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Macrocycl ic  compounds capable of complexing a lka l i -meta l  ions and thereby inducing the cationic pe r -  
meabi l i ty  of var ious  membrane  sys t ems  (so-called ionophors) have recent ly  been widely used in biochemi-  
cal investigations (see [1] and the r e f e r ences  which it gives). A charac te r i s t i c  fea ture  of the major i ty  of 
the compounds of this type studied (valinomycin, the enniatins, the nactins, etc.) is the high K/Na select ivi ty 
of complex format ion and of induced ionic flows, amounting to 10,000 : 1 in valinomycin [1, 2, 6]. Since the 
possibi l i ty of inducing the t ranspor t  of sodium ions through biological  membranes  is of considerable  inter-  
est, a task which has now become urgent  is the search  for  membrane -ac t i ve  compounds with sodium se lec-  
tivity. In this connection, attention is a t t rac ted  by the cyclic decapeptide antamanide (I) (Fig. 1), which com- 
plexes sodium ions in organic  solvents considerably m o r e  effectively than potassium ions (stability con- 
stants of the complexes in ethanol 2500 and 200 l i t e r s /mole ,  respect ively)  [3]. 

In o r d e r  to study the reasons  for  the sodium specifici ty of the complex formation of antamanide and 
to find membrane -ac t ive  complexes  based on it, we have investigated the conformation of antamanide and 
its Na complex with the aid of a wide var ie ty  of physicochemical  methods.  A spatial  s t ruc tu re  of the Na 
complex which satisfied all known exper imenta l  resu l t s  has been given in a previous  paper  [4]. The s t ruc-  
ture  found served  as a bas is  for  an analysis  of the relat ionship between s t ruc ture  and complex-forming 
p rope r t i e s  in the antamanide s e r i e s  [5]. 

The present  paper  gives the resu l t s  of a study of the conformational  s tates  of f r ee  antamanide in va r i -  
ous solvents (for a p re l imina ry  communication, see [5]). Together  with antamanide we studied perhydro-  
antamanide (II), in which the phenyl chromophor ic  groups have been replaced by cyclohexyl groups [7] and 
[Val e, AlaS]antamanide (lid [8], the symmet r i c a l  p r i m a r y  s t ruc ture  of which substantially faci l i ta tes  the 
in terpreta t ion of spec t ra l  resul ts .*  

S p e c t r a l  C h a r a c t e r i s t i c s  

A..= Ci rcu la r  Dichroism (CD) Curves .  On considering the CD curves  of antamanide (Fig. 2), it can be 
seen that on passing f rom a nonpolar medium [heptane-dioxane  (5: 2)] to more  polar  media, par t icu lar ly  
those containing hydroxy groups,  the intensi t ies  and posi t ions of the Cotton effects  change, and in some. 
cases  (curve 6 and, apparently,  5) the sign undergoes  r e v e r s a l  and the number  of Cotton effects  changes. 
Such considerable  changes in the CD curves  cannot be explained by changes in the e lec t ronic  s t ruc tu res  of 
the amide and phenyl chromophor ic  groups on solvation; in our opinion, they a re  connected with conforma-  
tional r ea r r angemen t s  of the antamanide with the change in the solvent.  The CD curves  of the analog (III) 

* laerhydroantamanide (II) is cha rac te r i zed  by a somewhat higher solubility in organic solvents than (I) and 
0II), which leads to the appearance  of membrane  activity [5, 7]. [Val e, AlaS]antamanide (III) pos se s se s  a 
substantially higher tendency to complex format ion with Na + and K + than antamanide (stability constants of 
the complexes in ethanol 25,000 and 1000 l i t e r s /mo le ,  respect ively)  [5, 8]. 
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Fig. 1. S t ruc ture  of antamanide  (I), 
pe rhydroan tamanide  (II), and [Val 6, 
Alag]antamanide (HI). 

(Fig.  3) a re  ex t r eme ly  close to the cor responding  curves  of (I), 
which shows the s imi l a r i ty  of the predominat ing  conformat ions  
of the two cyclodecapept ides .  In addition, a compar i son  of curves  
1, 3, and 5 (see F igs .  2 and 3) leads to the conclusion that  in an-  
tamanide  the t rans i t ion  f r o m  "nonpolar"  fo rms  to "polar"  fo rms  
takes  place  at lower  concentrat ions of ethanol than in (HI). The 
observed  d i f ferences  in the CD curves  (for example ,  the de -  
c reased  intensi ty of the Cotton effect  in (HI) in the 270-250 nm 
region) a re  frequently connected also with a lower number  of 
a roma t i c  chromophor ic  groups.  

