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SECTION 1

SYNTHESIS OF MIMOSINE



PART A

MIMOSINE REVIEWED

INTRODUCTION

The genus Leucaena belongs to the Mimosaceae, a sub-family of

the Leguminosae, Leucaena glaucé Benth, (Ipil-Ipil or Kao Haole) is

a shrub of frequent occurrence in tropical regions: in the Hawaiian
Islands and the Philippines it provides an excellent source of crude
protein for animal feed, However, it has long been recognized that
the plant's usefulness for this was limited due to the presence of a
toxic component, to whose isolation and study considerable effort was
devoted. Toxicity was reported to manifest itself in a variety of
symptoms including oé€dema of the joints, alopecia, reduction in growth,
emaciation, and in extreme cases, death,

The isolation of this toxic material, leucaenol (Mascfg; 1937),
was preceded by the isolation of the amino acid mimosine (I) from the

"
sap of Mimosa pudica L. (Renz, 1936; Niemburg & Taubock, 1937).

Investigation of the structure of mimosine (Renz, 1936; Nienburg &
Taubgck, 1937) and leucaenol (Yoshida, 1944; Adams, Cristol, Anderson
& Albert, 1945; Bickel & Wibaut, 1946; Wibaut, 1946; Kostermans, 1947;
Bickel, 1947, 1948; Adams, Jones & Johnson, 1947) made it likely that
the two compounds were identical, Direct comparison (Kleipool &
Wibaut, 1950) confirmed this identity and a synthesis of mimosine on
which rested the final proof of structure, has been reported (Adams

& Johnson, 1949).

Since the name "mimosine" was the first to be coined (Renz, 1936),



proof of its identity makes the names "leucaenol" (Yoshida, 194k4),

"leucenol" (Adams et al, 1945) and "leucaenine" (Bickel & Wibaut, 1946)

redundant, |
Structural investigations carried out on mimosine (Iﬁjwere made

difficult by the occurrence of a number of anomalous reactions which

eluded explanation, A review of the chemistry of mimosine will demonstrate

the salient features which make this compound unique.

ISOLATION AND CHARACTERIZATION OF MIMOSINE

Renz (193%6) isolated mimosine from the exudate obtained on cutting
the stems of M. pudica., The exudate was rubbed with alcohol, then
extracted with 70% alcohol and the residue consisting of crude mimosine
was fécrystallized from water, A variety of more laborious methods
was used by several workers to isolate mimosine from L. glauca seeds
(Mascré, 1937; Yoshida, 1944; Bickel & Wibaut, 1946; Kostermans, 1947),
Fresh finely crushed seeds were extracted with boiling water and the
separated mother liquors were subjected to a series of precipitation
and recrystallization operations using very large quantities of alcohol,
Adams et al (1945) extracted freshly crushed seeds with 90% alcohol
in a Soxhlet extractor. Yields of up to 2% mimosine were separated
from freshly crushed seeds,

Renz (1936) reported that mimosine melted with decomposition
at 228-9° C, and that it was laevorotary: [a] D= -21° (in water).
Kostermans (1947) and Bickel and Wibaut (1946) agreed with these
observations., Mascré (1937), however, observed mimosine to melt with
decomposition at 283-7°C. and found it to be optically inactive, Adams

et al (1945) were in close agreement with Mascré until further work



(Adams & Johnson, 1949) demonstrated that optically active mimosine

was completely racemized by prolonged boiling (48 hours) in water,

They also found that racemic mimosine formed a hemihydrate which melted
with decomposition at 228-9°C, while anhydrous racemic mimosine melted
at 235-6°C, (deconposition). Optically active mimosine did not form

a hydrate, Their conciusions were that the melting point and optical
activity of mimosine were dependent on the mode of isolation from the
plant. This was further corroborated by Wibaut and Schuhmacher (1952),

THE CHEMISTRY OF MIMOSINE

A, COLOUR REACTIONS

A number of colour reaqtions have been reported for mimosine
of which the ferric chloride test has been most widely used (Renz, 1936;
Yoshida, 194k; Adams et al, 1945; Kostermans, 1947). Yoshida pointed
out that with neutral or basic ferric chloride solution mimosine gave
a red colouration, whereas a violet colour was obtained in acidic solu-
tion, Adams et al reported a violet colouration resulting from the
reaction of mimosine with ninhydrin, These two tests for the phenolic
and the amino acid function of the molecule respectively are complementary
to each other, are both quite reliable and serve as an excellent combina-
tion for chromogenic sprays used in the detection of mimosine on paper
chromatograms,

B, FORMATION OF DERIVATIVES

Despite the number of functional groups present in mimosine,
anomalous behaviour manifested itself in the inability to form derivatives
characteristic of these groups. Attempts to obtain derivatives by

benzoylation, by reaction with B-naphthalenesulfonyl chloride, and by



formation of a phenylhydantoic acid all failed (Adams et al, 1945),

No products were obtained from acetylation (Yoshida, 1944; Adams et al, 1945)
or from catalytic hydrogenation (Adams et al, 1945; Bickel & Wibaut, 1946),
The hydrochloride, hydrobromide, hydroiodide, sulfate and methyl ester
dihydrochloride salts of mimosine have been isolated and characterized
(Adams et al, 1945; Bickel & Wibaut, 1946; Bickel, 1948), The copper

salt, and derivatives with picric acid, picrolonic acid and nitrobarbituric
acid have also been prepared (Bickel & Wibaut, 1946)., Some of these
derivatives were difficult to obtain while &11 of them are of limited
utility as intermediates in chemical degradations or in purification
procedures,

C, PYROLYSIS OF MIMOSINE

Renz (1936) found that carbon dioxide was liberated when mimosine
was strongly heated with barium hydroxide: presumably decarboxylation
occurred,

Bickel and Wibaut (1946) obtained pyridine when mimosine was
strongly heated with zinc dust under high vacuum, The pyrolysis product
was found to be 3-hydroxy-4-pyridone (II) when pyrolysis was carried
out in the presence (Adams et al, 1945) or in the absence (Adams et
al, 1945; Bickel, 1947) of zinc dust,

D, METHYLATION OF MIMOSINE

(i) Methylation with Dimethylsulfate

Yoshida (1944) reported that the action of dimethylsulfate on
mimosine in alkaline solution gave rise to a B-substituted acrylic
acid (III). Convincing evidence or confirmation of this is lacking,

Bickel and Wibaut (1946), on the other hand, reported the product from



this reaction (in almost neutral solution) to be N-methyl-3-methoxy-
Lepyridone (IV) which was compared with an authentic sample and found

to be identical (Wibaut & Kleipool, 19475 Bickel, 1947), Nothing is
known concerning the fate of the nitrogen-attached side chain of mimosine
during this reaction,

(ii) Methylation with Diazomethane

Treatment of mimosine with diazomethane according to Renz (1936)
yielded a crystalline material which melted at i04°c., gave a red colour-
ation in ferric chloride solution but was explosively unstable, Adams
et al (1945) reported that essentially the same reaction gave rise to
0ily mixture from which no products could be isolated.

Kleipool and Wibaut (1950) treated the methyl ester dihydro-
chloride of mimosine with diazomethane to obtain a mixture of products,

The main product melted at 165-6000, analyzed for chH80 and a Zeisel

32
determination revealed one methoxy group: it was neutral, stable to
oxidation by both acidic potassium iodide and Tollen's Reagent, and

did not give any ferric chloride colouration, The results of a van Slyke
nitrogen determination were negative. A second product which gave the
analysis of C5H702N occurred in small amounts. Neither of these products
was identified., A small quantity of 3,4~dimethoxypyridine was recovered
as the picrate from the reaction mixture., The first two products were
thought to be fragments arising from the pyridine ring, since treatment
of 3-methoxy-k-pyridone (V) with diazomethane gave three products very
similar to those obtained from mimosine, differing only in distribution,

As in the case of the dimethylsulfate methylations, nothing is known

as to the fate of the N-side chain of mimosine,



E, TREATMENT WITH NITROUS ACID

Yoshida (1944) attempted a diazo coupling reaction of mimosine
with pB-naphthol but found the test to be inconclusive, Bickel and
Wibaut (1946) treated mimosine with nitrous acid but were not able to
isolate any products, Kostermans (1947) claimed that mimosine and barium
nitrite in sulfuric acid solution gave rise to the hydroxy acid analogue (VI)
of mimosine which on recrystallization from water melted at l9l+°C° but
no yield was reported. No further work on this reaction of mimosine
has been published,

F, OXIDATIONS OF MIMOSINE

Mascré (1937) made the startling observation that mimosine reduced
ammoniacal silver nitrate but did not attempt to explain this phenomenon,

Bickel and Wibaut (1946) reported that in one experiment the
oxidation of mimosine with alkaline potassium permanganate gave methyl-
amine and oxalic acid, They were unable to isolate any intermediates,
or to reproduce this initial result, It was noted that 3-hydroxy-i-
pyridone (II) gave rise to methylamine as the only identifiable product
under the same conditions, These workers also carried out an ozonolysis
reaction on mimosine but failed to isolate any products,

A reaction which was thought to be the addition of bromine to
mimosine was observed to give an unidentifiable product melting with
decomposition at 168°C, (Bickel & Wibaut, 1946), A more intensive study
(Bickel, 1948) demonstrated oxidation to occur. The only products
isolated were ammonium oxalate in less than 8% yield and «,p-diamino-

propionic acid dihydrobromide in yields of about 1%,



Kostermans (1947) found that mimosine, titrated with iodine
in alkaline solution, gave an iodoform reaction and consumed 10,6 gram
atoms of iodine per mole, Similar behaviour was observed with
N-methyl-3-hydroxy-4-pyridone (VII) which consumed 8 gram atoms of iodine
per mole, No reaction was observed with 3=hydroxy-l-pyridone (II) or
N-methyl-3-methoxy-4-pyridone (IV); less than 1/3 gram atoms of icdine
per mole was consumed in each case, Kostermans pointed out the analogous
behaviour observed for ortho-diphenol and concluded that the iodoform
arose from an equivalent ortho-diphenolic structure in the rings of
mimosine and of N~methyl-3~hydroxy-4-pyridone. No further reports on
this reaction are available,

G, MIMOSINE SYNTHESIS

The ultimate proof of the structure of mimosine rests on its
unambiguous syntheais., A number of early synthetic approaches proved
to be unsuccessful, It was found that 3-hydroxy-b-pyrone (VIII) or
3-methoxy~4-pyrone (IX) did not react with glycine, «,B-diaminopropionic
acid, p-amino-a-bromopropionic acid (Kleipool & Wibaut, 1980) or with
B-amino-a~hydroxypropionic acid (Adams & Johnson, 1949). Another
approach to synthesis, which had failed, was by the Strecker route,
Although condensations of 3-methoxy-4-pyridone (V) with bromocacetaldehyde
diethylacetal (Bickel, 1948) and condensation of 3-methoxy-li-pyrone (IX)
with aminoacetaldehyde diethylacetal (Kleipool & Wibaut, 1947) gave
derivatives of the requisite aldehyde (X), further conversion of these
to mimosine proved unsuccessful (Bickel, 1948; Kleipool & Wibaut, 1950),

By reaction of 3-methoxy-lt-pyridone (V) with a-acetamidoacrylic

acid (XI) Adams and Johnson (1949) had obtained an uncharacterized adduct,



regarded as O-methyl-N-acetylmimosine (XII), which gave mimosine (I)

in 25% yield on vigorous hydrolysis with hydriodic acid,
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PART B

MIMOSINE RE-INVESTIGATED

INTRODUCTION

The primary objective of the present investigation was to gain
some knowledge of the precursors used for the biosynthesis of mimosine
in M. pudica plants. To establish a precursor-product relationship,
specific incorporation‘of a labelled precursor into a product must be
demonstrated, To demonstrate this conclusively, unambiguous carbon-by-
carbon degradation of the labelled product is necessary. Such a degra-
“dation requires well understood reactions which lead to well characterized
products in an unequivocal fashion, None of the reported reactions of
mimosine was adequate for such a purpose but it appeared that re-
investigation of soméf;hese might prove of interest in connection with
an acceptable degradation sequence. For these pilot studies, mimosine
was required in quantities which were not conveniently obtainable from
M. pudica. Chemical synthesis or isolation from L. glauca, by reported
methods, were obvious alternatives as sources of mimosine for this purpose.

Attempts to repeat the reported synthesis of mimosine (Adams
& Johnson, 1949; Part A, sub-section G) were disappointing. The final
product of the reaction was a mixture which, on the basis of paper
chromatographic analysis, did not contain mimosine but appeared to consist
mainly of 3-hydroxy-4-pyridone (II) and alanine,

The extraction of mimosine from the seeds of L. glauca had been
accomplished by several methods (Part A: Isolation and Characterization

of Mimosine), all of which involved large volumes of solvent and the
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removal from the extracts of considerable quantities of proteins and
polysaccharides (Unrau, 1961). Partial hydrolysis of the latter in the
course of extraction leads to gummy intractable residues from which the
desired product is obtained only with great difficulty.

To obtain sufficient quantities of mimosine for the present study,
more reliable methods were developed. A new synthesis and an improved
method of isolation will be described, When sufficient mimosine was
available, many attempts were madé to find reactions suitable for a
complete degradation to be used in biosynthetic studies.

THE ISOLATION OF MIMOSINE

(i) Isolation from Mimosa pudica L,

Renz (1936) observed a yield of 200 milligrams of mimosine from
100 young M. pudica plants cut in August. The age and size of the plants
and the details of the method used for collecting the sap were not reported,
The most convenient method of harvesting the plants was by cutting
each petiole or leaf stem individually and collecting the sap with a
capillary pipette as it exuded from the fresh cut, There are many factors
which influence the amount of sap which camn be obtained. The best yields
of sap were obtained from young healthy plants which were large and fleshy.
Older woody plants, young plants in nitrogen-deficient sphagnum and small
plants exuded comparatively little sap when cut. Another aspect influencing
the yield appeared to be related to the moisture content of the sphagnum
in which the plants were growing at the time of harvest and the atmospheric
temperature and humidity during harvest. Although this relationship
is not thoroughly understood, well watered plants harvested in a warm

humid atmosphere appear to exude a great deal more sap than the same
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plants under drier conditions. The optimal time for working with

M. pudica was found to be during the warm late spring weather when fast
lush growth is characterized by high sap content. Considerable variation
in size was observed amongst plants grown under identically controlled
conditions,

Variation in the yield of sap ranged from 250\ of sap cbtained
from 12 select young plants up to the same volume of sap collected from
30 older woody plants. When 250A of sap were evaporated to dryness the
yield of solid residues amounted to 38-40 milligrams. When the same
quantity of sap was rubbed with alcohol and the remaining residues
extracted with 70% alcohol, 10-12 milligrams of mimosine were recovered,
Mimosine appeared to be the only phenolic material and the only aminc
acid in the sap as tested by paper chromatography. The yield of mimosine
was not improved when the sap was subjected to cation exchange chroma-
tography.

(ii) Isolation from Leucaena glauca Benth,

The difficulties involved in isolating mimosine from L. glauca
seeds by reported methods have been pointed out previously (Part A:
Isolation and Characterization of Mimosine; Part B: Introduction),
Extraction of ground seeds gave gummy intractable residues which were
subjected to a number of purification procedures. Preferential precipi-
tation by fractional crystallization and also by the addition of soluble
heavy metal salts did not meet with success, Fractionation of these
residues by cation exchange chromatography enriched the mimosine content
of the mixture but did not lead to an efficient separation. Attempted

dialysis of these residues was not successful in recovering significant
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amounts of mimosine.

Successful isolation of mimosine in high purity from L. glauca
seeds was accomplished by the dialysis of the finely powdered seeds against
distilled water. Although dialysis is a widely used biochemical technique,
no previous report has been found where it has been applied to the iso~
lation of alkaloids from crushed plant material, Hydrolysis of proteins
and polysaccharides are minimized because there is no need to apply heat
at any stage of the procedure, When the dialyzate was concentrated and
allowed to stand overnight, almost pure mimosine crystallized in high
yield. It was noted that yields of mimosine ranged from a maximum of
24% obtained from freshly powdered seeds to as low as 1% from seeds which
were stored for several weeks after crushing. Although there is no
satisfactory explanation for this apparent deterioration, which occurs
when the interior of the seed is exposed by crushing, it can be avoided
by using only freshly powdered seeds,

During dialysis it was observed that a gas was evolved from the
powdered seed slurry in the dialysis bag. When dialysis was carried
out during the warmer weather (up to 30° C.) the gas evolution was ac=-
celerated but it appeared to have no effect on the yield or gquality of
mimosine isolated. This gas was characterized by its particularly foul
odour but its identity and origin were not studied.

THE DISSOCIATION CONSTANTS AND STRUCTURE OF MIMOSINE

Two sets of physical measurements were made which involved all
of the hydrogen atoms contained in the mimosine molecule, The first
experiments consisted of potentiometric titrations in order to determine

the dissociation constants of the ionizable hydrogen atoms of mimosine
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while the second set of measurements consisted of the nuclear magnetic
resonance spectra of mimosine in which the hydrogen atoms attached to
carbon were studied,

Three dissociation constants were observed for natural mimosine

(pK,, 2.1 (COOH); pK., 7.2 (NH, ); pK., 9.2 (OH)). The values for pK
2 3

2
are in good agreement with those calculated (7.28 and 9.19 raw

1
and pK3
spectively) from reported potentiometric data (Bickel & Wibaut, 1946),

The dissociation, pKa, was the only one depressed in the presence of
formaldehyde and must, therefore, be assigned to the «-amino group of

the amino acid, Its value, umusually low for the a-amino group of an

amino acid, corresponds to reported values of the dissociation constants

of similar nn3+ groups in 1,2-diammonium derivatives (e.g.,
Nn;cuacn(mf)coo“, K., 6.69 (a-rm;’) (Alvert, 1951); m;cnacnaun;,

Pk, 6.98 (Schwarzenbacb,‘l933))o The factor which lowers the basicity

of the NH2 group in these compounds is the polar effect of the proximal,
charged WH3+ group, From the meagured data, the isoelectric point of
mimosine was calculated to be at pH 4.65. An aqueous solution of pure
mimosine was measured to give an acidity of pH 4,65, This merely indicates
that mimosine exhibits the expected zwitterion structure as far as the
amino acid portion is concerned. An additional structural feature is
resonance which exists in the a-pyridone mucleus, This gives rise to

two equivalent resonance forms which are both necessary to represent

the mimosine structure although the actual contributions of each are

not known (Figure 1),

Confirmation of the mimosine structure was obtained in measuring

its nuclear magnetic spectrum, Natural mimosine was dissolved in
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deuterium oxide containing sodium deuteroxide and a trace of water (HZO)
which functioned as an internal reference, The spectra consisted of
four signals (chemical shift in parts per million from water): (a) a
triplet +1.20, +1.12, +1,03 (-CH-); (b) a doublet +0.71, +0.63 (-CHZ-);
(c) a doublet -1.57, -»1067,(0541); (d) a singlet -2.49 (ca-n) super-
imposed on a doublet =2,52, =2.62 (Cs-H)° The areas of the signals were
in the ratio of 1:2:1:2., These results are completely compatible with
the structure of mimosine,

SYNTHESIS OF MIMOSINE

The present synthesis of mimosine was based on the condensation
of suitably substituted derivatives of 3~hydroxy-l-pyrone and a,p-
diaminopropionic acid. It had been reported earlier that 3-hydroxy-li-
pyrone or 3-methoxy-li-pyrone did not react with glycine, a,p-diaminopropionic
acid, p-amino-a-bromopropionic acid or P-amino-a-hydroxypropionic acid
(Part A: sub-section G). Since the crucial step in the pyrone-pyridone
conversion is generally regarded as analogous to carbinolamine formation
(E. Klingsberg, 1960 a), a nonprotonated amine is required as the nucleo-
philic reactant. It was likely that the failure of these amino acids
to condense was due to their zwitterion structure, in which the amino
group is protonated. No attempt had been made to control the ionic state
of the reactants (Adams & Johnson, 1949; Kleipool & Wibaut, 1950). Indeed
it was subsequently shown (Heyns & Vogalsang, 1954) that condensation
of glycine with a number of 4-pyrone derivatives takes place only in
the presence of an equimolar amount of base,

The desired condensation of a pyrone with «,p-diaminopropionic

acid requires the species NH

2c--vcnzczn(xm;)coo"‘ of the latter. The
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assignment of pK values (pK2, 6.69 (a-NHZ); pKB, 9.50 (B-NHZ)) (Albert, 1951)

indicates that in aqueous solution this species is unobtainable in signi-~

+

3

predominates in the isoelectric range of the amino acid, would on conden-

ficant amounts. The species NH CH2CH(NH2)COO' which overwhelmingly
sation with 3-hydroxy-U-pyrone yield an isomer (XXVII) of mimosine,
Condensation of the pyrone with the amino acid at pH» 11, i.e,, with
the species NHECHZCH(NHZ)COOQ, would lead to a mixture of mimosine and
its isomer (XXVII). For an unequivocal synthesis of mimosine, protection
of the a-amino group was therefore required.

The selected derivative was DL-f~amino-a-tosylaminopropionic
acid (XIII), which was prepared using the method of Rudinger, Poduska
and Zaoral (1960) by the Hofmann rearrangement of a-N-tosylasparagine.

Condensation of the tosylamino acid with 3-methoxy-4-pyrone in
the presence of an equimolar amount of sodium hydroxide gave B-(1,L-
dihydro-3-methoxy-4-oxo-1-pyridyl)-N-tosyl alanine (O-methyl-N-tosylmimosine)
(XIV) in 46% yield. Hydrolysis with hydrobromic and hydriodic acid under
a variety of conditions gave mimosine (I), but was accompanied by con-
siderable N-alkyl cleavage, It would appear that whereas mimosine it-
self is stable towards halogen acids (Adams et al, 1945; Bickel & Wibaut, 1946)
derivatives of its O~methyl ether are not; this was presumably why Adams
and Johnson (1949) obtained a poor yield in their synthesis and why their
work could not be repeated in this laboratory. N-alkyl cleavage is also
in evidence in the methylations of mimosine where the N-alkyl group is
replaced by a methyl group (Part A: sub-section D), Under conditions

where removal of the alanyl side chain from (XIV) was minimal, detosylation
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did take place, but the ether cleavage was incomplete, The product was
a mixture of mimosine (I) and its O-methyl ether (XV), fractionating of
which proved to be tedious.

