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SUMMARY

The chromatographic behaviour of thirty-one 45-3-hydroxy-C,,-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 16-dehydropregnenolone have been resolved
by elatography after formation of isonicotinic acid hydrazones. The separation of the

epimeric A%-pregnene-3f3,20-diols was only achieved after treatment with 20f-
hydroxysteroid-oxidoreductase.

INTRODUCTION

Ascending thin-layer chromatography on tilica gel layers has been widely used
for the analyses of mixtures of steroids and sterols!:2. A systematic method for analyses
of steroids on thin-layer chromatography has been developed by the author® for
steroids of the oestranet, androstane3—7 and pregnane series®—10,

In the present communication the extension of these investigations to the
steroids of the pregnane series with a 45-3-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 communicationst-10, The sources
and systematic names of the A5-3-hydroxy-Cal-stero1ds used in this work are hsted

‘in Table L.

Ascending one-dimensional thm-la.yer chromatography on Silica Gel G (Merck-
A.G., Darmstadt, Germany) was used according to the experimental conditions
previously described® ? in rectangular tanks (21 X 21 X 9 cm, Desaga, Heidelberg,

J. Chromaltog., 39 (19609) 173-181



“e(1:62 D2 ﬁo«?o.&cﬁw& 1A wagshe ,u,..._u.:% m.nm.mw S5m0t

y3oq Jo uoyeredss pue ‘(13em—jouryjow u1) spupAyoioq wmissezod Y3 suo-0z-us-S-uord-Lxo1pAyrp-x91°gE Jo uorompa: oy Aq paureyqQ (b) uon
-eredos snowaxd jnoyjm paydeiSojewonyd a19m SIOWOSI A3 : (U) Ul PAGLIISIP S ‘3U0-02-ud-C-uSard-AxorpAyIp-12°gE Jo uononpal sy Aq poureyqq (d)

