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ABSTRACT

The alkaloids of the Rauwolfia species have been reviewed and

spectroscopic methods of identification discussed.

Detailed phytochemical investigations have "been carried out on
the two species of the section Ophioxylanthus of Pichon's classification
of the genus Rauwolfia. In all, ninety alkaloids were isolated and

their structures elucidated.

R. volkensii stapf root yielded twenty-six alkaloids including
two new compounds, tetraphyllicine-17-O-acetyl and rauvolcinine. The
stem bark gave seventeen alkaloids including the new alkaloid
pre-perakine. Thirteen alkaloids were isolated from the leaves, four
of which are new natural products i.e. methoxy-pleioearpamine, methoxy-
pleiocarpamine 2 : 7 dihydro, methoxy-pleioearpamine N-oxide and
volkensine. The alkaloid pleiocarpamine and its derivatives have not

previously been isolated from any Rauwolfia species.

\- oreogiton Mgf. root yielded thirteen alkaloids of which three
have not been previously reported in the plant. The leaves yielded
twenty-one alkaloids including five new ones, akuammiline-5-formyl,
oreog U, akuammiline 2 -dihydro, deacetyl akuammiline 2/4 -dihydro and
an important biogenetic intermediate alkaloid adirubine acetate 19 : 20

dehydro.

The inter-relationship of the isolated alkaloids has been discussed
and biosynthetic pathways proposed. The evidence obtained concerning the
alkaloids of the section Ophioxylanthus species has been used to relate
the section chemotaxonomically to the other African Rauwolfia sections and

the closely related genus Cabucala.
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INTRODUCTION



Bigtorical Introduction

Tt hes long been known that certain plants and groups of planis
contain 'principles! which can exert marked physiological effects on
the ceniral nervous sysztems of animals, According io the nature and
advancement of the particular human society, these plants have been
variously regerded as a source of medicinal preparations, magical

syrups or essences, ox potent poisons,

The use of plants of the genus Reuwolfia in native medicine
dates back many centuries, The Indian species, R, serpeniina Benth,
wvas mentioned in ancient Sanskrit writings and, in particular, in the
'Charakasamhitaty, a medica~pharmaceulical treatise, the date of which
has been variously estimated as 100-800 B.C. (Srivastava, 1954) or

100 AJD. (Hora, 1951). hauwolfiz serpentina was then lmowm wnder fhe

names 'Sarpegandha' meaning serpent repellent and 'Chundrika' meaning
moon and alluding to its use in lunacy (Dymook, 1891; Vatt, 19%2;

Younkmen, 1954),

Prom early times ite main use appeared to be ap an antidote for
snake bite althcugh mention was also made of its use in Indian native
medicine for the relief of various nervous derangements (Younkman,

1954; Lessex, 1954),

In Africa Rauwolfia plants known by various naibive nzmes have
been wsed Lor the treatmont of alfflictions ranging from rashes to

nervous breakdovns and abdominal disorders,




The ancient remedy I, serpenting became known in Durops in the
16th century as 'inzanity noot'! and was raputed to control spilepay,
insomnia, fever, cholera, dizziness and headaches. It was not until
about 19%0 that the plant wae seriously considered as a rational -

medicine.

The work of the Indian chemista Siddiqui and Siddiqui (1931)'
initiated a vast amount of interest in the genus Nauwolfia all over the
world, They isolated five oxystalline alkalcids from the rvoot of R,
sexpentina but the pharmacologiczl activities demonstrated by these
alkaloids was found not to fully reflect the medicoel value of the cruds
plant extract (Chopra et al, 1941). Further rosearch revealed that it
was the weékly basic 'oleo-resin' fraction that was largely responsible
for the hypotensive properties of the crude plant extract {(Gupla ct al,

1944).

The work of Vekil {1949) highlighted the efficiency of both plant
extracts and sieved reoot powder in lowvering elcovaled blood pressure.
By 1950 the crude drug was available for clinical $rials in the freaiment

of hypertension and was used extensively in Ivrope for this purpose.

In 1952 the Swiss chemists Jiller, Schiittler and Rein isolated 2
feebly basic alkaloid from the roots of R serpentina and called it
reserpine, Heserpine was found to possess noi only an antilypertensive
activity tut also a tranguilising effect. This discovery led to the
investigation_of maeny other Reuwolfie species sc alterneiive sources of

rescrpine,



Consequently, one of the outstanding developments in the field
of natural products in xecent itimes has heen the discovery and
investigation of the therapeutic properties of Rauwolfiz alkaloids,
In addition to yproviding uwseful agrnts for the treatment of hypertension
and mental diseases, this research stimulated interest in medicinal

plant products the world over, .

This led to & rapid expeansion in knowledge of not only the field
of n%tural product chemistry but also of the understanding of the
pharmacology of the central nervous system. As newer and more
gophisticated techniques of structural elucidation were develeoped, the
structures and chemigtry of the large number of newly isolated indole
alkasloids began 10 unfold, This resulted in hypotheses concerning
biogenetic transformetions and therelationships of the diverse skeletal

structures encountered, — -

The African Tauwolfia specles figurés prominently in this resurgence
6f interest in Navwolfia and in plants of medicinal wvaluc in general,
As more became known of the commercial imporlance of the Indian species
R, smerpentina, the Indian Government placed intermittent embargoes on
its export. This gtimulated a widespread survey of other Rauwelfis
~ species which might be of commercial value and the African species

beczme of interest especially to workers in Furope,

Paris (1943) demonstrated that the fwec R, vomitoriz Afz, was more
commercislly workable then the smell Indien shrmb, Schlittlar (1961)
also reported that R, vomitoria roots contained & higher xeserpine

content than the Tndisn species,



Court 2nd his co-workers in a series of publications (1957 - 1972)
have made gystematic studies ofy in varticular, the Africen Rauwolfia
species, Their work ranged from microscopy to guantitative chromato-
grephic assay and generzl phytochemistry of the various African species

of the genus,

Current research emphesis on African fauvolfia species centres on
the isolation end cheracterisation of the alkaloids from the plants waing
the more sophisticated modern techniques with a view to elucidating the
chemical and biocynthetic relationships of the allialoids within the plant
gpecies, to inveztigating the possible inter-relationships of the alkaloids
in different parts of the individual species and to relating the individual

species within the genus,



THE GENUS RAUWOLFIA

Systematics and Chemotaxonomy
Occurrence and habit
The section Ophioxylanthus

Indigenocus usage
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Systematica and Chemotaxcnemy

The genug Nowwelfia was established in 1703 by Charles Flumier
.and the name Rauwollfia honcured the sixteenth century German physician
and explorer Leonhart Rauvolf, Rauvolf had travelled extensively in
the Middle Rast rearching for plants of medicinal value although he
never saw a Rauwolfia plant. The correct form of the name of the
gorus, in agreement with the international convention on Botanical
Nemenclature, is Raunvelfia tut, as the form kavwolfia is co well
established in medical and chemical literatures, it is used in this

work.

Rauwolfia belongs to the family fApocynaceae, one of the largest
families of the sympetalous order Gentianales (¥ngler, 1964), Other
families placed in thie order by Englexr include Rubiaceae, Loganiaceae,

Asclepidaceae,; Menyantheceae and Gentlianaceae,

Common morphological.and chemical featurcs exist amongst these
families and ell except the Auzclepidoceae speciecs heve been found to
produce precursors of indole alkaloids if not the alkaloids themselves
(Timmins, 1975; Siegler, 1977). Plants of the families Gentianaceae
end Menyantheccae produce iridoid units such as loganin cr the more
appropriate seco-loganin, which are the currenily asscepted pracursors

of most indole glkaloids.

The family Asclepidaccae, although very clozely related morpho-
logically to the Apocynaceae, is not known to yield indole alkaloids

(siegler, 1977).
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The family Apocyniceae consists of abowt 155 gerers ond con be
distinguished by the universal occwereunce of laticilercus canzls and
intrexylaxy shloem (Vetcalfe and Chalk, 1957). The femily has been
divided into three sub-fomiliez, Cerberioidesze, Hchitoideae and

Plumerioideac (Piehon, 1948),

Chemical evidenee supports this division as members of the
Cerberioideze elaborate monoternenoid basee such es the elkaloidal
amine skytonthines from Syrtenthms cpecies (liaffouf, 1970), ‘The
Behitoidese produce steroidal glycosides such as the cerdise glycoside

k~atrophanthoside from Strophonthus koribe Oliv, (Treese wnd IEvanz, 1976).

The Plumericideae group form the true indole alkaloid producing cub-

family end Iauwolfin belongs to this group,.

Pichon (1948) divided the Plumerioideae sub-family into seven
trives viz, Alstonieze, Allemandeze, lmbelenieae, Cerisscae, Chilocarpeae,
Rauvolfiicce and Pabernzemontaneaes The genus Dauwolliz is classified

In the sub-trive Rouvolfineae of the txibe ilmuvolfiicoe,

Plants from four of the seven tribes of the sub-family Plumericideze
have been vell investipgnted chemically for alkaloids teczuse of their
medicinal importence, Vhilst it may be nccessary to await further work
on the other tribes before & conclusive elzin can be made @ither in
support ofy or egainni, the chemotexonemic division into tribes, evidence
from the feur tribez so far investigated indicates thet they cll produce

monoterpensid indole alkeloids of thwmee main classes (Snieckus, 1958_).



It is now estcblished, as a result of numerous feeding experiments,
that the C-9, C=10 cormponents of these indole aikaloids are derived via
the acetate-mevalonate pathuay ond an iridoid skeleton is incorrporated
into the indole alkiloids through condensation with tryptemine, Since
the incorporation of the non=tryntamine C-9, C=10 unit can be effected
in three ways, incorporation results in three elasscs of indole alkaloids,

A, Band C (Mg, 1),
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411 three skelctal classes have been f'ound to ocour in the sube
family Plumeriocidese, The cccurrence of an indlvidweal skeletal class

amongst the four tribes examined has been found to vary conslderably,

In a review article Snisckus (1968) hag chown the distribution of
the different skeletal clapses of indole alkaloids in plants. Table 1
swumarises the occurrence of the three clasges in the fouw {ribes of

{the sub~family Plumerioidede investigated.

The tribe Rauvolfiieae produces predominantly skeletal type class A
alkaloids. The alkaloids of clasgses A and B occur simultaneously in the
tribe Alslonieae tut Class A type predeminetes. fThe skeletal type Class
C appears to be restricted to the tribe Tabernaemonteneac. Tts
gocurrence thereforé could be used as 2 possible fingerprint for this
trive, The tribe Cerisseae also produces alkaloids of both classes A
and B but, as in the tribe Alstonieae, Class A alkaloids predominate,

In general, it is still not possible at this stage to produce chemical

evidence in support of the morphological division into tribes,

Within the tribe Reuvolfiiese, although the plants elaborate
mainly the Class A type alkaloldsg, several of the Individwal allkaloids
occur in more than one gemas., For example, reserpine has veen found in

Rauwolfia, Cabucala Fichon,, Ochrosia Juss, and Vallesia Ruiz et Pav,

(Tisset, 1958; Douzoua, 1974); isoreserpiline occurs in species of

Rauwolfia, Oshrosia and Dleckeria Hessk., (Idssct, 19613 Hlminster,

Seinabury and Webb, 1972).
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Distribution of alkaloids within the genus Rauwolfia is
apparently nol systematicy no occurrence of a particnlar alkaloid
seems to be diagnosiically peculiar to the gerus. Also the
unrestiricted occurrence of the alkaloids of Rauwolfia in various
other genera may preclude chemotaxonomic significance at the genus

level,

It was emphasised, however, (llegnauer, 1963) that it is not so
much the mere occurrence of an alkaloid or alkaloidal type that
represents a chemical character of taxonomic importance but the
accumilation of this compound in the plant, Tetenyi (1970) alsc noted
that a trace alkaloid or by=product can cnly e of taxonomic
importance if its occurrence is significant in a homologous biogenetic
route, Therefore, until further and more thorough iuvestigations are
undertoken, features upon which the chemotexcnomy of Rauwolfia will be

based may remain obscurec.

Cceurrence and Hubit

Plants of the genus Rauwolfia are found mainly in rain forests or
well-watered grassland areas in tropical and sub-tropical zones,

oceurring as shrubs or trees of variable size,

Typically, the leaves are oblong, shiny and evergreen and usually
occur in whorls, The genus is characterized by the occurrence of
thloem sclereoids, non-articulate laticiferous tubes, non-septate fibres

and heterogeneous rays (Metealfe and Chelk, 1957).
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The stem can be differeniiated from the root by the prescnce of
a well—defined central pith 2nd wnligollied fidbres in the pericyelic
region, The plant usually bears inconspicucus white or greenish

flowers or drupes.

Members of the genus vary considerably in size and habit, The
small Bhodesian shrub R, nana E, A, Bruce satteins & height of about
1% em, when fully sgrowm (White, 1962) and the large Yeruvian tree,

L. preecox K, fchum,, can be as tall ay 30 m {Woodsen, 1957).

The geographical distribution of Rauwolfia species includes
Central and South America, Africa, India and Burms, Philippine Islands,

Hawaii, New Guinea, New Caledonia and some other Pacific Islands,

Three specles In particular are of wide geographical distribution:
H. perpentina occurs in Tneia and Malaysia, H. vomdturie throughout

tropicel Africa and R, tetraphylla L,, a species indigenous 1o Central

America, has been introduced to India and Australia (Court, 1961),

The Index Kewensis and its supplements list more then 17% species

of Rauwolfia hut considerable synonymy has been observed between the

entries. The works of Pichon (1947, 1948), Rao (19%6), Woodson (1957)

and Bisset (1958, 1961) have reduced this number to about 76 species,

A recent addition to this list is R. capurenii Mgf. found in Malagasy
Republic (Miet et al, 1977). The species R. discoloxr (Combes, ot al,1965)
reputedly collected in Malarasy Republic, does nct in fach exdst, |

Boitean {personal commmication, 1975) has pointed out that the only



Rauwolfia spenies pgrowing in the region of Melagasy where R, discolor

was collected is R, zonfertiflora Pichon, {Pimmins, 1975).

Pichon {1948) divided the genus Rauwolfia into fourteen sectiﬁns.
The division,which is largely geographical,; comprises four African
sections, Afrovoifia, Indolotus, Ophioxylenthus and Rhopalanthus,
Reo (1957) modified this classification and produced three sections,

the section Thopalanthus being merged with Eadololus,
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‘e section Cphioxylanthus

The African divisions in Pichon's clzssirication of the genus
Rauwelfiz include the scetion Ophioxylanthus. It consists of two
species only, [, voluencil Stapf, end R, oreoriton Vzf., The section
is characterised by short, thick, stamen filomenis. It cen be
differentiated from the section Afrovoltiz, the main characieristic
features of which are stamens with longer filaments and filiform
towards the base, Yembers of the section Madolobus possess corolla

lobes inflexed in the buds  (Court, 1968),

R, volkensii wes firsi described by Schumenn in 1895 as

‘fabernacmontens volkensii and recorded &8 such in the Sunplement I of

the Index Kewensis (1886-95), ILater, in 1904, Stapf described the
ghrub as R, volkensii and the Index Kewensis was zmended cccordingly in

Supplement IIT (1901-~1905).

In 1923 Farkgraf described R. oreositon but this species is regarded
es donbtfully distinet from R, volkensii, Court (1952) noted some
similarities between them and Alfrican silviculturists claimed that
plants of the two species were difficult fo distinguish end were
regarded as gynonymous, According to Greenway (1955) end Willen (1960),
Fichon (1947), in his clessification of the genus lzuwolfiz, grouped the
species together in the section Cphioxylaathus but without exemining
specimens of !, oreositon as no authentic specimens were available,
However, botenists in kast Africa vhere the plants grow still regard

them as distinet species although closely related,



R, volkensii is 2 shreb with slender lLranches growing to a height
of 2bout 2 m, It is found in Tenzsnia in the VWeat Usambara mountains
and the Kilimanjaro mountains at &n elsvation in excess of about 1300 n»,

It may also be found in lNozambique,

Re orcogiton is also a shevb growing to 2 height of about 2 m,
(Timming and Court, 1974). The plent is indizenous to Tenzania and can
be found in the Vest Uscmbara mountains, and the Kilimenjaro mountains
at an elevation in excess of 1200 m, (Feuell, 19553 Timmins and Court,

1974).

Indipenous Usare

Plants of lauwolfin species are very popular in the traditional
medicine of the indigenous African people. The Chagga tribe, people of
the Kilimanjare region of Tanzania, are reported ito frequently add the
bark of 1, crifra to traditionally lrewed beer to give the beer a kick,
and to conveniently intoxicate o drinker after imbibing cnly a moderate

amount (Fadati et al, 1977).

Several other /African communiiies incorporate plants of Rauwolfia
in different forms in traditional medicine (Pevell, 1955), Those

indicated in the literature are given in Table ITI,



*(GG61 ‘W) S9SPOSTD TBIGUSA DUE SIUSUTTR YoTuojs
¢3977d foxmssaxd pooTq YTy Jo juswiwaI] Y} UT

POsSn axe S300X ayj *soroeds aIOY30 YITA SIN4XTWDER UT

*(CE6T “Tromag

suate [ddne ueostod MOITe Ue Se pasn uUseq ATTTRUOTS2I00
sey 31 {I8eq eATjEU JUTWSD UT pasn ST NXeq

L33 5 oy} seagoum aarreSand L12uoI}s ST NIeq 200X
943 ${sSoseaSTP UTXHS SNOTIBA UT POSN oI SaaBdT oy}
fspunom ur sjodFew gsurede posn pue TEPTOTIOOSUT Se

paprelax sT quweld ay) SWSOTIFV UNOS oy} Juoumy

(8S6T *3amop)

ﬁmﬁwumogu sax} suruTd)

(LL6T *TaepeR)

(BTwezuzy *eUURY)) amssas

(=9usye)) BQUITRQWTT]

(nInZ) TawewequeTH Wy

TISUTILND *%

BXJ320 Y

afes snouaSTpUl

SOWRU JIeTNOBUISA

s3T08dg

S2T004S BTJLoOANEY UEOTLJY 9408 JO aJ8St SNOUSW LUl PUe SoWeU Je[NOSUIoj

III TEVL



(96T ‘poop) sxsujoum

Fursimu Uy UOT3el0R[ 9SBAIOUT 03 PUe 93Taeeus * — Tog Poeac *Y
_ =
Pue 230YIIOUCT JO jUAmIBAIZ Oy} IOF peLorduy _ / TISUS[oA ‘Y
*(CS6T *TTenay) saansxrz uosTod MOITe U pasodme npundoT
uXe Sjcox ay3 fsordurd JO jUSWITIIL AU UT PISA ér3ererrSwesny f TuTpRRIq Zanosqo °J
*(2961 “T® 33 33en) sJop
rwosted o3 pesn wesq osye sey {(GCET ‘Treved .
e00UIIouUcy J0J jusulesd) € UT popnrour  fseydurd |TS8UNy]
32233 03 TTO 3NUOD0D UITM punoxd axe S3004 ” TINeUNZOCH *TITMe® BZOqQuf ¥UeTSeqUoT °Y
|
(CC8T “1romaz) spunon o} paTrddw ST _
<eq pexepmed fquswarddns uosted moaze se pesq BIeq)y TTUed *Y
*(CCET “TTomad) (GE6T ‘*1Tomad)
sTTTUdAs gsurefe pasn ST 3T ‘sjueTd Joy3o UM spuesel]
sangyxTupe UT faArredand ® Se poOsSn ST Nxeq oyl Trfuctny; ‘emosy “aFadup ®liAudozoed *Y
afesn snouaStpur Sawey JeTNOBUISA saToadg




.nmmmﬁ .Hﬂmsmmv S0SEISTD UTYS OT3TS2Ied Iayjo
pPue @911 peay gsurefe pefofdme usaq ARy S9ARST
9Ug JO UOTI0009D ® puUe Xojel 9Ys OSTe {STTA90A

woxF s3nu ooy daxesaoxd o3 somnl medmned yza

POXTE 308X ¥Xeq osn (eTIadTl) sIapeil esneH
fpouTeIs usaeq OSTe aawy sarjxadoxd TeproTioesul
*(GS6T *TTamad)

sucadls TedRTURT I0) OATLI2DSS 2 se palofdua
uaaq S®'Y 200X ayj} JO UOT2A0009p © feyeuUTwe
uostod 07 posn UI9q dARY ESATAT 9} foTewe
puz sarefavd L1Suox}s aXe SSTIX plE £0AR9T
*(GGET *rromed fLLAT'ATISUTY)

*030 sadasy *sssesu ‘Usex-elijeou JoJ
ucTizorTdde UTYsS © pue SaxCs JOF Jurssexp

® se perldde ST xaeq poxepmod ¢wacyxzxouod
3sutede posn S3200X pue soAee] {93Tqodeus

JO judou}eaI} sy} UT pesn ST 300X paxepmod
eTIAFTN UT ¢snuwejaq JO UOT3Oe orpouseds

ay3 Leire 03 ardoad auoeT eIIATS £q Pposn

(GS6T *tTevar)
(eTxadTN °S
‘oqT) wluwojn-equaduol
(o123 °s ‘eqnaox) ejwedy
‘eqexy ‘ofafragosy ‘oqIr~ell

(suwesdoamy) 2933 JOT4S STZZTMS

®TIOTUCA °F

afesn snousSTpur

SaWeu IRTNOBUISA

saToeds




ALXKALCIDS OF RAUWOLITA
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Clessification and Structure



S ST,

Introduction

Plants of the genus Hauwolfia produce o wide remge of indole
alkaloids, the composition of which vairies considerably fiom one
species to anothoer and with geographical loeation, The presence of
alkaloids in the genus was first obgserved by the Dutch chemist
Greshoff in 1890, It was his belief that the vhysiologically active
princivles of Rauwoifia werae alkaloids that prompted the investigations

of the Indian chewnists Siddigui and Siddigui in 1931,

More than 50 Rauwolfis alkalolds are now known (Schlittlar, 1977).
Chemical investigationg showed that alkaloids could be found in the
leaves, stem snd roots, Greatest amounts were found in the roots and
particularly in *he xoot bark (Court, Tresse =nd Ivans, 1958; Court,
Khalil and Stewart, 1967; Court, Hakim end Stewart, 1962; Courl and

Timmins, 1975; Court and Twua, 1977).

Ravviolfia allkaleids are of diverse skeletal strmoctures and
variable basieify., Tertiery, gquaternary, phenolice énd H~oxide teses

have all been isolated from various species of the genus,
L]

In medical practice, alkaloids such as reserpine, deserpidine
and rescinnamine are used ag antihypertensive and tronquilising agents,
Some Ravwolfia alkalolids possess other activitieg while many others

have, as yet, no reported pharmacological effect.



Classification and Structure

Previous classification schemes of indole alkaloids including
those of Nauwolfia werec based on colour, pXa values or the presence
of chromophoric systems (Chatterjee et #l, 1956; Chatterjece and Ray,
1962; Schlittler, 1957; Pekrashi and Achari, 1948) and these were
not entirely satisfactory. Classifications based on chemical
structures (Schlittler and Bsin, 1967; Snieckus, 1968) or on bio=
genetic pathways (Poisson, 1965; Kompis et al, 1971) are more

informative.

All known Rauwolfia alkaloids are wonoterpenoid indole bases of
Class A (Corynanthe) skeletal type (Pig., 1), 7The (=9, C~10 iridoid
unit can be recognised in their gross skeletal struetures, A great
number of these alkaloids exhibit minor structural variations in the
bagic iridoid moiety as shown in Fig, 2, Such varietions can be

used to classify the alkaloids of liauwolfia into feour main groups, viz,

I Yohimbane
IT Heteroyohimbane

ITI Ajmaline - sarpagine

IV Miscellaneous
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I  Yohimbane Group

This grouvn camprises alkaloids based on the yohimbane nucleus
(X), GSuch alkaloids are characievised by & pentacyclic ring structure

with & homocyclic 'BE' ring end fall into two cetegoriesi=-
(i) the yohimbines

and (ii) the 18-hydroxy yohimbines.

(x) Yohimbene nucleus

The absolute configuration of the nucleus has been established
and confirmed by extensive gtudies on the synthesis and degradation

processes of yohimbine and its isomers,
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Associated with the pentacyclic ring structure are three
asgymmetric centres at the (=%, C-1% and 20 positions, 'I’herefcx-‘e
8 theoretical iszomers axe poasible, However, the configuration at
C-15 in all known naturally cceurring compounds iz G and is
suggested to remain constant on biogenetic grounds (Wenkert and Bringi,
1959), As a result of the rconfigurational variation of the hydrogen
atoms at C-% and 0-20, four stereochemical arrangements 01 configur-

ations of the yohimbine nucleus occur and form compounds of four

stereochemical series, viz. normal, 2llo, episllo and nseudo,

C - 301 ' C -~ 20H
' norma.l geries . '
& /A e —
£ 1t
o o allo
P " erinilo "
p A pacudo "

(1) Yohimbine Group

Yohimbine, the alkalcid from which the group takes its name was

first igolated from Corynanthe yohimbe K. Schum. {Rubiaceae) and

several isomers of yohimbine have subsequently heen izolated from many

members of the Apocynaceae family.



Flg. 3. Ychimbine Group

C-16, COOCH, c-17, O
Normal series
Yohimbine ol o
Corynantheine B «
B —yohimbine 5 o
11— methoxy-yohimbine (28 X C=11, GCEI:5

Allo series

oK ~yohimbine
Allo-yohimbine
Serpine

Seredine

™ R R »
RP R R

C-10, C-11, OCH

Epiallo series
Z~epi- o ~yochimbine ~ X

Pseudo series
Pseudo-yohimbine & &

11-methoxy-\Y/<yohimbine 24 & c-11, 00115



The structure of yohimbine embodies the yohimbene mucleus (X) with
a cavbomcthoxy cubstituent at ihe C~106 position and an alcoholic hydroxy
function at the C=17 position, ™The presence of substituents at the C=16
and C~17 positions creates two more essymmetric centres on the nucleus

thereby permitiing theoreticalliy 16 possible ychimbine isomers. Nine of

lethoxy substituted analogues are also kmowm to ocecur, the
substitution uwsuelly occurring on the aromatie »ing A, Recent examples
eare the two methoxy yohimbines isolated from 1, canuronii (1iet et al,

1977 )

{(ii) 18-hydroxy yohimbine group

Fembers of this group differ from the ychimbines by pocsessing en
additional hydroxy function at the C~10 position, This alcoholic hydroxy
group is usually ccterified although the free 18-hydroxy-yohimbines have

boen found naturally oceurring (Mejurdar et al, 1973; Twu, 1977).

The medicinally important lemvrolfis alkaloid reserpine belongs to
this group, OUinilar phermacologically importent analogues such as
rescimmemine and deserpldine also belong to the group, Although reser-
pine has been found 1o occur in severzl of the species of Nauwwolfia so
far investigated, the other analogues are of mere limited occurrence

quantitatively and qualitatively,

Degredation end synthetic studics provided indevendent proof of
the strmicture and stereochemistry of reserpine and consequently also of

the analojues,
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fhe 18-hydrexy yohimbines (Fig. 4) voasess six easymmetric centres
permitiing theoretically sixty four isorers, Fortunately very few of
these have been found to occur in nature, Heserpine and its other
naturally occurring cnaloguecs telong to the epiallo series, Isoreserpine
(E-epi—reserpinc), the only reserpine type alkaloid that belongs to the
21lo series,may be an acid induced rearrenpement product of reserpine 2s
reserpine epimerises very easily at C-3 to give isoreserpine uwnder acidic
cenditions (Teyler, 1966), Io trens D/E ring fmsed anclegue hes so far

been reccopnised,

Beta confipuration at positions (-3, C~16 and C=-18 has been showm
to bLe essential ox the pharmacologicol aclivity of rcgerpine and its
analomues, Synthetic analogues, differing from reserpine at these erucial
positions showed no significent pharmacological effect (Comer, 1970C).
Deserpidine, on elkaloid which differs from reserpine by the zbsence of
the ll-methoxy substituent, ie generally considered {o produce the same
pharmecological offect as reserpine both quantitatively and qualitatively,
Sutstitution on the sromatic ring is therefore apozrently of no

conscaucnce (Comer, 1970; Schlittler, 1977).

A nethoxy group rather than a hydroxy group in vosition C=-17 is,
hovever, essential for pharmacological aclivity since reunescine, pseudos.
reserpine and rescidine vhich lack the 17-methoxy group have been shown
to be much lesz ective pharmecologically than reserpine or rescinmamine

(Schiittler, 1977).



Fig, 4. 18<lydroxy-yohimbines

Epiallo series
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IT Heteroyohimbine Group
This group includes the following alkaloid types =

(1) the heteroyohimbineg,
(ii) the anhydronium bascs,
(ii1) the oxindoies and psendoindoxyls,

(iv) the E-geco indoles,

(i) Heteroyohimbines

The heteroyohimbine alkaloids possess the skeleten (X1) where
R.l and 112 cen either be hydrogen atoms or methoxy substituents, They
are weakly basic alkaloids and form by far the largest group of aikaloids

occurring in Rauwolfia species,

(Xl) Hetercvochinbine skeleton




Fig. 5. Hetercychimbines

Normal series
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Allo series

Tetrahydroalstonine
Reserpinine
Aricine
Isoreserpiline
Rauni ticine

Raunitidine

Epiallo series
Reserpiline
Isoreserpinine
Htrmethyl reserpiline

Pseudo series

Raufloridine

Unknown configuration
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The four tosie stercochemical configurations, nomely alle, epiallo,

normal and pseudo, occur as in the yohimbineg, TFor each stereochemical

gerics the C=19 methyl substituent mey assume an & w or {3 ~ configuration
th‘d.'{.‘-l vermitting theoretically 8 sterzoisomers. Derivatives of many of

these have been isolated Trom Ravwolfia sypecies,

A number of different conformations are again possible for each
bagic configuration., Althoupgh the stereochemicalwrelationship of these
alkaloids is extremely interesting, the group is not considered importont

rharmacologically.

(ii) Anhydronium lases

These are strongly basic alkaloids, The twe most commonly
occurring in Rauwolfin species are serpentine und alstonine, Serpentine
was first isolated from R. serpentina by Siddigui and Siddiqui {1971) ang
alstonine was isolated later from R. vomitoria by Schlittler et al (1952).
The dimeric alkaloid serpentine has also been igclated from a flew
Rauwolfia specios (Siddigui and Siddiqui, 1931; Schlitilex et al, 1954;

Djerassi and Fishman, 1955).

