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In the preceding  pape r  [1] we repor ted  a study of the methyl  e s t e r s  of c~-acet?~lamino acids and of the 
methylamides  of a - a c e t y l a m i n o  acids.  It was shown that the conformat ional  s ta tes  of such molecules  
a re  descr ibed  by a smal l  number  of canonical f o r m s  - R, B, L, P (see also [2]). The r e su l t s  of a con- 
format ional  analysis  for chain f r agmen t s  with one res idue  a re  insufficient for understanding close in te rac -  
tions. Thus, it follows f rom the calculation of the methylamides  of N-acetyldipept ides  [3] that the con- 
format ional  s ta tes  of adjacent res idues  a r e  not complete ly  independent because  of the in teract ion of the 
te rmina l  peptide groups.  F u r t h e r m o r e ,  in a f ragment  of three  units of a depsipeptide,  as also of a peptide 
chain,the appearance  of new conformat ions  with an in t ramolecu la r  hydrogen bond closing a t e n - m e m b e r e d  
r ing is poss ible .  In o rde r  to de te rmine  the in teract ions  exist ing between neighboring amino acid and 
hydroxy acid res idues  in a depsipeptide chain, we have p e r f o r m e d  a conformational  analysis  of the methyl  
e s t e r  of O - a c e t y l - L - l a c t y l - L - a l a n i n e  ( A c - L - L a c - L - A l a - O M e ,  I) and of the methylamide  of N - a c e t y l - L -  
a l any l -L- l ac t i c  acid ( A c - L - A l a - L - L a c - N H M e ,  II, see  Fig. 1). The extended conformat ions  and the con- 
voluted conformat ions  with a hydrogen bond a re  considered separa te ly  in the corresponding sect ions of the 
paper .  
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Fig. 1. St ructural  fo rmulas  of the 
methyl  e s t e r  of O - a c e t y l - L - l a c t y l - L -  
alanine ( A c - L - L a c - L - A l a - O M e ,  I) and 
of the methy lamide  of N - a c e ~ l - L -  
a l any l -L- l ac t i c  acid ( A c - L - A l a - L - L a c -  
NHMe, II). 

The method of calculating the conformat ions  has beea  
descr ibed  previous ly  [4]. The nonvalent and e lec t ros ta t i c  
interact ions of the a toms,  hydrogen bonds, and the tors ional  
contribution were  taken into account in the potent ial  energy 
[4]. In the calculat ion of the opt imum forms ,  as the inde-  
pendent va r i ab l e s  we selected the angles of ro ta t ion  round 
the C a - N ,  C a - C  ', and C(~-O '  bonds (~ t ,  ~ ,  ~2, ~2, see 
Fig. 1). The values  of the valence angles of the amide and 
e s t e r  groups were  taken f r o m  the calculation of N- 
methylace tamide  and methyl  aceta te  [7]. The N - C a - C  ' 
and O ' - C ~ - C  ' angles were  taken as 110 ° [2]. 

Extended Fo rms .  In the calculation of the extended 
fo rms  of the molecules  (I) and (IT), as in the case  of the 
t r ipept ides  [3], we took as the initial  zero approximat ions  
with minimizat ion  of the energy for  the amino and hydroxy 
acid r e s idues  the opt imum fo rms  of Ac-L-Ala-OMe and 
A c - L - L a c - N H M e  [1]. The conformat ions  of the molecules  
considered a r e  denoted by R - R ,  R - B ,  and so on. The 
geomet r ica l  p a r a m e t e r s  and the re la t ive  energ ies  of the 
mos t  p r e f e r r e d  f o r m s  a re  given in Table  1. 
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TABLE 1. Optimum Extended Conformations of the Mole- 
cules A c - L - L a e - L - A l a - O M e  and A c - L - A l a - L - L a c - N H M e  

Angles, degrees 

(P£ 
~'t 
% 

U ~ ¢f9 

(kcal/mole) e=4 

A c - L - L a c - L - A l a - O M e  

112 108 103 103 
136 168 295 295 
82 75 65 67 

147 352 125 324 

0.45 0,75 1,l 
0110 0,05 0,20 

A c - L . A I a - L - L a c - N H M e  

R - R  R - B  B - - R  

130 70 72 
130 126 3J,2 
103 101 105 
138 337 131 

1,I 1,1 
0,5 0,5 

B - - B  • 

70 
338 
102 
337 

1,6 
1,0 

TABLE 2. Optimum Conformations of A c - L - A l a -  
L-Lac-NHMe 

Angles, degrees 

(]~1 

(I) 2 

U (kcal/mole) 

A c - L - A l a - L - L a c - N H M e  

I - - I  
R - R  

125 
153 
ll0 
152 

I--I 
R - - B  

133 
128 
78 

220 

0,50 

I - - I  
B - L  

130 
294 
232 
218 

2.75 

I--I 
L - L  

232 
209 
233 
215 

3,10 

It follows f rom the resul ts  obtained that 
the two pairs  of angles in (I) and (II) a re  in the 
low-energy regions on the conformafional charts  
of the f ragments  with one amino acid residue 
(see Fig. 3b in [1]). However, the numerical  
values of the pa ramete r s  of the optimum forms 
of (I) and (II) differ considerably f rom the values 
of the pa r ame te r s  for  Ac-L-Ala -OMe and A c - L -  
Lac-NHMe [1] in a number of cases.  The nature 
of the sca t te r  of the values of ~, ~I, is in good 
agreement  with the profi le  of the conformational 
char ts  (see Fig. 3, [1]). The pa ramete r s  of the 
hydroxy acid residues,  which are  charac te r i zed  
by a lower conformational f reedom than the 
amino acid residues,  show a g rea te r  stability. 

