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Abstract-—Thirty-one alkaloids have been isolated from the leaves and from the stem bark of Alstonia angustifolia from
Malaysia. Twenty of them were known compounds: yohimbine, O-acetyl yohimbine, pleiocarpamine, fluorocarpa-
mine, cathafoline, cabucraline, N-1 desmethylquaternine, vincamajine, normacusine B, lochnerine, affinisine, akuam-
micine, 11-methoxyakuammicine, antirhine, alstonisine, alstonerine, alstophylline, macralstonine, villalstonine and
tetrahydrocantleyine. Among the 11 novel alkaloids, three were monomers: 19,20-dehydro-10-methoxytalcarpine,
19,20-dehydro-0O-acetyl yohimbine and hydroxystrictamine, and eight were dimers: villalstonine N-4'-oxide, 10-
methoxy villalstonine, 10-methoxyvillalstonine N-4'-oxide, 10-methoxymacrocarpamine, 10-methoxymacrocarpa-
mine N-4'-oxide, angusticraline, alstocraline and foliacraline. Structural elucidation of the new alkaloids was based on

spectral data analysis including high field 'H and '3C NMR.

INTRODUCTION

Alstonia angustifolia Wall. (Apocynaceae) is a tree
measuring up to 20 m high. As part of a systematic study
of the alkaloids of Alstonia species [1] and of a chemotax-
onomic study of Malaysian plants, we describe herein the
alkaloid content of its leaves and stem bark [2, 3]. Plant
material was collected and identified by R. Deverre and T.
Sevenet and the phytochemical field team of the Depart-
ment of Chemistry (University of Malaya, Kuala Lum-
pur, Malaysia) as part of a cooperation research program
between C.N.R.S., France and the University of Malaya,
Malaysia.

RESULTS AND DISCUSSION

Extractions were conducted in the usual fashion [1]
and the yield of alkaloid mixture (AM) was 2.82 g/kg in
the leaves and 13.5 g/kg in the stem bark. Alkaloids were
separated by means of column chromatography on silica
gel or gel filtration using Sephadex LH-20 and by prep.
TLC.

Twenty-seven alkaloids were isolated from the leaves.
They were in order of elution from silica gel: alstonisine 1
(0.7% of AM), alstonerine 2 (0.06%), 19,20-dehydro 10-
methoxy talcarpine 3 (1%), 19,20-dehydro-O-acetyl
yohimbine 4 (0.08%), O-acetyl yohimbine 5 (1%), vin-
camajine 6 (0.12%), tetrahydrocantleyine 7 (0.14%), fluo-
rocarpamine 8 (0.14%), pleiocarpamine 9 (0.1%), yohim-
bine 10 (0.66%), akuammicine 11 (0.1%), affinisine 12
(0.7%), cathafoline 13 (0.04%), cabucraline 14 (0.04%), N-
1-desmethylquaternine 15 (0.58%), hydroxystrictamine
16 (0.22%), 11-methoxyakuammicine 17 (0.02%), 10-
methoxyvillalstonine 18 (0.36%), 10-methoxymacrocar-
pamine 19 (0.5%), normacusine B 20(0.2%), lochnerine
21 (0.02%), antirhine 22 (0.22%), 10-methoxy villastonine
N-4'-oxide 23 (0.13%), foliacraline 24 (0.05%), angusti-
craline 25 (0.08%), alstocraline 26 (0.13%), and 10-
methoxymacrocarpamine N-4'-oxide 27 (0.1%).

From the stem bark, nine alkaloids were isolated. They
were: macralstonine 28 (0.12%), villastonine 29 (28.2%),
villastonine N-4'-oxide 30 (0.07%), 11-methoxyakuam-
micine 17 (0.07%), fluorocarpamine 8 (0.25%), alstophyl-
line 31 (0.07%), alstonisine 1 (0.07%), alstonerine 2
(0.07%) and affinisine 12 (0.05%). Among the 31 alkaloids
isolated from the two parts of the plant, compounds 3, 4,
16, 18, 19, 23-27 and 30 were novel. Known alkaloids
5-15, 17, 20 and 22 were identified by direct comparison
(TLC, UV, IR, mass spectrum, NMR) with authentic
samples. Identification of the other known alkaloids was
secured by comparison of their spectral properties with
literature data: 1 [4, 5],2[6],21[7],28[8],29[9, 10], 31
[11).

Fourteen of these bases had, at least in part, the
macroline skeleton. They were alkaloids 1, 2, 28, 29 and
31 which had previously been isolated from other Al-
stonia species, the novel monomer 3 and dimers 18, 19,
23-27 and 30. Villalstonine 29 was by far the most
abundant alkaloid of A. angustifolia. Its structure was
elucidated ca 20 years ago by chemical and spectroscopic
means [9, 10, 12]. In order to correctly assign the spectra
of the novel compounds, a reinvestigation of the 'H and
I3CNMR spectra of 29 was carried out by means of
modern 2D NMR techniques. This led to !3C assign-
ments presented in Table 1 which are slightly different
from those of ref. [13]. The high field 'H NMR data of all
compounds with a macroline unit are given in the
Experimental.

The macroline unit of the novel alkaloids was easily
identified from the mass spectra by ions a—e (Scheme 1) [8,
11]. The 'HNMR spectra also showed several typical
signals: three-proton singlets for N-1 and N-4 methyls, a
one-proton triplet between 4 and 4.5 ppm (H-17), two
doublets of doublets between 3 and 4 ppm (H-17 and H-6)
and two doublets between 2 and 3 ppm (H-5 and H-6).

The new dimers belonged to three groups correspond-
ing to the following associations: villalstonine derivatives:
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Scheme 1. Diagnostic ions in the mass spectra of the macroline unit.

A macroline type unit + dihydropleiocarpamine unit; ma-
crocarpamine derivatives: B macroline type unit + dihy-
dropleiocarpamine unit and derivatives of a new type: B
macroline type unit + cabucraline unit (Scheme 2).
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Scheme 2. Types of macroline.

