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As the resul t  of an analysis  of the s t ruc tu res  and functions of angiotensin II (I) and [8-arginine]vaso-  
p ress  in (II) and their analogs,using certain concepts  of information theory, we have been able to show that 
the N- and C- te rmina l  t r ipeptides of these hormones  {I, 1-3 and H, 9-7) contain common s t ructura l  elements,  
and also to put forward a hypothesis according to which these f ragments  fu l f i l l s imi lar  functions in the pro-  
cess  of h o r m o n e - r e c e p t o r  interaction [1]: 

Asp--* Arg~ Val~'ryr ~ Val~ H I~ ~ Pro--, Phe (I)* 
1 2 3 8 

I - -  I 
H_,NGIy, Arg-,- Pro~Cys*- A~n ~ Gin ~ Phe ~ T~'r ~Cy~ (II) 

9 8 ! 

In favor  of this hypothesis is the relat ively high biological  activity of analogs of angiotensin the s t ruc-  
ture  of which in the N- terminal  section is s imi la r  to the s t ruc ture  of the C- te rmina l  f ragment  of [8-arginine] 
vasopress in  ([1-carbonylglycinamide,  5--valine]angiotensin II and [1-asparagine,  3-proline,  5-valine]angio- 
tensin II [2, 3]). 

F o r  a fur ther  investigation of the s t ruc tura l  s imi lar i ty  of angiotensin II and [8-arginine]vasopressin,  
interest  was presented by an analog of angiotensin II more  fully reflecting the s t ruc ture  of the cor respond-  
ing C- te rmina l  f ragment  of [ 8 - a r g i n i n e ] v a s o p r e s s i n -  for  example, with two modified amino acids at the 
N-end. As such a compound we selected [1-carbonylglycinamide,  2-D-arginine ,  5-valine]angiotensin II(XIII). 

In the fully extended peptide chains of the hormones  (I),(II), and their  analogs the arginine radical  has 
a different spatial a r rangement  due tothe opposi tedi rec t ions  of acylation in the skeleton of the chain, for 
example, in the terminal  f ragments  of [8-arginine]vasopress in  (III) and [1-carbonylglycinamide,  5-valine]-  
angiotensin II (IV): 

+ 
(CH=):~NHC(Nit:).. 

H:NGly~CO--C--NH~Pro~ R (III) 
A 
H 

H 

H.:NGIy,-CO-* NH -C-CO~'val--, R' (IV) 
A * 
(~H;)aNHC(NH:): 

I' I 
R=Cys+- Asn*- Gin ~ Phe,-Tyr +- Cys; R'=Tyr~Val~ His~ Pro-* Phe 

However, when the arginine side chain rota tes  around the CC~-C/3 bond the guanidine group may ac-  
quire ve ry  s imi la r  spatial values in the two cases  (Fig. 11. Consequently, the positive charge of the gua- 
nidine group occupies approximately one and the same segment  of space, although a difference remains  in 
the spatial direct ivi ty  of the potential hydrogen bonds on interaction with the "anionic center"  of the recep-  
tor,  for  example, with a carboxy group. This noneorrespondence ean be eliminated by replacing the 2 - a r -  
ginine residue in the analog (IV) by D-arginine.  

*The ar rows denote the direct ion of acylation. 
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TABLE 1 

t pressor Litera- Corn- . Compound ~ctivity, ture pound No. V/o , 

XII 

X'III 

XIV 

XV 

[1-(Ethyl ester of carbonyl- 
glycine), 2-D-arginine, 5- 
valine]angiotensin II 

[1-Carbonylglycinamide, 2-D- 
arginine; 5--v aline] angio- 
retain II 

[1-Asparagine, 2-D-arginine, 
5 -isoleucine ]angiote nsin II 

[1-Gl¥cine, 2-D-arginine, 5- 
iso16ucineJangiote nsin II 

1,5 

3,4 

3 

14 

14] 

[51 

* Relat ive  to [1-asparagine ,  5-val ine]angiotensin  II 
on intact ra t s .  

