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Anal. Caled. for C53H77N15()15'2H205 C, 5-159,
N, 16.46. Found: C, 54.54; H, 6.68; N, 16.40.
L-Citrullyl-L-prolyl-L-prolyiglycyl-L-phenylalanyl-L-seryl-L~
prolyl-L-phenylalanyl-L-arginine. (1-Cit Bradykinin) (Vle).—
The nonapeptide Ve (500 mg.) was dissolved in methanol-acetic
acid and hydrogenated in the presence of palladium black in the
usual manner. The mixcture 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 —93° (¢ 1, N acetic acid), lit.”
[a]®D —91.2° (¢ 1, N acetic acid).
Carbobenzoxy-vy-methyl-L-glutamic Acid p-Nitropheny!
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 8.6 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; yield, 6 g. (85% ), m.p. 103-104°.
Anal. Caled. for CoHaN:0s: C, 57.68; H, 4.84; N, 6.73.
Found: C,57.83; H,4.90; N, 6.88.
Carbobenzoxy-~L-glutamyl-vL-prolyl-L-prolylglycyl-L-phenyl-
alany!l-L-seryl-L~prolyl-L-phenylalanylnitro-L-arginine (Vd).—To
a cold (5°) solution of 2.5 g, (0.0024 mole) of the octapeptide
methy! 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-y-methyl-L-glutamic acid
p-nitropheny! 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

H, 6.40;

(7) M. A. Ondetti, J. Med. Chem., 6, 10 (1963).
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with water, and 6 ml. of 2 ¥ HC! was added. The precipitate
was removed and wag reprecipitated twice from methanol with
ether as a white solid, m.p. 175-180°, [«]%D —61.6° (¢ 1, meth-
anol), yield, 1.1g.

Anal. Caled. for C.=,7H73N13017'2H201 C, 5484, H, 622,
N, 14.59. Found: C, 54.73; H, 6.34; N, 14.81.

L-Glutamyl-L-proly!l-L-prolylglycyl-r-phenylalanyl-L-ser yl-L~
prolyl-u-phenylalanyl-r-arginine Triacetate Ssalt: 1-Glutamic
Acid Bradykinin (VId).—Five hundred milligrams (4.12 X
104 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«]28p —72.8° (¢ 1.03, water).

Anal. Calcd. fOI‘ C49H53N12013‘4H201 C, 5324, H, 693,
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) f-buty! alcohol-acetic acid-
water (2:1:1); (B) isopropy! alecohol-ammonium hydroxide—
water (70:5:25). The peptides appeared homogenous after
development of the spots with brom pheno! 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.

Acknowledgment.—We are indebted to Mr. C. E.
Childs and his staff for the microanalyses reported
herein and Dr. J. M. Vandenbelt, Mrs. Carola Spurlock,
and Mrs. Vivien Lee for the optical rotations.
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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-L-, 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
6-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 Institate, for the use of
his uppublished procedure for preparing O-carbamyl-N-carbobenzoxy-L-
serine.

The biological activity of the analogs compared to bradykinin

N-carbobenzoxy-r-serine amide (XVI) was hydrolyzed
enizymatically with papain to yield XVII,

NH
CoH;0C0,CH:CHCO:CHy > H,NCO:.CH,CHCONH;

, |
NHCbz NHCbz

XV VI
.. Papain

NHCbz
XVII

The p-nitrophenyl ester of the carbobenzoxy-O-
carbamylserine was prepared and subsequent reaction
with vr-prolyl-v-phenylalanylnitro-v-arginine p-nitro-
benzyl ester gave the carbobenzoxytetrapeptide X.
The p-nitrobenzy! ester was utilized, siice it was easily
removed by hydrogenation and alkaline hydrolysis was
to be avoided. The next two steps leadiug 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 POR G-O-CARBAMY L-1-3ERINE BRADYKININ

