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Sophora alopecuroide 1"ﬂ =

o ﬂlopmne | ' parts  |Zhao (1980)
At Ineniwg £
Qq W'] a{ﬁﬁﬁm u i '] ﬂﬂ:! ﬁ:::: al. (1973)

seeds Qi et al, (1989)

Botanical origin

13, 14-dehydrosophoridine - . |Kuchkarov et al., (1978)

13, 14-dehydrosophoridine N-oxide = Kuchkarov et al. (1977)




Table 2.1

(Cont inue)

12

Botanical origin

Category and chemicel substance Plant part

Reference

3

Y

AR

S. alopecuroides Linm,

alkaloid @

3a-hydroxysophoridine

serial parts

aerisl parts

i

ves, seeds

gerial parts

SR Y1S W TP

oxymatrine gerial parts

ngthylcytisine

ﬂ n ‘iﬂj u M f] fj ﬂsﬂ ,-] aﬂ'{:ﬂ and Zhang (1986)

seeds
oxysophocarpine roots

seeds
pachycarpine gerizl parts,

seeds

Monskhova et al. (1973)

Pu et 81, (1987)

Zhao (1980)

Orekhov et al. (1935)

Cui, and Zhang (1986)

Zheo et al. (1984)

Plekhanovs, and Smirnovas
{1965)

Talkochev et. al, (1975)

Kuchkarov et al. (1978)

¥onskhove et al. (1973)

Kuchkerov et sl. (1978)

Zhao (1980)

(19743}

Monakhova et al,

Zhao (1980)

Qi et 8l, (1989)

Cui, and Zhang (1986)

Qi et al. (1989)
Plekhanove, and Smirnova

(1965)
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Botanical origin

Category end chemical substance

Plant part

Reference

S, slopecuroides Linm,

A
R

slkaloid 3

sophocarpine

#8915 NRINS

SRR

slanine

arginine, ssparagine,

aspartic scid, glutsmic acid

aerisl parts

. | leaves, seeds

INg

leaves

|Orekhov et al. (1935)

ﬁlﬁwa et al. (1974b)

Zheo (1980)

Cuf, and Zhsng (1986}
Zheo et al. (1984)
Kuchkarov, and
Kushnuradov (1979)
Zhso (1980)
Orekhov et al, (1935)
Zhao (1980)
Orekhov et al. (1935)
Cui, and Zhang (1386)
Zhao et 8l (1984)
Kuchkerov, and
Kushouradov (1979)
Southon, end

Buckinghan (1989}

Ter-Karapetyan, and
Akopyan (1960)
Ter-Kerapetyan, and

Akopysn (1957)
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Y

9

q

lon:c, oxalic, succinic,

BBVES,

rootm

EANYNINRINS

fructose

galactose

glucose

leaves

seeds

leaves

Botenice! origin | Category and chemical substance Plant part Reference
S, alopecuroides Linn,|anino acid 3
glycine, lysine leaves Ter-Karapetysn, and

Akopyan (13960)
Ter—lnr;pstytn. and
Akopysn (1957)
Ter-Karapetyan, snd
Akopyen (1960)
Ter-Karapetyan, and
Akopyen (1957)
Ter-Karapetyan, and

Akopyan (1960)

Artanenova et al, (1987)

Paksnaev, and Kattaev

(1566)

AT NN I Fer e o=

Ter-Karapetyan, and
Akopyan (1960)
Huang et al. (1984)
Ter-Karapetyan, and

Akopysn (1960}
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Botanical origin Cetegory and chemical substance Plant part Reference

S, slopecurofdes Linn,|sugar :

DaNNoSe seeds Husng et 8l, (1984)

tetraterpenoid

Akrenovs et al, (1964)

(Vexibia alopecuroides
Refin,) Yusupova et sl, (1984)

Betirov et al, (1985)

S, chrysophyi{la Seem,

‘ '\‘ ves, stems |[Murakoshi et al. (1984)

1 leaves, seeds, |Murakoshi et al, (1984)

Murskoshi et al, (1984)

k, dedves, [Murskoshi et al, (1984)

s_eedm stens
, ﬁ ﬁl‘ym "] nﬁ Murakoshi et al, (1984)
ﬁ w Wurakoshi et al, (13984)

b

by

_ B ilgmpr f ad' hi et al, (1984)
R AYTRWIM
B sten
kurarenine leaves, stems |[Murakoshi et al, (1984)
lanprolobine stens Murakoshi et 81, (1984)
(-)-lupenine lesves, stems [Murskoshi et sl; (1984)
(+)-nananine bark, leaves, |Murakoshi et al, (1984)
stens

017526
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Table 2.1 (Continue)
Botenical origin Category and chemical substance Plant part Reference
S, chrysophylia Séen. alkaloid :
(-)-n U/// lesves Murskoshi et al. (1984)

9

sgphocrys ine

WS \ ) seeds,
W

bark, leaves,

is, stems

lea sy seeds,

leaves

bark, leaves,

= .._:;

.

seeds

AUEANYNINGINT
9

Murakoshi et al. (1984)

Murskoshi et al.

Murgkoshi et al. (1984)
Murakoshi et al, (1984)
Murekoshi et al. (1984)
Murakoshi et al. (1984)
Murskoshi et al. (1984)
Briggs, and Russell

(1942)

(1988)

s, detq:.w:-’y-] a

anagyrine, cytisine heptifoline,
a-natrine, N-methylcytisine,

oxynstrine

NN INYT Y

seeds

Faugerss et al. (1973)
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Teble 2,1  (Continue)

Botsnical origin Category and chemical substance Plent part Reference
S. flavescens Ait. alkaloid @
(+)-allomstrine roots Murskoshi et sl. (1982s)

snagyrine

,’/// serial parts  [Ueno et al. (1978)

flowers, roots,|Murakoshi et al, (1982s)

parts  |Ueno et al, (1978b)

roots, |Murakoshi et sl, (1982s)

: \ : Murakoshi et al, (1982a)
e | wenisl parts  [Ueno et sl. (1978D)
it ?_E<_, | gerial parts  |Murakoshi et sl. (1982a)

flowers, seeds {Murakoshi et al. (19823)

Murskoshi et al. (1982a)

; .erimpm.s
Jfiiip)
rmrﬂ ,-] ﬁ.’r’EThi et al, (19828)

“aerial parts

TR
AN

Murskoshi et ll;_(19823)

isokurarenine flomers Murakoshi et al, (1982s)
(+)-isomstrine roots Ueno et 8l. (1975)
(+)-kurarsnine flowers Murakoshi et al, (1981)
(+)-lehnannine aerial parts  |Murskoshi et al, (1982a)

lupsnine, (+)-nemanine flowers Murakoshi et al, (19823)
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Botenical origin

Category and chemicsl substance Plant part

Reference

5. flavescens Ait,

A

alkaloid 3
petrine aerisl parts

(+)-vatrine flowers, roots,

seeds

erisl parts

opers, roots,

serial parts

oots,

seriel parts

EF e T prare

(+)-sophoranol N-oxxde

-)-sophoranine, sophoranol

AR med N‘WTJ"P‘IEI’] qyy

(-)-sophoridine aerisl parts

alkylchromone @
2-heneicosyl-5,7-dihydroxy-6,8- | serial parts
divethylchronone,

2-tricosyl-5,7-dihydroxy-6,9-

dinethoxychronone

Ueno et al. (1978h)

Wurakoshi et al. (19828)

Ueno et al, (1978h)

Murakoshi et al. (1982g3)

Ueno et sl. (1978b)

¥ei et al. (1988)

Bai et sl. (1982)

Cui, and Zhang (1986)
Murakoshi et al. (1982a)
Ueno et al, (1978b)

Murakoshi et sl, (1982s)

Ueno et sl. (1978h)

Murakoshi et sl, (1982a)

Murakoshi et al. (1982a)

Ueno et 8l, (1978s)
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Botanical origin Cetegory and chemical substance | Plant part | Reference
S, flavescens Ait. benzoquinone
kushequinoine A rooks Wu et al. (1986)

flavonoid

Kyogoku et al, (1973a)

Wu et al. (19858)

Wu et al, (1985b)

Wu et al., (1985c)

Wu et al. (1986)

Kyogoku et al, (1973a)

‘ 0-nethylkushenol C - Yagi et al, (1989)
ﬂ‘l& Ejfﬁlﬂ\ﬂﬂ%‘,w . /]ﬂdj héi et al, (1989)
q) |Ssponin 4 F .,
r] P pﬂﬁﬁvm wn‘ 7 rn El ,-] 4 sE:lm et al, (1985)
(S, anga'folw Sieb |fatty acid : ?v
et Zuce.) arachidic, linoleic, wyristic, | callus tissue |Rashimoto (1857)

oleic, palnitic, stearic
flavonoid

isoanhydroiceritin, roots Konstsu et sl. (1970d)

isoxanthohunol




Teble 2.1 (Continue)

20

Botanical origin Category and chemical substance Plant part

Reference

(S, angustifolia Sieb |flavonoid :

et Zucc.) kuraridin, kurepi

|Nakaoki et 8l. (1955)

Hetayana, and Komstsu

(1971)

Furuys, and Ikuta (1968)

Honda, and Tabata (1982)

Komatsu et al. (19704)

Hatayana, and Komatsu
€1971)

Furuya, and Ikuta (1968)

Komatsu et sl. (1970d)

S, franchetiana Dun -;

eA lj 1 parts

(-)-anagyrine aerial parts,

AYEINENINGNS

(-)-N-formyl cytisine leaves, roots,
seeds, stems

(=)-rhonbifoline aerial parts,
leaves, seeds,

stens

) B PR ) | o

Ohniya et al, (1981)

Ohniya et al. (1981)

Ohniya et al. (1981)
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Botanical origin

Category and chemical substance

Plant part

Reference

S, franchetiana Dunn

alkaloid

(-)-tsukushinani

S, glsuca Lesch,

Al

alk.jnid

triterpene alcohal H

A WINHRTRA N

serial parts
leaves, roots,
eeds, stens

al parts

Bordner et al. (1980)

Ohniye et al. (1981)

Ohwiya et al. (1981)

Komatsu et al. (1981b)

Komatsu et al.

Komstsu et al,

Komatsu et al.

(1981a)

(1981h)

(1981a)

ek 21913 W e

Chen, and Liu (1387)

LIS FV e e

S, japonica Linn,.

alkaloid
cytisine

lupanine

sophocarpine

matrine, N-methylcytisine,

seeds

leaves

seeds

Abdusalsmov et al, (1972)
Wink et al. (1983)

Abdusalamoy et 2al. (19?2)
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AN

R

DBEDDIB

geglutmne,

phenylalenine, proline, serine

serine, threonine

threonine, tryptophan

tyrosine, valine

leaves, roots

wwsmﬂmm

2-0xo-4-nethyleneg*utarlc

R VRN e YT

fruits

buds

fruits

buds

Botanical origin Category and chenica! substance Plant part Reference
5, joponica Linm, alkaloid
stizolamine seeds Yoshida, and Hasegawa

(1977)

Yankov (1962)

Grdzelidze, and Kiknadze
(1971)

Yankov (1962)

Grdzelidze, and Kiknadze
(1971)

Yankov (1962)

Yankov (1962)

Grdzelidze, and Kiknadze
(1970)

Yankov (1962)

Winter and Dekker (1987) .

Grdzelidze, and Kiknadze

(1971)

Yankov (1962)

Grdzelidze, and Kiknadze
(1971)

Yankov (1962)
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Botanical origin Category and chemical substance Plant part Reference
5. joponica Linm, amino acid
valine fruits Grdzelidze, and Kiknadze
(1971)

fatby acid ¥ -

Kashimoto (1954)

Cornes, and Rudenco
(1948)

Kashinoto (1954)

Konatsu et al., (1976a)

Takeda et al, (1977)

biochanin A,

bipchan

-

3100 A1
o F

s

5,4ﬂihy :

digl'cﬁannoside 'Y

(TLOTITE AT Yol b Se—

wvethylenedioxyi so&l avone 'y,

AW @dR 5 w'ﬁ%_m@»g

Ho et al, (1984)

9 genistein-7-p-D-cellobioside Ho et al. (1984)
irisolidone roots Konatsu et al, (1976a)
irisolidone, wood Takeds et al. (1977)
-~

irisolidone-7-0-glucoside
isorhamnetin buds Ishida et al. (1989)

isorhannetin-3-rutinoside flower buds Kinura, and Yanads (1984)
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AR

kaempferol-3,7

naackiam,-‘
”‘M

dt-

pratensein

9

o

RINTUUNY

rutin, sissotrin

sophojaponicin

U INYNINY2

Botanical origin Category and chemical substance Plant part Reference
5, japonica Linn. flavonoid @
kaempferol, fruits Akhnedkhodzhaeva et al,

£

TSy |

leaflets,

AN TA Y

seeds, suall
branches
wood

roots

(1986)
Kinura, and Yanada (1984)
Takeda et al. (1977)
Komatsu et al. (1976a)
Venetten et al. (1983)
Shibata, and Nishikawa

(1963)
Komatsu et al. (1978a)
Vanetten et al., (1983)
Takeds et al. (1977)
Mizuno et al, (1989)
Ishida et al. (1987)
Akhwedkhodzhaevs et al.
" (1986)

;albaa et al, (1974)

s

Tskeda et al, (1977)
Shibats, and Nishikaws

(1963)




Table 2.! (Continue)

25

)

azuktsp?&n Iy azuklsapomu, buds

Pl b "}WHWW BN

kaikasaponin 11,

o W A& W%Hﬁ
9 ‘ soyasaponin 1]

steroid @

p-sitosternl

sugar

fructose, glucose

Botanical origin Category and chenical substance Plant part Reference
S. Jjaponfca Linn, flavonoid
sophorsbioside, fruits Szabo et al, (1967)

13N

flowers, seeds

roots

nectar

Ho et al, (1984)

Shirataki et al, (1987)

Grdzelidze, and Kiknadze
(1971)

Kooinan (1971)

Kitagawa et al, (1988)

e

k4

Mitsuhashi et al. (1973)

Konatsu et al, (1976a)

Haragsin, and Macha (1969)
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5, linearifolia

Griseh,

alkaloids:,i"
“

(+)-5

S, mollis R, Grah

3
(s, grii‘t‘iﬂqi mk:]

alkaloid

annodend

-

LYW -TorayToytista

( -)g-nethylcy g,

rhonb#qﬂe. (+)-spartein @/

biochenin A ¢

St 3T AN

argentine

cytisine

Botanical origin Category and chemical substance Plant part Reference
5. japonica Linn, sugar !
sophorose fruits Clancy (1960)
SUCrose Haragsin, and Macha (1969)

Corral et al. (1972)

Parente et al. (1969)

Ao -d VB VIIWEINTIY

heartwood .
Ny
seeds

aerial parts
roots, stalks

seeds

Murakoshi et al, (1982b)

Jaimyand Koul (1972)

aE

Karakozova et 8l. (1975)

Prinukhapedov et al.
(1968)

Prinukhanedov et al.
(1969)

Karakozova et al. (1875)
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Botanical origin

Category and chemical substance

Plant part

Reference

(5, griffithii Stocks)

alkaloid

patrine

aerial parts

___;;L , stalks

Prinukhanedov et al,
(1968)

Prinukhanedov et al.
(1969)

Karakozova et al. (1975)

Prinukhanedov et al.
(1968)

Prinukhanedov et al,
(1969)

Karakozova et 8l, (1875)

Prinukhanedov et al,

‘ (1968)

Prinukhanedov et al.

