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Anal. Caled. for CisHnNiaO-2H:0: C, 54.59;
N, 16.46. Found: C, 54.54; H, 6.68; N, 16.40.
L-Citrullyl-L-prolyl-L-prolylglycyl-L-phenylalanyl-L-seryl-L-
prolyl-L-phenylalanyl-L-arginine. (1-Cit Bradykinin) (Vlc).—
The nonapeptide Ve (500 mg.) was dissolved in methanol-acetic
acid and hydrogenated in the presence of palladium black in the
usual manner. The mixture was filtered and the filtrate was
evaporated in vacuo. The residue was redissolved in water and
filtered; the filtrate was shell frozen and lyophilized to yield 300
mg. of a colorless solid, [a]?%p —03° (¢ 1, N acetic acid), lit.”
la]®p —91.2° (¢ 1, N acetic acid).
Carbobenzoxy-y-methyl-L-glutamic Acid p-Nitrophenyl
Ester.—To a cold (5°) solution of 5 g. (0.017 mole) of carboben-
zoxy-y-methyl-t-glutamic acid in 100 ml. of ethyl acetate was
added 2.5 g. of p-nitrophenol and 3.6 g. of dicyclohexylcarbodiimide.
The mixture was kept 2 hr. at 5°, filtered, evaporated to an oil, the
oil was taken up in ether, and cyclohexane was added. The white
precipitate was removed, washed with cold ethanol, and was
dried; vield, 6 g. (859 ), m.p. 103-104°.
Anal. Caled. for CyHaN:20s: C, 57.68; H, 4.84; N, 6.73.
Found: C, 57.83; H, 4.90; N, 6.88.
Carbobenzoxy-r-glutamyl-vL-prolyl-v-prolylglycyl-L-phenyl-
alanyl-L-seryl-r-prolyl-L-phenylalanylnitro-r-arginine (Vd).—To
a cold (5°) solution of 2.5 g. (0.0024 mole) of the octapeptide
methy!l ester hydrobromide IIT in 50 ml. of dimethylformamide
was added 1.3 g. of triethylamine. The mixture was filtered
and 1 g. (0.0024 mole) of carbobenzoxy-vy-methyl-1-glutamic acid
p-nitrophenyl ester was added to the filtrate. The solution was
stirred 2 days at 30°, evaporated to 10 ml., and ethyl acetate was
added. An oil formed which solidified on trituration with ether.
The solid was dissolved in 50 ml. of methanol and 5 ml. of 2 A
NaOH was added. The solution was kept 1 hr. at 25°, diluted

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

H, 6.40;
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with water, and 6 ml. of 2 ¥ HCl was added. The precipitate
was removed and was reprecipitated twice from methanol with
ether as a white solid, m.p. 175-180°, [«]?®p —61.6° (¢ 1, meth-
anol), yield, 1.1 g.

Anal. Caled. for CiHiNiO17-2H,O: C, 54.84; H, 6.22;

N, 14.59. Found: C,54.73; H, 6.34; N, 14.81.

L-Glutamyl-L-prolyl-L-prolylglycyl-r.-phenylalanyl-L-seryl-r-
prolyl-L-phenylalanyl-vL-arginine Triacetate Salt: 1-Glutamic
Acid Bradykinin (VId).—Five hundred milligrams (4.12 X
10~* mole) of the carbobenzoxynonapeptide Vd in 50 ml. of glacial
acetic acid-methanol (3:2) was hydrogenated over palladium
black catalyst for 24 hr. as previously described. The mixture
was filtered, evaporated to an oil, and the oil was dissolved in 50
ml. of water and freeze-dried, leaving 450 mg. of a cream colored
solid, [a]2%p —72.8° (¢ 1.03, water).

Anal. Calcd. fOI‘ C49H68N]‘2013 . 4Hzo C, 5324,
N, 15.21. Found: C, 52.91; H, 6.62; N, 15.23.

For the paper chromatography of the analogs two different
solvent systems were employed: (A) i-butyl alecohol-acetic acid—
water (2:1:1); (B) isopropyl alcohol-ammonium hydroxide—
water (70:5:25). The peptides appeared homogenous after
development of the spots with brom phenol blue and Sakaguchi
reagents with the following R: values: 1-Lys (A) 0.71, (B) 0.53;
1-Orn (A) 0.79, (B) 0.51; 1-Desarg (A) 0.74, (B) 0.60; 1-Glu
(A) 0.74, (B) 0.66; 1-Cit (A) 0.72, (B) 0.61.  Paper eletropho-
resis in acetate buffer, pH 5.6, 3 hr. at 30 ma., produced single
spots with all of the analogs except the 1-Glu derivative which
showed the presence of a minor, faster moving component.

H, 6.93;
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The synthesis of three analogs of bradykinin is described in which the serine of position 6 has been changed to

L-threonine, p-serine, and O-carbamyl-L-serine.
is reported.

In a previous paper! the preparation of three analogs
of bradykinin, in which the phenylalanine amino acid
in position 8 of the molecule was replaced by p-phenyl-
alanine, p-fluoro-r-, and p-fluoro-n-phenylalanine, was
described. As part of a continuing effort to investigate
what effect subtle changes in the bradykinin structure
have in relation to its biological activity, this paper
describes three analogs which have variations in the
serine portion of the molecule; these three new nona-
peptides are the 6-O-carbamyl-L.-serine, 6-p-serine, and
$-L-threonine bradykinins.

