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APPLICATION OF THIN-LAYER CHROMATOGRAPHY TO 

THE STEROIDS OF THE ANDROS’~‘ANE SERIES 

B. I?. LISBOA 

TJcc Hormone Labovato~y. Department of Wontcn’s Diseases, 
KavoZinsJca SjukJiusef, Stocl~J~olr,c (Swedb-n) 

(Received June 7tl1, 1963) 

Thin-layer chromatography utilizing Silica gel G with a binder has been successfully 
employed for the separation of several classes of steroids, e.g. etianic acids3, oestro- 
gen@, d*-3-0x0-C,,- steroids18 and I g-norsteroidsl2. 

For a number of steroids of the androstane series, thin-layer chromatography 
has been applied without a binder using aluminaa, or with a binder using silica gel- 
starch27, silica gel G11~23 or alumina Gz3. 

The variation in techniques employed and the small number of steroids studied, 
does not permit extensive application of these results, e.g. for&&-function calculation. 

Our esperience has been with more th,an 50 steroids of the androstane series, and 
this paper describes the application of nine solvent systems to twenty-nine steroids 
of this series, nearly all of them saturated, and the calculation of the function &?&I~ 
for any hydroxyl and ketogroup. Forthcoming communications will cover the a4-3- 
oso- and d”-3-hydroxy-steroids of this series. 

Reagents 
MATERIALS 

All reagents used were of analytical grade, and the solvents were redistilled through, 
fractionating columns before use. Sulphuric acid (batch No. 731) glacial acetic acid 
(batch No. 60), acetic anhydricle (batch 42) and m-dinitrobenzene (batch No. 3114) 

were obtained from Merck A.G., Darmstadt. Anisaldehyde(+methoxybenzaldehyde) 
(S 52og), chromic acid anhydride (A 2zg), bismuth subnitrate (A 1S78) and osmium 
tetroside (3616) were from Kebo A.B., Stockholm. Pyridine was purchased from the 
Gas Works of Stockholn, potassium iodide (batch No. 3162) from Baker Chemical Co., 
Philipsburg, U.S.A. and potassium hydroxide from E.K.A. (Elektrokemiske A.B., 
Bohus) , Sweden. 

Steroids 

The sources of the steroids used in this investigation are given in Table I. In addition 
to their systematic names, trivial names are given, whenever indicated. The abbrevia- 
tions ol and ooze are used to designate one or more hydroxyl- and oso-groups, respec- 
tively. 

General methods 
METHODS AND RESULTS 

The method used in this investigation has been described in a previous paperlO. 
In this series of experiments, one-dimensional chromatograms were run on Silica 
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TLC OR STEROIDS OF THE ANDROSTANE SERIES 393 

gel G (Merck A.G., Darm.stad, batches No. 132307 and No. 62631). The plates were 
prepared, using the apparatus for thin-layer chromatography described by STAWL~~, 
from a mixture obtained by homogenizing the Silica gel for 4-5 min with So ml of 
&tilled water; 45 g of batch No. 132307 or 30 g of batch No. 62631 were used. The 
plates were dried in a stream of hot air followed by heating for 30 min at IOO--105’. 

Every chromatogram was run in completely saturated tanks. By totally covering 
three of the walls and the fourth wall partially with a double layer of thick filter 
paper soaked in solvent, complete saturation was obtained. The chambers must be 
equilibrated for at least 4 h prior to each chromatogram. Reproducible XI~. values 
could only be obtained by maintaining complete saturation of the chambers in this 
manner. Under these experimental conditions, comparable R$ values were obtained 
for chromatoplates kept in desiccators, over anhydrous silica gel (Blaugel, Silica Gel 
Ges. I-Iamburg, Germany), or exposed to the air for over 24 h. 

During the introduction of the chromatoplate into the chamber great care must 
be taken. The plate is introduced into the chamber with the silica gel facing the 
whol.ly covered walls by raising, just as much as is necessary, that part of the cover 
of the chamber above the partially covered wall. 

In spite of all these precautions, the upper layers of the chamber become un- 
saturated and this cannot be overcome during the short period of development. 
To avoid the influence of this unsaturation on the RF values of extremely weakly 
polar steroids, the run should be terminated when the solvent front is 15 cm from the 
starting line. However, the calculated d RM~ and AR Mr values with an Rp over 0.75 
are only approximations because of this effect. 1-25 ,ug of samples was dissolved in 
5-15 ~1 of ethanol or methanol-chloroform (I :I) mixture using a 0.01 Blaubrand 
pipette (Colodur, Hamburg, Germany). The origin was 2.5-3 cm from the’lower edge 
of the plate and at least 2 cm from the lateral border, to prevent variation in RF 
values due to capillary action. The.edges of the silica gel on the plate were marked in 
each case. 

Detection of the steroids 

For detection of the spots, the following reactions were used: 
(a) A?7.isal~e~tyde-szt~~~~~~.~Y~c acid renction Dv21. The plates were sprayed with a I o/0 

(v/v) solution of ,anisaldehyde in a 2 O& (v/v) solution of concentrated sulphuric acid 
in glacial acetic acid. After spraying, the chromatoplates were heated to 95-100~ 
for 12-15 min. 

The colours developed are recorded in Table I. 
(6) The Zimmrmann reaction 32. This reaction for methylene groups, activated 

by an oxo-group in ovtlzo position, was used for the detection of 17- ,and 3-oso-steroids. 
After being sprayed with a freshly prepared mixture of equal parts of a 2 y. ethanolic 
solution of q+dinitrobenzene and 1.25 N ethanolic potassium hydroside, the plates 
were esposed to a stream of hot air. 3-Ososteroids appear immediately as blue spots 
while 17-oso-steroids with an unsubstituted 16 position give the classical violet 
colour after 3 to 6 min. 

(c) Dvnge&ovff’s reagent. This was suggested by PELCOVA~” for steroids, es- 
pecially a&unsaturated ketosteroids. It was prepared in the following modified 
manner: IO ml of 0.3 O/~ bismuth subnitrate solution in 50 o/o (v/v) sulphuric acid was 
added with constant agitation to 30 ml 01 IO Y. I<1 in 70% (v/v) ethanol. This 
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a hydrogen atom in the molecule by this radical. ~XM~ = ,4X&l, - ~X~~z and is the 
ARM resulting from the substitution of one radical for another, e.g., by mecans of 

:: the reduction of an 0x0 group. The AR &I of a steroid in two solvent systems is called 
ARMY. The R&J concept is being employed. here in adsorption systems although its 
general validity is usually only recognised for partition systems. 

(b) CIzromatogru~lzic resz&s. The chromatographic results of the application of 
ten systems to twenty-nine steroids of the androstane series are summarised in 
Tables II to XI. It can be seen from these Tables that the separation of isomers 
which differ in the 5a-(=androstane) and s/3-(etiocholane or testane) configuration, 
without substitution in ring A, is difficult and occasionally impossible. Androstan-rx- 
one and etiocholan-II-one could not be separated in any of the systems, while the 
separation of anckostanedione and etiochokvledione could only be achieved in 
systems I<, L, N, M cand 0. (Texl cmrti~uccd ou p. .pr ) 

.,.. 

TAl3LE II 

RIP, Rs (s = TESTOSTERONE) AN13 FUNCTION h? ,,, OF TWENTY FIVE STEROIDS OF THE ANDROSTANE SERIES 

IN SOLVENT SYSTEM A . THIN LAYER CHRO&lATOGRAPI-IY CARRIED OUT UNDER COMPLETE SATURATION ON 

SILICA GEL G (&IIsTICIS A.G., DARJISTADT, 13ATCI.I NO. 132307) 
-- 

Stcroitl II*‘* 1<p S.D. F.L. KM KS S.D. F.L. 

ja A 17 one 
A2 5a A 7,I7 one 
17pol5a.A 
5/3 A 3.17 one 
ja A 3,17 one 
A1 jo( A 3,17 one 
38015pA “7onc 
I7P 01 _jo! A 3 one 
I IF 01 _jo( A 3,17 one 
3a 01 jcc A 17 one 
17p 01 5/3 A 3 one 
3~015~~ h 17onc 
jp R 3,r1,17 one 
3a 17Pol5a.A 
3/v r7/3 01 A(’ A 
3a 01 j/? A Y 7 one 
17p 01 ALa R 3 one 
3/3 17/l ol 5cz A 
3/3 I T/3 01 56! A ‘7 one 
3a I7/9015/9h 
3ac 1 rp 015p A. I 7 one 
17p 01 j0Z A 3,7 one 
3e~ 01 5a A 7,r 7 one 
3a 015p .A II,17 one 

