CHAPTER 11

HISTORICAL

1.Botanical aspects

1.1 Botanical aspects

The Menispermaccaess s I k ' ing 73 genera and about 350
‘ 25 of Coculus which extend into
North America and tempega 12 species of Menispermum which are found in
North America and N 3 s 986\, \In Fhailand. there are 22 genera and

The Stephanias F BE 3,01 the 1\ rmacecac. It is characterized
by climbers, rarely erec erbaceous, tuberous rootstock
sometimes present, often a

Leaves peltz atg ly nerved. Inflorescences
axlllaryuranmngfm eaticss Stems ust
cymes, which are soli e first (-second) order(s) of
branching umbellate laﬂ‘l‘hm spp.), the ultimate hralﬂ:g sometimes irregular, or
sometimes the cymes c tul owers symmemcal
oo LS BT S

usually + ohovam Petals free, 3 024 rarely D—2 usually + hrasdly obovate wnth

AT T

Petals 2-4, both similar to male. Carpel 1, style very short or absent; stigma shortly
lobed or divaricaltely laciniate. Drupes obovoid with style-scar near base, glabrous:
endocarp bony, dorsally bearing a horseshoe-shaped band of 2 or 4 longitudinal rows
of process, or transverse ridges; condyle often perforate. Seeds horseshoe-shaped:;
embryo with cotyledons + equalling the radicle, surrounded by endosperm (Forman,
1991).
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There are about 45 species in the Old World tropices. Among these, there are
15 species in Thailand (Forman, 1991). These include
1. Stephania brevipes Craib
[Bua Khruea (17i@3a) (Northern)]
2. Stephania capitata (Bl.) Spreng.
3. Stephania creba Forman
4. Stephania elegans Hook. f. & Thoms.
[Se-khi-pho (wdiwa) (K
5. Stephania glabra (RoXb.)
[Phanang nang(esite ) (
6. Stephania glandulif ‘7’ iers
7. Stephania japguet
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(Tndauy( g4 A

yan pot (erio L f
8. Stephania oblgfa Crs

10. Stephania pie
[Bua khruea

astern); bua bok (v7un)(South-
-hua bua (Ing¥mh), sabu lueat

11. Stephanio-rerteutara Formar Y

=~ A
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12. Stephania o berosa Forman

[Baiﬁ( T Ceut;ﬁ) bo Whunﬁgl:hang uasiant ) (South-
whE) AN BV W E 1)
13. ;:epﬂlanw subpeliata H$Lo 5
LA SRR 1INETR
[Plao lueat khruea (uwdwdaaua3a) (Northern); cho kor tho(tawnana)
(Karen/Northern); krathom lueat (ns=viasnfian)(North-Eastern);
kling klang dong (nﬁmwm){ﬂoum-‘?«festem); boraphet yang daeng
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1.2 Botanical aspect of Stepania pierrei Diels

Stephania pierrei Diels (Figure 1) is in the family of Menispermaceae
(w6 aiiénid, 2523; Forman, 1991). This plant could be found distributed in Thailand
and Cambodia. It was described by Diels as being synonymous with S. rotunda Lour.
(Diels. 1910). The following morphological descriptions were given:

rotunda Lour. Gagnepain in Fl. gen
ain (partim?). Planta e tubere magno
orta. herbacea, scandens, sl Stlcato- ri; ramuli breves nonnunquan

Stephania pierrer Diels

flexuost folia et inflorescent i g 5. f iolus 2.5 - 4 cm longus; lamina
papyracea subtus pallidiogds i , rumque rotunda orbicularis raro
obsolete obtusoacuminitiy @ hfcr \ lenne:s subtus vix prominuli.
Inflorescentiae hand y olabrae, 5 - 8 cm longae, rami
longe nudi apice cym m longi. Flores subrotato -
expansi 2.5 mm diamet, s o - obovata apicg incurva 1.2 -
a drium amplum, brevissime
iqua obovata compressa 8 mm
s ad angulos nodoso incrassatis

wm ornatum in facie laterali planum

1.5 mm longa, 0.8 -
filamentatum, subsessile,
longa etlata, endocarpium vty

alque practerea sevie tuberculo? T
.--’.’-«*”"‘"

sublaeve.

— Y]
The morpholog are similar to those of
S. erecta which was desetibed by Craib (Craib, 1922) as ¥6llows :

5 o] L) DINRIIT LN T 5 pire it

caulibus erectis, $6liis crassioribus thllngucnda Caules annui, sub anthesin erecti,

hﬂ.ﬂpl'\'il iores,annotini
stramin im‘am :::m umﬁd nmaﬂﬁ.apim obtusa,
mucronulata, 3 cm longa, 2.5 cm lata, rigidiuscula, glabra, nervis circa 11 radiantibus,
nervulis vix conspicuis, subtus pallidiora. marginata, petiolo ad 4 em longo suffulta.
Pseudumbellae axcillares vel inferiores ex axillis foliorum squamiformium ortae, 5 -
fere 10 mm diametro, pedunculo communi 8 -20 mm longo suffultae, glabrae;
pedunculi partiales breves; pedicelli 1.5 -2 mm longi, apice articulati. Flores expansi
2.5 mm diametro. Sepala saepe varie et irregulariter connata, lanceolata vel ovato-



lanceolata, 1.3 mm longa, 0.8 mm lata, saepe tridentata. Petala haud evoluta.
Synandrium vix 1.25 mm diametro, brevissime stipitatum.

Because of their similarity in morphology, these two plants have been
taxonomically recognized as a single species, and the two scientific names considered
synonyms (Craib, 1931; Forman, 1962).

