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ISOXAZOLIN~-5~0NES
" CHEMISTRY AND BIOLOGY OF A

NEW CLASE OF PLANT PRODUCTS

Bigchemical Institute, University of Ghent, Ledeganckstraat,

Chent, Belgium.

A group of uv-sensitive heterocyelic compounds
characterized as isoxazolin~5-ones were found in some
legume seedlings. Their isolation, purification and
structural identificaticn are explained. With emphasis
on the particular properties of the natural products'

- dhemiéal and photochemical degradation ~ the chemistry
of N-substituted isoxaszoclin-5-ones is reviewed, The
second part of this paper deals with the distributiocn,
metabolism and with some bioleogical aspects of the

title compounds. Their possible origin and funciion

are discussed.

In some legume seedlings isoxazolin-5-one derivatives are pre-
sent in high concentrations. The natural cccurrence of the isoxa-
. . . . . 1
zolin-5-one ring was first recogrized in 1949~, From a small number

of plant scurces, eight derivatives have now been charscterized,

four of these are ¢-amino acids.

——

t Pedicated to Professor Tsunematsu Takemoto on the cccasion of his retirement .
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. 3 . ... 2-6
Legume seeds form a rich source of non-protein amino acids s
even 56 that chemotaxonomic studies can be based on their distri-

bubtion. Seedlings of the garden pea (Pisum sativum) have been

6-8

fregquently used to study nitrogen metabolism, nitrogen transport -
or to study the occurrence and the metabolism of the free amino
acidsghls, particularly homoserinel =~ 2%,

There is 1little doubt that some unknown compounds mentioned by a
number of authors may be identical to the heterceyelic amino acids

1,25,26

studied in our laboratory Other authors who used dilute

alkali in their extraciion procedure may have destroyed the
isoxazolin-5-one amino acids in the isolation processlc_lz,or they
may have used older plant material where the isoxazolin-5-one
derivatives are virtually absentlT’Eh.

Tn the suthors' laboratory, two uracil amino acids and
eight isoxazolin-5-one derivatives have been isolated and charac-

terized. Besides their chemical name, they are also designated

by a Roman numeral (see Fig, 1), avoiding the introduction of

new trivial names.

Isolation andg identification

Van Parijs and coworkers, while looking for nucleic acid
precursors in the elongating axis of pea seedlings, found four
produets with promising uv spectre and having c-smino acid proper-
tieseT. Two of these products wefe rather stable, eventually it
was concluded that they were the iscmeric B-uracil-alanines :
willardiine {IV} and isowillardiine (II)25. Two cther products
{I and III) wvere very sensitive to uv-irradiation and to dilute
alkali. The uv-spectra of I and III in water at different pH

were very similar to those of 6-amine uracil derivetives and it
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Fig. 1 Structures of heteroeyclic compounds isoclated from 6-day-

old seedlings of pes (Pisum sativum} (I-IV) and from 10-day-old

seedlings of sweet pea {Lathyrus odorstus)} {1, TTI, v-X).
I

B-(isoxazolin-S-one-2-y1l)-alanine, IT : g-{uracil-3-yIl)-alanine

or isowillardiine, III B-(2“6—D-glucopyranosyl-isoxazolin—S-one—_

b-y3}-alanine, IV f-{uracil-l-yl)-alanine or Willardiine,
Vo 2—(Y—glutamyl—aminoethyl)—isoxazolin—5-one, VI : c-amino=-y-

(isoxazolin-5-one—2~yl)—butyric acid, VII : 2-amincethyl-isoxazolin-

S5-gne, VITI 6—(1soxazolin~5-one—2—yl)—propionitrile, IX : 2-g-

D-glucopyranosyl-isoxazolin~-5-one, ¥ 2-carboxymethyl-isoxazolin-~

. S-one.
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was suggested that these products bear some structural relationship
to the plant pyrimidines wvicine and convicineea. When the nmr spec-
tra became availablerthe presence of a five membered heterocyclic
ring became clear. After compﬁrison of the chemical and spectral

properties of the natursl products I and IIT with synthetic N-substi-

tuted ilsoxazoclin-5-ones obtained as a gift from De Sarlogg.ﬁhe pleces

of the puzzle fell into place.

