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SUMMARY 

The chromatographic behaviour of thirty-one d6-3-hydroxy-&,-steroids on 
analytical Silica Gel G-layers was investigated on eight solvent systems. 

For the separation of closely related alcoholic trihydroxysteroids, one-dimen- 
sional ascending thin-layer chromatography on boric acid-impregnated silica gel 
layers has been used, Pregnenolone and 16dehydropregnenolone have been resolved 
by elatography after formation of isonicotinic acid hydrazones. The separation of the 
epimeric ab-pregnene-3P,zo-diols was only achieved after treatment with 20/3- 

hydroxysteroid-oxidoreductase. 

INTRODUCTION 

Ascending thin-layer chromatography on silica gel layers has been widely used 
for the analyses of mixtures of steroids and sterols l s2. A systematic method for analyses 
of steroids on thin-layer chromatography has been developed by the author3 for 
steroids of the oestrane*, androstane5-7 and pregnane series*-lo. 

In the present communication the extension of these investigations to the 
steroids of the pregnane series with a d6-3-hydroxy-structure is reported. Besides 
the use of the solvent systems and colour reactions previously developed, some new 
techniques have been proposed for the separation of some “critical pairs” of steroids 
of this series 

MATERIALS AND METHODS 

All the reagents used throughout this investigation were of analytical grade 
and their sources have been indicated in previous communications*-1”. The sources 
and systematic names of the d5-3-hydroxy-C21- steroids used in this work are listed 
in Table I. 

Ascending one-dimensional thin-layer chromatography on Silica Gel G (Merck- 
R.G., Darmstadt, Germany) was used according to the experimental conditions 
previously describedO, o in rectangular tanks (21 x 21 x g cm, Desaga, Heidelberg, 
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Germany), using 20 x 20 cm glass plates ; the 250 ,u thick layers were prepared by use 
,o% theapparatus for thin-layer chromatography of Desaga. In all the experiments the 
starting line was 2.5 cm from the lower edge of the plate and at least 2 cm from the 
lateral border. ‘The chromatogram was run in completely saturated tanks until the 
solvent front reached 15 cm from the starting line. 

For the detection of the steroids, the following reactions were employed: (a) 
.as a general reaction, a I o/o solution of anisaldehyde in acetic acid-sulphuric acid 
(2 : $3) ; (b) for ketonic steroids, Gornall-McDonald reagent (0.1 y/o 2,4-dinitrophenyl- 
hydrazine in a IO "i;, ethanolic solution of hydrochloric acid) ; (c) for 17a,aI-dihydroxy- 
zo-ketonic steroids, Porter and Silber-reagent (phenylhydrazine solution in ethanolic 
sulphuric acid). A detailed description of these reactions was given previouslyll. The 
colours produced by the anisaldehyde reaction with the d6-3-hydroxy-C,,-steroids in- 
vestigated here are listed in Table I. As in previous studie@-10, the following solvent 
systems were employed: (I) cyclohexane-ethyl acetate-ethanol (45 : 45 : IO), (II) ‘ethyl 
acetate--i+hexane-glacial acetic acid-ethanol (72 : 13.5 : rg : 4.5), (III) benzene-ethanol 
(40 : IO), (IV) benzene-ethanol (go : IO), (V) chloroform-ethanol (go : IO), (VI) chloroform- 
ethanol (95 : s), (VII) ethyl acetate-cyclohexane (50 : so), (VIII) ethyl acetate+-hexane- 
glacial acetic acid (75 :20 :5), (IX) gz-butanol-tert.-butanol-water (I :I : I) (upper phasej. 

Two special techniques were employed here for the separation of steroids of 
similar polarity (“critical pairs”) : (a) Boric acid-impregnated layers : the silica gel 
layers were prepared by a mixture of 50 g of Silica Gel G with IOO ml of a IO % 
aqueous solution of boric acid; the plates were dried at room temperature overnight 
and heated for 30 min at IOO O before use. (b) Isonicotinic acid hydrazone formation 
by elatography 1% 12. Using a capillary pipette, a 1.5 cm wide band on the starting 
line was treated with a 0.5 y. solution of isonicotinic acid hydrazine in a IO vO acetic 
acid solution. Before this band was completely dry, the steroids were deposited on the 
starting line and allowed to stand for I h at room temperature. The hydrazones were 
then submitted to chromatography in solvent system IX. 

