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In accordance  with the p r o g r a m  for the production of glyeine-containing analogs of angiotensin II  that 
has been r epo r t ed  [1, 2], we have synthes ized [1-asparagine ,  3-glycine,  5-val ine]angiotensin  II (compound 
II, Table  1). The r e su l t s  of an invest igat ion of the biological  activity of this analog enable us to judge the 
functions and values  of the side chains of different  amino acids in posit ion 3 of the angiotensin II  molecule  
[1]. This  question is of fundamental  impor tance  in connection with the s t ruc tu ra l  s imi la r i ty  of a number  
of physiological ly  act ive peptides that  has been found [3]. If the "common"  f r agmen t s  of the type of p ro l i ne /  
v a l i n e - a r g i n i n e / l y s i n e - a s p a r t i e  ac id /g lyc ine  fulfill s i m i l a r  functions, as is suggested [4], s im i l a r  changes 
in the i r  s t r u c t u r e s  (for example ,  the r e p l a c e m e n t  of a proline or  val ine res idue  by glycine) should lead to 
s i m i l a r  changes in the i r  biological ac t iv i t ies .  

It  is known that a modificat ion of the amino-ac id  res idue  in position 3 of the angiotensin molecule  {IV- 
VII), with a r a r e  exception (VIII), has l i t t le effect  on its biological act ivi ty.  This contradicts  the resu l t s  
obtained on modifying the prol ine res idue  (an a s sumed  s t ruc tu ra l  and functional equivalent of a valine r e s -  
idue) in the v a s o p r e s s i n  molecule  (IX, X) [10, 11]. 

Compound (II) was synthesized by the 2 +2 +4 scheme.  The hydrazide of t e r t -bu toxyca rbony l -g lycy l -  
ty ros ine  [13l was added by the azide method to the te t rapept ide  consist ing of the ni t robenzyl  e s t e r  o fv a ly l -  
his t idylprolylphenylalanine [1, 12]. The pro tec ted  hexapeptide - the p-n i t robenzyl  e s t e r  of t e r t -bu toxy-  
carbonyl -g lycyl tyrosy lva ly lh is t idy lpro ly lphenyla lan ine  - was obtained. After  the splitting off the t e r t - b u t -  
oxycarbonyl  group under the action of hydrogen chloride in acet ic  acid, benzy loxyca rbony l -aspa rag iny l -  
n i t roarg in ine  [14] was added by the d icyclohexylcarbodi imide method using N-hydroxysuecin imide  [151, 
which avoids r acemiza t ion .  The pro tec ted  octapeptide was hydrogenated to e l iminate  the protec t ive  groups.  
After  puri f icat ion on carboxymethylce l lu lose  in a concentrat ion gradient  of ammonium ace ta te ,  the f ree  
octapeptide (II) was obtained. The hydrogenat ion of the p-n i t robenzyl  e s t e r  of the hexapeptide l ikewise gave 
the f ree  hexapeptide (III). The p r e s s o r  act ivi ty of [1-asparagine ,  3-glycine,  5-val ine]angiotensin  I I o n n e p h -  
r e c t o m i z e d  r a t s  proved to be only 0.5% and that of the corresponding COOH-termina l  hexapeptide only 0.01% 
of the act ivi ty of [1-asparag ine ,  5-val ine]angiotensin II. 

The sha rp  fall in the p r e s s o r  act ivi ty of angiotensin with the r ep lacemen t  of the valine in posit ion 3 
by glycine shows the fundamental  impor tance  of the side chain of this amino acid in ensur ing a biological  
r e sponse  reac t ion .  It must  be obse rved  that the act ivi ty of the analog II is of the s ame  o rde r  of magnitude 
as the act ivi ty of the COOH-termina l  hexapeptide of angiotensin II [12l. Thus, the r ep l acemen t  of valine 
by glycine does not provide the possibi l i ty  of t r ansmi t t ing  the par t  of the information coded in the NH2-ter-  
minal  dipeptide A s p - A r g - .  In the interact ion of the hormone with the r ecep to r ,  the side chain of the valine 
may make its own contr ibution both direct ly  and by determining the spat ial  a r r a n g e m e n t  of the adjacent  
arginine res idue ,  the guanidine group of which is of fundamental  impor tance  in the determinat ion of the 
p r e s s o r  reac t ion  [2]. 

