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Ah&met-Two oxalyl derivatives of q-diamiuobutyric acid have beeu isolated from the seeds of Lathyrua 
lat~olti. The reversible tram&r of the oxalyl group between the a- and @o groups of the amino acid 
with the establishmeut of an equilibrium has been demonstrated. a-Oxalylamiuo+aminopropioGc acid, an 
isomer of the ueurototi a-amino-~xalylaminopropiouic acid, has beeu found together with the ueurotoxiu 
in seed extracts of this same species and also in seed extra& of L. sativus, L. cZymenum aud L. &em, species 
implicated in classical “lathyrism”, a neurolathyrism, which a&&s man and domestic animals. Au analogous 
transfer of the oxalyl group betweeu the cc- and /3-amine groups of a&diaminopropiooic acid has also been 
shown. The phylogenetic and toxicological signikmce of thege findings is discussed. 

INTRODUCTION 

THREE compounds toxic to higher animals have been isolated from various species oflathyrus. 
These are /3(A+ghuamyl)-aminopropionitrile from L. mforatu~,~ L-aq-diaminobutyric 
acid from L. latifohs2 and L-a-amino-/3-oxalylaminopropionic acid from L. sativm3~ 4 The 
last-mentioned of these substances has been found in twenty-one other species of the genus s 
(including L. cicera and L. cljmemm, species implicated with L. sativus in classical “lathyr- 
ism”, a neurological disease affecting man and domestic animals). In ten of these it is accom- 
panied by two acidic derivatives of a+liaminobutyric acid one of which has been identified 
as a-amino-y-oxalylaminobutyric acid. 6 A study of these derivatives of a,ydiaminobutyric 
acid was undertaken not only because they were of interest in themselves but also because it 
was thought that the establishment of their identity might provide data for the biochemical 
evaluation of phylogenetic relationships between species of this genus. The possibility that 
they might be toxic to higher animals was also borne in mind. 

The present paper describes the isolation and characterization of these compounds, their 
relationship as readily interchangeable isomers, and the discovery of a similar relationship 
between the corresponding derivatives of a$diaminopropionic acid. Of these a&ditio- 

propionic acid compounds, the a-o&l derivative has been found in relatively low concentra- 
tions in species which synthesize the toxic p-derivative, but due to the ease with which trans- 
formation occurs as much as 40-50 per cent (judged by colour yield) of the /g-derivative may 

1 E. D. ScHILLINa and F. M. STRONG, J. Am. Gem. Sot. 77,2843 (1955). 
zC.RmsrmqP.A-maudR.H. ERENBBRG, science l34,188 (l%l). 
3 S. L. N. RAO, P. R. hmA aud P. S. SARMA, Biochemistry 3,432 (1964). 
4 V. V. S. Mv~n, T. R S-RI and T. A. vENKlTASLJBUMANL4N, Phytochem. 3,73 (1964). 
5 IL A. BEL.L, Nature 203,378 (1964). 
6 E. A. BELL, Fed. Europ. Biochem. Sots. Abst. 1,53 (1964). 
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be converted to the cr-oxalyl isomer during isolation procedures unless suitable precautions 
are taken; a factor which cannot be overlooked when studying the toxicity of either. 

RESULTS AND DISCUSSION 

When freshly prepared extracts of L. Iatijblius seed are subjected to high-voltage iono- 
phoresis on paper at pH 3.6 the fastest-moving acidic compound readily detectable with 
ninbydrin is the /&oxalyl derivative of ~.~-diaminopropionic acid. Moving slightly slower 
and in comparable concentration (about 1 per cent dry wt of seed) is the compound which 
has been identified as a-amino-y-oxalylaminobutyric acid and this in turn is followed by a 
second derivative of r,y-diaminobutyric acid which occurs in lower concentrrttion. 

After elution from the ionophoresis papers and actd hydrolysis. the only products of the 
slower-moving compound which could be detected by ionophoresis were the y&me as those 
found after hydrolysis of the r-amino-y-oxalylnminobutyric acid, namely oxalic acid and 
a.y-diaminobutyric acid. 

