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SUMMARY

STUDIES OF I-CYANOSTEROIDS

Cyanation of S5a-cholest-l-en-3-one with potassium cyanide
and ammonium chloride in aqueous dimethylformamide gives la-
cyano-5a-cholestan-3-one which reacts with bromine in acetic acid
to give mainly 2a—-bromo—ta—eyano—Sa—€holestan-3—ene# Dehydro—
bromination of the bromoketone with lithium chloride in dimethyl-
formamide gives l-cyano-5a-cholest-l-en-3-one and dehydrobromination
of the mother liquors by the same method gives the same unsaturated
ketone together with l-cyano-cholesta-1.4-dien-3-one and la-cyano-
cholest-4—en-3-one.

Hydrogenation of l-cyano-5a-cholest-l-en-3-one in the presence
of palladised charcoal givesl6-cyano-5a-cholestan-3-one. Treatment
of the ip-cyano-ketone with bromine in acetic acid gives 2a-bromo-
10-cyano-5a-cholestan-3-one which, when dehydrobrominated by
lithium chloride in dimethylformamide also yields I-cyano-5a-cholest«
l—en—3—ene*

Both the la- and 1"-cyano-ketones are unaffected by treatment

with 2,3-dichloro-5#&-dicyano-1,4-benzoquinone in benzene and in



2.

dioxan containing a trace of hydrogen chloride#

Basic hydrolysis of la-cyano-5a-oholestan-3-one and ip-cyano-
3Ja—eholestan-3-one gives 3a—amino-la-oarboxy-3Q-hydroxy-5a—eholestane
lactam which forms an O-methyl derivative on treatment with methanolio
hydrogen chloride# The épimérisation of the I3—eyano-ketone to the
la-cyano-ketone by the action of alkali has been demonstrated#

Treatment of l-cyatto-3a-cholest-l-en-3-one with alkali gives
3a-cholestan-1,3—dione#

Treatment of la-eyano-3a-cholestan-3-otte with ethylene glycol
and boron trifluoride etherate gives la-cyano-3-ethylenedioxv-3a-
cholestane from whioh the ketone may be readily regenerated#

Reduction of la-oyano-3a-oholestan-3-one with sodium boro-
hydride or aluminium iso-propoxide in is”-propvl alcohol gives
la—eygno—3fteholestan—3a—e1. from which the 3c—acetate was prepared#
while reduction with sodium borohydride in methanol or lithium
aluminium tri-tert-butoxyhydride in tetrahydrofuran gives an epimerio
mixture of la-oyano-3a-cholestan-3-ols#

Reduction of la-cyano—3a-cholestan-3-one or la-cyano-3a-
oholestan-3ft-ol with lithium aluminium hydride in ether yields
In—aminomethyl3ft-eholestan-3a—e1 which forms the la.3a<pdiacetate*
The diacetate is hydrolysed by aqueous methanolic sodium carbonate
to the Ift-aoetate# Both the amine and the monoacetate show evidence

of intramolecular hydrogen bonding#
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Rearrangement of la-oyano-3o0-chole8tan-3ci—el with hydrogen
chloride in ether &ivec the la*3ft-imino-ether® isolated as its
hydrochloride whioh shows evidence of lactone formation on
treatment with dilute hydrochloric acid#

The 3o0-tooylate of la-oyano-5a—eholestan-3a-ol on hydrolysis
with potassium acetate gives la-cyano-5ci-cholest-2-ene*

Reduction of Ig—eyano-5a-Gholestan-3-one with sodium boro—
hydride in iso-propyl alcohol gives 13-cyano-5a-cholestan-3/-%
ol which forms an acetate* %rhile reduction with sodium borohydride
in methanol gives a mixture of the epimerio 19-cyano-3a-cholestan-
3-0” By

Reduction of l-oyano-5c-cholest-1-en-3-one with sodium boro-
hydride in methanol gives l-cyano-50-cholect-I-ene-3 *-ol.

Neither methyl magnesium iodide, methyl magnesium bromide#
nor methyl lithium reacts with the 1l-eyano group of la—eyano-3—
ethylenadioxy-3a-cholestane, la-cyano-5a-cholestan-3c-ol or
l-cynno-Dft*holest-1-en—3 -ol# nor does the cyano group in these
compounds undergo hydrolysis on treatment with alkali#

Reduction of la-cyano—3a—€holestan-3a-ol and la-cyano-3-
ethylenedtaxy-3a—eholestane with one molar equivalent of lithimm
aluminium hydride affords products which contain an imino group#
while reduction of the latter compound with an excess of the
some reagent gives a small yield of 3-ethylene4ioxy-3n—eholestan-

la—el#
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Attempted Stephen reduction of la-cyano-3a-cholestan-3a-ol
gives Sa-cholestan-3a-ol Ig-amide as the only isolable product. The
amide is oxidised by sodium dichromate to 3a-amino-la-carboxy-30-
hydroxy-3a-cholestane lactam#

Formation of the insoluble acetic acid salt of the la—aminomethyl-
3a-cholestan-3a-ol partially inhibits its deamination with nitrous acid
in acetic acid but I-methylene-3a-oholestan-3a-0l is detectable among
the products formed# 3a-Amino-la-carboxy-30-hydroxy-3a-cholestane
lactam is unaffected by treatment with nitrous acid#

The tosylhydrazone of lo-cyano-5a-cholestan-3-one is reduced by
sodium borohydride in dioxan to la-cyano-5a—eholestane and by sodium
borohydride in methanol to give (in poor yield) a mixture of la-cyano-5a-
cholestane and la-cyano-3a-cholest-3-ene#

la.-Cyano-5a-cholestane is unaffected by treatment with alkali or
methyl magnesium iodide# Treatment of la-cyano—3a-cholest—2-ene with
alkali results in partial isomérisation to l-cyano-3a—holest-1-ene#

The optical rotatory dispersion curfes of la-cyano-3a-cholestan-
3-0ne and 13-cyano-3a—eholestan-3-one and their 2a—bromo derivatives show
no anomalies#

The effect of a l-cyano group on the chemical shift of the
and methyl groups of a number of 3a-cholestane derivatives has been

calculated#
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SUMMARY

AL AT R IR SN

STUBIES OF I-CYANQSTEROIDS

Cyanation of Sa-cholost-l-en~3=0ne with potassivn eyanide
and sumonium chloride in aqueocus dimethylformanide glves lo-

Lot Y

oyano=fn-cholegtan-J-ong which reacts with bromine in acetdle

aelid to give nmaloly 2o-browe-lescyano=Sg-cholestan-R=01a,

Bohydrobremination of the bromoketene with 1ithium ehloprids in

dimethylformanide giver lecyano=S%c=cholegbt-l-pR=5=0na ang

dohydrobronination of the mether liguers by the come methed gives

the sane uwasaturated ketone togedher with Emayan0w@h@1@@%gﬁ

1 4-dlan-3-0ne and lg-eyang=cholegt-beonvi-one,

Hydrogenation of legyano-Se-choleagt-l-on~J~one in the progense

of palladised charcoal gives lf=cyano-Sa=cholestanci-ong.

Treataent of the lf-cyano-kotons with bromine in acetic meid

gives 2e-bromo=lfi-cyans-Se-cholestan=-J=ona which, vhen dehydro

brominated by lithinnm chloride in dimethylformsmide alse yieldnm
l=cyano=S%g-Ccholest-lcan-3-0na,

Both the le~ and if-cyano-ketones are uvnalfected by treabment
with 2,3«dichioro«5,6=dicyano=1 d-bongoquinone in bensene and
in dlozan containdng a trace of hydrogen chloride,

Bagie hydrolysis of lescyano-Sa=cholestan-3-one and 1p-

syano-Sa-cholestan~-3-0ne gives Jow-amnino=laoocarboxysifehvdronyeioe




shologbane lacktem which formas an Qemethyl derivakive on

tweatment with methanolle hydrogen chleride, The opimerisatian
of the if-cyano-kEotone to 4the le-tyane=keteons by the action of
alkall has boon denonsgtrated,

Treatnent of leocyano-Se-cholentel-ep-3~0ne with alkall
gives Saecholestancl ;j-Aione,

Treatunent of la=eyano=YSe-cholestanc-J«cne with ethyleons
glycel ard boven triflueride etherate glves Jo-eyanosois

othylenedieny-Sg=cholesgtane from which the kotone may be readlily

reganaraded.
Reduetion of laow-syano-Sa-cholestan-3-one with sodium bero-
hydride or aluminium fso-proponide in iso~propyl alcohod gives

la—evapo-Sa~cholegtan=Ja=0l, from which the Ju-pcetnteo was
it v b A e T e T B

prepared, vhilo reduetion with sodium borohydride im mothanol
or lithium aluminivn tri-tert-butozyhydride in %@tgahyﬁ@@fur&m
gives an epimerie miznture of le-tyano=Sa=cholestan~3<-0lag.
Reduetion of leweyano-Su-cholestan-j-one or le-cyane-jn=
cho lestan=J3o~0l vith lithiuvn aluminium hydride in ether ylelds

lgeaninonethyl-Sa-cholestan=3a=0l vhich forms the lgglu-dlacotate.

The discetate is hydrolysed by aqueouns methanolic sodium carbonate
to the lg-aogebtaite. Both the amine and the woncacetato show

evidence of intrawmoleeular hydrogen bondlinge




Rearrangenent of lae-cyano-Sescholestans3z-0l with

hydrogen ehloride in other gives the le,3o-lming=ether,

isolated as its hydrochioride wvhich shows evidence of lacteno

formation op Yreatment with dilute hydeschlorie acids

The Ja-toaylate of laweyano-Ja~cholestan-Ja~0l on hydrolysis

with petassium acetate glves le-cyane=Sp=cholest-2-cna,

Reduction of lfccyamooSo~cholestan-3-one with sodiuvm borow

hyderide in }sgmpyepyl alcohol gives lf-cyano-Sa—cholostan-3% <

ol which forms an agetate, while é@duc&iﬂu with sodium Borohydride
{» methanol glives s mixture of %he epimerie lf-cyanc-Su—cholegtan—
B g,

Reduetion of lescyano=Sg~-cholontel=en-3=one with sodium

borohydride in methanol pglves l-cyanv=Sgechelopl-isen=3% «ol,

AT

Weither methyl nagnesium iodide, methyl mapgnesium bromide,
nor mothyl iithium reacts with the letyano group‘@fllmwcyaﬁam
I=ethylenedioxy-Se~cholestans, la«eyano-Sa=cholestane~3a~-od ow
4Rm@yano»EQmehaie@%wlmanmﬁ§§m@ﬁn nor does the eyane group in
these compounds undergo hydvolysls on treatment with aikalig

Reduction of la-tyano<=Se-cholegtan-3a<0l and lev-cyano=3e

@ﬁhyian@ﬁﬁ@xymﬁamehalemﬁan@ with one mpiar equivalent of
1i¢hive aluniniun hyderide affords products which contaln an
-imin@“gw@mpe while reduction of the latier compound wléh amn
oxeass of the sane reagent glves a small yleld of JI-ethylense

diony=5z-cholegban-la=al,




Attenpted Stephen reduction of la-gyanoc-Sa-cholestansia-0}

gives Sp-tholeghban-jn-0l lo-amide as ¢he only isolable produet.

Tho awide is ozidiszed by sediuvm dichronate to Ja-anino-lge
garbory-3ig-hydrogy-Sa=-cholestane lactan,

Formation of the ingoluble acetic acid sals of le-aminomethyle
Sa-cholostan=3a~0l partinlly inhibits its é@amﬁn&@i@ﬂ with
ﬁi%f@mg aeid in acetie acld but l-mebhylene<Suecholestane=Jg-
0 g detectable among the products formad, IJa~4nino-ilge
carboxy=3G=-hydroxy=-Se~cholegtans lactan is unaffeeted by treadmons
with nitrous aeld,

The togylhydrazone of la=cyane-Sa-choleptan-3-o0ne &5

veduced by sedium borehydride in dioman %o le-¢yano«Sg-cholegtanc

and by SQﬂium berohydrido in methanol %o give (im poor yield)
a mixture of E@meyam@mﬁmm@holeaﬁana aﬁd la=cyano=S-cholegut~dex
ONS |

lag=Cyano=Sp~cholostans ig unalffected by treatment with
alkall or wmethyl magnesium fodide. YTreatment of lewcyans=ige
cholest=C=0n0 vi%% alkall wvesults in partial isomerisation %o
l-gyano-Sg~choleat-i-enc,

The optical rotatory disperslon ecurves of le-cyano«ige
cholegtan-3<on0 and 13w@§&ﬁ@m5@a@h@3@é%anm =one and thelr Zge
bromo derivatives show no anomalioes.

The offeet of 4 l-cyano group on %the chenical shifd of the
C(18) and G{E@) nethyl groups of o number of Sa~cholestans

derivatives has been ealculated,
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The only functional group present in ring A of nmost
naturally occurring stereoids is an oxygen Tunctlon at 6(339
but a fev steroids have been isclated wvhich are alse wmethylated
in ring A, An exanmple ls 1@phanolifi) which was isolated from

the giant cactus Lophocereus gchotti, and was shovn %o bs

baenethyl-Seecholest-T-en=38~01

(1)

Synthetic substituted sterolds have bheen prepared for several
‘@easonso The velatively rigid cyclohexane rings of the steroid
aucléus have proved very suitable for the confirmation and
extension of the ideas on the velatlonship of éonfcﬁma%iﬂn

to chemiecal activity put forward by Bar%engo Twe other wain
regsons concern the blological activity of steroid hormones,
First is the problem of how a gteroid reacts at a receptor

site, whether it is the o~ or @B« face that is active, This




led %o the synthesis aoed biological testing of stercoids with
bulky sunbstitvents which would interfere with absovpiion on
a particulay face, and the conclusion veached was that, in
general, enzynic action eceonvred ab the o~ Tace of the gterold
meleculeBu Secondly, as stereid hormones became extensively
used in medicine, investigations vere conducted intce the effects
of modification of the molecule by the intreduction of other
function&l'grampso Until 1953 theore was a widely held view
that meodification of the adrenal hormones, cortisone and
hydrocortisone, always led to a decrease of activity, but in
that yeay Fried and Salb@4 reported that Se—chioroe and Qu~fluoro
groups enhanced anti-inflammatory activity and this Tindlng
stimuloted considerable interest in modifisd steroid hormones.
Since thenﬁsuch substituents as cavbonyl, hydroxyl, methyl,
ethynyl, nitro, and cyano groups have heem introduced with
variable biclegical effec%3°§9 and atbempts ave still belng
made to improve exlsiing syntheses, and %o preparse substituted
stercids with increased actlivity but lacklng unpleasant side
effects.