The anhydronium bases can occur as & completely aromatic ionic form
(I) or as an O—quinoid form (I1)(Fig, 6). They shovw a close structural
relationship to the heteroychimbines and are probably bicgencticzlly

related to them. The folleowing interconversions are possible:

Ph(0Ac),

Ajmalicine ——2 Serpentine
L. 2
JI'
Wa DIl 4
Pb(OAc)4
Tetrehydroalstonine *  jlstonine
' Hahil

4



_.-CHg

Serpentine

Alstonine

CH3 Serpentinine




(iii) Oxindoles and Pgeudoindoxyls

Only oxindoles and preudoindoxyls related to reserpiline and
isoreserpiline are known to occur in Feuwolfia species, Chemically they
can be obtained from the parvent two allalouids by oxidative methods
employing lead teira~acetlatoe or teri~butyl hypochlorite (Finch and

Taylor, 1962), Acid rearrangement of the resultant indolenines produces

the oxindoles and 2lkaline rearrangement will yield the corresponding

pseudo-indoxyls (£cheme l)

Isoreserpiline C=-71 X

Reserpiline C=3HA

130 V : [ CHQ__A\_ 0

. ~O \
130 N _CH3 CH

s

N d

Carapanaubine
Isorecerpiline- lp—indoxyl

MiMITRAITY T
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Generally with exindoles, for each stercochomical series l.e.

normal, allo,otc,,two series of oxindoles, 'A' and 'B', can arise because

a further chiral centre is created in the formation of a spire carbon

atom at C-5. The oxindoles with the lactam caxbenyl oriented below the
plane of the C/D ring are designated 'A! series and those in which the
lactam carbonyl ie situated above the plane of /D ring are designated

IRt geries,

Ag only oxindoles related to reserpiline and isoreserpiline occur
in Rauwolfia species, Rauwolfis oxindeoles are therefore only of the alle
and epialle sterecchemical series and are Allo 'A' and 'B' and Epiallo 'a'

and 'BY (Fig. 7a).

The psewdo scries of oxindoles ave considered to be btno unstable to
exist normally because of a sericus steric interference between the

oxindole ring und the underside of ring D (Shamma et al, 1967).

The only psewdoindoxyl alkaloid so far isolated from Rewwolfls

species ig isoreserpiline-— Llj-—indox:,".l. (Fineh et al, 1963; Mueller, 19€3% ),

(iv) B-seco indoles

The E~seco indole alkaloids possess tetracyclic ring structures with
an open E-ring, Those known to cccur in Rauwplfia species have in common
the gross skeleton (XIII) (Fig., 8) with variable substituents at Rys R
I{3 and R4. The (-20 side chain may be vinyl or ethylidene,



Fige Ta Cxindoles and Pseudoindoxyl

CH;;O\ Z
o
CHZO
C=3H
Isocarapaunadbine Allo 'A! ol
Carapaunabine Allo 'B o
Rauvoxinine Epiallo ‘'A' /3’
Rauvoxine Epiallo 'B! /3
CHZ0
CHZz0
~CHg

CH400C

Isoreserpiline— lp ~indoxyl



Fig. Tb.  Stercochemical configuration of Oxindole alkaloids

/O

N
(8}
O

Allo A
H
COOCHg
Allo B

0
COOCH4
N",/,r
h‘““u__ inallo A
P /S
HN\/
O

)
£ COOCH3

F:'I".‘;, al -LJ B
O —————



The alkaloids of this group are telicv:cd to be early products in

the binsynthesis of indele alkaloidsg,

Geissoschizol, the first reported membor of this group in Rauwolfia
species, was obtained from the leaves of R, veuitoria by Pousset et al,
(1965). Subsequently other workers (Timmins, 1975; Iwu, 19773 Sabri
and Court, 19?8) have demonstrated the presenc:e of several of the E~seco

indole alkaloids in other Rauwolfia species,

The sesquimeric B-seco indole alkaloid obsurifoline (XII) was

obtained from R, obscura (Timmins and Court, 1975).

(XII) Obscurifoiine



Fig. 8. E-seco

..h'j_

Ri
(XIII) IE-seco indole skeleton.
Ry R, By By
Normal series
Coryentheal H H ~CH10 H
Corynantheol H H ~CH,O0f  H
Demethylcorynantheine H ~COOCH =CHCH H



Allo series

Geissoschizal
Geissoschizol
10-Hydroxy-geissoschizol
10-lethoxy—geissoschizol
Geissoschizine
Isositsirikine
Ceissoschizol acetyl
Demethyl—corynantheidine

H=Carboxy~-corynantheidine

< LYy -

H

OH

OCH

H

H

I

b4

~COOCH

~C00CH

~COOCH.

~CO0CH

=CHO
-CH?GH
-01120]-1
—0112 Ol
=CHOH
-Cl 2 OH
-C}IZOAC

=CHOH

=CHCH

i

=CO0H



IIT Ajmaline-Sarpagine Group

This group comprises two main alkaloidal types; the ajmalan type

and the sarpagan tyve.

The ajmalan type comprises a group of dihydroindole alkaloids
possessing the basic skeleton (XTV), Ajmaline, ihe best known alkaloid
of the group, has been isolated from several species of Rauwolfia and is

frequently the principal alkaloid in the roots .of the plant,

Alkaloids of the ajmalan type fall into three series:-
(a) the ajmaline series, a group characterised by an ethyl substituent

at C=-20 snd an alcoholic hydroxy group at C-21,

(b) the tetraphyllicine series, possessing an ethylidene group at C=20

and no hydroxy group at C-2?1 and,

(c) the perakine series, indolenines having other substituents at C-20,

(XIv) Ajmalen type skeleton,
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Figs 9. Ajmaline Series

»OH
H
Ry R, Ry C=-20(H)  c-21(0K)

Ajmaline H Ci OH(p) x o
Norajmaline I H on{/s) & ol
Isoajmaline H Cily oH(A) 3 6
Sandwicine H Cil oii(ex) “ &
Isosandwicine i i, oii(8) r /~
17-acetyl~ajmaline H Gt 0COCH (@) x
12-methoxy-ajmaline OCH3 C:ll5 oH(a) oL 124
Diacetyl-ajmaline H Cil ococu}(ﬁ) o ococnj(u)
Ajmalidine H (:H3 =0 o o¢
Vomalidine OCH cH =0 oL o




g, 10, Tetraphyllicine Series

Tetraphyllicine
Mauiensine
Rauvomi tine
Mitoridine
Purpeline
Seredamine
Reflexine
Norseredamine

Rauflorine

Nortetraphyllicine

Norpurpeline

Endolobine

I

H

OH

OCH

OCH

CCH

OCH

H

H

it

H

H

oi(A3)
OH (e )

0B

oi(s)
O (ex)
oH ()
=0
R
-0

=0, C~10, OCI,

Vinecamajine and norvincamajine (guebrachidine) belong to this

series tut the =2 (H) ie o (I

13},
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QH COOCHg

Vincamajine R = (JH’3
Quebrachidine R = H
0-CO-CHq
A 2
1
! B
Vomilenine = CH.OH3 oH
Raucaffricine = CII.C’H3 O=galactose
Perakine - CII0 CH5
Raucaffrinoline - CII20H 0113
RP 7 = CI, 0l H : (Kiang et al, 1964)

Fig, 11,
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Alkaleids ¢f the parnagzan group exe believed to be formed from
=geco indoles by C=16-20=5 ring closvre and possess indole UV

chromophores (Fig. 12).

Vemifoline, zn alkaloid structurally related ¢o the sarpagan
group and isolated from R. vomitoria (Pousset et al, 1967), was thought
to be an epimer of peraksine (XV), but it has now been shown that the

two alkaloids are identical (Pousset et 2, 1977).

Sarpagan skeleton

(Xv) Peraksine = Vomifoline



Fig. 12, Sarpagan Group

Sarpagine
Normacusine B
Polyneuridine
Pericyclivine
Spegatrine
Lochnerine
Neosarpagine
Tombozine
Vellosimine

N ~dimethyl-sarpagine
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CH

H

H

Ol

OCH
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H

b

OH

H

H

H

H

H

R

-CII20H

-C}I?UEI

--CDOCI*I3

--JCGOCH3

CiL, 011, 1Jb(cx;5)

0H2 (031

CHZO}I
H
CHO

CH,08, N, CHB)



Akxuammiline Type

Alkaloids of this group possess a strmucture resembling sarpagan
bat with 2 C=16~—>»C=7 bridge. All of the reported members of this

group occurring in Rauwelfia species ure indolenines,

By Ry

Deacetyl=desformo= H N
akuammiline
Raufloricine OCH3 CHQOAc

Miscellaneous Group

This group includes the 2-acyl indeles, the picrinine type
alkaloids, other ajmaline related compounds not discuseed ahove and the

macroline type alkeloid, sauvecline,



Mg. 13, 2-Acyl indole

k

Tabernaemontanine —000(71{5 CIT20113
16 Decarbomethoxy—
dihydro-vobesine n CH,CH
% 3
Vobasine COOCH3 = CHCH3
¥Pelirine CH = CH,CH

3

CHz00C

20~cpi~picraphylline

* The structure of pelirine has not heen fully established, It is
known to have an aromalic methoxy substiftuent tut the exact positicn has

not teen determined., The stereochemistry at C-16 is also not established.



Fig. 1k,
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SPECTROGCOCIC METHODS OF IDNMTTICATION

RAUWOLFIA  ALKALOIDS

I Ultraviolet spectroscory
II Infrared spectroscopy
IIT Hueclear magnetic resonance spectroscopy

IV Yass spectroscopy
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Ultraviolet Specctroscepy (UV)

Ultraviolelt spectra can provide valuable information aiding the
identification of Nlanwolfia alkaloids, Yeasuremenis can be obtained using
very small samples and the basic chromophoric syslems in the molecules can

usually be established bty inspection of the UV spectra.

Usually the indole moiety in the mclecule is responsible for the
chromophore, The terpenoid part, except when it possesses 2 conjugated

double bond, exerts little or no effect on ultraviolet absorption.

Correlation between ultraviolet spectra and deizils of molecular
structure has been used in the classification of irdole alkaloids
(Pakrashi and Achari, 1968). Rauwolfia alkaloids were classified by four

basic chromophoric systems: -

(i) 1Indole
(ii) Dihydroindole or indoline
(iii) Indolenine

(iv) Oxindole znd pseudoindoxyl

(The original classification of Pakrashi et 2l did not include the

oxindoles and q;-indoxyls}



Fige 15

(1) Indole

(I11) Indolenine

(I) Indole alkaloids

R e

(IT) Dihydroindole

(Iv) Oxindole Pseudoindexyl

the yohimbines, the heteroyohimbines, the E-seco indoles and the sarpagans,

Sangster and Stuart (1965) reviewed the ultraviolet absorpiion spectra of

the then known indole alkaloids including those of Rauwolfia and observed

that wnsubstituted indole alkaloids show twe major absorption bands, one

at 225-227 nm end the other at 260-290 nm,

The latter maximum usually displays fine structures and this is

especially true of the spectra of yohimbine and ncrmacusine B, The spectra



of these two alkaloids are similar and are almozt surerimposable on the

spectrun of 2, 3, - cimethyl-‘ndole, Doth show mexima at 226, 283 and

291 nin with 2 decp minipam o4 around 240 nm,

Heteroyohimbines and some Fegeco indole aikaloids exhibit similar

abscrption maxima to the yohimbines tut can be differentiated by the

presence of an inflexion at arowd 250 nm,

This inflexion is altributed

to the presence in the molecule of the B-alkoxy-acuylic estexr chromoplore,

Compounds in which one of the conjupeted double bend systems in this

moiety is saturated e.g., ajmalicinipne,or the carbomethoxy group is absent

e.g.peissoschizol, produce a normal indole absorpticn as in the yohimbines,

Fig. 16,
-CH3 _,fHa
CH400C CH400
OH
Ajmalicine Ajmalicinine

Substitution on the aromatic ring affecis

-~

HpOH

Geiseposchizol

the UV spectra of indole

alkaloids, usually causing a bathochromic shift of the longer wavelength

mexirum, 'The meimitude of the shift depends on the numoer of substituenis,
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Thus tetrahydroalstonine show maxime el 226, 280 and 291 nm; aricine, -
the 10-methoxy analogue, shows mexima at 227, 282 and 295 nm and
reserpiline, the 10, ll~diwethoxy analogue shows moxima at 229, 200 and

and 304 nm,

The salts of anhydronium bases exhibit thrce distinet peaks at
about 252, %08 and 370 nm whilst in the corﬁesponding bases there ig a
laxge bathochromic shift (Kump et al, 1963), Serpentine base yields
absorption maxima at 284, 329 and 424 nm but the salt serpentine hydro-
chloride ypweduces absorption maxima at 252, 308 and 370 nne. In
serpentining viiere there is a combination of ' f-carbolinium Amd indole
chromophores, the composite spectrum exhibits the choracteristic maxima
of toth systems. Scrpentinine shows maxima at 227, 257, 281, 294, 304

and 373 nm,

The recaction of alkalis with phenolic indoles is accompanied by &
bathochromic shift in the TV abgorption spectrum e.y. sarpagine base
absorbs at 230, 278, 293 sh, 310 nm but in aikaline medium a bathochromic

ghift of 10 nm occurred (Iini, 1977).

The 18=-hydroxy yohimbine esters show composite spectra of indole
and the esterifying acids, 3,44 HS=trimethoxy~benzcic acid in the case of
reserpine and deserpidine and 3, 4, S=trimethoxy-cinnamic acid in the
case of rescinnamine, Reserpine shows maxima at 216, 267 and 292 nn and

rescinnamine abgorbs at 228 and 302 nm,
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(I1) Dihydroindole or Indoline alkaloids

Rauwolfia alkaloids exhibiting indoline chromophores are of two
types, the normel dihydroindole alkaloids such as ajmaline or tetrae
phyllicine and the modified indoline alkaloids such ag 1lhe piecrinine

type.

Indoline alkaloids exhibit two distinct end characteristic peaks
at about 245 and 295 nm while unsubstituted modified indolines absorb
some 8~10 nm downfield, For example, ajmaline shows absorption mexima
at 247 and 295 nm and picrinine absorbs at 237 and 287 nm (Gabetta

and Mustich, 1975).

Substitution on the aromatic ring has been reported to afiecct the
UV spectra of indoline alkaloids (Hobinson and Spitteler, 1964; Sangster
and Stuart, 1965; Farnsworth end Taylor, 1973) btut vomalidine, purpeline
(Gabetta end Tustich, 1975) and endolobine (fwu and Court, 1978a), the
methoxy-substituted indoline alkaloids of the Rauwolfia species, do not
show any appreciable shift, absowntion mrrira ocenrring at about 250 and
290 nm, MNevertheless, vincamajoreine, a C-10 methoxy~tetraphyllicine
isolated from Vinca specics,exhibiis a shift of the longer wavelengih
maximm to about 310 nm (Farnsworth, 1973).

H

Vincamajoreine Fndolobine



- 62 -

Methyl group subatitution on the Nafnitrogen produces no
gignificent offect on UV absorption 2s ajmaline, norajmaline, tetra-
phyllicine and nortetraphyllicine nll exhibit absorption maxima at about

245 and 292 mm (Gabetta and Mastich, 1975; Sabri and Court, 1978),

The UV specira of plerinine and its analogues z2re not affected by
the addition of dilute acids or alkalis; in concentrated perchloric
acid (7060) however, o reversible change occurs, with maxima at abous 241,

‘ 246 and 310 nm (Saxton, 1965).

Indolenine alkaelolids

Reuwolfia indolenine alkaleoids such as vomilenine, raucaffricine and
perakine exhibit maxima at about 216 and 257 rm. In Lhe presence of sirong
acide indolenines yield an indolic spectrum, Akuammiline fype indolenine

alkaloids show maxima al 216 and 264 nm (Gabetta and Mastich, 1975).

Oxindoles and Paseudoindoxyls

Tnsubstituted oxindele alkaloids yield maxima at about 210 and 250 nm
with 2 shoulder at 280 nm (Sangster and Stwart, 1965). ‘The dimethoxy
analogues cncountered in Rauwolfia species show a series of shoulders at

218, 240, 280 and 300 nm rather than distinct mexima,

The pseudo-indoxyls exhibit spectra consistent with the spiro-cyclo-
pentane ~ 1, 2 ~ psevdo~indoxyl which absorbs at 235 nm and 400 nm, Pseudo-

indoxyl alkrloids are not common in Iauwolfia gpecies, the only example so

far isolated being isoreserpiline- ¢ -indoxyl and it exhibits absorption

mexina at 251, 283% and 405 nm,
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IT Infrared Spectroscopy

Infrared spooirosecopy can be wzed for the delection of functional
groups and is also of value in deciding stereochemical assignments of

gome Rauwolfia alkaleids,

Wenkert et al (1956) suggested that the infrared banda in the
region 2800 e could be used in the case of yohimbinoid alkaleids to

identify the stereochemistry of the (0=3 hydrogen relative o the W, lone

b
pair of electrons. It was observed that, in spectra obtained using
chlorcform as the solvent, all compounds possessing C-3do¢ (i,e. normal
and allo series) exhibit two or more distinct bands of medium intensity

at around 2900 - 2700 cmhl while those compounds possessing C=3183

(Egeudo ond ¢piallo series) show indistinct shoulders in this region,

Bohlmann (1958) however, indicated that the relative simplicity or
complexity of the observed bands in this region is due to the egquatorial
or axial orientation of the hydrogen atom o to the Nb nitrogen lone pair
in a quinolizidinc system, Compounds in which there are two or more
hydrogen atoms in 2 trans diexial relationship to the lone pair electrons
on the nitrogen produce a complex absorption in the 2900 -~ 2700 cmﬁl
region, It follows therefore that it was conformation ot C-3H rather than
the configuration that could be determined., It was stressed that this
rule can only he applied if the compound exists subatantially in one

conformation and the relationship between conformation and configuration

is known {Rosen, 1961),



- &4 -

Neuss and Boaz {1957) were able to use infrared spectra to relate
the stereochemistry of methoxy-hetercyohimbines to cither the ajmalicine
(noxmal) or the tetrahydroalstonine (allo) series, For example,
reserpinine {1l-methoxy=tetrahydroalstonine) showed infrared bands that
corresponded exactly in thelr position and intensity with those of the
summation spectrum of an eguimolecular solution of 2, 3 — dimethylet-
methoxy = indole and fetrahydroalstonine, They also c¢laimed %o be able
to use the appearance of the ester bands at 1200 et reglon to identify
the stereochemical groups of heteroyohimbine alkaloids. Bvidence based
on spectra measured in carbon disulphide showed that the normel series
alkaloids such as ajmalicine and tetraphylline exhibhited a simple ester
band at 1190 can} allo series e.g. telrahydroalstonine and reserpinine
exhibited three distinet peaks at 1240, 1200 and 1190 c:m"'1 while the
gpiallo series e.g, reserpiline and isoreag?pinine showed broad centred
estor bands at 1210 cm 2, |

-
* The spectrum region between 3500 - 1600 cnrl is particularly helpful

in delermination of functional groups, The fAe~alkoxy-acrylic ester
moicty of heteroyohimbines shows characteristic iwin absorption maxima

ot about 1695 and 1600 om L,

The substitution pattern in the aromatic ring can be determined
from the infrared spactrum, For example,unsubstituted indole alkaloids
show abcorption in the 750 cnrl region correesponding to the 1, 2 -
disubstifuted benzene ring of the indole system.

¥



Compounds with substituents at the C=9 ov (-12 position exhibit
bands at about 760 cm“l vhile thoze with substituents at C-10 or C-11

show bands at about 810, 780 and 760 cm-l.

III luclear Magnetic Resonance (NMR)

The techniques of muclear magnetic resonence speciroscopy is of
wide application in the deduction of stereochemisiry of Nlauvwolfia
alkaloids, It may also provide valuable help in establishing the
presence or absence of certain structural features in the molecule such
as ethyl or ethylidene side-chains or the substitution pattern on the

aromatic ring,

Uskokovic and co-workers (1964) noted that in all quinolizidine
systems the angular proton of trans conformers resonates at a higher
field than the cis conformers, Thus, by locating the NIMR signal for the
angular proton C-=3H in Rauwolfia alkaloids, the stereochemistry of the

C/D ring fusion can be established,

In methyl reserpate (C/D ring cis fused) this proton resonates at
§ 4.45 and in methyl-3-isoreserpate (C/D ring trans fused) it absorbed
at a higher field of § 3.30 (Rosen and Shoolery, 1961). Similarly
C-3 epi-ajmalicine (C/D ring cis fused) gives & signal for the C-3 proton
at § 4.5 Tt ajmalicine, the C/D ring trans fused analogue, resonates at

e higher field (Venkert et al, 1961),
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It hag also been ostablished that in a smerics of H-methyl
guinolizidinium cetions the N-methyl protons of methiodides with cis
fused rings give signals at lower {iclds ‘than thelr trans enalogues
(Moynehan et 21, 1962). Thus in a serles of yohimbine alkeloids
Shemma et al (1963%) observed that the Nemethyl peak in /D ring cis
fuged ahalogues appeared near § 5,5 while the corresponding peak in the
H@g fused series appeared at by %3« The same relationship was also

found for the hetewoyohimbine alkaloid methiodides.

The C-19 methyl proton doublet absorpliion signal at zbout é 1.35
in heteroyohimbine alkaloids has been found o be characteristic of the
stercochemical group and not devendent on the methoxy substitution oh.
the aromatic ring (Shamme et al, 1963), Te influence of stereochemistry
on the NMR signals of the C-19 prpton and the 0-19 methyl profous in

ajmalicine and related structures is shown in Fig, 1B and Table 1V.

Repults from both ¥ig, 18 &nd 'table IV indicate that the absorption
position of the C-19 methyl protons is not only characteristic of the
storeochemical group but also indicative of the marked shielding effect
on g —oriented groups in the series, Thus an ® -orienied C=19 methyl
proton or C~19 proton will absorb at a higher field than the corresponding

3 =analogues in the same stercochemical series. The C~19 methyl protlons
of allo series compounds absorb ot a very low field compared with the
other stereochemical groups indicating their proximity to the Nb nitrogen

electron lore pairs.
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TADLE TV

Stereochemical group C~19 Cifa NMIt Absorption Signal C/D Ring
and alkaloids coniiguration -values (j in c.p.s) fusion
Normal series
ﬂjlmlicino cﬂ' 1.35 (6.?) Trans
Tetraphylline o 1,16 (6.5) "
Tetraphyllinine 54 1.05 "
Rauni torine ﬁ 1,29 "
Rauvanine A 1.34 "
Allo series
Tetrahydroalstonine LS 1.38 (6.1) "
Reserpinine o4 1,38 (6.1) "
Aricine 14 1.37 (€.3) !
Isoreserpiline IR 1.37 (6.2) "
Rauni ticine A 1.42 (6.7) "
Reunitidine B 1,42 (7.1) "
Epiallo series
Isoreserpinine & 1,32 (6.5) Cis
Reserpiline oL 1.35 (6.3) "
Pseudo series
Raufloridine o 0,91 Trans
Isoajmalicine oL .80 Cis



The relationship botween MM speetra and the stereochumistry of
the yohimbine alkaloids was briefly studied by Albeight et al (1963)
and the configuration of The C-17 substitucnisc can also be determined
from the NME speotra. '

A common feature in the siructure of sarpagan-ajmalan group
alkalolds is the presence of either an ethyl or an ethylidene side-chain

and this can be determined from the NMR specira.

The ethylidene side=~chain shows two absorption signals, one, a
doublet at about & 1,55, corresponding to 4he C~18 mathyl protons and
the other, a quartet at about § 5,4, corresponding to the C-19 proton,

The ethyl group howover shows & triplet absorption signal at about & 0.8,

The correlation of structure and MMR spectra establishing the axial/
equatorial orientation of the ethyl side—chain in alkaloeids related to |
corynantheidine has been described (Lee et al, 196?). It was obsexrved
that isomors with ---CHzCH3 group axial orientation gave & belter resolved
triplet abgorption signal than the equatorially oriented analogues. This
wag presumably because when the ethyl group is sxial (i.e. cis to the Nb
nitrogen electron lone pair) the --CH20H3 protons are deshielded relatiye

to the equatorial ---CH201-I3 protons.

The MR epectrum is alsc vseful in confirming the presence of
functional groups, and other substituents in Reuwolfia alkaloids, Fig, 19
showsa the siruclure of gome Rauwolfia alkeloids with some relevant NMR

data.
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In the sarpagen type alkaloidé mch as polyneuridine .or
plovammidine or +the aluamniline type compounds, the sterecchemistry at
C-16 can be determined by the absorption signals of C-16 substituwents
(Crabb, 1975). Substituents with orientation neaver the aromatic ring
are more shielded snd therefore absoxrb further upfield than their C-16
epl analogues. This is because of their cis relationship with the .

eromatic ring.
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Iv Mass Spectrometlw'(ﬁs)

Mass spectrometry iz a valuable technigue in the siructural
elucidation end differentliation of indole alkaloids. 7The pioncering
gtudies in this field were reporited by Biewann and his collaborators
in 1960, Sinee thoen charscterization of the atructures of several

indele alkaloids has been achieved primarily by MS interpretation,

Budzikiewicz et al (1964) suggested two reasons why indole
alkaloids lend {themselves so readily to M3 interprefation, Firstly, S
they possess two centres which have a great capability for stabilising
g positive charege, (i) the indole nmuecleuws i.e. the aromatic T
electrons and/or the indole nitrogem atom end (ii) +he basic Nb
nitrogen atom, These cenires sustain characteristic peaks on electron
impact which can be used lo recognise the alkaloids embodying then,
Secondly, indole alkaloide possess a carbooyelic framework in which -
certain bonds are pavticularly prone to rupture thus giving rise to a

few very intense but characterigtic fragment ilong e.g, &g in the Z-acyl

indole alkaloids,

Information ¢onecerning funeiional groups and cother substituents _
can bg obtained at the high mass range. Frequently, though not always,
the M=R peaks in the high mags region for indole alkaleida are
important indicators of the presence of ceriain substituents, Thus
the exietence of M=17 or M-18 points towards the elimination of waterx

or OH groups allhough elimination of water has been observed in the



mass spectre of sowme ketones and certain carboxylic acids

(Dudzikicwicz et al, 1964},

The losz of 15 mass units refers‘ to the elimination of 2 methyl .
radical. Arcmotic methoxyl groups may cccasionally give rise to
M=30 peaks and alliijhatic methowyl groups mzy be indicaled by an Me~31
pesk, Other diegnostically imporiant Me-R fragments are M~28 (¢ = O
or CH, = 0112), 1~29 (CIHO ox -CH-2CI-13), Ml 2 (OHECO'*'), M43 (0}1300"),

1=59 (-coocn.ﬁ), M=60 (11, 0000113) md 173 (-0}520000115).

In cases where an M-R corresponds to an unlikely cr impossible
combinetion of atome, it is attributed to impurities, 'Thus M=2,
glthough posgible owing to loss of 2 hydrogen atoms, is very rare;
M=3, M=4, }~5 and H—lB are virtuvally Imposzible if oxdinaiy orsenic
compounds are congidered, Similarly 14-19, M-22 ond V=75 are extremely

unlikely.

Studies of the 1S of seversl groups of indole alkaloids revealed
that characteristic fragmentation features cxist in lheir speoctra
which served readily to permit assignment of some of the alkaloids
into specific groups., Nost of the Rauwolfia alkaloids belong to the
tetrahydro- B ~carboline group. The mass spectra of slkaloids of this
group have been studied extensively by Antonaceio et al (1962), Biemann
(1961), (1964) and Beckett et al (1969). The spectra fall into three

main categoriesi-



(I) Yohimbine and hjeteroyohimbine alkeloids,
(11) Sarpegine and Felated compounds,

(III) Ajmaline and rplated compounds,
i
T Yohimbine and heteroyohijibine alkaloids
A characteristic feafture in the mess specira of this group is

the prominent I'-=1 peak, whdch in the case yohimbine and its isomers
is usually rore intense than the molecular pezk, The genesis of this
peak has been shown by deuterium labelling to be predominantly due
to the loss of (=31 with the formation of species a (Fig, 20). The
resultant positive charge is stabilised by conjugation with the
indole system as well as by participation of the electron pair on the

Ny nitrogen (Antonaccio et al, 1962).

Fig. 20,

-4



Both yohimbine and heteroychimbine alkaloids are believed to
follow similar fragmentation patbs showing characteristic peaks at
m/e 184, 170, 149 and 156; ‘the principel difference is the
appearance of the peaks at Eﬁg 225 and 223 in the heteroyochinbine
alkaloids (Djerassi, 1963). The genecis of these two peaks ig
beliaved to involwe a retro-Diels=Alder fragmentation of the

heterocyeclic ring I as ghown in Scheme IT1.

The production of the ions at Eéﬁ 156, 169, 170 and 184 is also
associated with a simulteaneocus retro-Diels~Alder fragmentation of
rings C and D, 'The fragmentation of ring C, followed by o homolytic
fission of the allylically activated C-14, C-13 bond in species ¢ results in
the generation of the conjugated ion d, m/e 156 (Scheme 1I). The m/e
156 peak is usually wmore intense in the mass spectra of heteroyohimbine
compownds than in the mass smectra of the yohimbines, This is
presumably bscause cleavage of the C-14, C~15 bond in the former is
more favoured by the presence of the C--16, C~17 double bond in the

hcterocyelic ring B,

Similarly, retro-bDielg-Alder fragmentation of ring D produces

the peaks at m/e 184, 170 and 169 as shown in Scheme II,

It has been shown (Antonaccio et al, 1962) that for the yohimbine
group stereochemical asgigmment by mass spectrometry is of no
significance as characteriastic fragments of yohimbine and its isomers
vary only slightly in albundance, In the heteroychimbine group,

however, the relative iniensities of the peaks at m/e184, 170, 169
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and 154 vary significantly to al low sterevchemical assignment of the

D/E ring junction,

Ajmalicine, which is D/E ring trens fused, yields a fregment
ion at ;m/e 184 which is relatively more abundant than those at m/e
170 and 169,but for tetrahydroalstonine, which is D/E ring cis fused,
the fragment iona ot w/e 184 is of equal or lower abundance than the
ions at m/e 170 end 169 (Mg, 21),

The intensities of peaks at E& 251, 225, 223 and 209 can also
be used to differentiate stereochemical groups among the heteroyohimbine
alkaloids (7lesse, 1974; Iwu, 1977). Tn compounds of normal series,
peeks at m/e 251 and 223 are usually of relatively Jow intensity
whilst those ot m/e 225 and 209 are of moderate intensity; the m/e
223 peak is usually more prominent than the m/e 225 peak in the same
spectrunm (Hesse, 1974). The reverse obtains for compounds of the allo
series i,e, the pesks at mfe 251 and 223 arc of moderate inicneity
whilst those at 225 and 209 are of low intensity, The intensity of

the m 225 peak is greater than that of the peak at mnfe 223,

Substitution on the indole nucleus causes peaks associeted with
the B -carboline moiety to shift correspondingly e.g. an Ol group

causes an appropriate shift of 16 mass units, OCH, group a shift of 30

3

mass units and two 00115 groups a shift of 60 mass units, This is in

agreement with Biemamn's observation (1960) that substitution in the

sromatic portion of an indole or dihydroindole alkaloid does not affect
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Fig.21. Mass spectra of yohimbine and heleroyohimbine alkaloids.
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the overall mnass spectral patitern of the wolecule, fragmeats of
compounds with an additional group on the avomatic ring will be

shifted by the appropriate increment (Biemann, 1960),

Thas aricing, the (-~10 methoxy analogue of tetrahydroalstonine,
ghows the B~-carboline peaks at m/e 214, 200, 199 and 186 ond
reserpiline, the (-)0. C-ll-dimeilioxy analogue, shows the b —

carboline peuks at m/e 244, 240, 239 and 216 (ig. 22).

