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In plasma kinins [1], the amino acid sequence -arg inylpro ly lpro ly l -  is frequently found and takes a 
leading role in the formation of the secondary  signal at the level of the receptor  [2]. The actual tripeptide 
arginylprolylproline is also biologically active [3]. A necessa ry  prerequisi te  for the study of the fine mech-  
anism of the action of this f ragment  is the determination of its conformation. The spatial s t ruc ture  of 
peptides containing proline has been the subject  of voluminous experimental  [4] and theoret ical  [5] investi-  
gations in recent  yea r s .  Fur the rmore ,  the most  probable states of the side chain of arginine have been 
calculated [6, 7], but the interaction of these two amino acid residues has not been studied. It is known 
that proline bends a peptide chain and decreases  the conformational freedom of a preceding amino acid 
residue [8, 9]. 

The conformations of peptides depend strongly on the propert ies  of the surrounding medium, i.e., on 
the solvent [10]. F rom the biological point of view, the conformations of peptides not only in water but in 
nonpolar solvents represent ing lipid media are of interest .  To determine the possibil i ty of the formation 
of an in t ramolecular  hydrogen bond by IR spect roscopy in chloroform solution, we have studied di- and t r i -  
peptides containing nitroarginine and proline residues and also a nitroarginine derivative (Table 1). 

Compounds (I-VII) were synthesized by the mixed-anhydride method (see Experimental) .  The IR 
spec t ra  of compounds (I-V) (Fig. 1) each have an absorption band at above 3400 cm -I which may be a s -  
signed to the vibrations of a free NH group [11]. In addition to this, the compounds containing nitroguani-  
dine groups (I-lII, V) have absorption bands in the region of NH stretching vibrations below 3400 cm -i,  
which shows the presence  of a hydrogen bond in them. The results of a comparison of the spec t ra  of com-  
pounds (III) and (IV) show that of the two potential proton donors - the single amide group of the main 

TABLE 1. Assignment  of the Vibrational Frequencies of the NH 
and CO Groups in the IR Spectra of Compounds (I-V) in Chloro-  
form at a Concentration of 1 • 10 -2 M, Layer  Thickness 0.4 mm 

I 
I 

C o m - ,  
pound 

I 

[I 

llI 

VI 

V 

Formula 

Bac- A: g(NO:.) ProOBzl 
Boc A rg(NO:)ProNEte 
Boca rg (NO...) ProProOBzl 
Boc A! a ProProOBzl 
BocA,g(NO: NEtz 

NH, am "l 

free bound* a 

3400, 3430 i(3250--3350)! 1695 
3448 3316 i, 1691 

i 

[ 1706 3455 3352 
I 

3 ~22 - I : 7o8 
34.~0, 3 ~50 I, ~250-  3350)! ~ 690 

CO, cm "I 

b, e d 

1843 1742 

1635 - -  

1835 1742 

1646 1742 

1{i3,~ - -  

* The frequencies in parentheses correspond to the boundaries of 
the flat par t  of the spect ra l  curve  where there is appreciable ab- 
sorpt ion but no definite peak can be isolated. 
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F ig .  1.  IH abso rp t ion  s p e c t r a  
in the reg ion  of NH s t r e t c h i n g  
v ibra t ions  of  di lute so lu t ions  
of  compounds  (I-V) in c h l o r o -  
f o r m  at  a c o n c e n t r a t i o n  of 1 • 
10 -I M and a l a y e r  th ickness  
of  0.4 m m .  

TABLE 2. F r e q u e n c i e s  
of the NH (and NH 2) 
S t re tch ing  Vibra t ions  of 
Tr ipep t ide  (IID in C h l o r o -  
f o r m  at Va r ious  Dilutions 

