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While carrying out extensive investigations into the
constituents of giant cacti, Djerassi anﬂéi’zvasq found that
the non-saponifiable fraciion of Lophocereus schotii contained
n-0ctyl alcohol, lupecl, and two new sterols which were named
lophenol and schottenol. A study of the chemistry of these

4
two vterols demonastrated that lophenol was 4a-methylcholest~T-

en~3p-0l (I) and schottenol was stigmast-T-en-3B=~0l (II).

(11)

About the same time, Mazur, Welzmenn, and Sonc.ih.ee:imf:}:x'gS
established the structure of another naturally occurring
4-methyl asterold named citrosisdiencl, showing 1t %o he
da-methylstigmasta~T,24(28)=-dien-3p-01l (4e-methyl-24-athyl-
iﬁenechelea%nTwenwﬁﬂ?ol}(III)o
OQur interest in 4-methyl stercids arose from the

isolation of a compound which was obtained from rowan bark and
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which waa called mefbuat&dianol% This sterold which was
leolated in very small amount had m.p., 158-160°, [m}D 4+ 14°
and the molecular rotation differences for sorbustadienol and
‘its acetate were in close agreement with the corvesponding
figures for lophenol and citromtadienol.

Prior to ithe structural elucidation of lophenol and
citroptadienol no naturelly occurring monomethyl steroids were
known, although cycloeucalencl (IV), a dimethyl steroid, had been

7
isolated by King in 1956 from tallow wood (Eugalyptus microcorys).

Extensive charegcterisation of this compound indicated a closo
resemblance to oyeloartemol (V) and Cox, King, and King§6
eventually showed it to be 4f-~demethyl-24-methylenecycloartancl
(1v). Until reeentlya cholesterol had not been encouniersd
in the plant kingdom and the lsolation from plant sources of
lophenol (I) is therefore unusual. More important however,
is the fac¢t that it is a 4-ﬁonomethy1 steroid and it appears

highly probable that compounds of this nature are intermediates
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in the biogenesis of cholestercl from a@atid acid.

Thé announaemen‘b9 that certain atardidaléxamimkétonea
with a methyl substituent at the C(é)wpoaiﬁioﬁ paéaeséed higher
biological scbivity then the unmethylated hormones, aroused
congidarable interest in steroids @ontaiﬁing d 4-methyl=3-0x0~
4§@mﬂyst@m‘and in 1956 two groups of workeféxusiﬂ ﬂescribéd the

Tiret synthesis of & 4-monomethyl stexoid, nemely 4e-methylcholesi-
deen-3-one (VI)-




Cholestane derivasives having methyl subptituents
at positiono c(ﬁ) and G(@) have bg@n known foxr some 6time.
Urushibara and Chumam?gg&@ prepared Sa-methyleholestan-~38,60-
diol (VIX) by treatment of 5B,6B~opoxycoprostan=3f-0l with
methylnegnesiun loddde while Ushakov and madaeva?é synbhesised

the loomeric 6Bame$nyl©h01@wtanm§695amdioi‘(VXII) from 50,6

~ opoxyeholestan~3-0l and the same reagent.

Allyl subatdtutlion of the sterold nucleus at positions
C&3> and 0@3) has not been confined 4o the cholestane serlies.
Thuy O6d-methyl-St-prognan-3,20~dione (1I) has beon synthosised
by reduction of 3f-acetoxy-6Gu-iodomethyl-5¢-prognan-20-0ne (3;}{;)ng
and Ga-tosylnebthyl-5¢-prognen-38,208-diol diawetata,§ﬁ)gﬁ with
y  ldthivm aluminivm hydride followed by oxddation of tﬁe roduced

products.
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The firvet synthesis of a S5-methyl pregnane was reporied
recantlyﬂv by Tried, Arth, and 3arett who introduced the alkyl
group ab 3(5) by treating e solution of 17¢,20,20,2i-bismethylene-~
dioxy~3~ethylenedioxy-allopregnane«6,11l-dione (XII) in xylene

with godium hydride and methyi lodlde. Btepwise degradation of

the produet afforded S-methylpregnan«llp,l7a,2l-triol=3,20=dione-
17-acetate (XITI).
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The Structure of Lophenol.

&
The analytigal deta obiained by Djerasasl et al. for

the new sterol (XIV) from Lophocereus schotti suggested

formulations vanging from Ch,H,40 to CyoHg, 0. That the
oxygen was contained in a secondary hydroxyl group was shown
by the formation of an acetate (XV), 2 benzoate (XVI%}and o

ketone (XVII), lophenone.

Co .
81

L0

(xzv) (R = H) (X¥1I)
(xv) (R = €H,CO)

(XvI) (R = CgH4CO)

iophenol (XIV) gave & yellow colour with tetranitromethane

18°290
and showed ethylenic absorption in the ultraviolet indicative
of & trisubstituted double hond, The nature and position of the

double bond wap clarified by carmying owt & series of intersating

!

isomerisations which suggested that the sterol was closely related

7 8
to the steroidal Su-A - or & - alcohols. Reduction of lophenyl

acetate (XV) by hydrogen and platinum in glacial acetic acid daid




not yield the expected Q;ih;ydro product, but gave the /8 {14)'»
igoner (XVIII) which could be further isomerised with hydrogen
chloride in chlovoform to the ﬁ? * -acotate (XIX). While the
double bond of the &% ‘(M'Z’metate (XVIILI) was resistant to
hydrogenation, that of the ﬁ“wiscm@r was smoothly reduced %o
lophanyl acetate (XXI) using & platinum cetelyst. The poasibil-
ity of the double bond in lophenol belng in the 8,9-position
rather than the 7,8-position wes rendered unlikely by ths
ultr&vml@@ spectral date mentioned @.b'ovesﬁ@ e conpled with the
faet that oxidation of lophenyl scetate (XV) with mercuric ma*@;&%%

o

P
is characteristic of A ~stexnols.

709 (131
afforded the cowresponding 4 ‘Dad:i.ane (XXIT)s +this rehotden

8

Gy
)




(%) (R = ®) (XXIT)
(xxx) (R = CH;CO0)

Treatment of lophenyl acstate (XV) with shromium trioxide

in acetic acld efforded two isomeric scetoxy keto epoxides. By

7P 22928 924
analogy with similar oxidation products in the A ~ergoesions

and éXW«@holastanaaﬁsag sexriss the more dexiroxotatory isomew

was asslgned the T-o0x0-8,%-oxido structure (XXIII), while the
nore lesgvorotatory was vepresented as the T-0xo-8,14-oxide (XXIV)s
An, iﬁprcv&d methoéﬂﬁsaﬁ for prepsaring bthesd® compounds conaisted
of stepwise oxidation, firat with perbenzoic acld followed by

. 22 933 724
chromium trioxide., By treatment with zinc, these twe

gompounds yielded thaé§3w7wk@t@n@ (XAV) end thﬂ<&@€1QL7mkaton@
{XXVI) vespectively, characterised by their ultraviolet absorp-
tlon specive, while the sam@cﬁégigmdiﬂna?aone (XXVIX) was obbained
by subjecting the two keto epoxides %0 hydzochloric acid

trosatmont.




.
s
0
4

G

G %@

(XXVIL)

One of the most interesting physical featuras of lophenol
was that 1t diﬁpléy@d molecular rotation values which were
cheracteristic of & tebtwacyclic triterpenoid rather than a
steroid. Also, some semples of lophenol showed traces of another
gompound having & heteroannulay diene chrc)rm::»jp]r:r.omz'zl and originally
these factors led Djeressi and his colleagues to believe that
lophenol was a'tetr§cyclic triterpenold; since many naturally
occurring compounds of this group are found admixed with the

v%a(nz)

gorreasponding A diene. With the exception of eyclo-

eucalenol (IV) the tetracyclic triterpenoi&& are characterised




by having o 3-hydroxy-4,4-dimethyl grouping (or derived ketone)
in »ing A and the presence of this gystem is shown by the fast
that compaunds of this type readily unfergo a retropinacolinic
w@arwang@mentgé on treatment with phoaﬁhorua pentachloride.
Under these conditlons however, lophenol gave the 3ja-chloxo -
derivative (XXIX).

Heveriheless 4t was thought that the sbnormel molecular
rotation values were due Vo an oxtranuclear mothyl substidment
which wes in the c¢lose #i@inity of the hydroxyl gwouéo Atbompis
%o prove this by brominstior were unsuccessful due to gpontaneons
dohydrobromination and consequent exceselive bromine uptak@%&
The point was evemntually proved by studying the effeet of hemio
ketal formation on th@ rovatory dispersion curve of the
saturated ketone lophanone (XXVIII). It is known?a that
hemiketal formation is inhiblted whexre & ketone function ig
flanked by even one methyl group. The fact that cholestan-3-one

suffered a roduction of about 65% in rotatory dispersion

amplitude while lophanone (XXVIII) was only affected to the

tont of 17% intad to th thwrl ow hodne ok .o
®Xihat %h@ éetﬂ?lhg§cupqwaﬁﬁa%@CQ;j gﬁ&“ﬂé&“ﬁﬂe gtaBIQ) o¥ Q€@)°

That the methyl group was ab G(ﬁ) and hed the stable
a-{equatorial )~configuration wag proved beyond doubt by comparison

of the physicel data for synthetle 4a-meihylcholestan-3-one,
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4oa-nethylcholestan=3f=0l, and 4dd-methylcholestan-3f-=y1 scetate
with those for lophanone (XXVIII), lophanol (XX), and lophanyl
acetate (XXI) respectively. In view of this evidence lophencl

was given the systematic neme 4a-methylcholegt=T~en<3f-0l,

(XXVXIL) (XXIX)

The Strusture of Citrostadienol.

By ehromatography of the non-saponifiable fraction of
grapefrnit peel oll, Weizmann and Maﬁur§0 isolated fyriedelin
(Xxx), Besitosterol (XXXI), snd & new sberol which was named
cityrostadienol (XXXII). The problems involved in the structural
elucidation of ocltrostadienol were not unlike those encountered
with lophenol. Anslyses of citrostadiencl and its derivatives
indicated the moleoular Fformula Gy H;,0iCH, for the perent
alcohol and Weiszsmenn and M&zuﬁ?g suggested tentatively that
this aleohol wes @ doubly uwnsaturated I3f-hydroxy-Sa-stercid, one

of the bounds being loceted atb C(q) oy G(g), the above assumpbtlons




(Xxx) (XxxT) (Xxx¥1) (R = H)

(AXXITT)(R = CH;C0)
being based on the following evidence. C(itrostadienocl (XXXII)
gave an insoluble digitonide, imdicetive of a 38-hydroxyl group
and the observation that citrostadienyl acetate (XXXIII)
displayed & single unsplit band at 1252 cmomi in the inffarad?a
pointed 4o a Sa-configuration.

An extensive investigation into the complete structure of

$ i

citrostadlenol was carried out by Hasur, Welzmann, and Sondheimer.

Ozonolysis of citrostadienol (XXXII) yielded acetaldehyde and

thus suggested the presence of g sitigmast-24(28)-ene side chain,
3396

This type of side chain is not uncommon in plant sterols and

1% was of conpidevable interest thab Begitogterol, a companion of
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. oitrostadienol in grapefrult and orange peel oil?o has the
correspondiing saturated side chain.

As in the case of lophenol, the molecular rotation
values for citrostadiencl were not comsistent with those for
sterols but rather, resembled those of the tetrasubstituted
triterpenoids, viz. the shift in molecular rotetion in passing
from alcohol to acetate is poaitivéﬁ? The absence of & gen
dimethyl grounp at Gfé) was shown by the felluwre of ciltrostadienold
(XXX11) to undergo the retropinacolinic r@&xrangem@ntﬂ? on
treatment with phosphorus pentachloride in benzene.

Hydrogenation of citrostadienyl acetate (XXXIII) im
the presence of & platinum catelyst resulted in the upitake of owne
nelar equivalent of hydvogen with the formation of isocitrostenyl
acebate (XXXIV). The failure of this compound to furnish
acetaldehyde on ozonolysis indicated that the side chain double
bond had been saturated, while the ultraviolet absorption spectzum
(P mex. 210 mu, £ 10,500) showed that the nuclear double bond hed
migrated to the fgaﬁiﬁipoaitionéaa That the new position of the
double bond is Zxﬁ(iﬁ)m wes conflrmed when it was found that
isogitrosteonyl scetate (XXXIV) did not give a positive seleniuvm
dloxide taatﬁg and could be saturvated by hydrogenation oveyr
platinum in scetic aclid and hydrochloric acld to give citrestanyl
acetate (XXAV).




id

(xxx11) (R = H) (HERTT) (X¥EV)
(FXXIIT) (R = CH,0O)

The uitraviolet absorpilon spectrum (P max. 200
MR, £ 5,500) of eltwoetadienocl (XXXII) ruled out the 8,l4-position
for tho nuclear double bond emd.anl;y the é;‘i;?m o & a(mmpaai‘biom
could account for the doublo bond shiféing to,é&@(ﬁé}» on
hydrogenstion in acebic acidy.. Mazur, Weismenn, and Sondheimos
showad that the doublo bond was in fact at the T,8~position as
follovss e Citrostadienol (XXXII) wos treated with osmium
toetroxide and the resuliing pentol was acetylated at room
tenpornbure. If the nwcloer double bond ie in the T,8-position
then the ascetylated product ahould be the penitol triascetate
(XXXIX), whereas if the double bond is in the 8,9-position the
product should be the pentold diacetate (XAXVII). Analysis ef

the produat showed it was 2 btriecetate, and in addition cleavage



of the pentol with lead tetrsaceiate followed by acetylation
furnished the diketo aldehyde (XL), which could only be derived

from the pentol (XXXVILI).

)

Exxxvx) éR = H) (xtn) (XXXVIZE)(R = H)
FEIVIT)I(R = CHZCO) (Xxx31%) (R = CH;CO)

The final proof for the sbructurs of citrostadiencl came
from synthetic studies. Treatment of stigmest-deen-3-one (XLI)
with methyl lodide and poitassium tert-butoxide in teri-hutyl
alcohol afforded 4-methylstigmast-desn=3<one (XLIL) and
bod-0imethylstignast-5-en-3-one (XLITL). Reduction of the
monomethyl derivative with ilithium in liguid smmonies gave as
the major product 4uemethylstigmasten-3-ong (XLIV) which was
identical wilth ciltrostanons prepared from the natural product.

This saturated ketone was assigned the 4a-methyl-ha-configuzation
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39
by analogy with similer compounds in the cholestane seriocs.

Reduction of this compound with Lithium aluminiuvm hydride geve
4e-methylstignagtan=3f«0l (XLV) which was ildentical with
clivostenol, while the acetate of Ac-methylstigmesten=3f-ol
(XIVI) was Jdentical with citrestenyl a@@taéao Thereforae

citrostadienol may be wepresented as Ju-methyletigmasta-~T,24(28)-

dien=3p=ni {XAXIL).




17

Biogenssile JImplieations.

o>

Blogh has ashown axperimentallyﬁg ¥4 thet squalene (XIVII)
is an intormediate in the bicsynthesis of larnostercl from acetic
acid and thet this tetracyclic triterpenoid cen be converied
into cholesterel both in vivo and in homogenrised rat liver
tissue. The molecule of nstural asqualene is now known o have
8 Pully tzansold arvangemnent threughouﬁfﬁ This ie of considorable
Jmportencse sinee, if the cyelisation is fully concerted, only
thips conformation can giﬁ@ #isa o the sitereochemistry found
in the sedterpenoidn and s%@r@ﬁ@soﬁgwa@ In she case of the
bilosynthesis of the tetracyelic triterponcids such as lanesteorol,
the ogyelisation is conslderad to be motivated by the attack of
e eation at the double hond at one eud of the squalene chaimﬁﬁmg%
The eyclisation can procesd synchronously by two different paths.
In the first the concertod closure of four ringe leads to tho
formation of the carbonium ion (XILVIII) which is considered %o
be the preeuvsoy of the pentacyolic triterpencids snd of the
euphel-tirucallol group of tetrasyelic triterpenoids. The
socond path lemds to the formation of the isomerie ion (XLIV),
the precursor of the lancsterol grovwp and thonce the steroids.
The fermation of lupeol (L) amd btirueallol (LI) from the
carbonium ion (XIVILI) and of lanostevol (LII) frem the iom
(XLI¥) 40 illustrosed bolow.
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The experimental evi&@nceﬁa for the blogenesis of
pterols in animels is impressive; being based mainly on the
gonversion of labelled squalene and other precursors into
cholegterol,. However, similer evidence for the biogenesis of
plant sterols is unot yet aveilable end indeed the present highly

o 49064
unified picture ’

of the blogenesis of plant triterpencids is
mainly due to the lsolation and establishment of the structures
of produgits of incomplebe or alternate ¢yclisation anﬁ/hr methyl
migration schemes which can all he derived fvom &éualeneoﬁﬁ

It is noteworthy that boith lophencl and citrostadisncl
are found in nature accompanied by a tviterpencoid and a sitexrold,
nemely lupeol (1) and stigmast-T-en-3f-ol (II), and by friedelin
(Xx%) and Pesibtosterol (AEXI) respectively. This represents the
kind of cirvewmstential evidence which permits the.inclusion of
plant stexols in the unified pictur&ﬁgpﬁﬂﬁ@ﬁ of biogensals by
assuning éemethylation of squalencid cyclisation producis as

D=

&
already demonsiveied in enimal dlssues.
nsmasrny
I

HO

Emm

(1) : (1I1)
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(Xxx) {XRxY)

Synihatic Methyl Stexolds

In the courss of revent reseawvches into %he_biological
effocts of modified miteoroids, the insertion of a methyl gwvoup
at various posltions has been of particulay interest. Toramana%%
hep published an exeellient review of this work but since our own
investigations deal with the introduction of methyl substituents
into ring ﬁ{ a resumd of methods already used for this purposg

is presonied below.