Villastonine derivatives

The mass spectrum of alkaloid 18 gave a [M]™ at m/z
690 (C,,H;,N,Ojy villalstonine + 30 mu) and fragments
a-e corresponding to a methoxylated macroline part. The
pleiocarpamine unit was characterized by ions at m/z 322,
307,263, 180, 135, 107 [ 14] as well as by fragment f at m/z
352 indicative of a double junction between the two
monomers. The "HNMR spectra of 18 and of 29 were
almost superimposable and differed only in the aromatic
part (seven aromatic protons) and by the occurrence of a
signal for a methoxyl (s, 4, 3.90 ppm). '>*C NMR data
(Table 1) fitted well the proposed structure and the

aromatic methoxyl group was located on C-10 according
to the typical chemical shifts of C-10 (§153.8 ppm), C-9
(100.6) and C-11 (110.6) [15].

The mass spectrum of alkalotd 23 displayed the typical
fragments of 18 and the peak of highest mass value
occurred at m/z 690. Comparison of the 'H NMR spectra
of 18 and 23 showed, in 23, a deshielding of the signals of
H-3', of one of the H-5, and one of H-21' at §4.40, 3.44
and 5.07 ppm, respectively. These features are character-
istic of N-oxides and this was demonstrated by conver-
sion of 23 into 10-methoxyvillalstonine 18 by sulphurous

29 R =H villastonine

18 R=0Me
23 R=0OMe ; N—-4'—~0
30 R=H sy N=4&—=0
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Table 1. 3 C NMR 75 MHz, CDCl; § values in ppm of alkaloids 29, 18, 23, 32, 19, 23-26 and 3

C 29 18 23 32[17] 19 24 25 26 3
2 135.7 1354 1334 132.8 1335 1324 132.7 132.4 132.6
3 533 534 534 53.8 53.8 523 543 535 538
5 54.3 544 54.2 54.9 54.8 51.6 533 544 54.7
6 228 229 23.0 22.7 227 233 22.2 23.0 229
7 106.6 106.2 106.3 106.6 106.3 106.7 106.0 106.1 1054
8 126.3 126.6 1274 126.3 126.6 127 126.6 126.7 126.7
9 118.1 100.6 100.4 117.5 100.3 100.5 101.3 100.6 100.4
10 120.8 153.8 153.8 118.8 153.9 151.9 1533 152.2 153.7
11 118.8 110.6 110.8 120.8 110.8 109.6 108.7 109.3 110.5
12 108.7 109.4 110.1 108.7 109.5 109.6 1085 . 1093 109.6
13 137.1 132.2 132.1 137.0 1325 1324 1339 1337 1338
14 324 325 325 323 323 29.7 313 29.7 322
15 32.2% 320 31.8 238 311 326 25.3 329 318
16 37.7* 37.8 37.7 39.0 388 38.8 38.2 37.1 38.5
17 65.6 65.6 65.6 66.7 66.8 67.0 59.6 674 67.7
18 26.5 264 26.3 118.3 118.6 nd 19.6 20.5 224
19 98.5 98.6 99.1 126.5 128.9 30.1 34.2 297 157.6
20 36.7* 36.7 364 115.5 115.3 39.2 479 394 1173
21 28.4* 283 279 1443 145.5 99.2 93.6 98.8 188.9
N-1 Me 29.0 29.0 29.1 29.1 29.2 29.7 28.8 275 29.7
N-4 Me 41.8* 41.8 41.8 41.8 41.8 41.1 41.7 41.7 41.7
OMe — 56.1 56.0 — 56.0 56.0 56.1 56.1 56.1
2 91.9 91.8 929 66.8 67.0 185 78.7 nd
3 51.7 50.8 66.7 54.4 520 53.9 474 47.6
5 473 472 63.8 49.9 49.2 nd 50.9 499
& 31.1* 311 325 21.5 28.0 32 29.7 325
7 44.0 439 42.8 457 448 nd 424 42.1
g 132.8 133.6 1333 133.5 132.5 nd 132.1 132.6
9 120.8 120.8 1214 123.1 123.5 1239 118.6 118.1
10 1181 118.1 119.0 125.4 119.6 118 124.5 120.3
1v 126.5 126.6 125.8 1272 127.1 146.4 156.2 148.8
12 109.3 109.3 103.3 107.8 108.4 97.2 92.9 97.5
13 146.8 146.7 145.8 1470 146.3 1539 151.6 154.1
14 273 29.1 29.7 29.4 29.6 nd 324 33.6
15 31.9 31.8 31.2 321 311 293 34.2 343
16’ 577 517 57.5 58.2 579 54.7 528 52.5
18 123 12.3 12.7 12.3 12.4 129 13.0 13.2
19’ 118.5 118.8 119.8 117.8 118.6 nd 119.1 118.9
20 136.8 136.9 nd 135.7 nd nd 139.1 141.2
2r 52.8* 52.8 674 52.8 524 503 54.8 54.0
COOMe 170.8 170.8 170.2 1703 170.1 171.8 172.9 169.7
COOMe. 519 51.7 521 51.6 520 514 514 51.5
ArOMe 55.2 —
N-1" Me 33.1 33.6

* Revised data.
nd: Not detected.

acid [16]. '3C NMR also showed the effects of oxidation
in the downfield shifts of C-3', C-5" and C-21' (Table 1).

Alkaloid 30 gave UV and mass spectra superimposable
with those of villastonine 29. Examination of its 'H NMR
spectrum suggested an N-4’ oxidation because of the
downfield shift of H-21’ (6 5.16 ppm). This hypothesis was
confirmed by the reduction (H,SO,) of 30 which yielded a
compound identical with 29.

Macrocarpamine derivatives

Alkaloids 19 and 27 also contained a methoxymacro-
line unit and a dihydropleiocarpamine unit as shown by

mass spectrometry and 'HNMR. Their two moieties
now formed a macrocarpamine skeleton 32 {17} witha B
macroline type unit. This skeleton was identified by the
following spectral features. The IR spectra showed an
intense enol-ether band at 1645 cm™'. The mass spectra
displayed fragments g at m/z 350 (=anhydromacrosah-
line methine + 30 mu) and h at m/z 323 (Scheme 1) which
accounted for a single bond between the two parts.
Inspection of 'HNMR spectra showed signals for trans
related olefinic protons H-18 and H-19 (AB system with J
=16.5 Hz), while H-21 and H-7' were observed as a
singlet and as a doublet of doublets (J =10.5 and 7.5 Hz),
respectively, at ca 6.3 and 2.7 ppm. The structure of 19
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was also deduced from the [M]" at m/z 672,
C,-H4sN,O, =macrocarpamine + 30 mu) and from the
AMX system (Joy=8.6 Hz, J,x=1.1 Hz) formed by
three aromatic protons, implying a substitution on C-10
or C-11. 3C assignments (Table 1) were based on
literature data related to plumocraline [ 18] and villalsto-
nine for the dihydropleiocarpamine part and pandicine
[19] for the macroline part. These results confirmed
structure 19 and allowed location of the methoxyl group
on C-10 [15].

