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SUMMARY 

In an investigation of the paper chromatographic characteristics of a number 
of r-oxygenated steroids, it has been shown that the contribution to polarity of the 
C-II carbonyl group in r ,rr-diketones is aberrantly large and that, contrary to the 
general rule, the equatorial member of most pairs of epimeric 1-01s is the more mobile. 
Various mechanisms have been proposed to account for these results. 

INTRODUCTION 

Recently we isolated a new I-hydroxylated metabolite pf cortisol, .namely I$, 
;ja,17a,zo,&zr-pentahydroxy-$-pregnan-xx-one and, in the course of its degradation, 
prepared a number of saturated and .unsaturated r-oxygenated 5@-pregnanes and 
androstanes both bearing and lacking carbonyl.groups at C-11112. As illustrated in 
other publications from this laboratory3-6, 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 
genei-al utility ‘in this study, ?he method revealed aberrant’ paper chrornatographic 
behavior in enough compounds to justiFy a more extended study, and’to indicate the 
merits of correlating these results with certain unusual chemical properties of these 
compounds. :. : 

,‘.’ 

With the exception of compound zg, the steroids used’in thisstudy we&prepared, 
previouslylDaBO or are known substances. Compounds 30 and 31 were supplied. by 

I: Drs; STEPHEN KRAYCHY, WALTER R. BENN and RAPHAEL PAPPO of G. DSearle’and” 
> Company; Compound 37’was prepared by incubating $?-androstan-3a-ol-x7-one with 

Fziiarizcin Zirti’(Bolley)7 or; moresuccessfully, witha Pm~icilZiiLm species (ATCC ,iIsg8). 
Its.coristitution was.established by NMR spectroscopy.: ” ,’ t. ‘. 
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Preparation. of ga-androsta?ze-r~,3~-aioL-~7-one (compound 29) 

To a solution of 16 11lg of androst-S-ene-I/3,3jp-diol-r7-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-n-hexane. Constants: m.p. Igg- 
Igg,s”, [a]~ + 72.9” (methanol), Its structure was established by sodium borohydride 
reduction to the known8 ga-androstane-I16,318,17r8-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 ga-androstane-1~,3/?,x#-triol (nxp. 218.5-222”) prepared by Dr. 
PAPPO 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 & x0 after an equilibration period of not less than 8 11. Steroids were applied in 
the lowest discernible concentration. Detection methods included application of the 
Zimmermann reagent9 (after in sita periodic acid oxidation in the case of 17,20,21- 
glycerolslo), or dipping in 10% alcoholic phosphomolybdic acid followed by heating 
at Go-So”. 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 

COMPOkITION OF PAPER CI-fROMhTOGRhPHIC SYSTEMS 

Systena Conapositionn 
No. 

I 

; 

4 

d 

z 
9 

IO 

II 

12 

I3 
I4 

‘_I?& 50; ho., rgo; AM, 150; NOH, 50 ml. 
Tel., I 70; Iso., 30; AM, 150; HOH, 50 ml. 
Tel., 140; HI-bu., GO; AM, 70; HOH, 80 ml. 
Eh, 30; Iso., 170; AM, IOO; HOH, IOO ml. 
EA, 75; Iso., 125; AM, 70; HOH, 130 ml. 
Tel., 6o;~Iso.; zqo; AM, 160; HOH, 40 ml. 
Bz., 5 ml, diluted to.25 ml with EA. 
.T,ol., 140; Iso:, Go; AM, 130; NOH, 70 ml. 
Iso., 150,; III-bu., 30; AM, 30; HOH, 176 ml. 
EA, 50; Iso., 150; AM, 50; HOH, 150 ml. 
Il?E, .I IO;. Hep.;.go; AM, 140; I-IOH, Go ml. 
Tol., 1.05 ; .lZA, g5 ; AM, 120 ; HOI-I, 80 ml. 
Tol., 145 ; III-bu., .35 ; AM, 70; I-IOI-I, 80 ml. 
HOAc, t30; HOH,, 70; Dodccanc, 5 ml. Paper impregnated by drawing through a 

15 o/O (v/v) solution of dodecanc in acetone. Immediate application of steroids 
and chroma~ography’without prior ‘equilibration. 

a Tol. = toluene; Iso. = isooctanc(a,z,4-trimethylpentane); AM = absolute metlxindl;” 
III-bu. = lerl.-butsnol; EA = ethyl acetate; Bz, = benzene; HOAc - .glacial acetic acid; ll?E d 
isopropyl ether; I-Iep. = ?z-heptane. 

functional groups on mobility, the results are expressed as AXpr, values, a designation 
proposed by Bus~ll based on the original d& concept of l3ATESbxITI-I AND WESTALL~“. 

