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Anal. Calcd. for CSSHTTNISOIB^HJO: C, 54.59; H, 6.40; 
N, 16.46. Found: C, 54.54; H, 6.68; X, 16.40. 

L-CitruIlyl-L-prolyl-L-prolylglycyl-L-phenylalanyl-L-seryl-L-
prolyl-L-phenylalanyl-L-arginine. (1-Cit Bradykinin) (Vic).— 
The nonapeptide Vc (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, [« ] 2 3 D —93° (c 1, N acetic acid), lit.7 

[a]20D -91 .2 ° (c 1, A'acetic acid). 
Carbobenzoxy-7-methyl-L-glutamic Acid /j-Nitrophenyl 

Ester.—To a cold (5°) solution of 5 g. (0.017 mole) of carboben-
zoxy-7-methyl-L-glutamie 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. (85%), m.p. 103-104°. 

Anal. Calcd. for C20H2[1X2O8: C, 57.68; H, 4.84; X, 6.73. 
Found: C, 57.83; H, 4.90; N, 6.88. 

Carbobenzoxy-L-glutamyl-L-prolyl-L-proIylglycyl-L-phenyl-
alanyl-L-seryl-L-proIyl-L-phenylalanylnitro-L-arginine (Vd).—To 
a cold (5°) solution of 2.5 g. (0.0024 mole) of the octapeptide 
methyl ester hydrobromide I I I in 50 ml. of dimethylformamide 
was added 1.3 g. of triethylamine. The mixture was filtered 
and 1 g. (0.0024 mole) of carbobenzoxy-7-methyl-L-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" 
XaOH was added. The solution was kept 1 hr. at 25°, diluted 

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

In a previous paper1 the preparation of three analogs 
of bradykinin, in which the phenylalanine amino acid 
in position 8 of the molecule was replaced by D-phenyl-
alanine, p-fluoro-L-, and p-fluoro-D-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-carbamyI-L-serine, 6-D-serine, and 
6-L-threonine bradykinins. 

The synthetic method used for the preparation of the 
(3-O-carbamylserine analog is shown in Scheme I. 
The required intermediate O-carbamyl-N-carbobenz-
oxy-L-serine (XVII)2 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 II. A. DeWald, J. Med. Chem., 6, 
524 (1903). 

(2) We are indebted to Dr. M. S. Morgan. Mellon Institute, for the use of 
his unpublished procedure for preparing 0-carbamy]-N-carbobenzoxy-L-
serine. 

with water, and 6 ml. of 2 N HC1 was added. The precipitate 
wras removed and was reprecipitated twice from methanol with 
ether as a white solid, m.p. 175-180°, [a]2SD —61.6° (c 1, meth­
anol), yield, 1.1 g. 

Anal. Calcd. for CS7H73Xi3On-2H20: 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-L-
proIyl-L-phenylalanyl-L-arginine Triacetate Salt: 1-GIutamic 
Acid Bradykinin (VId).—Five hundred milligrams (4.12 X 
10~4 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, M 2 3 D - 7 2 . 8 ° (c 1.03, water). 

Anal. Calcd. for C49H68X,2Oi3 • 4H 20: C, 53.24; H, 6.93; 
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) {-butyl alcohol-acetic acid-
water (2:1:1) ; (B) isopropyl alcohol-ammonium hydroxide-
w-ater (70:5:25). The peptides appeared homogenous after 
development of the spots with brom phenol blue and Sakaguchi 
reagents with the following Rt values: 1-Lvs (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, Airs. Carola Spurlock, 
and Mrs. Vivien Lee for the optical rotations. 

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

NHs 
C6Hi,OC02CH2CHC02CH3 — > • H2NC02CH2CHCOXH2 

! 
XHCbz XHCbz 

XV XVI 

Papain 

XVI > H2XC02CH2CHC02H 
XHCbz 

XVII 

The p-nitrophenyl ester of the carbobenzoxy-O-
carbamylserine was prepared and subsequent reaction 
with L-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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SCHEME 1 

SYNTHETIC .SCHEME FOB 0-O-CAHBAM\L-I.-SEUINL- BHADYKLMX 

COX I J, 

Cbz-L-ISer-( >C6H4X02 + L-Pro-L-Phe-X( >2-L-Arg-< >BzX( >•• 
IX , 

COXTP 
i y 

Obz-L-Ser-L-Pro-L-Phe-XO»-L-Arg-< )PzN(), 
X f 

._ J I U i r - l l O A c 

I Cbz- i . -Phe-OCsl l t .VO, 
OOXPP 
! 

