Chemical c(™e
flavonoids and coum:
is shown in Table 1.

Table 1 Chemical (

Plant and chemical comy

Derris amazonica
Flavan, iso : 7-hyRgg
dimethoxy : (3-S) : M

Lupenone

Pterocarpin,
(6-A-S-11-A-B)
Rotenone

AWA9NT

Vestitol, 2'-O-methyl : (3-S) :

Sitos

CHAPTER 1l

HISTORICAL

o Mus Derris were reported as
Now ™, various parts of Derris spp.

ant Part Reference

Braz Filho et al.,
1975
Braz Filho et al.,
1975

Elﬂ m Braz Filho er al.,
1975

ﬁprﬂtﬁ and

’] d, 1982
H‘ﬂm ilho ez al.,
1975

Flavonoid Aerial parts | Braz Filho et al.,
1975




5-6-trimethoxy :

G-trimethoxy :

methylenedio

Rotenone
Sitosterol, f :

methylenedioxy :
Furano-(3'-4'-2"-3")-
dihydrochalcone, 5-hyd~

hydroxy-6-methoxy*
methylenedioxy :

Furano-(7-8-2"-3")-flavi

Furano-(7-8-2"-3")-flavone, 3— ‘
methoxy-3'-4'-methylenedia
Furano-(7-8-2"-3"} P
dimethoxy-3-4"-me"
Furano -(7-8-2"-3")- | 7
6-dimethoxy-3'-4'- ¢

Furano-(7-8-2.&
6-tetramethoxy :

V.

Flavonoid
Steroid

Rootbark

A

Rnut k

Plant and chemical compound Category Plant Part Reference
Derris araripensis
Chromeno-(7-8-2"-2")-flavone, 3, | Flavonoid Rootbark Nascimento and
6-dimethoxy-6"-6"-dimethyl : Mors, 1981
Chromeno-(7-8-2"-3")-flavone, 3, | Flavonoid Rootbark Nascimento and
6-dimethoxy-6", 6"-dimethyl-3, 4- Mors, 1981

Nascimento and
Mors, 1981

MNascimento and
Mors, 1981

Nascimento and
Mors, 1981
Nascimento and
Mors, 1981
Nascimento and
Mors, 1981
Nascimento and
Mors, 1981
Naseimento and
Mors, 1981

ﬂﬂaﬂ il MNascimento and

dgrs, 1981

Desal et al., 1977
Desai et al., 1977
Desai et al., 1977




Plant and chemical compound Category Plant Part Reference
Derris elliptica
Deguelin Flavonoid Root Ahmed et al., 1989
Suspension | Kodama,
culture Yamakawa, and
Minoda, 1989
Elliptinol Root Ahmed et al., 1989

Maackiain, (+) :

Maackiain, (-) :

Piperidine, 2-(5)-carbov 4
(S)-dihydroxy :
Piperidine, 2-(5)-carb 4
(S)-dihydroxy : |
Pyrrolidine, 3-4-dihydd
dihydroxy-methyl : .
Rotenone o llus tissue
Suspension

A

¥

AU INININEMS

RIAIN T UARNE

oot

Root

Obara and
Matsubara, 1981
Obara, and
Matsubara, 1981
Marlier, Dardenne
and Casimir, 1976
Marlier, Dardenne
and Casimir, 1976
Marlier, Dardenne
and Casimir, 1976
Minoda et al., 1977
Kodama,
Yamakawa and
Minoda, 1980
Yoxopeus, 1952
Jone and Graham,
1938
l Cromble, Green and
Whiting, 1968
@en and Tsai,

'\
@ﬂ 1951

Chen and Tsai,
1955
Chen and Tsai,
1955




Plant and chemical compound Category Plant Part Reference

Rotenone Flavonoid Stemwood | Chen and Tsai,
1955

Leaf Chen and Tsai,
1955

Petiole Chen and Tsai,
1955

Gaudin and

Tephrosin
Tubaic acid

Tubaic acid, B :

Derris floribunda 4
Cordoin, iso :

Dermricidin

Flavanone, 5-7-dihydroxy-6- =

prenyl :
Lonchocarpin

Lonchocarpin, 4-hydr ' F 2

ﬂ‘LIEI’)VIEmi

Stilbene, 3-4-'-5- mmmhnﬁ

ALY

Stilbe
prenyl :

3-4-'-5-trimethoxy-4-

Stilbene,3-5-dimethoxy-4-prenyl :

A Ak v wradi il

Benzenoid

ATPAN

Benzenoid

Benzenoid

Vacherat, 1938
Ahmed er al., 1989
Obara, Matsubara
and Munakata, 1976
Obara, Matsubara
and Munakata, 1976

BINg

S0t

1 Y18 av2

Root

Root

Braz Filho et al.,
1975
Braz Filho er al.,
1975
Braz Filho et al.,
1975
Braz Filho et al.,
1975
Braz Filho et al.,
1975
Braz Filho et al.,
1975
B#z Filho er al.,
¢)
Braz Filho et al.,
1975
Braz Filho et al.,
1975




Plant and chemical compound Category Plant Part

Derris glabrescens

Derrusnin Coumarin Seed Delle Monache
etal , 1977

Glabrescin Coumarin Seed Delle Monache
etal , 1977

Glabrescione A Seed Delle Monache
etal , 1977

Glabrescione B Delle Monache
etal. , 1977

Derris laxiflora

Amyrin, b :
Flemichapparin B
Laxifolin
Laxifolin, iso :
Lupeol

V. ; )

Lupinifolin, 3-metho 2i:

Lupinifolin

Root$

L hth v wradbhshbd

ﬂUEI’)VIﬁ‘ﬁ‘T smm

Lin, Chen and Kuo,
1991
Lin, Chen and Kuo,
1991
Lin, Chen and Kuo,
1991
Lin, Chen and Kuo,
1991
Lin, Chen and Kuo,
1991
Lin, Chen and Kuo,
1991
Lin, Chen and Kuo,
1991
Lin, Chen and Kuo,
1991

Derris mahxccensu
Rotendd

E€gTensis

Derris

Rotenone Flavonoid Entire plant

Rotenone, 6(A)-12(A)-dehydro : | Flavonoid Entire plant

Vasconcelos and
Maia, 1976
Vasconcelos and
Maia, 1976
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Plant and chemical compound Category Plant Part Reference
Derris oblonga
Elliptone , 12-o-acetoxy-12- Flavonoid Root Lin, Chen and Kuo,
deoxo : 1993
Oblongin Flavonoid Root Lin and Kuo, 1993
Oblonginol Flavonoid Root Lin and Kuo, 1993
Derris obtusa

Aurone, 3'4"-methylenedioxy-
furano-(2"-3"-6-7) :

Aurone, 4-hydroxy-fur,
6-7) :

Aurone, 4-methoxy-fuiar
6-7): "

Aurone, Furano-(2"-3' .

Chalcone, 5'-hydroxy-2'-
methoxy-3,4-methylspedis
(furano-2"-3-3"-H
Chmmann-{Z"-S“-’?- .
hydroxy-6",6"-dime

-

|
L .'

oA RHANANTNEN

- QRARNINTUUA

Derriobtusone B

Flavonoid

Rootbark

Do Nascimento, De
Vasconcellos Dias
and Mors, 1976
Do Nascimento, De
Vasconcellos Dias
and Mors, 1976
Do Nascimento, De
Vasconcellos Dias
and Mors, 1976
Do Nascimento, De
Vasconcellos Dias
and Mors, 1976
Do Nascimento, De
Vasconcellos Dias
and Mors, 1976
Do Nascimento, De
Vasconcellos Dias
and Mors, 1976

I

Do Nascimento, De
Vasconcellos Dias
aQd Mors, 1976

) Fkcimento, De
Vasconcellos Dias
and Mors, 1976
Do Nascimento, De
Vasconcellos Dias
and Mors, 1976
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Plant and chemical compound Category Plant Part Reference
Heptacosan-1-ol Alkane Rootbark Do Nascimento, De
Vasconcellos Dias
and Mors, 1976
Derris rariflora
Flavanone, 5,7-dihydroxy-6- Flavonoid Wood Braz Filho, Gottlieb
prenyl : and Mourao, 1975
Flavanone, 5-hydroxy-7-metho Braz Filho, Gottlieb
6-prenyl : and Mourao, 1975
Rotenone Braz Filho, Gottlieb

Sitosterol, B :

Stilbene,3,5-dimethoxy

and Mourao, 1975
Braz Filho, Gottlieb
and Mourao, 1975
Braz Filho, Gottlieb
and Mourao, 1975
Braz Filho, Gottlieb
and Mourao, 1975

Derris robusta
Alpinumisoflavone dimeth;

Daucosterol
V.,
Derrone-4'-O-methyr e

Derrugenin

Flavone, iso : 5-hydroxy-7- Flavonoid Seed
methoxy :
Robustigenin Flavonoid Seed hulls

Chibber and
Sharma, 1980
Chibber and
Sharma, 1980
Chibber, Sharma
and Dutt, 1981
Tsukayama et al.,
1980

Chibber and

a, 1979 a
Sharma, 1980
Chibber and
Sharma, 1979 b
Chibber and

Sharma, 1979 ¢




Plant and chemical compound Category Plant Part Reference
Robustin methyl ether Coumarin Seed Chibber and
Sharma, 1980
Robustone Coumarin Seed Chibber and
Sharma, 1980
Robustone methyl ether Coumarin Seed Chibber and
Sharma, 1980
Sitosterol, B : Chibber and
Sharma, 1980
Derris sp.
Alpinumisoflavone Rocha and Zoghbi,
1982
Alpinumisoflavone, 4'-" Rocha and Zoghbi,
dimethyl-allyl : 1982
Alpinumisoflavone-4' 4 Rocha and Zoghbi,
1982

Derris spruceana
Chromene (5",6",3',4")-,
2,4-dimethoxy-2",2"-dime i ; 1
Chromeno (5",6",7,8)-coumaripi—
3-methylenedioxy-(35.4' 7 26
4-5-dimethoxy-2"-2
Chromeno (5",6".7,55"
3-methylenedioxy-(3 24)-phenyl-
4-hydroxy-5-methoxy-2g2eg

S fﬂumm M { i
ARATN T NN Y

dimeth
Chromeno (5",6",7,8)-1so- Flavonoid Root Garcia et al., 1986
flavone,3',4'-methylenedioxy-5-
hydroxy-2",2"-dimethyl :

Garcia et al., 1986

Root Garcia er al., 1986

Garcia er al., 1986
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Plant and chemical compound Category Plant Part

Reference

Oxygen Root

heterocycle

Deguelin

Root

Flavonoid

Rotenone

Rotenone, 12-(A)-hydre:

Sitosterol, [ :
Tephrosin

Menichini, Delle
Monache and
Marini-Bettolo,
1982

Menichini, Delle
Monache and
Marini-Bettolo,
1982

Menichini, Delle
Monache and
Marini-Bettolo,
1982

Garcia et al., 1986
Menichini, Delle
Monache and
Marini-Bettolo,
1982

Derris trifoliata
Amyrin, o :
Amyrin, § :
Campesterol
Ceryl alcohol

Cholesterol
Lupeol

- ARVAIAT

Rhannetin-3-O-neohesperidoside | Flavonoid Leaf

Sitosterol, B : Steroid Part not
specified
Leaf

Ghosh et al., 1985
Ghosh et al., 1985
Ghosh et al., 1985
Sudachan, 1967

Ghosh er al., 1985
Sudachan, 1967

@hosh et al., 1985
d
Seetharaman, 1986
Nair and
Seetharaman, 1986
Sudachan, 1967

Ghosh et al., 1985
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Reference

Ghosh et al., 1985
Sudachan, 1967

Chosh et al., 1985

Rose, Kirtaniya and
Adityachoudhury,
1976

1. Milsum, 1938

2. Georgi, 1937

3. Petard, 1951

4. Gaudin and
Vacherat, 1938
Rose, Kirtaniya and
Adityachoudhury,
1976

Plant and chemical compound Category Plant Part
Stigmast-7-en-3-f3-0l Steroid Leaf
Stigmasterol Steroid Part not

specified
Leaf
Derris uliginosa
Lupeol
Rotenone
Rotenone, 6(A)-12(A
' ..--"i'“u& /s ,
Introduction to 7 Y
Flavonoidshifepresc i mmmm—sen . 2 fi} o roup

of water-soluble

phenylpropane dcnvatw.a.s many of which &Jc brightly coloured, being red, crimson,

purple or yel ﬂﬁﬂﬂ&ﬁlﬁ Ejmjf their aglycones are
based on the tic rings jointed in a

chroman stmctun: (2) by a three cagbon unit (Cegal’3 -Ce). Flavogg

ids are probably

- AR TR
acid paghway an aceta 1n an ercer, Harborne,

1973).
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Flavan nucleus (1) Chroman nucleus (2)

The variation in the state o he connecting C3 moiety determining

the properties and class of eags  classes are shown below (Ikan,

1991).

