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INTRODUOTION 

Emetine is the principal one of five closely related alk• 

aloids which have been isolated from the :tpeoaouanha root. 
Because ot its ton~ effect on Entemoeba Histolyti~n it has 

. ' . 

been u.aed extensively in the treatment ot :amoebio dysentery• 
but for this purpose it has been x-epla.oed to a great axtent. 
in recent years by less toxic synthetic drugs. .AS its name 
suggests it oatt also be used as an emet;to. 

Emetine was .first isolated as a crude product in 1817 
by Pelletier and Magendiei, bu.t the first pu~e sample was not 
obtained '1ntil 1894 by Patil and Oo\mle~ ( 1) • Who were also 

suooessfttl. in isolating the a.lkala1ds cepheline and. psycho ... 
> 

trine. The two :remaining alkal<>ids ot the group w(;llra isolated 
several years ·1~ter by Pl"',mm f2). 

It was n.ot lllltil 1948 that Pailer and coworkers· (11) (12) 

(13)(14) :published a series of articles in which the complete 
I • 

;p:root or atruoture of emetine waa described. Y:lith its struc• 
ture known, .most or the chem.ioal resea.roh Whioh has been 
carried out on the alkaloid during the p~t tive years has 
involved two different lines of ap:proaoll. These are (l) 

attempts at total synthesis. and (2) a study or some dehy(l.rq. 

genation proo.ucts obtained by milcl oxidation or emetine. 
I'1Umerous :research groupe th.l"oughout the \vorld have been 

attacking the problem or total synthesis, and a considerable 
d$gree of au.ccess has already been attained. Battersby- .and 
Openshaw (20) -were allllost immediately suooesaful in synthea!> 
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sizing d,1-rubremetinillltt bromide, the ra.oemio form Of a. mild 

oxidation proa.u.ct of emetine. More recently, Etrstignee'1'a and 
•• ! . 

oov,orkers ( 24) ha-ve been auccsssful in synthesizing the ~oss-
emetine structure1- and have iitdica.ted methods of separating 

em.etine trom the resUlting mixtµre of isomers • 
.._ ·. 

The ll.ew wot'k oontained. 1n this thetdt\1 is ·conoernt3d ohief'iy 
' ' ' 

vii th the second line of approaoh mentioned above. The pril:uary 
\" . . . •, 

e.iln v1as to obtain information about i,ome qt th& dehydrogena• 

tiott products of em.etina which would permit elucidation ot 
their structures. Attempts to prepare new d!asteteoiso.mers 

' . 
ot emetine by reduction of the unsaturated d.,e~1trat1ves hairt 

also been. .mad~. Results ot this work _have p:t"OV1ded valuable 
infqrmation of li$e in proposing structures tor tetrad&~dro-. 

. .' . . 
emetine and 1sotetr,adehydroemet1~e.-, In addition1 a diastereo-. . 

ipoma;- or· emetine heretofore Utll"aported has been isolated and. 

charaoterizea,·,;: 
some addit;onal work ht:t_$ bE3en ¢onoerned with d.ehyciro-

ha.lorubremetine •. a oom.pou,nd derived :from rub;,emetin1um Qhlor ... 

ide" and significant illtor.rnation about its struotu1"a ha.a 
been sacul:'ed •. 

. . -:~· ·. 



BACKGROUND Alm HIS'rORIOAL REVIEW 

A. Interrelationships of the lpeoac Al.kaioidf3. 
Al though Paul and Oownley were- suooestaful in isolating 

three of the l:peoao alkaloid$ 1n 1894• it was ne>t until 1914 
that the f ir~rt really tru ttul research was begun by P,man 
and c~tol,tkers ( 2 )(eH 4) • lt ,vas _pr1noipally their work 'WhiQh 

produced the corrGct molecular tormul.as and meth¢ds ot ittter:• 
oon11ersiori. 

Carr- and Pyman ( 2) aocuratel..t determined tht moleoul~ 
formulas tor emetlne, J?SY-Ohotrine, arid oepheline, the three 
alkaloids whieb. had been isolated by Paui a.itd Cownley., Later. 
Pyman (~)reported.the 1s(:)1ation of o-methylpa;rohotrine and 
emet~1ne • and their mole()Ular formulas were.· uk~,ist de tar• 
.mined. 'l'he results are shown in the following tabla. 

Alkaloid 
Emetine 
Oe;ph&line 
P.syohotrine 
o-meteylpsychotn~ 

, :EJ:hetamine 

1\iolecular Fo:t-m.ula 

02$H4004M13 
C2eH3a0,4Nij. 

02aff3e0.tN2 
O;a9H3a0,4N2 

C2·9H5a04N~-
It was found that in ematine, o-methylpsyohotrine, and 

em.eta.mine all four oxy~en atoms al"& part ot methooql sroups (2). 
:rn both oephaline and psychot:rine there are three m,ethoxyl 
grou~s and a phenol.1~ group. ;n all c~ses·the nitrogen 
a1ioms possess a basic tunotion. 



Emetine and. cepheline both give the ea.me. compound; 
o25H3#20• on clemethylation (2). By tx-eating ()epheline with 

methyl '3ulfate and sodium anv.1 dxide1 emetint:, is obtained ;{3). 
. •.. . . 

Therefore,. the 1:»10 must have the same basic struct:ure w1 th 

the onlr d~ft~re:;nee lyi~g in the on~ phenolic tunctional. gl!Oup. 

Methylat:ton of psy-ab,ot:rille g;t ve~ O•.tnethylpaycho~rine., 
,.. . .• . t 

whil·e red.u~tion w~th sodium and alcohol gives ee;pheline ~d 
a d!astereo:tsomer, :tsocephe.lin~ (3). A similar reduct.ion ot 

, ,•, ".) I_• • 

o-methylpeychot~ine giv~s eme.tine and .:i$0.emet1~e · ( 4) •: lt 1s 

~herefore appal'ent. that :i;,,syohot:r:ine differs trom oephei.ine 
only 1n he.v:b1g an addi tipnal double· bond. The same must be 

·t 

true tor O.nie~bylp~fehotrine and ernetine. The tact ~hat 

emeti.no a.nd i!so~etine are diastere~!somers v,as .. furtllel' d.emon .. 
atrat~d whan·emetine and isoa~et:t.ne both save o~xn.etn:ylpf:l?'~ 
chotrine on oxidation. with one m~le ._r:ft iodine' in alcohol (4H 

: l :;·• •' 

The extra double bond ooourr1ng in psyohotrine and o-methyl• 
psychotrine m,ust therefore involve a c,arbon. atom.. Which. is 
asynnnet:rio in emetin~. 

In em.eta.mine both nitrogen atoms weN found.to be ter""' 
tiary, whereas th·e other four alkaloids ha.d be,:en_ shown to <,on-
tain one secondary and ct1e tertlar:r nftrosen (4). Reduotion . •. 

v.d. th sodium. in_. alcohol gives isoemetine. b,TJ:tetamine can be 

produced by a pallac'iium.-chal'ooe.l dehydrogenation of em.etine (a). 

In neitb,er case 1s anr o-methy'lpsyohot~ine produqe~t., so it 
appear.a 11}::ely that emetainine ~s not a turther oxidation 
product ot 0-mathylpsyethotrine. 



~& followi-ng diagram surnm.ari~es the results just -dis-
cussed., 

Oeph.eline 4 .Ma,-. Et9R 
02ett3904N2 

! !i8J~t;a 

PSY()hotriti& 

02$H:55 0 4N 2 l. '1,i~$S04 ,_ 
0$Hll0Na 

i Ma, EtOH> :tsQetnetina 
.c n ·' fa' •'. 1 02gli4004N2 

I ~&! 
Enl~tami1:1e 
02~H3e04N2 



B. Proot o:r Struoture of Em.etine. 
!t has already been mentioned that emetine contains one 

secondary and one tertiary .ni-t~ogen~ and that all tour o±J'sen 
atoms ooour in methoxy-1 groups. Tlie tlrst statement oonoarrdn.g 
the :nitrogen a~ozns wa.s·shown to be true when benzoyia.tion o:t 

• .. • .. . I . ' . emetine ga'lfe a mono•benzoy-l derl.vativa which still contained 
a basi o ni·trogen ( 2). 

. . . ,. 

xarre?- (6). ~ound that a single Hofmann-degradation ot 
emetine gave a methine base ,vhich still contained both nit:to• 

gen atoms. on a second degradation one o:r the nittogens spilt 
Qft as trimethylamine. This :lndioated. that one nitrogen iill 
a matnber ot a single ring,, while the other is a common m.embe:t 

_, 

of two rings. 
ox1aation of emetine with potassitun. petmanganate in 

aeetonE3 (2_) was found to yield nt•hen,.i:piriic ao,i« (?) and. 6,'1• 

cl1methoxy'!soqu111oline•l•oarbox:ylio aoid (II) 4! This ahow$d 

that an :tsoquinoline nuoleus v,as present, and probably 11nke.d. 

to the rast ot the moieoUle e.t. the l-position. Spath and 

Leithe (7) ,on using a islightly alkaline permanganate solution 
obtained c0X7daldine (III) in addition to the two :Prod.uct::J 
already mentioned, and from oxidation 9t the $thy-1 ethelt ot 

CHO~COOH 

c~o-VCooH 

I 

CH,,O~ 

c~o-VVN 
COOH 

Ir 



cephe1ine ther 1so1ated. m-hemip~1c acid (IJ and 4-methQXY• 
5-ethoxyphthalie ~!ride .(IV).•-- 'l'hei,_. reaul ts proved that. 

the ~roup v occurs twice in the emetine molecule. In addition, 
the yield of compounds oontal~ng the 1soquino·1:tne nueleu.s 

on oxidation. 91' emetine led SJ;iath and Lei the to beli$ve that 
t,.vo :tsoqu:ltioline groupings· were present. 

c~o~ 
CH,O --0-vN-H 

II 
0 

m JSZ. 

With th~ information •Obtained. up to· this· point. Brindley 

arJ.d Pym.an (8) and Staub (9) prop_osed oompiet~. st:ructu:res tor 
' .. 

ema'tina, despite the f~ot .. ~hnt i1t't1e was known about the 

inner part of the molecule. ':t1heir structure, were later 
proved to be i:ncor:rect. 

No further work on the structure at em.eti.ne was ~eporte~ 
' ., 

until 1944 when J\.h.l and Itei.ob.Ste1n ,C:·5) carried out a 5-toi<t 
&>fmann degradation c,n N•acat;.vlemetine. The r.eaultittg :neu'.t,ral 
product was then oxidi~ad v,1 th pemanganate in sul.turic a.old. . . 
solution, yielding 4.5-ciimethOXj"phthalonimide (VI). the 88.lll.~ 

., ·-. . 

product which ha.d previouk11Y' been obtained by ohromi¢ nold 

oxidation ot em.etine .(10)... ·Since. tlie sams· produot was also :. . . 

obtained by ·ohromio acid oxidation of tl~ 7""d!metho~etra-
hydroisoqu1no).i.ne it was concluded that the secondary nitrogen 



O· 
II 0\0-f(',=O 

CH,O~N-1-1 
0 

SZI 

in ematine must be part of such a grouping. 

8 

This summari~es most of the information available when 
Pailer. and eow·o~kers be~an a sel'ies of. systematic Hof~ 

degradation studies which were to result in a conclusive pl'oot 

of the, sttuoture VI-:t tor emetine. 

c~o 
CH,O ,2 

8 _I C 
s C1.Hs 

11 CH 1 

H- OCH3 
I 

a' OCH3 

:szrr 
Spath mid Pailer (ll) first subjected ern.etine to a 5-fold 

Hofmann degradat:lon with catalytic hydrogenation of the i-~su.lt-
_ing ol~tin aft~r eaoh of the firs.t· two degradations; and ob-

tained. the oletin ·n1I. Qzono1ysis of VIII afforded 2-etbyl .. 



4,5-dimethoxybenzaldehyde (IX) and ,an unsaturate.d ald~byde (X), 

which on oatalytic hydrogenation gave, thEt aldehyde· x:r. ,.a,.e 
structure of XI was proved by an independent synthesis (12). 

2III 

A 5-f'old. Itotmaiill degradation of N-ao~tylel'netine ,(XIX) 

with oatalyti() hydr.ogenatio3:1 following eaoh st~p gave. after 
removal of the acetyl group,. the compound xr;I. A 2-fol~ 

Hofmann degradation .of XIII with oatalytic hydrogenation after . ' 

the . t trst step save the olefin J:I.V. Ozonolysis,. of llV\-yiel.d.ed 

IX and n.,, 'the same products obtained from the previous series 

of degradations (13). 

FQllowing these two series ot deg:rada.tions the only poss-

ibilities rem.~ining for th~, ~nner structure ot emetina we~e xv, 
XVI, and XVII. A final: series of reactions o~l"iGd out by 
Pail.er and l?orsohinsk:i (14) .()orreotly det_erm.ined the natu.re of 

rins a. 
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XIl 

X[[ m 
I I 'I 

Q¼~ ffCH, 
¼,Hs--'" 

CH3 

m zv,, 
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on -reaction with oenzyl i-0dide • N•metbylemetine was oQn• 
verted to the c1i1odobenzylate (XVIII"~. Wis was. reacted with 

silver oxide giviritt an olefin which .on oatalytio h1drogena~ 
' . 

tion yielded thtf compound nx. A palladium dehydrogenatioi1 
_:.. . . 

ot· x:pc gave P-collidine (XI) • These results dafini telt 
proved ·that ~ing o· is six-membered. and has an ethyl substi-. , : 

tuent .beta to the nit.l:ogen, leaving :XV· as .the only posstbilttt· . ·, ' ., 

and concluding the proof ot structure VII. fo~ ~ni.e·tine. 
Battersby and: Openshaw ( 15) ·• using• a oom.p1.e,tely ,ittdepen"" 

• ' 1,- ,. . .. ,; ,, 

,·aent ap~roach·,, have confirmed the strueture . tor ring c ,of 

emetine~ 

xv 111, m 
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o. Stl'UCtUJ."Ef 01' the Other ,Ipecs,c Alkaloids • 
. ,,. ! 

alkaloids were already· known._ the st~otures :o'f. the- remetJ,ntng 
; . . '\ .,,;· ,. ·,· . ·.' 

four followed 111,m.oa.t direot~y .tx-om. ~he known emeti:ne str.uctur~. 
:· ,·; . 

The pr:incipa.+ 'probJ.em. rem.aiptng w1.1;s te> determint\l the po.si.:t;ion 
.· :· ,; ,.... . 

6f the .. pheno:3-10 ~9up in. eepheiine and pay<>hotrine~ ~is w·a• 
. . . .., .... . .• 

aocomplished .by Pailer and :·PorsQhinski :(16) vrh_o. first carrted 
• .• :, . l 

out a a .. to:Ld B;otmann degradatlo~ ;o.n o~etbylcfel)hE'li:ne. The 
.' ~,, I•. • 

resulting olefin was cleaved wi~h ozone, givin~ an ~l.d&~de 

whose semicarbazone was f'o®d to 'b~ that ot 2-ethyl-~et~Qxy-,. 
.,,. .•'. ,; . 

5-methQxYb~nzaldehyde (lXt). !fhis +-esult d.ef ini teiy pro,red. 
,· .. ; . ' . I ,.._ ,' . 

that th, hydroxyl group 1,s located at the 6'-:-pc:>sit:t.on in oepll-
, . ' . . . 

elin,. from kn.qvni relationships it fol,J.owe.~ that the hy.~ox,1 
group i,n psyqh.otri:ne must l)e :t.ooated at the same position.. 