RESULTSANDDISCUSSJON 

Tables II and III summarize the Rp and Xs (S = pregnenolone) values formed 
for the dt-3-hydroxy-C,,- steroids investigated in this work in eight solvent systems. 

By comparing the RF values obtained in these systems for monosubstituted 
pregnolone derivatives, the following order of mobility was observed: 17~ol > 21-01 
> 16~ol > qa-ol> 7~01. 

In all the’ solvent systems the order of polarity for zo-epimeric steroids not 
substituted at C-16 was 20~01 > 20/3-01. However, for 16a-hydroxylated steroids, in 
both 309 and 3@hydroxy-db-pregnene series, the zoa-epimer moves faster than the 
corresponding zo@epimer. The behaviour of these steroids’ on silica gel layers con- 
firms the observation of HIRSCHMANN et &.13*1* concerning the mobilities of pregnane- 
3,160c,zo-trio1 isomers on paper chromatography. As these authors have pointed out, 
on 20%,16c+dihydroxysteroids, the formation of intramolecular hydrogen bonding 
could be expected and consequently a steroid with this structure moves .faster than 
the corresponding zo/3,&+epimes. 

The solvent systems presented here are suitable for the separation of &- 
pregnene-3,IGa,zo-triols from their isomeric ,4G-pregnane-3,17a,zo-triols. -As a rule, 

J. Clwotnalog., 39 (1969) 173-r8r 



176 13. I'. LISBOA 

TABLE IL 

& AND&VALUl%S(S = 2I-HYDROXY-PREGNENOLONE)ANDTNEIRSTANDARDDEVIATIONS(SD)OBTAINED 
FOR THIRTY 3-HYDROXY-&l'REGNAN. STEROIDS IN SOLVENT SYSTEMS I, II, 111 AND Iv, WITH ASCENDIN 
ONE-DIMENSIONAL THIN-LAYER CHROMATOGRAPHY ON SILICA GEL G (MERCK AG. DARMSTADT). 

(n is the number of experiments, and S.D. indicates the standard clcviation of a single experiment. Por the 
chromatographic conditions, see MATERIAL AND METHODS 

S&voids Solvent systcnzs 

I II 

Iz RF S.D. Rs S.D. n RF S.D. , 

3/3-ol-I?“-zo-one 
3~-0l-l?~1~~-2o-one 
3&7a-ol-Pb-zo-one 
38, I ga-ol-PG-zo-one 
3p. I Get-ol-PG-zo-one 
3/3, I 7a-ol-PG-zo-one 
38.2 I-ol-l?b-20-one 

,3& I 7a, 20~ol-l?“-I I-one 
38, I I@, I 7a-ol-PG-zo-one 
3&16x, 17a-ol-PG-ao-one 
3p, I Ga, r7a-ol-PG-2o-one, I ~&-AC 
3@,r7a,2r-ol-PG-20-one 
3j3,17a,21-ol-PG-20-one, 21-k 
3P-ol-PG-15,20-one 
3p, I Ia-ol-PG-7,20-one 
3p-ol-PG 
3~,2oc+ol-PG 
3p, zap-ol-PG 
3/T, I ,=ja, ZOM-01-F 
3p, ISa, 20/%01-l?G 
31x, I 6cc,2oa-ol-PG 
3a, I 6x, 20/%01-PG 
3,8, 16~,2oa-ol-PG 
3/_$ I 6% 20/?-ol-PG 
3&17a,zocc-01-F 
3/k 17a, 20/?-ol-PG 
3p. IS, 2op-ol-PG 
3/9,2occ,21-ol-PG 
3@,20P,ar-ol-PG 
3p, 1 I@, 17a,zoa-ol-PG 

