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SUMMARY

Recently, much interest has been shmnv in the tertiary alkaloids

 obtained from meny :spe'cﬁ_a#, of Aspldosperna (Apocynacess) but

’ cmnpaméively fow fepcrts‘ have appeared on the quaternary alkaloids

of this fienus, a neglect poseibly dque to ‘-thé greater di;fi‘i‘iéulty of

;“;.sdlaﬁixﬁzg waterwsoluble bases from ;,;:mtural mixtures, The preasnt
'wexk' givea a raview of knm Aapidoaperm_a. alkﬁi&i‘dé ‘ana':reports on
‘qhe_‘p‘ai.rt-iél separation. ¢ £ quaternary alkaloids from an extract of

Lhe atém bark of ML@M pereha F, Allem. ox Sald,

- (= A, polyneuron M, Arg.). |

| The mixture was shown by paper chromatography and thin-layer
ohrenatography to contain ab least five alkaloids. The alkaloid

macusine B, previcusly reported in gitngapncs Loyl fera (Iac:garziaceae) ’

was :isointed as the thiooyanale and converted to the known
Qérrégpanding tertiary alkaloid mmacusipa Be Both compounds were
éh@ra,cizim.aed by 'pﬁ:,réit:al data, infrared and wltraviolet spactra,
and preparabion of derivatives,

 From the mixed thi‘c»;:ymaﬁe which had yielded macusine }3‘, a
_xézethaﬂél«éaﬁlu‘ble fraction gave & second’ quaternary compom;dﬁhich
was ﬁ.éﬁi&técﬁ aa the iedide (GQJ,H27N2G3I) for x#l}i'c.gh MepPey Ulbraviolet
_and g,nfrawd spectra, anci. apticai rotabion are quobed.
| Attenpts were nsde to aeparaté- the m;l‘aimng alkalodds,

 precipitated as reincckates and converted to chlorides, Dy gdburpt.ion



s

ahmnmtagrﬁpiiy on alunina followed by countem-current distribution
op b:sr partition ¢hmm®ngmphy using a range of conditions ‘anci nany
solvent ayatma. in particular, mmziih fractions from the alumins,
- eolwins wers aubjez:‘had to diatribution on a ateadywatnta ma.chine (by -
- courtesy af liaaum. Quickfit and Quarta Lﬁd.) and pmparative
seperations wm glso attenmpted uairsg paper chmﬁogmyw on large
paper rolls in a Chrémax pmaaure mantle, .
No sabiafmwry aaparatian ut the quaternary chlorieies wWas

" achlieved , bherefore a ndxture dontaining three of the compounds was
| bmated with ethanclamine to convert them tn t.ert»iwy bama. . meiz
: t.ha maction xnixtm one crystallina conmpound was ianlatad. tm. ﬁhis
proved to be an etljzp.nqlmide.  Thie compound was trested with
nethanolic 'hydmchléria acid to give the corresponding methyl ester
and thén t;fzis tertiary base converted 'ﬁc it;s methoéhlorida nsing
’5 methyl chloride, Information ig gi#exi on the ethanolanide and the
tertiary base which are shown to iaa *o&.pical 2:3 diaubatituteci
indolen. q ) _ | ,

| Muoua:me ‘B nitrate hes been shown to exhibit very fesble nouro-
muscular bloc_king actuiﬁy as measurcd on the isolated frog rectus

sbdominis preparation.
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ERRATA

Page 3 line 20 - for "similating" read "simulating"
Page 92 add H to N in the formula for 2,3-disubstituted indc

Page 136 line 4 =« for "residue" read "residues"
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PTHE GENUS  ASPIDOSPER

Ll

The family Apocynacess, comprising 165 genera and
about 1,000 species®, is known foxr ite richness in
alkaloid- and glycoside-bearing plante. Of the thres sube
familiem, the Plumericidess consists alwnost exclusively
of aikaloid=besring plants including species of the genera
Aspldogvnerme and the closely related Hsuwolfia. The
Aspidogperma are classified in the tvibe Alstonlieae because
of fruit dtructure, and into the sub-tribe Aspidospermabinss
on ased structura.

Hybridization takes place readily and this hes
coneiderably increased the difficulties of botanical aystem-
atisation of the gemuws. The esrlier taxonomic works are
due to C.F.P. Mertius (182h), A. de Candolle (18LL) ana
J. ¥uller Argoviensis. In 1948, the Prench botanist Pishon®,
reporied approximately 100 species and c¢lassified them
into eleven peries. A critiesl yrevislon of the genus by
Woodgon® in 1951, reduced the pumbeyr of species to 52 and
the series to 9, many of the older speeies being shown to
be synonymous. More recently (195%), Ducke® has mads
gritical notes on some of the specien.

Aspidosverms species are trees from about £ to 60
metrses high and most contain 8 wmiiky or reddish latex.

They are indigenous to tropical and sub-tropical regions

of Centrel and Scuth Americs and discersed from the drier



yvegliong of Brazil, Poraguay and Avgentima o the
denmmdated river mavrging of ths &@&ﬁmm,v&ll@yﬁgggﬁa

fhe woods of Aspidogpexms vary in loughuess, texturse

et o

and eoleur and nawy are eeonomicelly impertent timbers,
being used for uany kinds of comsitruction work. The weod
and bark of several Aspldogpeorms apecies are good sourcesn

s
o

af tannin. 7The barks of many gspeeies are loecally sryedised
with medicinal prepeviies and have found uwses In Lolie

wedioine” , Phe bark of A quebracho-blance Sehilseht. ids

used in diseeses ¢f the liver, in affections of the
rosplratory organs, a8 o boule,an snalgesic; and has

been vecommended ia fever, especially malaria® W90, Tng
bark of A,pergbe F, Allem.ex Sald. (=i, polymeuren M. =Arg.)
48 uged in popular medlcine wnder the name *Persba roga’

ov "Palo vrosa’ dn the trestment of diarrhosa and againsd
melarial?, %4 has siso been credited with o curetive action
againet leprosy®. ‘Ubiresrvo-puiite’ used by the Argenitinain
patives as 8 vemedy for snakebite and as a febrifuge is

the bexk of & @h@%ﬁ@@%ﬁaspﬁgﬁzziﬁﬁﬁﬁﬁ




FOTRs  ON  THE PHARMAGOIOGY O0F ASPIDOCTERMA  RARES

The first reported pharmacological work on Aspidosperns

barks revealed one of the most charvacteristic effects of
thelr tertiary alkaloids when Penzoldt,*® in 1879, observed
that 2.5 grams of quebracho bark killed & dog by inhibiting
regpiration.

Both Wood (1910)%% and Cow (191L)%*® compared
aspldospermine, aspidosanmine, quebrachine (yohinbine), and
guebrachamine and found them to have similar gualitative
effects which can be seen to be dus to actions on the
gentral and peripheral nervous systems. These effects
have been summarised®® as a fall in blood pressure, mavked
and persistent increass in both the rate and depbh of
respiration, together with c¢lonic convulsionz and muscular
weaknens. However, the reSpirétory effeét has been
attributed to intense local irritatlion, mainly by quebrachiue,
on parts of the lung. Sub=lethsl doses paralyse the nerve
gells of the brain, spinal cord, and autonomic nevrvous
system. Lethal doses paralyse the sympathetic, vagal, and
motor nerve endings, thus similating the effects of cursrising
agents and nicotine; death wresults Trom paralysis of the
respiratory centre, the motor nerves still responding to
electrical stimuli.

Later, @imiiar results were obtailned by Florianld using

the barks of Ao volvnewcon'?” and f. suirendv Hassl.,?® and

TSy s e e




the alkalold aspidoepermine®® which, im addition, was shown
to produce dliuresis, slight variations in the erythrocyte
count, emetic and anti-thermic effects. I has also been
reported®” to reduce the muscle tone and inhibit contraction
in the intestine and to exert adrenolytic effecte, though
not as strongly as yohimbine.

More wecently, Banerjee and Lewis exesmined the total
alkalolda from & number of Aspidosperme species and they
demongtrated hypotensive, adrenolytic, acetyl=cholinolytic,

histaminolytic and nild antipyretic effects in A, oblongum

A.DC. 81982 ang A excelsup®® Benth. Alkaloids of A._albup
(Yahl) R. Ben. and A. mesalocarpomn M.=Arg.®® had an
acetyl=cholinolytic action but potentiated the effects of
adrensline while alkaloids of A, ulel Mgf.®® had bhoth
acetyl-cholinolytic and adrenolytic effects, together with
some central stimulating saction.

In 1956=57, Raymond-Hamet®%:%% ghowed that the alkelold
quebrachaning, like sparteine, potentiates some of the .
adrenaline effects in dog: it increases the hypertensive
and renal-vasoconstrictive actions of average doses of
adreneline snd converts the hypotensive effects of small
doses into hypertension.

In & recent report on yohiwbine, described as a classls
adrenolytic agents, Mslone and Roth®® referved 0 gonfirm-

ation of its centval nervous system metivity and slso to

its aeffect as an anbtimetabolite of serotonin. These workers


mailto:e@rotom.Ho

demongtrated that the persistent and charaocterisgtic
blepharoptosis (eyelid closure) induced by reserpine can
be potentiated, in mice, by simulvancous esdministration of
yohimbine. Yohimbine itself, howeveyr, showed no reserpine-
like smedative~blepharoptotic activity in non-=lethal
dosage.

While various Aspidosperms barks have been reportad
to be effective against melaris and other protozoal
infestions, Becker®® failed to show such activity. However,
Banerjee and Lewig®®°20 Jemonstrated ipn wiitro amoebicidal
activity for alkaloids of some of the species which they
examnined.

.Th@f@ are no reporte in the literature on the
pharmacological effects of the few qm&ternéry slkaloide

g0 faxr isolated from Aspidogpermg species.

=




TEATIARY ALKATOIDS OF éﬁg;@g@@@ﬁﬁg,ﬁ?EGIE%
Genexrnd:

o rocent years, interest in the chemistry of the genus
Aspldosnesns bas inereased considerably ond the last four
y@&%@ wave wiltnessed the successful struotursl elucidation
of an array of indole alkaloids of this genus, ranging
from the rélaﬁiVQly slmple h&rmanéﬁéﬁﬁrhaxylie acid %o
complex hexacyclic N-acyldibhydroindoles. Rapld progress
in this field can be attributed to the Lfollowing factorss=

(2) The importance of the Agplidosperms as a possible
sourss of therapeutically-potent alkalolde, since it is
& g@nmé botanloally related to RBowwolflie.

{b) The introduction of Y-wray erystallographic analysie.
nuclear magnetlc resonance spectroscopy, and mass speeiro~—
metry in struectural chemistry.

{e) The availebility of g&@'@hwom&ﬁugraphy as a tool
for the detmlled analysis of complex natural mixtures.

(&) Interest im biogenetic pathways of these complex
compounde and also in a chemical basis Lfor the taxonomic
clasgification of plants.

Regearch works on this genus are gceattered over a
period of more than 80 years but & more or less systematle

search Tor 1ts alkaloids sterted only a decade ago B 8082088

Pricr %o this, isolation and chemlcal gtudies were conducted



sporadically and among the earlier workers, mention may
be made of Fraude®®, Hesse®Y, Rothlin®®, BEwins®9,
Pield®?, Ploriani® and Orazi®®.

The earlier work has been reviewed by Henry(1oLo)®®,
Merion(1952)%°, Palmer(losh)®?, Bisset(1958)% and, more
sxhaustively, by Schmutz(1961)*%, Phe latest, and
comparatively recent, review dealt with the chenotszonomy
of the then knpwn alkaloids, but & tremendous amount of
work haa been done since that time with the result that a
further %hﬁ Aspidosperms alkalolds have been isclated and
sharacterinsed, Of these, the five alkslolds aricine.
reperpiline, isoreserniline, PB-yohimbineg®® and isoreserpiline-
Y =indoxyl®® had been previously found in Rauwelfis species.

RN e

$=Yohimbine is present also in fngonia elliptica Roem.et

Lo tic T ST AV T TR

Schult. {Apocynaceae)®® and in Corvnenthe Johimbe XK. Schum.

RAEY IR B X

{(Rubiaceas)®® , while isoreserpiline iz present slso in
OQchrosis elliptica Lebill, (Apocynaceae)®® ., Fburnemenine
had been previously rsported in Hunteris eburnes Pichon®®
and is alse present in Rhegya stvicts Decaisne®®, both

Apoeynaceous plants.

* Includes only ons quaternary compound, macusine B, the
isolation and characterisation of which is described in $this

thepis and has been published vesently (196L)%%,



The alkealoids, 1wme%hyldeac@tyiawpi@oapermin@9
Geace%yla@pidbspermhmﬁ,demathylaapid@apermine“?9(”)=
pyrifolidine®®7¢®® dencetylpyrifoliding®®, 1,2-Gehydro-
aspldospermidine®®, and dihyrocorynanthed®? were identical

with chemically-prepored derivatives of kunown alkaloids;
the optical antipodes of (=)-pyrifolidine®® and (=)-
guatembuine®® were also known. Structures of the majority
of the roweining compounds have been clearly established.

I addition o the above Sk charketerised alkeloide,

17 bases Lrom Ao oblongum®® and eight from A. gusbhracho=
nggggﬁa nave been reported. The molecular weights for

all ﬁh@é@ alkeloids have been worked out, and further

worle on theliy chemistyry is in progress. The skeletal
feasurens of the 17 A._oblongum alkelolids have been indicated
Trom ﬁag@ spectrometrical anelysis and twoe of the compounds,
both of molecular weight bl2, are considered to be |
resexpiline and isoreserpiline, Some of vthe remsinder

Ry also prove o he known alkalolds but others will probably

be new compounds.

The Agpldosperma alkeloids ere devivatives of indole

forming & complex c¢lass of neturally-oceurring bases.

However, they cen be broadly classified into the five mein



groupss Dihydroindole alkalolds, Indole alkslolds,
Pyridocarbazole alkeloids, Oxindole alkeloide, and alkslolds

of unkoown structure,

Ao Dihvérsindole alksloidass~ This group, comprising L3

compounds, can be further divided into %wo subgroupe
aceording to the number of rings in the wmelecule.

(1) Pentacgyelic dihvdroindol.

VT T ST I (L i e T T S R RS

Legs= Two types of alkslolds
are recognised in this subgroup, nesmely the Aspidospermine
typa®? having skeleton 1, and the Aspldospermatine -

akunamnicine type®®9%® having skeleton IT.

oy, A P R TR Hﬁ
&“’::"" ™ » e,
- L T o
24

b
Ped
=g

{a) The Aspidospermine types -~ OF these 2b alkeloidsa,
the simplizet is sspldosvermidine®™® baving n-CxHg substiituent
at 05, ALL the slkaloids of thie type casn be regurdsd
a8 derivatives of I diffexring only iin thelr subetituenis

at 1,3,5,16 and 17. Dehydrosspldospermidine differs from

all obther compounds within this group by having a double




i

A,

pond in the l-8-positions (an indoleniw structure} .

