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1.

ODUCTION

The investigation of the relationship between the
chemical constitution of a compound and the optical activity
which it exhibits has been the subject of numerous researches
during the past sixty years. Despite the large amount of
experimental data which has been accumulated the problem has
not yet been solved.

The first workers to attempt to infer the degree, and
the sign, of the optical activity of a compound by a quantitative
evaluation of the asymmetry of the molecule were Crum Brown (1)
and Ph. A, Guye (2). This theory had to be abandoned, however,
as it failed to take into acoount many factors whiech influence
optical activity. TFurther molecular theories of optical
rotatory power were developed in subsequent years by Gray (3),
de lalleman (4), and Boys (5) and it is possible to caloculate
the approximate specific rotation of simple moleoules by such
methods.

Kuhn (6) and Born (7), on the other hand, attempted to
explain the origin of optical rotatory power on the basis of
the elementary physical processes occurring in the molecule
and have developed an explanation of optical asctivity which
forms the keystone of most modern theories. The problem is
essentially one of quantum optics and the position today is best

sunmarised/



summarised in the words of Frofessor T.M. Lowry in an address
to the British Association (8).

"The real theory of optical rotatory power may be found by
the mathematiocian, but is concealed from the chemist, in the
papers of BOrfNicece "

The experimental work referred to above included an
extremely detailed and systematic study of the molecular
rotations of several homologous series of secondary aleohols and
esters, which was carried out, from 1911 onwards, by Pilckard and
Kenyon (9). A similar investigation was made by Levene and his
coworkers (10) on the optical rotatory powers of fatty acids,
and Rule (11) has ocarefully studied the effect on the molecular
rotation of changes in the polarity of substituent groups.

These attempts to correlate the degree of optical activity with
the structure of the molecule have not led to the discovery of
any definite relationships.

In 1909, however, C.S. Hudson (12), in a series of instruotive
papers, demonstrated that important quantitative relationships
may be traced in the optical rotatory power of members of the
sugar group. This unique quality of the sugars is attributed,
by Lowry, to the simple and constant type of rotatory dispersion
exhibited by many members of the group.

Several years later, Irvine and Patterson (13), working
in this laboratory, published a paper dealing with the optical
effect/
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3.
effeot of successive substitution in the hexahydrie aleohol,
mannitol. Confirmation of this work came from a subsequent
paper communicated by Irvine and Steele (14) in the following
year,

The present research has as its objeot a further study of
the methyl ethers of mannitol and also a review of the optiocal
effect of successive methylation in the mannitol molecule,

Mannitol was first isolated by Proust (15) in 1806 from the
dried juioce of the manna ash, Fraxinus ornug, and since that
date it has been found to a varying extent in many different
plants, especially fungi and algae., This wide distribution in
nature has been attributed to its formation from sugars by
bascterial action.

Mannitol orystallises in beautiful needles or prisms,
melting at 166°, and having a specific rotation of [N]:S =-0,24°
in water. The configuration (I) is now generally accepted for
d-mannitol though it has been suggested by licCrea (16) that the
struoture in the orystal is best represented by (II).

?IzOH
HO—C—H

Ho—<'=—n |
H—C—OH e
| HO HO H
H—rl,'—oa
CH,, OH
)i

The/
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4,

The methyl ethers of mannitol are prepared by the methods
normally employed for such syntheses in the carbohydrate field,
and employing the elegant methylation technique evolved by Purdie
and Irvine, In the synthetie work to be disoussed, the
hexahydrie aloohol was condensed with either acetone or benzoyl
chloride to give a series of intermediates of known constitution.
The free hydroxyl groups in these substances were methylated in
the usual manner and subsequent hydrolysis led to the partially
alkylated mannitols which were required,

A complete s*tudy of the optical effeat of successive
methylation in the mannitol moleocule can be achieved only by
preparing all the possible methyl ethers of mannitol, and by
ascertaining the true speocific or molecular rotation of these
compounds.

Developments in the technique of sugar chemistry make it
possible that the complete series of methylated mannitols may
ultimately be prepared and, until this has been accomplished, it
would be premature to speculate freely on the optical results
which have been obtained. With the addition of the new compounds
now described to those which are already known, certain deductions
of a qualitative nature may be drawn,

The measuremert of the true molecular rotation of these
derivatives is a more difficult problem because the optical
rotation exhibited by a solution of an optically active substance
depends/



depends on the concentration of the substance and on the nature
of the solvent. A procedure which has been adopted by several
authors, in an endeavour to eliminate this effeot, is extrapolation
of the rotation to a concentration of 100%. This method is only
reliable, however, if a sufficient number of measurements are
made at high concentrations and it is perhaps more significant to
use the reverse procedure of an extrapolation to infinite dilution.
The determination of the optical rotatory powers of pure
liquid substances would thus appear to offer the best opportunity
for a comparative study., Iu the present researoh it weas
impossible to do more than to ascertain the molecular rotations
of the mannitol ethers in solution as several exist in the
erystalline state and others are syrups of varying degrees of
viscosity. Comparison has been preserved by using approximately
the same oconcentration throughout and the same or similar solvents.
A knowledge of the charaocter of the dispersion of the
rotatory power is also advisable when a comparative study of
optical rotations is to be made, As has already been mentioned,
many members of the sugar group appear to exhibit a remarkably
simple type of rotatory dispersion and the measurements of
speecific rotation to be deseribed have been oconfined to light of
one wave length.




ACETONE DERIVATIVES OF M TO

The reaction between acetone and the polyhydric aleohols
or members of the sugar group was first investigated by Fischer
(17), though he dismissed the resulting compounds az of little
interest. The value of these derivatives in carbohydrate
chemistry was not fully realised until their constitution was
studied by Irvine and his collaborators. Perhaps the most
outstanding property of these compounds is the instability
exhibited in the presence of even dilute acids and this facile
hydrolysis makes them admirable intermediates for many syntheses
in the field of sugar chemistry.

Triacetone-mannitol was first prepared by Wischer (17),
in 1895, by shaking dry powdered mannitol with acetone containing
hydrogen chloride as a condensing agent, The constitution of
this ocompound was not investigated until 1914 when Irvine and
Patterson (13) undertook a detailed study of the acetone
derivatives of mannitol., These workers carried out a graded
hydrolysis of triacetone-mannitol and obtained both a
diacetone~mannitol and a monoacetone derivative from the reaction
mixture., The former was called x=-diacetone-nannitol to
distinguish it from the p-diacetone compound isolated by Fischer
as a by-product in the acetonation of mannitol and which was
later shown to be l:2-5:6-diacetone-mannitol (18, 19)., Irvine
and/



7.

and Patterson assigned a symmetrical 1:2-3:4-5:6 structure to
the triacetone-mannitol and the hydrolysis products were
designated l:28-3:4~diacetone-mannitol and l:Z-monoacetone-mannitol
respectively.

That the latter structure was ingorrect was pointed out
by ulller (20), who showed that this monoacetone derivative
could be obtained by the debenzoylation of l:6-~dibenzoyl-
monoacetone-mannitol and that it gave a ditrityl derivative.
The acetone residuve, therefore, could not possibly engage a
primary hydroxyl group and Maller suggested that it was attached
to carbon atoms 3 and 4 (III). This assumption was proved
correct by Brigl and Gruner (21) who oxidised the tetrabenzoyl-
mannitol (IV), which Fischer (22) had prepared from the
monoacetone-mannitol of Irvine and Patterson, with lead
tetreacetate and obtained dibenzoyl-d-glyceruldehyde (V).

GHo O Oy 0B
HD—-?—‘H BzO-?——H
0—G—H _ go—¢—H . H—C=0
i iy
B—0—6 "oy B0 2 H—C—O0Bz
H—C—0H H—G— 0Bz CH, 0Bz

|

CH,0H CH0Bz

m I I

Further/



Further oconfirmation came from the work of H.O.L. Fischer
and Appel (19) whe oxidised monoacetone-mannitol to acetone-
dihydroxyauooinic-digldehyde (VI), which they later converted
to l-tartaric acid (VII).

CHgOH
HO—C—H ?HO COCH
0—C—RE 8 —8—8 HO—C—H
H—G—0 CHg H—f'J—.O Clx H——cf—on
H— C—0H CHO COOH

GHZQH

IiI n yii

x=Diacetone-mannitol has not been studied so extensively
and support for the structure proposed by the original workers
has come from experiments carried out recently by Wiggins (23).
The latter oxidised x-diacetone-mannitol to diacetone-aldehydo-
d-arabinose whioch was subsequently hydrolysed to give
d-arabinose identical with an authentic specimen, The acetone
residues, therefore, must be attached to carbons 1, 2, 8 and 4
and, as hydrolysis of x-diacetone-mannitol gives the 3:4-
monoacetone ecompound, the former is correctly represented as
1:2-3:4~diacetone-mannitol (VIII). These results further
prove that the original triacetone derivative must be
1:8-3:4~5:6~triacetone-mannitol (IX).



Gllg .~ ‘“"ﬂz CHg. 0—CHg
CHy ‘o—tf—a oy~ \o—z—a
0—C—H ,CHg O —Hc/%
n—clx—o’ Gy n—?—d “Ciy
u—§—om B8
G, OH HpC—0 CHg
iasid s

To conform to the normal mode of writing the mannitol
molecule, the formuletions above may seem to involve a
Irans ketal linkage. There is now & considerable weight of
evidence to show that rotation can ocour about any of the
bonds in the mannitol molecule and hence gig ketel formation
is always possible (23).
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In 1898, Einhorn and Hollandt (24) prepared a dibenzoyl-
mannitol by the action of a limited amount of benzoyl chloride
on mannitol in pyridine solution., ©Some years later, Brigl and
Gruner (25) modified this method by diminishing the amount of
pyridine and simplifying the extraction of the product. As a
result of reducing the volume of pyridine, most of the mannitol
was undissolved initlally, but, by vigorous stirring and
regulation of the rate of addition of benzoyl ochloride, a smooth
reaction was brought about.

The strugture of dibenzoyl-mannitol has been the subject
of much controversy in the past, Ohle and his coworkers (26)
desoribed it as the 2:3 or 4:5 dibenzoyl derivative of mannitol,
This oconoclusion wes based on the result of the oxidation of
dibenzoyl-mannitol with potassium permanganate and the
isolation of what was believed to be dibenzoyl-meso-tartaric
soid, Brigl end Cruner (25) showed that this identification
was erroneous and that the oxidation product was benzoyl-
glycollic acid, ©Not only was the produot compared direotly
with synthetic benzoyl-glycollic acid but erystalline glycollic
acid was isolated by saponification under the proper conditions,
The benzoyl groups, therefore, are not adjacent and it was
suggested that they had entered the two primary or l:6-hydroxyl
groups., Recently, Haworth and Wiggins (27) have made a study
of'/
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of the dimethylene derivatives of dibenzoyl-mannitel and these
researches prove conclusively that the dibenzoyl ocompound is
l:6-dibenzoyl-mannitol (X). This struocture implies that the
primary hydroxyl groups are acylated much more rapidly than the
more numerous secondary ones, an observation which is entirely
in accord with many others to the same effect which have been

made in recent years (28).

CHg0Bz CHg0Bz
HO—C—H Bz0—C—H
HO—C—H Ho—¢—K
H—C—OH H—§—on
n——t‘z—on H—<|3~OH
:Imzom énaoan
z =

Ohle and his collaborators (26) noted that the dibenzoyl-
mannitol of Einhorn and Hollandt was contaminated with a
tribenzoate, with solubilities similar to those of the
dibenzoyl-mannitol, The alcoholic mother liquors from the
recrystallisation of the dibenzoate contain this tribenzoyl-
mannitol and it is best obtained by concentrating the solution
and cooling in the refrigerator (29).

This compound was considered by Brigl and Gruner (21) to
be/




12,

be l:2:6-tribenzoyl-mannitol (XI)., It combined with acetone
to give a syrupy monoacetone derivative which was benzoylated
to give the known 1l:2:5:8~-tetrabenzoyl-3:4-monoacetone-mannitol.
The struoture of the latter was proved by its synthesis from
1:2:5:6-tetrabenzoyl-mannitol (IV) and acetone, the configuration
of the tetrabenzoate being deduced as described in the previous
chapter., These results have been fully confirmed by Hockett
and Fletcher (29) who subjected tribenzoyl-mannitol to lead
tetraacetate oxidation, the oxidation curve showing unequivoocally
that the 1:2:6 formulation is correot,

 The di- and tribenzoates of mannitol, whieh have been
discussed, have been used in the present work as intermediates
in the preparation of a further series of methylated mannitols.
The removal of the benzoyl groups, subsequent to methylation, has
presented more diffioulty than the hydrolysis of the corresponding
acetone residues, though catalytic cleavage with sodium methoxide

has proved effeoctive in most ocases,
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Methylation of 1:2:5:6-~tetrabenzoyl-mannitol (IV) and
subsequent debenzoylation appeared to offer an easy route to
the 3:4-dimethyl derivative of mannitol, |lioreover, a quantity
of this tetrabenzoyl-mannitol had been prepared in a high degree
of purity during preliminary experiments, and confirmation of the
structure by Brigl and Gruner (21) left no doubt that the methyl
groups would, in faot, enter the 3 and 4 positions. The

synthesis of 3:4-dimethyl-mannitol from the 3:4-monocacetone-
mannitol of Irvine and Patterson may be represented diagramnntioall*

as follows.,

3:4-monvacetone-mannitol
1:2:5:6-tetrabenzoyl-3:4-nonoacetone-nannitol
l:2:5:6~tetrabenzoyl-nannitol
1:2:5:6-tetrabenzoyl-3:4-dinethyl-nannitol
3:4-dimethyl-mannitol

lionoacetone-mannitol, prepared by the graded hydrolysis

of triacetone~mannitol, was converted to the tetrabenzoyl

derivative acoording to the directions given by Fischer (22),
ugsing benzoyl chloride in dry quinoline., Removal of the
acetone residue was also carried out as described by Fisoher,

the/



14.

the hydrolysis being effeoted with fuming hydrochlorie aeid in
ethyl acetate solution., The subsequent methylation of the
tetrabenzoate was acoomplished in the usual manner with methyl
iodide and dry silver oxide, to yield a clear, viscous syrup.

Some difficulty was experienced in the removal of the benzoyl
groups from 1:2:5:6~-tetrabenzoyl-3:4-dimethyl-mannitol ¢ the
method employed involved a catalytio cleavage with a small quantity
of sodium methoxide. This method of hydrolysis of an ester, now
in general use in sugar chenistry, was introduced by Fischer and
Berguann (30) in 1919 for the removal of acetyl groups, and it has
gince been shown by Zemplén (B31) that 1/600 th., of the theoretical
amount of sodium methoxide is sufficient to catalyse the reaction.

The debenzoylation was first attempted at room temperature
by shaking a methyl alcoholioc suspension of tetrabenzoyl-
dimethyl-mannitol with a trace of sodium., This method led to
complete hydrolysis of the benzoyl groups when applied to
1l:6-dibenzoyl-dimethylene-mannitol by Haworth and Wiggins (27).
Debenzoylation did not appear to be complete in this instance,
however, as the product, which was obtained as a clear syrup, had
a methoxyl value much below the theoretical amount,

The saponification was next attempted at 100°, the
tetrabenzoyl-dimethyl-mannitol being dissolved in dry methanol
and a small quantity of sodium methoxide added., The
experimentgl details were those given by Dewar and Fort (32)
for/



for the debenzoylation of 2-benzoyl-6-trityl-3:4-dimethyl-p-
nethylglucoside, The reaction went quite smoothly, no
discolouration oceurring, and the product was obtained as a olear
syrup which corystallised after some time, Reorystallisation of
the dimethyl-mannitocl from ethanol gave fine white needles
melting at 143-144°.

——

{

As the regult of an acoeident, the product was lost before
an analysis could be carried out and the characterisation of
this dimethyl derivative is therefore not complete., The mode
of synthesis, however, leads to an unambiguous structure and an
identical product should be obtained by the methylation of

1:2-5:6~diacetone-mannitol (18,19) and subsequent deacetonation,

S —

The l:2-dimethyl ether of mannitol was prepared as directed
by Irvine and Patterson (13) and the synthesis may be summarised
thus,

x=diacetone-mannitol
l:2-dimethyl-diacetone-mannitol
1l:28-dimethyl-mannitol

liethylation of x-diacetone-mannitol was carried out in the
normal manner to yield l:2-dimethyl-diacetone-mannitol as a

neutral/



neutral, ceolourless liquid. Subsequent deacetonation was

readily effeoted by acid hydrolysis to give erystalline
1:2-dimethyl-mannitol, melting sharply at 93°,

In the course of a further series of preliminary experiments,
concerned with the aotion of benzoyl chloride on the acetone
compounds of mannitol, the l:2-dibenzoyl derivative of
x=diacetone-mannitol was prepared, Removal of the acetone
residues by acid hydrolysis ylelded l:2-dibenzoyl-mannitol as
a erystalline compound, melting et 151-152°, Methylation of
the latter and subsequent debenzoylation would appear to rurnilhvf
a possible means of synthesising 1:2:3:4 (or 5;;;;;;3:£;£iaﬁothyl-
mannitol. The projected synthesis may be represented, in outline,
thus.

x=diacetone~-mannitol

l:8-dibenzoyl-diacetone~-mannitol
l:2-dibenzoyl~mannitol
l:2-dibenzoyl-3:4:5:6~tetranethyl-mannitol
1:2:3:4 (or 3:4:5:6)~tetramethyl-mennitol

x=-Diacetone~-mannitol was treated with benzoyl chloride in

pyridine and the mixture allowed to stand overnight. Benzoylation

ocourred/
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oocurred readily and li2-dibenzoyl-dia was
isolated in the normal way, The acetone residues were removed
by aecid hydroiysis in acetone solution, the progress of the
reaction being followed polarimetrically. A constant wvalue for
the rotation waes attained after six hours and orystalline
1:8-dibenzoyl-mannitol was obtained from the reaction mixture,

The l:8-dibenzoate was subjeoted to four successive
treatments with methyl iodide and silver oxide, the theoretical
yield of methylated product being obtained. A methoxyl
determination on the resulting syrup, however, gave a value of
19,39, the caloulated figure for l:2-dibenzoyl-tetramethyl-mannitol
being 27.8% ;3 f{urther treatment with the alkylating agents
produced no inorease in methoxyl content, ioreover, an
estimation of the benzoyl oontent, also carried out on the crude
product, revealed the presence of\thrée benzoyl groups in the
molecules A repeat experiment aéﬁih gﬁvo a syrup with identiocal
values for methoxyl and benzoyl content., The molecular weight
of the syrup, as determined by the oryoscopic method, was
approximately 400, the theoretical value for dibenzoyl-tetramethyl-
mannitol being 445, thus no intermolecular condensation can have
taken place, No e;;;gqg@iqq{gan,haworrered, at present, for
these analytioalrrésulta, and it will be shown later (p.20) that a
similar anomaly ocours in the methylation of the l:6-dibenzoyl
derivative of mannitol,

l:2-diagetyl-mannitol was considered a suitable alternative

to/



18,

to the l:2«dibenzoyl compound as the essential intermediate in
the synthesis, The -diagetyl derivative

mannitel was prepared in a orystalline state but a preliminary
study of the acid hydrolysis of this compound revealed that both
the acetyl and acetone residuees were removed by this proocedure.

It has been found, however, by v. Vargha (33) that, although
both the acetyl and acetone residues of 1:2-5:6- diacetone~
diacetyl-mannitol were removed by acid hydrolysis, it was possible,
by a polarimetric study, to arrest the reaction at such a point

that cleavage of the acetone residues alone had ocourred.
A further study of the hydrolysis of l:Z~diacetyl-diacetone-
mannitol would thus prove of interest.