Some of tha nethods used to introduce carbon containiag

substituents into ring A are outlined in succeading pages.




Synthetic Ring A Substitubed Steroids

Subatitutlon ab Cryy

The first l-methyl sterold was prepared at the axpense
of the methyl group at C{EQ% by the dienone -« phenol rearrange-
ment in which 1 4 4-diens3-ones, such as (IT) on treatment with
s e ey ; b st D0 ETTT Y :
acid, vrearrange to femethylellonorgieroids °' (TI1) {(scheme A) o
£
. X 7 e . - . . R
lemethyl-l%=norsteroids (IV) (scheme B}, both with ring A arematic,

aceopding to the reactlon counditions,
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A lemethylecestrone derivative (IV)yrepared by this method
can readily he eonvar@&@gﬁl@ into a thﬁthylaﬁﬁmﬁmkﬁﬁﬂﬂ@ {¥1) -
by methylation of the phenol (IV) to giva (V), followed by
Birch reduction, and hydrolysis. Further roduction of the

hydreolysis product (VI) with lithiva and liquid ammonia gives




erold {VII) sheowing o frasg junction between rings

kA 12 . .
have assigned the

the Baeg
§- y; " - L7 g
A gnd B77, Diorassi and hig co-workers

a~gonfiguration to the g(i) mebhyl group on the hasis of

ophleal wotakory dispersion data and the unfeveurable interaction

of 2 1g-wmethyl group wiith the 1lo-hydrogen,

5

Sy "4 - Rﬂ@@#h“

m@@'/; S S

)

238

(NMA%[j

(YE1)

. 15,24,15 . ' . A . y
German workers have treated sieroldal A s3-ketonns wiih

dinzomethane to ferw pyrazolino—sierolds which may be clegved




by several meihods, ?@pp@?gﬁ found that So—androgb-l-ga-178=
ol=3=one (Viila) and Sp-cholest-l-ga-3=-ene (VIIIb) forned.
@gopyraﬁalim@ darivetives (I¥a) and (IXb) respectively, ocach
of vhich on pyrelysis gave a nixture of the I Z2-nethylens
sterold and tﬁ@¢ﬁ§ﬁa%maﬁhyi aternid (Xa) and (Xla), and (Xb)
and (£31b) vespectively. When the pyrvasoline derivabive (IXb)
is heated in gpineline Bo Just below its meliing p@iﬁtl@ ih

pives exciusively the lemethyl devivative (X1b) .

3

Y
) AN
" &,fﬁﬁgfﬂjJL\

. N~
b | f
T
(vixE) {IX)
ap K? i G"@ﬁi &19 R = E‘@Eﬁ
R _
CHy r (\\ﬁ W
€Ex)
8, R o «0f 2, R = «0H
o R = @@@Eﬁi? . by B = mﬁ@ﬁl‘?

£5

Wiechort and Raspar™ %ﬁ@gted androgta-l & ,6-trion-17f-ol=3=0ne 178




_ qe )
acetate (XII) with diazomethane and obtained %ﬁ@@g =pyrazsoline
derivative (YT¥¥). FExamination of the infrared specirum showed

1 . 29 :
tha prasence of a & opyrazoline as opposed to the A compounds

g o
which P@pp@?”é had obtained. Pyrolysis under high vacuum,
yreatment with perchloric acid in acetone, ey troatment with

silica gel in carbon tetrachloride yielded nixtures of the la,

2oenethylene sterold (XEV) and ¢he l-mathyl substituted derivative (XY,

"
mz—v:s::@ gﬁs / r

i QD
T ,@

(X3x) , (XIXL)

(XY {X1¥)

i-Halogenomethyl steroids (MVI) ware obtained by Wi@ch@fﬁls

by treabtment of the lo,Ze-methylene sterold (Xa) with potassium

iodide in formic acid, or hydrogen chloride in methylene chieride,




and were subsequently reduced by Raney mickel %0 the le-upthyle

Jegrgesberoild (VI

o

é:h, ﬂxm%% G Hs a“m§\
fol k} PN
e !
(XYY CRYLRD

l-Meothylene=3-ono-gteroids (XVILI) may be prepared by deconjugaiion
ko

af the correspouding l-methyl-ll =3-ono-storoids with potassiuvm

Fepi=hutoxide and emmoniuvg ch?@?iﬁwi?a Reconjugation is effected

with aau&auﬁ alkali,

R R

J ) |
*""?A\\ s # ﬂ%‘ o (,ﬁ‘“’o t““&,‘ N ;
Y e, D
X #/’ “m& # o y é::mmm:::: LN !.f'&w - frmm
oOM®
@fﬂj g s N f OF B
{xT) : (AWTIL

. . SRR £ A
Grigpavd veangsnts, in the presence of cuprous halides™ , add
18

to the double twmd of cl-unsaturated hetones., Noxi and




g}‘@ by b . o)
Yashter™ have uged this reaction b prevpare lcensthyle
Saccholentan-3-one (XIX)} and the Sfe-proguane derivative (XX}

vogpeetively,

Resently a eyane grounp has been Iafrofused ad @61} Toxy

2 2 e 22
povers and Ringeld go Julla, Lonaves, and &ﬁm@m@f and
. 23 | o AU .. N N
ourgelves ™ by moans of a Michael type” ' wresetien on the

:ﬁq P [x e
O =F=omvogysten and le-eyanseSuecholostan-F=one (EXI) has boen
22 273

Le]

prapared in this wvay Trom Se-stholesi-legn-3-one (YILEDL)
prap

i@ s 47
0




ERY;

Fhe reactions of l-¢yanco-stereids will be discussed in a

later section of this thesis,

Substitvtution ab L{g)

4 = N - @ »y

Phe presenee of a carbonyl group ab ﬂfﬁ) has in many cases facilitalba
Y

the intreduction of a carbon aboan ab ﬁ(a)“ S=Uxo-stereids of the

A A N “ @ L Y - -
segserics enolise to give A%-enols, thus reaction with mebiyl

A

iodide wnder basic conditions yields the Zewmethyl derivative.
The wreaction, however, does not stop at the monomethylated stage
and the 2,2-dimethyl sterold is usually the major product.
Methylation of Se-androstan-l7f-ol-3=-one (XXIL) gilves S0% of +<he

2,2=dinethyl devivative (UXIIT) and 10% of tho 2a-wethyl derivative

O O

{XXL1) (XTI (IRTY)

In order %0 prepare Zemonomethyl steroids in good yield a

procedure involving preliminary substitution with an easily



DE

roanevabld group wag adopied. Ringeld and Rosenkrans ™ Tormed

a Peobhoxelyl derivative (XAV} by tronbtment with ethyl szalate
in the presence of gsodiuvm hydride., After mothylation with
webhyl lodide in the wmual way, the ethoxnalyl group was Temoved

with sodiunm ethoxide to farnish 2o-nethyl-Sg-andresian=17f=pl-

F-one (EXIV}.

@

@§H
B N
3
2 e, N
@M

{XRV)

In 1938, 2<hydroxymethilene-Sa-cholestan-3-one (XEVia) was first
praparad by Stlller and R@a@mhazng whe condepsed FGn-cholestans
J-one with anyl formate in the prosence of sodium. Thiz type

ef derivetive was lateyr used ags an interwmediate inm two routas

o 2e-nedthyl stewoids, The hydvozyeethylene group way bo used

in the sawne nanmey gs an ethoxalyl grouvp to prevent ﬂﬁm&thy&a@i@mzﬁi

ar A% way iteelf bo hydrogaunated to a methyl grovp. So-Androshane

178=0l-3=pue (ELIL) forms o 2-hydroxymethylene derivative (EIVIb)

with othyl formabe and sodiuwm hvd?yg@ﬁ hydrogenation of which,
', (‘f"ﬁ? A ” o vy w w -
Lot mebhanold in the preossnce of palliadised chavcowd gives

9




ep—nethyl-Yg-androstan-17fe0l=4-0ne {(XVTI)e This is the
unstable axial (28) eplmer and contact with alkalive alumina

converts it into the steble equatorial (2u) epimer (XRIV),

knox and Yelarde™ found that varlatien of the hydrogenabion

gonditions led o @nly'@awtial raduction af the hydroxy-
methyleng Eroup. Hydf@g@maﬁi@n of (KEVI%), alse in the preosence
of palladised chareoal, but in aquoaous methansl ex in tetra-
hydrofuran, yields the B-hydrezymethyl derivatiive (AXVIII) and
only a seall guantity of the P-methyl derivetive (XIVII),
Purther nnssturation nay be Intreduced imbo the 2-hydrexy-
methyleng-d-oxe sysben (EEVig} and (XEVIb), thus cemsing it e
exist in the keto form, by dehydrogenation with 2,3=dichloro-

8, 8=dicgano=1 d-benzoguinone %o give the 1 ,2-dehydre derivative

¢xxrx)®?,
R
B“‘M:a} ﬂ”\TﬂW
- 8 A | S
HJCWL}/ Hz,/?d.‘cx . HSC
Qf“ﬂw%%mmf OF _
(Hx5VI) (XXVEX)

&g) R = mﬁgwi?
by R = =0
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{XXVITT) (KRN

It was found that SB-stignasi—-22-pu=3-0ms, 3n which the &/B
ring juncbion is ois, sives the 4-substituted derivative en
f@rmyﬁ&%ﬁ@ﬁgﬁg Th@ Peaction vas ?@im%@@%ig&%@ﬂ3i and 1t wase
found that slkylation at ﬁ(&} vag not a genersl fmg@ in the
case of steroids having A/E gig-fused riﬁgs; for exwaple
Sa=-cholestan=3-one {(XXX) gives the 2«formyl @.@Pm@'@i'ﬁmg while
Sfestlgnast-22-gn-3-one in Tact gives & mizmture of 2~ and 4=
Topayl derivatives in the rabtio 1:l, Pormylation ab Ci&}

vas met espected since A/B gls I-ketones are kwown o enclise
o give malinly %haﬁ&gm@nulmo The intermediate anfom (¥AXIL}
iz considered to be sterieally hindered by the 6a, Fa, and 9y
protons so that squilibrivn favouvrs %h@é&ﬁmﬁnﬁﬁ (XEXL) and bhe
small amounns @feﬁ@;@mmi iﬁxﬁﬁﬁ}vpﬁasant is then atbtacked, The

Pegubstituted intermediate anjon (XEEIV) is wmore stable and

the final proedunet is the 2-Fforayl derivativa.
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Waild and Tanrvins”  oblained an interesting resuld when they
sonpbad te formylate Se-cholestan=-3-cns (XXXV) with pavee
Tormaldshyde in the prosence of merpholine or piperidine
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o dimer which wasg shows o have strushure
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Praatuent of 2-hydvormaeshylene-Sa-cholegban-3=0na (XEVia) with
hydroxylaning hyérochlovide gives a mixture of the two onapslss
{XREVIL) and {KKK?ZXEEj)G The heterocyelic ving of (HXXVIL)

L cleaved with sodivn ethoxnide %o glve 2o-—cyano-Se-cholestan-

Bepne (HENINDY,

Cothy ¢ 8"
e S I Tﬁ
I N N F@m”\ e
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N o’ /L/
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{REEVIH (XXXVIZL)
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{XXEVIL)

(REELX)

An altermabive roudte to 2-cyanostercids has been deseribed

by Kissman, Hoffmen, and Weisﬁﬁﬁ

whe treated Z-hydveoxymethyleongs
androgh=teon-1PG-0i-d-one (L) with 0,¥,-bis (trifivorcacetyl)
hydrerylenineg in benzene in the presence of pyridine and
obbained the Pecysno stercid {XLI)} diveotly., Trifluoroscetyl-

ation of the 17R-hydroxyl group alse coours in the roeachlion.
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subgstitution as Gray
o2z N

in ring A, the position which bas bean subsbitnted with the
greatest diversity of carbon contalning funchional groups is
3(%}0 in 1@3?5 Bolt and Ba0§@?§E praparad a range 6f Jeoalkyl-
Specholestan=3=0lg (XLIZa-g} in 95 « ?29% yisld by Grignacd
alkylation of Specholostan-3-one(B1HV). Although these wrkers

must have obtained apimeric products, thoy did noibrepert the Lfact,

Calle bt = § = Po
o ,L,(“ , B = % = Bn
b ;i;wmj d,R = eyelohexyl
a; ) v}" @R = phonyl
&?E;% ) TR = g=daphithyl
Z,R = PB=ngphbthyl
{THITY

>
K7

- o 4 . o
in the same year Parney and Kmn‘6 propavsd a nixbore of
Femobhyl=fa-cholestan-S%-0ls (XLITa) by the same method and

wore able o obbain ons pure epimer by fractionsl erystallisation.




The prevaradticn of g pure sample el sach GKB} epiner was
achiceved by Huwdds snd ﬁiyaﬁaﬁﬁg?g by treatment of Seecholestans
Jeone ¢yanchydeinwith methyl Griguerd voagend.

Ali the groups who had prepared 3-methyl-Sg-cholestan-
Ze0lm wore able to dehydrate thenm o an olefin, bui wera
nncerbain of the position of 4he double bond. Earﬁ@&ﬁg roponsed
the prepavaiion of the epimeric J-methyl derivatives, separated
them and deduced the stereochemisizy ab G§§§ by c@mf@?maﬁi@mai

avaliysie and showsd bthe dehydration prodnet to be J-nethyle

Sgocholest-Reons (ELIIT) by cosversion o known componnds.

