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ABSTRACT,

The bios&nthesﬁé of alkaloids derived from the
1l=benzylisoquinoline framewark By intramolecular phenol
coupling, and attempts to simulate the process in the
lsboratory, are reviewed.

- Various Erythrina, aporphine and pro—sporphine
alksloids bave been obtained from natural and synthetis
sourceg, Hypothetic phenolic precursoxrs have been
prepared and feeding experiments, to elucidate the
biosynthetisc paﬁhwayg %o - certain aporphine and

pro—aporphine allkzaloids, have been carried out,
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Alkoloid Biogocngis and Phenol Coupling

Studies of alkaloid blosynthesis serve many purpcses.
Thoy satisfy the interest in the means by which many complicated
molecules are synthesised in nature, énd help corrolate and oxrganise
appareontly unrelated compounds., Alkaloid biogenensis has & hearing
on reaction mechanisms and aids the search for new and better
chomicel synthesee. HNeow natural produnts may be predioted and
unknown structures olueidated. The formation of alkaloids also
has a relationochip with enzymology and plent physiology, which
is not yot undersiood.

¥any intoresting theories of alkaloid blosynthesis have

toen contributed by, for example Vintersiein and Trier 1, Robinson 2.

Schopf 5, Barton and Cohen 49 Vioodward 5969 Wonkerd 798°9Vand Thomas:loo

Evidence for blosynthotie pathways hae come from bilogenetis typeo
synthosis at "physiological pH", normal organis synthcses and enzymatic
syntheses, Co-occurrence of alkaloids and the existence of_predicted
intermediates has also boen used as ovidense but more convincing
confirmation is derived from radioisotops (or in certain cases
non-radioactive isotops) incorporations, particularly with specifically
doubly-1labelled precursors, although even then thera is the
poneibility of forming artofact%jl and a change that the main biosynthetic
pathway may not be the one observed.

There have been many reviews of alkaloid biosynthesis - Robinson29
Woodward 2, Marion 12, Mothes 13, Battersby 14717 Mothes and Schutte 1O,
Leeto 17g Barton 18 end Hamstead and Agurell 19, but only th; later

ones contain evidence from radioisotope incorporations.



One idea that has been particularly fruitful in suggeatipg

vbibsynthetio pathways is that of phenol oxidation 4’20,

and
recent. progreaa in the invqatigation of phenol oxidation with: _
particular reference to biogenetic schemes and biogenetic typa 
syntheses has been reviewed 21,22,23

Phenoxyl radicals can be produced by a one electron transfer
oxidant, such as ferricyanide. The subsequent fate of the
radical depends on the substitution patternov Certain radicals,

having ortho and para substituents carrying no mmﬂydrogan atoms

(such as that derived from 2,4,6 - tri-t-butylphenol (1) ), are

.stable and thaip e.8.r. spectra can be simply observed 240

, ()
By investigating the radicel (2) it has been shown that the

free electron density is as depicted. in tha~diagran (3)25o
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The radicals can be intercepted by radical trapping agents 26,
reduced back to the original phenol or can undergo self=;oupling |
to.give dimers. Oxygen-oxygen coupling is not observed 7’ possibly
for thermodynamis reasons. Carbon-carbon coupling, however, is
.well=known, and it can occur either ortho-ortho, para-para or

ortho-para, examples of each being found 200 Carbon-oxygen

coupling is also observed and the oxygen can couple with either

the ortho or para positions. The actual coupling process could

occur in one of thres ways 2 homolytis conpling; radical
insertion or heterolytic coupling - and although evidence suggests
that the chemical process involves simple homolytic coupling, each
of the three péssibilities could account for the coupling productss
the meghanism of the biological process is not ye$d undaretoqd«
Savefal enzymes capable of performing phenol oxidations are
known, the ractions usually being carried out using a peroxidéso

with hydrogen peroxide and a phosphate buffer 280 However, these

29

systeme do not give optically active products ", and several

metabolites formed by phenol oxidation. in pature are optioally
inactive (for example geodoxin 30)0

Barton and Cohen 4 recognised the possibility of the
formation_of a vast range of natural products‘using‘thie faaotiono
By selectively protec#ing phenolic.procuraora with suitable groups
(methyl or enzyme sites) the coupling éould be. directed to_givé a
variety of compounds. In alkaloid biogenesis they suggested

bioaynthotio.pathways to numerous alkaloids such as the morphine,



sinomenine, aporphine, cularine, Amaryllidaceae, Erythrina and
bisbenzylisoquinoline groups, suggesting the participation of

many intermediates which have subsequently been found in nature. .
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Origin pf the Beﬁglisgguinolmo Framework

- As early as 1910 Winterstein and Trier 1 suggested that
the benZyiiﬁoqninolina skeleton (that is l-bdenzyl - 1,2,3,4 -
tetrahydroisoquinoline) is derived .from two molecules of
3,4 - dihydroxyphenylalanine (10).  This scheme was elaborated
by Robinson 2, who suggested that 3,4 - dihydroxyphenethylamine
(4) condensed with 3,4 - dihydroxyphenylacetaldehyde (5,R=H) or
3+4 - dihydroxyphenylpyruvic acid (5,R = COH) to form ‘the
benzylisoquinoline framework (for example noa;=landanoaoline, 6, R=H ).
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There have been several "model - syntheses" of
benzylisoquinolines, using either the aldehyde (5,ReH)
or pyruvic acid (5,R = COZH), gonerally carried out
under mild conditions (for example pH 7 at room
tenperature) A,

Another proposal has been made by Wenkert 8, based
on prephenic acid (7) as the precursor and not using
tyrosine (8), but this has been disproved in some specific
cases 32433434 and is probably not the main pathway for
any benzylisoquinolines.

The most likely route is depicted in Scheme I.

The evidence for this scheme is not conclusive and in
partiocular it is not known from which of the two "halves"
the N-atom is derived, for it is possible that the link
is made by joining the aldehyde (5,R=H) to the amino-acid
(14) to form the benzylisogquinoline (13), but the in vitro

experiments suggest it as in Scheme I.
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Most of the evidence so far obtained has been with
tetrao:qrgu;a.ted benzylisoquinolines (15,1{"— OH or OMs),
but it is likely the route is very similar for the tﬁoxygbnated
compounds (13,R‘ e H)o It is also assumed that the route is the
'sa.me for all plants. Ko evidence is yet available for the method
by which benzylisoguinolines such as petaline (].5)35 and
.thalifendlerine (16) 36 obtain their "odd" oxygen substitution
fatterns; this also applies to the derived compounds such as
 cularine (}7) 3T ana atherospernidine (18) 38, However for
: cmp@de such as berberastine (20), it appoars. the side chain
hydroxylation ocours at an early stage, since
3,4-dihydroxyphenylethylanine and noradrenaline (19) are
specifically incorporated 39,
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. Most of the evidence for the atepa in Scheme I is indirect,
gince tﬁe only tatrahydpobenzyiisoquinolino whose biogenesis has
been investigated is reticuline (21)*%; the 1soquinoline
papaverine (22) has also been studied_4lo' However, generally,
evidencé has been obtaineq with alkaloids more biogenetically
remote, such as the berberine and morphine alkaloids, where the
benzylisoquinoline skeleton is still récognisable, and vhich have

been shown to be derived from benzylisoquinolines.

B “\T/’ He

HO\ / MBO\

MeO He

(21) (22)

Phenylaline is often incorporated into alkaloids derived
from isoquinolines, but gene;ally less‘efficiently'thanAtyroain@;
Spenser agd Gear54 found that tyrosinh is a better precursor for
berberine (23)'apd hydrastine (24) and Leete? and Battgraby43
. found tyrosine more efficiently incorporated into the morphine
alkaloids than phenylalanine. The converéion of phenylalanine to
tyrosine is known in mammala44, but it has ‘been shown‘nqt to ogcux
in some'pléntsl9’45n
The first stage in Schems I, the conversion of prephanie

acid (7) into tyrosine (8), is well established46, but for ths



RS

blosynthesia of 3,4-dihydroxyphenylethylamine $wo routes awvs
‘possible, (a) or (b). The conversion of tyrosine into

3p,4=dihydroxyphenylalaning ip known 41 and it has been shown
48

’s but some experimentﬂ suggeat rouis (&) 43

%0 osccur in plants

vhilst others suggast route (b)50°
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Other evidence bearing on the biogenetic route is that
tyrosine is not equally incorporated into both "halves" of
hydrastine (24)34, chelidonine (26)5} or morphine (25) when
fed over a comparatively short time with 14002 520 It has alao
bsen observed that 3,4-dihydroxyphenylethylamine (4) is
insorporated into only one "half" (the upper "half") of
hydrastine (24) 539 berberine (23%) 53, morphine (25) 23934
and chelidonine (26) 549 this confirming that one of the
condensing units is 3,4-dihydroxyphenylethylamine (4) or
something closely derived from it, such as the aldehyde (5,R=H),
and the other is a compound that cannot bs derived from
3s4-dihydroxyphenylethylamine, such as 3,4-dihydroxyphenylalanine

- or the pyruvic acid.

It is likely that O and N-methylation oscur at the
banzyliaoquinoline'stggn and Battaraby“g feeding experimants
with nor-laudanosoline (6,R=H) to give papaverine (20)55,
reticuline (21)49, morphine (25)°° and marcotine (27)%°,
and with laudanosoline (6,R=Me) to give barberine (25)57 support
this idea. It is also likely that the conversion of nor-laudanosoline
(6,R«H) to reticuline (21) proceeds via 1,2-dehydroreticuline (28)°°,
It has also been shovm that tetrahydropapaverine (29).55 and
the reticuline isomers protosinomenine (30) oriantalina'(Sl)
and the benzyliBOquinolino (52)58 are not incorporated inte the

morphine alkaloids.
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Our and,previou359 experiments with the trioxygenated
system agree, since the nor-benzylisoquinolines are incorporated
‘into crotonosine, anonaine and roemerine as are the N-methyl and

O-methyl compounds.
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Phenol Coupling.

"_‘

Various intranoleculax modes of coupling of relatively
fow benzylisoquinolipnes theomotically can give mise vo g

large number of alkaleids. The possibilitics ave summarizod

in Sshome Zio

I% must bo gtrossed thot for the most paed thin Schemo is
spooulative oud in oerteain cases duplication ocouws; in tho
zongss that ons pathuway is obvicusly very much more 1ikeiy “han
snothor. O%her pogsibilities of coupling cam exis®. but those
invelve uaknown alkaloids. Furthemmore vnlikely coupllings So

give di-dienonas (33 and 24) cre ignowed.

O§§ \\\///'
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RO” X

RO\/\
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(33)

The paviticular modos of coupling will bs discussed in
dotail in the ligh$ of atiempbe Yo simulate the proecess

in viirg and tracer experiments with planis.
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Attempta $0 synthesise morphins and aporphine
derivatives by tho oxidation of laudanosoline (6,ReMe)S2
sucoéeded in producing only a dibamgotetrahydropyrrocoling
" derivative (37)3 subsequently a. group of alkaloidg.qorwesponding

%o this structure was found in naturs 630 _ .

OH

™~oH

In 1956 Barton and Cohen’, bmoing their suggsstion on

the forwation of Pucmerer's ketone, the correct sirmuoture
of whioh had been eluoidated64,"progoeed a biosjnthetic
scheme by which roticulinme (21) (st thal %ime an"unkn0ﬂn
alkalold), oP nox-laudarosolino (&,R=H) suitably protecisd
vith cnzyme sitep, undorgoese phenol coupling %o give the

dionons (38). Tais dicnone caa cyclise to give the emome (39),









The oourse of morphine diogenesls in Papaver
sofniferus has been studied im considerable detail
hﬁ various groups, in particular those of Bartom,
Battersly, leeto and Rapoport. The results show
that the bdiogenstic aphomo is that proposed by Bartoa
and CQhenﬁ with tho suggosted modtfioationls'ssa
8yAnumerou; zultiply-labelled conpouhd incorporations
it has been shown that (=)-reticuline (44) is converted
into salutaridine. (38) which is reduced to the dienol
(45) and this is converted to theSaine (41)55’67’70’71’72.
Anongst the morphine alkaloide it has been ehovn73’74
that thedaine (41) is produced first and this is converted
into codeine (42) whioh ie demethylated to morphine (25).
The conversion of thebaine (41) into oodeine (42) probably
proceeds via neopinone (46) and codeincne (47)670
(+)-Reticulins (48) (The enantioner of that used in
zorphine biogenesis) can also serve as the precursor for
sinonenine (50) by eyclising in a maﬁner gimilar to that
involved in the formation of salutardine, but in this case

forming the emantiomer (49)4’750 Subsequant to this proposal

_ the dienone (49) wasbund in Sinomeniocum aoutum76, a plant

wvhich produces sinomenine, and named sinosoutine.
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B-norsinoacutine has recently been isalated froa Croton
Balegmitera®.

Lodelled reticuliss (21) asd simoncutine (49) were
both incorporated iato simcseine'’, confirmiag Barton's
biosynthstic sequence.

Barton's origianal mpoial"s for the Diogenests
o2 hasubenonine (53) and 3staphanine (56) was based on the
wrong structures for thess alksldids. The new structures
of these nlmqihm could thesoreticslily be derived from
sinoacutine (49). Por this conversioa a riag contraction to
" fomm the h:uuhma skeleton is raguired with the imtroduction
of another oxygen functicn. A possidle method for thie™”
involves the epoxidation of the dienone (49) to give the
epoxide (51). Attack on the epoxide by tﬁo ritrogen would
give b asiridintom compound (52) which could lead to
hasubanonine {(53). Probably +41s.alkaloid is formed first
deaethylation gives hodostephanoline (54); reduction,
denethylation with allylic elimination aad hydroxylation at
¢-10 leads to prometaphanine (55), which can simply give
metaphanine (56).
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IT. OH

HMeO

tr Amurin09
HO nudeurine and
—_————p l::} protostaphanine
EO e
Wr 1eQ
oo~ (57)

if roticuline (35, Re!s) coupled in the menner indiecated
the product would be a dienons (57,Re¥e). An alkaloid which
cozresponic to thls dienons has recently been discceverad in netuva

80 -
and named amurine (58)s vith 3% the dienol (59) wap aleo isolated” .

0 Olic
d//_‘ﬁl

N
S

(58,R<0) Ye0
(599R“Hs>03)

MeO

& one  (60)

> S , .
The dienone (57) could alsoc lead to protostephanine (60)

by steps including hydroxylation end ones anzlogous to those
involved in Barton®’s original achem975o' |

Peeding exporiménts79, however, indicate that retfpculine (21)
io not the precursor of protostephanine and although negntive ‘
éxperimanta can be inconclusive it is unlikely that thie ie the

route taken in the plani,
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The formation of the aporphine alkaloids by phenol coupling

ig complicated by the nuzmber of possibilitieos that can occur, and

in only a few oages have the biosynthetic rontos been evalnaueaga’amﬂ/

(vide infra), lany routes appear mors atiractive than others and

in vitro experiments are beg & to give indications of more
11koly biosynthetic pathways, although, until feeding cxperiments
have baen conducted on plants; no decigion can be made.

That aporphines are fornmed by oxidation of bhenzylisoquinolines

hns been suggested by Robinson and bx'ﬂnnskoeso However,

rigorous application of the principles of phenol oxidation provides

a mors detailed insight into the modes of coupling’.