After standing at 4- for several weeks it was observed that the concen~ation of the 
slower-moving derivative of -a-y-diaminobutyric acid in seed extracts (SOP,: ethanol) had 
increased and that of the faster-moving a-amino-y-oxalylaminobutyric acid had decreased. 
Complete disappearance of the faster compound did not occur however, suggesting that an 
equilib~um between the two might exist. Support for this suggestion came from the work 
of Rao7 who observed c1 second acidic compound in solutions of synthetic .x-umino-y-oxalyl- 
aminobutyric acid which he prepared by the action of ethoxalyl chloride upon the copper 
salt of a,y-diaminobutyric acid. The two components of the synthetic mixture (kindly given 
by Dr. S. L. N. Rao) when subjected to high-voltage ionophoresis at diiyerent values of pH 
behaved in all respects as the two derivatives of a.y-diaminobutyric acid found in the seed 
extracts. 

The isolation of the two compounds from a concentrated extract of L. larijblitrs seed was 
attempted by passing the extract successively through columns of cation and anion exchange 
resins and then displacing the acidic compounds from the anion exchange resin with 0.4 N 
acetic acid. In this way a series of fractions containing varying proportions of the two 
x,y-diaminobutyric acid derivatives and ff-amino-~-oxalylamin~~pr~~pionic acid (later shown 
to be a mixture of isomers) was obtained. 

When isolated from the first fmctions the slowest moving of these compounds analysed 
as the monohydrate of a monooxalyl derivative of a.y-diaminobutyric acid and on hydrolysis 
with 4 N-hydrochloric acid gave oxalic acid and L-ct.y-diaminobutyric acid. 

The unhydrolysed compound gave with ninhydrin an atypical grey-purple which 
developed slowly. The colour was not affected by pre-treatment with cupric nitrate however. 
indicating that the compound did not contain a free amino group in the a-position.8 

As the compound moved towards the cathode on ionophoresis at pH l-9 it contained at 
least one free basic group. and the presence of ionizable groups with apparent pK values of 
2.0, 3-O and 10.2 (cf. 10.2 for the y-amino group of cr.y-diaminobutyric acid), were found on 
titration. Its i.r. absorption spectrum showed absorption maxima at 3380 (.CO. NH .), 

3110 (NHf stretch), 1715 (COOH), 1620-1660 (.CO.NH. +NH] deformation) andT20 
cm+ (amide IT: secondary noncyclic amides onlyY)hich were consistent with the chemical 
evidence that this slow-moving derivative was t.-rw-oxalylamino-y-aminobutyric acid. 

Y S. L. N. RAO. Prrvate communicatron. 
R P. 0. LARFEN and A. KJ~ER, Ej~~~~~~~z. Brophw. 4re~ 38. 148 f 1960). 
4 L. J. BELLAMY, The Ittfru-red Specttu of Complex Moiecttlev (2nd Ed.), p. 205. Methuen. London (1960). 
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The fractions which contained the f~~-rno~g derivative, previously identified as 
a-amino?oxalylaminobutyric acid, together with traces of the a-oxalyl isomer were bulked, 
freeze-dried, and the residue, after redissolving in a small volume of water, precipitated with 
acetone. The product obtained still contained traces of cc-oxalylaminoJy-aminobutyric acid 
however and attempts were made to purify it by ~~s~~t~on from hot aqueous acetone 
and other solvents. These failed, the recrystalliid material containing a higber proportion 
of the a-oxalyl isomer than the original mixture. On recrystallixation from hot water with 
slow cooling large crystals of two species, elongated prisms and regular flat hexagons were 
obtained. Most of the material was in the form of aggregates containing both crystal types, 
but individual crystals did exist and examples of each were separated by hand-picking. On 
dissolving the crystals in water and subjecting them to ionophoresis it was found that the 
elongated prisms belonged to a-o~yl~n~~~nobu~c acid and the hexagons to 
~-~no-~o~ly~~nobu~~ acid. Elementary analysis of the hexagonal crystals agreed 
with the previous identification of the fast-moving compound. The i.r. absorption spectrum 
of these crystals showed maxima at 3325 (.CO.NH.), 1630-1660 (.CO.NH.), and 1590 
cm-’ (CO;), but no maxima corresponding to E$ stretch or CO&%. The absence of 
absorption at these wavelengths and the presence of a strong C: 0 absorption at 1775 cm-l 
(comparable with the . C: 0 absorption found in strained ring systems) suggests that this 
isomer exists as a hydrated lactam in the solid state, In solution however the compound is 
positively charged at pH 1.3 and forms a chelate with cupric ions aping the presence of a 
free a-amino group and the open structure originally assigned to it. 