m " (w) ur paquIosap se ‘ou0-0z-ud-S-usard-Axo1pAyip-»L1°'ge Jo uononpal oy 4q paureiqQ (o) *(J wesAs) AydesSojewonyd 1efej-uryy Swsn sxowost gioq
& 3o uoneredess Aq pamojjoy ‘weinjoipAyesso} Ul SPUPAY WNUNIRE WINIY3N YIIM dU0-0Z-ud-S-uSord-Axo1pAyip-xS1°ge Jo uoronpas og3 4q paureiqQ (u)
m V'S’ ‘10X MON ‘26 Surysnpg *-ouj spioje1als (ur) “soueisqng 90UsI0J0Y PI0IAS 'd°S 1) (1) “eryeac]soydsz) ‘anSexg ‘vyavig 7 "3 () Auewzsy) ‘auog
‘@nzivng 9 3q () WSS ‘mossopy ‘Nvooy] T "3 (1) ‘puejSug ‘uopuo ‘AXATH “A\ J01d (y) “Aueunas, ‘uipag ‘Nnvivinaf ‘¥ Joig (S) “enyeaoys
/ -oyoaz) ‘enfexg ‘vusof “f “aq (5) "V'SQ ‘AI0x MaN ‘viumsaNng " I (8) “eleNSHY ‘X0) T Y 3( JO A593IN00 AQ ‘ORIS] ‘WATESNIB[ ‘NITLSTANNI]
O (p) spuepayIaN oYL ‘dseap ‘NINAG 3a 'Y "0 "I (9) "V'S'] “I0AR [1ead ‘NIFISNUAG 'S I (q) WSS (] ‘MOISOJ ‘WANHNY Y "V “I(] (®) :s901m05
39j01A-0N[q P ed-J0-wozBL1gi1'ge j03303-%0¢ %L1 ‘g1 1°gE-0us-S-usarg
an|q d ed-10-12°goz’gE jouy-1z'goz gE-aua-S-uSaxy
anjq d ed-10-15002"g¢E jou}-12 20z ‘gE-oua-C-udaxg
u518-9a1]0 3 ed-10-goc g1 ge [o1-gfoz g1 ge-ouo-S-usaig
u3215-835 03 3njq o ed-10-oz ol1'gE jo1n3-goz'nL1'gE-oua-C-udarg
u3318-835 03 anjq .0 ed-10-x02 RL1'GE jorn3-voz 'L 1'gE-aua-C-uSarg
suuPwRN[N b ed-10-Joz'm91'gE [o13-goz 91°gE-ous-S-usaxg
suLrewrenjn b ed-10-%0Z‘ 091 g€ jo-00z 091 ‘gE-ous-C-usarg
suLrewexyn sped 3 ed-10-fJoz r91°2E jo1-Joz 291 PE-aua-S-udar gy
suLreurenyjn ofed ) «d-10-%0Z°X91'xE [OL13-%0Z %91 ‘XE-0u9-S-ufarg
anjq-39[01A 03 de[i] YSIppax ( ed-10-Joz nC ‘g [ou3-goz nS1°gE-ous-S-usarg
anjq-30[01a 03 OEJI] YSIppox u ed-10-®0z BS1°gE jou}-20T XS 1°gE-oua-S-ugaig
anjq q ed-10-goz'gE jo1p-goz'gE-oua-S-uSarg
an[q q ed-10-%02°gE T01p-%0z ‘gJ€-ous-S-usargy
anjq-£a18 q od-10-g¢ 10-g€-ua-C-uSarg
aofpph 1 ouo-0z'L-cq-jo-011'gE suoip-0z‘L-ous-C-udsrd-Axoxphyyg-w11°ge
o] 03 J[01A Ofed { 9U0-0Z‘C1-oJ-10-g¢ auoIp-0z‘€1-3u3-C-uFo1d-AxoIpAy-g€
anjq-4s18 03 39[0IA-oN]q w "OY-12°3U0-0Z-¢J-]0-12'0L1°gE 9723908-12'3U0-02-ud-C-uds1d-AxoIpAquy-1zwL1'ge .
anjg-£218 03 3o1014-0n]q 1 8U0-0Z-¢J-[0-12°0L1'gE au0-0c-us-S-uSoxd-AxoxpAyu -1z wL1°gE
UAI01q J9]0IA 03 39[0IA YSINq ® *3Y-%91‘QUC-02-pJ-10-0L1 ‘D91 °gE 9J8)90e-291 ‘0u0-0z-Ud-S-usard-Axo1pAqu I -»L1 091 ‘g€
uM01(-39J01A 0} J9J01A USIN[Q B AU0-02-J-]0-0L1'091'HE 3u0-0z-uo-S-udaxd-AxorpAyir -vL1091°gE
Aa13-0a110 p oU0-0z-¢J-J0-0L1'g11'gE ouo-oz-ud-C-udoxd-AxoxpAyuy-»L1'gix‘ge
aaljo P 9U0-11-¢J-[0-00z 0L1'gE. a10-11-u3-S-uSoxd-AxoipAyLry-voz vL1°ge
anyq o3 39[01a-4218 y 3U0-0Z-J-[0-12°G€ 5u0-0z-ud-S-udoxd-Axo1pAyi-12-§£
UAOIG-IAI[O 0 DAI[O 8 aU0-0zZ-¢J-J0-0L1'gE 9u0-0z-ua-S-uSoid-AxoipAyig-»L1°gE
anjq o3 9[01a-4218 w 3U0-0Z-¢J-10-091°gE au0-0z-ud-S-usoxd-AxoxpAyi-»o1°gE
3901 03 USRI Ysinjq [ BU0-0Z-¢J-]0-¥E1°YE : 2u0-0z-ud-S-uSoxd-AxoipAyiq-»S1°gE
U3RIF-9A1J0 ¥y "0V ‘9U0-0Z-J-10-0LGE a3e300uIp-xLgE ‘auo-0z-us-S-udard-AxospAyq-»Lge
u2215-9A1j0 i 3U0-02-¢J-[0-PL'(fE au0-0z-ua-S-usoxd-AxorpAyiq-»L gt
39[01A-£318 ] 9U0-0Z-gp *¢J-]0-F€ 9u0-0z-ud1p-91'S-euSord-Axo1pAH-gt
LIERME] q 2U0-0Z-,3-10-§€ suo-oz-us-C-uSoxd-Axo1pLyy-g€
N 1019094 AN0J07) $3940G SuowINIAQq Y sauson 55:&&%
" NOILYDIISIAN] SIHL KNI dIYAAISNOD SAI0WALS

