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In prev ious  papers  [1, 2] on the invest igat ion of the s t ruc tu re  of p ro te ins  by IR spec t roscopy  in the 
middle and f a r  regions,  a t tempts  were  made to i so la te  individual sec t ions  of the s p e c t r a  cor responding  to 
different conformat ioual  s ta tes  ( a - h e l i c e s ,  fl fo rm,  and so on). The r e su l t s  obtained show that the spec t r a  
in the low-f requency  region can be used  for  conformat ional  ana lys is  of even such a complex sy s t em as  a 
prote in  molecule .  At the same  t ime,  in the t r e a t m e n t  of the spec t r a  cons iderable  difficult ies connected 
with the broadening and dif fuseness  of the bands due to the i r  over lapping a rose .  The ass ignment  of the ob- 
se rved  bands to different  amino-ac id  r e s idues  and prote in  f ragments ,  and also the es tab l i shment  of a con-  
nection between the m e a s u r e m e n t s  obtained in the spec t r a  and the conformat ional  s tate of the sy s t em be- 
come e x t r e m e l y  complex.  Consequently,  it is  pa r t i cu l a r ly  des i rab le  to study s imple  model  compounds - 
for  example ,  me thy lamides  of N - a c e t y l - L - a m i n o  acids and o l igomer ic  shor t  pept ides  with different  s e -  
quences of amino-ac id  res idues  in the chain as a p r e l i m i n a r y  stage in the invest igat ion of m o r e  complex 

molecules .  

A detai led ass ignment  of the bands in the IR spec t rum of the model  compound N-acety lg lycine  me th -  
ylamide and informat ion on the two poss ib le  conformat ional  s ta tes  of this compound were  f i r s t  obtained by 
Koyama and Shimanouchi [3]. In addition, other  me thy lamides  of ace ty lamino acids [4, 5] the IR spec t ra  
of which show a connection between the posit ion of the bands in the fa r  IR region and the conformat ion  of 
the molecule  have been studied. Recently,  the long-wave spec t ra l  c h a r a c t e r i s t i c s  of a conformat ion  of the 
"pleated sheet  ~ type for  model  cyclohexapept ides  with alanine and glycine res idues  have been obtained [15]. 
Thus,  the number  of model compounds inves t iga ted  is  continually expanding, which will p e r m i t  us to obtain 
the c h a r a c t e r i s t i c s  of new conformat ional  s ta tes  encountered in p ro te ins  and not desc r ibed  previously .  

The question of the ass ignment  of the bands in the conformat ional ly  sensi t ive  region of the spec t rum 
of a roma t i c  amino-ac id  res idues  (phenylalanine, tyros ine ,  t ryptophan,  and histidine) d e s e r v e s  pa r t i cu l a r  
attention, since these  compounds exis t  in many  globular  pro te ins  and give over lapping absorpt ion bands. 
The study of the IR spec t r a  of shor t  pept ides with a lengthening of the chain a lso  p r e s e n t s  in te res t .  

The p r e sen t  pape r  desc r ibes  the resu l t s  of a study of the methyl  e s t e r s  of acetyl  der iva t ives  of d~- 
pept ides  cons t ruc ted  f rom alanine and phenylalanine res idues  (LL and LD i somer s )  with different  sequences 
(1)-(3). F o r  the unambiguous ass ignment  of the bands in the spec t r a  of compounds (1)-(3) we have inves -  
t igated N-ace ty l -L-pheny la l an ine  methylamide ,  i ts  i so tope-subs t i tu ted  der iva t ives ,  and compounds of s i m -  
i l a r  s t ruc tu re  (4)-(10). The IR spec t r a  of the o l igomer ic  alanine pept ides  were  obtained for  compounds 
(11)-(12) and the i r  N-deu te r ium-subs t i tu ted  der iva t ives  (13)-(14). The fo rmulas  of the compounds men-  
t ioned a r e  given below. 
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(1) Ac-L-Ala-L-Phe OMe, (2) Ac-L-Ala-D-Phe OMe, 
(3) Ac-D-Phe-D-Ala OMe, (4) Ac-L-PheNHMe, 
(5) CH3CONDCHCeHsCONDCH~, CD3CONHCHCmHsCONHCH3, 
(7) CD3CONIX]HC,H~CONDCH~, ((6) CH3CONHCHCmDsCONHCH~, 

