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In communica t ions  [1-6] of the p re sen t  s e r i e s  we have given the resu l t s  of an invest igat ion of the 
conformat ional  s ta tes  of cycl ic  hexapept ides  containing L (D)-alanine and glycine res idues  in po l a r  media  
(water, dimethyl  sulfoxide) [1-4], in nonpolar  media  [chloroform,  hep tane -e thano l  (2 : 1)] [2, 5], and in the 
c rys ta l l ine  s tate  [6]. Fo r  all the compounds of this s e r i e s  s eve ra l  main  c o n f o r m e r s  exis t ing  in rapid equi-  
l i b r ium have been found. 

It has been  es tab l i shed  that in po la r  media  and in the c rys ta l l ine  state "pleated sheet"  s t r uc tu r e s  
with two i n t r amo lecu l a r  hydrogen bonds (intraHBs) of the 4 ~ 1  type closing 10 -membered  r ings ("fl inf lec-  
t ions")  and fo rmed  by the CO and NH groups  of oppositely located amino-ac id  res idues  (Fig. 1) p r e d o m i -  
nate.  It has also been shown that  all th ree  poss ib le  "pleated sheet"  s t r uc tu r e s  differing by the posi t ion of 
the in t raHBs (i.e., fo rmed  by the pa i r s  1-4, 2-5, and 3-6) par t ic ipa te  in the conformat ional  equi l ibr ium.  
At the s ame  t ime,  it follows f r o m  the NMR spec t r a  (in assoc ia t ion  with a theore t i ca l  conformat ional  analy-  
sis)  that  each of the th ree  s t r u c t u r e s  can exist  in the following two bas ic  f o rms :  I) with the or ienta t ion of 
the carbonyl  groups located between the "angular"  C a a toms ((22 and C s, C 5 and Cs) downwards with r e spec t  
to the plane of Fig. 1; 

Ala (I,4) Ala (2,5) Ala (s,8) 
¢--150_-}-30 --60_+20 --90±30 
lit 150+30 --302:30 0+40 

II) with the or ienta t ion  of the same  carbonyl  groups above the mean  plane of the r ing* 

Ala 0,4) Ala (~,s) Ala (a,6) 
¢--150+30 --  604-20 80+__30 
V 15('+30 1004-30 04-40 

In the c rys ta l l ine  s tate  fo rm (I) is p r e f e r r e d  (results  of x - r a y  s t ruc tu ra l  ana lys i s  [7, 8] and IR spec -  
t ro scopy  [6]), and in nonpolar  media  two additional intraHBs of the 3 - -1  type are  fo rmed  [5]. 

In the p re sen t  p a p e r  we desc r ibe  the conformat ional  s ta tes  of the cyclopept ides  (1)-(7), d i f fer ing 
f r o m  those cons idered  above by the p re sence  of more  voluminous side chains.  In this connection it was 
borne  in mind that  an i nc rea se  in the s ize of an aliphatic radical  can, on the one hand, inc rease  the so lu-  
bility of the cyclopeptide in nonpolar  solvents  and can, on the o ther  hand, dec rea se  the number  of con-  
f o r m e r s  par t i c ipa t ing  in the equi l ibr ium and thereby  g rea t ly  faci l i ta te  the in te rpre ta t ion  of spec t ra l  c h a r -  
a c t e r i s t i c s .  As will be shown below, this was conf i rmed for  compound (4) ( increased solubil i ty in CHC13) 
and for  the val ine-conta in ing cyclopept ides  (2) and (7) (conformational  "uni formi ty") .  

