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In recent years, several research groups have synthesized a number of analogs of bradykinin (I)  in which the amino 
acid residues in various parts of the peptide chain have been varied [1]. 

Continuing investigations in the field of depsipeptide analogs of b io logica l ly  ac t ive  peptides [2, 3], we have under-  
taken the synthesis of analogs of bradykinin in which some amino acid residues have been replaced by residues of the 
hydroxy acids corresponding to them. 

As the first subject of synthesis we selected 4-glycolylbradykinin (II)  in which the glycine has been replaced by 
glycol ic  acid.  It was also of interest to carry out the synthesis of 6-glycolylbradykinin (III),  since it follows from 
Bodanszky's [4] and SchrOder's [5] results that the replacement  of the serine located in the molecule  of bradykinin in 
position 6 by glycine does not appreciably reduce the b io logica l  act ivi ty  of the pept ide.  In addition, to e luc ida te  the 
question of the influence of an accumulat ion of ester bonds in the molecule  on the b io logica l  act ivi ty  of bradykinin,  we 
have synthesized 4, 6-diglycolylbradykinin  (IV). 

Arg Pro Pro Gly Phe Set Pro Phe Arg,* (I), 

1 2 3 4 5 6 7 8 9 

Arg Pro Pro G l y c  Phe Set Pro Phe Arg, ( I I )  

Arg Pro Pro Gly Phe alyc Pro Phe Arg, (IIl),  

Arg Pro Pro G l y c  Phe 6lyc Pro Phe Arg. ( IV)  

The synthesis of the depsipeptide analogs of bradykinin ( I t ) - ( I V )  was effected by schemes 1 - 8  drawn up with a 
view to the possibili ty of using the peptide fragments (XIII), (XIX), and ( x x I i )  that we obtained previously in the syn- 
thesis of bradykinin [6]. 

As can be seen from schemes 1 -3 ,  the p-nitrophenyl ester method was used to add the depsipeptide fragment 
(XII) to the peptides (XIII) and (XXI), and the depsipeptide (XVIII) to the peptide (XIX). This synthetic route proved to 
be  par t icular ly  advantageous for the preparation of the nonadepsipeptide (XIV), since prel iminary experiments showed 
that the addit ion of the depsipeptide (VIII) to the pentapeptide (III) by the acid chloride method or the mixed anhydride 
method leads to an unresolvable mixture of substances the formation of which is evident ly  connected with the presence 
of the hydroxy group of serine in the peptide (XIII). 
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* The symbols for the amino acids and their  derivatives are in agreement  with the decision of the 5th European 
Symposium, Oxford, September,  1962. In addition, TEA = t r ie thylamine,  DMF = d imethyl formamide ,  DCC = d i -  
cye lohexylcarbodi imide ,  and - × - = an ester bond. 
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In the synthesis of the in termediate  depsipeptide fragments it was found that the free bases of some depsipeptides 
are vet 3, unstable.  Thus, in the isolation of the free base of depsipeptide (X), the complete  loss of proline took place  
almost simultaneously.  
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The same feature was found with the heptadepsipeptide Z. Pro Glyc Phe Ser Pro Phe Arg (NOz) ONB (XXVIII)(see the 
Experimental  section),  The decarbobenzoxylat ion of this peptide with hydrogen bromide in g lac ia l  acet ic  acid gave a 
stable hydrobromide, but in the subsequent isolation of the free base, the N- terminal  proline was lost comple te ly .  At 
the same t ime ,  the base of the depsipeptide (XXI) formed by treat ing the corresponding hydrobromide with sodium h y -  
drogen carbonate proved to be a comple te ly  stable compound. It was also found that the ester bond between proline and 
glycol ic  acid is split only when the fragment Pro-Glyc is present at the N-end of the depsipeptide,  while the deps ipep-  
t ide analogs of bradykinin (II) and (IV), in which this fragment is remote  from the N-end of the depsipiptide,  are sub- 
stances comple te ly  stable in aqueous solutions. 