The synthetic method used for the preparation of the
6-O-carbamylserine analog is shown in Scheme I.
The required intermediate O-carbamyl-N-carbobenz-
oxy-L-serine (XVII)? was obtained by ammonolysis
of the O-phenylcarbonate ester of carbobenzoxy-L-
serine methyl ester (XV). The resulting O-carbamyl-

(1) E. D. Nicolaides, M. K. Craft, and H. A, DeWald, J. Med. Chem., 8,
524 (1963).

(2) We are indebted to Dr. M. 8, Morgan, Mellon Institute, for the use of
his uppublished procedure for preparing O-carbamyl-N-carbobenzoxy-rL-
serine,

The biological activity of the analogs compared to bradykinin

N-carbobenzoxy-L-serine amide (XVI) was hydrolyzed
enzymatically with papain to yield X VII.

NH
C5H50002CH2(§:HCO2CH3 g H,NCO.CH,CHCON H,

, |
NHCbz NHCbz

Xv XVI
Papain
XVI ———> H,NCO,CH,CHCO,H

NHCbz
XVII

The p-nitrophenyl ester of the carbobenzoxy-O-
carbamylserine was prepared and subsequent reaction
with 1-prolyl-L-phenylalanylnitro-L-arginine p-nitro-
benzyl ester gave the carbobenzoxytetrapeptide X.
The p-nitrobenzyl ester was utilized, since it was easily
removed by hydrogenation and alkaline hydrolysis was
to be avoided. The next two steps leading to the car-
bobenzoxyheptapeptide XII were p-nitrophenyl ester
reactions and the heptapeptide was obtained in a
crystalline state. The fully protected nonapeptide
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Seueme 1

SYNTHETIC SCHEME FOR G-O-CARBAMY L-L-3KRINE BIADYKINTNY

CON,

(Jlgz—L—Ser-( YCHN Oy 4+ L-Pro-L-Phe-NOg-1-Arg-OBzN O

IX i
C'ONH. i
! Y

!
Cbz-r-8er-L-Pro-p-Phe-NOs-L-Arg-OBz N O,
4 |
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(‘)( )NH,
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CONH,
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X1I |

_f HBr-HOA¢

DCOCT | Chz-NOw1-Arge1-Pro
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Cbz-N Oy-1-Arg-1-Pro-1-Pro-Gly-1-Phe-u-Ser-1-Pro-1-Phe-N Op-1-Arg-O132N O-

XIIT i "

CONH:
1

L-Arg-1-Pro-L-Pro-Gly-1-Phe-L-Ser-L-Pro-i-Phe-t-Arg

XIV

XIIT was prepared by condensing carbobenzoxynitro-i.-
arginyl-t-proline with the decarbobenzoxylated hepta-
peptide in the presence of dicyelohexylearbodiimide.
Hydrogenation of this peptide gave the 6-O-carbamyl-
L-serine bradykinin.

The 6-L-threonine and 6-D-serine analogs were pre-
pared by the synthetic scheme indicated in Scheme I1.
The O-acetyl function was inadvertently introduced at
the hexapeptide stage during cleavage of the carbo-
benzoxypentapeptides with HBr-HOAc.* The inter-
mediates in the p-serine series, however, were found to
be only partially acetylated. The resulting mixture
of products was difficult to purify and the materials
were amorphous solids. It ix believed that the partial
acetylation is due to the inaccessibility of the D-serine
hydroxyl function either by folding of the peptide
chain or blockage by other groups.

The biological assay of the three analogs is shown in
Table 1.5 The low order of activity of the 6-O-car-
bamyl analog is presumably an indication of the im-
portance of the serine hydroxyl funetion.® The 6-n-
serine and 6-L-threonine analogs still retain a consider-
able amount of vasodilatatory aetivity, but the threo-
nite analogs” ability to cause brouchoconstriction i the
guinea pig has been markedly reduced. 1t is of interest
that bronchoconstriction in this case is not antagonized
by aspirin.  Since antagonism by aspirin is character-
1stic of kinius,? it would appear that the biological action
of the threonine analog is not kinin-like, but further
work must be done before this can be substantiated.

3y P D). Nieolaides and H. A, DeWald, J. Org. Chem., 28, 1026, (1963,

1) We wish to thank Dr. H. O. J, Collier, Miss P. (i, Shorley, and Miss
R. A, Hamilton for the biological test reported.

(5) H. 0. 1. Collier, J. A, Holgate, M. Rehachter, and P Gl Shorley, B/,
J. Pharmacol., 16, 290 (1960).

(6) However, it should be noted that M. Bodanszky, M. A. Ondetid, ). T
Shechan, and 8. Lande, Awn. N. V. dcad. Sei., 104, 24 (1963), concluded

frow their results with the 6-glyveine brudykinin that the serine hvdrosy]
funetion is not important for activity.

Tagie 1
Brorocican Acrivery oF BRADYKININ ANALOGS

Vasudilation
{yninen pig)

Bronchioconstriction (guinea pig)
Nonapeptide Antagonized by aspirvin

6-O-Carbamyl-t-

serine bradyvkinin < 17500 b 1/75
G-n-Serine bradykinin 1/40 + 1/2.5
6-1-Threonine brady-

kinin < 17500 — |72
Bradykinin 1 o |

Experimental’

Carbobenzoxy-L-phenylalanyi-r-threonine Methyl Ester.— To
a stirred, eold (=20 solution of 26.4 g. (0.088 mole) of a carbo-
benzoxy-r-phenylalanine in 200 ml. of methylene dichloride wuas
added 8.8 g. (0.0885 mwole) of triethylamine followed hy 9.4 w.
(0.088 mole} of ethyl chloroformate.  After stirring the solution
for 35 min. at —15°, a cold mixture of 15 g. (0.088 moley of 1-
threonine methyl ester hyvdrochloride and 8.8 g. (0.088 mole) of
triethylamine was added. The solution was stirred at 0° for 3
hr. and at room temperature overnight. It was washed with
water, aqueous saturated NaHCOs;, water, dilute HCI, and was
dried over MgS0,. The ethyl acetate laver was evaporated to an
oil which gradually solidified on the addition of petroleum ether.
The product was reerystallized from ethyl acetate-petroleam
ether, vield, 22 g. (6150), m.p. 117-119°, [a]*¥p —20° (¢ 1. meth-
anol).

