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A study of the spat ia l  s t ruc tu re  of peptide s y s t e m s  is a n e c e s s a r y  stage in the elucidation of the na-  
tu re  and m e c h a n i s m  of the i r  biological  action at the molecu la r  level .  

The s imples t  compounds including the main  s t ruc tu ra l  e lements  of a peptide chain a r e  the me thy l -  
amides  of N-ace ty l  a - a m i n o  acids (CH3NHCO-CHR-NHCOCH3).  They a re  e x t r e m e l y  convenient subjects  
fo r  the study of the nonvalent in teract ions  of  the a toms of neighboring peptide groupings and a side chain 
(R) located between them.  The de terminat ion  of the re la t ionship  between the chemica l  s t ruc tu re  of com-  
pounds of this  type and the i r  conformat ional  s ta tes  enables the role of this  type of in terac t ions  in the f o r -  
mation of the s t ruc tu re  of m o r e  complex  p e p t i d e - p r o t e i n  s y s t e m s  to be evaluated.  The r e su l t s  of a recent  
theore t i ca l  conformat ional  ana lys is  [1, 2 ] have shown that  even in pro te ins  in all  local  sect ions of the i r  pep-  
t ide chain the conformat ional  s ta tes  of the amino acid res idues  both in the main chain and in the side chains 
do not differ  s ignif icant ly f rom the opt imum spat ia l  f o r m s  in di-  and t r ipept ide  f r agmen t s .  

In r ecen t  y e a r s ,  the methy lamides  of N-ace ty l  a - a m i n o  acids have become the subjects  of carefu l  
theore t i ca l  ana lys is  (see,  for  example  [3-10]), which has  shown that the p r e f e r r e d  conformat ional  s ta tes  
of these  compounds can be desc r ibed  with the aid of a l imi ted number  of canonical  f o r m s .  Since the con-  
format iona l  s ta tes  of the amino acid r e s idues  in complex pept ides  a lso  co r respond  to these  fo rms ,  the de- 
t e rmina t ion  of a d i rec t  connection between the opt imum conformat ions  of model  compounds and the ex p e r i -  
m e n t a l  r e su l t s  obtained by var ious  physical  methods is of fundamental  in te res t .  F u r t h e r m o r e ,  the s y s t e m -  
atic expe r imen ta l  invest igat ion of the conformat ions  of model  compounds will p e r m i t  a compar i son  of the ex-  
p e r i m e n t a l  r e su l t s  with those of calcula t ions  a l r eady  pe r fo rmed ,  which is  e x t r e m e l y  important  for  the fu r -  
t he r  development  of the conformat ional  ana lys i s  of pept ides  and fo r  unders tanding the nature  of the non- 
valent in teract ions  and evaluating them quanti tat ively.  And, finally, in view of the fact  that the me thy l -  
amides  of N-ace ty l  a - a m i n o  acids and s imple  peptides re la ted  to them [11, 12] a re  subs t r a t e s  or  inhibi tors  
for  a s e r i e s  of pro teoly t ic  enzymes ,  the study of the conformat ional  poss ib i l i t i es  of such sy s t ems  is of in- 
dependent value for  enzymology.  

The p r e sen t  s e r i e s  of pape r s  [13-16] gives the r e su l t s  of a comprehens ive  exper imenta l  invest igat ion 
of the conformat ional  s ta tes  of the following s e r i e s  of methy lamides  of N-ace ty l  a - a m i n o  acids and the i r  
N-methy l  de r iva t ives .  

Ri R~ R3 
I I I 

CH3--CO-N- CH-CO--N- CHa 
1 2 3 4 5 6 7 

[. Ac-L-AIa-NHMe; RI=Ra=H, R~=CH3 
!I. Ac-L-AIa-NMe~; RI=H. Ra=Rz=CHa 
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Ill. Ac-L-MeAla-NHMe; 
IV. Ac-L-MeAla-NMe~; 
V.  Ac-L-VaI-NK~e;  
VI. Ac-L-VaI-NMe~ 

VII. Ac-L-MeVaI-NHMe; 
VIII. Ac-L-MeVal-NMe~; 

IX. Ac-L-Pro-NHMe; 
X. Ac-L-Pro-NMe~; 

XI. Ac-Qly-NH~e; 
Xl l .  Ac-L-Phe-NHMe.  

RIfR==CH3. Ra=H 
Rt==R)=R3fCHs 
Rt=RsfH. R~=CH(CH3): 
Rt=H. RI=CH(CHa)~, R3=CHs 
Rt=CHs,  RI=CH(CHs)~,  R3=H 
Rt=RafCH=. R=fCH(CH3): 
Rt. R==(CH=)s. R3=H 
Rt. R==(CI'~3. R==CHs 
Rz=R==R~=H 
Rt=RafH. Ra=CHaC~H~. 

In the investigation of the diamides given in the list, it was neces sa ry  to determine thei r  spatial s t ruc -  
ture  and to examine the influence on the position of the conformational  equilibrium and on the configuration 
of the amide groups of the nature of the substituents Rl, R2, and R3, the nature of the solvents, and the t e m -  
pera ture ;  to find the relat ionship between the spatial form of the diamide and the experimental  pa rame te r s  
of var ious methods; and to compare  the experimental  resul ts  with those of a theoret ical  eonformational  
analysis  of analogous compounds. 

The IR spec t ra  of a se r ies  of related diamides were f i rs t  descr ibed in the fifties by Mizushima et al. 
[17-26]. In the spec t ra  of dilute solutions of the diamides in CC14, these authors found severa l  absorption 
bands in the 3300-3500-cm -1 region corresponding to the s t re tching vibrations of a NH group. A diffuse 
band at 3340-3390 em -~ was assigned to the vibrations of a NH group forming an in t ramoleeular  H bond of 
the 3 - - 1  type (third residue connected with the first}, which stabil izes a s even-membered  ring; bands in 
the h igher- f requency region were assigned to the vibrations of f ree  Nil groups.  It followed f rom this that 
in the diamides in a nonpolar medium there  is a conformational  equilibrium of extended (A) and folded (B) 
fo rms :  

0 R R 
II I I 

CH3/C\N/AT-'H\c/N\cH3 ~_ H \ N / C H \ c / O  
I II I I 
. o : c .  ° 

C ... CH# 
A B 

Starting f rom the values of the intensities of the absorption bands at the maxima,  Japanese authors,  
using the methylamide of N-ace ty l -DL-N-methylnor leuc ine  as an example, evaluated the amounts of folded 
and extended fo rms  at var ious t empera tu res  and determined thei r  entropies and f ree  energies  [25]. On the 
basis  of general  considerat ions,  for  the B form a conformation was proposed [26] with the pseudoequatorial  
position of the R 2 side chain ( ¢ ~  120 ° ( C a - N ) ,  ~I,~ 240 ° ( C ~ - C , ) ,  [27]), and for  the A form a plane extended 
s t ruc ture  (~ = • = 0 °) with an in t ramolecular  hydrogen bond of the 1--- 1 type stabilizing a f l ve -membered  
ring. 

