
AIXATBIDS OF TABERNAEMONTANA EGLANDULOSAt 

TERIS A. VAN BEEK,* ROBERT VERWORTE and ANDERS BAEIUEN SVENDSFN 
Department of Pharmacqmsy. Gorlaeus Laboratories, State University of Lcidcn,P.O. Box 9502, 

2300 R4 Leidcn, ‘Ihe Netherlands 

(Rrceitwd in he UK .Z4 Man& 1983) 

A--From the leaves and twigs of Tabenurcmont~ eghdufusa 22 alkaloids, of which 12 are new, 
have been isolated. &sides tacamine (pseudo-vincamine) 7 other alkaloids of this CICW class of indolc 
alkaloids were identified. A further thne alkaloids of the clcavamiac type, namely the known ( t )20R- I 5, 
2Odihydro-clcavaminc and ( - )2&l 5,2Odihyd~lcavamine and one ucw alkaloid, which was ten- 
tatively identified as 14S, XR-velbanaminc. two new alkaloids of the pseudo-aspidospcrmidinc 
type. n a m e 1 y 2OR- I ,2dehydro-pacuda-aspidospcrmidine and 2OShydroxy- 1,2dehydro-plcudo- 
aspidospermidine and an alkaloid of a novel iboga type were isolated. More common alkaloids isolated 
were coronaridinc, I 1-hydroxycoronaridinc, voaphylline, tubotaiwinc, ibogaminc, nofluorocutinc and 
probably a mixture of 20R- and 20!+pscud*vincadifformine. Only quantitative differences in the alkaloid 
content of the leaves, twigs and stcxnbark were observed. 

T&ernoemon~uno egiunduho Stapf (s~u. Gabunia 
eglandulosa (Stapf)Stapf) is a small liane widely 
distributal in Central Africa and occurring in the 
forest usually as solitary plants. They flower at night.’ 
In Zaire the root is used against snake bites.’ Only the 
rootbark and the stembark of T. eglandulosu have 
been chemically investigated before. In these previous 
investigations the rootbark yielded the alkaloids peri- 
vine, . vobasine, coronaridine, 3-hydroxycoro- 
nandme, 3-hydroxy-isovoacangine, isovoacanginc 
and voacamine’ and the stcmbark the alkaloids cone- 
pharyngine, coronaridiae, 6 - hydroxy - 3 - 0x0 - core 
naridine, 3&R-oxido-coronaridine and voacangine.” 
No report of an investigation of the leaves is known 
to the authors, therefore an examination of the 
alkaloidal composition of this part of the plant as 
well as a comparison with the alkaloids present in the 
twigs and the stembark were carried out. The results 
of the studies are set out below. 

RESULTS AND DISCUSSION 

The leaves were extracted with alcohol and the alka- 
loids separated by an acid-base extraction. The ter- 
tiary alkaloids were separated and purified by means 
of LC and prep TLC. As the alkaloidal composition of 
the twigs did not differ qualitatively from the leaves, 
the tertiary alkaloids from the twigs were worked up in 
a similar fashion and fractions were combined for 
greater yield. Table 1 lists the identified alkaloids from 
the leaves and the twigs, together with an indication of 
their relative abundancc. 

Of the 22 alkaloids isolated 12 were new, 8 of them 
belonging to the new tacaman class, the other 13 to the 
igbogan, plumeran, aspidospermatan and strychnan 
clas.se~.~ One alkaloid was of a new iboga type, the 
structure elucidation of which will be the subject of a 
separate paper.’ The elucidation of the structures of 
the other new alkaloids is described in the following 
with the exception of the major alkaloid, tacamine 1, 
whose structure elucidation has already been pub- 
lished.* However for comparison its spectral data are 

tPart 4 in the series “Phannacognostical studies of T&- 
ernnemon~aMspu%“. For Part 3 set Ref. 8. 

also presented in this publication. In Fig. 1 t/ze ‘H 
NMR spectrum of tacamine is given, since it was of 
utmost importance for the identification of the other 
seven related alkaloids. 

I6-epi-Tucumine 2. The second most abundant al- 
kaloid in the leaves and twigs gave similar colour 
reactions as tacaminc, viz a greenish-black cotour with 
ferric chloride and perchloric acid on heating and a 
yellow colour with ceric sulphate and sulfuric acid, 
which intensified upon heating. The alkaloid dcoom- 
posed readily and quantitatively to tacamine, when 
left in solution or on a TLC-plate. These facts suggest 
a similar but less stable structure. The W and mass 
spectral data of the alkaloid were similar to those of 
tacamine, except for the presence of a fragment at m/z 
59 (the base peak in the spectrum of the new alkaloid) 
which is absent in the spectrum of tacamine. 