* For  the conformat ional  nomencla ture  of the peptide,  see [22]. 
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Cyclo- (-L-Nva-Gly-Gly-L-Nva-(lly-Gly-} (I) 
Cyclo- (-L-VaI-GIy-(lly-L-Vsl--GIy-GIy-) (2) 
Cyclo- (-L-Nva-Oly-L-Nva-Oly-L-Nva-Oly-) (3) 
Cyclo- (-L-Leu-Oly-L-Leu-Gly-L-Leu-Oly-) 
Cyclo-(-L-Val-Gly-L-Val-Oly-LoVal-(Bly.) ~I 
Cyclo- (-L-Nva-L-Nva-Oly-L-Nvli-L.Nva- Dly-) (6) 
Cy¢lo- (-L-VaI-L-VaI-Giy-L-VaI-L-VM-(BIy-) (7) 

Let us f i r s t  cons ider  informat ion  on compounds (3)-(7) (Figs. 2 and 3). By compar ing  the c o r r e s p o n d -  
ing CD curves  it is e a sy  to see that  the r ep lacemen t  of methyl  side chains (Ala) for  propyl  (Nva) of i so -  
butyl {Leu) side chains containing no branchings  at the Cfl a toms  s ca r ce ly  affects  the conformat ional  s ta tes  
of cyclopept ides  (8) and (9) in aqueous solut ions.  The r ep lacemen t  of the methyl  groups of compound (9) 
by s t e r i ca l ly  hindered i sopropyl  groups l ikewise does not change the overa l l  f o r m  of the C D curve,  but it 
leads  to a sha rp  inc rease  in i ts  intensi ty (curve 3 in Fig. 3). This  effect  is probably  due to a dec rease  in 
the number  of c o n f o r m e r s  in the equi l ibr ium mix ture  and to the d isp lacement  of the equi l ibr ium in the 
d i rec t ion  of some p a r t i c u l a r  "pleated sheet"  s t r uc tu r e ;*  the tendency to an i nc rea se  in the ene rgy  d i f fe r -  
en t i a t ionof the  fo rms  in the p r e s e n c e  of valine res idues  has been  observed  prev ious ly  in l i nea r  pept ides  
[9, 10]. 

The behav io r  of cyclopeptide (5) is e x t r e m e l y  pecu l i a r .  In aqueous t r i f luoroethanol  (~70 mole  ~ of 
water) ,  i ts CD curve  (curve 3 in Fig. 2) is of the s ame  type as the cu rves  of the alanylglycine cyclopept ides ,  
but t r ans i t ion  to  pure  t r i f luoroethanol  is accompanied  by a marked  change in the nature  of the curve .  The 
curve  fo rmed  p rac t i ca l ly  coincides in the posi t ion and sign of the dichroic  absorp t ion  bands, and a lso  the 
ra t io  of t h e i r  in tens i t ies ,  with the CD cu rves  of polypept ides  in the an t ipara l le l  ~ conformat ion  [11]. Such 
a c lose  s imi l a r i t y  of the CD curves  is a s t rong piece  of evidence in favor  of the assoc ia t ion  of the mo le -  
cules  of the cyclopeptide (5) with the fo rmat ion  of po lymer i c  chains const ructed in the manner  of the ant i -  
pa ra l l e l  fl s t ruc tu re  (Fig. 4). The p r e s e n c e  of a s soc i a t e s  was shown by measu r ing  the CD curves  of com-  
pound (5) in t r i f luoroe thanol  at var ious  concent ra t ions :  Dilution of the solution led to an apprec iable  change 
in the curve  and to an approach  of its shape to that of the CD curve  in aqueous solutions (Fig. 5). The ten-  
dency to a s soc ia t ion  explains the lower  solubil i ty of this  compound than of the other  cyclopept ides .  The 
cons iderably  higher  tendency of the valine pept ides  to in t e rmolecu la r  in te rac t ion  than of the alanine pep -  
t ides  has been  demons t ra t ed  by using as examples  the d iamides  AcValNttMe and AcAlaNHMe [12], and also 
the ol igopepttdes BOCIlenOMe and BOCAlanOR [13, 14]. It is difficult to s ta te  to what extent the spat ial  
s t ruc tu re  of the cyclopeptide (5) changes when it is included in a po lymer i c  format ion .  In any case ,  the 
change in the shape  of the curve  s t i l l  does not show grea t  conformat ional  r e a r r angemen t ,  since the inc rease  
in the number  of in te rac t ing  chromophor ic  groups  i t se l f  leads  to a sharp  change in optical  act ivi ty [15]. 