(1969)

S, moorcroftiana ﬂ

Benth, ex Baker

AR

pstrine ¢
: i ‘s
‘ |
oxynatrine, oxysophocarpine,
sophocarpine
sophocarpine
flavonoid @

calycosin

—_— — '
W INENIWEIN

fruits
i b
fruits

aerial parts

roots

o=

q

Cuijmand Zhang (1986)
lfaeyﬂet al. (1976)
Cui, and Zhang (1996)

Faugeras et al, (1976)

Shirataki et al. (1998)
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Botanical origin

Category and chemical substance

Plant pert

Reference

S. moorcroftiana

Benth, ex Baker

flavonoid ¢

euchrestaflavanone A,

5, pachycarpa C.A. Msy

YR

cybisifiess,

USANBNINEIN

RSATAIUN"

17-oxosparteine

pachycarpidine

Mizuno et al, (1989)

Shirataki et al, (1988)

Mizuno et sl. (1989)

Shirataki et sl, (1988)

seeds

o

Aslanov et al, (1966)
Markean, and Glushenkova
(1963)

Aslanov et al. (1966)

"Marknan, and Glushenkova

oVl

seeds

seeds

({963)

ak&}t al, (1962)

Zainutdinov et al. (1968)
Southon, and Buckinghan
(1989)

Aslanov et al. (1966)
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P
qn°

(Goebe!ia pachycarpa

Bunge, ex Boiss,)

alkaloid ¢

Oy b
é"?’ P

oxallc, succ: ;@;

STJEJ’J‘VI

TN

sophorbenzanine

Botanical origin Category and chemical substance Plant psrt Reference
S, pachycarpa C,A. May|alkaloid
pachycarpine (d-sperte leaves Orekhov et al. (1933)

etative parts

leaves, roots

—’;i

9
EJVI‘ﬁW gInNg

1918

a/
‘.1 iii 1EJ
attikulov et al, (1983)

Sokolov, and Koblova
(1939)

Orekhov et al, (1934)

Zainutdinov et al. (1968)

Zainutdinov et al, (1968)

Sattikulov et sl, (1983)

Pakansev et al, (1966)

Marknan and Glushenkovs
(1963)

attikulov et al, (1983)

Southon, and Buckingham

(1989)
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Table 2.1 (Cont inue)

Botanical origin Category and chemical substance Plant part Reference

S, prodanii E, Anders |alkaloid @

allantoin 5 Constantinescu et al,

(1969)
Paslarasu and Badauta-
Tocan (1373)
Pislarasu, and Dragut

(1978)

Paslarasu and Feodorov-

Rinciog (1976)

rutoside :_-:‘,r, i Pislarasu and Safta-

Nistorica (1968)

su::g'[f
queyg,ol : issues Pislarasu and Safta-

‘o o/ Nistorica (1968)

AUE NS NENT

AT ARSI IN Y P

7,4'-dihydroxyflsvone,

B

‘

7,4’ -dihydroxyflsvone-7-0-
rhennosylglucoside,
lucenin-2, luteolin,

luteolin-7-0-rharnosylglucoside,
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Table 2.1 (Continue)
Botanical origin Category and chemical substance Plant part Reference
5, prostrata J. Buch, |flavonoid :
7,3",4"-trihydroxyflavone, leaves Markhan (1373)

S, secundiflora

Lag, ex DC.

ChiN

g

alkaloig

11-allylcy

argﬁine
(-)-baptifel ine

WS NN TV o,

1eaves

RN UNIINY

(-)-cytisineA lesaves
5,6-dehydrolupanine seeds
stens

Keller, and Hatfield
(1979)

Keller, and Hatfield
(1979)

Chavez, and Sullivan

(1984)

Murakoshi et al. (1986)

Makboul et al., (1987)

Murakoshi et al. (1986)

(1978

r
}@zﬂ\d Sulliven

(1984)

Murakoshi et al. (1986)
Keller, and Hatfield
(1979)

Chavez, and Sullivan

(1984)
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Table 2.1 (Continue)
Botanical origin Category and chemical substance Plant part Reference
S. secundiflora alkaloid @
Lag. ex DC. epi-lupinine seeds Keller, and Hatfield
(1979)

YR

f

N-formylcy isf'

LT IN I

ot

e <1

u-.ﬁ,xcy
LR 5

(+)-11-oxocytisine ¢

R NN

rhoobifoline, sparteine

sparteine

thernopsine

ods

stens

weyf]ﬂ ﬁlrakoshi et al, (1986)

Lk

seeds

seeds

Abdel-Beky, and Mekboul
(1985)

Keller, and Hatfield
(1979)

Chavez, and Sullivan
(1984)

Mekboul et al. (1997)

Murskoshi et al. (1986)

Chavez, and Sullivan
(1984)

Murakoshi et al. (1986)

Keller, and Hatfield (1979)

Chavez,and Sullivan (1984)

@
]ear. d Hatfield (1979)

Chavez, and Sullivan (1384)
Abdel-Baky, and Makboul
(1985)

Keller, and Hatfield
(1879)

Izaddoost et al, (1976)
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Botanical origin

Category and chemical substance

Plant part

Reference

S, secundiflora

Lag, ex DC.

(S. secondiffora DC,)

amino acid

alanine, sarginine, asparsgine,

e

5-deoxykeempferol, Pisetin O/

quercetin, rutin

flavanoid

(-) unanisoflavan

seeds

iy

leaves

LB TV NEN N R, e s

kaenpferol-3-O-rhanﬁ‘§lucoside,

¢
f»nﬁ RSB INY

3-nethoxyquercetin

leaves

leaves

Izaddoost et al., (1976)

Domninguez, and Canales

(1954)

Mskboul, snd Abdel-Baky
(1984)

Hasan et al. (1987)

(1984)

Nag

Hasan et al. (1987)

Mskboul, and Abdel-Baky

(1984)

Minhaz et al. (1976)
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Botanical origin

Category and chemical substance

Plant part

Reference

(S, secondiflora DC,)

flavonoid

calycosin, liquiritigenin

secondifloran

S, subprostrata Chun

et TC.- Chen

9w

alkaln
anagzﬁi"l"'-',!f

6-[3-(2' ﬁ;d ihydroxyphenyl )q_,

P Tt 323 W EI 17

dinethyl-8-(3-nethyl-2-

Bbubeitagipnl V1) VI E

2-(2',4’-dihydroxyphenyl)-8,8-
dinethyl-10-(3-nethyl-2-
buteny!)-8H-pyrano [2,3-d)
chronan-4-one

genistein

Minhaz et al, (1976)

Minhaz et al, (1977)

roots

=

roots

Konatsu et al. (1870h)
Cui, and Zhang (1986)
Komatsu et 81, (1970b)
Cui, and Zhang (1986)

Chuang et al, (1983)
Shirataki et al, (1986)
Kyogoku et al. (1973b)

Kyogoku et al. (1873c)

Kyogoku et al, (1973d)

o

Okd

Kowatsu et al, (1970a)
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Table 2.1 (Continue)

Botanical origin Category and chemical substance Plant part Reference
S, subprostrata Chun |flavonoid :
et TC, Chen 2-0(7'-hydroxy-2',2'-divethyl- | roots Kyogoku et al. (1973c)
Kyogoku, et al, (1973b)
-7*-(3-nethy [ =2=butenyl: ;
L= #JJA -
e ¥
; l-nmflﬂ roots !onatsu et al. (19708)
AL AN YN TINENN T, o e
¢ o (@1963)
| N3N g1a.el
q | axﬁmi b reot ' téu et al, (1970b)
q
sophoradochronene roots Komatsu et al. (1970c)
sophoraflavone A, roots Shirataki et al. (1986)
sophoraflavone B
sophoranochronene roots Komatsu et al, (1970c)
sophoranone roots Komatsu et al. (1870b)

YA N AR /LA
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Botanical origin

Category and chemical substance

Plant part

Reference

S. subprostrata Chun

et TC, Chen

flavonoid

trifolirhizin

S, tetraptera J. Mill,

.
9w

6351@.1'&15 1A

a-natrine

N-foruylcytisine

N-nethylcytisiné

mibdendrine, snagyrine
(4
n

ot

e

Shibats, and Nishikawa
(1963)
Komstsu et al, (13876b)

Kyogoku et al. (1973d)

Chusng et al. (1983)

Chuang et al. (1983)

fruits m

xfj (Vl EJ Vl %"Nﬂq ﬂ ‘ﬁzeyes b al. (199)
IRy,

bark

leaves

fruits

leaves

seeds

Kinghorn et al. (1982)

riggs et al. (1975)

Briggs et al., (1975)
Reyes et 81, (1988)
Kinghorn et al. (1982)
Reyes et al. (1988)

Briggs, and Taylor (1939)
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(5, macrocarpa 5u.)

f

flavonoid

apigenin-

macine

7,3',4"-trihydroxyflavone-7-0-
rhaonosylglucoside, vicenin-2
alkaloid 3
baptifoline
3-hydroxynatrine

Sa-hydroxynatrine (sophoranol)

Botanical origin Category and chemical substance Plant part Reference
S, tetraptera J, Mill.}alkaloid :
rhonbifoline fruits Kinghorn et a1, (1982)
sophochrysine seeds Briggs, and Mangan (1948)

i.-‘._i
bark, md

VIOV Ik, 1]y W
Vg iKnabTaibTY

ANy

seeds
leaves

leaves

Markhan (1973)

Briggs et al, (1975)

o/

k4

Silva et sl, (1968)
Negrete et al, (1982)

Negrete et al. (1981)
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Reference

(5, microphylia Ait.)

natrine N-oxide
alkaloid

anagyr

S, tomentosa Linm.

9

- )-bndﬂlme, i )-cytlsl

(+)-epilamprolobine N-oxide,
QRETIRET
5-(3'-nethoxycarbonylbutyroyl)
aninowethyl-trans-quinolizidine,
(-)-N-scetylcytisine,
(-)-N-fornylcytisine,
(-)-N-methylcytisine,

(+)-sophocarpine N-oxide

( +)ﬁnoden

Botanical origin Category and chemical substance Plant part
(5, macrocarpa 5m.) alkeloid @
(+)-8a-hydroxynatrine leaves Negrete et al, (1983)
legves Negrete et al, (1581)

Briggs et al, (1960)
Briggs, and Ricketts
(1937)

Briggs et al. (1960)

Briggs et al, (1960)

Markhan (1973)

2
aave%rui ts,

seeds, stens

guﬁawsﬂﬁ bk
INYRY

Kurskoshi et al, (1981)
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R

chromone §

sopho

fla::ﬁﬂi""-."-"f

{ -nadkﬂn. nedicagol

_umwamwmm

sophorabioside

sophoraflavanone A

sophoraflsvanone B,
sophoronol

wighteone

sophorsisoflsvenone A, sophoronol

aerisl parts

roots

gerial parts

roots

Botanical origin Category and chemical substance Plant part Reference
S, tomentosa Linn. alkaloid ¢
stizolanine seeds Yoshids, and Hasegawa

(1977)

Shirataki et al. (1983)

Komatsu et al, (1978a)

Komatsu et al. (1578b)

Shirstaki et al. (1583)

Delle Monache et sl.
(1977)

Komstsu et al, (1978s)

Mizuno et al, (1989)

Farkes et al. (1968)

ﬁﬂﬂim qu‘ m E""] ﬂ &]u et al, (1986)

Shirataki et al. (1983)

Konatsu et al, (1978b)

Delle Monache et al.
(1976)

Mizuno et sl. (1989)
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Botanical origin

Category and chemicsl substance

Plant part Reference

S, tomentosa Linn,

phenolic

1-octadecy! caffes

steroid

5, tonkinensfs

Gagnep.

S, velutins Lindl,
var, zisbabweensis

Gillett & Brummitt

AR

S, viciifolfs Hance qlua kaloid

NI U

(47" anprolobine

sophocarpine
flavonoid :

diosnin

aerial parts Komatsu et al, (1978b)

Komstsu et al, (1978a)

Dou et &1, (1989)

Asres et al. (1986)

o
lauarhang (1981)

Plouvier (1866)
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B Chemistry of Flavonoids

1. Introduction to Flavonoids

Flavonoids represent a very widespread group of

water—-soluble polyphenolic derivatives which +the basic
structure is flavan phenyl benzopyran (1). The
flavonoid group ma : ‘ d as a series of CS—CS—Cs

o

compounds. That ¥ r caﬂeleton consists of two

aromatic rings !! 3ﬁ;¢ a chroman structure
by a three-carbon ‘.f.- ‘ \ rcer, 1983; Robinson,

1980) . The numbe \\ avonoid derivatives

is given below:

AU TRt EJ%Q@ Prabing

€1.)
ammnimwnﬂmaa
In the great majority of case, the A ring
(the left-hand ring) is either monohydroxylated or
dihydroxylated. By contrast, the B ring (the right-hand
benzene ring) is either monohydroxylated, di hydroxylated or
trihydroxylated. This difference is due to the fact that

the +two rings have different biosynthetic origins : ring A
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is formed by the condensation of three molecules of acetic
acid, whilst the B ring 1is derived from sugars by the
shikimic route. In addition, the substituents may be -OCHS,

—OCHzO—, O-glycosides or C-glycosides (Ribéreau—Gayon, 1972).

2. Flavonoid G]y

ol [ y
Flavonoidj; reque ‘;"ﬁfcur as glycosides. The

various aglycone ﬂ‘e of +their hydroxyl

ycos1dic linkage is

groups attached
O-glycoside. s . .usually g, . fop
instance, the genin (2)., The
a-configuration in the case of
L-arabinosides and ':'{ i_-"‘ for example, the

a-L-arabinoside of' g

.H

L
Ffﬁﬁl’.] ‘I’IEW]TW Eﬂﬂ‘i
cpisenth Pl G4 U UAAINYAE s e

(2) (4 .

The unusual flavonoid derivative is the C-glycoside,
in which a sugar residue is combined, through its carbon
atom 1, with an aglycone, through one of the latter's

carbon atoms forming & C-C bond. The best known
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CH ,0H

C—glycosidés are :; *g{ucosylapigenin. and
orientin (5), 8-C ucosyl lut The C—glycosides:are
highly resistaﬂ ;.‘"_ and by enzymes.
They are often!ﬂfou d & ed ﬁ. O-glycosédes, such
as the 4'-rhamnoside.of vitexin,,

ﬂUEJ’J‘VIEJVIﬁWEJ’]ﬂ’i

sugars involyed in the structung,of flavonoid
slycosaema»ammummm T s
D f‘ructose, a ketose. is quite exceptional. D-glucose is by
far the most common sugar found in glycosidic combination,
but L-rhamnose, D-galactose, L-arabinose, D-xylose and a
derivative of ©¢glucose, D-glucuronic acid, may be found.
Besides the monosaccharides, disaccharides and even

trisaccharides may be involved in the g€lycosidic structure



44

which termed monosides, diosides and triosides,
respectively. A compound with two of its hydroxyl sgroups
attached +to monosaccharide residues would be a dimonoside.
For every aglycone, therefore, there may be many different

glycosidic combinations, which 1is the reason for the very

large number of flavons‘;f: sides known to occur in the

“‘-iily occurring flavonoids

s *rm in Table 2.2 (Goodwin

plant kingdom. Exam
containing differe

and Mercer, 19833 Robinson, 1980).

Table 2.2 Some exampiét . Fia ‘ residues.

