1._Alkaloids isolated

The alkalolds leaves of Uncaris

attenuata Korth. by P } and Phillipson

et ail. (1978) are :
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hirsutine
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traphylline and its N-oxide ﬂ
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spec:ophy]llne
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isocorynoxeine

corynoxeine



12

rotundifoline

isorotundifoline

Phillipson ; . and Ph son et al. (1978)

have reported that t "“:, ! . bark and stem wood

“ rhynchophylline and its N-oxide™

AUERTINI NN

pseudoyohimhﬁne

Em

ARIAIAIRARINY A Y

ne oxindole

and unidentified oxindole alkaloid.
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The alkalaids which have been reported as being found in other
species of Uncaria are summarised as follows (abbreviation of plant

parts shown on p. 62) :-

U. acida (Hunt.) Rexb.

[U. acida‘(Hunt.) Roxbs var. acida Roxb,*]

Plant Part Alkaloid Reference

1 Isorhynchophylline
rhynchophylline and ‘its N-oxide | )Phillipson et al., 1978

harmane

U. acida (Hunt.) Roxb. var, papuana Val.*

Plant Part Alkaloid Reference

1 3-isoajmaticine -
isorhynchophylline and
Its N-oxide

P

rhynchophyl Line_and [ts N-oxlde : :
JPhi11ipson etwal., 1978.
corynoxeine

1/st isomitraphylline

mitraphylline

specliophylline -
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Uncaria acida (Hunt.) Roxb. var. papuana Val.* (continued)

P

Flant Part Alkaloid Re?erence

1/st isorhynchophyliine

'}Phillipson et al., 1978.
rhynchophy 1 Tne

- . J

U. africana {G. Don) Balll.
[U. africana G4 Don ssp. africana G. Don*]

e

Plant Part| Alkaloid - Reference

1 ajmalicine 1
3-isoajmalicine
19-epi-ajmalicine
tetrahydrgalstonine
dihydrocorynantheine
| isomitraphylline }Phillipson et al., 1978.
. miitraphylVine and 1 ts N-oxide
isorhynchophylline
rhynchophylline

dihydrocorynantheiqe

pseudoindoxyl .

: _ Saxton, 1968;
1/st africanine } '
A Phillipson et al., 1978.
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Uncaria africana (G. Don) Baill. var. domatifera Petit

[U. africana G. Don ssp. africana G. Don*]

Reference

SN
Plant Part -..__S\ |

e

2

t

[5)]
/://

pson et al., 1978.

w

o

3

~t
=il A

r
i
fjf

U. africana (G. Da

[U. africana G, Don ssp
e "' ~——
Plant Part

E
{"& =ference

[ ]

Philllpson et al., 1978.

I isomitraphylline

. mit ah‘l [ine W

AU ANV NG
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\
l
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Uncaria angoliensis Welw.

[U. africana; G. Don ssp. angolensis (Havil.) Ridsd.*]

S

Flant Part Alkaloid Reference
! Isorhynchophylline and
its N-oxide Phillipson et al., 1978.

rhynchophyti ine /and its| N-oxide

U. appendiculata Benth.

[U. lanosa Wall. var. appendiculata (Benth.)} Ridsd, f. appendiculata
(Benth.) RIde.*]

I'lant Part Alkaloid l Reference
1 Isomitraphylline and s
fts' N-oxide

mitraphylline

Isopteropodine and it; N-oxidg
pteropodine and its N-oxide
speciophylline and ITts N-oxide >Phlllipsbn et al., 1978.
uncarine F and ItslN-dxide

st Ilsopteropodine and, Igs N-oxide
pteropodine and lts N-oxide

speciophylline and its N-oxide

uncarine F and its N-oxide §




Uncaria avenia Val.

[U. callophylla Bl, ex Korth.*]

17

Plant Part Alkaloid Reference
1 dihydrocorynantheine -
isorhynchophyl Line
! Phillipson et al., 197%.
rhynchophy liine '
st Isorhynghophyl l'ine ‘J

U. barbata Merr.*

~
Plant Part Alkaloid Reference
I harmane
}Phililpson et al., 1978.
fr same as in the leaves
U. bernaysidi F. v. Muell.*
Plant “Part Alkalold Reference
1 tetrahydroalstonine Phil1ipson and .Hemingway,

akuammigine

1973a, b;

"Phillipson et al., 1978.




Uncaria

18

Muell.* (continued)

3-iscajmalicine

tetrahydroalstonine

akuammigine

Isomitraphylline.

mitraphylline

bernaysii F. v,
Plant Part Alkaloid Reference
| IsopteroniinE 4 Johns and Lamberton, 1966;
| pteropodine Beecham et al., 1968;
; Mo i
speclophyl Lide Ph:;;;gfon and Hemingway,
uncarigerr 4 Phillipson et a1., 1978,
isopteropodine M-oxide k.
Phillipson and Hemingway,
pteropodine N-oxlde 1973a, b;
i speci0phyl1ine N-oxide >Phlllipson et al., 1978.
{ uncarine F N-oxide -
st tetrahydroalstonine -
akuammigine
Isopteropodine N-oxide >Ph:;;;:f°2;a"d Hemingway,
PR | Phillipson et al., 1978,
speciophyliline N-oxide
uncarine F N-oxide M
fl ajmalicine

Phillipson et al., 1978.
1973a,) b3
Phillipson et"al.,"1978.

Phiilipson et al., 1978.

} Phllilpson and' Hemingway,




Uncaria

19

bernaysii F. v. Muell.* (contlinued)

Plant Part Alkaloid Reference
Fl I sopteropmmm ] Jchns and Lamberton, 1966;
pteropodine s et al., 1968;
i
speciophyi | ine Ph:;;;gjon and Hemlngway,
uncar gt J Phillipson et a1., 1978.
isopteropodine N-oxide b
4 Phillipson and Hemingway,
pteropodine N-oxlde 1973a, b;
speciophyl line N-oxide Phillipson et al., 1978.
uncarine F N-oxide
angustine Phillipson et al.,
1974, 1978.
h isopteropodine and its N-oxide |-

pteropodine and Tts N-oxide

speciophylliine and its N-oxide

uncarine F and its N-oxlide

)

Phil)Ipsca and Hemingway,
197 38+




Uncaria bernaysii F. v.

[U. bernaysii F. v. Muell.*]

Muell,

20

f. inermis K. Schum.

Plant Part

Alkaloid

Reference

Isorhynchophyld'ine and

i tseN=-ox ide

rhynchophyldine and its N-oxide

Phillipson et al., 1978.

U. bernaysioides Merr. et Perry

[U. bernaysii F. v, Muell.% ]

Plant Part

Alkaleid

Reference

isorhynchophyitine and

its*N-oxide

rhynchophylline and its N-oxide

Phildipson et al., 1978.

U. borneensis Havil.*

Plant Part

Alkaloid

Reference

harmane

Phillipson et al,, 1978.




Uncaria brevicarpa Elm.

[U. roxburghiana Korth.*]

21

Plant Part

Alkalold

Reference

fr/se

isoptergpoedine and. its | N-oxide
pteropodine and dts N-oxlide
speciophy!line and its N-oxide
uncarineF and jits N-oxide

speciophylline

> Phillipson et al., 1978.

U. bulusanensis Elm.

[U. attenuata Korth.*]

Plant Part

-

Alkaloid

Reference

19-ept=3-iscajmalicine

dihydrocor?nantheine

epiallo-corynantheine
rhynchophyl 'Tne

rotundifoline

isorotundifoline

Phiiilpson and Hemingway,
1975b. '

PHillipsoniand Hemingway,
1975b;

Phillipson et al., 1978.

Phillipson and Hemingway,
1975b,

Phillipson and Hemingway,
1975b. '

I'Philtipson et a1., 1978.
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Uncaria bulusanensis El'm. {continued)

Plant Part Alka o

%
L b1
w

Reference

-H":'\-.._L"*-..\E

1 corynoxine B

' speciw

1l1ipson and Hemingway,

U. callophylla

—

& \
Piant Part 3 P Reference

1 dihydrocor p heine hilllpson et al., 1978.

Phillipson and Hemingway,

gambirine 19734d;

: pson et al., 1978.
g e )
I ﬁﬂ} l}"

mit_rBwyll ne
Phillipson et al., 1978.

ﬁﬁﬁ%ﬁ%mﬁw N3

RANTUAATINGTREY
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Uncaria canescens Korth.*

Reference

Plant Part

Alkal-' |
j Ty '.'"L -
SN
1 ha rmay

st sam

illipson and Hemingway,
375b;

ipson et al., 1978.

pson et al., 1978.

U. cordata

[U. cordata cordata Merr.*]

Plant Part Reference

| ipson et al,, 1978.
st

!Et |
fi same as in fhe leaves

v/

AMIANTUNMINGINY



Uncaria dasyoneura Korth.

[u. ellip

tica R. Br. ex G, Don*]

24

Plant Part

Alkaloid

Reference

1 roxburghine D

roxburghine E

} Phillipson et al., 1978.

U. donisii Petit®*

Plant Part

Alkaloid

Reference

Isopteropodine and its N-oxide
pteropodine and  its N-oxlde
specwophylliine and [tes N-oxide

uncarine F and its N-oxide

i

L

) Phillipson et al., 1978.

U. elliptica R, Br.. ex G, Don*

Plant (Part

Alkalold

Reference

roxBurghlnes

Phillipson and Hemingway,|
1973d; -

Phillipson et al., 1978.




Uncaria ferrea (B1.) DC.

25

[U. lanosa Wall, var. ferrea (Bl.) Ridsd. f. ferrea (Bl.) Ridsd.*]l

1Plant Part

—

Alkatlold

Reference

st

fl

isoml traphyliine
mitraphylline

Isopteropodine

pteropodine

speclophylline

uncarine F

mitraphylline N-oxide
isopteropodine N-oxide
pteropodine N-oxide
speciophylline N-oxide
uncarine F N-oxide

harmane

isopteropodine and its N-oxide
pteropodine. and its N-oxide
speciophylline ‘and-its N-oxlde
uncarine F

harmane

isomltraphylline

mittaphylline and its N-oxide

isopteropodine

} Johns and Lamberton,-1966;

Phillipson et al., 1978.

Beecham et al,, 1966;
? Johns and Lamberton, 1966;

Phillipson et al., 197B.

Y»Phillipson et al., 1978.




Uncaria

ferrea (B1.)} DC. {continued)

26

Plant Part Alkaloid Reference
f1 pteropodine &
speciophy!linerand its N-oxide
uncarine £
fr/se isopteropod ine

pteropodine
speciophylline

uncarine F

r Phillipson et al., 1978,

U. ferruginea (B1.)} DC,

[U. cordata (Lour.) Merr. var.

ferruginea (B1.) Ridsd.
f. ferruginea (Bl.) Ridsd.*]

Plant Part

Alkaloid Reference
1 dihydrocorynanthejne
st same as in’the leaves Phill ipsoniet al., 1978.

fl

same as in the leaves




Uncaria florida Vidal

27 -

[U. lanosa Wall. var. appendiculata {Benth.) Ridsd.
f. setiloba {Benth.) Ridsd.*]

Plant Part

Alkaloid

Reference

isopteropod iLae
pteropodine

speciophyldine

} Aimi et a1., 1972;
Phillipson et al., 1978.

Phillipson et al., 1978.

U. formosana (Matsum,) Hayata

: [U. hirsuta Havil.*]

Plant Part Alkaloid Reference
1 | somitraphyl-line=and =
its N-;xide
mitraphylline and its N-oxide |) Phillipson et al., 1978.
uncarine A
uncarine B ]
st gambirine =

mitragynine

mitraphylline

uncarine B

\ Willaman/and’ Schubert,

1961.

Saxton, 1960;

Willaman and Schubert,
1961.




Uncaria

formosana (Matsum.) Hayata (contlinued)

Plant Part Alkaloid Reference
st rhynchophylline
rotundifoline >v\nlillaman and Schubert, .
I sorotundi¥ Lifle 1361.
mitraversine
fl, 3-iscajmalicine

isomitraphylline
mitraphylline
uncarine A

uncarine B

> Phillipson et al.,. 1978.

U. gambir {(Hunt.) Roxb.*

Plant Part

Alkaloid

Reference

tetrahydroalstonine

dihydrocorynantheine

gambirine

Phillipson et al., 1978.

Merlini et al., 1970,
1972b;

PhilVipson aet, al,, 1978.