1:6~-Dibenzoyl-mannitol condenses with aacetone, in the
presence of concentrated sulphuric acid, to give the known
1l:6~-dibenzoyl-monoacetone~-mannitol (26), Crystallisation of
the latter compound yields long prismatic needles, identical
with those obtained from the treatment of 3:4-monoacetone-mannitol
with a limited amount of benzoyl chloride in pyridine, The
intermediate is thus l:6-dibenzoyl-3:4-monoacetone-mannitol and
methylation will result in the formetion of the corresponding
2:6-dimethyl ether, The synthesis of 2:5-dimethyl-mannitol,

therefore, may be summarised as follows,



19,
1:6~dibenzoyl-mannitol 3:4-monoacetone~nannitol

1:6~dibenzoyl~3:4-monoacetone-mannitol
1l:6-dibenzoyl-3:4-monoacetone-2:5-dimethyl-mannitol
2:5-dimethyl-mannitol

lethylation of l:0-didenzoyl-3:4-monoacetone-mannitol
was achieved by the method of Purdie and Irvine, the theoretical
yield of alkylated product being obtained after three treatments
with methyl iodide and silver oxide,

As the result of trial experiments it was found advantageous
to remove the benzoyl groups from l:6-dibenzoyl-3:4-monoagetone-
23 9-dimethyl-mannitol before hydrolysis of the acetone residue,
Debenzoylation was effeoted by treatment of the methylated syrup,

in methyl alooholic solution, with a small amount of sodium
methoxide, 334-monocacetone-2:5-dimethyl-mannitol being isolated
in 945 yield,

Deacetonation was readily accomplished by refluxing an
aqueous acetone solution of the 3:4-monoacetone-2:5-dimethyl
derivative with dilute hydrochloric acid, The oourse of the
reaction was followed with the aid of the polarimeter, a constant
value for the rotation being attained after three hours,
2:15-Dimethyl-mannitol was isolated from the reaction mixture as a
colourless syrup whioh, on distillation and solution in benzene,

deposited orystals, melting at 58.5 - 60°,

Ine/



It was anticipated that methylation of l:6-dibenzoyle-
mannitol and subsequent debenzoylation would provide a method
for the synthesis of 2:3:4:5«tetramethyl-mannitols The
alkylation, however, did not proceed in the usual manner, and
the partially wethylated product, when analysed, had a methoxyl
content of 25.2%, as compared to the theoretical value of
87.8%, Further, an estimation of the number of benzoyl groups
i revealed the presence of three such groups in the moleoule,
This anomaly is similar to'thét observed in the methylation of
l:B-diben:oyl-mnnnitol.‘

The crude product is evidently a mixture and a separation
was atteupted by fractional distillation of the syrup under
reduced pressure. The lower boiling fraction was obtained as
a clear, water-white liquid and the higher fraction as a brown
viscous gums A preliminary examination of these distillates
indicated that no significant separation had been achieved and

the problem remains unsolved.



21.
DISCUSSION OF RuSULTS

The preparation of two new dimethyl ethers of mannitol
has been disoussed fully in the preceding chapters and a study
has also been made of other derivatives of the hexahydrie
aloohol with a view to the synthesis of further methylated
mannitols., In the present chapter it is intended to review the
optical effeot of successive methylation in the mannitol molecule.

The original investigation of this problem was ocarried out
in 1915 by Irvine and Patterson (13). The results of this
researoh, however, were based on the information available at
that time and, in the subsequent years, much work has been done
on the chemistry of mannitol derivatives. In partioular,
different struotures have been assigned to several of the
compounds which were utilised by the original workers, and their
generalisations concerning the optical effect of sucocessive
substitution in the mannitol molecule, which are reported below,
are in some cases incorrect.

Irvine and Patterson based their eonclusions on the values
of the optical rotatory powers of four methyl ethers of mannitol,
The first of these compounds was the dimethyl-mannitol (A)
obtained from X-diacetone-mannitol by methylation and subsequent
deacetonation, A tetramethyl-mannitol (B) was prepared from
monoacetone-mannitol, and a further tetramethyl derivative (C) by
the reduoction of tetramethyl-mannose, The remaining compound was

a/



a pentamethyl ether of mannitol (D), obtained from (A) by
exhaustive treatment with methyl lodide and silver oxide.

The structures of these compounds, as formulated by Irvine and
Patterson, and the values recorded for the specific rotations

are given below,

A B c D
e ?ngoons ?HgOOBs iﬁigOCHg imgoon;
2. clm.ocﬂ,, c.m.ocu, clxi.oon, c,n.om,
3. .OH CH.0 .OH CH.0

o e Sl
4. OH cln.oons clm.oons icaoon.
5. ?MH clx.on clza.ocxs CH . OCHg
6., CHyOH CHg OH CHg OH &u.on

[o], -8.8° -12,5° +39,8° +9,8°

The deductions made by Irvine and Patterson concerning
the optical effeot of methylation in the mannitol molecule
were summarised as follows.,

"Comparing B with D : HMethylation in position 5 results
in marked exaltation of the dextrorotation.

Comparing € with D : Substitution in position 3 has a
strong laevorotatory effect.

Comparing A with C, and A with B : Confirms the dextro
effect of methylating position 5 and indicates that
methylation in position 4 also inoreases the dextrorotation,

Comparing/



Comparing A with mannitol : Alkylation in positions
1 and 2 has a laevorotatory effeot. Previous experience
has shown that methylation in & ternminal hydroxyl group has
little effeot on the rotation of an alkylated sugar and thus
the methyl group in position 2 is chiefly responsible for the
laevorotation of dimethyl-mannitol."

Irvine and Patterson also state that the optical effeot
of methylation in the sugar group, is to increase the rotation
of the asymmetrio system into which the alkyl group is direotly
introduced, They thus claim that it is possible to asoribe a
direction to the optical effeot of each of the asymmetrioe
systems present in the mannitol molecule, viz, that the asymmetriec
systems 4 and 5§ are dextro, and the systems 2 and 3 are laevo,
They also state that these conclusions are in agreement with the
configuration assigned to mannitol as the groups in question are
situated on opposite sides of the carbon chein,

Nine methyl ethers of mannitol are now known, and althouzh
the problem cannot be solved in its entirety until the complete
series of methylated mannitols has been prepared, the results
of the present research justify a review of the work carried sut
by Irvine and Patterson,

Details of the optical rotatory power exhibited by the kiown
methyl ethers of mannitol are given in table 1., and it will de
apparent that the measurements of specific rotation have been
carried out under s variety of conditions which would normally

preclude/
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preclude any acourate comparative study. A survey of the
literature, however, has revealed that the optical rotation of
mannitol derivatives is not greatly affeocted by a change of
solvent, provided that the latter is of an essentially neutral
charsoter, or by small variations in the ccncentration of the
solution. As the following discussion is intended to be
qualitetive rather than quantitaetive in nature, the values
quoted in table 1. for the molecular yrotations of the methylated
mannitols have been used throughout. Nevertheless,
determinations of optical rotatory power in the course of the
present research were ocarried out under carefully regulated
conditions (table 2.) which, if extended to the complete series
of methylated mannitols, would provide data for an acourate
quantitative study,

Table 2.

Solvent : Absolute ethyl alcohol, magnesium dried.
Temperature :  17° €.
favelength of light ¢ Sodium doublet ( D line, 5890,5896 2)
Longentration : ¢ 1.27-1.65 g. per 100 ce.

Polarimeter tube : ‘Two decimetre.

RAT 1L L.

In an endeavour to clarify the discussion and to further
emphasise the qualitative aspect of the results, it is not
intended to compare the numerical values of the molecular

rotations/
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rotations given in table 1., but to express these rotations as
multiples of the symbol A, where A represents approximately 150.
The symbols are entered in table 1. along with the corresponding
molecular rotations, the error introduced by this approximation
being of the order of 4% in all cases save one, where it is
somewhat greater.

By comparing the rotation of 1:3:4:5-tetramethyl-mannitol
with that of 1:2:3:4:5~-pentamethyl-mannitol we find that
methylation in position 2 has a laevorotatory effect to the
extent of -2A, Similarly, a study of the rotations of
1:2:8:4:5-pentamethyl-mannitol and the 1:2:3:4:5:6~hexamethyl
derivative reveals that alkylation in position 6 inoreases the
dextrorotation of the molecule by +A., [TFinally, by a comparison
of the rotation of 3-monomethyl-mannitol with that of mannitol
itself, we find that methylation in position 3 results in
dextro~rotation to the extent of + 24, These results are
summarised in table 3.

Table 3.

1, Methylation in the 1 or 6 positions results in

dextrorotation to the extent of +A,
2. Methylation in the 2 or 5§ positions results in

laevorotation to the extent of -2A,
3. Nethylation in the 3 or 4 positions results in

dextrorotation to the extent of +2A,
An/
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An application of these results to the remaining methyl
ethers of mannitol in table 1. can now be made, Thus, we would
expect that methylation in the 1 and 2 positions would be
accompanied by laevorotation to the extent of -A, and this
deduction is confirmed by the experimental value for the molecular
rotation of l:2-dimethyl-mannitol. In a similar fashion, it is
possible to prediot that the optical effect produced by
methylating the 1 and 6 positions will be dextrorotatory in
charaoter, and of the order of +2A, This is borne out by the
value of the molecular rotation of l:6-dimethyl-mannitol.
Caloculations of the optical effeot of methylating positions 2 and
5, and positions, 1, 8, 5 and 6, ocan be made, and the results
confirmed by the experimental values for the molecular rotations
of 2:5-dimethyl-mannitol and 1l:2:5:6~-tetramethyl-mannitol
respectively.

It thus appears possible to attribute a qualitative value
to the optical effect of methylating seleoted hydroxyl groups in
the mannitol molecule and to prediect the order of magnitude of
the change in rotation. Interesting confirmation of this theory
has come from subsequent work carried out by ir. J.A. Fewster,
B.Se. " The latter isolated a substance, claimed to be
S-monomethyl-mannitol, which had a molecular rotation of -31.8°.
this rotation agreeing closely with the predicted value of -2A,

The/

¥ 7T am indebted to lir. Fewster for permission to use this
result.



The optical results which have been obtained are based,
in part, on an extension of the theory of optical superposition.
The validity of the latter has been the subject of much
controversy, but it would appear from the work of C.S. Hudson
(12) that an extended version of the theory can be applied to
certain members of the sugar group, provided that the results
8o obtained are not in conflict with those arrived at by other
physical or chemical methods, The deductions which have been
made concerning the optical properties of the methyl ethers of
mannitol are in agreement with the known experimental data and
a limited application of the theory of optical superposition
would thus seem justified.,

In oonolusion, it must be emphasised that the present research
formed the initial stages only, of what was intended to be a
complete study of the optical properties of the methyl ethers of
mannitol, ‘The results which have been obtained, therefore, are
not conclusive in themselves and form the basis for a future
investigation,




SULLEARY

The preparation of various acetone derivatives of
mannitol has been carried out and the structures, whioch
were assigned to these compounds by previous workers, have
been examined in some detail,

1:2;5:6-Tetrabenzoyl-mannitol has been prepared from the
3:14-monocacetone derivative of mannitol, and methylation of
the tetrabenzoate has given 1:2:5:6-tetrabenzoyl-3:4-dimethyl-
mannitol. Subsequent debenzoylation yielded the new
3:14-dimethyl-mannitol, whioh was obtained in the orystalline
state. A specimen of the known l:2-dimethyl ether of mannitol
has been prepared from x-diacetone-mannitol, and the properties
of this compound agreeé with those given in the literature.
The action of benzoyl chloride on x-diacetone-mannitol has been

investigated and l:2-dibenzoyl-diacetone-mannitol, has been
obtained as a erystalline compound, which on hydroysis yielded

erystalline l:2-dibenzoyl-mennitol. The methylation of this
dibenzoate has been studied in an attempt to prepare 1l:2:3:4
(or 3:4:5:6)-tetramethyl-mannitol. The preparation of
l:2-diacetyl-diagetone-mannitol, in the corystalline state, is
also desoribed.

Previous work on the constitutions of l:6~dibenzoyle
mannitol and l:2:6~-tribenzoyl-mannitol is described, and the
preparation/



preparation of these two compounds has been garried out.
1:6-Dibenzoyl-mannitol has been condensed with acetone to
give the known l:6-dibenzoyl-3:4-nonoacetone~-mannitol, and
the latter has also been obtained by the action of a limited
anount of benzoyl chloride on 3:4-monocacetone-mannitol.

Methylation of the dibenzoylemonoacetone derivative has given

subsequent debenzoylation has afforded crystalline JS:4-

mo - -mann + Removal of the acetone
residue from the latter was achieved by acid hydrolysis and
2:5-dinethyl-manuitol was obtained in the orystalline state.
The methylation of l:6-dibenzoyl-mannitol has also been
studied and some interesting results have been obtained.

The investigation, which was carried out by Irvine and
Patterson in 1914, on the optical effect of successive
substitution in the mannitol molecule is described. The
optical rotatory powers of the new methyl ethers of mannitol
have been determined, and the values of the optical rotations
of the other known methylated mannitols are recorded. A
study of these optical rotatory powers has shown that certain
deductions of a gqualitative nature concerning the optical
effect of successive methylation in the mannitol molecule oan
be made, and the results, whioch are summarised in table 3 on
page 26, constitute a review of the work originally carried
out by Irvine and Patterson.

Compounds/
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Compounds which have been prepared for the first time
in the course of the present research are underlined in the
above summary and also in the Experimental Section,



Gene

1. All melting points are uncorrecoted unless
stated otherwise.

2. Determinations of methoxyl and benzoyl content
were carried out by the author; all other
analyses are by Drs. Weiler and Strauss, Oxford.

3. Light petroleum employed for recrystallisations
boils over the range, 60° - 80°,



EXPER TMINTAL SECTION

Ereparation of Triagetone-mannitol.
Triacetone-mannitol was prepared as desoribed by Fischer

(17), from 120 g. of dry powdered mannitol., The product melted
at 68° and had a specifio rotation of []+12.5° (EtOH; 0s9.58).
Fischer gives the melting point as 68-70° and the specific
rotation as [x].+12,5° (EtOH; ge9.05).

The acetonation was carried out three times in allj; the
duration of the period of initial shaking being respectively
(A) one hour, (B) two hours, and (C) four hours. The yields
were compared and were found to have inoreased from 26% in (A)
to 95¢ in (B). This was probably due to the fact that, after
shaking for one hour, a large proportion of the mannitol
remained undissolved in the acetone, and was filtered off,
Only a negligible quantity remained undissolved when the shaking

was oontinued for four hours.

Pquia; Hydrolysis of Triacetone-mannitol.
A solution of triacetone-mannitol (45g.) in 480 o.0.

of acetone, ocontaining water (90 ¢.0.) and 0.1 N hydro-
chloric acid (30 o.0.), was heated on the water bath, under
reflux, for thirty minutes. The reaction was immediately
arrested by the addition of an exoess of aqueous ammonia

(9 0.0, of 2 M) and the hydrolysis products were isolated as
directed/



directed by Irvine and Patterson (13). The hydrolysis was
repeated several times, the average yields being:=

Unchanged triacetone-mannitol 16.3 g. m.p. = 87-‘80

Diacetone-mannitol 9.9 8. np = 1.4638
[«];3 15,70° (EtOH; ge2.63)
lionoacetone-mannitol 6.0 g« Mm,p.u85°
[=].+23,0° (EtOH; gu2.63)
lannitol 1.2 g.

Irvine and Patterson state that x -diacetone-mannitol

has a speeific rotation of [«]*15.75°(Et0H; ge2.60) and

that monoacetone-mannitol melts at 85° and has a specifiec
e}
rotation of [«]; 83.8°(ROH; 8=2,6).

1:2:5:6~Tetrabenzoyl-monoacetone-mannitol was prepared
by the action of benzoyl chloride on monoacetone-mannitol in
dry quinoline. The experimental details were those given by
Fischer (22), the tetrabenzoate being obtained in 76% yield.
The product, after reorystallisation from ethanol, melted at
122-123° and had a specific rotation of [s]+27.16° (Acetone;
esl.03), TFischer gives m.p.=l22-123°(corr.) and [«];:0.60°

(acetylene tetrachloride).

Deacetonation :12:5:6=-Tetrabenzoyl-monoacetone .
The hydrolysis was effected in ethyl acetate solution
with/



with fuming hydrochlorie acid, as desecribed by Fischer (22),

a slight modification being introduced in the extraction of

the product. It was found that the tetrabenzoyl-mannitol
orystallised with benzene of erystallisation and this was

removed by heating on the water bath in vaguo. Reorystallisation
from ethanol yielded colourless needles, melting at 121-122° and
with a specific rotation of B{ﬁ18.79°(Aootono; 8=1,59). The
product obtained by Fischer melted at 122-123°(corr.) and had a
specifio rotation ot[?d?*7.83° (acetylene tetrachloride).

i t : - abenzoyl-m .

Tetrabenzoyl-mannitol (282.) was dissolved in the minimum
quantity of hot dry acetone, with the careful addition of
methyl iodide (36 0.0.) and dry silver oxide (36g.). (See
Irvine and Purdie (38) for the preparation of silver oxide).
The mixture was refluxed gently for six hours and the product
extracted with a large excess of ether, The silver oxide
was filtered off through a silica bed, washed well with ether,
and the combined extraots were taken to dryness under reduced
pressure.

The methylation was repcated using the same quantities of
the alkylating agents and the theoretiocal yield (24.1g.) of
tetrabenzoyl-dimethyl-mannitol was obtained. The use of
acetone, as an extraneous solvent, was not necessary in the

second alkylation as the partially methylated product was
soluble/



soluble in methyl iodide.
Lethoxyl estimation. Found : 10.0%
°s4nha°e(°°“h)z requires : 9.9%

Benzoyl group estimation. Found : 4.05 groups/molecule
Tetrabenzoyl-dimethyl-mannitol requires : 4.00 groups/mol.

1. Tetrabenzoyl-dimethyl-mannitol (7.5g.) was suspended in
dry methanol (100 0.0.), 0.15z. of sodium added, and the
mixture shaken overnight in a small, glass-stoppered bottle.

The clear soluticn thus obtained was evaporated to dryness under
reduced pressure and the residue extracted with ether to remove
methyl benzoate. The crude product (2.,1g8..84%) was distilled
at 160° and a pressure of 8,0 x 10°° mm. of Hg. to give a clear
syrup which could not be induced to crystallise. A portion of
the syrup was redistilled and sent for analysis.

Found : C. 49.0% H. 8,166 OCHy. 18.7% .
csnlao° requires : C, “07% H. 8.57% o%o 290”

The product is obviously not a pure dimethyl-mannitol
and the low methoxyl content suggests that debenzoylation is
probably not complete. A more drastic method for the removal

of the benzoyl groups was thus employed,

2./
X Carried out by Drs. Weiler and Strauss, Oxford.