For the isolation of the isaxazolin~S-one derivatives, 6-day-old
dark grown pea seedlings or 10-day-old dark grown swveet pea

(Lathyrus odoratus) seedlings were generally used., For preparative

isolation the cotyledons were discarded because of the much lower
concentration on a dry weight basis. The tissue was extracted by
cold 70 % ethyl alcehol, 1 Wperchloric acid or 5 % trichloro acetic
acid ; or the pressed out Juice was dialyzed against water. The
extracts were separated by cation exchange chromatography on Dowex
50 w (8Y), from which TX, X and VIIT were eluted out with water in
this order. The Dowex column was eluted further with a linear
gradient of HCL1 (0-2 W), total volume 10 1 for a bed volume of ebout
1.25 1. The peak containing ITI was eluted out after 3.3 1. (0.6 W).

T, IT and IV were eluted out together at about 1 W HCl. V and VI wvere
eluted out at 1.5 N HCY as a double pesk, the front part containing

mainly V. VII was eluted out at about 2 N HC1l, Further purification

was achieved by passing the procducts,dissolved in H,C, through a
Dowex 1 (HCOO ) column, where only VIII was slightly retained but

was eluted out with H20 and the acidic X was eluted out with 2 N
HCOOH. Crystallization as a purification step could be used with
T, II, ITI, V, VI and X. VII and IX were purified by paper chroma—
tography., VIII could be easily purified because of the non-ionic

adsorption on both Deowex 1 and Dowex 50 resins and the solubility

in chloroform.
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The products can be igentified by paper chromatography : the
Rf values in four solvents were reportedeT. After rescting with g
ninhydrin spray, compound T gives an wnusual red-ocrange color whiceh
changes graduslly to purple after 1 or 2 hours. VII gives a
similar but stable color. In the same conditions VIII gives a
faint turquois color like S-amino propionitrile. 'The use of a
conventional amino scid analyzer, combining uv-detection (254 or
260 nm) with ninhydrin detection, permits the localization of
the compounds I te VIIT (see Fig. 2).

The identity of the isoxazolin-5-one deriwvatives can be
confirmed by using their specific properties : a high sensitivity
to uv-irradiation and a rapid degradation in dilute alkali. Fur-

thermore, the uv-photolysis products can be easily identified.

CHEMISTRY

Uy spectra The natural occcurring 2~subsiituted-3-isoxazolin-5-ones

have only one tautomeric form, which makes the notatien 3
superflucus. The chromophore is wvery similar to the chroﬁophore
of some important natural pyrimidines hence the uv~spectra are

very similar.(?\max around 265 am, Max IF at 260 nm}Y. In alkaline
solution a bathochromic shift of 2 nm is cbserved in the uv spectra
of I and III, with a spectrophotometric pK-wvalue of T.9l and about
826 respectively. This coincides with the deprotonation of the
e-amino group ia the side chain. In the uv-spectrum of VI a shifs

of 1 nm is observed at alkaline pH.

Alkeline degradation 1In alksline medium the natural isoxazolin-—

5-ones are unstable. At room temperature the uv absorption dis~

appears irreversibly with a half life time of about 2 hours at pH
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10 and sbout 6 min at pH 12, At pE 12 the half life time of I,
IIT and 2,h-dimethyl isoxazolin-5-one is 6 min, 37 sec and 8 min

respectively., In the presence of 4 % formaldehyde the half life

time is extended three %o tenfoldgl. The heterocyclic ring is

hydrolyzed in 6 N HCI at 100°C for 18 hrs. After heating in

1 ¥ HC1 or HQSOk for 1 hr, I was almeost unaltered but ITIT was

partially degraded-T,

In 0.25 M NaIO) at room temperature, the side chain of I

and IT is slowly oxidized, using about 2 4. of Ioh_'after

31

T days, while the heteroeyelic ring is unchanged Cn the

other hand catalytiec hydrogenation of isoxazcles leads to ring

. L
opening at the N-0 bond. 32,5

While 3,5~disubstituted isoxazoles are very stable to

32

bases” ", other isoxazoles can undergo different modes of ring

cleavage by alkaline reagents depending upon the nature of the

33,3k

substituents The alkaline ringopening of 2-methyldsoxazolin-

S-ones cccurs at room temperatuvre only when position 3 is not
substituted, yielding N-methyl monocamlides of the correspoading

malonie acid derivativesSS. After alkaline treatment of I, the

B-malonyl derivative of o,B-dieminopropionic acid was foundl.