(1) Direct Methyletion

The mode of attasck of a mothylating reagent such o
mothyl lodide and potassium leri-butoxide om a 3-oxo=-siercoid
veries, depending on whebther rings A and B are gis~ or irang-
fused and alse on the presence of & 4,5%-double bond, Thus in
the S¢-series, methylation by this reagent is predominently ab

C(z)e Thus androstan-17f-ol-3-on (XXXTT) gives a mixture of



' B8
the 2,2-dimethyl (XXXIIL) and 2-monomethyl (XXXIV) derivatives.

O Eﬁ? €I
| " L ~JA

‘ge Pl
s
o> ‘f*a
(i
(XXXIT) (XAXKIIL) {XXRIV)

Thé above method vesulis in a predominence of the dimethyl
compound and a.more convenient route to the monomethyl derivative
involves the use of a 2-gthoxalyl or a 2-fovmyl intermediate.
Thus the 2-ethoxalyl derivative (XNXV) yields the 2-methyl-2-
ethozalyl sbteroid (XXXVI), which on tveatment with ethanolie

sodlum ethozxide furnishes 2a-methylandrogtan«lTp-ol-3-one

B8
(XXXIV).

r* o

(Xxxv) (XXXVEL)
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1
The direetion of methylation can however be influenced by

59
other steric factors as demongitrated by Mazur and Sondheimer
who found that cholest-T-on-3~one (XXXVII) is not methylated at
the usual G(ﬁ) position but exclusively at c(ﬁ) t0 give

4amm@thylch@1@aﬁm?men;3=one (XXXVITII).

ﬂ:ﬁ”
,ﬁp«&\ ﬁn&,« SUEEL
%\ dwﬂm‘m%
ﬁ)d g o
(XXXVIT) (XXXVIIT)

MEQ? cis-fusion of rings A and B directs the methylation
‘ - 60
towards posltion C(Q)g Mazuy and Sondheimer  have shown that

coprostan-i-one (XXXIX) reecte with methyl iodide in the




[

B3
AN

A mopt convenient method for the introduction of a
f-methyl group in the irans eeries involves blocking the
nore reactive position G(g)s a8 has been achieved by Beton gﬁ_g&fi
with vespect to cholesten-3-one (XLI). Woodw&wﬁaa has shown
that treatment of a solution of 2-hydroxyunethylenecholestan-3-
one (XLII) with trimethylene ditoluens-p-thiosulphonate and
potawaium acetate leads to the dithioketal (ALIII) end Beton and
his co-workers, by varyling the emounts of methyl lodide and
potassium tert-butoxide, converted the dithioketal (XLIXIL) inbe
8 mixture, which after chromatography gave three compounds, one
of which was shown to he the 4,4-dimethyl derivatlive of the
dithioketal (XLIV). .Deaulphuriaation of the other two materials
with Reney anilckel ﬁnd subsequent oxidation gave 4a- (XLV) and

4B-methylcholestan~3=cne (XLVI).

i)
=

]

g

(K1) (XLIT) (XLILX)



(XIVE)

(X¥LIv)

With wespect te the 3-keto=4,%-ethylenic dewvrivatives,
alkylation of, for example, testosterone (XLVIIL) with methyl
iadid@ and potessium bert-butoxide gives 4-methyliestostorone
(KEVIiI) in good 3iald9e5 attack ab G(@) being fevoursed, since

in the intermediate enol (XLIX) G(@) hes high electron demsity.

(RIw1IT) (XLIx)

(XIVILIT)
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(2) Indirest Methylotion

While direct methylation procedures afford good
yields with §m030mﬁ34mst@r@idﬂ, the reaction proceeds poorly
with the corresponding dihydro-compounde and & more conveniend
propavetion of methyl substituted derivatives of this type hes
been devised by Rimgdld gﬁ_ﬁgﬁas The vicinel positions eof
ptveroidal ketones lend themselves very Wéll to formylation by
Fformyl esters under alkaline conditions and the above workers
have prepared zwhydroxym@thylénadihydx@tesﬁ@at@ren@ (LII) by
condensing endroptan-17f~cl-3=one (IXXILI) with ethyl Fformate.
‘Hydrcgen&%iaﬁ of this compound over & paliasdium-carbon eatalyst
rielded the thermodyneamicelly unstable 2R-methyl devivative

(LIIL), which after contact with alkeline alumina gave

2u-nethyldibydrotestosterone (XXKIV).

O ;
fﬁ\ m,w}ﬁ, m i
1§ X N : @&"P '

{XAXIIL) (L11)

@l

N

(arxnay )
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@

- Barton = has prepered 3B-methylcholestans (IVII) by
reduction of methylcholestane«3B-carboxylate (LIV) with lithium
aluminium hydride to the primary alcohol (IV) followed by
reduciion of the dewrived tolwene~p-sulphonate (LVI).with the

pamne reagent.

€,

5 EMM

(Liv) (W) (» ~ OH) (Lyzixr)
(IWINR = C,H,50,)

Recenitly, Kirk and Paﬁrowﬁa discovered o convenient end
efficient route to meathylaﬁwoxomékﬁwateroidg (LX) bylcandenaing
the 5wox0mé&6«%teraid (LVILT) with farmaldehyde and an organic
thiol such as benzene-p-ithiol in the presence of a tertiary bamg,
to glve the corresponding 4w0rgancthiQMh%hylmﬁmoanggﬁ»atﬂr@ia
(LIX) which on treatment with Reaney nickel in acetone gave the

4 ,
4omethyl-3=0x0- A -storcid in overall yields of the owdew of 8¢k,

(LVIIT)



The preparation of ring A methylated siteroids via an
oxo-derivative and a Grignard vssgent has been confined to
addition at G(a)° Bar@oﬂg? by treating cholesitan-3-one (XLI)
with methylmagnesium iodide, isolated 3-mothylcholestan~3a- (LXI)
and =3p=-ol (LXII) while Mu&grava6®~foumd that cholest-4-en-3-one
(LXIII) with nethylmagnesium iodide gave a molecular compouni

comprising the stereoisomers (IXIV) and (LXV).

@@&%w . Q@ﬁ%y

|

(XLI) (LXI) (LXII)

(IX11%1) (1x1Vv) (Lxv)



(3) Cleavage and Reéyclisation.

The first synthesis of a 4-methyl ataruiﬂfo,il involved
the oleavage of cholest=-4-en-3~ome (ILXIII) by ozonolyaia?ogvi
to the keto-acid (ILXVI) whioh recyclised to the emol lactone
(LXVII) on treatment with sodium acetate and acetic anhydride.

Fu;)imoto':a and Heard and 21egler?a have shown that cholest-4-
en-3-one (LXIII) ¢an ba obtained in high yield when the enol
lactone (IXVII) is treated with methylmaghesium iodide and the

product oyclised with base. Analogous treatment of (ILXVII)

@LH@
(v1) \ (1XvIL)
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with one equivalent of ethylmagnesium bromide was uneguccessful,
but when an excess of the Grignard reagent was uased, the
required 4-methylcholest-{-en-3-one (Vi) was cbtained, aftexy

. 40711
cyclisation with base.

(4) Transposition

The steroild nucleus is susceptibls to diveié@ struobural
veerrangononts such as the dlenone-phenol r@@rrang@m@nﬁza where
nigreation of & methyl group is effected without noiable
alteration in the steroldd ak@l@tohg -Sterold dlenones of the
type (IXVIII) can aromatise 1o phenolis derivatives under the
influence of mcids im two different weym. The firet corresponds
to & gimple migyration of thg methyl group from c(aa) to C(%)
(IXIX) ae shown below in scheme (I); the socond r?@ulta in the
revoersal of ring A by & series of rearvangements of the type
depicted in ehheme (II) with the appearance of the hydroxyl

group at G(i) and the methyl group at c(@)(nxx)o

(1xvixx)




(IXVITL)
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BECTTON I

N
Pivtafactfuntiifiadaebark s g eofacphn] %3{82‘35‘3;\31

The Action of Methylmasunesiwm Toddde om

46, Se=Rpozveholestan=38-yl Acatateo.

Mothyluegneasium Ledlde reacts with 4a,5¢-epoxycholestan—
3Pyl acetate to give exelusively 4B-methylcholestan=3f,5u-
dlol. ~Some egpects of the chemistry of this dilol axe
dagceribed. Its strueture has besn established by conversion
into 4-methylcholest=4-en=%-one, o compound of Lknown

canéﬁiﬁutiona
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Treatment of 4u,Su-epoxycholestan-3f-yl acetate (IXXI)
with an exocess of methylmagnesium iodide gave a product, m.p.
187-189°, [aJD + 23,5° in 90% yield. This material showed no
colour with tetranitromethane and its infrared spectrum contained
a strong band at 3333 cm%g (hydroxyl). These observations
together with the snalyticsl date indicated that the substance
wes probably a methyl substituted cholestane diol, 'St@roidal
epoxides are normally cleaved to glve & diaxisl product 4ia
which the zesulting hydroxyl group retains the configuration

PE
of the original oxide.

o O H

s Q{m}(} - RH E & ﬂ@
P T = ¢

H H 1 8 1:3
| R R

If such opening of the onide ring occurs in the present
ease, the product would be 4P-methylcholestan=3f,%x-diol (LXXIL)
and the evidence presentod below confirms this,

Oxidation of the dicl (LXXII) with chromium trioxide in
pyridine 4id not gilve 4f-methylcholestan=5H¢-0l=%=0ne (1XXIV)
(although this sabtursted ketone must certainly de an intermediote)
but afforded an af-unsaturated kebtone, identified as the known
d-mothyloholest-4eer «3-0ne (".'r.‘[)g.l'Jl This conversion to the

known ketone fixed the position of the methyl substituent at G(@>
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and elimineted the Qoasibility of the new dilol being 54~
methylcholeston=3p,4f=diol (IXXV) (still diaxial opening).
Furbher evidencs in favour of the structure (IXXII) camo
from an exemination of the infrared spectyum (in nujol) of
4B -methyleholestan~3p, 56-di0l-3-acetate (LXXIII) which showod
twin ebsorptiom bands in the acetate régiona (1740, 1710, 1280
and 1245 @moa&)o This hehaviour is charactoristic of steroids
having & f-orientaied 3-acetate group and an a-orientated
S=hydroxyl gr@up?m and it has boen ﬁ&gg@ﬂﬁ@ﬂ?? that the presenceo

of the twin peaks iz due o intermolocular dbonding.

% ¢ M
A

CHyhal ., L“‘“%/ ”

, P
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(LX}EII)EIR = H)
(LxxI1r)(R = CHZCO)
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It has been wveporhed that acid catalyssd

dehydretion ¢f 6f-methylcholesten<if,Sa-diol (VIII) imvolves
cig—elimination, the pé@dm@ﬁ being 6-methylohologt-S-en=538=0l
(LEXVIT). Tieser and Rig@udy?@ have shown thet the veasbion
doos not proceed through 6f-mothylcholesb-d-an-5p-0L (LIAAVI)

(the oxpected produst of debydration), with asvbpoquent isomerisa-
tion of the double bomd to the tebtraswbatituted 5(6)-positions
these Tindings heve beoen further substantlatod by Turn@&fﬁ

In view of these uvnuoual resulés it was decided to investigato

the dehydration of 4B-methyloholestan=3f,5¢-diol (IXXIL) So ses

if this compound also behaved abnormelly.




Dehydration of the diol monea@a%aba (LXXilr) with
phoaphurus oxychloride im pyridine yialﬁad e compound which
dimpl&y@ﬂ_nh@ strong laevorotatory character of steroids
genﬁmining 8 5y6=-double hond and whose ultreviolet sbworpition
specirun { P mazm. 204 mu, £ 3,000) also suggesied a trisubstituied
ethylenic linkege. On the above evidence the produut‘wam
formmlated as 4B-nethyleholeat=feen-3B-y1 éc@tate (mvim)
and thér@for@ dehydration bas proceeded normelly with ﬁggggf
alimimétian of water. When dehydration Wéé eifocted under the
strongly acldic conditdons of ascetic &nhydrid& - sulphuric agid
the xaz;.;;iaa product was obtalned. _

In an attompt to prepaxe the isomer (IXXIX) contéining
the tétraaub@titﬁﬁ@d double bond, 4f-methylcholest=S-en=3f=y1
m@etaﬁé (LXXVIIY) was twreated at 100° with hydrochloric acid in
acetlic acid. This reaction led to the isolation of a h&&rem
car%aﬁ whoze ultraviolet absorpiion spestrum displayed triple
peaks at 2520, 2380,a8nd 2470 Eog typleal of a hat@ro&nnui&w
dlens. Phis hydrocarbon must be 4-methylcholeste=3,5-dilens
(IX%X) end its formation from the mcetate (LAAVIIIL) probably
proaaéds;ggg the intermediate &mm@thylchoiea%m4manwﬁﬁwy1 acebate
(IXXIX) since in this compound the §aac@bata group is adja@@nﬁ

$0 a tetrasubstituited double bond and mu@h & system hms beon

BhOWﬁé $0 f&ailitat@ the elimination of acetic acid wiﬁh



the Formation of a conjugated dienc.

8
After the completion of this work Julia and laveux '

reporied the preparation of some of the compounda describoed
abova. A comparison of the melting poinits and specific
rotations of the derivatives pr@par@d by these workers and
by the author is shown in Table A.

It can be seen from Table A that with the exception
of AB-methylcholestan«=3f,5a~diol-3-acetate (LXXIII) the
specific rotation values are of the same order, but in all

cases the melting points of the compounds prepared by Julia and



TABLRE A

0100 £ 09 T3 6 A R (39 00 R 48T

Anthor Julia and lavaux

Moo [a] MoDe [«]
(Refler) D D

4f-methylcholastan=58,5¢- 187-189° +23.5° 181.5-182,5° +17°
diol (LXXII)

AB-methylcholestan~38,5u- 174-175 + 4 167-168 +16
diol-3-acetate (LXXIII)

4P-methylcholest~brene3f- 163=165  =71.5 157~159 «68
vyl aeetate (IXXVIIL)

d-mathylcholesta«3,5~diene T8-T9 =9} Ti=72 =97
{(1XX%)

Laveux ave 6-T7° lower then those yeported in thie thesis.

One other point of interest concerns the oxidation of
4B-methylcholestan-38,50-diol (IXXII). Julia and Lavaux found
tﬁ@t their product (of 'chromic oxidation?) was 4Bnmathyleh31$&%&m

Zoono-5u-0) (LXXIV), & compound not isolated by us but pestulaied

&8 an intermodiate.

Appendiz.

During the preparation of 4u,5x-apoxycholestan<3f«yi
acetate (IXXI) by the procedure of Henbest and Wilsonggg &
gompound was iaolat@d which had not been reported by previous
wm&k@r&gﬁp@% a3 & product of this reactlon, Treatmont of
cholesb-foen-3p=yl acetate (IXXNI) with a solution of verbenzods
89id in benzoene sfforded o gum which on oyrystallisation from
mothahol gave the required 4u,5¢-cpoxycholestan-3f-yl acetate
(IXZX). From .the mother liquors another solid, m.p. 108-109°,
[m]D + 20° was obtalned, the spparent composition, CpoH,,04,

indicating that this metorial was lsomeriec with tho
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epoxide (IXXI). A comparison of the constents of (LXXI) and
of 48,5B8-coprostan-3p-yl acetate (IXXXIT) with thope of the
new compound (Table B) sugsgeeted that it was in fact @ ‘
molecular complex of (LXXI) and (IXXXII). Mixed compwunéa of

602849
thie type are not uncommon in the steroid field. ga°es

gm%mmmé{ﬁ%mmﬂt
Bo Po [G]D
4u ; Sa-Bpoxycholestan=38-yl Acetate (LXXI) 119° + 60°
48, 5B-Bpoxycoprostan=3p=yl Acetate (LXXKII) 89 - 22
Moleculer Complex 109 4 20

Although the molecular complex could not be separsted
into its components by chromatography omn aluming, the
relationship was confirmed by the srtificial preperation of the
material by crystellisation of a mixbture of egual pexrte of
44, 5a-epoxycholentan-38-yl acetate (IXXI) end 4B,5Pf-cpoxy~
coprostan=3p-y1l scetate (ILXXXII). The wesulting complex was
indigtinguishable from that prepared by the action of
perbensolic acid on the olefim (LXXXKI).