ANO-ALYIHY FHI NOYd INFOVHY AIOV JNUNHAINS-TAAHIATVSINY FHI HLIM AIIOTIATA SHNOTOD ANV STIUNO0S ‘SNOILVIATUEAY ‘SANVN JILVINALSAS

197149V],

J+ Chvomatog., 39 (1960) 173~181



ASCENDING TLC oF 45-3-HYDROXYSTEROIDS 175

Germany), using 20 X 20 cm glass plates; the 250 u thick layers were prepared by use
of the apparatus 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. : :

FFor the detection of the steroids, the following reactions were employed (a)
as a general reaction, a 1 9% solution of anisaldehyde in acetic acid-sulphuric acid
(2:98); (b) for ketonic steroids, Gornall-McDonald reagent (0.1 % 2,4-dinitrophenyl-
hydrazine in a 10 9, ethanolic solution of hydrochloric acid) ; (c) for x7e,21-dihydroxy-
20-ketonic steroids, Porter and Silber-reagent (phenylhydrazine solution in ethanolic
sulphuric acid). A detailed description of these reactions was given previously!!. The
colours produced by the anisaldehyde reaction with the 48-3-hydroxy-C,,-steroids in-
vestigated here are listed in Table I. As in previous studies’-19, the following solvent
systems were employed: (I) cyclohexane—ethyl acetate—ethanol (45:45:10), (I1I) ethyl
acetate-n-hexane-glacial acetic acid—ethanol (72:13.5:19:4.5), (I1I) benzene—ethanol
(40:10), (IV) benzene—ethanol (go:10), (V) chloroform—ethanol (go:x10), (VI) chloroform-
ethanol(g5:35), (VII)ethylacetate~cyclohexane (50:50), (VIII) ethylacetate-n-hexane—

‘glacial acetic acid (75:20:5), (IX) #-butanol—feré.-butanol-water (x:x:1) (upper phase).

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 100 ml of a 10%
aqueous solution of boric acid; the plates were dried at room temperature overnight
and heated for 30 min at 100° before use. (b) Isonicotinic acid hydrazone formation
by elatography® 12, Using a capillary pipette, a 1.5 cm wide band on the starting
line was treated with a 0.5 % solution of isonicotinic acid hydrazine in a 10 9, 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,

RESULTS AND DISCUSSION

Tables IT and I1I summarize the Rp and Rs (S == pregnenolone) values formed -
for the 45-3-hydroxy-C,,-steroids investigated in this work in eight solvent systems.

By comparing the Ry values obtained in these systems for monosubstituted
pregnolone derivatives, the following order of mobility was observed: 17e-0l > 21- 01
> 160-0l > 150-01 > 7&~0l. :

In all the solvent systems the order of pola.rlty for 20-epimeric steroids not
substituted at C-16 was 20ct-ol > 208-ol. However, for 16a-hydroxylated steroids, in
both 3a- and 38-hydroxy-A°-pregnene series, the zox-epimer moves faster than the
corresponding zof-epimer. The behaviour of these steroids on silica gel layers con-
firms the observation of HIRSCHMANN e¢ a.13:14 concerning the mobilities of pregnane-
3,I6:,20-triol isomers - on paper chromatography. As these authors have pointed out,
on 20x,16x-dihydroxysteroids, the formation of intramolecular hydrogen bonding
could be expected and consequently a stero1d with this structure moves faster than
the corresponding 20/3,16a-epimer :

The solvent systems presented here are sulta.ble for the separatlon of A°-
pregnene-3,I6a,20-triols from their isomeric 4%-pregnane-3,17«,20-triols. ‘As a rule,

J. Chromatog., 3¢ (1969) 173—187



176 B. P. LISBOA

TABLE I1

Rp AND Rg VALUES (S == 2I-HYDROXV-PREGNENOLONE) AND THEIR STANDARD DEVIATIONS (SD) OBTAINED.
FOR THIRTY 3-HYDROXY-AS-PREGNANE STEROIDS IN SOLVENT SYSTEMS I, II, III AND IV, WITH ASCENDIN