Alkaloid 27 is more polar than 19 and displayed a
[M]" of weak intensity at m/z 688, a fragment at m/z 672
[M—16]" and the same ions as found in the mass
spectrum of 19. In the 'H NMR spectrum of 27, protons
H-3, H-5" and H-21' were deshielded as in N-oxides 23
and 30. As an unambigous proof of structure, 27 was
reduced (H,SO,) into a compound identical with 19.

19 R=0OMe
27 R=0Me ,N—4¢—0
32 R =H macrocarpamine

New types of derivatives

Alkaloids 25 and 26 presented many spectral analogues.
Their UV spectra were the superimposition of substituted
indole and indoline chromophores. The IR spectra dis-
played absorption bands at 1735 (COOMe) and 1620
(> C=C<)cm ™ '. The prominent ions in the mass spectra
featured a methoxymacroline part (ions a—e) and a cabu-
craline moiety with ion i at m/z 194 [20, 217. This second
part was also represented by fragments at m/z 395 (25)
and 384 (26) for which structures j and k were proposed.

Me0,C

J m/z 395, R=Me
i m/z 194

Kk m/z 384, R=H

The "HNMR spectra of 25 and 26 were analysed with
the help of 2D chemical shift correlation (COSY) spectra
and comparison with the spectrum of cabucraline 14
[22]. All the signals of cabucraline were present in the
spectra of 25 and 26 except for one of the aromatic
protons. The five aromatic protons could be separated
into two systems: an AMX system assigned to the meth-
oxymacroline part, and two one-proton singlets assigned
to H-9" and H-12' of the cabucraline part. This allowed
location of an additional substitution on C-10". In the
methoxymacroline part most of the protons were easily
identified among which Me-18 as a doublet, H-19 and H-
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20 as multiplets, and a single H-21 located in the olefinic
area. The multiplicity and the chemical shift of these
protons allowed the deduction of new sort of linkage as
shown in partial structure x.

x 25 H - 213 equatorial ; R=H
26 H-2la oxigl ; R=C—~10

The mass spectrum of angusticraline 25 showed a
[M]" at m/z 736 which indicated a C,,H;,N,O, for-
mula, in agreement with a single link between the two
monomers. This bond could be placed between C-19 and
C-10" whose protons are missing. This leaves an hemike-
tal function which gave an IR absorption at 3340 cm ™!
(OH) and was responsible for the loss of water in the mass
spectrum (ion at m/z 718). On the 'H NMR spectrum,
observation of a singlet for H-21 (4 5.35 ppm) suggested
that H-21 and H-20 were equatorial and thus OH-21 «
axial. Analysis of the '*CNMR spectrum of 25 fully
supported the proposed structure and in particular the
presence and position of the two aromatic methoxy
groups. The C-18-C-21 appendage was characterized by
signals at $19.6 ppm (quartet), 34.2, 47.9 and 93.6 ppm
(three doublets). Comparison of the spectra of angusticra-
line 25 and villalstonine 29 showed a 11 ppm deshielding
of C-20 in 25, tentatively explained by loss of a y-effect
[23] due to opening of ring F. The axial ortentation of the
free hydroxyl induced a 6 ppm shielding of C-17.

25 Anqusticratine

The mass spectrum of alstocraline 26 showed a [M]*
at m/z 704, indicative of a C,;H4,N,O5 formula; at
variance with the mass spectrum of 25, there was no loss
of water in 26 and there was no hydroxyl vibration in the
IR spectrum. The elemental composition difference be-
tween 25 and 26, CH,O, may be explained by demethyl-
ation of a methoxy group and loss of water. The presence
of ion k (m/z 384) supported the suggested demethylation
hypothesis which was further confirmed by the analysis of

MeO A

26 Alstocratine HL
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the 3C NMR spectrum (Table 1). Thus, a single aromatic
methoxy was detected at 5 56.1 ppm, and signals for a new
ring F were observed at 4 29.7 (C-19), 39.4 (C-20), 98.8 (C-
21),120.3 (C-10’y and 148.8 (C-11'). The E-F ring junction
was cis according to the value of J H-21-H-20 (3.1 Hz);
protons H-20 and H-21 were a to account for the similar
chemical shifts of C-17 in alstocraline 26 and villalstonine
29. The C-9 resonances in 26 (118.1 ppm) and 25
(118.6 ppm) were similar, indicating the absence of steric
compression with Me-18. It was deduced therefrom that
this methyl was axial («) in accordance with a chemical
shift of 20.5 ppm.

The last unknown dimer was foliacraline 24 which was
isolated in small amount. Its spectral properties (mass
spectrum, *H and partial '3C NMR: Table 1) showed the
existence of a 10-methoxylated macroline moiety with the
same C-18-C-21 appendage as those of angusticraline 25
and alstocraline 26. The second moiety contained a
methyl ester group detected by an IR absorption at
1735 cm ! and by a three-proton singlet at §3.58 ppm in
the '"HNMR, and an ethylidene chain (three-proton
doublet of doublets at 1.46 and one proton quartet at
5.5ppm). The [M]* of 24 occurred at m/z 688
(C4,H,sN,O,) and corresponded to that of 26 less 16 mu.
This difference affected the second moiety and might
correspond to a demethylation and an extra unsatur-
ation. Effectively, the signals for the N-1-Me were mis-
sing in the 'H and !*C NMR spectra and the presence of a
N-1'=C-2" imine bond was suggested by the observation
of a quaternary carbon signal (C-2') at 185 ppm. These
features brought forward a norcabucraline or strictamine
structure for the second part of the molecule. The mono-
mers were linked as in 26 as shown by two one-proton
singlets at §6.63 and 6.28 ppm (H-9' and H-12') and by
two quaternary carbons at 6118 and 146.4 ppm (C-10
and C-11'). Similarly, the cis E-F ring junction was
deduced from the H-21 doublet (J H-21-H-20=3 Hz)
and from the chemical shift of C-17 (6 67 ppm).

