CHAPTER IV

DISCUSSION

1. The atkaltoidal content of wncaria specles

Uncaria is a large genus comprising of as many as 120 specific
names in the Index Kewensis/which might be resu}ted'from the
difficulties in distingulshing between fhe specles. It was then thought
that a knowledge of the alkaloids present mlght help to distinguish
these species and also to conflrm identiflcations méde oﬁ tﬁe basis of
morphological snd anatomical characters. la view of the recent
findings by Phillipson et al. (1978), Tt Is considered that alkaloldal .
content would be a useful character to be included In the parameters
to be selected for a taxonomlc study of an alkaloi&--'contalning genus.
The ﬁajor?ty'of samples they examined were collected elther while
flowering or in fruit, therefore, to that exteﬁt they are comparable.
Among the now recognised seven groups (Ridsdale; 1978), one group in
particu]ar,.group IV, showed little varlagionlIn:alkaloidal_content
between its spe;iés or_within Tndividual Spgcles:. Some'species from
other groups were also relatively constani.lﬁ thelr alkaloidal content
end insthe main, showed 1ittle variation, é.g...d. macfophylia Waill.
and U. barbata Merr. (grqﬁp 1. However,'their‘?esults-shoued‘that n
pa}ticular lnstances;there were constant differences in alkaloid

compos|tion between some species of Uncaria. In addition, some species
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showed considerable variation in their alkaloidal content, e.g.,
U. africana G. Don (group VII), U. orientalis Guill, {group !), and
U. sessilifructus Roxb. {group V). U. attenuata Korth. itself ?s not
uniform in its alkaloidal constituents and ‘thesalkaloids exhibit
features whic app;ar to be rare within.the genus...Phillipson et al.
(1978) report d that it yielded.mainly unsubstituted tetracyclic
heteroyohimbines and oxindoles but some samples contained alkaloids
with 9-hydroxy substitugion (€.g. speciofollne), and some of the
pentacyclic alkaloids possessed £(19) = CH3 substitusnts with B8
configuration. These differences reveal that caution must be'taken
when taxonomic proposals are being made from chemical observations
and clearly shoﬁ that as wide & range of samples as possible should be
examined. |
Heteroychimbine, both with closed and open E rings, and the
corresponding oxindole are the major groups of alkaloid present in
Uncaria species. They occur—both—in the form of parent bases and also
together with their N-oxides. The minor groﬁps fnclude pyridino-indolo
-~quinolizidinone, roxburghine, g -carboline, ybhimbine, yohimbine oxindole
and gambirtannine. Geissoschizine methyl ether and_dihydrocorynantheine
pseudoindoxyl were separately reported from . rhynchophylla (Hiq.) Miq.
ex Havil. and U. attenuata Korth. respectively. |
Heteroyohimbines and oxindoles reportedly present in Uncaria
species are mostly unsubstituted ones. The 9-hydroxy substituted
alkéloids are rarely found, those reported so far are gambirine,
rotundifoline, isorotundifoline and speciofoline. There are only four

species reported as having the 9-hydroxy substituted alkaloids, i.e.
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Uncaria attenuata Korth,, U. callophylla Bl., ex Korth., U. elliptica.
R. Br. ex G. Don and U. tomentosa (Willd.) DC. .

No 9-methoxy substituted alkaleld was reportedly present In this
genus. The only litgrature stated the presence/of one 9-methoxy
substituted allo open E ring heteroyohlmbine with ethyl group as R',
mitragynine, was In the Alkaloid = Bearing Plants and Thelr Contalned
Alkaloids by Willaman apnd 'Schubept (1961) who referred to a book named
Chemistry of alksloids weftted (A 1955 by A_P. Orekhov. By the time
that book was written the/Separation and eharacterisation technique
together with the knowledge of configuration and conformation of
Individual alkaloids were ﬁot well achleved. He might have taken by
misidentification or misunderstanding as belng mitragynine. This
alkaloid was first reported as belng found Tn Mitragyna speciosa Korth.
and named in 1921, although Hooper had actually isolated It iIn 1904 as
"an alkaloid'" from ''Kratom''. “Fellowing thls quite~én amount of work
on Mitragyna species has been undertaken especially from 1964 up to the
present time. All ten species of this genus have been investigated
throughly using modern'techniques of separation and cﬁéracterisationa
Many plant parts were examined, collected in .different season and ages
and also at monthly Intervals ;hrougﬁout a yeaf. Tﬁe results reveal that
this particular alkaloid, mitragynine, Is very spgciff; for one specles,
Mitragyha §péciosa ¥orth., whére dt 6cCursiias major élkaldld .and can| be
considered as characteristic of this specles,

