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II. THE PAPER CHROMATOGRAPHY OF SOME STEROLS, PROVITAMINS,
VITAMINS AND PENTACYCLIC TRITERPENOID ALCOHOLS*
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INTRODUCTION

Unlike the paper chromatographic separation of the more polar steroids, the chroma-
tography of highly fat-soluble sterols, vitamins, provitamins and pentacyclic triter-
penoid alcohols has not been the subject of many comprehensive studies.

Because of the poor solubility of these compounds in water and polar solvents,
the ‘“‘normal’”’ paper chromatographic methods find little application here. The
literature only deals with separations of cholesterol and 7-dehydrocholesterol! and
of vitamin A and vitamin A acetate?® in similar ‘“‘normal” systems.

Impregnation of the paper beforehand is necessary to achieve good chromato-
graphic separations. For this purpose the following agents may be used: phenyl cello-
solved-6, salts of carboxylic acids?, aluminium oxide® and Quilon (a chromium stearato
complex) ; see Table I. The last-mentioned compound, a water-repellent impregnating
agent, has been applied for the separation of some naturally occurring sterols®-11,

The solvent mixtures used for the paper chromatographic fractionation of
sterols, mentioned in Table I, are the following: ‘

(1) Quilon/ethanol—water (8:2)°.

(2) Quilon/methanol®.

(3) Quilon/methanol—water—ethylene glycol monomethyl ether (65:20:20)1°.

(4) Quilon/methanol-water (95:5)1°.

(5) Quilon/ethanol—water (8:2)11.

(6) Sodium stearate, -palmitate/methanol-carbon tetrachloride—water (18:5:2)%

(7) Aluminium oxide/hexane-ether (3:1)3.

(8) Water/phenol-methanol-water (13.5:30:56.5)%.

(9) Water/isopropanol-water (1:1)2

(x0): Phenyl cellosolve/heptaneb.

(zx) Phenyl cellosolve/heptaned.

(x2) Silicone grease/acetonitril-water (6:4)8.

* ForPart I of this series, see ref.22.
** Rijkszuivelstation, Leiden, The Netherlands.
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(13) Paraffin/ethylene glycol monoethyl ether—»-propanol-methanol-water
(35:10:30:25)18,

(14) Paraffin/n-propanol-methanol-water (15:82:3)10.

(15) Paraffin/methanol-water (g5 :5)8.

(16) Petroleum b.p. 220-240°/pyridine-water (85:15)12.

(17) Paraffin/acetic acid—water (84:16)13-15,

The best separations of these highly fat-soluble sterols and vitamins have been
obtained by reversed-phase chromatography, applying as stationary phase: silicone
grease®, petroleums fractions!? or paraffinum liquidum?3,16,

In the analysis of fats and oils, a good method for the detection of small amounts
of animal or vegetable fats in their mixtures is required?2. Therefore, a paper chroma-
tographic method for the identification of cholesterol, which occurs in animal fats,
was badly needed. It is, however, not easy to obtain a complete paper chromato-
graphic separation of cholesterol from the closely related phytosterols occurring in
vegetable oils (mainly fS-sitosterol and stigmasterol). Of all the systems mentioned in
Table I, system No. 17: paraffin/acetic acid—water (84 :16) gave the best separation of
cholesterol from these phytosterols. The paper chromatographic separations of several
sterols, vitamins and provitamins, that are possible with this system were more closely
studied. Besides this, an attempt was made to establish more general rules for classifying
and “‘explaining’’ the paper chromatographic dataobtained from the literature and from

our own experiments.
PAPER CHROMATOGRAPHIC DATA

Table II presents the Rp values, relative Rg values (S = cholesterol) and the
corresponding Rps values of some sterols, fat-soluble vitamins, provitamins and
pentacyclic triterpenoid alcohols in the above-mentioned system. The formulae of
some of these sterols are given in Fig. I.

\,R/\’{ STIGMASTEROL
CaHis e cHy CHa
HO (l'/ VITAMN D3
3FCoaF
| &, HO N
\R/\__< CHOLESTEROL ERGOSTEROL
FCar 2FCaaF
H
7 LANOSTEROL
R CAMPESTEROL AN FCaoF
& Feas "
3 ZYMOSTEROL
FCa7F
Hi v
x BRASSICASTEROL
cH FCoaF
3
AGNOSTEROL
2FCaoF
Y\ 7-DEHYDROCHOLES- HO
" ]._< /3 SITOSTEROL TEROL
CaHs FCag HO 2FC27

Fig. 1. The formulae of some sterols, mentioned in Table 11.

