THE CHEMOTAXONOMIC SIGNIFICANCE OF ALKALOIDS
IN THE NAUCLEEAE S.L. (RUBIACEAE)

J. Davip PHILLIPSON

Department of Pharmacognosy, The School of Pharmacy, University of London
29-39, Brunswick Square, London, WCIN 14X, U.K.

SaraH R. HEMINGWAY!

Department of Pharmacognosy, The University of Manchester,
Manchester, M18 9PL, U.K.

Couin E. RIDSDALE

B. A. Krukoff Botanist of Malesian Bolany,
Rijksherbarium, Schelpenkade 6, Leiden, The Netherlands

ABsTRACT.—The delimitation and subdivision of the tribe Naucleeae s.l.
(Rubiaceae) are briefly reviewed and alkaloids isolated from members of the tribe
are summarized. Revision of the tribe s.1. has resulted in the recognition of 21 genera
placed in three subtribes. Cephalanthus has been removed to a separate tribe,
Cephalantheae, while Mitragyna and Uncaria have been transferred to a new subtribe,
Mitragyninae, within the tribe Cinchoneae. The results of alkaloid screening on
some 121 small samples, mainly leaves, of herbarium material, representing 18 genera
of the Naucleeae s.s., Cephalanthus and Mitragyna, are presented. The majority of
genera screened from the subtribes Adininae and Naucleinae were either negative or
contained pyridino-indoloquinolizidinones and/or harmane, as indicated by thin
layer chromatography. Heteroyohimbine and oxindole alkaloids were rare in genera
of the Naucleeae s.s. but were widespread in genera of the Cephalantheae and
Mitragyninae. Twenty alkaloids were identified from Cephalanthus species and
eighteen alkaloids from Mitragyna species. The chemotaxonomic significance of these
results is discussed.

TAXONOMIC ASPECTS

Most of the Rubiaceae with flowers borne in globose heads and with ovaries
containing numerous ovules per locule were placed initially in the heterogeneous
genus ‘Nawuclea’. Gradually, several genera became recognized and they were
placed in the tribe Naucleeae of the subfamily Cinchonoideae. Successive authors
have contributed to a clarification of the delimitation and subdivision of these
genera and the considerable taxonomic problems associated with many of the
published generic names have been reviewed by Bakhuizen f. (1).

The condensed inflorescence structure, sometimes coupled with partially
or totally connate ovaries or calyces, results in few characters being available for
taxonomie classification (2). The most important characters are the fused or
free nature of the ovaries, the form of stigma, the form of the calyx (quite complex
within the Naucleeae), the placentation, and the form of the seeds. Different
authors have placed various weightings on these characters. Schumann, 1891
(3), and Haviland, 1897 (4), in their revisions, recognized 11 genera including
Cephalanthus, Milragynae and Uncaria. Both of these revisions included the
Madagascan genus Paracephaelis, which has since been transferred to the Gar-
denieae. The Pacific genus Sarcopygme, which was discovered after the above
revision, has since been transferred to the Morindeae.

Haviland’s revision (4) differed slightly from that of Schumann (3), particularly
in recognizing Mitregyne and Uncaria as composing two separate subtribes.
Both authors considered Cephalanthus to be closely related to Neonauclea.
Schumann split the Naucleeae into two groups, depending upon whether the
ovaries were free or fused, whereas Haviland’s classification placed more emphasis
on the nature of the stigma. A schematic representation of the classifications

1Present address: Fisons Ltd., Pharmaceutical Division, Loughborough, Leicestershire,

145



146 Journal of Natural Produects [Vol. 45, No. 2

of Haviland and of Schumann is given in figure 1. Subsequent authors considered
the tribe to be natural (5, 6) and it has even been raised to family level.

Bremekamp (7), however, questioned the homogeneity of the tribe and
restricted it to Nauclea and Sarcocephalus, transferring the other genera to the
neighbouring tribe Cinchoneae. He was uncertain regarding the position of
Cephalanthus and was even doubtful as to whether the genus could be retained
in the subfamily Cinchonoideae. Cephalanthus has now been removed from the
Naucleeae and has been placed in a separate tribe, Cephalantheae (8).