The r e su l t s  of a compar i son  of the biological  ac t iv i t ies  of the compounds l i s ted  in Table  I with m e a -  
su remen t s  p e r f o r m e d  on molecu la r  models  pe rmi t  the assumpt ion  that the side chain of the amino acid in 
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TABLE 1. Results of a Comparison of the P r e s s o r  Activities of 
Some Analogs of Angiotensin and Vasopressin Modified in Positions 
3 and 7, Respectively 

Com- Pressor Literature 
pound activity* data 
No. 

I 
11 
III 
IV 
V 

VI 
VII  

Viii 

IX 

Primary structure 

Asp--Ar g--Val___ ~Tyr--VaI--HIs--Pro--Phe 
Asn--Arg--Gly--Tyr--Val--His--Pro--Phe 

Gly~Tyr--VaI--Hts--Pro--Phe 
Asn--Arg--Pr_oo--Tyr--VaI--Hls-- Pro--Phe 
Asp--Arg--Pro--Tyr--lle--Hls--Pro--Phe 
Asp--Arg--Al__~a-- Tyr-- lie --His --Pro--Phe 
Asn--Arg-- Le_.~u--Tyr --VaI--Hls- Pro--Phe 

CH(CHa)s 
I 

Asp--Arg--NHNHCO--Tyr-- Val--Hls-- Pro--Phe 

Cys--Tyr- Phe--GIn--Asn--Cys--Ql_._Y-- Lys-- (ilyNH2 

I 'l 
X Cys--Tyr -- Phe-- (31n--Asn--Cys--Val...._--Lys-- (]IyNH~ 

100 
0,5 
0,01 

30 
40 
68 

100 

0,5 

0,15 

0,7 

[5]  

[12] 
{6] 
[7] 
[8] 

[91 

[10l 

[ill 

*The p r e s so r  activities of the angiotensin analogs are  expressed 
in percentages with respec t  to the corresponding [5-isoleucine]- 
or [5-valinelangiotensin II or its amide, The activities of the 
vasopress in  analogs (IX, X) are  given in IU/mg.  

position 3 serves  mainly for the spatial direction of the terminal amino-acid residues by limiting their  mo-  
bility. This can be observed both in solution ( intramolecular  interaction) and a l s o -  possibly to a still 
g rea te r  extent - during the interaction of the residue with the corresponding point of the receptor  (inter- 
molecular ,  probably hydrophobic, interactions).  Although proline and valine impart  approximately the same 
directions to the terminal  dipeptides of angiotensin and vasopress in ,  the replacement  of proline by valine 
in the la t ter  case (X) leads to a marked inactivation of the hormone. Here the s ter ic  correspondence of 
the vasopress in  molecule and the receptor  is more  strongly expressed [10, 11]. 

The pharmacological  investigation of the compounds obtained was per formed by Z. P .  Auna and the 
amino-acid analyses were per formed by R. F. Platnietse.  

E X P  E R I M  ENTA L 

The melting points were determined in open capil laries without correct ion,  and the angles of optical 
rotation were determined on a Pe rk in -E lmer  141 polar imeter  at 21°C. The solvent sys t ems  for descending 
paper chromatography were as follows: 1) 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 2) s ec -bu tano l -  
3% aqueous ammonia solution (3 : 1). "Slow" paper of the Volodarskii  Leningrad mill was used. Electro-  
phoresis  was per formed for 45 min at a potential difference of 20 V/cm on FN-16 paper;  the e lectropho-  
ret ic  mobilities were expressed as the rat ios of the distances travelled by the compound under investiga- 
tion and by histidine (EMs). The amino-acid  compositions of the three peptides af ter  their  hydrolysis  (6 N 
hydrochloric  acid, 24 h at 105°C) wei'e determined on a "Biocal BC-200" automatic amino-acid  analyzer .  

