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SUMMARY

The relative retention times and the methylene unit values of 168 acetate deriv-
atives of sterols and triterpene alcohols, most of which are of higher plant origin, were
determined on OV-1 and OV-17 glass capillary columns. Separation factors related to
various types of double bond, alkyl substituent and other structural features were
calculated from the retention data. These gas-liquid chromatographic retention
characteristics are very useful for the identification and estimation of the structure of
sterols and triterpene alcohols.

INTRODUCTION

Gas-liquid chromatography (GLC) is a vital tool for separating and identify-
ing sterols and triterpene alcohols. A number of 4-desmethylsterols!™¢ have already
been analyzed on several stationary phases and the correlation between the structure
of these compounds and their retention data has been well discussed. Retention data
on several stationary phases have also been reported for some 4-methyl-
sterols®>7~1%13_lanostane triterpene alcohols®*8-10:13:16-18 and other tetracyclic tri-
terpene alcohols®* %718 and pentacyclic triterpene alcohols®~1%*7~2!_Since 4-meth-
ylsterols and triterpene alcohols are closely related to 4-desmethylsterols, biogeneti-
cally as well as structurally, it seems of great value to study the GLC retention
characteristics of large numbers of these compounds together with 4-desmethyl-
sterols.

Such a study was therefore undertaken for a number of 4-methylsterols, tetra-
and pentacyclic triterpene alcohols and 4-desmethylsterols. Although most previous
work has been carried out on conventional packed columns. glass capillary columns
were used in this study because such columns have recently been shown to have high
resolving power even for the structurally closely related sterols and triterpene al-
cohols from natural sources>*2°. Furthermore, it has also been shown that glass
capillary columns can be used to differentiate C-24 epimeric 24-alkylsterols>"2°,
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The retention data ware expressed as the usual relative retention times, RRT,
and as the methylene unit (MU) values®®-**, since the latter are independent of the
operating temperature. Separation factors related to various types of double bond.
alkyl substituent and other structural characteristics were calculated from the RRT
data.

EXPERIMENTAL

A Shimadzu GC-4CM gas chromatograph equipped with a hydrogen flame
1onization detector was used. Two support-coated open tubular (SCOT) glass capil-
lary columns (30 m x 0.3 mm 1.D.; Wako. Osaka. Japan) were coated either with
OV-1 or OV-17 stationary phase. Sterol and triterpene alcohol samples as the acetate
dernvatives and internal standards were injected simultaneously as solutions in ace-
tone. The sumple size injected was adjusted so that the peak heights were comparable
1o that corresponding to 4-6 ug cholesterol acetate (ca. 60°¢, of the full recorder
response).

-“Initial retention times ™3> based on the distances from the starting point of
the solvent peak to the starting point of each sample peak on the chromatogram.
instead of the usual retention times were determined since far less fluctuation in the
former due to change in the amount of sample injecied has been observed pre-
vioushy3? and also in our preliminary experiments. The standard chart speed was 10
mm min. RRT wuas expressed relative to cholesterol acetate. and MU value was
determined using n-dotriacontane (Cs,). n-tritriacontane (C,;3). n-tetratriacontane
(C;;). n-hexatriacontane (C;,) and »-tetracontane (C,,) as the standard hydrocar-
bons. The reproducibility of the values of RRT and MU obtained from several runs
on the sume column was satsfactory for a given substance.

Acenviation was performed in acetic anhydride-pyridine (1:1) at room tem-
perature overnight. Sterols and triterpene alcohols were obtained from three sources:
eifts from individuals: isolated from plants®™237¢-3373% 4nd derived from available
sumples.

RESULTS AND DISCUSSION

The two stationary phases used in this work. non-polar OV-1 (dimethyl si-
licone;: McRevnolds™ constant. y° = 16 (ref. 36)) and slightly polar OV-17 (30 °, phen-
yv1-30 %, methyl silicone; z° = 119 (ref. 36)). are the ones most frequently used for
sterol analysis. The acetate derivatives of the compounds were chosen because they
are derivatives commonly used for the purification of naturally occurring sterols and
triterpene alcohols by argentation chromatography'®-*32¢_are very stable and can be
quantitatively prepared from the free alcohols. Analysis of such derivatives on a
capillary column gave satisfactory results. and thus it was unnecessary to prepare
other derivatives solely for GLC analysis. The free alcohols were unsuitable for GLC
on a capillary column because they were eluted as broad peaks with considerable
tatling.

