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Abstract-The f&r chemical synthesis of L-2-oxalylamino-3-amrnopropionic acid, an isomer of the Lathyrus sativus 
neurotoxin, is described. Studies on its b~lo~~l properties are reported. Experiments with ~-3-[‘~C-o~lyl]~~2- 
aminopropionic acid show that the amount of 2-oxaly~~no isomer detectable in seed extracts can be accounted 
for by rearrangement which occurs during isoIation. 

INTRoDucTIoN 

The human disease neurolathy-rism occurs after pro- 
longed ingestion of the seeds of Lathyrus sativus, a 
legume whose neurotoxic component is the non-protein 
amino acid L-2-~~3-o~yl~nopropionic acid (1) 
[I]. A colon con~n~t of toxin prepuces iso- 
lated from seed [2,3] or obtained by chemical synthesis 
[lf is 2-oxalylamino-3aminopropionic acid (2). This 
compound is of interest because its toxicity is unknown 
and its origin in plant extracts is uncertain. 

The 2-oxaIylamin0 isomer (2) is detectable by paper 
electrophoresis of L-3-oxalylamino-2-aminopropionic 
acid (1) preparations as a second, slower moving band 
which stains grayish-purple with ninhydrin [2,3]. 
Although it can be removed from crystalline prep- 
arations of 1 by repeated washing of the crystals with 
cold water, solutions of 1 rearrange on standing to form 
an ~~librium mixture with 2 [Z]. The re~gem~t 
product forms oxalic acid and 2,,bdiaminopropionic acid 
on hydrolysis and lacks a free a-amino group, as indi- 
cated by the failure of pre-treatment with cupric nitrate 
to affect color developm~t with ninhy~ [2]. 

Whether the 2-oxalylamino isomer (2) is a natural 
component of the plant or is formed during isolation 
procedures is unclear. Bell and O’Donovan [2] specifi- 
cally rejected the idea that 2 might be an artifact, despite 
their observations that it can be formed by rearrange- 
ment in vi&o. Using isolation methods intended to rnini- 
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mire rearrangement (50% EtOH in the cold for 4 hr), 
they recovered 2 as about 5% of the total toxin from 
seed extracts of .I,. sutivus, L. cicera and L. clynumm 
With another isolation method which involved the use 
of ion exchange resins, 2 comprised 500/, of the total 
toxin recovered from L. ~t~~~ seed. Similar conclu- 
sions regarding the natnral occurrence of 2 were reported 
by Roy and Rao [3] who investigated the distribution 
of the isomer in freeze-dried 30”/, EtOH extracts of 12 
L. satins strains. They reported that 2 constituted a rela- 
tively constant fraction (3&7.90/,) of the total toxin. 

Doubts regarding the natural origin of 2 arise, how- 
ever, when the specificity of the enzyme which attaches 
oxalyl CoA to r.-2,3-diamino-propionic acid is con- 
sidered. This enzyme forms the 3-oxalylamino isomer 
[5’J. If the 2-oxalylamino isomer Cannot be formed in 
the plant by any known enzymic pathway but can be 
formed by r~~g~rn~~ then the possibility that the 
2-oxalylamino isomer is an artifact of isolation deserves 
attention. 

Studies on the toxicity of 2-oxalylamino-3-aminopro- 
pionic acid (2) were undertaken in our laboratory as part 
of our work on the ~~~srn of action of L-5oxalyla- 
mino-2aminopropionic acid (1). The 2-oxalylamino 
isomer (2) was synthesized, and its biological properties 
were investigated, Quantitative studies dealing with the re 
arrangement of r.,-3-[14C-oxalyl]amino-2aminopropionic 
acid (1J4C) during procedures used routinely in isolation 
of 1 from seed were carried out. These show that the 
qu~tities of 2 reported to occur naturally can be 
accounted for by the rearrangement which occurs during 
isolation. 

