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153.  Kenji Suzuki and Takashi Abiko : Synth'esis of 3-Sarcosine-,
3-Glycine-, and 3-L-Alanine-6-Glycine-Bradykinin and ‘
3-Glycine~-Bradykinin,**

(Tohoku College of Pharmacy*?)

The three analogs of bradykinin are described in which r-proline residue in 3-position
of 6-glycine-bradykinin is substituted for sarcosine, glycine, and r-alanine residue respectively.
3-Glycine-bradykinin and its O-acetyl compound are also described. The biological activity
of the five analogs is compared with that of bradykinin on an isolated guinea pig ileum.

(Received October 28, 1966)

A number of bradykinin analogs showing high bradykinin-like activity have been
reported. These analogs are 6-glycine-,» 3-L-alanine-,» 3-sarcosine-,» and 8-p-fluoro-
L-phenylalanine-bradykinin® and these facts have been also reviewed by Schréder,
et al.® compared with the other numerous bradykinin analogs. In 1964, Schrdder,
et al.® have reported that bradykinin analog substituted at two positions 3 and 6 for
another amino acid residues, namely 3-L-alanine-6-glycine-bradykinin showed high
bradykinin-like activity. In the present paper the synthesis of 3-glycine-6-glycine-
bradykinin, 3-sarcosine-6-glycine-bradykinin, and 3-glycine-bradykinin is described,
because high activity of thece analogs is expected from the results of the study by
Schroder, ef al.® as described above. The reasons for the studies on 3-glycine analogs
are as follows : the difference on the structual feature between glycine and the other
two amino acids, sarcosine and L-alanine is only the existence of the N- or a-methyl
group in the latter two amino acid molecules. In addition to these studies, the
synthesis of 3-L-alanine-6-glycine-bradykinin is also described, since the experimental
details of this bradykinin analog have not been described by Schréder, ef al.® The
method employed for the synthesis of the three analogs are closely similar to the
method used for the preparation of bradykinin and its analogs by the authors.” The
synthetic route for 3-sarcosine-6-glycine bradykinin is illustrated in Fig 1. Esterication
of N-benzyloxycarbonyl-L-phenylalanylglycine® with p-nitrophenol by the N,N’-dicyclo-
hexylcarbodiimide procedure gave N-benzyloxycarbonyl-L-phenylalanylglycine p-nitro-
phenyl ester (I). N-Benzyloxycarbonyl-L-prolyl-L-phenylalanyl-N“-nitro-L-arginine
p-nitrobenzyl ester”® was de-benzyloxycarbonylated with a hydrogen bromide-acetic
acid solution in the presence of anisole. The resulting product was condensed with I
to yield crystalline N-benzyloxycarbonyl-L-phenylalanylglycyl-L-prolyl-L~phenylalanyl-

*1 Nomenclature of bradykinin analogs followed those given in Proc. 2nd Intl. Pharmacol. Meeting, Vol. 10
Oxytocin, Vasopressin, and their Structual Analogues. Ed. J. Rudinger. xi (1964). Czechoslovak Medical
Press, Praha. Abbreviations for amino acids and substituents followed those in given in the tentative
rules of IUPAC-IUB commission on biochemical nomenclature, Biochemistry, 5, 2485 (1966).

*2 Nankozawa, Sendai (& K3k, BT H)-

1) M. Bodanszky, J. T. Sheechan, M. A. Ondetti, S. Lande : J. Am. Chem. Soc., 85, 991 (1963). E. Schroder :
Ann., 673, 186 (1964).

2) E. Schroder : Ann., 679, 207 (1964).

3) N. Yanaihara, M. Sekiya, K. Takagi, H. Kato: The study was presented at the 38 th Annual Meeting
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Fig. 1. Synthesis of 3-Sarcocine-6-glycine-bradykinin

N¢-nitro-L-arginine p-nitrobenzyl ester (II). After the removal of the benzyloxycarbonyl
group of II, the resulting pentapeptide ester was condensed with N-benzyloxycarbonyl-
glycine p-nitrophenyl ester® to yield N-benzyloxycarbonylglycyl-L-phenylalanylglycyl-
L-prolyl-L-phenylalanyl-N“-nitro-L-arginine p-nitrobenzyl ester (). Esterification of
N-benzyloxycarbonyl sarcosine!® with p-nitrophenol in ethyl acetate by N,N’-dicyclo-
hexylcarbodiimide yielded N-benzyloxycarbonylsarcosine p-nitrophenyl ester (V) as an
oil and the ester was used for the next step without further purification. After the
removal of the benzyloxycarbonyl group of II, the resulting hexapeptide ester was
condensed with I to yield N-benzyloxycarbonylsarcosylglycyl-L-phenylalanyl-L-prolyl-L-
phenylalanyl-N“-nitro-L-arginine p-nitrobenzyl ester (V). After the removal of the
benzyloxycarbonyl group of V, the resulting heptapeptide ester was condensed with
N*-benzyloxycarbonyl-N“-nitro-L-arginyl-L-proline p-nitrophenyl ester*® to yield N*-ben-
zyloxycarbonyl-N“-nitro-L-arginyl-L-prolylsarcosylglycyl-L-phenylalanyl-L-prolyl-L-phenyl-
alanyl-N“-nitro-L-arginine p-nitrobenzyl ester (VI). The fully protected nonapeptide (V)
was hydrogenated for 40 hr. over 10% palladium on charcoal in aqueous acetic acid
and the hydrogenated product was purified through a carboxymethyl (CM-) cellulose
column to obtain L-arginyl-L-prolylsarcosylglycyl-L-phenylalanylglycyl-L-prolyl-L-
phenylalanyl-L-arginine triacetate ([). The nonapeptide (V) so obtained was found to
be homogeneous from the result of paper chromatography in two different solvent
systems and the ratio of amino acids in the acid hydrolysate agreed well with the
theoretical value.