By consider ing the facts  p resen ted  it is poss ib le  to explain a number  of f ea tu res  of the C D curves  
which have hi ther to  not been  capable  of in te rpre ta t ion .  The nature of the change in the CD curves  of c o m -  
pounds (3), (4), (6), and (7) on pass ing  f r o m  aqueous solutions to t r i f luoroethanol  or  [with the except ion of 
compound (4)] ethanol a lso  shows associa t ion,  although not so effect ively as in the case  of [ (L-VaI-GIy)3 l 
[5]. I n t e r m o l e c u l a r  in terac t ions  a re  observed  only in an ex t r eme ly  na r row range of po la r i t i es  of the so l -  
vent, s ince the addition of dioxane o r  heptane to the alcohols  leads  to a des t ruc t ion  of the ant ipara l le l  fl- 
s t ruc tu re  (compare  cu rves  1, 2, and 7 in Fig. 2a; 1, 8, 9 in Fig. 2b; 1 and 6 in Fig. 2e; and 1 and 5 in Fig. 
3b). In these  c i r cums tances ,  the i n t e rmolecu la r  H bonds a re  apparent ly  replaced by in t r amolecu la r  H 
bonds,  as is indicated by the s imi l a r i t y  of the CD cu rves  a r i s ing  to the curves  of the prev ious ly  studied 
d t a s t e r e o m e r i e  oyclohexaalanyls  in hep t ane -e thano l  (2 : 1) [2], in which connection, l ikewise,  the p r e s e n c e  
of additional in t raHBs is a s sumed  [5]. 

The IR s p e c t r u m  of compound (4), the only one of the whole s e r i e s  (1)-(7) giving sufficient solubili ty 
in CHC!3, is a lso  s i m i l a r  to the s p e c t r a  of the eyclohexaalanyls  mentioned [for example ,  the cyclopeptide 

(11), Fig. 6] and shows the p r e s e n c e  of 3-4 in t raHBs 
i (from a calculat ion of in tegral  intensi t ies ,  as de- 

s --GO-- CHR- NH z scribed previously [5]). 
IIHG / ~ l l  / \ C  / \CHIt 

I I II I 

,u o co 
oc 0 H M, 

l | I I 
RHG --G N GH~ 

s \IlH / ~GHR / ~CO/3 
4 

Fig. 1. Positions of the tntramolecular hydrogen 
bonds in the "pleated sheet" structure. 

*It  is not excluded that the inc rease  in the intensity 
of the CD curve  in this case  is pa r t i a l ly  connected 
with the p r e sence  of apprec iab le  amounts (~ 30 mole 
%) of t r i f luoroethanol .  In the case  of compounas  
(3) and (6) (~15 mole  % of t r i f luoroethanol) ,  and 
a lso  of (4) (~30 mole % of ethanol) no such ef -  
fect  is observed .  
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Fig. 2. CD curves  of the cyclopeptides:  a) compound (3); b) compound 
(4); c )compound (5): 1)CF3CH2OH, 2)C2H5OH, 3)CF3CH2OH-H20 (3: 1), 
4) C F3CH2OH2-H20 (4:3), 5)C2H5OH--H20 (4:3),  6)CF3CH2OH-C4H~O 2 
(3 : I). 7) C F3CHzOH-C4HaO z (4 : 3), 8) C2HsOH-C4H3C2 (1 : 3), 9) C2HsOH - 
C7H16 (4 : 3). The dashed lines show the CD curve of the cyclopeptide 
I~'A'~°'"~] (8) in water [2]. 

