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LONG DISTANCE ELECTRONIC EFFECTS ON THE 
ROTATIONAL POTENTIAL BARRIERS AROUND 

THE Caromatic'cetbylenic BOND 

Raul G.E. Morales* and Manuel A. Leiva 
Laboratory of Luminescence and Molecular Structure 

Center of Environmental Chemistry and Department of Chemistry 
Faculty of Sciences, University of Chile, casilla 653, Santiago, Chile 
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ABSTRACT. A systematic study of the rotational activation free energy around the 
bond of para-substituted styrene systems is carried out in the present work 

kom a quantum chemistry point of view. 
Calculations of the rotational potential baniers in the AM1 approach are developed as 

fimction of the electrondonor groups localized on the aromatic ring. Based on these 
calculations and thermodynamical data, we predict changes in the activation free energy 
barriers due to the long distance electronic effects of the substituents in acetophenones, 
cinnamaldehydes and bedketones according to the following equation: 

AGf, = (2.41*0.16)VMI + 5.43*1.79,inkTmol-'. 

Our results agree the experimental measurements registered up to date and the standard 
deviations are similar to experimental determinations. 

INTRODUCTION 

Rotational potential bamers around to the Cmc-Cdylcnrc bond IS subject of broad 

interest in the charactenzation of the dynamic molecular structural behavior of several 
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660 MORALES AND LEIVA 

aromatic compounds.’ However, due to the low activation fiee energy barriers, 

experimental determinations are actually complexes and hard to develop due to the low 

temperature conditions that it is necessary to reach. In general, Nh4R techniques have 

been broadly used in different molecular systems in liquid solutions,2” but the main 

experimental problem are generally due to the solidification temperature of the solutions, 

before to reach the coalescence temperature of the Nh4R spectral shifts, and the low 

solubility in these low-melting solvents. Thus, styrene’ as well as other similar systems 

present a very low n-barrier for measurements by dynamic NMR spectroscopy for which 

technique the practical limit is between 16 and 2 1 kJ/mol 

Due to the origin of the n-barrier is the loss of conjugation between the benzene and 
ethylene parts of the molecule when these become orthogonal, any substitution which 
enhances the conjugation should lead to a higher barrier.’ By following, the long distance 
electronic effect due to the electrondonor groups can be used as modulators of the 
rotational energy barriers in this particular Capananc-C~lcruc bond. This assumption define 
in these kind of molecular systems the rotational potential barriers as mainly due to an 
internal electronic enthalpic interaction of the molecular structure. Therefore we have 
canied out a systematic calculation of the rotational activation barriers in the AM1 
approach6 (Vmi) in para-substituted aromatic carbonyl and styrene compounds around 
the C B a o a t r c - C ~ ~ c  bond. Up to date, M.O. calculations of semiempirical or ab initio 
nature do not describe well enough these kind of activation rotational barriers energies.’.* 
However, we have found that these V m I  calculations give us good systematic results of 
activation free energy barriers (AG*), 

In order to predict these AGf&, for para-substituted acetophenone, cinnamaldehyde 
and benzalketone series, we have used a linear function between the experimental 
rotational activation 6ee energy (AGfq) and our V m i  data in the para-substituted 
benzaldehyde series. 

Theoretical Method 
The main problem of the semiempincal methods in the descnption of the internal 

rotational potential bamers has been the repulsion forces for non bonded atoms One of 
the widely used semiempmcal methods in the last fifteen years, MND0,9 predicts 
erroneous geometncal conformations for benzaldehyde and nitrobenzene ’ However we 
have used an improved version called MI, based on the modification of the core 
repulsion function in MNDO (a reparametnzed MNDO with modified corecore interaction 
terms‘) Lately, a new method based on the MNDo/AMl-type parameters” called PM3 
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Figure 1. 
(see Table 1). 