Class Linkage
(sugar »aglyconeH0)
Monoside Delphinidin-3-rhamnos * L-Rhamnose al>3HO

(fuuh;L

Lathyral-‘~~

Quercitrin Quercetin

BIANNIngIn
WIS AT R Y

herbaceum Linn,)

22

l

Quercimetrin Quercetin D-Glucose p1->THO
(flowers of Gossypium

herbaceum Linn,)
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Table 2,2  (Continue)
Class Glycoside Aglycone Sugar Linkage
(source) (sugar >aglyconeH0)
Dioside Quercet in-3-sophoroside Saphorose p!>3HO
(leaves of Pisum [D-Glucose
sativum Linn,) (e 1 >2) D-
Neohesperidos pl->3HO
(leaves of Fyphs D-
latifolia Limm,)
Rutin pl->3HO
(Ruta graveolens Li
| 11 ~+6) D-
Glucosel
Trioside |Quercetin-3-¢2: pl-3HO
rutinoside 1' ) D-
(f1 e ‘oi b | %’wA £y
suﬂu:ﬂu 1]) ﬂ ' E’!Hz 3
; ¢ P
ARIANNIPNRIPTDR Y
Dimonoside |Cyanin Cyanidin D-Glucose p1-3HO
(petals of Centaurea D-Glucose pl->5HO
cyanus Linn.)
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3. Classification of Flavonoids

Flavonoids are classified according +to the
state of oxidation of the central Cs unit I(C—2,3,4) in the
molecule. Going from most reduced +to most oxidized, the
structure and their classes are denoted in Table 2.3 (only

is shown).

&asing oxidation level of the three

the key portion of the mole ”
ist

Table 2.3  The different flav""

Oxidation Principal substance
Level P e 8ne Hydroxylation(¥)
1 Finass) Bl koaburanin 5 (7-0-glucose)

ﬂNﬂ?ﬂﬂﬂ%WEﬂﬂi
, ﬂmmn‘im Toymieli L e

|
CH:CH\OH
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Table 2,3 (Continue)
Oxidation Principasl substance
Structure Class
Level Nane Hydroxylation(¥)
2 phloretin 3,2%,4*,6°
hydroxyphloretin | 3,4,2',4’,6"
3 3,4,2%,4
{ﬁ ringenin 57,4°
(dihydroflavones) butin 78%, 4
%ﬁ??l Lo o il el

Qﬁﬂﬂﬂﬂi

:EO\CH
N CH\OH

|
OH

NINY’

Leucosnthocyanidins

(flavan-3,4-diols)

EWikkel BRGE

leucocyanidin

leucodelphinidin

5,7,3%,4’

51,13',4",5
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- |Oxidation Principal substance
Structure Class
Level Nane Hydroxylstion(¥)
4 .p'min Sg?." g
luteolin 5,7,3",4'
| pelargonidin 5,7,4'
- | cyenidin 517,34
delphinidin 5,2,3%,4%,5"
-
= ulphuretin 6,3’,4"
7 s @ sureusidin 4,6,3",4"
, =CH—
fa EF
TP INBNINYINT
¥ .
¢ o s
FUIAIN IO Y 543 V) by B [ 2w
(dihydroflavonols) | taxifelin 5:2,3%,:4°
e
r\?H
H
ﬁ SOH
0




.
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Table 2,3 (Continue)
Oxidation Principal substance
Structure Class
Level Nane - Hydroxylation(¥)
5 k;elpferol 5,7,4°
quercetin 5, 7,34
wyricetin 5, 7:9",4%,5°
% Number most flavonoids
= - = B
4 , = 45 o
3 ] e ) 0 2 L5k
— _,;— ~
i ;@ \T 6'
6 LJ /c \3

ﬂUEl’J‘VlEWI‘WEJ’Iﬂ’i

(ll) chalcones,

AN AINTUNNI ﬂﬂ”’lﬁ‘fﬂ”“"s

5 3
5

%
S

3” £ S
Gl
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(lfl) aurones

7 1 2
6 2
/C=CH g
Vi
3 6.9

Accor and Mabry (1982),

flavonoid ag Sroups as Folloﬁ':_

on to all anthocyanidins

is the flavylium, for;2>phen nzopyrylium ion (6).

—

—r
FI'UEI @ ANGNT

amaammumwmaa

flavylium (2-phenyl benzopyrylium) ion

(6)
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Subst ituent positions

Anthocyanidin

3 5 7 3 4 5
gapigeninidin (7) = OH OH = OH =
capensinidin (é) OCH3 OH OCHa
cysnidin (9) OH  OH B
delphinidin (10) OH OH OH
hirsutidin (11) 0CH, OH OCH_
luteolinidin (1 OH CH =
malvidin (13) OCHa OH OCHa
pelargonidin (14) ¥ OH 3
peonidin (15) OCHa 0H =
petunidin (16) OH OH 0CH

rosinidin (17) OCHa OCHa OH =

tricetinidin ¢i8) ~OH OH 0H

o
wi

y
Alﬁﬁﬂ%lﬂ Mwm?idins are known,

the +three {most common ones are cyanidin (9), delphinidin

o RFN IR e

anthocganidins in nature are peonidin (15), petunidin (16),

and malvidin (13). All of +them differ in the number of

hydroxyl or methoxyl groups in ring B.

Apart from those common structures, there are

anthocyanidins of more restricted distribution which have
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the hydroxyl &roups in the 5- or 7—§osition methylated,
these are hirsutidin (11), rosinidin (17), capensinidin (8)

and finally 5-methyldelphinidin.

In addition, there are four compounds which lack a
-position. These are tricetinidin

’,ﬂ ;rnrndln (7) and carajurin

drox um) .

The aﬂﬂﬂg—"ff 5 RIS g f the main classes of
..4.

flavonoids

hydroxyl group in the

18), luteolinidin

(6,4'-dimethoxy-

to plants. The colour

properties de ydroxyl groups in ring

B. Both +the colour also vary with

changes in pH T--nic character. Thus, in

acid solution colour of pelargonidin

(14) (with one in ring B) is scarlet or

oransge-red, o —_—— e e roups is crimson or

Ly

magenta, and hree groups is mauve,

purple or bl--. I - the pH of an acid solution of an

anthocyanﬁ u Erfarﬂ fj:w ?w ﬁl‘ﬁ}ﬂ?ecomes colourless

near owing to the formatton a colourless
pseuﬁbﬁa"‘ a q ﬁ i m u%qqﬂ Ellé']tﬁi] anhydrobases

flormed (B, Fig.2 and at very high pH values
irreversible changes occur which are initiated by

ionization of the phenolic hydroxyls (Fig.2.1) (Goodwin and

Mercer, 19833 Ikan, 1969} Ribéreau—Gayon, 1972).
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Irreversible '“
[

. OH
destruction

AutIngnineny .
RN INUNINGIAY ™

Figure 2.1 The effect of varying the pH on anthocyanidins.

(The anthocyanidin taken as +the example

is pelargonidin.)
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3.2 Flavones and Flavonols

The : flavones and flavonols are p;‘ohably
the most widely distributed of all the yellow plant
pigments although +the deeper yellow colors of plants are

normally due to carotenoids (Reobinson, 1980),

and Tambor mnamed the
compound 2-phenylbe 3 DNt lavbne. The number.ing

shown is that ng (Gripenberg, 1962).

AULINYINYINT
QRN T INEA Y
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Substituent positions
Flavone
5 T "3 4 5
apigenin (20) OH OH = OH =
chrysin (21) : f ”/ o i =
%, .
luteolin (22) B e - OH OH =
— e —

tricetin (23) “~ OH

tricin (24) )f.’
| XL

ﬁu?on OH OH
\\\\' CH' OH ; OCHa

and luteolin (22) are

The flayo
widely distributed if “angiotperms. Tricin (24), on the

contrary, 1sses., The less common

members of +this c,5-5' ysin (21), a constituent in

heartwood of Aifius species flavere with no substituent

vy

in either benze Primula (Ribéreau—

23) is known with Qery

e pgImeningIns

¢

AR TN TR TINB R e =

commong occurrence in Artocarpus, Morus and Tephrosia species.

Gayon, 1872). he flavone tricetin

The isoprenoid substituent mostly is dimethylallyl unit. The
dimithylallyl hydrate and geranyl units have been also

reported (Venkataraman, 1975; Wollenweber, 1982).
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'3.2.2 Flavonols
The flgvonols (25) , S-hydroxyflgvones,
are distinguished' from thé flavones by the presence of an
hydroxyl €roup in position 33 this is the 6n1y hydroxyl
group in the molecule which is not phenolic (Ribereau-Gayon,

1972).

33

Flavonol

3l 4. 5'
o o

e’. .a .'- — -a - a
! |

azaleatin (Zﬂu

W’]ﬂ\"lﬂ‘imﬂﬂ’]’mﬁl’]“& E!“ ;
gossypetin (28) =
isorhamnetin (29) 0H & 0H = 5 OCHa 0H =
kaempferal (30) OH = OH = - = 0H =

marin (31) OH = OH 4 OH = OH 5
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Substituent positions

Flavonol

myricetin (32) OH < OH < = OH 0H OH

quercetagetin (33) OH OH =

quercetin (34) OH 0H =

robinetin (35) 0H OH OH

syringetin (36) 0CH  OH 0CH,_

While 3 3s. .‘ ‘cherac eistically in the more
herbaceous plamn . bellif‘erae, Labiatae,
Compositae, etc., : Gk - ost. abundant in woody
angiosperms. They 5 dely distributed in plants,

both as co-pigm ‘an

petals and also in
leaves of Qg'{'—--ﬁ"‘_“"“ ) J wo hundred flavonol
aglycones are kgywn, o e c@monz kaempferol (30)
quercetin (84) 3 gooand myrieetin (32), corresponding in

hydroxylat@;u EJ@%I EJM;ﬁgWi%J aﬂiuteolin (22); and

tricetin (23), respectivély. Quepgetin (34)4is, without any
questq:nwf] ahﬂ ﬂlﬁmuwc’n‘QMBQa Elthe widest
distriqt)ution in nature, While these flavonols occur widely
in flowers, often acting as co-pigments intensifying the
colour to the enthocyanidihs. Kaempferol (30) and quercetin
(34) contribute to white, cream and ivory-coloured flowers.
Flavonols, which are methylated or have unusqal g€lycosidic

patterns, for example, syringetin (36), contribute to the
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vellow colour flowers of the. meadow pes, Lathyrus pratenéis
Linn, ; and isorhamnetin (28), the best known O—meéhylated
derivatives, may also contribute to £he petél colour of the
common marigold, Calendula offifcinalis  Linn., although in
this case the major pigmentation 1is probably due +to

carotenoids. The other point of view of flower colouration

are flavonols havi: hydroxyl in the 6- or 8-

position, espe the Compositae and
Leguminosae, - yellower in colour than
the common fla , erdetagetin (33), a 6-
hydroxyflavon pigment in African
marigold, le 8-hydroxyquercetin,
gossypetin low colouring matter of
the primrose Goodwin and Mercer, 19833
Harborne, 1973, &» n, 1972).

Bes ides , ing ir sy /flavonols occur with
great freque v 3 sxemple, a leaf survey of

over 1000 spec es showed that 48% contained kaempferol (30),

56% quer‘ﬁﬂ Sﬁg wgmquﬂﬁ(ﬂarlﬁorne, 19%.39 .
O Wﬂ?ﬁu & WTINGTRY oo

structures occurs the flavonols. Fisetin (27) and
robinetin (35) are characterised by lacking a hydroxyl group
in position 5, thus possessing a resorcinol residue in place
of the usual phloroglucinol residue. They are rather
uncommon, but are present in the Leguminosae. Morin (31)
with +the unusual 2'-hydroxy substitutibn has been found in

several plants in Moraceae (Ribereau-Gayon 1972).
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3.3 The Minor Flavonoids

According to Bohm (1982), the. minor
flavonoids consist of chalcones, aurones, dihydrochalcones,
flavanones and dihydroflavonols. Each of these classes is
of limited mnatural distribution. Occurrence is either

sporadic, e. g, flavanones

plant groups (Harborn

e ypen chaiﬁ flavonoids,

characterized two aromatic rings (A

and B) are lipked ee-carbon chain which

does not partic Lero ring as is usually

found in other ompounds. Therefore the

chalcone numberin it from the system used for

the other flavonoiqﬂpcnggg:; ositions are shown numbered

T

in structure .- Bridge carhons :5 iarked relative to
_____ .“

JE*!QSZ; Shimokoriyama,

Ll
AUEINENTNYINT
SRR () e i

the carbonyl’

1962).

o/

chalcone

(37)
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Substituent positions

Chalcone
2' 3 4 5§ 6’ 2 3 4 5
bavachalcone (38) 0H - - e SRS - OF -
butein (39) ‘ & OH iy GRS
derricin (40) - = = =
echinatin (41) 0cH, - O -
ckanin (42) ~ OH 11 S

pedicellin (43)

robtein (44)

robone (45) ocn. = OCH‘ OCB.
triangularin (46) - - = =
xanthoangelol (47) - = OH =

Explanation of,:

ﬂuar’ifﬁzfﬁwmm‘
19 @ﬁﬂ?ﬂd %J'iﬂflimé!;]k@nilﬂm,ds.

since they have an open-chain structure (37). However, they
are wusually classified with them because they are generglly
considered to be +the immediate precursors of the commoner
flavonoids. Furthermore on acid treatment they isomerize to

flavanones and the reverse reaction occurs in base. This
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interconversion 1is shown for the chalconé butein (39) and

the flavanone butin (48) :

OH OH

H '.‘ @ : V‘ . OH

The reaction since the chalcones are

much more highly \%HE avanones, especially in

basic solution ange-red (Harborne, 1973;

Robinson, 1980).

e — st

cha -}p atively infrequent
| | - lj

bout 20 fam:lies of the plant kingdom (Bohm,

T 1 R 8 (0 DA R

nat.ur‘e, inftelation to plent. colour. Be1ng bright yellow

ARSI HUNTINGAGY oo oo

most cbnspicuously in flowers. Most yellow flower colour is

The

occurrence in

due +to the presence of carotehoids but in the case of

certain members of the Compositae, Oxalidacesae,
Scrophulariacesae, Gesneriaceae, Acanthaceae and Liliaceae,
chalcones contribute significantly to the corolla

pigmentation (Bohm, 1975a; Ribereau-Gayon, 1972).
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Naturally occuring chalcones are all hydroxylated
to =a greater or lesser extent; the parent compound chalcone
itself is not known as a mnatural product. The A ring
substitution patteﬁn is usually based . upon the
phloroglucinol system (2',4',6'-trihydroxy). The B ring
originates from &a phenylpropanoid precursor and thus mos£

”y Doy By4~di ser.t Bak

res which vary from the

| ——
ho -ndcsl chalcone is butein

bark of several trees,

commonly exhibits

trihydroxylation

common types,
(38) which occu
e.g., Acacia, d Rhus (Bohm, 1975a;

Harborne, 1973)

re hydroxylated 2=
benzylidenecoumarano ;:i;;:?' hich the ring system is
o e e

Bd;: Robinson, 19807,

ﬂﬂﬂ@iﬂ@]i

’Q‘W']ﬁﬂﬂ‘im ﬂwrmzna d

aurone (benzylidenecoumaranone)

(49)
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Substituent positions

Aurone

surensidin (50) = OH OH =
bracteatin (51) - OH OH OH
hispidol (52) = OH >
leptosidin (53) * OH OH o
maritimetin (54 OH OH =
rengasin (55) OH OH =
sulfuretin (56) OH OH =~

The term recognised both their

yellow-golden colour » isomeric relationship with
gl '

the flavone | we y Bate-Smith and Geissman in

S o——

1951 +to conviae 85s of benzalcoumarone

lowers (Bohm, 1975a3

Shlmokor‘nFTu E]%w E]ﬂ ﬁ'ﬂﬂ "]ﬂﬁmed from chalcone

rlal enzymic ox1dat10n are deeper yellow in

colo WpTa ﬂﬂﬁmy mh‘j Irmayﬂlow plg'ment.s

whlch the colours orange when fumed with

pigments that “were discovered in

ammonia or the alkaline vapour of a lighted cigarette. They
occur together characteristically in the petals of the
flowers in the Compositae. However, they have also been
recorded in over ten other families and the aurones are not

restricted +to floral tissue but have been obtained from
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bark, wood and leaves as well (Bohm, 1975a; Goodwin and

Mercer, 1983; Harborne, 1873, 1984; Rib;reau—Gayon, 1572).

