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get her with activity data, in Table V. There is no cor
relation between the calculated atomic charges and ob
served activity, indicating that hydrogen-bonding abil
ity, in terms of net atomic charges, is unrelated to the 
type or extent of activity. Indeed the charges on these 
atoms remain fairly constant, and it seems possible that 
their specific hydrogen-bonding ability is involved in 
both convulsant and anticonvulsant activity. 

On this basis it is suggested that the CXS activity of 
the drugs studied may be due to a strong and specific 
hydrogen-bonding complex with a cellular substrate, 
where the type and extent of action depend on the posi
tion and size of substituent groups. Recent ir9 and 
X-ray crystallography10 studies demonstrated that a 

III) V. Kyojioku. K ( ' . Lord, a n d A. Rich, Xaturc. 218, 60 (1968). 
( 10) S. Kim and A. Rich. Vwr. Xutl. Arml. Sri. f". ,S., 60, 402 (1068). 

hydrogen-bonded complex is formed between a model 
substrate, 9-ethyladenine, and a number of barbitu
rates, including those studied here. It has been sug
gested subsequently11 that the physiological activity of 
the barbiturates may be due to their disruption of the 
coenzyme, flavin-adenine dinucleotide. However the 
results of the calculations reported here, together with 
preliminary ir studies, indicate that the convulsant fi-
methyl-/3-ethylglutarimide also associates with 9-ethyl
adenine. This cannot readily be explained by the coen
zyme disruption hypothesis. 
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In addition to the onium head, it has been suggested that the electron density at some other points in the mole
cule of phenyl and .substituted-phenyl choline ethers contribute to the intensity of nicotine-like activity. Simple 
Uiickel molecular orbital calculations revealed that charge densities in the remainder of the molecule could not be 
correlated with pharmacologic activity. However, superdelocalizability at ring positions 2 and 6 and the 
energy of the highest occupied molecule orbital showed good parallelism with biologic activity. It was suggested 
that the aromatic ring may interact with the receptor by forming a charge-transfer complex. 

The ganglionic stimulant action (nicotine-like action) 
of phenyl choline ethers (I) varies greatly with the sub
stituent,2 but the underlying mechanism of this activity 
remains obscure. In addition to the onium head, it has 
been postulated that the electron density at some other 

(1) (a) D a t a p resen ted are in pa r t i a l fulfillment of the r equ i r emen t s for 
the degree of D o c t o r of Phi losophy , Un ive r s i t y of Mississippi . (b) De
p a r t m e n t of P h a r m a c o l o g y . Un ive r s i ty of Kiel. G e r m a n y . (c) Suppor t ed 
in par t by U. S. Publ ic H e a l t h Service G r a n t No . H E 08678. 

(2) (a) P . Hey, Brit. ./. 1'harmucol., 7, 117 (1952): (b) M. E. Co leman . 
A. S. Hume, a n d W. C. Hol land, ,/. I'hnrmiuol. Exptl. Thenip.. 148, 60 
(1065). 
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points in the molecule contributed to the intensity of 
nicotine-like activity. 
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Hey2a felt that the presence of a partial positive 
charge on the ether 0 (II) could explain his observa
tions. On the other hand, Ormerod3 and Sekul and 
Holland4 suggested that a partial negative charge at an 
appropriate distance from the onium head was essential 
for nicotinic activity. This negative charge was as
sumed to be in a position analogous to the partial nega
tive charge assigned to the carbonyl oxygen in acetyl
choline (III). 

In support of this latter conclusion is a molecular or
bital study of the preferred conformation of nicotine by 
Kier.6 He concluded from this study that two princi
pal atoms necessary for nicotinic activity in the nicotine 
molecule are a positively charged nitrogen atom and a 
negatively charged atom about 4.85 A removed. He 
further stated that its interaction with the receptor is 
similar to that of the carbonyl 0 of acetylcholine. 

Molecular orbital calculations of Fukui, et a/.,6 on 
Hey's ethers showed no correlation between charge den
sity on the ether oxygen and pharmacologic activity. 
However, they did find a good parallelism between the 
frontier electron density at the ether oxygen and super-
delocalizability at the ortho ring positions and nicotinic 
activity. 