(B} The Aspidospermatine-alkusmnicing type
alkaloids are elght in number. Four members are lL- and/ar
L2-substituted sepidospermatiding®® (=CH.CH, at O and
oneé is a dihydrosspidospermatine (=CHg.CHy st G} . The
remaining two members, compactinervine®? end tubotailwine®®

have & double bond in the 2-16-powltion {ipdslins stovoburs )

i

gmd GirPer in sudbstibusnte at $14 spd ¢80,

3;..::
£
Eey
&
aid
P

$ K g LR -
Cii)  Haxe

eyelic dihvdroindolegs-~ These alkalo!

3

be placsd in three categories, namely the pyrifoline®?,

ascidoalnlra®”

and aimeline”® tyvea.
{ o ¥ s s T e v e . ° PR
tar  The pyrifoline type alkaloids nupber 31y and
they have sheleton 11T, which represents iwhe slwmplesgd

&

member, asspidofractinins®® The remalinling members are

all suvbetituted aspldofractinine.

ITT Ampidofractinine

(v} The sspideoalbine type: Pour such compounds
are koown and these are based on an sspidospermine-iike

sieieton with an additlonal tetrahydrofuren ring. The



13

simplest compound is fendleridine®®(IV) and the remainder

are all fendleridine derivatives,

(¢} The ajmaline type is repressented in the

Aspidosperns by only one alkalold,nemely, gquebrachldine®®,

B. JIpdole slksloidass~ This group eontains 32 alkalolds.
The struetures of 15 heve been established and for the
remaining 17 the skeletal features have been worked out®?.
The indole alkaloids can be placed into three mein subgroups
according to the number of ringe present in their moleculesn.
(4) Pricyvelic indoles:~ There im only one member of
proved structure, harman-3=carboxylic 2¢id®?®, which in
conjunction with a carbohydrate molety forms & glyce=
alkaloid. A compound which appears from its ultraviolet
gpectrun o be véry similar, and slso ocours as & Flyco-
calkalold: is guebnr&cha@idin@@@o
(14) Potracvelic indoles:- This subgroup includes the

g} o5 | L [} . _@@
corynantheine type®® of elkeloids, nsmely dihydrocorynantheol



L0-methoxydihydrocorynanthecl and its 19,20=dehydro
derivatlive®®®®? tugether with 12 of the above 17 alkaloids.
In sdéition (-rguebrachanine®® is » tetracyclic indole
with an aspidospermine~Like skelebton in which the ring C
i open in the 12-19-position (in I).

(143} Peniacvelic indoles:= This subgroup embraces
1t wmembers smong which four structural types are encounbersd,
the yohimbine®® type, reserpiline®® dype, sarpagine®® typs
and the eburnamenine®® type.

(@)  The yohimbine type includes, in sddition
to yohimbine*®? s-yohimbine and ite ll-methoxy derivative 7.

{b) The reserpiline typs comprises reserpilins,
isoreserpiline®® and ericine®® together with 5 alkaloides®®
of molecular welghte 352, 382, Li2, 302 and Wl2. Yeny of
the above two types of alkaloid oneur in the related genua
Rauwolfia®®,

(&) Sarpagine type. o9nly three members with the
sarpaglne wk@i@uon are known in the Agpidospermg and they

AT -ﬂhx'f

all cceur in the same speeies, A, volvneuron?®?%% However
p NM‘I’ FETY

SESEot A R \s

this btype bhas been found 1u related genere of the

P

Apooynaceas”® and slso in the loganiaceae @ *78,

(@) FEournsmenine®® 15 the cnly alkaloid of 1ts

type yet found in the Asvidoswerms (A. owebracho-blanco) .

LREt e




C. EPyrpidogerbegole slkaloids:s= These aounber eleven and

all are tetracyelic. With the ezeeption of uvuleine®®, the

only compound of its type yet found im the Aspidospermps,
all are derivatives of either ellipticine or olivacine*¥,
two alkalolds which differ only in the position of theix

gacond «<(Hg substituent (V).

S ;:t_{

PR

anwfw Sy

CHa
v
Olivacine Ry = CHgy, Bg = H

Bilipticine Ry = H, Ha = Uhg

0. Oxindole alkaloidgs= Cavapansubine?® is the only

oxindole in this genus. In Table 1, it hes been placed
with igoreserpiline=yf=indoxyi®®, a compound pressent iun

Ao discolor ADC.

§. Alkalolds of unknown sgiruchure i In addidion %o the

poE kst

15 {7 un=-named and § nemed) alksloids reporbed in Schmuibz's
review, there are at lesst thirteen slkeloide whose strushurss
ave not ye¥ known. These are obscuwivervine, obscwri-
nervidine, dihydreobseurinervice, dihydrochecurinervidin:g

from fe obscurinerveun”* guebrachacidine®®  29ha, 29LB,




Ll

3084, 320B, 2220, 32hB, 3684 and 904 Iwom A, ounebracho-

blansn® .

ALL the tertiary aspidosperme sllkelolds of known
struetures are collected in Table 13 vphysical data of thas
five mlkaloids, obscurinervineg, obscurinervidine and their

dihydroderivatives and guebrachacidine are also included.

Alkalodds of Agppidosperma percha F, Allem.ex Sald,

Heraee

Ao nolvneuron M.=Avg. (=4, perobs ¥. Allem.ex Saldy
was first investigated in 1909 by Peckolt”® who obtained
about O.l% sspidospermine. In 1918 Rothlin®® isolated
from the bark the six hases aspidospermine, guebrachemine
gquebrachine {(yohimbine), hypoauebrachine, aspidospermating
and aspidosamine, all previously reported in A. guegbrachos
blapeo Schlecht by Hesse® . In addition to these, he also
isolated sspidospermicine and aspidospermanine. ILater, in
1938, Ploriani® confirmed the findings of Rothlin.

It was 20 yeavs after Florianl's work that Antonaceic”
reported the isolation of two new slkaloids, alkaloid A,
later nemed perobine, snd alkalolid B.

A reinvestigation of the species in 1959 by Schmutsz
and oo-workers ” led to the detection of 9ix bases, three
of which were ldentified ms aspidospermine, guebrachamine

and yohlimbine. Of the rewmalning three basss, ons was



obtained erystalline and was shown to be o new alkaloid,

palosing., The other two could not be erysitallised.
Recently, Antonaccio et.pl.%" isolated a glyco-

alkaloild based on the aglycone harman-3=carboxylic acid,

while Djerassi and eco=workers’® isolated the two alkaloids

normacusine B and polyneuridine.



L

b

-1 ] Nt | BanCEHES
B Tuo en 1 °{2pTD Do BRTEy
AYDBTUDQ s HOOEMe R ﬂeﬁ%w%ﬁw @ﬂﬂﬁ%@%@ﬂ@ﬂ&mﬁ
] “ b n - .
£GsLT ST USEAIe Ty 8y vy Sy Oy Ty = TLT-65T [~1L3008spTdusen-1
s ¥ BESoeBYTEn
: ‘S oY HD 3 I3 o
; @Wf R Y .m.rw S @gﬂﬁm@
“ Ty 7 = = . : =T ATZA SISy
“BE°Y S0L0081D°Y 5 Yy T Ty W (HOSW), e+ 0LT | —sopidssiinasmeg
m 7 8 @TBTE
Mw o H 97 I K qo®eHTEy
M s ¥od W mﬁhs@moﬁ SUTHEISA
M CERTLY o bs . i
"Ny X0T008LP ¥ 1 *¥  Sw %y W {(®TOHD),S1-, -udzomws |-soprdsmixougems(
% SanEBBweo8
M s OH Hewo H HO®EROSD
m *3Yo8 Mmom : suTmzIsdso
! L %2 Fy = - £ - ﬂ%s@@&.}..
P £EiY IR i GE R ey Py By ¥y ¥y TIT=60T prdserdseovey
N 8H E Y B2HG H
4
w n@,ﬂ@wwﬁum 8 R %m %§ %y
; EEB T o m,f,wm o,
| "Bay=H P L?\
; CTHRTY Mﬂ.@mﬂfm&gﬂﬂw&u BNy
EQ& é mﬁﬁ@m@@ T | C
: “\ 3 [y 3 \
) -
7
7 728 b : BEEoByEEn
o@ﬂﬁ@n%@ CERTTY i %mﬁxﬂsm fca@x@w@@ . i et 0
7 g ' = >3 Ty @ Aw- d,
g TUOIRY SHo0UEDPT0ET | oS {ST0HD) 26| 602-L02 | ourmsadescpidey
e . — py—
POINOE SINLOULLEG arel 0, °4°E DEOTENT
| - - | BEEE, mw% TSCEEE TRy

1S BY
%p@@@ﬂa@ ST LOADBLUS S




eNO0D B oY eW0  H _ o oseas
{®10HD) °QTY R?QO®H=)
D g9 *¥ B B T LZ2T- =QTT |eutptdawcoIputii)
0DHO=
SHO0D H OHOSH®D WO H o Eers s
g . DHD) 691t NYQZFH® D
: T fg ¥u fq ' YY LIRT= =891 SUTAIBOCIPUT TAD
=] 13 ¥ EBEO O EHD &mﬁ@@@ smmaﬁ wm.w_
{2 10HD) suTdaso
-« 22, il - =2 va —— st - — ~
caueg g (TUBA) WRGTB°Y 9 *% 2y %y Tyl 52T+ | 99T-951 {-oprdseiiuiemeg-=;
SH B OO03E H OH )
°pa°y £OT09SIPY ~_ i(®1omD 0zt ENGOFHTED
BOoSPOoH SEBELL°Y | & Y% ®g %y *¥® °0= =LTT |[eulsoTedixoylemsg
3N H  OD3E 8Ws H
o (®TOHO) A ENEO3THEED
Y =g %y Y| 6758~ =501 suisoied
¥ Op3E HO O Hi o N
{SI0HD) §°5LT BNEQOSHTEY
TOBDOCH BTBLELLCY ‘g %y ®g ®¥ ¥y ,B80T+ =8)T @mwﬁrmmmmﬁ?
2H H  90%E Ho ol (®I0HD) e
CWRRTEULDTE Y ) ) _ @M .Hmw. BRED e.m. By
TOBPOOY FEUL LV *5 "5 sy By Yyl CTe -0ST sutmiTopTdsy
WOSPOOH FTEWLL ¥ i 21 oY HO SHO| o osEs
*qusg °¥ (TUBAYERQIE Y ~{®T0HD) 5°691 HEQOEHESD
. “8ay=-p WOUIBoU 850w Y By ¥y sy By gl oI+l =5°99t suidIiBoopidsy
23IN0g 5% 30NI2E aipl 5o, °d°=m PIOTBAIY




£ w3 63

f i | j H
e 2 Pees g oy =4 Y B5%,
0 {53 W0 ETR) Foem an B
t“?"i <y o [« <
e, a3 AL Lo Ry
fxi w3 G (48] &
o
o) aQf <
s |g |8 |84
] ¢
6 : 5 Py o ]
S0l |k
. Ei} 3&3 é:g s @
@ @ @ 2 I & &
o wh £ B I &
£ a ol feillasd Fallad o q @
& oz} = e oo gl | g cé
SOl - & I R 5
o : . S Sl i
‘© & el & ?i £ e o
o 0, o4 (] Mgy o Q o
a2 i i iy < < <G
i ey
&;‘a &
L) @ iy o) I 0 0 “ﬁ?
& %} I B i3 3 &3 h%
r;§9 ggi é:{? g"ﬂ f;%a A ﬁ—@ N:""' f:ﬁ Qfg ia‘&f?; ;53
(fa “epd
g g, 8
1 @ of - -] ) o <3 <y
g ol sa afad wmle wmed B G m
% &3 i3 &2 % &h
; o & @l « [ 5 : I
& Mo B < el md e & a
o g &
gy i TR v B S O o i e % ¢
oEl B s Bl E% o & & B
@ & 4
< oy Bl e BBl L e '”:% <9 ‘;2%% o
& wmla Bl 88 Bl & o
D o Py oy 0, Ay, Py
G oy o) s i) : €
0 = D i &=} e 8 5 @ b
. AED Lo R @ £ £ © L @3 €y
=3 N o] 0 %} § 2 g = 13 &5 5
: G‘:’iﬂ ] = 1 e ERES =3 03 wsl €3
aonrel) Jpruep el S \4;]} ¥ Mgt F Soue? ﬁ Qpes? <ffr Pre
i
& 0
BEN UR
° 0 . § [L’ o o i 8
303 LD feo G o3 63 E:/;'f\j i T 15 fire ’e;‘?
a 3 6 Iy 0y @ iy g By e o 2
i P YU [ et S i et 64 5 £ oot
! o g B B
.\E:g o £
& T, 73 G
,ﬁaﬁg LR @4 R
) o b ) o
] w4 @ o €3 By e 4 o D&
& £ b s ’s}f% i A G
e RURS N =] e o 0 fias g oa) (44 h)
o t &5 e 0S8 } € | wied
‘-,&xé 2 s B ¢ f}:la 2 4D P : L )
=4 & @ @ & 28 B @ o @ m 2 %i
a3 86 i B f 1= G g bt i I RN e &
G o9 @ @ ey €3 o s 2 a.x% @ 59wt
B2 3 B g2 § @ G e Gl o7 w4 cn
e | omn | o SHOMEs | 09D

TR

=

£



o ERRd (r}
ey | oy ) o 1
® E I P
gjy;g ‘ h o -
Ly P iy <y ey <
AR Y, LYy UYLy god OGO
H

e a

L. L
23 &
& bl
3 : By @
@4 O o ooy
o | m@ &2 o
By 7
3 0 W) o
010 : ! £ &
o |k oo O el o
4 alpg= ol s
@ RS B4l 2 .1
Gl 3 A7 € &3¢ €)
£ @ o] @ o} o
“rd ﬁ e 5
a'“’i ,.(Ci’; o) rgai
8 T3 of €3 Cﬁ €3
w | <afieny Rl

41% G . T e
z’;a B g K A ¥ e L3 /,,
42 /
P {7 E&'f} % fa:? m_f;_'”/
i i (44T« A "
g ' f’"
(< o S N < S ¢4 (4 S v s S
5:*\3 Pt ’ j i T
% @ o
& {o pd , : e=f
S e i © U3
&y i { @ § 8 5
e B S ES
. B et s Sz e
e . = i
&
g
o =4 ]
jer) R %2
F‘% (o] c:ﬂ: § g ﬁf'
1 =) s 2 TE
£ e o g
et f
£l i § )
o £ o o4 &
g T3 e 2 £ [
e o &) i oy =
o} h U o] o} ]
Gfi g’l £ @ )
al o 3 7] g &} ey @
R ® & o g ol o B
@ e 1 @ o ® oy @
af Py ey w0 %‘7‘% Byt B A oed FE et 2
i 5 € &3 @ ® & o fq 00
O @ @ A I ey B 0@ oy €
£yt ot 3l roomoE b ir g b
43 @ th © (I RS ] N B R
® & ot 7w @ o @ ot & @
¥ oes g T3 el BT =i L3 U3 e E0)




i)

e

3
DHG mm ExQTEEe g
*2UDOTUOY - ; @Qo waJm
- P i o : g Tl
= CotETq-0Useigenn y ey Ty - - -8opIdsaTtiieseeg
e ST Bgeagetp
, gutpisenzed
£c By I3 - - ~goptdseTinaoi-1
” B K eI BO Ty
E,, ° LUSS YOG SUTD
i ¢g BETE -0 08a0b0b0Y By Ty ~ onT-TgT | —Iaeuzsdsopidey
w E
8RO %
Mnmv ﬁm
TR
T
)
N
_ sy i
{°BIY="H @wm&.mmﬁh,mcnc@%w L& ~N
" DTBS ¥O WHTIV°d BGOIEY i
£s | ° YOS TUOT | (HO3E) #30° 7T %)
ST GG Ta= cﬁmﬁﬁmwma ¥ s &d= 68T=L5T |8uTL qrmmmmo@rmmw
omw%m.ww. 20IN0Y BINLONILG [ 2] Do o o PTOTEY]