Synthesis of L-2-oxa fylamino-3-andnopropionic acid 

The compound was prepared by condensation of L-3- 
benzyloxycarbonylamino-2-aminopropiomc acid [6J and 
oxaly1 chloride followed by hydrogenolysis of the 
3-amine protecting group (see Ex~~~~). The crude 
product contained pr~~n~~y ~-2~x~yl~~o-3- 
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~n~ropionic acid, but some L-3-oxalylamino-2- 
aminopropionic acid was also present, as indicated by 
paper electrophoresis [S]. Pure 2 was isolated after 
repeated washing of the crude product with Me&O and 
H,O. The purified product was identical with the com- 
pound detected in L. sarirus seeds [l] in electrophoretic 
mobdity [3]. color reactions [2,7l and in GLC R, of the 
~-dimethylaminomethylene methyl ester derivatives [S]. 

Immature animals develop neurological symptoms 
rapidly after injection of 3-oxalyl~no-2-~~opr~ 
pionic acid (1) [1,9J. The most widely used biological 
assay depends upon the characteristic response of a 
l-day-old chick [l,lO,ll]. An injection of 300 fig/g body 
wt produces somnolence, flaccid paralysis of the neck 
muscles and collapse within about 30 min. It was, there- 
fore, of interest to test the 2~oxalylamino isomer (2) in 
this system. One-day-old chicks were injected with either 
300 or 600 g/g body wt of 2, 300 fig 3-oxalylamino 
isomer (1) or physiological saline solutions whose Na 
content was equal to that of the neutralized oxalyldia- 
~~opropionjc acid solutions. Neither the 2-oxalyl- 
amino isomer (2) nor saline solutions had effect at either 
dosage level. Injection of the 3-oxalylamino isomer (1) 
produced the usual neurological symptoms within 30 
min. 

The experiment was repeated, using 3-day-old 
CS7BL/6J mice as subjects. The IDSo for 1 in such ani- 
mals is 300 pg_!g body wt; 500 &g/g body wt inv~iably 
is fatal [12]. When 500 &g body wt of 1 was injected 
into 3-day-old mice, animals assumed a characteristic 
hunched posture, suffered severe muscle spasms, gasped 
for breath and died within 30 min. An equivalent dose 
of 2 produ~d no Stearns and no deaths. 

To test the possibility that 2 might potentiate the 
effects of I, 3-day-old mice were injected with a mixture 
of the two isomers (300 wg body wt of each). The sever- 
ity and time course of the symptoms were not noticeably 
different in animals injected with a mixture of the two 
isomers than in mice hjected with 300 I*g/g of the 3-oxa- 
lylamino isomer (1) alone. 

An interesting property of 3-oxalylamino-2-aminopro- 
pionic acid (1) is that it behaves as a potent competitive 
inhibitor of L-glutamic acid transport into resting yeast 
cells [4]. A 1: 1 molar ratio of 1 to L-gIutamate depressed 
glutamate[‘“C] transport into resting yeast oells by 88% 
after 20 min. Tested in this system at the same concen- 
tration, 2 had no effect. Potentiation of 1 by 2 in this 
system does not occur as indicated by the following ex- 
periment. When an equimolar mixture of I :2:glu~mat~ 
Ei4CJ was tested, in~bition of ~lu~rnate~~~ transport 
was no greater than in the experiment with only 1. as 
antagonist. 

A second characteristic of the 3-oxaIylamino isomer 
(1) is that it inhibits yeast growth when added to a 
chemically defmed medium [4]: 0.2 &g/ml depresses 
growth to 50% of control values. When 2 was tested 
in this assay, there was no effect on growth. 

Formation of 2-oxaZylamino_3-arninopropionic acid &ring 
isolation procedures 

Others investigators [2,3] have surety that the 
2-o~lylamino isomer (2) occurs naturally in plants, since 

they found it in small amounts (about 5% of total toxin) 
in plant extracts prepared in the cold and analyzed 
promptly to rule out the possibility of rearrangement 
in vitro. Using 3-~“4C-oxalyl]amino-2-aminopropionic 
acid (l-14C), we tested the possibility that the small 
amount of 2 found in plant extracts might form during 
ele~trophoresis. This proved to be the case. When 30000 
dpm of l- j4C which had been purified by paper electro- 
phoresis, was’ subjected to electrophoresis as described 
by Roy and Rao [3], 94.6% of L4C was recovered un- 
changed; 5.4% was recovered as the 2-oxalylamino 
isomer (2-14C). A similar experiment with 2-(“C-oxalyI)- 
boo-3-~nopropionic acid (2-“‘C), which had been 
purified by paper electrophoresis, demonstrated that this 
compound also rearranges during electrophoresis: 78.9% 
was recovered unchanged, 19.2% as the 3-oxalylamino 
isomer (1-14c). 