Leptosidin (53) is the first representative of
aurones to be isolated from a natural source (Shimokoriyama,
1962). The most widely distributed aurone is aureusidin (50)

’// coside. Sulfuretin (56) is

nes (Bohm, 1975a, 19823

which occurs natura

also one of +th

(57) relate
directly to the ‘ ‘ 560 and \ca: be derived therefrom by
reduction of the g : E-» [-~ * bond. As with chalcones
the A-ring 1is d 1‘. acetate and thus has the
phloroglucinol hydro ;'?“:gw tern. Similarity, the B-

T e st : :
ring, derivedAfrom a p -,. precursor, usually
e ')
shows the ‘Gﬁ 03 ation pattern. The

used

numbering syste follows that for chalcones (Bohm,

e UG INENTNGINS
ARIAIN 3R 1188

3’

dihydrochalcone

(57)
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Substituent positions

Dihydrochalcone

davidogenin (58) OH OH = OH

4'-O-methyldavidog OCH’ 2 i DH

uvansgoletin (60 OH OCHa =

Dihydrodhe dofdd  he 2, @ffferent distribution
pattern from - ' y confined to the
Rosaceae and Erd 4). In this class only
a limited number - ance 'Vl,_‘own. Davidogenin (58),

4'-O-methyldavidogeni ?_“hf:' vangoletin are examples of

Flavanones are based upon the

structure ﬁu Bﬁﬂﬁﬂﬁﬁ:ﬂ-ﬂﬁlﬂ 631). The numbering

system of 9lthe f‘lavanone nucleus 1s similar to that in most

*Q RTRANT UV Yo o= e

ring, 9and unprimed numbers for the A ring (Bohm, 1875b,

13829,



Flavanone

pyran—-4-one)

angophorol (62)

ar junone (63)

Ce—
bavachinin (64) y

butin (65) m

cryptostrobin (66) ¢ o OH - @/ OH

cpytominetiqtiu EJ

eriodictyol (68)

f‘lemaamc:;l] a(ﬁi)ﬂ
q

hesperetin (70)

isobavachin (71)

isosakuranetin (72)

kanakugin (73)

matteucinol (74)

z. 30 40

5 - OH
OCH, - OCH
a 3

- - OH

i = OH OH

G e -

‘J wHEJ nj w:lEj flfﬂ ‘j- 0OH  OH

3

oH ¢ - OB - -QJ/ OF OH
AR HNA VTN EL o
a
OH - 0OH - - OH  OCH_

5 - OH ¥ - - OH

s

0OH - 0oH - - - OCH_

OCH_~ OCH_ OCH_ OCH_ - - -

3 3 3 3

Of CH =~ OH CH: = - OCH
3 3 3

66
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Substituent positions

Flavanone

naringenin (75) 0H - OH = it = OH

pinocembrin (76)

plathymenin (77)

- = OH OH
sakuranetin (78) - - OH
steppogenin (79) 0H - OH

Explanation of

-C o

Flavanones with chalcones from which

they can be-r‘ and from which tbey

o
5 g L

arise biosynthe ‘52 ; fr-nvertible in vitro.

I

requentiy fouhd in nature together with the

flavanone ﬂru Wtjﬁ ljnot always true.
Flavanones,1] examp es, accumu ate in quant1ty in Citrus
AR ﬂ"ﬁtﬂﬂﬁ’i’m’mﬁ A e o

Harborq

Chalcones are

The flavanones are fairly widely distributed, but
not so widely as the flavones and flavonols (Ribéreau—Gayon,
1972). The parent compound, Flavénone (61), is not known to
be mnaturally occurring; the simplest plant flavanone has a

hydroxyl €roup at position 7. The most widely occurring of
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all flavanones 1is naringenin (75) which has been‘repor’c.ed
from about 26 genera. Two well-known mono-O-methyl
derivatives of naringenin which occur mnaturally are
sakuranetin (78) and isosakuranetin (72). Eriodictyol (68)
also occurs fairly frequently in flowering plants. The

simplest f‘lavanone _ that bears the phloroglucinol

hydroxylation pattern A-ring is pinocembrin (76).

Matteucinol (74) i - al C-methylated flavonoid

h tochylated compounds are

to be reported

known among 55| of fls 'id, they are still most

abundant among C-methylflavanones are

FLFygnones ‘ A e
such as cry / ngophorol (62) and

crytominetin (674 CH0 Harborne, 1973).

ey \
348.544D i hydpofleyonols

i' T |
' hydrof'lavonols are constructed
upon the same LY i ing p as flavanones and are

2-pheny1-3-hydioxybenz 0)) They are often

called 3—hydrgyf‘lav O avar@mols. The numbering

system is the safiemas that fdp’ flavanones (Bohm, 1975b).

AUBININ TN
RIAINTUNNY

Dihydroflavonol
(2-phenyl1-3-hydroxybenzopyran-4-one)

(80)
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Substituent positions

Dihydroflavonol

alpinone (81) OH & OCH. = - - -

aromadendrin (82)

cedeodarin (83) OH OH o
dihydromorin (84)
dihydrosyringetin OCH. OH OCH;
fustin (86) OH OH =
pinobanksin (87)
sepinol (88) OH OCH’ OH

taxifolin (89) OH 0H e

7-Hydro simplest known

naturally ries. - It occurs free

raecox Mart. ex Benth.

g
together !uﬁr\iﬂa %’Wﬂfmﬁne. The simplest
dihydroflaan exhi IJ the = phloroglucinol A-ring
¢ a/ :
subs wﬁ ﬂ"’jmymﬁm ElgTavErh is widely
: ts. One of the

distributed in inus., most widely distributed

in the heartwood of Platymiscium:-

dihydroflavonols is dihydrokaempferol, or aromadendrin (82).
Other most commonly encountered member of this class is
dihydroquercetin or taxifeolin (89) which is well-known as
heartwood constituent of many trees, particularly

gymnosperms., (Bohm 1975b, 19823 Harborne, 1973). The
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majority of the dihydroflavonols are known as wood
constituents and are found in the free statej; few

glycosides have been found to occur (Shimokoriyama, 1962).

A dihydrof‘la.vonol and a flavonol with identical

hydroxylation pattern in the A and B-ring often occur

together in the This suggests that the

relationship 1 and flavonol is closer

than that found be d ‘flavone. Therefore,

dihydroflavonol be derived from the

common precur nitial state, or that

one may be conv

einges (1962) proposed

”
the term proant!lg,pg,}grr cover those colourless

g

substances wb&:h-tranﬁf% ocyanidins on heating

. 2t \_ | z
in acid solu¥ion. This =mi€al term and does not

3§l

imply biogeneiic relati'

"leucoant ﬁxﬂiﬁg i {mlqﬁﬁnxn“ were used

interchanﬁbly ovenﬂw wen years or so for those

natunqlwwﬁﬂsﬂ‘ﬁ ﬁ1mwmas heating in
At :Eu presen

id qolut:on. day, the +terminology of

ship. The terms

"leucoanthocyanidin"” as. been reserved for the monomeric
proanthocyanidins such as the flavan-3,4-diols, and Haslam
(18982) suggested that the term "leucoanthocyanin” should no
longer be wused as it was _a ¢generic expression and not

specific enough. So the term leucoanthocyanidin as



v

described &above, and the name condensed proantbocyanidih,
which means for the various flavan-3-ol dimers and higher
oligomers, will be used here (Haslam, 1975, 19823 Ribgreau-

Gayon, 1972).

3.4.1 Natural Leucoanthocyanidins

t, positions
L

Flavan—3,4--ér

]

5 ; SPRRET 3 4 5
‘a o/

leucocyaniflin (91) - -
W TR ‘ilm"ll‘iﬂ“’l'c) ] El'T’ﬂ El"“ 5
leucdfisetinidin (93) -
leucorobinetinidin (84) ~ 0H = OH OH OH
melacacidin (95) B OH OH OH OH =

teracacidin (96) - OH OH e OH e




%2

Nétural leucoanthocyanidins are flavan-3,4-diols.
These colourless sdbstances give red solution with acid.
They are widely distributed in plant kingdom. The majority,
it may be noted, have been isolated from the wood or bark
of +trees, particularly Acacia species (Haslam, 1975, 1982;
Ikan, 1969). They are frequently found in plant tissues,

’y/} formation of the condensed

stlnguished from other

where +they are concer
proanthocyanidins
flavonoids ‘exxst as ¢glycosides

(Ribéreau—Gayo

The
(91) and i ﬁ; ﬂl 1  which have the 5,7-

hydroxylation majority of natural

pa
flavonoids, melacacidin (95),

leucofisetinidin _leucorobinetinidin (94).

F X
(Ribereau-Gay 1972),

) -
3 4.2

Condensed Progﬁthocyanidins

alternatavauﬂ qconﬂ}ﬂ‘%‘;ﬁ 8qﬂ.§cyamdin oo dpad

nsed tannins because on treatment
" IRWTRN ﬂ"ﬁm‘i‘f‘m’?ﬂm o e
brokengand anthocyanidin monomers are released. Here, they
are more specificially named as condensed proanthocyanidins.
These substances possess di-, tri-, and tetra-flavan
structure of +the ¢general type in which the flavan monomer
units are linked by C-C bonds between the four position of

ocne flavan unit and ring A of the next unit. Most condensed
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proanthocyanidiﬁs are procyanidins (97), which means that
they yield cyanidin on acid treatment. Prodelphinidins and
propelargonidins are also known, as are mixed polymers
which yield delphinidin and pelargonidin on acid

degradation (Harborne, 19843 Haslam, 1975, 1982).

OH ;

procyanidin
AUt INENINeINg
QRIAIAITERT AN Y

These compounds are flavonoid dimers. The

dimeric compounds which formed by carbon-carbon or carbon-
oxygen coupling between +two flavone units are called
biflavones. Up +to now, not only biflavones but also
flavanone-flavones and biflavanones are found. Most also
carry O-methyl substituents, a +typical example being

kayaflavone (98) (Geiger and Quinn, 1975; Harborne, 1984).
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N\ OCH
e

are biogenetically

related to +the constitute a distinctly

separate class iy hat -t ontain a rearranged C:s

‘skeleton and derivatives of 3-

sonsible for this

b

T"-pear to be rather

phenylchroma

biochemical

!
ince isoflavonoids ave a very limited

TSRy o o sresss

distributﬂuuﬁ
Papilionoiq’ae otoideae) of the Leguminosae. There are,

howeqajiaw nj f&ﬂxm r]:fj ﬂm a?;'%llrence in the

specialized,

subfamq aesalpinioidae, and in other families (Rosaceae,
Moraceae, Amaranthacesae, Podocarpaceae, Chenopodiaceae,
Cupressaceae, Iridaceae, Myristicaceae, Stemonaceae)

together with recent reports of their isolation from a
marine coral and several microbial cultures (Dewick, 1982,

1988).,
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The - structural = variety displayed in the
isoflavonoids is, in fact, greater +than existing'.in the
normal flavonoid series (Wong, 1975). With regard to Dewick
(1982), +the isoflavonoids are structurally subdivided into
several classes according to oxidation 1levels in +the

skeleton, and the complexi of the skeleton as follow :

onstitute the largest
group of n Mﬂvi - ‘erivatives. Being 3-
phenylchromone of the flavones; the
lateral benze 5 y - tac “&o the carbon atom in
position 3 in _(Dewick, 1982, 19883

= :
Ribereau-Gayon,

AUL NG
RIAINTUNRINGIAY

isoflavone (3-phenylchromone)

99)
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Substituent positions

Isoflavone

baptigenin (100) OH OH OH =

biochanin A (101) - ocn. & &
daidzein (102) % 0H 5 al
dipteryxin (103) X OCH, - -
formononetin (104) = OCH. G =
genistein (105) - OH = i

irigenin (106) OCH. OCH. 0H =

isocaviunin (107) = OCH. OCHs -
licoricone (108) 'c‘ OCH, - 0H
luteone (109) - OH 5 =
muningin (110) - OH = =
2 e e——————— 2 i i
podospicatin (111) v OCH’

<

Explanation of sywb 1 H

ﬂ%ﬂ@%%ﬁwmﬂi

ammn‘im SJ‘VI’]'JV]EHG d

he isoflavones colourless substances, though
they are capable of forming colours with metals and were
once used as mordant dyes (Harborne, 1973). They are much
less widely distributed +than +the flavones, as they are
restricted almost entirely to the Papilionoideae (Lotoideae),

a subfamily of the Leguminosae. Neverthe less 234
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isoflavones are known and they often have structural
features rarely met with in the other flavoncids. The four
extremely common isoflavones are daidzein (202 )5

formononetin (104), genistein (105) and biochanin A (101)

7 4
(Dewick, 1982, 1988; Harborne, 1984; Ribereau-Gayon, 1972).

way as isoflavones,
isoflavanones h the flavanones; the
lateral. benzen the carbon atom in

position 3 ins

ﬂ'LJEJ’WIE}W‘?W'EI’]ﬂ‘i

¢1.52)

AN AININURIINYIA Y
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Substituent positions

Isoflavanone

kievitone (113) OH ' 0H C OH = OH

lespedeol A (114)

ougenin (115) OH OCH. 0H
padmakastein (116)

violanone (117) OCH' OH OCH'

Explanation of

c = ==C— G} —Cc=C—CH
: == l 3

CH
a

= .
1‘
Isoflava e than isoflavones,

though +the num-er of known naturagly occurring examples

cont inues ﬁﬁcﬁ]q ﬁﬁﬁ?w E}A&iﬂx‘ﬁn the bark of the

Indian plafit Prunus puddum Roxb. ex Brand (Rosaceae) was
QR TRIINITRY Y oo
four 1isoflavonoid compounds found in fungal- or
virus-infected French bean, Phaseolus vulgaris Linn.
Lespedeol A (114) isolated from Lespedeza homoloba Nakai
is an unusual isoflavanone containing geranyl substituents.
1t is noteworthy +that an inordinate proportion of the
natural isoflavanones possess oxygenation at the 2'-

position in ring B (Dewick, 1982, 1988; Wong, 1975).
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3.6.3 Rotenoids
Rotenoid is a general naie for a
class of isoflavonoid compound containing an extra carbon
atom in an additional heterocyclic ring. They have in

common the four-ring chromanochroman system (118) as the

system is derived in nature by

"ﬂ' 2'-methoxyisoflavone. A

basic structural unit._
oxidative cyclizatior

considerable amo iati the oxidation levels of

this ring sys’c,e{‘I =Yy are treated in three

-subdivisions H r v ' dek rorotenoids (120) and
12 a-hydroxyro ' AL 2, 1988).
"
,J:
e 6a
o i 4
= B
E
3 - 3
3

ﬂ‘HEJ’J V}%}%%Wﬁn’lﬂ‘i

(118)

Q‘W']ﬂ\‘iﬂ‘im um'mma 8

rotenoid dehydrorotenoid

G 119) (120)
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ain coumaranochroman,

a tetracyclic erived from the basic

isoflavonoid ske nkage between the 4 and

2 positions. ystematic numbering of

pterocarpan (122) for simple isoflavonoids

is used (DewiBky—t058)p— — —

pterocarpan (coumaranochroman)

(122)
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Subst ituent positions

Pterocarpan

edulenol (123) = = OCH. =
ficifolinol (124) o e
lespedezin (125) - OH 'c“
lespein (126) - o
medicarpin (127) = OCH- -
philenopteran (128)« OH 0011'
variablin (129) OCH. -

AU IR FHEAR e oo

12295 Ba- hydroxypterocarpans (130) a 6a,11a-

dehydﬁquﬁ ‘i«m%j%s}ﬂa Wﬂq aa‘E]ck, 1982)

Ly

6a-hydroxypterocarpan pterocarpene
(130) (6a,1la-dehydropterocarpan)

(131)
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The majority of natural pterocarpans isolated have
arisen from phytoalexin studies, using ?ung;l or
abiotically stressed plant tissues, and the number of
examples continues to grow, making this the second large

group of isoflavonoids after the isoflavones (Dewick, 1988).

