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INTRODUCTION ON PLANT SYNTHESIS AND TROPANONE

It is well established that in many, perheps in most, plant as well
as in animal cells the processes are directed and governed by enzymes.
The gquestion arises whether in all chemical processes of the living cell
enzymes are necessary. Are there not scme in which the reactions pPro=-
ceed spontaneocusly without the aid of enzymes?

In the animal cell nc evidence for auch a spontaneous synthesis or
degradation has been observed. In the plant conditions are different (1).
There is the abundance of the metabolic products of the cell which ap-
pear in the tissues, such as the carbohydirates, the aminocacids and the
lipoids. The large number of alkaloids in plants stands out in contrast
to the limited number in the animal ecell. In animal alkaloids, that is,
organic bases of animal origin, it is almost a question exelusively of
the aminoacid precurser. Another striking thing about the natural sub-
stances of the plant kingdom is the fact that frequently a natural prod-
uct, ©.8.» a certain alkaloid, is found only in a single species, where~
as in closely releated species different alkaloids or none at all are
found; or, an alkaloid may be found in a limited number of related plants.

One example from the many available is lupinin, found in Impinus luteus

and niger (leguminosae) and found only in these two Lupinus, and it is

also found in Anabasis aphylla (Chenopodiacea).

It is natural to conclude that a certain degree of fortuitousness
applies here, that in just one plant there should be found the sum of all
the conditions which lead to the formation of a definite substance,

whereas in related speciez one or more of these conditions should be

missing, so that there is a change in the direction, or even complete



absence of synthesis. Thus, one comes to the conclusion that at least
for the plant cell it is possible to distinguish between two types of
chemical processes, namely, those which are vital and catalyzed in their
several stages by specific enzymes and those which are fortuitously proe
dueced. The latter may also be influenced by enzymes., But it is also
reasonable that a natural product should arise from intermediates which
are formed in cell metabolism, that these intermediates are so reactive
that from the view of the organic chemist, and in the mild reaction condiw
tions of the cell, they react readily to form a condensation product.
This condensation product must then be slowly changed by the cell so that
it accummlates and thms becomes isolable.

The opinion concerning the synthesis of alkaloids under physiologiecal
conditions was expressed in a paper "The Synthesis of Alkaloids in and
Outside the Plant" (Entrance in Communications of the German Pharmaceutic-
al Society 5, 93 (1928) given before the German Pharmaceutical Society at
Berlin, by Carl Mannich. Hes said:

“Man wird milde Methoden suchen m'iasen, welche ohne Anwendung
bmtalo}; Reaktionen von einfachen Grundstoffen zu komplizierteren
Basen fuhren, Es scheint mir nicht richtig, die erstaunlichen
chemischen Kiinste der Pflanze nur durch die wundertitige Wirkung
der Enzyme erklaren zu wollen. Mindestens masz man versuchen,
chemische Progesse aufzufinden, welche auch ohne Enzyme die Alkaloid-
bildung verstandlich machen."

The gquestion of the physiological conditions and how the reactions
proceed which account for the biogenesis of natural plant products, es-
pecially the alkaloids, will now be considered. If one would detect the
formation of a product which appears momentarily in the ocell, then he can-
not proceed as in the fermentetion proeess, in the isolation of the en=
zyme. Even if the formation of natural products could be observed in the
expressed juices (which has not been observed thus far), the method would

be impracticel because the quantities of transition material available at



any given moment are relatively small, as they are involved in further
syntheses.

There remains, then, the indireet method. Considerations which
come into view are three:

l. The constitution of the natural product.

2. The fact that these products are formed in the cell without the
aid of stremuocus conditions such as strong alkalies, acids, elevated
teuperatures, etc.,, which are frequently relied on in the laboratory.

The formation takes place at moderately low temperature, at high dilution,
and at a pH which does not deviate far from 7. These are called the
"physiological conditions.™

3. Our knowledge of the metabolic processes in the cell, i,e., the
degradation of aminoacids, fatty acids, etc., give us indication of which
organie compounds may be expected in the variocus parts of the cell and
thus may be considered as intermediates in the synthesis of natural prod-
ucts.

¥ith these assumptions it becomes possible to set up hypotheses as
to the biogenesia of the subatance studied. From the constitution of a
single substance, generally, no extensive valid conclusions may be drawn
as to natural intermediates. But from numerous substances of related
strueture it becomes possible to estadblish certain conditions.

Once the hypothesis is established it must be proved. It is not
permissible to assume any reaction as possible in the cell for the bio-
genesis of a natural substance; it mst take place under physiological
conditions. If it is assumed that a natural product is formed from the
reactive intermediates in the cell, then it mst be shown that under

physiological conditions the natural product is actually formed from such



hypothetical intermediates.

If the intermediates of postulated constitution do not reaet with
one another under biological conditions, one may perhaps postulate that
an enzyme initiates the reaction. But no advantage is gained by this
assumption, not until such a bioccatalyst is isolated.

Finally, one mst be sure that the intermediates for biosynthesis
are capable of existing in the cell, but it is not necessary that the in-
termediates be isolated as natural products. Omne mist antieipate that
the actual building blocks for the biogenesis of natural products are so
reactive that they themselves accumlate in only rare inatances.

One of the most striking characteristics of an alkaloid«~bearing plamt
is its capacity to produce a number of closely related bases. Examination
of any series of alkaloids inevitably suggests that the plant, with its
pro;minent synthetic ability, has built up such a series from common par-
ent substances through condensation, methylation, decarboxylation, and
oxidation and reduction reasctions., This idea was first suggested early in
this century by Pietet (2) and by Willstatter (3). The aminocacids, or
their transfermation products, the amino aldehydes and amines, with forme
aldehyde, formie acid, and methanol, undoubtedly are the chief bduilding
units for the synthesis of alkaloids.

The first experimental demonstration of the simplicity of method by
which the plant mey synthesize alkeloids was Robinson's synthesis of tro-
panone. from suceindialdehyde, methylamine, and acetcnedicarboxylic acid (4)h

Propancne, originally obtained by the oxidation of tropine (tropanol)
(5, 6) eand from ecgonine (7), whose structure was established by the
brilliant work of w1llst$fter, has become the key compound in postuleting
the bioasynthesis of the étropina group of alkaloids. As shown below, it

may be regarded as the natural starting point in the synthetic preparation



of a number of bases of great value to medicine and surgery.

electrolylic Na
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Numerous plant alkaloids are structurally derived from tropanone.
Tropanone does not appear as such in nature. Rather, the natural products
are derived from reduced tropanone; esters of both stereocisomeric alco-
hols, tropanol and pseudo-i{ropanocl, oceur naturally. Since the reduction
of the carbonyl group and esterification of the resulting hydroxyl group
are possible in the cell and, perhaps, catalyzed by enzymes, the bio-
genesis of these alkaloids may be referred to that of tropanone. For
this Robinson gave the ansawer in 1917. He showed that by bringing tow
gether sucecindialdehyde and acetonedicarboxylic acid in the presence of
exeess methylamine, the aldehyde~amine reacts with the acid to form tro~
panonedicarboxylic acid and that this beta-keto-acid readily loses two

molecules of carbon dioxide with the formation of tropanone (8).

CHp ~CHO CHy~CHOH
+ HpNCHz ——> ~CHz
CH,,~CHO CHp-CHOH



Hp~CHOH HyG~COOH Hz-TH HCOOH
~CHz + =0 _alkall .I;cns -0 _gg%%;’,
CHz~CHOH HpC~COOH H HCOOH
H—————CHa
F?-ﬁﬂs =0
Hp~CH———CHp

Tropanone

Since the indicated intermediates are hypothetical building blocks
of the living cell, Robinson concluded that this aynthesis is also that
used by the cell (8).

According to Schspr (9), syntheasis in the plant cell may take place
with participation of specific enzyme systems, adapted to the produetion
of one definite substance, as for example, the aynthesis of starch from
carbon dioxide; or unspecific enzymes may take part, e.g., enzymes as
have a general function, as decarboxylation, hydrogenation, dehydrogena=-
tion, and oxidation; or finally, natural products, or the intermediates
from which they are derived, may be formed without the participation of
enzymes, when sufficiently reactive units occur simltaneocusly in the
course of cell metabolism. This last case ia susceptible of study in
the laboratory. Essential conditiona to be observed are proper hydro-
gen~-ion concentrations and temperatures comparable to those under which
the plant operates, and the use of starting materials which the plant
may be expected to have availlable.

