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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-I 7 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 chromatogmphic 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’-‘6 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 5*7-10*13, lanostane triterpene alcohols”~5~8~‘0~‘3~16-18 and other tetracyclic tri- 
terpene alcoholsS-10~‘7*‘8 and pentacyclic triterpene alcohols8-‘o~‘7-“. Since 4-meth- 
ylsterols and triterpene alcohols are closely related to 4_desmethylsterols, biogeneti- 
calIy 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 h&h 
resolving power even for the structurally closely related sterols and triterpene al- 
cohols from natural sourcesZ)-)6_ Furthermore, it has also been shown that glass 
capillary columns can be used to differentiate C-24 epimeric 24-alkylsterols”i~29_ 
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The retention data ware expressed as the usual relative retention times, RRT, 
and as the methylene unit (MU) values’O*“, 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. 

EXPERIXlEXTXJ_ 

A Shimadzu GC-KLM _gas chromatograph equipped with a hydrogen flame 
Ionization detector was used. Two support-coated open tubular (SCOT) glass capil- 
la- coEumns (30 m x 0.3 mm I.D.; Wako. Osaka. Japan) were coated either with 
OV- 1 or OV- 17 stationary phase. Sterol and triterpene alcohol samples as the acetate 
derivatives and internal standards were injected simultaneously as solutions in ace- 
tone. The sample size injected \vas adjusted so that the peak heights were comparable 
to that corrtiponding to 4-6 pL, * cholesterol acetate (CU. 6011, of the full recorder 
response)_ 

-‘Initial retention times” 32 based on the distances from the starting point of _ 
the solvent peak to the starting point of each sample peak on the chromatoram. 
instead of the usual retention times were determined since far less fluctuation in the 
former due to change in the amount of sample injected has been observed pre- 
\iou~l>-~’ and also in our preliminary experiments. The standard chart speed \vas 10 
m-m min. RRT \vas expressed relative to cholesterol acetate. and MU value was 
determined using tz-dotriacontane (C&. n-tritriacontane (C,,). II-tetratriacontane 
CC,,)_ II-hcsatriacontane (C,,) and n-tetracontane (C,,) as the standard hydrocar- 
bons_ The reproducibiiity of the Lalues of RRT and IMU obtained from several runs 
OG the same column \\as sarisfactor)- for a given substance. 

Acetylation \\as performed in acetic anhydride-py-idine ( 1: 1) at room tem- 
perature overnight. Sterols and triterpene alcohols were obtained from three sources: 
gifts from indi\ iduals: isolated from plants”*“-‘6*33-35 . and derived from available 
wmplss. 

RESULTS AXD DISCUSSIOX 

The t\vo stationaw phases used in this Lvork. non-polar OV-1 (dimethyl si- 
!icone: McReynolds’ constant_ z’ = 16 (ref. 36)) and slightly polar OV-17 (50 “,, phen- 
$50 u, * methyl silicone; x’ = 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 chromatograph~-“‘*‘f2b. are very stable and can be 
quzlntitrttively prepared from the free alcohols_ Anal_vsis of such derivatives on a 
capillary column gave satisfactory results. and thus it was unnecessary to prepare 
other derixxtives solely for GLC analysis. The free alcohols were unsuitable for GLC 
on a capillary column because they were eluted as broad peaks with considerable 
railinu -_- 

Table I shows the RRT and the Mvfu values for the acetate derivatives of 16s 
sterols and triterpene alcohols includin g 65 4-desmethylsterols. 36 Jz-methylsterols. 
$2 terracyclic triterpene alcohols and 22 pentacyclic triterpene alcohols_ most of 
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TABLE1 

RELATIVE RETENTION TIMES AND METHYLENE UNITS OF THE ACETATES OF STEROLS AND 
TRITERPENE ALCOHOLS ON OV-1 AND OV-17 COLUAMNS 

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 @xiented, and if not carrying a ds- 
bond or not othenvise mentioned, all the compounds have a 5z-configuration. Conditions: OV-1, column temp. 
260% N, flow-rate 0.35 ml/m& splitting ratio 120:1, scwenger 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 ( 17.01 mm), 
n-tritriacontane (22.10 min), n-tetrzttriaconrane (2S.84 min) and n-hexatriacontane (48-96 min): OV-17_ column temp. 
26G’C. NZ tlow-rate 0.60 ml/ruin_ splitting ratio 1GG:l. scavenger _w flow-rate 70 mlimin. net retention times of 
standard substances. cholesterol acetate (15.60 min. theoretical plates 19.712). n-tetratriacontane (13.60 min). II- 
hesrltriaconrane (23.16 min) and jr-tetracontane (65.86 min). 