(I0) CsHsCH~CH2CONHCHa, (9) Ac-L-Phe OMe, 
(11) Ac-L-AIa-L-Ala NHMe, (12) Ac-L-Ala-L-AIa.L.AIaNHMe, 
(l~t) CH3CONDCHCH~CONDCHCH3CONDCH3, 
(14) CH3CONDCHCH3CONDCHOHaCONDCHCH3CONDCHv 

For  a m o r e  comple te  a s s ignment  of the bands in the IR s p e c t r a  of compounds (1)-(3) it  i s  des i r ab le  
in the f i r s t  p lace  to cons ider  informat ion  on the spec t r a  of N-ace ty l -L-pheny la l an ine  methy lamide  (4) and 
i ts  deu te r ium-subs t i tu t ed  de r iva t ives  (5)-(8). F igure  1 gives the spec t r a  in the 800-840 cm -1 region.  The 
ass ignment  of the amide  v ibra t ions  in compound (4) was p e r f o r m e d  by a publ ished method [3-5]. In the r e -  
gion of the amide  v ibra t ions  IV-V1 (750-500 cm -1) the re  should be six bands for  compound (4) [3], while 
ten bands a r e  ac tual ly  obse rved  in the spec t rum.  The i n c r e a s e  in the number  of bands is  connected with 
the v ibra t ions  due to the a rom a t i c  ring. The bands cor responding  to the amide  v ibra t ions  m a y  be a r b i -  
t r a r i l y  divided into two groups:  a and b, r e spec t ive ly  di f fer ing by the posit ion of the CONH grouping r e l a -  
t ive to the C ~ a tom [3, 4]. The inclusion of the amide  bands in groups a and b follows f rom the r e su l t s  of 
a compar i son  of the s p e c t r a  of the i so tope-subs t i tu ted  compounds (5)-(7) and of the model  compounds (9) 
and (10) containing a and b CONH groupings with the spec t r a  of compound (4). The s t rong  and broad band 
at 715 cm -1 is  ass igned,  by analogy with p rev ious  work [3, 4], to the amide vibra t ion Va, b. This  is  con-  
f i rmed  by the r e su l t s  of a compar i son  of the s p e c t r a  of compounds (5) and (7) in which the amide band is  
shifted into the ~510 c m  -1 region.  In compounds (6) and (8)-(10) the amide vibra t ion V is  r e p r e s e n t e d  by 
a broad  and intense  band at ~ 700 cm -1. 

Since on N-deutera t ion  the amide IV band is  not s ignif icant ly d isplaced and the amide VI band is  
shifted s t rongly  in the low-f requency  direct ion,  i t  i s  poss ib le  to ass ign both types  of v ibra t ion .unambigu-  
ously. In compounds (5) and (7) the Amlde IV vibra t ion m a y  be r e p r e s e n t e d  by the two bands at  700 and at 
620 cm -1 to which bands at 702 and 615 cm -1 co r re spond  in compound (4). In the 620 cm -1 region in the 
spec t rum of compound (4) the re  a re  two adjacent  bands, at 621 and 615 cm -1. The a s s ignment  of the 615 
cm -1 band to the amide  IV vibra t ion is  based on the fact  that  the 621 cm -1 band is  cons iderab ly  displaced 
when the a roma t i c  r ing is  deu te ra ted  (see Fig. 1), and this  p e r m i t s  i t  to be ass igned  to the v ibra t ions  of a 
monosubs t i tu ted  a rom a t i c  r ing  ( s y m m e t r y  type B 1 [9]), while the 615 cm -1 band in compound (8) is d i s -  
p laced insignif icant ly  (612 cm-1). The separa t ion  of the amide  IV v ibra t ions  into groups follows f rom an 
ana lys i s  of the IR s p e c t r a  of compounds (6), (7), (9), and (10). On C-deutera t ion  in group a the 615 cm -1 
band is  d isp laced  c o n s i d e r a b l y -  to 565 cm -1 - f o r  compounds (6) and (7), while the 702 cm -1 band s c a r c e l y  
changes i t s  posit ion.  Consequently,  the band at  702 cm -1 m a y  be ass igned  to the amide IVb vibrat ion,  and 
the band at 615 cm -1 to the amide  IVa vibrat ion.  This  conclusion is  conf i rmed  by the r e su l t s  of a c o m -  
pa r i son  of the s p e c t r a  of the model  compounds (9) and (10) having a and b groups,  r e spec t ive ly ,  with the 
spec t rum of compound (4). In compound (9) the amide  IVa vibrat ion i s  r e p r e s e n t e d  by a band at 633 cm -1, 
and in compound (10) the amide  IVb vibra t ion  by a band at 699 c m  -1, which probably  coincides  with the 
broad amide V band. 