For the synthesis of 3-glycine-6-glycine-bradykinin, the following series of reactions
were carried out. De-benzyloxycarbonylated II was condensed with N-benzyloxycarbon-
ylglycylglycine p-nitrophenyl ester!® to yield N-benzyloxycarbonylglycylglycyl-L-phenyl-
alanylglycyl-L-prolyl-L-phenylalanyl-N®-nitro-L-arginine p-nitrobenzyl ester (V). After
the removal of the benzyloxycarbonyl group of Vi, the resulting heptapeptide ester was
condensed with N®-benzyloxycarbonyl-N“-nitro-L-arginyl-L-proline p-nitrophenyl ester
to yield N*-benzyloxycarbonyl-N“-nitro-L-arginyl-L-prolylglycylglycyl-L-phenylalanyl-
glycyl-L-prolyl-L-phenylalanyl-N“-nitro-L-arginine p-nitrobenzyl ester (X). The fully
protected nonapeptide was hydrogenated over palladium on charcoal and the hydrogenated

9) B. Iselin, W. Rittel, P. Sieber, R. Schwyzer : Helv. Chim. Acta, 40, 373 (1957).

10) D. Ben-Ishai, E. Katchalski : J. Am. Chem. Soc., 74, 3688 (1952).

11) M. A. Ondetti: J. Med. Chem., 6, 10 (1963).

12) M. Bodanszky, J. T. Sheehan, M. A. Ondetti, S. Lande : J. Am. Chem. Soc., 85, 991 (1963).
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product was ;purified through a CM-cellulose column. to obtain 3-glycine-6-glycine-
bradykinin, r-arginyl-L-prolylglycylglycyl-L-phenylalanylglycyl-L-prolyl-L-phenylalanyl-
L-arginine as triacetate dihydrate (X). The nonapeptide (X) so obtained was found to be
homogeneous from the result of paper chromatography in two different solvent systems
and the elementdl analysis agreed well with the theoretical value,

For the synthesis of 3-L-alanine-6-glycine-bradykinin, the following series of
reactions were carried out. Esterification of N~benzyloxycarbonyl-L-alanylglycine'® with
p-nitrophenol by N,N’-dicyclohexylcarbodiimide yielded N-benzyloxycarbonyl-L-alanyl-
glycine p-nitrophenyl ester (X[). = De-benzyloxycarbonylated I was condensed with X to
yield N—benzyloxycarbonyILL—aAlanylglycyl—Lé—phenylalanylglycyl—L—prolyl‘—L—phenylalanyl—
Ne-nitro-L-arginine p-nitrobenzyl ester (XI).. After the removal of the benzyloxycar-
bonyl group of XI, the resulting heptapeptide ester was condensed with N*-benzyloxy-
carbonyl-N®-nitro-L-arginyl-L-proline ‘p—nitriophen,yl ester to yield N*-benzyloxycarbonyl-
N¢-nitro-L-arginyl-L-prolyl-L-alanylglycyl-L-phenylalanylglycyl-L-prolyl-L-phenylalanyl-
N“-nitro-L-arginine p-nitrobenzyl ester (XI). The fully protected nonapeptide (XI) was
hydrogenated over 10% palladium on charcoal and the hydrogenated product was
purified through a CM-cellulose column to obtain 3-L-alanine-6-glycine-bradykinin,
L-arginyl-L-prolyl-L-alanylglycyl-L-phenylalanylglycyl-L-prolyl-L~phenylalanyl-L-arginine
as triacetate (XIV). The nonapeptide (XIV) so obtained was found to be homogeneous
from the result of paper chromatography in. two different solvent systems and the
ratio of amino acids in the acid hydrolysate agreed well with theoretical value.

