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INTRODUCTION

Por the pest decade compounds which have Deen extracted from
cork have been under inveatigetion in the organiec chemistry lsbor-
atory at the University of Maryland. {c.f. Drake end Co-workers,
1935 to present). Chief smong these ecompounds are cerin and friedelin,
two triterpenoids, which have been subjected %o pralmad study;
and sre todey still under investigstion.

Recently phellonie seid was isolated from cork snd it's
structure proved (32). Still more reeently 2 series of high:
molecular welght aliphatic hydrocsrbons wers asxtrscted and their
structures demonatrated (38).

The presenge of & stercl in cork was first shown by Drake
and Jacobaen {34) im 1935. A portiom of erude ethyl acetate extrmt
was: seponified with alechelie potessium hydroxide, snd the residue
obtained on cooling was a gel-like substance. This was resrystal--
lized meny times from absoluts slecohol and then sublimed in a high
vacuum. The product was still smopphous and melted 65-T0%C te a
turbid liquld which cleared at 145%C. On the basis of the esrbon
and hydrogen snelysis the formmla CpgHsgOg wes sssigned to the
compoand.

However, no attempts wers made to sseeriein the purity of
the cempound, nor was its structure investigsted. Therefore,
this resesrch was undertsken in order not only to isolate the



pure compourd, but to Investigate its structure as well. The
source of the materisl was to be the residues from the ethyl
“ascstate-extraction of cerin snd friedelin from cork.

The hydrocarben, oyelopentsnoperhydrophenasnthrene, serves
a3 the maoleus for s family of naturally occurring compounds,
These are known 63 the steroid group, end the recognized members
are: the sterols, the bHile ascids, the sglucons of the cardies
glycosides, the genins of the toad poisons, the aspogenins of
the digitelis saponina, the sex hormones, and certasln sdrenal
substenses. The structure of the hydrocarbon iss

All the naturslly occourring members sre oxygenated, slkyl
sabetituted derlvatives of this psrent hydroecerbon snd very
sccording to the atructure of the verious R groups.

The compound isolated from cork, sitosteral, belongs to the

sterol elsssification arxl has the formmla:
s
CHCHZCHg%HCH(CH3)2

‘ e .

HO



C. Hlstorienl Development of 3ltosterol

Sitosterol wes firut discovered by R. Durlan (1) in 1897.
He 1solated from rye snd wheat germ oil en unsaponiflsable materisl,
which when dissolved in eleohol, could be separsted into two
fractions. The lesser soluble of the two; m.p. 137.5, (H)p =26.8;
he celled sitﬁstercl, end considered 1t to be & single chemicsel
entity isomerle with cholesterol, and possesaing the formula
Coyligq¥e. The portion more soluble in aleohol was reprezented
by & stenol called pera=sitosterol m.p. 132.5, (X)p ~20.8.

In 1902 Ritter, (2) working on the unsavonifiable fractlon
of wheat germ oll, obtained a product m.p. 136.5, (X)p -33.9
which was similar to the sitosterol of burisn, He also obtained
& second asterol, the more soluble in slcohol, which he also called
pasra-sitosterol.

In 1906 Windaus end Heguth (3) isclated from calabar beans
a sitosterol melting et 133. From this extractlion, however, he
was sble to separate s doubly unssturated sterol by prepsring
1ts sparingly solublse tetpghromg—anefate. This proved to be
stigmesterol and was the first diascovery of this particulsr stercl.
The sitosterol obtsined by removing the stigmasterol hss a melting
point of 136-7 and was declded to be ldentlesl with that of
Burian and Ritter. #indaus, however, gave slitosterol the formile
CoyHyggOs

In 1908 Pilckard (4) isolated sitosterol from wheat hmlls
of m.p. 138. He decided hia compound Lo be identical wlith that
of Windaus and slso gave it the formula Gupid.

With these works and sevsral others of lesser lmportance

resesrch on sitoasterol was st a stand-stlill, The only conclusions



being that from the unseponifisble freaction of vegetable matter
there was a laevo rotetory sterol whose melting point was in the
vieinity of 1359C.

Interest in 3itosterol wes reswskened by Anderson and Moore
in 1923 (5). They worked om the sitosterol from corn oil, from
cottonseed o1l, snd from linseed oi)l end found that by numercus
recrystgllizetionsof the crude sterol instesd of obtaining one
pure compound 83 did ¥Windeus and Pickerd, they obtsined two com=
pounds. From cottonseed o0ll the two compounds were (a) m.p. 138.92 C,
(K)p ~-34.19; acetete m.p. 124° C; (b) m.p. 134-5° C, (KR)p ~33.61;
scetate m.p. 1199 C. Linseed o1l gave (&) m.p. 1389C, (o¢)p -34.22;
scetate m.p. 129-30° C; (b) m.p. 134° C, (X)p ~31.16; scetats
Z.p. 124° C. The suthors, however, were inclined to believe thst
neither of the two compounds was homogeneous, but this work served
to rekindle interest in s compound which wes considered up to
this time to be e single chemicel entity.

In 1924, contimaing his work with Nabenhsuer, Anderson (6)
inaugurated an snalyticel applicetion of the Liebermann-Burchard
resetion. This reaction employs acetic enhydride snd concentrated
sulfurie acid on a chloroform solution of the aterol. If the une
satursted sterol is present, a green coloration appears in the
chloroform lsyer. The satursted sterol does not react with the
above reagents snd thus can be separsted unchenged. Accordingly,
by this method, dilhydrositosterol was isolated from the original
sitosterol mixture end is, therefore, present as sn lmpurity.
Dihydrositosterol was given the formmla CoyHyggO.