Re¢iculine {35,R-Fe), H-novreticuline (35,R<H) or
gfmethylraticuline (35:R=Ye,, quatarnary nitrogen) theoretically
eounld be the precuvsor of two zrovps of aporphine aikaloidsp tho
1,2,10,31 (62) and the 1,2,9,10 totra-orygenated (64) bases, by
the couplings shown. Indced the comversion of reticuline (354Reti)
into lesoboldine (65) has beer achieved im the 1dboraﬁovy 4 a8 has
%he anslogovs conversion of {+)-iembetarine (350 RHM@ Quatexrnazy

nitrogﬁﬁ) 55100 (+)-lavrifoline (66) &,

MeO K/-’\ HeO\
Ty /f .

1o~ N

Ho0” oo™~
l (35) | (€5, Rele)
0n OH (659 Rsﬁﬁ?g

quatornary nitrogen)

Francls hos also succocded in oxidising the O-nor compound {67)

%o the oporphine (68) im good yield (60%)869 bt this is unlikely
ho\\u?,/§§§§/,/“\\w _ “ //wq§§:¢//ﬁ\\1
| Wiis {0

HO \ \

s
Ho ¢ (67) (68)
to be the mode of blogenssiz. It is interesting that the yield

is 80 good. Franck ascribes this to the protection of the



nitrogen atom as the quaterpary  sait, thus preventiﬁg oxidation
tq a "true“.isoquinolinQZBO Certainly it is found that couvpling
ip aided i€ there is o similar oxygenation pattern in both ring325”87
as occurs hers. It ey also be possible that H-methylation has a
gonformational affect forcing ring C closer to ring A889 but

23 BY

."ggacylation 7 and H-formylation ' do mot help, slthough their
conformationel affeete will not necessarily bo similawv.

With the in vi%xo oxidative cyclisations as yet nul 152,310,311
totra~-oxymenatod aporphines (62) have besn 1éolated9 end it io
pogssiblae, es has been suggested84p that ﬁhgﬂ@ boses are formzd by
e dienone-phenol rearrungement from a swnitable dienound {vide dnfral.
Thé iire@% oyelisation dg diffiewl$ prosuanbly because of the
89,90,91,92,93

interaction between the C=1 and (=11 subotituenss and

e

the rvoute via the dienoms nay be $he in vive as vell aos the in vitre

nethod of overcoming this difficuliy.

Vo
Meo‘\irffﬁhtkbj///\‘\1 MGOZZ}T//QQQQT/J"\\]
H T ! ! KR
50~ g SN - B0~ ™

{ » Pro=aporphincs
A and aporphinec,

_ r¢ﬁ9”\ vl
s

- (69) 0N (70)

A S

é////“\

a

N

EO



.-.:5;}..:

.Coclaurine (69,R=H) or R-methylcoclaurine (£9,R-Me), on
phenol oxidation, could yield the dienone (70). The axisténce
of these dienones was predicted by Barton and’CohenA to account
for the bioganeéia‘ot aporphines carrying nb oxygen sgbstituept in
ring B, Since this proposal many 6f these conpounds, foi vhich the
nnme'ﬁro-aporphines" has been auggasted94, have been discovered in
naturé; Most known pro-aporphine; theéretically c;n be derived
from coclaurine or E-nethylcoclaurine.

The imxedinte product of the phenol coupling of gﬁmethyicoclaufina
‘(69yRsMe) wae 1solated from Qootea glazicvii and named glasiovine (?1)950

- R10

P

R R, R
(71) Me Me H
(72) Me Mo He
(713) H Mo Ue | (75)
(14) B H Mo |

%__

O-Methylation of glaziovine produces pro-nuciferine (72)p

ahich has been isolated from the /siatic lotus Felumbo nucifera’®

and from Croton linearis’!, It has also been isolated from






or by acid treatment %o give the phenol, have been carried

out in several cases dnd they provide models fér the biosynthesis
of these compounds as outlined by Barton and Coﬁen4o
By.dienonecphenol rearrangement aporphinea:such a8
nocambroline (78), laureline (79) and tvduranine (80) cam bo
formsd, but it is unlikelj $0 bo the mode of hiogenesis of the
trioéiygehated appréhinee withvaﬁ oxyaen supstitutanﬁ at C=9,
sinco atv léast in fitro only products derived,ffom déyl migration

ave igolated; these are more probably derived fron ofientalinoneo

e \

|

REO’/\\Véfﬁ\\\/’ER

|

h

R Ry R, R .

(18) He :cazu B

(19) Me <=CH,~ Mo
(60) H He Mo H
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Reduection followed by dienol=benzeno rearrangrment leadse
to compounds with no orygen subgéituent in ring D, such ag

anonaino (Bl), rosmerino (82) and nueiferine (B83).
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e Y
- ~F (e 0N (85)
Orientaline {(84,R-%2) on phenol coupling in vitro or
" 03
in vive yiolds the dicnoue orientalinons (859Ra§3)6°”81”1010

This coupling ond subseouent transforastions wers sugzgonted by

Battershy t0 account fov the fowrmaotion of the "abnormal" aporphineg,



isothebaine (87) and wtephanine (e8)Y2.

‘ . These transformations were carried out in vitro to give
isothebaine by .raductioq of orientalinone (85,Re¥s) to. the dienol
(86) a.n.d 20id treatment. Orientalinone was foxmed by phenol |

101

oxidation of orientaline (84,R<Ma) in 2.5 = 3.5% yleld . This

¢ransformation requirses the relatively facile aryl migratiom.

1%0] /\ MeO

RiMe Mo
HO ~ ~ HO
e
HO ‘ 0%
(84, R=Mo) (85, R=Mo)

MaO

HO ™~

MeO .

(87) (86)



However, to fofm stephanine (88), the dienone-phenol migration

must be "abnormel” (86-—>88).

Me0

(86) (88)

The blosynthesis of isothebaine (B8F) inm Papaver orientsle has
68,81

been confirmed - %0 broceed from orientalins (B4,R-¥s) via
orientalinone (85,Re¥s). Orientalinons (absoluie configuration

as in 89) has bsen shown %o bas present in Papaver orientale, vwhere

it ocours with its dihydro derivativeGPO

Meo\\\ /,/“\\x
éﬁe

HO -
"“H

He0~

(89)



Bapides isothebolue ané okephanine, oriontalinons
tah gexve as %he precursor for nwmsroun other aporphing

84,102 . . . ’ .
‘e thet oxiontalinone (85,0-i)

alkeloifs. It hes beon chowm
(ot hovover propered as above) on trepimond with 24U00RE aeld
Ziven the 1,2,10,11 setve- egonased aporphine isesoryduborine {203
or with doy mé%hanol;@ aeld eovydine {(91), oryl migration ogain

being observed, Similoely O-methyl oricntalinonc {92) on asiq

0 { .
teoninent yieldn paseiesorydine (93

(85, Retio) (90) (1)

.560\‘ N /\

0/ HO



Taig is vozy possibly the methed by which planie overcome

the dlfficulty, oncountersd at least with im viitro oxperiﬁantsg

of cyclising %o give aporphines with C-1 end Ccll-oxygeﬁ substiﬁuea?@ags
it is also'ponsible, although less likely. that aporphines

with an oxygen patiern as in glaucine (94) are formed frem o

dienone such as orientalinone (85,Reke) by aryl migration %o the

aliernative eavbon atom. Alkyl migration could account for tho

biogenesis of {the "abnornal" eporphine crebanine (95).

HeO__ ///“\\W Me0 \\\"//h\\j

Hlie !
- . t)iilc]

HO ~ Ha0 “\}// ~.

~.
Ma0~., ]// 3 , \\\\

0T NE 2
H+ ¥eQ
Me

(859 R@HG) (94)

W

(859 RE‘HG)




After reduction to the dienol (€6) acid treatment
can yield isothebaine and puliateins as hes .been describad,
but if jthe aryl group migrated in the opposite sense xzylopine
(96) and snolobine (97) coculd be formed. Alkyl migration can give
stephanine, or, but it is unlikely, alksloidc suoh 28 laureline (98).
‘Generally it ie fournd the xﬁigrai;ion is 1.:6 the double bond be'a..ring
the mathoxyl greup, the stability of‘t'hfs .rearranced carbonium

ion apparently governing the dirvection of migration.

Me0 \ <0 /‘\

HR HH
;RN N o = \r/
MeO \ O . i
PeL
)
: ¢ R
(86) (965 ReMe)
(97, R=H)
MeO /’\\I HaG
NR /WH&
HO MeO

He0 A)

ng‘ MeO
o+
. (86) (98)
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VII.

HO 0
MeO Me0
HO HO oxyeenated
aporphinesg,
‘MBO NeO
(99) 1f Re=Me, protosinomenine (100)

Protosinomenine (99;ReHo) could on phenol oxidation yield

a disnone (lOO,RﬁEe)o If this were sufficiently stable it -conld
be ro-arranged to a 1,2,10,11 aporphﬁno (62), or reduction and

. ve-axrangenent oowld give a 1,10,1) oxygenstsed aporphzneo
Neither this type of dienonenor the 1910;11 oxygenated

" aporphines have been found in :;_ntureo This dienone (100,R=ie)
wvag postulated as an inﬁermediateTs if pro%osinomenine (99,R=te)
were the precursor of sinomenine (50), but it was subseguently

7

ghowm that sinomenine was bieosynthesised from reticuline



VIII.

HO - 0 ,,/”\\1

NR NR
Me0 MeO~ s
—_— —p 142,9,10
HO oxygenated
aporphines.
P, S—— .
NeO (99) He0 g (10)

Ir protosinomenine.(99,R-Ea) coupled in the alternativa'sénae
%0 glve the dienone {101), this could provide an unlikely mode of
B biogenesis for 1,2,9,10 (64) or 1,9,10 - oxygenated aporphines,
However, no dienones of this type (100 or 101) have been discovered,
and this may bs due %o their immediate opening to give the
9-membered ring compound (102)., This could serve as 2 preoursor for

the Erythrins alkaloids®C%,

i HO
0
N ' ™~ ’/’,\\\}
FR . .NR
e~ &/ Me0 *
_——-_-—.—‘.——9
MeO MeD

OH
(101) (102)



After reduction of the immonium bond and oxidation to the
di-diencne (103), oyolisation gives the dienons (104) shich is
the 1ikely precursor of the drytirina alkaloids such as erysodine (105).
-This contrasts with Barton and Cohen's oﬂginal propoaa14 in MOh
phenol @atim of the open-chain phenol (106) gives thedi-dienone

(203).

Me0

MeQ

H (102)

(205) (108) ©



Experizentsi®? with cyclising ths phenol (156) in vitro,
vhich proceeds in sﬁrpriaingiy-high yield (35%), to give the
' dienone (104) directly, suggest the bioaynthesis is as in Barton
and Cohen'u'originnl proposal. Feeding experiments with plants are

awajted.

OH

b MR
KO~ e
dhte - ~ ——® Proto-
EO ,/q\\\ HR stophanine.
B0 Ny ore
Me0 < ? L
(107) (108)

If the penie-oxygensied bemzylisoguine (107) coupled %o
the dienone (108), this could serve as a precﬁraor for protostephanine
(60), This is Barton's acheme!? in vhich the dienono (108) is
reduced %o the dienol (109); migration affords %ho carbonium ton (110)
which opens to tho immonium jon (211) uhich is reduced to
protostephanine (60). An aliernative hes been suggested b; Bo1108

in which the open~chain phenol (112) couples %o give a dienonc.
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Oilo B [ e “lf“'"\ v Hosubavonins
HO~ NG (,/f\\ Y alliploido.
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N j iy
t
{
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- - Ny ' N
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If the pemte-ozyganeted bensyilsoquineline {113) coupled %o give
the dicnono (114), this conld sorve as o vracurcor for the hasvbaneainy
alkelolds. %he ring contvaction is acshieved by attack of $he alizcson

o the dienone %o glve the sziridinivm ion (115); roduckion o “he

enona (116) and sinple transformations t0 give hasubanonine (53).



HO/
l T o
NN 3
e . “
\tﬂi f’]’.‘?R & Iumhhﬂﬂ
N N
i ¢
MoO V;( olte 1eO Sone
CI l 3
,0
H+
(124) (315)




XI.
HO
MR . R
HMeO Moo~
b — > Hasubandnene.
He . glkaloids.

HO\ \

Me0 Meo”
C(17) (118)

H;subanonine (53) could also be derived from the
,pantacbxygenated beniylisoquinoliné (117), vhich on oxidative
coupling yleldes the dienone (118)° . Rearrangement to the
aziridiniun ion (119) and other reactions could lead to

hasubanonine (53).



XII.

-&6H —_— —_—— ey Cularine
HO\\V(/Q\\ alkaloids.
) Me0 /J\/ Me

- (120 g (121) _
The idea that cularine (17) is derived from = bonzylisequinoline
was suggested by H;nskea3 ang Robinsomzo The tetraoxygonated
benzylisoquinoline (120) could couple %0 give the cularine skelefon
(121), HanskeaB suggested thet the biological cyclisation to foxm
the bznzylisoguinoline had procseded in an unusval sense (122 ~~123),
 but it has also besn proposed that the culawine skeleton ip dorived
from a pentaoxygenated bensylisoguinoline with cubsequent loss of sn

oxygon function107°

MR

Cularins
alkaloidg.




“he possible nodes of blogoneais of aporphines have besan
digcusged, hovever, there are many coxpounds derived from furthor

transformations of aporphines. Oxidation products of aporphines are

109,110

1
widespread, such ae liriodenine 00 (2124), the base (125) and

111

nshinsunine (126) . The oxidations %o compounds of the iyps

(124 and 125) have bsen performed in vitro using chromium trioxide
: 109, 13
and pyridine 12 and it is possible, as has beon suggoat@d108° “99f kﬁp

that these compounds are axtofacts. In éupport of this theory it is

pointed out that glaveine co-occurs with ths compound (125), and

‘anonsine (81) on exposure to acrial oxidation is converted inte
113
.O

liriodenine (124)

(126)
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Gompounds that arze probably bicgenevically derived by o proceun
avelogous o the Hofmemm degraéation have been found in plante. Tho

114

base (127) devived from muciferine (83) and that from mazkonina (3128),

T8
thalictubering (129)1i’ eremplify this.

N N

(127) (128) {129)

L frether degredation of the methipo bass fvon magnifloving (150},

after oridation o the zeid {1;&; covid givo conpounis such as TEBPARS
lgc
- (132)
HeO . :\%

HO\\IE/A;
160~ \)

(130) (131) (132)
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A diffevent degpadation of an aporphine could lead %o the
arigtolochio acids (for example 133) vhich ce-ocecvrs with the

' 1
laedan (134)"17° Indoad oxperiments sugssst thic is how they are

118

derived™ . Since nor-adrenaline is incorporated 4t is possible that

a hydroxyl ;roup at} the C=4 in the benzylisoguinoline is carrisd through
.in the h‘iosynthesia and predisposen the aporphine intermediate to the

. 13
subseguent oxidetion wo :

- 3 o
N N0 NN one
(133) (234)

%.,\'\ /Of‘iezﬁaqj_ P
e

Mol ~

-

. e
“~0NelMeO



In ceriain engsa furiher coupling cccurs o form compounds

. s 1
analogous o bisbengylisoyuinolines, such ss thalicsrpine (135) 12,
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Isalation o thrina Alkaloids.

showsd that Erythrina orista-galli
contained erythranine, erythraline, erythratine, erysodine,
erysorvine, erysopine and hypapharins, although at fhat time the

In 1947 Deulofeut2l

structures vere not kﬁo'n. After the ixythrina alkaloid skeleton

had bdeen correctly determined121

s the structures of the alkaloid-
_ wafe deduced, although the positions of the methoxyl and.hyﬂroxyl
groups in ring D of erysodine and erysovine were undecided'and the
pésition of the double bond in erythratine was assumed to be 6;71225
The alkeloids were fsolated by the "proferred"” method Qf F@lkeralzs-

.according to the'déscription of Deulofeulgoo From the amounf of
seced extracted the only alkaloid coﬁpletely identified was erysodino
(105), although erythraline (136) was obtained pure and what was
5pparently erysoirine (137) wes isolated, crystﬁllized but could not
be recryétallizedq A smsll.émount of crystalline erythﬁatine (138)
ws obtainod.

| Seagonal varintioﬁa in the alkeloid content of the plante were
obeerveds no'erysotrina (137) could be imolated im summer, but in
late autumn it predominated over crythralinme (136).