2,

| }.-itf? "
: :
| {sut
-0TE4d) FOENTERO%Y
s LO0M9=  02T=0TT  euraxsulioeduc)
. . ETOHD i BB TEReSy
mm MM@&@&VQ%&. @n& -.W‘M Cu@v N @-mmmmnms OMMQ.&M@%M“ @ﬁﬂ%ﬁﬂ@@a@@-ﬁ%
( capiure-6T°TT)
OF ov BNEQPEHTED
CAUDHTUDE ) sutsrniodsop
£g Thueig-ouogagenpoy By Ty = = =Td880IpAUII-RT NT
. 2 oy eNo®oYeEy
° 3OS TUDE auiptasmIsd
£g DTLB10-000B4GeND Y By Ty = = ~80pTds8TLL80Y=T
omwmm: 8DIN0G 5INZINILEG a[ol 0, °C°m PIOTEYTY




A

3 H oY 40 .
06 ‘ . N m@qﬁm%w 67T Brreg® Qw.mamm@@
"69°65 , € g %m Tw, =05 euTTTFOpTdBY]
| H SH0C0TL OEO eNO — meaw@w  ororsemes
g ﬁ “TOED L6l BYQe=H="D
¢ 46507 °q ¥ %m Ty iy Jfa= °qdIougp SUTIOBLISY
8RO " QHD H
{®toHD} 09T THEQPEETEY
65405 aIe BNTOBRIFeLY i Yy “g Sy Ty LOHT= =8S% SUTDIIoBLIIeY
SHO H oY emo
,.,w,.m.w mm @.m Toy
Y
P
3 .WM mﬁw g
nr m ‘
£ i
&S (®tono) R ZegoeyeSy
*85°01 o SOT+ =G THT SUTTIOITELS
cgpzay | 2OINOG SZRLSNILG gre} | °9, °€°m {. DPIOTEYLY




&3

o
0045 HO OWC €N
@.Mm mmw. m.wm MM :
i i
M i M
?M./. .frJf A.M ”
| b (moew)
NS 68T i
(*toi) 2Lt BNSQEERen
@@m%&m o@ﬁﬂm@m o.m Mﬂﬂ.ﬁm@w mwum;% @ﬁ.ﬁ&« nu@m@.w_ @MMIWMQ.M@Q_.Q.WQ ﬁma
m
o1 ¥ H H
@.@M@&m@.ﬁm
65 ° LB vy ®Y ®¥ Y = = euIUTIOBIZOPTERY
¥ emo0not QA H
\ (STOHD) G°86T B ety
58°65 i By &y Iy oZT= =67 | sursorazoprdsy
*SI8H 2DIN0G BINLBNILE a[=} De °G°E PIOTEHET




BT IS ot e IS E-

ﬁ%
o=

wid

‘gysstueg

o0 10-0UoBagounoy

gle

=9L2

mmwO@mMﬁ@D
SUTPTUDBRIGERY

(L)

O

HOBPOOY TaB L DUB LS

i

M%@@Mm&ﬂu
UIPTLTDUST

=7

<G

{©T0HED)

@ e

‘pueg ¥

(®10H0)
J&ﬁ#

@ﬁm)&@ﬁ@&&
SUTHTECDTdsR
tLuordoxdsp

=f=TA900y=}

ai»]}

PEOTEHIY




25

FrTm

R

HO

Ry .

UALB RO TANB oy w (RUTDILLG) BROP®He Y

UOSPOoH P - hm,p ooy ausL

59°18 3 (®1DHD) mms €oT-18Y -£I000IPAYTC

ma

HO0I = /._\J heh g eaty

< BIo® @wﬁ%ma@mw@

29| °8ay-c°p UOINSEA(OAY - gse-g52 =E~UBWILH
cgrey BOINOG BINLONETLY gl °D, °d°H® ‘wﬁoﬂmmmn@




Sl

(34

°9a°y Thoworao oy |

°gee
‘9ze°262°268 o34
°TOR 2O SYTOTSRTY

gs

*0Q°Y TUSUCTAC Y
B Biean .

*9gt
“95g it S Nse ceam
*TOE JO SDIOTENTY

=
O

<
L
=

{ oxpfues-02°61)

YHG

{suTPTEAq)

0597

BREGOCHYY
{("Ia CV)

108y 1UBUALLOD
=0ZPAYTPAROU LW
<0xpfusy - QZ°6T

A RECRCE RS ERT

SNBHeeREdEn
(AL @¥)
To8UsUBUAZOD
= 0IPAYTPAXOYLSHE=-0T

goaney

PTOTBYTY




27

=
|,
- {(®1gHD) B BYEST o)
cgge o7 Jb0T—]| LHT-9NT| ewTEBYOBIqSny- (=)
-
P
:
| !
‘ /:\W/J *heefzgefest ommm
25 | “oqey EAFUETA0TY NN - - °TON 3O EPTCTENTY
>38y | BOINog BIN3ONIAL aiel | 9, °d°m DICTERTY




|
:
m.. @mw@@@@m@ WQ
i &Yt suTquETyoL
m_ 25 *0Q° v HNFECTO0Y HOGLT ‘emO=Y - ~giT ~g-AXOUROR-TT
; .
i
! (PEIJT4USDIUN
5% isetoeds THISUEODIUBY {(H02T3 622 BNSOSBHTEY
W ¢ 2gs *O°Y WRoU0Tqo Y BoglT SHep o eI =022 SUTQUTUCL~¢
w
°O4°Y AO0LOOBTE°Y
‘PLES
LS X mRTIV° g BaOA80°Y {euLp _ BN 20 BT 8y
4 [N o . - > ] -
§9°¢S Y28 1ysg =Tafd) nee {out
e OT GO0UE 10-0U0esnannoy 90T+ -€€2 | -UpwIqsnh) euUTQWIUS:
“grey eeIN0y BINLENILEY afo] o om PIOTENTY




29

e

1

-t
20020

BHO
Y

4
3

R
'y | (8P
UCBDOOL ﬂufM.«m w m mw.w. @.@@ﬂv@ﬁfﬁmﬁ
T6°459 WU TABIT 0L En ¢ 0£9= =hoT BUTD TV
G2 :
N e i 0% (HOSH) o0ERE ey |
&9l “00°Y J0T098IR°Y o8G=1 ‘udxoms u puUtTTdIesay i
°8Fey 2oIN0g 8INLBNILEG mm&@ om@_o&qa i PTOTBXTY

a

“BB10DU] DLl0ADDAUSL




NS}
b

o I w=t (R
wp o s
Cpol [=3 [
@ i <0 & <&
(Kol K8 $) EXaY ==
e 2y sl T S R mﬁ RIS,
a0
)
<%
Q v} ﬁ
L - L0
3 £y o
Q o
hat] ) ﬁg
@O Q
ey ! e Fet £
B Q b oy
vy H et &} G
Q4 Q s il
0 | © o &
L3} i 4
or L3 O
e} O p§
of > Q I<
=g Gh ]
o
{ P 3
e
/"‘"’“’“ 7 \/-Q\
/ / — T
g o
\_ -
@ @ 39 A
£ @ = ) — b @
::‘ p:‘; s - Ca«l ﬁg ‘{_,E:”
+3 . j ?: x 2
g =
fy iy
4D
2 .
W i
@ - -
- ; » L‘gg
Q@ g g W
£3 . 0 %
- o s P R
oL ha o Do
g =t bl QA iy £l
el ¢ S e
[[RN a AN c%‘ —r
] it
] g,\ 4
) o) ey
Wl & e | oy B O
i 3 o 4wl
o B & ﬁl'zﬂ ] J wﬁrﬁ&@‘*gj i;
By 0o ] A & O CYser -
. [
0 8
B
e b
e @ @E
G 8y w3
ool D ke =
=) & AA] =il [xa)
(] K 4 =
e N @
@ § ot W ;j e
L sﬁ-% .@ 5 'g;;i @
3 ) § V’é?
S O =3 ¢
sy | o= S 3
) ﬁ? = 3 f @
Rz imy g = bt 8
O W@ &4 (Y fo@
1 m m = L P
i




o A

B o
Nw.v MJM
01 *RJBY WRUEIU QN8 Y = D -2TE mmw@ﬁ@@ﬁﬁﬁm
. o i -
W_V\
B0 020048000 taAg
///
(o32
“ £l
r/z e N § SRS
SV R 30 THIS L (¢10m0) 967 | eyzegety
99" 59 COUBG=0YoBIganNe°y = SE8TH oﬂmiomﬁ SUTHSEBUINGS
“BULY Guilohouanay !
[ ®Tous)
; _“oml
SHO0D #o%up | (efip
<TILE y Nngm ZrEnoBHTe
| 0 8y Ty .mwu =Gtz SUTPIIRSUATOS
{
b ezIal 50I00Q BINLONI af=} o, °d°m DEOTEXTY




TR SEAT T

T T W R Ar e

E-\u—,
o,

=4

CBIV-*J BlBLasnBoY
CEIUNY i
iR ﬁﬁmﬂﬁﬁd,

“IIE LBy

b@@
o
g

M®&4s@ﬁ$w
DTOTERT Y-
SUTOBAL, &
Z324TLi%s ﬁwﬁh

Q

[

”?

@?ﬂ@@ﬁw
.m,

G

a su. P

r“ﬂiﬁ.‘"

fi‘*

L7 T SRR

4
i
4

I3

5]

vagwly RiGoouLgne oy

*3Fm T8TL°Y

o

o

@%@@M@ﬁ@

(2 PTIOTEYTV-V. |

Tee

BUTOTACIT S
&@M@%ﬁ®h+mw4%mw®ﬁ

-y
4

2 %3

I8y TtV

A
3

(punodwoo mwom&mﬁr 868
BULOBALTOOIDAYUTIR 29T

O

B Iygsn
SUTOBATTOOI DAY

caxyer HNUBOULONB oy

BV Bi6L4808°y

L= R WHBOBALIO T W H
. . SETYNY mwm@.ﬁmm@ ..w%
B8 01i5015060 19 By Ty e=g1¢ SUTL cﬁb%ﬂg

caluR HAUESUIONE T
°38y TeThcy

(punodmoo snotaszl 988)
@mﬂoquﬂmwmm%sm&évﬁmm

i

oy e

3
K
¥

E

PO e S e

T T I

AR T A TR A AT TR A R

AT

ot

20IN0G

BINLONILY




i
By

SN zE
3\:- ~..v1l.m @@mﬁaﬂ

{(®104H0) BEe 8 BYSEy |
JI0T=1 gzz-1z2 sutqnevedBIe] |

UOUCTE R g

LR

CEBBTODU LK
° 3
m dzp)
) T21-9TT
4 i B mrnmmmmb ) meM%QMM @ﬁW@Mme
7L°01 oI TI+: 9l=2i BUTE TN
i
. £
o H
5 @M@@ﬂ@ﬁ@
Ae ) 3 ooy RS AR A o ’ - . - e
NL°0T | °Bzy-°E TTBIIEAS Y ®g Y 0 gez=Lez SUTAQUELBND~ {+)
Y LW o _
m
“ o H (eutp
M , y - - =3a4d) BRo¥Rety
;L6 0T "Bay=°p TTEXLENE T | g ! | LE8+90T=| gliEg-ite JUINQIBLENG= (=}
| czzey 20IN0g | 2INLONILG a[»] °g, *d°m DIOTEYTY
m SR el -~ 2 = = S -t NSy {lr.ls




&
£

€ 4

s

ST A I T T AR T T, SRR AT mr et

o A.DGC.

g
=05

isg

A-d

o

Wo W

el

1®
+
U

w4 %,
o
d@ b

=20
25
{ Gt

TR I

P

U TUWEL 4 TR AT oy ANFRATESIICET
=4 =
e [

&
ft
ot i
‘ s
ﬂ)’ %S
& £
ol o
& £y
b =3
Q €3
i) K]
o e
&) [
el I
< s}
i
i ™
€% @
4 ik
& 0D G €2
ot} O~ 1
\5’} Lo Ay
T i
T3 )
[ £
i l
g L3
*»] <y
4 g
&
i 5
g o=t
beg kv
o3 ad
(@ g
) @ 4 @
A2 5 O 5
g b oY i
D O ol €D
B oE @ f¢ &
T oed @ [
Bry b 2O € i
vy Pl o [y
W W LI
A T X




i
Gt
G = &
Ined T <0
&
) 3
& 5ot
! R
o, ¢4
o s
é{ i
@.’i’ o
© 5 £
R o e
fq g4l e
b o L g
[} [} L €
73 4] Gy @
A | O
) ¥ w
“ o G
<y, =g}t
5]
&
ﬁ
e | i
hin §
fq
b2
o3
B
r‘.‘§: m
. 19} F“I FTY
3 ! o= | 8
~=le © O
o B N 4
et | T R ag =1
’! N._v'" v %\ﬂ"
(&
a
® 0 1
Py OO ugeal
o O TN
I I P SV Y
[
£q
@&
3 i
ool %
! 4 e
=d =3 %)
o 2 i
=3 @ [0 O
Ul IS B i )
L% I @ L ®
=] = I Q=
2 fa @ © D@
Qo B & @
Pt 103 &2 1T}
A3 @ @ @
o) o (W@ b VO
= b FO

pw

. g



QUATERNARY ATKATOIDS IN PLANTS

Aithougﬁ the presence of quaternary alkaloids in
plants was realised towards the end of the last century®?®,
1% was the isolation of erystalline d-tubocurarine from
tubs=curare by King®® in 1935, and its potential therapeutic
promise as a muscle relaxant, that lent impetus to research
in this iwmportant class of natural products. It also
provided a lead for the synthesis of such useful nsuro-
muscular blocking agents as gallamine, suxapethonium,
eyclomethone®®,

Quaternary alkaloids of wvarious types are now known
o oceur in meny plant families. Struetural diversities
range Lrom relatively simple benzylisoquinolines to the
more complex dimeric indole types. Oumternary alkalolds
of the aporphine®®®? and protobsrberine®® types occur
in the families, Menispermaceae, Butaceae, Berberidaceae
and Renunculaceae., The protoberberine type has alsc been
isolated from Papaveraceaes, Ancnacegss and Convolvulacese,
and aporphines from Magnoliaceae Aristolochiacese and
Isuraceae. Yuaternary bis-benzylisoguinoline alkaloids
#97X009301 gvg gommon in Menisvermaceae, especially in the
germs Ghondodendron of which several gpecies, but particularly

Cho_bomentosum Ruiz. and Pav., dre used in the preparation



of curaral®®, This type of compound has also been Ffound

in the Anonaceeel®®r394  Bengylisoquinoline gquaternariesl®d®
have been isolated from Ranunculacese, Rutaceae, Magnoliaceae
end Combretacess. Quaternary benzophenanthridinevfb
alkaloids have been found in the famlly Papaveraceae and

in the geneva Toddalis snd Xanthoxvium of the Rutngesae

R IR e T T

while from the Rubaceous plant Halfowdie sclerox

l
L"»
R oel)
a:—vﬂ
A
i

& guaternary alkaloid with an oxaszole structure nas bheen

@3
@

- L[VR7S rf{?
igolated yvecently *°%. Quate divenzopyrrocclines”
3 ary

have been encountered in the genus Cryvplocarys

(Launracsaa) o

By faxr the largest numbey cf quaternary alkaloids
reporved are derivatives of indoles and they are
distributed mainly in the Loganiacessg. The apectacular
advances in the isolation and chemistry of these slkeloids
are due to the pioneering work by Kimg and by H.Wieland
but, more particulariy, to the ressarches of Karver and
Behmid, and Te Wieland with their various colleagues,
The work in $his field up to 1960 hag been sexhaustively
surveyed by Burnauer*®®, and by Battersby and Hodson*®?.
Research on these cowmnounds hasg continued with further
notavle contributions by the Kerrer and Schmid**®**3¥ ang

the To Wieland*® groups, and by several other



workerps38°032169218  pe stated previously, tertiary indole
alkaloids are particularly sbundant among members of the
Apocynaceae and,in spite of the tremendous interest which
this Pfanily has been receiving since the isclation of
reserpine in 1952, there huave been comparabively few reporis
on its quabernary alksloilds.