This molecular complex has also been obtained in this
laboratory by Howan?e during the preparation of the 4,5-epoxides

(]

8
of cholestan-38-yl acebtate by the method of Platiner.
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The Action of Methvlmesnesivm Jodide on

48, 5B=Epozycoprostan-3f-o0l

Methylmagnesivm iodide rezcits with 48, 5f~-spoxy-
goprosten=38-0l to give & vawiety of produets, two of which
have been ldentifisd. Experimentso whiéh show that ons of
these compounds is 4a-methylcholestan-3f,4p-dicl are discussed
and e synthesls of this diol by an unembigwouns route ig
described, The second compound has been shown to be

idontlical vith the known cholegt=S«~en=3f,4B=diol.



By a procedure essentially the same as that used by
Gollinaﬁ§ 460Sﬂwepoxycopraatanwﬂpmoi (LXXXIII) was prepared
from cholest=f-en-3f=yl acetate (INXXY) via the bromohydrin
(IRXXTIV ).

A

(EXRT) ( LAXK XY ) ELKXXIII)(R e« H)

LEXXIT) (R = GH400)

When & solution ¢of this epoxide In sther-benzeone was
rofluxed with an excess of methylmegnesium iodide, a complex
mizture was obiained which on chromatography on alumins ylelded
several products, only two of these being obtained in quantities
sultable for further investigation. The meliing polnts and

specific xotations of these meterisls ere given in Table C,

EE m‘%w]:gmggm:@zﬁamm R
gompound ~ Bluent o po Ll % yisld
A 1% MeOH in ether  140-14L° + 3805° 1.6
B 1% MeOH in ather 202-20% 4 2405 30
¢ 3% MeOH in ether  190-191 + 175 2.8
D 2% MeOH in other  203=205 4+ 905 1.3
B 4% MeOH in ether  175~176 - 62 28



&
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At this time Julle and laveur  repordted the preparation

of & diol, mop. 188<190°, {&}ﬁ + 27°, from the reaction
bobtweon methylnagnesium iodide and 48, 5f-epoxycoprostan=>3pf-yl
acetate (IXXXIL) and these workews tenvatively suggested that
this compouni was Se-methylcholesten~3B,48-di0d (LXXV). In
view of the @ia@r@paﬂaieﬁ.in consltants vepeoried by Julis end
Lovauz with those obdalned by the euthor (see Section I,
Peble A), i% wes 4ifficult o detormine whether their diol
sorresponded to B, ¢ or D (Pable )3 o cousideration of yield
and rotation fovoured B. The formation of the diol (LXXV)
wonld folleow the goneral rule of dilaxial opening of stewoldsl
epoxnides and wonld be eanalogous to the product obitained by
Urughibare and Ghmm%nigwi& from the similar rosetion of
mothylnagnesium fodide with 5B ,68~epoxycopresten-3f-ol (LILILV ).
This produet was shown by bthése workews %0 he Se-methylchelestane
5f,6p-d10) (VII) since 1t formed & discetate (LAXAVI), a dibenso-
ate (LXXXVIL), and a diketone (LXXXVIIX) which counld be
converted to Se-methylcholestans (LXXXIX) on Clemmensen
redustion,

It was declded to cavey out & fuller exeminetion of

the chemistyry of the product B end the evidence obtainsd

indicatos that this compound is 4a-nethylcholestan«3P,4f-diod (X¢),




o
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(1xxxvI) (R = CHyCO)

(LEXXTIT) (R = GgHzCO)
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although the investigation had been underway for some btime before
doubis arose concerning the correciness of structure (LLXV)

proposed by Julis end Laveux.

A
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The light sbsorption date (ultraviolet and infrared)
end the analysis pointed %o B being a saturated diol. In order
to obtain information regarding the positions of the hydroxyl
groups a gquantitative examinetion of the reaction of B with
godium periodate was carried out. This experiment showsd that
2 l;2-glycol system was present, although the reastion rate wes
slow, the cleavege after 40 hr. and 90 hr. being 20% and 42%
respectively. This is in keeping with the structure (LXXV)
put forward by Julia end lLavaux and also with the allernetive
structure (XC) which we ascridbe to the diol B. The slow rate
of cleavage of the 1,2~glycol unit is presumebly due %o hindrance
by the additional methyl substituent and by the G(go)mm@thyl
group, an effeet which can be envisaged in both strucitures
(1XXV) end (XG).

The possibility of the oxide ring having opened abnormally
to give S5P-methylcoprostan=38,4a=diol (XCII), (a diol which would
be expected to react slowly with sodium periodate due to the
diaxial orientation of the hydroxyl groups) could be sliminated
on the following grounds. Compound B formed an acetonlde (XCI)
and on examination of a model of 5B-methylcoprostan=3p,4a-diol
(X0II) shows that the diaxial nature of the glycol system makes

acetonide formation sterically unlikely 1f nct impossible.
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(RGL)

Treatment of the diol B with sgetic anhydride in
pyridine at room temperaiture gave crystals, m.p. 200-202°
which depyessed the melting point of the wt&rtimé netarial and
whose infrayred specitrum showed the presence bhoth of a hydroxyl
group and en acebtato group. It is therefore Tormulated as
fa-methylcholestan=38,4p-diol-3~acetate (XKCIII). At this stage
in the investigation, when the structure (LXXV) wes still
favoured, the failure of B to form & diacetate was attributed
%0 the highly hindered enviromment of the 4-hydroxyl group and
4+ was considered that e diacetate might be obtained 1f more
vigorous acelylating conditions were employed. When B was
refluxed for 5 hr. with ecetic anhydiride, a mixture was obtained
which furnished, after chromatography oun alumina, the I-mono-
acetate (XCIII) and a ssbturated dlacetete now known to have the
structure (XCIV) but which at the time was considered to be

SmsmathylahgleatanQBB94§§di@1 diacetata (XGV)G



R L™ %,
RO  CH | CHy
:3 @Q “
(XCIII)(R = CHyC0; R' = H) {(Lxxv) (R = H)
(xc1¥) (R =R* = CH;CO0) (xcv) (R = ©H,CO)

The infrarsd sbsorpition of the dlacetate showed no
hydroxyl bend and the acetate absorptlon showed two maxime in
the carbonyl region at 1754 cmoaﬁ and 1739 ememio |

Oxddation of 4u-methylcholesten-38,4B-dlol (XC) with
podium dichromete in dilubte sulphuric acid orx wifh chromium
trioxide in acetic scid geve a orystelline acid, m.p. 124-12§5°,
When ftreated with diaszomethane this scid gave a methyl esier
which wap smoothly reconveriéed to the original acid when
saponlified with methanolic potessium hydroxide at room tempervaiurs
Therefore the acid did net contain a btertiary carboxyl group sinee
nethyl esters of tewrtiery aclds evre known %o be reslstant o
dilute alkaline hydrolyﬂia%a This information together with the
fact thet the infrared absorption spectrum of the compound
showed & strong bend at 1712 omo ™ (carbonyl) led %o the
sonclusion that the acld was 4-methylcholestan=3,4=36¢0=4=0%x0
=3-carboxylic acid (ACVII). Support for this theory was

obtained from a study of the cleavage of diol B with periodisc
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acid. VWhen & solution of the diol in dioxan was treated
wilith a solution of periodic acid in the same solvent, a non-
cryatalline oarbonyl compound was obitained which is consldered
0 bo 4-methyle5,4-B6C0=3,4-dioxocholestane (XCVI) on the
basis of ibe faclle oxidation with hydrogen peroxide in acetie
acid to the previously obtained keto-acid (ACVIT). The
dfcarbonyl compound (ACVI) formed & mono-2,4-dinitorphenyle
hydrasone whose Infrared spectrum still showed sitrong carbonyl
ebsorption at 1709 cmoma and we couslider this compovud o have
the siructurs (XCIX) although no wreal evidonce is availlable
for thiz formulation, apeart from the fact that of the two
carbonyl functions that atb G(ﬁ) appears o be the less hindered.
A carefwl study of the above experiments shows that they
do not provide sufficient evidence to allow the elimination of
(LXXV) as a possible structure for B, since a diol of this
formalation also lends itself to resctions similar to thoso
clted above. Thus oxidation of the diolu(LKKV) would gilve
Sa-nethylcholestan=3,4=8e00-4=-0x0-3-carboxylic acid (CI) if we
accept the not unreasonable assumpiion that the tertiary
aldehydic group 1s vesistant to oxidation., From the cleavage
of the diol (LXXV) with periodic acid the expected product
would be the dialdehyde (C) and the formation of & monc-2,4-

dinitzrephenylhydrazone could once again be attributed to the



nindered tertiary aldehydic function.

- ! P
ROOC o %N@gfmmwg

(xc:vm:) (R = H) (o)

(%evIZL) (R » CH, )
The first positive evidence that the dlol B had the

at*uetur@ (XC) wather then (LXXV) came from the attempted
oxidation of the monoacetate of B with chromium trioxide
in pyridine. This resulted in a quantitetive recovery of
sterting material~and strongly suggesied that a tertiazy
hydroxyl group was pfes@nﬁo That the structure of B is

(X¢) was confirmed by the following serxies of resctions.

468
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(61)

Dehydration of 4ue-methylcholestan-3f,4B=dlol-3=-acehate
(XCITI) at 200° with phosphorus oxychloride in pyridine gave
& mixture which on chrcmatography.furniahad a hydrogarbon and
an acetate. The ultraviolet shsorption of the hydrocaxrbon
displayed triple peaks at 23520 ia (& -17,600), 2380 Eo ( €
18,600), and 2470 Ea(éi- 11,600) which ie Hypical of a mteroid
heﬁeraamnml&r.£&3§ﬁ=dianﬁa This diene was readily shown to dbe
4omothylceholesta=3,5-diens (IXXX) since it was identical in all
respects wifh the hydrocarbon obtained by itreatment of 4f-
mothyleholest-5-en-3f-yl acetate with hydrochloric acid in acetic

acid (Section T).
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The ulitraviolet ebascorption sypectrum of the acotatle
obteined from the dehydration, exhibited a maximum at 2080 Ee
(% 11,000) =and this relatively high intensity absorpiion is
indicative of the presence of a tetrasubstltuted double bond,
The acetate is therefoxre considered to be 4-methylcholest-d-

an-3f-yl acetate (GII) and since 1t conteins an scetaite group
adjecent to a tetrasubstituted double bond the loss of scetis
acild under the resction candiﬁionaga gan be enviseged with the
formation of the hydrocezbon {IXXX). Structure (CIT) for the
scetate was confirmed when on trsgbtment with lithiuvm aluminium
hydride it yielded 4-methylcholest-deenc35B«0l (LXAVI) and this
compound on oxidation with chromlum trlexide in pyridine gave
the known 4-methylcholested-en-3-one (VI), This conversion
of the dlol B intbo the d-methyl ketone (VI) leads to the
conclusion that B cannot be represented by structurs (LXXV)
since & meth&l group migratlion from Q(@> to 0(@) would have %o
oceur during the dehydration with phosphorus oxychloride in
pyridine.

At this point it is velevant to nolte that 48,5B-epoxy-
coprosten-5f-0l (IXAXITI) undergoes rearrangement Hto the
gorveaponding 4eketone priov to reaction with methylmegnesiun

iodide. This is analogous %o the reactlon guoted by Gaylord
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(LXXYE) gn . %J
(c11) (R = €H;C0)
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& el \L c u

(VD)
. 89 )
and Becker  in which 5«,6c-cpoxycholestan=3f~0l (CLIX) reacts

' 20 . . o
with «phenylmegnesium bromide to glve 6-oxocholéstan=38<cl (CIV).

(CIIT)
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23
Recently Chwistensen gt al. obteined a product from
the reaction of methylmegnesium iodide snd 1l1B,12B-epoxypregnen-
3,20-01lone=3,20=-bis-(ethylens ketal) (CV) which they formulate

as (CVI), thus sssuming that a #iihg contraction has ocecurred,

R s T
4.8 &
3 %ii@ﬁ A D<@mj4
jﬁ;j";mj

(cvi)

The sbove veactions asppear o be the only casges of
isomerisation of & steroid under Grignard conditiens, although
hypoth@ﬁ@ﬂ of this neture heve hesn suggested and finelly
r@jectedﬁﬂsvg

iﬁ was decided to attempt & synthesis of a derivative
of (0X), nemely 4-oxocholestan-38-yl benzoaite (CXI), with e
view to studying the reactlion of this compound with methyl-
magnesivm icdide., A solutionm of cholest-S-en~3f,4B~diol=3=
benzoaite (CVII) was shaken with hydrogen in the presence of

2 platinum catalyst and after 12 hr. a volume of hydrogen

equivalent to 4 moles had been absorbed. The uliraviolet
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ahgorpilon spectrum of the product showed no maxinma hetween
2000 Eo and 4000 Eo and in the infrared wreglon the sirong hand
bt T1S cmogﬂ typical of a bensenold system, was sbsent. This
could only mesn that under the resction conditions hydrogenation
had effscted saturation of the avomatic ester ap woll ap %h@é&ﬁm
double bond to glve cholesian=3,4f~dlol=-3-haxahydrohenzoate
(CIX). This feect was confirmed by alkaline hydrolysis of the
ester (CIX), when the known cholestan«38,4f«di0) (CVILL) was
obtained. By oxidising the hydvoxy-ester (CIX) in acetone
solution with sodium dichromate in dilute sulphuric acid, the
corresponding keto-ester, 4-oxooholestan-3p~yl hexahydrobenzoate
(CXII) was isolated in 77% yield.

When a solution of the keto-ester (CXII) in ether-benzans
was refluxed with & large excess of methylmagnesium iodide, =2
single compound was isolated in 70% yieldo 'This proved to be
identical to the diol B (XC), obteined by similar treatment of
4B, 5P=epoxycoproston=3f+-0l (IXXXITI). The 4-methyl substituent
in this compound is aseigned the w-(equatorial)-sonfiguration
by analogy with the findings of Piesexr and Rigaudyﬁa who obtained
6a-methyleholestan-3p,6B-diol (CXIIX) in high yield from the
veaction of 6-oxocholestan«3f-0l (CIV) with methylmegnesium

ilodide.
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Compound B

The other major product from the resction of
methylmegnesium ilodlde with 48,5B-epoxycoprostan-3f-ol (ILXXAIIT)
was shown %o be cholest-H-sn-38,4B-di0l (CXIV). The presonce
of a vicinal glycol system in this compound was indicated by
the fact thaet it wes readily cleaved with sodium pericdate
(aftexr 4, 6, and 24 hr. the perceniege oxidation was 65, 84, and
92 respectively). The ultraviolet abpowrption syectrum showed
the presence of a double bond and the large negetive specifiec
robatlon muggested that it wes locabed between G(&) and G(@)o
Infrared compawison spectyve of the diol E with an authentic
semple of cholest-S-en-3f,4f-diol (CIIV) and of the corresponding
discetate with cholestSeen-3P,dB8-diol diacetate (CAV) wrevealed
complete identity and the asppropriate mixtures showed no
depression in meliting point. The dlol E probably vesulits from
isomerisstion of 4f,5f-epoxycoprostan-3f-ol (LEXXIII) under the
influence of the magnssiuvm lodide presont in the Grignayrd reageud-
The mechaniegm presented below besides explaining the formetion
of the diol (CXIV) also shows how the intermsdiate keto-alceohel
(CX) could arise.

