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Abstract—The contents of amino acids and peptides have been mvestigated mn seeds of Fugus silvatica L (beech-
nuts) In addition to the common amino acids, the following compounds have been 1solated and identified 4-
hydroxyproline (probably the cis-L-1somer), N3-acetylormithine, 3-(2-furoyl)-L-alanine, methionmne sulfoxide
(probably an artefact), pipecolic acid (probably partially racemized p-1somer), L-willarduine {with a small amount
of the p-1somer), N-(3-amimo-3-carboxypropyljazetidine-2-carboxylc acid, N-[ N-(3-amino-3-carboxypropyl)-
3-amino-3-carboxypropylazetidine-2-carboxylic  acid,  2(S),5(S).6(S)-5-hydroxy-6-methylpipecolic  acid.
2(S).5(R),6(S)-5-hydroxy-6-methylpipecolic acid, y-glutamylalanine, y-glutamylglutamic acid, y-glutamylisoleu-
cine, y-glutamylleucine, y-glutamylmethionine sulfoxide (probably an artefact), 7-glutamylphenylalanine. y-gluta-
myltyrosine, y-glutamylvaline, glutathione, y-glutamylwillardune, and y-glutamylphenylalanylwillardune y-Glu-
tamylphenylalanine and willardiine are the dominating components of the amino acid fraction

The 1solations were performed by use of 1on exchange chromatography, taking advantage of the different pK-
values of the amio actds, mainly on acid resins 1n the 3-chloropyridinium form with aq 3-chloropyridine as
eluant and on basic resins 1n the acetate form with aqueous acetic acid as eluant These methods in combination
with preparative paper chromatography have permitted the 1solation and 1dentification of compounds present
i amounts as low as 1/6000 of the dominant ninhydrin-reactive component The implications of the occurrence
of thus large variety of compounds n the Fagaccae are briefly discussed

INTRODUCTION

SEEDS of Fagus silvatica L. (beechnuts) have been used as food for man and animals since
ancient times. They contain however toxic principles as reported in the literature * * The
nature of the toxic constituents has not been established, but it seems likely that water
soluble low molecular weight compounds are mvolved.? ® It has been shown m recent
years that several non-protein amino acids 1n seeds of leguminous plants mncluding trees
are toxic to insects and presumably protect the seeds against msect attacks.® Similar
mechanisms may of course operate in other plant families. Finally, 1t has been reported
on paper-chromatographic evidence that phenylglycine is present n the bleeding sap of

* Taken m part from the thesis of I Kristensen, Copenhagen (1973) !

U KRISTENSEN, I {1973) Free amino acids and y-glutamyl peptides in Fagus silvatica L, Thesis, The Royal Veter-
inary and Agricultural Untversity, Copenhagen, Denmark

* Van EEKFLEN, M and VaN DER Laan, P J (1945) Voeding 1945, 83

3 Hotovy. R (1947) Klin Wochschr 24-25, 635

4 BECKMAN, S and MaNz, A (1959) Landwirtschaft Forsch 12, 165

® Krauzr, S and DziepziaNowica, W (1959) Nahrung 3, 213

® REHR, S S, BELL, E A, JANZEN. D H and Freny, P P (1973) Biochemicul Systematics 1, 63
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F silvatica L7 ® Whereas phenylglycine never has been established as a constituent in
higher plants, other phenylglycine derivatives from plants have been studied in this labora-
tory ° For all these reasons 1t was decided to study the contents of free ammo acids in
beechnuts. No reports on this subject are avattable in the hterature.

The present paper gives a general account of the result of these studies In addition sep-
aration principles are demonstrated which have permitted the solation of nearly all frec
amino acids and oligopeptides with only small losses In this way compounds present m
amounts down to about {,6000 of the dominant minhydrin-reactive component have been
1solated and identified.