The scheme  of the synthes is  of [1-earbonylglycinamide,  2-D-arg in ine]angio tens in  (XIII), beginning with 
the heptapeptide (IX) did not d i f fer  f r o m  that for  the L-a rg in ine  analog [2]. The heptapeptide (IX) was ob- 
tained by acylat ing the hexapeptide (VI) with the pyr id ine -4 -ca rba ldehyde  oxime e s t e r  of n i t roarginine  (VII) 
with a subsequent split t ing out of the benzyloxycarbonyl  group with hydrogen b romide  in glacia l  acet ic  acid. 

Z, 

x 

EtO- Gly=C=O+H 

D-- Arg Val Tyr 

I NO: 
VII Z / PAO H 

EtOOly-,- CO. /NO~ 

EtOGly-.-CO [ 

I H~NGly~ CO [ 

Z-~ benzyloxycarbonyl NO.,= nitro 
PAO= pyridine-4-carbaldehyde oxime " 
ONB= p-nitrobcnzyl 

Val His Pro 

v, ] 
VIII I 

Ix I 
x, I 
x.]  
xl[I I 

Phe 

~ O N B  

ONB 

ONB 

ONB 

OH 

After  reduction and pur i f icat ion on carboxymethylce l lu lose ,  the compounds obtained - [1-(ethyl e s t e r  
of carbonylglycine) ,  2-D-arginine]angiotensin II (XII) and its amide  (Xffl) - were  tes ted for  p r e s s o r  act ivi ty 
(Table 1). 

The act ivi ty  of the amide  (XIII) was p rac t i ca l ly  identical  with that of [1 -asparag ine ,2 -D-a rg in ine ,  5- 
isoleucine]angiotensin II (XIV) but l e s s  than the act ivi ty of [1-glycine,  2 -D-arg in ine]angio tens in  II (XV). As 
in the case  of the [2-L-arg in ine]  analog, pas sage  f rom the e s t e r  (Nil) to the amide  (XIII) was accompanied  
by an inc rease  in biological  effect.  

The low act iv i t ies  of compounds (XII) and (XIII) a r e  apparen t ly  due to a lack of s t e r i c  co r respondence  
of the N - t e r m i n a l  dipeptides of the analngs and the cor responding  sect ion of the r e c e p t o r  sys tem.  If this 
is  the case,  it could be concluded that the N- and C - t e r m i n a l  f r agmen t s  of angiotensin and v a s o p r e s s i n  have 
only individual s t r uc tu r a l  e l emen t s  in common and not the whole spat ia l  e lec t ronic  s t ruc tu re  ensur ing 
the i r  in teract ion with r ecep to r s .  However ,  if the modif icat ion of the t e rmina l  f r agmen t  a lso  has the con- 
fo rmat ion  of the whole molecu le  and as  a resu l t  of this the conditions of Wrecognition" and complex f o r m a -  
tion with the r e c e p t o r  change, this conclusion may  prove  to be e r roneous .  In this respec t ,  it is in teres t ing 
to obse rve  that the R f  constants  of (IX) (XII), and (XIII) and the cor responding  analogs of angiotensin II  with 
L-a rg in ine  [2] a r e  different  (see Exper imenta l  section).  F o r  the fu r the r  invest igat ion of this question, i n t e r -  
est ing information can be obtained by de te rmin ing  and compar ing  the myot rop ic  ac t iv i t ies  of the t e r m i n a l  
f r agmen t s  of angiotensin,  vasopres s in ,  and the i r  analogs with D-arginine,  and a lso  by studying the optical  
ro t a to ry  d i spe r s ion  cu rves  of the compounds synthesized.  
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Fig.  1. Spatial  d i rec t ion  of the arg in ine  
side chain in the comple te ly  extended 
peptide chain be fo re  (a) and a f t e r  (b) r o t a -  
tion around the C c~- C fi bond in angiotensin 
(1), [8 -a rg in ine ]vasopress in  (2), and [2- 
D-argin ine]angio tens in  (2). 

