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Among the var ious  physicochemical  methods used for studying the conformational  s ta tes  of p e p t i d e -  
prote in  sys tems ,  an impor tant  place is  occupied by in f r a red  (I_R) spectroscopy.  In the near  IR region 
(4000-2000 cm -1) the re  are  the f requencies  connected with the s t re tching vibrat ions of the NH groups and 
sensi t ive to the i r  par t ic ipat ion in hydrogen bonds [1]. In the middle region (2000-800 cm -1) a re  located the 
amide I bands (1630-1700 cm- l ,  , C = O s t re tching vibrations),  the amide H bands (1510-1560 cm -1, mainly 
N - H  planar  deformation vibrations),  and the amide HI bands (1215-1305 cm -1, mainly the C - N  s t re tching 
vibrat ion in terac t ing  with the N - H  planar  deformation vibration). The amide vibrat ions in the middle IR 
region have long been used v e r y  successful ly  for  charac te r iz ing  o r d e r e d  (a and/3 forms)  random-coi l  
s t ruc tu re s  in a polypeptide chain [2-8]. After  the appearance of Miyazawa's  book [9], the method of long- 
wave IR spec t roscopy  (800-60 cm -1) cor responding  to the amide IV (620-780 cm -1, C = O planar  de fo rma-  
tion vibration),  the amide V (640-800 cm -1, N - H  nonplanar deformation vibration),  the amide VI (530-610 
cm -1, C = O nonplanar deformation vibration),  and the amide VII (~ 200 cm -1, C - N  tors ional  vibration) vi-  
brations also came into use for conformational  investigations of polypeptides and prote ins .  In spite of the 
fact  that the amide IV-VII vibrat ions r e l a t e  to definite bonds in the amide group, they a re  not c h a r a c t e r -  
is t ic  and are ,  the re fo re ,  ex t r eme ly  sensi t ive to a change in the conformation of the molecule  [2, 10]. The 
IR spec t ra  of complex peptide sys tems  cons t ruc ted  of sect ions differing conformat ional ly  a re  usually ana-  
lyzed on the basis of the i r  compar ison with the thoroughly studied spec t ra  of the regular  (antiparallel ,  
para l le l ,  and c ross /3  fo rms ,  a-hel ix)  or  the random-coi l  fo rms  of polypeptides. However,  the resu l t s  of 
a study of lysozyme [11], myoglobin, and other  prote ins  [12, 13] in the solid state shows the difficulties of 
such an approach,  since the IR spec t rum is grea t ly  complicated because of the p re sence  of the side chains 
of the var ious  amino-ac id  segments  and also the p resence  of peptide segments  with conformations consid-  
e rab ly  differ ing f rom those mentioned above. 

Consequently, at the p re sen t  t ime i t  has become n ece s sa ry  to invest igate the IR spec t ra  of var ious 
model peptide sys tems  with known conformational  p a r a m e t e r s  which would p e rm i t  the finding of spec t ra l  
ass ignments  cha rac te r i s t i c  for  other  types of peptide s t ruc tu res  (apart  f rom the a and/3 fo rms  and the 
random coil). As an example of such a type of investigations we may give the recent ly  published papers  
by Koyama, Shimanouehi and the i r  colleagues re la t ing to a detailed study of the IR spec t ra  of a se r i e s  of 
methylamides  of acetylamino acids [14, 15]. The present  paper  gives  the resu l t s  of a study of the IR spec-  
t r a  of the s imples t  cycl ic  hexapeptides (1)-(15) cons t ructed  f rom L(D)-alanine and glycine res idues ;  the 
conformational  s ta tes  of these compounds (see below) have been cons idered  previous ly  [16-23]. 

cyclo-Oly-Gly-Gly-Gly-Gly:Gly ( t )  
hexa-N-deuterocyclohexaglycyl (1 a) 
cyclo- Oly-Gl]-Gly-Gly.Oly-D-Ala (2)  
cyclo -Oly-Oly-Olv-Oly-D.Ala.D.Ala (3) 

' cyclo-.Oly-Oly-Oty-L-Ala-Oly.L-Ala (4) 
cyelo -Gly-GIy-L-Ala-Gly-GIy-L-Ala (5) 
cyclo-Oly-Gly-Oly-D-Ala-D-Ala-D.Ala (6) 

M. M. Shemyakin Institute of the Chemis t ry  of Natural  Compounds, Academy of Sciences of the USSR. 
Trans la ted  f rom Khimiya Pr i rodnykh Soedinenii, No. 3, pp. 361-369, May-June,  1972. Original a r t ic le  
submit ted November  29, 1971. 