Isolates of 3-ox~yl~no-2-~no~opioni~ acid (1) 
from L. sutj~s seeds fluency contain ca 30% of 2. 
It was therefore of interest to determine to what extent 
2 is formed during isolation procedures routinely used 
in our laboratory. We therefore carried 9OooO dpm of 
purified 3-r~4C-oxalyl]~n~2-a~nopropionic acid 
(l-“C) through the isolation procedure described by Rao 
et al. [l]. About 75% of the radioactivity was recovered 
unchanged; 25% of the radioactivity was recovered as 
the 2-oxalylamino isomer (2-14C). Most of the rearrange- 
ment occurred during chromatography on Dowex 50 
(H’) and when electrophoretically homogenous 1-“‘C 
was carried through this procedure, 17% was recovered 
after el~~ophoresis as 2-“C 

In summary, experiments described here show that 
L-2-oxalylamino-3-aminopropionic acid (2) has neither 
the neurotoxic nor the glu~te-~~g~~ng properties 
ch~act~~ti~ of the L. sativus neurotoxin, L-3-oxalyl- 
amino-2-~nopropionic acid (1). They show that the 
quantities of 2 detected in seed extracts approximate 
those formed by rearrangement during isolation and 
electrophoresis. Our experiments do not rule out the pos- 
sibility that some rearrangement of 1 to 2 may occur 
within the plant. However, it appears that any in vi00 
r~rangement is of tinor qu~titative irn~~n~, If 
any Z-oxalylamino isomer is naturally present in the 
plant, then one must assume that it formed either by 
a presently unknown enzymic reaction or by non-enzy- 
mic re~r~~rn~t. In the latter case, the presence of 
2 in the pIant may be considered an artifact in that it 
does not represent a purposeful biological transforma- 
tion. 

EXPERIMENTAL 

Prepmadion oj- L-3-a~o-2-ox~:alylaminopropionic acid 

t3-Be~yZoxyearbonyl~‘~o-2-aminopropi acid was pre- 
pared from ~~3-~a~nopro~ionic acid (~lbi~he~ La 
Jofla, CA) by the method of ref [6]. 

~-3-Be~ylox~~bonlya~i~-2-ox~~yl~’~oprupio~~c acid. 
To a chilled soln of oxalyl chloride (32 ml) in 300 ml of dry 
dioxane was added 7.71 g (32.4 mmol) ~2-a~no-3-~nzyloxy- 
c~bonylamino~ropionic acid. The mixture was stirred at 
room temp. for 2.5 hr, and was then poured into 200 ml 
crushed ice. The soln was made basic by ihe addition of solid 
NaHCO? and extracted witb EtOAc. The organic laver was 
discardA. The aq layer was acidified with cone H$, and 
extracted with EtOAc ( x 3). Combined organic extracts were 
dried (MgSO,), and solvent removed to afford 4.39 g (630/,) 
of the product, a viscous oil which was pure enough for pre- 
parative purposes. A pure sample was obtained by dissolving 



2-Oxalylamino isomer of Latkyrus neurotoxin 1259 

a sample of the crude material in HO, treatment with cbar- 
coal, and lyophilization. Drying in &c& (65”) gave the pure 
material as the hemibydrate, a Dale vellow oil. fa1Z2.5 -I- 45.7” 
(c = 0.86, H,O); PMR 60 MHz (a&toned,j 94+(s, 2H), 8.5 
(broad d, J 9 Hz, lH), 7.33 (s, 5H), 6.7 (broad t, J 5 Hz, 
1H) 5.10 (s, 2H), 4.67 (m, lH), and 3.78 (m, 2H); IR (CHCl,) 
3400, 3050, 1745, 1510, and 1200 cm-‘. (Found: C, 48.94; 
H, 4.69; N, 8.62. C~~~~~N~O~,~H~O requires: C, 48.90; H, 
4.74; N, 8.78). 