2, Tetrabenzoyl-dimethyl-mannitol (0.94lg.) was dissolved

in dry methanol (25 e.c.) by refluxing at 100° for several
minutes., To this solution was added 0.099g., of sodium in

$ 0.0, of dry methanol and the mixture was refluxed for a
further five minutes, Water (10 0.0.), and the caloulated
quantity (0.216 o.0.) of glaclal acetic acid required to
neutralise the sodium, were then added. The methanol was
removad by evapoiation under reduced pressure and the residual
aqueous solution extracted three times with chloroform to
remove unchanged material, The aqueous solution was filtered
and taken to dryness in vacuo. The residue was extracted
with hot, dry acetone by refluxing for ten minutes, and the
insoluble material, consisting of sodium acetate, filtered off,
The acetone solution was taken to dryness under reduced
pressure and yielded a colourless gum (0.245g.). The latter
was distilled at 150° and 2.0 x 10™° mm. of Hg. to give a
oclear viscous syrup, which crystallised on standing.
Reorystallisation from ethanol gave 0.24g. (76%) of slender

needles, melting at 1483-144°, . a
Y
uhdse) |
- ‘f/ kA B
Methylation of ox-Diacetons-mananlitol. :

The methylation was ocarried out as directed by Irvine
and Patterson (13), l:2-dimethyl-diacetone-mannitol being
obtained as a colourless liquid boiling at 140-141°/13 mm.
The product, obtained in 75% yield, had a specifio rotation
of/



37,

20
of [«]}°a1.e° (EtOH); the original workers quote: [o] .21,9°
(Et0H) .

gacetonation H l-diacetone~-man .

The hydrolysis of dimethyl-diacetone-mannitol was also
carried out as directed by Irvine and Patterson (13).
Reorystallisation of the product from benzene gave 57% of
1l:2-dimethyl-mannitol, melting sharply at 93° and with a
specific rotation of [x])-7.47° (EtOH; ge1.47), Irvine
and Patterson give m.p.«93° and [«]:18.850(131;011).

Benzoylation of «-Diagetone-mannitol.

Diacetone-mannitol (l14.4g.) was dissolved in dry pyridine
(40 c.0.), 40 0.0. Of benzoyl chloride added, and the mixture
allowed to stand overnight in a tightly corked flask, The
product was extracted by shuking thoroughly with benzene, and
the benzene solution washed in turn with water, dilute
hydrochloric acid, sodium hydroxide solution, and finally with

distilled water., After drying over anhydrous sodium sulphate,

the solution was evaporated to dryness under reduced pressure
to give a olear syrup which orystallised partially on the
addition of light petroleum. The crystalline product was
filtered off, washed with light petroleum, and recrystallised
several times from methancl, to give l4.lg. (55%) of

1:2-dibenzoyl-diacetone=mannitol. The product melted at 90-92°
and/



and had a spec¢ific rotation of [cx]:lzo.7° (03013; 2=2.7),

Found : C, 66.3% H, 6.4%
czanaooemqm‘sg C. “o“;} H, 6.4%

Dibenzoyl-diacetone-mannitol (20g.) was dissolved in
acetone (140 ¢.0.) and 20 ¢.c. of 2 N sulphuric aocid in 40 o.0.
of watsr were added, The mixture was refluxed at 100° and
the progress of the reaotion followed polarimetrically, a
constant value for the rotation being attained after six hours.
The solution was neutralised by the addition of excess bharium
carbonate, Tiltered, and evaporated to dryness under reduced
pressure. The resuliing crystalline mass was extracted with
4ethanol, filtered, and the alocohol extract taken tc dryness,
Recrystallisation from ethanol gave 14.0g (85%) of l:2-dibenzoyl-
mannitol, melting at 151-152” and exhibiting a specifiec
rotation of [x]-22,8° (Acetone; gm0.85),

Fouad ¢ C. 61.7% H. 5.5%
CaonngB requires : C. 61-5% H, 8.6%

-Dib - tol.
Dibenzoyl-mannitol (12g.) was methylated by the usual
procedure using methyl iodide (57 c.0.) and dry silver oxide
(57g.), the dibenzoyl-mannitol being dissolved initially in
the minimum quantity of hot dry acetone., The alkylation was
allowed/



allowed to proceed for four hours and the product extraoted in
the normal manner.

After six such methylations, the methoxyl content of the
molecule had reached a value of 19,.3%, as compared to the
theoretical 27.8% for dibenzoyl-tetramethyl-mannitol. An
estimation of the benzoyl content was carried out and revealed
the presence of approximately three benzoyl groups per moleocule,
(For details of these analytical methode see Mann and Saunders'
"Practical Organic Chemistry,"” 2nd., edition, p.342).

The methylation was repeated using a fresh sample of
dibenzoyl-mannitol, and determinations of methoxyl and benzoyl
content were ocarried out after four treatments with the
alkylating agerts, The analysis figures again revealed a
methoxyl content of 19.3% and a benzoyl content of three groups
per moleocule,

The molecular weight of the crude syrups resulting from
these methylations was determined by the Cryoscopic method,
and was found to be approximately 400, The moleoular weight
of a dibenzoyl-tetramethyl-mannitol should be 445, and thus
it would not appear that any intermolecular condensation had
taken place.

Yreparation of l:2-D tyl--diacetone~-mannitol.
x=~Diagetone~mannitol (55g.) was dissolved in dry
pyridine (60 0.0.),60 o,0. of acetio anhydride added, and

the/



the mixture allowed to stand overnight in a tightly corked
flask. The contents of the flasgk were transferred to a dry
separating funnel and shaken thoroughly with benzene (400 0.0.).
The benzene solution was washed twice with water, with dilute
hydrochloric acid to remove the pyridine, with dilute sodium
hydroxide solution to remove traces of acid, and finally with
distilled water, After drying over anhydrous sodium sulphate,
the benzene solution was filtered, and the solvent removed by
distillation under reduced pressure., The product orystallised
in the flask and reorystallisation from ethanol yielded 45g.
(62%) of needles, melting sharply at 58° and having a speeific
rotation of [«]:fao.ga° (CHClg; gw4.39).

Found : C. 55.4% H. 7.6%
Cy16Hpg0s requires : C. 55.4% H. 7.5¢

50g. of mannitol, suspended in dry pyridine (152 e.c.),
were treated with benzoyl chloride, as directed by Brigl
and Griner (25), and 1l:6-dibenzoyl-mannitol was isolated
from the reaction mixture in 424 yield, The dibenzoate
melted at 179-180° and had a specific rotation of [&]:
+16,35°(Py.; 0e3.15). Brigl and Griner quote the melting
point as 181-182°(corr.) and the specific rotation as falio
+16.2°(Py.; gu3.21).

The alooholic mother liguors from the reerystallisation
of/



of the dibenzoate were treated as desoribed by Hoockett and
Fletoher (29), and 1l:2:6~tribenzoyl-mannitol was obtained, in
144 yield, as uniform needles melting at 163-164°, and with a
specific rotation of [a]:L42.3°(Pyx; 8=1.49). Hockett and
Fletoher give m.p. »166-167°(corr.) and [x] -43.7°(Py.; 2s1.00).

Acetonation of ;;g-ggbgnzox;-mann;to;.
The acetonation of l:6-dibenzoyl-mannitol was carried

out according to the instruoctions of Ohle and his coworkers (26),
the l:6~-dibenzoyl-3:4-monoacetone derivative being obtained in
57/ yield as long prismatic needles, melting at 95,5-96.5° and
with a specific rotation of Bx1;40.5° (Acetone; gw0,59).

Ohle gives the melting point as 96.5° and the specific rotation
as [oc]:iu..sﬂ(Aoetono } 0=0.44),

stone-nannitol.

lMonoacetone-mannitol (10g.) was dissolved in a mixture

of pyridine (63c.0.) and benzoyl chloride (6.3 c.0.), and the

. golution was kept at 37° for twenty four hours. The solution
was then poured, with vigorous stirring, into 500 c.0. of 5%
sulphuric acid, when the product was thrown out as an oil, The
latter was taken up in ether and the ethereal solution shaken in
turn with dilute sulphuric acid, sodium hydroxide seolution, and
distilled water. After drying over anhydrous sodium sulphate
and filtering, the ethereal solution was evaporated to dryness

under/



under reduced pressure, The syrupy residue was dissolved in
the ninimum amount of hot benzene and precipitated by the
careful addition of light petroleum. The product (1.5g..8%)
was reorystallised from a mixture of benzene and light
petroleun and finally obtained as prismatic needles melting
at 94-95°,

A mixed melting point with l:6-dibenzoyl-3:4-monocacetone=-
mannitol obtained from the l:6-dibenzoate showed no depression
and the substances are thus identical.

1:6Dibenzoyl-3: 4-nonoacetone-mannitol (3.03.) was treated,
in the usual manner, with methyl iodide (15 c.c.) and dry silver
oxlde (15g.), the mixture being refluxed gently for six hours and
the product finally extracted with ether, After three such
methylations, the theoretical yield of product was obtained, as
a olear syrup which could not be induced to orystallise. A
sample was distilled at 125° and 4.0 x 10™° pm. of Hg, and sent

for analysis.

Found : C. 64.73% H. 6.17%
Cosligglg requires : C. 65.50% H, 6.55%

Dibenzoyl-monoacetone~dimethyl-mannitol (1.205g.) was
dissolved in dry methanol (25 o¢.0.), 0.066 g. of sodium in

dry/



43,

dry methanol (5 c.c.) added, and the mixture refluxed at 100°
for ten minutes, Water (10 c.0.) and the caloulated quantity
of glacial acetic acid (0,165 o.0.) were added and the solution
evaporated to dryness under reduced pressure to remove the
aloohol and methyl benzoate. The residue was extracted with
dry, aocid-free acetone by refluxing for ten minutes, the
insoluble sodium acetate filtered off, and the acetone solution
taken to dryness under diminished pressure leaving a clear gum
which crystallised on standing overnight, The produoct
(0.62g.94%) was reorystallised several times from a mixture of
benzene and light petroleum end 3:4-monocacetone~2:5-dimethyl-
mannitol was obtained as rhombic plates melting et 62-63° and
with a specific rotation of []:35.75° (EtOH; gu2.57).

Found : C. 53.06% H. 8,71%
C1Hpp04 requires : C. 52.80% H., 8.80%

Monoaootono-dimithyl-mannitol (0.44g.) was dissolved in
a mixture of acetone (20 o.,0.) and water (4 c.0.), and 4 ¢.0.
of 2 N hydrochlorie acid added. The mixture was refluxed
gently et 100° on the water bath and the course of the reaction
followed polarimetriocally, a constant value for the rotation
being attained after three hours., The hydrochloric acid was
neutralised by the careful addition of barium carbonate, the
solution/



solution filtered, and evaporated to dryness under reduced
pressure. The syrupy residue was dissolved in absolute ethanol,
a small white precipitate of barium chloride filtered off, eand
the solution taken to dryness. The resulting clear syrup wes
distilled twice at 130° and 5.0 x ].0"’4 mm, of Hg, the distillate
orystallising on the addition of benzene. Reorystallisation
from ethyl acetate gave 2:S-dimethyl-mannitol monohydrate,
(0.33g.879%) , melting at 58.5-60° and with a specific rotation
of [x]280,1° (E4OH ; gs0.48)

Found : C., 42.9% H,. 8.66%
08H180°.330 requires : C, 42,29 H, 8.86%

Dibenzoyl-mannitol (8.0g.) was dissolved in hot, dry
methanol (100 e.0.) with the addition of methyl iodide (38 o0.0.)
and dry silver oxide (38g.). The mixture was refluxed gently
for six hours and the produect extracted as usual with ether.
Evaporation to dryness gave an orange syrup which was soluble
in methyl iodide, and this was subjected to the normal
methylation technique without the use of methyl aloohol as a
solvent, After four such treatments with the alkylating agents
the methoxyl content of the syrup was determined and found to be
25.2% as compared to the theoretical 27.8% calculated for
dibenzoyl-tetramethyl-mannitol, Further methylation did not

inorease/
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increase the methoxyl content and an estimation of the benzoyl
content revealed the presence of three benzoyl groups per
molecule,

A sample of the crude syrup was distilled at a pressure of
2,0 x 10" mm. of Hg. and two fraotions were taken., The first,
a oclear limpid liquid, boiled between 95° and 115°, ‘The
second was a brown viscous gum distilling at over 115°, The
benzoyl content of these syrups was investigated but no
satisfactory results could be obtained,
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ANTRODUCTION

Emetine is the principal member of the group of alkaloids
obtained from the roots of Cephaelis Ipecacuanha and related
plant species.

The first orude preparation of the alkaloid was obtained
by Pelletier and liagendic (1) in 1817, and since that date,
the chemistry of emetine has been the subjeot of numerous
researches, Despite these many investigations, it is only
recently that conclusive proof of the struscture of emetine has
been forthooming, as the result of systematio degradative work,

Oxidation techniques have played a large part in the study
of the problem and the isolation of a brilliant red substance,
by the gentle oxidation of the parent alkaloid, has proved to
be of considerable interest. Any struecture proposed for
emetine must be able to account for the formation of this highly
coloured dehydro derivative, which has been termed rubremetine,
and an examination of the constitution of the latter compound is
thus advisable. '

The present research is part of a general investigation
which is being carried out in St. Andrews on the emetine problem,
and it deals in particular with the structure of rubremetine and
related topics.,
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The early investigations on the chemistry of emetine did
not give a great deal of information congcerning the detailed
structure of the alkaloid, The painstaking researches of Pyman
and his ocoworkers (2, 3, 4, 5) established the molecular formulae
of the bases derived from ipecacuanha, and demonstrated the
relationships which exist between emetine and its congeners. The
nature of the functional groupings present in the molecule was
investigated by several workers (6, 7), and the results of
oxidative degradation, combined with spectroscopic studies,
indicated the presence of two tetrahydroisoquinoline residues
(2,8).

The first direot chemical evidence for this latter hypothesis
cane from the work of Spath and Leithe (9) who isolated
gorydaldine (I) from the mild potassium permanganate oxidation of
emetine in alkaline solution., On the basis of their results,
they put forward the partial struocture (II) for emetine, and
conjectured that the tertiary nitrogen atom was part of a
piperidine ring.

% o [c,*‘u,]\ ch,

CH,
MeO NH MeO Ny OMe

MeO MeO OMe

L I



Following the publication of this work, Brindley and
Pyman (5) presented the first complete proposals for the
constitution of emetine and the related alkaloids, They
suggested that emetine should be represented by structure (III),
this formulation being derived from an earlier proposal (IV)
made by Robinson on biogenetic grounds. This strueture (III)
could explain all the known chemical properties of emetine and
it also afforded an ingenious explanation of the formation of
rubremetine, which will be discussed in the following chapter.

MeO NH N OMe

MeO K oMe

—_— Sa—

— ap—

This new formula for emetine permitted the deduction of
intelligible formulae for the subsidiary alkaloids of ipecacuanha,
of which some mention might be made,

- Cephaeline, CpglizggOyNp, was known to contain one phenolie
hydroxyl group and to yileld emetine on methylation., lioreover,
on oxidation with ferric ohloride it gave a base, czonévosuclz.
and not the anticipated, rubremetine-like, substance. As the
result of a study of this oxidation produet, Brindley and Pyman
concluded that the phenolic group must be in ring A, and auggest;d
that it ocoupies position 6, Thus, on the basis of their formula
for/
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for emetine, they assigned structure (V) to cephaeline., This
proposal was given strong support by the researches of Sp;th and
Leithe (9 ) B

CHs
MeO NH N OMe
HO OMe
¥
The constitutions assigned to psychotrine, CpglizgO4ls, and

O-methylpsychotrine, 039H3804N3, may now be considered in some
detail, as the nature of the latter compound will be shown to

have a bearing on the structure of rubremetine,

It was known that psychotrine, on reduction by chemical
nethods, yielded a mixture of bases from which eephaeline and a .
stereoisomer, isocephaeline, could be isolated. Similar
reduction of O=methylpsychotrine gave a mixture of emetine and
iscemetine. Recently it has been shown by Karrer (10), that the
catalytic hydrogenation of O-methylpsychotrine yields either
emetine or iscemetine according to the conditions employed., It
is thus apparent that both psychotrine and O-methylpsychotrine
contain one olefinic linkage and reduction oreates at least one
new asymmetric centre.

Brindley and Pyman suggested that the double bond lay between
Cy and Cg and based this proposal on the following observations.

They /



They showed that O-methylpsychotrine gave a good yield of
psychotrine on partial hydrolysis with one mole of acid. As
psychotrine, like cephaeline, appears to possess the phenolie
hydroxyl group at position 6 in ring A, they argue that the
demethylation of this partioular hydroxyl is due to the
activating effect of the substituted vinyl group in the para
position.

It was also known that the chemical reduction of
O-methylpsychotrine afforded a third product, in addition
to emetine and isgemetine., This substance, Cpgli o 0.N,, which
contained only three methoxyl groups, was assumed to have arisen
from O-methylpsychotrine by replacement of one methoxyl group by
a hydrogen atom, and saturation of the olefinie linkage, There
is evidence (11) that such replacements of alkoxy groups by
hydrogen are facilitated by a substituted vinyl group in the para
position, and support is thus given to the structures proposed
for psychotrine (VI) and O-methylpsychotrine (VII).

CHy
e
MeO NE NN OMe Me 0 O‘N. CO.CpHs |
RO OMe MeO L!H
o o
VI, R:H i
—_— I
i R = Me

Further support for the above structures came from the
work/



work of Carr and Pyman (2) who claimed to have shown that
O-methylpsychotrine is a secondary-tertiary base by the isolation
of its Nemonobenzoyl derivative., Confirmation of this proposal
came from later work carried out by Karrer (10), who oxidised
N«benzoyl-O-methylpsychotrine and obtained N-benzoylcorydaldine
(VIII).

It is known, however, that tautomerism exists in the

aysten

TP o o
¥
C C
s i
! 3

and thus, if the double bond in O-methylpsychotrine should
normally lie between ¢, and Ny, the formation of the N-monobenzoyl
derivative would still be possible by migration of the double bond
out of the ring. Examples of this type of migration are known in
the chemistry of the alkaloids (12), and it seems possible that the
double bond in O-methylpsychotrine might ocoupy the Cy to Ny
position. [Further evidence relating to this point will be
presented later.

Finally, the structure proposed for emetamine, Cogling 04No,
may be studied. This substance is a ditertiary base which, on
reduction, yields a small quantity of isoemetine. Emetamine is
more feebly basic than O-methylpsychotrine, and Brindley and
Pyman formulate the base ag containing one unreduced
6:7-dimethoxyisoquinoline residue (IX). This proposal has

received/



received support from work carried out recently by Ahl and
Reichstein (13), who isolated emetamine from the complex mixture
of substances produced by the catalytic dehydrogenation of

emetine.

CH3 CH\/[CS H"]/\CH
Meo . N OMe MeQ NH \N OMe
MeoO oMe MeO oMe.

X X

——

These detalled struotures, advanced by Brindley and Pyman,
for the ipecacuanha alkaloids, were based on admittedly
speculative considerations, and while they provided a satisfaotory
basis for further research, the known facts, at that time, were
more accurately represented by the partial structure (X) for the
parent alkaloid.

The only work of interest to be published during the
subsequent twenty years was a study of the partial Hofmann
degradation of N-acetylemetine, carried out by Ahl and Reichstein
(13) These workers succeeded in eliminating the tertiary
nitrogen atom from the molecule, and by oxidation of the final
product, obtained 4:5-dimethoxyphthalonimide, thus proving
conclusively that the secondary nitrogen atom of emetine is part
of a 6:7-dimethoxytetrahydroisoquinoline structure. They also
investigated the catalytic dehydrogenation of emetine; further

consideration/
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consideration of this work will be given in the Theoretiocal
Seation.

During recent years, work has been carried out, in this
laboratory, on the structure of emetine, by Dr. A.R. Battersby
and Dr, H.T. Openshaw (14,15). A careful study of the Hofmann
degradation of emetine was made by these workers, and the results
indicated that the partial structure (XI) could be assigned to
emetine, It was now apparent that the struoture (III), put
forward by Brindley and Pyman, could no longer be acdepted,

PEANIAN

X1

—

A series of papers were published, at this point, by szth
and Pailer (16), who had also investigated the Hofmann
degradation of emetine. The results obtained by the Austrian
workers were in ocomplete agreement with the partial structure
(XI) and they led to three possible formulae (XII, XIII, XIV)
for emetine,

(Gver),
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Robinson (17) has pointed out that struectures (XII) is
satisfactory on biogenetic grounds; structure (XIII) and (XIV),
on the other hand, cannot be readily reoconciled with theories
of biogenesis.

