyridine (0.5mL) in a 20 mL round bottom flask and

then 1.0 mL of acetic anhydride was added to the mixture®®. The flask was covered with
stopper and it was stirred at room temperature for 18 hours. The completion of reaction
was tested on TLC and stopped by adding distilled water (10mL) to the reaction flask.
The aqueous layer was extracted with dichloromethane (3x10 mL). The dichloromethane
layer was separated, dried over anhydrous sodium sulphate and evaporated under
vacuum. The acetylated product was purified with the help of preparatory TLC using
hexane: ethyl acetate (90:10) to afford 3-acetoxy-lupeol (88) (4.9 mg, yield 98%) as
white crystalline solid.

Spectral data

UV A max (CH,CLy): 229 nm
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IR (KBr) Vyy cm'™': 1735 (C=0) , 2939 (C-H).

TH-NMR (CDCls, 200 MHz) (8ppm): 4.5 (dd, J;,» = 5.6 and J; 3= 10.7 Hz , H-3), 4.56
(1H, brs, H-29), 4.68 (1H, brs, H-29), 2.01(3H, s , MeCO,), 0.75 (3H, s, 23-Me), 0.77
(H, s , 24-Me), 0.82 (3H, s , 25-Me), 0.94 (3H, s , 26-Me), 0.96 (3H, s , 27-Me), 1.02
(3H, s, 28-Me), 1.68 (3H, s , 30-Me),).

BC.NMR (CDCls, 50 MHz) (8ppm): 37.9 (CH,, C-1), 27.4 (CH,, C-2), 80.9 (CH, C-3),
38.3 (-C-, C-4), 55.3 (CH, C-5), 18.2 (CH,, C-6), 34.2 (CHy, C-7), 40.8 (-C-, C-8), 50.3
(CH, C-9), 37.0 (-C-, C-10), 20.9 (CH,, C-11), 29.7 (CHg, C-12), 37.8 (CH, C-13), 42.8
(-C-, C-14), 25.0 (CHa, C-15), 35.5 (CH,, C-16), 42.9 (-C-, C-17), 48.2 (CH, C-18), 47.9
(CH, C-19), 150.9 (-C-, C-20), 29.8 (CH,, C-21), 39.9 (CH,, C-22), 16.5 (CH;, C-23),
27.9 (CHs, C-24), 16.2 (CHs, C-25), 14.5 (CHs, C-26), 15.9 (CHs, C-27), 17.9 (CHs, C-
28), 109.3 (CHa, C-29), 19.3 (CHs, C-30), 21.3 (CH3, MeCOy), 171.1 (-C-, MeCOy).
EIMS m/z (rel. int. %): 468 [M] * (18), 453 [M-CH;] * (15), 393 (15), 218 (65), 204 (90),
189 (100).

3.5.6 Synthesis of 20 (29)-epoxylupeol (89)

10 mg of lupeol 87 was dissolved in 15 mL of dichloromethane in 30 mL round bottom
flask 27, The reaction mixture was cooled on ice bath to chill the solution. Then 8.04 mg
of meta-chloroperbenzoic acid was added portion wise and the reaction mixture was
allowed to stir for 8 hours while maintaining the temperature between 0° - 5 °C. The
reaction was monitored by using analytical TLC. After the completion of the reaction, the
reaction mixture was washed with 10% aqueous sodium bicarbonate solution (3x10 mL).
The organic layer was washed with water, dried over anhydrous sodium sulphate and

evaporated under reduced pressure. The product was purified by preparatory TLC using
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hexane:ethyl acetate (75:25) to afford 20(29) epoxylupeol (89) (9.5 mg, yield 95% ) as
white opaque solid.

Spectral data

UV A ax (CH,CLy): 224 nm

IR (KBF) Vimax cm™': 3519 (OH), 2925 (C-H), 1168 (C-O-C).

"H-NMR (CDCl;, 200 MHz) (§ppm): 3.20 (dd, Ji,, = 5.6 and J;, 3= 10.7 Hz , H-3), 0.75
(3H, s, 23-Me), 0.77 (3H, s, 24-Me), 0.82 (3H, s, 25-Me), 0.94 (3H, s , 26-Me), 0.96
(3H, s, 27-Me), 1.02 (3H, s, 28-Me), 1.25 (3H, s, 30-Me).

BC-NMR (CDCl;, 50 MHz) (ppm): 38.8 (CH,, C-1), 27.3 (CHa, C-2), 78.9 (CH, C-3),
(38.7) (-C-, C-4), 55.2 (CH, C-5), 18.3 (CH, C-6), 34.2 (CH,, C-7), 40.8 (-C-, C-8), 50.2
(CH, C-9), 37.2 (-C-, C-10), 21.0 (CH,, C-11), 29.7 (CHs, C-12), 38.0 (CH, C-13), 42.8
(-C-, C-14), 25.9 (CH,, C-15), 35.4 (CH,, C-16), 43.4 (-C-, C-17), 49.4 (CH, C-18), 46.4
(CH, C-19), 60.4 (-C-, C-20), 27.1 (CH,, C-21), 39.7 (CHy, C-22), 15.3 (CH3, C-23), 27.9
(CH;, C-24), 16.1 (CH3, C-25), 14.4 (CH,, C-26), 15.9 (CH3, C-27), 17.9 (CH;, C-28),
57.5 (CH,, C-29), 18.1 (CH3, C-30).

EIMS m/z (rel. int. %): 442 [M] " (18), 427 [M-CHs] * (15), 384 (75), 218 (6), 207 (90),
189 (100).

3.5.7 Synthesis of 29-amino-20-hydroxylupeol (90)

Epoxide 89 (5 mg) and 5 mL of 33% NH3 were placed in a 20 mL closed vial 28 The vial
was put in a standard microwave oven at a chosen power (1200W). The reaction was
carried out for 5 minutes and 10 seconds with 5 sec. intervals. After cooling, the solution

was extracted with ethyl acetate and the organic layer separated and dried over anhydrous



102

sodium sulphate. The solvent was evaporated under vacuum. The product 29-amino-20-
hydroxylupeol (90) was obtained as a colorless solid (3.0 mg, yield 60%).

Spectral data

UV A pax (CH2CLy): 227 nm

'"H-NMR (CDCl;, 200 MHz) (8ppm): 3.20 (dd, Ji,2=5.6 and Ji, 3= 10.7 Hz , H-3), 2.18
(2H, s, C-29), 0.75 (3H, s, 23-Me), 0.77 (3H, s, 24-Me), 0.82 (3H, s, 25-Me), 0.94 (3H,
s, 26-Me), 0.96 (3H, s , 27-Me), 1.02 (3H, s , 28-Me), 1.25 3H, s, 30-Me).