Although the first of these, echitamine, was isolated
from Algptonis Scholaris R.Br. in 1875*1%, and subsequently
11791289338 Py geveral other species of Algtonla, the
structure has only recently been established by Xeray
orystallography*??,

in 1961 two pyridicarbazole alksloids, ellipiticins
methonitrate and 1,2~dihydroelliptieine methonitrate®?,
were isolated from Aspidosperms sublincapum Mart.in which
they ccour asg winor bases. Recently Bartlett and co-workers
1Y pepnorted the isolationsas chlorides, of thirteen
gquaternary alkeloids from Hupleria sburnes Pichon. OF
thess thirteen alkeloids, five were the derivaltives of
known tertiary bases but not of such bases fyrom this plant
gpecles. The strueture of the sixth alkaloid, huntrabrine
methochloride, was proposed on the bamis of degradative work,
and R partial atructure was suggested for hunteracine @hlowride.

The other six alkaloids were insufficiently characterised.



More recently macusine B, previously reported*®?in
b
Strvehnes toxiferas (Loganiaceae), has been isolated from

Aspidosperma peroba P.Allem.ex Saldd™®,

Quaternary anhydronivm bases have been isolated from
a few genera and the structure of most of ﬁh@m eatablished.
Examples of such bases®® are alstoniline from Alsboniz:
flavopersirine from Geigsospermumns aletonine from
Alestonia, Reuwolfis and Vipecs (lochners); serpentine from

EZmers: 3

Bauwolltin and Vinea: and serpentinine from Bauwolfis.

St e bR

Recently & switterionic indole compound, flavoecarpine,

has bheen lsolated from Pleiocarva putica®® and its struciturce

S AT

confirmed by synthesis,

A bisguaternary steroidal alkaloid, malouetine®®®

e WS

isolated from Malouetiz beauaertiens {(Apocynaceae) in 1960,
Probably many other Apocynaceous plants contain

quaternary alkaloids and thelry presence has been indicated

in Aspidosverma limas Woodson®?, in a Diplorhynchus species

198 and aleo’®® in Callichilis monopodimlis Stapf.,
Hedrenthere barierl Pichon, and Pleloearns pyenaniths
Stapil.

Information on the known gquaternary bases of the

Apocynaceae 18 collscted in Table 2.
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¥ This isolation forms part of the present work.
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8
METHODS FOR EXTRACTION AND SEPARATION OF
QUATERNARY BASES

As practically all alkaloid=-mrodueing plants elaborate
a mixture of closely related alkaloidm, together with large
amounts of readily extractable non=slkaloidal materisl, a
constent problem 1n this type of work is the separation
of the mixed bases FLrom suitable extracts,followed by
fractionation 4o yield individual alksloids. The conven-
tional method for the isolation of tertiary wlkaloids is
to extract the suitably basifled plant material with a
water=immiscible solvent then remove the alkelolds, as
sa8lts, by shaking the extract with @ilute aqueous acids
the aclid solution is basgified and the alkaloids, as free
bases, shaken out with an organic solvent, commonly ether
or chloroform, or & mixture of both., Alternatively, the
dried plant material can be extracted with ethanol or
methanol, either under acid conditions or under neutral
conditiomss in the latter case, after removal of most
of the solvent, the residual extraet is treated with dilute
agueous acid., Both terxrtiary and quaternary alkaloids are
removed by this method and the former can be obtained by
basifying the acid solution and shaking with an organic
solvent. Because of thelr water-solubility, the gquaternaxy

bases remaln in the agueous phase and can only be recoversd
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by separution as complexes with mercuxie chloride or
potas@ivim mercuric iodide or, more commonly, as insoluble
salts such &8 picrates or reineckates. Such mixed salts
can sometimes by fractionated directly, but, alternatively,
they may be converted to chlorides and these are separated.
Occasionally, isolation of imdividual guaternary compounds
may be achieved by fractional crystellation from suitable
solvents or by microsublimation but these conventional
methods often full +to achleve adeguate separations and
resort has to be made to various chromatographic nethods,
o countercurrent distribution, or to a combination of
such technigues to achieve separations hitherto impossible.
| Adsorption chromatography has been used successfully
in the separation of many bertiary bases but Battersby
and Hodsom?®® have criticised the usse of slumina columns
for the attempted separation of quaternsry alkeloid
reineckates because well-separated bands on such columns
contained the same alkaloids. Similarly, alunine columns
wers in@ff@ctiva for separution of mixed quaternary chlorides
8%, However, the method is useful, as shown in the present
work, for the removal of impurities from mixed reinecketes
or chlerides Prior to their separation by other methods.

Partition chromatography is also suitable for
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separation of tertiary bases as shown, for example, by
pertridge and Bvansl®? and, later, by Chilton and Pertridge®?.
It is much more useful than adsorptiom methods when dealing
with guaternary compounds and it 1 now established that
the most efficient and satvisfactory method of vresolution
for quaternary alkaloids is that developed by Schmid and
Karrer®®®, and by T.H. Wieland™®® utilising cellulose
columng and & variety of solvent systems foxr ¥the separation
of calabash curare alkalolds. Partition and other wmethode
for the sepavation of South American Indian and Strychnos
curare zlkaloids have been well reviewsd by Marini-Beitolo
and Casinovi®?, Bartlett and co-workers®? have satis-
factorily separated the quaternary alkalolds of Hunbteris
gburnea Pichon on cellulose, using the monophasic solvent
systems acetone/water or acetone/ethyl acetate/water.
Although partition chromavography on cellulose columns
hag been a major step forward in the fractionation technigque,
it i® only by working under strictly contvolled conditions
with very large amounts of starting materials and, in the
process, discarding several and often apprecisble mixed
fractions, that reascnable guantities of pure alkaloids
can be obtained. It is extrenely difficult to realise
worthwhile preparative separations on columnsg when employving

small quentities of materials, In such cases,
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preparative paper chromatography has been successfully
gmployed to yield emall gquantitieés of pure alkaloids, for
example, in the separation of quaternary bases from
Stryehnos solimoesans S.euispensis, S.subgcordate®? and
Aspidosperms subincanum®®.

Recently the introduction of the ChroMax Pressure
Wantle (LEKB-Produkbter AB Stockholm) carrying & long
paper roll on which partition chromatography is achlieved,
hag given improvements over the wsuval c¢olumns prepared with
powéered cellulose for the separation of some compounds
but no reports have appearsed on alkaloid separation by
this means., Some use has been made of both the Chromax
system and ordinary cellulose columns in this present work.

Another useful method for the separation of complex
mixbtures of natural products ils based on gounter-current
distributicon. As with partition chrometogranhy, this
technligue was developed by Martin and Synge who used 1€
in an attempt to separate the components of amino acid
and peptlide mixtures. The ianstrumentation and wider
application of this analytical technique is largely due
to the ploneer work of Cralg and in recent years a number
of efficiant and easily operable counmter~current mechines

have boen developed. By the use of sultable solvent vpailra,
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particularly with buffer solutions of different pH as

the agueous phase, it 18 sometimes possible to effect
separation of bases from complex mixbuies and the applic=
ation of this technigue to the alkalold field has beewn
reviewed by Casinovi®®®. This worker succeeded in
resolving & total extract from Stxryehpnos amazoplica by
repeated distribution between ethyl methyl ketone end
water. The advantage of this method lies in the
poasibility of checking, by suitable means, the course

of fractionation at any stage in the process. It 1s
continous and there is no danger of diffusion which may
occur in, and reduce the efficiency of, chromatogranhic
methods either as a result of interruptions in flow or
the long duration of the process. Also abaent are
irreversible adsorption phenomens and wall effects which
in column chrometography may bring sbout & loss of substance
and thus reduce efficliency. Furthér improvements in this
type of separation have been made possible by stealdy-
gtate distzibution. In the Cralig-type apparatus the
mixed solutes are introduced at ome end of & bank of
tubes end the upper phase only of & two-solvent system
movesn Lorward from the same end to separate gnd distribute

the solutes over several tubes. However, in the steady-



state machine (Quickfit and Quarsz Ltd.) the solute
mixture is fed Hto the centre of a bank of Htubes and both
1iquid phases are admitted continmously, one at each end
of the train and discharging each at the opposite end %o
give two separate series of fractions. This permits
continuous operation, numerous transiers, and more satise
factory separations. The disadvantages of these methods
lie in the complexity of ¥the equipment and the faet thatb,
with many solvent systems, emulsions avre easily formed
under the experinental conditions., Contyrol of emulsions
is especially difficuldt when dealing with crude natural
extracte and more particularly with quaternary compounds,
ag shown by experience in this work.

The peculiar physico-chemical propevxiies of quaternary
alkaloides and the complexlity of natural mixturea of these
meke difficult, even nowadays, theiyr isolation as pure

products.



DISCUSSION




WPRODUCTION TFO THE PRESENT WORK

The objeet of this investigation was the isclation
and identification of the quaternavy alkeleids from the
stem bark of a South Ameriecan Agpidogpexms speciss alresdy
known Lfor its comparative richness in tertiary slkalelds,
ehiefly espidospermine. There are indications that many

lant species Imowa ag sources of tertiary bases also

s

eontain quaternary alkaloids and meny of these may be

of vharmacologlieal interest end poseible therapeutie value.

"z'_-';- §
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PRELININARY EXTRACTIONS AND SEPARATIONS

Tae bobanical origin of the bark used as the imitial
starting materisl was sunithenticated?®® for smith, Kline

i Prench Ltd T BOUTea It was u@%@ﬁ 2.8 ﬂmw%dne TR,
and Frene o 8% B 0 q KD dggg@fw 2 IS,

I_.d.w TR

peroba F. Allem. ex Sald. which is synonymous® with A,
polyoeuron M. Arg., the name under which wmuch of ths
previous work on the chemistry of this species has boon
e ported,

The sctuel starting material used im this present work
was supplied as the butanolegoluble ILractiocn (B, Figure o )
renaining after preliminaxry separation of tertlary bases
from an ethanolie extract of the dried bark. It had obviously
formed & very significant proportion of the tetal alkalolds,
the crude tertiary and cruvds guaternary mixtures each representing
about 0,4% welight of the dried bark, The guaternary residue
was shown to be extractable with water and dilubte mineral
acids 0o give solutliouns strongly positive te various
alkeloldal reagents, Diffsrent methods were used dn atteupis
b0 precipitate the alkalelds and so obtain a preliminary
purification of the mixbture.

Attompted Seperation of guaternary bases es trichloros

acétates,
NI TL IR TR

& method has beon described?®¢ for the 4soleition and
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purification of guaternsry sumonium compounds Lrom LQUEOUs
asolutions by trestuent with tribhale-—scetic acid te glve
compounds of low water-solubility, which ere reported

to precipitate in almost quantitative yelds. This

method, hested gqualitatively, did net yield apprecieble

abandenad in favour of the coumonly used separation as

L 2% 9085 9296
reineckatss” " ° P,

Proparation and purificetion of crude mixed rgineckate .

The resdy preciplitation as reineckates provided a
simple wmethod of separating the gquaternary compounds Lrom
agueous or agqueons-acld extracts of the crude matorial
but scme brown colouring material was also preciplitsted and
had 40 be removed subsegquently by chromatography of aceijone
solutions on selumine. Vse was made of asidewashed alumine in
an avbempt bto prevent the formation of discetone alechol

188 9139 e g
B8 013 eomtaninate

and triacetone alcohol which usually
fractions of acetone eluasnits from alunina columns but,
despitc this precaunition, the later fractiong were gbill
contaninated with those compounds which then prevented the
Fformation of completely dvry residues when scme fractioms

of eluant were consenitrated.

Elutienr with acetone quickly removed the bullk of Lthe
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alkalodds and gave a nunber of fracitloms welatively fiee
from conteuinating colour. Subsequent elution with ase tona,
ethanol, acetone/ethanclfucetic asid and then ajueous zeshie
aeld vemoved Turtber small guentities of alksleidal matevial
but these weve increasingly contsminated with non-elkaloidal
colouring matter.

Practions shown to be ddentical by papeyr chrefiatography
were bulked as indleated im Table 3.

Paper chromotoorephy of alkalold reineckabes o

Fer

499 that sdsorpticn chromstography

Dospite the erlticisus
dees not glve satisfactory separatiouns of gquaterynary alkelold
waineckates, alumins columns have, in some cases, given

partial froctionation’ 3 v189

and it was necessary to determine
whether or net eny sepsration had been achleved in this case.
In order to chegk the elution patiern of alkalolds frow the
eolunn, preliminary exzperiments were conducted with total
wized reineckates to determine the best conditions fer
separation on paper chromatograms. Noue of the commonly -
used solvent systens geve satisfactory resulis, all giving
gonvinuous sitreaking aslong the entire length of mum. The
streaking may have been caused by impuvities, *therefeore
sindlar experiments were conducted uvsing a purified

fraction of reineckate obbtainsd from the aluvming column,

Both ascending and circulayr chromatography wi.th different
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Chroemasography of mixed reineckate on alumina,

Combined
Fractions Eliunant Residue
. Volume Weigne | s
hﬁclvent (ml,) |Colour (gQ? Remaxris
A i acetone 1400 | pnink 4,564 rose-pidk solid.
. {+0,236g, | The fraction on
crystals) conegentsration deposi-
ted pele pink crystds
(0.236g.) which were
separated before
taking the fraction
o dryness
acetone, 1200 iﬁggg;ﬁ 0.436 brownish=-pink
B acetone e paste
containing 1600 | .
15
ethanol .
¢ acetone 1500 yellow 10,5775 brownish=rad
containing feh pink paste
5e-1.055
'@ thanol
D ‘acetone 3100 yellows (0,705 brownishe-red
convaining ish pink pasta
10=25%
ethanol
o 25% ethanol {1200 yellows [1.750 dark brown
in acetone: ish brown golid
acetic acld,
9585
| - — S S
P :
5% agqueous 1000 ?bfown bnobtain= |dark brown
acetic Bble paste
acid i
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solvents 4id net glve entirely S&ﬁi&f&@t@ry results, therefory
the solvent syetem ascetone/benzene/chloreform/water (608158
10820) was formulated and used in descending chromatography
which gave guicker separation than ubwafd development. The
organic phese, te which 3% methanol was added, gave goed
resolution.