. . •a: 

;~. ¢rd.er to de~~rmine the posi~ion, of the doubl~ bond in 

psyqhot:rin~ :an.d o"":metbylp$yahotr1.p.~,. Karrel' 1 ~$~er, and. 
'.. . . . . ·, •·. . . 

Rllttner (17.) o.xid~zed .N•ben:zoyi-..Q-metby'~psy~hotr.ine with, per--
! ' ·. ; • : . . ·.-· 

phthalio aoid. and. iso~a~ed a product believed to b~ 1-'!""benzoyl 
oort-daldine (XXII} ~· !rhe id.anti ty of this produqt was later 

CH30-~ O 

c110W ~-c,J-1,; 
. II 

0 

xx11 



proved by an incl~pendent ay:11·thesia (.18). This ~esult cot11Jled 
-v1ith the faot .. :~at 1i\vo diaErtereoisomers are ob:tained by re• 

-.,,_-;, _,... . . ... 
auction ot o...:met~lpsychotr!ne must place the dOlilbl~ bond at 
c1 ,-013• However, ~-t is known that the ci.oubie 'bqnd. in. simi• 

lar tetrahydt"(?isoquinoline d,etivatives oan ~asily be shifted 
to tha endooyc1iq position• and in some cases it :is· even 
pQssible to obtain an equilibrium. iilixtw:-e under C)e],"tain :,aondi~ . . '• . 

tions. It is• there:for~ en~irely po~slble tha.t the .double 

borul in O-methfipsychotrine .i tsel:t ootild ocou~ .at position 
,• •• : :, • :. •• < • ._ ., • _\: ; I ,~ • • 

c1 ,- -N2,:- -• l!!vidence · r or ·su~h a st~oture been re_ported. 
recently by Open~haw and woo·a ( 19) 1 \tho bas~ their conclusion 

. .• ·,\ ... 

on a study ot the ultl'aviolet absorption apee~:a,um of o-
.• • :1 .. 

methy;t.ps_ycb.otri® hydrogen oxalate. 'l'his point wil.l be d.it:i-
cusaed further in a iater s~Qtion. 

The tact that both nitr.pgens \n emetamine are tertiary 
anll that emetine· and isoemetin$ ~e both obtained on sodiuiQ. 
and alooho1 reduot:l_..on ind;J.oates t;he strue:ture mt for $m&t• 
amine. 



CHsO 
CH.,O 

xx I 11 

PsvcHoTRINE 

0-METH'fLPSYCHOTRINE 

x xJv 

EMETAM(NE 

x xvi 



001:JTRIBOTIONS TO THE TOTAL -b'"YNTHESlS OF EMETINE 
_!':,:_- . . • 

Up t9 t~& present time there have bE,ett tqur ·-~tud:tes re-· 
.. •' . . 

( 

ported wllioh are of priinar;r significance in the problem Qf. 
. . . . : . 

totally sy:n,tllesizing. emet:lne. 'l\Vo ot these were directed. 
toward attainment of the actual. emetine- structurer while the 
others were involved with the synthes~s of C•noremetine, wh~o~ 
differs tram emetine only- 111. th.at the s:1 de-cha;n, e.thyl gre>Up 
is missing. 

Wb,e i"irat study directed toward the total,i;iynthes:i.s ot 
emetine was that reported. by l3atter$by and Openshaw ( 20.) t who 
succeedad in obtaining a produQt having the•atruotwre a.~aigned 
to o .. m.ethylpsy-chotrine (XXIV). i1he i,ro~uot which they .:.01:>tainea. 
was 1;>robably a mixture of 1r~ereois0tners. It wa.s later oxiciized 

to d.l-rub,;etil.etinium bromide, which posse·ssed ul:ttaviol.et. and. 

visible abs.orption spectra identical. w:t th those ot the optt• 
·, ' 

·• cally aotj.'Ve tubremetlnium bromide obtained, by Q:Jtidation of 

·natural; em.etine. 
[he s:rnthes!~ was carried out as tollows: Oarbethoxy~ 

acetyl chloride (XXVI;t) and. homoveratrylamine (XXVIII) wara 
reacted to yield th~ amide mx, which undel:'V1ent a Bischler-

Nap1eral.Sk1 ring cloaure with ~hosphorus pen.to:ld.d~ .to giv• 
a tiihydroisoquino1ine derivative. C~ta1yt1-~ ~~ogenat:ton 
converted. it to the oorret1po11ding tetrahydroisoquinoline deri--
vative x:xx:. This was treated with ethyl ot-form.r1butyrata 
end the resultiµg crude product was oatalytloally- hydrogenated. 
to give the di-ester :xxxx. A Dieokintum condensation of XXXI 



CHsO-f)'c~Hz 
CH,o-V NH2 

x:xv111 
0 + 
II 

CI-C-CH~rC02C2Hs-

XXVl 1 

xx1x 

xxx 
(1) D1ECKMA tJIII 

CoNDENSATlON 

(2) l--\vo~O LYSIS 

xxx11 

16 



6.)N::-C-CH2-Co"'c H 2 5 
<l) e, 

NH4 OAc 

(2) H2 0, HG> c~o-ml 
"3~ co c~o-~ N xxx11 \:_iJ-__ i __ __. 

xxxl I l 
+ 

xxv111 

f4) H2 
'.~) [sTER1F·1cAT10N 

____ ,. 
xxx111 

c~o 
CHaO 

) xx1v. 

17 



followed by hfdrolysis ~ave the ketone xx:xrI. Oondei1$ation 
with ethyl oyane>acatate .• followed by .hy'droly.sis• deoarQoxyla ... 

tion~ catalytic. eydrogenation, and re-este:riticatipn afforded 
the e8te7:' JOOt:Il:!i which was oondens$d with homOV$rat~l$1tlne 
to gi'\te the aniide ~V• Ring c:,losure with pb.ospho;-ua oxy"!' 

cbio.r:i.de then gave a pl'oduot havi~ ·st~oture IX.IV. ·The oxi-
dation to d,l-rubremet.iniu,m. bi-ondd.e wa~ e.oQqmplished with 
mercuric acetate. . .' : 

Although · there has not as yet heen any rep()rt oono.erning 

reduction ot the sy:n:t~heti¢ O•lliethylpaychotrine !.somers» it. 

seems almost -car.ta-in that suoh a reduction should. result in 
the formation -.ot a mJ%t~e ot ~metlne isomer&• ,vhioll ·may or 
may not 0011tain emetine itself. 

IJ,'ha two synthe~es of c-r1oremetine (XXXV) • ·both report$d. 
,' . 

by Paile:r: and coworkers: (21) (22) (23) t w~re aeooni~+ished by 

using two entirely dif'fer~nt methods or approach. The 1'ir$t 

followed the .,iame general pattern used bf Battersby an,d, Op&n-

shaw, involving condensation o.t homoveratrylamine ·with a ,std.t-
able interliledi~te tollo,~d in order by closures o:C .rings B and .,. . . . : 

c. The seoond. •. hovtever- started with ring O inta.Qt and th$ 
homoveratryl. grou:J> was ad.d$d wit~ .subsequent olosu~ of rin~ B. 

The first synthesis ot xnv was publish~d by l?ailer and 
Strohmayer (_21) in 1951. Tl:ie startins .1naterial, O-phenoxy• 
propyl-mal.onio acid (XXXVI), was ~rominated to give O•phenoxy--

propyl-bromomalonia ~cid {DCCVII). Deoal"boxy-lation of XXXVI:t 

afforded oc-bromo-~~phenoxr,-aleric acid (XXXVIIt) • whioh was 



esterifled •with ethano1 and sult'ul"io acid. De~yd.robromil\a-
tion of the e$ter was effected by trea'timent with dietby'~-

. . . ... 

line,. yielding ethyl 5-phenoxy-2-penteneoate (XJCXIX}. Ethyl . - . ' . .. . _. 

malonate waa condensed ·with XXXIX by a Mlobael type addit;ion . . '·. . ,· '.'· . ' 

to give the tri!l'"ester JQ..; which ·underwent hydrolysis ~d d.e-
. i - . 

carboxylation <to give fl•phenoxyethy1-glutar1o acid. (xtt.l. 
' l '.: I . • _., . 

Reaction of XLt with ~o;noen~rated lcy'drobromic a.o_icl yielded 

,B-bromoethyl ... glutaric acid. (XI.II)._,_ This was e,te:,:1t1ed ,ti•th 

diazometnane, and the resul.ting methy-l esteJ1 .. was oond~n,se:cl 
w:t th homoveratryla:mhle,. ~ea tin£$ the ,t,nderri.~at:i9n ~roduot 
a.ff orded the laQt-am XLIII. lU.ng clos~re. with phtio.phorus o:x:r~ 
cl'.lloride in tqll1ene gave a product whioll ,vas is'.qiated a.$ the 

quarternary ammonium iodide (XLIV) neaction v,i'th silve:r 
• ' 0 l • .. i.;'., . \' 

chloride converted XLIV to the quarte~ary $mttic>nium chlor.icie: 
. J, · ... •··' : • 

from whioh ~he hydrochloride XLVwas produoerl by ca.1;alyti,o . ' . ... . ·.: . 

hydrogenation., Acid hydrolysis ot XLV was followe.~ by oon-

version ot the acid to t~e ao~d ohlol:'id.e by-m.ea,ns of thioeyl 
chlorideJt Condensation of the aoid Qhloride \V.~th homoveratrtl• . ',.,_, .. 

amine gave the maide XLVI:, which underwent r.1.;ng o;Losure with 
" L •' • ~. • 

phosphorus oxyohloride to give dehydro•Clikno_remetine (XLVlih 
Catalytic hydt-ogenation of XLVlI:yield.ed o..;noremetine. 

. ' . . : 

A simple~ method. ot preparing the interm.edicite, ,B•bromo• 
ethylglutario aoid (XLll) was repo~ted later b;r<Pailt:tr and, ,.. ,.· 

Strollmay'er ( 22) • Qond,nsation ot ~-methom7opionaldehyde 

(XLVI!l) with oyanoacetem1a·e (XLIX) using p1per1dine as oat.:. 
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alyst gave a ~ubstituted laotam. which was· round to exist as 
an equilibrium mixture or two tautomerio forms. La and Lb. 
Hydrolysis with concentrated lcyuroahlorio. aoid :yielded 3-{fJ-

metho~eth;vl )-glutaric acid (LI).; .. whioh was '3cnverte~ to 

XLll by treatment· with oonoe.ntrated hydrobrom1c ao:i.d. •. · 

C~O-CHjC~CH0 

xcv111 0 
+o H 

II 
N=C-CHz-C-NH 

XCIX 

XDI 



The seco11:d ·synthesi s ot c-noremetine :v,as reported in. 

1952 PY Pailer. et al. (25). An azeotro,1>io esterifi()ation,of 
isoniaotini·e acid (~I) and ethanol formed ·the-_ ~thfl ester 
which was reaoted with hfJmoveratcy-1 bromid,e •(LIIr)~ giving 

the N-subati tuted p~idiniwn bromide ~-.LIV). OXidatio.n to the 

pyridone {LV) v,as aooompl1shed ,v1 th potassitU'Jl ·terrioyailide. 
Alkaline hydrtjlysis -of LVwas tollowed by esterification With 

• _. I • 

diazomethane-, and the resulting methtl &stet" oh c,atalyti6 
. . 

hfd;rogenation y!eided the piperidone ~VI. lU.ng olosure was . .,., ! , . 

effected with-phosphorus oxycbloride, and the ring Qlosea. . ... .. 

product was isoiated as tlle quarte;rnary- ammonium' iodide• 
LVII. This was converted to the ohloride., wht,ch \vas ·first 
hydrolyzed; then- oatalytio~lly hydrogenated to _giv~ the acid 

LVIII.. Treatment w:i th ~hionyl ohloride conve~ted LVIII to. 
the aoid. chloride which, on reaction with diazomethane in . . 

methylene chloride~ was converted to the dia.zoketone ;LIX" ?ii 
. ,: .. ' 

an Al"ndt•Eister, reacti<>n~- LIX was r~acted with homoveratryl.-
amine in the presen~e of silver nitrate to give the amid.a XI.VI. 

,. 
Ring closu,re 'vii th phosphorus oxychloride followed by oa.talytio 

h.yqrogenation. yielded :O-norem.etine. 
'·' 

In neither ot these two ,;-~ported syntheses or c-,~oremetine 
was any mention :made of an attempt to aepa.x-ate diastereolsomers. 
However, the hexachloroplatinate ot both final P,rQduots was 
prepared and the two were found to be idant1oal. such a re-. -

suit is somewhat surprising in view of the fact that three 
,. . 

a.symmetric centers are present in the molecule• making fo,u-
raoemates theoretically possible. 
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E.vstigneeva et al. (24) have recently reported a total 
synthesis ot emetine in whiQh they have not only attain.ed the 
gross emetine .structure but have also succeeded in isolating 
emetine itself from the final product by isplation. and reso1u-. . 

tion of d,l•emetine. At one point in the synthesis the 
,• 

diastereoiso~ers ~resent were sepal"ated and subsequent steps 
carried out on each of the race.mates. 

. . 
Ilietby1-j9-ketoglut8l"ate (LX)~ the starting .material, 

was hydrogenated under pre~sure over Raney nickel to give 

diethyi-,B-bydroxygiutarate. This was then refluxed with 



aoeti~ anl.lydride to f o:rm the f •aoetoxy deri v-a ti ve • which 

lost acetic aoid on treatment with :potassium bisulfate solu-. 
tion to give diethyl glutaoonate {IJCI). Reaotion of UI 

. - . 

·with ethyl oy~moacetate in the presence of sodium. etho:x:ide 

afforded the qompound !JCTI. By "tr~ating LXII with ethyl 
'. ·, 

iodide in basio solution the alkylatod product OOll was ob• 

tained. 'Mild hydrolysis using ethanollc sod.luni hydroxide 

at room temperature _seleQtively hydrolyzed the-.eater group 
I 1, • 

alpha. to the Jyano group, and on refluxing the mixture the 

resulting produot wa$ decarboxylated to give the diea-t;er LXIV. 
Condensation or LXIV with homoveratrylam.ine wa.s Qar~ied out 

simultaneously with oatalytio hydrogenation tinder preS$Ure 
to yield the ring-oloSed product L.'W .• 

At this point the diastereoisomers of LXV' were separated 

by c:rystallization from toluene•. isomer A being soluble and 
::'\ . 

isomer B insoluble. Rins closure ·w1 th phos:phoru.a oxytlhloride 
in toluene was carried. out separately on I:l,..V,-A and LXV•B to 
give the hydroohlorid.es LXVl•A and LXtt•B respeo.tive~y. 

LXVI•Bwas oharaoterized as the hydrogen iodide• m.p. 257-

2580. The free base f~om LXVI•A was oatalytioally hyd:;raoge:n--

ated unde:r pressure to give VIl~A_, which tailed to ri?ld a. 
crystalline hydrochloride. 11:he base ~rom·~•B, m.p. eo .. 
530, was aimil~:J.7 converte~ to vn-B,; -Which gave a hyd.X'o-
chloride with m,.p._ 145-146°. on oxidation with a1ooholi9 

iodine both V.II-A and VII•B afford.ad rubremetinium iodide• 

m. :P• 178.5-181°, which.possessed an identi<lal ultraviolet and 
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visible spectrum. with th~ product obtained by a similar oxi-

dation Qf naturai emetine. 