The easy loss of the fragment CH,OCO + suggests 
that the alkaloid might be I6-cpi-tacamine, which has 
the bulky carbomethoxy group in the less favoured 
axial position. This compound, being a car- 
binolaminc, can be readily converted by epimerization 
at C-l 6 to tacamine, which has the carbomethoxy 
group in equatorial position. The ‘H NMR and “C 
NMR data support the proposed structure. In the ‘H 
NMR spectrum the characteristic appearance (see Fig. 
1) and thus the coupling constants of the aliphatic 
signals (see Table 2), have remained unchanged and 
therefore the relative stereochemistry must be the 
same as in tacamine. The chemical shifts of most 
protons however have changed (see Table 2). In anal- 
ogy with the difference between vincamine and 
16-cpi-vineamine two aromatic protons resonate at 
7.4 ppm and two at 7.1 ppm, furthermore all protons 
except H-17~ and H-l 78 are shifted upfield in 
16cpi-tacamine if compared with tacamine. In Table 
3 the “C NMR data are given. In column 2 the values 
for tacamine are given, in column 4 the predicted 
values for I-i-tacamine based on the extrapolation 
of the difference betwccnvincamine and 
I6-cpi-vincamine9 (column 3) and m column 5 the 
actual values for 16-epi-tacamine. The good agree- 
ment between the predicted and the experimental val- 
ues confirms that the alkaloid is 16-epi-tacamine. To 
determine the absolute stereochemistry a CD spec- 
trum was recorded. From the minima at 272 and 
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Table 1. Alkaloids isolated from the leaves and twigs of Tabemaetnantana eglandulosa 

Alkaloid Re 1. abundance’ Hethods of identification 

Tacamine I 
16-Epi-tacamine 1 

16R-Descarbomechoxy-tecaminc 2. 

16S-Descarbouethoxy-ctwamim? 4 

Tacamonine 6 

I?-Hydroxy-tacamonine 2 

16,I7-Anhydro-tscamiee 8 

19S-Hydroxy-tscamine 5 

(+)20R-15,20-Dihydro-cleavamine~ 

(-)ZOS- 15.20-Dihydro-cleevaaineg 

lGS,20R-Velbrnamine Jj 

(+)20R-l,Z-Dehydro-pseudoaspido- 
spermidine 2 

20S-Hydroxy-1.2-dehydro-pseudo- 
aspidoapermidine L 

20R-Pseudovincadifformine E 

ZOS-PseudoviocadifEonnine 

Coronaridine If! 

I I-Hydroxy-coronaridinc 20 

Ibqamine .ZJ 

Voaphylline 22 

novel type of ibogaelkaloid’ 

Tuhotaivine 24 

Norf luorocurarine 23 - 

+++ lJV,CD,t’S, tH h?JR, 13C NMR 

+++ UV,CDJG,‘H MR. 13C NMR 

++ 
++ 
++I 

t 

++ 

++ 

tt 

t 

+ 

++t 

++ 
+ 
+ 

UV,CD,MS. ‘H NnP 

UV,CD.MS. ‘H hT(R 

UV,CD.?“S, ‘H NM-R 

LT,CD,M, ‘H !FR 

LV,CD,HS, ‘H NMR 

UV,CD.IS. ‘H MR 

UV,ka].CD.HS.‘H 

13C NMR 

UV.)“S.coTLC 

W.[ct],CD.MS,‘H 

W,CD,HS, ‘H NW 

lJv.hs, ‘H NM? 

UV,HS, ‘H HnR 

NW?,‘% FR(R 

wiFi, ] ‘C FR’R 

++ lV.CD,HS, ‘H ti?lR,coTLC 

++ LV,HS, ‘H tXR 

LY.ES, ‘H %FR,coTLC 

+ l~,CD,YS, ‘H ?4UR, col-LC 

++ W,CD.HS, ‘H NM-R, coTLC 

++ lIV,HS,lH NMR, coTLC 

W,)“S 

’ +++ - rrmjor component, t+ I minor component, + - trace component 

283 nm it can be concluded that H-3 as in tacamine 
had the flconfiguration. ‘OJ’ The maximum at 240 nm 
indicates that the configuration at C-16 is opposite to 
that of tacamine!“” as already concluded from ‘H 
NMR and “C NMR. The CD spectrum is the mirror 
image of the CD spectrum of 16-cpi-vincamint.” The 
absolute configuration is thus given by structure 2. 

16R-Descarbomethoxytucumine 3. This minor al- 
kaloid was shown to belong to the tacaman class by 
means of its ‘H NMR spectrum. The signals, readily 
recognized by their characteristic appearance, of H-3, 
H-5a, H-58, H&, H+, H-l 4, H-l Sa, HIS-j?, H-20, 
H21a and H21/3 were all present and indicated that 
the relative stereochemistry at C-3, C-14, N-4 and 
C-20 was the same as in tacamine. Compared with 
thq ‘H NMR spectrum of tacaminc the absence of the 
COOCH, signal was noted and the occurence of a 
double doublet at 5.58 ppm with coupling constants 
of 9.5 and 5.4 Hz. These coupling constants were also 
present in the signals of H-l 78 and H-17a re- 
spectively. This suggested that the alkaloid was 
16-descarbomethoxytacamine. This was confirmed 
by the W and mass spectral data. 

