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SUMMARY

In an investigation of the paper chromatographlc charactenst1cs of a number
of 1-oxygenated steroids, it has been shown that the contribution to polarity of the
C-11 carbonyl group in 1,11-diketones is aberrantly large and that, contrary to the
general rule, the equatorial member of most pairs of epimeric 1-ols is the modre mobile.
Various mechanlsms have been proposed to account for these results.

INTRODUCTION ' o _ | ‘ N

Recently we isolated a new I- hydroxy]ated metabolite of cort1sol namely Iﬁ
3a,17a,208,21-pentahydroxy-58-pregnan-11-one and, in the course of its degradation,
prepared a number of saturated and unsaturated r-oxygenated 58-pregnanes and
androstanes both bearing and lacking carbonyl groups at C-11%2 As illustrated in
other publications from this laboratory3-5, we made extensive use. of partition paper
- and partition column chromatography to analyze the composition and to separate the
components of reaction mixtures, to check the effectiveness of other fractionating
procedures, and to verify the homogeniety of crystallized products. In addition to its
‘general utility in this study, the method revealed aberrant paper chromatographm-
behavior in enough compounds to justify a more extended study, and to indicate the
merits of correlating these results with certain unusual chemical propert1es of these

. compounds
METHODS
* With the exception of compound 29, the steroids used in thisstudy were prepared -

prev1ously1 %6 or are known substances Compounds 30 and 31 were supphed by

Cornpany Compound 37 was prepared by incubating 5ﬂ-androstan-3a-ol-17 one with
Fusarium lini (Bolley)® or, more successfully, witha Pemczlhum specxes (A’l CC II 598)
- Its constitution was-established by NMR spectroscopy.: :
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Preparation of ga-undrostane-rﬂ 3B-diol-z7-one (compound 29)

To a solution of 16 mg of androst-5-ene-183,35-diol-1 I7-one in ethanol—cyclo-
hexane, 5%, palladium on carbon was added and the suspension was agitated: for
30 min at room temperature in a hydrogen atmosphere. The product was isolated in
the usual way and twice crystallized from acetone-xn-hexane. Constants: m.p. 199~
199.5°% [a]lp + 72.9° (methanol). Its structure was established by sodium borohydride
reduction to the known® sa-androstane-18,38,178-triol; the melting point of our
product (220-222.5°) was found by Dr. BENN to be unaltered on admixture with the
reference sample of sa-androstane-14,38,178-triol (m.p. 218.5-222°) prepared by Dr.
Papro in the Searle laboratory. The infrared spectra of the two triols were identical.

As indicated in our cited publications, paper chromatography was carried out
at 25 - 1° after an equilibration period of not less than 8 h. Steroids were applied in
the lowest discernible concentration. Detection methods included application of the
Zimmermann reagent? (after ¢u# situ periodic acid oxidation in the case of 17,20,21-
glycerolst?®), or dipping in 109, alcoholic phosphomolybdic acid followed by heating
at 60-80°. The composition of systems referred to by number in Tables II-V appear
in Table I. In those cases where we were interested in measuring the effects of individual

A

TABLE I

COMPOSITION ‘OF PAPER CHROMATOGRAPHIC SYSTEMS

System C omposilion"-

No.

1 Tol., 50; Iso.,, 150; AM, 150; HOH, 50 ml.

2 Tol., 170; Iso., 30; AM, 150; HOH, 50 ml.

3 Tol., 140; 11I-bu., 60; AM, 70; HOH, 8o ml.
4 .EA, 30; Iso., 170; AM, 100; HOH, 100 ml.

5 EA, 75; Iso., 125; AM, 70; HOH, 130 ml

6 Tol., 60; Iso., 140; AM, 160; HOH, 40 ml

7 Bz, 5 m], diluted to'z25 ml with EA.. ,
8 Tol., 140; Iso,, 60; AM, 130; HOH, 70 ml

9 Iso., 150; 1II- bu 50; AM 30; HOI-I 170 ml,
10" . EA, 50; Iso., 150; AM, 50; HOH, 150 ml.
11~ . IPE, 110; I-Iep -90; AM, 140; HOH, 60 ml.
12 Tol., 105; EA, 95; AM, 120; HOH, 8o ml.