=2

H N o
AugInuningang

e,

Isoflavone Chalcone
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H H H
H 0
m—{:ﬂz—(}!z _O_OH WN H
D -l |
OH { | _ OH
Diliydrochalcone % e .
— — Aurone
— ’ H
H H

(Levcoanwocyanidin)

AUEINENINYINS

Flavonoid compounds and the related cougagrins usually oggper in plants as

o AN VT BN RE IR e

residues. e hydroxyl groups are nearl ys found in position in ring A,
while ring B commonly carries hydroxyl or alkoxyl groups at the 4'-positions, or at
both 3'- and 4'-positions. Glycosides of flavonoid compounds may bear the sugar on

any of the available hydroxyl groups (Ikan, 1991).
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Prenylated Flavonoids in Leguminosae
) Isoflavonoids

The isoflavonoids represent an important and very distinctive subclass of the
flavonoids. These compound are based on a 3-phenylchroman skeleton that is
biogenetically derived by an aryl migration mechanism from the 2-phenylchroman

skeleton of the flavonoids. In s RIF 2 gast to the flavonoids, the isoflavonoids
11

have a very limited distribut ym, and are almost entirely restricted

to the subfamily Papilmof the Zmmnsac. Even in the subfamilies

Caesalpinioideae and N = of Jie T~ S¥.c, only one or two plants have
been reported to contain - ——

13X
Isoflave 1p of natural isoflavonoid
derivatives. With so \ es, covering a wide range of
different oxygenatior#in s g W WG TM:tures that invite comment are

Structural cump ously as isoprenyl substituents
=m. Alkylation of phenolic groups
Jg =5, but is rare enough that
the report of sevelg 8 ;‘ii'r s have been isolated from
Calopogonium mu 10100 - hd Zoghbi, 1982), Millettia

auriculata (Gupta ef a.-f 1983) and Tephm.rm maxima \Murthy and Rao, 1985). Itis

become incorporated intg
giving dimethylaj A

more usual Kgl wg ﬁ’ atic ring systems at
nuclmp]:uh ﬂ m 3[“ 3,3-Dimethylallyl
subsmucnts common, whereasg 1, lad1methylally] subsntucnllilarﬂ quite rare. The

B -ring of an
isam mmw mﬁ ﬂlﬂ'l enichini, 1984)

makes this the first example of an isoflavone with a fully substituted B-ring.



Examples ¢

Table 2 Isoflavones ’

19

Isoflavone Comp#fur

Reference

Licoricone

Kaneda et al., 1973

ﬂﬁ’] mmmumm

mwmﬂs

8 e
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Table 2 (continued)

Isoflavone Compound Source (s) Reference
3'-Dimethylallylgenistein : R=H Cajanus cajan Dahiya er al.. 1984
Licoisoflavone A : R=0H Lupinuy albuy Tahara er al.. 1984 a
(phaseoluteone)

Tahara er al., 1984 a
Tahara er al., 1984 a

Lupinisoflavone £
Lupinisoflavone D

Hﬁﬂi Hiraga er al.. 1984
. Ingham. Tahara
agdsHarbone, 1983

h"jﬂ ﬂ’] @;ﬂm Harbomne.

2. Tahara eral..
1984




Table 2 (continued)
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Isoflavone Compound Source (s) Reference

2'-Deoxypiscerythrone : R=H Piscidia erythrina | Delle Monache.
Ferrari and

Menichini. 1984

Piscerythrone ;: R=0OH P. erythrina Delle Monache,
Ferrari and

Menichini. 1984

Piscidone ; R1=0ME,

1. Radaelli and
Santaniello, 1984
2. Delle Monache,
Ferrari and
Menichini, 1984

e AN NN S
N

NSNS

Hashidoko. Tahara
and Mizutani, 1986
F@lai, Wang and

. 1989




Table 2 (continued)

Isoflavone Compound Source (s) Reference
Calopogonium isoflavone B : Ri=H. | Tephrosia Murthy and Rao.
maxima 1985

R2=R3=0CH20

Barbigerone : Ri=R2=R3=0Me

Jamaicin : Rj=0Me, R2=R3=0\ L

Vilain, 1983 quoted
in Harborine, 1982
1. Pietta and Zio,
1983

2. Delle Monache,
Ferrari and
Menichini, 1984

T. barbigera

Piscidia erythrina

Wighteone ; R|=R4

(erythrinin B)

-

v
JR ="

Lupisoflavone ; R

Ingham, Tahara and
Harborne, 1983
quoted in harborne.
1988

Tahara er al., 1984
Harborne et al.,
1976

Ingham, Tahara and
Harbome, 1983

drn Tahara and
Ew 1983
in Harbome.

1988

L! eUy

.l uoted in Harborne.
ﬂummmiwmmg




Table 2 (continued)

Isoflavone Compound Source (s) Reference
Viridiflorin : Rj=R3=0Me. Ry=H Tephrosia Gomez eral., 1985
viridiflora

Alpinumisoflavone -,

4'-0- Methylalpmumﬂﬂawne

ot RZFWEI’WIEI?]
ﬂﬁ’] aNnIRl NN a8

4'-0-Dimethyl -

allylalpinumisoflavone : Ry=0H.

R2=0CH2CH=CMe;

ﬁﬁﬁﬁns

Millesia

Derris sp.

Da Rocha and
Zoghbi, 1982 quoted
in harborne, 1988
Ingham, Tahara and
Harbome, 1983
quoted in Harbome,
1988

1. Khalid and
Waterman 1983

2. Olivares er al.,
1982

Da Rocha and
Zoghbi, 1982 quoted
in Harborne, 1988

1 @halid and

an 1983

2. Olivares et al..
1982

Da Rocha and
Zoghbi, 1982 quoted
in Harborne. 1988




Table 2 (continued)

Isoflavone Compound Source (s) ‘Reference
Di-O-Methyl-alpinumisoflavone : Millermia Khalid and
R=R>=0Me thonningii Waterman. 1983

4'-Methylalpinur,
. Ry=OMe
Robustone ;: Rj=R:4

" viridiflora
busta

=9
A

Olivares er al., 1982

Khalid and
Waterman, 1983
Gomez et al., 1985

Chibber and
Sharma, 1979

Dihyd rnaﬂ-ﬂig‘ﬁj‘ﬂ El 7] ﬁ Wimﬂ i |
, MANYAY

Bhakuni and
Chaturvedi. 1984




Table 2 (continued)

Isoflavone Compound Source (s) Reference
Elongatin Tephrosia Gomez er al.. 1985
viridiflora

Parvisoflavone B

Lupinisoflavone %

ﬁﬂﬂ?ﬂﬂﬂi

. F
Y |

Tahara et al., 1984

Cajanus cs#in *

Lupinus m’bm

ﬂﬂﬂi

Dahiya et al.. 1984

Tahara er al., 1984

8 Y




Table 2 (continued)

Isoflavone Compound

Source (s)

Reference

Erythrinin C : R=H

Lupinisoflavone B : R=0k

4'-0O-Meth

HO 0
OMe

Lupinus albus

Tuhara. Ingham and
Mizutani. 1985

1988
Tahara et al., 1984

quoted in Harborne.

Woodward, 1979

L=
/!

pachvoarpa

AN IR NMNANEA

o
ﬂﬂﬁﬂ ?Chibber. Sharma

agyDutt. 1981

ﬁﬂ et al.. 1983




Table 2 (continued)
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Isoflavone Compound Source (s)

Reference

Lupalbigenin : R=H Lupinus albus

Milletria pulchra

2'-Hydroxylupalbigenin : R=

2'-Methoxylupalbige

Ingham and Tahara.
1985 quoted in
Harbome. 1988
Baruah. Barua and
Sharma, 1984
Tahara er al., 1984
Baruah, Burua and
Sharma, 1984

Lupinisoflavone E
Lupinisoflavone F ; [

,‘ﬁ

‘..mmm INYNG

Flemiphyl

q AN IUUNNITTEA

Flemingia

Tahara et al., 1984
Tahara er al., 1984




Table 2 (continued)

Isoflavone Compound Source (s) Reference
6.8-Di-(dimethylallyl) genistein : Millemia Singhal er al.. 1980
R|=H.R>=0H pachycarpa
6.8-Di-(dimethylallyl) orobol M. pachycarpa | Singhal er al., 1980
: Rj=R2=0H

6.8-Di-(dimethylallyl) pra
R1=0OH. R2=OMe

\ pachycarpa

Singhal er al.. 1983

senegalensis

£

AX J

o T
-

v

Auriculasin ; Rj= Ro=UM 1

puricudll

AU InaNsneIng
IUARNING
59

OH

Fomum, Ayafor and
Wandji, 1985

Raju and
Srimannarayana,
1978

Minhaj et al., 1976

aY




Table 2 (continued)
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Isoflavone Compound Source (s) Reference
(A) Rj=OMe. R2=H Millertia Singhal er al.. 1981
pachycarpa

(B) Ry= H. Rz= OMe

F S

AUEINININYINS

M. pachycarpa

Singhal er al.. 1981

Shirataki et al., 1982

Singhal et al., 1983

ARSI AN Ry

B,




Table 2 (continued)
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Isoflavone Compound Source (s)

Reference

Isoauriculasin : R

Isoauriculatin ; R4

‘o

(B) : Rj=H. R2=0Me. R3=0H or M. pachycarpa
Rj=H. Rp=0H. R3=0Me

Cajaisuﬂﬁu H a I IH I I sﬂ;ﬂaﬂ%

Singhal eral.. 1981

Minhaj er al., 1976

Minhaj et al., 1976

MUMANYA

Bhanumati, Chhabra
agdGupta, 1979

e




Table 2 (continued)
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Isoflavone Compound Source (s) Reference
Neobavaisoflavone Psoralea Bajwa. Khanna and
corvlifolia Seshadri. 1974

Singhal er al., 1980

* Plant was subjectegdfo physiological sucas

AUEINENINYINS

QRIAINTAUNNIINGINY
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1.2 Isoflavanones

Isoflavanones (5) are much rather than isoflavones. Examples of prenylated

isoflavanones are shown in Table 3.

Table 3 Isoflavano®®

Reference

Isoflavanone

5-Deoxykievitone Woodward, 1979
O'Neill, Adesanya
and Roberts, 1983
quoted in Harborne,
1988

Adesanya, O'Neill
and Roberts, 1984
quoted in Harborne,
1988

5’"‘“"*"‘“"’FI‘1JE‘I Pl EI N 'ﬂﬂ’l ) [& Ropers 1586
d Roberts, 1984

UH quqegl in Harborne,

3] fi\‘lﬂiﬂllm’]?ﬂﬂ Gl

OH




Table 3 (continued)

i3

Isoflavanone Compound

Source (s)

Reference

Diphysolone : Rj=R;=0H

Diphysolidone : R1=5

Kievitone ; R:

A

4'-0O-Methyl-kievad ne ;: R=0OMc

AUYANYNS

L . ¢

Desmaodium

gangericum *

D. robiniodes *

soides *

1984 quoted in
Harbome. 1988
Ingham and Tahara.
1983 quoted in
Harborne. 1988
Ingham and Tahara.
1983 quoted in
Harborne. 1988

Ingham and Dewick.

i
>
¢

L
i

Phaseolu 3l

mungo *

NEINT
RIANN TN N ING

Adesanya, O'Neill
and Roberts, 1985
Ingham, 1977
Adesanya, O'Neill
and Roberts. 1984
quoted in Harbome.
1988

aY




Table 3 (continued)
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Isoflavanone Compound Source (s)

Reference

Kievitone hydrate Phaseolus
mungo *

Adesanya. O'Neill
and Roberts. 1984

quoted in Harborne.

