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In the p re sen t  work  we have studied the resu l t s  of a calculat ion of the potential  su r face  of the methy l -  
amide  of N - a c e t y l - ~ - m e t h y l a l a n i n e  [CHsCONH-C(CH3)2-CONHCH3, Fig. 1]. A knowledge o f a l l t h e p o s s i b l e  
conformat ions  of this molecule  is of in te res t  in the invest igat ion of the spat ia l  s t ruc tu re  of the antibiotic 
a lameth lc in  [1, 2] and a num ber  of o ther  na tura l  compounds the peptide chains of which include an a - m e t h y l -  
alanine res idue  [3]. 

The calcula t ion was p e r f o r m e d  with the inclusion of the nonvalent in teract ions  of the a toms (Unv), the 
deformat ions  of the valence angles (Uang), the e l ec t ros t a t i c  in teract ions  (Uel) , the tors ional  energ ies  (Utor) , 
and the hydrogen-bond energ ies  (UHB). 

The potential  functions descr ib ing  these  re la t ionships  were  taken as in a previous  pape r  [4]. The only 
except ion is the dependence of the tors iona l  ene rgy  on the angle o~ro ta t ion  around the C a - N  bond (q~), which 
we took in the f o r m  UtCor =0.5 • U~0 (1 +cos¢) ,  and not U~o r =0.5 "V 0 ( 1 - c o s  ¢) .  The choice was based  on the 
r e su l t s  of quan tum-chemica l  calculat ions of N-methy lamides  [5]. This f o r m  of the potential  co r r e sponds ,  
according  to the 1966 notation [6] , topos i t ions  of the min ima  in Uto r at ~ =± 180, ~- 60 °. C r o s s e d  posi t ions  
of the bonds at the C a and C fll (C/~1) a toms  co r respond  to the min imum value of Uto r in the rotat ion of the 
methyl  side chains.  

The values of the b a r r i e r s  to ro ta t ion  (U~ around C ~ - N ,  C ¢~ - C '  and C a - C  fl 1 (C a _C/~2) bonds were  
taken as 0.6, 0.2 [7], and 2.8 k c a l / m o l e ,  r e spec t ive ly .  

The in teract ions  between the t e rmina l  O(fl and H(2 ) a toms  were  taken into account in the potential  of 
a hydrogen bond [4]. In the calculat ion of the ene rgy  of in terac t ion  between the H(1 ) and O(2 ) a toms only the 
e l e c t ro s t a t i c  component  was taken into account.  The fo rmat ion  of a H(1 ) ...0(2 ) hydrogen bond could be a s -  
sumed  only in the p lana r  extended f o r m  of the molecule  (6 =~ = ±  180 °, see  Fig.  1). However ,  in this con-  
fo rmat ion  the dis tance between the H(9 and O(2 ) a toms (~2.15/~) exceeds  the op t imum value ( ~ 1 . 8  ]k), and 
the N(I ) - H ( 9  and C' (2) =0(2) bonds have an or ienta t ion  unfavorable for  the fo rmat ion  of a hydrogen bond. 

The values of the charges  on the a toms were  taken f r o m  the l i t e r a tu re  [8] for  the l o w - e n e r g y  s ta tes  
(q~ = - 8 0  ° and • =± 60 °) of the a m i n o - a c i d  res idues  in peptide compounds in the absence  of hydrogen bonds 
(the values  of the cha rges  on the a t om s ,  the bond length, and the valence angles used in the calculat ion a r e  
given in caption to Fig. 1). 

An idea of the po ten t i a l - ene rgy  sur face  of the methylamide  of N - a c e t y l - a - m e t h y l a l a n i n e  was obtained 
f r o m  q~ -,~ conformat ional  maps  with a var ia t ion  of the angles at 20 ° in te rva ls .  Values of 109 ° and 108 ° were  
taken for  the N - C  a - C '  and c P l - c a - c f l 2 a n g l e s .  The geome t r i c  and energe t ic  p a r a m e t e r s  of the op t imum 
conformat ions  were  found by minimizing the total  ene rgy  ove r  six independent geomet r i c  p a r a m e t e r s -  
¢p, iF, X,, X~, N--C ~ - -C '  (~), C ~ ' - C ~ - C  ~ (U. The four o ther  angles of the C a a tom (~) were  taken to be 
equal and were  de te rmined  f r o m  the re la t ion  cos1? = - c o s  ~ /2  cos ~ /2 .  
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Fig.  1. Ca lcu la t ion  model  of the me thy lamide  of N-  
acetyl=o~ -me thy la l an ine .  