Within the ‘tast ten years, many workers have independently
reported the presence of alkaloids In Uncaria speciesi None of them has

stated mitragynine as being found. The most recent investigation reported
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in 1978 by Phillipson et al. who investigated 400 samples of plant
specimens from a wide geographical range absolutely confirmed this
situation.

Willaman and Schubert (1961) reported that the stem of Uncaria
formosana (Matsum.) Hayata contalned mitragynlhe; gambi}ine.
mitraphylline, uncarine B, rhynchophylline, rotundifoline and
isorotundifoline. Saxton (1960) reported only uncarine B in the sten.
Although no recent investigation has been reported regarding the
alkaloidal congent of thé stem, the leaves and flowers were separétely
examined anc reported by Phillipson et al,,in 1978. They found
isomitraphylline and its N-oxide, mitraphylline and its ﬁ-oxide,
uncarines A and B in the leaves. The same oxindoles without thelr
N-oxides were detected in the flowers with the addition of the
corresponding pseudo heteroyohombine, 3-tseajmalicine. In their
investigation on Uncaria species, they notlced.that the differences in
alkaloldal content noted-between—ieaves,-stem; frults, and flowers of
samples taken from_the same plant at the same time were-élight and
usually quantitative rather tHan qualitative. Hence, lt.mlght be
assumed that the leaves of the plant they examined wou 1 d haJe simllar
alkaloidal content.and that no mi tragynine would'be.found.

Willaman and Schubert {1961) also rpportéd'the presence of
mitragynine (9-methoxy substituted), rotundifoline, fsorotundifoline
{both afe 9-hydroxy subsituted), and mitraversine in the stem of
U. rhynchophylla {Miq.) ﬁiq. ex Havil. Phillipson et al. (1978)

examined the stems and roots of the same species and found only-
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unsubstituted alkaloids, i.e. dihydrocorynantheine, corynantheine,
hirsutine, hirsuteine, isorhynchophylline, rhynchopbhyliine,
Fsocorynoxeine and corynoxeine. In additlon, Aimi et al. (1972, 1977)
reported the alkaloidal content of the whole plant of this species and
no such alkaloids as reported by willamén and Schubert were included.
IH contrast, they were 'the same.alkaloids as réported.by Phiﬁlipson

et al., excluding iserhynchophyvllline and rhynchophylline butrhavlng
akuammigine and geissoschizipe methyl ether, also uﬁsubstituted
alkaloids, as additional constituents: The leaves of this plant have
also been investigated by many workers frém 1958 to 1578 but no
mitragynine was revealed. The alkaloids reportedly present In the
leaves are lIsorhynchophylline, rhynchophy!iine and Its N-oxide,
isocorynoxeine, corynoxelne, angustine, angustol Ine and angustidine.

The pentacyclic heteroyohimbine and oxindole alkalolds having
the C(19) - CH3 B8 configuration are present in some Uncaria species
althougg in relatively ilnor p;Oportions compared-with_ their C(19)

- CH3 o analoguesi Seven species are known to contain such alka[oids,
T.e. U, attenuata Kerth,, U. orientalis Guill., U. gambir (Hunt.) Roxb. ,
U, sessilifructus Roxb, [ 0. laevigata Wall. ex G. Don, U.,hirsutalHavil.

