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I. INTRODUCTION

The name cholesterilene refers to a compound prepared by the removal
of one molacule of water from a molecule of cholesﬁerol either dirsctly by
the use of various dehydrating roeegents or indirectly from various cho-
lesterol derivatives. Since the cholegterol molecule already contains one
double bond, the introduction of » second double bond, by the removal of
the hydroxyl group and a hydrogen atom from am adjacent carbon atom,
should result in the formation of a cholestadiene. The double bond in
cholesterol is considered to be in the 5,6-position (ring B) and, if no
ghift in its position takes place during dehydration, one of the double
bonds in cholessterilene would occupy this some position. TITikewise, the
hydroxyl group in cholesterol is locested on carbon atom number 3 (ring A)
and 1t thus becomes evident thnt the second double bond might be formed
in either the 2,3~ or the 3,4-position. Disregarding rearrangements, cho-
lasterilens should then be either 2,6~ or 3,B~-cholestadiens.

fSince stéfols and their derivatives are 21l optically activs, their
specific optical rotatione are a property of unusual intersst; this is es-
peclally true in thé case of cholesterilene. However, the comparatively
close ngreement observed in the melting points of .cholesterilene prepared
by the different methods, is conspicuously absent in the spacific rotations.

The guestions which quite naturally arise in the mind of anyone re-

viewing this rather complicated situation, are (a) does the term
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cholesterilene apply to a single compound of definite spacial configuration
and (b) what is the structure of cholesterilene. Any explanation offered
in answor to these questlons must explain, among other things, the compara-
tively wide variation In the specific optical rotations of cholesterilene
propared by the verious methods.

It was the purpose of this investigation to compare the physical prop-
erties of cholesterilene prepared by several different methods, under
identical conditions. It was also desired to prevare several cholesta-
dlenss and to compare the physical bropertles of ;hese cholestadienes with

the physical properties of cholesterilens.



II. HISTORICAL

A. Romenclature

This digcussion is concerned with all hydrogsrbons which hove been ob-
tained by the dehydration of cholesterol asither directly by the action of
various resgonts on cholesterol or indirectly from various cholesterol
derivatives. A nmumber of products has been obtained by these metpods and
the description of thum in the literature has been confused beceuse of the
variety of terms used in their designation. An obsolete name for a com-
pound is indicated as cholesterilenes {("o~cholesterilene”) and an alternn-

tive name for a compound is given as pseudo-cholestene (coprostene).

1. Homenclature of the dshydration products of cholesterol.

The names, a-cholesterilene, b-cholasterilens, and c~cholesterilens
were giver to the three compounds which wers isolated from the reaction
product, obtained by the sction of sulfuric acild on cholaesterol. The two
producte produced by the action of phosphoric scid on cholesterol were
known ae a-cholesteron snd b-cholesteron. Cholesterilene (sometimes
spelled “cholesterylene®) is the name epplied to the product which has
been produced from cholesterol by three genoral types of reactioms: (a) by
the action of various dehydrating agents on cholesterol, (b) by the re-

movel of hydrogen halide from a cholesteryl hallde, and (c) by tke
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pyrolytic decomposition of various cholesteryl esters. Dicholesteryl

ather is the ether obtalned by the removal of one molecule of water from

two molecules of cholestarol.

2. Nomenclature of cholestercol derivatives.

Cholesterol (I) is an unsaturated alcohol which is a derivative of
the saturated hydrocarbon known ng cholestane (II). Unsaturated hydro-
carbon derivatives of cholestane which contained one double bond are
knovn ss cholestenes and thoss hydrocsarbon derivatives which contaln two
double bonds are called cholestadienes. The preofix allo designates that
‘rings A and B are trans to each other as in cholestane (79); allocholes-
terol (IV) is a wisnomer (60). Epicholesterol is the epimer of choles-
terol which hns the hydroxyl group on carbon atom mumber 3 trans (60) to
the methyl group attached to carbon mtom mumber 10. The spacial struc-

tural configurations for cholesterol and typical cholesterol derivatives

are shown in Figure 1.

B. Methods of Preparation
1. g~ b=, znd c-Cholesterilene.

In 1848 Zmenger (84) treated cholesterol with sulfuric acid and ob-
tained a mixtﬁre of three hydrocarbons, which he called respectively:
a-cholesterilene, b-cholesterilene, and oc~cholssterilene. concentréted sul-
furic scld, diluted with one-half volume of water, was allowed to react with

cholesterol at a temperature of 60-70° until the cholesterol had lost 1ts
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orystalline character. The red color of the product was destroysd by the
addition of water nnd the raesidue leoft after extraction with ether was
colled a-cholesterilene. It crystmllized in fine needles and melted at a
temperature of about 240°. When alcohol was ndded to tho ether extract, b
cholesterilene, m.p. 256%, and 6~cholesterilene. n.p. 127°, were precipi-~
tated. These two compounds were separated by fractionsl crystallization
from ether. The former crystallized in smell plates while the latter
could not be obtained in s definite crystalline form.

Meuthner and Suida (38) investignted the products obtained by
Zwenger (84) by the action of sulfuric acid on cholesterol. fThey found
that the c-cholesterilene constituted the mesjor portion of the product,
a=-cholesterilene a much smaller portion, and b-cholesterilene was produced
only in traces. They suggested the possibility that, beside s simple re-
moval of water from cholestsrol, a polymerization or rearrangenent had
taken place. Therefore, thoy determined the molecular welights of the three
compounds. From these drta, the authors concluded that c-cholesterilens
was a dimer of cholesterilene. In order to study a-cholesterilene fur-
ther, it was prepared by the action of sulfuric acld on cholaesterilens,
which had been prepsred by the action of anhydrous copper sulfate on cho-
lestercl. The principel product was c-cholesterilene in addition to a
compound which was similar in prbperties to a~cholesterilens. No mention
wae made that b-cholesterilene was formed by the renction. The following
melting point behavior was dsscribed for a=-cholesterilene: sintered at

210-20°, transparent at about 235°, and flutd a2t 260°.



Additional methods by which a-cholesterilene, m.p. 344% (bloc

Macquenns), has Deen prepared (16) are recorded in Table I.

Table I.

Various HMethods of Preparation of a-Cholesterilene (16).

nta : Temp. in °C.1 Time

Cholesterol + sulfuric acid in acetic acid : 85-90 ¢ 3 hours
H H

Cholesterilens + sulfuric acid in acetic acld : B8-90 : 3 hours

Cholesteryl acetate + sulfuric acld in : 85-90 : 3 hours
acetic acld : H

Butyl cholesteryl sther + sulfuric acid in : 85~90 ¢ 3 hours
acetic acid : :

Cholesterol + sulfuric acid + acetic : 25 : 8 days
pnhydride + acetic pcld H :

Cholesterol + sulfoacetic in acetic scid : 85-90 : 3 hours

Cholesterol + zinc chloride in acetic acid : 86-90 ¢ 3 hours
: :

Cholssterol + zinc chloride + acetyl s 85-90 ¢+ 3 hours
chloride in ascetic acid 2 :

Cholestarilene + zine chloride + acetyl : 85-90 : 3 hours
ghloride in scetic ncid : 3

Cholesterilene + trichloroacetic acid : 25 : 6 hours

Cholesterol + phosphorous pantoxide : 80 : 2 hours
in benzens : :

Cholesterilene + phosphorous pentoxide : 80 : 2 hours
in benzens : :

2. a= agnd b=Cholesteron.

?wenger (85) obtalned a mixture of two hydrocarbons by the action of
six to eight varts of concentrated phosphoric acid on one part of choles-
terol st a tempernture neer the melting point of cholesterol. The product

wes washed free from acld with water, the residus was extracted with hot
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ethyl slcohol. On cooling, the alcohol extract ylelded rhombic prisma,
m.p. 68%, which the author cnlled a-cholesteron. The alcohol insoluble
residus was recrystallized Trom ether and ylelded a compound, b=choles-
teron, which orystallized in very fine needles, m.p. 175°. In this onse,
as in the case of a-, b~, and c-cholesterilene, very litile evidence was
produged concerning the constitution of the products excent to show by
analysis that they were hydrocarbons.

Mauthner and Suidn (38) observed a melting point of 79.5-80.5° for
a~cholesteron after repeated recrystallization from alcohol and a melting
point of 192° (indefinite) for b-cholesteron. It was observed that the
properties of a-cholesteron were identical with those of cholesterilene,
("cholestene®), prepared by Vinlitzky (72) by the action of sodium ethoxide
on cholesteryl chloride. 3By a comparison of their physicsl properties, the
passlbillty was suggested that becholestoron was identicsl with dichol~
esteryl ether (prepared by the action of copper sulfate on cholesterol).
Stavely and Bergmann (61) considered that the compound, m.p. 79-80.8°,

vhich was formed by the action of phosphoric ecid on cholesterol, was cho~

lesterllaene.

3. Cholesterilene. _

a. Direct dehydration of cholesterol snd allocholaesterol. A compound
("cholestene") m.p. 68%°, was obtained (72) when cholesterol was treated
with equeous hydriodic acid (sp. g. =1.8) or with iodine and phosphorous.
It was suggested that this was an impure sample of the hydroearbon
(veholastene®), m.p. 80°, prepared by the action of sodium ethoxide on

cholesteryl chloride.
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¥alitzky (73) heated cholestercl with sodium at 150-5° for s long time
and obtained a slightly yellow powder ("cholestene"), which was insoluble
in alcohol and completely soluble in ether. It resembled the c-cholester-
ilene obtained by Zwenger by the action of sulfuric scid on cholesterol
and the compound ("cholestene") obtsined by the action of hydriodic acid on
cholaesterol (72). All three compounds showed the same solubility behavior,
softened at 68°, ond were transformed at 100° into o thick, viscous resin.
The compound, obtalned by heating cholesterocl with zinc chloride or with
goda lime at 350° or with a mixture of calcium oxide and potassiun
hydroxide, aiso seomed to de ldentical with these three hydrocarbons.

Tiebermann {28) obtained a compound, by the treatment of choleaterol
with hydriodic acid (sp.g.=1.7) snd phosphorous in a tube at 230°, which
appeared $0 be identical with the compound (“oholesteng“). m.p. 68°, ob-
tained (72) by the action of hydriodic acid (ep.g.=1.5) on cholestexol.

In 2n attempt to originate = method of preparation by direct dehydra=
tion which would produce a larger yield of cholesterilene, Mauthner and
Sulda (38) studled the action of anhydrous copper sulfate on cholesterol.
They heated dry cholesterol with an equal weight of snhydrous copper sul-
fate at 200° for fifteen mimates. The resulting mixture was extracted
with benzena, the benzens solution was concentrated, and the residue was
extracted with aleohol. The material whick was insoluble in alcohol, was
shown $0 be dicholeateryl ether (softened at 188° and melted at 195°).

The alcohol extract ylelded long needles which, when repaatedly recrys-

tallized from alcohol and ether-alcohol, melted at 79-80° (60-70 per
cent yield).
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Stelnkopf, Winternitz, Roedorer, and VWolynski (64) heated an intimate
mixture of cholesterol and kleselguhr in a retort under the vacuun of n
water pump at 300° for 4-5 hours; 24 grams of distillate were obtained from
40 grams of cholaestorol. This matoeripl was pressed on clay and was found
to melt at 79°.

The use of fossil flour for the preparation of cholaesterilene from cho-
lesterol was spplied by de Fazi (20). Vhen cholestorol was heated with
fopsil flour in a wacuum ab 3000. a small yleld of cholesterilene, m.m.
78-90, and some pseudo-cholestene (coprost_ene or cholestense-4) and pseudo-
cholestane (coprostane) were obtained. Cholesterilene, pseuds-cholestene,
and pseudo-cholestane were also obtained when cholesterscl and copper sul-
fide were heated at 250°.

By distillation of cholesterol with eight parts of zinc dust in a
strenm of hydrogen above 200° snd at 10 mn. preasure, & yleld of 26-30
per cent of a product, which melted at 68°, wns obtained by Fantl (19).
it was repeatedly recrystallized from aleochol and ether-alcohol until i4
nelted at 76%; the optical rotation, howover, varled during the purifica-
tion process.

ontignie (42) heated a mixture of cholesterol, phosphoric acid, and
acotic acld for two hours. The liquid developed an amber color and a
solid separated on cooling. The solid was removed by filtration and the
filtrate was diluted by the addltion of water. A pale yellow compound
separated which melted at 79_—800; o yleld of 0.40 grams was obtalned from
two grams of cholesterol. A mixed melting point of this compound with

pure a-cholesterilene showed no depression. The 20lid which remained on
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the filter was washed with water to remove the acld snd dried at B80-90°.
When recrystallized from absolute alcohol, it ylelded e orystalline com-
pound which melted at 112°. Thie compound was bolled for two hours with 10
por cent potassium hydroxide solution and produced o compound which melted
at 94.5° and was called a cholesterol isomer. Vhen this igomer of cho=
lasterol was bolled with slcohollic potassium hydroxide, cholesterol was
regenerated.

lontiznie (43) also hemted cholesterol at 150-60° for 25 minutes with
phosphoric acid anhydride. The black reaction product was washed with
water to ramove all traces of acid and dissolved in alechol. The aleohol
was removed by evaporation on a water bath and the residue was treated
with a mixture of sdual parte of alcohol and benszene. Cholesterilene,
m.p. 79-80°, remained undissolved. VWhen allowed to evaporate at room
temperature, the solution devosited fine needles, which melted at 66-7°
and which formed a bromine addition compound, m.p. 61-20.