Let  us pa s s  to the a s s ignment  of the amide  VI bands. In the region of this v ibra t ion in the case  of 
compound (4) the re  a r e  th ree  bands of med ium intens i ty  (600, 567, and 541 cm-1),  one of which (567 c m  -1) 
is  connected with the vibrat ion of an a r o m a t i c  ring, since in the spec t rum of compound (8) it  has  under -  
gone displacement .  Thus,  the o ther  two bands, at 600 and 541 cm -1, m a y  be ass igned  to the amide  VI v i -  
brat ion.  The a s s ignment  of the amide  VI bands to groups a lso  follows f rom the s p e c t r a  of the C-deu te ra t ed  
compounds (6) and (7). I t  can be seen f rom a compar i son  of the s p e c t r a  that  the bands at 600 c m  -1 in c o m -  
pound (4) a re  shifted to ~ 540 cm -1, and the bands at 541 cm "1 in compounds (6) and (7) to the 525 cm -1 r e -  
gion. F r o m  the di f ference in the s ize of the shif ts ,  the 600 cm -1 band mus t  be ass igned  to the ~mlde Via 
v ibra t ion  and the 541 cm -1 band to the amide  VIb vibrat ion.  In the model  compound (9), the amide Via 
band appea r s  c l e a r l y  at 595 cm -1 and, f u r t h e r m o r e ,  this  compound has  no absorp t ion  in the 540 cm -1 r e -  
gion, while in compound (10) the re  i s  no cha rac t e r i s t i c  s t rong  band at 600 cm -1. The band at 540 cm -1 in 
compound (10) m a y  be over lapped  by the broad and s t rong band at 499 cm -1. The ass ignment  of the bands 
and the o rde r  of the i r  a r r a n g e m e n t  (IVb, IVa, Via, VIb) that  we have found agree  well with informat ion  
publ ished recen t ly  [5] on a s e r i e s  of ace ty lamino  acid methy lamides .  

The bands in compound (4) that  r em a in  in the amide IV-VI region may  be a s s igned  on the basis  of an 
ana lys i s  of the s pec t rum  of compound (8) and l i t e ra tu re  informat ion  [9] to the v ibra t ions  of an a roma t i c  
r ing  (the type of s y m m e t r y  i s  shown in bracke ts ) :  755 (Bz) , 736 (A1), 702 (B2) , 621 (B1) , 567, and 526 cm -1, 
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The region of the skele ta l  v ibra t ions  begins with a s t rong band at 477 cm -1 and bands of medium in-  
tens i ty  at 415 and 410 cm -1. The f i r s t  of them, as  follows f rom a compar i son  of the spec t rum of compound 
(4) with those  of compounds (5) (7), and N-acety lg lycine  methylamide  [3], r e l a t e s  to the CCN vibrat ion.  
This  a s s ignment  is  conf i rmed  by the r e su l t s  of a compar i son  of the s p e c t r a  of the two f o r m s  of N - a c e t y l -  
DL-phenylalanine  methy lamide  [5] in which changes in s t ruc tu re  lead to a change in the f requency of the 
v ib ra t ions  of the amide group but not of the a romat i c  ring. In this case ,  i t  i s  again poss ib le  to de te rmine  
the inclusion of the v ibra t ions  of the CCN angle to the individual groups.  I t  follows f rom the s p e c t r a  of 
compounds (6), (7), (9), and (10) that the band at 477 cm -1 is  connected main ly  with the v ibra t ions  of the 
(CCN) a angle,  to which a band at 495 cm -1 co r r e sponds  in the spec t rum of compound (9). A weake r  band 
at 415 cm -1 r e l a t e s  to the (CCN) b vibrat ion.  The l a t t e r  is r ep re sen t ed  by a band at  426 cm -1 in the spec -  
t r u m  of compound (10). The remain ing  band, at 410 cm -1, undergoes no d isp lacement  on N-  and C-isotope 
substitution, and the re fo re  m u s t  be ass igned  to the vibrat ion of the a roma t i c  ring, which is  shown by the 
spec t rum of compound (8). 