Lengths of the valence bonds [9]: 
0 " o 0 

b {C'--O)=I.24A;b(N-H)=l.02A; b(N--C a)=1,47 A; 
o o 

b (C a -C ' )=I .52A;b(C ' -N)=l .35A;  b (C a - C  ~) 1.54 A; 
Valence angles [10]: 

(H--Co)-- C11)) = :(H -- C¢2))-- N(2)) = -. ( H--C I~- C~)= lll.l ', 

(C ~-  NO)--H(l)) = x (C(~)-- N(,))--H(2)=115.9" , 

"- (C'--  NO)-- Cil))= ~ (C(~)-- N(2)--C12))=123.6° , 

(N(,)-- Ci, > -- Ou))= -. (N(,)-- C12 ) -  O(2))=I 22.4 °. 

(N(I)- C(,)-- C(I )) = ,  (N(2)-- C12 ) -  Ca)=I18.6 °. 
Charges on the atoms [8] (in e units): 

q (C(t})=--0.173; q (CII))=+0.469; q (00))=--0.410; 
q (N(I)) =--0.356, q (H.I))=+0.175,q (C~)=+0.04 l; 

q (C~H3) =+0.034, q (C12)) = +0.447; 

q (O(2))=--0.386, q (N(2))=--0,360; 

q (H(2))=+0.193, q (C(2))=+0.048. 
Charges on the terminal H atoms at the C(t) atom: 
q(H') = + 0.040; 
q (H) = +0.06O. 
Charges on the terminal H atoms at the C(z ) atom: 
q (H')= 0,050; 
q (H)=0.017. 

To evalua te  the ro le  of the va r ious  types  of i n t e rac t ions  in the s t r u c t u r a l  o rgan i za t i on  of the me th y l -  
amide  of N - a c e t y l - ~ - m e t h y l a l a n i n e ,  con fo rma t iona l  c h a r t s  w e r e  obta ined (Fig. 2a, b} with the inclus ion of 
the individual componen t s  of the total  ene rgy .  F igure  2a shows the potent ia l  s u r f a c e  obtained by taking Unv 
and Uto r into account  (because of the ex i s t ence  of p l ana r  s y m m e t r y  of the bonds at the C a a t o m  only half  the 
c h a r t  is shown in the f igure}.  The e n e r g y  con tour s  a r e  d rawn at va r ious  values  of the e n e r g i e s :  1, 2, 3, 5 ,7 ,  
a n d l 0 k c a l / m o l e .  Because  of the sma l l  value of the b a r r i e r s  to ro t a t ion  a round  the C a - N  and the C ~ - C  ' 
bonds ,  the con t r ibu t ion  f r o m  Uto r is sma l l  and the cha r t  r e f l ec t s  ma in ly  the nonva lence  in te rac t ions  of the 
a toms .  The l ines  of the equipotent ia l  sec t ions  of the p e r m i t t e d  reg ions  extend along the v e r t i c a l s  @ = - 1 8 0  ° 
a n d - 6 0  °. Among  the p e r m i t t e d  c o n f o r m a t i o n s ,  the R c o n f o r m a t i o n  p o s s e s s e s  the lowes t  enge rgy .  The r e -  
gions de l imi ted  by the 1 k c a l / m o l e  con tour  occupy  l e s s  than 2% of the tota l  a r e a  of the confo rma t iona l  c h a r t  
of  the me thy lamide  of  N - a c e t y l - ~ - m e t h y l a l a n i n e .  In the case  of the me thy l a mide s  of N-a c e ty lg lyc in e  and 
L - a l a n i n e ,  s u c h  r eg ions  amount  to ~ 60% and ~13%, r e s p e c t i v e l y  [11]. In c o m p a r i s o n  wi th  g lycine  d iamide ,  
the value of the b a r r i e r  be tween  the R and B reg ions  a lso  r i s e s ,  f r o m  ~ 1.5 to 6 k c a l / m o l e .  

F igu re  2b shows the l eve l s  of the e l e c t r o s t a t i c  e n e r g y  obta ined at a value of the ef fec t ive  d ie l ec t r i c  
cons tan t  eeff =4.  The s ta te  of  lowes t  e n e r g y  f r o m  the point of view of e l e c t r o s t a t i c  in t e rac t ions  c o r r e s p o n d s  
to the p l ana r  ex tended f o r m  (@ = ,I~ 4- 180o), which is  s t ab i l i zed  main ly  by  the in te rac t ions  of  the H(t ) and 
O(2 ) a t oms .  F igu re  3a, b shows the potent ia l  s u r f a c e s  of the me thy lamide  of N - a c e t y l = ~ - m e t h y l a l a n i n e  wi th  
the inc lus ion  of all f o r m s  of  i n t e rac t ion  as appl ied to nonpo la r  (~eff = 4) and po l a r  (Serf= 10 [12]) media .  
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Fig. 2. Conformational map of the methylamide of 
N-ace ty l - a -me thy la l an ine  taking into account Unv and 
Utor (a) and Uel (b). 

