
CEIP?ER 2

RESULTS ATID DISCUSSIOT

?.1 DISTRIBUTIOI| OF INCilRIA SPECIES IX pEnInSUmR illLlYSIil

One of the pri.rnary objeetives of this study is to collect,

identify and scr€en all the l|ncaria speeies in Peninsular

Halaysia for their atkaloidal content. An extensiv€ program to

collect Ilncaria species Ha$ carried out throughout the country'

and each sample was documented, identitied (whenever possible)

and screened for its alkaloids. The sarrpling exercise is

sunmarized in Table 3.1. Areas seleeted are representative of

the regions under study, i,e. Northern, Central, llestern'

Southern and Eastern regions of the Peninsul'a (Figure 2'Ll '

Although many samp).es flere colleeted, not all eoulcl be

identified. This is in part due to the tact that for this

taxononically problematie genus, a firm identitication requires

the presence of not only leaf samples but of flowers and fruit

sanples as weLl", which Here nore often than not absent during

the time of collection'

The results are presented in Tabl"e 2.1, nhere it ean be seen

thatllncariaisfairlywide]ydistributedoverthelowland

regions of the country, of the 14 species reported to be present

in Halalrsia, I speeies rere collected' In addition' seYeral

'ner' speeies !{ere also collected (see Table 3'2} '
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Table 2-1 : Distributioa of Uncaria speeiee ia peninsul.er talaysia
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The nore eonnonly encountered speeies are U. cordata,

U. callophylla and U. longitTora yar. pteropoda. Surprisingly,

it nas difficult to locate U. ganhir, nhi.ch in the past was

of eon$ielerable eeonomic importance as a source of gambier used

for dyeing anil tanning.3 Another significant result arising

fr:onr this extensive sereening exercise Has the reeognition of a

dist inct alkaloidal pattern a$ shown by t .1. c. for

U- calJaphylla and A. elJipiiea (fig. 2.21 ; rrhich provided a

quick and convenicnt cheme'taxonomic-based aid to the

identifieation of these troubl.esome speeies. Identification of

these species in particular have posed problens in the past

for tlre group of taxonomically related species whj'ch include

U. caJTophyTla, U. acida, U- elliptiea and U. ganbir.l'2

The present results provj.de a useful phytochenieal-based method

as an aid for species verification'
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2.2 STRUC?URE ELUCTD&trol{

2.2,t Tetracvcliq Heterovohisbine Alhaloids

The structures of the tetracyclic heteroyohimbine alkaloids

isolated are shown below. Isoganbirine tSSl and Gambireine t8?l

are ne?t alkaloids.
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2. 2. 1 -1 Dihydrocorylantheine t?01

Dihydrocorynantheine has been found in a nunber of lJncaria

species2 and is also conmon in other plant fanities.44 The

absolute configuration of dihydrocorynantheine has been

establishecl as having the normal configuration.45

The 1H NMR spectrum of dihydrocorynantheine isolated in the

present study shows the presence of an ethyl group, indicated by

an unsymmetrical triplet at 0.85 ppn, an unsubstituted inclole

nucleus trnultiplet, 4H, ?.01-?.48 ppm), atr olefinic hydrogen

(singlet, 1H , 7.27 ppnr), two methoxy singlets at 3-69 and

3.?3 ppm due to carbomethoxy ancl enol ether methoxy groups

respectively, and a broad NH singlet at 8.15 ppm. The remaining

methylene and methine hydrogens appear as overlapping nrultiplets

The ltt I'tun assignmetlts are summarized

NllR speetral data of clihydroeorynantheine

2.3 and correlates well with published

2.2-L,2 Ganbirine t22l

GambirineHasfirstreportedfromtheleavesof'U.ganbir,

byl.terliniet.aT.andrlasidentifiedas9_hydroxy.

dihydrocorynantheine.43 It has subsequently been established

thatonryoneuncariaspeciesnamery,u-caTTophyTTa,provides

theonlysourceofthisa].kaloid,thenameof*hichhasthus

remained a misnom t' '2 'L2 't6

r.l

from 1.04 to 3-50 PPm.

in Table 2.2. The 13c

is presented in TabIe

data .46 ' 
47
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The nass spectrurn of gambirine shows a molecular ion at m/z 384.

a strong tt+-1 f ragment, and other ion i-ragments whieh are

consistent with a hydroxy-substir'.rted heteroyohimbine.49 The

1H Nl,tR spectrum of ganrbirine is shown in Figure 2.3 and the

assignnents are sumnarized in Table 2.2. The high tield region

from 1,0 to 3.8 ppm resenbles that of dihydrocorynantheine,

accoqnting for the carbomethoxy, enol ether methoxy and ethyl

groups. A broad Ntl singlet and olefinic hydrogen singlet are

observed at 1 .67 and ?.36 ppm respectively. The aromatic

region however shows substantial di.fferenees. The observed

pattern is suggestive of aromatic substitution. Thus a one

proton doublet of doublet with ,J = 7.5, 2.0 Hz is observed at

5.40 pprn being eharacteristic of 9- or 12-substituted hetero-

yohimbine. Examination of the aronatic 13c 1,1tlR carbon resonances

allows placement of the hydroxy substitution at c9' The doublet

of doublet centered at 6.40 ppm is thus assigned to H-12'

The H-10 and H*11 signals are not resolved at L00 MHz and are

observedasnultipletsfromS.?gto?.02pprn-Thehydroxyproton

is consistently not detected in CDC1, solution'

The 13C WUn spectral data of gambirine is presented in Table 2'3'

where some of the previous assignrnentrl2 h"u" been revised in

view of larger amounts of material avaj-lable for nore definitive

spectra.

46
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2.2.L.3 UC? (Isoganbirine tae11

UC? is a minor alkaloid isolated from the leaves of

U. ca77oPhY17a. The mass spectrum shows a molecular ion

at nlz 384 which is also the base peak. HRI{5 (tt+ 384.2050} Eave

the nrolecular formula CZZHZANZOa (caIcd. 384.2049). The

presence of a strong ttr-1 ion suggests that UC? is a

heteroyohimbine since in oxindole alkaloids the t'tf-L fragnents

are absent-49 The proposed pathway leading to the principal

fragment ions is shown in Figure 2.4. The main fragments at m/z

)"12 (a) . 185 {b) , 186 (c) , 200 (d) , 24L (e) and 255 (f ) are

characteristic of tetrahydro $-carboline compounds'50'51 These

peaks are in fact also seen in the mass spectrum of ganbirine and

dihydrocorynantheine {shifted by L5 mass units) ' The mass

spectraLd,ataofUC?thussuggeststhatitisanisonerof

gambirine -

The 1H NUn speetrunr of uc7 (Figure 2-5 antl Table 2'2) shows the

presenceofaniminogrorrpat?.54pprn(lH,s,disappearsupon

deuteration), a carbomethoxy group at 3'59 ppn (3H' s)' an enol

ether rnethoxy group at 3'?5 ppm (3H' s)' an olefinic proton

singletat?.36ppmwhichistypicalofanalkaloidpossesing

the conjugated chromophore !{eooc-l=cHoMe and a poorly resolved

tripl-etat0.85ppm(3H)attributedtotheequatorialcl-8

hydrogens' The aromatic region shows an ABX pattern for the

three aronatic protons nith resonances at ?''09 ppm (1ll' d' J =

8'5 Hzl' 6'71 ppm (1tl' dd'' J=8'5' 2'4Hzl and 6'84 ppn

(1$,d,J=2.4ln2}.Thisallowsplacementofthetrydroxylgroup



at C10 which is also corroborated by the l3C t{1.tn spectral data.

The 13C Nl,tR speetral data is also in aceord with a nornal

confi.guration for UC7 by correlation with gambirine and

dihydroeorynantheine (see Table 2.3). UC? is a new alkaloid

for nhich the name isogambirine t85l (lo-hydroxydihydrocorynan-

theine) is proPosed.

