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

M E T H Y L  E S T E R S  OF a - A C E T Y L A M I N O  

A C I D S  A N D  M E T H Y L A M I D E S  O F  a - A C E T O X Y  

A C I D S  

E .  M.  P o p o v ,  G.  M. L i p k i n d ,  
V.  Z .  P l e t n e v ,  a n d  S. F .  A r k h i p o v a  UDC 541+547.466.1 

Many depsipept ides  with r egu la r ly  a l te rnat ing  amino acid and hydroxy acid res idues  (the antibiotics 
val inomycin,  the enniatins,  beauver ic in ,  etc. [1-4]) se lec t ive ly  induce the t r a n s p o r t  of ions through 
synthetic  and biological  m e m b r a n e s .  The functional p r o p e r t i e s  o~ the membrane -ac t ive  compounds a r e  
de te rmined  to a cons iderable  extent by their  conformational  s ta tes .  

The conformat ional  ana lys is  of  var ious  methylamides  of N-ace ty lpept ides  c a r r i ed  out p rev ious ly  
[5-9] has  shown that the spat ia l  s t ruc tu re  of compounds with two and three  amide groups can be desc r ibed  
by means  of a l imi ted se t  of opt imum f o r m s , t h e  s tabi l i ty  of which is de te rmined  main ly  by the na ture  of 
the a - a m i n o  acid and a lso  by the p r e s ence  of methyl  groups  on the a toms  of the main chain. F u r t h e r m o r e ,  
it has  been shown that the canonical  f o r m s  found for  these  compounds may  act as a conformational  code 
in the analysis  of the s t ruc tu re  of m o r e  complex l inear  and cyclic  molecu les  of pep t ide-pro te in  natmre 
[101. 

The object  of the p r e s e n t  work was to de te rmine  the s t e r eochemica l  interact ions between ne ighbor-  
ing links of a depsipept ide chain. The following methyl  e s t e r s  of a -ace ty lamino  acids (I-III}, methylamides  
of a - a c e t o x y  acids (VI-VIII), and their  N-methyl  de r iva t ives  (IV, V, IX, X) with t r ans  configurat ions of the 
amide and e s t e r  groups were  investigated: 

Ac-Gly-OMe (I) Ac-GlyCO-NHMe (Vl) 
Ac-L-Ala-OMe (ll) Ac L-Lac-NHMe (VII) 
Ac-L-Val-OMe (III) Ac-L-Hylv-NHMe (VIII) 
Ac-L-MeAla-OMe (IV) Ac-L-Lac-NMe~ (IX) 
Ac-L-MeVal-OMe (V) Ac-L-Hylv-NMe2 (X) 

Compound (V) was also studied with the cis  configuration of the amide group and the t rans  configu- 
rat ion of the e s t e r  group. The conformat ional  poss ib i l i t i es  of the molecu les  l i s ted are  de te rmined  a lmos t  
comple te ly  by  the in teract ions  of the a toms of the neighboring amide and e s t e r  groups and the i n t e r m e -  
diate side chain. I t  may  be a s sumed  that the se lected s e r i e s  of  compounds is adequate for  obtaining a se t  
of canonical  f o r m s  of amino and hydroxy acid res idues  in a depsipeptide chain suitable for  the f r a g m e n t a r y  
analys is  of the spat ia l  s t ruc tu re  of va r ious  depsipept ides .  

The method of calculat ing the conformat ions  and the functions of the nonvalent in terac t ions  of the 
a toms has  been desc r ibed  p rev ious ly  [5 ]. The idea of a potent ial  su r face  and of the opt imum f o r m s  of 
compounds (I-X) was obtained f r o m  ~ - ~  conformat ional  char t s .  The char t s  we re  cons t ruc ted  with 20 ° 
va r ia t ions  of the angles of rota t ion ~ [Ca-N for  (I-V) and CG-O ' fo r (VI -X) ]  and ~ (Ca -C  ', Fig. 1). 

The valence  angles of the amide  and e s t e r  groups were  a s sumed  to be  constant.  The values  of the 
angles were  taken f rom the calculat ions of N-methy lace tamide  and methyl  aceta te  [5]. Consider ing the 
sensi t iv i ty  of t h e - C - C  a n d - O ' - C a - C  ' angles to the volume of the substi t~ent on the C a a tom [6], they 
were  taken as 110 ° in the cases  R = H, CH 3, and 107 ° in the case  R = i -C3H 7. The or ientat ion of the 

M. M. Shemyakin Inst i tute  of the Chemis t ry  of  Natura l  Compounds, Academy of Sciences of the USSR. 
Trans l a t ed  f r o m  Khimiya  Pr i rodnykh  Soedinenii, No. 2, pp. 184-191, March,  1971. Original a r t ic le  
submit ted November  16, 1970. 

