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Abstract-The contents of ammo acids and pepttdes have been investigated m seeds of Fugus dtutm L (beech- 
nuts) In addttion to the common ammo acids, the followmg compounds have been Isolated and identified 4- 
hydroxyprolme (probably the cls-L-Isomer), N5-acetylormthme, 3-(2-furoyl)-I.-alanme, methionme sulfoxtde 
(probably an artefact), pipecolic acid (probably partially racemized D-isomer), L-wtlldrdime (with d small amount 
of the o-isomer), N-(3-amlno-3-carboxypropyl)azetldlne-2-carboxyllc actd, h’-[N-(3-ammo-3-carboxypropyl)- 
3-ammo-3-carboxypropyl)azettdme-2-carboxyhc acid, ?(S),S(S),6(S)-S-hydroxy-6-methylpipecohc acid. 
2(S),S(R),6(S)-S-hydroxy-6-methylptpecohc acid, y-glutamylalamne, y-glutamylglutamic acid, ;l-glutamylisoleu- 
cme, y-glutamylleucme, y-glutamylmethionme sulfoxide (probably dn artefact). ;+glutamylphenyldlanme. ;I-gluta- 
myltyrosme, y-glutamylvalme, glutathtone, y-glutamylwillardnne, and y-glutamylphenyldlanylwillardune r-Glu- 
tamylphenylalanme and willardime are the dommatmg components of the ammo acid fraction 

The isolations were performed by use of ton exchange chromatography. takmg advantage of the different pK- 
values of the ammo acids, mamly on acid resins m the 3-chloropyridmmm form with aq 3-chloropyridme as 
eluant and on basic resms m the acetate form wtth aqueous acetic acid ds eluant These methods m combmatton 
wtth preparative paper chromatography have permitted the isolation and identification of compounds present 
m amounts as low as l/6000 of the dommant nmhydrm-reactive component The impltcations of the occurrence 
of this large variety of compounds in the FdgaCCde are briefly discussed 

INTRODUCTION 

SEEDS of Fayus szIuatrcu L. (beechnuts) have been used as food for man and animals since 
ancient times. They contam however toxic prmctples as reported in the literature 2 ’ The 
nature of the toxic constituents has not been established, but it seems likely that water 
soluble low molecular weight compounds are mvolved.2-s It has been shown m recent 
years that several non-protein ammo acids m seeds of leguminous plants mcludmg trees 
are toxic to insects and presumably protect the seeds against insect attacks.’ Similar 
mechanisms may of course operate m other plant famtlies. Finally, tt has been reported 
on paper-chromatographrc evidence that phenylglycme IS present m the bleeding sap of 

* Taken m part from the thesis of I Krtstensen, Copenhagen (1973) ’ 
’ KRISTENSFN, I (1973) Free amino acids and y-glutamyl pepttdes m Fugus sdoatrca L , Thesis. The Royal Veter- 

mary and Agricultural Umverstty, Copenhagen. Denmark 
’ VAN EEK~L~N, M and VAI\I DER LAAN. P .I (1945) Foedtnq 1945. X3 
’ Horovu. R (1947) K1n1 Wochschr 24-25, 635 
4 BK-KMAN, S and MANZ. A (1959) Landwlrtsthufi Forsch 12, 165 
’ KRAUZ~, S and DZILDZIANOWICA. W (1959) Riuh! roig 3, 213 
’ REHR, S S, BELL, E A, JANZHN. D H and F~ENY, P P (1973) B~ochernrc~rl S.~stemattc~ 1, 63 
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F ,Ilrnrfc.a L 7 x Whereas phenylglycme never has been established as a constituent In 
higher plants, other phenylglycme derlvatlves from plants have been studled m this labora- 
tory ’ For all these reasons It was decided to study the contents of free ammo acids in 
beechnuts. No reports on this subject are avalluble in the literature. 