Merlini et al., 1967a,
1970, 1972a;

Phillipson et al., 1978.




gambir (Hunt.) Roxb.* (continued)

29

Uncaria
Piant Part Alkaleid Reference
1 Isorhynchophyll Ine T Merlini et al., 1970,
rhynchophylline y }9?23; .
h S
rotundi folifie | Phillipson gt'al., 1978.
roxburghine A &
roxburghine B ‘
Merlini et al., 1970;
roxburghine ( )
Phillipson et al., 1978.
roxburghine D
roxburghine E 3
7 Merlini et al., 1970,
st tetrahydroalstonine 1972b;
Phillipson et al., 1978.
b-R-tetrahydroalstonine N-oxide
} Merlini et al., 1972b.
akuammigine '
4-R-akuammiglne N-oxide } Merlini et al., 1972b;

L-S=akuammigine N-oxide
dihydrocorynantheine

gambiirine

mitraphylline

roxburghine B
roxburghine D

roxburghine E

Phitlipson
Mertini et
Phillipson

Chan, 1968;
} Fhilkipson
Merlini et

Merlini et
1972b.

Merlini et

et al,, 1978,
al,, 1970:

et al., 1978.

ét al., 1978.

al., 1972b.

al., 1970,

1970.

al.,




Uncaria gambir (Hunt.) Roxb.* (continued)

30

Plant Part Alkaloid

Reference

A
s Bl
st : isogaw

gam:liﬁi-""'ﬂff

gambir

oxogamb i

dihydrogam-;;;g

ey

o/

ARd
L]

e

s

han, 1968;

1ini et a1., 1970,
972a;

dra, 1973;
Vlipson et al., 1978.
al., 1%367a;

and Hemingway,

et al., 1978.
al,, 1967b;

Phillipson and Hemingway;

1973d;

Phillipson et al., 1978.

peoxygambictannine s axteny’ | 968,

LY
fon, ]968;

i
Phi:ﬂipson and Hemingway,

1973d.

d
AR TUNNINGAY
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Uncaria gambir Thw.

[U. elliptica R. Br. ex G.

Plant Part "g”h;ﬂlh" o i - Reference

1 3-isoaj

OGO
H |
]

i

AugInenswens
RIAINTUUMINYINY




Uncaria glabrata (B1.) OC.

32

[U. lanosa Wall. var. glabrata (81.} Rldsd.*]

Plant Part Alkaloid Reference
1 Isopteropodine and its N-oxlide
pteropodipe and' its N-oxide
speciophylling and its -N=oxide PPhllllpson et al., 1978.
uncarine E and i1ts N-oxide
st speciophyl lifhe

U. glabrescens Merr. et Perry

[U. lanosa Wall, var. appendiculata {(Benth.) Ridsd.
-f. glabrescens (Merru et Perry) RIdsd.*J

Plant Part

Alkaloid

Reference

akuammigine

i sopteropodine rand i tis ’N=oxide
pteropodine "and lts N;oxide
speciophylline and ilts N-oxide

uncarline F and 1ts N-oxide

» Phillipson et =21., 1978




Uncaria

guianensis (Aubl.) Gmel.#*

33

Plant Part

Alkaloid

Reference

st

dihydrocorynantheine
hirsutine
hirsutelne
isomitraphyl | ine and

its N-oxide
mitraphylline and its N-oxide
isorhynchophyl |l ine and

Tts N-oxide

rhynchophylline

rhynchoph?lline N-ox[dé

angustine

angustoline
dihydrocorynantheiﬁe
hirsutine

hirsuteine
mitraphylline

Isorhynchophylline

Hemlngway and
1974;

Phillipson et

Hemingway and
1974;

J Phillipson et

7 Saxton, 1960;

>Hemingway and
1974;

Phillipson et

Hemingway and
1974;
Phillipson et

Phililipson
1978.

et
Phillipson et

) Phillipson et

Phillipson et

Philllpson,

al., 1978
al., 1978.

Phillipson,

al., 1978.

Phillipson,

al., 1978.

Phillipson,

al.{ 1978.

al., 1974,

1978.

al.,

1978

al.,
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Uncaria guianensis (Aubl.) Gmel.* (continued)

Plant Part Altkaloid Reference
st rhynchophylline and its N-oxlde
} Phillipson et al., 1978.
angustine
angustoLigg Phillipson et al., 197k,
fl same as Indthesstem 1978.

U. hallii Korth,

[U. cordata (Lour.)} Merr.

var. ferruginea (B8).) Ridsd.
f, insignis (Bart. in DC.) Ridsd.*J

Plant Part

Alkalaid

Reference

I sorhynchophyiline

rhynchephylline

Phillipson et al., 1978.

U. homomalla Miq.*

Plant Part

Alkaloid

Reference

tetrahydroalstonine

3-isoajmalicine

Vitayanatpalsan, 1979.

Phillipson et al., 1978.




homomalla Miq.* {(continued)

Uncaria
Plant Part Alkaloid RefereﬁCe
1 i somi traphy11ine
} Phillipson et al., 1978.
mi traphylline
isoptergpoding &
Ponglux et al., 1977;
pteropodine
) Phillipson et al., 1978
speciophylline
Vitayanatpaisan, 1979.
uncarine F A
isopteropodine N-oxide
pteropodine N-oxide
Phillipson et al., 1978
speciophylline N-Oxide
uncarine F N-oxide 4
angustine 3
Y = ) Ph{;;épson et al., 1974,
angustidfne L
st isomitraphylline -

isopteropodine and its N-oxide
pteropodine and its N-oxide
speciophylline and its N-okide
ufcar ine Fiand its N-oxide
angustine

angustoline

angustidine

yPhillipson et a1, 1978.

1153420,



Uncaria hookeri Val.

(u. perrottetii (A. Rich.) Merr.*]

Plant Part

1 : !somitrw.
| mitraph e .

U. jasminiflora Hook. f7

\

5 5

\‘ |

B
|
= ‘
)
=

S < 2k

36

Reference

7/IIWN

iy

-

on et al., 1978.

\

T

\

\
\

"

r’

o

;B ok

[U. callophylla B)

NGO LB
e

»M.

[t

Plant Part

i

{J

!

Ference

N

dihydrcc"nntheine

g ane
N

rh&nchophylline

AT N9

Muns

NNEANY




Uncaria kawakamii Hayata

[U lanosa Wall. var. appendlculata (Benth,) Ridsd,

f. ph111po1 cnsis (Elm,) Ridsd. %

37

Reference

Plant Part
1 Isopteropodi
pterop
on et al
specl i -9 .
uncarin X i < '
= ne, 1958;
4 \ \ 3 '
st mitrap i WA v ‘ \ e, 1958b;
e et t al., 1966.
& i hyone, 1958 ;
Saxton, 1960;
uncarine A
al., 1966;

)
£ a1, , 1966.

zoye_mwSBa;

Saxton, 1960;
uncarine ‘n

ok

ﬂummm
tGedRIEN]

}ﬂxton 1960;

Tlie

ﬂ'm.‘ﬁiiif

ot




i4 .
Uncaria kawakamii Hayata (contjnued)

38

Plant Part Alkaloid Reference
Kariyone, 1958;
Nozoye, 1958a, b;
r same as''in the stem }Saxton, 1960;
<b same a<alill talf el Willaman and Schubert,
1961;
Yeoh et al,, 1966;
Chan et al., 1966.
fr/se uncarine F Nozoye, 1958a.
-
U. korrensis Kanehira
[U. lanosa Wall. var. korrensis (Kanehira) Ridsd.*]
Pilant Part Alkaloid Reference
1 iéomitraphylline and T
i'ts N=oxide
mitraphylline and its N-oxide
Isopteropodine and lts N-oxide ?Phllllpson et al., 1978.

pteropodine and its N-oxide
speciophylline and Its N-oxide

uncarine F and its N-oxide
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Uncaria kunstleri King¥* -

Plant Part Alkaloid Reference

] hirsutine
isorhyncho

its N-oxi

rhynchoph

\ et al., 1978.
corynoxine \

1/ tw

U. laevifolia Elm,

[ U. longiflora

Plant Part

m Alkaloid

' ﬁyﬂgﬂﬂﬂﬁ TaNR

QTETITI AN A RE b

specdiophylline

uncarine F
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Uncaria laevigata Wall, ex G. Don*

Plant Part Alkaloid Reference

"-

\

i isomifraph

its N-gidem

mitraph

F

uncarin

El

pson et al., 1978.

ff"’%}f iy
7,

uncarine

b

U. lancifolia Hutch.*

Plant Part '.:.;f;;ﬂ(”_-l;—l'— Ref
ﬂ‘flﬂu
.q
1 isomit-l-hylline

Phillipson et al., 1978.

mitraphyiin and its N-oxide.)

B § NeINS

AR TUNNINGAY
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Uncaria lanosa Wall.

[U. lanosa Wall. var. lanosa Wall.*]

Plant Part

Reference

pteropo

a;)y%éﬁz{;’:
’ I '

v, lobbii Hook, ¥,

[U. lanosa Wall. var. ¢

Plant Part

Reference

isopteropd : @

pteropcl[ne .
Phillipson et al., 1978.

specuophy‘ln and its N-oxide’

ﬁummm g1

Q‘Wﬂaﬂﬂim UAIINYA Y
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Uncaria longiflora (Polr.)} Merr.

[U. longiflora (Poir.) Merr. var. longiflora Merr.*]

Plant Part Reference
} Isomitraphylli
its N-oxi
mitraphyl!i

on and Hemingway,

isopteropodi
wn et al., 1978.

uncarine F

uncarine F

its N-oxide

rhynchophy
iSOC ! _:In

son et al., 1978.
corynoxmwe or coryno

st |sorhynch<islkl ine and

ﬂ%ﬁﬂﬂﬂﬂﬁ g1

“ynchophyl line and its

oV B NHRTVRY NPT




Uncaria macrophylla MWall.*

43

Plant Part Alkaloid Reference
. : ' Phillipson and Hemingway
‘ 14
i sorhynchophyiline 1973¢;
rhynchophylline Phillipson et al., 1978
isorhynchophy11 ine /N-oxide .
} Phillipson et al., 1978.
rhynchophy! Line MN-oxide
corvnoxdiie Phillipson and Hemingway,
Y 1973c; :
corynoxingsb Phillipson et al., 1978
st

same as in the leaves

" Shellard et al., 1978a.

U, orientalis Guill,*

Plant Part

Alkaloid

Reference

ajmalicine

3-isoajmalicine

19-epi-3-isocajmalicine

akuammigine

Phitlipson et al., 1978.

Phillipson and Hemingway,
1975b;

Phillipson et all, 1978.

}'Ph]llipson et al., 1978.




Uncaria

iy

orientalis Guill.* (continuea)

Plant Part

Alkaloid Reference

st

£l

1 lsomitraphy

. Y
_‘_"_\\:}\“ F
o
its N;siiii--.-'

mitraphy

isoptero pson and Hemlngway,

I

\\;son et al., 1978.

D g et NN |

harmane
harmane
Isopteropodine

pteropodine

U. ovata Hook. f"‘ﬁ a/

AR

]

- -AHEINBNINYINT

. et o/
NANNIUURIIAINETRE

harmane Phillipson et al., 1978. |

]




Uncaria parviflora Ridl

[U. homomalla Miq.*]

Plant Part

ks

Reference

angustine
angustoline,
angustidlne
st i som u—‘n_-:h_z

mitraphy

v

H |
il |

angust ine

angustoild‘

ﬂgu%}?ﬂﬂ\ﬂi BN

i 11ipson et al.,

1978.

QW’]Nﬂ‘iﬂJ UNIINYIA
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Uncaria pedicellata Roxb.

[U cordata (Lour.) Merr. var, cordata Merr. f. cordata Merr.*]

Plant Part

Reference

\;:L-n et al., 1978’

-
=
~c
-]
O
F
o]
71'

corynoxi

corynoxin

Plant Part

Reference

mitrapllline and its N-or ide
Phillipson et al., 1978.

RAN IUANIINE A

|sopterop£n

HWJ‘VIEJW?

ecaophylllne

§n3




-
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Uncaria philippinensis Elm.

[U. lanosa Wall. var. appendiculata (Benth.) Ridsd.

f. philippinensis (Elm.} Ridsd.*

Plant Part

Reference

isopteropodi

pteropodin
on et al., 1978.

