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INTRODUCTION

Imetine is the principal one of five closely related alke
eloids which have besn isolated from the Ipecascuanha root.
Bacause of 1ts toxic effect on Enbtamoebs Himtolytisa it has

besn used extensively in the trestment of amoeblo dysentery,
but for this purpose it has been replaced to a great extent
in recent yeafé-by less toxic synthetia drugs. As 1ts name
suggests 1t can also be used as an emetig.

Fmetine was first isolated a8 a crude product in 1817
by Polletier end Magendie, but the first puré sample wag not
obtained until 1894 by Paul and Cowmley (1), who were also
sucaegsful'in.isolating the alkaleids c¢epheline and psychos
trine. YThe two remaining alkalolds of the group were isolated
several years later by Pyman (2).

It was not until 1948 thet Paller and coworkers (11)(12)
(}3)(14) published a series of articles in which the complete
proof of structure of emetine was deseribed. With 1ts struce-
ture known, most of the chemiocsl regearoh which has been
carried out on the alkeloid during the past five years has
involved two different lines of approach. These are {1)
attempts at total synthesis, and (2) a study of some dehydro-
genation products obbtained by mild oxidation of emetine.

Numerous research groups throughout the world have been
attacking the problem of totel synthesis, and a considerable
degree of success has already been attained. Battquby #nd
Openshaw (20) were almost immediately successful in synthe-
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sizing &,l-rubremetinium bromide, the racemic form of a mild
oxidation product of emetine. More recently, Evstigneeva and
soworkers (24) have been sucecessful in synthesizing the gross
emetine structuretkand have indicated methods of separating
emetine from the resulting mixture of isomers.

The new work oontained in this thesis is concernsd ohiefly
with the second line of approach mentloned above., The primary
aim was to obtain information sbout soms of the dehydrogera-
tion produets of emetine which would permit elucidation of
their structures. Attempts to prepare new diastersolisomers
of emetine by reduction of the unsaturated derivatives have
also bsen made. Results of this work have provided valuable
information of gse in propesing structures fox tetradehydro-
emetine and isotetradehydroemetine, In addition, a diasterec-
isomer of emetine heretofore unreported has been isolated and
cheracterizeds

Some additional work has been concerned with dehydro-
halorubremetine, & dompound derived from rubremetinium chlore
ide, and significant informstion about its structure has

been secured.



BACKGROUND AND HISTORICAL REVIEW

Ae Interrelationshipé of the Ipescac Alkaloids.

Although Paul and Cownley were sucoesaful in isolating
three of the Ipecac alkaloids in 1894, it was not until 1934
that the first really fruitful research was begun by Pyman
and coworkers (2){?}(4?. It was principally their work which
produced the correct molscular formules and methods of inter
conversion,

Cary and Pyman (2) acocurately determined the moleoular
formulas for emetine, psychotrine, and cepheline, the three
alkaloids which hed been isolated by Paul and Cownley. Later,
Pyman (3) reported the isclation of O-methylpsyohotrine and
emetanine, and their moleoular formulas were likewise deter-
mined. The results are shown in the following table.

Alkalold Molecular Formulae
Emetine GagH40041z
Gepheline Caghizg0aNa
Paychotrine Oggtss0aN 2
O-methylpsychotrine CaglizOaly
‘Bietamine Caglizg0,M,,

It was found that in emebine, o-methylpsyéhotrine, and
emetamine all four oxygen atoms are part of methoxyl groups (2).
In both cephaline and psychotrine there are three methoxyl
groups and a phenolic group. In all cases thé nitrogen

atoms possess a basie funotion.



Emetine and cepheline both gilve the same compound,
CoslizgNalyy on demethylation (2). By treating cepheline with
méthyl sulfate and sodium emyl oxide, emetine is obtained {3).
Therefore; the two must have the same basic structure with
the only difference lying in the one phenclic functional group.

Methylation of psychotrine glves O-methylpsychotrine;
while reduction with sodium and aleohol gives cepheline snd
a di&ﬁtﬁl‘&biﬁﬁ!ﬂﬂrj isoceghglina (3). A s’:@mnar“ reduction of
oamethy’},psyeha%xine gives emetine and _isoametipav (4} It is
therefors apparent that psychotrine differs from cepheline
only in having an aﬂc@itiénal double bond: The same must be
true for oameﬁhyipaychotrine and emetine: The fact tfmifi
emotine and isocmetine are diessterecisomers was. further demon=
strated when emetine and iscemetine both gave O~methylpsy-
chotrine on oxidation with one mole df iodine in alochol {(4).
The extra double bond occurring in péyehatrin‘e and Q~mathyl=
psychotrine must therefore involve a carbon atom which ia
asymaetric in emetine.

In emetamine both nitrogen atoms were found to be ter-
tiary,; whereas the other four alkaloids hed been shown to gon=
tain one secondary and one tertiary nitrogen (4). Reduction
with sodium in alcohol gives isoemetine. Emetamine oan be
produced by a palladium-charcoal dehydrogenation of emetine {5).
In neither case is any O-methylpsychotrine produced, Bo it
appears 1ikely that emetamine is not a further oxidation
product of O-methylpsychotrins.
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The following dlagram summarizes the results Just dise

-cuSseé‘.-,

Cepheline «lla, EYOH ~ Psychotrine _ Na, Etog 3 IBOéel;iiel;inér
CagHzg 04N CogHua0ala CoaHzg04Np
| mepsoy, M50y, | wegsoy,
3 OpH110Na OgHyq ONa CgHy310Na
Emetine Na, BtOH O~methyle _Na, BtOH, Iscemetine
CooHaqOgV2._ ., Poychotrine e O5olig 00N
12 CooHza04liy e I

Na,
BLOH

Emetamine
CagHizgOallz

Pd-C




B, Proof of Struoture of Emetine.

It has already been mentioned that emetine contains one
secondary and one tertiary nitrogen, and that all four oxygen
atoms ocour in methoxyl groups. The first statément conoerning
the nitrogen atoms was shown to be trus when benzoylation of
emetine gave a mono-.benzoyl derivative which still contained
a basic nitrogen (2).

Karrer (6} found that a single Hofmamm degradation of
emetine gave a methine base which still contained both nitro-
gon atoms. On & second degradation one of the nitrogens split
off as trimethylamine. This indigated that one nitrogen is
a mamber of a single ring, while the other is a common member
of two :‘eingé.

Oxidation of emetine with potassium psrmanganate in
acetone (2) was found to yleld m~hemipinic¢ acid (I) and &,7=-
dimethoxyisoquinoline=-l=garboxylic acid (IX). This showed
that an isoquinoline nucleus was present, and probably linked
to the rest of the moleoule at the l-position. Spath and
Leithe {(7) on using a s8lightly alkaline permangsnate solution
obtained corydaldine (III) in addition to the two products
already mentioned, and from oxidation of the athyl ether of

CH,0 COOH CH,0 N
CH,O COOH CH,O 2N
COOH



7
cepheline they isolated m-hemipinic acid (I) and 4~-methoxy-
S-othoxyphthalie¢ anhydride (IV).~ Their results proved that
the group V ocours twice in the emetine molecule., In mddition,
the yield of compounds containing the isoquinoline nueleus
on oxidatlon of emetine led Spath and Leithe to believe that

two isoquinoline groupings were present.

O
n
CH,0 N-H CH,O c”
1 ' 0]
o) 0]

I v

With the information obtained up to this point, Brindley
and Pyman (8) and Staub {9) proposed complete structures for
emetine, despite the fact that little was known about the
inner part of the molecule. Their structures were later
proved to be incorrect.

No further work on the.atrpcture of emetine was reported
until 1944 when ahl and Reichsteln (5) carried out a B-fold
Hofmann degradation on Neacetylemetine. The resulting neutral
product was then oxidized wlth permarganate in sulfuria acid
solution, yielding 4,5-dimetho§yphthalonimide (vI), the same
product which had previously been obtained by ohromi¢ ascid
oxidaetion of emetine (10). &ince the same product was also
obtained by ohromis ecid oxidation of 6,7-dimethoxytetra-
nydroisoquinoline it was concluded that the secondary nitrogen



O.
1l
CH,0 | CH,0 j:o
CH;0 CH,0 N-H
o

Av4 V|

A
in emstine must be part of such a grouping.
This summarizes most of the information available whem
Paller and coworkers began a serles of systematic Hofmann
degradation studies which were to result in a conclusive proof

of the struocture VII for emetine.

Spath and Pailer (11) first subjected emetine to a 3-fold
Hof'mann degradation with catalytic hydrogenation of the result-
ing olefin after each of the first two degradations, and ob-
tained the olefin VIII. Ozonolysis of VIII afforded Z-ethyle
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4,5-dimethoxybenzaldehyde (IX) and an unsaturated aldehyde (X),
which on catalytic hydrogenation gave: the aldehyde XI, The
structure of XI was proved by an independent synthesis (12).

CH,O l\ C,Hs
CH,OA\ _##CHO
IX
CH;
CHO C-C.H

V/
c”

]
-
CH,

OCH,
CHaH N\ O

X

A 3-f0ld Hofmann degradation of Neacetylemetine (XII)

with catalytic hydrogenation following each step gave, after
removal of the acetyl group, the compound XIII. 4 2-fold
Hofmann.ﬂegradation‘of XIIT with catalytie hydrogenation after
the first step gave the olefin XIV. Ozonolysis of XIV yielded
IX and XI, the same products obtained from the previous series
of degradations (13).

Following these two series of degradations the only poss-
1bilities remaining for the immer structurs of emetine were XV,
XVI, and XVIT. A final series of reacblons carried out by
Paller and Porschinski {14) correctly determined the nature of
ring C.
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On reaction with benzyl icdide,‘mhmethylemetine was oon-
verted to the dilodobenzylate (XZVIII). This was reacted with
silver oxide glving an olefin which on oatalytio hydrogenas
tion yieldsd §ﬁé=66mp0und X1X. & palladium dehydrogenation
of XIX gave A-collidine (XX). Thése results definitely
proved that ring O is six-membered and hes an ethyl substi-
tuent beta to the nitrogen, leaving XV as the only possibility
and concluding the proof of structure VII for emetine.

Battersby gndAOPéHShaw-(lﬁ)t using-a oompietely;indepéna
‘dent approach, have confirmed the structure for ring C of

enmetine.

CHO-A Y e
Cho NG
C,Hs
o G
CH’\ ®, C \Ha ,CH
1 .
1° o CoH N OCH

XV CH,
e XIX

3
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C. Structure of the Other Ipecac Alkaloids,

Since the "interrelat;onships axnohg t,};g five Ipecac
alkaloids were already known, the structures ":9;5 thé/ rema;nmg_
four followed almost direct;yr?‘f’rom the known emetine structure.
The prinecipal problem xemaiﬁing was to determine ‘the position
of the A..phena;l,ic: group in cepheline end psyohotrine, This was
accomplished by Pailer and ;‘P'orsghinski (18) who first carried
out a 2~f0ld Hofmann degradation on .qeethyic'gpheline,- The
resulting olefin was cleaved with ozc;ne, gg;ivi;ﬁg an aldehyde
whose semicarbazone was found to be that of z-ethyl-gfethowa
S-methoxybenzaldehyde (XXI). This result defi’niifely“ proved
that the hydroxyl gro_qp is located at the 6° ~position in ceph~
elins., From lmown relationships it followed that the hydroxyl
group in psychotrine must be located at the same position.