VII-!3 gave· a d-oamphorsuitonate which shov1ed a m:.p. of 

238. 5.•240° atter orystaUization f'rom ethanol. Hlrdrolysis ot 
,· . 

the VII-B d•oamphorsultonate yielded a base• IIl:•P.~ 71.s-72.so. . ··::. 

The d•oamphorsul.fonate· from natural emetine1 m.p. 222-223° 1 -, 
gave, on hydroiysis,. a, base Showing the same melting point. . . 

The hydrooh1o.rtde of synthetic etnGtine melted at 243,..255Q and. 

that of natural. emetine at .235-255°. Mo e:xp~an,ation was g:i.v~n 
:tor some ot :the' disorepanoies in melting points. 

0 
II 

C2 H502 C-CH2- C-CH2 -C02C2 H5 

(1) H2 ) N; (R) 
(2) Ac2 0 
(3) K H_S 04 

¼H5 02C-CH=CH-CH2-co2c2 H5 txI 
C2 H5 ~ C-CH2-C= N 

C2 H5 0H- NaOC2 H5 
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STUDIES ON RUBREMETINIU14 Si'U:.,TS 

The highly· colored rubremetinium cation was first ob-
tained by- Oarr and Pym.an (2), who··oxid~zed emetine with fer-

ric chloride and isolated rubremetin1um ohloricie. Since . ... ' . : . 

then, rubremetinium salts have been termed by o~idation of 
-.:: . 

emetine w.ith a variety of mild oxidizing agents, .such as . . 
bromine J 9) 1 . iodine ( «$') • and mercuric acetate· ( 25) Iri: addi-

tion to emetine, the rel~ted Clompounds o-methylpsychot:rine (3), 

tetradehyd·roemetine ( 25) • and isotetradeh;ydroemetine ( 26) are . . ' .. . 

readily conve.rted to rubremetinium aalts. :Emetamine, how-
ever, gives a colored ·product which is similar· to but not 
identical with a rubremetinium salt. 

The·moleoular formula of rubremetinium bhloride has been 

reported to be o29~;33N20401 {2)(6). The fao·t that it behaves 

as a m.onoaoidic_, quaternary base was first determined by Carr 

and Pym.an an.a: 'later oontirmed by Battersby and Opensh~w (25) • 

who potentiomet~ioal~ titrated a solution of rubremetiniwn. 
chloride against ·O.Ol ·,1'1 sodium hydroxide solution. 

In ·view of this behavior, Brindley and Pyman (8) proposed 
the structure LXVII for rubremetinium ·salts·. This proposal, 

Cxv11 

e X 
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however, was based on an inoorreot emetine structure and 
must therefore be rejected. 

Karrer~ Eugster~ and Ruttnar (17) later reported that 
reduction ot J;"Ubremetinium bromide with zinc and aoetio aold. ·.. .. .,. ,. 

gave tetrahydrode~d.roemetine*, m.p. 1340, [ocl~e • +42.0, an . ... ., ' ' 

optically active tetrahydro derivative which resisted cata.J.yti¢ •. ,, . 

hydrogenation. Sinoe it was already known that quaternary 
isoquinoiinium systems could be reauoed easily and that non-.. ,. .. : 

quaternary systems res~:~tad reduot1on1 these ,vorkers believe~ 
that :rubremetinium salts must possess the structure LXVIII**• 
and. that tetrahydrod~bydroemetine must the:retore have the 
structure r;nx. Since the latter is identioal with the st:ru.c-

.: : '., 

~e of emetam1ne 1 the two ·compounds were oonsidered to J)e 

stereoisomers. 

As further sv1deno$ in favor ot struotl.U."~ LXVII:t, Karrex-
and Ruttner (27) reported that rub:temetinium bromide oould be 
reduced by lithium aluminwn hy~ride to give an unstable di• . . 
hydro derivative, o-ct-illydrodehydroemetine, which analyzed as ,. . . ,, 

C29H3'.3:0~N?• This ~rodu~t was found to absorb one_ mole of hy-
drogen on oataiytio hydrogenation to giV3 tetrahydrod~hydro-. . . ~- . 
emetine and an isomer, isotetrahydrodehydroemotine .• m.p. i940 

~arrer preferred to use the ter!ll "dehydroemeti:tle" rather, 
thart "rubremetinett as· a be.sis for his nomenclature. 

**This proposal was ·actually. 1n the form ot a partial atll'uo-
t·lll"e since the correct emetine struoture was not yet known. 
However, tdnce the' inner part ot the molecule· 1s not in.-
vol ired, it can be applied to the knovm ematine structure 
to give LXVI. 
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[ ex] fie = -3ao0 i On the basis or previous results from reduc-

tion of 1soquinoi1ne systems, o-di~drod~hy'droE3JD.etine was 

considered to havE3 the partial structure LXX. 

There are", however, numerous arguments against structure 
LXVIII,. I.t does not explain the lack of basioity ot the non-

quaterneu.-,- nitrogen, nor the intense color of rubremetini'Um 
salts. In addition, emetamine, it it were an isomer of tetra-
hydrod.ehfdroemetlne, should give a rub_l"E3metliiium. salt Qn 
mild oxidation. A different product is obtained, howe~er, 
as has already been mentioned. 

Further ar~ents l:38ainst ~lII ~ave recently ·been pro-. 

vided by Openshaw and Wood (19)~ These workers have pointed 
, ·:_,. 

out that reduction ot the _rubremetiniuni· cation \'dth lithium 

aluminum eydride to the dihydro derivative should ~rod.uce 

two isomers, since an asytametric center is created. More-
over,. turtheJ:- re.duotion of a single dihydro derivative would 

not 'be expeote,d to give two tetrahyd.ro isomers• since there 
would not be a new center of asymmetry fo~m~d in ·this step. 

In an attempt to overcome the various objections to . . ., . 

struotute WI.II_., Battersb~, Openshaw~ and Wood ~28) •hav8 

suggested that rubrem~tinium sa~ ts could. h~ve the ·struoture 
LXXI. This mesomeric structure, similar to that of a oyanine; 
dye, would ~oQount for the intense color and its beh~vior as 

' . . 

a monoacidic base. It would also explain the :raot t1:3-at em.et• 

amine does not give rubremetinium E1alts on oxidation. In 
addition, these workers found that a crude reductiqn product 
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of rubremetine gave color reaotions which indicated the ,, •. . 
presence o:t: a·pyrroie l'ing. 

Ka~rer ~d Ruttner have objected ~o ,the struotur$ LX.Xl 
.· '. . 

on the grounds ~at it contains two ·di:hydropyrid.ine J."ings 
'"l"'t.. •. , 

.(:D and E) , and ·· should· t~~re:ro,e be oxidi~ed further qui 't;e 

readily. 'J?he ·J'11~di ty o.t this ob~eo·t1on was qu~stioned by 

Opens}:law .and. t'lood, who pointed ·out. that .ring. E Clould be. cQn-
• • .. : • • • I I f 

siderec\ ·as p~t of a 3.,4-dUir~oisoquin?line 2ystem,. which is 

known to. poss,ss conslderabie ste.b:l,lity. ~·urthe;r:-more~.- th, 

molec:nile should be resonano~ stabilized, to a lE.tt'ge degree. 

Struo.ture tm· vrould.. not. 'be oons:tstent wi'th. 1the. hydrogena-
; I f I • " 

tion data obt~ined by Xar+:"er and Rut-tner •. It· has been po~nted 
out (26) that·absorption ot two moles of hydrogen would 

neoeEJsarily .result in the formation of a pyrroline struoiure; 

.end it .is known that such a struoture will readily undergo 
, .. _.:. . . . 

hy~ogenation. 
Opensha,, an<l Woo~ ,Jl9 )·, however:~ have furthex- investigatet1r 

the reduction of rubrematinium salts, and have re)?orted re• 
sul ts which are not in agreement with,, those obtained.' b~ ~al.'rer 
and Ruttner. They fe>und that on oataiytio hydrogenation ot 

, ,:., . . ... 

rubremetinium chloride in ethanol solution Onlf one µiol-e .ot 
hydrogen was taken up, and the product consisted of two stereo-

. . -~. ' 

isomerio dieydrorubremetines. ~eOC-isomer wa~ found to be 
strongly levorotatory, lil.p. 198°1 [ct];5 a -3~5°~ -~h1le the f)-
isome~ was. even more $t:rongly. d~~trorotatory-, m..p. 202°, (oc];6 • 
t-406°. On or,stallization ot the original m.ixtu;-e from me·th-



anol, .. a produot. m._p. 128°, [c,]018 = +2:i.0 , sep~ated v,hioh was 

be11eved to b~ a complex containing one molecule of each isomer 
·.:· . 

and two molecules of methanol._ The purecC-isomer was isolated 
from the mother liquor. On or:,stallization from ethanol,. thEJ 

ootnplex wa·s· ;t'Ot'h"ld · to split' up, witll the· less soluble· p-iso ... 
mer separating :tlrst. When methanol solutions of th~ two 

isomers were m:bted. the ~•pa:rtial racemate'• was. again produ<,ed. 
. ' . 

These resu.l ts are ,-consis·tent with structure ·LXXI since 

absorption ot one mole ot hydrogen would .result: in the form.a~ 
' '· 

tion of ,t..1Xl:I.; which o·onta.ina a stable _pyr:t-oie nuoleus and 

should not be hydrogenated further at :·atmospheriQ p_ressur.e. 
' 

Openshaw and Wood tound that both of the .dibydrorubremetine 

isomers gave pyrrole color reaqtions and that both were con-

verted back to the rubromEitinium oation by oxida.t,ion wt th 

m.ercurio acetate. The formation ot two ste:reo:tsomers was 

attributed to"the introduotion ot an asymmetric oe:hter at 

In an ef'fort to resolve ~om.a ot the apparently oontliot-- . 
ing data on the reduotion of rubremetinium salts, Tietz and 

McE\ven ( 29} have recently- reinvestigated the r~duo~;ton pro-
cedures 1vh1oh had been used b;y earlier workers. On ·hydrogena-

tion of .rubremetiniwn chloride, according to the method of 

Openshaw .and Wood (19), they·-found that two ·moles of eydrogen 
, . .'• ' ' 

were absorbed, with the seoond mole being taken up at a much 

slower rate than the firs~. 11wo .. p~d~ots we~e obt~1n,d .. from 
the reaction mixture. ·One. of them, m.p. 19&.2•197.2°, [Q'JfO= -3929 
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was similar ,in .. ~rop~~ties to both OC•dihydrorubrem.etine anC,. 
. .. . . 

isotetrahydrodehydroem.etin&. The other, m.p. 1:s2.o-1:s2.ao. 
[cx)f0· = +4.l.9~1, ~orresp?nded .~ tetr~~~ode~ydroemetine~ No 
produ~t with ·th~ prop_e~ties ot ,B-dihydrorubremetine was 1so-
. . . '· .. .. . " . , .. . : . ' ' ' ; 

lated. HowQVer • vihc\,n a: similar hydrogenation was stopped 
. . -: ·, ' ' . ··. ·. . : . . 

¢'~r· absor.p~ion ~+ .(?ne moJ;.! ot ~ydrogen. a oompound, m.:r;>. 
201.s-~·02.t;;Q_ •. la.elf,? = ~40~0., which 8.J?~eared· to ?e ... dlh;r~o~ 

rubreme·tine, was ob'.tai:netl.· T,his product was f ouhd to oons\Uhe 
~. !,.. . . . ) ·••' . .. • 

one mole of· .. hydrog~n on catalytic hyd.rogenation •. 
. . ;_ .. . . . . ~-{ . 

These i-~.s~ ~a indic~te~ that ,-dihydrorub~emet1ne is 

ao~ually a d~ro derivative, ~ut ~at o<-dihyclrorub~emeti.ne 

mu~t be a tetrahydro-derivative, identical with isotetra-. " 

b.ydrodeh;;dro~etine.. Mo;Elove:r,, ~he complex :reported by- o~n-

Shav1 and Wood .must oons1s~ ot a. molecule eaQh o, /J•dihydro-

rul:>remetine and J$ote~l.1ahydroclebydroemetine plut1 the two 

molecule~ of methanol~ 
On t:t-eatment. of rubremetinium ·chloride ,vi th lithium al-

uminum hydride tollowt;td by eatnlytie hydrogenation, Tietz and 
. ' ! 

McEwen (29) isol.~ted two prcducts whioh correspond i~ psyQi-

cal properties to the .isotetrabydrodehydroem.etine. and tet:ra-
. . .:. ' ·,.. ..,,.. . 
hydrodehydrqemetine obtained Qy.ltarrtr and Ruttner. A mixed .. . . .., 

melting point test and identi<ial ultravi'ol.et absorption spectra 
confirmed the fact that isotatrahydrodeh;rdroemetine and the 

previously' obtained 11 -dihyd.rorubremetinen are the same 
• . I 

Qolllpound.. S1.m1la:r~, the produ~t. correspondiDS, to tetra-
., ',. : . . 

hya.rodehydroemetin~ was tound to b~ identical vd th ••the like 
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substance obtained by direQt hydrogenation of rubremetinium. 
chloride • 

. Although ··their results ·~eemed to oontirm those reported 
r -

by Karrer and ''n1.1ttner. there was ··one ~oint ot disagreein~nt 

lllentioned b;r Tfe~z and McEwen. The produot resulting from 
' ' 

treatment. of ~bremet!~ium. chl.oride w1 th lithium aluminum 

hydride· via$ observe-a to ta.ke b.p two :moles ot hydrogen, where-. 

as Karrer and, Rutt;ner had ··reported abso~ption of only one mole •. 
••• : .·.,. j ,' 

This indicates that t~o-dihydrodeh;ydroemetine" ,is actually not 
·• !,·.-. • 

a di.hydro prodµ.ot, an.cl that some type of reaQtion othex- than 
:,·t '; . ,.. • 

reduction mus1fhave taken J>ia~e in the ;Lithium aluminum. lly-

dride reaction. 

The re suits just dlsou.ssed not oniy indio a.te the data ot. 
• • :' •.• v - •. 

Openshaw and Vlood to be in er:ror• bu~ at the same time provide ., 

strong argument against structure lJCXI tor :t'Ubremetinium 
\·, . .. , 

compounds. AS was: mentioned previously., LXXI fs oapabl~ of 
I 

accounting tor absorption of only <>ne mole ot hydrogen i:n. ..... _ . 

a low pressure catalytic hy'drogenation. Woodward ( 30) has 

proposed a structure (tmIX) for the rubremetiniwn oation 
. •' .. 

which not only o~aroomes this objeotiqn• but also aooomodates 
. ....... .._ 

other expe:ritttental :tacts. lt oan ·ea~iiy aooount tor the ab~ 

sorption of t¥10 moie~ of ~d.rogen sinoe the resulting tetra-
hydro derivative ,vould have ~he atruoture LXXII w1 th the PY'!!• 

role nucleus still intact •. The optioai aoti-rrity of the rub~ 

remetinium. cation oa.n be explained by molecular dissymmetr, 
• : . • . • ., I'" • 

resulting fro·m sterio interterenoe at positions 05 1 and a8• 

.. , 



On the- basis ot a~ruc~re l.XXIII,t )lowev~:r, ru,bremetinium. 

chloride vtould''have the moJ.ecul~ formula o?9H31N204:~l1 in-

stead ot the previously· accepted vaJ.ua~ Cfa9H33!1-~~o40,1. 
. . ; 

;,,l\nother stru.ott¢e (txx:tvl has been a.dvan~ed by Evstig-
neeva. ei; al. f:tq t but ·tht31•e have been- no ex~eriment~ tacts 
.reported whioh vrould ·provtd~ evidence for .it,_.; SUoh a $triu:t-
ture ·vroul.d appear 'to be inaapable of e:x:isteri.oe sinoe it cpn-
tains :a: .\hr.ee-~ember ~ridge across the meta.~po~.:t ~ion~ of° :a 

pyridine ring,.. aitd · such .a system should be quite highly 

straineq.. 