The .~gscse indole alkaloids show fragmentation patterns similar
to those of the heteroyohimbines, They exhibit the characteristic
pronounced M~1 peak and the @ —carboline peaks occur at EA@_ 184,
170, 169 and 156 as in the hetercyohimbines, Pariieulerly veluable
diagnostically In their mags apectra ig the logs of the C-16 carbon
atom and its substituents to give a peak zt n/e 251 in analogues
possessing an ethylidene side-chain c.z. peinsoschizol (XVIII) or a
peak at n/c 253 in analogues having an ethyl side-chain e.g.
dihydrocorynantheol (XIX) (Scheme IV) (Budzikiewicz gt al, 1964;
Hesse, 1974). |

Compounds heving an ethyl side-chain fragment further {o give a

peak at g[_ 225 in normal and pseudo series or a peak at m/e 223 in

allo and epinllo series, The mn/e 225/22% pesk is usually more intense

than the m/e 253 peak.
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(XVIII) Geissoschizol

(M—1)

(X1X) Dihydrocorynantheol
SCHEME IV




F~seco indole compounds posszessing a double bond at the C-16,
C~17 position, as in corynantheidine, frasment to give an additional
peak at m(e 2%9 which is attrituted o species f as in Tig, 23

(Beckett et al, 1969; Hesse, 1974).

A

my/e 225 (f) my/e 239

Pig, 23,

18-llydroxy-yohimbine esters fragment to yield peaks corresponding
to the esterifying %, 4, 5 = trimethoxy-benzoyl (reserpine or deser—
pidine) or cimamoyl (rescinnamine) moieties and the yohimbane nucleus,
The fragmentation pattemms are, in general, similar to those of the
yohimbines except that the species k (Scheme V; E;Ac_:_221 in deserpidine
or EZE 251 in reserpine or rescimmemine) scems more prominent in this
group, The mechanism of fragmentation leading to the formation of

species k is shown in Scheme V (Hesse, 1974).
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The mass spectrum of reserpine reveals a yrominent peak at
M-l and the B-corbolina menks occur et rfe 214, 200, 199 and 186,
The intense peuks ai mfe 212 and 195 are due to the 3, 4, 5 = trimethoxy-

benzoyl fragment i.e, species g and h respectively (5cheme v).

11 Sarpagine and related alkaloids

A characteristic feature in the Cragmentation pattern of alkaloids
possessing a sarpagan type skeleton is the loss, on electron impnct, of
the C-~16 carbon bridge with its attached substituents and an additional
hydrogen atom (/ntonaccio et 21, 1962), The appropriate peak occcurs
at m 249 and is particularly pronounced when C-15 is disubsiituted,
Its intensity is considerably reduced when only one functional group is
attached to C-16 (Fig. 25).

The proposed genesis of this peak involves homolysis of the C-5,
C~16 bond to produce an intermediate i followed by transfer of the
C-=18 hydrogen atom to C=16 end rupture of the C-15, C-16 bond
(Scheme VI, )

In analogues having an cthyl side-chain, the appropriate m/e 251
peak is virtually absent btut a substantiel m/e 223 peak occurs and

this peak is associated with species jJ (Biemann et al, 1961).
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Barpagan type alkaloids also exhibil prominent M-l peaks, the
origin of which is still not clearly understood., The participatioﬂ
of the C=3ll, as preoposed for the yohimbine group, is considered
unlikely becszuse the additional ring terminating at C--5 would make
a C=3, Nb double bond sterically very unfavourable (Antonaccio et al,

1962).

A distinguishing feature in the mass spectra of the saxpagan
type compounds is the appearance of the 8 —carbeline peaks at Eﬁg 182,
169, 168 and 156 instead of at m/e 184, 170, 169 and 156 as in the
yohimbine and heteroychimbine alkaloids, This difference is considered
to be due to the additicnal bond at C-5, C~16 that has to be cleaved in

ring C before the f —carboline ions can be formed,

b
L e

H H
Hg
m/e 182 mje 169
[
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Seheme VIT shows the fragméntation pé%tern leading to

significant peeks in the mass spectrum of normacusine B,

Ajmaline snd related alkaloids

It has been shown that some alkaleolds belonging to this group,
althoush possessing the same carbon ckelcton as ajmaline, do vary in
thelr mags spectral fragmentation pattern bhecause of subtle differvences
in structure end substitution (Biemarn ef ol, 1964}, 'There are ihzee

peneral pub-divisions af the gToup i=

a) those with spectra resembling ajmaline,
b) those resembling ajmalidine,

¢) those resembling 2-epi~zjmaline.

Some other chonges in the molecule such as epimerisation at C-20,
removal of C~21 (Of-group, epimerisation of the C-17 Oll-grouy ond
usaturation of the C-19, C~20 bond have no effect on the bazic

fragmentation patiern,

The mass spectrum of ajmaline and the fragmentation pathways

leading to gignificant pealks in the spectrum are shown in Fig, 20,

Conversion of the C-17 alcoholic function fo a keto group gives

rise to an ajmalidine-like spectrum where *he carbonyl is eliminated

ag C = 0 (Fig. 27),
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fig. 26. Mass spectrum  of  ajmatine.
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'The spectrum exhibited by 2l-deoxy=c-epi-ajmaline is different
from those of thc unepimerised analogues discussed above, The peaks
at m 183 and 182 are virtually absent and a new peak appears at
n/e 166, This peak is attributed to species 5 (Pig, 28) and is the
most intense peak in the spectrum, The fragmentation pathways
leading to the genesis of the m/e 166 peak 2nd other significant peaks

in 2l-deoxy-2-epi-ajmaline is shown in Fig. 28 (Biemann et 21, 1964).

Fierinine group

Compounds of this group show spectra consistent with both the
C=16, C=7 bridge structure ( sarpagan-like) and the modified indoline
structure, Tarticularly diagnostic in their speetrum is the prominent
m/e 239 peak vhich has been atiributed to expulsion of the C~16 carbon
atom and its attached substituents as well as the C=5 carbon atom

together with the oxygen bridge as a C = 0 group (Britten, Smith end
Spiteller, 1963), (Scheme VIII).

Oxindole and—l{.i—indoxyl compounds

The most intense peak in the spectrum of carapanaubine and its
isomers occurs at m/e 223 (Gilbert et al, 1963). The production of
this peak and other important peaks in the spectrum is shown in

Scheme IX,

'ﬁxs peak at :_r-_[g 223 has been shown to be derived from the
moleculiar ion by the homolytic rupture of the C-5, C-6 and C-3, C-7
bonds, The molecular ion could also decompose to yield the peak ai
m/e 180 (Scheme IX),
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The pseuvdoindoxyls nhow fresmentation patterms similar 1::;
tﬁosc of the oxindoles, the most sitriking difference being in the
rclative intensities of the peaks at m/e 222 and 223, he latter is
the base pesk in specira of oxindoles and the m/e 222 peak is
usuclly of low intenvity. The reverse obtainz for pseudoindoxyls,
The fragmentation pathways of isoreserpi.li.ne-[p-ihdox;fl is shown in

Scheme X,

2~Acyl-indole slkaloids

The typical fragmentation pattemm of this group of alkaloids is
exhibited by tabernuemontanine (Fig., 27) (Combes et al, 1966), The
2-acyl-indoles undergo an initial rupture of the bond conneeting the
indole moiely with the !4.0 nitrogen atom, The resulting apocies g then
undergoes P -cleavage with transfer of the Y -hydrogen atem to give
the ion r as shown in Fig, 29, The wost intenve peak in the spectrum
occurs at m/e 182 end is atiriduted to species », In 19-20-dehyciro
analogues this peak occurs at m/e 180 vhich corvespondas {0 structure
(a) (Fig. 70). Substitnents other than the -coocs:5 group at C=16 show
a corresponding shift of this intense peak, Thus in vobasinic acid
(c-16, COOIL) the peek occurs at m/e 166 (structure (b); Fig. 30) and
in affinine (C-16, 0112011). it occurs at m/e 152 (structure (c); ¥Fig.

30) (Noranjo ¢t al, 1972).

Another significant peak in the spectrum of tabernaecmontanine

occurs at mée 196, Tt has been rationalised in terms of structure p,
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the formation of which can be visualised as cleavage of the (=3, C-14
bond in species q (Fige 29) with the transier of one hydrogen atom as

shown below (Combes et al, 1966)
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2-acyl indole alkaloids of the picrerhylline tyvpe show similar
spectra to the taboranaemontenine/vobasine type but the indolic poaks
are more pronounced (Levy et 21, 1964), The frogmertation pattern
leading to sigmificant peoks in picraphylline is shown in Scheme XI

(Hesse, 1974).

AMouammicine and related compounds

The mass spectrum of akuammicine is considerably more complicatied
and more difficult to interpret than the mess spectra of the [3 ~carboline
compounds which indicates that several fragmentation processes occur.
This in turn presumably indicates that no bonds are especially liable to
cleavage or that none of the possible modes of cleavage on electron
impact are energetically favourable io any marked extent., The general
pattern is defined by the appearance of strong peaks in the lower mass
range; particularly diagnostic in the specirum of akuammicine are the
peaks at m/e 121, 107 and 92 (Wig. 31). These peaks have been shown by
deuterium labelling experiments not to encompese the indole systiem
(Budzikiewicz et al, 1964). The indole peazks in the akunammicine specirum
are usually of low intensity, Another clearly recognisable peak, apart
from the molecular peak, is the NM=59 peak vhich corresponds to loss of

the -uCOOCH3 functional group,

Mass Spectrometwy - Direct Inlet Silylation (NS-DIS)

}i5-DIS is a useful technique for thc qualitative detection of

active hydrogen atoms such a3 OH, NH and COOH by masc spectromeiry in
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Rauwolfia alkaloids (Iwu, 1977). Uhe 2lkaloids are itreated with
N, O-bis-trimethylsilyl (1¥S) - tvifluorc-cetamide (without prior
p'urifica.tion) and the active hydrogen atoms in the molecule are replaced

by TMS units,

In each case vhere a T3 unit is zccepted, there is an increase
of 72 mass wnits on the molecular ion and pecks essociated with the
active hydrogen atom show a corresponding shift of 72 mass units, For
exampley ajmeline (Pig. 26) possesses two active hydrogen atoms,
the Ol groups at C-17 and C-21 positions., The spectrun of the
silylation product showed a molecular peak ion at m/e 470 (326 + 144)

and the peak at m/e 200 (Fig, 26) occurred at m/e 272.

Studies by the same author on yohimbine, o =yohimbine and
\} -yohimbine revealed that stereochemical assignment by mass speciro-
metry is possible for the yohimbine group of alkaloids if the silylated
gpectrum is used, The peaks et r/e 184, 170, 1€9 and 156 varied
according to stereochemical groups and agreed with the observations on
the hetercyohimbines (Djerassi, 1963). Scheme XII shows the probable

fragmentation pattern of yohimbine - T8  (Iwu, 1977).
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BIOSY nsSIsS OF INDOLE ALKALCIDS WITH PARTICULAR

REFERINCE TO THE RAUMOLEPTA ALKALOIDS

Robinson (1919) originally sugrested that the two nitrogen atonms
and the aromatic portion of all the ithen known indole zlkaloids
originated from tryptophen via its decarborxylation product tiyptamine.
Fore recent experiments with labelled tryptophan performed on'a
munber of indole alkaloid-producing plants, inclnding 1. serpentina,
have confirmcd this fact (Teete et a1, 1960-65; Groger et al, 1944;
Kutacy ¢t al, 1968). Leete (1960, 19417 demonsirated the incorporation
of radiozctively labelled Llryptophan into ajualicine, serpentine and

reserpine in Y. serpentinz plant,

COOH

COOH
/l
P N

NHo HO ' TNy OH

b

(3x) Anthronilic Acid (Xx1) Shikimic Acid
OOH

(XX31)  Tryptophan (XX111) 'Tryptamine
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Other biogenetic precursors of tryptorhan, such as anthranilic
acid (XX) and shikimic zcid (XXI), have also been shown to be

incorporated into indole alkaloids in Vinca and Catharanthus species

(Stolle et al, 1965; Groger ct al, 1966; Bjotne Harvath et al, 1969).

The non-tryptanine derived part of the indole alkaloids corntains
a 9 or 10 carbon unit chzin and it was suggested independently by
Thomas (1961) and Wenkert (1962) that this chein was of monoterpenoid
origin, The hypotheois suggested a route from acetate via mevalonate

and geraniol to a cyclcpentanomonoterpene as shown in Scheme XII1I,

Experimential evidence has established the sequence from the
mevalonate stage to the cyclepentanomonoterpene stage, Labelled
acetate, however, gave rise to uniformly labelled alkaloids : thus
ejmaline in R, serpentina was wmiformly labelled (Leete et al, 1965;
Battersby et al, 1963; Goeggel et al, 1965), This sugpested that an

alternative route probably produced the mevalonate,

Feeding experiments with labelled mevelonate and geraniol
produced the expected pattern of specific labelling in several indole
alkaloids, TFor example,ajmalicine, serpentine, strychnine,
catharanthine, vindoline and pervine were specifically labelled

(Cordell, 1974).

Considerable attention was therefore focussed on the role of some
natural cyclopentanomonoterpenes, Labelled verbenalin, genepin,
monotropeine methyl ester and loganin were fed into planis. Only loganin
was found to be incorporated in significant quantity into several

alkeloids including ajmaline in R, serpentino (Battersby et al, 1968),
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LCHy CHyOH

0 -glucose

CHZ300C CHz00C

Verbenalin Genepin

CH400C

Monotropeine methyl ester Loganin

Loganin was therefore considered as the probable cyclopent—
anomonoterpene precursor, The terpencid origin of loganin was
established by biosymthetic studies., Labelled mevalonate and geraniol

were found to incorporate into loganin and loganic acid in Catharanthus

and Swertia species (Cordell, 1974).

More significantly, loganin has been {ound to be a good precursor
for all three gkeletal classes of indole alkaloids, Radio-actively
labelled loganin was incorporated into ajmalicine, serpentine, ajmaline,
catharanthine and vindoline (Cordell, 1974). Loganin has also been

isolated from a few indole alkaloid-producing plants (Battersby, 19713).
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| H,OH
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Secologanin (XXVII)
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O
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Concerning the bicsynthetle stages beitween geraniol and loganin,
a dialdehyde of the structure (XXVI) (Hcheme XIV) is considered to be
an important intermediete. The theory that hydroxylation at C-7 of
the loganin molecule was a late stage in the biogynthesizs recelved

experimental confirmation (Inouye et al, 1969; 1972},

It is now believed that loganin is convex;tod .to seco~loganin
(XXVII) and that the initial stage of biosynthesis of indole alkaloidé
involves the condeansation of tryptamine or tryptophan with seco-
loganin. The actuzl mode of condensation, althouwgh always assumed, hasg
now been validated experimentally hy Tattersby et al (1969a). The
reaction as demonstrated by in vitro ewxperimentis resulted, depending on
the p'l condition of the reaction mixturc, in the formation of two
epimeric ﬁ ~carbeoline alkaloids, wvinecside and isovincoside, and the

appropriate spiro-indolenine derivative (Scheme XV),

Independently, and almost simultaneously, ctrictosidine was

isolated from a natural source (Rhaszya siricta Decaisne,family

Apocynaceae), and,by direct comparison, it was identified as isovincoside

(smith, 1968; Battersby, 1971a).

Vincoside was originally assumed to possess a C-3H & configuration
but subsequently this was reversed to C-30 & whilst the epiﬁer,
strictosidine or isovincoside, was chown to possess the C-30 ¥ configur-
ation (JBa‘ttersby et al, 196923 1971b; De Silva el al, 1971; Blackstock
et al, 1971). Thic revision has been confirmed by X-ray diffraction

studies (liattes et al, 1975).
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As a result of feeding experiments which demonsirated the
exclusive incorporation of labelled vincoside into all three classes

of indole alkaloids (Corvnanthe, Asnidosperma and Ibo.f;a) in Vinca

rosea L., but not isovincozide, a precursor role was adduced to
vincogide (Battersby, 1969;, The recent works of Zenk (1977) and,

Brown et al {1978) have shown that it is strictosidine (isovincoside)
which correctly possesses the C=3H XK configuration that is incorporated
into the indole alkaloids of Vince wrowzee, and not vincoside with C-3i[ /'.5

as earlier indicated by Pattersby (1969).

The incorporation studies on vincoside and isovincoside by
Battersby (1969}, Zenk (1977) and Brown et al (1978) were wndertaken
using Vinca species. No such work has yet been performed on Rauwolfia
species but the incorporation of logmnin into ajmeline in R. serpentina
(Battershy, 19653) and the isclation of glycosidal alkaloids such as
raucaffricine from R, caffra (ihan, 1970) indizates that a similar
bio'gene'bic process probably obitains in Rauwolfia specles, Neverthelese,
neithor vincozide nor igovincoside has been isclated ag yet from any
Rauwolfis species, Also whether loganin is an obligalory precursor in

81l indole alkaleoid-producing plant still needs to be confirmed.

QAc

O-galactose

Raucaffricine
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The process of bosynthetie transformation from strictosidine
or vincoside to the wvarious indole alkalcid types is still speculative
in spite of the numerons experimental works on indole alkaloid

biogynthesis,

Some of the experimental techhiques ewmployed included isolation
of minor biosynthetic intermediates, tissue culture and isotope
labelling, tracer work and dilution analysis. Dascd on these researches
many biogenetic routes have been propssed to account for the origin of
indole alkaleids (Battersby et al, 1966; Kompis et al, 1971; Coxdell,

1974; Timmins and Court, 1975).

Moré recently Zenk and his co-workers (1977; 19?8), performing
tissue enlture experiments, have been able to implicate two compounds,
4, 2)-dehydrocorynantheine aldehyde (XXIII) and cathenamine (XXIV)
(Scheme XVI) as key intermediates in the bisaynthetic tranaformation
of sirictosidine to ajmalicine and some E~seco indole alkaloids, The
transformation involved an initial enzymatic cleavage of glucose from
strictosidine {XXIX) to yield an unstable aglycone (XXXI) which in tum
produced the dialdehyde (XXXII) and subscquently formed the intermediate

4, 21=dehydrocorynantheine aldehyde (XXXIIT),

The authors also demonstrated that,under certain enzymatic
conditions, compound (XX{IIT) would yield ajmaline, 19=epi-ajmaline and
.tetrahydroalstonine via the intermediate cathenamine (COXXIV). Under
different enzymatiic conditions compound (XXXIII) produced the EB-seco
indole olkaloids, sitsirikine and l6-epi-sitsirikine, as shown in Scheme

XVI.
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No biosynthetic studies have so far been made on the yohimbine
group of alkaloids Mut it was suggested that their biosynthesis
probably involves a C=C cyclization of an intermediate E-gseco indole

alkaloid as shoun in Scheme XVII (Cordell, 1974).

v

CHZ00C

OH

Yohimbine

Scheme XVII
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Farlier Inouye (1968) hed svggested an aliernative route
involving the condensation of tryptamine with 2 seco-iridoid of the

type compound (X0XVI) (Scheme XVIII),

I HO

CHZ00C
OH

(XXXVI)

Scheme XVIITI

Van Tamelen (1968) proposed that alkaloids of the sarpagan—
ajmaline group are formed by the reaction of the =16 carbon atom of
the E-geco indole alkaloids on an electrophilic imine at C<5, which
was formed by exidative decarboxylation of 9H-carboxy-geissoschizine
type compounds, Thus alikaloids of the adirubine type, could be possible

precursors of the sarpagen-ajmaline gronp (Scheme XIX),



- 118 -

There seems to be little doubt ahout the biosynthetic steps
leading to the ajmaline skelecton since isolated alkaloids such as

normacusine B, vellosimine, polyneuridine and vomilenine can be

regerded as trapped intermediates (Taylor, 1965),

COOCH4
CHO

Ajmaline type Sarpagine type

Scheme  X1X
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The co-occurrence of ajmaline, noxr—ajmaline, tetraphyllicine and
nor-tetraphyllicine in the wnome plant may be related to the biogenesis
of ajmaline, The N'a-meth:,rl group in ajmaline was shown to be derivable
from methionine and the C-21 hydroxylation may be a late stage in the
biosynthesis of ajmaline as 2l-deoxy-ajmaline has been shown to be a

good precursor of ajmaline in R, serventina (Barton et al, 1965),

The more recent works of Timmins and Court (1975), Iwu end Court
(197?) and Sabri and Court ( 1978) which demonsirated that the nor-bases
such as nor-ajmaline, nor-tetraphyllicine and endolobine occurred
mainly in the aerial parts of the plants whilst the Ila-methyl analogues
occurred in the lower parts show that the nor-bases are the probable

precursors of the Na-mr; thyl analogues,

It is, however, not certain at what stage of biosynthesic the
methoxylation of hetercyohimbine and sarpagine~ajmzline compounds takes
place, tut the isolation of hydroxy-geissoschizol and methoxy-geisso-
schizol from Reuwolfia species (Timmins and Court, 1975; Sabri and

Court, 1978) suggests thai this may be at the E-seco indole alkaloid

stage.

There is therefore a need for thorovgh and careful analysis of
the individual plant members in order to demonstrate the alkaloidal
pattern in the plent and to trap the more importani biogenetic inter-
mediates, With such data it may be possible to piece together the
biogenetic routes and to explain the occurrence of the wide range of

indole alkaloids in the Rauwolfia species,
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Scope of the present work

The secticn Ophicxylanthus of Pichonts classification of the
gemus Eouwolfia comprises two species viz, N, l’.".?:i_‘."_'l:i-‘_;‘. and R,
oreomiton, Plants of the two zpecies have been investigated in order
to compare the distribution of the alkaloids in the species, The

information obtained has also been used to relate the section

Ophioxylanthus to the other African sections of Pichon's classification,

As no work had previously been reported concerning R. volkensii,
the alkaloid distribution in the root, stem and leaves of this plant
was investigated and the inter-relationship of the alkaleids within the

plant is discussed,

The root alkaloids of R. orecgiton were studied previcusly by Court
(19643 1968) under the name R, yolkensii and by Timmins and Court (1974),
Earlier investigations indicated the presence of ajmalicine, reserpine,
rescinnamine, renoxydine, reserpiline, ol =yohimbine, en unidentified
yohimbine isomer, aima2line and serpventine., The root alkaloids were
re~investigated and the total root extract compared chromatographically

with that of R, volkensii roots,

The leaf alkaloide were investipated and the resulis are compared

with those for R, volkensii leaves,
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Plant Material
. volkensii Stapf,

The roct, atem and leal samples used were collected at the same
time and from the same plants at the Kindoroke Forest Reserve, Sams

Digtrict, Kilimanjaro Region, Tenzenia in January 1974,

Voucher specimens of the materials are lodged with Pharmaceutical
Society of Great Britain Collection of Material Medica and Harbaria,
University of Bradford under the refewvence numbers RAU 111741, 111.742
and 111743,

R, oreogiton Markgraf,

The root samples were collected by the Forestry Department, Iushoto,
Tenzania in 1959 and 1960 under collectorst numbers Semael 20827 and
Semsei 2948, 'The identity of the sgamples was confirmed st the East
Africen Herbarium, Nairobi, Kenya, Voucher sypecimens are lodged with
Pharmaceutical Scelety Collection of Material Medica ond Harbaria,
University of Bradford under the reference numbers RAU 106-591 and RAU

102-601,

The leaf samples were collected in April 1970 in the Massu Forest
Reserve, West Usambaras, Tanzania, Voucher specimens, reference number

RAU 106~701, are also lodged in the University of Bradford,



Extrection end Fractionation

The general extraction procedure entailed defatting the powdexed
material in sufficient quantities of petrolemm spirit (b.p. 40-60°C) and
extracting the dried marc consecutively with methanol, methanol-ammonia
(2% concentrated ammonia in methanol) and 1% sodium hydroxide solution in
methanol, Overnight maperation was employed in each extracﬁion

procedure,

Adequate precautions were taken throughout the extraction procedure
to avoid contact of the alkaloids with sirong acids or alkali or
excessive heat.s The alcoholic extracts were freed of the solvent in vacuo
and the residue obiained dissolved in 1,0 N hydrochloric acid, The
inscluble resinous matter was removed by filtration and the aguecus layer
fractlonated into weak, intermediate and strong basc fractions as

described in the flow diagram based on Court (1958).

The weak, intermediate and strong basc fractions were then separetely
pagsed through a preparative chromatographic colum and the freod alkaloidsz

separated and purified by thin layer chromatography,

Analytical Methods

l, Colum Chromatography

Technique : Gradient elution.
Colurm ] Glass colurm, 50 cm length by 5.5 om internal diameter.,
Adsorbent 3 Aluminium Oxide Active (neutrzl PBrockmann grade 1) for

chromatographic analysis (BﬁH Chemical Lid., England).
The colur was packed by the silurry method end eluates
were collected manually,

Solvents H For detalle see text,



Powlered Plant

meaterial

Mecerate overnight
in petrolevm spirit

Defatted material

v

Fxtract with methanol and
Pagified methanol

Bulked Extract

Resinous residue;
reject

Orpganic layer : evaporate
under reduced pressure;
Weaek base fraction

Organic layer : evarorate
wnder reduced pressure;
Intermediate base
fraction

Concentrate and
digsolve in 1,0 N HC1

Aqueous extract
ghake with CHCl3

Aqueous extract :
rmeke elkaline (pd
Jixtract with

N0
e
}-—'

M

Agqueous extract;
meke alkaline (pi 12),
Extract with 03013

Organic layer : evaporate under

reduced pressurcs
Strong base fraction

Aqueous
extract
reject



- 126 -

2, Thin~layer Chromatography (TLC)

Techpique

Adsorbents

Develeopment

Visualisation

:

Ascending; development distance 15 cm.
Silica gel GF254 (Merck, Darmstadt, West Germany)
or Silica gel Type 60 with added fluorescent

indicator T Thin-layer plates (20 x 20 cn)

254*
with layers 250 Mm thick were prepared using a

BiL motorised TLC ccater, The plates were
activated at 110°C for 2 hrs, end stored in a
desiccator. Activated plates were used within 72
hrs., of preparation.

Spots or streaks were spplied to the baseliines
manually using a fine capillary tuve and the
chromatograms were developed at room temperature

(20 -~ 22°C) using Shandon Chromato-tanks (22 x 24 x 9
cm) (Shandon, London),

FPor qualitative work the tanks were lined with
Whatman Yo, 1 filter paper and the tank atmospheres
were allowed to satuwrate for 30 minutes, Vhere an
anmonia atmosphere was required a small beaker
containing 5 mls, amonia {0,880) was placed
centrally in the tank,

Developzd plates were usually eir dried but, if
relatively non~volatile golvent systems were used,
plates wore dried in an oven at 100°C for 10
minutes before visualisation, Methods of visual=

isation werei=
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(a) Ultraviolet light at wavelength 254 nm was employed to detect
fluorescent quenching spots or bands and at wavelength 366 nm
to detect flnorescent epois.

(b) Detecting reagents i

(1) Terric chloride -~ perchloric ocid reagent:—

5% ferrie chloride in 35% v/v sgueocus perchlorice acid,

(i) Ceric sulphate reagent =

1% eeric sulphate in 10% agueocus sulphuric aclid sclution

(11i) Dragendorff's rcogent i~

Solution I
Bismuth sutmitrate 0.85 G.
Glacial acetic acid 10 uls,
Watex _ 40 nls,

Solution IT -
Potassium iodide 8.0 G,

Distilled water to ' 20 mls,

Solutions T and IT were mixed to make the stock solution ;
10 mls,. of stock solution was diluted with 20 mls. of glacial
acetic acid and the volume adjusted to 100 mls, with water to prepare

the spray reapent,

3, Elution from PLC

The presence of alkaloid spots ot the chromatograms was detected by
luorescent quenching in ultraviolat light or by spraying the edges of
the plates with a suitable alkaloid detecting reagent, The appropriate

bands were removed using & small spatula and eluted by standing in methanol
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with intermittent agitation for three hqurs, The resultant solutions
were filtered through siniered gluss and the filirates on evaporation to
dryness wnder veduced pressure provided the respective alkaloids ag
amorphous residues, Vherecver quantities permitted the alkaloids were

further puvified by crystallisation from suitable solvents.

4. Ultraviolet spectroscopy

The TV spectra of the isolated alkalolds were recorded using
methanol (Analar grade) as solvent end & Unicam S,P. 800 spectrophotometer.
If the alkaloids were eluted directly from the adsorbent, Ylank solutions
were prepared from equivalent weights of silica gel obtained from chromato-

plates which had been similarly treated tut without the test alkaloids
(Herris et al, 1968),

5. Infrared spectroscopy

The infrared spectra were recordad using a Unicam 5,7, 200 speotro~
photometer or a Perkin~Elmex infrared spectrophotometer 297 with a bean
condensing unit and att{emiator to compensate the reference beam, Samples
were prepared in potassium bromide microdiscs oy in some oaéea where

gquantities permitted in chloroeform soluticn,

6, Iuclear Magmetic Resonance Spectromotry

The NMR apectra were recorded using a JEOL NMR instrument, model
JNM-MH-100 {100 mHz)., Alkaloid mamples were prepared in deuterochloroform
solutions and tetramethyl-silane (TMS) was employed as the internal
Btandérd.
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Ts Mass spectrcmefry

Masga spectrsn wers oblained using en AJL.L., VS 902 spectrometer,
Samples were introduced on a direct insertion probe and spectra were

recorded uvunder the following vonditions i-

Accoleration voltage - 8 lv
Electron team _ 70 eV
Emission ' | 100 ua
Source teuperature 250°C

8, Melting point apparatﬁs

Melting points were detempined using a Xofler hut gtoage microscdpe.

For mixed melting points a Bachd melting point spparatus wos employed,

9, Reference Alkaleids

Ajmalicine, ajmaiine, reserpine, rescinnamine and serpentine hydrogen
tartrote were obtained commereially from KocheLight Lid. (Colnbrook,

Inglend),

Yohimbine hydrochloride, alpha-yohiubine, pseudo-yohimbine, tetra-
phyllicine end reserpiline oxalste were obtained commercially from K and

K Tabhoratories (Plainview, New York, U.S,A,.).

Aricine was kindly donated by 3. B. Penick and Co, (New York and

Chicago, U.S.4. )o

Tetrahydroalstonine samples were kindly donated by IDr. P, V. Le Quesne
and Trofessor R, C. Elderfield (University of Michigan, Michigane U.S.As)s
Sarpagine was obtained as a gift from Dr, A. Bonati (Inverni-Della, Beffa,
Mileno, Italy), Queternine was kindly supplied by Dr. Claude Thal
(Institut de Chimiec des Substances Naturelles, C.M.R.S. 91190 Gif=surYvetie,

France) end persksine was kindly given by Dr. J. L, Poussei, Paris,
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10, Developing solvents

(i) Xylene : iso~octane : elhyl ecetate 1 diethyl ethexr (3 :9 :1 2);
(ii) n - Butanol : ethyl acetate : ethylene dichloride {1 = 3 : 6);
(iii) Acetone : petroleum ether (b.p. 40-60°C) ¢ carbon tetrachloride i
iso~octune (7 : 6 3 4 1 333
(iv) Methanol : methylethylketone 3 n-heptene (8 3 4.33 3 6.58)3
(v) Acotone : petroleum ether (b.p. 40-60°C) : glacial acetic acid
(9 +9 s 2);

(vi) Acetone : methanol : glacial scetie acid {14 31 5 : 1);

(vii) Acetone

LLJ

n-butonol : isc-octane (33.6 : 8,4 : 5.8);
(viii) Ether : methanol (9 : 1);
(ix) Acctono : petroleoum ether ¢ diethylamine (7 : 2 3 1);
(x) Chloroform : petroleum ether : methanol (8 s 1 : 1);
(xi)} Acetone : methanol = diethylamine.(T $ 2 2 1)
(xii)} Chloroform : methoncl (3 : 1);
(xiii) Ethyl acctate : hexane : carbon tetrachloride : butanol {4 : 3 é 3 1);
(xiv) Tert-butanol : acetic acid : water (4 : 1 t 5);
(xv) TBthanol : ethyl scetate : dimethylformamide : diethylamine
(12 : 6 :+ 1 :1);
(xvi) Chlorofcrm : methanol (saturated with ammonia) (99 : 1);
(xvii) Heptane : methyl ethylketone (5 : 4);
{xviii) Chloroform : acetone {5 : 4);
(xix) Ether : ethenol (19 : 1);
(xx) Ethyl acetate : iso-propanocl : conc, ammonia (16 = 3 : 1);
(xxi) Ether : ethyl acetate (1 & 1);
(xxii) Ether : methanol (1 3 1);

(xxiii) Ethyl acetate s methanol s scetons (7 22 : 1)
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1., R, volkensii root

5 kg powdered root wood and bark was macerated overnight in 15 litres
of petroleum spirit {®.p. 40-6000). Affer removal of sclvent, the mare

was air dried ot room temperature,

The drled powder was extracted with 15 litres of methanol employing
overnight maceration with cccasional manuwal agitation and stirring, The
solvent was removed by filtration snd the mere ro=extracted in the same
manner wsing 1% litres of methanol-ammonia (29 concontrated ammonia in
methanol), Two further successive exitracticns were carried out with

fresh solvent and the extracts were recovered bty filtration.

