VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

IDEGRADATIVE AND SYNTHETIC STUDLES ON

TUBQCUBARINE AND SOME RELATED COMPQUNDS®

submitted to

THE UNJIVERSITY OF GLASGOW

by

JOEN B. MURRA¥

in fulfilm@nt of the

‘requirements for the Degree of

DOCTOR _OF PHILOSOPHY

The Schiool of Pharmacy,
June, 1965, University of Strathelyde,

Glasgow.




ProQuest Number: 10662355

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10662355

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



. SUMMARY

The history of curare, its production, the botanical sources and biologically-
active constituents of the various curares are reviewed. The derivation of the
structure of curine and tubocurarine is discussed together with the total synthesis
of (i)-tubocurarine by Tolkachev, Voronin and Preobrazhenskii.

The pharmacological role of acetylcholine related to nerve impulse
transmission at the neuromuscular junction, and the action of depolarizing
neuromuscular blocking agents are briefly reviewed. The use of neuromuscular
blocking agents in surgery and the compounds employed in practice are discussed.
Structure~action relationships between tubocurarine, its isomers and certain of
their derivetives are examined and the marked differences in potency noted,

An experimental approach to the determination of the absolute configuration
of (+)~tubocurarine has been ewamined. The method, based on the measurement of
optical rotations of benzyltetrahydroisoquinoline compounds in solvents of
increasing polarity, required the cleavage of the bisbenzyltetrahydroisoquinoline
molecule of (+)-tubocurarine into its constituent benzyltetrahydroisoquinoline
moieties. Attempts to convert (+)-Qigydimethyltubocurarine iodide, required
for this purpose, to (+)=0,0-dimethyltubocurine with lithium aluminium hydride
were unsuccessful. N-Dealkylation of the quaternary iodide with ethanolamine,
however, yielded the required product in 58% yield. N-Dealkylation of
(+)-tubocurarine chloride with ethanolamine similarly yielded the tertiary base
(+)-tubocurine in high yield. Successful conversion of the resulting (+)-
tubocurine to (+)-0,0-dimethyltubocurine by treatment with excess diazomethane
and subsequent methylation to the corresponding tubocurarine derivatives

provided evidence that dealkylation proceeds without racéemisation.



Examination of methods for the cleavage of (+)-0,0-dimethyltubocurine
with sodium and liquid ammonia, which in the closélyrelated (-)-0,0-dimethyl
~curine is reported to yield (-)-O-methylarmepavine and (-)-N-methylcoclauri
in benzene-toluene and (-)-0-methylarmepavine,(-)-N-methylcoclaurine and (~)
-laudanidine in dioxan, led to the isolation of two non-phenolic and
three phenolic compounds. 8eparation of the reaction products on alumina
columns resulted in the identificabtion of starting material from the non-
phenolic fraction, and (-)-laudanidine and (+)-N-methylcoclaurine
from the phenolic fraction, implying that the course of the reaction is
not influenced by solvent, but merely facilitated by the presence
of methoxyl substituents ortho to the phenolic ether undergoing cleavage,
in accordance with the observations of Tomita. Sodium and liquid ammonia
fission of phasanthine revealed evidence of figsion on both sides of
the phenolic ether linkage in further support of these conclusions.

Optical rotation measurements on (+)-N-methylcoclaurine and (-)-laudanidine
in different solvents confirmed the hypothesis of Tomita who in 1962 deduced
absolute configuration at both optical centres of the tubocurarine molecule.

(-)-0,0-Dimethylcurine was similarly produced by the action of diazometh
on curine., The four tertiary bases, (+)-tubocurine, (+)-0,0-dimethyltubocuri
(-)-curine and (-)-0,0-dimethylcurine were treated with a series of alkyl

halides to produce their respective series of quaternary halides.
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LNTRODUCTION

Carare , the ﬁﬁ@@ﬂll@d figimg death, is a davrt or arrow pOL8On
prepared by the S@mﬁh'ﬁméwi@&n‘lmdiam& in the primeval forests of
the upper Amazon and ﬁp@@f Orinoco basing, The preparation of
eurare was the m@ﬁapﬂly'@f only a fow tribes since the rew matevilals

3

were found in only Yimited areas of the Amasonian hileis, In
CONSOGUORNCO CUPALE ?@pf@§§m@@d a é@ur@@ of wealth %0 Che manufacturi.
tribe and its processes of manufacture were shrouded in ritual and
superstition,

| Tmé final produet is a dark brown, gumay decoction; the actwue:
@@ﬂ@%iﬁu@nt% including the Sonle prinelples vawy eons lderably from
ares to arsa of the region from which the material 1s sollected
depsnding upen the pl@ﬁt SoUrces ﬁa@d 1n the preparation, On the

one hand trees of the genus SHrychmnos supply most of the toxis

wmaterial for some cuUPAres Wnereas M@giap@rm&@@@m@ plants are maiply
involved im the others.

The primery uwse of curars was in the hunting of small menmale
(monkeys etc,) which @i@-bﬁ m@éplﬁ@ﬁcry pmfalyai@ leaving the mesth
untainted, @na dart points @f@htr@@@@d @ith curere and fired
through a blew-pips called a sarvabatana, The effective distence
and accuracy of the blow-pipe was dependent on ite lenyth, the
lenger the pipe the more effectlve 1t was. The dart could be
fired with accuracy up to & distance of 486 mebres. Alihough
se@ldom used for wapr pPurposSes AYIrOWS and 5pears wers @@@&sic@@ily
tregted in the same way as the darts.

Despite the obviocus armigervous potential of curare 1ts



mailto:mat@rS.ale

2

infrequent use as an instrument of war springs from the superatition
of the people of the reglon who belicved thet curare had been
given to them by their spirits for hunting and 1f used in warfare
the curare would 163@ its potency. IT the potency was 108£ they
could not hunt and starvation would ensue; At present curare and
the sarabatana are fast disappearing with the advance of modern
iniliﬁatiaﬁ which has infilﬁrated into tribal hunting areas.
Traditional patterns of hunting and warfare have heen sbandeoned
and the weapons which mede use of curare rendered @bﬁ@l@teo
Originally three main varleitles of curare were recognlsed in

cowmerce. The contaluners In which they were exported were at
one time deemed dlagnostic of the type, now recognised as no longer
being a satisfactory method of classification. These varietles
were:

1. Calabash or Gourd Curare;

2. Pot Curares;

Ao Tube Curare,

1. Calabash Curare.
The mein sources of calabash curares are different species of

Strychnog trees, a wide variety of which are used +to produce this

curare but notably S. toxifera, S. melinoniana, S. mitscherliehili

and S guianens&gol
Systematic investﬁgatians of the alkaloids of C®=curare were
2939495
initiated in 1937 by He Wi@lamﬁ an@ his co-workers who showed that

alkaloids Similar to those isolated from C~curare were present in

® (C=Calabash



S. toxifera., A later lnvestigation of S. toxlfers in 1049 by
King corroborated the wesulﬁ%fﬂ
About seventy alkalolds have so far been isolated from

C-curares and Stryehnos speclies but tha structuras of only

avount thirty of thess have beenglucldated. Tﬁ@‘majqrity are
indole derivatives whieh may be correlated by thelr uitrawiol@t
abgsorption sb@cﬁra with one of several related chr@mophqre@
including indoline (I), methylens indelens (I1I), indole(IIIl),
oxindole (IV}, N-acylindole (V)B?% - indexyl (VI), and the

pm@awbolinimm tom (VII),

T - .
X m)' RN 5 N

{viy)
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Separetion of the complex wixture ¢of alkalolds from samples
of calabash curare or from So ggggiﬁgg plonts was effected by
intensive fraétian@ti@n involving repesbed chromatography on
cellulose @r alumina., The complexity of the problem of Ilsolation
san bhe gauged from the demenstration by Schald,Kebrle and farf@pm
of 41 alkaloids in a sing 1@ sample of calabaah curare Irom the
hmazon basim, A single plent S. toxifera was shown by Batberaby,
 Binks , Hodson @nd‘%aawaila to contaln aé lanat S0 guaternary
alkaloids, |

| Kearreyr, Scghmid, Asmis, Beehli, Gi@@hﬁ@@hﬁa Febrle, HMeyer and
Wager [from paper chromatographic and other evidence ﬁéﬁu@@d that the
alkalolids fell inﬁ@ twoe dlstinet gr@upﬂ MO 130 = qm&t@wnary and
- blg-guatarnary alkalolds. The former had a high Bp value,
P@lmuiv@iy low toxielty and 1llttle pharma @]@gﬁ@al agtiviby wheyases

the labter had low Ry valuss and mueh greater actlviby.

2
14

ﬁi&inaﬁly all ﬁh@ alkaloids were eonsldered to eonbsin 19-

Rl

9
f: rb@m atoms bulk KaWW@z et al, ﬂ@du@@d fwﬁm investligations
inV@lving the partial qu&t@@nlsatﬁ@n of moreurine (VITL) that in
some cases the molseular weights were much higher than that

predicted by Wi@i@ﬁdgﬂ&ﬂ@ﬁﬁ

- The blg- guaternary group which
i@@lm@@@ the imporbtant 2lkalolids G-eurarine Iéixgﬁﬁﬂjgﬁ)'
G@dihy@r©téxif@?i@® (IXA, R%hlwh§?@ if@xig@ ( 1XA,  Re le 0H) ¥
thus contained 58-42 carbon atoms and Fouy pibrogen at@m@ and ths

monoguaternary group 19-81 carbon atome and two nitrogen atoms.
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2. Pot Curare.

This typs of curars wﬁalfif@ﬁ invesbtigated Tor choemieal
gsonatituence Ly Huéhn@?lﬁ in 1862 but he was unable o crystalliss
the active @min@ipl@ao In the latter part of the 19th ceuntury
B@@hm11 r@iﬂvaﬁtig&@@d pot curare and lsolated the two
eryetalline bases protocurine and protocurlidine.

& - .
e in 19287 published his investigatliong in whish he

Kimng
gtated that the pot curare under exeminablon contalned many
alkalolds, twoe of vhileh,isonecprotecuridine (X, RysRasH, Ro=Rs=Me
and pm@ﬁé@uﬁidln@bixg Rog=Hg=il, Ry=Rg=Me ) wers obitained in &

erystalline eonditlion. The letber was ldentlical Lo protocuridine

lnolated by Boshntd, The bages wore asslgned the empirical

syo- ™
Rg@m&\ i/ll\\ /Nm e

o Gkl

Moy T iy ORg




]Ja being dovble thet previously

formule CzglHzglslNe by King
'@ugg@sﬁ@@ by Boaluw. King furthor sugeested that the alkalelds

W@r@’hag@d on & biéb@naylté@r@hyﬁr@iS@quinﬁliﬂ@ strueture formed
by the beoad-te-tall sceoupling of twe norecslaurine (X1, Ry=Rg-¥e )

unRits .

Rl@“‘ /ﬂ,“f/’f\/f \

.

@Hﬁ

“Th@:@aflv b@li@f»that all curares were solely dervived from

V&rﬁ@u@ ap@@;@s of Smmv@h@@@ was heldd until 1LP28 when Spith,

'I@%h@ and Lmd@@kl@ and then later in 193586 King1§ @it@@
Menispormnaceons glanu@ as & posgslble sourvce of the drug. Th@A
botanical é@ur@@ of the pot curare Investigated by Kimglﬁ would
firom the chemical constituents lasoleted, appsar te be derived Lrom

Venispormaceoous rather than fromthe Sirvehnos genugy a faeh

substantiated by the later work (g.v.) of King15 and Dubehert® on

tube curare.