J.: Chromatog., 5 (1961) 500—-514
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Paper chromatographic reversed phase systems generally present a pure liquid—
liquid partition chromatography. The relation between the Rp values or, even better
the Ky valnes, and the number of carbom atoms of substances. belonging to a homo-
logous series should be more or less Emear. This nearly linear relation is observed,
fior imstamce, when separating higher fattw acids in the system undecane/gs5 ¢, acetic

TABLE [T

THE Ry, Bg™ (§ = CHOLESTEROL) AXD Ryy”~ " VALITES OF SOME STEROLS, VITAMINS, PROVITAMINS
AND PENTACYCLIC TRITERPENOID ALCOHOLS [N THE SYSTEM PARAFFINACETIC ACID—-WATER (S4:16)

Paper: Schleicher-Schill 2043 b mgl.; temp.. 22—24°.

(Ciommyprorsunidl Formudin A%:;:. m’;xl:: rfl?:; g}:;,:: 5;2252’
Cholestenol Copll (@  FCzxp 0-33 r.o 0.3I 0.28
A -Cholesthemol CoHy© EFCz2p 0.33 r.o 0-31 0.28
7-Delhyvdnocholestenol Corly, O =2zFCzy o.40 r.zz o.18 .20
Dihwdnocholestenol CoH O Cz; o.27 o.Sr 0.43 ©.39

(B~cholestamol)
GCoprostamol Co O Cz5 0.0y -z2 I.E3 —
Epicholesteneol Co Bl O FC2xp 0.26: 0-79 0.45 —_—
(o.mm 0.3.4 0.91)
{0.009: 0.30 I.0035)

B-Sitostenol CaH;,© FC29 .23, 0.75 0.48 o.52
Campestenolit CayH O FC2§ 0.29 0.87 0.39 0.40
Stigmastenol Cag 1 (O FC29F o.z27 0-83 0.43 O.41
Brassicastenolft (mmd Coyl 0@ FC28F 0.33: I.0 0.31 0.29
P-Sitestenol Co M O FC257 .29 0.58 0.39 0.40
2 z-Dihyvdnoengosteno] CoH (O 2FC28 0.3.4 I-O4 .29 0.32
Zymostemol CoeH ;O FC27F 043 .31 o.r2 0.17
Engostenol CayH 3, © 2FCz2SF o.g= .26 o.14 o.21

Vilttammim 1D, Cop B ;O 3FC28F .38 L5 o.2f 0.26

Vitaminm 1Dy Co 1y, @ 3FC2yp 0.36: I-fo 0.25 0.25
Dihydmowvitamim I, Co H (0 3FC2S c.29 0.87 ©0.39 0.37
Pyrocalcifenol CayH 5O 2FC28F 0.3 0.94 0.35 —_
Isopymocalcifenol Cap H 3@ 2FCz2SF o33 .15 .21 —
Lumistenol Co H gy© 2FC2SF 0.33 .00 0.31 —_
Epilumistenol Co i 3 © 2FC28F 0.37 I.rz 0.23 _
Lanoestenal Cy ;@ FC3pF 2z 0.66 .55 0.53
Dihydrolamostenol CG ;.0 FC3o o.n5 O. 44 0.75 0.64
Agmestenol i@ 2FC30F @.LQ 0.59 0.63 0.45
Dihydnoagmastemno CyyHz,©  2FC30 c.i§ 0.5 0.66 0.56
Cholestenol mcetate aey B gy Olay — 0.09 0.25 I.oo —
B-Sitostenol avetate CopHO — 0:06: o.ry I.20 —_—
Stigmastenol awetate Cyy H5,0% — 0.0§ o.24 r.o6 —
Engastenol acetate i 2O —_ OL.LO 0.29 0.95 —
Chollestenol butyrate CyyHz.0% —_ 0.0y o.rz .38 —_—
7-Hydmoxyciholestenol C,. 1,0, — o7y 2.23 -0.46 —_—
Vitamim A anlHz0© — 0.30 0.9% ©0.37 —_
Vittamim A acetate CooH 5., O, —_ Q.01 0.03: 1.99 —
@-z-Tooophenol Coag FI5, O, —_ o.03 0.40 0.83 —

" The Ry value is calembated from Ry sterol)/Ry chiolesterol witly Ry cholesterol = 1.0.