1% has subaequantly been shownlz4 that exyaodine has the



= 5% =

structure (105) and erythratine is an allylic alcohol (138).

Heo/

(105) | (136, Ry¢R, = CH,~ )
(137, B =R, = 053 )
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Isolation of Anonaine

Anonaine had been isolated from Anona reticulata plants

125

in 1930 by‘Santoa and the extraofion was repeated by Govindachari

in 1959126 vhen besides anonnins (139) reticuline (21) was found,

Anonaine had originally been isolated from Anona squomosa by

Trimurt1127o Its forumla was deternined by Barger and sitnauer

128,129

128

and confirmed by synthesis

The anonaine was obtained from Anona reticulata bark by the

method of Govlndacharilz6 aend was shomm to be identical (except for

- optical rotation) with synthetis material. The nmr apectrum of

anonaine (139) showed tho characteristic double-doublet of asporphines
having a 1,2ameﬁhylenediozy Zroup. This is dus to the two methylenedioxy
group hydrogens being,;n differenty fnvironmentie because of the twigt

in the.biphenyl ﬂyatemo"The-two poasible shapes 6fvthe aporphineg
wolecula are dopicted in the formulas (140 and 141) and the angle of
twiet in bulbocapnin@ nethiodide (242) has baon found vy X-ray
crystallography o be 29,9° 130,

The absolute confiruvations of aporphipesweze.firg% indicated

" by Feltis and Adler who converted (-)-laudancsine of knom absolute

: _ : ) .
eonfiguration into (a)=glaucinel3lc Tt was also noted 22 that (=)=
morphothebaine and (+)-glaucine are enantiomeric at G-6a. = Sinse

- the configuration of {=)-morphothebaine is known (+)-glaucins must be

a8 in the formula (140). .Because of the chemical interconversions of






~ 060 o

(+)-gleucine, (+)-dicentrine, (+)<laurotetanine, (+)-actinodaphnine

132 that a1l (+)- aporphines are

and (+)=boldine,it was assumed
represented by the absolute configuration (140). Optical

rotationary dispersion mea.auz:ementa'w’3 support Bentley's assumption
that the sign of rotation of the sodium-D line %P adequate to prédict
the absolute configuration. Anonaine, wiﬂ1£{ﬁ:of o52°, must have
the absolute configuration depicted in the formula (139).

' | The mhsa spectra of aporphine alkaloids have been reviewed154o

For anonsine with no methoxyl groups there are few recognisable

abundant pesks. The base peak is at M-l due to the loas of the benzylio
hydrogen (143 —>144), and the other large peak is due to the retero-

Diels-Adler rsaction (145—+146) occurring at M-29.

0 \ H‘R"H 0 /%-!H
— U
////
m/e 265 nfo 264

(143) (244)



=2 6 1 =

(145) "oy

The U.V, spectrum of anonaine shows the typical thrae
saxima of an aporphine with no substituent at C-10 or 0=1189 »90.
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Isolation of Rocmerine

A (=)= Roemerine was first isolated from Roomeria refractal?sy

and on Hofmann degradation of the methiodide it yielded a serice

of compounds, vwhich Barger and Woitnauer identified as those

+. ~ '
dorived from anonaine 2, Thoy synthesised (=)erosmerine from

(¥)-anonaine by E-methylation. (-)-Roomerins hag also bson

136 137

o Jelumbo nucifera™ ' and

igolated from Neolitacn seyiciesn

. 1
Cxyptocarys angglata“l4o

In 1963 Slavik isolated (+)eroemerinogl47) from Papavor

e

<i{ubiuml)8 along with mecambrine and it was with this plant that

the bioaynthesis of roemerino was investigatsd.(+)-Rosmerine hes .

also been obiained from Papaver furax along with mecambrine

(fugapavine)lEgo

We obiained (+)-rosmerine from Papaver dubivm by & simplified
procsduréo vIt was no%, however, kﬁown vhether roemerine (147) vas
an artefact, since any of the previous procadureé ( using dilute
. acid ) would have converied the aionol (148) to rosmerine. .hen
%he isolation was carried out withous using acld strong enougu
to cauze the isomerisation, nonec of the dienol (148) was
obgerved. It is iikely that the alkaloid is p?esent in the.plant

as the aporphina, although its produotion from the dienol nsed



n0% necossarily bo ensynatic.

(248) (147)

Since the rotation of rosmevine isolated from Papaver
- dubive ip positive, iip absolute configuration is as in the

diagram (147).



~ Isolation of Mecombrine

139

Mecambrine vas fiyst isolated from Papaver fummz and

fron Hecohqpsis gaobrica (the Wolsh poppy);4oo On the paaiﬂl
of i%s conversion inte (+)-launreline (L49) afder treaiment with
ncid followed by diazemothane, the formation of (+)= roecmoring
after raduction and Jdehydration, funchional group tesie and

141
)

o

vhysicnl evidence the Rusnsians proposed the siinetues {150

- i /
| My iy Yoy
! ] RS } i
i ] PR .
el “ '5\\./"' g L :\:\“ -;,a""f -;C/:”/\:?‘.» -
. ,~{ 1 g/' §
ﬂ l i i
i i 3 i
AL L NN T
N 0 Ve O =
. A x: 1 e
(149, Belio) (350) (75)
{151, ResH )
- 05,142 .. . . . . .
7% wos orgued’’ 77" that the Huassians! evideonst eonld alos

bs explained by the nove Likely siruetura (75), although it

. , 30 . . .
vag pointed ovt” thet the uy gnuctze of noscambrline and

fugapavine ware not idendienit. Slavik confizwsd the sirucives (75



08

» and supported the Buggeetion9l

e9 that of mecambrinc thet mosembrino
and fugspavine and also mecambroline and isofugapavine (151},
the product of mcld treatuent of the dienone, were identicsl,

The absolute confijurations of pro-=aporphines havs been
determired by conversion into benzylisoyuinollines or aporphinsc
of known configuration. Thue (+)a910éhucif0rino {152) has bgen
143

sleaved?® %o (=)~ armepavine (153) of known configuration

ghoving that (+)-pro-nuciferine belongs %o the D (or R)

configuration.
4 N
I‘;OQ-,\T/%‘; /,/"\\I -.’:—0‘\\ /{,/‘ .._\-;\‘J/ \\I
b 1
! ‘ = [ l I
L N L:KO PN et Ny p',n&f}
w60 N N MO~ S
J\\‘Q\‘N_’ \’\">
'\\4‘:_1. --—-—--..«-—-w-..—-’\ g
/’?’k - RS ~
;5/ T/ [t ‘
a | I ,
ok o At -
RN 5o e
(e52 (253)

Pro-nueifering can alse bs converted into {-}- nucifering,
“indleating the absoluie configuvation of %he latter. In generad

1% appeors thet (+)= pro-cporphines belong %o the D (or R)



(=)-Necarbrine after acid ireatment and methylation gives

142

(+)-laureline™ ", and after reduction and acid treatment

{#)- roemerine confirming that it has the L (or S) configuration
as in the diagram (75).
Slevik has also isolated the product of acid rearrangement

of resambrine, mecambroline (151), from [fecsnopsis cambrica98°

Mecambrine has also bsen shown to oscur, with (+)-armepavine

(153, enantiomer) in PecaucAsicum, P.triniaefolium, P. armenizeum,
138

. P Pg;aicum98”144”l45, with (+)=roemerine in P, dubium ” , and
1459145ﬁ

in P.polychaetum

fle isolated it from Meconopsis cambrica roots., Its macs
spectrun was very similar to that published for prOonuciferine147

and had similar pesks to those reported for glaziovinegs (vide infra).

n/e 'bmég Procees

for mecambrine for §;0=uucifpninq
e (254) 295 3
B-1 (155) 294 310 (2) lose of
' bonzylic H
M-28 (156) 267 283 (b) 1oss of CO
K29 (157) 266 282 1{c) 1088 of H & CO
M-43 - {158) 252 268 (a) loss of
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Isoletlon of Crotonosing

Crovosine, the nmsjor alkelold of Crojom linearip, wos

iéolmted in-l96397 with linearisinc, homolinearisine and base Ao
Subaequnet work hag shown the id@ntitjiof base A vith pronuvciferine
and Efmethylsﬁepﬁarinao

On the bﬁeiﬂ of functional group determination, physical
evidenco ani the rearrangenmont to aposrotonosine, the
structure (158) was assigmed %o crotonnoine’ !, Hovever on the
bagis of & thorough.exuninztibn of the noio@c.speotrum ‘the
formulas (360 and 161) were propoaed990 Finallj from an

sxapine$ion of the alkeline deukerium oxide exchange produsts of
QH '

epoerotonosine and apoglaziovine and a comparison of crotonosine

o
and glaziovine (the formula of the latfer having been determined””)



1% vas shomn vhat crotonosine had vhe loss biogaﬂetl cally
probeble formule (LG )9 fonerotonosine {162) exchangod thros

protons waerees apoglazioving (163) exchanged oniy e,

P
el
O
!

Nt
o

piy
]
i
)
=1

I was wvith Croton limeonvio that the feedlng czpsriments
ey g4

vere corriod ont in the West Indies by Professor Haynes and Do,

]

Stvart, and from bhiu plant thet ferther crotonosine vwas dpeolshed,



Synthegisg of Alknlolde

Ever oinoe Gad&msml48

aynthesloed glaucine by.the routo

- previously worked out by Paahorr1499 nany aporphine alknoloids

" have been synthegisad ueaing the Pechozr phenenthrenc synthesis
in which an amine (166) is diazoticed and the diezonium compound
docomposod %6 give an eporphine (167)0A

Several methods have besr ueed for prepering the amine (266),
the mogt common involving cyclodehydration of the simply
preparcd amide (164) to give the dihydroisoquinsling (165) ~ tha
Bigchler ~ Haplezalolki E@aetionlﬁoo Reduotion of the dihydroiso-
auinoline gives tha emine mrequirsed for oyelisailon.

In certain cases the amine (166) can bs syntheosised from &
rendily sveileble isoquinoline os 1a Pechozrls original attenpt ot
the synthesls cf glau@inel49u

Resently, in the synthesie of laoureline (79}, the emine (170)
vas gynthesiced vig e bensyne in%ermediata—(169),g@nerat@d

from the bromo-compound (168) by potessemido 151n



(164)

(167)

(165)

(166)



(
a , o~
\0 EMa ’ <0 AL
ek .
Br\ /
100 1e0”” O
(168) (169)

(79)



All these syntheses suffer from the diea&vantage that the
Psohorr cyclisation to form apoi-phinea generally prooeeds in
poor yield>?2, Tho best yleld so far resorded™®’ 1o 40f, but
ngually the yields axe about 2@%., The main by-producisof the
oyclisation sre the phenol (171) ond the benzylisoquinolime {172),

end in soveral cases these have begn igolatad,

(172)
— /\‘
©\/‘m
T
(166) | NN
(172)

+ Aporphine (167) -



With N-noraporphines the yieldé are often very much lower,
for example 2.5% for the sfﬁtheain of (%) enonaine 2 and 3;5%
for the synthesis of (3)$‘§_w nornuciferinelS4, poasibly bzosuse
of thﬁ side-reactions that oocur with H-hydrogen, sush as the
formation of the H-nitrose group which is subsequently roduced
off. Another possible cause of better yielés'with N-methyl and
othor H-substituated compoﬁnﬁa ic the conforﬁationai effeot,
sihereby ring C is forged cloger to ring 4 88,155,156,157 (wide
infea) encouraying oyclisation. Hzecantly methods have been
describsd‘for %he'pﬁoteation of the N=H during oyeliention 1139154,
‘but the inerense in yield duzing the cyclicetion doos nod
neeoessaxrily warzant %he;extﬁgvaﬁqpﬂ invelved.

Lven now, cvew Bixty yeéra giﬁce $he discovery'of-ﬁha
Pschérr phenanthrone Byhthemisg the meeaenism is not fully undersiosd.
Fbr‘the uncatelyssd resetion there is evidense of an Sml‘mode of
decomposition of tho diszonivm aompound 15?”1595 but the coppdr
catalyced xepstion haé boen xegarded as & radical process analogous

160,161

to the Gomberg reaction ~ o The suggestion has clso been

made thet both processes occur slmul taneougly 158”1605



The existenco of a diradicé]. catlion (175) has also been
ixostulated]‘sa’las to escount for the participation of s radiecal

164

"in the uncatelysed reastion ' and the lmprobability of s

straightforvard elestrophilic attacklé‘_) 0

NP A N
\]/\ e P G—+ 0860
H

B

(173)

It has aloo been shown ®® that u.v. irradiation can
inorease the yicld of the cyclised compound,and with a similazr
systen variations in temperature. have. bean shoun %o have little

effeet, although sterie fectors appear %o bs very importent 158 °



Becouse of the low yields in the lest siege other
mathods of apeorphine synthesié have been attenpted. By
annlogy with the phetosyclisation of stilbene dewivatives
%0 phenanthrenen 266 it‘was thought thaet the substiinied stlliboro
(175), geoncrated fzom the methiodide (174) could be cyclised,

in the presence of a hydrogen abotractor, to e dehydrozpormhing

(176)n Wnen this was sitenpted in the prosence of vericus

oridioing agente ac aporphine could bo obinined 167c
S Py
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However, the photesyclisztien hem been achleved inm
cases vhare the influsnce of the nitrogen lone paizr eleetrons
is removed, as in the cyclisation of the suvstituted stilibene

(177) ¢o give, ofter reduction, (L)- nuciferine (83)1683

AT %\{3/,. \,\ o @O\\F /-«.\§\:?’/,.«m\ .‘,\!
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: . o A e e
e P P 2EN " -~ . ~ )
56077 e Sy 80,8 Ba0” S \r
%\/‘/ —"/‘:\ r/“
T f e
I L
{277) (83)

sporphines have cleo besn synthesiced by methode sinulating
the bpicgenetic procoppar, but ¢heso have s)ready been

deseribed,,

fach

128,399

{Z)~tnoneine (81} hes bson symthosised twics previoushy

3 % L] ] . ‘ o . v P JL? ’lg’
avf, bosides being formed by the methyletion of {(=)-ocnomaing & 3y

. am
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It was sug ested that the nitrogen might be protested
in order to prevent side resotions. The imins (185) was
reduced to give the tetrehydroisoquinoline (187), which was

acetylated to give the N-secetyl compound (188).

