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The s t ructure and possible conformers f o r  the molecule of diacetamide 

are t h e o r e t  i ca 1 1 y analysed using the CND0/2 and INDO methods.The 

resu l t s  are compared w i t h  the  avai lab le  experimental data. 

Ana1 isam-se teoricamente as est ru turas e configurações possíveis da 

molécula de diacetamida, fazendo-se uso dos métodos de CND0/2 e 

INDO. Comparam-se os resultados obt idos com os dados experimentais 

disponíveis. 

1. INTRODUCTION 

The conformational analysis of imides i s  useful  f o r  b i o l og i ca l  appl ica- 

t ions. The molecule o f  diacetamide i s  an acyc l i c  imide w i t h  three pos- 

s i b l e  planar conformers: c is- trans, c i s - c i s  and trans- trans. 

~ e e '  has studied the f ree  imide çroup using UV and I R  spectroscopies , 

and d ipo la r  measurements. He concluded that  only three planar conformers 

are present: c is- trans, c i s- c is  and trans- trans; moreover the values f o r  

the d ipo la r  moments of imides are given i n  the fol lowing.way: c i s -c i s  < 

c is- t rans < trans- trans; the c i s - c i s  conformer i s  the most stable one 

f o r  c i c l  i c  imides. The same author, i n  a l a t e r  paper2, reported having 

* Postal address: Cal le  49 y 115, La Plata, Republica Argentina. . 



measured the  d i p o l a r  moments o f  N-methi l  diacetamide and diacetamide. 

H is  conclusi-on was tha t ,  f o r  bo th  molecules, the c i s - t r a n s  conformers 

are  the  most s tab le  ones. 

The experimental r e s u l t s  obtained w i t h  UV, I R  and NMR techniques, f o r  

so lu t ions ,  a l s o  show t h a t  the c i s - t r a n s  conformer i s  the  most s tab le  

one. 

uno3'" has analysed the  I R  spectra o f  diacetamide and N-deuterated com- 

pounds. H i s  conclusion has been t h a t  on l y  two conformers are  poss ib le  

f o r  the  c r y s t a l l i n e  s ta te ,  and the c i s - t r a n s  conformer i s  the  dominant 

one. He a l s o  a t t r i b u t e d  a d imer ic  s t r u c t u r e  t o  the molecule o f  d iaceta-  

mide i n  t he  s o l i d  s ta te .  

~ e n t i  l e 5,  ana lys ing  a group o f  complexes o f  diacetamide i n  d ivalent  t r an -  

s i t i o n s  sa l t s ,  detected on l y  the c i s - t r a n s  and t rans- t rans  conformers. 

Uno and ~ u r o d a ~ ' ~ ' ~  s tud ied the  c i s - t r a n s  conformer f o r  the  C-  and N- 

deuterated compounds, us ing  I R  spectroscopy, and found t h a t  the energy 

f o r  the t rans- t rans  conformer i s  27 kcal/mol, t h a t  means 3 k c a l / m o l  

above the  c i s - t r a n s  one. 

~ o e '  used the  PMR technique f o r  the  ana l ys i s  o f  diacetamide and N-methyl 

diacetamide. The c i s- t rans  conformer i s  a l so  f o r  t h i s  author the  domi- 

nant one; moreover, the  spectra f o r  the  c i s - c i s  and t rans- t rans  confor -  

mers were no t  found. 

~ t e i  nmetzl0 concl uded, f rom m i  crowave spectroscopy, t h a t  there  were 

th ree poss ib le  conformers f o r  the  m l e c u l e s  o f  formimide and N-deutero- 

formimide: c i s- t rans ,  c i s - c i s  and t rans- t rans .  I n  a very recent  theore- 

t i c a l  ana lys is ,  we pred ic ted"  th ree s tab le  conformers f o r  the  molecule 

o f  formimide. I n  t h i s  paper we are  present ing  a s i m i l a r  t h e o r e t i c a l  ana- 

l y s i s  f o r  the  molecule o f  diacetamide us ing  the CND0/2 and INDO me- 

thods12. The r e s u l t s  a re  compared w i t h  the  a v a i l a b l e  experimental da- 

ta.  



2. THEORETtCAL CONFORMATIONAL ANALYSIS 

The s t r u c t u r a l  parameters f o r  t he  molecule o f  diacetamide were der ived 

f rom the  minimum o f  the  t o t a l  energy as a f u n c t i o n  o f  the  bond distances 

and angles. The v a r i a t i o n  f o r  the  t o t a l  energy i s  g iven f o r  the  d,,d,, 

d,, and the  CWH angle ( c f .  Figs.2,3,4 and 5 ) .  From those F i g u r e s  the  

geometr ical  parameters a re  der ived.  They a re  given i n  Table 1 .  

The CNDO/2 and  INDO'^ m t h o d s  were used f o r  the ca l cu la t i ons ,  and the  

coordinates desc r i b ing  the m t i o n s  were taken f o l l o w i n g  the  r u l e s  g iven 

by ~i l derbrandt13.  The parameters der ived here are i n  good agreement wi t h  

the  experimental ones given by  UNO^ (cf .Table 1) .  

TABLE 1 

Geometri ca l  
Parameters Ref .6 Our 

Resu l t s  

S t r u c t u r a l  parameters f o r  the m l e c u l e  o f  diacetarnide. The parameters 

shown i n  the l a s t  colurnn were der ived us ing  the grad ient  f o r  the t o t a l  

energy. The CND0/2 was used f o r  the ca l cu la t i ons .  Parameters f o r  the  

minimum o f  the t o t a l  energy a re  repor ted  here. 
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The in terna1 b a r r i e r  f o r  the  c i s- t rans  -+ t rans- t rens t ransformat ion,  as 

a func t i on  o f  t he  r o t a t i o n  angle, i s  g iven i n  Fig.6. 