InsutEcieut of this compound was isolated for a direct determination of its co@uration 
to be made, but knowing that the slower-moving derivative was rca-oxalylamiuo-y-amino- 
butyric acid an aggregate of mixed crystals cont~ng appro~ma~ly 50 per cent of each 
compound was hydrolysed and the a,y-diaminobutyric acid derived from the mixture shown 
to be of the L-isomer, tbereby cotirming that both compounds were derivatives of Ga,y- 
diaminobutyric acid the faster-moving being L-a-amino-y-oxalylaminobutyric acid. 

Demo~tratio~ of un ~~~~r~ b~t~~~~ the TWO ~~a~~1 D~r~~ati~~ of ~,~D~rn~~t~r~~ 
Add 

Changes in the relative concentrations of the two oxalyl derivatives in seed extracts and 
the difkulty of ob~~g the yoxalyl compound pure from hot solvents led to the conch&on 
that we were dealing with an equilibrium mixture. This was confirmed by dissolving pure 
crystals of each compound in 0.4 N acetic acid (the acid previously used for displacement). 
On standing at room temperature a slow reversion to an isomeric mixture occurred in each 
solution, the same chauge also took place in water, the rate of change increasing rapidly 
with temperature. 

CO-COOH HOOC-CO, 

AH NHz - - NH 
\2 

\CH2-CHI-C$ CH2--CHz 4 :OH COOH 

co- co 
l$H 

YH 
CH2-CH2-_CH 

COOH 

(Possible intermediate) 
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The mechanism of this change has not been examined but it may possibly involve the 
formation and hydrolysis of an unstable cyclic intermediate. 

Detection of u-Osalylamino-/I-aminopropionic Acid in Seeds of L. latifolius, L. sativus. 
L. clymenum arld L. cicera and the Esistence of an Equilibrium between it and its j3-Osal_sl 
Isomer 

The finding of an equilibrium between the two x.y-diaminobutyric acid derivatives led US 

to examine the possibility that the a-oxalyl derivative of a$-diaminopropionic acid might 
exist in species of Lathyrus and undergo reversible transformation to the neurotoxic p- 
derivative. By applying seed extracts to ionophoresis papers in fine stripes and continuing 
ionophoresis for longer periods than before the presence of a compound occurring in lower 
concentration than the other acidic detivatives, giving a grey-purple with ninhydrin. and 
moving immediately behind u-amino-/?-oxalylaminopropionic acid was detected. A much 
higher proportion of this compound was found in the recrystalhzed material. nominally 
.r.-amino-/3-oxalylaminopropionic acid, which had been isolated from the large-scale extract 
of L. Zatz&lins seed. Samples of the two components were obtained by elution from iono- 
phoresis papers and on hydrolysis both gave oxalic ncid and a$-dlsminopropionic acid. On 
heating in aqueous solution the individual components reverted to a mixture in the same 
manner as the a,y-diaminobutyric acid derivatives. The slovvcr-moving of the two a$- 
diaminopropionic acid derivatives reacted with cupric nitrate and ninhydrin as if it were an 
amino acid containing a substituted a-amino group* indicating that it bears the same relation- 
ship to the neurotoxin as does a-oxalylamino-y-aminobutyric acid to its isomer. and that an 
analogous equilibrium between the lower homologues exists. 

co coot1 IiOO(’ co 
YH NH, ‘7-1 J YH: ;rH 

C’H. CH 
\, 
<‘lid---CH 

COO H ‘COOH 

,CO- C<’ 

>H NH 

k-H, c;l 

i-oott 

(Possible Interndlatc) 

The relative concentrations of the w-oxalyl to the a-oxalyl derivatives in the plants 
suggests that enzymic oxylation occurs preferentially on the amino group furthest from the 
carboxylic acid group. Indeed the possibility that the a-oxalyl derivatives in the plant may 
arise by isomeric change in vho rather than by enzymic oxylation cannot be excluded at 
present. That the a-oxalyl derivatives are not artifacts was confirmed by the analysis of 
extracts immediately after their preparation in the cold. 

