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Anal.  Ca,lcd. for CjSH77Xld)lE.2H20: C, 54.59; H, 6.40; 
N,  16.46. 

L- Ci trullyl-L-prolyl-L-prolylglycyl-L-phenylalanyl-~-seryl-~- 
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 miitnre was filtered and the filtrate v a s  
evaporated in mcuo. The residue was redissolved in water and 
filtered; the filt,rate was shell frozen and lyophilized to yield 300 
mg. of a colorless solid, [ c Y ] ~ ~ D  -03" ( c  1, S acetic acid), lit.' 
[ ~ ] ? O D  -91.2"(~1,1Yaceticacid).  

Carbobenzoxy-r-methyl-L-glutamic Acid p-Yitrophenyl 
Ester.-To a cold (5")  solut'ion of 5 g. (0.017 mole) of carboben- 
zoxy-~-methyl-L-glutamic acid in 100 ml. of ethyl acetat'e was 
added 2.5 g. of p-nitrophenol and3.6 g. of dicyclohexylcarbodiimide. 
The mixt,ure was kept 2 hr. a t  S o J  filtered, evaporated to an  oil, the 
oil was taken up in ether, and cyclohexane was added. The white 
precipitate was removed, washed wit,h cold ethanol, and was 
dried; yield, 6 g. (857{), m.p. 103-104". 

Anal.  Calcd. for C~,HX,S~O,: C, 57.68; H, 4.84; X, 6.73. 
Found: C, 57.83; H,4.00; N,6.88. 

Carbobenzoxy-L-glu tamyl-L-prolyl-L-pro1 ylglyryl-L-phenyl- 
alanyl-~-seryl-~-prolyl-~-phenylalanylnitro-~-arginine (Vd).-To 
a cold ( 5 ' )  solution of 2.5 g. (0.0024 mole) of the octapeptide 
methyl ester hydrcibroniide I11 in 50 ml. of diniethylformamide 
JWS added 1.3 g. of triethylamine. The mixture was filtered 
and 1 g. (0.0024 mole) of carbobenzoxy--1-methyl-L-glutamic acid 
p-nitruphenyl est,er was added to the filtrate. The solution was 
stirred 2 day8 a t  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 mi. of methanol and 5 ml. of 2 'Y 
NaOH was added. The solut,ion was kept 1 hr. at 25", diluted 

Found: C, 54.54; H ,  6.68; S,  16.40. 

(7) .\I. A .  Ondetti, J .  M e d .  Chem., 6, 10 (1903). 

with water, and 6 ml. of 2 N HC1 was added. The precipitate 
was removed and was reprecipitated twice from methanol with 
ether as a white solid, m.p. lT5-180", [aIz3n -61.6" ( c  1, meth- 
anol), yield, 1.1 g. 

Anal. Calcd. for C ~ H ; ~ J I S O I ? . ~ H Z G :  C, 54.84; H, 6.22; 
N, 14.59. 

L-Glutamyl-L-prolyl-L-prolylglycyl-r.-phenyl~lanyl-L-seryl-L- 
prolyl-L-phenylalanyl-L-arginine Triacetate Sslt : I-Glutamic 
Acid Bradykinin (VId).-Five hundred milligrams (4.12 X 
10-4 mole) of the carbobenzoxynonapeptide F'd 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, [ C Y ] %  -72.8" ( c  1.03, water). 

Anal. Calcd. for C49H68S12013. 4HpO: C, 53.24; H, 6.03; 
S, 15.21. 

For the paper chromatography of the analogs two different 
solvent syst'ems were employed: ( A )  t-butyl alcohol-acetic acid- 
Tvater ( 2 :  1 : 1);  (B)  isopropyl alcohol-amnionium hydroxide- 
water (70: 5 : 2 5 ) .  The peptides appeared homogenous after 
development of the spots vi th  brom phenol blue and Sakaguchi 
reagents Lvith the following Rr values: 1-Lys (-1) 0.71, (B)  0.53; 
1-0rn ( A )  0.79, ( B )  0.51; 1-Deuarg (A) 0.74, (B)  0.60; 1-Clu 
(il) 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 d h  all of the analogs except the I-Glu derivative which 
showed the presence of a minor, fast'er moving component. 

Acknowledgment.-We are indebted to 3Ir. C. E. 
Childs and his staff for the microanalyses reported 
herein and Dr. J. AI. Tandenbelt, Mrs. Carola Spurlock, 
and Mrs. T'vien Lee for the opticaI rotat'ions. 

Found: C, 54.73; H, 6.34; X, 14.81. 