CONTL,

()l_m-L—Ser-l YCHN Oy 4+ L-1'ro-L-Phie-Nte-1- Arg-O Bz N O

IX i
(‘()N”;\ i
! A

({bz-L-Scr-L-pr( ~L-Phe-N Op-L-Arg-OBzN O,
: _,”__3 HBe-110 A

} Chaal-Tie-OCe 11N O

CONH,
(

Chz-L-Phe-L-Ser-1-Pro-1-Phe-NOas-1 -Arg-0O B3z N O,

XI i

o HBe-lTOA

§ Gl oG- 00 LN O

RUIORVS

CONH,
¥
1)
Chz-1-Pro-Gily-1-Phe-1-8er-1-Pro-1-1"he-Nt - 1-Arg-0 132 N0,
> 1
I i

DCCT | ClizeNOw1- Apser.-Pro

(I,‘(')’:\" H,

Cbz-N =1 -Arg-1-Pro-L-Pro-Gly-L-Phe-L-Ser-1-1'ro-L-1he-N Og=1-Arg-0 B3z N O,

XI1T l o

CONEH.
}
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XIII was prepared by condensing carbobenzoxynitro-i.-
arginyl-r-proliie with the decarbobenzoxylated hepta-
peptide in the presence of dicyelohexylearbodiimide.
Hydrogenation of this peptide gave the 6-O-carbamyl-
-serine bradykinii.

The 6-r-threonine aud 6-p-serine analogs were pre-
pared by the syuthetic scheme indicated in Scheine IT.
The O-acetyl function was inadvertently introduced at
the hexapeptide stage during eleavage of the carbo-
henzoxypentapeptides with HB1-HOAc.® The inter-
mediates in the p-seriiie series, however, were found to
bhe ouly partially acetylated. The resulting mixture
of products was difficult to purify and the inaterials
were anmorphous solids. It is believed that the partial
acetylation is due to the inaccessibility of the p-serine
lydroxyl function either by folding of the peptide
chain o1 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 presuniably an indication of the im-
portance of the serine hydroxyl function.® The 6-n-
serine and 6-L-threonine analogs still retain a consider-
able amount of vasodilatatory activity, but the threo-
nine analogs’ ability to cause brouchocoustriction i the
guinea pig has been markedly reduced. 1t is of interest
that bronchoconstriction i this case is not antagonized
by aspirin,  Since antagonism by aspirin is character-
Istie of kinins,? it would appear that the biological action
of the threonine analog is not kinin-like, but further
work must be doie before this can be substantiated.

(3 LD Nieolajdes ansl I A DeWeabt, J. Org. Chem., 28, 1926, (10655,

1) We wislc to thank Dr. H. O. I, Collier, Miss P. G, 8horley, and Miss
R. AL Mamilton for the hiologieal tesl reported.

(3 H. 0.0, Colber, Lo A Halzate, M. Relgebter, pnd [N G, Skorley, B,
J. Phaemacol., 16, 290 (1960).

0 Howoever, it ghoald be noted 1hat M. Bodansgky, M. A, Ondeto, J. 1.
Shcelan, apd S0 Lapde, Adwn. N V. dead. Sed., 104, 24 (1963), conelaslyd

frown their results with 1be Veglyvespe bradykinin thice 1he sevice v
fapetisp is nat Hopprtanl for aclivity.,

Tasre |
Blorociear Activiry oF BRADYKININ ANALOGS
[ironclacopsiriclion (o pew pieh Viesonliluc Goso

Nonspeptid, Arauzonized by wspivin frginey (i}

(3-0-Carbamyl-1.-

gerine bradykinin < 17500 4 1/73
G-h-Serine bradyvkinin 1 /40 4 1725
G-L-Threonine brady-

kinin <10 - 172
Bradvkinin ] o ]