U. pilosa Roxb,

i §

Plant Part

erence

"

QR

isomitrywylline <

its N-O)#:jeﬁ

wpteropodlne and its N-ox

RTINS ®IINIaY

unoarine F

ﬂtﬁﬂ‘ﬂaﬂ‘ﬂﬁf Neng.
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Uncaria pteropoda Miq.

(U. longiflora (Poir.} Merr. var. pteropoda (Miq.) Ridsd.*]

Plant Part

N\
hhi:ﬁx Reference

st

sb

. . . i
speciop a F pson et al., 1978.

rhynchophytline

ke

isocorynoxein

"
isop

pteropmne Yeoh Eal. , 1966;

same as l‘m stem Chan et al., 1966.

ﬁum%m Eﬂﬂ‘ﬁ

’QW’W&I\"IﬂiﬂJ UANINYNAY
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Uncaria quadrangularis Geddes

[U. homomalla Miq.*]

Plant Part , Alkaloid Reference

| isomitraphylline s

mitraphylline )
> Tantivatana et al., 1979.
sb isopteropodine

pteropodine M

U. rhynchophylla (Miq.) Miq. ex Havil.%

Plant Part Alkaloid . Reference

“-Nozoye, 1958c;
] i sorhynehophylline Saxtons 1960;
)
rhynchophylline Aimi et al., 1972, 1977; |

Phillipson et al., 1978.

I

rhynchophyl line N-oxide .

isocorynoxeine > Phillipson et al., 1978.

corynoxeine F
angustine
Phillipson et al., 1974,
angustoline 1978.

angustidine




Uncaria

50

rhynchophylla (Miq.) Miq. ex Havll.* {continued)

Plant Part

Alkaloid R Reference

st

st/r

wh

"mltragynine

et Tl
QAR TN eresa e

,
EJH;EHI’ F i

rotundi folines

isorotu

an and Schubert,

mitraver

ipson et al., 1978.

isocorynoxeing .

corymexeine |-

H————
: “ 58c;

' Saxtom 1965a.

. Aimi et al,, 1977.

Fl

thylline

akuammig'rnﬁ

isorh

rhync

orynantheine

¢

isocorynoxeine

corynoxeine u
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Uncaria rhynchophylla (Miq.) Miq. ex Havll.* (continued)

Plant Part

Alkaloid Reference

wh

,
..__'_'\\‘;‘:.}'- T F

geissoschi ethyl ether i et al., 1977.

U, rhynchophyl

[U. rhynchophylla

uncarinw i and Schubert,

ex Hay outeng Yamazakl

Plant Part

AT\ )
\\ Reference

. " ‘
Isorhynchophyl ﬁ
et e
.'t

---____{}I

rh;tiﬁ

i socoﬂoxe ine

corynoxeine

nANENIWLINS

angustidine ¢ = a/

Philmson et al., 1978.




Uncaria rostrata Pierre ex Pitard

[U. elliptica R. Br. ex G. Don*

Plant Part Reference

U. roxburghiana Kor

Plant Part Reference

1 Isopterope

pte '6rm & __E"

specu{r

uncarine F m

YPhillipson et ;l.; 1978.
isopteropodine and its N-oxide
1 o i .
ﬁ»u aed VEVITW T
! peciophylline and its N-oxlde

ARIFMNIUNRNNYINY
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Uncaria salaccensis Bakh, f. nom provis

[U. attenuata Korth.*]

Plant Part

Reference

"/ |} Wongseripipatana, 1979.
mitraphyldines & & © . A AN S\\g,

uncarine B

= i L] ] ‘._‘
U. sclerophylla Hawil, "&'g f
‘ 3

[U. cordata (Lour.) Merr.Var. fe;

e

Plant Part

Reference

i = T 5T
== 7%

v |
e

dihydrocorynant

isorhynchophyl 1 ine Phillipson et al., 1978.

T INENINYNS

ARNTUAMINGSY
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Uncaria sessilifructus Roxb.*

Plant Part

Alkaloid Reference

- 3~isoajmalic

19-epi-3-i

o N

#ﬂﬂﬂﬂﬂfj:::::::'f;r 7

its
on et al., 1978.

t uncarine
uncarine F -

isorhynchop

o% i rve
.1

.
corynoxine B

AUEANENI NGNS

ARIAINITUNNINGAY



Uncaria setiloba Benth.

[U. lanosa MWall. var.

55

appendiculata {Benth.) Ridsd.
f. setiloba (Benth.) Ridsd.*]

Plant Part

Atkaloid

Reference

st

Isopteropodine and its N-oxide
pteropodinegand /i ts N-oxide
speciophylline and its N-oxide
uncarine' F and its' N-gpxide

same as in the leaves

) Phillipson et al., 1978.

U. sinensis (Oliv.)_Havil.*

Plant Part

Alkaloid

Reference

frise

akuammigine

isopteropodine and its N-oxide
ptéropod ine and) its IN-oxide
speciophiylline and "i'ts N-oxlde
uncarine F and its N-oxide

same as in the.leaves

Phitlipson et _al,, 1978.
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Uncaria sterrophylla Merr. et Perryk

Plant Part

Alkaloid Reference

st

sb

IR’

SwW

N\ "ﬁ" /

3-isoajmalic

isomitrap :
mitraphyl'i

H
(2]
o

. R

s Wy ee

)

illipson et al., 1978.
spec

isor

rhynchophy

isopteropodine

THANENT

uncarine F

FRTRI NN TN Y

rhynchophylline

Isorhynchophylline

rhynchophylline o




Uncaria talbotii Wernh.*

57

Plant Part Alkatoid Reference
1 isorhynchophylline
rhynchophyl |l ine Phillipson et al., 1978,
f1i same as in.the leaves

U. tomentosa (Willd.) DC.=

Plant Part

Alkalojid

Reference

dihydrocorynantheine and

jts N-oxide
hirsutine and its N-oxide
hirsuteing

isomitraphylline

isomitraphylline N-oxide

mitraphylling
isorhynchophylline and

its N-oxide
rhynchophylline and its N-oxide
rotundifoline

isorotundifoline

)

)

Hemingway and
1974;

Phillipson et

Phillipson et

Hemingway and
1974.

Hemingway [and
1974;

Phillipson et

Phillipson,

al., 1978.

al., 1978.

Phillipson,

PHi ) Tipson,

al., 1978.




Uncaria

58

tomentosa (Willd.) DC.* (continued)

Plant Part Alkaloid Reference
st  dihydrocorynantheine and =
its N-oXide Hemingway and Phillipson,
hirsutine and_its N-oxide 1974;
hirsut@Me Phillipson et al., 1978,
isomi traphyldine \
“isomitraphylling N=oxide Hemingway and Phillipson;
- > 1974,
mitraphylline 9
i sorhynchophylline and
ts N-oxide Hemlnﬂway and Phillipson,
) 1975%; :
rhynchophylline and its N-oxide Phillipson et al., 1978.
rotundifol ine
isorotundifoline
fi dihydrocorynantheine -

hirsutine

hirsuteine

isomitraphylline

mitréphylline

i sorhyAchophyl) ine, and
fts N-oxide

rﬁynchophylline and its N-oxide

kPhilllpson 4t al., 1978.




Uncaria tomentosa {(Willd.) DC.* (cont!nued)

59

Reference

Plant Part
fl rotundifo g : —
/ i lipson et al., 1978.
Isorotundifoli ) 11 |
U. tonkinensis il
[U. homomalla Miq
Plant Part Alka ‘\ Reference
1 angustine
angustal 3 . et al., 1978.
R ———————— =

i

ﬂUEJ’JVIEJVIﬁWEJ’]ﬂ‘i

Qﬁﬂﬂﬂﬂ‘iﬂdmﬂﬂﬂﬂﬂﬂﬂ




Uncaria toppingii Merr,

[U. lanosa Wall. var. toppingii {Merr.) Ridsd.
f. toppingi err.) Ridsd.*
|

|

hy k *‘
Plant Part 'jhhh? Reference

i I somitrap

its N-o
mitraphylli
isopten®podi
pteropod i

speciophyl

uncarine

727/ /

st isomitraphy

W e g e

mitraphylline .. .= /A y Phillipson et al., 1978.

Isopte

spec *é”:

fl isomitB)hy}ll

mi traphy‘l ine

HHINUNT

wteropo ine

4N
QR anAng1ay
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Uncaria valetoniana Merr. et Perry

[U. nervosa Elm.*]

Plant Part Alkaloid Reference

1 dihydrocorynantheline

hirsutine Phillipson et al., 1978.

hirsuteine

U. velutina Havil.

[U. canescens Korth.*]

Plant Part ‘Alkaloid . Reference

L isomitraphylline
} Phillipson et al., "1978.

mitraphylline

J

isopteropodine and tts N-oxide

pteropodine.and its N-oxlde L Ph{;;ég?on and Hemingway,

speciophylline and [ts N-oxide Phillipson et al., 1978
LY -

uncarine F and its N-oxide’ =

* indicates Ridsdale's accepted name
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Plant part abbreviations :-

fl = flowers sw = -stem wood

fr = fruits = twigs

é le ‘plant

_ /Se_&is and seeds
.T/s nd stems

sb RN e twigs

roots

se c

st S /7 - =" = not mentioned.

=

2. Uncaria alkaloids /isolz

2.1 Heteroyohimbine l :

2.1.1 Closed E r

Ajmalicine (6- yohtmblne, rauba ¢ PY shydroserpentine)

- Catharant

(Saxt‘

- C. longwlius

c. pus.lllui: Murray) G. Don

ﬁumwmwmm

oseus Llnn

QRTEN fampan iy kML)

- C. trichophyllus (Baker) Pich.

arnsworth 1975) .

(Rungsiyakul, 1973; Taylor and Farnsworth, 1975).
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= Corynanthe yohimbe K. Schum.

(Robinson and Thomas, 1954; Saxton, 1960;

Taylor and Farnswort

- M. javanica Koord et Val,

(Shellard e worth, 1975).

(Beckett e . : e L TR 68a; Shellard, 1971;

. i
(Robinson and Tho .—---;__

- Rauvolfia affinis Mu L

{Schlit i,;__,n._;':.:

- R. amso t‘:

R. beddomei ‘l

ﬂumwmwmm

- ffra Sond.,

IR ﬂjmmmwm Y

- R. canescens Linn.

(RunQSly-l , 1973)

(Saxton, 1960; Schlittler, 1965; Taylor and Farnsworth, 1975).



- Rauvolfia chinensis (Hance) Hemsl.

(Rungsiyakul, 1973; Taylor and Farnsworth, 1975).

- R. cumminsii Stapf.
(lwu and Court |

~- R. fruticosa Bu
Schl:ttle , 1965,

~ R. heterop

{Saxton,

and Farnsworth,

(Saxton, 1960; f’-m art, 1961; Schlittler,

Taylor and Farns. ;;F

- R. omba
-

(Iwulaf}

R. nitﬂ- Jacq.

R. pentap&ylla Ducke

1 man an Schuber

ellowii Mue

ﬂﬁ

tliflsl ﬁ!ﬁ'uttler i;li

q memmﬂminmé’ ]

serpentina Benth.

(Marion, 1952; Saxton,

Taylor and Farnsworth,

ex Kurz.
1960; Schlittler, 1965;

1975; Sarin et al., 1977).

64

1975) .

1965;



65

- Rauvolfia sumatrana (Miqg.) Jack.

{Schlittler, 1965).

- R. tetraphylla Linn.

(Saxton, 1960;.5 : : 653 Taylor and Farnsworth, 1975).

(Marion, 7 2 ; P » 1  'A“Vﬁ‘ ngnd Farnsworth, 1975).

3-Iscajmalicine

R et — ;n' ‘

(Shen ard, 1971, 1974;
i

l
o

Shellard iPd Houghton, l972c)

ﬂﬂﬂ?%ﬂﬂ?waﬁﬂﬁ

- M. speciosa Korth.

QW’]@@H?N@MTWEJ’]&EJ
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Tetrahydroalstonine

(Saxton, 1965b; B

nd Farnsworth, 1975).

- C. roseus e
- C. tric
-~ Mitragyna pa

(Shellard, Heltard ar bughton, 1971, 1972c, 1974b).

~ Rauvolfia 1

(Timmin

ﬂﬁﬁ?ﬂﬂhiﬂﬂﬂﬂﬁ

aylor and Farnsworthy 1975).

