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Journals:

< Journal of Natural Products*****
<+ Journal of Chromatography
% Journal of Medicinal Chemistry
“* Phytochemistry

< Planta Medica

< Journal of Ethnophamacology

“» www:- SciDirect, ASC Pupblication
% Search engines:- Yahoo, GooGle ect.
“* MedPlant - http://www.medplant.mahidol.ac.th/index.asp
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»http://www.gpo.or.th/herbal/nutan/nutan.htm
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n2db/question.asp?Q1D=104

»http://rx12.wsnhosting.com/herb/yor.nhtml

»http://ittm.dtam.moph.go.th/Service/herb data/
herb ssm31.htm
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Products use for?

Q3: What does Natural
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L

= used to boost circulation " (P 9
= improve the collagen foundation of the ~ "*&%s¢
skin

= fight oxidation - thereby making it a superb
Ingredient for anti-ageing skin care
products as well as improving
skin firmness and elasticity
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Tinospora crispa MIERS

shampoo

fever and hypertension drugs
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ardiotonic Effect

<o O 5 N-formylannonaine showed
5 Nm/H <O O N_o  Significant increase in force of -
H Il ‘ H\f comtraction 57% of the left atria
O O rats.
Z- E-

N-formylnornuciferine showed

H3CO H3CO
H.CO O N _H O N, o Increase in force of contraction
: ‘ le MO ‘ H\f on both the right and left atria
® ® rats.
Z- E-
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Table Anti-HIV-1 activity of tyramine compounds from
T.crispa and AZT as determined by syncytium assay

Synsytium assay

Compound 1Cs0 ECs PTI
(mg/mL) (mg/mL) (I1C,/ECs,)

N-p-trans-coumaroyltyramine >125 114.7 >1.1
o OH
/@/\)‘\N/\/@
H
HO
N-p-trans-feruloyltyramine >125 88.7 >1.4

OH
O
H3COI>/\)L /\/©/
N
H
HO Q
CH
HN 3
A,
(@)

N

AZT control Ho‘@ >10%  6.7x107° >1.49 1,

|
N3



Naming of plant

1. Common name or Local name or Feature

A = |
" 105910199 (NALTKUD)

" 9939 (MAKD)

" I (@3213)

" RAYATHN (THOINE)
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Naming of plant (con’t)

2. Binomial nomenclature (!!U‘]JTI%‘HHJ)

genus species 9

Tinospora crispal Meirs

(Menispermaceae)

family

Carolus Linnaeus

was born on May 23, 1707 in
Rashult, Sweden. L
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Scientific name
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v~ Tinospora crispa Miers (Menispermaceae)

Tinospora crispa Miers (Menispermaceae)

Tinospora crispa Miers (Menispermaceae)

v’ Tinospora crispa Miers (Menispermaceae)



Naming of plant (con’t)

synonym scientific name

<
UDIZINA ||

Tinospora crispa Miers (Menispermaceae)

eg.
. rumphii Boerl.

. tuberculata Beaumee
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Tinospora crispa Miers
(Menispermaceae)

> Uaszin

8 Tinospora baenzigeri Forman.
(Menispermaceae)
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Herbarium Specimen

Voucher Specimen Number



S pecimen IS a portion or quantity of

material for use In testing, examination, or
study.




Copyright r XXXX American Chemical Society and

JOURNAL OF
American Society of Pharmacognosy A dx.doi.org/10.1021/np200014k | J. Nat. Prod. XXXX, XXX, 000—-000 ' R
[JRODL‘GT

Antiplasmodial Sesquiterpene Alkaloids from the Roots of

Maytenus mekongensis

Thitima Lhinhatrakool,t Samran Prabpai,t Palangpon Kongsaeree,t and Somyote Sutthivaiyakit*,
1Department of Chemistry and Center for Innovation in Chemistry, Faculty of Science, Ramkhamhaeng University, Hua

Mark,Bangkapi, Bangkok 10240, Thailand

tDepartment of Chemistry and Center for Excellence in Protein Structure and Function, Faculty of Science, Mahidol

University,Bangkok 10400, Thailand
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zZ H OAc H

Abstract: Eight new sesquiterpene alkaloids (1-8) and
four known sesquiterpene alkaloids (9—-12) have been
isolated from the roots of Maytenus mekongensis.
Structures were determined using extensive
spectroscopic methods. The relative configuration of 7-
epi-mekongensine (2) was established by single-
crystal X-ray crystallographic analysis. The alkaloids
were evaluated for antiplasmodial activity against
Plasmodium falciparum, K1 strain, and for cytotoxicity
using a panel of cell lines.

Plant Material. The roots of Maytenus
mekongensis, known inThailand as “Naam Kaan
Chaang”, were collected from Don Muu,
Kampeae Subdistrict, Trakarnpoepon District,
Ubonratchatani Province, Thailand, in June
2004. The plant was identified by Assoc. Prof.
Dr. Wongsatit Chuakul of the Department of
Pharmaceutical Botany, Faculty of Pharmacy,
Mabhidol University, Bangkok, Thailand.

A voucher specimen (SSMMe/2004) is
maintained at the Department of Chemistry,
Ramkhamhaeng University.
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1. Literature cited

2. Collecting

3. Extraction

4. |solation

5. Structure elucidation and

testing for activity
6. Synthesis
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Home Work 2:

Hyaaulng Ine
*SciDirect, ACS Journal of Natural Products*****
Publication Journal of Chromatography
*http://www.medplant.ma Journal of Medicinal Chemistry
hidol.ac.th/index.asp Phytochemistry

Planta Medica
Journal of Ethnophamacology




Active constituents
of Natural Products
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¢ Primary metabolite
N\ Secondary metabolite ¢
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M hotosynthesis

cluster of pigment

: (] (i i -
inner memhbrane k',j]l : ; - T
thylakoid e
outer membrane : ,&QJ:": ) i chlorophyll
= : stroma

S

e thylakoid membrane 07

chlor -}pla'-;t



Step 1: light reaction Photosynthesis | Con’t

(1.1)
NH,
- + é
NAD + e + H NADPH N)IN\> adenine
N
N N
ATP synthase _ ©Q O O .
ADP + P + energy O—P—0O—P—O—P 0O (1.2)
;—OTPTOTP™ e :
O O O t ribose
N /

J

h'4
3 phosphate groups (l)H OH

Step 2: dark reaction ATF

"assimilation”
ATP, NADPH

ADP, P, NADP"
hv
Calvin nCOZ T mHZO \/4 - n(CHZO)m + nOZ ....... (13)
chlorophyll

carbohydrate



 hotosynthesis

H.O QO

| ¥
o x"\ II|. _:". .-'/

Qi"a/

sugar

Q: How different
between primary

and secondary
metabolites?

Biosynthesis
or
Biogenesis

CO, H,O
Respiratory

' T Khytosynthesis
0, -/ O

COOH
Polysaccharides,

Glycosides - Monosaccharldes
—_—
GchonS|s OH
OH
CHsCO-COOH Shikimic acid
Pyruvic acid
H3C _oH CH3COOH Peptldes
|)<| -«—— Acetic acid Kreb's COOH
CH,OBOO0H (Acetyl CoA)
cycle
Allphatlc
Mevalonic acid amlno acids
o AIkaI0|ds Prephenlc acid
HsC__ CH,OP Malonic acid
HSC: :H l \ l
3,3-Dimethylallyl Aromatic amino acids
pyrophosphate Polyketides l
J l\ Cinnamic acids
Fatty acids
Terpenoids Fatsy Flavonoids /
Other aromatics
Coumarins
<3

Figure. Main stream of secondary metabolism
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wvention ~ Convert
I oil of = online,
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[ETEE Food and Chemical Toxicology — E
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- . - - - Recogni
ction of Chemoprevention by essential oil of turmeric leaves (Curcuma longa L.) Change
tial oil . . .
on the growth of Aspergillus flavus and aflatoxin production
3l strain
" S. Sindhu, B. Chempakam *, N.K. Leela, R. Suseela Bhai
lum Indign Institute of Spices Research, P00 Box 1701, Markunnu PO, Calicur 673 012, Kerala, India
ration » Cres
ungal ARTICLE INFO ABSTRACT » Send
t:f of ) Article history: Turmeric is well known for a wide range of medicinal properties. Essential oil of turmeric leaves {Curcuima » Store
tial cils Receved 11 Movember 2010 longa L.) were evaluated at varying concentrations of 0.01, 0,05, 0.1, 0.5, 0.75, 1.0 and 1.5% (v/v) in Yeast
) Accepted 18 February 2011 Extract Sucrose (YES) broth i noculated with spore suspension of Aspergillus flavus of 10° conidia/mL These
tion of Available online 24 February 2011 . . . ! . ]
d were evaluated for their potential in the control of aflatoxigenic fungus A. flavus and aflatoxin production
in Turmeric leaf oil exhibited 95.3% and 100% inhibition of toxin production respectively at 1.0% and 1.5%
i:l"“'“f;-‘-' , The extent of inhibition of fungal growth and aflatoxin prod uction was dependent on the concentration of
nt of Tfm'fri::li::u”; essential oil used. The oil exhibited significant inhibition of fungal growth as well as aflatoxins B, and G,
Chemao ntion production. The [De, and LDy, were also determined. GC-MS analysis of the oil showed =s-phellandrene,
S b‘_y" Aflatoxins p-cymene and terpinclene as the major components in turmeric leaf oil. The possibility of using these

a-Phellandrene phytochemical components as bio- preservatives for storage of spices is discussed.
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Bala, A., et al. (2010). “Evaluation of anticancer activity of Cleome gynandra on Ehrlich’s ascites

carcinoma treated mice”. Journal of Ethnopharmacology, 129, 131-134.
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9589 UIBNE 15019949

yaiseu thuauna. (2557, ningiau 9, 26, @aau 5). YsesrungueyindlsmalTausssu
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1083 WUNEDN. (2557, NTANIAN 9, 26, AIHIAN 5). LAUINYNFU 9. WeaU. dunual.