In 1926 Anderson asnd vearious colisberators worked on sltosterol



obtained from rye (7) sorn oil (8), and whest germs end wheat
‘germ 011 (9). They first eliminsted the stigmssterol snd di-
ng'amﬁtiastgm;j then by mrnus recrystallizations of the
acetates were sble to seperate three distinet fractions of differ~
ent melting points snd different (cX)p values.

This work showed for the firet time the complexity of the
sitostercl problem which sppesred st this moment to be composed
of three lsomers.

In 1927 1t wea shown that on irrediation sitosterol obtalned
somewhat of sn entirachitic property (10) {(11). It this contains
a provitemin D as an impurity. Mach lster, in 1938, Lobert (128)
showed the presence of very small smounts of erogosterol whioch

he dstescted by spectrographic sbsorption meassurements.

In 1928 Bonstedt (13) extrected erude phytosterol from soy-
beans and used ‘the bromination technique for purificetion. Iike
snderson, he isolated dihydrositosterol snd sttosterol of melting
point 148% C and (X )p ~44.8. This is very similar to Anderson's
¥ sijoaterol.

Ssngvist (14), in 1930, and his collsborstors snalyzed the
umsaponifiable fraction of pine hulls, They were of the opinion
that the materisl extrected consisted of s mixture of more then
two substances. From the mixturs they ldentifled s stercl whish
compared to Anderson's an sitostérsl, m.p. 1362 ¢ {K)p ~20.5 end
to which he assigned the formala of Cg9¥si0. This i1s the first
uae of the Cpg formule. mvimﬁly all m other investigators

had used the CpyHgg0 forsuls as proposed by Windaus (3).
Windeus (15) himself, in 1932, confirmed the GgpHga® formmlas
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by anslyzing numerous derivatives. (jéetata; 5,6~dinitrokbenzoate;
2~-chloro~3,5~-dinitrobenzoste; 4-bromo; 3S-nitrobenzoate; and the
bromoecetate)

Wellis and Pernholz (16), in 1936, isolated from the sitosterol
mixture gotten from whest germ 01l two more frsctions hitherto
unreported. They were gotten from the portion of the originsl
mixture which wes the most soluble in slcohol through the re-
crystallization of the m-dinitrobenzostes. They were nsmed ©Xq
whiech was isomeric with stigmasterol (CpoH4g0), and o¢, which
was a homolog of stigmasterol (CapHsgO). ©¢ m.p. 164-6° C;

{a)p -1.7; Olg m.p. 156° C; (X)p 4 3.5.

Another sterol, belonging to the Coglign0 group was isolated
by Simpson and Willisms {(17) from Sarssrsrille roots. This com-
pound, called & -sitosterol m.p. 143-4°2 C; (N)p -38.7, was gotten
by recrystallizing the 3,5«dinitrobenzoates of the crude sitosterol
from cyclohexsne: This work was done in 1837.

Also in 1937, Karrer and Salomon {(18), carried out e very
thorough investigetion on whest germ:o0ll. After removing the
erude phytosterols from the ssponified mixture, the mother ligquor
wes concentrated to s derk ecolored oil. Thiz was tsken up in
petroleum ether, washed, and then dried over snhydrous sodium
sulfaste. This solution was adsorbed on sctiveted slumina and
developed with 60-90° C petroleum ether. Part of the column was
then eluted with an 80-20 mixture of methyl aleohol~ether. The
eluate was svaporsted to dryness, and the red-brown 01l resulting
was readsorbed on slumina. It was again eluted, the elnste evap-
orated and then tsken up in 96% alcohdol. To thils was added =

1% digitonin solution in 90% sicohol, and a voluminous precipitste
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resulted, The digitonides were them cleaved, end zfter elaborate
precipitation and crystsliization procedures, two new sterols

were gotten. They were isomerie and were given the names %~and
P-tritisterol. (&-tritisterol m.p. 114-15° C, (R )p ¢ 54.3; B~
tritisterol m.p. 97°% C, (K)p # 49.2)., Anslysis showed the formmle
to be CgnHgnO. The compounds are laomerie with amyrin, and,

unlike the other known pytosterols, give neither the Llebermanne
Burehurd nor the Sslkowski resctions elthough they contain at

least one double bond.

The snnouncement of the isolation of snother aterol, (X3
sitostercl), from the sitosterol mixture was masde simultenecusly
and independently by Gloyer and Schuette (19), and by Wellis and
Bernstein (20), in 193%. Gloyer and Schuette sepsrated their com-
pc§§§ from rye germ oil by fractionsl recrystsllization of the
m~dinitrobenzoates of the more soluble portion of the sitoasterocl
mixture, Wallls snd Bernstein found that the o, sitosterol
fraction when converted to the acetatea eould be recrystsllized
into two fractlons. The new one being the Ofx aitosterol, m.p.
142-3%9 C, {X)p ¢ 5.2. Oloyer and Schuette give their constants
as m.p. 1422 C, (X)p + 1.65.

While the preponderence of the work that has been done shows
that sltosterol is a mixture, there have been some investigstors
who olsim it is not. 1In 1938 Castille and Rupvol (21) mede numer-
ous derivatives of crude sitostercl which they put through elaborate
recrystallization schemes. They concluded that only one compound
exlsted which has m.p. 146.5-147.5% C; (RKR)p ~45.26. The source
of their materiel was barley rootlets.