Ridsdale (9) revised the genera Mitragyna and Uwncarie and has transferred
them from the Naucleeae to the Cinchoneae but has placed them in a separate
subtribe, Mitragyninae, and a relationship has been suggested between these
two genera and Corynanthe, Pansinystalia and possibly Hymenodictyon. However,
it i1s difficult to evaluate relationships with other members of the Cinchoneae due
to the absence of any monographic revision of the group.

FIGURE 1

Schematic representation of relationships between the genera of the Naucleeae
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The remaining genera within the Naucleeae s.s. have been revised during the
compilation of Flora Malesiana (2, 10). The Madagascan Gyrostipula, Janolia
and Neobreonia and the African Burttdarya were discovered after 1900 and hence
did not feature in the early revisions. New genera have been created in order to
accommodate species which were previously included in a heterogeneous ‘Ading’
and also segregates from Neonauclea and Nauclea. In all, some 21 genera have
been placed in three subtribes which have only a low level of relationship to each
other. The relationships between the genera in these three subtribes Adininae
(16 genera, seven being new), Naucleinae (4 genera, one being new) and Antho-
cephalinae (1 genus), which comprise the Naucleeae s.s. (2), together with
Cephalanthus, Mitragyna and Uncaria, which comprise the Naucleeae s.1., are
shown in figure 2.

ALKALOIDS OF THE NAUCLEEAE S.L.

Alkaloids have been obtained from a number of genera in the Rubiaceae and
the present knowledge has been reviewed recently (11). The Naucleeae s.1.
include several alkaloid-yielding genera, viz. Adina, Anthocephalus, Nauclea,
Sarcocephalus, Cephalanthus, Mitragyna and Uncaria. Therefore, it was con-
sidered possible that alkaloid content might prove to be a useful character for
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FIGURE 2

Schematic representation of relationships between the genera of the Naucleeae
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consideration by taxonomists attempting to resolve the classification of members
of the Naucleeae and related genera (12). Apart from a few simple pyridine
derivatives isolated from Nawuclea and B-carbolines from Nauclea and Uncaria
species, the majority of alkaloids are apparently derived from condensation of
either tryptamine or tryptophan with the monoterpene glucoside secologanin via
intermediates such as strictosidine (1, R=H, C-3 H ) or presumably 5-carboxy-
strictosidine (1, R=COOH, C-3 H «) (11).

Only three species of the subtribe Adininae (Naucleeae s.s.) have been reported
to contain alkaloids, viz. Pertusadina euryncha (Miq.) Ridsd. (syn. Adina rubescens
Hemsl.), Haldina cordifolia (Roxb.) Ridsd. (syn. Adina cordifolia Hook.), and
Neonauclea lanceolata (Bl) Merr. (syn. Neonauclea schlechieri (Val.) Merr. and
Perry). The alkaloids isolated from Periusadina euryncha include the glycosidie
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alkaloids 5-oxostrictosidine (1, R=0, C-3 H a) (13), desoxycordifoline (2, R=H)
(14), vincoside lactam (3, R=R!=H), rubescine (caffeic acid ester of 3), 10-8-
glucosyloxyvincoside lactam (3, R=H, R!'=glucosyloxy-) (15, 16, 17), 3a- and
3B-carboxyvincoside lactam (3, R=COOH, R!=H) (18), desoxycordifoline lactam
(4) (17), rubenine (5) (19), macrolidine (6) (20) and the non-glycosidic alkaloids
5-8-carboxytetrahydroalstonine (7) (21), adirubine (8, R=CH,0H) (22), anhydro-
adirubine (8, R=CH.) (23) and 5 B-carboxycorynanthine (9) (20, 24). Haldina
cordifolia contains alkaloids either identical or very similar to Pertusadina euryncha;
cordifoline (2, R=0H) (25, 26), 10-desoxycordifoline (2, R=H) (25, 26), 3a- and
3 B-tetrahydrodesoxycordifoline lactam (3, R'=H, R=COOH) (27), adifoline
(10, R=0H) and 10-desoxyadifoline (10, R=H) (26, 28) have been obtained.
The isolation of gambirine (i.e. 9-hydroxydihydrocoryantheine, 22, R=0H,
Ri=ethyl, C-3 H o, C-20 H B8) from Neonauclea lanceolata has been reported (29).