" Ry = log (1)/Ry — 1)-

T The abbreviated formmla FC2STF meams a sterol structure with: 28 carbon atoms. The F before
and after C,, cormesponds to the nmmiber of double bonds in the sterol nucleus and in the side
clhaim of tihe molecnle mespectively..

¥ These theonetical Ry valmes am: calcmiated from Ry, and IRy, values.
H These stemols were mot available as pum: preparations..

J- Cliromatog., 5 (1g61) 500-5T4
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acid?® and when separating cholesterol esters in the system paraffin/acetic acid-
chloroform~paraffin oil (65:25:10).

Analogously, an almost linear relation is obtained when the Rz values of some
sterols are plotted against their number of carbon atoms (see Fig. 2).

DISCUSSION
The appearance of critical pairs
The introduction of a double bond produces an increase in the polarity of the molecule
(and anincreasein Ry value), whichisapproximately equal to that caused by adecrease
in length of the carbon chain by one —CHj group. Therefore stigmasterol (FCzgF),
campesterol (FC28) and dihydrocholesterol (C27) have approximately equal Rr values.
Similar to the paper chromatographic separation of higher fatty acids?®, all
sterols are arranged in critical pairs (mimic substances according to Busw2%). Brassi-
casterol (FC28F), cholesterol (FCz7) and 7-dehydrocholesterol (2FCz7), ergosterol
(2FC28F), and zymosterol (FC27F) also belong to two different critical pairs.

R,r \Value
QGO‘ \’&
osof \

Q40r

L cholesterol \
esters
cay —ebEC20

Q30f

0.20F

1L sterols

Oa0r

26 27 28 29 No. of C gtorns Sterals

T I EEor uBBD
Fatty acids
Fig. 2. The Rp values of higher fatty acids, cholesterol esters and sterols plotted agaimst their
number of carbon atoms. The higher fatty acids are separated in the system undecanej9s <,
acetic acidl® (curve I), the cholesterol esters in the system paraffin/acetic acid—chloroform—
paraffin oil (65:25:10)1 (curve II), and the sterols in the system paraffin/84%, acetic acid
(curve III).

The above-mentioned sterols are separated into four zones on a paper chromato-
gram, made according to the technique of MaTTHIAS32 The lowest zone contains
B-sitosterol, the second zone campesterol and stigmasterol, the third zone cholesterol
and brassicasterol, and the fourth zone 7-dehydrocholesterol, ergosterol and zymo-
sterol (see Fig. s5).

Each critical pair can be characterized by a paper chromatoegraphic walue,
pc.V., calculated as follows: p¢c.V. = number of carbon atoms minus number of double
bonds?. In Table III all the sterols with the same 4c.V. number are arranged horizon-
tally, thus producing the various critical pairs.

The sterols belonging to the same zone may still present a slight difference in £z

J. Chromatog., 5 (1961) F00-14
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TABLE III
CRITICAL FPAIRS OF NON-CONJUGATED STEROLS, CLASSIFIED BY THEIR p¢.V. NUMBER
peV_ = w — M (m is the number of carbon atoms and A4 the number of double bonds in the
molecule).
ol | o e ) W == Y = » h = 7 » R Rx
p WL W= o M=r M= 2 M-=3 Zone vahﬁs vah‘cﬂs
23 Zvmosterol, Ergosterol, 4 g' 39- g' 10—
FCz7F 2FC2SF 44 -19
7-Dehydro-
cholesterol,
2FC27
2 Cholesterol, | Brassicaste- 3 0.32— 0.27—-
FCz7 rol, FC2SF 0.35 0.32
=7 Dihvdro- : ’ :
4 pee Campeste- | o,-Sitoste- 2 0.26 0.37—
u?n«-);llesteroll.. rol, rol, FC29F 0.30 0.45
Cz7 FC2a8 Stigmasterol,
FC29F
=5 I Dihiydiro~ B-Sitosterol, ,-Sitoste- 1 o.21 0.45—
campesterol, | FCzg rol, FC30F 0.26 0.58
CzS Lanosterol,
FC30F
g Dihyvdro- Dihydro- 0.14— 0.63—
sitosterol,, lanosterol, 0.1I9 0.79
Czo FC3o
30 Tetrakw- 0.06— 0.95—
drolamo~ o.10 I1.20
sterol,
Czo
Tetrahwdro~
x,~sitosterol,
Czo