Previous ly ,  on considering the ORD curves  of antamanide,  
we came to the conclusion that s eve ra l  f o r m s  par t i c ipa te  in the 
conformat ional  equi l ibr ium [4]. In view of the exis tence of an 
i sosbes t ic  point, it was  a s sumed  that two main  fo rms  take pa r t  
in this equil ibrium. However,  on the CD curves  of compounds (I- 
HI) the nonmonotonic nature of the change in the curves  in the 
shor t -wave  region (below 212 nm) with an increase  in the concen- 
t ra t ion  of ethanol in heptane can be seen  (curves 1, 3, and 5 in 
Figs.  2-4), which shows the exis tence  of a l a r g e r  number  of con- 
f o r m e r s .  The mos t  c lea r ly  shown fea ture  can be found on the CD 
curves  of perhydroan tamanide  (II), which has a considerably s i m -  
p le r  f o r m  than that of compounds (I) and (IH) because  of the ab-  
sence of phenyl chromophor ic  groups  and the ch i ra l -op t ica l  effects  
connected with them. F o r  example,  the pa s sage  f r o m  a mix tu r e  
of heptane and dioxane (5: 2) to a mix tu re  of heptane and ethanol 
(9: 1) is  accompanied  by a change in the sign of the CD curve  in 
the 200-212-am region, and with a fu r the r  increase  in the polar i ty  
of the med ium (passage to 96% ethanol or a 1 : 1 mix ture  of ethanol 
in water)  the sign of the CD curves  r e tu rns  to what it was  before  
(negative) (Fig. 4). Never the less ,  if information for  nonpolar  m e -  
dia (curves 1 in Figs .  2-4) is d i s regarded ,  the CD curves  of com- 
pounds (I-HI), like the ORD curves  of antamanide (I) ,have i so sbes -  
tic points at 206-215 nm. 

Thus, if it is a s sumed  that in nonpolar media  there  is one 
p r e f e r r e d  conformat ion of compounds (I-HI), the nature  of ~he 
change of their  CD cu rves  with a change in the solvent  is in h a r -  
mony with th ree  main  f o r m s  par t ic ipat ing in the conformat ional  
equi l ibr ium. We have called them A, B, and C. Curves  1 in Figs.  

2-4  cor respond  to f o r m A ,  which exis ts  in nonpolar  media;  the addition of smal l  amounts (10-20%) of ethanol 
(curves  2) d isplaces  the equi l ibr ium in the d i rec t ion of f o r m  B, which, with a fu r the r  i nc r ea se  in the ethanol and 
then in the wa te r  content,  gradual ly  changes into f o r m  C (curves 4 and 5). The hypothesis  put forward  was con-  
f i rmed  in the cour se  of a fu r the r  invest igat ion of compounds (I-III) by IR and NlVIR spec t ros  copy. 

B___= IR and NMR Spect ra .  As can be seen  f r o m  Fig. 5, the IR spec t r a  of compounds (I-III) in dilute 
solutions of CHC13 a re  ex t r eme ly  s imi l a r .  The absence  in the amide  A region of bands at 3400-3500 cm -1 
shows the par t ic ipa t ion  of all  six NI-I g roups  in in t r amolecu la r  hydrogen bonds ( intra-HBs).  The c h a r a c t e r -  
is t ics  of the NMR spec t r a  of compounds (I-IH) a r e  shown in Figs.  6-11 and in Tables  1 and 2. In an analy-  
s is  of the spec t r a  of ch loroform solutions (Figs. 6-8), no additional s ignals  that could show a trans~_~ cis 
i somer iza t ion  of the t e r t i a ry  amide  groups  werefound.  In the spec t rum of antamanide  (CDCI3, 30°C, Fig. 6) 
in the region of the s ignals  f r o m  the amide NH groups  that is m o s t  impor tant  for  conformat ional  invest iga-  
t ions (6-9 ppm), only three  s ignals  out of six were  seen; the o thers  a r e  concealed beneath the signals  of the 
protons  of the phenyl groups  and of the solvent (CHC13 as an impur i ty  in the CDCls). On pass ing  to pe rhydro -  
antamanide  (II), this  region becomes  substant ia l ly  s imp le r  in view of the absence  of a roma t i c  protons  (see 
Fig. 7). In this case  it is poss ib le  to see  all  s ix NI-I s ignals  which, as  in the sodium complex of antamanide 
[4], a r e  grouped by the values  of the chemical  shif ts  and the i r  t e m p e r a t u r e  dependences and the s p i n - s p i n  
coupling constants  of the pro tons  in the N H - C H  f r a g m e n t s  into three  pa i r s  (see Table 2), thereby showing 
the conformat ional  s imi la r i ty  of the "d iamet r i ca l ly"  opposi te  amino acid r e s idues  (see Fig. 1). The a s s ign -  
ment  of the s ignals  of Cha 6 and Cha 9 shown in Table  1 was made  on this bas i s .  In a g r e e m e n t  with the p r i -  

354 



t 

Fig. 2. CD curves  of antamanide (I) in: 1) hep tane -d ioxane  
(5:2); 2) acetonitr i le ;  3) hep tane -e thano l  (9: 1); 4) t r i f luoro-  
ethanol; 5) ethanol; 6) w a t e r - e t h a n o l  (3 : 1); 7) ethanol+ NaCI. 
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Fig. 3. CD curves  of [Val 6, Ala~]antamanide (HI): 1) 
hep tane -d ioxane  (1:1); 2) acetonitr i le ;  3) hep t ane -  
ethanol (4:1); 4) tr if luoroethanol;  5) ethanol; 6) w a t e r -  
ethanol (2: 1); 7) ethanol+KC1; 8) ethanol+NaC1. 