RIRENTUNNINGN Y

(Taylor and Farnsworth, 1975; Sabri and Court, 1978)
- Vinca major Linn.

(Rungsiyakul, 1973).
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Rauniticine

- Rauvelfia nitida Jacq.

(Salkin et al.,

Akuammigine (3-lsotetrahydr

- Algtonia scho

(Boonchuay
- Mitragyna
ard, 1971;

Shellar on ,T1e |974b ; lard and Lala, 1977).

- Picralima
(Henry, 1932 Roigr;h 1' 1954; Saxton, 1960;

Sarin et al., 'ﬁ_ﬁ_” A
S Ty

Akuammigine N-0;

- Mitragy par

Rungsuyak l, 1973; Shellard and Houghton, 1974b).

ﬁ%&ﬂ%&@ﬂ%ﬂﬂ‘i

Dshydrocorynantheine

Qﬁ?ﬁﬂﬂiﬂiﬂﬁﬂﬂﬂqﬂﬂ

Phl!ltpson and Hemingway, 1974).
- Corynanthe yohimbe K. Schum,

(Karrer et al., 1952; Rungsiyakul, 1973).



~ Mitragyna parvifolia (Roxb.) Korth.

(Shellard et al., 1969a, b; Shellard, 1971;

Shellard and Houghton,

(Marion, 1952; Cu

Hirsutine

- Cephal

jﬂthuu
(Phil1ipson and Hemingway, 1974a).

ﬁﬂﬂi%ﬂﬂﬁﬂﬂ?ﬂi

Phlllrpson et al. lf?Bb Houghtonﬂld Sheltlard, 1

AR M‘ﬂ?ﬂl B2 Y1 ET6 ¢

(Shellard et al., 1969a, b; Shellard, 1971;

Shellard and Houghton, 1972¢; Shellard and Lala, 1977).

68
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- Mitragyna rubrostipulata {K. Schum.) Havil.

(Shellard and Lala, 1978).

(Rungs iyakul

Hirsuteine

- Mitra

(Philli

(Shelt ' 19 P Hll-son et al., 1973b).

- Pseudocinchona ‘;59"7 ?i ..-E
(She e

Mitragynine

lﬂl .
)
g inermis (Willd.} 0. Kuntze

ﬂﬁﬁﬁﬂﬁ%ﬁﬂﬂﬂni

Nlllaman and Schubert, 1961).

AR el ENRE

(Field, 1921; Ing and Raison, 1939; Saxton, 1960;

~ Mitra

Willaman and Schubert, 1961; Beckett et al., 1963a, 1965b;

Shellard and Phillipson, 196ba; Trager et al., 1968a;
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Shellard, 1971; lwu and Court, 1978a; Shellard et al., 1978b,c) .

_ Mitragyna stipulosa (DC.) 0. Kuntze

{Willaman and Schu

2.2 Oxindole alka

2.2.1 Closed

Isomitraphylline

- Mitrag
(Shella ; Shellare lam, 1968;
Shellard, Phi \ et al., 1973b).

|
=

.
0

<

~ M. javanica L Val, ophylla Koord et Val.

- M. par

-'_y;.

Shella

.5 1968b, 1969b;

oin, @n; Bindra, 1973).
- M. rotundlfolla (Roxb.) 0. Kuntze '

quﬂjﬂﬁm”wmm

(Shellard and Lala, 4978).

’5] RARIASUUNIAINYIA Y

(Beckett et al., 1966a; Shellard and Alam, 1968;

“

Trager et al., 1968a; Shellard, 1971; Bindra, 1973;

Shellard et al., 1978b, c}.
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- Mitragyna tubulosa Havil.

{Rungsiyakul, 1973; Shellard and Rungsiyakul, 1973).

Mitraphylline ’,y
catharanthus
(Bmdra ~75)

Mltraggn

i

(Shell

Sheila

M. javani

{(Shellard

M, java 2 Koord et Val.
(Shellard
- M. parvifoli (‘o‘gai 6?}“

(Shellard and Al '"r- S d et al., 1968b, 1969b;
,._,w'

Shel lard 972¢; Bindra, 1973).
- M. rotundifolia (Roxb.) N
(Shell 1g tfﬂﬂand Shellard, 1974).

M. rubrostlpulata (K. Schum,) Havil.

ﬂﬂﬂﬁwﬁﬂ?wm N9

- M speciosa Korth,

QW'%S@*&F*‘EWS%JW%%EHEW

Shellard and Alam, 1968; Trager et al., 1968a; Shellard, 1971;

Bindra, 1973; Shellard et al., 1978b, c},



~ Mitragyna stipulosa (DC.) 0. Kuntze

(Barger et al., 1939; Saxton, 1960; Beckett et al., 1963a;

lard and Sarpong, 1970;

/ﬂ%).
- M. tubulos _}J
(Rungsiyaku heltard mkul , 1973).

Isopteropodine (

Shellard and Alam,

Shellard, 1971;

- Mitragy

(Shellar 1968a, b, 1969a, b;

Shellard, 972c, 1974b;

Bindra,

Pteropodine (Uncarine

T FOUVA —

~ Mitragyna parvifolis oXb,

e o
A

968a, b, 1969a, b;

“r

(Shel ard

Bindra9

Speciophylline (Unqirune D)

ﬂHEI’%%EJﬂﬁWEJ’]ﬂ‘i

hel]ard and Sarpong 1969, 1970; Shel!ard 1971

Q W'ﬁ]"@iﬁﬁi@d mn'rmma d

(Shellard and Alam, 1968; Shellard et al., 1968a, b, 1969b;

Shellard, 1971; Shellard and Houghton, 1972c, 1974b;

Bindra, 1973; Shellard and Lala, 1977).
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- Mitragyna speciosa Korth.

(Beckett et al., 1966a; Johns and Lamberton, 1966;

- Mitragyna pa

(Rungsiyakul

Uncarine F

- Mitragyna i

{Shellard 1971
Bindra, 197
- M. parvifolia Qﬁﬁ !
(Shellard and Alam, 1968; She ot al., 1968a, b, 1969b;
Shellard Y 2 974b;

Uncarine F N-oxide i

CHmEnINLaas
QRIAINTUNRINEIAY



7h

2.2.2 Open E ring oxindole alkaloids

\\m

”HQLSOHQ. 1370;

(Shellard ' : .. 1Tar \\ m,
Shellar B : \\\

lsaorhynchophyiline

Cephalanthus occ

(Phillipson

- Mitragyna ¢
(Beckett et llpson, 1964a;

Shellard a

1968
t al., 1973b).

-~ M. inermi

(shellard a d and Sarpong, 1969, 1970;

lard et al., 1978b).

Shellard, 1971; Jq}”BFT"gkg

- M. parvi

o -
-

(She Ll ar jet al., 1968b,

1969a, E Sheliard B, Shel_mrd, 1971;

Shellard ind Houghton, 1972c Shellard and Lala, 1977).

fﬂummmm AR

Shellard, 7 gﬂion and Shellard, 1974).
1

’QW’M& SR a Y

(Beckett et al., 1963a; Shellard and Phillipson, 196ha;

Shellard and Lala, 1978}.
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- Mitragyna speciosa Korth,

(shellard and Alam, 1968; Shellard et al., 1978b, c).

ﬂhllllpson, 196L4a;
Shell %pong, 1970;

- M. stipulosa (DC.) 0. K

(Beckett et al.,

Shellard and

Shellard, 197);
-~ M. tubulosa

(Rungsiyaku)

1sorhynchophylline N-

- Mitragyna 1
(Shellard, 197
-~ M. rotundifolia (Rm EJ? *

(Shel] e 'l 1971!).

& 15"
Al

-~ Cephalanthus occidentalis Linn. ﬁ

ﬂmﬁmé’ WYNT

(Saxton, 1965a) .

9 Wﬁaﬁaﬂ*ﬂ?ﬂ‘! 197718178 8

(Badger et al., 1950; Saxton, 1960, 1965a; Willaman and

Rhynchophylline {

Schubert, 1961; Beckett et al., 1963a, b; Shellard and Alam,

1968; Shellard and Sarpong, 1970; Shellard, 1971).
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~ Mitragyna hirsuta Havil.
(Shellard et al., 1967b; Shellard and Alam, 1968:
Shellard, 1971; Bindra, 1973; Phoillipson et al., 1973b,;
Houghton and Shellard, 1974). '

- M. inermis (Willd.) 0. Kuntze
(Barger et aluy, 1939; Saxton, 1960, 1965a; Willaman and
Schubert, 136%; Beckett et al., 1963a; Shellard and Alam, 1968;
Shellard andgSarpeng, 1969, 1970; Shel lard, 1971;
Bindra, 1973; Shelland et al., 1978b).

- M. parvifolia (Roxb.) Korth.
(Willaman and Schubert, 1961: Shellard and Phillipson, 196kb:
Shellard et aly, 1968b, 1969a, b; Shellard and Alam, 1968;
Shellard, 1971; Shellard and Houghton, 1972c;
Shellard and Lala, 1977},

- M. rotundifolia (Roxb.) 0. Kuﬁtze
(Barger et ai., 1939; Saxton, 1960, 1965a; Willaman and
Schubert, 1961; Shellard and Phillipson, 1964a; Shellard and
Alam, 1968; Shellard, f971; Houghton énd ShelTard, 1974).

- M. rubrostipulata (K. Schum.) Havil.
(Hendrickson and§ims, 1963; Shellard and Lala, 1978).

- M. speciosa Korth.
(Wi Tlaman land Schubert; 1961; Hendrickson ‘and Sims, 1963;
Shellard and Phillipson, 196k4a; Beckett et al., 1965b;
Shellard and Alam, 1968; Trager et al., 1968a; Bindra, 1973;

Shellard et a1., 1978b, c).



- Mitragyna stipulosa (DC.)} 0. Kuntze

_(Barger et al., 1939; Saxton, 1960, 1965a;

ett et al., 1963a:

Sarpong, 1970;

- Mitragyna

(shellard, 1

(Shellard et al., 18971;

- M. rubrostip
-

(Shellard and Lala Y )

guEdnaniweng

'!
U

- Coryna

YRR IUNMINGAE

(Cu et al1., 1957).

ellard, 1974).

77



f

Mitragyna hirsuta Havil.

(Houghton and Shellard, 1974).

~ Mitragyna c:.lJ.ata ?’, eV
{Badger -’l',,

1961; Becke

SheHard”mj Sarpong, - ard, 1971@

- M. inermis ulld 0. Kuntze

WWW‘E WHInI
WL ARSI INGIA Y

(Shellard and Phillipson, 1964b; Shellard et al., 1968b;

aman - ang Schubert,
‘ 1968;

Shellard and Alam, 1968; Shellard,. 1971; Hemingway et al.,
1975) .

78



- Mitragyna rotundifolia (Roxb.) 0. Kuntze

(Barger et al., 1939, Saxton, 1960; Willaman and Schubert,

1961; Shellard and Phi ha, b).
- M. rubrostipulata

(Hendrickson | Lala, 1978).

- M. speciosM H
(Willaman a ‘ \—\1‘-\\ ; and Sims, 1963;
Shellard an i 19¢ \ 1965b;

Shellard and : " d Sarpong, 1970;
Shellard, 1971;
- M. tubulosa Havil.

(Rungsiyakul, 1 2 iyakul, 1973).

- Mitraggnagbrostlpu ata um, Havil.-m

(Shellard et‘ﬁl. 1977; ShellarUnd Lala, 1978).

s, UHANYNINYINT

- M:Ltragyna ciliata AubfeV. et Pellegr.im

’QW’F&A&ﬂﬁMNW@%&HQ d

Shellard and Sarpone, 1970; Shellard, 1971).

anti-Rotundifol ‘,*‘
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- Mitragyna inermis (Willd.) 0. Kuntze

(Willaman and Schubert, 1961; Shellard and Alam, 1968;.

Shellard and Sarpong, Shellard, 1971;
Bindra, 1973).
-~ M. parvifolia
{(Willaman . Phillipson, 1964b;
Shellard e
Sheltard,

- M. rotundifo

(Badger 1. illa 3 3 o 961 ;

Beckett et 1964a, b)
- M. rubrostipu

(Shella;d and L
- M. speciosa Korth.

(Willaman and and Alam, 1968).

- M- Sti 5 C_T_;"I;:'_ﬂlll,"u—:

; :\.'
(Badger St -

a 61;
Beckett el., 1963a; Shellard and Alam, fm;

Shellard, 19ﬁﬂoughton et al.,; . 1976).