13 Tol., 145; III-bu., '55; AM 70; HOH, 8o ml
14 HOAc, 130; HOI-I #70; Dodecane, .5 ml, Paper impregnated by drawing through a

15% (v/v). solution of dodecane in acetone. Immediate application of steroids.
and chroma.togra.phy w1thout pnor equilibration.

a Tol. = toluene; Iso. — isooctane(2,2,4- tnmethylpenta.ne) " AM = absolute : methanol ;’
III-bu. = tert.-butanol; EA = ethyl acetate; Bz, == benzene; HOAc = glacial acetic acid; IPE =
isopropyl ether; Hep. = n-heptane. ' ‘ ,
functional groups on mobility, the results are expressed as ARy, values, a de51gnat10n
proposed by Busg!1 based on the original A Ry, concept of BATL‘-SMITI—I AND WESTALL!Z,

_RESULTS-»

, Table II g1ves the ARMg Values for the C-II carbonyl group contnbutmn 111 nme_i
, palrs of 5,8-androstanes or androstenes and two pairs of 5ﬂ-pregnanes chromatographede
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- TABLE 1I

CONTRIB_U’t‘ION" OF C-11 CARBONYL GROUP IN 53-ANDROSTANES, ANDRoeran AND.@H—PRE&NAN-ES
Com- : o . Compound , ~ Pair System Rp ARy System Rr ARpg .
pound . : - , Coe
No. '

I 58-Androstane-3,17-dione P 0.79 _ ] . 0.82 .

2 58-Androstane-3,11,17-trione : . . 0.40 75 .. 0.46 073

3 5ﬂ~Anc1rostane-1,17-dione 2 v . 0.87 .46 ‘0.89 '

4 58-Androstane-1,11,17-trione ~ 0.19 4 , 10,19 I.54

5  .58-Androst-1-ene-3,17-dione o.72> _ [ 0.80 o

6 5f-Androst-1-ene-3,11,17-trione 3 r 1 0.39 0.61 4 0.40 0.78

7 s5B-Androst-z-ene-1,17-dione ' 0.77 .48 o o.‘83"

8 58-Androst-z-ene-1,11,17-trione ' 4 ~0.09 40 0.08 " 41.'75;

9 ° Androst-4-ene-3,17-dione-’ | ‘ "~ o0.60 o2 . 0.66 82
10 . Androst-4-ene-3,11,17-trione -5 . 0.22 “7' J o oize 9:02
II "5ﬁ-Avndrostan -3c-ol-17-one ) '0.86 Y et
2 58-Androstan- 3a-ol-t 1, 17 -cdione © 0.70 0.43 - 0.77 0.47. -
13 55 -Androstan- -3a-0l-1,17- -dione : - | 0.65; o 8‘ B o.‘71"_"I 26, -
14 5f- Androstan-3a-ol I,T1, 17-tr10ne 7 " o0 907 Touxz YT
.: . - A S E ' 5 .
15 -5;3-Androstane 15.30:-(1101-17 one g . 0.24 v .0.38
16 _5ﬂ -Androstane-1, 3a-d101—11 17-dione 8 ‘ o.10 %43 ' o.II, 0.69
17 5ﬁ-Androsta.ne-3a,Ga-dlol—I7-one o.15 0.19 ¢
18 58-Androstane-3a,6a-diol-11,17-dione 9 ) 0.06 247 ] o.05 %7
19 5B8-Pregnane-18,3a,17¢,208,21-pentol ‘o 1 0.29 _ ¢
20 58-Pregnane-1£,3ax,17¢,2083,21-pentol- o1z 24

~1r-one r
3 3 '
21 58-Pregnane-3e,17a,208,21-tetrol- 1-one - 0.59 .o
22 58-Pregnane- 3a,17a,2 oﬂ.:r-tetrol-l I1- _ o.zz %7
drone : o )

in a total of five systems. Examination of these data show that the 4Rpr, values for
pairs 2 and 4 are about twice as large as those for pai1s 1,3 and 5 (systems I and 4), that
the values for pair 7 are nearly twice those for pairs 6, 8 and 9 (systems 2 and 5), and
that the value for pair 11 is similarly greater than that of pair 10 (system 3). When
these results are related to the indicated structures of the stermds, it is evident that
this marked enhancement of the effect.of the C-1r carbonyl group is mamfest only in
those compounds (4, 8, 14 and 22) which also bear a carbonyl group. at C-1. 9
©.". " This effect of the 1,11-diketo system on mob111ty also was. noted in’ the case of
certaln ster01dal enol methyl ethers which were described in an earher pubhcatxonz,
Structure assignments were . made from their NMR spectra. and there was a good
correlation between the proposed structures and the observed constants. But as -
Table III illustrates, the relative mob111t1es, in system 6, of the u-keto ethers (com-
, -pound 24, | moblle and compound 26, polar) are the reverse of those noted for the corre-
‘ spondmg II- deoxy ethers (compound 23, polar and compound 25, moblle) The basis:

j Chromatag 37 (1968) 89—96‘ .
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TABLE III
CONTRIBUTION OF THE C-II CARBONYL GROUP IN STEROIDAL ENOL METHYL ETHERS