AGf, Benzaldehydes (A) versus AGfw Acetophenones (B) in kl mol'l 

(modified neglected of diatomic overlap, parametric method 3) has not 
appropriate to these kind of 

The molecular computational calculations have been developed in a Silicon Graphics 
2000 workstation at the University of Chile. The AM1 calculations has been carried out 
under complete molecular geometry relaxation. 

resulted 

A Tbermodyoamics Model 
If we consider that the rotational potential baniers for two similar isolated molecular 

systems such as benzaldehyde (B) and acetophenone (A) are mainly affected by the long 
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Figure 2. AM1 rotational potential barriers (Vmi)  of pura-substituted acetophenones, 
cinnamaldehydes and benzalke$ones versus benzaldehydes in kJ mar' (see. Table 1). 

distance electronic effect of the electrondonor para-substituent (Y) through the X- 

molecular orbitals channel involved in the Camnshc-Cahylcruc bond, we can expect that these 
rotational activation enthalpies of both molecular series follow a linear relationship given 

by: &A(Y) = a AHSB(Y)+ b, where a and b are constants. 
According to the Gibbs energy: AG*a(Y) = M A ( Y )  - TAS*A (Y), and since 

ASfA(Y) E AS**(Y), we will have: AGfA(Y) = a AG*B(Y) + b', where b' is a constant 
at the same temperature. AG* energies of benzaldehyde and 
acetophenone series obtained h m  literature d a a 5  we have found a linear behavior given 
by a regression coefficient (r) of 0.998 and a slope of 0.94 f 0.07 (see Figure I ) .  This 
result enforce our assumption about the internal enthalpic term as the main contribution to 
the rotational activation &ee energies. In addition, for this kind of aromatic carbonyl 
compounds, some scarce measurements of rotational activation entropies (AS? in 
chlorofluorocarbon solvents ' present experimental data as lower than 6 J mol" K ' .  

From experimental 
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664 MORALES AND L E N A  

8 10 12 14 16 
V,, Benzaldehydes (A) ,  kJ rnol-’ 

Figure 3. 
benzaldehydes versus the calculated AM1 rotational potential barriers (V,,) in kJ mol-’ 
(see Table I). 

Experimental rotational activation free energies AGfe, of para-substituted 

RESULTS AND DISCUSSION 
In Table 1 we present the VMI calculations for each molecular series. In all cases we 

have found a good agreement between experimental and AM1 bond lengths and bond 
angles” Furthermore, the ground state conformation IS described by a planar 
configuration and the maximum energy barriers were found at 90’ f 1 respect to the planar 
conf iwon .  We have compared the V m l  for acetophenones, cinnamaldehydes and 
benzalketones respect to benzadehydes and we have observed that all them follow a similar 
linear behavior (see Figure 2). This singular pattern determine a same lund of electronic 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



effect on the C d -  C- bond, i.e., the internal rotational potential baniers are 
malnly regulated by the long distance xelectronic effect of the pa-substituents under 
without steric or specific interaction regime. Thus, after plot the A G * ~  versus the 
calculated VmI of benzaldehydes (see Figure 3), we have found the following linear 
correlation (s.d. = 1 .I2 and r = 0.975): 

AG*,, (B) = 2.413d.16 VmMI (B) + 5.43 *I .79, in klmorl ( 1 )  

This equation is well followed by every one of the electrondonor substituent, including 
some medium and strong electron-acceptor groups such as -CN, -CHO and -NOz, These 
scale factors permit us to determine the theoretical AG*dc for the aromatic carbonyl series 
under study as can be seen in Table 1. 
experimental A G e ,  determined up to date. These data have been determined 
preferably by I3C -NMR spectroscopy, which are normally within f IkJ mole' in 
chlorofluorocarbons solvent m i ~ t u r e s , ~ ~ ' ~ ~ ~ ~ ' ~  III general we appreciate a good agreement 
between experimental and our calculated data, and the standard deviation (s.d.) result to be 
similar or lower than the own experimental measurements. 

For comparison we have collected different 
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