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Some peptide ho rmones  and kinins contain f r a g m e n t s  of e x t r e m e l y  s imi la r  s t r u c t u r e  including f r o m  
th ree  to five amino acids - so -ca l l ed  "common"  f r agmen t s .  The c h a r a c t e r i s t i c  fea ture  of the s t r u c t u r e  of 
these  f r a g m e n t s  is the p r e s e n c e  of a ba s i c  amino acid (arginine, lysine,  o r  ornithine) adjacent  to prol ine  
or  val ine [1]: 

~x lyCineor '__ Basicamino I _ Prolineor ~rolineor I 
-COOH acid ~- valine r ~lv aline 

The s imi l a r i t y  of the s t r u c t u r e s  of the f r a g m e n t s  p e r m i t s  the a s sumpt ion  that in the fo rma t ion  of a 
speci f ic  r e sponse  reac t ion  at the level  of the r e cep to r  they fulfil l  s i m i l a r  functions.  I t  has been  sugges ted  
p rev ious ly  [1] that the common f r a g m e n t s  par t i c ipa te  d i rec t ly  in the fo rma t ion  of a secondary  s ignal  [2, 3] 
and the speci f ic i ty  of the i r  action is ensured  by the differ ing p a r t s  of the molecu les  and that the common 
f r a g m e n t s  of the ho rmones  at the m o l e c u l a r  level  a l so  co r re spond  to sec t ions  of the r e c e p t o r s  with s i m i l a r  
s t r u c t u r e s  [1]. To check these  hypotheses  it appeared  of in te res t  to syn thes ize  a rg in ine -  and l y s ine -con -  
taining f r a g m e n t s  of a number  of peptide ho rmones  and kinins and to study the i r  biological  p r o p e r t i e s .  

The syn thes i s  of the common  f r a g m e n t s  of the pept ides  (Table 1) was effected by methods of c l a s s i ca l  
pept ide c h e m i s t r y  using dicyclohexylcarbodi imide ,  mixed anhydrides ,  and act ivated e s t e r s  of acy lamino 
acids  fo r  the fo rmat ion  of the peptide bond. Af te r  the r e m o v a l  of the p ro tec t ive  groups  the f r e e  peptides 
were ,  if this was n e c e s s a r y ,  purif ied on a column of ca rboxymethylce l lu lose .  The na ture  of the peptides 
obtained can be judged f r o m  Tab le  2. 

The myot rop ic  ac t iv i ty  of the subs tances  was invest igated as  desc r ibed  p rev ious ly  [4], using [1 -as -  
paragine ,  5-val ine]angiotens in  IT as s tandard (Table 3 and Fig.  1). 

We also studied the influence of the t r ipep t ides  of v a s o p r e s s i n  0II) and of angiotensin (IV) on the o s -  
mot ic  pe rmeab i l i t y  of the wall  of the u r i n a r y  b ladder  of the frog Rana t e m p o r a r i a  (Table 4). 

The r e su l t s  of the b iological  invest igat ions  showed that, in spite of the r e m o v a l  of those p a r t s  of the 
molecu le  in which the " a d d r e s s "  of speci f ic  r e c e p t o r s  is coded, a l l  the common f r a g m e n t s  of the ho rmones  
s t i l l  re ta ined  the informat ion  n e c e s s a r y  f o r  in terac t ion  with definite g roups  of r e c e p t o r s .  However ,  as  was 
to be  expected, this in te rac t ion  fo r  the synthetic  pept ides  did not have the speci f ic i ty  of the n a t u r a l h o r m o n e s .  
This  is  evidence in f avor  of the hypothes is  that the pa r t s  of the r e c e p t o r s  cor responding  to the c o m m o n f r a g -  
meri ts  a l so  have a common (universal) s t ruc tu re .  

The affinity (pD2) and internal  act iv i ty  (a)  of the f r a g m e n t s  tes ted  vary  within re la t ive ly  wide l imi ts .  
The angles  of slope of the cumulat ive  cu rves  a lso  differ,  f rom which it m a y  be concluded that these  f r a g -  
m e n t s  of pept ides  affect  s i m i l a r  sec t ions  of different  r e c e p t o r s .  Except ions a r e  angiotensin ]I and its N- 
t e rmina l  t r ipept ide .  