Montignie (44) also investigated the action of perchloric acid on
cholesterol. ‘then a mixture of cholesterol and perchloric acid was main-
tained at a temperature of 100° for two hours, it ylelded a mixture of
cholesterilene, m.p. 79-80°, and a compound which was insoluble in ether
and which Hontignie meintained was dicholesteryl ether, m.p. 193°. This
compound yielded s bromids, m.p. 164-6°,

Bose and Doran (5) showed that anhydrous sodium gulfate did not
dehydrate cholaesterol when heated together for fifteen minutes at 210~
15° and that enhydrous potassium sulfate, under the same-conditionz. pro-

duced dicholesteryl ether in high yield. Cholesterilene was satisfactorily
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prepared by the copver sulfate mathod (38) but a oleaner product wes ob-
tained by heanting the reactants at 200° under reduced pressurs (0.5 mm. ).
When Monbignie (45) heated cholesterol with an equimolar quantity of mer-
curic iodide at 145-50° for one-half hour, he obtained cholesterilene,
m.p. 79~80%, and dicholesteryl ether, m.p. 188-90°,

Cholesterilene snd dicholesteryl ether were praparsd by Fischer end
Treibs (22) who passed a lively strean of hydrogen chloride into molten
cholesterol, maintained at 180-90°, for one to two hours. Dicholesteryl
ether was enslly sepasrated from the product whereas cholesterilene could
herdly be separated from impurities. Dicholesteryl ether‘was obtained by
recryntallization from ether and cholesteorilene was obtalned by the addi-
tion of alcohol to the ether solution.

The action of hydrochloric acid on choleaterol was studled by
Minoviei (41). An alcohol solution of cholesterol was refluxed for 16
hours, during which time concentrated hydrochloric acid was gdded in smell
portions. The yellow oil which separated was recrystallized from 80 per
cont aloohol and ylelded a compound, m.p. 74.5% which was called m cho=
lestercl ether and which added bromine to form s viscous product. It was
shown that this compound was not identical with the dicholesteryl other.
vwhich was produced by the actlon of copper sulfate on cholesterol (38) or
by the action of zinc oxide on cholesteryl chloride (63). A compound
M. Pe 74.5°, which w@s sinilar to the compound obtazined by the action of
hydrochloric acid on cholesterol was separated from the reaction product
obtalned by heat treatment of a suspension of cholesterol in dilute sule-

furic acid (4l).
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A mixture of cholesterol and epicholenterol was obtalned by Marker,
Eamm, Onkwood, and Laucius (31) who passcd oxygen into an ether solution of
cholesteryl magnesium chloride at 0°C. The gpicholesterol was separated
from cholesterol by the fractional crystallization of their benzoates. After
saponification and recrystallization from alcohol, the espicholesterol melted
at 141.5%. When it was refluxed with dilute aleoholic hydrochloric acld for
sixteen hours, it yleslded an insoluble oil. This 01l was sublimed under &
high vacuum and then recrystallized from alcohol which yielded cholesteri-
lene, m.p. 76=7°. No depression in melting point was observed when it was
nixed with cholesterilens, prepsrad by the action of quinoline on cho-
lesteryl chloridoe.

Schoonhoimer and Evans (60) reduced cholestenons with aluminum iso-
propoxide and obtained e mixzture of allocholesterol end gplallochelestarol.
The twe sterols were obtalned as a molecular compound, m.p. 141°. "I‘hey
wers separated from sach other by the addition of digitonin; the allocho-
losterol was precipltated. Eplallocholesterol, m.p. 84°, was recovered
from the filtrate of the dlgltonin precipltation and produced an acetste,
which melted at 82.5°. Zach of these two starols, when refluxed with
dilute aleoholic hydrochloric acld, lost water readily to form cholesteri-
lens, m.p. 79°.  These invegtigators asswasd that their coupound was 2,4~
cholestiadiene, which compound would be the logical dehydration product of
allocholestorol or gpiallocholesterol.

b. Rempvpl of hydrogen halide from cholesteryl halide. Cholesterilens,
m.p. 79°, was obtained by distillation of cholesteryl chloride under the

vacuum of a water purp (64). The fraction which boiled at 257-67° under



- 18 -
12 mm. preseura was collected and recrystalliczed.

Walitsky (72) found that it was not possible to convert cholesteryl
chloride into the acetate by heating 1t with potassium acetate, sodiun
acetate, or sllver acetats, elther ln aleohol or acetic acid solution under
various conditlions of temperature, pressuve, snd concentration. The chlo-
ride eithsr remained unchanged or lost chlorine and ylelded a resin, which
was ensily soluble in ethor. It exhibited a similar behavior with alksll,
sodium sulfite, potassium cyanate, potassium cyanide, mercuric cyanide, am
sllver oyanide. UWhen cholesteryl chloride was heated with sodiwm ethoxide,
a hydrocarbon ("cholestene") was formed, which was sparingly soluble in
alcohol, more readily eoluble in other, and crystallized in needles, which
nelted at 80°.

Houthner and Suida (38) expeorienced considerable difficulty in prepar-
ing cholasterilene by the action of sodlum ethoxide on cholasteryl chloride,
as described by valitsky (72). It was found necessary to use an excess of
sodium ethoxide and tb heat the reactants in a pressure tube. ZRven than,
the removal of hydrogen chloride was not complete. The melting point of
the purified cholesterilene was 79-80°,

Mauthner and Suida (40) prepared cholesterilene from cholesteryl chlso-
ride by removing a molecule of hydrogen chloride. In one case, a mixture
of cholesteryl chloride with elght parts of calclum oxide was distilled
over a bare flame and the distlillate, which soon solidified, was recrystal-
lized from other-glcohol to obtain cholesterilens, m.p. 79°. Cholesterilene
wag also prepared by the treatment of cholesteryl chloride with quinoline.

Three grams of cholesteryl chloride and 20 cc. of quinoline were slowly
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boiled for one hour. The mixture was cooled ~nd shakeon with dilute hydro-
chloric acid and ether. The ether solution was again shaken with hydro-
chloric acid, treated with bone black, and the ether was removed by evapo-
ration. Further purification proceeded best by careful traatment of the
sther solutlon with methyl alcohol. The substance was obtained in beauti-
ful needlee, m.p. 77°. The veriation in the optical rotatlons of choles-
terilene. prepared by the different methods was explained by the sugges-
tion that goveral lsomeric compounds were produced by the various reactions.

Pirrone (49) refluxed cholesteryl chloride snd ammonia in ethyl alcohol
for thrse hours. Upon evapofation of the alcohol, cholesterilene, mM.p. 79~
80°, was obtained. Several erystalline "cholesterilenes", whioh meltad
between 82° and 266°, were obtained by Dlels and #gbdsrhalden (11) by the
treatment of cholesteryl chloride with ammonis in ethyl or methyl alcohol.

A compound, probably cholesterilene (whose bromine derivative had the
same melting point as the tetrabromide of &1choleste¥y1 ether), was ob;
tained from one of the produsts which resulted by the action of phosphorous
pentachloride on cholesterol. Pirrone (49) treated choleaterol with solid
phosphorous pentachloride for 15 minutes and obtained cholestaryl chloride,
"4-dichlorochalestene® (probably 3,3V -dichlorocholestene 4), and an un~- |
1dentifled yellow resin. V4~Dichlorocholestens' and sodlum ethoxide wers
refluxed in absolute alcohol for two hours, the alcohol was evaporated, and
the residue was recrystallized from ether-alcohol to obtain s compound,
m.p. 78-8%, whose bromine derivative melted at 162-4°.

Vhen cholesteryl chloride was heated with potassium cholesteroxide for

twenty~four hours in a bomb at 120-40°, Steinkopf and Blumer (63) obtained
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cholesterilene which, when recrystalliged from ether-alcohol, melted at 79—
80°. These same authors also obtained cholestsrilene, m.p. 79-80° when
they heated cholesteryl chloride with zinc oxide at & temperature above
140°.  Vhen recrystallized from ether-alcohol and nlcohol, it melted at 79-
80°. A smell amount of a compound, which melted sbove 200°, also resulted
from this resction. GCholesterilene was also obteined when cholesteryl
chloride was heated with =zinc dust.

Lindenmeyor (30) obtained a compound which melted at 71° by treatment
of cholesteryl chloride with sodium cholesteroxide at 100°. A compound
(63), m.p. 78° originally consldered (48) to be benzyl cholesteryl ether,
wvas obtained by the action of henzyl chloride on sodium cholesteroxide.

de Fazl, Monforte, mnd Pirrons (21) obtained cholesterilene when
they heated a dry mixture of cholesteryl chloride and silver chloride at
250-60° for one hour. Beside cholesterilene, a resin was recoversd. When
they heated a mixtufe of cholesteryl chlorids and cuprous chloride for two
hours at 240-60°, the authors obimined cholesterilene, a compound which
| ueltad at 124° which was not studied further, unchenged cholesteryl
chloride, and a large quantity of a resinous substancs.

Wegner-Jeuregg and Werner (71) heated one mole of cholesteryl bromide
with two moles of sodium iodide in acetone for sixteen hours in a pressure
bomb at 100-25°. When the mixture was cooled, fine needles separated
which, on repeated recrystallization from acetone, melted at 77-8° . VWhen
cholesteryl bromide snd acetone were hested alecne in a tube at 100-25° or
raefluxed with sodium fodide, no change took place but, when cholesteryl

bromide, piperidine ncetate, sodium iodlde, and acetone were heated in a
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pressure bomdb for sixteen hours at L00=-25°, cholestorilens, m.p. 77-80°,
wad obtalned.

c. Pyrolytic degompogition of gholesteryl astgrs. Tschugaeff and
Gasteff (68) prebared cholesterilene from cholestarol by application of the
xanthogenate reaction. Cholesterol was treated with potassium tert-smoxide
digsolved in toluene. Tha resulting potassium coupound was treated with
oarbon disulfide and methyl iodide or dimethyl sulfate to obtain cholesteryl
methyl xanthogenats, m.p. 1269, which crystallized from toluene in the form
of plmont colorless needles. Vhen heated to about 200°, the ester was de-
composed into methyl mercapten, carbon oxysulfide, and a hydrocarbon
(Cz7Baa ) Mmep- 77°, which crystallized as colorless needles from ether=
alcohol.

It was later reported (66,67) that, whon cholesteryl methyl xantho~-
gennte was heatod in a vecuum at 200%, cholesterilene (“a-cholesterilene!),
m.p. 77°, and a compound ("g-cholesterilene"), m.p. B3, were obtained.
These two "isomers" were separated by dissolving the residue left after
heating the xanthogenate, which consisted of sbout two thirds Mot and one
third “g-cholosterilene", in ether and adding alcohol containing alkali.
The Ya=cholegterilene' crystallized first and ths "gecholaesterilena® was
racovered from the mother liquors. aAddition of "g=cholaesterilene" to the
fg~cholesterilene’ lowered its melting point sharply.

The decomposition of cholesteryl methyl xanthogenate was studied by
Bose and Doran (6) who found that the so-called "p-cholesterilene® was not
a definlte compound and that, when care was taken to elininate every trace

of sulfur from the product, only thae hydroccarbon, m.p. 78-80°, could he
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isolnted. When the directions of Tschugaeff and Gasteff (68) for the
preparation of cholesteryl methyl xanthogenate were followed, low ylelds
were ropeatedly obtained and cholesterol was always rscovered. Methyl anmyl.
ether was inveriably detected in the course of working up the final product,
which indicated thst the potassium amoxide hed methylated during the second
stage of the process. The authors described a method for preparing cho-
lesteryl methyl xenthogenate which conslderably shortened the time required
for the reaction, eliminated the use_of anmyl alcohol, and produced high
ylelds of pure colorless estor. In order to convert this ester to cho-
lesterilens, 1t was heated to 200° undér reduced pressure for at least one
helf hour.

Bloch (3) found that, when cholesteryl phenyl urethane was heated in
s closed tube at 350°, 1t decomposed in%o aniline, cholesterol, and cho-
lesterilene, nsedles, which melted at 75.5°. It was suggested that this
cholesterilens was similar to, but probebly not identical with, that pre-
paredvby the copper sulfate method (38), which Bloch found to melt at 74°.

Fischer and Trelbs (22) preparad cholesterilene by the distillation
of cholesteryl oleate under reducad pressure. Oleic acid distilled at
225-35° under 13 mm. pressure and the oil, which distilled at 260°, ylelded
nesdlos, m.p. 79°, vhen reorystallized from ether-slecohol (5O por cent
yleld). Vhen mixed with cholesterilene, prepared by the copper sulfate
method, no depression of ths meltinz point was obsarved.

Miller and Page (46) preparad monocholesterylphosphoric acid, m.p.
193-3.5°, according to the method of von Fuler, Wolf, snd Hellstrom (18).