value. This difference is too small to permit a separation under normal conditions.
We succeeded, however, in separating a mixture of zymosterol and ergosterol, using
the circular techmique described by SULSER!3.

A complete separation of cholesterol from the most important naturally occur-
ring phytosterols (f-sitosterol and stigmasterol), which is necessary for the analysis
of mixtures of animal and vegetable fats?? and a separation of vitamin A and vitamin
A esters can be obtained in the studied system.

The pentacyclic triterpenoid alcohols occurring in wool fat, lanosterol (FC30F) and
dihydrolanosterol (FC30), can also be separated. It is, however, impossible to separate
agnosterol (2FC30F) and dihydroagnosterol (2ZFC30), which both have another double
bond. A complete separation of vitamin D, (3FC28F) and dihydrovitamin D, (3FC28),
which both hawve three conjugated double bonds but differ by one non-conjugated
double bond, is also impessible. Conjugated double bonds seem to have a strong in-
fiuemce on the Ry wvalue of a sterol molecule.

J- Chromatog., 5 (1961) 500-514



506 J. W. (COPIUS [PEEREBOOM, .. B. ROQS, H. W. HEKES

Calculation of ARyr walues

The introduction of :a mon-conjugated double homnd iimtt(o) the mmollcamlle gemenallly
causes a decrease in Ry walue. (Rpzs — Rury = ARpfC=C€ = IIn Al =Y/RT)).. Te:
AR7€ = Cvaluevariesbetween —o:0%5and—aoe. 20, wiith:a mean walneof —ao 11 (Gee Tablke:
IV A and Fig. 4). This walue :agrees wiith tthe difference im tihe Ry wallne czannsed! by tlhe:
introduction of .an extra <CH  group (ARp/ = -+ @.12).

TABLE IW

THE EFFECT OF THE INTRODUCTION (OF ANONHBR D GUIELE B3END (O THEES My, WALITHEL

A Themdleciile containsino:doibleibonil oroibycone HggyL=C
Dihydrocholesterol (C27) —_— «Jholesterdl ([RC=7) —.I2
Cholestercl (FCz27) — zymesterd] ([RCz;7IF) —aang)
Campesterol (FC=28) — Ibrassicasterd] (IRC28IF) —a o
B-Sitosterol (FCz9) —_— sstigmasterdl (IRCaglF) — T
‘Cholesterocl (FCz7) —_— 7-dehydirodhdlestarel (2IRC27) —nao3
Dihydrolanostercl (IFC30) —_— lanesterdl ((RCgolF)) —— X0
Dihydrolanosterol (I°C30) — dihgrélroggnestordl (2IRC30) ——@089)

‘B. The molectéle dlready .contains ttwo dowblebonils ARy = C—C=C =

1. Ergosterol (2FC28T) —_— wittarriin D, (RRC2EIE) a7
2. 7-Dehydrocholesterdl (2IEC27) —> wuta:rmnID) 1 (BIRC=27) @ w7
3. Lanosterol (FC30F) —_— :agnostm:dl ((.zIRngmIE)) - B
4. Dihydroagnosterdl (2FFC30) —_— ggnosterd] (ZIRCyolF) — R
5. 22-Dihydroergosterol (2IFC28) ——- Aihwdrosittammin D, (FRC2H)  Faeb

If the molecule contains twoe (conjugated) double bomdls, tihe imtrodinctiom of a
third one causes only :a slight decrease in Ry wallne ((see Talble IV IB, Na. 4f) e im nmostt
cases when the third double band is «cenjugated, even @am inorease im Kyy wale:.

By irradiation of 7-dehydrochalesteral :and engestendl wiitlh W.W.. gltt, wiitammimss
D; and D,, respectively, :are formed. When nimg IB «of tthe dholestenoll mndlions opems,
producing .a system «of three conjugated double bonds, am inonesse im Ky wallne of
about +0.07 isobtained.