The r e s u l t s  of a compar i son  of the e f f e c t - v e r s u s - c o n c e n t r a t i o n  cu rves  obtained in expe r imen t s  on 
the ra t  colon and u t e ru s  show that the r ecep t ive  s y s t e m  of the l a t t e r  is  l e s s  sens i t ive  to the t r ipep t ides  con- 
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TABLE 1. Common F r a g m e n t s  of Peptide Hormones  
C o m -  

p o u n d  

1 
II 

!I1 
IV 
V 
VI 

Fragment 

/3-MSH [20-22] 
Fibrinopeptide B [12-14] 
Vasopmssin [7-9] 
Angiotensin [1-3] 
Bradykinin [1-3] 
ACTH [18-20] 

Glycine or Basic amino Proline or 
X-COOH acid valine 

Asp ~---Lys-'- Pro 
Asp ~Arg--~Pro 

H2NGIy*- .Argo--Pro  
Asn -~Arg~-+Val 

Arg----* Pro--- Pro 
Arg-+ Pro--*ValN H., 

Ang, 
700' 

I I t 

5,o ,~ fie 797 
Concentration of substance, M 

Fig. 1. Cumulative effect-versus- 
concentration curves for the tripep- 
tides (I-VI) in experiments onthe ascend- 
ing colon of the rat in comparison with 
[1-asparagine, 5-valine]angiotensin If 
(ang.). 

sidered; in this case, the curves  a re  shifted in the direct ion 
of higher  concentrat ions.  The highest affinity to the recep tor  
in the ra t  u terus  is possessed  by the tripeptide of bradykinin 
and to that of the rat  colon by the tripeptide of angiotensin. 

The comparat ive resul ts  of a study of the water  p e r m e -  
ability of the u r ina ry  bladder  of the frog (see Table 4) appear  
ext remely  interesting.* As the experiments  showed, the t r i -  
peptide of vasopress in  (Ill) considerably increases  the osmot -  
ic permeabi l i ty .  Its activity even exceeds that of the amide 
of the cyclic hexapeptide vasopress in  (see Table 4). Con- 
verse ly ,  the tripeptide of angiotensin (IV) is only feebly ac-  
tive. 

In these experiments,  confirmation was obtained of the 
hypothesis  put forward previously according to which a num- 
be r  of biologically active peptides have two centers  - one in 
which the bulk of the information required for  the specific 
"recognit ion" and binding of the peptide by the receptor  is 
coded and the other common one making the fundamental con- 
tr ibution to the format ion of the secondary signal [2]. 

E X P E R I M E N T A L  

Methods. The peptides were  synthesized from amino 
acids of the L ser ies .  The melt ing points were  determined 

in open capi l lar ies  (without correct ion)  and the angles of optical rotat ion on a P e r k i n - E l m e r  141 polar imeter .  
The pur i ty  of the protected peptides was checked by th in- layer  chromatography on Silufol plates in the fol-  
lowing solvent sys tems:  1) c h l o r o f o r m - m e t h a n o l  (8: 2); 2) c h l o r o f o r m - a c e t o n e  (8: 2); and 3) hexane -e thy l  
acetate  (1 : 5). 

The pur i ty  of the peptides with f ree  amino groups was checked by paper  chromatography in sys tems  
4) b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (5 : 1 : 2) and 5) s ec -bu tano l -3% ammonia  solution (8 : 3), and also by paper 
e lec t rophores i s  at 20 V / c m  in 1 N acet ic  acid for  30 rain. The spots were revealed with ninhydrin (free 
amino group), the Sakaguchi reagent g ree  guanidine group), and the ch lo r ine -benz id ine  reagent  (peptide 
bonds); peptides containing the heat- labi le  ter t -butoxycarbonyl  group were revealed with ninhydrin af ter  
heating to 130°C. 