(I O

£ , K10 T 1 . 50 2
L

(387) (1388)

Altheugh this synthesin dld not proeced furthew, since
+ \ s
satinfastory omsunts of (*)-anonaine had bosn obizined, the
E-acotyl compsuné shewed uauvsual properiics. I¢ existe at room

. yemporaturs as two relatively stable rotetional ivomoexs,



This effect has sleo been observed by Cevatc. In his

series (189, 190, 191) the n.m.r. resonances were observed ats

R
(189) H
{190) He
(191) CH300

Aromatic protons O-Methyl protons Substituont on
" ¢-5C-8 ©-6, C=7 ~  nitrogen

(189)  3.39 3.59  6.26  6.22 8,06 ()

(190) 343 400 628 648 7.47 (on,)

(391} (&) 3,37 3.41 6,15  6.22 8.40 (casco)
(v) 3052 3.39 6»}8 6445 7089  (CH,00)



With the N-H compound (189) the two arometic protons
at C-5 and C-8 adbsordb at the same position, but if ring C
is forced towards ring A by an N-methyl group the proton at
C-8 beoomes shielded and ebsorbs at¥4.0lg this is & well known

effect 88'155'156'1570 However, on gﬁaoetylation the barrier is

. sufficient to ceuse two isomers to exist (1918 and 191 b ).




In one isomer (191c, ncetyl methyl up) the ecetyl methyl
group offers no repuleien to ring C, whioh can exis?{ awey from
ring A. Thus the aromatic protons in ring A cocur at the
relatively normel positione (T 3.37 and 3.41), but the H-acetyl ‘
group suffers odnsiderable shielding snd the methyl group
occurs at T 8.40, In the other isomer (191 b, acetyl methyl
down) ring C is forced ciose to ring A and the aromatic protons
caour furthor upficld at V3,52 and 3,.89s the px*otons_ of the |
methyl group of the asetyl.portion absorb at the moxo normal
position aé’\f 7.-89. Cava's oxplanstion mey be an over-simplification,
gince 1% does not teke eacount of the oonﬁ‘omtiom offocto
in ©ing B,

With our compounds the zesonsnces for the aompouﬁde

(187, 192, 188) oscur a%

.. R
(187) =®
(292) Mo
{288) 03300



\\O//;

{187)
(192)
(188)

(193)
(i94)

%

P

o§

-~

F

{193)

Azpmasie protona{pycbablc

at G=5
330
3050
3:30

3043

3051
358

//’\\W
‘\\T//’

Wio
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N
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ansimpenteo)

?

e
\\\/”

N

(194)

RO tons
4ol5

Ao

4022{

4,16
4018

Hotbyiencdlony Substituons

OB pisrogon
ToT3 (1)
7073 (¢B,)

8, 60} (Qﬂsco)

3,09
7e55 (CH,)
_7364 (CHB)



#ith these compounds the aesignmente are complicated
by the presence of the nitro group. In the bemzylisoquinoline
(194) the ring A aromatic protons can be assigned thus: C-5,
T3.58 and C=8,T3.77. With the nitro compounds the effect
of N-methylation chows a general shift upfield of the ring 4
protons, but they omnnot confidently be assigned, since the
- effeet of the nitrb group may be to shield or deshield. With
Vthe(gsaoatyl compound in onc osos ring C shields the methyl
protons of the asotyl gvoup oufficiently for their positions
to be at T8,60.

For the synthoslis of roemexrine the tetzrahydroiscquinoline
(187) was mothylated %o give the N-methyl compoiwd (192).
~ Reduction of this gave the diemine compound (193}, Thic van
'ddezoticed ss bafore and heated %o give (%)-rosnerine (82)0
The yield was genarally ebout 29%, &nd‘eoulq o dmpxoved by tﬁa

addition‘bf cuprons lodide to 35%.
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The 1965 seagon’s fesdings to P._dublus are summarissd in

Table I1.

B
(225) (226)
Precursoyr Isbelling - Reomerime  Incorporaiien §
Tattorn uged Lor
" { - "; ailndion
(=)-Gocleurine (221} (8,35 = "y (+) 0025
(*)-F-mothyleoslovrine  (224) |U,0-Tathyl - Mo 0.19
- b3 )
(+)-f-mothylcoclevpine  (285) [8,3%,5¢ - it (% 0,13
. _ 2
(e)e-gg;-mei:hylcoclmarim [8 30,50 . EH: {; (;) 0.000
(L)-g-nethyluoveoelaurine(226) |p-ito - 34{{{ (+) 0.10
. - » .






(227) | (228)

The actiéity of tﬁe Bemothyl end méthylen@dixoy groups was
dotermined as before. The roomarﬁna labelling patiorn was:
H-nethyl (72.0%), O-mothyl (1.2%), end C-3 (29.4%). FPor
macoanbrine $he corresponding activities wére 7201%9 1.6%
aﬁdﬁéoaﬁo Tang, olthough Q-nethyl aotivity was lost as hafore,
tho zatlo betusea the Yemothyl activity and that at the C=3
pepition remeined cssentlally constant,

Labolled mecombrine was proparcd by oxchange with tridtiated
agueous sodivm hydrozide atb roon tenparature. It vas well
inéoﬁpézéted into roomerine (2034%) end mooembroline (2.76%).
Thim‘oénfirma that the formation of the methylenadioxy group osouTs

2% the dienono stago.



In agreement with Battereby's expsriments 55139 with

the totraoxygaﬁated systen (see page 17 ), (%) [Qémethjl_w 140]
armepavine wae not incorporated into rosmerins.

These experimente have shown the corrsctness of Barton and
| Cohen's original scheme4o The logs of methoxyl_activiti during
the biosynthesis hns'not been adequately explﬁiﬁed and it is not
knéwn at which stage it occurs. it 1e‘poeaib1y.Qua to the
revaréibility of the methylation of H-methylnorcoclaurine. .The
~proven gequence is sumayised in Schems IIX. |

The phenol coupling step (224-45227) wae attempted .in the

~ laboratory using fqriipyanide and & two-phase system. The product,
(%)-glaziovine, was isolated in 1.1% yield. |

‘The biosynthosis of anopaine (Bl) was investigated vith

Anons reticulats plants, (i‘)m‘[e,,sv,ﬁf' _'533] Cooleurine and
()- [5,8,3“,5@} norcoclaurine wors both iﬁcorporated into
anonaine (0.44% and 0.49% incorporations respsctively). |

Earlier oxperimonts’® had indicated that crotonosine (161)
was derived from coclaurine (221), end in order %o determine
?hather methyl migration occurrcd during the biogynthesis
dogblyalabelled coclaurine was prepared frém {?fmathylal4qj_
cocléurine and [?93“95“ = 3Eé]g:oclaurinao

The 1403 3& ratic in the precursor was 13.0:l and although

"theory" suggosts the raiio ir the derived erotonosine '
’ (05054 % 1nc¢zporatich) should be 8.7:1l (loss of bna tritivm during
cyclisation), it was found to be 21.5tl. Again methyl loss had

ogcurred in the blosynthesis of a pro-aporphine.
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(75) (18)

(248)  (aa1)
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EXPERITTETAL

ﬂll mel ting pointo vere detemained on a miovo Kofler

blcck'and ero uncorreciad. Unless othermico piated the vlivavioled
abso&pt;on apaciva refor to ethanol,.infr ored abgorption spasira
to chloroform ang nNomof. gpectre $o dounterochloroform solutlons.
The n.m.r. spscira wers recorded on a Vorian A=GG spe@tromater”
end the muliiplicities were dosignated by the sabbreviationsr

. (singlet), d. (doublet) and m. (multiplet). The mess spestrs
were récorded oﬁ an A.L.X, 1S.9 dovblo-focusing mags opectromeier,
the samples being run using direst proba inseriion with an alectron
beam of 70 oV. IBoro-analyses weve carried oubt at Imperial CGollegs
inigially under the dizestion of Mims J. Cuoknoy and thoveaftor undo:
ok Kan Jones, With banzene, othewr, chloroform, athanol and meﬁhdn@l
aolutions, unicas othermise stated, the solvents vere vomoved uwnder
radused pressurs on o sheem-bath. Chromatography, uwalass apseiricd
to the contrary, vas earriod out uaingAneutral aluﬁina of Droslmaon

activity XIZ. Poitroleum- cthor refers to the {raction L.p. 40:«600c

Connting methods,

Al13, “40 and tritium laboslled  compounds were countsd
peintillation countey (Tsotops Dovelopments Libd. Type 60L2 L,
the asmploe being disgolved in dimethylfovmemide (0.2 mi.) end
liquid scintillator (1.2 ml., Liuclear Enﬁerpriaes Ledey T _é WB.2%13)
and a¢ﬁ uncorrasted for self-absorpiion except whore stated. Tho

rogpaective efficiences ware obtzln@d by coun’® ing [i 2= é] and {?-”

~ hexadecane standay



.
(o
&

The parcehtage incorporetions woere osleozlataed by
muliiplying the- total activity obiained by 100 and dividing

by the total activity fed. .



Isolotlen of Fevinzino Hikoloids (fﬁ@“ﬂﬂAﬁv Polkess and Tsulofeu

320, 123,
F =
" Bround By bhring crwsuwAg;lni coed (3 OB

extxaatqé la o Sc;hlet Fizpt with petxoleumheﬁhe@'EOﬁ & hra.

“then with nothanol for 36 hzs. AfYer ramoval of the mathanol

the crude gem (75 gn) reneining wae diccolved in JI/50 hydrochloxis
ﬁcié (500 mlo )~ The eoid solubion was [ilitered end extracﬁeﬂ
with potrolevm-ether (100 ml.) them with chlozofrem (2 = 50 ml.).
The ceid oolution wcc noutralieced vith sevuzated agusous sedivn

bicarhonote end erirocted with ohleozoforn (5 = T0 nlo.), from which,

eftor doying (K?Gﬂﬁ) and romovol of the pelvenk, & gum (2.4 g.) wao

obtained.
 The neubrel couocus poluticn vas re=paidificd with hydruchlozmic
e03d {eons, 50 mlo and wofluzed for 1f hwo. The sllielolds Erﬁm
this eeid golviion were aﬁtained an baf ovg, hut on LVLPQLG@i?”
%he chloroferm exyscdine (50 mg.)} exyveiballized.
The miziure of alkeloids obtained from the eariier gum uan
chxomatographoﬁ—oveé olomize (70 g.) and the followihy frn@tioas

vore obtained {TLC conirol).



-OEOR <

. Eluent . : sncunt znd
. ' Compound
Bengene-ohloroform{21:1) 160 ng. .
Drythraline (136)

Benzene-chloroform(1sl ) 179 mgo
' Erythraline~
_ Erysotrine
Chloroform | " 80 mgo

Erysotrine (137)

Chloroform-ethanol (19:1) 83 mg.
Exysodine (105)

Chloroform-ethanol (921) 7.3 mgo
Exythratine (138)

The erysodine was identical (m.p. end

authentio specimen”so

‘nemero 340 (1H,8), 3.53 (1H,8)

in 00144'20ﬁ(2u,s), 6.78 (3H,s)
uoWo g 290, 233m
1it.1 uovol oz, 2925 238ﬂf

_ MePo 96=98° from petroleum-

other (60"800) 9 (lit017497¢98° ) o
nomoro_3015 (1398)9_3035 (1398)

- 6.15 (3H,8), 6023 (3H;8),

6068 (3398)0
mepo 202° (11%.123202-205°)
n.mor. &t 60° 3.11 (1H,s),

3.24 11H,8), 6.20 (3Hys)
6-68 (3H;s) -

@4§9O+243° in CHCl,

(11to[ }‘9 +248°)
mop. 170  f£rom ethyl acetate
(21174 1712729

mixed mopo) with an
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- . - : . P ro= RCE)
Igolotion of fngnoimg. {Fothod of Oswindnghazi ~7 )

Anonn vejloilain bowk (406 go ), dwied avd poviopoed, was £izob

e#%zaoﬁeﬂ with pets@?onrme(h 2 AN a Soxhle%v thon with ceescspivo

gaftiéhm of 1% h&dwcchlori@ ceid in othomol (41,total) ot woem

. tomporatuxd for tve doys. %ho ethdnol colusion mae $iltezed, ond

nfter wmoval of tho othenol the xepulting wod gum (41.5 g.) was

digoolved im.glhydzobh19$io a0id (400 ml,). The aoid selution wap

" £iltexcd, éxtra@t@ﬁ vdth cther (100 mi.), baoificd with notutoted

aquenen andium bicarbonnte, and extractod with obloxafiepn (Bxﬁﬂ_mlo)o

AfGor entoe ctinz Lhi‘ chlozelore soludion with waier, tha phonolie

aikal@ide noze egtvested into H cotivn hydwomide (109 230 Jo Azte&

Boying (H ;QA) enf zomovel 6f e ehdorefonn o crudc gus (4iﬂ n%e) @f

&

non-phenolic eiinleids vos obtainade

A9%0T woghing the coditn hydvozide colubien wivh other (59 2o ¥p

uhc phcﬁ@ge WaERC pa cgpy zad wAth eoxbon dionide ewnd éxitzacted oifh

.. ch'm"'eﬁ’ orm (3% 50 mﬁo}) LE4en Auyiog ((zroﬁ, GA) and momavnl of whe
chioeofexmp e gun (469 ngo} of tho ox vﬂo phenolie allinlelds ues
obsningd.

ine arude 50w=phCT011@ axlaléid@ uere ehnenatesrophed over nlumlimn
4(5@ go)p the . chaiaw be& folloved by TLCO Amcﬁaiﬁa (139),(54 B0 )
RS Eamavod with bomae ﬂ=©hl@i@f0”ﬁ (121), itc pzecones being showm
on TLC by chronotTopic zaid A8 507 rnip wis 0oid, o violet spod

developing on hecting with componnds hoving e nothylone=Qiexny gzeupn.
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. g o . . (¢ ’ 26
tnonnine nydroshlozides mep. > 250 (dcconp. 1it.

a
. o |
275-274%, T 257.262°, 128 540-275°) vas formad by Qigsolving -

thoe frec baps in ethenolio hydrogcﬁ enlozdde ond edding ether.
RofoTo 30,49 (18,8), o doubie doublot {(J=0.15) cenizod % 6;04 (2r)
Lo Qiosely’gimilar to that publiched o
wsve of hydzoehloxide }.ma 516, 262, 242 mp.
‘ 1d%o i?é D e, 325, 277, 237 mf,.
npep. spacs H (nfo 265) '5404';.;’59 (12" (w/e ‘4264}' 1007
11-29)" {mfe 236) 14.45H

" J-meetyd smonsine wes mode by ¢iosclving ononains (15 mg.)

in pyeiding (0.5 wi.} ond costic anbydride (0.5 w@l,) aund
" leaving ob room Gempsrasume for 16 hee, After vemovel of

the solvent the Hencetyl cunoupine (14 rz.) wos ceystolliued fron

12 Lm0 - :
o 8390-230" ), Tho i.me epastzun

178
vas clomely similax to $hat publiched "

athonol, mep. £29-250° {1ito



w LEY

Icelefion of Eoomoring.