An account of part of this work has been given previously ' During the studies a number
of previously unknown constituents have becn obtamed Separate publications will de-
scribe the structure determmation and properties of these compounds. 1¢ N-(3-ammo-3-
carboxypropyljazetidine-2-carboxylic  acid  and NN -(3-amino-3-carboxypropyl)-3-
amino-3-carboxypropyljazetdine-2-carboxylic acid,'* -glutamylwillardnne and ;-gluta-
mylphenylalanylwillardnne.'' and 2(5).5(S).6(S)-5-hydroxv-6-methylpipecolic acid and
2(8).3(R).6(S)-3-hvdroxy-6-methyipipecolic acid -

METHODS AND RESULTS

Two solations, each from 2 3 kg of beechnuts. have been performed The second 1sola-
tron was performed without the use of ammonia n the first jon exchange step mn order
to prevent decomposition of labile compounds. mmcluding furoylalanine (see below). In
addition a small scale 1solation was performed under very mild conditions m order to
exclude the formation of artefacts and to prove that all the anuno acids obtamed in the
first two 1solations were true plant constituents.

The 1solation procedure used n the second 1solation 1s desciibed n the Experimental
The separation of the acid components depended to a large degree on ion exchange
chromatography on a basic resin i the acetate form and with acetic acid as cluant This
has been a standard procedure for the last 20 vears. The separation of the neutral com-
ponents was based on ion exchange chromatography on an acid resin in the 3-chloro-
pyridintum form and with aq 3-chloropyridine as cluant. a principle used previously only
n a few instances '3 '+

The 1solation revealed a large number of compounds of which oniy those present in high
concentrations could be identified on chromatograms of the crude seed estract (Table 1)
The domnant components are y-glutamylphenylalanine and willardime [3-(1-uracil)-
alaninc]. Of the protern ammo acids, aspartic acid. glutamic acid, alanmne. valine, and
leuctne + 1soleucine were present in highest concentrations. Rather large amounts were also
present of the 5-hydroxy-6-methylpipecolic acids but because of the weak minhydrin reac-
tion of these compounds’? they did not appear on the first chromatograms Some of the
other y-glutamyl peptides were also present in rather high concentrations The fractions of

Diraricns. H H and Fuske H (1967) Hol~foir schung 21, 102
8 Dutricus, H H (1969) Holzfor schung 23, 177
% KJALR, A and LArse~, P O (1963) 4cte € hem Scand 17, 2397
O KRiSILNsEN [ and LarsiN, PO (1974) Phntochemntiy 13, 279
"UKRIstensi N T oand LarseN, PO (1974) Pintochemintiy 13, 2799
rrrLnoeR MG Kristensin T Lagsiy, PO and Ovses ¢ B In preparation
SLARSLN, PO (1967) Acta Chem Scand 21, 1392
"4 Frus, P Hrisor, P oand Larsin, P O (1974) dcra Chem Scand Ser B 28, 317
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TABLE | NON-PROTEIN AMINO ACIDS IDENTIFIED IN BEECHNUTS*

Basic
Ethanolamine, ornmithine

Acidic
y-Glutamylalanine, y-glutamylglutamic acid, y-glutamylisoleucine, y-glutamylleucine,
y-L-glutamyl-L-phenylalanine, y-glutamylphenylalanylwillardine, y-glutamyltyrosine, y-glutamylvaline,
y-L-glutamyl-L-willardine, glutathione (probably the disulfide)

Neutral
NT-Acetylormithine, f-alamine, y-ammobutyric acid, N-(3-amino-3-carboxypropyl)azetidine-2-carboxylic
acid, N-[N-(3-amino-3-carboxypropyl)-3-amino-3-carboxypropyljazetidine-2-carboxylic acid,
3-(2-furoyl)-L-alanmne, 2(S),5(S).6(S)-5-hydroxy-6-methylpipecolic acid 2(S),5(R),6(S)-5-hydroxy-6-
methylpipecolic acid, 4-hydroxyproline. pipecofic acid, L- and pL-willardune (3-(1-uracil)alanine)

* Methionine sulfoxide and 1ts y-glutamyl derivative were also 1dentified but are probably artefacts.

basic amino acids were rather small. However, some losses of arginine 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 composition of the free
amino acid pool in beechnuts. However especially 1n fractions 1.1.8 and 1.5 large amounts
of dark-coloured non-ninhydrin reactive material were present.

