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41. THE USE OF MULTIPLE DEVELOPMENT IN THE CORRELATION OF, :r 

““THE CHEMICAL CONSTITUTIONS AND THE CHROMATOGRAPHIC 
MIGRATIONS OF SOME 17-KETOSTEROIDS AND THEIR 
z,q-DINITROPHENYLHYDRAZONES 

Department of Medical Clremz’stvy, University J. E. Pwizyn& Br?ao (Czec?roslova.kia) 

(Re&vcd April 17tl1, 1972) 

SUMMARY 

The application of thin-layer one-dimensional chromatography to the separation 
of thirteen s7-ketosteroids and their z,+dinitrophenylhydrazones on silica gel is 
described. In addition to presenting the Xp and Rw values in two systems, the value 
of using multiple development for the calculation of ARM and hence ARmg and 
ARMY is discussed for some examples. The comparison of AR&f values obtained 
.after the first and second developments; and a conversion table for calculating RM 
values from the RF values obtained after the second development are also given. 

INTRODUCTION 

Thin-layer chromatography (TLC) has been used extensively to study steroids 
during their synthesis and also in clinical chemistry. The application of TLC to the 
separation of a large number of steroids of the androstane series ,and the possible 
correlation between migration and structure have been discussed by LISBOA~-3. The 

b,ehaviour of the acetates, formates, z,+dinitrophenylhydrazones (2,4-DNPHs), 
bromides and oxidation products ..of some C I,-steroids has been studied by F~wfii-@. 

In’this work, the chromatographic behaviour of ‘some x7-ketdsteroids (i7-KS) 
and their ‘2&DNPHs was studied by extending the method to the results obtained 
by multiple development for the calculation of Rw values and hence ARM,, and 
ARM,. 

.’ 
EXPERIl@NTAL ” ; ‘I, ,’ 

,, 
,, 

k.’ &&?vi& ;, : I j , 
: 

hs Reflexing ;, silica ,gel ‘sheets 'of Silufol: :UV 
‘. 

286 (Kavalier; Czechoslovakia) with. 
,: dimensions- of 7s X. 15, cm and withLa &Y ,’ inni layer “of ‘silica gel ‘and an Liqert in-, 

organic : luminiscerit indicator were used, for: TLC; : Systematic names; I t&al :names, 
abbreviations ,and sources of the, preparations are listed in Table 1,: The ‘iolvents 

” used for3,he development,, of the ‘chromatograms were redistilled; chloroform con- 

J1’Ciwomatogr;; .71 t(zg72):.3r$+z8‘ 
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tained 0.6-1.0 y0 of ethanol. The preparation of the 2,4-DNPNs of 17-KS was carried 
out by a slightly modified method of TREIBER AND OERTELG. 

The samples were applied as small spots 2.5 cm from the edge of the 15 x 15 cm 
yf+‘*plste, which was divided into strips with lines. The lines, 0.5 mm broad, were drawn 
-in the layer with a narrow metal spatula or a blunt pencil to a distance of IO mm. 

The plates were then heated for 30 min at Go” in a vacuum drying oven, equilibrated 
for 3 min in the room atmosphere and developed. One-dimensional chromatograms 
were developed by the ascending technique in two runs. Before the second run, 
the plates were heated in the same way as above. This procedure gave very good 
reproducibility of RF values. For the detection of the spots of 17-KS, the vanillin- 
sulphuric acid reaction was useda. 

In this study, the following two systems described earlier’ were used: system B, 
chloroform-acetone (96 : 4) ; and system E, diethyl ether-light petroleum (70 : 30). 

The developed chromatogram was left in the solvent after the front had reached 
the top of the layer so as to avoid a decreasing ratio of liquid-to-solid phase. This 
“over-running’ ’ technique has many advantages*. The time required tias 35 
with system B and 25 min with system E. 

RESULTS AND DISCUSSION 

The contribution of any given functional group to the chromatographic mo- 

min 

bility of a molecule will depend mainly on the nature of the substituent, its position 
and the nature of the chromatographic system. The calculation of Rnf value used 
for the analysis of a possible correlation between migration of the steroid and its 
structure from RF ~0.05 or RF> o-go values is of little use. RF values of over 0.75 
and less than 0.15 are also approximations. 

The Rnf values were used according to the definition of BATE-SMITH AND 
WESTALL~: 

&=log k-1 (. > 
To obtain a better separation of the substances with the lowest values multiple 

development can be recommended, baSed on the assumption that re-chromatography 
in the sameSystem can be considered as being a separation corresponding to a-longer 
running distance. 

This method not only gave parallel movement of ‘spots, but also a new dis- 
tribution. However, for spots with RF ~0.45, the results obtained after the first 
development are the most valuable lo. In multiple development, as discussed -by 

. . ‘CENK~‘~ the spots. become flattened and hence the resolution is improved, as opposed 
,t? a longer running distance. 

