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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. 

I N  VIEW of the growing interest in the possibility of 
correlating Hiickel Molecular Orbital (HMO) calculations 
(38) with biochemical and biological activities (72, 75, 79, 
941, 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 a t  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 A electrons, 
assuming the u electrons to be localized. The coulomb 
integral for atom x, ax,  is given in Equation 1, and the 
resonance integral for the bond between atom y and atom 
x, &, is defined in Equation 2, where a. is a standard 
integral, usually of carbon, Po is a similar standard resonance 
integral-Le., usually associated with the bond between 
two carbon atoms-and h and k are the semiempirical 
parameters under discussion. 

The semiempirical parameters, h and 12 (Equations 1 and 
2) ,  have been determined from ionization potentials (29) ,  
electronegativities (a), nuclear magnetic resonance (12) 
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 t o  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 

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, a, which, 
in turn, is associated with the parameter h. The third 
column gives the values for h 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 A 

electron system, respectively. The fourth column lists the 
bonds associated with the resonance integrals, p, and the 
fifth column gives the values of k defined in Equation 
2. The dotted line bond-e.g., C X - i s  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 &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- 0 and 0 in the example. 

VOL. 12, No. 2, APRIL 1967 235 



m z  

c z 
m" 

236 JOURNAL OF CHEMICAL AND ENGINEERING DATA 



m c? 
Y 

c c c  
0 0 0  

Ln 
3 3 

VOL. 12, No. 2 ,  APRIL 1967 237 



Y 

8 

m B 

0 

G 
I 
I 

u 
V 

2 
2 :  

u? z 

G 
I u 

2 S f 2  

238 JOURNAL OF C W l C A L  AND ENGINEERING DATA 



M 

7 y y  
0 c u v  

0 

0 
Ln 

cy 

Y 
? e 
8 
Y 

o* 
? z 

5 
Ill 

V 

\ /  

V 
II 

\ /  

V 
II 

Ill Ill Ill 
u u u  

I l l  Lr I 

M 

$ 
m“ 

.H 
2 

8 
e M 

a 
2 

VOL. 12, No. 2, APRIL 1967 
239 



9 
9 9  
003 3 3 3  3 ZII 

0 w w  

* c o “ g j  
9 9 9 9 9 9  
0 0 0 0 0 0 Y  O 

3 211 

240 JOURNAL OF CHEMICAL AND ENGINEERING DATA 



Y o )  

8 5  

b! 
333 0 

3 .* a 
Y 

? 
3 
c 

I 
33 

Z Z  
I )  I1 
V U  

3 

9 
D 
a 

.z 
0 
Y 

h 
Y 

8 
2 

2 2  
u? c: 

3 3  0 3 111 211 3 3 

z z  
Il l  I l l  
U U  

VOL. 12, No. 2, APRIL 1967 
24 1 



-rr vi 
0 

0 0  0 0  031 0 0 0 0 0 0  I 1  I I  I l l  I 1  ~ 1 1  2;: 2 2  uo 0 u 0 u u u  

z :ow z:o :O .a 9 0 .a .a 

242 

E al M 

2 
0 

JOURNAL OF CHEMICAL AND ENGINEERING DATA 



d 

330 
llQ! 

x 
I l l  
0 

0 0 0  

O U V  

3 

B .- 
.- E 
7 e 
v 

0 

u I 

? 
N 

s 
f ' W  

-m 0 

c! +". 
m o o 4  

N N- 5 5  
4 m &  3& 

0 0  
II I1 

u u  

r (N 

0 
I1 
0 

N N  
3 3  

VOL. 12, No. 2, APRIL 1967 243 



+ 
3 

s 
0" m 

V 
I 

Lvl 

U V  
0 0  0 0 0 0 m  

II II i l  
u u  v 

I I  

244 JOURNAL OF CHEMICAL AND ENGINEERING DATA 



ACKNOWLEDGMENT 

The authors thank David P. Jacobus at  the Walter Reed 
Army Institute of Research for his comments on the table. 