{XLYTL)

The rearvvangsuent of xmm@ﬁhylmﬁémﬁm@xwmatgﬁaiﬁm to the isomoric
3mm@ﬁhylm®?m§mmﬁ@wﬁ%®fﬂi@ wag observed by Bohlman and Rmf@ﬁﬁgg
wvho fpund that l-=nethyl-Sg=androgl-li-op=l78-0l--J=one I{f-acelate
{XLIV) on treatment with bage yields 3-methyl-Sp-androgb-d-an=

17p=oiel=one {KLF)e
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4 votrogldel type of nechanise was proposed for the rearrange-
wend, Involviag hydvation of the double bond, opeping of ring 4,

raforpation of the 2ipng by aldol condenpation, and Linally

N

dehydration,

Pehydration of Jp-nethyl-So—cholestan-38-0l (ELVI) with

38

phosphorus enyehlovide and pyridine” yields Jemethylenss

Specholestane {ILVIL) topether with J-mathyl=Ssecholeshofs

A e

ene {ELITY, the former of vhich was alse synthesisad by a

&

& s - e 3 "i'r'@ a o o s - L
Wittig olefin syethesis ™ on Sp—cholestan<i-one (IXAV). The

&
Wittig roagent (XLVILE} is preparsd from triphenyl methyl-
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phosphoniuvn bromids and phenyl 1ithiuwn.

@@Ww Q@Hu?

j; . N

(XLVEZ)
PhLA

> Ph,P = CH, o PRE < LiBe

3
(XLYLTX)

Dimethylsuiphozide metallated by sodium hydride has alse been

A &3
used to offect the same conversion o

7
o

Marker and hils co-worlers , by treatmendt of cholesteryl
jBemagnesium chloride {(XLIZ) with carbom dioxide obtained whet
was thought %o be a mizture of carboxylic aeids epimeric atb
@(B)g (L) and (L1). Baker and Sqmir@ﬁﬁ on repeating the
reaction found that the produet was a pure subgtance which
was formulated as cholesgteryl ﬁugeaﬁb@xyli@ aeid (L), bud
Robeyrts, Shoppee and S%@ph@ms@ﬂé& showed it to be cholesteryl
3p=carboxylie acld (LI), They syothesised 1% by the previous
nethod and also by hydrolysis of 3f-eyano-chelest-Swone (LIX)

whieh was prepaved from the correspending Ig-bromo-storoid



i e M oy a2 W5 By ATty
(LIZY ), Evinowisatlon of she asdd

<:e°

e gffocted by tvcationd

with sodiun in othyleone glyeel, end the coniiguration at €,

oF aaeh acid was decidaed by compariszon with the products of

arblor-Wielinnd degradation af the knowa obolositeryl Jew
acotic asid (LIV) and cholesterdl 3p-acedic asid (LV) wvhich had
been apambiguongly prepared by trestment of cholosberyl

tosylaveas vith diethyl malonate folloved by partial desarborgie

¥ S b
a@aawﬂ43g‘@ o7

' ) ) fd, 9

Shovpee’s assigrment of the 3f-configpeotion & o Warkenn

&e . %8
a&ﬁ&ia was confimmed by Corey and Snesn.
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The vasaturated cholestanylidine acetiec meid and the LOPrREPOnHe
ding aldehyde (LVI) are also known, E@g@@@ prepared %hé

ackd as 1t3 othyl ester (LVIII) by & modifiod Wittig reaction,
Triethylphosphonoaestate (LVIL) and SpecholostancS-one (XIXV)

4n the presence of seodium othenide alforded ethyl-Sa-cholestanyle

jidone=joncetatse (LVIIT)

(XXKV)
&
T ._
(EL0)rP-CH.rCOLED
(LVIT)
7
C&Hrp

{(L¥IIL)




Milag and P?i@%iﬁg obtained the aldehyde (LVL) from Sue

choleston-3=cne (XXXY) by an a@étyi@nﬁ&gvn;hem %o

Cqble
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) o @ e n
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- el "§.¢ S I %\’
H-C-eH “" EtoCH=CH"
CLYI)
S

Shoppee atiempied to prepare J-tyanv-steroids from cholesteryl
halides and potassiuvm cyanide but the yields were of the ordesr

of S%s bowaver, by using an aproiic, dipelar, solvent e Nenmebhy-

yrrolidine containing %% of tert-butancl, Hembest and u@vmqﬁmﬁﬁ
P &

s

obiained 3s-cyano-=Sae-cholaestane {LIX ) in O0% yield by itreatments




......

0% Sowcholestanyl-3«tosylate with calclum cyanide, As minory
product (8%) So-cholesb-fesns (LX) was fowmsd, vheveas this

e A Y ) -s “ o é’_:, ‘eﬁ' ' N .
olefin vas vhe main product obbtained by Shoppee - The epimerie

Zaebosylate with caleiun cyenide gave 55% of olefin and 505 of

the 3p-nitrile,

,‘N/B\ A ’&ﬁw
A P
NEW j{l\w‘“ \J

{BLIR) (LK

Pohovyles, Gal aund Savel s~ ugdng sodivm cyanide in dimethyle

sulphoxide, obiained fvoem Se-cholestanylelif-chleride, - nixture
of the 3o~cyanide (LIX) (60%), the 3p-cyanide {(56), and Sa-
sholest-2-one (LE} (15%) afier tuo hours heating at 180 = 1909,
Vith lomger reaction times equilibration took place and the
3o.:58 ratlo became 1:3.

W ‘
Wathanson ak aipﬁ have synbhesized 3-aethylketones {(LXIV)
from a mixbura of epimeric cyanchydsing (LAL) formed by reaciion of
the corresponding J-hketones wiith acetone cyanohydrimn. The

ecyanobydring (LEI) are dehydrated by phosphorus oxychlerids o



9 .f:’ . e
the isvmerie J-cyano-&- and 3m@yﬂn@mﬁem$&@rﬁidﬁ {LEIT) ang
(LXITL), Prosiuent of %ﬁ@g@?m@l@fin with methyl magnesium

halide pives the corremponding J-methylketones (BXIV),

A"

(LXI)

NG g :E

{LEITL)

Gy
e

ﬁ?Hg
R = Cgy or ‘f@j

o i . . . :
Kag@ﬁqgﬁaggf, in s study of inveried corfical sterolds, prepared
a anumber of G(%j sebgtituted compounds by ethynylation »of Bo-
androgtan=l?f-ol=3=ona (XAIii), The cortical =ide chain normally
pragent at (ﬁ?)ﬁa@ introdueed av ( 3 by standard procadures
involving hydration of the ethyayl carbinol 4o the mothyl

ketone and snbseguent brominabion, and acetylatieon of the labber
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vield Sn-={asetory-aeetyl)=3p,170=dlacetony-Su-anidrosbany (LY,

LREEL )= 4

Bty i _
a LY asmr;:-..—,—.-.mr?u‘)
¢
b R 3

v"%@,
{LEV)

Bubsbitution w& a, i)

o

some of the procedures for introduction of carbon atems ab

s

(2

in the &/B Lraus sevies lend b0 substitution ab u(h} when the
X4
AR sing Swaction is ois. Thus Sp-cholesban-S-one (KXE), on
= ARITGTY ¥ 9
a LR} A o~ a2 {g} 53 T | T n, ot
Sraatuent with wnethyl iedide” in the presence »f potassliam

teri-betoxide affords 4f-nethylig-cholastan=3-one {LE¥Z2,




(REED (LXVYEY

in the A/B trops speries, swcesssful insroduction of a 4=
methyl group requires blocking of the more rsactive Gﬁa} position,
and this has beon achieved by preparation of the dithicketal
{LEVITY of 2-hydvonymethylone-So-cholesban-3-one (XIVIa) by

troatuwent with tringthylene ditoluene-p-thissulphonate and

. . 56 . e .w
potassize acebate” o Methylation of the dithiokebal (LAVII)

with methyl iedide folloved by desulvhurisation with Raney
nickel and subsequent owidation gives a wixture of & A=dimethyl-

Specholestan-J-one (LIVIIN}, do-nethyl-Sa~cholestan=3-ons

-, . . oa il ) "y o Kj'!,?
{LAIX} and 4p-néthyl-Yu-cholestan-3-one (bXK)j‘o

AT

#82
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If, howewer, a 3,4-fouble bond is preseni,methylation ltakes place

directly ai GQ&BQ since the intermediate enol (LXXTL) has high

electron density at this position, thus testosterone (LIXIL)

vields 4-pethyl-androst-f-gn-3-one (LXXEI EEJ on treatment with

methyl lodide.

Ay

L




(LEXTX} (L¥RL) (LRXIXI)

Cholesh-fean=3=0ne (LX{IVion ozouolysis and recyclisation with
sodivm acetabe and acetle anhydride affords the ewol lactone
{LXKV}§9 vhich on treatment with ethyl Grignsrd reagent followad
by ving clozure of the positulated intermediate gives L-methyl-
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The yields of %mm@ﬁhyim@ﬁmﬁﬁ@r@iﬁﬁ woere gregatly improved by a
mathod developed by Kirk and P@ﬁrowﬁs who Tirgé prepared a
ﬁhi@ﬁ@ﬁhyi derivative (LXEVII) of the unsaturabed ketome by
itrveatment with benzene ov ¢oluvene thiol and forwaldehyde in the
presenace of triethylamine, Desunlphuvisation with deactivated
Raney nickel affords the methyl derivaidive (LAAVIIE) im 80P
yield, These workers applised this reaction Lo many steroids
inclading those with a similar unsatuvated system elsevhers in

the molecule and 1t appeared to be specific to the C‘(M position,

%
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{LXEVIL) (LEXVITT)

Cleovage of epexides with Grignard reagenls has proved %o be a
route to f-methyl steroids; 4a,%~spoxycholestan-3p=yl acetate
(LXXIX) and nethyl naguesinm fiodide yield exclusively 4f-methyl-

X |54
maﬁ@%@ﬁﬂQBﬁ-25&@&1016&963 (LX),
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More thap ong preduch isg obialned when a similary reactlom is

) AN frod ] " N G@d" 0 .y i
carried ouwt in the 5f-cholesbans geries . Two compounds ldentified
from the rveaction between 48 ,5p-opoxycoprostan-3f-0l {(LXIXI) and
mathyl Bagoesien iodide are da~nethyl-Yo-cholesian~3p,48-4i0l

{LEXXIL} and cholwasgh-Sean=30,40«di0l (LXLXTII).

Py MO
ey it b
(8] O
{LEXELY {LEREIED LIXFITL)

four producks, none in move than 16%H yield, are obkained when

46 o SP~epony-coprosian-sa-0l (LXXYIV) is btreated with the

- n, 6‘?& u . -
sene Grigherd reagent ', They are fu~-pethyl-Se-cholestan=ia,



BR-Fiol (LXAXT), de~mebhylecholesbabn=Ja,%B=-dl0) TLAXIVI}, 3o~
mabhyl-S=cholestan=3p Sa=¢iod (LIXRVIL), and FP-methyl-Saw

cholestan=3a,4a=010] (LXKIVITIY),
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HO dy HO Sy
(LXKKVEE). {LEXXVELL)

= # o {‘;6 8 ¢ Py
Juiia and Nauﬁ@mﬁ%@r have recently vrepared a number of 48

allkyld &@rxvebﬁveg {LAXXIX) by treatnent of da,% -spoxycholastan=

Speyleacatote (LXXTX) with the appropriate @rignard reagset.
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Substitution at Qig}

Phe first stersid withk a carbon conbaining substitwent at the
2 . a0 aa wm g pgmue % o
angulay G{g} position was Wastphaless diol (Aiaj, prepared in
aon 207 5 y . .
491577, It was a ovunbsr of years, hovewer, befere the straeluve

A

of the diel was Tully elueidated, A sugpestion by Lettrd and
ﬁuli@yﬁ% that the diel {as the dlacetate (HGIk)} obiained by
treatmant of @h@l@ﬁtanmﬁﬁgﬁmgﬁﬂ;%wiai 3,6=discatate (ES} with
aeatic anhydride and suilphvric acid was the 396mﬁia@@t&t@ of
S5=methyl-lf-norcholest=9(10)en=38,08~3i0l {(IN} vas verifisd
by Bladon, Hembest, and ﬁb@dﬁg who confirmed the position of the

dounble bond by wliravioled spectroscopy, and by Ellis and

Vi)
Petrow’ © whoe studied the veactions of the diol (I iad),
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Anséther example of the utilisty of epoxides inm the gynthesis of

carbon substitubed sterolds ig the prepsration of So-webtihyl-
Y ’% % y 2 - & - Lhals

@haiﬁaﬁaQMEﬁﬁégmdiaif' (ECITH) from the 58,00-apoxide (RCIL}

by treatment with methyl sagnesive iodide.
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Bireh and Smith @ found that s mebhyl Grignard reagant cabalysed

. A
by ecupric acetate adds bo the double bond of A <I-oxowsieceids
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~3f-0l affords the Sg-aldohyds
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{XCVY} {RCVIL)

75 introduced a

In 1961, Nagaba and his camwarkersv&g and Bowors
aitrile group at G(S} by addition of the elements of hydvopgen
cyanide to the double bond afz&ﬁéﬁmoxemster@ids and preparad

So= and Sg-—cyanccholestan=3-one (XBVIIila) and (XEIXs), So~ and Sf-cye
angandrostan-17B=ol=3=one {XGVILIb) and (XBIXb) and Su- and 5p-

eyandwpfegnanmEQEGmdian@ (ICVIITlec) and (RCIXe),
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{(ECYIYX) (KCIX)

&y R o= wﬁgﬁﬁ? 8y R m aﬁgﬁﬁ?

b, R = =0Qf b, R = =08

¢, R @ «LOCH3 ' 8y R = «COCH-

Nagatals grouvp later reported the transformation of each of

the epimeric Sseyano<cholestan=3-ones (BCVIIia) and (XCiXa) to
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the Emwaﬁﬁ.Sﬁwcaybﬂxyiic acids {(Ca) and {({b) by hydrolysis o thelr

vespective lactams {C1) and (C11) followed By cleavage of their

Qemothyl=temesyl derivatives (CBIL) and {CI¥) with alkali.