1988

Cyclokievitone

O'Neill, Adesanya
and Robert, 1983

Adesanya, O'Neill
and Roberts, 1985
Adesanya, O'Neill
and Roberts, 1984

quoted in Harbome.

1988

Cyclokievitone h{{jrate , mecolus il

¥

mungo

ﬁH??ﬂﬂﬂ INEN
TN INY

Adesanya, O'Neill
and Roberts, 1984

uoted in Harbome.

1988

aY




Table 3 (continued)

Isoflavanone Compound Source (s) Reference
Isosophoranone Sophora Shirataki er al.. 1983
rementosd

Sophoraisoflavar

4

b i
Y

Komatsu, Yokoe
and Shiratoaki, 1978

Sophoraisoflavon || ——ora i
franchenana

FI‘LIEI’WIEIVI ‘NEI"Iﬂ

Komatsu, Yokoe
and Shirataki, 1981

18 Y

16459 949
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Table 3 (continued)

Isoflavanone Compound Source (s) Reference
Cajanone : R=0OH Cajanus cajan Preston. 1977 a
2'-Methylcajanone : R = OMe C. cajan Bhanumati. Chhabra

and Gupta, 1979 a

* Plant was subjec!

- {‘ M
LRI T
1.3 ‘ AL . ’

Rotenot y ' ! by the presence of an extra

carbon atom in an (Sfitional NCorr iz 0). [hjh mystf:m is derived in nature by

oxidative cyclization gpf el 2'-mcthnxytsrvvc-ne Systematic nomenclature for the
rotenoids s are used throughout.
though mcﬂuﬂﬁnﬂmmmg these compounds may
by subdivided into three major grtiips accordinggg oxidation leveggin the rotenoid ring

ﬁ t}%ﬂ :%} q f}ﬁvﬁ}nmd\ (9) trom
1al basis tor classification. ost all of the known natural Totenoids contain

lb.nprenmd -derived substituents. (Dewick. 1988)
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Roots of Millet: 12% hydroxyrot-2'-enonic acid as well

as rot-2"-enonic acid (Singh he uncyclized isoprenyl substituent

is of biogenetic i ; - :”, bergia volubilis (Chawla
; AY

et al., 1984) contairgy hS Prsmmsutution pattern, also seen in

the rotenoid 3-O- dcme ylmnarphigemn (Samle:va and Ugnyanuv. 1985).

Table 4. ﬂ H [EI ’a% qu §p%&lﬂﬂ ‘i’“““ﬁ““ are shown in
ﬂﬁ’l ANNINNNIINIAY



Table 4 Rotenoids

Rotenoid Compound Source (s) Reference
Rot-2'-enonic acid Millermia Singhal er al.. 1982a
pachycarpa

Komada, Yamakawa
and Minoda, 1980
Braz Filho ez al..
NN Nius | 1980

' wrensis | Birch, N.. Crombie.
L. and Crombie,
W.M., 1985
Menichini, Delle
Monache. Marini
Bettolo. 1982

iscicia e rina | Delle Monache,

Deguelin : Rj=R250M,

Ferrari and
ﬁ u EI q ﬂ EIV' i “EJ'] ﬂ 3Meuichini. 1984
Iy Menichini, Delle
Mayrache. Marini
ﬂ’lﬁ\‘lﬂﬁﬂlﬂﬂj e o
hrosia mal and Jain.
strigosa 198()
T. sp. | Menichini. Delle
Monache. Marini
Bettolo. 1982




Table 4 (continued)
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Rotenoid Compound Source (s) Reference
Millettone : R1=R2=0CH>0 Piscidia ervihrina | Delle Monache.
Ferrari and

Elliptone

Rotenone : Rj=R2™Me

AUt Inenimiang
RAMNN TN UV

Menichini. 1984

=2
R |

Delle Monache,
Ferrari and
Menichini, 1984
Birch, N., Crombie,
L and Crombie,
W.M., 1985

Kamal and Jain,
1980

Amorpha =

Jfruticosa

L. salvadorensis

L. spruceanus

Hohmann er al.,
1982

Komada, Yamakawa
and Minoda. 1980

Eilho et al.,
5

Birch. N.. Crombie.
L. and Crombie.
W.M.. 1985
Menichini, Delle
Monache and Marini
Bottolo, 1982




Table 4 (continued)
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Isomillettone : Ry, |

ﬁum:ﬂ.m

Rotenoid Compound Source (s) Reference
Rotenone : R1=R>=0Me Milleria Singhal er al.. 1982
pachyvearpa
Fiscidia ervthrina | Delle Monache.

Ferrari and
Menichini. 1984
Menichini. Delle
Monache and Marini
Bettolo. 1982
Kamal and Jain.
1980
Chandrasekharan
et al., 1983
Suarez er al., 1980
Delle Monache.
Ferrari and
Menichini, 1984

Somleva and

0 ny;m-:w 1985

\‘lﬂﬁﬂlﬂmﬂﬂﬂ’lﬁ 4




Table 4 (continued)
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Amorphigenin-O-glucosic

Amorphigenin O-vie#®ic.
(amorphin) ; R=0-vician®

Rotenoid Compound Source (s) Reference
Amorphigenin ; R=OH Amorpha 1. Somleva and
fruticosa Ognyanov, 1985

2. Hohmann et al.,
1982
Abe et al., 1985

Somleva and
Ognyanov, 1985
Abe et al., 1985

1. Somleva and
Ognyanov, 1985
| 2. Hohmann et al,
1982

Toxicarol

Birch, N., Crombie,

m:.i Crombie,
Q1. 1985

SUURIINGNEY




Table 4 (continued)

Rotenoid Compound Source (s) Reference
12a-Hydroxyrot-2'-enonic acid Miilertia Singhal er al.. 1982
pachycarpa

Tephrosin (12a-hy

Wict mollis

£

AX J

nn

OMe ;

UERNEN

Somleva and
Ognyanov, 1985
Braz Filho et al..
1980
Menichini, Delle
Monache and Marini
Bottolo, 1982
Menichini , Delle
Monache and Marini
Bottolo, 1982
Lwande, Greene and
Bentley, 1585
. Menichini, Delle
onache and Marini
Bottolo, 1982

QAN TN INY AT

12a-Hydroxyrotenone : R=H Amorpha
fruticosa

Lonchacarpus

longifolius

Hohmann er al..
1982
Braz Filho er al..
1980




Table 4 (continued)
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Rotenoid Compound

Source (s)

Reference

Dalbinol ; R=OH
(12a-hydroxyamorp" 4

Dalbin ; R=0Glc
(Dalbinol-O-glucoside)
Y

Hydroxyamorpisd

L. spruceanus

Millerra

NINLINT
YANINYI

. pachycarpa
Cidia mollis

monetarid

=9
X

!
i

eidnla

sruticdil

Menichini. Delle
Monache and Marini
Bottolo, 1982
Singha er al., 1982

Menichini. Delle
Monache and Marini
Bottolo, 1982
Suarez er al., 1980

Hohmann et al..
1982
Abe et al., 1985

Abe etal., 1985

Van Herrden, Brandt
and Roux, 1980
Somleva and
Ognyanov, 1985

of




Table 4 (continued)

Rotenoid Compound Source (s) Reference
Volubinol Dalbergia Chawla. Mittal and
volubilis Rastogi, 1984

Somleva and
Ognyanov, 1985
Gomez er al.. 1985

ll-Hydmx}rtephrq_’

A

Gomez et al., 1985

Teph m.sfn —~

Villosinol
(12a-hydroxy: matrol viridiflora

UEANENINGINT
AINIUUMINY Y




Table 4 (continued)

12-Dihydrodalbin ; R=0Glc
(12-Dihydrodalbinol-O-glucoside)

Dehydromillettone

OMe

D. monetaria

Rotenoid Compound Source (s) Reference
12-Dihydrodalbinol : R=0OH Dalbergia Abe eral.. 1985
monetarica

Abe er al., 1985

W\ rina

I.anchac.arpm

Delle Monache,
Ferrari and
Menichini, 1984

Braz Filho er al.,

eral.. 1983




Table 4 (continued)

Rotenoid Compound Source (s) Reference
Dehydroamorphigenin : R=0H Amorpha Hohmann er al..
Jruticosa 1982

Somleva and
Ognyanov, 1985

6-Hydroxydehyea

Autdngninging
CARTAYD TR TN A

systemtatic numbering of (10) rather than that for simple isoflavonoids is used.
however. The majority of natural pterocarpans isolated have arisen from phytoalexin
studies. using fungal or abiotically stressed plant tissues. and the number of examples
continues to grow. making this the second largest group of isotlavonoids atter the
isotluvones (Dewick. 1988).
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Several phytoale : ine are 6a-hydroxypterocarpans and
a range of different iz — I e c 1 identitied.  Canescacarpin,
isolated from bacteri ;s s §f G eons (Lyne, Mulheirn and Keen,

1981). contains an isg N i th opposite configuration (R)

to that observed in the gran and 9-O-methylglyceofuran
from Glycine max iTpre
than dihydrofuran g
observed in clandests

1981).

g ruesure, containing a furan rather
N common isopropenylfuran is
ca (Lyne, Mulheirn and Keen,

In the Phaseola —= : ‘% complex prenylated isoflavonoid
derivatives, e.g. phaseoliin Mg——— produced (Ingham and Markham,
1980). £TBIIA

-

L £
Exampl 7 Y | Table 5.

Table 5 Pterocariills , i

Pt o .f Reference
Homoedudj tarteni Brink, Rall and
¢ &xlulis | Bagelbrecht. 1974
AWIANNIUARNINGIRY




Table 5 (continued)
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Pterocarpan Compound Source (s) Reference
Sophorapterocarpan A (homoedudiol*) | Calopogonium | Ingham and Tahara,
mucunoides 1985 quoted in
Harborne, 1988

Sophora

Komatsu, Yokoe
and Shirataki, 1981

Nitiducol

Van Heerden,
Brandt and Roux,
1978

”"'d"m'ﬁuﬂ'aﬂﬂwﬁﬁﬁmﬁ“

ﬂﬁﬂlﬂJW]’JVlEl aY

Van Heerden,
Brandt and Roux,
1978




Table 5 (continued)
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Pterocarpan Compound Source (s) Reference
Edudiol ; R=0OH Neorautanenia Brink, Rall and
edulis Breytenbach, 1977
Edulenol ; R=OMe N. amboensis Brink, Rall and
Breytenbach, 1977

Neoraucarpanol ; |

Neoraucarpan ; R=£)/

Brink, Rall and
Breytenbach, 1977
Brink, Rall and
Breytenbach, 1977

Isnneurauﬁ“u ﬂtfjﬂ EIV' ‘
RN IUURINY

mﬂ jlngham and Tahara,
na. 1985 quoted in

Hegporne, 1988

e




Table 5 (continued)
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Pterocarpan Compound

Source (s)

Reference

Phaseollidin ; R=0OH

AUINENg
ARIAINTAINY

Dolichos biflorus *

Erythrina
abyssinica
rallodendron

Keen and Ingham,
1980
Kamat er al., 1981

Ingham, 1980

and Mabry, 1982
Ingham and
Markham, 1980
Ingham, 1980
quoted in Harborne
and Mabry, 1982
Ingham, 1980
quoted in Harborme
and Mabry, 1982
Ingham, 1977
quoted in Harborne
and Mabry, 1982
O'Neill, Adesanya
and Roberts, 1983