NN, (2542). ﬁmﬁwﬂu : mn%’wﬁwgﬁamﬁﬂﬂumimﬁnﬂm"lﬂﬂ. Fuduiile Faman 5,
2557, 910 http://www.doctor.or.th/article/detail/2230

Bala, A., et al. (2010). “Evaluation of anticancer activity of Cleome gynandra on Ehrlich’s ascites
carcinoma treated mice”. Journal of Ethnopharmacology, 129, 131-134.

Muchuweti, M., et al. (2007). “Screening of antioxidant and radical scavenging activity of Vigna

ungiculata, Bidens pilosa and Cleome gynandra”. American Journal of Food Technology,
10, 161-168.

Ndebia, E. J., et al. (2014). “Radical scavenging activity and hypoglycaemic effects of two wild leafy
vegetables: Sonchus oleraceus and Cleome gynandra”. In Diabetes research and clinical
practice (conference) 2014, S33.

Shimada, K, Fujikawa, K, Yahara, K & Nakamura, T. (1992). “Antioxidative properties of xanthum

on the autooxidation of soybean oil in cyclodexdrin emulsion”. Journal of Agricultural

Food and Chemistry, 40, 954-958. 32



‘ Photosynthesis ‘

Y
polysaccharide,

-«—— monosaccharide
slycoside || TNl moonmmeemeses ,
i '_ Shikimic acid

Acetyl CoOoA -«—— Pyruvic acid l

l l \ aromatic amino acid
Mevalonic acid alip.hatic. _>| peptide I l

terpene, steroid ‘ amino acid
Cinnamic acid
: 'P'o't; ketide *

l ‘ alkaloid |

coumarin, tannin, quinone,

‘ flavonoid I benzoic acid and derivative,
—————

fatty acid, fat, prostaglandin, aromatic

O-heterocyclic, acetylenic compound,

xanthone, macrolide, polyether, lignin, lignan,

naphthoquinone, anthraquinone,

tetracycline, anthracycline




Biochemical Reactions & Reagents

1. Oxidation

There are several electron transferring systems known:
1.1 Pyridine base:

Nicotinamide adenine dinucleotide (NAD*), NADP*
1.2 Flavin:

Flavin adenine dinucleotide (FAD)
1.3 Iron-porphyrin:

Cytochromes
1.4 Ubiguinones or Coenzyme Q

2. Reduction

NADH, NADPH

34



Biochemical reagents (con't.)

3. Enzymatic system
eg. Hydrolase, Transferase, decarboxylase, deaminase

4. Akylation
eg. S-adenosyl methionine CH, </N 2

®$7 o N
| CH
5. Phosphorylation CH.

ATP > ADP iN—]  OHOH
COOH

S-adenosyl methionine

35



Biochemical reaction

1. Oxidation &
reduction

0]
— CH-OH e
' [R]
)O,\ 0] )?\
H [R]

OH

\

_»

OH OH

OH
@ -e_,H+ | Xy dimerization | X | X
A =
S s R R

R

HH dehydrogenation
—C—C— —_—
I
peroxidase
>_NH2

N [C]
| or RH —
SF hydroxylation

or

OH
7o
A A
R R

....... (1.4)

....... (1.5)

....... (1.6)

....... (1.7)

....... (1.8)

....... (1.9)



2. Carbon-Carbon coupling

—CH

| 2

+
-H
—
deprotonation

Biochemical reaction (con’t)

—
RR
O

T OH
|

enol form

[N

37



3. Electrophile substitution

Biochemical reaction (con’t)

NH,
g 7N NH
= Hy < H 2
T+ @5 o NS T RO, -+ N~
R CH R C g
. 1 2 N
as a nucleophile ¢y, (,5: o) N
H
HzNiOOHOH OH 'CHE ....... (1.12)
HN—] © OHOH
S-Adenosyl methionine (SAM) COCH
@/_\ H (1.13)
R™CH + R'.Op —> RTCTR" +HOP :
R R'
derived phosphate (P)
R H R R* H+ *
— } R R
> < + RX — . + X — — + HX e (1.14)
R| R” R' H R” Rl R”
R-OH T — (1.15)
RH +RX === RANR PO (1.16) 38
R|



4. Elimination

Biochemical reaction (con’t)

Nu_/\v
. H _
(-OH, -NH.,, -SH) >>7-< —_— /=/ + NuH + OP L(1.17)
oPY

(NuH as H,0, NH, HZS)

O AQOP )
_/(; R —_— COZ + 4\ + OP ....... (118)

2. Rearrangement

secondary
carbocation

ANIDZAN (1.19)

R =H, alkyl, aryl

N
7\
H
tertiary

carbocation 39



6. Carboxylation

ATP
)\ /_\
SO el

Biochemical reaction (con’t)

HN  NH Biotin

H"“ ..||H
(CH,),COOH

EX
] >

H

O
donor as carbondioxide 1 3.
N NH + PO,

carboxylation

——

decarboxylation

— (CH,),COCH

s
Nl—Ca rboxybiotin

Q
C\O‘ ....... (1.20)



7. Phosphorylation

OH OH
ATP

Biochemical reaction (con’t)

NH,,

N SN

C'U
N N

O
ROP-OH + @ %
OH HO IID_O I — O
-OP
OH OH

ADP

41



Principal Pathways of
Biosynthesis

1. Shikimic acid pathway

photosynthesis 2. Polyketide pathway
polysaccharide * 3. Mevalonic acid pathway
. " | <=—— monosaccharide
glycoside mossnsssease;
| >—>:_§b'_kme_a_c1q__=
E__f\/\_e_\:eitfa_n_ig_a_c_iq_i<_ Acetyl CoOA -«—— Pyruvic acid i

l l \ aromatic amino acid

~~

Mevalonic acid EAIgineitte —» | peptide I l
| terpene, steroid I l amino acid

l Cinnamic acid

l alkaloid

fatty acid, fat, prostaglandin, aromatic lﬁ coumarin, tannin, quinone,
avonoi i i Rt
O-heterocyclic, acetylenic compound, benzoic acid and derivative,

lignin, lignan,

xanthone, macrolide, polyether,

naphthoquinone, anthraquinone, 42

tetracycline, anthracycline
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Shikimic acid pathway o OH

Biosynthesis of alkaloid, coumarin through shikimic acid.

What is character of alkaloid and coumarin?

o
g COOCgHs .
Eﬁ o 7 (o
COOCH; I N H

N

Cocaine Dicrotaline Coniine

S

(@) (@)
NS
44
Coumarin



Shikimic acid pathway

Clausenidin

OCH,

Dentatin

Coumarin

L
0 0

benzo-oa-pyrone

Xanthoxyletin

Nor-dentatin R=H
Dentatin R = OCHj
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Shikimic acid pathway

Classified of coumarin

1. Furanocoumarins:

OCH,
0L
O o O

Bergapten (6.61) 5-Methoxychalepensin (6.62) Psoralen glycoside (6.63)

O-Glucose

LoPyranocounm aring:

\

0 0 0
iy
OW

0

Hystrivarin [6.60] Carbazomarin & (6.6 Clawsenidin (6.6¢] 46




Shikimic acid pathway

bbbyl

Folira

bt

REINE

RERE

0]
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Shikimic acid pathway

Biosynthesis of coumarin

COOH
see Fig. 6.1 NH S
—> - COOH
— COOH 3 X COOH
OH NH, hydroxyla’uon
o-Coumaric acid

trans-Cinnamic acid (6.88)

Shikimic acid (6.1) Phenylalanine
glucosylation l

glucosidase

m cis-trans- X~ COOH
) -
1 COOH  isomerization
, O-Glc
Glc
o-Coumarylglycoside

coumarin (6.56)
48



Shikimic acid pathway

0
COOCHs OY>_)I\O
S Alkaloid
|\{ COOCHS; k/'L\J
~
e

Cocaine Dicrotaline
N OCHj
Coniine Murrayanine

Q: How about is property of alkaloids?