Found: C, 52.91; H,  6.62; N, 15.23. 
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The synthesis of three analogs of bradykinin is described in which the serine of position 6 lias been changed to 
The biological activity of the analogs compared to bradykinin L-tlireonine, n-serine, and 0-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 D-phenyl- 
alanine, p-fluoro-L-, and p-fluoro-~-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 variatioiis in the 
serine portion of the niolecule; these three new nona- 
peptides are t'he B-O-carbamyI-~-serine, 6-D-serine, and 
6-L-threonine bradykinins. 

The synthetic method used for the preparation ofthe 
6-0-carbamylserine analog is shown in Scheme I. 
The required intermediate 0-carbamyl-S-carbobenz- 
oxy-L-serine (XVII) was obtained by ammonolysis 
of t'he 0-phenylcarbonate ester of carbobenzoxy-L- 
serine methyl ester (XT;) . The resulting O-carbamyl- 

(1) E. D. Niculaides, XI. I<. C i a f t ,  and  11. 4 .  DeWald, J .  M e d .  Ciiem., 6, 
521 (1903). 

(2) We are indebted to Dr.  A I .  S. Alorgan. Alellon Insti tute,  for tlie use of 
his unpuhlislied rirocedure fur ,,reparing O-carbamyl-K-carhobenzoxy-~- 
serine. 

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

"8 

CGHaOCOzCH2CHC02CH3 + H2NCOeCH2CHCOSH2 
I 

NHCbz 
xiv 

I 

SHCbz  
XVI 

Papain 
X 1 . 1 6  HrSC02CHzCHCOzH 

I 
NHCbz 

XYII 

The p-nitrophenyl ester of the carbobenzoxy-0- 
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 XI1 were p-nitrophenyl ester 
reactions aiid the heptapeptide was obtained in a 
crystalline state. The fully protected nonapeptide 
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SCHEME I1 
SYNTHETIC SCHEME FOR 6-L-THREONIXE AND 6-D-SERINE BR.4DYKISIN 

Cbz-L-Phe- L Thr ""2 + L - P ~ O - L - P ~ ~ - N O ~ - L - A ~ ~ - O C W ~  
L S e r  1- 

[D-ser I- - _I -HBr-HO-4c 

I a, b 1 HXO? 
series 1 

a = L-Threonine Cbz-L-Plie- L Tlir L Pro L Phe-NOL-L-Arg-OCH, 
b = n-Serine 

I1 a, b r 
J, Cbz-Gly-OCsHiKOz 

AC 
I 

Cbz-Gly-L-Phe- L Thr r,-Pro-L-Phe-S02-L-Arg-UCH3 
[D-Serl- 1 HBr-HO-lc 

I11 a, b r- 4 Cbz-L-Pro-OCsHaSOz 
A c 
I 

Cbz-L-Pro-Gly-L-Phe- L Thr L Pro L Phe-K02-~-.Arg-OCH3 
L s e r  liir-Hiic 

IV a, b r-J 
Cbz-L-Pro-OCaIlaSOz 

A c 
I 

Cbz-~-Pro-~-Pro-Gly-~-Phe- L Tlir -L-Pro-L-Phe-S02-L-Arg-OCH3 
L i e r  1 r-- HBr-Ho-Ac 

V a, b 

1 Tricbs-~-.4rg-OCsH4iO~ 
AC 
I 

Tricbz-L-Arg-L-Pro-L-Pro-Gly-L-Phe- rL-Thr1 - L - P ~ o - L - P ~ ~ - N O ~ - L - A ~ ~ - O C H ~  

I 

L-Arg-L:Pro-L-Pro-Gly-;Phe- r L-Thri - I  -Pro-L-Phe-L-Arg 

VI11 a, b 

Anal. Calcd. for C21H24N206: C, 62.98; H, 6.03; S, 7.00. 
Found: C, 62.92; H, 5.94; S, 7.04. 
Carbobenzoxy-L-phenylalanyl-L-threonine Hydrazide (Ia).- 

The carbobenzoxy-Lphenylalanyl-Lthreonine 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 a t  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. (84c/,), m.p. 202-204', 
[ a ]  2 3 ~  -8.9' (c 1, dimethylformamide). 

Anal. Calcd. for C21H26S405: c, 60.85; H, 6.33; K, 13.51. 
Found: C,61.11; H,6.35; X, 13.45. 

Carbobenzoxy-L-phenylalanyl-D-serine Hydrazide (Ib).- 
Treatment of 10 g. (0.025 mole) of carbobenzoxy-L-phenylalanyl-n- 
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". Ia123~ + i . 2 "  i c  1, S HCI). 