215

ﬁf alls

s“ ,9‘""4;\%
&“ o ﬁW““““
& @m :}
@ﬂmm&
é}
(€
é,, ahig
ﬁ“‘”ﬂ:kg
%‘3535;: @ ;ﬂ‘; d‘f
Mg N g,
(CEN) (CIID ' {CIv)
Subgtitution ab F(? 03
Fhe ﬁ§1Q3 position is normally subgitituted by a methyl group and

interest in this position has heen more concerned with the reactions
of the methyl group and with its removal rather than addition of a
carbon atom to the relatively rarve l9-mnore-gteroids, Torrigog and

i’;ﬂ?"}

Pishman' ', however, prepared Sa—sndrostan-i?p-ole-2-one (CV} by

treatmnent of Se-pndrostan=i{(I%)-on=17p=0l=2=cne {(CV¥1) wilh mebhyl
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Grignard yeagend in the presonce of cuprous chileride. Thess
vorkers slso found that the same unsaturated ketome (XVi) adds
the elements of hydrogen eyanide to glve the eplmerie lla~ and
10p-cyanoketones (GVi1l) and (CY¥LI11l) vespectively, in the ratlie of
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Conformatipnsg of wine 4

In & simpleo stovoid such as Se-cholesgitan=3p-ol, rings B and
are held in the chalyr conformation by their trans fusiom %o rings
A amd D, Ripmg 4 is wmore Tlexible but ik also conaideved 4o. adopt

the chaipr conformation (ClX) which has a minimum of 1,3 interactions.
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1% ving & adopbed the boat conformmbion (CK) there would be a strong
inberaction botwesen the 0(1@) mnethyl group and the 6(3} hydwoxyl
growp, In the Sge-series whers rings A and B are ¢lg fumed, the
stable conformation of a molecnle such as SA«cholestan=3a-0l is

algo the all chaiw ecnfofmati@n {0¥L),

{CIX)

{CKL)

When eing A is highly substituied, the chalzr conformation (CX11)

has uafavourable homoanmular 1,3 interactions batweon substitvendts

Ry s Rgg and 339 and heteroaumtliay interactlions between Ra arnel R&_&ﬁd Hhc
and 6n hydrogons respectively. The homoannular interaciions may

be relicved by & laveral dlsplacement, but the only means of

reliaviag the hetercannular indtervactions is by rotabion abous



the 46 anis, thus converting ring A 3o the dbwiat bemd
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A bwist boat or beat conformsilon has often been infereed

w

Lt

te rationalisze apparendtly anemaliouvs physical snd chemical

£ Y

preopordios of ring A substituted steroida.s

0
‘J:'u

g ]

from a comparison of the dipole moments of Se-{CKIV} amnd
2]

« . - men o " ) S0 o
CR-{CRXT) androstan-3,i%7-dlones, Nace aand Turney  mggested thab

16% of the latter oxists with ring 4 as a boat.
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{CXIVI (OXY)

in the past six years, the combipation of infrared spectvoscepy



£ e

and optlcal rotatory dispersion hos detected the exisitence of ring

A in the boalt conformation in a pumber of ring f svbstiinted steroids.
grominaticn of 2e-ngthyl-Sp-cholestan-3«ona (CIV¥1} gives a

ém%?@ﬁ@kﬁ%@ﬁa which does not show & change in the frequency of the

- on Iy - - A 81 - 3
infraved carbonyl absorpbion ~, and on this basis the broming wag

e

o

2 . L L} de . L3
assigned the 2R-axial configuration . The optical robatory dispersioc

- A

@waﬂﬁﬁ does not agree with this assignwent, since, according o
the. axial halo~-Retone r31@8¢9 this substance, with ring A am &
chair (CXVEIE} shouvld show a positive Cotton effeck, instead of the
observed nepgative valus, Yhe Cotton effect and infrared spachrum
arg also iacousisient with Za=bromo-2f-methyl=Sa=cholestan-3<ons

¥ sbs with »ing A in the cheir conformabion (CXVIIL). The

(uts

ba]
ammle

C QK
ealy conformation wﬁx&h agﬁu@g with the physical weasvwrenents g
Zaeobromo-2@-mathyl with ving 4 as a boat (CXIX)., In this way the

unfavonrable wethyl-nethyl interaction im (CXVLLY) iz relieved,

gllop
y‘,,&‘ni\;‘ |
Wfs@aas {f“" \b o
g~
{CRYT) (OXVETY (CRYITDD @ﬁﬁlﬁ}

.8
Vaull, Ringeldjand Djerassi > have shown by similar reasoning thab




Pombrong=2f-nothyl-Sesandroatan-iTg-0d {(CLX} exledn with wing A

in the boat confosmation

Hothylation of Yaccholeabeboons3wons (CEEX) yvields thres
prodasts which have been identifind as the 2,2«-dinethyl (CXXI)
and ihw La={lXE{Ika) and Ef-wedthyl {(CXXIZIbL) derivatives

2% 27 &

rogspectively o It hag proviously bsen shown nat 2

rethyl-d-oroentorolids readily epiverise o the fawgquaborial
epimor, but in ¢thiz inctance epimerization atiowmpts falled and
it was inferred that ®ing A oxisbs as a boat {(CINIVY, in vhieh

tho methyl protp is equatorial, rather than ag the chair confurmacs
tiom (CXEV}. Optleal rodatory disperision again provided evidencs
in ﬁavamé of the boat conformation, the oetapd ?ml@g? prodieting
a positive Cotiéon offect Lo EXLIITL) in the chalr conformation
{CXXV) whoreas a sirong negative valuwe is obsevved which ip

cempatible with the boad conformation.
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(CXEIV) (CXXV)

In theexsople quoted, ring A exlsts in the Loat conformation as a
sonsequence of steric factors associated with the ring and the
presence of a double bond in ring B. 4 double hond'aﬁ 6{5) has
similarly been shown %o influence the conformation of ring A,
éroppg Dewhurst and Hmlkeﬁag congsider that ring A of Z2a~bromo=

/
&gém&imeﬁhyﬁwchalﬁ sh=Seanedoone (CXXVI) has a shape intermediate

between (CXXVIl) and (CXXV1il) whersss the saturated analogue has

rigg A din the chaixr conformation.
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Pupthor examples of the boat conformation of ring A have baen
deteeted by nuclear mnaguetic reononance spestroseepy. Williamson

QO

and Johngon” ¢aleniated the dibedral angles of Se~gholeston-28-

oledonne 2f=acetabs (CXIX) from the nuelear magrotic rosonance
coupling consbants and the Xarplus equaﬁi@m@gﬂ and deduced thad
ring A exists in a twist boat conformation (CAXV), The chaliwy

form of wing & &z ungbtable owipg %o the I,3=disxial intevactien

batveen the ZR«wncabyl grouvp and ihe meithyl group ab C(ﬁ@}a
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Kuriyana, Kendo, and Pori similarly domonstrated that ving A in
)
a nunbey ¢f 2B<hydroxy- and 2&w&@@%@ﬁ§a§w§w@ﬁ@ms%@raidw iz in
[$ L, » . A y 93 & &
the boat conformation, Karplus’™, howaver;, hes peiunted oud
that this method must be used with regervation, aud other agpects
of molecnlay ewnvivonment musdt be faken into account,
Many other exonples of boat and twist bheat conformationsef

ring A are recorxrded in the literature, but the emamples quoltad

above iilustrate the prineipal techuniques used in their deteetion,
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Thaye is no vecord of the preparation of l-acetylelue
androstelbeoneiP-ane {(CLEXII) which would have o sbructuere
analogous to the important sex heraons yrogesverone (CHXXIIL),
{CXRETIT ), and would perhaps possess blological acklvity. As
a prolimivary stop in the synthesis of (CHXXIIY it was desided
%o lnvestigate possible routes to the introduction of an
acetyl group av ﬁ{lﬁﬂ uaing Seecholestans derivabives as

model componnds,

G,
&ZB’; Hj ,«\ng fé" =G
“ C
AL A /,.L 1 Ny ——
N 4wi;$ﬁ? o
(CREXLITY (CRXXTTT)Y

Al

At the gtard of thisg lavestipation, the saly carbon
cond a;nyny subatituent which had been introduced at GQE}

was a methyl group, and it was felt that a funebional

group with a greater diversity of chemical aectivity would be
r@gmired before the desired Reacelyl-Sa~cholestane (OXLRIVY

could be synthesised. A «mny aow&@craad {CHAVY was considersd

te be particularly suiteble since 1t conld gerve as an
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intormediate in several possible reutes o (CEXXIV)., Two of
the routamn sodglidered involved gither a G?ggﬂaré reaction

¢ give the melhyl kotona (CXXXIV) directly, or hydeolysis o
the i-cavbomyiie acid (CXAXVL), the aeid chloride (CXXAVIN
of which, on treatnent with cadmiuom methyl should alse give

{CUEXIV ),
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251 @?35?39mad roported Sthe additien

A nuidiber of graups
of the olements of hydrogen cyanide %o stercidal @ s fundatsrated

ketones but nouns had heen concerned with cyansiion al G(E)”
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d¥ver much of Rbhe vork deseribed hore had besn comploted three
6‘93\. 0?—-?
pablieatione reported @v&ma»i@m a% this pesitione

The addition of the clements of hv&f@gen cyanido to

e 05
gofeungaturated kotoves vag Tirst studiqed’ %J bhapwerth and J@Xub)

-

who showsd that the cyaue group alwvays gees to the p-posision

3

anpd that litvie peasiion takes place when hydrogen syanide

]

A »

sell is used, 8 eyanide, such as podtassive cyenide is

-

DG CERBATY mwd the rate of raaction ig 41

™

eebly propordional
o the @ana@nﬁraﬁi@& 6f fréee vyanide jonp. The rale controiling

gtop iB thug o

en n ¥ .
CH « BOH = CH o & = © hm;) R’?ﬁ o O O =
oN

ot
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e wse of podtassium eyanide in agueoug methanol foxr the
eyanation of sbarcids promotes side reactions much as hydroly-
sig and dinoex iﬂa?1@hﬁv%ewamn potassing cyanide and ammonivm

chlozide in squeons &im&%hylf@rmami&m ware shown o glve

- {?'" 75 IS ¥ 4 '}{‘5 v
only Gyans @@yyv';,womv””fjp Moyer and Wolfa " observed
sinilar offects in the prepal cation of oyanwﬁndanaﬂﬂwa

Preatnent of So-cholest-le-gnefeone (VIITh) with potassiunm
eyanide and ammoniuvm ehloride in aguesus Alwethylformomide
for 8 hr, ab iDU gave, in 60% yield, a product whose infra=

red spectrum showed absoPpiion at 2245 and 1922 amamg songl sbond

with the presence of a riitrile grouwp and & carkonyl group im @
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gla meabored wing vospoctively, aad since attack of cyanide

ion wvag wmope likely o Salke place on the lowgs hindsrad ol-

&

Tace, the produect wag considered be looaynioeSoecholesiane

§
£

N4 " o P Ty 2 Eo T ys - 3 \oon R et oy 10 Pt

Feoun {XEI3. Chrenatography of $he mother Lilguovs vielded

no Prpdiime D5 o Sl mama cirnoe e d ot A e L ev B o £
B LUrGHer e 01 GHE 2aRe Qranol9vols all LU of Specholoshane b

s (AXRV), whieh wam probably presend as an iapweity in She

o, A

Spscholest=ieoansdeons (YHLL} vhich had boen preparsd by
debydrobronination of Zacbrome-Suscholesban-3eone”", Warnhotg
has showa that dosbrome=So-cholestaned-one, vhen puyified by

" ey S gy o o e 2 P ..“.“'\ by v ey ¥ o - g . -
Feevystaliication a6l coptaing % « 18) of Yewcholonbancje

“ (3

onge whick is not deteetablo by welting poind or opitieal woituiinn

A

and although the unsaturated keltone wes chromalegraphed befere

nee, its infvored carbonyl absorptlon band at 16T omg ahomad

]
, . . a iy o =1,
slipht shouldoar of low luvdensity at 3712 om, ~, the froutency

<

ezppobad for Se~cholestan-3-pne (AXRAVi. %The yield of cyanos

LN

ketone {XXY¥} was not improved by increasing the councentrationsz

-

of povassing ayanid

,..

