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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



._.T_-

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
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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
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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),
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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.



]

(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,



Intensity %

100,

‘IO

F|9- 29- s
182
152
122
164
17. I 196
|
.-m--1 4,
b 200

m/e 172

=
+
H

m/e 130

of

- 100

Toeborpoamontialne

322 354 mt

\4

COCCH3

_CH3

(r) myo 182

/N

COOCH3

-
-

]

my/e 152 mye 122



Pim 70

COOCHg
/

AN CHg

(a) {b)
m/e 180 m/e 166
H20H
o l
NCHg
r/ +
(c)
m/e 152

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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