3/3 01 56! A 7,17 one 

12 

s 
10 

12 

9 
s 

9 
12 

Y 

IL 

9 

0 

7 

9 
TZ 

II 

69 

30 
g 

‘I 2 
g 
S 
S 
9 
8 

0.75 

0.67 
0.04 
O.G4 
0.63 
O.GI 
o-57 
0.57 
0.57 
0.55 

O.jj 

0.52 
0.52 
o.jo 
0.50 

0.49 
O.‘@ 

O.‘@ 

0.44 
O,‘p1. 

o-43 
0.40 
0.40 
0 3s 
0.33 

0.03 
0.02 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.03 
0.04 
0.04 
0.03 
0.04 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.0.1. 
0.01 
0.02 
O.OA~ 
0.01 

o.GS-o.s2 
0.02-0.72 

0. jS-0.70 

0.5s-0.70 
0.57-o.Gg 
0.56o.GG 
0.5 I-o.G3 
0.52-0.02 
0.49-0.05 
0.47-0.63 
0*47-0.G3 
0.4.G-0.55 
0.43-0.G c 
0.41-0.5 j 
0.43-0.57 
0.41-0.57 
0.42-0.54 
0.41-0.5 j 
0.37-0.53 
0.3s-0.50 

-0,477 
-0.30s 
-0.250 
-0.250 
-0.231 
-0.194 
-0.122 
-0.122 
-0.122 
-0.087 
-0.087 
-0.035 
-0.035 

0,000 
0.000 
0.017 
0.035 
0.035 
O.IOj 
0.105 

0.3G[-0._j2 0.122 

0.37-0.43:: 0.17G 
0.3 j-O..$_j 0. r7G 

o.l,g-0.47 0.213 
0.30-0.3G 0.308 

1.52 0.03 I..+j-I, jg 

1.43 0.0s 1.23-1.63 

1.31 0.04 1.22-1.40 
1.2g o.oG 1.17-1.41 
1.2s 0.07 1.13-1.43 
1.30 O.CS I.IO-I.jO 

I.IG 0.04 I.OS-I.24 

1.10 0.03 I.TO-I.32 

I.15 0.10 o.sz-1.3s 
I.19 0.04 1.11-1.27 
1.12 0.0s o.g3-1.31 

I.OG 0.03 I.OO-1.12 

1.0-t 0.08 o.Q-1.24 
1.02 0.04 0.94-f .I0 
1.00 0.05 o.sg-1.11 

1.06 0.04 o.gs-I.14 

0.99 
o.go 

o.ss 

o.ss 

o.SG 

o.sg 

0.7s 

0.71 

0.03 O.g3-I ,Oj 

0.07 0.73-1.07 

0.04 o.so-0.96 

0.0s 0.70-1.oG 
0.05 0*74-0.95 
o.oG o-70-1-00 
0.07 o.GI-0.95 
0.05 o.js-0,&t 

* System R (cyclohcsanc: ‘I.?, cthylacctatc : 4 j, ctlianol : IO) + 

* * The emplovment of S.D. w:th three digits in the calculation of tllc F. L. results in slightly different F.L. 
in instances of cdcntical Rp values, bnscd on the same number of cspcrimcnts ant1 cshibiting the same S.n. 

*** The number of experiments is 12 : S.1>. indicates the standard deviation of a single estimation and is 
given in the tables to only two significant digits, whcrcas values with three digits wcrc employed in the cal- 

,,,,culation of the fiducial limits (1:. I,.) - fiducial limits of error are those within which 9.5 y0 of individual 
RI.- values arc cspcctecl to fall. These limits have been calculatccl as being on both sides of the mean Rp 
values arc cxpcctcd to fall. These limits have been cakulatcd as king on both sides of the mean RJ~valuC? 

to a distance of t x S.D., whcrc t is the g5 O/” probability for the corresponding degrees of freedom. The 
R.&r value is dcfincd ~LS log ( r/RJsl - I). 
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h!p, & (s = TESTOSTERONE) AND PUNCTION & OF TWENTY-Sy3N STEROIDS 017 THE ANDROSTANE SERIES 

IN SOLVENT SYSTEM C 

gaA17onc 
5aA ix one 
jp A I I one 
178 01 j eC A 
d25ccA 7,17 one 
ga A 3,17 one 
j/3 A 3,17 one 

A1 5a A 3,x7 one 
3/3 ol5p A 17 one 
x7PoljuA3one 
3aol5aA17one 
3@oljaA 17onc 
17pol5B A 3 one 
1rPo1ja R3,17onc 
3a17~015mA 
3/317/5OlWA 
3f3 178 01 da A 
5f? A 3,II,t7 one 
3aol5PA17one 
17P01dJ A 3 one 
3a 17/9015/5A 
3P,Ir/? 01 jcc.~ 17 one 
3ccol5aA7,17onc 
17Pol 56! A 3.7 one 
3x,11/5 01 .jP A I7 one 
3a 01 j/3 A 1r,r7 ens 
3801jGcA 7,17 Ol-le 

J. 2 0.73 
5 0.09 

j 0.69 
0 0.54 
0 0.52 
Y 0.4.6 

12 0.43 
6 0.38 

14 0.3G 
I8 0.35 
21 0.33 
24 0.30 

I4 0.30 

19 0.27 

5 0.2j 
12 0.23 

12 0.25 

8 0 , 2 5 
21 0.24 

54 0.23 
I2 0.17 

S 0.14 
0 0.12 
6 0.12 
S 0.12 

S 0.09 

G 0.06 

0.02 

0.01 

0.02 

0.02 

0.03 
0.02 

0.02 

0.03 
0.03 
0.03 
0.04 
0.03 
0.03 
0.04 
0.02 
0.02 
0.02 
0.03 
0.03 
0.02 
0.01 
0.02 
0.02 

0.02 

0.01 

0.01 

0.01 

o.GS-0.7s -0.432 
o.jo-o.SS -0.335 
0.04-0.74 -0.33s 
o.qS-o.Go -0.070 
0.43-O.GI -0.03 j 

0.42-0.50 0.070 
0.35-0.4s 0.122 
0.30-0.4.G 0.213 
0.30-0.42 0.250 
0.2g-0.4.c o.2Gg 
0.25-0.41 0.30s 
0.23-0.37 0.305 
0.24-0.36 0.3GS 
0.1g-0.35 0,432 
o-21-0.29 0.477 
0.20-0.30 0.477 
0*1g-0.31 0.477 
0.22-0.2s 0.477 
0. IS-O.30 O._jOI 
0. rg-0.27 O.j2j 
0.14-0.20 o.GSg 
O.IO-0.1s 0.755 
o.oS-o. I G o.SGj 
0.08-o. 16 O.SGj 
o.ro-0.14 0.SG.j 
o.oG-o.I2 I.OOj 
0.04-0.0s 1,195 

3.11 0.15 

3.19 0.11 
3.15 0.15 
2.36 0.20 
2.19 0.0s 
J.87 0.13 
1.S3 0.09 
1.61 0.09 
I.49 0.12 
1.4s 0.09 

1.4.4 0.11 
1.23 0.11 

1.23 0.11 

1.13 0.0s 

I.IG 0.14 

1.05 0.07 
1.05 0.07 

0.99 0.0s 
0.92 0.09 

0.71 
o.Go 
o.jo 

0.49 
0.49 
0.3s 
0.2s 

0.07 
0.0s 
0.0s 
o.oG 
0.04 
0.05 
0.05 

2.79-3-43 
z.SS-3.50 

2.77-3.59 
I.SG-2.86 
1.99-2.39 
1.54;2.20 
1.63-2.03 
1.3S-1.54 
I.24-1.74 
1.2S-1.GS 
1.14-1.74 
I.OO-1.4G 

0.99-1.47 
o.gG-1.30 
0.76-X.56 
o.go-1.20 
0.90-1.20 
0.7g-1.19 
0.74-1.x0 

o.gj-o.s7 
0.44-0.76 
0.30-0.70 
0.32-0.65 
0.40-o.js 
0.27-0.49 
0.1G-0.40 

_-._ -___ - 
l System C: (cthylacctate: 50, cyclohcsane: 50). 