13C.NMR (CDCl;, 50 MHz) (8 ppm): 38.8 (CHa, C-1), 27.3 (CHy, C-2), 77.6 (CH, C-3),
38.7 (-C-, C-4), 55.2 (CH, C-5), 18.3 (CH;, C-6), 34.2 (CHy, C-7), 40.8 (-C-, C-8), 50.2
(CH, C-9), 37.2 (-C-, C-10), 20.9 (CH,, C-11), 29.7 (CHa, C-12), 37.1 (CH, C-13),43.3
(-C-, C-14), 25.9 (CH,, C-15), 35.4 (CHy, C-16), 43.4 (-C-, C-17), 49.4 (CH, C-18), 46.4
(CH, C-19), 75.8 (-C-, C-20), 27.1 (CH,, C-21), 39.7 (CHo, C-22), 15.3 (CH3, C-23), 27.9
(CHs, C-24), 16.0 (CHs, C-25), 14.1 (CHs, C-26), 15.9 (CHs, C-27), 18.1 (CHj;, C-28),
60.4 (CH,, C-29), 18.1 (CH3, C-30).

3.6 Enzyme Inhibition Assays

3.6.1 Acetylcholinestrase Inhibition Assay

General and typical assay conditions for Acetylcholinestrase Inhibition Assay were same
as those described in chapter-2 (page # 73).

3.6.2: Glutathione S-Transferase Inhibition Assay

General and typical assay conditions for Glutathione S-Transferase Inhibition Assay were

same as those described in chapter-2 (page # 73).
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Conclusions

The phytochemical investigation of B. hyrcana (Buxaceae) has resulted in the isolation of
eight compounds, one tetracyclic triterpene and seven steroidal alkaloids. All of these
compounds were characterized with the help of spectroscopic techniques. The
compounds isolated and characterized from B. Ayrcana were arbora-1,9(11)-dien-3-one
(73), cyclobuxoviridine (74), E-buxenone (75), Z-buxenone (76), moenjodaramine (77),
homomoenjodaramine (78), buxamine-B (79), 31-hydroxybuxamine-B (80). The
compounds 73, 74, 76 and 80 were characterized for the first time from B. Ayrcana. All
of these compounds were evaluated for their inhibitory activity against AChE, an enzyme
responsible for the hydrolytic cleavage of neurotransmitter ACh. Homomoenjodaramine
(78) was found to be the best AChE inhibitor amongst all of the purified compounds from
B. hyrcana. Based on intensive literature search and from the structural comparison of all
of these purified Buxus alkaloids, it was inferred that tetrahydrooxazine moiety at C-3/C-
4 is necessary for the best anti-AChE activity of homomoenjodaramine among all the
isolated compounds in this study. But comparison of this AChE inhibitory activity results
with inhibitory activity of galanthamine, eserine, and tacrine showed that these purified
compounds have weaker anti-AChE activity. The compound (73) was also assayed
against GST, an enzyme responsible for resistance of cancer cells in response to
chemotherapeutic agents. This compound was found to be weakly active against GST
compared with previously used chemosensitizer, ethacrynic acid.

The crude ethanolic extract of B. prionitis was also chemically investigated which
resulted in the isolation of pentacyclic triterpene, lupeol (87). This compound was found

to be weakly active against equine liver GST compared with ethacrynic acid. Chemical
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modification of lupeol resulted into three derivatives. All of these derivatives displayed
varying degrees of GST and AChE inhibitory activities. The derivative 20-29
epoxylupeol (89) showed the best anti-AChE activity (ICs, 38.61 pM) while the
derivative 29-amino-20-hydroxylupeol (90) was found to be the best GST inhibitor (ICso
44.86 M) among all the derivatives. Compound 87 (lupeol) and its derivatives 88-90
along with AChE and GST inhibitory activities have been reported for the first time from
B. prionitis. As a result of these investigations, the objective of this study has been
achieved successfully with regards to the isolation and identification of the biologically

active compounds from B. hyrcana and B. prionitis.
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COSY-45° spectrum of arbora-1,9(11)-dien-3-one
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HSQC spectrum of arbora-1,9(11)-dien-3-one
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HMBC spectrum of arbora-1,9(11)-dien-3-one
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EIMS spectrum of arbora-1,9(11)-dien-3-one
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CIMS spectrum of arbora-1,9(11)-dien-3-one
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VIII

UV spectrum of arbora-1,9(11)-dien-3-one
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File Name:

BUX~14E

Wavelsngth {nm.)

S5-BUX~14E in dichloromethane

Created:
Data:

Measuring Mode:
Scan Speed:

S1it width:
Sampling Interval:

11:23
Original

63/22/07 -

350.0

4C0.0

OY T L) N b e

Peak 2ick

Wavelength {mm.) Abs.

384.80 -0.0135
334.20 -0.0043
328.60 -0.0036
315.20 -0.0032
282.80 0.0888
228.00 0.8763




IX

"H-NMR spectrum of cyclobuxoviridine

s-bux~IrAc-1
chloxoform

Axchive directory: /export/home/aatall/vnmrsys/data
Bample: dixectory:
File: PROTON

Pulse Sequence:. s2pul

Solvent: CDC13
Ambient temperature
GEMINI~-200 *vnmr*

Relax.: delay 1.000 sec ,
Pulse 45.0 degrees

Acq. time 1.985 sec

Width 3199.5 Hz

128 xepetitions

OBSERVE. | H1, 199.9707246 MHz
DATA PROCESSING

FT size 16384

Total time 6 nmin, 35 sec




“C-NMR spectrum of cyclobuxoviridine

8-Bux-I-Ac-1
chloroform

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
File: S-Bux-Acl-C13
GEMINI~200 "vompe®

Pulse 33.0 degrees

Acg. time 1.498 sec

Width 12500.0 Hz

125232 repetitions

OBSERVE- C13,  50.2826463 MHz
DECOUPLE . H1, 199.9713817 MHz
Power 0 ds

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 467499 hr, 37 min, 36 sec




X1

COSY-45° spectrum of cyclobuxoviridine
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= File : C: \HPCHEM\I\DATA\SBUXIACl.D
< Operator :$Zahid
. Acquired 1 4 May 107 12:33 pm using AcgMethod ZAHDIPET
Instrument : 5989 - MS : .

Sample Name: S-BUX-I-Ac-1
Misc Info'  : S-Bux-I-Ac-1
Vial Number: 1

Abundance TIC: SBUXIACL.D
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Average of 3.462 to 3.491 min.: SBUXIAC1.D
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EIMS spectrum of cyclobuxoviridine




XIII

CIMS spectrum of cyclobuxoviridine

File : C:\HPCHEM\l\DATA\SBUIACl.D
Operator s S. Zahid

Acquired : 23 May. 107 4:41 pm using AcgMethod AADIPPCT

Instrument : 5989 - MS
Sample Name: S-Bux-I-Ac-1
Misc Info .