In order to determine the position of the double bond in
psyé;hotr;qa and O-methylpsychotrine, Kerrer, Bugster; end
Ruttner (17) oxidized .N,-h_e;_xz_oy'i-:—'gumethyl,psyghotz:ine with per-
phthalic acid and isolated & product bélievea, to be N-benzoyl
corydeldine (XXII ),, The identity of this product was later

CH,0 CoHe CH,;0+ o]
CH,0 CHO CH,0 N-E-CH

XXI
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proved by an independent syuthesis (18). This result coupled
with the fact that two dlasscersoisomers are obtained by re-
duetion of‘OAﬁéthylp3ychotrinb must place the double bond at
Cye~Cip. However, it is known that the double bomd in simi-
lar tetrehydroisogquinoline derivatives can sasily be shifted
to the endodyclic position, and in some cases it 1s even
possible to obtain an équilibrium.mixture-under:cggtainséondié
tions. It is therefore entirely possible that the double
bond in O-methylpsychotrine itself could ocour et position
Cgr =Nav -« Evidence for such a struature has Eeenvfeported
recently by Openshaw end Wood {19), who basé their conclusion
on a study of ﬁhe'u;traviOIét absorption speotrum of O-
methylpsyshobring hydrogen oxalate. This point will be dis-
gussed further in a later section.

The fact that both nitrogens in emetamine are tertiary
and that emetine and isoemetine are both obbtained on sodium
and alcohol reduction indicates the structure XXVI for emete
amine.
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CONTRIBUTIONS TO THE TOTAL SYNTHESIS OF EMETINE

Up to the present time there have been four -gtudies re-
ported which are of primary significance in the problem of
totally synthesizing emetine. Two of these were directed
toward attainment of the actual emetine structure, while the
others were involved with the syntheses of (-noremetine, which
differs from emetine only in that the side-chain ethyl group
is missing.

The first study directed toward the total synthesis of
emotine was that reported by Battersby and Openshaw (20) » Who
succeeded in obtalning a product having the structure agsigned
to O~methylpsychotrine ;mv'). The product which they obtained
was probably a mizture of stersoisomers. It was later oxidized
to d,l-rubremetinium bromide, which possessed ultraviolet and
visible absorption spectra identical with those of the opti-
‘cally active rubremetinium bromide obtained by oxidation of
‘natural. emetine.

The synthesls was oarried out as follows: Carbethoxy=
soetyl chloride (XXVII) and homoveratrylemine (XXVIII) were
reactad to yield the amide XXIX, which underwent a Bischleéer-
Nepleralskl ring closure with phosphorus pentoxide to give
a dihydroisoquinoline derivative. Catalytic hydrogenation
converted it to the corresponding tetrahydi"oisoguiﬁoline deri~-
vative XXX. This was treated with ethyl w-formylbutyrate
and the resulting orude product was catalytically hydrogenated
to give the di-ester XXI. A Dieckmann condensation of XXXI
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XXV . 0=¢
CH,COC
- |
C |
I-C-CHy-CO,CoHs (R0,
XNV 1(2)He
0 COCH CHO-AN
CH;0 ()CH-CH-CHy  CHON | N-H
<
CHO - (2) H, G
CI:HZ 'Hz CO,C.H;
COCH, GH-GHs
2% L0,C,Hs XXX
XZXI (1) DieckMann
CoNDENSATION
(2)HYDROLYSIS
CH,0
CH;O N

C.Hs

XXX ,
O
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m N=C-CH,- CO,CH,

e . e
NH4 OAc
(2 H,0, H° o /l N
i CHO N
wrom 3% \/U
m v
&) Esreiirication (‘:FC;ZZQHS
XXX
YXX CHO -
+ O |
’ C2H5
XNV CH,
,C:O
- N OCH;
| / OCH,
XXX

N

POC ‘3 N EY
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followed by hydrolysis gave the ketons XXXII. Condensation
with ethyl cyanoacetate, followed by hydrolysis, decarboxyla=-
tion, catalytic hydrogenation, and re-esterification afforded
the ester XXXIIT, which was oondensed with homoveratrylamine
to give the amide XXXIV. Ring closure with phosphorus oxy-
chloride then gave & product having struoture XXIV. The oxi-
dation to d,l-rubremetinium bromide was accomplished with
mercuric aqetat,e.

Although there has not as yet been eny report ¢oncerning
reduction of the synthetio o~mathy1psy¢hot_rine ipomers, it
seems almost certain that sush a reduation should result in
the formation of a mixture of emetine lsomers, which may or
may not contain emetine itself.

The two syntheges of C-noremetine (XXXV), both reported
by Pailer and coworkers (21)(22)(23), were accomplished by
using two entirely different methods of approach. The first
followed the same general patfern used by Battersby and Open-
shaw, involving condensation of homoveratrylemine with a sult-
able intermediate followed in order by closures of rings B and
C. 'The second, however, started with ring ¢ intact and theé
homoveratryl group was added with subseguent closure of ring B.

The first synthesis of XXXV was published by Pailer and
strohmayer (21) in 1951. The starting material, J-phenoxy~
propyl-malonic acid (XXXVI), was brominated to give Y-phenoxy-
propyl-bromomalonic a¢id (XXXVII). Decarboxylation of XXXVII
afforded X-bromo-d-phenoxyvaleric acid (XAXVIII), which was
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esterified with ethanol and sulfuric acid., Dehydrobromina-
tion of the ester was effected by treatment with diethyani-
line, yielding ethyl S-phenoxy-2-pentensoate (XiXIX). Ethyl
malonate was condensed with XXXIX by a ¥ichael type addition
to give the tri-ester ¥L, which underwent hydrolysis and de-
carboxylation to give @wphenoxyqthyl—glu'tario acid (XLI). |
Reaction of XLI with concentrated hydrobromic acid yielded
A-bromoethyl-glutaric aeid (XILII). This wasneétérified with
diazomethane; and the resulting metshyl ester was condensed
with homoferatrylgx_nine,.‘_ Heating the eondensation produot
afforded the lactam XLIII. Ring closure, wlth phosphorus oxy-
chloride in toluene gave a product whieh,wéé iﬁo;ated,as the
quarternary ammonium lodide (XLIV). Reactionl‘y}’i’th silver
chloride converted XLIV to the guartezgnary anmonium chloride
from which the hydrochloride XLV was produced by catalytic
hydrogenations Acid hydrolysis of XLV was followed by con=-
veraion of the acid to the acid ohloride by méans of thionyl
chloride. Condensation of the acid chloride with homoveratryl-
amine gave the maide XLVI, which underwent ringg eclosure with
phosphorus oxychloride to give dehydro-Cenoremetine (XLVII)w
Catalytic hydrogenation of ZLVIT ‘yielded Gégorsmgtinm

A simple;; method of preparing the intermediate; B-bromo~
ethylglutaric ’,aoid (XLIT) was reported later by Pailer and
Strohmeyer (22): Condensation ofﬁ9Amethoxyp?opionaldehyde
(XLVIII) with oyenoacetemide (XLIX) using piperidine as cat-
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CHO

CH,0 N
(H,0, H®
(2)socl, S,
) XXVII c=0
H-l\( N-OCH,
l/ OCH,
XV
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alyst gave a éﬁbatituted lactam which was found to exist as
an equilibrium mixture of two tautomeric forms, La and Lb.
Hydrolysis with concentrated hydrochloric acid ylelded 3=(B=
methoxyethyl)-glutarie acid (LI), which was converted to
XLII by treatment with concentrated hydrobromic acid.-

CH,0-CH; CH; CHO cN
XIVIT 0 CH-C"
N CHao-CI—laCHZCH NH
+ 0 — CH C\NH
N=C-CH;-C-NH L-a CONH,
CN
&n-c?®
CHO-CH;CH;CH  NH
Nc=cC
“NH
b CONH, 2
c_ ~-COOH
e CHO- CHZ—CH,_*CH
¢H,- COoH

L lHBR
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The second synthesis of C-noremetine was reported in
1952 by Pailer et al. (23). 4n azeotropic esterification of
isonicotinle acid (LIX) and ethanol formed the ethyl ester
which was reaétéd with homoveratryl bromide (LIII), giving
the N-substibuted pyridinium bromide (LIV). Oxidation to the
pyridone (LV) was accomplished with potassium ferricyanide,
Alkaline hyd;élysis~of.py"was followed by esterification with
digzomethane, and the resulting methyl ester on catalytic
hydrogenation yielded the pigaridgne LvI. Ring-élosure was
effected with phosphorus QXychloride, end the ring closed
product was isolated as the quarternary ammnniuﬁ'icdide,

LVII. This was converted to the chloride, which was first
hydrolyzed, then catalytically hydrogenated to give the acid
LVIII. Treatmsnt with ﬁhionyl ohloride converted IVIII to

the acid chloride which, on reaction with diazomethane in
methylene ohloride, was converted to the diazoketone LIX, In
an Arndt-Eistert reaction, LIX was reacted with homoveratryle-
amine in the presence of silver nitrate to give the amide XLVI.
Ring c¢losure ‘with phosyhorus-oxybﬁ;oride followed by catalytic
hydrogenation‘zielded'c~n0remetine.

In neither of these two reported syntheses of cgnoremetinév
was any mention made of an atbtempt to meparate diastereolsomers.
However, the hexachloroplatinate of both final produdts was
prepared and the two were found to be identical. Such a re-
sult is somewhat surprising in view of the fact that three
asymmetric centers are present in the molecule, making four

racemates theoretically possible.
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@) CH.N,,
CHEC '2 m =0

Evstigneeva et al. (24) have recently reported a total
synthesis of emetine in whilch they have not only attained the
groass emetine structure but have also succeeded in isolating
emetine itself from the final product by is&lation»and resolu-
tion of d,l-emetine. A%t one point in the synthesis the
diastereoisomers Qreaent were separated and subsequent steps
carried out on each of the racemates.

Diethyl-P-ketoglutarate (LX), the starting material,
was hydrogenated under pressure over Raney nickel to give

diethyl-g-hydroxyglutarate. This was then refluxed with
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acetic anhydride to form the P-acetoxy derivative, which
lost amcetic adid on treatment with potassium bisulfate solu-
tion to give diethyl glutaconate (IXT). Reaction of LXI
with ethyl coyanoscetate in the presence of sodium ethoxide
afforded the qgmpound IXXI. By treating LXIT vgvith &thyl
jodide in basfé solution the qlky’latod produot IXIIT was ob~
tained. Mild hydrolysis using eéthanolic sodium hydroxide
at room temperature sélectively hydrolyzed the- ‘I",’ester group
alphe to the cyano group, and on refluxing the ﬁ;ix’tura the
resulting product was decarboxylated to give the diester IXIV.
Condensation of IXIV with homoveratrylamix;p was carried out
simultaneously with ocatalytic hydroge‘r‘mi;ioh under pressure
to yield the ring-closed product IXV,

At this point the diastereoisomers of IXV were separated
by orystallization from toluens, isomer A being soluble and
isomer B inso.iﬁhles Riné, closure with phosphomis oxychloride
in toluene was carried out separately on LIV~A and IXV-B to
glve the hydrochlorides IXVI«A and LXVI~B respedtively.
LXVI-B was characterized as the hydrogen iodide, m.p. R57-
2589, The free base from LXVI-A was catalytiecally hydrogen-
ated under pressure to give VII.:-A‘. which faiiéd to ;rigal.a 8,
crystalline hydrochloride. The base grom"mgi-}a., MePe 60=
689, was similarly convérted to VII-B, which éave a hydro-
chloride with m.p. 145-146°%. On oxidation with aleoholic
lodine both VII-A and VII~-B afforded rubremetinium iodidé?

m, p. 178.5~-1819, which possessed an identical =u1.travi0’le_"b and
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vigible spectrum with the product obtained by a similar oxl-
dation of natural emetine.