To isolate the protected peptides, their  solutions in organic solvents were washed with 0.5 N hydro-  
chloric or  c i t r ic  acid (the ter t -butoxycarbonylpept ides  at 0°C), with water,  with 5% sodium hydrogen ca r -  
bonate solution, and with water  again. The f ree  peptides were  purified on a column of carboxymethylcel lu-  
lose in a l inear ly  increasing concentrat ion gradient of ammonium acetate (400 ml of a 0.2 M solution of 
ammonium acetate  in the r e s e r v o i r  and 400ml of water  in the mixer ,  pH 6.5). A column with dimensions 
of 3 x 4 0  cm was used for  1 g of crude tripeptide. If the peptide contained arginine at the N- end, the con- 
centrat ion of the ammonium acetate solution was increased to 0.25 M. Frac t ions  of 10 ml  each were col- 
lected every  8 rain. The contents of the tubes with the required f ract ion (determined by paper  e lec t rophore-  

* The investigations were  pe r fo rmed  by E. Shakhmatova under the direct ion of Yu. V. Natochin in the I. M. 
Sechenov Institute of Evolutionary Physiology and Biochemis t ry  of the Academy of Sciences of the USSR in 
Leningrad by the method of Natochin et al. [5]. 
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sis)  we re  combined and evapora ted  in vacuum. The 
ammon ium ace ta te  was  e l iminated  at  50°C (2 ram) and 
the product  was lyophi l ized  f r o m  w a t e r  or  acet ic  acid.  

P h a r m a c o l o g i c a l  Tes t s .  All the r e su l t s  a r e  the 
m e a n s  of 5-7 exper imen t s .  The  cumula t ive -e f fec t -ve r -  
sus-concent ra t ion  cu rves  we re  obtained by Van Ros -  
s u m ' s  method [4]. In the invest igat ion of m y o t r o p i c  
ac t iv i ty  on the isola ted ascending ra t  colon, the pep-  
t ides  we re  d isso lved  in Krebs  solution [8] and in the 
invest igat ion on the ra t  u te rus  in J a lon ' s  solution [9]. 

Dibenzyl ~ -  t e r  t -Butoxycarbonyl -e -N-benzyloxy-  
ca rbony l ly sy l a spa r t a t e  (VII). To a solution of 34.0 g 
(70 mmoles )  of the p- to luenesul fonate  of dibenzyl  a s -  
p a r t a t e  in 100 m l  of d ime thy l fo rmamide  were  added 
9.7 ml  U0 mmole)  of t r ie thylamine,  a solution of 26.6g 
(70 mmoles )  of ~ - t e r t - b u t o x y c a r b o n y l -  e - N - b e n z y l -  
o.xycarbonyllysine [16] in 60 m l  of d ime thy l fo rmamide ,  
and, a f t e r  cooling t o - 5 ° C ,  a solution of 14.4 g (70 
mmoles )  of d icyc lohexylcarbodi imide  in 15 ml  of di -  
me thy l fo rmamide .  The reac t ion  mix tu r e  was lef t  at  
0°C fo r  24 h, the p rec ip i t a t e  that had deposi ted was 
f i l t e red  off, and the f i l t r a te  was evapora ted  in vacuum 
(50°C). The res idue  was d isso lved  in ethyl ace ta te  
and the solution was washed, d r ied  with sodium sul-  
fate,  evapora ted  to sma l l  volume,  and c rys ta l l i zed  by 
the addition of heavy pe t ro l eum ether .  The yield of 
the dipeptide (VII) was  33.1 g (70%), mp 96-98°C,[o~]~ 
- 1 2 . 6  ° (c 1.0; d imethy l fo rmamide) ,  R f  0.5 (2), 0.88 
(3). Composi t ion (%): C 65.43; H 6.76; N 6.23; 
C37H45N3Og. 