The filtered extracts were bulked and evaporated to dryness under
reduced pressure, The resultant dry extract was then shaken with 500 ml
1.0 M hydrochloric acid end residual ingoluble matter removed by

filtration,

Extraction of the agueous filtrate with chloroform (6 x 150 ml) end
evaperation of the separated and bulked chloroform extracts under reduced

pregsure yielded the weak base fraction (8.5 g)e

The agueoug phase was made alkaline with dilute aymonia (pi about 9)
and extracted with chloroform (6 x 150 ml), Removal of the separated and
bulked chloroform layers under reduced pressure produced the intermediate

base fraction (2.2 g).

The aqueous phese was rendered more alkaline with 5% sodium hydroxide
solution (pH 12) ond similarly extracted with chloxoform (6 x 150 ml) %o

yield the strong base fraction (0.8 g).
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The alkaloidal extract of the weak base fraction wos furtheﬁ
fractionated by column chromatogrophy. ‘lhe extract wes introduced to the
top of the well-packed colum as a slurry, with filter paver and antie
bunping granules separating the adsorbent and the alkaloidal extract,

The colunmth wag then eluted with the followving solvents in successive 500 mi

quantities -

Hexane : ethyl acetate | ]

L1
-~

Ethyl acctate

Ethyl acetate : methanol 19 1
Ithyl acetate : methanol g :1
Ethyl acetate : methanol i7 s
Ethyl acetate : methanol - 4 1
Bthyl acetate : melheanol T:3
Bthyl acetate : methanol 3 s 2
Bthyl acetate : methanol L1
Methanol |

Forty fractions of 75 ml volumes wers collected and repressntative

concentrates were monitored by TIC using the solvent systems:-

(i) Acetone : petroleum ether (b.p. 40-6000) t carben tetrachloride @
igo-octane (7 1 6 : 4 t 3)3
(i1) Chloroform : petroleunm ether (b,p. 40-60°C) : methanol (8 : 1 : 1);

(i1i) Ethyl acetate : iso-propanol : smmonia (16 : 3 1 1),

By the mixing of similar fractions the collected fractions were reduced
to seven and desigated fraetions A-G, 'Mhe alkaloids in each fraction were

separated and purified by TLC,



Fraction A was separated using the sclveni system acetone :
petroleum ether (b.p. 40-60°C) 1 carbon tetrachlovide : iso-octane
(7 :6 24 2 3) and three alkaloids were obtained, rvox 1 (5 mg),
RVOR 2 (50 mg) and RVCK 3 (10 mg).

Fraction B, on separation using the solvent system diethyl ether :
methanol (19 : 1) provided two alkaloids, RVOKX 4 (30 mg) and RVOX 5§
(1500 mg), Fraction C was similarly separated and yielded RvoK 6 (50 mg)
and RVOK 7 (5 mg). Frection D treated in the sawe manner provided

RVOK 8 (7 mg) and &VOK 9 (5 mg).

Fraction E alkaloids were separated by the solvent system acetone :
chloroform : ethenol (1 : 8 : 1) and the alkaloids pvoK 10 (15 mg) and
RVOK 11 (10 mg) were obtained, Fraction F yielded two amorphous alkaloids

Rk 12 (8 mg) and rvex 13 (8 mg) when separated as for Fraction E,

Alkaloids of Fraction F were separated using the solvent system
ethyl acetate : iso-propanol : ammonia (16 : 3 : 1) and two alkaloids
RVOK 14 (50 mg) and RVCK 15 (800 mg) werc obtained,

The intermediate and strong bese fractions were combined and
fractionated by columm chromatography into five fractions designated H-L
-
in the same mammer as for the weak base fraction, The alkaloids of each

fraction were also separated and purified by TLC,

Praction H provided two alkaloids RVOK 16 (50 mg) and RVOK 17 (8 mg)
on separation using the solvent system n-butanol : ethyl acetate : ethylene

dichloride (1 : 3 : 6), Praction I gave one alkaloid, RVOX 18 (10 mg) ,

using the same solvent system,

Three alkaleids, RVOX 19 (8 mg), ’RVGK 20 (15 mg) and rvoxk 21 (12 me) ,
were separated from Fraction J using the solvent system chloroform :

methanol (3 : 1),



Praction K yielded three slkaloids, RVOK 22 (1C mg), RVOK 23 (8 mg),
RVOK 24 (30 ug),when separated using the zolvent system acetona :

methanol : diethylamine (7 ¢ 2 & 1).

Fragtion I on saparation uaing acetone : methanol : acetie acid

(7 : 2 + 1) provided two alkaloids, nvoKk 25 (20 mgj and RVOK 26 (15 myr).

2. Re volkenoii stem bark

2 kg powderad stem bark was defatted with petroleum ether, driecd und
rendered alkaline with 20 g of calcium hydroxide and a small quentity of
water. The plant material wasg extracted with 10 litres of methancl by

overnight maceration,

The golvent was removed and two more successive extractions were

carried out using 1% sodium hydroxide solution in methanol.

The filtersed extracts were tulked and evaporated to dryness under
reduced pregsure, The concentrated extract was dissolved in 200 ml 21,04
hydrochloric acid and the ingoluble resinous matter removed by fillration,
The filtrate was shaken with chloroform (6 x 100 ml portions) and
processed as before for the root to yield the weak base (5.2 g), inter-=

mediate base (3,1 g) and the strong base (0.9 g) fractions,

The weak base fraction was fractioneted by preparative layer
chromatography using thoe solvent system chloroform : acetone : methanol

ino~octane {13 t 3 t 2 & 2) into four bands designated bonds A=D,

Band A on separation and puvification by TLC using the solvent
system acetone : petroleum ather (b.p. 4O~6OOC) : carbon tetrachlorida
iso~octane (7 : € ¢ 4 : 3) yielded three alkaloids RVCSB 1 (2 mg),

RVOSB 2 (50 mg) and kvOSE 5 (50 mg).



Band B was aeﬁarated using the solvent system diethylether :

methanol {19 : 1) to yicld two alkeloids RVOSB 4 (30 mg) and RVOSB &

(800 mg),

Band C produced thres aikaloids BVOSB 6 (25 mg), RVOSE 7 (10 mg)
gnd RVOSB 8 (10 mg) by sewation. in the solvent system ethyl acetate 3
iso-propanol : ammonia (1€ : 3 : 1), Alkaloids of Zand D were separated
in the same mammer and two compounds, RKv0oSB 9 (80 mg) end RVO3B 10
(200 mg), were obiained,

The alkalolds of the sirong and intermediaste bacse fractiong were
separated using the solvent system chloroform : acetors 2 methamel (8 ¢ 1 : 1)
and the seven compounds, RVOSB 11 (15 mg), RVOSB 12 (10 mg), RVOSBE 1%

(20 mg), RVOSB 14 (20 mg), RVOSB 15 (20 mg), RVOSB 16 (10 mg) and

RVOSB 17 (10 mg) were obtained,

3. R. valkensii loaves

3 kg of powdered leaves wag extracted and processed as before to
yleld the weak base (10,5 g), intermediate base (0.8 g) and strong buse

(0.2 z) fractions.

The wesk base fraction was further fracitionzated by column chromato~-
graphy and, by monitoring of the concentrated eluntes by TLC using the
solvent systems chlcroform ¢ methanol ; acetone : isc-octane (6 1231 1).
and ethyl acetate : iso-propanol : ammonia (17 ¢+ 3 : 1) the three fractions

A~C were obtained,

Fraction A on gseparation by TLC using the solvent system acetone ¢

chioroform : (4 : 5) yielded five alkaleids desismated in order of
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decreaging hRf' values RVOLF 1 (8 mg), 2voLF 2 (10 mg), IVOLF 3

(8 mg), RvoLF 4 (60 mg) and RVOLF 5 (5 mg).

Alkaloids of Fraction B were geparated using the solvent system
chloroforn : petroleum ether (b.p, 40-60°C) : mothanol (8 : 1 : 1) and
three alkaloids, RVOLF 6 (60 wg), nvolrF 7 {600 mg) and RVOLF 8

(15 mg), were obtained,

Fraction C 2lkaleids romained near the base line with most of the
polar solvent sysvems used, The alkaloids were successfully zeparated
using the sclvent system chloroform : methancl (% : 1) and RVOLF 9

(10 mg) and rvOLy 10 (15 mg) were obtained,

The intermediate and sirong base fractions yielded three major
alkaloids on separation by TIC using the solvent svsiem chloroform 3
methanol : acetone & iso-cctane (6 22 21 £ 1), RVOLF 11 (8 mg),

RVOLY 12 {8 mg) and RVOLP 13 (5 mg) were obtained,

4, R, oreogiton root

%5 g of powdered root wag extracted and fracticnated into weak base
and strong base fractions by the methed described for the extraction of

R. volkensii root. The yields obtained were 300 mg weak base fraction

and 100 mg strong and intermediaie base fraction,
Comparison with R, volkensii rook

35 g of powdered R. volkensii rcot was similarly exiracted ard
yielded 280 mg weak base fraction and 120 mg strong and intermediate basa

fractions,



The week base fragtion from each plant wes disgolved in 10 ml
chloroform ¢ methanol (1 & 1) and the extracts co~chromatographed in
six solvent systems. The alkaloids of cach plant extract were examined

and chromatographic characicrs compared,

The methods employed involved visunalisation of the chromatograms
under UV light, spraying with alkaloid detecting reapents such as
Dragendorff's rezgent, ferric chloride-perchloric acid reagent and eeric
sulphate reagent, and comparison of hif values, The strong basg

fractions of each plant were similarly ceompared.

Confirmation of identity of detected nlkaloids

The extracts from R, volkensii root and R. oweogiton oot were each
applied as streaks to the baselines of freshly prepared and activated
plates and the plates were developed in the solvent system acetone :

petroleum ether : carbon tetrachloride : iso-octane (7 : 6 : 4 1 3).

After location under UV light, the appropriate and corresponding bands in

each extract respectively werz scraped off and eluted in methanol,

The recovered alkaloids were co—chromatographed on TLC plates and

with 0,01% solution of reference alkaloids using six solvent systems,

5« R, oreogiton leaves

6 kg of defatted, Lleal powder was macerated overmight in 20 litres
of methanol and further exiracted with 3 x 20 litre quantities of
methanol -~ amnonie, The exiracts were bulked and concentrated under

reduced preasure to yield 500 ml of a dazrk wviscous liquid,



The concentraéed extract ﬁas disgolved in 1 litre of 1.0 N
hydrochloric acid and the resinous matter removed by £iltration, Tae
filtrate was extracted with 10 x 500 ml portions of chloroform and the
combined chloroform extiracts on evaporation to dryness vnder reducad

pressure yielded the weak base fraction (15.0 g£)e

The aqueocus loyor was made alkaline to pH 9 with ammonia solution
and extracted with 10 x 500 a2l velumes of chloroform, Removal of the

chloroform provided the intermediate base fraction (8.5 g).

The remaining aqueous phasa was made further alkaline with 5%
gpodium hydroxide solution to pH 12 and exiracted with chlorof'crm

(5 x 500 ml quentities). Evaporation of the chloroform extract provided

the strong base fraction (5.2 &)

The weak bage fraciion was further Iractionated by column chrometo-
graphy in the same manner as reported earlier for the xcot of R, valkensii,
Reyresentative concentrated eluates ware monitored by PIC in the solvent

sysiems ;=

Acetone : petroleum ether ¢ carbon tetrachloride @ iggﬂoctane
(7 :6 14 :3);
Chloroform : ethyl acetate & methanol ¢ $so—octane (7 ¢+ 1 ¢ 1 ¢1)

Ethyl acetate : iso—propanmol : ammonia (16 ¢ 3 : 1),

By mixing of similar eluates six main fractions were obiained and

designated fractions I-VI,

Fraction I yielded three alkaloids, Oreog 1 (4 mg), Orcog 2 (8 mg)

and Oreog 3 (10 mg), when separated by TLC using the solvent system
acetone : petroleum ether : carbon tetrachlorvide i iso-octane

(7 : 86 24 13)
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Oreog 4 (50 mg) crystallised from %he methanolic solution of
Iraction IT and the supernatant solution on separation wsing the solveut
system ether : methanol (9 : l) provided Oreog 5 (100 mg) and Crecg 6

(50 mg)e.

From the methanolic solution of Iraction 1II Oreog 10 (100 mg)
crystallised out and separation of the supernatant solution by TLC using
the solvent system ethyl acetate : iso~propsncl 3 ammonia {16 :+ % 1)}
provided three more alkaloids, Orseg 7 (5 mg), Oreog 8 (15 mg) and Oreos

9 (100 mg).

Fraction IV treated in the same manner yielded four alkaloids,
Oreog 11 (150 mg), Creog 12 (120 mg), Orecg 13 {5 mg) and Orocog 14
(100 ng).

Fraction V provided three alkaloids Orecg 15 (5 mg), Oreog 16 (10 mz)
and Oreog 17 (10 mg) when scparated uwsing the solvent system ether
methanol (1 ¢ 1),

Fraction VI yislded Oreog 18 (30 mg) when separated using the solvent

system chloroform : methanol : petroleum ether (8 : 1 : 1).

The intermediate and strong base fractions were combined and on
separation using the solvent system ethyl acetate : iso—propanol :
agmonia (17 ¢ 3 : 1) yielded three identifiable alkaloids Oreog 18 (10 wz),

Oreog 20 (10 mg) and Oreog 21 (20 mg).
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Alkaloids of R. volkensii roofi

RVOK 1 s Light yellow crystalsy m,p. 228 - 230°C,

U s Ao nn 226, 262, 290 mm; inflexion at 250,
R V% enl 34005, 2900w, 2650y, 2750y, 16958

1600 5, 1460 w, 1450 g, 1380 m, 1310 w, 1300 8, 1260 3,
1200 s, 118C g, 1150 m, 11105, 1060w, 740 s.

MS : mw/e (relative intensity per cent) 352 M (100), 251 (M - 1) (75},_
337 (M~ 25) (29), 320 (M~ 32) (7)s 309 (4), 293 (&~ 53} (5},
261 (4), 287 (4), 751 (4), 239 (5), 223 (18), 21 (7),
209 (9), 197 (15), 184 (13}, 170 (12), 169 (20), 268 (11),
156 (51). |

Chromogenic resctiongs A greyish colour wes obtained with ferrie chloridou=
perchloric ccid recgent and 8 faint yellow colouvr obtained with
corico sulphate reagent, o
. The UV spectrum suggested a heteroyohimbine chromophore, This was
confirmed by the twin sbsorption IR maxima at 1695 snd 1600 cm
indicating the presence of the ,6 ~alkony~acrylic ester meoiety in the
molecule, The IR spectrum also showed =. strong absorption maximm af

-],

740 om — due to a 1, 2 ~ disubstituted beonzene ring and indicating absence

of substitution on the aromatic ring.

The MS showed the typical fragmentation pattern of an wnsubstituted
heteroychimbine compound; the B —carboline peaks wexe indicated at mfe
184, 170, 169 and 156, The relative intensity c;f the peaks at m/e 184, 170
and 169 and the peaks at Eég 22% and 223 indicated that the compound

belongs to the 2llo or epiallo series (Djerasgsi, 1953; Hesse, 1974).
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The above data suggested the structure of tetrahydrozlstonine,
Co=chromatography with an authentic sample supplied by Professor R, C.
Elderfield and Dr, Le Quesne in six solvent sysiems and an undepressed

mixed melting point confirmed RVOK 1 as tetrahydroalstonine,

RVOX 2 ¢ light yellow crystals; mep, 216 « 21800.

w s ANe%nn 208, 299, 305; inflexion at 250.
mr _1 4 . ~
IR s V.- cm 3400 g, 2900 m, 2850 w, 2600w, 2750w, 1700 g,

1630 s, 1570 w, 1480 5, 1440 m, 1740 m, 1300 s, 1210 g,
1190 m, 1150 s, 1110m, 1080 m, 10%Cw, 830w, 770w,
740 w.

MS :  m/e (relative intensity per cent) 412 K" (100), 411 (M - 1) (s2),
397 (M = 15) (23), 381 (M~ 31) (9), 353 (M = 59) (9), 311 (14),
283 (18), 269 (9), 257 (9), 244 (11), 230 (11), =229 (11),
222 (9), 216 (41).

Chromogenic reactions: An indigo blue colour was produced with ferrie
chloride -~ perchloric acid reagent and a yellow colour obtained
with ceric sulphate reagent,

The UV spectrum indicated a substituted heteroyohimbine chromophore,

MS showed a typical heieroyohimbine fragmentation pattern but the £ -

carboline peaks were indicated at m/e 244, 230, 229 and 216 thus suggesting

two methoxy substituents on the indole nucleus, MS relative peak
intensities at m/e 244, 230 and 229 indicated cis D/E ring fusion

(Djerassi, 1963), Chromogenic reactions and spectral data suggested that

the alkaloid resembled reserpiline but differed chromatographically, A

sample of isoreserpiline was prepared by acid epimerisation of an

eauthentic sample of reserniline and subsequent purification by PLC (Mac-

Fhillamy et al, 1955).



Direct comparison of RVOK 2 end the synthetic sample (UV, IR,

MS, co~DIC) and the wndzoressed mixed meliing point confirmed that

RVCK 2?2 was isoreserpiline,

RVOX__ % : Yellow crystalss m.p. 2600(),

wos Ao gn 226, 282, 290; inflerion at 250,
KBr =1 | -
IR ¢ ¥ oo% ol 3400 5, 2900m, 17008, 16105, 1465w, 1450 g,

1360 m, 1310w, 1300 g, 1200 g, 1180 s, 1150 m, 1110 g,

1060 w, 1026w, 1000w, 9603y, 920, 740 m,

M3

-

n/e {(relative intensity per cent) 352 M (100), 351 (1 = 1) (75),
337 (M = 15) (23), 321 (M~ 31) (13), 293 (M - %9} (17), |
225 (21}, 223 (17), 209 (25), 196 (21), 184 (58), 170 (25),
169 (33), 156 (83).

Chromogenic reections: A greyish colour was oblained with ferric
chloride ~ perchloric acid reagent and a faint yellow colour
produced with ceric oulphate reagent.

The data cbtained agrees with published data for ajmelicine (Tipmins
.and Court, 1974). Mixed melting points_were' undepresgsed and identity was

confirmed by co=TLC ond comparison of the IR spectrum with that of en

~authentic sample of ajmalicine,

RVCK 4 ¢ Tellow amorphous powder,

UV : /\ isxm mn 227, 282, 292; inflexion at 250,
KBr «1
IR \rmax cm 3400 8, 2900 s, 2850 w, 1700 @, 1620 m, 1570 s,

1430 m, 1280 m, 1240 w, 1200 m, 1160 w, 1130 w, 1080 m,



¥ :  mfe (rolutive intensity per cent) 382 ¥ (100), 381 (M ~ 1) (69),
367 (1 - 15) (56), 351 (M - 31} (13), 323 (M~ 59) (15),
321 (26), 281 (29), 251 (33), 249 (24), 239 (23), 222 (9),
214 (15), 200 (13}, 199 (16), 186 (43).

NMR s (013013) £8.12 (ad 1, NH), 7.72 = 6.92 (m, 3H, aromatic),

3,08 (s, 31, 0035), 3,76 (5, 34, 0035), 3,00 (m, 11),

2,64 (m, 1H), 2,16 {8, 24), 1,76 (8, iH), 1.32 (d, 3H, C-19,

CH )s | |
Chromogenic reactions: A greyish brown colour was cbiained with ferrie

chlovide - perchlorio acid reagent and a dirty brown colour

produced with ceric sulphate rceagsent,

Spectral data (UV, IR, MS, IMR) eprees with published data for

aricine (Boo:'w}ma}r and Court, 1976), Co~TLC with an authentic sample of
gricine in six solvent systemas confirmed the identity of KWVOK 4 as

aricine,

 RVOK_5 & Light yellow erystals; m.p. 104 - 106°C,

o ,\_EggH nm 228, 299, 304; inflexion at 250,

IR : Yi;; cm™t 3350 5, 29258, 2825m, 1700 8, 1620 5, 1560 w,
1480 5, 1440 m, 1380 w, 1340 m, 1300 8, 1240 m, 1200 s,

1140 m, 1080 g, 1020 w, 830m, 790w, 760m, 740 w.

MS : m/e (velative intensity pexr cent') a2 v¥ (Lo0), 411 (M- 1) {7L),
397 (M - 15) (43), 381 (M - 31) (11), 353 (M - 5%) (14),
325 (7), 311 (25), 283 (29), 263 (11); 257 (i1), 244 (14),
230 (11), 229 (11), 222 (7), 216 (36).
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Chrowopenic reactiongs An indigo blue colour was produced with ferric
chloride ~ perchloriec acid reasent and a yvellow colour obtained
with cerio sulphate roeagent,

The UV spectrum indicated a substituted heteroychimbine chromoriiorve.

MS indicated the presence of two mathory substituents on the indole

micleus. The fb w-carboline peaks occurred et wfe 244, 230, 229 and 216,

The relative peak intensities at m 244, 230 and 229 indicated irans

D/E ring fusion (Djerassi, 1963).

Spectral date (UV, IR, M3) and colour weactions demongsirated that
this alkaloid waz identical with reserpiline, Nixed melting points were
undepressed and cowTLC with veference reserpiline confirmed the identity

of the compound ag reserpiline,

RVOK 6 : Offeyhite amorphous powder.

MeOH '
oy kmex nm 218, 246 gh, 278, 302 sh,

"

B -
IR : V;{;i cm 1

1500 8, 1460 m, 1380 w, 1330w, 1260w, 1210m, 1190 m,

3400 s, 2950 5, 2620 w, 2800w, 1700 s, 1620 g,

1080 m, 1060 w, 1000w, 650w, 820w, 770 m.

WS : nfas (reletive intensity per cent) 428 MY (100), 413 (M - 15) (7),
411 (M~ 27) (9) 397 (M~ %1) (9, 367 (M = 61) (7), 353 {7),
223 (73), 222 (40), 219 (29), 208 (38), =204 (22), 198 (1),
190 (16), 180 (20), 164 (24}, 124 (29), 109 (47), €9 (91).

Chromogenic reactions: A pale pink colour was cbtained with ferric
chloride ~ perchloric acid reagent and a tuff colour produced
with ceric sulphate rcogent.

The UV apectrum indicated an oxindole chromorvhore and the M3 showed

& typical oxindole fragmentation pattern, The indole peaks appeared al
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m{e 204 and 190, sugeresting dimethoxy substitution on the aromatic
ring, Other spectral data agreed with the strusture of carapsnaubine

(Pinch et al, 19633 Pousset et al, 1967).

A sample of carapanaubine was prepaved by reacting 15 ng of
isorescerpiling dissolved in 30 mls methylene dichloride with lead
 tetra-acetate solution for 20 minutes (Finch et al, 1963). fThe reaction
mixture was poured into leewcoid potassium bicarbonate solution and the
geparated organic layer concentrated undzr reduced presswure, The
concentrate was refluxed in 30 mls methimol @ acetic acid mixture for
2 hours and the reaction product on diluwtion with cold potasgium
bicarbonate gsolution was extracted with chloroform., The chloroform
extract on concentraiion and purification yielded & mg erystalline

carapanaubine, m.p,. 235°C.

Direct comperison (UV, IR, MS and co-TLC) of the synthetic produet

with RVOK 6 confirmed the identity as carapanaubine.

RVCOK : Light yellow amorphous powder.

a0l :
UV oz Ao, om o 225, 251 gh, 281, 400 gh,

IR & Vﬁf: el 3750 5, 2950 8, 2650 m, 1700 g, 1620 g, 1500 s,

1460 m, 1330 m, 1280 w, 1210 m, 1190 m, 1140 m, 1080 m,

1060 w, 810w, 820w, 7108,

M5 :  mfe (relative intensity per cent) 428 M' (100), 413 (1 - 15) (z0),
411 (- 17) (40), 397 (30), 381 (20), 253 (40), 223 (60),
222 (100), 219 (30), 208 (30), 204 (20), 190 (30), 180 (30),
120 (20), 69 (40),

Chromogenic reactiona: A faint brown colour was produced with ferric
chloride = perchloric acid reagent and a boff colour obiained

with ceric sulphate reagent,
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The UV spectrum sugpgesied sn oxindole or pseudo-indoxyl chromophore,
The MS showod the base pesk at m/e 222 whilst the m/e 223 peak was
gmall, This suggested a pseudo-indoxyl fragmentation pattern

(Budzikiewicz et al, 1964).

UV, IR and ¥S daia agrees with published data for isoreserpiline-\) -
indoxyl (Finch et 21, 1963). Co~TLC with a reference nample isolated
from R, vomitoria (Iwu and Court, 1977) confirmed the identity of the

compound as isoreserpiline- |,J,| ~indoxyl,

RVOK 8 3 White crystalsy m,p. 260 - 262°¢C,

|8 I
s Aﬁgg‘{m 020, 269, 296; );k;;;’g” 247, 287,

IR ¢ \fﬁ: om™* 3380 m, 2915 s, 1700 5, 1670 m, 1530 s, 1480 s,

1290 m, 1160 g, 810 m,

¥S :  m/e (relative intensity per cent) 608 M* (100), 607 (¥ - 1) (55),
595 (11), 477 (8), 450 (8), 414 (8), 397 (41), 361 (19),
365 (11), 363 (8), 337 (8), 321 (8), 267 {(11), 252 (11),
251 (36), 214 (19), 213 (8), 212 (22), 200 (22), 199 (19),
195 (44), 185 (19).

Chromogenic reactions: A greenish brown colour was produced with both
ferric chloride - perchloric acid reagent and ceric sulphate
reagent.

Spectral data (UV, IR, }E) and chromogenic reactions agreed with
published work on recerpine (Geskell and Joule, 19673 Timmins and Court,
1974). Mixed melting points were undepressed and co=TLC with an
authentic samnle of reserpine in six solvent systems confirmed RVOK 8

ag reserpine,
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RVOL 9 ¢ ldght yellow crystals; wm.p. 224 ~ 226%¢,

Me OH }\ MeOH

W Ao Tm 208, 303; N 262,

-

IR 1 \rnlfg ol %400 m, 2850 g, 1700 8, 1620 m, 1542 5, 1520 m,

1280 g, 1160 3, 840 s,

M8+ m/e (relative intensity per cent) 634 M° (89), 633 (M - 1) (52),
414 (15), 398 (403, 397 (100), 396 (13), 382 (33), 367 (23,
265 (17), 252 (19), 251 (50}, 238 (28), 223 (17), 221 (39),
214 (19), 212 (17), 200 (28), 199 (27), 195 (3%3), 186 (27).

Chromogenic reactiona: A greenish brown colour was obtaired with hoth
ferrio chloride = perchloric acid reagent ond cerle sulphate
reagent,

The spectral data agreed with published data for rescinnamine .

(Klohs ef nl, 19553 Gabstte end Mustich, 1975), Mixed melting points

were uhdepressed and corLC with an authentic sample of roscinnamine

confirmed the identity of the compound as rescinnarine,

RYOK 10 3 White amorphous powder,

o0 )
uv ¢ )\E:x m (log E) 210 (4.65), 249 (3.92), 293 (3.35).
ATeH 252, 271,
IR 3 \5',?;; ewl 1720 5, 1600 s, 1460 5, 1300 m, 1260 m, 1200 m,

1120 m, 1040m, 980m, 850w, 7608, T40 s,

M : mfe (relative intensity per cent) 350 M' ;100), 335 (M - 15) (15),
307 (1 ~ 43) (18), 291 (M - 59) (36), 23; (1~ 73) (9),
275 (5), 263 (9), 249 (5), 225 (9), 222 (5), 198 (14),
183 (73), 169 (32), 168 (36), 157 (45), 144 (32), 130 (32).
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Chromegenic rezactions: An instent red colour reaction was produced
with ferric chloxride = perchloric acid reagent and with ceric
sulphate reagent,

The UV spectrum and chromogenie reachicn suggestéd & dihydroindole
chromovhore, The Il spectrum indicated o otrong carbonyl absorpiion
maximm &t 1720 ewt, The MS fragmentation pattern resembled that of
tetraphyllicine (Biemamn et al, 1964) but the molecular peak occurred at
E& 350 which is 42 mass units more than that of tetravhyllicine, 'he
MS in the high mass region showed peeks at m/e 307 (1 - 43) and 291 (M - 59)
which were attrituiable to loss of CH300+ and CC‘OCH3 fregments respectively,
The IR spectrum indicated no hydroxyl abaorption maximum at 3400 el

region.

The above evidence suggested thoet the atruclure was tetraphyllicine-
17=0=scetyl; A semi-synthetic tetraphyllicine-~l7-Owacetyl was prepored
by reacting 10 mg of tetrephyllicine with acetic snhydride~pyridine
mixture (2:1) et room temperature for 24 hr (Antonaccio et al, 1962),

. The solvent waz evaporated under reduced pressure and on purification by

TLC tetraphyllicine~l7-O-acatyl (6 mg) was obtained,

Direct comparison of UV, IR, M3 and the chromutographiec behaviour
of the synthetic product and RVOK 10 confirmed the identity of RVOK 10

ag totraphyllicine-17-O-acetyl,
RVOK 11 : Vhite ocrystals; m.p. 320 = 322°%,

MeOH . Me QI
UV s Aol mmo 213, 248, 2937 AL 226, 270,

¥Br =
“OC em™h 3400 g, 2900 g, 2850 m, 1600 3, 1460 5, 1420 y,

1300 w, 1260 w, 1200 w, 1120 m, 1050 @m, 960 m, 850 ¥,

IR :.\

760 3, 740 8.