CH,o 
CH30 

Cxx1v 

CHO 3 

- Lxx111 

CH 
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l>IASTEREOISOMERS OF EMETilr! . . . . . . ., .. 

M in>vest~sation of the emetin.e atruotu:re' ·reveals the 

:p:tes#mce ot· tour asymniet~tc C$nters. Enietine:• an <?i>,ically 

aotiv(i; oompoutld; tt1ust therefore ·bv one.' ot slrleen theoretloai 
··•• f ... • • 

ste:WJoi$Omex-s.; ;tsoemetine. ,vhich has a.lI"ead.y been lll&ntibl'.l.E3d1 

was the tit-at· ctlali3tereo,~somer ot emetine to be .isol.a~ed. 
Since· it is prepared ~y: ,reduotion ()f ··o-methylpsychotrine, •. it 

. ··:• !, • ,r .. . 

must di:t'fer 1'~1!1 emet!nt:; :in the eontiguration ot ''tr• 
The tirst"·'·etperim.entel work directed towarc; the _prep~~-.. ·.--:·.. .· 

tion of hevr d.1aste;rae>i~omf>rs of em.etine wa,a that ~epo~ted 
4 ' 

by Hazlett and. 1.«oEwen ( 26) , 'Who \>JOrke<i wi:tll some ·degradation 
. •' ., ' 

:::>· .,, 
prod:u9ts of" emetine. lt '!'as believed that the -r-~J:Sui~t1 oi such 
experiments would .have consider.able. v$3.ue iri the ~vent ot a. 

'-~ • ,I. "J' ·' 

total synthesis ot E:1metina, which would probably involve the ,_ .. 

fol:'tnation o:r· t.wo or :rnore is<>mers. A previous knowledge of 

the pt"ope~tiea ot the vt:1tiou.a cliast~r~o~sQ.m.¢rs would be ex-.. . . ;· .. 

peoted to facilitate .sepEU""ation and .identitioation • . ,_,..... ,, '. 

In QJi ~ttampt to prepare the. diastere.01.somei- ot einetine 
,.· :;• 

differing in. ~he co~igur~tion. of 01• Ha/tlei:t an4 MeEWan J~&) 

s~bJeoted. ti-e.oety-lemetine fx;:q:) to a series of degradatioli 
: ' ( 

re~~tions whioh wc,re intended to .eliminate asy:mmet_ey at that 
.. . !" • ~. • 

point.. This -was to be fol;I.cnved by a .rasynthasis or the eme~in<, 
' . . 

struot-u:re,. with ~he ~rob~ble formatio11 of two isOJners., 

XII was convei;ted to the iodometltrla.te, which was,sub-
JeQted to a ·Ho:tmar,m degradation,, then catalytio hydrogenation 
and reac)etylat1on-- A second Hofmann dagradat.ion, h~vevet.,. 



4i 

did not give the e:xpected. :results. a:ns_tead ot the desired 

compound ttx.V. the :reaction :product arter' acetylation was 
found to oonsf~t· ot two isomers• LXXV and WV-I.· · The eVidencG . ' ' 

tor the tor1natlon ot· IJCX;V ·was lnd1reotii Since '•the substance . ·.· . . . . . . 

could be i1Joio.~ed 11n pure' ·:rorm'~i the. sQheme via.s 
;_: 

abandoned.. 

cxxv 
13atters~y and q~ensha\V' (.25.)',, on studyiug the ox:td~zitng 

aotion of .marouric a.oetat~ ·on emetine hydroqltl.oride, isolated 
.- .. 

in addition to rubremetiru.um. chloride a sraall amount of a 
• • ••• _._ • • • • • •• p ' 

pl"eviously unreported s1:1pstance. This 1;1mv oompotind,9 isolated 
as the hydi-ogen oxalate, ,vas found on analy-Bis to contain four 

•· 

tewer hYdr<>gen ato~ t~an emetine~ and was designated as 

tetra~ehydroe,metine. When four molar proportions of merotil'io . . . 
acetate were used to, the oxidation1 a muoh higher yield of . , 

tettadehtdroeJ21.etine was obtained. Absorption of t-vvo mol9s ot 
hy~.ogen. o~ cataly~~c Jzyd.rogenation oonfi~.tned the presence 
ot two $thylen1e bonds, and on further dehydrogenation with 
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merour1.o aceta.t:e 'the substance was converted to rubremetinium 

chloride• indic.ating the.t it must be an inter.med.ii.\te in the 
formation ot ~brem.eti~ium s'aits. its Ultr4"Violet absorption 
spectrum ind.1ci~t~d that· thef'tt,o doublfi;. 1:>onds wet, in 001iJug:a"" 
tion with eaqh :othe-~ and ,rl'th a benzene ring., 

Si.nee the~ torma ti6n of s'uoh a .compound 1llil,~t "re$ul t 1n· 
. :.• 

t~e ·removel q~/:,:w-o or mc,re asynnnetrio oenteta pi"esent .!tn. em, 
etine., Hazlett·; \md Ma:E'wen -'(26) consid.eted tl~e'.. ;_ossib111 ty 

that hy~ogena.tion ot tetradehydroe.me~ihe might result in the 
produ:otion or ·some new emetine diaste:,:-eoi.s,9iners. \f-Jhen a sus• 
pension or t~tra.dehfdro·ametine hydrogen oxe.latt;'-,_.fn ethe.nql 

• .' •,~• \ ·, I ,\ • . 

1;1olution wa.s· oatall,'tioa;i.1y·eya.rogenat~<1:• fou~ ;1.>rbduots w~r~ 
obtained. J:n, addition to emetine, !s9l,ated .~s the hydro• 

bromide, and i;~oeinetine1, isolated as t,~~ benzorl derivative._. 

tW9 n~w diastereo;so_m.~rs o~ emetµie• neoemetine and en:ieti~e-~V, 

we:re isolated as, the.i_r b,yd+-6gen. o~alates. Neoemetine was 

ftU"ther oharac,terized as the hydrobromide .. 

On dehydrogenation of emetine with tour moles. of mer-. .• . '")' ' ' ·. 

auric acetate ,( 26); the· ~rooedure ~or ·v,Qrking_ up the reac:tion 

mixture was v~ied _Slightly and a seo.:>nd tetradehydro produo1; 

waa ol;>tained. Thia new compound• 1so1;etradehydrQemetine•-,was . ' . 

i~ola.ted ,in o:rystal;Line tol'lJl as the f;r:ee bas~ .. and further 
. -~ 

.. 
characterized. as the hydrogen oxalate,, :N-.methyl- dimethiodide, ,.. . ,, 

and W•benzoyllnethio~ide. Further oxidation with me~ourio . r. '. . . 

acetate gave t~e ;r:ubremeti11iwn cation. ~erefore~ isotet:ra-
dehydroemetine, like tetradeeyd:ro¢Iiletin~. m.ust 'be an inter-
mediate in the formation of rubrametinium. salts. 
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QatalytiQ. hydrogenation ot,isotetradehydroel'i18ti,ne in 
50% a<Jetio acid solution resulted 1n the absor,:ption of t\,o· 

• 
moles of hydrogen (26). ::$r.o.etine, isolated as the Jiy~robrom-

ide and turther ·identified as the benzoyl derivative, was th$ . . . . 

onl.y p::roduct obtained. A ca.talytiq. h!<11'ogen5:tion o~ 1sotEJ·tra-
dehftl1'Pemetine h7drogen oxalate in ethanol also proceeded witll 

• I ,. ' 

absorpt:,.o~ ot ~vo moles ot h1drog$:n, and .once again emetine. 
isolated as b~th. th.e h.rdtogen oxalate and hydrQbromide, was 

' ' . 
the only isoiable product. 

Rsduction at ,isotettade4Zc:i.roemetine with ,sodium .e .al.oohe>l: 
. . .. ·:··· ..... ·· ·.. . . . . . . .. . . . . 

It has been shown that ¢n reduction ot a. dc;>uble bond by . ;, 

means or. soa.$,um and alcohol the hydrogen a.to.ms are generallt 
added at ·tttranstt positions, while c>n catalytic hytlrogen.a.tion ,, 

the addition is predominantly "Cis0 • :tn: view or th;Ls fa<rt it 
seemed. des1~able to try to :reduce i$otetradeb.ydroemetine with 
sodium and aloohol• since the different mode o:r hyclrogen 
addition should result in the fol'ination of isomers other thaxl. 
e.metine,. the only product 6bta.1ned on catalytic h!drogenation. 

When eight molar proportions of sodium. was :reacted vii, th 

a solution ot , isotetradeb.1droeme.t1ne in absolute etherio1,. a 
11~1 substanoe,: isolated as the hydrogeri·· oxalate, m.,p. JJ07° 

(dee) • was obtained in small yield. Thia compound sh.Owed nc;, 

Qbser,rable rotation in v1ater solution to •:;. 2.0). Analysis ot 
the hydrogen oxalate i~dioated a moiecular formuia ot 029H.4004'12 
for the tree base, and on attempted catalytic hydrogenation 
no uptake of hydrogen was observed. i'he compound was therefore 



a.saumed to be .a new diastereoisome:r,- ot emetine and was des1g.;.. 
nated $.S em.etine~v.. The Similarity of the· ini'rared. a.bso~ptlon 
$pecrt~ ot 1 ts hydrogen oxalate with those or th$ known em-
etlne 1some~i.t servea. to· contirm this view (tis., -1). :rturther-
more,;. oxida~ich1 of emetine•V hydrogen oxalate with exoess . -: . 

merQurlc acetate,,;, with su.b$&~~~t treatment t>f the product 

with-hydl'ol>romio acid solution,,save a good tiel4 ot- a r$d 

017stalline material~: vlld .. ch show~d a melting p{)int behEJ:Vior 

similar to t.hat d~sori bed. for rubreni$t:Ln1um. b:roitt1de C 25). 

Emeti~e-v was turther ~haracterized as the bydrobromide, 
m.p~- 221-a24oi with no Qbeel"table rotation 1n ,vater solution . . . 

. (p • l,.O).. Tlie benzoyl deriv~tive of could not be 
is()lated in orystalline torm,. but treatment o:t an ether- eio1u.-

t1on ot· benzo;y-leliletine-V with dilute hydroohl.orio e.oid re-· 

sulted in tbe ·to.rmation ot. an insoluble hyd:roohioridl c1eriva-. . 

tive., 035~~0&Na•·Hol,t. m.p.19~-1~5°, [o<)02~ • --14.0 (o • 1.64 in 
chloroto~m). The deflrtite levore>ta~ion :provides evidence 
that emetine~v is not a ;racem!c· QOmpound. 

On further investigation of the reaction m1xtute t:rom 

the sodium. reduot:ton~ a second Pl'Oduot ·was els~ isol~tad. $S 

the hydro~~n oxalate., m.p~ ·1s'1-_1e40• [°']~4 .~ +22.0 ~c- = 1 • ._1 
in wate.r) ~1 There was no absorption of lcy'dro~en observed on 

att~ted catalytic hl"drogenation! and the l'Ubremetiniu.m. o.atfon 
wa.s obtaihed on oxidation vti th exc1eaa merQ.urio aoetate. 

Although the optical rotation of the hydrogen. ox~Ette wa$ 

close to that repo3:ted tor emetine•IV hydrogen oxalate• the 
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melting point behavior was quite different (26). In order 

to establish 1:·ts i~enti ty as eD1etine•IT it was necessary to 

oompa.re other de~1va~ives~ :Em.btine-:CV hydrobrom.ide, m~p~ 
212~217°, [o<l028 •• +8.0 (o • 1.04 ~n water) was ,preP,ared fro~ 

an authentic ~ample of eme·t1ne•tV'~ Which in tur~ ~itas prepared 

according to the prooedux-e used. by- Hazlett and .McEwen ( 26 .) • 

A mixed me;ttng point of the tv10 hydrob:romides sl1.ci,ved no 

dept-essionl lfurther evi<lenoe that the two must be identi<lal 

was provided ~Y the sindlarity of infrared abso~tion ~p~qt:ra 

of the hydrogen oxalates and a.lso the .tree bii~es~ (tig.2) 
,. . -,,,_ . 

·;·,'.I• 

(fig~ $)~.. In addition. identioal behavior was noted. on 
' . ~· 

attem:p1l&d. prepare tion ot the benzoyl d.eriv-attvea~ It was 
', ' . 

tberefore oonQluded that the second compound obtained from 
sodium reduction of ieotetradehydroemetin& xnu.st be f3lllat:tne~XV. 

., 

hydrogen oxalate.~ 

Since the. reaQtion, time was quite short and .a oons~d~r~ 
,:·:; 

able proportion or isotetradehydroemetin~ was reoovered1 it 
was felt that a muoh larger exc>ess of sodium should. be used 

in the reduction~ When sodium was added until reaction had 

practicallf ceased, a m?,ch larger yield of both emetine-v 

and emetine•IV resulted~ _ on carrying out a. number ot re!:l~t;ions; 

1 p was :round that the presence o:r wa1;er in the athenol had 

a marked etfeot on the resulting proportions of the two iso-
mersi Completely anhydrou$ conditions seemed t() favor.the 
:formation ot em.etine-v, but when a ~11 amount of water wa.s 
.P~esent in the aloohol the ratio ot emet1ne-IV to emetine-v 



was !nc>reased. Th.is is sh.own by- Tabl~ I, which gives yieid,s 
. , 

ot the two Pl"Qd':lcts uncler. v:arious oonditi-ona. 

Amount ot· is<>""' 
TDE reacted. 

10 g. 
l() 

10 
;l7.5* 

95 

~o 
** 

5..l 
2.4, 
9.6 

5.l g., 

2.3 

----
*This (tonsisted ot· the isotetraclehfdro(Jlile1;1nei ,v}!.ioh h114. been .recovered t;?Om ;pt-evious reactions. 

. -· ·•. 

**It ·was· known that the el:oohol ·'Whiijh was used contained 
an a:r;pre~iable iu.noo.nt of water• altho~gh the. p~roentage 
was not•d$te:rm.in$d. 

·' -,-,. 

T.rea.tment of emetine-v with i'ot,1.r equivalents of ~rcuric:, 
a.oat.ate gave a .sum whioh. QOUld not be oxr,stalli~ed and. also 
()ould not be· COil.Verted to either a hydrogen oxalate or hydro-. . 

bromide .c1eriva.tive. OataJ.;vtio 'l1y.(ttioge.na.tion of th.e onde 
material. yielded 8metine~v and emetine·-1v, both .isolated t:\$ 

the hy(b.-ogen c>xaiate. The e.rn.etine-IV was further identifled 
as the hydtobromide •. It was signitioant that the aqueou$ 
so1ution from tha merourio acetate oxidation was found to haire . . . . ' . , 

.,·. 
a definite rotation. This taot supplied further evidence 
that e1DStine-V is not raoemio. 