Dibenzyl Benzy loxycarbonylpro ly l -  e - N - b e n z y l -  
oxyca rbony l ly sy l a spa r t a t e  (VIII). A solution of 16.9 g 
(25 mmoles )  of the t e r t -bu toxyea rbony l  de r iva t ive  (VII) 
in 30 m l  of acet ic  acid was  t r ea ted  with 100 ml  of a 
1 N so lu t ionofhydrogen  chlor ide  in g lac ia l  ace t ic  acid. 
The mix tu re  was kept  at room t e m p e r a t u r e  f o r  1 h 
and was then evapora ted  in vacuum to one half i ts  in- 
itial volume,  and 500 m l  of e ther  was added. The hy- 
drochlor ide  of the dibenzyl e s t e r  of the dipeptide, which 
p rec ip i t a ted  in the f o r m  of an oil, was  t r i tu ra ted  sev-  
e r a l  t i m e s  with e ther  and was kept  in vacuum ove r  
p o t a s s i u m  hydroxide.  Of the resul t ing  oil,* 10.0 g (16 
mmoles )  was d isso lved  in 20 m l  of d imethy l fo rmamide ,  
and to this solution were  added t r i e thy lamine  to give 
a weakly alkal ine react ion,  a solution of 5.0 g (20 
mmoles )  of benzyloxycarbonylprol ine ,  and, a f t e r  cool-  
ing t o - 5 ° C ,  4.1 g (20 mmoles )  of d icyc lohexylcarbo-  
di imide.  The mix tu r e  was kept  at 0°C fo r  24 h, the 

* The hydrochlor ide  c rys ta l l i zed  a f t e r  one month.  By 
t rea t ing  an aqueous solution of the hydrochlor ide  w i'.h 
po t a s s ium carbona te  it is poss ib le  to isola te  the f r ee  
peptide in the solid state,  but it rapidly  becomes  e l ec -  
t rophore t i ca l ly  inhomogeneous (spots r evea led  by the 
c h l o r i n e - b e n z i d i n e  reagent) ,  p robably  because  of cy-  
cl izat ion to f o r m  a p iperaz inedione .  
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TABLE 3. Indices of the Affinity (pD2) fo r  the 
Receptor  and the Internal Activity (a) of the T r i -  
peptides (I-VI) on the Isolated Ascending Colon 
and Uterus of the Rat as Compared with [1-Aspar-  
agine, 5-valine]angiotenstn II 

Corn - 
pound 

I 
11 

!1I 
IV 
V 

VI 

Acid sequence 

1- ro-Lys- Asp 
Asp-Arg-Pro 
Pro-Arg-GlyNH2 
Asn-A:g-Val 
A:g-Pro-Pro 
Arg-Pro-ValNH, 
Angiotensin II 

Rat colon 

pDt  a 

8,99 0,39 
8,78 0,31 
8,80 046 
9,27 O,55 
8,78 0,4-t 
9,24 0,5t 
%70 1,00 

Rat uterus 

p D  a a 

5,73 0,4~ 
6,93 0,33 
7,50 0,49 
6,36 0,89 
9,62 0,58 
5,73 0,25 
8,27 1,00 

TABLE 4. Permeabi l i ty  of the Wall of the Ur inary  Bladder 
of the F rog  under the Action of the Tripeptides (III) and (IV) 
and the Amide of the Cyclic Hexapeptide Vasopress in  in 
Comparison with Pituitr in 

Com- 
pound 

III 

IV 

Dose, 
Nature mg/ml 

0,01 Tripeptide of vasopressio O, 1 
1,0 

Control I 
I 0 , 0 1  Tripeptide of anglo- ' 0 1 

tensm [ 1:0 
Amide of the c~(clic ] 

hexapeptide of vaso- 

I pressm [7] 0 3 
Pituitrin 1 M'U/rn 1 

No. of 
exp :s. 