The pterocarpan w1dely distributed in
leguminous plant end bark constituents,
and: 8lso in % _ ,' > d by microorganisms,
since many | “ lexins. The 6a-
hydroxypteroca is isolated from
Dalbergia sp . BEn 3 a fungal infection
(Dewick, 1982; Wgng

Recent de erocarpan chemistry have
included not of new compounds but also

the recognit variants of +the

ptercocarpanoid ting to note +that

medicarpin (a2 i now undoubtedly the most common of

natural ﬁrﬁﬁ(ﬂsﬂnﬂﬁﬁw Mﬁrﬁ as a phytoalexin

in t1ssue many legumes. w1de variety of
e QA ARG u%ﬂwﬂm@ﬁ s
oxygen ion patterns predominate, l-oxygenated
compounds are relatively uncommon. Unusual geranyl
substituent has been found in lespedezin (125) from
Lespedeza homo tobsa Nakai bark. Lespein (126), also
isolated from this plant represents the first example of

6a-alkylated pterocarpan (Dewick, 1982; Wong, 1975).
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3.6.5 Isoflavans
Isoflavans (132) represent the most

reduced of the isoflavonoid modifications (Wong, 1975).

: L1 - 'A‘f ‘
_ & | \ A \ positions
Isoflavan - : " . : -

3' ‘O 6!

bryaflavan (133) OH 0(!11s =
duartin (134) OH OCB' -
equol (135) o ST o
F’f‘u ) “ﬂ E.Wl iﬂw Ei’] ﬂ‘im " -
licoricidin W37 Y - 08 -
481891 51 umawmw -
I
mucrolxlatol (139) =
I !
vestitol (140) - - OH - 0H = 0CH >

Explanation of symbol :

il - = -CH—CH=C—CH
- 3 a

CH
3
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For many years this class was examplified in
nature by only one compound, the animal metabolite equol
(135) which now is +the simplest natural isoflavan. ‘ It is
undoubtely pro!duced‘ by degradation of simple isoflavones
such as formononetin (104) and daidzéin (102) obtained in

the diet. Equol has

urine, and its ssigned to isoflavonoid

/ been shown to occur in human
of ai

components Every plant. derived

isoflavan, oxysen substituent, as

well as T, feature has ‘been
associated w derivation by
reduction of p 1988; Wong, 1975).
as phytoalexins, and
many of new ave been isolated during

antifungal screena 'yp isoflavan phytoalexins

are simple structures. T
Oxygenation is . . in‘misof‘lavan structures
(Dewick, 1982) < a les of‘ this class are
duartin ﬂ%ﬂ ’}%Eﬂﬁwgqﬂﬁ vest itol (140)
which all occur various kaz:lxan ods of the

Dawe’ﬂfﬁ’?ﬁ‘&ﬂw&%’nﬂﬂ'}ﬁ&l

loncho arpan (138) occur together with +the pterocarpan,
philenoptera G128 , in the African plant Lonchocarpus

laxiflorus Guill. & Perr. (Wong, 1975).



85

3.6.6 Quinone Derivatives

. 8:6i8.1 Isoflavonequinone

Bowdichione (141) is the
only example of +this «class, It was isolated from the

heartwood of Bowdichia nitida - Spruce, ex Benth. (Dewick,

1982).,

lavanquinones

‘ isoflavanquinohes;
abruquinones—Aiﬁ}B, ﬁ4, 145) from Abrus
precatorius Liqp root a amorphaquinone (146) from
Amorpha ﬁ%gs% VI.EJMV] 5 wEJ qrﬂ iecent. ly reported
examples o this isofl}avonoid lass. added to the

mwama«saﬂ@ﬁumm'zmm@rsm e

(Dew:c 1982).
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t positions
Isoflavanqui
3. 4'

sbruquinone A (148) {7 OGH, " OCH_  OCH_
abruquinone B (144) 4" OCH OCH, OCH_  OCH_
abruquinone -é,j.:;;-*;__—__:g___.;;;;_-].. 3 e OCH_
amorphaquinon i OCH OCH OCH

a 3 3
claussequinone §147) OCHa
e AU NINUIRE - o

QW?ﬂﬂﬂ‘iﬂJ UAAINYINY

3.6.6.,3 Pterocarpenequinones

Two purple pterocarpenequinones,
bryaquinone (149) &and 4-deoxybryaquinone (ISO) have been
isolated in small amounts from +the  heartwood of Brya
ebenus DC. along with a number of pterocarpenes (Dewick,

1982).
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Xycoumarins

AU I ‘iﬂvﬂ%ﬁrﬂ%ﬂﬂ =)

(151)
’Qﬁ']ﬁNﬂ‘ifu UNIANYIAY
he 3-aryl-4-hydroxycoumarins (151) have not been
found outside +the genus- Derris and Millettia. All e
these compounds known have 5-methoxy substituents thus
favouring the coumarin tautomer rather +than the 2-
hydroxyisoflavone form (Fig. 2.2) (Dewick, 1982, 1988; Wong,

1975
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occurring examples c@sof‘lavonoids have been

found. Glycycouna
Glycyrrhiza urs

report (Dewick,

A\
4

¥

I
ycycoumarin -

AuLINeY$HeINg

VRGP tedumes 1 REE

isoflav-3-ene

1583)
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Substituent positions

Isoflav-3-ene

haginin A (154)

OCH OCH OH

haginin B (155)

sepiol (156) OH OCHa

Iscofla known chemically

for many ve by dehydration of
isoflavanols acid treatment of
pterocarpans. very reactive,
especially in so is presumably why their
existence as not been established
unt il recentd 2chni , 'ﬁ'the isolation and
characterizat{-j' ’rmprove, these labile

compounds are -exng found more frequently. Three examples

xh A ﬂ‘ﬂﬁf"ﬁ'ﬂﬂﬂ“ﬁﬂﬁﬂﬂﬂ il 7

(156) (Dewigk, 1982, 1988).
ammnimwnwmaﬂ
3.6.,10 Coumestans
The highest oxidgtion level
possible for +the isoflavonoid skeleton is represented by
the coumaranocoumarin structure (157), for which the
trivial mname coumestan has come into general use (Wong,

19:¢5).
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Coumestan
9
lucernol (158) : O0H
p‘soralldin (159) OH
sativol (160) Vt OH
trifoliol (161) m 0CH,

wedelolactone (162) OH OH

19 1% 'l 4

| 8 L) ¥ [ ]

Explanat.loaII of symbol ¢

A ﬁﬂﬂ*‘%ﬂﬂiﬁ’nﬂm Y

Coumestans are widely distributed. Wedelolactone
(162) was reported to be the first example of a natural
coumestan., Since then over +twenty =additional compounds
bearing this ring system have been isolated from various

leguminous plants (Dewick, 1982; Wong, 1975).
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3.6.,11 oa-Methyldeoxybenzoins

Angolensin (163) remained the sole
example of this class of natural product for a quarter of a
century, but 2-methylangolensin has since been e;tﬁacted
from heartwood of Pericopsis elata (Harms) van Meeuwen

where it occurs together it angolénsin (163). The 1latter

examples which i Pterocarpus angol{ensfis

DC. heartwood ith angolensin are 4-

methylangolensi in (Dewick, 1982).

3 6 12" “@= Arylbenzofurans

ﬂ TJEJ ’4] Vi W@Wﬁﬁﬂﬁ CigM).  moet iy

co-occunr legumlnous plants w1th 1soflavono:ds having

RTINS AR INEARE corsesie

from #he isoflavonoid skeleton is via loss of C- 6 from a

coumestan, or by a sequence in which the benzofuran moiety
is obtained from the acetate-derived ring, rather than the
shikimate-derived ring. The only biosynthetic data favour
the latter process in the case of vignaturan (170).
Pterofuran (168) from Pterocarpus indicus Willd. was

first +to be isolated and was found +to co-occur with
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formononetin (104), and angolensin (163). Ambofuranol (165)
from buds of Neorautanenia amboensis Schinz was t.he
first example of a 2—aryl$enzof‘uran with an oxygen

substituent on the heterocyclic ring (Dewick, 1982, 1988).

al 4! 5'

ambofurancl (165) OCH -

11 nwsmwa'm?m -

licobenzofurgn (167) OCH_ oca - ‘c‘
AW IR) ‘iflJ umq W&l 'Pﬁ EI""* :
sainf@ran (169) OCH, =
vignafuran (170) - - OCH. OCH. - OH =

Explanation of symbol :

g = -CH—CH=C—CH
2 3

.CH
a
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3.6.13 Isoflavanol

Ambanol £171) is the onl& known
naturally occurring isoflavanol. It was isolated from the

root of Neorasutanenia amboensis Schinz (Dewick, 1982).

romones

years, only a single

example of wwothe oumaronochremene, ™) (172) class of

isof'lavonoid is is lisetin (173),

isolated ; P:sczd:a erythArina Linn. I® is
i T BT A e e o
structures Qto the group. wes xsolated from seeds of
Mil !eﬂﬁ"]aﬂ*ﬁﬂaﬁemﬂ Mﬁq ﬂeEl qﬁ*%] were found

rofits of white 1lupin, Lupinus albus Linn. In both
Millettia and Lupinus, these coumaronochromones are
known to co-occur . with structurally ana logous

2'-hydroxyisoflavone derivatives, and it is likely that the
2'-hydroxyisoflavones could be their biosynthetic

precursors. Indeed, 2'-hydroxyisoflavones may be cyclized
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to the corresponding coumaronochromones using a variety of
oxidizing agents, and selenium dioxide is =a recently

reported reagent for this conversion (Dewick, 1982,.1988).

40 50

OH OCH
a

1‘3 -
lisetin (173) E

lupinalbin A (174)

e 1270 mmwmmﬂ' -
= SRR AN ING 18

= -CH —CH—= C——CH

[
CH
3
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45 Biosynthesis of Flavonoids

4.1 General Aspects
The biosyntﬁesis of flavonoids is unique in
that the twoA aromatic rings argse via different pathwa&s.
The phenylpropane residue (ring B and carbon stoms 2,3 and

4) derives from p-coumaric acid which is formed via the

,/ the other hand, is basically
% sation of +three acetate
cd

shikimate pathway. Ri

formed by a head-

o

Goodwin and Mercer, 1983;

units. Those eding experiments with

radioactively labe

Hahlbrock and Gris

flavonoids are
biosynthetically h a chalcone being the
first common intermedt: It is demonstrated

D e OH

OH
3 g
|
=" L o
B INYNTNYINE
nar?Lgenin chalcahe o caffeayl-Co A
ARIANAIUUNRTIINY 1S
9 |
OCH3

OH

|
CoAS"
;

feruloyl-Co A

(178)



OH O
Flavone

Figure 2.3
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Phenylalanine

‘ _ Acetyl - CoA
| .

4-Coumaroyl -CoA Malonyl - CoA

Flavonol Anthocyanidin

Scheme illustrating the position of the chalcone

as the first  common intermediate in the

biosynthesis of all class of flavonoid.
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that Co A esters of malonic acid and 4-coumaric acid are
the best substrates for chalcone synthase which.is the
first enzymel of the +true flavonoid pathway to give
naringenin chalcone (169). HoweVer, éaffeoyl-Co A (170) or
feruloyl-Co A (171) could also be accepted to substitute

for +the latter materia albe:t less effectively (Dewick

1986, 19883 Ebel and 982; Heller, 1986). The

sequence of rea _in Fig, 2.4 which was
deduced from t 1 side products of the
chalcone synt partially purified
enzymes from (Ebel and Hahlbrock,

1982).

chalcone, naringenin-

chalcone (176) lavanone naringenin (178) is

catalysed in.w isomerase, but the

isomerization

ff' 2 jﬂ because spontaneous

cyclization occurs at the alkal:ne pH optimum of the enzyme

(Dewick ﬁﬂﬁﬂ%ﬁﬂﬁ%ﬁmﬁhe first isolated

enzyme of fllavonoid metabolasm. The enzyme has no co-factor
requ laﬂwq ﬁ@ﬁﬁmeﬂ%qarﬂﬂqﬁi%}‘omnatlon of

Smembered heterocyclic ring of flavanones from the
corresponding chalcones. (Ebel and Hehlbrock, 19823
Hahlbrock and Grisebach, 1975). The stereochemistry of the
reaction has been studied wusing a chalcone deuterated in
the o position as substrate, The resulting flavanone had

the S-configuration at C-2 and the deuterium took up the



ey

OH

CoAS l
fo) 4-Coumaroyl-Co A
c':oo‘_ '
CH,CO—SCoA
‘ e
CO,, CoASH

CoAS

<l:o o

CO,, CoASH _

—

. CoAS

x4
U

CH CO-SC

By ﬂiﬁﬁ wamwmm
ammn

H20 CoASH

" Chalcone

Figure 2.4 Scheme illustrating the proposed mechanism of

action of chalcone synthase from parsley.
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equatorial position at C€-3 (A. Fig. 2.5)., ° On the other
hand, when +the reaction was carried out in Dzé with
unlabelled substrate, the deutérium occuﬁied the axial
position at C-3 (B, Fig.2.5). This means that cyclization
is formally a c¢is addition to the «, p-double bond

(Goodwin, 1983).

H T

o {uum C

H

)

2 = C
- E b e L (o
- T-—_————_—— i

e YAPTB T8 o e o

% chalcone- fl%?anone isomerase.
’QW']MTP%NSJW@%%H’IMIW
chalcone 1labelled at the a-carbon atom
with deuterium.

B = Reaction proceeds in DQO with unlabelled

chalcone.
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4.4 Modification at Ring C

4,4,1 Oxidation Reactions in Ring C

It was demonstrated that protein
extracts from parsley cells catalysed +the oxidat ion of

naringenin to the correspbnding flavone, apigenin, in the

presence of Fe=+. 2-oxogl

\

arate and possibly ascorbate as

ract, in the presence of
a&, B-hydroxylation of

dihydrokaempferol and

cofactors. The same
these cofactors,
naringenin to

the oxidation to kaempferol. The
proposed sequ ould be in agreement
with the expe obtained is shown in
Fig.2.6. Accordi uir;ment, the soluble
enzymes belongs ~-oxoglutarate-dependent
dioxygenases. A t )-flavanone 3-hydroxylase
which convert flavgéﬁ?&l{ 3 wrs by 3-hydroxylation into
| a‘ermediates in the
)

id derivatives. This

dihydroflavonals

biosynthetic

enzyme has stereospec1fic1ty an rather narrow
e GG P e 1

converted the enzyme into (2R, SR) 2,3 d:hydrokaempferol
CORR ﬁﬁﬂﬁ’i‘ﬁi"%ﬂ PN Y B R) suvstrase.
Similafly, (25)-eriodictyol (181) was transformed into

(2R, 3R) 2,3-dihydroquercetin (182), though +the (2S)-
3',4',5'-trioxygenated flavanone, 2,3-dihydromyricetin (183)

was not metabolized (Dewick, 1988; Ebel and Hahlbrock, 1982).