© 1973Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17thStreet, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

175 



C f i - H  bond of the isopropyl  side chain is fixed in the t rans  posi t ion with r e spec t  to the C a - H  bond (X1 = 
180 °). When N-methy lamide  groups were  present ,  the poss ib i l i ty  of rotat ion round the N - C H  3 bond was 
taken into account.  As was shown prev ious ly  [7], the potential  su r face  and the geome t ry  of the opt imum 
f o r m s  of peptides a re  de te rmined  main ly  by nonvalence interact ions.  Consequently, the char t s  were  
constructed taking into account  only this energy component.  

Let  us f i r s t  consider  the methyl  e s t e r s  of cz-acetylamino acids (I-V). F igure  2 shows a char t  of 
the conformat ional ly  mos t  labile methyl  e s t e r  of N-ace ty lg lyc ine  (I). It is s y m m e t r i c a l  with r e s p e c t  to 
the diagonal of the square  and has  four  broad  regions  of low energy  - R, B, L, and P drawn out along the 
ve r t i ca l s  @ ~ 100 ° and ~ 260 ° . All the min ima  a re  approximate ly  equivalent. The b a r r i e r  separa t ing  the 
R and B (and L and P) regions  does not exceed 0.2 kca l /mole ,  and that separa t ing  R and P (and B and L) 
is ~0.7 kca l /mo le .  The grea t  s imi l a r i ty  of  the char ts  of the methyl  e s t e r  of N-acetylg lycine  (I) and the 
methylamide  of N-ace ty lg lyc ine  [6] mus t  be  noted. In both cases  the a r e a  bounded by the 1 k c a l / m o l e  
countour amounts to ~60%. Thus, the change f r o m  an amide group to an e s t e r  group does not introduce 
substant ia l  var ia t ions  in the interact ion of the a toms of the side chain; the geomet r ica l  and the rmodynamic  
p a r a m e t e r s  of the opt imum conformat ions  of these compounds are  ex t r eme ly  s imi la r .  

Charac te r i s t i c  for  the potential  sur face  of the methyl  e s t e r  of N-ace ty l -L-a lan ine  (II) is a d i s tu rb -  
ance of ti~e s y m m e t r y  and a cons iderable  contract ion of the low-energy  regions (Fig. 3a). The 1 - k c a l /  
mole  contour  bounds only ~25% of the a r e a  of the chart .  The potent ia l  su r f ace  has  four nonequivalent 
minima.  The regions  cut off in the lef t -hand pa r t  of  the char t  (R and B) a re  cons iderably  deeper  and 
wider than on the r ight -hand side (L and P). Pass ing  to the compound with the i sopropyl  side chain (Ill) 
leads to a fu r the r  contract ion of the low-energy  regions;  the 1 - k c a l / m o l e  contour sur rounds  only ~8% of 
the a r ea  (Fig. 4a). The corresponding peptide analogs of compounds (II) arid (Ill) have ex t r eme ly  s imi l a r  
char ts .  However,  because  of the additional contacts  with the H a tom of the second amide group, there  a r e  
a l ready low-energy  equipotentials.  
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Fig. 1. Models of methyl esters of ~-acetylamino acids 
(I-V) and methylamides of c~-acetoxy acids (VI-X) in the 

= ~I, = 0 conformation; R = H, CII3, i-C3H 7, R' = H, CH 3 . 
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Fig. 2. Conformation char t s  of the methyl  e s t e r  of N- 
acetylglycine (I) (a) and of the methylamide  of O-ace ty lg lyco l -  
ic acid (V1) (b). 
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Fig. 3. Conformat ional  char ts  of the methyl  e s t e r  of N-  
ace ty l -L -a l an ine  (II) (a) and of the methy lamide  of O-acetyl -  
L - l ac t i c  acid (VII) (b). 
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Fig.  4. Conformat ional  char t s  of the methyl  e s t e r  of N-  
ace ty l -L -va l i ne  (ITI) (a) and of the methy lamide  of O - a c e t y l -  
L -hydroxy i sova l e r i c  acid (VIII) (b). 