Pbylogenetic SigniJicaiice 

The genus Lathyrus has been sub-divided on the basis of ninhydrin-reacting compounds 
which occur in high concentrations in the seeds of its species. to* I1 In Table 1, the distribution 

1” E. A. BILL, Biochem. J. 83,225 (1962). 
11 E. A. BELL, In Comprative Phytochemistry (Edited by T. SWAIN), p. 195. Academic Press. New York 

(1966). 
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of these compounds in the species of groups I and II are restated, two of the original “un- 
knowns” being now identified as the oxalyl derivatives of a+%aminobutyric acid. 

TABLEI. THEDLSRIBUTX~NOF NsNIiYDItxN-~cnN~coMpouNDs -~INBI~ooNcBNfRAnoN 
~~OF~~~OF~~~~ 

Group No. NZUW BI Bz N2 AI A2 A3 

I 1 
2 
3 

4 

: 

: 
9 

10 
11 
12 
13 

L. aurantius 
L. Iufeus 
L. taevlga&s 

sp. awe= 
L. sybestris 
L. iat~0iiu.S 
L. heterophylks 
L. gorgom- 
L. grar@¶orus 
L. cirrhosus 
L. ~~51~ 

L. tense 
L. mz&~om 
L. ll.nduhtw 

II 14 L. ala&s ++ 
15 L. articulds ++ 
16 L.alW?LW ++ 
17 L. setifo~~ ++ 
18 L.~~~ ++ 
19 L. ochrus +-I- 
20 L. clymeiul?n ++ 
21 L. sativus -I-+ 
22 L. Inegallaniuis ++ 
23 L. qudkargittatus ++ 
24 L. &era C-l- 

-t+ 
-I-+ 
-I-+ 

-i-f T f 
++ + 
+i- + 
I-+ + 
+l- + 
++ + 
++ T f 
+-i- + 
++ T T 
-I-+ + T 

“t+ 
++ 
++ 

+++ 
++ 
4-f 
++ 

T 
T 
T 

: 
T 

+ T +-t--t 
+ l-f 
-I- ; f-i- 
+ 
+ T : + T + + f 
4 TT + + ++ F f 

-I- 

TT 
T+ 
; 
T 

T=~Ixx; &=tihmm&b; ~=~a,+li~otWyk acid; N~=“uI&so~"; A~=~a-a.t&o-~ 
oxalylaminopropionic acid; Az=L- wamino-y-oxalylaminobu~c acid; A,=ta-oxalylamino-y-amino- 
butyric acid; Arg. = arginim. 

’ On re-exammi ‘ng the relationships (with respect to the biosynthesis of amino acids and 
derivatives) which exist between the species of these groups in the light of these new ident.ifka- 
tions several points of interest emerge. Firstly if the ninhydrin “patterns” given by the seed 
extracts of the last ten species in group I are compared witb those given by the species of 
group II it will be seen that they resemble each other in one respect (the presence of a-amino- 
,&oxalylaminopropionic acid) and diEer in three respects, namely the replacement of a,p 
diaminobutyric acid in group I by homoarginine in group II and the occurrence of two 
additional acidic ~rn~~ds in group I. Knowing the identity of the additional acidic spots 
and that the same enzyme system is responsible for the oxylation of both diamino acids (as 
preliminary experiments in this laboratory indicate) then it is apparent that the presence of 
the two oxalyl derivatives of a,y-diaminobutyric acid can be discounted when considering 
biochemical similarities and ditkences between these two groups of species, as the information 
they represent (that these species can synthesize a,y-diaminobutyric acid and contain an 
oxyhtting system) is already available to us in the presence of the identitled “spots” of free 
a,+iaminobutyric acid and a-~~~o~y~opro~o~c acid. Paradoxically however, 
the absence of the two acidic derivatives of aqdiaminobutyric acid from the seeds of the 
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first three species of group I cannot be ignored in studying the relationship which exists 
between these three and the remaining species of the same group or between these three and 
the species of group II. for their absence tells us that they differ from all the other species of 
the two groups not only in failing to synthesize r$-diaminopropionic acid but also in lacking 
an oxylating system. The superficially complex “pattern ‘* difference seen between the last 

ten species of group I and the species of group II resolves itself therefore into a single alterna- 
tive between homoargininr and a,y-diaminobutyric acid synthesis. while the tirst three 
species of group I appear to bc correctly placed. furthest from group Il. in that they differ in 
two other respects, their inability to synthesize a$-diaminopropionic acid or to oxylote the 
diamino acid which they do synthesize. The o.xalyl derivatives of r,y-diaminobutyric acid 
provide here interesting examples of characters which are of no significance when comparing 
one group of species (No. 4-l 3) with a second group (No. 14-24) but are of significance when 
comparing either of these groups to a third (No. l-3 J. 

