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Although thin-layer chromatography has only come into widespread use in the past 
four years, it has already gained recognition as a valuable tool in the analysis of 
steroids. Among the classes of steroids to which thin-layer and spread-layer chromatog- 
raphy have been applied are : estrogensl-O, androgens*-10 and other C,,-steroidss~“~ lls!l, 
corticosteroids”~D~l”-l~ and other C,,-steroids*,5~7,0,11,la,l*,10,17, cardenolidesla~l~ 
and cardiac glycosidesrD-21, etisnic acid derivatives”e13, bile acids andtheir esters6*““-““, 
s~cro~s4,",7,9'11,13,17,26,?~ and cholesterol esters49 fig79 27-31, clzolestanones13~32, sapo- 
genins~~~~~J3--38 and saponins20, all~aloids*,S,9133,3”,3n, and aromatized steroicls”0. 

An esnmination of the above references reveals that separation by thin-layer 
chromatography is relatively easy where differences exist in the kind, number, 
position, or configuration of polar groups, but difficult in the absence of such dif- 
ferences. In certain cases a di.fference in substitution on a carbon atom adjacent to a 
polar group is sufficient to make separation possible (e .g., progesterone and pregnane- 
3,20-clionel9, and the resolution of A/B cis-tmm isomers having a polar group in 
position 3 can be accomplished. 

The scarcity of data concerning the influence on separability of structural differ- 
ences remote from polar groups has led us to make a study of such effects. The eight 
3p-sterols selected for this investigation differ only in Ring B and/or in the side chain 
and are of considerable biological interest. 

EXPERIMENTAL 

Escept as described below, chromatograms were prepared ancl developed as iii our 
previous papersiOs 98. 

Silica Gel G plates were used for all solvent systems escept B, where Silica Gel 
G-Kieselguhr G (I : I)M was the adsorbent. 

The cornposition of the solvent systems was as follows (minutes required for 
development in parentheses) : ’ 

A : Cyclohesane-ethyl acetate-water, 600 : L(.OO : I (26). 

B : Cyclohexane-heptane, I : I (25). 
C : Cyclohesane-ethyl. acetate-water, 1560 : 440 : I (34). 
D : Isooctane-carbon tetrachloride, Ig : I (29). 
Sterols were applied in 0.1 ;lg quantities. 
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DISCUSSION 

As previously reported 4~~~~~17, the mistures of hydrocarbons with more polar solvents, . 
commonly used for thin-layer chromatography, failed to separate @sterols differing 
only by degree of unsaturation or number of carbon atoms in the side chain. Thus, 
a mixture of cholesterol, stigrnasterol, &sitosterol and desmosterol moved as a 
single spot in System A (see Fig. I), and ergosterol and 7-clehydrocholesterol likewise 
failed to separate. 

In view of our previous finding that isomers of sapogenins differing only in the 
configuration of a C-q methyl group are resolved by mistures of nonpolar solvents38, 
solvent systems of this type were tested for the thin-layer chromatography of sterols. 
Mixtures of cyclohesane or isooctane with a series of solvents in descending order of 
polarity were examined, using cholestane and dra-cholestene* as model compounds. 
While no separation was achieved with chloroform,. toluene, or benzene, these hydro- 
carbons were resolved when carbon tctrachloride was used (System D, Fig. I). 

However, the four sterols differing in the side chain were not separated in sys- 
tems containing carbon tctrachloride. A resolution of the pairs with saturated and 
unsaturated side chains P-sitosterol-stigmasterol and cholesterol-clesmosterol was 
finally effected by a misture of saturated hydrocarbons (System B, Fig. I). Because 

0 I2 

Q 13 014 
015 

A A 6 c D 

Fig. I. Separation of sterols and sterol cstcrs (for solvent systems A-D see text). (I) Cholcstcrol 
td”-cl1olestc11-3B-01) ; (2) Stigmastcrol (24a-ct11yl-~s~~a- cholestaclicn-3j3-01) ; (3) /3-Sitosterol (24~ 
cthyl-~6-cholcstcn-3/3-o1) ; (4) d7-Cholcsten-3@-01; (5) Ergostcrol (e4~-mctl~yl-~6~7~~s-c1101cstatricn- 
3~3-01) ; (G) Cholcstan-g/?-o1 ; (7) 7-Del~ yclrocl~olestcrol (d G~7-cliolcstadicn-3~-ol) ; (8) Dcsmostcrol 
(A68 ~~~-cl~olcstaclicn-3~-ol) ; (9) Cholcstcrol trifluoroacetatc ; (x0) Stigmasterol trifluoroacetatc; 
(I I) p-Sitostcrol trifluoroncctatc ; (12) .Desmostcrol trifluoroacctatc : (13) Desmostcrol acetate; 