In the ssme year, ILobert (12) carried out a very extensive
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research on sitosterol. He employed a combination of recrystallize-
tion end chromatographiec sdsorption methods, By these procedures

he 2180 1solsted but one sitosterol: m.p. 14n.8-41° C; (X )p-38.8.
This material, as does that of Cesstille and Runpol, compares

bezt with Anderson's ¥ -z2ltosterols.

These sre the msjor investigations undertsken on sitosterol
up to this writing, exclusive of the mctuel proof of structure.
This will be considered in s separate section.

The giltosterol problem is still a very open one, snd more
work must be done to clsrify some of the conflicting date. Never-
theless, important sdvances have been made, snd no doubt some day
the problem will reseh s satisfsctory conclusion,

D, The Chemistry of Sitosterol

The fact thet sitosterol, sz it is first obtsined from nature,

esn be sepsreted into so meny different compounds, might seem to
complicete 1ts chemistry ond oroof of strmeture. However, ex-
clusive of the Oh~, Olg-, snd Hz-sitosterols snd the X - and
B -tritisterols, all the rest sre sp-srently isomeric becsuse they
show the seme regctions, Consequently a proof for any one 1s a
proof for sll.

With the establishment of the correct structure for cholesterol
in 1932, work on the struecture proof of various other sterols
wae greatly facilltsted. In fact 1t was not untll 1935 that any
work at all wes done on the structure proof of sitosterel, The
gecheme used involved the conversion of the aslready proved stig-
masterol into sitosterol or the conversion of both into the same
compound.

Sitosterol had long been kmown to be a sterol of formle



L

Cgofigo0 contsining a wecondary hydroxyl group snd one double bond,
Stiguasterol was similar in all respeats expept it had two double
Its formula L8 Cggleg0.

Bengtsson (22), working on 0 wsitosterol, showsd that beth
1t and stigmastersl could be completsly hydrogeneted to give the
sawe compound (CpoligeO)}e He believed thet sitosterol was £2-
ﬁmmmatzmmwmi. i

HCH=CHGHCH( CHg ) o
, Colg

Stigmasterol

Bengtsson elso showed that e favorabdle compasrison oould be
mede Detween the two ketones, hydrocarbons, snd werlous eaters,

Narker and Hittle (235) extended this work sven further with
e more complete series of interconversions (Pigure I). Both
stigmasterol (X) end sitostarel {X) yield the sswe fully saturated
campound, and both canh be comwerted into thelr corrssponding
unsstursted ketones (IX end IX). The two ketones can be converted
into the 1dentliocsl compound by reduction with Pt and Hp with
subseqguent epimsrisation of the Oz-0H group to the epi form. The

ad gotten from both is 24-ethylesplecoproeatsns) (V), Oxe

idetion of this compound to the corresponding ketone {(VI1),
followed by brominsation gave 4-bromow-fé-cthyl-eoprostancl (VIII).
This compound could be resonvertsd intc sitostemone (IX) by besting
with pyridine.

Hore work om the comparison of sitostsrol md stigmasterecl
was done by Marker and Oskwood (24) snd by Marker snd Lewson (£8),
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all showing that sitoasterol 1s 22-dihydrostigmesterol.

The proof of structure of stigmastercl has bdeen the product
of the resesrches of quite s few workers. Following the deter-
mination of the empirical formmla (CpgHggO) (15), Guiteras {(26)
established the structure of part of the side chein sand the lo-
estion of one of the double bonds. This wes accomplished through
ozonolysis end hydreolysis. As a product of this reaction, he obe
tained ethyl-isopropyl-scetaldehyde, (CHg)p CHCH(CoHg)CHO.

Pernholz (27) completely estsblished the csrbon fremework of
the sterocl by sn oxidetive deredation study on atigmssteryl acetate
{(Figure II). Stigmesteryl acetate (I) 1s first brominated using
one mole of bromine. The S5=6 double bond 12 more sctive thsn the
22-23 one and can be bromimeted while ths other one reémeins une
touched. The dibromide (II) 1s then oxidlized with ozone and de-
bromineted with zine to give the unsaturated scid (III). This 1is
then reduced to the saturated compound (IV), oxidlzed to the ketane,
and reduced by the Clemmensen method to bi#morallocholaniec acid
{V). This compound wss 1ldentical with bisnorallocholanle sacid
prepared from sllocholanie geid.

Thus, with the carbon skeleton and the side chsin definitely
esteblished, there remained only the proof of the position of the
hydroxyl group. Although there¢ were indicetlions thst the hydroxjil
wes at Cx, 1t was definitely proved by Fernholz and Chskrovorty
{28). (Pigure III)

Chromlc anhydride oxidation of stigmasteryl scetate (I) ylelded
scetyl (@ -3~hydroxynorsllocholanlec acid (II). This ssme com-
pound can be rrepared in a simller smenner from eholesterecl. In
this latter cese, however, the first acld 1is0lated containzs one

carbon atom too meny snd must be degraded by that smount before it
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FIGURE II
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FIGURE III
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18 identical with the acid from the stisgmssteryl acetste oxlds=
tion.

Thus 1t 13 proved thet the hydroxyl group in stlgmesterol 1is
located at Cz, a3 1t 1s in cholesteronl, and thet 1t also has the
ssme configurastion =2 in cholesterol.