A solution of cholesterol in pyridine was added to a solution of an



- 28 -
equivalent amount of phosphorous oxyéhloride in acetone. They nlso pre-
pared dicholesterylphosphoric ncid, m.p. 203-3.5%, by a conbination of the
nmethods of von Ruler and Bernton (17) and von Buler, Yolf, and Hellstrom
(18). an equivalent amount of phosphorous oxychloriﬁe was added to a solu=~
tion of cholesterol in pyridine. t‘hen monocholasterylphosphoric acid was
pelted, it decoqposed and produced dicholestoeryl ether, cholesterilene, and
pProbably phosvhoric acid. When dicholesterylphosphoric acid was heated for
n fow seconds at 1ts melting point, cholesterilene and probably phosphoric
acid were obtained, but no dicholesteryl ether was isolated. (When dicho-
lesterylphosphoric acid wns heated at 225° for ten minutes, the product
was found to be antirachitic (15).) ihen monocholesterylphosphoric acid
was saponifiad in propyl alcohol, which contained sulfuric scid (10 per
cent by volume), a substance was obteined which melted at about 320%. The
posslblility was suggested that this substance was a dimeric cholestsrilene.
It was consldered probasble that ¢ was formed from the propyl ethpr be~

cause, 1f the reaction was stoppered vwhon ths solution began'to cloud, the

propyl sther could be isolated. The longer the hesting was continued after

the apvearence of this turbidity, the smaller was the amount of other thst
could be rescovered. The same compound wvas also obtpinad when cholesterol
vas heated in propyl alcohol which contained 10 per cent by volume of
concentrated sulfuric acld. On snslysis, it ylelded 87.40 per cent of
carbon and 12.12 per cent of hydrogen and two molacular welght determina-

tions (Rast) yielded 771.4 and 736.7.



4. Cholestadienes.

a. 2,4=Cholestndione. Stavely and Bergmann (62) prepared a hydro-
carbon which they called 2,4-cholegtadiene. Three parts of aluminum ox-
1de and two parts of cholesterol were intimntely nmixed nnd then heated
in a retort at a temperature of 200-20o for two hours st 1 mm. pressura.
The temperature was then ralsed to 240-70° and the product was slowly
dlstilled; a yleld of 30 per cent was obtained. After repentod recrys-
tallization from ether and acetone, the compound mslted at 63°. Since
the double bond in cholesterol is locmted at the 5,6-position, a shift in
its position must occur in order to obtain 2,4-cholestadiene. 1If the
heating at 200 was carried out for soven hours and the product distilled
as before, a leevorotatory hydrocarbon, m.p. 72-49, (“)%3 = -56.5 , was

obtained.

b. 3,6-0holestadiene. Stavely and Bergmann (61) prespred s 3,5=cho~

lestadiene by the following serles of reactions. Cholasteryl acetate was
oxidized with chromium trioxide to yield 7-ketocholesteryl acetate. This
was refluxed with dilute alcoholic hydrochloric acid giving 7-keto-3,5-
cholestadiene. This was then converted into the semicarbazone, which was
heated in a sealed tube with sodium and sbsolute alcohol for eight hours
at 200°. After repeanted rscrystellization from ether-slcohol or ether-
acetone, a emall yleld of 3,5-cholestadiene, m.p. 78-9%, was obtained.

c. 5,7-Oholest§diene; Dinroth and Trautmenn (12) reduced 7-keto-
cholestens with aluminum isopropoxide and obtained 7-hydroxycholestene in

the form of hydrated plates, which sintered at 83% and melted at 93-4%.
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This 7?-hydroxycholestene was then converted, by heanting with acetic an-
hydride, into a hydrocarbon (7-dehydrocholostens isomer), m.p. 91°, which
showad a maximum in ite absorption curve at 238 mm and an extinction coef-
ficient of 3.1 mm."} in & 0.02 per cent solution in ether. When the benzo-
ate of 7-hydroxycholestene was hented in smsll portions for forty hours at
120-5° in a high vacuum, it ylelded 5,7-cholestadiens (7-dehydrocholestenc),
m.p. 88-9°. This compound was not ldentical with the hydrocarbonm, m.p. 91°,
since the mixture of the two depressed ths melting point of 5, 7-cholesta=
dione by six degrees.' If the thermal decomposition of the benzoate of 7=
hydroxycholestene wes effscted at s higher temperature, or in the vacuuwn
of an 0il or water pump, the hydrocarbon, m.p. 919, was obtained, together

with some unchanged benzoate.

€. Chemical and Physical Properties

1. g=, b=, and c=Cholesterilans.

The a=cholesterilens, which was obtained by the action of sulfuric
acid on cholasterol (34). was decomposed by chlorine at ordinary taempers-
ture. Concentrated sulfuric acid combined with it to fowm a soft, browme
red resin. This combinatlon was easily decompossd by ether or water and,
1f the sulfuric acld was not allowed to roact for too long a tins, the a-
cholesterilene was almost completely recovered. It was attacked only .
slightly by ordinary nitric acid but more readily by fuming nitric acid.
The end-product of this reaction seemed to be principally the acid derive-

tive discovarasd by Redtembacher (50). The behavior of b-cholesterilene



- 26 -

toward acids was similar to that of a-cholesterilene. Sulfuric acid con-
verted it into n dark red, resinous, ensily-decomposnble mass and the sule-
furic acid solution was colored Guignat's green (which later changed to
dark green) by reflscted light and a dark red color by transmitted light.-
a~Cholesterilene dissolved slightly in sulfuric acid, but the color of the
sulfuric acld solution was n dirty, Aark green by reflected light and a
dark brown by transmitted light. c~Cholesterilene rescted with chlorine,
nitric acid, and sulfuric acld in a manner similar to that exhibited by

a~ and b-cholesterilens.

2. a- pnd b-Cholasteron.

The a-cholesteron, which Zwenger (85) obtained by the action of phos-
phoric acid on cholesterol, was readily attacked by chlorine, which caused
the liberation of hydrogen chloride. It was oxidized by nitric acid in a
manner similar to a-cholesterilens and became red in color by the action of
sulfuric acid. The b-cholesteron rescted with chlorine, nitric acid, and

sulfuric acid in n manner similar to that daescribed for a~cholaesteron.

3. Qholenterilens.

a. Reduction. Windaus (76) treated a boiling absolute alcohol solu=-
tion of cholestorilens with sodiws. Vhon the remction mixture was worked
up in the usual manner, ohly cholasterilene was recovered. The conclusion
was reached that cholesterilene did not possess g conjugated system of
double bonds. When sodium was added o a boiling amyl alcohol solution of
cholestaerilens (19) (prepared by the zinec dust distillation of cholesterol),

the origlnallmatarial was recoverad unchanged.
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The hydrocarbon obtained by Schoonheimer and Evans (60) was also in-
vestigated by Stavely and Bergnann (61). It wan racovered unchnnged after
it had Deen dissolved in bolling smyl alcohol and treated with sodium over
a poriod of four hours. Catalytic hydrogenation with platimm yielded
approximately 85 per cent cholestane (m.p. 76-89, (ngP + 25.589) and 16 per
cent pseudo-cholestane (m.p. 64-6°, (m)gl + 24.6%).

When Yge" and "g-cholestorilene! wers suhdécted to catslytic hydrogenne-
tion with powdered platimum in ather solution (66,67), only cholestane,
n.p. 799, wna recoversd. The results obtained by Bose and Doran (6) indi-
cated the identity of the hydroearbons prepared by the heating of choles-
terol with copper sulfate and by the decomposiilon of cholesteryl methyl
xanthogennte becsuse each yielded a mixture of chalsstane and pseudo-cho=-
leétane when hydrogeansted under exﬁctly identical condlitions.

Cholesterilene (b.p. 246-56°/11 mm., Qm)%s 41.00°%) was reduced by
Nord (47) by hydrogen in acetone solution in the presence of (a) col-
loldal palladium and (b) colloidal platinum until no more of the gas was
absorbed. Cholestans (b.p. 269-71%/12 mm., («)})5 + 43.32%) was the only
raeduction product raecovered.

Windaus (78) showed that, when cholesterilene (prepared by the copper
sulfate method) was catelytically reduced, it absorbed two moles of hydro-~
goen. He showed further that pseudo-cholestana, hs well as cholestanae, was
produced by this reduction. le suggested the possibility that cholesteri-
lene consisted of several isomers, which only slightly influenced each
otherb melting points and formed mixed orystals with one another. He al-

80 pointed out that these isomers could not be Ya~" and “"g-cholesterilens",
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since a mixed melting point of these two compounds caused & marked depros-
sion to result. He further polnted out that the variation in optical ro-
tation could not result from s partial racemization, since the products of
their catalytic hydrogenation possessed the proper optical rotations.

Steinkopf, Viinternitz, Roeferer, snd Volynaski (64) reduced cholesteri-
lene (prepared by the distillation of cholesterol in the presence of
kieselguhr) with hydrogen in the presence of platinum black and obtained
pseudo-cholestane (m.p. 719, (a.)n + 26.46 (c=3.283)(CHCla) (50 mm. tube)
which was identical with pseudo-cholestane, prepared by trsating pseudo-
cholestene with hydrozen in the presence of platimum black (36).

Cholesterilens (preparsd Ly the zinc dust distillation of cholesterol)
was reduced (19) by treatument in ether solution with hydrogen in the presence
of pelladium black. By repeated recrystallization of the product from sl-
cohdl, cholestane, obtained as plates which melted at 80°, and a compound,
which melted st 61°, wore isolated. Yhen the latter compound was mixed
with pseudo-cholestans, m.p. 68°, no depression of the melting point was
observed.

Catalytic hydrogenation of cholesterilene (prepared by the copper sul-
fate method) in ethyl acetats (61) with platinum oxide yleldsd 80 per cent
of cholestane (m.p. 78-9°, (cv,):f‘;8 + 22.5°) and 20 per cent of pseuldo~-choles-
tane (m.p. 58-60°, (a)g&a- 26.9°).

Doree and Petrow (13) heated cholesterilene with selenium for 155
hours at 230-50%. A yleld of 25 per cont of cholestans (m.p. 80°, (t:x.);8
+ 30.2°) was obtained but no pseudo~cholestsane could be recovered from the

mother liquors.
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b. Renotlon with broming and ioding. Walitzky (73) otated thet the
c~-cholesterilene obtained by Zwenger by the action of sulfuric acid on cho~
lesterol and the compound ("cholestene") obtained by the action of hydri-
odic acid (sp. g. = 1.5) on cholesterol as well as the compound {cholesteri~-
lene or "cholestene!) obtained by the action of sodlum on cholesterol all
yieldsd the sawe bromine compound, CzgHzaBra, and at the same time evolved
hydrogen bromide, when treatad with an excess of bromine.

Mauthner and Sulda (38) believed that cholesterilens possessed one
doubls bond since it added only one mole of bromine. However, Vindaus {(76)
considered it likely that cholesterilene contained two double bonds which
absorbed bromine by 1,4-ndditlion and left a double bond which was inactive
to the addition of more bromine.

- Vhen cholesterilene (prepared by the copper sulfate method) was dis-
solved in chloroform or carbon disulfide and treated with bromine dissolved
in the samne solvent, the bromine solution was immediately decolorized
(39). 1In spite of repeated attempts, it was not possible to recover a
crystalline bromine addition product. @uantitative tests showed that one
mle of cholesterilene absorbed one mole of bromine. Upon the addition of
nore bromine, decolorizatioh no longer took place and hydrogen bromide was
produced. Xt was, likewise, shown (68) that cholesterilene (prepared by the
pyrolytic decomposition of cholesteryl methyl xanthogenate), when dissolved
in cerbon tetrachloride, sbsorbed bromina. Montignie (42) slso reported
that cholesterilene (prepared by the treatment of cholesterol with acetic
and phosphoric acids) added bromine in chloroform solution.

The cholesterilene (prepared by the distillation of cholesteryl oleats
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(vnder reduced pressurs) was shown to add bromins but it was not found
poseible to isolate a crystalline bromide (22). Both “a-* and "g-choles-
torilenes® (prepared from cholesteryl methyl xanthogenate) were found to
discolor a bromine solution (66,67).

lMontion has been made (31) of a tetrsbromocholestane, which was ob=
tained by the addition of bromine to cholesterilens (prepared by the nc-
tion of alcoholic hydrochioric acid on gpicholesterol). The properties of
the compound, however, wore not described and none of the details of its
preparatlon were given except that the bromine derivative was different
from the tetrabromocholestane, m.p. 110°. obtalnsd by the‘action of bro=-
mine on gpicholesteryl acetate.

Vhen a solution of bromine in glaclal acetic acld was added to a
solution of cholesterilene (prepared by the copper sulfate method) in
ether (61), decolorization took place until exmctly one mole of bromine
had been absorbed but a crystalline addition product could not be
isolated. Vhen two moles of bromine were added in a similar manner, a
brown liquid was obtained, which did not yield crystalline bromine deriva-
tives, even when allowed to stand for a long time at low temperatures.
When attempts vere hade to recover cholesterilene from the bromides by
treatment with sodlum lodide, only a black, tarry meterisl was obtained.

The lodine values: 70.9, 70.0, and 72.2, obtained for cholesterilene
(prepared by the copper sulfate method) nearly corraspond to that required
for one double bond per molecule (38). Cholesterilene, prepared from
monocholesterylphosphoric acid, gave an iodine number of 73.3& and cho=-

lesterilene, prepared from dicholesterylphosphoric acld, gave an iodine
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munboer of 77.87 (46).

c. Renction with mpleic anhydride. Vagner-Jeuregg .a.nd Werner (71) re-
ported that thsy were not able to produce & maleic anhydride addition com-
pound from their cholesterilene (cholestadiene)(prepared from cholesteryl
bronide and sodlium iédide) in boiling tolusne. Similar results were ab-
tained (61) when cholesterilene (prepared by the coppsr sulfate method)
and mplelc anhydride were roefluxed in benzene for several hours. When
the mixture was dlssolved in xylene and heated in = mealed tube at 135°
for 12 hours, an amorphous materisl was obtained, which decomposed at
240-5" and which gave the propsr analysis for CoaHagOa+ ‘ihien the hydro-
carbon (obtainad by refluxing a mixture of sllocholesterol and episllc-
cholesterol with alcoholic hydrochloric acid) was treated with malelc
anhydride in xylene in the manner Just descoribed, an scid resulted which
decomposed at 240-5° and which, in all regpects, behaved similarly %o the
acld obtained from cholesterilene and naleic anhydride.

d. Qxidation. Both “a~cholesterilene' and "g-cholesterilene® (oro-
duced from cholesteryl methyl xanthogenste) reacted with potassium per-
manganate (66,67). ¥hen cholesterilane was oxidized with chromic seid
(39), 1t yielded acids with 27 carbon atoms. Alkaline permenganate was
slightly reduced when it was boiled with cholesterilene (39). .