Shikimic acid pathway

COOH

Ho\“@w I—> Aromatic amino acids

OH

Shikimic acid

50



Shikimic acid pathway

Alkaloids > Proto-alkaloids

HsCO
_ co * N-atom is not in
» True alkaloids ’ NH, heterocyclic ring
H,CO
CHa
N

&\ > Pseudo-alkaloids
pSe
HOH,C

« N-atom is in heterocyclic ring

bH‘oco,CHCHZCHs
Property as base N )><1LO S ococntH
» AImost to have biological activity HO 19" 0 Scoch,

* Biosynthesis is from amino acid

* Biosynthesis is not directly

from amino acid 51



Shikimic acid pathway

» True alkaloids

CHs

4

N

O

O ’ D
HOH,C

* N-atom is in heterocyclic
ring

* Property as base

« Almost to have biological
activity

» Biosynthesis is from amino acid

pyridine piperidine pyrrolidine pyrrole

H
imidazole purine pyrrolizidine quinoline !
: ,CH3 :
: N !
N7 5
é N N
é H i
isoquinoline tropane indole nor-lupinane

oy

N

amorpine



Shikimic acid pathway

» Peptide alkaloids

Nummularine F (6.40)

HN NH
NH
2\ OH
H OH H
0 ! K7 N \)kN
H

/@/\y
HO

Nummularine S (6.41)

O

[

H 0 -
“m)\

0

Anchinopeptolide A (6.43)

A

Mucronine (6.42)

OH

53



Shikimic acid pathway

Q: Which amino acid is a precursor of gliotoxin?

Phenyl alanine

Tryptophane

COOH

COOH
NH,
HO NH,

Antranilic acid Tyrosine 54



Shikimic acid pathway

X

1,2-benzoquinone  1,4-benzoquinone  naphthoquinone anthraquinone
example
0 0
OH O OH O
Juglone (6.112) Lavvsone (6.113)  Plumbagin (6.114) 7-Methyljuglone (6.115) ec




Shikimic acid pathway

H
_ _ {on 0
COOH COO COO oAU o
: O, or -
Fe’jJr HOQ, °
> — > || ] ...... (6 9)
OH e} O _ O O
Quinic acid p-Hydroxy phenol radical p-quinone
benzoic acid (6.95) (or 1,4-Benzoquinone)
0 0 OH
_ - +
/2H
e e T T (6.10)
O O OH
benzoquinone semiquinone radical hydroquinone
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Shikimic acid pathway

Tannins

1. Hydrolysable tannin

| Gallotannins I

CH,O-R;

-l J{;

Galloyl gtuc05|de Galloyl =

| Ellagitannins I

OH
HO O
HO O/
HO O
HO

HO

Ellagoyl glycoside

1,2,3-tri-O-Galloyl-3-glucose;
1,2,3,6-tetra-O-Galloyl-3-glucose;
1,2,3,4,6—penta—O—GalLoyl—B—glucose;

R, R

1

G G
G G
G G

2

(SN

A o I

X
(G

O O oM

57



Shikimic acid pathway

2. Condensed tannin

CH,OH

58

OH R=HorOH



Shikimic acid pathway

CH,OH
1

--CH

- ~CH

o . OH CHZOH
Lignins
CH,
H,CO 50
> — (carbohydrate) ?HZOH

OCH,

CHO
H?“
HC=~

59
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Shikimic acid pathway

Principal subgroups of lignans
L i g n an S 1. dibenzylbutane 2 furan

H.C
Ar' OH .
Ar Ar O Ar
CH
Ar 3 Ar HO OH
Ar CH
3 Ar OH Ar
O
OH
OH
Ar

Ar, Ar' = aryl group

3. dibenzylbutyrolactol 4. aryltetralin

Ar
O
Ar'
OH

H

Ar
5. arylnaphthalene 6. dibenzocyclooctadiene (stegane)
( )
© O CH
. ) . :
Ar O © O CH,
7. furofuran 8. dibenzylbutyrolactone

Ar O
Arjé
O (0] (0]
A 60
Ar'



l/"
.
' A
4
‘Aﬂi' . ’

POLYKETIDE

PATHWAY




CO, H,0

Polyketide

Respiratory T Lihytosynthesis
athwa 0, 0.
p y Polysaccharides,

Glycosides -«————  Monosaccharides
i e -
Glycolysis l HO OH
OH
CH3;CO-COOH _ .
3 i ] Shikimic acid
Pyruvic acid
HsC_ _OH CH3;COOH Peptides
-«—— Acetic acid ;
Rﬂ (Acetyl CoA) Kreb’s 0 Ox-COOH
CH,OE00H cycle
T Aliphatic HO
Mevalonic acid amino acids
l OH
. Alkaloids Prephenic acid
HaC - CH,OP Malonic acid
ch: H l \ l
3,3-Dimethylallyl Aromatic amino acids
pyrophosphate Polyketides
‘ Y
Cinnamic acids
Fatty acids RN
Terpenoids Fatsy Flavonoids /
Other aromatics Y
Coumarins

62

Figure. Main stream of secondary metabolism



Polyketide pathway

O

@) @) Jl\ b
_>
chMCoA ¥ HeC™ "COoA  pranched
* + acetyl CoA HO CH.-COOH
b a \C/ 2
¢ | HsC~ CH,-C-CoA
a | linear I
O
B-hydroxy-B-methyl glutaryl CoA
O O O

triketide **

reduction

cyclizatio/

Aromatics
Antraquinones,

Isoprene unit

Fatty acids

Polyethers,

63
~ Macrolides



Polyketide pathway

Fatty Acids and Fats

Natural Fatty Acids

Structure Name
CH;(CH,)sCOOH 10:0 Capric acid
CH;(CH,),,COOH 12:0 Lauric acid

CH;(CH,),CH=CH(CH,),COOH 18:1 (9c)  Oleic acid

CH;(CH,),CH=CH(CH,),COOH 18:1 (9tr)  Elaidic acid

CH;(CH,),(CH=CHCH,),(CH,),COOH 18:2 (9c¢c, 12c)
Linoleic acid
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Polyketide pathway

Branched fatty acid

COOH
/\r\l/\r\r (CH,),,COOH

metabolite in the uropygial gland of the glucose chaulmoogric acid

(CH,),o,COOH
O/ CH3(CHy); GEC(CH;)7COOH

11-cyclohexylundecanoic acid sterculic acid
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Polyketide pathway

SIS ESENOROICI[ETS0l  CH,(CH,),CH=CH(CH,),COOH 18:1 (9c)

5 mole of acetyl CoA

O @) O

]
CH3(CH2)7CH2'C-COA
* H3CJJ\COA — CH3(CH2)7CH2)]\/U\C0A
Decanoyl CoA

O

reduction
(NADPH)

0 OH O

_ i -H,0
)7Cis CH,-C-CoOA —— CH3(CH2)7CH2)\/U\COA

H H

H3;C-(H,C

l + 3 Acetate

@)
11
H3C-(HC)7 Cis ,(CHy)7-C-OH

<

H H

Oleic acid
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Polyketide pathway CO, HO

(preview)

Polysaccharides,

Respiratory T Lihytosynthesis
02 J 02

COOH

Glycosides -——— Monosaccharides
Glycolysis l HO OH
OH
CH3CO-COOH N .
3 i ] Shikimic acid
Pyruvic acid
H3C _oH CH3COOH Peptides
-«—— Acetic acid Kreb's o Os__COOH
OEO Acetyl CoA
CH,OBO0H (fcet : cycle T
L Aliphaic HO
Mevalonic acid amino acids
l OH
o Alkaloids Prephenic acid
HeC__ CH,OP Malonic acid
HSC: :H l \ l
3,3-Dimethylallyl Aromatic amino acids
pyrophosphate Polyketides l
l\ Cinnamic acids
Fatty acids Y
Terpenoids Fatsy Flavonoids 1/
Other aromatics
Coumarins

Figure. Main stream of secondary metabolism
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Polyketide pathway

Flavonoids

Flavan
(2-phenylbenzopyrone

Anthocyanin Flavanone Flavone

R]_: R2:R3:R4:R5:R6
= H, OH or OCHs; or Gly / Anthocyanin

Seedlls
OH
O

Flavonol Dihydroflavonol Isoflavone Isoflavanone

68



Polyketide pathway

' g
o~ -0
O O

O
Flavan Chalcone Dihydrochalcone Aurone
(2-phenylbenzopyrone)
OH
R4
oo L
2 Re
=
OH
Ry OH
Leucocyanidin Biflavone

Pyrocyanidin
yrocy B9

R]_: R2: R3: R4: R5: H, OH



Polyketide pathway

Flavonoids B

on 1
O | chalcones
Q: Is mangostatin-3,6-O-glucoside
O as a flavonoid?
O__H
C aurone
(@)
mangostatin-3,6-di-O-glucoside
O (from Garcinia mangostana L.
‘ anti-inflammatory and anti-bacterial
activities)
Isoflavone A: No. It is a xanthone.

70




Polyketide pathway

Nucleous of xanthone

O

L

71



Polyketide pathway

Flavonoids B

’ ?“) 1 )
£ .

