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Abstract . 
Theoretical s tudies based on Hartree-Fock (HF) and Density Functional 

T h e o r y (with the hybr id funct ional B 3 L Y P ) methods us ing a 6-31G bas i s set w e r e 
used f o r (-)cocaine der ivat ives . Mull iken charges and proton a f f in i t i e s of selected 
a t o m s h a v e been computed at the DFT level of theory for structures of molecules 
opt imized at the HF level. T h e unequivocal relations have been found between proton 
a f f i n i t i e s and ava i lab le experimental data. The exis tence of at least t w o b inding s i tes 
b e t w e e n act ive cocaine der iva t ives and the dopamine transporter has been conf i rmed. 

I. Introduction. 

Cocaine has several s i tes of action in the central nervous sys tem. It has been 
s h o w n [1] to block the reuptake of norepinephrine (NE), serotonin (5-HT), and 
d o p a m i n e (DA) as we l l as to exert e f f e c t s on the cholinergic muscarinic, and a 
receptors . A n y one or a combination of these could mediate e f f e c t s related to the 
a b u s e of cocaine. At present, h o w e v e r i t is mainly the dopaminerg ic p a t h w a y that has 
been implicated in the re inforc ing properties of cocaine [2], In fact, the predominant 
theoretical base f o r the re in forc ing properties of cocaine is the so cal led "dopamine 
h y p o t h e s i s " . This hypothes i s a s s u m e s that cocaine binds to the dopamine transporter 
site in a w a y which inhibits dopamine transport. Thus, dopamine interaction 
(b inding) wi th the dopamine receptors alters the functional state of l imbic areas 
leading to the observed behavioura l e f f e c t s of cocaine. Little is known about the 
molecular mechanism by which the b inding of cocaine to the sodium-dependent 
d o p a m i n e transporter leads to inhibition of reuptake. Despite gaps in k n o w l e d g e 
r e g a r d i n g mechanism, it is reasonable to speculate that the compound capable of 
c o m p e t i n g with cocaine f o r its b inding sites on the dopamine transporter could 
modula te dopamine reuptake. Important insights into the interactions of cocaine with 
the dopamine transporter are provided by an understanding of the structure-activity 
correlat ion of cocaine. 
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Several structure-activity studies have been reported [3-12] which have concluded 
the requirements for the cocaine binding. This analysis leads to the following 
observations [1]: 

1 . T h e larges t f a c to r in the act ivi ty of coca ine- l ike c o m p o u n d s i s the abso lu t e 

con f igu ra t i on . T h i s e f f e c t i s no t car r ied over into the coca ine i somers . 

2 . T h e s e c o n d largest f ac to r i s the subs t i tuen t a t C - 2 [Fig. 1], T h e 

s t e r eochemis t ry a t C - 2 has a lso large e f f ec t on the act ivi ty . 

3 . Subs t i tu t ion at n i t r ogen h a v e a fa i r ly large e f fec t , in par t i cu la r w h e n i t 

c h a n g e s the e lec t ron dens i ty a t n i t rogen . 

4 . S ign i f i can t and impor t an t e f f ec t s on act ivi ty are ob ta ined by subs t i tu t ion a t 

Fig. 1. The schematic representation of the (-) isomer of cocaine derivatives. 

The structure-activity relation (SAR) data combined with some preliminary 

molecular modelling studies [6] allow speculation on a preliminary pha rmacophore 

model for the cocaine receptor. All high-affinity cocaine ligands require the presence 

of a basic amino group which is involved in an electrostatic or hydrogen bonding 

interaction with the receptor protein. The SAR data concerning substituents at the 

C2-position of cocaine suggest the presence of at least one and probably two 

additional bond acceptor sites localized in the vicinity of the two oxygen ' s of the 2 

carbomethoxy group of cocaine. An aromatic ring connected directly or indirectly to 

position of the tropane ring is required for good affinity of the receptor. The 

opt imum location and properties of this binding side have not been defined. Present 

data indicate that hydrophobicity, charge and size are all important. From a steric 

standpoint the receptor can accommodate only small increases in size at the nitrogen 

position or on the aromatic ring at C-3. In contrast, large groups can replace the 

methyl of the carbomethoksy group at C-2 with very little loss in affinity for the 

receptor. The importance of structural sites and its properties indicated by 

C - 3 . 
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experimental works of cocaine derivatives directs the further investigations toward 

theoretical studies. 