The  pha rmaco log ica l  invest igat ion of  the compounds 
isola ted was p e r f o r m e d  by Z. P. Auna. 

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

The expe r imen t s  were  p e r f o r m e d  with amino ac ids  
of the L se r i e s ,  with the exception of glycine and D-arg i -  
nine. The mel t ing  points we re  de te rmined  in open capi l -  
l a r i e s  without cor rec t ion ,  and the angles of optical  rota t ion 
were  de te rmined  on a P e r k i n - E l m e r  141 s p e e t r o p o l a r i m -  
e t e r  at 20°C. The pept ides  obtained were  cha r ac t e r i z ed  by 
ascending ch romatography  (Fi l t rak  FN-15) in s y s t e m s  1) 
b u t a n - l - o l - - a e e t i e  ac id - -wa te r  (5 : 1 : 2) and 2) s e e - b u t a n o l -  
3% aqueous ammon ia  (8 : 3), and a lso  by pape r  e l e c t r o p h o r e -  
s is  (Fi l t rak FN-16, 20 V/cm,  30 min, 1 N ace t ic  acid). In 
o r d e r  to compare  the R f  values  of compounds (IX), 0iII), 
and (XI/I) and the cor responding  2 - L - a r g i n i n e  analogs,  
ch romatography  was p e r f o r m e d  under  the s ame  conditions 
with the deposit ion of 10 pg  of subs tance  at each point. 

The C, H, and N ana lyses  cor responded  to the ca l -  
culated f igures .  

p -Ni t robenzy l  E s t e r  of Benzy loxyearbonyln i t ro -D-arg iny lva ly l ty rosy lva ly lh i s t idy lp ro ly lpheny la lan ine  
(VIII). To a solution of 1.36 g (3.84 mmoles )  of benzy loxyca rbony ln i t ro -D-a rg in ine  [6] in 10 ml  of t e t r ahy-  
d ro fu ran  were  added 0.52 g (4.22 mmoles )  of py r id ine -4 -ca rba ldehyde  oxime and, a t - 5 ° C ,  a solution of 
0.79 g (3.84 mmoles )  of d icyc lohexylcarbodi imide  in 5 ml  of t e t r ahydro fu ran  [7]. The solution was left  at 
- 5 ° C  for  6 h, the d icyc lohexylurea  that had deposi ted was  f i l te red  off, and the ac t ivated e s t e r  (VII) was p r e -  
cipi tated with pe t ro l eum ether .  The product  obtained, a f t e r  b r i e f  drying in a i r ,  was dissolved in 3 ml  of 
t e t r ahydro fu ran  and this solutin was t r ea ted  with a solution of 2.3 g (2.56 mmoles )  of the p -n i t robenzy l  e s -  
t e r  of va ly l ty rosy lva ly lh is t idy lpro ly lphenyla lan ine  [8, 9] in 5 ml  of d ime thy l fo rmamide  and with 0.15 ml  of 
ace t ic  acid [10] and was left  at r o o m t e m p e r a t u r e  fo r48  h. Then e the r  was added and the resul t ing p rec ip i -  
ta te  was f i l te red  off and was  t r i tu ra ted  with a 5% solution of sodium bicarbonate ,  with water ,  with a 0.5 N 
solution of hydrochlor ic  acid, with water ,  again with 5% sodium b ica rbona te  solution, and with wa te r  and 
was  dr ied in vacuum o v e r  phosphorus  pentoxide. The yield of the heptapeptide (VIII) was 2.3 g (74%), mp 
165-170°C, [(~]i~°-27.4 ° (c 0.4; dimethylformamide), Rf 0.96 (2). Composition (%): C 58.89; H 6.17; N15.85. 

