
~~~CA~ON OF THE STFiROLS OF OAT SEED 

INTRGDUCTIGN 

THE fbgus P~yto~~ra cactmm when grown on oat meal prod& mature oospores, 
whereaswhen~o~ona~m~~nooosporeswereformed.l ~e~~~~t~ 
responsible for this phenomenon was found to be the sterol fi-actionlJ and therefore an 
inv&gation of the constituents of this mixture was undertaken. Previous workers3 bad 
shown /3-sitosterol to be the principal component of this mixture. In addition two “avena 
~o~“,~tintheoriginalmixtrvein32~dl1peroent~v~y,~caurractetizcd 
and tentatively assigned the - ~s~l~-~~~~ol and ~‘*~l~ti~~ol 
~vely. EWence for these s&ucWes was based on comparison with known physical 
properties of phmt sterols, on data furnished &om catalytic hy~o~~on studies and tbe 
known response of As- and AMerols to the Liebermann ~~~* 

RESULTS AND DISCUSSION 

Extndion of crushed oat grains with petroleum ether afforded an orange brown oil 
(34 per cent) after removal of the phospholipids by precipitation with acetone. ‘IIds oil was 
divided into three f&tions by cbromatogmphy on alumina, these co&sting cbiefIy of 
vegetable oils (triglyceride) and two yellow oils (diglyceride and monoglyceride respectively)), 
Sterols were obtained from the vegetable oil and from the monoglyceride fixctions by 
~~~tio~ followed by ~t~phy, ~tion and/or petition with 
digitonin of the notable material in each fraction. Little diEemnce was noted in the 
two fixctions or in &actions obtained from dif%rent varieties of oat seed when exam&d by 
gas chromatography (GLC). The principal compound detectA by GLC had relative reten- 
tion data Cl’able 1) on a number ofcol- correspondii to that for @&osterol confirmiq 
the findings of the earlier w0rkers.j Minor peaks observed c~~~~pondcd in retention data to 
cholesterol,* -1, campesterolt\ and stigmasterol. On polar stationary phases 

* *Chdkstarol~~isolatedfn#nap~t~byJohnscwst~.’andhur~~hr.plantstaol 
mzxtma~C3LC.J~~ 
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such as cyclohexawdimethanolsuccina ta (HiEFF4IB) two additional peaks were observed 
haYing peak area ratios to ~~to~ro~ which that they co nded to the two 
previously -bed avena sterols (Fig. 4). 

A&r action it was found possible to separate the rnon~~~~ sterols (e.g. 
@itostcrol) from di-unsaturated sterols by chromatography on a c&mn of 25% silver 

were eluted with light petroleum containiug 
30% ether in light petroleum. lotion 

using C&C of the first. of these two fraotio~s a&z deacetylation showed it to consist essentially 
of j?-sitosterol with lesser amounts of cholesterol, wqx&erol and L&&gmastenol. These 
assignments werecon6rmed by~~~~nofthedR,,valucs~obtainedu~nhydrobom- 
tionof~e~uble~nd~du~no~~tion~~ Jones reag~t.~ ~ove~~or~m~nents 

may be r97-cholestenol and a d7-C, sterol but such 

(90 per cent by OLC) sample of th@ d%vena sterol aceWz3 The ix. qectrum of this com- 
pound exhibited no peaks wrresponding to a disubstituti double bond but exhibited peaks 
at 1 l-9 and 124 F for the C s6 double bond and at 1240 for a second ~~~~ double 
bond. ~e~ti~(~~e~)~~e~~~~~ to a diunsaturated C, 
sterol aoetate. Action ~0~~0~ ikm the mass spectrum showed one nuclear double 



bond (m/e 213) and one side chain double bond (m/e 255, % and 3% mvely involving 
loss of 139+40-side chain+acetate; 98-i-60 and 98). The loss of 98 h;om the parent ion 
may be explained by postulating a 1: 6 hydride shift associated with a double bond at either 
C-24 or C-24-28 (Fig. 2). 

The nuclm magnetic resonanoe spectmm of this compound showed two vinyl protons 
indicating the structum with the side chain double bond in position G2428 to be correct. 
This stru&re is the same as that for fucosterol. However, it proved possible to resolve these 
two compounds by GLC using HiEFF-8B as stationary phase (Table 1). Further information 
was obtained by subjecting the Aavena sterol to essentially the same degradation procedure 
as described by Bergmann and Klosty g for fucesterol. Osmium tetroxide was substituted 
for ozone and after cleavage of the diols with periodate, the mixture was oxidized with Jones 
reagent.8 Thiu layer chromatography of the &al product afforded a substance found to have 
identical retention times with those expec&d for ~ket~o~~~l acetate upon GLC. This 
assi~ent was co&rmed by mass spectrometry. 

Since the LI 5-avena sterol and fucosterol p both give 24-keto cholesterol upon degradation 
of the side chain and since they have diffsrent retention times upon C&C, it is clear that 
these two compounds represent the two possible isomers (I and II) about the double bond 
(Fig. 3). 