Quantum chemistry enables the systematic study on the same level of sophistication 

for any property associated with the particular site of molecule. 

The preliminary studies of the electronic charge distribution and proton 

affinit ies of cocaine derivatives are presented in this study. 

II. Details of the Theoretical Treatment. 

The structure of cocaine and its derivatives has been optimized at the 

Hartree-Fock level of theory. The proton position in protonated structures have also 

been optimized at the same level. The standard 6-31G basis set [13] has been utilized. 

The optimization of cocaine has been started using coordinates available from 

crystallographic studies [14]. The cocaine skeleton has been used to generate 

structures of 15 derivatives (Table 1) studied experimentally [15]. Theoretical and 

experimental bond distances and angles for (-)cocaine given in Table 2 agree well 

giving a confidence in the overall structure optimizations performed in this study. 

Table 1. The analogues of cocaine, (see Figure 1.) 
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The computations of molecular properties: atomic Mulliken charges and 

proton affinities have been performed at the density functional theory (DFT) level. 

The D F T approach has used the hybrid Becke 's three parameter functional (B3LYP) 

[16] were the non-local correlation is provided by the Lee-Yang-Parr expression [17]. 

The DFT method, including large part of correlation effects, is superior to 

the HF approach and has been found as an efficient tool to study molecular properties 

[18].All the computations were made using the Gaussian 94 code [19]. 

Table 2. The HF/6-31G optimized bond distances (in angstrom) and bond angles (in 

degree) for the skeleton of (-)cocaine. Experimental results correspond to X-ray data 

[14]. 
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Table 3. Mulliken atomic charges for selected atoms, dipole moments (in Debye) and experimental IC50 values of inhibition of 

binding of 3H-mazindol at dopamine transporter for (-)cocaine derivatives. Theoretical calculations have been performed within 

the DFT(B3LYP)/6-31G method for HF/6-31G optimized geometries. 

a) the increase of IC value indicates the reduction of potency in inhibiting the 3H-mazindol binding, ref. [15], 



III. Results and discussion. 

The Muiliken population analysis gives the representation of electronic 

density distribution in the molecule. The calculated Muiliken charges are shown in 

Table 3. Its relation to the biological activity is rather weak. For the important 

position: the oxygen atom in the CO group attached to carbon C2 atomic charges 

have similar values for active cocaine derivatives. These charges are not unique 

however and can also be found in some inactive molecules. 

Table 4. The proton affinities (in eV) for oxygen in the carboxyl group attached to 

C2 carbon and for N of cocaine ring and experimental IC50 values (see Table 3 for 

description) for (-)cocaine derivatives. Theoretical calculations have been performed 

within the DFT(B3LYP)/6-31G method for HF/6-31G optimized geometries. 

The proton affinities have been calculated as an energy difference between 

protonated and deprotonated forms of cocaine derivatives (PA = ECOCH+ - ECOC)- Two 

possible protonation sites indicated by experimental findings have been studied: with 

proton attached to oxygen of the C = 0 fragment of the R2 or R3 group and with the 

proton attached to nitrogen present in the cocaine ring. The unequivocal correlation 
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has been found between theoretical proton a f f in i t ies and the experimental measure of 
b iological activity (Table 4). 

A f f i n i t i e s are high for act ive derivat ives . Both O and N sites are important. 
Theoret ical results conf irm earlier experimental f indings which s u g g e s t the ex i s tence 
of at least t w o ionic or H-bond interaction sites. The presented prel iminary results 
indicate the u s e f u l n e s s of applied theoretical approaches. 

The close agreement between calculated and ava i lab le X-ray structure of 
cocaine g i v e a conf idence in the overall set of theoretical structures of molecules . 

Proton a f f in i t i e s (be ing the measure of reactivity) calculated for atoms 
indicated as poss ib le s i tes of interaction of cocaine with its receptor at the dopamine 
transporter correlates wel l with the experimental biological activity. The electron 
densi ty distribution, descr ibed by Mulliken atomic charges, is not correlated with an 
act ivi ty of molecules in a s t ra ight forward manner. 
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