ONE-DIMENSIONAL THIN-LAYER CHROMATOGRAPHY ON Sirica GEL G (Mr.ncx AG, DARMSTADT),

S
(n is the number of experiments, and S.D. indicates the standard deviation of a single experiment. For the?

chromatographic conditions, see MATERIAL AND METHODS

Steroids Solvent systems
I , II

n i RF S.D. Rs S.D, n RF S.D,
3f-ol-Pb-z0-one 10 0.54 0.02 1.13 0.c6 I4 0.72 ' 0.03
3f3-0l-16:16-20-0ne 12 0.53 0.04 I.I2 0.07 16 0.71 0.03
3B,7%-0l-P3-20-0ne II 0.26 0.02 0.58 0.05 9 0.44 0.03
3,1 50-0l-Pi-z20-0ne 10 0.37 0.04 0.77 0.06 8 0.5I =~ 0.02
3f3 16¢-0l-FPb-20-0ne 8 ©.35 0.04 0.74 0.06 20 0.52 0.03
36, 17a-0l-Pb-20-one 16 0.51 0.03 1.06 0.05 15 0.70 0.04
3f,21-0l-P5-20-0ne 50 0,48 0.03 45 0.63 0.04
. 3B, 170,200-01-PS-11-0n¢€ 5 .44 0.04 0.96 0.06 5 0.66 0.04
38,118, 17¢¢-01-Fb-20-0ne 5 0.34 0.03 0.74 0.05 6 0.51 0.03
3B, 16¢, 170.~01-P5-20-0one 7 0.35 0.02 0.74 0.05 8 0.52 0.03
3B,16¢,170¢-01-P5-20-0ne, 160-Ac 5 0.45 0.02 1.00 0.05 6 0.70 0.03
3B,17¢¢,21-0l-P5-20-0ne 23 .35 0.03 0.75 0.06 I0 0.61 0.03
3B.17¢,21-0l-PB-20-0ne, 21-Ac 5 0.50 0.02 I.IX 0.05 I4 0.72 0,03
3f-0l-P5-15,20-0ne 9 0.44 0.04 0.92 0.06 8 0.60 0.03
3/, 11x-01-Fb-7,20-0ne 6 0.20 0.02 0.42 0.04 6 0.30 0.03
35-ol-P5 12 0.64 0.02 1.34 0.09 10 0.79 0.03
3B,200-01-P* 8 .50 0.03 1.05 0.08 13 0.66 0.04
3p,20p8-0l-Fb 10 0.53 0.03 1.11 0.08 14 0.69 0.04
3P, 150, 200c-01-FPF o o.19 0.03 0.42 0.05 8 0.35 0.02
3f,150,20p3-01-18 o 0.30 0.04 0.63 0.04 8 0.48 0.02
3¢, 160, 200c-01-178 o 0.30 0.03 0.63 0.04 8 0.42 0.03
3¢, 16¢,203-01-178 10 o.27 0,02 0.56 0.04 Ve 0.41 0.03
3, 160, 200c-01-1% 6 0.30 0.02 0.66 0.05 6 0.46 0.03
35,16e,203-01-176 6 0.25 o.o1 0.55 0.04 6 0.44 0.03
38,170, 206-01-178 s 0.38 0.04 0.84 0.06 9 0.57 0.02
3P, 170, 203-01-P0 8 0.41 0.04 0.86 0.06 15 0.061 0.03
3p.18,208-0l-P5 I4 0.41 0.04 0.91 0.05 8 0.58 0.04
3B.20¢,21-0l-P8 8 0,26 0.03 0.58 0.04 6 0.46 0.02
3f,208,21-0|-F" 8 0.29 0.03 0.65 0.04 6 0.48 0.03
38,113, 1706¢,20¢-01- P8 5 0.29 0.03 0.63 0.05 5 0.51 0.03

the 16a-pregnene triols are more polar on silica gel layers than their r7«-isomers,
as was similarly observed on paper chromatography by FUKUSHIMA ef @l.18