IO 
I2 
II 
IO 
s 

16 

50 
5 
5 

s 
23 
5 
9 
6 

12 
a 

IO 

9 
9 
9 

IO 
6 
6 
S 
S 

*4 
S 
S 

5 

0.54 0.02 

0.53 0.04 
0.26 0.02 

0.37 0.04 

0.35 0.04 
0.51 0.03 
0.45 0.03 

0.44 0.04 

0.34 0.03 

0.35 0.02 

0.45 0.02 

0.35 0.03 
0.50 0.02 

0.44 0.04 
0.20 0.02 
0.64 0.02 
0.50 0.03 

0.53 0.03 
0.19 0.03 
0.30 0.04 
0.30 0.03 
0.27 0.02 
0.30 0.02 
0.25 0.01 

0.38 0.04 
0.41 0.04 
0,41 0.04 
0.26 0.03 
0.29 0.03 
0.29 0.03 

1.13 0.06 
1.12 0.07 
0.5s 0.05 
0.77 0.06 
0.74 0.06 
1.06 0.05 

0.96 0.06 
0.74 0.05 
o-74 0.05 
1.00 0.05 
o*75 0.06 
1.11 0.05 
0.92 o.oG 
0.42 0.04 
I.34 0.09 
I.05 0.08 
1.11 0.0s 
0.42 0.dg 
0.63 0.04 
0.63 0.04 
0.56 0.04 
0.66 0.05 
0.55 0.04 
0.q o.oG 
o.SG o.oG 
0.91 0.05 
0.5s 0.04 
0.65 0.04 
0.63 0.05 

I4 
IG 

9 
s 

20 

I5 
45 

2 
8 
G 

IO 

= 4 
8 
6 

IO 

I3 

I4 
8 
8 
8 

z 
G 

9 
I5 
s 
G 
G 

5 

0.72 
0.71 
0.44 
0.51 
0.52 
0.70 
0.63 
0.66 
0.51 
0.52 
0.70 
0.61 
0.72 
0.60 
0.30 
0.79 
0.66 
0.69 
0.35 
0.48 
0.42 
0.41 
0.46 
0.44 
0.57 
O.GI 
0.58 
0.4G 
0.4s 
0.51 

0.03 
0.03 
0.03 
0.02 
0.03 
0.04 
0.04 
0.04 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.04 
0.04 
0.02 
0.02 
0.03 
0.03 
0.03 
0.03 
0.02 
0.03 
0.04 ,. 
0.02 ,’ 
0.03 
0.03 

the IGc+pregnene triols are more polar on silica gel layers than their rr/ct-isomers, 
as was similarly observed on paper chromatography by ~uItUSI-lJhJ.4 et ak16 

Steroids presenting epimerism at C-3 in the As-3-hydroxypregnane series are 
resolved in systems of chloroform-ethanol or ethyl acetate-cyclohexane type. In 
systems of chloroform-et’tanol type the Czl -steroid with a got-hydroxy-d%tructure 
moves slower than their 3P-epimer. In systems of benzene-ethanol type and in acidic 
systems (IV and V) one inversion, of their mobility was observed. Similar inversion 
of polarity.was found in such systems for steroids of the &,-series, as 3a- and 3@ 
hydroxy-androst-5-en-IT-one’. 

By comparing the results presented in this work with results obtained for *the 
saturated.pregnane steroids*.it was found that in most of the systems employed, a 
valuable separation was achieved for the steroid fields presenting a 5/P-3ac-ol/dbP-3~: 
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Irr IV 

&I S.D. 92 IiF S.D. Rs S.D. ii- RF S.D. Rs S.D. 

c.20 

c.16 
3.71 
3.81 
3.82 
I.12 

0.07 
0.07 
0.03 
0.03 
0.06 
0.06 

I.OL 0.06 

3.79 0.04 
5.87 0.04 
1.x7 0.06 

0.98 0.04 
3.18 0.07 

0.95 0.04 

0.53 0.03 
1.26 0.06 

X.06 0.07 
I.10 0.06 

0.55 0.02 

0.76 0.03 
0.69 0.03 
0.65 0.04 

0.75 0.04 
0.71 0.04 

0.94 0.04 
1.00 0.07 
0.98 0.06 

0.73 0.02 

0.79 0.05 

0.78 0.04 

14 
I3 
8 
8 

I5 
20 

45 

: 