There can be no doubt as to the ability of the plant to reduce

ketone groups end to accomplish esterification, so that the question of



the photochemical synthesis of the alkaloids of the belladona group, the
tropane derivatives, is largely that of the synthesis of tropanone., Ale
though succindisldehyde (from degradation of ornithine), methylamine, and
acetonedicarboxylic acid are all cell-possible substances, Robinson's
synthesis, as confirmation of the hypothesis, is open to objections, bew
cause his condensation leading to tropanonedicarboxylic acid was carried
out in strongly alkaline solution, and the subsequent decarboxylation
required physiologically impossible conditions with respect to tempera-
ture and hydrogen-ion concentration. When, however, the condensation
was carried out in a buffered solution between pH 3 and pH 11 at 25°,
spontaneous decarboxylation took place, and tropanone was obtained di-
rectly in excellent yields. At pH 13, in agreement with Robinson's re-
sults, the dicarboxylic acid was obtained.

The experiments and results on the preparation of tropanone by
Seh’o‘pf and Lehmann (10) support the t_heory of blosynthesis as their re-
sults given in Table I show.
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TABLE I. Tropanone from Succindialdebhyde (A) Methylamine Hydrochloride (B)
and Acetonedicarbvoxylic Acid (C)

Reaction Series

I. M/454, m/25B, m/20C, m/10 buffer; 25° C., time of reaction, 3 days.

II. M/454, m/25B, m/25C, m/12 vuffer; 20-22° C,, time of reaction 3 days.
PH at beginning of experiment 3,0 5.0 7.0 2.0 11.0 13.0

pH at end of experiment I 3.0 5.1 7.0 8.6 11.0 12.6

II 3.3 6.0 7.0 8.2 10.7 12.6

m.p. of tropanone picrate I 205 211 211 213 214 200
II 215 212 210 208 204 210

per cent yield of picrate 1 47 54 65 éé 86 3

II 68 83 78 6l 64 5

It is seen that at pH range 3~1l tropsnone is immedistely and di-
rectly obtained. At pH 13, in agreement with Robinson's results, the di-
carboxylic acid is obtained. Thus, Robinson's theory of the biogenesis,
with small modifications is substantiated, not that the dicarboxylic acid
is formed first but tropanone is obtained directly.

If one of the intermediates were the moncester of acetondicarboxylic
acid, the expected condensation product would be the ketone corresponding
to methylecgonine. Reduction of the ketone and esterification of the re-
sulting carbinol would lead to eompounds like cocaine and the truxillines,

Except for benzoylecgonine all are esterified with methyl alcohol.

It has been shown experimentally that the monomethylester of the dicarbox-
ylic acid condenses with methylamine and suecindialdehyde at pH 5 to form

carbomethoxytropanone. Benzoylecgonine might then result from a



Secondary reaction in which the carbomethoxy group is hydrolyzed and thé
keto group reduced before the

bydroxyl group is benzoylated. In vitro the hydrolysis of the ~COOCHz
pProceeds faster tham thet of the -0-C0-CgHs~ group.

The results in the tropane series may be applied without modifica=
tion to pseudo-pelletierine, a ring homolog of tropanone, which appears
as such in nature. Robinson (11) obtained pseudo-pelletierine from glue
tardialdehyde, msthylamine, and acetonedicarboxylic acid, and Schopf (13)
. was able to prepare the same compound, using solutions buffered at pH 7
at 25°, in nearly quantitative yield.

In the bdark of the South American Galipea officinalis are found a
8eries of alkaleoids which have been investigeted by Spgth and co-workers
(13). They are the following: Quinoline, qQuinaldine, <-n-amylguinoline,
4emethoxy~-2=-n«amylquinoline, galipine, cusparine, and galipoline, A4ll of
these are quinoline derivatives with substituents in the Z2~-and the 4=
positions. The quinoline nucleus is not further chamged, but in the 2«
poaition are found the substituents, H~, CHz-, CHz(CHp)g~, and
0638(03)2‘052332" This regularity leads to the assumption that the
quinoline portion of the alkaloids is always formed from the same builde
ing blockas and that these cambine with different other intermediates to
form the remainder of the molecule,

The alkaloids containing a quinoline nucleus could reasonably be
supposed to be formed through a Friedlander type of synthesis, the conden-
sation of o-aminobenzaldehyde with ketonea., The oxidation product of
oweminobenzaldehyde, namely anthranilic acid, is found frequently in nat-
ure, and is observed as a degradation product from tryptophan. Methyl
ketones are present in many ethereal oils. The biogeneais of the quino=

line group appears to have its starting point in subatances that may be
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regarded as the progenitors of the methyl ketones, namely the /? =kato=-

acids.

If o-aminobenzaldehyde is allowed to react, in dilute solutioms,
with acetoacetic acid or caproylacetic acid at various pH conditions, it
is found that a pH 13 the 3-carboxy compound is formed, but in the pH

range S~l1 excellent ylelds of the 2 alkylquinoline are obtained (14).

/ N\coon

Soh:’pf snd Lehman (14) advance the opinion that some of the angostura
alkaloids are synthesized in the plent from methyl anthranilate, or an-

thranilic acid, and a ﬁ-ketoacid. Thuas the bioasynthesis of cusparine
would involve methyl anthranilete and an acid, a condensation with a

simltaneous decarboxylation in the following manner:

°Hp

I"Ha
=0 N Hz-I-GOOH
O:

~CHy~CHp -

methyl piperonylacetoaceticacid
anthranilate ,(-p:lperonyl- IB ~ketobutyric acid
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OCHg
N
-8Ha0 Hg
— e
Cusparine

The manner of the biogenesis of the isoquinoline alkeloids has not
been determined, but speculations in this respect are not lacking., A

general mechanism would involve a condensation somewhat as follows:

This followed by biological processes such as oxidation, reduction, ete.,
would account reascnably for the formation of the bases such as the mes-
caline compounds or the benzylisoquinoline derivatives. Aldehydes are
known natural products and hence are readily explained, The necessary
phenethylamine intermediate may very well be derived by biologlical de~
gradation, oxidation, etc., from phenylalanine. Evidence for such a
mechanism in nature may be presumed in the Bischlers<Napieralski reacticn.
Here, however, the conditions are so drastic that diological conditions
eannot duplicate them., Therefore, to check the hypothesis under condi-
tions spproximating nature with respect to pH range and temperature,
Schépf and Bayerle (15) allowed a solution of M/25 3,4«dihydroxyphenyl-

ethylamine end M/12,5 acetaldehyde to stend for three days at 25° at



PH 5; at the end of that time they reported excellent yields of
l-methyl-§,7-dihydroxytetrahydroisoquinoline.

g
o
C’D - [+ }.C]
LA
Y
g

-C.
. 8

This reaction took place spontaneocusly and without the 2aid of
enzymes or cata‘l_yata. It is not impossidle that many natural products
are prepared in guite an analogous manner. The methylation of hydroxyl
groups or ;:r a nitrogen atom is a possible cell reaction, and, therefore,
the above mentioned isoquinoline derivative may be locked upon as the
precursor of the natural bases Carnegine, Salsoline, and the snhalonium
alkaloids which have been isolated from the meacal button, Anhalonium

lewinii. The structures of these natural bases are:

2 Ho
CHz0 Hp CHz0 Hp

CE50 CHz0 HO (~CH,
OCHz 0 Ofp CHy

Mescaline Anhalinine Anhaline



CHg Hz CH30 CHp
CHg CHz CHy
OR OH Hy
Anhalamine Pellotine

CHz0 HO
CHg0 ~CHy CHg0

NH

AN

H
CHz CHz

Carnegine Salsoline

These closely related cactus alkaloids serve as an excellent 1lluse
tration of the principle that the products of biosynthesis in the plant
are structurally very similar. This holds true often not only for a
single species, but also for closely related or allied species,

If one were to assume the six-membered ring of tropanone opened by
the addition of two atoms of hydrogen, then one obtains the formula for
hyzrine, isolated from Peruvian cocoa. In a similar manner methyliso-

pelletierine corresponds to pseudopelletierine. TFurther, closely related

to hygrine is cuskohygrine.

: Hp c——CH, H Hp
: H-CH-CO-CH3 H H-CHzC O CHp Hz
N
CHg

OHg CH

hygrine cuskohygrine
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2 H————CHp , CH GO
Hg «Me €o Me
Hy ¢a CH, H Hp H
pseudopelletierine methylisopelletierine

It is natural to assume for these alkaloids an origin in the cell
just as for tropanone and pseudopelletierine, Actually, Rodbinson (16)

advanced the hypthesis that hygzrine is obtained from X-nethylaminobu-

tyraldehyde and acetoacetic acid.,

Tﬁs Tﬂa Hy
COOH
/N /OH '
r 52T ~OH pCOCHz  Hy H-CH,COCH,,
Hp——CHp HpG— Hy Hz
aldehyde-ammonia hygrine

Losn amnaTd e Sacsa R P s i e e

of ([-methylaminobutyraldehyde and acetonedicarboxyliec acid, Methylisow

- o mdomd M asn smccmwmiass ssealeals

pelletierine would then derive from J-methylaminovaleraldehyﬂo and
pelletierine would then derive from d-nethylamincvaleraldehyﬂe and

acetoacetic acid.