LITERATURE CITED 

(1) Ahmed, F.R., Trotter, J., Acta Cryst. 16, 503 (1963). 
(2) Allinger, N.L., Youngdale, G.A., J .  Org. Chem. 25, 1509 

(1960). 
(3) Amos, A.T., Hall, G.G., Mol. Phys. 4, 25 (1961). 
(4) Balaban, A.T., Simon, Z., Reu. Roumaine Chim. 9, 99 (1964). 
(5) Barnes, R.A., J .  Am. Chem. Soc. 81, 1935 (1959). 
(6) Bersohn, R., J .  Chem. Phys. 22, 2078 (1954). 
(7) Berthier, G., Pullman, B., Pontis, J., J .  Chim. Phys. 49, 

367 (1952). 
(8) Bochvar, D.A., Bagaturyants, A.A., I z w t .  Akad. NaukSSSR.  

Otd. Khim. Nauk, 1963, p. 785. 
(9) Bonino, G., Scrocco, E., Rend. Accad. Nazl. Lincei. 6, 421 

(1949). 
(10) Ihid., 8, 183 (1950). 
(11) Bremner, J.G.M., Bremner, W.C.G., J .  Chem. Soc. 1950, 

p. 2335. 
(12) Brown, H.W., “Paramagnetic Resonance,” 11, pp. 704-11, 

Academic Press, New York, 1963. 
(13) Brown, R.D., J. Chem. Soc. 1956, p. 272. 
(14) Brown, R.D., Proc. Roy. Australian Chem. Inst. 31, 1 (1964). 
(15) Brown, R.D., Harcourt, R.D., J .  Chem Soc 1959, p. 3451. 
(16) Brown, R.D., Heffernan, M.L., 7’ran.s Farnday SOC. 54, 757 

(1958). 
(17) Brown, R.D., Penfold, A, ,  Ibid.. 53, 397 (1957). 
(18) Brown, T.H., Taylor, R.L., J .  Chem. Phyy. 42, 3979 (1965). 
(19) Brown, T.H., Taylor, R.L., J .  Phys. Chem. 69, 2316 (1965). 
(20) Chaudhuri, J.N., Basu, S., Nature 182, 179 (19683. 
(21) Clar, E. ,  McCallum, A. .  Robertson, K.A., Tetrahedron 18, 

1471 (1962). 
Coulson. C.A.. Crawford. V.A. .  J .  Chem. SOC 1953. D. 2052. ( 2 2 )  

(23) Coulson, C.A., Poole, M.D., Proc. Chem. SOC. 1 9 6 4 , ‘ ~ .  220. 
(24) Coulson, C.A., Streitwieser, A, ,  Jr., “Dictionary of s-Electron 

Calculations,” Freeman. San Francisco, 1965. 
(25) Del Re,G., J .  Chem. SOC. 1958, p. 4031. 
(26) Dewar, M.J.S., Ihid., 1950, p. 2329. 
(271 Dewar, M.J.S., Rogers, H., J .  Am. Chem. Soc. 84. 395 (1962). 
(28) Elliott, J.J., Mason, S.F., J .  Chem. SOC. 1959, p. 2352. 
(29) Fischer-Hjalmars, I., Arkic Fysik 21, 123 (1962). 
(30) Fueno, T., Ree, T., Eyring, H., J .  Ph.ys. Chem. 63, 1940 

(1959). 
(31) Fukui, K., Imamura, A. Eagata, C., Bull. Chem. Soc. Japan 

36, 1450 (1963). 
(32) Fukui, K.,  Morokuma, K., Nagata, C., Imamura, A,,  Ibid.. 

34, 1224 (1961). 
(33) Goodwin, T.H., J .  Chem. Soc. 1955, p. 4451. 
(34) Goodwin, T.H., Morton-Blake, D.A., Tetrahedron Letters 1963, 

p. 901. 
(35) Goodwin, T.H., Morton-Blake, D.A., Theoret. Chim. Acta 

2, 75 (1964). 
(36) Goodwin, T.H., Porte, A.L., J .  Chem. Soc. 1956, p. 3595. 
(37) Halevi, E.A., Pauncz, R., Ibid.. 1959, p. 1974. 
(38) Huckel, E., 2. Physik 70, 204 (1931). 
(39) I’Haya, Y., J .  Chem. Phys. 23, 1165 (1955). 
(40) Inuzuka, K.. Yokota, T., Bull Chem. Soc. Japan 37, 1224 