m a r y  s t ruc ture ,  there  is a s econd-o rde r  axis of rotat ion in [Val 6, Alag]antamanide (III), as follows f rom its 
NMR spect rum,  which changes only slightly on cooling to -35°C and contains the signals f rom five pa i rs  of 
s t ruc tura l ly  equivalent amino acid res idues  (see Fig. 8). On the whole, by comparing the values of 5, A(~/ 
AT, and 3JNH_CH for  ch loroform solutions (see Table 2) it may be concluded that the conformational  char -  
a c t e r i s t i c s  of compounds (I-HI) in this solvent a re  monotypical ,  which ag rees  completely with the fea tu res  
of the c i r cu la r  d ichroism and IR spec t ra  given above. 

Fo r  fu r the r  study, we chose [Val 6, Alag]antamanide (HI), since it had s imple r  NMR spec t ra  than com- 
pounds (I) and (II). Like the CD curves,  the N'MR spec t ra  of compound (III) changed markedly on the addi- 
tion of hydroxyl-containing solvents.  Fo r  example, in the p r e sence  of 3 vol.% of CH3OH the NI-I 1'6 and NI-I 4,8 
signals shifted upfield by 0.34 and 0.05 ppm, respect ively ,  and the signals f rom NH 5,1° underwent a para -  
magnetic shift by 0.16 ppm (see Fig. 9 and Table 2). A fur ther  inc rease  in the concentrat ion of CH3OH led 
to a change in the d i rec t ion of the shifts of the NH signals. The position of the ex t r emum at ~ 4 vol. % of 
CH3OH ag ree s  with the CD resul t s .  The 3JNI_I_CH constants changed simultaneously with the chemical  
shifts; such behavior  of the NH signals on passing f rom a nonpolar to a polar  medium has also been ob- 
se rved  and been studied in detail  for  the cycledecadepsipept ide valinomycin (see Fig. 4 [11] and F i g  9). It 
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F ig .  4. CD c u r v e s  of pe rhyd roan t amanLde  (II): 
1) h e p t a n e - d i o x a n e  (5 : 2); 2) ace ton i t r i l e ;  3) 
h e p t a n e - e t h a n o l  (9 : 1); 4) ethanol;  5) w a t e r -  
e thanol  (1 : 1); 6) e thano l+  NaC1. 
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Fig.  5. IR s p e c t r a  of a n t a m a n i d e  (I) and i ts  ana logs  (II) and (III): 1) 
a n t a m a n i d e  (I); 2) p e r h y d r o a n t a m a n i d e  (I-I); 3) [Val 8, Alag]an tamanide  
(m).  
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Fig .  6. NMR s p e c t r u m  of a n t a m a n i d e  (I) in c h l o r o -  
f o r m .  
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Fig. 7. NMR spect rum of perhydroantamanide (iI) in chloro-  
fo rm at 50°C. The symbols  denote the bound protons.  The 
ass ignment  of the signals is shown above the spectrum.  

TABLE 1. Chemical  Shifts (ppm) of the NMR Signals of the CH Groups 
of Compounds (I-III) in CDCI 3 

Residue Antamanide Perhydroantamanide, [Val s,AlagjAntaman- 
Fragment [28], 58"(2 50"(= ide, 30~C 

C(CH3)~ 
CHa 
CH4~, 3) 
C ~ H 

C a H 

C6H~/C~Hu 

Val* 
lAla* 
Pro 
Val 
Val 
Ala 
Pro 
Phe/Cha "I 
Phe/Cha 

1,01(7Hz), 1,08(7Hz} 
l, 16 (7 Hz) 

1,78 1,83 2,12 
2,05 
4,49 
4,35 

3,85 3,95 4,09 
4,11 4,64 4,67 

7,1--7,4 

1,00 (7,0 Hz) 1,07 (7,0Hz) 
I. 46 (7,4 Hz) 
1,5--2,6 

2,06 
4.37 
4,37 

3.5--4,1 
3,90 3,83 4,65 4,40 

1 , 3 - - 2 , 0  

0,94 (6,8 Hz) 0,87 (6,8Hz) 
1,42 (7.3Hz) 
1,5--2,6 

2,13 
4,38 
4,51 

3,0--4,1 
3,82 

7,1--7,3 

* The s p i n - s p i n  coupling constants are  given in parentheses .  
t The values of the chemical  shifts of the CC~H groups a re  shown 
in o rde r  of increasing chemical  shifts of the neighboring NH protons 
corresponding to them (see Table 2). 

may  be assumed that the changes observed in the spec t ra  of compounds (I-m) are,  as  in the case of valino- 
myein, connected with a conformational  r ea r r angemen t  of the molecule and consequent cleavage of the intra-  
HBs. 