I 
[ ; u / C \ . / C H \  e j N \  

t i  t ~l v ~zJ 

l'i 0 

i4~ = ¢'= o 
A 

I 

O=~..---'N\ ~.C.__- N 
C[I 3 6~ il 

M ( e =  120°,¢=2400~H(0 240 °,~ = 120 ° ) 

The extended form of the methylamide of N-ace ty l -L-pro l ine ,  because of the fixation of the dihedral  angle 
at ~ 120 °, was assigned a s t ruc ture  intermediate  between the conformations mentioned above. 

Portnova et al. [28] showed that an equilibrium of folded and extended fo rms  is also found in various 
der ivat ives  of alanine dipeptides. Measurements  of the IR spect ra  at various t empera tu res  and the calcu-  
lation of the integral  intensit ies of the bands corresponding to the free NH groups permit ted  a quantitative 
evaluation of the propor t ion of the various fo rms  and a determination of the thermodynamic  pa rame te r s  of 
the t rans i t ion  A ~ B ;  on the basis  of a subsequent analysis  of NMR spect ra ,  it was concluded [29] that the 
pseudoaxial  orientation of R 2 in a s even-membered  r ing (¢ ~ 240 °, ~I, ~ 120 °) was p re fe r red .  

The IR spec t ra  of a large number  of alkylamides of N-acetyl  s - a m i n o  acids were  investigated by 
Avignon et al. [30-33]. As in the investigations mentioned above, these authors came to the conclusion of 
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Fig.  1. IR spec t r a  of the me thy lamides  of N-ace ty l -  
N - m e t h y l - L - a l a n i n e  (HI), N - a c e t y l - N - m e t h y l - L -  
valine (VII), and N - a c e t y l - N - m e t h y l - L - p r o l i n e  (IX}: 
1) in CC14; 2) in CHC13. 

the exis tence of the equi l ibr ium A ~ B  in CC14 so-  
lutions.  Then extended f o r m s  a re  main ly  ass igned  
the conformat ion with the p a r a m e t e r s  ¢ =~  = 0 °, 
and the folded f o r m s  those  with the p a r a m e t e r s  

~ 120 ° and • ~ 240 °. On the bas i s  of the peak  in-  
tensitLes of the bands cor responding  to the ex-  
tended fo rms ,  the F rench  w o r k e r s  in some ca se s  
evaluated the p ropor t ions  of A and B in the equil ib-  
r ium mix ture .  However ,  it mus t  be obse rved  that 
the ass ignments  of the bands that they adopt dif-  
f e red  f rom the a s s ignments  p roposed  by Mizush-  
ima  et al.  [26], and used  by Por tnova  et al .  [28]. 

On the bas i s  of an analys is  of the no rma l  
vibrat ions  in the IR spec t r a  in the 60-4000-cm -1 
range  of the c rys ta l l ine  methylamide  of N-ace ty l -  
glycine, Koyama and Shimanouchi [34] came  to the 
conclusion that  one s table  extended conformat ion 
(~ ~ 120 °, ~, ~ 0 °) and one metas tab le  conformat ion 
(~ ~ 120 °, ~I, ~ 180 °} were  rea l ized .  A s i m i l a r  s t r u c -  
tu re  in the c rys ta l l ine  s tate  has been a sc r ibed  
to the methy lamides  of a number  of other  amino 
acids [35]. 

Thus,  in all  the invest igat ions pe r fo rmed ,  
the exis tence in solutions of the diamides  of two 
spat ia l  fo rms ,  A and B, has been shown. Neve r -  
the less ,  the re  is  no single opinion on the concre te  
g e o m e t r y  of these  f o r m s .  For  each compound the 

p r e s e n c e  of not m o r e  than one folded and one extended conformat ion has been proposed,  and these ,  as a rule ,  
a r e  cons ide red  to be identical  for  a whole s e r i e s  of a lky lamides  of N-ace ty l  s - a m i n o  acids and the i r  N- 
methy l  de r iva t ives .  In the light of the r e su l t s  of a theore t i ca l  eonformat ional  ana lys i s  [6-9, 36, 37], these  
a s sumpt ions  do not appea r  to be obvious.  F u r t h e r m o r e ,  the re  is no suff icient ly s t r i c t  quanti tat ive i n fo rma-  
t ion  on the re la t ionship  between the na ture  of the equi l ibr ium A ~ H ,  the nature  of the solvent,  and the t e m -  
pe ra tu re ;  the a s s ignmen t s  of the absorp t ion  bands of the NH group in the extended and folded f o r m s  a re  con-  
t r ad i c to ry .  

In the study of IlL spec t ra ,  we did not a t tempt  to obtain a detailed idea of the conformat ional  equil ibrium 
and of the n u m b e r  and concre te  g e o m e t r i e s  of the p r e f e r r e d  conformat ions  of compounds (I-XID (this will 
be done l a t e r  in a considera t ion of the whole accumulat ion of exper imenta l  r e su l t s  of var ious  phys ica l  me th -  
ods and the r e su l t s  of theore t i ca l  analys is ) .  Our immedia te  a im was a quanti tat ive invest igat ion of the 
equi l ibr ium of the two types  of f o r m s  of d iamides  in nonpolar  (CC14) and weakly po la r  (CHCI 3) media .  In 
view of this ,  the in te rpre ta t ion  of the absorpt ion bands of the NH and CO groups was r econs ide red .  The r e -  
sul ts  obtained f rom the IR spec t r a  on the A ~ - B  equi l ibr ium a r e  n e c e s s a r y  for  the fu r the r  study of the r o -  
ta t ional  i s o m e r i s m  of the d iamides;  the ass ignment  of the f requencies  made m a y  p rove  useful  in spec t ro -  
scopic invest igat ions of m o r e  complex  peptide compounds.  

F u r t h e r m o r e ,  the question, which has  not yet  been d i scussed  in detail  in the l i t e r a tu re ,  of the mutual  
influence of the amide  groups s epa ra t ed  in the peptide chain by sa tu ra ted  C a a toms  is also of in te res t .  Fo r  
th is  purpose ,  we have studied additional m a t e r i a l  on the IR spec t r a  of the eor responding  s imple  amides  and 
have compared  the i r  spec t r a l  c h a r a c t e r i s t i e s  with the e h a r a c t e r i s t i c s  of the amide groups in the d iamides .  