: ﬂ%ﬂ’mﬁm‘ﬁwmﬂ‘i

suyakul 1973; Sheu}ard and Run95|yakul 1973).

coerW’mﬂﬂiﬂJ URIINYIAY

~ Corynanthe yohimbe K. Schum.

(Cu et al., 1957).



~ Mitragyna speciosa Korth.

(Shellard et al., 1978b).

- Pseudocinchona africana |

(Cu et al., 1957;

Corynoxine B

~ Mitragyna speci

(Shellard et

Speciofoline

- Mitragyna sp
{Beckett
Shellard, 19

Shellard et al

2.3 Pyridino-indolo-c¢

Angustine v_
__1
- Mitragyna._ javanica Koord et Val.

M. pa]‘“VlfOll'. xb) Korth.

ﬁumm}mwmm

hnos angolensis Gll

Qﬁﬂﬁﬂﬂ'ﬁmﬂﬁﬂmﬂﬁﬂ

(Au et al., 1973; Phillipson et al., 1974).
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- Strychnos borneensis Leenh.

(Phillipson et al., 1974).

- S. camptoneura Gilg. et

(Verpoorte et a _i b3 l;, 1974) .

5. lederman
S. minor

S. odorata

- ovata A.

5. usambarensi

5. Vanp l:-?-m_

s. xanthaJih-a

let al., 1974},

e @Y ANYNTHYINT

- Str nos angustiflora Benth

9 mmmmmm YA Y

5. minor Dennst.

(Phll]ips

S. odorata A, Chev.

(Phillipson et al., 197k).



- Strychnos ovata A. W, Hill

S. samba Duvign

- Scheffleri Gilg.

..........

e

- 5. borneensis 2EN p‘

S. flofibunda Gilg

5. m‘!ff
i
S. odo J a A. Chev.

S. ovata . . Hlll

ﬁﬂEl’WlﬂWl‘ﬁWEl']ﬂ’i

samba Duvign

’QWI SITARMRIINYIAY

S. umbellata (Lour,) Merr.
5. usambarensis Gilg.

(Phillipson et al., 1974).
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- Strychnos vanprukii Craib

S. xantha Leeuwenberg

Calligon

p. 4 -.L‘ i

(Lohdefi ,':e:'

- P. edu'1r Si il

.I.Il'
(Hesse, 196h Lohdefink and Katlng, 1974) .

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂﬂﬂi

- P. foetida Linn.

QWW&@W%HMMTMEH@EI

incarnata Linn.

(Hesse, 1964; Lohdefink and Kating, 1974).
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- Passiflora gquadrangularis Linn.

P. suberosa Linn.

(Hesse, 1964).
- P. subpeltats

P. warmingi

(Lohdefi
- Symploce

(Hesse

2.5 Yohimbine

Yohimbine (Quebraghami

Alchornea oribund

{Hesse, 196

!
X
1]

o
W
jah}
Q
[4}]
5
o
&
1)
=

A. oblong

- il
(Taylor
- A. rli: d

196&)

Hesse

mummmw 8N

- A quebrachoblanco Séhlecht.

A R s e

- Catharanthus lanccus (Boj. ex A. DC.) Plch

{Manske, 1965; Farnsworth, 1972; Taylor and Farnsworth, 1975).



- Corynanthe yohimbe K. Schum.

C. macroceras K. Schum.

C. paniculata Wel

(Hesse, 19 Manske : Farnsworth, 1975).
-~ Hunteria -

(Manske,

rfr.ln "'.--".I -'.

~ R. cumminsii Stapl

IR
(lwu and Cou IE?!M

- R. fru*icosa Burck

R. h:!.nﬁ

1| _

(Hesse, 1964; Taylor and Farnsworth, 1975
R. llgust"'l Roem. et Schulg.r

ﬂummmwmm

mombas;ana Stapf.

AR BITIEHANA NYNA e

R. sumatrana (Miq.) Jack.

(Hesse, 1964; Taylor and Farnsworth, 1975).



- Rauvolfia verticillata (Lour.) Baill.

{Taylor and Farnsworth, 1975).

~ R. vomitoria Afzel.

{Hesse, 1964

Corynanthine (Rauhi

~ Corynanth
{Hesse, 1

~ Pseudocinc

B-Yohimbine
_

-~ Amso ?’5..

Aspido-1i ma oblc

Corynanthe yohlmbe K. Schum

Pﬁnlﬂ“?fﬂ ITPINEINT

w'i‘ﬁia‘ﬁmumawmaa
(Hesse, 196k4; Manske 1965) .
- Rauvolfia canescens lLinn.

(Hesse, 1964).



T1-Methoxy Yohimbine

- Aspidosperma oblongum A.

(Hesse, 1964).

Pseudoyohimbine

- Catharan

(Cordel

Alloyohimbine (Dihydroyohimbine)

s—’f

(Hesse

a-Yohimbine (Rau .,_ SC
(.

- Alstonia i?nstrlcta F. wv. Muel]

AUEITE NN

Pseudocinchona afrch‘a

ammmﬁummﬂmaa

- Rauvolfia canescens

(Salkin et al., 1961; Hesse, 1964).
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Rauvolfia cumminsii Stapf.

(lwu and Court, 1978b).

R. heterophylla Roe
R. ligustrina Rc

{Hesse,

R. obscura
(Timmins )

- R. serpe

Epi-3-a-yohimbine (lsors

- Rauvolfia serpen inn . Kurz.

1964; Ma

(Hesse,

L8y,1967%
3. Chemistr —.'_; : ﬂ'-‘

3.1 Heteroyohgine and oxindole alkaloids

Basic ‘tﬁtures

ﬂ fPaunanans.... .

Uncaria spemes are of heteroyghimbine- types.a: nd the corresmgdlng

FRINIRTE HEm ) R -

osed E ring (1, or an open E ring (E seco) (3, 4) as shown in

Fig. Il.
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Or?n E ring

ammﬂmumgwmaﬂ
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3.1.2 Configuration of heteroyohimbine and oxindole alkaloids

All alkaloids have asymmetric centres at C{3), C(15) and c(20),
though all those isolated so far have €(15) - H a, since these alkaloids
are all derived from the monoterpene seao—lpgahin=(éhillip50n et al.,
1978}. Four diastereoisomers.can thus exist,-designated as normal,
pseudo, allo and epiallio. 'The closed E ring alkaloids also have an
asymmetric centre’at C{19) . In all known Mitragyna alkaloids the

C(19) - CH, is a,But igomers with C(13) = CHy o and & configurations

3
are known to occur jn-members of the genus Uncaria. The E seco
alkaloids may show gebmegric isomerisation because of the double bond
between €(16) and €(17). /In all known alkalecids the C(I?) - H is cis
ta the C{(16) carbomethoxy group:?

Substitutions in the aromatic ringrhave been found, but only
at C(9), the group being either an hydroxy or a methoxy group for those
found in Mitraggma species. Only 9-hydroxy substituted alkaloids are
reported to belpresent in Uncaria Species (Phillipson et al., 1978).
However Willaman and Schubert (1961) stated that inm 1955 Orekhov
reported the presence of mitragynine, a 9-methoxy substituted open E
ring heteroychimbine, ~in somesspecies-of Uncaria. In. the open E ring
alkaloids R' may be either an.ethylior a vinyl graups.

In addition, the oxinddle alkaloids have an asymmetric centre
athC(7), i.e.vring C attached to ring /B at the spiro. C-atom, c{7), in
two different ways. One of which the lactam carbony] lies below the

ptane of C/D ring resulting in the alkaloids termed the A series and

those of which the lactam carbonyl lies above the plane of C/D ring
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giving rise to the alkaloids termed the B series (Fig. 111). Thus

eight isomers of oxindoles are possible.

B series

The four isomers ~heteroyoh 2s and eight of oxindole

T\ S
vith thelr ¢

alkaloids are summar i jons in _Table |.

Y Y

Configuration ﬂmino Cg

bine anfﬁ-xindole alkaloids -
d

B NN 1T

RN M TNYFY

Epiallo B ] o Aor B
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Further, in both types of oxindole alkaloids, the lone pair of
electrons on N(4) may either be on the same side of the C(7) as the
lactam carbonyl group or on the opposite side, the former are known as

syn and the latter as anti alkaloids (Fig. V).

Fig. "IV

HN

o !

syn anti

Names of the heteroyohimbine and oxindote alkaloids together

with their configurations and substitutions are summarised in Tables

-V,
Table 1l
Closed E ring heteroyohimbine alkaloids
Alkaloid €(8) - R |Configuration|C(19) - CH,
Ajmalicine H " normal 4 e
19-Epi-ajmalicine H ~ normal - 8
lsom?trajavine# OCH3 normal . a




Tabte 11 (continued)
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Alkaloid €(9) - R [Lonfiguration|C(19) - CH3
3-1soajmalicine H pseudo o
19-Epi-3~-isocajmalicine H pseudo )
(Mitrajavine) OCH3 pseudo o

*
Tetrahydroalstoning H allo o
Rauniticine H allo 3
Akuammigine* H epiallo o
(3-1sorauniticine) b epiallo B
Table 111

Open E ring heteroyohimbine alkalolids

Alkaloid c(9) - R R' Configuration

* .
Dihydrocorynantheine -H CHZCH3~ normal
CorynantheThe H CH-":CH2 normal
Gambirine OH CHZCH3 normal
(Speciogynine) OCH3 CHchj normal
(Paynanthe ine) OCH3 CH=CH2 normal
Hirsutine* H CHZCH3 pseudo
Hirsuteine H CH=CH2 pseudo
(1sogambirine) OH CHZCH3 " pseudo
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p

Table 111 (continued)

Alkaloid c{9) -IRr R' Configuration
(Mitraciliatine) ocH, CH,CH, " pseudo
{1sopaynantheine) OCH3 CH=CH2 pseudo
(Corynantheidine) H CH,CH, allo
Mitragynine OCH3 CHZCH3 allo
(1socorynantheidine) H CHZCH3 epiallo
Epiallo-corynantheine H CH=CH2 epiallo
(Speciociliatine) OCH3 CHZCH3 epiallo

Table. |V

Closed E ring oxindole alkaloids

Alkalold

c(9) = R

Configuration

Isomitraphylline*
Mitraphylline
Uncarine A
Uncarine B
(Javaphylline)
Isojavaphyliine#

-~
I sopteropodine

OCH

OCH

normal
normal
normal
normal
normal
normal

alle

Series|C{(19) - CH
A o
B a
A B
8 B
A a
B a
A o

3




Table IV (cohtlinued)
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Alkaloid ¢(9) - R|Configuration|Series|C(19) - (:H3
Pteropodine* H allo . B o
(Rauniticine oxlndole A) H allo A B
(Rauniticine oxindole B) H allo B B
Speciophy1llne* H epiallo : A a
Uncarine F* H epiallo B . o
(Rauniticine epl-oxindole A) H epialle A 8
(Raunitlicine epi=oxindole B) o epiallo B 8
Gambirdlne+ H - - -
Isogambirdlne+ H - - -

*Gambirdine and isogamblrdine are two Interconvertible stereoisomers

of mitraphyitine:

their stereochemistry (Saxton, 1973). -

Table V

Open E ring oxindole alkalofids

There—is-no-definitive-information .concerning

Alkaloid c{9) ~ R R! Configuration|Series
lsorhynchophyllihe* H CHZCH3 normal A
* - .‘
Rhynchophylline. H CHZCH3 normal 8
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Table V {continued)

Alkaloid Ck9) - R R' - |Configuration [Series
Isocorynoxelne H : CHHCHZ: normal A
Corynoxeine .H Mg CH=CH2l_ normal B
Rotund fol Ine "2 | foH CH,CH | normal A
Isorotund! fol Inel"’ OH cHzcn3 | normal .| B
(Rotundlfoleine) OH | CH=CH, normal A
(lsorotundifole]ne) OH CH=CH2~' normal 8
(Rhynchociline) OCH3 CHZ(_ZH3 . normal A
(cillaphylllné*) ocH, | cuth3 | normai B
(1sospeclonoxelne) OCH3 : CH=CH,, | normaz A
(Specionoxelne) OCH3 CHéCH2 normal B
Corynoxine H CHZCH3 .aiiﬁ A
Corynoxlne B R : CHZCH3 allo : B
(Mitrafoline) OH ' CH2;H3 : allo A
(Isomi trafoline) OH CH CHy | allo 1. 8
(Mitragynine oxindéle A) OCHg" § CH,CH, allo A
(Mitragynine oxindcle B) QCH3 CﬂZCHB ' allo ‘ B