and U, africana G, Don ssp. africana G. Don. The C(19) - CH. B

3
heteroyohimbires previously reported were 19-epi—ajmalic]ne and
19-¢pi-3-isoajmallcinels 'The dxindole wi'th such~configurations found in
Uncaria were uncarines A and B. |

in u. aftenuata Korth. itself there ié a broad variation in the

alkaloidal content. Phillipson and Hemingway (1975b) examined eight

samples of this species and found that the heteroyohimbines In those
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samples varied from closed E ring, i.e. 3-isoajmaliciﬁe, 19-epi-3-lIso-
ajmalicine and akuammigine to the open E ring isomers, i.e.
dihydrocorynantheine, hirsutine, hirsuteine and corynantheine. Four
samples were found to have only one heteroyohfmbine while the other
two contained three and another sample yieided twg heterqyohimbines.
In one last sample, norheteroyohimbine was found:

For the oxladdles ,#Only /thwo samples were repprted to have the
closed E ring isomers. There was speclophylline in one sample and
isomitraphylline and lIts N-=oxide, mitraphylline and its N-oxide, and
uncarines A and B Tn another.  The fother six samples contained open E
ring isomers and they were isorhynchophylline and its N-éiide,
rhynchophylline and its N-oxide, {socorynoxeine, corynoxeine;
rotundifollne, isorotundifoline, corynoxine 8 and speciofol ine.
Harmane, dihydrocorynantheine pseudoindoxyl and yohimbine isomers were
found to be separately present In three samples.

They further investigéted nine_other sampltes bui no cher
alkaloids than those previously reported were found (Phillipson et al;,
1978). 5ix of these nine samples contained'only_oxiﬁdoles while both
oxindoles and heteroyohimbines were fbund in thé other three samples.‘
Where stems were also examined; the same alkaloidg as|in the leaves
were reported.

This prasent ‘investigation réveals.fufther interest img variation
in Uncaria attenuata Korth. The allo élose& E rihéhuﬁéubstituted
héteroyohimbine with C{19) - CH3 a,‘i.e. tetrahydroalstonine which has

never been found in this species before was isolated. In addition, its
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c(19) - CH3 B analogue, rauniticline, which has only baen reported from
Rauvolfia nitida Jacq. of Apocynaceae in 1961 by Salkin et al. and not
from any species of Uncaria before was obtaipned as major alkaloid.
Furthermore, a t&tally new heteroyohimbine was isolated out aﬁd
characterised as 14-hydroxy-3-isorauniticine, the epiallo isomer with
C{14) - hydroxy substituenat. This alkaloid has not previously been
reported or obtalned anywhere‘either naturaily or synthetically.

Two oxindoles (TSh. TSS) were obtained in small quantities
resulting in the Tmpossibility of full identification. Only their hRf
values on several systems and mass spectra could be determined. The
colours developed with ferrig chloride in perchleric acid reagent shown
them to be oxIndoles. The mass spectra of both TSh and TS5 show molecular
molecular fon peaks at 368, From hR values, TS5 seems to have simllar
values as those of authentic isopteropodine which also has molecular
weight of 368. The hRe values of TS, do not correspond/with any of the
known oxindotes. The mass spectra of both compounds revealed high
percentage relative abundance of peaks at m/e 222 suggesting them to be
pseudoindoxyl type of oxindoles (Philllpﬁon and Hemingway, 1975b). TS,
yielded peaks.at'm/e (368 /(100 %), 223/ (73-%) and (2227 (k0 %) ‘while that
of TSS also showed peaks at the same mass units, with only slight
differences in percentage relative abundance, iiey m/e 368 (109 &,

223 (B8 %) and 222 (72 %). From their . molecular weight; they might be
pseudoindoxyls of unsubstituted ﬁeteroyohimbines of ajmalicine - type.

Phillipson and Hemingway {1975b) characterised a new oxindole as

dihydrocorynantheine pseudoindoxyl in the sample where dihydrocorynantheine
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was found as major alkaloid. There is the possibility that one of the
oxindoles obtained is the pseudoindoxyl of rauniticine which is the
major alkaleid in the sample of Uncaria attenuata Korth. Further large
scale extraction is required to obtain these alkalcoids in sufficient
amount to be fully characterised. The oxidation of the heteroychimbines
to their pseudoindoxyls to cempare would confirm the identity of the
naturally occurring ones.