The present paper glvos a general account of the result of these studlcs In addition scp- 
aratlon principles are demonstrated which habc permitted the Isolation of nearl! all free 
ammo acids and ollgopeptldes with on14 small losses In thrs way compounds prcscnt in 
amounts down to about I:‘6000 of the dommant nmhyirm-rcactl\e compownt have been 
Isolated and Identified. 

An account of part of this work has been given prevlousl) ’ During the studies a number 

of previously unknown constituents have been obtamed Separate publications will dc- 
scribe the structure determmatlon and properties of these compounds. I c :I:-(3-ammo-j- 
carboxypropyl)azetldme-2-curboxyllc Xld and !l’-(h-(.l-amino-.~-cal-box~prop41)-3- 

ammo-3-carboxypropyl)aze&dme-2-carboxyhc acid,” ;I-glutamyl~~rllardtJne and ;,-gluta- 

m~lphenylalanylwlllardnnc.’ ’ and 2( S).S(S).b( S)-5-h~drou~-6-met~~~lplpecollc acid and 

2(.S).5(K).6(S)-5-hqdroxy-6-~~ct~~~lpipecolic uc~d ” 

Two Isolations, each from 2 3 kg of beechnuts. have been performed The second ~sola- 
tlon was performed without the use of ammonia m the first ion exchange step 111 order 
to prevent decomposltlon of IahJle compounds. including furo>lalanme (see below). In 
addition a small scale lsolatlon was performed under vcr} mrld conditions m order to 
exclude the formation of artefacts and to prove that all the ammo acids obtained 111 the 
first two isolations were true plant constltucntc. 

The lsolatlon procedure u\cd m the second lsolatlon IS described In the Experimental 

The separation of the acid components depended to a large dcgrce on ion exchange 
chromatography on a basic rcsln 111 the acctatc form and n11h acctlc acid as cluant This 
has been a standard procedure for the last 20 years. The scparatlon of the neutral com- 
ponents was based on Ion exchange chromatography on an acid rciin m the 3-chioro- 
pyrldmium form and with aq 3-chloropyrldme ah cluant. a prmctplc used previously only 
in a few instances *’ ” 

The lsolatlon revealed a large number of compounds ofwhlch only those present m high 
concentrations could be identified OII chromatograms of the crude seed extract (Table 1) 
The dominant components are y-glutamylphenylalamne and wlllardime [?I-( I-uracll)- 
alanmc]. Of the protein ammo acids. aspartlc acid. glutamlc acid, alanlne. valme, and 
leucme + lsolcucme were present in hlghcst conccntratlons. Rather large amounts were also 
present of the S-hydroxy-6-methylplpecollc acids but because of the weak mnhydrm rcac- 
tlon of these compounds” they did not appear on the first chromatograms Some of the 
other y-glutamyl peptides were also prcscnt in rather high conccntrutlons The fractions of 
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TABLE I NON-PROTEINAMINOACIDS~DENTIFIEDIN BEECHNUTS* 
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Baste 
Ethanolamme, ormthme 

Actdtc 
y-Glutamylalamne, y-glutamylglutamtc acid, y-glutamyhsoleucme, y-glutamylleucme, 
y-L-glutamyl-t-phenylalamne, y-g1utamylphenylalanylwt1lardme, y-glutamyltyrosme, y-glutamylvalme, 
y-L-glutamyl-L-wtllardune, glutathtone (probably the dtsulfide) 

Neutral 
Ni-Acetyformthme. /%afanme, p-ammobutyrtc acid, N-(J-amino-3-carboxypropyl)azetldme-Z-carboxyflc 
actd, N-[N-(3-am~no-3-carboxypropyl)-3-am~no-3-carboxypropyl]azet~d~ne-2-carboxyllc acrd, 
3-(2-furoyl)-L-alamne, 2(S),S(S).6(S)-S-hydroxy-6-methylptpecohc actd 2(S),S(R),6(S)-5-hydroxy-6- 
methyfptpecohc actd, 4-hydroxyprofme. plpecok acid, L- and m-wdIardnne (3-(I-urac$alamne) 

* Methtonme sulfoxtde and its y-glutamyl dertvattve were also tdenttfied but are probably artefacts. 

basic amino acids were rather small. However, some losses of arginme may have occurred. 
The weights indicated for the different fractions and for the isolated compounds in the 
Experimental gives a fairly reliable estimation of the quantitative cornpositron of the free 
amino acid pool in beechnuts. However especially m fractions 1 .1.8 and 1.5 large amounts 
of dark-coloured non-mnhydrin reactive material were present. 