An analogous isomerisation of an epoxide to an
unsaturated diol has besen reported by Urushibara and Chumanlm

who found that 5p,6B-epoxycholestan<3f-0l (IXXXV) reacted with
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mebhylmagnesium lodide to give Se-methyleholestan=3p,6B~diol

(VII) and & small smount of cholested-en-3@,68~diol (cxvz)
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The Action of Methvimagnssium Jodide om

4B, 5B -Epoxycoproston=3c-0l.,

Methylmagnesivm lodide reacts with 4f,5B-epoxycoprosban
=%2=-0L to give four imomerlc dlols A, B, ¢, and D. A is shown
to be 4a-methyloholestan-%a,4B=-Alo] by its conversion inte
d-meithylcholegian=5%,4-seC0=-4=0n0~3=carboxylic acld, a compound
already described in Section IT. C is ascribed the formuls
4ei-methylchole stan=5¢, 58-diol since 1t can be converted to the
lknown 4mm@thylchol@ata4m@nw§;mn@o The diols B and D are shown
$0 be epimers and evidence is preseunited which allows them te
be formulated as 3a-methyleholesitan=3f,4a-diol and 3jL-methyl-

ﬂﬁbleﬁt&nm3m94mwdi@l respectively.
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The epoxide, 4f,5B~eporycoprosian=3a-ol (CXVIIL),
was prepared by the action of slkaline hydrogen peroxide on
0%
cholest~d=en-3-one (LXIIL) followed by reduction of %he

intermediate 48,5p-epoxycopropstan-3-one (CIVII) with sodiam

a8s
borohydride.

C M. C. M .,
{iw | 8 1Y

585'L

MO TG
(LXIIT) {(CRVIT) (CXvIIT)

Trestment of the epoxide (CXVIII) with an ewcess of
methylmagnesiun - 1odide geave a complex mintuwe, separable by
caveful chrometography on ealumine inte fouy components whose

molbing points and specific rotations are shown in Table D,

A0 LE.D
&  ether 189-191° +He 16
B 4% MeOH in ether  179=181 +7 15
G 1% MeOH in ether  154-155 4 15

D 5% MeOH in ether  186-188 +10 705
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The total yield of producis wes 53.5% and it is
noteworthy that the speciiie rotations of the four compounds
are similar.

The analytical date for all four suvbsiances indicated
that they were lsomeric diols of probable composition C,gHg0, -
It was clear that move information was wequired regarding the
positions of the hydroxyl groups and this was forthcoming from
the quantitative tre&t&&nﬁ of the four dilols with sodium

peviodate. The results of these experinents are tabuleted

below.
248088
Compoumnd, Percentage clenvase nlitex
17 hr 42 hr. 92 hr.
4 Q Q 0
B o2 52 35
G 0 0 ¢
Y 29 85 95

While the titration results foxr A falled to detect the
cgeurrence of oxidetion it was obsevved that after 92 hyr. a
slight crystalline precipiiate (sodium iodate) had formed in
the reaction solution, iﬁ&i@m%img that slow oxidation wes
taking place: the reasection mixtures conteining B and D also

deposited sodium lodete.
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GCompound A.

The diol A was trsnsparent to uliraviolet light and
and its infrared spectrum showed & etrong hydroxyl peak at
3485 cm.m1 Acotylation of this compound with acetic anhydride
ih pyridine at room btemperature geave & dlol moncacetates
therefore a tertiexy hydroxyl group ox a strongly hindered
gsecondayy hydzroxyl group was present. Oxidation ofl A with
chromic acld in acetone gave a carboxylic acid; m.po 123«12&ﬂ9
[e), = 3° which proved %o be identical in all respects o
4-methylcholestens3,4-s800=4-0n0=~5=0arboxylic acid (XCVII),
the keto-scld obtained by similar oxidation of dt-methyleholestan-
3B.4P=ai0) (XC) (Section II). This evidence indicates %Vhat
A is epimeric with the diel (NC) and 1s either 4a-methyl-
cholestan=50,4p-A10l (CXX) or 4P-methylcholeatan-3&,4u-dlol
(GXXI). Such 4-methyled-hydroxy compounds could bse formed
by the action of methylmagnesium iledide on the epoxide (CXVIIL),
if the weaction In part, proceeds vig the isomeric 4-oxocholestan-

3z-01 {(CXIX).

ety
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Furthermore in Sec¢tlon II evidenge is cited for
an analogous isomerisation of the epimeric 48 , 5 =-epoxycoprostan-
3p=0l (LXKXIII) under (Grignard conditions. After the formetion
of the 4-ketome (CXIX), the reasction could proceed normally to
glve either &CKX) or (CXXI), dbut the former structure appears Ho
be more likely foxr two weasons. Wirstly, rear stteck om the
d-ketone is preferrved with formation of du-methylcholesitan-3a,4B-
diod (CHX), since the sxiel methyl group ab G(i@) hinders frontal
attack. Becondly, the failure of sodium perigdate to effecst
cleavage of the 1,2-glycol gystem in the dicl A is characteristic
of wvleinsal glycélﬂ having o trans-diaxisl counfigurvation as in
gtructure (CXX). Djierassi and Enrlich = heve shown that the
analogous oxidation of 22a,5d-spirostenc-3a,4p-diol (CXXII)

with lead tetra-acetate is en extremoly slow process.

Qompound 0

Since the dilol ¢ did not react with sodium periodate and
formed & monoacetaite on asetylation at room temperature, the
presence of e btextlary hydroxyl group &b C(s) was suspeetad.
Oxidation of ¢ with chromic acid in zcetone gave, in low yield,
Qmm@ﬁhylcholeﬁﬁwdmenéﬁmoma (VI)m which showed the presence of
& methyl group at C(@)@ Assuming thet &he mpo&i&@ (CXVIIX)
opens in the normel diaxial menner when it reacts with the

@rignard reagent, the two likely préduc%s wonld be
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ju-methyleoprogban=>3a, 5f-diol (CXXIII) and 4B-methylcholestan-
36,5¢-di0l (CXXIV). We favour structure (CXXIII) for compound
¢ since the 5-hydroxyl group has the same configuration as the
@rigihal epoxide (CXVIIX) end is axisl to the ring wherein
reaction hag ocourrved. Hence structure (CXXITI) meets the
reguirensnts foxr the goneral rules concerning the opening of

steroddal epoxides.
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While the evidence obtained from oxidation of the
diols A and C made the formulation of these compounds relatively
straightforward, that from similar examination of products
B gnd D proved to be more difficult to intexpret, Both these
diols could be oxidised with sodium periodate (Table E) and
henaelwewe viecinal glycols. Oxidation of B with sodium
dichromate in dilute sulphvriec acid oxr with chromivm trioxide
in pyridine yielded a ssturated hydroxy-ketome whosse infrared
absoxrptlion spectvum displayed hands at 3559 emo ™ (hydroxyl)
end 1712 om. ™ (cazbonyl). Dehydratlon of thile compound with
rhosphorus oxychloride in pyridine gave an af-unsaturated ketone,
showing meazimum absorption at 2380 R (& 79560) in the ultra-
violet regiom.  When the dilol D wes oxidised under the same
conditions another keto-azleohol was obiained which was ghown
to be epimeric with that obtained by oxidation of B since it
afforded the meme ef-unssturated ketons on dehydration with
vhosphorus oxychloride in pyridine.

Theae veactlons lead to the conclusion that the diols
B and D are epimers and since they do not yield 4-methylcholest
wd=en-3=one (VI) when subjected %o oxldation followed by
dehydration, the methyl substituent does not sppear to be a¥b
position G(@)o The possibility of the oxide »ing heving
opened to give epimeric 5-methylchplemian-3,4-diols such as

depicted by sitructures (CXXV) and (GXXVI) (both dlaxisl opening)
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can be rejected since these formuletions do not contain a

tertiary hydroxyl group and besides thoy do noit lend themselves

to the series of reesctions cited above,

(CXxV) F(VI)

\
In order to explain the isolation of the diols B and D

we suggest that fupther partiel rearrangenscnt of 4d-oxocholestan
«30-0L (CXIX) occurs with formetion of the isomeric 3-o0xo-
cholestan~4e=0l {CXXVIIL). Exzemination of structure (CRIX)
revesls that the hydvoxyl group has the less stable axial
configuration and the qcnfarm&tional stabllity acquired in
going to 3-ozocholestan-du-ol (CXXVIII) (in which the 4-hydroxyl
group has the more stable equatorial configuretion) would be

the driving force for this isomsrisation. The transformation
can be considered as proceeding via the enol {CXXVII), folilowed

by ketonisation to give either 3-oxocholesitun-fa-ol (CXXVIII) ox
4e-oxocholestan=3f-0l (¢X) both of whieh have an equatowial

hydroxyl group. The resulis obtalned by the author suggest
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that structure (CXXVIIY) 1s preferved.
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Fishm&nﬁ% hes shown that of the fouw possible C=16,17
keotols [(CXXIX), (cxxx), (cﬁﬁxmf, (CRXXIZL) ] devived from
estrone, L6é-oxoeatradiol (CXXXIL) has the more stable configuraw
tion since the othes thrse forme reavrvange to this compoumnd in
the predgence of alkall. |

If we agsume bthat the ketol (CXAVIII) is formed in the
reaction mixture thern a new fector is involved concerning the

action of methylmagnesium lodide on the §moxo.aub;;itu@nto
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(CRXXI) (CERRIL)

Singe the Q{$) poaition 1s not so gtrongly infliuwvenced by the
axial methyl gwoup atb 9(19) a8 ore posiktions G(@) and 8(6)9
attack from the reazr does not predominate and both epimers msy
be expected. Tﬁug Mmagrave6® has treated cholsgt-d-en=3~one
(1XIIY) with methylmagnesivm iodide and obitained o substance
which he considersd to be & molecular compound of 3c-methyl-
cholente-d-on=3f-0l (LAV) and Ff-methyleholest-4-gn=-3a-0l (LYIV)
sinca‘&pproximﬁtaly 50/ of this material was precipitated by

digitonin.,
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(LXILIXI) (LxIv) (Lxv)
The point is fuxthew @mpl’iasmed by the findings of

Barton ﬁﬁvg&faw whoe showed that cha}@mtanaﬁe@n@ (X11) when

treated with methyimagnesium io@id@}g&ve j-methylcholesian~

0= (LEI) and ~3p=0l (LXIL} in almost equel amounts.

o G F C ﬁ%
e 0 . 1Y £
\‘% ‘ CHMOE o, =t ‘*«« s
>W, o &19 @,\mem EPE%C “mmE i\% y?"
. CHy O
(xn1) - (Lx1) (LXIT)

I we accept the sbove hypothesis of ivomerisation,
the action of the Grignard reagont on the intermediaste keto-
alcohol (CXXVIII) and the memaqu@n%%re&@tionﬂ of the products

can be explained as follows. -

Methylmagnesium lodide reacts with 3=0x0cholestan~4d>ol
/
(CXXVIII) to give two epimeriec vicinal glycols 3a-methylcholesten-
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=50y 4a-diol (CXXXIII) and *B-methylcholembton=3a,4c¢-diol
(CXXXIV), From Table E it con be seen that the rate of cleavage
of these diols with sodiuwm peviedate differs appreciebly and
since Djerassi and Ehrlich?a heve shown that o gils 3a,40-4di0l

is rapidly oxidised with lead tetra~acetate, compound D is
m&signéa the strusture (CIXXIV). Tresctment of bhe epi@axi@
diols with lead tetre-ncebate gave non=crystalline produsts
whose infrvared spectra showed that they wewve ldentisal amé of
probable constitution (CAXAV) since the infrered spectrum
gonbained bends ab 2?46 and 17%0 amoma (&laehyd@) and 1712 cmamg
(ketone ). Oxidation of the diols (CXAXIIL) end (CAXXIV) with
chromic acld in acetone furnished the cowvremponding epimeric
keto-alcohols Fd-methyled-oxocholestan-38-0l (CXXXVI) and
3ﬁwmﬁﬁhy1»45030@h@135tamm§&»01 (CXXXVIIL)., The latter onidebtions
also gave intrectable &Gi@i@ produets. Dehydration of the
epineric keto-alcohols (CXXAVI) and (CAXAVII) gave an af-
unag@ur&%md ketone formulated as 3-methylcholest-L2-gn=-3j-one
(GXKﬁVIII) whose ultraviolet absorpiion epectzum (p max, 237 mu,
€ T,5%00) 45 in keeping with the calculated wavelength of maximal

absorption (237 mu) of an af-disubstliuted af-unseturated ketons.
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We alpo considered the posibility of ring sontraction
taking place during the Grignsrd reaction as many exanplos of
this are knowmfg Thm@.lmmethyloyclohexena oxide (CXXXIX), in

_ the presence of magnesium bromide r@&xr&ngéa to aoe%yléyclam

o3
~ pentane (CXL) and methyloyclopentylaldehyde (CXLI).
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Furthermore Chrlatensen eb al. have shown thet
. .
118, 12p-epoxypregnone~3,20=dione=5,20=bia=(ethylens ketal)
(CV) resets with methylmagnesium lodide to form a produst

which they formulate as (CVI).
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(cv) - . (cvE)

If we assume a rearrengoment similar %o “8;1:1@.“&'. deseribed
by Christensen gt g,;;fﬁ we ayrrive at a ving contracted product
of type (CHLIL). This however, does not conﬁ‘;in a vicinal
glycol systen a,nd.s'izh@ possibility of such a contraction heving

ocourzed is execluded.
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The Actlion of Methylmagnesium Todide om

4-Oxocholest-S=-0n-3f-y1 Benzoate.

Methylimognesium lodide reacts with 4-oxocholest-
=heen=38-yl benzoate to give & mixture of 4a-methylcholest-
=H=on=5B,48-10l and 4B-methylcholest-f-on-30,4a=diol and
aleo two epimeric saturated ketones tentatively formulated

ap 4a,bc-dimethylcholestan~3-0one and 4f,6a-dimethylcholestan~

=4 =0 o
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In an atbtempt to introduce s methyl substituent ab
G(ﬂ) in the cholestsne nucleus the action of methylmegnesium
iodide on 4-oxocholest-S-en-38~yl bemzoate (CXLIV) has been
investigatad. This benzoate has previowasly been prepersd in
this depariment by Ikan andIMcL@&n?@ the mode of preperation
beilng essentially the sane as that uém& by Rogenheim and
St&rlingﬁW for the preparation of the corvesponding acetaie
(CXLITL). Cholesit=H~en-38,4B=dlok-3-bonzoete (CVII) was
brominated 8t room temperature and without isoletlion, the
dibromide was oxidised with chyromium trioxide in acetic amcid.
Debromination of the produet with sodium lodide in ethenol

afforded 4-oxocholesteS-en=3p~-yl henzoate (CXLIV).

RO™ Y

Q
(Cvin) émxmg R = Q¥;C0)
CXLIV, R = CyxHyC0)



When & solution of the benzoate (CXLIV) in ethers
benzene wos treated with an excess of methylmagnesium iodide, a
compler mixture was obtained which after chromatography on
alumina yilelded two saturated ketones, a fraction containing
phenyldimethyl@arbinol and an smorphous golid. A detalled
exanination of this amorphous material indicated thet it was &
mizture of epimeric diols, viz., 4u-methylcholest-S-en=3p,48-
diol {CXLV) and 4P-meihylcholest-5-en=3p,4a-diol (CXLVIIL),
Fformed by the normal l,2-addlition of methylmagnesium iocdide $o
the af-unsaturated ketone system. Carveful chromatography
failed to resolve this mixfure, which gave & yellow colour
with tetranitromethane and showed stwong hydroxyl absorption
at 3360 cmomﬂ in the infrared. Treatment of the mixture with
periodiec acld gave & non-crystalline neutral product which
exhibited maximum absorption at 2350 En(éi 9,600) in the
ulirvaviolet. Thie characteristic is in keoping with thatb
expected from 4emethyle3,4-seco=5,4-dioxocholest-S-ene (CALIX)
the product which would be formed by cleavagse of the glycol
system in both diols (CXLV) and (CXIVII).