_________ __ -- ___-I 

Position oJ 
double bon& 

OV-I 01-17 

RRT .IfU RRT MCI- 

1.1Desmethylsterol (cholestane group) 
CZ6 srerol 

2-l-Nor-KZ-cholestadienol 
CL; srerol 

Cholestanol 
Epicholestanol (cholesran-3x-01) 
Coprosranol(5/?-cholestanol) 
Epicoprostanol(5ll_cholestan-32-01) 
20-Hocholesterol 
Cholesterol 
71-Dehydrocholesterol 
22-Dehvdrocholesterol 
Desmostcrol 
?7-Nor-5.21-ergostadienol (24Rjfi) 
7-Cholestenol 
27-Nor-7.22-ergostadienol (XR,fi) 
2-l-Dihydrozymosterol 
Zy mosrerol 

Cz, Jrrrot 
Campestanol (Z-IR, 1) 

522E 0.65 30.26 0.66 32.96 

- 

- 
- 

5 
5 
5.222 
521E 
5.X(15) 
5.23E 
7 
7.22E 
s 
S W(5) .- 

- 

Ergostanol (XS!ji) - 

?I-Methylcoprostanol (24R.S) 
Pollinastanol 
Z-l-Dehydropollinastanol 
Campesteroi (14R;z) 

- 

9 : 1 I)-Cycle 
9:19-Cyclo,2-l(24) 
5 

‘I-Dihvdrobrassicasterol (74S;p) 5 

Brassieasterol(24S~~) - 
X23-Ergostadienol 
I4-Methylenecholesterol 
5.2-l-Ergostadienol 
5.2%Ergostadienol (24&‘/I) 
5,7-Ergostadienol (24&‘@) 

Ergosterol (24Rjb) 
S&22-Ergostatrienol (24&p) 
7-Ergostenol (2&S@) 

_____-_ - ______- - 

5.22E 
5,13E 
5.24(B) 
5.24(25) 
52x27) 
5.7 
5.7.22E 
i.S.21E 
7 

-_- 

l-03 31-93 1 .O’ X.61 
0.91 31.51 o.s9 31.09 
OS6 31.25 OS? 33.77 
o.s9 31.3s 0.8-l 33.W 
0.91 31.47 OS9 3-lG9 
1.00 31X 1.00 34.53 
oss 31.34 0.90 34.13 
0.91 31.51 0.93 3425 
1.09 32.1-l 1.21 55.24 
OS9 31.3s 0.89 31.09 
1.13 3XS 1.1s 35.15 
1.01 31X6 1.06 34.75 
1.07 32.07 1.06 34.75 
1.16 32.37 1 .x 35.45 

13: 
( 1.319) 
1 xi 

( 1.325) 
1.11 
1.17 
1 .x7 
I.29 

( 1.293) 
1.29 

( 1 .X6) 
1.12 
1.26 
1.27 
1.46 
1.23 
1.46 
1.76 
1.19 
1.46 

32s9 35.61 

3x7 35.60 

34.7s 
35.21 
35.90 
35.55 

31.76 

31.2-I 
32.69 
32.72 
3x23, 
32.60 
33-23 
32.69 
32.46 
w_ x.23 

1.33 
( l-334) 
133 

(1.379) 
1.0; 
1.20 
1.4-l 
1.31 

(1.31’) 
1.31 

(1.307) 
1.14 
1.35 
1.35 
1.63 
1.32 
1.54 
I.35 
l-22 
1.55 

35.02 
35.65 
35.65 
36.36 
35.57 
36.15 
35.65 
35.27 
36.17 

(Conrinued on p- 6s J 
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Aceiafe ov-I ok=17 

RRT MU RRT MU 

7 ZLErgosudienol(14R~fi) 
7&S)-Ergobadienol 
Fecosrerol 

c,, srerol 
Sti_rmastanol @lR,‘r) 

7.22E 1.26 
7,24( 25) I.43 
S.24(28) 1.36 

- 

5-Dihydrociionasterol (24Sj3) - 

I4-Ethylcoprostanol (24R; I) 
22-Stiznxastcnol(24S~r) 
I-LEt~yl-llcoprostenol (2-S. I) 
Sitostcrol (24Rjz) 

