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Twelve pure tripeptides have been synthesized and the separation of each mixture composed
of two diastereomeric tripeptides with an amino acid analyzer has been studied. Among six model
systems of diastereomeric mixture studied, a mixture of the LL and LD isomers of glycyl-ornithyl-

glutamic acid was separated most efficiently.

The several methods of measuring the extent of
racemization of the step of the peptide bond forma-
tion have been reported in the literature.? Ander-
son et al.® found that benzyloxycarbonyl-glycyl-L-
phenylalanyl-glycine ethyl ester can be separated
from the racemate by fractional crystallization in
which the less soluble racemate separates in the
first crops; many investigators have used this
Anderson’s test for the study of racemization as a
model system in different coupling procedures.?
Williams ef al. suggested the fractional crystallization
of benzoyl-leucyl-glycine ethyl ester which is syn-
thesized from benzoyl-L-leucine and glycine ethyl
ester with a coupling procedure.#? Clayton et al.
indicated that a diastereomeric mixture of benzyl-
oxycarbonyl-glycyl - alanyl - L - phenylalanyl - glycine
can be separated by countercurrent distribution.®
Weygand et al. have taken advantage of separating
diastereomeric trifluoroacetyl-dipeptide methyl es-
ters by gas chromatography for the study of racemi-
zation.® Taschner ¢t al. were able to detect a

1) Part III of this series: K. Noda, H. Okai, T. Kato
and N. Izumiya, This Bulletin, 41, 401 (1968).

2) E. Schréder and K. Liibke, “ The Peptides,”
Vol. I, Academic Press, New York (1966), p. 319; M.
Bodanszky and M. A. Ondetti, ‘“Peptide Synthesis,”
Interscience Publishers, New York (1966), p. 137.

3) G.W. Anderson, J. Blodinger and A. D. Welcher,
J. Am. Chem. Soc., 74, 5309 (1952).

4) M. W. Williams and G. T. Young, J. Chem. Soc.,
1964, 881.

5) D.W. Clayton, J. A. Farrington, G. W. Kenner
and J. M. Turner, ibid., 1957, 1398.

6) F. Weygand, A. Prox and W. Koénig, Chem. Ber.,
99, 1451 (1966).

small amount of the rLp diastereomer in an LL
dipeptide by paper chromatography; they have
applied this technique in order to examine the de-
gree of racemization caused by the activation of an
acyl-dipeptide acid.” Halpern et al. have described
the use of NMR procedure for detection of racemi-
zation.®

We have been attempting to find a convenient
procedure of racemization-test with the application
an of amino acid analyzer. A procedure which we
have designed is as follows. When an acyl-dipeptide
acid is condensed with an amino acid benzyl ester
by an usual coupling method, an acyl-tripeptide
benzyl ester will be obtained. The crude product
is subjected directly to hydrogenolysis, and the hy-
drogenated material is submitted to an amino acid

(with partial or complete
Z-Gly-L-A-OH + H-L-B-OBzl -

racemization of A residue)

Z-Gly-A-B-OBzl (LL isomer + DL isomer) —

H;
H-Gly-A-B-OH (1L isomer + DL isomer)

Fig. 1. Supposed sequence of synthesis of tripep-
tide diastereomers.
Z-, benzyloxycarbonyl; -OBzl, benzyl ester;
A or B, certatin amino acid residue bearing an
asymmetrical carbon.

7) E. Taschner, A. Chimiak, J.F. Biernat, T.

Sokolowska, C. Wasielewski and B. Rzeszotarska,
“ Peptide Symposium,” Pergamon, Oxford (1963),
p. 109

.8) -B. Halpern, L. F. Chew and B. Weinstein, Teira-
hedron Letters, 1967, 3075; J. Am. Chem. Soc., 89, 5051
(1967).
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analyzer (Fig. 1). In the present paper we de-
scribe the syntheses of several model peptides and
the separation experiments of each mixture of di-
astereomeric peptides by the analyzer.

The literature survey on the separation of dipep-
tide diasterecomers by an amino acid analyzer,
has revealed that two groups reported the separation
of a mixture of alanyl-alanines.”” ~We also described
in the previous paper the separation of leucyl-
valine diastereomers.” Though the model di-
peptides are not true diastereomers it would be of
interest to note that Kornguth ef al. have reported
the complete separation of a mixture of e-(a-L-
glutamyl)-L-lysine and e-(y-L-glutamyl)-L-lysine.1®
A separation study of tripeptide diastereomers by
an amino acid analyzer has not been performed to
date as far as we recognize.

For model peptide, we chose tripeptide, which is
composed of glycine, a basic and an acidic amino
acid, with the surmise that a diastereomeric mix-
ture of this polyfunctional neutral tripeptide might
be efficiently separated under an appropriate condi-
tion. Each pure diastereomer of glycyl-lysyl-gluta-
mic acid, glycyl-lysyl-aspartic acid, glycyl-ornithyl-
glutamic acid and glycyl-ornithyl-aspartic acid were
prepared in the conventional manner as the first step
of the study. For example, glycyl-L-lysyl-L-glutamic
acid was synthesized as shown in Fig. 2. Thus eight
tripeptides (XXIII—XXX) of Gly-Lys-Glu type
were obtained as hygroscopic crystals and their
homogeneity was ascertained by paper and thin-
layer chromatographies and electrophoresis.