In a more recent paper, Pailer and Porschinski (18)
desoribed the isolation of 4-methyl-3-ethylpyridine ( p-oollidine)
from the drastic dehydrogenation of two degradation products of
emetine, and claimed that this strongly supports struocture (XII).
The formation of 3 -eollidine, however, involves a far reaching
decomposition and the authors themselves admit that the
possibility of molecular rearrangement cannot be entirely execluded.,

By a continuation of their systematic degradative study,
Battersby and Openshaw (15) have now obtained conclusive
experimental evidence for the structure of emetine, and there is
no doubt that the alkaloid is correctly represented by formula
(XII).



The results obtained by a study of the oxidative degradation
of emetine, and the related alkaloids, may be conveniently
grouped in two seotions. Firstly, there are those methods which
involve an extensive breakdown of the molecule and the isolation
of small fragments, and secondly, those which leave the carbon
skeleton of the alkaloid intact, and are more correotly termed
dehydrogenations.

Reagents such as potassium permanganate and chromic aocid are
typical of the first category of oxidising agent, and treatment of
emetine with these substanoces has given products such as 6:7-
dimethoxyisoquinoline-l-carboxylio acid, m-hemipinie acid (2),
and 4:5-dimethoxyphthalonimide (8), These, and related
observations, established the presence of two le-substituted-6:7-
dimethoxytetrahydro-isoquinoline units in emetine, but gave no
information regarding the central part of the molecule.

Oxidation with mild acidic oxidising agents, on the other
hand, effects a dehydrogenation to give a highly coloured
derivative, Thus, when Carr and Pyman (2) treated emetine
hydrochloride with a large excess of aqueous ferrioc ohloride, and
extracted the product with chloroform, they obtained a new scarlet
hydrochloride, which was deposited as minute red needles on
orystallisation from water. This substance, which was formed in
about 35% yield, was designated rubremetine hydrochloride, from
the/




the parent base rubremetine. INo further erystalline products
could be obtained from the remainder of the oxidised material,
which was dark brown in colour, and of a resinous characster.

The melting point of the air-dried salt, which contains six
molecules of water of orystallisation, varies greatly with the
rate of heating, but 127-128°(corr.) may be taken as an average
figure for the melting and effervescing point, After drying at
100°, the salt, when placed in the bath at 150°, sinters from
166° and melts and effervesces at 173°(corr.). After drying at
100°, it suffers a further loss at 110-120°, and undergoes some
change, becoming insoluble in water but soluble in dilute
hydrochloric acid,

The salt is readily soluble in aleohol or chloroform,
sparingly so in cold, but more readily in hot water, moderately
soluble in cold acetone and more readily in the hot solvent,
and insoluble in ethyl acetate. VWith Frohde's reagent, a sherry
colour changing to magenta is produced first, but almost
immediately becomes sage-green,

The corresponding hydrobromide and hydriodide were prepared
by double decomposition with potassium bromide and iodide, and the
analyses of these salts led to the general formula, CggHgzO,NoX
(X = Halogen)., The substance is incapable of forming diacidie
galts and one nitrogen atom has therefore been rendered either
non-basic or only feebly basic. That the former was correot
was shown by Brindley (19), who found that the salt was sparingly
soluble/
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soluble in ooncentrated hydrochloric acid, and the solution
deposited the original material on eooling,.

Carr and Pyman were somewhat uncertain as to the nature of
the second nitrogen atom in rubremetine, but in view of the
strength of the base, and its facility for decomposition, they
suggested that this nitrogen atom was quaternary in character,
and in subsequent publications (5) the salt was referred to as
rubremetinium ghloride.

Confimation of the quaternary nature of this second
nitrogen atom has come from the work of Battersby and Openshaw
(20), who carried out a potentiometric titration using 0.01N
sodium hydroxide solution and obtained a curve for 'rubremetine
hydrochloride' which was almost identical with that for an
equimolar solution of potassium chloride; the curve for a
similer solution of ammonium chloride differed considerably.
loreover, the alkaline solution showed no fall in pH on standing
and this would seem to indicate that no appreociable gquantity of
pseudo-base is formed under these conditions.

The action of silver oxide on rubremetinium chloride had
also been investigated by Carr and Pyman, and a further study
was made by Battersby and Openshaw, the results confirming the
earlier observations. A deep red, halogen-free solution was
obtained on treating an aqueous solution of rubremetinium chloride
with silver oxide, and acidification of a sample of this strongly
alkaline solution gave rubremetinium chloride in 88% yield.

When/



When the solution was evaporated to dryness two products were
obtained., One, a bright red, micro-crystalline solid was
evidently the quaternary hydroxide, since it dissolved in water
to give an alkaline solution from which the chloride could be
recovered by the addition of hydrochloric acid, The second
substance was an orange-yellow gum, insoluble in water, but
soluble in ether, It dissolved in dilute hydroochloric aeid,
but no rubremetinium ochloride could be isolated from the
resulting dark red solution, This second substance was
probably a pseudo-base or an anhydro-base, as it was observed
that its solutions were very unstable ahd rapidly darkened and
resinified on standing.

Pyman (3) also investigated the oxidation of emetine by
members of the halogen group. FEmploying iodine in alooholie
solution as the oxidising agent, he isolated rubremetine
together with an interesting by-produect which proved to be
O-methylpsychotrine (VII). ©Pyman also observed that
O-nethylpsychotrine can be dehydrogenated by bromine in ehloroform
to give rubremetinium bromide, and this base must therefore be an
intermediate in the oxidation of emetine to rubremetine.

A seocond intermediate in the latter oxidation was isolated
by Battersby and Openshaw (20)., These workers treated emetine
hydrochloride with mercuric acetate in boiling, aqueous acetio
acid and isolated rubremetine in 459 yield. A second product of
this oxidation was a base, isolated as its orystalline hydrogen

oxalate/
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oxalate. Analysis indlcated the formula, Cpolgs0,N,, and since
mioro-hydrogenation confirmed the presence of two ethyleniec
linkages, the base was termed tetradehydroemetine. A
spectroscopic study suggested that the double bonds were conjugated
with one another and with a benzene nucleus, and the tentative
formula (XV), based on Brindley and Pyman's strueture for emetine,

wag therefore put forward.

CHy

MeO NH N OMe

MeO K/ OMe,

Xv

Further properties of this interesting substance, and
alternative proposals for its structure, will be examined in the
Theoretical Section., Battersby and Cpenshaw found, however, that
tetradehydroemetine was converted to rubremetine on further
treatment with mercuric acetate, and thus it represents a second
intermediate stage in the dehydrogenation of emetine,

In the formation of rubremetinium chloride from emetine
hydrochloride, eight atoms of hydrogen are eliminated from the
molecule, one nitrogen atom becomes quaternary, and the other
loses its basic character. DBrindley and Pymen (5) were the first
workers to put forward a tentative structure for rubremetine, and

they suggested that the change from emetine (III) to rubremetinium
chloride/



chloride (XVI) involved an oxidative ring closure between

carbon atom 12 and nitrogen atom 2, The loss of basicity of

one of the nitrogen atoms was attributed to the resulting amidine
formation., Aromatisation of rings B and C was also postulated

to account for the colour of the product.

OMe
OMe

T XVI

I 1

Brindley and Pyman (5) further investigated the chemistry
of rubremetine, and noted that it could not be obtained either
from the oxidation of Ne-methylemetine, or from the oxidation of
emetanine,

Treatment of the latter alkaloid with bromine in chloroform
gave a small amount of a red micro-orystalline solid, whieh
resembled rubremetinium bromide in colour and solubility, but
differed in melting point, The non-identity of these two
oxidation products has recently been confirmed by Karrer (10)
who studied the absorption spectra of the compounds.

The oxidation of N-methylemetine has been studied in the
course of the present research and the results, which confirm
those of Brindley and Pyman, will be discussed fully in the
Theoretical Seetion.

1t/
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It was pointed out by Staub (21), that the strueture
(XV1), proposed for rubremetine, contains two hydrogen atoms
fewer than are required by the analytiocal results. This is
not a serious objeotion, however, as the necessity for careful
drying of rubremetinium salts before analysis, and their high
molecular weight, make the exact hydrogen content of the moleocule
rather uncertain, In view of this uncertainty regarding the
degree of unsaturation of rubremetinium salts, Battersby and
Openshaw carried out an investigation of their catalytiec
reduction, This study did not yleld the desired information
but some interesting results were obtained; an extension of
this work forms part of the present research.

The original workers found that hydrogenation of an
alooholic solution of rubremetinium chloride, using Adam's
platinum catalyst, was very slow, and ceased when about 0.6 moles
of hydrogen had been absorbed, In the presence of three moles
of sodium aeotato; however, a rapid uptake of one mole of
hydrogen oceurred, complete in five hours, the solution becoming
almost colourless, Battersby and Openshaw suggested that the
beneficial effeot of the sodium acetate indicated that the

quaternary nitrogen atom was involved,

No/
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No reduction product could be isoclated by these workers
as the sclution was rapidly reoxidised by atmospheric oxygen in
the presence of the catalyst, with the formation of orange-red
rubremetinium ehloride.

Carr and Pyman (2) investigated the chemiocal reduction of
rubremetine, and found that rubremetinium chloride was unaffeoted
by boiling with tin and hydrochloric acid for two days; reduction
with sodium and aleohol, on the other hand, appeared to effect
some change,

The chemiocal reduction of ruybremetine was also investigated
by Karrer, Tugster and Ruttner (10), who treated rubremetinium
bromide with zine dust and acetic acid. These workers isolated
a orystalline base from the reaction mixture, and analysis
indicated the molecular formula, OpgliggUslp. Karrer and his
collaborators also reported that a solution of this tetrahydro
derivative, which was optically active, was not reduced by
hydrogen in the presence of platinum black, VWith methyl iodide,
the reduction product gave a crystalline monomethiodide.

On the basis of this work, Karrer, Bugster and Ruttmer
proposed the partisl structures (XVII) and (XVIII) for rubremetine

and its reduction produet, respectively.

/[C: Hv}

OMe MeO
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The strusture (XVII), proposed for rubremetine, does not
explain satlisfaotorily several properties of rubremetinium salts,
and there 1s no doubt that it is incorrect. ‘The nitrogen atom
in ring B of formula (XVII) must have the normal basic character,
whereas the non-quaternary nitrogen atom in rubremetine hss lost
its basiec funoction completely. There is also no apparent reason
why the structure (XVII) should be deep red in colour. Karrer
elaims that the rings £ and F form the chromophore system found
in the berberis alkaloids and dehydrocorydaline, but as these
substances are either colourless or pale yellow, the explanation
is far from satisfactory. Also, the proposed structure oannot
explain the catalytic hydrogenation of rubremetine to a dihydro
derivative which is resistant to further reduction., loreover,
if Xarrer's proposal is correct, it would be expeocted that the
product obtained by the oxidation of emetamine (IX, p.54), in
which ring B is already aromatioc, would be identical with
rubremetine, and Karrer (10) shows that this is not the ocase.
Finally, although emetine can be oxidised to rubremetine by
mercuric acetate, it has been found that this reagent is incapable
of dehydrogenating l-n-butyl-3:4-dihydroisoquinoline under
similar conditions (22).
The question of providing a satisfactory struoture for

rubremetine on the basis of the established formula (XII) for
emetine still remains, and the present researeh has been directed

towards the solution of this problem.



THEORETICAL SECTION

0 D OGENATION OF E

The dehydrogenation of emetine has been investigated by
two distinot methods in the course of the present research, and
the results whioh have been obtalned have given considerable
information congerning the nature of rubremetine, A further
study was made of the oxidation of the alkaloid with merouriec
acetate, and the work of Battersby and Openshaw (20) has been
confirmed and extended. The oatélytio dehydrogenation of
emetine has als» been investigated and some interesting results
have been obtained,

In merocuric acetate, the organic chemist possesses a mild
oxidising agent which is of considerable value, since any excess
can be readily removed from the reaction mixture by treatment
with hydrogen sulphide, This reagent has been used for the
dehydrogenation of hydroaromatic nitrogenous rings (23), and the
work of Battersby and Openshaw has shown that it provides a very
convenient method for the preparation of rubremetine.

The mercuric acetate oxidation of emetine has been repeated
using five molecular proportions of mercuric acetate. In an
endeavour to take the reaction more nearly to completion, the
heating of the mixture at 100°, after the addition of the oxidising
solution, was extended from half an hour to two hours, and

increased/
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inoreased yields of the two main oxidation products were
obtained. Tetradehydroemetine was isolated as the erystalline
hydrogen oxalate in 45% yield, and rubremectinium chloride in
19% yield. A subsequent oxidation on a larger quantity of
emetine, using six moles of mercuric acetate, gave 43% of
tetradehydroemetine hydrogen oxalate and 46% of rubremetinium
chloride, These yields are higher than any previously recorded
for this oxidation,

It has already been mentioned that Battersby and Openshaw
carried out a miecro-hydrogenation of tetradehydroemetine hydrogen
oxalate and confirmed the presence of two ethylenic linkages in
the molecule, The small quantity of material involved, hoyover.
precluded any attempt to isolate crystalline products from the
reaction mixture,

The ocatalytic reduction of tetradehydroemetine hydrogen
oxalate, in aqueous solution, has been repeated on a somewhat
larger seale., No trace of emetine could be deteoted in the
resulting mixture of substances, but iscemetine was obtained in
78% yield as the erystalline N-monobenzoyl derivative.

At least two new asymmetric centres are oreated in the
reduction of tetradehydroemetine, and the formation of four
stereoisomeric 'emetines' is thus possible. It was thought that
the slightly acidic oonditions, under which the hydrogenation of
the hydrogen oxalate had been carried out, might affect the
stereochemistry of the reduction. A sample of the free base in

alcoholic/



alooholic solution was therefere reduced under similar
conditions, Attempts to isolate emetine from the reaction
mixture again proved abortive, and the yield of N-
monobenzoylisoemetine was only 36%, The remainder of the
benzoylafed material was a dark yellow resin from which no
further orystalline products could be isolated.

The structure (XV), suggested by Battersby end Openshaw
for tetradehydroemetine, may now be modified to (XIX) on the
basis of the established formula for emetine., In view of the
disoussion on page 53 concerning the position of the double
bond in U-methylpsychotrine, which ig also an intermediate in
the oxidation of emetine to rubremetine, it would seem reasonable
to suggest structure (XX) as a further possibility for
tetradehydroemetine.

Meo : MeO
MeO NH MeO N
CH CH
N OMe N OMe
OMe OoMe
XX X X

The absorption spectrum of a specimen of tetradehydroemetine
hydrogen oxalate in agueous solution has been determined in an
endeavour to obtain further information concerning the position

of/



of the ethylenie linkages, and the curve is given in figure 1.
The maxima of this light extinction curve coineide almost
exaoctly with those obtained by Battersby and Openshaw for
tetradehydroemetine hydrogen oxalate, but there is some
disorepancy as to the intensity of the absorption. These
intensities have therefore been carefully checked using a fresh
sample of tetradehydroemetine hydrogen oxalate and the results
confirm the values given in figure 1.

Within recent years, a paper has been published by Bills
and Noller (24) on the absorption spectra of dihydroisoquinolines.
These workers studied the light extinction curves of substances
of the type (XXI, R = H or CgHg) and have shown that they exist
in this form and not as the alternative structure (XXII, R = H
or Cgllg), even though the double bond in (XXII), when R = CgHg,
would be conjugated with two benzene nuclei. There appears to
be a strong tendency for the double bond to be endogyelic as in
(XXI)., TFigure 1. gives the 'averaged' ocurve of the hydrochlorides
of (XXI, R = H or Cgliz).
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The similarity between this curve and that for
tetradehydroemetine hydrogen oxalate will at once be apparent,
and this is evidence in favour of structure (XX) for

tetradehydroemetine/
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tetradehydroemetine, as this formula contains one endocyolic
ethylenic linkage.

A further study of these two absorption spectra has shown
that the intensity of the absorption exhibited by the
tetradehydroemetine hydrogen oxalate is slightly more than twice
that shown by the hydrochlorides of struecture (XXI, R = H or
CgHs), and this would suggest that structure (XXIII), which

contains two endooyelic ethylenic linkages, is also a possibility
for tetradehydroemetine,

MeOD Me®
MeO N MeO N
NaOH

Et Et
el OMe N OMe
OMe OMe

If this latter hypothesis is correct, there will probably
be a marked change in the absorption spectrum of
tetradehydroemetine hydrogen oxalate when measured in alkaline
solution, as the result of a migration of the double bond out
of the ring, The light extinetion curve of a specimen of
tetradehydroemetine hydrogen oxalate has therefore been determined
in the presence of excess aqueous alkali, and the resulting ourve
is given in figure 1.

Comparison/
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Comparison of this latter curve with the absorption
spectrun of tetradehydroemetine hydrogen oxalate reveals that
some change has taken place, although the magnitude of the change
does not appear to be as great as is known to exist for a similar
migration of an ethylenic linkage (24). The evidence, however,
is not conelusive and the structure (XXIII) must remain as a
posgibility for tetradehydroemetine.

In an endeavour to obtain further information concerning the
structure of tetradehydroemetine, an attempt was made to acetylate
the compound, The method employed was that used by Ahl and
Reichstein (13) for the aocetylation of emetine, and involved
shaking the base with acetio anhydride and 10% potassium hydroxide
solution, ‘The product was found to contain 85% of the starting
material and a more vigorous acetylation was attempted, the
tetradehydroemetine being heated with acetic anhydride and a few
erystals of sodium acetate in an atmosphere of carbon dioxide.
The produot now contained only a negligible quantity of the
 starting material, but the N-acetyltetradehydroemetine (XXIV)
could not be induced to eorystallise, and decomposed on attempted
distillation.,

N-Acetyltetradehydroemetine appeared to be very unstable,
and on exposure to air and light underwent changes which rendered
it much darker in colour and insoluble in ether,
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Aoetylatioh of the model substance, l-n-butyl-3:4-
dihydroisoquinoline (XXV), under similar conditions, gave a 94%
yield of a pale brown gum which distilled to give a water-white
product, No sign of instability or decomposition was apparent.
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The stability of this model substance to light and air,
and to distillation, lends support to the structure (XX) for
tetradehydroemetine. Acetylation of the alternative (XXIII)
would involve a shift of one unsaturated linkage similar to that
observed with the model substance, and the product would likewise
be expected to be stable.

A second model substance (XXVIII) has also been prepared,
and it was intended to compare its absorption spectrum with that
of tetradehydroemetine. Crotonyl chloride in ether was added
dropwise/
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dropwise to a solution of two molecular proportions of
homoveratrylamine in ether, The resulting amide (XXVII) was
obtained in the orystalline state, and ring closure was achieved
by the Bischler-Napieralskl reaction to give the corresponding
dihydroisoquinoline (XXVIII).

s
& CH
I \
CH CH
Z o
CH; CHy
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This ocompound was extremely unstable, and all attempts to
prepare crystalline derivatives have so far proved fruitless.

The product decomposed on attempted distillation in a high vacuum
and a large proportion appeared to polymerise to give a dark brown
resin, The behaviour of this model substance was very similar to
that observed with the free base, tetradehydroemetine, and this
would also seem to give support to structure (XX) for the latter
compound.