Anal. Caled, for CoHyNeOs: G, 63.76; H, 6.33: N, 6.76.
Found: C, 64.00; H,6.32; N, 6.93.

Carbobenzoxy-L-phenylalanyl-p-serine Methyl Ester.——To u
cold (0°) solution of 5.7 g. (0.036 mole} of p-serine methyl ester
hydrochloride in 50 ml. of dimethylformamide was added 4 g. of
triethylamine.  After a few minutes, the mixture was filtered and
15 g. (0.036 mole) of carbobenzoxy-L-phenylalanine p-nitrophenyl
ester was added to the filtrate. The yellow solution was stirred
overnight at room temperature, evaporated to half volume, and
ethyl acetate wus added. The precipitate which formed wus
removed, washed with cther, and reerystallized from methanol
ether as white needles, ni.p. 149-150°, {a]2 —18.8° (¢ 2, meth-
anol), vield, 11 g. (77%7).

¢7) Melting points were taken using o Thomas Hoover capillary melting
point apparatus and are corrected.
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Scueme 11
SYNTHETIC SCHEME FOR 6-L-THREONINE AND 6-D-SERINE BRADYKININ

Chz-L-Phe- [L—Thr]-NHNHz + 1-Pro-1-Phe-NQO;-1-Arg-OCHj,

p-Ser
Ta, b HNO;
series !

a = 1-Threonine Cbz-L-Phe- L-Thr]-L-PI‘O-L-Phe-NOz-L—AI‘g-()CH;;
b = p-Serine D-Ser HB

IIa,b r—HOA¢

l Cbz-Gly-0CsHiNO2
Ac

|
Cbz-Gly-L-Phe- L-%‘hr]-L-PI‘&O-L-Phe-:\'Oz-L-AI‘g-()CHs
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I a b . HBr-HOAc
lACbz-L-Pro-OCsH4N02
Ac
Cbz-L-Pro-Gly-L-Phe- [L—'Ehr] -L-Pro--Phe-NO;-L-Arg-OCH;
IV a b D':_‘f 7 HBr-HOAc
| Cbz-L-Pro-OCsHaNO;

Ac

5
Chz-1L-Pro-L-Pro-Gly-L-Phe- [L—Thr] -L-Pro-1-Phe-NOp-L-Arg-OCH;

Va,b

p-Ser

—- HBr-HOAc

| Tricbz-1-Arg-OCsH:N O

Ac

|
Tricbz-L-Arg-1-Pro-1-Pro-Gly-vr-Phe- [L-Thr] -L-Pro-L-Phe-NO;-L-Arg-OCH;

Via, b

NaOH

p-Ser

Dicbz-v-Arg-L-Pro-1-Pro-Gly-1-Phe- [L—Thr] -L-Pro-1-Phe-NQ:-Arg

VIT a, b

H:

p-Ser

L-Arg-L-Pro-L-Pro-Gly-1-Phe- [L—Thr] -t-Pro-1-Phe-1-Arg

VIII a, b

Anal. Caled. for CoHuNOs: C, 62.98; H, 6.04; N, 7.00.
Found: C, 62.92; H,5.94; N, 7.04.

Carbobenzoxy-L-phenylalanyl-i-threonine Hydrazide (Ia).—
The carbobenzoxy-L-phenylalanyl-L-threonine methyl ester (20
g., 0.051 mole), was dissolved in 150 ml. of methanol, and 1.7 g.
(0.053 mole) of anhydrous hydrazine was added. The solution
was kept at room temperature for 32 hr. and, after the addition of
ether, the white precipitate was removed by filtration, washed
with ether, and dried; yield, 17.7 g. (849%), m.p. 202-204°,
[a]?D —8.9° (¢ 1, dimethylformamide).

Anal. Caled. for C»HsNOs: C, 60.85; H, 6.33; N, 13.51.
Found: C,61.11; H,6.35; N, 13.45.

Carbobenzoxy-L-phenylalanyl-p-serine Hydrazide (Ib).—

Treatmentof 10g. (0.025 mole) of carbobenzoxy-L-phenylalanyl-p-
serine methyl ester with 1 g. of anhydrous hydrazine in 100 ml. of
methanol gave 9.5 g. (959,) of the crystalline hydrazide, m.p.
208-209°, [«]%p +7.2° (¢ 1, N HCI).

Anal. Caled. for CooHuNOs: C, 60.00; H, 6.04; N, 13.99.
Found: C,60.16; H,6.19; N, 13.95.