As the control material for the experiment with
the analyzer, several dipeptides (VII—X) of Lys-
‘Glu type were also synthesized by the usual way.

z
Z-Gly-OH + H-1-Lys-OEt —— Z-Gly-L-Lys-OEt
(X1)
NH,;NH, |Z
———— Z-Gly-L-Lys-NHNH,
(XI1)
OBzl

1
H-L-Glu-OBzl
e

HNO,
—

Z-Gly-L-Lys-N;
Z OBl
Z-Gly-L-Lys-L-Glu-OBzl
(XV)
H-Gly-L-Lys-L-Glu-OH
(XXIII)

H,/Pd
=

Fig. 2.
(XXIIT).
MA, the mixed anhydride method.

Sequence of synthesis of tripeptide

9) F.C. Neuhas, J. Biol. Chem., 237, 778 (1962); K.
Harada and S. W. Fox, Arch. Biockem. Biophys., 109, 49
(1965).

10) M. L. Kornguth, A. Neidle and H. Waelsch,
Biochemistry, 2, 740 (1963).
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OBzl Z
1 ] DCC
Nps-L-Glu-OH + H-L-Lys-OBzl —
OBzl . HCl/dioxane
Nps-L-Glu-L-Lys-OBz] ———
(XXXIII)
OI.;ZI .Z MA of Z-Gly-OH
HCl-H-L-Glu-L-Lys-OBzl ————
S H,/Pd
Z-Gly-L-Glu-L-Lys-OBzl —
(XXXVII)
H-Gly-1L-Glu-L-Lys-OH
(XLI)

Fig. 3. Sequence of synthesis of tripeptide (XLI).
Nps-, o-nitrophenylsulfenyl; DCC, dicyclohexyl-
carbodiimide.

Since any mixture of diastereomeric tripeptides
of Gly-Lys-Glu type was not separated completely
by the analyzer as described later, syntheses of model
tripeptides of Gly-Glu-Lys type were further at-
tempted. Each pure diastereomer of glycyl-glu-
tamyl-lysine and glycyl-aspartyl-lysine was prepared
in the manner of the stepwise elongation to preclude
racemization. For example, synthetic sequence of
glycyl-L-glutamyl-L-lysine was noted in Fig. 3.

As a preliminary experiment, separation studies of
mixture of diastereomeric peptides with paper
chromatography and electrophoresis were performed.
Asnoted in Table 1, it was observed that the mixture
of dipeptide diastereomers was separated each other
more efficiently in general than a mixture of tripep-
tides.

Optical density

o

Elution volume (ml)

Fig. 4. Model elution pattern of a diastereomeric
mixture.

A model elution pattern of a mixture composed
of two diastereomers in the same amounts by an
amino acid analyzer was indicated in Fig. 4. For
the approximate expression of the efficiency of
separation, we introduced the term rs, apparent
ratio of separation; rsis calculated by the equation
of [sh/(ah-+bh) x 2] x 100.

Each mixture of the diastercomeric dipeptides or
tripeptides was subjected to the analyzer. For the
elution of columns three procedures were employed
and the results obtained were summarized in Table
2. In procedure (i) the elution was carried out with
a medium column (0.9%x50cm) and pH 5.28
buffer; any peptide mixture was found not to be
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TasLE 1. Rj; AND Rg)y VALUES OF PEPTIDES ON PAPER CHROMATOGRAPHY AND ELECTROPHORESIS
Co Paper chromatography Paper electrophoresis Rg1y®
mpound Ry
pH 1.8 pH 3.259® pH 4.25®
Lys-Glu, L-L 0.23 1.13 1.14 1.10
Lys-Glu, L-D 0.18 1.13 1.09 1.10
Lys-Asp, L-L 0.18 1.09 1.14 1.12
Lys-Asp, L-D 0.17 1.09 1.10 1.12
Gly-Lys-Glu, L-L 0.15 1.03 1.21 1.08
Gly-Lys-Glu, L-D 0.15 1.03 1.21 1.08
Gly-Lys-Asp, L-L 0.12 1.11 1.18 1.14
Gly-Lys-Asp, L-D 0.12 1.11 1.18 1.14
Gly-Orn-Glu, L-L 0.15 1.10 1.23 1.12
Gly-Orn-Glu, L-D 0.15 1.10 1.23 1.12
Gly-Orn-Asp, L-L 0.13 1.44 1.22 1.11
Gly-Orn-Asp, L-D 0.13 1.44 1.22 1.11
Gly-Glu-Lys, L-L 0.16 1.12 1.14 1.03
Gly-Glu-Lys, D-L 0.14 1.12 1.14 1.03
Gly-Asp-Lys, L-L 0.13 1.12 1.13 1.01
Gly-Asp-Lys, D-L 0.12 1.12 1.13 1.01

a) Calculated relatively from a distance travelled of glycine as a control compound.
b) Solvent system: n-butanol - acetic acid - pyridine - water (4:1:1: 2, v/v).
c) Solvent system: formic acid - acetic acid - methanol - water (1: 3: 6 : 10, v/v).

d) Solvent system: 0.2M sodium citrate buffer.