1, ~ 

- 2 0  7'  

- 3D "7 

- 4 1  

7 

Fig. 3. CD curves  of the cyclopeptides:  a) compound 
(6); b) compound (7): 1) CF3CHzOH. 2) C2H5OH, 3) 
CF3CH5OH-H20 (3 : 1), 4) CF2CH2OH-HzO (4 : 3), 5) 
C F3CII2OH-C4HxO2 (3: 1), 6) CF3CH2OH-C4H80 2 (4:3), 
7) CF3CH2OH--CFzCOOH (6 : 1). The dashed line shows 
the CD curve of the cyclopeptide I (L-Ala-L'A'a- clY~,l (9) in 
water  [2]. 

8tiR- CO-NH-CHR CHR- CO-NH-CHP, CJ'I~- CO -r~l'i-t;H K 

- - - H - N  G=O . . . .  H-N G=-O . . . .  H-N C=O - -  - 

,c=o . . . .  . - N  ,c-o . . . .  . -~,  .c=° . . . .  . -~,  
i~HR CHR CHR CHR CHR CH R 
\ I ~k I ~ -- I 
,N-. . . . .  o=~ ,N-.  . . . .  o=c ~-H . . . .  Q=c 

- - -  o--~ ~ - . - - - -o :~  ~-,, . . . .  o.~ ~ - . - - -  

Fig. 4. Associat ion of cyclohexapeptides in t r i f luoro-  
ethanol. 
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Fig. 5. CD curves  of compound (5) 
in t r i f luoroethanol :  1) c = 3.11" 10 -4 
M; 2) c = 7 . 7 8 . 1 0  -5 M; 3) c =1.95" 
10 -5 M. 

The CD curves  of c y c l o [ - ( L - N v a - G l y 2 ) 2 -  ] (1) differ  only 
insignificantly f rom the curve of the corresponding alanine cyclo-  
peptide c y c l o [ -  ( L - A l a -  Gly2)2- ] (10); in cyclo [ -  ( L - V a l -  GlY2)2-- ] 
(2) the general  fo rm of the CD curve is p r e s e r v e d  but the inten- 
sity of the dichroic absorpt ion bands has increased  (Fig. 7). The 
resu l t s  ob ta inedshow the retent ion of a common conformational  
type in the s e r i e s  of compounds (10) and (1)- (2); this s t ruc ture ,  
substantially differing f rom the s t ruc tu re  of the other  cyclopep-  
t i de s ,  is most  c lear ly  expressed  in the las t -ment ioned compound. 
Some s imi la r i ty  of the CD curves  of the associated fo rm of the 
cyclopeptide (5) (curve 1 in Fig. 2c) with the curves  of compound 
(2) (Fig. 7b) is connected with the associat ion of the la t ter ,  as is 
shown by the weak dependence of its CD curves  on the solvent. 
The N'MR spec t ra  of compounds (1) and (2), which are  considered 
below, l ikewise do not show the p resence  of strong in te rmolecu la r  
H bonds in them. 

NMR SPECTRA 

Because of the poor  solubility of compounds (1)-(7), the 
major i ty  of the NMR spec t ra  were  taken in t r i f luoroacet ic  acid. 

Compounds (1), (2), and (4) were also studied in dimethyl sulfoxide {Table 1). The general  pa t te rn  of the 
spec t ra  of compounds (3)-(7) and the 3JNH_C H constants found are  ex t remely  s imi la r  to the p a r a m e t e r s  

! ~ r.g,r 3- /~z8 ~8 

• g . . . . . . . .  " : ' , . |  I /  . . . .  "; j 
3440 3360 3"280 FIO0 tb70 cm "1 

Fig. 6. IR spec t rum of the cyclopeptide (4) in CHCI 3 
(on the scale of molecu la r  extinction, e). The dashed 
line shows the IR spec t rum of the cyclopeptide 
A l a - - L - A l a - D - A l a ) 2  ] (11) (in the scale of optical den- 
s i t ies ,  D) [5]. 