C o r l c e n -  
t 

tration, %[ 

i. l() -1 
1.10 -2 . 
5.10_ a I 

v N ! I .  C l 2 q  - l  

free bound 

34.30 3:3-,0 
3455 3352 

3453 3;3-,0 

cha in  and the  n i t roguanid ine  g roup  - it is the l a t t e r  which f o r m s  the 
h y d r o g e n  bond.  Accord ing  to the l i t e r a t u r e  [12], n i t roguanid ine  gives  
an " i n t r a g r o u p "  hydrogen  bond, i .e . ,  one i n t r a m o l e c u l a r  within the 
n i t roguanid ine  g roup ;  ne ve r the l e s s  another  two hyd rogen  a toms  m a y  
f o r m  a hyd rogen  bond: 

o 

[t N-- N 
; /" \ 
N--C 0 -  

/ \ / 
/ , 

N- H 
I 
H 

The r e su l t s  of a c o m p a r i s o n  of the bands of  the s t r e t c h i n g  v i b r a -  
t ions of  bound NH groups  show that  the i r  i n t eg ra l  in tensi t ies  for  c o m -  
pounds (II) and (IH) a re  g r e a t e r  than for  compounds  (I) and (V). This 
can  be explained by the f o r m a t i o n  in compounds  (II) and (III) of  another  
hyd rogen  bond in addit ion to the i n t r ag roup  bond. When a solut ion of 
the t r ipept ide  (III) was diluted,  the band of the bound NH groups  did 
not  shi f t  in the d i r ec t ion  of h igher  f r equenc ies  (Table 2), which shows 
[13] the ex is tence  of an i n t r a m o l e c u l a r  hyd rogen  bond in (II) and (III). 

Since in compounds  (I) and (V) the re  is no such  bond, and in 
compounds  (II) and (III) t he re  is one, the p ro ton  a c c e p t o r  in compound  
(III) m a y  be e i t he r  of the ca rbony l  g roups  c o r  d. 

: ~ 0 ,, ',") / " , .  0 

: i i C-IN i (compound III. schematic) t- I3u-O--C--NI-I-CH C--N C--OBzl 
a b c d 

In an analys is  of the r eg ion  of  the s p e c t r a  c o r r e s p o n d i n g  to the 
s t r e t ch ing  v ibra t ions  of  c a r b o n y l  g roups ,  bands were  a s s igned  to the 
t - b u t o x y c a r b o n y l  g roup  (a ~ 1700 cm-1) ,  the amide  groups  (b, c ~ 
1640 era- i ) ,  and the e s t e r  g roup  (d ~ 1740 cm-1) .  The v ib ra t iona l  f r e -  
quencies  of the c a r b o n y l  g roup  d a re  cons tan t  in all the compounds  
s tudied .  Thus ,  the absence  of a shift  in the d i r ec t ion  of  lower  f r e -  
quencies  shows the absence  of the invo lvement  of this g roup  in a h y d r o -  
gen bond.  Conve r se ly ,  the v ib ra t iona l  f r equenc ies  of the c a r b o n y l  
g roups  b and c in the t r ipept ide  (III) and in the dipeptide (II) as c o m -  

p a r e d  with the c o r r e s p o n d i n g  f requenc ies  of compound  (IV) a re  sh i f ted  in the d i rec t ion  of lower  f requenc ies  
by 11 c m  -1. In a c o m p a r i s o n  of the r e s u l t s  obtained in an ana lys i s  of  the v ib ra t iona l  s p e c t r a  of the NIl and 
CO groups  it can  be seen  that  only c a r b o n y l  g roup  c can ac t  as p ro ton  a c c e p t e r  in compounds  (II) and (HI). 
In the UV s p e c t r a ,  ~ max of  compounds  (I) and (III) co inc ided  with ~ max of 271 nm for  n i t roa rg in ine  [14], 
which shows the s i m i l a r  e l ec t ron ic  env i ronme n t  of the n i t ro  g roup  in both peptides and n i t roa rg in ine .  