¥S :+  m/e (relative intemsity per cent) 308 M (100}, 293 (M - 15) (5),
291 (1 - 17) (8), 277 (11}, 263 (9), 249 (5), 225 (6), 200 {5),
199 (8), 183 (53), 169 (11}, 168 (14), 1357 (23}, 144 (35),
131 (17), 130 (12),

Chromogenic rcantions: A red colour re2ation was produced with ferrice
chloride -~ perchlorio acid reagent and with ceric sulphate |
reagzent,

The UV spectrum and chromopenic resctions indicated a dihydroindele
chromophore. The IR sumectrum showed a broad abaorption band at 3400 cm"l
indicating the presence of a free (H=-group in the molecvle. The MS
fragmentation pattern agreed with the spsctrum of {etraphyllicine
(Biemarn et al, 1964). Mixed melting points were undeprsssed, CO~ILC
with an authentic sample of tetraphyllicine and direet comparison of
spectral data, (UV, IR and MS) with deta for the suthentic wsample

confirmmed the compound as {elraphyllicine,

RVOK 12 3 Offwwhite amorphous powder.

Wt A peo mm (Log B) 225 (4.29), 284 gh, 291 (4.00), 327 (4.25);
A min. mm 265, 315,
KRr =1 ,
IR : ¥ pax 0 3400 s, 2925 8, 2850w, 1670 s, 160C s, 1580 m,

1460 5, 1440 m, 1400 m, 1240 m, 12001, 1130w, 1100 w,

740 m,

¥5 s mfe (rolative intensity per cent) 322 H© (50), 307 (M ~ 15) (16),
292 (12}, 291 (M - 31) (26), 279 (12), 263 (M - 59) (32),
252 (26), 234 (19), 216 (16), 206 (29), 183 (24), 182 (26),
180 (29), 168 (32), 167 (44), 144 (21), 130 (19), 121 (100},
107 (55), 92 (55). -
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Chromogenic re2ctions: A bluish green colour was produced with ferric
chloride = perchloric acid reagent end a grevich colour obtained
with ceric sulphate reagent,

The UV spectrum indicated a 2-methylenc-indoline chromophore,

Spectral data agrecd with published data to akuammicine (Budzikiewicz

et al, 1964; Boonchuay and Court, 1976b),

Co-TL2 with an authentic sampvle of akuammicine confirmed the

identity of compound RVOK 12 as akuvemmicine,

AN

COOCH3\

Irz

Akuarmicine

s

RVOK 1% : Off=white amorpvhous powder,

IR 3 \[‘;;’-Ba; cm_l

1200 w, 1080 w, 1010w, 980w, 820m, T40 g,

3400 s, 2920 s, 1600 m, 1580 m, 1460 s, 1420 s,

MS :+ nfe (relative intensity per cent) 303 M' (100), 286 (M - 17) (33),
260 (17), 257 (17), 245 (17), 2112 (17), 183 (67), 168 (42),
158 (25), 144 (25).

Chromogenic reactions: A pink colour reaction was produced with ferric
chloride .. perchloric acid reagent tut no colour was observed

with eceric sulphate reagent.
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The UV spectrum indicated an indole chromophore, The MS
demmnatrated the ﬁ: ~gartoline peaks at y_{;e_ 183, 168, 158 and 144 whicﬁ
iz indicative of a methyl group attached to the indole nitrogen atom,
Other spectrzl data (v, IR, 1195) agreed with published data on suaveoline
(Majumdar et al, 19723 Twu and Ceuvrt, 1977). Co=TLC with a sample of
- suaveoline iaolated from R, vomitoria roots confirmed the identity of

the compound aa sueveoline,

S 0h

CHg /

~

Suaveonlins

RYOK 14 @ White crystals; m.p. 216°C,

W AN nn 212, 248, 2895 AT um pog, 270,

v AP ot 3400 5, 2950 5, 2650 %, 1730 5, 16105, 1460 g,

1420 m, 1350 m, 1300 m, 1100 8, 10405, 980 s, 910 m,

IR

e

850 my 7908, 7605, 740 3.

MS s mfe (vclative intensity per cent) 368 M' (80), 353 (M - 15 ) (277,
339 (7), 325 (- 43) (23), 309 (- 59) (13), 286 (13),
226 (27}, 200 (20), 196 {40}, 195 (33), 183 (53), 182 (87),
168 (100), 167 (€0}, 157 (40), 144 (93), 131 (40).

Chromogenic reactionst A red colour reaction was produced with both

ferric ohleride -~ vperchloxic acid rcagent and ceric sulphate

rerpent,
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The UV gpectimun end chromegenic reactions indloated a dibwdroindole
structure, The IR spectrum resembled that of ajmaline except for the
carbonyl band at 1730 on™F, The MS spoctrum showed & fragmentation
pattern consistent with the structure of ajmaline-l17-O=acetyl |

(Bombardelli et al, 1967),

Acetylation of RVOK 14 by reacting it with acetic anhydride :
pyridine mixture (2:1) at room temperature for 12 hr yielded an scetvi
MeOH ) . (KB
A e D249, 2943 IR 2 VT
1610 m, 1410 m, 1100 m, 760 s. M3 : wfe (relative intensity per cent)
410 (70), 395 {45), 368 (20), 367 (40). 325 (80), 200 (60), 193 (50), .

185 (100), 182 (40), 158 (20), 144 (18}, 130 (30},

derivative, UV : o™l 1735 5, 1715 m,

An ajmaline sample sinilarly treated formed a di~acetyl derivative
which showed identical spectral data and chromatographic behaviour with

that of the zecetyl derivative of RVOK 14,

The above evidence therefore confirmed that RVOK 14 was ajmaline-
17—0—&0&'&)’1.

O'CO-CHg

AlmalingelT=0-acetyl

RVOK 15 ¢ White crystalst m.p. 207°C,

Julaless)

4 yre
min 225, 270

MeCH
UV e )\max rm 223, 249, 2925 A



me v T o™ 34005, 29505, 2875w, 16105, 14608, 1420 p,

1350 m, 1300 m, 1200 w, 3140 w, 1110 m, 1040 g, 1020 w,

-—

860 s, 7908, 7608, 740 8.
MS : mfe (roletive intensity per cent) 326 M* (96), 311 (M - 15) (38),
297 (8), 279 (4), 253 (4), 226 (€), 224 (8), 216 (8),

200 (29), 199 (29), 183 (44), 182 (65), 170 (19), 169 (10),
168 (15), 158 (27), 157 (35), 145 (67), 144 (200}, 131 (42).

Chromogenic reactions: A red colour was obtained with ferric chloride -
perchloric acid reagent and with ceric sulphate reagent,
Spectral data (UV, IR, MS) egreed with published data for ajmaline
(Tinmins and Court, 1974). Mixed melting points were undepressed,
Co~TLC with an authentic sample of ajmaline confirmed the identity of

the compound as ajmaline,

RVOX 16 @ Yellow crystals; m,p. 238 - 340°C,

wos A% 227, 282, 2013 A MM am 250,
KBr =1
IR : \rm cm 3400 8, 2920 g, 2000 w, 2750 w, 1720 m, 1650 v,

1560 s, 14308, 920w, 740 s,

MS : mfe (relative intensity per cent) 354 M' (98), 353 (M - 1) (100),
339 (1 = 15) (9), 337 (M - 17) (4), 323 (9), 295 (1 - 59) (11),
223 (11), 221 (9), 211 (6), 209 (6), 197 (9), 184 (17),
170 (23), 169 (23), 156 (17), 144 (15).

Chromogenic reactions: A greyish colour was produced with ferric chloride
pexchloric zeid reagent and a yellow colour obtained with ceric

sulphate reagent,

The UV spectrum indicated an indole chromophore with a well=defined

minirum at 250 nm, The IR showed absorption maxima at 2800 and 2750 c:n"l




chaxacteristic of C-3H & compounde (Venkert, et al, 1956)., The IR
ebsorption maxdmum at 740 cm“l suggestnd non-substitution on the
ercmatic ring, The M8 showed & typlcol yohimbine type fragmentation
pattern (Djersssi, 1943}, fTho ohrometographic behaviour of the
compornd differed from that of yohlmbine, Co~TLC with an authentic

- gemple of KA ~yohimbtine in six solvent systems established the identity
of the alkaleid zs ol-ychimbine, The mixed melting points were

undepressed,

RVOK 17 ¢ Light yellow amorphons powdar.

MeOH 0 oan MeOH
UV s Ao nmo 227, 282, 2305 A O nm o 248,
KBr =1 ,
IR ¢ "rmax ch 3400 8, 2920 8, 26850 w, 2800w, 2750w, 1710 g,

1620 m, 1570 m, 1430 s, 1290 m, 1200, 1150m, 740 s,

M ¢ mfe (relstive intensity per cent) 354 M (86), 353 (¥ - 1) (100),
339 (M = 15) (2), 337 (M- 17) (2), 325 (3), 321 (33), 312 (2),
295 (M - 59) (10}, 249 (4), 224 (14), 184 (16), 170 (32),
169 (26), 156 (18). .

Chromoeenie rescticns: A greyish colour was cbbained with ferric
chloride = perchloric acid reagent and a light yellow colour was
produced with ceric sulphate reagent,

Spectral data sgreed with published data for yohimbine (Gabetta and

Mutstich, 1975). Co~TLC with an enthentic sample of yohimbine confizmed

the identity of the compound and the mixed meiting peints wexre undepressed,

RVOK 18 & Yhite smoxrphous powder,

MeOfF _ ) MeOH
UV : A em 227, 280, 300 gh, 310 ghy N S um 252,

The UV spectrum exhibitad s bathochromic shift in an alkaline mediuvm

()\:gid 5 NaOH 235, 278, 300 sh, 312 ﬂ,)
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R s v 5P o™l 3400 5, 2900 5, 16305, 1500 m, 1450 8, 1300 y,
1200 w, 1150 m, 1130 v, 1020 w, 800 m, 740 m.
M :  n/e (velative intensity per cemt) 310 1" (200), 309 (1 ~ 1) (90),

295 (M - 15) (20), 293 (M - 17) (20), 279 (M - 31) (50), 265 (20),

251 (10), 226 (20), 223 (20), 211 (20), 198 (10), 185 (70),
184 (60), 172 (15), 169 (30), 168 (25), 159 (20),

Chromogenic reactions: A steel grey colour reaction was obtai.ned with
ferric chloride -~ perchloric a2cid rcagent, A yellow coloux was
produced with cerie sulphate reagent.

The UV spectrum indicated an indolic chromophore but in an alkaline
mediun (1/10 NalH) a bathochromic shift of 8 nm ocourred in the lower
wvavelength maximung, thus suggesting a phenolic indole chromophore, The
IR absorption maxima at 800 and 740 om Y gonfirmed the presence of a
substituent on the aromatic ring, The MS fragmentation pattern egreed

with published spectrum of sarpagine (Hesse, 1974).

Co=~TLC with an suthentic sample of sarpagine confirmed the identity

of the compcund as sarpagine,

RVOK 19 : White amorphous powder,
Wos )\ be™ o (log E) 226 (4.5), 282 (4.0), 290 (3.2) shs

)\ T-’:?O!’. o 250,
min
IR @ V'EB; cm'l 3400 s, 2900 s, 2850 w, 1650 s, 1570 m, 1440 s,

1300 5, 1070 w, 1020w, 980w, 820w, 740 s.

¥S ¢+ m/e (relative intensity per cent) 310 n* (13), 309 (M~ 1) (200),
292 (M - 18) (14), 282 (M = 29) (18), 279 (M - 31) (23), 263 {(3),

249 (9), 239 (9), 226 (36), 211 (41), 209 (27), 195 (18),
182 (27), 169 (55), 168 (45), 156 (27).




Chromogenic reactions: A ,g;reyi.sh colour waz obtained with ferric
chloride ~ perchloric acid reagont and 2 faint yellow colour
produced with ceric sulyhate wezgent,

The UV apectrum exhibited an indole chromophore with a well—def.‘ined:
minlmme at 250 nx, The spectrum recorded was unchanged when run in an
alkaline or acidle mediuvm, The IR and MS specira suggested a non-

substitution of the aromatioc ring,

Other spectral data (UV, IR, MS) s;greed with published data for
peraksine (Pousse‘!;, 1977). Co=TIC with an authentic sample of peraksine

oonfirmed +the identity of the compound,

Perokmine

RVOE 20 & Off-white amorphous powder,

.\ MeCH ; ) Me(H
uv o nm 220, 2603 iy IO 243,
TR KBr -l
¢V pay OO0 1740 8, 1710 m, 1660 m, 1590 s, 1450 m, 1230 g,

1120 5, 1030 m, 740 8,

¥S ¢ /e (relative intensity per cent) 350 wt (86), 335 (M =15) (7).

321 (1 -~ 29} (21), 307 (M ~ 43) {(21), =291 (M - 59) (21), 279 (9),

263 (14), 251 (21), 237 (32), 226 (»1), 223 (21), 211 (71),
196 (50), 183 (21), 182 (29), 169 (64), 168 (100), 156 {21),
144 (36), 130 (36), 115 (13).



NMR (0D013) ¢ & 9.92 (s, U, 2ldehyde), 7T.80 « 6,88 (m, 41, aromatic),
4,92 (s, 1), 4,16 {dd, 1H), 3.84 (5, V), 2.12 (s, 3, 0c0CH, ),
1.56 (dd, 1), 1.24 (8, 7, G~21 c:ﬂ}).

Chromogenic reactivns: No colewr was oblained with ceric gulphate
reaygent but a faint pinkish colour was produced with fexrric
chloride =~ perchloric acid reagent.

The UV spectrun revealed an indolenine chromophore; 2 bathochromic
shif't to an indelic chromophore oceurred in concentrated acid medium

{ A ;:ff{ 3 HEL 229, 263 nm). The IR spectrum indicated two carbonyl

absorption bands at 1740 and 1710 om-I, The upper mass region of the

mass spectrum exhibited peaks at m/e 335 (M - 15}, 321 (M = 29),

307 (M ~ 43) and 291 (M ~ 59) which were attributable to loss of CIH,,

3
CHO, CHBCO and COOCH3 framments respectively, IHEvidence of the prescnce
of these functional groups in the melecule was confirmed by the NMR
signals at § 9,92 (cHO), § 2.12 (s, I, ococmﬁ) end § 1.24 (4, 34,

C=21, CHS).

Other spectral data (UV snd IR) agreed with published data for
perekine (Taylor et al, 1962), INMR data similarly agreed with thet forv
perakine recorded by Khan and Siddiqui (1.972)s The ¥S fraguentation

pattern is consisteat with the structure of perekine,

Mhe compound was therefore identified as perakine,

0-CO CHg

CHO

Yerzkine
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RVOK 21 3 light yellow amorthous powder.

ov = )\.MEOH nn 220, 225, 265,

max .
KPr w1 ' ' '
Rt V. o 3380 g, 2920 g, 1720 g, 1610m, 1580 5, 1450 g,

1300 w, 1230w, 1080 m, 1030w, ©620m, 770w, 740 s,

M5 : m/e (relative intenalty per cent) 352 M™ (300), 335 (M - 17) {47),
321 (M = 31) (35), 309 (M - 42) (41), 293 (M - 59) (35),
279 (1 - 73) (35), 263 (41), 251 (12), 249 (12), 226 (41),
211 (41), 196 (53), 183 (55), 169 (94), 168 (94), 156 (25),
144 (68), 143 (49), 130 (47), 114 (20), |

R (CHC].}) : § 7.80 ~ 7,00 {m, 44, aramatic), 5,12 (s, 1), 4.18 (a4,
14, C-3H), 3.40 (s, 18, OH), 2,00 (s, 3H, ococuﬁ), 1.26 (4, 3H,

C~21, 01{3).

MS~DIS : mfe (nelative intensity per cent) 424 M' (100), 409 (M ~ 15) (21)
281 (M - 43) (24), 365 (M =~ 59) (18), 335 (29), 321 (59),
303 (26), 291 (44), 277 (35), 259 (29), 221 (24), 196 (79),
187 (53), 18% (50), 169 (91), 168 (97), 156 (32), 144°(44),
143 (56), 130 (59),

Chromogeni.c reactiona: A faint pinkish ¢olour was obtained with ferrie
chloride — perchloric acid reagent but no colour was produced
with cerie sulphate reagent,

The UV spectrum indicated an indolenine chromophore, The IR

spectrnum showed a strong CH-absorption maximum at 3400 cm_l

end &
carbonyl absorption band at 1720 cm-l. M5=D1S indicated the presence of
one active hydrogen atom which is most likely to be an (il group since

the compound is azn indolenine,
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The MS showed in the upper mesg region poaks at p‘{g 335 (M - 17},
321 (M = 31), 309 (M = 43) and 293 (M = 59) which probably corresponded

to loss of 0Oll, CH,OM, CI,CO and OCOCH, fragments respectively,

2 3 3

A close examination of the spectral data of the compound and that
of perakine (RVCK 20) revealed that the two alkaloids are closely
related, The aldehydic signal which appeared in the NMR spectrum of
perakine at § 9,92 was absent in the spectrum of RVCX 21 Wit inatead
a sigmal cccurred at 8 3¢40 which corresponded to a2n OH-proton resonznce.
.'I’he M5 fragmentaticn patterns of btoth alkalcids were similar, It wes
therefore concluded that RV(K 21 diffcred from perekine (RVOK 20) by
the presence of a CHzOH group at C~20 instead of a CHQO group as in

perzkine,

The above evidence suggested the structure of rawcaffrinoline,
Spectral data (UV, IR, MS end MMR) apreed with published data for

raucaffrinoline (Khan and Siddiqui, 1972).

0:00'0"{3

CHg

Ho2OH

Raucaffrinoline

RVOX 22 3 Vhite amorphous powder,

W Ao nm (log B) 226 (4.5), 284 (3.9), 291 (3.7)s

AT 25,
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¥Br w1

IR 3 o Cem s 3400 g, ('broa.d), 2950 5, 2850 w, 2800 w, 2740 w,

1710 8, 1620 m, 1500 w, 1460 3, 1420 5, 1360 w, 1280 w,.

1200 m, 1150 m, 740 s,

MS ¢+ m/e (zelative intensity per cemt) 370 M* (97), 369 (M - 1) (100),
355 (M - 15) (A1), 353 (M - 17) (9}, 339 (13), =222 (13),
221 (14), 197 (14), 184 (29), 170 (30}, 169 (37), 156 (26).

HRMS : Accurate mass weight 370,19093 (calenlated fox 021}125N204

requires 370.189245; crror 0,00159).

Chromogenic reactiona: A greyish colour was produced with ferriec
chloride - perchloric acid reagent end o yellow colour obtained
with eceric sulyhate reepent,

The UV spectrum indicated an indole chromophore with a well-defined

A min 2t 252 nm, The TR spectrum revealed o broad (A shsoxption bond |

at 3400 cm"l and a curbonyl bend at 1710 cm“l. The IR absorption bands

at 2850, 2000 and 2750 om"l are characteristic of compounds possessing

=30 ot (Wenkert, 1956).

The MS exhibited a typical yohimbine~type fragmentation patterm, the
. {3 =carboline peaks occurring at m/e 184, 170, 169 and 156 thus suggesiing
non—-substitution on the indole nucleus, The molecular pesk appeared at

m/e 370 which is 16 mass units more than for yohimbine,

The acetyl derivative prepared by reacting acetic anhydride :
pyridine mixiure (2:1) with § mg of the compound was a diacetate, S @
m/e (relative intensity per cent) 454 (70), 453 (53), 412 (25), 411 (30),
395 (28), 370 (70), 369 (100), 343 (8}, 330 (18), 311 (8), =293 (10),
297 (14), 184 (30), 170 {45), 169 (50), 156 (28), 144 (40). Tnis

indicated the prezsence of two hydroxyl groups in the molecule,
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Comparison of the above data with that of 18~hydroxy yohimbine

(Iwu, 1977) suggested that the two compounds were probably identical,

Co=T1C with a sample of 168=-hydroxy-yonimbine isclated from
R, mombasiana root (Twu, 1977) eonfirmed the jdentity of the alkaloid
as 18~hydroxy-yohimbine,

o
\\ N \
H -
.
CHga0O0C OH
OH
18—hydroxyhyohimbine

RVOK__23% : Off-white orystals; m.p. 218 - 220°C,

AT o 227, 284, 2913 A% am 250,

v N
MDA min

IR 3 vﬁi"; et 3400 8, 2920 3, 2850 w, 2600w, 1720 s, 1580 s,
1400 8, 1200 @, 1160m, 1120m, 1010w, 860m, 840 m,
740 5.

M8 ¢+ m/e (relative intensity per cent) 384 M* (93), 383 (M - 1) (100),
355 (1 = 31) (23), 323 (M - 61) (15), 295 (25), 221 (23),

184 (23). 270 (31), 169 (31), 156 (23), 144 (15).

Chromogenic reactionas A greyish green colour was produced with ferric
chloride -~ perchloric ecid reagent and a greyish colour wasz
obteined with ceric sulphate reagent,

Spentral data suggested a yohimbine~type structure, The MS showed

the molecular ion at m/e 384 which is 30 mass wiite greater than that of
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yohimbine, The (1_. —c_arboiine_peaks oceurred at mfe 184, 170, 169 and
186 indicating non-substitution on the aromutic ring,

Chromstographic behaviour wag similar to that of methyl deserpidate
ag reporied by Timmins (1975}, Mixed melting points with an suthentic
sample of methyl deserpidate wore undepressed, Co=TLC confirmed ‘the

identity of the compound a8 nmethyl-deserpidate.

CHa 000 ; OH
' OCH3
mothyl-degerpidate
RVOK 24 : White amorphous powdex,
’ MEOH n 6 . - . [
LSRR N (log B) 226 (4,40), 282 (3.64), 251 (3.70);
KBr =1

IR : Vo C2 3400 8, 2950 s, 2850w, 2800w, 1710 8, 162C m,
1500 w, 1460 s, 1420 g, 1360 w, 1330 w, 1280 m, 1200 m,

1150 m, 1130w, 980 m, 950w, 940w, B00 g,  T40 w.

MS :+ mn/fe (relative intensity per cent) 400 M* (97), 399 (1M - 1) {(100),
385 (M - 15) (11), 383 (M - 17) (15), 369 (u - 31) (30),
341 (M ~ 59) (15), 339 (10), 311 (20), 297 (30), 281 (15),
25% (10}, 251 (15), 239 (10), 222 (14), 214 (10), =200 {16},
199 (17), 186 (29).




- 165 -

IRMS t Aceurats masgs weight 400.2017‘3 (caleulated Lo Cpf ’“8N205’

requives 400,199809; error 0,00195),

NMR (03013) : § 8,00 (s, 1H, WH), 7.22 « 6,50 (m, 34, aromatic),
4.40 (8, 21}, 3,99 (s, 1H), 3%.84 (s, 3H, COOCH 3)s 378 (s,
34, 00}{3), 3,10 (s, M), 2.88 (m, L0), 2.48 (dd, 2H),

2,13 (s, H), 1,76 (ad, 28}, 1.24 {4, 3H, C-19, CHB).

Chromogenic reactions; A greyishegreen colour was produced wiih flerric
chloride « perchloric asid »eagent,
The UV spectrum exhibited a yohimbine~iype indole ci:::omophore.
The IR spectrum demoﬁs'brated. a gitrong OH-absorption band at %400 cm"]'
and the maxima at 1710, 1260 and 1150 om* indicated the presencs of a
carbomethoxy group and an ether linkage., The IR abzsorpiion maxima g
2850, 2800 and 2750 cm"l are characteristic of compounds wilh Cw3H X

(Wenker‘b, 1956) »

The M5 indiceted the preaence of 2 methoxy substituent on the
indole nucleus, ﬁ ~carboline pesks occurring at E’L‘i 214, 200, 2199 and
186, The MMR aromatic maltivlet signels at 8 Te22 = 6,50 and the OCH

3
singlot signal at § 3%.78 supporte& by the IR peaks at TAO aud BOO cm"l

indicated 8 1,2,4=-pattern of ng':;;titution; therefore the methoxy group
was at the C=10 position., The NMR spectrum 2lso indicated the presenca
of f:,‘OOC.'H3 protons by the signals at § 3.84 and of aliphatic —CH3 |
| protons at £ 1.24.

The TH spectrum showed twin absorption maxims ai 1710 and 1620 cm"l
characteristic of heteroyohimbine alka}.oids tut the UV spectrum did not

exhiblt en inflexion at 250 nm thus svggesting a structure resembling

catucinine {Bombadelli et al, 1974).



The large éoupling constant (10,0 c.pes,.) between the C-~19 and
=20 projens of this compound implled a tran-diaxial relationship;
from this it followed that the 19=-methyl group had an of =configuration
snd the C=-20 proton had an o =configuration (Wenkert et al, 1961).
Also the intenasities of the MS peaks at gﬁg 214, 200 and 199 indicated

cis D/E ring fusion {Djerassi, 1963).

The NMH spectrum showed that the Cwl7, UH pzoten absorbed further
upfield than reported for cabucinine, thus suggesting an axial ocient-

ation (Albright et al, 1963).

Considering the earlier isolation of the allo compounds tetrahydrom
alstonine, aricine and isoreserpiling from the weak base fraction of this
plant, RVOK 24 is probably an allo epimer of cabucinine with additional
epimerisation at the C~17 OH. The stirueture below is therefore proposed
and the name rauvoleinine assigned to the compound which is 17-epi,20--epi

cabucinine,

CH30

Rauvoleinine (17, 20-epi—czbucinine)

RVOK 25 : Yellow crystals; m.p. 286°C,

g _ - G
uv :)\:gzi“ nm 225, 253, 308, 360; N oot nm 242, 280,



Eiofall

KBr =l

IRz \ o oom~ 3420 ¥, 2900 gy 1695 8, 12620 m, 1540m, 1420 s,

1125 8, 740 s,

MS : m/e (relative intensity por cent) 348 M' (100), 333 (M - 15) (15),
319 (18), 317 (M ~ 31) {20), 305 (15), 289 (M - 59) (18),
261 (15), 247 (13), 221 (19), 206 (16), 205 (17).
The spectral data and chromatographic behaviour sugeested an
anhydronium base stiructure, The compound chromatographed differently
from a.reference sample of scrpentine, The chromatographic rehaviour
in the solvent system ethanol : ethy) acetate sdiethylamine : dicthyl-
formemide (12 2 6 ¢+ 1 ¢ l) agreed with the resulis reported by Bonati

and Pesce (1966) and the compound was identified am alstonine,

Sodium borchydride reduction in cold ylelded a compound which was
identified as tetrahydroalstonine (BVOK 1), The UV, IR, M3 and
chromatographic behaviour were identical to that of an authentic gample

of tetrahydroalstonine,

RVOK 25 was therefore confirmed as alstonine,

RYOK 26 : White cryatals; m.p, 260°C (no1),

s )\ﬁﬁgﬁ nn (log B) 221 (4.80), 279 (4.00), 290 (3.80),
inflexion at 250 rum.

IR+ T Aor om 3450 5, 29003, 1695w, 1610 s, 1580 5, 1450 g

1410 5, 1340 m, 1300 m, 2280w, 1195m, 1100w, 1050 m,
1020 g, 750 2.

M3

n/e (relative intensity per cent) 366 M* (30), 365 (¥ - 1) (18),
552 (M ~ 15) (100}, 351 (75), 337 (14), 321 (14), 307 {(5),
293 (11), 279 (11), 265 (01), 249 (9), 279 (11), 225 (14),
203 (16), 209 (18), 198 (29}, 184 {23), 169 (57}, 156 (75),
144 (14), 130 (11).
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Chromogenic reactionss A greyish colour wa.s produced with fermin
chloride « perchloric acid reagent and a faint yellow colour
was obtained with ceric sulphate rezgent.
The UV and IR spectra revealed a typical heteroyochimbine chromophore,
On chromatographic analyais the compound remained al the basze line when

most neutral and basiec solvent systems wers used.

The MS fragmentation patiern resembled {hal of tetrahydroalstonine
Nb—mei:hyl (Wesse, 1965), A syntheiic compound wes preparcd by rescting
/5 mg of aunthentic tetrahydroalstonine with 2 mls of methyl iodide in
cold for 18 hr, The reaction product wos separated and purified by TLC
to mive a mixture of tetrahydroalstonine ﬂb—methyl end tetramdroalsténihe,
Na, Nb—me‘bhyl. e spectral data (UV, IR and MS) of RVOX 26 agreed with
that of symthetic totrahydroalstonine memethyl 2nd Co~TLC in 6 solvent

gystoms confirmed the alkaleid as fetrzhydroalstonine I'Ib-methyl.

Iz
.

Tetrahydroalstonine Nb—methy].
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Alkatoids of R, volkensii atem bark

RYOSB

1 : Showed identical hRf values, spectral data (UV, IR, MS) and
chromogenic refctions with tetrahydroalstonine isolated
from the root (RVOK 1),
RVOSB 2 : Showed identical hRT values, spoctral data (UV, IR, N3) and
chronogenic reactions with isoreserpiline icolated from tne
root (VK 2).
RVOSD : Showed identicel spectral data (UV, IR, ¥3), chwomogenic

reactions end hif values with carapsnaubine isclated from

the root (RVCK 6),

RVOSB_ 4 s Showed identical spoctral data (BV, IR, M5, NMR), chremogenic .

reactions and hif values with ariecine isolgted from the root

(RVOK 4),

RVOSB_ 5 : Shoved identlical spectral data (UV, IR, M3), chromogenic
reactiona and hif values with resorpiline isolated from the
root (RVOK 5).

RVOSB 6 : Off-white amorphous powdex,

MeOHl

UV os )\ oo om (log B) 228 (4.55), 283 (3.90), 290 (3.82);

MeCH

Ampin ™ 257,

IR ¢ Yoo om™ 3450 s, 2950 g, 2850 w, 1720 m, 1650 m, 1590 w,

1520 w, 1470 5, 1430 w, 1380 w, 1280 m, 1220 m, 1160 w,

1120 5, 1040 w, 740 g,
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M$ :  mfe (relativo intensity por cemt) 352 M' (100), 351 (M ~ 1) (53),
337 (1 - 15) (29}, 334 (m =~ 19) (12), 321 (1 - 31) (47),
307 (11 =~ 42) (28), 293 (M~ 59) (24), 291 (18}, 263 (24),
249 (65), 236 (18), 221 (11), =207 {18), 198 (21), 183 (29),
182 (35), 169 (94}, 168 (93), 156 (29).

HES : Accurate mass weight 352,17992 (calcvlated for C2lH24N205,

requives 352,178628: error 0,00124),

Chromogenic meacticn: A greyish colour was obtained with ferric
chloride = perchloric scid reagent and a yellow zolour obtained
witlh ceric sulphaste reagent.

The UV spectrum indicated an unsubstituled indole chromOphofe. The

MS fragmentation patiern suggested & sarpagon structure as MS peaks

ocourred at m/e 249, 182, 169, 168 and 156, The intensity of the w/e

249 peek suggested disubatitution at the C-16 position (Antonaccio et al,

1962), The IS in the upper mass region revealed peaks at mfe 321 and

293 which were atiributable to the loss of CHéOH and COOCH3 fragments

. respectively, The IR spectrum exhibited absorption bands at 3450 cm-l_

and 1720 cm"l, thus confiming the presence of OH and C=0 groups

respectively in the molecule,

T™e above evidence suggested the gtrueture of polyneuriding or
akuammidine, The presence of the diagmostic M-18 peak at m/e 334
established the stereochemistry at C-16 as in polyneuridine (Antonaccio

et al, 1962), RVOSB 6 was therefore idoniified as polyneuridine,




Polyneuridine

RVOSB 7 @ Vhite amorphous powder.

uv )\;ﬁ:i*{ nm 228, 283, 290; inflexion at 250,
KBr =l . : . _ ‘
IR s ¥ T ow - 3450 g, 2950 5, 2850 w, 1720, 1550 g, 1440 w,

MS ¢ mfle (relative inteasity per cemt) 352 M (100), 351 (M = 1) (92),
3357 (11 - 15) (15), 321 (1 - %1) (16), 293 (M - 58) (19}, 277 (8),
253 (15), 251 (23), 239 (30), 237 (15), 223 (18), =221 (15),
211 (15), 209 (15), 184 (22), 170 (38), 169 (34), 156 (31).