** Set footnote *** to Table II. 

..-__--- 

z?p, & (s = TESTOSTERONE) AND FUNCTION Rdlr OF TWENTY-FIVE STl%ROIDS 01’ THE ANDROSTANE SERIES 

IN SOLVENT SYSTEM D* 

--._-_ ----_ -_-____--~~--_-_ ----_ 

Steroid >I.’ ICI.’ S.D. F.L. I\‘,\1 I\‘s S.D. 2T.L. 
--__~-.__ -_----~._-...- _._ -_---_-.-.---_I_-.--_ 

jsuA 17onc I1 0.75 
A2 _ja A 7,r7 one 7 0.77 
Lll jaA3,17 one 7 0.7G 
.jp A 3,17 one I2 OS74 
.jQ! k\ 3,17 One 16 
j/3)\ 3,11.27 one 

O-74 
12 0.69 

17/3olj0!A 0 
IIpol jGc A 3,17 one 

0.04 
12 0.63 

3cC 01 .jE A 17 one 12 0.63 
3PoljPA r7onc 12 o.G2 
17POljOZA3 OnC I2 0.01 
17p.01 .j/3 A 3 one 12 o.Gr 
I7p 01~1~~ A 3 one 74 O.SS 
gccol.j~A 17 one 12 O.jS 

0.02 0.72-o.S4 - 0, +j 50 
0.03 0.7I-o.S2 -0.j20 
0.03 o.GS-0.S4 -O.jOS 
0.o.i o.GG-o.S2 -0*4j‘f. 
0.0'2 0.71-0.77 -0.454 
0.0-j o.jS-0.80 -0.33s 
0.02 0.60-0.05 -0.250 
o.o‘+ o+j4-0.72*** -0.231 
0.04 o.jj-o.7I**' -0.231 
0.03 o._jG-O.GS -0.213 
0. 0.1. o.j2-0.70 -0*1g.+ 
0.02 o.jG-0.06 -0.194 
0.03 0. j2-0.0.1. -0.140 
0.03 O.jT-O.Gj -0.140 

I.35 
1.32 
1.30 
I.28 
1.27 
1.19 
1.04 
1.08 
1.0s 
1.07 
I.05 
1.05 

1.00 

O.OLf 

0.07 
0.0s 
o.oG 
0.07 
0.08 
0.03 
0.00 
0.06 
0.04 
0.07 
0.04 

o.oG 

1,30-r-40 
1.14-1.50 
l.II-I.49 

1,1j-r-41 
r-13-1.4r 
1.02-1.36 
o.g7-1-I I :i 

O.gj-1.21 

o.gj-1.2 L 

O.gg-I. 1 j 

0.92-r. IS 
0~95-1. LO .% 

o.ss-I.12 

--.. ------------ ..-..--.- I -_..._ ------ .--.-._ -__---.-_ --- 
(corrllllrc~d 011 p. *?37) 

Js Clcrormlo~., 13 (1gG4) 391-407 
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TABLE IV (co?tl~i~~zted) 

397 

Stcroitl 
___-. _---__--.-.-_-.. _- 

38 01 gee .-\ 17 one 

IT/3 01 fjsc x 3,7, one 
3a 01 ,56! A 7,17 one 

3cCOl.jffX II,rTone 

3p 01 531 A 7,17 one 

3X 1.7/3 01 .j3! .-A 

3p, 17p 01 .=a A 
3p, I yp 01 .<I~‘ .*\ 
3a, I I/3 01 *j/3 :\ I7 one 
3p, r I/3 01 _jo! X I$ one 

3a, 17p cl1 .5/Y t\ 

O._jY 

O._jG 

O-53 
O.j2 

O,_jO 

0.50 

O.-t7 

0.47 
O.-l-F 

0. -1.3 

0.40 

0.03 
0.05 

0.05 

0.03 
0.05 
0.03 
0.q. 
0.04. 
0.03 
0.03 
0.0‘1. 

0. j2-O.G4. 

o&-ohs 
o.‘to-O*GG 
0,_1._j-O..jg 
0.37-0.63 
0.43-0.57 
0s39-Oa.5.5 
O-37--O.-j7 

0.3S-0.ej0 

0*3$--0,_~g 

0.31~0.49 

-0.rq.o 1.00 

-O.IOj 0.96 
-O.O_j2 0.92 
-0.03j 0.90 

0.000 O.YG 

0.000 O.SG 

O.O_j2 0.81 

o,o_j2 0.8 1. 

0.IO.j 0.7G 
0 . 1 2 ‘2 0.74 
0. 176 0.69 

0.05 

0.07 
0.07 
0.05 
0.07 
0.04 
0.07 
0.05 
0.04 
0.04 
0.06 

o.Sg-I. I I 

o.So-I.12 

0.7-j-I .Og 

0.75-l .02 

0.70-I -01, 
0.7%0.94 
0.07-0.95 
o-70-0.92 
0.6Y-0.84 
O.G_j-O.S3 

O._j.j-O.S3 

* S~stcnl 13 (cllloroforlll: go. ethanol: to), 
l * Sot Eootnotcs+* and *** Table .[I.. 

______... ..- __._ _. _-._.__-_- ._--. - ._.. -.-.-_-. _--.-_ ~._-.__-____---~---_- - 
Slcroitl II’* I\‘[.. S.D. /;.I.. J~‘\I I\‘s S.13. I:.L.. 

-- _._. . --. .- ..-- -_----. . - . I__ ---.--.-_----_ ._----___--- 

ga 2\ 17 onL’ 

11’ .ja A 7,17 one 
Iy3 01 $t x 

_jP X 3, I 7 OllC 

_j,o! i\ 3, I 7 OIIC 
1 I/Y ol _ju :L 3,17 one 

A1 .jo! r\ 3,17 one 

3a 01 gu .A I7 0111: 
17/j 01 53! A 3 unc 
3/f_i 01 _j/Y ;\ 17 OllC 

17/Y 01 .jp X 3 OllC 
3P 01 .jU .‘\ I7 OIlC 

3a 01 5p A 17 DIlC 

*j/3 P\ 3,t 1,17 one 
3a, 17p 01 _=lx :\ 
3p, I 7p ol .!,I.’ r\ 
3f?, I Tp 01 _j2 I\ 17 OllC 

3/3, I7/4 01 .jZ A 
3X, r..rp 01 _j/l A t 7 ollc! 

17/Y 01 /l, .-\ 3 one 

3Cr, 17/j 01 +j(3 X 
3u 01 .jp :\ 1 L,17 one 

17/Y 01 fJa :\ 3,7 OIlC 

3X 01 .jia :\ 7, 17 OllC 

3/Y 01 .jX -4 7,17 Ollc 

0.02 

0.02 

0.0.1 

0.02 

O*O*& 

0.03 
0.03 
0.03 
0.01, 

0.03 
0.0,t 

0.03 
0.03 
0.03 
0.04 
0.03 
0.04 
0.04 
0.03 
o.o3 
0.03 
0.03 
O.O.( 
0.03 
0.04 

O.Yl--0.93 -o.S,2Cj 
0.76-o.SG --0.030 
o.fjg-o.S7 --O.j.jO 

0.7+-o.Ya - 0 . 5 .j 0 

CL+o.YG -O..j;?S 

O.b7-o.s3 - 0, .I. 7 7 
o.(iS-0.h - 0.41.7 7 
0.67-0.8 I -0.4{.ja+ 

0.69-O. 79 -o._tgq 

O.fJ.j-0.8 I ‘.- 0 ,.I. 3 2 
0.h t -O.Sg ---0.43r 
O.cJ.j-0. 79 --Oo..~IO 

O.L~--0.78 --0.3sg 
O.G3-0.77 -0.3GS 
0.63-0.7s -0.36s 
O.(j_t-0.76 -0.368 
O..jC~-0.77 -0,327 
0, kl-0, 7 ci --0,327 
O.,jCJ-0.73 --0.28s 

f>.hjL.--O. 73 -0,ASS 

O._j9-0.7 I --0.2og 

o.fjg-O.(ir) ---o.lg_~. 

o.‘tg-o.(i~ -0.13;: 

O..p-o.b,.: -.--0.0 jo 

O..tO--O..jS 0.0 I7 

I.29 

I.22 

r.20 

1.I.j 

1. t_i 

1. t‘t 

r.rS 

I. rq. 

1.10 

1.11 

I. t r 

1 .os 
r.og 

1.0-i 

1.0-j 

1.03 

r .o_t 
I .cq 
I .oo 

0.03 
0.02 

0.03 
0.03 
0.03 
0.00 
0.04 
0.04 
0.03 
0.02 
o.o_t 
0.02 
11.03 
0.06 
0.03 
O.O_~ 
0.07 
O.CJJI 
0.05 

0.O.l. 