Com-- ‘ Compound Paiv System Rp ARpg System Rp ARpy
pound \ ' Co
No.
23  58-Androst-1-ene-1-methoxy-3,17-dione " 0.55 481 o 0.23 '
24 58-Androst-1-ene-1-methoxy-3,11,17-trione *~ 0,16 : 0.13 0.31
6 7

25 58-Androst-2-ene-3-methoxy-1,17-dione 13 0.70 . .o T 042

508-Androst-2-ene-3-methoxy-1,11,17-trione 3 o.1o 13 0.25 ©.33 .

for this discrepancy became apparent when the mobilities of all four ethers were
determined using adsorption (thin-layer, silica gel) chromatography. It will be noted
(Table I1I, system 7) that the structure—mobility relationship is here a consistent one.
TammM13 also noted, in the case of the chromatography on alumina of the enol methyl
ethers derived from 5a-cholestane-1 3-dione, that the 3-methoxy denvatlve was the
mobile member.

One of our objectives in the earlier and present study was to prepare pairs of
c.p1menc 1-ols and to determine their relative mobilities in part1t1on1ng systems. Four
such pairs, chleﬁy 17-ketosteroids and all in the 11- deoxy series, have been prepared
to date. Their structures and Ry values in a total of six systems are given in Table IV.
Each of the palrs of 17-ketones were chromatographed in four systems of widely

TABLE Iv

IRRp VALUES OF STEROIDAL EPIMERIC I-OLSS

Com- Compound Pair System Rp System Rp System Rp System Rp
pound ‘ _
No,
27 50-Androstane-1«,3z-diol- ] ’ o] ]
17-ome (@) e 0.16 0.22 0.27 0.14
1 -Androstane-18,3a-diol-
5 5‘917 -one (a.) 8.3 0.17 0.21 0.23 0.12
28 5a-Androstane-1a 35 -diol- - = . : : - e
: . . .2 .16
o Izo;e(:) . aiol. 15 8 0.17 " 0.25 sro.o7«n‘~ 0.16
29 - -Androstane-1 -
9 '~‘5é17-one (e) _e B, 3’3 10 f 0.16 - 0.22 - 0.25 | 0.14 .
o Androst- -ene-1 -(1101- N o ' B
30 17-one5(a.) ¢ ¢3ﬁ 1'6 o.12 ‘ - 0.13 - o.13 | 0.10 .
31 Androst-5- ene-xﬁ 3ﬂ-dxol~ . B U : -
. 17-one (e) L . J o 0.13 J . o.z‘o‘J ._ ko.zz J 0.13
32' - 58- Pregnane-la,3a 17'a; » e :
©o. . .. 20f,21-pentol (e) ; Lol D 0,26 .. 0.26
19 . ﬁPregna.ne-Iﬁ 3a,17a, 17. .. ..12 . . . 13 . .
' o ﬂoﬁ 21-pentol (a.) R " 0.23 0.24

(\..

a The a.x1a1 (a.) or equatonal (e) conﬁguratlon of the hydroxyl group a.t C-I is mdlca.ted
: in parenthesis ‘after the name of each compound : :
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; ,_<pa1r 17)
f‘j‘and w1th the androst-s enes (palr 16) However the reverse relatlonshlp holds for the:
. 5a-androstanes (pair 15) ‘where ‘the’ member bearmg an axlally-onented hydroxylfﬁ
};:fgroup at C-1 was the more ‘mobile in all systems ot S v
< In. Table V. we have assessed in terms of ARMa values, the contmbutlon to‘;_;
j-,;polarlty of hydroxyl groups mtroduced at C-1 and at.other pos1t10ns in'a number of
*35a- and 5ﬂ-androstanes and androstenes Two systems of contrastmg composﬂ:lon[f

..'-‘TABLE V.

v"iCONTRIBUTION OF HYDROXYL GROUPS IN Sﬁ-ANDROSTANES, 5a-ANDROSTANI:S. AND ANDROST-S

“Coms o Compounds” © ' Rpvalues® zn.system v ARpg m
;‘pozmd DL T T o — ,‘system ‘
_’27;2;' ' ,5/3 Androstane-ra,3a-dxol-17-one (e); .. 0.85. 0. 22 [ 0/88 . o.