Steroids presenting epimerism at C-3 in the 45-3-hydroxypregnane series are
resolved in systems of chloroform-ethanol or ethyl acetate—cyclohexane type. In
systems of chloroform—ethanol type the C,,-steroid with a 3oc-hydro‘<y-A5-structure
moves slower than their 38-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 C,,-series, as 3« and 35-
hydroxy-androst-5-en-17-one’,

By comparing the results presented in this work w1th 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 58P-3e-0l/45P-3(-

J: Chvomatog., 39 (1969) r73—181



ASCENDING TLC oOF 45-3-HYDROXYSTEROIDS 77

1rr Iv
Rg S.D. n Rp S.D. Rg S.D. n Rp S.D. Rs S.D.
£.20 0.07 14 0.56 0.04 I.12 0.06 15 0.42 0.03 I.27 0.07
L.I6 0.07 13 0.55 0.03 I.12 0,08 T2 0.42 0.03 1.25 0,08
271 0.03 8 0.41 0.02 0.76 0,02 6 0.22 0.03 0.64 0.05
3,81 0,03 8 0.46 004 . 0.88 0,06 - 6 0.23 0.02 0.64 = 0,04
2.82 0.06 15 0.47 0.04 0.91 0.04 I2 0.26 0.02 0.75 . 0.03
.12 0.06 20 0.53 0.04 1.02 0,05 20 0.35 0.03 0.98 0.05
45 0.52 0.04 45 0.36 0.04

I.01 0.06 5 0.46 0.03 0.87 0.04 5 0.3I 0.02 0.82 0.03
2.79 0.04 6 0.40 0,03 0.76 0,03 5 0.23 0.02 0.61 0.03
0.87 0.04 8 0.25 0.03 0.73 0.03
.17 0.06 8 0.33 0.02 0.93 0.05
0.08 . 0,04 8 0.43 0.03 0.82 0.03 10 0.25 0.03 0.70 0,03
1.18 0,07 10 0.55 0.03 1.07 0.05 »

0.95 0.04 8 0.54 0.03 1.04 0,04 8 .40 0,02 I.IT 0.04
D.53 0,03 8 0.14 0.02 0.39 0.03
1.26 0.06 13 0.65 0.03 1.25 0.08 6 0.50 0.02 I.40 0.11
1,06 0.07 12 0.49 ‘0,05 '0.95 0,04 10 . 0.33 0.03 0.05 0.04
I.10 0.06 12 0.50 0.04 1.01 0.05 10 0.34 0.03 1.00 0,05
0.55 0.02 8 0.32 0.02 0.62 . 0,03 8 .10 0.01 0.28 0,02
0.76 0.03 8 0.38 0.02 0.73 0,03 s 0.17 o.01 0.45 0.03 "
0.69 0.03 6 0.42 0,02 0.81 0.02 6 0.19 0,03 0.54 0.04
0.65 0.04 7 0.38 0.01 0.73 0.02 6 0.16 0.03 0.44 0.03
0.75 0.04 8 0.43 0,02 0.83 0.02 6 0.22 0.01I 0.60 - 0.03
0.71 0.04 8 0.36 0.02 0.69 0.04 6 o.14 0.02 0.39 0.02
0.94 0.04 6 0.44 0,02 0.85 0.04 8 0.23 0.02 0.63 0.03
1.00 0.07 10 0.47 0.04 0.9T 0,04 12 0.30 0,02 0.82 0.03
0.98 0.06 Vi 0.44 0.04 0.85 0.05 8 0.22 0.03 0.63 0.04
0.73 0,02 6 0.36 0,01 0.70 0.02 6 o.15 0.01 O.44 0.03
0.79 0.05 6 0,40 o.01 0.77 0.03 6 0.18 0,02 0.49 0.05
0.78 0.04 5 0.36 0.01 0.68 0.02 5 0.19 0.02 0.50 0.03

ol and 58P-38-01/45P-383-0l structure. However, as in the C,4-series’, no resolution
was achieved for steroid pairs having the structure 5¢P-38-01/45-38-0l. 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 A8%-3-hydroxy group form
much more polar 5,6a- (and 5,68-) oxido-derivatives, but the saturated steroid
remains unchanged. This reaction has been employed .for C,y-steroids with a 45-38-
ol (ref. 16) and A5-3x-ol (ref. 17) structure as well as for 45-38-hydroxy-C;,-sterols!®,