Obz-L-Phe-L-Ser-L-Pro-L-Phe-N02-L-Arg-( )BzX( h 

j H H r - H O A c 

J, Cbz- I . -P ro -Oly-OC\ IL lX0 , 

o< )XH2 
i 

Obz-i.-Pro-( ;ly-L-Phe-L-Ser-L-Pro-L-Phe-N( >2-L-Arg-OBzX< )2 

I II Br -HO Ac 

IX.'CI I Cbz-NO-r.-Arji-i.-Pro 

CC)NH2 

Obz-X < )2-E-Arg-L-Pro-L-Pro-G! v-L-Plie-L-tf er-i,-1 >n >-L- I'he-X ()2- L-Arg-< )Bz X (h 

| , . 

Co.XH, 

L-Arg-L-Pro-L-Pro-Gly-L-Phe-L-Ser-i.-Pro-i.-PIie-i.-Arg 
XIV 

XIII was prepared by condensing carbobenzoxynitro-L-
arginyl-L-pi'oline with the decarbobenzoxylated hepta-
peptide in the presence of dicyclohexylcarbodiimide. 
Ilydrogenation of this peptide gave the (i-O-carbamyl-
L-serine bradykinin. 

The 6-L-threonine and 6-i>-serine analogs were pre­
pared by the synthetic scheme indicated in Scheme II. 
The O-acetyl function was inadvertently introduced at 
the hexapeptide stage during cleavage of the carbo-
benzoxypentapeptides with HBr-HOAc.3 The inter-
mediates in the D-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 is 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 I.4-6 The low order of activity of the 6-0-car-
bamyl analog is presumably an indication of the im­
portance of the serine hydroxyl function.6 The (i-n-
serine and (i-L-threonine analogs still retain a consider­
able amount of vasodilatatory activity, but the threo­
nine analogs' ability to cause bronchoconstriction in the 
guinea pig has been markedly reduced. It is of interest 
that bronchoconstriction in this case is not antagonized 
by aspirin. Since antagonism by aspirin is character­
istic of kinins,5 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. 

13) K. I ) . Nicolaides a n d H. A. DeH'a ld , ./. Org. Chera., 28, 1926, (19(i:>i. 
(-1) We wish to t h a n k D r . H . 0 . .1. Collier. Miss P. O. Shorley, a n d Miss 

P.. A. Hami l t on for the biological t es t r e po r t e d . 
(.T) H. O. J. Collier, ,1. A. IIolCTte. M. Schachte r , and P. (1 . Shor ley . li,H. 

./. l'harmarol.. 15, 290 (lUb'O). 
ill) However , it should be noted t h a t M . Bodanszky , M . A. Onde t l i . .1. '1'. 

Sheehan , a n d S. Lande , Ann. V . P . Acad, flci., 104, 2-1 (19(13), concluded 
from thei r resul ts with the O-sdyeine b radyk in in tha t the serine hydro .w] 
function is not i m p o r t a n t for a c t i v i t y . 

TAHI.H 1 

BIOLOGICAL ACTIVITY OF BHADYKI.NI.N ANALOG; 

r 
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Experimental7 

Carbobenzoxy-i.-phenylalanyl-L-threonine Methyl Ester, To 
a stirred, cold ( - 2 0 ° ) solution of 26.4 g. (0.088 mole) of a carbu-
benzo\y-L-phenyla!anme in 200 ml. of methylene dicliloride was 
added 8.8 g. (0.088 mule) of triethylamine followed by 0.4 g. 
(0.088 mole) of ethyl ehlorol'ormate. After stirring the solution 
for 35 min. at —15", a cold mixture of 15 g. (0.088 mole'; of L-
threonine methyl ester hydrochloride 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 X'aHCOs, water, dilute HC1, and was 
dried over MgS04 . The ethyl acetate layer was evaporated to an 
oil which gradually solidified on the addition of petroleum other. 
The product was recrystallized from ethyl acetate-petroleum 
ether, yield, 22 g. (61 r

( ) , m.p. 117-119°, \a]-h> - 2 0 ° ic I. meth­
anol). 