The methods used for the rdenttfication and determinatton of the various compounds 
are described in Experimental. Compounds known to be widely distributed in plants were 
only identified by paper chromatography, including cochromatography. 

Methionine sulfoxrde probably IS an artefact, produced from methionine during the rso- 
lation, since the CD-curve indicates that the isolated material is a mixture of the two dias- 
tereorsomeric sulfoxides. It IS therefore likely, that the y-glutamylmethtonine sulfoxide is 
also an artefact. Measurement of the CD-curve for the 4-hydroxyprolme indicated a C&L- 

configuration. Measurement of the CD-curve for the pipecolic acid indicated that the 
sample was partly racemized D-material. 

The specific rotation found for willardune ([c$ -20.5” m HCl) was higher than that 
reported for material from Acaclu wrllardiana ([~x]~’ - 12.1” m HCl)’ 5 but m good agree- 
ment with that reported for synthetic resolved material of unknown optical purity ([!.I];” 
- 20” m HCl). l6 The low value for the material from A. wzllardiana may be due to partial 
racemization From the mother hquor of the isolate from F sduuticu a sample with 
[z]$~ - 14 and wtth an IR-spectrum rdenttcal with that of racemic wtllardtine was found. 
The spectra for opttcally active and racemrc wlllardtine are distinctly different 16*17 There 
is no reason to beheve that wtllardime could have been partly racemized during the isola- 
tion. It is therefore likely that willardiine occurs as a mixture of the L-form with about 
5% of the D-form m F. silvutlcu L. PMR-data for wrllardune are reported in Experimental. 

PMR-, 13C-NMR-, UV- and rotation data for the isolated 3-(2-furoyl)alanine are 
reported m Experimental The PMR- and UV-data are m agreement with the litera- 
ture.“*l’ The rotation values, not previously reported, establish the L-configuration 

r5 GMELIN, R (1959) 2 Phpol C~WI 316, 164 
” DEWAR, J H and SHAW, G (1962) J Chem Sot 583 
” KJAER A KNUDSEN, A and LARSEN, P 0 (1961) Acta Chew Stand 15, 1193 
” ICHIH;RA~ A., HASEGAWA, H , SATO, H , KOYAMA, M and SAKAMURA, S (1973) Tetrahedron Letter7 37 
l9 ~@JTHM.&& R _ E.MXE% J , HW.P~TU, M !? ,Lmm,W M, SFrs,R aadSYNGn_R L M (1973). Phytochenmtry 

12,707 
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accordmg to the Clough--Lutz-- Jn-gensons rule. 20 The compound was stable when boiled 

m 6 N HCI, producing only traces of aspartlc acid In contrast it was unstable in boiling 
ammonia and therefore was partly decomposed m the first isolation, which used ammonia 
as cluant from the first ion exchange resin 3-(2-Furoyl)alanme has been isolated as a 

decomposltlon product from ascorbalamlc acid (3-hydroxy-_ T-oxo-[3-(2.3,4-trlhydroxyte- 

trahydrofuran)]pyrrolldme-5-carboxyhc acid) by treatment with hydrochloric acid I4 The 
condltlons for the transformation of ascorbalamlc acid are however rather drastic com- 
pared with our lsolatlon procedure. Furthermore the conditions for lsolatlon of ascorbala- 
mlc acid are rather slmllar to those used here for the lrolatlon of the ammo acid. It there- 
fort seems safe to conclude that 3-(2-furoyl)-1 -alanmc IS a true constituent of F .dmtm 
L 