Vial Number: 1

Abundance

i
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100000 -
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XV

UV spectrum of cyclobuxoviridine
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’ Wavelength (nm.) »
File Name: I-AC~-1
S-bux-I-Ac-1 in MEOH
Created: 11:58 05/02/07
Data: Original
Measuring Mode: Abs.
Scan Speed: Fast
Slit width: 1.0
Sampling Interval: 0.5

600.0

No.
1
2

Peak Pick

Waﬁelength (nm.} Abs.
400.00 0.0258
268.00 0.4181




XV

"H-NMR spectrum of E-buxenone

S-bux-I-Ac-4
chloroform

Arxchive directory: /expcrt/home/aa;:aollvnmrsys/data
Sample directory:
File: PROTON

Pulse Sequence: sipul

Solvent: CDCL3
Ambient temperature
GEMINI-200 "vnmrd

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 1,955 sec

Wwidth 3199%.5 Bz

128 repetitions |

OBSERVE Hi, 199%9707283 MHz
DATA PROCESSING

FT size 16384

Total time 6 min, /35 sec




XVI

“C-NMR spectrum of E-buxenone

13C OBSERVE
s-bux-I~Ac-4

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-200  "vome®

Pulse 39.0 degrees

Acqg. time 1.488 gec

width 12500.9 Hz

118400 repetitions
OBSERVE" C13,  50.2826747 MHz
DECOUPLE. H1, 199.9713817 MHz
Power 0 4B

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 467499 hx, 37 min, 36 sec




XVII

EIMS spectrum of E-buxenone

File
Operator
Aequi red
Instrument

* C:\HPCHEM\1\DATA\EVALDEMO. D

Zahid
9 Apr 107
5589 - MS

s oee e

10:5% am using AcqMethod ZAHDIPET

Sample Nane: S-Bux-I-Ac-f4

Misc Info

Vial Number: 1

Abundance
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Average of 6.494 To 7.01% minl: EVALDEMG. D




XVIII

CIMS spectrum of E-buxenone

File : C:\HPCEEM\1\DATANIACE4.D

Operator : 8~Zahid

Acquired 4 Jun 107 5:12 pm using AcgMethod AADIEPCIT
Instrument : 5988 - MS

Sample Name: Bux—I~Ac~$~4

Misc Info

Vial Number: 1

Abundancq FEE IACﬁgfﬁwmmw
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Abundance Average of 5.454 to 5.507 min.: IAC??.D
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XIX

UV spectrum of E-buxenone

File Name: I—ACQEL4
S-bux-I-Ac-4 in MEOH

05/02/07

Created: 12:53
Data: Original
Measuring Mode: Abs.
Scan Speed: Fast
Slit Width: 1.0
Sampling Interval: 0.5

1.000 . g g I"AC—'@(—‘; S
1 ; Peak Pick
g No. Wavelength (nm.} Abs.
- : 1 350.00 0.0004
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4 279.60 0.0567
5 243.50 0.4783
0.600~
A -
b :
. - [
0.400- i
0.200~ /
-/ 1
/ V43
/ N X 2 1
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XX

'H-NMR spectrum of Z-buxenone

s-bux~I-Ac-3
chloroform

Archive di#ectory: /export/home/aataﬁl/vnmrsys/data
Sample directory:
File: PROTON

Pulse Saqueﬁce: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-200 Svnmrw

Relax. delay 1.000 sec
Pulsze 45.0 degrees
Acq. time 1.995 sec
Width 3198.5 nz
128 repetiéions
OBSERVE Hi, 199.9707243 MHz
DATA PROCESSING
FT size 16384
Total time 6 min, 35 sec

pPpm




XXI

COSY-45° spectrum of Z- buxenone
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XX

EIMS spectrum of Z- buxenone

File
Operator
Acquired

Instrument

: C:\HPCHEM\1\DATA\SBUXIAC3.D

:82ahid
3 May 107 4:57 pm using AcgMethod ZAHDIPEI
5988 - MS

Sample Name: S~Bux-I-Ac-3

Misc Info

S-Bux~I-Ac-3

Vial Number: 1

Abundance

16000 -
14000 -
12000 5

10000 -

8GO0 -

Average of 4.257 to 4.315 min.: SBUXIAC3.D
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XXIII

CIMS spectrum of Z- buxenone

File : C:\HPCHEM\1\DATA\SBUIAC3.D

Operator : S. Zahid

Acquired : 23 May 107 3:55 pm. using AcgMethod AADIPPCI
Instrument : 5989 ~ MS

Sample Name: S-Bux-I-Ac-3

Misc¢c Info @

Vial Number: 1

Abundance ‘ TIC: SBUIAC3.D
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XXIV

UV spectrum of Z- buxenone
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XXV

'H-NMR spectrum of moenjodaramine

buX-K=Al-bottom
chloroform

¥ Archive dire_ ctory: /emrt/hm/aataﬂl/vnmrsysldata
Sample directory:
File: PROTON

Pulse Sequence: s2pul

Solvent: CDC13
Ambient. temperature
GEMINI-200 Yvnmpn

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq.. time 1:995 gec

Width 3199.5 Hz

1000 repetitions

OBSERVE - H1; 199.9707250 MHz
DATA PROCESSING

FT size 16384
Total time 51 min, 29 sec




XXVI

“C-NMR spectrum of moenjodaramine

Bux-K-Al-Botom
Chloroform

Pulge Sequence: s2pul

Solvent: CIC13
Ambient temperature
GEMINX-200 - "vynme®

Pulse 39.0 degrees

Acg. time 1.498 sec

width 12500,0 Hz

159456 repetitions

OBSERVE Cl3,  50.2826463 MHz

DECOUPLE. H1, 159.9713817 Muz -

Power 0 8B
continuously on. -
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
PT size 65536

Total time 467499 hr, 37 min, 36 sec

60

40 200 0 | pom




XXVII

File
Cperatoxr
Acquired
Instrument

Misc Infc

Sample Name:

Vial Number:

: C:\HPCHEEM\1\DATA\BUKA1BOT.D

Zahid

18 May 107
5989 -~ MS

Bux-K~Al-Bottom

Bux~-K-Al-Bottom

1

10:38 am using AcgMethod ZAHDIPEI

Abundance
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EIMS spectrum of moenjodaramine




XXVII

CIMS spectrum of moenjodaramine

File : C:\HPCHEM\1\DATA\SBKA1DET.D

Operator ¢ S. Zahid
Acquired : 23 May: 107 7:49 pm using AcgMethod AADIPPCIT
Instrument : 5989 - MS

Sample Name: S-Bux-K-Al-Botom
Misc Info :
Vial Number: 1

Abundance . TIC: . SBKA1DBT.D
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XXIX

UV spectrum of moenjodaramine
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File Name: B-K-Al-B
$—-BUX-K~Al-b0Ottom band in MEOH

Created: 13:30 05/02/07
Data: Original
Measuring Mode: Abs.
Scan Speed: Fast
S51it Width: 1.0

Sampling Interwval: 0.5
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500.0

600.0

No.