Below the region of v ibra t ions  of the CCN angles the re  a r e  other  skele ta l  v ibra t ions  cha rac t e r i s t i c  
for the peptide skeleton. To these  may  be ass igned  the bands at 371, 334, 314, and 255 cm -1. This  a s -  
s ignment  is  conf i rmed  by the smaU shifts  of these  bands in the spec t r a  of the N-  and C- i so tope-subs t i tu ted  
molecu les ,  and also by the r e su l t s  of a compar i son  with the spec t r a  of ace ty lamino  acid me thy lamides  
[3-5]. 

Two s t rong  and broad bands at 227 and 173 cm -1 lying in the region of tors ional  v ibra t ions  p robab ly  
re la te  to the amide  VII vibrat ion.  The s t re tch ing  vibrat ion of the hydrogen bond is  a lso  apparen t ly  shown 
by two bands at  132 and 115 cm -1. The p r e s e n c e  of two bands in this region, as of two to rs iona l  v ibra t ions ,  
is  poss ib ly  explained by the different  nature  of the i n t e rmolecu la r  bonds in the a s soc ia t ed  molecu les  as  a 
consequence of the la rge  volume of the substi tuent.  The ass ignment  of the 135, 115, and 89 cm -1 bands r e -  
la t ing to the v ibra t ion of the c ry s t a l  la t t ice  was p e r f o r m e d  by analogy with the work  of Koyama and Shiman- 
ouchi [3]. 

On the bas is  of what has been said above, we have made an ass ignment  of the bands in the spec t r a  of 
compound (1)-(3) (see Fig. 2). 
dipeptides (1)-(3) 

Below we give the a s s ignments  of the f requencies  in the IR s p e c t r a  of the 

cm -1 Ass ignment  cm - I  Ass ignment  

760 ? 
744 Aromat ic  r ing 750 Aromat ic  r ing  
718 Amide V 728 Amide V 
700 Aromat ic  r ing or 702 Aromat ic  r ing or  

amide IV amide  IV 
622 Aromat i c  r ing 620 Aromat i c  r ing  
610 Amide IV 606 Amide IV 
599 Amide VI 600 Amide VI 
568 Aromat ic  r ing 566 Aromat ic  r ing  
550 Amide VI 548 Amide VI 
501 CCN 507 CCN 
461 E s t e r  group 460 E s t e r  group [7, 8] 
420 CCN 414 CCN 
406 Aromat ic  r ing  409 Aromat ic  r ing  

4oo I 369 I 
365~ 340 |  
338~ Deformat ion  vibra t ion of 324~ Deformat ion  vibrat ion of 
322|  the skeleton 307 |  the skeleton 
270| 250j 
244| 
224 Amide VII 225 Amide VII 
204 E s t e r  group [7, 8] 214 E s t e r  group 
155 Aromat i c  r ing 155 Aromat ic  r ing  
136 Hydrogen bond 134 Hydrogen bond 
126 Lat t ice  v ibra t ion 127 Lat t ice  vibrat ion 
114 Hydrogen bond 114 Hydrogen bond 
102 Lattice vibration 102 Lattice vibration 

cm-1 

745 
724 
701 

620 
615 
597 
568 
559 
5O5 
497 
459 
422 
406 
395 
373 
329 
298 
262 
241 
222 
2O2 
191 
155 
134 
116 

Ass ignment  

Aromat ic  r ing 
Amide V 
Aromat ic  r ing or  

amide  IV 
Aromat ic  r ing  
Amide IV 
Amide VI 
Aromat ic  r ing 
Amide VI 
? 

CCN 
E s t e r  group [7, 8] 
CCN 
Aromat ic  r ing 

Deformat ion  vibra t ion of 
the skeleton 

E s t e r  group 
Amide VII ? 
Aromat ic  r ing 
Hydrogen bond 
Hydrogen bond 
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Fig. 1. IR absorp t ion  spec t r a  of compounds 
(4)-(10) (KBr tab le t s  down to 400 c m  -1 and 
paraf f in  oil below cm-1). 