- 

ZZE 

12E 

5 

Clionasterol (l-lS,fi) 5 

Sti~aastsrol (1-S I) 5.22E 

PoriI>r;tstrrol (Z-lR.fl) 5_22E 

5.13~Sri_~asrrtdienol 
~3.2-l-D~meth~I-5.~‘7~hoIsst~disnoI (XR,fi) 

~2-LSti~Jnasstrtdienol 
18-xsofucostrrol 
Fucosterol 
Clerosterol (24S.fi) 
S_X_X-Sti_gnmstatrienol (ZiS,/i) 
33-Demeth~Igorgosterol(22R.~3R.14R) 
22-Dihydrospinasterol (Z?R:‘z) 

‘I-Dihvdrochondrillasteroi (Z-LS /J) 7 

Spinasterol (Z-IS 3) 7.17E 

Chondrilbsteroi (I-lR:[i) 722E 

?_2ZE.25(27) 

X\enasterol 
2S-!soa\e~asterol 
Peposterol (7.2~sti_gmastrtdienol) 
7.15-Sti_gmrtstadienol (XS,~) 
Ij~~Dim~thy~-i_22chol~t~dienol (24R;fi) 

\-emosterol 
8( i4)-Sti_gmastenol (24R. I) 

7 , “E Y(‘7) .- - 

7_3(2S)Z 
72_1(2S)E 
3.14( 25) 
7.25127) 
f.“E 

8.13.14(2S)Z 

S( 14) 

l-L_StiJnasterzol (XR,‘r) 

c->, sm-oi 

GoreosteroI (ER,ljR.XR) 

_k&thastcroE fl2R23R24R) 
___._-- - 

S(l-0 

II 

5.22:33-Cycle 
722:23-Cycle 

32.69 1.36 
33.16 1.61 
32.97 1.43 

33.69 1.65 
(1.651) 

33.67 ( K?) 
33-03 1.32 
33-15 1.45 
32.53 I.16 
33-57 1.63 

(1.634) 
33.55 1.63 

( 1.616) 
33.07 1.43 

(1.431) 
33.09 1.4-l 

(I -439) 
33-41 1.61 
32.97 I.37 
33-97 1.95 
33-74 IS1 
33.62 1.72 
33A3 1.6-l 
33.03 1.52 
33.69 1.73 
34.03 I .94 

(1.9X) 
31.0 I l-93 

(1.92s) 
33.53 1.70 

( 1.69s) 
33-55 1.71 

( 1.705) 
33.46 1.77 

( 1.765) 
33.50 1.80 

( 1.793) 
3420 2.15 
34-06 704 
34-43 2.31 
33-g I 1.95 
33-41 1.62 
33S5 I.94 
33.61 1.67 

( 1.674) 
33-60 1.66 

( 1.664) 
33.56 1.6-l 

35.65 
36.32 
35X7 

1.65 
( 1.64S) 
1.64 

( 1.6-U)) 
1.3s 
I.44 
I.21 
1.60 

(1.597) 
I.59 

( 1.58s) 
I A0 

( 1.397) 
1 _-lo 

(1.404) 
133 
1.36 

1.7s 

1.67 

1.61 
I -5-l 
I.39 
I.65 
i.Sl 

( 1 SO5) 
I so 

( 1.797) 
1.5s 

( 132) 

1.59 

( 1.5S9) 

1.55 
( I .549) 
1.57 

( l-567) 
1.59 
1x1 
2.0 1 
l-75 
I-53 
I.71 
I.62 

(1.615) 
1.61 

11.610) 
1.59 

36.41 

36.39 

35.57 
35.92 
35.09 
36.37 

36.35 

35s7 

35.90 

36.34 
35.7 1 
37.04 
36.76 
36.56 
36.39 
36.10 
36.59 
37.01 

37.00 

36.52 

36.5-l 

36.66 

36.71 

37.40 
37.21 
37.6s 
37.04 
36.31 
37.01 
36.17 

36.45 

36.39 

z-19 3-l-75 2.3, 37.69 
2-46 35-19 1.7-l X.3’ 
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Acefare Position of 0 K-i ov-17 
double bon& - 

RRT AILi RRT MU 

If. Iz-~Methylsterol 
~a-~lottontetlt~~terol (4rr-tttcth_vlchoIestutte gr0ttp.I 

4x-Methylcholestanol 
Lophenol 
2Q-Methyllophenol (24,R.S) 
24Ethyllophenol(24R/z) 