'"ffi
\-,\u.\a-\

,/ r/z ?11 tel \-"

Y

-'l*'

r/r 155 lfl

figure 2-la : ilS Fragnentation of Isoganbirine'



N
HH

r/z 3tl, t{+

r/r J8{, !{+ 
r4

,(rrru rla l?3 {al

tlz

.t
r,!
H

381

H

r/r t00 ldl

\
t

N
/-N-H

H

r/z 185
r/z 1!5 {cl

f'"''

blI

2l

Figure 2.4b : ilS Fragnentation of Isoganbirine'



-GH2CH3

COOMe

H

t86] ISOGAHBIRINE

(l

PPI'|

Spectrunfigure 2'5 , 1g tntR {cDCl3, 100ltf,z) of fsoganbirine'



2.2.1.{ UCs (Ganbireine! t8?l

UC5 rs a minor alkaloid isolated fron the leaves of

tt. cal"Iophy|7a. The mass spectrum shows molecular ion at nlz

182 (HRHS 382.1868) (:(rrrespnndjng to the nol-ecttlar formttla

czzH,eNzo4 (ealed. 3s2.1892). (The nain fragments at m/2" t??"

lgb, 185, 200, ?39 antt 253 are characteristic of a tetrahydro

F"-earbolrne cornpound and also suggest that uc? is aR vinyl

analogue of gambirinu4g'51 ) . The ln 1qgn spectrum aecounts

for the presenee of indole NH (?.?4 ppnr, 1H, s, disappears upon

deuteration), carbomethoxy group (3'68 ppm' 3H' s) 
'

methoxY

group{3.75pprn,3H,s)andanolefinichydrogen(?.32ppm,lH.

s)" rn addition, the presence of a vinyl group is indieated by

signals at 4.8-5'0 pprn' (m' 2H' -CH=!E,) ancl 5'3-5'? ppm' (1ll'

m'-CH=CHz}.ThearomaticregionshowsanABXpatternforthe

threearomaticprotonswithresonancesatS.?8.5.91ppm(2I|,m)

and6.38ppm(ltl,dd'J='l'2Hz)consistentuithacgorCl2

substi.tutedheteroyohirnbine.Thehydroxysubstituentisplaced

on cg on the basis of the 13c nun spectral data in which the

arornaticcarbonehemicalshiftsareverysinilartothoseof
garnbirine.Thepresenceofthevinylsubstit'uentatc20is

indicatedbycharacteristiccarbonshiftsatll5.Sandl39.2ppm

for cl"g and clg respeetively. The other carbon resonances

arereadityassignedbasedontheirmultiplicitiesandby

correlation with ganbirine anil corynantheine t2tl (see Tab1e

2.3), thus' establishing UC5 as the vinyl analogrue of

gambirine.



UC5 is a new alkaloid,

( 9-hydroxycor ynant hei ne )

for whieh the

is proposed.
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Table 2.3 : ^"C Hl{R SPeetral

*nantheine [?0],
Gapbireine t8?l

Data (CDCI r, ?5 l{Hzl of Dihytlrocory
Gapbirine" [221. rsogaebirine [85] '

and Corynantheine t?11.
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z . z . z Bg+*trsxsllc -9;i-t{g*}*e --S-}-he1er$s"

The structures of the pentacyclic oxindole

shown belon-

alkaloids isolated are

tr4l lsoPTnR0PODrNF:

COOMe

t35] PTEROPODINE

2-2.?,.t fsopteropodine t34l aud Pteropodine t35l

IsopteropoclineandpteropodineHerefirstisolatedfromu'

pteropoda(nowreferredtoasU.longifloravar.pteropodal.|by

Chan and "o-nork""Z? 
and its stereochernistry was later

establ.ishetl ny ltl NllR spectroseopy'5?

Inthisstudy,isopteropodineandpteropoilinewerealsoisolatecl

from other tlncaria species' Their physical and spectral

55



properties are in good agreement with published data.zcl'52 The

ltt gUn sBectrum of isopteropodine shows the presence of C19-CH3

as indicated by a doublet at 1.41 ppm, one methoxl' group

(singlet, 3.50 ppm). c19*t{ (rnu1tiplet, 4.?*4'5 ppm) ' four

aronati.c protons (nrultiplet, 6.80*?.l0 ppm) , olef inic H (singlet 
'

?.41 ppm) , and indol.e NH (broacl singlet. 8.3L ppm) . The

remaining hydrogens are overlapped from 0,68*3'45 ppn' The lH

l{l.lR spectrum of pteropodine ts very similar to that of

isopteropodine rith some nrinor differences in their 6 values'

These data are summarized in Table 2.4. The 13C Nt'tR spectrun of

isopteropodine and pteropodine show the presence of a total of 2t

carbon atoms. The oxindole carbonyl resonance at ca' 1-82 ppm'

aswellasthecharacteristicaronatiecarbonresonancescan

readilybeassignedasaretheremainingearbonresonancesbased

on their murtiplicities and using isorhynchophylline ancl

rhynchophylline as reference compoundt'45 The carbon assignments

are sunmarized in Table 2'5'

ln rrn sPectral Data

lsopteroPoiline t3{l and

(CDCI ?, l'00 t'l[lz)
PteioPodine t35I'Table 2.4

I
I

I

I

of

IsopteroPodine

ppm
Pt eroPod rne

6l
Hydrogen

c19-CH3

co9lte

H*19

4 Aromatic H

It*17

Nt{

1.41, d, J = 'l Hz

3 .50, s

4.2-4.5 , m

5.80-7 .30 ' m

7.41, s

8.31, br s

1.33, d, J = 7 Hz

3.53, s

4.3-4 .7 , m

6.80-7.20 ' m

7.4L, s

8.40, br s



Table ?.5 , 13c Hl{R speetral Data (cDcr3, 25 HHz} of
Isopteropodine [3e1 antl Pteiopodine t35]

Carbon [34] t35l

5

6

181.l

?1" 3

54. L

30 " 2

5l .0

133.8

r.24.5

L22,5

1"27 .1

109 .1

L40. 3

34.9

30.5

1,09,9

155 .0

72.2

3',1 .9

53.5

18.6

1.6'l .6

50 .9

181-5

7 4.4

55.2

31.1

56.2

1 13.5

123 .0

L22.6

L21 .9

r09.2

140.9

34.7

29.6

109 .7

155.3

12.2

3?.9

53.7

9

1.0

tlII

L2

13

14

15

t5

t1

19

20

2t

c 19 -Clt"3

C=O

ocll3

1"8 .6

L67 -1

50. 9



2.2.3 Tetrarcvelic 9l@

struetures of the tetracyclic oxindole alkaloitls isol'ated

shown below.

The

are

t1

ll

t38] ISORHYNCHOPHYLLINE

t40l rsocoRYNOXErNE

I42J ROTUNDIFOTINE

t39l RIIYNCH0PIIYLLTNE

t{11 coRYlfoxsrNE

B1

H

H

OH

R2

fir2cH3

cH=cH2

cH2CH3

&1

ll

H

&2

cll2cll3

CH=CH?

..R2

Jl7



2.2.3 Tetracvelic oxinilolilflglg!{ri

The struetures of the tetraeyclie oxindole alkaloids isolated

are shorrn below.

t1

I

T38] ISORITYNCHOPHYIJIJINE

t40l rsocoRYNOXErNE

T42) ROTUNDIFOLINE

R1

H

H

OH

R2

cH2CH3

cH=cHz

cH2CH3

t39l RtlYltcH0PHYLLrNE

l41l coRYNoxErNE

ts1

H

H

&2

cltScll3

cH=cHz
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2.2.3-1 Isorbynchophylline t3a1 and Rhynchophylline t39I

Isorhynchophylline and rhynchophylline are known tetracyclic

oxindole alkaloids which have been previously isolated from

Uncaria| as well as other plant sp"ci""-53 the lit l'lUn spectral

data of rhynchophylline and isorhynchophylline isolated in this

work are surnnarizecl in Table 2 -6 and are Consistent with

published data54 accounting for the presence of ester and enol

ether rnethoxy functions, aromatic protons, H-1? olefinic antl

imino hydrogens and the C20 ethyl substituent ' The uPfield

aliphatichydroqens(methyleneandrnethine)areseenas

overlapping multiplets from 0'4 - 3'5 ppm" the 13c llun spectral

dataofisorhynchophyllineandrhynchophyllineobtainedinthis

workaregiveninTable2.g.Thedatacorrelateswellwith

published values.45 A noteworthy feature of the 13c ltt'tR data is

thechemicalshiftsofc3andCgwhieharecliagnosticofthe

configuration of the spiro carbon ' c7 '

Table 2,5 , lff tlttR spectral Data (cDcl3' 100 llsz) of

Isorhynchopbyllio"-iiitandntynchopbylli'net39]

6/ ppm

IsorhYnchoPhYlline RhynchophYl li'ne
Hydrogen

cH2Q-!3

ol,le

coQUe

4 Aromatic H

H-17

NH

0. ?9, t

3 .50, s

3 .52, s

6 -80'1 -20 ' m

7 .L4, s

8.98, br, s

0.77 , t

3.62, s

3.55, s

6.80-7 .20,

?.1.8, s

8.92, br.