In an attempt to form the acetonide dorivatives, the
mizxture of epimers was treated et voom temperature with acetone
gontaining a few drops of concentrated hydrochloric acid.
Isolation of the product, however, gave the known 4-methyl-

cholest=d=-an=3-one (VI) in 72% yield, thus confirming that o
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(CXIV, R ) (CXLIX) (CXIVEIL, R = H)
(CXIWVI, R = CHgCO) {CXLVIII, R « CH;C0)

methyl swbastituent wes present im the diols ak.c(a)o Algso g
the high yield of the af-unsaturated ketone (VI) suggenits that
the percontage of thoe dd-nsthyl derivative (CXILV) im the
epimeric mixture ds faiely high since the 4~-hydromyl group in
4f=mothylcholostcd-en=3p,4a-di0l (CXIVIL) is not suitadly
orlenteted for the normal trams - elimination of watexr with the
hydw@gﬁn atom gt G(s)o Thus the af-unpaturated ketons (VI)
must be almost enbirely deorived from 4e-methylcholesi-d-en-

38,4B=-dlel (CXLV) by irang- elimination of water to give the



intermediate dienol (CL) which then undargées rearrangement o

4-methylcholeat-d-en-3-one (VI).
/

N
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(cxiv) (¢1) (vI)
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Acetyletion of the mixture of epimeric diols gave meterial
which could not be resolved by chromatography on alumina. Bends
at 3521 cmo ™ (bydroxyl) and 1739 em. ™ and 1263 eme™ (acetate)
in the infyrared spectirum indicsted the presence of the diol
monoacetates (CXIVI) and (CXIVIII). Dohydretion of the mixed
dlol monoacetates with phosphorus oxychloride in pyridine and
chromatogrephy of the product on aluminag gave a noun=orystalline
hydrocaxrbon end an agetate, The ultraviolet ebgsorption spectrum
of the hydrocarbon contained mexime at 2080, 3000, and 3100 go
reminiscent of e chiolesta-2,4,0-triene system. An aunthentsie
specimen of cholesta-2,4,6-triene obtained for comparison showed
strong ultraviolet absorption at 2070, 2960, and 3060 Eo and

it is conclunded that the hydrocarbon described above is largely



4-methyloholesta-2,4,6-triene (CLIL), the methyl substituent at
G(&) being reasponsible for the bethochromic displacement of
approximately 4 mu. This hydrocarbon is probebly derived

from 4f-methylcholest=H=ene3f,4u-diol-3-acotate (CXLVIII) and
ites formation depends on the imability of this diol moncacetate
to undergo dehydration by the normal trans~ eliminaetion process.
The reaction could be wvisuelised as proceeding by the path
shown below with the format}on of d-methylcholesta~q,S5=dien-3=y1
acetate (CLI) s an intermedisto, It has been shown = that
conpounds of this type containing an seetate group allyl to

a2 tetrasubstituted double bond weadily loose escobic a2eid and in
the case under discussion 4-methylcholesta«2,4,6-triens (CLIX)

would be the expected product.
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The acetate obtained from the above dehydration is
considerad %o be 4-methylcholestaw3,5-dien-3=yl acetate (CLIIIL),
on the bapis of the following evidence: +the acetate bands
in the infrared spectrum ocourred at 1754 and 1217 cmomi, this
shift 4o the lower wavelength being characteristic of enol
agetates énd many examples are clted in the literatux@?ﬁ The
nltraviolet sbsorption spectrum was also in keeping with that
oxpected of a compound haviang the structure (CLIII) since it
did not exhiblt the absorption maxime mormally associated with
stﬂroid<ﬁksgﬁm&i@naag but vether showed & single maximum at 2360 A
( - 18,000), cheracteristic of a dienyl ac@tat@?a The dienyl

acetate was readlily converted inte 4-methylcholegt~deon-3-ons (VI)

(cxivy) (CLIXL) (v1)

on treatment with dilute methanolic potassium hydroxide or evern
by contact with alumina for & Tew hours. =~ That the compound
was in fact 4-methylcholesis=3,5-d%en=-3-yl acetate (CLIII)

was esitablished beyond doubt whon it was obtained by acetylation
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of d-methylcholest-4-en-3~-one (VI) uaing lsopropenyl acetata.

Atwater ° has recently also prepared ithis compound (CLIIT)

by trestment of 4emethylchologi-d-en-3-one (VI) with a mixture

of acetyl c¢hloride and acetic anhydride and the consiants qﬁote&
by him are in complete agreement with those obtained by the
authow.

Analysesn of the two ﬁatﬁf&%@d ketonic products mentioned
above (3075) indicated that each contained only one ztom of
oxygen per molecule and suggested that they were isomers of
probable melecular formﬁl& Gy ollgoQe Mo definite explanation
rogarding the structures of these compounds has been obbained
but on the evidence aveilable the move stable ketons (m.po
102-103°, [m]D = 7.5°) is formulated as 4o,6e-dimethyicholestone
~3=one (CLVIII). 7This compound is shtable to treatment with
acid oy base dbut on refluxing s solution of the second ketone,
(mop. 109=110°, [m]ﬁ = 35°), in methanol containing potassium
hydroxide 1t was smoothly convexied into ithe more stable ketons
(CLVIIL). This shows that the compounds are isomers, epimoric
at the centre edjacent to the carbonyl group and the leoss
stable compound is therefore formulated as ﬁpgﬁamdimetﬁyl@helaa~
ten=3-0one (GLIX), in whish the 4-methyl group is axial. It is
possible to explain the formation of these saturated ketones

if the resction beiween methylnagnesium iédlde and 4-oxocholesb-



=H=ane3f-yl bhenzoate (CXLIV) proteeds in a stepwise manner, ae
followss -

The initial attack involves the l,4-addition of the -
Grignard reagent to the afi-nnsaturaied lketone system with the
formetion of the emnol (CLIV), the 6-methyl group being
assligned the a-{equatorial)-configuration since the entering
group should approach from the less hindered w-face of the
moleoule, We must nov assume that the enol (CLIV) undergoes
‘f@&rxangemenﬁ t0 give the ketone (GLV) which will then react
with & seoond mole of methylmegnesium iodide to form 4a,6c-
dimethylcholestan-3p,4B-diol (CIVI). Dehydration of this
diol would lead to the enol (CLVII) which is the parent of the
two epimeric dimethyl ketones (CLVIII) and (CLIX).

Initially the ketones (CIVIII) end (CLIX) would be
presont in equal amounts in the reasction mimture but under the
conditions the conversion of a considorable proporiion of the
4B-mothyl compound (CLIX) to the 4a-methyl epimer (CLVIII)
would be expecited and this is confirmed by the isolation
of larger amounts of the more stable isomer (CILVIII)s. The
spontangous dehydration mtep is not without precedent since

14
Ushsalov and Nadeava found that if the resaction betweson
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methylmegnesium iodide and 5a,6x-epoxycholesten=3R-ol (cx11)
in proliémged foxr T hr., dehydration occurs with the formstion
of 6-methylcholesterol (ILXXVII),
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ALY melting polndn ave wsorzectad. Spacifiec wotationn
vore dotermined la chlovoform golubtlon im & 1 dme wube &%
approxinately 15°0. Tlsgavieles abosorpilon sSpecstws Wors
moapured in gthenol seiution, weing & Unlcam 8P, 500 spegtro-
photonatar. Infrored abgorpiion speotre wewre measured in Mujol
mullg; {unloss othorvise sinted) with a Grubb Parsens $.4 double
bhoarn spectrophotometer with sodiuvm chlovide optics. Grade [T
alumina aud light pedtzoleun (D.p. 60-80°) wers used Loy chromabo-
EEAPNY o

| The author wisheos to thank Dr. 4. 0. Syne and Mr. We
HeGorkindole fox the micy@&m&@ya@& ond wlsravicolet absoxpbion
noasnrenonts, owrd NMiss J. Goldle for the infraved abaeorpsion

BPOCERR.

SECRION I

TR AL RGN

Troabtment of 44, j¥-Epogyvoholenton-3F-y]l Asctato with

Mothylmagnepion Jodide. - A solution of 461, Se-e poxy choleston.

3B=yl ceetate (400 mg.) in dry bensone (50 ml.) and dxy ether

(50 ml) was added bo mothylmegnesiuvam lodide, [propoved Lrom
mogresinm (0.11 m.), methyl lodide (0.64 g.), end ethew (350 mi.)l,
and the selution vas wvefluoxed fovr 4 hv, The ronction mixture
wae cooled ond poured on & mixture of erushed ice (10 z.) and

smonilun ehloride (1 go). After 1 hr. the organie loyer was
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separated washed several times with vaior, and dried (E@%so@)o

Eveporation of the solvent under roduceod pressure gave & whiie

# on e A Y

water t0 give AP-methyleholestan=3B,50-di0l (340 mg.) as plates®Po=

unter to give 4P-methyleholemtan-38,%5x-di0l (340 mg.) as plaben,

Mo Po L8H-18TF %, Two recrystallicatlons fﬁém AGRLONY-TaLer gave

on enalysis sample, m.p. 187-189°, Em}D + 23.5° (8,102)3 iafrared
absorption et 3333 em. ™ {hydroxyl). Thé material gave mo
colour with tetranitromethans in chloroform end phowed no
selective Llight absorption in the ulbtreviolot wegion (Pound:

(580,25 Hpl2.2. Gpg¥;,0, Taquives §,80.3p H,12.0%).

4B8-Methyloholestan=30,5¢-dloi-Y-acutato.~ A4B-Nothyl-

cholestan-3f,50-dlol (100 mg.) in pyridine (3 ml,) and acetiec
gnbydride (3 ml,) was allowed %o stend at woom temperabure for

18 by, Thoe mixture was poured into water, acldified with dilute
nydrochloric asid, and extracted with ethor. The etheresl
axtract wen worked up in the normal manner and eveporetion of

the molvent gave & white sollid (100 mg.). The crude product

was yoorystallised several times from methanol to give 4B-methyl-

cholestan=30, Se=-diol-3-agetete (74 mg.) 25 blades, m.po 3T4=1T75°%,

i i

{m]n + 4° (¢,1.7); infrared sbmorption at 3480 em.  (hydwexmyl),
ot i _ ol ol

1740 emo 5 1710 omo , 1280 omo , end 1245 om. (acetate)

(Founds C,77.95 Hollo2. Cg,H;, 0 weguirves C,78.25 Hy1Ll.4%).



66

Hydrogenolysins of this compound with iithivm aluminium
hydride ragenersted the original dilol, m.p. and mixed m.p.
185-187°.

Troatmant of Af-Methylecholestan-38,%a-djcl with Ghromium

Peioxide in Pyridime. - A solution of the dlel (250 Bgo ) im

pyridine (2,5 ml,) was mixed intimately with & slurzy of
chromiuvm trioxide (250 mg.) in pyridine (2,% ml.) and the
reection mixture war lefy et room temperature fox 24 hw, The
noutial product (200 mg.), isolated by meens of ether, vwas
dissolved im light petroleum (15 ml.) and £iltered through o
colunn of aluvmine (7.5 &.). Elutlon with light peitroloun-
bonzene {4:1) afforded a crystaelline solid (165 mz.) which
after two recrystellisailons from methanol geve 4nmethylch@1@é%e’
d=en=3-00a &8 ne@dlaég BePo 103-104°, {a]n + 204° (£,2.0)3

T mazE. 2500 Eo (&, 15,700); infrared aﬁaorpti@n 8t 1665 emgmi
and 1613 @mom3 (0,8,B~txisubatituted o;B~uncaturated ketons).
Sondheimer and H&zar§3 guOTO, Mo Po 102-103°, [m]h + llomg‘F.maxq
2510 go (€ » 145300) infrarmé aboorption at 1661 cmumi and

o
1618 cm., forxr this compound,

Dehydration of df-Mothylcholeptan-38,5a-diol-3-agetato

with Phosphorus Oxychloride in Pyridine. - The diol moncacoiate
(125 mgo.) in pyridine (10 ml.) was tvoated with phosphorus

oxychloride (5 ml,) and the solution was allowsd %o stand ab



room vemperature for 24 hw, The produst (120 mg.), iseletod
by means of ether,vas recrysitallised several times from

chlovoform-mebthanol to give 4f-methylcholest-foen-3f-yl apatabe

(112 mg.) o8 fine white needles; m.p. 165-165°, [m]:D = 71,5
{851.8). The compound gave & yellow colour with teotranitvo-
methone in chlovoform and showed light abgorption maximum at
2040 A. (€, 3,800) (Founds C,81.03 Hyll,d. CyoHy,0 ¥Yequizes
CoBlody Hy21.4%).

Dehydration of Af-methyloholegtan=38,%¢-dlo] with Avetis

Anhydrido-Sulphuric Acld. - 4f-Nethylcholestan=3p,5g=dinl

(200 mg,) in acetic anhydride (25 ml.) was reflumed for 2 hw,

and the soluiion, (cooled teo 100°), was tremted with comecentrabed
sulphuric acid (3% dvops)o. The dark groen reagition minture was
maintained at 100° for o further.10 mine.y cooled to room. btemperee
ture, and the precipitate filtered and weshed with water. Thoe
neterial was recrystallised several times from chloroforme
methanol o give 4B-methylcholest-S-cn=3B-yl _scetato (180 mg.)

as needles, moPo 162-163°, [a]D w 70° (@,1.5), idontical (m.po
and mized mo.po) with the matorial obbtained in the previous
reaetion.

Treatment of Af-Methylcholest=S-en<3B-yl doetete wiith

Mipexal Acid. - 4B=Nethylcholest=S-an=38-y) acetate (70 mg.)

was digsolved in a mixture of acetic acid (19 ml,) and
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concentrated hydrochloric acid (1 ml.) and the solution was
heated ev 100° for 3 hy. The mizxture was cooled, poured into
webter,; and extracted with ethew. The ethey solution %a@
wvashed with sodium bicarbonate solution, dvried overx anhyézoum
godium sulphate, and svaperated o give & pale yellow gum. A
psolution of the gum in light petroleum {5 ml.) wap filtersd
through alumine (5 g.). ILight petzoleuvm (50 ml,) eluted &
colourless gum (54 mg.) which erystallised from chloreforme

methanol %o give 4e-metlhyloholesio-3,5-dlene an prismetic

needles, mopo TB-T79°, E&]D = 91° (g,1.6)y Pmax.2320 Ao
(€, 17,600), 2380 A {€, 18,600), 2470 Ao {€, 11,600).

(Founds C,88.25 Hyl2.2. CyaM,, requires G,87.9y H,12.1%).

Treatmont 0f Choleat-d-en-3f-yl Acotate with Perbenzoic

Acid. = Cholest-d-en=3f=yl acetate (1 g.) in dvy benzeno

{50 ml,) was treated with & 0,29 M. soluntion (10 ml.) of
perbenzoic acid in bYenzone. Aftexr 3 deys ab room Hemperature
the vesction mimture was poured into 5% pobtessium hydroxide
@olution and the organic layer was allowed to meparate. Thoe
bonzene extract was weshed with watew, dried (Ha,S50,), and
evaporated under veduced pressure to give a gum (1,09 go)
which wao dissolved im hot methanol (30 ml,). The white :
crystalline solld which separeated on cooling was collected

and recrystellised from methanol %o give 4, %¢-epoxycholesitane
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=3B-yl acetate (550 mg.) as bladea, mop. 119=-120°, {a]D + 56°
83 :
(ey1.8), (11t. 5 mopo 119-120°, [&]D + 55°),
When the mother liguore from this orystallisation wexe

reducaed in bulk a molecular complex (210 mg.) of 4a,5c-

apoxycholestan-3f-yl scetate end 48,5Bf-epoxycoprostan=38-yi
acotato sepeareted as needles, m.po 104-107°. Two r@éryatalliﬁmw
tions from mothenol geve needles, m.p. L08-109°, [m]B + 20°
(gﬁloT)g infrared sbsovpbion at 1739 @momﬁ and 1235 ﬁmoﬂg
(scetate) (Founds G,78.33 HolOoTo ChpHue0; wequires C,78.3p
H,20.9%)0

Chromatography of Molecular Complex. <« The molscular

complex (100 mg.) in light petroleum (10 ml.) wes chromatographed
on aluminge (3°g.). Elubtion with light petroleum (150 ml.)

gave & gum (95 mg.) which crystellised from methanol sz necdlsa,

MoPo 10T7-108°%, idenbical (m.p., and mixed m.p.) with the starting

material .

Proveration of the Moleculey Complex £yrom ils Components.-
3o

Equal gquentities (30 mg.) of 4«,5¢-epoxycholestan-3B-yl acetabe,
m.po 119=120°, [m]D + 56° and QﬁpSQ»QPOEycoprogt&nw3§m§1 acotate,
Mo Po 88-89°, [@a]D = 23,5° were mixed and r@crymt&lliseﬁ.twicw
from methanol to give nesdles, mo.p. 108-109°, [m]ﬂ + 18° (8,2,0)-
A mizoed m.p. determined with & senple of the moleculer complex

showed no dopression.
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SEGTION _II

TSRz I ST

Treatment of 4P,5B=kLpoxycoprostan=33=0l

with Methylmagnesium lodlide, = A solution of
ABDﬁﬁ%@paxycoproat&nmﬁﬂmol (9.2 g.) in dry benzens (180 mio) and
dry ether (180 ml,) was added %o me thylmegnesiuvm iodide, [pr@p&r@&
from magnesiwm (4.4 go),methyl iodiﬁalfaﬁooa go.)y and other

(110 mlo)]ﬂ and the solution was refluxed for 4 hr., cooled, and
poured or & minture of crushed ice (500 g.) end emmonivm chloride
(50 g.). Ether (300 ml,) was addsd end after the solution had
been shaken vigorously, the orgenic layer was separated, weshed
several times with water, dried (Na,SO,), and evaporated undor
reduced pregsure to give a waxy solid (9.3 go)a The crude
product was dissolved in a minimum of bonzene and chromatographbod
on alupina {400 go). The chromatvogrem was developed as indiceted

in the susmary below.