Chromogenic reections A greenish colour was obiained with ferric
chloride = perchloric acid reagent and a green=brown coclour
obtained with cerio sulrhate reagent,

The UV spectrum indicated an indole chromophore of the hetercyohimbine
type. The chromegenic reactions however suggested a possible E-~seco |
indole structure., The MS fragmentation pattern indicated non=substitution
of the indole nmucleus, ug (5 =garholine peaks cccurred at mf_’g 184, 17¢,

169 end 156, The prominent MS peuks at m/e 251, 239 and 237 contirmed
an F-seco indole structure with a (-16, {-17 double bond {Beckett et al,

1969; Hesse, 1974).



The IR spectrum revealed the presence of OH, M and CII3OOC

grours (absorption bands at 3450 em™, 2950 cm and 1720 cw L respectively).

The UV spectrum also showed sn inflexion at 250 nm which is characteristic

of indole chromophores with a (CHBOOC ~C=C=0 -) grouping ia the

molecule.

The above dala agrecd with the published data for geissoschizine
(Yamada et a1, 1974). Co=TIC with an authentic sample confirmed the

alkaloid as geissoschizine,

CH300¢

geisgoschizine

RYOSB 8 5 Off-white crystals; m.p. 280°¢C (dec).

wos NTeM o (log B) 243 (4.07), 292 (3.60);

Yo nm 222, 264,
KBr =1
IR : \)’m cm 3350 m, 2910 s, 2810 w, 2700 w, 1600 m, 1460 g,

1440 w, 1390 w, 1320 5, 1300 5, 1220 m, 1160 w, 1100 m,

1080 w, 1070 w, 760 8, 730 s,

M ¢ mfe (relative intensity per cent) 294 M* (100), 279 (M - 15) (8),

277 (m - 17) (12), 263 (20), 249 (11), 235 (8), =223 (6),
211 (9), 184 (11), 169 (15), 168 (49), 164 (23), 156 (14),
144 (20), 143 (29), 130 (34), 117 (20),



AEENTRHRTE L Vel T YRR T

- 1"(3 -

WR (CDC1;) £ 7,30 = 6.60 (m, 4H, avcmatic), 5.30 (q, 1H, C-19, K),
3,80 (8, 11}, 3,55 (m, 2H), 37,10 {d, 21}, 2,00 (s, 14},

1,67 (s, 1), 1,65 {d, 3H, C=-19, Cua)'

Chromogenic reactions: An orange colour was produced with ferie
chloride -~ pewrchloric ecid reagent end with cerie sulphate
reagent.

The UV spectrum and chromogenic reaotions indicated a dihydroindole
.chromophore. The M8 fragmentation patterit and chromogenic reaction
suggpested a nor—dihydroindole structure (the(z =carboline peskg occurred
at Q[g 169, 168, 144, 143%, 130 and 117). The MS is consistent with the
structure of N ~dsmothyl-tetraphyllicine; the molecular ion peak
ceccurred at gﬁg 294 vhich ig 14 mass units less than that of teira-

phyllicine,

By the absorpticn signals et § %.30 and 1,65 the NMR revealed the

presence of an exocyclic ethylidene side chain,

The ahove data agreed with the data for nor~tetraphyllicine (Sabri
and Court, 1978). Co~TIC with an authentic sample isolated from R,
vomitoria stem bark confirmed the identity of the alkaloid as noreiteiraw

phyllieine, Mixed meliing points were undepressed,

Nor=tetraphyllicine
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RVOSB_9 s Showed identical hRf values, speciral data (UV, IR, MS) and
chromogenic reacilong with teiraphyllicine isolated frem the

roots (Rvex 11).

RYCSB 10 3 Showed identical hif values, spectral data (UV, IR, MS) and

chromogenic reactions with ajmaline (RVOK 15).

RVOSB 11 : Showed identicel spectral data (UV, IR, M3), chremogenic

reaction and hRf values with K ~yohimbine (BVOK 16).

RVOSB_ 12 s Showed identical hRf (UV, IR, MS), spectral data and chromow

genic reactions with yohimbine (RVOK 17).

RVOSB__17 : VWhite amorphous powder,
MeOll
max

IR s vﬁf; em 3450 8, 2970 e, 2850 w, 1340 w, 1260 m, 1220 m,

MeOl

uv : nm 227, 282, 2905 )\ o0

nm 249

1160 w, 1120 3, 1040 w, 830w, 740 g,

M5 :  m/e (relative intensity per cent) 294 M™ (100), 293 (M - 1) (©3),
279 (11 - 15) (27), 263 (M - 31) (3C), 249 (27), 211 (19),
196 (20), 182 (71), 162 (60), 166 (47), 156 (20), 144 (13),
130 (20).

Chromogenic reactions: A greyish colour was obtained with ferric
chloride -~ perchloric acid reagent and a faint yellow coloux
produced with ceric sulphate reagent,

The UV ppectrum indicated an indole chromophore with a well-defined

ebsorption minimun &t 249 nm, The MS fragmentation pattern indicated a

sarpagan~type structure and apreed with published data for normacusine B

(deoxy-sarpagine) (Antonacecio et al, 1962),




CorTLC with an authentic sample oif normacusine I confirmed the

identity of the alkalcid as normecusine 1,

- CHoOH
//, ,/"\\

T
e
H ’ L

Normacusine B

. W03
RVOSB 14 : Offevhite amorphous powdex; {Oﬁ.]gu -+ 450 (011013) .

uv s )\iﬂiﬁﬁivn (log B} 226 (4.24), 283 (3.74), 290 (3.68);
MeOH
A min T 250 (3.66).
KBr "1 b [ > ]
TR 2 ooy O 3400 3, 2925 m, 1700 m, 1660w, 1580 5, 1440 m,

230 By 1120 &, 103013, T80 w, T40 3.

MS : /e {relative intensity per cent) 352 M (42), 351 (M ~ 1) (40),
323 (17), 309 (M - 43) (25), 279 (M = 73) (58), 265 (15),
251 (42), 237 (25), 223 (25), 205 (46), 19¢ (25), 18% (20},
182 (25), 169 (100), 168 (98), 156 (25}

NMR (c3013) : £9,92 (d, 1H, CHU), 7.8 = 7,0 (m, 4H, arcmatic),
4.92 (s, 1), 4,16 (44, M), 3,88 (s, 2H, cnz-oac}, 2,74 (dd,
CaH), 2.44 (q, 2H), 2,14 (s, 34, mococys), 1.56 (dd, 1K),

1.24 (4, 34, O1;).
Chromogenie reacticns: A greyish colour reaction was obfained with

ferric chloride « perchloric acld reagent and a yellew colear

obtained with cerde sulphate reagent.
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The UV 3pecti'um exhibited an indole ohromophore, ‘The IR spectrun

indicated two carbonyl absorption bands i 1700 o™ and 1660 emt

v

The MS in the npper mesy rogion indicated pesks atb gnie; 22% (3 - 29),

%09 (M « 43) end 279 (M = 73) which weze attributable to loss of CHO,
0113co+ and ~Ci1,0C0CH, fragnants respectively, The gensral M5 fragnente

"~ ation pattern resembled that of perakine (’l‘aylor et al, 1962; Khan et al,
1972) Tt RVOSB 14 spectrum exhibited a prominent Ml peak as in
sarpagan structure and the molecular ion peak was indicated at mfe 352

which is two mass uniis more than thet of peralkine,

The MWMR speotrun confirmed the presence of the CHO, 0COCH, and the

3
Ce2l, CH3 rrotons (absorption signals at ¥ 9,92, 2,13 and 1,24

resPectively). The stracture of the compaund was therefors conoluded as

the sarpagon~cquivalent of perakine and the structure below is proposed.

{

CHO

Pre—perskine
0 , 120 o
RVOSB__15 : Small colourless priems; m.p. 220 C;[o._]D + 15 (CHC].ﬁ).

v o A ﬁz‘f nm (log E} 225 (4.50), 280 (3.85), 289 (3.70);

MeOIL
nin DB 245 (3.00).

vE onl 2950 5, 17205, 16203, 1590 3, 1470 5, 1430 y,

1380 w, 1360 w, 1300 m, 1240 g, 1120 x, 1060 m, 1040 m,

IR

1030 w, 860 m, T40 g,
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:  mfe (relative intensiiy por cent) 336 M (200), 321 (M - 15) (10),
2935 (¥ = 43) (20), 277 (n ~59) (35), 263 (M~ 73) (20), =243 (15),
183 (20), 182 (20), 169 (%0), 168 (45), 156 (20),

NMR (CD013) 2 S Ted = 644 {m, 4, avomatic), 5.24 (g, M), 4.36 (a4, 1E),
4,23 (vd, 1H), 3.80 (a, 28}, 3.07 {4d, 1H), 2.96 (ad, L1},
2,71 {d4d, 1), 1,86 {44, 1H), 1,72 (ad, 1H), 1,54 (d, 37, cus),

1,24 (s, 3H, OCOCHB).

Chromogenio reactions: A greyish colous reaction was obtained wifh ferric
chloride -~ perchloric acid reagent and a faint yellew colour
produced with ceric sulphatc reagent.

The spectral data agreed with published data for normacusine 3B acetate
{Antonaccio et al, 1962). The synthetic normacusine B acctate prepared by
rescting normicusine B with acetioc anhydridé ¢ pyridine nixture at rcom
temperature for 12 hr yielded identical spectral data, UV, IR, MS and
chromatographic behaviour as RVOSE 15, This coniirmed the identity of the

alkaloid as normacusine B scetate,

Normacvwgine B acetate
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RVOS® 16 : Showed identical LRI values, spectral data (UV, IR, MS) and
chromogenic reactions with reraksine isclated from the root

(RVOX 19).

RVOSB 17 2 Showcd identical hEf values, spectral data (UV, IR, MS) and
chromogenic reactions with alstonine isolated from the root
(rvox 25),
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Akaloids of R, yolkensii leaves

RVOLF 1 t Showed identical hif values, spectral date (UV, IR, MS) and

chromogenic reactions with tetrahydroalstonine (RVOK. 1),

RVOLF 2 3 Showed identical epectral data (UV, IR, M3) and hRf valueq,

and chromogenic reactiong with geissoschizine (RVOSB 7).

RVOLF 35 s Uffevhlte erystals; m.p, 1568 ~ 16000.

¥MeOl

. 25
min De

MeOH -
TV /\H:M nm 227, 285;

o 1580 5, 1500 w, 1460 m, 1420 g,

IR ¢+ m,
1260 Wy 1120 8, 1040 Wy 840 Wy T40 Be

1730 s, 1670

MS : m/e (relative intensity per cent) 322 M7 (200), %07 (M - 15) (11),
291 (M -~ 31) (71), 263 (M = 59) (95), 249 (7), 246 (11),
234 (33), 232 (22), 223 (30), 210 (15), 205 (26), 194 (22),
182 (22), 181 (26), 180 (82), 167 (33), 155 (27), 140 (56),
131 (34), 121 (41), 103 (56), | |

WR (CDC);) : § 7276 = T.04 (my 4H, sxomatic), 5.48 (a, 1), 4. 72 (14,
M), 4,16 (8, 1), 3.88 (s, 1), 3.68 (s, 3H, OCH;)! 2,52 (s, 2H),

1,56 (d, 3, C-19, CH3), 1,28 (s, 1H).

Chromogenic reactions: A greyish colour was produced with ferrio
chloride =~ pexrchloric acid reagent, _

The UV spectimim indicatod & normal indole chromophore, The IR
spectrum indicated the presence of a carbonyl group (1730 cm—l) but showed
no evidence of O, N end aromatic subatitution., JAttempted acetylation
and ¥MS-DIS indicated the absence of an active hydrogen atom (ne change

was oblserved in ithe NS of either product),
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The M5 fragmentation pattemn was not typical of the commonly
encountered Nauwolfia alkaloids. The spectrum indicated a prominent
peek at m/e 263 (M - 59) which is atiributable to the loss of a c:occ:.r3
fragment and three other yprominent pezks occurred at m/e 234, 232 and 180,
The fragmentation pattern agreed with published spectrum of pleiocarvamine
(Hesse, et nl, 19643 TLe Quesne et al, 1973). Other spectral data (Uv, If,
MS and NMR) and the melting point of this alkaloid agreed with the

identification ag pleiccarpamine,

OOCH3;

Pleiocarpamine

And
RVOLF 4 : Light yellow zmorphous po‘.nler;[ot]'ﬁo ~ 753 (C = C,1 in C‘_!Clj) o

Uv 3 /\;:;:fl nm (log B) 230 (4.4), 283 (3.8); )\ MeOH 265 (3.6).

min
" e 650 1600 8 1440 1360
) 1730 s, 1650 w, 8, 1485 s, 440 s, 360 m,

IR s
1330 w, 1305 w, 1200 m, 1120 m, 1100 m, 1060 m, 1040 s,
1000w, 910m, 880w, 850w, 830m, 790 m, T80 m,

740 w.

MS :+ mfe (relative intensity per cent) 352 M' (100), 351 (M - 1) (66),
321 (11), 293 (1 - 59) (47), 271 (11), 264 (14), 262 (12),
253 (5), 244 (8), 238 (6), 212 (10), =210 (15), 198 (8),
186 (16), 168 (8), 154 (8), 121 (18).




e

MR (CDCLy) ¢ § 7.36 - 6.60 (m, 3, aromatic), 5.45 (q, H), 4.64 (¢, 15)
4,12 (s, 1), 3,92 (a, 1), 3.80 (a, 3H, 00}13), 3,68 (s, 3H,
coocHB), 3,48 (bd, 1H), 3.16 (8, 1), 3.00 (s, 1), 2.68 (m, 3H)

2,16 {s, 1H), 2.08 {d, 1H), L1.56 (d, ZH, C-19, 01{5}, 1,26 {s, 1K)

HMS ¢ Acourate mass weight 352,17735, calculated for 021H24N203'
raquires 3%2,178662; error 0,001333  m/e 293,16494, calculated

for 019H21N20 requires 293,165370; error 0.00043,

Chromogenle resctiongs: A preyish colour reaction wes coblained wiih
ferric chloride « perchloric acld reagont.
The UV spectrum indicated an indole chromophore, The IR spectrum

revealed the presence of a carbonyl absorption meximm et 1730 c:.m-l 1t

ghowed no evidence of OH ov NI groupd. The abgorption bands at 8%0 oL
and 799 em s indicated a 1, 2, Jwpattern of aromatio substitution thus
suggesting a pubstituent at the C-10 positicn. The MS frogmentation
pattern resembled that of plelocearvsmine but the molecular ion peak

scourred ot @[g 352y which is 30 w238 units greater than that of pleic=

carpamine,

The NI spectrum revealed the presence of two methoxy proton groups
(8§ 3.80 and § 3.68), The aromatic mmltiplet simale at § 7,36 - 6,60
and the OOy singlet signal at § 3.80 confirmed the 1, 2, 4-pattern of
_ aromatic trisubstitution. The presence of an ethylidene side chain was

indicated by the signale at § 5.45 and 1,56,

Attompled acetylation and MO~-DIS indicated the lack of an active

hydrogen atom,

The above evidensce indicsied that the identity of RVOLF 4 was 10 -
methoxy~pleiocarpamine and supnoricd the conclusion thot RVOLF 3 wag

pleiocarpamine.



10 — methoxy=-pleiocarpamine

RyoLr 5 ¢ Off-vhite amorphous powdex,

woe AT g (10g 8) 210 (4047), 249 (4.08), 257 (3.48).
IR : \)‘Kﬂr cm"l 1730 s, 1660w, 1610 g, 1500 1470 g
H 2y Uiy Es LW E, m-f!..‘lO Sy 140“ H,

max

1340 w, 1260 w, 1200 m, 116C 8, 1130 m, 1030 g, 820 m.

Ms +  mfc (relative intensity per cent) 354 ¥* (100), 339 (M ~ 15) (31),
5235 (13), 295 (M - 59} (22), @281 (13), 263 (13), 232 (13},

224 (13), 200 (14), 180 (13), 174 (13}, 173 {13), 161 (19),
160 (13).

Chromogenic reactions: A reddish-brown colour was produced with ferric
chloride ~ perchloric acid reagent and a distinet xyed colour
obtained with ceric sulphaie reagent.

The UV spectrum and chromogenic reesctions indicated a dihydroindole
chromophore, The MS fragmentation pattern resembled that of 2:7 dihydro~
pleiocarpamine (Hesse et al, 1964). The indoic pesks however, appezred at
gl/_g 174, 161 and 160 which suggested the presence ol a methoxy subsiiiuen:
on the arcematic ring. 7The IR spectrum indicated a carbomethoxyl ester

band (1730 em~L

820 cm"l vhich confirmed the 1, 2, 4 substitubion pattern oi' the aromatic

and 1200 e ), fThere was aleo a medium absorption vand at

rir_lg of the indole moiety,
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By reference to RVOLF 4 the compound was therefore identified &s

10— methoxy-pleiccarpamine 2:7 dihydro,

CHZO

NCOOCH]j
10 —methoxy=pleioccarpamine - 2:7 dihydro

(]
RVOLF 6 : Off-white amorphouus powder;[ OL]I?‘)O - 56 + 2 (¢ = 0,1 in Ci{,l.i)
Vel
o o: A% nm (10g B) 210 (4.70), 243 (4.1), 305 (3.90);

A Lol 232 (3,9), 272 (3.3).

IR: USC en™ 3450 w, 2950 8, 1750 8, 16107, 1500 5, 1460 m,
1410 w, 1390 w, 1360 w, 1320 w, 1270 w, 1240 m, 1200 m,
1160 m, 10708, 10205, 990 m, €208, 750 w,
M8 :+ m/e (velative intensity per cent) 412 ¥ (100), 397 (¥ - 15) (20),

383 (9), 381 (5), 353 (M~ 59) (24), 325 (8), 313 (77), 276 (36,
268 (6), 254 (6), 231 (16), 218 (7), 204 (9), 169 (9), 136 (14

HRIMS s Accurate mass weight 412,19681, calculated for 025328!‘205 requires
412,199609; error 0,00299; mfe 313.15991, calculated for
013H21]I203 requires 313,155208, error 0,00071; m/e 276,12285

calculated for 015“18“ Cl4 requires 276,123574, error 0,00072,

MR (cnc13) : & 7.24 (s, 1¥, avomatic), 6,20 (s, 1H, aromatic), 5.32 (q,
1H, C-19; H), 4.72 (¢, 1H), 3.80 (s, 7H, cooca5). 3,72 (s, 3H,
ocms), 3,60 (s, 3H, ocms), 2,36 (s, 1H), 3.24 (s, 1H), 2.68 (s,

iy Na-Cle). 1.44 (4, 31, C-19, Uf%)-




Chromogenie recactions: A brownishered colour was produced with ferric
chloride - perchloric acid reapent and an orange-yellow colour
wags produced with ceric sulphaic reagent,

The UV spectrum and chromogenic reactions suggested a modified
indoline chromoyphore, The UV absorvlicon maximm at 305 nm indicated
aromatic substitution, The IR apectium showed two separate methoxy
absorption signals at § 3.72 and 3,60 in addition to the carbomethoxy
protons signal at § 3,80, ‘thet these were avomatic methoxy groups was
confirmed by the characteristic, 1, A4-pattern of the two axomatic protons
at § 7.42 and 6,20, The presence of en exoscyelic ethylidene side chain

was demonstrated by the sicnuls at 8 He32 and 1,44,

The MS frogmentation pattern wes similar to that given by members of
the pierinine group (Britten et al, 1963). The characteristic 1=99 peck
appeared et m/e 313 and, by avplying the Piemenn (1960) MS shift princirle,
the spectrum agreed with that of quaternine (10, 11, dimethoxy, N, ~methyl
picrinine). The indole peaka (i.e. .'l‘i'l 204 and 218) were 74 mass uniis
greater than in the peaks of pierinine confirming the two aromatic methoxy

grouns and the !E"--(JE{3 substituent,

The above date agreed with publiched data for quaternine isolated

from Alstoniz nuaternata Heucket Ju2ll (Apocynaceze) (Mamatas-kalamaras

et al, 1975). Co-TLC with an authentic sample supplied by Dr, Claude Thal

confirmed the identity of the compound,

It should be noted that quaternine as reported bty the above authors
is 10, 11, dimethoxy N a-methyl—picrinine and not the nor base as stated
in the abatract,
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CH O

CHa0O

Quaternine

o
2
RVOLF 7 : White needles; m.p. 28();[()&]50 - 650 (¢ = 0.1 in C&-lCla).

wos A MOt (log B) 213 (4.3), 244 (4.0), 303 (3.9)5
PR 231 (4.0), 267 (3.2),
In : \rﬁg onl 3400 p, 2900 p, 1730 3, 1610 @, 1500 5, 1460 g,

1380 w, 1330 m, 1250 w, 1230 w, 2195w, 1160 g, 1120 g,

1070 m, 1030 m, 1020 m, 1000 m, &70m, 620 m,

MS & m/e (relative intensity per cent} 398 (x*) (100),

-383 (M = 15) (13), 380 (M - 28) (79), 365 (3 - 33) (29),

339 (M =~ 59) (25), 321 (13), 307 (8}, 299 (1 ~ 99) (50},

292 (13), 269 (13), =262 (28), 254 (10}, 232 (13), 217 {(13),
213 (13), 204 (10), 190 (17), 136 (25), 108 {21),

HEM3 & Accurate mass weipght 398,19063%, (calonlated for 02?}126N205'
requires 398,184159, error 0,00064); mfe 299.14391,
(caloulated for Cy oy gl 05 Tequizes 299,139558, error 0.,004%5)3

mfe 262,10674 (caloulated for ¢y 41116N 04 Trequires 262,107925,

error 0,00118).
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NMR (cnmj) : § 7.24 (s, 1H, arematic), 6,36 (s, 1H, aromatic),
5.36 (q, i, C-=19, n),' 4.80 (s, 1H), 3.78 (s, 3H, cooc;;.j),
3,74 (&, 301, 00}{5), 3,64 (s, 3H, ()Cﬂj), 3,40 (8, 1H), 3.26 (s,
m), 3.12 (s, W), 2,96 (s, 3H), 2,40 = 2,02 (m, 3H), 1.68 (s,
1), 1.48 (4, 3H, C-19, 0}13).

MS-DIS ¢ 470 M (25), 455 (10), 398 (100), 383 (13), 380 (79),
365 (29), 339 (25), 321 (13), 307 (8), 299 (50), 292 (13),
269 (13), 262 (28), 254 (10), 232 (13), 217 (13), 213 (13),
204 (10), 190 (17).

Chreomogenic reactions: A brownish-red colour rezetion was obtained with
ferric chloride - perchloric acid reagent and an orange-yellow
colour was obizined with ceric sulvhate reagent,

The UV spectrum and chromogenic reactions indicated a modified indoline
chromophore, The MS {ragmentation pattern resembled that of quaternine
(RVOLF 6) but the molecular ion peak appeared at m/c 398 which is 14
mags units leass than that of quaternine, The indole neaks occurred at
E‘L‘:’. 204 and 190 thus indicating two methoxy substituents on the aromatic
ring, The I'S~DIS indicated the presence of an active hydrogen atom, The
MS exhibited a prominent V=18 peak at m/e 380, Similar peaks were
observed in the S of piecrinine end picralstonine, both of which possess

active N -hydrogen atoms (Chatterjee et 81, 1965; RBanerji et al, 1972),

The MR spectrum indicated the presence of two methoxy proton
signals at 8 3,74 and 3,64 and a COOCET3 methoxy signal at & 3,78, 'The
characteristic 1,4~pattern of the two arcmatic protons at § 7.24 and
6.36 confirmed the two methoxy groups at 10 and 11 posilions. The
absorption signals at § 5.%6 and 1,48 indicated the presence of an

exocyclic ethylidene side chain,




e
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The above evidence identified RVOLF 7 aa the Ha--demethyl analogue
of quatemine (RVOLF 6), All spectral date (UV, IR, M3, NMR, MS-DIS)
were consistent with this structure and as this alkaleid was the major

alkaloid of the leaves of R. volkensii the name volkensine is propesed,

COOCHg3

Volkensine

RVOLFP 8 3 Off-white amorphous powder,

woe AN m 203, 202, 335; A Lin 263, 302,

MeOH + N/10 NaOH o

ises 248, 299, 3543 A min mm 278, 312,

IR 3 w;z; ot 3450 s, 2950 5, 1730 m, 1660 m, 1600 s, 1470 v,

1100 n, 10/0w, 780 m 750w, 750w,

MS & m/e (relative intensity per cent) 338 Mt (64), 324 (1 - 15) (9),
322 (9), 309 (9), 307 (9), 295 (9), 279 (M~ 59) (19), 268 (9),
265 (9), 263 (9), 250 (9), 232 (17), 222 (9), 212 (9), 199 (9),

196 (9), 182 (14), 180 (9), 172 (18), 170 (18), 169 (12),
121 (100), 07 (55), 92 (55).

HRMS : Accurate mass weight 33%8,16505 (calculated for 020H22}1205

requires 3%38,163032; error 0,0020),



- 188 -

Chromogenio rezctions: A bluish green colour reaction was produced with’
ferric chloride - perchloric acid reagent and a steel grey colouxr
obtained with ceric sulphate rengent,

The UV gpectrum demonatrated a Z-methylene indole chroméphofe. A
bathochromlie shift of up to 10 nm ocourred in N/1C sodium hydroxide

solution thus indicating a phenolic methylene indole,

The M5 fragmentation pettern resembled thai of aluanmmiocine except tov
the displacement of 16 m/e units of the upper end of the spectrums The
principle fragment ions eppeared at m/e 121, 107 and 92 ez in akmarmicine

(Budzikiewics ot al, 1964).

The acetyl derivative prepared by reacting 5 mg of RVOLF 8 with
acetic anbydride : pyridine mixture at room temperature produced a momno ~
acetate

oV A ﬁigH m 230, 310, 340 .

MS : m/e (relative intensity per cont} 330 W' (%6), 365 (1 - 15) (77,
3€3 (3), 35t (Q4), 349 (7)y 338 (7)s 3357 (7), 321 (24), 310 (%)
274 (17), 263 (7), 250 (3), 241 (7), 232 (3), =22 (7),
172 (7), 121 (100), 107 (55), 92 (50), -
Tha MS of the acetyl derivative confirmed the acyl gr&up.on the
indole moiety (m/e 232 in RVOLF 8 shiffed to m/e 274 in the acetyl

‘ product ).

The above data agreed with published date for sewerine (lo-hydﬁoxy
alkuemmicine} (Ahmad and Le Quesne, 1970). The position of the phenolic
OHmgroup was found to be similar to mewerine by comparing the magnitude
of the hathochromic shift of the UV spectrum in alkaline medium with that
of p-hydroxy aniline and m-hydroxy-aniline as described by the same

euthers,
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10 —Hydroxy--ekuamnicine (sewerine)

RVOLF 9 : Yellow amorphous powder,

1
UV 2 )\Iz];f'{mn 233, 279; Amin 258,
IR & u-ﬁﬁi em™r 1730 £, 1660 w, 1600 £, 1490 s, 1440 s, 1360 yw,
1340 w, 1300 w, 1280 s, 1200 g, 1100 w, 1160 w, 1140 w, g

1120 w, 1090 w, 1030 s, 910w, 8201, 780 w, T60 w,

MS : mfe (relative intensity per cent) 368 M (71), 352 (M - 16) (100),
351 (M - 17) (82), 337 (11), 321 (11), 310 (12), 293 (39),
291 (21), 277 (9), 271 (9), 263 (18), 250 (22), 224 (14),

210 (18)1 198 (12), 197 (]9_}, 186 (:)1).

Chromogenic reactions: A purplish colour turning grey was obgerved with
ferrvic chloride = perchloric acid reapgent and a yellow colour
turning greenish waa obtained with ceric sulphate reagent,

The UV and IR spectra were similar to those of methoxy=-pleiocarpamine
(RVOLF 4). In neutral solvent systems the compownd stayed mainly on the
bage line, The MS fragmentation pattern indicated an N-oxide type of
compound (prominent F~16 peak occurred a2t m/e 352), The remainder of
the fragmentation was identical with the spectrum of methoxy-pleiocarpamine,

The compound was therefore probably methoxy-pleiocarpamine Neoxide.



A synthetic ﬁefhﬁﬁ-pleiocmaﬁiﬁe N-oxide da.s .prepé._.:'r'ed Yy
reacting 20 nmg of n~chloropexrbenzoic zeid in 5 mls chloroforn with 35 mg
of methoxy-vrleiccarpamine j:n dichloromethane (Cymerman et al, 1970). The
reazotion wae continuocusly stirred and cooled in an ice-bath =t about
0.500 for three houxs, The solvent was evaporated under reduced premsurs
and the residue made alkaline with 2 mls dilute ammonis solution,
Extraction of the aquecus solution with chloroform (2 x 3 mls) provided
the methoxy-pleiocsrpamine MNwoxide which was further purif i.ed by TLC

(yield 15 mg).

Spectral dato (UV, IR, MS) and co~TLC of this compound 2greed with

the data for RVOLEF 9,

CHZ0

OOCHs3

Methoxy--pleiocarpamine H=oxide

RVOLE 10 ; Showed identical hRf values, spectral data {UV, IR, MS) and

chromogenic resctions with tetrahydroalstonine N, —=methyl

b
(RVOX 26).

RVOLF 11 : Showed identiczl hRf values, spectral data and chromogenie

reactions with nor-tetraphyllicine (RVOSB 8).



RVOLF 13

Ll
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Showed identical spectral daia, hRf values and chromogenic

reactions with peraksine (RVOX 19).

Spectral data, hRf values and chromogenic reactions aereed

with that of normacusine B (Deoxy-sarpagine) (RVOSB 13).



R. Oreopiton root alkaloids

ROG 1 : Showed identicel hRf values, spectral data (UV, IR, MS) and
chromogenic reactions with ajmalicine (RVOK 3).

ROG 2 : Showed identical hRf values, spectral deta (UV, IR and MS) and

chromogenic reactions with isoreserpiline (RVOK 2).

Showed identical hRf values, spectral data (UV, TR, M5 and NMR)

;

and chromogenic recctions with aricine (RVOK ).

ROG 4 : Showed identical hRf values, spectrul data (UJV, IR and M8} and

chromogenic reactions with carapaunsbine [(RVOK 6).

Showed identical hRf values, spectral data {UV, IR, MS) and

:

chromogenic reactions with reserpiline (RVOK 5),

Showed identical hRf values, apectral data (UV, IR, MS) and

&

chromogenic reactions with reserpine {RVOK &),

Showed identical WRF values, spectral date (UV, IR, MS) and

:

chromogenic reactions with rescinnamine (RVOK 9).

ROG 8 : Showed identical hRf values, spectral data {UV, IR, MS) and

chromogenic reactions with & —-yohimbine (RVOK 16).

ROG 9 : Showed identical hRf vaiues, spectral data (UV, IR, MS) and

chromogenic reactions with ychimbine (RVOK 17).

ROG 10 : Showed identical hRf values, spectral data {UV, IR, M3) and

.~ chromogenic reactions with tetraphyllicine (RVOK 11).