Permeability, 
mg ofHzO/crr~ • 
re.in at ~radient of 
1: I 0 ~  

0,19 ±0,09 
0,14 ±0,07 
0,16 ±0,07 
0,028±0,003 
0,049±0,017 
0,082±0,021 
0.093±0,012 

~r 0,064 +0,013 
ao 0,094 ± 0,029 

1,89±0,20 

pi 'ecipitate that had deposited was f i l tered off, and the f i l t rate was evaporated in vacuum. The res idue was 
dissolved in ethyl acetate and the solution was washed, dried with sodium sulfate, and evaporated to small  
volume, and crysta l l izat ion was induced by the addition of ether.  The yield of the tripeptide (VIII) was 3.5 g 
(27%), mp 81-83°C, [a]}~-27.9 ° (c 0.7; dimethylformamide),  R f  0.43 (1). Composition C45Hs0N4010. 

Pro ly l lysy laspar t ic  Acid Mouohydrate (1). A solution of 1.5 g (1.85 mmole) of the tripeptide dibenzyl 
es te r  (VIII) with 45 ml of m e t h a n o l - a c e t i c - w a t e r  (4 : 4 : 1) was hydrogenated in the presence  of palladium 
black for  14 h. The catalyst  was f i l tered off, the f i l t rate  was evaporated in vacuum, and the residue was 
dried over  potassium hydroxide. The dry residue was purified on a column of carboxymethylcel lulose.  Af- 
ter  lyophilization f rom water,  the yield of f ree  tripeptide (i) was 0.4 g (60%). 

f l -Benzyl  Ester  of Benzyloxycarbonylaspar tylni t roarginylprol ine  (IX). To a solution of 7.1 g (20 
mmoles)  of fl-benzyl benzyloxycarbonylaspar ta te  [17] in 20 ml of d imethylformamide were added 2.8 ml 
(20 mmoles)  of triethylamine, and, a t - 1 5 ° C ,  2.5 ml (20 mmoles)  of n-butyl chloroformate .  The mixture  
was s t i r red  a t - 5 ° C  for  20 min, and then a suspension of 5.1 g (16 mmoles) of ni t roarginylprol ine [18] in 
d imethyl formamide--water  fl : 1) containing 2.2 ml 0-6 mmoles)  of t r ie thylamine was added. St irr ing at 
- 5 ° C  was continued for  another 4 h and then the mixture was left at 0°C for  24 h. The solvent was evapo- 
r a t edof f in  vacuum and the res idue was distributed between 50 ml of ethyl acetate and 50 ml of l l ~  HC1. The 
ethyl acetate layer  was washed with water  three t imes,  dried with sodium sulfate, evaporated in vacuum, 
and t r i turated with ether.  The resul t ing precipi tae  was twice reprecipi ta ted f rom ethyl acetate with ether. 
The yield of tripeptide (IX) was 3.2 g (31%), decomp, p. above 100°C, [a ]~- -39 .4  ° (c 0.7; ethanol). Composi-  
tion (%): C 54.59; H 5.72; N 14.60. C30HsTNTOi0. 

Aspartylarginylproline Pentah:~drate (II). In the presence of palladium black in 20 ml of ethanol- 
acetic acid-water (6:1:1), 1.0 g 0-.5 re.mole) of the benzyloxycarbonyltripeptide (IX)was hydrogenated for 
30 h. The catalyst was filtered off, the filtrate was evaporated in vacuum, and the residue was kept over 
potassium hydroxide and was then separated in a column of carboxymethyleellulose. The required tripep- 
tide was eluted by approximately 0.15 M ammonium acetate. After lyophilization from water, the yield of 
the tripeptide (If) in the form of the pentahydrate was 0.5 g (70%). 
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Benzyl Es te r  of te r t -Butoxycarbonylni t roarginylval ine  (X). To a solution of 19.0 g (60 mmoles)  of 
ter t -butoxyearbonylni t roarginine  [19] in 60 ml  of d imethyl formamide were added 8.3 ml  (60 mmoles)  of t r i -  
ethylamine and, at -15°C,  7.7 ml (60 re.moles) of n-butyl  chloroformate .  The mixture  was s t i r red  a t - 5 ° C  
for  20 rain, and a solution of 12.5 g (60 mmoles)  of the benzyl  es te r  of valine* in 30 ml of ethyl acetate was 
added. Then s t i r r ing  was continued a t - 5 ° C  for  4 h. The t r ie thylammonium chloride that had deposited was 
f i l tered off, and the f i l t rate was evaporated in vacuum. The residue was dissolved in ethyl acetate and the 
solution was washed, dried with sodium sulfate, and evaporated again in vacuum. The resulting oil was r e -  
precipitated twice f rom ethyl acetate with petroleum ether.  After keeping in vacuum (2 mm), the yield of 
the dipeptide (X) in the form of an amorphous  powder was 23 g (75%), mp 85-91°C (decomp.), [oz]~-28.3  ° 
(c 1.2; ethanol), R f  0.75 (1), 0.34 (3). Composition (%): C 54.04; H 7.08; N 16.21. C23Hs6N6OT. 