There cen hardly be any doubt that the indicated synthesis will
take place smoothly. The difficulties in carrying out the experimental
teats, however, lie in the inability to obtain the necessary (-methyl-
aminoaldehydes. Robinson (17) overcame this difficulty by using

feeminobutyraldehyde, obtained by the oxidation of ornithine,
NHp-{CHg) zCH(NH, ) =COOH, with acetoacetic acid and obtained nor-hygrine.
Sohgpr (18) attempted to prepare the comparatively readily synthesizable
diethylacetal of r-aminobutyramehyde. but the hydrolysis of the acetal

did not form the aldehyde in appreciable amounts. Therefore, the acetal
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was hydrolyzed at pH 5 in the presence of acetoacetic acid, with the hope
that the liberated sldehyde would react as soon as it formed, but the de-
sired reaction product could not be isolated. Success was achieved only
when the comparatively unstable acetoacetic acid was replaced with the
more stable benzoylacetic acid. Under these conditiona the formation of
the ketone C4H4N-CHy-CO-CgHg was proved, which fundamentally establishes
the possidbility for biogenesis according to the indicated reaction.
Structurally related to the alkaloids carmegine and salsoline, ale
ready discussed, are the harmala alkaloids, ~-harmaline, harmine and har-
man, By analogy for the biogenesis of the tetrahydroisoquinolines, the
building unit must be tryptamine, derived from tryptophan by decarboxyla~
tion, or its 6-hydroxy or 6-methoxy derivatives., In this series, too,
the mechanism has been subjected to direct investigation. Schgpr (19)
‘condensed tryptamine with acetaldehyde under physiological conditions
and obtained tetrahydroharmen, Habn (20) independently showed that
tryptamine (M/14) condensed with acetaldehyde (M/7) at pH 5 and 25° to
form tetrahydroharman, and then by loss of hydrogen forms dehydrogenated

products.
!

Qj\ L.
e ——
H H CHg
IZ: Tetrahydroharman

The reaction does not proceed satisfactorily with more complicated
aldehydes, btut succeeds with 0( =keto acids, which are probably the bio-~

chemical progenitors of the aldehydea (20). Thus, the possibility of the



reaction taking place within the cell was demonstrated, and this might
well be the reaction for the biogenesis of the haermala alkaloids.

In numerous works, especially those of Spath and his eo-workers (21),
the constitution of vasicine, or peganine, has been confirmed by synthesis.
It is seen that the molecule may be composed of two building blocks, name-

1y, o-aminobenzaldehyde and «(~hydroxy- F-eminobutyraldehyﬂe.

y Hz '
I Hy
N/
on

Yasicine

CHO Be-Gly
+ CHp e
NH, OHC~CHOH

AN

Unfortunately, o{-hydroxy- J’ -aminobutyraldehyde is not known, but X-amino-
butyraldehyde, in the form of the diethylacetal, is available, and the
synthesis of desoxyvascine by the use of this aminoaldehyde makes the
above hypothesis of the biogenesis of vaacine seem reasonable. Sch;pr
(18) found that in dilute solutiom, at pH 5, X-mninobutmldehyﬁe-
diethylacetal undergoes rapid hydrolysis and the liberated aldehyde cone
denses with o-eminobenzaldehyde to the pseudo~base I. The psesudo-base
isomerizes to the eolored quaternmary ammonium base II, in which a shift of
two hydrogen atoms takes place under the influence of palladium and hy-

drogen to form desoxyvasicine.
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OH
CHO : A \n——
Y e %i i —
& A

I. Pseudo-basge

N B
Y e I E
\Nﬂz N/ \c

II. Ammonium base Desoxyvasieine

This shows that a structure such as found in the ammonium configuration
possesses the tendency to go over readily into the more stable configu-
ration of desoxyvasiscine, provided there is present in the plant a
eatalyst to aid the hydrogen shift.

. What appears certaln in the investigations described is the prin-
ciple of aldehyde-ammonia formation and the condensation of aldehydes and
aldehyde~-ammonias with beta~keto=acids in manifold manners for the synthe-
8is, under the mildest conditions, of numerous alkaloids, or their pre-
cursers. There may be a diversity of opinion on the question of the exw
tent to which the plant employs the syanthesis tried in the laboratory.

In view of the feet that the assumed bduilding bdblocks are cell~possible
ecompounds and often yield practically quantitive amocunts of product, and
further, since the reaction takes place rapidly and may take place con-

currently with other transformetions of the building blocks, such as
oxidation and reduotion, there should be no particular objection to the



View that the syntheses described take place in the plant. A definite
indication for the correctness of this assumption does not otherwise ap-
pear. Final proof will require controlled experiments in the living
cell. Such experiments would be &ifficult and perhaps impossibdle.

The methods of synthesis under biological conditions may in time
displace the synthetic methods used up to the present. They cannot do so
now because the prerequisite starting materials are today still relativew
ly unavailable, They will, however, be provided, especially when it is a
question of synthesizing organic compounds which may be difficult to pre-
pare by the usual procedures.

In spite of present disappointments, the success of the biosynthetic
methods deacridbed is inspiring. It can be predicted that with refinemsnts
of technigque and choice of more suitable reactants, syntheses of this
type will be extended to afford a great deal of additional information on

the probable mechanism of formation of the alkaloids in the plant.

METHODS OF PREPARING SUCCINDIALDEHYDE

Following the work of Robinson (4} and Schopf (12) on the synthesis
of tropanone and related alkaloids, interest in the preparation of
succindialdehyde has greatly increased,

The first mention of succindialdehyde is that by Soytzeff (22) in
1873, who claimed to have prepared it by the reduction of suecinyl chloride
with sodium amalgam. It was shown later, however, by Wislicemus (23)
thet Soytzeff did not have the dialdehyde but [~butyrolactems.

In 1884 Ciamician and Dennstedt (24) prepared succindialdoxime by
prolonged heating of an aleoholic solution of pyrrole, hydroxylamine hy=

drochloride, and sodium carbonate.
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b o CH CHoCH-NOH
x!l | + 2NHpOH.HECL + NagCOs .o o L +NHy +2NaCl
HgCH-NOH
+Hg0 +C0p

In 1901 Harries and co~workers (25, 26) converted the dioxims to the
dialdehyde by allowing nitrous acid to act on the oxime after the method
used by Claisen and Manasse (27) to convert isonitrosocamphor to camphor
quineone,

CHpCH-NOH CHoCHO
+ NgOgz (or 2HNOg) — 5 | +2Ng0+Hg0 (or 2Hg0)
CHCH-NOH CHzCHO

Nitrogen trioxide for the preparation was generated by arsenic and
nitriec acid (Sp. Gr. 1,3) (28). The gas was bubbled rapidly through a
well-cooled suspension of the oxime in water until fumes of Nzo were no
longer evolved (29). The solution was neutralized with precipitated
calcium carbonate and filtered. The filtrate waa concentrated at rew-
duced pressure in a stream of carbon dioxide at 30° C, The residue was
transferred to another flask and the eontents distilled rapidly at low
pressure on an oil bath until the temperature reached 120° C, The fore
ran contained some dialdehyde which was partly recovered by repeated
fractionation (30). The aldehyde thus obtained was a glassy polymer.
The monomer was later obtained by distilling the polymer at atmospheriec
pressure and fractionating the middle fraction at reduced pressure,

The yield of dialdehyde from pyrrole was increased by Willstatter
and Heubner (31) and by Mannich and Budde (32)., The former were able
to obtain the dioxime from pyrrole in greater yield by inereasing the

gquentity of hydroxylamine hydrochloride to the theoretical amount; the



latter obtained the dialdehyde from the oxime using ethyl nitrite ine
stead of nitrous acid. This method of preparation removes the hazard
of explosions in the use of nitrous acid with the oxime.

Succindialdoxime has been obtained from Neethylpyrrole and hydroxyl-
amine (33) and from the reduction of l,4~dinitrobutane (34).