In a critical pair, the sterals wiith seweral comjmgatted double bomdls gemenallly
have higher Rjs values than sterols wiith fewer conjmgathed donble homdls er wiitihoumtt
any. The .Rjps values of dihydreagnesterdl (ZFCz0), 7-ddhydrodholestemll (ZEC27))
and dihydrovitamin D, (3FCz28) :are higher than these of lanestardl (FC3oll),, zymmostte:-
rol (FC27F) and -ergosterol ((2IRC28l)) mespeatiwely..

A= —o19 _, FCa7F o —020 _ [RCBOF 2R
2y _ lARg‘;‘” = +0.06 RCgo l..uu"ﬁ‘;m o= -H-com | uf‘;g;‘” = a
Ao I
4= 533> 2FCza7 4= —5e ™ 2IRCgo 3311'(('.2%

- From these examples :a mean walue ©f 4+ @.mo cansead by the presanae of sewenall
conjugated double ibonds can be calculated.

U Ginomatng,, 5 (0gfon) Fea—Foy
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The agreement between the wvalues: 0.07, o0.10, due to conjugation, and the
AIRp s and: ARpC = € values causes the existence of critical pairs. Introduction
ofi a: double bond as well as shortening of the carbon chain by removing one -CH,
group: results in. the sterol being shifted one step to the left in the graph of Fig. 2 (7.e.
to) higher Rp values).

Introduction of another (conjugated) double;bond when the molecule already con-
tains:two.of them, will shift the R value one step to the right (z.e. to lower R values).

The same effect is produced when separated double bonds are ‘‘rearranged’ into
a system: with: (more). conjugated double bonds. If, for instance, cholesterol (FCz27) is
finrst converted: into 7-dehydrocholesterol (2FCz27) and this into vitamin D; (3FCz7),
tlie- Rz values of cholesterol and vitamin Dy will be very similar.

Consequently these sterols for the greater part follow the rule of MARTIN
regarding thethermodynamic meaning and additivity of the Rps values. The validity of
thisrule-in: the field of the more polar adrenocortical steroids has been shown by Busu22,

The Rp value of a sterol molecule with a steric configuration related to 38-
clholestanol is predominantly determined by the total number of carbon atoms and
the number of non-conjugated and conjugated double bonds in the molecule.

R4, Value- Re value

-0104;

Q.00 0704

+010 060
+Q20- Q50-
+Q30-. 040
w040+ 0.30 ' : :
+QS0" 020~ \ ,
+0.60-] 0.0~ o x\?__oli\g:er?oi:
+0:70 000
+Qg0-!
+o.90,-;

24: 25 26 27 28 29 30 Pe.V. number 25 26 27 28 29 30 31 No.of C atoms

Fig..3.. (a) The Ras values of lanosterol and dihydrolanosterol fit into the linear relation obtained
with: the other sterols. (b) The linear relation of the Rz values in the systems described by Kobi-
cEx!® (I), SuLSER AND Hé6L1® (I1), and DE ZotrTii2 (I11).

The position of the double bonds in the molecule has no influence. Thus cholesterol
(A48) and! A?-cholestenol have the same Rp values. The place of attachment of the
alkyl groups. in the molecule has also no influence. Therefore the Rysr values of the
related pentacyclic triterpenoid alcohols lanosterol (FC30F), dihycdrolanosterol
(IFC30);,. agnosterol: (2FC30F) and dihydroagnosterol (2FC30), which all have two
methyl groups: at C-4, for the greater part agree with the above-mentioned rules.

Fig:. 3a illustrates that the Rjs values of the first two non-conjugated alcohols
fit into a: straight line with the Rjs values of the other sterols.