Benzyl Es te r  of Benzyloxycarbonylasparaginylni t roarginylval ine  (XI). A solution of 10 g (20 mmoles)  
of the ter t -butoxycarbonyldipeptide (X) in 15 ml of acetic acid was treated with 80 ml  of a 1 N solution of 
hydrogen chloride in glacial  acet ic  acid. The mixture was kept at room tempera tu re  for  1 h and was then 
evaporated in vacuum to half its initial volume and was treated with ether.  The oil that separated c~jt was 
t r i tura ted severa l  t imes with ether, and it was dissolved in 20 ml of water  and the pH of the solution was 
brought to 9.0 with saturated potass ium carbonate  solution. The oil that separated out was extracted with 
ethyl acetate,  and the ethyl acetate layer  was washed with water  and dried with sodium sulfate, and the solvent was 
evaporated off in vacuum. The benzyl e s t e r  of ni troarginylvaline remaining in the form of an oil (6.1 g or  15 
mmoles)  [Rf 0.57 (4), EArg 0.66] was dissolved in 40 ml of dimethylformamide containing 7.0 g (18 mmoles)  of the 
p-ni t rophenyl  es te r  of benzyloxycarbonylasparagine [20]. Then 1.0 ml of acetic acid was added and the mix-  
ture  was left at room tempera tu re  for  48 h. After  this, the solution was poured into a mixture consist ing 
of 300 ml of a 10% solution of sodium chloride and 100 ml  of ethyl acetate.  The small  amount of precipi ta te  
was fi l tered off (and discarded),  and the ethyl acetate layer  was washed five t imes with 1 N ammonium hy- 
droxide solution, with saturated sodium hydrogen carbonate solution, and with water.  The f i rs t  portion of 
the tr ipeptide (XI), which deposited during extraction, (2.6 g, 32%, mp 135-138°C) was fil tered off and was 
washed with ethyl acetate and ether.  Evaporation of the combined ethyl acetate layer  and the addition of 
e ther  gave a second fract ion of the tripeptide (XI) (3.9 g, mp 120-124°C). The total yield was 80%. After  
rec rys ta l l i za t ion  f rom e thano l - e thy l  acetate,  mp 143-145°C [ a ] ~ - 1 4 1  ° (c 1.0; dimethylformamide) ,  R f  
0.44 (1). Composition (%): C 57.18, H 6.22; N 15.87. C26H34N607. 

Trihydrate of the Acetate of Asparaginylarginylvaline (IV). The benzyloxycarbonyltripeptide (XI) 
(2.2 g; 4 mmoles) was hydrogenated in 30 ml of methanol-acetic acid-water (6 : 1 : 1) in the presence of 
palladium black for 30 h. The catalyst was filtered off, the filtrate was evaporated, and the residue was 
kept in vacuum over potassium hydroxide. The crude product was purified on a column of carboxymethyl- 
cellulose. The required fraction, which issued at a concentration of ammonium acetate of about 0.15 M, 
was lyophilized from water. The yield of the tripeptide (IV) was 1.2 g (60%). 