: 

R’&LTS 

1 1, ,) 

I. ,. ,’ i 
; :;. ,’ .,,:., : : .’ r ,. 

:Table, II gives the AR . 
mg values .for the C-I I, carbonyl group contribution in &k,, 

pairs of @androstanes or androstenes and two pairs, of @pregnanes chrornatogkphed~ 

J. Clrroyztog.,. 37, (r 968) 8g-gG 
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TABLE II >‘. ., 

CONTRIBUTION OP c-1 I CARBONYL GROUP IN 5/hNDROSTANES, ANDROSTENES AND &‘REGNANES 

Com- 
pdzcnd 
.?VO. 

Covtapound P&r System Rp ARMY System Ri ARlVIfl 

I 

2 

5@-Androstane-3, I 7-dione 
5/3-Androstane-3, I I, I 7-trione 

5/3-Androstane- I, x7-dione 
5#J-Androstane-I, I I, I 7-trione 

gp-Androst-I-enc-3, I 7-dione 
5/bAndrost-I-ene-3, I I; I 7-trionc 

5/3-Ahdrost-a-ene-r , I7-dionb 
5@-Androst-a-ene-r , I I, I 7-trionc 

Androst-4-ene-3, I 7-clione*’ 
Androst-4-ene-3,x I, x7-trione 

I 

2 

3 

9 
IO 

II g/hAndrostah-3u-01-1 -/-one 
gp-Androstan-3a-ol- I 1, I 7-clionc 

G 
I2 

I 
13, 5/?-Androstan-3a-ol-r , 1.7~dione 

I4 5/3-Androstari-3a-ol- I, I I, I 7-trionc 7 
: . ‘: 

i5 5~-Anclrostane-~P,3p-d~ol-I7-one 14 5@-Aqdrost,anc-+,3a-diol-1 I,I~-cli6n.e 8 

17 5/&Androstanc-3cr,Ga-cliol-r 7-one 
18 5,9-Anclrostane-3a,tjcc_diol-1 I, 17-clione 9 

19 5~-Pregnane-i~,3a,I7a,20~,2I-pentol 
20 5~-l~rqy~an~-~~,3~,I7cc,?oB,aI-pcntol- I0 

I I -one 

, 

21 

22 
g/j-Pregnane-3a, I7a,20/?,2 r-tetrol- I-0x-w I I 
5@l+egnane-3a,I7a,2ofl,2I-tetrol-~.~I- 

clionc 

2 

3 

0.79 
0.40 o-75 

0.87 0.19 1.46 

o*72 
0.39 

0 ’ Gl 

o’77 0.09 1.48 

o.Go 
0.22 0.71 

.o.BG 
0.70 0.43 

o.G5 
0.20. o-87 

z*:; 0.43 

0.15 

0 . 06 O-47 

z*;z o.q.6 
. _ 

0.59 
O.?? O-T0 

0.82 
.0.4G 0.73 > 

0.89 
,o.rg I.54 

0.80 
’ 4 0.40 0.78 

0.83 
0.08 1:75 

o.GG 
0.22 

0.82 
” 

o.gr 
0.47 0.77 

0.71 
o I2’ 1.2G 

5 
0.,38 
0 ’ II 0aG9 

E-t; . o.G7 

in a total of five systems. Examination of these ‘data show that the AXma values for 
pairs 2 and 4 are about twice as large as those for pairs x,3 and 5 (systems I and 4), that 
the values for pair 7 are nearly twice those for pairs 6,,8 and g (systems 2 and 5)? and 
that the value for pair II is similarly @eater than that of pair IO (system 3). Whcu 
these results are related to the indicated structtires of the, steroids, it is evident that 
this marked; enhancement of the effect, of the C-%x carbonyl group is manifest oniy in 
thos,e compounds,(4, 8,, r4 ,and 22) which also bear. a,carbonyl group at C-r,. ,’ .’ 
,. 
: This effect of the r ,r I-diketo ,system on mobility also was noted in, the, case of 

certain steroidal enol methyl ethers which were described in an,, earlier. $ubl+ation2., 
Stru,cture ,assignments were .,made from their NM,R spectra and there; was- a’ good 
correlation between the proposed structures and tlie obseri;ed ,con,stants.:, “But as 
Table JIIr illustrates, the ,reJative ,mobihties, in system ,,‘6,, 0: +e. r?-keto ethers (corn- ._.... -.. ,, 
p,ound 24, mobile a,nd .compou,nd 26, polar)are the reverse.of~h~se;noted,‘~~~.,~~l?e,:corre- 
spoiidin~ ‘rr-deoxy ‘ethers (compound 23,. pol&~ arid compound. z$,.&iobile) ;. The basis 