Biological  tests of the de psipeptide analogs of brad ykinin ( I I ) - ( I V ) ( t a b l e )  have shown that al l  three compounds 
retain the characteris t ic  action of bradykinin,  although their  act ivi t ies  are from one to four orders of magnitude lower. 
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These results permit  the conclusion that a continuous pept ide chain is not an indispensable condition for the ap-  
pearance of the specific biological  act ivi ty  of bradykinin. 

Biological  Activi ty of Depsipeptide Analogs of Bradykinin 

Substance 

Bradykinin [6] 
4-Glycolybradykinin 
6-Glycolybradykinin 
4, 6-Diglycolybradykinin 

Contraction of the horn 
of the rat uterus, 

g/m1 bath 

1.10 -9 _1 .10-11 
1.10 - °  - -2 .10 -7  
5.10-1°--5.10 -11 
1. I0 - s  - -3 .2 .10  -~ 

Threshold doses 
Increase in 
permeabi l i ty  of 

the capi l lar ies  of 
the skin g/m1 

1.10 -9  
1.5.10 -6  
2.5.10 -9  
2.5.10 -5  

reduction of the blood 
pressure in the rat,  g /kg  

4.10 -7 
0.55.10 -3  
3.4.10 -6 

2,10 -3 
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Experimental  

The purity of a l l  the substances was checked by chromatography on Leningrad paper, type B in the systems butan-  
1 - o l - w a t e r - a c e t i c  acid (4: 5: 1) R f ( 1 )  and isoamyl a l c o h o l - p y r i d i n e - w a t e r  (as :as:a0)(Rf (2). The spots were 
revealed with ninhydMn, chlorine-potassium iodide, and Sakaguchi 's  reagent .  

The solutions, previously dried with sodium sulfate, were evaporated in vacuum. The substances for analysis were 
dried in vacuum ( 0 . 1 - 0 . 5  ram) at ~ 60 ° C. The reci t ing points of the substances were determined on a "Boethius" stage. 

p-Nitrophenyl  ester of carbobenzoxy-L-pro ly lg lycol ic  acid (IX). A mixture of 4.98 g of carbobenzoxy-L~proline 
(V) [7], 4 .1  g of te r t -buty l  bromoaceta te  (VI) [8], and 2.02 g of TEA in 50 ml of ethyl ace ta te  was boiled for 2 hr. The 
react ion mixture was washed with water and with 4% sodium hydrogen carbonate solution and was evaporated to give 
6 g (82%) of the te r t -bu ty l  ester of carbobenzoxy-L-proly lg lycol ic  acid (VII) in the form of a !ight yellow oil  giving 
a single spot on chromatography [loose A1203 in the b e n z e n e -  ethyl aceta te  (8 : 2) system]. 

A volume of 20 ml of CFsCOOH was added to 5.7 g of substance(VII  ), and after 18 min,  the solution was evapor-  
ated in vacuum at 20"-25 ° C; the  residue was dissolved in ether, the solution was washed with water, and extracted with 
8% sodium hydrogen carbonate solution, and the extract  was acidif ied with hydrochloric acid.  

The oil which separated out was extracted with ether, and evaporation of the solvent gave 4.16 g (86%) of sub- 
stance (VIII). 

Found, %: mol .  wt. 308( t i t ra t ion) .  Cl~H1706N. Calcula ted:  mol .  wt. 307. 

At 0" C, 6.0 g of DCC was added to a solution of 7.8 g of (VIII) and 3.6  g of p-ni trophenol  in 20 ml of ethyl 
ace ta te ,  and the mixture was left  for 18 hr at 20" C. The precipi ta te  was separated off and the solution was evaporated 
in vacuum, after which the residue was dissolved in ether and left  for 48 hr at 8" C. This gave 7.7 g (70%) of c rys ta l -  
l ine substance(IX) with mp 75" C, [a]2~ - 86.7" (c 1; DMF), Rf(1) 0.90, Rf (2) 0 .95.  