Hydrochloride of the Benzyl Ester of Prolylproline (XII). A solution of 10 g (25 mmoles) of the benzyl 
ester of tert-butoxycarbonylprolylproline (an oil) [21] in 20 ml of acetic acid was treated with 120 ml of a 
1 N solution of hydrogen chloride in glacial acetic acid. The mixture was kept at room temperature for 1 h, 
the solvent was evaporated off in vacuum, and the residue was triturated with ether several times. After 
reerystallization from methanol with the addition of ether, the yield of the hydroehloride (XII) was 7.0 g 
(83%), mp 181-183°C; [ot]~-140 ° (c 0.7; ethanol), Rf 0.47 (4), 0.89 (5), EArg 0.80. Composition (%): C60.54; 
H 7.00; N 8.37. CITH22N203-HC1. 

Benzyl Ester of tert-Butoxycarbonylnitroarginylprolylproline (XIII). To a solution of 2.5 g (7.8 mmoles) 
of tert-butoxyearbonylnitroarginine in 15 ml of dimethylformamide were added 1.1 ml (7.8 mmoles) of tri- 
ethylamine and, at -15°C, 1.0 ml (7.8 mmoles) of n-butyl chloroformate. The mixture was stirred at-5°C 
for 20 min and a suspension of 2.5 g (7.4 rnmoles) of the hydrochloride of the dipeptide (XII) and 1.0 ml (7.4 
mmoles) of triethylamine in 10 ml of dimethylformamide were added. The mixture was then stirred at 
-5°C for another 4 h, the precipitate of triethylammonium chloride was filtered off, and the solvent was 
evaporated in vacuum (50°C). The residue was dissolved in ethyl acetate and the solution was washed, dried 
with sodium sulfate, evaporated to small volume, andtreated with ether to induce crystallization. After re- 
crystallization from ethyl acetate, the yield of the tripeptide (XIII) was 2.9 g (65%), mp I09-113°C; after 
recrystallization from chloroform-carbon tetrachloride, mp 115-117°C, [ot]}~-143 ° (e 0.5; ethanol), Rf 
0.62 (1). Composition (%) C 55.49; H 6.88; 16.22. C28H4tNTO 8. 

* Obtained in the form of an oil from the toluenesulfonate [15] by treating it with a mixture of ethyl acetate 
and a solution of potassium carbonate (pH 9.0) and evaporating the ethyl acetate layer. 
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Dihydrate of the Acetate of Arginylprolylproline (V). A solution of 2.0 g (3.3 m_moles} of the te r t -  
butoxycarbonyltripeptide (XIII) in 5 ml of acetic acid was treated with 20 ml of a 1 N solution of hydrogen 
chloride in g lac ia l  acetic acid. The mixture was kept at room tempera ture  for  1 h and evaporated in vac-  
uum, and the residue was t r i turated with ether. It was then kept for severa l  days over  potassium hydrox- 
ide and was dissolved in a mixture of methanol, acetic acid, and water  and hydrogenated in the presence  of 
palladium black for  30 h. The catalyst  was fil tered off, the fi l trate was evaporated in vacuum and the r e -  
sidue was lyophilized from water.  The yield of the chromatographical ly  pure tripeptide (V) in the form of 
the dihydrate of the acetate was 1.2 g (79~). 

Amide of ter t -Butoxycarbonylprolylval ine (XIV). To a solution of 16 g (75 mmoles) of t e r t -bu toxycar -  
bonylproline [22] in 60 ml  of dimethyKormamide was added 10.3 ml  (75 mmoles) of t r iethylamine and, at 
-15°C,  9.6 ml (75 mmoles) of n-butyl chloroformate.  After the mixture had been s t i r red a t - 5 ° C  for 20 rain, 
a solution ot 11.5 g (75 mmoles) of the hydrochloride of valinamide [23] and 10.3 ml (75 mmoles) of t r ie thyl-  
amine in 40 ml of dimethylformamide were added to the mixed anhydride so formed.  The reaction mixture 
was kept at -5°C  for  4 h, the precipi ta te  of t r ie thylammonium chloride was fi l tered off, the fi l trate was evap- 
orated to small  volume, diluted with ethyl acetate, washed, and dried with sodium sulfate, and the solvent 
was evaporated off in vacuum. The yield of the amide of the dipeptide (XIV) was 17 g (V3~). F o r  analysis,  
the substance was recrys ta l l ized  from ethyl acetate,  mp 96-98°C, [ a ] ~ - 7 7 . 5  ° (c 1.0; ethanol), R f  0.18 (1). 
Composition (~). C 57.88; H 8.80. N 13.03. C15H27N304. 