(1‘1) Cholestane: (1.5) ~lo-Cl~olestcnc. 

of the very low polarity of this system, appreciable mobilities were only obtained by 
chromatographing the sterols in the form of their trifluoroacetates on Kieselguhr G- 
Silica Gel G (I’: I) 3s. A separation of cholesterol acetate and desmosterol acetate under 
similar conditions has recently been reported by MILLER, HAMILTON AND GOLD- 

SMITEIQ~, who used glass paper impregnated with silicic acid as the adsorbent and 
isooctane as the developing solvent. 

Even in System B an alkyl substituent ‘in the side chain has no influence on 
mobility, as is shown by -the failure of cholesterol trifluoroacetate and /?-sitosterol 

l Generously supplied by Dr. G. W. NAIR. 
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trifluoroacetate to separate. Thus, the large dif+ercnce in mobilities between stig- 
master01 trifluoroacetate and cletiosterol trifluoroacetate can only be clue to the differ- 
ence in position of the double bond. 

In contrast to sterols with different side chains, compounds differing in the clegrce 
and/or position of unsaturation in ring B were separable in polar systems (System A, 
Fig. I). The greatest separation occurred between cholesterol and A’-cholesten-+ol, 
but the latter sterol and cholestan-@-01, differing only by a double bon’cl four karb,on 
atoms removed from the hydrosyl group, were also separatecl, as were cholesterol 
ancl 7-clchydrocl~olesterol. It is interesting that 7-clehydrocholesterol, in spite of 
having one more double bond than N-cholesten-3/L01, shows greater mobility. 
The difficulty of separating SC+ from corresponding d “-steroids is again evident ,here, 
in the case of cholesterol. and cholestan-$?-01. 

The trifluoroacetates of sterols I-S were not separable in polar systems. This is in 
agreement with our observations on sapogenin acetates38. However, as Fig. I shows, 
resolution of desmosterol acetate from its trifluoroacetate was possible in the polar 
system C. This suggests that while separations based on differences in the acidic 
portion of the ester are possible in both polar and nonpolar systems, only the latter 
are suitable for resolution on the basis of differences in the alcbhol. portion, The 
literature on the separation of cholesterol esters”, Gs7s 27s 3 31 also inclicstes that sepa- 
rations on the basis of differences in the acid portions are usually feasible. 

The general applicability of the 50 y0 sulfuric acid spray was demonstrated by its 
ability to reveal even a saturated hydrocarbon, cholestane, in a concentration of 
0.1 pg. A temperature of about zoo0 was necessary in this case, but for the sterols 
about 120~ was usually sufficient. 

Further work is needed before a systematic correlation of structural differences 
with separability is possible, but our results show that thin-layer chromatography is 
capable of rather subtle discriminations when the proper conditions are chosen. 
Our failure to separate sterols differing only by allcyl substituents in a saturated side 
chain may reflect a limitation of the method. Undoubtedly further improvements 
in the separation of the biologically important sterols differing in degree of unsatu- 
rtition in ring B will be possible by experimenting with other systems, although no 
solvents of the type of System B could be found to give better resolution. 

SUMMARY 

$&Sterols differing in unsaturation in ring B and in the side chain were 
by thin-layer chromatography. Differences in resolving power between 
nonpolar systems were observed. 

separated 
polar and 

REFEREISCES 

1 D. WALDI AND I?. MUNTER, Med. SxfJtZ., 3 (1960) 45. 
2 M. BARBIER AND S. I. ZAV'YALOV, Izv. rlkad. Nazrk SSSX, Otd. KJL~IH. NauJr’, (1gGo) 1309. 
3 I-I. STRUCK, kT~/~roclt~irrz. Acta, (1961) 634, 
*I S. HIERMMANEIC, V. SCHWARZ ANI> Z. C~ICAN, Collection Czeck. Chent. CO~WHLUZ., 26 (1961) 1669. 
6 S. HE:IIMANEIC, V. SCHWARZ AND Z. &WAN, Phavnzuzia, 16 (rg6r) 5156. 
D I-I. WIZIJRLI AND I<. SCI-IAFFNER, ZYeZv. CJhz. Acta, 45 (1962) 385. 
’ M. J. D. VAN DAM, G. J. DEICLEUVER AND J. C. DI;:HEUS, J. Chvonzatog.. 4 (1960) 36. 
* A. A. AICHREM AND A. I. I<uzNETsovA, DokLAkad. NazrkSSSR, 138 (1961) 591. 