Anal. Calcd. for (:22H26X2P)f,: O, 03.70; H, 0.33: X, (i.70. 
Pound: 0,64.00; H, 6.32; X, 6.93. 

Carbobenzoxy-L-phenylalanyl-D-serine Methyl Ester.—To a 
cold (0°) solution of 5.7 g. (0.036 mole) of D-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 earbobenzoxy-L-phenylalanine yj-nitrophenyl 
ester was added to the filtrate. The yellow solution was stirred 
overnight at room temperature, evaporated to half volume, and 
ethyl acetate was added. The precipitate which formed teas 
removed, washed with ether, and recrystallized from methanol 
ether as white needles, m.p. 149-150°,'[a]23n - 18.S° (c 2. meth­
anol), yield, 11 g. {77c,'). 

Mel t ing points we 
a p p a r a t u s and are 

t aken u; 
i r reetcd. 

file:///K01./11Mv
L-Arg-L-Pro-L-Pro-Gly-L-Phe-L-Ser-i.-Pro-i.-PIie-i.-Arg
pi.tr
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SCHEME II 
SYNTHETIC SCHEME FOE 6-L-THBEONINE AND 6-D-SEBINE BBADYKININ 

Cbz-L-Phe-[-L-Thr-l-NHNH2 + L-Pro-L-Phe-X02-L-Arg-OCB3 
LD-S -Ser J 

I a, b 
series 

a = L-Threonine 
b = D-Serine 

i 
HN0 2 

Cbz-L-Phe-rL-Thr-]-L-Pro-L-Phe-N02-L-Arg-OCH3 
LD-Sei 

II a, b 

Ac 

_J HBr-HOAc 

I Cbz-Gly-0CeH4N02 

Cbz-Gly-L-Phe-rL-Thr-|-L-Pro-L-Phe-X02-L-Arg-OCH3 
LD-S -Ser J 

I I I a, b HBr-HOAc 
1 

I Cbz-L-Pro-OCeHiNOs 
Ac 

Cbz-L-Pro-Gly-L-Phe- rL-Thr l -L-Pro-L-Phe-X02-L-Arg-OCH3 
LD-S 

IV a, b 
'-Ser J 

I HBr-HOAc 
I 
I Cbz-L-Pro-OCsH4X02 

Ac 
"i 

Cbz-L-Pro-L-Pro-Gly-L-Phe-TL-Thr-l-L-Pro-L-Phe-N02-L-Arg-OCH3 
LD-Ser J 

V a, b r — ' HBr-HOAc 

I Tricbz-L-Arg-OC«H4N02 

Ac 

Tricbz-L-Arg-L-Pro-L-Pro-Gly-L-Phe-rL-Thr-|-L-Pro-L-Phe-N02-L-Arg-OCH3 

VI a, b NaOH 
_D-Ser J 

VIII a, b 

Anal. Calcd. for C2,H24X206: C, 62.98; H, 6.04; X, 7.00. 
Found: 0,62.92; H, 5.94; X, 7.04. 

Carbobenzoxy-L-phenylalanyl-L-threonine Hydrazide (la).— 
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. (84%), m.p. 202-204°, 
[a]23D - 8 . 9 ° (c 1, dimethylformamide). 

Anal. Calcd. for C2lH26X405: C, 60.85; H, 6.33; X, 13.51. 
Found: C,61.11; H,6.35; X, 13.45. 

Carbobenzoxy-L-phenylalanyl-D-serine Hydrazide (lb).— 
Treatment of 10 g. (0.025 mole) of carbobenzoxy-L-phenylalanyl-D-
serine methyl ester with 1 g. of anhydrous hydrazine in 100 ml. of 
methanol gave 9.5 g. (95%) of the crystalline hydrazide, m.p. 
208-209°, [ a ] 2 3 D + 7 . 2 ° ( c l , A r H C l ) . 