For the synthesis of 3-glycine-bradykinin, the following series of reactions were
carried out. After the removal of the benzyloxycarbonyl group of N-benzyloxycarbonyl-
L-phenylalanyl-L-seryl-L-prolyl-L-phenylalanyl-N“-nitro-L-arginine p-nitrobenzyl ester,”
the resulting pentapeptide ester was condensed with N-benzyloxycarbonylglycylglycine
p-nitrophenyl ester to yield N-benzyloxycarbonylglycylglycyl-L-phenylalanyl-O-acetyl-
L-seryl-L-prolyl-L-phenylalanyl-N“-nitro-L-arginine p-nitrobenzyl ester (XV). De-ben-
zyloxycarbonylated XV was condensed with N*-benzyloxycarbonyl-N“-nitro-L-arginyi-L-
proline p-nitrophenyl ester to yield N®-benzyloxycarbonyl-N“-nitro-L-arginyl-L-prolyl-
glycylglycyl-L-phenylalanyl-O-acetyl-L-seryl-L-prolyl-L-phenylalanyl-N“-nitro-L-arginine
p-nitrobenzyl ester (XVI). The fully protected nonapeptide was hydrogenated over
palladium on charcoal and the hydrogenated product was purified through a CM-cellu-
lose column to obtain 3-glycine-6-O-acetyl-L-serine-bradykinin, 1-arginyl-L-prolylglycyl-
glycyl-L-phenylalanyl-O-acetyl-L-seryl-L-prolyl-L-phenylalanyl-O-acetyl-L-seryl-L-prolyl-
L-phenylalanyl-L-arginine triacetate (XVI). The nonapeptide (XVI) so obtained was
found to be homogeneous from the results of a similar analysis for V. Saponification
of XVI with 1N sodium hydroxide gave 3-glycine-bradykinin, r-arginyl-L-prolylglycyl-
glycyl-L-phenylalanyl-L-seryl-L-prolyl-L-phenylalanyl-L-arginine triacetate (XVII). The
nonapeptide so obtained was found to be homogeneous from the results of the similar
analysis for V. .

Quantitative examinations were made on the bradykinin-like activity, anti-brady-
kinin activity, and potentiation of bradykinin activity of the nonapeptide synthesized
in the present work.*® Results of these biological examinations are given in Table L
Bradykinin-like activity of 3-sarcosine-6-glycine-bradykinin (VI) was lower than that
of 3-sarcosine-bradykinin® and' 6-glycine-bradykinin.® Bradykinin-like activity of
3-L-alanine-6-glycine-bradykinin (XIV), as reported also by Schroder, et al.,» was lower
than that of 3-alanine-bradykinin and 6-glycine-bradykinin.? Bradykinin-like activity
of 3-glycine-bradykinin XVII and its O-acetyl compound (XVI) was fairly high, but the

*3 The detail of the biological assays will be rebortéd in :s_eparate',p(apé__r by Prof. Kameyéma of this éollége.
13) M. Bergmann, L. Zervas, J.S. Fruton, F. Schneider, H. Schleich : ‘J. Biol. Chem., 109, .325 (1935).
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activity of 3-glycine-6-glycine-bradykinin (X) was markedly lower than that of XVII and
6-glycine-bradykinin. From these results of the biological assay, it is assumed that
the biological activity of bradykinin analog is affected not™ only by the substituted
amino acid residues but also by the comformation of bradykinin analog. The four
analogs WI X, XVI, and XV showed no anti-bradykinin activity and no potentiation
of bradykinin activity. 3-L-Alanine-6-glycine-bradykinin (XIV) showed potentiating
activity. : ‘ : S : :

TasLe 1. Biological Activities of Synthetic Nonapeptides®

Bradykinin  Anti—

Bradykinin-like potentiating bradykinin

activity activity activity

Bradykinin 100
3-Sarcosine-6-glycine-bradykinin (V) 21.3 - -
3-Glycine-6-glycine~bradykinin (X) 1.2 — -
3-1-Alanine-6-glycine-bradykinin (XIV) 24.8(20.0%) +® -
3-Glycine—6- O—acetyl~L~ser1ne—bradyk1mn (XVID) 18.7 - —

3-Glycine-bradykinin (XIX) 14.6 — —
3-rL-Alanine-bradykinin 100®
3-Sarcosine-bradykinin 67.0%

. 6-Glycine-bradykinin 33. 3~100Y

@) Assayed by Magnus method on an isolated guinea pig ileum (male).
+ : active; — : inactive.

b) At a concentration of 1x10-9g./ml., caused 35% potentiation of the normal contration
due to 1x108g./ml. of bradykinin,

Experimental

Melting ‘points are uncorrected. For paper chromatography, the protected peptides were deblocked with
HBr in AcOH unless otherwise mentioned and the resulting hydrobromides were chromatographed on a filter
paper, Toyo Roshi No. 51, at room temperature, Rf' value refer to the Partridge system,*) and Rf? value
refer to the system of BuOH-pyridine-AcOH-H,0 (30:20:6:24).'»  The amino acid composition of the acid
hydrolysates was determined according to the directions given by Moore, ef @l.*® :

N-Benzyloxycarbonyl-L-phenylalanylglycine p-Nitrophenyl Ester (I)>—To a pre- cooled solution of
N-benzyloxycarbonyl-L—phenylalanylglycine (1.25 g.) in EtOAc (15 ml.) and dimethylformamide (2 ml.) p-nitro-
phenol (0.55 g.) was added, followed by N,N’-dicyclohexylcarbodiimide (0.80 g.).  After 30'min. at 0° and 2 hr.
at room temperature, a few drops of AcOH was added to the reaction mixture, and the reaction mixture
was stirred for 20 min. The formed N,N’-dicyclohexylurea was filtered off and the filtrate was washed with
1N NaHCO; and H.O.- The EtOAc solution was dried over- MgSQs, evaporated to dryness, and the residue
was recrystallized from EtOH. The precipitate was recrystallized from acetone (25 ml.), yield 0.90 g. (72%) of
crystals, m.p. 175~179°, (aJy —97.0°(c=0.5 dimethylformamide), Anal. Calcd. for CsHa0:N3: C, 62.89;
H, 4.86; N, 8.80. Found: C, 62.84; H, 4.74; N, 8.63.