X-Ethyllophenol (24SIp) 

24Methyl-23dehydrolophenol 
Gramisterol(24methylenelophenol) 
24-Methyl-24(25)-dehydrolophenol 
24Ethyl-23dehydrolophenol 
24-Ethyl-24(25)-dehydrolophenol 
Citrostadienol 
2S-lsocitrostadienol 
24-Ethyl-25dehydrolophenol (l-lS,j$ 
4z-Methyl-Scholcstenol 
?zMethyl-S( 14)-cholestenol 
4x-Methyl-8( 14)-ergostenol (24R.S) 
IAMethyl-S( 14)-sti_gmastenol (24R.S) 

4z,lQ~-Dintetlt~lsteroi (3X-ttorlanostane group) 
3 1 -Norcycloartanol 
3 I -Norcycloartenol 
24(28)-Dihydrocycloeucalenol(21R.S) 
24,Methyl31-nor-23dehydrocycloartanol 
Cycloeucalenol 
24-Methyl-31-norcycloartenol 
3 I-Norcyclolaudenol (24.%//I) 
3 1 -Nor-7-lanostenol 
I4Methyl-31-nor-7-lanostenol (24R.S) 
3l-Nor-S-ianostenol 
3 I-Norlanosterol 
24(2S)-Dihydroobtusifoliol (24R.S) 
Obtusifoliol 
24Methyl3 1 -norlanosrerol 
24Ethyl-31-nor-S-lanostenol (24Sjj?) 
24-Ethyl-31-nor-8.25-lanostadienol(24S;~) 
3 1 -Nor-g{ 1 I)-lanostenol 
24Methyl-31-nor-9(1 I)-lanostenol(24R.S) 
24IMethylene-3 I-nor-9( 1 I)-lanostenol 

III. Triterpcne alcohol 
Tetracyclic triterpene alcohol 
4.4-Ditttethylsteroi (3Zttorktttostatte group? 

J,4-Dimethylcholestanol 
LunosIane a”‘Olql 

Lanostanol 
23_Methyllanosrano1(24R,Sl 
Cycloartanol 
Cycloartenol 
ZIMethylcycloartanol(24R.S) 

7 
7 
7 

7.23E 
7.24(‘S) 
724(15) 
723E 
7.x(25) 
724(2S)Z 
724(2S)E 
7,X(27) 
S 
S( 14) 
S(l4) 
S(14) 

9:19-Cycle 
9:19-Cyclo.W(25) 
9:19-Cycle 
9: 19-Cyclo,23E 
9:19-cyc10.24(28) 
9:19-C>ClO.24(25) 
9:19-Cyclo,25(27) 
7 
7 

:,2;111q 
S 
5,24(B) 
S-24(25) 
S 
S-25(27) 
9(11) 
9(11) 
9( 11).~4(2S~ 

- l-43 33.16 1.33 35.60 

- 
9:19-Cycle 
9:19-Cyclo.24(25) 
9:19-Cycle 

1.19 
1.2s 
1.66 
2.06 

(2.062) 
2.05 

(2.051) 
1.63 
1.63 
1 .s7 
1.97 
’ 7s -_- 
2.16 
2.0s 
1.99 
1.21 
1.15 
1.4s 
I.83 

1.33 
1.45 
1.71 
1.67 
1.69 
1.95 
1.64 
1.37 
1.70 
1.1s 
1.19 
1.51 
1 .-Is 
1.72 
I.&!6 
1.79 
1.2s 
1.65 
1.63 

1.76 
7 lj -.- 

1.59 
1.74 
2.04 

32.46 
32.75 
3x72 
34.53 

1.12 
1.33 
1.73 
2.16 

(2.156) 
2-15 

(2.145) 
1.79 
1.79 
2.17 
1.16 
2_60 
2.4 1 
2-29 
2.19 
1.1s 
1.1-I 
1.49 
l-56 

34.95 
35.60 
36-59 
37.41 

34.51 37.39 

33.64 
33.64 
34.16 
34.35 
34.9 1 
34.70 
3455 
31.39 
32.33 
32.35 
332s 
34.05 

36.71 
36.72 
37.44 
37.42 
38.12 
37.53 
37.65 
37.47 
35.15 
35.02 
36.03 
36.S6 

32.89 
33.21 
33.S3 
33-74 
3x7s 
34.30 
33-67 
32.56 
33_Sl 
32.43 
3’ 7s __. 
33.36 
33X 
33% 
34.14 
33.99 
32.75 
33.69 
33.64 