0.5G 

0.55 
0,41 
0.46 

0.47 
0.53 
0.52 

0.46 
0.40 

8 0.43 
IO 0.55 
8 0.54 

13 
12 

I2 

ii 

6 

7 
8 
8 
6 

IO 

z 

6 

5 

0.65 

0.49 
0.50 
0.32 
0.38 
0.42 
0.38 

0.43 
0.36 

o-44 
o*47 
0.44 
0.36 
0.40 
0.36 

0.04 
0.03 
0.02 

0.04 
0.04 
0.04 
0.04 
0.03 
0.03 

0.03 
0.03 
0.03 

0.03 
0.05 
0.04 
0.02 

0.02 

0.02 

0.01 

0.02 

0.02 

0.02 

0.04 
0.04. 
0.01 
0.01 
0.01 

1.12 0.06 
1.12 0.08 
0.76 0.02 

0.88 0.06 

0.91 O*OL{ 

1.02 0.05 

0.87 0.04 
0.76 0.03 

0.82 0.03 
1.07 0.05 
1.04 0.04 

1.25 0.08 

0.95 0.04 
1.01 0.05 
0.62 0.03 

0.73 0.03 
0.81 0.02 

0.73 0.02 

0.83 0.02 

0.69 0.04 
0.85 0.04 
0.91 0.04 
0.85 0.05 
0.70 0.02 

0.77 0.03 
o.GS 0.02 

15 
12 

6 
6 

12 

20 

45 
5 

: 
8 

IO 

0.42 
0.42 
0.22 

0.23 
0.26 
0.35 
0.36 
0.31 
0.23 
0.25 
0.33 
0.25 

8 0.40 
8 0.14 
6 0.50 

IO o-33 
IO 0.34 
8 0.10 

8 0.17 
6 0.19 

6 0.16 
6 0.22 
6 0.14 
8 0.23 

12 0.30 
8 0.22 
6 0.15 
6 0.18 
5 0.19 

0.03 
0.03 
0.03 
0.02 

0.02 

0.03 
0.04 
0.02 

0.02 

0.03 
0.02 

0.03 

0.02 

0.02 

0.02 

0.03 
0.03 
0.01 
0.01 
0.03 
0.03 
0.01 

0.02 

0.02 

0.02 

0.03 
0.01 

0.02 

0.02 

1.27 0,07 
1.25 0,08 
0;64 0.05 
0.64 0,04 

0.75 0.03 
0.98 0.05 

0.82 
O.GI 

o-73 
0.93 
0.70 

1.11 

0.39 
1.40 

0.95 
1.00 
0.28 

0.45 
0.54 
0.44 
0.60 

0.39 
o.G3 
0.82 
0.63 
0.44 

0.49 
0.50 

0.03 
0.03 
0.03 
0.05 
0.03 

0.04 
0,03 
0.11 

0.04 
0.05 
0.02 

0.03 
0.04 
0.03 
0.03 
0.02 

0.03 
0.03 
0.04 
0.03 
0.05 
0.03 

01 and 5pP-3@-ol/d CP-3p-01 structure. However, as in the Cl,,-series’, no resolution 
was achieved for-steroid pairs having the structure 5aP-3/3-01/d”-3@-01. For the resolu- 
tion of these “critical pairs”, it is necessary to modify the structure of the unsaturated 
steroid, By treatment with perbenzoic acid, steroids with a d5-3-hydroxy group form 
much more polar 5,6a- (and 5,6p-) oxido-derivatives, but the saturated steroid 
remains unchanged, This reaction has been employed .for.C,,-steroids with a ds-3/3- 
01 (ref. IG) and dc-3a-01 (ref. 17) structure as ivell as for Ad-3@-hydroxy-C,,-sterblsr8. 

Unfortunately, several “critical pairs” of ds-3-hydroxy-C,,-steroids have not 
been satisfactorily separated on silica gel layers by using the solvent systems em- 
ployed here. For the resolution of these steroid pairs, the formation of derivatives or 
the application of special thin-layer chromatographic techniques were used. 

As can be seen from the data presented in Tables II and III and those published 
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TABLE III 

Rp AND R,g VALUES (s = ZI-HYDROXTT-PREGNENOLONE) AND THEIR STANDARD DEVIATIONS (S.D.)OBTAINEI 

FOR TI-IIRTY-ONE 3-l~YDROXY-dG-PREGNA~~ STEROIDS IN SOLVENT SYSTEMS v, VI, VII AND VIII, WITH 

ASCENDING ONE-DIMENSIONAL THIN-LAYER CHROMATOGRAPHY ON SILICA GEL G P 
For further particulars, see legend to Table II. * 

Stevoids Solvent systewzs 

V V/I 

n RF S.D. Rs sp. 12 n, S.D. 