N-Benzyloxycarbonyl-L-phenylalanylglycyl-L-prelyl-L-phenylalanyl-Ne-nitro~L-arginine p-Nitro-
benzyl Ester (II)-———N-Benzyloxycarbonyl-v~prolyl-L-phenylalanyl-N®-nitro-L-arginine p-nitrobenzyl ester
(730 mg.) was dissolved in AcOH (2.5 ml.), anisole (J.2ml.), and 5.7N HBr in AcOH (2.5 ml.). After 5) min.
at room temperature, the reaction mixture was shaken vigorously with dry ether.  The precipitate thereby
formed was washed with dry ether and dried over KOH in vacuum. To a solution of this product in
dimethylformamide (10 ml.) N-benzyloxycarbonyl-L-phenylalanylglycine p-nitrophenyl ester (550 mg.) was added,
followed by Et;N to keep the solution slightly alkaline. After 24 hr., the reaction mixture was diluted with
1N NH;OH (4 ml.), stirred for 1 hr., and diluted with EtOAc (100 mL.). The EtOAc solution was washed
successively with 1NV NH,OH, H;O, 1N HC], and H,O. The EtOAc solution was dried over MgSOs and
concentrated to small volume in vacuum. Petroleum ether was added to the residue and the precipitate
thereby formed was reprecipitated from AcOH, HyO, and a few drops of 509 NH,OAc, yield 550 mg. (59%)
of crystals, m.p. 94~100° (aly —2.7°(c=0.6, AcOH), Anal. Calcd. for Cy4Hs012Ny0 @ C, 58.96; H, 5.59;

14) S.M. Partridge : Biochem. J., 42, 238 (1948).
15) S.G. Waley, G. Watson : 1Ibid., 55, 328 (1953).
16) S. Moore, D. H. Spackman, W.H. Stein : Anal. Chem., 30, 1185 (1958).
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N, 14.95. Found: C, 59.01; H, 5.77; N, 14.59. Deblocked peptide ester : Rf' 0.71, Rf? 0.93, single
ninhydrin positive spot. :

N-Benzyloxycarbonylglycyl-L-phenylalanylglycyl~-L-prolyl -L-phenylalanyl-Ne-nitro-L-arginine p-
Nitrobenzyl Ester (III)——The benzyloxycarbonyl group was removed from N-benzyloxycarbonyl-L-phenyl-
alanylglycyl-L-prolyl-L-phenylalanyl-Nw-nitro-L-arginine p-nitrobenzyl ester (600 mg.) as described above. To
a solution of the resulting HBr salt in dimethylformamide (6 ml.) N-benzyloxycarbonylglycine p-nitrophenyl
ester (220 mg.) was added, followed by EtsN to keep the solution slightly alkaline. After 24 hr. at room
temperture, the reaction mixture was diluted with 1N NH,OH (2 ml.), stirred for 1 hr., and then mixed with
EtOAc (60 ml.). The EtOAc solution was washed successively with 1N NH,OH, H,O, 1N HCl, and H,O.
The EtOAc solution was dried over MgSO, and concentrated to small volume in vacuum. A concentrated
solution containing some precipitate was added petroleum ether. The precipitate thereby formed was repre-
cipitated from AcOH with H;O and a few drops of 509 NH,OAc, yield 417 mg. (66%) of crystals, m.p. 96~
103°, (a)¥ —15.0°(c=0.5, AcOH), Anal. Calcd. for C4Hs:O1sNw @ C, 58.00; H, 5.58; N, 15.50. Found :
C, 57.79; H, 5.45; N, 15.31. Deblocked peptide ester : Rf! 0.55, Rf? 0.84, single ninhydrin positive spot.

‘N-Benzyloxycarbonylsarcosine p-Nitrophenyl Ester (IV)——To a pre-cooled solution of N-benzyloxy-
carbonylsarcosine (3.6 g.) in EtOAc (40 ml.), p-nitrophenol (2.4 g.) was added, followed by N,N’-dicyclohexyl-
carbodiimide (3.6 g.). After 30 min. at 0° and 2 hr. at room temperature, the formed N,N’-dicyclohexylurea
was filtered off. The filtrate was evaporated to dryness in vacuum, and the residue was reprecipitated five
times from EtOH; light yellow sticky oil; yield 3.1g.(55%).