®ith this svidence, the structure of stigmasterol 1z proved

in full.
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EXPERIMENTAL

A. Iscolstlion
{1) Attempts on Crystallizetion

The ethyl acetate residue from the cerimn and friedelin
extraction of cork was the stsrting product. The ethyl acetate
was firat removed in vasuo and the dark brown, gummy mass re-
maining wss ssponified with 10% alecholic KOH. After removsl of
the sleohol, portions of the residue were tsken up in various
solvents in sn attempt to get crystalline msteriel. The solvents

used weres
petroleoum ether ehloroform
benzene egrbon tetrschloride
acotone smyl elcohol
dloxane ether
propylaslechol pyridine
ethyl alcohol ethyl slecohol-water
butyl alcohol ethyl-scetate
i-propyllslcohol methyl aleohol

acetone-water

It was impossible to get crystalline mesterisl from eny of the
sbove. When acetone, ethyl slcohol, methyl sleohol, or ethyl
scetate was used, s dark brown, smorphous solid would precipitete
from solution on cooling. However, no ssount of recrystallizetion
would give orystalline material.

(2) Attempts at Beparation via the Succinic Anhydride Method.

This method wes first used by Marker (29) in separation
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of the totsl sterol fractlon from human non-pregnancy urine.

Four hundred grams of crude cork tar, vhich had been previously
ssponified with 10% alecholic KOH, wes diluted with water and
extracted with ether. The ether was evaporated snd the brown
residue taken up in methyl sleohol. On ¢ooling a brown smorphous
solid preciplitsted. A portion of this was subjected to the Lieber-
menneBurchard test snd was founhd to contaln no sterocl. Consequently
1t wes filtered out end discerded.

The slcchol solution was then evaporated to dryness and taken
up in benzene. The solution was then refluxed inte s water trap
until dry.

Twenty~five grems of succinic snhydride wazs added glong with
50 ml. of pyridine, The sclution was then refluxed for two hours
on the steam bath. It was washed with 5% hydrochloric scid to
remove the pyridinse, then with weter, and finslly with s 10%
solution of sodium csrbonste to remove the succlinic estera.

The agusous lsyer was then seidified snd the precipiteted
succinic esters extrascted with ether. The ether solution was
evaporasted to dryness end 300 ml. of 10% slcoholic KOH was added
to saponify the ésters, This waz refluxed for two hours, then
evaporated to dryness and extracted with ether. This is the sterol
rieh fraction.

Agein crystellization methods were trled, but the mixture
refuzed to yield eny erystelline materiel,

A portion of the sterol rich materisl was evaporated until it
was concentrsted to the point of preciplitetion. To this was added
e 1% solution of digitoain in 90% ethyl slicohol. FHowever, no

precipitation occurred evem theugh the sterol rich solutlon gave
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& very strong Liebermsnn-Burchard test,
{3) Attempted Dibromide Sepsration
Haenni (30) reports the anslyticsel determinstion of
cholesterol by precipitating it ss the dibromide. This procedure
wes adapted to the cork sterol.

A portion of the sterol rich solution was evaporated to dryness
and teken up 1in the minimum smount of snhydrous ether possible.

To this was added 0.2 ml. of & caerbon tetrschloride solutlon con=-
teining 0.25 grams of bromine per ml. of solution. After ten
minutes, 15 ml, of an 80% acetlc seld solution was added repidly.
The mixture was stirred well and allowed to stand in an ice bath.
However, there was no preciplitsted bromide even though the solution
was cooled in a cerbon dioxide-scetone bath,

{(4) Preliminsry Purification Nethod

This method was attempted in order to coneentrate the
sterol, and to remove some of the undesired material.

The crude (189 g.) was saponified with 300 ml. of 5% methenolc
potasaium hydroxide end eveporsted to dryness. After washing with
water, the dark brown solid weighed 138 g, It was taken up In
three liters of 85% ethyl ‘mleohol, This solution was placed in
'a five 1iter flask that was fitted with s stirrer, a eold finger
condenser, snd e thermometer. The solution was then extrscted four
times with 500 ml. portions of 50-709 netroleum ether. The tem-
perature was maintained at 45° €, When these petroleum ether ex~
trscts were evaporated, 70 g. of 30lid resulted. Again the material
wes derk and amorphous, and sttempts to cauae it to erystallize or
to extrsct crystslline material from it were unsuecessful.

However, it wes possible to concentrste the sterol by using

methyl elcohol. A portion of the material from the petroleum ether
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extrsct was dlssolved in methyl eleohol and then cooled. The
materisl deposited, although not crystalline, was only slightly
colored, and was free from sterol ss shown by the Liebermann~Bur-
chard test. Therefore, it was diascarded. Upon further concen-
trstion of the mother lilcuors, more solld deposited. The second
frection hed only a smell smount of sterol, and this could be re-
moved by leeching with s small smount of methyl sleohol. However,
s the solution was concentrsted atill further, hot methyl slechol
was required to render the precipitated solids sterol free. Since
this treatment also dissolved most of the non-sterol material, only
a 21izht enrichment could be gotten. No smount of recrystallization
by various solvents could glve crystalline meterisl.

Fifteen grams of the enriched materisl from the methyl aleohol
trestment was dissolved in acetic anhydride. After heating for
two hours on the steam hath, the solution was cooled. The fiprst
crop to deposit weirhed 4 g. It was amorphous and sterol free,
end consequently was discerded., The solution wes then evsporated
to one-hslf volume under reduced pressure and sllowed to stand in
the refrigerator over night. Close examination of the preclpltated
material disclosed the presence of erystels in the predominantly
amorphous nmass. These crgstals'ye?a filtered cut on suction. The
Liebermsnn-Burcherd test wes atéQﬁgly positive. Recrystallizstion
from ethyl alcohol several times gawe a conatant melting point of
121~-122° C. Yield 52 mg.