Do Tube scurare

Rather an sbnormal situwation cecurred im the history of
tube surare Iin that the importent alkaloids had besen iscoleted and

chemically characterised and thelr structurss elucidated before
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¥
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thelir botaniecal source could be credibly -established, The
alkaloids referred te are the bases eurime (ALIL, Rq=Ho, Ro=H )
chondoeurine (KII, Rq=H, Re=ile) and isochondodendwine (XIIX) eleng

with the guaternary bases tuwbecurarine (XIV, Ry=Me , Re Eﬁggﬁy

and chondocurarine @Klvgﬁléﬁggﬁg Ro=Ma)

B0

m‘gr {,/
wa-M@
R ﬁ@ \?jﬁ/kx\\
wﬂ@

ﬁ *“;\a

\/\\\\&/ ~0OMe

{328}




The only kanown source of the bases unbll abous 35 years agoe

was the Brezllian drug radlx pareliras bravas. In a resppraisal

of & boteniecal review by H&nburylvg Deils*® expreossod the view

that pareira brave wasg the wroob of the Brazllian speciles

Chondodendron platyphyviium (Miers), ™is waa later reaffirmed

by Erukeff and Moldenke+? who includ@d Ch. microphyvilum {(Eichli. )
Moldenks as an additlonal sourse. A chomical sxaminatleon of
the roots and other parta of the two spsclies by Kimggg in 1940

confirmed this conbtention. Both speciss contained isochondo-

dondvine {XIII) bué in addition Che plotyphyllum gave {=)-curine

(X1, Ryale, Rggﬁ)wh@f@as Ch. mierophylium ylelded the dextro-

enantiomorpho The only other wmaterial te heve yi@iﬁ@d (=)=
gurine up t@_th@ tiﬁé @flﬂing was tube cuvare from which 1n 1897
ﬁ@@hmll hed izolated (-)-curine along with a guaternary
amorphous base,

Kimg15 gu@@@@déd in 1935 in lsolating the gquaternery alkeloid
(+)=bubocurarine, the active principle of tubs éuwargg im
srystalline formaend further demonstrated the sloss stwwetural
similarity between 1t amd curine. Thnis faet made 1V sxbremely

probable that the toxile botanicel ingredient of tube curers was

a Monispesrmaceous speeies of the genus Chondedendron. Cho

tomentosum was confirmed as ¢the main sourcs of the active

sonstituents of tubse curare when Wintersteliner and Du%@namﬁl

1zolated (+)=tubscurarine from suthenticated stems of Cho

somentosum together with the alkaloids (=)-curine, (-+)-
isochondodendrine and 1ts dimsthyletber, (+)-chondocurine snd

(-} =ehondocurarine . With the exseption of (-)-isccoclaurine

PRESTE Y
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Chondodendron alkalolds swre derlved from & bilsbensylistrahydzo=

isoguinoline skeleton formed by the head-to-tall coupling ef Lwo

cocleurine-type units(xv) In {+)-iscchondodendrine (XIIT)

T

P
e

el

(+)-provocuridine (X, Rp=R,=H, Ry=Rz=Me) and Llsonecproiocuridine

{Xy Rq=R4=H, RgaﬂﬁaM@) %mé'twé atheyr linkages form & cenbrosymmebyiz
syeben whereas in curine (XTI, Ry=Me, RosH), chondoeurine (XL,
Rqy=H, Ro=ie), Gtubocurarine (XIV, RysMe, Ry=Rg=H), chondocurarine
(XIV, Ry=Rax=H, RpsMe), the ether bridges linking the two eseclourine
atructurss are unaymmstrical.

An interesting comparison ls provided by the alkaleids of
cortalin other M@ni@p@wmaﬁsams plants in that twe other possibilities
of %he avrangement of the diaryl ether arse gilven on the one hand by
igotetrandrine , berbamine, tetrandrins and @h&@&nﬁhim@ggiTablg L)
and on the other hand by oxyacenthine, repandine, armolineg,

daphnoline and daphnandrine (Table IL).
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TADLE I (XVB)
COTTPCTID STRUCTURE  XVI
Ry Ry Ry Ry
Lesotetrandrins Me Me Wz He
Rerbanine Me ¢4 Me MNe
Tetrandrine e Me Me We
Phaeanthine He Me Ve Yie
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TABTLE I

CORPOTIND STRUCTURE XVIX
Ry Ry Ry Rg
Oxyacanthine lie H Me He
Repandine He H Me e
Arwoline H i e Yie
Daphnoline H H H Ve
Daphnandrine H Me B M
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Although not constituents of @wrareg guatefﬁ@ry derivatlves
of thege alkaloids do have appreciable dmrariform &@@iVitngo
The main architects in the elmei&aﬁidn of the structures of the
tetrandrine and oxyacenthine groups of alkaloids (Tables I and II)

229  Sodium and liguid ammonis

were Tomlte and his coworkers
cleaved %hé diaryl ether linkages of these aik&loidﬂ to produce

& phenclic anda nonw=phenolie fragmen% corresponding to the itwo
halves of the molecule. Thuws, for example, tetrandrine (XVIT,
Rlaﬁgﬂﬁgwﬂﬁﬁ%@) on reductive fiseion ylelded N-methyleoclauwrine
{(xvin, RﬁmM@) and O-me thylarmepavine (XVIA, Rlaﬁng@aM@)a
Examination of the products of fi@@ion and of the relstive
pesitione of the substitvents on the phenolle and non-phenclic
moieties permitited an un&qaiv&agl aggignment of miructure to

these substances.

The elucidation @f.%he structure of isqchﬁnd@d@nﬂrin@ (XViTy)
wes accomplished by Feltis, Wrann end Kihes<d in 1932 and
corrglated with the 4wo bases feclaited from pot curave (+4)e
p?@%@@ari@im@ (XIX) and neoprotocuridine,emq by King when he
demongtrated the identity of the dimezthylether of (+)~proto=
curidine (X, Ry=R,=Rg=R,=le) with O=Gimethylisochondedendrine
(XVIITA). The difference in the two metive alkaloids was in the
relatlive p@@itianiﬂg‘@f the meothoxyl and hy&r@xyl‘gr@upﬁ attached
at positions 6 and 7 end a% 6  ava 77, On the besis of s |
positive Millon weaction both alkelolids have a free hydroxyl group
at the 7 and ?ﬁ pﬁ@i%ﬂ@m@o The most probable. atrueturs of

igsochondodendrine 1s (XVIII) in which case protoeuridine must be




A

oS

MeQ~ ™
HO =3, i\/mmm@
d \

(x2x)

(XIX). Tooneoprolocuridine (XX) was related vie a common

degradetion wroduet o 1sochondodend rine (RXVIII) and doss not

give a pogitive Millous weaction, It therefore followed thet boih

ite hydroxyl groups are in the 6 and 6/ poslitions as in (XX},




Struwsture of Curine

o 2 - >, . 2 T ¢ ’—.‘% =3
Boshm and then later Spdth, Leithe and L@ﬂ@@ki Proposed

$he empirical formula CigHigO3Y for curime (XXI).,  However Kiﬁglﬁ
in 1953 swggeated thet ocurine should have double the emplrical
Tormula hitherto suggasted @géign@d to it and that its sbruskure
was anslogous to that proposed by FPaltis  Wwvann and Kiihes®4 poy
isoehondodendrine (HVIII). AImost SLMME@%H@OMSiy Spé%h and
Kuffn%g arrived at similaw @mn@lmgi©n3 and demonstratod thas
dxid@%ian of the methine @btaiﬁ@@ by means of a two stape Hofmann
degradation of the dtmethyl@th@x of surins yilelded 2,5-dimethoxy -
5.6 4,twi@arboxyﬁ§pn@nyl atheyr (XA} This evidence showsd Ghal
the spbructure of @ O-dimothyleurine (XVIIL) was of the
isochondodendrine tvpe a3 oppogsed to the t@t?amdrin@ Ctype, this

letter on similayr trestwent ylelding 2-methoxy-5 @&d%@arh@xyw

diphenyl ether (XXB).

E@Q OMe Cide

. 4
/;‘:;L_‘““fm\ /}:_—;:.—'_—““_m “ “r-mw %‘:r;u-’
- ; HOOT — Wm@%w \

HOGC GO0 GO@E

(X a) (%% 8)
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King in 1935 adopted the siructure (XXI) proposed by Spath and

2 , :
Ruffner Z although not yet then proven for Q,0-dimethylcurine and

MeO .

o""

NmmsMQ
y/f

(XXI)

related 1ts structure to that of (+)-tubocurarine FIV, Ro=Rz=H,
RIFM@)O Exheustive methylation of surine wi@ﬁ_@@thyl jodide and
methanolic potassium hydroxide gave 0, gmdim@@nyi@urin@ methosalts
a9 pravioualy established by Scnoltzﬁgand Spath, Leithe and Ladaa%%

Hofmann degradation of 0, -dimethyl=(+)= curing methochloride
.gava thraee different methine bases which were sseparated &s the
crystalline methlodides, A fourth methine was isolated 1ln small
amount but waes not conecluslively ldentlflied, Two of the

methilodides were optically inactive and the third had a positive
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roLation, These threo m@thi@did@@ woere ldentified with theee
of the four methine methlodides isolated from & similayp dosradation

of 0, O~dimathyl- {+)=tuhrocurarineg ehloride the fourth compound 1in

this latbter instance belng lasvorotatory. Kingg ﬁ.nt@rp?@t@d the

above results as beling compatible with struvctum (XXIT)} for

0, O-dimethyleurine, The most likely explanation why there are

only two optically active methine Mases and not the expected three
optically active bases is that the two Inactive methine methlodides

are devoid of centres of _asg,vmma%‘kmr the par@nﬁ methine beling (XXITA)

and thet isomeriam is due to a cls-trans arrangement of one of the

Two @thyl@n@ linkages or Both.

(o)

0,9-dimethylourarine chlovide amd Q,0-dimethyltubocurerine chloride

are on the sams basis, represented by (}{XIEI)28°




Bel .

Vi 0 il

This structure {(XXIII) containe two asymmetric carbon atoms
adjacent to the nitrogen atoms and thus Ffour optical i somers are
possible. Partial Hofmenn degradation on each form could yield
four different methine bases depending on which side of the

nle@gan atom Tisslon of the nitrmgenma@ﬁmaﬁm?ng ring takes place.

,King 5 postulated both thicai centres of (+)-curine se
ﬁextﬁmrmta%o?y and this was confirmed by Bick and Clezy?? in 19535,
Wh@P@aS in (+)=tubocurarine one centre ia lacvorgtatory and ths
other dextrorotaitory. _

This 8till left unsolved the relative poéition@ nf the
methoxyl and hydroxyl groupse at émgitiana 6 and 7 of the tetra-
hydroisoquinoline anucleus, However, in 1939, King, by ethylating

the two free phenolic pgroups followed by Hofmann degradation,

daterminad the coniatddydd s ® mesms T - - Forveeapd T

PO Y
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To & 8imilar menney the strusture of L)=tubocurarine was

astbablished as (LIVA).

{Xiv. 4)
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SYNTHESTS OF THE DIMETHYLETHER OF (ﬁ)wTUBQGURARINE'XQDXDE@

The total synthesis of the dimethylether of (ﬁ}otuba@ufaﬁin@

£27)

(o
4

iodide was accomplished by Tolkeechev, Voronin snd Procbrazhenski

o

in 19588, The baslz of thely route is a auccessive bulld wup of =&
system having the elements of the matural alkalold and the final
stage s the formation of & second oxygen bHridys.
?w(ﬁmM§$h@Rym@whﬁdﬁaxyph@ﬁyl}o@thylamin® (XXV ), obbtained by

the casalytic reduction of the appropriatedo- nltrostyrens, was
condensed with 4-benzyloxyphenylacesic acid (XAVI) ab 190-800°% %o
give the Fa(ﬁwm@thaxym@mmyﬁfmxyph@nyl}m@%hylami@@ of é/mb®n$y1@my
prenylacetie acild {(XXVII), Resction of the potassium salt of b
latter with (mebthyl or ethyl) esters of S=bromo-4-nathoxy=
phenylacetic acld (XAVIIL, R=Me or GQH%D in the pr@s@n@@ of
@@pp@ﬁxﬁﬂwdﬁﬁ at 190-2009 gave Ghe @m{?om@th@xywﬁm(Eﬁmm@th@xywﬁﬂ;
carbalk@xym@tnylph@mmxyl)wph@nyiEm@thylamid@ of @yw bensyloxy-
phenylacetic acid (XXIX, ReMp or Gghg, Ry CHpGglg ).

| The substances obtained wers hydrolysed with an agueous
alecoholic solublen of p@t@&aiam carbvonate or sodium carbonave o
the corresponding ecid (XXIX, RsH, Rléﬁﬂgﬂﬁﬂgﬁ and debensylated
with pelladium to the ?@g§mm@ﬁh@xym%m(BﬂwmﬁﬁhﬁﬁyéﬁAL@&Pb@xym@%hyi
p@@n@xy)mpn@myizw@ﬁmyl@mid@ of @ﬂw hydroxyphenylecebic seld (FXIx

) o G L 00 ”y
ReRy=H), The Fmbmmatnaxymémi? =meHhoxy =5 mépaﬁﬁ =sebhoxy=4-

hydﬁ@xymgzér@moph@ﬂyl)u@thyl@&?b&midwm@thyl}w@h@ﬂ@ﬁi}w@d@ﬂﬁlw
sbthylemide of %fm benzyloxyphenylacetic asid (XXX, R=H) wes
obbtailned from (XXIX, R=Me or CoHg, Rq=CHsCglg) and Fw(&=m®th@xyc
4-hydroxy-b-bromophenylj-ethylamine (XXXL) at 180° and from {XXIZ

R=H, R)5CHgCeHs) snd (XXXI) sb 180%.