HO HO 

Duszar” has synthe&d 29&ofucosterol and from spectroscopic evidence has assigned 
thestru&re(I)tof~landthestrucWe (II) to 294sofucosterol. The melting point 
gas c~~a~~p~c mobility and i.r. spectrum in the region 119-124 p of ~-i~~st~l 
acetate are identical with the slung data for the d5-avena sterol obtained in this 
work. The occurmnce together in plant sterol mix&es of both isomers at c-29 has not been 

* W. BEMMANN and M. KLOSTY, J. Am. Chm. Sot. 73,2935 (1951). 
‘0 J. P. DUSZA,$. Or& Ckm. 2S,93 (1960). 
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reported but Schrciber and Gsskell have isolated the isomer of citrostadienolt~ from &krmua 
tuberorum thus providing additional evidence for the separate B of both isomers at 
G29 in nature. 

The second avena sterol is known to have a &%louble bond and from its GLC mobilities 
on a number of columns (I’able 1) together with the evidence of the earlier workers3 it 
apparently has the same structure in the side CM as the &compound. 

EXPERIMENTAL 

Vkietks. Varieties of oat seed used were Avena sat&u, Cultivar, Star, Victory, Blenda 
and A~f~. (Fmm Hasler and Go. Ltd., Mow, Essex,) 

~t$~t~~ of seeds. Crushed seeds were extnsted in a Sohslet extractor with petroleum 
ether (b.p. 40-W) until no more colour was removed. The resultant solution was evaporated 
to dryness and the residue dissolved in acetone to precipitate the phospholipids. Filtration 
rind evaporation afforded an orange-browu oil in 3-6 per cent yield depending on the variety 
ofseedused. 

Isolation of sterok The crude oil was chromatographcd on Peter Spence type H ahnnina 
(4 g/g of oil). Snccessive elution with benzene, chloroform and ethyl acetate afforded three 
fractions. Fractions (1) and (3) were saponified with sodinm hydroxide (an equal weight) in 
1:1~u~~ethanalamidtheno~~~b~ma~~~obtaintdby~n~uousextraction 
with ether of the diluted (wan) reaction mixture. The materM from fraction (1) was 
chromatographed on alumina to remove hydrocarbons and aliphatic alcohols. From 
fraction (3) the sterols were isolated by crysta.hization, and from the mother liquors by 
digitonin @p&&j&~3* 1* 

C~~~r~~y of steal. Thin layer ~o~~~phy was carried out on silica-gel G 
using 10% ethyl acetate in petroleum ether as developing solvent. Spots were detected by 
spraying the plate with ceric sulphate and heating until the colcurs developed (pink for 
ds- and blue for d7-sterols). When used for preparative separation prior to GLC, nones on 
TLC plates were deteckd using iodine vapour. After allowing the iodine to evaporate the 
indicated zones were cut out and the sterols eluted with ethyl acetate. 

GLC was carried out on a Pye argon lymph equipped with a flash heater and 
arranged for septum injection into cohxmns of 4 ft length Column packings consisted of acid 
washed silicortized Gas Chrom P coated with various stationary phases (1% w/w) using well 
established methods.ls The phases used were SE30, F-60, Es-1265, HiPFF-SB, PEG-A 
and NGS (all obtainable from Applied Scis Laboratories). Cholestane as internal 
standard was included in each chromatographic run. To separate mono- and di-nnsaturated 
steroids, chromatography on 25% silver nitrate on silica-gel (MO-200 mesh from Applied 
science Laboratories) was used (1O:l ratio of adsorbent to sterol acetate). The mono- 
unsaturated sterol acetates were eluted with light petroleum containing 2% of ether and the 
~-~~~ sterol acetates with 30% ether in light petroleum (b.p. 4060”). 



862 B. A. I&mm 

13egrartbtion of Dansaturated SterokF to 24Ketocholestetyl Acetate 

After removal of the 3~ac&oxyl group the free sterols were converted to p-toluene- 
~lphona~ esters by reaction in pyridine ~~~toluen~~phonyl chloride, the product beii 
isolated by addition of water and extraction with ether. These esters were solvolysed to the 
i-steroid-6/3-acetates in acetic anhydridei6 and the product treated in ethereal pyridine with 
excess osmium tetroxide. Following the usual work-up procedure aud oxidation of the free 
hydroxyls with sodium rne~~~a~ in aqueous acetone, the crude mixture was ~~~1~ 
treated with Jones reagent* until a permanent orange colour persisted. Partition between 
water and ether, followed by extraction of acid material from the ether layer with aqueous 
sodium carbonate solution, afforded a crude neutral mixture. When subjected to reverse 
i-steroid rearraugemem in acetic acid and subsequerrt purification using thin layer chromato- 
graphy this mixture aiIorded ~ke~holes~l acetate. 

S~etro~cop~. Routine i.r. spectra were run on a U&am SP, 200 and the high resolution 
spectra on a U&am SP. 100. The nuclear magnetic resonance spectrum of d5~24u8~-stig- 
mastadienyl acetate was run on a Perkin Ehner 6OMc. and themass spectra were determined 
on an A.E.I. MS. 9 using the hot box attachment. 

1.4 wd+J~c~mct +--Thanks are due to Dr. W: J. A. Vandm Hcuvcl for gib of some of the pa&iags for 
GLCirrl~mo~~aJ1~Dr.W.RSupiaafora0aaeaousgiftof25%~~~on~~ Thehclpmi 
~tof~~RA.Raphaslawiof~C.J.W.Brooks,C.G.~tandW.Parkerars 
gratefully aknowledged. This work was cmriad out due@ the tenure of a D.S.1.R meax& assistant&ip. 

16 E. S. WALUS, 32.. I%~I#oI.z and F. T. G-T, J. &a. Clibm. SOC. 59,137 f1937). 
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