Citrus fruit

I OH

HO l i

OH C

Ouercetin: R1 OH; R2 OH
Kaempferol R1 H; R2 OH

Maringenin

72



Polyketide pathway

Glycoside contains aglycone and sugar.

HOH . Aglycone or Genin

N

Glucoside

73



Polyketide pathway

Macrolides

To have 10 — 30 membered ring of lactone or lactam

rhizoxin D

OMe

Antitumor activity

fungus Rhizopus chinensis Antitumor activity

sponge Poecillastra sp.
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Macrolides g& | |
Macrolide glycoside

18 membered ring

marine cyanobacterium
Lyngbya sp.
(Oscillatoriaceae)

biselyngbyaside

Cytotoxic activity
75



Polyketide pathway

Polyethers

marine algae dinoflagellate
Karenia brevis (formerly Gymnodinium breve)

CHO

76



Polyketide pathway

o ] (preview)

g e
_>
H3CJ*I\/+U\C0A T HC” "CoA  pranched
b a

HO, CHzCOOH

¢ | HsC” “CH,-C-CoA
a | linear I
O
B-hydroxy-B-methyl glutaryl CoA
O O O
H;:,CJJ\/”\/U\CoA *
__ Triketide ¢
cyCIizatio/ \fduction |
Isoprene unit
" Aromatics Fatty acids

. (Antragquinone) (Macrolides, Polyethers) "



Polyketide pathway
Cyclization of polyketides to aromatics
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Polyketide pathway

5 0 o cycllzatlon HO
CoA
COOH
O O O ©O

OH O

1. -H?O _ 1.-CO,

2. oxidation 2. -H,0
3. oxidation

[O] HZO
29 HO i ' ‘ CH;

———
-CO,
OH O
Emodin

./1 ')
,& CH, CJLCH3

enol form ketone form [




—

MAVALONIC ACID
PATHWAY

=




Mevalonic acid

pathway

CO, HO
Respiratory

T Lihytosynthesis
_/ 0,

0O, COOH
Polysaccharides, )
Glycosides -«——— Monosaccharides
l HO OH
OH
CHsCO-COOH Shikimic acid
Pyruvic acid
H3C _oH CH3COOH Peptides
|)<| Acetic acid Os_COOH
CH,OBOO0H" (Acetyl CoA) T 0
" XL Aliphatic HO
Mevalonic acid amino acids
l OH
Malonic acid Alkaloids Prephenic acid
HaC CH,OP alonic aci
3,3-Dimethylallyl Aromatic amino acids
pyrophosphate Polyketides l
l \ Cinnamic acids
5 Fatty acids
Terpenoids

Fats .
Other aromatics

Flavonoids / l

Coumarins

81

Figure. Main stream of secondary metabolism



Mevalonic acid pathway

O

O O )i
chJ\/u\cOA * H,C” “CoA

} A
a ¢Iinear

O O O

HSCJ\/U\/U\CoA

Triketide
cyclizatio/

Aromatics
(Antraguinone)

\fduction

Fatty acids
(Macrolides, Polyethers)

(preview)

b
_>

branched

HO\C,C H,-COOH
H,C C Hy-C-CoA

O
B-hydroxy-B-methyl glutaryl CoA

/

1’/ Isoprene unit

)

terpene K



Mevalonic acid pathway

‘umzm'uwm-l

Biosynthesis of mevalonic acid and isoprene unit

¥ % HQ, ,CHs PQ) CcH
CH3-C-CH,-C-CoA HO, ,CH, : 2 _~CHs
H0 : NADPH ATP
+ o —> —— CO,HCH,O0H ——3 CH,OP
i CO,HCOCO0A
Cl:Hz-C-CoA Mevalonic acid o O-H
H
-CO,
) - HOP
H CH isomerase H‘\ CH
— < o e e
OP H ¥CH2-OP H CH,-OP
OP H
— B,p—Dimethyl allyl Isopentenyl pyrophosphate

pyrophosphate

C5
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Mevalonic acid pathway

Jlmzmwm-u

>_/—OP -HOP
— M alSliy

®e

¢ RS

- - limonene

Citrus reticulata Blanco. (Rutaceae)
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Mevalonic acid pathway

‘umzm'uwm-l

OoP

head to tall
_>

oP oP
>_/_>J

Geraneyl pyrophosphate
C10

PO

Farnesyl pyrophosphate
C15

85



Mevalonic acid pathway

‘umzm'uwm-l

The type of terpene:

Monoterpene (C10)

Sesquiterpene (C15)

Diterpene (C20)
Sesterterpene (C25)

Triterpene (C30)

86



Mevalonic acid pathway

‘umzm'uwm-l

Monoterpene (C10)

limonene fenchol

X

camphor

carene

X

COOH

chrysanthemic acid

87



Mevalonic acid pathway

‘umzm'uwm-l

Sesquiterpene (C15)

o
O 4
WCOOCH?, 7 XN

B-Farnesene Juvenile hormone Artemone

7\\‘“

OH

Thujopsene Bulnesol Himachalol

88



Mevalonic acid pathway

‘l‘mzm'uwm-l

B-Farnesene

Used as a fragrance

apple Malus domestica Borkh.

(Rosaceae) peel
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Mevalonic acid pathway

‘umzm'uwm-l

Diterpene (C20)

Sclareol

COOH

Hardwickiic acid

Crassin acetate
(Macrolide diterpene)
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Mevalonic acid pathway

L Sesterterpene (C25)

E

R

, YO
@ @) @)

E O

N Furanosesterterpene

E

ﬁ

Scalarin Ophiobolin A

91



Mevalonic acid pathway

‘umzm'uwm-l

Triterpene (C30)

Euphol

Azadirone




Mevalonic acid pathway

/4

mZ M3 A M«

O

Mechanism via head to tall

P
head to tail
_>

Mechanism via tail to tall

\j;\y
>=/—op

N\
tail to tail
—

>+_
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Mevalonic acid pathway

Q: Is this compound a derived steroid? Why?

Clausena excavata (Rutaceae)
Thai name call as San Soak

94



Mevalonic acid pathway

‘l‘mzm'uxm-l

Tettraterpene (C40)

alpha-carotene
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Mevalonic acid pathway

T
= Biosynthesis of carotene
R
P X X X X op
E 2 moles of geranyl geranyl PP
N ¢¢ steps
E
%ﬁ tail-tail
NS NS NS NS
-~ N N N N phytoene
l dehydrogenation
i1 PN X PN N N N
2 4 6 lycopene

96



Mevalonic acid pathway cont

lycopene

[-carotene
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Mevalonic acid pathway

cont.

-carotene

98




Q: Please specify which structural class and biosynthezied pathway
of these compounds?

N-Me-Vall "fﬂ'
N-Me- Ila : N —
i
R1 \/1 _‘nfn}‘)wﬁﬁ
—_Br
Cyloloxicity-diracted : . Rl . 3
purification = - Dvﬁ
s 0 T N-Me-val
—' . N N =, i) lig
By - A
Vallka
R?

Symploca cf. hydnoides
Ceatli Bay, Guam Veraguamides A-G
(J.Nat.Prods., 2011, 74, pp917-927)

soybean (Glycine max L.) seed

(Phytochemistry, 2011, 72(9), pp875-881) 99




Aéri'al part of Tephrosia candida

Collecting at Limbe (South West) Province,
Cameroon

(J.Nat.Prods., 2011, 74, pp937-942)

Ny
OH 0O OH O
1 2
T o OH OH
RN Y iy OH
F R | | 5 -
: T D = mﬂl‘!
R P
A OH L |
H 3
Y Aam ! Ho~~ oH
Vanda teres (Roxb,) Lindi (J.Nat.Prods., 2011, 74, pp949-955)
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cryptocaryol A (n=11)
(J.Nat.Prods., 2011, 74, pp1015-20)

o H HH“I-E-"L":-
WS o AT ||
. :
|r.r."""- 'JL‘] ) :g'i‘" F g 2
1 4o ] it . b Ao :
mauritine mauritine M mmﬁ.-. " P

root of the Ziziphus mauritiana

Antiplasmodial & Antimycobacterial activities . 55mme grown in Thailand

(Phytochemistry, 2011, 72(9), pp909-15)
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Chemistry of Natural Products

1
Find Out the Data w m

Biological testing

4
Structural Identification

eIl (IRl Structural modification

Drug discovery 03



Chemistry of Natural Products

1 \/ @ @
Find Out the Data

l
5 @
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Chemistry of Natural Products

@%m o

Biological testing

e o
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Curcuma comosa Roxb. or 1u¥nuAgn Curcuma latifolia or NUTANAANAIN

family: Zingiberaceae Family: Zingliberaceae
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J O URHAIL
J. Agric. Food Chem., 2009, 57 (3), pp 840-845
Publication Date (Web): January 14, 2009 (Article) DOI: 10.1021/jf802702c AG RICU LTU RAL AND

FOOD CHEMISTRY

Estrogenic Activity of Diarylheptanoids from Curcuma
comosa Roxb. Requires Metabolic Activation

