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SUMMARY 

For systematization of the correlation between the chemical structures of 
solutes and retention behaviour in liquid column chromatography, the retention 
volumes of 43 modified steroids on silica and chemically bonded reversed-phase col- 
umns were examined using various binary solvent systems. Retention parameters for 
the functional groups of the steroids were calculated according to Martin’s additive 
rule. By comparing these values obtained on normal and reversed-phase columns, 
characteristic features of both packings with regard to solute structures and the solvent 
systems were elaborated. . 

IN-JXODUCTION 

The adaptation of stationary and mobile phase systems for a given set of solutes 
is particularly important in liquid column chromatographic separations. However, up 
to now it has been necessary to rely upon empirical and trial-and-error methods. 
There are various approaches for optimizing packings and solvent systems, and a 
procedure in which the retention behaviours of a series of compounds are systematical- 
ly examined and in which the observed correlation between stationary and mobile 
phases and solute structures may be generalized would be useful. 

Synthetic steroids, utilized 2s pharmaceuticals, contain a wide variety of func- 
tional groups and many positional and configurational isomers, and therefore they 
are very suitable for a systematic investigation of solute-solvent-sorbent relationships. 
Although abundant liquid column chromatographic data on steroids are already 
available’-5, they have been restricted to a limited number of typical steroids that are 
well known as biologically important constituents. A detailed study in which elution 
behaviour as a function of chemical structure is particularly stressed has not yet been 
presented. It would be worthwhile examining systematically the mobilities of modified 
steroids in various chromatographic systems and formulating the relative retention 
behaviours of these compounds_ 

This paper describes studies on the retention data of 43 steroids, obtained by 
applying two typical stationary phases, viz., polar silica and a non-polar chemically 
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bondedphase, in high-performance liquid chromatography (HPLC). The quantitative 
correlation between the retention of the solutes and their chemical structures with 
regard to the various systems is demonstrated. 

EXPERIMENTAL 

Apparatus 
Chromatographic experiments were performed using 2 Waters ALC 202 iiquid 

chromatograph with Waters UV 2nd RI detectors. The W detector operated at 254 
nm. Columns were constructed of 2.3 mm I.D. seamless stainless-steel tubing 2nd 
were 2 ft. long. The columns were filled by the dry tap-fill procedure. On-column 
septum injections were made with a IO-@ syringe (Kusano Scientific, Tokyo, Japan). 

Column media and chemicals 
A silica packing (Corasil II, Waters Assoc., Milford, Mass., U.S.A.) 2nd a 

bonded-phase packing (Bondapak C,,/Corasil, Waters Assoc.) were used 2s polar 
adsorbent 2nd reversed-phase column media, respectively. Technical-grade solvents 
(Wake pure ChemicaIs, Osaka, Japan) were purified by distiliation. Ethyl acetate was 

distilled after standing over potassium carbonate to remove acetic acid. The steroid 
samples used were pure crystalline materials obtained from pharmaceutical companies 
2s described in earlier reports6-8. 

Procedures 
Flow-rates were 1.0 mljmin for the Corasil II column and 1.5 mljmin for the 

Bondapak C,&Zorasil column with observed pressure drops of 800-1200 psi. An 
amount of l-5 mg of sample was dissolved in 1 ml of 2 mobile phase solvent. For 
samples that were not soiubIe in one of these solvents, chIoroform or dioxan was used 
for injection into the polar or reversed-phase column. A volume of l-5,4 of sample 
solution was injected into the column. AI1 results were obtained at ambient tempera- 
ture (15 * 5”). 

Hold-up volume, V,, 
Non-retained solvents such as cyclohexane 2nd benzene were injected into the 

sihca column and were detected by the RI and UV detectors, respectiveIy. The reten- 
tion volumes of these solvents were considered to be the hold-up volume of the col- 
umn. Methanol or acetonitrile was used for measuring the hold-up vohrme of the 
reversed-phase column, the peaks being detected with an RI detector. 