The conformat ional  cha r t s  of the methyl  e s t e r s  of N - a c e ~ l - N - m e t h y l - L - a l a n i n e  (IV) and N-acetyl-  
N - m e t h y l - L - v a l i n e  (V) show the cons iderable  d e c r e a s e  in the acces s ib l e  regions  pa r t i cu l a r ly  at ~ < 180 ° 
(Fig. 5a and Fig. 6a). The min ima  in the lef t -hand and r ight-hand pa r t s  of the cha r t s  b e c o m e  approx i -  
mate ly  equivalent and the sha rp  energe t ic  different iat ion of the opt imum f o r m s  cha rac t e r i s t i c  fo r  the N- 
desmethy l  analogs vanishes .  

The geome t r i ca l  p a r a m e t e r s  and energies  of the opt imum f o r m s  of compounds (I-V) following f r o m  
the conformat ional  cha r t s  a r e  given in Table 1. 

It  can be seen f r o m  Table  1 and Fig. 2a to Fig. 6a that a var ia t ion in the side chain and N - m e t h y l a -  
tion affects  the conformat ions  and energe t ic  s tabi l i t ies  of the fo rms .  However,  it is impor tant  to emphas ize  
that at the s a m e  t ime the change in the posi t ions of the local  m in ima  in the conformat ional  cha r t s  is smal l .  
The fo rmat ion  of new regions  of low energy does  not take place  ei ther .  Consequently, all  the confo rma-  
tional s ta tes  of the methyl  e s t e r s  of the ~ - ace ty l amino  acids and their  N-~nethyl der iva t ives  are  descr ibed  
by means  of the four  canonical f o r m s  R, B, L, and P. As a l ready mentioned, the char t s  given in Fig. 2a 
to Fig. 6a were  const ructed with only the nonvalent in teract ions  of  the a toms taken into account. A con- 
s ide ra t ion  of the e l ec t ros ta t i c  in teract ions  has  shown that they s tabi l ize  the f o r m s  B and P to a g r e a t e r  
extent than R and L, the effect  inc reas ing  with a dec r ea se  in the po la r i ty  of the medium.  So far  as 
concerns  the geome t r i ca l  p a r a m e t e r s  of the op t imum fo rms ,  e l ec t ros t a t i c s  makes  no apprec iab le  c o r -  
rec t ions  in the i r  values .  When the to rs iona l  energy  is taken into account, the nature  of the conformat ional  
char t s  r e m a i n s  unchanged. Compounds (I-V) cannot f o r m  in t r amolecu l a r  hydrogen bonds.  
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Fig.  5. Conformat iona l  cha r t s  of the methy l  e s t e r  of N-  
a c e t y l - N - m e t h y l - L - a l a n i n e  (IV) (a) and of the d ime thy lamide  
of  O - a c e t y l - L - l a c t i c  acid (IX) (b). 
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Fig.  6. Confo rma t iona l  cha r t s  of the methy l  e s t e r  of N-  
a c e t y l - N - m e t h y l - L - v a l i n e  (V) (a) and of  the d ime thy l amide  
of  O - a c e t y l - L - h y d r o x y i s o v a l e r i c  acid (X) (b). 

TABLE 1. Pos i t i ons  (degrees)  and E n e r g i e s  (kca l /mole )  of  the P o -  
tent ial  Minima of the Molecules  A c - X - O M e  (where X is  an amino acid  
res idue)  

Gly 
L-Ala  
L- Val  
L -MeAla  
L-Me Val " 