The IR s p e c t r a  of compounds (I-XII) in CCI 4 and CHC13 solutions a r e  given in Figs .  I - 5 .  The spec t r a  
obtained re l a t e  to the m o n o m e r i e  f o r m s  of the molecules ;  the absence  o f  any apprec iab le  assoc ia t ion  of the 
d iamides  whatever  is  shown by the r e su l t s  of m e a s u r e m e n t s  of the spec t r a  at  higher  concentrat ions of the 
subs tances ,  and a lso  by gas- l iqu id  o s m o m e t r y  i13]. 

Let  us  f i r s t  cons ider  the reg ion  of the s t re tch ing  vibrat ions  of NH groups (3250-3500 cm-1).  The a s -  
s ignment  of the bands in the IR spec t r a  of compounds (HI), (VII), and (IX), containing one secondary  amide  
group (see Fig.  i) is not a m a t t e r  of doubt. Only one type of H bond (3-* I) is  poss ib le  for  them,  and con-  
sequently the two absorpt ion  bands obse rved  (3330-3410 em - I  and 3450-3460 em -I) cor respond,  r espec t ive ly ,  
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Fig.  2. IR spec t r a  of the methy lamides  of N- 
a c e t y l - L - a l a n i n e  (i), N - a c e t y l - L - v a l i n e  (V), N- 
ace ty lg lyc ine  (XI), and N-ace ty l -L-pheny la l an ine  
(XID: 1) in CC14; 2) in CHC13. 

to the folded and extended f o r m s .  The double t  na-  
t u r e  of the low-intensi ty  absorpt ion  band of the f r ee  
NIt group in the spec t rum of compound (IX) may  be 
connected both with the rea l iza t ion  of two extended 
conformat ions  [38] and with the p r e sence  of a fo rm 
having the cis  configurat ion of the t e r t i a r y  amide  
group [13]. A s i m i l a r  explanation can be given for  
the low-intens i ty  band at 3484 cm -1 in the spec t rum 
of compound (HI). 

In the IR spec t r a  of compounds (i), (V), (XI), 
and (XII) t he re  is a cons iderably  m o r e  complex  
pic ture  owing to the p r e s e n c e  in the molecu les  of 
two nonequivalent secondary  amide  groups (see 
Fig. 2). I n t h e  s p e c t r a  of compounds (i), (V}, and 
(XID in CC14 in the NH region t h e r e  a r e  four  bands 
(3338-3360, ~ 3420, ~ 3440, and ~ 3460 cm -1) and 
in the spec t rum of (XI) t he re  a r e  t h r e e  (~ 3360, 
3425, and 3455 c m - l * ) .  The bands in the 3338- 
3360-cm -1 region a r e  a sc r ibed  to  the N(6)H bonds 
in the folded f o r m s  of the molecu les .  In all  ca ses ,  
on pass ing  f r o m  solutions in CC14 to those  in CHC13, 
the intensi t ies  of these  bands dec reased ,  which 
shows an i nc rea se  in the amount of the extended 
f o r m s .  In the spec t rum of each compound, the in-  
t ens i ty  of the band at ~ 3460 em -1 rose ,  which, on 
this bas i s ,  can be a sc r i bed  to the extended fo rm 
and, m o r e  accura te ly ,  by analogy with (HI), (VII), 
and (IX) (see Fig.  1), to the v ibra t ions  of the N(6)tt 
bond of th is  f o rm .  This  a s s ignment  a g r e e s  com-  
ple te ly  with the conclusions of the Japanese  and 
French  w o r k e r s .  The d i f ference  between them r e -  
la tes  to the ass ignment  of the bands at ~ 3440 and 
~ 3420 cm -I ,  the f i r s t  of which Mizush ima et al .  
[26] connect with the N(a)H vibra t ions  in the ex-  
tended f o r m s  and the second with the vibrat ion of 
the f r ee  N(S)H bond in the folded f o r m s .  The op- 
pos i te  ass ignment  is made in the pape r s  of Avignon 
et al.  [30-33]. Let  us cons ider  this question in 
m o r e  detai l .  

Of the spec t r a  of compounds (I), iV), (XI), and 
(XID shown in Fig .  2 (CC14 and CHC13 solutions),  the 

P a s s a g e  to CHC1 s is accompanied  in the case  of (I) b e s t - r e s o l v e d  bands a r e  found in the spec t rum of (i). 
by a m a r k e d  dec r ea se  in the Intensi ty  of  the bands at ~ 3350 and ~ 3420 cm -1 and by an i nc r ea se  in the in-  
t ens i ty  of the bands at ~ 3440 and ~ 3460 cm -1. Since under  these  conditions the propor t ion  of folded f o r m  
d e c r e a s e s ,  it is na tura l  to ass ign  the band at ~ 3420 cm -1 (in ag reemen t  with [26]) to the N(S)H vibrat ion of 
this  f o r m .  The c o r r e c t n e s s  of this  a s s ignment  is conf i rmed  addit ionally by informat ion  on the in tegra l  in-  
t ens i t i es  of all  the NH bands of compound (i) at var ious  t e m p e r a t u r e s  (see Fig.  3, Table  1) and a lso  by the 
changes that  take  p lace  in the Spect ra  of (i) when the  concentra t ion is i nc rea sed  (see Fig. 3 a ) .  A r i s e  in the 
t e m p e r a t u r e  of the solutions in CC14 and CHC13 leads to a symba t ic  i nc r ea se  in the intensi ty  of the bands at 
~ 3440 and ~ 3460 era -1 and to a dec r ea se  in those  at ~ 3350 and ~ 3420 cm - i .  The intensi t ies  of the two 
p a i r s  of bands behave in the opposite way when the concentra t ion of (i) in CC14 is  i nc reased  f r o m  2.5 • 10 -4 
(absence  of associat ion)  to 7.0" 10 -4 m o l e / l i t e r  (slight in t e rmolecu la r  assoc ia t ion  [15]); changes of s imi l a r  
na ture  a r e  obse rved  in the IR s p e c t r a  of the e thylamide of N-acety lg lycine  in CC14 with var ia t ions  of the 
t e m p e r a t u r e  and concentra t ion [30]. The examples  given show that  the h igh-f requency NI-I bands in the spec -  