Experimental

Carbobenzoxy-1-phenylalanyi-r.~threonine Methyl Ester.- Ta
a stirred, cold (—20°Y solution o 26.4 g. (0.088 moler of o enrhao-
henzoxy-L-phenylalanine in 200 ml. of methylene dichlorile was
added 8.8 g. (0.088 male) of triethylunine followed hy 9.4 =
(0.088 mole! of ethyl chlorolormate,  After stirring the sohition
for 35 sin. at —13° a cold mixtive of 15 g, (0.088 molet of 1-
threonine methyl ester hydrochloride and 8.8 g. (0.088 mole) af
triethylamine was added. The solution wus stirred at 0° for 3
Iir. and at room temperature overnight. It was washed with
water, aqueous suturated NaHCOs, water, dilute TCL, and was
dried over MgS0O,.  The ethyl acetate layer was evaporated toan
oil which gradually solidified on the addition of petroleinm ether.
The product was rcerystallized from ethyl acetate-petrolenns
cther, vield, 22 g. (6150), m.p. 117-119°, [a]*p —20° 1¢ . melh-
anol).

Anal. Caled. for (,‘ggf{ge.\‘;\()ﬁi ¢, 63.76; I{. 6.33: \. G0,
Found: C, 64.00; H, 6.32; N, G.93.

Carbobenzoxy-L-phenylalanyl-p-serine Methyl Ester.-—'Ta «
cold (0°) golution of 5.7 g. (0.036 mole} of v-serine methyl estes
hivdrochloride in 50 ml. of dimethylformamide was added 4 g, o1
tricthylamine. After a few ininutes, the mixture was filtered and
15 g. (0.036 mole: of carbobenzoxy-L-phenylalanine p-nitrophenyl
ester was ndded to the filtrate.  The yellow solution was stirred
overnight at room temperature, evaporated to hall vohnne, and
cthyl ncetate wns added.  The precipitate which Tormed was
removed, washed with ether, and reerystallized from methanal
ether as white needles, nm.p. 140-150°, [a]23p —18.8° (¢ 2, meth-
anol), vield, 11 g. 17740).

(7Y Melting points wece Takey woor o Tlyonos oy vapillary peelbing
il appuratus apd are porveeted.
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Scueme 11
SYNTHETIC SCHEME FOR 8-L-THREONINE AND 6-D-SERINE BRADYKININ

]—NHN H; + 1-Pro-1-Phe-NQs-1-Arg-OCHj;

HNO;

|
]-L-PI‘O—L-Phe-NOQ-L-AI‘g-OCHg

HBr-HOAc

| Cbz-Gly-0CsHNO;

Cbz-L-Phe- [L-Thr
p-Ser
Ia,b
series
a = L-Threonine Cbz—L—Phe-[L—Thr
= p-Serine D-Ser
ITa,b
Ac
|
L-Thr

Cbz—Gly-L-Phe—[
IITa, b

p-Ser

]

-1-Pro-1-Phe-N Op-1-Arg-OCHj;
F_J‘ HBr-HOAc

| Cbz-L-Pro-0C;HaNO;
A?c
Cbz-L-Pro-Gly-L-Phe- [L-Thr] -L-Pro-L-Phe-N Os-1-Arg-OCHj;
D-Ser B
IV a, b I__J r-HOAc
| Cbz-L-Pro-OCsHaNO;
Ac
Cbz-L-Pro-L-Pro-Gly-L-Phe- [L-Thr] ~L-Pro-1-Phe-NQp-1-Arg-OCHj;
p-Ser
Va,b —- HBr-HOAc
! Tricbz-1-Arg-OCeHsN Oz
x?c
Tricbz-L-Arg-L-Pro-1-Pro-Gly-L-Phe- [L-Thr] -L-Pro-1-Phe-NO,-1-Arg-OCH;
NaOH D-Ser
Via,b e
Dicbz-L-Arg-L-Pro-L-Pro-Gly-1-Phe- [L—Thr] -L-Pro-L-Phe-NO.-Arg
| - D-Ser
VII a, b :

L-Arg-L-Pro-L-Pro-Gly-1-Plie- [

VIII a, b

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

Carbobenzoxy-L-phenylalanyl-L-threonine Hydrazide (la).—
The carbobenzoxy-L-phenylalanyl-1-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°,
[«] 23D —8.9° (¢ 1, dimethylformamide).