The compound (XXX, Rsi) wegs mebhylated with methyl lodide
to give the B-=J-mothoxy-i- RR-mathony=59= (R ¥={(3%0 ;49 0 .
dimathoxy=5Y 9cbr@m@phﬂnyl}methylcarbamiQOQme%hyl)mph@naxgg:

phenyl-ethylemide of @9mb@n2y10xyphanv18@@tic acid (XXX ,R3M¥e).
E"c'mu/
MeO
( TX¢III)
W, oma\ A

38

OGHaGgHs ( XXVIT) OCHaCgHs
(XX’VSI)
: |
(IFXL)
M“"Q MeQ S

i e -
\ p
/ q,\ //
- -~ ]
\,\

p OCH,ClH

i Nt
/ ~—OMe

| (XXX)
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Toe compound (U R=Me ) was then eyelized with phosphorus
oxyehlorids Iin ehlopoform solubtlion forming a mixture of a phosphais
: /4
and hvdroenloride, from which the free base, 1-(4 - bensvloxvbensy.
5’ g b :y o of
L Lo 4 wowr R4 LN/
cﬁwm@th@xyuwmgg =mabhoxy=5 ={& ,7 =dinethoxy-8 - brome-3 ,4 =~

Vs .
dibydroisoguinolyl-1 mm@tmylbwpn@mnxy3@5n%mdiMydroisagmiﬂolim@

(AXXIL)wes lsolated. Thse benzyloxy group of the latier was

£

hydrolyaed with 20% hydroshloric acid and finally the 1=(4 -
. - & AR NN ) ‘ 00 £
hyd?@ﬁyh@n%yl}m@mmﬁtMOxym%%{g ~m@thoxy=8 ~{€ ,7 -dimethoxy=0-

“1 oy 7 1
bromoe=ae ,4 -dihydrolsoguinolyl-1 mm@%hyl)mph@n@xgjwﬁg%m

d&hydr@iaaquim&lina@%ﬁlli)@htmin@ﬁ wag heited in the presenge of
o i F GE
.goppar, potassium cevbenste and pyridine to glve 1,2,1 ,28 -
totradihydro=-0-nethylehondrofoline (XXAIV), After redustlon with
zine dust ln aceble acid, the latter was wethylated %o yleld 0, U-
@im@thyl@hmndgd@nd?iﬁ@@ﬂﬁ?@l)whi@h wee alse obbained from tha
dim@tni@&id@ of 1§£&1”fﬁﬁﬁ’it@tw&dihyd?@fgym@hﬂyEﬁm@nﬂr@fﬁlin@@Eﬁﬁ
Then by the actlon of methyl lodide (XXXVI)was converted inte the
dimethylether of (%) = tubocurarine Llodide (AXIIL XL ) Phe UV spacts
corresponded o thet of the dimethyl sther of netural (4+) -

tubocurarine lodide and a mixed melting polnt was nod depressed.



Pharmeso logy

It 18 now Just ovar a @@hﬁmﬁyﬁime@ Glaude Bernerd and Pelouzd
demonstrataed the Importance of the neureomuscular junction in
neuromuscular %f&ngmisaiang afid at the saue bime , showed the
paralytiu action of crude exﬁﬁacﬁg o carars. —

In 1869 Crum-Brown and Fraaﬁgbgmgmia@mnﬁ of the fact thait the
crude sxbracts contalned guaternary amnonium compounds sxeminsd
soveral other gquaternaries inaluding the methiodides of sasroplins,
brueine , stryehnine, codeine,coniine morphine and tn@baiﬁ@ and

showed that they produced a peralytic actlon similar to thet of ths

yprnde curare sabtrecta.

Action of Acetvicholine

The avrrival of the newrve impulse st the presynaptic membrans
of the neuromuscular junction 18 thought %o relesse acetylcholine
fr@mist@fag@ vosicles at the nerve @nﬁiﬂgﬁo This &@@tyl@h@lim@ is
ennaldered t@ diffuse eeross the synepbtic pap where. it causes
depolarisation of the poste-synapitic membrans . If the depolarisati
reaches &A@?iti@&i level 1t glves wrise to 1@@@1 currents of
sufficient intensiby to Increase the sodium permeabllity of
surrounding Q@rtiwma of the membrane and so inltiates a propageted
musele sction potentisl.

The nerves innervating skeletal musclse are therefore classified
a8 cholinergic as avre ell pregangllionic autonemic nevve Librss and
the pestegenglloniec nerve fibres of the pargsympathetlc system.

The actlon of acebyloholine is not blocked by atropine at the

neweomusculer junetion nor mimiclked by muscerine .
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852

Nicotine howsver, produces a simller vesponsse and according o
32 - '
Dalets clasgifications the actlon of acebtyleholine abt the
neuromusculer juncblon iz said to be nicotinic rather than

muscariniec,

There are thiee methods by whieh the transmlssion deserived

L

S
above can bae blocked:

1. by depressing scetylzholline synthesis.
2, by depressing acebyleholine release.
8. by depressing mobtor-end plate senslitivity.
;1o Aeestylcholine iz synthesised by choline acetylase at the
" eholinerzic nerve ondings by the transfer of acetyl groups from
scebyl-coenzyme A to choline. The most important group eof
compounds capable of inhibiting @@@tyi@h@lin@ synthesis ave the
nemicholiniums of which HC~-3 (XXXVII) 4a8 the most acstive m@éb@%&
These compounds are bellseved o Insctivets the choline sarrier

mochenism scross the nerve mewmbranss Lo the intraceiliuvler site of

apabylation.

{Raxvid)

e

2, Depression of acetyleholine relesase capn be achleved by

alberation of the concentration of calelum lons eand magnesium lomns
in the extracellular Liluid, Excess of btoth calslium and meagneslum
lons hes 2 depressant effect on the direct exeltablility of the

mpaele Libre membrans . Depression of asebyleholine rolease is


mailto:ac@tylchol3.ne
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sleo obiteinaed by lecsl anaesthetles and botullinus toxin,

3., Dspression of the @ndmplﬁﬁa sensitivity ean ve achlieved by

one of two methods, the epents being depolarizing or non-depolarizis
neuromusculsr blocking cgenbs.

A non-depolarizing bloeck i&lpw@@u@@d oy compounds sueh as (+;
tuboeurarioe and gallamine which compete with acetylecholine for 1ts
receptors and thus pravent depolarization of the post-synaptis
membranea . Their &aﬁi@ﬁ is ép@éifi@ in that they combine wiith the
acabylcholing recepbors and donod interfere with the releass of

4
agetyleholine on stimulation of the nsrve @nﬂing@%é

The feaslbility of this wmechanliem of actlion 1s supporied by
the faet that the peralysils produced s relleved by messures which
Inerease local concentration @fiﬁﬂﬁtyl@hﬁlinﬁ ot the motov-end
plate reglon. This reveraibllity ls of Ilmportanse c¢linically as
the effects of manmﬂ@palériaing neuromacular blocking agents
ineluding {4} = tubocurarine and gallamine a?@*rapidly eountereet ed
oy administration of the anticholinssterases neosbignine and
sdrophonium,

A depolariszing bloek ls produced by compounds which aect In o
way simller to &ﬁ.@xaﬁﬁs ef agetyleholine. After an Inltial
stimnlation they produce electrical inexeitabllity in the reglon
ef the motor-end plate, thouzh this happens only in cevialn specles
ineluding man. In the wajority of anlmal spscies however, the
above mechanism chanies in some way during sthe bloeking process and
the asbual Dlock proeduced ls dug %o the ralsing of the threshald
' ' F)

o acebyvleholine and 1s known as & "dual blosk”.  Compounds eckine

oy "dual bloek" cause 8 rapld deeresnse in the ssnslsivity of the



jeh
e

mugcle o reopeated dosead which ls characteristice of nelther none
’ depelavizing nor d@p&larizing agenta, Howevay Hodges and Foldéﬁ’
suggested that the difference betwesn ncnmﬁﬁpelariming and
depolarizging action in neuromusculayr Llocking agents may bse one
merely o0f degreo.

1t hesg been pestulated that the meechanism of neuromuscular
block 18 lonic in nature and thal the catlionlc centre of the
biock@? involves iLtsell with the complementaery anlonic site of the
recoptor assccilated with the so-called nicotinie effects of
B@@tjl@hﬁliﬂ@o% There are howsver a VQWL@uy w; respenses axhiblted
by different gquabernary @@mpoumds on a single tilssue preparation
indieating st for @p@@ifié actian at the neupomuscular’ junction
tther factors i@@lmdimw @nain 1én5th onium 3ﬁbstitution9@harg@

dengiby and van der Waals ﬁ@raea /e 1mPQILtho

1o Chaln L@ngtno From the fact that the tubocur&rin@ mola@miﬁ

contalinsg two nlétrogen atoms se arat@d by a distance aanalaewﬁd from
molecular models to be mosh l@k@lj petween 9 £ ana 15 ﬁ 2 Large
number of compounds of similar interonium dlistance were dsveloped.
That the interonium distence méy well be in this range is partly
substantiated by the finding frmm Km?ay @gvgtalﬁavrapny that im
taxif@rin@ it isg 8.7 A;‘ The duﬂl effects of chailn length and @nium
g%oup saubstitutlon on the potency of p@?ym@thylon@biaquaternafﬁo
has raeently been invcwtﬁgﬂ ad by Llwarbnyég H@xam@tnanimm bromide
and i@did@_(ﬁkﬁVlIIvR3M@p na8) decaneshonivm bromide and iogdide
{(XXAVEIII R=Ne, ﬂéla) and  deocacthoniuvm Llodlde (XXXVIII Rekt, n=10)

ware found by Elworthy te have in agusous solution iwternlitrogen

distences of 60"39 @oﬁﬁ and 1002w1$0§ﬁ reapectively.
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There sre severel possible arrangements of the efhyl groups
onn the nitrogen atom of decasthonium, The ethyl groups can be
al@ngaiﬁ@ the main part of the hydrocarbon ehain {KXXV@II&)~@f
point outwards in the X dirsction (AXXVIIIB). To produse the
minimum interfacial energy between the water and the hydrocarbon
shain it would be expected that as meny groups as pessible would
bo in the first posibion resulting in 13.1 & for the N-N dlstance
With two ethyl groupzs slose to the hydrocarbon ehain and ons
dir@@ﬁ@@ outwards 1l.5 & (XXKVIIiGJ b@tﬁ@@%:ﬁﬁﬁ is obtained and
with one athyl group close to the chain and two dlrected oubwards
10,2 & 1s found for N=-N, The remaining arrengement does not seen
possible as the molecular models indicate that there is
insufficient spsee on one sides of é nitrogen atom O accomodate
ald three ethyl groups.

These internitrogen distances are lavger Uthen those found Lt

decamethonium and the regults fmpnly thaelt & messure of nretaction



@
is given to the hydrocarbon chain by introducing large substituents
on Ho the nitrogen atom.

The N-F distence f@?h@xsmm't;}wrz‘iezm; 6B X;ois alightly shorter
than the mean N = N distance éalcu]aﬁ@d by ﬁill (G, 9 ﬂ) but falls
within the range of his probabllity maﬁculations 100 6=7.8 A 16
13 abouk 3 & shovbter than that measured on a Catalin model
arfang@d in a resular conf flguration ,thls belng aue to interfacial
anergy effects In solubion.