Table I shows the RRT and the MU values for the acetate derivatives of 168
sterols and triterpene alcohols including 68 4-desmethylsterols. 36 4x-methylsterols.

42 tetracychic triterpene alcohols and 22 pentacyclic triterpene alcohols. most of
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TABLE 1

RELATIVE RETENTION TIMES AND METHYLENE UNITS OF THE ACETATES OF STEROLS AND
TRITERPENE AL COHOLS ON OV-1 AND OV-17 COLUMNS

Values are relative to cholesterol acetate; those in parentheses are taken from ref. 27. Unless otherwise specified in this
and in the subsequent Tables, the acetoxy group at C-3 of all the compounds was f-oriented, and if not carrying 2 43-
bond or not otherwise mentioned, all the compounds have a 5xz-configuration. Conditions: OV-1, column temp.
260°C, N, flow-rate 0.55 ml/min, splitting ratio 120:1, scavenger gas (N,) flow-rate 50 ml/min. net retention times of
standard substances, cholesterol acetate (16.14 min, number of theoretical plates 17,689). n-dotriacontane (17.02 min),
n-tritriacontane (22.10 min), n-tetratriacontane (28.84 min) and n-hexatriacontane (48.96 min); OV-17. column temp.
260°C. N, flow-rate 0.60 ml/min. splitting ratio 100:1. scavenger gas flow-rate 70 ml/min. net retention times of
standard substances, cholesterol acetate (15.60 min. theoretical plates 19.712). n-tetratriacontane (13.60 min). n-
hexatriacontane (23.16 min) and #-tetracontane (65.86 min).

Acerate Position of oV-1 01-17
double bond*
RRT MU RRT RY244
I. 3-Desmethylsterol (cholestane group)
C,,, sterol
21-Nor-5.22-cholestadienol 5.22E 0.65 30.26 0.66 3296
Cs+ sterol
Cholestanol — 1.03 3193 1.02 34.61
Epicholestanol (cholestan-3z-ol) — 0.92 31.51 0.89 34.09
Coprostanol (58-cholestanol) — 0.86 31.25 0.82 33.77
Epicoprostanol (58-cholestan-3x-ol) — 0.89 31.38 0.3% 33.87
20-Isocholesterol 5 091 31.47 0.89 34.09
Cholesterol 5 1.00 31.82 1.00 34.53
22-Dehydrocholesterol 5.22Z 0.88 31.34 G.90 34.13
23-Dehydrocholesterol 5.02F 0.92 31.51 0.93 34.25
Desmosterol 5.24(25) 1.09 32.14 1.21 35.24
27-Nor-5.22-ergostadienol (24 R/f) 5.22E 0.89 31.38 0.89 34.09
7-Cholestenol 7 1.13 32238 1.i8 35.15
27-Nor-7.22-ergostadienol (24R,5) T22E 1.01 31.86 1.06 34.75
24-Dihydrozymosterol 8 1.07 32.07 1.06 34.75
Zymosterol 8.2:425) 1.16 3237 1.38 3545
C,, sterol
Campestanol (24R, x) — 1.33 32.89 1.33 33.61
(1.329) (1.334)
Ergostanol (24S;f) - 1.33 32.87 1.33 35.60
(1.3235) (1.329)
23-Methylcoprostanol (24R.5) - 1.11 3221 1.07 34.78
Pollinastanol . 9:19-Cvyclo 1.17 3240 1.20 35.21
24-Dehydropollinastanol 9:19-Cyclo,2423) 1.27 32.72 1.4 33.90
Campesterol (24R/2) 5 1.29 32.78 1.31 33.55
(1.293) (1.312)
22-Dihydrobrassicasterol (24S;f3) 5 1.29 32.76 1.31 35.54
(1.286) (1.307)
Brassicasterol (245;8) - 5.22F 112 32.24 1.14 35.02
5.23-Ergostadienol 5,23E 1.26 32.69 1.35 35.65
24-Methylenecholesterol 5.24(28) 1.27 32.72 1.35 35.63
5.24-Ergostadienol 5.24(25) 1.46 33.23, 1.63 36.36
3.25-Ergostadienol (245,f) 5.25(27) 1.23 32.60 1.32 33.57
5.7-Ergostadiencl (24S;8) 5.7 1.46 33.23 1.54 36.15
Ergosterol (24R/B) 5.7.22E 1.26 32.69 1.33 35.65
5.8.22-Ergostatrienol (24R/f}) 58.22E 1.19 32.46 1.22 35.27
7-Ergostenol (24S/f) 7 1.46 33.23 1.535 36.17