U1 W N

Peak Pick

Wavelength (nm.)
431.50
356.00°
254.00
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Abs.
0.0103
0.0064
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XXX

ine

H-NMR spectrum of homomoenjodaram

I

Bux-zo-g
Chloroform

Archive directory: /export/home/aatadl/vamrsys/data
Sample directory:
Flle: PROTON

Pulse éequence: s3pul

Solvent: CDC13
Ambient temperature.
GEMINI-200 . *vnmr®

Relax, delay 1.000 sec
Pulse 45.0 degrees

Acg. time 1.995 gec

width 3199.5 Hz

464 repetitions

OBSERVE H1, 189.5707243 MEz
DATA  PROCESSING

FP? size 16384

Total time 25 min, 45 sec

i S

v AR Ay

14 12

) ppm




XXXI

“C-NMR spectrum of homomoenjodaramine

Bux~28~D
Chleoroform

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-200 "vnmr®

Pulse 33.0 degrses
. Acq. time 1.498 sec
Width 12500.0 Hz
84688 repetitions
OBSERVE C13, 50.2826460 MHz
DECOUPLE R1, 199.9713817 MHz
Power 0 4B
continuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.0 Hz
PT size 6553§

Total time 467499 hr, 37 min, 36 sec
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XXXII

OSY-45° spectrum of homomoenjodaramine
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XXXI

EIMS spectrum of homomoenjodaramine

File : CI\ARCHEM\1\DATA\BUX20D.D

Operatox : Zahid

Acquired : 4 May 107 ©:34 pm using AcgMethod ZAHDIPEI
Instrument : 5988 - MS

Sample Name: Bux-20-D

Misc Info : Bux-20-D

Vial Number: 1

Abundance ' " TICT BUXZ0D.D

s

1500000 - / !

1000000 - %

500000 - ; E
S \

Time--> 0.50 1:00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 ©.00 5. o0

Abundance ) ) Average of 4.619 to 4.706 min.: BUX20D.8
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40000 -
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XXXIV

CIMS spectrum of homomoenjodaramine

File
Operator
Acquired
Instrument
Sample Nanme:
Misc Info
Vial Number:

C:\HPCHEM\1\DATA\BUX20DC.D

S.

23 May 107

Zahid
1:51 pm using AcgMethod AADIPPCET
5989 - MS

Bux—-20-D

1

Abundance
400000 -

300000 -

TIC: BUX20D.D

e
e s\ s N s e 6 0 i 10 i et o

2.00 400 6.00 8.00 10.00

12.00

14.00

16.00

Abundance
i 1

120000
106000
8oooo-{b
60000 -

40000 -

Average of 5.561 to 5.%814 min.: BIXZ6D.DH




XXXV

UV spectrum of homomoenjodaramine

o]

1.000 — , e BI207R ;
/|
0.800- ;V
]
0.e00F [ -
!
0.400- |
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. 54 32 L
OOOCE‘/ : \Iﬂ Y. Y\‘)l ...... e i : Y. :
200.0 300.0 460.0 506.0
’ Wavelength (nm.)
File Name: B-20-D
S~bux-~20-D in MEQH
Created: 12:41  05/02/07
Data: riginal
Measuring dMode: Abs.
ast

Scan Speed:
Slit Width:
Sampling Interval:

Peak Pick

Wo. Wavelength (nm.) Abs.

1 473.50 0.0017
2 368.00 -0.0042
3 355.50 ~-0.0037
4 314,00 -0.0043
5 298.00 -0.0022
6 245.50 0.9077
7 238.00 0.8342




XXXVI

'H-NMR spectrum of buxamine-B

Bux-20-C
Chloroform

aArchive directory: /export/home/aatadl/vmursys/data
Sample directo:yr

Pulse Sequence: s2pul

Solvent: €DC13
Ambient temperature
File: Bux-20-C
GEMINI-200 - "vamr®

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 1.995 sec

Width 3199.5 Hz

1000 repetitions

OBSERVE" " E1, 199.5707235 MHz
DATA PROCESSING

PT size 16384

Total time 51 min, 29 sec

T 15 s b it ae

~0 Ppm
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XXXVII

EIMS spectrum of buxamine-B

File C:\HPCHEM\1\DATA\BUX20C.D
Operator : Zahid
Acquired : 4 May 107 5:40 pm using AcgMethod ZAHDIPEI
Instrument : 59838 — MS
Sample Name: Bux-20-C
Misc Info Bux~20-C
Vial Number: 1
Abundance TIC: BUX20C.D
1000000 !
!
i
800000 - !g >
S
600000 | !
! s
i
_ )
400000 4 / |
/ \
200000 A \/ \
/. \
0 i T T T > i i 7
R T B e S o B i S S i R L N v o T T T T T T
Time-——> 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00
Abundance Averadge of 3,042 to 3.071 min.: BUX20C.D
15000 - 7o
10000 -
5000 4
O~ 12P41 195 222 25@72 31327 356 398 42840 481503 529 56 606626648 680
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XXXIX

CIMS spectrum of buxamine-B

File
Operator
Acquired
Instrument

C:\HPCHEM\I\DATA\BUX20C.D

8. Zahid
23 May 107 2:37 pm using AcgMethod AADIPPCIT
: 5989 - MS

Sample Name: Bux-20-C

Misc Info

Vial Number: 1

Abundance
400000 -

300000 A

100000 -

TIC: BUX20C.D

e N
e
/ \.

zooooo-\\\*v Aﬁ/,,/f///J/r

0 =
Time—->

e e A - e A I o o
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.b0 6.50 7.

L3 B e T

7 NI N
00 7.50 8.00

8.50 9.00

Abundance
120000 4

100000 -
80000 -
60000 -
40000 -

20000 A

Average of 4.943 to 4.957 min.: BUX306.D

399

57 383ﬁ
- i

04

m/z——>

97 12337 166 20818

; ; 269 29312 354 7
s CA : ———— -
50 100 150 200

457
300 350

400 450

4865 535557
e e e

500

603 63(®46
I
600 50

o))

550

250
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UV spectrum of buxamine-B

1.000 B20-¢ l
0.800- 4 .
N 5'
!
|
S
0.600- /‘ {l‘ .
' /
[
1
[
L )’ i
0.400- | \ ‘ -
S
f l
! v
.
0.200- / | .
L/ !
/ |
l .
#f -l 32 1
~ Ly ]
0.000 S i S e Lt :
200.0 300.0 400.0 . - 500.0 600.
’ Wavelength (nm.}
File Name: B-20-C
S-bux-20-C in MEOQH
Created: 12:26 05/02/07
Data: Original
Measuring Mode: Abs.
Scan Speed: Fast
Slit Width: 1.0
Sampling Interval: 0.5

2
o)

G WA

Peak Pick

Wavelength (nm.)
440.50
293.00
280.50
244.50
237.50:

el eNeN o Ne

Abs.