The UV was the same as for tacamine indicating an 
unchanged chromophore while the mass spectrum 
confirmed the brute formula &.H2,N20 (M + m/z 
296). The stereochemistry at C-16 was determined in 
three ways. Firstly by the value of 9.5 Hz for one of 
the coupling constants of H-l 6. This value is only 
possible when H-16 is in an axial position, the angle 
with the axial H- 17 being 180”. Secondly by the shift 
of H-15a. Because this proton is situated under the 

aromatic pyrrole ring (see threedimensional drawing 
of 3) it is strongly shielded and resonates at 0.37 ppm. 
This bthaviour is exhibited by five of the eight 
tacamine-type alkaloids found. In the three cases, 
where a 16a-hydroxy group is present, such as in 
tacamine itself, the shielding effect of the pyrrole 
nucleus is countered by a deshielding c&t of the 
interaction between the electronegative oxygen of the 
l&-OH and the H-l 5~. Resuming, H-l 5a resonates 
between 0.37 ppm and 0.69 ppm, if no 16a-OH is 
present and between I. 13 ppm and 1.29 ppm, if a 
16u-OH is present. Thirdly a difference between the 
two 16-descarbomethoxy-tacamines can be made by 
means of the CD spectrum. Toth et al.” have 
published the CD spectra for the two possible 
descarbomethoxy-vincamines. As the 1 6descarbo- 
methoxy-tacamines are the mirror-images of the 
I6dexarbomethoxy+-incamines, only the ethyl side 
chains being attached at different carbons, their CD 
spectra must also be their mirror images, as the 
attachment of the ethyl group will be of little im- 
portance in determining the CD spectrum. By com- 
paring the CD data of the alkaloid with the data 
given by Toth et al. I2 it can be concluded that the 
alkaloid must have an equatorial 16-OH (16a-H) and 
a 38-H (see structure 3). 

16S-Descarbomethoxytucamine 4. The UV and 
mass spectral data of this alkaloid were similar to 
those of 16Rdescarbomethoxytacamine, suggesting 
that this alkaloid might the 16~isomer. This was 
confirmed by its ‘H NMR data. The ‘H NMR was 
similar, only most of the protons had been shifted 
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d- J i 

Fig. I. 

downfield 0.1-0.3 ppm and a double doublet at 
6.06 ppm due to H-16 with coupling constants of 4.0 
and 1.2 Hz with H- 178 and H- 17~ respectively had 
appeared. Also H-1%~ was shifted to 1.13 ppm (ta- 
camine: 1.14 ppm). All these data fitted the structure 
of I6S-clescarbomethoxytaeamine 4 well. Finally its 

1 Rl=COOCHS, RZ=OH, RJ=H 

2 Rl=OH. R2=COOCHx, RI=H 

3 Rl=OH , Rz=Ra=H 

L RI= Rx=H, R2=oH 

5 R1=COOCH3.Rz=R3z OH 

CD spectrum was the mirror-image of the CD spec- 
lrum published by Toth 2 for 16 - de- 
scarbomethoxyvincamine amfkning the absolute 
and relative stereochemistry of the alkaloid 4. 

Tmvnonine 6 7hi major component was again 
shown to belong to the tacamine type by its tacamine- 

ill 
6 Rj=H 

7 RI-OH 
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Table 3. ‘IC NMR data of tacamine and IGepi-tacamine 

Carbon cacamine 6 16-epi-vincamioe I6-epi-tacaaine 16-epi-tacamine 
minus 6 vincaminea orsdicted found 

2 130.9 

3 54.1 

5 50.7 

6 17.0 

7 106. I 
a 128.8 

9 118.4 

IO 121.6 

I I 120.2 

12 110.4 

13 134.4 

I4 32. I 

I5 31. I 

lb 81.8 

17 40.2 

I8 11.5 

19 26.9 

20 38.3 

21 50.5 

co 174.3 

0Ne 54.2 

+0.2 

+0.2 

-0. I 

-0.2 

co.2 

-0.5 

-0.3 

-0.2 

-0.1 

+2.0 

+1.5 

l 1.2 

-1.0 

+l.O 

+2.4 

-0. I 

0.0 

-0.1 

+o. 1 

-2.1 

-1.1 

131.1 130.9 

54.4 54.0 

50.6 50.4 

16.8 16.7 

106.3 106.2 

128.3 12%. I 

118.1 118.0 

121.4 121.4 

120. I 120.0 

112.4 112.4 

135.9 135.9 

33.3 33.2 

30.1 29.6 

82.8 82.6 

42.6 42.6 

-b 11.2 

-b 26.8 

_b 37.3 

SO.6 SO.2 

172.2 172.3 

53. I 53.0 

a The data used ace those published by Bombacelli et a1.9: 
except for carbon 21 in which case the data Riven by Kalaus et al. 