The bulked Lractions A=-F were chromatograpbed

uging the latter solvent and the results are glven in Table 4,

Tabla 4.

PPV e

Combined Ree valuas . Observations |
frasgtions f :
N i - . et e e eed
‘ A 0,51 § elongaved area
i 0,92 5 strong and compact I
I _ A e |
£z 051 | elongated area
i’ 0,92 ; atrong and compach !
" ‘ T ! - _,mw" +] - ’ 5 _mﬂ‘\.‘:
! 2 ﬁ 0.34 t faint and not distineily|
q % : separsted |
| 0:50 . ‘
h
0,60 » slightly elongatad q
n ! i
I i i
, 0,84 i strong end compast H
LS " esssiar 4
D 0,92 | compuet I
B o remained at starting
h line, trace only ‘
P « . | remained at starfing
j iine, trace only ‘
frytals from | 0,51 alongated ares
s | i
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Al though the imdividual fractions which were combimed im
C had 211l shewn a spos with R 0,92, no ares with this B
value was revealed Iin chromatograms of the combinaed Lroetiom.
Howaver, 1t wes suapeeted that the sawe meterial was responsible
gor the spot of R, 0,84 im G, Thus this material appoared
to be present in all the fractions (except E and F), s vesuld
whieh provides supporting evidencse for B&tﬁ@r@by“@ﬂﬁﬁ eriticlam
that well-geparated bands contaln the sane eompounds when allka—
loid reineckates avre chromatographed on aluvming,

There were indiecations in the majoer part of the s2luantd
{(Fractions A=C) of at least four Aifferent compounds and
although, at Tirst, it appsarsed that Iraction B might contain
2 single alksledid this materisl was laiter converted te
chlovide and then shown, by paper chromatography, ta he &
mixzture .

Becauge there was very 1ittle movement of the seluie
in combined fractions E and ¥, using the above solwveunt
aysten, thosse deeply coloured fractions, conbainlng moest ol
the impurities from the mixed wrelinsgkate, were chromatographed
using & butenol/acetic acid/ water mixture and there were
indications of three alkaloidal compounds but in traes amounts
only { sce page 110),

The Ffinal conclusion was that while sowme parvial
fractionation may have been achieved on alumins, thers was

no separation of any single compound. However, some purificaition
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had undovbtedly oseccurved and combined fractiom A wes sufficlently
pure o deposit evystals, Paper chromstography, using the acetone
benzene/chloroforn/water systemn, shewed this crystalline nmaterial
to have Re value 0,51 thus corrvesponding to the compound of
The sane Rf value in the main scotone eluaies from the
aluming columm.

After removal of the crystals (subsequently shown to be
naecusine B thiocyenate) the remeinder of rveineckate fraction A
was converted o chlorids (mized chloride €, pages 75, 193.) and

this eventually yielded compound T34,



MACUSING B

The pale pilunk ewystals from fraction & gove, after two
succesaive rescrystallisations from msthenol, colourless
needles, Mep. 292«295° (decomp., Gellenkamp hot plate),
268%285° (decomp., Reichert hot plate), The infraved spectrom
of thie compound (Figure 1) shéWQé bands at 750 (ortho-
disubstituted bengene ring), 2090 (CN) and 3200=3450 el
(OF,NH), Prom the presence of the significant sharp band at
2090 em.”t the compound was thought Yo be o thiocyanate sald
and this was confirmed by positive tests with ferric chlorids
and silver nitrate. The ultraviolet spectrum (Pigurs 2)

VOO 222 um (log © 4.58), 273(3.87), 283(3.85),
290{3.72) wes similar to thet of macusine B chloride’*® bes

wiih A

&
=
o3
AT
0

chavesterigtic of a 2,%«disubstitued indole®?®0i90  mpg
empirical formula CseHesNs 05, based on elenentary analysis of
the compound, £itted exectly with that of the thiocyanste salt
of mecusine B isolated from Strychnos boxifera by Battersby
et 2l ?%, The equivalent weight (367.1, by Volhard titretion)
also Fivbted well with the caleulated value (3567.4) for
nacugine B thioccyanate.

Barliier, Wisland and @GWW@?R@TBiSQQ and then KimgaS@v
iaalatéd a similayxy eompound after passing relneckates of
the alkslolds from calabash curare end Strvehnos toxifexmbark
through alumina columns. Nelther King nor the German workers
suspected thelir compound te be a thiccyanate aud both gave

snalyaes in support of dthe formuls CesHes O lNy ., They noted
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welbing poiats, 275-278° and 292° (&@e@mpeﬁ respoctively,
while Batitersby et al.’® quoted m.p. 302° (afier sintering sud
davkening at 286°), In this woyk, as reported above, slightly
differvent melting points wers obitained on WO SePRLrALE
instrements and the meop. 283«-285° is regarded as the most
BOCUTHTS o

On the basis of the infrared spestiun determined fox
King'e sesnple, Batbersby and co-workers concluded that this
compound was probably identical with macuasine B thioeyansie.
The snalytical figures given by King slso provide a good it
Fow CaalHes 308, Purther, the thiocysuate salt encowntered Luo
the present lovestigation geve @ bright yellow colour wiith
nibrle acid sinilar to that reporied by King for his compound,

The above facts, and the recent igal&ti@m?@ Prom the

sane plant {Aoﬁalyn@urwgg el the corrssponding tertlary base

noruscusine B, made 1t highly probable thet the compound
separated rom fraction A was the thioceyanate salt of

the quaternary slkaleid macusine B, The snion must obvicusly
have come Trom the decomposition of reineckate.

Battersby et al, initially isclated macusine B thilocyanats

from & partition column of a chlorides mixture which had been
repared from the mixed reineckate salts of Strychmos toxifersa
alkalolds and they later prepared it by precipitation with
amponium thiseyanate from an agueous solution of its chloride,
This laver vechnigue was also used in the present work for the

prantnitotion of thiopvanates from sp sgusous solutien of the



»
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crade starting material, After renmoval of other thiocyanstes
by washing with aqueous methanol and cold methanol, the
rewaining macusine B thiceyanate was reerystallised from
boilling methangl, The crystals gave the sane colour tests,
melting point and iufrared spectrum as those of the compound
obtainsd from fraction A of the mixed reinackate. The othew
wized thiocyanates were reserved for furthew investigavlon and
subassquently yielded compound W2,

The tentative identilication of macusine B thiocysnate wasn

i

goatirmed by the preparation of aitrate, lodide and picrate

3

v chloride sluo) and by coaversion to the corvesponding

Faaa N

LAt

Qw

bevbilary base, normacusine . The melting polunts and opblesl
rotations of the chloride and iodide were in ga@ﬁ sgreswent

]

fTachs

O’

with the wvalues reported in vhe Literature” < 0L° S tan
isolated tombozine and showed it $0 be identical with
normacuzine By consequently bhis tombosime mebhiodide {Caolles Xie]
is the same as nacusine I iodide. Analytical £igures for

the prepared ledide agreed well with those calculated for the
ahove formila, The chloride gave pesitive results for

nuaber of gualitative colour tests described®®

for masusine
shioride although with sulphurie acid and fervyic chlorids

the colonr did not become green on standing, as reported

by Battersby, but remainsd blum.

Using chleride, aitrate, or thiocysnate absence of wiole

blue colour with p-Jdimsthylanincbenzaldehyde veagent gave



aupport to the speciral svidence for & 2,3=disubstituied indole

nucleug®?®?,

The nitrate and plerate salits of macusine B had xnot been
reporbed in the literstured however, analyses of the prepared
nistrate and picrate, and the equivalent weight of the plerate
(539,43, fitted the formulae required for macusine B nitrate
(CapHesNs 04 ) and macusine B picrate (CegHewNsOs , M. Wk, 537.5),

respectively.



NORMACUSINE B

The conversion of macusine B thicecyanate into normacusine I
was acecomplished by vefluxing the former with ethanolamine at
170-1%5° se described by Hunig and Baron'®®, These workers
have successfully applied this method of N-~dealkylation to
gertain quaternary emmonium gslits such as tetramethylammponium
iodide, trimethylanilinium ilodide, methylethylplpsridinlun

1odide, dimethyltetrahydroisoquinolinium fodide.
(Ret)T ¥ ¢ NHpCHz CHo OH == R3ll + RIHCHe CHg OF + EX

In other cases, however, such ag guaternary morphinen
and tropine salts some decomposition due to ring opening was
observad,

Tomdlte and Tekeno®® have used the method with suecess for
Nedemethylation of the methiodides of non phenolic benzyl-
tetranydroisoguinoline~type and aporphine=iype bases. For
sxample, di-landanocsine methiodide, @,0=-dfme thyleoryirberine
methiodide , and igsotetrandrine dinekhindide were successiully
converted to thelir corresponding tertiary bhases.

The reaction is ndependent of the nature of the anion -
and in the present instance the method was very successful,
the yleld of normacusine B preparved from macusine B thiocyanats
being 705 of the theorstical value., The tertiary base was
extracted with ether and recrystallised from acetons.

After removal of two crops of crystals the mother liguowr,
whiech became dark brown in colour on stending, gave &

indication of traces of three alksloldal compounds otheyr thaen



normacusine B when tested on thin-layer chromatograns. This
may indicate some slight decomposition but the trace compounds
were not examined.

Normagusine B was characterised by comparison of its
physical data with those reported in the literature ani by
the preparation of its known crystalline acetate. The
hydrochloride and picrate, not previously reported in the
literature, were also prepaved but the hydrochloride sould
not be crystallised,

Normscusine B hag been shown o be ddentical with sewerel
othar reported compounds and collected information om z0me
of these ig given in Table 5., It cam be seen that thiz subsisnos
iz dimorphic oceuwing ss eithor prisms {mopo S8, 2457} or weecdles
(mope ca. 272%)., Desmethoxylochnerine snd decxysarpagine

are alepe identical with tombozine®®?

and, thercfore, with
normacusine B,

The melting point and robtation of the prepared acziate
also agreed well with the figures guoted for normacusiae
B soetate and other ascetates with which it has been shown to
be identical (Teble 6).

The anslyses of noymacusine B, its picrate and secazitate, and
the equivalents welights of the base and plerate fitted well with
those required by normacusine B (CieH220Nz ) and its corvesponding

salta,



Table 5,

Physleal data on different samples of Hormacusine B end identleal compounds.

Some physleal

\Tenle ) LT, ‘
Alkaloid .o G Ledy () (loge ) | Refs.
Normcusine B | 2h5-2WT(pracey | +00°(MeOH) | 225 émm 0
{Djeressi) 290-272°0 280 (3.80) 5608
289 (3,70}
Normacusine B 255 yhowbi.c) o - VK
( Babborsby) 275 needlos)
Normasusine B R30S prdsm) o 227 g&n&93 LY
(propent sample)| 271-273 nesdles) | +33.1°(Me0R) | 281 ,Bﬂgséﬁzﬁm
290 (3.08
Dogformoalkusmnie| 232-2368( pilon) +ﬁ§j@QQM@©H) - ih3
dinold 275(mesdier)
Pombogine FT0-2T2 379  tmeon) | 222 (4.60) 139
260 EBO&W)M@:@H
289 (3.77)
Sh @?g @3‘*8&;)
Diplorshyne 23%(priem) o -
A10-271(necdles) | +35 (HaOH) 7L
Table 6,

daba on different seaples of Novwssusine I scetats,

Semple BoPo G lalp Rafs,
Normaeusine B acebate 20.2-215 +12°  (MeDH) (v
(Djerassi)

Normacusine B acebabe 221223 12,8 (MeOH) AN
(present saupls)

Dopformoalkuamsldingle 223 +9%  Cuenmn) 143
Q-asatahie

Q-Aeabyl bombouine 220-222 +1373° (cucey) 139 |
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ATTEMPTED SREPABATIONS OF OTHER QUATERNARY BASES

Froparation and pansr chiometogranhy of chrlovides.

Since no g@paration-@f bases as reineckates could be
achieved on alumina various batches of reineckates wars
gonverted to chlorides by the Kapfhamwsy method as described
by Dutcher®®®,

Where suceessful separations of quaternary bases have
been achieved in the past the various veseaycheps?®?e32? s189.19%ms
hava worked with mixed chlorides which have been fractionated on
columng of powdersd sellulose, using & variety of solvent
sygtens. Several of these systems wers Ttried im papswy
ehromasography experiments to determine which might be useiful,
firstly, to show the number of compounds present iw the mixtures
of chloride and, secondly, as potential solvents for partition
chromatography of these chlorides on cellulose columns.,

An attempt was mads to resolve the crude mixed chiorides A
and B on paper chromatograms using the solvent systems listed
on page 124 ., Using both downward and upward development ne
gsatisfactory resolution was cobtalned., Iun all cases considerable
streaking was observed, one spot diffusing s badly into the
other that very poor gone definition resulted. The selvent
aystems, ethyl acetats/pyridima/water (7.53 2,38 1.65) and
water-gaturated ethyl methyl ketone with 2% wethanol, both
with downward development, gave indications of two major and
three or four minor bases. The results, as shomwn in Table 7,

appear H0 show good resolutiom but too wueh rellance san not



be placed on the Rf values because exact determination was
difficult due to the coungiderable streaking observed. However
4% wae guite appavent thet both the chlovide mixturss behoved
in the same way even though A had been prenared after removal

of the precipitated waeusine B and other thiocyanate salts.

Table 7
SOLVent oy cen Trude  ehloride Re 9alues | HoTaTive !
nixtunre ‘ ) strength on |
ehroma togramng
¥
Ethyl methyl L 0,04 h
ke toneg/pyri= A ! 0,16 =y i
dine/water | 0.24 el |
(7.582.3 3106?‘5} 0.%% rrfuefeeds ;
O.42 & g
1
0,04 & :
G i 1 E’“:» 3 'E
B 0,21 Lot
G o ’32 e
0,44 . 4
Water saturated : 0,03 + |
ethyl methyl A, ' 0,13 + ;
ketone with 0,24 Pl
2% methanol ] 0.%9 .
| 0,60 - é
003 +
B 0,13 &
] (Qu24 gt
1 0,38 et
0,62 + |

The chloride mixtures A and B wers brown in colour and
ainece eoloursd Impurities nay have been responsible, to sone
gxtent, Lor the "tailing’ of alkaloldsl compounds, these
mixtures were subjected to purifiestion on alumina columns.
With chloride mixture A elution from alumina wes hegun with

ethanol and the first runnings wers colourliess but alse



alkaloid-negative. The first alkaloidal fraevions ware
yellow in eolour and elutien was continued until the

gluant became only Laintly positive to Iragenderfi’s
veagent. Elution was continued with methanol which

removed more alkeloidal material but this was dncreasingly
contaninated with yellowisbe-brown colouring maitter. Elution
was completed with aqueous methenol which, whilst faintly

allkaloidal, was very strongly coloured (Table 8),

Table &

Fractions of alkaloid chlorides (A) Trom saluming columm.