The analyses of all the compounds corresponded to the calculated figures.  

p-Nitrobenzyl Ester  of ter t -Butoxycarbonyl-glycyl tyrosylvalylhis t idylprolylphenylalanine (XI). At 
-20°C,  6 ml of a 3.3 N solution of hydrogen chloride in te t rahydrofuran and 0.7 ml (5 mmoles) of n-butyl 
nitrite were added to a solution of 1.8 g (5 mmoles) of the hydrazide of te r t -butoxycarbonyl-g lycyl tyros ine  
in 4.5 ml of dimethylformamide.  The mixture was s t i r red  at the same tempera ture  for 6 rain, and then 
20 ml of cooled ethyl acetate was added and the acid solution of azide so obtained was neutralized with t r i -  
ethylamine. Then a cooled solution of 3.1 g (5 mmoles) of the p-nitrobenzyl es te r  of valylhis t idylprolyl-  
phenylalanine in 25 ml of ethyl acetate was added. After  being kept at +4°C for 48 h, the mixture was washed 
successively with 1 N hydrochloric  acid, water ,  1 N sodium hydrogen carbonate solution, water  again, and 
a saturated solution of sodium chloride, and then it was dried with sodium sulfate and evaporated to d ry -  
ness .  After  t i trat ion with ether and drying over phosphorus pentoxide, the yield of protected hexapeptide 
C48H59NgO12 (XI) was 3.8 g (80%). For  analysis,  the substance was reprecipi ta ted f rom ethanol with ether.  
Mp 176-180°C (decomp.), softening at 147°C; [a]D -52 .2°  (c 0.5; methanol); Rf 0.94 (1), 0.96 (2); EHis 0.28 
(5 N acetic acid); spots revealed with Paul i ' s  reagent.  
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Dihydrochloride of the p-Ni t robenzyl  Es te r  of Glycyl tyrosylvalylhis t idylprolylphenyla lanine  (XII). A 
solution of 3.0 g (3.15 mmoles)  of the hexapeptide (XI) in 15 ml of a 1 N solution of hydrogen chloride in 
glacial  ace t ic  acid was kept at r oom t e m p e r a t u r e  for  1 h. After  the addition of 200 ml of e ther ,  the p r e -  
cipi tate that had deposi ted was kept at 0°C for  1 h, and it was then f i l te red  off and r ep rec ip i t a t ed  f r o m  eth-  
anol with acetone.  The yie ld  of the dihydrochloride C43Hs3NgO1QC12 (XII) was 2.0 g (7070), mp 168-1700C (de- 
comp.) ,  Rf  0.63 (1) (yellow colora t ion with ninhydrin). 

p -Ni t robenzyl  Es te r  of Benzy loxycarbonyl -asparag iny ln i t roa rg iny lg lycy l ty rosy iva ly ih i s t idy lp ro ly -  
phenylalanine (XIII). To a solution of 0.5 g (0.6 mmole)  of the dihydrochloride of the hexapeptide e s t e r  (XII) 
in 2 ml of d imethy l fo rmamide  were  added 0.17 mI (1.2 mmole) of t r i e thy lamine ,  0.14 g (1.2 mmole)  of N- 
hydroxysuccin imide  [16], 0.38 g (0.8 mmole)  of benzy loxycarbonyl -asparag iny ln i t roarg in ine ,  and at - 5 ° C ,  
0.13 g (0.5 mmole)  of d icyclohexylcarbodi imide dissolved in 2 ml of t e t rahydrofuran .  The reac t ion  mixture  
was kept at 0°C for  48 h, a f te r  which the d icyelohexylurea  that  had prec ip i ta ted  was f i l te red  off, and the 
prec ip i ta te  was washed with 2 ml of d imethy l fo rmamide .  The f i l t ra te  was t r ea t ed  with 50 ml of sa tu ra ted  
sodium cMoride solution and 10 ml of a 1 N solution of sodium hydrogen carbonate .  The prec ip i ta te  that 
f o rmed  was washed  with wate r ,  0.25 N hydrochlor ic  acid solution, and wa te r  again, and was dried over  phos-  
phorus  pentoxide. The yield of C61H74N16017 (XIII) was 0.6 g (76%). 

For  ana lys i s ,  the compound was r ep rec ip i t a t ed  twice f r o m  hot ethanol.  Mp 187~190°C (decomp.),  
softening at 150°C, [~]D - 4 4 . 1  ° (c 2; methanol) ,  Rf  0.94 (1), 0.96 (2), EHi s 0.25 (5 N acet ic  acid), the spots 
being r evea led  with Pau l i ' s  reagent  and the benzidine reagent  [17]. 