Anal. Caled. for CyHasNOs: 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°, [«] 2D +7.2° (¢ 1, N HCD).

Anal. Caled. for CyHaeN4Qs: C, 60.00; H, 6.04; N, 13.99.
Found: C,60.16; H, 6.19; N, 13.95.

Carbobenzoxy-L-phenylalanyl-L-threonyl-L-prolyl-r-phenyl-

alanylnitro-r.-arginine Methy! Ester (I1a).—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 aqueous sodium bicarbonate until the wash
water was basic. The organic layer was dried over MgS0O, at 0°.
To a previously freshly prepared solution of 18.5 g. (0.034 mole)
L-prolyl-t~-phenylalanylnitro-r-arginine methy! 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 ethy! 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. 1t was dried, and evaporated to a
white solid which wuas recrystallized from ethy! acetate-petroleum
ether; yield, 15.5 g. (53%), m.p. 145-155° [a]2p —34.2° (¢
1, dimethylformamide).

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

L-Thr

-1.- Pro-L-Phe-1-Arg
D-Ser ]

Anal. Caled. for CxHyN Oy : 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-L-phenyl-
alanylnitro-L-arginine Methy! Ester (ITb).—Twelve grams (0.032
mole) of carbobenzoxy-L-phenylalanyl-r-serine hydrazide was
converted to the azide and allowed to react with 16.5 g. (0.03
mole) of i-prolyl-i-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 C4HsNgOy: 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-threony!-L~
prolyl-L-phenylalanylnitro-L-arginine Methyl Ester (IIla).—
Into a cooled (10°) solution of 14 g. (0.0163 mole) of the carbo-
benzoxypentapeptide methyl ester ITa 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 1 1. 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-nitropheny! 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 ethy! acetate—ethano! and it gradually
solidified upon the addition of petroleum ether. The off-white
product was crystallized from methanol-water, yield, 10 g.
(67%), m.p. 115-125°, [«]2%p —33.7° (¢ 1, dimethylformamide).
Anal. Calcd. for C45H53N10013'H202 C, 5655, H, 619, N,
14.34; OAc, 4.48. Found: C, 56.52; H, 6.20; N, 14.63; OAg,
2.72.
Carbobenzoxyglycyl-L-phenylalanyl-p-seryl-L-prolyl-L-phenyl-
alanyinitro-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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henzoxy-B-serinepentapeptide Ilh and yielded 9 g, (6597 of a
cream colored solid, m.p. 170-175°, [«]**» —33.8° (¢ 1, dimethyl-
formamide).

Anal. Caled. for CaHaNigOe: O, 57.20; H, 6.02; N, 10.52;
OAc,4.55. Pound: C,57.14; H,6.16; N, 15.54; OAc, 1.40.

Carbobenzoxy-L-prolylglycyl-L-phenylalanyl-O-acetyl~-L-thre-
onyl-L-prolyl-L-phenylalanynitro-r-arginine Methyl Ester (IVa:.
~"The carbobenzoxy grimp wag removed Trom 9 ¢, (0.0098 moles
ol the carvhbwibenzoxyhexapeptide Hla with HBr-HOAe, as pre-
vieusly degeribed, yvielding 101 g, of eream colared salid. The
proditet wag dissolved in 100wl of dimethyl{onmamide, voaled
(o 0% and 4.0 2. (0.04 nwdes of ceiethyinmine was added. The
mixtire was filtered and 4.4 ¢, 10.012 maley of carbobenzoxy-1.-
proline p-nitrophenyt ester was added o the filtrate. The solhie
tiom was allowed to stand for 2.5 days and evaparated to 50 ml,
A gy solid formed upon the addition of ethyl acetate-ether.
The gum was washed several times with ether and ethyl ncetate
and was reerystallized from methanol-water as a cream colored
solid; yield, 8.5 g (860, mup. 127-137°, T B —43.3°% (¢ 1,
dimethyHormizanide).