= wr RTINS

s Elﬁamt”  Residue
| Fraction
: sSolvent |Volume| € olour Weight Rewmaris
(ml.) (807
o A=l gthanol  [1350 golden 2,01 | yellew solid]
yollaw.
A methanol (L300 yallowish 1:45 brown solid |
byowan f
Ao 50% metha<l 950 Y OWI 1,00 dirty brown |
nol golid

The different fractions colleeted weve tested by
paper chromatography using the solvent system, ethyl acetate/
acetone /water (5@24581?)33& which, with upward developnens,
gave betlter wesolution than the other solvent systens alse
tried. The results (Table 9) indicated that the main
fraction A=l contained three major alkaloids with traces

of three other bases,
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Table 9.
Paper chromatography of alkaloid chlorides A using ethyl

acetate/acetones/water (50845317 ).

Fraction Compounds separsied
Ry values Relative Sitrength on
ghrona togramns
1 o e A EA N TS B s A gl
Q ) 1 6 s
G.23 g
0.3% e
A, 0,52 ool
0,65 e
0,76 &
0,04 4
Ao 0,22 +
0,350 &
éF‘""ZE @ o @g‘v b
A TG, 06 .
(total chloride) athers undeterminate due to
gtreaking

Z Signifies a very feint positive seen on some, bubt not

all, pepers examined.

The glkaloid of e 0,76 waz only present in minute traces and
could not always be wvetecuved, Fraction A=2 contained three
trace slkaloids, two of which (R, 0,22 and 0,30) nre
probably the sams as those of Rf 0,23 and 0,35 in A=l, The
other trace alkaledd (R, 0.04), not usually detectable in
A=)y was probably the same as the compound of Ry 0,05 in
fraction A=3. Since these compounds were prosent in small

apounts in very dirty residues:they were net examined furthewr,




Praction A=l was also tested by thin layer chromatograyly

(page 125)which, while not giving such good rosclution as pagey
chromatograns, seemed to confirm the presemee of gix compounds,
This material (A=l) was reserved and later subjected +to
partition chromatography on a ehrdiax columd.

It was considered that soms fractionation between tho
guicker and slower<snoviag (on paper) compounds might be
possible by weducing +the volume of ethanol eluant used
on an alumina column., Therefore, mixad chloride B was

ehromatographed on alumina (Table 10), but only 200 ml, of

Table 10
Practions of alkaloild chlovides (B) from an slumins column.
| Fraction | Biuent ) Residue
Solwvent Volume Colour Weight Remarks
- R ¢ 9 I (gold |
Bl ethanol 200 vellow 1,20 vale yellow
~ !%@11@
Bea?2 Tmethanai 500 %yellawiah 0,254 | brewn wﬁlidg
- Jbyown 4 _ ;
B=3 | 50% meth= 400 | brown 0,180  )dirsty brown|
{ anol } | 1solid

er e e e e . o e e rrags b i . L e e e an e rra

athanol was eollested before continuing the elution with
wethanol and,; subsequently, agueous wnethanol.

The three fractions, after concentration, were chronatographal
on paper using the same conditions as for chlorides & and the

results are shown in Table 11.
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Tabl@ 11- o

Papesr chromatography on alkalold chlerides B using ethyl

see tate /aco tonefmater (50245317 ).

Praction Compounds sepavated
Rf values Relative strengire om
‘ chroma togranm

Q.36 pdpefociree

Be} 0.52 el
0,65 W
N g -
0,06 o
0.18 +

B2 0,25 hocfp
0.36 &

BeX 0,06 4
0,18 &

It con be seen that, as expseted the majoxr components
were obtalinsd in fraciion B=-1 free Lron combamination with
alkaloids of lowsw Rf value as well as being reasonably free
from colouriung matier. Comparing the two ethanol fragtions
from chlorides A and B it was neted that the compound of
He 0.7T7, was ln greater concentration in B than in Aj this
is counsistent with B representing the total mixed chloride Lrowm
the initial starting reterial whereas A represente only part
of the origiloal mixtuve,

The objeet of passing the mizxed chlorides through aluming
columns had been to remove coloured compounds but the goncuPrens
agparation of compounds of lower Rf values from the uajor

alkaloids in B=l prompied the res=chromatography of a portion




of this fraction on alumina., Small volumes (5 nl,) of
ethanol elusnt were collected separately and each tested
on paper chromatograms, The results showed that ell the
compounds of B=1 were eluted together, no further Lfractionstiun
having been a@hié@@ﬁa

The remainder of fractlon Bl was reserved and later
subjected to steady-state distribution. Fractioms B=2 and
B=3 wesre nobfurther sxamined,

The mixed ehloride C was much cleaner than samples A and
B and it wag tested on paper chromatograns without the preliminary
gleaning on a column of alumina. Two major alkaleldal components
with Rf values 0,35 and 0,54 and a smaller ancunt of a comporud
with Rf 0,65 were dstested thus showing thet sample C was the
simplest of the three chloride mixtures and corresponded ©o
the ethanol eluant (B=1l) of mized chloride B except for the
absence of the compound with Re 0.77.

Mixed chloride € was subsequently used for the conversiom

of its guaternary baseg to the coryesponding tertiory compounds.
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Partition chromatogrsphy of wmixed chiorides on cellulose

Lol.yrmns .

Although there had been some streaking on paper, some
of the solvents were considered potentially = useful fox
separation of the chlorides on columns of cellulose powders
a8 Bartlett et.al.® point out, solvents which do nob
afford resolution on paper, sometimes give good separations
when ugsd on columns.

In preliminary experiments, the aimplest chloride
mixture (C) was chromatographed om & suall column of
cellulose powder (previously wasned with S=hydrexyguinoline
solution to remove possible traces of metal ione*®?®) nsing
ethyl methyl ketone solvent asg employed by the Karrer-
Sehmid*®® and Battersby groups®®®, It wes also chromsito=
graphed on & larger cellulose columun using the acetone/
water system developed by Bartistt and co-workers*®,

Apart from the separation of negligibdle smounts of &
fast-moving component, no satisfactory resolubtion of %the

mixture was obtained.

Paper roll chromstosraphy.

Paper roll columns for partition chromatography were
introduced by Hagdahl and Denislson™®® in 195h. When used
inside & pressure mantle, as in the ChroMax system (LKB

Produkter A8, Stockholm), thess columns are reported to give
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conditicns ol separation resembling those¢ on & single
sheet of chrometography paper. Moreover, using these
specially-prepared rolls the major difficulty and maim
varigble of column partition chromatograp hy, nemely
packing, is avoided. Since the solvent system ethyl
acetate/acetone/water (50:h5:17) had been the most
satiafactory on paper sheets it was used in the paper roll
ehromatography of mixed-chloride fraction A=1l. This wag

7 regaonably clean mixture, nreviously shown to contain

at least six components. To avold pressure fluctuations
within the mantle over the long period of experiment .

thia was conducted in a constant-temperature room (22-23%"C)
hoving first ascertaingd thot separations on paper sheets
were ag satisfactory at this temperature as at laboratory
semperature (18-20°C).

The w=lution pattern of alkselolds from the Chroliax
colunn was followed by examination of selected fractions
on paper chromatogramss similay fractions were bulked,
taken to dryness and weighed (Table 12). During concentrabion
of these fragtions, as soon ag the organiec solvents were
vemoved a white denosit appeared in the aqueous concentiatssy
this material, which interfered with further concentration,
wes found to migrate to the interface when the liquid was
ghalten with 1ight petroelum- A clear aqueous layer ¢ould

then be gepargted and taken to dryuess o An infrared
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spectrun of the interfering material was sinmllar to that
of the polythene used %o enclose the paper columm within the
pregaure mantle.

The various residues were checked against the oviginal
mixture (A=1) on paper chromatograms and although Rf values
for the same compound varied somewhat Lrom one paper o
another, esreful examinution of the chromatograms made
internretation possibles *the collected resulte from several
papers are given in Table 13,

Pragtion (k) contained, in a lavrge volume of eluant,
small amounts of & compound (Rf 0.06) which gave a faint
brown stain with Dr&g@n@orff% reagent but which could not
be devected in the original mixture; the small residue
wese deeply colouwved. Apart from this, there was no isolation
of any eingle compound although partial freetionation had been
gohieved. The two major compounds were free from obhey
subastanges and concentrated mainly in the heaviest and
cleansst fraction (o). They wers present also in reasonable
amouns in (d) but were here conteminated with the compound
next in significant amount in the original mixiture (Rf 0.23,
Table 9). This particular compound was present in greatest
amount in fraction (g) and persisted into fraetion (1),
Here, and in fraction (j) there was some difficulty in
interpreting trace amounts of what @pp@&réd o be two othewr

alkaloids, one of which (Rf 0,.12-0,1L) was sometines faintly
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discernible in chromatograms of the original mixture.

However these were in comparatively trivial amounts and

were neglected. The attempts to crystallise chlorides frow
the two simplest mixtures (e and g.) of mwajor compounds were
unsnecessiul,. These mixtures were later converted to iodides
and plervates and attempts were made to obtain individual
ecompounda by fractional crystallisation. A very small

amount of impure erystalline material was obtained only in
the cage of the iodides from (€). The infrared spectrum

of this erystalline material was similar to that of an iodide

(Q2) reported later in this thesis (page 98 ).



Table 12

CTATERL LD

60

Bulked fractions of quaternary chlorides eluted from a

CroMex aolunn

A“’l) o

(partition chromatography of mixed chloride

Prastion

Volume of
gluant (mi.)

Weight of
residue (g.)

Colour of
residue

a W60 0.0l Do

[ 210 o226 brown -
@ 360 ..06?13 'ﬁﬁllﬁw ._—Wé
d 290 0,119 Light hrﬁwév
8 180 0.032 brown

£ 170 0.03h. TOWIE _
g 720 0,128 brown

I Lho 0,021 brown

i 5ho 0.022 deep hrown
3 1350 0,021 deep bhrown
k 2000 0,050 deep brown




TABLE 13

Distribution of compounds in various frections from &
ChroMax eolumn (partition chromatography of mixed chloride

A’:“l) [}

R value (on paper)] Total Pragbtlions
of compound. chloride jalbje |d e jfig |hiiijlk
A=1
0,76=0,78 +
0062500@5 4 g I
Doli8=0,.55 oo e ||
oo e | o
05 32=0 6 110 e A N E N I Y
b bk -
0o23-0,29 A e | o] A
0.18=0.22 + v e |
0':;12“’0011& "“ﬁ;’ I S
0,06 N




Counter—current. separation of gusbernary. chloyides.

The wosucesssiul partition column chromatogiraphy hed
been attempted using a virtually monophesic solvent system.
Por cowanter=current seperations & two-phane system with
marked immiscibility is essential. The three wndernoted
solvent systems were investigated and partition coefficients,
in these, for the mixed chloride B were as followss~—

1o Bthyl methyl ketonefwater, K = 0.2}

2, Bihyl methyl ketons/ethyl acetate/water, K = 0.2

30 n=Butanol/water, K = 1.0

In all @m@é@ emulsions quickly formed on shaking.,
doubtless due malnly to the presence of quaternary sompounds.
However, with solvents 1 and 3 the enuleion dispersed on
standing for 10=15 wminutes and the former was selected Lo

use on & Cralg machine. Alter very few transfers, emulsion
formation became a serious problem and could not be ovarcome
even by extending the settling time to several hours or by
addition of & silicone antifoam agent. This experiment had
to be absndoned.

Foxr the attempted separation of compounds in mixed
chlowride B=1, umse was made of the simple butanol/water solvens:
in a stesdy-state machine im which a settling time of 15 minutes
was adeguate. The distribution of compounds in the effluents
was followed at intervals during a tetal of L8 Svansfers;
alfter 330 transfers one component appeared to have finished

coming off with the upper phase, while two compounents were




8%1ll coming off together in the lower phass. The totald
vpper phase effluent and total lower phess effluent wp y e}
this point, the several succeeding Lraetions of effluent,
and mixed solvents remaining in @@éh tube after the

Pinnl trensfer were separately concentrated and checked
fow aik&loiﬂ distribution by both thin-=leyer and paper
chromatographyo

In the results shown on pages 87 =nd 88 , respectively,
the effluent samples refer to fractions of each phase
collected from the machine between the specified number of
transfers, the upper phase heving woved in a positive
direstions each tube sample represents the evaporated
total comtents of several adjacent tubes, those in the plus
bank being on the positive side of tube O situated at the
centre of the cell train.

Regults obtoined on intermediate Lractions not shown
in Table 15, were identical with thome obteined on neighbouring
fractions.

The weights of dried residues obtained from the various
fracticns (Table 1h) can not be taken to indicete relative
smountes of alkaloids present in each, since there was &
variable distribution of impurities, all the samples
being coloured to some extent. It must also be remembered
that the relatively large residue in uppsr phase 1-330 was
present in e learge volume of effluent compared with the

succeeding batches of effluent and the tube contents (50 ml.).
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The two methods of scresning gave comparable results
although peper chrometography (in which more consentruted
solutions were applied) showed plus Ffractions 35-h0 up %o U 331-
368 alkaloid vositive, whereas TIC gave no results.

I% com be seen that the two fast-=rumning (on poper)

components moved in a positive direction imn the machine and
that the compound of Re 0,77, while conteminated in the
first mein batch effluent, occcurred ss the single slkaloid
in several positive fractions. The residuas from plus 21-25
t0 ¥ 379388, inclusive, whem combined (37 mg.) and éissolved
in methanol ylelded, on concentration, a colourless precipitats
of n@ﬁc@ik&l@id@l materiali the trace amounts of al kaloid
remained in the yellow methanoliec solution and could not
be crystallised.

The twe mejor alkaloilds moved together less gquicekly in
the nsgative diresction and were present in all fractions fr@m

the minus bmlk. In theplus bank tubes 0=10 the cowpound with

Rad
Y

Ry 0.5 (on paper) appeared separate from compound of Rp 0.3%
but wee here conteaminated with compound of Rf 077

An increased number of transfers wmay have separated



the two compounds present in these fractions but the welghts
obtained would bhave been negligible. Compound of Re 0.26,
not delectable in the original mixture posslbly because of
very low concentration, was revealed in trace amoumte im the
nain agueous effluent(D1=330).

EBven thouvgh the material used in this experiment was
relatively oleam and represented only & pert of the original
natural mizxture, seeming to contain only two major components,

no satlisfactory separaition was achieved.