Carbobenzoxy-r-phenylalanyl-r-threonyl-r-prolyl-r.-phenyl-

alanylnitro-L-arginine Methyl Ester (IIa).—The carbobenzoxy-
dipeptide hydrazide (Ia) (14.9 g., 0.036 mole) was added to a mix-
ture of 150 ml. of glacial acetic acid and 21 ml. of 2 N hydro-
chloric acid. The compound was dissolved with slight warming,
cooled to 5° and 4.8 g. (0.037 mole) of sodium nitrite in 20 ml. of
water was added in portions. After 5 min., the solution was diluted
with 11. of ice—water and the gum which was formed was extracted
with three 400-ml. portions of cold ethyl acetate. The ethyl
acetate solution was quickly washed twice with ice-water and then
with cold, saturated agueous sodium bicarbonate until the wash
water was basic. The organic layer was dried over MgS0O4 at 0°.
To a previously freshly prepared solution of 18.5 g. (0.034 mole)
r-prolyl-i-phenylalanylnitro-r-arginine methyl ester hydrobro-
mide# in 150 ml. of dimethylformamide at 5° was added 9.3 g.
(0.093 mole) of triethylamine. The mixture was filtered and the
filtrate was added to the ethyl acetate solution containing the
dipeptide azide. The solution was allowed to stand at 5° for 2
days and was then washed with water, aqueous NaHCO; solu-
tion, water, and dilute HCl. Tt was dried, and evaporated to a
white solid which was recrystallized from ethyl acetate- petroleum
ether; yield, 15.5 g. (53%), m.p. 145-155°, [«|®Dp —34.2° (¢
1, dimethylformamide).

(8) E. D. Nicolaides and H. A. DeWald, J. Org. Chem., 26, 3872 (1961).

D-Ser

Anal. Caled. for CoH5N O C, 58.65; H, 6.21; N, 14.66.
Found: C, 58.74; H, 6.02; N, 14.48.
Carbobenzoxy-L-phenylalanyl-p-seryl-L-prolyl-i-phenyl-
alanylnitro-L-arginine Methyl Ester (IIb).—Twelve grams (0.032
mole) of carbobenzoxy-L-phenylalanyl-L-serine hydrazide was
converted to the azide and allowed to react with 16.5 g. (0.03
mole) of wL-prolyl-L-phenylalanylnitro-L-arginine methyl ester
hydrobromide as previously described. The product was ob-
tained as an oil which solidified with ether treatment, m.p. 90—
100°, [a]%p —44.2° (¢ 1.3, dimethylformamide), yield, 17 g.
(68%).
Anal. Caled. for CyHyNOy: C, 58.21; H, 6.08; N, 14.90.
Found: C, 58.25; H, 6.03; N, 14.41.
Carbobenzoxyglycyl-L-phenylalanyl-O-acetyl-L-threonyl-L-
prolyl-L-phenylalanylnitro-r-arginine Methyl Ester (Illa).—
Into a cooled (10°) solution of 14 g. (0.0163 mole) of the carbo-
benzoxypentapeptide methyl ester IIa in 150 ml. of glacial acetic
acid was bubbled 20 g. (0.25 mole) of dry hydrogen bromide.
The solution was kept at room temperature for 1.5 hr. with
occasional swirling, and then poured rapidly into 11. of vigorously
stirred, anhydrous ether. The white precipitate which formed
was allowed to settle, the ether was decanted, and the solid was
washed several times with ether. The solid was collected on a
sintered glass filter, washed with ether, and vacuum dried for 2
days, giving 17.8 g. (theor. 11.8 g.) of a white solid. The crude
product was dissolved in 150 ml. of dimethylformamide and
cooled along with 8 g. (0.08 mole) of triethylamine. The solu-
tions were combined and the precipitate which was formed was
removed by filtration. To the filtrate was added 6.1 g. (0.018
mole) of carbobenzoxyglycine p-nitrophenyl ester. The solution
was kept 3 days at room temperature and evaporated to an oil.
Ethyl acetate was added to the oil and a gum formed which was
washed with water, dilute NH;OH, water, and dilute HCl. The
gum was taken up in ethyl acetate—ethanol and it gradually
solidified upon the addition of petroleum ether. The off-white
product was crystallized from methanol-water, yield, 10 g.
(679%), m.p. 115-125°, [a]?*p —33.7° (¢ 1, dimethylformamide).

Anal. Caled. for C4GH58N]0013'H~40: C, 5655; H, 6.19; N,
14.34; OAc, 4.48. Found: C, 56.52; H, 6.20; N, 14.63; OAc,
2.72.

Carbobenzoxyglycyl-L-phenylalanyl-D-seryl-L-prolyl-L-phen_yl-
alanylnitro-L-arginine Methyl Ester (IIIb).—A similar reaction
to the one just described was carried out using 12 g. of the carbo-
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benzoxy-s-serinepentapeptide Il and yvielded 9 g. (6597 of a
cream colored solid, m.p. 170-175°, [«]®D —33.8° (¢ 1, dunothxl

formarmide).

Anal.  Caled. for CgHaN O O, 57.20; H, 6.02; N, 15.52,
OAc,4.55. Found: C,57.14; H,6.16; N, 15. )l, OAg, 146,

Carbobenzoxy-vL-prolylglycyl-r.-phenylalanyl-O-acetyl~L-thre-

onyl-L-prolyl-L-phenylalanyinitro-r.-arginine Methyl Ester (IVa’.