The ingestion of seeds of L. satins, L. cicera and L. clymemm, three species of group II, 
have been reported to induce classical lathyrism (a neurolathyrism) in man and higher 
animals.” The isolation from L. satirus ofa compound identified as +amino-&oxalylamino- 
propionic acid which produced neurotoxic symptoms in chicks provided a likely explanation 
of this toxicity. The results reported in the present paper however leave some degree of 
doubt as to whether the toxic effects are due entirely to c+amino-&oxalylaminopropionic 
acid. to its a-oxalyl isomer or to both compounds. The toxicity of these two derivutiies and 
also the toxicity of the two oxalyl derivatives ofr.y-diaminobutyricacid are bemg investigated. 

lonophoresis 

EXPERIMENTAL 

fonophoresis was conducted on Whatman 3 MM paper using a horizontal method 
essentially that of Gross.r3 Buffer solutions of pH 1.9, 3.6 and 6.5 (prepared as previously 
described rJ). and of pH I.3 formic acid (98-100 Y;)-acetic acid-water (200: 147:2000, by 
vol.) and pH 3.0 (acetic acid-pyridine-bvater (170: 10: 1820. by vol.) wcrc used, a potential 
difference of 60 V,‘cm being applied for 30-40 min. At pH 3-O the four oxalyl derivatives wcrc 
completely resolved 111 40 min. 

/&a-red Ahsorptiotl Specttw 

Infra-red absorption spectra were determined with a Perkin-Elmer spectrophotometer 
(No. 235) using the KCI disc technique. 

Extraction of L. latifolius Seed 

Finely ground seed of L. latifolim (2 kg). obtained from Sutton and Sons Ltd.. Rrading. 
was extracted with acetone in a modified Sovhlet apparatus to remove fat and pigments. The 
drfatted seed was shaken with cold 50”,, ethanol (4 x 5 I.. 8 hr each time). The combined 
extracts were reduced to 9 1. by distillation under reduced pressure and passed suzcessivcly 
through a column (120 cm = 7 cm) of weakly acidic cation exchange re\in (Zco-liar-h 2%) in 



The isolation of Q- and roxalyl derivatives of a,y-diaminobutyric acid from seeds of Lufhyrus Iatifolius 1217 

the H form and a column (250 cm x 4 cm) of strongly basic anion exchange resin (De-Acidite 
FF) in the OH form. The De-Acid& column was washed with 20 1. of water and the basic, 
neutral and weakly acidic ninhydrin-reacting compounds (glutamic acid and aspartic acid) 
displaced with 0.1 N acetic acid (5 1.). After an equal volume of O-2 N acetic acid had been 
passed through the column without displacing the strongly acidic compounds the concentra- 
tion of the acid was raised to O-4 N. After adding 600 ml of this acid the least acidic of the 

. . . . 
a,y-duunmobutyrrc acrd derivatives was detected in the effluent. The next 5 1. of effluent 
contained this compound together with small amounts of a-amino-y-oxalylaminobutyric 
acid and yielded 2.3 g of solid when freeze-dried. The following 5 1. yielded 3.5 g of solid 
which was mainly a-amino-y-oxalylaminobutyric acid but contained traces both of the less 
acidic a,ydiaminobutyric acid derivative and of a-amino-/3-oxalylaminopropionic acid. All 
remaining ninhydrin-reacting material was displaced in the next 8 1. of effluent which on 
freeze-drying yielded 2.6 g of solid which was mainly the “a-amino-#?-oxalylaminporopionic 
acid” (later shown to be an isomeric mixture) with traces of a-amino-y-oxalylaminobutyric 
acid. 