2 and anmoniuvn chlorido or by carpylng oud

tho reaction ab velflux tempevature.
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Whon loedyano-Spechplestan=Feome (A1) in asells acld vas

. k) 3 4% by g et = P I O P, iy " a 3 n
Zreated with one eguivalent of bwowisg in acebtic aeild, in 4

prosencs of hydrogen b

wag obvalined whose inis
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abgorpiion at 8249 ome ~o The carbouyl sandb

(2%

3

7 B e ) &R e A wb it el At oot od
appaared at 1740 om, . & shift of <218 en, 7, which indicaked
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et the bronlne was equatorial thus the major predanet o
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Bahydrobroninotion of [CXXAVITIY widh caloium carbonade in
L i N LT W on oo o+ -
dimethylacotanide” or betber with Llithlium chloride iun
ﬁ"'iz‘;‘,
= ¢ o hn ) ol e £5 o T, . 2y ofr on g o ur oty < oy s Ty itn s o
dimethyifornanids ™, gave an @, fent peaturated ketone shoewing

B

R - v s
nitrile abserpbion at 22837 ew, 7, earbonyl absorption at

- wd e o o wl
1090 om, and ethylenic absorption at LI89% om, 7. %he

o

L

ion at 236 @ﬁ

»

nitraviclet spectron showed marimbm absorpd!
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Lehronsietona
Preparabion of amp enol-acebate
GHIRe
0 have o
{OX%) would have a hoteveannuiae
PR 51 "é

At
anas would bs veadildy
AbTanpsn

6w 1R,000), zad f2rom She above ovidend
bR appeared to be legyano-Su-cholesi-l-an~3eone {03
Lehowlh the wltravioled absorpbicn night hove be
ot o slightly highor wavelength, Woodward®s ?LL@%EQ@ pradies
a wavalength of 23% mp for on g fe-unsatavated kebone with Swy
P-mubatitnents and 1% was feld that the nitriie grovp would
entend the eonjugedtion and move the abscevpiion to an even
highor wvavelength, Phe other poussible Rosablon for the deubia
bond was in the 4,% poesisiop (CIL) which counld have rosulied
igomerisation,or {rom dne stavding materisl beling the
and not the Z-bromokebona,
be of the unsaturated hedon
gbruwciove, siace thy enol acaedeie
somoanneiar diove

o doeeld
axpeoted
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while bthat of
gpaebia.
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® were howsvey

would help
{CXHETE) wounlid be

LAl
113, and these &

neir uildbrvavieled
cunoketan

W
yobowm {URLYG, v
diane ﬁyuﬁ@mzat {CELY
distinguichable by %]
enolegeotylation by the wvmal medthoeds
she prepavation of &R
ad dehydrobrominadted with lidthiuwm
gyt ka
vbad ayanoketones
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aemamnl doe
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ous of vhich shoved nitrile absorptiosn st 2237 em, °, carbonyl

abgorption at 31665 ¢m, 39 and double hond abserption a% 1621 em, =4
and 1587 &mqjﬁgwiwh an uldravioled WA abs@ﬁp%s@m ab 250 mMm
(€= 13,5003}, The other unsadturalted ketone ghowed niirile
absorption ab 8255 ame ™ carbonyl absorptiom at 1678 @mogl and
double bond absorpbion abv 1012 cmamk with masinsm wltravicoled
abserption at 242 np (€ = iSeéﬁmbu These sets of spactral

chavacteristics ave compaltible with the expecied data fop
legyano=-cholestasl ,fedien=3v0ne (CXLIIL) aod loocyapo=choleghe
bdooneldeons {CEL) regpectively, thus stroagbboning the evidense
that the First unsaturadted ketond isvlated was l-cyany~Sme
cholesb=loened-one (CXXXIX}.

Tha proposed structuves for the three unsaturated ketones
vare confirmed by thelr mmclear magnetic resonance spectra, Fhe
spactrum of the ﬁﬂﬁp@@%ué.f&u?mk@%@nw FOEXTLIXY showed a siaglet
al 3.54 T {(ores = EB} L@W?QQPGQGAR? $o amplefiaic proten ald
6(2} and the 1ubpu©%@ﬁé& wheltatone (CXL) showed a barely
resolved trinlet centred a% 4247 (arenw 1H) corvesponding e
an olefinie proton at CK&QQ the signal appeaving as a briplat

ag a result of eoupling with protous at qu« sad probably G

6} g2y

while the remaining substance (CELITL} shoved twe deublets, the
first centred at ial?ﬁiare“ = 1H} attributable te a proton ab

C€2) beling coupled with another at GQ&}ﬂ and the second, which



b

was more sempien, contred at 3,810 {arves = 1) adiributable o

< oA

a proton &b ﬁf&§ shoving coupling with probons at O amd

(23
ﬁfﬁ}G It is possible that the assigoments of the douvhlots
could bo rewversed, but the presence of two clefinic protons

is 58311 contirmed,
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When sterolds with an A/B frang ring Junction are cabalytically
hydrogenated they arve considered 0 be adeorbad on the catalysd
suriace on the less bdindored g-faos and so hydregemation ogeurs
Enl & Ty oy :ﬂ‘{):‘:‘ %Y ¢ 1o . PO . Y By rre? ]

fron that side”™ ™, Thus lecyano-Specholesielwens%eone {(CXAXIE}

would be expected 4o add hydeogen ad vthe ia and 20 positions %o give
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ipeeyanoeboecholestans3=one {CXLIV), eplmeric atb with

_ 1)
(XK1Y, PRydrogenation of (CXXXIX) iwn othyl acotate iun the
presenne of 10% palladiuvmocharcoal gave a cyasoketons with an
infrared spectrum almost identical to that of lo=cyanectas
cholastan-3-one (XNT) bus with a different melting poind,
optical rvotation, and muclear magnetic resenance spectrum and
vas formulated as l@-cyano-Sa-cholestan-l-one (CXLIV)}. The
wneloar nagoetie resonance spocdtya of the epimerie l=gyanoketonas
ware of interest in that Emwaymnamﬁmwah@&eﬁ%anﬁﬁw@nﬁ showed n
doublet conbred at F.30¥0 {(J ab.d c.poso) and a2 triplet condred
ah 6,83CT = & CobeBolde These values were consistent with
the G{%} Behydrogen beling oqually coupled 3¢ bobh ﬁ%ﬁ} hydres
gens, While the i@mcyaﬂﬁnpmuchgl San-j-gne showed a oingle
poak ab 7.31T (area = BH), due 30 the la,Zn and 28 hydvogens
having an idenbicnl chemieal shift and sv o wessurable
goupling ceuld be obsarved.

Pehydrogenation of j*@X@M$$®f@Adﬂ with G;E@ﬁishﬁgwam

5 , Gl CyRRO=Y , Aabenzo guinone B:DoQod has baen shown o
RS

,‘QP

EﬁJ

invelve abstraction of & 1o hydrogen and 1% westhouvght thad
fur%ﬁ@w proof of the @%e@@@ahemistry at 6(&) of tha epimevic
cysnoketones (IXI) and (CALIV) could bhe afforded by uss of
this veapgent, sinsg only the IB-epimer should be dehydrogenabed.
In point of Tact,nelther epimer couid be dehydrogenated, due,
probably, to a combination of steric and electronic Tastors

14

. . 1Tos
assoeiated with the cyano gronp, -



(CZLIV)

proninatlion of lf-cyano-Snetholestan-Secone (CILIV) by the
A

%)
method”” which was used for the le-epimer gave a wenobrowoo

ketome which showed bands ab 2240 and 1739 cm.™ 4 the
ipfrared. %he shift 1n the ecarbounyl absorption (17 @mgmﬂ}
implied thadt the bromipe atoem had the equaiorial @onfigmr&%i@agﬁ
and the bromelketons appeared o be Zpobrono=-ife-vyongeHoo
choloaton=3<one (CILV¥}, Tho leocation of the bronine at @{E
was confiread by debydrobromination with Lithium chleride in
dim@thyﬁfurmaﬁéa&ﬁh e give logyanacSa-cholestel «oneia0ing
(CIXXIXY 1w 80% vield, compaved with a yleld of 605 obbamined
by dehydrebromination of 2ecbrono=lg-cyano-Sgethelenbaneie

one {CXEXVITL).

L5

&5



106 hnve shown ¢that dehydwobromination of

Schmitz and Johnsos

la~dontoro-2e-brono-3=-oio-gtereids procceds with loss ef

donterivmn, bt they wore unable %o say wvhother the olimination

vas $ig, iwvelving the Ze-bromine, or trans dlaxial involvisg

prolininary conversion of the bromine to 283 and Wendlow, Paub,
167 - , : - . o _
ave shoun by dehydrobromination of p-deuteratod

and Kuo
opineris a-bhromoketomns that treng diaxial elimination ig-
favoured, The mere roady dehydrobromimation of lP-cyano=Pue
broma-fa-cholestan-doone (CXLY) may be rationalised by a
mechenisn in vhieh the bwwomine is converted o the 28-axial
configuradion folloved by Srans diaxial slimination with %he
lg-hydrogom, Su-Brono=le~gyana-fo-cholestan-Feone (CXXXVITI)
dons not have a ig-axial hydroges atom and so 1t dehydros
broninates more slowily sinse the reaction cannod @?@@@e@'by

sho preferred route,

Wi
&



i

Cyanonteroids have been hydrolysed %o the covresponding

sarbexylic acids by treadmend with aguecus othanciic pobassivn

- .o OB ) o \ . o
hydrozido , bud in gows cases fovelng canditions, swch as alkell
. . . &h RO

in reflveing othylene glyeel "7 Jg AFS RECRLSArye. A neldghe

houring functional EW@%@ way react wlth the initial hydrolysis
foTand

», . {559
pEodued, and i b&ga% and Bewﬁgﬁ(” found that the amides

forped by hydrolyeis of Y=c¢yane=ji-ono-piorolds oxisteod malinly

- m o i 4 n e 914 B
as 5,%lactans, sack az (CIL) amd (CI¥X), Wagate ™ alge

g.;
@S

tained an snalegons lactan by hydrolysis of a i3-=ayamngs
1Bwames Dehonosioroid,

Whon laoetyane-Seecholestan-3-one (XXI) was treatod with
5% agueons athanolie potassive hydeouide or with P98 aquecus
saiphuric acld, a substance wms-@bﬁmin@dg in 66% yield, vhose
infrared spectrum measurad as a nwjel wall gr in chiorofeorm
golution had Dands at 3500, 3390 zad 3219 ﬂmam% which counld
he attributed %o a hydrowyl group end primary or secondary

aminoe gronps. The spectrum in mujel shoved three baads ia

?w:'

the carkonyl region ab 1712, 1692, and 1626 em. = whizh could
be attriluited to a cavbonyl group in a six menbored ring and
primary and secondary anide carbonyl groupa raespectively, while
the selution speoctrum shoved bands at 1708 and 1697 @mamgg
which suggested anidsn or lactan and lactam carbenyl grouvps

r 2 L) e =, -
vespaetively, and a band at 1580 em, A whleh was probably due
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to the N¥ deformadion mode of an amide. Those speetral

2

featuren wvera similar So those showa by the 3,% anide~

{:_‘?

©
w3

4

o,
P

lacten obbained by Nagata'  and the hydrolysic product was

copsidered to be ap ananlogous oguilibrium mizdure of a i
anide and a 1 ,3-lactem with the lactaw form predeninating,
Troataoat of the lactan with dry methanol containimg dey
hydrogen chlovide rosulted in the iselation by chromatography
ef two producits aleong with vachanged startiong msterial, %Fhe
Piragt product, which varp obitained im fos small o guantity

%0 peralt full ifnvestigation showed iniraved abserpiion bands

o,

at 3390 and 1724 em, 7, tho latter of vhich suggested a sim

wambered ogyglise kotore, The seecond product had bands in ke
infraved ad 3320 amud 3140 @mﬁmi yhich ware abiribugted bt W
shiratchlag fregquencien, A singlo band in the carbonyl region

al 1695 @mgmﬁ was consistont with a lagtan carbonyl greup and
the zubstance was Formulated ag the O-uethyl derivative (CXLYIIL)

4

of the 2,3 lsctawm

Ip=Cyano-fa=cholssban=3=0ma (CILIV) on trvatment with
5% aguecns ebthanoilc petassium hydrozside afforded the cawm
hydrolysis product as its la~epimer, h@m@@ hyirelysis of
one ¢f the epimers had obviously beon accempanied by anr
apimerisation, The storecchomistry of the lacvawm could not

be decided until it wan ascerdzined which eyanckatens had



epinerissd. Selutions of oach,in 1% othbaunolie potassiuvm
hydroxide, vere alleved %o stand at room tomporature, and ab
intorvals sanples wvere oxamined by thin layer chromatography.

Py bhis soans 1% was possible to follov the course ef hylrolynis
of aneh opimer. The Ip-cyaneketons epimgvisod bafore lacbewm
ferpation and the le-cyanckobone wont direetly to the lactewm,
Af@@y two days, hovever, a 1ittle of the wachangod lestyange
hetone had alzeo oplmerised, These obzervaitlons establiched
that the azial coadignration ab ﬁ@g) ig preferred,vith rospoct
%0 legyane«=Spotholostancie-onas. Yswally the preferrved confignae
ration of cubstituvents in ceyclohomans vings is eguaterial, bué
the presomee of special stewie and elestrenic factors may rasali
in the anial epimer pﬁaa@mimaiimgligg in thoe propent caze
sonvergion of the cyzme growvp o the axial configuratien
probably alleviatos Intevastion of the syane greup with

tho llecshydrogen and presends a more favourable elocdronin
arrasgenent with $he @is} carbonyl group. Tho oroduet of
hydreliysis covid mow be assigeed dhe strueture of Jueaninso
In=carbory-ipehydroxy-tSaccholestans lactan (OXLVI) with somo of

= e

$he lpoanide form (CXLVIT) also prasend,
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{CELVIL)
than l=cyuno-Sg-ehologb-leane-ono (CXXEIX) was treated with
agaoons edhanolie patassive hydrexide, an odour of syanide
was detected during the working up of the veactlon, and the
product nop. 166 - 160, E%EQ e 300%, 43 not eontnin nitrogen.
i%s witraviolel speetrum, when meassred in gehomene showed
vory loy absorptlon at abeut 300 m M, while in ethanel thore
gh absorption ab #2305 mp (&= 16,0000, and in ethanel
sontuiniag 10% of decinormnl aquecus sedlom hydroxide,
maxinin absorpelon seeurred ab Zﬁﬁﬁﬁﬂgg 19,0000, The infrared

spasbrun peasured in cavbon tedtrachioride showed bandg at 1736 mad
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=B

e {J""i . N
1950 sme Thore physicael constante wers in geed agroement

- 9 o L2 o poupr e . o
with those of HBu-~cheles aﬁm.ojm@@@m@) (ORLIX ). Troatunond with

breming in chiovofowm-mathanol gave a dibromoketone whos

") @ : 8 .
properbilens, Bepe 168 = 5 [@ﬁﬁmﬁﬁ o and infrered aboorpticn

A

» « ¥ =9, . -3 Ll ‘33‘3, £
at 1724 em. — with a shoulder at IPI9 em, ~ were IR agroemont

4T ) [TY.Y B o L3 D) 21 :&. g?—_»:. *
rieh those of 2,f=dlbvremn-Suocholostansl Jedione * CCLY,

ot

and Shas confirmed that legyano-Soocholesdel-dn-loesne (CXRITID

”n

with base yiloldsd Sa-cholusianel ,J-dioge (CELIR),

{CXRETLY {QELIXD (0%}

A prebablo nochanism for the reaction ig Formabion of the

eyanchydrin (CLI} by abtack of hydronyl ion ab @€ y fellowed

13
by less of cyanide fon %o glve the enel (CLIL) whieh subsecquently

ketonlsen.
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(CLYL) {CLITY

The unsadturated ketouns (CXEXIX) was unaffected dy $reatment with
hydrochloric aeid in ethanol,
¥t was epparent that the 6633 Lyand group gonld mod

be hydrolysed directly to a carboxyl group while a carbonyl
group vas present at c{ﬁ)” although the lwearboxylie acid
might have been obtained from the lactam {(CXLVI) by Nagasﬂ“ g
procedure of O-methyladtion and then Nemssylation folloved by
ring cleavage with alkald, but zince the first step had only
proceeded in 40% yield the procedure was nod cousidered te b
of syathetic value.