Harries (35) has presented some evidence that furan reacts with a
methanolic hydrogen chloride solution to give sucecindialdehyde tetra-
methylacetal,

In 1906 Wohl and Schweitzer (36) electrolyzed the potassium salt of
maloniec semialdehyde diethylacetal to obtain succindialdehyde tetra~
ethylacetal which was hydrolyzed to the free aldehyde:

CH,CHCHD %&'L CACHzCHzCH(OEt)s Na%H _  BOCHpCH,CH(OEt)p

KMnOg4 electrolyze CHoCH(OEt)p g* CH2CHO
———> EDOCCH,CH(OEt) 2 > | —_
CHpCH(OEt); H20  CH0HO

Sugasawa (37) in 1927 obtained the dialdehyde by the method of Wohl
and Schweitzer (38) but prepared the intermediate potassium salt of

malonic semiacetal by a different procedure:
CHCOOEt + HOOOES — N, NaOCH-CHOOOEt _EYCH (Et0),CHCH,COOR
ether HCl

CH2CH(OEt) 2 + HO
BtOH electrolyze H

——> (Et0)oCHCHoCOOK —

KOH (Et0) CHgCH(OEt)z Hz20 HO

Keimatsu and Yokota (38) in 1927 used acetylene, orthoformic ester,
and ethylmagnesium bromide followed by the reduction of the substituted

acetylene obtained to get the tetraethylacetal of succindialdehyde and
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hydrolyzed the product to the dialdehyde:

CCH(OEt CH
(gto)scg+czgz+czm — L ( )3 2Hp cHz (OEb)a

CH(OEY), ~ Pa = CHzCH(OEE),
o CHCHO
H20° CH,GHO

Mareilly and Blaise (39) in 1904 isolated a small amount of succin-
dialdehyde among the oxidation products of certain unsaturated acids,

"
Tark (40) in 1905 prepared the dialdehyde by hydrolysis of diallyl
diozonide.

Harries (41) in 1908 obtained it by the hydrolyzis of cyclooctadiene
1,5 diozonide and in 1912 by the hydrolysis of the ozonides of certain
butadiene polymers in the course of proef of struecture (42).

A poor yield of the dialdehyde has been isolated from dehydrogena-
tion products of 1,4 butandiol, but J~butyrolactone is the chief product
of the reaction (43).

In 1943 Yourtee (44) at the Univeraity of Maryland obtained succin-
dialdehyde in 7-10% yield by the condensation of ethyl succinate with
ethyl formate followed by hydrolysis and decarboxylation of the interw
mediate o{'a( 'difomlsuecinic ester which could not be isolated from the

condensation reaction mixture:

OOEt

HCHO +  CHzCHO
+ zHCOOR NaOEt

2
Hp HCHO 2H20 CHoCHO
OOEt

+ 2EtOH + 2C0g
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The dialdehyde prepared was distilled in vacuo under dry nitrogen gas
and the frection boiling 61559 at 10~-12 mm was collected, The yield was
9.5% based on ethyl succinate used.

In addition to monomeric succindialdehyde, at least four polymeric
forms have been described in the literature (45, 25). The monomer is a
light, mobile liquid of sweetish but stinging odor; be.p./760 169-70°
(s1.d0)5 bepe/11 65-7°; a3°1.069; nl®1.42507, n3l1.42617, n301.a20e7 (28,
46)s It is easily soluble in all the common solvents, unstable in dilute
acid solution and exceedingly unstable in dilute alkaline solution, and
its vapors are eorrosi;re to the skin and macous membrsnes (25). It poly-
merizes readily on standing, esapecially under the influence of moisture,
to a glassy form but will remmin liquid for a long time in the dry, cold
state in a well=-stoppered container (28). It gives an intense blue color
with Schiff's reagent (25), reduces Fehling's solution even in the cold
(25), and ylelds derivatives with all the usual aldehyde reagents (45).
Oxidation by KMnO, destroys the dialdehyde (26), HNOp yields succinic
acid (29), and HNO; yields oxalic acid (28). Sodium amalgem in moiat
ether reduces the dialdehyde to tetramethylene glycol (26).

With water in a sealed tube at 180°, furane is formed; with phosphor-
ous trisulfide, thiophene is formed; and with ammonia and acetic acid, pyx-
role is the product (25).

The so-called "glassy” form {probably pentameric) is a tough sticky
substance with biting odor. It liquifies at 65° and boils at 169-70° at
760mm pressure to yield the moncmer, It dissolves readily in alcohol but
difficultly in water, ether, or benzene ylelding a solution of the mono-
mer. TIts a*? 1.23 and n20 1.47849 (25, 26, 28).

Three other polymeric forms (26) are solids. One, m.p. 64°, is pre~

pared by dropping the "melted" glasay form into water at 50°, Evaporaw
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tion of a benzene solution of the monomsr yields another form melting at
130-40°, Ain amorphous form, termed parasuccindialdehyde, is produced
when an acetone solution of the aldehyde is allowed to stand with anhy-

drous oxalic acid. This is a white powder decomposing at 90-100°,



RESEARCH AIM

"
The success of Schopf in proving the bicgenesis of the tropane alka-
loids, particularly the biosynthesis of the intermediate ketone, tro-

panone, is very inspiring. His work gave promise that homologs of tro-

panone might be synthesized according to the following equation:

HO HoCOOR (H) Ho«GH=—CHg (H or COOR)
+ wR+ -0 —————— j"ﬁ 20
HaGCHO HoCOOR (H) 2-CH-—-CHp

The primary aim of this investigation was first, to duplicate

Schspr'a results and, second, to extend the investigation to the prepar-
ation of tropancne homologs with the viéw in mind of synthesizing com-

pounds related to atropine, cocaine, and tropacocaine, and teating them
pharmacologically. It at once becomes apparent that such an investigae
tion must be concerned first with the appropriate intermsdiate which may
be converted into the desired aleohol or hydroxy ester, and then esterifi-
cation studies may be undertaken.

The necessary starting materials are readily available with the exe
ception of succindiaeldehyde. Since no satisfactory synthesis to date is
available for the preparation of the dialdehyde, considerable time was
spent in attempting to find a new method of synthesis.

This dissertation describes:

(a) Experimental work dealing with the attempied synthesis of
succindialdehyde,

(b) Condensation experiments leading to the formation of sev-
eral tropanone homologs.

(¢) A eatalytic method for the reduction of tropanone to tro-
panol.
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SUCCINDIAIDEHYDE:

In view of the difficulty of preparing succindialdehyde by known
procedures, as previocusly described, it was felt that new methods de«
served consideration. The following hypothetical reactions were care-
fully considered and soms of them were tried in the laboratory.

lo Dry distillation of mixed calecium succinate and calcium formate:

=0 0
l

—C—H aOHO

dry \
Ca + Ca 5y + 2CaC0s

Taz o c—H  distil CHzCHO
i
c=o/ 0

Since the distillation of the calcium or barium salts of higher acids
with the same salts of formic acid is one general msthod for the prepare
ation of aldehydes, it was thought that the above reaction might yileld
the desired dialdehyde,

When the mixed calecium salts, prepared in the usuel manner from
equimolar quentities of succinic and formic acids were heated in a dise
tillation flask, copious quantities of carbon dioxide were evolved and
no distillate was obtained in the receiver. The contents of the flask
became very black and were very difficult to remove. This reaction was
repeated twice without success and was not further investigated.

2., The Fittig reaction on bromoacetal to yield the tetraethyl-
acetal of succindialdehyde:
HCH(OEY)

2BrCHoCH(OEt)2 + 2Na ——>2NaBr +
2CH( 2 PCH(OEY) 5

Diethylacetal was prepared according to the directions of Organic
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Syntheses (47), and was converted into the A =bromo derivative by the
method of Hartung and Adkins (48).

Into a 250 cc. flask fitted with a reflux condenser were placed
75-100 ce. of anhydrous toluene and 5 gm. of sodium wire. 40 gm, of
bromoacetal was added slowly through the condenser, and when the addition
was complete effervescence was noticed, the reaction mixture becoming
light green in color., The reaction flask was heated on a hot water bath
and the mixture allowed to reflux for three hours. At the end of this
time the mixture was brown in color and a precipitate settled in the
bottom of the flask., The contents were filtered and the filtrate frace
tionated using a long column. A small guantity of produet distilling
at 34-36° was obtained and identified as vinyl ethyl ether. This result
was unexpeected, but after consulting the chemical literature it was
found that this reaction had already been tried and that, instead of
succindialdehyde tetraethylacetal, the product was vinyl ethyl ether
(49, 50).

3¢ A Rosenmnd type of reduction of suceinyl chloride:

- PRy
HzCOCL CH5CHO

One of the general methods for the preparation of aldehydes de~
seribed in text books consists of the reduction of acid chlorides, us-

ing palladium as a catalyst, according to the general equation:
R=C0-Cl o R<CHO

Although this reaction is generally applicable for the acid chlorides of
monocarboxylic acids, the reduction of succinyl chloride might be ex-

pected to take place in a similar manner,
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However, two structures have been proposed for suecinyl chloride:

Y C1
Hp=C-C1 — Hz.c:col
€0l ~ CHpeG_

o o
I II

Since formuls I is the most widely accepted structure, and since this is
the structure asecribed to the suecinyl chloride availsble from the
Eastman Kodak Company, it seemed reasonsble to sassume that the reduction
of this substance, using palladium as a catalyst, might yield the corres=~
ponding aldehyde.
Suceinyl chloride was prepared by the directions of Hartman (51)
according to the following reaction.
CH,COOH 20001
I ¥ 2PCly —— + 2POClz + 2HOL
CH,COO0H CHpCOC1
using 1 mole of suceinic acid and 2 moles of phosphorus pentachloride.
The yield of product distilling at 82-85°/15 mm, was 0.665 mole (103 gm,)
The palladium ecatalyst was prepered according to the direetions of
Hartung (52, 53). To 3 gm. Norite or blood charcoal was added 0.3 gm.
palladium chloride crystals. This mixture was placed in a 250 cec. flask
with 100 ec. distilled water and shaken in an atmosphere of hydrogen un=-
til saturated. The solution was filtered and the palladinized charcoal
washed successively with distilled water and ethyl alecohol. The catalyst
was dried in a vacuum desiccator over HpSO4 before use,
To 775 gme (.05 mole) of succinyl ehloride were added the palladium

catalyst and 100 cc. of anhydrous benzene and the mixture hydrogenated in



a pressure bomb of the American Instrument Company at 10 atmospheres.
The rate of absorption was followed by observing the fall in pressure on
& gauge, previously calibrated. The expected hydrogenation did not take
Place and after several unsuccessful attempta was not further investi~
gated.