60



2.2.3.2 Isocorynoxeine tdo] anil corynoxeine t41l

Isocorynoxeine ancl corynoxeine are C20 vinyl

isorhynchophylline and rhynchophylline respectively.

alkaloids are usually found to oceur together in various

of tlncarial2 and tlitragYna'55

in the Present

together in U-

analogues of

All four

species

studY where the

TongifJora var '
The same Pattern is also observed

four alkaloids are found to occur

longiflora and in U' bortteensjs'

The 1H NllR spectrum of corynoxeine and isocorYnoxeine are

generally very sirnilar to that of rhynchophylline and

isorhynehophy}line(seeTab1e2.6)exceptthatthesignaldueto

the clg methyr group is now replaced by signals due to the vinyl

substituent at CZA' These data are sumrnarized in Tab1e 2'7 '

The same is true in the 13c tluR spectrum where it can also be

seen that except for Cl-8 ' CL9 and to a lesser extent C20 ' the

othercarbonshiftsareverysimilartothoseofrhynchophylline

andisorhynchophylline.Thecarbonassi-gnmentsaresunmarized

in Table 2 '9 '
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Table 2.? : tE ilHR SPectral Data

Isocoryooxeine t{01
(CDCI1, 100 l{Bz) of

and Coiynoxeine [41].

6 /ppm

tlydrogen Isoeorynoxeine Corynoxerne

-CH=CHo
6

-CH=CH.)**L

OHe

coq!5s

4 Aromatic H

H* 17

NH

5.30 *

4. 85

3 .58, s

3.57 , s

6.84 - 7.48, m

5.35 - 5.59,

{.85 - 5.02,

3.?0, s

3.60, s

6.8S * 7.27,

'l .22, s

8.83 , br s

5.70,

5.02,

m

n

'l .23,

8.89, rs
5

b

2,.2.3 -3 Rotundif oline t427

Rotundifoline has been previously isolated from several llncaria

,2
spec].es. It was isolated as a mi uor alkaloicl from

U. ca77ophy77a in the present stutly ' the 1H Nl'lR sPectrun

shows the presence of ethyl and two methoxy groups' olefinic'

aronatic,andiminohydrogensassummmarizedinTable2.S.The

couplingpatternofthearomatichydrogens(6'36'd;6'57'11;

1 -04, t ) is characteristic of a 9-substltuted tetracyclic

oxirrdoleandisinfactingoottagreementwiththereported
56 This is further supported bY the

spectrum of rotundifoline'-

13c NI,IR spectrum (Table 2-9) uhere the observed aronatic carbon

shifts also confirrn hydroxy substitution at c9'



Table 2-8 , la
of

!0lR Speetral Data
Rotuadifoline

(CDCI3, 1"00 l{z)

Hydrogen 6 /ppm ,JIHZ

cH2983

cHQLe,

coQSe

H-10

H-11

H-L2

H-17

NH

0,80 , t

3.59, s

3.58, s

6.35, d

7 .04, t

6,51, d

'l .22, s

8. 30, br s

,qi
F-1

--t
']:

t-",

''j:

i!'

,:i

i..,i

ili

I

a

I

;

i.

{,

I
t,
[,
[:
F.I
*
F.
I

E

n
H

ffi

ffi

ffi
m



Table 2-9 , 13c HuR Speetral Data (cDel? , 25 l{Hz) of
Isorhynchophylline [38]. Rhydehophylline [39].
Isocorynoxeine [{0], Corynoxeine [41], antl
Rotundifoline [42] -

Carbon [38] t3 s1 t40l [41] l42J

6

11

L2

tl
1tr
L.d

15

L5

L7

18

T9

1.U

2T

COOI{e

CHOI{_e

182.4

72.3

54.2

35.4

56 .9

1.33.9

125.L

t22.2

t27.4

109.5

140.3

29.6

38.2

LL?.IJ

159.4

Lt.2

24.3

39.0

58 -Z

168. 3

50.9

5L.2

182.0

?4"8

54.6

14.5

55 .9

1"33.5

L22.7

t22.0

t27 .5

109.5

L4t.2

28.8

37 .6

111.4

159 .5

11 .0

23.9

39 .4

5?.8

158.3

50.8

6L.2

r82.2

?2 .0

53"9

3s.2

55. 9

133.9

125.1

122.2,

121 .4

109.5

140. 3

29 .4

37 .7

LLz.4

159 .4

115.2

139-6

42.5

58.?

168.3

50. 9

6L.Z

181.9

?5.0

54. 8

34.8

56.1

133.7

123.0

L22.3

t27.8

109.8

t[L.2

zB -8

38.5

11,1.6

L59 .5

115.3

L39 .4

42.0

58.7

168 .6

51.1

6L.4

1?9.5

58.5

53. L

33.9

5? .0

115 .7

154.3

111.6

r29.2

1CI1.1

1"40.8

29 .3

3?-5

111.6

159.?

11.0

24.L

37.6

56.8

158.3

51 .0

51.3

1.0

;

1:

i:
I
i
t:
ii

b
7;'

{:
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s
n
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tr
F
Al
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2.2-d Dineriq Indole Alhaloiils

An unj.dentified dimeric alkaloid was first reported by Nasini et

dJ, purportedly from "U. gambrr".5? Based on spectral data it

Has proposed that this dimer rlas constituted from substituted

dihydrocorYnan the ine* tYPe and yohimbine-type rnoiet ies .

Srrbsequently Gob et alLZ reporteil the isolation of a dimeric

alkaloid callophylline from a verified sample of U. caJlopItyJTa

which had lH tlltR spectrum i dentical to that of the dirner reported

by Nasini er al-5? Additional spectral data viz, 13c ruUn

allowed the assignment of the structure of callophylline t89l as

being constituted from the monomeric moieties gambirine and

pseudoyohimbine, both of r*hich were also present in the leaves

and stens of U. callophy;;a.3l rn view of the well known

taxonomic difficulties assoeiated with the genus uncaria

and in particular the difficulties in differentiating between

u. ca77ophy7la, U. ganbir, u. acida and u. ellipticaL '2 't5 and

thefactthatgambirinehasbeeneonsistentlydetecteilby

ur12,3L,4L and othersz only in u. callophY-i-1a,2 it is liketY

that the unknown dirner, ils well as gambi'rine and

dihydrocorynantheine nhich Nasini ef ai attributed to " A'

gatnbir,,,actuallyoriginatedfromU.ca]lophy]la.Additiona]

data have been aecrtmulated on this dimeric alkaloid '

callophYlline '
which is discussed below Q'3'4't) ' The

occurrenceofganrbirine(g.hydroxydlhydrocorynantheine)ancla

dimericalkaloidconstituteclfronrgambirineandpseucloyohimbine

moieties,dsrellasthedetectionofotherminor'hitherto
rc



elusive alkaloidal spots on t.l.c. chromatograns cluring isolation

of alkaloids, led us to speeulate that other hydroxylated

d.erivatives i.ncluding dirneric alkaloids rnight be produced by

u. ca71ophylla. These expectations nere fu1filled when we

untlertook to isolate minor alkaloids fron a large scale

extraction (10kg). In this manner He lfere able to isolate and

characterize additional new hydroxy-substituted heteroyohimbines

(named rsogarrbirine t85l and' gambireine [8?], discussed earlier

in secti.on 2.2,il and new clineric alkaloids tcall0phyl'lines A

tsel and B te0l ) '

2.2.4.L UC{, Diner 1 (CallophYlLine t88l )

tggl ClL't.lOPAYIJLINE

MeOOC'

66
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,

(a1lophylline is obtained in relatively small amoullts (compared

to gambirine and dihydrocorynantheine) a$ an anorphous powtler,

n.p. 330 oc (dec. ) . The spectral data (uv, IR, l{s ln a 13c t.|un)

of callophyllrne indicate that it is a dirneric alkaloid

*onstituted fronr gambirrne and pseudoyohimbine moieties' The

mass speetrun (fAB) shows a l'lH+ ion at m{z ?3? '4 corre$-

ponding to the nrolecular f ormula C43!15'rN401' The presence

r-rf gambirlne as one of the two units of the dimer is indicated

by strong rR bands at 1, max 1?05 and 1590 cmtL and an

olefiniehydrogensingletat?.Slppncharacteristicof

alkaloids possesing the conjugated chromophore He0oc*L*cHof{e'