-The carbobenzoxy group was removed from 9 ¢, (0.0008 mole)
of the carbobenzoxyhexupeptide 1o with TTBr-HOAcC, as pre-
viously described, yielding 10.1 ¢, of cream colored solid. The
product wag dissolved in 100 ml. of dimethylormamide, cooted
to 09 and 4.0 2. (0.04 moler of triethylamine was added.  The
nmixture was filtered and 4.4 g (0.012 mole) of carbobenzoxy-1.-
proline g-nitropheny! ester was added to the filtrate,  The solu-
tion was allowed to stand for 2.5 days and evaporated to 50 ml.
A gummy solid formed upon the addition of ethyl acetate-ether.
The gum was washed several times with ether and ethyl acetate
and was reeryvstallized from methanol-water as a cream colored
solid; yield, 8.5 g, (S67.), mp. 127-137°, [w]®p —45.5° (¢ 1,
dimethyHormamide).

Anal. Caled. for CoHgNyOn: O 5706, H, 6,195 N, 1158
OAe, 4,07, Found: ¢,57.66; H, 6.04; N, 14.67; OAc, 2. ‘)(J

Carbobenzoxy-rL-prolylglycyl-i.-phenylalanyl-O-acetyl-p-seryl-
L-prolyl-r-phenylalanylnitro-L-arginine Methyl Ester (IVb).-—
Removal of the carbobenzoxy group from 12 g, of the carbobenz-
oxv-p-serinehexapeptide 1ITh was  accomplished  with HBr -
HOA¢ and the product was allowed to react with 5.2 ¢. of carbo-
benzoxy-L-proline  p-nitrophenyt ester. A yellowish solid was
obtained which could not be crystallized, m.p. 130-135°, [}
—46.5° (¢ 1, methanol), yield, § ¢. (6077).

Anal. Caled. for CuHeN1Ow: C, 57.63; H, 6.05; N, 14.79;
OA¢, 413, Found: C,57.00; H,6.24; N, 14.59; OAc, 3.19.

(Carbobenzoxy-1-prolyl-L-prolylglycyl-L-phenylalanyl-O-acetyi-
1.-threonyl-vr-prolyl-L-phenylalanylnitro-r-arginine Methyl Ester
{Vaj.-—Decarbobenzoxylation of the heptapeptide methyl ester
IVa (7 2., 0.0069 mole) was carried out with HBr in glacial acetic
acid and the crude hydrobromide was isolated as before. The
dried product was dissolved in 100 ml. of dimethylformamide,
cooled to 5%, 3 2. (0.03 mole) of triethylamine added, and the solu-
tion was filtered after 5 min,  Carbobenzoxy-L-proline p-nitro-
phenyl ester (2.7 g., 0.0074 mole) was added to the filtrate and
the solution wus stirred at room temperature for 5 days  The
solution was evaporated to a small volume and a tan precipitate
formed upon the addition of ether and ethyl acetate.  The solid
wus recrystallized 3 times from methanol-water; vield, 4.5 g.
(59¢ ), mup. 138-145°, [a] B —51°(c 1, dimetlnlfurm(unide‘).

Anals Caled. for CiegHunNpO: O 4832, H, 6.29; N, 14.558;
0A¢, 3.73. Found: C,57.77; H,6.16; N, 14 L.ub, ().Xc, 2.93.

(Carbobenzoxy-L-prolyl-L-prolylglycyl-1.-phenylalanyl-O-acetyl-

b-seryl-r-prolyl-L-phenylalanylnitro-r.-arginine  Methyl Ester
(Vb).—A  p-nitropheny! ester reaction  involving 3.5 g

(0.0095 niole) of carbobenzosy-L-proline p-nitrophenyl ester and
S g (0,008 mole) of the carbobenzoxy-p-serine heptapeptide
Ivh ;.nnv 4 ogs (46700 of aoeream colored solid, nep. 130-135°,
[er] 28 —60° (¢ 1, methanol ).

Anal. Caled. for CullaoNp O 21,0
N, L31; OAe, 3.77. Found: C, 56.44;
OAc, 2.00.

Tricarbobenzoxy-L-arginyl-r.-prolyl-L~prolylglycyl-L-phenyl-
alanyl-O-acetyl-L~threonyl-1-prolyl-r-phenylalanylnitro-~r~argi-
nine Methyl Ester (VIa).—Two grams (0.0018 mole) of the
carbobenzoxyoctapeptide methyl ester Va was treated with 10 g.
(0.125 mole) of dry hydrogen bromide in a cooled (10°) solution
ol 100 ml. of glacial acetic acid.  The solution was allowed to
remain at room temperature for 2 hr. and was poured into 1 1. of
vigorously stirred drv ether. The solid was filtered, washed thor-
oughly with dry ether, and dried in vacuo overnight, giving
3.1 g. (theor. 1.9 g.) of a white solid. The erude produet was
dissolved in 75 ml. of dimethylformamide, cooled to 0°, and 2 g
(0,02 mole) of triethylamine was added. The precipitate was
removed and 2 g. (0.0029 mole) of tricarbobenzoxy-L-arginine
p-nitrophenyl ester was added. The yellow solution was kept at
room temperature for 3 days, evaporated to a gum which was
washed several times with ethy! acetate and ether, during which
time it gradually formed a solid.  The solid was recrystallized
twice front methanol-water and twice from methanol-ether;
vield, 2.3 g, (859¢) of light eream colored solid, m.p. 125-135°,
[a] %D —147° (¢ 1, dimethylformamide).

Anal.  Caled. for CisHgNigOuw: C, 59.41;
OAc, 2.73.