One attempt was made to reduce tetradehyciroem.etine ,vitb. 

sodium. and absolute ethanol .. A small amount of e:m.etine-V 

was isolated as the hydrogen oxalate. but the major portion 



of the reaotiqn product cons1s-ted ·ot what see..>ned to be a 

mixturs of othe.r substances. 
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Fig. 'i. '·Infrared absorption spectra in pujol 
·suspension: 

A. IDnetine.-V hydrogen oxalate. 

B. Tetradehydroemetine hydrogen oxalate. 

c. Isotetradehydroenietine hydrogen oxalate. 
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Fig. 2. Infrared absorption spectra in 
perfluorocarbon mulls 

A. Thletine hydrogen oxalat.e. 

B. Isoemetine hydrogen oxalate. 

o. Neoemetine hydrogen oxalate. 
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Fig. 2 (cont'd). Infrared absorption spectra 
in perfluorocarbon mulls 

D. Emetine-IV hydrogen oxalate. 

E. Thletine-V hydrogen oxalate. 

F. Hydrogen oxalate of compound II from 
sodium and ethanol reduction of 
isotetradehydroemetine. 
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Fig. 3. Infrared absorption spectra: 

A. Hydrogen oxalate of compound II from 
sodium and ethanol reduction .of 
isotetradehydroemetine, in nujoi 
mull. 

B. Emetine-IV in chlOrof'orm. 

C. Compound II f-rom sodium and ethanol 
reduction of isotetradehydroemetine, 
in chloroform. 
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FURTHER S'J;'QDlES· ON ·· TE'.i11b\J)lWl'DR.~TINB 

AND'- isQtra~RO$METINE: 
q, 

When Bat~er$})f ttnd Open~h$1 12.5): .:t.tt8t: Qausad. Emtetine . : ' .. : . . ' i . . 

hyd:t'oon1o;ride, tr> reaot wt.th tour Jt1.0l$l of 111~r~~f c aoErtate, 
th~;r :reporte4 that the .reaction 'W'1as qarrtea out at a:te~ b·atb 
temperature,. ~nd they we;r:i~ able to 1soiate a 28%. yield of 

·•i•·,. . ··-, 

tEftradehydrQe.rnetbte ·1,.,-a,~q$en oxa1a~e~ na11~~~· e.na. .?,ti:lEwt1n (26) 
.. -~- ,• . . . 

also :rapol'ted ·using :~rterun: bath temperature tor the $lim.$. t>jtj."'i' 
. . . ' 

elation rea<ttim, itnd were. suoQesstul. in obtabiitig 3 .• aa g. ('28?£) 
j • • 

·and e.gs $• JS2%) of .. l$otetrad.ehyAroem.e.~ne •$'le.\ ~e\.~a4e.b.rdro .. 
,• . . ,... . . . .. 

emetin!;l htt4'ogan oxa1•te1: te~peetiv(llYt stalt1t1ng ~dth 20 g. 
Of eD;1&'bin~ lcy'~ach1o~id;e 'heJrf;l~te • 

~:- . '· .. 

. In t11e prt,sen.t +!or~,,. some ·of th~· ·i1t.>1t. ... ~~attiots v,h!~b. 
we.re ·qarried ·ftiut e.-960:rd:t~~ to: 'the pro~:~dure deti~~ibed .bf 
Hazlett and :UoEwen w~re tound t.<:> fteld' a -.uoh la~i•" ·propo~ 
tion c·t it.¥.otet;:t-aa.eny4l!oem.etlne to te·tr.adehy-UQelnetin.e than . . . . 

prertOu$1$' ~ep¢r·t.$d. tn iD.SDf :oas6.$ no tetra.d.ehfd:toemetine 
hydrogen oxalate •coul¢ bet. '!solatta.. and the :tsotet·:ttad$.ht4ro~ 
~met:t;n• ,almo$t alw:~s o:tJ$talli~ed out ot the ~tht"ut so·lutton 

dur111~ e:x.ttaotion Qf th$ aqued1.t$ so'luti.on oi the :ttaction pro-
duct~. It was believe·d ·that the f$aO:t,ion tempex-ature m.!~t 
be an important factor;· thereto:re,, in all suo.o$ed:tris ;prepara-
ti<:>ns o.t th,e two tetradehy<\ro '~oJ:®rhliids th·e tentperature we.a 
l.c:G1>t t·a1r1y constant and was recotcl(!)d ror &a<lli. reaction. Wh•n 
d'-tte~ent reaption temperatures were employe·d• :$.twas touna. 
that the ~esu1 ting prbportion ot the· tw;, iso~x-t1 varied t:son-



side:t-ah.ly.- tqw~i- temp~ratu.retJ dEt1:fni te.ly tavoted the fqt.ma• ~- . . . 

tion ot 1so;etradehydroemetin,e., wtth.$ i0% yield being obt~,:,,$d 

in one cis.se"' :Some .or the r·e-aultEJ ar:e :tllown 11i ··Table :tt. - . . ,. • ,:1·- .'. •. . 

!t'tible it· . . . '. . . , .. - . .•·t ..•. -

__ .,, ____ .. __ . . _ Yiel~ .fr~ ~o g •. 2HQl··'1£taO 
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The abov; res~ts are n?t in ~eement w:~th: the ob$tltV'a"'I! 

t1ons llf op.~s-haw an<t Wo44 (19J ., ·'.the.a~ wo,:-lte1:~- =cepo~1;,·ec1. tll1:tt 
,. . .. · .. • 

the1 were tuutbie to ts,iitto· isot·~-twa.dijhy~emetine at'ller -w 
tlt the n~ro.u.s .m.&ro~i-e1 aoetat·Et oxi<t.at1ons whioh thot had 

., .. ; ) ! • 

they wer$ ab.le to ~~count .tor al.most all of tlle orisin.a1 
' ,, .. 

emetine a.a tetrad.ehyciroem.Eft!n6. h.1~:r¢gen <>~alate and· rub~eme. .. 
t:tntwn oh10.~1a.~. 

Sevet-a.l at:tempts -,vere m~d, to lnt&r<;on~tt the t1tito tetra-. 
dal:lyaro 1saners, Ea.oh wt1s subJectefi. to var:t.ot,ttf &Xpe~inten~~ 

Qondition$i lnoluding thoee of the me:i:-Qur.ic aoet1:1.te oxidation:; 
<.: ,. ,,, •• 

but .in ·no ts!:l.Se oould one, 1 somer- be <Jonverted. "t;o the ~th.et-. 
such r~ault·s indioate that yhe tv~ isome~s tio 11ot ar1s$ ,.from. 

'fUlY' pro<;ess 1nvo1vilt8 1ni ti.al t'?'rniatfon ot Qne with atibse:qiu;ent 
partial 9o~ve~a1on to th(\) other• but that both must be to•d 
ind~pend$ntly. 



When emetine-V hydrogen oxalate was. first isolated attelli 

sodium and alcohol ~e~uction. of Jaotetradehy-droometine. 1 t was 

thought that the oom:pound ·m:tght be .racen-nio; since no rotation 

could be observed in aqueous solution. This brought up the 

possibility that isotetradehydl-oemetine might h_ave been raoe.• 
mized under the basi o reaction oond.~ tions, bef'or• being red\l.oed 

to emetine-v.. Some ~ttempt,s we're therefore lltlade to raoemize 

isotetradehydroemetine by heating it.in an alooho11o sodill.lll 
etb.oxide ·solution. The results of thee·$ E)X'perim.ents showed 

that a defin1_te decrease in. speoitic -rotation did oocur,. but 
there was never complete ioss ot optical aQtivity. In addition. 
a slight increase in th$ rilelt:f.rg point of the recovered 

crystalline material was observed. It was thereto:re ,,onolu4ed 
that epi,meriza.tlon must be taking place at on~· ot the asymxnet:r.-io 

oenters in isotetradehfdro~metine. Table III summarizes the 
results ot these expe·riments, in which approximately 2% al• 

coholio sodium ethoxide solution was used at the retlu 

temperature. 

Time rea.oted 
o hrs~ 

Table Itt 

S;eeoif~o ~otation Mel~iypoint 
~20.2 153-55~ 

• ... ·• 164-($$ 

-10.2 159~&5 

• 5.6 158-61 

A similar experiment was carried out with tetradehyd~o-
emetine, the tree 'base being libeJ.iated from the hydrogen ox-



55 

alate and refluxed for three hours in alcoholic sodiumetll• 
oxide solution. After reoonve·:rslon of the base to tetrade• 

hydroemetine hydrogen oxalate, however, there was no ~ha11.ge 

observed in either melting po.int or·speci:t'ic rotation. . . 
In the case of 1aotetrad$hydroemetine. a definite de-

oreaae in specit:t.o rotation was also observed ,'1iten the free 
base was re,o_vered ·from the hyd:t-ogen oxalate salt. 

Structures of t~_trad~hy~roem.&tin~ and is~tetradehY;dr9em~ti_net 
Battersby and'. Openshaw ( 25) , in diaou.ssing the proper-... . . . 

ties of tetradehydroemetine hydrogen oxalate. reported that 
·,, . 

its ultraviolet absorption spectrum indicated th¢ presence of 
two double bonds in conjugation with each other and with a . . 
benzen• ring. On the basis of the'ir interpretation 1 t fol-
lov,ed that position 011 musi be involved in one ot the double 
bonds• since isoemet1ne was obtained on oatalyti? red.uotion 

ot tetradehydroemetine hy~ogen oxalate (l.9)(26). 'l1he seoox1d 

double bond would then occur at either posi t:ton o9-o10 r.;r 

01o~O;Ll• 
The ultraviolet absorption spectrum of isotetradehydro-

emetine hydrogen oxalate was later :round to be quite similar 

to that ot' tert;;rs.dehyd.roemetine hyo.r'ogen oxalate (Fig. 4), 1n .. 
di.eating that there could be no ma~or difference in the con-
jugated systems ot the two ioomerstt, Since emetine was produ()ed 

b;r catalytic hydrogenation ot bo.~ eompounda (26) ·• it would 

not be possible tor them to be optical isomers, differing in 
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the eonfiguration.,·Qt a remaining asymmetric oenter. Hazlett 
and Mol!i'wen ·(2G,) oonsidered t\vo possibi4ities tor their .atruo• 

tures: (1) the isomers might be repr()~enteµ. by structures 
l:JCXVII and WVIII, or (2) ,they oould :be geanetrioal isomel!$ 
about the ·double ~ond at Q:i.., ... c,13• 

The recent work by.Openshaw, and Wood. (l.9) has provided 
additional .. illforlilB.tion wltioh has a di:reot bearing on the struc-
ture ot tet:tE1deh7droernetine. :These wdrkers found ·that :the· ultra-

violet abso:tption. speotruni ot tetradehyd:floemetine hydros•n 
oxalate wa$· almost i4entioal vii th· that ot <lompound LXX:tX, 

,; .. 
wb.ioh is knoWXl td, contain two 6,i?~~imethoxy-$.,4-dihydroiso .. 

qtd.noline nuclei., ··:rt ,vas theret'or:e ·believed tb.at tetrade-
llydroemetin.e hydrogen oxalate might ha.va the s truoture. LUX-. 

The free base·would then have either structure LXXXI or ~l 
in whioh one or both ot the,doubla bonds have shitted to a 
position exooyclio vtith resp~ct to the isoquiilolihe nuol,at. 
such a phenomenon has already been mentioned in the discuasi;on 
ot 09"n1ethylpsyohotrine,, and. the):'& is considerable evidence to 

show that .suoh a shitting ot doubl& bonds can bocur (32)(33). 

The problem of assigning st,:,µotures ·to the two ~etrai:-
dehydro :isomers was somewha1; complicated by further spectral 
studies • .Although the ultraviolet absorption si:,ectra'of tetx--a-
dehydroam.etine hydrogen oxalate and 1sotetradehy4roametine 

hydrogen oxalate are almost identi4al, 1 t he.a bEl&n found that 

there is ·very little similar! ty 1n the spectra of the fte& 

basea (Fig. 5). ·There must then be a distinct difference in 
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the conjugated. systems of the two bases, but the olefinio 

linkages must be capable-of shitting into similar types ot 
'.. 

conjugation on conversion to )the hydrogen oxalates. 

Bills and Noller (32) who studied the ultraviolet ab-

sorption spectra of some z·-.4-dihfdroisoquinoline derivatives, 
have reported. some information whioh has been found. useful in 

interpreting the resu+ts of ~he s~eotral studies.made on t(;tra-
dehydroem~tine and lsotetra~eh~d:roemetine. They obtained the 

speat;ra ot 1-meteyl- (LXXXIII), l-benzrl- _(I.JOCCIV), and l-

(o<-picolyl)-S.4-dihydro-6, 7-.rnethylenedioxyisoquinoline (LXXXV). 
! 'ii • i 

It was found that the spectra of the 1-metbyl and l•benzyi 

derivatives were almost identicai, but tha~ or the l•(~-.p1C• 

olyl) derivative was somElWhat different fl"Otn the o_~he:r. two. 
(Fig. 6). Sinoe its peaks oaQurred at longer wavelengths• in-

dicating a greater degree ot conjugation, it was oonQludad 

that 'the 1-(oc-picolyl) derivative J.T).Ust actually have the exo-. . 
oyolio structure LXXXVI. '!'he hydroQhlo~ides ot the three com.-

pounds were found to have quite similar spectra, however, (Fig. 7) 

suggesting that on formation of the hydrochloride, the doubl~ 

bond in the l-{cx•pioolyl) derivative must shift back to the 

endooyc,lic position,. giving all three hydroohlorides a similar 

conJuga~ed system as shown by structures LXXXVII, ;tJtxxvni·,. 
and LXDCIX,. 

It should be noted that a considerable shift in absorption 
peaks occurs in going from the free base to tlle hydrochloride 

in the case of the 1-methy-l and l-benzyl derivatives. Bills 

and Noller have attributed this to the fact that a formal 
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Cxxxv11 / cxxx,x: 
charge separation would be involved ,,in the resonance structures 

of the fre!iJ base (txmtI-a} • while this would not be true in 

the oase of the hydrochloride,. which should therefore absorb 
ligh. t of longer wavelength ( lower energy). 
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'!'he ultraviolet absorption spectra of tetradehydroem-
etine hydrogen oxalate anc,. isotetradehydroem.etine hydrogen 
oxalate are quite sim.~l.ar to thosa of the three h~droohlorides 

studied by Bills e:nd :N'bller.. This supports the possibility 

:that tetradehydroemetine hy~ogen oxalate might have the 

atru!3ture tlJOC porposad. by Opens·haw -and W9od. The situation 

with respect to the structure ot isotet~ad~hydroametine! how-
ever, is not ~larified by- this observation. Since the spectra 

ot the free bases possess 11 ttle similarity• it r ollo,,s 

ai ther that some tundamenta.i dit:t'erenoe must exist in the 
positions or the doubl~ bon4~ in the two hydro$efi oxalates. 
at the. same time the types ot oonjugation being sim:ilar 1n . . ' -~-
the two oarnpounds, or else a ~omplex 1aome~ization oooure to 

giv~ geometrically 1somario hydrogen oxalate salts. 
Ona- pqas!bility which would be consistent with the t'irst 

argume~t is that isotetradehydroemetine have the structure lO, 
with isotetradehydroemetine hydrogen oxalate being represented 
by; .XOl. struc~ure XCI would be expeqted to have an ultra.vi.olet 

absorption epeotrum. sLrnila.r 1io that of LXXX s1noe the only tYPe 
' ' ' ' .· ' ' / or conjugation present in the molecule would be the ,.,.o = N, 

gl;l'Oup in conjugation with a benzene ring. The extra eoajugated 

double bonds in struotu~e XQ could aooount tor the absorption 
peaks of 1sotet:radehydroemet1ile l11ttg further toward the vis-
1 ble than those of tetradehydr6emetine (,IJCCXI or LXXXII). ln 

addition1 the spectrum of isotetradehyw:-oemetine is somewha1; 

similEµ- to that of txxxVl except that the t\vo peaks do.not 



lie as fax- t~ard the visible. This would be expeoted ~1noe 

fewer double bonds are in conjugation with a benzene ring. 