The third oxifidolefwas observed in one fraction (Ta) and the
amount was even smalles than those of the two previously mentioned ones.
The hRF values of this alkaloid do AOt correspond with any of the known
Uncaria and Mitragyna alkaloids so far compared. The same situation
with that of the two pseudoindoxyls 'is encountered, i.e. large scale
extraction s needed.

This present findings reveal new point in alkalolidal content
of this particular species. It was previously known to fontain pseudo
closed E ring heteroyohimbines, both with C(19) - CH3 o ana B
configurations and the epiallo isomer with only C(19)l- CH3 a. Also
reportedly present were the normal and pseudo open E ring heteroyohimbines,
together with«the isomer with minyl, analogue.of the latter,.and the
epiallo isomer with winyl as R'. .n thislinvestigation, alle closed E
ring analogous to the reported epialio isomer and its C(19) - CH3 B
analogue were isohated and identified. However, no heteroyohimbine
with open E ring was found. The overall pattern of the heteroyohimblines

in this species so far reported could then be represented as follows :~
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Closed E ring

c(19) - CHy © c(19) - cH 8
normal " -
pseudo 3-isoajmalicine 19-epi-3-isocajmalicine
allo tetrahydroalstonine rauniticine‘
epiallo akuammigine -

This sample ofiUncaria attenuate Korth. exhibits different
feature from those of the other samples of the same species and also
of the majority of both WUncaria and the closely related genus Mitragyna.
With the exception ofl M. speciosa Korth. which contains mitragynine as
major alkaloid, most of the species of these two genéra contaln oxindoles
as dominant alkaloids and heteroychimbines are present only as minor
constituents both qualitatively and quantitatively. |In some samples,
there were even shown to contain no heteroychimbine at all. |In
contrast, in this sample heteroyohimbines were found as being major
constituents although mature leaves were examined and also collected
while flowering.

Considering the-alkaloldal contents of this sample of Uncaria
attenuata Korth. as compare to that of U. salaccensis Bakh. f. nom provis,
also from Thailand, it will be seen that they are similar in one aspect
and™“that Ts bothvalkaloids with C{18) =~ CH3 aandspeconfigurations are
present’ together, although“the ‘types of alkalolds ‘are opposite, i.e.
heteroyohimbine in the former and oxindole in the latter. Uncaria
species of Thailand so far reported, i.e. U, homomalla_Miq.,

U. quadrangularis Geddes and U. salaccensis Bakh. f. nom provis yielded
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only oxindoles. Only one recent examination of the leaves of
Uncaria homomalla Miq. collected regularly at monthly Intervals
throughout a year revealed the presence of tetrahydroalstonine in some
month samples (Vitayanatpaisan, 1979) . | However one samplé of this
particular specié;, from Sumatra, Indonesla was reported to have
3-isoajmalicine, pseudo heteroychimbine, in the Yeaves while other

samples were found to contain enly oxindole alkaloids.

2. The structure of thé new naturally occurring heteroyohimbine alkaloid

The totally new naturally occurring heteroyohimbine alkaloid
characterised as 14-hydroxy-3-lsorauniticine had its structure
e\ucidaﬁed from the €D, ultraviolet, infrared, nuclear magnetic resonance
including the 13C—nuclear magnetic resonance and mass spectra.

The arguments for the elucidation of the structure of TS3,
characterised as l4-hydroxy-3-isorauniticlne are as follows :-

The ultraviclet spectrum of TS3 (in methyl,alcohot, A . 244,
270, 279, 290 nm; +n methyl alcohoi and hydrochioric-acid, M nax 229,
270, 280, 290 ém; reversible with alkali) findicates ;hat tﬂe alkaloid
is of heteroyohimbine type with ester vinyl ether system,

The_mass spectrum of TS3 shows typical fragmentations for
tetrahydro-B;carboline with strong M= peak which is due to the loss
of the C(3) - hydrogen and is characteristic for aromatic - unsubstituted
closed €, ring atkaloids of ‘the ajmalicine-type. | It loses’ 18 ‘mass units,
i.e. H20, hence does not seem to be an N—oxfde but to possess a
seéondary alcohol function. The strong molecular ion at 368 mass units
suggest it to be the alkaloid gf ajmalicine-type with additional hydroxy!