© 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 ~'est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

353 



cyclo-Gly-Gly-L-Ala-L-AlwGly.L-Ala (~7) 
cyclo- Gly.D-Ala-Gly. D-Ala-Gly-D-Ala (8) 
cyclo- Gly-L-Ala-Gly-L-Ala-L-Ala-L-Ala (9) 
cyclo- Gly-D-Ala-D-Ala-D-Ala-D.Ala-D-Ala (I0) 
cyclo- D-Ala-L-Ala-L-Ala-L-Ala-L-Ala.L.Ala (11) 
cyclo- D-AIa-D-AIa-L-Ala-L-Ala.L-AIa.L.AIa (12) 
cyclo- D-Ala-D-Ala-D-Ala-L-Ala-L-AIa-L-Ala (13) 
cyclo- D-Ala-D-Ala-L-Ala-D-Ala-D-Ala.L-Ala (14) 
cyclo. D-Ala-D-Ala-L-Ala-D-Ala-L-Ala-L-Ala (15) 

The IR spec t ra  of compounds (1) (3), and (8), taken immedia te ly  a f te r  the prepara t ion  of tablets  with 
KBr or of mulls  with paraffin oil (Fig. 1) are  distinguished by the p resence  of a large number of bands 
both in the amide A region and in the amide I-VII regions.  A comparison of the spec t ra  of compounds (1)- 
(15) does not pe rmi t  any definite relat ionship whatever  between the i r  pa r ame te r s  and the p r i m a r y  s t ruc -  
tu res  of the cyclopeptides to be found; taken separate ly ,  they likewise do not pe rmi t  a s t r i c t  in terpreta t ion.  
Apparently,  the complex nature of the spec t ra  is  due to the p re sence  in the samples  invest igated of sev-  
e ra l  con fo rmers  each of which makes  i ts  own contribution to the observed spectrum.  The conformational  
inhomogeneity of the crys ta l l ine  samples  of the cyclopeptides (1)-(15) is  connected with the conditions of 
the i r  isolation: as a rule,  in the last  stage they were  purif ied by rapid rec rys ta l l i za t ion  or  reprecipi ta t ion 
from aqueous o r  aqueous ethanolic solutions in which a complex conformational  equil ibrium is establ ished 
[21, 221. 

In addition to this, we have studied the spec t ra  of the cyclopeptides (1)-(15) a f te r  they had been kept 
at 150-160°C for  1 h. The spec t ra  of compounds (1)-(8) taken af te r  the heating of tablets  with KBr (or 
NaC1) differ  sharply f rom the spec t ra  before heating (Fig. 2); on the other  hand, the spec t ra  of compounds 
(9)-(15) have hardly  changed. In the major i ty  of cases ,  heating f ree  cyclopeptides and the i r  subsequent 
molding with KBr does not lead to a change in the i r  spectra .  On molding with CsBr  or CsI and heating to 
150-160°C, slight changes a re  observed only for compound (1). The spec t ra  of compound (1), taken di rec t ly  
a f te r  heating with KBr and af te r  2 weeks do not differ  f rom one another,  but the sample obtained af ter  the 

4000 3000 2000 I600 [200 800 400 ~'C 

~ = G l y  ~ =O-lllg Frequency, cm -x 

Fig. 1. IR absorption spec t ra  of the cyclohexapeptides 
(1), (la),  (3) and (8) before heating (tablets with KBr to 
400 cm -1 and in paraffin oil below 400 cm-1). 

354 



4000 3000 2000 1800 1200 800 200 

~ ' B t F  ,,,~,~Z-AgU .,,J,~=D-Ata Frequency, ~m "I 

Fig. 2. IR absorpt ion  spec t r a  of the cyclohexapept ides  
(1)-(8) a f t e r  heating (KBr table ts ;  the spec t rum of 
fo rm A of Ac-GLy-NHMe is  shown dotted). 

t r e a t m e n t  of the table t  in wate r ,  the desal t ing of the solution on ion-exchange r e s in s ,  evapora t ion ,  and the 
molding of the res idue  with KBr  gave a spec t rum identical  with that shown in Fig. 1. 