This i s conf irrred by the presence t. I an unsymmetrical tr: iplet at

0.g7 ppn in the ttt nun spectrum (300 HHz) due to the c18

hydrogens.0therabsorptionsduetothegambi'rineunitinclude

the indole NH (?'59 pprn) and the carbomethoxy and enol ether

nethoxy Eroups (3'80 and 3'10 ppm) ' The aromatic hYdrogens of

thegarnbirineunitareobse,yqdirSaPairofABdoublets

centered at 5'58 and 6'69 ppm with {g = 8 H7'' indicatrng

adjacenthydrogens.Thissuggeststhatthedinrericalkaloj"dl.-

bonded at the 10- or 12- position of gambirine' Examinatj'on of

the 13c NttR data ( rjde infral as rell as some partia)' z-D NHR

data allorrs the assignnrent of the dimer bond at C10 of the

gambirine unit ' The recognition of the other unit of the

dinreric alkaloid as pseudoyohirnbine is facilitated by the

observation of tiro broad one proton singlets at 4'?0 and 4't7

ppiltcharacteristicofthecjsH-3andcjsH-1?pseudoyohimbi'ne

asr,rellastheeharacteristicfourhydrogenaromaticmultipletat

67
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?.1 to 1.5 ppm. The imino hydrogen of the pseudoyohirnbine unlt

is observerl at 9.29 ppm and exchanges Hith DrO or CD30D at a

faster rate conpared to the sambirine NH at ?.69 ppnr' The

C1l'-0ll of the pseudoyohirnbine unit is not observed and is

pcrssibly overlapped in the conpl.ex triqh f i eld part of the

speetrum. l,ikewise, the phenolie hyclrogen of the ganrbirine unit

is not observed in CDCI3 solution but is nrore likely to be seen

in DHso solution. The 1H Nun speetrttm is shown in Figure 2'1

andtheassi.gnnentsareshotfninTable2.Lo.Theassignrnentof

themononerunitsasgambiri.neandpseudoyohimbineis

corroborated by the 13C NHR spectral data of the dimerie

alkaloid (Table 2'11) nhere it can also be seen that ttre carbon

shiftssupporttheattachmentofthemonomerunitsatclosndl

c21, of gambirine and pseudoyohinbine respectively' The

assignmentofthernultiplicitiesofthecarbonresonancesisnol{

greatlyfaeilj'tatedbythe?5HttzDEPTspeetrumwhj"chhasbeen

obtainedtrig.2.s).Exarninationotthecarbonshifts(Table

2.Ltlshowsthattheehernicalshiftsar:ornearthepositionsof

couplj'ngareshiftedaecordinglywhi]ethechemicalshiftsofthe

othercarbonsrenainessentiallythesameasinthenononer

alkaloids' Thus the chenical shift of cZL' (52'0 ppm) of

pseudoyohimbineisshiftedto53.Sppminthedirnerandthe

chenical shift of C10 of gambirine to 113'1 from 103'5 ppn'

Furthermore'themultiplicityofCzl'ofthepseudoyohimbine

unithaschangedtromtriplettodoublettC}t,toCH)andthatof

the aromatic C10 of the garnbirine unit from doublet to singlet

(cHtocil}providingadditionalsupportfortheCl'"-C21',
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l

I
t!I
I

li

t
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t
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re

,rttach&ent. These assignments are also supported by some 2-D NtlR

1'l
i!ata (^H--H COSY, Fig. 2.9 .od ltt*1JC .orr*lation, Fig. ?.10).

fhe 1H-1H, ltt-13c correlation spectrun confirros the assignment of

! trr.: An doublets at 6.58 and 6.69 ppm to H-11 and H-12 of

il.r;r:bi rine respectively, thus leavirrg CL0 on garnbirine f or dimer

L rrrmat ton. Sinrilar1y. the doublet at 3.56 ppn assigned to

ii.;11' of the pseudoyohimbrne unit corelates r*ith dc63'8 ppm

al.lr"rhuted to C21' Qf the pseudoyohimbine unit cf the climer

,*!rtr--h is shifted from 52.0 pprr in pseudoyohirrbine'

if r,En be envisaged that the dirner is probably f orrned via

t:ii:r:trophilic ortho attack of an imminium ion of pseudoyohimbine

i'.:llqambirine'Invierrofthesterierequirement,theczt,

rilachment is lihety to be beta. Inspection of Dreiding rnoelels

strovsthataconformationalarrangementispossiblewhichallows

lor intrarnolecular H-bonding betreen the phenolic hydroxy proton

l:1 
-tlre 

garnbirine unit and the 4..nitrogen rrf the pseudoyohimbine

:r:l t,. This woulC qualitatively aecount for the relative Rf

.,,ti ues observed f or dihydrocorynantheine, cal1ophylline and

qambirine (0 . 65 , 0 - 58 and 0 ' 43 respecti'vely in 10t

$errH/gHg1r1 in t'1'c' chromatograms of the leaf alkatoid extraets

.*herethedinericalhaloiitshorsahiuherRlvaluecon;;aredto

il*nbiritte, d feature $hieh is rationalized by the occurrence of

: rrl.ramolecular H-bonding in the dimeric alkaloid '
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Table 2.10 , In NHR Spectral Data (cDcli, 300 HXz) of
Callophylliae [88] -

Hydrogen 6 / pprn ilHz

H- 11

H* 1.2

H* 1?

H*9'

H*10'

H*1.1 '

H-1-2'

H-7)"',

H-3'

H*1?'

NH

NH

OMe

COOMe

COOI'1e'

cH29S3

6.58, d

6.69. d

"l .37 , s

7.48, d

'l .L2, ddd

?.19, ddd

1 -45, d

3.56 , d

4. ?0, br

A.L'I , br

7.69, br

8.29 , br

3.?0, s

3. ?0, s

3.82, S

0.87, t

7

'1,'1,

1,7,

1

9

8

I

1

1

s

s

s

s



Table 2-11 : 13c l{un Speetral Data (cDcll, 25 tlBz) of
Callophylline [88J, caubiiiae t2?l and
Pseudoyohinbine t5O1 -

Carbon t 88l lz2) Carbon t88l t50l

!f_,.

,,

s

s

t

rlr
L

3'

5'

6'

,|,

d

s

s

d

d

d

d

s

s

s

s

s

d

d

s

8

1n

11.

d

d

d

d

5

d

q

d

d

s

q

d

5

q

1'l
Lb

1l

14

l)

15

L'l

18

19

20

.tl
T} J,

an

cHQSs"

COOHe

133.44 ,s

6A.2

53 .5

)7 q

10?.5b

LL?.2

150.8

113.1

L24.2

101.3

13?.3

33.7

38.5

1.1L . 8

159.9

Lt.2

24"4

39.5

50. 8

L69.2

6L .4

132.4

60.3

53 .2

23.0

105.?

116 .7

150.8

103.5c

t?t.7

103 .0c

138.1-

33.2

38.1

111.5

150. 2

10.9

24.2

39 -2

51,.5

t69 -4

60.5

Qr

9'

1.0'

L1'

t2'

1"3'

14',

L5'

l-6'

L7'

18'

L9'

20'

2T'

c0

COQl{e

132. ?a

54. 2

47 .5

16.4

108.8b

L27.5

1"1,1 .8

ttg.2

L?L.4

1L1 .6

136.3

32.3

30.9

52,0

61 .L

31.9

22.4

42.9

63.8

174.8

51.8

132-0

54.6

51.0

16.9

107 .8

t21 .A

117 .0

L19.0

L?L.2

11L.3

135.9

3l-.6

32.5

52.1

5? .0

31.4

23 .0

40.2

52 .0

174.0

5L.2

a'b'c assignnents may be interchanged

50.9

51.9 q



2.2.4.2 UC 9, Diner 2 (Callophylline A [89] ]

Dinrer 2, isolated in 5nia11 amounts from U. caJlophylla is an

isoner of callophylline as indicated by its. FAB nass spectrurn

iUH+ 137.4562, calcd. C43H52N407 + H 737'19f4) ' The UV

::pectrum of Dimer 2 atso shows sinilar absorption maxima as

rallophylline suggesting the presence of similar chronophores in

both eompounds (Fig. 2.11) . the ltt NHR spectrum (Fiq ' 2'L2\ of

Dimer 2 with the exception of a few signals ' is strikingly

similartothatofeallophyllineaccountin.:fortwoindoleimino

hydrogens,olefinicH.l?andtheC20ethylgroupofgambirine,

ihecharact,eristicaromaticmu}tipletofanunsubstituted

yohimbine-typeunit,apairofABdoubletsduetoadjacentH-11

and H-1,2 of ganbirine' 3 rnethoxy groups and a broad singlet (4'69

ppm)duetothecjsH-3'ofayohimbine-typemoiety.The

assignnentsaresummarizedinTable2.L2.Themajordifference

in the 1H Nnn speetrum of Dimer 2 compared to callophyl line i s

the absence of the cis H-1? signal at ca' 4'2 ppm indicating

thatpseudoyohimbinehasnowbeenreplaeedbyanotheryohimbine

isomerastheotherunitlinkedtogambirine'Theidentityof

theyohimbineunitwasestablishedbythel3cnunspectrumof

the d'imer which showed that it rlas 3-epi-B-yohimbine' The

monomeralkaloid3-epi-$-yohirnbinewhichwasinhand,havtng

isolated i't f rom U' borneensis (see Secti'on 3'5'2) r+as used as

referenceconpound.Asinthepreviousdiner,attachmentofthe

monomer units is from c2!'of 3-epi-B-yohirnbine to c10 of

1-- --r t3c NMR spectral data (Table

gambirine as ileduced frorr the 'H ano L

Z'L2 and 2'L3) as described previously (see section 2'2'4'1) '



The structure of Dirner

proposed is as shoun in

2 for which the nane callophy1li.ne

tset .

is

CAII,OPHYLLINE A [89]

MeOOC"

Figure 2,!!' ?irinlll'grilrlillll:'*'iffi, 
1881' CalloPhyilise A
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rabre 2-1?, t1"fr:Jlil'':t Data (CDCI"3. 300 llllz) of
A tsel

Hydrogen 6 lppm J/Hz

H-11

H-1?

lt-1?

