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The application of the Huckel Molecular Orbital (HMO) method to the interpretation
of experimental results in biochemistry and biology is discussed. Several methods
of derivation and application of the semiempirical parameters used in the HMO
technique are given, and a table listing the parameter values is included.

IN VIEW of the growing interest in the possibility of
correlating Hiickel Molecular Orbital (HMO) calculations
(38) with biochemical and biological activities (72, 75, 79,
94), and the application of quantum chemistry to drug
design (89), the authors have calculated electron charge
distributions of selected cholinesterase inhibitors (80) and
are in the process of applying quantum chemistry to our
search for effective antimalarials. Two restrictions became
apparent at the onset of these calculations: Parameters
were assigned to a limited number of heteroatoms only,
and the choice of parameters for a specific heteroatom
was dependent upon the method of derivation. With this
in mind, the authors decided that a useful contribution
to the field would be the publication of a table of the
currently available semiempirical parameters and their cor-
responding derivations and applications, so that other work-
ers would not find it necessary to duplicate this relatively
tedious search for the ‘‘right” parameter.

BACKGROUND

The HMO method has been described in detail previously
(24, 75, 85, 96) and, therefore, the particulars and the
approximations of the method will not be reported here.
The HMO calculations deal with the mobile = electrons,
assuming the o electrons to be localized. The coulomb
integral for atom x, a,, is given in Equation 1, and the
resonance integral for the bond between atom y and atom
X, B, is defined in Equation 2, where ap is a standard
integral, usually of carbon, 8, is a similar standard resonance
integral—i.e., usually associated with the bond between
two carbon atoms—and h and % are the semiempirical
parameters under discussion.

a: = ao + hfo n
By = kﬁl) (2)

The semiempirical parameters, h and k¥ (Equations 1 and
2), have been determined from ionization potentials (29),
electronegativities (65), nuclear magnetic resonance (I2)
and electron spin resonance (103), electric dipole moments
(51), spectroscopic studies of charge transfer complexes (46),
UV studies of bond length-bond energy relations (70), and
bond orders (48). There are methods of selecting parameter
values which give the best fit to a particular set of
experimental data (18) and of evaluating and improving
the parameters (19, 93).

The application of HMO calculations is widespread
indeed, and one finds many examples in the disciplines
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of medicinal chemistry, biochemistry, and biology.
Correlations of dipole moments, chemical reactivity, basic
strengths, antitumor activity, electron transfer, and tau-
tomerism with molecular orbital calculations of biologically
important molecules have been discussed by Brown (14).
Other selected examples include the application of quantum
theory of the DNA molecule to the biological problems
of heredity, mutations, aging, and tumors (50, 52, 59, 73,
92) and aspects of electronic structure and enzyme reactions
(68), antimetabolite action (67), local anesthetic activity,
(108), and antibacterial activity (107).

An example of the biological importance of studies on
hydrogen bonding via quantum mechanics is reported by
Rein and Harris (84), who investigated the guanine-cytosine
complex in view of its probable role in the replication
process in DNA. Along these same lines, a number of
biological processes are believed to be functions of tau-
tomeric equilibria; in particular, the theory of mutations
(72) has been associated with tautomerism, and therefore,
these equilibria have been examined quantum-mechanically
(74).

EXPLANATION OF THE TABLE

The first column lists the elements under consideration
in alphabetical order. The second column gives the atom
which is associated with the coulomb integral, «, which,
in turn, is associated with the parameter h. The third
column gives the values for & corresponding to the atomic
symbols in column two. The single and double dots over
an atomic symbol—e.g., N and N—indicate situations in
which the atom donates one or two electrons to the =
electron system, respectively. The fourth column lists the
bonds associated with the resonance integrals, 8, and the
fifth column gives the values of k& defined in Equation
2. The dotted line bond—e.g., C-=C—is used to indicate
aromatic bonding. The sixth column contains comments
considered pertinent and generally related to the method
of parameter derivation and application, sometimes not
separable. The applications are not meant to be complete;
rather, representative applications have been selected. The
last column gives the references associated with the entries
in the first six columns.

Any particular entry is found only once in the table;
therefore, for two heteroatoms—e.g., B-N—an entry is made
under only one of the atoms. Also, although like atoms—
e.g., all O—are generally grouped together, use of parame-
ters specified for a particular group or molecule—e.g.,
benzoic acid—would necessitate listing certain parameters
together— O and O in the example.
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