$rial. Caicd. for C?OH24S401: C, 60.00; H, 6.04; S, 13.99. 
Found: C,60.16; H,6.19: N, 13.95. 

Carbobenzoxy-L-phenylalanyl-L-threonyl-L-prolyI-~-phenyl- 
alanylnitro-1,-arginine Methyl Ester (IIa).-The carbobensoxy- 
dipeptide hydrazide (13) (14.9 g., 0.036 mole) was added to a mix- 
ture of 150 nil. of glacial acetic acid and 21 ml. of 2 N hydro- 
chloric acid. The compound v. as 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 1 1. 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 n ashed twice with ice-water and then 
M ith cold, saturated aqueous sodium bicarbonate until the wash 
water was basic. The organic layer was dried over MgS04 a t  0". 
To a previously freshly prepared solution of 18.5 g. (0.034 mole) 
L-prolyl-L-phenylalanylnitro-L-arginine methyl ester hydrobro- 
mides in 150 ml. of dimethylformamide a t  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 a t  5"  for 2 
days and was then washed with water, aqueous NaHC03 solu- 
tion, water, and dilute HC1. It \\as dried, and evaporated t o  a 
white solid which was recrystallized from ethyl acetate-petroleum 
ether; yield, 15.5 g. (53%), m.p. 145-155', [aIz3n -34.2' (c 
1, dimethylformamide). 

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

LD-Ser J 

Anal. Calcd. for C41H-,3r\T8011: C, 58.65; H, 6.21; N,  14.66. 
Found: C,58.i4; H,6.02: S, 14.48. 

Carbobenzoxy-L-phenylalanyl-D-seryl-L-prolyl-L-phenyl- 
alanylnitro-L-arginine Methyl Ester (IIb).-Twelve granis (0.032 
mole) of carbobenzoxy-~-phenyldanyl-~-serine hydrazide was 
converted to the azide and allowed to react with 16.5 g. (0.03 
mole) of ~-prolyl-~,-phenplalanylnitro-~-arginine methyl ester 
hydrobromide as previously described. The product was ob- 
tained as an oil which solidified with ether treatment, m.p. 90- 
loo", [ C Y ] ~ ~ D  -44.2' (c 1.3, dimethylformamide), yield, 17 g. 
(68%). 

Anal. Calcd. for C.,lH5,x&: C, 58.21; H,  6.08; S ,  14.90. 
Found: C,58.25; H,6.03; N, 14.41. 

Carbobenzoxyglycyl-L-phenylalanyl-0-acetyl-L- threonyl-L- 
prolyl-L-phenylalanylnitro-L-arginine Methyl Ester (1IIal.- 
Into a cooled (10') solution of 14 g. (0.0163 mole) of the carbo- 
benzoxypentapeptide methyl ester I Ia  in 150 nil. of glacial acetic 
acid was bubbled 20 g. (0.25 mole) of dry hydrogen bromide. 
The solution was kept a t  room temperature for 1.5 hr. with 
occasional swirling, and then poured rapidly into 1 1. of vigorously 
stirred, anhydrous ether. The n hite precipitate u hich formed 
was allowed to settle, the ether was decanted, and the solid was 
washed fieveral times with ether. The solid was collected on a 
sintered glass filter, xashed 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 soh-  
tions were combined and the precipitate which was formed was 
removed by filtration. To the filtrate \$as added 6.1 g. (0.018 
mole) of carbobenzoxyglycine p-nitrophenyl ester. The solution 
was kept 3 days a t  room temperature and evaporated to  an oil. 
Ethyl acetate was added to the oil and a gum formed which was 
washed with water, dilute XH40H, 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-mater, yield, 10 g. 
(6770), m.p. 115-125', [ a ] 2 3 ~  -33.i" (c 1, dimethylformamide). 

Anal. Calcd. for C46H78S1n~13.HIO: C, 56.55; H, 6.19; N, 
14.34; OAc, 4.48. Found: C, 56.52; H,  6.20; K, 14.63; O k ,  
2.72. 

Carbobenzoxyglycyl-L-phenylalanyl-D-seryl-~-prolyl-~-phe~y~- 
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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were cooled and acidified to precipitate 16.9 g.  of solid as colorless 
needles; m.p. 143-145', [ ( Y ] * ~ D  - 12.4" (c 1.2, dimethylform- 
amide). 

Anal. Calcd. for Cj2Hi4S20s:  C, 51.06; H, 5.00; N, 9.93. 
Found: C, 51.25; H, 5.17; N,  10.08. 