Anal. Calcd. for C2oH24X406: C, 60.00; H, 6.04; X, 13.99. 
Found: C, 60.16; H, 6.19; X, 13.95. 

Carbobenzoxy-L-phenylalanyl-L-threonyl-L-proIyl-L-phenyl-
alanylnitro-L-arginine Methyl Ester (Ila).—The carbobenzoxy-
dipeptide hydrazide (la) (14.9 g., 0.036 molej 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 MgS04 at 0°. 
To a previously freshly prepared solution of 18.5 g. (0.034 mole) 
L-prolyl-L-phenylalanylnitro-L-arginine methyl ester hydrobro-
mide8 in 150 ml. of dimethylformamide at 5° was added 9.3 g. 
(0.093 mole) of trie thy lamine. 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 X a H C 0 3 solu­
tion, water, and dilute HC1. I t 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°, [a]23D - 3 4 . 2 ° (c 
1, dimethylformamide). 

Dicbz-L-Arg-L-Pro-L-Pro-Gly-L-Phe-rL-Thrl-L-Pro-L-Phe-X02-Arg 
[ „ LD-Ser J 

VII a, b i H ! 

L-Arg-L-Pro-L-Pro-Gly-L-Phe- rL-Thr l - L- Pro-L-Phe-L-Arg 
LD-S 

(8) E. D. Nicolaides and H. A. DeWald, J. Org. Chew,., 26, 3872 (1901). 

-Ser J 

Anal. Calcd. for C42H53X90„: C, 58.65; H, 6.21; N, 14.66. 
Found: C, 58.74; H, 6.02; X, 14.48. 

Carbobenzoxy-L-phenylalanyl-D-seryl-L-prolyl-L-phenyl-
alanylnitro-L-arginine Methyl Ester (lib).—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 L-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]23D - 4 4 . 2 ° (c 1.3, dimethylformamide), yield, 17 g. 
(68%). 

Anal. Calcd. for C41H6iX90iu: C, 58.21; H, 6.08; X, 14.90. 
Found: C, 58.25; H, 6.03; X, 14.41. 

Carbobenzoxyglycyl-L-phenylalanyl-O-acetyl-L-threonyl-L-
proIyl-L-phenylalanylnitro-L-arginine Methyl Ester (Ilia).— 
Into a cooled (10°) solution of 14 g. (0.0163 mole) of the carbo-
benzoxypentapeptide methyl ester I la 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 trie thy lamine. 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 XH4OH, water, and dilute HC1. 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. 
(67%), m.p. 115-125°, [a]23D - 3 3 . 7 ° (c 1, dimethylformamide). 

Anal. Calcd. for C48H38X10Oi3-H2O: C, 56.55; H, 6.19; X, 
14.34; OAc, 4.48. Found: C, 56.52; H, 6.20; X, 14.63; OAc, 
2.72. 

Carbobenzoxyglycyl-L-phenylalanyl-D-seryl-L-prolyl-L-phenyl-
alanylnitro-L-arginine Methyl Ester (Illb).—A similar reaction 
to the one just described was carried out using 12 g. of the carbo-
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benzoxy-i;-scrinepentapeptide l i b and yielded 9 g. (05%) of a 
cream colored solid, m.p. 170-175°, [a] "i> —33.8° (c 1, dimethyl-
form amide). 

Anal. Calcd. for C4aHS4N10(.)i2: (', 57.20; H, (3.02; X. 15.52; 
OAc,-boo. Found: C, 57.14; 11,(3.16; X, 15.51; OAc, 1.40. 

Carbobenzo\y-L-prolylglycyl-L-phenylalanyl-0-acetvl-L-thre-
onyl-L-prolyl-L-phenylalanylnitro-i,-arginine Methyl Ester (IVak 
- -The carbobenzoxy group was removed from 9 g. (0.009S mole; 
of the carbobenzoxyhexapeptido Ilia with HBr IIOAc. as pre­
viously described, yielding 10.1 g. of cream colored solid. The 
product was dissolved in 100 ml. of dinicthylformamide, cooled 
to 0°. and 4.0 g. (0.04 mole; of triethylamino was added. The 
mixture was filtered and 4.4 g. ; 0.012 mole) of carbobenzoxy-n-
proline /;-nitrophenyi 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 recrystallized from methanol -water as a cream colored 
solid; yield, 's.5 g. (SO';,), in.p. 127-137°. [«]3»i> -45 .5 ° (r 1, 
dimetliyll'ormamide). 