OH O

Flavano ’
Flavone :
. ' P

FluvoB : Flov@ol
LY O/ 3
Figure 2.6 Conversion by 3'h}'drfﬂlug’}%yﬂom§iw %Jr]aﬂiﬁion of naringenin to various

¢ substituted flavones, qihydroflavonols flavonols and anthocy nidins by cell-free extracts

from Petroselin eﬁ;ﬁnnimmﬁ (]Qnm 118 A. Gray cell cultures
(b), flowers of Ma t An majus Linn. (d). .
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OH : OH

Ay

HO o R HO s R

OH

o O ok w0
(25)-naringenin, R= 2,3-dihydrokaempferol, R=H
(179) (180)
(2S)-eriodictyo “'4h\-dihydﬁoquercetin,R=on

(181) (182)

i AT NUNTHUING e crime ren

parsley cells, oxidatiofA of flawanones +td&. flavones in
f‘lower‘a wr!]ﬁg fll immnflq wﬂrl!a Hs catalysed
by an enzyme activity in the microsomal fraction, flavone
synthase ELg which required NADPH as co-substrate. The
flavone synthase Il is now known from several sources, eg.
Verbena hybrida Voss, Taraxacum officinale Weber and
osmobtically stressed cells of soybean (Glycine max Merr.);

it differs from the flavone synthase | from cell cultures of
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parsley (Petroselinum crispum Linn.), which is a soluble
Fez+—and z-oxoglutarate-dependeqt dioxygenase. blavone
synthase Il from soybean has an absolute requirement for
NADPH and 02 and is inhibited by CO, cytdchrome C, and a
number of inhibitors 6? cytochrome P-450. This suggests

that flavone synthase a cytochrome-P-450-dependent

mono-oxysgenase. ' ical : 2—h9droxyflavanone
intermediate (184 . ) " (Fig.,2.7)., The flavone

synthase [l pr om. SO bean also converted (2S)-

eriodictyol (1 - but would not accept

(ZS)—naringenryg

(179) I‘J
AU INENTNEINS
ARIAINTUNRING

apigenin (20)

Figure 2.7 The hypothetical flavone synthesis




104

(2R)-naringenin as substrates. It is of special interest
that the same transformation can be mediasted by +two
different tissue specific enzyme systems. However, in both
cases, flavonol is formed from dihydroflavonol by action of
a 2-oxoglutarate-dependent dioxygenase (dewick, 1989; Ebel

and Hahlbrock, 1982; Heller, 1986).

ep@ g 8 further group of
‘

enived from dihydroflavonols visa

S T

. The stereochemistry

Anthocyani

flavonoids t.hat)—“

flavan-3,4-diols

HO

dihydrdkaenp =H £) 185, R=H
: ' (186), R=0OH

dihydgo.[ercetin,k=ou
AugTNeNINeIng
AWIAMNIUNRINYIAY

el N

pelargonidin (14),R=H
cyanider (9), R=0H

Fig.2.8 Anthocyanidin synthetic pathway from dihydroflavonol
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of +the leucoanthocyanidin intermediates in Matthiola incana
R.Br. was shown to be 2,3-trans-3,4-cis by demonséreting
the conversion of (+)-dihydrokaempferol (180) into  253=
trans-3,4-cis—leucopelargonidin (185) (Fig.2.8) by an enzyme
extract from the flowers. The réaction was NADPH—dependent;

although NADH could fun

tion as a less effective cofactor.
The 3'-hydroxy- V

/ ihydroxy-analogues, (+) ="
dihydroquercetin dromyr:cetin (183) were
also reduced by : md, <BRS #h.less efficiently than
(f)—dihydrokae ' ~V ,’.%h« 6)., The violet colour
' » is attributable to

the presence o 4 [0C yk} M, alvidin (13), wheresas

A
7 i
white or v:olet spotted mutants re deficient .in’ this

compound, ﬁdu EI (.3 tw Wﬁw ﬁﬁﬁ ‘j’a nstead. These

derive dehydrogenatlon of the d1hydroflavonol
1nteﬂcﬁﬁﬁq ﬂ?mcﬂ;%qﬁ w E‘lﬁ-‘]ca:-ﬁ derivatives
in mut8nts of H. carnosum Desf. has been shoen +to be
controlled by ¢€genes relating to one or other of the two
processes that are involved in +the biosynthesis of
anthocyanidins, f.e. the conversion of dihydroflavonols
inte flavan-3,4-diols and then of flavan-3,4-diocls into

anthocyanidins (Dewick, 1988).
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Chalcones eare precursors of aurones and studies
with cell-free systems from Cicer indicated that a
peroxidase-like enzyme is involved, and that the course of

the reaction may be that indicated in Fig. 2.9.

Figure 2. Qﬂuﬂ{am gmwmﬂﬁ conversion of

chalcones 1nto aurones catalysed by a
AR ITIRINTINE N o
single electron 1in the direction 1nd1cated;
™ = movement of an electron pair in the
direction indicated; H = hydrogen radical
abstracted wunder the catalytic influence of

the enzyme.)
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4.4,2 Reduction Reactions in Ring C

Flavan-8,4-diols (leucoanthocyanidins)
and flavan-3-ols (catechins) arise, by successive reduction
steps . from dihydroflavonols. The double reduction step has
now been demonstrated with an enzyme preparation from

maturing grains of © barley (Hordeum vulgare Linn.).

A soluble NADPH-dependent nreductase converted (+)-2,3-

dihydroquercetin ( ,.38, 4S)—flavan—3.4-diol,

(+)-2,3-¢trans-3,4 'Buchrc yQIBG) but was strongly

inhibited by the A second, less-

active NADPH-deg sed the reduction of

(+)-2,3-trans-3, es) to (+iscabelNia

(187) (Fig.2.10)

(+)-dihydngod

(18
ﬂ‘lJEJ’J‘VIEmﬁWEﬂﬂi

ammﬂim ZJW]’JV]EI’WG 4 @

HO

(+)-catechin

(188)

Figure 2.10 Biosynthetic pathway of catechin
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4.5 Secondaery Modifications

4,5.1 Hydroxylation

The basic pattern of hydroxylation
is illustrated by consideration of +the structure of

naringenin chalcone (176). The hydroxylation pattern which

is most frequently enc red .in ping A" €C=2' BVoEN

chalcone numbering) ich is expectéd from its

polyketide:- origin. 1c pattern is widespread

compounds with {

numbering) ar

g€ at C-5 (flavonoid

S

in the Lesguminosae;

an example is . Genet ic studies

OH

g, .
weses A48 18] GHEE FAG oo s

aoccurs at? the polyketlde stage and cequf1nly at +the
chalcﬁ%&]a&ﬂ ﬁ ‘}m Htﬁq%cw%l Qﬁ%lsence of the
gene ontrolllng the removal results in all flaveonoids
being equally affected. Furthermore, tracer studies have
shown +that in normal plants 5-deoxychalcones give rise only
to 5-deoxyflavonoids. Flavonoids with additional hydroxyl
groups in ring A are also knownj for example, galetin C[OH

at C=6 (188)] and hibiscetin [OH at C-8 (189)1 from Galega
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and Hibiscus, respectively. In contrast to the removal of
OH from C-5, the addition at C-6 and C-8 appears %o take

place after chalcone formation (Goodwin and Mercer, 1983).«

hibiscetin

(189)

In at - C—-4' is almost

universal, indic ic acid 1is the usual

precursor of the sidue of flavonoids. The

most frequently uctural modification of

flavonoid agi T hydroxylatd and subsequent

methylation i Iﬂv 8 2 of ring B. Two

different ways ead:ng to B ring oxygenated flavonoids have

"’““ﬁﬂEJ’J‘VIEJVIﬁW 8113

incorfibration of already subst:tuted hydroxyc:nnam1c

ARTAITIBI NN INYA L

(ii) Hydroxylation and methylation at the C‘5 stage.
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The synthesis of 3'-hydroxynaringenin (eriodictyol)
(181) from caffeoyl—CoA (177) can be catalysed 'under
certain assay conditions in vitro by chalcone synthase. If
this compound were synthesized in sﬁfficient amounts n

vivo and accepted as substrate for flavone and flavonol

formation, the 3'-hydroxyl group would not need +o be
introduced st a later st %"1” ever, investigations with

m ltures of ﬂaplopappus

gracilis A. Gy flowers of Matthiola
incana’ R.Br. ' 'éh:“g“' nn. demonstrated the

presence of a

cell-free extrac

mel fractions which
agreement with the
early +tracer eat which had shown
that 4-coumaric is incorporated into
quercetin (34), =3' of the aromatic ring
occurs at the flavonodad%ﬂ%g;af

particular oxidat - — stii=n gkeleton. Thus =8

is not restricted to any

;;mono—oxygenase from
seedling of maize (Zea mays Linn.) has been observed to 3'-

hydroxylateﬂtu ﬁﬁ%w%"wgﬂ ﬂﬁ). the flavonol

kaempferol #30), and the flavone aplgenln (20), giving
N mmm‘mw 4 Gp e
respect ively. Kaempferol (30) was found +to be the best
substrat, followed by apigenin (20) and naringenin (178).
The 3'-hydroxylase activity is partially inhibited by CO in
the presence of Oz, as well as by cytochrome C and NADP*;

and requires 02 and NADPH, suggesting that the enzyme is a

cytochrome P-450-type mono-oxygenase. Enzyme preparation
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from +the flowers of Verbensa hybrida Voss catalyse the
hydroxylation of ring B of flavanones and dihydroflhvonols
in both the 3'- and Sg-positions. This enzyme is also
localized 1in the microsomal fraction, and requires NADPH as

cofactor. The enzyme hydroxylates eriodictyol (181) and

HO

naringenin riodictyol (181),R=H

dihydrokaempfero 'droquercetin (182),R=0H

OH
@OH
OH

(190),R=H

dihydromyricetin (183),R=0H

Figure 2.11 Hydroxylation in ring B.
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dihydroquercetgn (182) in the 5'-position, giving (190) and
dihydromyricetin (183) respectively, and gave mixthres of
eriodictyol (181) and (190) or dihydroquercet in (182) and
dihydromyricetin (183) when naringenin (149 or
dihydrokaempferol (180) were used as substrates (Fig. 2,11)

d Hahlbrock, 1982; Heller, 1986)

(Dewick, 1984, 1988; Ebel

lated flavonoids are
knowﬁ, and +th the methylation step
occurs later quence because of the
observation th ylcaffeoyl—CoA), (178)
ase. The reaction is
transferases with S-
donor but the enzymes are
nt positions. For example,
from Chrysosp ‘ n. ex Hoek., four
distinct - eniiﬁf

deravat:ves was separated and cheracterxzed

ﬂﬂﬁ”‘iﬂﬁﬂ‘ﬁ%ﬁﬁ’i

flavonols ere methy]ated more eff:c:ently than flavanones

¢ QTSI ALY 2V meionsor

preceeds glucosylation in the biosynthesis of methylated

droxyl positions of

quercetin

flavonoid glycosides cannot be answered unambiguocusly. As
with +the parsley 3'-O-methyltransferase, both luteolin and
its 7-0O-glucoside were efficient substrates of the soybean
3'-O-methyltransferase. On the other hand, quercetin 3-0-
glucoside and B8-O-rutinoside (rutin) were met hylated at

lower rates than quercetin (Ebel and Hahlbrock, 1982).

-
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4,5,3 O0O-Glycosylation

It is most likely that glycos&lation
occurs subsequent to all other substitutions and
modifications of the flavonoid ring structure. UDP-sugars
are frequently the donor substrates for these reactions. In

irradiated parsley cell culture, apiin and flavonol 3,7-bis—

,l# ial glycosylation steps as
indicated in i ;
The fialt'—"ff .u; . sequence (No.8) is

and is catalysed by

glucosides are

yltransferase., The
enzyme has or several flavone,
flavonol and t does not glucosylate
various other phe ncluding isoflavones and

cyanidin. is not further

coside
glucosylated Bn th osition #1 i s suggests that the

reaction seque 3 e glucosylatlon of

||

parsley is as 1ndiceted

and Hahlblﬁu ﬂwJ ﬁﬂﬂ?ﬂﬂ’]ﬂ‘j
VI TN T INY Y- oo

by UDP-glucose:flavonol 3-0O-glucosyltransferase (Fig.2.12,

flavonols in in Eig. 212 (UEbel

No.9), which exhibits a strict positional specificity and
catalyses the 3-0-glucosylation of a number of flavonols,

including quercetin 7-O-glucoside (Ebel and hahlbrock, 13982).
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OH
fi
CoAS ~ﬁ ;
0

@ o +3€0,
§ +4 CoASH
3 HOOC-CH,~CO~ S CoA 0
e
Jo |

aco,

’ HO. o
3 CH~CO~SCoA - '

q iﬁ‘""f%”%%w N B

Fig‘ure 2+12 Scheme illustrating the sequence of reactions

of the f'lavone and flavonol glycoside
pathways. The enzyme marked by numbers are
listed in Table 2.4. SAM, S-adenosyl-L-

methionine; SAH, S-adenosyl-L-homocysteine.
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List of enzymes mentioned in Fig. 2.12,

Key to No.

in Figo

2.12

Enzyme

No.

No.

No.

No.

No.

No.

No.

No.

No..

No.

-No.

No.

No

10

11

Acetyl-Cor‘ rboxylase

.-O-glucosyltransferase
3-0-glucosyltransferase
e synthase

e i) =) .--.—.-,-.-q-"'-.'.T.':"ET'i_i.:',:d‘.1 oside 2"-0-

= A

;J
Malonyl Co A: flavono1d 7-0- -glycoside

ﬂ UBTRHRTN NG

Malonyl- Co At flavonol a- O-glucosxde

QW']a\ﬂ“ﬂﬁfH%ﬂ%ﬂﬁl']ﬂﬂ
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Further glycosylation of the sugar moiety ‘of
flavonoid glucosides occurs in the biosyntheéis of
apiosylglucosides (Fig.2.12, No.10,11)., UDP-apiose synthase
catalysés the NAD’—dependent conversion of UDP=-D—

glucuronate +to give UDP-apiose. Transfer of the apiosyl

residue from UDP—Bpiose -to flavone 7-0O-glucosides is

%apiosezflavone 7-O-gluébside

(Fi & No.11). The enzyme is

catalysed in parsley
2"-0O-apiosyltrans |
specific for U glyc donor and acts on 7-0-
glucosides of & I DNEeSs, flavanones and
isoflavones, jlavonol 7-0- or 3-0-
glucosides, free ¢glucose as
substrates (Ebe ‘

Several in crude extracts
catalysing the oD/ f ;_lavonol glycosides from the
correspondinfl

have been repant -q*‘shown to be specific

glycosyltransfe ases (Dew:ck, 1984;  Ebel and Hahlbrock,

ﬂuEJ’mf:J‘ﬂiWEJ"Iﬂ‘i
QWWMﬂﬁﬂHﬂ%ﬁ%’%’]aﬂ

Though C-glycosides are found
predominantly amongst the flavones, earlier feeding
experiments had indicated that flavancnes might act as
precursors of flavone C-glycosides, whereas flavones
themselves were not incorporated. From subsequent enzymic

studies, it was shown that C-glucosyltransferase
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preparation from seedling of buckwheat (Fagopyrum
esculentum Moench) catalyse the +transfer of glucoée from
UDP-glucose or ADP-glucose to 2-hydroxynaringenin, an
intermediate, giving a mixture of C-glucosides (Dewick,