No experimental details were given by Brindley and Pyman (5)
for the oxidation of N-methylemetine (XXIX), though they stated
that treatment of this base with bromine did not give rubremetine.
In view of the importance of this observation, it was deemed
advisable to repeat the oxidation of N-methylemetine, and a new
method for its preparation was also undertaken, This method was
first employed by Craig and Tarbell (25) for the methylation of a
secondary/
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secondary nitrogen atom in the conversion of tetrahydropapaverine

to laudanosine.
MeO
MeO N.CHj
CHy
Et
N OMe
OMe
XXX

Emetine, in alcoholic solution, was shaken with excess
formaldehyde and hydrogen at a pressure of two to three

atmospheres in the presence of Raney nickel catalyst. The
shaking was continued for five hours and, after filtering off
the catalyst and evaporating to dryness, the product was

obtained as a clear red gum, Separation of the unchanged
secondary-tertiary base from the ditertiary base was achieved by
preparation of the acidic suceinyl derivative of the former and
its removal by extraction with sodium hydroxide solution. This
method of separation was first employed by Karrer and his ocoworkers
(10) for the isolation of emetamine from a mixture of emetine and
emetamine, [Nemethylemetine (XXIX) was obtained in 19% yield as
the crystalline hydrobromide, This yield compares favourably
with that obtained by Carr and Pyman (2) using a more tedious
methylation procedure involving dimethyl sulphate and sodium
methoxide.

Oxidation/
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Oxidation of N-methylemetine was carried out in the usual
manner using four moles of mercuric acetate, in an endeavour to
obtain a product analogous to tetradehydroemetine, A
orystalline base was isolated from the reaction mixture, bdbut it
was not present in sufficient quantity for analysis., liost of
the product was non-basic in character, and although the solution
was red in colour, no rubremetinium bromide could be obtained on
the addition of concentrated hydrobromic acid,

The extraotion of a gquantity of ipecacuanha root was
undertaken to furnish samples of the minor alkaloids of the plant,
In partioular, a specimen of O-methylpsychotrine was required for
a study of the position ocoupied in the molecule by the
unsaturated linkage,

The extraction of the root was carried out acoeording to the
method evolved by Pyman and his collaborators (2), as being the
most suitable for application on the laboratory scale. All the
known alkaloids, except psychotrine, were obtained in the
orystalline state either as the free base or as a salt, The
emetamine, however, was present in such small amount that the
isolation of the alkeloid in any degree of purity was impossible.

The catalytic dehydrogenation of emetine with palladium, as
described by Ahl and Reichstein (13), has been carried out in an
endeavour to furnish a pure specimen of emetamine. These workers
isolated emetamine from the reaction mixture along with a fission
product, which was shown to be l-methyl-6:7-dimethoxyisoquinoline.
The/
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The experimental details given by Ahl and Reiohstein were
followed closely by the present author, with one slight exeception,
The palladised charcoal catalyst, used by the original workers,
was prepared by the reduction of palladium ochloride with
formaldehyde and alkali, in the presence of the charcoal support;
the catalyst used in the present research was also prepared from
palladium chloride but the reduction was carried out by shaking
with hydrogen in a glass hydrogenation apparatus.

This slight modification appears to have had a profound
effeot upon the course of the reaction as no emetamine ocould be
isclated from the mixture of products. O-methylpsychotrine
was obtained, however, in approximately the same yield along
with l-methyl-6:7-dimethoxyisoquinoline. Great ocare has been
taken in the characterisation of this O-methylpsychotrine and
its identity has been confirmed beyond any doubt. The melting
points of the free base, the picrate, and the hydrogen oxalate,
agreed with those given in the literature, and the latter salt
in dilute agueous solution exhibited the blue fluorescence
characteristic of salts of O-methylpsychotrine. After drying
in vaguo, the hydrogen oxalate melted at 154-157°, and no
depression of this melting point was evident in admixture with
U-methylpsychotrine hydrogen oxalate obtained from ipecacuanha
r00% . The specific rotation of the hydrogen oxalate was also
in agreement with the recorded wvalue for O-methylpsychotrine

hydrogen oxalate.

4/
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A sample of the O=-methylpsychotrine obtained by the
catalytic dehydrogenation of emetine was oxidised with merourie
acetate, and rubremetinium bromide was isolated from the reaction
mixture, The absorption spectrum of this rubremetinium bromide
has been determined and the light extinction curve is given in
figure 2, This curve is identical with that measured for
authentic rubremetinium bromide, and differs from the curve
obtained by Karrer (10) for the oxidation product of emetamine.

The catalytic reduction of this rubremetinium bromide was
garriecd out in a glass miero-hydrogenation apparatus, and the
reduction products have been shown to be identical with those
obtained from an authentic specimen of rubremetine.

There is no doubt that the dehydrogenation product is, in
fact, O-methylpsychotrine, and the discrepancy between the results
of the present research and those obtained by Ahl and Reichstein
may be attributed to a difference in the activity of the catalyst
employed. A oomparison of the most probable structures for
O-methylpsychotrine (XXX) and emetamine (XXXI) indicates that the
former may be regarded as an intermediate in the formation of
emetamine by the catalytic dehydrogenation of emetine, and the
present research has shown that it can be isolated under certain

conditions.
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Figure 2.

Curve 1. Rubremetinium bromide obtained by oxidation
of O-methylpsychotrine,

Curve 2. Rubremetinium bromide obtained by oxidation
of emetine,

Curve 3, Oxidation product of emetamine.
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It is interesting to note, however, that the catalyst whigh
was used in the dehydrogenation of emsfine was sufficiently |
active to dehydrogenate a sample of le-methyl-6:7-dimethoxy-3:4-
dihydroisoquinoline (XXXII) to l-methyl-6:7-dimethoxyisoquinoline
(XXXITI) under similar conditions.

MeO : Meo
MeO N ; MeO N
CH3 CHy

XXX XXX

The absorption spectrum of a specimen of O-methylpsychotrine
hydrogen oxalate has been determined in order to obtain further
evidence concerning the position of the double bond in the moleocule,
and the light extinotion curve is given in figure 3. This ocurve
is'very similar to the absorption spectra exhibited by compounds
of the type (XXI, R = H or CgHg) and which have been shown by Bills
and Noller (24) to contain an endooyclic double bond, ‘This
result gives considerable support to the structure (XXX), which has
been suggested for O-methylpsychotrine.
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SKAMINATION OF R

The isolation of an gptically active tetrahydro derivative,
by Karrer end his collaborators (10), from the zine dust and
acetiec aeid reduction of rubremetine has already been mentioned,
and it follows that rubremetine must contain at least one
asymnetric ocentre, No value has been recorded in the literature,
however, for the optical rotation of any rubremetinium salt, and
acoordingly, the specific rotation of rubremetinium chloride in
aqueous solution has been determined. 4 value for the specifioe
rotation of DXJ:+-52.0° has been obtained, after correcting
for the water of hydration in the gsample of rubremetine,

The preparation of some diastercoisomeric salts of
rubremetine has also been carried out. The relative
solubilities of these salts have been studied, as they may be
of assistance in the separation of the stereoisomers of a
gsynthetioc rubremetine, The salts which have been prepared were
the dextro~ and laevo- camphor-il -sulphonates, and the dextro-
and laevo~- « ~bromosamphor- i -sulphonates of rubremetine.

It was shown in an earlier chapter that the formula for
rubremetine, suggested by Karrer (10), must be rejeoted as
completely unsound, 4 structure (XXXV) for rubremetine has
recently been put forward by Battersby, Openshaw and Wood (22),
and this new formulation appears to be capable of explaining all

the known chemistry of rubremetinium salts.
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This is a resonance hybrid struocture similar to that of
a oyanine dye, and the positive charge is shared between the two
nitrogen atoms as indicated by the curved arrows. This structure
is formed from emetine by the loss of eight atoms of hydrogen,
oxidative ring closure taking place as shown, to give a five-
membered nitrogenous ring. The intense red colour of
rubremetinium salts is thus aceounted for, and like the oyanine
dyes, one nitrogen atom will be apparently quaternary and the
other non-basie. The strueture (XXXV) could not be obtained by
the oxidation of N-methylemetine or emetamine, and thig is also
in acoordance with the known faocts, The catalytic reduction of

rubremetine to a mixture of stereoisomeric 4

will be deseribed later in the present chapter, and this
observation can also be explained by structure (XXXV) for
rubremetine.

On the basis of this proposal for rubremetine, it seemed
possible that the resistance of Earrer's tetrahydro derivative
to catalytic hydrogenation could be due to the presence of an
intact/
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intact pyrrole nucleus in the molecule, The reduction of
rubremetine with zinoc dust has been carried out as desoribed by
Karrer (10), and the product was obtained as a clear yellow gum.
Karrer stated that his produet "orystallised after some time",
but all attempts by the present author to obtain either the free
base or a derivative in the orystalline state have so far proved
fruitless. The erude reduction produect, however, gave a red
pine shaving reaction and with Ehrlich's reagent it gave an
intense blue-green colour, which changed to red on the addition
of excess reagente This result confirms the presence of a
five-membered nitrogenous ring in rubremetine and affords strong
support for structure (XXXV)., The crude zino dust reduction
product has also been oxidised with six moles of mercurioc acetate,
and a small amount of rubremetinium chloride was isolated from
the reaction mixture. Further evidence 1n support of struocture
(XXXV) for rubremetine is presented below.,

The catalytic hydrogenation of rubremetinium chloride has
been examined. TWorking in aleoholic solution with Adam's
platinum catalyst, and in the presence of three moles of sodium
acetate, a rapid uptake of one mole of hydrogen took plaece,
complete in thirty minutes, The beneficial effect of sodium
acetate on the reduction is thus oconfirmed, and it is also
signifiocant that, working in glacial acetioc acid solution, the
reduction was extremely slow with no definite end point, even
in the presence of fused sodium acetate, Battersby and Openshaw
(20)/



(20) stated that the reduction product was rapidly re-oxidised
by atmospheric oxygen in the presence of the catalyst.
Nevertheless, it has been found by the present author that it

was possible to isolate a c¢rystalline base from the reaction
mixture if the catalyst was filtered off extremely rapidly.

This was at first thought to be a single substance but subsequent
examination revealed that the product was a mixture of two
stereoisomeric dihydrorubremetines.

The lower melting form, which was designated
x-dihydrorubremetine analysed correctly for CggHz,04Ns, and was
found to possess the unusually high specific rotation of

EO(]z -395.0° in scetone. The separation of the remaining
isomer, =@ bremetine, was facilitated by the fact that
it forms a orystalline complex with methanol which is very
sparingly soluble in that solvent., Analysis of this complex
showed that it possessed the formula, Cpglis,0,N,.CHgOH,
Reorystallisation from ethanol decomposed this addition compound,
and PB~dihydrorubremetine was obtained as fine feathery needles
which analysed ocorrectly for Cpglzs04Np, and exhibited a speoifio
rotation of [0{}*-22 2° in acetone.

Both isomers gave a red pine shaving reaction and an intense
green colour with Ehrlioh's reagent whioch changed to red on the
addition of excess reagent. lioreover, both x- and
/a-dihydrorubremetine coupled with diazotised sulphanilic acid
to give a brilliant red azo dye. The latter test was repeated
under/



under the same conditions using emetine hydroochloride and
tetradehydroemetine hydrogen oxalate in place of the
dihydrorubremetine and no coupling took place in either ocase,
These results confirm the presence in the molecule of a pyrrole
nucleus with at least one unsubstituted position, and give very
strong support to structure (XXIXV) for rubremetine.

On the basis of this structure for rubremetine, it would
seem possible that dihydrorubremetine can be represented by
structure (XXXVI), The x- and g-forms of the base will result

from the oreation of a new asymmetric carbon atom marked "

MeO

MeO N OMe
oMe

Et
XXXV

In support of this theory, it has been found that both
x= and B-dihydrorubremetine can be readily oxidised to
rubremetine on treatment with two molecular proportions of
mercuric acetate, under the normal mild conditions,

The nature of the nitrogen atoms in dihydrorubremetine
has also been investigated and & potentiometrie titrafion using
x=dihydrorubremetine has been carried out with this objeot in
view. &=dihydrorubremetine was dissolved in a known amount of

standard/
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standard acid and the excess agid titrated against standard
alkali, The resulting curve indicated that x~dihydrorubremetine
is to be regarded as a monoagidic base, and the same must also

be true for its stereoisomer, p-dihydrorubremetine, These
resulte are agein in full accord with (XXXVI) since one of the
nitrogen atoms is incorporated in a pyrrole nucleus in this
structure, and will therefore be non-basie in character,

A sample of x-dihydrorubremetine has been dehydrogenated
with palladised charcoal at a temperature of about 800°, and in
an atmosphere of carbon dioxide. Approximately one mole of
hydrogen was evolved and the erude product was obtained as a
bright red gum, This was separated into neutral, acidioc and
basic fraotions and attempts were made to isolate erystalline
produets, ‘The neutral and acidic fraoctions have not yielded any
erystalline material, but a new orystalline base has been obtained
in the form of pale yellow needles, melting at 185-186° after
reerystallisation from methanol.

A similar dehydrogenation of Bedihydrorubremetine again
afforded a mixture of products from which a erystalline base
could be isolated. This was shown to be identical with the
base obtained from o -dihydrorubremetine by determining the
melting point in admixture with the former substance.

This base gave a brilliant orange colour with one drop of
Ehrlichts reagent and must therefore contain a five membered
nitrogenous ring. Analysis indicated that it possesses the
approximate/



approximate molecular formula, CggllzoO4Ns, but the oxygen:nitrogen
ratio 1s not completely satisfactory. Since the same base is
obtained from both «- and B-dihydrorubremetine, the asymmetry of
the carbon atom marked in structure (XXXVI) must have been
destroyed in the dehydrogenation, which involves the elimination
of approximately four atoms of hydrogen. It is diffiocult to see
how this change has occurred to give a product which would

exhibit the properties of the "dehydrogenation base", and no
struoture has been suggested as yet for the latter substance.

A second dehydrogenation of « ~dihydrorubremetine has been
carried out under much more drastic conditions, the temperature
being maintained at 300° for almost two hours, This was done
in an endeavour to obtain some relatively simple heterocyelic base
from dihydrorubremetine. As in the previous dehydrogenations,
the product was separated into neutral, acidioc and basiec fractions,
but no erystalline materials could be isolated. The neutral
fraoction was subjected to chromatographic analysis on an alumina
column, and although some degree of separation was achieved, no
erystalline products have been obtained,

Within the past month, a further paper has been published by
Karrer and Ruttner (29) on the chemistry of rubremetine, They
olaim to have garried out the reduction of rubremetine with lithium
aluminium hydride and obtained a orystalline o-dihydro derivative.

The latter compound was reduced ocatalytically to give a mixture of

two stereoisomers, claimed to be tetrahydro derivatives of
rubremetine/
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rubremetine., OUne of these substances was identiocal with the
tetrahydro derivative which Xarrer had previously obtained by the
zine dust reduction of rubremetine (10). The second product,
after crystallising from ether, melted at 194° and exhibited a
speeific rotation of Ex]:-580° in ethanol. These constants
suggest that this latter derivative is identical with

x=d ubremetine (XXXVI),

Karrer oclaims that the isolation of these reduction products
confirms the presence of the grouping (XLI) in rubremetine., The
o~-dihydro derivative was represented by the partial structure
(XLII) and the tetrahydro derivatives by the partial formula
(XLIII). On the basis of these results, Karrer and Rittner state
that structure (XXXV) can no longer be acoepted for rubremetine,

Meo X Meo @ MeO '
Me0 @ijw\ MeO %H/N\ MeO N
XTI

XLII XLil

Detailed comment on these recent proposals is not possible
in the present dissertation, but several discrepancies are \
apparent in Karrer's paper, and these may be mentioned briefly.

A new asymmetric centre is created in the change from (XLI)
to (XLII), yet only one crystalline derivative has been obtained.
In the second reduction, which involves the formation of (XLIII),
no new asymmetric centres are formed, but the isolation of two
stereoisomeric derivatives is reported. The authors give no

explanation/
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explanation of this unususl observation.

It is intended to make a detailed investigation of these
reduction products of rubremetine, and an endeavour will be made
to correlate the work carried out by Karrer with the results of

the present research.
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DEGRADATION OF NeACHTYLEMETINE

One seotion of the researches whioch are being carried out
in St. Andrews on the emetine problem, is concerned with the
synthesis of compounds which might be of use in the treatment

of amoebic dysentery.
Recent developments in the chemotherapy of the disease,

which is caused by the parasite Entamoeba histolytica, have

aimed at reducing to a minimum the nausea and vomiting which
acoompany the use of emetine. The alkaloid is normally employed
as the hydrochloride for hypodermic injeotion, although a double
lodide of emetine and bismuth has been used for oral administration
in an attempt to overcome the emetic properties of the drug,

The first synthetic work on amoebicidal agents was ocarried
out by Pyman and his collaborators (26) who synthesised various
substances struoturally related to emetine, These workers
finally prepared a oompound which was at least as aotive as
emetine in wyitro, but it was clirically useless because of the
intense irritation produced on injection,

The present degradation of N-acetylemetine has been carried
out to furnish a compound closely related to emetine but of a
type which should prove amenable to synthesis.

A study of the Hofmann degradation of N-acetylemetine was
first ocarried out by Ahl and Reiohstein (13), and the results of
this investigation gave important information eoncerning the

struoture/
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structure of emetine, The first stage of this Hofmann
degradation has been repeated in the course of the present
regsearch and a new derivative of emetine has been obtained, It
is intended to test the pharmacological activity of this compound
against Intamoeba histolytica.

N-acetylemetine was prepared by shaking emetine, in ethereal
solution, with acetic anhydride and 10% potassium hydroxide
solution, as desoribed by Ahl and Reichstein (13). The product
was isolated as a clear, water-white gum whioch was converted to
the orystalline N-acetylemetine methiodide (XXXVII) by treatment
with methyl iodide, This methlodide was then degraded by the
normal Hofmann procedure, solid potassium hydroxide being added
to the quaternary hydroxide before evaporating to dryness, and
the resulting methine (XXXVIII) was obtained as a pale pink glass,.
This methine was hydrogenated, using Adam's platinum catalyst to
Neacetylemetinedihydromethine (XXXIX), which was purified by means
of the orystalline hydrogen oxalate.

Ahl and Reichstein were of the opinion that the above
treatment with solid potassium hydroxide removed the acetyl group
from the seoondary nitrogen atom, sinee the product was
reagetylated at this stage. It has been found by the present
author that the acetyl group is apparently unaffected by treatment
with potassium hydroxide, as analyses of the Ne-acetylemetine-
:dihydromethine (XXXIX) and its hydrogen oxalate revealed that the

acetyl group had not been removed.
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In an attempt to bring about ocleavage of the acetyl group,
a variation of Crignard's recction was employed, Dry methyl
i0dide in ether was added dropwise to the theoretical quantity
of magnesium turnings suspended in ether, and the mixture was
refluxed for six hours, N-acetylemetinedihydromethine (XXXIX),
in ethereal solution,was added dropwise to the Grignard reagent,
with vigorous stirringe in imcedlate white precipitate was
formod; this was allowed t¢ stand overnight and then refluxed for

o/
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a further nine hours. The addition compound was decomposed
with ammonium chloride and the basiec product extracted directly
into ether., Investigation of this base, however, revealed that
it was identical with the starting material,

The acetyl group was finally removed by employing the
method used by Pailer (16) for the deacetylation of a derivative
of N-acetylemetine, N-acetylemetinedihydromethine (XXXIX) was
dissolved in methanol and heated with 10% hydrochlorie acid in
a sealed tube, at 130-135°, for six hours. The basio product
was distilled at 200° and 5,0 x 10~%mm, and was obtained as a
pale yellow glass, No arystalline derivatives of this
dihydromethine (XL) have yet been prepared, but a sample has
been reacetylated and Neacetylemetinedihydromethine (XXXIX) was
obtained in good yield as the orystalline hydrogen oxalate.