Altai. Calcd. for ( y i 6 N i , l ) „ ; 0 ,57.90; 11,(3.19; X, 14.5s; 
OAc,4.07. Found: 0 , 57.(30; 11,(3.01; X, 14.07; OAe, 2.9(3. 

Carbobenzoxy-L-prolylglycyl-L-phenylalanyl-O-acetyl-D-seryl-
i.-prolyl-L-phenylalanylnitro-L-arginine Methyl Ester (IVb).— 
Removal of the carbobenzoxy group from 12 g. of the earbobenz-
oxy-i>-serinehexapeptide I l l b was accomplished with HBr -
IIOAc and the product was allowed to react with 5.2 g. of carbo-
beiizoxy-L-proline p-nitrophenyl ester. A yellowish solid was 
obtained which could not be crystallized, m.p. 130-135°, [<>j23o 
-1(1.0° (c 1, methanol i, yield, 8 g. (GO':,'). 

Anal. Calcd. for CioHeaNnO,.,: C, 57.03; 11,(3.05: X, 14.7!); 
OAe, 4.13. Found: C, 57.00; 11,6.24; X, 14.59; OAc, 3.19. 

Oarbobenzoxy-L-proiyl-L-prolylglycyl-L-phenylalanyl-O-acetyi-
i.-threonyl-L-prolyl-L-phenylalanylnitro-L-arginine Methyl Ester 
(Vaj. -Decarbobenzoxylation of the heptapeptide methyl ester 
I Va (7 g., 0.0009 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 g. (0.03 mole) of tricthylamine added, and the solu­
tion was filtered after 5 min. Carbobenzoxy-L-proline /j-nitro-
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 
solution was evaporated to a small volume and a tan precipitate 
formed upon the addition of ether and ethyl acetate. The solid 
was recrystallized 3 times from methanol-water; yield, 4.5 g. 
(59',,'). imp. 138-445°, [a]23u - 5 1 ° (V 1, dimethvlformamide). 

Anal. Calcd. for Ci.cllTiX,/),;,: C, 58.32; 11,6.29; X, 11.5S; 
OAc, 3.73. Found: C, 57.77; 11,6.10; X, 1.1.56; OAc, 2.93. 

Carbobenzoxy-L-prolyl-L-proIylglycyl-i.-phenylal anyl-O-acetyl-
i>-seryl-i.-prolyl-r.-phenyIalanylnitro-i.-arginine Methyl Ester 
(Vb).—A /j-nitrophenyl ester reaction involving 3.5 g. 
(0.0095 mole'i of carhobenzoxy-i,-proline /)-nitrophenyl ester and 
s g. (0.00s molei of the earbobenzoxy-D-serine heptapeptide 
IVb gave 4 g. (10', ') of a cream colored solid, m.p. 130-135°, 
\a\23r> - 0 0 ° (c 1, methanol). 

Anal. Calcd. for 07,;,H7(,X,4 I . ^ I F O : C, 56.21; U, 6.O0; 
X, 11.31; OAc, 3.77. Found: C, 56.41; II, 6.28; X, 14.03; 
OAc, 2.00. 

Tricarbobenzoxy-L-arginyl-i.-prolyl-L-proIylglycyl-L-phenyl-
alanyl-O-acetyl-L-threonyl-L-prolyl-L-phenylalanylnitro-L-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 
of 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 dry 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 crude product was 
dissolved in 75 ml. of dimethylformamide, cooled to 0°, and 2 g. 
(0.02 mole) of tricthylamine was added. The precipitate was 
removed and 2 g. (0.0029 mole) of tricarbobenzoxy-n-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 ethyl acetate and ether, during which 
time it gradually formed a solid. The solid was recrystallized 
twice from methanol-water and twice from methanol-ether; 
yield, 2.3 g. (85';L) of light cream colored solid, m.p. 125-135°, 
[ttJ23D —17° (c 1, dimethvlformamide). 