5" _-‘5ﬁ-Androstane-1,B 3a-diol-17-one (a) .~ - - " "0.85 . 0.2I . 0.88 ‘0.2

28 ./ ‘sa-Androstane-1a,36-diol-17-one (a) .~ -~ . 0.86 -~0.25 0.88 : 0.2

‘29 " sa-Androstane-18,38-diol-17-one (e) - " . 0.86  .0.22 : 0.88..0.2

30. - -Androst-5-ene-1a,38-diol-17:one'(a) . - ... 0.84 . 70.13 0,88 0.1

31 . . Androst-s-ene-18,3f-diol-17-one (e)’ ... . '0.84."0.20 0.88 ‘o.

~33 ¢ :s5@<Androstane-3a, 6a-dxol-r7 -one (e) : g oo 088 -o0i12 0 0.88 Mol

34+ 58-Androstane-3a,78-diol-17-one (e). .. - 7 0.88 ‘0.14 -0.88 - o.

'35 . s5P-Androstane-3a,11¢-diol-17-one (e). - -~ . -0.88 0.33 . 0.88 0.2

36 - -5@-Androstane-3e,118-diol-17-one (a) - . - "0.88 0.5I- 0.88 ' o.

37 i ;5ﬁ Androstane-3a 15a-d101-17-one (e')c _-f .. 088 . 0.31 o.88", :

*-,a.ft:er the name of the’ compound iR i
"i 7. piIn'dach case; values in the. left column are derlved from the a.pproprxa.te stem compoundsf‘;‘
;f,(5,3-a.ndrostan-3a-ol-I7-one. 5a-androsta.n-3ﬂ ol-17-one, or, androst—s en—3ﬁ-ol-17 one), and those -
in-theé rlght c¢olumn from the substltuted stem compounds T T e A ‘

e’ Pseudoequa.torxa.l ST Sl

"»-‘nwere used together w1th the appropnate “17-ketoster01ds as’ compounds of. referenc' =
hese values are’ ‘similar to those which:we published earlier for ; a serles .deri d
03 yc _ rt1costerone5 and w1th the exceptloq of those obtamed for c ,mpoun 36

"'ed-pha.se t 'chmque (sys em 14). a.nd observed the, Sami
) \ i 2 h"wh'l i
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DISCUSSION ~

Pr1or to cons1der1ng explanatlons for the unusual polarlty of the ﬁve I,II- d1-
ketones (compounds 4, 8, 14, 22 and 26 in Tables 1I and III), it seems of interest to
indicate other normal and abnormal properties of this class. JONEs AND:Di1G1orG1O
have examined Dreiding models of compounds 4 and 8 (Table IT and Fig. 1), and have
determined their infrared spectra in chloroform and carbon disulfide solution. They
reported that there was no more interaction betweén the C-1 and C-11 carbonyl groups

Fig. 1.

of these compounds, as judged by dlsplacement of the C-II band than in 11,17-
diketones generally. This is surprising since they noted that the two carbonyl groups
of compound 4 are separated by only 2.8 A (ring B chair conformation) while those of
compound 8 are separated by 3.7 A (ring B boat conformation). Since there was no
marked absorption above 3000 cm-1, it was concluded that neither steroid-was ap-
prec1abl'y enolized. In contrast, we have made two observations in ‘this series which
suggest ‘the ‘occurrence’ of marked physical interaction ‘between :the two: carbonyl
groups. ‘The first is that the extinction coefficient, &, in methanol of 58-androstane-
I,3;11, 17-tetrone (compound 38 in Fig: 1) is only 6,400 or about one-half that of the
corresponding I11: deoxy-ﬁ-dlketone (compound ‘39, Fig. 1, ¢ = 12,650). The second
‘obsérvation'is that r,r1-diketones, lacking carbonyl groups elsewhere, such:as 3a,17a,
.2083,21- tetrahydroxy-58-pregnane-1,11-dione (compound 4o, Fig. 1), are very resistant -
to catalytic or metal hydride reduction, whereas the corresponding 11-deoxy-1-ketone .
readily is reduced to the equatonal alcohol Both of these observatlons are. dlscussed

in detail in the earlier paper?. =
T We ‘believe that the observed hyperpolanty of 1, II-d]ketones m Partltlonmg |