To determine the part icipat ion of the NH groups in intra-HBs, the tempera ture  gradients  of the chem- 
ical shifts of the NH groups and the ra tes  of deuterium exchange, NH-*ND,were measured  (see Table 2). 
The resul t s  obtained permi t  a differentiation of the intra-HBs in CDC13 according to their  strength. In pe r -  
hydroantamanide (II) the s t rongest  bonds are  formed by the NH groups of the valine residue and one of the 
cyclohexylalanine res idues  ( A 6 / A T  = 1 • 10 -3 ppm/deg).  NH groups of the other  two Cha res idues  with AS/  
AT = 5.7 and 4.2 ppm/deg give less  strong intra-HBs.  We propose the following explanation of the negative 
tempera ture  gradients  observed for  compounds (II) and (IH) in CDC13 (see Table 2). In the energetical ly 
favorable conformational  state of the molecule  of the cyclopeptide, the Nit groups to which the negative g r a -  
dients correspond part ic ipate  in weak intra-HBs.  These intra-HBs are  due, in the f i r s t  place, to the fact  
that in the predominat ing conformation,  stabilized in this case by nonvalent interactions of the atoms, the 
corresponding NH and C =O groups are  located close to one another. With a r i se  in the temperature ,  this 
conformation becomes  less  rigid, and the weak intra-HBs break.  As a result ,  the corresponding NIt groups 
acquire  the capacity for  entering into in termolecular  associat ion on interacting with the carbonyl  groups of 
other molecules  of the same compound. Since the intermolecular  bonds must  be s t ronger  than the weak 
in t ra-HBs,  a downfield shift of the signal with a r i se  in the t empera tu re  (negative t empera tu re  gradient) 
takes place. With a fur ther  r i se  in the tempera ture  it is to be expected that the NIt shift will reach  an ex- 
t r emum and then the signal will shift upfield because of the rupture  of the in termolecular  H bonds. Appar-  
ently, under the conditions of our experiments  the tempera ture  corresponding to the ext remum was not 
reached.  Thus, we assume that the NH 4 and NIt 9 groups  of compounds (II) and (HI) form the weakest  intra- 
HBs of the six present  in fo rm A. Their  cleavage is apparently connected with the p resence  in the IR spec-  
t ra  of weak bands of f ree  NH groups appearing in the fo rm of inflections on the high-frequency side of the 
main amide A bands (see Fig. 5). The grea tes t  intensity of these bands (at 3413 cm -1) is observed in pe r -  
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Fig. 8. NMR spec t ra  of [Val 6, AlaS]antRmnnide (IID tn chloroform: a) 
200-MHz spec t rum at 20°C; b) 100-MHz spec t rum at 30°C (the signals 
obtained by the INDOR method, by means  of which the assignment  of the 
signal shown by the symbols was per formed ,  a re  showa above the spec-  
t rum) .  
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Fig. 9. Dependence of the chemical  shifts of the NH protons  
and the SJNI.I_CH constants in the spec t rum of [Val e, AlaS] - 
antamanide 011) on the composit ion of the CDCls--CHsOH mix-  
tures .  
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Fig.  10. Changes in the NMR spec t rum of [Val 6, AlaS] - 
antamanide  (iII) on the addi t ionof  (CD3)2SO to CDCI~ at 30°C: 
a) CDC13; b) 5.7% of (CD3)2SO; c) 9.1% of (CD3)2SO; d) 23.3%of 
(CD3)2SO; e) 48% of (CD3)2SO; f) 77% of (CD3)2SO; g) (CD3)2SO 
at 20°C, 200 MHz; h) (CD3)2SO; i) (CD3)2SO at 68°C. The left- 
hand spectra show the region of the NII protons and the right- 
hand spectra that of the CH protons. 

hydroantamanide,  which a g r e e s  with the higher  absolute  values  of the negative t e m p e r a t u r e  gradients  of the 
chemica l  shifts  than for  compound (III). 

It is natural  that it is just the NH 4 and NH 9 groups  that a r e  solvated p r i m a r i l y  by methanol  in CDC13- 
CD3OD (98 : 2). This follows f r o m  the compara t ive ly  high ra t e  of the deu te r ium exchange in compound (III) 
(see Table  2). The p re fe ren t i a l  nature  of the cleavage of the NH4""O=C and the NH9""O= C in t ra -HBs  also  
depends on the par t ic ipa t ion  in the i r  fo rmat ion  of the carbonyl  groups  of the prol ine res idues  (see Figs.  12 
and 13), which effect ively in te rac t  with alcohols [32]. So f a r  as  concerns  solutions of the analog (HI) in 
methanol ,  judging f r o m  the values  of r t /2 and of A6/AT, they lack in t ra-HBs.  The somewhat  r e t a rded  ra te  
of deu te r ium exchange of the NH 5,1° groups  is  apparent ly  due to the nonequivalence of the s t e r i c  environ-  
m e n t s  of the NH 5'1° and NH 1,6 groups,  since the ex t r eme ly  high value of A6/AT of 11.2 • 103 ppm/deg  excludes 
the poss ibi l i ty  of the exis tence  of in t ra -HBs.  