TABLE 2. VALUES RELATING TO CHROMATOGRAPHY OF PEPTIDES WITH AMINO ACID ANALYZER

Effluent volume (av or bv, m!) and apparent ratio of separation (rs, %)

(e @()» (i)
— ——— ———
av or bv s av or bv s av or bv s
Lys-Glu, L-L 46 62 411
Lys-Glu, LD 46 0 51 7 399 91
Lys-Asp, L-L 43 44 288
Lys-Asp, LD 43 0 36 . 236 10
Gly-Lys-Glu, L-L 47 0 88 0 409 50
Gly-Lys-Glu, L-D 47 88 418
Gly-Lys-Asp, L-L 59 0 61 0 332 0
Gly-Lys-Asp, L-D 59 61 332
Gly-Orn-Glu, L-L 41 0 74 0 397 64
Gly-Orn-Glu, L-D 41 74 403
Gly-Orn-Asp, L-L 45 0 49 0 274 0
Gly-Orn-Asp, L-D 45 49 274
Gly-Glu-Lys, L-L 42 0 51 0 400 0
Gly-Glu-Lys, D-L 42 51 400
Gly-Asp-Lys, L-L 33 0 31 0 396 10
Gly-Asp-Lys, D-L 33 31 393

a) With medium column (0.9% 50 cm) and 0.2 M sodium citrate buffer (pH 5.28).

b) With small column (0.6 X10cm) and 0.2 M sodium citrate buffer (pH 4.25).

c¢) With the small column, 0.2M sodium citrate at pH 3.25 was applied until 360 m/, and then
the system was changed to the pH 4.25 buffer.

separated. In scheme (ii) a smaller column (0.6
x 10 cm) was used and eluted with pH 4.25 buffer;
any tripeptide system of Gly-Glu-Lys or Gly-Lys-
Glu type was no separated though both dipeptide
systems separated considerably. In scheme (iii)
the elution was initiated with pH 3.25, and at
fraction 360 m/ the eluting solution was changed to

pH 4.25 buffer. At first four systems of Gly-Lys-
Glu type were studied; although separation of
glycyl-ornithyl-glutamic acid diastereomers occurred
most efficiently, the separation was not still completed
(Fig. 7). Therefore, the analysis was further ex-
tended to two model systems of glycyl-glutamyl-
lysine and glycyl-aspartyl-lysine; the results were
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worse than that of the system of glycyl-ornithyl-
glutamic acid. Several chromatographic patterns
obtained were indicated in Figs. 5—7 for examples.

Though it appears that a reaction sequence to
afford glycyl-ornithyl-glutamic acid from benzyl-
oxycarbonyl-glycyl- 6 -benzyloxycarbonyl-L-ornithine
and L-glutamic acid dibenzyl ester can be used for
the detection of racemization, the separation study
of several dipeptide diastereomers, such as a-acetyl-
lysyl-alanine, and tripeptide diastereomers is being
continued in this laboratory in order to find a model
system in better separation.

Experimental

The melting points were uncorrected. Optical rota-
tions were determined with a Yanagimoto Photometric
Polarimeter, OR-20 type.

p-Glutamic Acid Dibenzyl Ester p-Toluenesul-
fonate (I). This compound was obtained according to
the procedure for the r-isomer.! Yield, 72%; mp
140—141°C; [a]¥y —6.9° (¢ 2, methanol). Reported
value for the L-isomer; mp 142°C; [a]p +7.6° (meth-
anol). 1V

p-Aspartic Acid Dibenzyl Ester p-Toluenesul-
fonate (II). This compound was obtained according to
the procedure for the vL-isomer.') Yield, 81%; mp
155—156°C; [a]¥ +1.0° (¢2, methanol). Reported
value for the r-isomer; mp 151—152°C; [a]¥ +1.0°
(methanol).11:12)