The 9.5 A N = N dist&ﬁe@ pbteined for decamethoniwm is aboub
4 R ﬁh@?i@r than the distancé'f@und from measurenents ocn & Catalin
modsl bﬁﬁ'ié in agreecment wi%h the 9-10 ﬁ suggested by Caray,
Edwardsp lewlas and Stenlake in 39090; \

When en ethyl group ig smbgtitut@d for & m@thyl bromp the
N - N in@r@&éééltnougn only if the chain linkimg the nitrogen atoms
is flexible. ‘ -

In the biatri@thyl&mm@hiﬁﬁ seprlies peak curariform activi@y
éccuvﬂ in the trid@@yl compound whieh hss an imﬁ@rmitwag@n‘distan@@
ofleélﬁ Rﬁ a valu@ found by insarp@la@i@n on a graph of N = N
dist&n@@ ageinst the number 01 carbon atoms joining the nitrogsns,
lThis value oxcesds the 9.5 2 fOUHd for d@@@m@thaniumﬂghigﬁ hag the
p@ék‘curarifarm netivity of the methonium series thus supporsing
the view that other factors have to be considered along with the
internitrogon distence of the moleeculs.

The chaein seperabting the two quaternary nistrogen centres can
be composed of several antibtles, the ﬁimplﬁaﬁ'b@ing &
polymebhylens chain.

Replecement of the methylens groups by ester linkages (XXRIX)

and reversed ester linkeges (XL) vesulis in the compounds
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exhibiting & similar overall pat%@rm of asctiviby to %h@

awrﬁ@ap@mding po lymethylene Pompwundsﬂ sux&m@ﬁb@p?um (XL:9 ety

' 87 =4
mﬁé REH@} belng the moat @?f@@miva of the @Su@?wiimh@ﬂ @Qm@aunﬁra

S g Sy
it 510> (GHg) GO0 - (CHg),, N Heg 21
(Zxx1K)
-m‘z;' - Xy o
Ry (CHg) 0G0 (Ol ) 60+0+ (GH ) o1y R 21
(x1)

If one or movre of the methylene groups of decamethonium are

replaced by ether groups as in {¥LI) emd (XLIX) maximum ae8ivisty of
these compounds appsars to bs at a greater intevonlium distance than
in the corresponding @0mp@umd$'jn the polymethylene bisonlum seviss.

These observations are difficult to reconclle with the faoch

EY L o - -
Ry« (Gll,) -0 +(CH,) -0-(GH,) -1 B, 2

{x1.2)

Hog +(CHlp) 5° 0 +(Clig) 1" O° (GH2)§°§H Me, & Be"

: (Bﬂgv GO QP (Eki2° GO-OpPz

(xa1)

bhat oo other link compared with a methylens group @m&@&ﬁ@

o 50
the c¢haln by only 0,13 A,

Substitutior of the methylens uvnits of decamethoniuvm by ureldo

and carbameyl linkezss results in a changs similay toe that observed




with ether subatiiuted a@mpuvadﬁg the meximom a2ctlvley agalin
oocurring in the longer ehain eompounds, The premier example

)50
of %his bype is %he carbolinium compound — (ALITI,0e6)

L

qﬂ.
e - (Cy) - 0-00- NG + (GH, ) - NH-GO-0 (Glig) o m'm% 21

(FL112)

If however, mothylene chain unita are %ubsmitm ed by alicyelle

Pings the resulting compounds show reduced poteney and medifisd

D

activity as In the casa of the cyelohexane d@ﬁiv&tivamiﬁﬁlﬁﬁ
, 51,62,63
and syelomethons ~° ° (XLV)
> \\ &

M&? 51\{{““' ""’"'""'“{Gﬁﬁ} § e _/)“”"““""“’m He 3 Em

(x3,2¥)

/(@mﬁ)@\ |

mm B o m@ -

(G g

- ()

The imtr@du@%imn of an aromable ester functilon (AL¥T) . doas
et a@fi@u@lv moﬂify the type of block and these eompovnds shexe
the pranaw&y of the ether linked e&mpaunﬂa 1o exerting their

m&x&mmm ppteney at & somewhain greater interoniuve dliatencs when

P

B4=B7
compared ko the corresponding polymsthylens ehsin @@mpum@m@o.
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Many other bHypss of Snberguabornary oehalns hoveo besn exramined

16y 6
Qf(‘f” D vt

including plperasineg (XLVIL) snd benseguinone linked sompounds

)

oy

(RL¥ITE) but their elinieal usefuloess has beon liwmibed ag th

TR,

oy " I
L0 f 7 ™ h' T , PU: Rt
B (08 )4 /‘3“ (Gt iz 2%

(x23)

ﬁ?
Q&ﬁ ((@I@) g Bl \ ///“ By @Kh} }T_‘ﬁmm@ 2%
. /ﬁym___/ .

&
(uaan)

2

N
1

monremnsenlar block produwsed 1s only woakly antagonlsed by

veostignlns .

)

2, Varlstlon in Sod-0Groups
The scownleted date on aubsblbtustion In the QUALERNAEY
ammonivm bead of the Disconivm compbpunds would seem bte Indicase

Yol 4 F < ‘ s N AT >l w Y YT Ao Pon 3 ey ol pn oeyatta 8 o pn S g R o
what bhe offeet s partly dependent on the Inberaniim distanss.

P
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In the decemsthonium and suxemethonivm series replacement ¢f N -
methyl by N = obhyl groups resulted in e fall in potoney. L6 was
7

L1llustrated by Rossum and Arigngl that an lnereaas in alkgl elnaln
longth led not only to a fall 1% potency but also %o & ehange Iin hhe
mode of Ackion. D@eﬁm@th@niﬁmb@nd suxamethonivm both aet as
ﬁ@p@l&ﬁiﬁimg agents bub on substitution of the me byl grovps by
propyl girowps the actlon ig miméd depolarising and non-depolarizing
and on substisutlon with still ﬁigﬁ@r flkyl substituents the zetiown
bagomnas @wmplgtﬁly non-depolarlizing.

This can be ratianalia@d.by.th@,@@nﬁua%iwity noRsuNrenents of

o S

Elw@rth?f whish showsd that the N~-N distancse in polymethylene bls-
-@nium salte was ineveased by bhe substliubion of ethyld gW@upa far
mabthyl groups (ses page @@)o

The Iincorporation of the qmatéfnafy mitfﬂg@m imt@ B he bero:
aromebic nueleuns mm.m- and {1 ) comses o raduetlon
in LNy, The introduction of nucleayr methoxyl substitue.bs
@'R&iﬁ 5_ inko the d@c&mﬁﬁﬁyl@n@ viseguinolinium compounds [XRIK)
rostores the activiby, The groater formal struetural simllerity
hé&wa&m these latter compounds and {4+) ~ tubocursrine ehloride ia

obyious.(Twsne TiL),
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P@t@n@g of compounds with heterooyelic onlum pgrounps.
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In the related decamethylenebistetrabydroguinelinium (LI),
decamethyleneblisdecahydroquinolinium (LII) and decewmethylens-

bistetrahydrolsogquinolinium (LIXI) selts potency 18 still further
72

increased,

The most useful compound which has so far smerged from those
heterocyeclic onium substituted compounds is laudexium (LIV)?SPVSH
It is more potent than (¢ )-tubocurarine in the cat and rabbit and
its actlon is readlly reversed by n@@stigmin@vgc The main

is&dv&ntag@ is that 1t has a long duratian of actien,

(Lav) Bl

A logical extension of these studies was the replacement of the

trimethylammonium groups of suxemethonlum by large saturated
heterocyclic groups as in the bengyltetrahydyroisoquinolinium
compound (LV, n=2, m=2) which has been examined in some detat180
1%t produces a tuhocurarine-like block in the cat which

is sntagonised by neostigmine, but its potency is low being only

. 1/30 - 1/40 thst of suxamethonium &&@am

ng g 4 f“‘\“f‘%
MeL W.(0s,) ©.00. (on e
" s :XQ
~ ,v“/ \ { )m 0. (on ) N\
Glig Me
/
MaD ™ i (1v) Gile

MeD




Polyoniuvm Compounds

Kensler, Zirkle, Matallana and Condouris examined & series or

tris-onlum compounds (LVI, n=2, 3 or 4, R=Me or Et) and found that

+ o
[sta (cH,) ‘J LA35r
{(LvI)
the maximum potency occurred in (LVI, ne4, RaEt)Blo

. . .46 ,82-85 .
Stenleke e al, ’ 2, exemined an extensive serles of lincar

polyonium compounds inciuding NSN =(LVII), NNN - tris-onium
(LVIII), NNNN, -tetra-onium (LIX), NNSNN, - pente-onium (LX)

-and the QQHNNN,u'haxaaBnium compéunda (IXI).

A % &
¥ N o R : it
RRN-(CH,) -SR°(CH,) -MRR* 31
(1v12)

RR, N +(CH e ' (OH.) ~HR.EY 317
g «(Cllg) ; WER®. (Clig) WRGRT 3T
(Lviiy)
ROR ¥+ (CH ) RS WRR Y. (GH.) * R =
¥ ( 2}?}1 a(ﬁ%)ém ngﬂg}hmﬁﬁg 4z
(L1X)
RORN-(CH,) - NBRY.(CH_) -SR® (0H ) . NRR'- (0B ) - 1R R° 51~
-?3 2 i ?E E}‘ ﬁ Iﬁl ) g 2} 2
{5x)

RE {(@Ezg) 0 1@1@&{‘ {Hg) ﬁ?ﬂfpﬁ 63
()*
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It was found that ethoniuwm compounds with the snluwm grouvps
aaperated by & or 6 methylens groups wers predominantly tuboouranins
2ike in action whilst theso compounds with 10 methylens groups

separating the onlum contres apted Like decamethonium.Bbe overall

ehaln lengih is wnlmportant in debtsvrmining the wype of block ag La
1llustrated by Tabls (iV),

TABLE TV
Comparisen of cheln length and interonium distancs of

g2 lyonium groups with the byps of nsuromupsular bleeck axhibited.

{Tez PTubocourazrine, G102 Decamethoniuvm )

Compound Typs of Noo.of atoms
Bloak, agparating

terminal oniun
ETOUDS -

& L) e ‘ R

Eball (CHglgl Etg(CHplg. N Etp(Clplgh Bty Te-like B
% & <

Ebgl (CHy o Btig(CHp )yl Bty C10-1ike 2
© % T %

BhigN (CHg )l Btp(CHplg N Etg(CHy ) N Kty  Te-like: 28
% T T e “

Efsﬁl\l @Gﬂg BaN 'ﬁ’;‘g-g((g}ig)ﬁ N EEQ(GHE)?}N }’:'oﬁ& To=like 24,
Bt Ll < L+

EtgN (CHp)gN Etp(CHa gV Eta(CHplgN Bby Te-like R4,
" - e, 'bt’ '@’ )

Et%ﬁ (GH?}SﬁHEtg(Gﬂgla N Eﬁ?(CHE) M E%3°Tfﬁﬁﬂi%i@mml° 26
< x> o < '

3 O S : o 3 ’Q Y VL

BN (CHp )N By (CHyle S Bt (CHL N B,

| (CHg )V By Te-like 27

o e Gl . 3 R 7o ) <P ; " i . - ‘n - E oo

Lmﬁf (CHQQQN‘,@Qﬁﬁﬂgﬁﬁ o Etgﬂbﬁg%QN Bty 0610-11ke 28
3 o & 3

BN (CH, )N Elg(OH,), ¥ E@%(Gﬁgbﬁﬁ Bl

(CHgy) N Bty (CHy )l Bby Te-like 24

- P w P

Bl (CHy N Beo(CH, )y N By (CHy W W B, C1D-1ike B2
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Substitution of 2 wmethylens group in the Interonium polymebhylen
chain by an ether Link {(JAIlkna (LAXIDproduced a marked desresse
. Q@w&%&é ¢ 0 : : 8, n 3 2 - ' 0 2 75
in acvlvivy. This is In contrast Yo Lthe potentiabing effect of
avomatie ether links 1l.0. mebhoxyl substitution in (4) =
tubocurarine and 1és lsomers and in decamobhylens blsbobras
bydroguinolinium  and getrabydroisoguinoliniwn compounds (LI) and

(LIXT o

> ‘ ‘;\; wh
0 a Y o @ K o S o - oy ; Y. o= mﬂ:l
ROBN - (Clig ) or 0 (Gl ) TR0 () o0 (0Hy) e KR 31

(23533 ) k —

B 5 N 7 it . FeT s - » ) o
B Ry (@H%E@ g LAY PRY «(@%)%»%mﬂ : (ﬁzﬁ%}@o wEs, A
| (T3322.)