In a cons idera t ion  of the newly obtained spec t r a  of compounds (1)-(8) (see Fig. Z) it  can be seen that  
they a r e  compa ra t i ve ly  s imple  and monotypical ;  in the amide  A region of each of them the re  is  a band at 
~ 3300 cm -~ (NH group par t i c ipa t ing  in the format ion  of hyd rogen  bonds) with a c h a r a c t e r i s t i c  shoulder  at  
~ 3440 cm -1 (water  of hydrat ion or f r ee  NH groups),  the amide  I bands have an unusuaLly high f requency 
(,,, 1685 cm-1),  and in the region m o s t  sens i t ive  to changes in conformat ional  s ta tes ,  800-190 cm -1, the in-  
tens i ty  of the bands has i n c r e a s e d  cons iderably  and the bands or  groups of bands common to aLl the c o m -  
pounds can eas i ly  be t r aced  (Table 1). 

The fac t s  p re sen ted  above p e r m i t  the conclusion that  the heating of compounds (1)-(8) with KBr (NaCI) 
i s  accompanied  by conformat ional  r e a r r a n g e m e n t s  as  a r e su l t  of which each ini t ial  m ix tu re  of c o n f o r m e r s ,  
on in te rac t ing  with the ionic c r y s t a l s  of the sal t ,  undergoes  a t r ans i t i on  into 'a p r e f e r en t i a l  conformat ion  that  
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TABLE 1. Frequencies  of the Bands in ' the IR Spectra of the 
Cyclohexapeptides (1)-(8) Having the "Pleated Sheet" Structure 
with Two t rans-Annular  Hydrogen Bonds of the 4 - -  1 Type 

Frequency, I Intensity Assignment Conformation 
c m  - !  

.3440--3450 

33O0 
7680--1690 
1510--1530 
,1440--1450 
1410--]420 
,1330-1340 
1270--1280 

,1100--800 

710--730 

'670--680 
~640--650 

600-610 
570--580 

,545--560 
500-520 
370--380 
.340--350 
.310--330 
300 -310 

m 

s 

m 

s 

m . w  

s 

w 

m 

V°S 

W 

m 

Water of hydra- 
tion of frge N - H. 

Amide~A 
Amide I 
Amide II 
C - C H a def. 
CI-I 2 scissors 
CH z fan 
Am~de III, 
Skeletal stretching 

vibrations 
CHt. wagging 
Amldev 

AmideIV? 
AmidelV? 

AmideV? 

Skeletal deforma- 
tion vibrations 

¢a,s =(--130°)--(--90°) , J?a.s =0--50° (form A 
of Ac-Gly-NHMe) 

The same 
¢2,s = ( - - 7 ° ° ) - ( - - 5 ° ° )  , 
~2,5 =('--40°)--(--10°) . (a-helix) 

The same 
o3,s =(--13o°)-(--9o% 
~a.s =0-50,(form A of Ac-Gly-NHMe) 
The same, 
The same' 

ea.s =(--130°)--(--90°)  , 
q3.6 =0--50,(form A of Ac-Gly-NHMe) 

\ 

'~ Oxygen ®Nitrogen o Carbon ~ H-bond 

Fig. 3. Model of a molecule of cyclohexaglycyl 
eorresponding to the "pleated sheet" conforma-  
tion with two in t ramolecular  hydrogen bonds of 
the 4 ~ 1 type. 

is s imi lar  for all the compounds and is the most  
favorable under the conditions of recording the 
spectrum. The transi t ion takes place more  readily 
in the case of cyclohexaglycyl  (1), and the retention 
of the form of the spect ra  of compounds (9)-(15) 
containing four or  more  alanine residues is con- 
nected with the increase  in the energy ba r r i e r s  of 
the conformational t ransi t ions because of the p r e s -  
ence of a large number of lateral  methyl groups. 
The role of heating apparently amounts to an acce l -  
eration of the p rocess  of achieving equilibrittm. 
However, it is  not excluded that the observed r e a r -  
rangement  is connected with a change in the nature 
of the in termolecular  interact ions in the c rys ta l  
lattice (for example, as the result  of the evapora-  
tion of water  of crystal l izat ion,  as has been found 
for L-propylglycine [24]. 

