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HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHY OF 

A N D  RELATED PYRAZOLONES: 
A COMPARATIVE STUDY OF 

1,2,6-THIADIAZINONE 1,l-DIOXIDES 

HYDROPHOBICITY 

ROSA NIEVES, CARMEN OCHOA 
AND MANFRED STUD 

Institiito de Qirimica Me'dica 
Jiiaii de la Cierva, 3 
28006 Madrid Spain 

ABSTRACT 

A comparative study of hydrophobicity in biological active pyrazolone derivatives 1 
and 3 and related 1,2,64hiadiazinone 1,l -dioxides 2 and 4 using HPLC (RPC) technique 
has been carried out. The capacity factors (K) and retention index ( I )  of the compounds 
studied have been measured in five different elution conditions (mobile phase in which 
the percentage of methanol varies). A correlation between hydrophobic parameters of 
series 1 and 2 has been established. 

INTRODUCTION 

The influence of hydrophobicity of drugs on their pharmacological in 
vivo activities is well known (1). For this reason, we have carried out a 
comparative study of the hydrophobic character in two related series of 
biological active compounds, pyrazolones 1 and 3 and 1,2,6- 
thiadiazinone 1 ,l-dioxides 2 and 4. The compounds chosen for this study 
were the antipyretic and analgesic Antipyrine la,  their 4-substituted 
derivatives 1 b-le, the antiinflammatory Phenylbutazone 3 and their 
analogues in 1,2,6-thiadiazine 1,l-dioxide series 2a-2e and 4. In 
previous works, the physico-chemical, chemical and biological 
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parallelism between pyrazoles and related 1,2,6-thiadiazine derivatives 
was demonstrated (2,3,4). 

Octanol-water partitions coefficients (log P) is an accepted model 
for hydrophobicity in quantitative structure-activity relationships (QSAR) 
(5,6). Nevertheless, measurement of log P by the "shake flask" method is 
subject to many inconveniences. Reversed-phase HPLC has been 
investigated previously as a means for determining hydrophobicity by 
attempting to correlate IogK, a retention time parameter, with logP (7,8). 
Retention in HPLC has also been correlated directly with biological 
activity (7,9,10). Another approach, proposed by Baker, uses retention 
index (I) as a universal scale for hydrophobicity (1 1). The purpose was to 
make possible a direct comparison of retention data between different 
columns and mobile phases by using 2-ketoalkanes as retention 
reference com pou nds. 

1 2 3 4 

In this work, we have measured the capacity factors (K') and 
calculated the retention index (I) of related series 1,2 and 3,4 using 
reverse-phase HPLC. Correlations among K' or I of pyrazolone and 
thiadiazinone series have been found. 

MATERIAL AND METHODS 

Materials 

The C3-C9 2-ketoalkanes were obtained from Alltech Europe 
(Belgium). High performance liquid chromatography grade methanol was 
obtained from E.M. Merck Co. and reagent grade water was generated 
by a Millipore Milli-Q water purification system. Antipyrine (la) and 
Phenylbutazone (3) were obtained from Sigma Chemical Company. The 
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other compounds studied were synthesized by reported methods: 1 b 
(12), Ic, Id (13), le (14), 2a-2f (4) and 4 (3). 

C h romatoa r w  

HPLC was performed on a Waters HPLC system consisting of a 
6OOOA solvent delivery system and a U6K injector. The compounds 
studied on this system were detected by a Waters 440 absorbance 
spectrophotometric detector at 254 nm. Retention data were collected by 
a Waters 730 Data module at a rate of 0.5 cm./min. 

For analysis a Hibare p-Bondapack C-18 column at 25*C was used. 
Mobile phase consisted of mixtures of MeOH/H20 buffer solutions at 
20%, 40%, 6O%, 70% and 80% (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 (15). The mobile phase solutions were used 
with a 0.025 NaH2P04 buffer that had been adjusted to an apparent pH 
of 7.0 after the MeOHIH20 had been added. 

Methods 

Compounds and 2-ketoalkanes were dissolved in methanol at a 
concentration of 250 pg/ml. Then they were injected separate from each 
other and in mixtures of five or six compounds. The experiments were 
carried out four times and the mean value of the retention time was 
obtained for each compound. 

tions 

The capacity factors (K) of compounds.studied and 2-ketoalkanes 
were determined from the observed retention time (Tr) and the retention 
time of the solvent front (To) using eq. 1 

The retention index (I) of a given 2-ketoalkane standard was by 
definition (11) equal to 100 times the number of carbons in the 
compound. The retention index of a given test compound was calculated 
from the observed capacity factor for the compound (K'o), the capacity 
factor for a 2-ketoalkane eluting just before the test compound (KN) and 
the capacity factorof the next higher homologous (KIN+,) using eq. 2. 
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RESULTS AND DISCUSSION 

Test compounds were chromatographed under a wide variety of 
conditions in which the percentage of methanol varies. The retention 
times (Tr), capacity factors (K) and retention index (I) of test compounds 
and 2-ketoalkane standards are gathered in table 1. 