J 

a& a l /I 
-I0 

! 

. \ \ .  . 2~8 
, .  \ \ \  22f f -nm 

212 

Fig. 7. CD c u r v e s  o f  the cyclopeptides:  a) compound (1); b) 
compound (2): 1) CF3CH2OH, 2) C2HsOH, 3) H20, 4) CF3CH2OH- 
C4H802 (4 : 3), 5) CFsCH2OH-CF3COOH (6 : 1). The dashed line shows 
the CD curve  of the cyclopeptide ~ L -  A l a -  G l y -  Gly) 2~ (10) inwa te r  [2]. 
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Fig. 8. Chemical  shifts (5, ppm) and the i r  t empera tu re  
dependence (AS/AT * 103, ppm/deg,  given in parentheses)  
and the 3JNH_C H constants of the proteins  of the NH com-  
pounds (1), (2), and (10) [3], and also of [ ( L - - T y r - G l y - -  
GlY)2] (12) and [ ( L - L e u - G l y - G l y ) 2  ] (13) [16]. 

! ! 

L-Ala 
5 3 5 ? Z-#vg 

L- Va! 
4 4 

( ~ ), C2), ¢~o) C 6 ), ¢ ~), ¢3; 

Fig. 9. Posit ions of the intraHBs in cyclic hexapeptides 
of types [(X-Gly-GlY)2] and [ (X-  X-Gly)2  ]. 

of the NMR spec t ra  of the alanine cyclopeptides (8) and (9) [3, 4]. In both solvents,  compounds (1) and (2) 
also have s imi l a r  spec t ra .  It may be assumed that t r i f luoroacet ic  acid, in spite of its capacity for  p ro -  
tonating amide groups, does not des t roy the "pleated sheet" s t ruc ture ,  which is also shown by the slight 
change in the CD curve on the addition of t r i f luoroacet ic  acid to t r i f luoroethanol  (curves 7 in Fig. 2 and 
5 in Fig. 7). 

As in the alanine der ivat ive (10), one pa i r  of glycine NH groups in each of compounds (1) and (2) 
fo rms  an intraHB { A 6 / A T .  103= 1.0-1.3 ppm/deg,  Table 1). The NMR spec t ra  of two analogous cyclopep-  
t ides,  c y c l o [ - ( L - T y r - G l Y 2 ) 2 -  ] (12) and c y c l o [ - ( L - L e u - G l Y 2 ) 2 -  ] (13) have been investigaged by Kopple 
et al. [16]; the CD curve for  the second compound has also been descr ibed [17]. A compar ison  of the r e -  
sults obtained by the Amer ican  authors with those of the present  work shows the s imi la r  spatial s t ruc ture  
of cyclopeptides of the type [ (X-Gly-Gly)~I .  This is convincingly shown, in par t icu lar ,  by the s imi la r  NMR 
p a r a m e t e r s  (chemical shifts 5, the i r  dependence on the t empera ture ,  A/~/AT, and the SJNH_C H constants) 
in the NH signals,  which are  the most  sensit ive to conformational  changes, in all five cyclopeptides:  (1), 
(2), (10), (12), and (13) (Fig. 8). The NMR spec t ra  of the deuterated derivat ive of a tyros ine  cyclopeptide 
showed that in these compounds the intraHBs are  formed by the glycine res idues  (positions 1 and 4 in Fig. 9) 
preceding the res idues  of optically active amino acids (positions 2 and 5) [16]. The c loseness  of the con- 
format ional  s ta tes  of cyclopeptides of the [ (X-X-GlY)2 ] type [(6), (7), and (9)] was mentioned above in a 
discussion of the CD curves .  The posi t ions of the intraHBs in these compounds that a re  shown in Fig. 9 
follow f rom the NMR spec t ra  of the deuter ium-label led  alanine cyclopeptide (9) [3, 4]. 
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T A B L E  1. P a r a m e t e r s  of the  NMR Spec t r a  of Compounds  (1)- (7) 