28 

were used. 

b No prediction is possible due to 
of rho ethyl group. 

like ‘H NMR. However its UV spectrum showed 
maxima at 242, 265, 294 and 303 nm indicating a 
different type of chromophore. As ebumamonine of 
the vincaminc type has a similar UV spectrum, 
structure 6 was proposed for this alkaloid. This ~8s 
confirmed by its ‘H NMR and mass spectral data. Its 
mass spectrum showed a M + at m/z 294 and in the 
‘H NMR spectrum no methoxy signal or H-l 6 signal 
was observed. Except for H-12 (0.9 ppm deshielded), 
H-17a and H-l 78 (0.4 ppm deshieIded) and H-l 5a 
(0.6ppm shielded) its spcctnrm was similar to that 
of tacamine. Its CD spectrum is both qualitatively 
and quantitatively different from the mirror-image of 
the spectrum previously described for e- 
bumamonine.” A reason for this could be the rela- 
tively larger influence of the asymmetric C-20 (e- 
bumamonine)/C-14 (tacamonine) because C-16 is no 
longer an asymmetric center. From the minimum at 
270 nm in the CD spectrum of tacamonine 6 and by 
biosynthetical reasoning it is thought that taca- 
monine has, as the other tacamines, a 3/7-H. Recently 
tacamonine (syn. pseudovincamonc) was synthesized 
by Massiot et al.” Their MS and 400 MHz ‘H NMR 
data are in excellent agreement with the data 
presented here. Their explanation of the extraor- 
dinary shielding of H-Isa however is not followed 
here, vi& supru. 

I7-Hy&oxy-1rlcumorri 7. This traa component 
has a similar UV spectrum as tacamonine 6. sug- 
gesting the same kind of chromophore. This was 
confirmed by its colqur reaction with ceric sulphate, 
which was also similar to tacamonine. Its &value 

the different site of attachment 

was smaller in solvents B and D suggesting the 
introduction of some polar group. Its ‘H NMR 
spectrum resembled the one of tacamonine, except 
that no H-l7a and H-l7j3 could be observed at their 
usual positions and instead a doublet at 4.34 ppm had 
appeared. The only explanation is the introduction of 
l7-OH group in tacamonine. This was proven by its 
mass spectrum showing a M + m/z 310,16 mass units 
more than tacamoninc. It is assumed that the OH 
group is in the equatorial position because of the 
small coupling constant between H-17 and H-14 and 
because the heavier group is then in the preferred 
position. Insufficient material precluded further sub- 
stantiation of the configuration at C-17. The CD 
spectrum of I7-hydroxy-tacamonine is similar to that 
of tacamonine from ZOO-240 nm but is different from 
240-350nm. This is due to the introduction of an 
extra asymmetrical centre (C-17) near the chromo- 
phore. invalidating a comparison. 

For biosynthetical reasons it is assumed that the 
alkaloid has a 3fi-H. The absolute configuration is 
thus given by structure 7. 

16,lFA~yrirorucanrine 8. The W spectrum of 
this alkaloid showed maxima at 228, 273 and 312 nm, 
which is characteristic for l&17-anhydro-vincaminc 
(apovincamine). It was therefore thought that the 
alkaloid rnigbt be 16, I7-anhydro-tacamine. This was 
confirmed by both its mass spectral and ‘H NMR 
data. The mass spectrum showed M + m/z 336, which 
is 18 mass units (-H,O) less than tacamine and the ‘H 
NMR was similar to the one of tacamine except for 
the absence of the signals of H-17~ and H-17/J at their 
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Table 4. *H NMR data of 20S-hydroxy-l~dehydro-pscudoaspido~~e 

Hnr 6 coupling constants (Hz) 