J..Chromatog.,.37 (IgGS),:Sg’-96, 
‘, ‘. .: \‘:, ‘,’ ‘,. ( : -, ,,,’ 
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TABLE TII 

CONTRIBUTION OF THE’C-II CARBONYL GROUP IN STBROIDAL ENOL METNYL ETHERS 

Com- 

pound 
NO. 

Comfiozrnd Pair System RF ARCH System Rp AR&to 

23 5&Androst-I-one-I -methoxy-3, I,7-dionc 
24 5/?-Androst-r -cne-qmethoxy-3, I I, I 7-trione 

25 5@Androst-2-ene-3-methoxy-I, f 7-dione 
26 5@Androst-2-enc-3-methoxy- I, I I, I 7-trione 

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 III, system 7) that the,structure-mobility relationship is here a consistent one. 
TAMMI~ also noted, in the case of the chromatography on alumina of the enol methyl 
ethers derived from Sa-cholestane-r,3-dione, that the 3-methoxy derivative was the 
mobile member. 

One of our objectives in the earlier and present study was to prepare pairs of 
epimeric 1-01s and to determine their relative mobilities in partitioning systems. Four, 
such pairs, chiefly: I7-ketosteroids and all in the II-deoxy series, havg been prepared 
to date, Their structures and Rp values in a total of six systems are given in Table IV. 
Each of the pairs of r7-ketones were chromatographed in four systems of Widely 

TAl3LE IV 

Rp VALUES OF STEROIDAL EPIMERIC I-OLS” 

Com- 

po2m-J 

No. 

Comfiound Pair .System Rp System Rp System RF System Rp 

27 

15 

=$-Androstane-Ia,3cr-diol- 
I7-one (e) 

g/3-Androstane-rt3,3a-diol- ‘4 
I 7-one (a) 

28 Sa-Androstane-Ia,3@-diol- 
rpone (a), 

29 : Sa-Aridrqstane- Ip, g@-‘diol- I 5 
I7-one (e) 

,. 

30 Androst-S-ene-Ioc,3~-diol- 
17-dne (a) 

3I Androst-S-ene-I/3,3/bdiol- I 6 
: Ic/-one(e). ,.. ,’ 

0.16 

0.17 

0.17 
8 

0.16 

0.12 

0.13 

0.22 

0.21 

0.25 
9 

0.22 

0.x3 

0.20 

0.27 

0.23 

0.27 o.I6 
IO II 

0.25 0.14 

0.13 

o.aa 

0.14 

0.12 

0.10 

0.13 

0.26 : / 2oP,zI-pent01 (c) 
19 

1:. .0.2G 
@-?rgnane: I/X3(x, I7a, 

24!?1”i;pelqol (a)’ ’ 
13.. 

0.23 0.24 ’ 
, .‘. , 

., ,, I ,‘, ,. 
U. Thb”a&al ‘(a)’ or ‘bqtiiibrial ‘(e)’ c&figuration & ih& ‘~~d&yi’. ‘&oup at C-I is &dicated:‘. 

iri’parenthesis:aftcr the’namc,‘of eachxbmpound. .’ 1 ,I ‘: “~ : :’ :’ .. ’ ,’ 

J.,Ch+oniatog,, 37, (1968) .89-96 
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TABkEy, ,’ 

,‘: 
i ‘, ,.. :,.‘, :,.‘., ; ‘. 

.,. . . .“,, _... 
,+&k3UTI~N 0F”WYDROXYL GROUPS IN’3j%ANDR&TANES, 3C+ANDR?,&ANE&, AI+ A~DI+$+:‘: 

Compounda RF valuesb in ‘iysteti I. :,, :Alj!~i’ iti,, < ‘. ‘. 
sy+?ni : ‘.’ 