1988

W TN T R 1055
nd Roberts, 1985

Psa&acmpus

1IN

l.@csmn. 1977

ﬁﬂm 1978

quoted in Harbome,

quoted in Harborne,




Table 5 (continued)
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Pterocarpan Compound Source (s) Reference
Sandwicensin ;: R=OMe Erythrina Ingham, 1980
sandwicensis | quoted in Harborne

and Mabry, 1982

Ueno et al., 1973

tetragonolobus

INYINT
I Ingn

Preston, 1977

aY




Table 5 (continued)
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Pterocarpan Compound Source (s) Reference
Gangetinin Desmodium Purushothaman er
gangeticum al., 1975

Phaseollin

Kamat er al., 1981

Adesanya, O'Neill
and Roberts, 1985
Bailey and Berthier,
1981

Calopacarpin *

FI‘LIEI’WIEIVI
;mm

lysicarpus spp. * | Ingham and Tahara,
w Hl] ﬂ 51935 quoted in
Harborne, 1988

and Tahara,

GHIH!H

szuww'l <

Ingham and Tahara,
1985 quoted in
Harborne, 1988

Pueraria
phaseoloides *




Table 5 (continued)
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Pterocarpan Compound Source (s) Reference
Dolichin A (6aR, 11aR, 2'R) Dolichos biflorus * | Ingham er al., 1981a
Dolichin B (6aR, 1lar, 2'S) D. biflorus * Ingham eral, 1981a

1

Neodunol Ingham and Tahara,
1985 quoted in
Harbormne, 1988

Apiocarpin pios tuberosa * | Ingham and

FI‘LIEI’JVIEIVI WEJ ) G 1552

NI

OH

1INy

aY




Table 5 (continued)

Pterocarpan Compound Source (s) Reference
Cristacarpin ; R=OMe (erythrabyssin I) | Erythrina Kamat et al., 1981
abyssinica
Sandwicarpin ; R=OH E. sandwicensis | Ingham and
Markham, 1980

Erythrabyssin 1T Kamat et al., 1981

| Zahringer, Schaller
and Grisebach, 1981

QRN TRIAMNINRE

Glyceollidg




Table 5 (continued)
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Pterocarpan Compound

Source (s) Reference

Glyceocarpin (glyceollidin IT)

Tuberosin

Ingham eral., 1981b

Glycine max *

Ingham and Tahara,
1985

Lespein

Autinens

QlLespedeza

Ueno et al., 1973

UNANYIaY




Table 5 (continued)

Pterocarpan Compound Source (s) Reference

Glyceollin I Glycine max 1. Burden and
Bailey. 1975

2. Lyne, Mulheirn
and Loworthy, 1976

Lyne, Mulheirn and
Keen, 1981

1. Ingham et al.,
1981 b

2. Osman and Fert,
1983

3. Komives, 1983
4. Banks and
Dewick, 1983

5. Osswald, 1985

Glyceollin II

Canescacarpin (6] 11257 S emmm——c Lyne, Mulheirn and

canescens * Keen, 1981

""""""“‘“"Flﬂilﬁﬂtlﬂ woNNY =

E.Qm'mn and Fett,

']’J VI ﬂ Rﬂivex, 1983

4. Osswald, 1985
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Table 5 (continued)

Pterocarpan Compound Source (s) Reference
Glyceollin IV Glycine max Lyne and Mulheirn,
1978

L Ingham er al., 1981b
Ingham et al., 1981b

Glyceofuran ; R=C
9-0-methylglyceof-

re for homoedudiol

* Plant was subjeq™y g
A Structure previo! ,;,

1.5 Iswd iavans

aﬁﬂ' ﬂimzln substituent, a feature
which appe ﬁu for the biosynthetic
pathways to isoflavans and pterocaghans (Dewicka] 982).

ﬂﬁ’lﬁ\‘lﬂimﬂ’nﬂﬂ’]ﬂﬂ

(11)

Examples of prenylated isoflavans are shown in Table 6.



Table 6 Isoflavans
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Isoflavan Compound Source (s) Reference
Spherosinin Sphaerophysa Kattaev, Nikonov
salsula and Rashkes, 1975

Neorauflavan

-
Glabridin ; R1=%8&
.

4'-Methylglabrid ] ; R{=C 1

R3=OMe

W

Brink, Rall and
Engelbrecht, 1974b

-
il 4

A

e gmbm,

oM INEN SNEN
AANTAUUMNING

Saitoh, Kinoshita
and Shibata, 1976
Mitscher et al., 1980

Mistscher et al.,
1980

aY




Table 6 (continued)
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Isoflavan Compound Source (s) Reference
Leiocin Dalbergia Van Heerden ,
nitidula Brandt and Roux,
1978
Leiocinol Van Heerden,

Brandt and Roux,
1978

2'-Methf1ﬂ;lﬂif]§"8ﬂ %‘rﬂ:ﬂg Iﬂ i Preston, 1975
RN TN UNNING

OMe

af




Table 6 (continued)

Isoflavan Compound Source (s) Reference
Licoricidin Glyeyrrhiza Chang ez al.. 1983
uralensis

Van Heerden,
Brandt and Roux,
1978

Van Heerden,
Brandt and Roux,
1978

Van Heerden,
Brandt and Roux,
1978

alﬁsr et al., 1930

Phaseolus Adesanya, O'Neill
coccineus * | and Roberts, 1985




Table 6 (continued)
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Isoflavan Compound

Source (s)

Reference

2'-Methylphaseollinisofiavan ;

R=0OMe

P. vulgaris *

Bailey and Berthier.
1981

Gottleib et al., 1975

Minhaj et al., 1976 b




Table 6 (continued)
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Isoflavan Compound Source (s) Reference
Hispaglabridin B Glyeyrrhiza Mitscher et al., 1980
glabra

Crotmarine

T =
* Plant was subjecte 4 Ph}'Si'D].UEi\-m SR o0,

Bhakuni and
Chaturvedi, 1984

. ﬂﬁﬂ@ﬁﬂﬂiﬂﬂ’m‘i

Exarn les of 3-arylcoumrins (12) cages prenyl substigynts are shown in

Tﬂhﬁﬁ’l mn‘sm &IWI’JVIEI'IQ g




Table 7 3-Arylcoumarins
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3-Arylcoumarin Compound Source (s) Reference

Glycycoumarin ; R=0H Glycyrrhiza Zhu et al., 1984
uralensis

Glycyrin ; R=0OMe Glycyrrhiza sp. | Zhu et al., 1984

1.7

Examples of 3-ag

have_been isolated from seed of

Millettia thonningi g S — &) . 1982). Robustic acid is

a known compoun v AL

AUENENINGINS
H18Y

(13)

Examples of prenylated 3-aryl-4-hydroxycoumarins are shown in Table 8.

®efare new structures in this
small group. All the IWIL CX AT prr——— ::thﬂxy bstituent (Dewick, 1988).



Table 8 3-Aryl-4-Hydroxycoumarins

3-Aryl-4-Hydroxycoumarin Source (s) Reference
Compound
Glabrescin Derris Delle Monache et al..
glabrescens | 1977

Robustic acid ; [
Thonningine B ;

Robustin ; R=H

Tlmnningiﬂ;l ulti)fj' ﬂ EI Vl %Wmﬂ j Olivares et al., 1982

NN INYINY

W

|
AR

Subba Rao, 1965
Olivares et al., 1982

—elmis sp, cand
D. robusta

Subba Rao, 1965
Subba Rao, 1965




1.8 Coumestans

Coumestans (14) are widely distributed and are easily recognized in solution
or on chromatograms from their intense bright-blue or violet fluorescence under UV
light (Dewick, 1982).

Examples of r #f : Rty WS\ Table 9.

Table 9 Coumestans

Coumestan :5_, %ﬁ‘_ rce (s) Reference

Rich, Keen and
Thomason, 1977

Psoralidin =

qmmn‘mumqwmas




Table 9 (continued)

Coumestan Compound Source (s) Reference
Psoralidin oxide Psoralea Gupta, et al., 1980
corylifolia

Corylidin Gupta, Dhar and
Atal, 1977
Sophnracuumesta A ; R= . Komatsu, Yokoe

franchetiana | and Shirataki, 1981

T“ﬁ**““ﬁﬂﬂ’aﬂtlﬂﬁﬂmﬂﬁi;ffai:ﬁ“ .




Table 9 (continued)
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Coumestan Compound

Source (s)

Reference

Isosojagol

Phaseol

UHINYNS

Glycyrol

f

Phaseolus

coccineus *

O'Neill, Adesanya
and Roberts, 1984

» Y |

O'Neill, 1983

Glycyrrhidly
uralensis

weIn

Zhu et al., 1984

iraga et al., 1984

i

* Plant was subjected to physiological stress



1.9 Coumaronochromones

For many years, only a single example of the coumaronochromone (15) class
of isoflavonoid has been regcognized. This is lisetin, isolated from Piscidia erythrina
(Pietta and Zio, 1983). Millettin was isolated from seeds of Millettia auriculata (Raju
et al., 1981). Lupinalbins B-E all contain isoprenyl substituents were isolated from
Lupinus albus (Tahara, Ingham and Mizutani, 1985 quoted in Harborne, 1988).

Example isoprenyl substituents are

shown in Table 10.

Table 10 Coumarontc!

Coumaronochromone SL2kd) 4 2 Bource (s) Reference

Millettin Raju et al., 1981

Ui NI NIV TR

quoted in Harborne,
1988




Table 10 (continued)
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Coumaronochromone Compound Source (s)

Reference

Lupinalbin C Lupinus albus

Tahara, Ingham and
Mizutani, 1985

1988

quoted in Harborne.

Lisetin ; R=0Me

Tahara, Ingham and
Mizutani, 1985
quoted in Harborne,
1988

1. Pietta and Zio,
1983

2. Delle Monache,
Ferrari and
Menichini, 1984

IR TAUANING

HO Q

Tahara, Ingham and
Mlkutani, 1985

el in Harborne,
1988




70

1.10 2-Arylbenzofurans

A wide variety of 2-arylbenzofuran structure (16) is encountered in nature.
and several different biosynthetic origins are undoubtedly involved. Some structures
are of lignan/neolignan origin and derived from phenylpropane dimers, and others are
probably produced by cyclization of stilbenes. Compound in this group are derived
from leguminous plants, and almost always occur with structurally related
isoflavonoids (Dewick, 1982).

Ambofuran#itr an®oensis was the first example
of a 2-arylbenzofuran w

and Rall, 1980).

(M heterocyclic ring (Breytenbach

Example of 2-2 i

Table 11. Y 0000 y
v ’

Table 11 Z-Arylb, ofure®

g isoprenyl substituents are shown in

Reference
Brink, Rall and
lbrecht, 1974 b

QRIRNTANNING AT




Table 11 (continued)
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2-Arylbenzofuran Compound Source (s) Reference

Ambofuranol Neorautanenia Breytenbach and
amboensis Rall, 1980

Mel

Licobenzofuran £

Chang et al., 1983

Chang et al., 1981

. AutIngningns
RaTTANINYAY

Chalcone, and dihydrochalcones, are Cg-C3-Cg compounds that lack a central
heterocyclic ring. Position on these compounds, unfortunately, are identified using a
numbering system unique to these groups. Chalcones were apparently recognized as
being structurally related to acetophenones whose ring carbons were identified by
primed numbers. Hence, chalcone (and dihydrochalcone) A-ring carbons are also
identified with primed numbers ; the B-ring carbons are identified with unprimed
numbers. This system is illustrated below (17) (Bohm, 1988).
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2.1.1 -Ring Oxygenation

Members of thewmm— it a rich and varied flavonoid
chemistry as reference Wi A
this subgroup from J=e SN i known natural products
\ aterial for formation of the
W% in-B and flemistrictin-C. In

™ ng the 4'-hydroxyl, in one

B Tive chalcones belonging to

include flemistrictin-2
others. The other two !

both of these compol
ran derivative. The new

W0 with the 2"-hydroxyl to yield
reshfethely. Further examples of the
ve®led in a study of F. wallichii

case yielding a furan,
compounds are iSOmEric !
compounds flemistrictin®c
biosynthetic versatility of F&2
(Sivarambabu et al., 1985).