Thus, in spite of cer ta in  diff icul t ies  a r i s ing  in the in te rpre ta t ion  of the spec t r a l  r esu l t s ,  on the i r  bas i s  
it is  poss ib le  to conclude that the conformat ional  t rans i t ion  A--*B--*C obse rved  with the gradual  addition of 
methanol  o r  ethanol to solut ions of compounds (I-HI) in nonpolar  organic  solvents  is accompanied  by the 
rup ture  of the sys t em of in t ra-HBs:  f i r s t  the bonds with the par t ic ipa t ion  of the NI-I 4,9 groups  a r e  cleaved 
with the fo rmat ion  of f o r m  B, and then f o r m  C, which does  not contain in t ra -HBs ,  p redomina tes .  It must  be 
mentioned that we have observed  a s im i l a r  type of conformat ional  equi l ibr ium previous ly  for  the cyclodo- 
decadepsipept ide  val inomycin  [11]. F u r t h e r m o r e ,  compounds (I-III) differ  sharply  in the i r  conformat ional  
mobi l i ty  f r o m  another  c y c l o d e c a p e p t i d e -  g ramic id in  S - which s ca rce ly  changes its spat ia l  s t ruc tu re  and 
the in t ra -HB s y s t e m  of the main  peptide chain when the solvent is var ied  [12]. 

In te res t ing  informat ion has  been obtained in a study of the NMR spec t r a  of [Val 6, Alag]antamanide (III) 
in media  containing dimethyl  sulfoxide. The addition of this solvent to a solution of (III) in ch lo ro fo rm or  
methanol  is accompanied  by the appearance  of new s ignals  that can be found in al l  the regions  of the spec-  
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Fig.  11. Dependence of the amount of cis f o r m  
of [Val 6, .41ag]antamanide (III) on the composi t ion 
of CDC13- (CDs)~O mixtures ;  x - Val, A - -Ala .  

t rum.  As can be seen  f r o m  Fig.  10, with a gradual  inc rease  in the concentrat ion of (CDs)2SO in CDC13 to a 
r a t io  of 1 : 1 two new signals  appea r  in the weak-f ie ld  region (8.0-8.5 ppm) at f i r s t  hardly percept ib le  and 
then with e v e r - i n c r e a s i n g  intensity; these have been ass igned by means  of the INDOR method to the Alal, 6 
and Phe 4,9 groups.* In the 0.8-1.5-ppm region a symbat ic  inc rease  in the intensi ty of the additional s ignals  
cor responding  to the C-methy l  g roups  of the alanine and valine r e s idues  is found. In our opinion, the phe-  
nomenon observed  is connected with the c i s - t r a n s  i s o m e r i s m  of the t e r t i a ry  amide  groups  fo rmed  with the 
par t ic ipa t ion  of the prol ine  residues. t"  

The coa le scence  of the s ignals  f r o m  the val ine C-methy l  groups  in (CD3)2SO solution is found at ~ 130°C, 
which shows a cons iderab le  height of the energy b a r r i e r  of the mutual  convers ion  of the c is  and t rans  f o r m s  
of [Val 6, Alag]antamanide (III), exceeding the height of the b a r r i e r s  found in l inear  prol ine  de r iva t ives  (char-  
a c t e r i s t i c  for  these  a r e  coa lescence  t e m p e r a t u r e s  of ~ 80°C [16]). It will be shown below that in f o r m  .4 of 
[Val 6, .41ag]antamanide (and, consequently,  in the B and C fo rms)  aU the amide  bonds p o s s e s s  the t r ans  con- 
f igurat ion.  Consequently,  the c o n f o r m e r s  appear ing  on the addition of (CDs)2SO have the c is  configuration 
of one or  m o r e  amide  bonds. F r o m  the ra t io  of the a r e a s  of the C-methy l  s ignals  and f r o m  the 200-MHz 
spec t r a  and those of the amide  pro tons  we have de te rmined  the dependence of the m o l a r  f rac t ion  of the cis 
f o r m  on the concentra t ion of d imethyl  sulfoxide. On us ing  for  this purpose  the s ignals  e i ther  of the val ine 
or  of the alanine groups,  p rac t i ca l ly  identical  r e su l t s  were  obtained (see Fig. 11), f r o m  which it follows 
that the amount  of cis f o rm may  r each  60%. 

S p a t i a l  S t r u c t u r e  of  A n t a m a n i d e  in N o n p o l a r  S o l v e n t s  

The s t ruc tu re  of f o r m  A has  been  es tabl i shed by the success ive  considera t ion of all  the poss ib le  con- 
fo rma t ions  of the cyclopept ides  (I-III) with a s e c o n d - o r d e r  axis  of s y m m e t r y  and six in t ra -HBs .  Of these,  
those  conformat ions  were  se lec ted  in which the or ienta t ion of the protons  in the N H - C H  f r a g m e n t s  agreed  
with the 3JNH_CH constants  given in Table  2 (i.e., 4,1 and 4,6~ 150 o, ~ - 9 0  or  60±30 °, 4,4 and 4 ,9-120±20 °, 
4,5 and 4,1°~-150°,  ~ - 9 0  or  60± 25 °, taking into account the corresponding s t e r eochemica l  re la t ionships  
[13, 24]).:~ Here ,  the poss ib i l i ty  of the rea l i za t ion  both of the t r ans  (w~ ±180 °) and the cis  (w~ 0 °) conf igura-  
t ions of the t e r t i a r y  amide  bonds was taken into account.  The r e su l t s  of the ana lys i s  showed that the con- 
dit ions mentioned a r e  sa t is f ied by only two types  of s t r u c t u r e s  with all the amide  bonds in the t r ans  config- 
urat ion;  the i r  conformat ional  p a r a m e t e r s  4, and ,I, we re  de te rmined  by taking into account l i t e ra tu re  infor-  
mat ion on pept ides  containing prol ine  r e s i d u e s  [15, 19-22] and in t ra -HBs  of va r ious  types [21, 23]. Below 