The methods used for the identification and determination of the various compounds
are described in Experimental. Compounds known to be widely distributed in plants were
only 1dentified by paper chromatography, including cochromatography.

Methionine sulfoxide probably 1s an artefact, produced from methionine during the 1so-
lation, since the CD-curve indicates that the isolated material is a mixture of the two dias-
tereoisomeric sulfoxides. It 1s therefore likely, that the y-glutamylmethionine sulfoxide is
also an artefact. Measurement of the CD-curve for the 4-hydroxyproline indicated a cis-L-
configuration. Measurement of the CD-curve for the pipecolic acid indicated that the
sample was partly racemized pD-material.

The specific rotation found for willardune ([«d® —20-5° in HCl) was higher than that
reported for matenial from Acacia willardiana ([«]3> —12-1° in HC1)'® but 1n good agree-
ment with that reported for synthetic resolved material of unknown optical purity ([«]3°
—20° 1n HC1).'® The low value for the material from A. willardiana may be due to partial
racemization From the mother hquor of the isolate from F sivatica a sample with
[2]13° — 14" and with an IR-spectrum 1dentical with that of racemic willardiine was found.
The spectra for optically active and racemic willardiine are distinctly different '®*” There
is no reason to believe that willardine could have been partly racemized during the isola-
tron. 1t is therefore likely that willardiine occurs as a mixture of the L-form with about
5% of the D-form 1n F. silvatica L. PMR-data for willardune are reported in Experimental.

PMR-, '3C-NMR-, UV- and rotation data for the isolated 3-(2-furoyl)alanine are
reported in Experimental The PMR- and UV-data are 1n agreement with the litera-
ture.!®1° The rotation values, not previously reported, establish the L-configuration

15 GMELIN, R (1959) Z Physiol Chem 316, 164

16 DEwaR, J H and SHAW, G (1962) J Chem Soc 583

17 KJAER, A, KNUDSEN, A and LARSEN, P O (1961) Acta Chem Scand 15, 1193

'8 JCHIHARA, A., HasEGAwA, H, SaTo, H, Kovyama, M and SAKAMURA, S (1973) Tetrahedron Letters 37

19 Coucuman, R, Facies, I, Hecarty, M P Larn, W M, SeLE, R and SyNGe, R L. M (1973) Phytochenustry
12, 707
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according to the Clough-Lutz- Jirgensons rule.”® The compound was stable when boiled
m 6 N HCI, producing only traces of aspartic acid In contrast 1t was unstable m boiling
ammonta and therefore was partly decomposed i the first 1solation, which used ammonia
as eluant from the first 10on exchange resin 3-(2-Furoylialanine has been 1solated as a
decomposition product from ascorbalamic acid (3-hydroxy-2-oxo-[3-(2.3,4-trihydroxyte-
trahydrofuran))pyrrolidine-5-carboxylic acid) by treatment with hydrochloric acid ' The
conditions for the transformation of ascorbalamic acid are however rather drastic com-
pared with our 1solation procedure. Furthermore the conditions for 1solation of ascorbala-
mic acid are rather similar to those used here for the 1solation of the anmuno acid. It there-
fore seems safe to conclude that 3-(2-furoyl)-1 -alanine 18 a true constituent of F sivatica
L

The constituent amino acids n the y-glutamyl peptides 1solated were m all cases idents-
fied by paper chromatogiaphy after acid hydrolysis ;-Glutamyl peptides are more labile
to acid than normal peptides Hydrolysis was routinely performed by treatment with 6 N
HCl for 4 hr at 100 1n a sealed ampoule This treatment resulted 1n complete hydrolysis
~-Glutamylphenylalanine was shown to be completely stable for 7 days at room temp. 1n
2N HCI At 50" 1n 6 N HCl a half life of between 12 and 24 hr was found for this peptide