Found,%:  C 58.90; H 5.57; N 6.54.  Calcula ted for C2tH20N20 s, %: C 88.87; H 4.78; N 6.56. 

p-Nitrophenyl  ester of L-prolylglycol ic  acid iX).  A solution of 1 g of compound (IX) in 5 ml of g lac ia l  acet ic  
acid was treated with 5 ml of a 4 N solution of hydrogen bromide in g lac ia l  acet ic  ac id .  The mixture was kept for 30 
min at 20 ° C and 100 ml of ether was added.  The precipi ta te  which formed was washed with ether.  The yield of the 
hydrobromide of the depsipeptide (X) was 0.8 g (84°]0), Rf(~) 0.98, Rf(2) 0.93.  

Found, %: Br 22.9.  Calcula ted for C13H140~N 3 • HBr, %: Br 2a. 04. 

p-Nitrophenyl  ester of carbobenzox}aai t ro-L-arginyl-Lprolyl-L-prolylglycol ic  acid (XII)t At -- 5" C, 0.2 ml of 
TEA and a solution of 0.42 g of DCC in 0. S ml of ethyl ace ta te  were added to a solution of 0.68 g of the hydrobromide 
(X) and 0.81 g of substance(XI)  [9] in 10 mt of DMF. The react ion mixture was left  for 3 hr at - 5 ° C and for 17 hr 
at 20 ° C, the d icyclohexylurea  was f i l tered off, the f i l t ra te  was t reated with 50 ml of ethyl aceta te ,  and the solution 
was washed with water and 1 N hydrochloric acid.  The residue after evaporation was tr i turated with ether.  This gave 
0.6  g of an amorphous substance. It was established chromatographical ly  that it  contained neither the in i t ia l  e s te r (X)  

nor p-ni t rophenol .  The content of the te t rapept ide (XII) in the mater ia l  obtained was found by a spectrophotometric 
determinat ion of the p-ni trophenol  produced by the a lkal ine  hydrolysis of a sample,  and amounted to  91%. Yield of 

substance(XlI)  80%, Rf(1)  0.94, R)c(2 ) 0 .92.  

p-Nit robenzyl  ester of L-phenyla lany l -L-se ry l -L-pro ly l -L-phenyla lany ln i t ro -L-a rg in ine(XII I ) .  0.45 g of the 
hydrobromide of the  pentapeptide (XIII) [6] was dissolved at - 5 ° C in a mixture of 1.8 ml of methanol ,  10 ml of ethyl 
ace ta te ,  and 10 ml of sodium hydrogen carbonate solution; the organic layer  was separated off and the aqueous fraction 
was extracted with 20 ml of ethyl aceta te  containing 1 ml of methanol .  The combined ethyl ace ta te  solutions were 
dried and evaporated in vacuum. The yield of amorphous pen tapep t ide (XII I )was  0.41 g (97%), Rf(1 ) 0.90, 

aR ~0 0. as. 

p -Ni t robenzyt  ester of carbobenzo xyni t ro-L-argin)~l -L-prolyl -L-prolyl -g l ) rcolyl -L-phen>r la lanyl-L-seryl -L-prolyl -  
L-phenyla lan~lni t ro-L-argin ine  (XIV). A solution of 0 .3  g of (XII) and 0 .4  g of(XIII)  in 5 ml  of DMF was left  for 
5 days at 22°-25 ° C. Then 100 ml of ethyl ace ta te  was added and the solution was washed with water and 1 N hydro-  
chloric acid and was evaporated in vacuum. After recrystaI l izat ion [from a mixture of ethyl ace ta te  and ether (1 : 1) ] 
the yield of protected nonadepsipeptide (XIV) was 0 .54 g (79%); mp 132" -13g  C, [a]2~) - 4 1 . 7  ° (c 1; DMF), 

a f ( i )  o. 95, Rf(2) 0.93. 

Found, %: C 54.74; H 5.81; N 17.10.  Calcula ted  for C65HstO20NIT, %: C 54.96; H 5.74; N 16.76.  