*Resul t s  for  a solution of (XI) in CHC1 s. The low solubil i ty of (XI) did not p e r m i t  the spec t rum of this  c o m -  
pound to be obtained in CC14, 
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T A B L E  1. In f luence  of t he  T e m p e r a t u r e  on the  F r e q u e n c i e s  and 
I n t e g r a l  I n t e n s i t i e s  of t he  A b s o r p t i o n  Bands  of t h e  NI-I S t r e t c h i n g  
V i b r a t i o n s  in A c - L - A l a - N H C H  3 in CC14" 

t " C  

3,5 
22 
50 
70 

ttAo41tAO+ ,cm-! mole -t" mole -1. 
liter" cm -z .,cm- ,, liter • cm "z 

A r Ab 

3447 0,34 0,24 3465 
3448 0,42 0,34 3467 
3450 0,39 0,34 3467 
3449 0,53 0,35 3466 

Ar Ab 

0,19 0,16 
0,25 0.19 
0.25 0,25 
0.35 0,27 

A .  10 -4, 

,,cm-i mole °I" 
• liter • crn-Z 

3419 
3421 
3~22 
3422 

Ar A b 

0,78 0,60 
0,60 0,40 
0,39 0,30 
0,31 0,26 

A , 1 0 _ 4  ' 

~.cm-I mole °1 • 
liter • cm "2 

Ar A b 

3338 o q9 1.89 
3345 Z~,~ ,,75 
3358 1 , 3 5  0,98 
3366 1,15 0,65 

* The  v a l u e s  of the  f r e q u e n c i e s  w e r e  o b t a i n e d  a f t e r  the  s e p a r a t i o n  of  
t h e  bands  in the  c a l c u l a t i o n  of t he  i n t e g r a l  i n t e n s i t i e s ;  A r  and A b a r e  
t he  v a l u e s  of  the  i n t e g r a l  i n t e n s i t i e s  c a l c u l a t e d  by  R a m s a y '  s m e t h o d  
and  by  the  b a s e - l i n e  m e t h o d ,  r e s p e c t i v e l y  ( s e e  E x p e r i m e n t a l  Section}.  
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F i g .  3. IR s p e c t r a  of the  m e t h y l a m i d e  of N-  
a c e t y l - L - a l a n i n e  (I} in CC14 (a) and  CHC13 (b} 
at  t he  fo l lowing  t e m p e r a t u r e s  and c o n c e n t r a -  
t i o n s :  a) 1, 2, 3) t = 2 2  °, 70, 22 °, c = 1 . 8 5  "10 TM, 
1.85" 10 -4, 7.0" 10 -4 M, r e s p e c t i v e l y ;  b) 1, 2, 3) 
t = 2 2  °, 58, 3 ° , c = 2 . 3 . 1 0  -3 , 2.3 "10 -3 , 2.3 "10 -3 
M, r e s p e c t i v e l y .  

t r u m  of (13 a r e  due to  t he  e x t e n d e d  f o r m  A and the  l ow-  
f r e q u e n c y  bands  to  t h e  fo lded  f o r m  B. Th i s  i n t e r -  
p r e t a t i o n  does  not  c o n t r a d i c t  t he  s p e c t r a  of  compounds  
(V}, (X1), and  (XID, e i t h e r .  In the  s p e c t r u m  of the  
m e t h y l a m i d e  of N - a c e t y l g l y c i n e  (XI3 in the  e x t e n d e d  
f o r m ,  t he  f r e q u e n c i e s  of  the  NH s t r e t c h i n g  v i b r a t i o n s  
have  e x t r e m e l y  c l o s e  v a l u e s .  

The  a s s i g n m e n t  of the  band  at  ~ 3420 c m  - t  to  
the  ex t ended  f o r m  of  t he  d i a m i d e s  in the  l i t e r a t u r e  
[30-33] was  b a s e d  ( a p a r t  f r o m  a f o r m a l  c o m p a r i s o n  
of s p e c t r a ,  s e e  below} on i t s  s p e c i f i c  s p e c t r a l  c h a r -  
a c t e r i s t i c s  - g r e a t  width ,  h igh  i n t ens i t y ,  and c o m -  
p a r a t i v e l y  low f r e q u e n c y  f o r  a f r e e  NIl g roup .  A l l  
t h i s ,  in the  opin ion  of the  a u t h o r s  c o n c e r n e d  [30-33],  
i s  due to  the  f o r m a t i o n  in the  p l a n a r  s t r u c t u r e  of a H 
bond  c l o s i n g  a f i v e - m e m b e r e d  r i n g .  H o w e v e r ,  in ou r  
opin ion ,  t he  a b o v e - m e n t i o n e d  f e a t u r e s  of the  ~ 3420 - 
c m  -1 band  a r e  a c o n s e q u e n c e  of t he  d i r e c t  i n t e r a c t i o n  
of t he  two a m i d e  g r o u p s  in the  fo lded  f o r m  of the  
m o l e c u l e .  

It m a y  be a s s u m e d  tha t  t he  f o r m a t i o n  of the  
C (2} =O . . .  H - N  (@ H bond in t he  s e v e n - m e m b e r e d  r i n g  
of f o r m  B i s  a c c o m p a n i e d  b y  a sh i f t  in the  e l e c t r o n  
d e n s i t y  in t he  d i r e c t i o n  of  t he  f i r s t  a m i d e  g roup  (the 
C - t e r m i n a l  group}, which  a f f ec t s  t he  p r o p e r t i e s  of 
both  g roups  and,  in  p a r t i c u l a r ,  of  the  N(3)H group  not 
d i r e c t l y  p a r t i c i p a t i n g  in a H bond.  The  d i f fuse  n a t u r e  
of the  H bond is  due to  the  m i g r a t i o n  of e l e c t r o n  den -  
s i t y  o v e r  the  whole  s y s t e m  of  a s s o c i a t e d  a m i d e  g r o u p s  
of f o r m  B, which  l e a d s  to  a d e p e n d e n c e  of the  i n t e n s i t y  
and  width  of  the  N(3)H a b s o r p t i o n  band not  only  on the  
v i b r a t i o n a l  c o o r d i n a t e  p r o p e r  but  a l s o  on the  O . . .  H 