“(1sospeciofol ine) oh | cHCH, | epiallo A
Speciofol ine | -OH 4 (:‘Hzl;'.}'l3 : E_Pialld B
Speciociliatine oxindole a? OCH3 éHZCHB‘ géiallo " A
Specioclliatine oxindole B o;HB‘ (CH,CH, epiallo .
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3.1.3 Preferred conformations

The preferred conformatl the heteroyohimbine and oxindole
- y et al., 1967; Phillipson

and Shellard, 1967) :

Heteroyohim

Closed

Norma

;:7'3'3_ B ¢ 19-Epl-ajmalicine

l’
Iﬂ ﬁ—"d “’ﬂ

Ui indng
radadniumIng s

H : 3- lsoajmallclne

R=H, c(19) - CHy 8 : 19-Epi-3-isoajmalicine

‘R = OCH3 : (Mitrajavine)
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A
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H

)
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Open E ring

Normal

Pseudo

e —— —f=
B2 i,

Ty

JUNITNYING

9 W’W AR R RGN 8

R = OH : (lsogamblrlne)

R = OCH3 : (Mitracillatline)

R = ocns,'c(zo) Et = vinyl : {Isopaynantheine)




Allo

| | p—a
AUETRENINENS
RN NLIAN

R = OCH3 : (Speciocillatine)

101
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.!I ]

AL STENIWETS
AWAINIUURINGTAE

R = OCH3 : Isojavaphylline#
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R=H : Pteropodine {(Uncarine C)

R=H, c(19) - CH3 8 : (Rauniticine oxindole B)
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O

e
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" R =H : Uncarine

R=H, C(19) - CH3B:(R nitic epi-oxindole B)
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Open E ring
Normal

A

R ='H .#1sorhynchephylline

:n
H

H, £(20) Et = vinyl : lsocorynoxeline

R = OH : Rotundifoline

o
o

OH, C(20) Et = vinyl : (Rotundifoleine)

R = OCH3 ' (Rhynchocil Ine)

R'= OCH3, £{20) £t ='vinyl : (Isospecionoxeine)

R =l-H : Rhynchophylline

R =_H, €(20) Et = vinyl_.: Corynoxeine
R = 0H ¢{ lIsorotundi foline
R = 0H, C(20} Et = vinyl : (lsorotundifoleine)

R = OCH3 : (Ciliaphyltine)

-
|

= OCH,, C(20) Et = vinyl : (Specionoxeine)

3'
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R=0H : (Isomitrafoline)

R = ocu3 : (Mitragyn xindole B) ‘
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____) Not found in Unéaria specles

QW?Mﬂ?W&IW\’}‘HHWa Beeri

With its N-oxide

(* *) N-oxlde found in Uncaria specie
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Pseudo oxindole alkaloids cannot exist because of steric
Iinterference between the oxindole unit and the underside of ring D
and consequently are expected to be too unstable to exist (Trager

%

et al,, 1968a).

3.1.4 Alkaloid N-oxlides

Shellard and Phlliipson (1964a) Investigated the leaves of
Mitragyna rotundifolia (Rexb.) 0. Kuntze and reported the presence of
'base-line' alkaloid which remained on the base line of thin layer
chromatograms.with variousi solvent systems. Similar 'base-1line'
alkaloids were obtained/from M) inermis (Willd.) 0. Kuntze {Sheliard
and Sarpong, 1969}, one of which was identified to be identical with
the 'base-line' alkaloid previously reported.and characterised as
isorhynchophylline N-oxide (Sheltard et al., ¥971). Further detailed
study by Phillipson et al, (19732a) shown It to be anti-isorhynchophylline
N-oxide. Another polar isomer reported by Shellard and Sarpong (1969)
was Identified as rhynchophylline N-oxide (Shellard et ai., 1971).
Phitlipson et al. {1973a) had alsc established the absolute conformation
for syn-isorhynchophylljne N-oxide. This detailed study was undertaken
In order to establish the absolute conformation of another new polar
alkaloid isolated from M, tubulosa Havil. by Rungsiyaku! (1973) which

was subsequently characterised. as ciliaphylline N-oxide.



amm umfaﬁﬁma
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Ciliaphylline N-oxide

Merlini et al. (1972b), have isolated a group of substances,
that appear to be the first examples of N-oxides of heteroyohimbine
alkaloids, from a species of Uncaria. They reported two
diastereoisomeric akuemmigine N-oxides having different C/D ring
junction, one cis and the othef trans because of the conformational
mobility of akuammigine, an epiallo alkalo}d which could exist in
either or both preferred conformations (Trager et al., 1968a). They

also isolated tetrahydroalstonine N~oxide from the /same plant.

4-R-Akuammigine N-oxide L-S-Akuammigine N-oxide



scies of Uncaria are

of oxindoles, both : nd op E ring. They are of
isomitraphyllin i 1line,-is ppodine, pteropodine,
speciophylline an i £ nchophylline and

AU INEYI TN I
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L-R-Pteropodine N-oxide

12
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(o]
4=S-Speciophylline N-oxide

L-S<Uncarine F. N-oxide

Only two species of Uncaria were reported as havlﬁg the N-oxides
of heteroyochimbines, i.e. U. gambir (Hunt.) Roxb. and U. tomentosa
(Willd.) DC. The N-oxldes Igolated from the former.species were of
closed E ring tetrahydroalstonine and two' isomeric forms, as previously
mentioned, of akuammigine (Merlini et al., 1972b; Phillipson et al.,
1978). Those Isolated from the latter species were the N-oxlides of open
E ring Isomers, dihydrogorynantheine and hirsutine. This is the first

report of thesd N-oxides as being occurred naturally (Hemingway and

Phillipson, 1974).



3.2 Other indole alkaloids isolated from species of Uncaria

3.2.1 Pyridino-indolo-qui alkaloids

These alkaloids h tructure :

3.2.2 Roxbur@nes A, B and t

The roxburghunfs# 8, C, D and E e new diastereoisomeric

o P LE YR A 4

gambir (Hunt Roxb. teaves and the roxburghmes B, D and E are from

114
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The skeleton of ABC i -th jhines is the same as

that of heteroyohimbines. eﬁtres in both types

of alkaloids are equlvalent, 9) and €(20)

(Merlini et al., lLif‘,m,_ﬁ,ug,ggbw,ggg

Y

s

3.2.3 =-Carbohu;e'-

A B-carboline al alond harmane, has been reportedly isolated

S ) EJ ANBNTN E]'Tﬂﬁ

following ba

9

R=H: Harmane

R = ocu3 : (Harmine)



3.2.4 Yohimbine and its isomers

These alkaloids have the following basic structure :

116

c{15)| c(16) | c(17)

Alkaloid Configuration} C(11} -4 |-coock, " _oH
Yohimbine hormal H a o a
Corynanthine normal H o 8 o
B-Yohimbine normal H a a B
11-Methoxy yohimbine normal OCH3 a o B
Pseudoyohimbine pseudo H a a o
Epi-3-corynanthine pseudo H a B o
Epi-3-g-yohimbine pseudo H a a 8.

Alloyohimbine allo H. o B B -
a~Yohimb'ine allo H o g8 a
Epi~3~alloyohimbine epiallo H a B- g
Epi-3-a-yohimbine epiallo H a 8 a
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3.2.5 Qurouparine, gambirtannines and related alkaloids

The structures assigned to ocurcuparine and the other alkaloids
of this group have been confirmed by transformations within the series
and by total synthesis. CQurouparine was identified as the quaternary
alkaloid 1t-demethoxy-alstoniline. It Is closely related to the
gambirtannines. Reaction of dihvdrogambirtannine with iodine and
sodium acetate results in dehydrogenation and formation of ourouparine
icrdide which with alkali is readily. transformed into a mixture of

gambirtannine, oxogambirtannine and meo-oxygambirtannine (Saxton, 1973).

2
—
CH,CQONa
3
Ourouparine iodide .
_ HyeC-0w~
HyC-0-¢ 3 &
0 ‘ 0

Gambirtannine ' Oxogambirtannine
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Gambirtannine, i nine-and dihyc rtannine

were extracted from i 0~ OXY g £ 1€ were obtained

The structure of ‘geiss ne :ther is shown below :

ﬂummﬂwmm
ammnmummmaa

In Uncaria attenuata Korth., the yohimbine oxindole found was

not yet identified (Phillipson and Hemingway, 1975b; Phi)lipson et al.,

1978).
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These alkaloids have the following baslc structure :

3.2.8 Tetracy

Dihydrocorynanthe ted from only

two species of Uncaria, 1. (Phillipson
et al., 1978) and U. atten d Hemingway, 1975b;

Phillipson et al., 1978)."

T

e

)
AU TNYRIAHNNT
ARIAN TR

These alkaloids h e folTowing ure-:

3708

R=H, R'= CHZCH3, normal : Dihydrocorynantheine

pseudoindoxyl
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Dihydrocorynantheine pseudoindoxyl may be prepared by dissolved
dihydrocorynantheine in dimethylsulphoxide and sodium methoxide.
Oxygen‘was bubbied through the mixtdre for 45 minutes at 50° € and
extracted into ethyl acetate resulting dihydrocorynantheine
pseudoindoxyl, which was major alkaloid and separated by preparative

T.L.C, (Phillipsonsand Hemingway, 1975b).

LY

3.2.9 Africaninegand thanadamine

Africanine and hanadamine are of doubtful structure. Africanine,
reportedly from Uncaria africana (6. Don) Bail). and hanadamine from
U, kawakamii Hayata have been ‘only partly characterised (Phillipson

et al., 1978).

3.2,10 Mitraversine

Mitraversine was found by T.L.C. to be a mixture of four
alkaloids (Shellard and Phillipson, 1964a; Shellard et al., 1978b).
it has never been possible to relate this alkaloid to any isolated

alkaloids.

4, Chemical Transformations

There are interesting biogenetic problems in 1iving plants,
e.g9. whether inter-relationships within theuheteroyohimbines, the
oxindoles, and between heteroyohimbines and oxindoles take place. It
is of value, thernefore, to study the chemical transformations of the

atkaloids performed both in vitro and in vivo.
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4,1 In vitro

k.1.1 tsomerisation of heteroyohimbine alkaloids

The heteroyohimbine alkalolds may be lsomerised at C(3) by
using mercuric acetate as an oxidising agent and zinc and hydrochloric
acid as a reducing agent (Wemkert and Roychaudhuri, 1956; Weisgenborn

and Diassi, 1956}. The'reaction §s shown in Fig. V.

Flgs V

Oxidation-reduction reaction of haetersyohimbine alkaloids

| Hg (CH,CO0),
N >

IE

In terms of configuration, the isomerisation of heteroyohimbine

alkaloids Involves the conversion of C{(3) - H a to C(3) - H 8.



normal, aldloc pseudo, epiallo
Examples of the isomerisation ofsheteroyohimbine alkaloids
using this method are given In.Tahle V1.

Table M|

Isomerisation of heteroyohimbine alkaloids

122

Conversion Reference
ajmalicine —=> B3-iscajmalicine Wenkert and Roychaudhuri,
{normal) -~ {pseudo) 1956.
19-epi-ajmalicine — 19-epi-3-iso-~ Phillipson and Hemingway,
ajmalicine 1975b.
(normal) {(pseudo)
mitrajavine ——> isomitrajavine ‘ Shellard and Sarpong,
{pseudo) {normal) 19?13’ b.
hirsutine =—=—= dihydrocorynantheine Trager et al., 1968b.
(pseudo) {normal) '




Table Vi (continued)

Conversion

Reference

speciogynine — mitraciliatine

(normal) (pseudo)

paynantheine —isopaynantheine

{normal) (pseudo)

corynantheidine ——/isocorynan-
theidine
(a1lo) {epiallo)

mitragynine ——= 'speciociliatine

(a1lo0) {epiallo)

Trager et al., 1968b;

Shellard et al., 1978c.

Beckett et al., 1969;

Shellard et al., 1978c.

Trager et al., 1968b;

Beckett et al., 1969;

Shellard et al., 1978c.

Trager et al., 1968b;

Shellard et al., 1978c.