It WOmld'ﬁpp@ér that sther subatitution in proximity o the
guatarnary @@mtf@‘in aliphatic @@ﬁpomnds reduces the charge ovn the
nltrogen atom and 8o lowers 1Ge capaclty e bind at the rscephowp
surfees: conversely it is reasonable %o suppose that the influencs
of methoxnyl and other abther lioks in (+) - btubocurarine and
releted molecules ils concentrated in the aromatic rings and the
charge on the nitrogen 18 xpot slmilarly affecbed,

Based on & knowledze of the potency observed in aliphatlsc
choline athers and the conbtribution of ether links te the sebtivity
of &) - tuboeurarine and related compounds the Lris-oniuvm
gompound, gallemine was syntheslaed In 1946 by Bovet, Deplervs
and d@'L@gtrangé%} It is tubscurarine-Liks Iin action dbub hae

only one Tifth of the pobeney in man.



(LRIV)

Successive substitubion of ethyl groups by methyl groups
results in decreasad p@%@m@yglo The wmoast probebls structuvre (IXI
resulbs from the natural repulsion of like sharges (LKI?)O Thig
sbagpered Orientation places the @mium groups af 2 distanse of

9-10 R units apart.

Neuromnseular bloecking agents are used in surgery te achiewe
musecunlar £laccldity espsslially im the abdominal ?@éi@ﬁo"'ﬁéf@
conbrol of the neuromuscular block in snsesthesis and surgery 18
essential snd the choiee of the Yyps of muwsele relaxant drug 18
bagsed en the duration of the operation and the conditien of the
patlont. The main musele rolexants wsed in guwg@wyv@w@ showz £
Tables (V) snd (VI)9%, Brief museuler relaxatlon of $=10 minntes
dupration iz mest often ashleved Ly suxamethoniim. Where a
protractad mp@r@ti@n in conjunetion with & sunacle vrelagent 18
antlelipated a econbinvous Iintravenous drip of a solubion of
sugenethonium may be wsed. The main advanbage of this mebthod of

adwinistrabion iz that no entagonistic drug sueh se necsbigmine 4
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reguired ss suxamsthoenlium s rapldly hydroelysed in the body; #

disadvantase exlists however 1im the rigld conbrol which must he

maintained in the rate of infusion,

Synerglism is exhlbited between

somé neuromuscular bloekicg

drugs and ansesthetlcs and thls enables the anasstbetist o

&

achisve » desper plane of unconsclousness with less anasathstic

#hen ke would noxmally regulrs with

Piak to the patisnd. Tuboeunraring
pargiculerly indicated for uvse with
aynergistic effest exhibited In the

though care must be taksn to enaure

the ?mna@qu@nt leasening of
and dimsthylivboecuraring are
ether dus to the large
prasencs of saech othsr,

that apnoes dess nok Geve Loy,

Apnosa snd respiratory depression can be countered by

administretlon of such substeness as aedrvophonium (IXV). whieh asba

within segonds of admindstration eod neoatignine (LXVA ),wnish Ghowus

net as guick in onset has a more prolonged action.

!

L
Eg%‘; e znlﬁmr_mz;jlw;@
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Thie none doprleyi zing rolovents ik ﬁwhn@n cerinG and

geilemdne heve & nerked snbeagonistic @ff@@& one W depplevinling
u@my@mﬁﬁ& BT @mmﬁmﬁtﬁ@n&wm; - In QT@@$ to produce &
pauromuscular bloeck with a d@pmlarizing substance after prilor
administration off a aubp&ralyti@ doge of tubocurarine requires
» dose of 3 %o 4 Gimes grsater than the normal paralytic dose of
suxamethonivm. The intensity and lengbh of the bloek when

fimaliy induesd may bs excessive and the r@@ulﬁing,apnm@a nob
aasily f@vargﬁdo However, in the reverss case the nouromusculsyr
junetion ia nov unduly_s@nsiﬁiZQ@ to () = btuboeurarine by @
previeus dose of suxamebbonlium, This mebhod has basen niillzed

o prevent the accumulation of succinylmonoecholine ( LXVI) the
primary breakdown producst of suxambthonlum which 1¥sell may

produsce severe resplratory deprsssion. After 30-45 minutes of
gontinuous Arlp Infusion of suxamethoniuvm small desss of
tubveuraring or Jellamine can be sdministered smnd at the terminailic
of surzery respiration will nolt be depressed oy 4T @@pr@SS@d grally

reversed by neostignine.
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Neuromugeular bloecklng apgents used in surjery.-

Generic name . Trade Name

i+ )FTubvcuraring ehloride peahehydrateo

Dimethyltubocurarine c¢hloride Meson thin
Dimethyliunbeecurarine lodids | ) Metublina
Gotoxiferine - Iodlde S——
C=Curarine Todlide SO
Gallamine trilethiodids : Flaxedll
Beogoguinonlum. ehlorids Mytolon
Laudex dum methylsulphate Laudolisain
Decamethonlium bromlde Syncuring
succinyleholine ehloride Ancetine

| Scolina
Sueeinyleholine lodide .Galoeumin@
Suxethoniun bromids Brevedll B

suecinyimonocholine Iodide

Imbretll

Prestonal

ramray |
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Compaxrative poteney of neuromuseular blocking npgﬁ?:
for The production of surglical relaxatlion

R o a e w LTRTLL AR e

TN

Agant On welght basis of On moiny
bagls,
Catlon Sali.
(F)-Tubocurar ins Lo O L0 Lo0
Dimethyliuvbocurarins Do® BoT G
~ ehlorideo
Dimethylitubocurarine , D& ®o8 SR
lodide. _ .
Torxiferine 8.5 8.6 T:=5
Gallamina 0.3 Q.2 0.8
Benzaguinonlum 1,0 Lad 0.9
Laudex Lum 0.5 0.5 0,
Dooamsthonium Bromide Ta' Do Dol
Suceldnyleholing Chloride 1.6 Lo 0,¢
Suceinyicholine fodide 1.8 1o2 0.9
Imbrat Ll PN o Do
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Daaplte the numbar of compounds aynbthegised Loy vwse ag
peurenuscular bhlooking agenbs bhe 31&5&@&1%y neeful ones (Teble ¥
waielh heve arisen from synbheble precedures aye somparatively few
and none iz ideal. Ravhdr then dlvesh synthesis a gecond apprens
%o an ldeal neuromiaeular blosking agent 1s @x&mpiif&@ﬁ by the
medifications of existing welle-trien blecking agents.

There sre Four stereolisomers of vtubpeurarine and bthey esbhills
marksd differences In potensy from sach obher 1n the rabbli-haad

drop snd otheyr tests (Table VIL).

T A B LB YII

e : 95,94
Relatlve pobencles of tuboocurarine ilsomers ¢
(rat diaphregn Gest)
T SeMers » Dptical HRotatiom Potaney

2t Sentres .

a b {IXVIL)

1.0

{ v)="Pubocurarine |+ -
(=)=-Tubscurarine = % negliglble
(+)=Curarine 1« S 5o
(m)mcmrafin@ - - 103

tomplete m@%ﬁylm%i@m e ﬁﬁb@@u@@%im@ (LXVIL, Ry=Me, ReaRs=H;
affords dimebhyliuboenrerine (IXVIL, Ry=Re=Rx=le) which is 8.7
times ag p@t@nh,@a (+)=tubocursrine and simdlarly (=)=
@im@thyl@mr@fiﬁ@ {LXVIL, Ro=Rg=Rg=la) is wmore then twlece as
pobent as (-)-cuprarine (IAVII, Ry=le, Hy*Rg=H). From bthese
r@@ulﬁ& it was consluded that the nuwber and posltlon of ths

mabhosyl groups copsidersbly alfests the activi€yo
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Gav&ili&w ﬂuggéﬂhéﬂ ag @& possible explanation that agitterion
foymation apose frmm the presence of & phemolic hyﬁﬁ@ﬁyi GROVR
in {4) = tubccurarins and might canmse bhe lowsy actilwity. in
suppert for this theory Kalow showed that a2 the pi waa Inereassd
& reduction in potency of (%) - tuboeuraring was observed, the pH
baing assoclabed with the diﬂ&@@i&ti@ﬁ.@f one phenolic group. o
activiby of chondocursrine (IXVIL , Ry #Me, RyShy 2M) also added

walght to the theory. it is nearly three timss ag postent as

o2t

<

{#) - tubocurarine snd has the hydpoxyl wnd wmethoxyl groups

pogitions 6 and 7 of the Llsoguinoline nucleuws, the wxeverse of f{<] -
tuboveurarine ,with the result that the phencelic hydvrexyl greup is

removad by one carbon atom from the influence of the onium grovp
as compared with the situation in &) -~ bubscuraring.

In the case of the alen-bubtyl (IXVIL, BysMe, Ry =g ©Bu)

and the dlbsnzyl @hmawg‘(xxvzia\ R1%E@D H% %R”yféﬁal whileh have @
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PTABLE VIIL

Potoneies of methoxytetrahydroguinolines and m@%hggyo@tr@hyﬂr w
isoquinolines (MMalmal effoctive dose in rabbity

@H ) 21
2°10
Submiliventa. R Dose. ngkgo
None 0.75
6 ~ Methoxy _ 0.2
B Hathoxy ‘ 0.1

T
Mg s
- {TLELX)
Substltuents - Dose., mag/kg.
Wone - ’ : 0.75
o=llethoxy 0.2
6 QQT"""Dim@ th@w Oe 05
6 ;7 B=Trime thoxy 0.02
{+)=tubocurarine 0,1
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low order of activity the explanation of Kalow does not suffics,
The increase in potency of NyN—dimethyl-l,l0-decamethylene~
bvistetrahydroguinolinium (ZXViII) and the related
te%rahydroiéoquinélinium di-iodides (LXIX) supportas the view that
the number and position of tﬁe methoxyl substituents in this type
of molecule plays é vital part in the'ae%ivity of the molecule
(Table VILI), N

The increase in potency of 0,0~dimethyl=(+)=tubocurarine
iodide over (+)=tubocurarine aﬁd the increase in pétency when
méﬁhaxyi'@uh@tituenﬁg are added to compounds (LXIX) and
(LXVIII) may also be due in part to an increase in lipoid
ﬂolubility97a |
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DISCUSSION

When the present researéh on (+)-tubocurarine chloride
(LXX; 31ﬁM@g Béeﬁzﬁﬁ} WAaS instigated in 1960 it was already
known that curine (LXXI, Rq=Me; RgaREgH) and chondocurine
(LXXI, RIEBEzﬂg szMe) were isomeri@ggo The stereochemical
relétionship betweeﬁ these two tertiary bases had been recently
ﬁetetmined-b§ Bick and 01323999 @h@ used sodium in ligquld -
—ammonia‘to eleave the dimethyl ethers of the two isomers.

The fission of Qﬁgedimethylm{+;m@hondocurine (LXx%1, R%zﬁagﬁﬁgMe}

and 0,0-dimethyl~(-)=curine (LXXI, R, =R,=Ry=Me) afforded in

1
both cases two known optically active coclaurine bases,
O-methylarmepavine (LXXII_ Rﬁgﬂ?ﬁaﬁgMeg'R&:H) and N-methyl-

o,

coclaurine (LXXII, RysMe, Ro=Ry=R, =H}. From 0,0-0tnethyl-{+)-

D%




chondocuring, («)«-0=-methylarmepavine {LEXXIT, RﬂﬁﬁqgﬁﬁﬁM@g RQmH}
and (« )mN -methylcoclaur i Hﬂ {LXRIT, Ramwag Rpxhjwﬂuﬂﬂ Wwara

obtalined while both the Dmm®thylarmﬁwav#n@ {TXXTIL, R aR MR mhmq

1

2@3%,

‘%.,:f’

MH} and” the %ﬁmeﬁhylmﬁcﬁaL@imv {LERIT, RﬁwM@g R h




obtained from (O, O-dimethyl(<)curine (LXXI, R%gﬁggRsz@?
R=H) exhibited & negative rotation.

{(+)=Chondocurine (LXXI, R1ER32H9 RagMe) when quaternised
yields (+)=chondocurarine (LXXQ.RQ%RﬁgHQ RgéMe) and since the
dimethyl ether of the guaternary base has been proved identical
to the dimethyl ether prepared from (+)aﬁubocurarin§§(LXX9
Ri%Meg RgaRﬁgH) the configurational relaticnﬁhips asgertainad
by Bick and Clezygg ?cr the tertiary base chondocurine must also
néld for the queternary alkaloid tubaﬁurarine‘(Lxxg Rngag
Rgmgﬁaﬁ)

-ih@ absolute configuration was not known and from a
biological point of view the conformation of the tubocurarine
molecule wasiimporﬁantnin‘that it:might-heip further understanding
of the mction at the receptor sites at the neuromuscular
Junction. During the course of the preseht study ﬁﬁnﬂm@%@ and
T@%ﬁﬁ&login 1962 deduced the absolute @onfiguration of the

molecule (vide infra).