4, The partial hydrogenation of succinonitrile to the diwimine
which on hydrolysis should yield the dialdehyde:

a) CHON HoCH-NE Ixzcno
2Hz 2Hg0 2NE
Iﬂz‘m ™ Inacmm HoCHO "

Stephen's N
b) Reaos HpCH-NH*HC1 Inzcno . o1
ey SnCle+ BOL tp em-wmemoa SHCHO

It is known that benzyloyanide may, under proper conditions, be re-
duced to fhe corresponding imine from which excellent yields of phenyl-
acetaldehyde may be isolated (54). Analogous reactioms with the dinitrile
of suecinic acid@ should then yleld the corresponding dialdehyde.

Suceinonitrile was prepared according to the method described in
Organic Syntheses (55) for the preparation of trimethylene cyanide. The
product distilled at 142-147°/12 nm., the yield being 70-75% of the theo-
retical., The nitrile is reported to distil at 185°/60 mm., end 158-60°/20
ma, (56).

To 2 gm, (+025 mole) of succinonitrile were added freshly prepared
palladium catalyst, prepared as already ciescr:lbed. and 100 ec, of commer-
cial absolute ethyl alcohol, About 18 e¢ec., of absoclute alcoholic HC1,
corresponding to 2 equivalents of HC1l per mole, was added and the mixture
hydrogenated in the pressure bomb at 10 atmospheres, Almost the theo-

retical amount of hydrogen was teken up in about 5 hours. Shaking was
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contimied for an additional 2 hours with no further fall in pressure.
The mixture was then removed from the bomb and filtered by suction, the
catalyst washed with a small quantity of commercial absclute ethyl alco-
hol, and the filterate distilled at reduced pressure to remove almost
all the solvent, The residue was taken up with a small quantity of abe-
solute alcohol, saturated with ethyl ether, with the intention of iso~
lating the imine~hydrochloride, and sllowed to crystallize in the ice=-
box. Approximately 1.3 gm. of yellow crystalline material, melting at
168-9°d, was obtained. A nitrogen determination using the Kjeldahl
procedure was carried out, and the product was found to contain 18,14%
nitrogen, whereas the calculated value is 17.83%. Using the Volhard
procedure the compound was found to contain 77,854 chlorine, whereas the
calculated value is only 41.40%. It did not reduce Fehling's sclution
but a strong, amine~like, disagreeable odor was evolved. When the hy-
drogenation was carried out in 70% ethyl alcohol without the presence of
HCl, using Raney nickel in place of the palladium catalyst, the theoreti-

eal amount of hydrogen was absorbed in 4 hours. After filtering off the
catalyst and washing it with 70% ethyl alcohol, the filtrate was found
t0 be strongly basic and have a pungent amineelike odor. Since no treace
of succindialdehyde resulted from the hydrogenation procedures, the meth-
od of synthesis was abandoned.

In 1925 Stephen (57) reported a new method for the synthesis of ale

dehydes the basis of which is the conversion of a nitrile through the
imino-chloride (which need not be isolated) into an aldehyde with the

sames mumber of carbon atoms. The most suitable reducing sgent is anhy-
drous stannous chloride dissolved in ether saturated with hydrogen chlo-

ride.
A simple method of preparing anhydrous stannous chloride is that of



Stephen (58) by treating SnCly,+2H,0 (1 mole) with acetic anhydride (2
moles), The dehydration is almost instantaneocus, mich heat is evolved,
and the anhydrous salt separates immediately. After being washed free
from acetic acid with dry ether, it can be preserved indefinitely in a
desicoator,

Since the reported method is applicable to aliphatic and aromatic
nitriles and the yields usually almest gquantitative, it was thought that
this method of reduction should be tried on succinonitrile.

Into a 500 cc, round bottom flask containing 200 ec., of dry ether
was suspended 35.6 gm. (1875 mole) of the finely powdered anhydrous
SnCly. The mixture was saturated with dry HC1l until two layers formed,
the lower viscous layer consisting of SnClpy dissolved in ethereal HC1.
Then 10 gm. (4125 mole) of succinonitrile dissolved in 25 ce. of chloroe
form was added and the mixture shaken vigorously. After a few minutes
the mixture became quite warm, the ether layer began to boil, the lower
layer became deep yellow in color, and after 10 minmutes solidified to a
gummy mess. Attempted hydrolyais of the resulting product did not proe
duce any trace of succindialdehyde. Repeated attempts gave similar re-
sults. Inasmich as & reaction, similar to that deseribed by Stephen, did
occur, lack of time prevented a thorough investigation of this reaction.
The possibility of using this reaction for the synthesis of succindial-
dehyde was not ruled out by these negative results; the proper conditions
for the reaction deserve to be more thoroughly investigated.

5, The formetion of the tetraethylacetal by the reaction of ethyl

orthoformate with the Grignard reagent from the acetal of ﬁ-bromopropion-

aldehyde:
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BrCHCHOH(0Rt)y  —pe S >  BrMgCHyCHoCH(OEt)z

EtOCH(OEt)p HpCH(OES ) 2 B HpCHO

CHpCH(OES) 2 HOH 5CHO

Since another general method for the preparation of aldehydes is the

reaction of the Grignard reagent with an alkyl Tormate, or with orthofor-
mie ester,

, _-OMgX
RMg-X +  HCOOR s R-CH JHOE
OR’

HO-MgX + ROH -+ ReCHO

R-¥gX + HC(CEt)y —s> R-GH(OEt)z +  EtO=MgX

R=CH(OEt), -+ HH ——» RCHO -+ 2EtOH

it was thought that the indicated reaction might yield suecindialdehyde.
ﬁ «Bromopropionaldehyde diethylacetal was prepared according to the
general directions of Nef (59) using acrolein and alecoholiec HBr, Into a
500 ce. three-neck flask, surrounded by an ice-salt bath kept at 0° C.,
and fitted with a mechanical stirrer, reflux condenser, and a separatory
funnel, was placed 212 gm., saturated ethanolic HBr; to it was added
through the separatory funnel, over a period of 30 minutes, 100 gm, acro~-
lein (B. K. & Co.). A short time after all the acrolein had been added
the mixture became very dark brown in eolor. The stirring was continued
for an additional hour, after which time an oily mixture was ebtained.
This was neutralized first with anhydrous sodium carbonate; then approx-
imately 250 ce. of ether was added and the solution transferred to a sepa~

ratory funnel and washed with a saturated sodium bicarbonate solution.
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The organic layer was dried over a mixture of anhydrous sodium sulfate
and potassium carbonate for 12 hours. It was filtered into a Claisen
flask and after removal of the ether was distilled under reduced pressure,
Because a large amount of decomposition accompanied the distillation,
only 20 gm. of the acetal of ﬁ-bromopropionaldehyde distilling at
50-60°/5 nm. was obtained. The product, slightly acid to litms, was
neutralized with anhydrous potassium carbonate. Several attempts to form
the Grignard reagent in the usual manner with magnesium turnings were un-
successful,

Before sbandoning this approach, the acetal of ﬁn@hloropropionalde-
hyde was prepared by the method of Witzemsn (60) and of Evans and Hass
(61), but it proved egually unreactive with metallic magnesium,

This non~reactivity of the ﬂ-halogeno derivativea of propionalde-~
hyde is surprising, for ordinarily such halogen atoms are considered
labile and quite reactive.

Since the proposed methods for the preparation of suceindialdehyde
from available intermediates and by adaptation of established procedures
proved disappointing, attention was next turned to the most attractive
synthesis described in the chemical literature, namely, the conversion of
pyrrole into the dialdehyde, via the dioxime, The ‘dioxime was prepared
eccording to the method of Willstatter and Huebner (62), whose directions
were also followed by Sch'épf (12). These investigators converted the
dioxime into the
dialdehyde by means of N,05. It was found, during the present lnvestiga-
tion, more advantageous to use HNO, rather than its so-celled anhydride.