Dibenzyloxycarbonyl-lysyl-glutamic Acid Di-
benzyl Ester. The L Isomer (III). A suspension of
dibenzyloxycarbonyl-L-lysine dicyclohexylammonium
salt’® (1.78 g, 3 mmol) in ethyl acetate was stirred with
0.5 M citric acid (12 m/) during 1 hr. The ethyl acetate
layer was separated and washed with water, and dried
over sodium sulfate. The filtrate was evaporated in
vacuo and the residual oil (dibenzyloxycarbonyl-L-lysine)
was dissolved in tetrahydrofuran (6 m/). The solution
was treated with triethylamine (0.42 m/, 3 mmol) and
isobutyl chloroformate (0.39 m/, 3 mmol) at —5°C.14
After 15 min, a mixture of L-glutamic acid dibenzyl ester
p-toluenesulfonate (1.50 g, 3 mmol) in chloroform (6 m/)
and triethylamine (0.42 m/, 3 mmol) was added. The
mixture was left to stand overnight at room temperature,
and then evaporated in vacuo. The residue was dissolved
in ethyl acetate (20 m!), then the solution was washed
successively with 49, sodium bicarbonate, 2%, hydro-
chloric acid and water, and dried over sodium sulfate.
The filtrate was evaporated in vacuo, and the oily residue
was solidified by the addition of ether and petroleum
ether. The product was recrystallized from ethyl
acetate - ether - petroleum ether. Yield, 1.51 g (70%);
mp 113°C; [a]¥ —14.2° (¢ 1, dimethylformamide).

Found: C, 67.85; H, 6.42; N, 5.98%,. Calcd for
C;1HysN;Oy: G, 68.03; H, 6.27; N, 5.819,.

11) N. Izumiya and S. Makisumi, Nippon Kagaku
Zassi (J. Chem. Soc. Japan, Pure. Chem. Sect.), 18, 662,
1768 (1957).

12) We wish to correct the value of the L-isomer as
[a]¥ —1.0° (¢ 2, methanol).

13) S. Guttmann and R. A. Boissonas, Helv. Chim.
Acta, 41, 1852 (1958); E. Klieger, E. Schréder and H.
Gibian, Ann., 640, 157 (1961).

14) J.R. Vaughan, ]Jr., and R.T. Osato, J. 4m.
Chem. Soc., 73, 5553 (1951).
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The Lp Isomer (IV). This compound was obtained
from dibenzyloxycarbonyl-L-lysine and I by the mixed
anhydride method described above. Yield, 55%; mp
95°C; [a]® +6.4° (¢ 1, dimethylformamide).

Found: G, 68.03; H, 6.32; N, 5.98%,.

Dibenzyloxycarbonyl-lysyl-aspartic Acid Di-
benzyl Ester. The 1L Isomer (V). This compound was
obtained from dibenzyloxycarbonyl-L-lysine and L-
aspartic acid dibenzyl ester by the mixed anhydride
method. Yield, 749%; mp 139—140°C; [a]¥ —9.4°
(¢ 1, dimethylformamide).

Found: C, 67.68; H, 6.11; N, 5.929%,.
CyoH;3N;Op: C, 67.44; H, 6.52; N, 5.929%,.

The Lp Isomer (VI). This compound was obtained
from dibenzyloxycarbonyl-L-lysine and II. Yield, 66%;
mp 97—98°C; [al® +6.2° (¢ 1, dimethylformamide).

Found: G, 67.65; H, 6.19; N, 5.98%,.

Lysyl-glutamic Acid (Lys-Glu). 7The L Isomer
(VII). A solution of ITI (0.72 g, 1 mmol) in a mixture of
acetic acid (3 m/), methanol (1.2 m/) and water (0.6 m/)
was treated with hydrogen in the presence of palladium
black. The filtrate from the catalyst was evaporated in
vacuo to dryness. The residual crystals were recrystal-
lized from water - ethanol. Yield, 0.23 g (85%,); mp
194—196°C (decomp.); [a]¥ -+20.1° (¢ 3.1, water)
(Found as a hemihydrate: C, 46.34; H, 7.91; N,
14.499%,). Bergmann et al.1® reported the synthesis of
this compound by hydrogenolysis of Z-rL-Lys(¢-Z)-L-
Glu-OH which was obtained through the saponification of
Z-L-Lys(e-Z)-L-Glu(7-OEt)-OEt; mp 197°C; [a]¥
+22.9° (water).

The Lp Isomer (VIII). This compound was obtained
by hydrogenolysis of IV as described above; yield, 96%;
[a]® +33.4° (¢ 1, water). The elemental analysis could
not be performed because of its hygroscopic character
compared with the LL isomer (VII), however the homo-
geneity of this compound VIII was confirmed by paper
chromatography and electrophoresis.

Lysyl-aspartic Acid (Lys-Asp). The rL Isomer
(IX). This compound was obtained by hydrogenolysis
of V. Yield, 86%; [al¥ +25.3° (¢ 1.3, water) (Found
as a monohydrate: C, 42.81; H, 7.73; N, 14.68%).
Bergmann et al.'® reported the synthesis of this
compound by hydrogenolysis of Z-rL-Lys(e-Z)-L-Asp-
OH; [al¥ +23° (water).

The Lo Isomer (X). The compound VI was hydro-
genated and the filtrate from the catalyst was evaporated
to dryness. The residual crystals were collected with the
aid of ethanol. Yield, 869%,; mp 180—182°C (decomp.);
[a]% +30.6° (¢ 1, water).

Found: C, 42.66; H, 7.86; N, 14.68%,. Calcd for
C,oH,;yO;N,;-H,O: C, 43.00; H, 7.58; N, 15.03%,.