VII-B gave a d-camphorsulfonate which showed a m.p. of
238,5-240° after orystallization from ethanol. Bydrolysié of
the VII-B d-camphorsulfonate ylelded a base, M.De 71.5=72.50,
The d-camphorsulfonate from natural ematine, mmﬁ. 223'225°§
gave, on hydrolysis,taibaSG showing the seme melting point.
The hydrochloride of synthetic emetine melted at 243-255° and
that of naturaliemetiné at 235-255°, Mo expiénatibn was gilven

for some-bffthé“discrepancies in melting points.

O
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STUDIES ON RUBREMETINIUM SALTS

The highly colored rubremetinium cation was first ob-
tained by Carr and Pyman (2), who-‘oxidized emetine with fer-
ric chloride end isolated rubremetinium ohloride. Sinoce
then, rubremetinium salts have been formed by oxidation of
emetine with é‘variéty of mild oxidizing agents,.sgch as
bromine (9), iodine (6), and mercurlc acetate (25). In addi-
tion to emetine, the related compounds O-methylpsychotrine (3),
tetradehydroémetine (25), and isotetradehydrOemeﬁine {26) are
readily converted to rubremetinium selts. Emetamine, how=-
ever, gives a colored produet which is gimilar to but not
identical with a rubremetinium salt.

The moleocular formula of rubremetinium chloride has been
reported to be ngﬁggNgoécl (2)(8)s The fact that it behaves
as a monoacidie, quaternary base was first determined by Carr
and Pyman and later confirmed by Battersby and Openshaw (25),
who potentiometrically titrated a solution of rubremetinium
chloride against 0.0l N sodium hydroxide solution.

In view of this behavior, Brindley and Pyman (8) proposed
the structure IXVII for rubremetinium salts. This proposal,
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however, was based on an inocorreect emetins structure and
must thersfore be rejected.

Karrer, Eugster, and Ruttner (17) later reported that
reduction of rubremetinium bromide with zin¢ and acetic acid
gave tetrahydrodehydroemetine*, m,p. 1340, Ex]%e’g #42°, an
optically active tetrahydro derivative which resisted catalytlo
hydrogenation, Since it was already known that quaternary
1soquinolinium systems could be reduced easily-aﬁd that non-
quaternary systems ras@?ted reduction, these workers belleved
that rubremetinium salté must possess the structure ILXVIII**,
and that tetrahydrodehydroemetine must therefore have the
structurs LXTX. Since the latter is identical with the struc-
ture of emetamins, the two compounds were considered to be
sterecisomsrs;

As further evidence in favor of structurs LXVII}, Karrer
and Ruttner (27) reported that rubremetinium bromide eould be
reduced by lithium sluminum hydride to give an unstable di-
hydro derivative, o-dihydrodehydroemetine, which analyzed as
C29H3404Np. This product was found te absorb one mole of hy-
drogen on catalytic hydrogenation to give tetrahydrodehydro-

emetine and an isomer, isotetrahydrodehydroemstine, m.p. 194°

*Rarrer preferred to use the term "dehydroemetine" rather
than "rubremetine® as a basis for his nomenclature.

**This proposal was actually in the form of a partial struc-
tare since the correct emetine structure was not yat known.
However, sinee the inher part of the molesuls is not ine
volved, 1t can be spplied to the known emetine structure
to give IXVI,.
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[Odﬁa = -3809, On the basis of previous results from reduc-
tion of isogquinoline systems, o-dihydrodehydroemetine was
considered to have the partial structure IXX.

There are, however, numerous arguments ageinst sfructure
IXVIII. It does not explain the lack of basleity of the non-
quaternary nitrogen, nor the intense color of rubremetinium
salts. In addition, emotamine, if it were an isomer of tetra-
hydrodehydroemetine, should give = rubremetinium salt on
mild oxidation. A different product is obtained, however,
as has already been mentioned.

Further arguments sgainst IXVIII have recently been pro-
vided by Qpenshaw and Wood (19)1. These workers have pointed
out that reduction of thelrub?eﬁatinium'oatidn with lithium
aluminum hydride to the dihydro derivative should produce
two isomers, since sn asymmetric center is oreated. More-
over, further reduction of a single dihydro derivative would
not be expsoted to give two tetrahydro isbmers, since thers
would not be a new eenter of asymmetry formed in this step.

In an attempt to overcome the various objections to
struoture LXVIII, Battersby, Openshaw, and Wood (28) have
suggested that rﬁbremetinium salts could have the structure
LXXI. This mesomeric structure, similar to that of a e¢yanine
dye, would gcqbunt for the intense color and its behavior as
a monoacidic base. It would also explain the fact that emet-
emine does not give rubremetinium salts on oxidation. In

addition, these workers found that a crude reduction produch
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of rubremetine gave color reactions which indicated the
presence of a ",pyrro;e ring.

Karrer and Ruttner have objected to the structure LXII
on the grounds that 1t contains two -dihydroPyri&ine rings
(D and E), and’should therefore be oxidized further quite
readily, The Valldity of this ob;’ection was questioned by
Openshaw and Wood, who*:pointed out. that ring E ‘gould be ocon=-
sidered as part of a Sl,édihyd;'oisoquinloline s}stem.} which is
known to possess considerable stability. Furthermore, the
molecule sh,ou’id be resonance stsbilized to a large degree,

Structure LXXI would not be comsistent with the hydrogena-
tion data obtained by Karrer and Ruttner. It has been pointed
out (26) that absorption of two molss of hydrogen would
necessarily result in the formation of a pyrroline structure,
and it is known that such a struoture will readily undergo
hydrogenation.

Openshaw and Wood (19), howsver, have further investigated
the reduction of ru’oretﬁetinium salts;_ and have reported re-
sults which are not in agreement with those obtained by Karrer
and Ruttner. They found that on catalytic hydrogenation of
rubremetinium ehloride in ethanol solution only one mole of
hydrogen was taken up, and the product consisted of two stereo-
isomeric dihydrorubremetines. The X-isomer was found to be
strongly levorotatory, m.p. 1989, [Ol]gfs = -595°,, -while the g-
isomer was even more strongly dextrorotatory, m.p. 2029, .[O(]g'e’ =

+#406°, On orystallization of the original mixture from meth-
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enol, a product, m.p. 128°, [N]Dla = 4219, separated which was
belleved to b‘f’;;. a complex contgining one molecule of sach isomer
snd two molecules of methandi._. The pure X-igomer was isolated
from the mother liquor. On orystallization from ethanol, the
oomplex was found to split up, with the less soluble B-iso-
mer separatiné first. When methanol solutions of the two
isomers were mixed, the "partial racemate" was again produced.

These results are -consistent with structure LIXI since
absorption of ons mole of hydrogen would result in the formaw
tion of LXXII, which oontains a stable pyrrole nucleus and
should not be hydrogenated further at atmospheric pressure.
Openshaw and Wood found that both of the .dihydro:rubi'emetine
isomers gave pyrrole color reactions and that both were con=-
verted back to the rubremetinium cation by oxidation with
merouric acetate. The formation of two stereoisomers was
attributed to the introduction of an asymmetric center at
Cyee

In an effort to resolve some of the apparently conflict-
ing data on the reduction of rubremetinium salts, Tietz and
MeEwen (29) have recently reinvestlgated the reduction pro-
cedures which had been used by earlier workers. On hydrogena-
tion of rubremetinium chloride, according to the method of
Openshaw and ¥Wood (19), they found that two moles of hydrogen
were absorbed, with the second mole being taken up at a much
slower rate than the firsi. Two products were obtalned. from

the reaction mixture. One of them, m.p. 196.2-197.2°, [o] D~2°= -3929
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was similar in properties to both O~dihydrorubremetine and
isotetrahydrodehydroemetine. The other, m.p. 132.0-152.8°,
[u]f“ s -3»4.1.9°, corresponded to tetrahydrodehydroemetine. No
product with the properties of B-dihydrorubremetine was 1so-
lated. However, when & similqr hydrogenation was stopped

af ter absorption of one moi.g of hydrogen, & obmpdund, xﬁ.p.
201.5-202.59, [(]27 = 44029, which appeared to be B-dihydro-
rubremetine, was obtained. This product was found to consume
one mole of hydrogen on catalytie hydrogenation,

These resul'bs indicated that ﬂ-dihydror.ubxjémetine is
aotually a dihydm derivative, but that o-dihydrorubremetine
must be a tetrahydro derivative, identical with isotetra-
hydrbdehyaroen}etine. Koreover, the complex reported by Open-
shaw and Wood must comsist of a molecule each of B-dlhydro-
rubremetine and isotetrahydrodehydcoemetine plus the two
molecules of methanol,

On trestment of rubremetinium chloride with lithium al-
uminum hydride followed by eatalytic yydrogenation, Tietz and
HoZwen (29} iscla‘%eﬁ two preducts which correspond in psyei-
cal propertles to the igotetrahydrodehydroemetine and tetra-
hydrodehydroematine obtained by Kerrer end Ruttner. A mixed
melting point tegt and identical ultraviolet absorption spectra
confirmed the fact thab isotetrahydrodehydroemetine and the
previously obtéﬁ,n’ed " «dihydrorubremetine® are the same
compound. Similarly, the product corresponding to tetra-
hydrodehydroam;tine was found to be identical with the like
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substance obtained by direct hydrogenation of ribremetinium
chloride.

Although:ﬁheir results geemsd to confirm those reported
by Karrer and;ﬁuﬁtner, there was one point of disagreamqnﬁ
mentioned by Tietz end MoEwen. The product resulting from
treatment of rubremetinium chloride with lithium eluminum
hydride was observed to take up two moles of hydrogen, wheére-
a8 Karrer and Rutbner had reported absorption of only one moles
This indicates that "o-dihYdrodahydroémetine" ;B astually not ”
a dihydro product, and that some type of reagéion other than
reduction musé;héva taken.piaae in the lithium aluminum hy-
dride reaction.

The results just discussed not only indicate the data of
Openshaw and Wood to0 be in.éfropp but at the same time provide
strong argument aga;pst,struéture-pxxr for rubremetinium
compounds. AS was mentioned previously, LXXT is cepable of
accounting for gpsorption of only One'gole of hydrogen in
a low pressure catalytioc hydrogenation. Woodward (30) has
proposed a structure S;XXIII) for the rubremetinium cation
vhich not Onlyvavércggbs this objeotign, but also accomodates
other experimental facts. It canAeasily acoount for the ab=
sorption of two moies of hydrogen since the resulting tetra-
hydro derivative would have the struoture LXXII with the pyr-
role nucleus still ;ntact.< The optical aotivity of the rube-
remetinium cation can be explained by molecular dissymmetry

resulting from steric interference at positions Czy and C.
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On the basis of structure IXXIIT, however, rubremetinium
ohloridevwoulé“have the molecular formula 029331N204§1, in-
stead of the previously accepted Value, czgﬁ$5m2q4ai.
Another structure {IXXIV) has beeﬁ advaﬁéed.by Evstig=
neeva 6t al, (Sl),'but“there have been. no éxperimental facts
reported which would provide evidence for it. Such a struc-
ture would appear to be incapable of existence since it con-
taing & three-member bridge across the meta~positions of a
pyridine ring, and such a system should be quite highly

stralned.

LAA

OCHs
OCH;
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DIASTEREOTSOMERS OF EMETINE

An investigation of the emetine structure reveals the
presends of four asymmetric centers., Emétine, an optlcally
astive compound, must ’o‘har-gfore by oné’ of sixteen theoretical
stereoisomers. Isoémetine, which has already ‘béen mentionsd,
wag the firat éiiastereo;;SOmer of emetine to be isolated.
Sines 1% is prepared by reduotion of O-methylpsychotrine, it
must differ from emeting in the coﬁfigurati;m ot 01..