{ Continued on p. 68
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TABLE 1 {continued)

Aceiale Position of oV-1 oVv-17
double bond*
RRT MU RRT MU
7,22-Ergostadienol (24 R/f) 7.22E 1.26 32.69 1.36 35.68
7.24(28)-Ergostadienol 7,24(28) 1.43 33.16 1.61 36.32
Fecosterol 8.24(28) 1.36 3297 1.43 3587
C,q sterol
Stigmastanol (24R,/ z) - 1.65 33.69 1.65 36.41
(1.648) (1.651)
5-Dihydroclionasterol (24S. ) - 1.64 33.67 1.64 36.39
(1.640) (1.642)
23-Ethvlcoprostanol (24R; ) - 1.38 33.03 1.32 33.57
22-Stigmastenol (2457 x) 22E .44 33.18 145 3592
24-Ethyl-22-coprostenol (24S. z) DE 1.21 32.53 1.16 35.09
Sitosterol (24R/z) 5 1.60 33.57 1.63 36.37
(1.597) (1.634)
Clionasterol (245, 8) 5 1.59 33.55 1.63 36.35
(1.588) (1.626)
Stigmasterol (245 z) 5.22F 1.40 33.07 1.43 35.87
(1.397) (1.431)
Poriferasterol (24R-p) 5.22F 1.40 33.09 144 35.90
(1.404) (1.439)
5.23-Stigmastadienol 5.23F 1.53 33.41 1.62 36.34
23.24-Dimethyl-5.22-cholestadienol (24R,f5) 5.22E 1.36 3297 1.37 35.71
5.24-Sugmastadienol 5,23(25) 1.78 33.97 1.95 37.04
23-Isofucosterol 5324287 1.67 33.74 1.81 36.76
Fucosterol S2428)E 1.62 33.62 1.72 36.56
Clerosterol (24S.8) 5.25(27) 1.54 3343 1.64 36.39
3.22 23-Stigmastatrienol (245:5) S.22E25(27) 1.39 33.05 1.52 36.10
23-Demethylgorgosterol (22R,23R,24R) 5.22:23-Cxclo 1.63 33.69 1.73 36.59
22-Dihvdrospinasterol (24R. z) 7 1.81 34.03 1.94 37.02
(1.803) (1.938)
22-Dihydrochondriliasterol (245 f) N 1.80 34.01 1.93 37.00
(1.797) (1.928)
Spinasterol (24S z) 7.22FE 1.38 33.53 1.70 36.52
(1.582) (1.698)
Chondrillasterol (23R f3) 71.22F 1.59 33.55 1.71 36.54
(1.389) (1.705)
7.22 23-Stigmastatricnol (24R x) 7.22E25(27) 1.535 33.46 1.77 36.66
(1.549) (1.763)
7.22.25-Stigmastatrienol (245f) T,22E25(27) 1.57 33.50 1.80 36.71
(1.567) {1.763)
Avenasterol 7.24(28)YZ 1.89 34.20 215 37.30
28-Isoavenasterol T2428)E .82 34.06 2.04 37.21
Peposterol (7.24-stigmastadienol) 7.24(25) 2.01 3443 231 37.68
7.23-Stigmastadicnol (245, 8) 7.23(27) 1.75 33.91 1.95 37.0%
23.24-Dimethyl-7.22-cholestadienol (24R;f) T.22E 1.533 33.41 1.62 36.34
Vernosterol 8.14.24(28)Z 1.72 33.83 1.94 37.02
S(i4)-Stigmastenol (24R. x) 8(14) 1.62 33.62 1.67 36.47
(1.618) (1.673)
8(14)-Stigmastenol (24S:8) S(149) 1.61 33.60 1.66 36.45
(1.610) (1.664)
14-Stigmastenol (23R, z) | &9 1.59 33.56 1.6¢ 36.39
Csy sterof
Gorgosterol (22R,23R.24R) 5,22:23-Cyclo 2.19 .75 2.32 37.69
Acanthasterof (22R.23R.24R) 7.22:23-Cyclo 2.46 35.19 274 38.32
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TABLE I (continued)