Based on the above botan ptions. it should be noted, however, that
there is a slight difference in thi 0 plants. 8. erecta is clearly a herb
with erect stem, while Soomie (Likhitwitavawuid, er
al.,1993b). In the Flora olJH Diels was described by Forman

5. pierrei Diels uhfla Lo « - S.ere¢ia Craib) s erect herb, entirely
glabrous, arising from gt 3 WS ‘,!“ e didan.: stems up to 30 cm high.
Leaves mostly suborbiculdr, (2-J 36 e didn.s sometimes mucronulate at the apex,
reticulation rather lax : 7 i,\ ous; petiole 2-3.5 ¢m long.
Male inflorescences : cymeS agillary abouiilic l-‘-; ith slender peduncles, 7-8 mm
long; or arising from the axi ong an axillary shoot to 5 cm long.
Male flowers on pedicels 1-2 mm. Sepdl
joined up to half m length oboy _,_,, 7 -7 0.Synandrium broad,
sessils or on stalk to i;t T emaie jlowersunknowa | Drupes suborbicular to
subobvate in outline, 7 ll central perforation dorsally
bearing 4 rows of 16-19"€urved, flattened, and ridged prajections.

¢ oL 908 30 SRS gt s erce

and S. pierrei arétot identical, and a?nud be sepamted as separale spe:mcs
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2.1 Chemical aspects of isoquinoline alkaloids

ellow, freshly usually unequal some

Among plant alkaloids, isoquinoline alkaloids have played an important part
in the development of the chemical and biological sciences.



Alkaloids with the isoquinoline ring system, or those derived from a
phenylalanine unit and therefore related structurally and biogenetically to the
isoquinolines, comprise at least 25 different types as follows (Govindachari and
Viswanathan, 1972):

1. Simple isoquinolines

2. 1-phenylisoquinolines

3. I-benzylisoquinolines
4. Cularine g;mup

16. Ochotensine g
17. Rhoe :. o
19' E[l]ﬂ‘ :,u s

il
20. Erythriniaf

ﬁ:ﬂmmwmm

23 1-Phe nethylisoguinolipes
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The number of isoquinoline alkaloids of known structures approximately
1,800 which are in the forms of both tetrahydroisoquinolines and quaternary
isoquinoline salts. The majority of isoquinoline alkaloids have been isolated from the
following nine plant familes: Annonaceae, Berberidaceae, Fumariaceae, Hernandiaceae,
Lauraceae, Menispermaceae, Papaveraceae, Ranunculaceae and Rutaceae. However,
some have been found in other plant families, such as Alangiaceae, Amaryllidaceae,



Cactaceae, Combretaceae, Convolvulaceae, Euphorbiaceae, Leguminosae,
Magnoliaceae, Monimiaceae, Nymphaeaceae and Rubiaceae. With respect to their
structural features, the isoquinoline alkaloids can be devided into two main classes
(Menachery er al, 1986). The first class is the simple isoquinoline alkaloids. (Figure 2)

N ¢

n«ld-l“l 4

St £ e quinoline alkaloid
..Mf' 4 \
The simple isoqui IS i II¥ the simplest of the isoquinoline

alkaloids. They are uuua]ly hlc
mescalotam are also

tertiary and N-meth ;—'_—F__;\ Nj-formylated, N-acetylated,
N-ethylated or oxidizes f 1o 1 { f simple isoquinoline such as
- ,7-dimethoxy isoquinolium salt. have also been isolated. Of

lic species, such as peyoglutan and
gept unclmn in ring B is often

lophotine and 2-methy/

more than pass ilica uinoline alkaloid fully
s SN 8B o g sin e

depending upon teir biogenetic ong*n Most sim le |Suqumulm ave been obtained
from t m m ﬂgﬁ Annonaceae,
Berhcn@ Eﬁoﬁ mﬁmiﬂlﬁﬁﬂ ﬂvcraceae and
Ranunculaceae (Menachery er al, 1986).

The second class is the benzyl-derived isoquinoline alkaloids. They do not
present a structural uniformity having benzylisoquinolines act as precursors to so many
other naturally occuring isoquinoline types such as pavines, isopavines,
bisbenzylisoquinolines, cularines, protoberberines, erythrima base and others.
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Because relatively a large number of isoquinoline alkaloids in this class are known,
their occurrence are distributed in many plant families.

2.2 Aporphine alkaloids

Amang the isoquinoline alkaloids, the aporphines are considered the largest
group. Up till now, at least 684 aporphinoid alkaloids have been recodnized. Their

Ny Y]
I .-“-1 aloid
The alkaloids of s ast 18 plant families
g, 398 umﬂﬁﬂﬁ 111 ba ol
Fumariaceae, H Memspmnaccae Mouumaceae Papaveraceae
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mr,rogen atom is usually substitued. Tertiary aporphines can be also
attached with methyl, formyl and acetyl groups, and rare to find N-carbamyl and N-B-
D-glucosidic aporphines. Several quarternary aporphine salts with two methyl groups
or N-oxides attached to the nitrogen are also known. Aprphines are known with C-6a
steriochemistry either (R) or (S)-configurations.
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The most diverse structural feature of the aporphines is the oxygenated
pattern. Positions 1 and 2 are always oxygenated, either by hydroxy, methoxy or
methylene dioxy groups. It is common to find further oxygen substituents at C-4, C-5,
C-7.C-9 and C-11, and occasionally at C-3 and C-8 positions. It is rare to fine -0-B-
D-glucosidic substituent at C-2. The methylene dioxy bridge is always found between
C-1 and C-2 qr C-9 and C-10 and rare to find at C-2 and C-3, C-8 and C-9, and C4 and
[‘-r.