Unfortunately, several ‘‘critical pairs’’ of 48-3-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 IT and I1I and those pubhshed

J. Chvomatog., 39 (1969) 173-181



178 : ‘B. P, LISBOA

TABLE III

Rp AND Rg VALUES (S = 21-HYDROXY-PREGNENOLONE) AND THEIR STANDARD DEVIATIONS (S.D.)OBTAINEL
FOR THIRTY-ONE 3~-HYDROXY-AS-PREGNANE STEROIDS IN SOLVENT SYSTEMsS V, VI, VII AxD VIII, wiTH
ASCENDING ONE-DIMENSIONAL THIN-LAYER CHROMATOGRAPHY ON SILICA GEL G .

For further particulars, see legend to Table IIL. o
Steroids - Solvent systens
14 VI
n Rp S.D, Rg S\.D. 7 Rp S.D.

3f-ol-Pb-20-0ne Iz 0.58 0.03 1.20 0.06 10 0.48 0.08
3p-0l-P%:1%-20-0ne 19 0.57 0.03 1.17 0.05 16 0.49 0.04
3B,7«-0l-P%-20-one 14 0.31 0.02 0.61 0.04 12 .12 0.01
3f,7a-0l-Pb-z20-0ne, diAc 6 0.75 0,03 1.54 0.07 v
38,1 5%-0l-Pbf-20-one 8 0.38 0.03 0.78 0.06 I0 0.17 0.0z
35,160-0l-Pi-20-0ne 12 0.41 0.03 0.80 0.03 I0 0.21 0.02
3B-17¢-0l-P5-20-one 24 0.50 o0.08 1,06 0.05 19 0.33 0.03
3$,21-01-P5-20-0ne 55 0.52 0.04 52 0.36 0.03
36, 17¢-20¢-01-P5-11-0n€ 5 0.37 0.03 0.66 0.05 5 0.13 0.0L ..
38,118, 170-01-P5-20-0ne 5 0.31 0.03 0.55 0.05 5 o.II 0.01 -
38,16%,17x-01-PbB-20-0ne 6 0.47 0.02 0.89 0.04 6 0.26 0.02
36,168, 17B-01-P5-20-0ne, 166Ac 6 0.60 0.03 I1.T3 0.05 6 0.42 0.02
36,17¢,21-0l-Pb-z0-one I4 0.34 0.03 0.68 0.04 10 0.I7 0.02
3f,17¢,21-0l-P8-20-0ne, 21-Ac 12 0.51 0.03 1.04 0.05
3%-0l-P8.-15,20-0ne 8 0.51 0.02 1.07 0.04 10 0.37 0.02
3p8,118-0l- P5-7,2o-one 6 0.19 0.02 0.36 0.03 7 0.05 0.01

3p-0l-P8 12 0.61 0.03 1.25 0.06 10 0.50 0.03
3B,20%-01-P5 12 0.48 0.03 0.05 0.04 10 0.33 0.03 -
36,204-01-P5 13 0.50 0.04 1,04 0.05 10 0.36 0.03
3B,15a,20¢-01-P? 8 o.15 0.01 0.29 0.02 8 0.06 0.01
38,1 50,208-01-Pb 8 0.28 0.03 0.54 0.05 8 o.r2 0.01
34,160, 200-01-P5 8 0.32 0,01 0.61 0.02 7 o.I1 0.01
34,162,208-01-Pb 8 o.22 0.01 0.41 0.04 7 0.08 0.0I
38,16x,20x-01-P5 6 0.38 0.02 0.74 0.05 5 0.I5 0.01
30,16x,208-01-P5 6 0.26 0.01 0.52 0.06 5 o.10 0.01
38.17a,20¢-01-P5 10 "~ 0.36 0.04 0.72 0.05 8 0.T4 0.02
3B.,174,208-01-P% 16 0.40 0.04 0.78 0.05 20 0.22 0.03
3f,18,208-01-Pb 4 0.36 0.02 0.69 0.04 II o.18 0.02 .
3p.200,21-01-P8 7 0.24 0.02 0.49 0.04 8 0.10 0.01
38,208,21-01-PF 8 0.26 0.03 0.54 0.06 10 o.10 0.02
36,118, 17%,200-0]-P8 5 0.21 0.02 0.37 0.03 5 0.06 0.01