H-9'

H-10'

l{*11'

H*I2'

H*21'

H-3'

NH

NH'

Ol'te

cool,le

COolle'

cH29-U3

6.54, d

6.69, d

'1 .37, s

? .51, d

7 .12, dd

7.19, dd

7.46, d

3.5?, d

4.69 , br

7 .62, br

8.02, br

3.75, s

3.'15, s

3.86' s

0.8?, t

I

8

7

7,

7,

7

9

't

7

1

s

s

s



Table 2.13 , 13c mtR Speetral Data tcDcLt, 25 t{llz} of
Callophylline A [89], caibirine [??] and
3-epi-g -yohinbine t52l,

Carbon [8e] t22J Carbon t8 el t5 2l

6

s

9

10

1"1

1a
Lb

13

14

15

15

1?

18

19

20

2T

co

cHqlle

COol{e

133.54

50. 3

53.4

23.7

10?. 8b

1"1,?.4

150.7

113 .0

124.1

101 .4

L37.4

33.8

38.7

111. 5

159.9

11.3

24 .4

39.4

60.9

169.1

61.6

52.L

132.d

60.3

53 .2

2_1 .0

106. ?

115.?

150.8

103.5e

tzL.'l

1"03.0c

138.1

33.2

38.1

111.8

150. 2

10. 9

2&.2

39.2

51.5

169-4

50. 6

5t "2

1lo

J.

5'

6'

J'

8r

9'

1.0'

t1'

t2'

13'

14'

15'

16'

1?',

18'

19'

20'

2!'.

co

coQIs-

132. ?a

54.4

47.?

16.4

108 .9b

1.2?.5

118.1

1L9.6

L2L.7

111.5

1.35.1

32.1

35.l

55.6

?1.8

34,2

27 .9

42.4

53.8

114.2

51.3

131.5

53 .6

50.8

16.?

10? .1

121 .0

11?"8

119.2

i.21 .4

1r.1.3

L35. L

31 .5

35.5

56. c

71.?

33.8

27.8

38,9

50. 3

L72.7

51.8

a,b,c assignnents nay be interchanged'
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2.2.4.3 UC8, Diner 3 (Callophyltine B [90] i

Dimer 3 rras isolated in very sma]l- anounts f reim U. ealTophylJa.

The rnass spectrum (FAB) shows a MH+ ion at nl z

?5?.4?63 corresponding to the fornula calHSZNOOg. The

formula obtained indicates the presenee of an additional hydroxyl

qroup compared to callophylline tc4lH52N40?). The lil NtlR

spectrum of Dimer 3 is shown in Fig. 2.1.3a ald 2,13b. The lower

f j e.1d porti.on of the speetrum (downf j *l d f rom the rnethoxy

;rl sorptiou at ca. 3.8 ppm) j.s tnr1re inf r:rnative compared to the

hiqtrl.y over"l.apped hi.gh f ield regi.on l{hich resembles that of

callophyl"line tsal . Thus, the presence of a pseudoyohimbi ne

runit is inrmediately apparent from'the presence of the two

characteristic broad singlets at 4.66 attd 4.15 ppm due to the

c-lsH-3,andcjsH-l?'hydrogensrespectively.Thearomatj.c

region however does not show the charaeteristie multiplets

assoeiated nrth an unsubstituted pseudoyohimbine, t,hus suggesting

itruttrati.c subst,i,trrt.iotr crn the psertdc,yclhi.rrrbirre pot:tion" Two of the

lorl field signals at 8'24 and l'6? ppm exchange with Dzo or

CD3OD and are assigned to the indole imino hydrogens' The

singletatT.3Tppmandthettnsynmetrieal,tri.pletat0.S6ppm

frre due to the olef inic hydrogen ( lleooc-i=cH,oHe) and the c1"8

}rydrogensrespect.i,veiyofatetracyclichetercryohimbine.The

hr:teroyohimbrneuni'tisde<lrrcedtobegaxrbir:inefromthe
1 3C Nl{R data ( vide inf ra) .

molecular formula and the '

8L



As in the case of callophylline, a total of three methoxy groups

are discerned, two clr:e to the garnbirjne unit and ane due to the

substituted pseudoyohimbine unit. The spectrum shows a total. of

five aromatie hydrogens. a one proton doublet of doublet at

ii.48 ppm (J = 8, 2 Hz), a two proton muliiplet at 6.6-5.? ppm

and another two proton nultipl,et at 6.9*?.1 ppm. Decoupli.ng

experiments shor that the doublet of doublet at 5.48 ppn is

r:nupled to the rnultiplet at 6.9*?.1. pprn. thtts indicating that

the"se hydrogens are fron the same indole ring. The eoupling

p&t t.ern (nBX) and ttre chemical shif t values are in f act

charaeteristic of a 9*substituted indo!.e. vrhich in this case is

attributed to the pseudoyohirnbine unit. The doublet of doublet

at 6.48 pp:n is thus assigned to H.lZ,and the multiplet at 5.9.

?.1 ppm are aseribed to H-].0. and H-1].'. The other unit of the

dimer is d.educed to be gambirine from the MS antl lH and 13C 
NMR

data.AssttmingthemodeofDj.mer3formationissimilartothat

rrftheDimerl,catl.ophy]Iine,i.eviaelectrophilieattackof

nn imminium ion of pseudoyohi.mbine on gambirine, the dimer bond

attachmentislikelytobeonthebetafaceofczl,ofthe

srlbstitutedpseudoyohimbinenroiety'Theattachmentongarnbirine

ltastobeonCllsinceattachmentoneitherC].0orclzwould

giveapairofABdoubletswhichisnotobserved.Thelttluun

assignments are summarized in Table ?"1'4'

rhe 1H NltR assignnents of the third dimer are again corroborated

bythel3cnunspeetraldata(Table2.1.5)rrhichsupportsthe

assignmentofthenronomerunitsasg-hydroxypseudoyohirnbineanrl
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:j:,tij:;:-.:.i){: ;tli Hbil.i it5 i-iir.: i:it,i.iltll'iillri:I i r:l:i {i},.,: li'{'ll*llii:r rit::.'rs al. {1i

:";...:'il iltrl.ii:::;,'rli.i 't,r: ":',. :'..,..': :i'"r, r's!r'''!li''l\''

,\:" ip the ;ass {lt rai.j"*i:i;yli:.3i:' i-i:.:l aist-: llxlied rhat the

,.frr:nirll shifts at" or near thr: trit'rsr.tinnr<:f coupling are shifted

xlr.:1"* ttiOSe OI tnnttl rti]nfit-e fl,t{b*trS.!lt'riiiiij.tl tJSs*llltially Unchang€d

i.iti jrr thq: monomer a1kal.,. ..ir. Ilased i-rtr t.hr: foregoirrg arguments,

t he pr$posed st ruct.,lr:q nf I.li.in*r .rr . n;i:ir{id ca1}ophylline B ' is as

s11,,t{tt ln Iq0]'

Me

MeOOC
I
I

OH

CAITI0PHYLLINE B t90l
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,j,;rb1r ?.14 , 1N Nfqn $peetral Ilata i{'i}t}t'} erf fr;r)-}ophy-}line B [gCI]

iiydrerq;en

i, t-: il i'I ::

l;jtit, 't i J:

300 ]'1:
A .i nnrn J l{,z.v i rr"'fl

i{*10 & H*1"?

rr 1 'Jn')l

5.6*6"1. Ilr

?.16, s

6.9*?.1, m

6.45, dd,

uot lresCIlved

4.65, hr s

.tr,1-5. hr s

'l .5'l , br s

8.1.9, br s

3.'13, s

3.73, s

3.8'l , s

0.89, t

6.6*6.1, $t

'i -:il, s

6.9*? .1, m

6"48, dd

3 .62, d

4.66, br

4.16. br

'l .62, br s

8.24, br s

3.'12, s

3.72, s

3,81 , s

0.86, t

H'-.i"0' &

u-i 2'

H*3'

H*1?'

NH

NH

OMe

C0Ot'1e

C0oile'

cH2!.S"3

H*1.1'

6rl

o
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I
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'f abl.e 2 - 15 , 13c' llnn sPectral
Ca] I aphyl,Lin* B

?seudoyohimbi.n*

ilat-a
l90J ,

I tifi'tt-rvJ +

t4Hz ) of
[22] anil

{eilcl I ' 25
ffrmtlir iue

Carborr Ie0] [50 ]
Carbon t e0l LbL)

1

tl
ia

3'

5'

6'

Fll

8'

5

5

q

9

1"0

11II

t2

13

I4

15

15

L7

18

19

20

zt

co

cltgXe-

co0l,le

133.54

60.3

53.4

23.',|

10? .6b

113.lc

150.l"

L24.4

130.8

100.9

138.2e

33,9

38.l

111.9

150 .0

1L.3

24.5

1l?.4

60"3

53.?