L-At ~inyl-L-prolyl-L-prol)r lglycolyl-L-phenylalan~/l-L-ser)r1-L-prol}rl-L-phen)flalan)rI-L-arginine (If).  In solution 
in 15 ml  of g lac ia l  ace t ic  acid and 7 ml of methanol ,  0.27 g of substance (XIV) was hydrogenated over pa l lad ium 
black for 48 hr at 25*-28* C, and the solution was f i l tered.  The solvent was evaporated off and the residue was 
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t r i turated with ether.  The resulting amorphous substance was dissolved in 10 ml of water and the solution was f reeze-  
dried. The yield of the tetrahydrate of the nonadepsipeptide (II) was 0.20 g (90°/~), mp 181°-184 ° C, [ a ] ~  - 6 3 . 3  ° 

(c 1; H~O). Rf( ! ]  0.4; Rf(2) 0.25.  

Found, %: C 52.78; H 6.811 N 17.36; H~O 5.9.  Calculated for CsoHz2N14OI~ • 4H20, %: C 53.00; H 6.94; 
N 17.32; H~O 6.35.  

p-Nitrophen: yl ester of earbobenzoxy-L-phenyla lanylg lycol ic  acid (XV[II). This was obtained from carboben-  
zoxy-L-phenyla lan ine  [7] and te r t -bu ty l  bromoaceta te  [8] in a s imilar  manner to substance (IX). The over -a l l  yield was 
48%,  mp 112"-113" C, [ a ] %  - 45.8" (c 1; DMF), Rf( l )  0.93; Rf(9) 0.94.  

Found, 070" C 62.29; H 4.56; N 5 . 9 1 .  Calcula ted for C25H~2OsN~, %: C 62.76;H 4.83; N 5.86.  

p-Nitrobenzyl  ester of ca rbobenzoxy-L-phenyla lany lg lyco ly l -L-pro ly l -L-phenyla lany ln i t ro -L-a r ] in ine  (XX). A 
solution of 1 .24  g o f ( x v I I I )  and 1.6  g of(XIX [6] in 9 ml of DMF was kept for 4 days at 25" C and was then t reated 
with 100 ml of ethyl ace ta te .  The resulting solution was washed with ! N hydrochloric acid and with water,  and was 
dried and evaporated in vacuum. The residue was tr i turated with hot e the r (5  × 10 ml)  and was precipi ta ted from 5 ml 
of ethyl  ace ta te  with 50 ml of ether. This gave 1.8 g (71°]0) of the pentadepsipeptide (XX) in the form of an amorphous 
powder w i t h [ a ] ~  - 5 4 , 3 " ( e  O.75; DMF), R f o  ) 0.92, Rf( '3 0.94.  

E-N ~tr0benzyl ester of L-phenyla lany lg lyeo ly l -L-  proly.1- L-phenylalany ln i t ro-L-ar  ginine ........... (XXI) . A solution of 0 .5  
g of (XX) tn 1 ml of g lac ia l  ace t ic  acid was treated with I ml of a 4 N solution of hydrobromie acid in g lac ia l  ace t ic  
acid and ~ras left  f o r40  min at 20 ° C; the solvent was e l imina ted  in vacuum and the residue was repeatedly  t r i turated 
with absolute ether until  it had been converted into a powder. The hydrobromide of the pentadepsipeptide (XXI) so ob-  
ta ined wa.~; dissolved in a mixture of 1 ml of methanol ,  10 mI of ethyl ace ta te ,  and 10 ml  of 4% sodium hydrogen ca r -  
bonate solution cooled to - 5  ° C, and the amine (XXI) was isolated in a s imilar  manner to compound (XIK). This 
y ie lded  0.39 g (909) of the pentadepsipeptide (XXI), Rf(~) 0.9a,  Rf(2) o. 91. 