The difficulty was overcome by a minor variation in the route of
synthesis. Condensation of DL-B-amino-a~tosylaminopropionic acid (XIII)
with 3-benzyloxy-k-pyrone (XVI) gave B-(3-benzyloxy-l,4-dihydro-i-oxo-1-
pyridyl)-N-tosylalanine (O-benzyl-N-tosylmimosine) (XVII) in 70% yield,
which on catalytic debenzylation yielded B-(1,4-dihydro-3-hydroxy-4-oxo-
l-pyridyl)-N-tosylalanine (N-tosylmimosine) (XVIII) in yields of 80%.
Reduction of the tosyl group by anhydrous hydrogen bromide and phenol in
glacial acetic acid gave DL-B-(1,k-dihydro-3-hydroxy-h-oxo-l-pyridyl)-alanine
(mimosine) (I), melting at 228-30°C, (decomposition)., An attempt to synthesize
the L-isomer, starting with L-B-amino-a-toéylaminopropionic acid, failed,
since condensation of this compound with 3—ben2yloxy—h-pyrone under the
prescribed conditions was accompanied by complete racemization, The
melting point and infrared absorption of this synthetic material were very
similar to the melting point (Adams & Johnson, 1949; Kleipool &
Wibaut, 1950; Wibaut & Schuhmacher, 1952) and infrared absorption* (Adams,
Jones & Johnson, 1947; Adams & Johnson, 1949; Wibaut & Schuhmacher, 1952)
of samples of natural mimosine obtained from M. pudica L. and L. glauca

Benth, The ultraviolet absorption curves of the synthetic and the natural

The observation that the infrared spectrum of a Dl-amino
acid in the solid state (KBr) differs from the spectra of the individual
D- and L- isomers has been repeatedly confirmed (e,g., Koegel et al, 1955),



19

(Adams et al, 1945; Adams et al, 1947) material Qere identical; identical
dissociation constants and nuclear magnetic resonance spectra were also
observed (c.f. the preceding section). The nuclear magnetic resonance
spectra comparisons and interpretations gave unequivocal proof of identity

and, incidentally, confirmation of the structure of mimosine,
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REACTIONS OF MIMOSINE

DERIVATIVES

As previously discussed (Part A: sub-section B), very little
success was met in preparing derivatives of mimosine, Reactions which
involved the a~-amino moiety in mimosine invariably required strongly
acidic reagents while the reaction products usually melted with decompo-
sition, These products were always difficult to isolate in a state of
high purity. This phenomenon would appear puzzling until it is recalled
that the a-amino group is only weakly basic (Part B: The Dissociation
Constants and Structure of Mimosine) and is incapable of forming salts
with any but the most acidic reagents. In all probability, such derivatives
as the picrate, the picrolonate and the adduct of nitrobarbituric acid
are complexes rather than salts with the result that they are less stable
and more difficult to isolate,

The derivative of mimosine formed in the presence of cupric ions
has been prepared (Bickel & Wibaut, 1946), Attempts to obtain derivatives
from the addition of lead acetate or mercuric iomns to L. glauca seed
extracts gave no products. Complexes rather than true salts are formed
by amino acids subjected to this treatment (Greenstein & Winitz, 1961),
Treatment of mimosine in aqueous solution with trichloroacetic acid failed
to give products. Once again these observations are probably due to
the effect of the low basicity of the a-amino group of mimosine,

Attempts to prepare derivatives involving the 3-hydroxy group
of mimosine were not successful, Reactions were accompanied by degradative
cleavage of the alanyl side chain (Part A: sub-section D; Part B: Synthesis

of Mimosine), This phenomenon eludes explanation,
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ATTEMPTS TO SEPARATE THE PYRIDONE NUCLEUS FROM THE SIDE CHAIN

In a number of reactions simple pyridone derivatives which pre-
sumably arose by cleavagevof the side chain of mimosine have been isolated
(Part A: sub=section C & D)., Only two such reactions, the methylation
of mimosine by dimethylsulfate (Part A: sub-section D(i)) and the py-
rolysis of mimosine (Part A: sub-section C) have been reported in detail,
The reactions studied in this section were carried out in an attempt
to find an efficient method for isclating the pyridone ring of mimosine,
especially by small scale reactions,

A, PYROLYSIS

The best reported yield of 3-hydroxy-L-pyridone was 35%, obtained
by Bickel (1947) who distilled 2 grams of mimosine in a Woods metal bath
at 200-240°C, and 1,0 mm. pressure, Bickel observed an 81% yield of
crude distillate as compared with 85% obtained by Adams et al (1945)
who used zinc dust catalyst with mimosine at 220-50°C, and 2 mm, pressure,
Adams et al did not report any yield for the purified product.

For small scale reactions, the distillation of mimosine in the
presence of zinc dust gave almost quantitative yields of crude material
when carried out at temperatures under 200°C, and 0,01 mm, pressure for
periods of 4-6 hours. Two successive distillations of the product at
180-190°Ca and 0,01 mm, pressure followed by recrystallization from a
benzene-alcohol solvent gave a maximum yield of 70% of 3-hydroxy-4-pyridone.
When zinc dust was not used only an 11% yield was obtained. Aqueous
extracts of the still pot residues were chromatographed on paper and
showed only faint traces of 3-hydroxy-k-pyridone. No colour was observed

when the chromatogram was sprayed with ninhydrin, indicating that the
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amino acid side chain had been destroyed in the course of pyrolysis,

B, DECARBOXYLATION REACTIONS

Mimosine in quinoline in the presence of a copper bronze catalyst
was stable to prolonged heating at 190°Co Partial decomposition to
3-hydroxy-i-pyridone was observed when mimosine alone was heated in
N,N-dimethyl-p~-toluidine at 19000, for 2 hours. Total decomposition
occurred when mimtdsine in N,N-dimethyl-p-toluidine was heated at 210°¢,
(under reflux) for 2 hours with a copper bronze catalyst., The reaction
mixture was filtered, evaporated and distilled to give 3-hydroxy-l-pyridone
in 17.6% yield. No volatile aldehydes were given off as vapours during
the reaction and no aldehydes were detected in the reaction product mixture
when treated with 2,4~-dinitrophenylhydrazine reagent.

C. METHYLATION OF MIMOSINE

The methylation of mimosine with dimethylsulfate to yield
N-methyl-3-methoxy-4-pyridone, as carried out by Bickel and Wibaut (1946),
was attempted on a small scale. Despite modifications in the procedure
the best yield of N-methyl-3-methoxy-li-pyridone was 11%. In no case ,
was the reported yield of 65% obtained.

D, OXIDATION OF THE SIDE CHAIN

Mimosine was observed to be sensitive to the ninhydrin colour
reaction (Adams et al, 1945), In normal ninhydrin oxidations the amino
acid loses the carboxyl carbon as carbon dioxide and the amino group
as ammonia to give an aldehyde; in the case of mimosine the primary re-
action product would be expected to be the N-acetaldehyde analogue,

This would be suitable as a starting material for further carbon-by~carbon

degradation of the side chain. The aldehyde moiety could be oxidized
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to a carboxyl group and decarboxylated to give carbon dioxide. The
remaining carbon of the side chain would either remain attached to the
nitrogen and hence be recoverable by further reaction or else be lost
in a way other than by carbon dioxide formation. In the former case
an N-alkyl cleavage would give the remaining carbon by itself. If the
latter case occurred then two separate carbon dioxide recoveries would
give direct radiocarbon measurements while the activity of the unrecovered
carbon atom could be calculated by difference. Such a degradation offered
the possibility of selectively recovering side chain fragments while
leaving the ring intact. The possibility of an obstacle to this scheme
lay in the evidence (Part A: sub-section G) which indicates that the
N-aldehydopyridone (X) is unstable since only derivatives of it have
been isolated.

An oxidation of mimosine was carried out on a preparative scale
using stoichiometric amounts of ninhydrin, Although reaction appeared
to occur readily, the large amounts of ninhydrin required and Ruhemann's
purple formed in the reaction made it impossible to separate any products
from the mimosine oxidation, Interference of ninhydrin products prevented
qualitative assays to be carried out either by paper chromatography or

by cation exchange chromatography.

From this series of reactions it emerged that the best method
for obtaining the pyridone ring of mimosine in small scale preparative
reactions was by zinc dust distillation under high vacuum. In each case

studied, the side chain was irrecoverably lost.
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ATTEMPTS TO ISOLATE THE INDIVIDUAL CARBON ATOMS OF MIMOSINE

A, REDUCTION REACTIONS OF MIMOSINE

(i) Catalytic Reductions (Hydrogenolysis)

Reports have shown that mimosine was stable to catalytic hydro-
genations under moderate temperatures and pressures (Adams et al, 1945;
Bickel & Wibaut, 1946), In confirmation of this, mimosine was now found
to be completely stable in aqueous solutions in the presence of excess
Raney Nickel catalyst at temperatures up to 9O°C° and pressures of
1800 P.S,I. for periods of 24 hours, When mimosine was treated with
a large excess of Raney Nickel catalyst at 190°C° and 2000 P.S,I. for
36 hours the reaction mixture no longer contained sparting material detectable
by paper chromatography. Separation of the products on a cation exchange
column eluted with citrate buffers gave low recoveries of alanine and
3-hydroxy-ki-pyridone, Identification of these crude products was
accomplished by separating model mixtures under identical conditions
and comparing the eluates by paper chromatographic analysis., Repeated
experiments indicated that this catalytic cleavage was quite sensitive
to temperature and pressure: since these severe conditions were not
easily reproducible within a narrow range of temperature and pressure,
it was thought that a less sensitive exhaustive hydrogenation might give
more reproducible results. A model reaction was tested as follows:

An aqueous solution of 3-hydroxy-4-pyridone was hydrogenated
at 2500 P,S,I. and ZQOOC° for 48 hours in the presence of a large excess
of Raney Nickel catalyst. The initial solution was slightly acidic and
gave a colour test with ferric chloride reagent while the product in

solution gave no ferric chloride colour test and was slightly alkaline.
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This was interpreted to imply complete hydrogenation,

The reduction of 3-hydroxy-L-pyridone could give rise, depending
on the extent of hydrogenolysis, to a series of relate§ products. These
were expected to be one or a mixture of the following:
3~-hydroxy-4-piperidone (XIX), 3,U~dihydroxypiperidine (XX),
pentylamino-2, 3-diol (XXI), pentylamino-3,4-diol (XXII) or
pentane-2,3-diol (XXIII) and ammonia, The latter three products arise
from carbon-nitrogen cleavages which are known to occur in catalytic
hydrogenolysis under severe conditions (Elderfield, 1950 a),

A Schotten-Bauman benzoylation was used as a means of isolating
the product from dilute aqueous solution., ZElemental analysis of this
product was consistent with that of the tribenzoyl derivative of an amine
diol having 5 carbon atoms. This product could not be separated into
conmponents by gas cﬁromatography. The possibilities of its identity
were thus limited to 3,4~dihyroxypiperidine (XX), pentylamino-2,3-diol (XXI)
or pentylamino-3,4=-diol (XXII), Since this method, used on a compound
believed to be an intermediate in the hydrogenolysis of mimosine, gave
a single product, the same procedure was used with mimosine as a starting
material, For the isolation and characterization of the reduction product
derived from mimosine a simplified approach was attempted. The hydro-
genation reaction mixture was passed through an anion exchange column |
on which acidic fragments which might have arisen from the side chain
of mimosine would be retained while neutral material and basic products
would pass through, A Schotten-Bauman benzoylation for the recovery
of the expected diol product was not attempted. Instead, the column

eluate was subjected to periodate oxidation, followed by treatment with



2,4-dinitrophenylhydrazine reagent to scavenge any aldehydes produced,
Since the expected product was a pentylaminodiol, the oxidation products
would allow differentiation amongst the three possible products.

3, 4-Dihydroxypiperidine (XX) would be expected to cleave into
3-aminopropionaldehyde and formic acid, while pentylamino-2,3~-diol (XXI)
would give propionaldehyde, formic acid and ammonia, whereas acetaldehyde
and 3-aminopropionaldehyde would be the expected c¢leavage products of
pentylamino-3,4-diol (XXII). On the basis of aidehyde derivative analysis
by paper chromatography the only products arising from mimosine treated
in this manner were the derivative of propionaldehyde and a second material
which showed up as a single unidentifiable spot on the chromatogram,

The absence of an acetaldehyde derivative is strong indication that
l-pentylamino-3,4-diol was not present in the original reaction mixture,
This also suggests that the alanine side chain product was not further
reduced to 2-aminopropancl under the severe reduction conditions., It

was not possible to isolate any products on a preparative scale from
these reaction mixtures,

(ii) Attempted Chemical Reductions

Mimosine was observed to be stable when treated with a large
excess of sodium borohydride at room temperature over prolonged periods
of time, No suitable solvents were found in which to carry out lithium
aluminum hydride reductions of mimosine, A Soxhlet extraction of mimosine
by anhydrous tetrahydrofuran into a still pot containing lithium aluminum
hydride in suspension, led to the guantitative recovery of unchanged
mimosine from the extraction thimble after the extraction had run for

one week. A ninhydrin colour test on the extraction thimble showed that
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mimosine had not dissolved in tetrahydrofuran in detectable amounts,
Treatment of mimosine in aqueous solution with %% sodium amalgam over
extended periods of time (several days) partially converted mimosine

into a mixture of ninhydrin colour positive substances which could not

be identified. The chemical reduction of mimosine did not appear amenable

for use in preparative reactions.
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B, INTRAMOLECULAR MANNICH REACTION

During the formeol titration of mimesine it was observed that
the solution became quite fluorescent after the addition of formaldehyde,
It had been previously demonstrated (Klingsberg, 1961 b) that
3-hydroxypyridine and formaldehyde condense to give 2-hydroxymethyl=%=-
hydroxypyridine, and that when amines are present, a Mannich type reaction
occurs, On the latter premise the expected product of mimosine and
formaldehyde would be the bicyclic product (XXIV), Condensation experi-
ments gave up to 60% yield of a material melting at 234-6°C, (decomposition),
which showed an elemental analysis close to that calculated for the expected
product. The discrepancies between the calculated and observed percentages
in the elemental analysis could indicate hydrate formation, Discrepancies
have also been observed in the elemental analysis of the adduct of
tryptophan and formaldehyde which has a tendency to form a hydrate (Harvey &
Robson, 1938; Harvey, Miller & Robson, 1941)., Paper chromatographic
comparison showed that the compound (XXIV) which was the sole product

of the reaction, gave a higher R, value than mimosine in phenocl:ethanol:water

£
solvent, The ninhydrin reaction resulted in a red colour, as compared
with the violet colour obtained with mimosine,

This compound (XXIV) was of interest from the point of view of
a specific degradation of mimosine, The entire side chain of mimosine with
the exception of the carboxyl group is now part of a cyclic system.
It was hoped that by suitable reactions a product might be obtained which
contained the carbon atoms of the mimosine side chain which had hitherto

been irrecoverable from degradations. Carbon-2 of the pyridone ring

is common to both rings: oxidation of the pryidone portion would leave
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carbon-2 in the intact ring while carbon-3 of the pyridone ring might
possibly remain as a carboxyl group attached to carbon-~2., From this
viewpoint a number of reactions involving the mimosine-formaldehyde adduct
were attempted,

Selenium dehydrogenation of this material under nitrogen gas
gave a white crystalline material which immediately decomposed on exposure
to air, Use of selenium as a catalyst has been reported to lead to re-
arrangement of carbon skeletons in a number of instances (Elderfield, 1950 b).
Several attempts with various modifications to obtain a characteristic
product proved fruitless. Dehydrogenation with palladium and maleic
acid in aqueous solution led to the recovery of unchanged starting material,
Mild dichromate oxidation destroyed the aromatic nucleus of the adduct,
a conclusion based on the loss of absorption in the ultraviolet region
of the spectrum., These findings demonstrated that there is no tendency
of this compound to form the fully conjugated system (XXV) which could
have led to a pyrazine derivative or oxidation of the 3-hydroxy-4-pyridone
ring.

Methylation of the adduct (XXIV) readily occurred when allowed
to react in suspension in ethereal diazomethane, but the oily product
could not be purified. The product of methylation was presumably the
O-methyl adduct methyl ester although there are other possibilities,
Ring opening of the pyridone moiety and/or cleavage at the ~CH2-N- of
the pyridone nitrogen could have accompanied the reaction as was suggested
in the case of mimosine (Kleipool & Wibaut, 1950; Part A: sub=-section D(ii)).
Hydrolysis in aqueous dilute sodium hydroxide gave a product, which gave

a purple colour with ninhydrin and did not contain a phenolic group;
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only one product was observed by the ninhydrin development of paper
chromatograms, Mild dichromate oxidation of this free acid did not give
a product which could be isolated. An ultraviolet absorption spectrum
of the aqueous oxidation reaction mixture freed of chromium and chromate
ions gave evidence of an aromatic compound different from the starting
material but no further identification was possible, It became obvious
that the adduct (XXIV) was not a useful intermediate in the degradation
of mimosine,

C. TODOFORM REACTION

Kostermans (1947) observed that mimosine and N-methyl-3-hydroxy-
bopyridone (VII) gave the iodoform reaction (Part A: sub-section F).
These two compounds along with 1,4-dihydro-3-hydroxy-4-oxo-l-pyridyl
acetic acid (XXVI) were subjected to iodoform reactions in which
quantitative recoveries of iodoform were attempted. As the complexity
of the N-side chain increased in this series of compounds the yield of
iodoform was found to decrease (-CH_, 24.3%; -CH

. 3 2
-CH,CH(NH,)COOH, 12,9%). This, coupled with the fact that 3-hydroxy-

COOH, 13,9%;

bopyridone does not give an iodoform reaction, led to the equivocal conclusions
that the side chain either bears considerable influence in the reaction
or contributes directly the carbon atom which appears in the iodoform,

Further examination in the case of mimosine showed that during
the reaction a negligible amount of carbon dioxide was formed while oxalic
acid was recovered in a yield of 34%. The reaction residues consisted
of an unresolvable mixture which appeared to contain some amino acids,
Acidification and steam distillation of this residue gave a distillate,

a portion of which was treated with ammonium hydroxide and paper
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chromatographed with ethanol:ammonia; but no products were visible on
development, Since the origins of both the iodoform and oxalic acid
were unknown this degradation procedure could not be used in any way,

D. OTHER REACTIONS

The reduction of ammoniacal silver nitrate by mimosine (Mascré% 1937)
was carried out on a preparative scale using excessive concentrations
of silver ions, Reactions at various temperatures invariably led to
the destruction of the pyridone ring. Analysis of the reaction mixture
by paper chromatography showed a complex mixture of amino acids and/or
amines sensitive to the ninhydrin colour reaction, Recovery of products
and attempted purifications by crystallization and cation exchange
chromatography in each case yielded coloured resinous deposits which
on paper chromatography gave a pattern comparable to that of the crude
reaction mixtures,

The action of various common oxidizing agents was tested on mimosine,
The test reactions were first run in dilute acidic solutions at room
temperature and those which did not give extensive oxidation were re-
run at higher temperatures. All reactions were monitored by paper
chromatography at verious intervals ranging from a few minutes up to
two days. The following summary embodies the findings of this study:

Potassium permanganate and potassium dichromate destroyed mimosine
completely even at room temperature and no recognizable fragments were
observed, An experiment in which small successive portions of potassium
permanganate solution were added and the reaction monitered after each
addition, indicated that oxidation was not selective in any observable

manner, Potassium ferricyanide in hot acidic solution appeared to have



3l

no effect on mimosine, Sodium metaperiodate and hydrogen peroxide in
moderate concentrations each led to the destruction of the molecule,

In hot acidic solutions both reagents attacked mimosine to give a large
number of reaction products. Paper chromatography and development with
ninhydrin spray showed several spots characteristic of amino acids as
well as colours other than violet, none of which could be matched for
identification. No products were isolated,

These oxidation studies were also carried out on N-methyl-
3-hydroxy-4-pyridone (VII) and 1, 4-dihydro-3-hydroxy-i-oxo-1l-pyridyl
acetic acid (XXVI) but the results, although similar, could not be
usefully correlated with those for mimosine,

Mimosine was observed to be stable to air oxidation carried out
in aqueous alkaline solutions for prolonged periods of time,

Mimosine in hot acidic solution was treated by the addition of
a stoichiometric quantity of sodium nitrite solution. Analysis by paper
chromatography showed that mimosine had been converted to a phenolic
compound which no longer contained an amino acid moiety but no products

could be isolated,

This study has presented a new and reliable synthesis of mimosine
and also a much improved method of isolating mimosine from the seeds
of L. glauca., Although some of the reactions which were studied gave
recognizable degradation products, in almost every case the yields did
not suffice for the desired purpose of an efficient small scale preparative
degradation., Once this point was firmly established for each reaction,

the reaction in question no longer maintained sufficient relevance
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to this thesis project to merit its exhaustive study. From the reactions
available the pyrolysis of mimosine in the presence of zinc dust under
high vacuum appeared to be the most suitable method for the partial de-
gradation of mimosine on a small scale, Before a complete degradation
will be achieved a further investigation of the reactions of mimosine

is required,



SECTION II

BIOSYNTHESIS OF MIMOSINE



36

PART A

THE ORIGIN OF THE PYRIDINE RING IN PLANTS

INTRODUCTION

Plant alkaloids have always been of interest to man, but only
at the beginning of this century has any serious effort been made
to ascertain their mode of synthesis within the plant. Georg Trier (1912)
speculated that widespread substances, especially amino acids, might
be metabolized in a simple manner to amines, betaines and heterocyclic
alkaloids. Dreschel, discoveror of lysine, had already suggested
that if lysine could be converted to ‘slaminovaleraldehyde it might
be a precursor of alkaloids. On these foundations, Robinson (1917)
was the first to present the view that in growing plants alkaloids
are derived by metabolic processes from amino acids, and in this classical
work presented a large number of biogenetic schemes, The in vitro
syntheses of Schgpf and Hahn carried out under 'pseudophysiological"
conditions helped to demonstrate the possibility of many reactions
occurring under very mild conditions and dilute concentrations although
enz&matic systems were not utilized, This speculative approach was
helpful in structural studies of new alkaloids and in prompting experiments
on living plants but very little progress was made until radioisotopic
tracer techniques were introduced about a decade ago. Predicted pre-
cursors labelled with isotopic carbon, hydrogen, or nitrogen are ad-
ministered to the plants and after a suitable length of time, the
alkaloids are isolated, then systematically degraded to find the site

of isotope incorporation,
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Despite the large number of experiments yielding the expected
results, there are some alkaloids which are not derived from the predicted
amino acid precursors, Most notable amongst these exceptions is the
group of alkaloids which contains a substituted or modified pyridine
ring.

LYSINE AS A POSSIBLE PRECURSOR OF THE PYRIDINE RING

Robinson (1917) made cursory mention that ornithine (XXVIII)
and lysine (XXIX) could conceivably give rise to the pyrrolidine and
the piperidine ring systems respectively. He predicted at that time
that the pyridine ring of nicotine (XXX) arose from the condensation
of ammonia with formaldehyde units, He soon abandoned this early
prediction in favour of the view that structurally nicotine could
be derived by fusion and modification of a pyrrolidine and a piperidine
unit while anabasine (XXXI) would similarly be derived from two
piperidine rings. Lysine (XXIX) by 2 number of steps, could be related
to a tetrahydropyridine which Robinson (1955) suggested would be the
origin of the pyridine ring in nicotine (Figure 2). This approach
gained favour on the basis of a Schgpf chemical precedent (Schgpf,
Komzak, Braun & Jacobi, 1948) in which 3, 4,5 6 6-tetrahydropyridine (XXXII)
dimerized at pH 8 and room temperature to give 3,4,5,6-tetrahydroana-
basine (XXXIII), Experimentation demonstrated that ornithine (XXVIII)
was the precursor of the pyrrolidine ring of nicotine (XXX) (Leete, 1955;
Dewey et al, 1955) which not only strengthened Robinson's recent approach
but gained support (Leete, 1956) in the idea that lysine would be
the precursor of the pyridine ring of nicotine. This possibility

was experimentally tested with the result that this pathway does not
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operate in higher plants, Lysine-§& ~N15 was fed to N, tabacum from
which the isolated nicotine was found to contain little activity.

This low activity was found to be locallized in the pyrrolidine ring
while the pyridine ring was found to be inactive (Bothner-By, Dawson

& Christman, 1956), Although 1ysine~2~C1h is now known to be a pre-
cursor of the piperidine ring of anabasine (XXXI)9 Aronoff (1956)
reported it not to be so. Tamir and Ginsberg (1959) reported that
1ysine-2-clu was specifically incorporated into the a&-pyridone ring

of ricinine (XXXIV). Incorporation of lysinema-C14 in a percentage

of the same order of magnitude was demonstrated by Juby and Marion (1961)
who showed that the activity in ricinine was actually randomly incor-
porated and the percentage of incorporation was much lower than that

for several other precursors. Essery, Juby, Marion and Trumbull (1963)
demonstrated unequivocally that the degradation technique used by

Tamir and Ginsberg was not specific as it had been reported but gave
rise to numerous artefacts, This constituted strong evidence suggesting
that lysine, as such, is not incorporated into the pyridine ring.