In general, it was found that the plots of logK vs I were linear over a 
very wide range of conditions (1 1). In our case, this was performed taking 
into account the data of 2-ketoalkanes and compounds 1, 2,3 and 4 as 
can be seen in figurel. 

The calculated retention index of test compounds are not constant 
in all conditions studied. However, the variation of I is smaller in the case 
of pyrazolones (fig. 2) than in thiadiazinones (fig. 3). 

The I variations found are due to the fact that 2-ketoalkane 
standards cannot account for all interactions that pyrazolones and 
thiadiazinones undergo in different elution conditions. Thus, the most 
acid compounds studied 2f, 4 and-3 (3) are those which present maxima 
deviations (figs. 2 and 3). 

The retention times of investigated compounds increase with 
increasing water content in the mobile phase (fig. 4). 

Phenylbutazone 3 is more hydrophobic (longer retention time) than 
its thiadiazinic analogue 4 (table 1). This fact is related to their pKa 
values, since, 4 is more acid than 3 (3). However, between series 1 and 
2, thiadiazinone derivatives 2 are more hydrophobic than pyrazolones 1, 

2 

1 

k - 8 0  

-1 

-2 
0 200 400 600 800 1000 

Index 

Figure 1. Correlation between IogK' and I for studied compounds and 2-ketoalkanes. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2354 NIEVES, OCHOA, AND STUD 

Figure 2. Plots of logK vs I for 
each pyrazolone in the five 

elution conditions 

10 

0 200 400 600 800 1000 

Index (I) 

Figure 3. Plots of logK vs I for 
each thiadiazinone in the five 

elution conditions 
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4 l a  
* lb 
4 lc  
+- ld 
4 l e  
4 3  
4 2a 
4 2b 
-D 2c 
* 26 
* 2e 
+ 2f 
* 4  

Figure 4. Semi-log plot of K vs percentage of H20 in the mobile 
phase for pyrazolones and thiadiazines. 

Table 2. Correlation of hydrophobic parameters in series 1 and 2 . 
c 

un 

1 

2 

3 

4 

5 

6 

- 

I 

eluent 
%MeOH 

40 

60 

60 

70 

20140 

niscellaneut - 

correlation equations a 
statistical terms 

n b  rc sd ~e 

4 0.92 0.064 11.68 

4 0.96 0.036 23.52 

4 0.97 11.422 28.44 

4 0.93 0.037 12.56 

5 0.92 0.084 17.07 

4 0.81 59.330 3.91 

Kp and Ip : capacity factors and retention index of series 1 , KT and 
IT: capacity factors and retention index of series 2. b9 Number of points. 

Correlation coefficient. d, Standard error. F test value. 
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except for compound 2f which has the shorter retention time of all 
compounds studied due to its acidic NH proton (1 6). 

This study has allowed us to establish the similar chromatographic 
behaviour of series 1 and 2. The elution order of related pyrazolonic and 
thiadiazinonic derivatives is the same: laclbclc<ld4e, except for 4- 
bromopyrazolone I d ,  the elution order of which changes from 20% to 
40% of methanol as eluent. Thus, 4-bromopyrazolone l d  elutes before 4- 
iodo derivative l e  on using 20% MeOH in the mobile phase, however, 
when the percentage of methanol increases (40%, 6O%, 70%, 8O%), I d  
has longer retention time than le. 

Correlations have been found between retention time parameters 
(IogK, I) of series 1 and 2 (table 2). 

Only fours pairs of compounds (a, b, c and e) have been taken into 
account (runs 1, 2, 3 and 4), since, 4-bromo derivatives I d  and 2d have 
been eliminated due to the anomalous behaviour of I d .  Since the 
chromatographic behaviour of I d  at 20% MeOH is similar to that of 2d at 
40% MeOH a correlation between IogK'T (40% MeOH) and IogKP (20% 
MeOH) has been established for five pairs ofcompounds (run 5). The 
correlation coefficient found is the same as that found in run 1. 