Awads Caled. for CayllgNaOw: O 5706, T 6,195 N, 115,
OAe, 407, Fomd: ¢57.660 H, 6.04; N, 14.67: OA¢, 2.96.

Carbobenzoxy-1.-prolylglycyl-1.-phenylalanyl-O-acetyl-p-seryl-
L~prolyl-1.-phenylalanylnitro-r-arginine Methyl Ester (IVb).--
Removal of the carbobenzoxy group from 12 g, of the carbobenz-
oxyv-b=scrinehexapeptide TITH was  accomplished  with HBr -
HOAe and the proditet was allowed to react with 3.2 ¢. of enrho-
henzoxy-L-proline  p-nitrophenyt ester. A vellowish solid was
abtained which could not be crvstallized, m.p. 130--135°, a2
- 46.5° (¢ 1, methanol), vield, S g, (607).

Aned. Caled. for CypllgNpOn: C, 537.63; H, 6.03; N, 14.79;
OAc, 113, Found: C,57.00; H,6.24; N, 14.59; OAc, 3.19.

Carbobenzoxy-1.-prolyl-L-prolylglyeyl-L-phenylalanyl-O-acetyi-
1-threonyl-1.~prolyl-1.-phenylalanyinitro-t.-arginine Methy! Ester
{Va'.-—Decarbobenzoxylation of the heptapeptide methy! ester
IVa (7 2., 0.0069 mole? was earvied ont with HBr in glacial acetic
acid and the erude hydrobromide was isolated as hefore.  The
dried produet wag dissolved in 100 ml. of dimethylformanmide,
cooled t0 3%, 3 2. (0.03 mole) ol triethylamine added, and the solu-
tion was filtered alter 5 min,  Carbobenzoxy-L-proline p-iitro-
phenyl ester (2.7 g., 0.0074 mole) was added to the filtrate and
the solution was stirred at room temperature for 5 days  The
solntion was evaporuted to a small voluime and o tan predpitate
formed upon the addition of ether and cthyl acetate.  The solid
was reerystallized 3 times from methanol-water;  vield, 4.5 g
(B0 mp. 138-145°, [@] 23p —=31° Ve 1, dimethylformamide).

dned. Caled. for CiglaN O C) 58325 H, 6.20; N, 11.55;
DA 3,73, Found: C,57.77; I, 6.16; N, 14.56; OAc, 2.03.

Carbobenzoxy-L-prolyl-L-prolylglycyl-1.-phenylalanyl-Q-acetyl-
n-seryl-L-prolyl-1~phenylalanylnitro-r.-arginine Methy! Ester
(VD)o—A  p-nitrophenyl ester  reaction  involving 3.5 o
(0.0095 wsole) ol earbobenzoxy-1-pnoline p-nitrophenyl ester aid
S og (0,008 moler of the carbobenzoxy-p-scrine heptapeptide
IV mave 4 g (36405 of o eream colored solid, wp. 130-135°,
[el2n —6D° (¢ 1, metlhanol .

Anals Caleds for CullNpOn 210 C) 86.21;
N, 1L31; OAc, 3.77.
OAc¢, 2.00.

Tricarbobenzoxy-l.~arginyl-r.-prolyl-v-prolylglycyl-L-pheny!-
alanyl-O-acetyl-1.~ threonyl-1.-prolyl- L-phenylalanylnitro-vL-argi-
nine Methy! Ester (VIal.—Two grams (0.0018 mole) of the
carbobenzaxyoctapeptide methyl ester Va was treated with 10 g.
(0.125 mole) of dry hydrogen bromide in a cooled (10°) solution
ol 100 ml. ol glacial acetic acid.  The solution was allowed to
remain al room temperature for 2 hr, and was poured into 1 1. of
vigorously stirred dryv ether.  The solid was filtered, washed thor-
oighly with dry ether, and dried in vacuo overnight, giving
3.1 g (theor. 1.Y g.) of a white solid. The crude product 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 vellow solution was kept at
room temperature for 3 days, evaporated to a gum which was
waghed several times with ethyl scetate and ether, during which
time it gradhally formed a solid. The solid was recrystallized
twice from methanol-water and twice from nethanol-cther:
vield, 2.3 g (835¢) of light cream colored solid, wip, 125-135°,
[a] B —17° (¢ 1, dimethylformamide).