1.31 35.54 
1.58 36.26 
1.71 36.54 
1.77 36.67 
1.77 36.67 
2-14 37.39 
1.72 36.56 
1.33 35.60 
1.74 36.62 
1.10 34s7 
1.33 35.60 
1.44 35.90 
1.49 36.03 
l-79 36.72 
1.7s 36.69 
1.50 36.74 
1.26 35.39 
1.64 36.39 
1.69 36.50 

33-93 1.71 36.5-t 
34.S5 2.2 3 37.53 
33.56 1.54 36.15 
33.59 1.56 36.56 
34.49 2.01 37.15 

__ __ _ ___~ --. - 
(Continued on p_ 701 
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TABLE I (runrimrdj 

_-k-eturr Posirion of- OliI OF-17 
double bo& 

RRT MU RRT MC; 
___ ._ -___ __~_ -.- __---_______-- _____.- 

C~clo~dol(~4-methyi-2j-deh~dr~~cloru~ 
I-l-~lethylenecycloartano1 
Cyclobranol (Z-t-methyIcycloarteno1) 
Cylolaudenol (Z-rS#) 
~~Dih~-drocimicifu~eenoI 
Cimicifugenol (i-dehydrocycloartenol) 
7-Lanostenol 
~1,Clsthq-1-7-lltnostrnol (2-lR.S) 
11Dihydroagnosterol 
Agnosterol 
1J-Dihydrolanosterol 
Lanosterol 
Z-l-Methyl-l-l-dihydrolanosterol (MR.5) 
21Xiethylene-24-dihydroktnosterol 
2-%-Dihydrop-arkeol 
Parke01 
2-t-Methyl-2Mihydroparkeol (2-lR.s) 
I*WethyIene-X-dihydroparkeol 
2-2-t-Dimethl l-9( 1 I)-hnostenol 
24.25Dimethyl-9( 1 I)-lanostenol (24RS) 
I-I.25Dimethyl-911 1),23-ianostadienolft 
Z-K!-!-Dimeth>I-9( Ii)_25lanostadienol 

Euplumr-rimcuiium? group 
I-l-Dihydrobut~rospermo! (10R) 
Butyrospsrmol (ZOR) 
2tDihydroeuphol(10R) 
Euphol (10R) 
7-Tirucallmol(2O.S) 
7.llTirucaltadienol (?-OS) 
I-l-Dihydrotirucallol (20s) 
Tirucallol (10s) 

Dmmuumr group 
Dammeradienol 
24-Meth~l_enedammtmmarenol 
Isoruphenol (XR) 
Isotimullenol (l0.S) 

Cucurbirru~r group 
IOx-5-Cucurbiraenol 
IOz-52tCucurbimdienol 

Pentacyclic triterpene alcohol 
I-Amytin ( IZ-ut-sen0I) 
Taraxasterol (20[30]-taraxastsnoi) 
+Txa.xastrrol (IO-tawxastenol) 
Btluerenol (7-bauerenenol) 
Epibauerenol (7-bauere&x-01) 
Isobauerenoi IS-bauerenenol) 
fi-Ant> tin ( I?-oleattenof ) 
Germanic01 ( 1 %olrrtnenol) 
Glutinol (5glurinenol) 
Tr?raerol ( I4-taraxerenol) 
Ftiedeiinol. (5fi-methyl friedelan-3z-ol) 
Epifriedelinol (5/3-methyl friedelanol) 

9:19-Cyc1023E zao 34.41 LOS 37.25 
9:19-Cyclo,24(2S) 2.01 34.43 1.07 37.26 
9:19-Cyclo.14(15) 2.33 34.95 2.50 37.95 
9:19-Cyclo.15(‘7) 1.95 34-32 2.03 37.19 
7.9: 19-Cycle I.12 32.56 1.13 34.99 
7.9-C\ClO.24(25) 1.3-l 31.9 1 1.37 35.71 
7 I .5S 3324 1.57 36.23 
7 3.0-l 34.49 2.05 37.23 
7.9(11) I.32 32S6 1.1s 35.45 
7.9( I 1)2(15) 1.43 33.16 1.55 36.17 
> s I.39 33-05 1.30 35.51 
S %f’5) .- - 1.51 33-39 1.57 36.23 
S 1.75 33.97 1.70 36.51 
8.11(28) I.75 33.91 1.76 36.65 
9(11) 1.5-l 33Aj I .a9 36.03 
9( 1 I).LIm) 1.69 33.75 1.79 36.72 
9111) 1.97 34.35 1.94 37.0’ 
9(11).14(X) 1.93 31.9s 2.00 37.13 
9(11) 1.51 35.3 I Z-39 37.8 I 
9(11) 235 35.01 ‘A0 37.82 
9( 11).23;1 2.33 34.9s ‘37 37.7s 
9( I I ).X(27) 2.37 35.05 1.49 37.96 