Windaus (76) reported that, when cholesterilens was oxidized with
chromic acid, a yield of & per cent of oxycholestenons {cholestene-4,
dione-3,6) was obtained. It was identified by means of its melting point
and by the preparation of its phenylhydrazons. To explain this behavior.

it was suggested that cholesterilene, under the influsnce of the sulfuric
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acid in the chromic ancid mixture, was transformed bacl into cholesterol and
that the cholestarol, by oxidetion, yielded aoxycholestenons. It was ghown,
howaever, that when a chloroform gsolution of cholesterilene wns shaoken with
10 per cent sulfuric acid for six days, it remained unchanged and did not
talte up any weter.

A bengzene-acetic acid solution of cholesterilene (prepsred by the
zine dust distillstion of cholesterol) was oxidized (19) by shaking, for
six hours, with a solution of chromic acid in dilute sulfuric acid. The
oxldation products wers separated into an acid and a neutral fraction.
The acid fraction was dissolved in smmonia snd, after removal of the ex-
cess ammonia, was tremted with copper sulfate. It ylelded a dark green,
amorphous copper salt which gave the annlysis: ¢,656.5; H,9.17; and Cu,
8.05 per cent. then it was trested with phenylhydrazine, the neutral
fraction ylelded a compound which melted at 271°. A mixed melting point
with the phenylhydragzone of cholestene-4,dione-3,6 showed no depression.

Titration of the compound (obtained from a mixture of allo- and epi-
nllocholesterol by the action of alcoholic hydrochloric acld) with per-
benzoic acid (60) requlred 1.39 and 1.49 moles after 24 hours; 1.56 and
1.66 moles after 48 hours; and 1.63 and 1.74 moles after 82 hours. A
similar titration of cholesterilene (prepared by the copper sulfate method)
with perbenzolc acid (61) gave 1.97 moles after 48 hours.

e, Lolor resctions. Both "a~cholssterilene" and'8-cholesterilene!
(orepared from cholestsoryl methyl xanthogenate) gave positive réactions to
the characteristic color teets for cholesterol (66,67). The cholesterilene

(obtained by heating cholesterol with mercuric iodide) was found to disply
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a positive ILiebermann resction (45).

Mauthner and Suida (38) observed the behavior of cholestarilenes (pre-
pared by the copper sulfate method) townrd various resgents. Concen-
trated sulfuric nocid produced a dbrownlsh~yellow solution, with a sirong
graen flunrescencae. Iitric acid colored the erystals at first a slight
rose color, which later changed to a charry rad color. This red color
was destroyed by the addition of sodium nitrite to produce a yellow resin.

Bloch (3) showed that cholesterilene (preparsd by the pyrolytic
decomposition of cholesteryl phenyl urethane) displayed a citron-ysllow
color with sulfuric acid and exhibited intense Hesse (27), Salkowski
(57), and Liebermann (28) color reactions.

Positive reactions.were reported (68) for cholesterilene (prapared
by the pyrolytic decomposition of cholesteryl methyl xsnthogennte) when
subjected to thg following cholesterol color reactions: a blood-red
color with sulfuélc scid in chloroform solution (8alkowski veaction
(67)}), a red to violet to blue color with sulfuric acild snd acetic an-
hydride in chloroform solution (Idcbermann-Burchard reaction (6)), and 2
roge-rad color with a beautiful green fluorescence when heated with
acetyl chloride and zimne chloride in scetic acid solution (Tachugajew
reaction (63)).

Hontignie (42) reported that cholestorilens (preparsd by the action
of nmcetic and phosphoric acids on cholesterol) gave o cherry-red color
with nitric acid and a yellow solution with a green fluorescence with sul-
furie ncid.

Schoenheimer and Bvans (60) reported that their hydrocarbon (obtained
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by the treatment of asllo- and eplallocholesterol with alecoholic hydro-
chloric acid), which thoy onlled 2,4-cholestndlene but which was later
shorm (61) to be cholesterilens, gave an immedlste and intense rad color
with 90 par cent trichloromcetic acid (Rosenheim reaction)(562). They
obtainad the same red color with cholesterilene (prapared by the action of
anhydrous copper sulfate on cholesterol). After thoy had tested a number
of sterols and sterol derivatlves, they came to the conclusion that the
Rosenhelm resaction was glven by thosze sterols posseasing a2 conjugated
double bond system or by those ceapable of forming such a system by the ac-
tion of the resgent. These investligators slso obtained a positive
Salkowgki resction with their compound.

It hns bren observed (15) that an ether solution of cholesterilene
displayed a yellow to light brown to browanish red color with a green
fluorescence when it was treated with hydrogen chloride.

Cholestsrilene {m.p. 78-9°, (a&%? = 102.1%) gave positive reactions
to the following sterol color tests (82): Selkowski (56), Rosenheim and
Drumnond (53), Carr and Price (9), Iiebormann (28), Lifschutz (29),
Rosenheim (61), Whitby A and B (74), Techugajew (69), and Steinle and
Kahlenburg (66). When cholesterilene was irradiated until its charascter-
istic absorption bands disappeared and then subjected to thase color tests,
very little difference in its behavior was observed. Whitby (74) sugmested
that, in the typical color tests for cholesterol, cholesterilene was first
formed and that it then coupied with a2 second substance, for exampla, for-
maldehyde, %o give the colored product. However, Viokaes (82) was not able

to obtain any colors by the treatment of cholesterilens with formeldehyde
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alons {either as formalin solution or in the nascent condition).

£. Miscellaneous reactions. The unsaturated nature of "a=~cholesteri-
lene® and "p-cholesterilene® was demonstrated by the reaction with tetra-
nitromethane (66,67). Both compounds produced an intense brown-red color,
whereas cholesterol and cholestene geve only s slight yellow color under
the smme conditions.

Cholesterilena (prepared by the zinc dust distillation of cholaesterol)
was dissolved in benzene and shaken with a mixtura of scetic acid, water,
and concentrated sulfuric acid for six hours (19)., After removal of the
benzene, an alcoholic solutlion of the product was treated with a similar
solution of digitonin end yielded & digitonide, which decomposed sbove
240°. The authors concluded that water hed added to the cholesterilens
and that cholesterol had been formed in small quantities. It was likewise
found (42) that when cholesterilens was hoiled for three hours with al-
cholic sulfuric acid, it yielded a compound, m.p. 148°, which wes identi-
fied as cholesterol by mesns of its melting point, optical rotation, and
bromine derivativs.

The thermal decomposition of cholaesterilene (prepared by the copper
sulfate method), in the presence of aluminum chloride, was studlied by
20linski and Somiganoveki (83). Vhen heated with aluminum chloride at
etmospheric pressure, cholesterilene yielded fractions corresponding to
those obtained from cholesterol. \fhen the seme reaction vwas carried out
at o pressure of 16 mm., the distillate wns frsed from the lighter frac-
tions and compounds were obtained, rll of which ware optiecelly =ctive, prac-
tically non-fluorescent end, as shown by the iodine numbers, almost con-

plataly saturated.
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Cholesterilene was found to be converted into an sntirachitlic product
when 1% was treated with various remgents but not by ultra-violet irradia-
tion (14,15).

Windaus and Kuhr (80) studied the action of sulfuric acid and acetioc
anhydride on cholesterilene. Cholesterilene was added to a mixture of
ncetic anhydride and concentrated sulfuric acid, cooled in ice, and the
nixture was allowed to stand st 20° for four hours. %hen dilute methyl
alcohol was added to the filtered reaction product and the mixture concen-
trated in vacuo, a product was obtalned which was soluble in water as
well as in ether. This material was esterified with diazo-methane in
ather solution end ylelded the methyl ester of cholestsrilene sulfonic
acid, m.n. 175-6°. Upon saponification of this compound in methyl aleohol
solutions of potassium, sodium, and lithium hydroxides, the corresponding
alkall salts wore precipitated. The 1lthium salt turned brown at 220°.

£ Qptical rotatlons. The methods of preparation and physic#l prop=-
ertles of the hydrocarbons, which have been obtained by the dehydration of
cholesterol either directly by the action of various reagents on choles-
terol or indirectly from various cholesterol derivatsives, are summsrized
in Table II.

The physical properties of a number of derivatives, some of which
have besen mentioned in this discussion, are listed in Table IIXI. It is of
interest to note that those derivatives, which possess a double bond lo-
cated at the 4,5-position exhibit a poslitive optical rotation while those,
which possess A doubls bond locnted at the 5,6-position, exhibit a negative

optical rotation. In this connection, Meuthner (34) determined the effect



Physical Properties of Cholesterilene and Cholestadienes .

: : s tic tation
Compound . Method of {H.P. ¢ (a)D :Pemp.: Cc or :Solvent: Befer-; Remarks
: Pregaratlog :in oc. in C (p) H ience :
a-Cholesterilens :Cholesterol + HaSOe : 240 : : : : : 84 :Formula: CazHag
" : " :210-60 : : : : 38 :Mol. wt: 482
ot :see Table I : 344%: : : : : 16 :%bloc Macquenne
b=-Cholesterilene Choles*erol + HaS0s : 255 : : : : 84 :Formuls: CazHig
c-cholestgri’ene : : 127 : : : : : 84 :Formulg: CazsHaa
: " : : : : H : s 38 :Mol. wt: 772
a-Ghnlesteron :Cholesterol + HyFO4 : 68 : 3 : : 85 v
" : " $79-5-: : : : : 38 :(Considersd iden-
: :80.5 : : : : : stical with choles-
_ : : H ¢ : : : :terilens {61))
b-Cholesteron : # s 175 : : : : : 85
# H " : 192 : : : : 38 :Buggested identicel
: : : : : : : :with dicholesteryl
: : : : : : : :ether
Cholesterilens _ :Cholesterol + HI :. 68 : : : : ;: 72 :(“Cholestene?)
" :Cholesterol + Na ; 68 : : : : : 78 :("Cholestene®)
it :Cholestarol ¢ HI + Dy ;- 68 @ : : : : 28 :("Cholestenet)
o .Cholesterol + cusg, $79-80: : : : : 38
8 : ’ 79-80: -81.63: : : : 40 ¢
" : v : 74 : =71.88: 18 : 0.626 : CgHg : 3
ol : " : 78 :=102.1 : 20 : 4.000 : CHClz : 24 :
® : H :78-9 : -97.5 : 20 : 0.9 : CHCla : 61 =
3 :Cholesterol +. kieselgug : 79 : ~-46.6 : : 4.504 :CqHaCHg: 64
LR :Cholesterol + :78-9 : : : : : 20
' : _fossil flour : : . : : : :
u :Cholesterol + 2lnc dust : 68 : +1.45: 26 : 2.76 : 19 :Constants during
: 73 : -B3.37: 22 : 2.08 : : ¢ purification
: 2756 : -4.49: 20 :2.34 : :
H :Cholesterol + HaPOg in :79-80: : : : : 42
: s HDAC : : H : : : :
B :Cholesterol + Palsz 179-80: : : : : 43
n :Cholesterol + EClQOg :29-80: : : H HE -
8 tCholssterol + Hglg :79-80: : : H : 46
" :Cholesterol + BC1l 2 74.5: : : : 41 -
# :Epicholesterol + HCl 276-7 : -78.3 : 30 : (1) :CegHe : 31 :
3 :Allocholesterol + BCl s 79 :-112.5 : 23 : (2) : CgHg : 60 :
" :Epiallocholesterol + HCl : 79 : : : : : 60
C :Cholaesteryl chloride : 79 : -47.04: : : : 64
: distilled - : : : : : : :
i :Cholesteryl chloride +Cal: 79 : -61.55: : : : e
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ol :Cholesterol + Help :79-80: : : : 45
i sCholesterol + HC1 : 74.5: : : : : 41 ¢
u :Epicholesterol + HCl :76-7 : -78.3 : 30 : (1) :0CgBg : 31 :
# :allocholesterol + HC1 : 79 :-112.6 : 23 : (2) : GCgHg : 60 :
# :Epiallocholssterol + BCl : 79 : : : : : 60
" :Cholesteryl chloride : 79 : -47.04 : : : 64
: distilled - : : : : : :
" :Cholesteryl chloride +Cal: 78 : -61.55: : : : :
" ' :Cholesteryl chlorids + : 77 : -86.09: : : : :
:_gquinoline : H : $ H : :
H :Cholesteryl chlori&e +. : 80 : -65.87: : : : 40 :(#Cholestense)
: HaDCaHg H 3 H : : H
# :Cholesteryl chloride-l-po— :79-80: : : : : 83
:tassium cholesteroxide  : : : : : :
" :Cholesteryl chloride + : 71 : : : : : 30
:sgdium cholaesteroxide : : : : :
" :Benzyl chloride + sodium : 78 : : : o : 63 :0riginally considered
:cholesteroxids . : : : : tbenzyl cholesteryl
2 3 : H I 1 : :ather
" :Cholesteryl chloride+ ZnQ:79-80:-116.2 : : 2.641 : CHCly : 63
" :*4-Dichlorocholestene” + :78-9 : : 3 : : 49 @
: . FaQCaHg S : : : : :
" :Cholesteryl bromide ¢ Nal:77-B : -65.4 : 18 : :CaBaCHBg: 71
4 :Cholesteryl bromide + 7?7-80:-103.0 : s : 71
:piperidine gcetate + Hal 3 : : : : : : :
“ sCholesteryl methyl s T7 =104 : 1 :ce&ca.: 68 ("cc-Cholester’ilene")
3 ___xanthogennte 3 : : : s
- : # 3 7?7 :-109.3 : 20 :(4.803): Qg& Ha: 66,671"a.-Cholesterileneﬂ)
H : " :79-80: : : : :("a-Cholesterilens*)
o : # : B9 : -76.68: 20 :(3.785 2'05_3_‘0_3_3-66,67 -5"§-Cholesteri.lene")
o : o :179-80: : : : :("B-Cholesterilene®)
HE L8 : : : : : :Identicel with
R T 3 : s : : - :Mg-cholesterilene"
" : golestegzlghenylureﬂnne :75 5 ‘—100 25: $ 1.0 : CgHe : 3
» :Cholesteryl oleale : 79 : : : : 1 22 ¢
u  :Monocholesterylphosphoric:76-8 : -68.99: 20 - [ : 46
. : pcid H H : 2 : : H
" sDicholesterylphosphoric :78.2 : -77.53: 1B : : : 46
: _acid : 3 : : : : H

