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ABSTRACT 

The gas-phase pyrazole elimination of N-alkyl pyrazoles has been studied using MNDO semi-empirical 
molecular orbital (MO) theory with complete geometry optimization of all stationary points. We found 
that the activation energies (E,)  of the concerted processes are around 80 kcallmol, 25 kcal/mol higher 
than experimental values. But the differences in E, between compounds with different substituents are in 
good agreement with the experimental ones. 

INTRODUCTION 

We have recently reported that N-aikyl pyrazoles undergo thermal elimination reactions in 
gas-phase affording pyrazole and the corresponding olefin' (Scheme 1). Besides, we have 
reported the activation parameters for N-ethyl, N-sec-butyl, N-rerr-butyl and N-ethyl-33- 
dimethyl pyrazole which support a unimolecular process through a five-membered cyclic 
transition state. In addition the experimental results show a low sensitivity of the activation 
energy to 01 and @ carbon substitutions by alkyl groups.' 

I: R1 - R2 = R3 - H I1 b: R1 - R3 - H; R p  C2H5 

I1 a: R1 - H; R2 - R3 - CH3 111: R1 R2 - CH3; Rj - H 

Scheme 1 .  Reaction mechanism for the elimination reaction of N-alkyl pyrazoles 
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Since these reactions belong to a new class of gas-phase thermal elimination through a 
transition state which is midway from alkyl halides and carboxylic esters (four- and 
six-membered transition states respectively) it was interesting to explore a theoretical 
approach for the reaction coordinate of these reactions. Here we report the results of a 
MNDO calculation for the reaction coordinate of N-ethyl [I], N-sec-butyl [11] and N-tert-butyl 
pyrazole [III]. 

PROCEDURE 

All calculations were carried out with a TANDY 1200-3000 personal computer by using the 
MNDO semi-empirical molecular orbital procedure described by Dewar et aL3 

Standard initial values were used for the geometry parameters of the  molecule^.^ 
RHF calculations were carried out with complete geometry optimization with no 

geometrical constraints using the standard gradients methods. 

RESULTS AND DISCUSSION 

In all cases the AHf calculated values are around 25 kcal/mol higher than the experimental 
ones. We think that this is due to the overestimation of non-bonded repulsions in crowded 
systems inherent in the MNDO methods.’ Nevertheless it has been recently reported6.’ that 
the MNDO has a tendency to overestimate repulsive interactions between atoms when the 
distance between them is 1.5-2 times the length of a corresponding covalent bond. 

Table 1 .  Calculated and experimental values for the AH# 
and E, resp. (all values in kcal/mol) 

a. 

Compound AH+ (talc.) AH# (app.) A ( A H # )  

I 83.60 83-60 
3.1 

IIa 77.25 

IIb 82.67 
11 80.50 

1.6 
111 78.91 78-91 

b. 

I 56.0 

11 54.2 

m 53.0 

1-8 

1-2 
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On the other hand, we have performed a calculation of CI-H elimination from ethyl 
chloride giving a A H S  = 96.1 kcal/mol against an experimental value of around 60kcal/mol.H 
The difference, around 36 kcal/mol, is consistent with the difference found between 
experimental and calculated values of AH# for N-alkyl pyrazoles considering that the 
transition state in the first case is a four-membered ring rather than a five-membered ring in 
the pyrazole elimination from N-alkyl pyrazoles.. 

However, the differences in AH# for I, I1 and 111 agree quite well with the activation energy 
previously reported for the same compounds (Table 1). 

In the case of 11, there are two alternative elimination pathways, either through a methylene 
hydrogen (11a) or through a methyl hydrogen (IIb) (Table la); both possibilities have been 
calculated obtaining different E, values and these do not agree very well with the experimental 
results which are in a statistical ratio 2:3 for the 2-butene and 1-butene respectively. We have 
no experimental evidence on geometric isomers distribution for the 2-butene formation. The 
calculations of 1Ia were carried out only for the rrans isomer and perhaps the difference in 
energy may be attributed to the contribution of the cis isomer. Thus we can not obtain, at 
present, further advances in comparing these theoretical results with the experimental ones. 