Photolysis The photochemical reactions of isoxazole536 and

37

tenzisoxazoles with the formation of oxazoles have been repor-

ted. Trom 3,5-dipheanylisoxazole, 2,5-diphenyloxazole is formed
36

over & three membered intermediate azirine- , depending on the

wavelength of the irradiation. This reaction seems to be rever-

38

sible When the 3-position of the isoxazol ring is not substi-

tuted, the azirine intermediate gives rise to an aliphatic

product instead of an oxazolesg. In the photochemical conversion

37

0f benzisoxazole to benzoxazole, no azirine intermediate is formed
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The natural isoxazol ibotenic acid {a—amino-o-(3-hydroxy-isoxazoyl-

S-yl}-acetic acid) was converied by uv light intc the natural
oxazol muscazone {a-amino-o {(2(3H) -oxazolonyl)-acetic acid}ho'

When a lo_hM solution of I or 2,4 dimethylisoxazolin-5-one
is irradisted with a 253,7 nm light source, shielded from high energy
radiation with a 60 % saturated Na-acetate solution, the uv-spectrum
disappears with an isobestic point at around 215 nml. No new unsa-
turated heterocyclic product seems to be formed.

Since the chromophores of the natural isoxazolin-S-ones are
similar to those of the natural pyrimidines uracil and thymine,

their photochemical behaviours were compared.
The photohydration of uraeil and uridine is a well documented
41,42

phenomenon . A water addition at the 5-6 double bond occurs,
yielding 5-hydro-6-nydroxy derivatives with a guantum yield (@)

of 21.6 x 10_3 for uridine. On heating in the absence of uv-light

90 % of the absorbance at 260 nm can be regenerated. The photohydra-
tiocn reaction is much slower in D20h3 where TO % of the absorbance
was regeneratedhg.

The photolysis of the natural isoxazolin-5-ones and the synthetic
2,h-dimethyl-isoxazolin-5-one show guantum yields about 20 times
higher than the quantum yield of uridine {see Table 1).

To our knowledge, the natural isoxazolin-5-ones appear to be
the most uv-sensitive natural products. High quantum yields (0.35)
have also been reported for the photoconversion of azirines %o

36. The assumed photohydrate

isoxazoles by irradiation at 33% nm
product of N-substituted isoxazolin-5-ones must be unstable,
giving rise to a number of fragments. In analogy with the photo-
hydrate of uridine, = 3-hydroxy-4-dihydro substitution is proposed

. . . hh h
for the photohydrate of N-substituted isoxazolin-5-ones 2 5.
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Table 1, Relative gquantum yield of the photolysis of several
natural and one syathetic isoxazolin-5-ones, compared to uridine

a
as a standard26’3l.

Compound $ in H20 % in DQO
I Lo .38
ITT . 3k .28
VI .62
VITI Lho
X 46

2,4-dimethylisoxazolin-5-cne he .33
vridine L0216 . 010

a. Mercury light source (Hanovia TUV, 6 W, shielded with 60 %

sat., Nalde solution),

The identification of the photoproducts of the natural ise-
xazolin-5-cnes supports the proposed photoreacticon and was a very
helpful tool in the structure analysis. From every product
isolated, at least one photoproduct was identified.

From an irradiated solution of I, three new products were
isolated in small smounts and in lov yield (5 %,.8 % and 12 %
as determined by rninhydrin staining). Thess photoproducts were
identified by paperchromatographic and electrophoretic comparison
with synthetic compounds as o,B-dlaminopropionic acid, c—amino-
g-malonylamino propionic acid and a-amino-B-acetylamino propionie

3

acid respectively 1 (see Fig. 3).