1.523 : CHClg : 62
1.026 : CAClg : 61

2,4-Cholestadione:Cholesterol + Alz0a . 63 :+114.0 : 27

3,5-Cholestadiensa:Reduction of 7-keto-3,5- '78-9 2 =63.75: 21

>

o [sv ae fue

_: __cholestadiene : : : : :
7-Cholestad1ene :Dehydration of 7- Mroxy--BB-Q : : : H s 12 ¢
: __cholestene : : : : 2 : :

7-Dehydrocholes—- :7-Hydroxycholestene + : 91 : : : : 12 :(Suggzested iden-

: Acal : : : : : . ttirnl with 4. -






Physical Consteants of Vaerious Cholesterol Derivatives.

Table IIIX

: Ovtical Hotation :
M.P. : (a)p : Temp. : cor : Solvemt : Refer-
_Derivative : _%¢, : %. (o) : __encs

Cholestane : BO.5 : +23.5 : (2) : CHGlg : 23
Pseudo-cholestane (coprostane) :_69-70 : +235.56 : 2z : 3.012 : GCHCla : 36
Heocholestens (cholestene-2) : 69 : +64.07 : 20 : 3.02 : CHCla : 36
Pgeudo-cholestene {cholestene~4) :  7B-8 : #64.86 : 23 : 3.176 : CHCla : 35
Cholestene (cholestene-5) :_88-90 : =55.5 : : (4) : CHCla ;23
Allocholesterol (cholesten-4-01-3) s 132 s +43.7 :+ 23 1+ (1) : Cobg : 60
Epinllocholesterol (enicholesten-d-0l-3): 84 : #120.8 : 24 2+ (2) : CgHa : 60
o~ epiallocholesterol : 141  : +84.1 : 21 3 (2) : CgBa : 60
Gholesterol (cholesten-5-01=-3)} : 145-6 : =-37.02 : 15 : (2) : CHCly : 26
Epicholesterol (spicholesten-5-01-3) : 1416 ;. -~35.0 ¢ 30 : (1) : CaHgOH : 31
X =Cholestensl (cHolesten=7-0l1-3) : 122-3 0 : : : _CHClp s B8
a~Cholegtenol (cholesten-8-01-3) : 119-20 : +20.36 : 21  : 1.08 : CHCls : B8
B-Cholestennl (cholesten-14-0l1-3) : 130-1 : 434 1 22 :1.235 : CHCls : 58

7-Dshydrocholesterol (cholestadisne-5, : : : : : :
7=01~3) : 142-3.5; =113.6 : 20 : 2.455 : CHCls  : 81

Dehydrncholesterol-Bs {cholestadiens-7, : : : : : :
14-01-3) : 117-8 ¢ <145.5 : 23 :1.58 : CHClg : 58
Cholestanone {cholestanone-3) : 127-8 : +43.7% : (5) : GCHEClg : 70
Coprostasnone (coprostanone-3) :  61-2 : 35 : :(3.2) : CgHa : BB
Cholestenone (cholesten-4-one=3) i1 79-80 : +30.6 : 18 : 2.54 : CHCls : 4
A°-Cholestenone (cholesten-5-one~3) 127 : -4.2 : 20  : 0.47 : CHOla : 7
Cholesteryl methyl xsnthogenate s 127 : =Bl.1 : 35 : 6.4 : o} : 5
Dicholesterylphosphoriec acid : 203-3.5: =34.5 : 253 : : CHCla s 46
Yonocholesterylphosphoric acid : 193-3.5: =35.64 : 20 :__CHCls : 46
Dicholasteryl ether 203-9 : -40.8 : 20 : (2) : cClg : 2

*zave length = 578

—82-



-390 -
of the subatituiion of various groups and atoms for one snother in cho-
lestorol derivativoes. As a result of his studies, he reached the follow-
ing conclusions: Roplacement of n hydroxyl group with an acetoxy- group or
a chlorine atom produced very little effect on the optical rotation. Addi-
tion of chlorine to o double bond produced only s very slight effect. In
the case of cholesterol, it produced no change; in the case of the acstate
end chloride, a slight increase in nogative rotation was observed. pddi-
tion of bromine to a double bond produced a very noticenble effect. An in-
grenss in negative rotstion was obsaerved in esch case except for the a-
dibroumide of cholsutene, in which case a high positive rotation resulted.
Addition of hydrogen chloride produced a profound effect. Compounds which
possessed negative optical rotations were convertsd into compounds with
positive rotations. Addition of oxygen, accompanied by the rupture of a
double bond, casused a sharp decreasse in the optical rotation to result.
Callow and Young (8) studled the.effect of various structural factors
on the optical rotatory power of sterols sand closely related compounds. In
fiftcen out of eighteen cases, an incresss in dextrorotatory power was pro-
duced by the inversion of the hydroxyl group on carbon atom number 3 from
the cls to the trans position relative to the methyl group on carbon atom
number 10. The effeoct of inversion of the hydrogsn atow on carbon atonm
nunber 5 wag sunll and irregular. Inversion of the acetyl group on carbon
atom number 17 from the gllo to the iso-allo form produced s decresse in
dextrototatory power. The introduction of an ethylonic linkage in the 14,
15-position caused an incrense in dextrorotation while the introduction of

an ethylenic linkage in the 1,2-, 4,6~-, 5,8-, and 8,l4-positions caused =
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decrease in dextrorotation. The effact of the introduction of an ethylenic
linknge in the 7,8-positlon was lrregular. Redustion of the keto group at

carbon atom number 17 to a carbinol group csused a decrense in dextrotota-

tory power.

h. Abgorstion spectrg. Heilbronm, Morton, and Sexton (24) studied the
absorption spectra of cholesterilene and several other cholestercl derivae
tives. Cholaesterilene (prepared by the copper sulfate method) (Z8) was re=
poatedly recrystallized from ether-alcohol until it melted at 78°. It ex=-
hibited maxima at 249, 304, and 312 mu. In comparlison with ergosterol, the
mgximun absorption for each of the three bands of cholesterilene was about
250 X, units toward the visible. The molecular extinction goefficlent of
cholesterilene was 2400. On irradiation, the maxinma diseppesred. In the
study of a group of cholesterol derivatives, selective nbsorption was ob-
served only when at least two double bonds were present in a sincle mnle-
oculs. On the basis of a comperison of their absorption spectra, Heilbron
and Sexton (25) sugeested that one double bond in cholesterilene nus$
occupy the same position as the double bond of pssuds-cholestene (4,6~
position).

Roseonheim and King (54) studied the absorption sgpectrum of cholesteri-
lene. They came to the conclusion that the three maxima observed in the
long wave region were due to impurities since their intensitiss decreased
upon purification.

The absorption curves of cholesterilene (prepared by the pyrolytic de-
composition of dicholesterylphosphoric acid) were observed (46). 1In tho

short wave reglon, they were found to correspond with the curve for cho-
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lesterilens (prepared by the copper sulfate method) published by Hellbron,
Morton,and Sexton (24). The high maximum at 240 mu. was always found but,
in place of the three maxima in the long wave reglon, no selective absorp-
tion was observed.

Schoenheiner and Fvans {60) studied the absorption spectrum of the
hydrocarbon which they obtained by the treatment of allo- and epiallocholes-
torol with alcoholic hydrochloric acid. The sbsorption spectrum of this
compound showed maximn at 229, 235, and 244 mu. Stavely and Bergmann (61)
studied the absorption spectrum of cholesterilene (praepared by the . copnur
sulfate method) and found that it had the same typlcal absorption mexims at
229, 235, and 244 ma. as the hydroearbon obtained by Schoenheimer gna
BEvano (60), which indicated the identity of theas two hydrocarbons.

1. Grystal structure. Mauthner and Sulda (38) studied the crystal
" structure of cholesterilene (prepared by the copper sulfate method). The
angles 110:110 and, 110zi10 measured 100°13' and 79°47'. Vhen the crystals
wereo assumed to Lelong to the monoclinic system and the end plane was c¢alled
001, the geometrical constants were a:b:c=1.1341:1:7, B=131°53'40". The
geometricpl and cptical properties, however, favored the rhombic corystal
structure and the constants according to this system wers a:b:c=0-83597:
1:0.75266. On the basis of the data which were obtalned, the asuthors were

not able to definitely classify the orystal structure of cholesterilena.

4. Oholestndienes.

a. 2,4-Cholostadlens. The reactions of 2,4-cholestadiene (62) are

very lnteresting when they are compared with those of cholesterilene.
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On catalytic hydrogenation with platinum oxide, it ylelded only pseudo-
cholestane (m.p. 5B=60°, (a)gg + 27.2°) and no cholestnne was isolated. Ti=
tration with perbenzoic acld gnve a value corresvonding to 1.94 double bonds
per moleculo. When refluxed for esight hours with mqleic anhydride in ben-
zone, it ylelded a crystalline substance, (m.p. 70~2%, (o)1 - 77.89)
(e=0.474) in chloroform (1 dm. tube) and 15 per caht of a crystslllne ncid,
m.p. 268=70 . A much better yleld (43 per cent) of this acid was obtsined
when the reaction was carried out in xylene in s sealed tube at 138°.
Attempts to recover the diene from the addition product 'by distilletion
under reduced pressures were unsuccessful, due to the fact that the boiling
point of the additlon product was below its decomposition temperature. The
2.4-cholestadiene was treated with sodium and é.myl alcohol. The reduction
product was pseudo-cholestaene (m.p. 77-8°, (a)go " 66.99). It was further
Ldentified by the preparation of its dibromide, m.p. 116-7°. The 2,4-cho-
lestadiene, when refluxed with dilute hydrochloric acid for 26 hours, re-
arronged to glve cholesterilens (m.p. 78°, ()2 - 108.8°) (c=0.974) in
chloroform (1 dm. tube).

b. 7=Dehvdrocholestene isomar. Dimroth and Trautmann (12) were not
able to produce a maleic anhydride addltion compound with their hydro-
carbon, m.p. 91°, obtalned by the debydration of 7-hydroxycholestens with
acetic anhydride. They concluded, therefore, that the two doudle bonds were

pregsent in different rings.
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III. EXPERIMENTAL.

A. Preparation of Cholesterilens.

1, Cholesterol -~ copper sulfate.

Cholesterilene (m.p. 79.5-80°; (a)§5 - 104.91° and n§5 1.45974
(e, 3.00 in CCl,)) was prepered in a 68 per cent yield (13 sm.) by heating
an intimate mixture of 20 grams of dry cholesterol and an equal weight of
copper sulfate (preheated at 250-60°) at a temperature of 195-200° with
constant stirring for 20 minutes, according to the method of Mauthner snd
Suida (38); a 20 per cent yield of dicholesteryl ether was obtained as a
by product. The reaction product was sxtracted with hot benzene and the
residue obtained by concentration of the benzene solution in vacuo was
extracted with hot alcohol to gseparats the cholesterilene from the insol-
uble dicholesteryl ether. The cholesterilene was purified as presented
in Table IV until the melting point, specific optical rotation, and index
of refraction were unzffected by further purification. The corpound pro-
duced no depression in mixed melting point with 3,5-cholestadiene, ob-
tained by the action of guinoline on pseudo-cholestene dibromide.

The cholesterilene was purified by treatment with sodium and amyl
alcohol as follows. To & boiling solution of 0.5 gram of cholesterilene
dissolved in 70 cec. of n-amyl alcohol was added, over a perlod of four

hours, 7.5 grams of sodium cut into small pieces. The sodium amoxlde was



Physical Constants

Table IV

of Cholesterilene {CuSO,)

= Treatment 11;1.‘55?“_:— c o obs. (a.)§5 n§5

Recryatallization from Alcohol five times H : : : :

Treatment with Decolorizing Carbon iwice i 79-79.5 :  3.06 : =3.02 : - 93,62 : 1.h591h
Recryatallization from Alcchol : 78=-80 . 3.03 . ~3.15 ~103.88 . 1.4612%
Treatment with Sodium and Amyl Alechol : 79-80 : 2. 95 -3.06 : -103.63 1.h6123
Zreatment with Decolorizing Carbon : 79.5-80 2.98 i -3.11 : -1ch.27 : 1.4601k
Recrystalligetion from Alcohol : 79.5-80 i  3.00 i =3.11 _: -103.58 : 1.lsg7h
Recrystallization from Alcohol 79.5-80 _3.01 - 3.14% ‘ -104.23 1.bsg80kh
Adsorption by Alumine : 79.5=80 : 3.00 : -~3.15 : ~104.91 1.h5974
Becrystallization from Alcohol : 79.5-80 : 3.00 ; -3.15 : ~104.91 : 1.45974
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decomposed by the sddition of water and the slcohol lsyer was separated
and dissolved in 50 cc. of ether. The ether solution was washed with
watex untii free from alkali and dried over snhydrous sodium sulfate. The
residue obtained Dy concentration of this solutlon in vacuo was recrystal-
lized from ethyl alcohol.