* It is in teres t ing to note that the $JNI-I_CH constant  found for  the NI-I 1,6 groups  is  10.7 Hz (with a c o r r e c -  
tion fo r  the e lec t ronegat iv i ty  of the subst i tuents  11.7 Hz [13]), which is  g r e a t e r  than any other  value of 
SJNH_CH observed  hi ther to .  
t The equi l ibr ium of the t r ans  and c is  f o r m s  of l inear  de r iva t ives  of prol ine  has been shown previous ly  for  
a l a rge  number  of examples  [14-16]. Recently,  the appearance  of additional s ignals  due to c i s - t r a n s  i s o m -  
e r i s m  has  also been detected in cycl ic  hexapept ides  containing prol ine  r e s i d u e s  [17]. 

In the p re sen t  pape r  we use  the conformat ional  nomencla ture  proposed  in 1970 by the IUPAC commiss ion  
[18]. 
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Fig. 12. Conformation of antamanide (I) in nonpolar media 
(side view). 

w e  g ive  the  v a l u e s  of • and ~I, a t  which  the d i s t a n c e  be tw e e n  the ends  of the  p e p t i d e  c h a i n  d o e s  not exceed  
1 A (pos s ib l e  d e v i a t i o n s  of the  a n g l e s  not g r e a t e r  than  10-15°) .  

1. S t r u c t u r e  with i n t r a - H B s  at  1 ~ 9 ,  6 ~ 4 ,  1 0 ~ 7 ,  5 ~ 2 ,  9 ~ 6 ,  4 - - -1 .  

Val t, 6andp;~e 6 Pro z, 7 Pro s, s Ala 4, ~ and Phe 9 Phe 5' to 

--80 --60 -55 --I00 60 
,1" 165 --40 --40 10 --70 

2. S t r u c t u r e  wi th  i n t r a - H B s  a t  1 ~ 9 ,  6 ~ 4 ,  1 0 - - 5 ,  5 ~ 1 0 ,  9 ~ 6 ,  4 ~ 1 .  

Val l, 6 andphe 6 pro 2, 7 Pro 3, 6 Ala4,gan d Phe 9 Phe 5,1o 
4) 20 --60 --69 - 140 70 

150 --35 --35 - -  30 --70. 

T h e  s e c o n d  s t r u c t u r e  is  un l ike ly ,  s i n c e  it c o r r e s p o n d s  to e x t e m e l y  high e n e r g i e s  of c l o s e s t - r a n g e  i n t e r a c -  
t ion  (for e x a m p l e ,  in r e s i d u e s  1 and 6 p r e c e d i n g  the P r o  2 and P r o  7 r e s i d u e s  [22]). F u r t h e r m o r e ,  the  d i p o l e  
m o m e n t  c a l u l a t e d  fo r  it  (2.4 D) i s  c o n s i d e r a b l y  l o w e r  than the  e x p e r i m e n t a l  d i p o l e  m o m e n t s  [5.8 ~ 0.3 D fo r  
(1) and 5 .2± 0.3 D fo r  (1TI) ], wh i l e  the  d ipo le  m o m e n t  of the  f i r s t  s t r u c t u r e  ( ~ 4 . 5  D) a g r e e s  wi th  the e x p e r i -  

m e n t a l  v a l u e  m o r e  s a t i s f a c t o r i l y .  

F r o m  what  h a s  been  s a id  it f o l l ows  tha t  f o r m  A of c y c l o p e p t i d e s  of the  a n t a m a n i d e  g r o u p  c o r r e s p o n d s  
to  a s t r u c t u r e  of type  1. A s  can  b e  s e e n  f r o m  F ig .  12, i t  c o n t a i n s  two i n t r a - H B s  of the 3 ~ 1  type  and fou r  
i n t r a - H B s  of the  4 ~ 1 type;  t he  f o r m a t i o n  of the  l a t t e r  f ixed  the p r o l i n e  r e s i d u e s  in a c o n f o r m a t i o n  c o r r e -  
sponding  to a f r a g m e n t  of a 310 he l i x .  The c o o r d i n a t e s  ~ and ~I, of the  a m i n o  ac id  r e s i d u e s  in p o s i t i o n s  1, 3, 
4, 5, 6, 8, 9, and 10 c o r r e s p o n d  to the  p e r m i t t e d  r e g i o n s  on the c o r r e s p o n d i n g  m a p s ;  a n a l o g o u s  c o n f o r m a -  
t i o n s  have  b e e n  found p r e v i o u s l y  by x - r a y  s t r u c t u r a l  a n a l y s i s  and s p e c t r a l  m e t h o d s  in p r o t e i n s  [25] and v a r -  
i ous  p e p t i d e  s y s t e m s  [10, 11, 13, 24, 26]. S c h e r a g a  h a s  shown t h a t t h e  e o n f o r m a t i o n s w i t h  ~ =  60 ° and ~ =40  ° 
which  we have  p r o p o s e d  f o r  t he  P r o  2,7 r e s i d u e s  p r e c e d i n g  the P r o  3,8 r e s i d u e s  a r e  a l s o  found i n t h e p e r m i t t e d  
c o n f o r m a t i o n a l  r e g i o n s  and can  b e  r e a l i z e d  in c y c l i c  p e p t i d e s  [20] in sp i t e  of the f ac t  tha t  t hey  p o s s e s s  a 
c o n s i d e r a b l y  h i g h e r  e n e r g y  than  the c o n f o r m a t i o n s  wi th  ~ = 60 °, ,I, = 120-180 °, and s o m e  o t h e r  a u t h o r s  con-  
s i d e r  t h e m  to be  f o r b i d d e n  [15, 19]. 