(1964). 
(41) Jaffe, H.H., J .  Am. Chem. Soc. 76, 3527 (1954). 
(42) Klopman, G., Nasielski, J., Bull. Soc. Chim. Belg. 70, 490 

(1961). 
(43) Kreevoy, M.M., J .  Am. Chem. SOC. 80, 5543 (1958). 
(44) Kubota, T., Bull. Chem. SOC. Japan 35, 946 (1962). 
(45) Kubota, T., Yamakawa, M., Ibid., 36, 1564 (1963). 
(46) Lepley, A.R., J .  Am. Chem. SOC. 84, 3577 (1962). 
(47) Lofthus, A,, Ibid., 79, 24 (1957). 
(48) Lofthus, A., Mol. Phys. 2, 367 (1959). 
(49) Longuet-Higgins, H.C., Tmns. Faraday SOC. 45, 173 (1949). 
(50) Lowdin, P.O., Electron. Aspects Biochem., Proc. Intern. Symp. 

Raxlb,  Italy 1963, p. 167. 
(51) Lowdin, P.O., J .  Chem. Phys. 19, 1323 (1951). 
(52) Lowdin, P.O., U. S .  Gout. Res. Rept. 38, 53 (1963). 
(53) Mason, S.F., J .  Chem. Soc. 1958, p. 674. 
(54) Matsen, F.A., J. Am. Chem. Soc. 72, 5243 (1950). 

VOL. 12, No. 2, APRIL 1967 245 



Matsunaga, Y., Can. J .  Chem. 38,1172 (1960); CA 55,140676 
(1961). 
Matauo, T., Bull. Chem. SOC. Japan 38,557 (1965). 
Matteson, D.S., J .  Am. Chem. SOC. 82, 4228 (1960). 
Matteson, D.S., J .  Org. Chem. 27, 4293 (1962). 
McMullen, A.I., J .  Chem. Phys. 43, S230 (1965). 
McWeeny, R., Peacock, T.E., Proc. Phys. SOC. (hndon) 70, 
41 (1957). 
Morokuma, K., Kato, H., Fukui, K., Bull. Chem. SOC. Japan 
36, 57 (1963). 
Muller, N., Pickett, L.W., Mulliken, R.S., J .  Am. Chem. 
Soc. 76, 4770 (1954). 
Mulliken, R.S., Rieke, C.A., Brown, W.G., Ibid., 63, 41 
(1941). 
Orgel, L.E., Cottrell, T.L., Dick, W., Sutton, L.E., Tmns. 
Farnday SOC. 47, 113 (1951). 
Orville-Thomas, W.J., Jones, W.J., Z. Elektmchem. 64, 714 
(1960). 
Pauncz, R., Halevi, E.A., J .  Chem. SOC. 1959, p. 1967. 
Perault A.M., Pullman, B., Bwchim. Biophys. Acta 52, 266 
(1961). 
Perault, A.M., Pullman, B., Valdermoro, C., Ibid., 46, 555 
(1961). 
Peters, D., J .  Chem. SOC. 1957, p. 1993. 
Pilar, F.L., Moms, J.R., 11, J .  Chem. Phys. 34, 389 (1961). 
Polansky, O.E., Grassberger, M.A., Monatsh. Chem. 94, 647 
(1963); CA 59, 14723d (1963). 
Pullman, B. “Electronic Aspects of Biochemistry,” Academic 
Press, New York, 1964. 
Pullman, B., J. Chem. Phys. 43, S233 (1965). 
Pullman B., Pullman, A., Biochim. Biophys. Acta 64, 403 
(1962). 
Pullman, B., Pullman, A., “Quantum Biochemistry,” 
Interscience, New York, 1963. 
Pullman, B., Pullman, A,,  “Results of Quantum Mechanical 
Calculations of the Electronic Structure of Biochemicals,” 
I, Paris, 1960. 
Pullman, B., Pullman, A., RPU. Mod. Phys. 32, 428 (1960). 
Pullman, B.. Pullman, A.. “Quantum Biochemistrv,” 
Interscience, New York, 1963. 
Pullman, B., Weissbluth, M., “Molecular Biophysics,” Aca- 
demic Press, New York, 1965. 
Purcell, W.P., J .  Med. Chem. 9, 294 (1966). 
Rasch, G., 2. Chem. 2, 347 (1962); CA 58, 6323f (1963). 