The cholesterilene was purified by adsorption of impurities on acti-
vated alumina as follows. A solution of 0.5 gram of cholesterilsne in 15
ce. of benzene-petroleum sther (1:1 by volume) was passed through a column
(7 mm. in diemeter x TO mm. long) of activated alumina (ground to 50 mesh

end preheated at 200° for 2 hours). The solvent was removed in vacuo and

the residue was recrystallized from ethyl alcohol.

2. Cholesterol - potassium acid sulfate.

Cholesterilens and dicholesteryl ether were prepared by the action of
freshly fused potaseium acid sulfate on cholesterol (15) under the various
conditions presented in Table V. The reaction product was extracted with
ether and the ether extract was filtered and concentrated in vacue. The
resldue was extracted wlth hot alcohol to separate the cholesterilene from

the ingoluble dicholesteryl ether.
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Table V

Effect of Potassium Acld Sulfate on Cholesterol
under Various Conditions

Yoo it e e
Time in :Cholesteri~ :Dicholesteryl

e —— T e Iy
Cholesterol: Potassiuvm Temg.
in “C min. s lene H ather

an. iacid sulfate!

f R
10 : 10 : 210-15 : 10 : 1.0* : k.0
10 : 10 : 210-15 : 15 : 4.2 : 1.4
10 : 10 ; 210~-15 : 20 : 4.0 : 1.5
10 : 10 , 20%5-10 ; 15 : 5.0 : 1.6
10 ; 15 ; 205-~10 ; 15 ; traca ; 0
10 : 1.5 : 205~10 : 15 : 1.0 : 4.5
*gemi-crystalline,

The cholesterilene (m.p., 79.5-80°%; (a)§5~1o3.91 and n§5 1.4597% (e, 3.00
in CCl,)) prepared by this method was purified as described for cholesteri-
lene (CuSO,) until the melting point, specific optical rotation, and index
of refraction were unaffected by further purification.

Cholesterilene was prepered by the action of potassium acid sulfate
on dicholesteryl ether. Five grams of dicholesteryl ether was heated with
5 gm. of freshly fused potassium acid gulfate at 205-10° for ten mimtesn
and 0.7 gn. of cholesterilene and 2.5 gm. of dicholesteryl ether were re-
covered from the reaction product. Vhen 5 gm. of dicholesteryl ether was
heated with an equal weight of potassium acid sulfste at 210-15° for ten
minutes, a trace of cholesterilene and 1.9 gm. of dicholesteryl ether were

obtained. tvhen 5 gm. of dicholesteryl ether and 5 gm. of potassium acld
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sulfate were heated at 210-15° for fifteen minutes, the resaction product
Yielded a trace of cholesterilene and no dicholesteryl ether. In esach case,

some uncrystallizable oils were obtained.

3. Allo- and epiallocholesterol - hydrochloric acigd.

Oholssterol was converted into cholesterol dibromide by the action of
4 cc. of bromine dissolved in 125 cc. of glacial acetic acid on 25 gm. of
cholesterol digsolved in 250 ce. of anhydrous ether, according to the di-
rections of Windaus (75). Without recrystallization, the cholesterol di~
bromide was oxidized, by treastment with chromium trioxide for 12 hours
according to the metho& of Schoenheimer (59), to cholestenone (m.p., 19~
g0° (a.)go +79.2° (e, 3.00 in CCL,)) in sn over-all yleld from cholesterol
of 67 per cent. Ten grams of cholestenone wers converted in 5% per cent
yield into a mixture of 2llo- and gpiallocholesterol (m.p., 140-1%) by the
action of alumimum isopropoxide (60), prepared from 1.5 gn. of aluminum (1).

Wiithout separation of the two lsomers, the mixture of allo- and epi-
allocﬁolesterol was dehydrated in 84 per cent yield to cholesterilens by
means of alcoholic hydrochloric acid, according to the method of
Schoenheimer apd Evans (60). The reaction mixture, obtained by heating 1
gn. of allo- and gpiallocholesterol with & drops of concentrated hydro-
chloric acid dissolved in 60 cc. of 95 per cent alecohol for 2 hours, was
filtered and allowed to cool slowly to crystallize the cholesterilene.

The cholesterilene was purified further by repeated recrystallization
from ethyl aleohol, by treatment with sodium and amyl alcohol, end by ad-

sorption of impurities by activated alumine as described for cholesterilene
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(CusSO,) until the physicsl constants (m.p., 79.5-80°%; (m)g5 - 123.23° and
x§5 1.45974 (e, 3.00 in OCl,)) were unaffected by further purification.
The compoundi showed no depression in mixed melting point with 3,5-choles-

tadiena.

4, Cholesteryl chloride - quinoline.

Cholesteryl chloride (m.p., 95°%, (a)%o - 28.7%ec, 300 in CCl,)) was
prepared in 87 per cent yield by heating a solution of 50 grens cf dry
cholaesterol dissolved in 100 ce. of thionyl chloriﬁe (freoshly ﬁistilled
from linseed o0il) for one hour in the =bsence of pyridins, according to
the directions of Daughenbaugh and Allison (105, except that the product
wes removed from its aqueous suspension by filtration instead of by ex-
traction with ether. It was observed that when cholesterol was treatsd
with a commercial unpurified thionyl chloride, trichlorocholestene (m.p.,
107-8%, (a)2 - 35.56%(¢, 3.00 in COly)) was obteined which showed no de-
pression in mixed melting point with trichlorocholestane (m.p., 107-8°,
(a)%5 - 35.82 (e, 2.98 in CCl,) prepared by the treatment of cholesteryl
chloride with dry chleorine gas in chloroform solutions, according to the
method of Manthner and Suida (37). Meuthner (3U4) reported a melting point
of 106° and a specific rotation of -34.7° for trichlorocholestane.

Anal. Caled. for OueH,aCla: Cl, 22.375. Iound: Cl, 22.29 and 22.31.

Cholesteryl chloride (m.p., 95-6°, (a,)g0 - 28.7%e, 3.00 1n 0C1,))
was also preparsd in 83 per cent yield by the action of an equimolar
quantity of phosphofous pentachloride on cholesterol at roca temperature

for u5 ninutes, according to the directions of Mauthner and Sulde (37).
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Cholesterilene was prepared by the action of quinoline on cholesteryl
chloride, according to the procedure described by Mauthner and Suida (LO).
An ether solution of the red-colored reactlon product, obtained by slowly
refluxing & solution of 12 gm. of cholesteryl chloride dissolved in 80 ce.
of quinoline (dried over sodium hydroxide and distilled) for two hours, was
washed with 3 R hydrochloric acid and with water, dried over anhydrous
sodium sulfate, and concentrated in vascuo. The residue was treated with
decolorizing carbon in alcohol solution and erystallized repeatedly from
alcohol.

The cholesterilene was purified further by repeated recrystallization
from ethyl alcohol, by treatment with sodium and amyl aleohol, by adsorp-
tion of impurities by activated a2lumina, and by recrystallization from
acetone-motbanol as deseribed for cholesterilene (CuSO,) until its phys-
ical constants (m.p., 79.5-80%; (a)§5 - 100.24° and n§5 1.45974 (e, 2.99
in 0Cl,)) were unaffected by further purification. The compound showed no

depresslon in mixed melting point with 3,5-chelestediene.

5. Cholesteryl methyl xanthogenste ~ heated.

Cholesteryl methyl xanthogenate wes prepared in 66 per cent yield by
a method similar to tlat employed by Tschugeeff and Gasteff (63). Into a
onse-liter, round-bottomed flask, fitied with & reflux condenser, were
placed 200 ce. of dry benzeﬁe. 84 cc. of tert-amyl alcohol, and 4.32 gnm.
(0.188 mole) of sodium. The mixture was refluxed on & water bath until
the sodium had completely reacted (about & hours). A solution of 57.9 gm.

(0.15 mole) of anhydrous cholesterol in 150 ce. of dry bengene was then
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added and the solution was heated for four more hours. The mixture was
cooled, 11.28 cc. (0.1865 mole) of carbon disulfide (dried over anhydrous
sodium sulfate) was added, and the resulting mixture was heated for two
hours. It was then cooled again, 15.39 ce. (0.164 mole) of freshly distil-
led dimethyl sulfate added, end heated for two more hours. At the end of
thie time, the resction mixture was cooled and 100 cc. of sther was added.
The ether solution was washed with water, dried over calcium chloride amd
concentrated. Alcohol was added until the solution was slightly turbid
while hot and, vhen it was slowly cooled, long needles separated which were
crystalliged from ether-alcchol. A yield of 46.9 gm. of cholesteril methyl
xanthogenate (m.p., 126-7°) was obtained.

Cholesteryl methyl xenthogenate was also prepared in 75.5 per cent
yield by a method similar to that origineted by Bose 2nd Doran (5). A
mixture of 1.95 gm. (0.05 mole) of potassium and 35 ce. of dry benzene
were heated in a 500 ce, round-bottomed flagk until the potassium was com-
pletely melted. The flask was stoppered with a cork and shaken vigorously
until the potassium was in a very finely divided state. A solution of 13.3
gn. (0.05 mole) of cholesterol (dried over phosphorous pentoxide) in 35 ce.
of dry benzene was added and the resulting mixture vefluxed on a water bath
for 30 minutes. After it had been cooled to 40°, 12 ece. (0.20 mole) of
carbon disulfide (dried over sodium sulfate) and 18,45 cc. (1.98 mole) of
freshly-distilled dimethyl sulfate were added and the mixture was refluxed
for three hours longer. An ether solution of the cooled product was driled
over sodium sulfate end concentrated in vacuo to half its volume. Alcohol

wag added to the hot solution until it became slightly turbid and, when
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this mixture was cooled, the ester separated in long needles, which weras
recrystallized from ether~alcohol. This method yielded 18 grams of
cholesteryl methyl xanthogenate, m.p., 126°.

Cholesterilene was prepared by heating 23.8 grames of cholesteryl methyl
xasnthogenate, under atmospheric pressure, at a temperature of 200°. aceord-
ing to the method of Tschugaeff and Gesteff (68). The heating was con-
tinued at ¢his temperature unfil all bubbling ceased; the resulting resi-
due was repeatedly recrystallized from ether-alcohol and yielded 9.63
grams of cholesterilene. Cholesterilene was also prepared by heating 10
grams of cholesteryl methyl xanthogenate at a temperature of 200-5° for 45
minmites, under the vecuum of a water pump. Considerable frothing was ob-
served in both this 2nd the previous run. The amount of frothing seemed
to be unaffected by the pressure at which the xanthogenats was heated. An
alcohol extract of the cooled residue was treated with decolorizing carbon
and cooled. A yleld of 6 grams of cholesterilene, after repeated recrys-
tallization from alcohol, was obtained.

The two samples of cholesterilene obtained by heating cholesteryl
methyl xanthogenate at atmospheric pressure and at reduced pressure were
coumblined and purified further by repeated recrystallization from ethyl al-
chol, by treatment with sodium and amyl alecohol, and by adsorption of im-
purities by activated alumina as described for cholesterilene (CuS0,) until
the physical constents (m.p., 79.5-80%; (a)gf? - 123.23° and n§5 1.45974
(e, 3.00 in €Cly)) were unaffected by further purification. The compound

showed no depression in mixed melting point with 3,5~cholestadiens.
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Table VI

Physical Properties of Cholesterilene and 3,5-Cholestadiene

Ro.: Method of Preparation ¢t MP,in: ¢ o 0b- o5 ¢
: s %C, tgerved : (“)95 : n§5
1 :Cholesterol + Copper : 79.5-80 ¢ 3.00 : =3.15 : -104.91 : 1,u507h4
Sulfate - : : : : :
2 iCholesterol + Potassi : 79.5-80 : 3.00 : -3.12 : -103.91 : 1.U5974
¢ Acid Sulfate : : : : :
3 :Allo- end Epimllocholes— : 79.5-80 : 3,00 : -3.70 : ~123.23 : 1.U5974
¢ terol + Hydrochloric : : H : :
i _Aeld : ! : 3 :
I :Cholesteryl Chlorids + P 79.5-80 ¢ 2.99 : -3.00 : =100.24 : 1.L45974
: uinoline : : 3 2 :
5 :Cholesteryl Methyl : 79.5-80 ¢ 3.00 : -3.70 : -123.23 : 1.U59T7L
: dsnthogenste -~ Heated ¢ : : : H
6 :Pseudo-Cholestene Di- : 79.5<80 : 3.00 : ~3.10 : -103.2U4 : 1.45974

:  bromide + Quinoline :

Note: -~ All specific optical rotations and indices of refraction in this
series of experiments were determined according to the following pro-
cedure. 4 solution was prepared by dissolving approximately 30 mg. of the
compound in enough carbon tetrachloride to make 1.0058 cec. of solution.
The optical rotations were measured with a Hilger Polarimeter using a 1 dm.
micropolsrimeter tube. The indices of refractlon were measured with a
Pulfrich Refractometer which was manufactured by Adam Hilggr, Ltd. Both
measurements were made at 250 C. using the same solution n<2 = 1.45625 for
the CCl, used. Compound numbers 1 to 5 refer to cholesterflens end number
6 to 3,5-cholestadiens. »

B, Preparation of 3,H~Cholestadiens.