The conformational  states of compounds (1)- 
(15) have been investigated in detail in solution by 
means of a complex of physicochemical  methods 

(UV [20], IR [19, 23], and NMR spect roscopy [19, 21, 22], CD and ORD curves  [18, 20], and dipole moments  
[18, 23]). The spatial s t ructure  of the cyclopeptides (1) and (3) in the crysta l l ine  state has been established 
by x - r a y  s t ruc tura l  analysis  [16, 17]. It  was shown that the cyclohexapeptides constructed of glycine and 
alanine res idues  possess  r ich conformational  possibil i t ies.  They a re  capable of real iz ing diverse s t ruc -  
tures  differing in symmetry ,  in the presence  of in t ramolecular  hydrogen bonds, and in the mutual or ienta-  
tions of the atoms and groups. However, the most  common s t ructure  which can be found in all r ings under 
very  diverse conditions both in solutions and in the crysta l l ine  state is the so-ca l led  npleated sheet" s t ruc -  
ture (Fig. 3) stabilized by two t rans -annula r  hydrogen bonds of the 4-* 1 type f i rs t  proposed for cyclohexa-  
peptides by Schwyzer [25, 26]. The resul ts  of an investigation of the NMR spect ra  of other cyclohexapep- 
tides containing, in addition to glycine residues,  those of leucine [27], tyrosine [27, 28], histidine [27], and 
proline [29] lead to a s imi lar  conclusion. The resul ts  of a calculation of the potential energy  of cyclo-  
hexaglycyl and of cyc lohexa-L-a lanyl  [30] also indicate a preference  for a s t ructure  of the "pleated sheet" 
type. 
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F r o m  what has  been said i t  follows that the conformat ion  r ea l i zed  in the cyclopept ides  (1)-(8) a f t e r  
heating with KBr mus t  be ass igned  to the "pleated sheet"  type. A compar i son  of the r e su l t s  of x - r a y  s t r u c -  
t u ra l  ana lys i s  [17], NMR s p e c t r a  (in pa r t i cu la r ,  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  [19, 21, 22]) and theore t ica l  conformat ional  ana lys i s  [30] p e r m i t s  the following mos t  
p robable  conformat ional  p a r a m e t e r s  to be suggested for  i t  (all amide bonds in the t r a n s  configurat ion,  
co = 0):* 

¢ , , ,  (--170°)--(--110°), ¢2,s ( --70°)-(--50°);  ¢a,6 (--130°)--(90°) 
~'i,, ( - -180°)-- ( -160°) ,  160-180°; V2,s ( - -40°)--(--I0°)  ~'3,e 0--50° 

F o r  an ana lys i s  of the IR s p e c t r a  of th is  f o r m  it  i s  des i rab le  to c o m p a r e  them with the s p e c t r a  of 
o ther  peptide s y s t e m s  cons t ruc ted  of glycine and alanine res idues .  Since th ree  p a i r s  of amino-ac id  r e s i -  
dues nonequivalent  f r o m  the conformat ional  point of view located at the "fold of the sheet"  (1) and (4) and 
at  i t s  angles  (2 and 5; 3 and 6) par t i c ipa te  in the "pleated sheet"  s t ruc tu re ,  i t  i s  na tura l  to a s s u m e  that  in 
the 800-200 cm -1 region bands co r respond ing  to each of the p a i r s  should appear .  In view of the fact  that  
the p a r a m e t e r s  ¢ and • of res idues  1 and 4 a r e  c lose  to the p a r a m e t e r s  of the fl s t ruc tu re  (¢ = - 1 3 0  °, ¢,'= 
140°), those  of r e s idues  2 and 5 to the a - h e l i x  (O = - 6 0  °, ~ = - 6 0 ° ) ,  and those  of r e s idues  3 and 6 to fo rm A 
of N-ace ty lg lyc ine  methy lamide  (the coordina tes  ¢ = - 6 0 ,  • = 0 have been p roposed  for  th is  [14] [more  a c -  
cura te ly ,  apparent ly ,  • = - 9 0  °, @=0 °, see  below]) we should expect  in the spec t rum of compounds (1)-(8) 
the p r e s e n c e  of bands cor responding  to the cha r ac t e r i s t i c  f requencies  of the th ree  f o r m s  mentioned: ~ 710 
and ~ 450 cm -1 for  the fl f o r m  [32, 33], 650, 610, and 380 c m  -1 for  the ~ -he l i x  [32], and five s t rong  bands 
for  the A f o r m  of Ac-Gly-NHMe (see the s p e c t r u m  shown dotted in Fig. 2). In actual  fact ,  the bands m e n -  
t ioned above a r e  p r e s en t  in the m a j o r i t y  of the spec t r a  given in Fig. 2, and we have made the i r  p rovis iona l  
a s s ignment  on this basis  (see Table  1). In addition to this ,  for  compound (1) the bands c h a r a c t e r i s t i c  of fl 
sect ions  a r e  p rac t i ca l ly  absent ,  which poss ib ly  shows the p lana r  s t ruc tu re  of sec t ions  of the type of 