24 Foliacraline

Alkaloid 3 gave the typical signals (mass spectrum,
'H NMR) for a 10- or 11-methoxylated macroline and its
spectral properties were reminiscent of those of alstophyl-
line 31. Both compounds had the same composition
([M1* mjz 366, C,,H,¢N,0;) and their mass spectra
displayed similar fragments. Two intense IR absorptions
at 1615 and 1635cm™! corresponded to an o, f un-
saturated carbonyl. The slight differences observed in the
UV spectra of 3 and 31 suggested a different position for
the methoxy group. In 3, its location on C-10 was
deduced from **C NMR (Table 1). "H NMR spectra of 3
and 31 recorded at 20° were similar and presented broad
signals. At 45°, the resolution of the spectrum of 31 was
better and in particular for the N-4 methyl which could
not be observed at 20°. This phenomenon might be
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explained by the presence of rotamers around the
C-19-C-20 bond. The assignment of the protons of 3 was
supported by a COSY spectrum and fitted well the
proposed structure. The vinylogous ester group was
characterized by a singlet for H-21 at § 9.65 ppm and by a
singlet for Me-18 at 42.18 ppm. The structure 3: 19,20-
dehydro 10-methoxytalcarpine was also supported by the
I3CNMR spectrum (Table 1) which was assigned by
comparison with that of villalstonine. Carbons C-19, C-
20 and C-21 appeared at low field besides the eight
carbons of the indole nucleus. The most deshielded CH
(6 188.9 ppm) was assigned to C-21 and the signals at
4157.6 and 115.9 ppm to C-19 and C-20, respectively.

S 76 H
|

MeO|os 3 H
' (o]
ISy Ol of .
Me H 3R Yo Me

LHO
3 3l

Alstophylline

Alkaloid 4 was an indole derivative (UV spectrum)
whose spectral properties (mass spectrum, IR, 'H NMR)
were similar to those of O-acetylyohimbine 5 [24]. Its
[M]* at m/z 394 (C,;H,cO,N,) was accomparied by a
strong [M — 11" reminiscent of the indoloquinolizidines;
it corresponded to the [M]™ of 5, less 2 mass units,
suggesting the presence of an extra unsaturation. The
'H NMR spectrum showed a single olefinic proton (H-19)
which was superimposed on the H-17 signal at
65.53 ppm. These data allowed consideration of two
structures: 19,20-dehydro or 20.21-dehydro-O-acetylyo-
himbine. The latter was excluded because of the absence
of an enamine band in the IR spectrum. Paucity of
alkaloid 4 did not allow for determination of the configur-
ations of C-16 and C-17. Compound 4 might be identical
to one of the two derivatives 4a, b prepared by Brown and
Pratt [25].

5 (78H
40 A-19,20;17aH
4b  A-19,20,I78H

The structure of alkaloid 16 (= 11-hydroxystrictamine)
was established by comparison of its spectral properties
with those of the novel 10-hydroxystrictamine 33 whose
structure was determined in our laboratory (J. Vercau-
teren, personal communication). Alkaloid 33 was also
isolated from Vinca minor (Vercauteren, personal com-
munication) and A. deplanchei, var. ndokoaensis [22].

The structural elucidation of 16 and 33 will be the
subject of a forthcoming publication.

CO,Me
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CONCLUSIONS

The alkaloids of A. angustifolia belong to type I of the
Le Men and Taylor classification [26]. The macroline
skeleton is preponderant and its high reactivity is shown
by frequent dimerizations. Angusticraline 25 and alsto-
craline 26 associate for the first time macroline and
cabucraline and their biogenesis may be explained in the
following manner (Scheme 3): the nucleophilic C-10" of
cabucraline gives a Michael reaction with unsaturated
aldehyde 34 (=opened form of a talcarpine). An anal-
ogous mechanism may explain the formation of fol-
iacraline 24. The generated aldehyde 35 affords a pro-
pitious geometry to form hemiketal 25 (R=Me) or ketal
26 (R=H).

MeO,C

R =H : nor cabucraline
R = Me : cabucraline

25 26

Scheme 3. Proposed biogenesis of angusticraline 25 and alsto-
craline 26.

A. angustifolia is a new example of a plant with
macroline alkaloids belonging to the Monuraspermum
section of the genus Alstonia, as A. spectabilis, A. mueller-
iana, A. macrophylla and A. glabriflora. Macroline alka-
loids constitute a real marker of this section.

EXPERIMENTAL

General. Plant material was collected in the State of Yohore
(Malaysia) and identified by R. Deverre and one of us (T. S.).
Voucher specimens are kept in the herbarium of the Department
of Chemistry of the University of Malaya.

Mps: uncorr. '"H NMR were measured in CDCly at 300, 400
and 500 MHz. Chemical shifts are given in ppm and coupling
constants in Hz. Colour reactions (CR) were obtained by
spraying TLC plates with a solution of Ce-1V (NH,),SO,.

Extraction and isolation of alkaloids. Dried ground leaves
(2.75 kg) were wetted with 50% NH,OH and lixiviated by means
of 451 of EtOAc. The lixiviate was extracted with 2% H,SO,
until Mayer’s test was negative, the acid layer sepd, made
alkaline with NH,OH and extracted with CHCI,. The CHCI,

K. GHEDIRA et al.

soln was washed with H,O, dried (Na,SO,) and evapd in vacuo
to give 13.12 g of crude alkaloid mixture (AM) (4.77 g/kg).
Purified AM were obtained by performing a lixiviation of dried
ground leaves (200 g) with CH,Cl, prior to the extn of alkaloids.
The yield of purified AM was 2.82 g/kg. Crude AM (6.8 g) was
chromatographed on a silica gel column (210 g) which was
packed in CHCIl; and eluted in 160 ml fractions with CHCI,
(fractions 1-40), CHCI;-MeOH (99:1) (50-76), CHCl,-MeOH
(19:1) (77-93), CHCl;-MeOH (9:1) (94-104) and MeOH
(105-110). The fractions were analysed by TLC and pooled
according to their composition. Alkaloids 1 and 2 were in fr.
15-20, 3 in fr. 15--35, 4-6 in fr. 20-55, 7 in frs 45-60. 8 and 9 in fr.
59-67,10in {r. 65-83, 11 in {r. 70-80. 12-15in fr. 70-93,16 and 17
in fr. 81-83, 18 and 19 in fr. §1--104, 20-25 in fr. 94-104, 25 in fr.
94-110, alkaloid 27 in fr. 105-110.