-
A NEW PIET e rsa, called "flemiculosin"

(Khattri et al., 1984) e

2.1.2 Chalcunes Havm One B Ring Oxygenation

AUA mmmnwm FA e reaa 35aic

prenylchalmnz”cm isolated from E?'.thrma aby.rs:mca The cha]::onc is "abyssinone-

" ARIRNTUNRIINGAY

2.1.3 Chalcones Having Two B-Ring Oxygenations

C-Prenylation of flavonoid is common with cyclization to form a variety of
derivatives frequently seen. Most of these derivatives have six- or five- membered
rings (Bohm, 1988).

Pyrano derivatives would be formed by reaction between C-3" of a 3-
methylbuten-2-yl side chain and a phenolic hydroxyl as shown in the conversion of
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model compound (18) to (19). A five-membered heterocycle would be formed by the
reaction at C-2" of the side chain (Bohm, 1988).

(19)

2.1.4 N '-Ring Oxygenations

cone-I1" was isolated from
n, K.V.1., 1977).

A trioxygen®
Pongamia glabra (Subr:

Examples of pre . ML= W\ Table 12.

Table 12 Chalcones

Chalcongni Reference
Derricidin ; R1= ;f : Y] Braz Filho et al, 1975
(cordoin) -

’ Lonchocarp Delle Monache,
Cuca Suraez and
ﬂ'lJEI'WIEWI W)Y Qi oo, 1078
Flemistrictin® Flemingia stricta | Rao et al., 1976

ﬁmmn‘smuﬁW'fmi““’




Table 12 (continued)

74

Chalcone Compound Source (s) Reference
y-Isocordoin ; R1=+\\ , Ra=H Lonchocarpus Delle Monache et al..
sp- 1974 quoted in
Harbome and
Mabry, 1982
Flemistrictin-B Subrahmanyam
etal, 1982
Y )
Flemistricis-| an N 2 1§ [ Subrahmanyam
B INYNIWHTT. ce. 0
Y

QRIRIN TN INY

of




Table 12 (continued)
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Chalcone Compound Source (s) Reference
Flemistrictin-E Flemingia stricta | Subrahmanyam
etal., 1982
Flemistrictin-F N - - Subrahmanyam
AZP NN etal., 1982
b L\
/% "\
HO o g C a4\ \
“?iﬁﬁﬁﬁiﬁ\ |
F‘::;ﬁ
»y
Flemiwallichin- g7 1. Subrahmanyam
et al., 1982
’ 2. Sivarambabu
et al., 1985

ﬁe,..mu.mmuﬂmam

wallichii

w'EJ‘:I ﬂ 51 Subrahmanyam

et al., 1982

ﬁ! gambabu
Ehss




Table 12 (continued)
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HO

Flemiwallichin-E

Chalcone Compound Source (s) Reference
Flemiwallichin-D Flemingia 1. Subrahmanyam
wallichii etal, 1982

2. Sivarambabu

et al., 1985

1. Subrahmanyam
etal, 1982

2. Sivarambabu
etal, 1985

Flemiwallichin- F ‘o

ﬂ‘LIEI’JVIEWI

1. Subrahmanyam

w Mﬂ iez al., 1982
2. Sivarambabu

g~ 1985

At




Table 12 (continued)
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Chalcone Compound

Source (s) Reference

Ovalichalkone

Ammothamnus | Sattikulov et al.,
lehmanni 1983 quoted in
Harborne, 1988

Gupta and
Krishnamurti, 1979

Ovalichalkone-A ¢

AUt Ingn’
%

Gupta and

wmn 7Knshnamun1 1979

ANYTa Y




Table 12 (continued)
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Chalcone Compound Source (s)

Reference

Pongachalcone-I Pongamia glabra

Subramanyam, K..

K.V.1, 1977

Rao, .M. and Rao,

Praecanosone-A °

Praecanosone-B ;

ﬂuﬂ'mﬂﬂ%‘wmni

Camele et al., 1980

Camele et al., 1980

4-Hydrox rls]uﬁrﬁnfi] R;_ Logghocarpus
4-Hydroxyderricin ; Ri= "% L. sp.
R,=CH;

a;ﬂn uoted in
e and
Mabry, 1982
1974 quoted in

Harborne and
Mabry, 1982

Mﬂnache: etal.,

Delle Monache et al.,




Table 12 (continued)
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Chalcone Compound Source (s)

Reference

Xanthoangelol ; R= —_, ,R,=H Lespedeza
_\_(_\=( cyrtobotrya

Miyase et al., 1980

Braz
1975

Filho et al.,

“‘“”"“"’ﬁ“ﬁ?iiﬁmw%r Wﬁ"ﬁ ﬁ“%

Braz
1975

Filho et al.,




Table 12 (continued)
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Chalcone Compound Source (s) Reference
Glabrachalcone Pongamia glabra | Pathak, Saini and
Khanna, 1983

Suri et al., 1980

Bavachromanol

!‘I‘-'J

Le.fpede..a Miyase et al., 1980

INEANT
MAINYIAY




Table 12 (continued)

Chalcone Compound Source (s) Reference
Licochalcone-A Glycyrrhiza Saitoh and Shibata,
glabra 1975
3,4-Dihydroxylor Braz Filho et al.,
Ri=R;=R3=H 1975

Pongachalkone II ¢

Glabrachromene-II ; R1= <

Rz = R3=-0-CH2-Q-

-

Glabrachromen&d .
R2 = R3=-0-CHz-(¥|j

Subramanyam, K.,
Rao, .M. and Rao,
K.V.J. 1977
Subramanyam, K.,
Rao, .M. and Rao,
K.V.I, 1977
Subramanyam, K.,
Rao, J.M. and Rao,
K.V.1. , 1977




Table 12 (continued)

Chalcone Compound Source (s) Reference
Flemiculosin Flemingia Khattri er al., 1984
Sfruticulosa

Bhakuni and
-re.-..ffs Chaturved, 1984

Crotmadine

g
f’*bFSSmﬂﬂu El fJ ﬂ E' ﬂ%ﬂ;}ﬂﬂ Kamat et al., 1981
RSO UNNAINYIRNY
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2.2 Dihydrochalcones

Identification of positions in the dihydrochalcones follows the pattern
described for chalcones. This section also treats dihydrochalcones that have
substitutions on the o- and - carbons of the bridge (Bohm, 1988).

C-Prenylation is frequently seen in flavonoids isolated from members of the

genus Flemingia. "flemistrictin- | plated from F. stricta along with a series of

chalcones and flavanones may <ncipally in the manner of ring closure

of the prenyl group (Subr=

Examples of hown in Table 13.

Dihydrochale : )\ Ny Reference

Dihydrocordoin L. 'i; "\ Delle Monache er al.,
‘ \\ 1974

e NN NG e
RDAINIUNMNING A Y

HO




Fel
£
2.3 Flavanones w

Flavanones are colorless substances which are simple reduction products of
flavones (Harborne, 1973). The numbering system for flavanone (19) uses primed
number for the A ring and unprimed numbers for the B ring (Bohm, 1982). Since C-2
of the flavanone molecule is a centre of asymmetry ; the phenyl substituent at that
position can be either in the (25) configuration with that group indicated as being above
the plane of the page. The formg I F }jon is considered to be the natural one.
Many, if not most , reports oi \// omment on the stereochemistry of
the compounds. This iS USymesS se of it e || amounts of material available

; in some cases identiz"— re ghsu sy ¢ basis of chromatographic

comparisons (Bohm, 19522

2:3.1 B-Ring Oxygenation

The Siﬂlpll — Y 7 anone. It was originally
discovered in member= 1 - ative of this compound are
fairly well known. =#fe parent C-prenyl derivative (&), known from the genus
Tephrosia, has now beerfigalated from anotiggs member, namely T. falciformis, where

o iy uﬂawmwmﬂwam .

Ghanim, 1986)q)

9 ANNTI RN

(21) (22)
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Prenylated pinocembrin derivatives were first obtained from members of two
plant families, Leguminosae and Compositae. These two families continue to yield
new and interesting members of this group of flavonoids (Bohm, 1988).

Greater levels of complexity are seen in the prenyl ethers isolated from seed of
Lonchocarpus costaricensis (Waterman and Mahmound, 1985).

Tephrowatsin-C was isgy # 77osia watsoniana. Hydration of the

prenyl function also occurs g Somez ef al., 1985).

2.3.2 d-Ring Oxygenation

No group of, enylation in the Legumes.
Several examples are ©

8,3",5"triprenyl derivauy

8-prenyl, 6,8-diprenyl and

A series of tlav 1yl groups has been isolated

from Amorpha fruticc®. 3 o amng 3" 4'-dioxygenation it is
convenient to present i T = ol "\ ven share the 6,8-diprenyl
, — o moridin" which is 6,8-diprenyl-
iylnarigenin (Rozsa ef al., 1982 b).

substitution. The simplest ¢
7-O-methylnarigenin. "Amorili _

The tripre b., '
"sophoranone"”. It y
(Baruah er al., 1984).

o) hich its common name
Y ):cume, Millettia pulcha

Multi C- idn agmn is commondy met feature of flavanones in the

Leguminosse @34 BF V499 q.wag 7. ———

found in membd@j of the chummnsac (Boh

 RARIATRUARATNYA G

C-prenylated flavanones were isolated from Euchresta japonica. One of
these is a derivative of narigenin. The other two compounds were "euchrestaflavanone-
B" and "euchrestaflavanone-C".

Examples of prenylated flavanones are shown in Table 14.
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Flavanone Compound Source Reference
6- Prenylpinocembrin ; R=H Derris rariflora | Braz Filho, Gottieb
and Mourao, 1975
6-Prenyl-7-methyl ether D. rariflora Braz Filho, Gottieb
pinocembrin ; R=CHj and Mourao, 1975

Komatsu, Yokoe
and Shiritaki, 1978

T-Methylﬁ;bﬁ.ﬂiaﬂ El ﬂ %"w}m m
SUURNANYIRY

w

e,

HO

-0

Jayaraman, Ghanim
and Khan, 1980




Table 14 (continued)

Flavanone Compound Source (s) Reference
Candidone Tephrosia elata | Lwande, 1985
(A) Ri=H, Rp= = Gupta and
Krishnamurti, 1976a
Gupta and

B)Ri=Rp= X 4

Krishnamurti, 1976a




Table 14 (continued)
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Flavanone Compound Source (s)

Reference

Sigmoidin B E. sigmoidea

Fomum et al., 1986

Sigmoidin C

Fomum er al., 1956

Amoridin ; R1=7=
A

-
LY ‘
i
Ll -

Amoradicin ; Ry=14J, Ry=H, R3mormmees ruticodl
=H, R3=0Me . fruticosa

moradinin : Ry=Mie fisiana

Rozsaetal, 1982 b

Rozsa et al., 1982 b
Rozsa eral., 1982 b
Rozsaeral., 1982 b
Rozsaeral., 1982 b
Rggsa eral., 1982 b

amuritin:ﬁW' it .
ERTRTI MUY

Amorisin ; J=H, Ro=
R,0

HO O

N




Table 14 (continued)
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Flavanone Compound Source (s) Reference
Amorinin Amorpha Rozsa et al., 1982 a
Sfruticosa

Tephrowatsin-C g4

-t
LY ‘
i
"t

Gomez et al., 1985

Falciformin

T. falci farnu.r

ﬂusqwawﬂWﬂﬂn

Khan,
handrasekharan
and Ghanim, 1986

i




Table 14 (continued)

Flavanone Compound Source (s) Reference
Ovalichromene : R=OMe Milletia ovalifolia | Gupta and
Tephrosia Krishnamurti, 1976
(-)-Isolonchocarpin ; R=H purpurea Gupta, Krishnamurti
and Parthasarathi,
1980
Obovatin methyls Khalid and

-
=

!i "