\ i 
C = O . - .  H--N \ .  / 

- -  C*  / (bounded by one and four  res idues  and by i n t r amo lecu l a r  hydrogen bonds), i .e .  the C 
/ \  / \  

N - - H . .  • O = C  
J \ 

c loseness  of the p a r a m e t e r s  O1, 4 and ~t,4 (-180°)- In this  case ,  the a n t i s y m m e t r i c a l  v ib ra t ions  in the s e c -  
tion cons ide red  prove  to be weak, p robab ly  because  of the absence  of a cen te r  and plane of s y m m e t r y  and 
do not appea r  in the spec t rum.  Thus,  the spec t rum of compound (1) a f t e r  heat ing with KBr  p rac t i ca l ly  r e -  

\ / \ /  
C ° - -CO--NH--  C" 

/ \ 
f lects  the p r o p e r t i e s  o fa  t e n - m e m b e r e d  r ing s tabi l ized by 4 ~ 1 hydrogen bonds H--N C = 0 

\ - /  
C -  O . - . H - - N  
I \ 

and it m a y  s e r v e  as  a bas is  for  spec t r a l  a s s ignmen t s  in a number  of compounds containing such sect ions .  
However ,  in compounds (3)-(8) the s y m m e t r y  of the cen t ra l  pa r t  of the cyclopeptide del imi ted  by 4 --~ 1 hy- 
drogen bonds is  somewhat  d is tor ted  as  a r e su l t  of the complexi ty  of the side chain and bands appea r  c o r -  
responding to the fl f o r m  in the 470-420 c m  -1 region although they a re  of low intensi ty  (see Fig. 2). I t  i s  
difficult to r e c o r d  the appearance  of bands at 720-710 cm -1 because of over lapping with the amide V band 
for  r e s idues  with other  conformat ional  p a r a m e t e r s .  

I t  can be seen f rom Fig. 2 that the s p e c t r a  of compounds (1)-(8) in the 730-500 c m  - I  region a r e  ex -  
t r e m e l y  s im i l a r ,  as  a whole, to the spec t rum of f o r m  A of Ac-Gly-NHMe.  

Consequently,  the cyclopept ides  m u s t  contain sect ions  with the s ame  conformat ional  p a r a m e t e r s  as 
f o r m  A. As was shown above, these  sec t ions  a r e  amino-ac id  res idues  in posi t ions  3 and 6 with the c o o r -  

* To desc r ibe  the conformat ional  s ta tes  of cyclopept ides ,  we have used the nomencla ture  p roposed  by the 
IUPAC Commiss ion  in i969 [31]. 
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dinates @ = - 1 3 0  ° to - 9 0  ° and • = 0 to 50 °, which permi t s  some refinement in the p a r a m e t e r s  proposed p re -  
viously for form A, @=-60 °, ~I'=0 ° with the proposal  of the new figures:  ~ = - 9 0  °, ,I~=0°. * 

In conclusion, it is desirable to consider  the question of the possibi l i ty of studying the c i s - t r ans  
i s o m e r i s m  of the amide bonds in peptides by means of IR spectra.  After investigating the spec t ra  of a 
large se r i e s  of model c i s -amides  (piperazine-2,5-diones and 4- to 7 -membered  lactams),  Blaha et al. [38] 
came to the conclusion that the distinguishing features  of cis-amide bonds are  a low frequency of the amide 

H . . . .  0 / 

\, / %.c 
A band (~ 3200 cm -1) due to stable in termolecular  hydrogen bonds of the N. I type, a high 