Acerate Position of ov-i or-17
double bond*

RRT MU RRT MU

1. 4z-Methylsterol
$a-MonomethylIsterol (4a-methyicholestane group)

4x-Methylcholestanol 1.19 32.46 112 34.95
Lophenol 7 1.28 32.75 1.33 35.60
24-Methyllophenol (24,R.S) 7 1.66 33.72 1.73 36.59
24-Ethyllophenol (24R/x) 7 2.06 34.53 2.16 3741
(2.062) (2.156)
24-Ethyllophenol (245/8) 7 2.05 34.51 215 37.39
(2.051) (2.145)

24-Methyl-23-dehydrolophenol 7.23E 1.63 33.64 1.79 36.72
Gramisterol (24-methylenelophenol) 7.24(28) 1.63 33.64 1.79 36.72
24-Methyl-24(25)-dehydrolophenol 7.24(25) 1.87 34.16 217 37.44
24-Ethyl-23-dehydrolophenol 1.23F 1.97 34.35 216 37.42
24-Ethyl-24(25)-dehydrolophenol 7.24(25) 2.38 3491 2.60 38.12
Citrostadienol 7.24(28)Z 2.16 34.70 2.41 37.84
28-lsocitrostadienol 7.24(28)E 2.08 34.55 2.29 37.65
24-Ethyl-25-dehydrolophenol (2485, 5) 7,25(27) 1.99 34.39 2.19 37.47
4z-Methyl-8-cholestenol S 1.21 32.53 1.18 35.15
4x-Methyl-8§(14)-cholestenol 8(14) L.15 32.35 1.14 35.02
4x-Methyl-8(14)-ergostenocl (24R,S) 8(14) 1.48 33.28 1.49 36.03
4z-Methyl-8(14)-stigmastenol (24R.S) 8(14) 1.83 3408 1.86 36.86

4z, 04a-Dimethylsterol (31-norlanostane group)
31-Norcycloartanol 9:19-Cyclo 1.33 32.89 1.31 35.54
31-Norcycloartenol 9:19-Cyclo.23(25) 1.45 33.21 1.58 36.26
24(28)-Dihydrocycloeucalenol (24R.S) 9:19-Cyclo 1.71 33.83 1.71 36.54
24-Methyl-31-nor-23-dehydrocycloartanol 9:19-Cyclo,23E 1.67 33.74 .77 36.67
Cycloeucalenol 9:19-Cyclo,24(28) 1.69 33.78 V.77 36.67
24-Methyl-31-norcycloartenol 9:19-Cyclo.24(25) 1.94 34.30 2.14 37.39
31-Norcyclolaudenol (245/5) 9:19-Cyclo,25(27) 1.64 33.67 1.72 36.56
31-Nor-7-lanostenol 7 1.32 32.86 1.33 35.60
24-Methyl-31-nor-7-lanostenol (24R.S) 7 1.70 33.81 1.74 36.62
31-Nor-8-lanostenol 8 1.18 32.43 1.i0 34.87
31-Norlanosterol 8,24(25) 1.29 32.78 1.33 33.60
24(28)-Dihydroobtusifoliol (24R.S) 8 1.51 33.36 1.44 35.90
Obtusifoliol 8.24(28) 1.48 33.28 1.49 36.03
24-Methyl-31-norlanosterol 8.24(25) 1.72 33.85 1.79 36.72
24-Ethyl-31-nor-8-lanostenol (24S/8) 8 1.86 34.14 1.78 36.69
24-Ethyl-31-nor-8.25-lanostadienol (24S;5) 8.25(27) 1.79 33.99 1.80 36.74
31-Nor-9(11)-lanostenol 9(1l) 1.28 3275 1.26 35.39
24-Methyl-31-nor-9(1 I)-ianostenol (24R,S) 9(1h) 1.65 33.69 1.64 36.39
24-Methylene-31-nor-9(11)-lanostenol 9(11).24(28) 1.63 33.64 1.69 36.50

I1l. Triterpene alcohol

Tetracyclic triterpene alcohol

4.4-Dimethylsterol (32-norlanostane group)
4,4-Dimethylcholestanol — 143 33.16 1.33 35.60

Lanostane group
Lanostanol - 1.76 3393 1.71 36.54
24-Methyllanostanol (24R,S) — 225 34.85 2.23 37.53
Cycloartanol 9:19-Cyclo 1.59 33.56 1.54 36.15
Cycloartencl 9:19-Cyclo.24(25) 1.74 33.89 1.86 36.86
24-Methylcycloartanol (24R.S) 9:19-Cyclo 2.04 34.49 2.01 37.15