£ the influence of the carbonyl group were removed by

ethylene ketal formatiom 1% was poessible that hydrolysis might

;
I

yield the carboxyliec acid,
Accordingly, the ketal (CLIII) was prepared by treatment
of lg~cyano=bg-cholestan-3«one {(XXI} with ethylene glycol and
113

; : &
a trace of bovon tvifiuvoride etherate at room Hemparature o

The ethylene ketal greup was not hydrolymed by treatwment with



\ o I A A&
other coabaining a trace of concontrated hydrochlerie seid ™,

but the ketone wad readily rogenowated by refluxing with peo
" . <o = 315

toluene sulphonic agid in asedone qu Attompts o hydvelyse

the eyane group of (CLIII) with agueous otharolic potassiunm

hydronide weore uwonsuecemsful, sharting materlial being recovered

in eash ¢ase,

{CLIIL)

Another moans of siiminating the influense of the earbonyl
gronp an ﬁ(?? conslsts of conversion to a hydroxyl group, veing
a selecbive reducling agent vhich weuld not atvack the mitsile
grotlp.. It could be @mviéageﬂ that a il-earboxylie agid would
yaadily fora a)f «lactone with a C<3) hydeenyd grounp and 0
yield a cyclie hydrolysis produch, which is considered undosire
able im the route to the l-uwethyio-ketoma (CAXXIL), bunt since
the proposed Geipguard reaction om the 0613 nitvrile group

necessitates modification of the carbonyl group beforehand and

fend



singe interssting offects night result from the prosencs oF a
hindering group ab ﬁ(ﬁ} an the reduction ¢f the carbonyl greup,
T8

adtempis to prepare the la-tyanosSuechslestansi-ols (CHXE) amnd

tg

{CLITT) ware justified,

4 review of the reduction of cyelic ketones by lithium

. . ; . . 115
aluninivm hydeids and by sodium borohydride &

shove that an
uvpiindered kotone gives the equatorisl alsohel, while a hindered
kotone generally gives the axlal epimer, For example Swecholostans
Zeone (XXEV¥), dhich is snhindered, yislds Baseholontanaifeold
(CLIVa) and a swall amount (106) of She awial epimer Sae

_ - . : , . oyt
cholegtansJo~ol (CLIVBY,”' while Spocholesbansil-one (CLY},
containing a hindered carbonyl geoup gives,on redestion, the

118 awial aleghsal {(CLVI) @niyﬁigo

CoHy

./\\t/iji:j:f:]

{CLIV)
Cobly B0 R @ =0 Colyy
g 2“"9 R T 11 6

@%§/”\JxJ Ho /J
O T

~ é\\/"’/
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(CLY) {CLVYL)
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Phe steric course of reduction of carbenyl groups with complex

12 in teprms of

metal hydrldes has been intorpreted by Eamh@ﬁl
steric approach control and product developnent eontrol. The
Tormer concerns the first step in the reduction procesms, She
appremah of the reducing agent ¢o the earbouyl group, and in

the case of an unhindered ketone such ag SeecholestaR=3-0Re
{{XXY) approach is equally sasy from elither zide of the molesule.
The faetor vhich determines the econfiguratiocn of the finsl
product is preoduct development conbtrol, which concerasn the
equilibration of She %twve possgible intermediates and gives im
this instance the sguaterial {(CLIVa) and axial (CLIVD) aleohols

in g 952 vatio. The more favourable directiesn of approach o

an lisaxe group iz on the e-face, and this resulis in the
internediate complex belng R-orientated, and henea the exclugive

formation of the 1ip-siechol {CLVI). The important factosr in
the reduction of unhindered ketenes is dthum produet developnmend
control, while with hindered kelonos steric approseh contyol fg
more impovbant.

Another factor which has vecently been comnsidared to affect
the approach of the reducing agent is elecivestatie repulsion
by neighbosuring funetional groups. Thie effect has been

inferred to account Tfor the unespocted ratios of epimers

obtained by sodiun borohydride reduction of Lechlorse
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. ] iga2 | 8 an ,
Wheeler and Huffman have considered the mechaniss

oy

and manner of disgscciation of the cowmplen hydrides in relatie

]

of the ratio of api

gts

ie¢ alechols Fforned,

? - ¥ ™ 2,
gtudied ths reduction of Sg-choleostane

;u.-g
Fnad

ine

;;-—3

Wheeler and Wall
3-one (XXXV) by a number of complex metal hydrides in different
golvents and showed that the proportion of axi Za) aleohel
obtained by sodduvm borohydsi de reduction inercases as selvent

is changed from igo=propyl aleohol to ethanol and then methanol,

. - . 3 : _
They suggest, as do Beckett and his eseworkers from bheir

investigation of the reduction of tropinone, that im methanold,
sodium borohydride forms bulky albkoxyborohydrides which attack

rom the loss hindered side and inecresse the tendeney to axiald

29

aleohol formation, Jones and Wise reported that in the

initial stages of the reduction, before horohydride—golvensd

interaction hag had time %o take place a swaller proporbion

L} ia'? Ly n
of axial alcohel is presont. Uheeler and Vail jg in suoning

119b

up, agree with Dauben” that the size of the reducing specles

ig impoveamnt and alsgo girvess the imporvance of the ionic o
covalent character of the redncing agent.
i?g Y . r - A 5 &
Houbengtosk and Diiel” investigated the reduction of
dihydroisophorong {(CLX) and came to the conclusien %thas
Vithium aluminium alkoxyhydrides disproportiovate to tetras

alkoxy compounds and lithium aluminium hydride, the latier



oYy
Hh

being the effeetive reducing spocies, An oxception o this,

hovever, wap 1ithiom aluminion $vlestorb-ntoxybydrido, sinee

*

formatior of lithiuvm fobrastepi-butonysluminiom was thormge

dynamnizgally difficelt. Those verkers vere mnot of tho opiniown
what the vesultss ebitelined vith sedism boxehydeids iv wmethanod

sonld be explained ob a basis of alkexyborohydeids formatien™"

ang shoved thad the wrne of aothaproel s soivont inercased the
b s o s , . AL9Ww |
sbarcoseleeblvity of the reagomt, but agreed that Daubon®a

theory of solvation woes probably the reason for selvent affocks,
Az an aldernative, they suggested diffevontlial molvation of Sho

sransltion statos sueh an o changs thele sterie requirencshs

Vel

H 3{;‘@. L«.....»/ j

Bagpite the amount of wvork that has been sarvied out, =9
sleay pieture of tho mechanisw of reduetion with cowplen metal

hgdrides has yobt emergoed, and further study 1o necossary. Some

AP, R Eh
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of the discrepancies described heve may be atiributed b the
fact dhat in somo casos, different ketomnes were nsed for dhe
roduetion studies, thus, altbhowgh the rpaction condidisns

wore the sane, the actual snvircanent of the reduetion process

Reduction of le=cyanp-Specholestan-3-one (KEI) with
podiva borchydride in agueoung methansl Loy 1 hy, at room
bogperature gave a product which shewed no carbonyl absorpbion
in the infraved bt shoved bands ae'ﬁaaw and@ 2248 @Mng

indicative of hydroxyl and nitrile groups r@sp@ﬁtivalyéamd

oy

hich was expected %o bo an epimeric windbure of le-cyance
socholostansda~ol (CLEL) apd loweyano-Seecholestans=3H-od
{CLEIL}, although it was apparendly homogensous when subjected
Ho thin layer chromatopgraphy. Colunn chromatography, moreovar,
dld ved reeuwld in the separasion of @piméwﬁu AL fractioas
pkuted were recrystallised with diffienlty from agueocus wethanslk
akd cach melind gradually betwoen 90 an@ 126@3 theso p?mpar%ie@
wers characteristic of an epimeric mixzbars., Aecabylation with
acetle anhydeide apnd pyridine yiolded materinl which sliee
appeared homogeneots on thin layer and colupn chrenatogrephy
beh could met be crystallised $o give a sharp weliing substefee,
The same results were obtalned when the time for the reduction

vas pabtended o 30 hr,, and whon the reaction wag carslied oud



0

by the addition of solid sodium dborolhydride o the ketone iw
matharol,, showing that ne significant egquilibraticn was takimg

place anmd that iaverse addition does not alter the esmposition

o3

of the final pradmc@igﬁo

& @HW %% Wiy
CH /\\;ﬁ”*‘j“* Q N S,v"‘“\]la :
/‘%‘ \xq.n;" "!“‘\ o L”‘”J A, i "’J"'\Tr"” S
HO™ S8 m_/)[ iyl (@*L“”’ Fprd
(CLERX) (CLETT)

Hhen le-tyane=Sg~cholestan-3-one (XXI) was reduced with
sodivm borohydride in iso~propyl aleohol, a product was obtalned,
which had an infrared spectyum consistent with that expected fox
& loecyano-Sascholestans3 §~ol, (CLIL) or (CLAILY, vas homoe
geneoys on thin layer and column chromatography, and could be
recyrystal lised from peteol as meedles mope 153 = 1S§@ﬁ it readily
formed an acetate MaPo £29 = Eﬁfﬂon treatment with acetie anhydride
and pyridine, This ﬁmhﬁ%&nceﬁappeareﬁ te ba a purg lo=tyanoe
Boetholestan-ji-al but the configuration at Q{E} wan unknowie
Rapid Meerveln-Poandrof reduetion of lac-cyanp=fp-chelestancs
Geone (XNI), ves corvied out by distillation of the kelome and

alunigivm igp-propexide in igpepropyl aleohol for 1 hour and
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a produet was obiained in BO% yield, identical im all respacts
with that obtained by reduction with sodiuvm borehydvide in
iso=propyl aleohel. Nace and 0%Connes have shown that whem
Sa-cholostan-3-one (IXEIV) is rveduced in this way a reladively
large (28%) pvoportien of the axial aleohel is formed, the

roapons for this,they suggest, are the sisze of the redneing

agent and the m@ahani@ﬂﬁl} of the reductlon vhich roguires o

28

i

Fad

eyelic transition state
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Yhon la-cyano-Snecholestan=3eonsg (IXI) was reduced with
Lithive aluvwiniug trictert-butoxyhydride in tetrahydrofuran at

¢ .o ' s o . PR . . . .
07, conditions known to yield 9B.%% of Bowchnlegtaneif=ol
€9

? g £ e 3 SN UPYY :?r‘ R
{CLIV) from BSe~cholestaneZ«one {ﬁXK?}ﬁ < materisl with

2 ] ) - "o o r w3 )l RS o
infrarved absorption at 3400 and 2245 cm. apd no sarbonyld

abgsorption vas obtaived, which was receystallised from aquecus



methanel o glive {in 50% yileld) a producd of mop. ﬁﬁ@m@%&ﬁ
naaffocted by further reeprystollisaticss. The mothor liquors
vere concontrated and a second product was obvainsd, whieh
afier repeated vecvysballisation gave {in 5 yield) a la«
cyano~Saccholestan=3=0k {CLXI} or (CLXII} identisal with thad
obbained by sodium borchydride reductlon im Jgoepropyl aleohel
and by Meervsin-Pomnderf reduction, pardiel separation of
apimerg haﬁimg been achieved, The Tiest evop wvas acevtyiated
and the erude productyuwhen exaniped by thin layewr @hﬁ@mﬂ%@graphyﬁ
shoved she presence of two substances of very a&mz?mr polerity,
the lesy polar of whieh ﬁ@??ﬁﬁp@nﬂ@d e the acetate of fthe
sleohol of BMePe 353 o 1557 but the mixture. sould not be
saparated by colnma chremabtography. I8 had boon shown, however,
hat the material of m.p. 120 o 122 vas an epineric mizdure
although homsgensovs or thin layer chromatography, The

gpiners vere appavently of such similiar polarity that ithey

o

“eouldd not be resolved by the chromabtographlic methods employad

N 30
or aise they existed as a molecular @@mpEO%lj

o Bhe cowponents

of whivh are Lforned in the correct proportions when the reduction
ig carried out with scdivm borcohydride in agueocus methanol,
vhareas as exeess 0f the epimer of mepa. 153 155@ g forned

on redustion with 1ithive aluminium tri-tepi-butozyhydride ie

setrahydrofuran,



¥,

Reduetion of log~cyanv-Soecholestans3 ¥ <0l (CLEI) or
{CLXIT) with an oxcsess of lithium aluminivm hydride in ethep

yielded lo~aninomethyl-So-cholestan=3 ¢ -0l whose infraved

-
e

spectrum showed bands at 3390 {=0H), 3311, 3205 cm. (NN
i

~ y L = = - - . )
streteh) and 1590 om. {«NH deformation}, and no mitrile

&

shsorpiion., The amine formed a salt with hydrochlovic aeid,

and a dianeetate which shoved infrared absorption at 3280 and

o

+
/3

v =y :
3080 eme - (=NE), 1980 (acetats € = 0¥, 1653 (anildsl = 0), snd 155% o6

(=8H deformatien). Hydrolyals of the discetate with 0,9 mol. of

' , , . 133
nethanolie sodivm ecarbonate st room %@mp@va%mw@&”

yielded
a moneavetate, preferensisl hydrolysis of the € (33 acehyl
group having takem place, sinee the infrared gpeetyum now

iy l}'

showvad hydroxyl absorpiion at 3460 em, aad no acetate

carbonyl absorption ad 1760 e Gmﬂg The amide bands were
present as bsfore,

Reduction of la=cyano=Sgecholastan =5=ons (XXI) with an
excess of 1ithium aluminive hydrids in ether gave amn anine
idemtical %o Bhat obbained by reduction of the hydronye
pitrile (CLAE) ov (CIXINY, thus showing that thisg methed of
reduction of the carbonyl gronp folliowed the same stereochemical
path as occurrved with sodium borohydride in igo-propyl alcohol
or sluninive igo-propexide,

The fafrared spactrum of the hydroxy-niirile (CLXE},

or {CEXIIY), in dilute seolutien in carbomr teitrachloride, showed



hydroxyl abserptlon at 3663 @mgmio Under the same conditions,
the hydrozxy-amine shoved hydronyl absorption at 36350 @momg
the decreanse i frequency (13 @maha)lﬁg being indicative of
intramolecnlar hydrogen bonding between the hydrogen of tho
hydroxyl group and the niltregen of the amino grouwp., The
diacetate shoved ~N¥ sboevptien ab 472 and 448 cn, "%
wvhieh altered In the mnounowacedtate o a broad band from 33522 He
3179 emgéln with the hydroxnyl group absorbing at %640 @mowl
{hv=23 cmomﬁ)o These absorptioen bands weré charseteristic of
the hydrogen attached %o nitrogen being intramoleeculariy bonded
t0 the oxygen of the hydrvoxyl group, am&‘%h@ hydroxyl hydrogesn
being intramolecularly hydrogen bonded %o the oxygen eof the
Neaecetyl group respectively.