In 193L Leithe compared the optical rotations of laudanosine
.!mﬁthiodidé {IXXI¥I) and synthetically prepared (a)%ﬁf
phenylethylamine (LXXIV) in solvents of different polarity and

con@luded that these two compounds probably had the same absolute

configuratio 100

Leithe’s conelusion was confirmed by C@r?odj'anq Hard@ggarﬁcﬁ
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wﬁmA@mnv@fteﬂ (m}wt@ﬁ@@hydrmpapaverimﬁ (LXXV¥) by meithylation
o {+)=louvdancsine -@efhlodide {YAXIXL)  apd thenes by szonelysel
ﬁé ﬁﬁﬁbaav%mxy@t&glagparagim& {LAXVL) of kuown absolute config-

oD

. ’ N - 3 & P P 3 : p = ) . Uﬁ AN
uration. . In a somewhat GRElOZOVE meaner Baltlersby and Bawards =

{ LwRXLLT )

CH-
HOOG~" g‘*’x@%

BOOC . Af—H

i e GH
;'QH" !

=

A 00~
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devived the absolute configurations 0f the ilsvguinoline alkelolds
salsolidine (LXYVIE, R=Me), salsoline (LXXVII, R=H) aund
ealycotamine (TYXVIIL) by degrading (-)-salsolidine. base %o

Y-2-corboxyethyl-L=alanine (LXXIX) which bad been synthesimed

from Twalanine for comparison. Ia 1962 Tomlia and Kmnim@t@910§

101

using the previous vesults of Corvodl and H&f&eggarg deduced

N \7<me
/

/
e @ﬂ%@ﬁ

{LXETLIL)

BOOQC < FHL
| \> T,/ 2
"

Me

(TXEAR)



My
the absolute configuration of a number of coclaurine aikaloidao
D(a)mlaudanbsine (LXXX, R=OMe) was demsthylated by sodium in
liquid ammonia to b(w)wlaudanidine (LXXX, R=OH) and this product
then converted fo D(=)=laudanidine phenyl ether (LXXX, R=066H5)
by an Ullmann reaction’ with bromobenzene. The phenyl ether
(LXXX, R=006H5) was cleavgd with.sodium in ligquid ammonia to
yteld (=)=Q, Q, N-trimethylcoclaurine (LXXX, R=H) (l.e. (-)=0-

methylarmepavine).

Me

1t was thus proved that D{J~laudanosine (LXXX, R=OMs)
and (=)=Q, 9, N-trimethyleoeclaurine (LXXX, R=Hj had the same
absolute stereochemisiry end similarly shown that L{¢)-~laudanosin:
and (+)=0,9, gfﬁﬁgm@%hyl@@@laQwin@ had the same sbsolute

configuration.

10k arrived at

Almost simultaneously Ferrarli and Deulefeu
a similar conclusion with regard to L(+}wlauﬂaniain@ (T.AXH,
R=0H} and (+)=0-=methylormepavine (LXXX, R=H) which were prepared
£iram a'cammun optically active intermediate. Diazotised {(+)-

and (=)=le(3-emino=l-me thoxybenzyl)=1,2, 3ok -tetrahydro=6, 7=
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dimethoxy-2-me thylisogquinoline Aihyfrochloride (LAXXI) was
treated with hypephosphorus acid to give {+} and (=~} Qemethyl-
armepavine respectively. Paritial substituiion of the diagoniim
molety by hydroxyl (but always with sinmultaneous substitution
Dy hydr@g@n)g was effected by preparing tﬁ@ flﬁ@r@baraﬁe o
the diazonium catibm Tollowed by decomposition ¢f this salt
with acetlc acld.

Seperation of the two products afforded (+)-Q-methyle
armepavine {(LXXX, R=H) end (+)-lavdanidine (ILX%X, R=0H). Thess
authors therefore coneluded that matural («)-srmepavine had

the R{(D) configuration.

M)~y
MM HOL e
hyp@ph@spn@mgps

acid

Hﬂ&ﬁ%?

=2

The demonstration that the lesvorotatory bases of ithe
cwciaurin@ type had the D configuration and that the dextro-
rotatory coclaurine basesihad the L conflguration led Tomito
and his asscclates to exemine the absolute configurations

of the two asymmetric centres in certain biscoclawrineg bases
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including curine {LXXI, ﬁﬂgMQ@ waﬁ%gﬁ}g shondecurine (LI,
&o L
RgmM@g gmﬁ) amd the guaternery derlvative tubocuwrarine

(LXK, quM@g Rpgﬁﬁﬁﬁ)a Prom the known relationship F@twenv
curine, chondocurine, @h@ﬂn@@uﬁ&y%ne and tubocurarine {p.49)
Tomite on consideration of the known fission products deduced

that centre A was D{R) and centre B was L{S8) in (LXX).

o,

»”\%
\1 Ry Oy f”/\

W Me o
1 — M R0 N /\(a\v;m Mey,

CHle

EA

(L) (T3

In this laboratory the problem was appreoached from a differen

point of view, namely the derivation of the base Yuvbocurine o
preferably Lts gﬁgmdime%hyl derivéﬁive from the naturslly
eceurring guaternary salt tubocurarine. Flssion of the ddmeithyl
base with sodlum im liguid ammonia would then be sxpected to
yield on the baéas of literature evidence (gggg‘ggggg} twe besep
of the coclaurine type, cach base P@pr@@antingA@ne @pti@ai sentre
of the original molesule. It was further expeected that
meagurements of the opitlcal rotation mﬁﬂthevtw@ produsts of

fission in solvents of varying polarity would provide evidence of



the absolute confliguration of the coclouwrine bases.

Preparation of O, O-dimethyltubocurine.

Three nmaln methods eare hkaewn for the removal of s methyl

group from a guaterneary smmoniun salit, namely reductlon wiith

idthiun a]um«nsum nydrid@l 59 traatment with posassium thiophan-

106 in tristhylene glycol atb lﬁamzﬂQ@ and tireatment with

147

olate

aethanolamine at elevated femperatures.

Reductive dealkylation of O, O-dimethylitvbecurarine by 1ithium

aluminiun hydride.

~vn)

The ﬁédu@%i@ﬂ of a guaternary smmnoniuvm salt to & tertiary
amine by iithium aluminium bBydride was fivst reporited by

Kenner and Murraylﬁb

who reduced sitryehnine methosulphate to
gtrychnidine. It waes suggested by these workers thet %this reactl:
on account -of the greater inherent @us@@ptibility of methyl
groups compared to higher alkyl groups Ho Smg reactions, procesds
by a bimpléeular digplacement of @h@,gwmeﬁhyl group by the

hydride ilion.

A \{: @ \ ) :JL\ |
sz:7ﬁ§w~©ﬂ | ) Ry—3¥ &  GH,
Ry | Ry

§nesaky

The identificetion of mebhane on the basls of ite umse
gpectrum serves ito substantiate the m@chamiam proposed Tor thie
reaction (LXXXIX), The progress of this type of reactlon may

be followed essily by measurement of the amount of gas evolved,
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O, D=-Dimethyliuvbocurarine jodide, obhitained in high yleld

on

from tuboscurarine ehl@rid@lgg when reduced with 1lthium aluwminiom

hydride gave only o winute guantity of the expected tertlery
baa@_Qg]deimethyltubmcurimeq Variation in the reaction

conditione failed 1o incﬁeagﬁ‘th@ yield, These resulir parell
those of Tomite and Ibukala? who found that, whereas for certalin
slmpler élMaloids including (£)-lavdenosine methiodide (LXXXIIT},

(?h)mg» deimé‘thyZi.c@m'“mb@x{in@. methiodide (LXXXIV, R gapgm@)

1

énd caﬁadin@ mﬁthi@diﬁa (LAXXV), the corresponding teriiary

bases were obtained in high yield. The wore

complex alkaloids 1nciuding a.naﬁbeﬁ of bigcoalagrina guaternary

alkalolids only afford small amountes of the Tertlary derivatives.
Aﬁtem@t@d.P@dg@tiﬂe>dé&lﬂgl&timnAmn the esporphine itype

phenolic guaternaries eorytﬁﬁerin@ methicdide (LXXXIV, Rqaﬁzgi}

and lsocorydine methiodide (LXXXIV, R, =Mle, R,=H) with 1ithium

alumini vm hydrid@ resulied in almosi complete recovery of the

starting material,

o3

("‘J
95 4,

{LI0031)
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Dealkylation of the quaternary tubocurarine cecmpounds had
been satisfactorily achievedAusing génanolamine. Potassium
thiophenslate has been repofted by Tﬁumbell9 Hirberli and
Ammon106 to smoothly convert quaternary'ammanium'cgmpounds to
tertiary bases and although the Low basicity of the anion is
alleged to avold Hafmann elimination in é@rtain cases dealkylation
of phenylethylamine derivatives has been accompanied'wiﬁh a
small percentage of olefin. The dealkylation of bisbenszyltetra-
hydroiscguinoline quaternary compounds with p@taséium tﬁi@pnen=
olaste was not investigated because of the facile dealkylation
obtalined with ethanolamine and.the ready avallablility of the

reagent. ' o

{ LXXEIV )
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Pyrolytic deeompositian of quaternary ammonium compounds
usuvally follows one of two pathwayss |

(a) the Hofmann eliminationlcg

which occurs in the presence
of strong bases and leads to the fofmation of an
olefin 3

(b) the decomposition of quaté?néry salts with weak bases
@f-which the classle éxample is the pyrolytic
decomposition of quaternary ammonium chloride, first

sﬁudied by Collle. and Sehfyverlogg which vesults in

the formation of the tertlary base and an alkyl
halids,
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The decomposition of mixed quaternary salts of the type
M e 1 LXXXVI) is of special interest and leads in general
to dissociation as follows:

Me“~NRci” MCgNR + MeCl
(LXXXVI)

If the reaction is conceived as a nucleophilic displacement
on carbon the course of the reaction can be explained by the
expectation that délocalisation of positive charge from nitrogen
to the adjacent cXrcarbon atom**”* will be unequal and greatest
in methyl substituents* |Nucleophilic attack will thus be
favoured at one of the methyl groups rather than at the alkyl

groups R, as in the following examples recorded by Collie and

Schryver~°~ (LXXXVII) and (LXXXVII1),

Mo A Mo
or -————- ) 0H GL
Mo AOHRjAH Mo NCHYCHg

Me

W OH .01
\ / \ ~

Me CHCHM&# ) - Me ~ GHO)g

Although multiple branching on the carbon atom should
on this basis still further inhibit displacement of the groups
Rp their effect is clearly outweighed by the enhanced resonance
stabilisation which the intermediate carbonium ion will activate

by hyperconjugation if the reaction proceeds by an S*i mechanism,
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That thia appears-to be so ia evident from the following
deconpoeitions also reported by Collie and Schryver**“p

(LXXXIX)p (XC) and (XCI)*

He Me Me Me 01 Me
+/ Cl \ :
N N on —4 OHO1
/ A/
Me Me Me
(3juuax)
Me Me Me Me Me
£ Cl* Me ~ 0
N n 4\\
Me CH2CH3
Me 0— Me Me
GHoCH”
(XG) Me — A GGi
OHgGH,
Me Me Me Me
01
\ "K products
Me CHgGH.CHg Me
(X01)

The pyrolytic decomposition of (CH*)*fezCl - (XGII)p
however, is apparently anomalous proceeding as follows with the
fission of a methyl rather than the benzyl group* On the other

(CH”) ~1iBzCl1l"™ (CHA*)~*NBz + MeCl*
(xc1i)

hand benzyl is lost in px'eference to ethyl from iSt*tezClo



The dissociation of quaterxiary halides forg¢a the basis of
their use as alkylating agents® In this respect they rank in
efficiency after alkyl chlorides and sulphoniurn ealtelll,
Quaterimry salts have been used for U-alkylation, O-alkylation,
S-alkylation and, in particular, N-alkylation by the use of
appropriate reagents which promote nucleophilic displacement

TT >
of a tertiary amine from the quaternary salt'

The competition betv/een the nucleophilic displacemente
which form the basis of these reactions and the alternative

Hofmann elimination was first studied in detail by Harli&rt and

Ingold*** with a series of propyltrimethy”*laamoniurn salts (XCIIX)*

” a .3 . PrNMCg MeX,
PrNMe , X - C

L " Me”N s CH->GH = cuv~ 4 H O
(XCIII) A -

They found that the aucleophilic displacement reaction {&r
became increasingly favoured where the anion is in the order of
decreasing basicity*?

