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HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHY OF NEW POTENTIAL 

ANXlOLYTlC DRUGS AND RELATED 
BENZODIAZEPINES: A COMPARATIVE 

STUDY OF HYDROPHOBICITY 

M. SOLEDAD GIL, CARMEN OCHOA, 
AND SALVADOR VEGA 

Instittito de Qui'mica M a k a  
Juan & la Ckrva, 3 
28006 M W  Spain 

ABSTRACT 

A comparative study of hydrophobicity in diazepam (5) 
chlordizepoxide ( 6 )  , buspirone (7) and four related 
pyrrolothieno-1 , 4-dizepine systems (1-4) has been carried out, 
using HPLC (RPC) technique. The capacity factors (K') of com- 
pounds studied have been measured in five different elution con- 
ditions (mobile phase in which the percentage of methanol varies). 
The capacity factors (Kto) corresponding to the absence of 
organic solvent in the mobile phase have been calculated. Correla- 
tions among hydrophobic parameters of series 1, 2, 3, and 4 have 
been established and K', of compounds not yet synthesized have 
been calculated. 

INTRODUCTION 

Since the introduction of 1,4-benzodiazepines as anxiolytic 
drugs many efforts have been carried out to find new active re- 
lated compounds.' The addition of a ring to the "classical" ben- 
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zodiazepine system and the replacement of the benzene ring by an 
heterocycle are found among the useful structural manipulations 
carried out. Following these guidelines, we have synthesized3 -* 
and tested as anxiolytic agents four series of compounds 1, 2, 3, 
4 belonging to two pyrrolothieno-1 ,4-diazepine systems. 

The influence of hydrophobicity of drugs on their "in vivo" 
pharmacological activities is well For this reason we 
have carried out a comparative study of the hydrophobic charac- 
ter of compounds of the series 1-4, using as standard anxiolytic 
drugs diazepam ( 5 ) ,  chlordiazepoxide ( 6 )  and buspirone (7)  (see 
scheme). 

Reversed-phase HPLC is a useful technique to determine 
hydrophobicity of drugs' and the retention time parameter log K' 
has been correlated with the classical octanol-water partition coef- 
ficient log P.a-s Retention in HPLC has also been correlated 
directly with biological activity. = lo.ll It has been suggested 
hydrophobic parameters in HPLC are correlated better than log P 
with biological activity due to the similarity between HPLC process 
and the behaviour of a solute through bilipid layer membranes. 

In this work we have measured the capacity factors (K') of 
series 1-4 and standards at different concentrations of organic 
solvent, using reversed-phase HPLC and calculated the capacity 
factors (K'J in absence of organic solvent. 

MATERIAL AND METHODS 
Materials 

High performance liquid chromatography grade methanol was 
obtained from E.M. Merck Co. and reagent grade water was gen- 
erated by a Millipore Milli-Q Water purification system. Diazepam, 
chlordiazepoxide and buspirone were obtained from Prodes , Roche 
and Bristol Mayers, S . A. E . companies, respectively. 

Compounds of series l3 and 4* were synthesized by 
reported methods and compounds of series 2 and 3 were prepared 
by synthetic methods which will be described elsewhere. 
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HPLC was performed on a Waters HPLC system consisting of 
a 6000A solvent delivery system and a U6K injector. The com- 
pounds studied on this system were detected by a Waters 440 ab- 
sorbance spectrophotometric detector at 254 nm. Retention data 

were collected by a Waters 730 Data module at  a rate of 0.5 

cm. Imin. 
For analysis a Hibare p-Bondapack C-18 column at 25OC was 

used. Mobile phase consisted of mixtures of MeOH/H,O buffer 

solutions at 65%, TO%, 759, 80% and 85% (v/v) ,  at a flow rate of 
0.9 ml/min. 

Phosphate buffer has been reported to cause the least 
deviation from octanol-water values. l2 The mobile phase solutions 

were used with a 0.025 M NaH,PO, buffer that had been adjusted 
to an apparent p H  of 7.0 after the MeOHIH-0 had been added. 