However, this procedure could not be repested although attempted

meny times.
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(5} Isolation of Sterol from Methyl Alcchol
Some of the solid thet had been purifled by the petroleum

ether extraction, and enriched by the methyl slechol trestment was
further concentrated. The concentration was carried to a volunme
of sbout 200 ml. The originel volume was 1500 ml. This =olution
was put asilde for further consideration; but after standing over
night, s 1lght yellow 011 settled out of solutlon. ‘This o1l geve
a very strong sterol test, end attempts were made to crysislllize
it from various solvemts. These were unsuccessful. The oll was
then redissclved in the minirmim amount of methanol possible and
sllowed to stand in the refrigerator. After standing for s week,
crystallization was agein asttempted. This time crystells were
gotten from methsnol, These proved to be the sterol being szought
for as evidenced by the atrong sterol test., Recrystallization
from methanol gave a constent melting point of 138-40° C. Yield
47 mge.

¥ore of the oil gotten from methsnol wes prepered snd tresgted
in the seme menner, but in every cese crystallizstion did not
oceur. However, n totsl of 0.55 g. of sterol was extracted by
the ebove method. Thls repressnts sbout 2500 g. of crude material.

(6) Isoletion of the Sterol by Adsorption on Alumins

(a) Description of the Apoerstus (Pilgure IV)
Tube (B) ( 2 em. 4n dlsmeter; 35 cm. long) comntains

the slumine (J) which is packed to s height of sbout 28-29 cms.
At the exit end, & plug of cotton (C) is inserted and held in
place by a copper wire gauze (D). The tube 1is connected to the
reservolr (A) by e stsndard taper joint (H) (8 24/40). The

reservolr holds the solution (L) to be run through the glumina.
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Attachment (P) is & plug containing s side arm which sfmits the
compreszed slr used to force the solutlion through the adsorbent.
The contsiner (E) ecollects the exit solutionm.

(b) Preparation of the Columm.

The exit end of the sdsorption tube is plugged
with cotton which 1s held im plece by copner wire geuze, and
clemped in en upright positien. A smsell smount of alumine (acti-
vated slumins masde by Brockman's method) ﬁ{ﬁa_pléced in smell
besker, and slcohol free and dry 50-700 C. petroleum ether 1is
edded so as to mske s slurry. This is poured directly into the
column snd then 1s wsshed down with more petroleum ether. The
elumins must not be allowed to become dry once 1t has been wet
or 1t will be insctive., When the helsht cof the slumina has rcschel
ebout 2 cme., dry materiel may be sdded directly. There must be
an ei;ess of petroleum ether of several centimeters over the
sluminas slready in the tube, sand the smount of glumine sdded must
not exceed the height of the 1liguid. As the dry meterisl 1s being
added, the tube 18 gertly tapred te insure even settling. After
each bateh has been completely sdded, more petroleum cther 1s
introduced, and the process is repssted until the slumins is packed
to a helght of sbout 28-20 cms. A smsll lsyer of petroleum ether
1s left on top of the alumine, and the reservolr bulb 1s quickly
sttached so the sterol rich solution mey be run in before sny of
the alumina becoucsa dry.

(¢) Preperstion of the Soluitfon Contsining the Sterol.

Five hundred and eighty~-seven grems of the crude

# prepared in this country by Merek & Co.,Inc. Rahway, N.J.
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cork. tar was subjected to the petroleum-ether purificetion method.
Evaporation of the petroleum ether solution vielded 324 gms. of
#011d. Thle meterlsl wes dlssolved in two liters of methsnol end
the sterol concentrated ss previously described. The final volume
of the methenol solution wss 275 ml. When evsporated to drvness,
this solution ylelded 94 gms. of sterol rich materisl. A solutionm
of this wae mede usine 50-70° C. petroleum ether. This was care-
fully washed with weter by gently swirling in s sepsrstory funnel.
Vigorous sheking resultz in unbreskable emulsions snd was there-
fore avoided. The solution was then dried by =zllowing it to
stend over snhydrous sodium sulfste for two hours. It was lighte
brown in color end occupied 2 volume of 420 ml.
{d) The Adsorption Proper

¥When the sdsorption column has been prepsred and
the aterol rich solution is ready, the sdsorption is started by
pouring the solution intoc the reservolr. In order to speed up
the rate of flow, excess pressure of sbout 18 cms, of mercury is
applied to the column. Under these conditlons the solution runs
through at & rate of two to three drops per second at the start
and then graduslly slows down. Kevertheless, the time to trest
120 ml. of the solution 1s from Tifteen to twenty minutes.

The pressure on the c¢olumn is meintslined until the liguid
column is ebout one-half centimeter sbove the alumins, snd is then
releassed. The remaining Iiguid 13 then sllowed to run through
under stmospheric pressure. When the height of the two columns
12 the same, the spparstus is quickly dismounted end the alumina
pushed out with a wooden rod. Thils procedure was repeated four

times, until &1l the sterol rich solution had been trested.