As  can  be  s e e n  f r o m  F i g .  !3 ,  t h e c o n f o r m a t i o n s  of the  p e p t i d e  c h a i n  I in f o r m  A and in the  Na c o m p l e x  
a r e  e x t r e m e l y  s i m i l a r ,  and to a f i r s t  a p p r o x i m a t i o n  the  t r a n s i t i o n  of the  c o n f o r m a t i o n  of the c o m p l e x  into 
c o n f o r m a t i o n  A can  b e  r e p r e s e n t e d  a s  the  r e s u l t  of the r o t a t i o n  of the  p l a n e s  of the s e c o n d a r y  a m i d e  g r o u p s  
f o r m e d  by P r o  s and P r o  s. In t h e s e  c i r c u m s t a n c e s ,  CO 3 and CO s a r e  d i s p l a c e d  f r o m  the  c e n t r a l  p a r t  of the 
m o l e c u l e  to i t s  p e r i p h e r y ,  and the NIl 4 and NI-I 9 g r o u p s  a r e  c l o s e  to CO i and CO 8 and f o r m  i n t r a - H B s  with  
them;  s i m u l t a n e o u s l y ,  t he  CO i,  CO s, COS,and CO I° g r o u p s  a r e  s o m e w h a t  d i s p l a c e d  f r o m  the  c e n t e r  of the 
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Conformat ion  of antamanide (I) in nonpolar  media  and 
of i t s  Na + complex {view f r o m  above). 

in te rna l  cavity.  Thus,  while in the complex  six carbonyl  groups  a r e  spat ia l ly  c lose  and a r e  or iented within 
the molecule ,  ensur ing effect ive i o n - d i p o l e  in teract ion with the cation, in the f r ee  antamanide  these  g roups  
a r e  located at a cons iderably  g r e a t e r  d is tance  (6-12 A), excluding any apprec iab le  d i p o l e - d i p o l e  repuls ion  
whatever .  In addition, f o r m  A is s tabi l ized by two additional in t ra -HBs .  

So far  as concerns  the B and C fo rms ,  to de t e rmine  the i r  conformat ional  p a r a m e t e r s  a m o r e  exten-  
s ive  theore t ica l  ana lys i s  of the molecu le  of the decapept ide or  i ts  f r a g m e n t s  including the minimiza t ion  of 
the potent ial  energy with r e s p e c t  to s e v e r a l  va r i ab l e s  (analogous to the invest igat ion p e r f o r m e d  for  val ino-  
myc in  [11] and the enniatins [27]) is neces sa ry .  We a r e  pe r fo rming  this invest igat ion at the p resen t  t ime.  

Shortly a f te r  this  study had been completed,  an invest igat ion of the conformat ional  s ta tes  of an taman-  
ide in solutions with the aid of CD curves ,  N1YIR spec t ra ,  and a theore t ica l  conformat ional  ana lys is  was pub- 
l ished [28]. The authors  concerned came to the conclusion that in all  the med ia  cons idered  (dioxane, ch loro-  
form,  methanol,  t r ime thy l  phosphate,  etc.) antamanide  occupies  a monotypical  conformat ion  cha rac t e r i zed  
approx imate ly  by the following p a r a m e t e r s :  