. In the.following section, the possibility of using RF values obtained from’ the,’ 
:’ first and second developments for the calculation of ‘Raf’ values is demonstrated: ’ 
. T&is procedure allowed the use of, a higher value, ~RF (obtained: from,the. multiple 
’ development), which was out of the range of the greatest experimental e,rrors,. , ;” ‘: .:. 1 :, 

nRF values’ were introduced in order ‘to enable’ the: positions of the separat’ed 8, ,.‘. .’ 
. ; .‘. 1 L.. ” I 

. . . 
,: “I’.. .‘.. .’ , . :. ‘. 
. ...,” I ’ ,’ .” ,’ J. Civq&&.;: ,I .(I&) 31cpJiB’ ,*I , 
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(5)

substances for n developments to be obtained-s. These can be calculated from the
relationship

"RF=r-(I-RS (2)

The evaluation of RF and nRp values for the calculation of RM values, and hence
for use in structural analysis, has the following theoretical basis.

From eqn. 2,

RF=r-lyI-"RF
Eqns. I and 3 can then be combined to give

(

II 'r "R )R
M

= log V - F

I-lyI-"RF

and eqn. 4 can be written as

RM=jOg(~-)
I - a

where a = nyI-nRF. Table II can be used for converting 2RF into R M values.
Generally, it can be considered that compound A has the value

LlRM(A) = mLlRM(x) + nLJRM(y) + oLlRM(z) +... K (6)

where ARM(xj, ARM(yj and ARM(zj are the RM values for functional groups x, y, z;
m, n, 0 are the numbers of particular functional groups; and K is a constant corre
sponding to the fundamental skeleton.

Because it is not possible to ascertain the constant K for the steroid funda
mental skeleton experimentally, the R M values obtained from 5ocAI7one and
5fJAI7one are used as a basis.

Hence, for the calculation, there are used new constants, K o and K o' , from
eqns. 7 and 8:

K + LlRM (l 7 _CO ) + LlRM(SaA) = K o (7)

K + LJRM ( 1 7 _CO ) + LJRM(sPA) = K o' (8)

The RM values of the derived compounds are then calculated as the total sum of
K o or K o' and the constants for the functional groups. For practical purposes, it is
important to note that from the above it appears that

K o = RM(SaA 170ne)

K o' = RM ( SPA 1 7 one )

The chromatographic results for thirteen 17-KS and their 2,4-DNPHs, always
separated in two runs and in the same system, are summarised in Tables III and IV.
The mobilities of the 2,4-dinitrophenylhydrazone derivatives of IJ-KS were greater
in all instances than those of the corresponding parent substances.

The symbols ARMY and AR Mr are used here with the same meanings as those
used by BUSH13 . The ARMy value of a radical is the ARM value resulting from the
replacement of a hydrogen atom in the molecule with this radical. The AR Mr value
is the ARM value for the substance before and after chemical reaction.

]. Chromatogr., 7I (I97z) 3I9-3Z8
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TABLE II 

TABLE FORCONVlUZSION OFBRpINTO RnfVhLIJES 

R rcI = log ; fl. 1 I - SRp. 

=Rp Rdlf SRp R nf aRp R nr an, R r&f _ .’ 
‘44 

0.01 
0.02 
0.03 
0,04 
0.05 
0,oG 
0.07 
0.08 
0.09 
0.10 
0.11 
0.13 
0.13 
0.14 
0.15 
O.IG 
0.17 
0.18 
0.19 
0.20 
0.21 
0.22 
0~23 
0.24 
0.25 

2.298 0.2G 
I.995 0.27 
I.817 0.28 
I.GG8 0.29 

I.573 0.30 

I.494 0.31 

I.427 0.32 
J.369 0.33 
1.3oG 0.34 
1.260 0.35 
1.218 0.3G 
I.179 0.37 
1.136 0.38 
I.103 0.39 
I ,066 0.40 

I.037 0.41 
1.009 0.42 
0.978 0.43 
0.954 0.44 
0.925 0.45 
0.899 0.46 

0.877 0.47 
0.853 0.48 
0,829 0.49 
0.8x0 0.50 

0.788 0.51 0.3G7 
0.767 0.52 0.351 
0.746 0.53 0.337 
0.726 0.54 0.323 

0.707 0.55 0.307 
0.688 - 0.5G 0.193 
0.670 0.57 0.278 
o&52 0.5s 0.264 

0.635 0.59 0.249 
o,G18 o.Go 0.234 
0.602 0.61 0.21g 

o-583 0.62 0.205 
0.567 0.63 0.1go 

0.552 0.64 0.176 

o-534 0.65 0.159 
0.519 0.66 o**45 
0.502 0.67 0.x29 
0.486 0.68 o.rr3 

0.472 0.69 0.097 
0.456 0.70 O.OSI 

0.440 0.71 0.065 
0.426 0.72 0.050 
0.412 0.73 0.033 
0.397 0.74 0.015 
0.382 0*75 0.000 

