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The Synthesis of 1-Lysine, 1-Ornithine, 1-Citrulline, 
1-Glutamic Acid, and 1-Desarginine Bradykinin 
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The synthesis of four analogs of bradykinin is described in which the X-terminal arginine is replaced by lysine, 
The ornithine, citrulline, and glutamic acid. 

biological activity of these five peptides when compared to bradykinin is summarized. 
The preparation of 1-desarginine bradykinin is also reported. 

The determination of structural requirements neces- 
sary for retaining biological activity in a peptide has 
usually included studies on the C and S terminal 
portions of the molecule. Although this approach 
does not provide inforination regarding the mode of 
action of the peptide if one is to consider receptor sites, 
i t  does provide an effective way to establish mininium 
amino acid or functional group characteristics of the 
drug. 

Since it was evident that  removal of the C-terminal 
arginine in bradykinin led to complete loss of biological 
activity, it was considered important to  evaluate the 
requirements of the S-terminal part of the molecule. 

The present report is concerned with t'he synthesis 
of the octapeptide 1-desarginine bradykinin and four 
iionapeptides related to bradykinin in which the 1- 
arginine has been replaced by lysine, ornithine, citrul- 
line, and glutamic acid. The synthetic approach used 
for the preparation of these five compounds is shown 
in Scheme I. The starting material for all of the 
analogs was the octapeptide carbobenzoxy-L-proly1-L- 
prolylglycyl-~-phenylalanyl-0-acetyl-~-seryl-~-prolyl-~- 
phenylalanylnitro-L-arginine methyl ester.' 

Hydrolysis of carbobenzoxyoctapeptide methyl ester 
I with sodium hydroxide, followed by catalytic hydro- 
genation, gave the 1-desarginine bradykinin 11. The 
four iionapeptides mere obtained by treating the decar- 
bobenzoxylated octapeptide 111 with the appropriate 
protected amino acid p-nitrophenyl ester. The result- 
ing carbobenzoxynonapeptide methyl esters were hy- 
drolyzed with alkali and then hydrogenated to  give the 
desired products. 

The biological activity of the five analogs is presented 
in Table I .3  These results appear to indicate that  the 
C-terminal argiiiine is not essential for kinin-like ac- 
tivity and also the size of the molecule need not ab- 
solutely be that of a noiiapeptide. Although decreas- 
ing the basicity of the first amino acid results in a 
decrease in broiichoconstriction and hypotensive ac- 
tivity, a small amount of hypotensive activity is still 
retained when the arginine is replaced by an acidic 
amino acid such as glutamic acid. The large decrease 
in the bronchoconstrictor activity compared with the 
less dramatic hypotensive activity decline would 
suggest that  the N-terminal arginine is required for the 
strong bronchoconstrictor action exhibited by brady- 
kinin. An important feature of the 1-citrulline analog 

Commun., s, s i  (1960). 
( 1 )  D. F. Elliott, 0. P. Lewis, and E. W. Horton, Biockern. Biophus.  Res. 

( 2 )  E. D. Sicolaides and H. .1. DeWald. J .  O r g .  Chem., 26, 3872 (1961). 
13) TVe are indebted to Dr .  D. A. hlcCarthy for the results of the dog ex- 

i)erimerits arid to  Dr. H. 0. .J. Collier, Miss P. G .  Shorley, and hIiss R. 4. 
Haillilton for the nuiiiea ]Jig tests. 

is that  its bronchoconstrictor activity in the guinea 
pig is not antagonized by This would appear 
t'o mean that it's activity is not entirely kinin-like as 
mas also found with the 6-threonine a11alog,~ but be- 
cause of the very low order of activity of these analogs 
such result's may be misleading. 

TABLE I 
BIOLOGICAL Acmviw OF BRADYKISIK AKALOGF 

Bronclio- 
constrictor Hypotensive activity 
activity,' Guinea 

Peptide Guinea pig pip D o 2  

I-Desarginine bradykinin <1/%000 1/80 1/50 

1-Ornithine bradykinin 1/1000 1/31 1/100 
1-Citrulline bradykinin < 1 /zoo0 1 l'LdO 

Bradykinin 1 1 1 

1-Lysine bradykinin 1 /62 1/10 1/30 

1-Glutamic acid bradykinin < 1/2000 1/300 

a H.  0. J. Collier, J. A. Holgate, 11. Scliachter, and P. G .  
For a description Shorley, Brit. ,I. Pharmaco2., 15, 290 (1960). 

of this test method see L. Beck, Circulation, 17, 798 (1958). 

Experimen tal6 
~-Prolyl-~-prolylglycyl-~-phenylalanyl-~-sery~-~-proly~-~- 

phenylalanyl-ph arginine Diacetate : 1-Desarginine Bradykinin 
(II).-To a solution of 250 nig. (2.2 X mole) of carhobenxosy- 

1-L-phenylalanyl-0-acetyl-L-seryl- L-prolyl- 
L-phenylalanylnitro-Larginine methyl ester ( I ) 2  in 20 ml. of meth- 
anol was added 1 ml. of 2 S SaOH.  The solution was stirred 
1 hr. at' room temperature, diluted with '75 ml. of water, and 1.5 
ml. of LV HC1 was added. The precipitate >vas removed, washed 
M-ith water, and dried; wt. 200 mg. The solid was dissolved in 
30 ml. of glacial acetic acid-methanol (2:  1) and was hydrogenated 
over 250 mg. of palladium black cat,alyst for 24 hr. a t  slight 
pressure. The catalyst was removed and the filtrate was evap- 
orat'ed to an oil. The oil was dissolved in 50 ml. of water, shell 
frozen, and lyophilized, leaving 155 mg. of white powder, [a] * 3 ~  

-83.7' ( c  0.43, water). 
Anal. Calcd. for C48H&i1014.4Hz0: C, 52.59; H, 7.08; 

X, 14.06. 
Dicarbobenzoxy-~-lysyl-~-prolyl-~-prolylglycy~-~-pheny~- 

alanyl-0-acetyl-L-seryl-L-prolyl- L - phenylalanylnitro - L - arginine 
Methyl Ester (IVa).-A solution of 2.1 g. (0,0019 mole) of the 
c~arbobenzoxyoctapeptide methyl ester I \vas treated with 3 g. of 
anhydrous HBr in 50 nil. of glacial acetic acid for 2 hr. The 
solution was poured into ether and the precipitate was removed 
and dried in mciio. The crude product was dissolved in 30 nil. 
of dimethylformamide, cooled to  On, and 1 ml. of triethj.laniine 
was added. The solution was filtered and to the filtrate \Tas 
added 1.5 g. (0.0027 mole) of dicarbobenzosy-Llysine p-nit,ro- 
phenyl ester. The solution was stirred for 2 days a t  25", evap- 
orated to 10 ml., and ethyl acetate was added giving a yellow 
solid. The product was tv-ice recryst,allized from methanol- 

Found: C, 52.49; H, '7.00; S, 14.27. 

(4) H. 0. J. Collier, Ann. .\-. 1.. A c a d .  Sci., 104, 280 (18ti3). 
( 5 )  H. .I. DeWald, h1. K.  Craft, and E. D. Xicolaides, J .  .\fed. Ciirn. ,  6, 

(ti) Melting i x h t s  w r e  taken usine a Tllonias-Hoor~r cagillary mc*lting 
i 4 1  (1963). 

rmint aliuaratus and are c o r r r c t d .  
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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 ia 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 Institute, 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 