4.1.2 lsomerisation of oxindole alkaloids

Oxindole alkaloids may be isomerised about the C{3) and/or

spiro C(7) centres by treatment-with either pyridine (basic

isomerisation) of acetic acid (acidic isomerisation) or simply by
heating. The isomerisation involves scission and reformation at

the C(3) - €(7) bond and hence possible Inversion of one or both of

theldentresy, (Trager et-aly,|1968a).

123
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Four isomeric compounds should result upon isomerisation of an

\—

isomer, i.e. two (A _afd B) with €(3) - H a and two (A and B) with C(3)

- H B. |Isomerisation of mormal A or B oxindoles results In only two
products, which are the two normal isomers supporting the conformational
analysis by Tragep et /al. (1968a) that pseudo oxindole alkaloids are

too unstable to exist. ;

Trager et al. (1968a) suggested that in the acidic isomerisation,
the B series oxindoles predominate due to stabilisation of the
conjugated base by formatlon of intramolecular hydrogen bond between
the protonated lone pair of N(4) and the lactam carbony] group. This
stabilisation.is not possible with the A series oxindoles as the lactam
carbonyl is below the‘plane of C/D ring.

In basic pyridine isomerisation the A isomers predominate and
this is_thought to' be destabilisation due to.the electrostatic
repulsion between tHe lone pain of électrons. of N(4) and the lactam
carbonyl group in the free base form of the B isomers._

Examples of the isomerisation of oxindole alkaloids are given

in Table VI,
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Table VI

Isomerisation of oxindole alkalolds

Conversion Reference

isomitraphylline ———= ¢
Seaton et al., 1960.
isomitraphyllines+ mitraphyl!ine

mitraphylline ——
Beckett et al., 1965a.
isomitraphylline # mitraphyliine

uncarine B ——iuncarine A + uncarine B Seaton et al., 1960.

Nozoye, 1958c;
isorhynchophylline ——=
Seaton et al., 1960;
isorhynchophyl |l ine -# ‘rhynchophyliline
Trager et al., 1968a.

rhynchophylline ——» Seaton et al., 1960;
Isorhynchophylline + rhynchophylline'} Trager et-al., 1968a.

rotundifoline —= Trager et al., 1968a;
rotundifoline + isorotundifoline Hemingway et al., 1976S.

isorotundifolineg —
Hemingway et al., 1975.
rotundifoline + isorotundifoline )

rhynchociljine —3»
Trager et al., 1968a.
rhynchociline '+ ciliaphylline

specionoxeing ————»
Trager)et,al+, 1968a.
isospecionoxeine + specionoxeine

corynoxine B ——>»
Beckett et al., 1969.
corynoxine + corynoxine B
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Table VIl (continued)

Conversion P Reference

mitrafoline —
mitfafoline + isoﬁ{trafoline +
isospeciofoline ¥jspéciofoline

speciofollne — |
mitrafoline + isomitrafdiiﬁe +

o : ) Hemingway et al., 1975.

isospeciofoling + Speciofoline

isomitrafoline ——féb !
mitrafoline + speciofolinej

isospeciofoline —
mitrafoline + speciofoline.

Amitfagynine éxlndole‘B ——+é>':

‘mitragynine oxindole A + ) Beckett et a1., 1969.

mitragynine oxindole B

4,1.3 Conversion of heteroyohimbine alkaleids to

oxindole alkaloids

Finch and Taylor (1962a, b} .and 'Shavel Jr. and Zinnes: (1962)
have shown that yohimbine and heteroyohimbine alkaloids are transformed
into a mixture of epimeric C(7) chloroindolenines {1) by the action

of tertiary-butyl hypochlorite. Hethanolysislof-Ehlorofndolenines
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yield the imido ether (11) which hydrolyse in aqueous acetic acid to

give the two isomers of oxindole, A and B (Fig. VI).

g

ﬂﬁﬁl%%ﬂﬂ‘ﬁﬂﬂ?ﬁ%

The examples of the cénversion of some heteroyohimbine

ARt Rtk R 3V HE R E

su ar|sed in Table VI,
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Table VIII

Conversion of heteroyohimbine alkaloids

Heteroyohimbine Oxindole . Reference

Finch and Taylor, 1962a;
ajmalicine isomitraphyll ! ine X
Shavel Jr. and Zinnes, 1962;
+'mitraphylline
Shelfard and Houghton, 1973,

mitrajavine isgjavaphylline
Shellard and Sarpong, 1971a.
+ javaphylline

dihydrocorynantheine isorhynchophylliﬁe
} Finch and Taylor, 1962a,
+ rhynchophylline

corynantheine corynoxeine . Finch and Taylor, 1962h.
mitraciliatine rhynchociline

} Shellard and Sarpong, 1971a
+ ciliaphylline .

corynantheidine corynoxines A, B Beckettet al., 1969.
mitragynine mitragynine : 1
oxindoles A, B Beckett et al., 1969;
speciociliatine specioci!iaténe ‘ Shel Jard-et al., 1978a.
oxindoies'A; B J

In 1966 Zinnes and Shavel converted the carboxylic E ring
indole alkaloid, pseudo-yohimbine into normal oxindoles (Shellard and

Sarpong, 1971b), Therefore there is the possibility that the pseudo
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heteroyohimbine alkaloids could al.o be transformed to the normal
oxindoles which certainly occ rred in some Mitragyna species where
pseudo heteroyohimbine alkaloids were found (Shellard and Sarpong,
1971b) .

Another method 6f ConVe}tng heteroyohimbines to oxindoles is
the use of lead tetra-acetate to give an acetoxy Indolenine (111)
which on refluxing'with.methyi alcohol Eontaining acetic acid gives

the oxindoles (Hart' et al., 1967) (Fig. Vii).

Fig. Vi1

I N Pb(CH;CO0)
— 1500

- o

\
%

NG N~
H

Hart etial, | (1967). used this method to.prepare isopteropoding,
pteropodine, specipphylline and uncarine F from the heteroyohimbine

tetrahydroalstonine.
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b.1.4 Conversion of oxindoles to heteroychimbine alkalolds

Aimi et al. (1972) treated the oxindoles with Meerwein's reagent

ers (IV). They found that

}le reduction reagent for

is & otmipole. This was then
aceti Mercuric acetate and

in acetic acid to form the ¢
sodium borohydride in
the iminoether syste
oxidatively cycli
the two heteroy
They use in t ‘ : f isopteropodine and
pteropoding and | ‘-.‘ ele . eroychimbines

tetrahydroalst isomer, amm i ' - w > obtained

(Fig, VIIl). arl \ sorhynchophylline
into dihydrocoryna i ﬁ- \

ﬂk
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Fig, Vitl

Conversion of oxindoles to heteroyohimbines

Meerwein's [
Z Reagent , N
—_— :
A | P
QHE. o N ’L\OEt
(iv)
| HgC- 0= z |
Isopteropodine /Q .
or Pteropodine . FH:,COOH

Akuammigine Tetrahydroalstonine
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4.2 rn vivo

By using feeding experiments with unlabelled alkaloids,
Shellard and Houghton (1972a) observed the presence of isomitraphylline
and mitraphylline both after feeding young plant of Mitragyna
parvifelia {Roxb.) Korth., grown from seed obtained from Sri Lanka,
with ajmalicine and 3=isoajmalicine into the stem xylem. Thus.showing
that conversions ef norxmal and pseude hetercyohimbine alkaloids to
normal oxindoles aeccuriin/vive. . The Interconversion of the
heteroyohimbines did not seem to take place since no 3-isoajmalicine
were deteéted after feeding the nlant with ajmalicine and vice versa.

Their work also revealed that the specificity of the enzyme
systems in this plant might be for the €(9) unsubstituted alkaloids
because no oxindoles were detected after feeding with C(é) - methoxy
substituted normal and pseudc heteroyohimblne alkaloids, isomitrajavine
and mitrajavine. The enzyme systems appeared to be also specific for
the closed E ring alkaloids since there was no evidence of any
oxindole corresponding to the cpen E ring heteroyohimbine alkaloids
after they were fed to the plant.

The firstipant of these observations was confirmed by work
with labelled alkaloids by Shellard and Houghton (1973). They fed

hC-tetrahydroalstonine and 1!'C-akuanim'igine's¢.=.par:=1telv,r to
M, [parvifolda (Roxbw) MKorth. plant i) label led isopteropodisa,
pteropodine, speciophyline and uncarine F were detected in both

cases,



$hellard and Houghton (1974a) further examined the
distribution of alkaloids In young plants of this species. They fed
1h(:-alkaloids; into the stem bark, stem xylem and root bark just
beiow the hypocotylar region. The evidence pointed to the possibility
of this plant possessing two blogenetic'csites - the leaves and the
roots ; with mitraphyliine being the alkalold which links the two
sites, They fed pteropodine and mi;raphylllne separately through the
stem bark and pteropodine was shown to be converted to mitraphylline,
and mitraphylline inte corynoxeine and rhynchophylline.

By feeding rhynchophylline into the root phloem
rhynchophyliine, a normal oxindole, was converted to the pseudo
heteroyohimhine hirsutine and vice versa. Thls clearly showed that
neither normal oxindole nor pssudo heteroyohimbine could be converted
to the corresponding normal heteroyohimbjne since no
dihydrocorynantheine the normal heteroyohimbine corresponding to
rhynchophylline could be detected. There was no evlidence to indicate
whether the dominanF alkaloid In the root, rhynchophylline, was
derived from mitraphylline (from pteropedine) or from hirsutin; which
was found in the root,

Shellard: and~Houghton {1972a); msing, unlabekled-aikaloids,
found that when mitraphyiline-was fed intoc the stem xylem,
rhynchophylline was found in ‘the leaves. TFhelr result (1974a) with
labelled mitraphylline revealed that rhynchophyllihe in the leaves
was not necessarily from the main stem xylem but that the
mitraphytline itself is converted via corynoxeine to rhynchophylliine.

When large amount of 1L‘C—rhynchophyllIma: was fed, both mitraphylline
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and rhynchophylline were detected in the leaf together with ‘hc-labeiled
allo and epiallo closed E ring oxindoles. It would appear that the
interconversion involving rhynchophyllinelﬁ mitraphylline &=
pteropodine occurs normally in the leaf base but since only small
quantities are present in the transportation.stream, only the final

products‘- the allo-and.epiallo oxindoles are found.

5. N-oxidation of heteroyohimbine and oxindole atkaloids

Shellard etfal. (1371) prepared the N-oxides of
isorhynchophylline and chynchophylline by treating an ethanolic
solution of the alkaloid/with hydrogen peroxide solution overnight
at room temperature, followed by heating on a boiling water bath
for 30 minutes.

Merlini et al. (1972b) synthesised N-oxides of closed E ring
unsubstituted heteroychimbine alkaloids by treatment with m-chloro-
perbenzoic acid. Those synthesised were #-R-ajmalicine, 4-R-3-iso-
ajmalicine, UsR=terrahydroalstonine, -R-akuammigine and‘
b-S-akuammigine N-oxides.

-Phillipson et al. (1973a) have used both methods in preparing
N-oxides of isorhynch@phylline (A serfes), rhynchophylline (B serles),
rhynchociline (A series) and ciliaphylline| (B series) in order to
characterise naturally occurripg ciliaphylline N-oxide isolated from
Mitraguna tubuloesa Havid. and found ‘that whereas the B/series
oxindoles give only one N-oxide, the A series give two -"an anti and
a syn N-oxides. Thus isorhynchophylline and rhynchociline appear to.

form two N-oxides while rhynchophylline and ciliaphylline form only one,
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Shellard et al. (1977) used the latter method to prepare
N-oxides of rotundifoline (A series) and Isorotundifoline (B series)

and obtained two rotundifoline N-oxides (anti and syn) and one

isorotundifoline N-oxide.

N-oxide of oxindole B
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The N-oxides are readily reconverted to the parent alkaloids
by reduction with sulphurous acid (Shellard et al., 1971) or treated
with excess ferrous sulphate and heated on a steam bath for 30
minutes (Merlini et al., 1972b) (Fig. ' %). There is no isomerisation

of N-oxides.