In view of the f o r m a t i o n  of an i n t r a m o l e c u l a r  hyd rogen  bond between the n i t roguanidine  g roup  and the 
c a r b o n y l  g roup  c, and on the bas is  of  l i t e r a tu r e  in format ion  on the c o n f o r m a t i o n a l  ana lys i s  of peptide f r a g -  
ments  [4-9], we have a t t empted  to mode l  the c o n f o r m a t i o n  of  the dipept ide uni t  n i t r oa rg iny lp ro l i ne  with 
s p a c e - f i l l i n g  a tomic  models  (Courtauld) .  Two values were  taken for  the t o r s i o n a l  angle* ¢ of a r g i n i n e -  
300 ± 15% c o r r e s p o n d i n g  to the fl con fo rma t ion ,  and 130 ± 15 ° c o r r e s p o n d i n g  to a r i gh t -handed  c~-helix. The 
angles  of the s ide  chain  of the a rg in ine  r e s idue  × 1-3 w e r e  va r i ed  in the mode ls ,  X 4 ( C6 - Ne ) was taken as 
180 ° [16], and x s ( N e - C  ~) as  0 o r  180% Since the CO-. .N angle of  the hydrogen  bond can be taken as about 
35 ° a c c o r d i n g  to ca l cu la t ion  [17], the cho ice  of  the values of × 4,5 is not  c r i t i c a l  be c a use  of the poss ib i l i t y  
of  a compensa t i n g  ro ta t ion  of the angles  X 1-3 of the s ide  chain .  In the pro l ine  r e s idue ,  both the t rans  and 
the cis  i s o m e r s  of the pept ide chain were  c o n s i d e r e d .  The angle ¢ of pro l ine  was used  in the t r a n s '  p o s i -  

* All  the values  of the t o r s i o n a l  angles used  in this pape r  a r e  denoted by the nome nc l a tu r e  of Edsa l l  et  a l .  
[15]. 
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tion (330 °, convoluted form) or the c is '  position (130 °, extended form).  With the selected values of the to r -  
sional angles in the dipeptide unit of ni troarginylproline an intramolecular  hydrogen bond can form between 
the nitroguanidine and carbonyl  groups c in the following cases :  1) with ~ of arginine 300 ° and the proline 
residue in the t r an s - t r an s '  state,  and 2) with ~b of arginine 300 ° or  130 ° and the proline residue in the c i s -  
c is '  s tate.  The f i rs t  case is more  likely: the proline residue is present  in a more  stable conformation 
[18]. Depending on the s ide-chain  angles × 1-3 selected,  the hydrogen bond can be formed both by the NH 
and by the NH 2 of the nitroguanidine group. But it is more  likely that an in t ramolecular  hydrogen bond is 
formed by the NH group, since it is not involved in an intragroup bond. Then the angles × 1-4 assume 
values of 150, 180, 180, and 180 ° , respect ively.  The values obtained are in agreement  with the results  of 
an x - r a y  s t ruc tura l  analysis of arginine salts [19], giving values of about 180 ° for the angles × 2,3. 

E X P E  R I M E  NTA L 

The work was per formed with amino acids of the L se r ies .  The melting points were determined in 
open capil laries without cor rec t ion  and the optical rotations on a Pe rk in -E lmer  141 spec t ropola r imeter  at 
20°C. The IR spec t ra  were measured  on a UR-20 instrument with NaC1 and LiF pr isms at a s l i t  width of 
4 cm -I using solutions in absolute chloroform.  The UV spec t ra  were recorded  in 95% ethanol on a Specord 
UV VIS instrument .  In the isolation of the protected peptides, their solutions in ethyl acetate were washed 
with 0.5 N hydrochloric  acid at 0°C, with water,  with 5% sodium hydrogen carbonate solution, and with water 
again at room tempera ture .  The purity of the peptides was checked by th in- layer  chromatography on 
Silufol plates in the c h l o r o f o r m - m e t h a n o l  (8:2) (1) and ethyl ace t a t e -hexane  (5:1) (2) sys t ems .  The 
analyses of all the compounds corresponded to the calculated f igures.  

Benzyl Es te r  of t -Butoxycarbonylni t roarginylprol ine (I). To a solution of 2.6 g (8.0 mmoles) of t-  
butoxycarbonylnitroarginine in 15 ml of dimethylformamide were added 1.1 ml (8.0 mmoles) of t r ie thyl-  
amine and, at -15°C, 1.0 ml (8.0 mmoles) of n-butyl chloroformate .  The mixture was s t i r r ed  at -5°C for 
20 min, and a suspension of 1.9 g (7.9 mmoles) of the hydrochloride of the benzyl es te r  of proline and 1.1 
ml (8.0 mmoles) of t r iethylamine in 10 ml of dimethylformamide was added. Then the mixture was s t i r r ed  
at -5°C for another 4 h, the precipitate of tr iethylamine hydrochloride 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, and evaporated to smal l  volume, and the dipeptide was precipitated with pet ro le-  
um ether.  After reprecipi ta t ion from ethyl a c e t a t e - p e t r o l e u m  ether and maintenance in a vacuum of 1 
mm (20°C), the yield of the dipeptide (I) was 2.8 g (70%), mp 79-84°C, [a]~ -53.5 ° (c 1.0; ethanol), R f  0.81 
(I), 0.23 (2), C23H34N607. 

