
Theoret. Chim. Acta (Berl.) 33, 87--90 (1974) 
�9 by Springer-Verlag 1974 

Relationes 

Quantum Mechanical Studies of Environmental 
Effects on Biomolecules 

IV.  H y d r a t i o n  o f  N - M e t h y l a c e t a m i d e  

Alber te  Pu l lman  

Institut de Biologie Physico-Chimique, 13, rue P. et M. Curie, Paris 5~, ~France 

G i u l i a n o  A l a g o n a  and J acopo  Tomas i  

Laboratorio di Chimica Quantistica del C.N.R., Via Risorgimento 35, 56100 Pisa, Italy 

Received October 15, 1973 

Ab initio SCF calculations on the hydration of N-methylacetamide are reported and compared 
to the results previously obtained for formamide. The hydration energies are all slightly decreased. 
The angular positions of the two carbonyl sites are brought closer to the CO axis and the orientation 
of the water molecule on the NH site remains very flexible in spite of the a methyl group. 
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In a p rev ious  p a p e r  [1]  we have inves t iga ted  extensively by  an  S C F  
ab initio procedure  the  poss ib le  h y d r a t i o n  sites of f o rmamide  and  charac te r ized  
four essential  m o n o h y d r a t e s  in the pos i t ions  visual ized on Fig. 1. W e  have  now 
ex tended  our  s tudy to  trans-N methyl  ace t amide  which should  be more  re- 
presenta t ive  than  fo rmamide  itself of  the s i tua t ion  of the pept ide  b o n d  in 
proteins .  W e  have  used the geomet ry  and  the mos t  s table  methyl  conf igura t ions  
de te rmined  in a recent  s tudy of  the bar r ie rs  to in ternal  ro ta t ion  in a series 
of amides  [2]. The  basis  set ut i l ized is the same as that  used for fo rmamide  
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Fig. 1. The stable hydration sites of formamide 
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Table 1. Geometry and energy characteristics of the stable hydrates of t rans  N-methylacetamide as 
compared to those of formamide a 

Hydrate R (A) b 0 o c A E (kcal/mole) a 

I 2.81 70 7.6 
2.81 88 9.2 (9.4) 

II 2.81 40 6.4 
2.81 72 8.5 (9. l )  

IV 2.85 0 6.0 
2.85 0 7.1 (7.1) 

first line: N-Methylacetamide; second line: formamide. 
b distance O - O  or O-N.  
~ 0: polar angle. 
d The values in parentheses refer to the most stable configuration of HzO in the position considered, 

for the case of formamide (non-linearity of the hydrogen bond; see paper I for details). 

and the computations were performed using the program Gaussian 70 in a 
foreign basis [3]. A preliminary search of the most probable hydration sites was 
made using the electrostatic model of Bonaccorsi et al. [-4] and a further optimiza- 
tion was performed by an exact computation as in Paper I. Table 1 summarizes 
the angular and energy characteristics of the three monohydrates found, and 
Fig. 2 shows the variations in the hydrogen bond energy for a rotation around 
the carbonyl bond (in the plane of the peptide link) on both sides of the CO 
axis, compared to the same rotation in formamide. 
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Fig. 2. Variation of the hydrogen bond energy when the water molecule rotates in the peptide plane 
around the carbonyl oxygen in formamide ( - - - - - - )  and N-methylacetamide ( ). The labels I 

and II identify the positions of the non-hydrogen bonded hydrogen atom of water (see Fig. 1) 
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Fig. 3. Variations of the conformational energy for association IV in formamide ( - - - - - - )  and 
N-methylacetamide ( - - ) .  a) rotation 0; b) rotation (; c) rotation 0, as indicated in the drawing 

at the top of the figure 

This set of results indicate that: 
a) the stabilization energies are all slightly decreased with respect to the 

unsubstituted molecule, but remain appreciable and in the same relative order, 
the favorable position remaining on the C= side of the CO bond. The equi- 
librium distances are practically not modified. 

b) The positions of the most stable adducts on the carbonyl are both shifted 
closer to the CO axis. The shape of the corresponding angular variation is 
similar to that found in formamide although less steep particularly on the site 
trans to the NH bond. The approach of water in the neighbourhood of the CO 
axis is only a little less favorable than in formamide. Moreover, the position 
of the second hydrogen of  the water molecule itself in th is  region is practically 
indifferent (as seen by the closeness of the two curves near their crossing point), 
still more than in formamide. This may be a favorable factor easing the 
approach of the water molecule along a ridge of the potential surface. 

As concerns the hydration site on the NH bond, we have observed in the case 
of formamide that this position (trans to C =  O) was quite flexible as far as the 
orientation of the water molecule is concerned. It was interesting to test if this 
flexibility was maintained in the more crowded methyl-substituted compound. 
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Figures 3a, b, c depict various possible rotations of the water molecule starting 
from the configuration in which it sits perpendicularly to the peptide plane with 
its bissectrix along the N H  bond. (The curves have been drawn using the 
electrostatic model only since this has been proved to parallel the SCF curves 
for the corresponding rotations in formamide). It is seen that they do not differ 
substantially from those of the unsubstituted compound:  like in formamide, the 
water molecule bound to this N H  bond prefers to have its oxygen nearly in line 
with N and H, but then its bissectrix may rotate easily on  each side of the N H  
axis and furthermore the rotat ion around the N H  axis itself is practically free. 
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