Preparatiocn of succindialdoxime. Into a 2 liter three neck flask,
fitted with a mechanical stirrer and reflux condenser were placed 1 liter
of 95% ethyl alcohol, 67 gm. (1 mole) freshly distilled pyrrole (Eastman's

prectical grade), and 141 gm. (2 mole + excess) of hydroxylamine hydro-
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chloride. A water bath, heated on a hot plate, was placed under the re-
action flask and the stirring begun. As soon &8s the hydroxylamine hydroe
chloride was completely dissolved, 106 gm. (1 mole) of anhydreus sodium
carbonate was added, in small portions, to the colorless solution as
rapidly as possible, and the mixture was refluxed for 24 hours. Puring
this time the solution turned from colorless to light brown. The hot
aleoholic mixture was filtered through a sintered gless funnel and the
filtrate concentrated to dryness under diminished pressure. The light
brown residue was removed from the distilling flask with the smallest
quantity of cold water and filtered. The product was dissolved in the
minimm quantity of boiling water, decolorized with charcoal, and allowed
to erystallize in the ice-box overnight. After filtering and concentrat-
ing the filtrate, 40-44 gm., (35-38%) of succindialdoxime was obtained,
melting at 171-172°,

Numerous attempts were made to increase the yield. The time of re-
fluxing was varied from 18 to 30 hours; freshly distilled synthetiec pyr-
role (Eastman) was used in place of the practical grade; the time of
addition of sodium carbonate was varied from 15 minutes to over a period
of 8 hours; and in all cases the yleld of product was not appreciably af-
fected. However, when hydroxylamine sulfate was used as the source of
hydroxylamine, only a few grams of succindialdoxime was obtained,

Preparation of succindialdehyde from succindialdoxime, 5.8 gm.

(.05 mole) of succindialdoxime was placed into a 250 cc. beaker, 54 cc.
of 104 HyS0, was added, and the mixture cooled to 0° C by means of an
jce-salt bath. Then 7 gm. (0.1 mole +0.l gm. excess) of scdium nitrite
was added in small portions, the temperature of the mixture being kept
at 0° c; Brown fumes of NOs indicate a too rapid addition of NaNOgz.

The dioxime was completely dissolved after all the NaNO, was added. The
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temperature was allowed to rise gradually to 15-20° until effervescence
ceased. The solution was a lemoneyellow color at this point., It was
then neutralized to litmus by the addition of small portions of BaCOs,
the mixture filtered with suetion, and the residue washed with a small
quantity of water. The theoretical yield of succindialdehyde is 4.3 e
(05 mole). In order to determine the vield of diasldehyde by this pro-
cedure, a portion of the aqueous filtrate corresponding to .01 mole of
dialdehyde was used to prepare the 2,4-dinitrophenylhydrazone, according
to the procedure described by Shriner and Fuson (63), The yield of crude
product after washing with alecohol and drying was 4,01 gm. (90%) and
melted at 268-270° (dec.) The reported melting point of the derivative
is 278-80° (dec.) (64). This substance exhibited unusual electrical prop-
erties. When freshly rubbed, the yellow crystals would ecling to the walls
of a glass vessel and it was difficult to get them into a melting point
tube. When spread on a piece of paper under which rubbed ebony was moved
the crystals acted as do iron filings in a magnetic field. The semicare
bazone, phenylhydrazone and sodium bisulfite eddition product were pre-
pared by the method of Harries (65, 66), and the melting points for the
semicarbazone (187-8°) and the diphenylhydrazone (1258°) agreed with
those reported.

In his work on the synthesis of tropanone Schapf presumably used the
pure dialdehyde. However, in this investigation, the aqueous solution of

the dialdehyde, resulting from the action of HNOg on the dioxime, was

used.

ACETONEDICARBOXYLIC ACID:
This material is prepared from citric acid, using fuming sulfurie

acid, according to the equation:



Ha2S04
HOOCCH2CH(OH) (COOH) CHoC00H ————e>- Hooccﬂzcocﬁgcoomcmﬂzo
S0z

Satisfactory quantities were synthesized using the directions of Organic
Syntheses (67). The yield of light gray to white product was 75«80%.

As the acid itself is unstable, the material was used es quickly as posg-
ible in the synthesis of tropanone and its homologs. However, Wiig (68)
observed that if the acid is purified by reerystallization from ethyl ace-
tate three times and thoroughly dried it undergoes no decomposition, at
least over a period of seven months, when kept at room temperature in a
desiccator. In this inveatigation the acid mixture was filtered through a
large asintered glass funnel, and after the suction and pressing had re~
moved practically all of the sulfurie acid, the erystals were stirred in
the funnel with sufficient cold ethyl acetate to make a thick paste, and
then sucked dry. This washing with ethyl acetate was repeated twice,
then once with petroleum ether, followed by two washings with absolute
ether. The product was thoroughly dried and was kept without noticeable
decomposition for several weeks in an evacuated desiceator (1 nmmn,) over
H2304. Even though the washings decreased the yleld somewhat, the prod-
uet could be kept satisfactorily until used. When Wiig's method of re-
erystallization from ethyl acetate was tried, a large amount of the acid

could not be recovered.

CONDENSATION REACTIONS:

Since succindialdehyde may be obtained in 90% yields or better from
the dioxime, as already described, solutions of known concentrations may

thus be obtained directly. In trial condensations, aqueous solutions of



the dialdehyde were prepared. A typical reaction was cerried out as
follows:

A twentieth mole (5.8 gme) succindisldoxime, placed in a 250 cc.
beaker, was treated with 54 ec. of 10% sulfuric acid; to the mixture,
cooled to 0°, was slowly added, over the period of about an hour, 7.0
gm. orystalline sodium nitrite (0.1 mole + O.l gm. excess), the temper~
ature being kept at 0°. The temperature was then allowed to rise slows
ly to room temperature, and after effervescence had ceased, the solution
was made neutral to litms by the addition of 3a005 in small portions
until carbon dioxide was no longer given off, The precipitated BaSO4
was then removed by suction and washed with a small amount of water.

The volume of the filtrate and washings was then adjusted to 100 cc.
An aliquot portion, or 20 cc., representing 0,01 mole of the original
dioxime, was withdrawn, treated with 2,4-dinitrophenylhydrazine, and a
yield of bis 2,4=-dinitrophenylhydrazone of 0,009 mole was obtained. It
was assumed, therefore, that the remaining 80 ce., of solution econtained
0,036 mole succindialdoxime.

Fifty cc. of the aldehyde sclution, corresponding to 00,0225 mole or
1.94 gm. of succindialdehyde, was diluted with about 200 ce, of water
and placed in a liter flask. To this was added 7.3 gm. (0,05 mole) ace-
tonedicarboxylic acid and 2.7 gm. (0.04 mole) methylamine hydrochloride
(previously recrystallized from ethanol). Then a saturated solution of
HazﬂP04 was added until the pH, as measured on a Beckman pH meter, was 7,
The volume of the solution was then made up to a liter, without appreci-

able change in the pH. At this point the solution was clear amber color,
and effervescence was observed. It was allowed to stand at room tempera-

ture for three days.

Since tropanone is very soluble in water, and since the yield, even
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ig thaoretigal, would at best be 0.0225 mole or 3.1 gm,, it would be
difficult to isolate all of the product from ao'dilute a solution. Con-
sequently, in the preliminary condensation reactions, the yield of tro-
panone was determined by its conversion into an insoluble derivative
whose quantitative formation and preecipitation could be relied on, either
the pierate or the dipiperonylidene derivative,

After completion of the reaction, 100 ec. of the sclution was cooled
to 59, saturated with K,COz, and repeatedly extracted with ether. The
combined ethereal extracts were dried over anhydrous NagSO4 and the sol-
vent volatilized on a steam bath, to leave a residue of about 25 cc.

To this was added a solution of ether saturated with anhydrous pierie
acid; a yellow precipitate formed immediately. After an hour the solid
was removed on & tared sintered glass funnel, washed with anhydrous ether
and dried. The solid weighed 0,511 gm. representing S5.11 gm. for the
total reaction. Since the molecular formule for the piecrate is

C14Hy 0N, (mews 368) (12) this corresponds to 0,014 mole, or a yield of
62.4% The picrate, after recrystallization from water, melted at 220°,
This sgrees with the figure quoted by Schépf (10).

A second condensation using l.94 gm. succindiasldehyde (prepared in
aolution as described above), 7.3 gm, acetonediecarboxylic aecid, and 2,7
gm, methylemine hydrochloride, in a liter of solution, was carried out as
before. The extractive from 100 cc, of the solution was converted into

the dipiperonylidene, derivative according to the following equation (4):

Ho o-CH: =CHAr
=0 <+ ZATCHO ——ee=p CH =0
o= =CHAY
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The insoluble, crystalline product was removed, weighing 0.50 gm., cor-
responding to 5.0 gm. for the total reaction. Theory 9.1 gm., or 55%
yield,

These reactions showed that it was possible to determine the extent
of condensation, at least for comparative purposes, by isolating 2 tro-
panone derivative rather than the highly seluble trepanone itself.