(79) 

(SO) 
(81) 
(82) Ibid., p. 382. 
(83) Ibid., 3, 35 (1963). 
(84) Rein, R., Hams, F.E., J .  Chem. Phys 41, 3393 (1964). 

Roberts, J.D., “Notes on Molecular Orbital Calculations,” 
W. A. Benjamin, New Yo&, 1961. 
Robertson, W.W., Matsen, F.A., J .  Am. Chem. SOC. 72, 5252 
(1950). 
Sadlej, N., Sadlej, A.J., Bull. Acad. Polon. Sci., Ser. Sci. 
Chim. 13, 43 (1965); CA 63, 2527a (1965). 
Schmid, R.W., Heilbronner, E., Helu. Chim. Acta 37, 1453 
(1954). 
Schnaare, R.S., Martin, A.N., J .  Pharm. Sci. 54, 1707 (1965). 
Schuster, P., Polansky, O.E., Monutsh. Chem., 96, 396 (1965). 
Scrocco, E., Chiorboli, P., Rend. Accad. Linc. 8, 248 (1950). 
Shramko, O.V., Danilor, V.I., Kruglyak, U.A., Biofizika 10, 
561 (1965). 
Smith, W.F., Jr., Tetrahedron 20, 671 (1964). 
Snyder, S.H., Merril, C.R., Proc. Natl. Acad. Sci. U.  S .  54, 
258 (1965). 
Streitwieser, A., Jr., J .  Am. Chem. SOC. 82, 4123 (1960). 
Streitwieser, A., Jr., “Molecular Orbital Theory for Organic 
Chemists,” Wiley, New York, 1961. 
Streitwieser, A,, Jr., Nair, P.M., Tetmhedmn 5, 149 (1959). 
Suzuki, H., Mizuhashi, S., J .  Phys. SOC. Japan 19, 724 (1964). 
Taft, R.W., Prosser, F., Goodman, L., Davis, G.T., J .  Chem. 
Phys. 38, 380 (1963). 
Vincent, E., Metzger, J., Bull. Chim. SOC. Fmnce 1962, p. 
2039. 
Vincow, G., J. Chem. Phys. 37, 2484 (1962). 
Vincow, G., Fraenkel, G.K., J .  Chem. Phys. 34, 1333 (1961). 
Ward, R.L., J. Am. Chem. SOC. 84, 332 (1962). 
Wheland, G.W., Ibid., 64, 900 (1942). 
Wheland, G.W., Pauling L., Ibid., 57, 2086 (1935). 
Windgassen, R.J., Jr., Saunders, W.H., Jr., Boekelheide, V., 
Ibid., 81, 1459 (1959). 
Yoneda, F., Nitta, Y., Chem. Pharm. Bull. (Tokyo) 12, 1264 
(1964). 
Ibid., 13, 574 (1965). 
Yonezawa, T., Kato, H., Saito, H., Fukui, K., Bull. Chem. 
SOC. Japan 35, 1814 (1962). 
Zahradnik, R., Parkanyi, C., Koutecky, J., Collection Czech. 
Chem. Commun. 27, 1242 (1962). 
Zweig, A,, Hoffman, A.K., J .  Am. Chem. SOC. 84, 3278 (1962): 

RECEIVED for review September 28, 1966. Accepted January 19, 
1967. This research is being supported by the U.S. Army Medical 
Research and Development Command (DA-49-193-MD-2779) and 
the National Science Foundation (GB-44531, and, in part, by Marion 
Laboratories, Inc., Kansas City, Mo. This paper is contribution 
number 77 from the Army Research Program on Malaria. 

246 JOURNAL OF CHEMICAL AND ENGINEERING DATA 