The constituent amino acids m the II-glutamyl peptides isolated were in all cases ldentl- 
fied by paper chromatography after acid hydrolysis ;I-Glutamyl peptldcs are more labile 

to acid than normal peptides Hydrolysis was routmely pet-formed by treatment with 6 N 
HC‘L for 4 hr at 100 m a sealed ampoule This treatment resulted m complete hydrolysis 
;t-Glutamylphenylalanine was shown to be completely stable for 7 day5 at room temp. m 
2 N HCl At 50‘ m 6 N HCl a half life of between 12 and 24 hr was found Ior this peptlde 

Various methods are available for determination of the nature of the linkage m peptldes 
containing glutamlc acid Standard methods can be used to determme the sequence of the 
peptldes. but the dlfferentiatlon between X- ,md 1;-glutamyl derlvatlves poses a specific 

problem. The only three reliable chemical methods are cq nthesls, quantltatlve decarboxy- 
iatlon with nmhyd-rm,’ i and deammatlon with nitrous acldl’ However the fast two 

methods are destructive and requu-e considerable amounts of material For acid ;I-gluta- 
myl-r-ammo acids the elutlon behavlour on strongly basic ion exchange resins m the acc- 
tate form can be used for dzfferentlatIon since the pK,-values determme the sequence of 
elutlon The y-glutamyl-z-ammo acids habe lower pK,-values than glutamlc acid and are 
therefore eluted later from such resins than glutamlc acid y-Glutamyl-a-ammo acids are 
expected to have the same pKz-\alucs as glutamlc acid and should therefore not be eluted 
later than glutamlc acid It has however recently been demonstrated that PMR-spectros- 
copy at different pH-values corresponding to different lonzatlon states of dl- and trlpep- 
tldescontaming glutamlc acid permits unequivocal dlfferentlatlon between jb-glutamyl pep- 
tides on the one hand and x-glutamylpeptldes and ammoacylglutamlc acids on the 
other.‘j Thus method has been used to estabhrh the y-glutamyl linkage II? most of the ;‘- 
glutamyl peptides isolated (see Experlmental) 

The identity of the y-L-glutamyl-L-phenylalanine was estabhshed by comparison with 
authentic materlaLz3 The configuratron of ;7-glutamylwlllardnne was estabhshed by lsola- 
tlon of hydrolysis products.’ ’ For the other peptldes no determmatlon of configuration 
was made. but L-configuration for both ammo acids are likely m analogy ulth the con- 
fguratlons reported for most of the y-glutamyl peptldes found In plants. The recent ldentt- 
ficatlon of ;,-L-glutamyl-n-alanine m pea seedlmg? indicates however that the L-configur- 
ation of both ammo acids cannot be taken for granted 
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DISCUSSION 

The isolation of more than 20 non-protein ammo acids and peptldes from beechnuts 
IS perhaps not surprising considering the ever-increasing number of amino acids found m 
higher plants. However, most of these compounds have been found in only a relatively 
few plant families (e.g. the Leguminosae) and many plants contam only low concentrations 
of protein amino acids and a few ubiquitous compounds, like for example y-aminobutyric 
acid, fi-alanine, and ethanolamme. The rich variety of compounds found m beechnuts 
therefore calls for investigations m other members of the Fagaceae. 

The question of toxicity of the beechnuts has not been answered by the present study. 
If however some of the compounds isolated are partly or wholly responsible for the toxi- 
city the most likely candidates are of course those present in the highest concentrations, 
i.e. y-glutamylphenylalanine and willardnne. No toxicity studies for these compounds are 
available. Since from an ecological point of view toxicity to insects is most likely it should 
be noted that y-glutdmylphenylalanine is a common constituent m insects ” 

Wlllardime has not previously been found outside the family Leguminosae. The blosyn- 
thesis of wlllardime has never been established, but it occurs m the legummous plants 
together with a number of other alanine derivatives. Recent studies indicate a common 
biosynthetic origin of all of these compounds from O-acetylserine via reaction of enzymatl- 
tally bound dehydroalanine with a nucleophlle. 27 The occurrence of wlllardnne outside 
Leguminosae may therefore indicate a wider dlstrlbutlon of this biosynthetic pathway. 