c o o r d i n a t e .  If t h i s  e x p l a n a t i o n  of  the  n a t u r e  of  t he  ~ 3420-cm -1 bond i s  c o r r e c t ,  i . e . ,  i f  t he  p r o p e r t i e s  of the  
NH bond not  d i r e c t l y  p a r t i c i p a t i n g  in a s s o c i a t i o n  do a c t u a l l y  depend  on the  f o r m a t i o n  of a H bond  b y  the  
c a r b o n y l  of  the  s a m e  a m i d e  g roup ,  t hen  in p r i n c i p l e  a s i m i l a r  p h e n o m e n o n  m u s t  a l s o  e x i s t  in the  a s s o c i a -  
t ion  of s i m p l e  a m i d e s  and a p p e a r ,  in p a r t i c u l a r ,  in  t h e i r  IR s p e c t r a  wi th  a r i s e  in the  c o n c e n t r a t i o n .  F i g -  
u r e  4 shows  the  IR s p e c t r a  of  N - m e t h y l a c e t a m i d e  ob t a ined  at  d i f f e r e n t  d e g r e e s  of d i lu t ion;  a s  can  be  seen ,  
in the  s p e c t r u m  of  the  m o s t  d i lu t e  so lu t ion  (1} t h e r e  i s  a s i n g l e  band  a t  3477 c m  -1 wi th  a s y m m e t r i c a l  con -  
t o u r  be long ing  to  the  NH v i b r a t i o n  of the  m o n o m e r i c  m o l e c u l e .  Wi th  a r i s e  in the  c o n c e n t r a t i o n  ( F i g .  4, 
c u r v e  2} a d i f fuse  band  a p p e a r s  at  ~ 3375 c m  - t  w h i c h  shows  the  f o r m a t i o n  of a s s o c i a t e s .  The  band  of f r e e  
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TABLE 2 .  F r e q u e n c i e s  and In tens i t i es  of the St re tching  Vibrat ions  

of NI-I and CO in Secondary  ~mides in CC14 Solution 
NH bands CO bands 

Compound h.m-4, ~ c m _ l  h.lO--4, 
"cm'l mole "x • 1" cm': ' mole "~ • l • cm "2 

CH3--CONH--CHa 
CH3CH.--CONH--CH3 
(CHa)..CHCH2--CON H--CHa 
C~HsCH2CH2--CONH--CHa 
CHa--CONH--CH:CHa 
C Ha--CON H --C H,.,CH(CH3): 
CHa--CONH--CH..CH2CeHa 
C~I'I~CH.CH:--CO NH--CH ~CH:,C~Ha 

3477 
3475 
3475 
3474 
3465 
3468 
3i62 
3460 

0,87 
0.76 
0,62 
0,68 
0,58 
0,45 
0,66 
0,79 

1692 t 3. ~0 
169O 3,33 
1690 3,42 
1699 4,1,~ 
1690 3,8U 
1691 l 3,52 
1690 [ 3,61 
1687 4,46 

$ 

I / t  
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Fig .  4. IR s p e c t r a  of N-me thy l ace t amide  in 
CC14 at concent ra t ions  of 1.2 "10 -3 M (1), 
5.9 "10 -3 M (2), and 5 . 3 . 1 0  -1 M (3}. 

Nil bonds at  3477 cm -1 d e c r e a s e s  in in tens i ty  and, which 
is  fundamental ,  i t s  contour  becomes  u n s y m m e t r i c a l .  This  
is  obviously  connected with the  fact  that  at a c o m p a r a -  
t ive ly  low concent ra t ion  l ow - m ol e c u l a r - w e i gh t  complexes  
(d imer s  and t r i m e r s )  in which the f requenc ies  of the v i -  
b ra t ions  of the f r ee  NH bonds have a lower  value than the 
Nit f requency of the monomer  p redomina te  among the a s -  
soc i a t e s .  With a fu r the r  i n c r e a s e  in the concent ra t ion  
(F ig .  4, curve  3), the m a x i m um  of the band of the  a s -  
soc ia ted  NH bonds shif ts  to  ~ 3300 cm - I  and i ts  in tens i ty  
r i s e s .  The h igh- f requency  band not only d e c r e a s e s  in 
intensi ty ,  but i t s  f requency shif ts  to 3470 cm -1, and the 
contour  again a pp r ox i m a t e s  a s y m m e t r i c a l  fo rm.  Such 
changes a r e  pe rhaps  connected with the appea rance  in 
this  reg ion  of the v ibra t ions  of f r ee  NTI bonds due main ly  
not to i s o l a t e d b u t t o  a s s o c i a t e d  mo lecu le s  of the N- 
me thy lace t amide .  Consequently,  the in tens i ty  of th is  

band, p a r t i c u l a r l y  at  f a i r l y  high concent ra t ions ,  does not ful ly r e f l ec t  the concent ra t ion  of monomer i c  
mo lecu le s  in the solution.  

Thus,  he re  a lso ,  as  in the c a s e  of d i amides  in the folded form,  the fo rmat ion  of the tt bond by one 
p a r t  of the amide  groups af fec ts  the  s ta te  of i ts  o ther  pa r t . *  In view of th is ,  it i s  i n t e r e s t i ng  to  d i r ec t  a t -  
tent ion to  the  continuous shift  with a r i s e  in the  concent ra t ion  of N-me thy lace t amide  of the max imum of the 
absorp t ion  band of a s s o c i a t e d  NH bonds,  which t akes  p lace  up to  the d i s a ppe a r a nc e  of the h igh- f requency  
band. This  a l so  shows the coopera t ive  nature  of a s soc i a t i on  (for fu r the r  de ta i l s ,  see  [15]). A d e c r e a s e  in 
the potent ia l  ene rgy  (ca lcu la ted  to one H bond) in the t r i m e r  of N-me thy lace t amide  as  c o m p a r e d  with the 
d i m e r  is  a l so  shown by the r e s u l t s  of a r ecen t  quan tum-chemica l  ca lcu la t ion  [41]. Jus t  as  in the case  of 
N-me thy l ace t amide ,  we have obse rved  changes in the bands of the s t r e t ch ing  v ib ra t ions  of f r ee  and bound 
NH groups  with an i n c r e a s e  in the concent ra t ion  of the solution for  the IR s p e c t r a  of the  amides  l i s t ed  i n  
Table  2. 