95.
SUMMARY

The chemical dehydrogenation of emetine, using mercuric
acetate, has been studied in some detail and improved
experimental techniques have given high yields of rubremetine
and tetradehydroemetine. An investigation of the chemical
constitution of this latter intermediate has been carried out by
geveral methods., The catalytio reduction of tetradehydroemetine
has been shown to give rise to isoemetine, and the yield of the
latter substance was found to depend on the conditions employed,
The ultra-violet absorption speoctrum of tetradehydroemetine has
also been determined, and the resulting light extinetion ourve
has given some indication of the position of the ethylenic
linkages in the molecule, Acetylation of tetradehydroemetine
and of a model substance, and a study of the properties of a
second model substance, have also given information concerning
the structure of tetradehydroemetine,

A new method for the preparation of N-methylemetine has been
carried out, and the mercuric acetate oxidation of this base has
been studied. The extraction of a quantity of ipesacuanha root
has also been undertaken to furnish samples of the minor alkaloids
of the plant.

The catalytic dehydrogenation of emetine with palladised
charcoal has been investigated, and QO-methylpsychotrine, together
with a fission product, has been isolated from the reaction mixture,

A careful examination of the properties of this O-methylpsyechotrine
hag /



has been made, and a study of the ultra-violet absorption spectrum
has given support to the structure proposed for this alkaloid,

The specific rotation of a sample of rubremetinium ghloride
has been determined, and a geries of diastereoisomerio salts of
rubremetine has also been prepared.

A new structure of the oyanine dye type, ocontaining a five
menbered nitrogenous ring, has been suggested for rubremetine,
and evidenoce is brought forward in support of this proposal, The
zine dust reduction of rubremetine has been repeated and the
presence of a pyrrole nucleus in the crude reduction produoct has
been confirmed, The oxidation of this crude product with
merouric acetate has also been carried out,

The catalytic reduction of rubremetine has been examined and
a mixture of two orystalline dihydrorubremetines has been obtained.
Both these stereoisomers were readily oxidised with mercurie
acetate to give rubremetine, and by means of a potentiometrie
titration, they have been shown to be monoacidic bases. The
catalytic dehydrogenation of both «- and A-dihydrorubremetine
has been carried out, and the same orystalline base has been
obtained from both experiments.

Neacetylemetine has been prepared from emetine, and the
corresponding methiodide has been subjeoted to a Hofmann
degradation, The resulting methine was hydrogenated to give
Neacetylemetinedihydromethine, which was characterised as the

erystalline hydrogen oxalate, The acetyl group was removed by
heating/
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heating with aleoholic hydrochlorie acid in a sealed tube, and it
is intended to test the pharmacological activity of the resulting

dihydromethine against the parasite Zntamoeba histolytica.



1.
2

3.

4.

General Information

All melting points are uncorrected,

Analyses were ocarried out by Drs., Weiler and
Strauss, Oxford.

All solids were dried at room temperature in
Yyaguo, over phosphorie oxide, unless otherwise
stated.

Solutions in ether were dried over anhydrous
sodium sulphate.



EXPERIMENTAL SECTION

Extraction of ipecacuanha root.
The powdered root (1.5 kg) was suspended in 2000 e¢.c. of

warm ethanol, and heated with constant stirring for three hours,
The solution was filtered and the filtrate was evaporated to
dryness to give a dark brown gum., This was extracted with 300 o.0.
of N hydrochloric acid, the mixture being warmed on the steam bath,
After cooling, the solution was filtered ("Filterocel™) and the
filtrate was extracted with ether (4 x 150 c.0.) to remove
non-basic material,

The aqueous acid solution was treated with concentrated
ammonia (100 e.c.) and the bases, which separated as a dark brown
tar, were extracted with ether (7 x 200 ¢.0.). 16.1 g. of a light
brown resin were obtained, after drying and evaporating to dryness.
Continued ether extraotion (4 x 200 ¢.c.) of the basic solution
gave a further 1,2 g. of resin.

The ipecacuanha root was extracted five times in all, using
2000 6.0, of ethanol for each extraction, and the extracts were
worked up as above. The ether extraction of these bases was
carried out by adding the acidie solution dropwise to a mixture
of ether and ammonia with very vigorous stirring., During the
ether extraction of the bases from the second and third aleohol
extraotions, an emulsion formed which could not be broken. This
was probably due to some impurity introduced as the result of an

acoident, and these extracts were put to one side, The total

basic/
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basiec material from the fourth and fifth extractions weighed 4.1 g.

In the ocourse of the fourth extraction, cerystals separated
during the evaporation of the alooholic extract., These were
filtered off and subjected to a preliminary examination, The
substance melted at 178-183°, was insoluble in ether, but
dissolved readily in water, dilute sodium hydroxide and dilute
hydrochlorie acid. An attempt was made to prepare the
S-benzylthiourea salt, but no derivative was formed, and the
erystals were not examined further,

The ocombined aqueous ammoniacal solutions were extraocted
with chloroform (4 x 200 o,0.) to remove psychotrine.
Evaporation of the ohloroform extraot gave a brown gum which was
dissolved in sodium hydroxide, filtered, and extracted with ether
to remove non-phenolic material, The.alkaline layer was
re~extracted with chloroforn (3 x 60 c.c.) and was evaporated to
dryness to give a brown gum (1.3 g). This was dissolved in
moist acetone and allowed to stand, but no orystallisation of the
free base took place, The solvent was evaporated and the residue
dissolved in chloroform whioch was then extracted with dilute
hydrochloriec acid (3 x 80 c.c.). Excess sodium hydroxide was
added to the acid extract, and the psychotrine was extraoted with
chloroform (2 x 30 0.0.). [fvaporation to dryness gave a brown
gun (0,9 g), which was dissolved in dilute hydrochlorie acid, and
strong potassium lodide solution added., Amorphous psyshotrine

driodide was filtered off and redissolved in water, but it could

not be induced to orystallise.

The/
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The total basic extracts (21.4 g), from the three
sucocessful aloohol extractions of the root, were dissolved in
ether and extracted with N sodium hydroxide (3 x 100 6.0.) to
remove phenolic material, After washing with distilled water,
the ethereal solution was dried and evaporated to dryness to give
a yellow resin (9.8 g). 50 0.0, of T hydrobromic acid were added
and the solution was warmed gently. On cooling, emetine
hydrobromide orystallised as fine needles (10,0 g), which sintered
at 242° and melted from 247-262°.

Exoess ammonium chloride (650 g) was added to the alkaline
solution to precipitate the phenolic alkaloids, and the mixture
was extracted with ether (8 x 150 o,0.)s The ether extraot was
dried, evaporated to dryness, and the residue dissolved in dilute
hydroohlorie acid, (Cephaeline hydroghloride (9.9 g) erystallised
on cooling and seeding with an authentio specimen; the product
sintered at 231° and melted gradually up to 260°,

The mother liquors, after removal of the emetine hydrobromide,
were basified and extracted with ether, evaporation of the extract
giving 1.4 g. of a pale yellow gun, This was dissolved in
ethanol (8 o.0.) and a solution of hydrated oxalie aeid (1.0 g) in
ethanol (4 ¢.0.,) was added, Crystals separated on standing and,
after collecting and drying, sintered at 150° and melted at 153°.
The product was recrystallised from ethanol and it was found that
a portion was much less soluble in this solvent, The less soluble

material was probably emetamine hydrogen oxalate but it was not

present/
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EXTRACTION SCHEME

Ipecaguanha root

slcoholic extrac

Y
Ammoniacal solution

GHclarexxraotion

l Fther extraction
\\’4
Lsychotrine hydriodide Total basic extrast (less psychotrine)
NaOH extraction
| }
Cephaeline hydrochloride Imetine hydrobromide
O-methylpsychotrine Lmeta €

hydrogen oxalate hydrogen oxalate



102,

present in sufficient quantity for complete identification.
The more soluble portion was recrystallised several times from

ethanol, and O-methylpsyshotrine hydrogen oxalate was finally

obtained as rosettes of fine white needles, whioch sintered at

1510, melted at 155-154°, and effervesced at 156°,

Oxidation of emetine with five moles of merouric agetate.

Fmetine hydrochloride (5 g), dissolved in warm water (60 6.0.),

was treated dropwise with a solution of mercurioc acetate (12.9 g.
= 5 moles + 10%), potassium acetate (1.2 g) and 6 ¢,0. of glacial
agetic aocid in 120 c.,c. of water, During the addition of the
oxidising solution, which was oarried out over 60 minutes, the
reaction flask was warmed on the steam bath and swirled
ogoasionally. The heating was continued in an oil bath at 100°
for a further two hours to complete the reacticn. After cooling,
the solution was filtered and the merourous acetate washed with
water until the washings were colourless. The filtrate was
saturated with hydrogen sulphide, warmed to coagulate the
precipitate, and filtered ("Filtercel™); a oclear orange solution
A was obtained.

The filter ocake was extraoted with boiling ethanol
(4 x 150 e.06.,) and the extract was evaporated to low bulk., ‘This
extract was added to the main aqueous solution A, and the whole
was evaporated to a volume of 100 c.c. Concentrated hydrochlorie

acid (5 c.0.) was added to the solution and rubremetinium ghloride
(XXXV, X » C1)/
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XXXV, X ® C1) separated as very fine needles, ‘The solution was
warmed to dissolve the orystals and allowed to cool slowly
overnight, yilelding (XXXV, X'= Cl) as beautiful scarlet needles
(0,67 g)« After washing with distilled water and drying, the
product sintered at 99°, and effervesced and melted at 140-144°,

The clear orange filtrate was made strongly alkaline with
saturated sodium carbonate solution and extracted with ether
(8 x 50 6.0,), yielding a oclear green gum B (2,74 g) after drying
and evaporating to dryness,

Conoentrated hydrochloriec acid was added to the aqueous
alkaline scolution, whioch was then taken to dryness under reduced
pressure. The last traces of water were removed by the addition
of absolute ethanol (50 c.c.) and re~evaporating to dryness. The
residue was extracted with acetone and absolute ethanol until the
final extract was colourless. ILvaporation of the solvents gave
a red brown resin which was dissolved in water, concentrated, and
on gooling deposited orystals of rubremetinium chloride (0.17 g),
melting at 141-142°,

The gum B was dissolved in absolute ethanol (14 o.0.) and a
solution of hydrated oxalic acid (1.8 g) in ethanol (7 c.0.) was
added. Crystallisation ooccurred immediately and

tetradehydroemetine hydrogen oxalate (2.32 g) was obtained as
faintly pink orystals, m.p. = 150-152°. Reorystallisation from

ethanol (100 o.c.) yielded very pale yellow needles (1.9 g),
melting at 152-153°,
Total/
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Total yield of rubremetinium chloride = 0,84 g. (19% caloulated
as the hexahydrate)
Total yleld of tetradehydroemetine hydrogen oxalate = 2.32 g. (45%
caloulated as the trihydrate)

4 seoond oxidation, carried out on 10 g. of emetine
hydrochloride using five moles of mercuric acetate, yielded 3.57 g.
(39%) of rubremetinium chloride, melting at 122° with previous ‘
gintering, also 4.31 g.(41%) of tetradehydroemetine hydrogen
oxalate, m.p. = 148-150°, with sintering at 140°,

Recrystallisation of the tetradehydroemetine hydrogen oxalate
from ethanol (200 ¢.0.) gave pale yellow crystals (2,17 g) whiech
gintered at 151°, and melted at 153-154°,

A third oxidation, carried out on 20 g. of emetine
hydrochloride using six moles of mercuric acetate, yielded 8,28 g.
(46%) of rubremetinium chloride, melting at 140° with sintering at
112°, also 8.95 g.(43%) of tetradehydroemetine hydrogen oxalate,
whioh sintered at 151° and melted at 153-154°,

0.5 g. of rubremetinium chloride were dissolved in the minimum
amount of hot water, and 1 ¢,c. of concentrated hydrobromic acid
was added. Rubremetinium bromide (XXXV, X = Br) orystallised on
cooling. The solution was warmed to dissolve the orystals, and
allowed to ocool slowly overnight, yielding (XXXV, X = Br) as
beautiful scarlet needles, melting at 115° when air-dried,

Catalytic reduction of tetradehydroemetine hydrogen oxalate.
Tetradehydroemetine hydrogen oxalate (1.0 g) was dissolved

in/
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in distilled water (30 c.c.), 100 mg, of Adam's Pt0, catalyst
were added and the mixture was shaken with hydrogen at room
temperature, Reduction ceased after 35 minutes, when 63 c.c.
(2 moles) of hydrogen had been absorbed.

The catalyst was filtered off ("Filterocel"™), and washed well
with hot distilled water, [Ivaporation of the filtrate in vacuo
gave 0,95 g. of a olear yellow gum,. This was dissolved in a
small amount of water and 15 o.c. of 2N hydrobromic aecid were
added, but no orystallisation took place even on seeding with
emetine hydrobromide,

The free base (0.72 g) was recovercd as usual, dissolved in
ether, and treated with 0.15 g. of benzoic anhydride. The
nixture was heated for 45 minutes on the water bath, allowing the
ether to evaporate. The residue was dissolved in ether, and the
ethereal solution shaken with very dilute hydrochloriec acid.
ifter washing with ether, the acid extract was treated with excess
ammonia and the basic material extracted into ether., Crystals
were deposited on evaporating the ether extract to low bulk, and,
after slanding overnight, these were collscted and dried.
Reerystallisation from acetone gave 0.67 g. (78%) of
li-monobenzoylisoemetine, as white hexagonal prisms, melting at
202-203°,

Pyman (3) gives the melting point of N-monobenzoylisoemetine
as 207-208° (corr.).

Cata;xtio/
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Catalytigc reduction of tetradehydroemetine.
Tetradehydroenetine hydrogen oxalate (1.0 g) was converted to

the free base (0.75 g) in the usual manner, The base was
dissolved in 40 c.c, of lig dried ethanol and was hydrogenated as
above, two moles of hydrogen being absorbed.

No trace of emetine hydrobromide could be detected in the
resulting mixture of products, and only 36% of
N-monobenzoylisocemetine was isolated after treatment with benzoiec
anhydride, (The ethereal mother liquors from the orystallisation
of the N-monobenzoyligoemetine deposited a dark brown gum on

evaporation to dryness, but no crystalline material could be
isolated from the latter,

: lat of tetradehydroemetine.

Tetradehydroemetine hydrogen oxalate (0.7 g) was converted
to the base as usual, the latter being obtained as a green gum
(0.68 g)s» The gun was dissolved in ether (20 ¢,04), 12 0.0, Of
10% potassium hydroxide solution and 1.2 c.c, of acetic anhydride
were added, and the mixture was shaken for ten minutes. The
ether layer was washed twice with dilute potassium hydroxide, and
the aqueous phase, which was s8till acid to litmus at this stage,
was extracted once with ether, IEvaporation of the combined ether
extraots gave a yellow gun A (0.06 g).

The aqueous phase was made alkaline with potassium hydroxide

golution and the pale brown precipitate which appeared was taken

up/
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up in ether (3 x 25 ¢.0.)s After drying, the ethereal solution
was ecvaporated to dryness in vecuo and yielded 0,57 g of a green
gum which, on treatment with hydrated oxalio acid (0.35 g) in
ethanol (4 o.c.,) gave 0,4 g. of crystals, identical with
tetradchydroemetine hydrogen oxalate, m.,p. and mixed m.p. with
authentio speoimen = 149-1510,

The free base (0.28 g) was recovered as usual, treated with
acetiec anhydride (2 c.,0.) and a few crystals of sodium acetate,
and heated on the water bath at 100° for 30 minutes in an
atmogphere of carbon dioxide., The residue was dissolved in 20 ¢,e@,
of 10% potassium hydroxide and the aqueous phase was extracted with
ether (3 x 30 ¢.0.), washing each ether layer with water; the
agqueous phase was acid to litmus at this stage. The combined
ether extracts were washed with dilute potassium hydroxide, dried,
and evaporated to dryness giving a clear gum B (0.06 g).

A and B were combined and distilled at 145° and 5,0 x 10~° mm,
giving a pale yellow gum, This was dissolved in N/4 hydrochlorioe
acld (4 ¢.0.) and excess 20% perchloric acid was added. The
perohlorate was filtered off and dissolved in acetone, but the
product could not be induced to erystallise and darkened
appreciably on standing,

Exoess potassium hydroxide was added to the aqueous phase and
the mixture was extracted with ether, to yleld a gum ¢ (0.18 g)
after drying and evaporating to dryness. The ethereal solution
was unstable to light at this stage and darkened on standing
overnight/
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overnight. The gun C was dissolved in ethanol (1.5 e.0.) and ’
treated with a solution of hydrated oxalic acid (0.12 g) in
ethanol (0.75 0.0.,). On seeding with tetradehydroemetine
hydrogen oxalate, a few oryastals formed and these were filtered
off. The mother liquors were oconcentrated, basified, and
extracted with ether. ‘The ethereal solution (40 e.0.), which was
still unstable to light, was extracted with 7 ¢.c. of N/100
hydrochloric acid to remove the more basic material, washed with
water, and dried; the solution was still unstable to the action
of light. After evaporating to dryness and distilling at 155°
and 4,0 x 10"5 mn.,, @ clear yellow gum was obtained whieh turned
brown rapidly on exposure to light and air. The gum was dissolved
in a small amount of ether but the N-acetyltetradehydroemetine
(XXIV) eould not be induced to erystallise, It appeared to be
very unstable, and underwent changes which rendered it much darker
in eolour and also made it insoluble in ether.

The above acetylation was repeated on a further 1.2 g. of
tetradehydroemetine hydrogen oxalate with similar results,

Agetylation of len-butyl-3:4-dihydroisoquinoline (XXV).
l-n-butyl-3:4-dihydroisoquinoline (0.5g) was treated with

acetic anhydride (5 c.c.) and a few orystals of sodium acetate,
and heated on the water bath at 100° in an atmosphere of carbon
dioxide for thirty minutes, The colour of the solution changed
from yellow to bright green during this period,

Ixocess/
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Curve 3.
Weight of rubremetinium chloride = 32.6 mg. (containing 3.4% water)

Welght of PtO, = 20 mg. ¢ = 17° p = 747 ma,
Solvent = Glacial acetic acid.
Fused sodium acetate (20 mg) was added to the chloride solution.
The uptake of hydrogen was very slow, and no definite end-point
could be discerned.
Isolation of the reduction product.

The solution from the first reduoction was filtered rapidly
("Filtercel™) and the filtrate was allowed to stand overnight,
lio appreciable darkening in colour took place and the solution
gave @ brilliant green solour with Ehrlich's reagent, changing
to bright red on the addition of excess reagent.

The solutioﬂfivaporated to dryness to give a resinous solid.
This was dissolved in water, excess sodium hydroxide was added,
and the solution was extracted with ether (2 x 50 o0,0.) to remove
any basic material, each ether layer being washed with water.
The combined ether extracts were dried, and evaporated to dryness
to give a yellow gum (0.032 g)¢ On solution in 0.5 ¢.c. of
ethanol and cooling, crystals separated. These were filtered off
and dried, m.p. = 173-178°, The product gave a positive test
with Ehrlieh's reagent.