3 2.82 53-14: 2.9; 53-176 < I 

5a 3.18 J5a-5B: 8.4: Jkda: 6.7; Jk-6B ‘2 

56 2.88 J5a-56: 8.4; JSB-6a: 11.4; 556-68: 4.8 

60 2.31 JSa-6a: 6.7; JSB-6a: 11.4: Jda-66: 12.1 

68 1.82 JSa-66 -2; 358-66: 4.8; J6a-66: 12.1 

4 7.35 J9-IO: 7.7; J9-II: 1.4; J?-12 CO.5 

IO 7.30 J9-IO: 7.7; JIO-II: 7.7; 310-12: I.1 

II 7.17 39-11: 1.4; JIO-II: 7.7; Jll-t2: 7.7 

12 7.51 39-12 ~0.5; JtO-12: 1.1: 511-12: 7.7 

I4 1.53 33-14: 2.9; Jl4-15a: 1.9; 514-156: 5.6; Jl4-l7a: 12.9; 514-176: 5.6 

t 5a 1.83 J14-15a:l.9; Jlh-156: 13.6; Jlh- Zla: l.Ci 

156 I.41 314-158: 5.6: JISa-156: 13.6; 3156-19 *0.5 

tba 2.97 Jl6a-166: 15.4; Jlba-17a:tl.O; J16a-176: 3.7 

166 2.78 J160-166: 15.4: ~166-17a: 6.5; 3166-178: 9.9 

170 2.52 Jl4-l7a: 12.9; Jl6a-17a: 11.0; Jl66-170: 6.5: Jl7a-176: 12.2 

I76 I. 75 53-176 <I; Jl4-176: 5.6; Jl6a- 176:3.7; 5166-176: 9.9; Jtla-176: 12.2 

18 0.97 318-19: 7.5: JIB-19’: 7.5 

I9 1.77 JtSt+I9 ‘0.5; 318-19: 7.5; J19-19’: IL.8 

19’ 1.96 JIG19’: 7.5: Jig-19’: 14.8 

210 3.12 Jl5o-2la: 1.8; JZlu-218: 10.5 

216 2.36 JZla-216: 10.5 

OH not observed 

shifted 16 mass units, suggesting the introduction of 
an oxygen in the molwule. The only known alkaloid 
of this type is capuronidine 12 isolated from Ta&er- 
naemontana capuronii (syn. Capuronetta e1egans’).“*‘8 
However the 3OOMHz ‘H NMR spectrum was 
different from the 240 MHz ‘H NMR spectrum given 
for capuronidine.” For instance, no signal at 3.6 ppm 
for H-15 was observed. This indicated that the hy- 
droxy group was attached to another carbon, the 
most likely carbon being C-20 as several indole 
alkaloids with a C-20 hydroxy group are known 
(pandoline 13, velbanamine). To prove this structure 
a detailed high resolution ‘H NMR study of the 
alkaloid was performed. By means of homonuclear 
decoupling experiments it was possible to assign all 
the protons and to determine all the coupling wn- 
stants (Table 4). From the coupling constants. es- 
pecially those between H-3 and H-14 (J = 2.9Hz) 
and, H-l5a and H-21a (J = 1.8 Hz, W-path), it could 
be concluded that the alkaloid has a conformation of 
the C- and D-rings identical to the conformation of 
these rings in pandoline’3/20-zpipandolint 14.” For 
the E-ring a boat-conformation automatically fol- 
lows, which was confirmed by the large coupling 
constan& between H-l6n and H-l7a (J = Il.0 Hz) 
and, H-168 and H-l7#I (J = 9.9 Hz). The 
configuration at C-20 can be determined by the shift 
of H-19 and H-19’. In pandoline 13 H-19 and H-19 
resonate at 1.47 and 1.54 ppm respectively and in 
2O-epi-pandoline 14 at 1.75 and 1.85 ppm.n’ In the 
present alkaloid H-19 and H-19’ were found at 1.77 
and 1.96ppm indicating that the configuration at 
C-20 was the same as in 20-cpi-pandoline 14, namely 
20s. The position of H-3 was determined as 8. 
because the alkaloid had a CD spectrum similar to 
that of ZOR- I ,2dehydro-pseudoaspidospcrmidine 9, 
whose absolute configuration is known (vide supra). 

Thus the absolute wnliguration of 20S-hydroxy- 
1,2dehydroqseudoaspidospennidine is presented by 
structure 11. The C-20 isomer of this alkaloid has 
been prepared from pandoline 13 by LC Men et al.” 
during the structure elucidation of pandoline. 

14S,20R-Velbarumrine 18. This alkaloid, which 
was isolated in trace amounts, gave a similar purple 
wlour with Cc” as the dihydrocleavamines 16 and 
17 and also showed the UV spectrum of a normal 

R. 

& 
‘.I 

N 20 “‘R 
2 

;I I H 

H 

16 RI-C2Hg , Rz=H 

17 Rl=H, Rz- C?Hg 

18 Rt-C2H5> R?=OH 

indole. Its mass spectrum was similar to that of 
( + )20R-15,2Odihydro&avamine except for the 
fact that many peaks were shifked I6 mass units, 
indicating the presence of a hydroxy group. The 
hydroxy group must be situated at the 20-position 
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because of the presence of a peak at m/z 267 and the 
absence of a peak at m/z 280 (M +-H,O). This 
last peak is characteristic for capuronine 
( 15-hydroxydihydro&avaminc).‘n The stereo- 
chemistry of C-14 is thought to be S because all 