3-(ZFuroyl)alanme has recently been Isolated from buckwheat (Fagopyvum esculentunz 
Moench). ’ * It is furthermore produced by chemical degradation from ascorbalamlc acid, 
a compound widely distributed m higher plants 1 9 Ascorbalamlc acid is assumed to be blo- 
synthetically derived from ascorbic acid and a suitable alanme derivative. O-Acetylserme 
is a likely candidate for this alanme derivative, and this fits nicely with the co-occurrence 
of willardline and furoylalanme provided that the latter 1s derived from ascorbalamic acid 
in the beechnuts. 

Previously phenylglycme has been reported on paper chromatographlc evidence to be 
present m the bleeding sap of F. s~lvat~~a L.‘,’ Furoylalanine and phenylglycme both pro- 
duce a yellow colour with nmhydrm, and they occupy nearly identical positions on paper 
chromatograms m standard solvents. It therefore seems likely that the compound pre- 
viously observed in the bleeding sap 1s furoylalanine. 

Free cls-4-hydroxy-L-prolme has been found m Santalam species” whereas trans-bhyd- 
roxy-L-prolme 1s a protein constituent in animals and has been identified as a cell-wall 
constituent in plants 29,30 The cls-configuration tentatively assigned to the hydroxyprolme 
from beechnuts 1s m agreement with this pattern of dlstrlbutlon. 

N5-acetylornithme has been identified in numerous plants, most recently m minute 
amounts in sugar beets,3 ’ and its occurrence in a new species is therefore not surprising. 
The presence of ornithine m plants has not been reported very often, but ornithine 1s 
assumed to be universally distributed because of its role as an intermediate m the biosyn- 
thesis of argmine. 

2h BODNARYK, R P (1972) Conzp Blochun Phpol B43,587 
27 KJAER, A and LARSEN, P 0 (1973) Bzosytheslr 2 (Speclahst Reports. The Chemxal Society), 71 
28 KUTTAN R , PATTABHIRAMAN, K S V and RADHAKRISHNAN, A N (1974) PhytochernLstry 13,453 
29 LAMP& D T A (1965) Adv Bot Rer 2. 151 
3o KUTTAN R and RADHAKRISHNAN, A N (1970) Blothem J 119, 651 
31 FOWDEN: L (1972) Phytochemutr~~ 11, 2271 
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BuOH-HOAc-HZ0 (12 3 5) (solvent I), PhOH-HzO-cone NH, (120 30 1) (w/v/v) (solvent 2), and PhOH- 
EtOH--Hz@cone NH, (120 40 40 l)(w/v/v/v)(solvent 3) by the descending technique on Whatman No 1 paper 
Preparative PC was performed with the same solvents on Whatman No 3 MM paper After elutlon from pre- 
paratlve paper chromatograms the ammo acids were routmely purified by passage through small Ion exchange 
columns (cu 04 x 3cm) Neutral ammo acids were bound to Dowex 50W x 8, 200-400 mesh resin m the H+- 
form and eluted with 0 2 N 3-chloropyrldme or 1 N pyrldme Acidic ammo acids were first purified on this resm 
and afterwards bound to Dowex 1 x 8, 200-400 mesh resm m the AcO --form and eluted with 1 N AcOH 

Isolat~uns All fractions were evaporated to dryness under reduced pressure, and the weights of the residues 
are reported accordmg to the fraction numbers The residues were dissolved m water before apphcatlon to Ion 
exchange resins 