¢, 5628 1, 6.0,
, 6.28; N, 14.03:

I, 6.04; N, 14.21;
Found: €, 59.20; I, 6.18; N, 1434; OAc¢, 2.74
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Tricarbobenzoxy-L-arginyl-i.-proiyl-r-prolylglycyl-L-phenyi-
alanyl-O-acetyl-D- sery'-L prolyl-L-phenylalanylnitro-i.-arginine
Methyl Ester (VIb).— ho earbobenzoay gronp was removed
o 2 ¢ 000182 mole’ of the octapeptide Vi with THBe HorAe,
The erude hydrobromide was allowed o renet with 1.3 g0 00001085
moler of tricarbohenzoxy-t-arginine g-nitrophenyl ester i
vellow solid was isolated (1.5 a0
sttempted erystallization.

Dicarbobenzoxy-L~arginyl-r.-prolyl-L-prolylglycyl-r-phenyi-
alanyl-L-threonyl-1.-prolyl-r.~-phenylalanylnitro«r.-arginine (Vlla".

CTo g solution of 2.2 a0 (10,0014 meler of the triearbobenzoxy-
nonapeptide methy! ester Vi dissolved in 30 ol of methunol
at roont ?t-m]wr:wm wies celded 1.3 il of 208 NaOIL The
solution was stivred for 1 hes and remained elear vpon the wdidition
of water, Upon the ;ui{lmtm of 2l of 2N HC o tan @
precipitated which solidified upon standing,  The solid was ervs-
tallized from methunol-ether; vield, 1.5 g. (7875, mop. 1727
1777, {al= =325 (e 1, dimethylformamide ;.

Vo, Coded. for CatleNOn- TLO: G 037270 681 N,
1595, Found:

whieh formed o guinny sl on

o710 M, 6.87; N, 1.
I)i('arl)()IJL-rlz()X)'-I,-urginyl-L-prol_\'l-L-prolylglycyl-L-phenyl—
alanyl-p-seryl-1.-prolyl-t.-phenylalanylnitro-L-arginine (VIIb'.-
Hydreolvsis of Hw lrllt[" fricarbobenzoxy 6-n- %(’I‘ill(‘ nonapeptide
(VIh, 1.5 g wiid A NaOM vielded 900 mz, of o light eream
colored solid .Htl 4!.\.>1 Ulization from methanol ethanolr nip.
ING 100° 1018 770 (e 1, methuanol &
Al Caled. for O NGOy 2H000 ) a6.24; H, 6ol
N, 15,90, Found: €, 55 62; H,5.97; N, 15.67.
1.-Arginyl-r-prolyl-L-prolylglycyl-L-phenylalanyl-L-threonyl-
L-prolyl-L-phenylalanyl-i.-arginine Triacetate Salt (VIlIIa).-
The dlr'urbul)(\nﬂ\\\”111m11)01)11(1(\ (VIIa) (500 mg., 3.5 X 1074
mole ) was dissolved in 30 ml of glueial acetic acld, then 200 my. of
palladinm black catalyst and 20 ml of methanol were added.
The mixture was hydrogenated for 24 hr. at room temperature
and atmospherie pressure. The eatalyst wag removed by filtra
tion and was washed with 10 ml of glacial acetic acid,  The fil-
trate was evapor mad in racuo to an oil. The residue was dis-
solved in 100l of water, the solution was filtered, shell frozen,
and lyophilized, leaving 330 mg. of white powder.  The product
melted at 135-1 1537, {«]2p —~ x5 5% 1.31, water).
Anal. Caled. for (,JI NOn-HaO: O 53.(?3;
16.51. Found: €, 53.28; H, 7.08; N, 106
L-Arginyi- L-prol)l L= prolylgl)c)l L= phenylalanyl-u-seryl-lk,-
prolyl-L-phenylalanyl-1.-arginine Triacetate Salt (VIIIb).--IIy-
drogenation of 200 mg, of the protected G-p-serine nonapeptide
VIID using the sume eonditions as with the B-threonine anulog
gave, after lvophilization, 100 mg. of white solid; Te]?n - 68°
(¢ 1.03, waler:.
Anal. Catedl Tor ( LGN O 3T L0 O h oG 1 7000 N
16,24 Found: ) 5092, H, 7.02; N, 1637
()-('arhamyl-N-carbobenloxy-h-serine Amide. ~To w0 oeold
(5% solution of 635 g (0,25 moled of carbobenzoxy-L-serine
methyl ester in 400 ol of pyridine was added 41 g0 (0.26 mole)
of pheny? eliforofornate widh stivring. The mixture was allowed
to stand overnight at room temperature, was poured inte 2010 of
water, and the off was extracted into ehloveforn. The chloro-
form extraet was wished with dilute hedrochlorie weid, deied
over anhydrous vagnesium sullate, wnd evaporated to an ol
which weighed 81 g, The crude phenyvicarbonate ester of carbo-
benzoxyv-t-serine uiethyl ester (54 g., 0.227 nolel was dissolved
in 120 ml. of methanol and was added with sticring to ew. 600 ml.
of Hquid ammonin.  The excess ammonin was allowed to evap-
orate overnight.  The residue was diluted with 504 ml. of ether,
cooled, filtered, and the filter cuke wus washed with ether. The
vield of O-carbamyi- \'—l' arbobenzoxy-r-serine amide was 26,4 g
(3RC¢ 5, mp. 170-17 An analytieal sample from mtth‘mul
melted at 173- 1747, u] 3 = 10° (¢ 0.7, dimethyormamide .
Anal. Caled. for C DHENGO: € A2 H, 588 N, LEOL
Found: C,51.57: H, 5.13; N, 1430
O-Carbamyl-N-carbobenzoxy-L-serine.—A papain solution was
prepared from 16 ¢ of papain and 2 g. of L-cysteine hydrochloride
in 11 of water.  The pIT of the misture was adjusted to 5.5 and
the mixture was filtered.  To the filtrate was added 28 ¢, (0.1
moled of O-earbamvi-N-carbobenzosv-t-serine amide and the
misture was ineubated st 37° for 45 hre o The solation was evap-
orated 7 raeno aned the residue was extracted with three 103-mb
portions of hot methanel.  The methanol extracts were aciditied
to congo red with hivdrochloric acid and evaporated in vacuo.
The oil was taken up in cldoroforin and extracted with exeess
aqueous sodinm bicarbonate solution. The aqueous extructs