(e} Division of the Coluan

The sdsorption of the verious substanoés in the
sterol rleh asolution gives rise to four colored bands in the columm.
Starting from the top they are: (1) s yellow bend usuelly adbout
five centimeters long eontalining no sterel; (2) & dull grsy bend
about one centimeter long containing only a trpace of sterolg
{3) = 1ight pink bend one~half centimeter long, very rich in stercl;
end {4) & white band occcupying the rest of the éaiuma slso rieh
in sterol. The bottom two layers sre sagibutaﬁ, placed in a
foxhlet appmrstus, snd extrscted exhaustively with methesnol. The
extrsotion 1is usually complete in one hour.

(£} Crystalllisstlon of 5Sterol.

The methenol extrsct gotten Ly the above extrection
i1s evaporated Lo one~half 1ts volume end flltered to remove any
suspended mstier that may heve bLeen osrried over such as slumine.
The nﬁlutiég is then coolsd in an ice bath. The first solid to
seperate 1#2;5331&: smorphons, but on occssional runs erystalline
Hinroﬁ st this point. The s;orphous s0lid 1s filtered
out end ruéizselvcd in methanol. On cooling nice white orystals
of ateprol sn%ursta. {(meps 1328 C.) One recrystallizstion from
methanol yields erystals m.p. 136-8° C, end on the third recrystal-
l1zetion the melting point 1s 138-9° C. This does not chsnge on
further recrystailigation. The usual yield for each adsorption
is from 04185 gms, to 0.30 gms, of sterol. Total swmount from

material spp

587 ges. of orude wes 0.85 gmas. sterol (yield 0.14%)
(g) Reasotivetion of Alumina
The ueed slumins, both that which hed conteined
’* sterol end that which hsd not, was plsoed In s oyrex glasz tube
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sbout five feet lomg and twentyefive mlllimeters in dlemeter. The
80113 was evenly spreed oul slong the entire length of the tube mo
thet 1t occupied abbut one~nell the dlameter of the tube, Oxygen
wae blown through and the tube waes hested progressively with a
bunsenr burner while the tube was rotated. 1he adsorbed organle
materisl first cerbonlzed snd then burned completely. Pure white

alumine resulted, snd this could be used in subseguent adsorptions.

B. Identificstion
(1) Physical Constants.
{a) Melting Point.

The melting point was observed in a capillery tube on
material which wes purified by conversion to the acetate, recrystal-
lized to a constant maltiné point, saponified bsck to the free ster-
0ol end agaln recrystallized to a constant melting point. Observed
m.p. 1359-39.5° C.

{b) Opticsl Rotation
(X)p2! ~31.2; CHClz as solvent (le2; ew2.08)
(e) Carbon and Hydrogen Anslysis
Calculated for CogHgp0s C,83.98; H,12.16
Pound: C,83.64, 83.70; .H, 12.36, 12.288.
{a) ¥oleculer Weight

The scetate was ssponified with sodium propoxide and
titrated with stenderd ascid.

Calenlated for 0313&303: 456

Pound: 438, 460

(e) HNumber of Double Bonds

The number of double bonds in the molecule were deo-
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termined by titration with manogerpﬁiﬁalic acid, The per-scid was
mede according to the method of BBnme {(40).

A k¥nown rsmount of the sterol scetate was welghed Into s 25 ml.
volumetric flask which wes then filled to the mark with sn ether
solution of the per-scld, Another flask contsining no other msterisl
wes Tllled at the ssme time, The latter 1= for the blsnk titration.
Both flasks z2re then placed in the refrigerstor snd sllowed to re~
mein for et lesst an hour. Esch 1s then titrsted with stendsrd
sodiom thiosulfate sclution, one sfter the other., The titration 1=
sccomplished by pipetting a 1 mli. aliguot of the ether solution
into s 125 ml. erlemmyer flask snd sdding 10 ml. of s 20% potassium
lodilde solution and 10 ml. of & 10% sulfurlc acid solution. After
ten minutes stsnding, 25 ml. of water 1s sdded snd the titration
begun. Starch is added ss the indiestoar. The titrastions sere re-

peated until there 1s no more uptske of the per-acld.

Time in hrs, Titrstion in ml. Difference No. of
Blank Sterol doublerbonds

2.42 2,30 Oel2 0.39

.42 2.20 0.22 0,72

2.41 2.16 C.28 0.80

259 2.14 0.25 0.80

[ 2.39 2.14 D.28 0.80

13 2«35 2410 0.25 0.80

24 2.30 2.06 0.24 0.78

HapS,0x » 0.0561 N. Weight of sterol acetate = 0.0082 gm.
Prom this dsta the presence of only one double bond csn be

deduced.



(2) Prepasration of the Acetate
Two~tenths of & zram of the free sterol (m.p. 138-9)

was hested on the stesm beth with 30 ml. of acetlc anhydride for
one hour, snd then poured into s water-ice mixture. When the excess
acetic anhyiride had hydrolyzed, the precipitsted solid was filtered
with suction snd washed with a little water, The s0lid wes then
dissolved in methanol, and on cooling, glistening white plates
apregred of m.p. 120-1° C. Yield 0.21 gms. {(94% of theoreticsal).
Purther recrystallization gave a constant melting-point of 124-5©
()87 - 35.1 (1 = I, ¢ » 1.72 in CHC13).

Analysis; Calculsted for CzyHggOg: €, 81.56; H, 11.50.

Found: C, 81.38, ©€1.26; H, 11.60, 11,58.