3P-ol-Pkzo-one 
3@-ol-PEJO-zo-one 
3,&7CPOl-PG-20-Oll’Z 

#,7a-ol-P"-zo-one, diAc 
3&15a-ol-PG-zo-one 
3&16a-ol-Pfi-zo-one 
3&17~ol-PG-zo-one 
3P,zI-ol-PG-oo-one 
3/$17C+2OC+Ol-PG-II-One 
3&11~,17a-ol-P~-20-one 
3P,16.~,17a-ol-PG-2o-one 
3/t?,16/?,17/3-ol-P~'-zo-one, 16aAc 
3&17cd,21-ol-PG-20-one 
3/3,17a,z.I-ol-I?"-zo-one,21-AC 
3x-ol-I?"-x5,20-one 
3fi,rI&ol-PG-7,20-one 
g/3-ol-l?G 
3/X20x-ol-PG 
3&20&0f-PG 
3/?,15a,zoa-ol-PG 
3/.3,15a,20/3-ol-PG 
3a,16a,zoa-ol-Pb 
3lu,rba,20@-01-P" 
3/3,16a,zor-ol-PG 
3,%16a,20@-ol-PG 
3/3,17a,zoa-01-P" 
3P,17a,20/3-ol-I?& 
3/3,18,2op-ol-P~ 
3/3,2Ocx,2l-ol-PG 
3.k%20~,2~-ol-PG 
3/3,11/9,17Ct,20a-01-P~ 

II 

I9 

=4 
6 
8 

12 

24 
55 
5 

2 
6 

14 
12 
8 
6 

I2 
12 

=3 
8 
s 
8 
8 
6 
G 

IO 
16 

i 

5 

0.58 0.03 

0.57 0,03 
0.31 0.02 

0.75 0*03 
0.38 0,03 
0.41 0*03 
0.50 0,os 
0.52 0,04 

0.37 0.03 
0.31 0.03 

0.4.7 0.02 
0.60 0.03 

0.34 0.03 
0.51 0.03 
0.51 0.02 
0.19 0.02 
0.61 0.03 
0.48 0.03 
0.50 0*04 
0.15 0.01 
0.28 0.03 
0.32 0.01 
0.22 0.01 
0.38 0.02 
0.26 0.01 
0.36 0.04. 
0.40 0.04 
0.36 0.02 
0.24 0.02 
0.26 0.03 
0.21 0.02 

1.20 0.06 
1.17 0.05 
0.61 0.04 

I.54 0.07 
0.7s 0.06 
0,so 0.03 
1.06 0.05 

0.66 0.05 

a*55 0.05 
0.8g 0.04. 
1.rg 0.05 
0.68 0.04 
1.04 0.05 
1.07 0.04 
0.36 0.03 
x.25 0.06 

0.95 0.04 
1.04 0.05 
0.29 0.02 

0.54 0.05 
0.61 0.02 
0.41 0.04 

0.74 0.05 
0.52 0.06 
0.72 0.05 
0.78 0.05 
o.Gg 0.04 

0.49 0.04 

0.54 0.06 

0.37 0.03 

X0 0.48 
16 0.49 
I2 0.12 

IO 

IO 

;: 

5 

2 
6 
IO 

0.17 
0.21 

0.33 
o.gG 
0.13 
0.11 
0.2G 
0.42 
0.17 

IO 

7 
IO 
IO 
IO 
8 
8 

B 
5 

2 
20 
II 
8 

IO 

5 

0.37 
0.05 
0.50 

0.33 
0.36 
o.ot 
0.12 
0.11 
0.08 
0.15 
0.10 
0.14 
0.22 
0.18 
0.10 
0.10 
0.06 

0.0s 
0.04 
0.0x 

0.02 
0.02 
0.03 
0.03 
0.01 
o.or. 
0.02 
0.02 
0.02 

0.02 
O.OL 
0.03 
0.03 
0.03 
0.01 

O.OI 

O.OI 

0.01 

0.01 

0.01 

0.02 
0.03 .' 
0.02 

. 0.01 ; 
0.02 
0.01 ‘I 

by other authors 10920, the introduction of an unsaturated bond at C,, does not lead to 
a significant change of the mobility of the “root” steroid. Neither on untreated silica 
gel layers3 9 1% 21, nor on aluminum oxidezf, nor on magnesium silicate layers20 could a 
mixture of pregnenolone and I6-debydropregnenolone be resolved. Identical difficulty 
was encountered in the attempted separation of progesterone-x6-dehydroprogesterone 
on aluminum oxide2l and in silica gel layer@, as well as IG-dehydro-x6-dihydro-C,,- 
steroids on untreated silica gel layers239 24. 