ibogan alkaloids and tacaman alkaloids isolated from 
this plant or the genus TaberMemonroM in general 
have the same configuration at C-14. If the 
configuration at C-14 is assumed to be S, then the 
configuration at C-20 is R, because coTLC in systems 
B and D showed that the alkaloid isolated had similar 
Rr values and gave similar colour reactions as an 
authentic sample of ( - ) velbanamine. The C-20 
cpimer, ( + )-isovelbanaminc gave different R, values 
and different colours with the spray reagents. Al- 
though the velbanamines have been know-n for a long 
time, because they are part of the oncolytic agents 
vinblastine and vincristine (14R configuration) they 
have not yet be-en isolated as such. l4S, ZOS- and 14S, 
ZOR-velbanarnine were recently synthesized by 
Takano Ed al.” The other alkaloids (see Table 1) 
isolated are all known alkaloids and all of them 
except for norfluorocurarine 23 have been isolated 
earlier from one or more Tubefnuemontuno spcies. 
( - )2OS- I5,20-II hydrocleavamine 16 was identified 
only by the presence of some characteristic minor 
signals in the ‘%I NMR of ( + )20R-15,2Odihydro- 
cleavaminc 17. Due to the minimal amount of 
( - )205- 15,20-dihydro-cleavamine 16 present, no 
wparation of the two isomers was attempted. The 
pseudovincadifformine isolated is probably a mixture 
of the two 2t%epimers, although this could not be 
concluded with absolute certainty because the 
amount isolated was too small for a separation of the 
two possible epimers. 

Biosynthesb. It seems likely that the tacaman class 
alkaloids are derived from pseudovincadifformine 15 
in the same manner as the ebuman class of alkaloids 
are derived from vincadifformine.z3*8 The exact bio- 
synthetic pathways are not yet known; most recently 
the biosynthesis of vincamine was summarized by 
Kutney.*’ 

Chemoraxonomy. The T. eglandulosa 5pecie5 in- 
vestigated in this study contains more alkaloids from 
the latter stages of the indole alkaloid biosynthesis 
than any other T. species investigated so far. It 
contains mainly alkaloids of the new tacaman class 

and the ibogan class6 From the ibogan class it 
contains three of the currently known six types, viz 
the pseudoaspidospermidine type (C-14/C- I7 bond 
and C-3/C-7 bond), the cleavamine type (C-14/C-17 
bond only) and the cOmmon ibogamine type (C- 
14/C-17 bond and C-16/C-21 bond). No ibogan 
alkaloids of the pandine, ibophyllidine and iboxy- 
phylline type were isolated. Besides the alkaloids of 
these classes traces of voaphyllinc 22, which belongs 
to the plumeran class,* tubotaiwine 24, which belongs 
to the aspidospermatan class and norfluorocurarine 
23, which belongs to the strychnan class were also 
isolated indicating that the plant is still capable of 
synthesizing alkaloids of quite different and bio- 
synthetical earlier classes. No alkaloids of the non- 
rearranged corynanthean class or of the dimeric 
corynanthean-ibogan type were isolated, although 
these alkaloids occur frequently in T. species2 Why 
alkaloids of the tacaman class have not been found 
before, while now eight in relatively high concen- 
trations have been isolated from an already in- 
vestigated species is unclear. Of the 11 alkaloids 
previously isolated from the species only one, namely 
coronaridine 19, the most common T. alkaloid has 
been isolated in small amounts from the species 
investigated in this study. This is not due to the plant 
part, as tacarnine, l&pi-tacamine and tacamonine 
were also detected in the stembark of the species 
investigated by means of TLC. Three possibilities 
remain therefore; firstly the T. eglundulosu grown in 
the greenhouse originated from Cameroun and may 
be of a different chemical race than the species 
growing in Nigeria and Tanzania, where the material 
used for earlier studies was collected; secondly during 
the 20 years of cultivation in The Netherlands some 
changes in the biosynthesis and metabolism of se- 
condary plant products due to light changes, tem- 
perature and soil may have taken place; thirdly the 
plantmaterial of the earlier studies may have been 
wrongly identified. We think that a combination of 
the first two possibilities is most likely. The best way 
to check this, would be to collect some new material 
of T. eglundulosu from Camcroun. We hope to report 
about such an investigation shortly. 

Phurmucology. The main reason for Massiot el al. 
to synthesize the four different isomers of tacamonine 
6,‘” was to compare their hypotensive effect with the 

19 R1 -H , R2 = COOCH3 

20 Rj=OH. R2=COOCH3 

2t R,=R2=H 

22 RI + RI-P- epoxlde 
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290 (sh), 330; [alo’ + 209” (CHCI,; c = 0.44); CDl(dc): 
202~OoI. 223( - 11.91. 234( -4.2). 2461- 5.41. 263(O). ~, I. 