C-4, C-5 and C-7 aiecommio
alcoholic aporphines, oxoupgi A0 [ rphines between C-6a and C-7,
after loss of hydrogen atom iﬂ'*""’ ' orphines. The nitrogen -C-6 bond
can be 1o form phenanthrengs® Cafiaa 3 -:'- S 9?9 1983; 1994).

l_oxygen substituents in the form

Guinandeu, e '- s dlkealoids in 18 groups as

tollows: Y
1. Aporphigés
2. Oxoapérphin
3. 5-Oxo0 / gF
4. 4- or/ and T#0xyg !
5. Dehydro. = =

- T

6. 7- myl
8.7.7-D |

Ffwww'swmm

mzaﬂuorantlnme
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15. Tropoloisoquinolines
16. Azafluoranthrenes

I7. Phenanthrenes

18. Miscellaneous



2.3 Isoquinoline alkaloids isolated from the Stephania spp.

Since 1790, the Stephania were definited by Lour. in the Flora of
Cochinchina and after then the alkaloids of the Stephania have received considerable
attention for a long time. The Stephania are distributed in the Old World tropics. The
vast majority of alkaloids found in the Stephania are the benzylisoquinoline type. The
alkaloids and their structures which have been reponted for Stephania species are shown

§W//

Table 1 Isoquinoline .1] \m\ species

Plant species /// ﬁ“m‘ WP, Struc Reference
ture
Stephania (-)-Tetrah e - P14 | Bartley, Baker
bancroftii tine and Carvalho,
(-)-Stepharnghc A6 | 1994,
(-)-Crebanine AR
Ayuthianine AS
(+)-Sebiferific M5
(+)-Stepharing Pa3
Stephania Crebanine A8 | Thornber, 1970.
capitata Cycleanine B4
d-Dicenirine. All
Epistephanine ylisoguinali B7
Phanost# . ‘ A23
=t | A26
Stephania Jisbenzy ls.oqumﬂl& Bl ugimoto,
cepharantha | Berbamine Blsbcnzyhsoqumuhn: B2 Sugimura and
| Yamada, 1988.,
m w ﬂ% &!:ﬂ 3 | Thomnber, 1970.
inol 4
stcnzyl: oquinolne
Stapham i ‘
drinklagei 9 i rphi AT
(+)- Isocm’ydme Aporphine Al4
(-)-Roemerine Aporphine A24
Stephania Aknadinine Morphinan M1 [ Singh, Kumar
elegans Cyclanoline Protoberberine P4 and Bhaduni,
Cycleanine Bisbenzylisoquinoline | B4 1981.
Epihernandolinol Morphinan M3
Hasubanonine Hasubanan H6
Isochondodendrine | Bisbenzylisoquinoline |B12
Isotetrandrine Bisbenzylisoquinoline |B13
Magnoflorine Aporphine Al8
Methylcorydalmine | Protoberberine P7




Table 1 (continue)
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Stephania | (+)-N-Methytelobine [ Bisbenzylisoquinoline |B15 | Prawat, ef al.,
erecta (+)-1,2-Dehydrote- | Bisbenzylisoquinoline | B6 1982.,
lobine Tantisewie, er al.,
(+)-2-Norisotetran- | Bisbenzylisoquinoline |B17 |1989.,
drine Likhitwitayawuid,
(+)-Isotetrandrine Bisbenzylisoquinoline |B13 |eral, 1993a.
(+)-2-Northalrugo- | Bisbenzylisoquinoline | B20
sine
| (+)-Thalrugosine Bisbenzylisoquinoline |B27
(+)-Homoaromoline Blsbenzyhsoqumnhnc B9
(+)-Stephibaberine | Bishenzylisoquinoline | B2S
{+)~Daphnandnnc ‘ \ ylisoquinoline | B5
(+)-2-Norcepharan- ‘ .‘ uinﬂline Bl16
thine ‘
(+)-Cepharantiiie | B g @m]inc B3
{+]“2‘N0 el I'I Lyisoq oline B13
(+)-Obabgiine moline [B2] |
[ Stephania Columbamig P2 | Bhakuni and
glabra (-)-Coryd® P3 Gupta, 1982,
i B4 Patra, Ghosh
P5 and Metra, 1980
Pl4
P9
P6
P10
Pl
P12 )
Stephania H3 ™ [Thomber, 1970.
hermandifolia
H4
B12
B8
I, B4
Stephania Protohe ne P4 Matsui, et al.,
Japonica Epfsl:cph fniersine | Hasubanan H5 |1978,1982,1984,
Hasubanonings, Hasubanan H6 Yamamura and
st BRRMELN T, |t
hani 10
Insularine Elsbmzyhsoqumolmc Bll
Q R 3 (R T N RS
9 | Miersine Hasubanan HIl
Oxoepistephamire- | Hasubanan HI2
sine
16-Oxoprometapha- | Hasubanan H13
nine
Oxostephabinine Hasubanan H14
Oxostephamiersine | Hasubanan H15
Oxostephanine Aporphine A2l
Oxostephasunoline | Hasubanan H16
Protostephanine Miscellaneous Base Mis 1
Prometaphanine Hasubanan H17