.0000
.0225
.0158
.7492
. 7008
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"H-NMR spectrum of 31-hydroxybuxamine-B

bux-K-Al-D
chloroform

Axchive directory: /export/home/aatadl/vomrsys/data
Sample directory:
File: PROTON

Pulse Sequence: s2pul

Solvent: . CDCL3
Ambient  temperature
GEMINI-200 - “vnmrw

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acqg. time 1,995 sec

Width 3199.5 Hz

2000 repetitions

OBSERVE H1, 195.9707564 Mz
DATA PROCESSING

FT size 16384

Total time 1 hr, 42 min, 57 sec

i . [T
R R s

12 11 10

i
i
!
|
|
H
i




7
—
—
cosy
Bux~K-A1-0
Chloroform
COSYGSSW CDC13 u uofw 3
' Current Date Pardacters
"‘J HANE Bux-K-A1-D
EXPNO 4
. PROOND 3
. - ) L F2 - Acouisition Persceters
- r Dete.
: . n Tine 0.15
| i . - - ISTAM Hox300
i - = - = - PROBHD 5w GNO DY/
1 : " B . RLPROG cosygs
i . - - 0 2048
: : - - . soveENT cocra
N C NS 128
. k o5 [
- - - S 237,131 W
A ) . FIORES 1.287662 He
: © s - ) 0.3002508 sec
. - as 812.7
. ” - T o : T ' o 189,500 usec
: L4 o oe 5,80, uzec
- - 1€ 300.¢ X
- @ 9.50000300 sec
) - o1 * o 1.35540098 sec
. ‘ 2 a3 .00000300 sec.
o - g £ v, ni6 0.00010200 3ec
- £ H 0.00037820 3¢
' o M N
CQ : - - s . - CHAMNEL 11
y .
. b ‘. " ney 1
) . b . [ Pa 2,30 usec
Q 7 . : . - 1 9.30 ussc
g : - (2 %) 0,00 o
o} { ) : . et ’ . . I 5501 300.1312022 etz
E : 2 £ svanneannenn GRADIENT CHANKEL mommems
< a - a . E . P16 1600.00 usec
§ ’ - ’ ) B . o F1 - 2CGu193L10n pAranaters
. ) : i’ - o s
- A
£ g d n o . 128
> ) ) . . R N 503 306. 1311 Wiz
. : . - FIDRES 20.£02585 Mz
é o . . . = o 0.787 pox
- . : . - F2 - Processing pareseters
o . 51 1924
> ) ’ . " o & 300. 1300060 KL
: - . C o s
el . . . C il %
! ) * o wm 9.00 Hz
L e o
on T - - Y 1.40
G | T i " F1 - Processing parazeters
(@] N - = s1 1024
K . . w2 o
. o sF 300, 1200060 Kz
E ) - : . C wax S
~ " ‘s E 558 °
' - - — 19 0.00 He
4’3 . - L] [
8 ’ . ' - 2D MR plot parmseters
- o2 18,00 -
Q{ . . Y . ie e : [ X3 15.00 ce
n . F FaPLe opn
C a8 nz
o . £ Fo opm
ke - R : . - Fang e
<t - ppm FimLe 5 gore
— F10 S
;>l farar san
- T T TT T T T P v eI T T T Faut ~222.44 Yz
n B I e e LI i L S S A R T - £ ot
ppm 4 2 FaMzeM 175.80872 Ht/cn
O F3PIMCH 0.38578 pom/to
FIHZCH 175, 80072 Ha/cn




XLII

EIMS spectrum of 31-hydroxybuxamine-B

File
Operator
Acquired
Instrument

Sample Nane:

Misc Info

vial Number:

C:\HPCHEM\1\DATA\BUKA1D.D

1:21 pm using AcgMethod ZAHDIPEI

S. Zahid
18 May 107
5989 -~ Ms

S-Bux-K-Al1~D
S-Bux-K-Al-D

1
Abundance TIC: BUKALD.D
AN
g
0
o Y
600000 & i
o 1\
400000 - -
] / \\\\
7 \
200000 - / ™~
.
e e
Y N T T YT R S A T
Time—-> 2.00 4.00 6.00 8.00 . 10.00 12.00 14.00 16.0C
Abundance Average of 4.995 to 5.169 min.: BUKAlD.D
712
{;..;‘.
40000 -
30000f
414
312 34855 412 444 454 53055368 €06 647 67590
m/z--> 50 100 150 200 250 300 350 40 450 500 550 600 6%0 70
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UV spectrum of 3 I-hydroxybuxamine-B

uw o

1.000, T y T ;

B-K-Al-D
T T

T

0.800

T

0.600

0.400

0.200F \

0.000—— A ¥y

200.0 300.0

File Name: B-K-Al-D
S~-BUX-K-Al-D in MEOH

Created: 13:50 05/09/07
Data: Original
Measuring Mode: Abs.
Scan Speed: Fast
Slit Width: 1.0
Sampling Interval: 0.5

400.0
Wavelength (nm.)

500.0

600.

No.

Gl W N -

Peak Pick

Wavelength (nm.)
344.50
306.00
280.00
244.50
237.50 °

Abs.
-0.0014
0.0032
0.0042
0.2153
0.2054




XLV

"H-NMR spectrum of lupeol

SpinWorks 2.5 PROTON GDCGI3 b uofw 1

i
it

ep

R R ——
f

“ i ia A
S L I R NN N F BN I R e LN I SOCR S Lo K o ! ] | !
PPM 7.2 6.8 6.4 6.0 5.6 5.2 48 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4 0.0 -04
freq. of O ppm: 300.130006 Mz

file: E\specriasisarbrp-250iMid | expt: <zg30>
ransmitler freq.: 300.131853 MHz

time domain size: 85536 points

vidth: 6172.84 Hz = 20.567092 ppm = £,094190 Ha/pt
sumber of scans: 15

processed size: 32768 complex points
LB 0300 GB:0.0000
Hejom: 99.589  ppmicm: (.33182




XLVI

“C-NMR spectrum of lupeol

sarfbrp-Z&ClS
Chloroform

- 13C- OBSERVE

Pulse Sequence: s2pul

Solvent: ‘CbCl3
Amblent temperature
GEMINI~-200" "vnmr®

Pulse 39,0 degrees

Acq. time 1.498 gec

Width 12500.0 Hz

33664 repetitions

OBSERVE  C13, ' 50.2826467 MEz
DECOUPLE H1, 199.8713817 Muz

‘ Power 0 dB

eontinuously on

WALTZ-16 modulated
DBATA PROCESSING |

Line broadening 1.0 Hz

FT size 65536 :