Cs0H~4NI4OIs. 

p-Nitrobenzyl Ester of Nitro-D-arginylvalyltyrosylvalylhistidylprolylphenylalanine (IX). A solution 
of 1.7 g (1.40 mmoles) of the heptapeptide (VI~) in 5 ml of acetic acid was treated with 20 ml of a 20% solu- 
tion of hydrogen bromide in glacial acetic acid and the mixture was kept at room temperature for 2 h. Then 
0.5 liter of ether was added and the oil that separated out was dissolved in a small amount of water, rapidly 
separated from the ethereal layer, and washed several times with ether, and at 0°C the pH was brought to 
9.0 with a saturated solution of potassium carbonate. The precipitate that deposited was filtered off, washed 
with water, and dried in vacuum over phosphorus pentoxide. The yield of the heptapeptide ester (IX) was 
1.25 g (80%), decomp, p. above 190°C, [~]fi-40.0 ° (c 0.6; dimethylformamide), Rf 0.69 (1)* (ninhydrin, Pauly, 

positive spot). Composition (%): C 56.58; H 6.34; N 17.55. C52H68NI4OI3. 

p-Nitrobenzyl Ester of [1-(Ethyl Ester of Carbonylglycine), 2-Nitro-D-arginine, 5-Valine]angiotensin 
II (XI). A solution of 1.1 g (1.0 re.mole) of the heptapept ide e s t e r  (IX) in 3 m l  of d ime thy l fo rmamide  was 
t r ea t ed  with 0.14 ml  (1.1 mmole)  of the ethyl e s t e r  of carbonylglycine  (X) [11], and the mix tu re  was left  at 
r o o m  t e m p e r a t u r e  fo r  24 h. On the following day, it was  poured into 50 ml  of a 10% solution of sod iumchlo -  
r ide  acidif ied with hydrochlor ic  acid to pH 3.0. The oil that s epa ra t ed  out was  t r i t u ra t ed  with wa t e r  until 
it fo rmed  a solid, which was f i l t e red  off, washed with water ,  and dr ied  over  phosphorus  pentoxide. The 
yie ld  of the cc tapept ide  (XI) was  0.8 g (65%), mp 191-193°C (decomp.), [c~]~--32.6 ° (C 0.5; ace t ic  acid), R f  
0.94 (1), 0.97 (2). Composition (%): C 55.57; H 6.16; N 16.78. Cs~H~sNisOI6. 

[1-(Ethyl Ester of Carbonylglyeine), 2-D-arginine, 5-valine]angiotensin II (XII). A solution of 0.5 g 
(0.41 re_mole) of the octapeptide (XI) was hydrogenated in 30 ml of methanol-acetic acid--water.(10 : 1 : 1) 
in the presence of palladium black for 30 h. After the catalyst had been filtered off, the filtrate was evap- 

* For the p-nitrobenzyl ester of the [2-nitro-L-arginine]heptapeptide, Rf 0.76 (1) [2]. 
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orated to d ryness  and was kept in vacuum over  po tass ium hydroxide.  The res idue  was dissolved in 10 ml  
of d i m e t h y l f o r m a m i d e - w a t e r  (1:1) and deposi ted on a column of carboxymethylce l lu lose  (3 x40 cm) in the 
H + form.  Elution was pe r fo rmed  with 50 ml  of the same  solution and then with  aqueous ammonium aceta te  
with a l inear ly  increas ing  concentra t ion gradient  f r o m  0 to 0.25 M (500 ml  of w a t e r + 5 0 0  ml  of 0.25 M solu-  
tion, pH 6.5). The f rac t ion  eluted by an approx imate ly  0.17 M solution of ammonium ace ta te  was evapora ted  
to dryness ,  and the ammonium ace ta te  was dr iven off in vacuum at  40°C/2 r am.  The yield of the e s t e r  (XII) 
in the f o r m  of the t e t r ahydra te  of the ace ta te  was 0.2 g (41%), decomp,  p. above 200°C, [ (~]~-25 .0  ° (c 0.4; 
50% acet ic  acid), R f  0.63 (1), 0.42 (2),* EArg 0.61 (1 N acet ic  acid, Pauly, Sakaguchi, posi t ive  spot). Com- 
posi t ion (%): C 53.33; H 6.84; N 15.25. C52H75N13014"4H20. 