The apparent E, of I1 has been calculated as the weighted average of the 11s and IIb results. 
In addition we found that a-carbon atoms are highly positive charged, meanwhile the 

p-carbon atoms are negatively charged (see Table 2); hence the transition states must be highly 
polarized. These results agree with those proposed by Benson er aL9 for four-center cyclic 
transition states in HX elimination from alkyl halides and for six-membered cyclic transition 
states. lo 

Table 2. Calculated charges for a and fl carbon 
atoms 

Compound a-carbon &carbon 

i 
IIb 
111 

0.26 -0.50 
0.22 -0.45 
0-17 -0.45 

Maccoll er af. , * I  Barton er af. '' and Benson er aL9 have studied in detail the kinetics of HX 
eliminations from a large number of differently substituted bromides and chlorides showing 
that the E,, and therefore the rate constant, are very sensitive to the substitution on the 
a-carbon atom. 

A similar behavior can be clearly envisaged from our results comparing the A H Z  values 
obtained for I, IIb and 111 (with secondary, tertiary and quaternary cw-carbon atoms resp.) 
which are 83-60, 82.67 and 78.91 kcal/mol respectively. 

On the other hand, the optimized geometries for I, I1 and 111, their transition states and 
products are shown in stick figures form and in spheres form in Figure 1 and Figure 2 
respectively. (For further geometry parameters information ask the authors.) 

A plot of energy vs. reaction coordinate for I, I1 and 111 is shown in Figure 3. From this 
figure it can be seen that the transition state is highly asynchronic and is placed at a point 
where the N-H bond length is near the equilibrium value for pyrazole, in agreement with the 
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I 

I Ia 

IIb 

A B C 

A a C 

A B C 

A El C 
Figure 1. Optimized geometries for I, 11, and 111. A, Reactants; B, Transition states; C, Products. (in stick form) 
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I 

I Ia 

IIb 

A B C 

:igure 2. Optimized geometries for I, 11, and 111. A, Reactants; 9, Transition states; C, Products. (in spheres form) 
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Figure 3. Calculated enthalpy profile 

I 213 3!3 r!  3 5!3 61 3 
N-C bond length CAngstrOms> 

Figure 4. Contour diagram for N-ethyl pyrazole 
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results of Dewar et aL6 where they found a tendency of MNDO to predict unsymmetrical 
geometries for the transition states of pericyclic reactions. This fact can be clearly envisaged in 
Figure 4 where the N-H bond length is plotted vs. the C-N one. 

ACKNOWLEDGMENTS 

This work is sponsored by the Consejo Nacional de Investigaciones Cientificas y TCcnicas 
(CONICET) (PID 3-016200/85), and partially supported by the Consejo de Investigaciones 
Cientificas y Tecnol6gicas de Cdrdoba (CONICOR). 

L. M. PhagouapC and G. E. Davico are recipients of a fellowship from the Consejo 
Nacional de Investigaciones Cientificas y tCcnicas (Argentina). 

REFERENCES 

1. 
2. 
3. 
4. 

5 .  
6. 
7. 
8. 
9. 

10. 
11. 
12. 

J. D. Perez, G. I. Yranzo and L. M. Phagouapk, Bull. SOC. Chim. Fr., 130 (1986). 
J. D. Ptrez and L. M. Phagouap6, Int. J. Chem. Kinet., 19(6), 571 (1987). 
M. J. S. Dewar and W. Thiel, J .  Am. Chem. Soc., 99, 4899-4907. 4907-4917 (1977). 
J. A. Pople and D. L. Beveridge, Approximate Molecular Orbital Theory, McGraw-Hill, New York, 
1970. 
G. P. Ford and C. T. Smith, J. Am. Chem. Soc., 109(5), 1325 (1987) and references therein. 
M. J. S. Dewar and C. Jie, J .  Am. Chem. Soc., 109(20), 5893 (1987). 
M. J. S. Dewar, S. Olivella and J. J. P. Stewart, J. Am. Chem. Soc., 108(19), 5771 (1986). 
See for example H. E. O’Neal and S. W. Benson, J. Phys. Chem., 71(9), 2903 (1967). 
S. W. Benson and A. N. Bose, J. Chem. Phys., 39(12), 3464 (1963). 
G. Chuchani and R. M. Dominguez, J .  Phys. Chem., 91(7), 1883 (1987). 
A. Maccoll and R. H. Stone, J. Chem. Soc., 2756 (1961). 
D. H. R. Barton and A. J. Head, Trans. Furaday Soc., 46, 114 (1950). 