19893 Goodwin and Mercer, 1983),

I : Y lg . flavonoids are
relatively rarq--lr-r |2 studies have been
reported. Iso : ‘ rk atem is also encountered

in some sixty hing is known of the

mechanism of is S, it can reasonably
be assumed th ynthesis, isopentenyl

pyrophosphate a specific prenyl

'jﬂ ?ﬁrmed in mnature from
flavonoid C —C —C precursors, but, during the biosynthesis,

the shikaﬁtﬂﬂfzﬂ Wﬁw&{qﬂﬁpates from C-2 to.

the adjacen% carbon, C- 3. Tracer exper1ments w:th £ COOH]-
ﬂWﬁ'ﬁﬂﬂﬁ'm LA B (i 1eberiine
patterfis in formononetin produced by red clover indicated
in Fig, 2+13. These patterns are consistent with an aryl
migration. The migration 1is catalysed by the eniyme
isoflavone synthase which is a mono-oxygenase, requiring
NADPH and molecular oxygen as cofactors. The enzyme

activity has a half-life of only about 10 minutes at 30°C,
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 [*C] substrate Labelling pattern in the
(L-phenylalanine) isoflavone, formononetin

Hzf HO (o} v
O oo
Z

Ho—ﬁ/ \ " NH:
I H

Figure 2.13 i ing in the isoflavone,

nduced in red clover

abel led species of
1.__‘

| -ﬁ c)
and tpanﬁﬁﬁ%wﬁﬁwmﬁﬁ (25)-naringenin

(179) or QHZS)—liquiritigenin (191) into the isoflavones
¢ o o/
G RGN I HAVT NGBt »
hypotﬁbtical pathway via epoxidatibn of the enol form of
the flavanone has been proposed (Fig. 2145 Futher
substitution of the basic isoflavonoid skeleton and
modification of the oxidation level in the heterocyclic
ring are then responsible for the production of

the wide variety of natural isoflavoncid structrues.
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 (2S)-naringenin
(179) R = OH
(28)-1liquiritigenin

(191) R=H
H
o] (o]
HO
] ROy
R : R T _L—E
HO OH

genistein (105

R = OH
daidzein (102)
R =H

Figure 2.14 7~ isoflavone synthesis

| y_ 7

A S-adenos{ﬂmeth . . o avonah"-O—methyltransferase

from cell susp‘lnion cultlﬁbsA of Cicer arietinum Linn.

cxsoryseafl) ULl VUEILAMN ELA Tadiszern 000 ame

s
o CH

daidzein (102) R=H formononetin (104) R=H

genistein (105) R=0QH biochanin A (101) R=0H
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genistein (105) to formononetin (104) and biochanin A (101),.
respectively (Dewick, 1982, 1985, 1988, 19893 ébel and
Hahlbrock, 19823 Goodwin and Mercer, 19833 Hahlbrock and
Grisebach, 1975).

From feeding iments, +the formation of the

pterocarrpans, med i . ) and maackiain (198) from

has been deduced as

shown in Fig. 2"—— ‘ ymes that catalyse 2'-

o, CP82) ~and  3¥=

- the isoflavone,

hydroxylation
hydroxylation calycosin (195) have
been demonstr ctions from chickpea
(Cicer arfetin nsion cultures that had
been challenged elicitor., The enzyme
activity appeared with +the accumulation of
pterocarpans, requ’vv-  fi]ﬁu; nd 0 as cofactors and also
hydroxylated » .;=:::==ﬂ=..“{,-. 2'- and
3'-hydroxylated— is ydrc i’ation of biochanin A

(101) was in act rather more efficient than hydroxylation

o rore 8] GGG crives e

biochanin (101) are Eynthesxzed in Cicer ar:etznum Linn.
"“‘“ﬁ ORI TSN Frid 6] phostraces.
some xperlments, only 3'-hydroxylation was observed, and

this suggestes that two distinct hydroxylases are involved.
Occasionally, the methylenedioxy-derivative VY-baptigenin
(1896) was isolated from incubations with formononetin,
demonstrating the next step of sequence to maackiain (198)

(Dewick, 1989).
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I
o
o

Hoiiln ° .
I NADPH
. OH
0 OMe

" Formononetin (104) Calycosin (195).

NADPH '
. OZ

| >
’JVIEJVI?WEJ’]ﬂ‘i

OMe

-@ﬂ‘smumawy ne

H G o>

(=)-Maackiain (198)

HO 0

Figure 2.15 Biosynthesis pathway of pterocarpan.
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The biosynthesis of pterocarpans involves a

sequence of reduction steps prior to cyclization, and

initially isoflavones are reduced to isoflavanones. Yeast -
extract-challenged cell suspension cultures of Cicer
arfetinum Linn. have yielded a soluble isoflavone

oxidoreductase +that cat ses the reduction of 2'-hydroxy-

formononetin (192) (193). The enzyme was

unstable, requir and was specific for
isoflavones tha group. Thus whilst
2'-hydroxy-vV-b erved as a substrate,
daidzein (10, formononetin (104),
biochanin A ) were not converted.
Again, these proposed sequence to
medicarpin (194) 30 (Fig. 2.15). Feeding
experiments have 6a-hydroxy-pterocarpans

are derived by lation of the pterocarpan

skeleton (Dew
I@ ;
Prenyla

1on 1sof‘lavono1@ molecules generally

seems toﬂoﬁxﬂ ’3 ﬁ EJW ?Wﬁﬂﬁc sequence, after

modified %keletons have been produced from the isoflavone

oo Q4] SRR TR HTE D o e o

intermediate between (199) and phaseollin (201) in stressed

tissues of bean. (Phaseolus vulgarsis  Linn.). A
dimethylallyltransferase from a microsomal fraction of bean
cell suspension cultures that had been treated with a yeast-
extract elicitor has now been identified. This enzyme

catalysed the 10-prenylation of (+)-(199) to ¢give
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phaseollidin (200). Using dimethylallyl diphosphate as the
prenyl donor, though it was not completely specific.for the
pterocarpan (199). Medicarpin (184) and the coumestan
coumestrol were also prenylated, though the products have

not been identified (Dewick, 1989).

OH

phaseollin

(201)
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C. Distribution of Flavonoids in the Genus Sophora
1. Flavones
Table 2.5 Distribution/ p
Flavore b ! ~Bote: Plant Part Reference
1&- -
Apigenin 5= & ; {: tflor leaves  [Makboul and Abdel-Baky
7-0H ,@K?p (1984)
v-0h TN
Apigenin 7-0-glucosid 7 eaves |Makboul and Abdel-Baky
k. (1984)
-0H S, tetraptera J. Hill, leaves  [Markhan (1973)

rhaonosy 1§ lucos idg
q

Apigenin-7-0-
rhaonosylglucoside-

4'-0-glucoside

e FUBANE

7-0-(rhennosyl, p

Ninl3

W 4'-0H

5-0H

7-0-(rhawnosyl,
glucosyl)

4'-0-glucosyl

S. tetrapters J. Mill,

S, tetraptera J, Mill,

i) e
YNNG

leaves

q

leaves

d

Merkhan (1873)

Markhan (1973)

Markhan (1973)
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7,4'-Dihydroxyflavone

7,4'-Dihydroxyflavone-
7-0-glucoside

7,4"-Dihydroxyflavone-

7-0-rhennosylglucoside

Diosmin

Lucenin-2

AU
ama»&mm AR1INENAE

J -0

4"0

6-glucosyl

8-glucosyl

3'-0H

4 -0H

lE)’J‘l’lEJ‘i@iWEJ’Jﬂ

S, prostrata,J. Buch

lesves
lesves

leaves

leaves

leaves

flowers

ieaves

lesyegs

Table 2,5 (Continue)
Flavone Substitution Botanical Origin Plant Part Reference
Bayin 7-0H S. subprostrata Chun roots Shirataki et al,
8-glucosyl (1986)

Markhen (1973)
Markhan (1973)

Markhsn (1973)

Markhae (1973)

Merkhan (1973)

Briggs et al.
(1960)

Plouvier (1966)

Markham (1973)

Markhen (1873)
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Table 2,5 (Continue)
Flavone Substitution Botenical Origin Plant Part Reference
Luteolin 5-0H S prostrats J. Buch, leaves Markham (1973)
7-0H 5, tetrapters J. Mill, lesves  |Markhan (1973)
1
2
e :
_!-!
——
Luteolin-7-0-glucoside angust 1 f'o h et | leaves Nakaoki et al.
(1955)
leaves Markhan (1973)
Luteolin-7-0- leaves Markhan (1973)
rhannosylglucoside leaves Markhan (1973)
—— i"'ﬁf,i_j
Rhannosylisovitexin leaves Markhan (1973)

AL
AR

Rhannosyl¥itexin

o-(rhannosyl,
L

7-0H

5-0H

7-0H

8-(rhawnosyl,

glucosyl)

i
NINYN

NI URIING

S. microphylia Ait.

5
161

leaves

Markhan (1973}
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Table 2.5 (Continue)
Flavone Substitution Botanical Origin Plent Part Reference
Sophoraflavone A 7-0H S. subprostrata Chun roots Shiratski et al,

ot TC. Chen

8-(rhannosy

Sophoraflavone B

7,3",4"-Trihydroxyflavo

7,3",4"-Trihydroxyflavone-

7-0-glucoside

7-0-rhennosylglucoside m

AULIMBYTNYINS

"

WQW'] AR AN

4'-0H

roots

leaves

lesves

leaves

leaves

leaves

lws

(1986)

Shiratski et al.
(1986)
Markhan (1973)

Markhen (1973)

Merkhen (1973)

Markhan (1973)

Markhan (1973)

Markhan (1973)

Markhan (1973)




2.

Table 2.6 Distribution of £

Flavonols

Flsvonol

5-Deoxykaeupferol

Fisetin

{soenhydroicaritin

Isorhannetin

AYEIN

8-isbpreny!l’

5-0H

AMddnTol

3'-0CH
s

4 ~0H

128

. [Plant Part|  Reference

leaves

NINYINT

BN S

Hasan et al. (1987)

Hasan et al. (1987)

Komatsu et al. (1970d)

%shidc et al. (1989)
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rutinosidé

- {Kaenpferol

Kaempferol-3,7-

diglycoside

Kaenpferol-3-0-

rhnnoglucos:ﬂ u

Keenpferol-3-0-

rhaonoside

‘glucosyl)

=

i

SR 2 LA

Nk

A

_
i

\ill'

-0-(rhsnnosyl,

5-0H

amaw@mm

4'-0H
3-0-rhennosy!
5-0H

7-0H

4 -0H

JB

nponlca Linn,

Eif}’iﬂEJWTWEJ’]ﬂ'ﬁ

#aINE

S, secundiflors Lag, ex

be.

Table 2,6 (Continue)
Flavonol Substitution Botanical Origin Plant Pert Reference
Isorhexnet in-3- 3-0-(rhannosyl, S. japonica Linn, buds Kinurs and Yanads

fruits
leaves

fruits

buds

leaves
s

N8 e

leaves

(1984)

Akhnedkhodzheeva
et al, (1986)
Makboul and Abdel-
Baky (1984)
Akhwedkhodzhaeva

et al. (1986)

Kinura and Yanads
(1984)
Makboul and Abdel-

Baky (1984)

Wakboul and Abdel-

Baky (1984)
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5-0-Methylkushenol C

S-Methoxyquercet'ﬁ

Noranhydroi caH tin

4'-0H

5-0K

7-0H
8-isoprenyl ;

4"-0H

ARRER eyl
REINIUYRIINY)AY

5. angustifolia Sieb

et Zuce,

Table 2,6 (Continue)
Flavonol Substitution Botanical Origin Plint Part Reference
Kushenol C 5-0H S, flavescens Ait, roots Wu et al, (19858)
7-0H
3
8-lsvandulyl
2'-0H 7
Kushenol G S-M roots  |Wu et al, (1985h)

roots

Taki et al. (1949)

Hasan et al., (1987)

Komutsu et al.

(1970d)
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Table 2.6 (Continue)
Flavonol Substitution Botanicsal Origiﬁ Plant Part Reference
Quercetin 5-0H S. japonfca Linn, buds Ishida et al, (1987)
7-0H fruits Akhnedkhodzhaevs
et al, (1986)

Quercetin-3-0-

galactoside

Rutin

e,

R

V.

7-08

BINUNTNENT
AN

¢

N8 ¢

pC

S, prodsnii E, Anders

S, secundiflora Lag, ex
ex Dc.

S. tetraptera J., Mill,

lesves

lesves

buds,
flowers,
leaves,
pericarps,
s smell
branches

TR

all tissues
leaves

leaves

Makbou! and Abdel-

Baky (1984)

Reyes et al. (1588)

Balbas et al, (1974)

Takeds et al. (1577)
Pislarasu and Safta-
Nistorica (1968)
Makboul and Abdel-

Baky (1984)

Reyes et al. (1988)




Table 2.6 (Cont inue)
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Flsvonol Substitution

Botenical Origin

Plant Part

Reference

Sophoraflavonoloside 3-0-(glucosyl,
glucosyl)

5-0H

5,7,4'-Trihydroxyflavon

-3-rhaunodiglucoside

Note ¢ 1. isoprenyl =

AU
QRYEET

S. japonica Linn.

fruits

Szabo et al. (1967)

Ho et 8l. (1384)




3. Chalcones
5'
Table 2,7  Distribution nf g
Chalcone

6-[3-(2',4"-Dihydroxyphe
acryloyl3-7-hydroxy-2,2-
dinethyl-a-(3-nethyl-2-

butenyl)-28-benzopyran

AUt
g Lk

NYNINEINF
Tﬂ? Ellﬂatayna and Konatsu

4'-0H ¢
Y
4-0H

2'-0H

3’-lavandulyl’

4'-0H

6 -0CH
3
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Plant Part

Reference

S, tomeatosa Linn,

g

Sieb et Zucc,

roots

aerisl

Kyogoku et al.

(1973d)

Komatsu et al.

(1978a)

(1971)
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Table 2.7 (Continue)

Chalcone Substitution Botenical Origin |Plant Part Reference

Kuraridinol 2-0H S. fiavescens Ait. roots Kyogoku et sl. (1973s)

Rushenol-D ¥u et al, (19858)

5'-1avand yl

§'-0H

Sophoradin TiegprERyl { D Kowabsu et sl. (1970b)

-0 |

b= sopp

ﬂuoEJ’J‘l’lEJTflﬁWEJ’m‘i

3'-1soprenyl

QRIRININ IR ING 18R
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Xanthohunol

Chalcone Substitution Botanical Origin |Plant Pert Reference
Sophoradochromene {37 S. subprostrate Chun | roots Komsetsu et sl, (1970c) |
4\0 et TC. Chen

roots Komatsu et al, (1970d)

Note : 1, isoprenyl =

ﬂ'lJEJ’J‘VIEJ?/IﬁWEJ’]ﬂ‘i

2, lavand

a‘ma 50 ll'iﬂ’]’mﬁl']ﬁil

3, lavandulyl hydrate = OH




4, Flavanones

Table 2,8 Distribution of

Flavenone

4',7-dihydroxy-6,8-bis
(3-nethyl-2-butenyl)

flavanone

nethyl-z-butenyl)

-8H-pyranol2,3-d]

Euchreaqlw‘)ﬁ]ﬁ

2-(2",4’-dihydroxyphenyl)

6

-8,8-dinethyl-10-(3~ c,,.—_——_.._.'ﬁ-...,;'

"l

q‘Jsoprenyl

4'-0H

b 30 AN A 8

7-0H

1
8-isoprenyl
3'-isoprenyl'

4'-0H

136

Plant Part

Reference

trata Chun

iy

UL ) EJ‘V]?W gInR

Benth, ex Baker

roots

roots

Kyogoku et al.

(1973c)

Kyogoku et al.