The .firsé‘:‘*éx‘périxﬁental work directed towarg the prepara~
tion of new &1as’bere'oisom@rs of emetine was that» i’epo’rteﬁ
by Hazlett and MoEwen (28), who worked with some dagmda‘bian
products of emetine. It was bolieved that 'l:he resulta of such
experiments x_youla have considerable value f&n the event of &
total synthesis of emetine, which would proba‘biy involve the
formation of two or more isomers, A previous knowledge of
the properties of the various dias.teréq;t,somgrs vould be ex=
pected to facilitate thelr separation and identifiocation,

In an attempt to prepam the diastersoisoner of smetine
aiffering in. the ccnfiguration of cl. Hazlatt and MeXwen (=8)
sub,jectec} N-gcetylemetine :gmx) to a series of degradation
reagtions which were intended to eliminate asymmetry at that
point. This was to be followed by & rasynthesis of the emeting
struoture, with the probable formation of two .isomer’s;

XII was converted to the jodomethylate, whigh was sub=
Jeoted to a Hofmann ;degradatién,z then catalytie hydrogénation

and reacetylation, A second Hofmann degradation,; however,
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did not give the expected results. Instead of the desired
compound IXXV, the reaction product after acetylation was
found to consist of two isomers, LXXV and IXXVI. The ¢vidence
for the formation of LXXV was indireot: Since ‘the substaxnce

could nctﬁhctuallyibe~1501étédfiﬁ"buré“form§‘the.soheme vas

abandoneéd.
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Battersby and Cpenshaw (25), on studying the oxidizing
action of merouric acetate on emetine hydrochloride, isolated
in addition to rubremetinium chloride a small amount of a
previcusly unreported substance. This new gcompound, isolated
a8 the hydrogen oxalate, was found on analysis to contain four
fewer hydrogen atoms than emetine, and was designated as
tet:aﬂéhy@roemetinet ¢hen four molar proportions of mercuric
acetate were used for the oxidat;on, é muoh,higher yield of
tetradehydroemetine was obtained, absorption of two moles of

hydrogen on catalytic pydrogenation confirmed the presence
of two ethylenic bonds, and on further dehydrogenation with
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mercuric acetatd ‘the substance was converted tuv rubremetinium
chloride, indicating that it must be an intermediate in the
formation of ?ﬁbremetinium selts, Its ultraviolet absorption
spectrum,indiéétéé that the “two doublé bonds werd in conjuga-
tion with each other and with a benzene ring.

Binee the formation of such a compound must result im
the removal or ‘two or more asymmetric centers present in enw
etine, Hazlett ‘and McEwen (28) considered the' posaibility
that hydrogenation of tetradehydroemetine might result in the
production of some new emetine diastereoisomers. When a suse
pension of tetradehydroemetine hydrogen oxalate in ethanol
solution wag catalytically hydrogenated, four products were
obteined. In sddition to emetine, isolated as the hydro-
bromide, and isoametine, isolated as the benzoyl derivatlve,
two new dlastereolsomers of emetine, neoemetlne and emetine=IV,
were isolated as their hydrogen oxalates. Neoemetine was
further characterized as the hydrobromide.

On dehyﬁrogenation of emetine with four moles of mer-
curic acetate (26), the procedure for ‘working up the reaction
mnixture was varie&_slightly and a second tetradehydro product
wag obtained, This new compound, isotetradehydroemetine, was
isolated in crystalline form ad the free basgqahﬂ furthei
characterized as the hydrogen oxalate, N-methyl dimethiodide,
and Nebenzoylmethiodide. Further oxigation with mercurig
acetate gave the rubremetinium cation; Therefore, isotetra-
dehydroemetine, like tetradehydroemetine, must be an inter-

mediate in the formetion of rubremetinium salts.
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Catalytic hydrogenation of isotetradehydroemetine in
50% acetic acid solution resulted in the absorption of two
moles of hydrogen (26). Emetine,viaolated as éhe hydrobrom=
ide and further identified as the benzoyl derivative, was the
only product obbalned. A catalytic hydrogenation of isotetra-
dehydroemetine hydrogen oxalate in ethanol also procesded with
absorption of two moles of hydrogen, and ond¢e again emetine,
isolated as both the hydrogen oxalate and hydrobromide, was
the only isolablée product.

Reduction of isotetradehydvoemetine with sodium and mioohol:

It has béén Shéwn that on reduction of a double bond by
meens Of sodium and alcohol the hydrogen atoms are generally
added at "transt positions, while on catalytic hydrbgénatién
the addition is predominantly "eis". 1In view of this fact 1t
seemed desirable to try to reduce isotetradehydroemetine with
sodium and aloohol, since the different mode of hydrogen
addition should result in the formation of isomers other than
emetine, the only product obtalned on catalytic hydragenatiun.

When eight molar proportions of sodium was reacted with
a solution of  isotetradshydroemetine in absolute ethanol, a
new substence, isolated as the hydrogen oxalate, m.p. 207°
{dec), was obtained in small yield. This compound showed no
obsérveble rotation in water solution (¢ = 2.0). aAnalysis of
the hydrogen oxalate indicated a molecular formula of CpgHyoO0sNg
for the free base, and on attempted catalytic hydrogenation
no uptaks of hydrogen was observed. The compound was therefore
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assumed to be a new diastersolsomer of emetins and was desig-
nated &s emetine-V. The similarity of the infrared absorption
spectrum of its hydrogen oxalate wlith those of the imown em-
etine lsomers served to confirm this view {fige. 1)e¢ Further-
nore, erxida‘&ién of emetine-V hydrogen oxalate with excess
mercurie acebate, with subseg}:gnt treatment of the produet
with hydrobromic acid solution, .gave & good yield of a red
erystalline maberial, which showed a melting point behavier
similar to that deseribed. for rubremetinium broviide (25).

Emetine~v was further sharecterized as the hydrobromide,
m.p, 221-224°, with no observable rotation in water solution
(6 & 1.0}, The bsn‘zbyl derivative of éemetine~V conld not be
isolated in. orystalline form, but treatment of an etheér solu-
tion of bvenzoylemetine-V with diluwbe hydrochloric acid ra-
sulted in the fopmation of an insoluble hydrochlorlds deriva-
tive, OpgHg4OsNz°HOL, m.p. 190-195°, (] 2% = -14.0 (o = 1.64 in
c¢hloroform). The definite levoratation provides.evidance
that emetine-V is not a racemie compound.

On further investigation of the reaction mixture from
the sodium reduction, & second product was also lsolated as
the hydrogen oxalate, m.p. 157-1849, [0(];4 = 222.0 (o = 1.41
in water):_.; There was no absorption of hyarogen observed on
attempted catalytic hydrogenation, end the rubremetinium cation
was obtained on oxidation with excess mercurioc acetats.

Although the optical rotation of the hydrogen oxalats was

close to that reported for emetine~IV hydrogen oxalate, the



melting point behavior was quite different (26). In order

%0 establish its ldentity as emetine~-IV 1t was necessary to
compare other derivatives. Emetime-IV hydrobromide, m.p.
212-2179, [0(1;38 & 48.0 (¢ = 1.04 in water) was prepared from
en authentic sample of emetine~IV, which in turn was prepared
a¢cording to the procedure used by Bazlett end MoEwen (26).

A mixed m‘e_lting point of the two hydrobromides showed no
depression, Further evidence that the two must be identioal
was provided by the similarity of infrared absorption spectra
of the hydrogen oxalates and also the :f:cee basdes, (£ig.2)
(figi 3). In additien, identical behavior was nntad on
attempted, praparation of the benzoyl derimtives. It was
thersfore aoncludea that the second compound obtained from
sodium reduction of isciﬁetradehydrqemetim ,muai: be ematineim
hydrogen oxalate)

Since the reaction time was quite short and & consider-
able proportion of isotetradehydrosmetine was reaoverad, it
was Pelt that a much larger excess of sodium should be used
in the reduction. When sodium was added until reaction had
practically ceased; a much larger yleld of both emetine-V
and emetine-IV resulted. .On carrying out a number of reactlions
it was found that the presende of water in the ethenol had
a marked sffect on the resulting proportions of the two iso-
mers. Completely anhydrous conditions scemed to favor.the
formation of emetine-V; but when a SMall amount of water was
present in the aloohol the ratio of emetine~IV to emetine-v
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was increased. This 1s shown by Table I, which gives yields

of the itwo products under various conditions,

%%%“?§a§§g§?°“ % aleohol/100 quginéfrv iEméggﬁe—v
10 g. anhydrous | 3.6 g.l 5,1 &
10 98 3.1 2.3
10 90 2.4 1,1
17.5% i 9,6 -—

*Thls gonaisted of the isotetradehydroemetine which hed
been recovered from previous reactions,

**It was known that the aloohol which was used contained
an appreciable amount of water, although the percentage
was not determined.

Treatment of emetine~V with four eéuivalanté of mercurig
acetate gave a’gﬁm.whiah could not be orystallized and also
could xnot ﬁe-eanVeptea t0 either & hydrogen oxalate or hydro-
bromide derivative. Catalytic hydrogenation of the srude
material yielded emetine-V and emetine~-IV, both isolated as
the hydrogen Oxaiatg. The emebine~IV was further identified
as the hydrobromide. It was signifioant that the aqueous
solution from the mercuric acetate oxidation was found to have
a definite rotation. This fact supplied further evidence
that emetine-~V is not racemic.

One attempt was made to reduce tetradehydroemetine with
sodium and sbsolute sthanol, 4 small amount of emetine-V

was isolated as the hydrogen oxalate, but the major portion



of the reactlon product consisted of what seemed to be a

mixturs of other substances,

47
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Fig. 1. Infrared absorption spectra in pujol
‘suspensions

A. Bmetine-V hydrogen oxalate.
B. Tetradehydroemetine hydrogen oxalate.

C. Isotetradehydroemetine hydrogen oxalate.






Fig. 2. Infrared absorption spectra in
perfluorocarbon mulls

A. Imetine hydrogen oxalate.
B. Isoemetine hydrogen oxalate.

C. Neoemetine hydrogen oxalate.
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Fige. 2 (cont'd). Infrared absorption spectra

D.

F.

in perfluorocarbon mulls
Emetine=IV hydrogen oxalate.
Emetine~V hydrogen oxalate.
Hydrogen oxalate of compound II from

sodium and ethanol reduction of
isotetradehydroemetine.
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Fig. 3. Infrared absorption spectras

A. Hydrogen oxalate of compound II from
gsodium and ethanol reduction of
isotetradehydroemetine, in nujol
mull.

B. Imetine-IV in chloroform.
C. Compound II from sodium and ethanol

reduction of isotetradehydroemetine,
in chloroform.
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FURTHER STUDIES ON TETRADEHYDROBMETINE
AND ISOTETRADEHYDROEMETINE

.

When.ﬁahﬁe;aby anduapénshaw 135}:firgﬁrgau§ea emetine

hydrochloride %o react with four moleg of m&r¢nﬁi¢-a§aﬁate,
they reported that the reaction was aarriea out &%-ateam bath
tetradahgarqematine hydrogeg oxalate. Hazl@ty,ana.MeEwan {26)
also reported using steam bath teémperature for the same oxi-
dation reaction, and wews sucgessful in obbeining 3.86 g. {(28%)
and 6.25 g. (32%) of isotetradehydroenetine and tetradehydro=
ametine hydrogen oxelate, respestively, starting with 20 g.

of emetine hydroehloride heptahydrate, .