I, 7.05; N,
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were cooled and acidified to precipitate 16.9 g. of solid as colorless
needles; m.p. 143-145° [a]®D —12.4° (¢ 1.2, dimethylform-
amide).
Anal. Caled. for 012H|4N2063 C, 5106, H, 500, N, 9.93.
Found: C,51.25; H,5.17; N, 10.08.
O-Carbamyl-N-carbobenzoxy-L-serine z-Nitrophenyl Ester
(IX).—To a cold (5°) solution of 14 g. (0.05 mole) of O-carbamyl-
N-carbobenzoxy-L-serine and 7.5 g. (0.055 mole) of p-nitrophenol
in 100 ml of dimethylformamide was added 11 g. (0.05 mole) of
dicyclohexylearbodiimide. The mixture was kept overnight at
5% and then filtered. The filtrate was diluted with 250 ml. of
ethyl acetate, and the solution was washed with water, saturated
aqueous sodium bicarbonate, and saturated aqueous sodium chlo-
ride. The organic layer was dried over MgSQO, and evaporated
in vacwo. The residue was crystallized from 150 ml. of warm
ethyl acetate by the addition of 600 ml. of ether. The yield of
colorless solid was 13 g. (659 ), m.p. 144-146°, [«]%*D —27.3°
(¢ 1.1, dimethylformamide).
Anal. Caled. for Ci.HiiN3Os: C, 53.60; H, 4.25; N, 10.42.
Found: C, 53.90; H,4.53; N, 10.57.
O-Carbamyl-N-carbobenzoxy-v-seryl-L-prolyl-L-phenyl-
alanylnitro-L-arginine p-Nitrobenzyl Ester (X).—Carbobenzoxy-
L-prolyl-i-phenylalanylnitro-L-arginine p-nitrobenzyl ester® (19
g.. 0.026 mole) was dissolved in 200 ml. of glacial acetic acid con-
taining 60 g. of dry hydrogen bromide. After 30 min. at room
temperature the mixture was poured into 1.5 L. of cold dry ether.
The precipitate was removed, washed well with ether, and dried
in vacuo. The yield of crude product was 18 g. The solid was
dissolved in 70 ml. of dimethylformamide, cooled to 0°, and 4.5
ml. of triethylamine was added. The precipitate was removed,
and to the filtrate was added 10.5 g. (0.026 mole) of O-carbamyl-
N-carbobenzoxy-r-serine p-nitrophenyl ester. The solution was
kept 3 days at room temperature, then diluted with 300 ml. of
ethyl acetate. It was washed with water, aqueous potassium
carbonate, and saturated aqueous sodium chloride. The ethyl
acetate solution was evaporated in vacuo. The residue was crys-
tallized from methanol-water, 7.0 g. (329,), m.p. 135-138°,
[a]®D —41.9° (¢ 1, dimethylformamide).
Anal.  Caled. for CsHaeN O C, 54.29; H, 5.37; N, 16.23.
Found: C, 54.12; H, 5.23; N, 16.64.
Carbobenzoxy-L-phenylalanyl-O-carbamyl-L-seryl-L-prolyl-
L-phenylalanylnitro-L-arginine p-Nitrobenzyl Ester (XI).—O-
Carbamy!-N-carbobenzoxy-L-seryl-L-prolyl-L-phenyl-
alanylnitro-L-arginine p-nitrobenzyl ester (6.75 g., 0.0078 mole)
was dissolved in 70 ml. of glacial acetic acid containing 30 g. of
anhydrous hydrogen bromide. After 1 hr. at room temperature,
the solution was poured into 800 ml. of dry ether, The hygro-
scopic solid was collected, washed with ether, and dried in vacuo.
The solid (6.4 g.) was dissolved in 50 ml. of dimethylformamide
and 3.5 g. (0.008 mole) of carbobenzoxy-L-phenylalanine p-nitro-
phenyl ester was added. The solution was stirred as 2.8 ml. of
triethylamine in 10 ml. of dimethylformamide was added very
slowly. After standing 3 days, the mixture was filtered, diluted
with ethyl acetate, and washed with water, aqueous potassium
carbonate, and saturated aqueous sodium chloride solution. A
colorless solid separated, 2.8 g. (369), m.p. 208-211°. An
analytical sample was recrystallized from dimethylformamide,
m.p. 215-217°, [«] 28D —50.5° (¢ 1, dimethylformamide).
Anal.  Caled. for CisHisN1Owe: C, 57.08; H, 5.49; N, 15.26.
Found: C,56.77; H, 5.83; N, 15.19.
Carbobenzoxy-L-prolylglycine p-Nitrophenyl Ester.—Carbo-
benzoxy-L-prolylglycine (1.5 g., 0.005 mole) and 0.8 g. of p-nitro-
phenyl were dissolved in 10 ml. of dimethylformamide. The
solution was cooled to 4° and 1.1 g. (0.005 mole) of dicyclohexyl-
carbodiimide was added. The mixture was allowed to stand at
4° overnight. It was filtered and then evaporated in wvacuo.
The residue crystallized from ether, 1.6 g. (759,), m.p. 142-144°,
fa]®*p —60° (¢ 1, dimethylformamide); lit.20 m.p. 143.5-145°,
[a]?2D —63° (¢ 1, dimethylformamide).
(9) R. A. Boissonnnas, St. Guttmann, and P. A. Jaquenoud, Hels. Chim.