0-Carbamyl-N-carbobenzoxy- 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 molej of p-nitrophenol 
in 100 ml. of dimethylformamide \vas added 11 g. (0.05 mole) of 

The mixture was kept overnight a t  
5" and then filtered. The filtrate was diluted with 250 ml. of 
ethyl acetate, and the solution \\-as xashed with water, saturated 
aqueous sodium bicarbonate, and saturated aqueous sodium chlo- 
ride. The organic layer was dried over IllgSOr and evaporated 
in uocuo. The residue was crystallized from 150 ml. of warm 
ethyl acetate by t,he addition of 600 ml. of ether. The yield of 
colorless solid was 13 g. (657;), m.p. 144-146", [ c Y ] ~ ~ D  -27.3" 
(c 1.1, dimethylformamide). 

Anal. Calcd. for CI ,HI?K~O~:  C, 53.60; H, 4.25; N, 10.42. 
Found: C, 53.90; H, 4.53; N, 10.57. 

O-Carbamyl-N-carbobenzoxy-~-seryl-~-prolyl-~-phenyl- 
alanylnitro- arginine p-Nitrobenzyl Ester (X).-Carbobenzoxy- 
L-prolyl-cphenylalanylnitro-L-arginine p-nitrobenzyl esterg (19 
g.. 0.026 mole) was dissolved in 200 ml. of glacial acetic acid con- 
taining GO g. of dry hydrogen bromide. After 30 min. a t  room 
temperature the mixture \\-as poured into 1.5 1. of cold dry ether. 
The precipitat,e was removed, washed well with ether, and dried 
in ~ac110.  The solid was 
dissolved in TO nil. of dimethylformamide, cooled to O", and 4.5 
ml. of triethylamine was added. The precipitate !\as removed, 
and to the filtrate was added 10.5 g. (0.026 molej of O-carbamyl- 
S-carbobenzoxy-L-serine p-nitrophenJ7.l ester. The solution was 
kept 3 days a t  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 evaporat,ed in ~ C U O .  The residue was crys- 
tallized from methanol-water, i . O  g. (327,), m.p. 135-138', 
[ C Y ] * ~ I I  -41.9' (c 1, dimethylformamide). 

Anal. Calcd. for C39H4&&~: C, 54.29; H, 5.37; N, 16.23. 
Found: C, 54.12; H, 523;  IS, 16.64. 

Carbobenzoxy-L-pheny1alanyl-O-carbamyl-L-seryl-L-prolyl- 
~-phenylalanylnitro-~-arginine p-Nitrobenzyl Ester (XI).-0- 
Carh a m y 1 - N - c a r b n be n z o s y -  L-se r y l-L-p r o ly l-L-p h e  nyl- 
alanylnitro-L-arginine 71-nitrobenzyl ester (6.75 g., 0.0078 mole) 
was dissolved in 70 ml. of glacial acetic acid containing 30 g. of 
anhydrous hydrogen hromide. After 1 hr. a t  room temperature, 
the solution was poured into 800 ml. of dry ether. The hygro- 
scopic. solid was collected, washed n i th  ether, and dried in oac:(o. 
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 v,-as stirred as 2.8 ml. of 
triethylamine in 10 ml. of dimethylformamide was added very 
slon-ly. After standing 3 days, the mixture was filtered, diluted 
with ethyl acetate, and xashed with water, aqueous potassium 
carbonate, and saturated aqueous sodium chloride solution. A 
colorless solid separat,ed, 2.8 g. (36c/6), m.p. 208-211". An 
analytical sample \vas recrystallized from dimet,hylformamide, 
m.p. 215-21T0, [ c Y ] ~ ~ D  -50.5' (c 1, dimethylformamide). 

.Ana/. Calcd. for C4sH6jS11014: C, 57.08; H, 5.49; S, 15.26. 
Found: C,56.77; H,5.33; 5,15.19. 

Carbobenzoxy-L-prolylglycine p-Nitrophenyl Ester.-Carbo- 
benzosy-L-proljlg12-cine (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 diryclohexyl- 
carbodiimide was added. The mixture was allowed to stand at 
4" overnight. I t  u'as filtered and then evaporated in  z'aczio. 
The residue crystallized from ether, 1.6 g. (75c/;), m.p. 142-144", 
[e] 2 3 ~  -60" (c 1, dimethylformamide); 1it.l" m.p. 143.5-145', 
[ a ]  % -63" (c 1, dimethylformamide). 

lohesylcarbodiiniide. 

The yield of crude product was 18 g. 

(9) R. A. Boissonnnas, St.  Gut tmann,  a n d  P. A. Jaquenoud, Heln. Chim. 