271( + 2.1). i&+(O), ‘&I( - i.7), 3&( - I.$; MS(30”) Ai; 
(rel. int.) 281(20), 280(M +, 75), 279(17), 265(2). 252(5), 
251(13), 238(4), 237(1 I), 236(12), 197(g), 196(15X 195(31), 
194(11). 193(16), 183(7), 182(18), l81(9), 180(26). t69(7), 
168(12). 167(ll), 1581211, 157(20). 138(21). 137(lM)). 
136(19j, 124(i2); ‘H NtiR; S 7.ti t$d, J =‘7.7 Hz, H-12). 
7.3XW. J = 7.7 Hz. H-9). 7.28cddd. J = 7.7. 7.7 and 1.3 HL 
H-Id), ;.lb(ddd. J = 7.7:.7.7 and 019 Hz, l-i-l I), 3.19 (ddd; 
J = 8.8, 6.7 and 2 Hz, H-Q), 3.00 (W, J = 11.0. 1.8 and 
1.8Hz.H-2la),2.97(ddd, J = 15.5. 11.1 and3.9HGH-I&), 
2.78(ddd. J = 11.4, 8.8 and 4.8 Hz, H-5B). 2.75(ddd. 
J = i5.5. 10.2 and 6.3 Hz. H-168), 2.71(bd. J = i.1 Hz,H-3), 
2.5Xdddd. J = 12.9. 12.2. 1 I.1 and 6.3 Hz H-17~1). 2.53idd. 
5 = il.0 and 3.9 Hi, H-ila), Z.ZB(ddd, i= lZ.Z.“t 1.4 ;nd 
6.7 Hz, H-6%), 1.79(bdd. J = 12.2. 4.8 and 2 Hz, H-Q). 
1.8-l.4(7H. m. H-14, H-IS& H-IS& H-178, H-19, H-19’. 
H-20). 0.92(t. J = 7.1 Hz, H-18); “C NMR 5: l3.I(C-l8), 
25.5*(C-16). 27.3*(C-19). 29.l*(C-15). 32.0*(C-l7), 
32.4*(C-ZO), 34.9’(C- l4), 35.5+(C-6). 54.8.(C-S), 
55.5.fC-2ll. 62.7(C-71. 74.3(C-3). I 19.71(3-123. 121.X-9). 
i25.@-loj; li7.qC-1 I).‘ i46.qc-8). “1~4.qC-13j; 
190&C-2). Assignments of signals with * or . are not 
certain. Thae signals may be interchanged. 

2OSHydroxy- I ,2_dehydro- 1p -aspidospermidine Il. TLC: 
R, in system B 0.26, D 0.24; Cc’+: orange; UV AK” nm: 
220, 258, 270, 290 (sh). >.z” + *‘OH nm: 220 (sh), 258, 270 
(sh), 292 (sh). I::H+H” nm: 220. 273. 288 (sh). 320; CD 
A(& 1: 215(O), 233( - 5. I). 238( - 0. I 1, 248( - 0.9), 255(O), 
2?l( + 4.3); 304(O),. 3LO( lO.3); MS m/r (rel. int.) 2%(M +, 
100). 29X16). 279110). 26817.51. 267(21). 2W5.5). 253(81, 
252ij.5), ’ 240(6). 2&(8). 1 2$X5): io9(4.j), ’ 198(il j, 
197(21.5), 196(22). 195(30), 185(22), 184(8). 183(20), 
182(25). 181(10), 18q23.5). 169(12). 168(21.5). 167(19), 
158(16). 157(23), 156(18). 154(36). 153(68), 130(19), 124141: 
‘H NMR: see Table 4. 

20R- Pseudo-vincadiflormine 15 Md 20sPseudo- 
uincadflorminr (mistwe). TLC: R, in system B 0.71, D 
0.54, F 0.61; Ce”: blue; UV LE” nm: 205, 219, 293, 326; 
MS(l25”) m/z (rel. int.) 339(5). 338(M+,21), 323(l). 
307(1.5), 305(1.5). 293(6). 239(2), 238[21, 214(2). lOS(2.5). 
194(2), 193(2), 180/3), 168(3.5), 167(3.5), 167(5), 154(4), 
125(l2), 124(100), 1237); ‘H NMR: S 8.9(bs. NH), 7.3-6.8 
(aromatic H). 3.77(s, COOCH,), 3.65(s, CDOCH,). 0.95(t, 
J = 7.5 Hz. H-18). 0.93lt. J = 7.5 Hz. H-181. The sDcctral 
data arc in a&dance ‘&h the data given- by Kuihnt er 
a!.?‘. 

Coronaridine 19. TLC: R+ in system B 0.69, D 0.48, F 
0.69; Cc’+: pale blue with white center, quickly fading; UV 
i:” nm: 226, 28O(sh). 285. 293. CD WC): 205(O). 
21 I( + 4.6). 216( + 2.0). 232( + 4.1), 236( + 3.3), 245( + 7.4), 
272(O). 299( - 2.3); MS(W) m/z (rel. int.) 338(M+, IOO), 
323(21), 309(5), 279(6), 253(11), 214(17), 208(18), 19x9). 
169(M*‘, 14), 154(19), 148(10), 136(71). 130(14). 124(38), 
t22(31); ‘H NMR: 6 7.7ybs. NH), 7.47(bc.l. J = 7.3 Hz. 
H-9), 7.24(dd, J- 7.3 Hz and l.OHr H-12). 7.lqddd. 
J = 7.3, 7.3 and l.OHz.. H-11). 7.07(ddd,J= 7.3. 7.3and 1.0 
Hr H-IO), 3.70(s, CDOCH,), 3.55(s. H-21). 0.89(t, J = 7.4 
HI H-18). 