0.05 

0.0-l_ 

O.OL\ 

o.o_; 

r.2&l.-c.34_ 

I.. IS-r.26 

I. 13-I..‘7 

r.og-I.21 

t.I.1:-t.23 

o.g:)-1.2s) 

r.q--1.22 

t .oG-I.22 

1.03-1.17 

I .oS-1.1-l. 

r..o?,-1.20 

c.o.t--r-12 

I.o.j-I. 13 
o.ga-I.22 

o.gs-I.12 

o.g.t-I. 12 

O.Si--I.2 t 

0.97-r. r c 
o.ss-r. 13 

O.Sg- I .0-j 

O.St-t.O_j 

0.77-0-g-j 

0.03-0.91 
0.6 L-o.85 

J* Clworrrolo,n.. I3 ( rgG4) 39 r-407 
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TABLE V.I. 

RI,,, l?s (s = TESTOSTERONE) AND FUNCTION Rlbf OF TWENTY-FIVE STEROIDS OP THE ANDROSTANE SERIES 
IN SOLVENT SYSTEM H 

_---- ______. __ ..__. __--- ..-. _ -- ~_-- _ --_.___. -___.-- 

Stcvoid n** ZZp S.D. I;&. Z<M Z<S S.D. F.L. 
_--._--_---_-- ,...._._ ..--._ __.- ___--_-. .- . ._..__ --_____.-.-- -- 

5K A 17 one I2 0.75 
~12 5K A 7,17 one 5 0.70 
5/3 A 3,17 one 12 0.07 
d1 5K a‘\ 3,17 OIl’Z S 0.00 
5/3 .‘I 3,X1,17 OIle 9 0.6G 
5K A 3,17 OIlC 9 O.GG 
I+ 01 5K J\ 3117 One 9 0.64 
17@ol5K A 0 0.62 
3@015@h 17onc 17 0.59 
I7p ol 58 A 3 one I7 0.59 
3Kol5KA 17onc 22 0.5s 
17p 015K A 3 one 20 0.57 

17p ol Ad A 3 one 5s 0.56 
3Kol5PA x7onc 22 0.56 
3/?015KA I7one 17 0.55 
3Kol5PA II,17onc 9 0.5.j 
~a,111301 5p A I7 one 9 0.52 
3p,11@015KA I7one 9 0.5 1 
3/3,17p 01 L1J A 12 0.50 
17p 01 5K A 3,7. one S 0.49 
s/3, I7/3 ol 5K 1-L I 4 0.49 
3a,17p 01 5K A S 0.4s 

3K, I7/3 ol 58 A 12 O._+S 

3K 01 5K A 7, I 7 one S 0.47 
3/? 015K A 7,17 one S o-45 

0.01 
0.04 
0.03 
0.02 
0.03 
0.03 
0.04 
0.02 
0.03 
0.03 
0.02 
0.01 
0.04 
0.04 
0.02 
0.02 
0.02 
0.03 
0.02 
0.04 
0.02 
0.03 
0.02 
0.04 
0.04 

0.72-0.7S -0,477 
o.Gz-0.7s -0.30s 
0.60-0.74 -0.30s 
0.61-0.71 -o.zss 
o.56-o.74ttc -0.2SS 
0.60-0.72*** -0.28s 
0.56-0.72 -0.250 
0.56-0.68 -0.213 
O._j4-0.64*** -0.155 
0.53-0.05*** -0.15s 
O._j3-0.65 
0.54-0.60 
0.48-0.64 
0.4s-0.64 
0.50-0.60 
0.4g-0.61 
0.46-0.58 
0.44-0.5s 
0.45-0.55 
0.40-0.5s 
0.45-0.53 
0.42-0.54 
0.42-0.64 
0.3s-o.jG 

o*37-0.53 

-0.140 
-0.123 
-0.105 
-0.105 
-0.os7 
- o.os7 
-0.035 
-0.017 

0.000 
0.017 
0.017 
0,035 
0.035 
0.052 
o.os7 

I.34 
1.27 
1.21 
I.21 
1.1s 
1.17 
1.14 
I.15 
1.03 
1.03 
1.04 
I.CS 

I .oo 

0.97 
0.95 
o.sg 
0.90 
o.Sg 
0.90 
o.ss 
0.8s 
o.SG 
0.55 
0.8 I 

0.05 
0.06 
0.04 
0.04 
0.08 
0.05 
0.0s 
0.06 
0.04 
0.04 
0.05 
0.03 

0.04 
0.04 
0.04 
0.05 
0.05 
0.03 
0.04 
0.03 
0.03 
0.03 
o.oG 
o.oG 

1.23-1.45 
1.12-1.42 
I.II-1.31 

I.IZ-I.29 
1.00-1.36 
1.06-1.28 
0.96-r .32 
0.99-I .31 
0.95-1.11 
o.g5-1.11 

0.93-I. 15 
o.gG-1.10 

0.91-I ,og 
o.SS-1.06 
o.S4-I .04 
0.7s-I .oo 
0.7g-1.01 
o.sz-0.96 
O.SI-0.99 
O.SI-0.95 
o.So-o.gG 
0.79-0.93 
0.71-0.99 
o.6S-0.94 

-._-_. --- -- --I__--. ..--...-.-. -..- .-... _.._.. ___- .__.__ --..-_-_.-.- . . -.-...--_------ --.-- -.--- -- 
* System I--I (benzene: 40, ethanol : 10). 

t* a;ld *t* See footnotes + * and * * * to Table ‘IT, 

TABLE VII 

RI.., Rs (s = TESTOSTERONE) AND FUNCTION Rnr OF TWENTY-SEVEN STEROIDS 01’ TX-II’: ANDROSTANE SERIES 

IN SOLVENT SYSTlZ.M I<* 
--_-.-_.-_I-. 

Stsroid ?I** Z<p 
____ ------.-.._---~- ----- _- 

.---..__ _- - 

S.D. F.L. Z\“v Z\‘s S.D. F.L. 
----- _---_-- -.---__ 

JK A 17 one G 
5P.k II one 6 

5K A I I one 5 
5K A 3,17 one 7 
A2 sa 11 7,17 One S 
5/3 A 3,17 one IS 
dI 5K A 3,r7 one S 
17Iyol 5K A S 
5@ A 3,11,17 one 1s 
3pol5pA I7onc IS 
1 ],!I 01 5K A 3,17 one IS 
3K ol 5K A 17 OIlc’ I?, 
r7p01 5K r\ 3 one G 
178 01 5p A 3 one IS 

314 01 _jK .b\ I7 OIlC IS 
176 01 ~1.’ A 3 one 49 

0. 7s 
0.73 
0.72 
o.G3 
O.GI 
0.00 
0.5s 

0.57 
O._jO 

0*44 
0.44 
0.43 
0.42 
0.42 
0.39 
0*39 

0.04 o.Gg-o.s7 -0.5 j0 

0.02 o.GS-0.7s -0.432 
0.02 o.GG-0.75 -0.432 
0.04 0.53-O. 73 -0.231 
0.05 0.50-0.72 -0.194 
0.03 0.53-0.67 -0.17G 
0.04 0. jO-O.GG -0.1‘1_0 
0.04 0.4s-o.GG -0.122 
0.04. 0.4.1-O.-j9 0.000 
0.04 0.3G-0.52’** 0.105 
0.04 0.35-0.53 * l l 0.105 
0.04 0.35-0.51 0.122 
0.03 0.35-o.qg 0.140 
0.03 0.32-0.4G 0.140 
0.03 0.32-0.46 0.194 
0.04 0.3 r-0.49 0.194 

2.IG 0.19 l.GS-2.64 
I .SG 0.07 1.68-2.04 
I.Sj 0.0s I .Gz-2.0s 
I.77 0.15 1.3s-2.16 
1.70 0. IS 1.24-2.16 
I.GI 0.1 I 1.47-1.S.j 
I.GI 0.13 1.30-I .g2 
I,“_7 o.oS I.OG-I.;lY 
I .32 0.09 1.13~-1.5I 
1.16 0.03 1.10-1.22 
J.15 0.03 1*og-1.21 
1.23 O.Oj 1.11-1.35 
1.1s 0.07 I.OO--.I .36 
1.10 0.10 o.g1-.r.l,g 

I .o.+ 0.06 o.gr-1.17 
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/ 

--_- 
Slcroid 

TABLE VII (continued) 
--._ 

II** II’F S.D. F.L. R &I RS S.D. F.L. 
--- - _-___ ----- .._-__ _--A--.. 