WIPAWEE WINUTHAYANON,T KANOKNETR SUKSEN," CHUENCHIT BOONCHIRD,* APORN CHUNCHARUNEE,* MATHUROSE
PONGLIKITMONGKOL, s APICHART SUKSAMRARN, L AND PAWINEE PIYACHATURAWAT*,

Departments of Physiology, Biotechnology, and Biochemistry, Faculty of Science, Mahidol University, Bangkok, Thailand;
Department of Anatomy, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok, Thailand; and Department of
Chemistry, Faculty of Science, Ramkhamhaeng University, Bangkok, Thailand

Abstract: Curcuma comosa Roxb. has traditionally been used as a dietary supplement for
health promotion in peri- and postmenopausal women in Thailand. We investigated the
estrogenic activity of 7 naturally occurring diarylheptanoids from the extracts of C. comosa
both in vitro and in vivo. A yeast recombinant system containing human estrogen receptor q,
coactivator TIF2 and a B-galactosidase reporter gene was used to determine estrogenic
activity of diarylheptanoids metabolically activated with rat liver S9-fraction prior to the assay.
The most potent compound was (3R)-1,7-diphenyl-(4E,6E)-4,6-heptadien-3-ol, with a relative
potency of 4% compared to 17B-estradiol. The metabolic activation of diarylheptanoids
markedly enhanced their efficiency. The chemical structure required for estrogenic activity of
diarylheptanoids was the presence of a keto group at C3 and absence of hydroxyl moiety in
ring B. Only diarylheptanoids showing full estrogenic efficiency in vitro were able to elicit
uterotrophic activity of in immature ovariectomized rat. This is the first evidence for in vivo
estrogenic activity of diarylheptanoids from C. comosa. This novel class of natural

phytoestrogens has the potential to be developed for use as dietary supplement in the 109
treatment of menopausal symptoms.



Curcuma comosa Roxb. or a'mfflnuﬂgn
family: Zingiberaceae

estrogenic activity

Figure 1.

Structures of diarylheptanoids used in the study:
(3S)-1,7-diphenyl-(6E)-6-hepten-3-ol (1);
7-(4-hydroxyphenyl)-1-phenyl-(1E)-1-hepten-3-ol (2);
(3S)-7-(3,4-dihydroxyphenyl)-1-phenyl-(1E)-1-hepten-3-ol (3);
(3R)-1,7-diphenyl-(4E,6E)-4,6-heptadien-3-ol (4);
1,7-diphenyl-6-hepten-3-one (5);
1-(4-hydroxyphenyl)-7-phenyl-6-hepten-3-one (6);
1-(4-hydroxyphenyl)-7-phenyl-4,6-heptadien-3-one (7)
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S0 O

sesquiterpene
(cytotoxic In rat)

IHumauNaaaUANNUANMINIZH IS

W

Curcuma latifolia or NUTNUAYNAIN C. comosa Wz C. latifolia
Family: Zingliberaceae
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is classified to

\ 1. Solid - Liquid Extraction
2. Liquid — Liquid Extraction

\ 3. Mechanical Expression

112



“like dissolved like”

SOLVENT should be polarity Hexane

Ether
as following
_ _ Dichloromethane
 dissolved a desired compound
oo . Chloroform
* no reactivity with compound
 not volatile easily or hardly Acetone
° nhontoxic Ethyl acetate
* no expensive price Ethanol
« available
Methanol

water 113



1. Solid - Liquid Extraction

1.1 Merceration n1sdna

Solid-
Add liquid
- 5 =
extraction extraction
solvent
Solid mixture (@ and 0) Solid mixture Desired solid (@)

in Erlenmeyer flask and solvent dissolved in
in Erlenmeyer solvent; solid

flask residue remains



1.2 Percolation

solvent

plant

extract

extract
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Soxhlet apparatus

Parous thimhle
(to hald solid)

Fxteaction
sulvent

—» water out

<«— water in

Boiling
Nask

1.3 Soxhlet Extraction

116



serial Soxhlet extraction

117




1.4 Steam distillation

steam distillation
In laboratory




Essential o1l could be extracted by

« Distillation
- steam distillation
- direct steam distillation
- Extraction by animal fat
« Solvent extraction
 EXpression
- Supercritical Fluid Extraction — CO,

119



steam distillation
in laboratory

[ TP TN $11 15T T L L

wnswaifinduld

uweds




Mot water

(83300 when

steam distillation
in laboratory
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steam distillation in INndustry

STEAM DISTILLATION

122



1.5 Supercritical Fluid Extraction (SFE) CO,

EXTRACTORS SEPARATORS

v

Condensor

] \

cO2
reservoir

CO2 prunp

Co-solvent
punp




Pressure

upercritical

=
]
]
]
]
]
]
]

S
fluid region

PC’ TC
critical point

Temperature
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Q: Please comparison with
essential oll extraction

between steam distillation

125



2. Liquid — Liquid Extraction

How about is method?

3. Mechanical Expression
-Screw pressing

126



Type ® Solid-Liquid Extraction
® Liquid-Liquid Extraction

Extraction

1. Sequentially Extraction

2. Partition Extraction

127



Sequentially Extraction
Ground dried rhizomes of
Clausena excavata (2.5 kg)
Hexane

‘ crude chloroform extract \
‘ crude ethanol extract \

Chloroform

Ethanol

:

marcC
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Partition Extraction

Ground dried rhizomes of
Clausena excavata (2.5 kg)

water
‘ crude water extract \ _\
n-BuOH - H,0
v
EtOAc-H,0
’ '

129



msanalagdeaaaninnniilunia-asvesans

d
FUoan1aoe

O cp, P CH,

N P al Y ' (10.1)

/ —_— /2,

I |
CH, CH
Caffeine

DanIsn 10.4 Msanauannodu
NISTNANAANIUN

Y] o’g 9J A =|
-ddaniu lviasenaisai
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Concentration of extract freeze drier

as following:

rotatory reduced pressure evaporation

to vacuum
!U/‘\\\ ‘
stopcock =~ g & —=——speed control
/ > -‘.‘h : \
"1’ y
condenser ;Jn

reservolr —p
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Q: Which method to extract?

air-dried ground stem of D.scandens (1.6 kg)

l extracted with water

crude water extract
(401.6 g, 25.1%)

‘ partitioned with EtOAc

(organic layer) l (water layer)

crude EtOAc extract (DS-EA) crude water extract

(7.96 g, 1.98%) N _
partitioned with CH,Cl,

l (organic layer) i(water layer)
crude CH,ClI, extract (DS-D) crude water extract (DS-W)
(3.01 g, 0.75%) (351.76, 87.58%)
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msm’ma@umsﬁﬁﬁyﬂ1awqﬂmﬂ§ia§m€1’u
Phytochemical Screening

- Alkaloid

« Steroid — cardiac glycoside
* Flavonoid

 Coumarin

* Antraquinone glycoside

 Tannin and Polyphenol
e Saponin

133



Phytochemical Screening

Method:

1. Color and Precipitation reaction

2. Detection with TLC




; Phytochemical screening
Alkaloid & —

seeds of the opium poppy

s . (Papaver somniferum)

Structure of morphine

« color and precipitation reaction

reagent composition color of precipitation

Dragendroff’s bismuth potassium iodide  orange

Maier’s iotassium mercuric iodide white

Wagner’s lodine in potassium iodide  red brown
Marme’s CdCI2/Kl white or yellow
Harger’s sat. picric acid yellow

135



» spray or dip reagent

Dragendroff’s
reagent

chromatogram
(TLC or paper chromatography)

Phytochemical screening

o

136



Phytochemical screening

. Which spot is alkaloid?
'_T

Start
to
center
of
spot

Start

to
solvent
front

Fig. Chromatogram after spraying or dipping
with Dragendroff's reagent
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Phytochemical screening

+ve as a blue or

1. Ehrlich’s reagent grey greenish spots with
iIndole alkaloid

Y a2 A

VOITY D NANALINGINT N (false positive result) NUT15UsZNOU

Wuoanuaznsaue Isuuan (aromatic acid) a8



Phytochemical screening

2. CAS reagent

nagouny lalalasoulaaueanianea 121s1nraddunadn

=~ a Jd A =~
LA uazauiﬂauaama@ﬂﬂ Lﬂﬂi}ﬂﬁ’mﬁﬂﬂ

4

3
5 @ 2
8 N Indole alkaloid

7 H
1

3. van Urk-Salkowski reagent

a J a d
dulaaueaniaoye dgaas dulaateaniasyn

[~§ ) =\ ] Y a A =\
Bu-1usadsulaa WIMAI-TY 3-uednadulaa

[~§ ==Y =\ ] ) o\
Bu-uadnadsulaa WIMAY 2-1sadulaa
aulaa-3-nIaeznsan HAg 3-1Eadulaa
wu-radnansUInuvlu FRU-1I9U 5-19as0n%dulna
ISLBONY (viae9-1ven 2,3,5-nsiusaoulna

=
agaans
UIWAS
] = =
HAIDNNI-1H QDU
=
187
UIWAY
Y
IR

139



=~
W

T———, Wy
polarity Hexane

Ether
Dichloromethane
Chloroform

Acetone

Ethyl acetate
Ethanol
Methanol

water

Phytochemical screening

mobile phase?