(3} Preparstion of the Dihydro Sterol

Attempts were msde to hydrogengte the free sterol in
dloxsne solution uslng Reney nlckel as & cetelyst. At = pressure
of 100 pounds per square inch of hydrogen snd at room tempersture,
no hydrogenation occurred. This seme was true for 1000 pounds per
squere inch end s temperature of 50°C. However, when the temperasture
was ralsed to 95° C. snd the pressure to 30ND pounds per square
inch the hydrogenation proceeded smoothly. The resction wes run
for four hours under the latter condlitions, and after the bomb
ked cooled, the dloxane solution wgs removed and evsporested to dry~
ness., The crystalline residue was tsken up in methanol snd re-
crystalllized to g constant melting point of 1399 C. From 0.35 gms.
of the free sterol, 0.32 gms. of the dehydro product resulted. This
represents 927 of the theoreticsl. (al)§§ * 29.1 (1 = I, ¢c= 1.35
in CHC13).
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Anelysis Calculsted for CggHgs0: C, B3.65; H,12.8580.
Pound: €, 83.35, 83.29; ¥, 12.61, 12.64..

{4) Preparation of the Dihydre iAcetate
Two-tenths of a grem of the dlhydro sterol wes heated

on the steam bath with 30 ml. of ascetic asnhydride for ons hour,
and then poured into & water-ice mixture. After the hydrolysis
of the excess scetle snhydride, the crystals were flltered off and
washed with a l1ittle water and then recrystallized from methsnol.
Yield 0.18 gms. melting at 1369 (N)?,? + 12,9 (1 I, c = 1.47
in CHClg)

Anelysis; Caleulsted for CmjHg4qOo: C, Bl.22; H, 11.80.

Pound: €, 80.85, 80.98; H,11.95, 11.99.

{5) Preparstion of the A% Ketone

This compound was prepared eccording to the method of
Oprenauer (31). In a 10" ml. round-bottom flssk wss placed 0.50 gms.
of the free sterol, 7.5 ml. of ecetone, snd 10 ml. of benzene.
The flask was topped by s condenser with a celelum chloride tube
attaédhed. The mixture was First hested %o bolling in sn o1l bath
mointained at 75-85% C., and then s solution of N.80 rms. of slum-
Inum tertlary-butoxide was added in one portion to the boliling
solution. Refluxing wez contlimied for eight hours. The mixture
was coosled. Then 1t wss trested 2 ml. of weter, and 5 ml. of 10%
sulfuric acld. A&fter shsking vligorously, it was trsnsferred to a
£50 ml, aepsrctory funnel. The benzene extracts were washed with
water and then dried by filtrstion through s layer of anhyirous
sodimm sulfate. The solvent was then éveporeted on the steam bath.

An olly-yellow resldue resulted, but on placing it in an lce-salt
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bath, it =so0lidified. This meterisl wes then dissolved in a 7-10
mixture of scetone-methanol. The =z0olution was cooled slowly sand
eryatals sepsrsted. The firat to sppesr were unchenged aterol
and were filtered off. The mother liquor on further cooling grad-
uslly deposited the desired ketone. After filtretion, 1t was
egain teken up in an acstone-methsnol =olutlion snd sllowed to stand
in ths refrigerstor overnight., On filtratlion and drylng the crystals
melted 81-820 €. Yield 50 mg.

Analyals; Caleculested for CgopoHygO: C, 84.20; H, 11.86.

Pound: C, 24.17, 84,15 H, 12,01, 12.08.

{(8) Preparation of the Semlesarbazons of the A4 Ketone
Aporoximately 35 mg. of the sbove ketone together with

20 mg. of asemicarbeszide hydrochloride and 35 mg. of sodium acetste
were hested to reflux in 20 ml. of ethanol for one hour. The semis
cerbazone was precipitated from solution by cooling end sdding water.
After one recrystallization from ethanol, the materisl melted st
250-2° C. with sintering at 245° C.

Anslysis; Celeculeted for C3zpolHgeOKz: C, 7&.60; H, 11.08.

Found: €, 76,70, 76.75; H, 11.08, 11.06

(7). Prepsration of the Digitonide
A smsll smount of the free sterol was dissolved in the
minimum amount of hot 9n% ethenol. To this was added an equal
volume of s 1% solution of digitonin in 90% ethsnol. A coplus
white precivitste appesred after sbout ten seconds and continued
to precipitste even though the solution wes meintsined hot. The
digitonide hed no definlte melting point, end becsuse of this could

be shown to be nelther the free stercl nor the unreacted diglitonin,.
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DISCUSSION

For the most pert, the methods recorded in the literature for
the lsolstion of sterols, are simple, stralght-forwsrd procedures.
Of these the simplest is by straight recrystallizastion. The usual
solvents used sere slechol snd scetone, However, net only were
these solvents unsuccessful in erystsllizing the cork sterol, but
meny others were slso (e.f. p. 15). Aprarently, either the cork
extrsct 18 too complex a mixture to allow crystellizastion to oeccur,
or the sterol 1s present in such a smsll emount thet an effective
econcentration of it cannot be obteined without simultaneously con-
centrating some of the undesired masterisl.

It was declded, therefore, to try some chemlcsl means of sep-
arstion. 3ince all the sterols heve a free hydroxyl st Cz. this
mekes a convenlent point of stteck. Esterification of this free
hydroxyl by using succinic snhydride had slresdy been successfully
used by Karker (29). %This method has the adventage, that after the
ester hes been formed, there 1s a carboxyl group in the new molecule.

CH,GC=0
2 0

CHgC=0
2 HO HOOCH,CH,C00

This compound then cen be extrsescted wvie the sodium salt in an agueous
solution, preclipitated by the addition of minerel scid, and finselly
ssponified to the free sterol. Apparently however, there must be
verious other hydroxyl containing compounds in the originsl mlixe

ture as the materlisl gotien by this procedure wes still sn uncrystele



1izeble mixture.