TRYPTOPHAN AS A POSSIBLE PRECURSOR OF THE PYRIDINE RING

Many biochemical processes occurring in plants are often similar
to or identical with those occurring in mammals or Neurospora. It
is known and conclusively demonstrated that in mammals and Neurospora,
tryptophan is converted by a metabolic pathway, which includes
3-=hydroxyanthranilic acid and other intermediates, to micotinic acid
(Figure 3) (Dalgliesh, 1955). On this basis, tryptophan would also
be predicted to be the origin of nicotinic acid and of other pyridine

derivatives in plants and related microorganisms. Waller and Henderson (1961 a)



have shown, however, that tryptophan»?a-clu was not incorporated into
ricinine (XXXIV) and Leete (1957) isolated completely inactive nicotine (XXX)
from N. tabacum which had been fed tryptophan-w?&-clu° Inactive nicotine
from DL—tryptophan-BaClh feeding was reported by Bowden (1953), The
striking absence of the pathway of tryptophan to nicotinic acid in higher
plants was further demonstrated by the isolation of inactive trigonelline
(XXXV) as done by Aronoff (1956) after he had administered labelled
3-hydroxyanthranilic acid to soya bean leaves., Leete, Marion and
Spenser (1955) obtained inactive trigonelline in an experiment in which
they fed tryptophanaBaClh to intact peas, These findings could merely
suggest that the enzyme system required to oxidize tryptophan to kynurenine
was lacking and in the event of by-passing this step by supplying an
intermediate, one should observe as a likely test the conversion of
anthranilic acid into the pyridine ring, Grimshaw and Marion (1958)
fed anthranilic acidal-Clu to N, tabacum but no activity was found in
the isolated nicotine. Anthranilic acid is thus shown not to be a pre-
cursor of nicotine,

Observations by Volcani and Snell (1948) indicated that neither
kynurenine nor 3<hydroxyanthranilic acid could replace nicotinic acid
ag a growth requirement in some species of bacteria. In other bacteria,
when tryptophan was used as the only carbon source, no nicotinic acid
was formed because the enzyme required for oxidizing 3~hydroxyanthranilic
acid was not present (Stanier & Tsuchida, 1949). When tryptophan—Clb'

was supplied to Escherichia coli and Bacillus subtilis, inactive nicotinic

acid was formed by these organisms (Yanofsky, 1954),
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These data clearly indicate that in plants and some microorganisms
nicotinic acid is not a metabolite of tryptophan.

NICOTINIC ACID AS A PRECURSOR OF THE PYRIDINE RING OF NICOTINE, RICININE

AND ANABASINE

The earliest report of feeding labelled nicotinic acid to tobacco
plants was interpreted to show that nicotinic acid«?—Clh was not incor-
porated into nicotine (Dawson, Christman & Anderson, 1953), The same
precursor fed to castor plants was incorporated into ricinine which
on degradation showed all of the radioactivity to be locallized in the
cyano group carbon (Leete & Leitz, 1957).

An extensive study carried out by Dawson, Christman, D'Adamo,
Solt and Wolf (1960) showed that when nicotinic acid-Z-HB, nicotinic
acid—-h«-H3 and nicotinic acid—S—H3 were separately administered to N, glauca
plants, specific incorporation into nicotine occurred. In each case
the percentage of incorporation was approximately the same and the tritium
label in the nicotinic acid was carried intact during the conversion
into nicotine where it appeared in its respective pyridine ring position.
Anomalous behaviour was observed in the case of nicotinic acid—6-H3.
Although the pyridine ring of the resulting nicotine was specifically
labelled in the 6-position, the radiochemical yield was only one tenth
of that of the other nicotinic acid feedings. The low incorporation
of nicotinic acid-6~H3 might be indicative of an enzymatic attack on
the 6-position of nicotinic acid during its conversion to nicotine,
but an oxidative step is unlikely since 6-hydroxynicotinic acid-—N15
and 1—-methy1~-6~-oxynicotinamide-Z-H3 were not incorporated into nicotine,

Precisely the identical mode of incorporation was observed for
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anabasine (Solt, Dawson & Christman, 1960),

Two experiments in which doubly labelled precursors were administered
to castor plants were reported by Waller and Henderson (1861 a). The
ricinine isolated from the feeding of nicotinic ac:idan-’HB-J?--Glbr was
found to have general tritium labelling on‘fhe a-pyridone ring while
all of the carbon-lk activity was found locallized in the cyamo group.

The feeding of nicotinamide-U-HBle5

amide yielded ricinine which con~
tained general tritium labelling in the a-pyridone ring while el of
the nitrogen-15 was found exclusively in the cyanc group.

Specific incorporation of nicotinic acid into the pyridine nucleii
of ricinine, nicotine and anabasine has béen clearly demonstrated by
these findings, With this unequivocal relationship, investigations
of the origins of these, and in all likelihood other pyridine alkaloids,
help to establish the pathway of nicotinic acid biosynthesis in higher
plants, As a corollary to this, any studies of the origin of nicotinic
acid may be pertinently applied to the modes of biosynthesis of the

pyridine alkaloids,

BIOSYNTHESIS OF THE PYRIDINE RING FROM 2-, %~ AND L.CARBON UNITS

Microrganisms not utilizing tryptophan in the biosynthesis of
nicotinic acid became one focus of attention in the elucidation of an
alternative biosynthetic pathway for nicotinic acid, Ortega and Brown (1960)
showed that when either glycerolol,B-C14 or succinate~2,3-cl# was present
in growing E. coli cultures, effective radiochemical incorporation into
nicotinic acid was observed, They also demonstrated more facile nicotinic
acid production to be induced by the presence of either a 3-carbon unit

such as glycerol or pyruvate, or an acid of the tricarboxylic acid cycle,
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Despite the paucity of unequivocal fact, they interpreted these findings
(perhaps i;tuitively) to suggest that in E, coli the precursors of nicotinic
acid were a h~carbon dicarboxylic acid and glycerol or one of its closely
related metabolites,

A preliminary study by Mothes, Gross, Schutte and Mothes (1961)

demonstrated that DL-aspartic ac:id—lh-Cll4 administered to Mycobacterium

tuberculosis gave rise to radicactive nicotinic acid which on isolation

and degradation was found to contain carbon-1ll exclusively in the car-
L] "
boxyl group. A later report (Gross, Schutte, Hubner & Mothes, 1963)

14-N15 showed a 48% in-

on the incorporation of DL-aspartic acid—l;u—c
corporation into nicotinic acid but the relative ratio of Clh/le was
only half of that measured in the originally doubly labelled precursor,
Glycerol»l,}-clh was also incorporated into nicotinic acid. This report
suggests that aspartic acid, except for the loss of one carboxyl group
(the carbon-l1 position), is incorporated into nicotinic acid giving
rise to the nitrogen atom and carbon atoms 2, 3 and 7, The other carbonm
atoms of the pyridine ring could come from glycerol or glyceraldehyde
(Figure &),

A large numbgr of compounds have been tested as precursors of
ricinine, nicotine and, less extensively, anabagine in order to obtain
relevant information on the origin of the pyridine ring in these compounde

in particular, and by inference, in plant products in general,

A, ACETATE AS PRECURSOR

Leete (1958 a) reported random incorporation of ac:eta.t;e-—2-’cll+

into nicotine in experiments with N. tabacum while Iljin (1960) simply
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reported incorporation of acetate-C14 into nicotine, Acetate-l-Cl#
administered to tobacco plants gave rise to only 4% of the total nicotihe
activity residing in the pyridine ring while acetate-z-clq, which was
incorporated to a greater extent, gave rise to 40% of the total nicotine
activity residing in the pyridine ring, half of which was locallized
at carbon-3 (Griffith & Byerrum, 1959 a, b; Griffith, Hellman & Byerrum,
1960), Dawson and Christman (1963) reported essentially the same findings,

Sodium acetate-Z-Clh, wick fed to N, glauca, was incorporated
into. anabasine to the extent of 2%. Degradations on the radioactive
anabasine showed 37% of the total anabasine activity to be found in
the pyridine ring, located equally and almost exclusively at ring carbons
2 and 3 (Friedman & Leete, 1963).

Acetate—2~01# administered to Ricinus communis L. was incorporated

14

into ricinine to a far greater extent than acetate-1-C~ ', In the case

14

of acetate~1-C~ ', at least 90% of the total ricinine activity was found

in the nitrile group (Juby & Marion, 1961; Anwar, Griffith & Byerrum, 1961;
Waller & Henderson, 1961 b). Juby and Marion reported that the remainder
of the activity in ricinine arising from acetate—l-Clh was distributed
between the N-methyl and O-methyl moieties. Schiedt, Boeckh-Behrens

and Delluva (1962) also demonstrated that acetate-Z-Clu was incorporated
into ricinine to a greater extent than acetate—l~01ug Systematic de-
gradation of the active ricinine obtained from ancet:ate--l--cll+ and acetate-

14

2-C~" are listed (Table 1) (Schiedt & Boeckh-Behrens, 1962). These

findings are accompanied by the findings of Marion et al for acetamf;e--&-()ll+

incorporation into ricinine (Juby & Marion, 1963; Essery, Juby, Marion &

Trumbull, 1963), It must be borne in mind that the work of Schiedt



46

and Boeckh-Behrens is based on microanalytical determinations not nearly
as refined as those of Juby and Marion, and Essery et al but the overall
trends are roughly in agreement,

In accounting for these observations, the original premise must
be that acetate was metabolized in the usual manner via the tricarboxylic
acid cycle in which it underwent conversion to succinate, fumarate,
or oxaloacetate, Each of these products, a L-carbon dicarboxylic acid,
may become incorporated into nicotinic acid By losing a carboxyl group,

PERCENT OF TOTAL RICININE ACTIVITY

Position  Acetate-1-G-' Acetate-2-CY"  Acetate-2-ct'
C=2 38,9
6 48

C-3 38.3

C=k b 8 0.0

C-5 5 9 0.3
c-6 27 2 T
N-Me 3 8 0.65

-CN 33 12 20.8
O-Me 3 6 0,66

*

Results compiled from the two papers cited: Essery et al, 19635
Juby & Marion, 1963,
¥ Quantity not determined,
TABLE 1
On tracing the sequences found in tricarboxylic acid cycle,
acetate~1~Clu gives rise to the -1,&-Clh species of succinate, fumarate,

or oxaloacetate (c.f., Figure 5) which on the next turn of the cycle
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with inactive acetate would lose all of its Clh as 61%029 or on recycling
further with a molecule of acetatemlucl4 would be regenerated, a&=Keto-=
glutaratew5®01h would be formed as an intermediate in this process (Figure 6),
This is convertible to glutamatew5w01h and ornithine-B«-Clho Either

of these can serve as precursors of the symmetrical intermediate which
yields the pyrrolidine ring of nicotine (Leete, 1958 b; Leete & Siegfried,
1957; Lamberts & Byerrum, 1958; Lamberts et al, 1959). The major positions
of activity in nicotine on feeding acfe"t:a’t:emlam»C‘le+ would be predicted

to be in carbons 2' and 5' as was indeed observed, Additional support

to the concept of the symmetrical intermediate leading to the pyrrolidine
ring was demonstrated by the incorporation of A;mpyrrolineacharboxylic

to give a similar isotope distribution in nicotine as that observed

with ornithine-5-C'' and glutamate-5-C'' (Krampl & Hoppert, 1961).

Methyl group labelling from r:a.ce‘l:;zavt:<=,~==CLL==(?;;ML was not only expected but
observed as in the case ricinine (Juby & Marion, 1961),

Acetatemzwcl2+ would give rise to =293@01& labelled succinate,
fumarate, or oxaloacetate on its first turn through the tricarboxylic
acid cycle, These on a further turn with inactive acetate would become
equally labelled in positions %; 2, 3 and 4 (Figure 7). On further
turns with inactive acetate, activity from positions 1 and 4 would be
lost more quickly than from positions 2 and 3, Increased labelling
would occur at the latter positions relative to the former on successive
turns., This would lead to less activity in the Cé2“ and C=5' than in
the C=3' and C-4' positions of the pyrrolidine ring and most of the

pyridine ring activity at C-2 and C-3, In ricinine only a little activity
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would be expected in the methyl groups, some in the cyano group and
the bulk of the activity at C-2 and C-3 of the a-pyridone ring. As
pointed out this is entirely in agreement with available experimental
results,

B, SUCCINATE AS PRECURSOR

Juby and Marion (1961) reported that the incorporation of

14

succinate-2;3-C” into ricinine by castor plants gave an activity

distribution identical with that obtained from the incorporation of
acetatewZqu‘h° This was demonstrated unequivocally in later work
and is fully in accord with the involvement of the tricarboxylic acid
cycle,

Waller ana Henderson (1961 b) reported that administration
of succinatew293a01u gave rise to ricinine labelled exclusively in
the a=pyridone ring, Succinatemlgbmclu was a less efficient precursor
than its 2,3-homologue and when fed to flowering castor plants gave
rise to radioactive ricinine, 75% of whose total activity resided
in the pyridone ring while 25% was found in the nitrile group. This
anomalous situation was clarified (Waller & Henderson, 1961 c¢) by |
the observation that in non-flowering plants this precursor gave rise
to 85% of the total ricinine activity located in the nitrile group
with only 15% of the activity in the ring as would be expectedo
Furthermore an editor's note accompanies this reference with assurances
that the authors have supporting unpublished data which indicate thatx
a different metabolic pathway is available for ricinine synthesis

in flowering plants,

Griffith and Byerrum (1963) reported that in nicotine



51

the pyridine ring activity arising from succinate=293-clu was almost
identical with that arising from acetatevawclb'e In both cases between
70% and 80% of the pyridine ring activity was distributed virtually
equally between carbons 2 and 3,

Christman and Dawson (1963) showed that ssucc:i’.m»a.t:o'-,m=-2v-C"l“l+ and
fr;:.mar'am:e«-—2~-Cll+ were incorporated into nicotine in almost identical
amounts with roughly equal isotopic distribution between the pyridine
and pyrrolidinme rings. Suc:c:inat:e--=1m(1:u+ was incorporated only one-tenth
as well with only about 14% of the total nicotine activity located
in the pyridime ring and the remainder in the pyrrolidime ring.

C. ASPARTATE AS PRECURSOR

Griffith, Hellman and Byerrum (1962; c¢.f., Chem, & Eng. News, 1961)
demonstrated aspartic acid»}-clu to be a precursor of nicotime (giving
a radiochemical yield of 0,28%) in tobacco planmts., Degradatioms showed
the activity to be distributed approximately equallj Eetween the py=-
ridine and pyrrolidine rimgs with the actual amounts being somewhat
dependent on the time lapse between precursor administration and nico-
tine isolation. About one half of the pyridine ring activity was lo=
cated at carbomn-3, The pyrrolidinme ring labelling car be explainmed
if aspartate is comverted to oxaloacetate which participates im the
tricarboxylic acid cycle to give rise to a<ketoglutarate. o-Ketoglutarate
could then go into the pyrrolidine rimg by a pathway in which glutamic
acid is an intermediateo In a two hour experiment the 2! and 5' positions
were labelled almost exedusively with little or no randomization.
Interpretation of the activity distribution in the pyridine rimg imdicated

that after two hours, aspartic ac::".d«-}-»cll+ could have converted either to
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succinate or to fumarate before incorporation,

Christman and Dawson (1963) reported that DL-aspartic acid—3-014
was incorporated into nicotine more efficiently than L-aspartic acid-2,3-C
In these two cases and in the case of aspartic acid-NlS, the isotope
was found to be distributed almost equally between the pyridine and
the pyrrolidine rings, DL-Aspartic au::ic:l--L&--C]'l+ showed virtually no in-
corporation into nicotine,

L-Aspartic acid-Z,}-Cl#9 succinate-z—clq, and fumarate—Z-Clu
gave almost identical percentages of incorporation into nicotine with
very similar distributiom of activity betweem the two rings (Christman
& Dawson, 1963)., Aspartate mitrogen was incorporated into micotime
(Christman & Dawson, 1963) while aspartate mitrogen and an accompanying
labelled carbon atom have been shown to incorporate as a unit intb nico-
tinic acid (Gross et al, 1963). In the light of this evidence, the
suggestion of Griffith et al (1962), that aspartate converts to either
succinate or fumarate before it is incorporated into the pyridine ring
of nicotine, does not seem as likely as the reverse situatiom., Marion's
group (Essery et al, 1963) are presently studying the origin of the
nitrogen atom in ricinine; this may help clarify the issue,

Juby and Marion (1962) have suggested that on the basis of all

the available evidence to that date there is every indication that carbons

2 and 3 of the ricinine ring originate from the same source as carboas

2 and 3 of the pyridine ring of nicotine, Schiedt and Boeckh-Behrens (1962)

reported the incorporation of aspartate-}-clu into ricinine with 40%
of the total ricinime activity found at carbon 3 while mo activity was

found at carbom 2, There appears to be mo logical explanation for the

'3
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complete absence of activity at carbom 2 except perhaps there may have
been an error in the analysis because the total amalysis only accounts
for 83% of the total activity.

D, PYRUVATE AS PRECURSOR

The incorporation of labelled pyruvate into micotine has been
observed to give radiochemical yields in the following orders:
pyruvatem3nclhf> pyruvatew2w01h> pyruvatemlmclh (Griffith & Byerrum,

1959 a), For the most part it appeared that pyruvate was metabolized

to acetate before it was incorporated into nicotime but this did mot
appear to be am exclusive route for pyruvate utilization. Pyruvateo3uclh
showed a relatively higher incorporation tham the acetﬁtes while pyruvate-
luclh was observed to give rise to radiocactive nicotine, The latter

case could also arise from a reversal of glycolysis where pyruvéte is

converted to glycerol,

E, GLYCEROL AS PRECURSOR

On feeding glycerol=1,3~01h to tobacco plants, the resulting

nicotine showed a much greater percentage of the total activity located

in the pyridine ring tham when acetate-zwclh was fed (Griffith et al, 1960),
Glycerate~3-clu was incorporated into micotine to a greater extemt thanm
acetateuamclh but not as well as glycerol (Griffith & Byerrum, 1962),
Christman and Dawson (1963) reported that in the incorporation of

glycerolmlmclh9 50% of the total nicotine activity was located im the

pyridine ring as compared with 43% for the incorporatiom of glycerolmzuclh°
Griffith et al (1962) found that glycerol-2~01h gave rise to 90% of

the total nicotine activity being locallized in the pyridine ring whenm

the time lapse between precursor administration and nicotine harvest
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was 2 hours but underwent diminution to 57% when the time interval was

7 days, In the two hour experiment, the low activity in the pyrrolidine
ring had the same isotopic distribution as that obtained from acetatemlmclh,
This suggests that the small amount of glycerol entering the pyrrolidine
ring goes by way of the tricarboxylic acid cycle and was almost completely
metabolized to acetate. The distribution of the pyrrolidine ring activity
after 7 days was rationalized on the assumption that glycercl was meta-
bolized to a<ketoglutarate which could arise from glycerol either through
glycolysis and acetate to the tricarboxylic acid cycle or through a car-
boxylation of pyruvate or phosphoenolpyruvate to the tricarboxylic acid
cycle (Mazelis & Vennesland, 1957). Tbié explanation was modified slightly
in a later report in suggesting that glycerol entered glycolysis by phos-
phorylation and oxidation to dihydroxyacetone phosphate, In long term
experimeﬂts it was considered that in addition to this, part of the gly-
cerol was converted to acetate and éart to oxaloacetate (as mentioned
before) through a carboxylation of phosphoenolpyruvate or pyruvic acid
before being utilized in pyrrolidine ring synthesis (Wu, Griffith & Byerrum,
1962). Glycerclwl.,3r--=C]"+ and glycerolaz-clh were incorporated into nicotine
to about the same extent while glycerate-}—clh went in lesser amounts
(Griffith et al, 1962; Griffith & Byerrum, 1962), This constitutes strong
evidence in favour of glycerol or a closely related metabolite being

a major source of carbon for at least part of the pyridine ring and that
glycerol participates as a 3-carbon unit, probably giving rise to carbons
L. 5 and 6 of the pyridine ring., In direct contrast, Dawson and Christman
(Chem, & Eng. News, 1961) reported that glycerolwl,B—Glh was incorporated

into nicotine only half as well as glycerol==2=»(31[+ in experiments with
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sterile root cultures from Nicotiana plants., They interpreted these
data to mean that only two carbons from glycerol were utilized in the
biosynthesis of the pyridine ring, presumably carbons 5 and 6, Their
most recent report (Christman & Dawson, 1963) still favours this idea,
Waller and Henderson (1961 b) found glycerol~193wclh more efficient

than glycerol~2uclk when used as a precursor of ricinine in castor plants,
This could be due to the conversion of glycerol to acetate through gly-
colysis in which glycerol=193m01h and glycerolmzmclh give rise to acetate=2wclh
and acetateul-Clh respectively,

- Juby and Marion (1961) noted that glycerolwl-clh was a better
precursor of ricinine than glyc:t‘:r'olmZ«»ClL‘L with activity in the methyl
groups and nitrile moiety accounting for about 45% of the total ricinine
activity in both cases, Further work (Essery et al, 1963) demonstrated
that gl:y'cez'olml»-»C:l"l‘L was incorporated into ricinine to give high centres
of activity at ring carbons 4 and 6 with low activity at carbon 5.
Glycerolaz-clh gave a very high percentage of the total ricinine activity
at carbon 5 and very low levels at carbon 4 and 6, From the combined
results it is readily seen that the combined activities of carbons 2
and 3 hardly amount to 14% of the total ricinine activity in either instance.
The randomization of activity especially in the methyl and nitrile groups
indicated considerable breakdown of the glycerol molecule into simpler
units before incorporation into ricinine., The striking distribution
of activity in the a-pyridone ring, however, leaves little doubt as to
why these researchers proposed that carbons 4, 5 and 6 were derived directly
from the three carbon unit of glycerol or a closely related metabolite,

There was a slight inequality of labelling between the C~4 and C-6 positions
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resulting from glycerol—»lmcluo This suggested that the precursor could
be unsymmetrically derived not only from glycerol but also from some

of its fragmentary metabolites, The authors indicated that work is in
progress which utilizes shorter duration experiments in order to minimize
extensive glycerol breakdown and thus eliminate widespread randomization
of isotopic distribution, Such an observation would corroborate the
already convincing accumulation of evidence,

F, GLUTAMATE AS PRECURSOR

Glutamatewz-clh metabolized by castor plants gave rise to radio-
active ricinine of which 90% of the total activity was found in the cyano
moiety (Anwar et al, 1961)., Schiedt and Boeckh-Behrens (1962) reported
only 55% of the total ricinine activity was located in the cyano group,
but the essential point of agreement was maintained., This can be rationalized
on the assumption that glutamate=2»clh underwent transamination to
aaketoglutarateazmclh which in turn gave rise to carboxyl labelled succinate
(¢c.f., Figure 6),

G, PROPIONATE AS PRECURSOR

The incorporation of the labelled propionic acids into nicotine
was observed to give radiochemical yields of the following order:
propionate=2mclh> propionatew3~0142>:> propionatenlaclh
(Griffith et al, 1960; Wu et al, 1962; Griffith et al, 1962). The dis-
tribution of activity for propionate»Z»Clu was the same as for a.cetater-»?.mC!ll+
while the distribution of activity for propionate-Bmclh was identical
with that of acetate-l—»Clho Since px’op:‘mn.smt:e«--}«-»cll+ was not utilized

directly for pyridine ring synthesis in nicotine (Griffith et al, 1962),

this eliminated the earlier idea (Griffith et al, 1960) that it could
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have been utilized as a 3-carbon unit (i.e,, B-alanine or a similar inter-
mediate), The authors observed that propionate could be converted to
acetate by a B-oxidative pathway which could also be applicable in the
case of ricinine,

Anwar et al (1961) administered propionate~3wclh and propionatemlaclh
to castor plants, The active ricinine isolated in both cases showed
90% of the total activity to be located in the nitrile group, A possible
explanation involves the P-oxidation of propionate to malonate followed

by decarboxylatien to acetate,

32 21 32 1 2 1,3

CHBCH2000H<M~§ HOOCGHZCOOH <P CH3COOOH

Waller and Henderson (1961 b) observed that the three labelled
propionates were incorporated into ricinine by non-flowering castor‘plants
in the same relative order as these compounds were incorporated into
nicotine, In flowering plants all three labelled propionates are incor-
porated approximately equally and in very low percentages, These authors
suggested that propionater gave rise to succinic acid via the Baoxidafifé
pathway reported by Giovanelli and Stumpf (1957) (Figure 8). By this

pathway activity from

CHBCH2COOH > CH30H20000A ey CHfCH[CO“C"’A
H0001H3 < HOCHZCHZCOOH —— Houcnzcnacocgaﬁ.
TRICARBOXYLIC ACID CYCLE ACIDS co‘2

FIGURE 8

propionateolnclh would not enter the tricarboxylic acid cycle while

propiomzd:eaezacll+ and propionateuBmclu would give rise to au:e'cad:<=,-«--2==C:U+
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and ace:‘l;atemlmClL+ respectively, The conversion of propionate to succinate
via methyl malonic acid (Flavin, Ortiz & Ochoa, 1955; Flavin & Ochoa, 1957)
was not considered to be involved in the light of the evidence favouring
the initial conversion to acetate.