The malonyl derivative was i1dentical with the product of alkaline

ringopening. Diaminopropicniec acid was also found after acid
hydrolysis of Il.
/
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Photolysis of IIT yielded D-glucose and glutamie acid together
with three unidentified ninhydrin reazcting productses. Glucose
and glutamic acid were also formed by acid hydrolysis of IIT,

The formation of glutamic acid as a photoproduct of ITIT ean be

explained by the same scheme that was wvalid for I : the U-substi-

tuent alanine forms one fragment with the ring carbons 3 and %
{or 4 and 5) which became the 0—k and ¢-5 of the glutamic scid
molecule. Glucose accounts for U8 % of the weight of the molecule
IIIEG.

Photolysis of V yielded two unidentified ninhydrin reacting

products. On the basis of their electrophoretie mobility, they

are suppored to be the y—glutamyl derivatives of the phctoproducts

of VII. After mild hydrolysis V yielded VII and glutamic acid30.

Photolysis of VI yielded a,y—diaminobutyric acid and g-amino-
y-acetylaminobutyric acid. These are the homologues of photoproducts
of T, indicating the homology between I and VI. |

Photolysis of VII yielded ethylene diamine and i%s monoacetyl
derivative as indicatea by amino acid analysis, where the diamine

vas eluted with a 1 ¥ citrate buffer at pH 6.1830.

L7

Both the
natura%6and the synthetic compound VIII show identical senéitivitf
for uv-irradiation. In the two cases B-aminopropionitrile was

the photoproduct.

Similarly the natural and the synthetic compound IX produced
D-glucose gs photoproducths. Perhaps the unstable l-aminoglucose
was alsc formed in small amounis as suggested by the automatic
anmine acid aralysis of an irradiated molution of IX or ITT.

The one.sacidic compound ¥ yielded glycine as the only ninhydrin
reacting photoproducth8. Until now no attempt has been made to
identify malonie acid or volatile components which eventuslly

might be formed during the photochemical ringopening of the

isoxazolin-S—-ones.
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Nmnr-spectra Spectroscopic examination of the natural isoxazolin-
5-ones and of some synthetic 2-substituted ones shows some points

of similarity which are summarized in Table 2. The coupling

constant {(JT-value) of the clefinic protons is consistently
3.5 Hz, guite different from the T Hz for the olefinic protons
in the uracil rings of II and IV. The infrared spectra of the

N-substituted-3,4-unsubstituted iscoxazolin-S—ones show bands

at ca. 1550 (C=C¢}, 1720-1730 (¢=0), 3060-3080 (3-H) and 3120-3150 ca”t

(h—H)hg. In the mass specira major peaks occur with m/e = 99

(ring + 15) or mfe = 98h9’50.

Synthesis At the time that the natural isocxazolin-5-ones were dis-
covered, no description of N-substituted-3,4-unsubstituted isoxazolin-
S-ones was féund in the literature. While the ilsexazol ring was

often synthesizedsg, we know of only a few accounts on N-substituted

29,35,19,53~-55

isoxazolin-5-ones A number of products were S¥nthe-

sized by condensation of N-alkyl hydroxylamines with B-oxo

29,53,50 56

esters or by alkylation of N-unsubstituted compounds

Synthésis of N-suvbstituted 3,h-unsubstituted derivatives was achieved
only by diréct substitution of the free ringhQ,SO,Sh,S?.

Thé freé isoxazolin-5-one ring was first isolated after the
regction of hydroxylamine with ribonucleic acidss’sg. In the
reaction of hydroxylamine with pyrimidines, the N-0 of the isoxazole
ring originates from the hydroxylamine6o. Chemical synthesis of
the unstable ring was achieved by cyclization of the ethyl ester
of 3-oximino-propiocnate formed ﬁy reaction of hydroxylamine with

55 50

ethylformylacetate”’”, or with ethyiproviolate The Na-salt of

the ring is more siable.
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Table 2. uv and amr spectral dats of natural and synthetic isoxazo-

lin-5-one derivatives and two natural uracil derivatives (IY and IV)a.