Various methods are available for determination of the nature of the hinkage 1n peptides
containing glutamic acid Standard methods can be used to determine the sequence of the
peptides. but the differentiation between x- and y-glutamyl derivatives poses a specitic
problem. The only three reliable chemical methods are synthesis, quantitative decarboxy-
lation with nmhydrin,*" and deammation with mitrous acid *~ However the fast two
methods are destructive and require considerable amounts of material For acid y-gluta-
myl-z-amino acids the elution behaviour on strongly basic 1on exchange resins n the ace-
tate form can be used for differentiation since the pK,-values determne the sequence of
clution The y-glutamyl-z-ammo acids have lower pK,-values than glutamic acid and are
therefore eluted later from such resins than glutamic acid »-Glutamyl-z-amino acids are
expected to have the same pK,-values as glutamic acid and should thercfore not be eluted
later than glutamic acid It has however recently been demonstrated that PMR-spectros-
copy at different pH-values corresponding to different 1onization states of di- and tripep-
tides containing glutamic acid permits unequivocal differentiation between y-glutamyl pep-
tides on thc one hand and z-glutamylpeptides and aminoacylglutamic acids on the
other.?* This method has been used to establish the y-glutamyl hinkage in most of the 7
glutamyl peptides 1solated (see Experimental)

The 1dentity of the y-L-glutamyl-L-phenylalanine was established by comparison with
authentic material.®* The configuration of y-glutamylwillardune was established by 1sola-
tion of hydrolysis products.'’ For the other peptides no determination of configuration
was made. but L-configuration for both ammo acids are hikely in analogy with the con-
figurations reported for most of the y-glutamyl peptides found i plants. The recent identi-
fication of y-L-glutamyl-p-alanine 1n pea seedlings®® indicates however that the L-configur-
ation of both amino acids cannot be taken for granted

20 L1z, O and IRGENSONS. B (1930). Ber 63,448

=1 Sacwus, H. and BrRann. (1953 4m Chem Soc 75,4608,

22 Sacus H and Brani, E. (1954).0 4m. Chem. Soc..76, 3601

23 KRISTENSEN,. L and. LAR“»P‘\J P Q (1973) dera. Chem. Scand 273123

24 Larskn P Q) and SoressiN. H (1968). Acta. Chem. Scand. 21, 2908,

T EFehuna ML QGawa. T and Sasaona, Ko 01973 Brochm, Biophys. Aot W4, 303
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DISCUSSION

The 1solation of more than 20 non-protein amino acids and peptides from beechnuts
1s perhaps not surprising considering the ever-increasing number of amino acids found n
higher plants. However, most of these compounds have been found in only a relatively
few plant families (e.g. the Leguminosae) and many plants contain only low concentrations
of protein amino acids and a few ubiquitous compounds, like for example y-aminobutyric
acid, f-alanine, and ethanolamine. The rich variety of compounds found in beechnuts
therefore calls for investigations in 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,
Le. y-glutamylphenylalanine and willardime. No toxicity studies for these compounds are
available. Since from an ecological point of view toxicity to msects is most likely it should
be noted that y-glutamylphenylalanine is a common constituent n insects ¢

Willardiine has not previously been found outside the farmly Leguminosae. The biosyn-
thesis of willardime has never been established, but it occurs 1n the leguminous 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 enzymati-
cally bound dehydroalanine with a nucleophile.?” The occurrence of willardiine outside
Leguminosae may therefore indicate a wider distribution of this biosynthetic pathway.

3-(2-Furoyl)alanine has recently been isolated from buckwheat (Fagopyrum esculentum
Moench).!8 1t is furthermore produced by chemical degradation from ascorbalamic acid,
a compound widely distributed 1n higher plants '® Ascorbalamic acid is assumed to be bio-
synthetically derived from ascorbic acid and a suitable alanine derivative. O-Acetylserine
is a likely candidate for this alanine derivative, and this fits nicely with the co-occurrence
of willardiine and furoylalanine provided that the latter 1s derived from ascorbalamic acid
in the beechnuts. '

Previously phenylglycine has been reported on paper chromatographic evidence to be
present n the bleeding sap of F. silvatica L.”*® Furoylalanine and phenylglycine both pro-
duce a yellow colour with nmhydrin, and they occupy nearly 1dentical positions on paper
chromatograms n standard solvents. It therefore seems likely that the compound pre-
viously observed in the bleeding sap 1s furoylalanine.