The as s ignment  of the bands at ~ 3420 cm -1 to the N(3)H bonds in the d i amides  was a l so  based  by the 
F r e n c h  authors  [30-33] on the p r e s e n c e  of t he se  bands in the IR s p e c t r a  of a number  of d i a lky lamides  of N- 
acc ty lg lyc ine  and N-aee ty la l an ine  in which a I-I bond of the 1 -" 1 type is  pos s ib l e  which s t a b i l i z e s  the p l ana r  
extended fo rm of the main  chain with the p a r a m e t e r s  ¢ = • = 0 °. Evidence in favor  of the  fo rma t ion  of such 
a H bond, in the opinion of these  authors  [30-33], is  the p r e s e n c e  of only one band (3412 cm -1) in the s p e c -  
t r u m  of AcGlyNEt 2 in CC14 at 25°C and the appea rance  of a new band (3450 cm -~) at  70°CT, and a lso  a fa l l  
in the in tens i ty  of the 3415-cm - I  band on p a s s i n g  f rom AcAlaNMeEt to  AcAlaNEt2, which was expla ined [30] 
by the des t ab i l i za t ion  of the tt bond in the f i v e - m e m b e r e d  r ing  because  of s t e r i c  h indrance .  In ac tua l  fact ,  
the  IR s p e c t r a  of compounds (ID and (VI) showed two bands - at about 3420 and 3440 cm -~ - which we con-  

*On the e l ec t ron ic  s t r u c t u r e  and p r o p e r t i e s  of the amide  group, see  [39]. A shift  of the band of a f r ee  N-H 
group in the fo rma t ion  of a s s o c i a t e s  of N-m e t hy l a c e t a m i de  has been r e p o r t e d  p rev ious ly  by McLachlan and 
Nyquist  [40]. 
T The t e m p e r a t u r e  m e a s u r e m e n t s  that  we p e r f o r m e d  for  compound (ID showed no changes whatever  in the 
s p e c t r u m .  
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nect with the p resence  of two extended forms (for m o r e  details, see [14, 16]). However, as has been shown 
above, the coincidence of the ~ 3420 cm -1 band in the spect ra  of (]I) and (VI) with one of the bands in the 
spect ra  of (I), (V), (XI), and (XII) cannot serve as a basis for its assignment  to the N(3)H vibrations in the 
extended fo rms .  In la ter  papers  [16, 14] we shall show that in the conformational  equilibrium of compounds 
(I) and (V) and of (ID and (VI) the dominating extended fo rms  have ext remely  diverse  geometr ic  p a r a m e t e r s  
• , ~ (in all cases ,  different f rom • =~, =0°}. It has r e c e n t l y  been shown [42] that in the IR spectra  of the 
cyclic decapeptide N,N'-diaeetylgramicidin  S in CHC13 solution there  is a band at 3426 cm -1 which is as -  
signed to f ree  NH groups of D-phenylalanine res idues  and to the side chains of acetylornithine res idues .  
The pa rame te r s  • =235 ° and ~I, = 70 ° cor respond to the conformational states of the D-phenylalanine r e s i -  
dues; thus, this example too shows that the p resence  in the spec t ra  of amides and peptides of a band at 
~ 3420 cm -1 is not a c r i te r ion  of a planar s t ruc ture  of the main chain but is connected with the part icipation 
of the corresponding carbonyl groups in H bonds. 

Hence, the unambiguous assignment  of the ~ 3420-cm ~l band to the vibrations of NH bonds par t ic ipat -  
ing in H bonds of the 1 -* 1 type and the p re fe rence  that follows from this of the conformation with • = • = 0 ° 
in the diamides encounters  a number of ser ious objections. Thus, according to a theoret ical  analysis [6, 
9, 36, 37] the forms of compounds (I), (ID, (V), (VI), (XI), and (XII) with • =~I, =0 ° do not correspond to po- 
ten t ia l -energy  minima.  

Avignon et al. [30, 31] have suggested that the noncorrespondence of the resul ts  of a theoret ical  analy- 
sis of their  interpretat ion of the IR spectra  is due to the unsa t i s fac tory  nature of the potential of the H bond 
used in the calculations for a descript ion of the interaction of the atoms in the f ive -membered  ring. It is 
fa i r ly  obvious that at any reasonable  potential this weak* H bond cannot change the potential surface of the 
diamides in such a way that the conformation • = • = 0 ° becomes predominating.  The low probabil i ty of this 
conformation is also shown by the fact that only some of the very many hundreds of amino acid res idues  
in proteins of known s t ruc ture  have angles ~, • approximating to the values • = ~ = 0 ° [44, 45]. Information 
on dipole moments  [14], CD and ORD spectra  [16], and the resul ts  of calculation [37] show that in nonpolar 
and weakly polar media compound (II) exists mainly in the ~ form (~ ~ 50 °, • ~ 250°}, and compound (VI) in 
the 7 and 5 fo rms  (¢ ~ 80 °, ~I, ~ 320°). In these conformations,  which a re  favorable f rom the point of view of 
all fo rms  of nonvalent interact ions,  the distance between the H(N (3)) and O(C (~}) atoms is 2.9-3.1 A, which 
corresponds ,  for example, for the H-bond potential proposed in [45], to a reduction in ene rgyby  0.4-0.2 
kca l /mole .  This is insufficient to affect the geometry  of the molecule appreciably,  although in this case small  
changes in the IR spec t ra  may be expected. Thus, we connect the somewhat lowered values of the frequen- 
• cies of the s t re tching vibrations of the N(3)H and C(5)O bonds in the spec t ra  of (II) and (VI) and the increased 
intensities of the corresponding absorption bands (Fig. 5) not with the real izat ion of a planar s t ruc ture  of 
the main chains in (II) and (VI) but with the existence of a weak interaction between the H and O atoms in the 
nonplanar conformations of these molecules .  

The analysis  pe r fo rmed  permi ts  the ranges  of frequencies of the NIt vibrations of the amide groups 
in the folded and extended forms of the diamides in solutions in CC14 and CHC13 to be evaluated in the fol-  
lowing way (a detailed assignment  of the bands is given in Table 3): 

N(S)H vibration in extended fo rms :  3415-3460 cm-l ;  
N{3)H vibration in folded forms:  3415-3430 cm-1; 
N(@H vibration in extended forms:  3445-3465 cm-l ;  
N~6)H vibration in folded forms:  3330-3410 cm -1. 

The resul ts  that we have obtained and those given in the l i terature permit  a number of conclusions 
concerning the interaction along the chain of two amide groups and the influence of the nature of the side 
chain and of the spatial form of the molecule.  