Dipiperonylidenetropanone was prepared by the method of Robinson (4)
and its properties agreed with those given by him. 4An aliquot portion
representing 0,00225 mole of theoretical tropanone from a condensation
mixture was extracted with ether. To the extractive was added 1 gm.
pipercnal in 25 ce. ethanol and 0.8 gm. KOH in 5 ec, water. The solution
was refluxed for 15 minutes, turning reddish~brown almost immediately,
and the yellow derivative separated during this time, After the addition
of water and cooling, the solid was collected in a sintered glass funnel,
washed with water and alecohol, and crystallized from ethyl acetate.
Robinson reported that a practieally quantitative yield may be expected,
an observation that was confirmed when pure tropanone later became avail-
able.

Dipiperonylidenetropanone separates from ethyl acetate in bright
yellow needles melting at 214°, and is sparingly soluble in mést organic
solvents. If it is rubbed on the side of a test tube and H,S0, added,
the substance acquires a coppery lustre and then passes into an intense

royal-blue solution. This becomes green and finally yellow on dilution

with water,

Since one of the aims of this investigation was to repeat and check
Schﬁpr'a results on the synthesis of tropanone under biological conditions,

this task was next undertaken., It was necessary to spend considerable
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time investigating his synthesis of tropanone and setting up "standard"
conditions, because he did not publish full experimental details of the
reaction,

The following were the "standard"™ conditions adopted for the syn-
thesis of tropanone from suecindialdehyde, methylamine hydrochloride,
and acetonedicarboxylic acid in aqueocus solution: Succindialdehyde solu=
tion obtained from 5.8 gm., dioxime, as already described, was made up to
a known exact volume and divided into twe equal portions. One portion,
containing 1l.94 gm. dialdehyde based on an established conversion of 90%
from the dioxime, was placed into a liter flask containing approximately
200 ce, of distilled water. Then 7.3 gm. (.05 mole) or 5.84 gm. (404
mole) of acetonedicarboxylic acid and 2.7 gm. (.04 mole) of methylamine
hydrochloride were added, followed by the addition of a saturated solu-
tion of NapHPO, until the desired pH of the solution, determined by the
Beckman pH meter, was obtained. After adjusting the volume to one liter
and to pH between 5 and 7, the clear amber solution was allowed to stand
for 3 days at room temperature, The yield of product was determined by
isolating from an aliquot portion either the picrate or the dipiperonyi-
dene derivative., These conditions consistently gave yields of tropanone
that egreed favorably with those reported by SchOpf (10).

The difference in yields when the condensation was carried out at

pE 5 to pH 11 was not as great as Sch8pf recorded, as shown in Table IT.
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TABLE IX. Influence of pH on Yield of Tropanone

pH of Exp't.
at beginning at end yield observed yield by Schgpf

5.,0* 5.1 54%

5420 5671 58.1%

7.0 7.0 65%

7.05 7.46 8244%

11.0 10,7 84%
11.02 29.85 60.%5

*schopf did not explain how he adjusted the pH with the accuracy that his
figures indicate.

It was early found that for 0.0225 mole succindialdehyde, the acew~
tonedicarboxylic acid may dbe varied from 0,04 to 0,05 mole without af-
fecting the yield of tropanone.

Under the "standerd” conditions the yield of tropanone, even at 100%,
would be 3.1 gm, From the menipulative angle it would be desirable to
work with smaller volumes, i.e., higher concentrations. A series of ex-
periments showed that thias is possible. By keeping the ratio of reagents
constant, namely, .

0.0225 mole succindialdehyde
0,04 mole acetonedicarboxylic acid
0.04 mole methylamine hydrochloride

the yield of tropanone from more concentrated reaction solutions are

shown in Table III.
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TABLE III. Effect of Concentration on Yield of Tropanone

Volums pH Gms, Picrate % Yield
1000 cec. 7.1 517 62.4
500 ce. 11.02 5.0 60.3
250 CC, 10.9 4,15 50.0*

*Phis figure is too low because soms of the product was lost before pre-
cipitation as the picrate. Time did not permit a repetition of these
conditions, but it is believed that the actual yield would be very nesar-
ly that obtained in the higher dilutions,

When 23.2 gme (0o2 mole) of succindialdoxime was converted into the
dialdehyde by the described procedure, using 28 gm. of NaNO, and 216 ce,.
of 104 52804, the aqueous solution obtained, corresponding theoretically
$0 0.2 mole succindialdehyde, or actually 0.18 mole, was allowed to ree
act with 21,6 gm., (0.32 mole) methylamine hydrochloride and 46.72 gm.
(0.32 mole) acetonedicarboxylic acid. The pH was adjusted to 5.5 to 6
with a saturated solution of NaoHPO4 in the usual manner, and the volume
of the solution was made up to 2 liters. A second reaction was carried
out using the same quantities and conditions described above., The crude
tropanone, obtained by combining the extractives from the two reactions,
was distilled under diminished pressure, end the product distilling at
115°/25 mn. was collected. The white crystalline material was removed
from the receiving flask with petroleum ether, the solution transferred
to a erystallizing dish, and the golvent allowed to evaporate, whereupon
the white erystals reappeared. The last traces of petroleum ether were

removed in an evacuated desiccator, and the product was found to weigh

27 on.
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The theoretical yield of tropanone, assuming 90% conversion of suc~
cindialdoxime to the dialdehyde, was 0,36 mole or 50 gm. The yield,
based on aldehyde, therefore, was 54%. On the basis of 60 to 65% yields

of tropanone, 30 to 32,5 gm. to be expected, 83 to 90% of the available

tropanone was isolated in pure form.

HOMOLOGS AND ANALOGS OF TROPANONE:

A further aim in this investigation was to determine whether tro-
panone with the Ne-methyl replaced by other alkyl groups may be obtained.
That is, in these condensations is it possible to replace the methylamine
with other primary amines to obtain the corresponding N-subastituted tro-
panone homologs or analoga? Accordingly, the "standard™ conditiens for
condensation were repeated but the methylamine replaced be the following:

1) ethylamine

2) isopropylamine

3) benzylamine

4) ethanclamine
The producta of the respective condensation reactions were isolated as
the dipiperonylidene derivatives except for the isopropyl compound, which

was isolated as the picrate., The date are summarized in Table IV,
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TABIE IV. N~Homalogs and Analogs of Tropancne

0= -R Dipiperonylidene Derivative
CHs H
% Analysis
R= Mol. Form. MePo Yield Calec. N Found N
~C2Hs CogHoz0sN 184<5° 71.9 Se34 318
de.12
~CHCeHs CaoHasOsN 194.5° 30.0 2.89 2489
2485
~CHpCHo0H CosHonOgN 230-1° 63.4 3.23 3.08
2098
~CH(CHg) o* 51.6

*product isolated as the piecrate and not anslyzed. However, the behavi-
or of the condensation reaction and the neture of the product encourage
the belief that N-isopropyl-nor-tropanone was formed.

The appearance of the condensation reaction as it progressed with
these other primary amines was quite like that when methylamine was used.
Although the tropanones themselves were not isolated, their derivatives
behaved quite as was expected. The analyses confirm the formation of the
enticipated products, Time did not permit the further study of these re-
actions, but it is confidently believed that they do take place, and there
is no reason to doubt that the corresponding tropanones may be obtained
in satisfactory ylelds and that the ketones may be converted into the

corresponding tropanola. It may, however, be necessary, with high molec-



ular weight or insoluble amines to modify somewhat the conditions to
facilitate the proper condensation. T¥For example, a single experiment

with phenylethanolamine, C H5CHOHCHo,NHz, was unsuccessful. Since only a

small emount of this aminoalcohol intermediate was avallable, it could

not be determined whether the poor results were due to the physical or

chemical character of the amine.

REDUCTION OF TROPANONE:

The reduction of tropanones to either or both of the stereoisomeric

tropanols, in which the hydroxyl group may be c¢is or trans with respect

to the nitrogen bridge, has been mentioned. Given tropanone, the tech-
nical preparation of homatropine and tropacocaine would be a comparatively
simple matter, if the reduction of tropanone to tropanol or pseudo-
tropanol could be accomplished. Willst&tter (70) found that when tro-
panone was reduced electrolytically or by zinc dust in hydriodic acid, a
mixture of tropanol and pseudo~tropanol was produced and could be sepew
rated by fractional precipitation of the picrates, tropanol picrate bew
ing the less soluble,

Since a catalytic method for the reduction of tropanone apparently
has not been reported, this type of reduction was investigated.