To evaluate  the changes  in the IR s p e c t r a  with 
an i n c r e a s e  in the peptide chain, compounds (11) and 
(12) were  selected.  This  question a ro se  in connection 
with the re f inement  of the a s s ignment  of the amide v i -  
bra t ions  in the r egu la r  s t r u c t u r e s  of polypept ides .  A 
gradual  i n c r e a s e  in the length of the peptide chain p e r -  
mi t s  the tendency to a d i sp lacement  in the spec t rum of 
bands of a s t ruc tu ra l l y  repeat ing e l emen t  (CONH group) 
to be followed and the laws obtained to be used for  in -  
t e r p r e t i n g  the IR s p e c t r a  of m o r e  complex  molecu les .  
F igure  3 gives  the s p e c t r a  of compounds (11) and (12) 
and the i r  N-deu te r ium-subs t i t u t ed  analogs (13) and 
(14) in the 800-840 cm -1 region,  f r o m  which i t  follows 
that  the amide  V v ibra t ions  a r e  grouped in the region 
of a broad and s t rong  band a t  710-715 cm -1. On c o m -  
par ing  the s p e c t r a  of compounds (11) and (12) with the 
spec t rum of the f i r s t  m e m b e r  of the s e r i e s  under  in-  
vest igat ion - N - a c e t y l - L - a l a n i n e  methyl~ml de [4, 5] - 
and of compounds (13) and (14), i t  can be seen that  the 
o rde r  of a r r a n g e m e n t  of the amide IV-VI  bands r e -  
ma ins  the s ame  as  in the s imp le s t  diamide - A c - L -  
Ala-NHMe. Consequently,  in the s p e c t r u m  of (12) the 
band at 638 cm -1 mus t  be ass igned  to the amide IV v i -  
brat ion and s e v e r a l  bands in the 615-540 cm -1 region 
to the amide VI vibrat ion.  The s m a l l e r  number  of 
bands in this region for  compound (11) is  apparen t ly  

due to the fact  that  i t  ex i s t s  in a somewhat  different  c rys ta l l ine  modif icat ion,  and this  will be d i scussed  
below. 

The bands of the v ibra t ions  of the CCN angles  lie in the lower - f r equency  region (500-400 cm -1) and 
so do the v ibra t ions  of the peptide skeleton.  We m a y  note that the band belonging to an i n t e r m o l e c u l a r  hy-  
drogen bond shif ts  succes s ive ly  f r o m  the diamide (~ 150 cm -1) to the t r ipept ide  (~ 120 cm-1).  The f r e -  
quencies  obtained in the IR spec t rum for  compound (12) a l r eady  coincide fa i r ly  c lose ly  with the f requen-  
c ies  of the ~ f o r m  of po ly -L-a l an ine  which has  been studied p rev ious ly  [10]. 

The r e su l t s  of a compar i son  of the f requenc ies  of the amide v ibra t ions  and the v ibra t ions  of the CCN 
angle f o r A c - L - P h e - N H M e ,  Ac-Gly-NHMe,  Ac-L-Ala -NHMe,  and A c - L - V a - N t I M e  inthe 700-400 c m -  1 region 
p e r m i t  the conclusion that  these  d iamides  have some conformat ional  d i f ferences .  P a r t i c u l a r l y  pronounced 
changes  in the s p e c t r a  of A c - L - P h e - N H M e  and Ac-GIy-Nt tMe,  on the one hand, and of A c - L - A l a - N H M e  
and Ac-L-Va[ -Nt tMe ,  on the o ther  hand, a r e  obse rved  in the region of the v ibra t ions  of the CCN angle (ap-  
pea rance  of s t rong  bands at 477 and 481 cm -1 in Ac- L -Phe -Nt tMe  and Ac-GIy-NHMe in compar i son  with 
the med ium- in t ens i t y  bands at ~ 420 cm -1 for  Ac -L-Ala -NHMe and Ac-L-Val -NHMe) .  I t  i s  in te res t ing  
that  the appearance  of a s t rong  band at 470-490 c m  -1 is  accompanied  by some shift  in one of the amide VI 
bands in the h igh- f requency  direct ion,  while the amide  V and amide IV  bands a r e  d isplaced to an e x t r e m e l y  
smal l  extent.  Th is  indica tes  that the conformat ional  d i f ferences  between the d iamides  a r e  sl ight and the 
values  of the angles  of in te rna l  rotat ion (~ and ,I,) a r e  roughly in the s a m e  region of the conformat ional  
cha r t  [11]. The f ea tu r e s  that  we have noted in the changes of the f requencies  of the . ro lde  VI bands and 'of  
the CCN angle a r e  a lso  seen in the s p e c t r a  of the methy lamides  of N-ace ty l -DL- l euc ine ,  N - a c e t y l - D L -  
norleucine,  and N - a c e t y I - L - a s p a r t i c  acid  in compar i son  with the spec t rum of o~aee ty lamino-n-bu ty r i c  
acid  methylamide ,  which belongs, accord ing  to the nature  of the spec t rum,  to d iamides  of the type of Ac-  
L-AIa -Nt tMe  and Ac -L-Va l -NHMe,  which have been studied in detail  by J apanese  w o r k e r s  [5]. Thus,  the 
s e r i e s  of shor t  pept ides  m a y  be divided into two c l a s s e s  accord ing  to the nature  of the i r  IR s p e c t r a  in the 
f a r  region: 