H, B-ALANINE AS PRECURSOR

The greater incorporation of Bmalanine»chlh than of Bwalanineulwclh

into ricinine was shown by Waller and Henderson (1961 b). In nicotine about

50% of the total activity resulting from Bwalanine-»2=-»Clbf feedings was

found in carbon 3 of the pyridine ring (Griffith & Byerrum, Chem. & Eng.

News, 1961) while an additional 25% was found at carbon 2 (Dawson & Christman,

Chem, & Eng. News, 1961), This could be interpreted as arising from

the conversion of P-alanine to either propionate or malonate before it

was incorporated into the pyridine ring, By way of malonate, ﬁwalaninew2aclk

would give rise to atcetzm:emzmcll+ which is incorporated more readily than

acetate»l»clh which would arise from either Bsa].au:x:i.nemlmc:u+ or B-alanine=3~01h°
Dawson and Christman (ibid.) suggested that P-alanine was incor-

porated into nicotine by way of citrate, A recent report (Christman

& Dawson, 1963) showed that the incorporation of B-alanine into nicotine

occurs in the order: Baalanine-zwclh:> Baalanine=3uclh:>2> B-'alanineul-clh°

The incorporation of [3«==eml.'.s.ninez==2=->()ll+ into the pyridine ring amounts to

30=40% of the total micotine activity while it is less than 1% for

Bealaninew3wclho This is indeed similar to the observed behaviour of

the propionates,
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I, OTHER COMPOUNDS AS PRECURSORS

Dawson and Christman (Chem., & Eng, News, 1961; Christman &
Dawson, 1963) considered citrate a precursor of carbons 2, 3 and 4 of the
pyridine ring on the grounds that carbons 2 and 3 of succinate, fumarate,
aspartate, and carbon 2 of acetate and malonate were incorporated into
the pyridine ring much more readily than their carboxyl groups. From the
data on Bmalanine-Z-Clu incorporation, carbon 3 in the pyridine ring
accounted for one half of this ring's activity while carbon 2 accounted
for one quarter., If the citric acid hypothesis is correct, the remainder
of the activity should be found in carbon &,

D-Ribose-l—clu9 D»—glucosea-lmclh9 sodium formatenclh and glycine-

2'-»011+ have been fed to Ricinus communis L. (Waller and Henderson, 1961 a),

Citrate-l—clu, glucose-’lmclu9 glucose«-6-=01h9 glycine-»l--clk9 mevalonic
acid~2=Clh and B-hydroxy-p-methylgliutaric ac:::i.cll«waCll+ were fed to excised
root cultures of Nicotiana plants (Christman & Dawson, 1963). In each
case the percentage of incorporation into the pyridine ring was very low,

In summary, it has been observed that acetatewauclh was

incorporated into the pyridine ring more readily than acetate-luclh° In
the efficiencies of the incorporations of the pyruvates, propionates,
B-alanines and, for that matter, of all other precursors discussed in this
section (with reservations in the case of glycerol) there is a relatiom-
ship readily explained by invoking the pathway of the tricarboxylic acid
cycle, Until recently a great number of conflicting observatioms and
interpretations left am open question as to whether the five carbons of

the pyridine ring are (1) derived from the three carbons of glycerol and

two carbons of a dicarboxylic acid of the tricarboxylic acid cycle or
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are (2) derived from two of the carbons of glycerol and three carbons from
citrate, Two groups (Griffith et al, 1960; Juby and Mariom, 1961) favoured
the former approach while two other groups (Waller & Henderson, 1961 b;
Dawson & Christman, Chem. & Eng. News, 1961) preferred the latter, As
noted earlier in the present review, the most recent publications of several
groups showed by partial degradation of nicotine (Griffith & Byerrum, 1963)
and by the total degradation of ricinine (Juby & Marion, 1963; Essery et
al, 1963) that the pyridine ring does indeed arise by the first of the
two pathways mentioned.

From considerations of the 2, 3 and 4 carbon precursors, it would
appear that the most consistent results for incorporation of precursors
into the pyridine ring can be illustrated as shown (Figure 9),

B~Alanine

O\

Malonmate «w———— Propionate

s

Acetate —m a-Ketoglutarate T Succinate

A i1

Glutamate Fumarate

/!

Pyruvate Oxaloacetate

+

Glycerol ——=» Pyridine Ring -e——— Aspartate
FIGURE 9
The plant alkaloid mimosine (I) is & substituted pyridone struc-
ture which bears the salient features of the pyridine nucleus under dis-
cussion, If there is a common pathway for the biosynthesis of the pyridine
ring and its oxidized modificatioms in all pyridine type alkaloids as has

been suggested (Griffith et al, 1960; Waller & Hendersom, 1961 a; Juby
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& Marion, 1963), the observations and conclusions presented in this sectiom
should not only be applicable to, but be entirely parallelled by, the bio-
synthesis of the pyridine ring of mimosine,

PYRIDINE DICARBOXYLIC ACIDS

In mammals and Neurospora micotinic acid is metabolically derived
from tryptophan. The nature of some of the intermediates on this biosys-
thetic route is still under discussion. Hendersom (1949) suggested that
quinolinic acid (pyridine-2,3-dicarboxylic acid) was a true intermediate
between 3-hydroxyanthranilic acid and nicotinic acid., This suggestion
was criticized and evidence was presented which appeared to imrdicate that
quinolinic acid was a by-product rather than am obligatory intermediate
of nicotinic acid biosynthesis, Mehler (1956) reported that, emzymatically
3~hydroxyanthranilic acid actually gave rise to pyridine~2-carboxylic acid,
and that gquinolinic acid was formed by mon-emnzymatic reactioms., However,
Wilson and Henderson (1960) established that in developing chick embryo
quinoliﬁic acid is enzymatically converted into nicotimic acid while com-
trol experiments showed that this reactiom does mot take place nom-
enzymatically., Experiments with 3-hydroxyanthranilic acid-—H3 and quino-
limic acida»H3 also indicated that quinolinic acid is an intermediate im
the conversion of 3-hydroxyanthramilic acid to nicotinic acid,

Compelling evidemnce favours the theory that in certain microorgamisms
and in plants, micotinic acid is built up from 3- and 4~ carbom units and
that it is an intermediate in the biosymthesis of more complex pyridine
derivatives, However, there are other reports which merit some discussion,

Abdel Kader and Fawzy (1960) claimed that the tryptopham pathway

for the biosymthesis of nicotimic acid operates in broad beam plants.
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Experimental details of this report were mot available but apparently no
radioisotope experiments were carried out., Wilsom and Hendersom (1961)

stated that Xamthomonas pruni could utilize either 3-hydroxamthramilic

acid or quinolinic acid in place of nicotinmic acid as a growth factor,
and these precursors, when labelled were incorporated imto nicotimic acid.
This was presented as further evidence that the tryptophan pathway for
nicotinic acid was operative in this bacterial species, Lingens (1960)

reported that lLactobacillus arabinosus was able to survive in a medium

in which cinchomeromic acid (pyridine-3,4~dicarboxylic acid) replaced nico-
tinic acid as nutrient, This report was not accompanied by experimental
details. Since the reactivity of the 2~ and 4= position of the pyridine
ring are very similar, decarboxylation at the h=-positiomn is mot difficult
to visualize in the light of quinolinmic acid utilization,

A nmumber of imnteresting points arise from this brief review, Al-
though this has not been demonstrated, there is the possibility that quino-
linic acid or a reduced quinolinic acid derivative could be am intermediate
in the 3 plus 4 condensation for nicotimic acid biosynthesis. In no instance
has the ¢laim been made that 3-hydroxanthramilic acid is the orly precursor
of quimolimic acid., Another pyridine dicarboxylic acid whose biosymthesis
has been studied is 2,6-dipicolinic acid (pyridine-2,6é-dicarboxylic acid),
This compound is produced in large quantities in certain sporulating
bacteria, Although dipicolinic &cid has rot been implicated in any way
in & pathway to micotiamic acid, its biosynthetic origin is of direct rele-
vance to a discussion of the srigin of the pyridime ring system.

In an early report Perry and Foster (1955) claimed that 2,6~

diaminopimelic acid was incorporated into pyridine-2,6-dicarboxylic acid
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in the spores of Bacillus cereus (Mycoides). This was followed by the

observations of Gilvarg (1956) that resting cells of a mutant (26-26) of

Escherichia coli exhibited increased excretion of 2,6-diaminopimelic acid

when imcubated with glucose or pyruvic acid together with a mitrogem source,
Aspartic acid was more effective tham ammonia for this purpose., A more
intensive study of the biosynthesis of pyridime-2,6-dicarboxylic acid in

Bacillus megaterium (Martin & Foster, 1958) established a mumber of com-

pounds as precursors for this +8ystem but did mot clarify the role of 2,6-
diaminopimelic acid, One defimite fimding of this study was that the
tryptophan-3-hydroxyanthranilic acid pathway for nicotinic acid operative
in Neurospora and in mammals did not comstitute a route to dipicolinic
acid, The most efficient precursors of this pro&uct were found to be glu-
tamic acid, aspartic acid, alamine, serine amd proline, The krown meta-
bolic relationships of several efficient precursors (glutamate, aspartate
and oxaloacetate) led to the conclusion that intermediates of the tricar-
boxylic acid cycle participated im the biosymthesis of the product. The
direct participation of aspartic acid (including nitrogem) as a unit was
suggested as an attractive possibility. Further relatioﬁships also indi-
cated that the combination of 3- and 4~ carbom unmits to form the pyridine
ring was a likely occurrence, Two alternative routes to the product, based
on the established incorporaticwn pattern were suggested, the first from
aspartate and pyruvate, the second from alanine and oxaloacetate., Although
glycerol was not tested, one of its kanown metabolites, serine, was observed
tc be incorporated efficiently into pyridime-2,6-dicarboxylic acid.

These precursors utilized for the biosynthesis of nicotimic acid

and of picolinic acid are thus very similar. This high degree of coincidence
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may be indicative of an extremely close similarity im the biosymthesis

of the pyridine dicarboxylic acids and of nicotimic acid, Indeed, it would
not be surprising if, om clarification of these similarities, it were found
that the pyridine ring arises from & common origim amd that there is some
direct relationship or mode of intercomversion amomgst the pyridine dicar-
boxylic acids and nicotimic acid,

UNIQUE NICOTINIC ACID-ALKALOID RELATIONSHIPS

Throughout investigations of alkaloid biosynthesis in intact plants
there arises the problem of the variability of the plant material. The
constancy of alkaloid comtent ard rates of formatior withim imdividual
plants in a giver experimert and the variation from experiment to experi-
ment has never been investigated, A further uncertainty concerns the re-
versibility of the late stages of the biosynthetic pathway immediately
preceding the fimal elaboration of the structure of the alkaloids, It
is also unknown whether artefacts arise from the addition of foreigm materials
to the plant or from the increase beyord mormal amounts of materials which
are already preseat,

A number of imvestigations have attempted to throw some light omr
these questions, but mo comclusive imformation is available, From nitrogen
balance studies, Dawsomn (1940) amd Mothes (1928) arrived at the conclusion
that nmicotine does mct serve as a nitrogem source for protein synthesis
in the tobacco plamnt, Dawsom did, however, report am incomplete recovery
of micotine whem this compound was administered to tobacce plants, He
suggested that the alkaloid was metabolized ir the leaves in some unpknowr
manner. Tso and Jeffrey (1956) observed the disappearance of nicotine

from N, glutinosa, presumably due to formatiom of mormicotime. Leete and
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Bell (1959) observed extensive metabolic breakdown of nicof:i,new-z,5-—Cll+
(omly 6% recovered) and of nicotineamethyluclh (only 1% recovered) in

N, tabacum, Radioactive choline was isolated from the nicotineumethylwclh

feeding 2nd degradation indicated that 90% of the activity appeared in
the methyl groups of choline, They concluded that nicotine thus acts as
a methyl donor in tobacco plants, Leete and Bell further observed that
there was high initial less of activity from both labelled nicotines with
little subsequent decrease in the activity after 1 week. This is compatible
with the hypothesis that metabolism of the radioactive nicotine occurs
in the roots, which are the main site of nicotine synthesis in N. tabacum,
and little further metabolism occurs after the nicotine has been translocated
to the leaves.

Ring labelled nicotine-Clh injected into growing tobacco plants
gave rise to labelled nicotinic acid (Griffith et al, 1960), Solt, Dawson
and Christman (1960) pointed out that in N. glauca nicotinic acid was in-
corporated into nicotine and anabasine through a pathway which in part
was common to both alkaloids. When ring labelled nicotinemclu wag meta-
bolized by these plants, the recovered nicotine showed 60% of the original
pyridine ring labelling but only 43% of the original pyrrolidine ring label-
ling, Some radiocactivity was found in nornicotine, but, surprisingly,
nonie in anabasine. In a recent review, Johnson (1963) expressed doubt
that nicotine metabolism was functiomnal,

As early as 1933, Weevsrs repcrted the disappearance of ricinine
(presumably through metabolism) in castor plants during growth on nitrogen
depleted soil., Waller and Nakazawa (1963) have stated that they have un-

published evidence showing that tritium labelled ricinine administered
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to castor plants gives rise to tritium labelled nicotinic acid, They
reported that ricinine was metabolized in sterile excised cotyledons of
castor plants cultured in the dark and a sparing action on ricinine was
observed when nicotinic acid was added, On these foundations they suggested
that there exists a metabolic vitamin-alkaloid relationship not previously
found in a plant system,

Although definite conclusions would be premature, this summary
of observations illustrates that the study of the biosynthesis of two par-
ticular alkaloids has brought to light a number of far-reaching effects.,
It is probable that besides establishing the origins of the pyridiﬁe alka-
loids in plants, which at the present stage of development of the field
is the main object of all investigations, new facts may emerge from bio-
synthetic studies which could throw light on the functions of these alka-
loids in the plant and show their relationship with other plant material,

MIMOSINE BIOSYNTHESIS

A, CHOICE OF PRECURSORS

The purpose of this study was to establish whether or not an ana-

bolic similarity exists between mimosine in Mimosa pudica L. and other

pyridine alkaloids occurring in higher plants.

If nicotinic acid were a precursor of the pyridone ring of mimosine,
it would have to suffer decarboxylation on route to the product. Investi-
gation of the possible incorporation of the nicotinic acid nucleus would
have been of considerable value in this study. Ring labelled nicotinic
acidoclu is not available, however, and incorporation of precursors of
nicotinic acid was therefore investigated,

Aspartic acid and glycerol were selected, both of which are known
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precursors of nicotinic acid, the common intermediate on the route to
nicotine, anabasine and ricinine (Figure 4)., Activity from any of the
radiomers of glycerol would be expected in momisine if this were formed
via nicotinic acid and the latter were formed by the 3 plus 4 pathway.

l},rce-rol--l,3-—~Gll+ was the chosen compound. To test the possibility of
non-symmetrical or partial incorporation of a fragment related to glycerol,
glyceric ancidl—}--()lbr was also selected. Aspartic acid was chosen as a re-
presentative of a Lk-carbon dicarboxylic acid precursor. Of the three
radiomers tested, only aspartic za.cid.--’)’--cll+ would be expected to supply
activity to the mimosine nucleus if this were to arise via nicotinic acid.
Activity from aspartic acid—l-ClA and -4-614 would not be expected to enter
the nicotinic acid nucleus by the 3 plus 4 route (Figure 4), unless de novo
synthesis of precursor from carbon dioxide were rapid. It was hoped that
the results of incorporation of the three radiomers of aspartic acid would
be complementary and lead to an unequivocal conclusion,

A biogenetic scheme for mimosine has been put forward, based entirely

cn the formal structural similarity of the alkalcid with ribose and with

&, B~diaminopropionic acid, an amino acid found in certain Mimosa species.
According to this scheme the pyridone ring of mimosine is postulated to
arise in a manner bearing no similarity whatsoever to the origin of the
pyridine ring in those alkaloids whose biosynthesis has heen réviewed in
this thesis. This biogenetic hypothesis first put forward by Gmelin (1959)
and adopted by Leete (1960) postulates the elaboration of the intact car-
bon chain of ribose into mimosine (Figure 10). Ribose-l—clh, radioactivity
from which would, according to this scheme, enter the mimosine nucleus,

was also chosen for investigation,
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B, CHOICE OF FEEDING TIME

No mimosine appears to be present in the seeds of M, pudica nor
in the cotyledons after germination, As soon as the first leaf (consist-
ing of leaflets) is formed, sap obtained by cutting the stems is observed

to contain small quantities of a phenolic amino acid whose R, value corresponds

4
to that of mimosine, The amino acid appears to be localized in the sap
throughout the development of the plant. Plants from 7 to 11 weeks old
yield the substance in quantitites sufficient for isolation., Older plants
become woody and yield only small quantities of sap.

To determine whether mimosine biosynthesis was taking place, plants
7-11 weeks old were allowed to grow in an atmosphere of carbon dioxide--Cll+
in several experiments and in each case the isolated mimosine showed a
consistently significant incorporation of carbon-l4, Mimosine biosynthesis
was thus taking place in M. pudica plants at a stage of development 7 to
11 weeks from the germination of the seeds. Such plants were used for

all further experiments,

C, MODE OF ADMINISTRATION

The carbon dioxide-Clh control experiments were carried out in
a glass chamber large enough to hold a S-inch pot containing 6 Mimosa plants.
The chamber (Figure 11) consisted of a glass cylinder with an inside diameter
of 14 cm, and a height of 65 cm. A flange on the open end was ground smooth
to form a seal when the cylinder was placed on a plate glass footing.
The cylinder was fitted with -an ‘external duct cdhtginiz_xg a thin metal strip
which could be vibrated by means of an electromagnet operating on an A.C,
line. This served as a-circulatory system. A shunt for introducing carbon

d.:“l.o)‘::‘t.de—cll+ and an outlet system to withdraw a sample of the atmosphere
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within the chamber for carbon dioxide~clu assay were also attached,

All other radioactive precursors were administered to the Mimosa
plants by the "wick" method (Comar, 1955) (Figure 12). The precursor in
aqueous solution was measured into small receptacles which were anchored
in the soil near each plant. An srdinary sewing needle was threaded with
a double strand of unmercerized cotton and passed through the stem of the
plant, The ends of the thread were immersed in the receptacle and the
solution of radiocactive material was thus able to enter the plant by
capillary action,

The time interval between initial administration of the labelled
compound and the time of harvest was 2 days in tﬁe case of all feeding
experiments but two., Three days were allowed for the uptake of ribose-
1-’C:U+ which for some unexplained reason was inordinately slow, One of
the two aspartic acid—}-C14 feeding experiments was carriéd out over a
2-week interval, In each case, after all of the radicactive solution was
taken up, the receptacles were repeatedly refilled with distilled water
to "wash" residual activity into the plant. During the time interval of
each feeding, the receptacles were never allowed to become totally dry.
After harvesting the wicks were extracted to determine residual radioactivity
which had not been taken up by the plants.

D, TISOLATION OF ALKALOID

Mimosine was isolated from the exudate obtained by cutting the
stems of Mimosa plants, The recovery of mimosine was carriéd out as
previously described (Section I: Isolation of Mimosine; sub-section (i)).
From 7 to 15 milligrams of mimosine was obtained from each experiment.

For final purification the crude radicactive mimosine was diluted about
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fivefold with a known weight of inactive mimosine and recrystallized from
water, In each case, the radiopurity of the original sample was checked
by thin layer chromatography and its specific activity was calculated from
the activity of the diluted sample,

E., DHGRADATION OF ALXALOID

The diluted mimosine obtained from each feeding experiment was
distilled with zinc dust under vacuum by the optimum procédure outlined
previously (Section I: Reactions of Mimosine; sub-section A), 3-Hydroxy-
L-pyridone obtained from the distillate was recrystallized and its specific
activity was determined,

RESULTS AND DISCUSSION

In all, seven feeding experiments were conducted. In each of these.
the same number of plants was used under conditions which were reproduced
as closely as possible, particularly with respect to the size of the plants
(7-11 weeks 0ld) and the duration of feeding (2 days), Feeding time was
different (3 days) in the :ribmse-l—-Cll+ experiment, as previously mentioned
(¢.f. Mode of Administration), and in one of the two aspartic acid-}-ClA
experiments (2 weeks) for reasons which will be fully discussed in their
proper turn, Labelled mimosine was isolated from each of the experiments.
Table 2 records the yield of the product obtained from each of the experi-
ments. To conserve material, the values for the specific activity of the
original mimosine samples were not measured directly, but were calculated
from the values obtained after the original samples were diluted with carrier
and recrystallized, The calculated values given in Table 2 for the specific

activity of the original mimosine are therefore only approximate since

they are based on the assumption those samples were chemically pure. Due



TABLE 2

PRECURSOR

PRODUCT

TOTAL ACTIVITY

YIELD OF MIMOSINE

SPECIFIC ACTIVITY x 10

3

cpm mmole-l

ADMINISTERED pe MGMS, FOR CRUDE MIMOSINE
Aspartic Acid-3-C1t (2 Day) 100 12,9 129.% + 2.5
Ribose-1-C-" 50 5.6 62,3 + 1.5
Aspartic Acid-1-Ctt 100 9.7 37,8 £ 0,7
G1ycerol=193aclh 100 6.5 34,3 + 0,8
Aspartic Acid-3-Ct' (14 Day) 100 A 25,1 t O,k
Calcium Glycerate-3-Ct 100 - 14,0 19.6 + 0.4
Aspartic Acid-b-ct? 100 11,0 12,5 + 0.1

wé



TABLE 3

PRECURSOR

SPECIFIC ACTIVITY x ].O-=3

i 1

COUNTS MINUTE ~ MMOLE

%

RING ACTIVITY

PURIFIED MIMOSINE PURIFIED 3-HYDROXY-4-PYRIDONE | TOTAL ACTIVITY
Aspartic Acid_}-clbr (2 Day) 23,50 + 0.L46 21,25 + 0,39 90.4 + 2.4
Aspartic Acid—B—Cl4 (14 Dpay) 2,786 + 0,058 2,434 + 0,041 87.4 + 2,6
Glycerol-l,3-c 3,176 + 0,074 2,097 + 0,062 66,0 + 1,7
Aspartic Acid-1-¢1Y 5,147 + 0,108 . 3,382 + 0,103 65.7 + 2,4
Aspartic Acid-b-ct? 1,880 + 0,017 1,074 + 0,045 57,1 + 2,5
Ribose-1-CL 4,605 + 0,113 2,519 + 0,059 54,7 + 1,9
Calcium Glycerate-3-C*" 3.821 + 0,086 1,787 + 0,091 46,7 + 2.6
n
Radom 5/8 62.5

g Zﬂ
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to the variability of intact biclogical material, comparison of the specific
activities of samples obtained from parallel biosynthetic experiments with
different precursors is never more than a guide to the order of magnitude
of incorporation, For the same reascn radiochemical yields are only rough
guides to the relative efficiency of incorporation of different precursoes.
In the present instance the yield of sap from which mimosine was isolated
is dependent on a number of variables, some of which are not fully under-
stood. Although the yield of mimosine from the sap has been observed to

be quite constant, there is no assurance that the amount of sap actually
collected from individual plants represents a constant fraction of the amount
available for gollectiona The values for the specific activity of the
crude mimosine may give a semi-quantitative indication of precursor efficiency.
These values have no observeable relationship with the amount of mimosine
recovered, Two of the values cannot be used even for such a qualitative
comparison, since in onergaSeJ@he time, in the other the amount of radio-
activity, differed frdmlfﬂéizused in all other experiments. The lower
specific activity of mimosine from the 2-week experiment with aspartic
acidm3~Clu could have been due to long term dilution after a short period
of efficient incorporation. The experimental plants were young, healthy
and rapidly growing during the feeding, After the labelled precursor had
been metabolized, later synthesis of inactive mimosine would lead to the
dilution of the active mimosine previously formed, and hence to the lower
specific activity., The ribosewl-Clu feeding was carried out with 5C po

of precursor and although it might be tempting to double the observed value
of the specific activity of mimosine derived from this experiment for com-

parison with the other values, this would not necessarily be valid,
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Although the uptake of the total riboseml—Clh dose was slow, the plants

were growing for a period of % days in contact with the radiocactive precursor.
This variation in time makes comparison of the ribose result with the other
results uncertain,

The order in which the precursors are listed in Table 2 may, with
reservation, be considered as a qualitative indication of precursor
efficiencies. There is evidence that several separate pools of the same
amino acids exist in at least one microorganism (Smith et al, 1961),
Differences in pool sizes and ease of entry into any given pool are variables
whieh govern the extent of radioactive labelling., Unless pathways, pool
sizes and numbers are khown, radiochemical yield camnot serve as a direct
measure for comparison of precursor efficiencies,

In a partial degradation, the pyridone ring of each mimosine sample
was isolated as 3~-hydroxy-L4-pyridone and its specific activity was measured
and compared with that of the intact molecule. The results are listed in
Table 3 in the order of decreasing ring activities,

Since 5 of the 8 carbon atoms of mimosine are located in the pyridome
ring, the ring should contain 5/8 or 62.5% of the total radiocactivity whem
incorporation of the label is completely random., If more than 62,5% of
the activity from a given precursor is found in the ring, such a precursor
would appear to be specificially incorporated into the ring. A precursor
yielding less than 62,5% activity in the ring would similarly appear to
be preferentially incorporated intc the side chain, The higher the percentage
activity of the ring is above this value, the more specific is the incor-
poration into the ring, while values decreasingly lower than 62,5% signify

higher side chain specificity.
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Table 3 shows that only aspartic acidm}m('}"u+ incorporation exhibits
a very marked specificity and this is in favour of the ring. This result

¥

is even more striking when comparison is made between the 2-day and 1llh~day
feedings and contrasted with the aspartic acid~1~014 and aspartic ancid-»'-&u»clbr
feedings, The 2-day aspartatewaclq feeding illustrates the high specificity
(90%) of a short term experiment while the li-day experiment, which was
carried out to test the persistence of label in the product over a longer
period, showed that the specificity (87%) decreased little during this

long term in which randomization of label through turnover and participa-
tion of minor pathways might be expected to take place, The contrasting
values for aL.slcaaur'tatee-»l—C]'L+ (66%) and aspartate=4-clq (57%) show omnly small
divergence from the 62,5% value for complete randomizatiom,

It can be considered that there is a highly specifie¢ ring incorpora-~
tion of carbon-1l4 from aspartate«}-@lh9 showing that aspartic acid or a
close relative serves as a direct precursor of the rimg, but mon-specific
incorporation when the label is im the 1l- or 4- positiom of aspartate.