ROG 11 : Showed identicsl hRf values, spectral data (UV, IR, MS) and

chromogenic reactions with ajmaline (RVOK 15).
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R. Oreogiton leaves allaloids

Showed identical hRf values, speciral data (UV, IR, MS) and

L L]

Oreog 1

chromogenic reactions with geissoschizine (RVOSB 7).

Ofeog 2 : Showed identical hRf valués, spectral data (UV, IR, MS, NMR)

and chromogenic reactions with aricine (RVOK 4).

Of fwwhite emorphous powder,

Oreog %

MeOH \
UV oz )\ oo mn Qo E) 223 (4.20), 265 (3.75);

MeO
Amin nm 248 (3,72).
~KBr 1
IR 5 \ max ©M 3400 m, 2925 My 1740 &, 1620 w, 1600 w, 1440 m,

1360 w, 1240 s, 1120m, 108Cm, 750 m.

Ms :+  m/e (relative intensity per cent) 424 MY (80), 409 (M - 15) (50),
392 {M - 32) (20}, 782 (20), 367 (25), 365 (M - 59) (30),
351 (M- 73) (100), 333 (M - 91) (60), 292 (20), =279 (20),
260 (20), 247 (35), 232 (25), 218 (20), 206 (20), 194 (25),
182 (30), 168 (30), 156 (25).

NMR (03013) : § 7.80 ~ 7,12 (m, 44, aromatic), 5.52 (a, 1H, C~19 H),
4,48 (s, iH), 4,08 (s, 21), 3.80 (s, 3H, coocns), 3.48 (g, 2H,
cnzoac), %.20 {s, 21), 3.00 {8, 1H), 2.36 (s, 1H), 1.96 (d, 1H),

1.64 (d, %, C~19, CHE), 1.56 (s, 3H, ococn3), 1.24 (s, 1H).

Chromogenic reactions: No colour reaction was obtained with ferric
chloride =~ perchloric acid reagent or with ceric sulphate reagent,
A positive rezction was however obtained with Dragendorff's

resgent,
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 The UV spectrum and chromogenic reaction indicated an indolenine

chromophore. A bathochromic shift cccurred in concentrated acid medium;

tod

’)\MeO}I +BCL 0 009, 083; }\_min 255,

mAX

The MS and MMR spectra indicated no evidence of aromatic substituiion
(MS showed @ ~carhboline peals at w/e 182, 168 and 156 and the MMR

indicated four aromatic proton multiplet asignals at 8 7.80 = 7,12),

The M3 showed in the wpper mass ragion prominent peaks af gim/_l.?_ 409
(M - 15), 392 (M~ 32), 382 (M~ 42), 365 (% - 59), 351 (1 = 73),
and 333(} - 51) which can be attributed to loss of the follewing frapguent

lons i~ CH,, CH,OH, CF,CO, GOOCH,, CH,O0COCH, and CH,OH + COOCIH, respectively.

37 73 3 3

The NMR spectrum ¢onfirmed the presence of GOOGH5 and (}COCH3 protona by the
ébsorption signals at 8 2,60 and 1.56 respectively. lividence of an
ethylidene side chain was indicated by the absorption signals at § 5.52

and 14640

The MS peak at mfe 279 is attribuntable to losg of C~16 corbon atom and

attached substitucnis plusr one hydrogen atom (CH.‘;OCOCH2 + H)

- CH - COO(}H3

while the peak at n/e 247 could e mfe 279 - FeUH.
The IR spectrum indicated the presence of an wnconjugated ester band
at 1740 cm* and a hydroxyl bend at 3400 cn™r, fThe alkaloid on acetylation

produced en amorphous mono-acetyl derivative (M.w‘t.466).

N The MS general fragmentation pattern resembled that of alcvammiline
(Hesse, 1974). However the loss of a CH,OH fragment i.e. (M « 32) and the
occurrence of the /3 —carboline pesks st m/e 182, 168 and 156 are
characteristic features of tetrahydro {S'z =¢carboline compourds with

gubstituents at the (-5 position., (Pudzikiewicz et al, 1964; Erown ot 4ly

1972},
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The above evidence is consistent with the gstmacture of akusemmiline

Suformyl, cleal-sl

CHa0CO fJHQ\\T/ﬁ,C OOCH,

Akvarmiline 5~fornyl b taleal

Oreog 4 ¢ Vhite crystals; wm,p. 180°C,

u

V't

IR

ot
b

N\ MeCH

ﬂzgu nn {log B) 214 (4.23), 249 (4.00), 284 {3.67);

g, T 234 (%.91)y 273 (%.54).

-1

: VT ont 29505, 28508, 1740 5, 1610m, 1480 g, 1330 ¥,

1120 m, 1070 m, 1020w, 940 m, 790 w, 740 5.

m/c (relative intensity per cent) 340 M© (20), 312 (¥ - 28) (16),
295 (1), 282 {(x), 267 (7)s 2%5 (22), 239 (9), 224 (40),

210 {4}, 199 {18}, 196 (18), 182 (21), 168 (100), 156 (547,
144 (78), 138 (57), 131 (13), 122 (13), 108 (15), 96 (33),

94 (89).

MR (0DC1;) @ § 7.40 - 6.72 (m, 4H, sromatic), 3,92 (s, W), 3.72 (w, 3H),

3.44 (s, 1), 3.36 (s, 18), 2.76 (s, 3H, N-—CHB), 2.72 (s, 3H, M-

CHy)s 2,64 (s, 1), 2.52 (s, 1R), 1.84 (s, W), 1.72 (s, ),

" 1,56 (dd, 3H), 1.28 (a, 2H, C=19 H), 1,00 (%, 2H, C~19 ij3).

Chromogenic rezctions: Mn instent red colour waé obtained with both ferric

chloride = perchloric acid reagent and with ceric sulphate reagent,
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The UV spectrum and chromogenic reactiions indicated a dihydroindole
chromophore, The IR spectrum revealed the presence of a carbonyl
absorption band at 1740 cm-l but no evidence of a free hydroxyl group,

Attempted acetylation produced no acetyl derivative.

The NMR spectrum showad evidence of an ethyl side chain (doublet
signal at £ 1,28 correspending to C=19 CH, protons and the triplet signal
at 6 1,00 correasponding to C~19 Cl{3 protons). The spectrum also indicate
evidence of iwo aliphatic Nemethyl proton signals at § 2.76 and 2,72. Th

MS indicated the indcle peaks at m/e 158 and 144 thus confirming evidence

of an Na—methy] substituent,

The MS showed in the upper mass region a sharp M-28 peak at m/e 312
which is characteristic of a ketone group, in a ring system (Biemann et 2
1964). The overall fragmentation pattern resembled that of acyl indole
alkaloids, By enalogy to tabernaementanine (Combes et 2l, 1966) the peaks
at m/e 182, 168, 138 and 122 corresponded both in intensity and position %
the peaks at m/e 196, 182, 152 end 122 recpectively in tabernaemontznine

and could be revresented as shoun belowi-

COOCH3 COOCHg3
/
— |
—CHg -~ CHg
m/e 182 m/e 168
COOCHg \

m/e 138 mse 138 mje 122



Provosed Fragmentaticn vattern by sznalogy to tabernaemontamine

—— i i . —— " -—— —— e e e —

(Combes et al, 19¢6).

m/e 168




The sharp M=28 peak In the M5 and the inability of the alkaloid to

form an acetyl derivative indiceted that the COOH group at C=16 position

is in a bonded form. (m the above evidence the structure below is

proposed for the alkaloid

Oreog 5 : White crystals; m.p. 15800.

uyv

;'::f”nm (log E) 217 (4.08), 222 (4.08), 267 (3.54);

Me(OH
min nm 243 (3.39).

=

1
IR : vnf;’xr em™™ 3400 m, 2980 w, 1730 g, 1620 m, 1600 m, 1440 s,

s

1260 m, 1230 5, 1100 m, 1020 w, 1060 m, 1030 m, 960 s,

840 Ty 780 My 750 s,

n/e (relative intensity per cent) 394 M (100), 379 (M - 15) (4),
363 (1 - 31) (6), 352 (¥ - 42) (6), 335 (M - 59) (40),

321 (M - 73) (68), 306 (8), 292 (8), 275 (10), 261 (8), 249 (14),
232 (12), 223 (8), =218 (8), 206 (8), 194 (10), 180 (16),

170 (14), 148 (16), 156 (12},

NMR (cnca.3) : § 7.40 = 7,04 (», 4H, aromatic), 5.52 (q, 1H), 4.60 (d, 1H),

4,16 (s, 1), 4.00 (s, 1H), 3,76 (s, 3H, coocs-:j). 3,56 (s, 2H,
05{20A0), 3,20 (s, 1H), 3.04 (s, 1), 2,64 (d, 1H), 2,52 (4, 1H),
2,36 (t, 1), 2,26 (s, 1H), 1,96 {dd, 1H), 1.64 (4, 3H, C~19 035),
1,56 (s, 7H, uwcu}), 1.24 (s, 14).
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Chromogenic reactions: No colcur reaciion was cbtained with ferric
chloride - perchloxic acid reagent and with ceric sulphate reagent,
The UV spectrum demonstrated an indolenine chromophore : a batho=
chromic shift wes cbhserved in coneentrated acid medium,

)\ MeOH + HC1

o nm 228, 2833 A min nm 225.

The IR spectrun disclosed an unconjugzted carbonyl ester band at

1 and an ortho-disubstituted benzene micleus at 750 et thus

1730 em
indicating non=substitution on the indole arcmatic ring. The )NS5 and NMR
spectra confirmed non-substitution on the arcmatic ring ( & =~carboline
peaks occurred at m/e 180, 170, 168 and 156) : the MM spectrum showed

the typical four arcmatic proton multiplet at § 7.40 - 7,04,

The MS in the upper mass region indicated prominent peaks at m{e

379 (M - 15), 363 (1= 31), 352 (M = 42), 335 (1~ 59) end 320 (M - 77)
which were attributable to the loss of C}l3, CH50, CHa,CO, COCCH5 and
(':H?OC()C'H3 fragments respectively, The 1Mt signals at § 3.76 confirred
the presence of CC(’J{}‘r{3 protons and the signels at § 3.56 and 1,56 were

indicative of the C}Izaﬁc and the OCOCH, protons respectively, The

3
absorption signals at § 5.52 and 1,64 demonsirated evidence of an

exocyclic ethylidene side chain,

The ¥S peak at m/e 249 is attributable to the loss of the C~16 carbon
atom and its attached substituents plus one hydrogen atom, The above data
agreed with published data for akuammiline (Robinscn and Thomas, 1954;

Oliver et al, 1964; Hesse, 1974).
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CHzOCOCHy. _aCOOCH,

~

¢
Oreog 6 ¢ Off-white amoxphous powder,

uv m}l mm (log B) 272 (4;25)r 267 (2.76); )\m nm 247 (3'70)’

IR ¢ v AT om} 3350 5, 2950 5, 1730 5, 1660 m, 1620w, 1600 m,
1440 8, 1230 5, 1100 m, 1070m, 960w, 920w, 840 m,
760 m,  T50 3. |
MS :  mfe (relative intensity per cemt) 352 W' (100}, 335 (M - 15) (11),
4 321 (M - 31) (95), 307 (5}, =293 (M=~ 59) (23), 261 (14), 249 {18},
232 (18), 206 (14), 194 (14), 180 (23), 170 (18), 168 (23),
156 (15}, |

HMR (CDOJ.}) s S 7.84 -~ 7.24 (m, 4H, aromalic), 5.56 (¢, 1H), 4.24 {5, 1¥),
4.12 (s, 11), 3,90 (s, 3H, coom3), 3,76 (dd, M), 3,28 (s, 1H),
3.08 (s, 1H), 2.96 (d, 2H), 2,68 (s, 1H), 2.56 (=, 1H), 2.36 {(nm,

), 2.00 (s, 1H), 1.64 (¢, ZH, C-19, CH3), 1,28 (s, 1H).

Chromogenic reactions: No colour reaction was obtained with ferric
chloride -~ perchlorie acid reagent or with ceric sulphate reagent,
The UV specirum indicated an indolenine chromophere., Other speciral
data (IR, MS and NMR) revealed characters resembling akuwammiline (Oreog 5).
The IR spectrum however demonstrated a brcad hydroxyl absorption band at

3350 cm—l and the MS showed the molecular ion peak at m{e 352 which is 42



mass units less than that of skvammiline, The methyl protons signal at
g 1.50 of the enetate group in akvammiline wes absent from the NMR
spectrum of the compound, Oreog 6 which is therefore deacetyl-akuammiline,

(Oliver et 2al, 1965).

An acetyl derivative of the compound was prepared and the spectral
data (UV, IR, MS and IMR) compared with that of akuemmiline (Oreog 5).
Such data were found to be identical and mixed melting points of the
compounds showed no depression, The chroumatographic behaviours were
identical (Co-TLC in six different solvent systems), The alkaloid was

therefore identified as deacetyl-akuammiline,

Deacetyl-akuammiline

Oreog 7 ¢ Colourless crystals; mepe 226°¢,

uv s >\§;2H mm (log E) 210 (4,18), 232 (3.90), 287 (3.50);

Moo nm 225 (3.85), 258 (3.08).

max o8 3400 s, 2900 s, 1720 s, 1610 m, 1490 w, 860 w,

MS : m/e (relative intensity per cent) 338 1* (100), 323 (M - 15) (17),
320 (M - 18) (80), 308 (15), 279 (M - 59) (30), 239 (70),
182 (17), 170 (20), 168 (17), 157 (22), 144 (20), 130 (15).
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Chromogenic reactions: An oraume colowr turning brown on heating wes

produced with ferric chleride — perchleric acid reagent.

The UV spectrum ivdicated a dihydroindcle chromephore which chenged

to a 3H-indolium type in the presence of concentrated perchloric acid

(Tox)s A o+ T 0% g 234, 245, 305,

Other speotral datz (UV, IR, MS) agreed with published data for
picrinine (deacetyl-desformo-picraline) (Chatierjee ot 81, 1965; Iwu ond
Couxt, 1978), Co~TL{ with an authontic sample confirmed the identity of

+ the alkalold as picrinine., Mixed meliting peints were andepressed,

OQCH»3

Pierinine

Oreog 6 ¢ Showed idemtical hif values, spectral dats (UV, IR, MS, NMR)

end chromogenic reaction with quaternine (RVOLF 6), .

Oreos 9 ¢ Off-vhite smorphous powder,

A MeOH

i)' o o m (log B) 213 (4.29), 244 (3.89), 303 (3,52}

Afng nm 227 (3068)9 268 (3'00)’

R ¥ E“B; et 3400 m, 2950 5, 1740 3, 1600m, 1580 m, 1470 m,

1380 m, 1200 m, 1120m, 1040m, 990m, 920w, 890 ¥,

800w, 780 m, 74C &,



.EZE_(rélafive.intenéity_per cent) 396 W' (200), 381 (M - 15) (35),
369 (4), 354 (4)y 337 (M= 59) (35), 323 (4), 321 (4), 277 (4),
263 (4)s 251 (4), 235 (4}, 221 (4), 194 (4), 182 (9), 168 (17),
156 (1%), 144 (13), 130 (13).

=
5]

NMR (03013) : & 7.88 (4, H, WH), 7.24 - 6.52 (m, 44, aromatic), 5.58 {as
WM, =19 H), 4.92 (d, 1H), 4,12 (s, 1H), 4.00 (s, 1H), 3.84 (s,
31, coocnﬁ), 3,80 (s, IH), 3%.53 (=, 1H), 3.36 (8, 1H), 3.12 (5,
11), 2.96 (s, 1H), 2,08 (s, 3H, OCOCH3), 1.80 {(d, 3, C-19, caﬁ),

1.28 (s, 1H).

Chromogenic reactions: A red colour reaction was obtained with ferrie
chloride -~ perchloric acid reagent end with ceric sulphate reagent.

The UV spectrum and chromogenic reactions indilecated a dihydroindole
chromophore, The M5 fragmentation pattern resembled that of akuammiline
(Oreog 5) but the molecular icn peak cecurred at mfe 396 which iz two mass
units more than for akuammiline. The NMR speetrum showed an NH proton
signal at 8 7.88 and the M5 showed a distinet indole peak at ELE 14A gnd
.130. The compound could therefore e a dihydroindole derivative of

akvaomiline,

Catalytic hydrogenation of aluarmiline (at pH 10) using 105 palladium
on alumina for 12 hrs yielded on purification a relatively small quantity
of the dihydro derivative (Biemann et al, 1963). Direct comparison of the
epectral data (uv, iR, M3) and chromogenic reactions of this product with
that of Creog 9 showed that the two compounds were identical, The intensity
of the indole peaks at m/e 144 and 130 indicated & C-? H A- dihydroindole
compound (Bz.emann et al, _1964). The alkaloid was therefore identified as

2 B ~dihydro - akuammiline.



CH30OCOCH, AL00CH3

2 - j=dihydro=akuamniline

Qreosr 10 1 Colourlese crystale; mMeD. 24200.

W AN om (log B) 213 (4.23), 245 (4.10), 310 (3.70);

A ﬂigﬂ nm 227 (%.83), 273 (3.08),

mf\ﬁﬁmﬁ'ﬁwb 2950 8, 2890 m, 1730 5, 1600 m, 1480 s,

1440 s, 1230 g, 1220 w, 1200 m, 1070w, 1030 w, 1000 m,

240 m, 900 m, 86CG wy,  BOO my 720 m,

M8 :  nfe (relative intensity per cent) 396 MV (100), 381 (M - 13) (4),

379 (1 = 17) (4), 306 (M = 30) (30), 350 (M ~ 45) {11),

335 (W ~ 61) (14), 323 (14), %07 (46), 296 (21), 293 (25),
279 (14), =269 (18}, 264 (21), 260 (14), 245 (11), 228 (1),
222 (13), 214 (21), =200 (13), 198 (14), 188 (18), 187 (i4),
174 (183, 121 (25).

Chromogenic reaciions: An orange-red cclour reaction was obtained with
ferric chloride - perchloric acid reagent and a red colour
produced with ceric sulphate reagent,

The UV spectrum and the cl":romogenie reactions were typleal of

indoline bages, ‘e UV spectrim showed a marked bathochromic shift in
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70% perchloric acid medium, which is charocteristic of 3Hw-indolinium ion
( )\ P?eOiI:‘:-'u"!1.04

= na 212, 257, 248; Amin 236, 278).

The 1t spectrum showed abeorption 2@ 600 cx:n'"1 which is indicative of

a 1, 2, 4-trisubstituted benzene ring and thus suggested arcmatic
substitution at the C~10 position of the indole micleus, The IR spectrum

also indieated a carbonyl ester band at 1730 cm-l.

The M5 revealed (A -carboline peaks at m/e 214, 200, 188 end 174
which corresponded by anplication of the !5 shift technicue to a ghift of
A4 EZB units and thvs indiceted the presence of a methoxy group on the

aromatic ring and a methyl group on the Na-nitrogan atom,

The above data agreed with published data for skuemmine, O-methyl
(Rakhimov et al, 1971), Identical melting points and chromatographisc

behaviour confirmed the identity of the alkaloid as aluammine O-methyl,

COOCH3

Akuanmine O-methyl

Oreog 11 : Vhite crystals; m,p, 18200.

uv s /\:ﬂ“ am (log E) 210 (4,16), 232 (3.85), 287 (3.45);

MeCH
Api 50 225 (3.85), 258 (3.08),

KBr 3}
nax @

1360 w, 1280 w, 1230 g, 1100 m, 1020 m, 920w, B850 w,

IR : \J 3400 s, 2950 s, 1730 5, 2610w, 1450 m, 1380 w,

810 w, 750 m.
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MS + /e (rolative intensity per cent) 410 MY (64), 392 (M -18) (29),
582 (M~ 28) (97, %67 (M~ 43) (9), 351 (M = 59) (28),
357 (M - 73) (100), 333 (50), 305 (2), 291 (13), 260 (9),
247 (22), 235 (€d), 232 (16), 206 (9), 197 (31), 194 (22),
182 (22), 170 (31), 157 (33). 144 (16), 130 (22),

WMR (09013) t & Teb0 — 6,80 (m, 44, avomatic), 5.48 (g9, 1), 5.00 (», 1X),
4.84 (d, 1H), 4.68 (s, M), 4.56 (s, 18}, 4.00 (s, 1H),
3.92 (s, 14), 3.76 (s, 3H, COOCHs); 3.36 (s, 1H), 3.24 (4, 14},
2,04 (dd, 2H), 1.64 (d, 5H, C-19 CH3), 1.60 (s, 3H, 0000H3),

1,32 {s, 1H).

Chromogenic reactions: An crange colour turning brown on heating ﬁé.s
produced with fervice chlexide - perchlorice acid reagent and a re=d
colour reaction obtained with ceric sulphate reagent.

The UV sncetrom and chromogenic reactiens indicated an indoline
chromophore. The IR spectrum contained bands dve to NH (2950 cm‘l),
carbonyl ester (1730 cmﬁl) and an ortho -~ disubstituted benzene nucleus

(750 cm-l), thus suggesting non~gubstitution on the indole woiety.

The NMR confirmed the presence of the carbomethoxy protons (signals
at & 3.76) and alsc showed evidence of acetoxy protons ( § 1,60) and an
ethylidene side chain ( & 5.49 and 1,64), The absorption sigmal at & 4.8

is chavacteristic of a carbinolamine proton {(Chatterjee et al, 1965).

The MS in the upper mzss region showed prominent peaks at mfe %92 (7 =218)
351 (19 = 59), 337 (¥ - 73) and 333 (M - 77) which were attributable to

the less of 13,0, COOGH3 end CH20A0 and te m/e 392 - COOCEI3 fragments

2
respectively., The spectrum also showed a prominent m/e 239 peak which is

attributable Lo loss of the G-16 carbon bridge and its attached substituents




::}("

and C = 0 from the C~5 carbon atom plus one hydrogen unit (Britte:'. et al,
1965). The overall fragmentation vattern agreed with that of picraline

(Britten et al, 19€3; Oliver et al, 1963/,

Spectral data (UV, Ik, ¥S, MR) and the meliing point agreed with

published data for picraline {Gabetta and Jmstich, 1975).

CH30COCH,

g

Pieraline

Oreog 12 t Vhite crystels; m.p. 228 - 230°C,

MeOH

wo: A mm (log &) 210 (4,04), 244 (3.58), 302 (3.23);

HeOH s L
A e on 227 (3.56), 267 (2.90)

IR ¢ Lo et 3450 s, 2950 s, 2850 w, 1720 &, 1600 m, 1460 s,

1440 s, 12108, 1110m, 1040 m, 920w, BOOW, T40 s,

MS s m/e (relative intensity per cent) 354 (100) u*r 339 (M - 15) (34),
323 (M - 31) (8), 295 (M~ 59) (9), 277 (3), 263 (6), 251 (9),
235 (8), 221 (5), 206 (5), 194 (5), 182 (5), 168 (13), 167 (9),
156 (9), 2144 (6), 143 (5), 130 (9).

NMR (CD313) : § 7.60 - 6,60 (m, 4H, aromatic), 5.56 {(q, 1H), 425 (s, 1H),
4.2 {8, 1H), 3.80 (g, 3H, coocus), 3,76 (dad, 1H), 3,28 (s, 1H),
3,08 (s, 1H), 2,96 (d, 2H), 2,68 (s, 1H), 2,56 (s, 1H), 2.36 (m,

1H), 2,00 (s, 1H), 1,64 (4, 3H, C-19, CHBJ, 1,28 (s, 1H).
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Chfomogenic reﬁcéiéns:'_K red colour.waa.obtained with ferric chloride -
perchlorie acid reagent and with ceric sulphate reagent,
The UV spectrum and chromogenic resctions indicated a dihydroindsle
Ehmmophom. The IR spectrum showed evidence of G (3450 cm"‘l),
NH (2950 cm"l) and carbony) ester (1720 cm“l) groups. The absorptien
band at 740 cm“l indicated a 1, 2, disubstituted benzene ring thus

confirming non-sgubstitution of the indole nucleuns,

The MR spectrum and M3 fragmentation pottern elosely resembled
..those of deacetyl—-akuamiline (Orecg 6)e The MS, however, indicated the
molecular ion peak at m/e 354 which is two mass units more then that of
deacetyl aluvemniline, The M3 alsc exhibited distinet indole pesks at
gﬁg 144, 143 and 130, The compound could thorefore he a dihydroindole

derivate of deacetyl-alkuammiline,

Catslytic hydrogenation of decacetyl-zkuommiline at pH 10 using
palladium 1050 on alumina for 12 hre yielded a compound which, on purif-
ication, gave identical spectral data {UV, IR, M3 and 4R}, chromogenic
reactions end hRf values with Oreog 12, Mixed melting yoints were
undepressed, Ihe alkaloid wag therefore confirmed as 2—[3—dihy@ro—

deacetyl-almammiline.

? —R=-dihydro=deacetyl-akuammiline
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Oreog 13 : Showed identical hRf values, spectral data (uv, IR, MS and

NMit) and chromogenic reactions with pleiocarpamine (Rvorr 3).

Oreos 14 & Showed identical hif velues, spectral data (UV, IR, MS and

MMR) and chromogenic reactiocans with volkensine (rvoLr 7).

Oreog 15 : Off-white amorphous powder,

UV s A ey mm (log B) 227 (4.40), 265 (3.80), 291 (3.82);

Amin! mm 252 (3,00),

IR ¢ e omh 3400 8, 2950 m, 2800w, 2760w, 17408, 1620y,

1600 w, 1440 m, 1360 w, 1240 s, 1120 m, 1080 m, 740 s.

¥S ¢ mfe (relative intensity per cent) 440 M' (67), 426 (M - 14) (44),
409 (11 - 31) (44), 394 (¥ - 46) (56), 383 (M - 57) (78),
381 (M = 59) (33), 367 (¥~ 73) (33), 352 (56), 337 (56),
325 (44), 305 (44), 292 (33), 277 (44), 262 (44), 250 (67),
234 (100), 222 (56), 206 (56€), 204 (44), 194 (67), 183 (67),
182 (56), 168 (67), 167 (65), 156 (768), 144 (56).

Chromogenic reactionz: A greyish brown colour turning green on heating
was obtaired with ferric chloride = perchloric acid reagent.

The UV spectrum demonstrated an indole chromophore with a well-defined
minimom at 252 na, The chromogenic reaction and MS {ragmentation pattern
suggested a compound structurally related to the E-seco indoles, The 5=
carboline peaks occurred at m/e 182, 168 and 156 as opposed to w/e 1€4,

170 end 156 in the E-geco indoles, This was analogous to tetrahydro-p4 -
carboline alkaloids possessing a C-5 carbon bridge (Budzikiewicz et 21,
1964), 'The MS in the upper mass region indicated prominent peake at

nfe 409 (M - 31), 394 (M - 46), 381 (11 - 59) and 337 (M - 73) which
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ware attritutable to inosa of Cﬂaﬁg COOH 4 H, COOCH, and CH,OCOCH
£a

3 2
fragments respectively, That a COOH group is attached to the -5 pecition
is evident in the expulmicn, on electron impact, of 46 mass units from the
molecular ion and this is attritutable to loss of COOH + i (species a).
Analogous peaks were observed in t?g riass spectra of adirubine, and

| Segarbexytetrahydroelstonine, both of which possess a similar C-5

fonoctional group (Brown et al, 1972; Brown and Charalambides, 1974).

. Loss of the C~16 carbon atom and its atlached substituents and

expulsion of the C-J, COOI + H substituentas produced the peak at m/e 250,

The IR spectrum revealed evidence of OH {3400 cm"l), NH {2950 cm‘”l)
 and carvonyl ester (1740 cmfl) groups, DBohlmenn bends appeared at 2800 —

and 2760 om‘l and indicated the presence of C-3H 4,

Ingufficient material remained for NMR examination but the above data
showed a close resemblance to datz for adirubine acetate (Brown et al, 1972)
although ihe molecular ion peak occurraed at gﬁg 440 which ig two vnits less
- than that reported for adirubine acetate, The occurrence of the EZE %94
peak (Species g) aa ovposed to the gﬁg.396 pezk in adirubine acetate
indicated that Oreog 15 possesses an ethylidene gide chain vhile adirabine

acetate possessed an ethyl side chain,

Oreog 15 could therefore be azdirnbine acetate 19 : 20 dehydro,.

Adirutine acctate 19 § 20 Dehydro
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/\rCOOH

— COOH + H

MY mye 440 o = (2) mse 394

Oreog 16 @ Showed ideniical spectral data (Uv, IR, MS}, chromogenic

reactions and hRf velues with eluammicine (RVOK 12).

Oreog 17 ¢ Showed identical hRf values, specira) data (UV, IR, MS) and

chromogenic reactions with sewerine (RVOLFP 8),

Oreog 18 ¢ Showed identical hRT velues, speciral data (vv, IR, MS, IMR)
and chremopenic reactions with methoxy-pleioecarpamine

(RVOLF 4).

Oreog 19 @ Showoed identical specival data, {uv, IR, ¥ and WMR), MR
velues and chromogenic reactions with nortetraphyilicine

(RVGsB 8),

Oreog 20 : Showed identical spectral data (UV, IR, MS), hRf values and

chromogenic reactions with peraksins (RVCKX 19),

Oreog 21 1 Showed identical spectral data (uv, IR, VS), hRf values and

chromogenic reactions with normacusine B (RVOSB 13).
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Solvent Systems relevant to Table V

I Acetone : petroleun spirit (b,p, 40 - £0°C) : carbon tetrachloride :
iso-octane (? t 6314 33

II Acetone : methancl : diethylemine (7 : 2 : 1),

IIT FEthyl acetate : iso-propancl : ammonia (18 : 3 : 1),

IV Acetone : methanol : glacial acetic scid {7 : 2 1),

V Diethylether : methanol (9 : 1).

VI Chloroform : methanoli acetone 3 igso-octane (5 : 2 1 z 1),
hRf values stated are the mean values {rom five determinationsz.

key to alkaloid abundance

+ = small amount

moderate amount

I
"

+++ = abundant



Table VI

Distrituticn of Alkaloids detected in H. volkensii

Skeletal
tyve Alkaloid Leaf Stem Root
E~seco indole Geisscachizine - + -
Sarpagan Normzcusine B 4 + -
Hormacusine B=O-acetyl - e -
Polyneuridine - + -
Pre-perakaine - + -
Sarpagine - - +
Dihydroindole Norietraphyllicine + + -
Tetrephyllicine - + +
Tetraphyllicine--O-acetyl - - +
Ajmaline - * g
Ajmaline<O=acetyl - - +
Indolenine Perakine = - +
Raucaffrinoline - - +
Yohimbine A ~Ychimbine - + +
Yohimbine - + &
18-Hydroxy- . _ _
yohimbine esters Reserpine *
Rescinnamine - - P
18-Hydroxy=yohimbine v - +
Methyl deserpidate - - +



Skeletal

type Alkaloeid Leaef Stem Root

Heteroyohimbine Tetrehydroalastonine + - +
Ajmalicine - - +
Ari Ci.n e - + +
Isoreserpiline -- + +
Reserpiline - + +
Rauvoleinine e - +
Tetrahydrcalstonine Nb-met'rwl + - +

Oxindole and

~indoxyl Carapansubine - -+ +

Isoreserpiline- Y ~indoxyl - - +

Picraline Volkensine + - .
Quaternine + - .