Beechnuts (2 3 kg), harvested m Marsehsborg Forest, Denmark, m 1969, were dlsmtegrated m Ccl, (6 1) and 
extracted three times by refluxmg in Ccl,, cooling and filtering The an-dried residue (1 47 kg) was extracted 
3 x with 705, MeOH (4 1 each time) by refluxmg for 4 hr, coolmg and filtering The combined MeOH-H,O 
extracts were concentrated to leave a dark syrup (132 g) The residue was dissolved m Hz0 (1 8 1) and centrifuged 
The supernatant was applied to Amberhte 1R 120 resm (2C-50 mesh, 5 x 80 cm, H+) After washmg wnh H,O 
elutlon with I N pylldme (6 1 ) produced the fraction of acid and neutral ammo acids (1) (14 3 g) The column 
was subsequently eluted with 1 N NH, (160 ml/hr. 20-ml fracnons) to give two fractions of basic ammo acids. 
(2) (160 mg) (fracnons 23X -247). (ormthme. hlstldme, lysme), and (3) (300 mg) (remammg nmhydrm-reactive 
fractions eluted with ammonm) (argmme, ethdnolamme) (1) was dpplled to Dowex 1 x 4 resin (2@-50 mesh, 
2 5 x XOcm, AcO -, 160 ml/hr, 20-ml fractions) After waslmg with water (2 4 I ) to give the fraction of neutral 
ammo acids (I 1) (6 g). the column was eluted with 1 N AcOH, producmg four fractions of acid ammo acids, 
(1 2) (910 mg)(fractmns 146-170)(glutamlc dcld. aspartlc acid) (I 3)(800 mg) (fractions 171l220), (1 4) (4700 mg) 
(fractions 221.~360). and (I 5) (1170 mg) (fractions 301-430) (glutathlone, y-glutamylglutamlc acid, y-glut- 
amyl-tyrosme. ; -glutam~Ipl~e~~ylala~~~lw~llard~~ne) (1.1) was applied to Dowex 50W x 8 resin (20&400 mesh, 
2 5 x 90cm. 3-chloropyrldlnmm form, 80 ml/hr. 15-ml fractions, elutlon with water (1 51). 0 1 N 3-chloropyrldme 
(1 5 I ). 0 2 N 3-chloropyrtdlne (1 8 1 ), and I N pyrldme) to give the followmg fractions (I 1 1) (800 mg) 
(fractions 57- lo(~) (J-hydroxyprohnc, methlonme sulfoulde. wdlardnne) (1 1 2) (1170 mg) (fracnons 101-217) 
(aspdragmc, plolme. set me. threonme, S-hydroxy-6-methylplpecohc acids) (1 1 3) (760 mg) (fractions 21X-230) 
(NT-acetylornlthme nsparagme plpecol~c acid, se, me, 5-hydroxy-6-pepecollc acids) (1 1 4) (310 mg) 
(fractlons 23 I-249) (alamne. valme N-(3-amlno-3-carboxypropyl)azetldlne-2-carboxylic dcld) (1 1 5) (360 mg) 
(fractions 950-270) (alanme. glycme, valme) (1 1 6) (110 mg) (fractions 271-295) (Isoleucme, leucme, N-[N- 
(3-amlno-3-carbo~ypropyl)-~-amlno-3-carb(~xypropyl]azetidine-2-carboxyl~c acid) (1 1 7) (390 mg) (fractions 
296320) (3-(2-furoyl)alamne. lsoleucme leucme), and (1 1 8) (700 mg) @-alanme, y-ammobutyrlc acid. phenyl- 
alanme tyrosmc) RccrystalhzatJon from water of (1 1 1) yIelded crystallme ~_-tvrllavdun~~ (5OOmg), m p decomp 
from 202’ [Lit Ii 2046 (decomp )], b]$ - 20 5’ (c 1 2, 1 N HCl), 2t,:,h “c’ 262 nm. E 9300 (Lit I5 262 nm, 
E 8800) ;.i:, f,““)” 266 nm. t 7200 (Lit ” 266nm E 6600). i”;,y 263nm, E 9400. PMR-spectrum m D,O 
b 7 62 (d, 1 H). 5 84 (tl. 1 H, J 7 5 Hz), 3 9k440 (m. 3’ H) The &values are m good agreement 