Total time 46748 hxr, 57 min, 52 sec

100

- 60 40 20

Ppm




Sarbrp-25
DEPT-90
Ci3DEPTS0 CDCI13 u uofw i

XLVII

Current Data Parameters

i vl ‘i 3 NAME sarorp-25
~ 0 DS S O TOTMOWOoOoDWEMTOMIDE MO ® @ -0 EXPNO €
T et (= I e e B o U B S T OO T OO WMINDMOT DT O (3 -t CF ~— - PROCND 1
s o w SO~ oWw~m CAMIT T OORNODAVDCHT T OMOA -0
a B I 83389 g EREBELLIBBSLIRITILRESNER £2 - acquisition Parameters
Ce e AR i ] ) ) ] date., 20060611
Lt } } { ¢ { : ; Tize 1.53
\/ / \ INSTAUM opx300
[BRY - ) PROBHD 5 me ONP 1H/
PULPROG dept 80
10 65536
SOLVENT €ocia
NS 2000
05 4
SHY 47985.641 Hz
. FIDAES 0.274439 Hr
. AD £.£23:6508 sec
v i 3 16284
: ow 27,200 usec
[V 6,00 usee
TE 300.9 K
NSY2 145, 030000
D1 2.00000000 sec
g2 0.00344898 sec
a2 ©.0000200C sec
DELTA 0.60000713 sec
mumanaxewans CHANNEL fi nsxzoosxmanss
NJCT 13c
Pt 5.60 usec
p2 41.20 usec
PLY -E.C0 d8
SFDY 75.4752653 Mz
=szans 2o CHANNEL 2 =sso=soaecass
CROPRG2 waltz16
Nucz iH
23 9.30 usec
o4 48.E0 usec
PCepR E0.00 usec
PL2 0.00 08
112 20.00 d8
SFOR 300.1312005 HHz
FZ - Processinsg parameters
51 32768
3 75.4877489 Mz
NOW 2]
$58 1]
LB 1.00 Hz
[5:3 [
pC 1.40

10 NMR plct parametenrs

cx 20.00 ¢n
M he £ 215,000 pom
1 16225.57 hz
Fap -5.000 pom
L T T T T T ¥ T T T T T v T T T T T T T Y T T T T T T T 1 T T T T T ¥ ¥ T T | 1 T T T T F2 -377.34 Hz
ppm 200 175 150 125 100 75 50 25 0 PEACH £1.60009 por/cn
HzeH 830.14525 Hz/cn

DEPT 90° spectrum of lupeol




XLVII

DEPT 135° spectrum of lupeol

Sarbrp-25
DEPT-135
C13DEPT135 CDC13 u unfw 1

Current Qats Parameters

NAME sactrp-25
o ST OWVW U O RNOMMDOANOODNWAT @M« O™ EXPNO 7
~ CEHQNODNN VDT DU T OTIDEM PROCNO 1
= [4a] OUWAROH OIS AUMOOMNC T T w0 Em
8 g PRIBESYSIRESSTIICIIRNNSINSS - swimtion rarsmotees
~ L RL‘ L , ’ | © ’/,l fate 200605(1)1
! = ) Time 4.01
\\\\\\I\\\‘§\\$§ %/’ INSTR 6gx300
T -\"“:f:f‘“‘-1f“-1 RSN A PROGHD- =~ 5 mm ONP 14/
PULPRCG dept 133
™ 55365
SOLVENT cocz
NS 2000
Ds 4
Swr 17985.514 Hz
FI0RES 0.274439 Kr
AQ 1.8219308 sec
i) 16384
Bl 27.800 usec
9€ §.00 uses
TE 300.0 K
LNST2 145.0000000
0% 2.060000000. sec
a2 0.00344828 sec
412 ©.00902000 s8¢
DELTA 0.0CD00713 sec
wammmnsuwawnm. CHANNEL (1 wammemnmxamme
KUCK 13C
28 8.60 usec
02 11.20 usec
PLI ~6.00 48
SFOY 79.4752653 Mz
wexsaannzens CHANNEL 2 emwsassszasas
PEPnGe waltzig
NCce iH
P3 8.30 usec
pa 18.60 usec
pCPO2 80.00 usec
a2 0.00 43
K AL 20.00 dB
N SF02 300. 1312005 wHz
F2 - Processing parameiers
SI 32768
SF 75.4677489 Mz
HIR 33
$58 0
Le 1.00 Hz
[¢1:) [
aC 1.40
10 NM plot paramesers
X 20.00 cm
7P 215.000 pom
Fl 16225.57 Hz
F2p ~5.00C ppm
e L s e v et S e e e S R e e D AL B s s F2 -377.34 Hz
ppm 200 175 150 125 100 75 50 25 0 PPHCH: 31.00000 ppm/cs
HICM 830.14526 Hz/cm




XLIX

COSY-45° spectrum of lupeol

A A i o waf\‘» Vs M.
§
o
. & »
. et '
LY . i X
: & * 5 :
3 @& e |er [
# i
! ! >
g N
e ~a @ . [
> -opm
[ LA L AL | LT ¥ T | BRI O oy
pom 4 3 i 0

COSYGSSW CDCI3 u uofw 1

Current Tats Puramelers

RAME SAcrE-2%
EXPND 2
PELLNO 3
FR2 - Actuis)iicn Panameters
Oate 061D
Tine 17.:5
INSTRUM apx30Y
FROBAY 5 ae O 134/
PALAI0S cosygs
13 2048
SOVENT Loty
RS i3
s 3
EL) 1627.604 My
FIORES 0.734723 Mz
ARG 0.8231855 sec
a6 €4
ox 307,263 usec
ne 6.62 usec
TE W00.0 K
9o 0.59090200 sec
ot 1.41374€08 sec
918 2.03020283 sec
S1€ 0.03046200 sac
INg: £.00064440. sec
OMANEL (1
AUy [l
il 9,30 usec
Py 8.30 usec
Ly 0.60 ¢3.
Ed] 300, 3307172 iy
wanavanrauxn CRADIENT CHANHL, smawens
Pis 4003.00 vsec
F1 - Azguisitica parazetens
Y +
10 128
SFOL 309.3307 Mz
FIDRES 12. 715657 My
S 5.423 ppa
¥2 - Processing purorelors
k1Y 1024,
5 365, 1300060 wHr
it SIME.
SE8 ¢
[3:3 .00 e
& 0
e £.40
Ft - Processing peraveters
st 1024
Bz
5 203, 1300
W EH
586 o
[3:] 9.00 rz
G ©
I 20 RN plot parereters
txe 153.00 n.
cx1 15.00 ca
FapLo 5.083 pps
rag &
ramit
FaH1
FifLo 45,063 ppx
Fio 1525.40 Hr
TPl ~0.340 pox
FiHY ~302.14 4z
FRPOICH 0.36153 op=/tn
Faizcn 108.598£0 stricn
F1pepcd 0.35153 ppafon
FIHZCH 103.59068 Hr/en




HSQC spectrum of lupeol

5\ i ‘
K_JL P 1L W PR S
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< o o
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i vee :
e
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ppm

Sarbrp-25
HSOC

INVIGSTPSW CDC13 u uofw 1

~150
" ppm

Lurevnt Bata Paramcters

A 2actep-28

g B

excan s

F2 - dgnastion Paramizers

Cate €051

e o 1738

YSTRM 905320

PRLAO . 5 on 2 1

Ry e dta.