The .1nf~ared absorption spectra ot tetradehydroemetine ,, 
and isote~radeh~droemetine nave al.$0 furnished some ~1gn1f1-
oant it;lf'ormat,ion •. The spectra of the two tree bases have 
been ,found to be simil~ .in man:, respects (Fig. ~). There 

1st however,. one notable difference. .A moderately strong 

peak. occurring at 1570 om..;l in the case ot· tetradehydro.em.-

etine is not :found in the ~ectrum of isotetradehydroemet1ne. 

ihis peak lies in a region where absorpt;on due to a ring 

~C = .N- grouping is known to ocour (34). .,Uthough th.is 

observation does not supp1r absolute proof th~t such a group 
is present 1n the .molecule• 1 t oan be used as evidence strong-

ly in tavor ot structure I:XXU for tetr~deb.ydroelllE)tine. 

Al though J t does not appear in Fi~. a •. the speotrum ot 
isotetradehydroemet1ne at a higher ooncentration in chloro-
form solution shows a definite peak at 3560 om·l• whioh lies 
in the .ff-H absorption .region. 'l'he J)resence ot s~ch a peak 

would be expected tor structure XO·• Further argument rot the 

presence of an N•H group 1n 1sotetradehydr.oemetine is the fact 
that the moleo'Ul.e possesses ~ne active hydrogen us shown ln 
a Zerewitino:rt determination. 

There is another possible structure for isotetradehydro-

emetin~ which is consistent with all the a.rgum.enta vrhioh··haVEl 

so tar been presented~ Structures XOII and XCIII tor isotetra-
deh:ydroemetine and isotetradehydroemetine hydrogen oxalate, 
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respectively_, would. be possil>ili ties in view of th~ inter-

pretations ~de r~om their:speotra. However. the;re are some 
e.xperim.ental_r'3aults which seem to favor XO :and XOI. 

First• the fact that no isoemetine .has been ot,tained 
trom either catal;ytio hyclrqgenation or sodil.lttl._and aloohol. re-
duction ot tsotetradt;1h~droem~tine s~~ongl.y indioates that o1,, 
is not involved in a double bond_, _I1;1oemetine 1s formed q,ul te 

readily tr~m reduotion °:t both o-me~hylpsy.cho.~in~ and te1ira-
dehyd:roemetine .)lydrogen oxalaiie, and it seem$ likely that lt 
would alsQ· be ·tormed in an a:ppreoiable 811lount by reduoti_on ot 
isotetra.dt,)lycb:'oem.etine it a doub.le :t,ond ,vere present at 

01•- 013• 
A i,eoond argument in favor ot ·xo arises trom th& fa.at 

that no o-methylpsyohot:r.-ine is obt.ained on merouri(;) acetate 
• • • < I ; 

oxidation ot emetine.. i'he first double bond termed .in such, . ' 

a d$hy~:h.•ogenation would most likel:,v .be in. conjugation with ona 

ot the· benzene<rings. If. it were formed at c1,- N2,. Q~ Oi~•013 • 

it is ~uite pro~able that faO~e o-methylpsyohotrine would b<f 
isolated from the reaction mixture, especially at the milde~ . . . ' 

oonditions. 14e t~ot that none 1$ obtained indicates that 

the first dou~le 'bond. is ,prQbably formed a.t o1 - N2 o~ c1-a.9 , 

and this would not be consistent with struoture.XCII. . . . . 

The epim.erization ot isot,tra~ehydroemetine in sodium 

etho:xide solution would be expected or xo,. '!'he removal 0:t a 

proton from ~l• would leave en anion which. wo"Qld be stabili~ed 
by resonance. The epimeriza.tion which ooours on formation 
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of the hydro$en oxalate, howcrer, canno1; l>e. explained by any 

means consistent with the interpre~ation ot the spectra o~ 
isotetradEthydroemetine ~d iaotetradehydroemetine eydrogen 
oxalate. It is ·possible that the double bond at o10-c13 
in isotetradeeydroemetine oould :ihift to the conjugated posi-

tion at 01.•·•013 on formation ot a salt, ,'but under ~uoh o1:r-
ownstanoea the ultraviolet s:peotra of tetradehydroemetine 
hydrogen oxalate and 1sotetra.dehydroemetin0 hydrogen. oxalate 
would not be similar, sin¢e -different tY.Pea or conjugated 
systems v,onld be p:resent in the two molecules. l!urthermore .• 

it seems likely that it would be possibl$ to convert isotetra-
dehydroemetine into tetradehycirciemetine if suoh a sh11't were 
to occur. 

It must also be noted that atruotUl"e lJOOCC for tetra-
dehydroemetine is not obviouslY' capable ot explaining the 

formation ot a total of tive d~1,'ferent diastereoisome:rs of 
emetine by the tvro methods of reduotion whioh have been used. 

Since only two asymmetrfo oenters a.re created bi saturation 
of the two double bonds, it should be possible to obtain onl-7 
four diastereoisomers. Also. it has been found that no change 
takes place in tetradehy~roemetine on l'etluxins in alooholi~ 
sodium ethoxide solution. During a s·odium and alcohol re-

duction the rea.otion conditions are somewhat more vigorous. 

how~ver, and it is possible that some form of isomerization 
might take place. 



.. 
FURTHER I?TVESTIGA'l1I OM OF DEHYDROru\LORUBRlSMETINE 

Hazlett and McEwen (26)• on. studying the effect ot 
... ,\ 

alkali on rubremetinium chloride• found that heating the 

substance with an aq~eous aicoholio solution of sodium~--

droxide gave an unstable crystalline product, o29H32o4N21 

whioh :no longer contain~d chlo~ine and was believed to resul~ 
from an overall dehydrochlorination reaction. The new com-
pound,. called d.eh~drohalorub~emetine, failed to .give back 

rubremotinium chloride on being heated with hydrochloric a.old 
.... . ,, ' . 

solution~. on low pressure catalytic eydl'-ogenation• the crude 
material readily absorbed two moles of hydl"ogen; and :f'rom 
the mixture ot products, a pure e>rystallj.ne, optically inactive . 

substance w·as obtained by fractional orystal.l.~zati.on~ The. . . 
oompound was ottlled tetrahydrodehydrohalorubremetine•· although 
it was admitted that the apparent absorption of two moles ot 
hydrogen did not necessarily signify thnt the oryst~lline 

produot obtained contained tour hydrogen atoms m.rire than ~e-
hydrohalorubremetine, particularly since the hycirogenation 

. . 
was carried out on crude material. 

The hydrogenation product would not form. an acyl deri--

vative with either benzoyl ohioride or p ... toluenesulfonyl .. / 

chloride. lts ultraviolet absorption spectrum was tound to 

be almost identical With that of isotetrahydrodehydroemetine« 
I 

and it was consi~ered possible that tetrahydordebydrohalo• ., . .... . . ,. 
rubreme~ine ~ght act~ly be raoemio isotetrahydrodehydro-
elnetine. 
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Openshaw and Wood ( 19) , in agreement· with their arguments 

ooncernin~f the structure ot rubremetinium salts, considered 
• _.& • 

the compound to be racem1u dihydrorubremetine. They turther 

believed that-dehy-drohalorubremetine possessed tlie structure 

XOIVwhioh contains no oente1"s of asylimetry-. 

Tietz and i10:mv1en ·t29} have repeated the hydrogenation ot 
dehydrohalorubrem.etine .an.d found 'the ·crude ·material. to ,absorb 

1.e mol.es ot hydrogen. They \Vere able to isolate,. in addition 

to the racem1c tetrahydrodehydrohaiorubremetine. a email amount 

ot a lowe,:,·melting crystalline base which possessed a definite 

c:iextrorote.tion. Both compounds analyzed oorrectly fat 
' . 

C29H54iN204.- had identio~ i~trared absorption apeotra and 
s1inilar ultraviolet $peotra, and both gave an ·nhalys~s for 
slightly more than one terminal methyl group. It was believed 

that the two compounds were the optically active and inaotive 

fo1'mS ot the same substaho.e. 
Tietz and l!cEwen ( 2~) have further pointed out the poss-

1 bil-i ty that deeydrohalOrubremetlne 1s a Hofmann degradation 

produot of the rubrem.etinium oatio~, as evidenced by three 
faets; (1) There is a considerable amount of :t'aoemization 
durin.& formation of dehy-drohalorubremetine. (2) In the oa.se 

or the raoemio tet:rahY'drodehydrohalorubremetine, one active 

hydrogen was found by a Zerevti t:inoft determination. ( 3) Al• 

though both raoemio and.active hydrogenation products gavf 
a test for slightly r.iOJ,'e than one terminal :methyl group. 1 t 

is known. that suoh a determination usually gives considerably 
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l.eas than the theoret"ica.l value. Therefore, it al?peru:is that 
the two substances :possess tv,o o-a.a3 groul,)B• 

It v1as noted, however• that the hydrogenation data was 
.• ... 

not O(?nSistent ,nth 8: Hofmann degradation product.. On the 

basiB of Woodward•s structure (LXX!I!) tor t·I:ie rubremetinium. 

cation. ring opening might be ex~eoted to ooour at o$-N2, 

rasulting in XOV aa the sti:uoture for dehydrohalorubremetine. 
This woUld be expe~ted to add thr&e moles ot hydrogen in a 
low pressure catalytic hydrogenation to glve XOVI. 

Th$ hydrogenation o_f dehydroha.lorubremetine has been 

stu,died. further 1n order to dete:t-mine whether the compound 
m.1,ght take up three moles ot hydrogen under different con• 

ditions from those used by l)t"evious workers. It was oon$idered 

that an aoid me4ium might be more f~vorable tor the hydrogena-. ' 

tion ot suob. a subtltance than the neutral,alcohol. solution. 
used previously. When a solution of dehydrohalorubremetine 
was hydrogenated in glacial acetic aoid ~olution, a oonaider-
al)le amount of tarry material was formed, and. the hydrc>gijnation 

. . . 

data was not considered to be signitioant.. However• when an 

alcohol solution of dehydrohalorubremetine was kept only 
slightly acidic by dropwise a.ddition of acetic acid during 

the hydrogenation; it v1as found that 2.7 moles of hydrogen 

were absorbed, and over half ot the starting material was· 

aooounted tor as either the active or racemic tttetrahydro-
dehydrohalorubremetinest, ~is result strongly indicates that 
the hydrogenation product or dehydrohalorubremetine is aotual,ly 



a haxahydro derivative, and that dehydrohe.io:rubremetine it-
self must arise f:?om a Hofmann degra.d.ation reaction ot tile 
rubrenietinium cation. A.a a result! this observation provide$ 
further eVidenot1 tor woodward•a proposed ,truoture. 

Additional evidence for the ooourrenoe or a ring opening 

reo.ation ·has be~n suppiied b~ an oxiciation study on dehydro-

halorubremetine ., Oxidation of the ooinP.ound Vfi th an aoid1o 

permeµiganate solution resulted. in the production of ari ap-
~reoiable amount ot 1iorm1o aoid~. identified as the p-bromo-
phenaoyl ester. 'L'he torma.tion of formic acid indicates the 
presence of a terminal methylene group in dehydrohalorubrem• 

etine. 
Although there ia strong evidence that a Hotmann degrada-

tion reaotion does take place in the formation 01~ dehyd:,:o ... 

haloru'bremei:iine;c 1t has not ~et been possible to determine 

oonclusi vely whether the ring Opfming occurs at 03-1:12 or 

o3,-N2,,, since a break at o3,; -N2,, woUld result in formation 

ot XOVIlt whio~ would also take up three moles of hydro~en 

to give XOVIII, and would give formic acid on oxidation. If 

opening occur.red at o3-.t-r2, it should be possible to prepare 

an. aoyl derivative of the hydrogenation product (XOV),. pro-
viding that the aoyl group -is not so large that steric hin-
drance would prevent its formation.· Hov1ever, no such deri-
vative oould be rormed from either the rtcemio or optically 

aotive "tetrahydrodehydrohaloru~remetine", even on using aoetyl 
ch1oride· as the aoylatins agent. In all attempts at acylation 
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the starting•'.m.ate;-ial v1as reoovered unohan,sed. .Alt:hough this 

strongly poihts to a ring opening at Cs•· N2,, it cannot be 

oonside:r;e~ a.a o~notusive evidence, and further Jnformation 

will have ~o be obtained in o~_der to definitely distinguish 

between the two possibilities. 
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Fig. 4. Ultraviolet absorption spectra; 

A. Isotetradehydroemetine hydrogen oxalate 
in water. 

B. Tetradehydroemetine hydrogen oxalate. 
in water. 

Fig. 5. Ultraviolet absorption spectra: 

A. Tetradehydroemetine in alcohol. 

B. Isotetradehydroemetine in alcohol. 
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Fig. 6. Ultraviolet absorption spectra: 

A. Structure LXXXIII in alcohol. 

B. Structure LXXXIV in alcohol. 

c. Structure LXXXVI in alcohol. 

Fig., 7. Ultraviolet absorption spectra: 

A. Structure LXXXVII in alcohol. 

B. Structure LXXXVIII in alcohol. 

c. structure LXXXIX in alcohol. 
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Fig. a. Infrared absorption· spectraa 

A. Isotetradehydroemetine in chlorofo!IIJ.• 

B. Tetradehydroemetine in chloroform. 
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EXPERIMENTAL 

Reduction .2!, Isotetradehydroe!ll.8tine with.!! Eguivalents ,2! 
Sodium. and Ethanols 

. -- . ·. 

·To 2.40 g. ot isotetradehydroemetine* prepared according 

to the method ot Hazlett and 110:Ewen (26), dissolved in 25 co. 

ot hot absolutt ethanol; ·was added 1.00 g~· of :fj,nely divided 

sodium. The mbcture was refluxed unt11 all the sodium had 

been consumed., than an additional 25oo~. of ethanol was added~ 

The solution was cooled and unreaoted isotetradehydroemetine 

(l..2 g~) crystallized and was filtered f~m the.mixture. . . ' 

About ao oo~ ot water was added to the filtrate, which \Vas . . 

then concentrated to 10 oc; to insure complete removal of 
the alcohol. 'l'he liberate~ base was taken up in tive 5 oc. 
portions or·' ethe:t and the oom~ined ether extraots dried over 
anhydro1.2s .potassium,earbonate~ Evaporation ot the ether left 
a yellow gum which was dissolved in hot ethanolio oxalic acid 

solution. On cooling• colorl~ss crrst~l~ of emetine-v hfdro• 
gen oxalate readily formed• o.30 g •. , m.p~ 201-205°; Re-:-

orystallization from ethanol raised the m.p. to 206~207°. 