0.76 -0.020 

0.77 -0.037 
0.78 -0.054 
0.79 -0.074 
0.80 -0.093 
O.SI -0.~14 
0.82 -0.134 
0.83 -0.155 
0.84 -0.177 
o.s5 
O.Sij 

-0.200 
-0.224 

0.87 -0.250 
0.88 -0,277 
0.89 -0.306 
o.go -0.336 
0.91 -o,3Gg 
0.92 -0.4oG 

0.93 ,. -0,446 
o-94 -0.492 
0.95 -0.543 
o.gG -0,603 

0.97 -0,680 
0.98 -0.785 
0.99 --0,955 

A&&, values calculated from the RF values after the first and second develop- 
ments show corresponding results, as can be seen from Table V, in which Alihg 
values of some hydroxyl and ketonic groups in pure steroids and their 2,+DNPIIs 
afterthe first (a) and second (b) developments are compared. 

It can be seen that the greatest influence on the chromatographic mobility 
for both systems and for both’the parent steroids and their F,L+-DNPH. derivatives 
is given by the 3-hydroxyl. group. l?or isomers the separation depends on the spatial 
configuration, and the equatorial (e) position is appreciably more reactive than the 
axial (a) .position, as usual. 

The mobility of 3-OH steroids also depends on the configuration of the s-II 
group. The &,:values in both systems for the parent 3-OH steroids and their 
z,+DNPH derivatives remained identical or very similar. The introduction of one 
isolated’unsaturated bond altered the mobility of the steroids in both systems only 
slightly;:.as can be seen by comparison of the & values of dehydroepiandrosterone 
and androsterone. 

A $reater difference is seen -between 17-KS with an II-OH. and an II-CO 
group and their &+?DN.PHs. The Is&hydroxyl. group with rings ,A/B ,in: the cis 
configur&ion:is slightly~~,less~ polar-‘in system B. In system E there is no, diqerence, 

: &I&b- ‘and bis-2,+DNPH derivatives were formed during the ‘,pro.duction 
of .&DNPHs if,,the, molecule contained;one or two keto groups in,,addition to the 
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xx-keto group3, The xx-keto group is known to be unreactive towards all carbonyl 
reagents. 

The following order of decreasing polarity was found for the functional hydroxyl 
groups studied: 

Parent substance : 3aOHM 
. 
‘0.V 3r9OHM 

3aOHM 
1q30H 

2,+DNPH derivative: 38OH(4 
3aOHM 
3aOHW 

q3OH 
The orders of decreasing polarity in both systems are similar. 

TABLB VI 

&?M, VALUES FOR 2,4-DINITROPHPNYLWYDRA2ONES OF IT-KETOSTEROIDS AFTER THI% FlRS+ (H) 

AND SECOND (b) DEVELOPMENTS 

G,votc+ that 
is convevled 

Pavent substnncc 

I 7-k&o 5aA170ne 

5@ 7one 

3pold~AI 7one 

3ezol5aA 17onc 

jaolg@AI 7one 

3a, f r~ol5aA17ono 

361, r 1~ol5~A17onc 

3aol5aAr I, x7onc 

3rXOl5~AII,17Olle 

3~015&%170lle 

3, r7-clikelo 561A3,17Olle 

A43,x pdikcto 

ARnrr 

Syslern R systcnt a 

Ifhlb-o*30 - 

I~\b-.0~30 
(a) -Zg 

(b) -0.G2 
-0.76 

I:‘,:-0.7s 

(a) -0.27 
(b) -0.30 

Nb-“” 

Gb--I 

&Z;:~: 

(a)b-o.xg 
(b)C--0.13 

l,,,b-oelg c-o.13 

ty 
-0.21 
-0.18 

(a) r-o.32 
(b) -0.2S 
(a) a-o.40 

-0.38 
I:; c “-0,45 

I”,’ 
n-o.48 
--0*5G 

(E) :-0.62 

I;; Z”o:$ 

(a) - 
(b) a-o.56 
(a)a-0.19 
(b) -0.18 

(a) -0.56 
(b) -0.55 

(a)” - 0.92 
(b) -0.8g 

-0.76 
[$--0.,x 

,. b Calculated with one or both 8i.q values in the region o,15-0.05. 
b Calculatid with 6nesj .both RF values in the region o.75-o.go. 

‘. 0 Calculated with an RF~Vah.W of d.03, 0.04 or o.gs-o.g3. 
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,Table VI shows ARM,’ values for the conversion of 17-0~0, 3,x7-dioxo ,and 
A43,r7-dioxo groups to their mono- or bis-z,4-DNPEIs. The ARMS values for SaAr7one 
,and $3AI7one- are equal in both systems. In all other ,instances the /3-androstane 
derivatives have a lower value than the corresponding a-androstane derivatives. 
This observation supports the earlier results obtained by FEHIW. The .ncrease in 
ARM,. values in both solvent systems is not parallel; the greatest differences were ++ 
observed in this work for the II-substituted derivatives. J@ 
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