Both carboxyl groups of aspartate are evidently lost im the course of the
elaboration of the aspartate molecule to mimosine,

These results cam be rationalized on the basis of the kmown meta-
bolic pathways of aspartic acid, These arguments are based mainly on the
kmown metabolic interconversions of the Calvim cycle, the tricarboxylic
acid cycle and several other related metabolic pathways. Transamination
of aspartate yields oxaloacetate which is an active metabolic intermediate,
It can either participate in the tricarboxylic acid cycle or undergo decar-
boxylation to pyruvate. Pyruvate can either be converted to phosphoglycerate

‘ or,deéarboxylaﬁeﬁt0~aceti&ﬁco%enzyme A and carbon dioxide, Acetyl CoA formed



79

in this way could re-enter the tricarboxylic acid cycle and be eventually

metabolized to carbon dioxide, Aspartate--}-c14 via oxaloacetate=3-Clh could

give rise taq pyruvad;em,S-»Cll+ which in turn would yield phc>sphoglycer'ate‘=53~=»(}1L+

or acetyl CoA~2«—-C14 and inactive carbon dioxide. The oxaloacetatem3=Cll+9
en route through the tricarboxylic acid cycle would give rise to succinate-
19Q=Clu on the first turn of the cycle which would complete the first turn
as oxaloacetateml,hw614o Succimate«-.Z.,.,3--=Cll+ could also arise through con-
version via malate through fumarate. On the second turn inactive succinate
or succinate«-UmC14 would be formed. The latter would then lose carborn dioxide-
Cll+ on further turns of the cycle. Acetyl CoAu2==Cll‘L enters the cycle by
condensing with oxaloacetate to give rise to succinate-a,,B-Clq which, by
way of succinate=U~Clh eventually cycles out of the system as carbon
dioxide,

Aspartate-bfnclbf9 similarly converted té oxatloacet;at:e-l+==(31br loses
its }abelling very readily either by decarboxylation to inactive pyruvate or
in the first turn of the tricarboxylic acid cycle where imactive succinyl

CoA is formed by the decarboxylation of amketoglutaratewl-clua Aspartate-

14

1-C7  gives oxaloacetateulmclh which can give rise to pyruvat;e-—l—cll+ which

is further converted to phosphoglycerate—luclh or to inactive acetyl CoA

and carbon dioxidemclh° In the tricarboxylic acid cycle the oxaloacetate-

1»01“ label is lost as carbon dio:vddemcll+ on formation of imactive a-
ketoglutarate. Succinate-1,4 could arise via malate through fumarate but
route reversal would lead to carbon dioxidemclu loss in the first complete
turn of the tricarboxylic acid cycle.

1k

The specific ring imcorporation of aspartate-=3-C~ and the nearly

random incorporatiom of asparate-lwclq and az;part:ai:e.-e-ltmcll+ can be accommodated
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by (i) the direct incorporation of aspartate or of a closely related dicar-
boxylic acid into the ring so that carbons 2 and 3 of aspartate yield car=-
bons 2 and 3 (or 5 and 6) of the ring or (ii) the conversion to acetate
followed by participation in the tricarboxylic acid c¢ycle. Complete meta-
bolic conversion to carbon dioxide followed by de movo synthesis of ring
precursor is eliminated automatically since aspar*tate-—}--C]'}+ exhibited such
high ring specificity,

The incorporation of aspartate into mimosine as an acetyl umit is
eliminated because aspartad:e«»}-nCll+ and glycerateu3=01h would both be ex-
pected to give rise to acetyl CoA»2~Clu via pyruvateGB-Clq. Table 3% shows
glyéerate~3uclh to exhibit preferential side chain incorporation, Further-
more, the acetyl CoA—2=014 participation in the tricarboxylic acid cycle
would be expected to condense with some of the oxaloacetate—}-clu arising
from aspartate—Baclq, and as previously pointed out, randomization via carbon
dioxideac14 would accompany formatiom of intermediates in the cycle, This
could possibly lead to a specific labelling pattern superimposed on a random
labelling distribution which would be less specific than what has been
observed. Aspartate and glycerate are thus incorporated into mimosiae
in a different manner, This finding would appear to eliminate am acetate
psthway for incorporation of aspartate into mimosine,

The results im Table 3 canmot completely eliminate the possibility
that a U-carbon acid intermediate of the tricarboxylic acid cycle is the
intermediate for aspartate incorporation. The trend observed in these values
offers some indication against this possibility., If aspartate were imdeed
to participate ir the tricarboxylic acid cycle by way of oxaloacetate prior

to incorporation into mimosime, the loss of carbon dJ'.ox:’Ldea-Cll+ from both
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aspartateulwclh and aspartate-hwclu would be complete by the time a k4=
carbon dicarboxylic acid would be formed. Assuming that the radioactive
label is lost from these two precursors before ring synthesis starts, a
closer similarity than that observed in the results for atsparfl:ad:ewl-Cll+
(66%) and aspartateuhnclu (57%) would be expected, This argument is reim-
forced by the close correspondence of the results of the two aspartate~3mclh
feedings, which despite a large time difference still gave values withim

3% of each other, This indicates that reproducibility of result is to be
expected if the same pathway operates for radioactive incorporatiom, Since
the supporting experimental evidemce shows that the omrly major pathways
available for incorporation of aSpaur"t«zaLter-»l«-»C:]'L+ and aspartateahwclh into
mimosine are via carbon dioxidemclu9 a simple ratiomalizatiom of this can
be found in comsiderirg aspartate to emter pyridome ring symthesis as an
intact unit. If indeed aspartate is imcorporated into some structure which
gives rise to a micotinic acid imtermediate and progresses to the fimal
mimosine structure, the labelled carboxyl group from za.sparta’:tte«=»1«--ClL+ would
be lost on the route to nicotimnic acid synthesis whereas the labelled car-
boxyl group of aspartatemhwclh is detached im a later step, between mico-
tinic acid and mimosine., If micotimic acid is an intermediate, them car-
bon diox‘ide:—»Clbr would become available for imcorporatiom earlier from
aspartate-luclq than from z:xsspart:aﬂtet-h--Cll+ and lead to random imcorporatiom
of labelled carbom dioxide imto mimosine from 1—-Cll+ more readily tham from
hwclh. This is indeed found. If carbon dioxide-Clk release occurs after
ring formation then de novo symthesis of other fragments at the site of

alkaloid synthesis could allow for incorporation of carbom-ll into side

chain fragments which in turm become attached to some of the imactive rimgs,
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This in effect would imbalance the randomization effect in favour of the
side chain and is compatible with the observed results,

C14 ring labelling (65.7 + 2.4%) is very similar

The aspartate-1-
to that observed for glycerol—»iL,)}-’Cll+ (66,0 + 1,7%), Om the basis of this
result alone, randomization through carbon dioxide~C14 formation should

14

be considered. Glycer’ol«ral,,Bs-(}j"+ can give rise to pyruvate-1,3=C~ which
in turn would give a.c:eta.temZmClbr and carbon dioxideaclhn Acetatew2—014

via the tricarboxylic acid cycle would give succinate--Z,}-Clu9 oxaloacetate~
2‘,3-’C]'L+ ard eventually carbon dioxidemCluo This would imply preferential
ring incorporation superimposed on fairly extensive randomizatiom from car-
bon clioxidewclt+ incorporation., This by itself could be reasorable and com-
patible with the result observed. There is, however, the observatiom for
calcium glyceerad;e--}-ClL+ which by the same reasoming should give am even
greater amount of acetz—:.’ce=--»2—ClL+ and much less carbon d:i.oxide-Cl‘+ (which
could only arise from repeated turms of the tricarboxylic acid cycle).

This would imply that calcium gl;),'cerate~3~-»cll+ would give an even higher
specificity for ring labelling but the observed value (46,7 * 2,6%) favours
the side chain to an appreciable extent., The relatiomship between glycerol
and glycerate is very close

Glycerol-P &% Dihydroxyacetone-P z% Glyceraldehyde-P z* Glycerate-P

so that a unitized incorporation of either species with very few interven-
ing intermediates makes an appealing suggestion. Conversion of glycerate-

L

3-=‘C:LL+ via the carboxylation of pyruvate-}-clh to oxaloacetate-}--»c1 with
further conversion to aspartate_}mcll+ by transamination and a.spatrt;ato.'z«-»II~-=C:U+
by participation in the tricarboxylic acid cycle before tramsamination is

unlikely since this would result im a high degree of ring labelling. The
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consideration of a 5-carbon unit as a direct precursor of the ring is
immediately discarded, not only on the basis of the conclusions drawn

from the aspartate feedings but also because ribosenl-Clh shows a slight
preference for side chain incorporation., These comnsiderations are all in-
dicative of the utilization of a 3-carbom unit in the biosynthesis of
mimosine,

Participation of ribose-l~Clh in the Calvin cycle would give rise
to phosphoglyceratemB-Clb'o An alternative metabolic route for the utiliza-
tion of ribosemluclu would be to glyceraldehyde=3-014-3-phosphate by way
of xylulose=5-phosphate and by sedoheptulose=7-phosphate, This product
is one step closer to glycerol than is glycerate so that this route could
give rise to a slightly greater amount of glycerol=3-Clu than would be

14

formed through the exclusive route of glycerate~3-C~ , This interepretation

14

is compatible with observed results since the specificity of ribose-1-C

is similar to that of glyceratem}-ﬂCll+ but also falls intermediate between
glycerol-l,Bmclg and glycerate-3—014o The possibility that ribose is an
immediate precursor of the ring of mimosine as suggested by Gmelin (1959)
and Leete (1960) is thus precluded.

Further consideration into the utilization of glycerol and glycerate

makes it likely that glycerol could possibly emter the pyridonme rimg as

such or as a closely related metabolite., Glycerate may be incorporated

into the ring as such but the available pathway to serine (Smith, Bassham

& Kirk, 1961) (Figure 13) through the non-reductive amination of 2-phospho-

glycerate .iakes it an attractive choice for a side chain precursor,
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It would seem that a reduced metabolite of glycerate would favour ring
incorporation while glycerate itself is a closer precursor of the side chain,
The obvious test for helping to clarify this issue is the further study

of mimosine biosynthesis im which ser'ine--Cll+ would be tested for side

chain specificity.

The glyoxylate shumt was reviewed as a possible metabolic pathway
since isocitrate could give rise to succimate and glyoxylate, a 2-carboa
unit which appears to be metabolized to formate and carbon dioxide, Griffith

. 1k . < 14
and Byerrum (1958) found that ribose-1-C~ gave rise to glycimne-2-C~ inm
certain metabolic experimemts which they interpreted as arisimg via glyoxa-

i 14 .
late, Glycerol-1,3~C" via ribose-U-C" and glycerate-3-C” via ribose-
14 . . . . 14 . 14 .
1,5~C7 would give rise to glycine-U=C" and glycine-2-C~ respectively
while carbon dioxidecclh metabolism would give glycinqu«»Clu° The utili-
zation of glycine in this study did not appear relevant since no scheme

could be formulated in which glycine or glyoxalate could be incorporated

without being metabolized to simngle carbon units first.
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The incorporatien of carbon dioxide-»ClL+ occurs via the Calvin cycle
in which the initial step is the carboxylation of ribulose-1, 5~diphosphate

by carbon dioxide-Clu. This immediately leads to B-phosphog‘lycerateml--»Cll+

which undergoes a variety of reactioms in which 3~ph05phoglycerate«Ucclh
results after one turn of the cycle, After this initial entry of carbon-1l,
random labelling rapidly permeates all of the major pools withim the plant
which are characterized by high turnover,

In summary, the labelled carbom atom im aspartic acj’.dw}mcll+ is a
highly specific precursor of the pyridome rimg of mimosimne. Supporting
evidence found im the literature makes it likely that incorporatiom probably
occurs as an entire aspartate umit, but there is still a possibility that
incorporation is preceded by the conversion of aspartate to a 4-carbom di-
carboxylic acid of the tricarboxylic acid cycle, Interpretatioms placed
on the other results favour the imcorporation of auspartad:e=-=1~==-Cl}+ labelling

14

and aspartate-4-C~ labelling to occur via carbom diox:“Lde‘-'Cll+ incorporation,
Riboseulwclbr appears to be incorporated via glycerateu}nclu which favours
side chainr incorporation, perhaps as a serine unit, Glyc'erolnl,3-’Cll+ appears
to be a better precursor of the pyridome ring than glycerate»}-clu but the
specificity of incorporatiom is very low., The labelling patterm of the
major metabolites derived from aspartate, which has been referred to in

this discussion, is summarized in Figure 14, If further work were to be

carried out, it is suggested that the efficiency of serine-Clu as a precursor

of the mimosine side chain should be tested,
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SECTION I: SYNTHESIS OF MIMOSINE

ISOLATION OF MIMOSINE

(i) Isolation from ¥, pudica (c¢.f., Renz, 1936)

The exudate from freshly cut green stems and petioles of Mimosa
was aspirated into a lambda pipette. A sample (250 .pl) was rubbed with
ethanol (5 ml), when crude mimosine (12 mg) precipitated, which after treat-
ment with charcoal and recrystallization from water melted at 224-226° (decomp. ).
A sample of exudate (250 pl) was evaporated to dryness in a vacuum desic-
cator to give a brown residue (39 mg) which was dissolved in water, de-
colourized with charcoal and &ielded mimosine, melting at 221-223° (decomp. )

A sample of exudate (250 Pl) was dissolved in phthalate buffer
(pH 4, 0,2 M) (3 ml), and applied to a cation exchange column (Dowex SOW-X4)
in the hydrogen form, Water eluted a fluorescent material which was not
further investigated. Mimosine was displaced with ammonia (0,02 M), The
eluate was concentrated in vacuo and dried in a vacuum desiccator over con-
centrated sulfuric acid, yielding mimosine (9 mg), melting at 225-226° (decomp. ).

(ii) 1Isolation from L. glauca

e

Freshly crushed ripe seeds were pulverized to a fine powder in a
ball mill, The powdered seeds (40 g) were slurried in distilled water
(150 ml) then poured into a dialysis bag (length 35 cm, cross section 3 cm)
which was then completely immersed in distilled water (1 £ per bag; a total
of 5 £), After dialyzing 24 hours the dialyzate was concentrated at reduced
pressure to approximately 200 ml, when almost pure mimosine crystallized,

Mimosine (5.0 g, 2.5%), melting at 227-228° (decomp,) after recrystallization
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from water was obtained from 200 g of seeds., Further dialysis of the seeds
resulted in only insignificant recoveries of mimosine,

When the seeds were not freshly crushed the yield of mimosine was
0,61 g (1,2%) from 50 g of seeds, This dialysis was carried out in water
(3 x1 £)., After % changes of external solvent the dialyzate showed only
a weakly phenolic reaction,

THE DISSOCIATION CONSTANTS OF MIMOSINE

Recrystallized mimosine (11.17 mg, .000564 moles) was dissolved
in distilled water (3 ml) which had previously been vigorously boiled to
remove dissolved carbon dioxide, A very fine bubbler was affixed in the
titration beaker so that scrubbed nitrogen gas could agitate the solution
and also provide a protective layer of gas over the solution, The pH read-
ings were taken with a Beckman Zeromatic pH meter fitted with micro-
electrodes. The meter reading for the pH of the solution was allowed to
come to equilibrium before the titration was started. The pH of a pure
mimosine solution (aqueoﬁs) was observed to be pH 4,65, presumably the
isoelectric point. The solution was first titrated with 0,1001 N sodium
hydroxide (0.1 ml per addition) up to a pH 11.55. The basic solution was
then titrated with 0.1095 hydrochloric acid (0.1 ml per addition) down to
pH 2, The pH meter reading was recorded for each addition of acid or base,
From a plot of these results (equivalents of acid and equivalents of base
as the abscissa and pH readings as ordinate) after water corrections were
applied, the pK values were determined as the pH at half titration of each
dissociation,

A second titration was carried out similarly with mimosine (10,47 mg,

.00053 moles) dissolved in distilled water (3 ml) to which 10% formaldehyde
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solution (0.4 ml) neutralized to pH 7, had been added, This formol titra-
tion was carried out by first titrating the solution with 00,1095 M hydro-
chloric acid to pH 2,9, then with 0.1001 M sodium hydroxide up to pH 11,40,

Two other titrations were carried out; mimosine (10,54 mg, .000533
moles) in a simple titration and mimosine (12,02 mg, 000608 moles) in a
formol titration,

Dissociation constants were found: pK.,, 2.1 (~COOH); pKa, 7e2

19

(awNH3+); pK39 9.2 (phenolic~-0OH)., Only pK, was depressed in the presence

2

of formaldehyde, and on this basis it was assigned to the a-amino group.

MIMOSINE SYNTHESIS

FREPARATION OF PYRONE DERIVATIVES

1, 3-Hydroxy-4-pyrone (VIII)

3-Hydroxy-4-pyrone, melting at 116-118°, was prepared (Bickel, 1947)
in 66% yield by pyrolysis of anhydrous meconic acid and was purified by
sublimation at 110° and 107 mm pressure,

2. 3-Methoxy-l-pyrone (IX)

3-MethoxXy-k-pyrone, melting at 93~95°, was obtained in 84% yield

by methylation of 3-hydroxy-lh-pyrone with diazomethane in ether solution

3

(Bickel, 1947), It was purified by distillation at 5 x 10”7 mm and 100-110°.

3, 3-Benzyloxy-4-pyrone (XVI)

A mixture of 3-~hydroxy-4-pyrone (2.24 g, 0,02 mole), potassium
iodide (0,30 g, 0.00019 mole), anhydrous potassium carbonate (2,67 g,
0,019 mole), and benzyl chloride (2.70 g, 2.45 ml, 0.022 mole) in dimethyl-
formamide (100 ml) was heated for 8 hours on the steam bath with continuous
stirring., The hot mixture was filtered, the residue washed repeatedly with

ethanol, the combined filtrates evaporated to dryness, and the residual
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solid exhaustively extracted with ether. The extract was dried (Nazsou)

and concentrated to yield crystals of 3-benzyloxy-4-pyrone (3,30 g, 81%),

melting at 84-85° after recrystallization from ether, (Found: C, 71,0;

H, 5.0, requires: C, 71.3; H, 5.0 %,)

CyoH 005

Preparation of L- and DL-B-amino-a-tosylaminopropionic acid (XIII)

This was prepared according to Rudinger, Podufka and Zaoral (1960)
from L- and DL-a-N-tosylasparagine respectively.

PREPARATION OF PYRIDONE INTERMEDIATES OF MIMOSINE

1, B=(1,4-Dihydro-3-methoxy-4-oxo~1-pyridyl)-N-tosylalanine (XIV)

(0-Methyl-N-tosylamimosine)

3-Methoxy-4-pyrone (1,3%9 g, 0,011 mole) in water (10 ml) was added
to a solution of DL-B-amino-a-tosylaminopropionic acid (2,58 g, 0.0l mole)
in 0,1 M sodium hydroxide (100 ml, 0.0l mole), The mixture was heated for
3 hours on the steam bath and then concentrated to a volume of 50 ml, when
the pH, originally above 11, had dropped to pH §. The pH was adjusted to
pH 7 by dropwise addition of concentrated hydrochloric acid and the solu-
tion was allowed to stand at 5° for several hours, Unreacted tosylamino
acid (0,31 g, 0,0012 mole) was filtered off and the pH of the filtrate was
adjusted to pH 2 with concentrated hydrochloric acid. Crystallization of
the product started almost immediately and was complete after 12 hours at
5%, yielding DI-B=(1,4-dihydro-3-methoxy~-b-oxo=1-pyridyl)-N-tosylalanine
(1,51 g, 47%), melting at 200-201° (decomp.) after recrystallization from
water. (Found: C, 52.7; H, 5.1; N, 706; S, 9,0, 016H18N2063 requires:
C, 52.5; H, 5,05 N, 7,75 S, 8.7 %,)

Condensation of 3-methoxy-i4-pyrone with L-B-amino-a-tosylaminopro-

pionic acid in place of the DL-compound was accompanied by racemization,
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also yielding optically inactive condensation product.

2, P=(3-Benzyloxy-1,4~dihydro-l-oxo-1-pyridyl)-N-tosylalanine (XVII)

(0-Benzyl-N-tosylmimosine)

3.Bengzyloxy-bt-pyrone (2,24 g, 0.011 mole) in ethanol (15 ml) was
mixed with a solution of DI-B-aminc-oa-tosylaminopropionic acid (2.58 g,
0,01 mole) in O,1 M sodium hydroxide (100 ml, 0.0l mole). The mixture was
warmed and shaken until homégeneous, and the solution was heated on the
steam bath under reflux for 8 hours, Concentrated hydrochloric acid (3 ml)
was added with rapid stirring and the solution allowed to stand at 5° over-

night, when B-(3-benzyloxy-1,4-dihydro~ki-oxo-1-pyridyl)-N~tosylalanine (3.25 g,

74%) melting at 203-5° (decbmpo) after recrystallization from ethanol, was
obtained, (Found: C, 59.5; H, 5.3; N, 6.3; S, 7.4, C, H, N,0.5 requires:
C, 59.7; H, 5.0; N, 6.3; S, 7.2 %.)