Isolation of a-Oxalylamino-y-Aminobutyric Acid 

The solid obtained from the first 5 1. of ninhydrin-positive effluent was dissolved in water 
(50 ml), the solution shaken in the cold with charcoal, filtered and acetone added until it 
became cloudy. After 3 days at 4” the needles which separated were filtered off, redissolved 
in water and reprecipitated with acetone. Yield 1 g, m.p. softens at 140, dec. 178” (Found: 
C, 34.72; H, 5.84; N, 13.91. C6H1005NZ, Hz0 requires: C, 34.61; H, 5.77; N, 1346 %) 
[a]%- 15.65 (c l-3, HzO). A solution of the crystals in water was found on ionophoresis to 
contain only the slower-moving derivative of a,ydiaminobutyric acid. On titration (60 mg 
with O-5 N HCl and O-5 N NaOH) the compound was found to contain three ionizable groups 
(apparent values of pK, 2.0, 3-O and 10.2). The isolated compound (80 mg) was hydrolysed 
with 4 N HCI (3 ml) in a sealed tube at 80” for l-5 hr and the solution taken to dryness at room 
temperature under reduced pressure. The crystalline residue was triturated several times 
with boiling ether, the ether extracts were combined and evaporated, leaving a white powdery 
residue. This residue was dissolved in water (0.5 ml) and the solution allowed to evaporate 
at room temperature. Large colourless crystals were obtained, m.p. 102”, no depression of 
m.p. was observed when these were admixed with the dihydrate of oxalic acid (Found: C, 
19.56; H, 5.16. Calc. for CzHz04.2HzO: C, 19.6; H, 4.8 %). The crystals gave the charac- 
teristic reactions of oxalic acid with diphenylamine, indole and sulphuric acid and they 
decolorized acid potassium permanganate. 

The second hydrolysis product which did not dissolve in ether was warmed with methanol, 
and water added drop by drop until solution was complete. On standing at 4” long colourless 
needles separated, m.p. 210”, [a]%+ 11.71 (C l-3, HzO) (Found: C, 27.93; H, 6.63; N, 15.98. 
Calc. for C4H1002Nz l+ HCl: C, 27.8; H, 6.65; N, 16.2%). No depression of m.p. was 
observed when this compound was admixed with the sesquichloride of L-a,y-diaminobutyric 
acid prepared by recrystallizing the synthetic dihydrochloride from aqueous methanol in the 
same way (cf. Wilkinsonl”). The identity of the compound was confirmed by subjecting it 
to ionophoresis at pH values of l-9, 3.6 and 6.5 using authentic L-a,y-diaminobutyric acid 
as a marker and by showing its i.r. spectrum to be identical with that of the authentic 
compound. 

15 S. WILKINSON, J. C’hem. Sot. 104 (1951). 
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Isolation of cr-Amino-y-Oxaiylaminobutyric Acid 

The freeze-dried material (3.5 g) which was predominantly a-amino-y-oxalylamino- 
butyric acid was dissolved in hot water (10 ml), boiled briefly with charcoal, filtered, cooled 
slowly and kept at 4” for 17 hr. After this period a crop of large crystals ( 1.1 g) had separated 
and was removed by filtration. Under magnification (x 8) it was seen that two distinct 
crystalline species were present (flat hexagons and elongated prisms). Examples of each type 
were separated by hand-picking and the flat hexagons were found on ionophoresis to be the 
crystals of a-amino-y-oxalylaminobutyric acid. Sufficient of these were separated for 
elementary and i.r. analysis; m.p. softens 180”, dec. 204’ (Found: C. 37.46: H, 5.76; N, 14.12. 
C6Hn,05N requires: C, 3789; H, 5.26; N. 14.740,d). On dissolving the hexagonal crystals 
in water and adding ethanol fine needles were obtained. (Found: C, 37.94; H, 5.53; N, 
14-l I%.) Both hexagonal crystals and needles gave the same i.r. spectrum which is described 
above. An aggregate of crystals (O-2 g) containing approximately equal amounts of ~-a- 
oxalylamino-y-aminobutyric acid and the faster-moving L-amino-y-oxalylaminobutyric acid 
(probably a lactam in the solid state) was hydrolysed with 4 N HCI (3 ml) in a sealed tube for 
17 hr at 80”. The hydrolysate was taken to dryness at reduced pressure, extracted with 
boiling ether and the ether-soluble material shown to be oxalic acid by mixed m.p. and the 
colour reactions previously described. The residue which did not dissolve in ether was 
recrystallized from aq. methanol. (Found: C, 27.92; H, 6-85; N, 15.7: Cl. 31-O. Calc. for 
C4H1,,02N2 l+HCI: C, 27.8; H, 6.65; N, 16.2; Cl, 31.5 ‘4.) [a]%+ 18.47 (c2.7,5 N HCl) cf. 
synthetic sesquihydrochloride of t.-a,y-diaminobutyric acid [z]%+ 19-S (c 2.7. 5 N HCl). 