i

saveur

xS

[

S

FIofes

0

5

o

L3

€

asiz

0, X
1,826650%¢ gec
€,0372414 soc
8.02000003 s¢c
©,00000%00 #a¢
©.00010003 58z

23 - 2,09516000 tec

&l T 6lDIDGIN4.aec

w 9.00001893 sec

o DUREL 23 sarssnnuseonn
[

: 5.32 vrec
pit 10.50 vaec
Ay ©.00 63
sy 0.1307272 iz

130,20 upec

F1 = Mrassition pacanetecs
‘4

255
7547338 iz

FIORES 5.07343¢ Hp
166,434 pon
£2 - Frcessing parareters
51 g
& 356. 10050 Wiz
e oSt
538 2
Lo 9.00 1z
2] [
i3 140
T = Processiop parametees

5t 3024
w2 et
) 73 4677150 W
Py ot
sar H
18 8.00 1z
=4 e

NN 10t parsneters
o2 .00 ¢
oxt 13.00 o
e 5.003 gom
P29 1525,49 1
rot =0.340 pos
03 102,11 12
f1%8 157,813 oo
e 11909.93 #1r
rinag 8.6 ppo.
Finl 633,82 Ho
FRENOL 827113 poosem
FauItn 1.3000% hriem
F1poue 11.69891

sm/cn
FIRItn 8374580 Hyfea
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HMBC spectrum of lupeol

SpinWorks 2.5 2D: Sarbrp-25

QMJK JJ‘ Lj L

f\;_/\ FYT
—0
_— QQ o T D@{a(?jg, 39 ?@ n@ gﬁma 90 50
0o . IR T N - H ;
5] v e vy
¢ Q &, o -
. e v @%Cab‘%@%‘, ()0 40
o Lo i o i3 OC(;;I!:)‘«Q 2 L
Go 2] @ 6 60
200m0 6 @ --80
—100
n & -
—120
— 140
’ <> & CEx -
— 160
— 180
—200
, T l T I H I ] I l I H ] T I T I ¥ I T { T l T PPM (F1)
PPM (F2) 4.4 4.0 386 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4 -0.0

file: Et\specr:.s\Sar-spectrasisarbrp-25\fiser  expl: <inv4gslpirnd>
transmitter freq.: 300.130717 MHz

time domain size: 2048 by 128 points

width (F2): 1627.60 Hz = 5.422984 ppm = 0,794727 Hz/pt

number of scans: 32

F2: frer of O ppm: 300.130006 MKz
processed size: 2048 complex points
window function: Sine
shift: 0.0 degrees
Hzlem: 69.260 ppm/cm: 0.23077

F1: freq. of 0 ppm . 5.467719 MHz
processed size: Tu¢4 complex points
window function: Sine
shift: 0.0 degrees
Hz/cm: 1398.210 ppm/cm: 18.52542




LII

C:\HPCHEM\1\DATA\SARBRP25.D

File :
Operator : zahid

Acquired ¢ 17 Jul 106 12:57 pm using AcgMethod ZAHDIPET
Instrument : 5989 - MsS

Sample Name: Sarfbrp~25
Misc Info - : Chloroform

Vial Number: 1

Abundance TIC: SARBRPZ5.D

600000 -

]
|
]
400000 - !
/
/

200000 - ,“NMJ// -

O e e B e
Time-—> 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
Abuggaasg Average of 4.605 to 4.770 min.: SARBRP25.D
4355
: 81
20000 -
—]
S
2. 15000
=
Gy
o
. 10000 -
53 426
3 5000 - ‘ ;
& 315 411
v 0l g 344370 L | 452 495 523 55963 607 630 67692
. oo ale T et 2Rl 607630 67692
é% m/z——> 300 350 400 450 500 550 600 650 700
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UV spectrum of lupeol

0 U

-~ _.SB25
e

1.000mzy

.~ o.goo]|

0. 600

0.200

S S— e —1

File Name: SB25
Sar-prp-25

Created: 13:33 08/25/06

Data: Original

Measuring Mode:
Scan Speed:

S81lit Width:
Sampling Interval:

Abs.
Fast
1.0
0.5

400.0
Wavelength (nm.)

500.0

600.

No.
1
2

Peak Pick

Wavelength {(nm.)
246.50
227.00

Abs.
-0.0116
0.2191




LV

'H-NMR spectrum of 3-acetyl lupeol

sarf-brp-25-acetylated

:Chloroform

Archive directory: /e}mort/home/aataollvxm\fsys/data
Sample directory:
File: PROTON

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature.
GEMINI-200 "vompe

Relax. delay 1.000 gec
Pulse 45,0 degrees -

Acq. time 1.995 gec

Width 3199.5 mz
32.repstitions

OBSERVE H1, 189.9707564 Muz
DATA PROCESSING

FT .8ize 16384
Total time 1 min, 38 gec

ppm




LVI

“C-NMR spectrum of 3-acetyl lupeol

sarf-Brp-25-acet.
Chloroform

Fulse Seqguence: 82pul

Solvent: CDC13
Ambient temperature
GEMINI~200  "wnmr®

Pulse 39.0 degraes

Acq. time 1.498 gec

Width 12500.0 Bz

8000 repetitions -

OBSERVE €13, 50.2826467 MHz
DECOUPLE “H1, 199.9713817 tmz
Powexr 0 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT gize 65536

Total time 467499 hr, 37 min,. 36 sec

200 180

160

140

120

100

80 .

60

40

20

bpm
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COSY-45° spectrum of 3-acetyl lupeol

—ﬁ_—‘-?
al =
/ B
-3
e
& o [}
-
—
EALE ¥ -llllllli.lllllllillVlfl-l-lxl})lvl>l>171—7i¥llllllltlllll"l'l!ll-
T T ¥
ppm 4 2

T

litlllvlclxllllellllyli

n

E

ppm

COSYGSSW COC13 u uofw 1§

Turreat Data farazaters

usMg Bepegb-acery]
EXPND 2
PROZKG t
- F2 - Acquisition Paraasters
Date 20050820
Tine $1.03
INSTRM GOx 360
PROIO 5 an B 1N/
PULPAQG £OSYgs
W 2043
SOLVENY e k]
L 10
o5 8
SHH 23€0.952 Hr
FIDRES 1.3162574 Hy
Az 2.4391300 sec
RG 128
oR 210.000 usec
e 5.00 usec
€ 0.0 K
e ©.90000300 nec
01 1.31249201 sec
(351 £.00000395 ser
B16 1.00210600 ner
INo ©.00042000 sec
=mv CHAMNNES, f3 -
IS I
PO 9.20 uszc
Py 9.30 usec
Py 0.03 dB
50 370.35311457 Mz
sxaveszaazas GRADIENT CHAMNEL wanmees
P16 1000.20 usec
F1 - &zomsition parsreters
bl 1
n 128
SFOy 330.1251 MHz
FIORES 18.601198 Hz
5 7.933 ppm
F2 - Processicg paraseters
st 1024
S¥ B 1300060 Mz
ROM Siag
558 4
[¥:3 C.00 He
a3 0
PC 1.40
Fi - Processing parometars
si 1024
M2 G
& 360, 1303080, M4z
NOX SIN
ssg 4
i 2 20 Hz
jee] o
20 NHT 039t oaraseters
&x2 15.90 ¢
Cx1 15.90 e
F2ALa 7.754 ppn
FaLp 2333.20 Wy
FROHT ~C.189 por
Famp ~50.74 Wy
FsRn 7.764 ppn
FiLo 2320.20 e
FIPNT -3.168 ppy
Famg ~50.7¢ Mz
Faropcn 0.52887 ppescn
Fauzeu 150.72955 1z/ca
F1PPHe 0.52807 apaln
FIHICH 58, 72955 Hz2/ca
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EIMS spectrum of 3-acetyl lupeol