0 (D 

Solvent 
Chemical shifts, ppm 

SJNH-CH with 
correction for 
the electro- 
negativity of 
the substituent 

, NH , , CH, I C:~H Ca H, C~H C~H, C~H~ NH(GIy) [(Nva.Vai. Leu,.Oly(~) 

4,571 4 , ~ 0 -  1,48'1,99 8.00 7.7:2 
I I 

11,5 
} 8,95 11,5 3,80_3, 01 --i,. 411,70 7,50(I,3) I 8,26(7.5) 11 5 

4'601 4,3812,231_ _ 8,36(8,0) 110,9 
7,41 (1,0) I 8,21 (6,5) I 1115 3,80 ~3,50 1,88 -- -- ~8,02 7,77 12 5 
8,64 (6,0) I I 11 5 

4,581 4,261- 11,451,85 804 [ 7,79 113:O 
4,63 4,28 -- 1,78 1,55:1: 8,13 I 7,80 I 1t.4 
4,211 3,73 -- 1 57 1,545 826(4,4)1 8.00(4,2} [ 10 2 

~4,501-4.3012,251 ' -  -- 8,11 I 7,85 I 13:1 
4,69[ 4,25 -- 11,451,91 [ 8,08 /I 7,867'83 { 11,31 

~7,98 [ 7 77 1" 4,521~4,252,171 -- _ 1-8,o5 

Nva, 
Val, 

Or Leu 

7,0 

7,1 

7,3 
6,8 

7,3 
7,4 
7,6 
7,6 
6,8 
7,4 7,~ 

CF3COOHI0,98 

(CD3)2SO 0,87 

CF3COOHll, I 1 
(CD3)~SO 0,92 

CF3COOH]0,98 
CF3COOHI1,03 
(CD~SO 0,87 
CFaCOOH 1,09 
CF3COOH 1,02 

CF3COOH[I, 11 

* T h e  va lues  of A O / A T -  103 (ppm/deg)  a r e  g iven  in p a r e n t h e s e s .  
t T h e  3JNH_CH c o n s t a n t s  could not be  d e t e r m i n e d  b e c a u s e  of the o v e r -  
l app ing  of the s igna l s .  
$ The  s igna l s  of C Y - H  of Leu a r e  g iven.  

a 

oC O0 (~)N r-~ H-bond 

Fig.  10. C o n f o r m a t i o n s  of the e y c l o p e p t i d e s  [ ( L - V a l -  
L - V a l - G l y ) 2  ] (a) and [ ( L - V a l - G l y - G l y ) 2 ]  {b) in aque -  
ous so lu t ions .  

C O N F O R M A T I O N A L  A N A L Y S I S  

Thus ,  the m a t e r i a l  a c c u m u l a t e d  on c y c l o p e p t i d e s  shows the e x i s t e n c e  of two types  of "p lea ted  shee t "  
s t r u c t u r e s  in  aqueous  so lu t ions .  Both t ypes  have c h a r a c t e r i s t i c  CD c u r v e s .  One of t h e m  is d i s t r i bu t ed  
e x t r e m e l y  widely ,  while  the second  is p r e d o m i n a n t  only in compounds  with the g e n e r a l  f o r m u l a  [ ( X - G l y -  
Gly)2 ]. T h e s e  s t r u c t u r e s  a r e  r e a l i z e d  in the p u r e s t  f o r m  in the v a l i n e - c o n t a i n i n g  cyc lopep t i de s  (2) and (7). 