Anal. Calcd. for CsHaeXieOao: C, 59.41; II. 0.14; X, 14.21; 
OAc, 2.73. Found: C, 59.20; 11,0.18; X, 1434; OAc, 2.74. 

Tricar bobenzoxy-L-arginyl-L-prolyl-L-proly lglycyl-L-pheny 1-
alanyl-O-acetyl-D-seryi-L-prolyl-L-phenylalanylnitro-1.-arginine 
Methyl Ester (Vlbl.—- -The carbobenzoxy group was removed 
from 2 g. (0.001S2 mole) of the octapeptido Vb with IIBr IIo.V-. 
The crude hydrobromide was. allowed to react, with 1.3 g. •:,().Oils:; 
mole > of tric.u bobenzoxy-i.-arginine /Miitrophenyl ester and .< 
yellow solid was isolated i Log. 1 which formed a gumm\ solid on 
attempted crystallization. 

Dicarbobenzoxy-n-arginyl-i.-prolyl-L-prolylglycyl-i.-phenyi-
alanyl-i.-threonyl-t.-prolyl-L-phenylalanylnitro-i.-arginine (Vila . 
- -To a solution of 2.2 g. (0.0014 mole' of the tricarlmbenzox\-
nonapeptide methyl ester Via dissolved in 59 ml. of methanol 
at room temperature was added 1.5 ml. of 2 .V NaOII. Tin' 
solution was stirred for 1 hr. and remained clear upon the ad;lit ion 
of water, 1'poii she addition of 2 ml. of 2 .V IIC1 a fan gum 
precipitated which solidified upon standing, ddie solid was crys­
tallized from mot hanol-ether; yield, 1.5 g. ;7s ' , ' i , m.p. 172 
177°, [t>]-:'n --52.5 <r. 1. diinethvlfonna.mide j . 

Anal. Calcd. for 0117IIMN;iib,7-I[.,O: (<, ,-)7 •_>-;. ] | j ( ; . ; j | ; \ \ 
15.95. Found: C, 57.19; 11,6.37; X, 15.sO. 

Dicar bobonzoxy-i.-arginyl-i.-prolyl-i.-prolylglycy 1-ii-phenyl-
alanyl-n-seryl-i.-prolyl-n-phenylalanylnitro-i.-arginine (Villi1. 
Hvdrolysis of the crude tricarbohonzoxy 0-n-serino nonapeptide 
i\Tl>. 1.5 g. with 2 .V XaO'l yielded'oOD nig. of a light cream 
colored solid after crystallization from methanol-ethanol; m.p. 
1S5 190°, i„!- : ii, -77 .5° (r. 1, methanol,;. 

Aitnl. Calcd. for CooH^NV.'. )i7 -2IFO: ('. 50.21; 11. 0.01; 
X, 15.90. Found: C, 55 02; H, 5.97: X, 15.67. 

i,-ArginyI-i.-proIyl-L-prolylglycyl-L-phenyIalan>I-L-threonyl-
i.-prolyl-L-phenylalanyl-i. -arginine Triacetate Salt (Villa). 
The diearbobenzoxynonapoptidc (Vila) (500 mg., 3.5 X I0~4 

mole) was dissolved in 30 ml. of glacial acetic acid, then 200 mg. of 
palladium black catalyst and 20 ml. of methanol were added. 
The mixture was hydrogenated for 24 hr. at room temperature 
and atmospheric pressure. The catalyst was removed by filtra­
tion and was washed with 10 ml. of glacial acetic acid. The fil­
trate was evaporated in facia to an oil. The residue was dis­
solved in 100 ml. of water, the solution was filtered, shell frozen, 
and lyophilizod, leaving 380 mg. of white powder. The product 
melted at 138-1 15°. U]23i> -sYj 5° <c 1.31, water). 