Anad. Caled. for CuHesN160g: €, 530.41; H, 6.14; N, 14.21;
OAe, 273, Found: €, 59.20; H, 6.18; N, 1434; OAc,2.74

1, 6.00;
Found: C, 56.44; 1, 6.28; N, 14.03:

Tricarbobenzoxy-~v-arginyl-L-prolyl-1-prolvlglycyl-L-phenyl-
alanyl-O-~acetyl-p-seryi»vL-proly!-r-phenylalanylnitro-1.-arginine
Methyl Ester (VIb).-—The carbobenzony grmip was renuived
Do 2 g (0L0D182 e’ of the m‘l:l]w])ti(!(‘ AVhowith TTBr oA
The crnde hedrabemnide was atloaved o react aith §.3 g 000N
maher al trivarhnlienzoxy-L-argiine p-nitrophenyl ester o
vellow ol wies dsolated (1.5 w which Tomacd o @igrony =0l on
sttempted ervatallization.

Dicarbobenzoxy-1~arginyl-r.-prolyl-L-prolylglycyl-t~phenyl-
alanyl-1-threouyl-1.-prolyl-1.-phenylalanylnitro~i.-arginine [ Vlla’.
ST sadntion of 2.2 ¢ 70,0014 meler of the trienrhobinzoxy -
nemapeptide methy! ester V9 dizsedved in 30 ml o sethand
at roane tempersiave wis walded 15wl of 208 Naoltlo The
sulition was ztiveed for 1l ansd remaie ] elear npon e adidnbon
al water. Tpen the addition of 2wl of 228 HCT & fan 2
precipitated whirh solidified wpon standing, The solid was ervs-
tallized frony ynethonol-ether; vield, 1.5 g (T80, w172
1575 {al=hy =320 1, dimethylformamide .

Tewd,  Cnled. Tor CalleN O 1O O 07270 11 sl N,
15050 Found: L5714 1, 6,37 N, 18,

Dicarbobenzoxys1.-arginyl-L-prolyl-i.-prolylglyeyl-1.-phenyi-
alanyl-p-seryl-1-prolyl-1.-phenylalanylnitro-r-arginine  (VIIbh'.-
Hydvalvsis of the eonde fricarbobenzoxy G-p-serine nonspeptide
VD, LS wowitly 20N NaOU vielded 000 mg. of a light eream
voloved solid atler ervstallization frone methannl- ethand:s oo
IN5190°, Ly ¥y 770 (e |, metlhunol

dued. Caled. Yor CaHla N 21000 )
N, 15,00, Found: €, 55 62, H,5.07; N, 15.67.
1.-Arginyl-r-prolyl-r-prolylglyeyl-L-phenylalanyl-1-threonyl-
1-prolyl-r-phenylalanyl-1.-arginine Triacetate Salt (VIIIa).-
The dicarbobenzoxynonapeptide (V1Ia) (500 myg., 3.5 X 1n-¢
moleywas dissolved in 301l of gheeind acetie acid, then 20D my. of
palladiinn Llack catalvst and 20 0l of methanol were added.
The mixture was hyvdrogenated Tor 29 e at roomn temperatinre
and atimoespherie pressure. The catalyst was removed by filtra
tien and was washed with 100l of glacial acetie neid. The til-
trate was evaporated (o caerw (o an oil. The residue was dis-
solved in 10D il o warer, the sohition was filtered, shell frozen,
and Tyophilized, leoving 380 mg. of white powder. The prodaet
melted at 1385-1157, 1] ~ X3 5% 00 134, water).
Anal. Caled, Tor CalIgNpOe-1:0:0 € 53.03; 1L, 7.05; N,
16,51, Tound: €, 33.2%; H, 7.08; N, 16.60.
L-Arginyl-1.-prolyl-r-prolylglyeyl-r-phenylalanyl-v-seryi-1.-
prolyl-L-phenylalanyl-i-arginine Triacetate Salt (VIIIb).--Ily-
drogenstion af 200 e, of the protected G-p-serine nonapeptizle
VI nsing the sone eondilioms os with the G-thremine annlog
gave, after vaphilizatiom, 1D0 g s white solid; Tel?3n - (GR°
(¢ 113, water
Ao Cated Gy Calla N5 0 10O C
16,21 Foonnd: ) 5002, I 712 N, I