It i s  not a m a t t e r  of doubt that  the c o n f o r m a t i o n s  found c o r r e s p o n d  to the f o r m s  6) and (II) of the 
"p lea ted  shee t "  s t r u c t u r e  g iven  above ,  which d i f f e r  by the ang les  ¢ and @ of the a m i n o - a c i d  r e s i d u e s  in 
pos i t i ons  2, 3, 5, and 6.* It r e m a i n s  to  be  e s t a b l i s h e d  which of the two c o n f o r m a t i o n s  has  the p a r a m e t e r s  
¢ and ~I, of f o r m  I and which  has  those  of f o r m  II.  F o r  th is  p u r p o s e ,  le t  us  c o n s i d e r  two g r o u p s  of c y c l o -  
pep t ide s  be longing  to  d i f f e ren t  c o n f o r m a t i o n a l  t y p e s  (Fig. 9). The va lues  of the 3JNH_CH c o n s t a n t s  of c o m -  
pounds  (1), (2), (6), (7), {9), and (10) {Table 1, Fig.  8, and [3, 4]) a g r e e  with the p a r a m e t e r s  ¢(2,5) and ¢(3,6) 
of both  f o r m s  (I) and fII) and do not p e r m i t  p r e f e r e n c e  to be g iven  to e i t h e r  of them.  A cho ice  could be  m a d e  
by  c o m p a r i n g  the s t r u c t u r e  of the " f l - in f l ec t ions"  of the compounds  shown in Fig.  9 with the known c o n f o r -  
m a t i o n a l  p r o p e r t i e s  of the individual  a m i n o - a c i d  r e s i d u e s .  It i s  n a t u r a l  tha t  in both  g r o u p s  of compounds  
the L - a m i n o - a c i d  r e s i d u e s  will  tend to adopt  the c o n f o r m a t i o n s  m o s t  f a v o r a b l e  fo r  t hem.  N u m e r o u s  ex -  

* T h e  p a r t i c i p a t i o n  in the e q u i l i b r i u m  of c e n t r o s y m m e t r i c a l  s t r u c t u r e s  with the oppos i te  o r i e n t a t i o n s  of the 
earbor~¢l g r o u p s  in the two "fl in f l ec t ions"  is  not exc luded .  However ,  f o r  c o m p o u n d s  (1), (2), (6), and (7) 

~with C 2 - s y m m e t r i c a l  f o r m u l a s  they  a r e  unl ike ly .  
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p e r i m e n t s  and calcula t ions  (see, fo r  example,[10])  show that such conformat ions  a re  r ep re sen t ed  by the 
coord ina tes  of region B of the conformat iona l  maps ,  i .e. ,  the region of the ene rgy  min imum located in 
t h e i r  top lef t -hand quadrants  and cor responding  to the fl f o r m  of polypept ides .  Since the angles of rota t ion 
of f o r m  I co r r e spond  to theR_t(2 ) and B(3 ) regions,  and f o r m s  II to the B(2 ) and L(3)t regions,  it is e a sy  to 
see that  compounds (10), (1), and (2) which have L - a m i n o - a c i d  res idues  in posi t ion 2, mus t  adopt the 
"pleated sheet"  conformat ion  II, and compounds (9), (6), and {7) with a L - a m i n o - a c i d  res idue  in pos i t ion  
3 mus t  adopt the "pleated sheet"  conformat ion  I. The inc reased  s tabi l i ty  of the f o r m s  found in the case  
of the valine de r iva t ives  (2) and {7) is explained by the be t t e r -de f ined  tendency of the valine res idue  to 
adopt a conformat ion  of type B [9, 10, 18, 19]. The conformat ions  of compounds (2) and {7) cor responding  
to the two main  types  of "pleated sheet"  s t ruc tu re  a r e  shown in Fig. 10. 