Tabhlae 1Ll

86

Residues from steady-State machine solvent Tractlons-

TLowewr pha@& (E) Regidue Upper phese (U) Residue
bulked erfluvent welght bulked effluent welgnt
after transfers 0o ) after Sransfers (mg.o
1 %0 330 h6.1 L %o 330 110.9
331 %o 368 80.hL 331 %o 368 12,6
369 to 369 25 .6 362 to 388 7.2
389 o LOB 50,2 389 to LOB bl
ho9 %o L28 ly .2 LO9 to 28 3ok
k29 to L8 13.8 429 to biS
mimmg banlk Plus bank
=6 to =50 66.9 hé to 50 3.5
=Bl to b5 W7ol Bl o bs 3.5
=36 o =k 25 .5 36 to Lo 2.0
=31 %o =35 17.6 31 %o 36 2.6
=26 to =30 6.8 26 to 30 b3
=21 to =25 7.9 2L to 25 3.1
=16 to =20 Toll 16 to 20 3,2
=11 %o =A% T2 11 %o 1% 302
=6 %o =10 6.6 6 to 10 b oy
=1 %o =5 6.6 O to 8 T-X
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EXALIINATION OF THERTIARY BASES PREPARED FROM QUATERNARY SATYS

Y=Deme thylation of duaternary ehlorides.

Attempts to separate the major quaternary alksleids, othew
than macugine B, had failed using purely physicsl methods
therefore chemical methods of separation were considered,

On the agsumption that these alkaloids might be Nemeithyl
gquaternaries, analegous in strueture at the guaternary centre
to macusine B, i1t was decided to attenpt conversion to the
corresponding l-demethyl tertiary bases which ceuld them be
separated by physicel methods, and possibly reequaternised.

Por this purpose the mixture of guaternary chleridesC,
which on paper chronatograns gave an indication of three
compounds, was demethylated by refluxing with ethamlamine?
The reaction mixture, on basifying, ylelded a chlerofori-
goluble =elid which,when chrowstographed on alumina, yielded
fractions which wers @ombi@@ﬁ according to their behaviour
on thin=layer chromatograms (Tablesié and 17). Aliogether
nine commonents of diffevent RS values (refersnce normacusins
B = 1,0) could be detected, Of these, omly two components,
novmacusine B and & compound with RS 0,83, were in major
armounts and the others weve in dtraces. OFf the seven ninor
comnonents, three (Rg 0.16, 0.76, 1.2) were probably the
gamne as those with similar RS values found in noymacusine

B mother liguer {pagell9 ).




Table 16,

G0

Fragtions containing tertlary bases from apn eluwine eelumn,

Eluand Begidue
Combined | o] :
Fraction | Solvent Volume | Weightd Remarks
(mlo) | (go)
1 shloroform | 150 0,29 Cawn coloured solid
2 ve LTS 0,017 pale brown solid |
i
) T T—— . ’
3 oo 125 0,05% Fawn coloursd solid
& LR 775 0,097 Fown colourved solid.
(+Oolﬁ?g4 The fLraction en conc-
crystalg] entration depogltesd |
colourless crystals
which were separated |
before teling the |
fractions to drynesa
- ey A 3 pes i wn e TN & A
6 0% e thanal 125 0,034 pale brewn solid
in ehloro- j
form !
& 1.0% &thanol| 12% {5 054 prange-red solid
in ¢hlorge :
Foxm ;
7 ethanol 450 0,018 deep red, glassy ‘
aolid i
... O — —— —



Table 17,

Thin-layer chromatograms of tertiary bases from sn 2lumina
solunn (Reference Standard = Normacusine B).

Conbined RS values Helative strengths
fractions

0,54 ¥
1,0 el

3
1ol e
1,19 -
0,62 z
@o&% kit
1,0 <P

&
1 @9 <
1,20 A
0,61 x
z .83 fefreodr
lo@ s
1 914 e
Q.62 +
4 0.83 el e
1,14 %
0,62 o
- &
ﬁj i)e?é @
0,85 >
& 0,16 2
7 4
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Of the remaining four, one (Rﬁ 1,14), was probably the
me thyl esster corresponding to the amide also separated
from the reactien mixture, vide infra).

Fraction 1 contained lavgely normacusine B, of whieh
D.128, was recovered. Fractions 3 and 4 ylelded a evystalline
compound which snalysed wveory well for CeaHaslNsOp., Ths
product, & tertiary base, showed In the infrared spectrum
(Pigure 3 ) typical amide carbonyl absorption at 1640 @mfﬁ
and amide NH absorphion at 1540 @momgﬁ 4t was eoncluded
that this must have been derived from & guaternsary salt
garrying an ester substituent, by concurvent Nedemethylatiom
and ethanolamide formation. This conclusion was confirmed
by exanination of the infrared tracing of the uwnvesolived parent
mixture of quaternary salts (C) which showed evidence of
ester carbonyl absorpition at 1724 om. *,

The ultraviolet absorpiion of the amide (Pigurs 4
showed maxima at 226 mu(log & 4.53), 284(3.88), 293(3.79)

characteristic of a 2,3=disubatituted indole, © W9

Trhe implied lack of substithsiom im the 4,%,6 and 7

The dmplied lack of substithvion i the 4,5, and 7



B

positions of the indole nucleus is supported by a sirong
absorption band in the infrared speectrum at T40 emo
characteristic of aromatic systems with four adjacent
hydrogen atoms. A& medium intensity band at 830 R ¥
almest certainly due to the preseuce of a trisubstituted
double bomnd,

The amide was comverted to the serresponding methyl
ester (T3) by acid-catalysed methanolysie and the product
gave an RS value of 1.15 on chromatoplates (normacusine B = 1,0}
Alshough satisfactory analytical data could not be obtained
@m\the gster, the spectral evidence (Pieureg Sand 6)
taken in conjunction with that for the amide (Pigures3 andl)

and nornacusine B (page 68) together with the analytical
date on the amide, alliow spzculation on a tentative siructure
for the methyl ester (T3) in relation %0 the known structuresg

of normacusine B and polyneuridine.”®

Macusine B (page 62), noimacusine B and polymevridine
hewve &ll been identified im extrachts Ffrom AzHidospeims pezobs.
FPowdbla structures which might be cousidered for the
methyl ester and its othavsolemide are therefore (I) ama (11),

reapectively, as shown on the next pagse.
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Wormacusine B

Yo O MR

I3 {Rue—CHq CH,OH) |

The anelytical deta obialped for the sthanolemide
it the latbter and this is supported by the physico=chenical
data diseussed above, UThe methyl ester was obtained only
in nilligram anounts und micreoanalysis gave unsatisfaciory
reagults but ultraviolet and infrared spectia provided
useful suvport for the maln funetional groups. The
ultraviolet abosorption spectrun was clesely similar to
that of the corrvesponding anide, showing waxime at 225 B A

(4.46), 283{3.86), 291(5.79) characteristic of the indole




nucleus without subsititution in the 4,5,6 and 7 poesitions,

Thi@ conclusion is also supported by the sﬁr@ng absorption

band in the infrared at 740 em, *, A wmedium band at 825 cm.

and o low imtensity absorption inthe 1650 cm. & region

are charscteristic of the trisubstituted double bond,

Ester carbonyl absorption at 1724 om. 'was also characteristic.
An attenrt to obtain supporting evidence from the nuclear

magnetic resonance spectrum of the ester T3, im deuterochloros

form, was only partislly successful. The smell guantity of sample

avallable gave only a poorly resolved spectrum compared

with that of normacusine B used ag a model compound for

COMpParison.

Yz thoechloride obtained by re-guatcraisation of fertiary basge T%

Hs thochloride abiained by re-quatcrnisation of tertlary bage 13
THE men.ny"& OO LT Was U LO LI A0E LY BB LLIE WA B .

methyl ehloride umder pr@sgur@aﬁx

0 glve the sorvesponding
me thochleride, et only dn 2 yield sulficient for chromate-
graphis analysis. Hapusine B chleride was alse prepared
{pages 64 ampd 117 ) and both wers vum on paper inm the ethyl
av&ﬁate/&a&@Qnaf@aﬁ@f selvent dn order te determine theilr
pesiticns on chromatograwg iu velation to compounds iwm

the oviginal mizture (G) of quaternary dhloridss. I% was



S

(e
p~

noted that macusine B chlorides (unless in very swall
gmounts Just detseteble by Dregendorfi’s resgent ow
eeric sulphete veagent) gove o double=ppet effeet wiih
Re values of 0.54 amd 0,55, Ldontical widh the veluss few
the two supposed majer compenents of the ovigimal mixiture.
With minimal leading on peper chronatograns, nasusing B
ghloride snd mizmed ehloride € agaim behaved idemtlcally
giving a single spot of Ry 0e45,

The preduct sesulting fren gquaternisation of alkaleldd
73 was extracted with ehleroform and this exiract, run 6n
paper, showed some unchanged tertlesy bese (Rp 0,99), end
a opot of bigh R, (0,90) due possibly %o a terilawy

breakdowa product of 3 amd a third spet ef lewer Re (0,65}
prabably dus %o the methochleride of T3 (Q3) whieh

souléd have been emtracted by thesthanel prasemnt in the
Uhiereoform BB, used for exbractbicm.
The water-acluble residue gave em chromatogrems thres

spoteg one of Rf 0,12 was not present in the nized

chitoride (€) and @y be & gualternary eempound correspeonding
to the tertisry breakdown product wentioned shove. Of the
other twe spots, R, 0,65 and 0.52 {very weak), the former
eorresponded %0 o spes 0 chropetogrens of the eriginmel
chleride mixiure on which the ethexy spet, Lf presend,

would be mashed by mesusine B ehleride., It could be that,

1ize masusine B chloride, the methechlerids Q3 gives s
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9,

double apot affect.

Thus far, the three spols in chromatogrems of wmlmed
eghlowide €, fxem which the tertiary beoes nervasusine B
and 73 (vle ethenolanide T34) bad beon laolated, ceuld be
accounted for by the twe corresponding m@%h@@hlﬁrid@@g
macuaine B chlevride and Q3. Also that fractiens whieh
hed previecusly showed oply the t9o msin spots (Rf 0e52, 0.35)
on papsy may conteiln the simgle compownd meousine B
chloride, However, the reslduss from frastion {G)
{Chrellax column) and twbe fractioms =46 e =50 (pteady
gtate mechine ), both of whish showed chrematogrems idenbtlesl
with pure nasgusins B chleride, geave infraved spectra with
definite esmter cerbonyl absorpiien at 1724 en, o This
4o not shown by macusine B sgalts but ls charseteriatie
of the methyl eater tertisry base T3 and, prosumably, 2ls0
4its methochloride Q3. Thus both the majer guaterneries
appear o cconr tegether in all the mnin unreselived

shloride mixtures previeusly waporbed.
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ISOLATION OF A MINOR QUATERNARY ALXALOID

A deeply coloured residue containing me thanolegoluble

thioeyanates (residue remaining after separation of

macugine B thi@@yanate) was chromatographed on hydrochloric
acld=washed alumina to remove impurities but the major fraction
(TR=1) gave paper chromatograns in ethyl ace tate /ace tone water
(50345317 ) systen which showed major spots at Rf 0.37 and
0,52 resembling the main components ¢f guaternary chloride
mizxturesi in addition it showed a spot at R 0,76 ecorresponding
to & large, very strong spotv glven by the parent crude
thiocyanete mixture. Chemical tests 6n the highly watere
soluble residue revealed the presence of both thiecyanate
aﬁd chioride showing that the former had been partially
converted into the latter on acld-=washed alumina, an effect
similar to that previously observed on other alkaloid salts®®®,
A mixed dodide, precipitated from an agueous solution of
this residue (TR-1)}, yielded a pure crysialline compound,
mepPe 248250 (decomp.). This quaternary ammonium compound
Q2 (iedide) gave on analysis C,52.7T5 H,5.845 N,5.8648 I,26.92%
CaaHev O3 I requires 0952029§'H95@64§ N,5.8% 1,26,31%
Ceallew Qe Nz I requires €,54.065 H,5.835 N,6,05 I,27.2%
Prom these fisures it is difficult to choose bhetween the

two formulae although the equivalent weight 469.7, determined



Table 18

Ultraviolet spsctye and optical retations of some
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aikaloids with a methyleneindoline chromophors.
e { pza s i oS *“i’
0 A Bu0H ;
.Alk&i@i& Moo BA (2] {m}n Refg.
228 (12,100) 7
9
Alusmnicine 297 (11,600) =T45° (BtOH ) 147,
- 328 (17,700) :
226 (10,550) Tl
Condyloearpine 296 ( 9,600) | +900 (CHCls) | 139,
330 (14,450) ;
t
237 (10,050) 54,
Compactine ™Vine 297 { 8,120) «640° (Pyridine)] 71, {
332 (15,130) ,
227 (10,900) | i
Minovineine 300 { 8,%00) +508 ©(CHCLs ) ; Tl
527 (13,950) | 148,
224 ( 9,900) 71,
Minovincinine 298 (g ,680) | =418° (Bt0H) | 148,
328 (12,660) ] !
L. ]
. N J
228 (12,250) L1,
Mossambine 208 (10,800) ~4T0°(CHCLs ) | 0
329 (16,000) T
202 (20,440) |
Qe {iodide ) 295 {11,020) ~43%2° (e OH )

(1.3,620)
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by Volhard titration, would Pfavour CosHesGeNa® (466,37 )
rather than CagHew OsNeX (482.37).

The ultravieolet absorption spectrum of the ledide
(Pigure 7) iz similar to speeitra of the alkaloids figured
on page 101) all of which possess the indole nmucleuws. The high
intensity of the absorpition at 222 mp (e = 20,440) ag
conpaxed with about € = 106,000 for these other alluloids
(Table 18 ) i8 attributed to the highmint@nsity absorption
of the iedide ion itself at 221 LAY This is substantiated
by the fact that potessium iodide in ethanol was found to
have € = 11,340 at 221 BAL o

The infrared spectium of Q2 (Figure 8) has bands at
760, 1600, 1660 and 3367 cme » The atrong absorption at
760 cm, © im indicative of an ortho=Qisubstituted benzene ring.
The bend at 1600 cm, ° is due %o aromatic absorption; the
unusual inisnsity of this band, which is normally wealk, is
probably caused by the adjacent pelar (NH) group as observed
in the case of the sbove alksloids’®,

The absorption at 1660 em.” * 48 characteristic of an

unsaturated ester of the type below for which the carbonyl

absorptien was found®®® st 1659 em.” %

/
|-

[}

LEOMp

Sueh & ahift of the ester carbonyl absorpbion towards
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the lowepr freguency region has been observed in the case of all
whe alkalai&s given above, and reduction of the 2==16=double
bond of mossambine®®® and &kuammiein@ﬂﬁ? shifted the estew
@arbohyl absorption to its normal p@siti@m.at about 1730 cm,™,
Another feature common to Q2 and all the above alkalolds is
that the intensity of the aromatic absorption near 1600 cm,™
Lo higﬁer then that due to the ester carbonyl.

The band at 3367 cm. » for Q2 is identical with that due

84 o734 T i 4@
&

w0 N absorption in compactinervine and mivovincinine
The absence of abgsorption in the 3500-3600 cm, * vegion for W2,
as distinet from such OH absorption shown by the @%her'tW@
conpounds, excliudes the possibility of an OH group in Q2 wnless
there is intermolecular hydrogen bomding?in which case the NH
and OH absorptions would interfere with each other.