O-Carbamyl-N-carbobenzoxy-L-serine Amitde. T i enid
15% salition «f G5 @ 70,23 analed of earbuhenzoxy- L-serine
methyl ester i 400wl of paridine was added 41 20 (D.26 mole)
of phenyl eldam Tormeate with stivring, The mixtire was allowd
Fo stad averpight at e teaperatnee, swas pored inte 2 10 of
water, mnd the ol was extraeted o ehlorarorns. The ehlne
farm extret wie waished with dilute hyvdrvaehlovie acid, dried
over anhydems vagnesiam sullnte, and eveparated to an il
which weighed ST ¢. The erude phenylearhonate ester of wirho-
Lenzoxyv-t-serine methyl ester (83 g, 11227 moled was dissolved
in 120l of methanol and was added with stirring 1o eo. 600 ml,
of iquid anvmiza. The exvess ammoma wis allowed ta evap-
arate overnight.  The residne was diluted with Sl of ether,
cocled, filtered, and the filter eoke wies washed with ether. The
vield of O-carlianyl-N-cahohenzosyv-v-serine amide was 2600 .
(38005 mep. 170~ An analytieal smple Trom methanal
melted at 1731745, La]*n = 10° (e D5, dimethylfornamide &

Annd. Calidd Tor CalpNaDy: G, a2 H, 538 N, .04
Found: C, 5157 H, 5.13: N, 1489,

O-Carbamy|-N-carbobenzoxy-L-serine.—A papain solution was
preparved from 16 g of papain and 2 g ol L-cysteine hydrachloride
in 11 of water.  The pIT of the misture war adjusted to 5.5 and
the mixture was liltered. To the filtrate was added 25 @ (0.1
moled ol Deewrloony1-N-cirhobenzosv-L-serine mnide aned the
nuixtire was ienhated 58 37% for 45 hee "The sofaton was evap-
ornted do e el ke residne was extraeied wish three 13-4,
portions of hot methanel. The methanol extrcets were aelificil
to engn rel with Lvdroehlorie acid and evaporated < sacwo.
The il wos taken up in chlorafonmn and extracted with exeess
sgueots sodimn bicarbonate solution. The agqueous extracts