group instead of one of the hydrogen atoms in the basic structure. The
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N.M,R. spectrum having three-proton doublet at ¥ 1.42 and one-proton
quartet at & 4,40 showing the presence of one methyl group In adjacent
to one methylidyne group, hence further confirm the possibility of
closed E ring as that of ajmalicine - type alkaleids which has molecular
weight of 352, The hydroxyl group giving thé additional 16 mass units
does not seem to be iA"the ardhatic ring A otherwise the fragments in
the mass spectrum would be'm/e 186, 199, 200, 214 and 255 instead of
those seen at m/e 156, 169, 170, 184 and 225 which represent the
aromatic - upsubstituied jndale chIcus. The accurate mass measurements
yicld C21H2hN20h'

The infrared spectrum shows an imine group at 3440 cm-l. There
are strong Bohlmann bands at 2850,°2810 and 2750 cm_‘ and the major
methylidyne group absorption band at 2920 cm-1 suggesting TS3 to have
C(3) - H trans to the N (b) and that, therefore, the C/D ring junction
is trans. The 1665 cm—l band is a low value for ester carbonyl which
might be due to the/mentioned group bonded to a hydrogea atom. The
C(16) - €(17) double bond is represented by the band at 1620 eV .In
addition, there is a broad band at 3350 Cm—l indicating the presence of
a hydrogyl group.

The CB curve shows negative Cotton effect at 285 nm, therefore
the 6€3)p=H configuratienin TS3 is BsyThe, spectirumsd s Adeptlcalywith
that.of J-isorauniticine ‘prepared frém the isolated raunLticiﬁg (TSZ)’
hence the C(19) - H is likely to be u as in 3-isorauniticine.

| tn the mass spectrum of TS3, the relative abundance of the

fragment ions are in agreement with being allo or epiallo isomers, I.e.
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that of m/e 184 is of lower abundance than the m/e 169 and 170 fons and
that of m/e 209 is also lower than m/e 223 (Beckett et al., 1969).

In the N.M.R. spectrum, there i5/a three-proton doublet at &
1.42, exactly the same valué guoted for those alkaloids having cis D/§
rings and epiallo configurations {Shamma and Moss, 1962). This is the
signal for Cle) - methyd®®, #The signal at & L Lo indicates the C(19)
- H / C{20) = H cis. The sdagestu that there is a methyl group adjacent
to methylidyne group issconfirmed by the doubie decoupling. Irradiation
at 6§ 4.39 led to the collapse of doublet at & 1.42 to glve a singlet
and irradiation af s 1.35/1ed to the collapse of quartet at & 4.40 and
gave a doublet. In addition, ‘other signals indicate four aromatic
protons, i.e. four-proton mul tiplet at § 7.25; imino of Indole nucleus,
i.e. well downfield aL & 9.35 as one-proton broad singlet which
disappearsion deuteration; -methoxyl at & 3.80.as three-proton singlet
and olefinic p(oton at & 7.75 as one-proton singlet.” There is one-
proton broad s{nglet signal at & 5.95 whi;h is considered to be the
signal for hydjpxyl qroup,

The p#iition of sthe additional h;droxyl group Is ascertained
by the ]3C-N.5.R. spectrum. from which each carbon atom is_assigned by
thé presence of its signali The & values of T§3 were comPared with
those of ajhalicinc = ‘sype-alkaloids reported by MWenkert ét an.0(3976}).
In” the spectrum of TSB' there is no signal at & 30 - 40 for thé.C(lh)
which should appear as a friplet, However, there is a ‘doublet,signal
instead at § 76, i.e. deshield, therefore downfleld and adjacent to

one and not two protons. Furthermore, the signal for C(3) - H appear

'
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4o doublet at & 65 instead of between & 52 and 60, the C(15) - H signal

i at 6 38 instead of § 24 - 30 and the arbony} signa! fs at 176

instead of & 167. This establish

being at C{14), having the 8 2q

e —
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14-hydroxy=3~-isoraunitici
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