by other authors?? 29, 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 layers®: 19,21 nor on aluminum oxide?!, nor on magnesium silicate layers?® could a
mixture of pregnenolone and 16-dehydropregnenolone be resolved. Identical difficulty
was encountered in the attempted separation of progesterone-16-dehydroprogesterone
on aluminum oxide?! and in silica gel layers?2, as well as 16- dehydro-—x6 d.1hydro-C19
steroids on untreated silica gel layers?S, 24,

‘Likewise, as indicated for the pair progesterone-x6-dehydroprogesterones, the
steroids pregnenolone and 16-dehydropregnenolone also can be separated after
elatographic treatment with isonicotinic acid hydrazine in diluted acetic acid. In
“contrast to «,f-unsaturated and isolated ketones, which react immediately or in a few
minutes with the formation of isonicotinic acid hydrazones, the 418-20-ketonic function
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vIir VIirl
Rg S.D. n Rp S.D, Rs S.D. n Rrp S.D. Lg S.D.
1.30 0.06 I 0.37 0.03 1.88 o.10
I.31 0.07 10 0.37 0.03 1.82 0.15
0.34 0.04 6 0.24 0.02 0.47 0.05
7 0.47 0.02 2.43 0.15 3 0.71 0.03 1.56 0.08
0.5I 0.06 8 0.08 0.01 0.43 0.04 6 0.36 0.02 0.70 0.03
0.59 0.04 10 0.09 0,01 0.45 0.04 5 0.38 0.02 0.83 0.03
0.96 0,04 14 0.28 0.03 I1.40 0.09 6 0.58 . o0.03 1.22 - 0,03
3o 0o.19 0.02 18 048  o©0.03
0.37 0,03 5 0.13 0.01 0.62 0.05 5 0.49 @ 0.03 0.92 0,05
0.31 0.03 5 0.07 0.01I 0.33 0.03 5 0.33 0.02 0.62 0.03
0.74 0.04 5 0.12 0.01 o.54 0.04 6 0.44 ©0.02 0.90 0,04
I.10 0.04 5 0.23 0.02 I.05 0.06 6 0.53 0,03 - x.06 0,06
0.46 0.04 17 0.14 0.02 0.72 0.05
25 0.53 0.03 2.80 0.18
1.09 0.05 6 0.16 0.02 0.8z 0.06 6 0.46 0.03 0.96 0,03
0,X2 0,01
1.38 0.07 e 0.51I 0.03 2.48 O.II
0.89 0.03 8 0.27 0.02 1.30 o.I10
0.98 0.03 8 0.31 0.03 1.51 0.09 :
0.13 0.02 - 0.02 0.004 0.I5 0.02 v o.15 0.01 0.31 0.02
0.32 0.03 7 0.06 0.01 0.30 0.04 7 0.29 0.02 0,62 0,02
lo.30 0.0X 8 0.02 0.007 0.II 0,02 7 0.26 0.03 0.52 0.05
; 0.15 0.01 8 0.02 0.008 0.10 0.01 9 0.19 0.02 0.38 0.03
0.43 0.03 6 0.14 0.01 0.74 0.05 6 0.27 0.02 o.55 0.04
[0.22 0.02 6 0.08 0.01 0.42 0.04 6 0.24 0.02 0.51 0.04
|0.42 0.05 7 0.IX 0.01 0.60 0.06 7 . 0,40 0.02 o.85 0.04
'0.61 0.03 7 0.16 0.01 0.87 0.06 v 0.43 0.03 0.98 0.04
1 0.44 0.03 8 0.1Y 0,01 0.51 0.05
0.28 0.03 6 0.05 0.01T, 0.26 0.04 5 0.28 0.02 o.60 0.03
0.29 0.03 6 oLy 0,01 = 0.35 0.05 5 0.31 0.02 0.56 0.03
.17 0.0X 5 0.05 0.01 0.24 0.03 5 0.31 0.02 0.58 0.03
reacts very slowly. Fig. 1 shows the elatograms of progesterone, 16-dehydroprogester-
one, pregnenolone and 16-dehydropregnenolone, developed with solvent system IX.
It can be seen that under the experimental conditions employed for the reaction,
pregnenolone forms a 2o-hydrazone, whereas 16-dehydropregnenolone remains
unchanged. Under the same conditions, r6-dehydroprogesterone gives a 3-mono-
hydrazone, whereas progesterone and 6-dehydroprogesterone show the formation of
a 3 and/or 20-monohydrazone(s) and a 3,20-diisonicotinic acid hydrazone.
On boric acid-impregnated silica gel layers some pregnanetriols move faster
. than on untreated silica gel layers?S. Because glycols having a 17«,208-structure form
B weal polar complexes with boric acid, a better separation is'obtained for the epimeric