30.205 1, 6wl

5106 1L, 7000 N,
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were cooled and acidified to precipitate 16.9 g. of solid as colorless
needles; m.p. 143-145°, [a]?p —12.4° (¢ 1.2, dimethylform-
amide).
Anal. Caled. for C:H,(NsQ4: C, 51.06; H, 5.00; 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 MgS0, and evaporated
in vacuo. 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°, [a]%D —27.3°
(¢ 1.1, dimethylformamide).
Anal. Caled. for CyH;:N30s: C, 53.60; H, 4.25; N, 10.42.
Found: C, 53.90; H, 4.53; N, 10.57.
O-Carbamy!-N-carbobenzoxy-v-seryl-L~proly!-L-pheny!-
alanylnitro-L-arginine p-Nitrobenzy! Ester (X).—Carbobenzoxy-
L-prolyl-L-phenylalanylnitro-r-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 I, of cold dry ether.
The precipitate was removed, washed well with ether, and dried
in vacwo. 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-L-serine p-nitrophenyl ester. The solution was
kept 3 days at room temperature, then diluted with 300 ml. of
ethy! 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]?3D —41.9° (¢ 1, dimethylformamide).
Anal. Caled. for CxHysN 005 C, 54.29; H, 5.37; N, 16.23.
Found: C, 54.12; H, 5.23; N, 16.64.
Carbobenzoxy-L-phenylalanyl-O-carbamy!-L~seryl~L-proly!~
L-phenylalanylnitro-L-arginine p-Nitrobenzy! Ester (XI).—O-
Carbamyl-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 vacwo.
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-
pheny! 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°, [«]?®p —50.5° (¢ 1, dimethylformamide).
Anal. Caled. for CsHssN1O: C, 57.08; H, 5.49; N, 15.26.
Found: C, 56.77; H, 5.33; N\, 15.19.
Carbobenzoxy-L-prolylglycine p-Nitropheny! Ester.—Carbo-
benzoxy-L-prolylglycine (1.5 g., 0.005 mole) and 0.8 g. of p-nitro-
pheny! 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°,
[@]®D —60° (¢ 1, dimethylformamide); lit.2 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 CqHuN;Or: C, 59.02; H, 4.95; N, 9.83.
Found: C,59.27; H,5.21; N,9.71.
Carbobenzoxy-L-prolylglycy!-L-phenylalanyl-O-carbamyl-L-
seryl-L-prolyl-L-phenylalanylnitro~-L-arginine p~-Nitrobenzy! Ester
(XII),—Carbobenzoxy-L-phenylalanyl-O-carbamyl-L-seryl-L-
prolyl-L-phenylalanylnitro-L-arginine p-nitrobenzyl ester
(2.65 g.) was dissolved in 30 ml. of glacial acetic acid containing
12 g. of dry hydrogen bromide. After standing 1 hr. the solution
wasg diluted with 400 ml. of dry ether to precipitate 2.9 g. of hy-
groscopic solid. The solid was dissolved in 25 nil, 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 ethy! 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
g. (539%,) of colorless microcrystals; m.p. 167-170°, [«]?3D —53.9°
(¢ 0.8, dimethylformamide).
Anal. Caled. for CaaHeaX;aOlef C, 5675; H, 563, N, 15.64.
Found: C,56.79; H, 5.63; N, 15.76.

Carbobenzoxynitro~L~arginyl~L-prolyl-L-prolylglycyl-L-pheny!-
alanyl-O-carbamyl-L-seryl - .- proly! - .- phenylalanylnitro - .- ar-
ginine p-Nitrobenzy! 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 ¢n 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-
hexylcarbodiimide 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 vield 1.4 g. (809%) of a colorless solid, m.p. 152-
155°, [a] 28D —48° (¢ 0.5, dimethylformamide).

Anal. Caled. for CeeHss_\‘mOgol C, 5419, H, 572, N, 18.20.
Found: C, 53.73; H, 5.41; N, 18.07.

L-Arginyl-L-prolyl-L~prolylglycyl-L-phenylalany!-O-~carbamy!-~
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. (91%) of hard, tan crystals. The product was dried at
110° for 18 hr., [a]%3p —63° (¢ 1.04 water).

Anal. Caled. for CstHseNmOng C, 53.34; 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-buty! alcohol-acetic
acid-water (2:1:1); (B) isopropy! alcohol-concentrated NH,OH~-
water (70:5:25). The spots were detected with brom phenol
bliue 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-pD-serine and 6-L-
threonine analogs which migrated towards the cathode a distance
of 5.5 and 5 c¢m., respectively, compared to 6 cm. for synthetic
bradykinin. Two spots were obtained for the 6-O-carbamy! ana-
log, the major spot moving 4.5 em. from the origin and a minor
one at 1.5 cm.
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