{Continued on p. 70}
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TABLE 1 (continued)

Acetate Pasition of oV-1 oy-17
. double bond*
RRT MU RRT MU
Cvclosadol(24-methyl-23-dehydrocycloartanel)  9:19-Cyclo.23E 2.00 3441 268 37.28
23-Methylenecycloartanol 9:19-Cyclo,24(28) 2.01 3443 2.07 37.26
Cyclobranol (24-methylcycloartenol) 9:19-Cyclo,24(25) 233 3498 2.30 37.98
Cyclolaudenol (2458) 9:19-Cyclo.25(27) 1.95 34.32 2.03 37.19
24-Dihydrocimicifugenol 7.9:19-Cyclo 1.22 32.56 1.13 34.99
Cimicifugencl (7-dehydrocycloartenol) 7.9-Cyclo.24(25) 1.34 3291 1.37 3571
7-Lanostenol 7 1.58 33.54 1.57 36.23
24-Methyl-7-lznostenoi (24R.S) 7 2.0+ 3149 2.05 37.23
24-Dihydroagnosterol 7.9(11) 1.32 32.86 1.28 35.45
Agnosterol T9(H1).2425) 1.43 33.16 1.55 36.17
24-Dihyvdrolanosterol 8 1.3% 33.05 1.30 35.51
Lanosterol 3.23(25) 1.52 33.39 1.57 36.23
24-Methyl-21 dihvdrolanosterol (24R.S) 8 1.78 3397 1.70 36.52
23-Methylene-24-dihydrolanosterol 8.24(28) 1.75 3391 1.76 36.65
24+-Dihydroparkeol 9(11) 1.54 3343 1.49 36.03
Parkeol 9(11).242» 1.69 33.78 1.79 36.72
24+-Methyl-24-dihydroparkeol (21R.S) 9(il) 1.97 34135 1.94 37.02
24-Methylene-24-dihydroparkeol 9(11).24(28) 1.93 3428 2.00 37.13
24.24-Dimethy 1-9(11)-lanostenol I8 3)) 2.5 35.31 2.39 37.81
24.25-Dimethyl-9(11)-lanostenol (24R.S) 9(11) 235 35.01 240 37.82
21.25-Dimethyl-9(11),23-lanostadienol** 9 11).232 2.33 3498 237 37.78
2124 DimethvI-9(11).25-lanostadienol 9(11).25(27) 237 35.05 249 37.96
Euphune-tirucallune group
21-Dihydrobutyrospermol (20R) 7 1.44 33.18 1.40 35.80
Butyrospermol (20R) 7.2425) 1.38 33.54 1.70 36.52
24-Dihydroeuphol (20R) S 1.20 32.50 1.07 34.78
Euphol (20R) 8.24(23) 1.32 32.86 1.30 33.51
7-Tirucallenol (20S) 7 1.60 33.38 1.59 36.28
7.24-Tirucalladienol (20S) 7.24(25) 1.76 33.93 192 36.98
24-Dihydrotirucallo!l (205) 8 1.34 3291 1.22 35.27
Tirucallol {20S5) 8.2H2>) 1.46 33.23 147 3597
Daummarene group
Dammearadienol 20(21).24(25) 1.50 3334 164 36.39
24-Methylenedammarenol 20(21).24(28) 1.70 33.81 1.78 36.69
Isceuphenol (20R) 13(17) 0.91 31.79 0.93 34.25
Isotirucallenol (205) 13(17) 1.12 3224 1.01 34.56
Cucurbitane group
102-5-Cucurbitaenol 5 1.2 32.53 1.19 3518
102-5.214-Cucurbitadienol 5.24(23) 1.32 3286 143 35.87
Pentacyclic triterpene alcohol
z-Amyrin (12-ursenol) 12 1.64 33.67 1.84 36.82
Taraxasterol (20[30]-taraxastenol) 20(30) 2.06 34.52 2.50 37.98
y-Taraxasterol (20-taraxastenol) 20¢21) 2.01 34.43 2.40 37.82
Bauerenol (7-bauerenenol) 7 1.98 34.37 226 37.59
Epibauerenol {7-baueren-3xz-ol) 7 1.64 33.64 1.94 37.02
Isobauereno! (8-bauerenenol) 8 1.73 33.87 1.83 36.84
B-Amynn (12-oleanenol) 12 i.52 33.39 1.65 36.41
Germanicol (18-oleanenol) 18 1.54 3343 1.63 36.41
Glutinol (5-glutinenol) 5 1.59 33.56 1.91 36.96
Taraxerol (14-taraxerenol) 14 145 33.21 1.57 36.23
Friedelinol (5f-methyl friedelan-3z-ol) - 2.10 34.59 2.66 38.21
Epifriedelinol (38-methyl friedelanol) - 2.09 34.57 2535 38.04
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TABLE I (continued)