Thus, the conformat ion  of the "fl inflection" (type I) found in the c rys ta l l ine  c y c l o p e p t i d e [ D - A l a - D -  
A l a -  Gly4] [8] is p r e s e n t  in the overwhelming ma jo r i t y  of cycl ic  hexapept ides  in solution. A conformat ion  
of type (II) is encountered  re la t ive ly  m o r e  r a r e l y  and is p redomina t ing  only fo r  one combinat ion of amino-  
acid r e s idues .  The s a m e  s t ruc tu re  has been  detected in the L - S e r - - L - S e r  sec t ion  in c rys ta l l ine  f e r r i -  
ch rome  A [20], where  it is apparent ly  due to the p r e s e n c e  of hydroxymethyl  side chains o r  to the s t e r i c  
l imi ta t ions  imposed  by the complex par t  of the molecule .  

E X P E R I M E N T A L  M E T H O D  

The synthes is  of compound (1)-{7) has been  desc r ibed  p rev ious ly  [21]. Before  the phys icochemica l  
m e a s u r e m e n t s ,  the compounds (1)-(7) obtained in the individual s ta te  were  dr ied over  P2Os at 50°C/0.5 
m m  for  16 h .  The CD curves  were  m e a s u r e d  on a Ca ry -60  s p e c t r o p o l a r i m e t e r  with a Cary-6001 a t tach-  
ment  fo r  obtaining CD cu rves  at concent ra t ions  of the solutions of (0.1-3) • 10 .3 M and a t e m p e r a t u r e  of 
the solutions of 23-26°C; the cel l  th ickness  was 0.01-1 cm.  In view of the l imi ted  solubil i ty of compounds 
(1)-(7), e spec ia l ly  the valine der iva t ives ,  both in wa te r  and in nor~o la r  solvents ,  to m e a s u r e  the C D c u r v e s  
the cyclopeptide sample  was usual ly  d issolved in t r i f luoroethanol  or  ethanol,  and the resu l t ing  solution 
was then diluted with water ,  t r i f luoroace t i c  acid, dioxane, or  heptane.  The IR s p e c t r a  were  recorded  on a 
UR-10 ins t rument  with LiF  and NaC1 p r i s m s .  The th ickness  of the cell  in m e a s u r e m e n t s  in the 3500-3200 
cm -1 regions  was 20 m m  and in the 1750-1610 cm -~ region 5 mm;  the concent ra t ion  of the solutions was 
1.2 • 10 -4 M. The NMR s pec t r a  were  t aken  on a JNM-4H-100 ins t rument  with a working f requency of 100 
MHz and with s tab i l iza t ion  of the resonance  conditions on one sample .  Te t r ame thy l s i l ane  was used as 
in ternal  s tandard  (6 = 0.00 ppm).  The chemica l  shif ts  were  de te rmined  with an accu racy  of * 0.005 ppm, 
the s p i n - s p i n  coupling constants  with an accu racy  of about +0.1 Hz, and the t e m p e r a t u r e  with an accu racy  
of :~2°C. The concent ra t ions  of the solutions were  0.08-0.12 M. 

The authors  thank L. B. Senyavina fo r  m e a s u r i n g  the IR s p e c t r a  and fo r  ca lcula t ing the in tegra l  in-  
t ens i t i e s  of the bands.  

S U M M A R Y  

1. The CD, IR, and NMR s p e c t r a  of the cyclohexapept ides  (1)-(7) have been  studied. 

2. It has been shown that in t r i f luoroe thanol  and ethanol the compounds invest igated show a tendency 
to a s soc ia t ion  which is pa r t i cu l a r l y  s t rong in the case  of [ ( L - V a l - G l y ) 3  ] (5). 

3. In aqueous media ,  cyclohexapept ides  of the type of [ (X-Gly -Gly )~ ]  adopt the "pleated sheet"  II 
conformat ion,  and the o ther  cyclopept ides  the "pleated sheet"  I conformat ion .  

4. In nonpolar  media,  conformat ions  with three  or  four  i n t r amo lecu l a r  hydrogen bonds p redomina te .  

1. 
2. 

3. 
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