Benzyloxycarbonyl-glycyl - ¢ - benzyloxycarbonyl-
L-lysine Ethyl Ester (XI). This compound was
obtained from benzyloxycarbonyl-glycine and ¢-ben-
zyloxycarbonyl-L-lysine ethyl ester p-toluenesulfonate!?
by the mixed anhydride method as described for the
preparation of III. Yield, 76%; mp 77—78°C; [a]¥
+3.2° (¢ 1, ethyl acetate).

Calcd for

15) M. Bergmann, L. Zervas and J. P. Greenstein,
Ber., 65, 1692 (1932).

16) M. Bergmann, L. Zervas, H. Rinke and H.
Schleich, Z. Physiol. Chem., 224, 26 (1934).

17) T. Kato, S. Makisumi, M. Ohno and N. Izumiya,
Nippon Kagaku Zasshi (J. Chem. Soc. Japan, Pure Chem.
Sect.), 83, 1151 (1962).
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Found: C, 62.50; H, 6.66; N, 8.429,. Calcd for
CyeH330;N;: G, 62.49; H, 6.87; N, 8.43%,.

Benzyloxycarbonyl-glycyl - ¢ - benzyloxycarbonyl-
L-lysine Hydrazide (XII). A solution of XI (4.99 g,
10 mmol) and hydrazine hydrate (1.21 m/, 25 mmol) in
methanol was allowed to stand at 30°C for 48 hr. The
excess hydrazine was evaporated in vacuo, and then water
(50 m/) was added to the residue. The resulting crystals
were collected by filtration and washed with water.
Yield, 4.3 g (91%); mp 163—165°C; [a]y —1.2° (¢ 1,
dimethylformamide) (Found: C, 59.25; H, 6.31; N,
14.419,). Erlanger and Brand'® reported the synthesis
of this compound from Z-Gly-L-Lys(e-Z)-OMe with
hydrazine; mp 167°C.

Benzyloxycarbonyl-glycyl - 3 - benzyloxycarbonyl-
L-ornithine Ethyl Ester (XIII). This compound was
obtained from benzyloxycarbonyl-glycine and §-ben-
zyloxycarbonyl-L-ornithine ethyl ester p-toluenesul-
fonate'® by the mixed anhydride method as described
for the preparation of III. Yield, 71%; mp 79—80°C;
[@]%® —7.6° (¢ 1, dimethylformamide).

Found: C, 61.84; H, 6.44; N, 8.66%.
C,:H;,07N;: G, 61.58; H, 6.32; N, 8.569%,.

Benzyloxycarbonyl-glycyl - 3 - benzyloxycarbonyl-
L-ornithine Hydrazide (XIV). The compound XIII
was converted to the hydrazide as described for the
preparation of XII. Yield, 87%; mp 141—143°C;
[@]® +0.8° (¢ 1, dimethylformamide).

Found: G, 58.10; H, 6.25; N, 14.75%.
CysH,yO6N;: C, 58.18; H, 6.24; N, 14.629%,.

Benzyloxycarbonyl-glycyl - ¢ - benzyloxycarbonyl-
lysyl-glutamic Acid Dibenzyl Ester. The L Isomer
(XV). To a chilled solution of XII (1.94 g, 4 mmol)
in glacial acetic acid (40 m/) and 2 N hydrochloric acid
(2.4 ml) was added sodium nitrite (0.32 g) with stirring.
After the solution had been allowed to stand for 5 min
at —5°C, it was diluted with cold water (100 m/), and
the protected dipeptide azide was extracted three times
with 50 m/ portions of ethyl acetate. The combined
ethyl acetate solution was washed with 49, sodium
bicarbonate and water, dried over sodium sulfate, and
then added to a cold solution of L-glutamic acid dibenzyl
ester p-toluenesulfonate (2.00 g, 4 mmol) in triethylamine
(0.56 m/, 4 mmol) and dimethylformamide (10 m/).
After the mixture had been stirred for 3 days at 0°C
and evaporated in vacuo, the residue was dissolved in
ethyl acetate and washed successively with 49, sodium
bicarbonate, 29, hydrochloric acid and water, and dried
over sodium sulfate. The filtrate was evaporated in vacuo
and the oily residue was solidified by the addition of ether
and petroleum ether. The product was recrystallized
from ethyl acetate - ether - petroleum ether. Yield, 2.17
g (69%); mp 117—118°C; [«]¥ —10.8° (¢ 1, dimethyl-
formamide). For the elemental analysis, a part of the
crystals was purified further by column chromatography
of Sephadex LH-20 (column size; 0.9x50 cm) using
dioxane as a solvent,

Found: G, 65.82; H, 6.20; N, 7.28%.
CysHyisO00Ny: G, 66.14; H, 6.20; N, 7.189.

The Lp Isomer (XVI). This compound was obtained
from XII and I by the azide method. Yield, 63%; mp

Calced for

Calcd for

Calcd for

18) B.F. Erlanger and E. Brand, J. Am. Chem. Soc.,
73, 4025 (1951).