Acertate Position of ovV-1 oV-17
double bond*

RRT MU RRT MU
Multiflorenol (7-multifiorenenol) 7 1.86 34.14 2.13 37.39
Isomultiflorenol (8-multiflorenenol) S 1.61 33.60 1.73 36.59
Lupeol (20{29)-lupenol) 20(29) 1.66 33.72 1.93 37.00
Epilupeol (20{29]-lupen-3z-ol) 20(29) 1.35 32.94 1.63 36.36
Fernenol (9[11]-femenol, 215) 9(11) 1.98 34.37 2.28 37.63
Epifernenol (9{1I}-fernen-3x-ol) 9(1l) 1.58 33.54 1.94 37.02
Trematol (21-epi-9[1 l]-fernenol. 21 R) 9(11) 2.27 34.89 2.79 38.39
Moretenol (21-epi-22{29]-hopenol) 22(29) 1.95 3432 2.26 37.39
Simiarenol (5-adianenol) 5 192 34.26 2.40 37.82
Isoarborinol (9]11}-arborinenotl) 9(11) 2.15 34.68 2.57 38.08

* Cyclopropyl group is also included and denoted by Cyclo.
** From Quercus myrsinaefolia (W. H. Hui and M. M. Li. J. Chem. Soc., Perkin Trans. 1. (1977) 897, most
probably has a 23E-configuration.

which are of higher plant origin or are derived therefrom. It is worth mentioning here
that there are differences in the retention data of 24-alkylsterols epimeric at C-24 as
reported recently?”>°. The 24x-epimers of 24-methyl- and 24-ethylsterols with a satu-
rated side chain showed slightly larger RRT and MU values than those of their 24f-
counterparts, whereas the opposite elution order was observed for the 24-ethyl-423-
and 24-ethyl-42%-23_sterols?”. The use of more highly polar phases and longer capil-
lary columns had resulted in GLC being a diagnostic tool in the differentiation and
characterization of the epimeric 24-alkylsterols®®-*°. Chromatography of a 1:1 mix-
ture of the C-24 epimeric pair of 24-alkylsterols with a saturated or a A2>-monounsat-
urated side chain afforded a single peak on OV-1 and OV-17 glass capillary columns
in this study, instead of separated peaks, and hence several C-24 epimeric mixtures of
24-alkylsterols, which were derived from the corresponding dehydro-sterols by
hydrogenation. are considered to be eluted at the midpoint of the peaks of the epi-
mers of each epimeric pair.

The separation factors related to the presence of double bonds. steric eftects
and alkyl substituents. which were calculated from the RRT data given in Table 1. are
shown in Tables [I-1V. As found previously’, there is almost no interdependence of
the individual separation characteristics related to the skeleton and to the side chain.
and therefore, the two sets of features are presented separately in these tables.

Skeletal double bond and steric separation factors are shown in Table II. Since
most of the compounds analyzed are of higher plant origin and such plants contain
A3, 47 and 98:19-cyclopropyl compounds as the major sterol constituents3"3?_ these
compounds were taken, for convenience, as the references in calculating the skeletal
double bond separation factors. The separation factors related to the skeletal double
bond of cholestane and of 4a-methylcholestane were almost identical. but markedly
different from those of 3i-norlanostane and lanostane which possess quite similar
separation factors. This indicates that the skeletal double bond separation factor is
affected solely by the angular methyl group at C-14a, whereas almost no influence is
exerted by the methyl group at C-4. Several stationary phases have been shown to
distinguish saturated 4-desmethylsterols from the corresponding A° sterols in packed



TABLE 11

SKELETAL DOUBLE BOND AND STERIC SEPARATION FACTORS

Separation factors in this and in the subsequent tables refer to mean values when two or more examples are

available.