Waterman, 1981
Rao, Venkataratnam
and Vilain, 1985

Cajaflavanone

Ca;amm ca_;an

ﬂuH?ﬂﬂﬂﬁWﬂﬂﬂTm

Bhanumati et al.,




Table 14 (continued)
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Flavanone Compound

Source (s)

Reference

Erythrisenegalone

Erythrina
senegalensis

Fomum, Ayafor and
Wandji, 1985

Smalberger,
Vleggaar and Weber,
1974

Mahmound and
Waterman, 1985

Ovalichromene-A ; li.-DMc

mmmquuqnﬂw
q

M;Hema

WELLN

Islam, Gupta and

Krishnamurti, 1980

Isla.m. Gupta and
Kgighnamurti, 1980

ﬁ\‘lﬂﬁullﬂ’]’mﬂ a ¢




Table 14 (continued)
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Flemichin-A

Flavanone Compound Source Reference

Ovaliflavanone-C ; R=H Milletia ovalifolia | Islam Gupta and
Krishnamurti, 1980

Ovaliflavanone-D ; Rz_\=( M. ovalifolia Islam Gupta and
Krishnamurti, 1980

iy
A

1. Roaetal, 1975

K.V.J., 1979

2. Sivarambabu, S..
Rao, J.M. and Rao,

Flemichin-E

¢

AULINYN
ANINYTAY

F. wallichii

INYNT

K&J., 1979

1. Roaeral, 1975
2. Sivarambabu, S.,
Rao, J.M. and Rao.




Table 14 (continued)
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Flavanone Compound

Source (s)

Reference

Flemichin-D

Flemiflavanone-&
(enantiomer of f

Flemiflavanone-A,

,‘ﬁ

HO”

sOpY

Flemingia stricta

Sivarambabu, S..
Rao, J.M. and Rao.
K.VI, 1979 a

Sivarambabu, S.
Rau, j_M- an_d Raﬂh
K.V.J., 1979 a

Sivarambabu, S.,
Rao, .M. and Rao,
K‘V_J-t 1979 a

Sivarambabu, S.,
9. J.M. and Rao,
§ 1979 a




Table 14 (continued)

Flavanone Compound Source Reference

Sophoranol Sophora

-

Abyssinone 11 ; %
v

Abyssinone IV ;R" JH, Rp=R3=

i = =H: = =_\=< .
Q:J.Tifﬂ:ﬁi HEITHN

= Y |

E. abyssins

Komatsu, Yokoe

tomentosa and Shiritaki, 1978

Kamat et al., 1981
Kamat et al., 1981

. Kamat et al., 1981

Kamat et al., 1981

r B
i

. abyssinica Kamat er al., 1981

wyﬂ‘ﬂ“iﬂmah etal., 1984
IMNYTAY




Table 14 (continued)
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CH,
I
R;= cmcn — cow,
Q
Hydroxysophorano:

R2=R3=R4= —\=<

Flavanone Compound Source (s) Reference
Euchresta flavanone-A ; R1=R3=_\"'( Euchresta Shirataki et al.. 1981
. R2=R4=Rs5=H Jjaponica
Flemiflavanone-D : Ri= X, Flemingia stricta | Mitscher et al., 1985
R2=R4=Rs=H,

Baruah et al., 1984

Fleminone

Rao and
Srimannaryana,
1983

AusiInaniweng

Euchres taf"‘vann ne-B Euchresta

QMANN IR TNRY

Shirataki et al., 1982




Table 14 (continued)
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Flavanone Compound Source (s) Reference
Euchrestaflavanone-C Euchresta Shirataki et al., 1982
Japonica

Nijsiri Ruangrungsi
etal., 1992
Nijsiri Ruangrungsi
etal., 1992

MINYNRY




Table 14 (continued)
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Flavanone Compound

Source (s)

Reference

Exiguaflavanone D

Exiguaflavanone

Sophora exigua

linuma et al., 1993

-
[‘
i
"

linuma et al., 1993

Exiguaflavanone F

ﬂ‘LIEI’J‘V]EWI WEI’Iﬂ‘ﬁ

Sophora exigua

linuma et al., 1993




Table 14 (continued)

L]

Flavanone Compound

Source (s)

Reference

Exiguaflavanone G

Sophora exigua

linuma et al., 1994

i \I:-F

linuma et al., 1994

Exiguaflavanone 1

ﬂﬂﬂ?ﬂﬂﬂi

Saphara exigua

Wﬂﬂﬂi

linuma et al., 1994




Table 14 (continued)

Flavanone Compound Source (s) Reference

Exiguaflavanone J Sophora exigua | linuma ez al., 1994

Exiguaflavanone fLIL R N - linuma et al., 1994

-

LY ‘
f

i

Ly

Sophora xgua linuma et al., 1994

AUBINENTNEINT
RIADINIMNINGINY

OH

Exiguaflavanone L ¢
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Table 14 (continued)

Flavanone Compound Source (s) Reference

Exiguaflavanone M Sophora exigua | linuma er al., 1994

* Stereochemistry urgf

clbered in the same fashion
as flavanones. C : y; B 1avonols, so four isomers
are possible for each §{fnpouii® e tura ) occurring dihydroflavonols

exist in the (2R : 3R) cn&ﬁ uration, but afew cﬂmpuunds are known with (25 : 35)

AU UNINYINT

Pilllylated djhy&mﬂavonols are a somewhat better known group of natural

SRR BIN ik |} b L] e

stereochemistry. This compound was isolated from Tephrosia lupinifolia (Smalberger,
Vleggaar and Weber, 1974).
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Reference

Singhal et al., 1980

Tirumalin

HO

ﬂuﬂawawinaﬂim

nchosi Adinarayana et al.,

@ymuwwqwﬂﬂaa
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Table 15 (continued)

Dihydroflavonol Compound Source (s) Reference
Sophoronol Sophora Delle Monache et al..
tomentosa 1976

Glepidotin-B Mitschor et al., 1983

Luplmfullﬂ u El q ‘n El ﬂ iﬂﬂgﬂ ﬁt;:;f R

* Stereochemistry unknown



103

3. Flavones and Flavonols

A series of flavonoids, C-prenylated flavones and pyranoflavones, these were
from Tephrosia. Trans-tephrostachin and trans-anhydrotephrostachin are remarkable
for the unusual trans configuration in the side chain (Khalid and Watermann, 1981).

Prenylated flavones and flavonols are shown in Table 16.

Table 16 Flavones and Flavor

Flavone and Flavon - s Reference
cis-Tephrostachin ; ] > Kalid and
R=CH=CHC (OHZ v N Waterman, 1981

trans-Tephrostachip ‘ \\ NN Kalid and
R=CH=CHC (G AN Waterman, 1981
trans-Anhydrotepl 4 Kalid and

Waterman, 1981

-
[‘
i
"

Isnpongachmmem—. ¢ . Pongamia Pathak, Saini and

ﬂﬂﬂ?ﬂﬂﬂ NN
RN Y
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4. Flavans and Leucoanthocyanidins

Prenylated flavan, namely nitenin has been isolated from the leaf of Tephrosia
nitens (Gomez et al., 1984) and T. watsoniana (Gomez et al., 1985).

Tephrowatsonin A is leucoanthocyanidins (natural flavan-4-ols) isolated from
the leaf of T. watsoniana contains prenyl substituents (Gomez et al., 1985).

Examples of prenylated f ! Juecoanthocyanidins are shown in Table 17

Flavan and LeulC5" i | Reference
Nitenin Gomez et al., 1984
Gomez et al., 1985
Vi Y]
Tephrowatsonin ""‘ - eia I Gomez et al., 1985
watsonicna
ﬂuﬁ"iﬂﬂﬂ "Wﬁl’lﬂjﬁ

NN Ing)ay
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5. C-glycosylflavonoids

C-glucosylisoflavanone, namely dalpanin has been isolated from Dalbergia
paniculata, with a phloroglucinol derived A ring and a 2',4'-di-O-substitution
(Adinarayana and Rao, 1975).

Example of prenylated C-glycosylflavonoids is shown in Table 18.

Table 18 C-glycosylflavonog

C-glycosylflavonoieg Reference

Dalpanin Adinarayana and

Rajasekhara Rao,
e 1975
HO
HO
Biosynthesis ™
‘ IV !h,"‘[

! :
In the past few j‘lpars mnmdcfabie rOgress has bcen made in elucidating the
biosynthesis '

~ 1 w enzymology has
developed rapilil¥. i he@e a few reactions still

remain unknowrl, the essential steps gf the hmsyntlgc pathway nf main flavonoid

RN I AN IR

realization that flowers are rich sources of enzymes for further reactions in flavonoid
biosynthesis on the other, have provided the means for producing 14C-labelled
substrates, particularly (§)-naringenin and (2R, 3R)-dihydrokaempferol, in
enantiomeric pure form and with high specific activity. Furthermore, studies in cell
cultures are being supplemented of replaced by studies in flowers from intact plants.
The extensive genetic information already available about flavonoid biosynthesis in
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flowering plants has proved to be of great advantage. The detection of enzymes in cell-
free extracts has also been improved considerably and high-performance liquid
chromatography has been more and more applied to the separation, identification and
quantification of substrates and products. The general overview of the origins of
flavonoid precursors and the interlocking of the individual reactions leading to the
various flavonoid classes. Since all flavonoids derive their carbon skeletons from two
basic compounds, malonyl-CoA and the CoA ester of a hydroxycinnamic acid, the
biosynthesis of these compourd 1\ 4 as followed (Heller and Forkmann,

1988) .

The origins of tn="— s-coumaroyl-CoA and malonyl-
CoA and the biosyntnes
demonstrated in Fig. \ ..
group in the B-ring g r 4 S %hiosynthetic pathway are

summarized in Table 1¢

B cirious flavonoid classes are

R ces with a single hydroxyl

Both flavonoi pohydrates. Malonyl-CoA is

synthesized from the gl oA and carbon dioxide, the

reaction being catalysed M- supply of 4-coumaroyl-CoA

is more complex. It invollfs tHaae :’}"—‘ M pathway, the main route to the
aromatic amino acids, ph-:ny _,,-Bg ine in higher plants. Subsequent

transformation of Mg ysed by phenylalanine

ammonia-lyase w ,; == F"; 'y metabolism and the

phenylpropanoid patgd:} = Innamate by cinnamate 4-

hydroxylase leads to 4 Jumam},rl -CoA by action of 4-cotedarate : CoA ligase.

10T ) 121 (e 118 i
molecules of 1€ CoA ester, ordinarily

4—cuumam}rl -CoA, to the Cj5 chalc#he intermedigsg [4 2'4'6'- teumdmxychalmnc

A RAATATU HAVI R ARY o
other difjhenylpropanoids are derived from the chalcone Intﬁl’l’l’.'lf.'.dla ransformation

by stamuspcciﬁc action of chalcone isomerase provides the first ﬂavnnmd, a (25)-

flavanone (naringenin).

Oxidative rearrangement of the flavanone, involving a 2,3-aryl shift, yields an
isoflavone (genistein). The reaction is catalysed by ‘isoflavone synthase’. Introduction
of a double bond between C-2 and C-3 of flavanone leads to the abundant class of
flavones (apigenin). Two different enzymes are known to catalyse this reactin : a
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dioxygenase and a mixed-function mono- uxyécnasc Dihydroflavonols
(dihydrokaempferol) are formed by direct hydroxylation of flavanones in the 3
position. This reaction is catalysed by the dioxygenase, flavanone 3-hydroxylase.

Dihydroflavonols are biosynthetic intermediates in the formation of flavonols,
catechins, proanthocyanidins and anthocyanidins. The large class of flavonols (e.g.
kaempferol) is formed by introduction of a double bond between C-2 and C-3 of
dihydroflavonols. Flavonol syn 081} ) 7jme catalysing this reaction, is also a
dioxygenase. Reduction of th \ ¢ alihydroflavonols in the 4 position
gives rise to flavan 2,3-1r o diols % e sigonidin). These compounds,
also named leucoanthoc{ee—==, 3 110 . cursors for the synthesis of

catechins and proanthicse
leucoanthocyanidins %G _ N ®:tase. Proanthocyanidins
(propelargonidin B _4# » 4 NESion of catechins and

\ \ pthocyanidins (pelargonidin)

A W\c s a glycosylation, usually a

BSs-iccnin) are synthesized from

leucoanthocyanidins. .