Free cis-4-hydroxy-L-prolme has been found in Santalum species*® whereas trans-4-hyd-
roxy-L-proline 1s a protein constituent in animals and has been identified as a cell-wall
constrtuent 1 plants 292° The cis-configuration tentatively assigned to the hydroxyproline
from beechnuts 1s 1n agreement with this pattern of distribution.

N3-acetylornithine has been identified in numerous plants, most recently in minute
amounts in sugar beets,>! 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 mntermediate mn the biosyn-
thesis of arginine.

26 BoDNARYK, R P (1972) Comp Biochem Physiol B43, 587

27 Kiaer, A and LArSEN, P O (1973) Biosynthesis 2 (Specialist Reports, The Chemical Society), 71
28 KUTTAN, R, PATTABHIRAMAN, K S V and RADHAKRISHNAN, A N (1974) Phytochemistry 13, 453
29 LampoRT, D T A (1965) Adv Bot Res 2, 151

30 KutTaN, R and RADHAKRISHNAN, A N (1970) Biochem J 119, 651

31 Fowpen, L (1972) Phytochemistry 11, 2271
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Prpecolic acid hias beer identificd ur numerous gher plants Tt tro
configuration has been determined 1t has mvariably been the 1-formy *2 The tentative
aSSIgnnTLm Ol prudorrrmdm (DR u)mlgumnon to an l\()ldlk, ITUHT UL.L(,!H]LILS s lITLTLi()l at
first sight rather surprising. However. pipecolic acid invariably s tormed trom p-lyvsme and
not from L-lysine in plants **
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BuOH-HOAc-H, O (12 3 3) (solvent 1), PhOH- H,O-conc NH; (120 30 1) (w/v/v) (solvent 2), and PhOH-
EtOH--H,O-conc NH; ({120 40 40 1)(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 elution from pre-
parative paper chromatograms the amino acids were routinely purified by passage through smali 10n exchange
columns (ca 04 x 3cm) Neutral ammo acids were bound 10 Dowex 50W x 8, 200-400 mesh resm i the H* -
form and eluted with 0 2 N 3-chloropyridine or I N pyridine Acidic ammno acids were first purified on this resin
and afterwards bound to Dowex | x Q MN-ADD mach racin 1in the AcO) ™ farm and eliuted with 1 NI A~OH

Isolations All fractions were evaporated to dryness under reduced pressure, and the weights of the residues
are reported according to the fraction numbers The residues were dissolved 1n water before apphcation to 10n
exchange resins