In the same manner, 3.5 kg of dried ground stem bark gave
72 g of crude AM (20.57 g/kg). Yield of purified AM was
13.5 g/kg. Crude AM (8 g) was fractionated by filtration on a
column of Sephadex LH 20 gel (80 g) packed in CHCl,-MeOH
(22:3). Elution solvents were CHCl;-MeOH (22:3) (1-10), (91:9)
(11-19), and (19:1) (20~27); fractions (10 ml) were analysed by
TLC. Alkaloids 28 and 29 were in fractions 9--19, alkaloids 1, 17,
30 and 31 in fr. 16-19, alkaloids 2 and 8 in fr. 16-23 and alkaloid
12 in fr. 20-23.

Alstonisine 1. "TH NMR (400 MHz, CDCl,}: 8.26 (dd, J=7,
1.5Hz, H-12), 7.63 (s, H-21), 7.35 {br dd. J =7, 1.5 Hz, H-11), 7.32
(brdd, J =7, 1.5 Hz, H-10), 6.88 (dd. J =7, 1.5Hz, H-9), 445, J
=11Hz, H-17), 442 (ddd. J =11, 4. 1.5Hz, H-17), 3.68 (br d. J
=7Hz H-5),3.40 (m, H-14),3.20 (s, N-1 Me), 3.18 (br 5, H-3), 2.52
(dd, J =13, 7Hz, H-6), 2.26 (m, H-15), 2.23 (5. Me-18), 2.19 (d, J
=13 Hz, H-6), 1.96 (m, H-16), 1.55 (ddd, J =15, 11, 3Hz, H-14).

Alstonerine 2. "H NMR (400 MHz, CDCl,): 7.54 (s, H-21), 7.48
(d,J=7Hz,H-9),7.34(d, J =7 Hz. H-12), 7.21 (1, J = 7 Hz, H-11),
7.10(t, J =7THz, H-10). 442 (¢, J = 11 Hz, H-17). 419 (dd, J = 11,
4Hz, H-17). 3.9 (br s, H-3), 3.66 (s, N-1 Me). 3.33 (dd, J = 16, THz,
H-6), 3.1t (br d, J=7Hz, H-5), 2.6t (m, H-15), 242 (d, J =16 Hz,
H-6), 2.31 (s. N-4 Me). 2.09 (s. Me-18), 1.9 (m, H-16), 1.8 (m, H-14),
1.45 (m, H-14).

19,20-Dehydro-10-methoxytalcarpine 3. CR {grey); [a]p =
—140° (EtOH; ¢ 0.5; mp 300", Me,CO; UV MO nm: 230,
270, 315 (sh): IR vKBrem ™1 1635, 1615; MS m/z (rel. int.): 366
[MI* (69), 351,297, 254,242 (11), 227 (67), 212 (14), 211 (32), 200
(100); *"HNMR (400 MHz, CDCl,): 9.65 (s, H-21), 721 (d, J
=88Hz, H-12),693(d, J=2.4 Hz, H-9), 6.85 (dd, J = 8.8, 24 Hz,
H-11),4.48 (1, J=11 Hz, H-17), 422 (dd, J =11, 4 Hz, H-17), 3.9
(s, OMe), 3.86 (br s, H-3), 3.63 (s, N-1, Me), 3.31 (dd, J=16.5,
6.8 Hz, H-6),3.10 (br d. J = 6.8 Hz; H-5), 2.63 (m, H-15),2.48 (d. J
= 16.5Hz, H-6), 2.35 (s, N-4 Me), 2.18 (s, Me-18), 2.12 (m,H-14),
1.80 (m, H-14); 1>3C NMR see above.

19,20-Dehydro-O-acetylyohimbine 4. CR (brown); [a]p = + 75°
(MeOH: ¢ 0.1); UV 432" nm: 227, 283, 290, IR v{H: 3380, 2860,
2800, 2740, 1730, 1250; MS my/z (rel. int.): 394 [M]* (100), 393
(84), 351, 335, 170 (26), 169 (32), 156 (35); "H NMR (400 MHz,
CDCI,): 7.8 (br s, N-1-H), 743 (d, J=8Hz, H-12), 7.30 (d, J
=8Hz H-9),7.15(t, J =8 Hz, H-11}, 7.09 (1. J =8 Hz, H-10), 5.53
(br s, H-17 and H-19), 3.75 (s, COOMe), 2.05 (s, OCOMe).

10-Methoxy villalstonine 18. CR (purple); [x]p= +39°
(CHCly; ¢ 0.66); UV AMeOHnm: 233, 250 (sh), 289, 315 (sh);
IR vEH em ™" 1750, 1735, 1610; MS m/z (rel. int.): 690 [M]*
(17), 675, 660, 631. 368 (35), 352, 338 (42), 322 (80}, 307, 263 (96),
227 (75), 212, 211, 200 (29). 180 (100), 135, 121 (60), 107 (25);
'H NMR (500 MHz, CDCl,): 7.21 (d, J =8 Hz. H-12), 6.99 (4, J
=2Hz H-9),6.98 (dd, J=8,7.6 Hz, H-10'), 6.88 (4, J = 7.6 Hz, H-
9), 6.81 (dd, J =8, 2Hz. H-11), 6.69 (1, J =8 Hz, H-11"), 6.15 (d, J
=7.8Hz, H-12),536(q.J =6.7Hz. H-19"),4.44 (d, J = 3.6 Hz, H-
16'), 4.19 (br d, J=11.8 Hz, H-21). 3.93 {¢. J = 11.8 Hz, H-17), 3.9
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(s, OMe), 3.85 (br s, H-3), 3.72 (m, H-3" and H-17'), 3.71 (s,
COOMe), 3.58 (s, N-1 Me), 3.25 (dd, J=16.5, 6.5 Hz, H-6), 3.21
(brd,J =3.5Hz, H-15), 3.12 (ddd, J = 14, 13, 2.5 Hz, H-5), 2.92 (4,
J=11.8Hz, H-21"), 291 (d, J = 6.5 Hz, H-5), 2.68 (m, H-5 and H-
14), 242 (d, J =16.5 Hz, H-6), 2.41 (m, H-14), 2.39 (m, H-21), 2.30
(s, N-4 Me), 2.08 (m, H-16), 2.03 (ddd, J =13.2, 12, 42 Hz, H-6"),
1.68 (dd, J=12.5, 3.5Hz, H-14), 1.61 (m, H-15), 1.59 (m, H-21),
1.55(dd, J=6.5,2Hz, Me-18"), 1.43 (br d, J =12.5 Hz, H-14), 1.24
(s, Me-18), 1.16 (m, H-20), 1.11 (br d, J = 13.2 Hz, H-6"); 13C NMR
see above,