t-Butoxyc arbonylni troarginylprol ine Hemi(ethyl acetate) Solvate (VII). Over 1 h with s t i r r ing  10 ml 
of a 1.0 N solution of sodium hydroxide was added to a solution of 5.1 g (10.1 mmoles) of the benzyl es te r  
(1) in 10 ml of methanol.  Then the mixture was s t i r r ed  at room tempera ture  for another 2 h, after which 
50 ml of ethyl acetate and 50 ml of water  were added. The aqueous layer  was washed twice more  with 
ethyl acetate and then it was acidified at 0°C with ci t r ic  acid (pH 3.0), 8.0 g of sodium chloride was added, 
and the oil that separa ted  out was extracted with ethyl acetate.  The ethyl acetate layer  was washed with 
water four t imes and was dried with sodium sulfate, and the solvent was evaporated off in vacuum. After 
two reprecipitat ions f rom ethyl acetate with petroleum ether,  the yield of the acid (VII) was 2.9 g (629), 
mp 105-115°C, [ a ] ~ - 3 9 . 0  ° (c 0.6; ethanol), R f  0.40 (1), C16H28NsOT: C4It802. 

Hydrochloride of the Benzyl Es te r  of Prolylprol ine (VI). To a solution of 10 g (25 mmoles) of the 
benzyl es te r  of t -butoxycarbonylprolylprol ine (oil) [20] in 20 ml of acetic acid was added 120 ml of a 1 N 
solution of hydrogen chloride in glacial  acetic acid. The mixture was kept at room temperature  for 1 h, 
and then the solvent was evaporated off in vacuum and the residue was t r i tura ted severa l  times with ether.  
After recrys ta l l iza t ion  from methanol with ether,  the yield of the hydrochloride (VI) was 7.0 g (83%), mp 
181-183°C, [ a ] ~ - 1 4 0  ° (c 0.7; ethanol), CITH22N203 • HC1. 

Benzyl Es te r  of t -Butoxycarbonylni t roarginylprolylprol ine (III). To a solution of 2.5 g (7.8 mmoles) 
of t -butoxycarbonylni troarginine in 15 ml of dimethylformamide were added 1.1 ml (7.8 mmoles) of t r i -  
ethylamine and, at -15°C, 1.0 ml (7.8 mmoles) of n-butyl ch loroformate .  The mixture was s t i r r ed  at 
-5°C for 20 min, and then 2.5 g (7.4 mmoles) of a suspension of the hydrochloride (VI) and 1.0 ml (7.4 
mmoles) of t r iethylamine in 10 ml of dimethylformamide was added. After this, the mixture was s t i r r ed  
at -5°C for another 4 h, the precipitate of tr iethylamine hydrochloride was fil tered off, and the solvent 
was evaporated off in vacuum (50°C). The residue was dissolved in ethyl acetate and the solution was 
washed, dried with sodium sulfate, evaporated to smal l  volume, and caused to crys ta l l ize  by the addition 
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of e the r .  The yield of the t r ipept ide (III) was 2.9 g (65%), mp 109-113°C. After  r ec rys ta l l i za t ion  f rom 
c h l o r o f o r m - c a r b o n  te t rach lor ide ,  mp 115-117OC, [a ]~-143 .6"  (c 0.5; ethanol), Rf  0.62 (1), C28H41NTO 8. 