For  the amino acid residues,  the forbidden ~, ,I, regions are wider than for the hydroxy acid residues and 
have approximately the same extension along the @, ,I~ axes. Because of this, the formation of a compact  
s t ruc ture  which is the optimum for  h ighe r -o rde r  interact ions takes place mainly through changes in the 
dihedral angles of the amino acid residue.  

Let us compare  the optimum conformations of (I) and (H) (see Table 1) with the corresponding con-  
format ions of the tr ipeptides [3]. The R - R  fo rm of compound (II) is s imi lar  to the R - R  form of its 
tripeptide analog, in which ~1 = 126°, ,Iq = 133 ° , ~2 = 106°, and ~I'2 = 136 ° • In both cases,  the angle 4~1 is 
approximately 30 ° g rea te r  than the angle in the R conformation of the alanine dipeptide and is close to the 
value of the angle of rotat ion round the C a - N  bond in the s tandard c~-helix (~ = 132 ° ). Just as in the 
t r ipept ide ,  a considerable contribution to the stability of the R - R  conformation in (I1) is made by the 
d ispers ionat t rae t ion  of the terminal  amide groups. In compound (I) the es te r  groups are  terminal ,  in con- 
sequence of which the dispers ion effect is weakened. In the R-B conformation, the terminal  amide (II) and 
es te r  (I) links are  directed towards one another. Thei r  interaction leads to a deviation of the @, ,Is angles 
of the amino and hydroxy acid residues by 30-40 ° f rom the optimum values in Ac-L-Ala -OMe and A c - L -  
Lac-NHMe. Conversely,  in the B - R  fo rm there is no such dispers ion stabilization. The B - B  conforma-  
tion resembles  the corresponding spatial s t ruc tures  of the t r i terpene analog. The pa rame te r s  of the 
B - B  fo rms  in (I) and (II) prove to be close to the values of 4~ and ,I, in the antiparallel fi s t ructure .  

When only nonvalent interactions in the molecules  of (I) and (II) are  taken into account, the R - R  con- 
formation is the mos t  favorable (see Table 1). Including the e lect ros ta t ic  component (eef f = 4) leads to a 
considerable  equalization of the energies  of the R - R ,  R - B ,  B - R ,  and B - B  conformations (see Table 1), 
which is due to the stabilization of the B form.  Thus, in strongly polar  media with high dielectr ic  constants 
[5] conformations of the R - R  type in (t) and (II) will predominate.  

Convoluted Forms .  In the molecules  of ,(I) and (H), two types of in t ramoleeular  hydrogen bonds are  
possible. Hydrogen bonds of the 1-3 type close a seven-membered  r ing formed by neighboring amide and 
es ter  groups (M and H forms,  see [2]). However, because of the s ter ic  s t ress  of the M and H forms,  such 
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hydrogen bonds a r e  hardly  r ep re sen ted  in la rge  molecules .  In the study of the s t ruc tu re  of complex c o m -  
pounds, hydrogen bonds of the 1-4 type in t e n - m e m b e r e d  r ings a r e  of considerably  g r e a t e r  in te res t  [com-  
pound (I) does not f o r m  a hydrogen bond of the 1-4 type]. Such hydrogen bonds a r e  encountered in l inear  
and cyclic  peptide and depsipeptide compounds [6]. 

Table 2 gives calculated values  of the geomet r i ca l  p a r a m e t e r s  of the opt imum conformations with 
: an in t ramolecu la r  hydrogen bond of the 1-4 type for  compound (II). The energy is a minimum in the R - R  

and R - B  conformat ions .  The p re fe ren t i a l  nature  of these  s t ruc tu re s  is due to the posi t ion of the m o s t  
favorable  m in im a  of the amino and hydroxy acid res idues  on the conformat ional  char ts  (see Fig. 3 in [1]) 
and is due mainly  to the sho r t - r ange  interact ions  of the a toms.  The energy of the hydrogen bond in all  the 
fo rms  calculated is ~3.9 kea l /mole ,  and the N...O dis tance is ..~2.85A. The energy dif ference of the R - R  
and the R - R  f o r m s  (without taking Uel and Utors  into account) is 2.7 kca l /mo le ,  and for  R - B  and R - B  it 

is -3 .1  kca l /mole ,  i.e. the fo rmat ion  of a hydrogen bond leads to a definite inc rease  in the energy of the 
nonvalent in teract ions  of these fo rms .  Thus, the p a r a m e t e r s  of the hydroxy acid res idue  fall  into the c o m -  
pa ra t ive ly  unfavorable  region of Unonv in Fig. 3, b [1]. 

The stabi l i ty  of the p a r a m e t e r s  (~10 °) shows the cons iderable  s t e r eochemica l  s imi l a r i ty  of the amide 
and depsipeptide groups [1]. 

S U M M A R Y  

1. The m o s t  p r e f e r r e d  extended conformat ions  for A c - L - L a c - L - A l a - O M e  and A c - L - A l a - L - L a c -  
NI-IMe in a po la r  medium a r e  R - R ,  R -  B, B - R ,  and B - B .  Of the conformat ions  with a hydrogen bond of 
the 1-4 type, the m o s t  s table  a r e  R - R  and R - B .  

2. The re  is an in ter re la t ionship  between the conformat ional  s ta tes  of neighboring hydroxy and 
amino acid res idues .  

3. The s t e r eochemica l  cha rac t e r i s t i c s  of the e s t e r  group a r e  s im i l a r  to those of the amide  group. 

1. 
2. 
3. 
4. 
5. 
6. 
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