Beechnuts (2 3 kg), harvested in Marselisborg Forest, Denmark, in 1969, were disintegrated mm CCl, (6 1) and
extracted three times by refluxing in CCl,, cooling and filtering The air-dried residue (1 47 kg) was extracted
3x with 709, MeOH (41 each time) by refluxing for 4 hr, cooling and filtering The combined MeOH-H,0
extracts were concentrated to leave a dark syrup (132 g) The residue was dissolved in H,O (1 81)and centrifuged
The supernatant was applied to Amberlite IR 120 resin (20- 50 mesh, 5 x 80 cm, H') After washing with H,0
elution with 1 N pynidine (61) produced the fraction of acid and neutral amino acids (1) (143 g) The column
was subsequently cluted with i N NH; (160 mi/hr, 20-mi fracuions) to give two fractions of basic amino acids.
(2) (160 mg) (fractions 238-247), (ornithine, hstidine, lysine), and (3) (300 mg) (remaining ninhydrin-reactive
fractions eluted with ammonia) (arginine, ethanolamine) (1) was applied to Dowex 1 x 4 resin (20-50 mesh,
25 x 80cm, AcO 7, 160 ml/hr, 20-ml fractions) Afrer washing with water (24 1) to give the fraction of neutral
amno acids (1 1) (6 g). the column was eluted with | N AcOH. producing four fractions of acid amino acids,
(I 2)(910 mg) {fractions 146-170) (glutamic acid. aspartic acid) (1 3) (800 mg) (fractions 171-220), (1 4) (4700 mg)
(fractions 221-360), and (1 5) (1170 mg) (fractions 301-430) (glutathione, 7y-glutamylglutamic acid, y-glut-
amyl-tyrosine. 7-glutamylphenylalanylwillardime) {1.1) was applied to Dowex 50W x 8 resin (200-400 mesh,
25 x 90 cm, 3-chloropyridinium form, 80 ml/hr. 15-ml fractions, elution with water (1 51). 0 1 N 3-chloropyridine
(151), 02N 3-chloropyridine (181), and I N pyridine) to give the following fractions (1 1 1) (800 mg)
(fractions 57-100) (4-hvdroxyproline, methionme sulfoxide. willardune) (1 1 2) (1170 mg) (fractions 101-217)
(asparagine, proline, setme, threonne, 5-hydroxy-6-methylpipecolic acids) (1 1 3) (760 mg) (fractions 218-230)
(N“-acet»lormthmc aqumgme pipecolic acid, serne, 5- hvdroxy 6- pepecollc dCldS) (1'14) (310 mg)
\ua\,uuua 23}*”49) \cuauuw valine 1\\-\ 3-amino-3-car UU)\ypl UpyuaLcuuxuc- -Car uu)\yuu dCid) \1 1 5) (369 mg)
(fractions 250-270) (alanine, glycine, valne) (1 1 6) (110 mg) (fractions 271-295) (isoleucine, leucine, N-[N-
(3-amino-3-carboxypropyl)-3-amino-3-carboxypropyllazetidine-2-carboxyhc acid) (1 1 7) (390 mg) (fractions
296-320) (3-(2-furoyhialanine, 1scleucine leucme), and (1 1 8) (700 mg) (f-alanmine, y-aminobutyric acid, nhenv\-
alanme tyrosic) Rucr_\ stallization from water of (1 1 1) yzclded crystdllme L-willardune (500 mg), m p decomp
from 202° [Lit'® 204-6 (decomp )], [«]3® —205 (¢ 12, I N HCI), A22M 262 nm, € 9300 (Lit '* 262 nm,

may

€ 8800) 20 2NVOH 266 nm. € 7200 (th 15 266 nm, € 6600), i12° 263nm, € 9400, PMR-spectrum in D,O
0 762 (d, 1 H), 584 (d, 1 H, J 75 Hz), 395440 (m. 2 H) The §-values are i good agreement
with those found for L.3-dimethyl-uracil (761 and 584)*> and the coupling constant for the wvinyhc
protons 1s n agreement with the cis-arrangement IR identical with that of authentic L-willardune '® From
the mother liquor a sample of pL-willardnne (20 mg), [2]3° —14° (¢ 09, 1 N HCl), was obtained IR identi-
cal with that of authentic pL-willardune '© ' After isolation of this sample, preparative PC n solvent 3 followed
by 10n exchange purification gave crystalline evaporation residues of 4-hvdroxyprolne (8 mg) and methionine sul-

foxide (10 mg) 4-Hydroxyproline, which gave a yellow colour with ninhydrin. was chromatographically nearly

homogeneous and 1dentified by cochromatography with a sample of trans-4-hydroxy-L-proline The CD-curve
exhibited by the sample showed a single broad positive maximum in water at 210 nm (Ae +041) The CD-curve
was posttive until 195nm For cis-4-hydroxy-L-proline a single max at 205 nm (Ae +0 50) 1s reported, whereas
two maxima are reported for 1 ans-4-hydroxy-L-proline at 212 nm (Ae +028) and 190 nm (Ae —0 74) ** Meth-
1onine sulfoxide was chromatographically nearly homogeneous and tdentified by cochromatography with a mix-
ture of the two diastereoisomers (which are not separated 1n the solvents used) The CD-curve exhibited by the
sample 1n water showed a positive maximum at 200 nm (Ae + 043} After comparison with the CD-curves for
the two diastercoisomeric L-methionine sulioxides*® 1t was concluded that the sample was a mixture of
both (I 1 3)Was qubjeucd to prepdrdme PC n solvent | followed by solvent 3 and 1o0n exchange purification
to give N -acetylormithine (8 mg) Final purification was accomplished by crystailization from ethanol-water to
give 2 Smg of a homogeneous material PMR-spectrum in D, O o 2 (s. N-acetyl), 3 75 (¢, z-proton), 3 20 (t, é-
protons), 1 6-2 (m. 4 remaming protons) The material was 1dent1ﬁed by cochromatography with authentic mater-
1al, hydrolysis producing ornithine, and negative ninhydrin reaction after masking with cupric ions, indicating
a free x-amino group and no free d-amno group “® Pipecolic acid was obtamned by the same preparative PC