Later Coleman, et al.,2h studied a new series of phenyl 
choline ethers exhibiting nicotinic activity. They attrib
uted their findings to an inductomeric or polarizability 
effect of the substituent on the ring TT electrons. They 
suggested that the partially negatively polarized rings 
provide a secondary binding feature in the molecule, 
presumably comparable to the easily polarized carbonyl 
oxygen of acetylcholine. 

To further clarify the matter we have now completed 
molecular orbital calculations on the ethers prepared 
and assayed by Coleman, et al.2h These calculations 
are summarized and discussed in the present communi
cation. 

Methods 

All the calculations were in the simple Huckel approximation.7 

In the simple Huckel method, relative values in a series of closely 
related molecules, such as the ones studied in this report, are 
more significant than absolute values. The method has been 
very successful in dealing with unsaturated systems. For this 
reason, we have not used the extended Huckel theory.6 This 
latter procedure takes into consideration both a and r electrons. 
I t has had its greatest success in calculating the preferred con
formations of hydrocarbons, both aliphatic and aromatic, as 
well as predicting conformational energies. These parameters 
would be of little value in the present study because the struc
tures of the compounds examined are very similar. 

The semiempirical parameters are those recommended by 
Kruger-Thiemer and Hansen.8 Theirs is a recent and extensive 
collection of parameters and, in addition, they take into con
sideration the effects of the substituents on the aromatic carbon 
atom. The parameters used are given in Table I. 

The calculations were made using an IBM system 360 Model 
40 at the Missisippi Research and Development Center, Jackson, 
Miss. All calculations were done in double-precision arithmetic 
with input values having three significant figures. An IBM 
P L / I program was employed. 

The following indices were calculated for each atom, with the 

(3) W. E. Ormerod, Brit. J. Pharmacol, 11, 267 (1956). 
(4) A. A. Sekul and W. C. Holland, J. Pharmacol. Exptl. Therap., 132, 171 

(1961); 133,313 (1961). 
(5) L. B. Kier, Mol. Pharmacol., 4, 70 (1968). 
(6) K. Fukui, C. Nagata, and A. Imamura. Science, 132, 87 (1960). 
(7) A. Streitwieser, Jr., "Molecular Orbital Theory for Organic Chem

ists," John Wiley and Sons, Inc., New York, N. Y., 1961. 
(8) E. Kruger-Thiemer and R. Hansen, Arzneimittel-Forsch., 16, 1453 

(1966). 

TABLE I 

SEMIEMPIRICAL PARAMETERS USED IN THE 

HUCKEL CALCULATIONS 
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exception of methylated onium head: free valence, net charge 
and superdelocalizability, and the energies of the highest filled 
(HOMO) and the lowest empty molecular orbital (LEMO). 

The nicotine-like activities of the ethers employed were taken 
from the data of Coleman, et al.ib These activities were obtained 
from dose-response curves and are expressed as relative ones on 
a molar basis with phenyl choline ether set equal to one. Values 
greater than 1 represent enhanced nicotine-like activity. 

Results 

Molecular orbital calculations were made for a series 
of meta-substituted-phenyl choline ethers; their struc
tures and relative nicotine-like activities are given in 
Table I. Since no correlation between free valence, T 
charge density, and LEMO were noted, these indices 
will not be considered. 

In our calculations, superdelocalizability at ring posi
tions 2 and 6 and the energy of the highest occupied 
molecular orbital showed parallelism with pharmaco
logic activity. Superdelocalizability is a measure of the 
ability of atoms in a molecule to form a weak -K bond 
with an appropriate group in the receptor. The energy 
of the highest occupied molecular orbital is a relative 
measure of the ability of an electron in the highest oc
cupied orbital of a compound to be transferred to an ac
ceptor molecule. In such studies molecular orbital 
energies are represented in /3 units (j3 is the resonance in
tegral). The smaller the coefficient of /3, the greater is 
the electron-donating property of the molecule within a 
series of closely related compounds. 