I I-Hydroxy-coronaridine 20. TLC: R, in system B 0.16, 
D 0.04; Ce”: black-purple; UV iEH nm: 225, 277, 298; 
MS(lW) m/z (rel. int.) 354(M+. IOO), 353(14). 325(3), 
295(S). 269(6}. 230111). 208(22). 177(M2+, 14). 170(8), 
148(1 I). 147(17), 146(20). 136(63). 124(40). 122(34); ‘H 
NMR: d 7.6O(bs. NH). 7.28(d, J = 8.5 Hz. H-9). 6.69(d, 
J = 2.1 Hz, H-12). 6.63(66, J = 8.5 and 2.1 Hz, H-10). 
3.71(s. COOCH,), 3.52(s. H-21), 0.89(t,J = 7.3 Hz, H-IS). 

i6ogumim 21. TLC: R, in system A 0.60, D 0.46. F 0.12; 
W+: blue, quickly changing in purple; UV A,“” nm: 224, 
282, 289; MS(l75”) m/z @cl. int.) 281(21). 28O(M +, 85). 
265(18), 251(6). 195(45), 182(B), 181(6), 18O(lt), 168(14), 
l56(15). 149(42). 140(16), 136(100), 135(70), 124(29), 
122(39). 

Voaphyfline (syn. cono~orine) 22. ‘TLC: R, in system A 
0.45. B 0.67, D 0.37: Ce” : ~urole UV ,I!!-?” nm: 228,284, 
293;’ CD I(&): 210( - IO.& i26(0), 2j’ji + 7.4), 241(O), 
2701-3.8). 315101: MS1125”1 m/z Irel. int.) 297117). 
2@M + ,‘67). 267&), 249(14); 224(11): 14O(loOj, 12445j; 
210(16), 156(38), l44(29), 143(31). 140(100). 12445). 
122(43); ‘H NMR: d 7.79(bs,NH). 7.45(W. J = 7.5 Hz). 
4.ls(lxld, J = 13.5 and 13.5 Hz. H-16). l.l2(q. J = 7.6 HL. 
H-19), 0.75(1, J = 7.6 HI H-18). 

Norfluorocururine 23. TLC: R, in system B 0.34, D 0.31; 
Cc’+:-blue. fading within 5 sec.;’ W-I=” nm: 242. 296, 
363; MS(I75”) m/z (ret. int.) 293(10), 292(M+,44), 277(4), 
263(12), 249(27), 247(12), 236(13), 234(10). 231( 14). 222(15), 
221(7), 22O(l I), 219(7). 208(17), 206(14). 194(21), 193(16), 
180(221. 1681221. 1671351. 154(14b 1211100b lW201. 

?&;ai&e fi. TLC:‘& in ;ys&n Bb.3i,‘D O.j9, E 0.48: 
CC’+ : dark blue, after 5 min pink, Fc’ + : blue upon heating, 
after 5 min yellow enter: UV AK” nm: 228, 295. 327; 
MS(125’) m/z (rel. int.) 324(M *, 49). 309(4), 293(g), 
267(25), 265( 19), 253( 19). 229(77). 194(44). I82(49), I8 I(54). 
180(100~. 1671791: ‘H NMR: 6 8.8Ybs. NH). 7.lHbd. 
J = i.3 &), 7:l$ddd, J = 7.3, 7.3 and‘ I.1 H&6.89(ddd, 
J= 7.3. 7.3 and I.1 Hz). 6.82&i, J = 7.3 Hz), 3.9O(bs, 
H-21). 3.77(s, COOCH,). 0.82(m. H-19). 0.7O(t. J = 6.7 Hz, 
H-18). 

Prepararion of 16, I ‘I-anhyctoracamine 8 from lacamine 1 
IO mg tacaminc was dissolved in 4 ml dry MeOH, satur- 

ated with HCI gas, and refluxed for 2 hr. After cooling the 
solvent was evaporated in uac. and the residue examined on 
TLC with solvent B. Apart from some unreacted tacamine 
the residue consisted mainly of 16.17-anhydro-tacamine, 
which was purified by means of prep TLC. The amorphous 
product thus obtained (7mg) was homogeneous on TLC 
and had a similar bvalue, colourreaction with Ce’+, UV- 
and CD-spectrum as the l6.17-anhydro-tacamine isolated. 

lnvesrigalion of possible artefact /ormarion from racamine 
5mg tacaminc was dissolved in 5 ml 96% EtOH and 

rcfluxcd for I5 hr under a pres. of 0.2 atm. After cooling the 
solvent was evaporated in-uac. and the residue examined on 
TLC with solvent B. No soot other than that of tacamine 
was visible. 

5 mg tacamine was dissolved in S ml PA HOAc and the 
solution was left standing in daylight and in contact with air 
for 6 hr. After evaporation of the solvent in uac. the residue 
was examined on TLC with solvent B. No spot other than 
that of tacamine was visible. 
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