Acta, 43, 1349 (1960).
(10) M. A. Ondetti. J. Med. Chem.. 6, 10 (1963).
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Anal. Caled. for CuHyNsOr: C, 59.02; H, 4.95; N, 9.83.

Found: C, 59.27; H,5.21; N,9.71.

Carbobenzoxy-vL-prolylglycyl-L-phenylalanyl-O-carbamyl-L-
seryl-L-prolyl-L-phenylalanylnitro-r-arginine p-Nitrobenzyl Ester
(XII),—Carbobenzoxy-t-phenylalanyl-O-carbamyl-L-seryl-i-
prolyl-L-phenylalanylnitro-L-arginine p-nitrobenzyl ester
(2.85 g.) was dissolved in 30 ml. of glacial acetic acid containing
12 g. of dry hydrogen bromide. After standing 1 hr. the solution
was diluted with 400 ml. of dry ether to precipitate 2.9 g. of hy-
groscopic solid. The solid was dissolved in 25 ml. of dimethyl-
formamide, cooled to 4°, and 0.8 ml. of triethylamine was added.
The mixture was filtered and 1.2 g. of carbobenzoxy-L-prolyl-
glycine p-nitrophenyl ester was added. The mixture was allowed
to stand at room temperature for 3 days. The solution was
diluted with ethyl acetate and washed successively with water,
aqueous potassium carbonate, and saturated sodium chloride
solutions. It was concentrated on the steam bath to yield 1.45
2. (533%,) of colorless microcrystals; m.p. 167-170°, [«]?*p —53.9°
(e 0.5, dimethylformamide).

Anal. Calcd. for C;;,H%N]a()m: C, 5675; H, 563, N, 15.64.
Found: C, 56.79; H, 5.63; N, 15.76.

Carbobenzoxynitro-rL-arginyl-L-prolyl-L-prolylgiycyl-L-phenyl-
alanyl-O-carbamyl-L- seryl - L- prolyl - .- phenylalanylnitro-r.-ar-
ginine p-Nitrobenzyl Ester (XIII).—The carbobenzoxyheptapep-
tide ester XII (1.4 g.) was dissolved in a mi-ture of 20 ml. of
glacial acetic acid and 10 g. anhydrous hydrogen bromide. After
standing for 45 min., the solution was poured into 400 ml. of dry
ether. The solid was collected and dried in vacwo. The hydro-
bromide (1.3 g.) was dissolved in 10 ml. of dimethylformamide,
the solution was cooled to 0°, and triethylamine (0.35 ml.) was
added. The mixture was filtered after 15 min., and 0.56
g. of carbobenzoxynitroarginylproline® and 0.25 g. of dicyclo-
hexylearbodiimide were added. The mixture was kept at
0° for 2 days, filtered, and evaporated in vacuo. The residue
was triturated with ether. The solid was crystallized from meth-
anol-water to yield 1.4 g. (809%) of a colorless solid, m.p. 152-
155°, [@] 28D —48° (¢ 0.5, dimethylformamide).

Anal. Calcd fUI‘ C66H83X190201 C, 5419, H, 572, N, 18.20.
Found: C, 53.73; H,5.41; N, 18.07.

L-Arginyl-L-prolyl-L-prolylglycyl-L-phenylalanyl-O-carbamyl-
L-seryl-L-prolyl-L-phenylalanyl-L-arginine Triacetate Salt (XIV).
—A solution of 800 mg. of the protected nonapeptide XIII in 50
ml. of glacial acetic acid-methanol (3:2) was hydrogenated
over 200 mg. of palladium black catalyst for 24 hr. The reaction
mixture was filtered and evaporated in vacuo. The residue was
taken up in 50 ml. of water, shell frozen, and lyophilized leaving
650 mg. (919,) of hard, tan crystals. The product was dried at
110° for 18 hr., [2]?8p —63° (¢ 1.04 water).

Anal. Calcd. for Cs’,HsgNmOmZ C, 5334, H, 676. N, 17.46.
Found: C, 53.81; H, 7.00; N, 17.59.

Paper chromatography of the three analogs was carried out
using two different solvent systems; (A) t-butyl aleohol-acetic
acid- water (2:1:1); (B)isopropyl alcohol-concentrated NH,OH-~
water (70:5:25). The spots were detected with brom phenol
blue and the products appeared homogeneous. The R; values
obtained were: 6-L-threonine bradykinin (A) 0.78, (B) 0.45;
6-p-serine bradykinin (A) 0.72, (B) 0.52; 6-O-carbamyl-L-serine
bradykinin (A) 0.77, (B) 0.56.

Paper electrophoresis of the nonapeptides was done in 0.05 M
acetate buffer, at pH 5.6, using a constant current of 30 ma.
for 3 hr. Single spots were obtained for the 6-p-serine and 6-r-
threonine analogs which migrated towards the cathode a distance
of 5.5 and 5 c¢m., respectively, compared to 6 em. for synthetic
bradykinin. Two spots were obtained for the 6-O-carbamy] ana-
log, the major spot moving 4.5 cm. from the origin and a minor
one at 1.5 cm.
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