10-Methoxymacrocarpamine 19. CR (greenish turns purple on
standing); UV iM% nm: 217 (sh), 232, 252, 284; IR vEHSs ¢m !
1750, 1730, 1635, 1615; MS m/z (rel. int.): 672 [M]* (32), 613, 599,
350, 323, 322, 307, 263, 227 (56), 212, 211, 200 (46), 180, 135 (100),
121, 107 (35); '"H NMR (500 MHz, CDCl,): 7.27 (d, J = 8.6 Hz, H-
12),692(d,J =79 Hz, H-9)),6.90(d, J = 1.1 Hz, H-9), 6.88 (dd, J= 8.6,
1.1Hz, H-11),6.83(t, / =79 Hz, H-11'),6.56 (t, J = 7.9 Hz, H-10"),
6.29 (s, H-21), 5.85 (d, J=79Hz, H-12'), 5.52 (d, J =16.5Hz, H-
19), 5.46 (g, J =6.7Hz, H-19"), 4.56 (d, J = 16.5 Hz, H-18), 4.43 (br
d, J=123Hz, H-21'), 425 (t, J=114Hz, H-17), 413 d, J
=3.7Hz, H-16'), 3.96 (dd, J=11.4, 4.1 Hz, H-17), 3.90 (s, OMe),
3.85 (m, H-3), 3.83 (m, H-3'), 3.72 (s, COOMe), 3.64 (s, N-1 Me),
3.24 (dd, J=16.6, 7.1 Hz, H-6), 3.17 (br d, J =3.7 Hz, H-15"), 3.10
(m, H-21"), 3.05 (d, J=7.1Hz, H-5), 3.03 (m, H-5), 2.67 (dd, J
=10.5, 7.6 Hz, H-7), 2.42 (d, J = 16.6 Hz, H-6), 2.35 (s, N-4 Me),
2.14 (br d, J=13.2Hz, H-14'), 2.03 (m, H-14 and H-14'), 1.91 (m,
H-15 and H-16), 1.84 (m, H-14 and H-5'), 1.82 (m, H-6'), 1.62 (m,
H-6'), 1.58 (dd, J=6.7, 1.7 Hz, Me-18'); 13C NMR: see above.

10-Methoxy villalstonine N-4' oxide 23. CR (purple) [a¢]p=
+27° (CHCl;; ¢=0.7); UVAMOHnm: 233, 288, 316 (sh);
IR v em ™ 1: 1750, 1735, 1610; MS m/z (rel. int.): 690 (32), 647,
617, 368, 352 (26), 338 (74), 322 (37), 263, 227 (67), 212, 211, 200
(39), 180, 135 (68), 121 (100), 107 (30); ‘HNMR (500 MHz,
CDCl,): 7.21 (d, J =8.8 Hz, H-12), 7.05 (t, = 7.7 Hz, H-10"), 7.01
(d, J=2.5Hz, H-9), 6.94 (d, J=7.7Hz, H-9'), 6.88 (dd, J =838,
2.5Hz, H-11), 6.78 (¢, J=7.7Hz, H-11"), 6.19 (d, J=7.7Hz, H-
12),5.57 (¢, J =6.8 Hz, H-19'), 5.07 (br d, J = 12.5 Hz, H-21), 4.46
(d, J=3.6Hz, H-16'), 4.40 (br s, H-3'), 3.96 (¢, J=12.1 Hz, H-17),
3.90 (s, OMe), 3.83 (br s, H-3), 3.77 (dd, J=12.1, 4.8 Hz, H-17),
3.72 (s, COOMe), 3.58 (s, N-1 Me), 3.44 (m, H-5' and H-21"), 3.30
(m,H-15"),3.26 (dd, J =16, 6.6 Hz, H-6), 2.83 (br d, J = 12.5 Hz, H-
14'),2.61 (br d, J =12.5Hz, H-14'), 2.40 (m, H-6, H-14 and H-21),
2.31 (s, N-4 Me), 2.11 (m, H-16), 1.92(ddd, J=13.2, 12,42 Hz, H-
6, 1.66 (m, H-15), 1.64 (d, J=6.5Hz, Me-18'), 1.64 (m, H-21),
1.27 (s, Me-18), 1.25 (m, H-6"), 1.23 (m, H-20); 3C NMR see
above.

Foliacraline 24. CR (green), [a]p=+55° (CHCl;; ¢ 0.3)
UV AMeOH ym: 220, 228, 289, 302 (sh); IRSHC cm ™ 1: 1735, 1630;
MS m/z (rel. int.): 688 [M]* (13), 628 (8), 368 (10), 350 (10), 324
(30), 322 (28), 281 (15), 255 (20), 227 (100), 213 (30), 212 (33), 211
(30), 200 (85), 107 (100); 'HNMR (300 MHz, CDCl,): 7.18 (d, J
=8.7Hz, H-12), 6.94 (d, J =2.3 Hz, H-9), 6.86 (dd, J =8.7, 2.3 Hz,
H-11),6.63 (s, H-9'), 6.28 (s, H-12'), 5.5(¢, J =6 Hz, H-19'), 5.44 (4,
J=3Hz, H-21), 501 (d, J=2Hz, H-3), 42 (t, J=11Hz, H-17),
3.9 (m, H-17 and H-21"), 3.88 (s, OMe), 3.58 (s, COOMe and N-1
Me), 3.3(m, H-21" and H-14'), 3.2 (dd, J =16.2, 5.8 Hz, H-6), 3.0 (4,
J=5.8Hz, H-5), 2.68 (q, J=6.8 Hz, H-19), 2.4 (d, J =16.2 Hz, H-
6), 2.36 (s, N-4 Me), 2.15 (m, H-14), 1.67 (br s, H-20), 1.46 (dd, J
=6Hz, Me-18'), 1.18 (d, J =6.8 Hz, Me-18).