p-Nttrobenzyl  ester of carbobenz~xy-L-pr~y1-L-pr~y1g1ycy~-L-pheny~a~anv~-g~y~y~-L-pr~y~pheny~a~any~- 
ni t ro-L-arg in ine  (XXI I I ) .  A solution of 0.89 g of the amine  (XXI) and 0.26 g of the p-ni trophenyl  ester of carbobenzo-  
xy-L-pro ly l -L-pro ly lg lyc ine  (XXII) [6] in 3 ml of DMF was left  for 5 days at 25 ° C. Then 50 ml of ethyl ace ta te  was 
added to the solution and it was washed with water and with 1 N hydrochloric acid,  dried, and evaporated in vacuum.  
The residue was tr i turated five t imes with 10 ml of boi l ing ether and was twice reprecipi ta ted from 20 ml of ethyl a c e -  
ta te  by the addition of 100 mI of ether. The yield of octadepsipeptide (XXIII) was 0.41 g (7507o), mp 116 ° -123 ° C, 
[ a ] ~  - 5 4 . 4 " ( c  1; DMF), Rf (1 )  0.96, a f ( 2 )  0.92.  

Found, % : C 58.00; H 5.78; N 14.12.  Calcula ted  for CssHsTOlc~Nlz, %: C 58.07; H 5.76; N 14. t5 .  

p__L~.itrobenzyl ester of L-pro ly] -L-pro ly lg lycyI -L-phenyla lanyglyco ly l -L-pro ly ln i t ro -L-arg in ine  (XXIV). A solu- 
tion of 0.5 g of (XXIII) in 1 ml of  g lac ia l  acet ic  acid was t reated with 1 ml  of a 34~o solution of hydrogen bromide in 
g lac ia l  acet ic  acid and was kept for 40 rain at room temperature .  The solvent was dist i l led off in vacuum and the res i -  
due was repeatedly  tr i turated with ether.  The resulting solid substance was dissolved in 1 ml of methanol ,  and 6 ml of 
ethyl ace ta te  and 6 ml of 4°70 sodium hydrogen carbonate solution were added to 0* to 4"C. The ethyl ace ta te  solution 
was washed, dried for 40 min at 5" C, and evaporated.  This gave 0.39 g (88%) of the amino ester (XXIV) in the form 
of an amorphous powder, Rf(1 ) 0.92, Rf(2) 0.89.  

p yNitrobenzyl ester of t tic arbobenzoxy- L- arginyl-  L-pro ly l -L-pro ly lg lycy l -  L-phenyla lany lg lyco ly l -L-pro ly l -  L- 
phenyatan]t lni t ro-L-arginine (XXVI). A solution of 0.39 g of (XXIV) and 0. 25 g of the  p-ni t rophenyl  ester of t r icarbo-  
benzoxy-L-arg in ine  (XXV) [10] in 3 ml  of DMF was left  for 5 days at reom temperature,  Then 50 ml  of ethyl  ace ta te  
was added to the solution and it was washed with I N hydrochloric acid and with water, dried, and evaporated,  and the 
• ~ozeuc wa:,; Lw~ce ~epreclpttate(1 trom etlayl ace ta te  with ether. This gave 0.43 g (80%) of the protected nonadepsipep- 
t ide (XXVI) with mp 110°-113 ° C, [ a ] ~  - 4 7 . 3  ° (c 2, DMF), Rf(1) 0.95, Rf(z) 0. 93. 

Found, %.: C 57.58; H 6. 00; N 13,43. Calcula ted  for C82H97021NI7.3 , 5 H20 , %: C 57.25; H 6.09, N 13, 25. 

L-Arginyl-L-protyt  'L -p ro ly lg tycy l -L-pheny la lany tg lyco ty l  -L-pro ly t -L-phenyla lanyl  -L-arginine (III) ,  In solution 
in 6 ml of g lac ia l  acet ic  acid and 3 ml of methanol ,  0.17 g of (XXIV) was hydrogenated over pa l ladium black  at 
25--28 ° C :for 24 hr, and the solution was f i l tered.  Then it was evaporated and the residue was tr i turated with ether 
unti l  it  formed a powder. The substance was dissolved in 5 ml of water.  The solution was f i l tered and f reeze-dr ied .  The 
yie ld  of the nonadepsipeptide (III)  was 0.1 g (87%), mp i76° -180  ° C; [ct]2~ - 7 2 . 5  ° (c 1; H~O). 