(1873d)

Mizuno et al. (1989)




Table 2.8 (Continue)
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Flavanone Substitution Botanical Origin

Plant Part

Reference

2-[(7"-Hydroxy-2',2'- S, subprostrats Chun

dinethyl-2§-benzopyran) et TC. Chen

-6'-y11-7-hydroxy-8-

(3-nethyl-2-butenyl)
chronan-4-one

2-0{3’-Hydroyxy-2',2'-

dinethyl-8'-(3-vethyl
-2-buteny!l)}chronsn-6"
7-hydroxy-8-(3-nethyl-

buteny!)chronan-4-one

2-[{2'-(1-hydroxy-1-

thylethy])-7°-(3- R
sebhylethy ‘Yi'
nebhyl-2-butenyl)-2', Sﬂ

dihydrobenzofuran}-ﬁ'-yl];r’ »

: “
o——y ANYNT
buteny!)chronan- {-one

e W1 AN T ol )tk

8- lsoprenyl Linn,

4'-0H S, tosentosa Linn,

roots

roots

roots

aerisl

part

Kyogoku et al., (1973c)

Kyogoku et al. (1973b)

Kyogoku et a1, (1973h)

Jusupova et al, (1984)

Komatsu et al, (1978h)
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Table 2.8 (Cont inue)

Flavanone Substitution Botanicel Origin  |Plant Part Reference

Isokurarinone 5-0H S, flavescens Ait. roots Kyogoku et al, (1973s)

7-0H

a-lavandulyl2

Isoxanthohuno! roots Konatsu et al, (1970d)
A
Kurarinol s f4 roots Kyogoku et al. (1973a)
8-1avandulyl -‘::;;5‘
22 <0
V)
4'-( Aill
Kurarinone 5-0 S. angustifolia Sieb | roots Hatayana and Komatsu

At Anemneng | =

91| 8-1avandulyt’

ARIFIATAUNM TN

4*-0H

Kushenol A 5-0H S. flevescens Ait. roots Wu et sl. (19858)
7-0H
8~lavandulyl2

2'-0H




o
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Table 2,8  (Continue)
Flavanone Substitution Botanical Origin  |Plant Part Reference

Kushenol-B 5-0H 5. flavescens Ait. roots ¥u et al, (19858)

G-isoprenyl'

7-0H

8-lavandu ‘--...,:‘

——

v/

Kushenol E 5-0 roots Yu et '|l. (1985b)
Kushenel F roots Batirov et al. (1985)
(norkurarinone, 512 roots Hateyans and Komatsu

vexibinol) - et Zuce, (1970
2 ‘a | o | ﬂ < Shirataki et al. (1988)
FJ] ﬂ ’J ‘yl EJ mivmﬂ’] 3& Wu et al. (1985b)
Liquiritigeni = ¢ iﬁ o inhaz et 8l, (1976)
RGN IUYTTINE 8 Y
Neokurarinol 5-OCH' S. flavescens Ait. roots Kyogoku et al, (1973s)
7-0H
8-lavandulyl hydrate’
2"-0CH
4*-0H
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Table 2.8 (Continue)

Flavanone Substitution Botenicel Origin  |Plant Pert Reference

Norkursrinol 5-0H S, flavescens .Ait. roots Kyogoku et al, (1973s)

7-0H

8-lavandu

2’ -0H =

4
Sophoraflavanone A |5 roots Bruno and Savona
(1985)

Shirsteki et sl, (15983)

Sophoraflavanone B roots Shirstaki et sl, (1388)

aerial Komatsu et al, (1978b)

Y] v [shirsiant ot o (1905)
Sophoraflavenone G oorcroftiana m roots Shirstaki et al. (1988)
7-00 ¢ e Bénth. ex Baker
Al UEINYNINEINT

2'-0H ¢

RIgdnIN YN Ay




Table 2.8

(Continue)
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Flavanone

Substitution

Botanical Origin

Plant Part

Reference

Sophoraflavanone H

Sephoraflavanone |

f
9

Sophoranochronene

5-0H
7-0H
ﬂ-isoprenyl’

2'-0H

7-0H

8~isoprenyl'
< il N
4'\0

5'-isoprenyll

S, moorcroftians

Benth. ex Baker

S, subprostrata

Chun et TC, Chen

9

roots

Mizuno et 8l. (1989)

Mizuno et al, (1989))

J

Komatsu et al. (1970c)




Table 2.8 (Continue).
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Flavanone

V Substitution Botanical Origin

Plant Part

Reference

Sophoranone

2',4",7-Trihydroxy-
6,8-bis(3-nethyl-

2-butenyl)flavanone

Vexibidin

| Ld
Note + 1, isoprenyll=

WA

2, lavandulyl =

S, subprostrats Chun

8-isoprenyll

| . X )
3 isopreny!

INe

491

31ie
snded

roots

roots

roots

Komatsu et a1, (1970b)

Kyogoku et al. (1973d)

Batirov et al. (1985)
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3. lsvandulyl hydrate = OH

* 4, geranyl =

|

3 g L 4 ].d R

Table 2,9  Distribution o dihydroflavonols in the gemus Sephora.
‘o | LY

Plant Part Reference

o/
™ Bl
|

-

Kushenol § 5-0CH, |8, flavescens Ait. | roots et al, (1985h)
7-0H
§-lavandulyl hydrnt.e’
2'-0H

4'-0H




Table 2.9 (Cont inue)
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A
A

8-isopr‘nﬂ

dat) dVIEY

4"-0H ¢

P)

ANTUUNIANYAL .. ome

6-isoprenyl s
7-0H

2
8-1gvandulyl
2'-0H

4"-0H

Dihydroflavonel Substitution Botanical Origin |[Plant Part Reference
Kushenol | 5-00!!' S. flavescens Ait, roots Wu et sl, (1985h)
7-0H
2
8-lavandulyl
2'-0H
4"-0H
Kushenol J 7-0-(xyl roots Wu et al, (1985c).
Kushenol K roots Wu et al, (1985c)
Kushenol L roots ¥u et al, (1985¢c)
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Table 2.9 (Cont inue)

Dihydroflavonol Substitution Botanical Origin |Plant Part Reference
Kusheno! N 5-00!!. 5. flavescens Ait. roots Yu et al. (1986)
(epineric to 7-0H

kusheno! | at C-3)

8-lavanduly: _ \

2'-0H .
4'-0y" ——
Sophorono! §/ | nn. | serial  |Kometsu et sl. (1978b)
‘ N part

roots Delle Monache et sl,

(1976)

: ""'“ﬂ‘ueijg‘;wa;ﬁa N :;nm )

IR IUNANINYIN Y

3, Qavandu

e
~<
—
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6. Iéoflavonoids
6.1 Isoflavones
Table 2,10 Distributio 1
e, Uiy
Isof 1avone s n 51 Bote Plant Part Reference
e
Biochanin A 5-0H J a0 ica Linn, roots Komatsu et al. (19768)
7-0H ST vood Takeds et al, (1977)
s

ood Jain and Koul (1972)
Biochsnin A 7-p-D- |5- vood Takeds et sl, (1977)

gentiobipside

f
Bi ochania\ WF]

xylosylglucoside

Daidzein

7-0-(%lucopyranosyl,
4'-0CH
3

7-0-(xylosyl, glucosyl)
4'-0CH

3
7-0H

4'-0H

ITANYNI NGNS

5. subprostrata Chun

et TC. Chen

roots

INTRIVE e ] St

Kyogoku et al, (1373b)




Table 2,10 (Cont inue)
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Isoflavone

Substitution

Botanical Origin

Plant Part

Reference

5,4'-Dihydroxyisoflsvone-

7-diglucorhsunoside

5,7-Dihydroxy-3’,4’-

nethylenedioxyisof lavone

Fornononetin

Genistein

Genistein-7-p-D-

xyleglucoside

3'-Hydroxyforeononetin

(calycosin)

5-0H

7-0-(glucosyl,

500 27505 T

.‘H

7-0-(xylosyl, glucosyl)
4'-0H

7-0H

3'-04

4'-0CH
3

S, jsponica Linm,

pnica Linn.

,..;:jl,

i

S. Jeponica Linm,

cellobioside ﬂ uﬂw E]“ﬂ W Ejf] ﬂ
R AR 3044

9N

C.A, uﬂy

S, moorcroftiana
Benth, ex Baker

S, secondiflora DC.

roots

roots
gerisl

part
fruits

roots

9

&

roots

Ho et al, (1984)

Ho et al. (1984)

Kometsu et sl,

(1976a)

Kyogoku et al, (1373a)

Kongtsu et sl, (19788)

Szabo et al. (1967)

Komstsu et al. (19708)]

attikuloy et sl,

(1983)

Shirataki et al.
(1988)

Minhaz et al. (1976)




Table 2,10 (Continue)
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Isof lsvone

Substitution

Botanical Origin

Plent Part

Reference

Irisolidone

Irisolidone-7-0-
glucoside
Kushenol 0

Licoisoflavone A

Licoisoflavone B

y
AN

Pratensein

7-0H

3'-0H

ey

2'-0H

S, japonica Linm.

\‘

orcrof'bians

N, ex Baker

843,

4'-0CH
3

S, Jjaponica Linm,.

roots

roots

roots

wood

Komatsu et al, (1976s)

Tekeds et al, (1977)

Takeda et al. (1977)

Wu et al, (1986)

Mizuno et al. (1989)

-|Shirataki et al., (1988)

Takeds et al. (1977)
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Sophoraisoflavone A

Sophoricoside

Wighteone

f
R

4'-0=glucosyl

6-isoprenyl

AHERIE

el ANy

KIINYIA

3

Table 2,10 (Continue)
Isoflavone Substitution Botanicel Origin |{Plant Part Reference
Sissotrin 5-0H S, jsponica Linn, wood Tekeds et 8l. (1977)
7-0-glucosyl
4" -0CH
-]
Sophorsbioside 5-0H fruits  |Szabo et al. (1967)

Farkas et sl. (1968)

Farkas et sl, (1968)

Shirataki et al. (1988)

Szabo et sl. (1967)

Mizuno et al. (1989)

Note : 1. isoprenyl =

=
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6.2 Isoflavanones

7
6 3!
e\ 4
- =~ 3 J
Table 2,11 Distributim% in bh
b
Isof 1avenone ; 78 =5 1 j lant Part Reference
Isosophoranone 5-0H i abosa » | serigl  |Komstsu et al., (1978b)
6-isopr 1 = 4 part
1N e o
7-0H - oots Shirateki et al. (1983)
S’Eopre
4'-0g o Y]
Isosophoronol ﬂ (El ’J VI EJ‘ ﬂ@w Lﬂ,] ﬂ ‘i Delle Monache et sl,
Y 7-0H ¢ . o) (1977)
9 PR
4'\0
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Table 2,11 (Continue)
Isof l1avanone Substitution Botenical Origin  |Plant Part - Reference
Secondifloran 3-0H S, secondiflora DC. - Minhaz et sl, (1977) -
7-0H

Sophoraisoflsvanone A

Sophoraisoflavanone B'

b- soprenyl

ﬂ‘H’Ei’J?’IEJVlﬁWEJ’]fﬂ‘i

2'-0H

5'-isoprenyl

QW']@N"H‘?EU NWI’JV]E

serisl

part

roots

1Y

Komatsu et al, (1978b)

Komstsu et al, (1881s)

Note : I, isoprenyl =

b




6.3 Pterocarpans

Pterocarpan ub
Anhydropisatin 3jOCH
(flenichapparin-B)
Kushenin - g o

A
M

152

3 Plant Part] Reference

5. Linn. roots |Komstsu et al. (1976a)
L%

5 1 avescens Ait, roots

&I’J‘VIEWIﬁW gIN3
NI NAANYIA

Wu et sl, (19852)
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Table 2.12 (Cont inue)

Pterocarpan Substitution Botenical Origin Plant Part Reference

Maackisin 3-0H S. angustifolis Sieb et | cellus |Furuyse, end Ikuta (1968)

8‘> Zu tissue :
— 20 roots |Honda end Tebats (1982)

leaves |Vanetten et al, (1983)

rPots Komatsu et al, (1976s)

Shibatas and Nishikawa
(1963)
~ wood Takeds et al. (1977)

roots  |Shirstaki et al. (1988)

roots Komatsu et al, (1370a)

Briggs et al. (1975)

4 S. tomentosa Linn, serial |Komatsu et al. (1978a)
F-9 o
o ANBANENINENTS
edicarpin q S. Japonica Linn, leaves  |Vanetten et al., (1983)
_ARNEINIAANIING Y
-Methoxymiaeckiain S, franchetiana Dunn roots  |Kowabsu et sl. (1981h)
4-0CH
8—0

e
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Table 2,12 (Continue)
Pterocarpan Substitution Botenical Origin Plant Part lgference
Pterocarpin S-OCH’ S, angustifolia Sieb et | callus Furuya and Ikuts (1968)
8-:> Zuce, tissue
— - Mizuno et al, (1989)
roots Shibata and Nishiksws
(1963)
- Mizuno et sl, (1989)
Sophojsponicin roots Shibata and Nishikawa
(1963)°
Sophoracarpan A aerial Kinoshita et al. (1986)
part
Sophoracarpen B . aeriel Kinoshita et al, (1946)
part

Trifolirhizin

Sophorapterocar@fﬂﬂ ﬁ w EJ
RIENTIUNARINE

3-0-glucosyl

8—0>

9—0

NI

S. alopecuroides Linn,
S, flavescens Ait,
S. subprostrata Chun et

TC. Chen

PR

188

roots

roots

Komstsu et al, (1981a)

Yasupova et al, (1984)
Yai et al. (1989)
Shibata and Nishikaws

€1963)
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Table 2,12 (Continue)
Pterocarpan Substitution Botanicel Origin Plant Part Reference
Trifolirhizin-6"- |[3-0-(scetyl, glucosyl) |S, subprostrats Chun | roots {Komstsu et al. (1976h)

wonoacetate

2

Note : 1. isoprenyl =

Distributi ‘y pf 1

Table 2,13
Isoflavan Substitution
el
Y
Unanisoflavan 7-0H

R

3'-0H

4’-0CH
3

et TC, Chen

Betanical Origin

S, secondifiera DC,

RN aum'smh

Plant Part

Reference

13

]

Minhaz et al. (1976)
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6.5 Coumestans

Table 2,14 Dlstrlbutlon of -- t%0s

Counestan 50 ‘\ \\\ Plent Part]  Reference
/8% \\.\ N\

Hedicagol Komatsu et al, (19788)

s roots  |Shirataki et al, (1988)

seris]l |Komstsu et sl. (1978a)
1/ part
|

Sophoracounestan A "o ,. roots  |Komatsu et al. (1981s)

wzﬂswawﬂi

Sophoracounesten ﬂu 3- OH S, franchetiana Dunn roots  |Komstsu et al. (1981h)
l

q mqﬂgmnjumqwmaa

9—0
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6.6 2-Arylbenzofurans

Table 2,15 D:strlbutinu/

/& “‘ \\\\\

2-Arylbenzofuren . l : i" " o2l Opigin{Plant Part|  Reference

2-(2',4"-Dihydroxyphenyl) aerial |Komstsu et al, (1978a)

-5,6-nethylenedioxybenzofures part

2-(2"-Hydroxy-4"-pethoxyy _| wyl " | serial |Komatsu et al., (1978a)

/)

5,6 nethylenedwxybenzofm}n 6—0 part

ﬂ ue ’WEJ i W EJ'] P!
sm:horaﬁ:w ’] a ﬂ ﬂ 6—§J u ’71&}%. J @ﬁ 'Htsu et sl, (1981h)

2'-0H
3'-0CH
3

4'-0H
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