In Table II, we have also included assays on pyridyl 
choline ether and pyridylethyltrimethylammonium. 
Here again the correlation between nicotine-like stimu
lant action and the energy of highest occupied molecular 
orbital (HOMO) is reasonably good. 

Discussion 

In proposing a mechanism of binding one can consider 
a number of possible interactions between the ethers and 
the receptor. It is now well known that onium head is 
essential for nicotine-like activity. The remaining part 
of the molecule contributes to binding at a nearby site to 
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increase or decrease the intensity of activity. If such 
be the case, what is the nature of the intermolecular 
forces involved? The ether could sterically approxi
mate the receptor, be bound by electrostatic attraction, 
form H bonds, enter into complex formation, or act as 
an electron donor or acceptor. While steric factors are 
frequently important, they cannot explain the observed 
difference in activity of these compounds since they 
have a constant spatial disposition. The lack of corre
lation with 7r-charge distribution speaks against electro

static interaction. Furthermore, if an electron-transfer 
mechanism is involved, the negative correlation with the 
energy of the lowest empty molecular orbital indicates 
that the ethers do not act via electron acceptance. 
Thus, despite the crudeness of the theoretical data dis
cussed here, the close relationship between HOMO and 
superdelocalizability of atoms at the 2 and 6 ring posi
tions and nicotine-like activity suggests that aromatic 
ring interacts with a secondary group(s) in the receptor 
by formation of a charge-transfer complex. 
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The reactivities of a large group of miscellaneous molecules, as measured in four different biological systems, 
were correlated using the following parameters: octanol-water partition coefficient, polarizability, molar at trac
tion constant, parachor, adjusted parachor, and molecular weight. Three of the systems show a linear de
pendence upon these parameters and the fourth requires the addition of a squared term. Regression analysis 
shows that log P (octanol-water) correlates a greater percentage of the biological activity of the 70 compounds 
than the other parameters studied. Other reasons for the perferred use of log P are also given. 

1'A'er since the work of Meyer and Overton at the 
turn of the century, efforts have been made to find 
suitable physicochemical parameters with which one 
could correlate the difference in biological activity of 
the members of a set of congeners.2,3 These studies 
have usually found the best correlations in biochemical 
or pharmacological examples where "nonspecific toxic
ity" was being considered. In fact, the best definition 
of "nonspecific toxicity" might well be high correlation 
with a single physical constant such as an oil-water 
partition coefficient. While partition coefficients4'5 

have been the favorite parameter, others have also been 
studied. However, almost no comparisons have been 
made of the various parameters on the same biological 

( t ) Th is work was suppor ted by Oram. C'A 11 HO from t h e N a t i o n a l 
I n s t i t u t e s of H e a l t h . 

(2) C. H a n s c h , Ann. Kept. Med. Chem., IHUU, 347 (1967). 
(3) C. Hansch , ibid.. 1987, 348 (1968). 
(1) K. U. J l e y e r a n d H . H e m m i , Biochem. Z.. 277, 39 (193.3). 
(5) C. Hansch in " M e d i c i n a l C h e m i s t r y , " Vol, I, E . J . Ariens, E d . 

Academic Press, Inc . , New York, N . Y., in press. 

data. At this stage of development it is quite important 
to have some idea of the relative merits of the different 
kinds of constants. In this report we are most in
terested in comparing octanol-water partition co
efficients with other physical constants. A large number 
of systems have now been analyzed using log P or T 
from this system.2'35 

In selecting sets of biological data, a number of 
criteria have guided our choice. We have looked for 
sets of data in the simplest systems where past ex
perience has indicated that nonspecific toxicity ap
peared to follow lipophilic character of the drugs. We 
also chose data where a good variety of structural 
change was present in the set of congeners. As Meyer 
and Hemmi pointed out,4 there is little to be gained by 
comparing homologous series. We also chose sets with 
relatively large numbers of drugs having a good spread 
in activity. The parameters we have selected for com
parison with log P (octanol-water) are polarizability, 