19) N. Izumiya, T. Kato, Y. Fujita, M. Ohno and
M. Kondo, This Bulletin, 37, 1809 (1964).
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122°C; [a]¥ +3.6° (¢ 1, dimethylformamide).

Found: G, 65.87; H, 6.26; N 7.38%.,

Benzyloxycarbonyl-glycyl - ¢ - benzyloxycarbonyl-
lysyl-aspartic Acid Dibenzyl Ester. The LL Isomer
(XVII). The protected tripeptide ester (XVII—XXII)
were obtained in the same manner from the correspond-
ing protected dipeptide hydrazide (XII or XIV) and
the corresponding amino acid dibenzyl ester as described
for the preparation of XV. Yield, 64%; mp 122—
123°C; [a]¥ —8.6° (¢ 1, dimethylformamide).

Found: C, 65.72; H, 6.10; N, 7.44%,. Calcd for
C2:HOy0N,: G, 65.76; H, 6.05; N, 7.31%.
The LD Isomer (XVIII). Yield, 60%; mp 105—

106°C; [a]%® +6.2° (¢ 1, dimethylformamide).

Found: C, 65.31; H, 6.15; N, 7.76%,.

Benzyloxycarbonyl-glycyl -3 - benzyloxycarbonyl-
ornithyl-glutamic Acid Dibenzyl Ester. The LL
Isomer (XIX). Yield, 61%; mp 84°C; [a]} —10.0°
(¢ 1, dimethylformamide).

Found: C, 65.46; H, 6.05; N, 7.18%.
Cy:H, 400N, : C, 65.76; H, 6.05; N, 7.319%,.

The LD Isomer (XX). Yield, 76%; mp 96°C; [a]¥
+5.2° (¢ 1, dimethylformamaide).

Found: C, 65.37; H, 6.00; N, 7.33%,.

Benzyloxycarbonyl-glycyl- 3 - benzyloxycarbonyl-
ornithyl-aspartic Acid Dibenzyl Ester. The LL

Calcd for

Isomer (XXI). Yield, 64%; mp 127—129°C; [a]¥®
—38.0° (¢ 1, dimethylformamide).
Found: C, 65.03; H, 5.83; N, 7.849%,. Calcd for

C;,H, O0N,: C, 65.41; H, 5.89; N, 7.449.

The LD Isomer (XXII). Yield, 61%; mp 103—104°C;
[a]¥® +6.4° (¢ 1, dimethylformamide).

Found: C, 64.98; H, 5.83; N, 7.77%.

Glycyl-lysyl-glutamic Acid (Gly-Lys-Glu), LL
Isomer (XXIII) and LD Isomer (XXIV); Gly-Lys-
Asp, LL Isomer (XXV) and LD Isomer (XXVI);
Gly-Orn-Glu, LL Isomer (XXVII) and LD Isomer
(XXVIII); Gly-Orn-Asp, L. Isomer (XXIX) and
pL Isomer (XXX). Each of benzyloxycarbonyl-
tripeptide benzyl ester (XV—XXII) (2 mmol) obtained
above was suspended in a solution (20 m/) of acetic acid,
methanol and water (6:1:3), and the mixture was
treated with hydrogen in the presence of palladium
black. As the hydrogenolysis had proceeded the
suspended material went into the solution. The catalyst
was removed by filtration, and the filtrate was evaporated
in vacuo to dryness. The residual oil become hygroscopic
crystals upon treatment with ethanol. The yields were
almost quantitative. The homogeneity of these peptides
was established by paper chromatography and elec-
trophoresis. Elemental analysis was not performed
because of its highly hygroscopic character. Amiard and
Goffinet?® reported the synthesis of XXIII by saponifica-
tion and detritylation of Tri-Gly-L-Lys(e-Tri)-L-Glu-
(y-OEt)-OEt.

o-Nitrophenylsulfenyl-y-benzyl-p-glutamic Acid
Dicyclohexylammonium Salt (XXXI). This com-
pound was obtained according to the procedure for the
L isomer.2? Yield, 66%; mp 167—168°C; [a]¥®
+33.7° (¢ 3.5, chloroform). Reported value for the L
isomer,?? mp 168°C; [a]¥ —34.0° (chloroform).

20) G. Amiard and B. Goffinet, Bull. Soc. Chim.
France, 1957, 1133.

21) L. Zervas, D. Borovas and E. Gazis, J. Am.
Chem. Soc., 85, 3660 (1963).
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o-Nitrophenylsulfenyl-S-benzyl-p-aspartic Acid
Dicyclohexylammonium Salt (XXXII). This com-
pound was obtained according to the procedure for the
L isomer.??)  Yield, 59%; mp 165°C; [a]¥ +41.0°
(¢ 4, chloroform). Reported value for the L isomer;22
mp 165—166°C; [a]%® —38.0° (chloroform).