Fraction Eluant Yolo.(ml.) Wi.(g.) Deseription
=5 Bengzene 500 - =
6;15 Ether | 1000 = -
16-3L 1% Methanol in ether 1600 0,137 Gun
32-34 4% Methamol in ether 300 0,151 Gum
35.56 1% Methenol im ether 6000 3,503 White resin
57-63 2% Mothanol in ether 2100 = =




Traction Eluant Volo(ml.) Wh.{x) Desoription
‘64m@5 3% Methanol in ether 3900 G275 White sclid
86-90 3% Methenol im ether 1500 0,105 White solid
91-99 3% Mebhanol in ether 2700 00269 White resin

100309 4% Methanol in ether 1000 0,086 White resin
110-121 5% Methemol im ether 1200 5,170 White soldd

Practions (L6-51) were nom-crystalline.

FPractions (32-34) wers combined and orystellised severmd
times fyxom acelbone~-water to give anr wnldentified gggg_(?ﬁ BEo )
as blades, M.p. 140=141°%, [mjD + 38.5° (€,0.,8), The c@mpéumﬁ
geve no colour with tetranitromethane in chloreform and was
transparent Yo ulbtreviolet lighty infrered sbsorption at 3290 and
3125 em.” (hydwoxyl)  (Founds G;80.23 Hylle6. Gyalo0,
reguires §,80.33 H,12.08).

Practions (35=56) wors bulked and erymtalli@@ﬁ RARY

times from light potroleum to glve de-methylcholestan-38,4B-diol

(2,86 go) as lustrous plates, m.p. 202-203°, [m]D o 2405° (853.0)0
The compound gave no coloww with tetranitromethene in chloroforvm
and showed no solestive light abporption im the uwltravieles
roeglong infrared abporption at 3346 emo”a {(hydroxyl)  (Founds

CpB0.2p Hyllo9. CugliyoCy requizes €,80.3p Hy12.0/).



Fractions (64-85) wove combined and orysitallised
several times from light petroleuwm glve & second unid@nﬁifi@é
diol (172 mg.) (¢y2.0). The compound was btransparent 5o
ultraviolet lighty infrared zbsorption at 3220 em.™ (hydroxyl)
(Founds €;80.65 Hy120.1. CpgHyo0, roquires C,80.3; H,;12.0%).

Fractions (86-90) were combinaed and crystallised meny
tines from acetone but a pure materiel was not obitalned.

Practions (91-99) wers bulked and crystallised mmmerous'
times from acetone to give s third unidentified diol (124 mg.)
as plates, m.p. 203-205%, [m]n + 9.5° {g,2,0). The compound
was trensparent o ultraviolet light) infrared absorption at
3484 ome ™ (hydroxyl) (Founds G,80013 Hy12.2. CyyH;,0, rToquires
Cy80:335 Hy12,0%),

Precbions (110-121) wers combined and crystallised twice
from mcotone to give cholest-S-on-3f,48-diol (2,58 g.) as nesdles,
m.p. 175-176°, [a]n = 62° {gy2.1). The compound gave a yellow
colour with tetranitromethane in chloroform and showed 1light
abosorption at 2080 A. (£, 4,200). The mop. of & miztuve of
this material with &n/amthentic sanple showed no deprasBion.

The ebove diol (50 mz.) in asstic anhydride (1 ml.) was
roefluxed foxr 1 hr., and the products whicﬁ separatod from the

gold reaction mixture was raecrystallised from methanol to give

cholesb-5-en-3p,48-diol diacetate,m.po. and mixed m.p. 1069-1707%,

[&]]’) = 94’® (‘g,'pgoO}o



Sedive Periodote Titrvetlion of 4a-Methvlcholeston-38,48-

. 4017302 . . -
diole - An egquecus soluntion of modlum pericdalte (2.9 mi.g

ozt

0.20171) wos added to o solution of the &iol (5%.3 mg.) in
aleohol end the volumo made wp %0 50 ml., by addition of &
further quentity of alcohol. Portiens {10 ml.) vers romoved
after suitable bine intezvals ond the exoess of sodium pericdoto
ves cptinsitod lodimetrigslly by the method of B&rm@hyigg A
blank containing only the agueous a. leoholic solution of sodiuvm
periodate was propered pud Hreated im the sawne mauney as bthe
paaple. The wesulie of the titretions ave tebulated below.

Reaetion Pime Blenk Titretlion Qwaupla Tlivation Tﬂ@w&%i@m DBlfimac

(s, ) {nloof Oodi {(mi. ©f O.LN {whe of Dok ¥
sodiva argonite) sodivm arsenite) sodium creenide)
5 lo(}ﬁa -!,.003 [
.'j,ﬁ 1@ OE’; 10(38 =2
40 1,07 0.96 0o L4
a0 1. G7 0.8% G4

The gbove resulito indleate that after 40 hv. end 90 hw,
the ozidation of the 1,2 glycol uplt had oscurzed to the axmiteond
of 20% and 42% vespectivoly.

Sodivm Perledate Titration of 38,46-Dihyazorvenolegbe=fe

=one. = An cleoholis amolution of the diol (51.2 mgo.) waas
trented im the menner dezeribed above with the following

repulbs.
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Regction Time Blenk Titration Sample Titr@&igg_Titr&tionmpifggggf

(Hre.o ) (nl. of 0,18  (ml, of 0ol W (nl. of 0.4 B
podium arsenite) sodium srsenits) sodium evacnite)
4 1,07 0.74 0,33
6 1,07 0.64 0.43
24 1,06 0,59 Q.47

The above remui%a show that the cleavege of the 1,2-
glycol wnit wap 65, 85 and 92% after 4, 6 and 24 hes. respectivaly.

The fcetone Derivetive of da-Methylchelesten<3f,48-diod. -

da-Methylcholestan-3p,4B=-diol (100 mg.) and dry asetone (L0 ml.)
wae treated with concemtrabted hydrochloric acid (3 drops) amd
the mixture was shaken until e cleayr solution wesalied. The
shaking was continued for a furth@é 2 hr., when sodium
blcaxrbonate was added and, after 10 minutes, the solid was
filtered off and the filtrate teken %o dryness. The white

golid which remalned, was dlgsclved in light pstroleunm and
chromstographod on aluming (5 g.). Blutlon with light
potroleum gave a cxrystelline fraction (41 mg.) which after twe

recrystallisations from methanol gave 4a-meithylcheleston~38,48-

diol acetonide (35 mg.) 89 needles, moP. 135-137°, [mjﬁ + 11°

(851.5) (Founds C,81.23 H,12.0. Cg,Hg,0, wequires €,8L.2p
HBello9%),
4a-lothyloholestan-38,4-010l=5~a00b0b8, = 4a-Methyl

choleptan«38,48-diol (105 mg.) in pyridine (3 ml.) and acetic

anhydride (3 ml,) was koept at roow tempermburs for 18 hw,



Isolation of the acetyleted produst with ether gave o white
Bolid, m.p. 186-195°%, Several vecrystaellilsations from

methanol gave 4a-nethylcholestan-3p,4B8-lol-~3-n00take (6L mg.)

an matted needles, M.p. 200-202°, [m}n 4 29.5° (g,2.0)0 The
sompennd vas transparent to ultraviolet lighty infrared aboorp-
tion &t 3509 chM1(hydrmxyl)9 1724 amomi and 1266 cm@mi (asetats )
(Pounds C,78.55 Hyllo2e CgoHyo 0y ¥oquives €,T8.2p H,llo4%).

Ac-Mathylcholostan-3B,48-diol Di&@@t@t@n = A solution

of 4o-methylcholestoan=38,48-diol (200 mg.) in acetie enhydride
(5 ml,) ves reflumed for 5 he. The cold resotion mimture was
poured imto water and the neutral product @ﬁ@f@@t@d with ether
in the npwal nanwer. Evaporatlion of the solvent gave e white
80lid which was diesolved in light petroloum and chromaetographed
on aluming (5 g0 ). Elﬁﬁiom with light petroleunu~henzene (4sl)
gove & orystalline solid (110 mg.) which affer three recrystalle

isations from methanol geve 4a-methylcholestan-38,4B-diol

discetate (93 mg.) as plates, m.p. 154-155°, [a]y + 3° (golo4).
The compound was trenspereont to wlireviclet lighty infrared
absorpbion (in carbom tobtrachlowide) at 1754 om.™ ond 1739 emo™
(scotate) (Founds G,76.25 Hsll.l. Cg,H;,0, Toquizes C,76.4p
My 10.8%) o

Elution with bonsone geve & white solid (73 mg.) which
after seoveral crysitmllisation from methenol gave 4u~nethyl

cholostancif,48-dilol-3=p060tate {52 mg.) ae nsedlen, M.p. 200-202°%,
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The compound was identical with thet prepsred im the previous
raa@tien;

Ozidation of da-Methylcholestan-38,4B-diol with Chromie
Agido - é;m»ﬂ&athylcholaat&nwﬁﬁ943'~ﬂ101 (450 mg.) im stabilised
acebic aeid (37.5 ml,) and watex (2.5 mlo)'wa@ heated %o 60° om
s wabter bath., A solution of chromium tyioxide (450 mg.) in
stabilised scetic acid (4 ml.) and water (0.5 ml.) was added
and the veaction mizture maintained at 60° for a furthexr 2,5 hy.
The excess of chromic acld was destroyed with mathamol'(z mlo )
and the golution dilubted with water, exitrectod with ebthexr
(3 = 50 mlo.), and the othersal extract washed with 7% sodiun
hydozide solution (3 x 50 ml.). The alkaline wash wes acidifiod
with dilute hydwochloxic acld and the precipltaie extracted
with ether (300 ml.). Evaporation of the solvent undor xeduced
pressure gave a gum (430 mg.) which after three crystallisations

from methanol gave {-methyloholestan-?,4-06800-4-0x0=%-carhoryliie

acld (230 mg.) as plates, m.p. 124=125°, [a]D = 1o5° (p104)s
infrared ebsorption at 2674 cmu“& (carboxylic acid), 1712 @momz
(carbonyl) (Founds C,78.03 Hyl0.9. ChgH,g05 Taguires €,77.73
H,11.2%),

The acid (100 mg.) was btreated with an excess of

diszomethene in ether. Crystallisation of the product from

methanol gave d-methylcholestan~s,l-8e00=~4-0X0=-3=0arbonylic

8cid methyl ester as plaites, m.p. T7-78° infrared abmorption
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at 1739 em.  (ester), 1706 cm, {(ketome) (Founds C,78.3p H,211.2.
CopH50; ¥equizves C,78.09 Holl.3%).

- Hydwrolysis of 4-msthyleholestan~?,d-8000-4-0x0~3=0arbozylic

Acid Methyl Ester. - The ester (70 mg.) and sodium hydroxide in

methenol (0.5%; 10 ml.) were shaken togebther until goimti@m Tas
complete and the resction mixture woes allowed o stand at roown
tenperature for 24 hvo The scilubion was scldified with dilute
hydrochlioric scid, extracted with ether, and the sthereal solution
was washed with 7% sodium hydroxide solution (100 wl.). The
alkaline wesh was acidified with dllunte hydrochloric acid and the
precipitaite extracted with eﬁﬁero Evaporation of the solvend gave
a gum (55 mg.) which orystallised fxom methanol to give 4-methyle
cholestan=3,4-8000=4=0x0-3=carboxylic acid (40 mg.) as plates;nopo
and mixed mop. l24-125°,

Treoatment of da-HMebthylcholegtan=3f,4B-diod with Perioedis

Aoid. - The diol {590 mg.) was dispolved im dioxan (25 ml.) and
a solution of periodic acid (HIO,.2H,0; 670 mg.) in weter (4 ml.)
was added, The white precipitate which formed was wedissolved by
shaking end & further guantity of dioxen (5 ml.,) was added. Tﬁ@
opaleasont solwtion was allowed to sbtand at room temperaturxe Lowm
48 hw., when & coxystaelline pyecipitate (HI@,) was formed. The

dlioxan was romoved under reduced pressure, vwater was added, and

the resulting gum was extracted with ether. The exiract was
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wvashed with weterydried over anhydrous sodium sulphate, and the
solvent eveporated to give a yellow gum (570 mg.) which wae
dispolved in light petwoloum and chramatoér&ph@ﬁ on aluming

(15 go). Blution with ligh% petroleum-benzene (1l3l) gave
demethyl-3,4-pec0-3,4-dloxocholestane ag & non-crysielline gum
(250 mg. )y infraved absorption at 1712 emo ™ (carbonyl). Thoe
gum (80 mg.) in methanol (2 ml.) was treated with o solutiom of
2yd4=-dinitrophenylhydrazine in methanol and $the resuvultihg yellow
precipltate was filiereddried,and recrystallised from chlowroform-

mothanol to give ithe mome~2,4-dinitrophenyihydrasons of S=mathyl-

3, 4-8000-3,4-diozocholentane (65 wmg.) o8 blades, m.p. 197-199°,

[m]D = 17° {(gplod)s infrared asbscrptlon showed & strvong band af
m:!‘ 4

1709 omo (carbonyl) (Founds G,68.55 HyB808p No9abo OgaHyg 05,

requives (,68.47 Hy8.8y N,9.4%),

Tregtment of 4-Methyled,d-ne00-3,d-dloxocholestane with

Hydrogen Peroxlde. ~ The nen-crystalline sarbonyl compound

(60 mg.) in acetic acid (2 ml.) was treated with aqueoous hydwogen
peroxide (30%3 1 ml.) and the solution was heated at 100° for

3% hoo Extraction of the acidic produet dn the menner desgribed
previcusly gave o gum (40 mg.) which crystallised from methanol
t0 yield 4-methylcholesian~%,d-s8co~4-0x0=F=c2rboxylic acid an

plates; m.po and mlxed m.p. L24-=125°,
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Trentnent of de-lethyleholestanw3p,4f-dlol-3-acotate with

Ghromium Trioxide. = A solution of the diol momosmcedate (100 mg.)

in pyridine (3 ml.) was mixed with & slurry of chromivm trioxide
(100 mg.) in pyridine (1 ml.) amnd the reachion mizture was left
at wroom tempersturs for 20 hr. Isolation of the product by
meang of ether gave & white soldid which crystallised from
methanol o0 give uwnchanged steyiting material.

The Action of Phosphorus Onychloride im Pyridine onm

fe-flethyloholeston~3f,4f=diol-3=-acetote. - Phosphorun oxychlowids

(10 ml,) wee added to & solution of the diol momomcetate (1 go)
in dry pyridine (40 ml.) and the mixture was kept at 100° fox
3 h¥o The excess phosphorus oxychloride was destroyed by the
addition of crushed lee and the neutral product was isolsted by
means of ether, Evaporation of the solvent afforded 5 gum
(850 mgo) which wes disselved im light petroleum and chromatoe
graphed on alumine (25 g.)s Blution with light petvoleum
(100 ml.) gave & fraction (260 mg.) which crystallised from
chlozoform-ne thanol to give d-methylcholesta-3,5-diens (210 mg.)
88 needles, m.p. 78-79°, [m]D = 92° (€92.1)0 The identity of
this eomp@ﬁmd with the d-methylcholente-%,5~diene propared
previously (page 88) wes established by mized m.p. determimation.
Further elubion with lighs petroleuvm (250 ml.) gave a
cryatalline fraction (590 mg.) which gave, after two orystsllione

sioms from methemol, 4-methyicholest-4-en=3A-Vl scobateo (260 BEo )
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es needles, M.p. Ll3-114°, [m]n + 37° {gy1c1)s Wmax. 2080 20
(€, 11,000)3 infraved absorption at 1739 cm., and 1250 ocm.
(acetate) (Founds €,81.05 HylleT. Cg,k;,0, Tequives C,81.4;

Hyllo4%).

d-Methyleholesteold-gi=iB-0l, = 4-Methylcholest-4-on-3f-y1
acatate (145 mg.) in dry ether (20 ml.) was added o & suspension
of lithium sluminiuvm hydride (100 mg.) in dry ether (20 ml.) and
the mizture was boiled gently under reflux fow 2.5 hw, Bthew
(50 ml.) vas edded and the excess hydride wes decomposed by am@
ceuntions additlion of orushed lce., The suspension was washed with
dilute sulphuric acid (5N), water, and dvied (Na,S0,). The
reslidue remaining after eveporation of the etheyr was recrysiallised

several times from metharnol to gilve 4-methylcholest-d-gn-38-0l

M@K o
7] .
2100 4. (€ ,7,500) (Founds C,84.25 H;12.2. C,gH,,0 vequizos

(120 ng.) an needles, mop. 1T7L-173°, [m]ﬂ + 58° (@pdoT)p P

G,83.95 H,12.1%).

Oxidetion of A-Nethylcholegied-en-3f=0l with Chromiuem

Trioxide. -~ The aleohol (75 mg.) im pyridime (3 ml.) was troated
with e slurry of chromium trioxide (3100 mg.) in pyridime (1 ml.)
and the mixture was allowed to sitend for 20 hv. 8% room tenperaiuid.