7 1.4-l 33.1s I.40 35.60 
7.24(X) 1.5s 33.5-l 1.70 36.52 
s 1.20 32.50 1.07 34.7s 
S.X75) I.32 32.86 1.30 35.5 1 
7 1.60 332% 1.59 36.28 
7.2-q ‘5) 1.76 -.q >A93 !.92 36.9s 
s 1.3-I 3291 1.21 35.37 
S.‘1(25) I.16 33.23 1.57 35.97 

10(21).21(15~ 
10l11)24(18) 
13(17) 
13( 17) 

1.50 -- _) _%>._A 1.64 36.39 
I.70 33S 1 1.7s 36.69 
0.91 31.79 0.93 34.25 
1.11 3z.24 I.01 34.56 

5 
5.X25) 

1.21 32.53 1.19 35.18 
1.32 3X6 I.43 35.S7 

11 1.64 33.67 1 s4 36.S’ 
20(30) 2.06 34.51 2.50 37.98 
10(21) 2.01 34.43 2.40 37.51 
7 1.98 34.37 2.26 37.59 
7 1.64 3X6-l 1.94 37.01 
s 1.73 33.87 1.53 36.84 
12 I.51 33.39 1.65 36.41 
IS I.54 33.43 1.65 36.41 
5 I.59 33.56 1.91 36.96 
14 I.45 33.21 1.57 36.23 
- 2.10 34.59 2.66 3S.21 
- 2.09 3-l-57 1.55 35.0-l 
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TABLE I lconrinue& 
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Aerate Position of- 
double boon@ 

0 V-l 

RRT 

lMultitlorenol(7-multiflorenenol) 7 
lsomultiflorenol (S-multlflorenenol) S 
Lupeol(2q29]-lupenol) 20(29) 
Epilupeol (2q29]-lupen-31-01) 20(29) 
Femenol(9[ 1 I]-femenol, 21 s) 9(11) 
Epifemenol(9[1 I]-femen-3z-ol) 9(11) 
Trematol (Zl-epi-911 I]-fernenol. 11 R) 9(11) 
Moretenol (Zl-epi-Z2[29]-hopenol) 22(29) 
Simiarenol (S-adianenol) 5 
Isoarborinol(9[ 1 I]-arborinenol) 9(11) 

1.86 
1.61 
1.66 
1.35 
1.95 
1.58 
’ 77 ___ 
1.95 
1.91 
2.15 

34.14 
33.60 
33-72 
31.94 
34.37 
33-54 
34.89 
34.32 
34.16 
34-6s 

0 I’-1 7 

RRT 
-_____ 

2.13 
1.73 
1.93 
1.63 
2.2s 
I .94 
1.79 
2.26 
2.40 
2.57 

M c 

37.39 
36.59 
37.00 
36.36 
37.63 
37.01 
38.39 
57.59 
37X 
3s.os 

* Cyclopropyl group is also included and denoted by Cycle. 
** From Quercus nyrsinaefolia (W. H. Hui and M. M. Li. J. Clwn~. Sot.. Perkbr Trum. I. ( 1977) S97. most 

probably has a 23E-configuwtion. 