The catalyst was also filtered off rapidly from the second
reduction, and the filtrate was dlluted to exaoctly 20 ¢.0. in a
graduated flask. The specific rotation of the crude product was

deternined/
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white needles, which darkened at 175° and melted at 198-199°,
P=dihydrorubremetine (1.27 g), with one molecule of methanol of
orystallisation, was obtained as white prisms, melting at 127-1280,
with sintering at 1250,

Examination of dihydrorubremetine (XXXVI).

l. Analyses,
(a) uixture of «- and B-dihydrorubremetine.

Found : C, 72,934 H. 7.49%
0291{34041\12 requires t Co 78.4% H. 7.24%

(b) & =dihydrorubrenetine,

Found : C. 73.,1% H. 7.40% N, 5.99%

Cogliz,Uslly requires : C., 73.4% H. 7.24% N, 5,92%

(e) B-dihydrorubremetine (methanol complex)

Found : C, 71.1% H. 7.8%
Co ol 404 N5 « CH, O requires : C. 71.2% H. 7.50

(d) g~-dinydrorubrenctine.

Found

>

73.5» H. 6.84% N, 6.07%

e

29H5 4‘O 4Nz requires

2., QOptical rotation.
(a) «=dihydrorubremetine.

¢ = 0.1645 1=2adn, & -1.300°  solvent = acetone

Ex]:-395.0°
(b)/
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in distilled water (30 c.c.), 100 mg, of Adam's PtOp catalyst
were added and the mixture was shaken with hydrogen at room
temperature, Reduction ceased after 35 minutes, when 63 oc.0.
(2 moles) of hydrogen had been absorbed.

The catalyst was filtered off ("Filtercel"), and washed well
with hot distilled water, Ivaporation of the filtrate in vaguo
gave 0,95 g+ of a clear yellow gunm, This was dissolved in a
small amount of water and 15 o.0. of 2N hydrobromic aeid were
added, but no orystallisation took place even on seeding with
emetine hydrobromide,

The free base (0.72 g) was recovered as usual, dissolved in
ether, and treated with 0,15 g. of benzoiec anhydride. The
mixture was heated for 45 minutes on the water bath, allowing the
ether to evaporate, The residue was dissolved in ether, and the
ethereal solution shaken with very dilute hydrochlorie acid.
After washing with ether, the acid extract was treated with excess
ammonia and the basic material extracted into ether., Crystals
were deposited on evaporating the ether extract to low bulk, and,
after sbanding overnight, these were collected and dried.
Reerystallisation from acetone gave 0.67 g. (78%) of
N-monobenzoylisoemetine, as white hexagonal prisms, melting at
202-203°,

Pyman (3) gives the melting point of N-monobenzoylisoemetine
as 207-208° (corr.).

ta ic



109,

Excess 104 potassium hydroxide (100 o.0.) was added and the
solution was extracted with ether (4 x 50 ¢.,0.,), washing each
ether extract with water, The combined ether extracts were
shaken with N-hydrochloric aeid (3 x 25 o.d.) to remove unchanged
naterial. JYvaporation to dryness gave a pale brown gum
(0,57 g = 945)), This product dissolved ocleanly in ether, and a
portion was distilled at 115° and 8,0 x 1075 mm., to give a water
white gum, 1lNo sign of instability or decomposition was appearent.

Preparation of the dihydroisoguinoline 1),

1. Preparation of the amide (XXVII).
4.13 ge of homoveratrylamine were dissolved in 60 c.0, of

dry ether in a reaction flask protected against the entry of
moisture. 1.3 g. of crotonyl chloride (1 mole = 1,2 g) in 40 a.0.
of dry ether were added dropwise with continuous shaking, A
white precipitate separated and this was allowed to stand for
several days. 40 o,0. of distilled water were added to the
mixture whereupon the original white precipitate dissolved, and
large yellow needles (1.74 g) of (XXVII) separated in the aqueous
phase., These were filtered off and after drying, melted at
82-84°,

The mother liquors, whlch consigted of a mixture of ethereal
and aqueous solutions, were saturated with solid ammonium sulphate
and extraoted thoroughly with ether (3 x 100 0.0.). Evaporation
of the ethercal extract gave 1.2 g. of a yellow gum. This was
dissolved/
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dissolved in hot water, and on cooling, a further l.l g. of
(XXVII) separated, melting at 84-85°,

The total yield of (XXVII) was 2.8 g.(98%), and after two
reorystallisations from water, the melting point was 85-860.

2. Rlog ologsure.

1.0 g« of the amide (XXVII) was dissolved in 20 e.,0. of dry
toluene, which had been distilled from phosphorus pentoxide,

2.5 g. of phosphorus pentoxide were added to the solution of the
anmide, and the mixture was refluxed for 10 minutes, the phosphorus
pentoxide becoming yellow and sticky. A further 2,5 g, of
phosphorus pentoxide were added and the refluxing was continued
for a total of 25 minutes, A final portion of 2,0 g, of
phosphorus pentoxide was then introduced and the mixture was
refluxed for 45 minutes in all.

The reaction mixture was cooled and 20 c.c. of water were
added cautiously, followed by 10 c.c. of 2 T hydrochlorie acid,
After shaking thoroughly, the toluene layer was separated and
extraoted twice with 2 T hydrochloric acid (20 ¢.¢. portions).
The acld extracts were combined, treated with excess sodium
hydroxide solution and extracted with ether (3 x 50 e.0.)s The
ethereal solution, whieh became cloudy on exposure to air and
darkened appreciably, was dried and evaporated to dryness. The
dihydroisoquinoline (XXVIII) was obtained as a yellowish-red

gun (0.87 g. = 94%), which could not be induced to orystallise.
LAttenpts were made to prepare the piecrate, the hydrogen

oxalate./
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oxalate, and the hydrobromide of the dihydroisoquineoline, but

no orystalline materials could be isolated. Solutions of
(XXVIII) and its salts darkened very rapidly on exposure to light
and air and appeared to undergo some polymerie change. A sample
of the base was distilled at 190° and 2.0 x 10™° mm; the
distillate was a dark brown resinous material, and a large portion

of the residue polymerised to give a hard black resin,

Preparation of Nemethylemetine (XXTX).
Imetine hydroechloride (2,0 g) was converted to the free base

(1.65 g) as usval, The latter was dissolved in ethanol (50 g¢.0.)
and excess dry formaldehyde (four moles) was introduced into the
gsolution by passing a stream of dry hydrogen over dry
paraformaldehyde (0.5 g) heated in a flask at 180-190°, and then
into the cooled solution. About 0.5 g. of freshly prepared Raney
nickel catalyst (27) were added and the solution was shaken with
hydrogen for five hours at 2.5 atmospheres. The catalyst was
filtered off ("Filtercel") and the solution was evaporated to
dryness to give a clear red gum (1.77 g).

This gum was dissolved in dry pyridine, sucociniec anhydride
(0.6 g) added, and the solution was boiled under reflux for two
hours, 1Ivaporation of the pyridine in vacuo gave a dark brown
gum, which was treated with sodium hydroxide (20 0.0.) and
extracted thoroughly with chloroform (4 x 30 0.c¢.). The
ohloroform solution was dried, evaporated to dryness, and the

residue/
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residue mixed with 0.6 g. of sucoinic anhydride. After heating
the mixture at melting point for two hours, the residue was
dissolved in ohloroform and extracted with sodium hydroxide.
Evaporation of the chloroform solution in vacuo gave 1.55 g. of a
dark brown gum,

The gum was dissolved in the minimum quantity of hot ethanol,
added to a mixture of water (200 c.¢.) and ether (100 e¢.0,) in a
separating funnel, and shaken thoroughly. The solution was
extracted a further twice with ether (2 x 70 0.0,), washing each
ether layer with water, This ethereal solution was extragted
with T hydroehloric acid (3 x 25 ¢.0.), the combined acid extracts
being shaken with ether to remove non-basic materisl., Exocess
sodium hydroxide was added to the acid solution and the basic
material was extracted into ether, After drying and evaporating
to dryness, 0.62 g. of a yellow gum were obtained,

The product was distilled at 155° and 5.0 x 10~® mm, to give
a yellow glass (0.46 g). This was dissolved in 2 T hydrobromic
acid (5 o.0.) and corystallisation took place after some time,
Nemethylemetine (XXIX) hydrobromide was obtained as fine white
needles (0.39 ¢ = 199), which sintered at 208° and melted gradually
up to 230°, The product was reorystallised from water (5 o0.¢.)
and the melting point remained unchanged,

A seocond methylation was ocarried out on 7.1 g. of emetine
hydrochloride and yielded 0,85 g.(12) of N-methylemetine
hydrobromide, whioh sintered at 209-210° and melted gradually up to
230°,

Oxidation/
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Oxidation of Nemethylemetine with four moles of merecuris agetate.

Nemethylemetine hydrobromide (0.3 g) was dissolved in warm

water (5 oc.0.) and treated dropwise with & solution of merourie
acetate (0.594 g. = 4 moles + 10%), potassiun acetate (0.06 g),

and 0,5 0.0, of glacial acetic acid in 10 c.0. OFf distilied water.,
During the additlon of the oxidising solution, which was carried
out over fifteen minutes, the reaction flask was warmed on the
steam bath and swirled ocoaslonully. Vhen the addition of the
oxidising solution was complete, the reaction flask was heated in
an oil bath at 100° for two heurs to complete the reaction. The
golution was cooled and filtered, the merourous acetate being
washed with water until the washings were colourless. The filtrate
was saturated with hydrogen sulphide, and filtered ("Filtercel") to
vield a elear, pale orange solution.,

Ixcess sodium carbonate was added to this solution which was
then extracted with ether (4 x 50 c.c.)e The colourless ether
extraot was dried and evaporated to dryness to give a yellow gum
(0,03 g)s This crystallised on standing but the erystalline
material was not present in sufficient quantity for analysis,

On agidification of the aqueous alkaline solution with
oconcentrated hydrochloric acid, the colour changed to & very pale
vellow. The solution was evaporated to dryness, and to ensure the
complete absence of water, 30 c¢.c, of ethanol were added and the
whole re-evaporated to dryness. Ixtraction of the residue with
aoetone and ethanol, and cvaporation of the extraot gave 0.38 of gum,

The/
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The gum was dissolved in water and excess (7 c.C.)
concentrated hydrobromic acid was added. Crystals of sodium
bromide separated on concentrating the solution, and allowing to
cool. ‘These were filtered off and the mother liquors taken to
dryness, Absolute ethanol (3 c.0.) was added, the solution
filtered, and the mother liquors were concentrated, No
erystalline produoct separated, even on seeding with rubremetinium
bromides

Catalytic dehydrogenation of emetine.
2,0 g of emetine (from the purified hydrochloride) were

mixed with 1,5 g. of 10¢% palladised charcoal, The palladised
charcoal catalyst was prepared from palladium chloride as desoribed
by .dkins, Richard and Davies (28). The mixture was heated for
one hour at 180-190° in an atmosphere of carbon dioxide and the
hydrogen evolved was colleoted over 509 potassium hydroxide
solution, After 30 minutes, 150 c¢.0. (1.7 moles) of hydrogen had
been evolved and gas evolution ceased,

The reaction flask was cooled, the contents were dissolved in
boiling ethanol (50 c.c.) and the solution was filtered
("Filtercel") to remove the catalyst. The filter cake was
extracted thoroughly with boiling ethanol (3 x 50 ¢.,0.) and the
extraot was added to the main alecohol solution.

The above dehydrogenation was repeated using a further 2.0 g,
of emetine, the aleoholio extracts being combined and evaporated to
dryness/
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dryness to give a red gun (3.54 £.).

50 0.c. of 209 potassium hydroxide solution were added to the
gum, and the mixture was extruacted thoroughly with ether (6 x 60
040e)e The ether extracts, which were bright red in colour, were
dried and evaporated to dryness in vacuo. 4 reddishe-yellow thick
0il was obtained and this was divided into two fractions in a
moleoular still, The first, distilling up to 115° at 2.0 x 10~3
mm,, was a pale yellow oil (0.62 g). Crystals separated on the
addition of ether, and after colleoting and drying, they melted
at 97°, Reorystallisation from light petroleum gave yellow
needles, melting at 102°, The mixed melting point with
l-methyl-6:7-dinethoxyisoquinoline (me.p. = 106°) was 104°,

The second fraction was a red oil whiech distilled up to 210°
(mainly 186-200°) at 2,0 x 10™° mn. This oil was dissolved in
ether, filtered, and evaporated to dryness to give 1.68 g+ of syrup,
The latter was redissolved in ether (30 ¢.c.) and the solution was
extracted with T hydrochloric acid (3 x 30 ¢.0.)s Lxcess sodium
hydroxide was added to the acld extract, and the bases were taken
up in ether (3 x 50 c.c.). After drying and evaporating to
dryness, 1.77 g. of a e¢lear yellow gum were obtained, This was
dissolved in ether (15 c.0.) and 1,77 g. of pioric aeid in ether
were added slowly with soratoching; 2.9 g. of a yellow orystalline
powder separated after some time, After recrystallisation from
acetone (20 c¢.0.), O-methylpsychotrine picrate (1.68 g) was
obtained as octagonal plates, melting at 147-149°, Pyman (5)

gives/



116,

zives the melting point as 142-175°,

The piorate was suspended in 20 o0.0. of water, excess
sodium hydroxide solution was added, and the free base was extraoted
with ether (4 x 50 ¢.c.). The ether extract was freed from piorie
acid by shaking with small portions of 204 potassium hydroxide
solution until the cxtracts were colourless, After drying, the
ethereal solution was taken to dryness under reduced pressure,

The resulting gun, on solution in a mixture of ether and light
petroleun, deposited U=-nethylpsychotrine as white erystals, melting
at 115-120°, Reerystallisation from hot dry ether gave

beautiful white prisms, melting at 124-125°, Pyman (5) quotes
128-124° (oorr.) for the melting point of O-methylpsychotrine,

0.4 g, of the free base were dissolved in ethanol (8 0.0.)
and a solution of hydrated oxalic acid (0.24 g) in 5 ¢.,0. of
ethanol was added. QO-methylpsychotrine hydrogen oxalate (0.64 g)
orystallised on cooling, and after collecting and drying, it
melted at 152-156°, Reorystallisation from acetone gave rosettes
of needles, sintering at 149°, and melting at 154-157°, The
mixed melting point witﬁ O=methylpsychotrine hydrogen oxalate
(nepe » 151-1540) from ipecacuanha root was 152-155°,

The speoific rotation of this o-methylpsyohotrine hydrogen
oxalate was measured in aqueous solution and a value of [0{]:
+47,1° (Hzo ;) ¢ w 0,3) was obtained., TPyman (3) glves [a]D +45.96
for the anhydrous sult,

Oxidation/



Oxidation of O-methylpsyochotrine with mercuric acetate.
O-methylpsychotrine (0.344 g), recovered from the erystalline

hydrogen oxalate, was dissolved in 10 c.0. of T acetio acid, A4
solution of mercuric acetate (1,52 g. = 6 moles + 10%), potassium
aocctave (0.27 g), 1 0.0, of glacial acetic acid and 10 e.,0, Of
water, was added, washing in with 5 c¢.0. of water, The mixture
was heated under reflux at 110-120° for five hours and then
cooled thoroughly. The mercurous acetate was filtered off and
washed with water until the washings were colourleas,

After saturating the clear orange filtPaté with hydrogen
sulphide, the solution was heated to boiling to coagulate the
precipitate and filtered ("Filtercel"), The filter ocake was
extraoted thoroughly with boiling ethanol (3 x 50 0.0.), the
extraot being taken to small bulk and added to the main aqueous
solution.

Concentrated hydrobromic acid was added to the solution after
evaporating to small volume (10 c.c.), and a fine crystalline
precipitate separated. This was redissolved and the solution was
allowed to cool slowly. The resulting red needles of
rugremgggg;um bromide (0,183 g = 429)) were collected and air-dried.
This product melted at 123-124° with effervescence, and the
melting point in admixture with air-dried rubremetinium bromide
(mepe = 1150), obtained from emetine, was 117-122°,

The identity of this oxidation product with rubremetinium
bromide was confirmed by a comparison of the absorption speotra

of these two substances (Figure 2, p.79), and by the results of

the/
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the following catalytic reduction.

iicro-hydrogenation of rubremetinium biromide from O-

methylpsychotrine,
68.6 mg. of rubremetinium bromide were dissolved in 5 o.0., Of

purified ethanol. Crystallinc sodlum acetate (70 mg, = 3 moles)
and 34 ng. of .dam's Pt0p catalyst were added, and the mixture
was shaken with hydrogen in a glass micro-hydrogenation apparatus.
One mole of hydrogen was absorbed during a period of one hour, and
the products were isolated as in the reduction of rubremetinium
chloride on p, 127,

x=dihydrorubrenctine was obtained as woolly white needles
which melted at 197-193° with previous sintering. The mixed
melting point with an authentioc specimen of «x-dihydrorubremetine
(meps w 198-199°) was 197-198°, pB-dihydrorubremetine was also
isolated as the orystalline methanol complex, melting at 134-1860.
The mixed melting point with an authentic specimen (m.p. ®
127-128°) was 125-126°,

Catalytic dehydrogenation of l-methyl-6:7-dimethoxy-3:4-
dihydroisoquinoline (XXXII).

1.0 g of l-methyl-6:7-dimethoxy-3:4-dihydroisoquinoline

(XXXII) was mixed with 1.0 g. of 10% palladised chareoal. The
mixture was heated at 200° in an atmosphere of carbon dioxide for
one hour, and the hydrogen evolved was collected over 50%

potassium/
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potassium hydroxide. 70 c.0. (0.65 moles) of hydrogen were
collected, and gas evolution ceased. The dehydrogenation was
repeated on a further 1.0 g. of the dihydroisoquinoline,

The products from these two dehydrogenations were combined
and dissolved in boiling ethanol (50 c.c.), the catalyst being
filtered off through a pad of Filterocel, The filter cake was
extracted with boiling ethanol (3 x 50 c.c.) and the extraots
were added to the main bulk of the solution. Evaporation to
dryncss in vacuo gave a clear gum (1.4 g). This was extraocted
repeatedly with light petroleum, and on concentrating the petrol
solution, pale yellow needles (0.7 g. » 35/) of l-methyl-6:%7-
dimethoxyisogquinoline (XXXIII) were obtained, melting at 99-102°,
Jeveral recrystallisations from light petroleum gave 0,45 g. of
fine white needles which melted at 106°, The mixed melting
pdint with an authentic specimen was 105-106°,

The residuc which remained after the petrol extraetion was
dissolved in exocess ammenium hydroxide, and shaken thoroughly with
chloroform (3 x 40 ¢.¢.). After drying over anhydrous sodium
sulphate, the ohloroform extracts were evaporated to dryness to
give a very small quantity of a dark resin., No further
erystalline material could be isolated,

cpectroscopic measurements,

The absorption spectra which are given in the Theoretiscal
Section were determined using a "Unicam" quartz spectrophotometer. -

1 em. quartz cells were used throughout, and the light sources

were/
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o

were respectively a hydrogen lamp, for wavelengths below 3300 4,
0
and a tungsten filament lamp for wavelengths above 3300 A,

Specific rotation of rubremetinium chloride in aqueous so on.
15
1. ©=0.4265 122dn. 0o5+0,416°  [x] +48.8°
Correcting for the water of hydration (5.85:) in the sample
15
used [“]D+ 52.0° for the anhydrous material.
1§
2, £%=0.,4265 18®2adm, & +0,204° [«] +28,9°
v wo! S4é!
Correcting as before for water of hydration (5.85%)

15
[“] ) 3 25.4° for the anhydrous salt.

56él

Preparation of the camphor-ii-sulphonates of rubremetine.