Compounds compared

Stationary phase

or-1 oVv-17
Stanol _t° Cholestane 1.03 1.01
a1 af Cholestane 1.13 1.19
I8 S0 L Cholestane 1.07 1.06
AR g5 Cholestane 1.01 1.02
At 43 Cholestane 0.99 1.01
3743 Cholestane I.13 1.17
IS EE it i Cholestane 1.06 1.07
Stanol 3~ Cholestane 091 0.86
+4z-Methylcholestane 0.93 0.84
Lanostane 1.1 1.09
I R Cholestane 0.95 0.90
4z-Methylcholestane 0.95 0.89
31-Norlanostane 0.89 0.83
Lanostane 0.88 0.83
Euphane-tirucallane 0.833 0.77
Bauerenane 0.87 Q.82
Multiflorenane 0.87 081
TR 47 Cholestane 0.89 0.86
4z-Methylcholestane 0.89 0.86
g T 3i-Norlanostane 0.97 0.95
Lanostane 097 093
A a0 Cholesiane 0.85 0.88
Qe gt Lanostane 0.854 0.81
43 8T Cholestane 0.91 0.0
Stanol 9:19-cyclo Lanostane 1.11 111
47.9:19-cyclo 31-Norlanostane 1.00 1.02
Lanostane 1.00 1.03
1%, 9:19-cyclo 3i-Norlanostane 0.89 0.81
Lanostane 0.87 0.85
¥ g-1g.evclo 3I-Norlanostane 0.96 0.96
Lanostane 0.97 0.97
47 o 19 cvelo Lanostane 0.83 0.83
479:19-Cyclo, 9:19-cyclo Lanostane 0.77 0.74
EEL L Oleanane 1.01 1.00
130630 12021y Taraxastane 1.02 1.04
Siarp-3z-0l stanol Cholestane 0.89 0.87
Lupane 0.81 0.814
Fernane (171" 0.80 0.85
Bauerenane (17) 0.83 0.87
Friedelane 1.00 1.04
3p-Stanol/stanol Cholestane 0.84 0.80
5p-Stan-3z-ol stanol Cholestane 0.86 0.82
Euphane lanostanc A% 0.87 0.83
a7 0.91 0.88
Tirucallune lanostane A% 0.96 0.94
a7 1.01 1.01
Ursane oleanane Bie 1.08 1.12
Baucrenane, multiflorenane B 1.07 1.06
1 1.06 1.06
20R(z-H) 20S(5-H) Cholestane 1.10 1.12
Euphane-tirucallane 0.90 0.88
Dammarane( 31347 0.81 0.92
1.15 1.22

21R(=-H) 21S(f-H)

Fernane
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columns*>-15-1¢_ but none gave complete separations of these sterols®. The OV-1 glass
capillary column used in this study, as well as in other studies*®*!, afforded almost
complete separations. A”-Lanostane was eluted simultaneously or slightly after its 98:
19-cyclopropyl isomer, but the co-existence of the 47-bond and the cyclopropyl group
in the lanostane skeleton greatly reduced its retention time.

20-Isocholesterol (20S, p-H) was eluted before its 20R epimer, cholesterol
(202-H), as observed previously*>**3. This is most probably due to the confor-
mational difference in the side chain, since rotation of C-20 about the 17(20)-bond can
place the side chain in significantly different positions**™**. Thus the most stable
conformer at the 17(20)-bond should be the non-eclipsed one with the 20-H (the
smallest group on C-20) close to C-18, and therefore presumably the preferred con-
tormer for cholesterol is a “right-handed™ structure (C-22, trans-oriented to C-13).
When the configuration at C-20 is inverted as in 20-isocholesterol, the preferred
conformation should be that with a “left-handed side chain (C-22, cis-oriented to C-
13). Based on these considerations, we can postulate conformation at C-20 of eu-
phane-tirucallane and A'3"7-dammarane triterpenes from their retention behaviour.
The 20S5(8-H) epimers of these triterpenes were eluted after their 20R(=-H) counter-
parts, and therefore the former should have a “‘right-handed” side chain confor-
mation and the latter a “‘left-handed” conformation.

Table HI shows the separation factors associated with the side chain double
bonds of sterols and tetracyclic triterpenes. The configurational isomerism at C-24 of
24-alkylsterols exerted almost no influence on the side chain double bond separation
factors, while the separation factors related to the 22E,25(27)-double bonds of 24-eth-
ylsterol differed appreciably according to the nature of the isomerism. The presence of

TABLE Il
SIDE CHAIN DOUBLE BOND SEPARATION FACTORS

Relative to the RRT of the steryl acetates with the corresponding saturated side chain.