In the subtribe Naucleinae (Naucleeae s.s.), alkaloids have been reported
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from Sarcocephalus latifolius (Smith) Bruce (syn. Nauclea latifolia (Smith) and
from three species of Nawuclea. Strictosidine lactam (3, R=R!=H, C-3 H «)
(30, 31), angustine (11, R=CH=CH,, R'=H) (32), angustoline (11, R=CHOH,
R!—H) (32), nauclefine (11, R=R!=H) (32), naucletine (11, R=COMe, R!=H)
(32), descarbomethoxy-nauclechine (12, R=H, R'=O0H) (33) and naufoline
(12, R=R!=H, A 18) have been isolated from Sarcocepkalus latifolius. Nauclea
diderrichi has yielded a number of pyridine-indole alkaloids including 3 «- and
3 B-naucleonine (13, R=H), 3 a- and 38-naucleonidine (13, R=C0O0Me), dimeric
alkaloid ND 363 B (2 units of 13), nauclederine (14), nauclechine (12, R = COOMe,
R!=H), naucledine (15), nauclexine (16), 3 a-dihydrocadambine (17, C-3 H a),
and ND-370 (a nonglycosidic alkaloid structurally similar to cadambine (18)
(34-36). Nauclefine (=parvine) (11, R=R!=H) has been isolated from Nauclea
parva Merr. (37) and angustine (11, R=CH =CH,, R'=H) from Nauclea orientalis
L. (syn. N. coadunata Roxb. ex J. E. Smith) (38).
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One species, Anthocephalus chinensis (Lamk.) A. Rich. ex Walp. (syn. 4.
cadamba Miq.), from the subtribe Anthocephalinae (Naucleeae s.s.) has yielded
cadambine (18) (39), 3a- and 3 8-dihydrocadambine (17) (39), 3a- and 3 g-dihydro-
isocadambine (19) (40, 41), cadambine and isocadamine (20) (42).

In the Naucleeae s.1., alkaloids have been reported from Cephalanthus (43),
Mitragyna (44) and Uncaria (45). The major alkaloids from these genera are
of the heteroyohimbine-(21, 22) and oxindole-types (23, 24), although other
structural types such as pyridino-indoloquinolizidinones (11) are also known.

EXPERIMENTAL

PLANT MATERIAL.—Some 121 small samples of mainly leaf material, but also including
some bark, flower, fruit, stem, twig and wood samples, obtained from herbarium specimens
representing genera of the Naucleeae s.l., were available for chemiecal study. The samples
extracted are listed in table 1, which includes species name, collector’s or herbarium number,
geographical origin and date of collection.

EXTRACTION OF ALKALOIDS, CHROMATOGRAPHIC AND SPECTROSCOPIC IDENTIFICATIONS.—The
extraction method was the same as that described previously (45). Methods of alkaloid
identification by a combination of chromatographic and spectroscopic techniques were iden-
tical to those previously published (46).

RESULTS

The results of the alkaloid screening are listed in table 1 together with the
details of the samples extracted. Table 1 is arranged in order of Ridsdale’s
revision of the Naucleeae (figure 2) (2). The weights of plant material available
ranged from 120 mg to 11.6 g (only 9 samples were in excess of 7.0 g). In general
the alkaloid tests on the Naucleeae s.s. gave either negative or slightly positive
reactions to Dragendorff’s reagent, whereas the Cephalantheae and Mitragyninae
gave stronger reactions. The results are summarized in table 2.