Table 1 (continue)
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Stephania | Stebisimine Bisbenzylisoquinoline | B22
Japonica Stephamiersine Hasubanan H18
Stephanine Aporphine A26
Stephasunoline Hasubanan H19
Stepinonine Miscellanous Base Mis.2
Steponine Protoberberine P13
Thalrugosine Bisbenzylisoquinoline | B26 | ~
Stephania Tetrahydropalmatine | Protoberberine P18 | Thornber, 1970.
Kwansiensis
Stephania Longanone Hasubanan H8 [Lao, Tang and
lemva Longetherine I; isubanan H9 Zu,1982.,
Stephabyssine \ 8 y 1 7 - Deng and
Stephaboline : ;~£‘;;‘.,4,4,;4_1 - Zhao1993.
Stephanta ( -]-Anunaim: “ﬂ-‘.“ Al  |Likhitwitayawuid
plerret i -)- Asimilobif A3 el al,1993h,
(-)-AsimiloBine- 2.8 Ad
B-D-glicoss
(- )-Capain P1
(+)-Codany Tl
{-)-Corydalafing P3
Cassythigific A6
(-)-Delavai H2
(-)-Dicentgne All
(- )-Isolaureliy AlS
(-)-Nordicentn Al9
Magnoflorine Al8
(-)-N-Methylt f P11
hydmpalnmhn
2 T3
{—]—P’h | A23
(-)-Rox : A25
(+)-Retic zvli T4
quinoline SE
(-)-Salutaridine Morphinan M4
; 4
:mzm I,

aeliBlryd

Stephenia ¥ Bisbenzylisoquinoline [B2 | Kunitomo, ef al.,
sasakii Bisakanadinine Morphinan M2 |1980.,

Cepharanthine Bisbenzylisoquinoline |B3 | Kunitomo, 1981.

Crebanine Aporphine A8

Dehydrocrebanine Aporphine A9

Dehydrostesakine Aporphine Al0

4,5-Dioxydehydro- | Aporphine Al2

crebanine

4-Hydroxycrebanine | Aporphine Al3

d-Isocorydine Aporphine Al4

Lanuginosine Aporphine Al6




Table 1 (continue)
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Stephania Lioriodenine Aporphine Al7
sasakii I-Tetrahydropalma | Protoberberine Pl4
tine
N-Methylpapaverali- | Tetrahydrobenzyliso T2
nium quinoline
Phanostenine Aporphine A23
(R)-Roemeroline Aporphine A25
.| Steponine Protoberberine P13
Stesakine Apomhtm: A27
Stephania Cepharanthrine 2'- otoberberine - Patra. er al, 1986..,
suberosa N-oxide Amarendra. er al.,
2-Norcepharanil - 1987.
Norstephasubag uinoline | BI1Y
Stephasubirifs |..|. HIII'IL B24
Stephasubiff B2 |
Stephania yclanoin / @a \ P14 | Thornber, 1970.
tetrandra Fanchinoljae™ B8
Stephanta Annonaine 1 Al Pharadan,er al,
venosa Apoglazi Apormpl A2 19651981 ..
Asimilobing "{ A3 | Charls.er al 1987,
Ayuthiang A5 Banerji.er al, 1994
Corydin | Apog A7
Crebanine, Apd m A8
Kamalin 2 e ;:'%“5: . A3
Kikumamanin = -“ - f N -
Mecambrol : J.w/ 'y \ -
N-Carboxamidosie== Proap inc Pal
pharine
Nuciferine A20
D-Me ; ]s ; Pa2
no
A22
Reti T4
Stepharine Proaporphine Pa3
StepharinoSime. Pmapctﬂhme Pa4
1 1 Aporm
ghRibe Y el N e
Thdilandine Aporphine A29

A Wonak

Thalru mammc

Uthongine

Isbemykzhinﬁ ﬁmc

Aporphme




Table 2 The structure of formulae in table 1

16

APORPHINES (A)

N
Alkaloid VJ'] 'f‘l L\‘\‘Q,_\ 8 9 10 11
: !
(-}-Anonaine(Al) ' \\\ H H H H
Apoglazionine (A2) |od® & K €H3, H H OH H
(-)-Asimilobine (A3) [ 9 4 : H H H H
(-)-Asimilobine-2-0- H H H H
B-N-glucoside
(Ad)
(-)-Ayuthianine (AS) "oH |ocHz| H H H
Cassythicine (A6) H H OH | OCH3 H
(-)-Corydine (A7) H H H | OCH3 | OCH
Crebanine (AS8) : H | OCH3 | OCH3| H H
(-)-Dicentrine (A11) 1 H*| H | OCH3|OCH3z| H
4-Hydroxycrebanined=-0-CHy - ; {/| OCH3 | OCH3| H H
(A13) Wviooooo
(+)-Isocorydine ‘ H H | OCH3| OH
(Al4)
(-)-Isolaureline H OCH3| H H
(A15)
Lanuginosine ﬁﬁu "jH OCH3| H H
Lioriodenine (A17) ‘ H H H H
Magnoflorine (A18) OCHy H H H | OCH3| OH
(-)-N g . | “locus| n [ H
SR SR NENAT,
Nucifering (; 3 H H H
Oxostep e -O-CHy -O- H| cH; | =0 |ocH3| H H H
(A21)
Oxostephanosine -O-CHy O H| CH3; | =0 | OH H H H
(A22)
(-)-Phanostenine -O-CHyz -O- H CH3 H H OCH3z | OH H
(A23)
(-)-Roemerine (A24) | -O-CHy -O- H CH3 H H H H H
(-)-Roemeroline -O-CH; -O- H CH3 H H OH H H
(A25)
(-)-Stephanine (A26) | -0-CHy -O- H | CH3 H |OCH3| H H H