N-Benzyloxycarbonylsarcosylglycyl-L-phenylalanylglycyl-L-prolyl-L-phenylalanyl -Ne-nitro-L-argi-
nine p-Nitrebenzyl Ester Hemihydrate (V)——The benzyloxycarbonyl group was removed from the fully
protected hexapeptide (1) (335 mg.) as described above. To a solution of this resulting HBr salt in dimethyl-
formamide (4 ml.), N-benzyloxycarbonylsarcosine p-nitrophenyl ester (140 mg.) was added, followed by Et;N
to keep the solution slightly alkaline.  After 24 hr. at room temperature, the reaction mixture was diluted
with 1N NH,OH (2 ml.), stirred for 1 hr., and then diluted with EtOAc (40 ml). The EtOAc solution was
washed successively with 1N NH,OH, H,O, 1N HCI, and HsO. The solution was dried over MgSO. and
evaporated to dryness in vacuum. The residue was reprecipitated from acetone with ether. The precipitate
thereby formed was reprecipitated from AcOH with HsO and 5095 NHOAc; yield 347 mg. (97%), m.p. 103~
108°, (a)¥ 0.0°(c=0.7, AcOH). Anal. Calcd. for Cs;HgoO1sNia+ 14H,0 ¢ C, 57.03; H, 5.73; N, 15.65. Found:
C, 57.03; H, 5.85; N, 15.50. Deblocked peptide ester : Rf* 0.63, Rf? 0.83, single ninhydrin positive spot.

Ne-Benzyloxycarbonyl~Ne-nitro-L-arginyl-L-prolylsarcosylglycyl-L-phenylalanylglycyl-L-prolyl-L-
phenylalanyl-Ne-nitro-L-arginine p-Nitrobenzyl Ester Monohydrate (VI)——The benzyloxycarbonyl group
was removed from the fully protected heptapeptide (V) (255 mg.) as deseribed above. To a solution of the
resulting HBr salt in dimethylformamide (3 ml.), Ne-benzyloxycarbonyl-N@-nitro-r-arginyl-L-proline p-nitro-
phenyl ester (164 mg.) was added, followed by Et;N to keep the solution slightly alkaline.  After 2 days at
room temperature the reaction mixture was diluted with 1N NH,OH (2 ml.), stirred for 1 hr., and then diluted
with EtOAc (40ml.). The EtOAc solution was washed successively with 1N NH,OH, Hs0, 1N HCI, and
H,0. The solution was dried over MgSO, and evaporated to dryness in vacuum. The residue was repreci-
pitated from acetone with ether.  The precipitate thereby formed was reprecipitated from AcOH with H,0O
and 509 NH,OAc; yield 137 mg. (42%), m.p. 123~128°, [(a)¥ —17.7°(c=0.3, AcOH). Anal. Calcd. for
CeoH7s01sN1s- HeO ¢ C, 53.90; H, 5.84; N, 18.25. Found: C, 54.10; H, 5.88; N, 18.33. Deblocked peptide
ester : Rf! 0.55, Rf? 0.77, single ninhydrin positive spot.

L—Argmyl—L-prolylsarcosylglycyl-L-phenylalanylglycyl-L-prolyl—L—phenylalanyl—L-argmme Triace-
tate Sait (VII)——The fully protected nonapeptide (V) (70 mg.) was hydrogenated in 1:1 mixture of AcOH
and H;O (15 ml.) for 2 days over 109 Pd-C. The catalyst was removed by the aid of Cellite and the filtrate
was evaporated to dryness in vacuum. The hydrogenated product was dried over KOH pellets in vacuum.
The solution of the product in HO (10 ml.) was added to a (2.0x6.0cm.) CM—cellulose column which
was eluted with a linear gradient method from H,O (300 ml.) in a mixing chamber to 0.15M pyridinium
acetate buffer (pH 5.1) in a reservoir. Fractions of 14 ml. each were collected at a flow rate 3 to 4 ml./min.
with an automatic fraction collector.  Arginine-containing peptide was located in the eluate with Sakaguchi
reaction. The eluate in tubes No. 29 to 41 were pooled, evaporated in vacuum, and lyophilized; yield 40 mg.
(66%), (a)¥ —21.2°(c=0.7, H)0), Rf* 0.31, Rf? 0.45, single ninhydrin and Sakaguchi positive spot; amino
acid ratios in the acid hydrolysate : Arg 1.90, Pro 1.97, Sar 0.96, Phe 2.00, Gly 2.03.