From the  r e s u l t s  g iven here, we conclude t h a t  the  t o t a l  energy f o r  the  

t rans- t rans conformer i s  2.97 kcal/mol over the c i s- t rans  one, and the 

he ight  o f  t he  b a r r i e r  i s  11.93 k c a l / m l  . There i s  then a very good agree- 

ment w i t h  the experimental value ( 3  k c a l h l ,  Ref.6) f o r  the  di f ference 

between the two conformers, a l though the t h e o r e t i c a l  b a r r i e r  i s  c l e a r l y  

lower than the  experimental one measured by uno6. 

The l a s t  named author14 has anal ised the spectra o f  diacetamide and N- 

deuterated acetamide, g i v i n g  40 kcal/mol f o r  the  he ight  o f  t he  b a r r i e r  

corresponding t o  the  c i s- t rans  + trans- trans'  t ransformat ion;  then, con- 

s i d e r i n g  the  s i m i l a r i t y  between acetamide and diacetamide, the accuracy 

o f  the experimental value g ives a p o s s i b i l i t y  o f  having a smal ler  d i f f e -  

rence between the ca lcu la ted va lue presented here and the experimental 

TABLE 2 

Tors íon Cis-Trans + Trans-Trans + Cis-Trans + Cis-Cis 
angle 
(deg . ) CND0/2 INDO CNDO/2 I NDO 

V a r i a t i o n  o f  the d i p o l a r  moment w i t h  the to rs iona l  angle o f  C-N bonds 

i n  diacetamide. The CND0/2 and INDO methods were used (uni  t : Debye). 
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one6. I t should then be i n t e r e s t i n g  t o  check the t h e o r e t i c a l  value f o r  

the he igh t  o f  the b a r r i e r .  

The t o t a l  energy, as a  f u n c t i o n  o f  the  r o t a t i o n  angle, i s  shown f o r  the  

c i s - t r a n s  -+ t rans- t rans  t rans format ion  i n  Fig.7.  The d i p o l a r  moment,as 

a  f u n c t i o n  o f  the  r o t a t i o n  angle, f o r  the  c i s - t r a n s  -+ t ranç- t rans ,  and 

t rans- t rans  -+ c i s - c i s ,  i's g iven i n  Table 2 .  The t o t a l  d i p o l a r  moments 

a re  g iven i n  Table 3; the values a re  given i n  the p r i n c i p a l  ax i s  sys- 

tem ( they are  a l s o  compared w i t h  the  experimental ones given by ~ e e ' ) .  

The values fo r  the d i p o l a r  moment, f o r  the  c i s - t r a n s  and t rans- t rans  

conformers, agree w i t h  the experimental r e l a t i o n  given i n  Ref.1. On the 

o the r  hand, the d i p o l a r  moment f o r  the  c i s - c i s  conformer i s  h igher  than 

t h a t  f o r  the c i s- t rans ,  i n  disagreement w i t h  Lee's i n e q u a l i t i e s .  I n c i -  

d e n t a l l y ,  the  r e l a t i o n  we mentioned i s  a l s o  t h e o r e t i c a l l y  p red i c ted  f o r  

the  molecule o f  formimide": 

c i  s - c i  s  c i  s- t rans  t rans- t rans  Debye 

1.73 < 3.39 < 6.44 CND0/2 

1.53 < 3.42 < 6.47 I NDO 

The d i p o l a r  moments, i n  the p r i n c i p a l  a x i s  system, are  given f o r  both 

s t a b l e  conformers i n  ~ i ~ s . 8  and 9 .  

From the geometries g iven above f o r  both s tab le  conformers, we have cal-  

cu la ted  the  K parameter used i n  microwave spectroscopy, a l though there  

i s  no a v a i l a b l e  experimental data;  then, i t  would by i n t : e r e s t i n g  t o  

check the values obtained i n  a  f u t u r e  microwave ana l ys i s  ( c f .  Table 4)". 

3. CONCLUSIONS 

Experirnental ly, o n l y  r e s u l t s  f o r  the  c i s - t r a n s  and t rans- t rans  confor -  

mers are  a v a i l a b l e .  The c i s - t r a n s  conformer i s  a l s o  t h e o r e t i c a l l y  the 

most s t a b l e  one. The t h e o r e t i c a l  conformat ional  ana l ys i s  we have made 

c lear ly  ag reesw i th  the experimental f a c t  t h a t  the c i s - c i s  conformer must 
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TABLE 4 

I C i s - T r a n s  I T r a n s - T r a n s  [ C i s - C i s  

Rota t iona l  constants A, B, C, and K, used i n  microwave spectroscopy. The 

s t r u c t u r a l  parameters were der ived from the grad ient  f o r  the  t o t a l  ener- 

gy method. The CND0/2 was used i n  the c a l c u l a t i o n s .  

be unstable.  The shape o f  the  b a r r i e r  and the d i f f e rences  f o r  the to-  

t a l  energies i n  the  s tab le  conformers are a l so  i n  reasonable agreernent 

w i t h  experiment. The d i p o l a r  moments f o r  the c i s - t r a n s  and t rans-  

- t r ans  conformers agree w i t h  the  r e l a t i o n  p red i c ted  by ~ e e l .  
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