HETERQCYCLES, Vol. 4, No. 3, 1976

Compound

IT
III

VI

VIT
*VIII
IX

X
Z2-methyl Is
*2-ethyl Is
*2-0H ethyl TIs

*2,h-dimethyl Is

uv X
nmax

in nm

265

260
265

263
265

265

265
265
260

266
26h
265
265

273

Hmr 6 wvalues in ppm

3-H h-H
8.1 5,2
7.8 6.2
8.3

T.6 .8
8.2 2
8.3 5.3
8.3 5.3
8.0 5.3
8.5 5.5
8.7 ST
ToT 5.1
7 5.1
8.0 5.0
8.0

J 3-4% R:C1l'H

3.5

T

Bz

Hz

Hz
Hz
Hez

Hz

Hz

L.3

k.7
5.0

Ref.

25
26

51
30

30

30
ho
L8

L8
ko
Lo
L3
26

.

in D20 or in

Por the uracil derivatives (IT and IV) the signals for the

corresponding olefinic protons 6-H, 5-H and J 5-6 are given.

Uv-spectra were recorded in water.

Fmr-spectra were recorded

CRC1., for the products marked ',

3

Is stands for isoxazolin-5-one.
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A number of N-alkyl-isoxazolinones have been synthesized,
including two natural products. Compounds VIII (2-cyvancethyl-
isoxazolin-5-one)was obtained by reaction of acrylonitrile and
the free ring in 0.1 M Na-zcetate buffer, pH 4.25 at room tempe-
raturehg. The glucoside (IX) was prepared by reacting 2,3,4,6-
tetra aceiyl-a-glucopyranosylbromide with isoxazzolin-5-one HNa-
salt in dry methanolhg. The two natural products VITII and IX
were produced in pocr yield (fa %}, while the alkylations of
the ring had much higher yield (20~50 %)}. The production of

1hC labelled natural isoxazolin-5-ones by substitution of the

free labelled ring is therefore uneconomicalsT.
Attempts to synthesize the other nstural iscxazolin-S-ones
50,57

have been unsuccessful thus far

BTIOLOGICAL ASPECTS

The hetercarcmagtic N-substituted isoxazoclin-5-cne derivatives
have been found in high concentration inm a small number of legume
species,belonging to the Viciege. No chemotaxonomic screening has

veen done, Compound I was identified in Pisum sativum, Pisum arvense,

Lathyrus odoratus, Lathyrus latifolius, Lens culinaris and Vicia

sativa. Compound IIT vas found teogether with I, except din L, lati-
fplius, of which only = small sample of seedlings was used. The
other iscxazolin-S5~ones have thus Ffar only hteen isolated from

L. odoratus, except VIIT that was fcund alsc in L. latifolius.

The concentration of heterocyelic amino acids and its
evolution during the development of pea seedlings has been studied
by paper chromatographyhh and by aminc acid analysis6l. On a dry
weight basis, maximum concentrations of I and IT are reached after

6 to 8 days of germination. TIn different parts of the seedling

axis, 1 to 2 % of T and about 0.1 % of II is reached. No great
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differences are observed whether the seedlings are grown in the
dark or under continuous 1ighthh. A maximum amount per plant or
per plant part is reached in & later stage., After two weeks of
- germination, about 3 umoles of T is found per séedling (without

5 . . 8
the cotyledons) and about 2 umoles in a pair of cotyledons L,

Tn 10-day-0ld seedlings of Lathyrus odoratus (without cotyle-

dons) about 10 % of the dry weight consists of N-substituted
iscxazolin-5-one derivatives. The major compound in this matérial
is VI, making up 3.5 % of the dry weight, followed by I (1.9 %)},

v (1.2 %) ana VITI (0.8 %)°°,

Recently, isoxazolin-S5-one derivatives have been found in
the root exudate of axenic seedlings of peas and sweet peas6l.
The concentration of the products have been determined in the
exundates and in the corresponding roots after varying periods
of germination under an artificial light cyele. In the exudate
from pea seedlings I and IT were major constituents ; in the
exud;te from sweet pea seedlings, VIII was the main component

while T, V and VI were present as well., In the sweet pes root

exudates, there was & pronounced rise of VIIT as compared to

the concentration in the root. The exuded common amino acids
seemed to be reavsorbed by the root6T in aseptic conditions,
especlally homoserine from the pea exudate,.