Pleiocarpamine Pleiocarpamine + - -
lethoxy-pleiccarpanines + - -
Methoxy-pleiocarpamine~2 : 7=
dihydro + - -
JMethoxy-pleiocarpamine = 2:7
~dihydro Nb—oxida + - -

Akuammnicine Akuvammicine + - -
Sewerine + - -

Anhydronium= ;

Miscellaneous Peratsine + +



Distribution of alkaloids detected in R. oreomiton o
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II;Z- L - Table Vil

Renoxidine

Skeletal ’

type Alkaleid Leaf  Root
E-seco-indole Geigsoschizine * '.: -
Oreog 15 + "

Sarpagan Normacugine B + -
Dihydroindole Nortetraphyllicine -
Tetraphyllicine - +

Ajmaline - +

Qreog 4 . -

Axuermiline~2@ -dihydro S -

Neacetyl=ekuarmiline-—-

2~ —dihydro + -

Akuanmine~O-methyl * -

Indolenine Akvammiline + -
. Akvammiline-5~formyl + -
Deasgtyl=akuommiline + "=

Yohimbine A ~Yohimbine - +
Yohimbine - +

Yohimbine isomer ) - +

18-Hydroxy- o '_ :
yohimbine esters Reserpine - +
' Regcinnamine - 4

- +



Skeletal

type Akaloid
Heteroyochimbine Ajmalicine
Aricine
Isoreserniline
Peserpiline
Oxindole Carapaunabine
Picraline Picrinine
Picraline
Volkengine
Quaternine
Pleiocarpamine Pleiccarpamine
Methoxy-pleiocarpanine
Akuammi cine Akvammicine
Sewaerine
Anhydronium base Serpentine
Miscellaneous Peraksine

Leaf Root
- +
+ +
- +
- +
- +
+ -
+4 I
+ —
+ -
+ -
+4 —
+ —
+ —-—
- +



Occurrence and distribution of alkaloids in R, volkensii

Employing previocusly developed methods of chromatographic analysis
(Court and Habib, 1973; Court and Timmine, 1975; Iwn and Court, 1977),
chromogenic and fluorogenic reactions (Court, 19663 Court and Timmins, 1975)
and a combination of spectroscopic and cther phymical methods, the presence

in R, voikensii of thirty eight alkaloids was demonstrated during the course

of this investigaiion., The distribution of the alkaloids in the plant is

shown in Table V|

Isolation and charactevisation of the alkaloids indicated that the
following structural iypes were recognisable:~ E, geco indole, sarpagan,
ajmalan dihydroindole, yohimbine, hetercyohimbine, oxindole and %} —indoxyl,

plcraline, pleiocarpamine, akuammicine and anhydronium bases,

The major alkaloids of the roots and stem bark were reserpiline and
‘ajmaline, Isoreserpiline and o -yohimbine alse occurred in appreciable
guantities in the roots and tetraphyllicine and norietraphyllicine werél
obtained in good yield from the atem bark. In the leaves, however, alkaloids
of the picraline and pleiocarpamine type {volkensine and methoxy-pleiocarpamine)
were the major alkaloids, The inability to demonstratce the preasence of
reserpiline and isocreserpiline or their corresponding oxindoles in the leaves
of this plant 1z noteworthy in view of the occurrence of high yielda in the

roots and stem hark,

Tat a marked difference exists between the alkaloids cceurring at
differing levels of the plant axis is a phenowenon cbserved in several other
species of Rauwolfia e.g, Re mannii (Patel et 21, 1965), R, vomitoria

(Pousset ot al, 1965: Iwa and Court, 1977; Sabri and Court, 1978),



3, obscﬁra (Timmiﬁé;.l9?5} aﬁ&'g; gredéiton (Tirmins, 1975; thie investig-

ation), R. volkennii presents a similar pattern, Thirteen identifiable

o glkalolds were obtained fxrom the leaves, sevenieen from the stem bark and

twenty six from the roots,

Az in other species of the gerus, the E-scco indole alkaloids and the
garpagan group occurred more ahmdantly in the zerial parts; the sarpagon

- group being more conspicucus in the stem bark,

Alkaloids of the yohimbine group and their derivatives occurred chiefly
in the roots, being less abundant in the stem bark and not detected in the
leaves., The pharmacologically important alkaloids reserpine and rescinmemine,

verz isolated from the plani bat in minute quantities only from the roots.

The heteroyohiﬁbines occurred throughout the plant, the 10, ll-diwmcihexy
| analogues constituting more than 50% of the total alkaloid content of tha
'plant. Judging by the izolation of a 1arge nuuber of compounds of the allo
stereochemical series from this plant, it would scem that the doninant stersom
chemical form is sllo {(C-3Het, C=20H &), Although the major alkaloid of the
plant is reserpiline, which belongs tc the epiallo series (C-388, C~20d«),
it is possilble that isoreserpiline, an allo compound also a constituent of

the plant, is converted to the epialle form as the latter is considered to
possess the more stable configuration., It has been shown that the stability
relationship between compounds of the allo and gpiallo series possessing

~ substituents on the D and E, rings depends vpon the nature of the substituents

and their configurations (Wenkert et al, 1955 ).

The oxindole and W -indexyl alkaloids igclated from Re volkensii were

related to reserpiline and isoreserpiline., This is in sgreement with the



hypothesis proposed ﬁy éhella&d;ahd Hoﬁghton.(1973) thét the pfééénce of
oxindole alkaloids may be related to the corresponding heteroychimbines.

R, vomitoria is another Rauvolfia plant from which oxindole and \-indoxyl
alkaloids have been reported (Pousset et al, 1957; Sabri and Court, 1978)
and only oxindoles corremponding to reserpiline and lsoreserpiline were

- detected. Isoreserpiline~ sy -indoxyl occurs in R, iligustrina Roem et Schmtt,
a species also known to produce reserpliline and isoreserpiline (Finch Eﬁ,ﬁki
1963), Oxindoles coerresponding to other heterovohiimbine alkaloids have hbeen
. reported in other Apocynaceous genera but in R. volkensii and R vomitoria
oxindoles derived from compounds such as tetrahydroalstonine, aricine etc.
ware not found, ‘his may be due tc the relatively low yield of these

alkaloide in Rouwolfia plenta,

The dihydroindole alkaloids were digtributed throwghout the plant but
the Na-methyl anzlogues ocourred mainly in the lower axis. Dihydroindole
alkaloidas with hydroxy or methoxy=-substituents on the aromatic »ing such as
purpeline, seredaunine, vomalidine and endolobine ware not found although
such compounds have been reported in several othexr Rauwolfia species and
varticularly from species of the gection Endolobus, For example mitoridine,
geredamine, purpeline, vomalidine and endolobine (Fig, 10) occurred in
R, vomitoria (Poisson et al, 19645 Vale, 1963 3 Iwu, 1977), R. cumminsii
~and R, mombasiana (Iwa, 1977}, 12-Methoxy-ajmaline end vomalidine were
isolated from R. cbscura, a section Afrovolfia species (TMmmins and Cou&t,

' 19741} and norseredamine sccurred in the stem bark of the Pacific Island
species R. sumatrana Jack., 2 section Crytosivhonia species (Hanacka et al,

©1970).



That the trimethoxybensoyl esters of dihydroindole alkaloids e.g.
rauvomitine or mitoridine (Fig, 10) did not ocour in this plant is scaxcely
surprising as the 18-hydroxy-ychimbine ester alkaloids (:';eserpine and

rescinnamine ) also occurred only in trace quantities.

The ajmaline related indolenine alkaleids perakine and raucaffrincline
i wére obtained from the roots. Perakine is probably not an artefact as
suggested by Taylor (1966) because it has been obtained not only from the

mother liquors of reserpine manufacture from R. vomitoria (Ulshafer et al,

- 1961) but also from fresh plant extracts of R, perakensig (Kiang and Wan,

1960) and R, caffra (Mabib and Court, 1974).

The picraline bases volkensine and quaternine cecurred in significantly
high yields in the leaves of R. volkensii and were apparently confined to
this part of the plant, Although plerinine end deacetyl-desformo-akuammniline
were obtained from R, vomitoria leaves {Pousset et al, 1965) and pierinine
end deacetyl picraline were found in R, cuminsii (Iwvu and Court, 19782,
1978b), the ocourrence of typical Pieralira bases in Rauwwolfin plants is vexy
uncommen,. Such compounds have been regarded ag by-products of the biosyrn—
thetic route but their occurrence in large quantities in R. volkensii leaves

suggestis a greater significance, ' ' _ [

|

Picralim: bases do occur in several other genera of .the family
Apoeynzceae, Tor example, picrinine, picralinal and quaternine have besn
reported in some speciea of Alstonia (Banexjt et al, 1972; Rastogl et 2],
1970; Mamatles-Kalanaras et al, 19?5). Deacetyl-pleraline was found in souze

Bunteria species (Bartlett et al, 1963) end ekuammicine and akuammine occurred

in Cabucala snd Vinca species (Douzoua et a1, 1974; Yarnsworth et al, 1964;

Svoboda et g1, 1963).
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The isolation of pleiocarpamine, methoxy-pleéiccarpamine and its
N-oxide from the leaves of R, volkensii is the first reported occurrence of
this ekeletal type in e Rouwolfia speclies, FPleiocarpamine was first isolated
from Pleiocarvs mutica Bentn (lesse et nl, 1964) and has since proved to be
widespread in other Apocynacocus genera where it occurs either free or ¢s
part of a complex alkaloid, Pleiccarpanine is known to occur in Hunteria
(Bartlett et 21, 1963), Vallessia (VWalser and Djerzssi, 1964) and Alstonia
species (Burke et al, 1973). Pleiocarpamine elne occurred as part of the
complex alkaleid villastonine in Algtonia muelleriana Domin, (Purke et al,

1973).

The inter-relationship of the alkaloids

The currently accepted theory of the biogeneasis of indole elkaloids
proposes that D-seco compounds such as sirictosidine or vincoside or their
S=carboxy-derivatives uvndergo enzymatic removal of the glucoside side chain
end subsequent cyclization to yield the k=seco indole alkaloids, Such
alkaloids then wndergoe verious forms of »ing closure e.g. C~16 ~>» C=5
(sarpagan), C-16 -» C-7 (picrinine), C=16 =» (-5, C=20 =» C~16 (perakeine),
C=16 -» C=5, C=~17 =» C-7 (a2jmalan), to produce a wide range of alkaloidal
types.

The highly reactive D~seco alkaloids have not as yet been isolated from
Rauwolfia species tut the F-seco compounds have been obtained from several
gpecies of the gemus, The occurrence of a wide variety of indole alkaloids
structural types in R, volkensii prompts interest in their biogenetic

relationship,
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The E-seco indole alkaleid gelssmoschizine found in the leaves and
stem bark occupies a unique position since all the cogeneric alkaloids can
be envisaged as erising from it. The postulate that geissoschizine is a
probable precursor is substaniiated because this alkaloid has been
implicated in the sequential metabolism of vincoside or iscvincoside in
Vinca species and was one of the first detecied alkaloids (Scott, 1970).
Also, results from dircet feeding experiments have demonstrated incorporation
of labelled geissoschizine in ajmaline, telrahydrozistonine, serpentine,
akuammicine and vindoline (Pattersby, 1969), Many of these compounds ave

well=known Rauwolfia alkaloids,

Geissoschizine could tlms be considered as o key intermediate in the
biosynthesis of the alkaloids of R, wolkensii, The C-16 decarboxy analogucs
such as geissoschizol and geissoschizal ismolated from R, vomitoria (Pousses
et al, 1965; Sabri and Court, 1978) and R. obscura (Timmins and Court, 1976)

are probably derived from geissoschizine iteelf.

Rattersby (1962) has demonstrated the incorporation of geissoschizine
into ajmaline in Vinca speciesz and Djakoure et al (1975) have shown in a
series of interconversions, that E-seco indole alkaloids can be converted to
heteroychimbinoid and yohimbinoid alkaloids, The exact mamner of bioconveruim;
is not known but geissoschizine may undergo an oxidative ring closure to
produce the pentacyclic heteroyohiimbine alkaloids as shown in Scheme XX,
An altermative ring closure involving a C~17 —» C=19 linkage could produce
the yohimbine group of alkaloids,

It is not known whether a similar route produces the aromatic methoxy

analogues such as aricine and reserpiline, WNevertheless, it has been shown
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that bacteria can methoxylalbe the aromatic ving in the ychimbine type
alkaloids (Iizuke et al, 1976), A similar enzymatic methoxylation process
in the plant could produce the methoxy hetercychimbine and ychimbine
alkaloids. The stage of biosynthesis at vhich such methoxylation takes
place is not clear, If it is after closure of the E-ring, then alkaloids
such as tetrahydroalstonine could act as precursors of aricine which in

turn could be the precursor of isoreserpiline and reserpiline,

18~-Hydroxy=-yohimbine and methyl deserpidate may arise from a yohimbine
precursor end may by esterification and methexyletion produce reserpine and

regcinnamine,

The occurrence of such & high yield of dimethoxy-picrinines (volkem:j.ne
and quaternine) and methoxy-pleiocarpanine in the leaves of R. volkensii as
opposed to reserpiline end isoreserpiline which were the major alkaloids of
the stem bark and root may suggest that the methoxy-~heteroyochimbines are
probably not synthesiced directly from E-seco indoles. Farther work on the
leaves of other reserpiline vroducing species is necessary to establish any

connection between these two skeletal typeas,

Cordell (1974) referred to the biosynthesis of ajmaline type dihydro-
indole alkaloids from E-geco precursors via sarpagan type intermediates,
The co-occurrence of geissoschizine end a nmumber of sarpagan end ajmalan
type alkaloids in R, volkensii supports this contention, Thus geissoschizine,
or its S-carboxyl~derivative as proposed by Van Tamelen (1968), could be
converted to a reactive imino form which would cyclise to yield the sarpagan
skeleton by linkage of the C~16 carbon to the electrophilic imine on C-5 so
producing polyneuridine which could then undergo oxidative decarboxylation
to produce normacusine B, (Scheme XX ).




.Normacusine B could mr't;hcr..:c.'ingl Tclose by Cla-l'}' - t‘.-? -linkage to

| produce the ejmalan skeletal type as shown in Scheme XX, The occurrence
aof Na—demethyl ajmarlan type dihydroindole alkaloidsz in the leaves and the
st'em bark only indicates that the demethyl compounds axe prohably formed
first and subsequently methylated farther down the plant axis, Barton and
co-workers (1965) bave shown that norajmaline is a good precursor of ajmaline
in R, serpentina, the N‘a-me-bhyl radical being derived from methionine, The
Inability to isolate norajmaline from R. volkonsii may be attriluted to its
rapid conversion to ajmaline, DMNerajmaline has been obtedned from several
other ajmaline producing plants e¢.g. R, gusveclens {Majumdar at al, 1973 ),
R, obscura (Timmins, 1975}, R, vomitoria (Iwu, 1977) and R, macrovhylle
(Timmins and Court, 1974c)- Nortetraphyllicine, a closely related dihydroe
N indole alkeloid, was isolated irom the leaves and the stem bark of R,

vollcensii,

The co-bccurrence of seversl ajmaliné related alkaloidy viz, perakine,
preperakine, peraksine and rancaffrinoline in R, volkensiil preosents an
intevesting blogenetic saquences A common feafure in the giructures of these
alkaleids is the linkage of the C-19 to the N -nitrogen of the tryptamine
nolety. The relationship of these alkaloids to ajwaline is evident, not only
in the closeness of their siructure and chemistry Wt also in their fregquent
co-~gcourrence in plants. Perakine, peraksine and ajmaline have been isolated
together in R. vomitoria (Ulshafer et al, 1961) in R, perakensis (Kiang, et

al, 1966) and in R, caffra (Habid and Court, 1973).

w

Kompis et al { 1971) have sugrested that 8 macreline type precursor may
be invelved in their blosynthesis or, alternatively, they may arise from a
sarpagen type compound vhich is hydroxylated at C=21 and the moleciile re-.

arronged such that the C-19 becomes ettuched {o the Nb-position.
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The ease of conversion of vomilenine to perckine by brief treatment with

Yoiling acetic acid (Taylor, 1965) suggests thet such a rearrangement is

possible in the plant,

OAc

HO

Vonilenine Perakine

The isolation of pre-perakine from R, volkensii further supports the
sarpagan route hypothesis as preperazkine constitutes a link between the
sarpagan skeletion and the persekine structure, The C=17 ~» C=~7 ring closure
of preperakine will yield perakine whilst an alternative ring closure

involving C~17 ~> C-21 will elaborate the peraoksine tyve of skeleton,
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The picraline bases may also be derived from an E-seco precursor such
as geissoschizine, Their production weuld involve a (=16 ~>» C=7 linkage ag
shown in Scheme XX, Possible intermediates in this pathway could be the
indolenine alkaloids of the alvammiline type (Scheme XXI), Although such
alkaloids were not isolated from R, volkenasii they were obiained from R,
oreoziton leaves end deacetyl-desformo-~okuasmiline occurred in the leaves of

R, vomitoria (Pousset et al, 1965).

Very little is known about the biosynthesis of pleiocarpamine,
Cordell (1974) suggested three routes by which it could be formed from zn

E=seco indole alkaloid such as geissoschizine, It may be formed by direct

attachment of the C-16 carbon atom to the indole nitrogen or by a 1:3 shift
of the C=16 carbon bridge in askuammiline types or via an intermediate with
C~16 =» C=2 linkasge, It is significani therefore that both pleiocarpamine
and picraline bases occurred in R, vol_kensii.

HO
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Alkaloids of R, oreopiton

~ Thirieen identifiable alkalolds were obitalned from ihe roots of
R, oreopiton. The results are in goneral agreement with earlier investige
aticns concerning the alkaloids of this root  {Cowrt, 19683 Tirmine and
Court, 1974), The major slkaloids sre reserpiline and ajmzline, Kowever,
the presence of three cther minor elinloids, aricine, isoreserpiline and

carapanaubine, not reported in the previous works, was demenstrated,

It was not posgible to differentiate the roots of Ji. volkensii frem
the roots of L, oreomiton by chromatographic analysis, The migration
patterns, Iluorescent spota and chromogenic reactions of the alkaleids in

both extracts wore identical in the six solvent systems used,

It is significant that silvieulturists in Fasi Africa are unable to
differentiate the two species and vepard them as deabitfully distinet

(Best African Harovarium, private commmication).

The ellkaloids cbtained from the leavea of R. oreogiton included o
biogynthetically modelled synthesis of ajmaline that required a S-carboxy-
F=geco indole alkalcid, It is significant therefore that this alkaloid
was isolated from a Pauwolfia plant, Its occurrence alsc suggested that
tryptophan as well es tryptamine is involved in the hiosynthesis of some

Reuwolfia alkeloedids,

The distribution patlemm of the alkaloids of R, orcoriton leaves (s
very similar to that obtained from the leaves of R. volkensii. 4s in the
latter, the dominant alkaloldal group comyrised the piecraline bases, but

many other closely relatzd alkaloids were also obtained,



The isc:.la.tion from.a cingle baich of materiel of such a large
number of alkaloids belonging to the same stavebtwral group sugrested a

close hiogenetie relationship,

Saxton (1968) proposed that picreline bases weve devived from a

2~acyl indole precursor of the pleraphylline type., This ingenious propeaal

picraline in Bunteris eburvea Pichon. Although a large mumber of 4he

plevaline type alkaleids were isolated fxom Re orcopiton, no such acyl

indole alkaloid way found. Cn the bagis of thig experimental evidence tha
Gucarvoxy-b-geco indols alkaleoid seewms a more likely precurgor than an
uvndetested acyl indole, BOmith {1961 ), cormenting o the hiogenesis ol
echitamine, had suggested thal bMrnamicine (E-fig_c_:_g_ 2eacyl indols) could
itﬁelf be derived feom geivsoschizine, I% thus follows that an B-geco

indole could he a common precursor of bhwe acyl indole and the pieraline

bases obiained in Hunteris ebawnea,

As shown in Schemg XXI re-arrengementi of the indole ring in stracturs
I Yo #n indoleonine form will moake the C-T position highly electrophilic and
thus susceplLible to attack from the 0-16 carbon etom, Thugs a Cwlf - G
ring clesure could take plaze to produce species II in which the S-garihoxy
group has been reduced to a formyl l\group. Precvedent Tor sueh re-arrangament

_ has been demonstrated (Wenkert end Wickberg, 1965).

Deformylation of the 5-~i‘omlﬁgraup in ecompound II could yieldd

skvanmiline (IIT) which could then produce almammicine (V) and sewerine (Vi)

via the intermediate deacetyleluamailine {IV),



A

a2 IO

N "
.\\-/,. ~. P -

PP

A

Uo3 130310 Y JO saseq sutTexotd sy3 Jo mwﬂmcowp.m.mohlhmPQH IXX sweydg



"~ Enzymatic oxidation ol the akuammiline skelevon could vroduce
picraline (IX), volkensine (XI) and quaternine (XII), Thus a route from
akuarmiline may yield the picraline bases in a manner reminiscent of that

postulated by Saxton (1968),

Evidence that the indelenine compounds of the akuammiline type are
possible precursors of the akuammicine type was demonstrated by the French
workers, Jenot ct al (1965) observed that the reaction of potassium -t

~titoxide with deazcetylokuamniline resulied in a retro=-aldeol lcss of
formaldehyde followed, preswnably, by a re-arrangement with the sole
production of (=)skuammicine, When deacetyl-desformo-akuammiline (a constit=
uent alkaleid of R. vomitoria) was similariy treated, akuarmicine was produced
(Pousset et al, 1965). It follows therefore that a similar enzyme controlled

reaction could take place within the plant to produce akusmmicine,

No rigid order of biogenetic reaction ig implied by the arrows in
Scheme XXI. For example, it iz not certain whether the 1:2-dihydrn-akuam=
miline types (compounds VII and VIII) are by-products in the biosyntheiic
route or are directly in the pathway. The extromely resistant nature of the
indolenine bond of akuammiline +o lithivm aluminivm hydride reduction

(Oliver et El, 10643 Saxton, 1968) rules out their occurrence as artefacts,

Tt is alsé possible that many morae interme&iates sre involved which
have not been irolated because they occur in trace amounts only or are very
highly reactive, For example preakuamnicine (although not isolated from
this plant) appears to be a more immediate precursor of skuammicine, 4
transformation can also be achieved by treatment with a base (Scott and
Qureshi, 1969). It covld he an intermediate between deacetyl-akuammiline
(1V) and akuammicine (V) as indicated by Scott (1970)., In sequential

igolation of alkaloids in Vinca rosea young seedling,Scott {1970} repourted
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the isolation of ‘ﬁ5 ~hydroxylndolenine! and *dieclt., These compounds are

possible intermediates between the akuwammiline skeleton snd picraline type.
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Considering the guuntity of sewerine and akuammicine isclated from
Re oxeogiton, it would seem that the production of these alkaloids is

secondary and the major biozynthetic route yields the picraline bases,
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| An interesting feature of the two plants, 1. volkensii and'ﬂ..gzgggijgg,
is the production of large quanti£i63 of pleraline btases and pleiscarpamine
type alkaloids in the leaves, but further down the axis the typical
Rauwolfia alkoloids are elaborated, The precise fanction of these alkaloids
in the leaves is not clear but their occurrence in such a high yield suggests

biogenetic significance,

A possible explanaticon is that the leaves, being the most active
metabolic sites in the plant, synthesize bthe precursors to the alkaloids.
Such precursors are probably sirictosidine, vincoside and/or the B-neco
indoles and these bases are guickly transformed %o either the pieraline ox

pleiccarpanine types which are simpler to form in order toi-

(a) Continuously remeve the precursor compounds from the reaction medium
and thus permit.fur%her syntheseas

{v) Protect the precursor alkaloids from rapid comversion to other
metabolites in the plant; N |

(¢) Aot as a transport eowpound facilitating the translocation of the
E~gece compounds in a less reactive form to the atem and oot where

they can be re~converted to the E=seco compounds and used for

further syntheses,

A pimilar role was suggested for obscurifoline, an alkaleid of
R. obscura leaves (Trimmins and Court, 1975), It is significant that in many
other Apocynaceous genera where such bases have been reported they have
occurred mainly in the aerial parts or in the young seedlings {Saxton, 19€8;

1970).



Kompis et al (1971) suggested a possible way by which pleiocarpamine
and picraline type alkalolds could be derived directly Irom vincoside or
strictozidine which implied that these alksalolds may be Produced very early

in the blogenetic process,

Formylstrictamine {pieraline tyve) and pleiocarpamine were isolated

from Rhazya ptricta and Cordell (1974) sugrented that these slkeloids are

probably involved in the biosynthes;s of akuamicine and the strychnos
alkaloids, The Na-—b-c—ls bonid in plelocarpanine would need to unlink zt a

certain stage of the biosynthesis in order that such conversions could take

place,

We therefore support Cordell's {1974) call for more work on +the
blosynthesis of pleiocarpamine and the picraline (strictamine) bases inj
order to establish their rceclationship with the corynanthe bases and other
indole alkaloids., It iz envisagnd that the difficult techniques of feeding
experiments and sequential igolation of labelled alkaloids will shed more

light on this probiem,

Chemotaxomonic implication of the isolated alkaloids

Only alkaloids of the skeletal type Class A (Fig. 1) occurred in the
species investigated, Both H, volkensii and R. oreogiton justified their
identities as Rauwelfia plants by their ability to elaborate the five
characterigtic skeletal types found in typical Rauwolfia species i,e. the
E-geco indoles, sarpagans, ajmalensg, yohimbans and hetercyohimbans,
Although many other closely related Apocynaceous genera e.g. Alstonia

(Sexton, 1965; 1975), Vinca (Aynilian et al, 1973} and Aspidosperna
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Gilbert et al, 1965) do elaborate these skeletnl types, Rauwolfia species
.appear to be different by their apparent inability tc produce alkaloidsz of
the skeletal types Class P and G (Fig. 1) which are generally common in

Alstonia, Vinea and Aspildosperma species,

Pichon (1948} classified the genus Bauwoifia morphologically into 14
séctions. It is noi{ nossible at the moment to provide any chemical support
for this division fyom the alkaloidel distribution patterns found in the
Ophioxylanthus gpecies since thorough chemical investigations In the other
gections have been confined to & few species cnly. 'The chemical characters
of R, oreogiton and R. volkensii are clogscly related and may justify their
grouping together in the section Ophioxylanthns, Nevertheleoss, the principal
alkaloids of thece gpccies occurred in variovs specizs of other sections and
frequently as principal alkaloids, Fox example ajmaline, reserpiline and
isoreserpiline occur in R. vomitoria (Endolobus) (ILwu and Court, 1977} and

R, gonfertiflora (Afrovolfia) (Danielli et al, 1971). fThe production of the

pleiocarpanine skeletal type and the picraline bases would at first sight
appear to be peculiar to the section Ophioxylanthus but pleiocarpamine is
now known to oceur in R. caffra (Afrovolfia) (lagser and Court, wnpublished
work )e Picraline bases have also been isclated from Re vomitoria (Fndolobus)
(Pousset et 81, 1965), R. cumminsii (Endolobus) (Iwu and Court, 1978) and

R. confertiflora (Afrovolfia) (Danielli et al, 1971).

,

Cebucala iz a close relative of Rauwolfia, both genera being meﬁbers
of the sub~tribe Rauvolfinae of the tribe Rauvolfiiecae (Pichon, 1948), The
Orhioxylanthus species have shown by the isolations reported here to sharas
aeveralICOmmon chemical features with Cabucala, Fox example, R. oreogiton

elaborates skuammicine and C-methyl-aluammine which are typical’ Cabucala
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alkaloids (Douzoua et al, 1974; Titeux et al, 1974). Also the isolation
of the 17-oxy~heteroychimbine alkaloid rauvolcinine, carapanaubine and
akwammicine from B, volkensii further supports the close relationship of
these species with Cabucala, However, Calmealse is not known to be able to

produce anhydronium bases,

By the elaboration of tetrahydroalstonine, alstonine, reserpiline,
isoreserpiline and oxindole and (P~indoxyl alkaloids, R, ¥olkensii shows a
close chemical relationship to R. vomitoria but cen apparently be differente
iated by its inability to produce 12-oxy-indoline b2ses such as purpeline,
geredamine, and vomalidine (Fig, 10). Tt is significant that H, vomitoria
itself has been found to chow a different alkalcidal pattern from the other

members of the ndolotus sgection (Iwu, 1977 ).

Iwa (1977) propesed that Rauwolfia plants could be divided into two
main groups; the reserpilinate species and the non-reserpilinate species,
This may well prove true particularly of the African sections, The
Ophioxylanthus species would be reserpilirete specics as reserpiline was the
prinecipal alkaloid of both species, However, rcserpiline and isoreserpiline
are known to occur in several other non Rzuwolfia Apocynaceous genera e.g.

Bleekaria (Ochrosia) (Kilminster et al, 1972; Kanji and Sainsbury, 1974),

Aspidosperma (Dastoor and Schmid, 1963) and Vinca (Aynilien et al, 1973).,

On the basis of current knowledge, the dimeric alkaloid serpentinine
would appear to take & more significant role as a chemical marker for the
genus Rauwolfia, So far it has not been isolated from the African Rauwolfia
species although it i1s known to be present in many Asian, Pacific and
American species, If its absence in the African Rauwolfia species holds true,
a division of the gernus could be attempted on the basis of ability to

elaborate serpentinine,



The classical belief that mony alkalolds were confined to certain
genera is questioned as & result of this investigation. Ixamination of
minor constituents has revealed the presence of several different alkaloidail
types in a single species, many of which are not considered typleal of the
genug. This would probably prove truc of many other members of the genus
if scrutinised more carefully., Similar results were obscrved with

Aspidosperma (Gilbert et al, 1965) and Algstonia (Burke gt al, 1973) species,

The frequent occurrence of similar indole alkaloids in closely relsted
Apocynaceous genera suggesis that the general biosymthetic routes in the
indole alkaloid producing planis arec similsr, Although there are & large
nunmber of different gtructural types, they are all formed from the same

building units.

The alkaloidal distribution within the different plants does differ
as the accumulative capabilities and the enzyme systems of the individual

plants vary environmently and genetically.

A careful analysis of the alkalecidal pattern of the cntiré plént
rather than of an organ is essential in establishing the true chemical
character of the plant. IXsolation of minor congtituents may provide the
selutions to the problems concerning the blosynthetic routes to the
alkaleids. However, a meaningful chemical clasgification would have to be
made on the basis of the occurrence of a significant quantity of a

charactexrigtic type,

The fact that two taxa may use the same starting material to.claborate
different alkaloids ox pool the same preduct by different pathways indicates
that the mere presence of a compound does not necessarily indicate a bio=
gynthetic relationship, There is fherefore need for radio-aciive itracer work

to follow up the isolation work with the oim of proving the proposed pathways,
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Significantly nothing could.be inferred from the above investigation
concerning the function of the alkaloids in the plant. The classical view
that these compounds are waste or excrelory products is untenable, The
complexity of the reactions involved in their formation and the body of
information currently accumulating (Whittoker and Feeny, 19713 Freeland
and Janzen, 19743 Van Emden, 1973), suggest that they may have co-evolutionary

defensive and attractive roles as well as primary metabolic significance.

The detailed investigation of the cccurrence of alkaloids in the plants
has provided considerable information on the structural detazil and inter-
relationship of these compounds, Further detailed investigation using large
quantities of sterting material is essential bafore more detailed biosynthetic

experiments involving labelled compounds can be ucefully devised,
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