In the extended forms there  is no direct  bond between the amide groups. Consequently, the values 
of the frequencies a re  determined to a considerable extent by the immediate environment.  As can be seen 
f rom Tables 2 and 3, the f requencies  of the te rmina l  N(@H groups of the methylamides of N-acetyl  s - a m i n o  
acids in these forms are  ext remely  close to the frequencies of the corresponding secondary amides; in both 

• This is shown by the high frequency of the N(3)H vibrations and the large distance (~ 2.2 A) between the H 
o 

and O atoms (the energy minimum of the H bond according to experimental  r e su l t s  [43] is at ~ 1.8 A). F u r -  
the rmore ,  in the f ive -membered  r ing of the planar  s t ruc ture  the mutual a r rangement  of the C =O and N - H  
groups is unfavorable for  the formation of a H bond. 
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Fig. 5. IR spec t r a  of the d imethy lamides  of N- 
a c e t y l - L - a l a n i n e  (IT) and of N - a c e t y l - L - v a l i n e  
(VI): 1) in CC14; 2) in CHCI3. 

cases ,  the pas sage  f rom a - N H M e  group to a - N H E t  
group is  accompanied  by a lower ing  of the NH f r e -  
quency by 10-15 cm -1. The mutual  influence of the 
amide  groups in the extended f o r m s  has a cons iderable  
effect  on the f requencies  of the N{3}H bonds, which 
have a fa i r ly  wide range  bf poss ib le  values  (3415-3460 
cm- l ) .  The obse rved  values of the N(3)H f requencies  
depend both on the  s t ruc tu re  of the adjacent  amide 
group (the pas sage  f rom secondary  amide  groupings 
to t e r t i a r y  is apparen t ly  accompanied  by some lower -  
ing of the N(S)H frequency) and on the mutual  o r i en ta -  
tion of the two amide groups,  i .e. ,  on the p a r a m e t e r s  
¢ and ~.  As r epo r t ed  above,  the mutual  influence of 
the amide  groups appea r s  pa r t i cu l a r ly  s t rongly  in the 
extended fo rms ,  where  they par t i c ipa te  in the f o r m a -  
tion of a H bond. So f a r  as concerns  the influence of 
side chains,  judging f r o m  the spec t r a  of the Gly, Ala, 
Val, Phe, and P r o  de r iva t ives  invest igated,  the i r  na-  
t u r e  has  l i t t le effect  on the e lec t ronic  s t ruc tu re  of the 
amide groups.  In this  r e spec t ,  l ikewise,  analogies  
have been found with the amides  (see Table  2). The 
pa s sage  f rom solutions in CC14 to CHC13 is accompa-  
nied in the IR spec t ra  of the extended f o r m s  (as in the 

case  of secondary  amides)  by a fal l  in the f requenc ies  of the vibrat ions  of the N(3)H and N{@H groups by not 
m o r e  than 10 cm -1. The NH f requenc ies  of the folded f o r m s  change in a different  way; the weakening of 
the H bond in CHC13 is accompanied  by a r i s e  in the f requencies  of both the bound and the f r ee  NI-I groups .  
The opposite d i rec t ion  of the shif ts  of the NH vibra t ional  f requencies  of the folded and extended f o r m s  Of (13, 
(V), and (XID leads to a cons iderable  over lapping of the bands in the spec t r a  of solutions in CHCls, e spe -  
ciaUy at ~ 3420 and ~ 3440 cm-1; he re  a definite role  is  a l so  played by the reduct ion in the intensi ty of the 
~ 3420,cm -1 band. 

The IR s p e c t r a  of the mcthy lamides  of N-ace ty l  a - a m i n o  acids  in the region of C =O s t re tch ing  v ib r a -  
t ions ag ree  with the A ~ B  equi l ibr ium.  However ,  because  of the c loseness  of the absorp t ion  bands in a 

n a r r o w e r  spec t r a l  in terval ,  the si tuat ion he re  is l e s s  c lea r  than in the region of the NH vibra t ions .  The 
s imples t  spec t r a  a r e  those  of compounds (IV), (VIII), and (X) with only one u n s y m m e t r i c a l  band at ~ 1650 
cm -1 (Fig.  6), which c o r r e s p o n d s  to the v ibra t ion of two C =O bonds in the extended fo rm.  In the spec t r a  
of (1D and (VI), in addition to the  bands at ~ 1650 cm -1 the re  a r e  bands at  ~ 1680 cm - l ,  ass igned  to the vi -  
b ra t ions  of  the C(2)O bonds in the extended f o r m s .  In compound (IX) in CC14 solution, the bands at 1634 and 
1686 cm -1 undoubtedly belong, respec t ive ly ,  to the C(2)O and C(5}O bonds in the folded fo rm.  As in the s imple  
amides ,  N-methyla t ion  leads  to a lowering of the f requency  of the CO s t re tch ing  vibra t ions  by approx imate ly  
30 cm -1 and to an i nc r ea se  in the intensi ty  of absorpt ion;  the format ion  of an in t r amolecu la r  hydrogen bond 
lowers  the CO f requency  by 10-15 cm -~. All the CO bands in the spec t r a  of solutions in CHC1 s a r e  shifted 
by 10-20 cm - I  in the long-wave direct ion as compa red  with solutions in CC14, which is connected with the 
fo rmat ion  of a H bond of the C =O "'" HCC1 s type.  The mos t  probable  a s s ignments  of the CO bands a r e  given 
in Table  3. 

Fo r  a quanti tat ive evaluation of the amounts  of the  folded and extended f o r m s  of the d iamides  (I}, (HI), 
(V), (VII}, (IX), (XD, and (XID in solutions in CC14 and CHCls, we m e a s u r e d  the in tegra l  in tensi t ies  of the 
bands in the r eg ion  of the NI-I s t re tch ing  v ibra t ions  and de te rmined  the number  of NH groups  cor responding  
to each band. In this  p r o c e s s  we made  use  of the co r re la t ion  re la t ionship  found p rev ious ly  [51] between the 
in tegra l  in tensi t ies  of NH absorpt ion  bands and t he i r  f requenc ies .  As a l ready  mentioned,  in published papers  
the amount of the folded f o r m s  of a lky lamides  of N-ace ty l  s - a m i n o  acids has been  de te rmined  by m e a s u r -  
ing the peak  intensi ty  and compar ing  the value obtained with the intensi ty of the band in the spec t rum of 
some compound or  other ,  taken .as s tandard  and containing only the folded or  only the extended fo rm.  As 
is  c l e a r  f rom the p resen t  pape r ,  this  approach is unsa t i s fac to ry  not only because  of the low a c c u r a c y  of 
the m e a s u r e m e n t  of the peak  intensi t ies  of band,  but a l so  because  of the sens i t iv i ty  of the intensi t ies  as 
a l so  of the NH f requenc ies  to the chemica l  s t ruc tu re  of the diamides  and to the  mutual  or ienta t ion of the 
amide  groups (¢,  e~). 
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Fig.  6. IR spec t r a  of the d imethylamides  of N - a c e t y l - N -  
me thy l -L -a l an ine  (IV), N - a c e t y l - N - m e t h y l - L - v a l i n e  (VIID, 
and N - a c e t y l - L - p r o l i n e  (X): 1) in CC14; 2) in CHC13. 