Valt Phe6 ProL Pro 7 Pro3, Pros Ala~, Phe9 PheS, PhctO 

¢ 90 90 102 122 90 90 
if" 270 300 310 125 120 330 
w 0 0 0 0 0 0 

I ts  dist inguishing f ea tu re s  a r e  the absence  of i n t r a - H B s  and the or ienta t ion of all  the amide  carbonyl  g roups  
on one side of the cen t ra l  p lane of the ring; the dipole moment  that we have calculated for  the values  of ¢ 
and ~I, given is  16.6 D. Thus, the proposed  s t ruc tu re  ser ious ly  cont rad ic t s  the r e s u l t s  of IR spec t roscopy  
and dipole-moment  m e a s u r e m e n t  r epor t ed  in the p resen t  paper  and the re fo re  it cannot be considered as  ~ 
p r e f e r r e d  conformat ion  of antamanide  in nonpolar  media .  Never the less ,  it is not excluded that s u c h a  s t r uc -  
tu re  is p o s s e s s e d  by f o r m  C which, as shown above, is the dominating f o r m  in solut ions in CH3OH or E t O H -  
H20 (1 : 1). The 3JNH_CH constants  measu red  in CHaOH solutions ( rab le  2) ag ree  with the coordinates  4" 
90 ° [28] fo r  the amino  acid r e s idues  in posi t ions 1, 4, 5, 6, 9, and 10. In our  view, one of the r ea sons  for  
the e r roneous  conclusion of the Amer i can  and German  authors  [28] mus t  be  cons idered  the defect ive  a rgu-  
menta t ion  of the impor tant  hypothesis  of the weak dependence of the spat ia l  s t ruc tu re  of antamanide  on the 
composi t ion of the medium.  As has  been shown above, the CD cu rves  used for  this purpose  actual ly  show 
the p r e s e n c e  of a complex conformat ional  equi l ibr ium which is displaced when the solvent is  changed. The 
m e a s u r e m e n t  of the r a t e  of deu te r ium exchange of the NH groups  as  the only method of detect ing i n t r a -HBs  
also  a p p e a r s  unsa t i s fac tory ,  s ince the k inet ics  of this reac t ion  depend not only on the i n t r a -HBs  but on a 
l a rge  number  of inadequately studied f ac to r s  (in the f i r s t  place,  the s t e r i c  sc reening  of the NH groups  and 
the f ea tu re s  of the e lec t ronic  s t ruc tu re  of the d i f ferent  amide  groups) .  Finally,  we must  mention the ex-  
t r e m e  s impl ic i ty  of the theore t ica l  conformat ional  analys is ,  with the a p r io r i  assumpt ion  of improbab le  con- 
fo rma t ions  in which the amino ac id  r e s idues  have the coordinates  4, = 210-270 °. This  hypothesis  cont radic ts  
both the calculated and the expe r imen ta l  r e s u l t s  [11, 13, 24-26]. On the whole, the r e su l t s  of a compar i son  
of this pape r  [28] and the p re sen t  invest igat ion convincingly show the necess i ty  fo r  using in the study of 
the conformat ional  s t a t e s  of peptide s y s t e m s  the widest  poss ib le  se t  of phys icochemica l  and theore t ica l  
methods  giving independent and mutual ly  supp lementa ry  information.  
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E x p e r i m e n t a l  

Before the physicochemical  measurements ,  the cyclopeptides (I-HI) were dried over P2Os at 0.5 m m  
and 50°C for  16 h. The CD curves  were  measured  on a Cary-60 spec t ropolar imeter  with a Cary-6001 at-  
tachment for  taking CD curves  at concentrat ions of the solutions of (0.1 ± 1)*. 10 -3 M and a tempera ture  of 
23-26°C; thickness of the cells 0.01-1 cm. The IR spect ra  were recorded  on a UR-10 instrument  with LiF 
and NaC1 pr i sms .  The cell thickness for  measurements  in the 3500-3200-cm -1 region was 20 mm and for  
1750-1610 cm -1 it was 0.1 and 5 ram, the concentrat ions of the solutions being ~,, 7.8 • 10-3-5 .2  • 10 -4 M. The 
NMR spect ra  were recorded  on JEOL 4H-10O and Varian HA-100 spec t rometers  with a working frequency 
of 100 MHz and stabilization of the resonance conditions on one sample, and also on a 200-MHz spec t rom-  
eter  (Branch of the Institute of Chemical Phys ics  of the Academy of Sciences of the USSR). Te t ramethyl -  
silane was used as internal standard. The chemical  shifts were determined with an accuracy of ± 0.005 ppm, 
the s p i n -  spin coupling constants with an accuracy  of ± 0.1 Hz, and the tempera ture  with an accuracy  of ± 2°C. 
The concentrat ion of the solutions was 0.05 M. The assignment  of the signals was made by the INDOR 
method (see Fig. 8) [29] or by double resonance.  The dipole moments  were  measured  on an instrument work-  
ing by the beat method at a frequency of 1 MHz, and calculation was per formed by Hedes t rand ' s  method [30]. 
The dipole moments  for  given coordinates ~ and ~ were  calculated by the success ive  summation of the vec-  
to r s  of the dipole moments  of the amide groups; the magnitudes and direct ions of these moments  have been 
determined previously [31]. The comparat ively small contributions of the moments  of the side hydrocarbon 
groups were not taken into account. 

The authors are  grateful  to S. F. Arkhipova for determining the dis tances between the ends of the pep- 
tide chain and calculating the dipole moments  and also to E. S. Efremov for determining the dipole moments .  

S u m m a r y  

1. A p re fe r red  conformation of antamanide in nonpolar solvents has been proposed with the aid of a 
wide group of physicochemical  methods and theoret ical  analyses .  

2. On the bas is  of spectroscopic  resul ts ,  the hypothesis has been put fo~vard of the existence of two 
other fo rms  of antamanide (B and C) which fo rm on passing f rom nonpolar to polar  media. 
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