AS-pregnane-34,174,206-/3f3,17a,200-triols on such layers. |
At the same time, although only the 208-epimer is able to form the less polar
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cycloborates?, even the steroids with a 17¢,20a group migrate faster on boric acid—
silica gel than on silica gel layers. Therefore, this method also allows a better separa-
tion between 17«,20-glycol-steroids and those steroids whose migration using solvent
systems I, IV, VI and VII is not changed on boric acid-silica gel layers, such as 45-
pregnane-3£3,15a,2083-triol, 45-pregnane-3«,160,2003-triol and A5-pregnane-34,16«,2043-

--------------------------------------------------------------------------

8@
8@

- . P
. . P
e R R R R R R L L LT TR T TR P e L
’
.

.
MR R R R R R R R L T r Ty ey g

TFig. 1. Llatography of progesterone (1), 16-dehydroprogesterone (2), 6-dehydroprogesterone (3),
pregnenolone (4) and 16-dehydropregnenclone (5) on isonicotinic acid hydrazine treated silica gel
layers. In contrast to progesterone and 6-dehydroprogesterone, r6-dehydroprogesterone gives only
a 3-monohydrazone derivative. Pregnenolone, but not 16-dehydropregnenolone forms isonicotinic
acid hydrazone, For the experimental conditions see text. Shadow spots: monohydrazone (hor-
izontally ruled), dihydrazone (vertically ruled). Mobility of isonicotinic acid hydrazine: 5.8 ¢cm
{front: 15 cm).

TABLE IV
CHROMATOGRAPHIC MOBILITIES ([2p X I00 VALUES) OBTAINED FOR A%-PREGNENETRIOLS WITH
ASCENDING ONE-DIMENSIONAL THIN-LAYER CHROMATOGRAPHY ON SILICA GEL-BORIC ACID LAYVERS

Each value is the mean value obtained from three chromatograms. For the experimental conditions
and solvent systems, sec¢ MATERIALS AND METHODS,

Steroids Solvent systems
4 Ir IV - VI viIir VvIIiI

3B,15x,2008-01-P8 33 49 ' 14 15 4 28
3a,16e,20f3-0l-P8 30 . 17 12 6 16
38,160, 200-01-FPb 40 31 28 15 29
3B,16¢,208-01-% - 28 15 ‘ 15 Iz 22
3f,17¢,20¢-01-P8 : 51 58 45 50 29 44
3B,17¢,2083-01-P8 . 56 62 46 51 35 . 46
3f.20x,21-01.P5n . 43 36 16 35

38,20f,21-0l-15 47 j 40 | ' 18 37

«'& Obtained by courtesy of Prof. E. DICZFALUSY,

J+ Chvomatog., 30 (1969) 173181



ASCENDING TLC OF A45-3-HYDROXYSTEROIDS 18T
triol (Table IV). It is of interest to note that contrary to A%-pregnene-33, I6oc,2oﬂ triol,
its 200-epimer forms a borate-complex and a good separa.tlon between both isomers
can be achieved on boric acid-treated layers. :

Only a partial separation could be achieved between A“—pregnene—sﬁ 200~ and
36,208-diols. A complete resolution of these isomers can be accomplished by specific
oxidation of the 2o8-hydroxyl group with 20p-hydroxysteroid oxidoreductase?’. The
enzymatic-formed pregnenolone separates easily from the unchanged 20«-epimer.
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