o-Nitrophenylsulfenyl-y-benzyl- glutamyl -¢- ben-
zyloxycarbonyl-lysine Benzyl Ester. The LL Isomer
(XXXIII). To a solution of o-nitrophenylsulfenyl-y-
benzyl-L-glutamic acid dicyclohexylammonium salt??
(1.72g, 3 mmol) and e-benzyloxycarbonyl-L-lysine
benzyl ester p-toluenesulfonate?*® (1.63 g, 3 mmol) in
chloroform (12 ml) was added dicyclohexylcarbodiimide
(0.62 g, 3 mmol) with stirring at —5°C. After 2 hr at
—5°C, the stirring was continued at room temperature
overnight. After the reaction mixture was evaporated
in vacuo, the residue was treated with ethyl acetate
(20 m/), and insoluble precipitate of dicyclohexylurea
was removed by filtration. The filtrate was washed
successively with 49, sodium bicarbonate, 0.5 M citric
acid and water, dried over sodium sulfate and evaporated
in vacuo yielding an oily residue. Yield of the oil,
2.01 g (90%). This oil did not crystallize on prolonged
standing in a refrigerator.

The pr Isomer (XXXIV). This compound was ob-
tained from XXXI and ¢-benzyloxycarbonyl-L-lysine
benzyl ester as described above. The product was re-
crystallized from ethyl acetate - ether - petroleum ether.
Yield, 73%,; mp 87—88°C; [al]¥ +19.2° (¢ 1, chloro-
form).

Found: C, 63.07; H, 5.79; N, 7.599%,.
CyoH ,0N,S: G, 63.06; H, 5.70; N, 7.54%.

o-Nitrophenylsulfenyl - 8- benzyl-aspartyl -e- ben-
zyloxycarbonyl-lysine Benzyl Ester. The LL Isomer
(XXXV). This compound was obtained from o-nitro-
phenylsulfenyl- 3-benzyl-L-aspartic acid dicyclohexylam-
monium salt??) and e-benzyloxycarbonyl-L-lysine benzyl
ester as described above and recrystallized from ethyl
acetate - ether - petroleum ether. Yield, 88%; mp 128—
129°C; [a]¥® —17.2° (¢ 1, dimethylformamide).

Found: C, 62.58; H, 5.51; N, 7.83%. Calcd for
CysH,,O,N,S: C, 62.62; H, 5.53; N, 7.69%.

The pr Isomer (XXXVI). This compound was ob-
tained from XXXII and e¢-benzyloxycarbonyl-vL-lysine
benzyl ester as described above. Yield, 82%; mp
118—119°C; [a]¥® +11.8° (¢ 1, chloroform).

Found: C, 61.76; H, 5.40; N, 7.84%. Calcd for
CysH,,OsN,S-1/2H,0: C, 61.86; H, 5.60; N, 7.60%.

Benzyloxycarbonyl-glycyl -y - benzyl-glutamyl - & -
benzyloxycarbonyl-lysine Benzyl Ester. The LL
Isomer (XXXVII). To a solution of the nitrophenylsul-
fenyl-dipeptide ester XXXIIT (1.54g 2mmol) in
dioxane (6 ml), 2 N hydrogen chloride in dioxane (4 m/)
was added. After the solution was allowed to stand at
room temperature for 30 min, it was evaporated in vacuo.
The residual oil was washed several times with ether by
the way of decantation; yield of the oily dipeptide ester
monohydrochloride, 1.26 g (102%). Then the com-
pound XXXVII was prepared from benzyloxycarbonyl-
glycine (2 mmol) and the dipeptide ester monohydro-
chloride (1.26 g) obtained above by the mixed anhydride
method as described for the preparation of III. The
product was recrystallized from ethyl acetate - ether -

Calcd for

22) L. Zervas and C. Hamilidis, ibid., 87, 99 (1965).
23) O. Abe, H. Takiguchi, M. Ohno, S. Makisumi
and N. Izumiya, This Bulletin, 40, 1945 (1967).
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petroleum ether. Yield, 1.11 g (71%); mp 97°C; [a]¥
—9.0° (¢ 1, dimethylformamide).

Found: G, 66.23; H, 6.11; N, 7.21%.
CysHygONy: G, 66.14; H, 6.20; N, 7.189%.

The pr Isomer (XXXVIII). The crystalline dipeptide
ester monohydrochloride (1.23 g) was obtained from the
nitrophenylsulfenyl-dipeptide ester XXXIV (2 mmol)
with the treatment of hydrogen chloride in dioxane as has
been described above. Then, XXXVIII was prepared
from benzyloxycarbonyl-glycine and the dipeptide ester
monohydrochloride (1.23 g) by the mixed anhydride
method. The product was recrystallized from ethyl
acetate - ether - petroleum ether. Yield, 1.09 g (70%);
mp 126°C; [a]¥ —4.4° (¢ 1, dimethylformamide).

Found: C, 66.21; H, 6.13; N, 7.229%,.

Benzyloxycarbonyl-glycyl - 8 -benzyl-aspartyl-¢~
benzyloxycarbonyl-lysine Benzyl Ester. The LL
Isomer (XXXIX). This compound was prepared from
benzyloxycarbonyl-glycine and the crystalline dipeptide
ester monohydrochloride which was obtained fromXXXV
with hydrogen chloride in dioxane. The product was
recrystallized from ethyl acetate - ether - petroleum ether.
Yield, 61%; mp 117°C; [al]¥ —18.6° (¢ 1, dimethyl-
formamide).