Hydrochloride of the Amide of Prolylval ine {XV). A solution of 10 g (32 mmoles) of the ter t -butoxy-  
carbonyl derivative (XIV) in 100 ml of a 1 N solution of hydrogen chloride in glacial  acetic acid was kept at 
room tempera ture  for 1 h. Then the solution was evaporated to smal l  volume and the residue was t r i turated 
with ether.  After recrys ta l l iza t ion  from methanol with the addition of ether, the yield of the hydrochloride 
of the amide of the dipeptide (XV} was 6.9 g (86~), mp 260°C, [ a ' ] ~ - 1 9 . 5  ° (c 0.4; dimethylformamide),  R f  
0.40 (4), 0.79 (5), EArg 0.91. Composition (~): C 48.24; H 8.28; N 16.64. C10H19N302-HC1. 

t -Butoxycarbonylni t roarginylprolylval inamide (XVI). To a solution of 7.0 g (22 mmoles)  of ter t -butoxy-  
carbonylnitroarginine in 40 ml of dimethylformamide were added 3.0 ml (22 moles) of t r iethylamine and, at 
-15°C,  2.8 ml (22 mmoles)  of n-butyl chloroformate.  The mixture was s t i r red  a t - 5 ° C  for  20 min, and then 
5 g (20 mmoles)  of the hydrochlor ide (XV) was added. The mixture was s t i r red  at the same tempera ture  
for  a fur ther  4 h, and the precipitate of t r ie thylammonium chloride that had deposited was fil tered off. The 
fi l t rate was evaporated in vacuum and the residue was twice reprecipi ta ted f rom ethanol with ethyl acetate.  
The yield of tripeptide (XVI) was 4.8 g (47%), decomp, p. above 140°C, [ a ] ~ - 2 2 . 4  ° (c 0.4; d imethyl formam- 
ide), R f  0.59 (1). Composition (%): C 48.89; H 7.32; N 21.56. C21H38N8OT. 

Diacetate of the Hexahydrate of Arginylprolylval inamide (VI). A solution of 1.5 g (2.9 mmoles) of the 
tripeptide (XVI) in 15 ml of a 1 N solution of hydrogen chloride in glacial  acetic acid was kept at room tem-  
pera ture  for 1 h, and-then the solvent was evaporated off in vacuum and the residue was t r i turated with ether. 
The hydrochloride of ni t roarginylprolylval inamide so obtained was hydrogenated in 20 ml of m e t h a n o l - a c e -  
tic a c i d - w a t e r  (6 : 1 : 1) in the presence  of palladium black for  30 h. The catalyst  was fi l tered off, the fil-  
t ra te  was evaporated in vacuum, and the residue was kept over  potassium hydroxide and then was separated 
on a column of carboxymethylcel lulose.  The tripeptide was eluted at a concentrat ion of ammonium acetate 
solution of 0.2 M. After lyophilization f rom acetic acid and reprecipi ta t ion f rom methanol with ether, the 
yield of the hygroscopic  tripeptide in the fo rm of the hexahydrate of the diacetate (VI) was 1.1 g (62~). 

S U M M A R Y  

1. The tripeptides of the ACTH sequence [18-20], the angiotensin sequence [1-3], the vasopress in  
sequence [7-9], the bradykinin sequence [1-3], the fl-MSH sequence [20-22], and the fibrinopeptide B se-  
quence [12-14] have been synthesized.  

2. It has been shown that these compounds possess  considerable  myotropic  activity in vitro exper i -  
ments on isolated organs of the smooth musculature,  but lack the specificity of the action of the natural hor-  
mones.  

1, 
2. 

3. 
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