23.0

106. ?

115.?

1"50.8

103.5d

LzL.,I

103.0d

1"38.1

33.2

38.1

111.5

150.2

10 .9

24-2

39.2

61.5

L69 -4

g'

1"0'

11.'

L2'

1"3'

lAlI!

15'

16'

L7'

1.8'

1"9'

20'

2!'

LU

coque

'r33.64

54.5

48 .0

18.4

10?.9b

113.?c

150.6

103-9

L22.3

103.9

13? " 4e

32.4

30.9

52.0

57.t

3L.1

132,0

54.6

51 .0

L6"9

10? .8

12?.0

11? ,0

119.0

t?L.2

11L. 3

135.9

3L - 5

32.5

52.L

6l .0

31- 4

39.2

60 .9

158 .0

51 .5

r
51.9-

60.6

,L"2

22.6

43 .0

63.8

L14.9
&

51.4'

?3.0

40.2

52.0

1?4.0

50 .9

a,b,c ,d,Q, f *ssignnents nay be interchanged-



?" -2 "5 Yohinbine Alkaloidq

Th* yohinbines are divrd*fl j-nt* f *ur groups, !'iff. , norma). '

pseudo, a1lo and epiallo according to the relative configurations

e.,f the stereo centres at cJ , cl"5 and czO. only one yohirnbine

+lkaloict, namely, pseudoyohimbine has been previously rsolated

iron l[ncariaand only from u, caJJaphyllal| and u. affenuarta'13

Inthisstudy,5rnoreyohi.mbi.nealka}oidshavebeenisolated

frottiU'ca77ophy]]aandU..borneet:sjs.Thedistributionofthe

yohinbine al]taloids in the llncaria species investiEated are given

inTable2.L6,whereitcanbeseenthatwhilethenormal,al}o.

and pseudo isoners have been isolated, the epiallo compountls are

consPicuouslY absent '

Table2.L6:YohinbineA]kaloi<lslsolatetlFromllncariaSpecies

Conf igttr atron U- calToPhY)Ja U. horneensts

+

't-

+

I

t

I
x

t

E

E

G

B

Yohimbines

Yohimbine t4?l

B*Yohinbine [49]

PseudoYohimbine [50]

3-epi-g-Yohimbine [52]

AlloYohinrbine [531

s-Yohimbine [54]

Isoners

normal

normal

pseudo

pseudo

a1lo

allo

ePial'1o

+

+

+

+

+ indicates allraloid Present

;;;;;;i-s alkaloid absent



t,lgIuel-ie-Lies

[4?] Yohirnbine

t49l $-Yohirnbine

R'=CO,CH3 ;

Rr=COtCll3 i

; Rr=Rn=H

; Rr=Rr=H

R3=0H ; R2=R4=H

RA=OH ; R2=R3=H

Rr=oH

Rn=oll

Pseud.o Serigs

t501 PseudoYohinbine

t52l 3-ePi-g-Yohimbine

R1=C02CH3 i

Rt=Co2CH3 i

ir
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H"
N
H

R;
Ri Ra

$1=1-o- $ggrcs"

t5ll AlloYohimbine

t54l o-Yohirrrbine

Rl=COZCH3 ;

R'=CO2CH3 i

; R2=R4=H

; R1=R4=ll

R3=oH

R3=oH

i

l

The yohinbine isoners can be distinguished by their

:haracteristicnolecularionandl,Isfragmentati'onpatternaswell

as their lH rquR "nd 
13c NltR spectrar data' rn lH NMR' the

signaloftheH-3cjstothenitrogenlonepairelectrons

(r+hetheraxia}orequatorial)willappeardownfieldrelativeto

that of the H-3 with transorientation' Thus' the preferred

conforrnationofthepseudoandepialtoconfigurationsshouldshow

a downfieltl (i'e') 3'8 ppn) one proton multiplet (seerr as a

broadsingletatl00l{Hz)withabandwidthofaboutEHzsince

both have the equatorial H-3 cis to the nitrogen lone pai'r

elect.ron,'58 This 1ow field signal is usualry observable as it

is not hidden within the methoxy and upfield ali'phatic multiplet

signa}swbereasinthepreferretlconformationofthenornaland

allo configurations' this signal 
lttt 

be hidden' other

characteristic absorptions in the ltt Nl'lR spectrum of the

89



i'ohi.mbrnes are the signals due ti:r

.i . S ppm) , the aronat ic F,rrlt*ns

and NH proton (broad singier.

Table 2-t7 , 1n fXn spectral Data
Yobinbine Alkaloids

the neihaxy group {jli, s ,

t,lU, rnultiplet, T.0*?.s

i.7-8.0 ppm).

(CDC13, 100 MHz) of

3,?*

ppn)

The c1?*oH resonance i.s not distinet and is probably hidden under

t.he aliphatie proton mu).tipl*ts ia feature which is common tn

spectra obtained in cDCl, solution). The cl?*HF absorption is

more distinct compared to the cl?*Hs signal as shown irr the

spectrum of pseudoyohirnbine (c1?-HS at 4.?5 ppm). These data

are summarized in Table ?.1?.

Alkaloid H-1? H-3 COOMe NH

Yohirnbine [47]

S -Yohimbine t49l

Fseudoyohirnbine t5O1

3*epi- B -Yohimbine i52l

Alloyohimbine t53l

o-Yohinbine t54l

4.22,

,{ ,)C.

3.90,

3.99,

-ro

to

A.45, B

A.44, B

-rc

*tO

? .80

7.81

7.95

8.01

1 .82

't .15

B

o

B

B

I
B

3.81

3.83

3.78

3.82

3. ?7

3 .84

13a 
NilR

for the

anount

llenkert.

spectroscopy Proved

characterization of

of data accumulated

7,9 The 13c Hun

the most useful

the yohimbines

due to the

spectral data

spectroscoPic tool

in view of the large

fundamental work of

for the Yohimbine
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nrkar.oids isolated in this w*rk is pr:*se:*ted i.n Table;.1s. The

data obtai'ned is:-n g*oir agrf*il.f:nt r,,.r.Lrr previorisly published
tiata-6'7 '9 A yohirnbine arkal'id which has noi been previously
nharacterized ts 3_epi_B_yohimbine (isol.ated frcrn U- borneensrsl

for which lH and 13c twR crata is present.ed for the first trme.

In the 1tt }{rn spectrum only the c-rs H-.j re$onance is observed at

4-44 ppm ruling out the normal and all.o configurations. The

i,; t. r'uct ure is assrgned as 3*epi- p *yohirnbine t5zl (pseudo

r:onfiguration, c16-HS, cl"?*Hni frr:rnr the 1lc ttxR spectrurn whi"clr

is assi.grred by correlation with those of the ohher isomers usj-ng

in particular pseudoyohj.mbine t50l and B*yohimbjne [d9] as

reference compounds.
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TabIe 2.18 : 13c_ nxn^speetr:af iiata {cDct 1" Z$tIHz) of yoh j.abine
[47] . S*yotrirnbine [49] . $oeuaoyrrhinbine [F0l .3-Epi"- S -yohiubine [tZ] , At].oyohinbine t5:1 andc-Yohinbine [5A; -

i'ar hon [47 ] Iou1 L)tt1 t5?l t53l [54]

j

fi

q

lq

2A

21

c0-oje

C=O

134.5

59"q

5? .4

21 .8

108..l

I27 .4

118.2

119.4

121.4

L10.8

135.0

14. 3

36.7

52.9

57 .0

31.5

23.3

40"8

5L -4

51.9

1?5,5

134.1

qqk

5l .0

)1 1

108.:r

12"t .4

118.2

119.5

1?1.5

110.8

136. L

34.2

41.v

57 .4

72 .3

34.2

2'l .9

39. e

51.1

51.9

174.9

1l:t.0

54,6

5l ,0

16.9

1"0?.8

12? .0

11?.0

119-0

1rl 1

111.3

135.9

11.6

32.5

52.1

5?-0

31.4

23.0

40.2

52.0

50.9

174 .0

1,r1 .5

qt K

50. I

16, ?

107.1

12?-0

1i7.8

119.2

721..4

1r.1 . 3

135.1

11.5

36.6

56.9

7L.7

33.8

27.8

38.9

50. 3

51 .8

L12.7

1t{.0

60.4

51.l

')1 ?

i08.3

121.4

1.18.1

119.4

1?1 ?

1.10.9

135.8

11.?