‘, ‘. .,., ). “.‘., ‘,. 
: ,’ 0 ; 

_ ,. 
,.“. ; ‘, ., 9 ., ‘10 ; ‘, ,:,,j ;, ‘, .‘, 1; :: :(_; : :,, ‘: 

: : (.‘., 

‘27.“. 5B-Androstanc-icl,3a-diollI7-one (e) 
,.’ ,, ,‘, ‘,., ,I 

0.85,; ‘0.22 ‘,:‘0.88,. 6.27,. ‘:‘I ,$o. ?.31:.:: ,,’ 
5B-4ndrostane-IB;3cx-diol:r.7-one (a) ,’ ‘y,z.iz ; 0.2 I 9.88 .0,.23 : :, ,-!::34:,,:. I;~;I? :, ‘:’ : 

..$ : (’ ,:5a-AndroStanc-rcx,gS-‘diol-r7-one (a) ” 0.25 ,,.0.88 ‘. 0.27 1,27~,:~,,~,r~,31. ,,,:_.... 
23’. ‘5a-An~ros~an~~~I~,3~~d~ol.~I7-one (e) ,,~23f3, ,.,o 13, .o;aa d.88:,. 01’2’5 1.‘35 ,,.;1.‘36 ,:1Y,1 !’ 
30 :. ,.AndSost;glcnc-ra;SB-diol-Ij-one ‘(a) :: .’ . . 0; 88‘. I”, ,o.,rg ” .,1..55 ,‘,,,.,i:70’ :.‘..’ 
‘3 I’ ’ ,., ‘,Aridro&5-ene- ij9,3&diol- x7-one’ (e) b.84. 0;20’ ,;oLW ‘0.22 ~~33 .: ;1Lj.3,, ..,:I’; 
33 ; ,:5~‘Aiidr~st~~c-3a;6~~diol-r7-;one~ (e) . 0.88 &12 0.88 ,.“0.07 1.74, ;,j.92 ,‘,: L” 
.3& 5BtA,ndrosta~~~3a,781diol-17-one,(e)’ ,, ” ‘. 0.88’ “0.14 0~88’ 0.15’ I+- ‘, 1.62 ,.:“. 

-35 : 1 ~B-Androstane-ga,IIa-di?l-I,c/ione,(e), .,.z.i,” .” 0.33,, 0.88 .-,:, 6.27 .:.‘~‘.17:, 1.31 “:::;,,:, 
36, ‘. ,’ ~=$~A+rbst,an&3ti;I ?%diol:I7-one (a) ‘, ‘, 0.88 ,, 0:55 ” ,985 q.78:.::. ‘,),: 

‘.‘37 , .: ,,.,‘,5B_Androst?nc-3a,rga-diolt17-one: (e’)C ,‘,’ c.f:h$ ‘:.‘g.i: ,’ 0.88 0.2j ,1.22’ .1:,26,.” .’ ;’ ,’ 

.,., 
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DISCUSSION , (. 

: 

Prior to considering explanations for the unusual polarity ‘of the five r,rr-di- 
ketones- (compounds 4, 8, 14, 22 and’ 26 in Tables II and III), it seems, of interest to 
indicate other normal and abnormal properties of this class. JONES AND;DIGIoRGIo?” 
have examined Dreiding models of compounds 4 and 8 (Table II and Fig. ,I), and have 
determined their infrared spectra in chloroform and carbon disulfide solution, They 
reported that there was no more interaction between the C-r and C-II carbonyl groups 

0 

0 
0 tl?P 4 

l-l 

,’ 

of these compounds, as judged by displacement of the C-II band;,than in 11,17- 
diketones generally. This is surprising since they noted that the two carbon91 groups 
of compound 4 are separated by only 2.8 A (ring 13 chair conformation) while those of 
compound 8 are separated by 3.7 A (ring I3 boat conformation). Since there was no 
marked .absorption above 3000 cm -1;. ,it was concluded that Ineither steroid-was ap- 
‘preciably enolized. In contrast, we have made. two obsetivations in this series which 
suggest the ‘occurrence‘ of ,marked ‘physical ‘interaction :between .the two. carbon@ 
groups; ,The‘ first is that the extinction ‘coefficient, e, .in methanol ,.of $?-androstane- 
I;&rr,r7~tetrone (cornpound 38 in Fig, I) is only 6,400 ‘or,, about ,one-half that of the 
correspon.ding 1x2de’oxy-&diketone (compound ,3g, .Fig. I; ‘E = 12,650) 18 The se’cond 
dbservationis that I,I I-diketones; lacking’carbonylgroups elsewhere, ,such: as 3a;rya, 
zo@,zI~tetrahydroxy-#-pi-egnane-1 ;IIrdione (comijound 40,‘Fig., I.) ).‘ are very,resistant 
to catalytic or metal hydride reduction, whereas the corresponding II-deoxy-r-ketone 
‘readily is reduced to the equatorial alcohol Both of these. observations are, discussed 
in detail in the earlier &per!.’ ‘, 

‘. ; ! :,, : ,, :_. ,.‘, r:.‘: ,.,. :.’ 
,::: ,.,. 1, ’ ,.; ,,_Y :.. ..;. ,, ,“>, :,... 