3, B-(1,4-Dihydro-3-hydroxy~4-oxo-l-pyridyl)-N-tosylalanine (XVIII)

(N~Tosylmimosine)

O-Benzyl-N-tosylmimosine (1,00 g, 0.0023 mole) in dimethylformamide
(100 ml) was shaken 45 hours at room temperature under hydrogen at 18 p.s.i,
in the presence of 5% palladium on charcoal (1,00 g), the catalyst having
been prehydrogenated at 25 p.s.i. in ethanol (50 ml) at room temperature
for 3 hours, The reaction mixture was heated and filtered and the catalyst
exhaustively washed with hot ethanol, The filtrate was evaporated to dry-

ness and the residue crystallized from ethanol, yielding B-(l,4-dihydro-

3-hydroxy-b=oxo=-1-pyridyl)-N-tosylalanine (0,64 g, 80%) melting at 203-5°

(decomp.). (Found: C, 51.0; H, 4,8; N, 7.8; S, 9.3, 015H16N206S requires:

C, 51.13 H, L4,6; N, 8.0; S, 9,1 %.)
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L, B-(1,4-Dihydro-3-methoxy-i-oxo-l-pyridyl)-alanine

(0-Methylmimosine)

0-Methyl-N-tosylmimosine (XIV) (0,50 g, .0014 moles) was dissolved
in glacial acetic acid (10 ml) containing phenol (0,50 g, .0053 moles).
The solution was saturated with anhydrous hydrogen bromide at room tempera-
ture and then incubated in a stoppered flask at 650 for 4 days, The reac-
tion mixture was cooled to 0°, diluted with dry ether (400 ml) and allowed
to stand at 5° for several hours until precipitation was complete. The
mixture was decanted and the residue washed several times with ether then
crystallized from ethanol to give a yield of 0.16 g (42%) crude product
(hydrobromide salt). This product was dissolved in water, the solution
was basified with ammonia, repeatedly evaporated to dryness and the product

was finally recrystallized from water, B=-(1,4-Dihydro-3-methoxy-i-oxo-1-

pyridyl)-alanine so obtained started to decompose at 170° with gas evolu-

tion and finally melted with discolouration at 184°,

PREPARATION OF MIMOSINE

1, B-(1,4-Dihydro-3-hydroxy-i-oxo-l-pyridyl)-alanine (I) (DL-Mimosine)

from N-tosylmimosine (XVIII)

The tosyl derivative (XVIII) (0.40 g) was dissolved in sufficient
glacial acetic acid (approximately 25 ml) to give a homogenous solution,
Phenol (0,40 g) was added and the solution was saturated at room tempera-
ture with dry hydrogen bromide and left at 60-65" in a stoppered flask.

The reaction mixture was repeatedly monitored by ascending paper chromato-
graphy (phenol-ethanol-water, 3:1:1) and incubation was continued until
the phenolic spot corresponding to N-~tosylmimosine (Rf 0.78) failed to appear

and only that corresponding to mimosine (Rf 0.27) was observed on development
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of the chromatogram with ferric chloride solution, This generally required
2-3 days but in some runs additional hydrogen bromide was passed into the
solution after 3 or 4 days in order to complete the reduction, The cooled
solution was diluted with dry ether (400 ml) and allowed to stand at 5°
until the separation of mimosine hydrobromide was complete., The supernatant
liquid was decanted and the residue repeatedly extracted with ether and
then dissolved in water. The aqueous solution was basified with concentrated
ammonium hydroxidé and evaporated to dryness under reduced pressure. The
remaining solid was repeatedly moistened with water and evaporated to dry-
ness under reduced pressure to remove excess ammonia, and finally dissolved
in hot water, decolourized with charcoal, and allowed to crystallize, yield-
ing DL-mimosine (0,10 g, 45%) melting at 222-225° (decomp.). For analysis
a sample was recrystallized from boiling water and the product filtered

from the hot solution to give anhydrous DL-mimosine, melting at 228-230o
(decomp.). (Found: C, 48,7; H, 5,43 N, 14,1, Calculated for CSHIONzoh:

C, 48.5; H, 5.1; N, 14,1 %)

2, Mimosine (I) from O-Methyl-N-tosylmimosine (XIV)

O-Methyl-N-tosylmimosine in 48% hydrobromic acid boiled under
reflux for 2 hours did not give rise to any easily isolable products., A
paper chromatographic analysis revealed that the product mixture contained
mimosine, O-methylmimosine, 3~hydroxy-4-pyridone and alanine, A second
experiment was conducted in which the O-methyl-N-tosylmimosine was treated
as above except that samples were taken at 4 hour intervals for paper chroma-
tographic analysis. Only N-tosyl removal was observed after 4 hour while
considerable N-tosyl and O-methyl removal accompanied by N-alkyl cleavage

(giving rise to 3~hydroxy-4-pyridone) occurred after 1 hour, Although the



93

mimosine spot did not appear to increase in intensity, extensive N-alkyl
cleavage was in evidence after 1% hours. Almost identical behaviour was
observed when 47% hydriodic acid was used except that more extensive N-alkyl
cleavage seemed to occur after 1 hour's heating,

Solutions of 6 M sodium iodide with acid concentrations of 0,1,

0.3, O.4, 0.5, 0,7 and 1 M hydriodic acid respectively were used as cleavage
reagents, In each case the preparations were refluxed for 1 hour and then
passed through a Dowex 50W-X4 (200-400 mesh) cation exchange resin column.
The column was thoroughly washed with water then eluted with 0,1 M ammonia.
The eluates were paper chromatographed and in each case the results were
very similar to those obtained from treatment with 47% hydriodic acid.

When mimosine was subjected to these treatments in control experiments,
analysis by paper chromatography revealed only a mimosine spot accompanied
by a second "mimosine'" spot which developed on application of either nin-
hydrin or ferric chloride sprays. The Rf value of this spot was slightly
lower than that of mimosine and its intensity varied with each experiment,
Another control in which mimosine and p-toluenesulfonic acid in O.4 M hy-
driodic acid was boiled under reflux for 2 hours showed no change occurring
in mimosine as observed by paper chromatographic analysis,

From these experiments it appeared that the optimum yield of mimosine
would be obtained by boiling under reflux for 1 hour a solution of O-methyl-
N-tosylmimosine in 48% hydrobromic acid,

O-Methyl-N-tosylmimosine (0,250 g, ,00068 moles) in 48% hydrobromic
acid (3 ml) was boiled under reflux for 1 hour. The reaction mixture was

then concentrated under vacuum and mild heating (under 1000) to yield a

slightly moist solid residue. The residue was dissolved in water (5 ml)



94

and loaded on a Dowex 500W-X4 (200-400 mesh) cation exchange resin column
(2 cm diameter x 15 cm length), After-thorough washing with water, the
column was eluted with 1 M ammonia and the column eluates were evaporated
to dryness. The residues were repeatedlydissolved in water and evaporated
to dryness to remove as much ammonia as possible, The residues were then
dissolved in phenol-ethanol-water, 3:1:1, (5 ml) and loaded on a cellulose
column (Whatman cellulose powder, standard grade) (1 cm diameter x 28 ém
length). The column was eluted with phenol-ethanol-water, 3:1:1, and each
fraction (0.5 ml) was analyzed by paper chromatography, The fractions ob-
served to contain mimosine were combined and concentrated., After standing
at 5° for several hours, mimosine (18 mg, 12%) crystallized at 224-225°
with decomposition,

In further experiments, the residues obtained from cation exchange
chromatography eluates were fractionally crystallized from phenol-ethanol-
water, 3:1:1, to give mimosine but only in yields of approximately 4-5%.

PREPARATION OF OTHER PYRIDONE DERIVATIVES

1. 3-Benzyloxy~i-pyridone

3-Benzyloxy-U4-pyrone (2,05 g, 011 mole) was dissolved by warming
and shaking in a solution of ethanol (10 ml) in 6% aqueous ammonia (100 ml),
The solution was heated under refiux on a steam bath for 6 hours, and con-
centrated to a volume of approximately 75 ml, After standing overnight
at 50 the reaction mixture was filtered to yield 3-benzyloxy-4-pyridone
(1.54 g, 71%) melting at 194-196°,

2, 3-Hydroxy-4-pyridone (II)

Bickel (1947) obtained 3-hydroxy-4-pyridone (II) by condensation

of 3-methoxy-4-pyrone with ammonia, followed by demethylation with HCl in
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a sealed tube., It was found to be mcre convenient to debenzylate 3-benzyloxy-
L.pyridone by reductive cleavage.

3-Benzyloxy-l-pyridone (1.75 g, .0087 mole) in ethanol (100 ml)
was shaken 48 hours at room temperature under hydrogen 35 p.s.i. in the
presence of 5% palladium on charcoal {1.75 g), the catalyst having been
prehydrogenated at 40 p.s.i, in ethanol (50 ml) at room temperature for
2 hours, The reaction mixture was heated and filtered and the catalyst
exhaustively washed with hot ethanol, The filtrate was evaporated to
approximately 5 ml and while hot, ether was added until the solution became
turbid, The solution was allowed to stand overnight at 50 to complete
crystallization, 3-Hydroxy-h-pyridone (0.52 g, 54%) was obtained in fine
crystals melting with decomposition at 234-23%6° (c.f., Bickel (1947) 238-239°
(decomp,)).

3, N-Methyl-3-benzyloxy-4-pyridone

3-Benzyloxy-4-pyrone (1.00 g, ,00496 mole) was suspended in 10%
aqueous methylamine (40 ml, ,129 mole) and ethanol (5 ml). The mixture
was warmed and shaken until homogeneous, and the solution was heated on
the steam bath under reflux for 6 hours. The solution was evaporated to
give an oily residue which was dissolved in ethanol, decolourized with char-
coal, evaporated to dryness and distilled at 170u180O and 4 x 10“'3 ram,

The distillate was redistilled to yield N-methyl-3-benzyloxy~i-pyridone

(0,731 g, 69%), melting at 193-195°, (Found: C, 72.7; H, 6,2; N, 6,5;

0, 15,1, NO., requires: C, 72,5; H, 6.1; N, 6.5; 0, 14,9 %.)

C13815N0,
Lk, N-Methyl-3-hydroxy-~i-pyridone (VII)

N-Methyl-3~hydroxy-4-pyridone has been synthesized by Bickel (1947)

from 3-methoxy-4-pyrone via N-methyl-3-methoxy-4-pyridone, It was found
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more convenient to start with 3-benzyloxy-i-pyrone,
N-Methyl-3-benzyloxy-li-pyridone (0,604 g, .0028 mole) was dissolved

by stirring it into a suspension of 5% palladium on charcoal (1 g) in ethanol

(50 m1) which had been prehydrogenated at 25 p.s.i, for 1 hour at room

- temperature, The mixture was shaken for 45 hours under hydrogen at 22 p,.s.i.

and room temperature, and was then filtered and evaporated to dryness.

The residues were crystallized from a methanol-ether mixture to yield N~

methyl-3-hydroxy-4-pyridone (0,350 g, 45%) melting at 225-7° (c.f., 226-8°

(Bickel, 1947)),

5, 1, 4~Dihydro-3-benzyloxy-4-oxo-1l-pyridyl acetic acid

3-Benzyloxy-4-pyrone (1,016 g, .00505 mole) in ethanol (7 ml) was
mixed with a solution of glycine (0,375 g) in 0.102 M sodium hydroxide (50 ml,
.0051 mole), The mixture was warmed and shaken until homogeneous, and the
éolution was heated on the steam bath under reflux for 8 hours, Concentrated
hydrochloric acid (1.0 ml) was added with rapid stirring and the solution

aliowed to stand at 5° overnight, when 1,4-~dihydro~-3-hydroxy-4-oxo~l-pyridyl

acetic acid (0,964 g, 72.5%), melting at 230-232° (decomp.) after recrystal-
lization from acetic acid and water, was obtained, (Found: C, 65,0; H, 5,3

N, 5.25 0, 2k.,7, C NO, requires: C, 64.9; H, 5.1; N, 5.4; 0, 24,7 %.)

14113
6, 1,4-Dihydro-3-hydroxy-i-oxo-l-pyridyl acetic acid (XXVI)

1, 4~Dihydro-3-benzyloxy-4-oxo-l-pyridyl acetic acid (0,800 g, ,00304
mole) in dimethylformamide (40 ml) was shaken 25 hours at room temperature
under hydrogen at 35 p.s.i. in the presence of 5% palladium on charcoal
(0.800 g), the catalyst having been prehydrogenated at 40 p.s.i. in ethanol
(50 ml) at room temperature for 2 hours, The reaction mixture was heated

and filtered and the catalyst exhuastively washed with hot ethanol. The
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filtrate was evaporated to dryness and the residue crystallized from acetic

acid and water, yielding 1, 4-dihydro~3-hydroxy~k-oxo=-l-pyridyl acetic acid

(.306 g, 59%), melting at 283-285° (decomp.). (Found: C, 49.5; H, L,k;
N, 8,2; 0, 38,0, C7H7N04 requires: C, 49,75 H, 4,2; N, 8,2; 0, 37.8%.)

ATTEMPTS TO SEPARATE THE PYRIDONE NUCLEUS FROM THE SIDE CHAIN

A, PYROLYSIS

(i) Pyrolysis in the Presence of Zinc Dust

Mimosine (88.6 mg, .45 mmole) was mixed with zinc dust (90 mg) and
distilled at ,00% mm pressure and 190‘»195o for 6 hours, The distillate
thus obtained was redistilled at .,003 mm and 175°° The product was recrystal-
lized from benzene-ethanol to give 3-hydroxy-4-pyridone (35 mg, 70%),’ melt~
ing at 235~237° (decomp.). This was the method used for the degradation
of the radioactive samples,

(ii) Pyrolysis in the Absence of Zinc Dust

Mimosine (100 mg, .50 mmole) was heated in vacuum at 200-205o and
.003 mm pressure for 6 hours, The sublimate thus obtained was redistilled
at 185o and ,003 mm pressure, The distillate was crystallized from benze-
ethanol to yield 3-hydroxy-l-pyridone (6.3 mg, 11,2%), melting at 235-23%7°
(decomp, ), -

In both cases the infrared spectra of the pure products were identical
with that of authentic 3~-hydroxy-h-pyridone., Product purity was checked
by paper chromatography.

After each experiment, the still pot residues were extracted with
boiling water and the extracts analyzed by paper. The only substance to

appear was 3-hydroxy-i-pyridone in trace amounts,
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B, DECARBOXYIATION REACTIONS IN SOLVENTS

Mimosine was heated in quinoline in the presence of a copper-bronze
catalyst at 1900 for 4 hours, Unchanged mimosine was recovered quantita-
tively, Analysis of the reaction mixture by paper chromatography showed
only mimosine to be present,

When mimosine was heated at 1900 for 2 hours in N N-dimethyl-p-
toluidine, analysis of the mixture by paper chromatography showed the forma-
tion of traces of 3-~hydroxy-i-pyridone,

Mimosine (200 mg, .0010 mole) and a copper-bronze catalyst mixed
in N,N-dimethyl-p-toluidine (2 ml) were boiled under reflux for 2 hours
under a gentle stream of nitrogen gas, introduced into the reaction mixture
by a fine bubbler, The condenser outlet was fitted with a trap containing
an alcoholic solution of 2,4-dinitrophenylhydrazine and sulfuric acid.

No carbonyl compounds were detected in the trap at the end of the reaction,

The black reaction mixture was diluted with ethanol (10 ml) and filtered

while hot., A small portion, tested with 2,l4-dinitrophenylhydrazine solu=-

tion, gave no derivative, The filtrates were evaporated to dryness under
vacuum and the remaining residues were distilled at 180° and .002 mm pressure,
Some difficulty was encountered in separating droplets of residual N,N-dimethyl-
p-toluidine from the crystalline distillate, The crystalline distillate

was recrystallized from benzene-ethanol to yield 3-hydroxy-4-pyridone (19.6 mg,
17.6%), melting at 235w237° (decomp,), identical in infrared spectrum and

paper chromatography with an authentic specimen,

C, METHYLATION OF MIMOSINE WITH DIMETHYLSULFATE

(c.f., Bickel & Wibaut, 1946,)

Mimosine (300 mg, .0015 mole) was dissolved in water (10 ml), and
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the solution placed in a 3-necked flask equipped with 2 dropping funnels,

a condenser and a magnetic stirrer. Dimethylsulfate (2 ml, .021 mole) was
added dropwise over a period of 4 hour while the temperature was maintained
at 700u The pH was controlled at pH 7 by the dropwise addition of 30% |
sodium hydroxide (3 ml) throughout the course of the reaction. The mixture
was heated at 100° for 2% hours in order to complete this initial reaction.
After a further addition of 30% sodium hydroxide (3 ml) and dimethylsulfate
(2 m1) the reaction mixture was boiled under reflux for 18 hours, This
addition was repeated, Initially, trimethylamine was liberated from the
boiling mixture but near the end of the second treatment with dimethylsul-
fate thi. was no longer detected. The reaction mixture was cooled, adjusted
to pH 10 and filtered, The filtrates were extracted with amyl acetate for
18 hours in a liquid-liquid extractor, The amylacetate solution was con-
centrated to dryness and the residue was extracted with benzene but nothing
was recovered from the benzene extracts., The extracted residue was crystal-
lized from amyl acetate to yield N-methyl-3-methoxy-li-pyridone (25 mg, 11,6%),
melting at 92_930° The infrared spectrum was identical with that of an
authentic sample,

According to Bickel and Wibaut (1946), mimosine (3 g) gave N-methyl-
3-methoxy-h-pyridone (65% yield) melting at 92,5% by essentially the same
procedure,

Variations of the procedure after the initial methylation of mimosine
in further experiments gave only poorer results,

D, OXIDATION OF THE SIDE CHAIN

NINHYDRIN OXIDATION OF MIMOSINE

Mimosine (20 mg, .1 mmole) was dissolved in water (20 ml) and the
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solution adjusted to pH 2 by the dropwise addition of 0.1 M hydrochloric
acid, Ninhydrin (triketohydrindene hydrate) (42 mg, .24 mmole) was added

to the solution which was then heated with stirring on the steam bath for

15 minutes, A deep violet colour developed and the pH of the solution rose
to pH 4. When the pH was re-adjusted to pH 2 by the addition of hydrochloric
acid, the colour faded and the solution remained colourless on further heat-
ing although the pH rose slightly. Saturated sodium bisulfite solution

(4 m1) was added to the cooled solution (a deep orange colour developed)
which was then allowed to stand at 5° for several hours. The solution became
colourless but no precipitation occurred until concentration to a volume

of 5 ml was carried out., Paper chromatograms of the precipitate did not
reveal any products when sprayed with 1% ferric chloride, The filtrates
were adjusted to pH 8 by addition of solid sodium carbonate., A solﬁtion

of hydroxylamine (500 mg) in water (5 ml) adjusted to pH 8 by the addition

of solid sodium carbonate was added to fhe filtrates and the resulting solu-
tion was allowed to stand at 50 overnight, A voluminous white precipitate
formed. The precipitate could not be characterized in any way except that
it did no' give any coloration with ferric chloride solution, The filtrates
gave violet colorations with ferric chloride but did not yield any products
when extracted with ether and with benzene. The aqueous layer from the
extraction was adjusted to pH 4 with hydrochloric acid and loaded onto a
cation exchange column (Dowex S50W-X4 (200-400 mesh) in the H+ form)., Material
which gave a violet coloration with ferric chloride solution was readily
eluted from the column with water, but the eluate contained so little material
that it could not be characterized any further, When the cation exchange

column was finally washed free of this material, two pink bands had appeared
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at about 1/4 and 4 of the distance down from the top of the column but were
removed together on elution with 0,05 M ammonia, The ammonia eluate was
evaporated to dryness to give a small amount of residue which gave a violet
coloration in ferric chloride solution. No products could be resolved from
this eluate either by crystallization or by papsr chromatography developed
with ferric chloride spray.

ATTEMPTS TO ISOLATE THE INDIVIDUAL CARBON ATOMS OF MIMOSINE

A, REDUCTION REACTIONS OF MIMOSINE

(i) CATALYTIC REDUCTIONS (HYDROGENOLYSIS)

(a) Partial Hydrogenolysis of Mimosine

Mimosine (100 mg, .50 mmole) dissolved in water (50 ml) was hydro-
genated in the presence of Raney Nickel catalyst (15 mg) at 90° and 1800
P.s.i., pressure for 24 hours, Only unchanged mimosine was observed in the
réaction mixture on analysis by papef chromatography. The ultraviolet ab-
sorption spectrum showed that at least 95% of the mimosine was unchanged,

Mimosine (103 mg, .52 mmole) dissolved in water (50 ml) was hydro-
genated at 190° and 2000 p.s.i. for 36 hours in the presénce of Raney Nickel
catalyst (40 mg). Analysis of the reaction mixture by paper chromatography
showed only one spot when developed with ferric chloride spray. This co-
incided with the spot of 3~hydroxy-l4-pyridone, Several violet spots (pre-
sumably amino acids) developed on spraying with ninhydrin, One of these
spots coincided with alanine,

A model mixture of alanine (12.5 mg) and 3-hydroxy-4-pyridone (17.5 mg)
in water (2 ml) was applied to a cation exchange column (Dowex S50W~-X4 (200-
400 mesh) in the H' form) (2 cm diameter x 10 cm length). Elution with

0.2 M citrate buffer at pH 3,25 (8 fractions of 40 ml) followed by 0.2 M
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citrate buffer at pH 4,25 (6 fractions of 40 ml) gave alanine in fraction 5
and 3-hydroxy-i4-pyridone in fraction 11, The reaction mixture from the
mimosine hydrogenation was chromatographed in the identical manner as the
model experiment. Each fraction emerging from the column was analyzed by
paper chromatography. Only alanine and 3-hydroxy-l-pyridone were observed
to emerge (these were in fractions % and 11 respectively). Fractions 5
and 11 were each passed through a separate cation exchange column to remove
the citrate buffer, Alanine and 3-hydroxy-4-pyridone respectively were
eluted from their columns with ,05 M ammonia, The eluates were evaporated
to dryness giving alanine (3,7 mg, 6%) and 3-hydroxy-4-pyridone (18.9 mg,
34%) respectively. Identification was confirmed by paper chromatography.

(b) Complete Hydrogenolysis of 3-Hydroxy-i4-pyridone

3-Hydroxy-l-pyridone (100 mg, .9 mmole) in water (50 ml) was hydo-
genated in the presence of Raney Nickel catalyst (30 mg) at 2500 p.s.i.
and 240° for 48 hours, The initial solution was acidic to neutral litmus
paper and gave a violet coloration with neutral ferric chloride solution
while the reaction mixture was basic and gave no ferric chloride coloration.
The mixture was filtered free of catalyst and the filtrate was shaken with
benzoyl chloride (1 ml) with the dropwise addition of 40% sodium hydroxide
solution to maintain the mixture at pH 10, After 1 hour this mixture was
extracted three times with ether (3 x 40 ml). The combined extracts were
dried over anhydrous sodium sulfate, filtered and evaporated to dryness,
The residue was distilled at 150o and 0,01 mm pressure to give a solid con-
densing at the warm end of the condenser and an oily liquid collecting further
away from the still pot. The solid was recrystallized from methanol-water,

gave a melting point of 120-121° and a mixed melting point with benzoic
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acid 120-121°, The liquid was redistilled at 130° and O,01 mm pressure

to give further traces of benzoic acid and a very oily liquid which cooled
to a resinous clear solid and was recovered as a white powder by scraping
it from the condenser, Analysis with a Fishsr-Gulf gas chromatography unit
Model 300 with a 7-foot Silicon 550 column containing 0.6% oleic acid showed
only a single product, The compound was intrceduced as aﬁ ether solution,
flash evaporated at 1950 and carried by helium gas, The single product
emerged 39 minutes after introduction when run through the column at 160°°
The compound, thought to be a dibenzoylbenzamide of an aminopentane-diol
melted indistinctly at 87° with the characteristics of a paracrystalline
state persisting up to 100°, (Found: C, 72,2; H, 6,05 N, 3,5, CoghasN 00
requires: C, 72.4; H, 5.8; N, 3,33 0, 18.5 %.)

(¢c) Complete Hydrogenolysis of Mimosine

Mimosine (102 mg, .51 mmole) in water (50 ml) was hydrogenated in
the presence of Raney Nickel catalyst (60 mg) at 2500 p.s.i, and 2500 for
36 hours, The reaction mixture was filtered, the catalyst washed with water
and the combined filtrates applied to a Dowex 2-X8 (200-400 mesh) anion
exchange column (in the OH form; 2 cm diameter x 10 cm length), The effluent
from the application and subsequent water washes were collected (approximately
160 ml).