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”‘-‘9. The 24x-epimers of 24-methyl- and 24ethylsterols with a satu- 
rated side chain showed slightly larger RRT and MU values than those of their 24/Y& 
counterparts, whereas the opposite elution order was observed for the 24ethyl-d”- 
and 24ethyl-il”*“‘-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’Y-‘9. Chromatography of a 1 :l mix- 
ture of the C-24 epimeric pair of 24alkylstero!s with a saturated or a 4”-monounsat- 
urated side chain afforded a single peak on OV-I 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-sterois 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 efi‘ects 
and alkyl substituents. which were calculated from the RRT data given in Table I, are 
shown in Tables II-IV_ 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 
4’. 4’ and 9fi:IB-cyclopropyl compounds as the major sterol constituents3i-39, 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 4x-methylcholestane were almost identical. but markedly 
ditlerent from those of Si-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-14%, whereas almost no influence is 
exerted by the methyl group at C-4. Several stationary phases have been shown to _ 

distinguish saturated Cdesmethylsterols from the corresponding ds.sterols in packed 



TABLE 11 

SKELETAL DOUBLE BOND AND STERIC SEPARATION FACTORS 

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

01--I 0 v-1 7 

Strtnol _I’ 
_l- &ls 
Y.-l5 
,Jw- ,y 
j=,,J5 

J5-_.,35 

y.s -15 

S&o1 -l- 

-l” -I- 

p’i’ 37 

J”” ,- 

_lJ. 9: i%c?_clo 

_I”“’ 9:!9-qclo 

J--‘““.9r19xyclo 
d-.9:19-c~cio.9:19-qcio 
,l” 2x2 
3’0’J0’ JZO‘LI, 

Stan-k-01. start01 

5fl-Stnnol;stanol 
5/;-Stan-3x-o1 stanoi 
Euphztne, lanostane 

L‘rsanq ole3nane 
B;lusrenane, multitlorenane 

IOR(z-H) 1OSQX-f) 

21&z-H) ZIS(fi-H) 

Chotestxte 
Cholatane 
Cholestane 
Chokstane 
Cholestsne 
Cholestane 
Cholestane 
Cholestane 
-1x-Methylcholestane 
Lrtnostrrne 
Cholesmne 
4z-Mxhglchokstanc 
3 I-Xorizmostane 
Lanostane 
Euphane-tiruczdlans 
Bauerensne 
Multitlorenane 
Choiatane 
-II-MethyIchoIestane 
3i-Xorhnostane 
Lrtnostrtne 
Cholestane 
Lanosmne 
Cholestans 
Limostime 
;I-Sorlt?nostane 
Lanostane 
31-Nortanostanr 
Lanostane 
3I-Sorlanostanc 
Lanostrtne 
Lxnost;me 
Lanostanc 
Oleanane 
Taraxastane 
Cholestane 
Lupane 
Fernane (Y’*“) 
Bauerenane (_l-) 
Friedeiane 
Cholestane 
Chokstane 
2 
.J: 
.y 

Lfy 
Lf’l 

.l” 
-I: 
Choleame 
Euphane-tirucltlhne 
Dammanne(-il”“‘) 
Femane 

1.03 1.01 
I.13 1.19 
1.07 1.06 
1.01 1.07 
0.99 1.01 
1.13 1.17 
1.06 1.07 
0.91 OS4 
0.93 OS1 
I.11 1.09 
0.95 0.90 
0.95 OS9 
Oz.9 033 
0.88 OS3 
0.83 0.7; 
OS7 OX? 
OS7 OS I 
OS9 OX6 
OS9 0.56 
0.5 0.95 
0.9; 0.95 
0.85 023 
OS4 OS I 
0.91 0.90 
I.!1 I.1 I 
1.00 1.0’ 
1.00 I.03 
OS9 0X-l 
OS7 OS5 
0.96 0.96 
0.97 0.97 
OS3 OS3 
0.77 0.71 
1.01 1.00 
1.01 1.04 
OS9 0.57 
OX1 OS-I 
030 0.55 
033 OS7 
1.00 1.04 
0.81 OS0 
OS6 OS1 
OS7 OS3 
0.91 03s 
O.% 0.91 
1.01 1.01 
1.0s 1.11 
1 .oi 1.06 
I.06 1.06 
1.10 1.11 
0.90 0x3 
OS I 0.91 
1.15 I.22 
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columns4.‘J5.‘6 , but none gave complete separations of these sterols’. The OV-I glass 
capillary column used in this study, as well as in other studies40”‘, afforded almost 
complete separations. d7-Lanostane was eluted simultaneously or slightly after its S/3: 
19cyclopropyl isomer, but the co-existence of the d7-bond and the cyclopropyl group 
in the lanostane skeleton greatly reduced its retention time. 