Likewise, as indicated for the pair progesterone-x6-dehydroprogesteronc8, the 
steroids pregnenolone and x6-dehydropregnenolone also can be separated after 
elatographic treatment with isonicotinic acid hydrazine in diluted acetic acid. In 
contrast to a,@unsaturated and isolated ketones, which reactimmediately or in a few 
minutes with the formation of isonicotinic acid hydrazones, the A15zo-ketonic function 
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. 

VII VIrr 

RS S.D. n a S.D. Rs S,D. n Jb S.D. R&f S.D. 

r.30 
1.31 

3-34 

o.oG 
0.07 
0.04 

t 9.51 0.06 t 3.59 0.04 t D.96 0.04 

3-37 
3.31 

3*74 
I.ZO 
3.46 t 

t 

/i 
It 

I: 
it r( 
it 

It 

o-44 
0.28 
0.29 
0.17 

r.og 
3.12 

r.38 
Mg 
3.98 
2.13 
3.32 
3.30 
3.15 

3*43 
3.22 

9.42 
3.61 

0.03 
0.03 
0.04 
0.04 
0.04 

0.05 
0.01 
0.07 
0.03 
0.03 
0.02 

0.03 
0.0x 
0.01 
0.03 
0.02 

0.05 

0.03 
0.03 
0.03 
0.03 
0.01 

II 

IO 

z 

IO 

14 
30 

5 
5 
5 
5 

I7 
25 

6 

o-37 
o-37 

o-47 
0.08 
0.09 
0.28 
0.19 

0.13 
0.07 
0.12 

0.23 
0.14 

o-53 
0.16 

0.51 
0.27 
0.31 
0.02 
0.06 
0.02 
0.02 

0.14 
0.08 
0.11 
0.16 
O.II 

0.05 .I? 
I’ . ...4. 

0.05 

0.03 
0.03 

0.02 
0.01 
O.OI 
0.03 
0.02 
O.OI 
O.OI 
O.OI 
0.02 

0.02 

0.03 
0.02 

0.03 
0.02 

0.03 
0.004 
0.01 
0.007 
0.008 
0.01 
0.01 
0.01 
0.01 
0.01 
CLOT. 
0.01 

0.01 

1.88 0.10 

1.82 0.15 

2.43 0.15 

0.43 0.04 

0.45 0.04 
I.40 0.09 

0.62 0.05 

0.33 0.03 

0.54 0.04 
1.05 0.06 
0.72 0.05 
2.80 0.18 
0.82 0.06 

2,48 0.11 

1.30 O.IO 

I.51 0.09 

0.15 0.02 
0.30 0.04 
0.11 0.02 
0.10 0.01 

o-74 0.05 

0.42 0.04 
0.60 0.06 
0.87 0.06 
0.51 0.05 
0.26 0.04 

o-35 0.05 
0.24 0.03 

6 

2 

2 
18 

5 
5 
6 
6 

0.24 
0.71 
0.36 
0.38 
0.58 
0~48 

0.49 
0.33 
0.44 
0153 

6 0.46 

0.15 
0.29 
0~26 
0.19 
0.27 
0.24 
0,40 

0143 

5 
5 

0.28 
0.31 
0.31 

0.02 
0.03 
0.02 
0.02 
0.03 
0.03 
0.03 
0.02 
0.02 
0.03 

0.03 

0.01 

0.02 
0.03 
0.02 
0.02 
0.02 
0.02 
0.03 

0.02 
0.02 
0.02 

0*47 
1.56 
0.70 
0.83 
x.22 

0.92 
0.62 
0.90 
1.06 

0.96 

0.31 
0~62 
0.52 
0~38 

0*55 
O.fjI 

OS5 
0~98 

0.60 
0.56 
0,58 

0.05 
0.08 
0.03 
0.03 
0.03 

0.05 
0.03 
0,04 
0,oG 

0.03 

0.02 
0.02 
0.05 
0.03 
0.04 

,0.04 
O.Odk 
0.04 

0.03 
0.03 
0.03 

reacts very slowly. Fig. I shows the elatograms of progesterone, x6-dehydroprogester- 
one, pregnenolone and x6-dehydropregnenolone, developed with solvent system IX. 
It can be seen that under the experimental conditions employed for the reaction, 
pregnenolone forms a zo-hydrazone, whereas x6-dehydropregnenolone remains 
unchanged. Under the same conditions, x6-dehydroprogestetone gives a 3-mono- 
hydrazone, whereas progesterone and 6-dehydroprogesterone show the formation of 
a 3 and/or zo-monohydrazone(s) and a 3,2o-diisonicotinic acid hydrazone. 