N-Benzyloxycarbonylglycylglycyl-L-phenylalanylglycyl-L-prolyl-L-phenylalanyl-N-nitro~L-arginine
L-Nitrobenzyl Ester (VIII)——The benzyloxycarbonyl group was removed from the fully protected pentapep-
tide () (735 mg.) as described above.. To a solution of the resulting HBr salt in dimethylformamide (7 mL.),
N-benzyloxycarbonylglycylglycine p-nitrophenyl ester (334 mg.) was added, followed by Et;N to keep the
solution slightly alkaline. After 24 hr. at room temperature, the reaction mixture was diluted with 1N NH,OH
(4 ml.), stirred for 1 hr., and then diluted with EtOAc (60 mL.). The EtOAc solution was washed successively
with 1N NH,OH,H,0, 1N HCl, and H;O. The solution was dried over MgSQO;,, evaporated to small volume in
vacuum, and petroleum ether was added to the residue. The precipitate thereby formed was collected by
filtration and reprecipitated from AcOH with H,O and 5095 NH,OAc; yield 643 mg. (78%), m.p. 100~110°,
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[a)% 0.0°(c=0.5, AcOH). Anal. Calcd. for CsoHssO014sNy2 ¢ C, 57.13; H, 5.56; N, 15.99. Found: C, 57.64;
H, 6.02; N, 15.84. Deblocked peptide ester : Rf! 0.70, Rf? 0.87, single ninhydrin positive spot.

N=-Benzyloxycarbonyl-N«-nitro-L-arginyl-L-prolylglycylglycyl~L-phenylalanylglycyl-L-prolyl-L-
phenylalanyl-N“-nitro-L-arginine p-Nitrobenzyl Ester Trihydrate (IX)-——The benzyloxycarbonyl group
was removed from the fully protected heptapeptide (V) (300 mg.) as described above. To a solution of the
resulting HBr salt in dimethylformamide (3 ml.), Ne-benzyloxycarbonyl-N®-nitro-L-arginyl-L-proline p-nitro-
phenyl ester (196 mg.) was added, followed by Et;N to keep the solution slightly alkaline. After 2 days at
room temperature, the reaction mixture was diluted with IN NH,OH (2 ml.), stirred for 1 hr., and then
poured into 1N NH,OH (50 ml.) with stirring.  The precipitate thereby formed was collected by filtration,
and washed successively with 1N NH,OH, H;0, 1N HCI, and H,O. The precipitate was reprecipitated from
AcOH with HsO and 509 NH.OAc, yield 241 mg. (62%5), m.p. 124~129°, (a)% —20.0°(c=0.4, AcOH). Anal.
Calcd. for CeHre018N15-3H20 ¢ C, 52.20; H, 5.89; N, 17.97. Found : C, 52.46; H, 5.82; N, 18.13. Deblocked
peptide ester : Rf' 0.59, Rf? 0.84, single ninhydrin positive spot. :

L-Arginyl-L-prolylglycylglycyl-L-phenylalanylglycyl -L-prolyl -L-phenylalanyl-L-arginine Triacetate
Dihydrate (X)——The fully protected nonapeptide (X) (72 mg.) was hydrogenated over 109 Pd-C as described
above. The hydrogenated product was dried over KOH pellets in vacuum. The solution of the product in
H,0 (10 ml.) was added to a (2.0x6.0 cm.) CM—cellulose column which was eluted with a linear gradient
method from HyO (300 ml.) in a mixing chamber to 0.15M pyridinium acetate buffer (pH 5.1) (300 mlL) in a
reservoir. Fractions of 13 ml. each were collected at a flow rate 3 to 4 ml./min. with an automatic fraction
collector. Arginine-containing peptide was located in the eluate with Sakaguchi reaction. The eluate in tubes
No. 27 to 38 were pooled, evaporated to dryness, and lyophilized; yield 41 mg. (66%), [a)® —43.6° (c=0.8,
H,0), Rf* 0.30, Rf? 0.50, single ninhydrin and Sakaguchi positive spot. Anal. Calcd. for CsHerO10Nis- 3CHs-
COOH-2H,0 : C, 51.77; H, 6.94; N, 17.42, Found: C, 51.59; H, 6.83; N, 17.12.

N-B:nzyloxycarbonyl-L-alanylglycine p-Nitrophenyl Ester (XI)——To a cooled solution of N-benzyl-
oxycarbonyl-i-alanylglycine (1.60 g.) in EtOAc (18 ml.) and tetrahydrofuran (5 ml.) p-nitrophenol (0.88 g.) was
added, followed by N,N’-dicyclohexycarbodiimide (1.30g.).  After 30 min. at 0° and 2 hr. at room tempera-
ture, a few drops of AcOH was added to the reaction mixture, and the reactiom mixture was stirred for
20 min. The formed N,N’-dicyclohexylurea was filtered off and the filtrate was washed with 1N NaHCO;
and HO. The EtOAc solution was dried over MgSQy, evaporated to dryness and the residue was recrystal-
lized from EtOH; yield 1.15g.(50%) of needles, m.p. 179°, (a)¥ —33.7 (¢=0.7, AcOH), Anal. Calcd. for
C1oH1o0/N; : C, 56.86; H, 4.77; N, 10.47. Found: C, 56.86; H, 4.17; N, 10.75.