The Interconversion of the CL- aud y-Oxalyl Derivatives of z,y-Diaminobutyric Acid 

a-Amino-y-oxalylaminobutyric acid (15 mg of hexagonal crystals recrystallized from 
water) and cr-oxalylamino-y-aminobutyric acid (l-5 mg precipitated with acetone) were 
dissolved in O-4 N acetic acid (1 ml each). After 4 days at room temperature each solution 
was found to contain two ninhydrin-reacting components; a high concentration of the 
original derivative being accompanied in each solution by a low concentration (2-3 per cent) 
of its isomer. On standing at 50’ for 17 hr the proportions of the minor constituent in each 
solution had increased, the ratio of major to minor constituent now being in the order of 2: 1. 
An equally marked transformation was observed when solutions of the same concentration 
in water were heated at 80” for 17 hr. 

The Isolation of ” cr-Alnino-BO.ralylanliitopro~iorlic Acid” (Subsequerltly Shown to be 1111 
lsomeric Mistwe) 

The freeze-dried material (2.6 g) obtained from the last fractions displaced from the 
De-Acidite column was recrystallized twice from hot 50:; ethanol to give a colourless 
crystalline solid (O-8 g), m.p. 164-167’ dec. (Found: C, 31.85; H. 5.58; N, 15.30. Calc. for 
CsHsOsNz *Hz0 (cf. Ref. 4): C. 32.4; H, 4.9; N, 15.13 y,&) When subjected to ionophoresis 
at pH 3.6 (60 V/cm for 15 min) this material appeared to contain only one component. 

The Identification of u-Oxa&lamino+Aminopropionic Acid in Seeds of L. sativus, L. cicera 
and L. clymenum and in the “ I-.~nlbo-&O.uaIylaP)tinopropio~li~ Acid” from L. latifolius 

Seed of these species (100 mg) was ground and shaken with 1 ml 50 O0 ethanol in the cold 
for 4 hr, filtered and the filtrate applied as a thin stripe to paper and subjected to ionophoresis 
at pH 3-6 for 40 min. Immediately behind the concentrated band of ,r-amino-P-oxalylamino- 
propionic acid was a compound which gave with ninhydrin a slowly developing grey-purple 
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which was not affected by pre-treatment with cupric nitrate. The concentration of this 
compound was about 5 per cent of that of the Boxalyl derivative. 

On ionophoresis under the same conditions it was found that the “ a-amino-/3-oxalyl- 
aminopropionic acid”, obtained by recrystallizing the last freeze-dried fraction of the large- 
scale extraction of L. htifolius seeds from 50 y0 ethanol, contained approximately 50 per cent 
of this slower-moving compound. These two components were separated by ionophoresis 
and eluted from the paper with water. On hydrolysis in N HCl for 7 hr at 80” each component 
gave the same two derivatives, a$diaminopropionic acid (identied by ionophoresis at pH 
l-9,3*6 and 6.5 using authentic material for a marker, and by the typical blue-green given 
by this amino acid when treated successively on paper with ninhydrin and Ehrlich’s reagent), 
and oxalic acid (identified by chromatography l6 and the colour reactions already described). 

The Interconversion of the a- and /3-Oxalyl Derivatives of a$-Diaminopropionic Acid 

Solutions (approximately 0.01 M) of the two oxalyl derivatives of a$diaminopropionic 
acid, prepared by eluting the compounds from ionophoresis papers with water, were heated 
at 80” for 17 hr in sealed tubes. On ionophoresis each of the heated solutions was found to 
contain a mixture of isomers; in each the concentrations of the two components were approxi- 
mately the same (as judged by colour intensity with ninhydrin). 
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