We believe that the’ ob.Gerved’hyperpolarity ‘of I’,rr-diketon~s’.in’,partitioni~g 

.J.‘Ch~oinaiog.,.~7 (ig68):Sg-gt 
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systemsis a consequence of the proximity of the carbonyl groups. .The, effect of their 
close approach, as, I,+diones in a cisoid relationship,, is, to ,depolarize both: carbonyl 
groups and to reduce the positive charge on each carbon atom. It seemslikely.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 ionize,d species; both would serve .to increasethe 
solubility.of the compound in the immobile phase and thus provide the observed result. 
Professor D, 1-I. R.’ BARTON,, in a personal communication, has suggested,.th,at ,the 
abnormal polarity. of @soid 1,4-diones might be explained by supposing an equilibrium 
between theclassic structure .and such. polar, structures as compounds 41 and 42 in 
Fig. I. The infrared .evidence against ,enolization does’ not prevent its occurrence .under 
the conditionsl,prevailing in chromatography, but it is ,to be remarked that ,‘these 
diketones do not behave chromatographically like enols. .They do not streak,irrneutral 
systems and .the, capacity of such.systems seems little altered on adding’acetic acid. 
The :observation that the mobility+tructure relationship for, the ,enol methyl ethers 
(Table III) is an irregular one in partitioning systems but regular’ on adsor&ion 
chromatography is in accord with the ‘view 15 that the conformation adopted by a 
molecule adsorbed on a solid surface is not necessarily its preferred conformation in 
solution. 

In considering thedata of Tables IV and V, it is.apparent from the,small differ- 
ences in. RR~ that .the contribution, to polarity of each epimer is ,very similar. In the 
S@-androstane series, that member bearing an axially-oriented hydroxylgroup at, ,Ct? 
‘(compound IS) is less mobile in thre’e systems out of four, thus providing.an exception 
to the rule? which states. that the axial member of an epimeric pair.is the more mobile. 
Examination of a Dreiding model of compound 27 in the all-chair conformation (Fig. 2) 

.’ 

; .’ 

. . 

‘. : ,’ 

Fig. 2. Drciding moclel.of rings A (left); B &~d C of ‘#androstan-Ia-ol, photographed’ fl;om the 
front (B) face. Open arrow indicates oxygen atom of the ‘equatorial (a) hydroxyl ,group at C-I ; 
solid arrow points td thiz equato+al’(a) hydrog& atom at C-XI.‘,. . ” ’ ‘s’ ‘:‘: ‘. 

,, ,I’ i,. : I,: ‘, : ,., ,‘,, . . ,:’ , 
‘.; ,. ‘. ,,“i ,:; 

appears to offer anexplanation ithe distance between the oxygenatom of the equatorial 
hydro~yl’g&up”at C~I arid, the rr&-hyd&gen ‘atom is very$nall,, of the ord,ei;!of: XI& A;. 
The resulting interaction would’ serve to reduce .the,, activity ‘of the; hydroxyl ‘.group; 
presu,mably by limiting its‘~ass&iiition with- coml&&nts’ of the’~‘statio&iry ~$haseI -i‘ ’ 

Then relative mobilities of the members of the $S-pregnane: pair (compounds: 19 .,. ., .’ 

J. +maCog., 37 (1gG8) 89-96 ;.. 
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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-I and the Ira-hydrogen atom, 

But the results obtained in the SF-androstane series cannot be explained in these 

terms. Mere, in accordance with the rule lo, the axial member (compound 28) is the more 

mobile’even though a Dreiding display of its epimer (compound 29) shows that the 

equatorial hydroxyl group at C-r closely approaches the 11a-hydrogenatom. 
It is possible that conformational distortion, induced by the pgbximity of the 

oxygen function at C-I and’the era-hydrogen atom, may account for the observed 
differences in chromatographic behavior in, for example, the Sa-androstane and 
androst-g-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-5-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-I : 

C-II interaction, namely compounds 15, 19, 28 and 30, the axially-oriented hydroxyl 

group at C-I appears to be relatively unhindered, sharing simple 1-3 interactions ‘in 

all cases. 
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