Diethylamide of t -Butoxycarbonylni t roarginylprol ine  (II). To a solution of 0.46 g (1.0 mmole) of the 
acid (VID in 4 ml of t e t rahydrofuran  were  added 0.14 ml (1.0 mmole) of t r ie thylamine and, at -15°C, 0.13 
ml (1.0 mmole) of n-butyl  ch lo roformate .  The mixture  was s t i r r e d  at -5°C for  20 min, and then 0.12 ml 
(1.2 mmole) of diethylamine was added. After  a fu r ther  4 hours '  s t i r r ing  at -5°C, the precipi ta te  of t r i -  
ethylamine hydrochlor ide  was f i l te red  off, and the solvent  was evaporated in vacuum. The res idue was d is -  
solved in ethyl acetate ,  the solution was washed, dr ied with sodium sulfate,  and evaporated to smal l  volume, 
and pe t ro leum e ther  was added. The precipi ta te  that deposited was f i l tered off and was kept in a vacuum 
over  phosphorus pentoxide. The yield of the diethylamide (II) was 0.30 g (64%), decomp,  p. above 95"C, 
[cg]~-29.7 ° (c 1.0; ethanol), R f  0.73 (1), C20H37NTO 6. 

Benzyl E s t e r  of t -Butoxycarbonyla lanylpro ly lpro l ine  (IV). To a solution of 0.95 g (5.0 mmoles) of 
t -butoxycarbonylalanine in 6 ml of d imethylformamide were  added 0.69 ml (5.0 mmoles) of t r ie thylamine 
and, at -15°C, 0.64 ml (5.0 mmoles)  of n-butyl ch loroformate .  The mixture  was s t i r r e d  at -5°C for  20 
rain, and a solution of 1.7 g (5.0 mmoles)  of the hydrochlor ide  (VI) and 0.69 ml (5.0 mmoles) of t r ie thy l -  
amine in 3 ml  of d imethyl formamide  was added. The mixture  was s t i r r e d  for another 4 h at -5°C, the p r e -  
cipi tate of t r ie thylamine  hydrochlor ide  was f i l tered off, and the solvent  was evaporated in vacuum. The 
res idue  was dissolved in ethyl acetate ,  the solution was washed, dr ied with sodium sulfate,  and evaporated 
to smal l  volume, and the t r ipept ide was precipi ta ted  with pe t ro leum e ther .  After reprec ip i ta t ion  f rom di-  
ethyl e ther  with pe t ro leum ether ,  the yield of the t r ipept ide (IV) was 1.2 g (51%), decomp, p. above 100"C, 
Rf 0.78 (I), 0.21 (2), C25H35N306. 

Diethylamide of t-Butoxycarbonylnitroarginine (V). To a solution of 1.6 g (5 mmoles) of t-butoxy- 
carbonylnitroarginine in 7 ml of dimethylformamide were added 0.69 ml (5.0 mmoles) of triethylamine and, 
at -15°C, 0.64 ml (5.0 mmoles) of n-butyl chloroformate. The mixture was stirred at -5°C for 20 min and 
then 0.62 ml (6.0 mmoles) of diethylamine was added. Then the mixture was stirred for another 4 h at 
-5°C.  The prec ip i ta te  of t r ie thylamine  hydrochlor ide  was f i l tered off, and the solvent was evaporated ' in  
vacuum. The res idue  was dissolved in ethyl acetate and the solution was washed, dr ied  with sodium sulfate,  
evapora ted  to smal l  volume, and t rea ted  with pe t ro leum e ther .  The oil that deposited was reprec ip i ta ted  
f rom ethyl acetate  with pe t ro leum e ther .  The yield of amorphous substance (V) was 0.7 g (37~c), [o~]~ 
-24.1 ° (c 1.0; ethanol), Rf  0.31 (1), 0.21 (2), C~5H30N605 . 

S U M M A R Y  

A number  of protec ted  di-  and t r ipept ides containing ni t roarginine and proline res idues ,  and also 
some der iva t ives  of ni t roarginine,  have been synthesized and thei r  IR spec t ra  have been recorded  in dilute 
ch loroform solution. The resu l t s  of the IR spect roscopy have been in te rpre ted  in the sense of the f o r m a -  
tion of an in te rmolecu la r  hydrogen bond between the imino group of the side chain of ni t roarginine and the 
carbonyl group of the following proline res idue .  
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