The reaction st- #Ff
are still unknown. An oli o
glucosylation, in the 3 po. A idir\ % Ma suitable intermediate. This

\
\

reaction leads to the first sta 1a®onidin 3-glucoside).

Modification by _k and, in particular, the B-ring,
methylation of hydr o3 AL - 4 'ylation reactions result
in the immense dive Sdd Nl Ous enzymes catalysing
these modifications ha'f{been Gooers ——acymes @i} act on both intermediates

(flavanone or dlh}rdmﬂa?unni) and end pr@cts {ﬂavnnf: isoflavone, flavonol or

BT ﬁ'w?mzrmwmm

reMlt of extensive gf:m:Pc studies in a wide variety of lanl:.s.1 mutants are

N AL OL Y e T et (R

amount of genetic information has increasingly been used in the elucidation of
flavonoid biosynthesis. Flowers of genetically defined plants have proved to be very
valuable for supplementation experiments with potential precursors, as well as for
correlating single genes with particular enzymes. Such correlations clearly establish
that an enzyme capable of catalysing a particular step in vitro has the same function in

vivo.
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CARBOHYDRATES l
Shikimate
Acetyl-CoA |,
Arogenate
| Phinﬂnlmlnr
4-Coumaroyl-CoA 4-Coumarale

3 Molonyl-CoA

ﬂuﬂ?ﬁﬁﬁ%WﬂTﬁ%
qmmm mqm

Pmpci-lmnnu.ﬁuﬂ 3

Amhncyanh
Pelargonidin 3-ghucoside

Figure 1  Scheme illustrating the pathways to phenylalanine and acetyl-CoA, and

the following reaction steps leading to the various flavonoids classes. The enzymes

marked with numbers are listed in Table 2
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Table 19 List of Enzymes Leading to Various Flavonoid Classes.

Enzymes of the preflavonoid pathways are marked with the roman numerals,
enzymes of the flavonoid pathway with arabic numerals.

Enzymes

Non-flavonoid precursy

i
2
3
- |
5
6
7

| ]
|
|
|
|
i
|
|

. AUEINININYINT
Y ek Kkl £alk Ik la (oK (1 11V~

produce the rearranged 3-phenylchroman skeleton that differentiates isoflavonoids from
other flavonoids. The last decade or so has seen significant progress towards our
understanding of isoflavonoids biosynthesis, and the main reason for this must lie in
exploitation of the fact that some isoflavonoids are produced in plant tissues as stress
metabolites or phytoalexins. Their production can be induced by treatment of plants, or
plant parts, with fungi, abiotic inducers or fungal elicitors. This leads to rapid

synthesis over a short period of time, during which labelled precursors can be applied,
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resulting in high incorporations and allowing the use of modern stable isotope
methodologies. Similarly, enzymes catalysing parts of the pathway can be found at
much higher levels of activity during the stress period. Research efforts into
isoflavonoid biosynthesis have been expended in two main areas, how the various
isoflavonoid classes are interrelated, and secondly the mechanism of the unusual aryl
migration (Dewick, 1988).

4.2.1 Biogenetic Jizs Among the Isoflavonoids

gFant systems, a scheme (Figure 2)
ccurring isoflavonoids can be

As a result of m!
interrelating ten of the
present (Dewick, 1985

OH

Isaflavanyi-i-carbocation G- Hydroxyplerocarpan

Figure 2 General scheme of isoflavonoid biosynthetic relationships.



111

Part II : Pharmacognostic Specification
Leaf Measurements
1. Palisade Ratio
1.1 Definition of Terms Used

|} pvnthetic cells of the mesophyll of a leaf
! surface layer (Esau, 1972). The
- irranged in one or more rather
s per side of the leaf with the
s and MacDaniels, 1974).

Palisade Cells are a type 3

occurring mostly just beneath 4

cells are elongated and mo=Ssg <yl
regular, relatively comp: ~— — N v
long axis of the cells perm=—e N

e cells beneath each upper
% . total number of palisade
Sviding the number by four

Palisade Rat-
epidermal cell (EvansT i
cells beneath four con 4

1.2

The determination®t ;:’i';f“"_
1925 in their studies of the g;"@
average number of [ My
value. Although the; ;-
the base of the leaf to (q} aps
area of the epidermal ®ils, the ratio remained almost c&%stant (Zorning and Weiss,

1925 quoted in iﬁ i% v ‘

In lgﬁﬂs and eww%mwzﬂmﬂaﬂnnm?ngmh some different
varietie u. ey found it Possib ] ish Barofa pulchella, B.
o A A ATV S MM AN AT BT Rs o o
“palisadéfratio” as a figure obtained by counting the total number of palisade cell
beneath four upper epidermal cells and dividing the number by four (Evans, 1989).

nti®duced by Zorning and Weiss in
Bl Evans, 1978). They stated that the
'~ 1 cell was of diagnostic
Y ) cased successively from

ori ponding diminution in the

Wallis and Forsdike, in their investigation of the palisade ratio of Atropa
belladonna Linn., Scopolia corniolica Jacquin and Solanum nigrum Linn., found that
the palisade ratio did not change with the age of the leaf, the habitat of the plant, or
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from year to year within either of these species (Wallis and Forsdike, 1938 quoted in
Youngken, 1950).

Figures for senna have been published by George in 1943 and 1946 (Evans,
1989). He determined the palisade ratio ranges for the upper and lower epidermises of
Alexandrian and Tinnevelly Senna leaflets. He showed that the lower epidermis of
Cassia acutifolia Delile. and the upper epidermis of C. angustifolia Vahl. both have
palisade ratios very near 7.5, tha: J 088§ B gepidermis of C. acutifolia Delile. has a
palisade ratio of 9.5 and the 1 \ ' | angustifolia Vahl. has a palisade
ratio of 5.0, and that the ST, a ple gther species of Senna can be
established from the mcTe— 3, ]i s Ueterminations on epidermal
fragments, a value aboToT L AR elile and a value below, C.

angustifolia Vahl, (Geatl® AR,

The developmer, oW largely upon light intensity.
There may, therefore 4#f ! Al A and arrangement of the
palisade parenchyma in ! ‘ \\ different conditions (Eames,
1974). However, it is Cvi¢
definite relation to the ep#c:

serve as a diagnostic charac

cclls of the mesophyll bear a
tio is sufficiently constant to

The palisade ratig.a emination of quite fine powders

(Evans, 1989). (S — 4
y: - !‘ d
2. Stomatalll§lu

Definifigg, of Terms Uggd

AUBINENTNING, o ..

mtcmhangc takes place between the i'lterceilula: sgages of the subegjdermal cells and

AR AN -
guard ce e term "stoma" 1s also applie e opening in the epidermis plus the

surrounding guard and subsidiary cells (Eames and MacDaniels, 1974). In the latter
case the term "stomatal apparatus” is preferred.

Stomatal Number is the average number of stomata per square millimetre
of epidermis. In recording results the range as well as the average value should be
recorded for each surface of the leaf and the ratio between the two surfaces (Evans,

1989).
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Stomatal Index is the percentage proportion of the ultimate divisions of the
epidermis of a leaf which have been converted into stomata (Evans, 1989).

Stomatal Index (I) = S x 100
E+38
Where S = number of stomata per unit area

and E = number gf,ordinary epidermal cells in the same unit

2.2

The stomata ag - Ina irts of plants particularly the
leaves. In green leaves ' AN 7, S or on one only, either the
upper or more common’ 4 : N Laeswmnber of stomata per square
millimetre of epidermis 19 7 WIS apparently related to the
humidity of the envir e ff | tiv o Nt seem to have no effect
(Salisbury, 1927 quoted : g 4 f 2o W% W\ tomata has been established
as 100 to 300 per sq-um“m*' AT ec.es (Stalfelt, 1956 quoted in

Esau, 1972).

Fcated that stomatal number varies
2l number of stomata per square

The investigations of Y
considerably with the age g
millimetre is varia h., ——— :’5 de for different years
(Timmermann, 1927 V. _ ?“ ..d that stomatal numbers
are usually useless for "'3 N U Loy ooty allif d species, but that in certain
cases the ratio between number of stomata on the two surfact: may be of diagnostic

importance. m mﬂﬂ€WW§ innoxia from other
species of Dat.

AT W
Si ange 7 ‘Rang = P ower / Upper
D. stramonium  59-140 37 145-254 200 2.3

D. tatula 93-175 126 155-331 208 1.65

D. laevis 108-115 111 188-215 201 1.80

D. innoxia 82-172 41 105-223 165 1.17
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In 1925, Salisbury indicated that the number of stomata increases toward the
apex and margin of the leaf where the cells decrease in size, the proportion of stomata
to epidermal cells remaining the same (Salisbury, 1927 quoted in Eames and
MacDaniels, 1974). He also showed that a high correlation coefficient exists between
the number of stomata and the number of epidermal cells per unit area of leaf surface of
a given species. He proposed the following formula for the calculation of the stomatal

index :

Stomatal Index (1. S-S

where S is the numbe g Z is the number of ordinary
epidermal cells in the 2 . aNlex expresses the percentage
proportions of the u®in- S Y A\ 5" 3 leaf which have been

converted into stomats g\

Whilst stomat, F J vaail @l the age of the leaf, stomatal
index is highly constant Ll e W\ W\determined on either entire or

" r-!”..'"
+ e

powdered samples (Evans,

Rowson showed that=SSmiTs walues may be used to distinguish

S, tarh )
between leaves of goge tghin Wallis, 1960 ; Evans,

1989). .“;‘ 4

Stomat&ndex
¢ o or sulld Lower surface

Atropa ac " 160 to 17.5 to 18.3
Atropa beﬂadanm 2. 3‘0 3.9 10 10.3 20.2 1 7 to 23.0
i@ AN ﬂﬁm%'mﬁ N ﬂﬁ}ﬂlﬁ} 0 126
Cassia dbgustifolia 17.1 to 19.0 to 20.7 17.0 to 18.3 to 19.3
Datura inermis 18.1 to 18.3 to 18.7 24.5 to 24.9 to 25.3
Datura metel 12.7 to 17.4 to 19.4 21.2 to 22.3 to 23.9
Datura stramonium 16.4 to 18.1 to 20.4 24.1 o 24.9 to 26.3

Datura tatula 15.6 to 20.2 to 22.3 28.3 t0 29.8 to 31.0
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Digitalis lanata 13.9 to 14.4 to 14.7 14.9 to 16.1 to 17.6

Digitalis lutea 25t055t0 84 21.6 to 22.9 to 25.2
Digitalis purpurea 1.6 to 2.7 to 4.0 17.9 to 19.2 to 19.5
Digitalis thapsi 5910 7.0to0 7.8 11.9 to 12.4 to 13.5
Erythroxylum coca Nil 12.2 10 13.2 to 14.0
Erythroxylum truxillense Nil 8.9 to 10.1 to 10.7
Phytolacca acinosa 15.0

Phytolacca americana 13.0 to 13.2 to 13.4

Forsdike showe used to distinguish those of

Alexandrian senna (For ; Trease and Evans 1978).

g Pharmacopoeia, 1969, to
» 1989).

Stomatal inde:
distinguish leaflets of

3 Vein-Isle .
3.1 Definiti

Vein-Islet is the ¢ _,J-;:’j@ gsynthetic tissue encircled by the
'"*89}.
Y |

Sem> per square millimetre of

ultimate divisions of{ .4

v,
Vein-Islet [No 12
leaf surface calculated =#m four contiguous square millin&d es in the central part of the

lamina, midway between @hgsgnidrib and the gggrgin. The result should be given to the
mﬂﬂfﬂ%&‘ﬁl?ﬂﬂ?ﬁﬂﬂ']ﬂi
History

q0sSaRlNm ey, ...

given species of plant and can be used as a character for the identification of species
(Wallis, 1960).