*2 Buacca, N S, Horris D P, Jounson, L F, Pirr, E A and SHOOLFRY, J N (1963) NMR Spectra Catalog,
A VAR
Yydllall

4 Fowpen. L, Scopts, P M and THOoMAs, R N (1971) J Chem Soc C 833

43 LatRr, P Personal communication

*0LarsiN P O and Kiarr, A (1960} Biochun Brophys Acta 38, 148
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as an evaporation restdue (3 mg) The chromatographically homogeneous material was identified by 1ts blue nin-
hydrin colour and by cochromatography with authentic matertal The CD-curve in 0 | N HCI showed a negative
max at 208 nm (Ae —0 16) whereas a positive max at 208 nm (Ae + 0 76) 15 reported for L-pipecolic acid i this
solvem *4(1 | 7)Was subjected ta preparative PC i solvent | Purification by 1on exchange gave 3+42-fusovl)-L-
tanme (40mgy Final purificatton was accompisshied by crystathizaton from water {yrebd 1 mgp Mp
dccomp above 150 (L1t '* 148-9 ), /110 227 nm, € 2640, and 278 nm. € 13400 (L1t ' 227 nm ¢ 3040 and 278 nm.
€ 13300) [215° +14 5 te 1 3 HLO (supersaturated)) [2]3' +465 (¢ t1 2N HCH The PMR-spectrum m D.O
showed the aromatic protons m an AMX-system (0, 788 (the proton at €5} dy 753 tthe proton at C,) and
oy 6 72 (the proton at C,), ]W O0SHz T ¢ L8 Hz, Jyy 38 Hz) The v-proton occurred at & 4 18 and the S-protons
at & 358 1) v Hzy These vatwes are i good agrecmentt with those reported mr the titerature ™0 The * - NMR-
spectrum in D, 0 showed the presence of & carbon atoms with the following chemical shifts 1737 (COQO ) 513
(x-C). 388 (5-C, [880(C=0), 157 3 ring ), [219 {ring (L) 1136 run% ;) 1497 runs’ C3) The assignments
made o basts of comparson with hiterature values for gerd” dmf farfurat ** The IR-spectranm w.as
iheriticat with that gbtaned for an avihentic saagte of 3= 2-trra o -abaoe L3 Was applied o a Towet

[ % 8 resin (200-400 mesh 235 x 90cem, AcO) 80ml . Z0-mi fracuons, clution with LN AcQH) to gie the

followmg fractions {1 3 Iy 150 mey tractions 36 40 (glotanme aod, s-ghitamytalanme [ ~ghotaors tmetiomone
sulfoxide y- glutam\lvcilmel (1 3 2) (140 mg) (fractions 41- 55) (y-glutamyhisolencine + | -glutamyllencme) and
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and stured with 709, MeOH at 5 tor 48 b After fittration 4 secand exirscton was performed under the same
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YT Szemrs b OB 1197 O : 3 WMR Speciroscopi. Academic Press New York
*8 Jornson, L F and Jankowskt, W C (1972) Carbon-13 NMR Spectra. Varian
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35cm, AcO™) A fraction of neutral amimo acids was obtained by washing with H,O (300 mg) This fraction
was applied to Amberlite IR 120 resin (08 x 17 cm, 3-chloropyridimium form) Three fractions were obtained
by elution with water (200 mg), 0 2 N 3-chioropyridine (110 mg), and 1 N pyridine (30 mg) The different fracttons
were inspected by two-dimensional PC The presence of N-(3-amino-3-carboxypropyl)azetidine-2-carboxylic acid
in the 3-chloropyridine eluate was established 1n this way
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