3aol5BAI7onc L3 0.35 0.04 0.30-0.4G 0.213 I.09 0.05 0.98-1.20 
3ccol$? A II,17 one 
3a, 17p ol 501 A 
38,178 01 d” A 
17p 0151~ 3,7 one 
3a,I 1/3 0158 A 17 one 
38,11p ol5a A 17 one 
3aC 01 5a k\ 7,17 One 

3&17P ol 5a A 
3/3 015a A 7,17 one 
3%17fi ol 5@ A 

18 
rs 

L5 
8 

18 
18 
8 

12 
5 
G 

o-33 
0.32 
0.30 
0.29 
0.29 
0.2s 
0.27 
0.25 
0.23 
0.23 

0.04 0.24-0.42 
0.04 0.24-0.40 
o.oG 0.18-0.42 
0.04 0. rg-0.39 
0.04 o-20-0.3S 
0.04 0.19-0.37 
0.04 0.1g-0.35 
0.02 0.21-0.29 
0.03 0.15-0.31 

0.01 0.20-0.20 

0.308 0.88 

0.327 0.84 
0.308 0.75 
0.389 0.80 
0.389 o-77 
0.410 0.74 
0.432 0.74 
0.477 0.70 
0.525 0.65 
0.525 o.G5 

0.07 0.73-1.03 
0.00 o.GG-I .02 
0.09 0.5G-0.94 
0.09 0.58-1.02 
0.07 o.Gz-0.92 
0.0s 0.57-0.91 
0.07 0.57-0.91 
0.06 o.gG-0.84 
0.07 0.48-0.82 
0.02 o.Go-0.70 

IL._.. ------._- -~- .._...._. _.______~.___..~_____ ____. .__ .._.. _ ..__ ______ 

* System I< (bcnzenc: go, ethanol: IO). 
** and *** See footnotes* * ancl * * * to Table II. 

Rp, l!!,q (s = TESTOSTERONE) AND FUNCTION h?‘nf OF TWENTY-SEVEN STEROIDS 01 THE ANDROSTANE SERIES 

IN SOLVENT SYSTEM L* 

ga A 17 one 
5~ A II one 
SPA II one 
A2 5a A 7,17 one 
5a A 3,17 One 
5/3 A 3,17 one 
d1 5a( k\ 3.17 OnC 
J/!? A 3,11,17 OnC 
17pol5aA 
3p 01 5f9 A .I7 one 
30!0150!A 17 one 
I 7p 01 .ja A 3 one 
11pol5ccA 3,17 one 
17@ ol5p A 3 one 
38015aA 17 one 
3aol5/3A r7onc 
17p 01 LIJ A 3 one 
178 015~ A 3,7 one 
3&17/v 01 5a A 
3/Y, 17p 01 d!lJ A 
3a 01 5a A 7,17 one 
3a! 01 *j/3 A 11,17 one 
319 178 ol .ja A 
3p 01 5a! A 7,T7 one 
3a, L7P ol SF A 
3a,r1p ol _jp A 17 one 
3P,11polgaA 17onc 

12 0.7G 
G 0.72 
0 0.71 

7 0.70 
IS 0.69 
12 0.67 
S 0.67 

17 0.58 
0 0.57 

1s O.JO 

15 0.50 
I2 0.49 
IS 0.40 

.l 7 0.46 
IS O-44 
1.5 0.43 
64 0.43 

7 0.3G 
IS 0.32 
21 0.32 

7 0.32 
IS 0.31. 
12 0.29 

7 0.27 
12 0.23 
IS 0.23 
IS 0.22 

0.03 
0.02 

0.03 
0.03 
0.03 
0.04 
0.02 

0.04 
0.03 
0.03 
0.0-j 
0.03 
0.04 
0.04 
0.04 
0.05 
0.0s 
0.05 
0.05 
0.04 
0.03 
0.04 
0.03 
0.05 
0.02 

0.03 
0.03 

o.Gg-0.83 
o.GS-0.76 
o.G3-0.79 
o.G3-0.77 
o.G3-0.75 

:~~7-o~77 . 5-0.69 
o.50-o.GG 
0.50-o.G4 
0.43-0.57 
o.3g-o.GI 
0.42-O..jG 
0.39-0.5 1 
0.35-0.54 
0.3G-0.52 
0.3 I-0.55 
0*27-0,5g 
0.23-0.41) 
0.22-0.42 
0.25-0.39 
0.24-0.40 
0.24-0.38 
0.22-0.36 
0.~6.0.35 
o. 18-0.2s 
o. r G-0.30 
o.rG-0.2s 

-0.501 
-0,410 
-0.3sg 
-0.3G8 
-0.338 
-0.308 
-0.308 
-0,140 
-0.122 
-0.000 

0.000 
0.017 
0.070 
0.070 
0.105 
0.122 
0. I22 
0.2jO 

0,327 
0.327 

0,327 
0.34.8 
0.389 
0.432 
0.525 
0,525 
o e 5 5 0 

1.80 0.12 

I.GJ 0.12 

1.63 0.13 
1.58 0.1 I 
1.G4 0.15 
I.55 0.10 
I.51 0.10 
1.3G 0.12 
1.30 0.04 
1.20 0.12 
1.18 0.10 
I.19 0.07 
.I. 10 0.10 
1.10 0.1 L 
1.04 o.oG 
I .02 0.10 

0.81 0.10 

0.77 0. I I 
o-7-j 0.06 
0.70 0.05 
0.71 o.oG 
0.70 o.oG 
o.Gr 0.09 
0.56 0.04 
0.54 0.11 
0.53 0.07 

_________.__________________--~.__---_.- --.. . ._. 
* System Id (chloroform: 19, ethanol: I). 

* * See footnote * * * to Table .I I. ,,,,’ 

I .76-2.04 
1.31-1.99 

1.25-2.01 
I .30-r.SG 

1.33-I -95 
1.34-L.75 
1.29-1.73 
I-IO-1.66 
r.rg-1.41 
o.gG-I .44 
0.97-I .49 
I .04-I .34 
o.go-I .30 
0.87-1.33 
o.g2-r.LG 
0.71-1.23 

o.5G-r .oG 
O.SJ-0.99 
0.5g-0.9 T 
0.57-o.s3 
o._jg-0.83 
o._jG-0.84 
0.3g-0.53 
0.47-0.04 
0.3 I-0.77 
0.38-0.65 

._-- .- _.,.._._ 

J. Chrom~fog., 13 (1964) 391-407 
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RI.+, ll’,y (5 = TISSTOSTERONE) AN13 FUNCTION I?,,, OF TWENTY-FIVE STEROIDS OF THE 

IS SOLVENT SYSTEXI :\I 
l 

Sftroid Jl** KJ. S.D. F.L. Z\‘,ll HS S.U. F.L. :! 
_---._ ---_-_.---- _---_- ..-..- --- -.-.______--~-..-_--__ 

gcr A I 7 011~: 

A” _jrz A 7,17 one 
r7po15a ;\ 
5a A 3,17 one 
.;p .A 3, I7 Ollc’ 

A * _jO! A 3, I. 7 one 
3P 01 *j/9 A 17 one 
17P 01 _jP .4 3 OIlC 
i 7p 01 _jcc X 3 one 
3a 01 ja :\ I7 one 
38 01 ja .A 17 OTIC 
rJj3 01 Jo! t\ 3,17 0x10 
3p, 17p 01 A’ A 
30! 01 &j/T A 17 one 

3a,I7/lOl .jCt A 
_j/Y .L\ 3, I I, 17 OllC 

38, J 7p 01 .=)a A 
17p 01 A” 3 one 
3@,fI/VOl jcCA J70nc 
3a, 17p 01 5p :\ 
3a, I .Ip 01 *j/3 A 17 OllC 

3Ct 01 *j/3 .A I I,17 OFlIZ 

1yj3 01 5l.% .A 3,7 OllC 

3a 01 _ja A 7,17 0Jic 
3P 01 _jOZ .A 7,IT OllC 

.s 
S 
G 

s 
S 
S 
S 
s 
S 
s 
S 
8 
S 
S 
s 
S 
S 

3i! 
s 
7 
7 
S 
S 
S 

o.so 
0. 7-1. 