The Eiosynthesis of the natural lsoxazolin-5-one derivatives
has been studied in vitro by Murakoshi and coworkers. The
chemically unstable free isoxﬁzolin—s-one ring seems to be the
starting point feor the enzymatic synthesis of the alanine

63 6l

derivative T and the glucoside IX . The donor of the alanine
side chaln is O-acetylserine while UDP~glucose is the donor of
the glucoside substituent. After glucosidation of the ring-N,

the C~% of the ring seems to have the right properties to receive
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an alanine substitution, hereby producing ITI g (see Fig; Ly,
Perhaps the same enzyme system is involved in the two alanylation
reactions.

Previously it was found that the in vivo synthesis of IT also
involves N-substitution of the uracil ring with serine, producing
again the B-substituted heterccyclic alanine derivative66. Later
work showed that O-acetylserine was a more effective precursor for
the side chain and that uracil as well as uridine and orotic acia
are precursors for the heterccyclic ring of both the iscmeric
conmpounds II and IV6T.

The lathyrogenie compounds u,y—diaminoﬁutyric acid and
B-aminopropionitrile are the photeproducts of VI and VIII respecti-
vely. Therefore VIIT was tested for its potential toxiecity.

When weanling rats received 0.4 % of VIII (half of the concentration
in Lathyrus seedlings) in their diet, similar symptoms developed

as if the osteolathyrogenic S-aminopropionitrile was consumed

in the same concentrationGB. After examining the urine of the
experimental animals it was concluded that VITI was metabolized

in the rat, thereby liberating B-~aminoprovionitrile as toxiec
principle.

When & fungicide containing an isoxazol~S5-one ring
(4-{2-chloreophenylhydrazonc)-3-methylisoxazol-5-one) is fed %o
mammals, metabeolic opening of the isoxazol ring alsc ocdurred69.
If this holds true Tor VI, then this compound may have neurolathy-
rogenic toxicity like its photoproduct a,y-diaminobutyric acid
(review on lathyrismTo).

We did not search in the literature for synthetic isoxazél
derivatives and their metabcliém. From the iaformation at hand
it seems that in animals the isoxazol ring is metabolized through
68,69-

ringopening In plantg isoxazol derivatives seem to be elther
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alanylated at the ¥ or the -k of the ring63’65, or glycesylated

&t the ring~N or at OH substituents on the ring6h’71_73.

Compounds I and IT have been tested by Watkins for their
activity on neurones of vertebrates. Tt was found that I was a
weak neuronal excitant of the glutamate type, while IT had no
activityTh. However, the related plant product guisgualic acid
{g-(3,5-dioxo-oxadiazolidine-2-y1l)-alanine) discovered and described

75,76 had a much higher activityTT.

by Takemoto and coworkers
It should be noted that several natural products with an isoxaszol
ring and with biological activity have been 1lsolated from other

organisms. The antibiotic cyeloserine {D-Y-amino-3-isoxazolidone)

- . . - 8
was isolated from the scll organism Sireptomyces orchxdaceus?

From the poisonous mushroom Amanita muscaris +the halucinogens muscimol

T2

(5-amincethyl-3-hydroxy-isoxazole) and ibotenic acid were isolated -,

From the mushroom Tricholomsa muscarium the insecticide trichalomic

acid (2,3-dihydro derivative of ibotenic acid) was isolatedBO.

Recently, two natural iscxazole amino acids, resembling ibotenie

acid, have been isoclated from Streptomyces svieceus. The products

are code numbered U-L2126 or NSC 163501 (w-amino-3-chleoro-k,5-
dihydro-5-isoxazole acetic acid) and U-43795 or N3C 17632k (a-amino-
3-chloro-4=hydroxy~U,5-dihydro-5-isoxazcle acetic acid). Both
heterccyclic amino acids have antibiotic and antitumor activitysl.
They are selective antagonists of L—glutamineSg. Similar but less
specific properties are attributed to ibotenic acidss. The struc-—

tures of natural iscxazoles from bacterial or fungal origin sre

given in Fig. 5.
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DISCUSSION

From the results reviewed in this paper it is clear that the
natural isoxazolinone derivatives have some points of interest to
the chemist as well as to the biologist.