Table 2 (continue)
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Alkaloids I [2 El 6 ) [ 9 10 11
Stesakine (A27) -0-CHy -O- H CH3 H | OCH3| OH H H
Sukhodianine (A28) | -O-CHy O- H CH3 OH | OCH3 | OCH3 H H
Thailandine (A29) -0-CHy -O- H CH3 =0 | OCH3 H H H
Tuduranine { A30) OCH3  OCHz| H H H H H OH H
Uishinsunine (A31) -0-CHy -O- H CHy OH H H H H
Uthongine (A32) (}-CH> -0} H CH3 =0 | OCHj3 | OCH3 H H
(-1-Xvlopine (A33) H OCH3 H H
<D
% i N‘GHa
OCH,
OH
Dehydrocrebanine (A% — Dehydrostesakine (A10)
(D
o [e
N-C-O-CH,CH,

OCH,

ARTRIN Tt

4,59Dioxydehydrocrebanine (A12)

UAINYTRY

Kamaline (A34)
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Table 2 (continue)

TETRAHYDROBENZYLISOQUINOLINE (T)

Mkﬂ]{]id}‘. [ 3
{.i.).CQdmnjng (T1) H (W H3 (H3
(+)-Oblongine (T3) OH OH H
(+)-Reticuline (T4) H OH (H3

paveraldiniom chloride (T2)

AUEITETNINE N3
ARIINTANNINGAE




Table 2 (continue)
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Formula A =
J .d. -
(-)-C J4-L
Columbamine %
(P2) v
Dehydrocory (-)- gine 3
dalmine (P5) | (P3) 4 Qgg;
Cyclan6ling (P4)/ 1
Jatrorhizine (P6) T H;
N-Methy rj@ :
dalrmne TN 7]
N- 3
Palmatine (P9) | Te
tine (P14 -
Ste me (P13) H
Stepharanine Stepholidine (P12)| H
(P10)
Pl leptadoe 5| 1
Tetrahydrostepha | OH
bine (P15 ¢
| e
q

" 5 10 T | R |

H | OCH3 | OCH3y H

H | OCH3 | OCH3 H

H | OCH3| OH H -
' 3| H OH | OCHj H CH3
- OH H | OCH3 | OCH3 H -
OCH3 | H | OCH3 OH H CHj3

H | OCH3 | OCHjy H CH3

H | OCH3 | OCH3 -

H OH | OCH3 H CH3
OCH3 | H | OCH3| OH H -
' g OCH3 | OCH3z | OH -
OCH3 | H H OCH3 | OCH3

&

BARRY| sa| 8

H OCH3 | OCH3
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Table 2 (continue)

HASUBANAN ALKALOID (H)

Alkaloids l;’//lﬁ N RS

I'NNIERE:

it OCH3 CH3

Cepharamine (H1)
Delavaine (H2)
4-Demethylhasubanon)

4-DemethyInorhasubdfiony OCH3 H
(H4) '

Hasubanonine (H6) () H3 CH3

Homostephanoline (H7) OCH3 CH3

) ——
AL TN ERTHENNT
AN IR INYA Y

% oy

OCH;

Oxostephabinine (H14)




Table 2 (continue)
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HASUBANAN ALKALOID (H)

Alkaloids 7 8 16
Epistephamiersine (HS) ) OCH3 OCH3 H>
Longanone (H8) e OCH3 | OCH: Ha
Metaphanine (H10) 3 =0 OH H>
Miersine (H11) (4 OCH3 OH H2
Oxoepistephamiersine (H1 HO OCH3 | OCH;3 =0
16-Oxoprometaphanine (F13 AR 17 OCH3 OH =0
Oxostephamiersine (H15) =17 OCH3 OCH3 =0
Oxostephasunoline (H16) o 8 ‘ OCH3 OH =0
Prometaphanine (H17) @ﬁ H3 =0 OH Ha
Stephamiersine (H18) , - =0 OCH3 OCH3 Hy
Stephasunoline (H19) MR AL OH OCHj3 OH Ha |

U
oid Configuration
Aromoline (B1) I-R, I'-S
Cepharanthine (B3) I-R , I'-S
Daphnandrine (BS) I-R, I'-S
Homoaromoline (B9) CH3y |CH3 |CH3 |CH3 | CH3 H I-R, 1S
2-Norcepharanthrine H | CH3 | CH3 | CH3 | -CH3 - I-R, 1-8
(B16)
2-Norobaberine (B18) H | CH3 | CH3 | CH3 | CH3 CHj3 I-R, 1§
Obaberine (B21) CH3 | CH3 | CH3 | CH3 | CH3 CHj I-R, 1I'-S
Stephibaberine (B25) CH3 [ CH3 [CH3 |CH3 | H CH3 1R, 1S
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Table 2 (continue)

BISBENZYLISOQUINOLINE (BERBAMINE TYPE) (B)

Alkaloid Eﬁnﬁgumﬁon
Berbamine (B2) I-R , 1'-8
Fanchinoline (B§) 1-5,1'-8
Isotetrandrine (B13) CH3 1-5,1'S
2-Norisoletrandrine H CH3 1-8, 1'-8

(B17)
2-Northalrugosine (B20) ‘ [ 5 0t W CH3 | CH3 1-R, 1'-S
Thalrugosine (B26) oy 13 1-R , 1'-S

AR INEAANY Y

RI,R2=H : Isochondodendrine (B12)
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2.4 Extraction and isolation of isoquinoline alkaloids from Stephania
pierrei.

Extraction and isolation of isoquinoline alkaloids from §. pierrei tuber have
been reported very recently ( Likhitwitayawuid et al., 1993b). From the tubers, it was
exhaustively extracted with 95% ethanol. After evaporation, the syrupy residue was
partitioned between chloroform and water (4:1). The chloroform fraction, after removal

504, afforded a chloroform extract. The
/axtract.