' Papavor dubivg pleato (2 0 Lgc), hegvasted 3n Junop woxo
blended with otbanol (4 1.) and left to sosk 262 2 dayoe Iftor:
ranovel of the othgaol the rcsulting £un vag dicoolved in
. I hydrochloric ooid (200 mlo)s tho solution was filiescd, cxtroetod
vith othor ned bapificd with equsous 4l sodivm hydroxido; the
bapio solution wes extracied i th other (3230 ml.). After
dzying (KZGOE) the cthor uos zomovad wo glve ths gfuﬂo basen
{430 mg.)s The oxude basos wone @hvcﬂmaog"wpnﬂa wor aluminn

(ﬁo Go) end tho recmérine was eluted with @aroam@a roshlovién=honsosa -
(1sl) ac shown by ThO, Rocmaerin -{ 147} was exyaicllized pe its
hydzachionido (152 m.) fmea cthonolie hgnrc"en ghioxida,
10p0 265 = 270° (dosompe; 145.297 262-261%, 23 pggune70,]

- 2TA-27 @)o 7% bod on RPrioTo 014 Dope idondicnl with an

rd

authﬁm%ic opoginor of ﬁu*czaamarincﬂhrﬁxh@uaozsdo 0
1 L= _
L emndld Bpeginon of tho oxvde cthoannl exbrost won discolved
in chl@szoza,'shakan wi&h 165 pquoens tavinmic a@iﬂ}mhicb'ﬁas

immodis 015 b/Lufiod ”i@d A sodivn hvdr@hiéa,cma who QlLthLﬁ

TOE: Te-oxiract sed duto chl@fabﬂaﬁn Wﬂ 9905 en TLO agudd bo éoon

uaioh cozFocporded with the dicmel (148), vhich mos propozad by
. . 7”2

¥ -

torohydzide zedvciion of nocanbring (75)0 3% hed boen phomm

- . oy

that the dienol (R48) was sieblo in 1% aqueou; 2’,,10 agiﬂ for
. , g S
e shord timaii
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Igelation of llqcanbr:lna

¥oognopoig cambrien roots (33T kg.) were blondod in efhenol
(3 1) and left to sosk for 3 déys _Aftor vemoval of the ethanol
tbe erude gum (52.,4 g.) van diceolved in Q.1 X bydmohlomc asid
(200 nl.) end filtored. The coid ‘solubion was extsacted ‘with ethey
- {50 nl.), bzsified with cumonie end eztmeted with ether (-31250 o Yo
Af%or drying (xacos) tho ether veo Tesoved to give the ornde boges
{260 rmg.)o The orudc bases were chromtch‘wheu over alvminn (50 go)
and the mooembrine {75) vas eluted with ben':enm«chlorofcm (951}, Tho

. 1 8 Y
free beso (600 ng.) was czystallized fyom cihom, mopo 178 (11%. 3 17!3@3

The R foPo ORA MoPo vore identiesl with an aunthondis spsﬁimwmo .
PRog. epese I {nfo 295) 1008, (1=3)" (ofr 294)
36,450 (1-20)7 (nfo 267) 2.0, (1-29)" (nfo 266) 507

(12-4317 (pfe 252) 290555
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SYNTHESIS OF AHCHAINE AND ROE TRIUE

3,4 = Hethjlgnédidxy -we nitregbywene (179)

To piparonaldehyde (25 é.), diqsolvéd°in redistilled
pitrompthaﬁo.(éonm#.), wéraAaﬁded methylazine hydrochlorido
(5 g.) and anhydrous sodium acqzﬁté (5 g-)s Afier the zizbuve
'had boen shaken éﬁ'rdbn temperature for 20,hburé, the cfystala
of the nitrostyrene were filterod off and washed with ether
and woters Recrystallization of the product from glacial aestic
acid gave yellov needlen (30. oo 95”), m.p. 161°
(11%, 182 159 - 160°)b

3.4 = hechy}enedﬁazyghenatufiamine( 180,llethod of Tomits ond
182
)

I(h;,(zcﬁ i

The nitrostsrens (15g.) in déxy tetrahydrofuran {400 ui.)

wap odded dropwise %0 & suspension of lithiva aluninivm hyLPiLG

(35 go) in refluvwing twtrahydrofuran (200 1 ) I% wae
refluxcd for & fuithey hour, cdoled and thse excens 1lthivnm
aluninivm hydride vas deciroyed by ethyl acobabe ent weior

Sodium hydwozide ‘wag edded and the UO‘rath“ofu:aD ooluigion

vas decanied oif. Uho proeipiioic vas vashed twicc with

ethqr (2 x 100 mi.), anﬁ the combined ether4and tetrahydréfuran
wors removed. s r@éiﬁuo vas digsolved ia ovhanol ani cthanolic
. hydrogen chlcfide A aqéodo The precipitoted hydrochlorldé

vas echsﬁa1lﬂ o& fron ethanol o slve néaﬂles'(IODZ Bep G55

L 8%
182 18% 1750)0

m.p. 210° (11ﬁo 2080), (mop. of picr&te 175°, lito
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- (3,4 - methylenedioxypheﬁethyl) ~1-nitrophenylacetamide (184)

ganitrdpheqylacety; chloride was prepared by remuxing |
gfhitrophenylacetic acid (5 Z.) in repurified thionyl chloridé
(60 m1.). The ex :cens thiony‘ chloride was partly removed
in vacﬁg, but the solution of the aeid chloride was nod
evaporated %o drynessg since explosions could then occur 184ﬂ
To rémove the remaining thionyl chloride, dry benzons was
aedded and removed wndey roduced pressures this wus rapocted.

Thae acid chioride 3in benzene was addaﬁ dropwiss fo 8
vigorously stirred nixture of the zmine hydrochloride {10g.),
B sodivm hydroxide {250 ml.) and benzene (50 mi.). Stireing
continued for holl en houwr affer the addition was conpiete
end the anide was filtered off, The banzene layer was saparatéé
from tne filtratey af%er removal of the banzenn the combinéd
cmido.porﬁions ware rocrysiallizsd from methanol to give
ueedies (l1l.6 g., 7150 based onm amine) mepe 1229 (143, ¢
69 1207y, |

= (1-Titrobeazyl) = 3.4 ~ dihydre - 6,7 - meinylensdloxyissguin-

cigne. (165 Mothod of'Baraar and taitnaver Yo

DhO“L? ovychlovids (6.5 mi.) was added %o

Redistilled »h
the anide (2.0 g.) disanlved in chloroform (8.0 mil.) and the

solution was allowsd %o sfand at »oom Yewperature.



......

yil toé four dags‘the chlozoform end phocphoran
oxychloridé were removed undor reducsd pfeueure, the
'residuhl gum wes dispoived in uh° pininum volums of aca%ano
end pourcd into hydrochioric neid (3 pax% cone. ﬂyﬁrdchloéi@
acids 1 pert vaiewr, 40 ml.). The insoluble gum wae filiserved
off, rediosolved in aéetdne end poured into the come volums
of hyd*ocnlovi@ acidy the black precipitate voe filteréa ofl,
Aftor troatmsnt with cherconl the combined ceidic filtrates
vere made sllmline with 4W sedive hydvomids awd the Linc

preeipitote vas filteved off with ‘hatmen FHo. 20 faum T PAREY.

Tao dihydroisoguineline vee reg"vau_J ..... incd foon methanol 40
. N n - =S fas 123
give buff nostles. {1.15 f., 6150 m.pe 365 (3i%, 165°),

hoo (b= fminebonpyl) = 3,2,3,4 = tetoahvind - 6.7 =

_methrlencdiony iseouinoline { ya6)

Fo o ol 37"6 solubion of the dibydrcisogud ﬁa ing €400 o
in wera hydeochloric neid {1 paré cone. hydroghlorie asida
tvo pants wvater, LT3 ©l.) vas added zine dust (1755 go)' dumiyys
half an heour.

The RIRTNYe was ooolndg fiitered, node alka’lkn wiih
ammonie (0.880) and extracted with ethor (3 = 50 ml.). After
drying the other over sotabéiu& hydxroxide tﬁe solvend tas

enoved end the reosidual baze was dissolved in methenolecthor.
The base mmy pzecipitatsd by preeing dvy bydrogen chloride

through and purlfveﬁ by repweclpiua ion from methfuolmaaetonﬂ



giving & colouriess dibydrochloriée (3.5 o, 76%)

»ggg ~ Anonaine (83 }

The diamino dlhydrochlorzde (2 gn) was dﬁasolved in
25 sunphurlc acid (62.5 mi. ) and cooled %0 0% After sodium
nitrito (0.78 g>) had boen added duving holf om homr, the
solution rag alloved to stand at bo for féve_héurao |

Yhen tho diazotieation‘ﬁaa complete, the soiniion wan
heaﬁeﬁ at 100° until the evolubion of nitrogen ceased
. .(approziéatsly 2 pinso Jo Concentrated hydzochloric 8cid
(30 ml.) and zine (10 g.) wore added, aud the minture wos
xﬁvred wniil 1% bocsmo elear. After filtering off the aing,
the éblﬁtion von made slkaline with ammonin {0,880} snd the
basés W@EOAOEﬁTaGﬁGd inte ether {3 = 50 mlaj.

The ether wme remcved and the residvo wng vhr mategrapacd
over aluniiit. Ehe annnain@ wes eluved with chloroform,

fiseolved ibh ether and perscipitetved by peseing hydregon chlorlde

vhrougn the goludion. It was recryatallizad from evhanol o give
y - 7 : e s 128 Gy
necdles (0:35 o, 23%); mepo 282 = 284 ° {decomp. Lite 285 ).

Yhen the diazonium compound in querkz appazaius &t 0° jurz¥of
" irradievcd with = high-prossuze mewcuvy lomp for oaz houw no
(~ =auonﬂ1ne couad be detceted on TLC af¢er raductlon of the

g?hitroso group.



i
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lo{l-itrobonayl)edn2s 5,4 = %2 trahvdra - 6,7 - methvlenediozvioe-
guino]ino(_bf

Ta the dihydroiquunoline (288 ,1.0 go) @iczodved in
‘methanol (200 ml.) sodium borohydride (0;5? g-) ves edded
 during bhelf en hour aﬁd'the polution was stizred a%i roonm
temperaturs for a further houw,

The mothenol was xemoved, sodium hydroxido (EE, 40 mio)
cdded and the base was exirzeted into ethor (p % 25 mlo). Tho
ether solutibn vas reduced in volume and edhonelio hydrogen |
chloride was cdded, givihg o erysielline hydrochlowido, whaleh
was reerystellized from otvhanol to give plates (0.96 go, BF%QQ
ToPe 234 = 2550, I.p of fres base {from cthep) 98 - 99°,

{(Found €,58°938 H,5°113 W, To8L; 1, 10-19¢ C’ETHF[L 0,1
rﬁquirea C,Eooéﬁa Eeé°88; 11,8°04; G, 10 20},

n,mm_ 7 10C0 ~ 2°70 (:\L.,D), 30 30 (m,s)p 3250 {IH,s}

4015 (8E,8) , 5°7 = ﬂ°§ (8H,m).



1=(1=TitrophenylY-2-ocoty} = 3,2,3,4 < telrahydro = 6,7 <
nethylensdioxy ¥zoguinoline 188 ).

| The tetrahydroiéoquinoline (1 go)-was left overnight et
. room température in soetic anhydriﬁe (5 mi.) end pyridine
(5 a2.). h
Aftor removal of the solvenie in vacuo tho H-acetyld
conpound cmys%ailizad from othenol (084 go, 83%), mep. 156-157°.
(Found 0,64°5235 E,5°35; 1,8.30-
919%81;7205 roquiren C,64°393 H,5°125 1,8000).
Demez, ¥ 2°00 ~ 3°20 (4°0 I, m), 3030 (0°5H,0), 3°50
(1.58, broad &), 4°21 (1H,8), 4°25 (3H,5), 4°5 = 7°T
(6<6H; m) 8-05 (lo4H, o}, 8°60 (1°5 H.3)o

3o{1-Hitrobenzyl)-2-methyl = 1,2.3,4 ~ fetwahydro = 6.7 ~

mothylenediozy isoguinoline {192).

The ﬁétréhydroisoquinaline'hydrnchloride (0.6g.) wze
disgolved in formic eeid (975 10 mlo) and formalin { 40 %, 10 mi,)
a@d.haated én o ptsem bath for 45 ming,

Aftér thé exeess raégénts hadlbeeﬁ removed in_veguo,
g'sSdium hydroride was added to make'the solution basic, end
the libersted product mas exiracted into ether (3125 mlo)e
Thevethem solution vas extracted with ﬁater, éndp"after boiliz
reduced in volume, sthanolie hydroéen chloride vag added.

The preeipitated hydrgchloride was zecryséailized fron meﬁhanol

. giving pele yellow plates (0.57 G-y 92%)p m.D. 204 -~ 205°,



(Found. €.59.555 H,5.073 N,7.77s CL,10011,

018H18E0401 rnqui§ea C,59.6035 H,5.273 H,T.723 CL, 9.77)

2.m.r. (in carbon totrachlordde),t , 2.3-3.5 (4H,n), 3 -43 (1H,s),
3061 (1H,8), 4,17 (2H,8), 5-03-7.68 (TH,m), 7.75 (3H,8).

1=(1cAminobeg§g )=2-methyl - 1222zngmtetrggyﬂro=6ijametgx_eno*
dioxyisoguinoline (193)

Zino dust (0.86 g.) wos added over half an hour to a warm solution of
the nitro compound (h192,2°0 £.) in hydrochloric aecid (1 pérf cono. HC1s
. 2 ports wator, 86.5 ml.) and the mixtvre wae stirred for a further balf houv.
After filtaring off the exocens zino, the fres base wog liborasted by
the additioa of emmonia (0;880) and it was extracted into @ther-(sxdo ) I
- After concontration tho dih&drochloride was precipitated by edding ﬁathancli@
hydrogen chloride, and reorystallized from methanol te give necodles (1.7 &oo
85%)0 mep. 262-283° (1it. 19 283-284°). |
Rollo¥s  2086+3.76 (6H, psaks &t 3.5) ond 3.57) 4.16 (2H;8), 5.36 - T.51
(9H,m)y 7055 (3H,8).
(2)-Roemsrine (82)

The diamine (193) as its dihydrochloride (1 g.) was dissolved in
‘sulphuric acid, (2H, 50 ml.) and copled to 0°. Sodinm nitrite (0.25 g.)
vas added during half am houy, after which the eglution wos allowed to stand

at 0° for five hours.



< L2 -

After heating at 100° ‘nntﬂ. nitrogen ceased ¢to be evolvad
(approximately thres ninutes), ammonia (0.880) waa added
precipitating the bases, which ware extracted into ether (3 x 20 ml.).
" After drying (KCH pellets) and ronml of the salvent, the bages
were chromatographed over alumina, roemerins being eluted with
_carbon tetrachloride-benzens (131) - TILC coatrol.

Roemerine (24.6g.» 29%) was ormeuged es its
hydrochloride from ethanolic hydrochloric acid, mep. 262-267°
.(deoompo, 11t,197262=3°fo:- (=)=roemerine hydrochloride).
If cuprous iodide (1 g.) were added bafore decomposition of
tﬁe diazonium salt, and the reaction worked up aa before, the

yield of roemerine was 35%.



SYRTAESES OF FRECURSORS

Synthesis of gﬁﬂéthylcoalaurin@o

Protocatechuic aldehyds, (Method of Iangs 0))

Pyridine (78 ml.) was added slovly with siizring to
solution of vanillin (20 g.) and anhydrous aluminium trichloride
(19 g.) 4in methylene dichlorife (200 ml.). The solution, protected
from moisture, wac refluxed under nitrbgén for 18 houxs.