~ The instability of the natural isoxazoclinones in alkaline
solution may be the main reason why these products were not descri-
bed earlier as constituents Qf otherwise popular material in
botanical research. We have found that if 2 % NH),O0HE is included

in the extraction procedure, virtually no iscxazolinone deriva-

tives were isolated as compared to neutral or acidie preparations.
The efficiency of the photochemical ringopening (¢ = 0.5) and

the high UV-absorption {& = 12,400) of the isoxazolinones make
them the natural products with the highest sensitivity to uv
light. There is no indication however that these unique properties

have any physioclogical impact.

The high amount of isoxazolinones being found in the seedling

tissue raises questions about their origin, function and fate.

Because their synthesis in the seedling is 1little influenced

by the light and no effective precursor for the isoxazocl ring has
yet been found, we assume that the isoxazolinone derivatives
originate from the carbon and nitrogen reserves in the cotyledons
{seed globulines}. The formation of the isoxazolin-S-one ring
frem the chemical reaction of hydroxylamine with ribonucleic
acids might suggest that RNA, which is present in rather large
amounts in the cotyledons, should Be considered as a possible
origin for the isoxazolinone ring. However the amount of RNA per

Bh’BB, which is only partially broken down during

+
pea seed (- 1 mg)
the germination, c¢an hardly provide all the material needed for
the synthesis of the high concentrations of T in the seedling and

in the exudate (% 0.95 ng ).
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The compounds may have some function in the transport of carbon and

nitrogen from the storage cotyledons to the growing plantlets,

Since the growing plant requires a high water influx86 and thus

a high osmotic pressure., & physiclogical role as osmotic regulator
in the expanding shoot and root is also plausible for these small
molecules.

The different composition of the root exudates of the closely
related pea and sweet pea seedlings may indicate that the Iinfluence
of the root exudate on the microorganisms in the rhizosphere
(discussed by Rovira BT)is rather specific. The specific exudation
of the toxic compound VIII from sweet pea roots suggests the
possibility that the seedling scquires some protection against
root infection by secreting VIIT.

From the enzymatic synthesis of I, IX and III, it seems that
the plant synthesizes the N-substituted-3,4-unsubstituted isoxazmolin-
5-ones, in the same way as the chemist, by diréct substitution of
the free riﬁg. This is also true for a range of heterocyclic
f-substituted alanines from plants, Wheré however the free ring
was present.88 This indicates that the free ring may be found
in plants where the substituted ring is present. Also, those
plant species containing TIT should contain alsc its precursor IX
albeit in minute quantities,

The assumption that VI and VIIT are precursors for the

89

lathyrogens o,y~diamincbutyric acid and B-aminopropionitrile

is not supported by our findings : L. odoratus is not neurolathyro-
68

genic and probvably does not contain a,y-diaminobutyric acid~ ",

Cn the other hand the neurolathyrogenic species L. latifolius

70 but does not

14

synthesize VI in the seedlings. Incorporation studies with c-

contains a,y-diaminobutyric acid im the seeds

B-aminopropicnitrile did not show its metabolic relation with VIIIS?.
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Some metabolic relationshiy between isoxazolinones can he readily

expected, such as the conversion of T to VIT by decarboxylation

(the same relation exists between ibotenic acid and muscimol)

and the conversion of VII tc V by the y-glutamyl transpeptidase
enzyme. In plants metabelic pathways leading from an amino acid
over an.oxime intermediate to a nitrile with one carbon less havye

been desnribedgo. This is a possible metabolie relationship
between VI and VIITI. Oxidation of the nitrile and loss of HCN may

lead to a carboxylic acidgo, this is a possible metabolic relation-

ship between VIII and X.

The c—-anmincbutyric acid side chain of VI has recently been
found in other natural products : an unusual nucleotide in transfer
ribonucleic acid 3-(3-aminc-3-carboxypropylluracil, the higher

homologue of IIg% an antibiotic amiclenomyecin o-amino-y-{L-amino,

g2

2,5-cyclohexadienyl)-butyric acia and two plant products

N-{3-amino-3-carboxypropyl)azetidine-2~carboxylic acid and N-(3-

amino-3-carboxypropyl) nicotinic acid93. Azetidine-2-carboxylie

acid has been proposed as the precursor for this side chain93.
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