- J. Chr amatog-. 37 (1968):89-96
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systems is a consequence of the proximity of the carbonyl groups. The, effect of their
close approach, as 1,4-diones in a cisoid relationship, is to depolarize both: carbonyl
groups and to reduce the positive charge on each carbon atom. It seems likely that the
associated repulsive. forces are sufficient to distort. the conformation of the molecule

with a consequent change in its distribution characteristics.. In addition, the carbonyl
group area could serve as a site for association with components, of the stationary
phase, or for the generation of an ionized species; both would serve to increase the
solubility of the compound in the immobile phase and thus provide the observed result.
Professor D. H. R. BARTON, in a personal communication, has suggested that the
abnormal polanty of cisoid I,4-d10nes might be explamed by supposmg an equ111br1um
between the. classic structure and such. polar structures as compounds 41 and. 42 .in
Fig. 1. The infrared evidence against enolization does not prevent its occurrence under
the conditions: prevailing in chromatography, but it is to be remarked that these
diketones do not behave chromatographically like enols. They do not streak in. neutral
systems and the. capamty of such systems seems little altered on adding acetic acid.
- The observation that the moblhty—structure relat10nsh1p for .the .enol methyl ethers
(Table III) is an 1rregu1ar one in partitioning systems but regular on adsorption
chromatography is in accord with the view!® that the conformation adopted by a
molecule adsorbed on a solid surface is not necessarily its preferred conformatlon in
solution. .

~In cons1der1ng thedata of Tables IV and V, it is. apparent from the small differ-

ences in Rp that the contribution to polarity of each epimer is very similar. In the
58-androstane series, that member bearing an axially-oriented hydroxyl. group at C-1
(compound 15) is less mobile in three systems out of four, thus prov1d1ng an exceptlon
to the rule?® which states that the axial member of an epimeric pair is the more mobile. -
Examination ofa Dreldlng model of compound 27 in the all-chair conformatron (T1g 2)

Fig. 2. Dreiding model of rings A (left), B and C of- 55 androstan-ra-ol photogra.phed frorn the
front (ﬁ) face. Open arrow indicates oxygen atom of the’ equator1a1 (a) hvdroxyl group a.t C-r ;
solxd arrow pomts to the equa.torm.l (a) hydrogen atom at C-II

appears to offer an explanatmn the d1stance between the oxygen atom of the equatonal
hydroxyl group at C-1 and the IIa-hydrogen atom is very.small, of the order of 1. 6 A
The resulting . mtera.ctlon would serve to reduce: the act1v1ty of the hydroxyl group,
presumably by hm1t1ng its association with' components of the’ statronary phase.

. The relative moblhhes ‘of the members of the 5ﬂ-pregnane palr (compounds 19

J. Chromatog., 37 (1968) $9f96
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and 32) and of the androst-5-ene pair (compounds 30 and 31) also are anomalous and
apparently for the same reason, namely the close approach, in compounds 31 and 32,
of the equatorial hydroxyl group at C-1 and the 11a-hydrogen atom:.

But the results obtained in the 5a-androstane series cannot be explained in these
terms. Here, in accordance with the rulels, the axial member (compound 28) is the more
mobile even though a Dreiding display of its epimer (compound 29) shows that the
equatonal hydroxyl group at C-x closely approaches the IIa-hydrogen atom.

It is possible that conformational distortion, induced by the proximity of the
oxygen function at C-1 and the IIa-hydrogen atom, may account for the observed
differences in chromatographic behavior in, for example, the s5a-androstane and
androst-5-ene pairs. While this factor may operate in all four cases, it might be supposed
that it would have unequal effects in the sa-androstane and androst-s-ene series
because the double bond in the latter tends both to flatten rings A and B and to limit
conformational mobility. It might be added that in those epimers not involved in C-1
C-11 interaction, namely compounds 15, 19, 28 and 30, the axially-oriented hydroxyl
group at C-1 appears to be relatxvely unhmdered sharing simple 1—3 interactions in

all cases.
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