HO HhO e CO* 8,
and that the alternative Bofmann elimination is correspondingly
increasingly less favoured*

The decomposition of a series of arylalkyltrime thylamn pnl i/
iodides in water at 100 was also studied by Norcross and
Openshéﬁlgnd similarly shov/n to proceed mainly by displacement
according to the findings of Hanhart and Ingold*

The decomposition occurs only when a methcxylgroup Is
present in thejg”*““posltion in the ring and is further facilitated

by the presence of an alkyl substituent on the”-'Carbon of the

side«ciiain, as In the following exeimple (XCI*
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Oie

‘fﬁ@‘?ea@ti@n is arrested as @ regult of the stablllisatlon
of the carbonium lon by the mesomeric effect of the Emmeﬁh@xy
groups, and 1ts geparaiion is facilitated by the induciive
effects of the alkyl substituents on thaj@w@aﬁbon atom. In
agueous solution,; the reactlon proceeds largely as shown by
displacements, but in diethyl ketone ellmination predominates.

Battersby and Bin&&llﬁ have similariy studied the decom=
position of Nemethylpavine methiodide (XCV) which similariy
proceeds in waiter at 1.00° by ddsplacement to give the corres=
ponding alcohel (and traces of the 1ledide) through the inter—

mediate carboniwn ion (XCV}.

t'! JM@Qﬁ I

iy
&

(o)

That disgplacement of smmondium groups does not always
procesd by an Syl (or E1l) mechanism is evident from the experimend
116 ‘ "
of Eliel and Pecikham’ 41 o These show that wherecss nucleophilic

displacement of Gl by CR  on treatment of furfuryl chloride



with sodium cyanide lceasds to a rearranged product Ze=methyl=5e
cyanofuran, implying a carbonium lon intermediate, neo such
rearrangement occurs in the corresvonding disvlacement of
NM@B-by GNwQ thus implicating reaction by an SNQ mechanism

proceeding via the transition state {XCVI),

/,;:#,wm ]
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Two observations of Norcross and Openshaw are of

interest to the present siudy. PFlrstly the absence of a p-
methoxy substliuent ina&%al&ylbenzylamimes lanhiblts the nucle-
philic displacement reaction. Thus trimethylélwphenylethylm
emmonium 1odide {XCVIL}, trimethyl-l=phenylisobutylammonium

jodide (XCVITI) are boith stable in water ai 1009,

cv“- L) d“f o

NHeg 1 N e, T
f/”_ i Gt Gt ggmmmmgﬂﬂﬁﬁ(ﬁﬂ§}2
N - ,

(IGVaE) (ROVALL)

This stebillity under the conditlons reporited is in contrast
to the decomposition of benzylirimethylammonlium chloride

previously reported by Collie and Schryv@riog %

hough the laitter
admilttedly was suvbmlitited to more drastle reactgon condliions
and no direct comparison hes been mﬁdeo

Secondly, Norcrosa and Opens hawll& clearly established the
ephanced stability in nucleophillic dlsplacement (and sliminstion)

reactions of gquaternary ammenium salts in which the gueaternary



e a

group is part of a heterocyclic ring. Thus dimethyl=2-p
metnoxypnenyipiperidinium icodide is stabie in water at 100°
and'only‘tne,hanan@terocyclic guaternary groups of g?methyle
emétiﬁete%rahydromethine dimet&iodide is décemposed (by
alimination) under these conditions (XCIX).

0, 'Tné stability of these cycliec quatefnafieé is ascribed
'Atd~inherént*reveréibility of the C-N fisslon process, it being
suggested that in the case of the oJpen-chain compound it is
possible for the two fission products to sep&raté quickly to
a. distance sufficient to'pr@#ent recombination,; but with the
l‘.fission‘of eyelie C=N links there 1is a ?estraingcm such
separaﬁion;

The use of the thiopnengmide ion and ethanolamine for
_.tne dealkylatian of quaternary ammonium salts clearly depends
on the high nucleopnilicity and low basicity of these reagents
which acéarding to Hanhart and ILng.oldlj‘l“‘5 favour nucleophilic
diépl&cemeht at the expense of the competlng‘ellmihation
reactiono The usé ofeathanolgmine in the.déalkylatien'of
qua£érnary salts (XCX) ha® been studiedtin detall by Hunlg
and 3éronll7o In addltlon to its high nucleophilicity and low
basic;ty9 it offers the fu?thef aavanﬁages of belng a good
'solvent for quaternary salts and pos¢essing a reasonably high
boiling painto \

In aecowdance with tne for@going dLscussion the decom-

positi@n of alkyltrimemnylammantum halides occurs p?incipally
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with the eliminetion of the methyl pgroups, unless the departing
alkyl group is capable of Torming a stable carbonium ion
intermediate, as for example 1T unsaturstion is present im

the alkyl chain. {Teble IX).

cH | CHy pm ~ cH |
> T~ j{)‘;’f 2 A 3\\ o
N H NCH,CH,0H =3 N + HOCH,CH,NH Ve
:‘*M’M p\%\_\ ) = . ’ \
CH R CH R
2 | wmr . -
, Table mo__ o
iCH3}5N - R %(cﬁﬂ)Bm formed %(GH3)£N = R
| R (splitting of R) (Splitting. of Me)
~ CH,CH,CH = CH, 99 )}
o C% GH 2 CH(:CH} 66 32
= CH,CH = Gﬁg 66 34
= CH3 25 | ‘75
= CH(GHB)Q | 12 88
== =4
(ﬂ%@ﬁﬁ 5 95
= CH, CH,CHy 5 25
- GHZGHQCHZGH3~ 2 98

Similarly, in accordanece with the experience of Norcross

i

and Openshaw heteroeyclic qgaternarg.ammmnium groups tend
to resiast ring fiasigng displacement of an alkél group b@ing
Tavoureds In g@n@ral methyl.groups ere disﬁlace@ ln.pr@f@r@né@
to larger alkyl groups in accordance with the expacted degres

of delocalisation of positive charge from nitrogen (¥able X Jo
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The bebaviour of pyrrolidiolom pelie (01, howevar, iz

pomewhat anomalous in that consliderstlo ving Tigsion ocoury

as 2 result of dilsplacement av the ving C.-N bond as opposed

o the N=CH. bond even in the dimethylammoniwn salt. Thase
: 3 r:/v

wmay resuit partly from steric hindreance Yo the approach of the
attacking reagent to the Nm@ﬂ3 bonde whiech in the fiv@

membered ring-%%rn@@&we wi il be in the eglipsed (rath@r Lhan

the staBgered as in slx membered rihgs) Qﬁiwnﬁatiﬁﬂa with
respoct to the hydrogen atoms of the ol> carbon atoms. Furiher
the use of eihaﬂ@lami&@ in large molar excess promoies displace-
ment by ethanolamine at the expense of displasement by I  thus
fupthew imhihi%ﬂmglﬁha p@s&ibil&ty of reversal of the réaction

. v 1 - ‘ .1
by recyclisation as proposed by Norcross and Qpemgh&wj gﬁ

!
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fund g s,;.&.if‘.ﬂ,ﬂ Beairan also veporited the decomposiilon of
Nomeﬁhylmayphjqan methiodide (OIT) in ethanolamine in which

ot

unexpected Hofmann elimination is favoured. The apparent Bronsly

N

//fNMQZ

{GX1)

of this reaction is possibly accounted for by the wmusual
@t@?@@chemistry of the morphinans, though clearly the asidie
nature of the bensylic hydrogen is an important factor ﬂjnoe

Hunlg and Bar@m 17

report & similar elimination fox
phenethyltrimethjlammanium iedide {GTII) though in this case

¢limination is accompanied by displacementd,

3 u 4 ‘v,— 4 E - . [ ) C%
| . - CgCH = CHy & (CHg) 589
CeHaCHCHMNICH ) T e 51 _GH_OH,_ e 2 8%
s S ™ 2
{ciii)

The stereochemistry of the morphinan is particularly
favourable %o an elimlinatlion slouce the departing ﬁ&mhyﬁfog@n
and amm@ﬂiumigroupg are trans and antipesrallel, and the sieris
environment of the reacting cenires are boith unfavmgrable to
the establishment of the necessary tyana;tioﬁ state leading to
diﬁplacemgnt an@ favourable to a relief of sieric hindrance
by . »1iminati@no '

These studies of Hunlg and Baron™ l7 have been extended

by Tomita and Takam@lla who have shown that in accordanse with




g,
g

ezpectation dealkylation of.Gg)wlaudanaaine methiodide (CIV)
gave ()=laudanosine in 80% yiélda In the cdse of more complex
biseoclaurine alkaloids thé yields of the tertiary bases
corresponding o isotetrandrine methiodide (CV), eyeleanine

methiodide (CVI) end insularine methiodide (CVII) were in the

60% region.

OMe

(GIV)

Nue

(cv)
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E&@MM&@& 0o O=dd imethyltubecuring Aﬁiﬁ%%@&mﬁ@m&
| The za@a@%ﬁ.@n pr@@@@de@i smoothly and .0 y-cimethyltubo-
surine was obiteined in approzimately 60% yi@"& Qo
To amémvtain é;hat figsion of m@ ring had net taken place

when 0, 0-dime tmylﬁub@cwar”’m@ ioGide was refluxed with ethenclemin:
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an ultra-violet spectrum of the tertlary base (,0-dimethyl-(+)-
tubocurine showed peaks >\ max. of 215 mu and 286 mu in the saxe
ratio (ca H:1) as the peaks in tuboecurarine chloride >\max.
215 mpm and 286 ma o

The cis-methine base (CVIIA) resulting from a Hofmann elimin-
ation in laudanosine shows )\maxo at 215 mpm  and 294 m p in
the intensity ratios: of 2:1 as does 343 ;4,4 ~tetramethoxystilbens
VI Amax. 214 mp and 303 mp o '

QM@

(CVIIA) {CV1IB)

Preparation of (+)-tubocurine by ethano%amineo

(+)=Tubocurine was obtained without difficulty in high
percentage yield,

-

Preparation of OQOmdimethyltubocufing-from (#)=tuboccurine witﬁ

To complete the cycle and obtain further confirmation of
the identity of (+)=tubccurine, the latter obtained from the
@thgng@@mine reduction.@f (+)=tubocurarine chloride was treated
with diazgm@inan@-in an attempt to pf@ducé‘gggbdimethyltub@w'

curine,




Excess of dlazomethane over a periad of six days did not
convert all the (+)-tubocurine to Lte dimethyl ether. The
separation of the two components was effected on alumine with
@1ut;gn by petroleum ether (40/60°9) giving gggfdimethyltubé@u@in®
iﬁ@eﬁti@al %o that produeed by the action of etnamaiamin@ G
ggg%ﬂimethyltubdcurérine i@ﬂidﬁo

Quaéernisatibn @f‘ggge@imethyltub@@uringﬂ prepared Lrom
 (+)=bubocurine and diazome thane, with methyl iodide by the
g@n@ral'méthgd d@é@ribeﬂﬂf@? the preparation of quaternary halides
yielded gggééim@thylm(%)atubaauxa?ine<i@dideg the melting polnt
and apti@al rotational values of which were slightly lower than
_th@$@ of authentlc meterial. Heowever, infra-red spectra were
supérimposable on infra-red spectra of the authentiec m&t@ri&lo
' The difficulty. of preparing bisbenzyltetrahydr olsoguinoline
.quat@rnary compounds has been recorded by S@V@f&l workers and the
material showed optieal rotational walues suffi@jent t@ exelude,
alang with ultfamvieigt @Wiﬁ@n@@g the posglbility of eithew
Hofmann elimination or more than slight racemizatlon.

Plssion of Diaryl E Eth@rs with Sodium and Liguid Ammonia.

S@m&ligalél and his coworkers in 1937 demonstrated that
diaryl ethers (CXLI11) vere cleaved by sediwm and liquld amm@mi@
to yield a hydrocarben and & phenol. 1% was established that
in general only diaéyl @&hef_link@g@s are reudily cleavedglalkylm
aPyi ether linkeges belng mugh more resistant to atiack because
one of the Eroups is satufég@@ and‘in this case the relevant

charge is not oh the carbon but on the oxygen.