TABLE 4. Amounts (%) of the 
Folded F o r m s  in Solutions of 
the Diamides  in CC1 andCHC13* 

No. Compound 

I Ac-L-AIa-NHMe 
III Ac-L-MeAla-NHMe 
V Ac-L-VaI-NHMe 

VII Ac-L-MeVaI-NHMe 
IX Ac-L-pro-NHMe 
X[ Ac-QIy-NHMe 

XII Ac-L-phe-NHMe 

Solvent  

CCll 

65 

C tCI, 

25 
40 
20 
30 
55 
10 
30 

* Propor t ion  of the folded f o r m s  
de te rmined  with an a c c u r a c y  of 
:L 10%. 

The approach  that  we have used appea r s  m o r e  re l iab le ,  s ince 
it is based  on a la rge  amount of expe r imen ta l  m a t e r i a l  on the inte-  
g ra l  in tensi t ies  of  the bands.  

The r e su l t s  of calculat ions (Table 4) show that  the propor t ion  
of folded f o r m s  va r i e s  within e x t r e m e l y  wide l imi ts  accord ing  to  the 
solvent ,  the N-methyla t ion  of the N - t e r m i n a l  amide  group, and the 
type of amino acid.  In all  cases ,  on pas s ing  f rom CC14 to CHC13 the 
propor t ion  of extended f o r m s  r i s e s  cons iderably .  It is just  th is  d i -  
rec t ion  of the shift in the conformat ional  equi l ibr ium that  follows 
f r o m  a theore t i ca l  ana lys i s  [36]. According to the theore t i ca l  e s t i -  
m a t e s  of this  paper ,  the propor t ion  of folded f o r m s  of the me thy l -  
amide  of N-ace ty l -L -a l an ine  (13 in CC14 solution should be 70-80%, 
and in CHC13 30-20%. F r o m  the point of view of the en t ropy fac tor  
and of the ene rgy  of the nonvalent in terac t ions ,  the folded f o r m s  of 
the methy lamides  of N-ace ty l  a - a m i n o  acids a r e  l e s s  p r e f e r r e d  than 

the extended fo rms ,  and the i r  rea l iza t ion  in dilute solutions of nonpolar  solvents  is due to the lower ing of 
the f r ee  energy  through the fo rmat ion  of a H bond. In po la r  media ,  the l a t t e r  a r e  cons iderab ly  weakened 
[46, 47], and the equi l ibr ium shif ts  in the di rect ion of the s t e r i c a l l y  m o r e  highly p r e f e r r e d  extended con-  
fo rma t ions .  

The dependence of the posi t ion of the equi l ibr ium on the nature  of the subst i tuent  on the C a a tom is 
m o r e  complex.  The r e su l t s  of calcula t ions  [6] show that  the re la t ive  potential  energ ies  of the folded f o r m s  
r i s e  cons iderab ly  with an i nc rea se  in the s ize of the side chain (e.g., on pass ing  f r o m  der iva t ives  of Gly 
to der iva t ives  of Ala, Val, and Pro}. However,  in th is  sequence of compounds the en t ropy of the extended 
f o r m s  d e c r e a s e s  s imul taneously .  The expe r imen ta l  r e su l t s  on the IR spec t r a  of the d iamides  (i} and (V) 
show the c loseness  of the r a t ios  between the values of the f r ee  energ ies  of the two f o r m s  of these  c o m -  
pounds; i .e. ,  the i nc r ea se  in the enthalpy of fo rm B in (V) as compared  with (13 is  compensa ted  by  the de-  
c r e a s e  in the en t ropy of fo rm A. A decis ive  s ignif icance of the en t ropy fac tor  is  shown on the posi t ion of 
the  equi l ibr ium in the ca se  of compounds (IX) and (XI}. Although the re la t ive  potent ial  ene rgy  of the folded 
f o r m  in the glycine diamide (XI} is s m a l l e r  than in the other  compounds,  neve r the l e s s ,  because  of the con-  
s ide rab le  conformat ional  f r eedom the amount of the extended f o r m s  p redomina t e s .  In the prol ine  diamide 
(IX3, converse ly ,  the en t ropies  of the folded and extended f o r m s  coincide, and the conformat iona l  equi l ibr ium 
in CC14 is shifted a lmos t  comple te ly  in the d i rec t ion of B. Similar  f ac to r s  explain the high propor t ion  of 
this  f o r m  in the case  of compounds (HI} and (VID. 

EXPERIMENTAL 

The IR spec t r a  were  r eco rded  on a UR-10 ins t rument  with LiF and NaC1 p r i s m s .  Conditions of r e -  
1 cording the spec t ra :  sli t  p r o g r a m  4, r a t e  of scanning 32 c m -  L/rain, spec t r a l  sli t  width in the VNH and the 

I reg ions  ~ 4 and 8.5 c m -  , r e spec t ive ly .  Concentra t ions  of the solutions in CC14 ~ (1.2-6.1} - 10- M and 
in CI,IC13 ~ (1.1-4.1} "10 -3 M. Before  the calculat ion of the in tegra l  in tensi ty  of an over lapped  band, the ab-  
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sorpt ion was divided, for  which purpose the curves  r eco rded  in the ins t rument  were  replot ted in the coor -  
dinates D ve r sus  v .  The integral  intensi ty was calculated by two methods: d i rec t  integrat ion according to 

..Ramsay (A r [48]} and by measur ing  the effect ive integral  intensi ty [49] with the averaging of the band with 
respec t  to the base line (A b [50]). The two methods gave s imi la r  resu l t s .  The amounts of f ree  and hydro-  
gen-bound NI-I groups were  de termined  f rom the cor re la t ion  curve A =f(v) (intensity as a function of the 
f requency [51]) s tar t ing f rom the integral  intensity of the absorption band of the f r ee  NH group of the ex-  
tended fo rm (~ 3460 cm -1) and of the NH absorption band of the folded fo rm (~ 3350 cm-1). The range of 
values obtained is shown in Table 4. With pronounced overlapping of the bands, p re fe rence  was given to 
the m or e  re l iable  band. 

S U M M A R Y  

1. The IR spec t ra  of methylamides  of N-acetyl  s - a m i n o  acids and the i r  N-methyl  der ivat ives  in CC14 
and CHC13 solutions have been investigated.  An assignment  of the bands of the NH and CO stretching v ibra-  
t ions in the folded (with an in t ramolecula r  H bond} and the extended conformations has been made.  

2. It has been shown that the re la t ive  amounts of the folded forms depend on the nature of the amino 
acid res idue  and the conditions of the medium. With an increase  in the polar i ty  of the solvent,  the p ro -  
port ion of folded conformations dec rea se s .  
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