TABLE 1. Optimum Conformations of the Methylamide of 
N-Ace ty l -5 -methy la lan tne ,  deg 

Parameters of 
the molecule M(n') O 

The 
1970 

¢ 

Xt 

X~ 

I N - C  ~' --C'll 

IC ~ ' - -C ~' - -C~,  I 

UDV 
UHB 
Udef 
Utor 
Uel (~=4) 
/]to t (~-4) 
Uto t (~=10) 

(D) 

--63.5 
71.0 
56.9 
58.8 

110.6 

104.7 

1.7 
--3.95 

0,II 
0,01 
1,7 
0 
2.1 
2.7 

--53.2 
--46.2 

57.4 
60. I 

I09,7 

108,2 

0 
0 
0 
0,02 
1.0 
1.5 
0 
6.6 

R B 0 

--61.3 18 
174,3 18 
53,6 6 
60,5 6 

112,1 109.1 

109,0 110,8 

0,6 1,0 
0 
0,03 
0,05 
0,8 
1,9 1,5 
0.6 0.6 
5,4 3.3 

180 
--57,7 

64.3 
53.6 

108.4 

109.5 

1.0 
0 
0 
0.08 
0.4 
1,9 
0,9 
5.2 

symbols of the angles are  in accordance  with the 
notation [6]. 

Attention is a t t rac ted  above all by the considerable s imi la r i ty  of the two maps to the map of s te r ic  
interact ions (see Fig. 2a}, which shows the dominating role of nonvalence interactions.  By taking the other  
energy  contributions into account it is possible to evaluate the relat ive stabil i t ies of the individual confor-  
mations.  The low-energy  regions on the char ts  cor respond  to the opt imum fo rms :  R - r ight-handed c~-he- 
lix; B - / 3  s t ruc ture ;  M - twisted f o r m  with an in t ramolecular  hydrogen bond; G - conformations with a pla-  
nar  s t ruc ture  of the main chain; and Q - c rescen t - l ike  conformations.  To each f o r m  in the lef t -hand part  
of the char t  cor responds  its m i r r o r  i soenergy analog in the r ight-hand part .  

Table i gives the calculated values of the geomet r ic  pa rame te r s ,  energies ,  and dipole moments of all 
the nonequivalent opt imum conformations of the methylamide of N-aeety l -~-methyla lanhae .  

In the general  case ,  for  this molecule 12 spatial fo rms  are  possible (taking m i r r o r  forms into ac-  
count), the conformational  equUibr[um between which depends fundamentally on the polar i ty  of the medium. 
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Fig. 3. Conformat ional  char t  of the methylamide  of N - a e e t y l -  
~ -me thy la l an ine  taking into account Uto t (eef f=4)  (a) and Utot 
(ee f f  =10} (b}. 

The r e su l t s  of the calculat ion show that in nonpolar  solut ions of low concentra t ion the extended fo rms  
M (I-l) mus t  ex is t  p redominant ly .  The M (I-l) conformat ions  a re  the op t imum not only f r o m  the point of view 
of a hydrogen bond but a lso  f r o m  that  of nonvalence in terac t ions .  In the fo rmat ion  of a hydrogen bond, the 
to ta l  reduct ion in the ene rgy  of the min imum B' is not accompanied  by an apprec iab le  shift  in its posit ion.  

On pass ing  to po la r  media ,  the equi l ib r ium of the s t r u c t u r e s  shif ts  in the di rect ion of the s t e r i c a l l y  
l e a s t - s t r a i ned  s t r u c t u r e s .  In this c a se ,  the propor t ion  of the R (L) f o r m  must  be the highest ,  but together  
with this the B, G, and o ther  conformat ions  may  exist .  

The advantageousness  of s t r u c t u r e  R (L) is de te rmined  not only by the enthalpy but a lso  by the en-  
t ropy ,  as can be judged f r o m  the a r e a  of the min imum (see Fig. 3b). 

In the ma jo r i t y  of c a se s ,  the deviations of the angles of ro ta t ion  of the C ~ side chains f rom the posit ion 
cor responding  to the m i n i m u m  of U T (60 °) a r e  sma l l  and ave rage  about 3 °. In the M (B') f o r m  the m a x i m u m  
deformat ion  of the valence angles at the C ~ a tom is obse rved  (in compar i son  with the t e t r ahedra l  a r r a n g e -  
ment),  amounting to about 5 °. The M (I-I) fo rm,  which p redomina tes  in nonpolar  media ,  has a smal l  dipole 
moment  - 2.7 D. The conformat ion  predominat ing  in po la r  media  - R (L) - is cha r ac t e r i z ed  by the highest  
value of the dipole moment  - 6.6 D. 
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