A: hexane

B: ethanol
C: 1:1 CH,CI,:EtOACc

solvent front

| (N (— G om—
_/ |
™ °
-
. - .._\I
n
base line

TLC is coated with silica gel (SiO,)

as a adsorbent. 140



Phytochemical screening

Detection of spot on TLC

as following steps:

S UV 5, 366 detection

walch glass
24 .
3‘2 'leayer chromatography > «—Dbeacer
pendiine_ |
/_,_
spot of mixhre ——

Spraying with vanillin reagent . ‘
and then heating a few min. w
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Phytochemical screening

Flavonoid 0 O

y-benzopyrone

Flavonoids are polyphenolic compounds
as anit-oxidant activity.

Camellia sinensis

142



dd' v é’ Y
‘l_lﬁglcﬂ‘n‘ll\lﬂﬂ%u@ﬂﬂﬂﬁnﬂﬂ‘l’lﬂﬁ@ﬂﬂﬂ!ﬂﬂﬂ!!‘iﬂllﬂ

OH
O OH

flavone flavonol flavanone leucoanthocyanidin

+

L L -
-

pZ

OH OH 0
O

anthocyanidin chalcone catechin aurone
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Phytochemical screening

‘ cyanidin test: Mg/conc.HCI
y-benzopyrone
]
OH O
flavone flavonol flavonone
+ve test: to red red to crimson crimson to magenta
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Phytochemical screening

testing with conc.HCI:
red color as +ve result

oM ¢

chalcone aurone

anthocyanin leucoanthocyanin
testing with 1% HCI: testing with 2 M HCI/1-propanol:
red orange to red blue color red or purple color as +ve result

145
as +ve result



Phytochemical screening

R\ b
) oo

\_ﬁ‘\."i’%\}_, “ ¥ " A .
"YCaniella sinensis

\J . )y B “r ‘
\l g R, 1

(+)-catechin

testing with FeCl;:
blue or green color as +ve result 146



Spraying with DPPH reagent

violet backeround

an off-violet spot

DPPH as a scavenger as a flavonoid (colorless)

(deep violet color)



natural products polyethylene
glycol, NP/PEG reagent

' ~ J Y v J Aa A
HUAGI UMD D- INTANTNOADTaU Inanoa (natural products
polyethylene glycol, NP/PEG reagent) laaldianuseunuunulasunin
v 9y

NN NQuHUUTENIL 80 DA IFATYE TZoz1Ia1 10 U Na 1314

1 1 1 1 = 4 ) Y ng
uEU 15N TNUNTURY LAINDENUAILIDIIUAILIIBTA HAIIINUY
a3791an 10 1ATI@EINANNEINAY 366 U TUINAT IZIAUYAITO AT

= N Y A A A
(a4 Aauviso MU
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extracts

phytochemical screening of flavonoids

By color reaction By spraying with DPPH reagent on TLC

| Total flavonoids content

| DPPH radical scavenging assay -

Total phenolic compound content| < +ve as a positive test
-ve as a negative test

149



Phytochemical screening

Tabebuia rosea (Bertol.) DC.
Family: Bignoniaceae



Phytochemical screening

paper chromatography
dip dil.NaOH

1. warm at 60°C
2. UV lamp 254 nm

S
green fluorescence

as +ve test under
UV 254 nm

e dil. MalOH % E U4 light =9 ., CO0H
| - | = COoOH — ™ | L
i Sy OH

o7 0

cis-form trans-form
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anthraquinone
OH
SO "

HO
0 Aloein




Ufnsenvesumsines

Y @ o a - | = = J d
azmﬂ‘l@lummazmﬂaumﬂ YU LUUHSBU LD uamaaisﬂam
3 Y A Yy
L‘]J‘L!Gm wonygaa1Tasaluld ENll‘]J %zhlﬂﬁllﬂﬁ

O
SO oo
e oo s ooo

O O
| OH O
Glucose Na
Rhein-8-glucoside free antraquinone

as O-glycoside
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Cardiac glycoside

s

~

)
(
XO

steroid nucleus O
) OH 0O
~ L

154

bufadienolide

cardenolide



Phytochemical screening

Cardiac glycoside

Cerbera odollam Gaertn.
(APOCYNACEAE)

2-deoxy sugar - e \
unsaturated
(sugario

lactone moiety
aglycone cardenolide

as cardiac glycoside activity 155



Phytochemical screening

Keller-Kiliani’s Kedde’s

pink purple or

i violet color
OH as +ve test
0]
HO»- OH 19
HO
2_deoxy g|ucose Libermann BurChard’S
-Ch
SUgarC green color
aglycone cardenolide as +ve test

as cardiac glycoside activity
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cardiac glycoside

Kedde’s

Phytochemical screening

Sugar-O

e

aglycone cardenolide

3,5-dinitrobenzoic acid

unsaturated lactone moiety

Liebermann Burchard’s
steroid

Keller-Kiliani’s
2-deoxy sugar

acetic anhydride/conc.H,SO,

pink purple or violet

green

ferric chloride-H,SO,-acetic acid purple
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Phytochemical screening

Sapon INisa glycoside (aglycone and sugar).

HO
O
HO
HO m %
O HOOC
HO O 0
. HO
Dioscin HO 1o HM Glycyrrhizin
CO,H
o)
CO,H
0
o)
HO,C 0
0
from the root extract iZini '
Glycyrrhizinic acid g

of licorice (¥toN) (Glycyrrhizin)



Phytochemical screening

1. froth test

shaking

diluted extract —— the high of bubble is 1-10 cm
and durable for 10 min

few drop of 2 M HCI

+ve -ve

o

permanent disappear

IO

fm

Honey comb froth
159




2. Haemolysis test using blood agar

To observe heamolysis zone
around paper

—

_ To put paper on a blood agar
dip extract

AaAaA = d d d d

3. Unaenawe NI I313A

A A J v A Aa
Usznoudeesaniou la lasauaznsaganisnaudy a1usols
Swunsias 1YW ba

J a = ?:’ a\ =

- awesosaa i azlsingaiiitueanien

a J A a Y= = A A0
- wung lwadn Inameiiuen Tty azldauas arun vseaulwas
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Tannin

Condensed tannins:

Hydrolysable tannins:

FHORs R, R, R, R, R

OR
O 1,2,3-tri-O-Galloyl-B-glucose; G G H H G
1,2,3,6-tetra-O-Galloyl-B-glucose; G G G H G
1,2,3,4,6-penta-O-Galloyl-B-glucose; G G G G G

Galloyl gtuc05|de Galloyl =
@L:J‘\\G
0 “OH flavonol
161
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Chemistry of Natural Products

’I
’/

Biological testing
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Isolation

Principle of Chromatography

Chromatography is the collective term for a set
of laboratory technigues for the separation of mixtures.
It involves passing a mixture dissolved in a "mobile
phase" through a “stationary phase”, which separates
the analytes to be measured from other molecules in
the mixture based on differential partitioning between
the mobile and stationary phases. Subtle differences
In @ compound's partition coefficient result in differential

retention on the stationary phase and thus changing the
separation.
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isolation

Y = oV c; 5
ﬁanmszaamgmammmﬂummmaamaﬁumwﬁa

Y <3 I A
1. paantiannuilunia A19MIona19veId I NABINIILUEN
9y v
2. ANNUIVBIAITNADINTLEYN
3. MInalAeualszINa1INUAIAATY HI0A1TNUINNIA
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‘Hﬁﬂﬁ%g}ﬂ"iﬁj as a stationary phase

U %4

AINAY LU

Qamma}f{]ﬂmﬂﬂa (silica gel normal
phase, SiO,.H,0)

FANUIAINMANUNAY (silica gel reverse
phase (RP) or C18-silica gel RP)
azgﬁm (alumina , A1203)

a'lag (celite)

¢

iaglagnazayius
d
5N AN (cephadex)

Polyamide -

d' a d
A15NVLNAIIH

A~ g}./ < 9 = A
AINUFMNIAANHOBLAZ LU ANR
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1uNsA NAN T Ua0U
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phenolic compound
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a) OH OH OH
\O,SII \OrSII ~ O,SII ~ O/
0 979
_/Si\ _Sli\ _Sli\
HO HO  HO

silica gel normal phase

alumina

isolation
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isolation

Mobile phase

Ether

Dichloromethane

Chloroform

Acetone

Ethyl acetate
Ethanol
Methanol

water

System of MP?
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isolation

Mobile phase system of eluting

* |Isocratic solvent
« Gradient solvent depends on adsorbent

-> Silica gel

-> (C18-RP

(see paper)

171



isolation

History

« Paper chromatography :
« Thin-Layer chromatography o
Lid T :3;,;\ o
| | . ot o
: v ]
s %
>
Solvent
« Front
< o
fe™®
L
' Solvent
| ¢
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Isolation