[1-Carbonylglycinamide,  2-D-argin ine ,  5-val ine]angiotensin II (XIII). A solution of 100 mg  (0.085 
mmole)  of the e s t e r  (XII) in 10 m l  of methanol  sa tura ted  with ammonia  at 0°C was left at room t e m p e r a t u r e  
fo r  72 h and was then evaporated to d r y n e s s  and the res idue  was t r i tu ra ted  with ether .  The ye l low-brown 
powder  was dissolved in 2 ml  of wa te r  and purif ied on a column of ca rboxymethylce l lu lose  in a s i m i l a r  man-  
ner  to the e s t e r  (XII). The f rac t ion  issuing at a concentrat ion of ammonium ace ta te  of about 0.22 M was 
evaporated,  and the ammonium ace ta te  was dr iven off at 40°C/2 m m .  The yield of the amide  (XIII) in the 
f o r m  of the pentahydrate  of the ace ta te  was 70 mg (71%), decomp, p. above 240°C, [0z]}~-36.6 ° (c 0.4; 50% 
acet ic  acid), R f  0.21 (1); 0.19 (2), t  EArg 0.62 (Pauly, Sakaguchi, posi t ive  spot). Composit ion (%): C 51.54; 
H 6.66; N 16.59. CsoH72NI4013.5H20. 

SU MMA R Y  

[1- (Ethyl e s t e r  of carbonylglycine),  2 -D-arg in ine ,  5-val ine]angiotensin  II and [1-carbonylglycinamide,  
2-D-argin ine ,  5-val ine]angiotensin  II have been synthesized and the i r  p r e s s o r  ac t iv i t ies  have been d e t e r -  
mined.  

1. 

2. 
3. 

4. E° 
5. C. 
6. H. 
7. P. 
8. A. 
9. C. 

10. J. 
11. S. 

L I T E R A T U R E  C I T E D  

G. I. Chipens, R. t~. Vegner,  Ya. P. IAelais, O. S. Papsuevich,  and P.  Ya. Romanovski i ,  Izv.  Akad. 
Nauk Latv.  SSR, Set .  Khim.,  629 (1969). 
R. l~. Vegner,  G. I. Chipens, and Z. P. Auna, Khim. Pr i rodn .  Soedin., 92 (1972). 
A. P. Pavar ,  P. Ya. Romanovski i ,  R. ]~. Vegner,  G. I. Chipens, G. A. Inikhova, Yu. I. Indulen, Z. P. 
Auna, and V. E. Klusha, in: The Chemis t ry  and Biology of the Pept ides  [in Russian],  Riga (1971), 
p. 48. 

Havinga, C. Schat tenkerk,  G. H. Visse r ,  and K. E. T. Kerling,  Rec. T ray .  Chim., 8.._33, 672 (1964). 
Schat tenkerk  and E. Havinga, Rec.  T rav .  Chim., 84, 653 (1965). 
Gibian and E. SchrSder,  Ann., .642, 145 (1961). 
Ya. Romanovski i  and V. E. Muizhnieks, Zh. Obshch. Khim., 4_1, 2110 (1971). 
P. P a v a r  and G. I. Chipens, Zh. Obshch. Khim., 4._ l ,  467 (1971). 
Schat tenkerk,  G. H. Vi s se r ,  K. E. T. Kerling,  and E. Havinga, Rec. T ray .  Chim., 833, 677 (1964). 
H. Jones  and G. T. Young, J.  Chem. Soc., C, 53 (1968). 
Goldschrnidt and M. Wick, Ann., 575., 217 (1962). 

* F o r  the [2-L-arg in ine]  e s t e r  R f  0.65 (1), 0.48 (2) [2]. 
~" F o r  the [2-L--arginine] amide,  R f  0.20 (1), 0.17 (2) [2]. 

484 