The column was eluted successively with 3% acetic acid, 10% acetic
acid and finally with 4% hydrochloric acid, The first stage gave a white
powdery material (24,8 mg, 24%), the second stage gave a similar product
(15,6 mg, 15%) while the third stage gave a brown resinous material (4.7 mg,
L,5%), Accurate melting points could not be obtained for any of these products

and only the third product, which appeared to be mainly alanine, could be
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analyzed by paper chromatography.

The initial column eluate (160 ml) was adjusted to pH 4 by the drop-
wise addition of 0,1 M sulfuric acid. The solution was then treated with
0.1 M sodium metaperiodate solution (10 ml) and allowed to stand at room
temperature for 1 hour, A 3% solution of 2 4-dinitrophenylhydrazine solution*
(1 ml1) was added with stirring and immediate turbidity was observed, More
2,4=dinitrophenylhydrazine was added after 10 minutes and again after 3
hours, The mixture was allowed to stand at 50 overnight, The precipitates
were filtered from the mixture and a sample of the precipitate recrystal-
lized from ethanol. Both the crude and the recrystallized precipififés
were analyzed by reverse phase descending paper chromatography as described
by Hattori (1956). The samples were applied to Whatman No, 1 filter paper
and allowed to dry, The paper was then sprayed with tetralin (about 0.75 al
per 100 cm2) and, while moist with tetralin, developed by the descending
technique with methanol-acetic acid-tetralin-water, 10:1,5:1:1.4, After
drying, the papers were examined under ultraviolet light, A spot coinciding
with that of the derivative of propionaldehyde was present in both samples,
A great deal of 2,4-dinitrophenylhydrazine was present and also a very in-

tense spot with an R, value lower than propionaldehyde which could not be

f
identified, Further purification of the precipitate by recrystallization
did not appear to affect the relative amounts of the three products present,

The reference samples used consisted of a model mixture of 2,4-dinitrophenyl-

hydrazine and its hydrazones of formaldehyde, acetaldehyde and propionaldehyde,

3% f?-v’f 2, 4~dinitrophenyl hydrazine in a solution of alecohol (65% %),

sulfuric acid (14% %) and water.
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(ii) ATTEMPTED CHEMICAL REDUCTIONS

(a) Sodium Borohydride

Mimosine (100 mg, ,00050 mole) was dissolved in .008 M>sodium hy-
droxide in 60% methanol solution (50 ml) and freated with sodium borohydiide
(100 mg, .03 mole). After 2 hours effervescence had ceased. A quantitative
ultraviolet absorption spectrum of the solution showed no change in the
mimosine concentration., Repeated additions of sodium borohydride (50 mg,
.015 mole) every 2 hours for an 8-hour period failed to lead to any change.

(v) Lithium Aluminum Hydride

Mimosine (100 mg, .50 mmole) in a paper thimble was placed in a
Soxhlet extractor in which the still pot was charged with anhydrous tetra-
hydrofuran and lithium aluminum hydride (214 mg), The extraction was carried
out under the protection of a calcium chloride drying tube and after 48 hours
an additional amount of lithium aluminum hydride (312 mg) was added to the
still pot. After one week, the extraction was stopped and recovery of un-
changed starting material from the thimble yielded mimosine (96 mg, 96%),

(c) Sodium Amalgam

Mimosine (201 mg, ,00102 mole) was dissolved in ,02 M sodium hydroxide
solution (100 ml), 3% Sodium amalgam (2 gm) was added at suitable intervals
so that the solution, which was égitated by a magnetic stirrer, continually
effervesced, The reaction mixture was maintained at 370 and monitored every
12 hours by paper chromatographic analysis, A number of compounds were
observed to slowly increase in concentration as reduction progressed. These
compounds were characterized by violet colorations at low Rf values on paper
chromatograms developed with ninhydrin spray. After one week a relatively

large amount of mimosine remained intact. None of the products could be
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identified or isolated on a preparative scale., Attempts at quantitative
recovery of unchanged mimosine were subject to high losses because of the
accumulation of large concentrations of sodium hydroxide in the reaction
mixture,

B, INTRAMOLECULAR MANNICH REACTION

(i)  PREPARATION OF l9§v498wTETRAHYDRO»BwCARBOXYw9~HYDROXY~8u0XO~2~§w

PYRIDO (1, 2 a) PYRAZINE (XXIV) (MIMOSINE-FORMALDEHYDE CONDENSATION

PRODUCT)

Mimosine (100 mg, .50 mmole) was dissolved in 0,10 M hydrochloric
acid (5 ml) and 10% aqueous formaldehyde solution (0,16 ml) was added,
The solution was allowed to stand at 380 for 20 hours during which time
a green fluorescence developed., The solution was cooled, adjusted to pH 5,0
by the dropwise addition of dilute sodium hydroxide solution, and allowed
to stand at 5° overnight. The product, presumably (XXIV) (62,4 mg, 60%),
melting at 234-236° (decomp,) after recrystallization from water, was ob-

tained, (Found: C, 48,2; H, 5.43 N, 12.,1; 0, 33.0, N.0,.H,0 requires:

CoH10
C, 47.4; H, 5.3; N, 12.3; O, 35,0 %). Prolonged drying did not lead to
an improvement in the analysis.,

(ii) CHROMIC ACID OXIDATIONS OF THE CONDENSATION PRODUCT (XXIV)

(a) Oxidation in Boiling Solution

Condensation product (XXIV) (20 mg, .14 mmole) in water (2 ml) was
brought to the boil and 10% potassium dichromate solution (3 ml) pre-mixed
with glacial acetic acid (0.6 ml) was added and the solution boiled for
1 minute. On addition of the acidic reagent solution the fluorescence of
the reaction mixture was lost and a turbid orange-brown coloration developed.

Paper chromatographic analysis using ferrous sulfate and ninhydrin sprays
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failed to show the presence of any pyridine-2- or pyrazine-2- carboxylic

acid and amino acids respectively. The reaction mixture was treated with
sulfur dioxide to reduce the remaining dichromate and then adjusted to pﬁ 10
with 2 M sodium hydroxide solution to precipitate chromium hydroxide. The
solution was filtered and despite the fact that the filtrates appeared to

have a pale blue fluorescence, no products were observed by ultraviolet
spectroscopy. It appeared that total destruction of the molecule had occurred,

(b) Oxidation at Room Temperature

In a second experiment procedure (a) was modified, The condensa-
tion product (XXIV) (20 mg, .14 mmole) was dissolved in water (2 ml), the
solution allowed to cool to room temperature, the acid dichrpmate solution
was added and the mixture left to stand 4 hour at room tempefature° Although
the chromium-free filtrates appeared to exhibit a weak yellow-green fluores-
cence, no preducts were detected,

(iii) DEHYDROGENATION OF THE CONDENSATION PRODUCT (XXIV)

(a) Dehydrogenation with Selenium

The condensation product (XXIV) (35.9 mg, .17 mmole) and powdered
selenium (222 mg) were mixed in a small vial. The vial was placed at the
bottom of a very long test tube (1 cm diameter x 50 cm length) which was
fitted from the top with a long probe which allowed nitrogen gas to be intro-
duced around the vial. The closed end of the tube was immersed into a Wood's
metal bath, Heating was started at 220° and increased to 280° over a period
of 45 minutes, and to 310o over the next hour, White crystals formed on
the wall of the tube just above the level of the metal bath surface, but
on cooling and exposure to air these crystals decomposed to a grey filmy

s0lid, Repeated attempts failed to yield any products which could be identified
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by ultraviolet or infrared spectroscepy or by paper chromatography.

(b) Attempted Catalytic Dehydrogenation with Maleic Acid

Condensation product (XXIV) (10,3 mg, ,047 mmole), maleic acid (17.9 mg,
.15 mmole), palladium black (4.4 mg) and water (0,3 ml) were sealed in a
small tube wkich was placed in a prebective container and heated vigorously
on a steam bath for 5 hours. On ceoling, the tube was opened and the pglé
Yellow solution was filtered free of the catalyst, The ultraviolet specérum
of the reaction mixture was identical with that of the starting material
showing no change had occurred,

(iv) METHYLATION OF PRODUCT XXIV WITH DIAZOMETHANE

Condensation product (XXIV) (62 mg, .28 mmole) was suspended in
methanol (25 ml) and a 2% ethereal diazomethane solution (20 ml) was added
portionwise. The solution was maintained at 50 throughout the 3-hour period
of treatment, then allowed to warm up to room temperature during which time
a pink coloration developed and faded, The mixture was evaporated to a
volune of 2 ml and allowed to stand at 50 for several hours but no precipitates
formed. Analysis by paper chromatography in which the chromatograms were
examined under ultraviolet light showed only one product. This apparently

fully methylated product gave an R, value of 0,91 as compared with 0,56

f
for the starting material. Only a faint brown coloration appeared on nin-
hydrin development while ferric chloride spray gave rise to a pale yellow
spot. Further purification could not be accomplished,

The entire product from the methylation reaction was evaporated
to an oily residue, mixed thoroughly with 0,1 M sodium hydroxide solution

(5 m1) and heated on a steam bath for 2 hours. On analysis by paper chro-

matography only one product was observed. This product was observed on
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the chromatogram under ultraviolet light at an R, value of 0,70, gave a

f
red coloration with ninhydrin spray but only a pale yellow spot with ferric
chloride spray. The reaction mixture was evaporated to an oily residue
but no products could be separated,

A small portion of this hydrolysis residue (20 mg) was heated for
1 minute with potassium dichromate acetic asid {as previously described
for the original condernsation product (XXIV))., After the reaction mixture
was freed of interfering ions, an ultraviolet absorption spectrum showed
that a product different from the unoxidized material had formed but further

identification was not possible,

C. TODOFORM REACTION

Stock Iodine Solution, Iodine (2,5 g) and potassium iodide (5 g)

were dissolved in distilled water (20 ml) which had been vigorously boiled
to liberate dissolved carbon dioxide,

Stock 11% Sodium Hydroxide (low in carbonate). Sodium hydroxide

pellets (60 g) were dissolved in water (50 ml) at 60° then allowed to stand
at room temperature for several hours. The mixture, which had partially
crystallized, was vacuum filtered through a Buchner funnel and the filtrates
diluted with carbonate-free distilled water (350 ml). The solution was
assayed by titration (giving a value of 11% sodium hydroxide) and stored

in a bottle which was vented through an Ascarite tube,

IODOFORM REACTION ON MIMOSINE

Mimosine (100 mg, .50 mmole) in 11% sodium hydroxide (4 ml) was
treated with stock iodine solution (6 ml), A yellow precipitate formed
immediately but the reaction mixture was allowed to stand at room tempera-

ture for 1 hour, The mixture was extracted three times with chloroform
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(3 x 10 m1); the combined extracts were dried over anhydrous sodium sulfate,
filtered and evaporated to dryness under vacuum. The residues were re-
crystallized from methanol-water to give iodoform (36 mg, 9%).

The aqueous solution was freed of hypoiodite by bubbling sulfur
dioxide gas into the solution until the Solution atfained pH 6. Calcium
hydroxide (100 mg, .0O0l35 mole) was added to the solution which, after
vigorous stirring, was allowed to stand at 5° for 1 hour. The precipitate
was carefully recovered by centrifugation and water washed twice,

The combined supernatant liquids were acidified with concentrated
sulfuric acid (0.3 ml) and steam distilled until 25 ml of distillate had
been collected, A portion of this distillate (5 ml) was basified with 5 M
ammonia (0,5 ml) and concentrated to a volume of 4 ml, Analysis of this
mixture was carried out by paper chromatography. The chromatograms were
run in ethanol-ammonia, 100:1, and developed with a spray consisting of
bromphenol blue in citric acid solution, Any carboxylic acids present would
appear as blue spots on a yellow background. No products were detected,

Analysis of the still pot residue from the steam distillation by
paper chromatography gave several violet coloured spots when developed with
ninhydrin spray. None of these could be identified nor could any product
be isolated by ion exchange chromatography,

The calcium salt precipitate was carefully degraded with concentrated
hydrochloric acid (1 ml) so that a quantitative reco%ery of carbon dioxide
could be carried out. The reaction mixture was boiled and gently flushed
with nitrogen gas while carbon dioxide was collected in a trap containing
11% sodium hydroxide solution (5 ml), When the reaction was complete, the

trap solution was treated with 10% barium chloride solution (4 ml), The
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resulting precipitates were quantitatively recovered to yield barium car-
bonate (102,5 mg). A control reaction with no mimosine was run under
identical conditions to give barium carbonate (96 mg). The net yield of
barium carbonate from the iodoform reaction was 6.5 mg (6.5%).

The solution remaining in the reaction vessel after the carbonate
determination was adjusted to pH .5 and allowed to stand at 5° overnight,
The precipitate was quantitatively recovered to give calcium oxalate (22 mg,
34%).

COMPARATIVE IODOFORM REACTIONS

(i) MIMOSINE (I)

Mimosine (10 mg, .05 mmole) in 11% sodium hydroxide (3 ml) was
treated by the dropwise addition of stock iodine solution (3 ml) at room
temperature. After thorough mixing the turbid mixture was allowed to stand
for 4 hour and was then extracted three times with chloroform (3 x 5 ml),
The combined eitracts were dried over anhydrous sodium sulfate, filtered
and evaporated to dryness under vacuum, The residues were crystallized
from methanol-water to yield iodoform (2.5 mg, 12,9%), melting at 118-119°,

(ii) 3-HYDROXY-4~PYRIDONE-N-ACETIC ACID (XXVI)

3-Hydroxy-t-pyridone-N-Acetic acid (11.5 mg, .068 mmole) in 11%
sodium hydroxide (3 ml) was treated by the dropwise addition of stock iodine
solution (3 ml) at room temperature. After thorough mixing the turbid mix-
ture was allowed to stand for 4 hour and was then extracted three times
with chloroform (3 x 5 ml)., The combined extracts were dried over anhydrous
sodium sulfate, filtered and evaporated to dryness under vacuum, The resi-
dues were crystallized from methanol-water to yield iodoform (3.7 mg, 13.9%),

melting at 118-119°,
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(iii) N-METHYL-3-HYDROXY-4-PYRIDONE (VII)

N-Methyl-3-hydroxy~t-pyridone (10 mg, .08 mmole) in 11% sodium hy-
droxide (3 ml) was treated by the dropwise addition of stock iodine solu-
tion (3 ml) at room temperature. After thorough mixing, the turbid mixture
was allowed to stand for # hour and was then extracted three times with
chloroform (3 x § ml), The combined extrects were dried cver anhydrous
sodium sulfate, filtered and evaporated to dryness under vacuum, The resi-
dues were crystallized from methanol-water to yield iodoform (7.6 mg, 24,2%),
melting at 118-119°.

D, OTHER REACTIONS OF MIMOSINE

OXIDATION WITH AMMONIACAL SILVER NITRATE

Mimosine (50 mg, .25 mmole) was dissolved in 0,1% ammoniacal silver
nitrate solution (10 ml) and allowed to stand at 500 for three hours during
which time a dark grey precipitate formed. Additional O,1% ammoniacal silver
nitrate (10 ml) was stirred into the reaction mixture which was then allowed
to stand at 500 overnight, A monitoring test by paper chromatography showed
only faint traces of mimosine when developed with ferric chloride spray
while an identical amount developed with ninhydrin spray gave a number of
poorly resolved violet coloured spots, Saturated sodium chloride solution
was added dropwise to the reaction mixture until no turbidity was observed
on further addition of salt solution to a sample of the mixture which had
been clarified by centrifugation, The precipitate was removed and the fil-
trate was concentrated in vacuo to a volume of 2 ml, This residue was applied
to a Dowex 50W-X4 (200-LOO mesh) cation exchange column (in the H' form)
which was washed with water to remove anionic material then eluted with

0.5 M ammonia, The ammonia effluent gave an analysis by paper chromatography



112

identical with that of the crude reaction mixture. TFurther attempts at
separation by cation exchange chromatography and fraction crystallization
were fruitless.

Variations in the amount of silver nitrate and in the degree of
heating used made little difference in the reaction and no products were
isoclated,

OTHER OXIDATION REACTIONS

The reaction of & number of other oxidizing agents with mimosine (I),
3-hydroxy-4-pyridone-N-acetic acid (XXVI) and N-methyl-3-hydroxy-lb-pyridone (VII)
was studied. The reagents tested were potassium dichromate, potassium per-
manganate, sodium metaperiodate, potassium ferricyanide and hydrogen peroxide,

The first series of reactions was carried out in the following manner:

The organic test material (10 mg) was dissolved in 0,1 N sulfuric
acid (1,0 ml) and water (2 ml), Oxidizing reagent in 0,100 M solution (1 ml)
was added with stirring and the reaction mixture was then allowed to stand
at room temperature., Samples were taken for paper chromatographic analysis
at 20-minute intervals for the first 3 analyses, hourly for the next 2,
every second hour for the next 2 and when no reaction was apparent, every
12 hours thereafter up to 2 days. Duplicate chromatograms were run so that
development could be carried out with ninhydrin and with ferric chloride
sprays.

The results showed that both potassium dichromate and potassium
permanganate destroyed the ring in each of the 3 test compounds within the
first 20 minutes of reaction, The other reagents showed no effect on any
of the test compounds, even after 2 days.

In order to test whether selective oxidation occurred, mimosine (10 mg)
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in 0.1 N sulfuric acid (1 ml) and water (2 ml) was treated by the portion-
wise addition (0,1 ml) of .05 M potassium permanganate solution (1 ml),
Samples for analysis were removed after each addition, Development of the
chromatograms showed a complex pattern of violet ninhydrin spots to appear.
Further addition of oxidizing agent intensified, but did not change the
product pattern, This indicated the complete absence of selectivity in
this reaction,

A second series of reactions was carried out with the weaker oxi-
dizing reagents (i.e., sodium metaperiodate, hydrogen peroxide and potassium
ferricyanide),

Test material (10 mg) in O.1 N sulfuric acid (1 ml) and water (2 ml)
was mixed with 9,1 M oxidizing reagent solution (1 ml) and boiled for 1
minute. Chromatographic samples were taken and after boiling for an addi-
tional 5 minutes another set of samples were taken,

Potassium ferricyanide did not react with any of the test compounds
while sodium metaperiodate and hydrogen peroxide led to the destruction
of each of these materials, The chromatographic patterns and colorations
observed for the latter two reagents were very similar with all three test
compounds, The chromatograms from the peroxide test were faint but when
the reaction mixture was again boiled with excess peroxide the similarities
with the periodate oxidation were very striking. When these chromatograms
were sprayed with ninhydrin, pale blue, yellow and brown as well as several
violet coloured spots were observed, The products could not be identified
nor could any of them be isolated when the reaction was repeated on a pre-

parative scale,
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TREATMENT OF MIMOSINE WITH NITROUS ACID

Mimosine (500 mg, ,0025 mole) was dissolved in 0.1 N sulfuric acid
(30 ml1) and heated to 95°, Sodium nitrite (260 mg, .0025 mole) in water
(5 ml) was added through a dropping funnel, The stem of the funnel was
submerged below the reaction mixture so that none of the evolved gases could
escape Quring the addition which lasted 30 minutes, The solution was filtered
hot, concentrated in vacuum to a volume of 5 ml and allowed to stand over-
night., No products separated but chromatographic analysis revealed the
presence of 3-hydroxy-i-pyridone as the only detectable product,

PAPER CHROMATOGRAPHY

Except where otherwise mentioned,, all reaction mixtures and plant
extracts were monitored by ascending paper chromatography on Whatman No. 1
paper, using phenol-ethanol-water, 3:1:1, as the solvent, Spots were de-
veloped with ferric chloride (1%) and/or ninhydrin (3% in acetone), Before
development the papers were dried for 1 hour at 80° to ensure complete re-
moval of phenol,

Under these conditions the following R, values were found: «,p-

£

£ 0.16; mimosine, R, 0.27; alanine, R,

0.61; 3-hydroxy-k=-pyridone, Rf 0,70; N-tosylmimosine, Rf 0,78;

diaminopropionic acid, R O,44; O-methyl-

mimosine, Rf

3-hydroxy-4-pyrone, R, 0. 83.
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SECTION II: BIOSYNTHESIS OF MIMOSINE

RADIQACTIVE FEEDING EXPERIMENTS

1, CARBON DIOXIDE~014

Six Mimosa plants (3 seven weeks old and 3 eleven weeks old) were
transplanted into sphagnum contained in a 5-inch glass pot and allowed to
grow undisturbed for 2 days. The pot containing the plants was then placed
into a sealed glass chamber (Figure 11)., Carbon dioxide-C14 was introduced
by decomposing a sodium carbonate solution (70 pec, 10 ml) with concentrated
sulfuric acid (1 ml) in a reaction vessel venting into the glass chamber,

A small vibrating metal strip enclosed in an external duct and activated

by an A.C., electromagnet maintained atmospheric circulation within the chamber,
A period of 1 hour was allowed for the carbon dioxide—C14 to spread through-
out the system. A gas sample (100 ml) was removed from the chamber and

the level of radicactivity as measured with a reed electrometer was found

to be ,0595 pc/lOO ml, After the plants were allowed to grow for 3 hours

in the noonday sunshine another gas sample (100 ml) was withdrawn and measure-
ment showed an activity of ,0154 pc/100 ml. This corresponds to a disap-
pearance of 74% of the activity. Since some of the carbon dioxide-Cl# could
have been absorbed into the moist sphagnum, the plants were allowed to remain
growing in the chamber for 48 hours. The plants were then harvested by
collecting the sap in two lots keeping the sap of the younger and older
plants separate,

Samples of sap were separated on paper chromatograms which were
sectioned. ZEach section was extracted with .01 M hydrochloric acid, the

extracts were evaporated to 0,5 ml and plated for radioactive counting,
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This procedure revealed significant activity in the mimosine fractions from
plants of both ages.

In each case mimosine was precipitated from the sap with ethanol
and further purified by recrystallization from ethancl-water,

Mimosine (2 mg) thus obtained from the clder plants (11 weeks old)
was observed to melt at 22hw225° (decomp.), The radioactivity of this sample

3

was found to be (1,37 + .40) x 107 counts minute t mmolewl. Mimosine (1 mg)
obtained from the young plants (7 weeks 0ld) was measured to have an activity
of 4,39 (+ .11) x 10° counts minute™t mmole™t, A repeat experiment confirmed
these findings,

2. ASPARTIC ACID»}«Clh (2 DAY)

A, MIMOSINE-CMY

Aspartic acid_B--C14 (1.96 mg, total activity 100 mc, specific acti-
vity 6.8 mc mmole”l) was dissolved in water (10 ml), For radio-assay, a
sample of this solution (100 A) was diluted to 10 ml and 10 A portions of
the diluted solution, i.e., 10“5 of the original activity, were plated in
triplicate, The total activity of the sample was found to be 450.4 (+ 4,6)
x 107 counts minute T,

The solution (10 ml) containing the aspartic ac:id«-}---»cll+ was admini-
stered equally to Mimosa plants (7 weeks old) by the "wick" method (Section II:
Mimosine Biosynthesis: C, Mode of Administration) (Figure 12). The plants
were harvested after 2 days and mimosine (12,9 mg) was isolated from the
sap (Section II: Mimosine Biosynthesis: D, Isolation of Alkaloid).

After harvesting was completed, the small glass feeding receptacles
were repeatedly rinsed and the wicks were extracted three times with distilled

water, The combined washings and extracts were made up to a volume of 100 ml,



117

Samples (10 A,each) of this solution were assayed for residual radiocactivity.
A total of 98.8 (+ 1.3) x ].Ol+ counts minute t or 2.2% of the original
activity had not been absorbed by the plants.

A sample of the isolated mimosine (100 pg) was assayed for radio-
purity by thin layer chromatography. The chromatogram with a mimosine and
aspartic acid reference sample was run in ethanol-water, 4:1, on Silica G,
The reference sample was developed with ninhydrin spray and the rest of
the chromatogram was sectioned with respect to the fractions observed in
the reference. The absorbant from each section was scraped onto a planchette
and its radiocactivity determined. No radiochemical impurities were detected
in the mimosine sample by this method. The radioactivity found in the sec-
tion containing the mimosine corresponded to that of a sample of the original
preparation which was similarly applied to the thin layer chromatographic
plate but not chromatographed.