The produet wes isolated by means of ether, dlssolved in light

petroleum; end chromstographed on aluming {3 go)o Blubtlom wibhk

1ight petroleum-benzens (2:1) gave & crystallinve fraction (50 mg.)
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which orxrystallised from methanol as needles, m.p. 103-104°,
idontical (B.po, mixed m.p., and infrared absorpition) with
d-nethylcholested-en-5-000,

Hydrogenation of Cholest-S-eu=30,40-0i0l=3-bensoate. =

The benzoate (1 g.) in ether (100 ml.), ethyl asetate (50 ml.),
and acebic acid (20 ml.) was shaken with hydrogen over 3 plabinum
catalyst (from 100 mg., of platinum oxide) for 12 hwy., at room
emporature, The volume of hydrogen absorbed at N.T.P. was

180 ml. {4 moles). The catalyst was vemoved by filtration and
the filtrate reduced to 50 ml., by evaporation of the solvent

in vacuwo. The product which separated on cooling was collected
and recrystallised once from chloroform-methencl to give

ocholestan-38,4B-d10l-3-hexahvdrohensoata (780 mg.) as nesdles,
MoPo 2132159, [m]D + 4.5° (g,1.1); infrared absorption ab

1709 emo ™ {with a shouldexr at 1730 emam%)&nd 1244 oo™ {entor) o
The compound gave no colouwr with tetranitromethans in chloroform
and showed no selsctive light absorption in the ulireviclets wegion,
A mizture with the starting material (m.p. 212-213°) had m.po
200-202° (Founds C,79.0p Hy1llo2. Oy, H;,0; requives C;79.5s
Hy21.4%).

Hydxolyeis of Choleston-3B,48-8lcl-J-hexahydrobenzontg, -

The ester (100 mg.) was refluxed with 3% methenolic potassiuvm
hydroxide solution (30 ml.) for 35 hr. The product (71 mg.),
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imolated by means of ether wes reoxystellised soveral times
from acetone to give cholestan~3f,4f-diel as plates, m.po
199-201°, [m]D + 16° {6,0.8). Rogenhoim and S%&xlimgaog give
MoPo 202-203%%, [m]m + 18,8° for this compound.

Oxddetion of Cholestan=38,48-di0l-3-hezahydrobenzoanta

with Sodivum Dichromete Iin Sulphuric Acid. - A solution of

cholestan-3p,4p-dlol-3-hexabydrobensonte (960 mg.) in boiling
acetone (150 ml,) was treated dropwise with Kilienl reegens
(0,176 g. sodium dichvemate/ml.) $il) a permanent yellow
solour was observed. The solution was cooled, pourscd imbte
water (400 ml.), and the white precipitete was Tilterad and
diseolved in ether. The @olﬁti@n was washed with saturated
godiun bicexbonate solution, water, and driéﬁ (¥, 80, ).
Eveporation ol the solvent gave s white crystalline solid which
was recrystallised several times fyom chlorxoform-methanol to
give 4-oxocholeptan-3f-yi hexahvdrcbengonta (740 mg.) as
lugtrous plates, m.p. L83-185°, [@]D = 7° {£,1.8); infrared

absoxrpition et 1745 om.  and 1242 cm. (ester), 1724 om.
{ketons). The compound gave no colour with tetranitromethane
in chlovoform end showed no selective light sbeorption in the

uliraviole’ region (Fomuig 0979“% ﬂvilozw C’sanﬁﬁaﬁ roquires
097906§ Hglloc%)o
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Tregatment of 4-Oxocholestan-%f-yl Hezshvdrobengoato

with Hethylmagnesium Iodide. - A selubtlon of J-oxocholegian-
=38yl hexahydrobenzoaie (3.18 g.) im dry ether (150 nl.) and
dry benzene (150 ml.) wes added to the Grign@rd reagent
[prepared from megnesium (L.44 g.), methyl ilodide (8.76 g.),and
dzy ethor (100 ml.)]. "he reaction mixture wes vefluxed Fow

4 hy., cooled, and poured on orushed ice (150 g.) and sunonium
chlozide (15 go). After 1 hr., sther (400 ml.) wes eddod, the
solution wan shaken vigorously, and the ovgenie extract was
wvaghed Shoroughly with water apd dried (Ne,850,). Evaporation
of the solvent gave 2 resinous mess (2,98 go) which after
several oxystallisations from acetone gave 4da-methylcholestene
585480401 (1.75 g.) as prismetic needles, m.p. 202-203°, [&]D
+ 24° (651.9)c ‘The compound was identieal (mop., mixed mopo,
end infrared absorption) with the dlol obisined from the reactisn
of methylmegnesium lodlde with 4B,5B8-epoxycholestan-3%p-01

(page 91).

SECTION KLIX

ERIDEI LR ERLRTICITV LN 63

Troatment of 48,58-Epoxycoprosban-3g-0l with Methyle

nagnesiun Iodide. -~ A aolution of 4@0Sﬁw@poxycoprda%&naﬁwwgl
(7 go) im dzy ether (175 ml.) and dry benzene (175 ml.) wao
added to methylmegnesium iodide, [prepsred from magnesiuvm

(2.52 g.), methyd lodide (14.88 g.), and dry ether (200 ml.)],



ond the reaotion mixture was relfluswed for 4 hy.. coelod, and
pourad on o minture of ciushed ies (250 go) end snmonivgm
chloride (25 go)o The mizture was itrested with other (250 ml.)
andl the ovgenle extrest was waphed several times with wabtewr
end dvicd over anbydrouns sodiuvm sulphate. Dvaporation of the
solvent afforded a wesinows ness (T.3 mo) vhich vao diseslved
in p nianiunum of other and cbaoorbed on & column of aluming

(2310 go ). The chromptogran wes developed op indiceted im the

puamary belew,

Prasbion Bluant Volo(Mlo) Wi.{g) Deseriptien
15 EBthewr 500 00,122 Yellow gum
H=18 Bithew , 1500 1,210 Rosinous gum
19-48 Bthex 3000 1,361 Cryeitellins aclid
49-77 4% Methenol in Biher 2900 10040 White selid
78-109 1% Methenol im Béhew 5200 o147 White vosin
110-119 5% Methanol in Bthew 1000 0.599 White wesin

Fuepetions (1=5) vers non-srysielline.
Prootions (6-18) wews combinod and szyotallised thoee

timos fwom mothemel 4o give Ag-mebthyleholesban~ieydBo-diel (1,14

o) 88 needles, mop. LBY-19L°, [m]w + 9° {8,008)0 The
sompound gove no colour with Sebrenitromsthone in ohloxeform and

ohoved no seleative light aboorpticn dn Ghe ultvevielot weglomng
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inixared absovption at 5484 ome™ {hydrexyd) [Pounds ©,76.83
Hollo8. Cpglyo0, -5CH; OH wequires C,78.73 He12.1%].

Fractions (19-40) were bulked and exyotallised twisce from
acetone o gilve a meterial (L.26 g.) as bdlades, mepo 1EY-161°,
[o;]D + 23° (852.0)s The compound was shown to be. identical
with starting material (m.p., mizxed m.p. end infrared ebsorpiion).

Frastions (49-77) were combined &nd corysiallised from

acebons %o give 3Ja-methylcholeatan~38,4a-diod (1.0 g.) a8 prisms,

Mopo L72-181°, E@]B + 7° {gs1.6)s The compound wap transparent

to ultraviclet lighty Infrered aboorpiion at 3460 cmomg (hydzouyl )

(Founds ;80045 Hyl2.1e ©CpaHy,0, reguires G,80.3p H,12.0%).
?ra@tion@ {76-=109) were combinsed and crysitelliised Lrom

light petroleum end unltimately from amcetone to give Ju-methyle

choleﬂt&mwﬁmpﬁﬁodiml (1,08 go) am plates; m.po 154-155°, [m}n + 4°
{(GoloT)o The compound gove no colour with t@ﬁf&ni@f@m@%ﬁam@ im
ehlovoform and was trensparent to uvlireviolet iighty infrarved
ebsorption at 3613 @mcwﬂ and 3247 cmnmg {hydroxyl) (Found: C,80.2p
Hollo90 CopHyeQy wequizes C,80.3p5 H,12.08%).

Fras$ionas (110-119) werxe combined and erysitellised twice

from ocotons %0 give 3f-methylcholestan-3u,la-giol (0,54 g.) as

neefles, mopo 186-188°, [&}n + 10° (851.7). The eompound geve
no colouny with testranitromethane in chlowoeform and showed no

selegtive light abasorption $n the ulswravioled r@@ioﬁa infrared
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' A ol .
sbgorption at 3636 omo, and 3460 cm. (hydvoryl) (Founde: C,79.93
HollaTe €aplpe0, Toquires €n8003p Hyl2.0%)

Sodium Periodate PTitwration of dea-Methylcholegtanesia,4f-

st

diol, = An alcoholic solution of the diol (65.4 mg.) was treated
in the nenner deoscribed for 4u-methyloholedten=3f,4P-di0l (page 93)
Afser 92 hr. o slight presipitete (NalOy) wae obpezved bud the

fitration vesults indicated thet no oxidation had ocaurEad .

Soddwm Poriodate Titeation of 3mwMe%hylcholeﬁﬁan%§Bp@mm
diole -~ An alocholie sclution of the diel (49,9 mgo}‘wéﬁ treated
in the menner described above with the following roauliss
Reagtvion Time Blopk Titration Semple Titrntion Tituation 3iff@@éo

Hee o (Bl, 6F Oolil {mi. ofF O,iN (nioof 0ol N
sodlun arsenite ) sodinm arsenite) wsodivm avsenite)

17 3,07 0,97 0.10
42 1.06 0.9 015
92 3,06 0,89 | 0017

These results ashow that the cleavage of the 1,2-glycol}

unit was 21, 31, snd 36% after 17, 42, and 92 he. rospeetivoly.

Bodivm Periodate Titratlon of dmuﬁetny?cholea%anmjmﬂﬁnm
aiol, = An alcoholie m@lution of the dield (53.5 mgo) was treatdd
in the manner described above. After 22 hw. the titwaiion

results indicated thal no @xid&ﬁi@n had taken place.

Sodium Periodate Titration of ﬂﬁmﬁw$hgﬁchalaa%m@mﬁmgaﬁm

ddol. - An alooholic solutlon of the ddoel {50 mgo) was btreatod

in the menper described sbove with the following resuléss
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Reaction Time Blank Titration Sample Titration Titration Diffncy
Hro (n1. of 0.1W (Rl, of O.iN (mi. of 0.1 I
sodium arsenite) sodium arsenite) sodium arasonite)

L7 1,07 0.79 028
42 1,07 0,606 0.41
92 Lo 07 0,61 046

The sbove wesulis indlicate thet the clesdvago of the
1:2-glycol unit was 60y, 06, and 96% after 17, 42, snd 92 hw.
rogpoecstively.

dor-Mothylohelessen-36 4B=-Al01-3-ac0tat6, - A gsolution of

4u-mathyloholestan-3a,4B-diol (100 mg.) in pyridime (5 ml.) and
acetic anhydride (% ml.) was heated al 100° foxr 1 hr. and allowed
to stend at room temporature overnight. The acetylated produet
vas extracted with other in the normal manner and eveporation of
the solvent gaeve & white solid (112 mg.) which erystallised from

methanol to give 4a-methyloholeptanc3a,Af-digl-%=acatate as nusodles,

Mmopo 462-163°, [a]m o 22° (g,1.0)s The compound was transporont
od
to nltraviolet lighty infrared absoyxption at 35571 om. (hydroxyi),
B pe} ‘ ol '
1727 emo 1709 em:. and 1250 em. (ecetate) (Founds C,77.9%

Mpllo2. Ogolps Oy vaquizes C,7802y H,1ll.4%)

Oxidation of 4e-Methylcholestan-3a,4f-diol with Sodium

Dichromate in Sulphurie Acid. - A solution of the diel (60 mg.)

in acotone (10 ml.) .wes treaied dropwise with the Kiliani roagond

(0.176 go sodivn dichromatefml.) $ill & permanent yellow colouw
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waz atteined. ~ The resction mimtburs &a@'p@ur@ﬂ into watew,
egtr&ét@ﬁ ﬁitﬁ éther (2 x 50 ml.))and the eztract wes weshod with
dilute sediun hydrozide solution (2 x 25 ml.). Phe slksline
wash wap scidified with dilute hydroechloric scid and extracted
with other (3 x 50 ml.). Evaporation of the aolvgnﬁ gave o
gun (45 mg.) which cxystallissd from mothanol as plates, mopo
120-125°,  Two furthes roeryetsllisetions from methanol yielded
éaﬁa%hylsholeatan—j9@m@@@omdmnxﬁmﬁm@&@bmxyli@ acid (35 wgo),
RoPo L24-125°, E@]D o BO (gﬁloé)o The compound wa@;ﬂé@nﬁi@a&
(infrared sbsorption) with the neld obtaimed by @Kid@tiém of
4aém@thylcho1@éﬁa&=§ﬂ94pmdiol (pagoe 96).

fa-Methylcholestans3u,58-dl0l-3-acatata. = A Bolubien

of  Ag-methyleholedtan=3d,5p=-diel (100 mgé) in pysidine (3 élo)
and acetio anhydride (3 ml.) wes allowed to atond 8t room

‘ %@mp@ratmré fox QQ'hfo - The m@&@ticﬁ nizture waaupour@& into
_ watér'én&‘ﬁh@ product (110 mg.), isolated by means of ether,

wap cryetallised fxon methanol to affoxd 4mum@tgylcholamtanm

§ gﬁpmdialoaaae@ta$@ (93 mg.) 48 blados, m.po 101=109°. A

pample wes.dried wnder vacuuwm for 4 hv., &% 65° and hed m.po
111-132° [al, + 8° (go2.0)s Tho compound showed no selective
liéh%'abm@xption in the uwltravielet weglons infrared absorption

at 3546 cm.  (hydroxzyl), 1727 ocm. and 1272 cm. (acetato)
(Founds G,7802p HolleB3o CgoWye Oy Tequives G,78.25 Hollod%).



Ozidation of da-Methyvlcholeaban-%6,58«4101 with Sodium

Dichromste in Sulphuric Acid. ~ 4 solubion of ithe diol (53 mg.)

in scetons (10 ml,) was treatod dropwise with the Kiliani

r@-&g@ﬁ% (0,176 go sodium dichvomsto/ml,) t111l the solution
ansumed o pormanent yellow golour. Phe rosction mizbture was
pourcd into water and the produgt wee @xﬁiamte& with ether in ths
usuol manper. Evaperabion.of the solvent gave @ yellow gum
(ag-mga) which was di@@@lvaﬂ in light petwoloum ond absorxbod on
& column of aluming (3 g.). Elution with light peiroleuscbenzese
(2:1) gave a fraction (1% mg.) which after two arystellisations
from methanol gave ammethyléhaleﬁ%maw@nwﬁmmne ap ne@élgﬁg BoPo
102-104°; 1dontical (m.p. mixed m.p. and infrared abeorption)
with an authentic apedim&na |

Oxidation of 3a-Methylcholestan-38.4a-diol with Sodium

Dichromate in SBulphuric Acid. .4 solution of 3ae~methylcholestan-

3B,4a-diol (51 mg.) in acetone (20 ml.) was treated dropwisac with
the Kiliani reagent (0,176 g. sodium dichromate /ml.) $411 the
solution romained pale ysllow, The veaction mixtuzre was poured
into water,; oxtracted ﬁith ether, and the ezxtract was washed
with dilute sodium hydroxide solution (2 x 25 ml.), water, and
dried (Na,S0,). Evaporstion of the solvent gave a crystallins
solid (26 mg.) which was recrystallimed several times from
mathanol to yield 35@ﬂ§§kﬁl03@laﬂtégmgﬁggggﬁﬂggl as blades,
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BoPo 189-192°, Em]m + 29 {0okod)p infxar@d absorption o
3559 oo™ (hydzoxnyi), 1712 @mamﬂ (k@%@n@) (Founds ¢,80.95;°
HplloSe Cgol, 50, wequires Co80.75 Hell.6%).

The slkaline wash Yrom the above reaction wap acidified
with dilute hydroghlorie acld and extracted with ethew.
Bvaporation of the solvent gave & gum (16 mg.) which could not
be purificd by cryetellimation.

Oxddation of 3@-Methylecholestan=38,46-diol with Chromium

Teloxide im Pyridime. - A solution of the dlol {279 mg.) in

pyridine (5 ml.) was mixed intimately with e sluvry of chromiwma
trioxide (300 mg.) im pyridine (3 ml.) and the reaction mirbtuwrd
was loft at room temperature for 24 hw, Isolation of the
neutral produst by meams of ether gavé & white solid (250 mg.)
which wae recrystallised from methanol to give & componad,
identical (m.po mixed m.p. end infraxad mbsorpstion) with that
prepared in the above reastion.