_J
The chloroform exltacwss (riluratedswath *i. acetic acid and filtered. The

of the solvent and drying over anhye

water fraction, after lyophilizat

filtrated was then basified vid® i1 "\\: cucted with chloroform to give fraction

A_ The insoluble material we ‘ ~. By rm afford fraction B.
':ﬂ‘* ‘

Fraction A w: tography on silica gel using
adlcm fashion. Thirty-six 500
\ pooled, dried in vacuo, and
'& palmatine (P14)(0.042 % w/w).
Fraction 24 was further purifi€d by pie : ‘ uting with toluene : diethylamine
(DEA)(96:4) 10 afford (- J-xylopl " JO075%w/w). Fractions 25 to 31 were
combined and subjected 1c arative TLC: st yélohexane : ethyl acetate (AcOE) :
DEA (5:4:1) as the *v----—,:: --------------- ,\'1 avaine (H2)( 0.00013%).
The upper band was reparative tlc eluting with
cyclohexane : AcOEt mﬁu (7:2:1) 10 give (- }-mp.tunne 1)(0.000045%w/w) and (-)-
thaicanine (P16) Fractions 32/to 36 were combined, dried and further
separated by pﬁr%ﬁ q.%IEljm“ﬁhw}&}n’] ﬂE‘i (94:6) to yeild (-)-

tetrahydrostephabiihe (P15)( 0. 00008 % w/w) and (- Horydalmmc (@m 00018%w/w).

ARAINIUNRIINYIAY

raction B was chromotographed over silica gel and eluted with a series of

chloroform and methanol ;
ml fractions were colleCle

recrystallized from acelc

chloroform-methanol combinations in a polarity-gradient manner. Seventy-eight
fractions (500 ml) were collected. Fractions 6 and 7 gave (-)-tetrahydropalmatine
(P14). Fraction 10, after removal of the solvent and drying in vacuo, was recrystallized
from acetone to afford (-)-dicentrine (Al1), (0.006%w/w). Fractions 11 to 36 were
combined and dried. The residue was then recrystallized from acetone to give (-)-
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dicentrine (A11). The mother liquor was dried and further purified by preparative tlc
eluting with toluene : DEA (98:2) to afford (-)-isolaureline (A15)( 0.00065%w/w).

Preparative TLC of fractions 37 to 39 using AcOEl : methanol (6:1) as the eluent
afforded (-)-phanostenine (A23)( 0.0002%w/w). Fractions 40 to 41 were pooled, dried
and subjected to preparative tlc eluting with cyclohexane : AcOEL : DEA (2:7:1). The
more polar band was removed and extracted to give xylopine (A33)(0.000035%w/w).
Fraction 42 to 52 were combined, dried, and then chromatographed over a silica gel

column, using AcOEl : methanol luting solvent. Twenty-50-ml fractions

were collected. Fractions 5 to 8 \\ PO 6 ;/ devaporated to give a residue which
was identified as (-)-cassyalicine {A6)(0HOWIESGa/w). Fractions 11 to 13 were

combined and further punficd Byspreparativestic cluling with cyvclohexane @ AcOEL:

DEA (4:5:1) to afford ( jesflatutidine’ M )0 0014%w/w) and (+)-codamine
A \\\;‘"\

(T1)(0.000055%w/w). Fr: ) - a,\.\: were combined and further
separated by preparativéic fsiftof i . \ DEA (1:8:1) as the solvent.
Extract of the less polar a# ‘ \‘- .Sﬁfﬁw.-'wj. whereas that
of the more polar one affogdedd- 0.00026%w/w).

i mdh» ) \\\
The aqueous ex dct fvas : wed 1n wat
reagent. The precipitates wer eeted, resuspended in methanol, and the solution was
filtered. The filtrate was disignatedfeaction C, and the precipitate fraction D.

A=

and then treated with Mayer's

The filtrat ‘ wis-piss it Arberite IRA-400 (chloride
form) column, evaporatcd l’-’n ue. This residue was then

subjected to column ¢ ,-Ia matography using chloroform-dnd methanol as the solvents

with increasing ﬁ:ﬁ hlﬁ 40-ml fractions were collected. Further purification of

fiction 4 was Ioy préphfad ¥ icedih ] fidifinol : NHIOH (99:1) to

give (-)-roemerdline {AES}({}.{]{H}HE;%WIW ). Preparative TLC of fraction 7 using
methanghy: lm ¢l ﬂﬁurﬁ:mg “'milnhine (A3).
Fractinﬂimmc m and fu ie Elparativc tle in
chloroform: methanol (9:1) to yeild N-methyltetrahydropalmatine (P11)(0.00063%w/

w). Separation of fractions 18 to 20 by preparative tlc eluting with methanol : NH4OH
(90:10) afford (+)-oblongine (T3)(0.00003%w/w).

Fraction D was resuspended in acetone : methanol : water (6:2:1) and filtered.
The filtrate was then subjected to ion-exchange chromatography (Amberite IRA-400,
chloride form), evaporated under reduced pressure and dried. Preparative TLC of the
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obtained residue in chloroform : methanol : NH4OH (14:5:1) afforded magnoflorine
(A18)(0.00011%w/w).