with those found for 1.3-dimethyl-uracd (7 61 dnd 584)“3 and the coupling constant for the vmyhc 
protons IS 111 agreement with the crs-arrangement IR tdentlcal with that of authentic r-wdlardnne I5 From 
the mother liquor a sample of or.-wlllardnne (20mg), [ZIP - 14’ (c 09, 1 N HCl). was obtained IR Ident]- 
cal wnh that of authentic or-wlllardune ” ‘- After isolation of this sample, preparative PC m solvent 3 followed 
by ion exchange purnicatlon gave crystallme evaporation residues of 4-hvdrouyp,o/rnr (8 mg) and methmmne sul- 
foxlde (10 mg) 4-Hydroxvprolme, which gave a yellow colour wnh nmhydrln. was chromatographlcally nearly 
homogeneous and ldentmed by cochromatography with a sample of trans-4-hydroxy-L-prolme The CD-curve 
exhIbIted by the sample showed a single broad posmve maxlmum m water at 210 nm (A< +041) The CD-curve 
was poslnve until 195 nm For cf.\-4-hydroxy-L-prolme a single max at 205 nm (AC +O 50) 1s reported, whereas 
two maxlma are reported for n anb-4-hydroxy-L-prolme at 212 nm (AE +O 28) and 190 nm (AC -0 74) 44 Meth- 
ionme sulfoxlde was chromatographlcally nearly homogeneous and ldentmed by cochromatography with a mix- 
ture of the two dlastereolsomers (which are not separated m the solvents used) The CD-curve exhibited by the 
sample m water showed a posmve maxlmum at 200 nm (AE + 0 43) After comparison wnh the CD-curves for 
the two dla\tereolsomerr I.-methlonlne sulloxtdesJi It was concluded that the sample was a mixture 01 
both (I I 3) Was subjected to prepnranve PC m solvent I followed by solvent 3 and Ion exchange purdication 
to give N’-acet~lorr?rthr/l~ (8 mg) Fmal purlficatlon was accompllshed by cry\tdllrzatton from ethanol-water to 
give 2 5 mg of a homogeneous materlal PMR-spectrum m D,O h 2 (s. N-acetyl), 3 75 (t. r-proton), 3 20 (t, 6- 
protons), 1 62 (in. 4 remammg protons) The material was Identified by cochromatography wnh duthentlc mater- 
ial, hydrolysis producmg ormthme, and negative nmhydrm reactlon after masking wnh cupric ions, mdlcatmg 
a free r-ammo group and no free &ammo group 46 Plpecollc acid was obtained by the same preparative PC 

A’ BHAUA, N S. H~I.I.IS D P. JOHYSON, L F, PITR, E A and SHOOLFRY, J N (1963) NMK Spectra Catalog, 
Vdrlan 

44 FOWI)EU. L, SC OIW, P M and THOMAS, R N (1971) J Cl~crn SOL C 833 
4i LAL R. P Personal commumc~tlon 
I” L,z~srx P 0 and KJ,\uK. A (1960) Brothu~ BKI~/IJ.\ Acta 38, 148 
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35 cm, AcO-) A fraction of neutral ammo actds was obtamed by washmg wtth HZ0 (300 mg) Thts fractton 
was applied to Amberhte IR 120 resm (0 8 x 17 cm, 3-chloropyrrdmmm form) Three fractions were obtained 
by elutton wtth water (200 mg), 0 2 N 3-chloropyrtdme (I 10 mg), and 1 N pyrtdme (30 mg) The drfferent fracttons 
were inspected by two-dtmenstonal PC The presence of N-(3-amlno-3-carboxypropyl)azetldlne-2-carbo~yllc actd 
m the 3-chloropyrtdme eluate was estabhshed m this way 
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