Dilute acid was added until the solution was acidis (pE 4)
and the.aquaoum layer was separated. After extraction with ether
( 3 x 100 ml.) and evaporation of the sther, protocatechuis
aldehyde (11.1 g., 61%) orystallized, mep. 154 - 155° (Lit. 07
153-154°),
j-Bydroxy-4-benzylonybenzaldohydo (194)

Potassiun hydroxide (8.5 g.) vas dissolved in ethanol (60 ml.).
Protocatachuic aldechyde (20 g.) and benzyl chloride (19.2g.) ware
added and the solutlion was refluxed for 1% hvs. undor nitrogen.

The pdtaasium ehloridé wap fildered off and the solvent tos
removéd ﬁnder ?educed pressure from the filtrate,lenving a rosidue
uhich wes dissolved in water and extraoted with ether (3 x 40 l.).
The combined‘ether extraots were extracted intolgodium hydroxide
(N, 40 ml.), vhich was moidified and the liberated phenols were

taken up into ether (5 x 40 ml.). Affer removing the ether the



7ogidue e diseolved in godinam hydroxide and sodivm h7aro ide
pellets wars added, prooipitating the sodium sald of the
paza-berzyl ether. This s2lt ves filteored off, dissolved in
water (50 ml.,) vhich was scldifiod, and exiracted mithlgﬁh@?
(3 = 30 ml.)o The other solution ves trested wi%htchércaal
end eveporated. p-0-Kanzyl p;a%ocatechuie aldehydo wés
roosystallized from ethonol %o give rods (6.9 go, 21%),

136

Mopo 119 - 120° (21%. 1229,

5 Mothony I Cl-d=bonsylonybonzaldehvdo (195)

S-REydvony-d-bonzylozybenzaldehyde (200 mg.) was
dissolved in dimot ny?fovmanwao {dzicd, 5 ml.) under

. 53.7% 4n- minerel €il} was

nitrogen cud cediun hydride (57 w

5
€~!

7

sdded. To i% in yaeup rothyl jodide (0,93 mg., ﬁol e, )
e aistilled Trom s brcakeceal ompoulo. Mothyi spdide
(44 ng.) in dinothylfozmemide (1 ml.) was digtiiled im_vaoueo
in%o the suponlo aud fron thore inso %ﬁn veagtion vassal,
Tha reacblion vensel wac seaicd ond the solution stivred fox $uo
dnye at Toom LEMDporaturo.

lethyl icdide (3 mi.) wes added and the solution siirred
for ome hour at woom tewperature. Vober (5 ml.) and sedium

hydroxzide were odded and ¢the preduet wae exnirasied into other

G =5 nl.). Tae othor solution tas veshed with water (5 ml.),



avicd (H2,50,) end the polvent removed. Thc @ou 1idue
cryntalliced from diisopropyl othor &o to8 (156 mgo, T9%)s

3,
Moo 659 (libo‘ad G4-65 ) Padiochomicel yield 6255
188)

3-Hothoxy-4-beng v?ovaeuﬁaldehyce (205) (Hauhod of Burgo
Potaasium hydroxide (4.8 go) wes dinsolved in ethenol
(96 mi.) on warming. Vanillin (32 &) and benmyl ohloride
(13 ml.) wore addod and the mizture was rofluxed undew
ni%rogen for 6 hvo.
The potassium chlovide wes filtored off and the solvent
wes pemoved from the filirate. Water (20 ml.) wan 2dded %o ¥ho
reaul%ing cake, and this wes extvacisd with ether (3 x 30 Wie Jo
The hor colution wen cutracted with H scdium hydror »ide solution
{ 35 m.) owd water (35 nl.), dricd (H&ZSOA) and cvaporatods
The vosidua was eryotallised frem dilisopropyl othor %0 give
10508 (3566 Zos TIH) Mepe 65° (1350 ~01 64=65)

. . X 167
gﬁLabLo“wDﬂ onsviony=u=nisrostyrens, (196) (2thod of Bhelwwi Yo

o Q-bonmyl vanillin (20 Bo)s 10 ICd“SL&l:C& ni%
(100 mlc), sodimm acetoie (anhydrous, 203 g.) end methylamine
hyazochlorido (2.5 go) woxe cdded and tho nixburc ves ghalen fow
24 hps. ot rooR Lempsraituvl.
The RLTT0STYTONG TWAD digsolved im ehloroform amd £ilte oved .
Afsom removing he ehloroform the nitrostyrone was raczystailizeﬂ
from ethanol, conA nining & fow drops of acctie a@idﬁ 0 give

nocdlon (Zhof & 927}, mepe 1257 (118,200 122-223°).



3=listhory=4-bonsyloxy= A-picnethylamine (197)

A golution of the nitrostyrens (10 g.) in tetrahydrofuran
(100 ml).) was slowly added to 2 suspension of 1ithivm aluniniva
hydride (40 go) in refluxing te%wany@rofuran (200 nko)o Aftor
the addition was complete the mixture was ‘refluxed for a further
hour.

The exgease lithivn alvainiuwm hydride wos destroyed by the
addition of ethyl acetate foilowed by waters 'Scdium hydroxido
was aﬁded 40 precipitete ths inorganic salis snd the totrahydrofuyan
solutlon wzs decanted eff., The reoidue was exntracted with othew
(2 x 100 ml.) cnd tho combined tetvohydrofuran and ather
. solutions were removed im vaoug. The repidue vac dlosolved in
ethanol and ethanolic hyﬁyochloric scid was added, fyom whaich tho
phonothylamine erystallized ns its hydvoohloride {6,956 g., 66%),
mope L76-277° (216, 09 175-175°%)

In the small-geele radicagtive resctiocn the @zdasq_lithium
alunminium hydride woo destroyed with wet ethew. The inorgoniec
galto wore dissolved in an eguegons solution of Rochollels sold
( pobasoivm sodium Gorirato) and the phenethylamine inm other was
separated from this., The agueoun selution was further @xérac%ed

with ether and the procsdure as cbove used.



4-Eydroxyphenylacesie acid (199)

The cyouchydsin of pohydroxybenzeldehyde (198) vas
prepared by the method of Londenburg, Folkevs and lnjor 1900
p-Hydrozybenzaldehyde (50 £, ) was dissolved in ‘10% aqueous sodium
bisulphite (430 mi.), cooled to 0° and ether (220 ml.) vas added.
10% squoous scdiuvm cyanide (100 ml.) was slovly added and the
- nixture was stirred for one hour,
After separation of the layers and extraoction of the squeous
| leyer with ether ( 2 = 50 ml.), the combined other golutdons wexre
weshed with 10% aqueous sodium bisulphite (100 ml.). Removal
of the ether left an o0il of the cyanohydwrin.

The cyaho}wdrin waa convarted o tho phenylacotie acid by tho
' mothod of Bapbon end Kixbyo Y, To tho oil of the cyanohydrin,
hydrogon dodide (A, 1.94, 110 nl.) wms added end rofluxed for 45
ming. Aftor cooling, the solutieca wos poured inte 100 aquecus sodivm
biculphate (700 ml.) and %he iasoluble by-preduct w2s Lilzered off.
Tho bhigvlphite solution was exivcated with ether (3 x 100 mi. ), and
tho ether soluticn ung waskod vator, deied (MgSD 43)‘, end $rented wlth
chm’ccalo AfGor momoval of ¢ho ether s fow drops of vater were
added and the nizturs was loft ot o® ovornight. Needlss {1005 &oo

1750} wore filtored off, mep. 150-351° (Rito 2> 149-152°).



4=Honzylomyphenylacetic zcid (200) (Methed of Barton end Kirbylgl)

Potassinm hydroxide (4 g.) was diosolved im ethanol (50 ml.) and
p-hydroxyphenylacetic aeid (4 &.) and banzyl chloride (4 g.) wera added.
The solution was refiuxcd under nj.'?_;rogen for five hours.

Potassium chloride was filtered off and the ethanol removed from
the filtrate. Water (50 ml.) was added to the residue anﬁjit wvag
oxtracted with ether (2 x 30 ml.), The aquecus solution was acidified
to give plates of p=O-benzylphenylacetic acid (41 go, 6&‘}5);,' Bopo 120 = 121°

{4

(144,279 3239),

H-(3-Methoxy-4-benzyloxyphenethyl )-p- benzyloxyphenylacetamide ( 201,)

p-Esnsyloxyphenylacetyl chleride vas prepaved by refluzing the
agid (200, 160 mzoo.) in omalyl chlorido (2.5 nl.) and benzons (dry, 2 =i.)
for two houvs. The excess exalyl chlopide and btonmense wers removed im
vaguos dry bonzeno wos added and wemovod.

The acid chulcrido was dlgoolved in bonzome apd added dropwiss oves
& hr. %0 2 stlrred mizture of the phonothylamize hydrochloride (202 1.,
2 I aqueons podium hydrowido (L md.) and bensens (1 nl.). I% was
loft stiveing for a fvrthor houw, .

The two ls,jre:z"s wers soporsted ond the aguocus layer was exzirached
with a further portion of Lemzens (2 ml.), The combined benzene |
solutions wore exfracted with water (3 ml,) and dried (R&,ZS%)O
Fvaporation of the solvont gave the crysialline amide (135 mg., 81%),

170b

m.po 118° (Lit. 118°).



6=Methory=T-bensyiory-3-{p-bonzyloxvbenzyl)-3,4-dihydroisoquinoling
§20220

The anide (13% 1ng.) was refluxed under nitrogen in

freshly distilled phosphorus oxychloride (1 ml.) and toluene
(2 m1.) for 20 mins. V

The solveniz vieye rebovad under reduced pressure, toluens
was added snd again evaporated. The product was triturated with
| other and orystallized from ethancl-ether o give nesdles

(102 mee, T5%), mopo 165-265° (145, 1°% 164%).

6mﬁe%hoxyu7mbenzyloxyalm(E;benzyloxybenle)cl52m§&§ =

tetrehydroiroquinoline (209)

Sedium borehydride (38 ms.) s sdded during 30 mins. to
" an Jee-cold solutlon of %he dihydroiscquinoline hrdrochloride
(80 mg.) in methanol (2 ml.) to which 2 drops of Al aqueons
sodivm hydvoxide hed beon added. The solution vas stirred for
a further 49 mins.

Thé nethanol was removed cad water (5 mi.) was added. This
vas extrasted with ether (35z3ml.) end tho combined ethow
extracts woere cheken with weier, and dried (Kéco5)q After
removal of the other the hydrochloride (62.6 mg., T6%) was
crystallized from ethanolic hydrochloric aecid and.ether, moPo

170c

190-193 (deconp., lide 192°),



g32~Coclaurine (223.)

0G-Dibenzyleoclaurine (62.6 ng.) im othenol (3.5 ml.),

to which 2 drops of concentrated hydrochloric ecid had bsen
added, was hydrogenolysed im the presence of 10% palladinm-
chareonl. ' |

The eatalyst vns filtorsd off and the solvent rermoved.
(£)-Coolaurine hydrochloride (34 ng., 80%) crystallized from

1700

methanol-ather, m.p. 256-258° (1it. 255-256°),

(2)~F-usthylcoolaurine (224)

Ceclaurine hydrochloride (33.9 mg;) was dissolved in
formic acid (0.4 ml,), formslin (40%, 004 mi.) énd;aadium
 hydgoxido (0.3 mi.)s Tho solutdon wae heated at 100° mades
nitrogen for 15 mins.
The solvent was wzemoved vwnder reduced pressure end the
acid wes neutralised with satuzsied aquocus sodinm bicarbonsto,
Thin solution was extracted with chloroform (3 % 3 ml.), and
the chloroform soluzion was exivecied with water (2 ml.) and dried
(Hsz.2$04)° Af¢er reomoving the ehioreform the hydrochloride
oryetallized from methznolic hydrochloric acid - etﬁer to give neadlen

(315 mgep 93%), mepo 250-253° desomp., 144,707 252.254°),



(£)~Coolaurine hydrochloride (40-mg.) was dissolved in
formic acid (0.5 ml.) and 4§ sodium hydroxide (0.3 ml.), and
radiocaetive paraformaldehyde (0.7l mg., 0.l ﬁc) was added. The
solution was heated at 100° uﬁd@r nitrogen for 10 mins. Inaciive
pﬁrafﬁrmaldehyde (30 ngo) wés added and the solution heated for
15 mins, Finally formalin (40%, 0.3 ml.) was added and the
reaction completed in 7 oins, A

(i)gg? methyleoclaurine hydrochloxide was obfained as
bofore - radiochemical yield 73%.

_ .
3-Mothoxy-4-benayloxybonzyl Alcohol. (206) (Method of Battersty e;._g_.égg" )

To a solution of O-bonzylvanillin (20 g.) in methadel (50 mi.) .
wap added sodium howmghydride (1.8 g.) over helf am hour, and ﬁhé
solution wos stivred a% room Yomperature for a further 1% hra.

Aftarhfémoval of:the solvent wator (SOlmlo) vag addsd and tho
baﬂzyl aleohol was oxtracfed into othor (3 x 30 ml,). The ether
golution wes washed with water (20 ml.), drisd (Ra2504)9 and the
ether was partielly removed 0 give the benzyl aleohol (8,42 g., 85%),
mepo T1-72° (18%.72 72-73%). |
3-Mothoxy-4-benzyloxybenzyl Chloride (207) (Methed of‘TiwariITI)o

The benzyl alcohol (206, 8 g.) in dry benzene (60 ml.) was
.added slowly %o a solution of repurified thionyl ohloride (46 ol.)
and pyridine (0.8 ml.) in refluxing benzene (80 ml. ). '

After refluxing for ons hour, the solution wns cooled and iced



water was'addedo The benzene layer was washed aucceseively with

)| .Nancoj' and wator, dried (Fa,SO 4) and the solvent was removed.
After being treated with ohm;cosl the benzyl ohloride (5.5 g., 47%)

crystallized from ether, m.p. T4° (11t.”2 T1.5 = 72:5,%%° 72-74°).

3-Mothoxy-4-benzyloxyphen |1-14c | othylamine (209)

3-Hethoxy-4-benzyloxybenzyl chloride (100 mg.) was

dissolved in freshly distilled dimethylsulphoxide (2 ml.) and

- radicactive potassiun cyanide (1.77 mgo, 1 me) was added, The
solution was heated on a steam bath for 15 mins, Potassium
oyenide (17.2 mg.) vas added and the éoiution vas heated for 3 hrs.

The solution was cocled , water (10 ml.) was added and the
produet . was extractsd:into.@the? (4 % 4 nl.), ecarrier nitrile
(18 mg,) boing added to the‘first‘ethsr portiom, The combined .
ether solutions woro wached with water (5 ml.), dried (Hazs 4), and
the ethor was remnoved, '

The residue ves dispolved im anhydrovs cther (5 ml.) and
edded elovly %o o suspension of lithiuvm aluminivm hydride (400 Dgo )
in refluxing ather (5 m.o)o

After one hour the oxcemé lithivm aluminium hydride waao
destroyed with wet ether and water. The ether layer'waé decanted
off and the residue washod with ether (2 x 5 ml.). The combined
ether solutions wore washsd with water (5 ml.), dried (xécos), and

the ether renmoved.



Tho amine hyérochloride (18 mg.) crystallized from ethamolic

hydrogen chlopido-other, Meps 176-177° (188,257 173-175°)

During the lavrger-scale non-radioactive synthesis the
internediate bensyl cyanide was cxysiallized from ether as plates,
Bope 67-68° (116,202 67-68°).