I N 

/C% 0 .... N / \ 

frequency of the amide I band (1670-1690 cm-1), the location of the amide II band at ~ 1440 cm -1 (instead 
of 1540 cm -1 as for the t rans-amides)  and its displacement on N-deuterat ion to the ~ 1235 cm -1 region, 
and the position of the amide HI band at 1305-1345 cm -1 and the absence of its displacement on deuteration 
(the t r ans -amide  HI band, genera l ly  located at ~ 1250 cm -1, is shifted on deuteration to ~ 980 cm-1). In 
the opinion of these authors,  any of the charac te r i s t i c s  mentioned can be used to answer  the question of 
the presence  of c i s -amide  bonds in compounds containing amide groups in the same configuration, but it is  
ex t remely  difficult to detect c i s -amide  bonds in the presence  of t rans  bonds. Blaha et al. [38] came to the 
conclusion of the presence  of cis bonds in some d ias t e reomers  of c y c l o - G l y - P h e - L e u - G l y - P h e - L e u  on the 
basis of the presence  of a band at ~ 1340 cm -1 and the appearance af ter  deuteration of a band at ~ 1235 
cm -1. In our  opinion, because of the conformational  nonhomogeneity of the crysta l l ine  samples  and the 
possibi l i ty of diverse interact ions of the vibrational frequencies,  all the spectra l  features  mentioned are  
charac te r i s t i c  not only of c i s -amides  but also of compounds with t r ans -amide  bonds.t  In par t icular ,  this 
is shown by the resul ts  of the present  work. In spite of the absence of cis bonds in compounds (1)-(15) [16, 
17, 19], their  IR spec t ra  frequently show bands at 3200 cm-1; as a rule, the amide I band is charac te r i zed  
by a high frequency, and bands appear  in all the spec t ra  at 1310-1345 cm -1. Finally, the N-deuterat ion of 
cyclohexaglycyl (1) appreciably inc reases  the intensity of the band at ~ 1240 cm - i  (see Fig. 1). Thus, the 
question of the presence  of c i s -amlde  bonds in cyclopeptides investigated by the Czechoslovak authors 
mus t  be cons idered  as open, and the use of other methods is neces sa ry  for  its solution. 

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

The synthesis  of compounds (1)-(15) has been descr ibed previously [40-43]. Compound (1) was N- 
deuterated by dissolution in D20 and evaporation to dryness  three t imes.  The degree of deuteration was 
checked f rom the intensity of the amide A band (~3300 cm-1). The IR spec t ra  in the 4000-625 cm -1 region 
were taken on a P e r k i n - E l m e r  257 ins t rument  with diffraction gratings. The 700-400 cm -1 region was 
studied on a Hilger H-800 ins t rument  with a KBr pr ism.  A Hitachi FIS-21 ins t rument  with diffraction 
grat ings was used to obtain the spec t ra  in the 500-450 cm -1 region. The accuracy  of the frequency m e a -  
surements  was ± 2 cm -1 for the P e r k i n - E l m e r  257 and Hilger H-800 ins t ruments  and • 1 cm -1 for  the 
FIS-21 spec t rometer ,  the calibration of which was per formed with the spec t ra  o f  H20 vapor.  All the sam-  
pies were examined at room tempera ture  in the solid phase (tablets with KBr down to 250 cm -1, tablets 
with CsBr  down to 190 cm -1, and mull with paraffin oil between polyethylene windows down to 40 cm-1). 

The deuteration of the cyclohexaglycyl was pe r fo rmed  by A. I. Miroshnikov. 

SUMMARY 

By IR spec t roscopy in the middle and far  regions of the spect rum it has been found that on being 
heated with KBr a number of cyclic hexapeptides with L(D)-alanine and glycine res idues  undergo a t r ans i -  
tion f rom a mixture of various conformers  into a monotypical conformational state corresponding to the 
"pleated sheet ~ s t ructure  with two t rans -annu la r  hydrogen bonds of the 4-~ 1 type. 

* Although the probabil i t ies  of the real izat ion of the conformations with • = - 6 0  °, • = 0 ° and with • = - 9 0  °, 
~I, = 0 ° are  approximately the same according to quantum-mechanical  calculations [34], on the conforma-  
tional char ts  obtained by the semiempir ica l  method the f i rs t  conformation is represented  by a region with 
a higher energy [35-37]. 

The only exception is the amide H band: several  authors have shown that in nondeuterated t r ans -amides  
it is always located at ~1540 cm -1, and in c i s -amides  at 1440 cm -1, being superposed on the deformation 
vibrations of the CH~ groups (see, for example, [39]). 
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