- Paper chromatography
» Thin-Layer chromatography

solvent front > )
A
—> )| (3 -
0 g 4 0 = 0.7

mobile phase
P _t y,
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MIATOUAINATULULFNUATDY TALN NTZAN WAIdAN LazozQilition

Y
a o A

13D Al
1) N3 i]:ll (dipping)
. ! A Y v A Y YA
2) M5 (pouring) A9UULANMAADY LA AMzUSUHIIN TS o
3) MINT218 (spreader) 1HAT09DIANL

applicator
L4 -

Uncoated Plates

Applicator containing Slurny
(Flanges in front arc adjustable)

Tray for Coated Plates
holding plates



Isolation

Class of adsorption chromatography

Column Chromatography

Preparative Thin-Layer Chromatography
(Prep TLC)

High Performance Liquid Chromatography
(HPLCO)

Gas Chromatography (GC)
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isolation

Class of column chromatography

* Normal / Short CC

* Quick or vacuum CC
* Flash CC

d)

c)
2) b)
,: ) i i mobile phase
-

crude + silica gel

ilica gel

=>to vacuum pump

flow adapter
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isolation

Multi Layer Silica Gel Column

10% A s Silica (3g)
removes sulphur compounds

22% H. SO, Silica (6

44% H.SO, (4.59)
h fats

2% KOH silica

removes ackdic -

* Layers separated
by 0.9g sllica




isolation

Column Chromatography

Preparation as following steps:
Step 1. To determine as a proper mobile phase
Step 2. To pack column via wet and dry packing method

The size of column chromatography and

the amount of adsorbent are depended on
an amount of crude extract.

é T cotton or wool
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isolation

- ground glass joint

- solvent level
- g0lvert bulb

- column (silica gel)

cotton (to prevert escape
A e of silica gel)
- gtopcock
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Step 3. To apply a crude extract
as wet and dry applying

isolation

Step 4. To run column by eluting with mobile phase (continuity)

mobile phase

g o T § T3

r

sppried 1o the wp of

00 0

T atonated mslecuies
hrod el (olected
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Fractions collecting

I

!

!

Fraction |

I I
7 8

] | |
3 4

QOriginal mixture

Figure

Monitoring column chromatography with TLC plates.

i
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isolation

1. @@3UVatA, &, nm

2. aumglovadlelanu e — =2 L
HO CHO
3. spray chemical regent". Q

H,CO
3.1 vanillin reagent

3.2 Dragendroff’s reagent @ furan ring
3.3 Erlich’s reagent
3.4 sol. KMnO,

182




isolation

Preparative TLC

chromatogram after
developing

crude crude

f Q1: How do you know L
to get pure compound?

Q2: Comparison betwe
CC & Prep TLC?




isolation

CHROMATOTRON™
Centrifugal Thin-Layer Chromatograph

Sepambed sample | Saerple soiubon,
-:ummng-rsl sobverl

Special Advantages:

/ = * No "spotting" of samples or scraping of bands.
e o e H * Separations are completed rapidly, typically
within 20 min.
* A UV transparent lid allows direct observation
of UV absorbing or colored compounds during
the separation.
* Layer thickness of 1, 2, 4 or 8 mm gives high
capacity. The sorbent layer is easily regenerated
in situ for reuse.
* Solvents are used sparingly. Gradient elution is
easy. A nitrogen atmosphere prevents oxidation
of samples.
* Compact (easily moved from lab to lab), few
controls, no high pressures.
* Low price. Half a dozen Chromatotrons cost
less than a single prep HPLC.
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isolation

Crude ethanol extract (NA-E1) of
Tinospora crispa (35 g)

Vacuum Liquid Chromatography (VLC)|

ooy

F1 F2 Fs3 Fa Fs Fe F7 Fs Fo Fo Fu Fi2
0.014 g 1.5¢ 0.093 g 0lg 0719 0.993 g 2479 g 3.085¢g 10.454 g 559 ¢ 9.112 g eluting

SiligaGel CC| [ Siliga Gel CC |

VoY oY Y v Yy v vy l Vv v v v vy v v v v
Di D2 D3 Ds Ds D¢ D7 |Ds| D9 Do A2 Az Ae As As A1 As As Aw |Au| An
CompoYmd T4
(2.1 mg) v

Fig. Isolation and purification of pure compounds from
the crude ethanol extract (NA-E1) of Tinospora crispa
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isolation

A3 Ad As A6 A7 As Ao Ao A A1z
Siliga Gel CC |
v ' ' ' ' v v '

B1 B2 B3 B4 Bs Be

B~ Bs Bo B1o

Siliga Gel CC |

Ci C2 Cs Ca

(A1D)

I

Cs Ce Cr Cs

l

as white solid
(10mg)
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isolation

MP is isocratic
or gradient systems.

@ pump pressure gauce guard column column
| Ot —= [0
* ® l
. \ com
— - puter data system
A B @ [I \ <
sample injection system i | i |'|‘ ‘a" @
| . ."_IA.

@ mobile phase —— T — -

reservior 06




isolation

Standard addition method is identified each peak.

100%MeOH
32 60 min

rate 5% / mi
50% H,O/MeCN

rate 5% / mi 30 min
100%H,0
3 0 15 min
f\ o
&7 / / ’-':;;.{__ A :}O
° oul
5‘ L/\? Lj//c“: N
. [}
o ™ - t N
oo e oH’ | :
< % _oy, Isoandrographolide /) HC CHOH )
& [,)/I, J "\ M 14-deoxy-11,12- He” CH,0H
~ MO N didehydroandrographolide  Andrograpanin
8 7504 e o o IR "
c : Andrographolide 7 e \ Neoandrc:graphohde /; /l
o 4 e oo | \ R, ’
% ] \ : s N /
/’ /
q) 5(»': l /' - ' I'“v .‘ I " /’ OO '{;\‘»“
— | / f - ’ neo L L 3
9 ] | ¢ Skulicap flavone s [\ v_{_‘.L\ ,,J
O 2504 7’ / | |
q-) 1 s 1’ T A j SRR an
= 4 l ’ 5 droxy-7, 8-dimethoxyfiavone
(O] ] ' ‘[ ] ’ SN
© 4 J ‘ ‘ | » v g -
0 A A “ AAA o
T T T — ™ T T T T v
0 5 10 15 20 i 25 35 40 45
retention time/min min
1Y

Fig. HPLC chromatogram using C-18 RP column



isolation

GC condition is isothermal or
temperature programs.

sample “

injector !
’ N detector computer data system

NO -@-°[]

)
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150°C Isolation

20 min

0 5 min

Abundance -

i D3043001.D

1.6e+07 |

146007 Ch l t l
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Fig. GC chromatogram



isolation

Analysis

Chromatography Quantitative  Qualitative

TLC v

Prep TLC N

GC \ N
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isolation

To compare between HPLC and GC?

§

_ - 7

193



isolation

lon exchange chromatography

Negotively Chorged
Analyte {Anion)

Atkeaciod
Pasitive Surface

Positively Charged
Analyte [Cation]

Atracsed
Negotive Surfoce
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Bioactive 11,20-Epoxy-3,5(16)-diene Briarane Diterpenoids
from the South China Sea Gorgonian Dichotella gemmacea

Extraction and Isolation.

The frozen specimen was extracted ultrasonically with acetone (2 L x 3) and MeOH (1.5 L x
3), respectively. The combined residue was partitioned between H,O and EtOAc to afford 16.1
g of an EtOAc extract. The EtOAc extract was further partitioned between MeOH and hexane,
affording 11.2 g of MeOH-soluble residue. The MeOH extract was subjected to column
chromatography (CC) on silica to give 16 fractions, using hexane/acetone (from 100:0 to
0:100) as eluent. Fraction 5 was subjected to repeated CC on Sephadex LH-20 (CHCI,/MeOH,
1:1) and normalphase (gradient n-hexane/acetone, from 40:1 to 1:4) and reversed-phase silica
gel (gradient MeOH/H20, from 1:9 to 4:1), followed by HPLC (MeOH/H,0O, 75:25; 1.5 mL/min)
to yield 5 (3.8 mg, 25.5 min), 6 (8.1 mg, 34.0 min), and 8 (1.4 mg, 31.7 min). Fraction 8 was
purified by repeated CC on Sephadex LH-20 (CHCI;/MeOH, 1:1) and silica gel (gradient n-
hexane/acetone, from 20:1 to 1:2) and then fractionated by HPLC (MeOH/H,0O, 70:30; 1.0
mL/min), affording 3 (4.1 mg, 45.2 min), 4 (1.4 mg, 52.1 min), 9 (3.1 mg, 28.3 min), and 7 (1.7
mg, 40.3 min). Fraction 12 was chromatographed on a silica gel column (gradient

n- hexane/acetone, from 4:1 to 1:1) and HPLC (MeOH/H,0, 65:35; 1.5 mL/min) to give pure 10
(3.5 mg, 45.7 min). Finally, CC on reversed-phase

silica gel (gradient H,O/MeOH, from 7:2 to 1:2) ] @F:l.“fﬁl'B 16 1 Ry=Ry=Ry=R=OAc
AN- 3 T N e 3 R, =R,=R,=00c, Ry=H
and a Subsequent_HPLC (MeOH/HZO, 6040, “14’15T?T]Jv-| 3 Ry=R,=0Ac R2=DEDCHECH.fC43j.2. Ry=H
1.5 mL/min) step yielded 2 (4.7 mg. 35.6 min) Reoi] W1 lzg 4 Ri=Ry=R.=OAc, R,=0COCH,CHICH,),
_ 200 gy 8 Ry=R=R=0Ac, Ry=0COCH;CHICHy);
and 1 (2.9 mg, 38.9 min). 118 o 9 R;=Ry=0Ac. Ry=Ry=H
R, Fi" J.»J:-. | 5 Ry=0COCH,OH, Ry=0COCH,CH(CHy,.