20-Isocholesterol @OS, 8-H) was eluted before its 20R epimer, cholesterol 
(20n-H), as observed previously4’“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 difierent positions4’*. 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- 
former for cholesterol is a “right-handed“ structure (C-22, tralzs-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, c&oriented to C- 
13) Based on these considerations, we can postulate conformation at C-20 of eu- 
phane-tirucallane and d 13(*7’-dammarane triterpenes from their retention behaviour. 
The 20S(fi-H) epimers of these triterpenes were eluted after their 20R( x-H) counter- 
parts, and therefore the former should have a “right-handed” side chain confor- 
mation and the latter a “left-handed” conformation_ 

Table III 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 2X,25(27)-double bonds of M-eth- 
ylsterol differed appreciably according to the nature of the isomerism. The presence of 

TABLE III 

SIDE CHAIN DOUBLE BOND SEPARATION FACTORS 

Rclati\e to the RRT of the steryl xetittes with the corresponding saturated side chain. 

23E 

X(25) 

24Q8) 

15(27) 

77E,25(77) 

- 

2444ethyl 
X-Ethyl 
X-Methyl 
X-Ethyl 
- 

%-Methyl 

X-Ethyl 
24GMethylene 
24Z-Ethylidene 
XE-Ethylidene 
?&Methyl 
X-Ethyl 
2-t.%-Dimerhyl 
24x-Ethyl 
24@-Ethyl 

0 v-1 OF-17 
--- 

028 0.90 
0.92 0.93 
0.86 0.88 
0.86 0.85 
0.9s 1.0-l 
0.96 1.00 
1.09 1.31 
1.1-I 1.25 

1.11 1.21 
0.9s 1.03 
1.0-I 1.12 
1.01 1.06 
0.96 1.01 
0.97 1.02 
093 1.04 
0.86 0.91 
0.87 0.93 
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TABLE IV 

ALKYL SUBSTITUENT SEPARATION FACTORS 

T_ ITOH a. al. 

4z,IJz-Dimethyl: l-tz-methyl 
I.-l-DimethylZ’4z-methyl 
-1.1.I4z-Tdmcth~l/lz.14z-dimethyl 

-!_-LDimrthyi 
-i;LI4z-Dimeth~l,~z-msrhyI 

~.4,14z-Trimeth~I,I.~imethyi 
Z-Methyl 

32j_Dimeth> 1 
X,X-Dimerhyi 
2-X3-Dimethyl 
13,1CDimethyi,~~meth~l 
1~3j_Dimrth)li~~meihvl 
Z-%.25-Dimerhyl ‘Z-t-methyl 
I-l-Ethyl 

Posit ion of Smrionary plusr 
double bon& - 

OF-1 or-17 

- 
7 

S 

S (l-1) 
9:19-Cycle 
- 

9:19-QCIO 
7 
S 

9 (Ii) 
- 

7 
8 
- 
- 

37E 
24 (15) 

22E 
- 
- 

1’E 
- 

“E 
14 (15) 

21E 
2-l (25) 
‘5 (27) 

* Cjclopropql group is aLso included. 

1.16 1.10 
I-14 1.12 
1.13 1.11 
I.14 1.11 
1.14 1.10 
1.10 1.19 
1.19 1.1s 
1.20 1.19 
1.1s 1.1s 
1.19 1.1s 
1.39 1.30 
I-03 1.01 
0.98 0.93 
123 1.29 
129 I.31 
1.21 1.3 
1.35 1.X 
1.49 1 .a7 
1.65 1.60 
I.53 1.61 
1.22 1.20 
1.29 1.3 
1.19 12-I 
1.60 1.63 
I.52 1.54 
1.65 I-63 
1.2-I 1.24 
1.15 1.25 
I.22 1.10 
I.25 I.25 

the ZX-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 are in reasonable agreement with those pre- 
~iousiy reported’.‘. The alkyl substituent at C-24 affected the separafion charac- 
teristia of the A”E, Az3E, A’J”5’ and A”“” sterols. 

The separation factors for various alkyl substituents of sterol and ianostane 
rrirerpenes are Iisted in Table IV. Of all the methyl substituents examined. that at C- 
II gzt~c the largest retention time increment. whereas the smallest effect on the reten- 

tion time was observed, as for A’ and A’ sterols, on introduction of the 14x-methyl 
group_ In AM sterols, the i4z-methyl group actually resulted in a decrease in retention 
time. as observed previously5. The effect of this group was, however, exceptionally 
large for compounds with saturated skeletons_ The increase of retention time atfri- 
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 d”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-, Cmonomethyl- and 4,4’-dimethylsterols5*s-‘o_ 

The RRT and MU values of the large number of sterols 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 argentation 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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