(10) RI.  A .  Ondetti. J. M e d .  Chem.. 6, 10 (1963). 
A c l a .  43, 1349 (1900). 

Anal. Calcd. for C21H~lNi307: C, 59.02; H, 4.95; N, 9.83. 
Found: C, 59.27; H, 5.21; N, 9.71. 

Car bobenzoxy-~-prolylglycyl-~-phenylalanyl-O-carbamyl-~- 
seryl-~-prolyl-~-phenylalanylnitro-~-arginine p-Nitrobenzyl Ester 
(XU).-Carbo be n z o xy+p he nyl alanyl-0-car bnmyl-~-seryl-~-  
prolyl-L-phenylalanylnitro- arginine p-nitrobenzyl ester 
(2.65 g.) was dissolved in 30 ml. of glacial acetic acid containing 
12 g. of dry hydrogen hromide. 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 nil. of dirnethyl- 
formamide, cooled to 4", and 0.8 ml. of triethylamine wxs added. 
The mixture was filtered and 1.2 g. of carbobenzoxy-cprolyl- 
glycine p-nitrophenyl ester was added. The mixture was allowed 
to stand a t  room temperature for 3 days. The solution was 
diluted m2-ith 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 
g. (537,) of colorless microcrystals; m.p. lGi-liO", [ a I 2 3 ~  -53.9" 
(c  0.6, dimethylformamide). 

Anal. Calcd. for C&ejSigOl,j: C, 56.75; H, 5.63; K, 15.64. 
Found: C, 56.79; H, 5.63; N, 15.76. 

Carbobenzoxynitro-~-arginyl-~-prolyl-~-pro~y~g~ycyl-~-pheny~- 
alanyl-O-carbamyl-~- seryl- ~-prolyl- ~-phenylalanylnitro-~-ar- 
ginine p-Nitrobenzyl Ester (XIII).-The carbobenzoxyheptapep- 
tide ester XI1 (1.4 9.) ivas dissolved in a mi- ture of 20 ml. of 
glacial acetic acid and 10 g. anhydrous hydrogen bromide. After 
standing for 45 niin., the solution n-as poured into 400 ml. of dry 
ether. The hydro- 
bromide (1.3 g.)  was dissolved in 10 ml. of dimethylformamide, 
the solut'ion was cooled to O", and triethylamine (0.35 ml.) was 
added. The mixture was filtered after 15 min., and 0.56 
g. of carbobenzoxynitroarginylprolineg and 0.25 g. of dicyclo- 
hexylcarbodiimide were added. The mixture was kept a t  
0" for 2 days, filtered, and evaporated in U U C I L O .  The residue 
was triturated with ether. The solid was crystallized from meth- 
anol-water t,o yield 1.4 g. (807,) of a colorless solid, m.p. 152- 
l55', [eIz3~ -48" ( c  0.5, dimet,hylformamide). 

Anal. Calcd. for C ~ & ~ S I & :  C, 54.19; H, 5 .72;  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 XI11 in 50 
ml. of glacial acetic acid-met,hanol (32)  was hydrogenated 
over 20U mg. of palladium black catalyst for 24 hr. The reaction 
mixture was filtered and evaporated in z)acuo. The residue was 
t,aken up in 50 ml. of water, shell frozen, and lyophilized leaving 
650 mg. (91%) of hard, tan crystals. The product was dried a t  
110' for 18 hr., [ C Y ] %  -63" (c 1.04water). 

Anal. Calcd. for C~:H86SL601S: C, 53.34; H, 6.76: XI 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; 14) 2-butyl alcohol-acetic 
acid- water (2:  1 : 1);  (B) ieopropyl alcohol-concentrated XHaOH- 
a-ater (70:5:25). The spots Tvere detected with brom phenol 
bhie and the product,s appeared homogeneous. The Rf values 
obtained were: 6-L-threonine bradykinin (A)  0.78, (B) 0.45; 
6-~-serine bradykinin ( A )  0.72, (B)  0.52; 6-O-carbamyl-~-serine 
bradykinin (A) 0.77, (B)  0.56. 

Paper electrophoresis of the nonapeptides was done in 0.05 Af 
acetate buffer, a t  pH 5.6, using a constant current of 30 ma. 
for 3 hr. Single spots were obt,ained for the 6-D-Serine and 6-L- 
threonine analogs which migrated towards the cathode a distance 
of 5.5 and 5 em., respectively, compared to 6 em. for s)nthetic 
bradykinin. Two spots were obtained for the 6-0-carbamyl ana- 
log, the major spot moving 4.5 cm. from the origin and a minor 
one at 1.5 em. 

The solid was col!ected and dried in vncito. 
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