File
Operator
Acquired
Instrument

Sample Name:

Misc Info

1 C:\HPCHEM\I\DATA\EVALDEMO. D

Zahid

28 Rug 106 .- 4:45 pm using AcqMethod ZAHDIPET
5989 - Ms )

Sar-brp-25-Acetylated

Sar—brp-ZS—Acetylated

Vial Number: 1

Abundance
1000000 4

800000 -
600000 -
400000

200000

TIC: EVALDEMO.D

0=
Time—-->

T T T e e e N s R
6.50 1.00 1.50° 2.00 2.50 3.00  3.50 - 4,00 4.50

50 6.00 6.50 7.00 7.0

FLAE e

Abundance
100000 -

80000 -
60000 -
40000 -

20000 -

04—

Average of 3.301 to 3.678 min.: EVALDEMO.D

L, 280276208 34357 393 4

468

5 2482

521 S6872. 603 631 663 692

m/z-->

MM B RN R Pt S pet st S S

P I . I
250 300 350 400

200

e
500

el =S¢ ok 283 622
550 500 650 700




LIX

IR spectrum of 3-acetyl lupeol

’File # 3 = BRP25ACE Mode= 2 (Mid-IR)

Sample Description: Sar-brp-25-acetylated.

8/31/06 12:15 PM

Scans= 16 Siow Res=4 cm-1 Apod= Cosine Zero Filling= 1 x
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LX

UV spectrum of 3-acetyl lupeol

w T

1.000; i . : SB?S ' :
0.800} -
0.600 J
0.4004 -
O;ZOOﬁ
0.000J ottt formmm : -
200.0 300.0 400.0 500.0 600.0
Wavelength (nm.)

File Name: SB25

Sar-brp-25-acetylated

Created: 13:57  08/25/06

Data:- Criginal

Measuring Mode: Abs.

Scan Speed: Fast

S1lit wWidth: 1.0

Sampling Interval: 0.5

No.

1
2

Peak Pick

Wavelength (nm.) Abs.
247.50 -0.0175
229.50 "~ 0.3945




LX1

'H-NMR spectrum of 20(29)-epoxylupeol

sai-brp—25-epoxi
Chloroform

Axchive di.factory: /export/home/aa!:aOJ./vm&fsirs/datg_ :

Sample directory: . .
File: PROTON

Pulse Sequence: s2pul

Solvent: CDC13
Anbient temperature
GEMINI~-200"  “vamr®

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 1.995 sec

Width'3199.5 Hz"

16 repetitions . )
OBSERVE - - H1,  199.9707250 MEz
DATA PROCESSING
FT ‘size 16384 ;

Total time 1'min, 38 sec

ppm.




LXII

“C-NMR spectrum of 20(29)-epoxylupeol

sar-brp-25-epoxi
Chloroform

Pulse Sequence: s2pul

Solvent: CDC13
Anbient temperature
GEUINI-200 “ynmr®

Pulse 39.0 degrees

Acg. time 1,498 sec

Width 12500.0 Hz

3456 repetitions

OBSERVE . C13, 50.2826463 Muz
DECOUPLE. H1, 199.9713817 Mz
Power 0 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT gize 65536

Total time 9349 hr, 59 min, 32 sec
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] File C:\HPCHEM\ 1\DATA\EVALDEMO. D
et N
— Operator : Zahid
> Acquired : 29 Aug 106 1:52 pm using AcgMethod AADIPPCI
— Instrument : 5989 - MS
Sample Name: Sar-brp-25-epoxide
Misc Info Sar-brp-25-epoxide
Vial Kumber: 1
Abundance TIC: EVALDEMO.D
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8/31/06 12:36 PM
Zero Filling= 1 x

Apad= Cosine

Mode= 2 (Mid-IR)

Res=4 cm-1

BRP25EPO

Sample Description: Sar-brp-25-epoxide.
cans= 18 Slow

(File#3
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; 1.000; 177y _SB22-EFO
— Peak Pick
|
| : ' No. Wavelength {(nm.) B2bs.
' ' : : 1 246.00 -0.0007
0.8005 ) - 2 224.00 5.0000
0.600¢
A
b
s
0.400- -
0.200- ‘ .
_
3 g
2 0.000 it N A : e o ; : . . 1 : . : :
? 200.0 300.0 400.0 _ . 500.0 600.0
8-( ’ Wavelength (nm.)
)
]
N File Name:  SB25-EPO
= sar-brp-25-epoxide
[\
b Created: 14:17  08/25/06
= Data: Original
=
= Measuring Mede: Abs.
157 .
o Scan Speed: Fast
73 slit Width: 1.0
> Sampling Interval: 0.5
)




LXVI

-20-hydroxylupeol

-amino

"H-NMR spectrum of 29

-~ Width 3199.5 Hz

Sar-Brp-25~-MV
chloroform

Archive directory:
Sample directory:
File: PROTON

Pulée Bequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-20C¢ - ®*vnmr"

Relax. delay 1,000 =
Pulse 45.0 degrees
Acq. time 1.995 sec

1216. repatitions
OBSERVE . .El, 199,97
DATA - PROCESSING
FT size 16384
Total time 25 hr, 44

export/home/aa'ta(ll/vnmrsys/dat:a

ac

7239 HHz

nin, 24 sec




LXVII

-20-hydroxylupeol

~-amino

“C-NMR spectrum of 29

Sar-BrP-25-MV
Chloroform

Pulse Sequence:. s2pul

Solvent: CDCL3
Ambient temperature
GEMINI~-2Q0.  *vomx*

Pulse 39.0 degrees
Acg. time 1,458 sec
Width 12500.0 Hz
107872 repetitions

OBSERVE - C13, ~50.2826471 MHz
DECQUPLE - H1, 199.9713817 MHz .

Power 0 dB.
continuously on
WALTZ~16 modulated
DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 467499 hr, 37 min! 36 sec
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43.338

55,203 -

S RTI072

25.873
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Ve 22,649
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