The s%ér@och@mis%ry aé 0{13 was Kknewn to be the axial,
since lithium aluminlun hydride would not after the configuration
in the course of reduction, while the stevsochemlisiry at 6(3)
could he either amial (3a.) (Cixiix)mgﬂ@qmaﬁ@wial (38) (CLXIV),
The interatomic distances (?’Bﬁﬁg)lﬁiﬁ the latiter apimer
are too great for intramelecular hydrogen bonding to eceur,

but this wonld be possible in fhe diaxial epimer,

H i b O = }\! e
@\M,,-&%‘&-\‘ﬁ:& L‘hi\%‘é

(CLETIEY (CREIVY
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A similar situwation would prevail in the dwo possibls

moncacetates (CLXV) and (CLXVI) epimeric at C(g)a

=1 —7
LTy g
E e H-Q &
Q o W | !’i o
\H;--‘o fied C.. ~. C-H /,L]:-\
= & CH;
(CLAY) (CLXVI)

From thisevidence it was concluded that the hydroxy-
pitrile was leccyano-So=cholestan~3a-21 (€KL} and the amine was
consequently lavaminomethyl=S%z-cholestan-3a~-6l {CLXVIIa) whila

the mono- and diacetates had structurves {(CLAVIIL) and (CEXVIZe)

(® I H 3y

T dg Rm RY = B

Do R & AGy, B = B

d
wh
RO €, B = R'zs Ae

{CLAVIT)
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Nitriles react with alcohels in the presence of hydrogen

\ . . I3&
ehioride fo form imino~either hydrochlorides ” (2)
_ ¥

RC=N » RYOH ~*~h§&-% R?::NHZ Ci” (@)

OR?9

Hydroxy-=nitrilas yleld cyclic imino-ethers on treatwent wibth
hydregen chloride AF the hydrouyl group is suibtably evientated,
Three exaaples of steroidal cyelic iminocether formation are

135

recorded in the literature’ and in each case a ),J=¢lg
diaxial velationship was required. Bramination of molesular
modeis of the four possible l-oyano-Ss—cholestan=-3~ols showed
that only a le,Jo arrangement would readlily permit eyclic
imino-gther Tormation, & IR,38 arvangewnent would perhapa form
an imino-=gther but would involve considerable ring strain.
Neither of the trans compounds le.,38 and IB,3c would be able
%@‘meaa%o

Treatment of the la~eyane-%a-cholestan=3e~08 (CLXI} in ether
with bydrogen chleride under anhydrous conditions gave Sa=
cholestan~le,Jo~intno~gther hydrochloride (CLXVIII) with
-,

characteristic C=N absorption at 1690 em, ~ in the infrarved,



) H .
T “Ci ‘3 "
la \
{CLRY LI

The free imino-~ether was obtained as an oil by shaking
its hydrochloride with sodiuvm biearbonate solutien, follewed
by extraction with ether and evaporation of the solvent,

25 of the imino-ether or $ts hydrochloride (CLXVIITL}

Hydrolyais
would be expected to give the lactone (CLXIX), and in practice
hydrolysis of the hydroechioride with hydrochloric aeld did
show evidence of lactons formation in a band in the infrared
spectrum at 1770 quwﬂa Other products obtained included a
nitriie, indicated by a band ab 2845 @moﬁlw(prohably le=eyanee
Ba-cholestan-3a-0l fren rearvangemendy of the iminmw@%hesk and.
some unchanged imino-ether indicated by a band at 1685 GMCCEo
Thin layer chromatopgraphy shoved the presence of two other

substances in trace gmounts but celumn chromatography failed

to effect a separation,

o t

{CLEXLE}
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e isolatioe of bhe wrial fwav aloohol (CLET) ao the majer

produad of reduction of the kedbone {XKIY with sedium borge

hydride in ippepropyl alechol or Lithium aluminiuw bydride im

=

@ ofF waetal

3

ether can bo omplained in torae oFf the thoowic

sydeide reduobtion ountlined enrliey: leesyanc=So-cholessames i

pae (LRI} iz a hiadered Ketouna,and so steric approash conbyred

is dmpodtant, The approash of & reducing agent on the g~Taneo

Fnin
i
by

o sterleally hinderad by bthe azxial nitrile growp ab ?£}}¢ B WG
4 gt

v A [ PV D o W R R a ptey T g e e oty 5] moen
nay alsn be olectroshatie ropulsion by the ayawve group Aand 56

¥ . )

avtack oceurg fvrom the Repide Torming an e-erientated intomrediate
somploan, vhich gives the axiael {(3n) alophol. The increasa

a "

in vhe proportion of eguatarial aleohel ebteioed by reduction

with sodiuvm bovohydride ia aqueous nathanol proebably roselss

Epeoe colvetion of the reducing agent or formation of complew

‘.’
&

alkoxyborobhydrides thue vendering the intermediabeo complen
rPathar large for complete stabllidy in she Ja-confipguraiion
apd so prodict development ¢ontrol comes inte effect, Thisg

sheovy is borpe oundt by the mixture of epimers ebtained by

veduotion with lithiuvg aluminiuva @?i'tpLNWEMb@KVMJd Aol

)
pphttA)

whﬂwh i vexy bulky,and although 4% would atback from the f-

side to give an erorlentated intermediaite, the sdterle crowding

&

>

55
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by the nitrile group would uncourage conversion
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aquaterial econfiguration. MNeevvain-Ponndort reduction must
have reosulted im f-face abtdack by sluninlum igp-propoxide with
smhﬂequaat ring formatlion on that face leading %o %he anial
hydroxyl group.

PN

APber the completlon of this work Julia, Ionares aond

22 . : .
Simon T reported the preparation of four of the compouvnds
deaeribed heveln,la-Cyano-Bu-sholostani-one (XKL}, vas preparod
from Spocholesteol-gnelosne (VIIIb) and acotono eyanohyd@in,
fedueblon of 2ho cyanoletone (AXI) with pobassium borohydeilde
yielded & compound which Julia considarg to be le-tyano-S%zo
cholastaneifonl (CLXET) , bmt from 1%g constbants and thema of
i%s acobate A% lp obviously what has beon shown in thisc werk
to ba the Jaraleohol, Julis compared the wetation 4ifferance
an acetylation with thé corregponding difference shown by
Smochologstan-le,3f-0ivl and assigned the Jf-coufiguration te
the reduction productybut later he mentiong that Ss«cholestan=

lecaleJone ig wedueced b0 the le,ju-alcohol exclusively,

feo
ford

al3howeh is recogaised that J-ono-~stereids nm?maﬁly
give the 3pe-aleohol.
Table 1 compaves the constants found by Julia’s group

with those Found by the aunthow,



&
TABLE 3
Authowr Julia ot, als
i\ o - e o '
nep lal, P [a3p
lo=cyano-Sg-cholestat=
. ‘ o ®
B enmg 268 - 269% & 56° 1647 + 48
ig=ecyans=3J-athylone-
5 r o
dicdly=Seecholestane 182 « 183° o 40° 175 o 1797 s &2
la~cyane-Ya-cholestans
oy ¥ N o > g v A « v . @
Ju={36 ek 153 = 155° o 53° 150 o 151,50 5 56
je=tyang-Sg-cholestane
- f o ‘ ) -~ K ) R . D .\ &
Ta-{38)yL acetate 229 o 132° o 207 134° . o 31

Sinee laecyano-=Sa-chelegtan=3g-0l (CLXII) had not been
prepared pure by reduction axperimenis, it ves desidsd %o
attenpd epiwerisation of the 3a-aleohel (CLXZ) by hydrelysis
of ivs tosyl ester, This derivative was prepared from Ghe
alcohol by treatment with g@%alu@n@ sulilphonyl ehloride in
pyridine ab 0@9 Rapeated recrystallisation of the srude
produet from acedtone Aid not furnish a pure substance, bud

the infrared spectrum with bands at 2257 (C¥), 1600 (avomatie)
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apd 81% em, =4 {1, 4~@isubstitnied benzene ring) indicated thats
the desired cyanow-tesylate had been prepared. Purification
by ehvomatography was not stitempbed since tosylates are
" e 0y oy Fie j, 36 = ;31 :; k,, 1 AN (:u) i)
stable to such treatnentd o Ghang and Blickaenssall
heated Sa-cholesban-3B-yl tosylate in dinethylformamide and

ebbained a mixture of So«cholest=Z-gne and Soe-cholestansio-

yi formate, chromatography of whieh hydrolysed the latter o
138

'v-!

Sae estan-jo=cl (CLIVB}, A wodification e¥ this method
was vsed in an attempt to epimerise the crude lo—cyano=Sg-
cholestan~3a-yl tosylate {(CLAXI, Phe ester was heated ab
AOUu?G”@ for 5 hve in aqueons dimethylformamide in the presence
of gsodiuvm &@os ate, The crude product was chromatographed %e
give (in 20% yield} a substanee which was shown by analysis
%@ contain cavbon, hydrogen, end aitrogen only, and whose
infrared apectrum showed peals et 2250 (CN} aand 16%8 @mﬁml

{C = C). On this evidenece it was concluded thet $he substance
was la~ecyanosSuecholest-2eene (CLXXI). The next material
{(15%) %o be eluted waz shown by thin layer chromatogtaphy

to he a mizture of twe substances, the infraved specitrum of
which showed the presence of a nitfiie gf@ﬁp,an& poaks
characteristic of the starting tosylate were also presents

o @l .
in addition there was a band st 1740 cm, which was sugpestive

of an aeedate greup, The miriure showed uvlitravislet absorption

5

at 286 uy o Pinally le-cyano=So-cholestan-3a-6) (CLAT) wag
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«

et

rlute

pa

. whieh could have resulied from hydrolysis of the
tosylate (CLIX} or from initial incomplede tosylation, The
mirxturs was rechromatographed on silica gel but «till no
geparation was achieved, It was then treated with ethanclie

, . 9 el :
potassive hydrexide and the band at 1740 om, disappeared,

2
2]

being replaced by hydroxyl abserption at 3450 @mew}; thin

Layer @h?omaﬁ@géaphy showed that one component of the mizdure

had becomne more polaw, ultravieclet absorption was z81iil at

226 my ., Thag it appsared that one cowponent of the mixzture

had been an acetate or perhaps a formate, A further chronato-
graphy resulted in the igolation of a small quantity of material
whiech was homogeneous and had infrarved and uwltraviolet absorpiicn
simnilar to the starting tosyladte, the meltlang point, hevever wan
SONg §0© lower, The material nust have been the Ju« or IB-tosylate,
but was obtained in toe small a quantity for satisfactory identie
fication, Continued elubion ylelded only guzmy Raterial which
was a nixture probably containing uwnchangad tosylate and sone
alcohol which had resulied frow hydrolyslis of the tesylats as

it passed through tvhe @h?@matagfaphié colunn, along with the

aleochol whose ester was present in the origlnal mixture,
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{CLEE) (CLXRL

Yhen lf-cyano«Sawcholestan<J-one (CXLIV) was reduced with sediwm
boreohydride in aquecus methancel, and ¢the erude productd onamined
by thim layer chromatography, 3¢ wvas fownd that reduetion had
resulded in the formation of one wmajor product and a trace of
anosher of very similay polaridty. The majer produet wvas obtaimed
exelugively wvhen the reductlon wap conducted in iggeprepyl
aleohol, Ite infrared specirum was consistent with that
expected for i-ecyano-Sn-cholegtan-3 § -6l (CLKXTI} with bande

at 3500 and 2245 @Eowg indicative of hydroxyl snd mitrile

groupsg respectively. PThe aleohol readily formed an acetate

on treatment with aceti¢ ashydride and pyrvidine, When the
alcohol, in ether, wag treated with hydvegen ehloride, under
ankydrous conditions, ne reaction oceurred, This does no%
unequivoeally osbablish the configuration at G(}} since a

i, 3p-inino=0they conld form with ARLficuildy. I ving A i

in a chaiy confeormaticn, them any hindranee by the eyanc

group o the approach of the reducing sgent would be on the
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fefaco of the molecule this encouraging e-face atdack and
subzeguent formation of the 3Ip-—alcohvl, Ring 4, howevew,
probably dess not oxlst as a trus chair, and there may be
sowe 2igh?t distorticn of the ring as a vesult of the inter-
action of the lf-cyamo group with the 1las hyﬁ?@g@ﬁgg o Thuwm

the configuretion ad ﬁ{

39 iz 2f-cyano-Suocholontan=3 35 <ol
N o ) -

renRaing unknovn. Forthker work, such as redustion So the
anipe followed by a sdedy of hydrogen bonding offects vould

pavieps provide the answer,

CGHI'E

CN k“r)\j
E\

- G

{CLEXILY

The hope that la-cyano=Seocholestan<Zaeol (CLEYL) would
hydrolyse vas not realised. Attenpted hydwolyses with
varying concentrations of potassium hydroxide in aqueons
ethanol, potassive hydronide in ethylene glycel, potassium
hydroxide and hydrogen pevoxide in dlowan, and athanslie

hydrogen chioride all resulted in salmpost quantitative
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wacovery of starting materisl, vhidh in some Gases was

contaninated with s substanes which showed a very small psak

3

im %he carbonyl reglon of the infrared, but it was never
lavge enough te merit isclation of the gubsbance or the uvee
of the reaction as a gsynthetic proesdure.