38.l"

50. 9

57.3

31.l

25.2

32.8

60. 2

51.9

174.5

114.5

60. 3

53.6

,)1 O

108.:l

12?.1

11"8.1

119.{

12L .4

110. 8

116.0

27 .7

37.9

54. ?

56-1

33.2

24.6

36.6

60.6

52 .0

174. ?

10

it

13

1A
lil

15

16

ll

l8

t.
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2.3 DISTRIBUTIOT{ OF ALKAI,OIDS IH HALAYS'AII UITCARTA

si ght speeies of Halaysian {/ncar.ra !,,er* investi.gated f or: their
alkaloid content in this strrdy and th* results are sumnarrzed rn

Table 2.19. A1] the alkaloi,is report*d represent isorar;ed and

thoroughly eharaetetiaed er:mp*unds frunr veritied plant sampl.es,

D*tailed ehenicai studies Here, earr:ied out on two species, viz.

l,!. cal.lophylJa f or t'hieh pr*rvir:us studit:s repor:ted erni.y the major
't) 11

,i l kal ol ds , "" " .lird U. brrflleplt-c r s f or wh ich tht-re has been no

pr*vior:s detail.ed chemical" study - 
?

**I1e*teil and investigated inc1udrr

ll, Jarrrrsa, LI, cordata, U. ganbir,

Table ?.19 : Distributicn of Alkaloids in l{alaysian Uncaria

Other sp*cies tthieh Here

i/. Jr:nglflora, lJ. pferepoda,

A. acjda and U. elJrpfrca.

Species AlkaIoidsfr

t!. callophy)Ia

U. borneensis

rtihydroeorynantheiue [20] , gaubirine 1227,
:isoganr"i." j r jne [86] . ganrbireine [8?] ,

rntunrli.fol j.n* [4]1 , callol,'hylline ['98] '
callophylline A [8c], callophylline B [90] '
yohimbine [4?], pseudoyohj,mbine [50] ,

6-yohimbine [49], a-yohimbine [54] ,

isorbynchophyLLine [38], rhynehophyl'line
[39], isocorynoxeine [40], corynoxeine [41J '
affoyotrimbine [53], pseudoyohimbine t50l '
3*epi* $ *Yohinrbine t52l'

isorhynchophyl line [38] , r"hynchophy) I r ne

[39], isocorynoxein+ [40], corynoxeine i41] '

isopteropodine [34] , pteropodine t35l'

isopteropodine [3{J, pteropodine t35]'

U"

1ong.itlora
var, langif Tctra

JongifJora
var. pteroPoda

Jano.ra
var. glabrata

U.
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?';,ihIe ?. 19 cnntinued

no

lt

l{,

fl

U.

E
T

E

I
E

F

t
I
l
r

I

t
I
l
I
F:
s

I

i
I

i

t

i

$lttrr: j es Alhatu:rdsf;

rsopteropodine []41. pteropodine tjil.

d r hydrocor tr.rnt ht, r rrt, tlOl

dihydr*erirytranthe ile tl0 j

Janosa
p.?f'. ferrea

r"'r:rda *a . .

var. eor-dafa
f-. .sundaica

corda fa
rr;r t=. ferr-ug t'*e.r
f, ferrugrnaa

r:nrd; ta
ljil I' . f C,t"d,? l. .!

t. rordfifa

eJ J ig:' ti ca

acida

gambi r

-ve

nixture r:f a l kaloids but
roxburghines i5l
*ve

*ve

nmajor alkaloids in bold type; *ve = not detectable

Thti nature of the alkaloids in the Jeaves and stems of U.

,,-'rJJopiy.l-la vas f ound to be dif f ercnt. tlh*reas t.he stem

furnishes mainly dihydrocorynantheine. pserrdoyohimbine and

yohimbirre. the l.eaues provide mainly dihydrocorynantheine, the

dimeric a1kaloid, callophylline and Eambirine. There is also a

seasoRal dependance of the alkaloidal content (section 2'4) not

ref;ognized before in the Eenus"

n number of minor alkaloj.ds j.lrclrrding novel, hr:teroyohimbines

( i sogambirine and gambireine) and

(callophyllines l and b) rlere isolated

extraction of Leaf sanples (5-10kg) ' Other

dimeric alkaloids

from a largd scale

additional alkaloids



F

r
v

t
F

I

I

,

,

prrich r{ere not pruv}"aus]y r*I.:c}L. tjd ,jn,-,-lude the yohrmbrn*s
iyohimbine. B*yohimbine and u-_frr[;s]ini,,i " ?herr] are additi.anal
tt:inor polar alkaloids present hut xere nct f urther i"nvestigated.

!,rrrir erf the heteroynhinrb!nr: iij kalo.ids is,*lated f r.on
*' ralJ*,p,iyr're (ganrbi rrne r2tr , gambir*in* tg?1 , isogarrbirine
iS6l and dihydroeorynantheine tlOl 1 are clo*ely related in
:;i"1r'rture, drfterrrrg marnry in therr substrtutron at eg, cro
;rnd C?0. In addi.tiolr, ilre so1* oxiiidole j.soJat*d, viz,
r r.rt undi f erI rne [{?] , is the axindole derivtd f rom qambirine t2?J .

lt has been previously sugg*st*d thaL a possrbl* origin for
r:nrrrbirine in u. caJ.lop/ryrta derivrs fron hydroxylatton 

'f
di hydrocorynantheine nhich occulis ir,, the reaf . 1? rn the rrght
r':if t he present results shere additional hydroxy-sutrstituted

heteroyohimbines have been found, this hyporhesis can be extended

t. rationali"ze the relationship between the five alkalcids as

::ho*lr i.n Seherne {, Hr)wiivpr the pre{:ursot: al haloid,

i:nrynantheine [2lJ, Has not i.solat*c] in thrs strrdy. From the

rtll ative amounts obtained whieh is in tlie order garnbiri.ne )

dihydrocorynantheine ) rotundifoline ) isogambirine - ganbireine,

it can be postulated that nost of the dihydrocorynantheine rs

ct,nverted to Eanbirine with only a ninor diver:sion to yi.eld

i,scEarnbirine.

It is interesting to note that the stability of these conpounds

d* not parallel the relative amounts present. Instead, the

*bserved stability order is dihydrocorynaniheine * rotundifoline

I isogaabirine ) garnhirine - ganbirerne'
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,'ne reraf,rv* anounts of the dinreric alkaloids isor"ated were in
the order eallophylrine > callophyrrine B ) carlophylrine A. of
these, callophylline B appears to be the most unstable and prone

to deconposition when exposed to air at roon temperature. rt is
interesti'ng to note that gaubirine is the heteroyohimbine unit
common to all three dinrers and also that the other units in all
the three dirners are eonstituted frorn yohimbine alkaloi6s, al1 of

shieh possess the pseudo cernfiguration. Trlo of these yohimbines

!*hydroxypseudoyohimbine and 3**pi-$-yohi.mbine trere not iso1ated

huL ly€i t probabll' preselt i n the- rnnre prglgr- f ractr+ns which were

rret investigated due to lack of t.ime.

U, borneensis and U, Tongiflora Here found to have the sane major

alkaloids t*hich are the oxindoles, isorhynchophylline,

rhynchoplryltine, isocorynoxeine and corynoxeine. U, borneensis

however furnished in addition to these, 3-epi"ir-yohimbine,

all.oyohimbine and pseudoyohimbine as ninor alkaloids.

U, pteropoda and U, Jannsa both furnished the pentacyclic

oxindoles viz. isopteropodine and pteropodine while U' cordata

gave dihydrocorynantheine. which are in accordance with previous

:r.eports. only one sanple of f lowering u. ganbir (wild species)

ilas encountered despite a concerted search over t'hree years' but

Hasfoundtocontainvirtuallynoalkaloids.

Varioussamp}esofu.eJJrpt:caHerescreenedandwereshownto

containnumefousalkaloids.Howevertheyieldsofalkaloiclst'ere

lorrandiso}atienoftheallaloiilsprovedparticularlydifficult,

l{evertheless,roxburghinesilereconsistentlynotdeteeted'
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The relati-ve anounts of the dimeric alkaroids isorated Here in
rhe rrrder callophylline > callophylline B I eallophylline A. Of

these, callophylrine B appears to be the rnost unstable and prone

to decosrposition when exposerr to air at roon temperature. rt is
interesting to note that ganbirine is the heteroyohirabine unit
fommotl to all three dimers and also that the other units in all
the three diners are constituted from yohimbine alkaloids, all of

whi.rh possess the pseudo configuration, Tno of these yohimbines

ll*hydroxypseudoyohinrbi.ne and 3*epi*H-yohinbine sere not isolated

i'tu i. wel€ prcb:bli' Frss+nt i n the. rnnre pqlgr - f raet i*ns phieh rere

Irot investi3ated due to lack of tinre.