J. Chromalog., 5 (1961) 500-514
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Fig. 3a and from the above-memtiomed rules, the following

A Ry wallmes, dharacteristic for the studied sywstemn, cam be: calculated!:

" Rygy = H+0.03 (#e.V. mumber = 24)
é_ﬂ]R’m@ﬂm = -Q.02
MRy =€ = —o.ux

Wiken twwo conjugatted dounble homnds are: formmed!:

A]RJW(C =(C—C=C

= —O.II 4 exsaliatiom valve A of + 0.03 = —0.08

Imtroduwction of amotiher double bomd, whem the meolecule already contains two. of

them, gives:

ARyfC=C—C=C-—C=C = .11 + exalitation value B of + 0.Tg

-+ 0.08

Tiee theonetical R nr walues, memtioned im Talble 1T, are calculated from Ryr, and ARy

wvalues, accondimg to the

rormunlkae::

Rygy — Rygy = AR P = Im AI‘;{(/“’/RT'

R’ yrstherol = Ry,

m Im A RT +- e hm Al g = ¢/RT + exaltation values

Amn example off such @ calculation gives: Ry dihvdrovitamim D, 3FC28 = 0.03. + 4 X
0.I2 — 3 K O.II -+ @.I¢ = 0.37 (experimemttall wvalwe ©.39).

When the mumber of domble bondls im o steroll molecule iss plotted against the
R py valnes, sigmoid curves ane olbtaimed. This is illostrated im Fig:. 4.

@n{Fm
@2+ S
Q@3B+
o uhﬁﬁ;w,c”‘m

P .
(@50 uB’AE’M,"—'ONUJ= ARy, C=C-C=C-C=C
Q7H

Nurmiber off double:

> a4 bonds

Fig. 4. Relation hetweon e mumiber of dooble bomdls im a steroll molecule: and the i value.

Mhye winnivows Al Ry walines ame: presentiedL.

APPLICATIONS

By applying these nules megardimg the effect of wariouns groups im the sterol mole-
cule @n the Ry walne, importamt dats comeermimg mott yett idemtified sterol structures

may be obtaimed.

- Clinomatog.,, 5 (1g6T). 500~5L4
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KABASAKALIAN® recently calculated the ARps values of several substituents in
the pregnane nucleus. Using these values it is possible to calculate a theoretical R
value of a steroid of known structure. Good agreement between calculated and experi-
mental values has been achieved. Analogously, the structure of not yet identified
steroids or naturally occurring sterols?® can be determined by using these previously
calculated ARjs values. Other paper chromatographic systems are useful for this
purpose as well. The ‘“Rp—carbon number’’ graphs of systems Nos. 14, 16 and 17,
mentioned in Table I, also show a nearly linear relation (see Fig. 3b).

In system 14, the Rp values of the vitamins D, and Dj also fit into the linear
‘relation!®, unlike their behaviour in the system studied by us. The Rg value of -
sitosterol in system 14 is higher than might be expected from the linear relation. In
the corresponding systems 13 and 15 of Table I, the deviating Ry values for 8-sitosterol
and ergosterol (Rp = 0.0) indicate non-ideal liquid-liquid partition chromatography.

In the analogous system: petroleum/pyridine—water (85:15)!% a similar linear
relation can be found (Fig. 3b). Only the Rg value of ‘‘fucosterol’”’ obtained by DE
ZotTi*2 does not fit into this relation. This sterol, which has a structure isomeric
with that of stigmasterol (C,gH,O with 4% and A428) should also present an Rp
value corresponding with that of stigmasterol. According to curve III of Fig. 3b
we should expect an Rp value of 0.37. The R value of about 0.41, obtained by DE
ZorT1 for ‘““fucosterol’”’, points more in the direction of a sterol belonging to the critical
pair: zymosterol-ergosterol. :

The Rp values of some unidentified sterols from peanut and whale oil (0.28
and 0.18 respectively) reported by SULsER AND HOGL!® fit into the linear relation
shown by the other sterols (curve II of Fig. 3b).

Separation of some stervols and steroids that have different steric configurations

Some provitamins such as lumisterol, isopyrocalciferol and pyrocalciferol are isomers
of ergosterol. Because of their different steric configurations, they have, however,
different Rs values.