Position of Alkyl or ulkylene Stationary phuse
double bond substituent
oV-1 oV-17
227 - 0.88 0.90
22E — 0.92 093
24-Methyl 0.86 0.88
24-Ethyl 0.86 0.88
23E 24-Methyl 0.98 1.04
24-Ethyl 0.96 1.00
2425) — 1.09 1.21
24-Methyl 1.14 1.25
24-Ethyl 1.11 1.21
2428) 24-Methylene 0.98 1.03
24Z-Ethylidene 1.04 .12
24E-Ethylidene 1.01 1.06
25(27) 24-Methyl 096 1.01
24-Fthyl 0.97 1.02
24,24-Dimethyl 093 1.04
23 E.25(27) 24x-Ethyl 0.86 091

24f-Ethyl 0.87 0.93
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TABLE IV
ALKYL SUBSTITUENT SEPARATION FACTORS

T.1TOH et al.

Alkvi substituent Position of Stationary phase
double bond*
ov-1 oVv-17
4z-Methyl - 1.16 1.10
7 1.14 1.12
S 113 L1t
S (141) I.14 1.1
4z,14x-Dimethyl: [$z-methyl 9:19-Cyclo 1.14 1.10
1. 4-Dimethyl 4z-methyl - 1.20 119
4.4.112-Trimethyl/32 142-dimethyl 9:19-Cyclo 1.19 1.18
7 1.2 1.19
S I.18 1.18
9(11) 1.19 1.18
4+4-Dimethyl - 1.39 1.30
3z.142-Dimethyl, 4z-methyi 7 1.03 1.01
8 098 0.93
1.4, 142-Trimethy L $.4-dimethyl — 1.23 1.29
23-Methyl — 1.29 1.31
2E 1.22 1.23
24 (25) 1.35 1.33
23.24-Dimethyl NE 149 147
24,24-Dimethyl - 1.65 1.60
23.25-Dimethyl - 1.33 1.61
23,24-Dimethylf24-methyl 22FE 1.22 1.20
24 24-Dimethyl;24-methyi - 1.29 1.23
24.25-Dimethyl 24+-methyl — 1.19 1.24
21 Ethyl - 1.60 1.63
22F 1.52 1.534
24 (25) 1.65 1.63
24-Ethyl 24-methyl - 1.24 1.24
NE 1.25 1.23
23 (25) 1.22 1.20

25229

* Cxclopropyl group is also included.

the 23 E-double bond resulted in shorter retention times of sterols on the OV-1 column.
whereas on the OV-17 column the retention times were increased or unaffected. The
other separation characteristics listed arc in reasonable agreement with those pre-
viously reported**. The alkyl substituent at C-24 affected the separaiion charac-
teristics of the 422E, A*3E, A>*3) and A%3C7 sterols.

The separation factors for various alkyl substituents of sterol and lanostane
triterpenes are listed in Table I'V. Of all the methyl! substituents examined, that at C-
24 gave the largest retention time increment, whereas the smallest effect on the reten-
tion time was observed, as for 47 and 49 sterols, on introduction of the 14z-meihyl
group. In A® sterols, the 14x-methyl group actually resulted in a decrease in retention
time. as observed previously®. The effect of this group was, however, exceptionally
large for compounds with saturated skeletons. The increase of retention time attri-
buted to an alkyl substituent was affected by the presence of an adjacent double bond.
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most probably due to the interaction between the double bond and the alkyl group.
For example, introduction of a 422 E-bond decreased the retention time increment due
to a methyl or ethyl substituent at C-24. Gas chromatography can be used to dis-
tinguish between 4-desmethyl-, 4-monomethyl- and 4,4’-dimethylsterols>:3~1°.

The RRT and MU values of the large number of sierols and triterpene alcohols
given in Table I are very useful for the identification of these compounds. Several sets
of ~critical pairs™ of sterols were encountered on both the column systems, but these
can be distinguished by argentaiion thin-layer chromatography or by some spectro-
scopic techniques, or may be differentiated in GLC on other column systems. Using
the RRT data, additional separation factors can be calculated for other structural
features, and the probable RRT of unknown or undetected sterols and triterpene
alcohols can be predicted. ’
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