The term "vein-islet” was first introduced in 1915 by Benedict, who defined it
as the size of aggregation of photosynthetically active cells surrouning by the veinlets.
He suggested that the average vein-islet area is of physiological significance (Benedict,
1915 quoted in Wallis, 1960).
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The vein-islets increase in size as the leaf matures, their growth being a part of
the general growth throughout the leaf. In full growth leaf of any one species, the
number of vein-islets per unit area of leaf surface is apparently fairly constant,
regardless of the size of the leaf or the age of the individual plant (Ensign, 1919 quoted
in Pisetpakasit 1976 ; Levin, 1927 quoted in Wallis, 1960).

Levin determined the veirgi & § gumbers of a number of species of senna,

coca, digitalis and buchu leave g sequently determined the value for
various species of Digitalis¥s

closely related plants. Tmmmmmm—tof @ cics it will be noted that B.
serratifolia and B. bats . “ | from B. betulina by their
palisade ratios, are dis AN 3y their vein-islet numbers.
The values of vein-isle i 4 f = AN are follows (Levin, 1927
quoted in Trease and Eva 41, '

@ frequently serve to distinguish

e of veinislet numbers

(a)Senna  Cassia sen; et AN 15102610295

Cassia angus| fffliq Sa= B " 195021 t022.5
(b) Coca Erythroxylum cocim= - 8to1lto 12
Py LIRSS
Eryrfr T to 20 to 26
(c) Digitalis ~ Digit ;, — ,":’d’ 03.5105.5

Dignafu ” =2 to 2.7 10 3.5
a 3to4.4 108
1to 1.2 to 1.5

ﬁw@mmwmn%-m

(d) Buchu B asma bathii 15t0 lﬁ to 20
QRIRINIU U INETB:
Barosma betulina 10 to 12.7 to 15
Barosma ovata 15-20
Barosma pulchella 610 7.2 to 8.5

Barosma venusta 5t06.0t07
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The shape of the vein-islets is also frequently characteristic and will often
enable one to sort out a mixture of leaves which have been broken into small fragments
(Wallis, 1960). Forsdike showed that the appearance of leaf venation under a hand
lens, when viewed by transmitted, and by reflected light, may be used to distinguish
medicinal leaves from their common adulterants (Forsdike, 1949 quoted in Wallis,
1960).

4. Veinlet Termina;
4.1

A Veinlet o e L wa-tip running out from the
surrounding veinlets is , ; R b5, 1960). It is the ultimate
free termination of a ve / R TN 89).

Veinlet Ter; f : h f veinlet terminations per

r I . .
The number of vi¥in]¥iaess ar ®nit area of leaf surface is of

diagnostic value in certain cass ille who defined the term "veinlet

termination"” as the % f apch of a veinlet, suggest

that the number of v y' F’ "}; of leaf surface may be
used to differentiate Cﬂ cpe vel Jfzing to co-generic species.
They have found vmnlm wrmination number useful in distiguishing between Peruvian
and Bolivian senna leaflets (Hall
and Mﬁlvillﬁ,‘;ﬁ w;‘m'%a indicated that the

veinlet terminatfh number is not si 1cantly dependent on the position at which it is

,..ﬂmmm“mmﬁmmﬁ g,

Erythroxylum truxillense  23.1 - 32.3 Atropa belladonna 63 -103
Erythroxylum coca 16.8 - 21.0 Atropa acuminata 14 -35
Cassia senna 32.7 - 40.2 Digitalis purpurea 25 -42
Cassia angustifolia 259-328 Hyoscyamus niger 12.4 - 19.0

Datura stramonium 12.6 - 20.1
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Thin-Layer Chromatography (TLC)
1 Introduction to TLC (Sherma, 1991)

TLC, which together with paper chromatography comprise "planar" or "flat-
bed" chromatography, is the simplest of all of the widely used chromatographic
methods to perform. A suitable closed vessel containning solvent and a coated plate are
all that are required to carry ol and qualitative and semiquantitative

analysis. With optimization.;

PFierials, highly efficient separations
- ed. TLC can be used also for
preparative-scale separatic___ LOYTTZ ST — wpparatus and techniques.

e of mixture 1s placed near
\ ks dried ; and the end of the
stationary phase with th- g 2, \ A WaSle phase, usually a mixture of
pure solvents, inside W of the mixture migrate at
different rates during : rough the stationary phase,
which is termed the deve #f B "\ When the mobile phase has

moved an appropriate d€z §F. thileS % pha isemoved, the mobile phase is

rapidly dried, and the zon# a¥ -“"' gﬂ i tion of a suitable visualization
reagent. r g;;;;:ﬁ

-
Differenti®e= — : ;.? of affinity of the mixture
components for the 52 f_l-‘ & _ ’ U<paration mechanisms are
involved, the predomigdt forces acpeiiuing un the exac 2 ture of the two phases and

the solutes. The mteracmammlved in deggymining chromatographic retention and

selectivity i mc g’ -ﬂnﬁmﬂﬂfaﬂ pair acceptor (charge
transfer), ion- 1@. ion-dipolé, and van der interactions. “Among the latter are
dlpul i -induce an ipo®@finduced dipole
ARG TRY

Sample collection, preservation, and purification are problems common to
TLC and all other chromatographic methods. For complex samples, the TLC
development will usually not completely resolve the analyte (the substance to be
determined) from interferences unless a prior purification is carried out. This is most

often done by selective extraction and column chromatography. In some cases,
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substances are converted, prior to TLC, to a derivative that is more suitable for
separation, detection, and/or quantification than the parent compound.

Detection is most simple when the compounds of interest are naturally colored
or fluorescent or absorb ultraviolet (UV) light. However, application of a location or
visualization reagent by spraying or dipping is usually required to produce color or
fluorescence for most compounds. Absorption of UV light is common for many
Jpjugated double bonds. This leads to a

s impregnated with a fluorescence

compounds, e.g., aromatics and t

simple, rather universal detecg
indicator (fluorescence queg

Compound id ¥y on Rf values compared to

authentic standards. Rg oducible from laboratory to

A\ atory, so they should be
considered mainly as gv' #f% 4, gnces and sequences. Factors
e chamber, nature and size
1 composition of the mobile-
cparation methods preceding

chromatography. Furthe# ) W ibstances can be obtained by

scraping the layer and elutic ,: r,-»'} ¥ W/ infrared (IR), nuclear magnetic
resonance (NMR), or mass specie = .'.-:;ﬁ—
2. Histo:: ‘* e

\Z X
The history JIj 11qe whil} dates back to the first
description of Chrnmatngraph}' by Michael Tswett in tha acu‘!y 1900s, was reviewed by

Sherma (She & zm Iﬂiﬁ (Stahl, 1969 quoted
“ﬁﬂﬂ m lg) ied, 1991), Kirchner

in Sherma
(Kirchner, 1978 oted in Sharmaaxvi Fried, 1991 : K;rchncr. 193 oted in Sherma

ooy AIN) mmmw pine, nd
1991) ki his el scipline, and

chromatography historians usually date the advent of modern TLC from 1958. The
review by Pelick er al. tabulates significant early developments in TLC and provides
translations of classical TLC studies by Izmailov and Schraiber and by Stahl. In 1938,
Izmailov and Schraiber separated certain medicinal compounds on unbound alumina
spread on glass plates. Since they applied drops of solvent to the plate containing the
sample and sorbent layer, their procedure was called "drop chromatography.”
Meinhard and Hall in 1949 used a binder to adhere alumina to microscope slides, and
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these layers were used in the separation of certain inorganic ions using drop
chromatography. In the early 1950s, Kirchner and colleagues at the U.S. Department
of Agriculture developed TLC as we know it today. They used sorbents held on glass
plates with the aid of a binder, and plates were developed with conventional ascending
procedures used in paper chromatography. Kirchner coined the term "chromatostrips"
for his layers. Stahl introduced the term "thin-layer chromatography” in the late 1950s.
His major contributions were the standardization of materials, procedures, and
nomenclature and the description % Jvent systems for resolution of important
compound classes. His first] faularized TLC, and he obtained the
aid of chemical manufact ferr - w3 terials for TLC (Stahl, 1962
r hat had great influence on the
development of TLC inc'y . \\ Sl 1967 quoted in Sherma and
Fried, 1991), Bobbitt (1 NS i and Fried, 1991), Randerath
(Randerath, 1963 quess® 1 i N ruter (Truter, 1963 quoted
in Sherma and Fried, !}

quoted in Sherma and Fr= g

Quantitative L2y KN\ WL in 1954 (Kirchner, Miller
and Rice, 1954 quoted i; fff Jageci=h A\ W\en they described an elution

- . 4 3 J'I I'| -
method for determinatioil o JF phealas ru Wi products. Densitometry was

first used for direct measu® *l"':“
was later used on paper chrom:=ZZZR7/A 7 e try in TLC was initially reported in
the mid-1960s by I} gL 74 quoted in Sherma and
Fried, 1991) using §£%3 RY J st (Genest, 1965 quoted
in Sherma and Fried, T 1'% fas Mlcharoun and Ralston, 1965

quoted in Sherma and™ ried, 1991) usiﬁ_g the Photovolt Sensitometer. A symposium

on quantitative J4C bel ] 1 9 ‘ ook published on this
o PR A NI RIS
o |
1igh-pe ates (Halpa i # 1977 quoted in
A RIS AT

impetus Yor the improvements in practice and instrumentation that occurred in the late
1970s and 1980s and led to the methods termed "high-performance TLC (HPTLC)"
(Zlatkis and Kaiser, 1977 quoted in Sherma and Fried, 1991) and "instrumental
HPTLC" (Bertsch er al., 1980 quoted in Sherma and Fried, 1991). Centrifugally
accelerated preparative-layer chromatography (Harrison, 1979 quoted in Sherma and

Fried, 1991) and forced-flow techniques in TLC (overpressured layer chromatography,

tec®oy means of electrophoresis and
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OPLC) (Tyihak, Mincsovics and Kalasz, 1979 guoted in Sherma and Fried, 1991)
were introduced in the late 1970s.

These and other high-performance and quantitative methods have caused a
renaissance in the field of TLC. There is no doubt that TLC will continue to evolve and
grow in the 1990s and beyond as a highly selective, sensitive, quantitative, rapid, and
automated technique for analysis of all types of samples and analytes, and for

preparative separations. To ker Jf this inevitable progress in TLC, the

biennial review of advances i gd applications by Sherma (Sherma,

1988 guoted in Sherma ar, IS T =le.

3. Two-Dir infL-a itography

Two-dimensio~, N galuable for mixtures of many
\" ' M not completely separated
gesolve them by this method

components (Stahl, 1%
by developmentin a s’ gFC
(Randerath, 1968). =

WNoc the reproducibility of results

It must be stress

in the one dimensional fne fhd hd e or er offect in the two-dimensional
F o 2 P ¥ : 4

method (Randerath, 1968). ‘:’_ﬁfﬁ ariution in this technique is what is
done to the solvent system oz L"‘Jw"@ =n the two developments (Robbit,
1963). In order tcf ) gb7)ist always be treated in
exactly the same w4 RY } tion. Thus, for instance,
the conditions of the 1 n | m - c a jijed (Randerath, 1968).

-l

If vﬁmaﬂ #agsirics of substan@ghave to be detected, it should be noted

that the low uﬂ ﬁ%ﬂﬁ:ﬂﬂ% w:vElWQﬂlimna] than for one-

dimensional cifpmatograms, smca diffusion effects cause greater dilution of the
subst €m0 3ﬁ%1 WH ﬁ] tmu:ﬂ method.
Nweﬁj;ﬁ ﬂam ﬁ?f]ﬁ j an on a two-
dimensi paper chromatogram. A further substantial advantage is that two different
separation principles (e.g. adsorption and partition chromatography or partition

chromatography and electrophoresis) can be combined in the two-dimensional
technique (Randerath, 1968).
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