0.73 
0.72 
0.69 
0.67 

0.66 
0.63 
0. G 2 
0.62 
0.61 

0.59 
O._jS 

0.57 
0.56 

0. 3 - 6 
0.54. 
0.52 

0.5 I 
0.50 
0.4s 

0*-t3 
0. ‘I. 2 

O.LjCl 

0 * 3 -1. 

0.03 0.73-0.57 -0.G02 
0.03 0.04-0.5 I -0.Lt54. 

0.01 0.70-0.7G -0.432 
0.02 o.GS-0.7G -0.410 

0.02 o.G_t.-0.73 -0.33s 
0.04. 0.55-0.76 - 0.30s 

0.02 o.Gr-0.71 -0.aSS 
0.02 O._jS-O.GS -0.23 I 
0.0’2 O..jS-O.GG -0.213 
0.03 O.j_j-0.69 -0.213 

0.04. 0.5 I-0.7” --0. Jc$# 

0.02 0.55-0.03 -0. T_js 

0.01 O._j_j-O.GI -00. JqO 

0.02 0.53-0.6 1. -0.122 

0.02 O._j2-0.60 --0. JO-j 

0.01 O.-j’).-0.55 -0.IO.j 

0.02 0.4.9-0.59 -- 0.070 

0.02 0.4 7-0.57 -0.035 

0.01 0.4.s-0.53 -0.or7 
0.02 0.4.5-0.55 0.000 
0.01 0.4-j--0.5 J 0.035 
0.02 0.39-0.47 0.122 

0.02 0.37-0.47 0. I -1-o 
0.02 0.35-o..tG 0.1yG 
0.02 0.29-.0.39 0.2ss 

I ..jG 
144.3 
I #4‘t 
I.,35 

Ia33 
I #30 

1.26 
.I ,I9 
r .20 

1 .20 

1~17 
Xslj 
J.12 

r.1 I 
1 *og 

r-08 

J -0-j 

O.OG 

0.05 

0.09 

0.0s 
0.07 

0.04 

0.05 

0.05 

0.O.j 

o.oG 
0.04. 

0.o.f 

0.0-j 

0.O.j 

0.05 

0.04 

0.0G 

r.q3-r.Gg 
1.30-1.56 
r.2 I-1.07 
I.ar-r.‘t9 
r.r3--I.‘t9 
r.20-1.4.0 

T.lg-I.37 

r.oS-J..30 
r.og-1.31 
J.OG-1.34. 
1.07-1.27 
I .06-r .zLc 
l.OO--1 .I’;f. 
o.gs-I .20 

0.9S-r.rS 
0.92-I.18 
o.g2-r.1.S 

O.C$ 

0.96 
0.92 
0.52 
O.S2 

0.77 
0.G.j 

0.05 

o.o.l_ 

0.05 

0.O.j 

0.04. 

O-03 
0.03 

O.ST-J .Og 

o.SG-r .oG 
o.So-r -0-E 
0.70-0.9‘l. 
O.i-1.-O.CjO 
0.7 r-o.S3 
O._jS-0.72 

.._. _- - -. . . . -- _..._.._. 

- Systc111 h7 (ct%yI acctatc: 75, 

l * see I’ootnotc l l + to 7:ablc I I. 

I/-llC!SaJlC: 20, acetic ncitl : -5). 

__-.-_-..-.- -_.._. - _.... -- ---- .____.___.__-___-_.-._____.--____.__ .- -... --_..- ..-- -----. ..- .._ - . ..-. -II_-- 
Stcmid II** I\‘&. S.I>. F.L. zt.11 l\‘s S.1). P.L. 

jaA J7onc 
_jp 1\ II OllC 

sa A\ I I one 
Liz sa :\ 7, I7 one 
5a A 3,17 one 
50 .A 3,17 OIlc 

r7/3ol.j0!:\ 
A1 .=jz A 3,r 7 one 
j/3 _A 3,1 r,17 one 
3P 01 _j@ t\ 17 one 
17Pol5aA3onc 
3a 01 _ja :I 17 0nc 
176 01 _j/3 .A 3 one 
3/301 sat\ r7onc 
II/? 01 5a A 3,17 one 

ryfl 01 Llj A 3 one 

J3 0.66 

.j 0.66 

.j o.GG 

S 0.55 
S 0.53 
S 0.49 

JO o.q.6 
S 0.45 
8 0.36 

9 0.33 
TO 0.3 I 
‘2 I 0.29 

S 0.2s 

.I 0 0.27 
S 0.27 

47 0.2.+ 

0.04. 
0.03 
0.03 
0.02 
o.oG 
0.04. 
o.oG 
0.02 

0.04 
0.04 
0.02 
0.03 
0.02 
0.02 

0.03 

0.03 

0.5s-0.74 -0.288 
O..j8-O.i,& -0.2ss 

o~57--Oe75 --0.2 45 
o.q.G-0.6-t - 0.0s j 
o..+t-0.70 -O.O_jZ 
O.&to-O._jS 0.0~7 
0.31-0.61 0.070 

o._t1--0.4.9 0.057 
0.27-0.45 0:250 

0.23-0.43 0.30s 

0.26-0.3G 0.3fS 
0.22-O .3G 0.3sg 
0.23-0.33 0.410 
0.2’2-0.3’2 0.432 

O. J9-0.35 0.432 
0.19-0.29 0.50 J 

2.s9 0.2-1. 

2,S7 0.31 
2.SG 0.32 
2,4r 0.21 

2,oG 0.1 _j 

2. I r 0.2’2 

I.7.j 0.1 _j 

I.97 0. I.‘j 

T.c,O 0. IS 

I , ‘2 7 0.10 

r.31 0.72 

I.29 0.10 

I.11 0.09 

I.15 0.10 

I.22 0.05 

2.37-3.4.1: 
2.00-3.7‘t 

I .97-3.75 
C.gJ-2.91 

I.iT-2.qT 

T.59-2.63 

r./t2-2.0s 

1.61-2.33 

1.1 s-2.02 

l.O_j-I.it9 

I.o‘t-r.JS 

0.96~- I. .Gz 
0.90-J -32 

o.qJl,-1 .3s 
I. 10-J .3G “n, . . 

-.- . ..-_ __ _.._--.- ----I._--- .-------.-.___. -.--._-.__- -..-.--..-. __- -_.. __-_-__--.- .._ -_- _.._.._._ -___...__.._-._-___- ._-_ 
fco~ctittficd 011 ps .fo:) 

.J. Chvmalo,~., 13 (IgOAt) 39I---1.07 
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TABLE X (conlinued) 

3~4 01 j/3 A 17 one 
3a,17Pol ga A 
178 015~ A 3,7onc 
3jaol5f3A r1,17onc 
3p.r7p 01 A" A 
3/9#17/9 ol gee A 
3a 015~~ h 7,x7 one 
3a,rrp 015p A 17onc 
38 01 ja h 7,17 one 
3a,17/3 01 5p A4 
3/3,r1/?ol 5x.4 r7onc 

II 0.23 0.03 
I8 0.18 0.02 

5 0.1s 0.02 

g 0.1s 0.03 
I4 0.17 0.02 

IG O.lG 0.02 

S O.IG 0.02 

S 0.13 0.02 
S 0.13 0.02 
S 0.13 0.02 

9 0.13 0.02 

0.17-0.29 

0.14-0.22 

0.13-0.23 

0.1 I-0.2-j 

0.13-0.21 
0.12-0.20 

0.12-0.20 

o.og-0.17 

o.og-0.17 

o.og-0.17 

o.os-0. I s 

o.jzj 

0.6.59 

o.Gjg 

0.659 
o.GSg 
0.720 
0.720 
o.SzG 

o.SzG 

o.s20 

o.S26 

1.07 0.11 
0.80 0.07 
0.79 0.07 
0.71 0.07 
o-74 0.07 
0.71 0.02 

0#70 0.04 
o-53 0.05 
0.57 O.O_j 

0.jj O.Oj 

0.53 o.oG 

O.SJ-I .2g 
o.G5-0.95 
o.G2-o.gG 

0. jfj-0.87 
o.Go-o.SS 
0.07-0.75 
o.jg-O.SI 
0.41-0.65 
0.‘~5-o.Gg 
0.43-0.07 
o.3g-0.67 

__- ----..--.-- ___I__-_ ~__ 
l System N (bcnzcnc: 19, cknol : I). 

** See footnote * ** to Table Il. 

The situation is the same if the ring has only one ketonic group: 5a- and 5j3-dihyclro- 
testosterone may be separated using system C, while in systems L and N only a 
partial separation is obtained, 

The introduction of an unsaturated bond altered the mobility of very few ste- 
roids. RJP values of Al-dehydro-androstanedione, anclrostanedione and etiocholane- 
clione are very similar; their complete separation is, however, accomplished in systems 
C and N, and is especially good in system 0. The separation of androst-4-ene-$I,I7P- 
cliol from the different epjm.eric forms of the androstanediols is equally difficult. It is 
possible to separate it from the isomers with a 3-equatorial hydroxyl group (3a,5p 
and 3/3,5a) in system I<, but not from 5a-androstane-3a,r7@liol; this separation is 
partially achieved in system D (Xp values: 0~47 and 0.50 respectively). 