Crude mimosine (11.5 mg) was diluted with inactive pure mimosine
(51,7 mg) and crystallized from ethanol-water, Mimosine-Cl4 (60.1 mg),
specific activity 23,50 (% 0;46) x 10° counts minute“l mmoletl, was obtained,
On the assumption that the original mimosine sample contained no radio-
chemical impurities, its specific activity was calculated to be 129.3 (+ 2.5)
x 103 counts minute-l mmole-l.

B. 3—HYDROXY-4-PYRIDONE—Clu

Diluted m:‘Lmors:'Lne—Cl‘+ (56.5 mg, .285 mmole, specific activity 23.50
(+ 0.46) x 10° counts minute mmole‘l) was distilled in the presence of
zinc dust (70 mg) at 200-205° and .0l mm pressure for 4 hours. The distillate
was redistilled at 180° and .01l mm pressure and again at 170o and ,01 mm

presure to give 3-hydroxy-4—pyridone~clu (20.8 mg, 66%). 3-Hydroxy-4-



118

pyridone-Cll+ (20.8 mg, 66%). 3—Hydroxy—h—pyridone-clu, specific activity
21,25 (¢ 0.39) x 103 counts minute-l mmole-l, was obtained on crystalliza-
tion from benzene-ethanol. Thus it was demonstrated that 90.4 * 2.4 % of
the mimosine activity was located in the pyridone ring.

3. ASPARTIC ACID-3-C-' (1k DaY)

A, MIMOSINE-C:LL+

Aspartic acid-B-Clh (1,96 mg, total activity 100 pc, specific activity
6.8 mc mmole-l) was dissolved in water (10 ml), For radio-assay, a sample
of this solution (100 A) was diluted to 10 ml and 10 A portions of the
diluted solution, i.e., 10"5 of the original activity, were plated in tripli-
cate. The total acti#ity of the sample was found to be 470.0 (£ 6.5) x 10°
counts mimute™ T,

The solution (10 ml) containing the aspartic acid-}-Cll+ was admini-
stered equally to 20 Mimosa plants (7 weeks old) by the '"wick" method
(Section II: Mimosine Biosynthesis: C. Mode of Administration) (Figure 12).
The plants were harvested after 14 days and mimosine (7.4 mg) was isolated
from the sap (Section II: Mimosine Biosynthesis: D. Isolation of the
Alkaloid).

After harvesting was completed, the small glass feeding receptacles
were repeatedly rinsed and the "wicks'" were extracted three times with
distilled water. The combined washings and extracts were made up to a
volume of 100 ml, Samples (10 A each) of this solution were assayed for
residual radioactivity. A total of 50.5 (£ 1,6) x 10“ counts minute-l or
1,1% of the original activity had not been absorbed by the plants.

A sample of the isolated mimosine (50)pg) was assayed for radio-

purity by thin layer chromatography. Aspartic acid and mimosine references
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and the sample were run in ethanol-water, 4:1, on Silica G plates. The
references were developed with ninhydrin spray and the rest of the chroma-
togram was sectioned with respect to fractions obsgrved in the references.
The absorbant from each section was scraped onto a planchette and its radio~
activity determined. No radiochemical impurities were detected in the sample
by this method. The radioactivity found in the section containing the
mimosine corresponded to that of a sample of the original preparation which
was similarly applied to the thin layer plate but not chromatographed.

Crude mimosine (4,0 mg) was diluted with inactive pure mimosine
(55.8 mg) and crystallized from ethanol-water, Mimosine-Clu (53.6 mg),
specific activity 2.786 (£ 0.058) x 10° counts minute - mmole-l, was obtained,
On the assumption that the original mimosine sample contained no radiochemical
impurities, its specific activity was calculated to be 25.1 (£ O.4) x 103

counts m:lnutem1 mmole-lo

B, 3-HYDROXV-L-PYRIDONE-CLY

Diluted mimosine—Clh (50,1 mg, .25 mmole, specific activity 2,786
(+ 0,058) x 103 counts minute-l mmole’l) was distilled in the presence of
zinc dust (58 mg) at 195-200° and ,005 mm pressure for 6 hours, The distil-
late was redistilled at 180o and ,005 mm pressure and again at 175o and
.005 mm pressure to give 3-hydroxy-4-pyridone (16.2 mg, 58%), 3-Hydroxy-
4—pyridone-clh, specific activity 2.434 (£ 0,041) x 10° counts minute *
mmole-l, was obtained on crystallization from benzene-ethanol. This corres-
vonds to 87,4 + 2.6 % of the mimosine activity.

L, _ASPARTIC ACID—l-ClL+

A. MIMOSINE-cX*

Aspartic acid-l—Clh (2,98 mg, total activity 100 pc, specific activity
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4,5 me mmole L) was dissolved in water (10 ml). For radio-assay, a sample
of this solution (100 A) was diluted to 10 ml and 10 A portions of the diluted
solution, i,e., 10-5 of the original activity, were plated in triplicate,
The total activity of the sample was found to be 354,5 (+ 5,8) x 105 counts
minute-l.
The solution (10 ml) containing the aspartic acid-l—Clu was admini-
stered equally to 20 Mimosa plants (7 weeks old) by the "wick" method
(Section II: Mimosine Biosynthesis: C, Mode of Administration) (Figure 12),
The plants were harvested after 2 days and mimosine (9.7 mg) was isolated
from the sap (Section II: Mimosine Biosynthesis: D, Isolation of the
Alkaloid),
After harvesting was completed, the small glass feeding receptacles
were repeatedly rinsed and the '"wicks'" were extracted three times with distilled
water. The combined washings and extracts were made up to a volume of 100 ml,
Samples (10 A each) of this solution were assayed for residual radioactivity,
A total of 98,2 (¢ 2.6) x 10“ counts minute ™ or 2.8% of the original
activity had not been absorbed by the plants.
A sample of the isolated mimosine (S0 pg) was assayed for radio~
purity by thin layer chromatography. Aspartic acid and mimosine references
and the sample were run in ethanol-water, 4:1, on Silica G plates, The
references were developed with ninhydrin spray and the rest of the chroma-
togram was sectioned with respect to fractions observed in the references,
The absorbant from each section was scraped onto a planchette and its radio-
activity determined, No radiochemical impurities were detected in the sample
by this method. The radioactivity found in the section containing the

mimosine corresponded to that of a sample of the original preparation which
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was similarly applied to the thin layer plate but not chromatographed,

Crude mimosine (8,6 mg) was diluted with inactive pure mimosine
(52.8 mg) and crystallized from ethanol-water, Mimosine-Clu (47.9 mg),
specific activity 5.147 (% 0,108) x 10° counts minute mmole-l, was obtained,
On the assumption that the original mimosine sample contained no radiochemical
impurities, its specific activity was calculated to be 37,8 (£ 0.7) x 103
counts minute T mmole™ L,

B, B—HYDROXY--L}--PYRIDONE-C]'I+

Diluted mimosine-Cll+ (46,6 mg, .235 mmole, specific activity 5.147
(¢ 0.108) x 10° counts minute * mmole-l) was distilled in the presence of
zinc dust (49 mg) at 195-200° and .01 mm pressure for 4 hours. The distil-
late was rediétilled at 180o and 0,01 mm pressure and again at 175° and

0.01 mm pressure to give 3-hydroxy-U-pyridone (12.9 mg, 50%). 3-Hydroxy-
3

4-pyridone-C14, specific activity 3,382 (£ 0,103) x 10” counts minute™t

mmole-l, was obtained on crystallization from benzene-ethanol, This corres-

ponds to 65,7 £ 2.4 % of the mimosine activity,

5, ASPARTIC ACID-h-ct*

A, MIMOSINE-Cl#

Aspartic :axcid—br-Cl’+ (6.34 mg, total activity 100 pc, specific activity
2.1 mc mmole™’) was dissolved in water (10 ml). For radio-assay, a sample
of this solution (100 A) was diluted to 10 ml and 10 A portions of the
diluted solution, i.e., 10-5 of the original activity, were plated in
triplicate, The total activity of the sample was found to be 251.1 (+ 4.5)
X 105 counts minute-l°

The solution (10 ml) containing the aspartic acid-—’-&-cli+ was admini-

stered equally to 20 Mimosa plants (7 weeks 0ld) by the "wick' method



122

(Section II: Mimosine Biosynthesis: C, Mode of Administration) (Figure 12),
The plants were harvested after 2 days and mimosine (11,0 mg) was isolated
from the sap (Section II: Mimosine Biosynthesis: D, Isolation of the
Alkaloid).,

After harvesting was completed, the small glass feeding receptacles
were repeatedly rinsed and the 'wicks'" extracted three times with distilled
water, The combined washings and extracts were made up to a volume of 100 ml,
Samples (10 A each) of this solution were assayed for residual radioactivity.
A total of 28,4 (£ O.4) x 1Ol+ counts minute T or 1.1% of the original activity
had not been absorbed by the plants,

A sample of the isolated mimosine (50 pg) was assayed for radio-
purity by thin layer chromatography. Aspartic acid and mimosine references
and the sample were run in ethanol-water, 4:1, on Silica G plates. The
references were developed with ninhydrin spray and the rest of the chroma-
togram was sectioned with respect to fractions observed in the references.

The absorbant from each section was scraped onto a planchette and its radio-
activity determined. No radiochemical impurities were detected in the sample
by this method. The radiocactivity found in the section containing the
mimosiﬁe corresponded to that of a sample of the original preparation which
was similarly applied to the thin layer plate but not chromatographed,

Crude mimosine (9.2 mg) was diluted with inactive pure mimosine
(51.6 mg) and crystallized from ethanol-water, Mimosine-Cl# (44,7 mg),
specific activity 1,880 (£ 0,017) x 10° counts minute * mmole'l, was obtained,
On the assumption that the original mimosine sample contained no radiochemical
impurities, its specific activity was calculated to be 12.5 (+ 0.1) x 103

counts minute-l mmole-lo



123

B. 3-HYDROXY-4-PYRIDONE

Diluted mimo15.:i.ne,--Clbr (41.7 mg, .21vmmole, specific activity 1,880
(£ 0.017) x 10° counts minute - mmole ') was distilled in the presence of
zinc dust (52 mg) at 195—200° and ,004 mm pressure for 4 hours., The distil-
late was redistilled at 180o and .004 mm pressure and again at 175o and
.00k mm pressure to give 3-hydroxy-i4-pyridone (18.5 mg, 80%). 3-Hydroxy-
h—pyridone-Clh, specific activity 1.074 (£ 0.045) x 10° counts minute >
mmolc_l, was obtained on crystallization from benzene-ethanol, This corres-
ponds to 57.1 £ 2.5 % of the mimosine activity.

6, GLYCEROL-1,3-C "

A, MIMOSINE-cX*

Glycerol-l,}—c14 (0.614 mg, total activity 100 pc, specific activity
15 mc mmolc-l) was dissolved in water (10 ml). For radio-assay, a sample
of this solution (100 A) was diluted to 10 ml and 10 A portions, i.e,, 1072
of the original activity, were plated in triplicate. The total activity
of the sample was found to be 382,8 (& 7.8) x 10° counts minute-l.

The solution (10 ml) containing the glycarol-l,}-C14 was admini-
stered equally to 20 Mimosa plants (7 weeks 0ld) by the '"wick" method
(Section II: Mimosine Biosynthesis: C, Mode of Administration) (Figure 12).
The plants were harvested after 2 days and mimosine (6.5 mg) was isolated
from the sap (Section II: Mimosine Biosynthesis: D. Isolation of the
Alkaloid).

After harvesting was completed, the small glass feeding receptacles
were repeatedly rinsed and the wicks were extracted three times with distilled
water., The combined washings and extracts were made up to a volume of 100 ml,

Samples (10 A each) of this solution were assayed for residual radioactivity.
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A total of 110,6 (£ 2.4) x lOl+ counts minute-l or 2,9% of the original
activity had not been absorbed by the plants,

A sample of the isolated mimosine was assayed for radiopurity by
thin layer chromaltography. Reference samples of mimosine and glycerol and
the radioactive sample were run on Silica G plates in ethanol-water, L:1,
The reference sample was developed by first spraying with a potassium
periodate solution, then with a borate buffered starch solution., The rest
of the chromatogram was sectioned with respect to the fractions observed
in the reference mixture., The absorbant from each section was scraped onto
a planchette and its radioactivity determined. No radiochemical impurities
were detected in the mimosine sample by this method. The radioactivity
found in the section containing the mimosine corresponded to that of a sample
of the original preparation which was similarly applied to the thin layer
chromatographic plate but not chromatographed,

Crude mimosine (5.8 mg) was diluted with inactive pure mimosine
(56,4 mg) and crystallized from ethanol-water. Mimosine-Clu (50.7 mg),

3

specific activity 3.176 (& 0.074) x 10” counts minute ' mmolo-l, was obtained,

On the assumption that the original mimosine sample contained no radiochemical

impurities, its specific activity was calculated to be (34.3 + 0.8) x lO3

counts minui:e.1 mmole-l.

B, 3-—HYDROX‘I—4-PYRIDONE—C:LI+

Diluted mimosine—Cll+ (47.8 mg, .24 mmole, specific activity 3.176
(+ 0.07h4) x 10° counts minute - mmola_l) was distilled in the presence of
zinc dust (61 mg) at 195-200° and .01 mm pressure for 4 hours, The distil-
late was redistilled at 180° and »0l mm pressure and again at 170o and .01

mm pressure to give 3—hydrox;;'--Lt—pyridonqv:-ClL+ (23.9 mg, 89%). 3-Hydroxy-i-
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3

pyridone-Clh, specific activity 2.097 (£ 0.062) x 10” counts minute"1 mmole~l,

was obtained on crystallization from benzene-ethanol, Thus it was demonstrated

that 66,0 + 1.7 % of the mimosine activity was located in the pyridone ring.

7. CALCIUM GLYCERATE—&-Clh

A, MIMOSINE—CIA

Calcium glyc:eraf;e-}--cll+ (5.8 mg, total activity 50‘pc, specific
activity 2.13 mc mmolo-l) was dissolved in water (10 ml). For radio-assay,

a sample of this solution (100 A) was diluted to 10 ml and 10 A portions,
i.e., 10"5 of the original activity, were plated in triplicate, The total
activity of the sample was found to be 268.,1 (+ 3,9) x 10” counts minute T,

The solution (10 ml) containing the calcium glyce:rate--}-C}ll+ was
administered equally to 20 Mimosa plants (7 weeks old) by the "wick" method
(Section II: Mimosine Biosynthesis: C, Mode of Administration) (Figure 12).
The plants were harvested after 2 days and mimosine (14,0 mg) was isolated
from the sap (Section II: Mimosine Biosynthesis: D, Isolation of Alkaloid).

After harvesting was completed, the small glass feeding receptacles
were repeatedly rinsed and the "wicks" were extracted three times with distilled
water, The combined washings and extracts were made up to a volume of 100 ml,
Samples (10 A each) of this solution were assayed for residual activity.

A total of 276.1 (+ 3.2) x 101+ counts minute‘l or 10,3% of the original
activity had not been absorbed by the plant,

A sample of mimosine (50!Pg) was assayed for radiopurity by thin
layer chromatography. A reference mixture of mimosine, calcium 3-phospho=~
glycerate and glyceric acid were run alongside the samples on a Silica G
plate in ethanol-water, 4:1., The reference was developed with potassium

periodate followed by borate buffered starch sprays and the rest of the
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chromatogram was sectioned with respect to the fractions observed in the
reference, The absorbant from each section was acraped onto a planchette
and its radioactivity determined. No radiochemical impurities were detected
in the mimosine sample by this method. The radioactivity found in the section
containing the mimosine corresponded to that of a sample of the original
preparation which was similarly applied to the thin layer plate but not
chromatographed.

Crude mimosine (12,6 mg) was diluted with inactive pure mimosine
(51.7 mg) and crystallized from ethanol-water, Mimosine-Clh (61.5 mg),
specific activity 3.821 (¢ 0.086) x 10° counts minute mmole-l, was obtained,
On the assumption that the original mimosine sample contained no radiochemical
impurities, its specific activity was calculated to be 19,6 (£ O.4) x 103
counts minute > mmole T,

B, 3--HYDROXY-L+—PYRIDOI\IE-C]J+

Diluted mimosine~C14 (53 mg, .268 mmole, specific activity 3,821
(£ 0,086) x 10° counts minute - mmole-l) was distilled in the presence of
zinc dust (67 mg) at 195-200° and ,002 mm pressure for 4 hours. The distil-
late was redistilled at 180° and ,002 mm pressure and again at 1'70o and
.002 mm pressure to yield 3»—hydroxy-l+—pyr:'Ldonea--ClL+ (24,6 mg, 83%). 3-Hydroxy-
h-pyridone-Clq, specific activity 1.787 (£ 0.091) x 10° counts minute !
mmole-l, was obtained on crystallization from benzene-ethanol. Thus it
was demonstrated that 46,7 £ 2.6 % of the mimosine activity was located
in the pyridone ring,

8. RIBOSE-1-ct

A, MIMOSINE—C]J+

. 14
Ribose-1-C~ " (3,48 mg, total activity 50 pe, specific activity 2.16 mc
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mmole-l) was dissolved in water (10 ml), For radio-assay a sample of this
solution (100 A) was diluted to 10 ml and 20 A portions, i.e., 2 x 1077
of the original activity, were plated in triplicate. The total activity
of the sample was found to be 212,2 (+ 4,5) x lO5 counts minuteulo

The solution (10 ml) containing ribose—l—Clu was administered equally
to 20 Mimosa plants (7 weeks old) by the "wick'' method (Section II: Mimosine
Biosynthesis: C, Mode of Administration) (Figure 12). The plants were
harvested after 3 days and mimosine (5,6 mg) was isolated from the sap (Section
II: Mimosine Biosynthesis: D, Isolation of Alkaloid),

After harvesting was completed, the small glass feeding receptacles
were repeatedly rinsed and the“wickéqwere extracted three times with distilled
water. The combined washings and extracts were made up to a volume of 100 ml,
Samples (10 A each) of this solution were assayed for residual radioactivity.
A total of 1.85 (£ 0.03) x 10° counts minute T or 0.9% of the original activity
had not been absorbed by the plants,

A sample of mimosine (50 pg) was assayed for radiopurity by thin
layer chromatography. References of ribose and mimosine and the sample
were run on Silica G plates in ethanol-water, 4:1, The references were
developed with a potassium periodate spray followed by spraying with a borate
buffered starch indicator. The rest of the chromatogram was sectioned with
respect to the fractions observed in the references, The absorbant from
each section was scraped onto a planchette and its radioactivity determined.
No radiochemical impurities were detected in the mimosine sample by this
method., The radiocactivity found in the section containing the mimosine
corresponded to that of a sample of the original preparation which was

similarly applied to the thin layer plate but not chromatographed.



127a

Crude mimosine (4,6 mg) was diluted with insctive pure mimosine

(56,7 mg) and crystallized from ethanol-water, Hiuos:&no-cw (56.7 ng),
specific aotivity 4,605 (+ 0,113%) x 10° counts mimute > mln"l,, was
obtained, On the assumption that the original mimosine sample contained

no radiochemical impurities, its specific activity was calculated to be

(62,3 + 1,%) x 10° counts mimte L mle"l.



128

B. 3_HYDROXY—L4—PYRIDONE-C-

Diluted mimosine-Cll+ (50,7 mg, .256 mmole, specific activity 4,605
(+ 0,113) x 10° counts minute-l mmole—l) was distilled in the presence of
zinc dust (55 mg) at 195-200° and ,003 mm pressure for 4 hours, The distil-
late was redistilled at 180° and .003 mm pressure and again at 170o and
003 mm pressure to give tlimosine-CllJr (22.7 mg, 80%). 3-Hydroxy-i~pyridone-
Clq, specific activity 2,519 (+ 0,059) x 10° counts minute - mmole-l, was
obtained on crystallization from benzene-ethanol, Thus it was demonstrated

c“ W l£ .
that 54,7 # 1.9 % of the mimosinzkwdi located in the pyridone ring.

MEASUREMENT OF RADIOACTIVITIES

A, EQUIPMENT

Radicactivity was determined on solid samples of finite thickness,
The equipment used consisted of an Automatic Sample Changer (Nuclear Chicago
Model C115) connected to a Model 181B Scaler and a Model C111B Printer Timer,
The detection system consisted of a Modified D48 gas-flow sample detector
(for 1 1/4" samples) operating under Q Gas (98.7% helium and 1,3% butane)
and surrounded by a guard detector tube, Cosmic ray background which
actuates the guard tube is eliminated in a coincidence circuit so that only
sample radiation is counted,
B. SAMPLES

Solid samples (200-1000 pg) of material to be counted were weighed
directly onto tared aluminum planchetteé (31 mm diameter (1 1/4"); area
7,545 cmz) and dissolved in 1 N ammonia (0.2 ml) followed by 10% sucrose
solution (0,05 ml). The solution in the planchette was overlaid with a

thin lens paper disk (which exactly fit the planchette) to ensure even spreading
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and evaporated to dryness under a heat lamp. The sucrose served to bind

the paper to the planchette, The samples were heated under the lamp for

% hour after they appeared dry, cooled and again weighed to determine the
total weight of the material in the planchette., ETach sample was prepared
in triplicate and counted for 1000 counts for at least three readings (more
if large variations in time readings were observed). The planchette holders
for each sample were counted for background (100 counts) in the respective
position in the automatic sample changer where the readings were taken,

C, CALCUIATIONS

The complete calculations for a single sample and derived results
for its duplicate will be presented as an example of how radiocactivities
were calculated. The example chosen is the aspartic acid~3-—Cll+ (2 day)
feeding experiment, The calculations will be carried through to show how
confidence limits were retained in the final result,

Diluted Purified Mimosine-Cl4

Planchette 2236 Planchette 233%7 Units

Mimosine sample weight . 700 1.177 mg
Total sample weight 11,62 11.78 ng
Sample density 1,54 1,56 mg w2
Self absorption factor* .808 .806

The samples were counted five times for 1000 counts and the back-
grounds counted for 100 counts four times, The first step in data treat-
ment was to ascertain a count rate with confidence limits derived from

standard deviation (&) calculations,

Tolbert & Siri (1960),
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Time for 1000counts X x 2
1, 8,56 - ,08 . 0064
2, 8.90 + ,26 . 0676
3, 8.65 + ,01 ,0001
b, 8,55 - .09 .0081
50 80 55 - 009 00081
TOTAL 43,21 - .0903
v 2 ¢
AVERAGE = Eégg = 8.64 d = i§g§3= ,0226

_ 1000 , 1000 .1 .0226
COUNT RATE = g7 + 8‘64‘4 5 642

115,74 + 2,01 counts mimute '

1]

The background was determined in the same manner and for this sample
was found to be 2,764 + 0,266 counts minute™t,
The reading for the radicactive sample was corrected for background

in the following manners:

A
115,74 - 2,76 + 'QZ.OIZ + 0,266
= 112.98 + 2.03 counts mimite —

Correction is now applied for weight and self-absorption,

- nl
198,12 mg mmole } counts minuteﬁl

(112,98 + 2,03) [;10177 mg x 0,308

= 2,347 (+ 0,092) x 104 counts m':"mute@l mmoleal
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The corresponding value derived from planchette 2236 was

2.353 (+ 0,086) x lOA counts minute > nmole_l.

The mean specific activity for these duplicate readings was found:

™

2,347 + 2,353, V,052° + .086°

5 5 X 10'+ counts mimute T mmole”

= 2,350 (£ 0.050) x 104 counts minute T mmole“l.

Purified B-Hydroxy=--’-&--py::‘n’.c}none«--=Cll+

Duplicate samples of 3-hydroxy-i-pyridone gave a mean average of
2.125 (& 0,039) x th counts minuteml mmole°1° This was expressed as a

percentage of the total mimosine activity.

Ze 125 + 20125 : 0:0502 + 00392 x 100
(2350 7 2.350 V|5 3502 5 1252

= 90,41 (+ 2,42) %.
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