Angusticraline 25. CR (orange turns pink and purple on
standing); [«]p= +6° (MeOH, ¢ 1.1); UV AM%H nm (loge): 215
(3.57), 230 (3.53), 280 (sh) (3.0), 303 (sh) (3.05), 317 (sh) (2.63);
IR vEHCh em ™ 1: 3340, 1740, 1615; HRMS m/z (rel. int.): 736.4228
{calcd for C, ,HsgN,O¢ 736.4256) [M]* (25), 718.4006 (calcd for
C,H N,O; 718.3996) (9), 395.2321 (caled for C,,H; N,O,
395.2309)(100), 381, 368, 227 (42), 212, 211, 200 (26), 194 (13), 188,
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174, 157; "H NMR (500 MHz, CDCl,): 6.96 (d, J =8.7 Hz, H-12),
6.85(d, J=2.5Hz, H-9),6.76 (dd, J =8.7,2.5 Hz, H-11), 6.39 (s, H-
12), 5.39 (¢, J = 7.2 Hz, H-19), 5.38 (5, H-9), 5.35 (s, W,,, =2 Hz,
H-21), 444 (t, J=11.7Hz, H-17), 40 (m, H-3)), 391 (br d, J
=15.7Hz, H-21’), 3.88 (s, COOMe and OMe}), 3.73 (s, OMe), 3.72
(br s, H-3), 3.64 (m, H-5'), 3.51 (br s, H-15"), 3.44 (dd, J=11.7,
4.8Hz, H-17), 3.34 (s, N-1 CH,;), 3.09 (dd, J=16.1, 6.9 Hz, H-6),
2.92(m,H-6'), 2.89(d, J = 15.7 Hz, H-21"), 2,83 (d, J = 6.9 Hz, H-5),
2.81(m, H-14),2.77 (d, J =3.9 Hz, H-16'), 2.59 (m, H-5"), 2.33 (5, N-
1" Me), 2.28 (m, H-14'), 2.27 (s, N-4 Me), 2.22 (s, H-2'), 2.16 (m, H-
19),2.13 (d, J = 16.1 Hz, H-6), 2.04 (m, H-16), 1.59 (br d, J = 13 Hz,
H-14'), 1.47 (dd, J=7.2, 2.2 Hz, Me-18"), 1.31 (m, H-20), 1.11 (m,
H-14), 1.08 (d, J = 6.8 Hz, Me-18), 0.87 (m, H-6); '>*CNMR see
above.

Alstocraline 26. CR (orange turns yellow on standing); (a]p =
+3° (MeOH, ¢ 0.7); UV AMe%H nm (log e): 227 (4.02), 282 (4.45),
295 (sh) (4.44); IR v$HSs cm ™ 1: 1735, 1620; HRMS m/z (rel. int.):
704.3807 (caled. for C,3H ,N,O, 704.3937) [M]* (67), 689,
674.3737 (caled for C,,H N, O, 674.3644) (14), 381 (30), 368
(19), 338, 227 (86), 212, 211, 200 (78), 197, 194 (100), 188 (30), 174
(33), 170, 158, 139 (42); '"HNMR (500 MHz, CDCl,): 7.18 (d, J
=8.7Hz, H-12),6.94 (d, J=2.5Hz, H-9), 6.85 (dd, J =8.7, 2.5 Hz,
H-11), 6.45 (s, H-12'), 6.14 (s, H-9), 5.50 (g, J =7 Hz, H-19"), 5.43
(d, J=3.1Hz, H-21), 4.37 (m, H-3'), 418 (t, J=11.7Hz, H-17),
4.03(brd,J=155Hz,H-21),3.97(dd, J=11.7,5.2 Hz, H-17),3.95
(m, H-5'), 3.87 (s, COOMe), 3.86 (m, H-3), 3.68 (s, OMe), 3.60 (m,
H-15"),3.58 (s, N-1 Me), 3.24 (dd, J =16, 4, 6.6 Hz, H-6), 3.08 (4, J
=15.5Hz, H-21'), 3.04 (m, H-6'), 2.91 (d, J = 6.6 Hz, H-5), 2.86 (d,
J=3.6Hz, H-16'),2.76 (m, H-5"), 2.64 (s, N-1' Me), 2.60 (m, H-19),
2.52 (s, H-2"), 2.35 (m, H-14 and H-16), 2.35(d, J =16.4 Hz, H-6),
2.34 (m, H-14'), 2.32 (s, N-4 Me), 1.87 (m, H-15), 1.68 (br d, J
=14.6 Hz, H-14), 1.62 (m, H-20), 1.53 (m, H-6'), 1.52 (m, H-14),
1.51 (dd, J=17, 2.6 Hz, CH;-18'), 1.24 (d, J=7.1 Hz, CH;-18),
13C NMR see above.

10-Methoxymacrocarpamine N-4' oxide 27. CR (pale purple
turns green on standing); [«], = —9° (MeOH, ¢ 0.1); UV AMeOH pmy;
220 (sh), 230, 254, 290; IR v$Hcm ™ 1: 1750, 1735, 1635, 1610;
MS m/z (rel. int.): 688 (1), 672 (25), 613, 350, 323, 322, 263, 227 (36),
212, 211, 200 (35) 180, 135 (100), 107 (37); "H NMR (300 MHz,
CDCl;) 7.24 (d, J =8.5Hz, H-12), 6.94 (d, J =7.7 Hz, H-9), 6.89
(d, J=8.5Hz, H-11), 6.87 (s, H-9), 6.83 (t, J = 7.7 Hz, H-11"), 6.61
(t,J =7.7Hz, H-10'), 6.34 (s, H-21), 5.85 (4, J =7.7 Hz, H-12), 5.68
(d, J=164Hz, H-19), 558 {q, /J=6.7Hz, H-19'), 517 (br d, J
=129 Hz, H-21), 449 (d, J = 164 Hz, H-18)) 4.29 (¢, J = 11.5 Hz,
H-17),4.12 (d, J=3.7Hz, H-18), 4.29 (t, J=11.5Hz, H-17), 4.12
(d, J=3.7Hz, H-16), 4.0 (m, H-3), 3.98 (dd, J =114, 4.6 Hz, H-
17), 3.87 (s, OMe), 3.86 (br 5, H-3), 3.8 (m, H-2Y'), 3.75 (5, N-1 Me),
3.65 (s, COOMe), 3.46 (m, H-5'), 3.23 (dd, J =164, 6.6 Hz, H-6),
3.21(brd, J=3.7Hz, H-15), 3.05 (d, J = 6.6 Hz, H-5), 2.86 (m, H-
7),2.72(m, H-14),2.41 (d, J = 16.4 Hz, H-6), 2.34 (s, N-4 Me), 2.21
(m, H-6), 2.10 (m, H-14), 1.91 (m, H-16 and H-14), 1.87 (m, H-6),
1.77 (m, H-14), 1.63 (dd, J =6.7, 1.7 Hz, Me-18’).