In the present werk, soms of the rirst‘reactiana whigh
were parried out a@aording.ta\thevpreee&urev&aanribad.by
Hazlett and MoEwen were found to yield a much larger propoi-
tion of‘isateﬁraaehydreematine to taﬁ#ﬁ&ehydréemétine'than
previously reyartéd; In many caseés no tetradéhydroemetine
hydrogssn oxzalate could be isolated, end the isotetradshydro-
emetine almost always orystallized out of the ether solution
during extravtion of the mguécus solution of the reaction pro-
duets. It was believed that the reaction temperabure might
be an importent factorj thersfors, in all succeeding prepara-
tions of the two tetradehydro compounds the temperature was
kept fairly constant and was recofded for sach reaction. When
different reaction temperatures were employed, it was found
that the resulting proportion of the twe isomers varied oon-
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siderably. Lewar temperatures definitely favored the formae
tion of lsotetradehydroemetine, with a 90% yield being obtailned
in one case, Some of the results are shown in Table II.
Teble IT .
L . Yield from 280 ge Em2HCL*THz0
Reaotion Temp. Reaction Time __ diso~TDE = TDE Hydrogen Ox.
55-600 5 hrss 8.8, 8.2 gu. 0 g
60=85 8. 12,1 0
65-70 5 10,8 0
70-75 7 B.5 0.5
7
b

75-80. 6.5 2.6

100 4 4.1 4.0

The above results are not in agreement with the observa-
tions of Openshaw and Wood (19). These workers reported that
they were unable to isolate lsotetradehydroemetine after any
of the numerous mercuric acetate oxidations which they had
carried out, Furthermore, in some of thelr later experiments
they were sble to agoount for almost ell of the original
emetine as totradehydroemetine hydrogen oxalate and rubreme=
tintum ohloride.

Several attempts were madeé to intergonvert the two tetra~
dehydro lsomers. Each was subjected to various experimental
conditions, ineluding thosge of the merouric¢ acetats oxidation,
but in no ocase could oné isomer be eonverted to the ttheét.
Such results indicate that the two isomers do not arise from
any progess involving initial formation of one with subsequent
partial gonversion to the other, but that both must be formed
independently.
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When emetine-V hydrogen oxalate was first isolated after
sodium and aleohol reduction of isotetradehydrosmetine, it was
thought that the compound might be racemic, since no rotation
could be obgerved in aqueous solution. ‘This brought up the
possibility that isotetradehydroemetine might have been race=~
mized under the basic,raaetionxqond;tians3befora being redused
to emetine~V. Some attempts were thereforse made tv racemize
isotetradehydroemetine by heating it in sn aleoholic¢ sodium
¢thoxide solution. The results of these experiments showed
that a definite detrease in specific rotation did oececur, but
there was never complete loss of optical activity. In addition,
a slight inorease inm the meltirg point of the recovered
crystalline material was observed. It was therefore concluded
that epimerization must be taking place at one of the asymmetric
centers in isotetradehydroemetine, Table III summarizes the
results of these experiments, in which approximately 2% al-

acoholioe sod;um-ethoxidé solution was used at the reflux

temperature.
Table III
Time reamcted Specific rotation Helting point
0 hrs. =2042 153-550
23 - - 154-88
7 ~10.2 159~65
30 « 5.6 158-61

A similar experiment was carried out with tetradehydro=-
emetine, the free base being liberated from the hydrogen ox-
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alate and refluxed for three hours in alooholic sodium ethe
oxide solution., After reconversion of the base to tetrade-
hydroemetine hydrogen oxalate, howsver, there was no change
observed in elther melting point or specific rotation.

In the case of isotebradehydroemetine, e definite de-
orease In specifio rotation was also observed vwhen the free

bage was recovered from the hydrogen oxalate salt.

Structures of tetradehydrosmetine and isotetradehydroemetine:

Battersby and Openshaw (25), in discussing the proper-
ties of tetradehydroemetine hydrogen oxalate, reported that
its ultraviolet absorption spectrum indicated the presence of
twe double bonds in eonjugation with each other and with a
benzens ring. On the basis of their interpretation it fole
lowed that position Gy, must be involved in one of the double
bonds, since iaoemetihs'was obtainsd on catalytic reduction
of tetradehydroemetine hydrogén oxalate (19)(26). The second
double bond would then oceur at either position Og=Cy, or
C10-C11.

The ultraviolet absorption spectrum of isotetradehydro-
emotine hydrogen oxalaste was later found to be gquite similar
to that of tetradehydroemetine hydrogen oxalate (Fig. 4), in-
dicating that there could be no major difference in the con-

Jugated systems of the two isomers. ©Bincs emetine was produced

by catalytic hydrogenation of both compounds (26}, it would
not be possible for them to be vptical isomers, differing in
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/
the configuration of a remaining asymmetric center. Hazletd
and McEwen (26) considered two possibilities for their struoc=
tures: (1) the isomers might be represented by structures
LXXVITI and LIXVIII, or (2) they could be geometrical 1§omsr5
about the doubls bond at Cy1=01 50

The recent work by.cpeﬁsﬁaw:and Wood (19) has provided
addl tional -information Which has a direct bearing on the struce
ture of tetraieohydroemetine., These workers found that the ultroe
violet absorption spectium of tetradshydroemetine hydrogen
oxalate was almost identical with thet of compound LXXIX,
whiech is known to contain two 8,7-dimethoxy«3,4-dihydroliso=
guinoline nuclei. It was therefore believed that tetradéw
hydroemetine hydrogen oxalate might heve the struoture LXXX,
The free base would then have either structure ILXXXI or LXXXIX
in whioh one or both of the double bonds have shifted to a
position exocyelisc with respect to the isoguinoline nuclel.
Such a phenomenon has already been mentioned in the discussion
of OQemethylpsychotrine, and there is considerable evidence to
show that such a shifting of double bonds can occur (32)(33).

The problem of assigning struotures to the two tetra-
dehydro isomers was somewhat complicated by further spectral
studies, Although the ultraviolst absorption spectra of tetra-
dehydrosmetine hydrogen oxalate and isotetradehydrosmetine
hydrogen oxalate are almost identical, it has been found that
there is very little similarity in the spectra of the free
bases (Fig., 5). There must then be a distinct difference in
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the conjugated systems of the two bases, but the olefinio
linkeges must be capable of shiftipg into similar types of
conjugation on conversion to the hydrogen oxalates.

Bills and Noller (32), who studied the ultraviolet ab-
sorption spsctra of some 3}4-d1hydroisoquinoline derivatives,
have reported some information which has been found useful in
interpreting the results of the spectral studies made on tetra-
dehydroemetine and isotetradehydroemetine. They obtained the
spectra of l-methyle (ILXXXIIY), l-benzyl- (IXXXIV), and 1-
(“-pieolyl)-3,4~dihydro-§,?-methylenedioxyisoquinoline (LXXXV) .
It was found that the séectra of the l-methyl and 1-benzyi
derivatives were almost identical, but thet of the le{X=pic~
olyl) derivative was somewhat different from the other two.
(Fig. 6). 8ince its peaks ocourred at longer wavelengths, in-
dicating a greater degree of conjugation, it was concluded
that the 1~(o@yicoly1) derivative must actually have the exo-
eyolic structure LXXXVI. <The hydrochlorides of the three com-
pounds were found to have quite similar speotra, however, (Fig.7)
suggesting that on formation of the hydrochloride, the double
bond in the l={x=-picolyl) derivative must shift back to the
endocyelic position, giving sll three hydrochlorides a similar
conjugated system as shown by structures LXXXVIT, LXXXVIII,
and LXXXIX,

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

in the case of the l-methyl and l-benzyl derivatives. Bills

and Noller have attributed this to the faet that a formal
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LAXX

charge separation would be involved in the resonance structures
of the free base (LXXXI1I-a), while this would not be true in
the case of the hydrochloride, which should therefore absordb

light of longer wavelength (lower energy).

\O/ & NH

XXXV LIXXVIT - a
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The ultraviolet absorption spectra of tetradehydroeme
etine hydrogen oxalate and isotetradehydroemetine hydrogen
oxalate are quite similar to thoese of the three hydrochlorides
studied by Bills end Noller. This supports the possibility
that tetradehydroemetline hydrogen oxalate might have the
structure LXX porposed by Openshaw and Wood. ‘The situation
with respect to the structure of lsotetradehydroemetine, how-
aever, is not otlarified by this observation. Since the spectra
of the free bases possess little similarity, it follows
either that some fundamental difference must exist in the
positions of the double bonds in the two hydrogen oxalates,
at the same time the types of conjugation being similar in
the two compounds, or else a-qamplex.iaomérization ccours to
give geometrically isomerio hydrogen oxalate salts.

One possibility which would be consistent with the first
argument is that isotetradehydroemetine have the gtructure XC,
with igotetradehydroemetine hydrogen oxalate being represented
by XCI. Strueture XCI would be expected to have an ultraviolet
absorption spectrum similar to that of LXXX sinoe the only type
of conjugation present in the molecule would be the :G = ?:(
group in conjugation with & benzene ring. The extrs conjugated
double bonds in structure XC could account for the absorption
peaks of lsotetradehydroemetine lying further toward the vis-
ible than those of tetradehydroemetine (LXXXT or LXXXIX). In
addition, the spectrum of isotetradehydroemetine is somewhat

gimilar to that of LXXXVI except that the two peaks do not
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lie as far toward the visible. This would be expeoted since
fewer double bonds are in conjugation with a benzene ring.

The infrared absorption spectra of tetradehyd?cemeﬁine
and isotetradehydroemetine have also furnished some signifi-
cant information., The spectra of the two free basgs have
been found to be similar in many respects (Fig.'g). There
is, however, one notable difference. A modarately strong
peak oceurring at 1570 om=1 in the case of tetradshydroem-
etine 1s not found in the spectrum of lsotetradehydrosmetine.
This pesk 1lies in a region where absorption due to a ring
>G ® N- grouping is known to occcur (34). Although this
obgervation does not supply absolute proof that such a group
is present in the molecule, it can be used as evidence strong-
1y in favor of structure LXXXI for tetradehydroemetine.

Aldhough it does not appear in Fig; 8, the speotrum of
isotetradehydroemotine at a higher goncentration in chloro-
form solution shows a definite pesk at 3560 em™l, which lies
in the N-H absorption region. The presence of such a peak
would be expected for structure XC. Further argument for the
presence of an N-H group in isotetradehydroemetine is the fact
that the molecule possesses one active hydrogen as shown in
a Zerewitinoff determination.

There is another possible gtructure for isotetradehydro-
emetine which is consistent with ell the arguments which'have
80 far been presented., Structures XCIT and XCIITI for isotetra-

dehydroemetine and isotetradehydroemetine hydrogen oxalate,
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respeatively, would be possibilities in view of the inter=-
pratations made from their spectra. However, there are some
experimental results which seem to favor X0 and XGCI.

First; the fact that no lsoemetine has been obtained
from either catalytio hydrogenation or sodium and alaohol re-
duction of ieotetradehydroemetine strongly indicates that Gy
is not involved in a double bond, fléaemetine is formed qulte
readily from reduction of both O-methylpsychotrine and tetra-
dehydroemetine hydrogen oxalate, and it seems 1ikely'that it
would also be formed in an app:eaiable amount by reduction of
isotetradehydrosmetine if a double bond were present at
Cpe= Oppe

A pecond argument in favor of XC arlses from the fact
that no oemethy1p5yqpotrine is obtained on mercuric acgtate
oxidation of emebtines ¥he first double bond formed in such
a dehydrogenation would most likely be in conjugation with one
of ‘the benzene rings. If it were formed at Cye= No¢ OF Cp4~Cy3s
it is quite probable that some D~methylpsychotrfine would be
isolated from the reaction mixture, especially at the milder
gonditions. The faot that none 1z obtained indicates that
the first double bond is .probably formed ab Gy = By or Cy=Cg,
and this would not be consistent with structufezxcll.