Retention volume, VR, and capacity factor, k’ 
The observed retention volume, V,‘, is obtained directly in the chromato- 

graphic separation, and the net retention volume, V,, is given by V, = V,’ - V,. 
With the bonded-phase column, the observed values were calculated from the rela- 
tionship V,’ = (distance between injection point and peak maximum/chart speed) x 
flow-rate. On the other hand, as reproducible results were not afforded by the polar- 
phase column, an internal standard was provided for correction of the observed 
values. A non-retained sample, e.g., benzene, and one of the steroid samples were 
selected 2s the internal standards_ Firstly, solutions of sample and benzene, then 
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size of the group introduced and can be rationalized in terms of the steric hindrance 
of the functional group interacting with the lir&hydroxyI group and the silanol group 
on the adsorbent surface. The introduction of an acyloxy group into the 17-position 
gives small negative values. 

(5) As the reduction of C-l I and C-17 carbonyl groups to a /?-hydroxy1 group 
affords small parameters in the reversed-phase systems, the separation of a pair of 
these compounds is difficult. On the contrary, in the polar-phase systems, large 
positive parameters are obtained on forming the 17/3-hydroxyl group. The conversion 
of a C-l 1-carbonyl group into a C-l 1-hydroxyl group gives rather small parameters. 
This result is interpreted by the steric hindrance of the ll&hydroxyl group inter- 
actin_e with the IO@- and 13&methyl groups located in a 1,3-diaxial relation_ 

(6) Introduction of chlorine into the 4-position of the 3-oxo+ene steroids 
affords positive and negative parameters in the reversed-phase and polar-phase 
systems, respectively. The absolute values of the Iatter are Iarger than the former. 

(7) Derivation of the conjugated diene from the 3-oxo4ene steroids affords neg- 
ative and positive values in the reversed-phase and polar-phase systems, respectively. 

(S) The introduction of a methyl group on to the 6/3- and lo/&carbon atoms 
in the steroid nuclei affords positive and negative parameters in the reversed-phase 
and polar-phase systems, respectively. The absolute values of the parameters of the 
68-methyl group in the former systems are larger than in the latter. However, the 
absolute values of the parameters of a lo/&methyl group in the former systems are 
smaller than in the latter. Therefore, the latter systems are favourable for the separa- 
tion of a pair of these compounds. The negative parameters obtained for the IO/J- 
methyl group in the polar-phase systems are rationalized by the steric hindrance that 
occurs in the interaction between the silanol group on the adsorbent surface and the 
active group of the steroids. However, the difference in the mobilities of 16cr-methyl 
and 16i&methyl steroids is very small. The separation of a pair of configurational 
isomers is extremely difficult in any system. 

Parameters of various functional groups in the polar-phase systems obtained 
here were compared with d R, values of the same groups in steroidal pharmaceuticals 
given by thin-layer chromatography, in which similar solvent systems such as II- 
hexane-ethyl acetate, benzene-ethyl acetate, diethyl ether and benzene-methanol 
were used’. Although the AR, value for a particular group was always slightly larger 
than the HPLC parameters, both values changed in parallel. This shows that the 
parameters obtained here are universally applicable even if the type of chromato- 
graphy and the activity of the packing materials are changed, provided appropriate 
correction to the parameters is made. 

Using chemically bonded reversed-phase and normal polar-phase packings 
which are widely accepted as typical stationary phases, the elution behaviours of 
steroids were correlated by calculating the retention parameters of various functional 
groups on the rigid steroid molecules. The characteristics of both phases with respect 
to the chemical structures of the steroid compounds in various solvent systems were 
determined_ 

The results obtained here can be used wideIy for the optimization of the elution 
conditions for various compounds that have similar functional groups, e.g., the steroid 
pharmaceuticals considered here. They are also useful for the prediction of the 
chemical structures of unknown compounds by examining their elution behaviour. 
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