-.-\-'l\‘ R“ R3=qd=C'n‘:'||:, HE=|_, H|E=|:I
R S, OH J}‘f-RF 6 R;=0COCH;0COCHCH(CH,)p, Ry=0COCH,CHCH;),,

ol Hi— o | Re=R=Ohc, Rg=H, Re=Cl
Al L--,E; T Ry= Ry=Ry=0Ac, Ry=0C0CHCHICH ), Ry=0CHy. Re=t

|J. Nat. Prod. 2011, XXX, 000-000
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Purification of solid
/ R
A y

~&— Bychner funnel

solvent sample tip pipette
- aluminium solution of : —» to vacuum
block ample pump
| hot plate O | \ P

Fig. micro-recrystallization

; _ ; 97
Fig. hot filtration



Purification of solid

Filtration of crystal
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aspirator

sl iacr
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Purification of solid

Testing for purification of crystal

Ve melting point 5
‘/TL C =~ 1

Spotted

/ Sample ::>
0
2¢ms

s Origin Line 199




Chemistry of Natural Products
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Biological Testing
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Structural identification crude EtOAc of D.scandens (DS-EA)

5.9286 g

short column chromatography

Lob b

F1 F2 F3 F4 F5 F6 F7 F8 F8 F10 F11 F12

stigmasterol
10 mg dark yellow needle

(from ethanol)
9.1 mg

stigmasterol: white needles 10 mg (from ethanol);

mp 147-148 °C; R;= 0.3 (20% ethyl acetate-hexane)

sprayed with vanillin reagent to appear blue color spot after heating TLC

stigmasterol

Q1: How to know its structure?

Q2: How do you know wheather this compound
Is a new compound from D.scandens?




Structural Identification

As following step:

. UV-VIS spectroscopy
. IR

'H-NMR (1D & 2D)
“C-NMR

. MS

. Elemental analysis
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Structural identification

UV spectrum?
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Structural identification

IH-NMR (CDCl,, 400 MHz) &, 0.65-2.3 (m, 43H, H-1, H-2, H-4, H-7 to H-9, H-11
to H-13, H14 to H-21, H-24 to H-29), 3.45 (m, 1H, H-3), 4.98 (dd, 1H, J = 15.2, 8.6 Hz,
H-23),5.13 (dd, 1H, J = 15.2, 8.6 Hz, H-22), 5.32 (br s, 1H, H-6)

-
P 7 //

- lML —_—

l ) I L] [} I T T T T I 1] 1 L\l T I T T T T I T T 1 al l T T T T ' T T T 1 I T

7 6 5 a 3 2 1 0 ppm
0.03 0.04 0.05 . 0.13

0.04 0.03 0.07 0.62



Structural identification

13C-NMR (CDCl,, 100 MHz) O: 12.04 (C-18), 12.23 (C-28), 18.98 (C-21), 19.38 (C-19),
21.07 (C-26), 21.08 (C-27, C-29), 21.21 (C-11), 24.36 (C-15), 25.39 (C-16), 26.09 (C-25),
38.90 (C-2), 31.67 (C-8), 31.91 (C-7), 36.14 (C-20), 36.50 (C-10), 37.26 (C-1), 39.68 (C-12),
39.78 (C-4), 42.31 (C-13), 45.84 (C-24), 50.41 (C-9), 56.77 (C-17), 58.87 (C-14), 71.80 (C-3),
121.71 (C-6), 129.28 (C-23), 138.30 (C-22), 140.75 (C-5)




Structural identification

DEPT 135 spectrum

13C NMR spectrum |




Structural identification

Crude dichloromethane extract (NA-D2) of
Tinospora crispa (44 g)

Vacuum Liquid Chromatography (VLC) ]

oo e b b

f1 fo f3 f4 | fs5 || fe| fr fs | fo | fio f11  f12 fi3  fi4

I |
Precipitation siliga Gel CC | | siliga Gel CC |
) &
1-Dotriacontanol l Y l l l l l l
(s mg) Ct C2 C3 C4 C5 Cé6 C7 C8

R A

ai az as a4 as ae az as as aio| amn

siliga Gel CC |

IR IR

b1 b2 b3 bs bs bese b7 | bs| bo bio

> Compound T
Preperative TLC (10mg)

Figure Isolation and purification of pure compounds from
the crude dichloromethane extract (NA-D2) of Tinospora crispa 207
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Structural identification

EI-MS m/z (%): 309 (IM]", 63), 264 (8), 252 (19), 251 (100), 237 (6), 207 (3)

[M*-45-27]
(m/z 237)

l - 2CHs

[M]" 309 [M*-57] [M*-58] O

(m/z 252) (m/z 251)

[M*-45-27-30]
(m/z 207)



Structural identification

Q: How will you do next step after getting
an isolated compound? To give reasons.

210



Chemistry of Natural Products

Biological Testing
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Biological testing
Scientific name : Clausena excavata Burm.f

Family : Rutaceae

Other name Sun Soak tree




Biological testing

Crude chloroform extract of
Clausena excavata (21 g)

Vacuum Liquid Chromatography

T I

F1 F2 F3 Fa Fs F7 Fu
0.0473g 002889 0.0104g 0.0423g 0.05299g 1.7019 g 2. 8575 g 1.3609 g
Slllga Gel CC

40% CHCl /hexane
\ 4 \ 4
Compound C: Compound Ci1 Compound Ci4
(11.9 mg) (536.2 mQ) (681.4 mq)

A R S A A

Al Az A3 A4 As A7 As
0.0035g 0.0039¢ 0.002 g 0.0013 g 0.0033g 0.0082g 0.0025¢g

Siliga Gel CC

Siliga Gel Column Chromatography (CC) ]

4% EtOAc/hexane

\ 4 \ 4
Compound Cs3 Compound C4
(24.6 mg) (68.5 mg)

Scheme 2 Isolation and purification of pure compounds from
the crude chloroform extract of Clausena excavata




Biological testing

Table Anti-HIV-1 activity of limonoid, coumarin and
carbazoles from C.excavata and AZT as determined by syncytium assay

Compound Syncytium assay
1C5, (M) EC,, (M) PTI (IC5/EC,))

Clausenolide-1-ethylether 5.48x10*  3.44x10° 16

(0] OH

N

Clausenidin 5 ARG 3.72x103 <1.2x10- >3.1

- _H (trans)

H (cis)

O-methylmukonal ocm 6.8x10 1.2x103 56.7

Clauszoline-J OZCHs 5.41x10°  3.42x10°° 1.6

3-Formyl-2,7-dimethoxycarbazole 2.32x104  2.91x107 7.9

)O&CH CHO
HN 3
OJ\N I H3COOCH3
AZT N >106 2.3X107° >430
0 214
Ngmapong et al., Phytotherapy Research (2003), 17, 1101-3;2005
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Biological testing

HIV-1 life cycle

Coreceptor *
Reverse tnmcnpuon@ 2
r .

' Translation =" ’)

/ _& Assembly

Provirus
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Structural modification
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Qualitative control (QC)
of medicinal plant

217



Chemistry of Natural Products

e o
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Drug discovery g




The useful of isolated compound?

»Drugs for treatment of disease
»Marker compounds: To control
a quality of plant

219
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Cases Study

Q: How will you isolate s/~amyrin that can not
absorb UV at 254 and 366 nm and also using
Preparative TLC In cases to have a standard
compound?

f—amyrin -




Q: The dichloromethane extract was separated on a SiO,
column chromatography to phenolate anion instead of
7-methoxy coumarin. Why and give some reason?

@
H;CO 0 -0 H;CQO O._-OH
S |
T 194§}

7-methoxy coumarin phenolate anion

222



Q: N-formylnornuciferine as an alkaloid exhibited cardiotic
activity and was isolated from the ethanol crude of
Tinospora crispa Mierr. or Boraped.

How will you plan your experiment to get more

N-formylnornuciferine from fractional column
chromatography?

N-formylnornuciferine 223



Q: BFCaryophyllene is one of the major constituents
of clove oil, Eugenia caryophylata.

= How do you extract of
S-caryophyllene from
E.caryopylata?

Il'n

[FCaryophyllene

224