2.5 Biosynthesis of aporphine alkaloids

In recent years, by enzyme and feeding experiments of plant cell cultures.it
has been shown that (S)-reticuline is the central intermediate in the biosynthesis of
benzylisoquinolines and many oth eralkalolds, including aporphines

(Figure 4)(Schneider and Zenk;{085). ’
- /

—

CCH, CHy 00
Phthalideisoquinolines Ne .
& Rhoeadines
o}
Benzophenanthridines

Figure 4 Central role of (S)-reticuline in biogenetic pathways of isoquinoline alkaloids
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Previously, numerous tracer experiments established that both Cg-C5 units
comprising the benzylisoquinoline skeleton were derived from tyrosine (Spenser,1968)
and norlaudanosoline was thought to be the central intermediate for a multitude of
isoquinoline alkaloids (Robinson, 1955). This hypothesis was based on tracer
experiments using specifically labelled norlaudanosoline (Battersby, 1964). (S)-
norlaudanosoline was the result of the condensation of dopamine with 3, 4
dihydroxyphenylacetaldehyde. both are derived from a dihydroxylated tyrosine
derivative, DOPA (Robinson, 195514k eger. the incorporation of labelled DOPA or
dopamine into the alkaloids shawed that i inoline portion and not the benzylic
o E_{Spcnscr. 1968). Subsequent

portion of the alkaloid gl
experiments also proved t derived from tyrosine differ from one
another. Feeding experimegis™ it ' ; _,.; laurine have shown that this
trihvdroxylated precursor ‘ ' e lu protoberberine, aporphine
and benzophenanthridien® L1 gids §n cell suspension cWhures as well as in to pavine
and benzophenanthridingfilk indiple pld o adler, 1989). The rates of the

65\ b 2 » O.the conclusion that tyrosine is
3%, *}\ \

metabolized 1o dopamihic \. ctildehyde followed by their

condensation to form norcol: . i bainis g‘ 1€ luck of incorporation of DOPA
or dopamine into the benzylighpogiionof refi : derived alkaloids (Stadler,1989) and

the norcoclaurine pathway leadirg -r"-f Culine can be summarized as shown in

n- ‘.J’J' A5
Figure 5 (Muller and Zegn ‘

7 X
Aporphines I ‘I ) [ J rom (5)-reticuline (Bhakuni,
1977, Brochmann-Ha ! n, 1971, Barton. 1965, Bauerby, 1963) as well as (R)-

reticuline [Luckncr.l??ﬂ(.dlhm;h mc‘,_ﬁ synthetic pathway from reticuline to

aporphines is sﬂ ingomplegey/k oW} Thefearg at least five possible

routes for the blﬂyntheslh of apurp ines from rcuculmc Thca.e routes have been

Among these biogenetic pathways. route V seems to be more available than
the others. In this pathway, the aporphines belonging 1o the (R) or (§)-series are
formed through direct coupling (Figure 7 and 8)(Luckner, 1990).



H4CO

"H 6 HO

HO

L-tyrosine N\ COOH 4 B | ."‘_\' R —
HU D A ‘V ; Y

4-hydroxyphenylpyruvate ' a ks AR
HsCO HyCO THICO _ Mt
N -CH N ﬂ,gf — : SONGHY | HO N-CH,
o i
(§)-N-methylcoclaurine (5)-3-hydroxy- ﬂ u El ’J 1’] E] W§ w Ell] n ‘j -
methyleoclauri ApRiAg

Figure 5 Biosynthetic m M f]l w 0" .npnrphlm.s.
The enzyme invo s 1=L-t nlise, 2=[-tyrosine tr.m\.munm A=phenolase,

4=p-hydroxyphen lpymvam decarboxylase, SanJmnrcuclaunnc synthase, 6= norcoclaurine-6-o-methyltransferase,
T=coclaurine -N-methyltransferase, 8=phenolase and 9=(5)-3-hydroxy-N-methylcoclurine - 4'-o- -methyltransferase.
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Figure 6 Proposed biogenesis routes of aporphines from benzylisoquinoline
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Figure 7 Formation of aporphine alkaloid isoboldine belonging to the (R)-reticuline
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However, the methoxy and hydroxy positions in some aporphine skeletons
are not completely corresponded to their position of benzylisoquinoline precursors.
This makes this possible route still in question of its major operation in nature.

Nevertheless, theoritically, there are two possible routes of the biosynthetic
pathway that pccur through direct coupling. These are ortho - ortho and ortho - para
coupling of the precursor, reticuline (Figure 9)(Herbert, 1981).

AULINENTNYINT
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HaCO

H,CO
N-CH :
HO * ortho-ortho HO N-CH,
e coupling HO
HyCO H,CO
Reticuline
ortho-para coupin methylenedioxy bridge
5% T formation
HsCO o
(
HO N-Chs - N-CH,
& HD .
HaCO R0
OH
l Bulbocarpine
H4CO I
N-CH,

w445 15 w%’wmn'ﬁ
L AR NMINgIaY

Isoboldine Boldine

Figure 9 The biosynthetic pathway of aporphines via ortho-ortho and ortho-para coupling
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In the structure of isoboldine (as same as reticuline), there are the methyl
group at position C; and hydroxyl group at C of ring A, but it has reversed in the
same positions in norboldine (as same as boldine) structure. Two possible biosynthetic
sequences can be envisaged, either migration of a methyl group via a methylenedioxy
bridge at ring A (position 1-2 = -O-CH2-0-) or methylation at the 2-hydroxy! vielding
laurotetanine, followed by demethylation of the alternative hydroxyl group (Schneider
and Zenk, 1993). In Litsea glutinosa, the loss of radioactivity of the methoxy group of

ring A from reticuline was shown, indi ther methylation/demethylation than the

methylenedioxy mechanism (B To prove these possibilities

M
Schneider and Zenk (1993) m"\\‘ : ' triply-labelled with 13C. (5)-]1-
13C, 6-013CH3, N-13CHYTTelitiine, 1 es of Peunus boldus, which is