The capacity factors (K') of compounds studied were deter- 
mined from the observed retention time (Tr)  and the retention 
time (T,) of uracile, as unretained compound, 

M e t h o d s  

Compounds were dissolved in methanol at a concentration of 
250 pglml. Then they were injected separate from each other. 
The experiments were carried out four times and the mean value 
of the retention time was obtained for each compound. 

RESULTS AND DISCUSSION 

Test compounds and standards were chromatographed under 

a variety of conditions in which the percentage of methanol in the 
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mobile phase varied from 85% to 65% and the apparent pH was al- 
ways kept at physiologic value 7.0. Experiments with lower per- 
centage of methanol than 65% afforded experimental retention times 
too long to be measured, mainly in series 1. 

Standards are weak bases (pKa of 5 = 3.50,'" pKa of 6 = 

4.7613 and p K a s  of 7 = 4.12 and 7.3214). Thus, at pH = 7 the 
percentage of unionized form is higher than 99% for  5 and 6 and 
-50% for 7 and sufficient amount of neutral form can be eluted. 
Althoug pKa values of compounds of series 1-4 were not 
measured, they are probably weak bases too, since they were 
easily eluted at pH 7. The measured retention times (Tr) and 
capacity factors (K ' )  of test compounds and standards are 
gathered in Tables 1-4. 

The K' values of the four series and standards decrease 
linearly with increasing methanol percentage of mobile phase 
(figures 1-4). The data of correlation equations found for log K' 
- vs % MeOH (least squares) are shown in Tables 5-8. Intercepts 
represent the corresponding capacity factors in absence of or- 
ganic solvent, log K'-, which could be correlated with biological 
activity. 

By comparing the capacity factors of the four series, 
the following increasing order of lipophilic character was found: 
1 > 2 > 3 > 4. The influence of hydrogenated hexa- and pen- 
tacycles in series 1 and 2 accounts for their high Lipophilicity. 

"A priori" compounds of series 4 might be better anxiolytic 
agents than those of series 1, 2 and 3, because they are as 
lipophilic as standards. However, lipophilicity is not the only fac- 
tor in biological activity. 

In general, in the four series, chlorinated derivatives (a, 
b, c, in this order) behaved as the most lipophilic compounds, 
being e, h and j derivatives the least ones. 

As usual, the substituent position dependence (2 ,  m, p) in 
lipophilicity has smaller effect than the nature of substituent 
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^ .  

% MeOH 
Figure 1. Semi-log plot of K v5 percentage of MeOH in the mobile 

phase for serie 1 and standards. 

L 

'A MBOH 
Figure 2. Semi-log plot of K vs percentage 01 MeOH in the mobile 

phase for serie 2 and standards. 
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(compare log K', of b, c ,  d and of c, f )  because the field effect 
of substituents is more important than the resonance effects.'5" 

If the tabulated n corresponding to R sub- 
stituents are compared with log K' values of compounds, h 
derivatives present an anomalous elution order in the four series, 
showing less lipophilic character, in all the conditions studied, 
than expected. 

The dependence of interactions among compounds and silanol 
groups of stationary phase upon the nature of the mobile phase is 
shown by the fact that the slopes corresponding to the plots log 
K' % MeOH are not the same for all compounds in each series; 
therefore on changing the nature of the mobile phase the elution 
order of a series of compounds can vary in some cases. 

Correlations have been established between log K', of series 
1 and those of series 2, 3 and 4 (equations 2,  3 and 4). 

log K', (2) = 1.114 log K', (1) - 1.620, [2 ]  
log K', (3) = 0.958 log K', (1) - 1.405, [ 3 ]  
log K', (4) = 1.103 log K', (1) - 2.696, n = 9, r = 0.78 141 

n = 9 ,  r = 0.86 

n = 9 ,  r = 0.85 

Log K', of j and k derivatives of series 2, 3 and 4, not yet 
synthesized, have been calculated from equations 2,  3 and 4,  

respectively. 
On the other hand, the elution order found for the three 

standard compounds employed are in agreement with their values 
of log P in the literature.13 
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