1) with the amide  VI band in the 540-570 c m  -1 region and intense  absorp t ion  at 470-490 cm-1; and 
2) with the amide  VI band at 530-520 c m  -1 and bands of med ium in tens i ty  at 410-430 cm -1. 

A s i m i l a r  c lass i f i ca t ion  using the avai lab le  x - r a y  s t ruc tu ra l  data for  shor t  pept ides  enables  the an-  
gles • and ,I, to be de te rmined  fa i r ly  c o r r e c t l y  for  both c l a s s e s ,  the f i r s t  of which a lso  includes A c - L -  
Phe-NHMe.  
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Fig. 2. IR absorpt ion spec t r a  of the dipeptides (1)-(3) (KBr tab le ts  down to 
400 cm -1 and paraff in  oil below 400 cm-1).  

Fig. 3. IR absorpt ion  s p e c t r a  of compounds (11) and (12) and the i r  N-deu-  
t e r a t ed  de r iva t ives  (13) and (14) (KBr tab le ts  down to 400 cm -1 and paraff in  
oil below 400 cm-1). 

I t  follows f rom the x - r a y  s t ruc tu ra l  r e su l t s  for  N-ace ty l -DL- l euc ine  methylamide  [12] that  the va l -  
ues of the angles • and ~' in this  compound a re  86 and 319 °, r e spec t ive ly .  Moreover ,  somewhat  different  
values  - 60 and 300 ° - have been found for  a - a c e t y l a m i n o - n - b u t y r i c  acid methylamide  [5]. The f i r s t  pa i r  
of angles  is  in the range cor responding  to the known conformat ion of the type of polyglycine r[, polyprol ine 
II,  and of a number  of , rn luo-ae id  res idues  included in peptides and pro te ins  [13], while the second belongs 
to the conformat ion  of pept ides  and polypept ides  m o s t  c lose ly  approaching the fl f o r m  [14]. Consequently, 
the spec t r a  of the diamides  of the f i r s t  c l a s s ,  which includes Ae-DL-Leu-NHMe and A c - L - P h e - N H M e  c o r -  
respond to the type of conformat ion  with ~ 100 ° and ~I,- 330 ° and the spec t r a  of the second c l a s s  to the 
conformat ion with the angles • -~ 60 ° and ~-~ 300 °. The question a r i s e s  of some lack of co r respondence  be-  
tween the r e su l t s  of the conformat ional  ana lys is  of the N-ace ty lg lyc ine  methylamide  molecule  (in the B 
form) [3] and the p re sen t  invest igat ion.  The values of the • and • for  Ac-GIy-NHMe obtained by Koyama 
and Shimanouchi a re  120 ° and 360 °, r espec t ive ly .  This  d i f ference  f rom our r e su l t s  i s  p robab ly  due to the 
inadequate def ini teness  of the c r i t e r i a  developed by these  authors  [3], which has a l r eady  been ment ioned in 
a study of cyclohexapept ides  [15]. In addition to this ,  the r e su l t s  of emp i r i ca l  and quan tum-chemica l  ca l -  
culat ions of d iamides  with phenylalanine res idues  [16, 17] and a lso  a comple te  ana lys i s  of the c o n f o r m a -  
tional char t  of the dipeptide Gly-Ala  p e r f o r m e d  by Scheraga ' s  deflation method [18] does not show any r e -  
gion wha tever  of the exis tence  of a low energy  for  angles  of 120 and 360 °. 