Fig. X
0
{ 7
S ‘ V & H202 | ~ | - l;)
H H

6. Biogenesis

6.1 Heteroyohimbine alkalolds

The suggestién that indole alkaloids are'biosynthesised from a
cyclopentane monoterpene skeleton has been strongly supported by
feeding experiments with sodium mevalonate ‘and geraniol labelled at
various positions to Catharanthus roseus plant (Battersby et al., 1966b).
Degradation, of«the) labelled catharanthine and dehydroaspidospermidine
gave results 'in' agreement - with head-to-tall comblnation of ‘the ‘two C5
units and the logical deduction that geraniol is a preCUrgor of the

indole alkalolds was proved to be correct for the Iboga, Corynanthe,

and Aspidosperma groups of bases {Battersby et al., 1966a, c). Fig. XI
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shows how such a cyclopentanoid monoterpene could form the C9-10 unit
of the three major groups of indole alkaloids.
Fig. Xl
‘ OH —— i L —
| et ]’
Geraniol Cyclopentane monoterpene Corynanthe
T' y lb
HO CH3
[if<:il0Cf|WO+ f”\\ufll\\u/’J\\ut’;
OH.
Sodium mevalonate Iboga - ' Aspidosperma

Battersby-@t al., (1966b) found the evidence to be strongly In
support that loganin was the most probable cyclopentanoid monoterpene
precursor of the indole alkaloids. Battersby et al. (1968) stated
that the biogenesis of Tndole,alkaldids Is through.the. pathway from
mevalonate through geraniol and.loganin to seco-loganin which fhen
serves as precursor of the non-tryptamine units present in the ;jthree

large groups of, indole alkaloids (Fig. XI1).
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Fig. Xi1
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Fig. X111
, Biosynthesis of tryptamine
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Tryptamine or tryptophan condense with various aldehydes,
generally a C9“10 unit to give the corresponding indole alkaloids.
Jackson and Smith (1968a, b) have shown that a g-carboline is formed,
the condensation initially yields a spiro=indolenine which fmmediately

rearranges to give the B=carboline as shown below :

"Tryptamine

B-Carboline

Splro-indolenln~

It was shown th;t secq-loganin reacted wlth tryptamine to
generate the charbolines, vincoside and strictosidine (isovincoside)
(Battersby et al., 1968), so seeméd to support th§ Jackson and Smith
hypothesis. l | |

From a comparison of molecular rotation differénces.In._
vincos ide andwipecoside derivatives, it was deducedAthat vinsoside had
the 3 u-and strictosidine the 3 8 orientation (Battersby et al., 1968),
but later Blackstock et al. (1971) obtained the absolute configuration

at C(3) In vincosltde as g.
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€{3) - H B8 : Vincoside

€C(3) - Ha : Strictosidine
_-0--Glucosea .

This was alse reponted by De Silva et al. (1971). Thus the
real reason for the dominance of epiallo and pseudo indole alkaloids
becomes apparent. This seems-to be the major route of blogenesis apd
since both can be gcenverted to the allo and normal oxindoles, the
absence of the allo and normal indole alkaloids for long‘period of
time are not surprising so far as the conversion‘to oxindoles 1s :
concerned.

The schemes represént the biogenetlc pathway to the ‘
heteroyohimbine Zlkaloids caﬁ fherefore be-worked-out following these
pattern,

Fig. X1V shows the combination of tryptamine with seco-loganin
to give an intermediate=(V) which goes directly by a condensatlion to
give the B Indolene vincoside (Vi) or goes via the B condensation to
the spiro~indolenine (VI!) and then to vincoside {(VI). The loss of
the glucoside’ link, the formation of ;he aldehyde group’ and .the opening
of ring £ to give (VIiIl) lTead to the formation of an Intermediate (1X)

(Shellard and Houghton, 1973).
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Fig. XIV
CHO
l + |
N NH Glu
H ;
Tryptamine Hz C-0-C x 0
] .
\L 0 Seco-loganin

(Vi)
H3C-0-

3 ‘ : Splro-indolenine
8 Indolene wvincoside -

H3C:0-C . H3C-0-C
|
0 : - 0

(Vitn) - (1X)

Fig. XV and XVI show the relationships between intermediate (1%)

and the heteroyohimbine-oxindole alkalolds (Shellard and Houghton, 1973).
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Fig. XV

Biogenesis of closed E rln'g alkaloids

e===35 major route

——3> minor route
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Fig. XVl

Biogenesis of open E ring alkaloids

====c=3» major route

L 3 minor route

H3C-0-C

opialle
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Details of the pathway in Figt XV and XVI are shown in Flg.
XVIt. Reduction of (IX) gives an isomer of gelissoschizine, The minor
pathway involves an opening of ring C in {iX) to give an intermediate
with a conjugated double bond system (X}4 +Theiclosure or ring C gives
two isomers, C(3) - H o (X1} and €(3) - #H g (IX), the former then belng
reduced to give Qeissoschizine.(XIl). Tﬁe convers}on of (I1X) to
gelssoschiéine }nvolves ghree enzymatic stages whereas the conversion
to the gejssoschizime isemer involves a single stage. This may be a
factor relative to the amount of C{3) - H g and C(3) ~ H a alkaloids
present in plants. Both geisseschizine and its isomer can be converted
by closure of ring £ to-the closed £ ring alkaloids. By reduction and
methylation the vinyl fand ethyliderivatives can be formed (usually
through the aldehyde intermgdiatcs) to give open E ring alkalolds
(Shellard and Houghton, 1973). Geissoschizine has also been shown to
be an intermediate in indole alkaloid synthesis (Battersby, 1971) and
found to be one of jthe first formed alkaloids in Catheganthus roscus
being derived from the glycosidic alkaloids vincoside and isovincoside

(Tinmins and Court, 1976a),
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Fig. XVil

Reduec tion

Open € ring alkaloids Closed E ring alkalolds

==———==3% major route ————3> minor route
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However, recently Rueffer et al. (1978) reported that the key
intermediate In the biogenesls of the majorlty of monoterpenoid
alkaloids is strictosidine (isovincoside) with 3 a (5) configuration
rather than vincoside with 3 8 (R) configuration as had previously
been assumed.

Their feeding experiments of labelled strictosidine and
vincoside separately tostwo plant species belonging to different plant
families, Rauvolfia canéscens Linn. and Mitragyna speciosa Korth., both
known to contain 3 @ as/well as 3 8 alkaloids revealed that
strictosidine with 3/a (8) stereochemistry Is the universal precursor
for monoterpenoid /indole alkaloids.

Concurrently Stdckigt et al. {1978) also detected strictosidine
and cathenamine as pivotal Tatermediates in the enzymatic formatlon of
moncterpenoid Indole élkalolds of the heteroychimbine type in cell-free

extracts from Catharanthus roseus cell suspension cultures.

6.2 Oxindele alkaloids

The Woodward proposals regarding the condensation of tryptamine
and the C10 unit suggest that this may be either an a condensation to
give indéles or B condensation to give oxindoles (Shellard et al.,
1969b).

Jackson and.Smith (1968a, b) have suggested‘that tryptamine
reacts with C10 unit (secoildganin) to givela Schiff's base which
undergoes cyclisation at either the a or B position of the indole

nucleus forming the B-carboline or the spiro-indolenine intermediate.

They argued that the B condensation {s more favoured because the
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intermediate product indolenine does not necessitate a rearrangement of

the m electron system of the benzene ring which would be the case with

the a condensation. The in readlly isomerise to the

B~carboline In mild aci be oxidised 10 give

oxindole alkaloids, . XVItLL.

N
~

Schitf's ue
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Spiro-indolenine
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indoles

osely related to

tryptamine unit

gentianine. g:
of vinco ﬁ igenesis of
angustidin u v vﬁ ﬂ om |( rom the

seco~ logan n portion of a corynanthe precursor (Au et al.

ARIANNITN UANINEA 7

natlvely angustine might arlseﬂssubly by reaction
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0.0
o
i
™ N
| fl
0 Glu
Gentianine ¢(3) - H £ : Vincoside lactam

C(3) - He& : Ilsovincoslide lactam

6.3.2 Roxbugghiges /Ay B, C. D and E

They are examples.of alkaloid derived from two tryptamine

moieties and C,, monoterpene unit (Merlini et al., 1970).

0

6.3.3 g-Carboline alkaloids

Simple derivatives pf B-carboline are readily synthesised

in vitro by the reaction of tryptamine and aldehydes

hl

RN NG - @
O\_ﬁﬂﬂz-'-i 104 Y R

Tryptamine . Aldehyde g-Carboline.derivative

Such reactions are believed ‘tolaecount for the blasynthesls of_such
alkaloids as harmane, harmaline, etc. Simple acid hydrolysis of
tryptophan-containing proteins gives rise to harmane and its

derivatives. No in vivo experiments are available to clarify their
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biosynthesis (Robinson, 1968).

6.3.4 Yohimbine alkaloids

Robinson (1968) assumed that/vehlimbine alkaloids themselves
are formed starting with corynantheine-type skeleton. According to
traditiona] ideas of indole. alkaloid biosynthesis, it was thought to
have a similar origin frem tryptophan and a moneoterpenoid unit (an
aldehyde).

It has not yet been established If the yohimbine alkaloids are
biosynthesised from a seco-loganin precursor, but if this is so, and
only C(3) - H B epimen vincoside has been incorporated into indole
alkaloids, thus an isomerisation process is necessary to yleld the
allo and normal, C(3) = H oy alkaloids.’. The nature of such a process
has not been elucidated and it may be that vincoside does not have
this unique status Tn all indole-alkalald yielding species (Timmins

and Court, 19763).

6.3.5 Geissoschizine methyl ether

Geissoschizine is considered to be one_of the first formed
alkaloids. in' Catharanthus roseus{Limm.) &. Don) being“derived from
the glycosidic alkaloids vincoside and isovincoside (Timmins and Court,
1976a) . Geissoschizine methyl ether Is resul'ted probably from simple

methylation.
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"
. OCH
HgC-0-C 3
]
0
Geissoschizine Geissoschizine methy! ether

6.h Biogenesis of ghe tmcaria alkaloids

Phillipson and Hemingway (1973a) studied the relationships
between hctcroyohimbiné and oxindole alkalalds found in U. bernaysii
F. v. Muell. and reported that the major alkaloids In both leaves and
stems are the saméy They are four interconvertible,stercoisomeric
closed E rfng oxindéle alkaloids, isopteropodine, pteropodine,
speclophylline and uncarine F. They also reported sfx miﬁor alkaloids
which are four N-oxides of the major alkalolds and two closed £ ring
heteroyohimblines, 1.8, tétrdhyd roa Exonitie (4116)1 and akuammigine
(epiallo). The latter two alkaloids possess D and E'ring Systems
identical to the major oxindole alkaloids Isolated.

Similar &ituations existsforww. avenia Mal., V. rhynchophylla
Miq. and U. selerophylla Havil, where the open E ring heteroychimbine
and oxindole alkaloids isolated also have Identical D/E ring systems
(Aimi et al1., 1972, Phillibson et al., 1978). In U. bernaysii flowers

there are additional alkaloids which are ajmalicine, Isocajmalicine,
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isomitraphylline and mitraphylline.

Closed E ring heteroyohimbine and oxindole alkaloids with
common D/E ring systemd are also found to occur together in several
species of the closely related genus Mitragyna. Since heteroyohimbine
alkaloids are readily converted chemically into the corresponding
oxindole alkaloids it has been postulated that heteroyohimbines are
first synthesised'in thé plant and converted into oxindole alkaloids
(Shellard and Phidlipsen, /1964b). Recently isopteropodine and
pteropodine have hgen convented inte tetrahydroalston%ne and
akuammigine (Aimi et als, 1972) land it/ is possible that oxindole
alkaloids may be converted to heteroyohimbine alkaioids within the
plant. Furthermore, tetrahydroalstonipe and akuammigine are readily
interconvertible chemically as are isopteropodine, pteropodine,
speciophylline and uncarineé F. Hence the following relationships
may be possible within species of Uncaria (Phillipson and Hemingway,

1973a) :-

———
—_—

1R 4755

pseudo indole

normal indole normal oxindoles A and B

allovindole ;;:::::f: allo oxindoles Atand B
——r——

epiallo indole epiallo oxlindoles A and B

= -



The alkaloidal sequences in some species of Uncaria would

seem to be as shown below :-

a) in U. avenia

/g‘chophyl 1 ir_\e

" (normal A)

vix”‘ﬁ -;.‘ylllne
oz »

ajmaticine

(normal)

tetrahydroalstonine"-—"‘*" isopteropodine ——= pteropodine

ﬂuafmamw ik
IR LRI A b R ([ #v 63
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c¢) In Uncaria rhynchophylla Miq.

isorhynchophylline

| (normal A)

oxeine
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