DISCUSSION

One hundred twenty one small samples of either leaf, stem wood or bark,
flower, fruit, or twig herbarium material have been examined for non-quaternary
non-glycosidic indole alkaloids. Species representing 14 of the 16 genera of the
Naucleeae-Adininae were screened, but samples of Janotia and Adinauclea were
not available. The majority of the Adininae which were extracted contained
either small amounts of unidentified Ehrlich-positive compounds, harmane and/or
pyridino-indoloquinolizidinones (11), as indicated by tle, or were negative in
their reaction to alkaloid tests. The failure to detect glycosidic alkaloids related
to strictosidine (1, R=H, C-3 H a), e.g. types 1-6, 10, 17, 18, can be attributed,
in part, to the extraction method which was used for the isolation of non-glycosidic
non-quaternary alkaloids, e.g., the heteroyohimbine- (21, 22) and oxindole-types
(22, 24). The isolation of pyridino-indoloquinolizidinone-type alkaloids (11),
such an angustine (11, R=CH=CH,, R'=H), may be due to the use of ammonia
in the extraction procedure and probably indicates the presence of strictosidine-
type alkaloids (1) or the lactams (3) in the plant material (38). Pyridino-indolo-
quinolizidinone alkaloids (11) and/or harmane were detected in Gyrostipula
(1 species), Breonadic (1 species), Breonia (2 species), Sinoadina' (1 species),
Metadina (1 species), Pertusadina' (2 species), Adina (1 species), Khasiaclunea!
(1 species), Ludekia' (1 species), Neonauclea (26 samples representing 18 species)
and Myrmeconauclea (1 species) (tables 1 and 2). Neonauclea lanceolata (syn.
Neonauclea schlechteri) (TGH 10512) contained gambirine (22, R=0H, R!=
ethyl, C-3 H o, C-20 H 8). This finding supports the previous isolation of this
alkaloid in 0.029%, yield from the leaves of this species. Unidentified alkaloids
were detected in 21 of the 38 samples of Neonauclea, e.g. N. lanceolata (M+-,
m/z 404), N. gordoniana (NGF 33405), N. paracyriopoides (NBFD 10425) and
N. philippinensis (Bur. Sci. 1526) (tables 1 and 2).

INew genera (2).
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TaBLE 2. Summary of the alkaloid distribution within the 121 samples
of Naucleeae s.1. screened.

No. of samples containing
TRIBE, SUBTRIBE, No. of

genus samples
(species) | P.I.Q. | Har- Ehr |Het/Ox|Uniden-| Alk.
an mane 21-24 | tified -ve

NAUCLEEAE
ADININAE
Gyrostipula. ... .......
Breonadia. ......... ...
Neobreonia. .. .........
Breonia. ... ...........
Haldina . . ...... . .. ...
Sinoadina. ... ..........
Metadinag . .............
Pertusadina............
Adina. ... .............
Khastaclunea. . ... ... ..
Diyaminauclea. ... ... ..
Ludekia. ..............
Neonauclea. . ..........
Myrmeconauclea. . . . ...
NAUCLEINAE
Ochreinauclea. . .. ... ...
Nauclea. ........... ...
Sarcocephalus....... ...
ANTHOCEPHALINAE
Anthocephalus. .. ... ...
CEPHALANTHEAE
Cephalanthus . . .. ... ...
CINCHONEAE
MITRAGYNINAE
Mitragyna. . ........... 7 (3) 2 1 0 7 1 0
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*The rare alkaloid gambirine (9-hydroxydihydrocorynantheine, 22, R=0H, R!=ethyl,
C-3 H =, C-20 H 8) was isolated from one sample of Neonauclea lanceolata (syn. N. schlechtert).
Heteroyohimbine and oxindole alkaloids (21-24) were not detected in any of the other 37
samples of Neonauclea investigated.

bThe pyridine-indole alkaloid naucledine (15) was detected in two samples.

°The presence of unidentified alkaloids with strong yellow fluorescences in uv light and
which gave intense purple colors when sprayed with ferric chloride/perchloric acid reagent
was noted in four samples.

From the Naucleeae-Naucleinae, Ochreinauclea', Nauclea and Sarcocephalus
species were screened, but no sample of Burridavya was available, The results
are similar to those obtained from the Adininae. Pyridino-indoloquinolizidinone
alkaloids (11) and/or harmane were detected from one species of Ochreinauclea®
(which also contained naucledine 15), from Nauclea (16 samples representing
9 species), and Sarcocephalus (2 species). The presence of unidentified alkaloids
was also indicated from this subtribe (see tables 1 and 2), but again there was
generally a very low level of non-quaternary alkaloids present.