(CVETI) | <g;m“:;>.@- HO™ \ //

The reactlon may proceed by alternative pathways expressed

K9/t

aBs =
S A ATH + AetOH
AP e O s AP e
b B tm*%ﬁArOﬁ s Artn

{c1x)

The neture of the products depends upon whether figsion
oceurs at A or B {CIX) and in certain cases flssion at
both A anﬂ'B (CIX) occurs simultaneously (vide infra).

Bireh 132 hag proposed the following reactlon mechaniam
for the fissions-
Ap — O < Af + 26 =3 (A7 + T0APT) « (A0~ 4 Aﬁ%

2H’ JL@H
v oy
ArH + Apr T OH "APOH + Ax H

The divecstion of cleavage 1s declded by whichever transition
state hae the lower enérgy. From the fact that ArH (pE about
37-40) is e mush wesker aecid than ArOE (pK about 16218)
Bireh postulated the freated part pf the emergy will be requi?@é
%@ form ﬁhé capbéni@n.A?m o Arlméar in other words the
greater part of the energy of the transition state will be

congumed by the carbon system, The relative stabilities
of the carbanion inltermediates {Av and Aw 7Y {which of eourss

determines the ultimate course of the reaction) should be laprgaslv



o
deatermined by the substituents present on the respective
aromatic meoietieg,. In practice thié 1s found to be truag;
the azyl groups containing the greater nugber of electron§a
withdrawing groups or conitalning the lesser number of slectiron-
donating groups almost invariably mekes a gre&t@r contribution
to the formation of the hydrocarbom. Results pertinent to the
affect of substituvenis on the direction of fission have bé@n
'obtained by the examination of the ppoducta-of cieavage of

unsymme trical diaryl ethers (Table XI )119=121.

(cx)

Table XI =~ Cleavage praducts. of pubstituted divhenyl ethers.

Substl tuent (Sﬁruéture SCE ) ¥ield% (Strueture CX)
R - ® A B
E - x 00 9
p-CH u 75 25
=CH, SR B 55 L4y
a@n@ﬁg E““Gﬁg 39 ; 61
H N, 0 100
H Q=NH,, 4 99
H R-000H 100 0
H ©=C00H 90 =
i m=NH, 28 72




Vi3

R rt A B

H B-CH 38 62

H ' m=COOH &l 36
9-CH, @-CHy Iy? 53
m-CH, | p-OHy 23 77
p-CH, p~OCH, 21 79
p-CH; p=NH,, 0 100
p=CH p ~1-C) Hg L8 52
p-0CH NI, 8 92

The methoxyl group is'the'one substituent group 80 far
examined (Table XI ) Whose influence on redﬁctiwm-fission ig
not immediately obvious from its known electronle character,
its sction on diaryl ether Tisslons and on érylmalxyl fisslons
depending on 1ts posiltion. An‘gwmethaiyl‘is activating
(chargewstabilising relative to hydrogen) and a p-methoxyl
is sirongly deactivating., This double effect may be related to
the known dua} electronie character of the group, but this would
mean that in an gmpoaition the inductive éffect would predominate
C =% OMe and 1n a p-position the mesomeric effect C e OMe
which is unlikely. A more plausible explanatlon of this
unexpecied result is that hyperconjugation eccuﬁm with o-methoxyl
substituents which stabillises the charge by transferring 1t

partially to the carbon of the methoxyl group as shown {(CXI).
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(1)

{cxrL)

Table X, Cleavage products of meta substituted diphenvl ethers.

— _ i _
Substituents (Structurc CXIL} | Yield o

R R* A B

H meOCH; 53 Ly

H 2=0CHs | 55 b5

©9-0CH m-0CH 2l 76

m-OCHy R=0CH, 8 92

9-OCH; B=0CH; 1 99

122

In 1951 Temite ““ showed that the presence of a pheneolie

hydroxyl substituent in the para or ortho positions to the

ether link increases greatiy the resistance of the ether link

to cleavage by sodium in liguid smmonis.
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He atbtempted cleavage of diphenylene dioxide (CXIII)
with sodium in liguid ammonia but. found that even with excess of

sodium the reaction would ?roceed no further than the production
of a&hydroxydiphen&l ether (CXIV).

A8 a resultg'Tomita%zg then applied this reaction o

é@hyerXydiphenyl ether'ﬁnd'thydroxydiphenyl-eﬁhep and in
both cases almost quanti%ative-reeovery of stariting meterial
resultédol. )
" As’ a parallel the cleavage reaction was applieé by
T@mitalga to phenoxthine (CXV) ﬁhén the oxygen linkage similarly
remained unbroken and only the;suiphur_liﬁkége'waé cleaved

yielding aémgrcaptédiphenyl-ether’(GXVI)Q'

Replacement of sodium by potassium for the cleavage
of L,k =dimethyl=2-me thoxydiphenyl @&ﬁ@ﬁIKGXVEI) 10" Liemid
ammonia produeed identical resulbs with both alkali metals

except that the reactiocn vas Morpe vigorous with potanssivme




Me

(GXVIL)

. . . ‘D :
Substituents cen be classified into two grgupalgﬁ

according %o wn@thér they strengthen or wealen the linkage
between oxygen and the.sﬁbS%ituteﬂ phenyl groups against
cleavage. The substituents arrangsd in order of thelr increas-

ing bond strengthening effectla@e: o-les, BNy, P <le, P =OMe,
o=NH, and p~NH,, Substituenis arranged in the erder of their
decreasing bond weakening.effect are: m=0NMe, o-0Me, m=COOWa
aﬁd‘EfCOONao

=
, Manske 2o

recognised the suitability.@f the metal/ammonis
@eécti@np @ﬁpecially for elucldation @f the strueture of
élkal@ids'with‘diaryl ether linkages, and in 19&0 conf irmed
the structure §f cularine (CXVIIT) by this niethod, (ssée over).

In the following year Tomita

anéd his coworkereg applied
the metal/ammonia reagent to W bisbenszylictrahydroisoquinoline
‘alkeloids which imlg@merél~arg cleaved into twe benzyliso-
guinoline fraé@an@a'@f known or easlly @@t@r@in@d stmﬁgtu@a’
thus permitting the clucidation of the 3%@&@%uﬁé@ of & numbew
@f‘ﬁhaae}@dmp@und&o Th@"@ﬁtima1 rotation of the cleavapge

eroductes gives the relative orvientation of the ssaymmetries

centres. Four distinet groups of biscoclauwrine alkaloids with




(CXVIIT)

~GOOH
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OMe

g
diaryl linkages have been gtudied in this waylgbo

I The Teirandrine Group

Alkeloids of the t@traﬂdrine'group have the general siructure
(CXIX). The structure of representative alkaloids of this
group 48 shown in Table XIIL:

Cepharanthine also belnﬁga to this group but has a
6y 7=methylenedioxy group in ithe tetrahydrgis@quinoline (a),

the remaining oxygen substituénts being fully methylated.
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(CKIX)
PABLE _ XTIT

Structure (CXIX) "~ Alkaloide of the

Ry By tetrandrine group
= sy, mk.-.-ﬁ——-]

Wa ?;ui@ 180 tetrand rine

Me H berbamine

e e tetrandFine

He He phaeanthine

H He fangehinoline
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With the exception of fangehinolline, berbamine and cephasranthine,
alkaloids of this group yield only tg@ products, Nemethyle
coclaurine (CXX) and Q-methylarmepavine {(CXXI) thus showing

that fission occurred exclusively at A and B in formula (CXXII).

Mo}

|
; —0 >
B

(CEXTT) o,/ Ny
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Alkalolids containing free phenelic hydroxyl groups, like

the simpler compounds (Vi@§43upra}p are more difficult to

cleave because of phenoxide formation. Thus fangchinoline
(QXTXQRlﬁHQRQQM@E is uwnaffected by metal/ammonia reagents

and in b s bepbamihe(éﬁiﬁ@ﬁlmﬁég Rp=) one diphenyl . Y
ether linkage is pwétected by the adjacent free phenalié group
so that fission with sodium and liquid ammonia produces a

base of the dauricine iype (CXXIII), O-Methylberbamine is

cleaved into the two expecied benzylisoguinoline fragments.

{CHXIII)
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L1 The Oxyacanthine Group,

(CXNIV)

As shown in the general structure (CXXIV ) there is a
close relationship between the alkaloids of the oxyacanthine group
énd,those of the tetrandrine group invelving primarily a change
in the position of the ether linkage connecting the benzyl
moieties of the two coclaurine units.

Alkaloids of <this group are listed in Table XIV.
This group alse includes the closely related epistephanine
(CXXV, R=H) and hypoepistephanine (CXXV, R=Me).

Pission of the fully methoxylated oxyacanthine alkaloids
(CXXIV) ﬁith socdium and ligulid emmonia resulisg, as might be

predicted, in cleavage exclusively at C and D (CXXIV).




R
A

PARLE KLY

Strueture (CXXIV) Alkaloids of t he
7 R ", - oxyacanthine group
= e
e [§) e oxyacanthine
e H Ve repand ine
H " Ve armoline
H it H daphnoline
H Me [} daphnandrineg
-
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GH?
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D OR
(CXXV)
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The Ilgochondodendring Group.

This group includes the alkaloids cycleanine {CXxvVI,
Rq=R e jmaﬁxﬂe)g protocuridine (CXXVI, Ry=R) =H, RlﬁR3$M@)g
isochondodendrine {CXXVIY, Rng:s:Hg RlzRL&zMe) and isoneo-~
protocuridine (CXXVI, Rl;::RLﬁ;HD 2__R3mMe)o

The cleavage. ef the fully methylated cycleanine with sodium
and liguid ammonis produced armepavine{S¥XVIA) as 4he sole product
consisient with fission having occurred at & and F {CXXVI),
Methylated isocheondodendrine (CXXVI, RlzRguRBE;RLﬁMe)_ the only
other alkaloid of this group to have been examined on ‘similar

treatment ylelded ‘the same product.

_Zj:" ';Ej,, The Curine Groune

Representative alkaloids of this group are

(OXXTET)
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curine ((‘?)\"KV'IID‘R:LERQaHQ REERBmMe)g chondocurine (gmvz%Raxnw

Me, RlzRgﬁH) and the quaternary derivative tubocurarine (CXZVIIY).

-

(OXXVITI)

: 125
0,0-Dimethyl=(=)=curine and Q,0-dimethyl=(+)=chondocurine

with sodium and ammonia'gave_g&methylarmepavine.(CXXI) as thg
non-phenolic product and as the pheholic prbduct N=methyl-
coclaurine -(CXX) as a result of fisgion at G and H in structure
(ﬁE@TI) respectively., These obeervatlons are in accordance

with an empiricel rule formulated by Tomita®? , which stated

that eleavage of bisbénzyliso@ulnoline alkalolds always yields
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bases of the coclaurine type. .That this should be so in
0,0=admethylecurine (CAXVII, RlaRgﬂﬁﬁmhaM@)_and 0,0=dime thyl=
chondocurine (CXXVII, leﬁgﬁR33RQ$M@} is not immediately obvious
since the known effect oL  grtho-methoxyl substituenté |

OR, and OR, should _nahe cleﬂvage at H and Jd equally pronablwa
Reductive fisslon of Q) Owdimethylm(+)mtubocurlneo

- .In the pvesent'wgrx fission of a benzene-toluens smluti@n-
of Q Owdimethylw(+)mbubagurin@ (Gthll = ngwﬁamR «Ma) with
spdiuve=1liquld ammonia and separation into non-phenojie
and phenolic porﬁions afforded brown syrups, neither of which

1

could be Induced to crystallise.

"Thiﬁmlayér chromatography showed. the presence of two
constituents in the non-phenolic fraction and ﬁhree in the
phenolic fraction, a.result which is at varlance in general

with the empirical rule of Tomita and in particular with the

resulits of Kidd and Walker125 (vide supra) from sodlwn-ammonia
cleavage of OQOmdimethyla( )mcurln@ and 0, Omaimeﬁhylm(+)m
ehond@curlne in benzene- solu&iono |

_Slnce 0y0=-dimethyltubocurine and gggmdimbthylchcndocufine
are“idénttcal.and further‘since both these substancés differ
from O Omdimethylcuain@ only in the arrangement about the
thical centresg [oF Omdimuthy]tubocurine would have been EXp@ctG&
a priori to yield solely (+)m0mm@uhylarmepavine and ( )me
methylcoclaurine as the respective don-phen