JL g

Svntheels 0f Femothyd | =™ J norgosloviine

504 = Dibenzx}ggybemz&ldehy@g

Protocatechuic aldshyde (16.0 &) was diasolved.in dxy
asetone (160 ml.); anhydrous potassium carbonate (32 go) snd
benzyl chloride (40 ml.) were added, and the nixiure was refluxed
vith stivring wnder nitrogsn for 24 houra, Tae inorganlc ealis
wero [ilterod off sud the filtrate was steam=dictilled until tho
diﬂtillaﬁe wap clesz in order 40 remove &x605S b@nﬁyl‘éhlorideo
The deposited oll vas eiﬁyacted into ether (3 = 50.mk.); the
ether solution was cxirvacted with sedium bydwowmide sélutiam ant
érded (352304)0 Af%or romoving tho ethor dibemsyloxybenseldichydo
erystallized from mothanol ap plates (29.7 Ze, 804), mop. 90-91°
(146297 61°).

éfganiﬁenzylozgﬁﬁg=miﬁrnﬂﬁygenn (H@%hﬁd.(ﬁ?ﬁhakuni167)

3o4-Dibensylonybensaldehyde (30 g,) won dissolved in
nitromethenc (30 ml.) and methylamine hyéroahlorid@ (1.2 £0)
and anhydroms sodivm cceiote (1.2 g,) wore odded. The mimburo wao
ghaken in a stoppered voessel af room tempsyrature for 16 hfae

Tho erystalline nitrostyrene, vhich wes filiered off and washed
wigh Waﬁer.anﬁ ether, tas recrystallized fronm Gthanolégléeial
acetic asid (19:1) to give needles ({7 gop 86%)s 1op. 122°

96

(214.%7¢ 118.219°),



3,4=Dibengyloxye égmmnethylamine 0 ’

The nitrostyrane (12 g-) in dry tetrahydrofuran was
' added to & suspension of lithium sluminium hydride (10 g.)
'1n refluxing tetrahydrofuran (200 mlo) and the solution vas
rofluxed for & further 45 minutes.

The excess lithium aluminium hydride wae destroyeﬁ by
"adding wot ether and water, and the leycrs were seperated by the
addition of sodium hydrozide, The ether layer wes desanted off .
end the remaining sgueous layer was extracted by stirripg it with
ether (2 = 50 ml). After zemoval of ithe ethex end tetrshydrofuran
in vecuo the reculiing oil was dissolved in ethar and dried (K 005)0

Af¢er removal of the ether, ethenolic hydrog@n chloride was

edded end ¢he hydrochloride was recrysislliized from othenol to

give needles (7.7 Bop 637), Bopo 132-133° (litnlgs 133°),

E=(3,4-Dibengylozyphenethyl ) -pobensylonyohenylacetanide.

The goid chloride, propered as befoxe from p-benzylozyphenyl-
acetis acid (0,85 go)e maaA&dded érapuiaa to o vigorously stirred
- mizgure of the amine hydrochloride (1.2 go)g'aodium hydroxids
(2 Hy 36 vl.), ond benzenas (3.0 ml.), The mixturd was stirred
for o furtner 45 minutes.
The benzene loyem ;aa geparated £rem the agucous layer ond
the squecus layer wag extraeted with bamZGn@”(é x 10 mio)d The
" combinsd benzene solutions wexe dried (Ha2804)9 and ‘the benzone
" 'was romoved, ieaving exystalline smide (1.3 §o, T1% bassd on aning),

BoPo 124-125° (11€01§7 1259,



%:&ngenzyloxybenzyl)o},4edihydr@a6,7cd1benzyloxjiaoquinolineo

The emide (13.0 g.) was dissolved in toluene (20 mi.)
and phogphorus oiychloride (20 ml.) and the solution vas
refluxed undexr nitrogen for 20 minutes.

The toluene and phosphorus oxychloride were removed under
reducgd pressure. The oil was_trituratod with ether, and the
hydroohloride (10 g., 81%) was preoipitated from ethmiol with
‘ether, m.p. 168 - 169° (11£.267 167 - 168°),

1-(p-Benzyloxybenzyl)<=1,2,3,4 = fetrahydrooﬁvTQdihanzyloxyieoquinolin@
(@2). |

The dihydroiscquinoline nydroohloxiaé (1 g.) wes dissolved
in methanol (30 ml.) and modium hydroxide. (2 nl.), and sodium
borohydride (Ooé g-) vee added during 45 minutes. The solution
was left stirring for e fumther hour. _

After removiag the methanol, water wes sdded, and the
tetrehydreisoquinoline ves extracted into ether. The cther wee
oxtracted with water and dried (H&zcoﬁ)o Tae free base

(0.68 g., 750} crystallized fxom ether, m.p. 89° (lit;167 89°).



lm(g?Benzyloxybanzyl)ol,29394 = tetrehydro- emethyl-14cj

6, 7-dibenzyloxyisoquinoline (214).

The tetrahydrbisoquinoline (66 mg.) was dissolved in formic
asid (1.3 ml.), end sodium hydroxide was added until the solution
'was permanently olondyo- Radioactive psrﬁformaldehyde {0.TL mgo, Ooim
was added and the solution wes héated at loog.for 10 mimutes.
Furthexr paraformaidehydé {2.75 mg.) was addod end the mixture
heated for 15 minutes. Finally formslin (40%, 1 ml.) wae sdded
and the reastion completed in 10 minutes. N

After removing the solvent under reduced pressure, the
aolﬁtion was made alkaline with squoous sodium biocarbonate gnd
extracted aith ether (3 x 5 ml.), From the ether golution, efter
eitraotion with water (5 mlo), drying (Kgcoj), and ra@uctién in

volume the H-methyl compound orystallized (54.3 mg., 80%), m-p. 96°,,

&kmetg;;;:14c,znorcoclaurine (215)

Thae tri-0-benzyl compénnd (0.25 go), dispolved in ethanol
(12 ml.), methanoi (3 ml.) and conc, hydrochloric acid {0.24 mi.)
was hydrogenolysaed in the presénce of 10% palladivm on carbon for
three hours. -

After fiitering~off the catelyst, and removal of the soclvent,
g&methylnozooclausiﬁé (0.12 g., 82%) was pracipitated &s its

hydrochloride from methenol with ether.



LY =

Synthesis of (%) Armepavine.

lc(gfnenqquxybenzyl)ol,2,5,4wtetrahydr0=697=d1methozgisoquinoline

(227).

To & solution of the dihydroisoquinoline hydzochlorids
(216, 1.2 g.3 iindly supplied ﬁy Dro.Ao Wiechers) in methanol
(15 mi.) end 4 ¥ agueous eodium hydroxide (2 ml.) at 0°C,"
sodium borohydrids vas sdded over ohe hour, .The solution éam
left stirring for a further lé‘hoursa

The solvant ﬁaalremoved, water.(ZO ml.) was edded and the
tetrahydroisoquinoline wos extracted imto ethev (3 ﬁ 15 mio o After
extraction of the ether solution with wutérg and removel of the
golvent the amine (0.92 g., T7%) was cfyatallized; as its

hydrochloride from @thanol-cther, mop. 198-201° (118,70 198-200°).,

| lgﬂﬁetgyldlac,laﬂ=banzzlarmggaving (218)

The tetrehydroiscquinoline (34 mgq) wap diosolved in formie

asid (1.0 ml.) ond eodium hydzoxide (0.3 ml,). Rudioactive
.. pazaformaldehyde (0,77 mg., 0.1 ms) was added and the solutien
undexr nitrogen‘waa ﬁaated at 100°o Aftar 15 minu@aa parafoﬁmaldeﬁyﬂ@
(2.0 mg.) was added, and after a further 10 minutes formalin
{40%, 0.5 ml,) was introduced to complete the r@ﬁctiono

~ After removél of the solvent under reduced pressure, H equeous
‘sodium hydroxide (4 ml.) was added and the smine was extracted into

ether (3 x 4 ml.), After being waghed with water (5 ml.) and dried



o e

(xacoi), the amine (28 mg., 807%) wes orystallized es iis
hydroghloride fzem ethanol-sther , m.p. 221 - 2240 (11t079 195=197°)o

Radiochemical yield 35%.

(+ )«éc—uethyl g ] armepavine (219)
O-benzylarmepavine hydrochloride (28 mgo),diasolved in
ethanol (2 ml.) end conc. hydrochloric acid (2 drops), was
hydrogenolysed in the presence of 10% palladium-carbon.
After filtretion and evaporation of the solvent, tﬁo
resulting foam was dissolved in 5% aqueous sodivm bisarbonate
(5 ml.) which was extrasted with chloroform (3 x 3 ml.). The
chloroform sblution wég washed with water (2 ml.), and after
removal éf the solvent (%)-exmepavine hydzochloride (17 ngoo TT%)

cxyetallized from ethanol-ethexn, Dopo 220 = 212° (11t079 209P211©)0



Feeding and \lork-up Proccdure with Anona Reticulata Planto

The Anona retioulata plante were wick.fed (1n three aeparata :

placas on the stem) with tho hydrochlorides of the presursore in
water and left for ten deyao The plant was washed and'then
blended with ethanol (4 1.) eand sllowed to stand for three days.

After removing the ethanol O.1 N hydrochloric acid was
added, The acid solution was filtered, extractod with ether
(25 nl.) and bagified with sodium hydrozide, The‘baeic solution
wag extracted with ethexr (3 x 25 mlo) anil removal of the solvent
gave the crude nonmphenoiic.alkaloidao

The phenoli@'alkaloids wore cbtained by sdding carbon
dioxide to the basié polution until 1t was noutral end extracting
the alkaloids into chloxoform ( 3 x 25 ml.).

The crude non-phenolis alkaloidé wero ohromatogrﬁphed ovexr
" alumine, the anonaine being eluted with benzeno-chloroform (Xsl),
Anonaine hydrochlbriéq wag prepared by precipitation from ethanolis
B hydrogen chloride with ether. In one case (3)=anonaine hydrochloride
' wag added.

The anonaine hydrochloride was converted to its free base ond
. trented with fom@ acid end formalin (0.3 ml.) for 15 minutes.
After removing the solvent under veduced pressure and sdding 21
sodivm hydroxide funtil basic) rosmerine was extwacted into ethom

(22 5ml.). Thegther solution was wasned with water, driod



= hals =

(Hazcoj) and evaporated. The resuliing gum was dissolved in
methanol end methyl iodide (0.1 ml.) was added.
| The resulting metiniodide was treated as desoribed undex

the feedings to Papaver dubium plants.

Feeding of (ﬁ)éjy’nﬁ" = 5331 coclaurine
Fed 9,20 mg. (+)-coslaurine hydrochloride, 0,109 ms.

Vet weight of plent 119 g.

Piluted with 9.3 mg. (S)-cnonsine hydrochloride

" Compound ' Amount in Activity Incorporation %
:  BZo in d.p.s/mmole
Hon-phenolic alkaloids 53 T - - 0,59
Phenolic alkeloids _ 0,27
Anonedine hydrochloride ~ 17.8 - 6,11 = 105
" Roemsrine methiodide 12.0 2,80 x 104
Methine base hydrochloride 5.0 /2,22 x 20%)
' 1,98 = 206%) 0,52
§2001 pig 104

Mothine base methiodide 103 1,97 x 10% 0,29

Insorporation nllowing for loss of tritium 0.44%,



Feeding of (3)4;ﬁ6,59”5° = 3EQ}~ noresslieuring

Fed 6,43 mg. (3) anorcoalaurins hydrochloride, 0,07 me,

- Wat weight of plant 37.l g

Compound

Non-phenolio alkaloids
" Phenolic alkalodds
Anonsine hydrochloride
Roemerine methicdide

Kethine hydrochloride

Yethine methicdide

Anount in
ol 8

31

26.5

14,2
8.7

2.4

Aotivit Incorporation %
in dapos/gﬁole '
x 103
0.73%
9.29
9:73

6.58
6,38
6033
600’0 . 0057

Incorporation allowing for loss of tritium 0.49%.



Feeding and Work-up Proseduve with Papever Dubium Feedingss

The preoursore, except with tyrosinse, as their hydrochlorides'.
in water were inaeéfedfinto the seed-pods of Paggyer“dubiﬁm plantsv‘
after the petals had dropped. Ten daya later_thé_planta rore
harvested, v o

The plants éere weshed end blended with ethenol (2 1.) end
left in ethandl for three days. They wers then worked.up as in
the large-gecale ext:actionn The puenols were obiained by treaﬁing -
the basic solution with oérbom dioxide énd extraction into |
chlorofoxn, _

When the elkaloid of the plent was diluted with (%)-receasrine
the roecmering was converscd to ;ts mathine m&e, which was

-orystallized to constant activity. The activity of this was

checkod by making ite methiodide,

Roemerins Methine Base {(220)

Roemeriné methiodide wes prepasred by discolving roemerine
(free béée) in the minimum volume of methanol, edding o few drops
of methyl iodide and sllowing it %o ctend at room témperétnre
for one day; The methiodide, m.p, 222-225° (1it.>Y7 215.226 © ),
was filtered off, | .



| The xcemsrine.methiodidel(abou% 15 ng.) wac dissolved

in methanolic potessium hydroxide (20% 4 ml.) and rpfluxed

for three end s half hours. After réﬁoﬁalA@f'the éethanol,

water (5 ml.) vas added and thelméthine bass wag extracted

into ether (3 x 3 ﬁlo)o The ether golution wes extracted vith

water (2 mi.), dried, end the.ether ves removed. Thé

resulting methine bose (generally about 80% yield) was

cfystallized from ethanolic hydrogen chloridep RoPo 220=225@ p 1)

bhose m09074 (15%. 137 . 73-T4 ) The methino base hydrochloride wan

racryatallize@ frcm ethanol to conetant activity.
The methine bosa rethiocdide was-breparad froﬁﬁégé‘

L@ﬁhinﬂ £frao bﬂae @8 with proparation of Toemew ine rethicdido.

The methine base methieﬁxdeo mopo 283-4° (125,297 274 ~ 275° )

was Lfiltered offn

In the oase of ths triplymlabellad'feading, ﬁhe astivity
. of the C-3 position was determined by converting roemerine to
the vinyl phenanthrene (227). This indicated the a@tivity of
the C-3 and methylensdioxy position combined. The astivity
at C~3 was thon found by oxidation to the phenanthrene

carhoxy1zc eld (228)






Pormaldehyde dimedone derivative from roemerine.

100 ml, of weter wasdistilled from ruemerine (15 mg.) in
sulphuris ecid (35%, 40 ml,) into an agueous dimedone solutiom
(0.6%, 25 ml.), the concentration of the acid being kept constent.

After being left at 0° overnight, the dimedone derivetive

wag filtered off and reorystsllized from othenol,

Triethylmethyl emmonium iodide from roemerine.

The Eémathjl aroup of roemerine was determined by the

stendaxrd Herzig-Meyer method,






@gﬁmze;_,@g{@m»w’ - ?33

Fod {%) = coclavrine hydrochlozide, 0,12 me.,

Web veight of planie 72,5 G

-~

1 Coclonring,

leight of ethenol extract 3056 &

Dilute with (i)m rosnerine hydf@chlorido 25,7 mg»

Compound

Hon=phenclie paaea
Ehenoiic baaém

. Rosmerine hydrochloride
Roemerine nethiodide
Hething Saﬂe h;ydiochloxride

t24hine bpese methiodide

Amount
in nge

25,8

29,1
5460

17.2

Activite
doPo8o/mmole”

= 204

Incorporation .
%5

1.4
1.0

0.041

Incorporation slloving for loss of tritium 0,062%
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T T 5 )
Feeding of (Q)J;p B, 8 - 3Ev.1 inpcoclauring
T - . }

" Fea (%) - ipococlauring 0,12 me.
¥et weipzht of plemts 4404 go
¥Weight of ethanol extract 2.2 g

Diluted with (%)- roemerine hydrochlorido 22,16 mg.