Anthocephalus, the sole genus of the subtribe Anthocephalinae, contains two
species, both of which appear variable in their alkaloid content. Several examples
of A. chinensis contained pyridino-indoloquinolizidine alkaloids (11) and harmane
as indicated by tle. In addition, pentacyclic oxindoles (23) were detected in two
samples, and an unidentified yellow alkaloid (purple color with ferric chloride/
perchloric acid spray agent, N*- m/z 382, C;1H2:N,0;) was present in four others
(table 1).

In contrast to the generally weak alkaloid extracts from the Naucleeae s.s.,
most samples of Cephalanthus and Mitragyna yielded greater quantities of non-
quaternary alkaloids. Twenty alkaloids were identified from 12 samples, repre-
senting five species of Cephalanthus (table 1). Seven of the twelve samples
vielded heteroyohimbines (21, 22) and oxindoles (23. 24) as major alkaloids, with
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pyridino-indoloquinolizidinones (11) detected in three samples. Seven samples
representing three of the ten species of Miiragyna were examined, and all samples
vielded heteroychimbine- (21, 22) and oxindole- (23, 24) type alkaloids (tables
1 and 2). In all, eighteen alkaloids were identified from the seven Mitragyna
samples (table 1).

CHEMOTAXONOMY

The postulated biosynthetic relationships between the major alkaloids of the
Naucleeae s.1. are set out in figure 3. The results, presented in table 1 and sum-
marized in table 2, clearly demonstrate that the majority of genera within the
Naucleeae s.s. do not contain significant quantities of non-quaternary non-
glycosidic alkaloids of the heteroyohimbine- (21, 22) and oxindole- (23, 24) types.
Such alkaloids, however, are prevalent in species of Cephalanthus, Mitragyna
(tables 1 and 2) and ('ncaria (43-43). Cephalanihus is now segregated from the
Naucleeae s.s. and placed in a separate tribe. Cephalantheae (8) has alkaloids
of the same type as Uncaria (i.e. 21-24, R=H) (table 3), and this finding supports
the view that Cephalanthus is distinct from the other genera in the Naucleeae s.s.
Mitragyna and U'ncaria have also been removed from the Naucleeae s.s. and
placed in a separate subtribe, Mitragyninae, of the tribe Cinchoneae (9). The
major alkaloids of Mitragyna and Uncaria species are of types 21-24 and thus are
similar to or identical with alkaloids found in Pausinystalia and Corynanthe, also
of the Cinchoneae (11). Although the major alkaloids of Mitragyna and Uncaria
are mainly of the same types, there are some differences which are summarized
in table 3.

TaBLE 3. Comparison of alkaloids from Mitragyna and Uncaria
(subtribe Mitragyninae of the Cinchoneae).

I

| Mitragyna Unearia
y‘ (10 species) (34 species)
No. of species containing alkaloids. 10
Heteroyohimbines (21, 22)........ common common
Oxindoles (23,24).............. .. common i common
9-Methoxy substitution (21-24). .. common rare
9-Hydroxy substitution (21-24) . .. common ’ infrequent
C-19 Methyl g-configuration ‘
(21,23). ... ... i not found infrequent
Gambirtannines (benzenoid E 1 !
ring pentacyvelies). ........... | not found \ rare
Roxburghines (2 tryptamine | \
; rare

units+secologanin).......... ‘ not found

In the present study, the major types of alkaloid identified from genera of
the Naucleeae s.s. were of the pyridino-indoloquinolizidinone type (11). The
genera from which these alkaloids were obtained are listed in table 4. Although
it has been demonstrated that these alkaloids can be isolated by extraction tech-
niques which avoid the use of ammonia (38), it has to be assumed that the presence
of these alkaloids mayv be indicative of glycosidic alkaloids (e.g. strictosidine
lactam or vincoside lactam, 3, R=R!=H), which have been converted into
pyridine derivatives by the action of ammonia (see figure 3).

The majority of alkaloids which have been reported from Pertusadina euryncha
and Haldina cordifolia of the subtribe Adininae, contain a C-3 carboxyl sub-
stituent (structures 1-9) and presumably they have been derived from secologanin
and tryptophan (instead of tryptamine), unless the carboxyl is introduced into
strictosidine (1, R=H, C-3 H @). This chemical characteristic of a C-5 carboxyl
substituent, appears to be restricted to Adininae and has not been found in the
Naucleinae or Anthocephalinae (figure 3). A second major characteristic of the
Adininae alkaloids is the retention of glucose from the strictosidine-type precur-
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TaBLE 4. Genera of the Naucleeae s.s. containing
pyridino-indoloquinolizidinones (11).