On boric acid-impregnated silica gel layers some pregnanetriols move faster 
than on untreated silica gel layers 26. Because glycols having a r7a,zo/.Sstructure form 

C!? kq, weak polar complexes with boric acid, a better separation isobtained for the epitieric 
d G-pregnane-3@, 7 I a,zoj!L/3/?,17a,zoo(-triols on such layers. 

At the same time, although only the zag-epimer is able to form’the less polar 
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cycloborate.P, even the steroids with a 17~x,zoa group migrate faster on boric acid- 
silica gel than on silica gel layers. Therefore, this method also allows a better separa- 
tion between 17a,zo-glycol-steroids and those stixoids whose migration using solvent 
systems I, IV, VI and VII is not changed on boric acid-silica gel layers, such as LP- 
pregnane-@,ISa,zop-triol, d~-pregnane-3a,r6or,zo/Ltriol and db-pregnane-3P,16a,zop- 

._.1___..__..**.._._ . . . . - . . . . _.I.__._..._.- . . . . . -.__e..._..._.. _._..... 

,*-.* 
:*._.I 

(d.., 

‘a...: 
g.... ,.-... 

i,..,: ‘....’ 0 

e e @ e 

4lD QIID . . *-.._ _...._._ ..I ..I..._...._. _I_._ I.... __._I_ . . . . . - ..Is......_._.w.. -’ 
‘.. 

..I_ . . . . . . . . . . . . . . . . . . . . . _.- . . . . . . . . .I.._....__. _ ._.............. _.I ..I..... 

Pig. I. Elatography of progcsteronc (I), 16-dehydroprogcsterone (z), 6-dehyclroprogestcronc (3): 
pregnenolone (4) and 1G-dehydroprcgnenolonc (5) on isonicotinic acid hydrazine treated silica gel 
layers. Incontrasttoprogesterone and G-dehydroprogesterone.16debydroprogesterone givesonly 
a 3-monohydrazonc derivative. Pregnenolone, but not 16dehydroprcgnenolone forms isonicotinic 
acid hydrazone, For the experimental conditions see text. Shadow spots: monohydrazone (hor- 
izontally ruled), dihydrazone (vertically ruled). R/Iobility of isonicotinic acid hydrazine: 5.8 cm 
(front: 15 cm). 

TABLE IV 

CHROMATOGRAPHIC MOBILITIES (RF X IOOVALUES) OBTAINED PORdG-l'REGNENETRIOLS WITH 
ASCENDING ONE-DIMENSLONALTHIN-LAYERCHROMATOGRAPHY ON SILICA GEL-BORICACID LAYERS 

Eachvalueisthe mean valueobtained fromthreecl~ron~atograms.For theexperimentalconditions 
and solventsystems,seo~M~~R~~~~~ AND METHODS. 

Steroids Solvent systcnzs 
., .a I II IV VI VII VIII 

3p, 15a,20/3-ol-Pfi 
3% rGcc,20/3-01-P” 
38, I CCG 2oc+ol-PG 
3~,1G~,20~-ol-P~ 
38, z7cc,ooa-ol-Pa 
3/3,17cc,zo&ol-Pa 
3P,20~,21-ol-Pba 
3~,20~,21-ol-P~~ 

33 
30 

4: 
51 
56 
43 
47 

49 14’ 
17 
31 
15 

58 45 
G2 46 

36 
4o 

15 
I2 2 
28 15 
15 IL 
50 
5* x; 

16 
18 

“. a Obtained by courtesy of Prof. E. DICZBALUSY. 
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trio1 (Table IV). It is of interest to note that contrary to d”-pregnene-$,IGa,zo/34riol, 
its zoa-epimer forms a borate-complex and a good separation between both isomers 
can be achieved on boric a.cicl-treated layers. 

Only a partial separation could be achieved between dG-pregnene-$,zoa- and 
$,zo/?-dials., A complete ,resolution of these isomers can be accomplished by. specific 
oxidation of the zo/3-hydroxyl group with zo/?-hydroxysteroid oxidoreductase27. The 
enzymatic-formed pregnenolone separates easily from the unchanged zoa-epimer. 
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