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A MOLECULAR-ORBITAL-BASED MOLECULAR MECHANICS 

APPROACH TO STUDY CONJUGATED SYSTEMS 
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The Allinger's MM2 program has been extended to calculate conjugated systems 
including N, 0, and S hetero atoms. 

The molecular mechanics (MM) or force field method has been shown to be a very reliable, 

fast, and efficient way of determining molecular structures, energies, and other properties 

for a wide variety of compounds. l-3 There are several force fields for which extensive usage 

have been reported and are currently in use worldwide. However, it appears that the 

Allinger's MM2 force field is the most popular one at this time.'-'+ Efforts to extend MM2 to 

calculate conjugated systems by including a r-system molecular orbital (MO) treatment in 

calculations have been reported in several versions.4 However, all of these reported MM2 

extensions are limited to conjugated hydrocarbons. Theoretically, it is a rather straight- 

forward application to extend the same existing formalism to hetero conjugated systems by 

developing necessary MO and MM parameters. However, this appears to counteract the advance 

of science since it is well-known that the a-theory has severe limitations and the all- 

electrons (or, at least, all-valence-electrons) MO methods have been developed and employed 

extensively in the past decades. Furthermore, it has also become evident that there are 

systems which the current MM methods cannot simulate well by simply adding new param- 

eters. 2s3 These unsatisfactory force field results may be due to special orbital inter- 

actions, which may not be described well by a simple x-electron theory. 

A combination of MM and sophisticated MO methods seems to be a solution to those 

problems. In our proposed approach, MO calculations are performed to derive or to modify MM 

parameters in cases where there are doubts about the capabilities of usual MM methods, while 

MM calculations are used in the structural optimizations. This approach makes it more 

feasible to calculate large molecules since one can specify which portion of a molecule needs 

MO treatment.' The CPU time required for MO calculations are drastically reduced by this 

approach which performs single point MO calculations and partial MO treatment. 

As far as CPU time is concerned, it also appears to be logical to use a semiempirical 

molecular orbital method instead of the ab initio methods. The MNDO method has been arbi- 

trarily selected to test our methodology simply because of its popularity. In this work, we 

report calculated results for conjugated systems containing C, H, N, 0, and S atoms. 
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In our current approach, the basic equations used are very similar to those used in 

MMP15 and MMP176. 6 Namely, the natural bond length between atoms i and j, lo, required by 

the force field is obtained from the linear relationship, 

lo = l1 + 111 . x 

where 1 
I a"d 'II 

are coefficients specific to atom types of i and j, X is the product of the 

calculated MNDO bond order and core Hamilitonian between the atom pair i and j. This linear 

relationship is justified in light of model studies of several appropriate ground-state 

molecules. 7 The stretching force constants, k s, between atoms i and j are calculated by 

kS = kI + kII.X 

where kI and kII are empirical coefficients specific to atom types i and j. The two-fold 

torsional constant, V,, across a double bond is employed to measure the n-bond disruption as 

rotation occurs about the bond. The two-fold torsional constants are written as follows 

v, = VI .f (3) 

where V, and f are empirical constants. The value of VI is specific to the atomic types of 

those four atoms which define a dihedral angle, while f is expressed as an arbitrary function 

of x. The exact f function used is not concerned in this paper, since we limit our discus- 

sions to planar systems. 

A computer program (MOMM) has been developed to test this approach; the modified MM2 

program can create a subprocess to do MNDO calculations, which returns the derived X matrix. 

The optimization procedure is basically as follows. All force field parameters are initially 

assigned from the input data. Force field parameters developed earlier6-8 are carried over 

here. A MNDO calculation is then performed for the portion of molecules which is designated 

for MO treatment and related force field parameters are modified accordingly. The steric 

energy is then minimized with respect to geometry. If the geometry has been significantly 

changed during the minimization step, the MNDO calculations are repeated and all the param- 

eters dependent on the MO calculations are reassigned. The MM-MNDO cycle is repeated until 

total self-consistency is achieved. It usually takes less than five such cycles to reach 

self-consistency. 
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Diagram 1 





2406 

J. Rastrup-Andersen, and G.O. Sorensen, J. Mol. Struct., 3, 491 (1969). 'M. Kurahashi, M.. 
Fukuyo, A. Shimada, A. Furusaki, and I. Nitta, Bull. Chem. Sot., Jpn., 42, 2174 (1969). JS. 
Martinez-Carrera, Acta Crystallogr., 20, 7?3 (1966). kG. Mata, M.J. Quizana and G.O. 
Sorensen, J. Mol. Struct., 42, 1 (197n. 
Ser. A, 32, 271 (1978). 

L. Fernhold and C. Romming, Acta Chem. Stand., 

121 (1977. 
mBT M. Bormans, G. Dewith and F. C. Mijbhoff, J. Mol. Struct., 42, 

"J.E. Lancaster and B.J. Stoicheff, Can. J. Phys., 34, 1016 (1956). OK. 
Kuchitsu, T. Fukuyama, and Y. Marino, J. Mol. Struct., 1, 463 (n68). pJ. Trotter, Acta 
Crystallagr., 13, 86 (1960). qB. Bak, D. Christensen, W.B. Dixon, L. Hansen-Nygarrd, J. 
Rastrup-Anderson, and M. 
DuPont, and J. 

Shottlander, J. Mol. Spectrosc., 2, 124 (1962). '0. Dideberg, L. 
M. Andre, Acta Crystallogr., Part B, 28, 1002 (1972). SB. Bak, D. 

Christensen, L. Hansen-Nygaard, J. Rastrup-Anderson, rMo1. Spectrosc., 7, 58 (1961). tR.M. 
Schaffrin and J. Trotter, J. Chem. Sot. (A), 561 (1970). uF. Bertinelli, P. Palmleri, C. 
Stremnenos, G. Pellzzl, and C. Tallanl, J. Phys. Chem., 8J, 2317 (1983). 

To test the practical applicability of our approach and to derive necessary force field 

parameters, we first studied planar conjugated hydrocarbons (Diagram 1) by recomputing most 

of the structures which appeared in our earlier paper.6 By adjusting the parameters, reason- 

able results compatible to the earlier work can be obtained. Comparison of experimental and 

theoretical structures are depicted in Table I. Rotational barriers for conjugated polyenes 

were also computed by using different f functions of eq. 3. The obtained results were also 

compatible to the earlier work but a generalized final format of f has yet to be determined.7 

After satisfying the force field parameters for conjugatedhydrocarbons, extensions to 

hetero conjugated systems were performed. Due to the limited amount of ,experimental data, 

several ab initio calculations were carried out on model compounds, essentially to provide 

necessary information for the force field development. 7 Comparison of these structural 

parameters between calculated values and experimental data are also presented in Table I. 

There is generally good agreement between calculated results and experimental data. 

In summary, we have developed the MOMM program in an attempt to overcome the current MM2 

limitations. The MNDO calculations are used to modify MM parameters and the geometry is then 

optimized under the derived force field. An iterative procedure is employed for this 

approach. Results for conjugated systems containing C, H, N, 0 and S atoms are satisfactory. 

Expansions of this approach to other systems are straightforward. Applications of MOMM to 

large (macro) molecules containing conjugated fragments are underway. 
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