U. borneensis and U- longitlora were found to have the same major

alkaloids whieh are t"he oxindoles, isorhynchophyliine,

rhynchophylline, isocorynoxeine and corynoxeine. U. borneensis

however furnished in addition to these. 3-epi"fi-yohimbine,

alloyohimbine and pseudoyohimbine as minor alkaloids.

U. pteroBoda and U. Janosa both furnished the pentacyclic

oxindoles viz. isopteropodine and pteropodine while U. cordata

gave Cihydrocorynantheine, nhich are in accordance with previous

reports. only one sanple of flowering u. ganhir (wild species)

Has encountered despite a concerted seareh over three years' but

!i.asfoundtocontainvirtuallynoalkaloids.

various samples of tl, et lipt.ica were screened and were shovn to

containnumerougalkaloids'Howevertheyieldsofa]kaloids$ere

]or+ and isolation of the alkaloids proved particularly difficult '

t{evertheless, roxburghines $ere consistently not iletected'



2.4 SEESOIIAI, I'ARIATIOTI OF TBE ALKALOIDAT COITEINT

III U. CALLOPEYLT,A

rn the earry stages of this study it Has observed that the

alkaloidal content of U. callophytla was not always eenstant.

For exarnple ' irr some samples garnbirine which is a diagnostic

alkaloid unique to U- eallophylla,Z,12.15 ilas founil to be absent,

The rerative amounts of the dimer, call,ophylline, as well as

pseudoyohimbine in 
_ 
the stem were also observed to show some

variation as seen in t.1.c. In vien of this. a systematic study

of the seasonal variation of the al.kaloids appears to be in

order. Ireaf sanples from specifically tagged bushes were

collected fron, the Puchong (see Fig. 2.1) area at raonthly

intervals over a period of ten nronths spanning the flowering

season. The alkaloids t1ere extracted and screened by t.l.c.

which disti.nguished the three major alkaloids present viz.

dihydrocorynantheine, eallophyl.line and gambirine- The resul ts

are shown in Fiq . 2.L4 and 2.1,5 where j.t catr be seen that there

is a sharp drop in the gambirine content from November to

January. which aLso coineides with the flowering period' This

result then establishes the basis of the previously observed

erratic pattern. nanely, ganbirine production in the leaves drops

drastieallyduri.ngthefloweringstage,aphenonenonwhj.chisnot

unexpeeted al though litt1e investlgated ' Another noteworthy

featureofthealkaloidaleontentofU.ca]Lophy1]aisthe

difference shown in the leaf and sten' The leaf produees mainly

dihydrocorynantheine,callophyllineanclganbirine{inaddition

to the other minor alkaloids isolated) whiLe the stenr produces



dihydroeorynantheine, yohirnbine and pseudoyohimbines as the

major alkaloids- rt r*as also established that pseudoyohimbine is
present in significant quantities in the stem only during the

flowering stage.

Fi
o

5

o
r-t

OJ

'r{I
0)
ul
G
!
c
[J
U
t,r
OJ

A{

MAY
'gg

JUN JUL AUG SEP
FFB
'89

HonthlY Variation of
U. calloPhYlla (data

Total Alkaloids
from 5 bushes).

OCT NOV DEC

Figure 2.L4
1n



I Galbirine

l Dihydrocorlnantheine

r Callophyliine

i.:1 ft

t' .i-!

:: .=.

:: "-{{
>a
t-j

,i.: i!
.- t;
t, -.{
rJ i'
;:; d

1}:

1.0

0.8

0.6

0.4

0.2

MAY JUN JUL AUG SEP OCT NIOV DEC JAN FEB
'88 '89

Figure 2.15 : Monthly Variation of Hajor AIkaloids (gambirrne,
dihydrocorynantheine and eallophylline) in leaves
of U- ca7lophylla.

2.5 RUTIH FROIT IIALAYSIA}I INCARIA SPECIES

In view of the use of (Incaria species in l"ocal traditional

medieine and the known therapeutic use of rutin [91] in
qq

decreasing capillary fragility, " a survey of the rutin eontent

In uncarja was carried out. 12 sarnples representing 9 speeies

of llnearia Tere investigated for their rutin eontent ' The

rutin was isolated by extraction t{ith ethanol ' followed by

preparative t.l.c- and then deterrrined by UV spectroscopy'



Q*Glu"*-Rha

HO

t91] RUTIN

Fron the 9 species investigated, the single major source of

rutin appears to be U. eallophylla (2.5t). Qthet Uncaria

species in whieh rutin is found include U. l-anosa var. terrea

U. acida (0.5t) , U. ganbir (0.4t) ' {/" cotdata var.{0. 8t) ,

ferruginea f. ferruginea (0,10t) , U. cordata var. cordata f'

cordata (0'08t) and lI.elliptica (0'08t) ' The others eontain

little or no rutin.

It is noteworthy that U. ca)lophylla is

provide nueh larger anounts of rutin than

previousLy considered to be a good source

presentlY found to

U. elliptica which was

of rutin. So
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z-5 p*tnilAcolo'rcrt rcrrvrTy oF sor{E T''LETED AtxALorDs

'ne 
of the ains of this work is to isorate biorogicarry active

alkaloids from the uncaria speeies investigated sinee they are

known to have a wide spectrum of uses in traditional medicine.?,3

Sone prelirninary pharmaeologieal investigations have been

initiated where alkaloidar extraets of a number of tlncaria

species collecte<l were tested far cardj.ovascular effeets in
spraque-Dawley normotensive rats. The test were carried out on

,:r-rnseious or anaesthetized rats (200-250g). Bloo<l pressure ilas

monitor*d from a cernmon carotid artery via statham pressure

transdueer (P23 AC) coupled to a Grass Polygraph (Model ?D).

Alkaloidal extracts and pure alkaloids were solubilized in dilute

aqueous hyiirochloric acid and partially neutralized by dilute

soilium hydroxide (pH ca. 5). Dilutions were with normal saline-

A11 injections were done throuEh a eannulated femoral vein. (the

pharmacological studies r+ere carried out by our collaborators at

the Department of Pharmae ology, University of l'lalaya, Kuala

Lumpur.) The results show that virtually all the extracts of

Ilncaria speeies investigated (including U- eTliPtiea,

U. callophy7la, U. Jongiflota, U' pteropoda' U' cordata and

u. Janosal exhibit antihypertensive activity in varying ilegrees

(Table 2.Iil. The pure alltaloids isolated in the present study

Herealsoeva]"uatedandtheseeompoundswhentesteddisplayed

moderateantihypertensiveactivity(Table2.2Il|.Theresults

are particularly pronrising in the case of gambirine nhere further

studies are pre$ent1y in progress'
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Table 2.?0 : lntihypertensive Aetivity ofof Some llalaysian Uncalria
Alkaloiilal Extraets
Species.

Plant Par t Dosage
mg/kg

Activity* (Duration) f
Anaesthetized Conscious

If. callophylla

U" eiliptiea

Ieaf
stem

leaf
stem

leaf
stem

leaf

leaf

q

5

q

5

10
10

10

1.0

5+ il.)
4+ (n)

2+ tm)
3+ (m)

2+ (m)

4+ (tn)

2+ ts)

2+ (s)

2+ (m)

5+ (1)
4+ {m)

2+ (s)
3+ (s)

3+ (m)

l+ (n)

2+ {s)

3+ (s)

2+ (m)

'I

U.

Jongi t Jora
var. Tongiflora

]ongif Tara
var- pteropoda

lanosa
var. fetrea

cordat a
var. eordata
t - sundaica I eaf 10

ll

U.

*5*, q+, 3*, 2+ and
41-60, 2L-4A and

ill, m and s refer
respectivelY

1+ refer to bp depression of 81-100, 6L-80,
{20 mm Hg resPectivelY.

to duration of ) 5, 5'2 arrd <2 mi'nutes

1"03



Table ?'21 : rntibypertensive. Aetivity of Atkaloids frooHalaysian Uaearra

Alkaloid Activity* (Duration) f
(Anaesthetized rats)

Dosage
mglkg

Itihydroeorynantheine [20]

lsopteropodine [34]

Fteropodine t:11

Yohirnbine [4f 1

Ganrbirine [22J

Pseudoyohimbine i50l

Isocorynoxeine [38]

Corynoxeine t41l

Isorhynchophylline t38l

Rhynchophylline t39l

callophyIIine t88l

5

5

5

5

5

10

10

1"0

10

1-0

5

3+ (m)

3+ (s)

1+ (s)

5+ (m)

3+ {}}

2+ (1)

2+ (s)

?+ (s)

3+ (n)

1+ (s)

L+ (s)

t5*, 4+, 3+, 2* and
41-60, 2I-40 and

ltnl,mands refer
respect ive1y.

to bp depression of 81-100, 61-80,
respectivelY.

of ) 5, 5-2, and <2 ninutes

1+ refer
<20 mm Hg

to duration