Anal. Calcd. for a,1I,-N, ;,017-H-:0: 0 , 53.03; 11,7.05; X, 
1(3.51. Found: C, 53.28; 11,7.08; X, 16.(30. 

i.-Arginyl-i.-prolyl-L-proIylglycyl-n-phenylalanyl-D-seryl-i,-
prolyl-i.-phenylalanyl-i.-arginine Triacetate Salt (VIHb).• —Ily-
drogenation of 200 mg. of the protected O-n-serine nonapeptide 
Vllb using the same conditions as with the 6-threoninc analog 
gave, after lyophilization, 100 mg. of white solid; b t p n -~0S° 
{(.• 1.(13, watem. 

Anal. Calcd. for C;.(iIL,Xi.-,():v-:!n.:0: C, 51.96; 11,7.09; X, 
10.21. Found: ( ' ,50.92; 11,7.02: X, 16.37. 

O-Carbamyl-N-carbobenzoxy-L-serine Amide. •-To a cold 
15°' solution of 6:3.5 g. (0.25 mole) of carbobonzo,xy-i.-serine 
methyl ester in 400 ml. of pyridine was added 41 g, (0.20 mole) 
of phenyl HI, >ro forma I e with stirring. The mix! lire was allowed 
to stand overnight a; room temperature, was poured into 2 I. of 
water, and the oil w.,s extracted into chloroform. The chloro­
form extract was washed with dilute hydrochloric acid, dried 
over anhydrous magnesium sulfate, and evaporated to an oil 
which weighed SI g. The crude phenylcarbonate ester of carbo-
benzo.xy-i.-serine methyl ester i 84 g., 0.227 mole,' was dissolved 
in 120 ml. of methanol and was added with stirring to rn. 000 ml. 
of liquid ammonia. The excess ammonia, was allowed to evap­
orate overnight. The residue was diluted with 509 ml. of ether, 
coded, filtered, and the filter cake was washed with ether. The 
yield of O-carbainyl-X'-carbobenzoxy-i.-surine amide was 26. 1 g. 
( 3 s r , j , m.p. 170-172°. An analytical sample from methanol 
melted at 173- 174°, f«]-:,n - 1 0 ° (r 0.7, dimethylformamide ). 

.•Iiwl. Caleb for C,dI,.-,Nr:A,: 0, 51.24; H, 5.3S; X, 14.91. 
Found: C, 51.57: 11,5.13; X, 11.89. 

O-Carbamyl-N-carbobenzoxy-n-serine. A papain solution was 
prepared from 16 g. of papain and 2 g. of l.-eysteine hydrochloride 
in 1 1. of water. The p l l of the mixture was adjusted to 5.5 and 
the mixture was filtered. To the filtrate was added 2s g. (0.1 
mole) of ()-c;ii-bamy]-X-carl)ol>enzo w-i.-sermo amide and (lie 
mixture was incubated at 37° for IS hr. The solution was evap­
orated in main and I he residue was esfracted with three 4();)-ml. 
portions of hot methanol. The methanol extracts were acidified 
to congo red with hydrochloric acid and evaporated in vacua. 
The oil was taken up in chloroform and extracted with excess 
aqueous sodium bicarbonate solution. The aqueous extracts 
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were cooled and acidified to precipitate 16.9 g. of solid as colorless 
needles; m.p. 143-145°, [a]23D —12.4° (c 1.2, dimethylform-
amide). 

Anal. Calcd. for C^HuXoOv 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 p-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 dimethvlformamide was added 11 g. (0.05 mole) of 
dicyclohexylcarbodiimide. 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 MgS04 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. (65%), m.p. 144-146°, H 2 3 D - 2 7 . 3 ° 
(c 1.1, dimethylformamide). 

Anal. Calcd. for C.HnXsCv C, 53.60; H, 4.25; X, 10.42. 
Found: C, 53.90; H,4.53; N, 10.57. 

O-Carbamyl-N-carbobenzoxy-L-seryl-L-prolyl-L-phenyl-
alanylnitro-L-arginine p-Nitrobenzyl Ester (X).—Carbobenzoxy-
L-prolyl-L-phenylalanylnitro-L-arginine p-nitrobenzyl ester9 (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 1. 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-
X-carbobenzoxy-L-serine ;o-nitrophenyl ester. The solution was 
kept 3 days at room temperature, then diluted with 300 ml. of 
ethyl acetate. I t 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. (32%), m.p. 135-138°, 
[a]i3D —41.9° (c 1, dimethylformamide). 