N-Benzyloxycarbonyl-L-alanylglycyl-L-phenylalanylglycyl-L~prolyl-L-phenylalanyl-Ne-nitro-L-argi-
nine p-Nitrobenzyl Ester (XII)—The benzyloxycarbonyl group was removed from Il (204 mg.) as described
above. To a solution of the resulting HBr salt in dimethylformamide (3 ml.), X (91 mg.) was added, followed
by EtsN to keep the solution slightly alkaline. After 24 hr. at room temperature, the reaction mixture was
diluted with 1N NH.OH (0.5 ml.), stirred for 1 hr., and then poured into cold 1N NH,OH (30 ml.) with stir-
ring. To the suspension 509 NH,OAc (2 ml.) was added with stirring and precipitate thereby formed was
collected by filtration, washed successively with 1N NH,OH, HyO, 1IN HCIl, and H;O. The product was
reprecipitated from AcOH with H:O and 509 NH4OAc; yield 144 mg. (64%), m.p. 112~118°, (a)% —17.4°
(c=0.2, AcOH), Anal. Calcd. for CsHgOwnNz: C, 57.51; H, 5.68; N, 15.78. Found: C, 57.22; H, 5.48;
N, 15.49. Deblocked peptide ester : Rft 0.66, Rf? 0.87; single ninhydrin postive spot.

Nz~-Benzyloxycarbonyl-N¢~nitro-L-arginyl-L-prolyl-L-alanylglycyl-L-phenylalanylglycyl-L-prolyl-L-
phenylalanyl-N«-nitro-L-arginine p-Nitrobenzyl Ester (XIII)———The benzyloxycarbonyl group was removed
from XI (144 mg.) as described above. To a solution of the resulting HBr salt in dimethylformamide (4 mlL.),
Ne-benzyloxycarbonyl-N“-nitro-L-arginyl-L-proline p-nitrophenyl ester (80 mg.) was added, followed by Et;N
to keep the solution slightly alkaline. After 24 hr. at room temperature, the reaction mixture was diluted
with 1N NH,OH, stirred for 1hr., and poured into 1N NH,OH (50 ml.). The precipitate thereby formed
was collected on filter and washed successively with 1N NH,OH, H,0, IN HCl, and H,0; yield 92
mg.(499). For analysis a sample was reprecipitated from AcOH with H,O and 509 NH4OAc, m.p. 128~
134°, (a)y —71.4°(c=0.04, AcOH). Amnal. Calcd. for CgH7s015Nys : C, 54.62; H, 5.77; N, 18.49. Found :
C, 54.30; H, 5.34; N, 18.67. Deblocked peptide ester : Rf' 0.70, Rf? 0.82; single ninhydrin positive spot.

L-Arginyl-L-prolyl-L-alanylglycyl-L-phenylalanylglycyl-L-prolyl-L-phenylalanyl-L-arginine Triacetate
(XIV)——The fully protected nonapeptide (XII) (62 mg.) was hydrogenated as described above. The hydro-
genated product in HO (10 ml.) was added to a (2.0x 6.0 cm.) CM-cellulose column which was eluted with a
linear gradient method from HO (300 ml.) in a mixing chamber to 0.1M NH,OAc (pH 6.50) (300 ml.) in a
reservoir.  Fractions of 13 ml. each were collected at a flow rate of 3 to 4 ml./min. with an automatic
fraction collector and the absorbancy of each fraction was determined at 230 mp.  The eluate in tubes No.
24 to 33 containing the nonapeptide were pooled, evaporated to dryness, and lyophilized. NH4OAc was removed
by repeated lyophilization to constant weight; colorless fluffy material, yield 31 mg.(57%), (a)® ~54.5°(c=
0.6, HxO), Rf! 0.27, Rf? 0.40, single ninhydrin and Sakaguchi positive spot, amino acid ratios in the acid
hydrolysate; Arg 2.01, Pro 1.95, Ala 1.00, Gly 2.10, Phe 1.95.
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N-Benzyloxycarbonylglycylglycyl-L-phenylalanyl-O-acetyl-L-seryl-L-prolyl-L-phenylalanyl-Ne-nitro-
L-arginine -p-Nitrobenzyl Ester (XV)——The benzyloxycarbonyl group was removed from N-benzyl-
oxycarbonyl~L-phenylalanylﬂ.—serylfL—prolyl—L—phenylalanyI—N”—nitro—L—arginine p-nitrobenzyl ester (361 mg.)
as described above. . To a solution of the resulting HBr salt in dimethylformamide (3 ml.) N-benzyloxycar-
bonylglycylglycme ;b—mtrophenyl ester (159 mg.) was added, followed by Et;N to keep the solution slightly
alkaline. After 24 hr., at room temperature the reaction mixture was diluted with 1N NH,OH (2 ml. ), stirred
for 1 hr., and then poured . into cold 1N NH OH (40 ml.) with stirring. To the suspension, 50% NH4OAc
(2ml.) was added with stirring and the precipitate was filtered and washed with 1N NH,OH, H.0, 1N HCI,
and HyO.  The product was reprecipitated from AcOH, H,O and a few drops of 509 NH.OAc; yield 282
mg. (67%) of crystals, m.p. 104~112°, (a)} 0.0° (c=1.1, AcOH), Anal. Calcd. for CssHgO1sNis : C, 56.22;
H, 5.52; N, 14.85. Found: C, 56.62; H, 5.81; N, 14.77. Deblocked peptide ester : Rf! 0.63, Rf? 0.85,
single ninhydrin positive spot.