The epimerization of isotetradehydroemetine in sodium
ethoxide solution would be expected of XC, The removal of a
proton from Cy, would leave an anion which would be stabilized

by resonance. The epimerization whish occurs on formation
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of the hydrogen oxalate, howsver, cannot be explained by any
means consistent with the interpretation of the spectra of
isotetradehydroemetine and isotetradehydroemstine hydrogen
oxalate. It is possible that the double bond at Cy=Cig

in isotetradehydroemetine could shift to the~conjugated-posia
tion at 61;—315 on formation of a salt, but under such oir-
cumstences the ultraviolet spesctra of tetradehydroemetine
hydrogen oxalate and igotetradehydroemetine hydrogen oxalate
would not be similar, gsince different tyges of conjugated
systems would be present in the two molecules. Furthermore,
it seems likely that it would be possible to convert isotetra-
dehydroemetine intc tetradehydrcemetine if such a shift were
to ocour.

It must also be noted that structure LXXXI for tetra=-
dehydroemetine 1s not obviously capable of explaining the
formation of a total of five different dlastereoisomers of
emstine by the two methods of reduction which have been used.
Since only two asymmetric centers are created by saturation
of the two double bonds, 1t should be possible to obtain only
four diastereoisomers. Also, it has been found that no change
takes place in tetradehydroemetine on refluxing in alooholie
sodium ethoxide solution., During a sodium and alcohol re-
duction the reastion conditions are somewhat more vigorous,
however, and it is possible that some form of isomerization

might take place,
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FURTHER INVESTIGATION OF DEHYDROEALORUBREMETINE

Hazlett and MeEwen (28), on studying the effect of
alkali on rubremetinium chloride, found that heating the
substance with an aqueous alcoholic solution of sodium hy-
droxide gave an unstable crystalline product, 02933304N2;
whieh no longer containgd chlorine and was believed to resuli
from an overall dehydrochlorination reaction. The new com-
pound, called dehydrohalorubremetine; failed to give back
rubremetinium chloride on being heated with hydrochloric acid
solutioni On low pressure catalytic hydrogenation; the ocrude
material readily sbsorbed two moles of hydrogen, and from
the mixture of products; a pure orystalline; optically inactive
Substancé wag obtained by fractional orYstallization§ The
sompound was called tetrahydrodehydrohalorubremetine; although
it wes admitted that the apparent absorption of two moles of
hydrogen did not necessarily signify that the orystalline
produet obtained conpained four hydrogen atoms more than de-
hydrohalorubremetine, partioularly gince the hydrogenation
was carried out on crude material.

The hydrogenation product would not form an acyl deri-
vative»w;th elther benzoyl chloride or p-toluenesulfonyl
chloride, Its ultraviolét absorption spectrum was found to
bes almost identieal with that of isotetrahydrodehydroeme;ine@
and it was considered possible that tetrghydordehydrohalé-
rubremetine might actuglly be racemic isotetrahydrodehydro=-

emetine.
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Openshew and Wood (18), in agreement with their arguments
oancerning‘the gtructure of rubremetinium salts, considersd
the compound to be racemic dihydrorubremetine. They further
believed that dehydrohalorubremetine possessed the structure
ZCIV which contains no centers of asymmetry.

Tietz and MoEwen (29} have repeated the hydrogenation of
dehydrohalorubremetine and fournd the orude material to absorb
1,8 moles of hydrogen. They were able to isolate, in addition
to the racemic tetrahydrodehydrohalorubremetine, a small emount
of a lower melting orystalline base which possessed a definite
dextrorotation. Both compounds analyzed correctly for
CogHzaNp04, had identical infrared absorption speotra and
similar ultraviolet spectra, and both gave an analysis for
8lightly more than oha termihal methyl &Zroup. It was believed
that the two compounds were the optlcally active and lnaotive
forms of the same substance. \

Tietz and Mc¢Ewen (29) have further pointed out the poss-
ibility that dehydrohalorubremetine is a Hofmenn degradation
produet of the rubremetinium cation, as evidenced by three
facts: (1) There is a considerable emount of racemization
during formetion of dehydrohalorubremetine. (2) In the case
of the racemic tetrahydrodehydrohalorubremetine, one astive
hydrogen was found by a Zerewitinoff determination. (3) Al~-
though both racemic and active hydrogenation products gave
a test for slightly more than one terminal methyl group, it
1s kmown that such a determination usually glves considerably
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less than the theoretical value. Therefors, 1t appears that
the two substances possess twa C=Cii groups.

It was noted, however, that the hydrogenation data was
not consistent with a Hofmenn degradation product. On the
basig of Woodward's structure (ILXAIII) for the rubremetinium
cation, ring opening might be expacted to occur at Cx~Ng,
resulting in XCV as the structure for dehydrohalorubremetine.
This would be expected to add three moles of hydrogen in a
low pressure catalytic hydrogenation %o glve XCVI.

The hydrogenation of dehydrohalorubremetine has been
studied further in order to determine whether the compound
night take up three moles of hydrogen under different cone-
ditions from those used by previous workers. It was congldered
that an acid medium might be more favorable for the hydrogena=
tion of such a substance than the neutral aleohol solution
used previously. When a solution of dehydrohalorubremeting
was hydrogenated in glacial acetic aoid solution, a consider=-
able amount of tarry mabterial was formed, and the hydrogenation
data was not considered to be significant. However, when an
alechol solution of dehydrohalorubremetine was kept only
alightly aeidic by dropwise addition of acetic acid during
the hydrogenation, it was found that 2,7 moles of hydrogen
were absorbed, and over half of the starting materiel was
accounted for as either the active or racemic "tetrahydro=-
dehydronalorubremetine®, This result strongly indicates that
the hydrogenation product of dehydrohalorubremetine is actuslly



69

a hexehydro derivative, and that dehydrohalorubremetine ite
self must arise from a Hofmamn degraedation reaction of the
rubremetinium cation. 4As a rosult, this observation provides
further evidence for Woodward's proposed structure.

Adéitional evidence for the ocourrence of a ring opening
Teaction has been supplied by an oxidation study on dehydro-
halorubremetine, Oxidation of the compound with an acidie
permanganate solution resulted in the production of an ap-
preciable emount of formie acid, identifiéed as the p-bromo~
phenacyl ester, The formetion of formlec acid indicates the
presence of a terminal methylena group in dehydrohalorubrem-
etine,

Although there is strong evidence that a Hofmann degrada=-
tion reaction does take place in the formetion of dehydro-
halorubremetine, it has not yet been possible to determine
conelusively whether the ring opening occurs at Cg-Ng or
Oy =Npe s Since a break at Oze -Np, would result in formation
of XCVII, which would also teke up three moles of hydrogen
to glve XCVIII, and would give Tormic acid on oxidation. If
opening ogcurred at Cy-Ng, it should be possible to prepare
an acyl derivative of the hydrogenation product (XOV), pro-
viding that the ascyl group is not so large that steric hin-
drance would prevent its Tformation. However, no such deri-
vative could be Tormed from either the rgcemic or optically
active "tetrahydrodahydfohalorupremetine". even on using acetyl

chloride as the acylating agent. In all attempts et acylation
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the starting 'material was recovered unchanged. Although this
strongly points to a ring opening at Cye= Noy» it cannot be
consldered as conclusive evidence, and further information
will have to be obtained in o?der to definitely distinguish
between the two po'ssibil'ities:
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Fige 4. Ultraviolet absorption spectras

A. Isotetradehydroemetine hydrogen oxalate
in water.,

B. Tetradehydroemetine hydrogen oxalate
in water.

Fig. 5. Ultraviolet absorption spectra:
A. Tetradenydroemetine in alcohol.

B. Isotetiradehydroemetine in alcohol.

72



[o]
[}
\\ 3
\\
’
\
.
‘4 o
/r 6
| -
\
, .
Il
l’
/f
—. “
1 | 3
’
d
’
\\\
\\ . m
\\ 3
’
1
1 Mﬂ
. O )
e o
- 3
/ //I/I
/ °
- hd v “
///V )
Y
)
“\\
“\\‘l w
o ~
\‘\‘ Bl
(4
[
\
/ o
, b
/71
a
< m
= < P s ¥ |2
< ” p ) 3 3

> ®o;_

44

\\‘\\\\\\
\\\ %
\s \\ \ 3
7
d
P
\\ 0
\\ 6
' \ 3
[}
\
AY
\
| .
r/ \ :
/ <
\A, 3
)
\\\\ y . o
\\ * ”
\\ ﬂ
\ £
| 3
\ o
\
,,
I’
- :
z N
N
\
3
Q.
\\ o
\ Y]
\\‘-l\ :
o
<
~N
€
o
N
o~ Q b= E ; Z. O
< <4 ° N ) ) 3
VOOJ



73

Fig. 6. Ultraviolet absorption spectras
A, Structure LXXXITII in alcohol.
B, Structure LXXXIV in alcohol.

Ce Structure LXXXVI in alcohol.

Fige 7. Ultraviolet absorption spectra:
A. Structure LXXXVII in alcohol.
B. Structure LXXXVIII in alcohol.

G, Structure LXXXIX in alcohol.



yd

]

44

4.0

3.8

> 801

34
32
20

240 260 280 300 320 340 360 380 400

220

Pt
N

P

.
yar.

4.2

4.0
38
36

34
32

240 260 280 300 320 340 360 380 400

220

30



Fig. 8. Infrared absorption spectras
A. Isotetradehydroemetine in chloroform.

B. Tetradehydroemetine in chloroform.
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EXPERIMENTAL

Reduction of Isotetradehydroemetine with 8 Equivalents of

Sodium and Ethanol:

To 2.40 g. of isotetradshydroemetine, prepared acoording
to the method of Hazlett and MoEwen (26}, dissolved in 25 oce.
of hot absolute ethanol, was added 1.00 g. of finely divided
sodium. The mixture was refluxed until all the sodium had
been consumed, then an additionel 25cc: of ethanol was added.
The solution was cooled and unreacted isotetradehydroemetine
(1.2 gi) orystallized and was filtered from the mixture,
About 80 ce. of water was gdded to the filtrate, whlch was
then concentrated to 10 cc. to insure complete removal of
the aleohol. The liberated base was taken up in five 5 ce.
portions of ether and the combined ether extracts dried over
anhydrous potassium carbonate. Evaporation of the ether left
a yellow gum which was dissolved in hot ethanolic oxalie acid
solution. On cooling, colorless crystals of emetine-V hydro-
gen oxalate readily formed, 0,30 gi, m.p. 201-205%, Re=-
orystallization from ethanol raised the mip. to 206<207°,

No rotation could be observed (¢ = 1.9 in water).*

Anal: Caloulated for CpgHgoNz04°2CsHa04: G, 59.98;
B, 6.71; N, 4.24, Found: €, 59.91, 59.77; H, 6,92, 6.92;
N, 3.98, 4.13.

* on o) small positive rotation was observed with
gg °n§0§§§§§§ 2@3 solutign. However, after further recrystale
iiza fon the substance did not give an observable rotation, ine

dicating that the previously observed rotation was due to
impurities.



76
Emetine-V was recovered unchanged after attempted cate
alytiec hydrogenation over platinum. This proves that both

the ethylenic linkages of isotetradehydroemetine were satu-

rated in the sodium end ethancl reduction.