II0 
i00 
80 
60 
60 

 -17- Wo 

120 [i,1 130 
120 
80 ]0 1 

100 0:3 

~ o  Wo 

250 240 
240 240 
240 280 
240 230 
240 280 

U @° 

0,1 100 
1,2 100 
~ ,9 80 

60 
0,2 60 

~r o U 

260 0 
310 0,2 
300 0,1 
220 O, 1 
280 O, 4 

~o ~ o  

260 100 
240 80 
240 100 
24O 7O 
24O 100 

0 
1,O 
1,9 
0 
0 

Let  us now c o n s i d e r  the f ea tu re s  of the nonvalent  i n t e rac t ions  of a toms  in the molecu le s  containing 
hydroxy  acid  r e s i d e u s  (VI-X). F i g u r e  2b gives  the con fo rma t iona l  c h a r t  of the me thy l amide  of O-ace ty lg ly -  
col ic  ac id  (VI). The cha r t  is s y m m e t r i c a l  and r e s e m b l e s  those  fo r  the me thy l  e s t e r  of N - a c e ~ l g l y c i n e  
(I) and the m e t h y l a m i d e  of N-ace ty lg lyc ine  [6]. A p a r t i c u l a r  d i f fe rence  cons i s t s  in the ex i s t ence  in (VI) of 
two addit ional  min ima ,  N and S; at  ~ ~ 0 ° s e p a r a t e d  f r o m  the o t h e r  m i n i m a  by a b a r r i e r  of ~1 .6  k c a l / m o l e .  
The b a r r i e r s  be tween N and S amount  to ~0.7 k c a l / m o l e  and those be tween R and B (and P and L) to ~1 .6  
kcalA'nole. All six m i n i m a  a r e  app rox ima te ly  equivalent .  The i r  g e o m e t r i c a l  p a r a m e t e r s  and r e l a t ive  
ene rg i e s  a re  given in Table  2. 
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TABLE 2. Posit ions (degrees) and Energies  of the Potential Minima 
(kcalA~ole) of the Molecules A c - Y -  NR'Me (where Y is a hydroxy 
acid residue) 

R L B P N S 

R '  Y 
~ °  q'° I Y'°I U ¢°.[ Y.'°[ U 

H 
H 
H 
Me 

Me 

Glyco 
L-Lac 
L-Hylv 
L-Lac 

L -Hylv 

I 
100 
100 
100 
100 

90 

• ° u 

[20 ~,I 
[30 
120 0,1 
140 6 

140 9 

260 240 
240 230 
240 %0 
240 240 

230 250 

U q~o I ~'o 

3, ~ :00 290 
~,5 [00 / 310 
S 100 / 310 
4 100~ 320 

30 / 260 

7 451 280 
115 / 300 

U ~°  

) 20 

~1' c U 

7o i 
k0 °I I! 

The introduction of a methyl side chain (VII, Fig. 3b) substantially changes the nature of the potential 
ba r r i e r .  The symmet ry  disappears ,  the re l ief  becomes  more  marked,  and the energy difference between 
the forms r i ses .  Conformations R and B prove to be the most  p re fe r red .  The region in the r ight-hand 
pa r t  of the char t  (L, P) is cha rac te r i zed  by high energy values.  The N and S minima noted in (VI) at ~ ~ 
0 ° are  shifted in (VII) to ~ ~ 20 ° • The energies of these forms r i se  considerably.  

The potential surface  for  compound (VIII) (see Fig. 4b) p resen t s  still higher re l ief  than for  (VII); the 
minima N and S disappear  and the energy in the r ight-hand par t  of the char t  r i s e s  sharply.  The p r e f e r -  
ential nature of the two approximately equivalent regions R and B located along the vert icals  ~ ~ 100 ° 
become dominating. The 1 kca l /mo le  a rea  is about 16% for (VI) [~6% for  (VII) and ~3% for  (VIII)]. 

The conformational  f reedom of the dimethylamides of O-ace ty l -L- l ac t i c  acid (IX) and of O--acetyl- 
L-hydroxyvaler ic  acid (X) is prac t ica l ly  limted to region B in which the two minima are  located (Fig. 5b, 
and Fig. 6b). The R and L regions have a far  higher energy; the P region is completely forbidden. The 
areas  within the 1 kca l /mole  contour in char ts  (IX) and (X) are ,  respect ively ,  ~2.5 and 1%. 

Table 2 gives the geometr ica l  pa ramete r s  and energies  of the optimum forms of compounds (VI-X). 
As can be seen f rom the table, the regular i t ies  observed in the case of the methyl es te rs  of a-acetylamino 
acids (I-V) a re  also valid for  the methylamides of the a -ace toxy  acids (VI-X). There  are  substantial 
differences only between the N-methylated derivatives (VI) and (V), and (IX) and (X). These are due 
mainly to the different posit ions of the N - C H  3 groups in the chain. It is interesting to note the cons ider-  
able s imi la r i ty  of the conformational  char ts  of the N-desmethyl  compounds with isopropyl C a substituents 
- ( I I I ) ,  (VII) - and the methylamide of N-ace ty l -L-va l ine  [6]. In this case, fhe large  volume of the side 
chains dictates the completely determined nature of the potential surfaces  in the compounds considered. 