From the foregoing svidence 1t is probable that Q2 has

L

the chromophoric systemse

|

\/’U\“N//LQ*B’/‘

i

)

%

|
GO0 Me

Considering the molecular formula CeqiHey OsNed 4% is difficult
to account for the third oxygen atom execept as hydroxyl,
because the presence of a ¥etonle group is excluded by

comparison with minovimicine which showa > ketonie absorption
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a4 about 1700 em. = The absence of such absorption in
the spectrum of Q2 thus lends further support for the formuls
Gz allzy 0 Wa Lo

A further point of similarity between Q2 and the other
alkaloids in Table 18 i that they 211 exhiblt very high
optical rotatory power.

At this stage the chleride residue from the Chrolax
eolumn fractien (s), which on paper chromatogrems showed emly
the two major spots {Rf approx. 0,52 sxd 0,.35) was converbed
o ledide and s very small amnount of impure crystallins
iodide sghowing the same infrared spectrum as Q2 was obtained
{page 79 J.

The yisld of this compound from both sources wag very low,
showing Q2 %o bs a ginor alkeleid which, as ehloride, must
Fun on paper chromatogramg with the two major wresolved
mired chlerids fractions.

It da of imterest 1o note that the gusternary compownd
Q2 iz omly the third alkaloid having the methyleneindoline
ghromophexe im the Agpidosperms, the other itwo belng ¥he
tertiary bases compactinervinme and tubetalwine isolated
fron éﬁmgggﬁggﬁgggggggg?@ and A, limae, respectively. &
quaternary alkalold of this type,ekuvemnicine methochlevide,
nas bsen reported im the Aposynaceous plant Hunberes eburpes®®®
and several such compounds have besn fmolated from euraya and

. )
atryabnos speeiesd. o
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PHARMACOLOGICAL AQPIVITY OF MACUSINE B NITRATE

A%t the outset it was considerad that the guaternary
alkaloids of A.peroba might prove $0 be of soms pharmacelogical
interast but only one ebtainsd in suffieient guantlty few
teating was macusine B, A pure sample of the waterespoluble
nitrate was available and this was tested for meurcmuscular
bloeking activity by measuring the depreossicn of regponss
of the isslaited frog rectus abdominis preparation e
acetyleholine. Very large doses were required to shew
aetivity bubt there was a linear response aver the dose rangs
3,2 %0 2,0 mg, of wecusioe B nitrate, thus showing that the

gompound exhibits feeble nsurcnsscular blockling activity.
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Helting points are uwneorvrested,



108

PRELIITINARY EXTRACTIONS ARND SLPARATIONS

The starting uneterial for this work was a erude dry

gxtract from stem bark of auhh@ﬁﬁi@atuﬁ Aspidosperms perohn
B, Allem, obtaived aceording to the extraction scheme shown
in Pigure 9, Because of solubllity differvences berilary
and guaternary alkalolds were obitained in separvate fractions,
A and B respectively, each wel ghing spproximately 200g. The
guaternary vesidue (B), as reseived, was in the form of a
coarse, dry easlly-powderable product which on exiraction
with water gave a solution strongly positive to Mayer’s snd
tragendorff’s resgenits., Solubtions in dilute acetic asid (5%)
were shown to be alkslold pesitive using eceric sulphate®’?
gsolution (1% in 2N Hz S04 ),

Atbemnp t_to separate guaternary vases ag trichiorge-scetates,

The erude dry extract (lg.l), finely powdered, wis shalken

('J
£

sontinuously for 24 hours with water (5 ml.), then filtered,
To the dark brewn filtrate was added, with vigorous stirring,

a solutien coniteining trichloroacetic acid (Llg.) in water (L mick
The solution became slightly twrbid end on standing yislded

a very small amount of a gunwy deposit which was not oremined

further,
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Figure ¢

Hethod of extracition of alkalolids from the dried gtem bark

50 Kgo bark extracted to exhaustion with warm ethanol,

Lxtract caencentrated jn vacun o thick syrup. Digtributed

M Tttt

.-l

concentrate bhedtween chloroform and dilute solutisn of auwmonis,
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yielded mixture
af quaternary
bases, B,
approx. 200z,



Pracipitation of mixed cguaternary bases as welueeckaies.

The erude extract (20g.) was finely powdered amd
extracted by trituration with 100 wl. portiens of dilute
hydrochlerie asid, each time deecanting off the elear
supernatant liquid, wntlil the last extrach was very fainily
positive to Mayer's reagent snd did not give a precipitste with
ammoniuvm reineckate solution (botel seid extract, 1500 wl.l.
The clear extract on standing deposited some dirby non-
alkaloidal material which was discavded. The acid exmtraci was
vreated with =n excess of saturated agueocus solution of
ammonivm reineckete and the alkaleidal precipliate was
separated by filtrvation uwnder suction, washed thoroughly with
water and dried osver sulphuric acld to give 2l.3g. of crude
reineckate as a chalky, pink powder.

Adsorption chromatography of erude rvelneckate ou aluming.

The crude reineckate (10g,) was dissolved im acetone
(200 ml,). Some imsoluble black residue (0,.9g.) remained
undissclved, was filtered off and discarded., The clear
solution was psssed through a column of alumina (300g.,
Flr3.80ms gy BoDoH,y, pf@vjmuglv preated with dilute hydroe-
chioric acid, washed until neutral and then dried ot 100
105°), Development znd elution begon wsing acstone and was

continued using acetone contalning graded increases in
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amounts of ethancl, then acetons-ethonolescetic aclid and
finally 5% aqueocus acetic acld (see Table 3).

Several 100 ml. fractions of eluant were collected and
avetematicaslly tested to show thelr behaviour own paper chromaio-
gramng. Pirstly each £fifth fraction was concentrated and
teotedy subseguently intermediate fractions were concentrzted
and tested to determine the elution pattern of the allkaloeids.
Accovding to colour of golution and papey chromatographic
resulte obtained, the fractions from the column were bulked,
the solvent removed undey vacuum and the regidues waighed
(Table 3). Small amounts of each residue were re-examined
by paper chromatogranhy to check the distribution of alkalelds
within easch fraction,

Paper chromategrephy of alkaloid reineckaies,

Total relneckate.

Chromatographic sepvaration of the mixed f@imﬁakate
was atbenpbted using the underncted solvent systems with
upward development on different grades of paper for
chromatosraphy .o

1. neButanol/pyridine/water (Lslsl),

2, Bthyl acetate/pyridins/water (4:2:4)s
3, Ethyl acetate/pyridine/water (7.583,181.653%%,
4., un-Butanol/placial scetlc acid/water (5:1:d4l,

5. neButanol/eitric acid/water (5031350)s
6. Waterwgaturated sthyl wmethyl ketone containing

g L
APE L PN VRS T N S
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Afver developaent and drying, the papsrs were sprayed with

. 16T ‘
modified ITragendorff’s reagentd to show the presence of

&

alksloidal compounds,

£

[

Retneckate froctions from en aluming columso.

Trpevinments similar to the above were conducted weing
the major fraction (A} from the slumina column. Whatman
Ne, 1 pepers were used and these were equilibrated with the
vapours of the sguecus phase from the appropriate solvent
before development at laboratory temperaiure (1820},

(e) Ageending chromstosraphy.

Solvents % and € wers used on 57 cm., papers, With the
former solvent twe spots were sepavated, one running with the
front and the second glviag Rf 0.%4 but both showing conslders
able "Hailing'. WVith the latter solvent results were similar,

the flret material agalyn running with the front, the second

n paper dises, 27 om. dianedter, solvents 4 and 5 were
used. Both carried most of the material with the solvent
front although there was an indication of slight separstion

with solvent 5, s faint positive being observed at R, 0,80,

{@) Degeending ehromatogr&pﬁgo

The organic phase from the system acetone/benzene/
chlovroform/water (60:15510:208), Yo which 3% methanol was

sdded, was used on 57 om, papers, developing for 3 hours,
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Subgequently all bulked fractions A to P from the
aluming colunn, together with the crystals separated from
fraction &, were chromatographed using this system and the
resulte are gilven in Table 4.

Fractions B and ¥ weve also chromatogruphed usiag
downward development with solvent 4 for L6 hours and

the results were =28 followsés

Fractions Rf valuea Bemarks
o B N 0.806 traces o
0,78 Braces ;
7 0,84 Lraces
0,56 traces




MACUSINE B 41X

Hacusine B thilocyansie

Jeolation from wixed reineckate.

The erystalline waterial (0. 23568, ) which separated from
fraction A, eluted from the alumima column, was Tilie
off, weshed with 2 small ameunt of acetose and reorystallise

,ﬂ

wwice fwom hot methanol Ho glve eolouriess needles (Q.066g. ).

BoTe 283-285° {decoup. ), {aj “Q + 55,5 (@ 025 dn wethenol -
ol h \
Ay 2220a(008084055), ﬁ?ﬁ&ﬁo&?)@ 283(3.85), 290(3.72};

BEOH o nin ae) 2 o .

A 243(5.23), 278(3.84), 288(3.66),

min.

The infrared spectrum {(Figure i} showed & strong sharp
band at 209 em.” " indicative of ~CN streching vibration. A
methanolic solution gave a white preciplitete with silver nlitrate
solution also a red colour ém the additiom of diluie hydroechloric
acid followed by methenolic scluitien of fervic chloride. The
compeund gave a bright yellow colour with concenitrated niteie

acid but gave no colour with solution of pmdim@thy aminobens-
eldehyde®®®s

Pounds C,68.655 H,7,08 N,11.73 8,.8.8

Cale, for CziMasNs0SL,66.6, Hy6.95 Neil.4; S.8.7%

The equivalent welght was determined by dissolving the
thiecysnate (10 mg.) in methanol (5 wml.) and adding dilude
nitrie acid (3 ml.J)§ a known excess (4 ml.) of N/S0 silvex
nitrate solution was then added and the residual silver

i

nitrate back titrated with ¥/50 smmonium thiscyanate
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solution waling fevrie 2lum>®® go indicator. . The eguivalent
weight was found to e 367.1 (caleuleted molecuvlar welght for
Cosflacls 08 = 367.3)0

Precipitation from soueous eolution of erude extrogt.

NG NI T

\

—

"\7

Eha]

f

The erude dry exbtraet (50g.) was finely powderved swmd eudx
ted with 5x280 ml. portions of distillied water, shaking eanch
time for & hours. The coubined liguewrs geve Butraet T (1850 mi.
The meeidue was me-extracted with dietilled water, as before, %o
give Bzbtract IT (1250 wi.l. Both extracts, en standing, gave
& small swount of davk=brown, sticky sediment Ifrom which the
superaatant Liqulds were decanted. The sediments, disselved in
methanol, were found to bhe non-alkaloidal and, after removal
of wolvent weighed 0.8Y%g. The water-insoluble marc from the
initial starting material was drisd over sulpburie scld $o givs
8.65g. of dark brown wesidue which was alse discavded,

The deeply coleured agueous extracts (I smd IL) wera
separately treated sz follows, FBach was extracted with ethew
(8x600 mlL,) and then concentrated %o sbout 200 ml, in a vatary
£ilm evaporator at 5% . and the sgueous concentrate sgaiw

xtracted with ether (15%200 ml.), The total cownblned ether
extract wes evaporated to give a blaek residuwe (0,92g.)
sontaining traces of alkaloldal materiel, probebly itertlary

ha8639whi@h were not further examined.
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Ao Bxtract ¥,

Te the 200 nl, of concenbrate, satursted swmoniuvm
shiocyanate solution (20 wl.) was added gradually, with
vigorous stirvring, witil ne further preciplitation cecurred.

After allowing to stend overnighit, the supernatent Liguid

was decanted off from the brown gummy deposit. The preclpliats

was washed with water (4x10 ml.) %o remove smny traces of
ammonium thiocyanate and the washings were added o the
separated Liguid. The precipiitate waga dried over phosphorus
pentoxide %o give o powderable solid (12.673g.l.

The powder was washed thriece with 20 wml. portiens of
agueous methanel (20%) and twice with 10 wl. portions of
me thanol te remove most ©f the colouring natier awd the
fawn~coloured residue was finally suspended in 10 wl, of
methanol and the mixture filterad. The preclipitate was
sgain weshed with methanol (10 ml.) snd them dried %o give an
aimest colourless pewdery solid (4.9g.). The washings were
combined and kept.

B, Bxtract EX,

Thin was treated in the seme way as beforejand regquired
6 al. of saturated smmoniuvm thiocyavnate solutlon for compleis
praegipitation., The precipitate,obtalned in the form of a
fine suspension,was separated by Liltration. The residue

way washed with water and then with m@thmmwipag hafore and
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then dried tb give a pale coloured solid (0.85g.). The
washings were combined with the corrssponding washings of
the first precipitate, The combined agueous wmethanol
and methanol washings were taken t0 dryness to give mixed
thioccyanates (7.4g.). This was reserved and subseguently worked
$0 yield compound Q2. The initial supernatent lLiguid combined
with the water washings was reserved and subsequently used fow
the preparation of rvelneckates then chlorides on which . g
ehromatographic separation was attempled (vage 122).

The precipitates from A (4.9g.) and B (0,8%5g.) were
sombined on the basis of their imfrared speetia (Fisure 1)
and melting points (27628079, 275+279° vespeetively) and
the material was recrystallised from boiling methanol 0
give macusine B thiccyansite {(2,18g.) as colourless needles,
Wo¥o 28%=285° (decomp.). From the mother liguor another
bateh ( 2,068, ), with the seme nelting voint, was

recovered,



NMaousine B mitraite,

Macusine B thiceyanate (0.5g.) in 50% aqueous methansl
(80 ml, ) was titrated with the caloulated amount of silver
aitrate solutien (13.61 mlog%'ﬂgﬁ@%)@ the preciplitate of
siiver thiecyanate filtered off and washed with water. The
combined filsvaite sand washings wevre evaporsted o dryness

0 give nsevgine B nitrate (0.506g,) o o colourliess glosay

soldid. This wasg crysitallised twice from hot watey ag
clustered needles, (0.352g.) m.po 142=14T7° ( decowmp. )

E@}£Fh5 + 16° (0., D05 4m methanol) (Pound: Ny11.3
UeoHasNs 0s requires N,11.3%). From the mother liguor another

0.08g., was recovaered,

Hncusine B iedide.

Macusine B aitrate (0.3g.) in watew
{6 ml.) was treated with an excess af sasburated aqueous
splution of petassiuve iodide. The resultling precipitate
was allowed to stand overnight, collecied, washed with water ani
dried over phosphorus pentoxide to glve a colowrless solid
(0.,323g.), This was veecrysitallised twice From methanel-ether
(dissolved in warm methsnol and ether added to give ¢ faint

sloudiness) te give macusine B dedide as prisms m.p. 274-0767

{decomp,, after darkening from 250° apd sintering from £61°L
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£
Eﬁ}%th 4 17° (eogﬂbﬁ in methanol) (Pounds Cy55.08

Hi5.835 Ne6o33 1529.4, Caloulated for CeollesIN20g €,55,053
HoBa82 Np604§ L,29.1%) Lito, **® mop. 280-2