N«-Benzyloxycarbonyl-Ne-nitro-L-arginyl-L-prolylglycylglycyl-L-phenylalanyl-O-acetyl -L-seryl-L-
prolyl-L-phenylalanyl-Ne-nitro-L-arginine p-Nitrobenzyl Ester (XVI)———The benzyloxycarbonyl group of
the protected heptapeptide ester (XV) (282 mg.) was removed as described above. To a solution of the result-
ing HBr salt in dimethylformamide (3 ml.), Ne-benzyloxycarbonyl-N#-nitro-L~arginyl-L-proline p-nitrophenyl
ester (156 mg.) was added, followed by EtsN to keep the solution slightly alkaline. After 2 days at room
temerature, the reaction mixture was diluted with 1N NH,OH (2 ml.), stirred for 1 hr., and then poured into
cold 1IN NH,OH (40 ml.) with stirring. To the suspension, 5095 NH;OAc (2 ml.) was added with stirring and
the precipitate was filtered and washed successively with 1N NH,OH, H,0, 1N HCI, and H;O. The product
was reprecipitated from AcOH with Hy,O and a few drops of 509 NH4OAc; yield 160 mg. (45%) of crystals,
m.p. 124~132°, (aJ¥ 0.0° (c=1.0, AcOH), Anal. Calcd. for CesHaoOnNis: C, 54.08; H, 5.67; N, 17.74.
Found : C, 53.69; H, 5.27; N, 17.93. Deblocked peptide ester : Rf' 0.64, Rf? 0.81, single ninhydrin positive
spot. o

L-Arginyl-L-prolylglycylglycyl-L-phenylalanyl-O-acetyl-L-seryl-L-prolyl-L-phenylalanyl-L-arginine
Triacetate (XVII)——The fully protected nonapeptide (XVI) (70 mg.) was hydrogenated in 1:1 mixture of
AcOH and H,0 (15 ml.) for 48 hr. over 109 Pd-C (20 mg.). Fresh catalyst was added during the hydorgena-
tion. The catalyst was removed by the aid of Cellite. The solution was evaporated to dryness in vacuum
and the residue was dried over KOH in vacuum. The solution of the product in H,O (10 ml.) was added to
a (2.0x6.0 cm.) CM-cellulose column which was eluted with a linear gradient method from H,O (330 ml.)
in a mixing chamber to-0.1M NH,;OAc buffer (pH 6.50) (300 ml.) in a reéservoir.  Fractions of 13 ml. each
were collected at a flow rate of 3 to 4 ml./min. with an” automatic fraction collector and the absorbancy of
each fraction was determined at 230 mp. The eluate in tubes No. 26 to 32 containing the nonapeptide were
pooled, evaporated to dryness in vacuum and lyophilized. @ NH4OAc was removed by repeated lyophilization
to constant weight; colorless fluffy material, yield 43 mg. (69%), (aJs —30.0°(c=0.4, H:0), Rf* 0.32, Rf?
0.49, single ninhydrin and Sakaguchi positive spot. The content of the acetyl ester group was 96.2% of the
theory; amino acid ratios in the acid hydrolysate : Arg 1.96, Pro 1.98, Gly 2.03, Phe 2.00, Ser 0.88.

L-Arginyl-L-prolylglycylglycyl-L-phenylalanyl-L-seryl-L-prolyl-L-phenylalanyl-L-arginine = Triace-
tate (XVIIQI)——3-Glycine-6-O-acetyl-L-serine-bradykinin (XVI) (20 mg.) in H,O (0.3 ml.) was saponified with
1N NaOH (0.2 ml.) for 1 hr. The solution neutralized with 1N AcOH was added to a column (2.0%x 6.0 cm.)
of CM-cellulose which was eluted with a linear gradient method from H,O (360 ml.) in a mixing chamber to
0.1M NH,OAc buffer (pH 6.50) (300 ml.) in a reservoir.  Fractions of 13 ml. each were collected at a flow
rate of 3 to 4 ml./min. with an automatic fraction collector and the absorbancy of each fraction was deter-
mined at 230 mp. The eluate in tubes No. 28 to 34 containing the nonapeptide were pooled, evaporated to
dryness in vacuum, and lyophilized. @ NH;OAc was removed by repeated lyophilization to constant weight,
colorless fluffy material; yield 14 mg.(75%), [a)¥ —41.2°(c=0.3, H;0), Rf! 0.21, Rf? 0.42, single ninhydrin
and Sakaguchi positive spot; amino acid ratios in the acid hydrolysate Arg 1.95, Pro 1.92, Gly 2.00, Phe
1.96, Ser 0.91.
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Added in Proof.-After this manuscript had been submitted for publication, we received a paper (N.

" Yanaihara, M. Sekiya, K. Takagi, H. Kato, M. Ichimura, T. Nagao : This Bulletin, 15, 110 (1967)) in which
the work concerning with: the foot note 3) has been described in detail.
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