Since the IR spec t r a  of the dipeptides (1)-(3) a re  s i m i l a r  to the spec t rum of A c - L - P h e - N H M e  in the 
region of the amide v ibra t ions  and of those of the CCN angle (see above),  i t  may  be a s s u m e d  that  the con-  
format ion  of the phenylalanine f ragment  in these  compounds is  s i m i l a r  to the conformat ion  of A c - L - P h e -  
NHMe, which is  conf i rmed  by the PMR s p e c t r a  for  the opened-out  fo rm of the dipeptides in solutions which 
have been studied prev ious ly  [19]. The v ibra t ions  of the a roma t i c  r ing in compounds (1)-(4) appea r  fa i r ly  
well in the 750-500 cm -1 region and a re  p rac t i ca l ly  absent  in the low-frequency region,  with the exception 
of two weak bands at 400 and 155 cm -1. A change in the sequence and configurat ion of the amino-ac id  r e s -  
idues in the dipeptides (1)-(3) affects  only the f requencies  of the skele ta l  v ibra t ions  (below 400 cm -1) which 
indicates  the i r  sens i t iv i ty  to smal l  geomet r i ca l  changes in the s t ruc tu re  of the molecule  not leading to 
changes in the angles of in ternal  rotat ion [20]. 

What has been said above provides  the poss ib i l i ty  of es tab l i sh ing  ce r ta in  conformat ional  changes 
with an i n c r e a s e  in the length of a peptide chain. The spec t rum of compound (11) d i f fers  f rom the spec t r a  
of Ac-L-Ala-NHlVle [4] and of compound (12), which shows the predominant  a r r a n g e m e n t  of the amino-ac id  
res idues  in a conformat ion with the angles • - 100 ° and ~--- 330 °, while the IR spec t rum of compound (12) 
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cor responds  to a considerable  extent  to the spec t rum of the ~ fo rm of po ly-L-a lan ine  [10] both in the r e -  
gion of ~mlde and skeletal  vibrat ions and in the region of the s t re tching vibrat ion of a hydrogen bond. This  
is  probably explained by the fact that in compound (11) the te rmina l  amide groups have a g rea t e r  poss ib i l -  
i ty of in terna l  rotat ion than in the diamide, and with an inc rease  in the number  of CONH groupings in com-  
pound (12) the i r  contribution to the conformational  state becomes less  considerable  because of the f o r m a -  
tion of sect ions with a r egu la r  s t ruc ture .  

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

The synthesis  of the dipeptides (1)-(3) was pe r fo rmed  as descr ibed  by Por tnova  et al. [6]. The other  
compounds were  synthesized by the usual methods of peptide synthesis .  The constants of the compounds 
obtained axe given below. 

Compound 
(1) 
(2) 
(3) 
(4) 
(9) 

(10) 
(11) 
( 1 2 )  

mp °C [a]n, deg Solvent 
140 +8 2, CHCIs 
138 --70 2, CHCI3 

• 190 + 2 0  1, ~HsOH 
226 --23 1, C~HsOH 

8 8 , 5  - -  - -  
4 5 - - 5 0  

310 (su~0i.) --105 I, H'20 
Amorph. --78 1, CH3C(X)H 

The IR spec t r a  in the 800-400 cm -1 region were  m e a s u r e d  on P e r k i n - E l m e r  257 and Hilger  H-800 
ins t ruments  (discs with KBr) and in the 500-540 cm -1 region on a Hitachi FIS-21 spec t rome te r  with dif- 
f ract ion grat ings (paraffin oil) between polyethylene windows. The accuracy  of the measu remen t s  of all 
the bands observed  was ± 2 cm -1 (in the 800-400 cm - t  region) and 4- 1 cm -1 (in the 500-540 cm -1 region).  

The ins t ruments  were  ca l ibra ted  f rom the absorption bands of polys tyrene  and of wate r  vapor.  The 
degrees  of deuterat ion of compounds (5), (6), (7), (8), (13), and (14) were  evaluated f rom the disappearance 
of the bands corresponding to s t re tching vibrat ions for  the N-  and C-deutera ted  der iva t ives  and of those 
cor responding  to the deformation vibrat ions in the 750-700 cm -1 region where  the a romat ic  ring was 
deuterated.  

Samples (1)-(3) were  kindly given to us by P. V. Kostetskii .  

S U M M A R Y  

1. Two types of conformational  s ta tes  differing in the nature of the i r  spec t r a  in the f a r  IR region 
have been found for  a number  of methylamides  of N-ace ty l -L-amino  acids (in the solid state). 

2. The changes in the IR spec t r a  in the far  i n f r a red  with an inc rease  in the length of the peptide 
chain and with a change in the sequence and configuration of the amino-ac id  res idues  have been discussed.  
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