No rotation oould be obsel'Ved (c = l.~ in wa~er).* 
., 

Anal: C~lo~lated for Q29B40N204•~C3ij204: 9, ~9.~8; 
H; 6.71; N1 4 41 24. Found: O; 59.91; 59.'1'1; H, 6.92• 6.92; 

N; 3.98, 4.13• 

* on one ocqasion.a small positive rotation was observed with 
a mor~ ooncentrat~d solution. However, atter further recryatal• 
J.izat1on the substance did not give an observable rotation; in• 
dioating that the previously observed rotation was due to 
impurities. · 



Emet1ne•V was recovered unchanged after attempted cat• 
alytio hydrogenation over platinum. This proves that both 

the etby-lenio linkages ot isotetradehydroemetine were satu-
rated .in the sodium and ethanol. reduotion. 

Emetine~V Hydrobron:d~e: 

A solution of 1.2 g. emetine•V hydrogen oxalate in water 
was made basiq by addition ot 10% sodium hydroxide solution. 
The liberated base was taken up in ether and the ether ex-
tract dried over anhydrous pot:e,ssium carbonate. Evaporation 

of ·the ·ether left a clear gum which was dissolved in 5 co. 
of 5% hydrobrom;o acid. After l.ong standing, white crystals 

of em.etine.;.V hydrobrondde formed (·0.35 g.). on con~antra-
tion of the '·filtrate to 5 cc, an additionai 0.l:;t2 g. was 

obtained. The m..p. t i11'ter two recrystalliz_ations from. water, 
was 221-224°. No rotation could be observed (0=1.00 in watert. 

l...nal r. .An air-dried sample lo~t a. ~HS% of its weight on 

being heated .!!! "V"aouo. o2~H4094N;t2I-IBr•3½H2o req1:1ire~ 8~94%. 

Calculated for 029B'.4o04~2•2BBi'•5iH20:- N, '3.97; Br• '·22.66. 

Found± N, 4.35; Br, 23.25.* 

Benzoilemetine-y Hi2~oohioride: 
A solution ot 2.0 g. of emetine-v hydrogen oxalate in 

• > . ' ~. 

* The carbon and hydrogen analyses were c~ried out on a 
different sample ot emetine-V bydrobrom1de 1 and the results 
indicate that the state or .hyd;-atio~ was different in this 
case. 

Oaloula.ted -for 029H400qi2•2HBr•liH20: o,:_ 52.0; H, 6. 77. 
Found: o, 52.27; H, 6.85. 
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·water v,as ma.de basio with 10% s9diµnt hydrox+de solution. The 

m:i.xture was extracted with ether, and the combined extracts 
were thoroughly dried over two suooessive·portions·or all.hydrous 
potassiwn carbonate. The ether solution was oonoentrated to 
about 60 co. and :i..:s g. of treslµy purified benzotc anhydride 
was added. The mixture was refluxed f'or 3 hours, then con-
centrated.· to about 25 ~Q. and refluxing continued fox,. an 
additional _2 hours. Atter addition of 20 ·co. of ether, 'the 
soiution we.s ,,ashed with dilute bydrochlorio acid. !J:lhe oranse• 

yellow gu.nuny ·preo1p1ta.te which immediately formed was removed 

an<i washecl. thoroughly with ether and dilute hydroohlorio acid • . 
on drying •. the gum crystallized to give l.l g. benzorlemetine-v 
hydroohloride~ m.p. 190-195° with.previous sintering, [cx]~'3 = 
-14.00 (o • l.64 in ohloro:tom). Concentration of the ether 
solution afforded an additional 0.,25 g. The total yield 

amounted to &5~. 
Anal: An air•dl'ied sample lost 2.97%.ot its weight on 

... '! , 

being heated.!!! vaouo at 100°. o36H440sN2•HOl•H2o ·re~~r~s 
2.82%. Oaloulated for %aR440f;N2•HOl•U20: N. 4.~9, 01, 5.56. 

.. ·1 ., 

' Found: N, 4.33; 01 1 5.86. 

Oxidation ,2!_Emetine-V Hydrogen Oxalate!!!!!! :mxoess Mercuric 

Acetate: 
A solution of o.125 g. emetine•V hydro~en ?xalate in 2.0 

oo. ot water ·was mixed with ·a solut~on of 0~5 g.,_ mero~ic 
.,. " ·. ,. , 

acetate• o.o~ g. potassium acetate,_ and 0.2 cc., acetic acid 



in 3.0 c;,o •. of water, and the mixture heated on a steam 'bath 

for one hour. An additional·o.2 8• mercuric acetate was added 

and heating continued for one hour. The cooled solution was 

filt&red and the pr~cipitate washed with water. The combined 

filtrate an~ washi~s v~ere heated to boiling and treated with 

hydrogen a~lfide. After fil.tration 1 the precipitate, was washed 

thoroughly with boilin~-- ~atei- and alcohol, and the combined 

fllt:rate and 'fiaehings concentrated' under reduced pre·ssure to 

about 2 oo. '.Five drops or· ·oonoentrated hydrobro.ni1,c aotd. was 
' . . 

added and rubremetinium bromide (0.035 g.) orystallized on. 

standing. After tv10 reorystall~zations ·from water-acetone it 

showed a m.p •. ot 180-.185°, Battersby and Openshaw (20) !re-

ported 195-205°, 'l'he ultravi-olet and visible spectrum wa~ 
identical with ~hat· reported by ,Battersby and ope:nsha1v. 

Reduction c,f Is~tetradehydroemetine with Excess sodium and 

Ethanol:* 
'i'o.10.6 g •. ot isotetradehydroe.m.etine dissolved in 150 oo. 

of absolute ethanol was ·added finel~ divided sodium in small . . 
portion$ 'Ulltil it no longer reacted. .An additional 60 co. ot 
absolute ethanol was added and th~ solution heated to reflux 
temperature. tfore sodium was added in small amounts ror -.about 
Bi hours. To the warm reaction mixture ·was added 50 cc. ot 

*The same procedure was used tor all reactions ;.ndicated in 
Table I, vdth the reaction conditions V'~ied as shown. 



96% alcohol., followed by addition ot 200 oo. ot water. !1.'he 
)•'". 

so;utio~ wae .concentrated undeJJ reduced pressure to about 100 
oo •• and the liberated bases were taken up in ether. The com-

bined ether extracts WEtre dried over anhydrous potassium oar-
~- ,. 

bonate and evaporated, leaving a yellow gum. This was dissolved . . . 
in hot ethanolic oxalic ~oid soluti<>:µ, and 1. on cool_ing to room 

! , . ,. . • .. ) 

temperature •. ei'tletine•V hydrogen ·oxalate (5.1 g., 38%), m.p. 
• ·. \' -·• r 

aoe-207°, or:vstall1zed and was filtered from the solution .. 

The ethano;,mother l.1q.:u,o:r.fromithe emetine-v hY,"drogen 
oxalate waa··plaoed in an ice-salt bath and a gu:mmy precipi-

tate for.med~ The mother liquor waa decanted and the prec1-
,_ __\ 

pitate reccystallized twice from ethanol. On filtration the 
crystaJ.s readily turned to a gum, but solidified again on 

r• • '" I" 

drying in vaouo; 2.a g. of the hydrogen oxalate was obtained 
,- ....... • . I • 

m.p. 157-184°, ( o<J;8 • +~'1° (o = 1.2& in water) .. 
A soiution ot 2.0 g. ot the hydrogen oxalate in water 

was ma.de basio·with 10% sodium hydroxide solution .. The base 

was taken up in ether and the combined extracts dried ovet 

anhydrous potassilll'il carbonate. Evapor~tion o:f the ether left 
a red sum whioh was dissolved in 20· oo. of hot 5% hydrobromio 

aaid solution. The gut.mny. precipitate whioh re~dil.Y ·formed on 
cooling was· l'ecrystallized f;rom water giving 0.30 g .. o:r v1hite 

. . . 

After an additional r~crystalliza-. . 
tion tromwater the compound showed a m.p. ot 214-217°, . ·• . 

(oC]~4 = +'1.l.o (c : 1.ae in water). These va.lues oorre.spond 

to· those f·ound for authentio emetine ... IV hy-drobro.rnide ( see below). 
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Next; l..O S• of the hydrogen oxalate was treated·with 
excesa.merc;,-qrio aoeta~e using the .same procedure that vtaa 

used. for emetinelllirv hydrogen oxala~e.- Treatment of the re• 

sultin~ aqueous solution with oonoentrated hydroohlorio acid 

gave 0~3.- g. rubremetinium ohl.otido which sh.owed a m.p. behavior 

similar to that described b;r Batte~sby and Openshaw (25). 

Emetine-IV Ii:y:drobromide: 
=· .. .. . J . •. r ..... 

A solwt.ion of 0.30 g. of emetine-IV hydrogen o:Jtalate. 
prepared acoo.rdins to the procedure used by Hazlett and MoEWen 

( 20) • was .made basic w1 th 5% sodium hydroxide solution. The 

base wiui ext.raoted with ether and the ex'f:;ra.cts dri~d ove" 

anhydrous potassium oarbonate. Evaporation of the ether left 
a clear gum. which was dissolved in hot 5-% hydrobromio aold. 

The 31l1lJtD1' pi'eoipitate which first ~ormed vras recrystallized 

tv1ioe from water giving 0.07 g. colorless crystals of emetine-IV 
. ·: -

hydrobr!)mide, m.p. 214-219°, [oc]~8 = +e.o0 (o = 1 •. 04 ~n water). 

On eoncentration of the filtrate an additional 0.05 g. was 

obtained. 

Anal: An ail'•dri.ed sainp~e lost ~!42% of ts weight.- on 

be;ns. heated_!!¼ vaouo at 110°~ 02gH4o04N~•2UBr•#H2o requires 
11.207'. o~oulated tor o29H40o~2•2HBr•4iH2o: .N, 3.a7; Bra 
22.09. FOUII;~!_ N, 4:.05; _'!3r1 22.le* 

*The carbon and hydrogen analyses were oarried out at a diff-
erent tinie from the ~ther. anal:y-seEh and the results indicate 
that the hydrobromide had a different stat~ of hydration. 
Oalcul.at~d tor o2QH40o4M2•2HBr•iH2o~ c. 53.45; H, 6.65. 
Found: 0, 53.37; ff• '1.01. 
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OXidation ..2! Emetine-V l!ldrogen oxalate with 4 Equivalents ot 
; . _;•... . : . . : ". . .. ·- :· ;_ . .- . : . . 

Mercuric Acetate: 

A solution ot 4.0 g. emetina•V hydrogen oxalate in 50 oc. 
I _, • • t 

or water waa treated dropwise with a solution ot v.e g. mercuric 
. . ... .' .. 

acetate, 0~5 S~- potassium a_oetate• and 5.0 004!1 glacial acetio 
• ,. ' 0 • • j" ' •'\ I 

acid in l.OO co~ of water tor l½ hours at about '70° on a steam 
bath, The lllixture was heated for an add.1 tio~al 15 minute,s 

after addition of mercuriQ aoetata was complete~ The oool.ed 

solut:J.on waS filtered and 'th~ preoipitate of mercl.ll'ous acetate 
washed thor.o~ghly with wa:ter~ The filtrate was treated with 
hydrogen sul_f ide and the insol~ble s'Ult ides removed by til tra .... 

tion and washed with hot watert jlhe oorabined filtrate and 

washings were made basic with 10~& sodium hydroxide solution, 

and the mixture extracted with ether. The ether solution was 
dried over allhydrous potassium carbonate and evaporated, 

. ·.-

leaving a red _gum which was dissolved in 5% ethanolio oxalic, 
acid.; No pre.oipitate for.med, even on ·1ong standing or cooling . . 

in dry lce-aoeton~.. ihe ethanol solution was evaporated. to 

di-yness under reduced pressure~. The residue was dissolved 
in water and the solution made 'basio with 10% sodium hydroxide 
solution. The free base waa isolated as before·a;n.d dissolved 
in hot 5% hydrobromio acid. A gutnn\y' preoipi tate ·formed on· 

standing, but it oou&d ,tJ.ot-:be converted to a orystallin~ 

form, even af'ter atte~pted recrystallization, from wate~• 

one g~am of the crude base tvas dissolved in 25 oo. ot 
50% a~etio acid solution and hydrogenated at atmospherio 



·;prGssure ovet 0.1. S• platinum oxide oatalyst;· ·71 oc. (Sl!'J?') 

{0.93 ·I11.olea) ot hydrogen was absorbed in one hour·. ibe oat ... 
alyst was filter~d from the reaetion mixture and ·washed with 
water. The combined filtrate and washings were ma.ere basic 
with 1°" sddiuni hydroxide solution and extra.oted with ether. 
The ether solution was dried over anhydrous potassium. oax-

·bonat'e and evaporated• leaving a y~llow gum. Whiah was dis• 

solved 11:3- 5~ ethano;10 oxalic aoid._ Ernetine-V hydrogen ox-
' .· 

alate (0.25 s.l m..p. 207° crystallized and was filtered from 
the solution., 

~e m.othEtr liquor was oonoentrated, but no preC>ipi tat~ 

formed on cooling. The base v1as recovered as before- Ei.D.d dis-

solved in hot ~%hydrobJ:"Olliic acid. E.nlatine-IV hydrobromide 
( 0.12 g.) • ln•P• 211-217° v,as obtained. A mixed melting l)Oint 

determination wit~ an authen~ic sample ot emetine-IV hydro-
bromide shov1ed no depression~ . 

.Acetate: 
Ona gram or emetine~:tV hydrogen oxalate was oxidized 

with merourio aoet,~te according to the same p.rooedure whioh 
was used for emet1ne-V_p.ydr.c>gen oxalate. Treatment of an 
aqueous solution of the_produot with concentrated hydro-

ohlorio acid gave 0.1 g. of rubremetinium chloride. 
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Orl~tion ot Ne~eni~tirie Hzyrogen Oxalate ,v1 th Excess_ Mercw:-10 
. . . . .. : 

Acetate; 

A solution ot 0.25 g., neoemetine hydrogen oxalate in 5 cc. 
of wa.~erwas treated with a solution ?f 1.0 g. m.erouric acetate, 
o.o5 g. potassium aoetate, and 5.o co •. giaoial aoetio acid- in . . . . 
10 oc •. ·or water, and the mixture retluxad tor t\vo hours. .An 

additional 0~$ g. ot merouric acetate was added and ~efluxing 

v,as continued one hour. The react~on mixture was worked up 

using th~. same.);>~(?C~dure as fo'r the oxidation o:r·emetine•IV 
hydrog~n Oltala.te. '.Rubretttetinium ohloride (0.06 g.) wa_s ob• 

tained. 

Attempte,d Benzoxlation S!£.. Emetine-IV:-
. . ' • 1 . . - • . ' -~ 

The. base recovered fr?m 1.2 g. :of emetine--Iv hydrogen 

oxalate was reacted with 0.8 g. of benzoio -anhydride accord-

ing to the procedure used by .Pym.an (3) tor the benzoylation 
ot isoemetine. ·on treatment, or the resulting ether solution 

with dilute hydrochloric aaid• a g\l!llmy material to:rmed in 
a m.allller similar to the formation of benzoylemet1ne-v hydro-

ohloride.. The S\lbstance hardened on drying. btlt oould not 

be purified. It showed a definite dextrorotation in ohloro-

:f'orm solution. 