Cholestene hydrochloride was prepared in 89 per cent yleld by the
treatnent of 2 chloroform solution of cholestene with hydrogen chloride
ges, according to the directions given‘by‘Manthner (33). A solution of 6
grams of cholestene dissolved in 100 ce. of chloroform (dried over anhy-
drous sodium sulfats) wes saturated with dry hydrogen chloride gos at 0°
during & perlod of tlree howrs and then the solutlon was allowed to stend

stopnered for two days at room temperaturs. The chloroform was removed by
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distillation in a vacuum and 50 ce. of alcohol was added to the oily resi-
due dissolved in 50 ce. of ether. On standing for 2 short time, plates
s@parated which, after repented recrystallization from ether-alcohol, did
not yield & compound of definite melting point but melted at 80-90°.

Cholestene hydrochloride was likewise prepared in 60.5 per cent
yield by treatment of n solution of 5 grams of cholestene dissolved in 80
cc. of anhydrous ether and 80 cc. of absolute aleohol with dry hydrogen
chloride gas, according to the dirsctions glven by Mauthner (35). The re-
action mixture was cooled in an ice~salt mixture and the needles, which
were removed by filtration and recrystallized from ethsr-alcohol, melted
at 92-3°,

Pscudo~cholestene was prepared by refluxing 6.25 grams of cholestene
hydrochloride (prepared by saturating & solution of cholestene in chloro-
form with gaseous hydrogen chloride) with 6.25 grams of freshly fused
potassium acetate in 150 ec. of absolute alcohol for 15 hours, according
to the method of Maufhner (35). During this time, considerable solid
potassium chloride separated. The solution was filtered hot and, when 1t
was cooled, ylelded pseudo-cholestene in the form of VGry‘fine needles. The
paeudo-cholestene was recrystallized by the addition of alcohol to a hot
ether solution, which had been filtered to remove inorganic salts, until
the solution becamé turbid. When the solution was cooled, it ylelded fine
needles, which were repsatedly recrystallized from alcohol. A yleld of
5.08 grams (89 per cent) of pseuvdo-cholestene (m.p., 78-9°, (m)go + 61.7°
(e, 3.00 in CCl,)) was obtained.
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Paeudo-cholestene (m.p., 78~9°%) was likewlse prepared in B8 per cent
yield by refluxing cholestens hydrochloride (prepared from cholestens and
gaseous hydrogen chloride in ether~alcohol) with an equal welght of potas-
sium acetate in abasolute nlcohol for fifteen hours. Salkowski test waa
negative; after 2 hours, the chloroform layer was slightly fluorescent and
the sulfuric acld layer was colorless; and after 15 hours, the chloroform
layer had developed a red color andi the sulfuric acid layer displayed a
green fluorescence.

The dibromide of pseudo-cholestene was prepared by the treatment of an
ether solution of pseudo-choleatene wlth & eolution of bromine in glacial
acetic acid, according to the directions given by Mauthner (35). To a so-
lution of 10 grams (0.027 mole) of pseudo-cholestens in 80 ce. of anhydrous
ether was odded 4.32 gm. (0.027 mole) of bromine in glacial acetic acid
(solution of 5 gn. of bromine in enough fcetic acid to make 50 cc.). When
the mixture was allowed to stand for & few minutes, the dibromide separated
in the form of nmedles. The mixture was cooled in ice and ylelded more of
the dibromide which was recrystallized from ether-alcohol. When allowed to
atand longer, the mqther liquors turned dark, yellow to green. & yleld of
11.8 gm. (82.5 per cent of pseudo-cholestene dibromide (m.p., 116-7°)) was
obtained.

3,5~Cholestadiene (m.p., 76-7°. (a)go - 70.8° (e, 3.00 in C0l,)) was
prepared by refluxing a mixture of pseudo-cholestene dibromide and quino-
line slowly for two hours, A mi;ture of 11.7 grams of pseudo~cholestene
dibromide end 100 ce. of quinoline was refluxed slowly for two hours, dur-

ing which time the mixture acquired a deep red color. 4 solution of the
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reaction product in 200 cc. of ether was extracted with 3 N hydrochloric
acid to remove the excess quinoline, washed with water until free from
ascid, dried over anhydrous sodium sulfate, and concentrated in vacuo. An
aloohol solution of the thiek, wviscous o0il which remaineﬁ was treated with
decoloriging carbon and the fine needles, which separated when the solu-
tion was cooled, were repeatedly recrystallized from alcohol. A yield of
4,76 gm. (58.8 per cent) -of 3,5-cholestadiens was obtained.

The compound was purified furﬁher by repented recrystallization from
ethyl alcohol ani from anetone—methano;. by treatment with sodium and amyl
elcohol, and by adsorption of impurities by activated alumina until the
physical constants (m.p., 79.5-80% ()39 - 103.24° and n§5 145974 (e,
3.00 in CCl,)) were unaffected by further purification. It showed no de-
pression in mixed melting point with cholesterilene prepared by the follow-
ing methods; (1) cholesterol and copper sulfate, (2) allo~ and episllo~
cholesterol and hydrochloric acid, (3) cholesteryl chloride and quinoline,
and (%) cholesteryl methyl xanthogenate heated.

Anal, Caled. for CgpHy.: C, 87.96; H, 12.04. Found: O, 87.47 end
87.61; H, 12.06 and 12.08.

An attempt was made to prepare 3,5~cholestasdiene by & method similar
to that emplqyed for the preparation of pseudo~-cholestene. A saturated
solution of equal weights of pseudo-cholestene dibromide and freshly fused
potassium acetate in absolute alcohol was refluxed for fifteen hours. The

product was obtalned as an oil which contained organic bromine.
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C. Preparation of 4,6~Cholestadiens.

Cholestene was prepared by the reduction of cholesteryl chloride with-
godium in tert-amyl alcohol, by & method similar to that employed by
Mauthner and Swide (37). Twenty grams (0.04OM mole) of cholesteryl chlo-
ride and 400 cc. of tert-smyl aleohol were placed in a l-liter round-
bottomed flask, fitted with a reflux condenser, and the mixture WS Te~
fluxed very slowly while 20 gn. (0.87 mole) of sodium, cut into small
pieces, were added, & 1little 2t a time, to the hot mixture until all of
the sodium had reacted. The excess tert—amjl alcohol was removed dy dis-
tillation under the vacuum of a water pump. The residue was cooled and
treated with water, while the flask was kept in running water, until all
of the sodlum tert-amoxide had been decomposed. The resulting mixture was
extracted with ether and the ether sxtract was washed with water until
fres from alkall. The ether solution was dried over anhydrous sodium sul-
fate, filtered, and concentrated to a2 small volume. Alcohol was then
added to the hot ether solubion which yielded long needles when cooled
slowly. A yleld of 15.76 gm. (86.1 per cent) of product, melting at 85-
90° was obtained by recrystallization from ether-alcohol.

Since the product contained orgenic chlorine, the above treatment
was repeated. Twenty grams of this crude material were treated with 300 ce.
of tert-amyl alcohol and 15 gm. of sodium in the same manner as described
above. ‘Then the product was recrystallized by the slow addition of alcohol
to & concentrated solution of it in ether, cholestene (m.p., 91-2°, (aJ%o -

48.3° (e = 3.00 in CCl,)) separated in the form of long needles. The yleld
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obtained from this second reduction was 18.43 gm., which represents a re-
covery of 92.15 per cent. The over-all yleld, based on the original welght
of cholesteryl chloride, was 79.3 per cent.

When iso-amyl alcohol was substituted for tert-amyl slecohol in the
preparation of cholestene, it was found thset the decomposition of the sodium
iso~-amoxide, the complete rsmoval of the excess iso-anmyl alecohol, and the
subsequent crystallization of the cholestene, were rendered more difficult.

Cholestene was converted into o~ and g-dibromides according to the di-
rections of Mauthner and Suida (37). To a solution of 10 gm. (0.027 mole)
of cholestene in 75 c¢. of chloroform was added slowly from a burette h.32
gn. (0,027 msle) of bromine dissolved in chlcroform. This bromine solution
contained 5 grams of bromine dissolved in enough chloroform to make 50 ce.
The chloroform was removed and the resulting cryatalline residue was re-
crystallized by the addition of an equal volume of a2lcohol to san ether so-
lution of ths residue. A yleld of 11.9 em. (83.2 per cent) of the f-di-
bromide, which melted at 105-6°, was obbained. A smsll amount of the
isomeric o~dibromide (m.p., 140°) was obtained when the mother liguors
were allowed to stand at room temperature for two days.

4,6-Cholestadiene (m.p., 78-9°, (a.)go + 10.5° (¢, 3.00 in 00l,)) was
prepared by slowly refluxing for two hours & mixture of P-cholestene di-
bromide end quinoline., Five grams of P-cholestene dibromide and Y5 ce. of
-quinoline were placed in a 200 cc. round-bottomed flask fitted with a re-
flux condenser, and refluxed slowly for two hours. The solution, at the
end of that time, hed acquired a deep red color. The mixturs waa cooled

and 100 cc. of ether was added. The ether solution was treated with 3 ¥
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hydrochloric acid to remove the quinoline and washed with water until it
was free from acld. It was then dried over anhydrous sodium sulfate,
filtered, and the ether was removed in vacuo. The resulting oil, after it
had been repeatedly recrystzllized from methyl alcohol and from ether-
methanol, yielded 2.26 gm. (65.1 per cent) of U4,6-cholestadiene in the form
of fine needles.

Anpl. Caled. for CppHggt C, 87.96; H, 12.04. Found: C, 87.77 and
87.54%; H, 12.19 and 12.21.

An attempt wes made to prepare UY,b6-cholestadiene by the treatment of
cholestene dibromide with potassium acetate. A saturated, absolute alcohol
solution of equal welghts of cholestene dibromide and freshly fused potas-
slum acetate was slowly refluxed for fifteen hours, during which time con-
siderzble solld separated. The solution was filtered end cooled but the

product could not be obtained in a crystalline form.

D. Preparation of 7-Dehydrocholsstene Isomer.

An average yleld of 15 per cent of J~ketocholestene was obtained by oxi-
dizing cholestene with chromic acid, according to the directions of Windaus
(77) except that, after the oxidation, a little alcohol was added and the
acetic acld wos removed by vacuum distillstion before the mixture was ex-
tracted with ether. Ten grams (0.027 mole) of cholestene and 500 cc. of
glacial acetic acid were heated to m temperature of 80° in a 1-1iter, 3~
nacked, round~bottomed flaslk, fitted with a mechanical stirrer, thermometér.

and a dropping funnel. While the mixture was continuously stirred and
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maintained at 80°, o solution of 14 gm. (0.14 mole) of chromium trioxide was
added slowly over a period of two hours. The mixture wns cooled to 75° and
a little alcohol addad to destroy the excess clromium trioxide. After the
ramoval of the acetic acid, by distillation under the vacuum of a water
pump, the resulting green residue was extracted thoroughly with 200 ce. of
ether., The ether extract was washed twice with water and then washed re-
peatedly with 2 N sodium hydroxide until the green color of the solution
had disappeered and a brown layer was no longer formed. It was then washed
free from allall with water and dried over anhydrous sodium sulfate. The
ether was removed in vacuo and the resulting yellow o0il was dried in a
vacuum dessicator over caleium chloride, which caused i1t to crystallize.
This s80lid was recrystallized from & very small amount of alcohol and
yielded 7-ketocholestene, m.p., 125-6", in the form of needles.

7-Ketocholentene was also obtained in 15.2 per cent yleld by the
direct ether extraction of the cooled reaction mixture and in 8.9 per cent
yield by sther extraction of the oxidation mixture, which was concentrated
without the addition of aleochol.

7-Bydroxycholestene was not isolated but 7-dehydrocholestene isoner
(12) was obtained in §9.4 per cent yield by the treatment of the aluminum
iso-propoxide reduction product of T-ketocholestene with dilute alcoholic
hydrochloric acid. Ten grams of 7-ketocholestene were reduced by the
_action of aluminum iso-propoxide (50), prepared from 1.5 grams of aluminum
(1). sSeveral attempts were made to crystallize the product from ether-
methanol but only olls could be obtained.

The crude reduction product was dissolved in 150 ec. of boiling 95
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per cent alcohol and 20 drops of concentrated hydrochloric acid were sdded.
The resulting mixture was refluxed for two hours, filtered, mnd cooled. The
product, which separated from the solution, was repeatedly recrystallized
from alcohol and obtained in the form of long needles (m.p., 90.5-91.5°,
(a)%o * 3.67° (c, 3.00 in CCL,)). It gave no depression in mixed melting
point with 7-dehydrocholestens lsomer obtalned by the method of Dimroth and
Trautmann (12).