Correlation coefficients found for logK or I have similar values when 
retention parameters are taken in the same elution conditions (runs 2 
and 3). However, i f  the parameters are chosen at random among all 
elution conditions used, retention index give better results. Thus, in run 6 
the parameters have been chosen as follows: 2a (60% MeOH), l a  (20% 
MeOH), 2b (40% MeOH), l b  (80% MeOH), 2c (70% MeOH), l c  (40% 
MeOH), 2e (80% MeOH) and l e  (70% MeOH), the correlation coefficient 
found for Ip vs IT are 10.81 1; whilst the correlation found for IogK' in the 
same conditions give a coefficient of 10.351. 

ACKNOWLEDGMENTS 

The authors thank Mrs. Concepcion Marin for technical assistance. This 
work was supported by research grants from CAICYT, Madrid. 

REFERENCES 

1. Doorebons N. J. in "Burger's Medicinal Chemistry" Burger A. ed., 
lnterscience Publishers Inc., New York, 2nd ed., 1968, p. 48 

2. Elguero J., Ochoa C., Stud M., Esteban-Calderon C., Martinez-Ripoll 
M., Fayet J .  P. and Vertut M. C., Synthesis and physicochemical 
properties of 1,2,6-thiadiazine 1,l -dioxides. A comparative study with 
pyrazoles, J. Org. Chem., 47,536, 1982 

3. Goya P., Nieves R., Ochoa C., Rodellas C.,Martinez-Ripoll M. and 
Garcia-Blanco S, 1,2,6-Thiadiazine-3,5(2H,GH)-dione 1 , l  -dioxide 
derivatives: Crystal structure, physicochemical and biological 
properties, Can. J. Chem., 65(2), 298, 1987 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1,2,6-THIADIAZINONE 1,l-DIOXIDES 2357 

4. Elguero J. Goya P., Nieves R. and Ochoa C., Proton and carbon-13 
N.M.R. and crystallographic study of substituted 1,2,6-thiadiazinones: 
Comparison with related pyrazoles, J. Chem. Res. (s) and (m) 1988 in 
press 

5. Hansch C. and Dunn Ill W. J., Linear relationships between lipophilic 
character and biological activity of drugs, J. Pharm. Sci., 61, 1, 1972 

6. Smith R. N., Hansch C. and Ames M. M., Selection of a reference 
partitioning system for drug design work, J.Pharm. Sci., 64, 599, 1975 

7. Unger S. H. and Chiang G. H. , Octanol-physiological buffer 
distribution coefficients of lipophilic amines by reversed-phase high 
performance liquid chromatography and their correlation with 
biological activity, J. Med. Chem., 24, 262, 1981 

8. Unger S. H., Cook J. R. and Hollemberg J. S., Simple procedure for 
determining aqueous partition distribution and ionization coefficients 
by reversed- p hase high-pressure liquid chromatography , J . P harm. 
Sci., 67, 1364, 1978 

9. Baker J. K., RauIs D. 0. and Borne R. F., Correlation of biological 
activity and high-pressure liquid chromatographic retention index for a 
series of propanolol, barbiturates and anthranilic acid analogues, J. 
Med. Chem., 22,1301, 1979 

10. Henry D., Block J. H., Anderson J.L. and Carlson G. R., Use of high- 
pressure liquid chromatography for quantitative structure-activity 
relationship studies of sulfamides and barbiturates, J. Med. Chem., 
19, 619, 1976 

11. Baker J. K. and Ma C.-Y., Retention index scale for liquid-liquid 

12. Knorr L., Substituirter acetessigester auf phenylhidrazin, Chem. Ber., 

chromatography, J. Chromatogr., 169, 107, 1979 

17, 2049,1884 

13. De Graef H., Ledrut J. and Combes G., Recherches dans la serie des 
pyrazolones Xle memorie. Action des N-halogenimides sur 
I'antipyrine, Bull. SOC. Chim. Belg., 61, 331, 1952 

14. Schulek E. and Burger K., Magyar Tudomanyos Akad. Kem., 1 1, 31 5, 
1959; through C. A., 54, 8398e, 1960 

15. Wang P.-H. and Lien E. J., Effects of different buffer species on 
partition coefficients of drugs used in quantitative structure-activity 
relationships, Pharm. Sci., 69, 662, 1980 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2358 NIEVES, OCHOA, AND STUD 

16. Aran V., Goya P. and Ochoa C., "Heterocycles containing the 
sulfamide moiety" , Adv. Heterocycl. Chem., Katriszky A.R . ed., 
Academic Press, New York, Vol. 44, in press 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