Found, %: C 51.83; H 7.28; N 17.05; H20 5.4; CH3COOH 4.65.  Calcula ted  for C49H~0OnN14 • 3HiO. CH3COOH , 
%: C 51.34; H 7.04; N 17.12; H~O 8.24; CH3COOH 4.80.  
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p-Nitrobenzyl  ester of ca rbobenzoxyni t ro -L-a rg iny l -L-pro ly t -L-pro ly lg lyco ly l -L-pheny la lany lg lyco ly l -L-pro ly l -  
L-phenyla lanylni t ro-L-ar~inine  (XXVII). A solution of 0.87 g of (XII) and 0.42 g of (XXI) in 4 ml of DMI v was kept for 
5 days at 22"-25 ° C; then 100 ml of ethyl acetate  was added and the resulting solution was washed with water,  1 N hy -  
drochloric acid,  and water again,  and was dried and evaporated in vacuum. The crystal l ine residue was tr i turated twice 
with 50 ml of boil ing ether. From a mixture of ethyl aceta te  and ether, 0.5 g (76%) of the nonadepsipeptide (XXVII) 
was obtained with mp 128"-131" C, [ a ] ~  - 4 5 . 0 " ( c  1; DMF), Ry(1)  0.96, Rf (2)  0.92. 

Found, %: C 54.74; H 5.62; N 16.05. Calculated for C64HT~O21NI6, %: C 55.2; H 5.69, N 16.11. 

L-Arginyl -L -proiyl -L -prolylglycolyl  -L-phenylalanyl~lycolyl  -L-prolyl  -L-phenylalanyl  -L-arzinine (IV). In solution 
in 10 ml of g lac ia l  acet ic  acid and 5 ml of methanol ,  0.16 g(XXVII)  was hydrogenated over pal ladium black for 80 hr. 
Then the solution was f i l tered and evaporated in vacuum, and the residue was tr i turated with ether, dissolved in water, 
and free ze-dr ied ,  This gave 110 mg (84°]0) of the nonadepsipeptide (IV) in the form of the monoacetate ,  mp 182"-186" C, 
[ a ] %  - 4 4 . 7 " ( c  0.8; water), Rf (1)  0.4, Rf(2) 0.25. 

Found, %: C 51.17; H 7.00; N 15.92; H20 4.95;  CHaCOOH 5.82 .  Calcula ted  for C49H69012N ~ • 3H20 • 
• CHsCOOH, %: C 51.84; H 6.94; N 15.89; H20 4.72;  CHsCOOH 5.28 .  

p-Nitrobenzyl  ester of carbobenzoxy-L-pro ly lg lycoly l -L  phenyla lanyl -L-sery l -L pro ly l -L-phenyla lanyln i t ro -L-  
arginine (XXVIII). A solution of  0.77 g of (XI) and 1.6 g of(XIII)  [6] in 10 ml of DMF was left  for 3 days at 25" C, 
after which 100 ml of ethyl acetate  was added and the solution was washed with water, 1 N hydrochloric acid,  a 4% 
solution of sodium hydrogen carbonate until  the yellow coloration had disappeared,  and with water again,  and was 
dried and evaporated in vacuum. From ethyl ace ta te  1.7 g (79%) of (XXVIII) was obtained.  Mp 126°-182 ° C, 
R/(t )  0.92, Rf(2) 0.94. 

Found, %: C 56.90; H 5.96; N 13.35; H20 1.55.  Calcula ted for Cs4H~OI6NII • H20, %: C 56.84; H 5.74; 
N 18,55; H20 1,57.  

The b io logica l  tests were carried out by T. S. Pashkina, M. S. Surovikina, and T. K. Egorova (Laboratory of 
Biological ly  Active Peptides of the Institute of Biological  and Medicinal  Chemistry, AMS USSR). 

Summary 

The syntheses of three depsipeptide analogs of bradykinin have been effected.  The rep lacement  of one or even 
two peptide linkages in the molecule  of bradykinin by ester linkages does not affect the nature of its b io logica l  ac t iv i ty  
but only reduces i t .  These results show that  a continuous peptide chain is not uncondit ional ly necessary for the appear - 
ance of the specific b io logica l  ac t iv i ty  of bradykinin.  
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