Emetine-V Hydrobromide:

A solution of 1.2 g. emetine~V hydrogen oxalate in water
was made basic¢ by addition of 10% sodium hydroxide solution.
The liberated base was taken up in ether and the ether ex-
tract dried over anhydrous potassium carbonate. Evaporation
of ‘the ether left a clear gum which was dissolved in 5 co.
of 5% hydrobromic acid. After long standing, white crystals
of emetine-V hydrobromide formed (0.35 g.}). On concentra-
tion of the filtrate to 5 c¢, an additional 013 g. was
obtained. The m.p., after two recrystallizations from water,
was 221-224°, No rotetion could be observed (e=1.00 in water),

fnal: An eir-dried sample lost 8.96% of 1ts weight on
being hested in vaouo. OpgHyn04Npe2HBre34H,0 requires B.94%.
Calculated for OpgHygOsNg*2HBr*B3H;0: N, 3.97; Br, 22.66.
Found: N, 4.35; Br, 28.25.*

Benzoylemetine-V Hydrochloride:
A solution of 2.0 g. of emgtine-v hydrogen oxalate in

*’Thé garbon and hydrogen analyses were carried out on a
different sample of emetine-V hydrobromide, and the results
indicate that the state of hydration was different in thils

case. _ _ _
Caloulated for CpgHioO4Npe2HBreldHp0: 0, 52.0; H, 6.77.
Found: c, 530 27; H’ 6.850



77
water was made basic with 10% sodium hydroxide solution. The
mixture waes extracted with ether, and the combined extracts
were thoroughly dried over two successive portions of anhydrous
potassium carbonate. The ether solution was concentrated to
about 80 eco. and 1.3 g. of freshly purified benzoic anhydride
wag added. The mixture was refluxed for 3 hours, then con-
centrated to about 25 e¢. and refluxing continued for an
additional 2 hours. After adéition of 20 eo. of ether, the
soiution was washed with éiluté»hydroohlorio.acid. The orangew
yellow gummy precipitate which immediately formed was removed
end washed thoroughly with ether and dilute hydrochloric acld.
On drying, the gum crystallized to give 1.1 g. benzoylemetine-V
hydrochloride, m.p. 190-195% with previous sintering, []23 =
~14.05 {c = 1.64 1n chloroform). Concentration of the ether
solution afforded an additional 0.25 g. The total yield
amounted to 65%.

4nal: An alredried sample lost 2.97% of its weight on
being heated in igg_q_g at 100%  OggH, 405N, HCLHp0 ~regi§1ir§s
2.82%. Caloulated for OzgHy,OsNpeHOL*Hp0: N, 4.39; Cl, 5.56.
Found: N, 4.88; Cl, 5.86.

Oxidation of Emetine-V Hydrogen Oxalate with Excess Mercurie

Acetate:
A solution of 0,125 g. emetine-V hydrogen oxalate in 2.0
cc. of water was mixed with a solution of 0.5 g. mercuric

acetate, 0.03 g. potassium acetate, and 0.2 cc. acetic acid
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in 3.0 co¢. of water, and the mixture heated on a steam bath
for one hour. 4&n additional 0.2 g. mercuric acetate was added
and heating continued for one hour. The cooled solution was
filtered and the precipitate washed with water. The combined
filtrate and washings were heated to boiling end treated with
hydrogen sulfide. After filtration, the precipitate was washed
thoroughly with boiling water and alcohol, and the combined
filtrate and washings concentrated under reduced pressure %o
sbout 2 ge. TFive drops of concentrated hydrobromie aold was
added and rubremetinium bromide (0.685 2. ) orystallized on
standing. After two recrystallizationS'from water-agcetone it
showed a m.p. of 180-185°, Battersby and Openshaw (20) re-
ported 195-205°, The ultraviolet and visible spectrum was

identical with that reported by Battersby and Openshaw,

Reduction of Isotetradehydroemestine with Excess Sodium and
Ethenol:*
To. 10.0 g. of isotetradehydroemetine dissolved in 150 co.

of absolute ethanol was added finely divided sodium in small
portions until it no longer reacted. An additional 60 co. of
abgolube ethanol was added and the solution heated to reflux
temperature. Nore sodium was added in small amounts for .about

24 hours. To the warm reaction mixbture was added 50 ce. of

*The semé prodedure was used for all reactions indicated in
Tgble I, with the reaction conditions varied as shown.
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95% aloochol, followed by addition of 200 ce. of water. ¥he
solution was concentrated under reduced pressure to about 100
6c., and the liberated bases were taken up in ether. The com-
bined ether extracts were dried over anhydrous potassium car-
bonate and evaporated, leaving a yellgw gum; This was dissolved
in hot ethenolic oxalic acid solution, and, on cooling to room
temperaturq, emotine«V hydrogen-axalate (5.1 go, 38%), m.p;
205-207°, erystallized aﬁd was filtered from the solution.

The ethanol mother liguor from 'the emetine-V hydrogen
oxalate was placed in an ice-salt bath and a gummy precipi-
tate for@edé The mother liquor was decanted and the preci-
pitate recrystallized twice from ethanol, On filtration the
erystals readily tgrne@.to a gum, but solidified again on
drying gg;xggggé 2.8 ge Of the hydpogen oxalate was obtained
MePe 15?-184“,,Bihf3 = +279 (o = 1,26 in water).

A solution of 2.0 g. of the hydrogen oxalate in water
was made basic with 10% sodium hydroxide sclution., fThe base
wes taken up in ether and the combined extracts dried over
anhydrous potassium carbonate. Evaporgﬁion of the ether left
a red gum which was dissolved in 20 cc. of hot 6% hydrobromic
acld solution. The gummy precipitate which readily formed on
cooling was‘:gorystallized from water giving 0.30 g. of white
orystals, m.p. 212-217°. After an additional recrystalliza-
tion from water the compound showed a m.p. of 214-217°,

[oqg4 = ¢7;19 (¢ = 1.83 in water). These values correspond

to those found for authentic emetine~IV hydrobromide (see below),
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Next, 1.0 g, of the hydrogen oxalate was treated with
excess. mercurlc acetats using the same procedure that was
used for emetine~V hydrogen oxalate. Treatment of the ree
Sulting aqueous solution with conoentrated hydrochlorie acid
gave 0.1 g. rubremetinium chloride which showed a m.p. behavior

similar to that described by Battersby and Openshaw (25).

Emetine-IV Hydrobromide:

A solution df 0,30 g. of emetine~IV hydrogen oxalate,
prepared according to the procedure used by Hazlett and MeEwen
(26), was made basic with 5% sodium hydroxide solution. The
base was extracted with ether and the extracts dried over
anhydrous potassium carbonate. Evaporation of the ether left
a clear gum, which was dissolved in hot 3% hydrobromic acid.
The gummy precipitate which first formed was reorystallized
twice from water giving 0.07 g. golorless aorystals of emetine=-IV
hydrobromide, m.p. 214-219°, []28 = +8.0° (0 = 1.04 in water).
On concentration of the filtrate an additional 0,05 g. was
obtained,

Anal: An alr-dried sample lost 1;,43% of its weight. on
being heated in yacuo at 110°. C2gHa004Ng* ZHBr 43H0 requires
11.20%. Caloulated for OpgH,n0,Nge2HBre44H,0: N, 3.87; Br,
22,09, Found: N, 4.05; Br, 22.1.*

*The carbon and hydrogen analyses were ocarried out at a diff-
erent time from the other aralyses, and the results indicate
that the hydrobromide hed a different state of hydration.
Calculated for ngﬂ48081‘72*21331‘°%ﬁ30: C, 53.45; H, 6.65.
Found: C, 53.37; H, 7.Ul.
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Dxidation of Emetine-V’gxdrogan Oxalate wdth 4 Equivalents of

Mereuria Apetate'

A solution of 4.0 g. emetine-V hydrogen oxslate in 50 ce,
of water was treated dropwise with a solgtion of 7.8 g, mercuric
acetate, O?S g. potassium acetate, and 5,0 cc. glacial acetis
acid in 100 co, of water for 1% hours at about 70° on a steam
bath, The mizture was heated for an additional 15 minutes
after addition of mercuric acetate was complete., The coolsd
solution was filtered and ‘the preclpitate of mercurous acetate
washed thoroughly with water, The filtrate was treated with
hydrogen sulfide and the insoluble sulfides removed by filtra-
tion and weshed with hot‘water; e oombined filtrate and
washings were made basic with 10% sodium hydroxide solution,
and the mixture extracted with ether, Yhe ether solution wes
dried over anhydrous potasgium carbonate and evaporated,
leaving a red gum which was dissolved in 5% ethanolic oxaelio
acid. No precipitate formed, even on long standing or cooling
in dry lce-acebone. 'he ethanol solution was evaporated to
dryness under reduoced pressure, JThe residue was dissolved
in water and the solution made basio with 10% sodium hydroxide
solution. The free base was 1sclated as before and dissolved
in hot 5% hydrobromic acidi A gumiy précipitate formed on
standing, but it coudd not be vonverted to a orystalline
form, even after attempted recrystallization from water,

One gram of the c¢rude base was dissolved in 25 co, of

50% acetic acid solution and hydrogenated at atmospheric
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pressure over 0.1 g. platinum oxide catalystj 71 cc. (81P)
(0.93 moles) of hydrogen was absorbed in one hour, ¥he cat=
alyst was filtered from the reaction mixture and washed with
water. The combined filtrate and washings were made basie
with 10% s&ﬁiumuhydroxiﬁe solution and extrescted with ether.
The ether solution was dried over anhydrous potassium oar=-
bonate and evaporated, leaving e yellow gum which was dls-
golved in 5%‘ethano}io oxalic acid. Imetine-V hydrogen ox-
alate {6.2515.),m.p. 207° crystallized and was filtered from
the solution.

The mother liguor was concentrated, but no precipitate
formed on cooling., The base was recovered as before and dig-
solved in hot 5% hydrobromic acid. Emetine-IV hydrobromide
(0.12 go )y m.p; 211-2170 wag obtained. A mixed melting point
determination with an authenpie'sample of emetine-~IV hydro-

bromide showed no depression,

Oxidation of Emetine~IV Hydrogen Oxalate with Excess Mercurias.

Acetate:

One gram of emetine<IV hydrogen oxalate was oxidized
with merouric acetate according to the same procedure which
was used for emetine<V hydrogen oxalate, Treatment of an
agusous Solution of the product with conventrated hydro-

chloric acid gave 0.1 g. of rubremetinium chloride.
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Oxidation of Neoemetine Hydrogen Ozalate with Excess Mercurio
Acetata:

4 solutlon of 0.25 g. necemetine hydrogen oxalate in § cc.

of water was treated with a solution of 1.0 g. merouric acetate,

0:05 g. potassium acetate, and 5.0 co. glacial acetic eoid in
10 oc. of water, and the mixture refluxed for two hours. 4in
additional 0.5 g. of merouric acetate was added and refluxing
was continued one hour. The reaction mixture was worked up
using the same procedure as for the oxidation of emetine~IV
hydrogen oxalate. Rubremetinium chloride (0,06 8+ ) was ob-
tained.

Attempted Benzoylation of Emetine-IV:

The base recovered from l.2 g;;Of emetine-~IV hydrogen
oxalate was reacted with 0.8 g. of benzolo anhydride accord-
ing to the progedurs used by Pyman (3) for the benzoylation
of isoemetina., On troatment of the resulting ether solution
with dilute hydroehloric acid, a gummy material formed in
a manner &imilar to the formation of benzoylemetine-V hydro-
chloride. The substance hardened on drying, but could not
be purified. It showed a definite dextrorotation in chloro-

form solution.

Attempted Benzoylation of Neoemeting:
The base recovered from 0.3 g. of necemetine hydrogen

oxalate was reacted with 0.24 g. bgnzoie anhydride, using
Pyman's method of benzoylation (3), No orystalline material
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could be isqlated‘from‘thasether solution after troatment
with dilute hydrochloric acid. The aqueous layer was made
basie with 10% sodium hydroxide solution and extracted with
ether. After drying over anhydrous potassium carhonate,

the ether was evaporated and .the resulting gum dissolved in
ethanolio oxelic acid., Neoemetine hydrogen oxalate, (0.15 g.)
MeDa 155«15?9, formed immediately.