HyC |, H,C | H,C H,C |
/1\1/;{\/ /\i/}l_l\/ \J/}_II\/ \./l;\‘/
SQ Ty 7 Q.
HO” NN HO "~ HO” N HO X"
Ergosterol Lumisterol Isopyrocalciferol Pyrocalciferol

Configuration of the molecule:
38-OH, juncture A/B: trans

and 108,909« 102,98 108,98 T02,90
Ry value: 1.26 1.00 I1.15 0.94

These data show that the Rs values of provitamins belonging to the (allo) series
of fB-cholestanol and possessing f-configuration at carbon atom 10 are always higher
than these of the corresponding provitamins with « configuration at carbon atom 1o.
The separation of the provitamins with different configurations at carbon atom 10 17.e.
ergosterol (108,9«) and lumisterol (xox,9f8), or isopyrocalciferol (108,98) and pyro-
calciferol (1o«,9«), is possible under favourable conditions.' A separation of provita-
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mins with the same configuration at C-1o cannot be obtained. The series of increasing
Rz values is as follows:
Iox,9 <<I0w,9ff <<Iof,g9ff <I0f,9a

ARy gee, Tot —— get, I0f = —0.21
ARy gff, 10 —— 9f3,108 = —0.10
The lumisterol preparatiomr that we had at our disposal showed also a second
zone (Rs = 1.72), omly visible by a greenish colour in U.V. light (365 myu), and of
umkmown origimn.

If the steric configuratiom of a sterol molecule is different from the (allo) series
of B-cholestamol with respect to the configuration at C-5 at the juncture of rings A
and B, the Rs values obtaimed deviate considerably. The Rs value of cholestanol
(36, equatorial OH group, jumcture A/B: frans or 38,5«) is considerably higher than
that of coprostanol (38, axtal OH, A/B: cis or 38,58). Thus we can derive a difference
in polarity of the molecule givem by: 38,5¢ >38,58. 4 Rar 38,50 —— 38,58 = —+o0.70.

This corresponds with data im the literature®® concerning C,y, and C,, steroids,
which show the polarity sequence: 38,5¢ >3«,58 >38,56 >3,5«.

In gemeral, steroids with am equatorial OH group show a higher polarisy in
partition chromatography tham those with an axial OH group?¢. Thus choletterol
(36 equatorial) likewise has a higher Rs value than epicholesterol (3« axial). 4 Ry
33— 3z = 4 0.I4.

: EXPERIMENTAL

Several hexagomal holes are cut out of a sheet of Schleicher and Schiill No. 2043b mgl
paper of 20 < 50 cm, according to MATTHIAS?? (see Fig. 5). The direction of the paper
fibres shonld be parallel to the direction im which the mobile phase moves.

The paper is immersed three times in a 10 9% solution of medicinal paraffinum
liquidum in petrolewm ether (b.p. 60-80°). After drying in the air the degree of
impregnation is about 0.15 g/g paper. The stationary and mobile phases are mutually
saturated. Im the cemtre of the I cm wide bridges 15 ug sterol mixture is spotted.
After 16 h accommodatiomn, ;the'__.’cl'mromatogram is developed with the mobile phase:
acetic acid-water (S4:16) for 40—48 h, by the ascending method. The temperature
shomld be 2z2-2z4°; the length of the rum 25-30 cm. After drying the chromatogram
some sterols are visible im U.V. light (365 mu) as fluorescent spots (see Table V).
After dryimg for 2 h im the air and z h at S8o°, the chromatogram is sprayed with a
10 %% ethanolic solution of phosphomelvbdic acid (Merck) and then heated for about
I—y mim at So®.

Blue-greem spots develop on a quickly darkening light green background.

Dihydrocholesterol and other saturated sterols, if present in quantities of 100 ug,
become visible as yellow spots. By spraying with a mixture of ether-concentrated
sulphuric acid (2:r) and heating 5—~T0 min at S8o° all saturated sterols become visible

as blue-green spots%. :
The Ry values memtiomed im Table I were calculated from a great number of

J- Chromatog., 5 (1961) 500—5I4
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Fig. 5. :Sepamatﬁionﬂ of some sterols im the Systtem:: yparafifim)aocetfiic auid-~watier (Byow@).. Smat. m:

technical wool-fat aloohols, showing cholestend, lamostenoll amd difrydrolmmostendll.. Spot. 22 a
mixture of engostercl, cholesterol, stigmastend, B-sitostercdl, ditrydrolamosterell amdl doielesters

acetate. Spot 3: lumistberol. Spot 4 witamim ID.,. Spot 5 135 e of @ mtstume off cbollesterell amd
" phytostenols from soja il (=z:8).

determinations. The precision of the Rz values is approximately <t @i Tie Ry wall-
ues were calculated with the formula: Ry = log (@/Rey — m).