1, d-camphor-Iii -gulphonate of rubremetine.
Rubremetinium chloride (0.2 g) was dissolved in 2 c.c., of

hot water and added to a solution of the sodium salt of
d-camphor- Il =sulphonic acid (0.08 g) in 1 c.c. of hot water.
Crystallisation occurred on cooling and the reuulting'groamphor-ﬁ'
sulphonate of rubremetine was obtained as red leaflets (0.2814 g =
947, ealeulated as the anhydrous salt). After reerystallising
from 10 c.0. of water, the salt melted at 183-184° and effervesced
at 186°,

2. l-gamphor-i -sulphonate of rubremetine.
This salt was prepared in a similar manner using 0.2 g.

of rubremetinium chloride and 0,075 g. of l-camphor-il -sulphonie
ﬂoj.do/
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agid. The l-camphor=- i -sulphonate of rubremetine was obtained
as red leaflets (0.20g = 88¢). The product, on reorystallisation
from 10 oc.ce. of water, melted at 176-177", with effervescing at
183°,

The solubilities of these two salts were almost identioeal,
Both were easily soluble in ethanol and acetone, soluble in hot
water, and almost insoluble in ethyl acetate.

rreparation of the o ~bromogamphor= il -sulphonate of rubremetine.

1, d=-o¢~bromocamphor- Il =gulphonate of rubremetine.
Rubremetinium chloride (0.2 g) was dissolved in 2 c.0. of

hot water and a solution of the ammonium salt of d-o -bromocamphor-
il =sulphonic acid (0.1 g) in 1 c¢.c, of hot water was added.
Crystallisation occurred on cooling and the resulting
4= o -bromocamphor- ¥ -sulphonate of rubremetine was filtered off,
The product was obtained as orange-red leaflets (0.255 g = 100%),
melting at 214-215° with effervescing at 216-217°, '

The salt was recrystallised from 15 c.c. of water, and the
reorystallised material sintered at 237°, melted at 239° and |

effervesced at 2400.

2, 1-oc-bromogamphor-7 -sulphonate of rubremetine.
This salt was prepared as above using 0.2 g. of

rubremetinium chloride and 0.1 g. of the ammonium salt of
1- &« -bromocamphor- WV -sulphonie acid, The salt was obtained as
orange-red leaflets (0.255 g = 100%), melting at 199-200° with
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effervescing at 201-2020.

After reorystallisation from 10 ce.c. Oof water, the product
sintered at 213°, melted at 217° and effervesced from 220-221°,

The solubilities of these two salts were compared, It was
found that the salt prepared from the dextro acid was slightly -
less soluble in water than that from the laevo acid. Both were
eagily soluble in ethanol and acetone, and almost insoluble in
ethyl acetate,

Zing dust reduction of rubremetinium chloride.

0.8l g« of rubremetiniuwn chloride were reduced with zine
dust and acetioc acid as described by Karrer and his ooliaboratora
(10). The tetrahydro derivative was obtained as a pale brown
resin A, whioch could not be induced to orystallise,

4 portion of this gun (0.14 g) was dissolved in ethanol
(0.8 cec.), and a solution of hydrated oxalic acid (0.1 g) in
ethanol (0.5 0.0,) was added, 4 small quantity of a green solid
separated and was filtered off. Reorystallisation from ethanol
(0.5 c.0.) @ave a product which sintered at 1670, and melted from
172-176°. 4 marked depression of this melting point was evident
in admixture with tetradchydroemetine hydrogen oxalate. The free
bage was recgovered into ether as usual and evaporation gave a gunm
B (0.014 g) which did not appear to be identical with 4, as will
be shown later.

The mother liquors from the hydrogen oxalate were basified

with/
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sodium hydroxide, extracted with ether (3 x 20 c.0.) and dried.
Lvaporation gave a clear pale brown gum (0.09 g) whieh could not
be obtained in the orystalline state.

The presence of a pyrrole nucleus in the produots of the
zine dust reduction of rubremetine was shown by the following two
tests which were carried out on A, [Neither test was given by
gum B,

l. 4 minute portion of A was dissolved in & drop of ethanol

and a few drops of lhrlioh's reagent (p-dimethylamino-benzaldehyde
in hydroochloric acid) were added, /n intense emerald green
colour was produced, which changed to bright red on the addition
of excess reagent,

B Vhpour‘rrom the destructive distillation of 4 imparted a
carmine colour to @ pine splint moistenecd with concentrated
hydrochloric acid.

The zinc dust reduoction was repeated on a fresh sample of
rubremetinium chloride (1.0 g). The specific rotation of the
orude product was measured in aleoholic solution, and a value of

[“]} 14°(.g_ = 0,5) was obtained,

An attempt was made to prepare the 2:4-dinitro-l-naphthol-7-
sulphonate of the reduction product. 0.18 g, of gum 4 were
dissolved in 2 c.c. of hot ethanol and added to a solution of
0.834 g. of 2:4=-dinitro-l-naphthol-7-sulphonic aeid in 2 c¢.0. of
hot ethanol. & gun was formed and solidified on cooling, but it
could not be induced to crystallise.

4 further sample (0.1l g) of gum A was dissolved in 5 e.,0. of

T/
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determined in aleoholic solution Dx]:-140° (g - 0,168),

The product from the third reduction was worked up in a
similar manner to that from the first reduction. Thrlich's
test when applied to the acid sblution was only faintly positive.
lio erystalline base was isolated from this reduction,

Catalytic reduction of rubremetinium ghloride.
Rubremetiniun ochloride (0.5 g) was dissclved in S0 o.0.

of magnesium dried ethanol. Adam's PtOz catalyst (0.1 g) and
orystalline sodium acetute (0.45 g) were added, and the mixture
was shaken with hydrogen at room temperature and atmospherie
pressure in a glass hydrogenation apparatus. The uptake of
hydrogen was rapid, and ceased when one mole had been absorbed.

The catalyst was filtered off rapidly ("Filtereel") and
the clear yellow filtrate was evaporated to dryness in vaocuo.
rxeess sodium hydroxide was added to the residue and the mixture
was extracted with ether, washing each ether layer with water.
The combined ether extruocts were dried and evaporated to dryness
to give a yellow gun., This was dissolved in § 6,0, of ethanol
and, on cooling, erystallisation occurred. The product (XXXVI)
was obtained as pale yellow needles (0.23 g), whioh darkened at
169° and melted at 120-183°, 4 sccond orop (0.05 g), melting at
177-1800, wag obtained from the mother liquors.

The two oropc were reerystallised from ethanol (8 e.0.) and
a mixture of x=- and!3-dihydrorubremetines was obtained as fine
white/
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(b) B =dihydrorubrenctine.

¢ ®0,1755 1 = 2 dn, &, +0,078° solvent s acetone
15
[fx]; 22.2°

Se Ehrllch's teste.
4 minute portion of X -dihydrorubremetine was dissolved in

ethanol and one drop of ‘hrlich's reagent was added, An intense
green colour was formed which changed to red on the addition of
exoess reagent.

The test was repeated on a sample of B-dihydrorubremetine
with a similar result.

4., ZPine shaving reaction.

4 pine shaving moistened with hydrochlorie acid was held
in the vapour from the destructive distillation of
X -dihydrorubremetine. 4 bright carmine colour was imparted
to the shaving.

The test was repeated using p-—dihydrorubremetine and a

positive result was obtained,

5. Diazo-goupling.

O.1 g+ of sulphanilic acid was dissolved in 2 ¢.0. of
T sodium hydroxide and a solution of 0.05 g. of sodium
nitrite in 1 o.c. of water was added., The mixture was cooled
in ice and poured into 1 c.c. of 2 N hydrochloric acid.

ixcess/
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Lxcess sodium sarbonate solution was added to neutralise the aecid,
and the diazonium solution was added to a solution of 0.05 g. of
x =dihydrorubremetine in 1 c¢.c. of dilute acetic aoid, Coupling
took place, and a brilliant red azo dye was formed.,

The test was repeated using f -dlhydrorubremetine, with an
identical result,

The test was also carried out, exactly as above, using
samples of emetine hydroochloride and tetradehydroemetine hydrogen
oxalate in place of the dihydrorubremetine. DNo coupling took

place in either ocase,

uerocuric acetate oxidation of o« -dihydrorubremetine.
X «dihydrorubrenetine (0.1 g) was dissolved in 2 ¢.,c, Of

dilute acetic acid, A solution of mercuric acetate (0.148 g =
2 moles + 10%), potassium acetate (0.025 g), 2 0,0, of water and
0.2 0.0, Of glacial acetic acid was added, washing in with 1 c.0.
of water.

After heating for three to three and & half hours at 110-120°
under reflux, there was a slight deposit of mereurous acetate, and
a small quantity of metallic mercury was also formed, The solid
material was filtered off, washed well with water, and the filtrate
was saturated with hydrogen sulphide. After heating to boiling
three times, the solution was filtered ("Filtercel™) to give a
clear red solution, The filter cake was thoroughly extracted with
hot ethanol, the extraet evaporated to low bulk and added to the
main solution. After evaporating to about 5 c.0., oconcentrated

hydrochlorie/
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hydrochloric acid (2 c.c.) was added, and rubremetinium chloride
erystallised out as beautiful scarlet needles (0.028 g, ®= 21%),
The product sintered at 114°, and melted and effervesced at
126-1270 both alone, and in admixture with an authentic specimen.

wereuric acetate oxidation of B -dihydrorubremetine.

The oxidation was carried out exactly as above using 0,1 g.
of /B-dihydrorubremetine. 0.028 g« (21%) of rubremetinium
chloride was obtained, melting with effervescence at 133-1250.
The mixed melting point with an authentic specimen was 123-1850.

Potentiometric titration of o -dihydrorubremetine.

The apparatus used in this experiment was a liarconi pH meter,
in conjunction with the glass and calomel electrodes. As the
titration was to be carried out in 50% alcohol solution, a trial
axperiment was performed using standard acid and standard alkali
in 50% alcohol solution, The .resulting curve indicated that the
glass electrode does function correctly in this concentration
of alcohol.

0.15 ge 0f & ~dihydrorubremetine was dissolved in 8,00 ¢,0.
of 0.1 N hydroehloric acid. The excess acid was titrated against
0.,1085 T sodium hydroxide solution with constant stirring. The
resulting curve 4. shows that o« ~-dihydrorubremetine is to be

regarded as a monoacidic base.

Dehydrogenation of o¢-dihydrorubremetine.
& =dilhydrorubrenetine/
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o<-dihydrorubremetina (0.25 g) was mixed with 0.25 g. of
10$% palladised charcoal and heated at 200-210° for 40 minutes
in an atmosphere of carbon dioxide. The hydrogen evolved
(12 c.0. = 1 mole) was passed through a trap at -50° and
collected over 50% potassium hydroxide at room temperature and
Pressure, The contents of the reaotion flask were dissolved
in boiling ethanol (50 c.c.) and filtered ("Filtercel") to remove
the ocatalyst. Evaporation of the bright orange filtrate gave
O.22 g« Of @ red resin.

This resin was dissolved in excess sodium hydroxide solution
and extraocted with ether A (3 x 25 c.0.). The aqueous layer was
acidified and extracted with chloroform to remove quaternary
matter, Lvaporation of the chloroform solution gave a reddishe
brown resin (0.1l g), which could not be induced to orystallise.

The ether solution A was extracted with T hydrochlorie
acld (3 x 25 c¢.¢.) to remove basic material, the acid extraot
being bright red in ocolour. The ether layer was washed with
water, diied, and evaporated to dryness yielding a pale yellow
gun (0.015 g). ‘This gum was dissolved in ethanol and a solution
of pieric acid in ethanol was added. An amorphous solid was
formed which ocould not be obtained in the orystalline state.

The acid extraot was basified and extracted with ether
(3 x 50 ¢.0.,)s A4fter drying, the extract was evaporated to
dryness to give 0.171 g. of a brown gum, This was dissolved in
a small amount of an ethanol-ether mixture, and orystallisation

oceurred/
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ocourred after standing overnight. A small amount of
erystalline material, melting at 174-178° was obtained, and
reorystallisation from methanol gave pale yellow needles, melting
at 185-186°, The base, in aleoholic solution, gave a brilliant

orange colour with Ehrlich's reagent,

Dehydrogenation of B -dihydrorubremetine.
0.4 g of P =dihydrorubremetine was dehydrogenated as above,

using 0.4 g. of palladised charcoal catalyst. A orystalline
basle fraction was again isolated, and after several re-
sorystallisations from methanol, pale yellow needles were obtained
melting at 184-185°, There was no depression of this melting
point when determined in admixture with the base obtained from

X =dihydrorubremnetine. 4 speoimen of the base was purified
carefully, and after drying for 48 hours over phosphorus
pentoxide at room temperature, it was sent for analysis,

Found : C, 72,14 H. 6.38%¢ N, 5.88%

Further dehydrogenation of X -dihydrorubremetine.
& =dihydrorubremetine (0.25 g) was mixed with 10% palladised

charcoal (0.25 g) and heated at the temperatures shown below.
The reaction was carried out in an atmosphere of carbon dioxide
as before, and the hydrogen evolved was collected over 50%

potassium hydroxide solution.

Tine/



Tine Temperature Yol, of hydrogen,
20 minutes at 180-190° 2
3 " " . 205-210° -
60 " " 210-220° 12 0.0,
20 " 245-250° -
s0 " " 270-275° -
96 " " 300-305° 32 ¢.0., approx.

The reaction mixture was worked up and separated into
neutral, basic and acidic fractions as in the previous
dehydrogenations, llo erystalline materials oould be isoclated
however,

The neutral fraction (0.026 g) was dissolved in a mixture
of light petroleum (90¢%) and benzene, and passed down a six ineh
column of activated alumina, 10 ¢.c. samples of the eluting
solvent, composition as shown below, were taken, and each was
evaporated to dryness to give small varying amounts of a
colourless gum. 4 drop of alecoholic pioriec acid solution was

added to each of these extraots, but no orystalline product was

obtained,
Weight of gum Composition of eluting solvent
2.0 ng. 507, benzene, 50% light petroleun
1.0 mg. a »
1.7 ng. " "
0.8 mg. 100% bengzene
0.2 mg. &
0.5 mg. "

0.1 mg./
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Weight of cun Composition of eluting solvent
0.1 ng. 100% benzene
3.5 mg. 100% ethanol
3.0 mg. -

Preparation of N-acetylemetine methiodide (XOCIVII).

10.0 g. of emetine hydrochloride were converted to
amorphous N-acetylemetine (7.92 g) according to the instructions
of Ahl and Reichstein (13). The orude N-acetylemetine was
treated with methyl iodide in benzene, and N-acetylemetine
methiodide (XXXVII) was obtained as yellow prisms (10.08 g = 100%),
melting at 208-211°, Further recrystallisation from ethanol
gave 9.7 g. of product melting at 211-213°,

lofmann degradation of N-acetylemetine methiodide.
5.0 g. of N-acetylemetine methiodide were degraded by the

Hofmann procedure, as described by Ahl and Reichstein (13),
and the resulting N-acetylemetine methine (XXXVIII) was obtained

as a pale yellow glass. This was dissolved in 50 0.0, Of ether
and shaken with T hydroehloriec acid (3 x 30 c.c.). The acid
extraot was treated with excess sodium hydroxide solution and
extracted thoroughly with ether (3 x 50 c.0.)s After drying and
evaporating to dryness, 3.57 g. (965%) of a water-white gum were
obtained.

This methine was dissolved in 50 o.,0, of dry ethanol, 100 mg.
of/
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of platinic oxide were added, and the mixture was shaken with
hydrogen, TUptake of hydrogen oceused after 30 minutes, when
162 c.c, (1 mole) of hydrogen had been absorbed.

The ocatalyst was filtered off ("Filtercel”) and the filtrate
was evaporated to dryness in vacuo to give a clear gum (3.65 g).
This was dissolved in 25 c.c. of ethanol, and 1.8 g. of hydrated
oxalie acid in 25 c.c. of ethanol were added., Crystallisation
occurred on cooling, and 4.6 g. of white needles were obtained,
After several reorystallisations from ethanol,
li-acetylemetinedihydromethine hydrogen oxalate was obtained as
fine white needles, melting at 200-201° with previous sintering.
A specimen was dried at 100° in vaguo over phosphorus pentoxide

for five hours, and analysed,

Found: C. 59.8% H. 6.94% N, 3.43%
CaollygUslls @ CpHp0y requires : C. 60.1% H, 7.02% N, 3.90¢
Ce4 go of the hydrogen oxalate were converted to the free base

as usual, and the resulting gum was distilled at 180° and 5.0 x

10~ nmn, ;i sample of the distillate was sent for analysis.,
FPound: C., 71.4% H, 8.,78% N. 5.650
052H4605N2 requires : C. 71.5% H, 8.68% N, B5.20%

Deacetylation of li-acetylemetinedihydromethine.
ethod 1.

0.12 g. of dry magnesium turnings were suspended in 5 c.0.
of dry ether, and 0,55 g. of dry methyl iodide in 5§ e¢.0. of dry

ether/
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ether were added dropwise with vigorous stirring. The reaction
flask carried a reflux ocondenser and was protected against the
entry of moisture,

The mixture was refluxed on the water bath for 6 hours, and
0,422 g, of N-agetylemetinedihydromethine in 10 o,0. of dry ether
were added dropwise, An immediate white precipitate formed;
this was allowed to stand overnight and then refluxed for a furthe:
9 hours on the water bath,

The mixture was poured into & oconcentrated solution of
ammonium chloride in ice-water to decompose the addition compound,
and the base was extracted with ether (3 x 50 c¢.0.), washing eaoh
ether layer with water, After drying and evaporating to dryness,
a yellowish-brown glass (0.371 g = 95¢) was obtained,

0.2 g, of this glass were dissolved in 4 c.c. of ethanol,
and a solution of hydrated oxaliec acid (0.15 g) in ethanol (3 c.o0.)
was added. The orystalline material, after filtering off and
drying, melted at 201-202°, There was no depression of this
melting point in admixture with N-acetylemetinedihydromethine

hydrogen oxalate.

Lethod 2.

N-acetylemetinedihydromethine (0.22 g) was dissolved in
5 c.¢, of methanol, and 4.5 a.c. of 10% hydrochloric acid were
added. The mixture was heated for 6 hours at 130-135° in a
sealed tube, 2 hours being required to attain this temperature,
after cooling overnight, the tube was opened carefully. The
nethyl/
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methyl chloride and methanol were evaporated under reduced pressure,
leaving 5 0.0, Of aqueous eolution which was extracted with ether
(10 ¢¢0s)s Exeess sodium hydroxide was added, and the basic
material was extracted with ether (3 x 30 6.¢.). ‘The ethereal
solution was dried and evaporated to dryness to give 0,19 g. (94%)
of a yellow gum (XL). This dihydromethine (XL) was distilled at
180° and 5.0 x 10"6 mmn, and wag finally obtained as a clear
yellow glass (0.18 g).

Acetylation of the dihydromethine (XL).
0.36 g. of the dihydromethine (XL) werc dissolved in 5 o.0.

of ether, and shaken for a few minutes with 10 c.0. of 10%
potassiun hydroxide and 1 ¢.c., of acetic anhydride. The ether
layer was separated and the aqueous phase was extracted thoroughly
with two further portions of ether. After drying, the ethereal
extraots were evaporated to dryness to give 0,27 g, of a
colourless gum. This was dissolved in 2 ¢,c, of ethanol, and

0.9 8+ of hydrated oxalic acid in 2 c.c. of ethanol were added,
Crystallisation ocecurred after some time, and fine white needles,
meltirg at 198-1990 were obtained., There was no depression of

this melting point in admixture with N-ucetylemetinedihydromethine
(XXXTX) hydrogen oxalate.,
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