[1-Asparagine,  3-glycine,  5-val ine]angiotensin  II (II). The pro tec ted  octapeptide (XIII) (0.42 g) was 
dissolved in 25 ml of m e t h a n o l - a c e t i c  a c i d - w a t e r  (10 : 1 : 1) and was hydrogenated for  24 h in the p re sence  
of pal ladium black.  The end of the hydrogenat ion was de te rmined  by means  of an e l ee t ropho reg ram,  a f t e r  
which the ca ta lys t  was  f i l te red  off, the f i l t ra te  was evapora ted  in vacuum,  and the res idue  was t r i t u ra t ed  
with ethyl ace ta te .  The white powder obtained was dissolved in 5 ml of a 0.001 M solution of ammonium 
ace ta te  and pas sed  through a column (2x 30 cm) of carboxymethylce l lu lose  in the H + f o r m  in a concen t ra -  
tion gradient  of ammon ium aceta te  of f r o m  0.001 M in the mixing chamber  (300 ml) to 0.1 M in the r e s e r -  
vo i r  (300 mI,  pH 6.5). The ra te  of elution was 120 ml /h .  The fract ion that i ssued at a concentra t ion of the 
buffer  solution of about 0.05 M was col lected on the basis  of ),max 280 nm, and it was evapora ted  at 40°C 
to smal l  volume and lyophil ized.  Af ter  re lyophi l izat ion f r o m  acet ic  acid, the yie ld  of octapeptide with the 
composi t ion C46H64N14Oll .CH3COOH-5H20 (I.I) was  240 rag. Mp 175°C (decomp.),  softening at 160°C, [~]D 
- 4 0 . 0  ° (c 0.5; water ) ,  Rf  0.05 (1) and 0.76 (2), EHis 0.83 (1 N acet ic  acid), the spot being r evea led  with 
ninhydrin and the Pauli  and Sakaguchi r eagen t s .  

Amino-ac id  analys is :  arginine 1.02; a spa r t i c  acid 0.90; val ine 1.10; histidine 1.02; glycine 1.00; p ro -  
line 1.00; ty ros ine  0.99; phenylalanine 1.06. 

Glycyl tyrosylvaly lh ls t idylproly lphenyla lanine  (HI). The hexapeptide e the r  dihydrochloride (XII) (0.22 
g) was dissolved in 20 ml of m e t h a n o l - a c e t i c  a c i d - w a t e r  (10 : 1 : 1) and was hydrogenated for  12 h in the 
p r e sence  of pal ladium black.  The ca ta lys t  was f i l te red  off, the f i l t ra te  was evapora ted  to d ryness  in vac -  
uum, and the res idue  was t r i t u ra t ed  with ethyl ace ta te .  The resul t ing powder was dissolved in 4 ml of a 
0.001 M solution of ammon ium ace ta te  and was ch romatographed  through a column (2x 20 cm) of ca rboxy-  
methylce l lu lose  in the H + f o r m  in a concentra t ion gradient  of ammonium aceta te  of f r o m  0.001 M in the 
mixing chamber  (200 ml) to 0.1 M in the r e s e r v o i r  (200 ml,  pH 6.5). The ra t e  of elution was 120 ml /h .  
The f rac t ion  issuing at  a concentra t ion of the buffer  solution of about 0.02 M, was col lected on the bas i s  
of kmax 280 nm, and it was evapora ted  at 40°C to smal l  volume and lyophil ized.  Af te r  r e lyoph i l i za t ion f rom 
acet ic  acid,  the yield of the hexapeptide C36Ha6NsO8.4H20 (HI) was 90 rag. Mp 160°C (decomp.),  [~]D -42 .1°  
(c 0.5; 50% acet ic  acid), Rf  0.27 (1) and 0.93 (2), EHi s 0.69 (1 N acet ic  acid). 

Amino-ac id  analys is :  valine 0.96; histidine 1.00; glycine 1.03; proline 0.99; ty ros ine  0.98; phenyl-  
alanine 0.90. 

SUMMARY 

1. [1-Asparagine ,  3-glycine,  5-val ine]angiotensin  II has been synthes ized by the c lass ica l  methods 
of peptide chemis t ry  and its p r e s s o r  act ivi ty has been de termined.  

The main function of the amino acid in posi t ion 3 of the angiotensin molecule  is to ensure  the spat ial  
d i rect ion of the a r r a n g e m e n t  of the NIi2- terminal  dipeptide by s t e r i c  ( in t ramolecu la r )andhydrophobic  (in- 
t e rmo leeu l a r )  in terac t ions .  
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