The situation is changed when a conjugated double bond is introduced: testoste- 
rone and 5cc- or 5/3-dihydro-testosterone may be satisfactorily separated in nearly all 

RI.*, AND 1c.q (.q = ANDROSTANEDIONE) OF ELEVEN STEROIDS ON TME c,, AND ONE ON THE c,, 

(NOR-SERIES) IN SOLVENT SYSTIE~LI 0 *, USING THIN-LA’I’ER CHROhIhTOGRAPHy (COMPLETE SATURATION) 

ON SILICA GEL G (BIERCIC A.G., BATCH NO. 62G31) 
_.- ____.- - _-_ ----_-- 

Slcroid II** I\‘].. S.D. R’s S.D. 
.- ___. -__-____ -.-- _.._ -.. .__ _._..__._.... ._-... .,._.._._.. . . . .._ .._.._ --~__-._- 

j/3 A I I one 
jo!A II one 
jb(A r7onc 
17/?01 ja.4 
,i12JaA 7,170nc 
jo! A 3,17 On'2 
j@ k\ 3,17 OIlC 
~11 ja A 3,17 one 
A' A 3,17 OllC 
ig-norA*' A 3,r7 one 
j/9 A 3,11,17 one 
17~olddA 3one 

5 

: 
9 
9 

9 
9 
9 
6 
G 
S 

9 

0.G.I. 

O.&I. 
O.jj 

0.31 
0.27 
0.17 
0.14 
0.13 
0.0s 
o.oG 
0.04 
0.04 

0.02 3.51 
0.02 3.7s 
0.02 3.20 
0.02 I.S2 
0.03 I.jG 
0.01 1.00 
0.01 o.sz 
0.01 0.7j 
0.008 0.44 
0.006 0.32 
0.000 0.23 
0.006 0,24 

0.2j 

0.25 

0.22 

0.07 

0.09 

0.02 

0.02 

0.04 
0.02 

0.03 
0.04 

* System 0 (92-hesanc: 7 j, ethyl acctatc: 2 j). 

+* Set footnote*** to Table II. 

J. Chrowtulog., 13 (1964) 391-407 
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the systems, especially in systems E, A, C, N, and M (Tables II, III, V, IX and ‘X). 
Another example of this is the separation of androstenedione and androstanedione or 
etiocholanedione in system 0 (Table XI). 

In the case of isomers containing a. 3-hydroxyl group, the separation depends 
upon the spatial configuration, an equatorial group being easily separated from an 
axial one, while the separation of two axial or equatorial isomers is very difficult. 

In nearly all of the proposed systems it is possible to separate androsterone and 
+epiandrosterone from .etiocholanolone and epiandrosterone, complete separation 
being possible in systems C, D, H, K and L. The separation of both pairs from each, 
other can be achieved in solvent systems C, N and M (Tables III, IX and X). 

The same observation holds true for I rp-hydroxy-etiocholanolone and I I@ 
hydroxy-epiandrosterone, both containing a 3-hydroxyl group with an equatorial 
configuration, Their separation is only partially achieved in solvent system M, (RF 
values: 0.51 and 0.4s respectively). On the other hand, 7-oxo-androsterone (axial) 
and 7-oso-epiandrosterone (equatorial) are separable in all the systems studied, 
with the exception of system 0, in which they remain at the origin. 

Of the androstanediols studied, the complete separation of the axial isomer 
ga-androstane-3a,I7p-diol, from ga-androstane-3,9,17@liol and $kndrostane-3a,17/3- 
diol, both equatorials, is possible in systems K and D (Tables IV and VII). The separa- 
tion of the latter two is also achieved in systems D, L, N and M (Tables IV, VIII, IX 
and X). 

The calculated d R&lo values for some groups, viz. 3a- (axial), g/3-hydrosy- 
(equatorial), 3-0x0-, 7-0x0-, I@-hydroxy- =and I I-oxo-, are summarised in Table XII. 

It may be noted that the sequence of polarity for 3-oxygenate derivatives is 
3-oso- < 3a-hydrosyl (asial) < 3/3-hydroxyl (equatorial) in the majority of systems 
while in a few a reversal of polarities occurs. An II/?-hydrosyl group with rings A/B 
in the cis-configuration is less polar than the isomer with rings A/B in the Iran+config- 
uration. An II-0x0 group is more polar than an II-hydroxy group in systems con- 
taining ethyl acetate and less polar in systems where benzene or chloroform is the 
principal component. This fact, is of great value in the selection of systems for two- 
dimensional chromatography, because systems may be selected, which produce this 
reversal of polarity in the groups to be separated. This reversal can also be useful in 
the separation and identification of many substances, e.g. I I-oxo-etiocholanolone 
and I I,%hydroxy-etiocholanolone. 

The ARnf,. obtained for the conversion of the group II-oxo- to I@-hydrosy- 
were negative in systems containing ethyl acetate and cycle- or ?z-hexane: -O.IO 

(system E), -0.10 (system A), and -0.14 (system C), while positive values were 
obtained in systems containing benzene or chloroform: + 0.05, + o.oS, to.14, 
to.17 and +0.17 respectively for systems H, K, D, N and L. 

The calcul.ated ARM, values of 26 steroids for the pairs of systems E and C (I), 
X and L (II) and L and K (III) have been collected in Table XIII. 

It can be seen that the introduction of various groups into the steroid molecule 
causes changes in polarity (ARM, values) with respect to the three solvent systems 
described. One such example is anclrosterone, the ARMY being greater for the change 
from system E to D (I) (to.22) than for the changes (II) and (III) (+ 0.09 and 
+0.12 respectively). The reduction of the 17-0~0 group results in ARMY values which 
are greater than those above, but almost identical for both changes (I) and (II), 

J. Ciwomalofi., 13 (1964) 3gr-407 
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TABLE SIII 

ARM&! VALUES FOR CHANGES FROM SYSTEMS E TO D(I), A TO L(II) AND L TO I< (III) FOR TWENTY-SIX 

Cl,,-STEROIDS 

Stevoids i.vitlloaLt Il~~~~~Yox~~-~rorcps 

jaAx7one t-o.276 -0.024 
jaA 3.17 one +o.o74 -0.107 
j/3A 3,17 one +o.ogG -O.OjS 
A15a h 3.17 one -0.024 -0.114 
,d".4 OnC 3.17 -0.056 -0.217 
112 jtxA one 7,17 +0.110 -0.060 
$ A 3,11,17 One +0.030 -0.105 

Mowohydroqv-C,,-stmoids zvitlt a 3- OY r7-0x0-groufi 

17pol5ct A3one +o.zGo +0.140 

I7polsPA3onc t-o.274 fo.157 
17/?olddA30ne +0.14s +o.os7 
gaolgaA17onc +0.223 +o.os-/ 
3~015aA170nc +0.270 +0.140 
3acol5~A17onc t-o.249 +0.104 
3Pol5i3AI7one +0*21g +0.122 

x7-IYyd~o.~y-steroids withowt oxo-groups 

17/3015cxA 
: o% 

+ 0.12s 

3a17~015aA 
+::379 

fo.327 
3p17pol5aA i-o.354 
3/? 17p 01 A‘1 h + 0.420 f0.327 

3g I7b"l 5/3 t-\ +o.44,5 +0.420 

Cl,-steroids with an xl@ hydroxy-group 

IIp 01 5OZ A $17 OR’3 + 0.246 fo.1gz 

3P1IP 01561 A 17 one ga11pol5jpA 17one ="'~~~ 0. :"*z 0. 