Near the front some spots produced by oxidation products:agppend,, ... 7-hydirosy—
cholesterol. '

Accompanying sterols im qunmﬂitne&z of about rO—F©Y; are demmemstrited by
spotting I00—400 wug sterol mixture om a sheet of No. 3 [pagper, it im
similar way with bridges of ©.5 cm. Besides the primcipal spots some wealklly eloummed
zomnes can be demonstrated.

Colowr reactions

Besides the above-mentioned very semsitive detection with phosphomelibdic akd,
more specific colour reactions are available for the idemtificaution of stemrols Telomgsimg:
to the same critical pair.

- Clhromuattvog,., 3 (Dodm) Foo—FLy
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Im tthe Uiterature the following colom: reactions are mentiomed: with amtinnomny
(D) «ilorides, amtimeny (V) dillomidiet===%, plesphotmnestic acid?®, SmCl,, with bemn-
zoyl dhlloride® amd silicotumygsiic addidst, We have: fomnd: some other colowr reactions,
.. witlh tridhilorencetiic add, CaCl,, BICL,, Nal),~KMnO,, wrea amd dinpetlhyl-p-
Pphenyillemediammine-mr-tolyslenediamime (@:m) also wery wsefmnll.

The «ollomr reactions amre camied! out om spots off Too. wg sterol om Whatmam Ne. 3;
paper. These mmore spedific reactions, mentiomed in Table W, can be used for the idem-
tiffcation «if mot wett fidenttified, matumraiiy oocmrimng: sterolks®®.

Execmtion of the collowmr menctiioms: memthomed fn: Table W. The dried mihmmmmtognam
I sprawied watiln:

. 2 solution of amtimmens () cdhliomide (So %, in ethonol). Heat 5—Io min at
70°. The collonrs, produced! in dasght (amd im .. lght of 365 mu) are moted.

M. A soflution of amtimmeny (W) «hliemidie: (20, im CHCIL,).

TV. A sollution eff Tismurti () chiemgde (33, %, i ethanol).. Heat some seconds at
6x0"., Callowrs amme: prodmnced] im dawlijgft amdl TN gt

V. A sollutien @f Ca ., (G, im etiamel-watter) and: heated ro-r35 mim at So-go°.
T T.WV. Dightt «iff 365 myw fHimemescemt. spotts: are: wisilblle:.

WVIL. Moisten tlhe «lromatogmram witl tridbloreacetic acid,, dissolved im two drops
of water.

WL A soillunttiom ef plespietumestiic adidl (252 inethanol). Heat some mimutes at 6o”.

WL A sollution off silicotmmgstiic acdd (259%, in etlhmol).. Heat some minutes at 60°.

IX. A mmisimre of dimetlnel-#-phemylenediomine amd m-tolylemediamime, I:I
(T 9% dm watter)..

X.. Milllom”s meagremt (ome ot @ff mercmry dissolved! in two. parts of concentrated
miitric adcid). Heat =2y mim @t o5, spray again amd' heat.

XT. A sollution of mrem in watier (Go%). Heat: to-50 min at So. Im U.V. light of
363 mw and 256 mye, fluerescemt: spoits: appear:.

XTI A solution of Nall®), (@, im watier).. Spray after 5 mim with 1 %, KMnO,.
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s dliscussed..

s

J- Climoneadiog.,, 5 (DQM1)) SPO—-504



514 J. W. COPIUS PEEREBOOM, J. B. ROOS, H. W. BEEKES

There is a nearly linear relation between the Rjys (Rp) values and the number of

carbon atoms.
Some rules are given regarding the effect on the Rr value of the introduction of

one or more double bonds into the molecule.

The A Rjs values, due to the introduction of a CHj; group, or of non-conjugated
or conjugated double bonds into the molecule are calculated. Sterols with mearly
the same Ry values are arranged in so-called critical pairs. Rules concerning ithese
critical pairs are discussed. '

In the system mentioned above the separation of the following sterols hasibeen
achieved: cholesterol-stigmasterol, fB-cholestanol-coprostanol, cholesterol-epichole-
sterol, lanosterol-dihydrolanesterol and ergosterol-lumisterol, etc.

The system can be used for the identification of not vet identified sterols, isolated

from natural sources.
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