Found: C, 65.76; H, 6.07; N, 7.279%,.
C,,H,60,0N,: C, 65.76; H, 6.05; N, 7.319%,.

The Lp Isomer (XL). This compound was synthesized
as described above from benzyloxycarbonyl-glycine and
the crystalline dipeptide ester monohydrochloride which
was obtained from XXXVI. Yield, 73%; mp 91°C;
[a]® +6.2° (¢ 1, dimethylformamide).

Found: C, 65.60; H, 6.08; N, 7.219,.

Glycyl-glutamyl-lysine (Gly-Glu-Lys). 7The LL
Isomer (XLI). The compound XXXVII (0.78 g) was
hydrogenated as has been described for the preparation
of Lys-Glu (VII) and the filtrate from the catalyst was
evaporated to dryness. The residual crystals were re-
crystallized from water-ethanol. Yield, 0.247 g (70%);
[a]¥ —22.4° (¢ 1, water).

Found: C, 44.28; H, 7.25; N, 15.66%,. Calcd for
C;H,,00N,-H,O: C, 44.56; H, 7.48; N, 15.999;.

The DL Isomer (XLII). This was obtained by the

Calcd for

Calcd for

LD+LL
( i) Lys-Glu

ﬂ/\ i)
(iii) Lﬁﬁ
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Fig. 5. Elution pattern of a diastereomeric mixture
of Lys-Glu.
(i) 0.9%x50 cm column and pH 5.28 buffer,
(ii)) 0.6x10cm column and pH 4.25 buffer,
(iti)) 0.6x10cm column, pH 3.25 buffer (360
m/) and then pH 4.25 buffer.
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Fig. 6. Elution pattern of a diastereomeric mixture
of Gly-Lys-Glu.
(i), (ii) and (iii); see Fig. 5.

>

'_;U:f Gly-Orn-Glu (ii) IL o
g

So T w0 450

Elution volume (ml)

Fig. 7. Elution pattern of a diastereomeric mixture
of Gly-Orn-Glu.
(ii1); see Fig. 5.

hydrogenolysis of XXXVIII as described above. Yield,
82%; [a]¥ +13.0° (¢ 1, water).
Found: C, 46.20; H, 7.28; N, 16.03%,. Calcd for

Cy3H,,O6N, - 15H,0: G, 45.92; H, 7.35; N, 16.339%,.

Glycyl-aspartyl-lysine (Gly-Asp-Lys). The 1L
Isomer (XLIII). This was obtained by hydrogenolysis
of XXXIX. Yield, 71%; [a]¥ —4.6° (¢ 1, water).
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Found: C, 42.65; H, 7.10; N, 16.31%. Calcd for
C,,H,,06N,-H,O: C, 42.85; H, 7.19; N, 16.66%,.

The pr Isomer (XLIV). This was obtained by hydro-
genolysis of XL. Yield, 85%; [a]® +14.8° (¢ 1, water).

Found: C, 43.16; H, 7.42; N, 16.299%,. Calcd for
C;2H,,06N,-H,O: C, 42.85; H, 7.19; N, 16.66%,.

Paper Chromatography and Paper Electro-
phoresis. A paper chromatography was carried out
with ascending technique using Toyo Roshi No. 52, and
a peptide on the paper was revealed with ninhydrin.
As shown in Table 2, it was observed that the dia-
stereomers of several peptides were separated on the
chromatogram. The electrophoresis was carried out
under the following condition: 500 V{30 cm with formic
acid - acetic acid - methanol - water solution and 300 V/
30 cm with 0.2 M sodium citrate buffer. As indicated in
Table 2, it appeared that the ability to separate a dia-
steremeric mixture was less than that in the paper
chromatography.

Separation Studies with Amino Acid Analyzer.
A mixture of 0.6 #mol each of the LL form and the Lp
(or pL) form of di- or tripeptides was analyzed by Hitachi
amino acid analyzer with spherical resin (No 3105),
model KLA-3B, under the following conditions: flow
rate, 60 m//hr and jacket temperature, 55°C. Three
different analyses were performed for each diastereomeric
mixture as follows: (i) with 0.9 50 cm column, 0.2 M
sodium citrate buffer at pH 5.28 was used; (ii) with
0.6 x10 cm column, 0.2M sodium citrate at pH 4.25
was used; (iii) with 0.6 X 10 cm column, 0.2 M sodium
citrate at pH 3.25 was applied for 6 hr (toltal effluent
volume, 360 m!), and then the buffer system was changed
to pH 4.25. The results obtained were summarized in
Table 2. The several chromatographic patterns with
the amino acid analyzer were indicated in Figs. 5—7.

The authors wish to express their thanks to Dr.
Haruhiko Aoyagi, in this laboratory for his valuable
discussions.