3- OY r7-hydroxy-Cl,-. otwoids with a 7- OY rr-oxo-groat+ 

3cc 0158 A 1 x,17 one +o.159 fo.135 
IT/~ olja A 3,7 one +0.017 -to*074 
3aol5aA7,17One +0.01s to.151 
3/?015aA7,17onc -0.01s fo.124 

-0.049 
fo.107 
fo.132 
fo.168 
fo.199 
+0.174 
+0.140 

+0.122 
+0.070 
+0.072 
fo.122 
+o.osg 
+o.og1 
fo.105 

0.000 
0.000 

+o.oss 
+ 0.041 

0.000 

+o.O35 
-0.140 
-0.136 

-0.040 
fo.139 
+O.IOj 
+o.o93 

(+0.37 and +0.33), while no change at all is observed for the pair of solvent sys- 
tems (Irq. 

When a 7-0~0 group is introduced into the molecule, a comparison of mobilities 
in the three pairs of systems considered above shows ARllls values characteristic for 
this group, i.e. a decrease in the change (I), to.015, and almost no alteration for the 
changes (II) and (III), when these are compared with those given by androsterone, 
+o.I~ and to.1 I, respectively. 

The ARn/ls values for the change from system E to A show that the introduction 
of a double bond increases these values, while for the introduction of a conjugated 
double bond the opposite occurs. One may also note that the introduction of an hy- 
drosyl group (305 3@- I+), or a reduction of the 17-0~0 group increases the ARMS 
in change (I), while the introduction of the groups 7- or II-oxo- decreases the values. 

J. Clwonzafog., 13 (1964) 391-407 
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Formation of acetate derivatives 

0.5 ml of pyridine and 0.5 ml of acetic anhydride is added to I--20 pg of steroid in a 
ground-glass tube. The tube is sealed under an atmosphere of N, and allowed to 
stand at room temperature overnight. Under these conditions a 3a-, 3@- and 17/l-, 
but not IQ-hydrosyl groups, are completely acetylated. 

The Xp, XS (S = testosterone) and X ~2 values for solvent system C of the seven- 
teen acetates obtained are shown in Table XIV. A partial separation is possible of the 
acetates of sot- and s/3-dihydro-testosterone from those of the isomeric forms of 

17 L/*_, Rs (S = TESTOSTERONE) AND f?,xl VALUES FOR SEVENTEEN ACETATES OF STEROIDS OF THE 

ANDROSTANE SERIES IN SOLVENT SYSTEM C*, USING THIN-LAYER CHROMATOGRAPHY AT COMPLl%TIE 

SATURATION, ON SILICA GEL G (&Il3RCI< A.G., BATCH NO. 62631) 

1~/30150! A 
3ct 178 01 J/9 A 

3p x7/4 01 /_I’8 A 

3a .l7p 01 ja A 
3p J7p 01 5a R 
ga 01 5j3 .A 17 one 
3/?0150cA x7one 
3a 01 -jr% -4 17 one 
3801 _jPA I7onc 
I7p 01 5a( A 3 one 
17p ol jp A 3 one 
3a rI/3015pA r7onc 
3a 01 .j@ h r1,17 one 
3/3 II/YOl_j0ZA 17one 
3/3 01 5rX k\ 7.17 One 
3a 01 so! A 7,T7 one 

178 01 ga h 3,7 one 

TJ 

11 

II 

I I 

IT 

I1 

II 

II 

II 

I r 
II 

II 

II 

II 

11 

II 

II 

0.07 

0.Gg 

o.G3 
o.G2 

o.Go 

O.-j6 

0-55 

0.55 

0.55 
0.52 

0.52 

0.45 
0.+1_ 

O.,lI 

0.38 

O-3.5 
0.30 

0.03 
0.03 
0.03 
0.03 
0.04 
0.03 
0.03 

0,03 
0.02 

0.03 
0.03 
0.03 
0.02 

0.03 
0.04 
0.02 

0.02 

-0.30s 
-0.2Gg 
-0.231 
-0.213 
-0.170 
-O.IO_j 

-0.057 

-o.oss 

-o.osy 

-0.035 
-0.035 

0.057 

0.10-j 
0.15s 
0.213 
0.269 
0.30s 

3.19 0.22 

3.05 0.1s 

2.94 0.17 

2.95 0.22 

Z.S‘[ 0.20 

2.05 0.10 

2.G3 0.2 I 
2.60 0.1s 
2.00 0.10 
2.j2 cl.2 I 

2.47 0. ICJ 

2.12 0.10 

2.10 0.12 

2.00 Cl.IG 

I.75 0.1s 

I .O_j 0.12 

I .41 0.0s 

+ Sptcltl C (ethyl Xxtatc : 50, cyclohcsanc: JO). 
* * SIX footnote * + l to Table I I. 

3-hydrosy-androstan-IT-one. However, no separation is obtained among the isomers 
of the individual groups. Similarly, the almost iclentical Xp values of the various 
acetates of androsianediol isomers do not allow satisEactory separation. 

Other solvents’ such as benzene, chloroform, I ,a-clichloromethane and tetra- 
chloromethane, or mixtures of solvents1 (benzene-ethyl acetate 5 : I and 3 :I) have been 
employed for thin-layer chromatography of weakly polar steroids or their acetates. 
They did not satisfactorily separate the acetates considered in this paper. 

DISCUSSION 

Partition paper chromatography has been widely applied to the separation of steroids 
of the androstane series using forman~icle~~21, propylene glycol‘J* w 22, triethylene 
glycol31, or ethylene gly~ol~~ as stationary phases. These systems permit separation 
of the axial and equatorial isomeric forms of the 3-h.ydroxy derivatives, but two- 
axial or two-equatorial isomers are not satisfactorily separated. 

J. Ciwomalog., 13 (1964) 39 1-407 
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The extensive experiments of KNUPPEN l5 to achieve separation of oestrogens 
using these systems have shown that the Rp values and resolution obtained for many 
of the compounds were greatly dependent both upon the humidity of the atmosphere 
during impregnation, and upon the temperature during the development of the 
chromatogram. The impregnated paper usually interferes with several of the colour 
reactions employed. However, the sensitivity of the Zimmermann reaction appears 
to be increased when tiiethylene glycol impregnated paper is usedal. 

When thin-layer chromatography is applied to the free steroids of the androstane 
series it results in a total or partial separation of several isomers with reproducibility 
of the Rp and consequently of the ARM functions. 

A quantitative elution (95 %) of added steroid, measured by the Zimmermann 
reaction and the possibility of the application of several colour reactions in situ 

are other import ant advantages. 
With regard to the separation of acetates, however, the results obtained by 

PASQUALINI AND JAYLESS using paper adsorption chromatography are more satis- 
factory than those obtained with the systems developed for thin-layer chromatog- 
raphy. 

In paper chromatography, the conditions necessary to obtain reliable values of 
Xp which will permit calculation of the comparable ARnf functions have been studied 
intensively by GREEN AND MARCINI<IEWICZ 13. There has been similar study for thin- 
layer chromatography (an adsorption chromatography of ascending type). The 
ARM values calculated here with an RF higher than 0.75 and lower than 0.15 are 
considered to be approsimate. 

The Rnf values given in each Table permit the calculation of the different ARMY, 
ARMY and ARAg,- for several steroids and systems. The relation between these func- 
tions and the application of chromatography to the structural analyses of steroids51 1% 20 
has been estensively treated by others. 

While this paper was in preparation, an articles appeared considering the applica- 
tion of thin-layer chromatography to androstane steroids using silica gel C as an 
adsorbent under unsaturated conditions. 

Whenever extremely volatile solvents are employed, the irregular migration of a 
substance, dependent on its position at the origin (the so-called “Randeffekt” or edge- 
phenomenon), may be observed during thin-layer chromatography under unsaturated 
conditions. Rp values are dependent upon the distance from the origin to the solvent 
front and are influenced by the kind and the size of tank employed23. The compression 
of less polar steroids depends upon the irregularity of saturation along the chromato- 
plate even in such instances where no “Randeffekt” is observed. 

Under these conditions, th.e resulting variations in Rp values do not allow the 
accurate calculation of the function 32~. 
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SUMMARY 

The behaviour of twenty-nine steroids of the androstane series was studied by thin- 
layer chromatography on Silica gel G under saturated conditions. Besides the RF and 
R.5 values in ten systems, the chromatographic behaviour of the steroids in relation- 
ship to their structure was also studied. In a few cases, examples using ARMY, ARMY 
and ARMY are given. 

Chromatography of acetate derivatives, oxidation in silu of hydroxy groups and 
a number of colour reactions employed for the detection of spots are also described. 
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