362 Ii. 13. BENNETT, E. HEFTMANN 

u V. ~ERNY, J. JOSKA AND 3;. LADLER, Collection CzecJb. CJreru. Corrzm~n., 26 (1961) 16.5s. 
1” 0. CERiZI AND G. RIABFI, Boll. C?liMZ. FnPllz., 100 (1961) 954. 
11 R. NEHER +,~.rr.A. WETTSTEIN, HeLv. CJdn?. Acta., 43 (1g60) 16~5. 
12 12. METZ, Nntzcrzviss., 48 (1961) 569. 
13 RI. BARBI~~R, 1-I. J;~GER, I-I. TOBIAS AND E. WYSS, HeZv. Clzilta.Acla, 4~ (193~)) 2440. 
l4 IA. STARK.4 AND J. MALfKOVA,./, ~:P2dOC$&l.O!., 23, (Ig61) 215. 
16 0. ADA~IEC, J. MATIS AND M. GALVANEIC, I,a/tceC, Ixg6:! I) 81. 
10 R. D. BENNETT AND E. HLFTMANN,J. CI~vonzalo~., g (1962) 34s. 
1; R. 'I'sc~~~sc~-r~r AND G. SNATZKE, .d?rgz., 636 (rgGo) IO.=,. 
1" R. TSCHESCHE, W. FREYTAG AND G. SNATZICE, Client. Bep., gz (rgsg) 3053. 
1fi 13. G~RLICH, PZmrta Med., 9 (1961) 442. 
w I,. CARRBRAS MATAS, A?aaZes Real Acad. Farnz., 26 (1960) 371. 
31 E. STAHL AND U. ICALTENBACH,J. Cltronzatog., 5 (rg6I) 458. 
33 1-I. G~~NSHIRT, I?. W. Koss AND I<. MORIANZ, A?~z~zei&tteZ Fol*sclr., IO (1960) 943. 
23 A. I;. I-~OFMANN, ,[, Llfiicl Res., 3 (1963) 127. 
24 11. 1;. I-IoF~~ANN, ~112ctI. ~ioclre~rz., 3 (1gG2) 145. 
35 fiI. J. D. VAN DAnI, Bzcll. Sot. CJbrl~. Belgcs, 7c1 (zg6~) 122. 

20 K. SCHREIBER, G. OSSKE AND G. SEI\IBDNER, Experie~ndin, 17 (1961) 463. 
“7 I-1. WEICKER, k-l?&. k~OChs&'., 37 (1959) 763. 
08 I-l. JATZICEWITZ AND E. MENL, %. PJ+Gol. C?r.en&., 310 (rgGo) 251. 
2n 1-I. I’. I<AUPMANN AND %. R/IAI<US, FeCte, Seifelr, .4wstvicJ~naifteZ, 63 (1961) 235. 
8” c. MICHALEC, M. SULC AND J. M&STAN, Nalzrpe, 193 (IgGz) G3. 
al\*. MAHADISVAN AND W. 0. LUNDBERG,J. Lipid Xes., 3 (1962) 106. 
32 c. 'rAMM, &?kJ. chiW Ah&&, 43 (1960) 1700. 
33 I-1. 

34 I-1. 
35 I-1. 

30 El. 
3' R. 
3" m. 
30 H. 
40 H. 

SANDER, H. HAUSER AND-R: $IjikEt, Pln~rln nderl., g (1g61) S. 
SANDER, %. Nntzrrfo~~scJ~..., IG 1) (rg61) 144. 
SANDER AND G. WILLUHN, Flora (Jean), 1.51 (1961) I-50. 
SANDER, ATatuvwiss., 45 (rg6 1) 303. 
TSCHESCHE, H. SCHWARZ AND G. SNATZICE, Client. Sep., 94 (1g61) ~Ggg. 
D. BENNETT AND E. HEFTMANN,J. Cl~romatog., g (1063) 353. 
SANDER, M. ALI~BMEYER AND R. H~~NsEL,A~'cJ~. PJtarvz., 295 (1962) 6. 
DANNENBERG AND I-I. G. NEUMANN, CJzenz.Ber.. 94 (1g61) 3055, 3094. 

41 0. N. MILLER, J. G. I-IAnIILToN AND G. A. GOLDSA~ITH, Au% J. Cli+z. Nz~~Y., IO (1962) 28-j. 

J. Clbvomntog., g (1g62) 359-362 