Qompounﬁ Anount Aeﬁivity Incorporation
in 2g. ‘doPoBo/mmole . g
Hoﬁcghenolic'baﬂes 20,8 0°b5
.Ehenoliqibaaeé 2,0
Posmerine hydrbehlomido  21.0 140 0,0002
0 0,00

Incorporation 0,00%



Foeding of (<) c:£5n3m5°,5°_=’1jﬁhﬁj | norcoclouring.
F4N

Sy e
Fed {=) = norcoclaurine

Vet weight of plente

0016 meo

6105 go

Welght of éthonol cxivost 3.60 g.

. e :
Mivied with (5) - voemerine hydrochioride 22.7 mso

Apount
10

Compound

fon=pacnolie boges 27.8

Phenollie basco

Aevivity
QoPoDo/mmole
=1

Recmerine hydrechloride 27 .9 1.4
Roemezine mothiodide 2.4 2.1
¥ethine bugd bydrochicride  10.5 1.6
Hathine bope nethicdide 4,1 1.6
Incorpozation alloving for Less of

0°
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-

"LA - 3 - . L) -
Peeding -of (=) @[5,30, B0 = ~)H5 Jm L=lethvleocinurine

-,

Fod (%) - -methylcoclaurine 0.12 zo.
Wet weight of plants 42.6 g
Wéigh% of ethanol extract 3025 8o

Diluted with () - roemerine hydrochloride 23,71 mz.

Amouns Incozporation

Compounad
' ng.

Letivity
depnﬁo/mﬂﬂ}le = 10

P

Fon-vhenolic besao
Fhenolie bases
Rocnssdne hydzochlorido

Qozmevine mevhiodide

Pathino Lage hydrochloride
Hizthing boss pethiedsdo

-

-~

]
)
e

wn

V]
)
o

-3

12,4

2o6

Incerporction ~iloving oy loan of

x

Sl 0,46
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Fbediég;og_(;) o[ﬁi} 5 o= 383] < Coclaurino (1965)

Fbﬁ'(i) = Coclauriue . 0.083 me.

_ Wet weight of plents . 29.0 g.
Weight of éthanol extrect 2.87 g.

. Diluted with (+)-roemerine hydrochloride 17.6 mg.

Compound , . Amount Activity 4 Incorporation

Dgo depes./rmole x 10 %
Noneﬁhenolio bases x . : ' Oo§4
Phenolic bases : o 0.02
Roemerine hydrochloride  21.7 - 658
Ropmerina méthiodide : - 14.1 . 5,33
. Hothine base bydroéhlorido 7.0 . 5;47
Mothino bose methiodide 2.9 5048 0,30

‘ Inegégoraﬁion alloving for lops of trigium Oclﬁﬁn



Peeding @f{i) 5: i-mothyl — Q-pethyl -~ MG} coslauring

Total activity fea 0,018 ns,
| Labelling patterms 0O ~ Methyl 19.0%
¥ - lothyl 81.0%
Het weight of plants 51.2 g
::‘{@ight of e’:;hanol'ex?sm@.‘; 209 8o

Diluted with (¢)-rcemerine hydroshloride (83 ng.)

Compound Amount Activity Incorporation %
mgo dop.s/mmole x 10

Non-phenolic bases 280 _. 9.7
Phenolic bases | 0.22
~ Roemerine ‘hydroahloz'z’.de '6702 20.8 0,19
Roemerine methiodide 19.5 0,18
Triethylmethylemnonivnm iodide 17.7
 Formaldohydo dimsdone 2,24

Lebelling pattern in roemerines

Heuethyl 87%

Nethylenedioxry  11%

Incorporation 0,193,



Y

. ? *
Feeding of {<=)= {&njﬂﬁ5“ -5 } H-mathvleesleuring

ol

N\

Fod (~)=N-methylooclavnrine 0,07 me.
Vet weight of plants 37.1 g
Weight of ethanol extzact 3.1 go

Diluted with (¥)-roemerine hydroschloride (12,0 ngo )

Compound Amouvnt Activity ., Incorporation %
in mz. dopoao/mole z 107

Noﬁ@phenolic besss 0.0092

Phenollc bason : ' 0,0088

Roemerine hydroehloride 8.6 mgo 3,6 . 0,0034

Roemsrine methlodids 5.5 2,7 ' 0.0026

Methine hydrochloxide 3ol 0,25 0,0002

Incorporation 00,0003 %



Feeding .of (+)- [89 559 50 - 333] H-methylcoolauring (225)

Fod (+)e§?methylcociaurine 0,072 me.

Wot weight of plaunic 1404 go

Weight of ethanol extrast 3.0 go

Diluted with (£) ~ roemsrine hydrochloride (16,3 ng. )

Cbmpound Amount
in ng,

ﬁbnéphenolic bages

Phenolic basaa

. Roemerxine hydrochloride 15.6

. Roemériﬁe’methiodid@ 15,7

Hethine hydroohl;ride

Methine methiodide

‘Aofivity
dopos/mmole z 10

404
306
3od
3.4

4 Incorporation %

0.56
0.037

0.074
0,074

Incorporation allowing for loes of tritium 0,11%



b

4o

Peadinz of (§)4§eme%1 1

noxoocleurine (226)

Fed ()-l-methylnorcosleurine 0.0074 ms.
Wat weight of plaats .5009 go'

Weight of ethanol extrmct 0.5 go

Diluted with (+)-rosmerins hydrochloride (42 mg.).

Compound Amount Activity ?_Incorporaﬁion.%
o dopoafenole m 20° | -
Non-phenolie bagos , | ‘ o 502
. Phenolic bases _ 0,03
Rosmexine hydrochloride 30,5 9.7 Q.10
Poemerine methicdide 0.6
Tricthylmethylamnonive iodide 10.4

Incocporation 0.10%.



Feeding of (ﬁ)m[;g_emethylg -1_’4(3] armepavine (21§)

Fed (%)-armepavine 0.014 ms.

Yot weight of planta 11.5 g.

Woight of ethanol extraot 0.47 g

Diluted with (+)-reemerine hydrochloride (10.0 mg.)

Compound ” Amount -+ Aotivity Incorporation %
ngo d.p.s/mmole x 10 , :

Honopheﬁolic besss - 1.95

Phenolic bases 7053

'Roemerine hydrochloride 5.0 3.8 | 2 0,001



Feeding of Pﬂlo meoambrine

' Fed mecanbrine 0,011 me.
Wet weight of plants 8.9 én .
Weight of ethanol extract 0.3 g
" Diluted with (%)-roemerine hydrochloride (17.2 mz.)

" Compound Amount Activity Incorporation %
g, dop.s/amole x 10% :
'Honeaphénoli@ basoo | 7-1
Phenolic ba,ses. . 0.24
" Roemerine hydrochloride 16,0 5.73
" Rosmerine methiodide 14,9 4,64
Methine hydrochloride 8.2 40691

Methine methiodide 4.65 2.34

Incorporation 2,34%



= 3 59 =

Feading of ¥ E-methyl -~ O-meth leieldc cocleurine.
X2

Fed (3)7§?méthylcoolaur1ﬁe 0.034 mo.
Labeliing batteih: g%methyl 61.6%
C=3 25.45%
O-mothyl  13.0%

N-mothyl 8 C-3 o 2,425l
#et weight of plants 23.0 g.
“eight of ethanol extract 1.2 g.

Diluted with (+)=roemerine hydrochloride {100 go)

Compound Amount . Activity Inoorporation %
ng. d.p.sfmmole x 10°

Non-phenols ' ' 0046

Pﬁenols _ C 1.4

Roemerine hydrochloride 60 5.9 0.19

Roemexine meéhiodide . | 596

Triethylmethylamuonivm iedids 402

Formaldehyde dimedone 0.064

Vinylphenanthrene | 1.8

Phenanthrene carboxylie acid 0,071

Lebelling pattern of roemerines
| ,‘E-mothyl 72%
c-3  29%
Mothylenedioxy 1.2%

Hemethyls C-3 o 2,441l
Incorporation 0,19%



- 159 o

Fbédinz_and work-up proceduvre vith,!ggggggg;gEQQQQE;nap

Tho precursors wore fed as with the feedingi; to Papover
dubium, and the planis wero worked up as with the large-soale

extraction of meoambrine.

Hecambrine was orystallized to oonstant motivity as its
fres base from ethor. The H-mothyl group and mothylenodioxy
group were determinad as with roemerine. The position of tho
tritium in the meoambrine, derived from (%)- [§”3°,5°= HS]

coclaurine, was determined by oonvertimg ‘mecambrine %o
meoambroline and exchanging with agueous base. A tzial
3expefiment, exchanging mecambroline with base in dehtqrium
oxide, showed that two protons exchanged.

The aotivity at the C-=3 position of mecambrine; derived
from triply-labelled N-methylooclaurine, was determinod by -
gonversion %o roemerine and tho same series of raaotibnsiaa
with the aporphine. |

Meoambroline was isolated from the phonols by preoipitation
from an agueous solution with consentrated hydrobhlorio aoid
and reorystallization from water. Its esetivity was ohecked by
orystallization of 1ts freec base.

HMegambroline (78) from meoambrime(75). ’

Mecambrine was dissolved in hydroohlo:io'aoid'(l part
cono. HC1l: 4 parts water) and heated at 100° for 20 minutes,
Mocambroline hydrochlorids wae filiered off snd reoxrystalligzed
from water.




= 162 -

sychange of megambroline with deuterium oxida.

Neoambroline (fres base, 10mg.) was dissolvee. in
dimethylformegmide (1ml.)gand potaasium tert.-butoxide (2+5ng- )
in deuterium oxide (0.5m1. ) was added under nitrogeno The
solution was heated at 100° for 2 days.

Izolation of meoambrine and inspeotion of its mass spectrum
ghowed two protons had exchanged. '

{(+)-Roemerine (147) from meoambrine (75).

To mecambrine(64.5mg.) in ether (21ml.) lithium aluminium
hydride (50mg.) was added during 20 minutes. The solution was
gtirred for a further hslf hour at room temperature.

After destroying the excsss roducing agent with wet sther
and wator, the ether layer was decanted off. The aqueous laysr
vas extraoted with ether, and, after drying (K2003) and removal
of the solvent, (+)-roemerine (57.5mg.;83% ) orystallised as
its hydroohloride from ethenolic bydrochloric aoid.



Fed (g)agfﬁethylcoolaurina 0.017mo.

Wot weight of plants 20.12g.
Diluted with (=)-meoambrine (52.6mg. ).

Compound Amount Activity d.p.s./mmole Incorporation %
Fon-phenolic bases 0.18 -
Phenolic bases - 0,58
Heocanbrine 47.8m80 100x103 0,028

Incorporation 00,028%.

- Peeding of {3H1m903mbrinas

Fed (-=)-mecambrine 0.0023m0.
Wet weight of plants 64g.
Helght of othanol extrzot 2.3z.
Diluted with (+)-mocambroline hydrochloride (28.4mg.).

Compound Amount Activitdy " Ingorporation
' mg. dopos./mmole 203 %

Mecambroline hydrochloxride 10.0 6.35

Hecambroline frse base : 755 2,76

Ingorporation 2.76%.



P

Feeding of (893',5fggﬁglcoclaurineo
- .

Fred (%)=coclaurine hydrochloride 0.094mo.

Het woight of plaats 11.5g.
Diluted with (-)~mecambrine (26.0mg.)

Compound Amount Activity Incorporation
ngo dspoBo/mmole 103 %

Non-phenols 0,15

Phenols 0,017

Heoambrine 2504 4,85 00045

Mecambrolins 4,15

hydroschloxride
‘Mecambroling 0,00
hydroghloride

after sxohangs

Incorporation 0,066%.
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12
Feeding of [ﬁoueuhglmO:mauhﬁl Jea

G leonlauring.

Fod (&)=F-moshylocclaurine 0.023wc.

Labolling petterns D-tothyl

G=3

O-Mothyd

616%
25.4%
3,08

TetothyliCe3 = 204231
vot voight of plents 116.7g.

Holght of othencl extrast FoTge
Dilutod with {=)-mecembrine {50.0ng.)

Compound . Amovnt
Efo
Von-phenolle Lases
Phomolie bogon
Hecanbrins 104:3
Rocnering hydwoshloride
i thyine thyle |
smmonivm iodide
Tormeldehyde dirodone
dorivative
Vinylphonenthrons
Pacnonthrong=
eorbosylic aeid

hetivity
-
&opogo/mﬂﬁle 1OJ

1.6
Lo

102

0.04

0056
0,03

Lebelling pettorn: E-lothyl  72.1%

g3

3
Methylenodioxy Lo8P

T-tlothyls C=3 = 2,22:1

Incczporation 0.090%.

Incorporatlon.

&,
F

0,098
0.8%
0,080



Pooding end  work-up progedure with Croton linearis,

.'The_fegéigg'éf the precuxsorvand'isolation of orotonoesine
‘ﬁsra uarried'bmt in the Weaf Indieé by Profosscr Haynes and
Dr. Stuarte ' '

Crude erotonosine was purified by conversion to its .
hydroohloride. Reconversion to'ﬁhe £reo base and orystallization
'frpm chlorofoxm gave orotonosiﬁeg‘the aotivity of whioh was mot

reduced by reorystallization from isopropanol.

The activity wae ohooked by making diacetylorotonosine,
end 1% was on this compound that the Herszig-Meyer Q-methyl
deternination was performed.

Discetylorotonosine.

' Crotonosine (32m8.); in pyridine (2.5ml.) and aceéic
anhydride (1lo.5ml.), was left at room temperature for 12 hours.
Aftor svaporating off the solvents, diacoetylerotsonosine was

orystalliged from ethyl acetato.



Feeding of (g}é[§93°22“=3H,=0=met§gi=l4g]cboléurina.
”

Fed: (2)-cocleurine hydroohloridso

-3H s 140 ratio in precursor 13.0 : 1.
14 3 .
Compound C Activity H Aotivity
_depoBo/mmole  dop.s./mmole
Crotonosine - 1,78 10
Diacetylorotonosine 1068;&103
Triethylmethyl~ 78

ammonium iodide

3H t 140 ratio in crotonosine 21.5 1 1.

Incorporation 0.034%.



(%)=-Methylcoslaurine ﬁydrochloride (138 mg.) was
convorted %o its freo base and dissolved in chloroform
(500 mi.). Potassium Perricyanide (270 mg.) and sodium
bicazbonate (2.5 8.) in water (50 ml.) wore added, and the
mixture was stirred vigorously for one hour.

The ohloxoform was soparatod and the asqueous layer
was extrasted with ohioroform (2x25 mlo ). Aftor drying
(KZGOB) the chloroform was rTemoved, and the wesidue was
ochrometographed over alumina. (1)=Glasiovine was eluted
" with chloroform and erystallized from ether ¢ give
0008168 (103 MEey Lok$), mopel]7=179° (1ite’2for (=)=
glaziovine 235-2377), identical on TLC with an authsniic
specimen.

Moss spese M (m/o 207) 1008, =L (mfe 296) 35%,
M-29 (m/e 268) 95%;, M=43 (m/e 254) 52%.

Mags of molocular ion 297.1382416

woa roquires 297.136485.

C18%509
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