Reduction of Tetradehydroemetine with Excess Sodium and Rthanol:
Tet?adghydroemetine was liberated from an aqueous solution
of 2,0 g: tetradehydroemetine hydrogen oxalate by treatment
with 5% sodium hydroxide solution, then extracted with ether,
The combined extracts were dried over anhydrous potassium
carbonate and the bum remeining after evapo;aﬁion of the éther
was dissolved in 40 cd. of .ebsolute ethancl. TFinely divided
sodium was added in small portions until there wes no further
reaction, then an sdditionsl 30 cc. of absolute ethanol was
added., The solution was heated to reflux temperature and
the addition of sodium continued in small portions for.gbout
2% hours. Yo the warm resaction mixture was added 25 cc, of
95% alcohol, followed by 100 ce., of water., The resulting
golution waz concentrated under reduced pressure to remove
aloohol and the liberated bases taken up in ether. <he come
bined ether extracts were dried over anhydrous potassium car-
bonate and evaporated, and the resulting yellow gum dissolved

in 5% ethanolic oxalic acid solution., On standing at room
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temperaturé, a precipitate readily formed. Emetine-V hydrogen
oxalate (0il gs), was obtained, m.p. 2062070 after one re-
erystallization from ethanol,

The mother liquor from the emetine-V hydrogen oxalate
was ocoled and @ small amount of precipitate formed. This
was filtered and again dissolved in ethanol; and allowsd to
gtand at room temperature: Thg'ggystals which formed were
filtered and dried in yacuo, m.p: 168-174% There was ine
sufticient material for further determinations;

The ¢ombined mother liqﬁcrg were concentrated and gooled.
The precipitate which formed (141 ge) readlly turned to a
gum when exposed to air; but solidified on drying: ‘Lhe sube
stance showed a'wide«melying Qoinﬁ range and appeared to be

impure; [X]20 = 445,00 (o # 2.0 in water).

Reagtion of Isotetradehydroemetine with Sodium Ethoxide
Solution:*®

An aleoholic solution of sodlum ethoxide was prepared
by adding 1.0 g: of sodlun to 50 oo of absolute ethanol,
To the golution was added 1.0 gi of isotetradenydroemetine,
and the mixture was refluxed for 50 hours: <The precipitate
which formed on cooling the reaction mixture was filtered
and reorystallized from ethanol, giying 0.65 g. of white
erystalline material, m.ps 158:161%; [o]28 = 45,60 (o = 2.72

in benzené].

*Phe ssme protedurs was followed foxr.all the reactions shown
in Table IIX.
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Oxidation of Emetine with 4 Equivalents of Mercuric Acetate:

The procedurs used was essentially the same as that
deseribed by Hazlett and McEwen (26), except that the re=
action temperature, which was regulated by use of a heating
mantle, and the reaction time were varied as shown in Table
IX. Also, the isotetradehydroemetine, which crystallized
from the ether during continuous extraction, was filtered
directly from the ether solution and reorystallized from abe
solute ethanol.

Isotetradehydroemetine waa found to contain one active
hydrogen by a Zerewitinoff determination. €alculated for
CogHpg0alNp: 0.2l TFound: 0.15, 0.16;

Reaction of Tetradehydroemetine with Sodium Ethoxide Solution:

Tetradehydroemetine was liberated by treatment of an
agueous solution containing 1.4 g. of tetraﬁahydrogmetine
hydrogen oxalate with 5% sodium hydroxide solution. Yhe base
was takeh up in ether and the combined extracts dried over
anhydrous potassium carbonate. The ether was evaporated and
the resulting gum dissolved in 10 so. of absolute ethanol,
This was added to a sodium ethoxide solution which had been
prepared by adding 1.0 g. sodium to 50 cc. absolute ethanol,
The mixture was refluxed for 3 hours, then 100 ce. of water
was added and the aloohol removed by concentrating the solu-
tion to 50 ge. under reduced pressure. The ree base was

extractod with several portions of ether, and the combined
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extracts dried over anhydrous potessium carbonate, Evapora=
tion of the ether ;eft a gum whioh was dissolved in 6% ethe
anclic oxalic acid. T@tradehyéroemggine;hydrogen_oxalateu
(1.1 g.), e Do 15271549,:Ex]§% = +85° (¢ = 1.14 in water),
was obtained. (Reported, o 1511539, [(]18 = e84.50

{¢ .= 1.9 in water){25).

Recovery Of Isotetradehydrosmetine from the Hydrogen Oxalate:

An agueous solution containing 0.4 g« of isotetradehydro-
emetine hydrogen oxalate, prepared as described by Hazlett
snd McEwen (26), was made basic with 10% sodium hydroxide
gsolution to liberate the free base. On éxtracticn.with ether,
the résulting base readily dissélvéd in the ether layer. The
agueous layer was further extracted with several portions
of ether, and the combined ether extracts evaporated, leaving
0.25 g. of colorless crystals, m.p. 150-154°, Ex]?z = 94,40

(¢ = 1,12 in benzens).

Hydrogenation of Dehydrohalorubremeting:

Dehydrohalorubremetine was prepared from rubremetinium.
chloride according to the procedure deseribed by Hazlett and
MoEwen (26).

Ae A salutianléf 1.85 g. of orude dehydrohalorubremetine
in 50 og. of glacial acetic acid was hydrogenated at atmo=
spheric pressure over 0.1 g. platinim oxide catalyst. After
72 hours, the solution had absorbed 283 ©O. (STP) (3.0 moles)
of hydrogen. The catalyst was filtered from the reaction mixe

ture and the moetic acid solution consentrated almost to dryness
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under reduced pressure. Sodium bicarbonate solution (10%)
was added until the solution was made basic. The mixture
was filtered and the precipitate found to consist of a amall
amount ‘of amorphous material which showed a wide melting
range under 100°,

The filtrate was extracted with ether and the material
obtained on evaporation of the ether bshaved similarly., No
material corresponding to either the optically active or
racemic form of tetrahydrodehydrohalorubremetine could be
isoclated.

B. In a second hydrogenation of dehydrohalorubremetine,
1.1 g of the orude material was dissolved in 40 cec. of ab=-
solute ethanol and hydrogenated over 0.10 g. of platinum
oxide catalyst for about 2 hours, at which time the rate of
hydrogen absorption became much slower. Two drops of glaclal
acetioc acld was addedg and the hydrogenation resumed. Aafter
12 hours, two more drops of glaclal acetic acld was added
along with 0.10 g. of fresh catalyst. Hydrogenation was con-
tinued for an additional period of 24 hours, then two drops
of acetic acid and 0.05 g. of catalyst were added, After a
total of 106 hours reaction time, the hydrogenation was stopped.
During this time there was absorption of 189 co. gsmP)(a,v
squivalents) of hydrogen. 4 thick suspension which first
formed became somewhat thinner as the hydrogenation progressed.
The catalyst and some suspended material were filtered from

the reaction mixbture and the organic material extracted with
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hot -ethanol. On cooling the ethanol solution, 0.20 g. of
white orystals separated, m. p. 176-177°.*% The mother liquor
was combined with the original filtrate and concentrated
under reduced pressure to about- three-fourths the original
volume. The precipitate whiech formed was recrystallized from
ethanoly giving 6;10.g, of white orystals, m. p. 179-1809,%
The mother ligquor was again combined with the original fil-
trate and the same procsedure repeated to give two additional
fractions on concentration to qgaéhalf and gne-fourth the
original volume; (1) 0.14 g., m.p. 174=-175%; (2) 0.19 g.,
m.p. 168-170°,% Purther concentration of the mother liquor

gave only lc%ﬁmelting amorphous material.

Oxidation of Dehydrohalorubremetine with Potassium Perman-

ganate:
The procedure used for the reactlon was gimilar te that

described by Folkers end Koniuszy (35). To a solution of

0.32 g. dehydrohalorubremetine in 80 ce. of 2 N sulfuric aocld
wag added dropwise a 2% solution of potassium permanganate

until the purple color persisted. The excess permanganate was
removed by addition of a few drops of hydrogen peroxide solution,.
The mixture was Tiltered and the precipitate washed thoroughly
with 2 N sulfuric ecid and water. The combined filtrate and

*Tietz and Mcﬁwen report & m.ps of 180.2-181.8° for the racemic
and 165.8=166,09 for the optically active tetrahydrodehydros
helorubremetifés In this cage thq total yield of products
falliing in this m.,p. range is
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washings were distilled until the residual volume was.aboutb

20 06., then an additional 10 cc. of water was added to the
resldue. Distillation was again continued until the volume

of the residue had decreéased to about 20 co, The same proce=~
dure was repeated once more, then the colleoted disﬁi;lates
neutralized to approximately pH 7 with dilute sodium hydroxide
golution. About 25 e¢. of methenol and 0.10 g. p=bromophen=-
acyl bromide were added and the mixture refluxed for % hours.
The solution was evaporated to dryness under reduced pressure,
end the residue treated with 10-e¢c. of hot methanol, On'™
cooling, 35 mg. of p~bromophenacyl bromide separated from the
methanol solution, The filtrate was concentrated to about 5
6c., and 30 mg. of white crystals were obtained, m.p. 131
133°, One recrystallization from methanol raised the m.p. %0
133-134°, The value reported for the m.p. of the p~bromo-
phenacyl ester of formic acid ls 154-135° (35). A mixed

melting point with an authentic sample showed no depressions
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BUMMARY

Reduction of i1sotetradehydroemetine with sodium and
ethanol has been found to give emetine~IV and emetine~V.
Completely anhydrous conditions favor the formation of
emetine~V, while the presence of moisture increases the pro-
portion of emetine=IV to emetine-v,

Emetine~V has been characterized as the hydrogen oxalate,
the hydrobromide, and as banzoylemetine«V hydroshloridas,
Emetine-IV.has been further characterized es the hydrobromids.

Oxidation. of emetine~vV hydrogen oxalate with four equi-
valents of merouric acetate gave a gum which could not be cone
verted to a orystalline derivative. Hydrogenmation of the
erude product gave emstine~IV end emetine-V.

Neoemetine, emetine~1v; and emetine-V have all been ton=
verted to the rubremetinium cation by oxidation with mercurie
acetate.

Reduction of tetradehydroemetine with sodium and ethanol
gives a small amount of emetine~V plus a mixture of other
isomers,

In the oxidation of emetine with four equivalents of
merouric acetate, it has been found that (1) low temperature
favors the formation of isotetradehydroemetine, with the maxi-
mum yield being produced at 60-65°, and (2) approximately
equal amounts of tetradehydroemetine and isotetradehydroemetine

are produced when the reaction 1s cerried out at reflux tem-

peraturse.
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Isotetradehydroemetine shows a decrease in rotation and
an inerease in melting point on being heated in alcoholis
godium ethoxide solution. The base recovered from isotetra=-
dehydroemetine hydrogsn oxelate also possesses a ‘lower ro-
tation then the original isotetradehydroemetine.

Ultreviolet and infrared spectral studies on tetrade-
hydroemetine, isotetradehydroemetine, and their salts, to=-
gether with the known chemical properties of the substances,
pernit the agsignment of highly probable structures to these
compounds,

On catalytic hydrogenation under mildly acidic conditioms,
dehydrohalorubremetine has been found to absorb 2.7 moles of
hydrogen to give the previously reported optically asctive and
inactive forms of "tetrahydrodehydrohalorubremetine”. The
result 1s consistent with gtructure LXXTII for rubremetinium
galts and is in agreement with the possibility that a Hof=-
mam degradatlon ocaours on,fo:matipn of dehydrohalorubremetine.

Oxidation of dehydrohalorubremstine with potassium per-
menganate gives some formlc eoid, characterized as the p~
bromophenacyl derlvative, This result indicates that a ter-

minal methylens grﬁup'is present in dshydrohalorubremetine.
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