Preatment of Ja-Mothylcholgsten-d-one-3f-0l with

Phosphorus Oxychlorvide in Pyridine. « A solution of 3a-methyle

cholesban-d-one=3f<0l (100 mg.) in dry pyridinme (10 mi,) wae
treated with phaesphorus oxychloride (1 ml,) and the solution was
allowsed %o stand 2t room tomperature overnight. The produet,
isoleted by mesns of ether was 2 gum (B% mg.) which crystallised

on trituration with methinol. Two recrystellisations Lrom
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nothanol geve Semethyloholent=feened-one 08 n20al06, Mepo
126-327° [aly + 52° (gs1o1)y \mox,2360 5. (€, 7+500)3

infreved obsorption ab 1676 ome" and 1603 cmoma (aB-diavhatituted
" af-unssburatod ketons) (F@ﬁn@s GoB4ody HolloGo OpyH,, 0 Foquires
0s84035p HMp11.6%).

Oxidation of 3B-Mothylcholestan-ia,ju-adlol with Sodivs

Bi@hé@@éﬁ@ im Sulphmﬁg@ Acld. « 4 solubtion of the diol (54 ngo)
in sestone (10 ml.) wes tvonod dropwise with tho Kilieni
w@&g@mé (0,176 go sedivm dichvomato/ml.) until the soludion
romainod pale yellew. The reaction mizmtupe was poured imbo
é@ﬁ@wg extractad wiﬁh,@%her (3 2 50 ml.) and the extract wan
ﬁa@h@@‘wiﬁh_dilmt@ podium ﬁyﬂfoxiﬂ@ solution (2 = 25 nl:), wadbew,
and dried ovew @nhydf@mm sodivm sulphate.  Eveporation of bhe
solveont gavé g oxyotalline adlﬂd (2% wgo.) which vies reciyatalle

ised twice from methanol %o give Bl-meothylcholeston-4-ong-30-0l

as needles, mop. 135m12659 [@]B = 9° (golol)s infrawed
absoxrption at 3584 @momﬁ and 3509 @mowﬁ {(hydwoxyl), 1712 @momﬁ
(keﬁ@n@): (Founds égﬁooﬁs HplloBe Gggﬂﬁgﬁg rwguives ©,80.7g
Hy11.6%).

The alkaline wash from tho sbove regetion was acidified
with dilute hydrochlorie acld and @ﬁ%?&@t@ﬂhWiﬁh:Q%h@?d} The
extract was washed several times with water, dried (Na,S0,)

ond the solvent evaporated o give a gum (12 mgo) whieh could



112

not he purified by cxystallisation.

Treatment of 3B-Methylcholestsli~f-0ng-30-0] with

Phogphorus Osychloride im Pyridine., = A solution of 3P-mothyl-

cholesbtan-d-one-3a-0l (130 mg.) in dry pyridine (10 ml.) was
mixed with phosphorus oxychloride (3 ml.) and heated at 100°
for 3 hvo The producet (110 mg.) isclated by means of ether was
dissolved im light petroleum and chromatographed om aluming

(3 go)o Blution with light petroloum gave o frastion (74 mg.)
which exystallised from methanocl to give 3-methylcholest-2-gn-
4-one ap monoclinic needles, m.p. 125=127°, [@}D + 50° (£5009)0
The compound was shown to be identieal with that preparsd by
dehydration of 3d-methylcholesten-4-one=3pf=0l (mixed m.p.
125-127°) and by the coincidence of their infrared sbsorption
spectri. The m.p. of a mixtuwre of the compound and stersing
netorial was depressed by 20°

Traptmont of 3e-Methylcholestan-38,4e-diol and of 3f-

Methylcholegtan~%a,4a-dfol with lesd Tetrascetete. - (a) A

solution of 3&«M@thyluhole@t&nm36Qémmdiol (120 mg.) in chlorofoun
(15 mi;) and dry bonzene (50 ml.) was treated with 1@&@.
totrapsetate (300 mgo.). The seolubtion rapidly became yellow and
after standing et room temperature foxr 12 hr. an orange precipliate

had formed. Ethylene glycol (3 drops) was added snd after
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10 min. the vresstion miztuxe wss filitered thrdmgh Ikdeselguny
and the éi@aﬁ £iltrate oveporated under redwesd presguvre te
give o yellow gum (148 mg.). The gum was Aissolved in other
end the solution washed with satureied sodivm bicarbonate
solution, water, and dried over anhydwous sodivm sulphate.
Evaporation of the solvent gave & gum, which fxrom its mb@@fp%ﬁ@ﬁ
speotrun appeared %o be Bomethyle%,4-8000-3 4-4ioxocholentane ;
infrazed aboorption at 2740 om.™ aund 1730 om.™ (sldchydo),
1712 ome” (kotona ).

(») A solution of 3P-methylcholesban=3a,4e-Alel (80 mg.)

in ehloroform (10 ml.) and dry benmeneo (40 ml.) wes breabod
with lead t@%w@&@@ﬁmt@ (200 mg.) in the manner deseribod above.
The predust (86 mg.) was & non-cryptalline guwm, identical

(infrared obsorpiion) with the material obtained in (a).

- BBCTION IV

BT SR AR S350 13 EAER 6

Cholost=f-0mn=4=-0n-58-y] Bonzoste. -« A solutlon of

@h@l@@%wﬁa@mm§ﬂaﬂﬁudi@lmsmb@mgamt@i@ﬁ (10 go) im chlexeform
{60 ml,) was treated with o solution of bromine (1.4 ml.) im
glagial a@@%ié acid (40 ml.) with intemmlibtond cooling. Aftew
atending at room vomperature for 2 hy. the veaetlon mixtuwrs

wae Ailuted with benzene (140 wl.) and a solubtion of chromium
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trioxide (6.6 g.) in water (60 ml.) and glesinl scetic aoid

(140 mlo ) wes added, The mixture wos stirred vigorously fowz

5 hi, ond tho organic layer wan ocoparated, ﬁaahm@‘wiﬁh watar,
ond driod ovey anhydrous nodium sulphate. The dry extract

vas heatod %o 80°, tzectod with o 10% solution of modium doddide
in eshanol (100 ml.), a&nd the minture wad wefluxed for o furthes
le'ﬁiﬂop cooled, and poured ints dilute pediun hydromide
solutien. %he organis layewr wen seporated, woshed @ﬁﬁh.W@%@gg
and dvded (Way$0,). Evaporation of the polvent under vacuusm

gave & dexk broun mees whieh was orystellisecd soverwd Slmes

from chloreferm methanel to give gholepb=feanuimoneIfeyle -
hopzoate as stout white acedles, Mop. 157-158°, [a]y « 3@°

] @
(cp2.2)% 2020 Aa (£ 19,000), 2%20 4.{ &, 19,500); infrazed

}\ HOR s
@i b el

abrorption at 1724 om,” end 1271 en. (Yonsoate), 1709 em.

ond 1634 ome” (af-wnsotursted hetono). (Founds G,81.0p Ho9.8.

Cyolya0y roquises €,80.9y Hy9.6%),

Treatnont of Chelest-Seencd-an=3foyl Benvoate with

Hethylmagresivm Jlodido., - A solution of cholesteScencd-ons%fyl

bongoate (5.0 g} in dry ether (125 ml.) and dry benzene (125

ml. ) was odded %o m@ﬁhyléagna@ium iodide, [prepared from -
megnosium (1.3T go ) mothyl lodlde (B8.46 go),and dvy ether (§§ m. Ji
The yellow soluition was hested under reflux for 4 hr., cooled,

and poured om & mizture of orushed ice (140 g.) and ammoniua



ehlozide (15 g.)o Ether (3500 ml.) ves added, the solusion wow
shaken, and the oxganic leyer which separated wes washed seversl
times with wetor and dried over anhydroves sclilum sulphate., The
solvent wag evaporated to give a yeliow gum (5.3 g.) which was
dissolved in bensmene end absorbed on o column of aslumina (150 go)

The chromatogram was developed as indicated bolow,

Proction Eluant Yol, {ml.) WHe (m)  Deseription
1=5 Benzena 500 1,86 Yellow gum
610 Bther 500 Q.47 Yellow gum

1313 2% HMethanol 300 0021 Colourlons gus
in ethew

1418 5% Methanol 500 0.65 White solid
in ether

Prasctions (1-%) were combined dismolved in light petroleus
and r@@hrom&togr@phéd on & column of alumina (60 go).

Blution with light petroleum (500 ml.) gave a fraction
(710 mg.) which was owystallised several times from methanol

to give 4e¢,6a-dimethyloholestan-3-one (520 ng.) as eolourless

needles, MopP. 102-103°, [m}D = T.5° {€9106)s The compound
geve no colour with tetranitromethene inm chloroeform and showed
no selective light absorption in the ulirsaviolet mogilomy Iinfyared
gboorption at 1712 eme™ and 1700 om.™ (kotone) [Pounds
CyBlo3p Hpl2:0, GhpHy,0 voquives C,84,05 H,12.15%].
Further elutiom with light petwoleum (200 ml,) gave o
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colourless gum (220 mg.) which was cyysballised several times

from methanol to give 4f,6a-dimethylcholeston-3-one (175 mg.)

as feathery needles, m.p. 109-110°, [a]D = 35° (cy1.7)o The
¢compound gave no colouy with tetraniltromethane in chlorxoform
and was transparent to ultraviolet lighty dianfrared shsorpiion
st 1712 om.” (ketome)  (Found: C,84c45 H,1202. Gpplio0
requires G,84.0y H,12,15%),

Elution with light petwoleum benzene (1:2) gave
intractable material (0,91 g.).

Practions (6-10) from the original column could not be
exystallined. The infraved absorption spectrum of this matoeriel
showed & band at 700 om.™ (aromatic xing system).

Froctions (11-1%3) could not be oxrystallisad.

Practions (14-18) could not be purified by crystallisa-
tion., The material gave & yellow colour with tetranitromethane

. [
in chloxoformy ) 2040 A. (£, 4,700); imfrored absorpiion

RO o
i
as 3360 cmo (hydroxyl). This material will be referred to as

' i5he epimeric diole® im the ozperiments deseribed below.

Troatmont of the Epimeric Dicls with Periodic Aeid. -

A solution of the epimeric dioles (50 mg.) im dioxan (3 ml.) was
trentod with a solution of periodic acid (HIO,.2H, 03 65 mg.)
in water (0.4 ml.). The white precipitate was rodissolved by

shaking and & further gquantity of dioxan (1 ml,) was added.
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The solutlion was allowed to stend at room Lemperature for
48 hr., the solvent was evaporated under reduced pressure, and
the residue dissolved in ether. The ethereal solution was
washed with water,dried (Na,SO,),and evaporated to give & gum,
which from spectroscopic data, probably was 4-methyl-3;4{-seco-

max°2350 Xn(eo 9,600),

Ireatment of the Epimeric Diols with Mineral Acid. =«

3,4~d10x0cholest-5-ene (47 mg.)s

A suspension of the epimeric diols (267 mg.) in dry acetony
(30 ml,) was treated with concentrated hydrochloric acid (5
drops) and the mixture was shsken for 2 hr., whem & clear
solution was obtained, Solild sodiuvm blcarbonate wes added and
efter 10 min., the solid was removed by Tfiltration and the
filtrate was evaporated to dryness to give a gum (255 mg.)
which was digsolved in light petrolsum and absorbed on a
column of alumina (8 g.).

Elution with light petroleum gave a fraction (18 mg.)
which was not further examined.

Elution with light petroleum-benzens (l:l) gave a gum
(210 mg.) which was crystallised several times from methenol to
give material (184 mg.), Mep. 103-104°%, {a]D + 107° (c,1.8),
The compound was identical (m.opo, mixed m.p.s and infrared

sbsorption) with an suthentic specimen of 4-methylcholest-f-en-

3'@021@ °
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Acetylation of the Epimexric Diols. = The oplmericé diols
(590 mg.) in pyridime (10 ml,) and acetic anhydride (10 ml.)
wera heated at 100° for 2 hr. The acetyleted product (612 mg.),
isolated by means of otherywas diesolved in benzene and chvomato-
graphed on alumina (20 g.). Blution with bonzene-ether (1:2)
gave a white solid (480 ﬁgo) which could not be purifisd by
@rya%alii@aﬁion, but from spectroscopic dats appeared to 5@ &
nonoacetate of adiel, The material gave a yellow colour with
totranitromethans in chloroforms )@m&X02040 gm (£, 6000)s
infraved ebmorption at 3521 cmoaa (hydvoxyl), 1712 cmomﬁ and
1263 cmoma(ae@tat@)c

Preatment of the Mized Epimexric Diol Monoseceitates wiish

Phosphorus_Oxychloride im Pyridine. - A solution of tho mono-

asotates (350 mg.) in dry pyridine (20 ml.) wes trested with
ghoap&aru@ oxyohloride (5 ml.) and the mizmture was heatod of
100° fox 3 hr. Isolation of the prodwet in ether im tho vsual
woy gove & yellow somi-solid maps (300 mg.) which wae dissolved
in light petroleum (10 ml.)end shromatographed on & column of
alunina (10 g.)o

Blution with light petwoleum (100 ml.) gave & gum which
from @pee%roséopie data appeared to comtain 4-methylcholesia-
2o4,6-triene (79 ng.)s M o, 2080 Eog 3000 299 and 3100 Ae  Onm

stending for a few days the gum bocame yellow.
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Further elution with 1ight petroleum (300 ml.) gave o
erysﬁaliina solid (116 mg.), mop. 105-112°, The meterisl wes
recrystallised several times from chloroform-methanol to give
d-methylocholesta-3,5-dien-3-yl acetate as plates, m.p. 114-115°,
[m]D - 102° (gys1.T)> The compound gave & brown colour with
tetranitromethane in chloroforms .. 2360 &. (€, 18,000);
infrered absoxption at 1754 cmom% apd 1217 cmoma (encl acetata).
Atwaﬁer“ﬁ’givea mopo AL4=116°, [aJD = 102° for this compound.

In another experiment the crude dehydrstion product was
aboorbed on a column of alumine and left overnlght. BElution with
light petroleum-benzense (13l) gave 4-methylcholest-d=en-3-one,
MoPo and mized mopo 102-104°.

Saponification of {-Methylcholesta«3,H~dlon-3-yl Acotate. =

A golution of 4-methylcholesta-3,5-dien«3-yl acotate (35 mg.) in
3% ms thanolic potassium hydrozide solution (20 ml.) was heated
undoy yeflux for 1 hr, The mixturs was scldified with dilute
hydrochloric acld and the product was extracted by means of @th@go
‘The extract was washed with saturated sodium bicarbonate soluiion,
water, and the solvent evaporated to furnish s colourless gum

(30 mg.) which crystallised from methanol to give A4-methylcholest-
4-en-3-one ldentified by m.p. mixed m.p. and infraxred absorption.

Treatmeont of 4-Methylcholest-4-en-%-one with Isopropenyl

Acetate. - A solution of 4-methylcholest-feen-3-one (200 mg.) in
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isopropenyl acetate (25 ml.) was treated with concentrvated
@ulphmri@ acld (1 drop) and the resction mixture was heated at
100° for 5 hr. Solid sodivm bicarbonate was added and the
solution wes evaporated to dryness undexr reduced pressurs %o
give 8 semi-polid mass which was extrected with ethewr. The
ethereal solution was washed with water, drisd over anhydrous
sodiam sulphate, snd evaporafed to give s dark ved gum (1B5 mg.)
which yielded crystals on trituration with methanol. The
product was corystallised several itimes from chloroforn-nethanol
to give 4-methylcholesta-3,5=-dlen-3-y1l acetate as lusirous plates,
mspo 113=115°, [a]D = 2101° (gy2,1). The compound was identical
(mopo, mizmed mop., and infrarsd abeorption)with that obtained by

dehydration of the epimeric diol momoacetates (page 119).

Conversion of 4§ﬁBaaﬁim@thylcholaaﬁa3wcne into 4w, b0-
Dimethylcoholest-3-0one, - A solubion of 4B,6@-dimethylcholest=3-
one (50 mg.) in 1% methsnolic potassium hydroxide (20 ml.) was
heated under reflux for 5 hr. The produst (45 mg.) isolated by
means of ether in the usual way was dissolved in light petroleum
and absorbed on a column of elumina (35 g.). Elution with the sanme
solvent gave a fraction (40 mg.) which crystallised from methanol
to yield needles, m.p. 103~104°, [a]D = 8° (gy1.3), identical
(mopo, mixed m.p., and 1nfrared sbeorption) with 4a,60-dimethyle

cholent-3-0ne.
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