Subtribe Genus

Adininae............ Gyrostipula, Breonia, Sinoadina®, Metadina,
Pertusadina®, Adina, Khasiaclunea®, Ludekia®,
Neonauclea, Myrmeconuuclea (11 of the 16

genera)
Naucleinae......... Ochreinauclea®, Nauclea, Surcocephalus
(3 of the 4 genera)
Anthocephalinae. . . .| Anthocephalus (sole genus)

sNew genera (2).

sor(s) since 15 of the 20 known alkaloids are glucosides. Further biosynthetic
pathways are involved after the initial condensation with secologanin and, amongst
others, include aromatization of ring C (e.g. desoxycordifoline 2, R =H), hydrolysis
of the C-16 ester and subsequent lactamization with either N-1 (e.g. desoxycordi-
foline lactam, 4) or N-4 (e.g. vincoside lactam, 3, R=R!'=H, C-3 H 8), fusion
of N-4 with C-18 and lactone formation between C-19 and the C-5 carboxyl
(e.g. rubenine, 5), and fusion of C-19 with N-1 (e.g. adifoline, 10, R =H) (figure 3).
The “odd man out” in the subtribe is Neonauclea lanceolata (syn. N. schlechieri),
which contains small amounts of gambirine (22, R=0H, Ri=ethyl, C-3 H q,
C-20 H B8) (table 1 and reference 29). This alkaloid is of a type which is more
characteristic of Mitragyninae genera. The present work does, however, indicate
that hitherto unreported glycosidic alkaloids may be present due to the isolation
of pyridino-indoloquinolizidinone alkaloids (11) (tables 1 and 2).

The alkaloids isolated to date from the Naucleinae are mainly indolo-pyridine
alkaloids (11-16); again, although these may be true natural products, the possi-
bility cannot be ignored that these are artifacts formed via ammonia and, hence,
are indicative of glycosidic alkaloids. The isolation of strictosidine lactam
(3, R=R!=H, C-3 H «a) from the Naucleinae shows relationship to the Adininae,
whereas the presence of 3 a-dihydrocadambine (17, C-3 H «) and ND-370 shows
similarities with the Anthocephalinae.

Glycosidic alkaloids also feature in the Anthocephalinae, in which C-18 fusion
with N—4 occurs together with either a C-3 to C-19 ether bridge (e.g. cadambine,
18) or with C-19 hydroxylation (e.g. dihydrocadambine, 17). An alternative
pathway in which C-19 fusion with N-4 occurs is observed in the dihydroiso-
cadambines (19), and it is possible that these react with ammonia to form the
cadamines (20). The presence of pentacyclic oxindoles (23) found in two samples
of Anthocephalus chinensis during the present investigation (tables 1 and 2) not
only supports the botanical assessments that the genus is distinet from other
members of the tribe, but is also indicative of affinity with genera of the Cephal-
antheae and Mitragyninae.

CONCLUSIONS

The recent taxonomic revisions of the Naucleeae with the removal of Cephal-
anthus into a separate tribe Cephalantheae and the removal of Mitragyna and
Uncaria into the subtribe Mitragyninae of the tribe Cinchoneae affords an oppor-
tunity to assess the relationships between the alkaloidal constituents and the
botanical affinities (see figure 3). Knowledge of the distribution of glycosidic
alkaloids is still very limited, and it is probable that more will be isolated from
members of the Naucleeae s.s. Hence suitable extraction techniques for the
isolation of glycosidic indole alkaloids should be applied to the various genera
of the Naucleeae s.s. in order to ascertain the actual alkaloids present and to
see whether the pyridine-containing alkaloids (11-16) are natural products or
artifacts. The present findings demonstrate that alkaloids are useful characters
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for assessing some of the relationships within this group of plants which have
been the subject of considerable taxonomic discussion.

Received 265 June 1981
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