A twentieth mole, 6.95 gm., of pure tropanone was dissolved in 150
ec. of benzene, 3 gm. of activated palladium catalyst, made with sodium
acetate (71), was added and the mixture shaken in hydrogen at atmospher-
ic pressure. Only a very small quantity of hydrogen was absorbed in 2
houra, so the catalyst was filtered off, 0.l gm. of Pt0g was added to
the filtrate, and the mixture hydrogenated again. Over a period of 9

hours, approximately ome-half of the theoretical amount of hydrogen was

absorbed. The reduction mixture was then transferred to the bomb and
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the hydrogenation completed under 10 atmospheres in 45 minutes. The mix~-
ture was removed from the bomb and the benzene teken off under diminished
Pressure. The residue was taken up with a small quantity of ether and
200 ce. of saturated solution of pieric acid in ether was added. The
picrate obtained was found to weigh 4.0 gm, and melted at 275-6° (dec.)e
The reported decomposition point for tropanol picrate is 278° (72).

Upon addition of more ethereal pieric acid, 13 gm., of picrate was obtained
and found to melt at 215-8° (dec.). Sinece the reported decomposition
point for pseudo-tropanol picrate is 258-9° (72), and since the picrate
decomposed at the same temperature after recrystallization from water, &
mixture of tropanocl and pseudo-tropanocl was indicated.

The observation that the absorption of hydrogen was rapid when PtOg
was used under pressure suggested the use of this catalyst for the reduc-
tion of tropancne.

A second reduction of 6.95 gm. (.05 mole) of pure tropanone was
carried out. The ketone was dissolved in 150 ec. of commercial absolute
alcohol, 0.l gm. PtO;, was added, and the mixture hydrogenated in the
bomb at 10 atmospheres. The theoretical amount of hydrogen was absorbed
in one hour. Shaking was continued for an additional hour. The mixture
was then removed from the bomb, filtered by suction, and the filtrate dis-
tilled under reduced pressure to remove the alecohol. The residue was dis-
tilled and the fraction distilling at 120-5°/15 mm, collected. The dis-
tillate was a colorless syrupy liquid, but on being transferred to a
beaker and cooled by an ice~bath, it solidified. The hygroscopic crystals
welghed 6 gm. A portion of the material was converted into the pilerate

which, after recrystallization from water, was found to melt at 275° (dec.),

indicating that the reduction product wes entirely tropanol. Since fur-



46

ther evidence was desired, the remainder of the reduction product was
converted into tropanyl benzoate hydrochloride according to the method
of Cliff and Tutin (73) by adding an excess of benzoyl chloride to the
base and heating the mixture to the boiling point., An additive compound
of the base and acid chloride appeared first to be formed, but when the
temperature was raised, this soon redissolved, whereupon the hydrochlo-
ride of the benzoylated base rapidly separated. The cooled mixture was
then diluted with ether and the hydrochloride collected. After being
once crystallized from commercial absolute aleohol, it melted and de~
composed at 267-8° in agreement with the product deseribed by Cliff and
Tatin. |

Discussion of Results

The suggestion by Willstdtter and Robinson, more fully developed
by Schspf, that many produets may form nsturally if the appropriate in-
termediates occur simltanecusly within the cell is philosophieally in-
triguing. Schspr's work shows that this idea is amenable to laboratory
proof, The implications are numerous.

In the course of the present investigation the experimental conclu-
sions of Schgpf have besn substantially verified so far as the bilogenesis
of the tropanone alkaloids is concerned., Not only does this confirmation
shed light on the possible mechanisms employed by the plant, but it also
suggests new approaches for the chemist's consideration in synthesizing
natural products or related compounds.

For example, could succindiaeldehyde be obtained in satisfactory
emounts, and at a reasonable cost, the synthesis of tropanone should
prove practicgble and economical, The reduction to tropanol, or to

W-troPanol, eand esterification of the alcohol will then give new sources
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of medieinally important products.

Again, Schopf's suggestion that cocaine arises from a similar con-
densation, where the monomethyl ester of acetonedicarboxylic acid is em-
ployed, promises also to becoms a practicable synthetic source for that
alkaloid. In this instance, assuming that a good source of succindialde-
hyde becomes available, the key intermediate will probably be the mono-
methyl acetonedicarboxylate, for the conversion of the condensation prod-
uct to methylecgonine should offer no difficulty, and the benzoylation of
methylecgonine to form cocaine i1s an established reaction.

It has been established that a nine=fold increase in the "biological®
concentration employed by Schapf does not appreciably affect the yield of
tropanone. It is not presumed that even this is the highest concentra-
tion., A series of experiments should be undertaken to determine the best
conditions for optimm yields of tropanone.

It has also been established that not only methylamine will condense
under these conditions employed. Other primary amines reasct quite as well
to give the higher homologs or analogs of tropanone, It requires no imag-
ination to see that these may also be reduced to the corresponding tropan-
ol or ly-tropanol compounds, which on proper esterification may be con-
verted into atropine-like or tropacocaine~like compounds. Or, if in the
condensation acetonedicarboxylic acid is replaced by its monoalkylester,
the analogous cocaine-like compounds may be expected. The physiological
properties of such compounds merit investigation.

The use of an alkanolamine, as shown by the results with ethanole-
mine, leads to a tropanone in which the alkyl group on the N-atom bears
an aleoholic hydroxyl. Esterification with an eromatic acid will intro-

duce a new anesthesiophore structure in a cocaine-like molecule, for ex-

ample,



Ho————CH
2 \
0= -BHgCHZOGOAr
2
CHy H

Or if in such a tropanone, the ketone is reduced to the carbinol and
both hydroxyl groups are replaced by halogen atoms, the prospect of forme

ing a substituted quinuclidene appears, as follows:

~CHpCHp-G1  C1-CH

Hz Il VHz
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SUMMARY

lo The possibility of synthesizing succindialdehyde was investigat-

ed, The reactions tried were:

a@s The dry distillation of mixed calcium suecinate and eal-
cium formate,

be The Fittig reaction on bromoacetal to yield the tetraethyl-
acetal of suceindialdehyde.

Ce A Rosenmund type of reduction of suecinyl chloride.

d. The partial hydrogenation of succinonitirile, either catal-
ytically or by the Stephen Method, to the di~imine whiech
on hydrolysis should yield the dialdehyde,

e, The formation of the tetraethylacetal by the reaction of
ethyl orthoformate with the Grignard reagent from the ace=
tal of P-bromopmpionaidehyde.

All results were negative., However, the Stephen reduction of suecino-
nitrile may merit further attention.

2. The dioximes of succindialdehyde was obtained in ylelds of 35 to
38% from pyrrole.

3., 'The dioxime was converted into the dialdehyde in yields of at
least 90%, and for use in these investigations, the aqueous solution, as
obtained, proved entirely satisfactory. This obviated the necessity for
i{solating an elusive and unstable intermediate.

4, The spontaneocus condensation of succindialdehyde, acetonedicar-
voxylic acid, and methylamine to form tropanone was investigated., The
yield of tropanone varied from 60 to 65% when

a. The pH limitations and concentrations employed by Sch'c':pf
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were followed.
be The concentration employed by'Sehspr was mltiplied as-mneh
as nine-fold.
c¢e The pH of the reaction solution was varied from 5 to 1ll.
It was possible to prepare tropanone in large amounts by these procedures.
5. Homologs and analogs of tropanone may be prepared similerly, re-
placing methylamine with an equivalent portion of another primary amine.
In this investigation the following were prepared and characterized:
aes N~sthylnortropanone as the dipiperonylidene derivative.
be Neisopropylnortropanone as the picrate.
¢+ N=benzylnortropanone as the dipiperonylidene derivative,
de N=- ﬂ-hydromthylnortropanone as the dipiperonylidene derive
ative.
6. Tropanone was reduced catalytically, using platinic oxide, to
tropanol. No trace of the isomeric pseudowtropanol was found.

7. The possible application of these results for the synthesis of

compounds having medicinal intereat is discussed.
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EPILOGUE

Because of impending induction into the Armed Forces of my Country
on November 30, 1944, it is impossible to ecarry out the experiments
which so logically suggest themselves from the results of the investiga-
tion here rescorded. It is regrettable that time does not permit the
ecompletion of the following intriguing prospects:

1. The esterification of N( P ~hydroxyethyl)-nortropanone with
aromatic acids to yield compounds containing the aneathesiophoric struc-
ture.

2. The preparation of the N~homologs and their conversion into
atropine- and tropacocaine=like compounds for pharmacological testing.

3. The asynthesis of N=-{ ﬂ-—chloroethyl)-ﬁ- chlorotropane and its
possible conversion, by means of the Wurtz :.reaction, into a quinuclidene

derivative.

LeRoy Curtis Keagle
Baltimore, Maryland

November 21, 1944