Anal. Caled. for OnyHy, ¢ C, 87.96; H, 12.04. Found: G, 87.83 and
87.63: H, 12.15 and 12.12,

E. Oxidetion of Cholesterilene with Chromic Acid

Cholesterilene (prepared by the copper sulfate method) was oxidized
with chromic acid according to the method of Fantl (19) who isolated the ox-
idation product, oxycholestenone, in the form of the monophenylhydraszone,
from cholesterilene (prepered by the ziﬁo dust distillation of cholesterol).
To & cooled solution of 0.25 gram of cholesterilene in 3 ce. of benzene and
1l ce. of glacigl ecetic acid was added, with cooling snd stirring, a solu-
tion of 0.35 gram of chromium trioxide dissolved In 2 cc. of dilute sul-~
furie acid (1 volume of concentrated sulfuric acld diluted with 3 volumes of
water)., The reaction mixture was shaken at room temperanture for 6 hours;
Ether was added to the reaction mixture and the ether solution was washed
repeatedly with § per cent sodium hydroxide and with water until free from
alkalil, dried over anhydrous sodium sulfate and concentrated in vacuo. The

rosidue was dissolved in ethyl alcohol, cooled to room temperature, and
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then 1 drop of glaclal acetic acid and 1 drop of fresh phenylhydrazine were
added. The monophenylhydragone of oxycholestenons which separated was re-
crystallized from chloroform-ethyl alcohol until it melted at 270-10.

3,5-Cholestadlens was oxidized with chromic acid by the eame procedure
ag was followed for cholesterilene and the phenylhydrazone, which was ob-
teined from the neutral fraction of the oxidation product, was found %o
melt at 270—1° and to give no depression in melting polnt with the mono-

phenylhydrazone of oxycholestenons, obtained by the oxidation of cholesteri-

lens.
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IV, DISCUSSION

Cholssteryl methyl zanthogenate was prepared by two different methods
and a comparison was made of the ylelds which were obtained by these melh-
ods. One method involved the resction of sodium terit-amoxide on cholesterol
while ths other involved the reaction of powdered potamsslum on cholesterol.
The latter method required less time and also produced & larger yield of
product.

Cholesterilens was prepared by heating cholesteryl methyl xanthogenste
at atmospheric pressure and also under the vacuum of a water pump. No
significant difference in the amount of frothing or in the quality of the
products prepared by the two methods was obéerved.

Cholesterol wes heated with potassium acid sulfate under vaerious con-
ditions of temperature, time of reaction, and ratio of the rescting sub-
stances. It was observed that, when cholesterol was hested at 210-15° with
‘an equal weight of potaseium aeld sulfate for ten minutes, the yleld of
cholesterilens wae small andi the yleld of dicholesteryl ether was compars-
tively large but, when the heating was continued five minutes longer, the
yield of cholesterilene was increased and the yield of dicholesteryl ether
was correspondingly decreazsed. An incrsase of the time of heating to 20
minutes did not appreciably affect the ylelds of cholesterilene and di-
cholesteryl ether. ihen cholesterol was heated with one and one-half times
its weight of potassium acid sulfate at 205-10° for 15 minutes, no di-

cholesteryl ether and only a trace of cholesterilene were obtained. Vhen
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cholesterol was heated with three-~fourths its welght of potassium acid sul-
fate, a considerable quantity of dicholesteryl ether and only a small amount
of cholesterilene were obtained. Oholesterilens was obtained dy heating di-
cholesteryl ether with an equal weight of potassium acid sulfate at 205-100
for ten minutes.

4, 6-Cholestadliene was prepared by the removal of two molecules of
hydrogen bromide from one molscule of cholestene dibromide (5,6-dibromo-
cholestane) by the action of quinoline. It was found to give a positive
specific optical rotation, which would indicate that one of the double bonds
is in the 4,5~position. Because of the method of preparation, the compound
would logically have one double bond in each of rings A and B and the second
doubls bond would be in the 6,7~position, in conjugetion with the first. A
crystalline product was not obtained when potsssium acetate in alcohol solu-
tion was used in place of quinoline.

3,5-Cholestadiene was prepared by the removal of two molecules of hydro-
gen bromide from one molecule of pseudo-cholestene dibromide (4, 5~-dibromo~
cholestana) by the action of quinoline. Ths specific optical rotation of
this compound was negetive, which would indicate that one of the double
bonds is in the 5,6-position. Because of the method of preparation, it
would loglecally have one double bond in each of rings A and B and the second
double bond would be in the 3,4~position, in conjugation with the first. No
depression in mixed melting point was observed when this compound was mixed
with cholesterilene prepered by each of the following methods: (1) choles-
terol and copper sulfate, (2) allo- and gpiallocholesterol and alcoholic

hydrochloric acid, (3) cholesteryl chloride and quinoline, and (4) cholesteryl



- 63 -
methyl xanthogenate~hented. When pseudo-cholestene dibromide was treated
with potassium mcetate in aleohol solution, the removal of hydrogen bromide
was incomplete and the product could not be obtainsd 1in a ;rystalline form.
3,5-Cholestadiene was oxidized with chromic acid and the peutral fraction of
the oxidation product ylelded oxycholestenone, which was isoclated as the
monophenylhydrazone. Cholesterilene (prepared by the copper sulfate method)
wag oxidiged by ths same procedurs and the monophenylhydrazone of oxycholes-
tenone which wag obtained by treatment of the neutral fraction of the oxida~
tion product with;phenylhydrazine vas shown by melting point and mixed melt-
ing point to be ldentlcal with that obtained from the oxidation of 3,5-choleg-
tadiene.

7-Dehydrocholestene lsomer was prepared by the action of alcoholic
hydrochloric acid on the reduction product obtained by the action of aluminum
isopropoxide on T-ketocholestene. The physical constants of this compound
differed from those of U4,6-~cholestadiene since the latter melted lower but
possessed & more positive specific rotation.

Cholesteryl chloride was prepared from cholesterol by the action of
phosphorous pentachloride and of thlonyl chlorid;. The results indicated
that the thionyl chloride method produced a larger yieid of vroduct. The
physical constants confirmed that the products formed by thess two methods
were identical, thus elimineting the possibility of a Waldan Inversion in’
either case. This is in agéeement with the observations of Marker, Whitmore,
and Kamm (32). It was observed thét cholesteryl chloride could not be pre-
pared when cholesterol wes treated with thionyl chioride, as purchased and

without purification. Instead, 2 compound was formed which was shown by
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melting point, mixed melting point, opticzl rotation, snd analysis to be
trichlorocholeatane. \hen, howsver, the thionyl chloride was freshly dis-
tilled from linseed oll, a satlsfactory yleld of cholesteryl chloride wss
obtained. & certain grade of thionyl chloride was unsatisfactory for the
conversion of cholesterol into cholesteryl chloride, even after the thionyl
chloride had been distilled from linseed oil.

The preparation of cholestene hydrochlorids (5-chlorocholestane) by the
addition of hydrogen chloride to cholestene in chloroform andl in ether-glco-
hol solution was investigated. The former method produced a larger yleld
of product which, however, did not possess a definite melting point as did
the compound obtainsd by the addition of hydrogen chloride to cholestene
in ether-slecohol solution. These two products were treated with potassium
acetate 1n absolute alcohol and pseudo-cholestene was obtained from both
. compounds. The yleld, however, wes much lsrger in the case of the hydro-
ehloride, which was prepared from cholestene and hydrogen chloride in chloro-
form. The pseudo-cholestens, prepared from this cholestene hydrochloride
required fewer recrystallizations for its purification than the pseudo-
cholestene prepared from the hydrochloride of constant melting point.

Samples of cholesterilene were prepared by five different methods
which were reprasentative of the three general methods of preparing this
compound which consist of (1) ths direct dehydration of cholesterol, allo-
cholesterol or their epimers, of (2) the removal of hydrogen halide from
cholesterol halides, end of (3) the pyrolytic decomposition of cholss-
teryl esters. These samples were purified by repeated recrystalliza-

tion from different solvents and mixed solvents such as ethyl alcohol and
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acetone-methanol, by treatment with decolorizing carbon in alcohol solution,
by treatment with sodium and amyl alecohol, sznd by a&sorption of impurities
by activated alumina until the physical constants were unaffected by further
purification. The melting points, specific optical rotations, and refrac-
tive indices of the various purified samples of cholesterilene and of 3,5-
cholesiedione were determined under identical conditions. A melting polnt
of 79.5-80o and & refractive index of 1.45974 were obtained for 3,5-choles—
tediene and for cholesterilene prepared by the action of copper sulfaté on
cholesterol, by the action of potassium acid sulfate on cholesterol, by
the action of alecohollc hydrochlofic acid on a mizxture of allo- and epi-
allocholesterol, by the action of gquinoline on cholesteryl chloride, and
by the pyrolytic decomposition of cholesteryl methyl xanthogenate. The ob-
sorved specific optical rotations (ses Table VI ) of the different samples
of cholesterilens and of 3,5-cholestadiene were found to glve higher nege-
tive values then those previously reported in the literature (see Table 1I)
which were, however, observed under various conditions. The observéd
specific optical rotation of cholesterilene, prepared by the action of
quinoline on cholesteryl chloride was -100.24° as compared to ~86.09° which
was previously reported (40) and the value observed for 3,5-cholestadiene
wes ~103.24° while the previously reported velue (61) for this compound was
-63.57°. The speeific optical rotation of 3,5-cholestadlene and that of
cholesterilene prepared by the various methods wvas found to be greater than
-100°. It was observed for each gample of cholesterilene and for 3,5~choles-
tadlene that, during successive stages of purification by the varlious methods

of treatment, as the melting point rose and reached constant value, the
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negetive valus for ﬁhe specific optical rotation rose and reached & constant
value and ths index of refraction also becamé constant. This would indicate
that the variation in previously reported melting points and at least a part
of the variatlon in the reported values for the specific optical rotations
of cholesterilene when prepared by different methods was due to the presence
of impuriiies which were removed by the variousg methods of purifiestion.

Various facts reported in the literéture which complicate an attempt to
determine ths structurs of cholesterilens are!: (2) cholesteriiena cennot be
refuced with sodium and aleohol, wheraa# a conjugated double bond system
usually adds hydrogen‘by l.h-addition; (b) cholesterilene does not yield a
normel malelc anhydride addition product—-this may be due to the molecular
strain expected in the hypothetical addition product when the bonds are in
the 3.#— and 5.6—positions which would not be eipected with bonds loecated in
the 5,6~ and 7,8~positions or the 7,8- end 1M,15-positions; (c) cholesteri~
lene adds 1 mole of bromine but does not yleld a crystalline bromine deriva~
tive; (d) cholesterilene adds 2 moles af hydrogen when catalytically reduced
to yleld cholestane and pseudo-oholestane which have the proper optiesl rota-
tlons~-~thig observation shows the presence of 2 double bonds and prevents a
possible explanation that the varigtion in optical rotation iz due to racemi-
zation; and (3) the three maxima in the absorption spectra of cholesterilene

have been reported to decrease in intensity upon purification.
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V. SUMMARY

3,5~ and 4,6-Cholestadienes were prepared by the removal of two mole-
cules of hydrogen bromide from pseudo-cholestene dibromide (l,5-dibromo-
choleatane) &nd B-cholestene dibromide (5,6-dibromocholestane) respectively.
Alcohol}c potassium acetate was found to be ineffective for the complete re~
moval of hydrogen bromide but quinoline was found to aet asatisfactorily for
the conversion of the dibromocholestanes to the cholestedienes. The choles-
tadiene (3,5-cholestsdiens) obtained from 4,5-dibromocholestans was found to
be laevorotatory, which indieates tlhet one of the double bonds is in the
5.6—ppsition; the other double bond would be in conjugation in the 3,h—p091~
tion. The cholestadiene (Y4,6-cholestadiene) obtained from 5,6-dibromocho-
lestans was found to be dextrorotatory, which indicates that one éf the
double bonds is in the 4,5~position; the other double bond would be in con-
Jugation in the 6,7-position.

3,5~Cholestadiene was purified by various methods until its melting
point, specific optical rotation and refractive index were unaffected by
further purificstion, Cholesterilene was prepared by fife different meth~
ods and the samples of cholesterilens obtained were puxified by various
methods. The melting poiﬁts. specific oﬁﬂical rotations and refractive
indices observed were compared with those of 3,5-cholestadiene and bhe
melting points and refractive indices of these products were found to be

of the seme value. The numerical sgreement of the two highest laevorotations
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observed, namely those of the products obtained by the action of hydro-
chloriec acid upon a mixture of allo- and gpiallocholeaterol and by the
pyrolysis of cholesteryl methyl xanthogenste, leads to the indication that
the products (including 3,5-cholestadiens) obtained by other methods still
contain impurities which could not be removed by the procedure ewployed al-
though the speciflc rotations observed are higher than previously reported.
The treatment of cholesterilene and 3,5~cholestadiene with chromium trioxide
yvielded oxycholestenons (cholesten-l-dione-3,6) isolated as the monophenyl-
hydrazone, which indicated their identity.

7-Dihydrocholestene isomer was prepared by the action of alcoholic

hydrochloric acid on the reduction product (7-hydroxycholestene) of T-keto-

cholestene. The difference in melting point and spebific optical rotation
velues indicated that the two compounds wers not identical.

The preparation of cholesteryl methyl xanthogenate by the method which
involved the reaction of finely divided potaseiu@ on cholesterol was found
to requirs less time and %o produce a larger yield of product than the method
which involved the reaction of sodium tert-smoxide on chalesterol. The prep-
eration of cholestene hydrochloride (5-chlorocholestane) was found to he more
c¢onvenlent in chloroform solutlon than in ethgr~alcohollsolution. %he prepa~
ration of(cholesterilene and dicholesteryl ether byAthe treatment of choles-
terol with potassium acid sulfete under variocus conditlons of temperaturs,
time and proportion of the remgent was studied and cholesterilens was ob-

tained by the treatment of dicholesteryl ether with potassium acid sulfate.
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