An slternetive method for the extractlion of the sterol from
this sterog rich mixture 1s by the use of diglitonin. Wilth digitoxiln,
the sterols which have the normel Cz-OH group (normel form hes
the C3~0H eis to the Cjp-sngulsr methyl group) form s molecular
compound which sre speringly soluble in slechol, All the naturslly
occurring phytosterols have such a confilgurstion. Nevertheless,
the cork sterol 414 not form a2 digitonide. This Is perplexing,
aince s dlgltonide wes lster prepared on the pure msterial. There
1s o possibility thet there was sn epimerizstion of the hydroxyl
group during s previous ssponification with slkeli. There 1g no
doubt about the presence of the sterol as the Liebermenn-Burchiard
was very positive. In subsequent work, »ll saponifications were
carrled out in methsnoic potessium hydroxlde golution in order to
lesasen the cheances of sny possible €pimerlzations.

It was quite spparent by this time that some prelimlnsry
purificstion method or some preferentisl concentration method must
be undertasken bvefore sn;y method for the extractlion of the sterol
would work.

Conseuently, a method wes devised whereby the ssponified crude
wag dlssolved in 857 ethenol and extracted with 50-70° C. petroleum
ether. It was expected that soms of the crude material would Te
more 3oluble in the sleohol thsn In the petroleum ether. Thils was
found to be the cgsoe, as somé of the meterlsal would not go inteo
the petroleum ether regsrdless of the number of extractions. The
aterols es g cless srec much more soluble 1n petroleum sther than
in aleohol. Tt must be pointed ount, however, that by thils method

all of the aterol could not be removed from ithe alcohol solutilon.



In fact, its presence there could be demonsirsied by the sterol
test, when the extrsction wilth petroleum ether was completed.

4s before, though, the strsight crystellizstlion of this purd-
fied meterisl wss impossible. Fowever, when the sterol wez conw
centrsted 8tlll further by use of methsnol, it wes possidble Lo
obtein the orystslline produst from en oll which settlod from
solution. Thls mcthod of sxtraetlon was qulte laborious snd une
relisble, I%¢ waa thevefore Jdiscontinued, snd other more rellsble
methods sought.

The ctromatogrsphic sdsorptlion method wes the only method
found that could be relled upon to zive reproducitle results, It
i1s very importent though thsat sll materisls used be free from
suy sleohol and 4ry. Otherwise the sdasorption of sterol would not
oecur,

It was stated esrller In this paper that the two tor colered
bendes were discerded sfter the sdsorption.  However, the sterols
themselves ars colorless snd their presence In a colored bend,
other then perheps s white one, is purely coinecldsntsl, and the color
is due to other compounds. By sll methods a totel of 2.85 gms,

of sternl wes izolsted.

The cork sterol has been identifled as.ﬁigcaiﬁral, empiricel
farﬂuia;-cggﬁgga, structursl fumug%&:
GHCHoCHoGHCH(CHg) g

: I Colg

Sitosterol
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However, the 1dentity wes complicasted by the faet that si-
tosterol, ss 1it.1s glven up by the plants, 18 a mixture of a
number of compounds, Most of these are isomeric stercls of form=-
ule CegHspn0. Some of these compounds, however, contsin two double
bonds end sre lsomerlec with stigmasterol, CogHygO. Becsuse there
is a mixture, di1fferent plsnt sources mey give sitosterols which
do not mateh exectly in thelr physicsl propertiea. It 1is quilte
possible thst various plents mey produce sitosterols which very
slightly in the smounts of the isomers. There is slao a probe-
ability that different modes of extraction msy ecsuse varying asmounts

of the components, Consider the following:

Free Sterol Acetate Source Investigstor

m.p.2 C. m.p.? C,

137.5-138 127.1 ‘malze o1l G111 and Turts (35)
139-40 125.8 cotton seed oil Selgfeld (36)

139 125 cotton seed oil Wegner and Clement (37)
137.5 127 corn oil Anderson (5)

139 124 cotton seed oil Anderson (5)

138 129-30 linseed o1l Anderson (S5)

140-41 134-5 rice braen fat Arnderson (8)

138-9 126-7 wheat germ oill Anderson (8)

139 125 pine oil Marker (23)

136 - cotton seed oll Windaus (3)

136-7 cotton seed oil Bomer and Winter (38)
139 cotton seed o1l HMatthes snd Heintz (3%)

Esch of the above workers c¢slled his eompound ®sitoaterol®.

Since there is poor sgreement, there should be more latitude than
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usuel for the comperisun of the phyasicsl prepertles of s compound
of thiz nature.

& wore complete compasrlison of the cork szterol snd more or less

sversge vsluca of reported sitosterols and thelr derivatives follows:

ork Stero Sitosterel
mepe® €, (X)p mpe® €. (X)p

Fres sterol 130+39.5 =318 159 -33
Pree sterol amcetate 124 =Z24.8 38,1 126 )
Dnydro sterol 138 +29.1 139 *28
Dihydro acetate 13545 elie® 138 »13
EKetone 0% 81-2 82
Semicsrusczone of 249-81 252=4

ketone
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IV, CORCLUSIONS

The sterol contained in cork cen be isolsted by the chromato-
graphlic adsorption method using sctivated alumina as the
asdsorbent.

The stercl 1is sitosterol.
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