In the molecules  (VI-X), as in (I-V), e lec t ros ta t ic  interact ions stabilize form B. In the construct ion 
of the charts ,  the formation of hydrogen bonds was not considered.  On taking into account the resul ts  of 
investigations of the methylamides of c~-acetylamino acids [6], for compounds (VII) and (VIII) in a non- 
polar  medium one may expect the real izat ion of a convoluted fo rm of the M type (~ ~ 110 ° , ~ ~ 250 ° ) with 
an in t ramolecular  hydrogen bond in a seven-membered  ring. 

Let us now consider  the influence of the configurational s t ruc ture  of the amide groups on the con- 
formational  possibil i t ies of the methyl es ters  of a -ace ty lamino  acids. This question is par t icu la r ly  
important  for  compounds with N-methylamide groups, which a re  charac te r i zed  by electronic equivalence 
in the t rans and cis configurations, and also for cyclic depsipeptides with a smal l  number of links. Thus, 
an X- ray  s t ructura l  analysis  [15] and conformational  investigations of the cyclotetradepsipeptides [11, 
12] have shown that the mos t  p r e f e r r ed  fo rms  of the r ing have the amide groups in the cis configuration 
and the es te r  groups in the t rans configuration. 

The conformational  char t  of the methyl es te r  of N-ace ty l -L-methylva l ine  with a c i s -N-methylamide  
group is shown in Fig. 7. The change f rom the t rans configuration of the amide group to the cis sharply 
changes the nature of the potential surface of the molecule (compare Figs. 4a and 7). The number of pos -  
sible conformations dec reases  to one half. Only two approximately equivalent regions R and B remain  
permit ted.  
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Fig. 7. Conformational  
char t  of the methyl  e s t e r  
of N - a c e t y l - N - m e t h y l -  
valine with a cis  N-me thy l -  
amide group. 

In conclusion, we may  note a number  of  cha rac t e r i s t i c  fea tu res  
following f r o m  the conformat ional  analys is  of  the compounds cons idered  
above. It  follows f r o m  the conforma~ional char t s  that the substi tut ion 
of side chains at  the C a a toms and the introduction of subst i tuents  on 
the N a toms,  while cons iderably  changing the the rmodynamic  p a r a m -  
e te r s  of the molecule ,  do not lead to the fo rmat ion  of quali tat ively new 
spat ia l  f o rms .  In other  words,  the geome t ry  of the opt imum confo rma-  
tions of (I)-(X) is de te rmined  mainly by the in terac t ion  of the a toms of 
the side chain. All the conformat ional  s ta tes  of the molecu les  of (I-X) 
a re  desc r ibed  by a smal l  number  of canonical  f o r m s  (see Tables  1 
and 2). A compar i son  of char t s  of  (I-V) and (VI-X) shows cons ide r -  
ably fewer  conformat ional  poss ib i l i t ies  of the hydroxy acid res idues  
than of the amino acid r e s idues .  This gives grounds fo r  the a s su mp -  
tion that the spat ia l  s t ruc tu re  of the cyclic depsipept ides  that c o r -  
responds  to the lowest  energ ies  of the nonvalent in teract ions  in all 
local sec t ions  is  de te rmined  p r i m a r i l y  by the eonformat ional  s ta tes  
of the hydroxy acid res idues .  The choice of the conformat ions  of the 
amino acid r e s idues  f r o m  the number  of pe rmi t t ed  canonical  f o r m s  
dic ta tes  the conditions for  r ing c losure .  Of course ,  the geome t r i ca l  
p a r a m e t e r s  of the  f r agmen t s  in the r ing may  undergo deviations (with- 
in the l imits  of the low-energy  regions  on the conformat ional  charts)  
f r o m  the values opt imum for  the s imples t  l inear  molecules .  

S U M M A R Y  

1. The f o r m  of the potent ia l  sur face  of the methyl  e s t e r s  of ~-  
acetylamino acids and of the methy lamides  of o~-acetoxy acids is sens i t ive  to the geomet ry  of the side 
chain and to the p r e s e n c e  of N-methyl  groups in the main chain. 

2. The conformat ional  s ta tes  of the molecules  cons idered  a r e  desc r ibed  by a l imi t ednumber  of 
canonical f o rms :  R, B, L, and P. 

3. With r e s p e c t  to the in teract ion of the a toms of the main chain, the e s t e r  group is s t e reoehemica l ly  
equal to the amide group. The di f ference  between these groups consis ts  in smal l  d i f ferences  in i n t e r ac -  
tions with the a toms of the side chains. 
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