Attempted Benzoylation !!!_ Neoemetine: 
. , . . . :', . ' . ' , - .. ·, 

The base recovered from 0.3 g. of neoametin~ hydrogen 
.• .• 

oxalate was raaoted with·0.24 g~ benzoio anhydride, using ·-
Py.man's method of benzoylation (3), No orystalline material 



84 

oould be isqlated from· the ,-ether solution. after treatment 

with dilute hydroohlori,o e.oid. The aqu~ous layer was made 

baaio with 101,. sodium hydroxide solution and extracted with 

ether • .After ,drying .over. anhydrous potassium.carbonate, 
, ·' 

t~e ether was ava.pora~ed and ,the resulting gum dissolved 1n 

ethanolio oxalio acid •. Neoemetine hydrogen oxal.ata, (0..15 g.) 

m.p. 1$5 .. 157~. :r.ormed immediately-. 

Reduoti~n of. ';I'etrade.hIBroaro.etine_Wi~h_ Exoess Sodium and l!!thanol: 
Tet~ad~eyd.roemetine was liberated from an aqueous solution 

' , or 2.0 g. tetra.dehydroemet~ne hydrogen oxalate by treatment 
with 5% sod1~ hydroxide solution, then extracted with ether. 

The oom.bined extracts wer_t., dried over anhydrous pota.ssium 

carbona:te and the bum. rema.ir.1.ing af.ter evaporation of the et~er . ,. 

was dissolved in 40 co. of. ,absolute ethanol. Finely divided 

sodium was added in small portions until tht;re was no :further 

re.ao:tion, then an additione1 30 oo. ot absolute ethanol wa.s 
added. The solution was heated to reflux temperature and 

the addition ot sodium continu~d in small portions for. ~bout 
2.; hours .• - ~o the warm re-a.otipn .mixture was added 25 co •. of 

95% a1eoh,ol..~ ;foll~ned by loo c.o~ of water. ~'he resuli}ing 

solution was oonoentrated under reduced pressure to remove 
aloohol and the liberated ,bases taken up -in ether·. ibe oom-
bined ether extract~ were dried. over anhydrous potassium oar-

bonat$ and evaporated., and the resul~ing yellow gum dissolved 

in 5% ethanolio oxalic acid solution11 on standing at room 
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temper.at'Ut'~, a preoipi tate readily ·~e>rmedo. ~etirie~V '.hydrogen 

ox;~ate {O.l S,4') 1 ·was obtaine~, '1'11.p. 206•2070 after one re• 
orysta1lizat1on fi:om ethanol. 

~he mother liquor t:rom the emetine-v hydrogen 01:alate 

was oooled and a small amount ot precipitate forilled, '.rhis 
waa .filtered a11c1 again dissolved in ethanol, and 'allowed to 

• .,,. I . 

stand at room temperature. The ·crystals which formed •vier& 
i . .. ... . . 

f'il terecl and d:ried .l!!. vacuo, m .. p .- 168-1. 74o. ibere ,,as in• 

sutt'itiient material _:ror further determinations. 

!!'.he ooinbined mothEtr liquors we:re oonoantrated and oc>oled. 
'1.'he preofpitate which f'?rmed (1.1 g.) rea.dilt tur~ed to a 
gum wben exposed to air, but solidified on drying, t11a sub• 
stance showed a ivide. ll,lel ting point range and appeared to be 

,,. r 

impure• [o<]~& = +45.o0 ( o : 2.0 in water). 

Reaction of isotet;r.'8.dehydroemetine Sodium E:thoxid.e 
.. , ... - .. ,·'••' ,. '•, . 

Solution:* 
/¢. 'aloohol~o solution of sodi~ etho:s:ide was prepar~d 

by ,adding 1.0 {U or sodium to .50 oo. of absolute eth·snol. 

To ths solution was added 1.0 tH of isotetra.dehydroemeti,ne, 

and the mixture was .refluxed tor. 30 hours. ~he precipitate 

wh1oh :to:rxned on ooolins the raa~tion mixt1;1re w~s filtered 
and reoryatallizad from ethanol; giving 0.65 g. of. white - . 
crjrsta111ne material;. in.p. 158-l&i O., (°'1~8 = +5.&0 :< o : 2. '12 

in benzene l • . . . 
*'l.'he same .Procedure was followed for. all the- reactions shown 
in Ta·bl$ III. 
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Oxidation ot Emetine 4 Equivalents of Mercurio Acetate: 
The :procedure used was essentially the same as that 

described by Hazlett and Mo~ven (26), except that the re--
aotion tempex-ature, which was regulated by use of a heating 

mantle, and the reaction time were varied as shown in Table 

I!. Also, the isotetradehydroemetine, which crystallized 
from the ether during continuous extraction, was filtered 

directly from the ether Solution and reory~tallized from ab-

solute ethanol. 

Isotetradebydroemetine waa found to contain one aotive 

hydrogen by a Ze;rewitino:tt dete~in~tion. Calculated tor 
' . . 

Reaction .2!, tretradehzdroemetine rn 8odillJ! Ethoxida Solution: 
Tetradehydroemetine was liberated by treatment of an 

aqueous solution oontainins 1.4 g. ot tetradehydro~etine 
hydrogen oxalate with 5% sodium hydroxide solution. 'l1he base 

was talten up in ether and the combined extracts dried over 

anhydrous p9tassium carbonate. The ~ther was evaporated ~nd 

the :resulting gum dissolved in 10 oo. of absolute ethanol. 

Thia was added to a sodium ethoxide solution which had been 
prepared by adding l.O g. sodium to 50 ac. absolute ethanol., 

The mixture was refluxed for 3 how,s, then 100 co. of water 

was added and the aloohql removed by oonoentrating the solu-. . 
tion to 50 ~o. under reduoed pressure. The free base was 
extracted with several portions of ether, and the oombined 



~tr~Qts ~ried over anhrdrous ~otassium carbonate. EVapora-. 
tion ~f the ether left a gumwhioh was dissolved in 5% ei;h ... 

~- . . 

anolio oJCalic acid. T«f~rade~droem~,ine ,hydrosen. oxalate._ 

(l·.l g.) • m-~• 152!15._0 •. , = +s5° ( o = 1.14 in wat¢r), 
was ob;ained. (Reported• m.p. 151~~530• [o<]t8 • +04.50 

(e ,:: l.;'9 i.n waterl(25). 

ft~cover:,; ot Isote'tradehydroemetine fl'~m the 'u,1dr0Gen Oxalate: 
An aqueous solution containing 0.4 S• of isotetradehydro-

emetine hydrogen oxalate, prepared as described by Hazlett 
~nd l&cEWen (26) • was made basic with 10% sodium hydroxide 

solution to liberate the f~ee base. on extraction vritil ~ther, 
the :t•esul ting base readiiy djssol'V'ed in the ether layer. 1he 

aque_ous ~ayer was further e.xtr~.cted with several portiot1p 
Of $ther, and the oombin~d ether extracts evaporated• leaving 
0.25 g. ot oolorless :orystals., xn.p. 150••154° ,. g2 = ..,4.40 

(o • 1.12 in benzene). 

5!1:drpgenation £t.Dehydr~halorubremetine: 
l)ebydrohalo~ub:rem~tine was i;>repa:red from rubremetinium, 

chlo.rida accol"ding to the procedure described by Hazlett and 

Mcffiven ( 26 ) • 
,,· 

A. A solution of l.85 g. of or~de dellydrohalorubremetine 

in ~O oo. of glacial acetic acid v,a,f hydrogenated at atmo-

spheric pressure over o.l. g. platinUm oxide catalys~.. After 
. . . 

72 hours, the solution ha.d absorbed 283 co. (sn,)(3.,0 moles) 

of hydrogen. The catalyst··was filtered from the reaction mix .. 

ture and the aoetio acid solution conaentrated almost to dryness 



under reduced pressure. Sodium bicarbonate solution (10%} 
was added until the solution was made basio. The mixture 

was filtered and the precipitate found to consist of a small 
amount '•ot an1orphous material which shoVled a wide melting 

range under I00°. 
The filtrate was extracted with ether and the m.ater1al 

obtained on evaporation of the ether behaved similarly. No 

material corresponding to either the optically active or 
'• 

raoew.ic torm ot te'tirahydrodehydrollalorubremetine oould b& 
isolated. 

:a. In a second hydrogenation of dehydrohalorubremetine, . . 

1.1 g, or the crude material'was disso~ved ~n 40 cc. ot ab-
solute ethanol and hydrogenated over 0.,10 g. of platinum 
oxide oatalyst tor about 2 hours, at wh1oh ti.me the rate of 
h:r,dl."ogen absorption became mu~h ~l~ver. Tv10 drops ot gl~oial 

aoet.io.aoid v,as addedf! and the hydrogenation ~esumed. After 
) :. 

~2 hours, tw? mor~ drops ot ~lacial acetic aoid was added 
along with o.l.o g. or fresh catalyst. Hydrogenation was con-
tinued for an additional period of 24 hours. then tv10 drops 

ot aoetio acid and 0.05 g. or ca~alyst were added. 1\fter a 

total of 108 hours reaetion time, the hydrogenation was stopped. 
. .. ! 

During this -time there was ab$orption ot 189 oo. (S':CP)(2_.7 

equivalents) of hydrogen. A thick suspension. which first 

formed became somewhat tllinner as the hydrogenation progressed. 
The catalyst and some suspended material \Vere filtered from 
the reaction mixture and the orga.nio material extracted wtth 
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hot ·ethanol. On cooling the ethanol solution,. 0.20 g. ot 
white. crystals separated. m. p. 176-177°.~- The msthe:r· liquor 
was comb:tned·with the original filtrate ann concentrated 
under. r~duced pressure ·to about·· three-fourths the original 

volume. The. pr~Qipitate, whi.oh formed was recrystallized . from 
. ...· . . . 

f3thanol,. giving o~io g • . ot white crystals,._ m. p. l.79-180°~* 

!l.1he mother liquor was again combined vrl. th the original 1'11-

trate arid the ·same protiedure repeated to give· two additional 
tractions Oll concent:i.-ation to one..:halt and one-tourth ths . . ... . 
original volume; (l) 0.14 g., ~•P•· l74-175~i (2) o.19 g., 
m. p. 168-170°. * Further oonoentt1a tion of the mother 11·quor 

. ' 
gave o;ily low~lting am.orphqus material. 

Oxidation _ ot _ Debzdr.ohalorubremetine with l?otasaium., Perman• 
. . . . . . .. ·. ' . 

ganate: 
t;l,'he proced~e used to:r tne reaC>tion was similar. ·to that 

described by Folkers and Koniuazy (35). To a solution ot 
o~ 32 g~ dehydrohalorubremetine .in 20 co! o:r 2 N sulfuric aoid 

was aqded drdpviise a 2% solution of J;iotassium permanganate 
·until the purple oolor parsist~d~ The exeess permanganate was 
removed by addition or a few d+'ops of hydrogen peroxide solution. 
The mixture was filtered and the precipitate washed thoroughly 
vrith 2 N sulfurio aoid and wa~er~ i1l;te oombined·'!'iltrate ·and 

*Tietz .and McEwen report a .m..p~ ot 1ao.2-1e1.e0 for the raoemio 
and 165.8-166~0° .for the optically aotive tetrahydrodehrdro~ · 
,h~~~l?t~me.~iP.~• In this case thg total yield of products talling in this m.p. range is 62~~ 
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washings wer;e distilled until the residual volume. was, .about 

20 cc. , then 81' additional lO cc. of water ,vas added to the 

residµ,e. Distillation was again continued until the vol'1ffl.8 

of the ~esidµe had decreased to .about 20 oo. The same prooe• 
I 

dul'E) w~s :repe~ted once mo;re •. t;hen the collected disti.llates 

neutralized to approxitna.tely pH 7 with dilute· sodium hydroxide . . . . . ' 

solution. About 2;; cc~ of methanol and 0.10 g. p-brpmophen-

aoyl ~ro.tnide ~ere added and the mixture refluxed tor~ hours. 
The solution was evaporated to drytless under reduoed pressure, 
and the residue treated· with· 10 · ~c·. of hot methanol·. On;'· 

00011.nth 35 tng·. o:!' p-bromophenaoyl brom:J.de separated from the 

methanol solution. 1l'he tlltrate was concentrated to about 5 . . ' l 

oo., and 50,m.g. ot whi~e orystals were obtained, m.p. l~l-
1330. One 1teo:eystallizat1on from methanol raised the m.p. to 

. 0 133-134. The value re?orted tor the m.p. of ~he p•bromo-
1:)henaoyl eater o:t torm1o aoid is 134•135° ( 35). A mixed 

melting point with an authantie sample showed no depression. 



91 

Reduction or isotetradeiiydroemetine .with sodium and 

ethanol has been :~ound to give emf)tine-rt and -emetine-v. 
Oompl&tel;r anhydrous conditions favor the formation of 

emetine•Vt: while the presenoe·or moisture. increases the :pro--
:portion pt emetine;;j;v ~o emetine-v. 

li:metine .... v has bean characterized as the hydrogen o:x:alate 1. 

the hydr.obro.mlde, and as benzoylemetine-V hydroohloride. 

Emotina•IV';,has been further oharao~erized as the hy~:robromide. 
oxidation.of emetin&•V hydrogen oxalate with fou:t equi-

. ' 

valents of merourjo acetate gave a gum which could not be con-
verted to a crystalline derivative. Hydrogena.tion.of the 

.--: . . 

crud~ product gave emetine•;v and emetine-V. 
l 

m:eo~matine~ emetine-IV, and emetin~-v have all been oon-
Yerted to tbe rubremetinium cation by oxidatio~ with merourio 
ao&tate. 

Reduotion of tetradehydroemetine with sodium and ethanol 
gives a small amount or emetine•V plus a mixture ot other 

isomers. 
In the oxidation of emetine with tour equivalents of 

merouric acetate. i,t has been found that· (l) l<;>w temperature 

favors the formation ot isotetradehydroemetine. with the maxi-
mum yield being produced at 60-65°, and (2) approximately 
equal amounts of tetradehydroemetine and isotetradehydroemetine 
are produce4 when the reaction is carried out at reflux tem-

perature. 
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Isotetradehydroemetine shcn,s a decrease in ·rotation and 

an 1:n,orease in melting point on being.heated in alooholio 

sodium etboxide solution. 'l'he base reooverad from ieotetra-

dehydroemetine hydrogen ·oxalate :aiso possesses 8: 'lower ro-

tation than the original isotet~adehydroemetine. 

Ultr~violet and infrared speQtral studies on tetrade-
. . . 

hydroem~tine, isotetradehydroemetine, and their salts, to-
gether with the known ohemiQal properttes of' the substances, 
permit the assignment of highly probable structures to these 

compounds! 

on oa.1,;alytic hydrogenation under mildly acidic oon.dit2.ons, 
dehydrohalorubremE}tine has been found to absorb 2.7 moles of 
h1,drogen to give the prev1ousiy reported optically aqtive and 

inaoi;iye t'orms of "tetrahydrodabydrohalorubremetine''• '!1he 

result is consistent v.1.th :~truoture LXXIII for rubre.metinium 

salts and is in agreement with the possibility that a Hof-
mann degradation oeaurEJ on,formation of dehydrohalorubremetine. . 

Oxidation of dehydrohaiorubrametine with potassium per-

manganate gives some formic acid, characterized as the p• 
bromophenaoyl derivative. ilhls result indicates that a ter--

., 
minal methylene group is present in debydrohalorubremetine. 
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