Anal. Calcd. for C39H46Xi0O13: C, 54.29; H, 5.37; X, 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-
C a r b a m y l - N - c a r b o b e n z o x y - L - s e r y l - L - p r o l y l - L - p h e n y l -
alanylnitro-L-arginine p-nitrobenzyl ester (6.75 g., 0.0078 mo'e) 
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. (36%), m.p. 208-211°. An 
analytical sample was recrystallized from dimethylformamide, 
m.p. 215-217°, [a]23D -50.5*° (c 1, dimethylformamide). 

Anal. Calcd. for C4sH65X„Oi4: C, 57.08; H, 5.49; X, 15.26. 
Found: C, 56.77; H,5.33; X, 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. I t was filtered and then evaporated in vacuo. 
The residue crystallized from ether, 1.6 g. (75%), m.p. 142-144°, 
H 2 3 D - 6 0 ° (c 1, dimethylformamide); lit,10 m.p. 143.5-145°, 
[a] 22D - 6 3 ° (c 1, dimethylformamide). 

(9) R. A. Boissonnnas, St. Guttmann, and P. A. Jaquenoud, Helv. Ckim. 
Ada. 43, 1349 (1900). 

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

Anal. Calcd. for C2iH?1X307: C, 59.02; H, 4.95; N, 9.83. 
Found: C, 59.27; H,5.21; X,9 .71. 

Carbobenzoxy-L-prolylglycyl-L-phenylalanyl-O-carbamyl-L-
seryl-L-prolyl-L-phenylalanylnitro-L-argininep-Nitrobenzyl 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 
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. I t was concentrated on the steam bath to yield 1.45 
g. (53%)of colorless microcrystals; m.p. 167-170°, [a]23D —53.9° 
(c 0.5, dimethylformamide). 

Anal. Calcd. for CMH65X,30i«: C, 56.75; H, 5.63; X, 15.64. 
Found: C, 56.79; H, 5.63; X, 15.76. 

Carbobenzoxynitro-L-arginyl-L-prolyl-L-prolylglycyl-L-phenyl-
alanyl-O-carbamyl-L - seryl - L - prolyl - L - phenylalanylnitro - L - 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 vacuo. 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 carbobenzoxynitroarginylproline9 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 yield 1.4 g. (80%) of a colorless solid, m.p. 152-
155°, [a]23D - 4 8 ° (c 0.5, dimethvlformamide). 

Anal. Calcd. for C66H83X]902„: C, 54.19; H, 5.72; X, 18.20. 
Found: C, 53.73; H,5 .41; X, 18.07. 

L-Arginyl-L-prolyl-L-prolylglycyl-L-phenylalanyl-O-carbamyl-
L-seryl-L-proIyl-L-phenylalanyl-L-arginine Triacetate Salt (XIV). 
—A solution of 800 mg. of the protected nonapeptide X I I I 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]23n - 6 3 ° (c 1.04 water). 

Anal. Calcd. for C5:H86X1601S: C, 53.34; H, 6.76: X, 17.46. 
Found- C, 53.81; H, 7.00; X, 17.59. 

Paper chromatography of the three analogs was carried out 
using two different solvent systems; (A) i-butyl alcohol-acetic 
acid-water(2:1:1); (B)ieopropylalcohol-concentratedXH4OH-
water (70:5:25). The spots were detected with brom phenol 
blue and the products appeared homogeneous. The Rf values 
obtained were: 6-L-threonine bradykinin (A) 0.78, (B) 0.45; 
6-D-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-D-serine and 6-L-
threonine analogs which migrated towards the cathode a distance 
of 5.5 and 5 cm., respectively, compared to 6 cm. for synthetic 
bradykinin. Two spots were obtained for the 6-O-carbamyl ana­
log, the major spot moving 4.5 cm. from the origin and a minor 
one at 1.5 cm. 
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