L-3-Amino-2-oxalylaninopropionic acid. L-3-Benzyloxycar- 
bonylamino-2-oxalylamiminopropionic acid (2.23 g, 7.2 mmol) 
was dissolved in IO0 ml MeOH, and the soln diluted with 
100 ml 10% aq. HOAc. The soln was treated with 1 g 10% 
Pd on C, and the mixture hydrogenated at room temp and 
normal pressure for 3 hr. The catalyst was removed, and the 
MeOH removed under red. pres. The aq residue was freeze- 
dried and the product suspended in 10 ml HzO, collected 
and washed with MezCO tone to give 1.06 g (76%) of crude 
material. Repetition of the H20 and Me2C0 washes gave the 
pure product as the b~hy~~te, mp 170-172” (gas evolution); 
[a%;’ + 14.7” (c = 2.00, 1.0 N KOH); IR ~ujoi) 3600, 3500, 
3450, 3300, 3050, 1700, 1610, 1500, 1290, and 1235 cm-‘. 
(Found: C, 3265; H, 4.87; N, 15.23. C,HnNzOl** H,O - - __ 
requites: C, 32.43; H, 4.86; N, 15.140/,). Paper electrophor&is 
131 of the product (pH 2.2. 300 V. 4 ht) revealed a sinnle 
~i~hy~in-~si~~ compound. Its ele&rophoretic mobility aid 
color reactions were identical to those of the presumed Zoxa- 
lylamino component of a mixture of oxalyldiaminopropionic 
acid isomers isolated horn L. sativus seeds. (The natural prod- 
uct contained ca 65% of 1 and 35% of 2, as indicated by 
intensity of ninhydrin color after separation in electro- 
phoresis.) The ~-dimethyl~nome~yl~e methyl ester [8] of 
the synthetic material had the same GLC retention temp 
(237”) as that of one component of the natural product. (The+ 
mal conductivity detector, He, 40 ml/mitt; temp progt~med 
117°-300” at 4”/min; injector 247”; detector 243”; 3 m x 3 
mm glass; 3% OV-1‘7, injected on column.) The second com- 
ponent of the natural product was identical in retention temp 
(242 ) to the ~-dimethylaminomethyI~e methyl ester deri- 
vative [S] prepared from authentic (1) [4]_ 

~-3-[‘~coxaIyTlamino-2-a~i~opropionic acid (1-W). Unla- 
belled oxalic acid (10 mg) was combined with 26 /tCi of oxalic 
acid[14q dihydrate (74 mCi/mmol) purchased from Amer- 
sham-Searle. The mixture was converted to dimethyl oxalate 
[ 133 and 0.04 mm01 was reacted with L-2,3-diaminopropionic 
acid (0.07 mmol) as described by Rao et nt. [I], except that 
the coupling step was carried out at pH 7. Paper electro- 
photesis [3] of the product (pH 2.2, 3oOV, 4 hr) revealed two 
ninhydrin-positive bands. The faster moving component 
traveled 4.05 cm toward the anode and was identical in color 

reactions and electrophoretic mobility to authentic 1. The 
slower moving band travelled 2.50 cm toward the anode and 
exhibited the grayish-purple color characteristic of 2. The iso- 
merit oxalyldiaminopropionic acids were recovered by elu- 
tion from replicate paper strips. Recovery of the radioactivity 
from one such strip was quantitative, 69.5% was recovered 
as 1-14C and 30.0% as 2-W. The purified product had a 
sp act of 240 ~Ci/m~l and was equal in biological activity 
to authentic 1 when tested in a yeast growth assay [4]. (Low 
sp act 1 was synthesized primarily to determine the radio- 
chemical purity of the oxalate[“C&) Animal experiments were 
carried out with l-day-old female chicks from the University 
of Illinois colony of cross-breed broilers (New Hampsh~e 
males x Colombian females) or with 3-day-old mice reared 
in our laboratory from C57B1/6J parents Solns of I and 2 
were adjusted to pH 7.5 with NaOH and administered by 
intraperitoneal injection. Yeast experiments were carried out 
as described in ref. [4] using strain aS-288C-27. 
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