source of aporphines, respe / / / \\\ of the labelled precursor into
aporphine alkaloids, un€xpeg / tic \-:-\ ethyl groups were observed
by 13C NMR spectrose DY, i fecm.to ‘, oo

through the C-1 pool, ag
with an oxidative attack on dhyc oxymethyl moiety which s
subsequently split off fre ase. The CH20 is transfered
to tetrahydrofolate (THF) whig wempediale inthe biosynthesis of methionine,
reacts with homocysteine. M S+ porated into S-adenosylmethionine
(SAM) from which, in the fi nal %, the methyl is transfered back to the
alkaloid. An argument in jort of this hy isis the occurence of signal in the
13C NMR spectrum of #hecru 4-:-_?5__--7——“‘:5 assignable to methionine
(Schneider and Zenk, 1€ JB

There is considefable need for the gntermediates of the C-1 pool, methionine

and SAM, in ﬂﬂg%lﬁj ’g ‘ﬁuﬁﬂ % wnﬁc’] ﬂ:ﬁnmnc is an important

building block ofl proteins and other plant metabolites, while SAM is the general

gt AR ST e 1 e

compound. Wlth N-14C labelled reticuline, it was shown that this phenomenon is

fademethylation, flux of 13C
ctical mechanism should start

independent of the concentration of the compound supplied. To account for this
shuffing of methyl groups in alkaloid biosynthesis, it must be assumed the
demethylation/remethylation proceeds within a subcellular compartment, may be even
within a vesicle devoted to the formation of these alkaloids (Amann, Wanner, and
Zenk, 1986).



For example. the simplest biosynthetic sequence has been proposed for the
formation of bulbocarpine (Herbert, 1981). Oxidative coupling is thought to occur
between the sites ortho 1o the ortho in reticuline to give intermediate with minor
modification affords bulbocarpine. For the other way, because of free rotation of
benzylic portions in reticuline structure, oxidative coupling between the sites ortho to
para position is also possible to give isoboldine before methyl transfer to afford
holdine.

Schneider and Zenk (199 e S ,
of aporphines with differenta@ethylation patietis Ring A as shown in Figure 10.

Vgl

Isoboldine Norboldine

Figure 10 Changes in the methylation patterns in Ring A
during the biosynthesis of aporphines starting
from (S)-reticuline.
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Clearly this is an area in need of considerable further study, and this time it is
not clear which, or how many, of the possible biosynthetic routes may be operating in
order to produce the various aporphine alkaloids.

2.6 The production of aporphine alkaloids by plant cell cultures

Under optimal conditions plant ce!lﬂ are able 1o grow like microorganisms n
media cultures without limitation \ Moreover they are totipotent. in that one
single cell or protoplast has thea ole ¢ I, Etggiormation for the differentiated plant.
Therefore one can expect ths '-5--. e approprisetladitions, plant cell cultures have the
ability to produce the whaole fiaee of 1 aturs 15 which are 1solated from the

differentiated plants. This :/ ‘N “portance for the production of
substances especially 1o / \\P pEvey indicated that 23% of all
¥ M it ‘\ '

/. d Moris, 1976). Plant cell
cultures would have sevesf] :

ifferentiated plants. They are
independent for instance offgegigph \ \\ onditions, of plant diseases or
animal destruction and fherg .m«- * drugs could be stabilized. In
addition, they could easily i: lwa und ~ e control.

prescriptions contain i

\

Since Reinhard (1967 ; X broduction of protoberberine alkaloids

by callus cultures of Berberis & 1 different structure types of
benzylisoquinoline al gmf u§ and suspension cultures.
The greatest variety in (he su 4!:: structures have been found
in the group of protobesberine alkaloids (Rueffer, 198 . . For aporphine alkaloids,

only a few natural co ﬁ %ave been isolétéd from plant cell cultures and the results

o thse s 8 w@mw g1
QW'] AINTUUMIINIAY
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Table 3 Aporphine alkaloids isolated from plant cell cultures

QRAST

Alkaloid name Source Reference
Cepharadione A Stephania cepharantha Akasu et al., 1975
Cepharadione B 8. cepharantha Akasu er al., 1975
Liriodenine S. cepharantha Akasu er al., 1975
Lysicamine S. cepharantha Akasu er al., 1975
Norcepharadione S. cepharantha Akasu er al., 1975
Isoboldine Fumakicdcopr Rueffer, 1985
Norboldine ' Stadler and Zenk, 1990
Magnoflorine Ikata e al., 1974

Ikata er al., 1974

AULP

Thalictrum tuberosum Galneder and Zenk, 1990,
Zenk,1991, Schneider and
Zenk, 1992
Laurotetanine Peunus boldus Stadler and Zenk, 1990

Ikata et al., 1974,
kata and Itokawa, 1982

“ Ta7, ata er al., 1974

\\ \ Ikata et al., 1974
\ kata et al., 1974
Ikata et al., 1974
0 | Ikuta er al., 1974
Ikata et al., 1974
Ikata and Itokawa, 1982
ata and Itokawa, 1982
2:— ata and Itokawa, 1982
r'\l Kata and Itakawa, 1982
- Rueffer er al., 1985
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Tinospora caffra

Cfmsmanrhe&de ndens | Rueffer et al., 1985
Gk gt £ | R . 10
D;'osf:.greaphyﬂum Furuya er al., 1983

TRV BB e 15




	Chapter II Historical
	1. Botanical Aspects
	2. Chemistry of Isoquinoline Alkaloids