Macralstonine 28. "H NMR (300 MHz, CDCl,; mixt of isom-
ers and of rotamers; signals of the major component only are
given): 7.58 (s, H-21"), 7.40-7.10 (m, H-9, H-10, H-11, H-12), 6.9 (s,
H-12'), 6.75 (s, H-9'), 4.45 (m, H-17, H-17"), 4.20 (m, H-17, H-17’),
4.05 (br s, H-3), 3.98 (s, OMe), 3.8 (br s, H-3'), 3.65 (s, N-1 Me),
3.60 (s, N-1" Me), 3.40 (dd, J =16, 7Hz, H-6), 3.20 (dd, J=15,
6 Hz, H-6'), 3.05 (d, J =7 Hz, H-5), 2.40 (s, N-4 Me), 2.28 (s, N-4'
Me), 2.15 (s, Me-18), 1.70 (s, Me-18).

Villalstonine 29. 'HNMR (500 MHz, CDCl,): 7.55 (4,
J=8Hz, H-9), 7.32 (d, J=8Hz, H-12), 7.22 (td, J=8, 1 Hz,
H-11), 7.15 (¢«d, J =8, 1 Hz, H-10), 6.97 (td, J=8, 1 Hz, H-10),
6.87 (dd, J=8, 0.5Hz, H-9'), 6.68 (1d, J =8, 0.5Hz, H-11'), 6.14
(d, J=8Hz, H-12), 536 (qd, J=65, tHz, H-19), 442
(d, J=3.5Hz, H-16), 4.19 (br d, J=12.5Hz, H-21'), 397 (1,
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J=11.8Hz, H-17), 3.84 (br 5, H-3), 3.74 (br s, H-3), 3.71 (dd,
J =118, 45Hz, H-17), 3.66 (s, COOMe), 3.6 (s, N-1 Me), 3.27
(dd, J=16.5, 6.5Hz, H-6), 3.20 (br d, J=3.5Hz, H-15), 3.12 (br
dd, J=14, 2.5Hz, H-5), 295 (d, J=12.5Hz, H-21'), 291
d, J=65Hz, H-5), 271 (m, H-5), 2.68 (m, H-14"), 2.45 (d,
J=16.5Hz, H-6), 243 (m, H-14), 2.37 (m, H-21), 2.29 (s, N-4
Me), 2.10 (m, H-16), 2.01 (ddd, J=13.2, 12, 42Hz, H-6), 1.69
(br dd, J=12.5, 29Hz, H-14), 162 (m, H-15), 1.57 (dd,
J=12,42Hz, H-21), 1.54 (dd, J =6.5, 2Hz, Me-18"), 1.42 (br d,
J=12.5Hz, H-14), 1.24 (s, Me-18), 1.15 (m, H-20), 1.12 (br 4,
J=13.2Hz, H-6); '3C NMR see above.

Villalstonine N-4-oxide 30. CR (pale green); UV AM:OH nm;
230, 250 (sh), 286, 293 (sh); IR vEHT cm ™ *: 1750, 1730, 1610; MS
m/z (rel. int.): 660 (46), 617, 601, 352 (30), 338 (64), 322 (36), 308,
307,263, 251, 197 (100), 182, 181, 180, 170 (42), 135 (48), 121 (59),
107 (20, 'H NMR (300 MHz, CDCl,, 45°C): 7.55 (d, J =7.8 Hz,
H-9),7.31(d, J=7.8Hz H-12),7.25(t,J =78 Hz, H-11), 7.16 (1, J
=7.8Hz, H-10), 7.06 (td, J =78, 1.2 Hz, H-10), 6.94 (dd, J = 7.3,
1.2Hz, H-9), 6.80 (td, J=7.3, 1.2 Hz, H-11"), 6.19 (d, J =7.8Hz,
H-12), 5.61 (g, J=6.5Hz, H-19'), 5.16 (br d, J =132 Hz, H-21"),
4.46(d,J =3.5Hz H-16'),4.09 (m,H-17),3.89(dd, J = 11.4, 4.8 Hz,
H-17), 3.82 (m, H-21), 3.72 (s, COOMe), 3.61 (s, N-1 CH,), 3.32
(brd, J=3.2Hz. H-15),2.74 (br d, J = 14.6 Hz, H-14'), 2.70 (m, H-
14), 2.66 (m, H-213,2.59 (brdd, J = 14.6, 3.2 Hz, H-14'), 1.76 (br d. J
=152Hz, H-6"), 1.65 (m, H-21), 1.64 (dd, J = 6.8, 2 Hz, Me-18"),
1.52 (m, H-15), 1.26 (s, Me-18), 1.23 (m, H-20).

Alstophylline 31. "H NMR (300 MHz, CDCl,, 45°): 7.56 (s, H-
21),7.34 (d, J =8.4 Hz, H-9), 6.82 (dd, J = 8.4. 2 Hz, H-10), 6.77 (d,
J=2Hz, H-12), 5.03 (¢, J=10.8 Hz, H-17), 4.65 (br 5, H-3), 4.25
(br d, J=10.8 Hz, H-17), 3.90 (s, OMe), 3.72 (d, J =6.6 Hz, H-5),
3.65 (s. N-1 Me), 3.48 (dd, J=16.2, 6.6Hz, H-6), 3.05 (d, J
=16.2Hz, H-6), 2.88 (s, N-4 Me), 2.70 (m, H-15), 2.54 (m, H-14),
2,40 (m. H-14), 2.25 (m, H-16), 2.10 (s, Me-18).

Chemical correlations (reduction of 23, 27 and 30). To Smg of
each alkaloid dissolved in CH,Cl, was added 1 ml of H,SO,. The
soln was stirred at room temp. for 10 min. The reaction mixt was
then poured into H,O, made alkaline with NH,OH and extra-
cted with CHCl;. After drying (Na,SO,) and evapn, 4mg of
reduced alkaloid (identical to 18, 19, 29, respectively) was
obtained.
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