Cyano-gtereids have been eomverted o wmethyl ketones in

geed yield by weans of the Grigrard reactioa (3) by several:
13549

4

i
TPOBNS. o example, Butenandt and Bura and Peitrow
b P

< ) 1} st A ir%:f':
prepared 17«scetyl-ptercids and Hathanson and his coowverkewrs™”

prapared Heacetylesterolds.

Rew 2R » snﬂe_.{hgﬂés == R 'ﬁ; mﬁ—“iﬂzw R % "’Cﬁﬁ €35
Mgk >

2+

When la=cyano-Sa-cholestan-js=0l {CLXI) and le-cyano«i-ethylenge
dloxy-Snesholostase (CLITL) were treated with mothy)l wmapgnesivm

lodide ox methyl megresive browide in ether or in otherobengens,

o
LY

é.

ttle op me reschtion toek plage zltheugh reaction times of up
to 65 hy. wore alliowed, Attaek by the bulky Grignard reagent
was probably prevented by the hindsered nature of the nisrile
provp and 1% was felt that the use of a smaller erganometallic
reagent would perhaps svercome the sleris hindvance. Hethyl

143

lithiue™ ™™, in ether and in tetvahydrofuran, wvas tried withou

any appreclable reactiem %akling place. Although its use im
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the foriney golvent gave material with a small cavbonyl peak

in the infrared, no pure crystalline sarbonyl compound, however
could be isclated by chromatography of the crude produet or by
formation of a 2,4-dinitrophenylhydrazone, The reported

o = - {e Yi
53,339,140 had involved the use

grecessful Grignard reactiens
of a,p-ungaturated nitrileas and go it was deeided te attempd
the Grignard reaction on a 1w@yan@@£§5wﬁ%@r@iﬁo l=Cyano=5Sg-
cholostel-gn=3-0nn {(CXXXIX) was veduced with sodiuvm borohydride
in methanol %o give l-eyano-Sa-choleat-leon=3% =sl (CLAXIIL),
characterised by the hydronyl, ¢yano, and double bond peoaks alb
34550, 22357, and 1685 en, =4 respectively, and by 1tz absoerption
at 220 mu (@ = 9300) in the ultraviolet eaused by the a,p-

ungaturated nitirile system.

Qﬁ%%?

\}

t‘;hnn-

i
K
rf"*

(6TXx122)

The upsaturated syanv=aleohol (CLXXIIT) proved %o be

rasigtant to hydrolysiz with aquecus ethanclic potamsium



87

hydroxide and e Sveatment widh wethylmagaosinm lodide and
with methyl 1ithimm,

Anothar possible approach o a le-garbenylie acild wonld
bo oxidation of an aldehyde group. Uhile reductive of mnitriles
with an excess of 1ithivnm alwainiuvm hydride leeds Lo anines

8 x . a 1 [!i" &

Bmany exeuples are recovrded of partial reductiomn %o aldehydes
by the use of small amoubis of tho rebéueing sgent. RBrowvn mnd

1435
iz co~vorkews &

have alsoe found lithlum aluminium tri-ethoxye
hydride a comvonrient reagreé for the conversioeon of aitrilos W

. 6
aldohydes in the sromatic meries. m&gaﬁm,gyomgia’@ roduood

.
TS

Baceyano=3-athylonediony-cholesbane wvith lithiuvm alvminium
hydeide or 1ithiwn aleminium tricsthoxyhydride and obbtalmed

in good yield, tho imime (CLIXEVY, which oh conbtast with alumina
vas coaverted te the aldehyda (CLEIV), while tho oplucrig S$pw
cyann=j-cthylenedieny-cholostane gave a mixbure of the aldehyde

{CLYXVY), the smine (CLXXVII), and the dimerie anild (CLXAVIII),

C gl

{CLYRIV) {CLXEV)
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Pepatesnt of lossyano-Sgecholontan-So-el (CLIL) with ons

molay equivalent of lithium aluminium hydride geve (in 296

yield) a saubstance of @mmbﬁ&mﬁlh@mwg@miﬁy whieh showed infrared
absorption ab 3640 and 1650 e&ewi atteidbutable fe hydrouyl

and T = N fonctions respactively, The gubsiance wvag foumd %o
contain aitropgen in & g@r@@m@ag@'cmnsistﬁmt wigh 4ts being the
dimeric anill (CLEXEIXa) or a 1:1 mimture of the lmine (CLYXXXa)
and the aldehyde {(CLXXXIa). The prosence of aldehyde was

discounted, since it would be very unlikely fovr the aldehyde



*
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33

carbonyl abgorpétion in the infrarved to be so low as $0 coimncids
with the € = N absorp$ion, ag& gince no Sypical aldehydie
derivatives could be ebtained. Phe carbon and hydrogen
avalyses were not conpistent with either of tho above suggestiens
rogarding the reduetion prsduct,

Treatoent of ilp-eyans-3I-ethylenediony-Sao-~choloatane (CLITI)
vith an oncess of lithium aluainium hydeide in ether afferded,
in very lov yield, a substanco with infraved abgorption ab
IFR0 @mamE apd which gave a procipifate with 2,%«dinitro=
phonylhydrasing selution and &b appeaved s bs J-othylenediony=
Saccholastanelosal (CLLIRIL), and a substanee with C s ¥ absorpbtien
in the infrared at 1680 @mamE in oo lov a yield (3%) to be
charastorised., Whon the ketal (CLELII) wam treaied with one
@gmiwai@n% of lithium aluminiuvw hydvide in aether, the only
eprystalline material isolated was a snall yieldd (8%) of a substanes

&

vith a band in the infraved ab 1680 amo~" and vhich was probably
Septhylonedliozy-le-imino-Su-cholagtana (CLXXXb), Juiﬁ&gg
obbalned J-obthylenodiony-Sn-cholestanlu=0l (CLALRIL) by
roduction of the ketal (CLIIXY with lithiuvm alumining hydeilde
in vobrehydrofuran but conld net iselate any pure natorials
or interpret the resultis by reductien im ethar., Treatinenty

of the alcohol {(CLET) and thy ketel (CLITL) with 1i¢hium

alumpinioe tricoethoryhydride in ethor rosuldted in vocovery of
™y

unchanged starving material,
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(CLARETL)
Apotheyr method For conversion of niteilas into aldehydesn ig
. 145k , . ,
the Stephens reduction , with gtannoug chlorvide in ebthar in
the presence of hydeopgen chloride, An aldimine hydrochlerids -~
stannic ¢hiloride complex is formed which on hydrolysis yields
an aldeliyde, The reaction precgeds in high yield in nany
cases, bul there are some unaccountable instances in whieh
A = . LT N o . .
it does wot go at all . Treatment of la-cyano-Sg-echolestan
Ja-al (CLYTI) with stannocus chlorvide in ether saturated with

hydrogen chloride and subseauendt hydrolysls of the product

with boiling water afforded the amide (CLXXXXII) (9%} wish



9L
infrared absorption at L6T0 and 1630 cmcmﬁ corresponding 2o an
amide carbonyl group and N - H deformation respeetively., The
C(B)uhyd?oxyi group of the amide wa@ oxidised o & carbonyld
and the stable lactam form {CXLVI) of the keto-amide (CHAVII),
which had aiyeadyvh@@n prepared by another route was isolated,
thus confirming the strusture of the reductisn produet,

The isolation of an amide fyom an attempted Stephen
reduction ig unusual i it hag already been shown that in the
absenee of stannoug chloride an inino=ether hydrochlovide {(CLAVITI)
is formed which shows evidence of lactone Tormation omn hydrolysis
with hydrochloric aeld. Another property of inine-ether hydro-
chloridesis their ability to loge alkyl chlovide on heabting o

2 B4
“j¢€4%a With syelie imino-ether hydrochliorides

give the anide
-the chlorine atom would be expected to appear at the position of
the original hydsoxyl group., If this reaction had oceurred

in the presgeant work, a chlorine substituwent would have been
expected at GQB} ingtead of the hydroxyl group whieh was

found. The amide {CLXYXIII) was the only idantifiable produmct
of the reaetion and further study of the reaction om a largew
seale would be necegsary to clarify the mechanism of amide
formation.

¢ o
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4 typical veacbion of aliphatic primery amines, is theiwr

deamination by the astion of mitroug acid to Torm alconols

., 148 . .
and olefing”™ }0 This reaction lhag boen carriad out on

d 1
1320 ,146,347 but in some cases the reaction wan

sberoidal anines
slow and the yield poer. UWhen la-aninemathyl-Sa-chelostan=jin-ol
{CLXVIia) was treated with nitrous acid at room temperatura Lor
24 hw,, the main product waﬁ the ether imgoimblw acetie acld
salt of the amine, choracterised by bands in the Iinfrarved

1621 (Nﬁgz and cavbozylate anion bands at 1540, 1408, and

o
focd

%, L E A
1379 cm. and by 1t -conversion %e the parent amine by
treatment with sodive hydroxide, The minor, ether soluble
product wap a mixdture of substances which shoved a swall

o)
P

peak at L1740 eme. ~ in the infvared indicating partial acotyle
P

ation, Ne pure crystalline material vas obbained either after
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hydrolysis oF after acebylabion, and the moterial wep sHill a
- # - Tl -7 {5 D Yd A j‘.'x l
ninture. Infrared absorption at 1637 and BES om, indicabad

that the olefin (CLEXXIV) was present.

O
(CHEERIV Y

1468 ;
2 vera able o converdt a stberold lactam

Bladon and MeMeckin
t0 a lactone and then %o a hydvoxy aeid by ireatmend with
ritrous acid in asetic anhydeide and secetie aeid, An analeogouwm
reachion wyas atbtempitod an 3ﬂmhydwwggmﬁawamiﬁomlmm@a@b@mywﬁéw
sholestane lectawm (CXLVI) bud starting naterial was reeoversad,
nor did ﬁhe‘ia@%am veact with aquecous nltrouvs aeid,

Since the substituont ab C(3§ fad in nany cases partieipated
in reactions with the C(E} nitrile group, 1% vas decided %o
investigate the properties of compounds possessing amly‘hydr@g@m
gubstituents av 0(330 |

The tosylhydrazone (CLXKLV) of le-cyane-Sa-cholestafej-ona
{XXI) was readily prapared by treatment of the ketone in
methanol with getoluenagmlg%@myﬁ&gﬂ%&@&m@; Tha infrored

spectrum of the tosylhydrazone shoved nitrile absorpiion at
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224% and avomaiic absorpticn at 1597 and 813 em. ﬁa Reduetion

of the tosylhydeazone {(CLIXEV) with sodivm borohydride ia

he ' _ .
149 followed by chromatography of the srude preduct

dioxnan
afforded (in 60% yield) o substanes which containsd only

carbon, hydvrogen, and nitrogen, and had infraved abserptioan

at z2%2 @mbmi (CN), showing 1t %o b2 la-cyane-Specholesbane
(CLEREVI). Conbinued olutlom of the column gave a small
guantity o f uvnchanged Cosyihydramone (CLAXXY), and Linally
leecyano-Sawcholestan~-3Ja=0l (ChXij, The isolation of the

latter compound wag unexpoeted and % was cousidered to have
arisen frowm unchanged ketone in the tosylhydrazone or from tha
hydvolysis of some of the tosylhydrazone ia the course of the
reaction to give the ketone whiech was subsequentiy reduced,
Reduction of the tesylhydrazone with sedivm borehydride im
m@@h&n@l vas loss successful, only a 159 yield of impure
E@a@yanemﬁamﬁhelestam@ (CLXXEVI) was oblained despite a lomgewr
reaction tlmwe, The impurity appeared, from enamination of tho
nizture by thin layer chromatography. %o be la-cyane-Saecholesi-
2=one (CLIXT)., The infrarved gpectrum shoved veory weak absorpe

$ion ad 1665 t:-.m@@l

indicating the presence of a donble bond,
Unchanged btosylhydrazone wags the only other material isoclated

From vhe reaetion,
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Agqueous ethanolic pof%assium hydroxzide d&id net hydreolyse
la~cyano=Tn-chole stane (CLXXXVI), and it was unaffected by
treatnent with methyl magnesium isdide.

When log-cyano«Sas=choledt--pne {CLXAI) wasz refluned with
aqueons ethanollie potassium hydroride, a gum was obtained
which sﬁil% showved nitrile absorpitien in the infraved but the
olefiniec abgorption band at 1658 cmqwﬁ had boeome more complen.
Bramination of the produet by ¢hin layer chromatsgraphy showsd
it %o be a mixbture of two substances of similar polawity, one
of which was starting mnaterial, There was nev strong ultras
viclet abgorption at 217 mjt which suggested that the double
bond had moved inte cenjugation with the nitrile group to
give lecyano-So=cholest-leane (CLXXXVIT}, A succossful separatioen

of the $wo materials by colnmn chromatography was not achieved,
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Konig and Mebzger 20 found that avomatle¢ nitriles veact with

dinethyisulphoxonium m@thylid@LSQ {CLEXRVIIL) (prepared from

1 2 - L3
5 and sodivm hydride) to form

trinethylgulphomoninm iodide
a complex sald (CLYXEﬁX)g wiieh is isolable and om &reatuwent
with alkall gives a carboxylie acid, while trestnment with
aeid gives a methyi ketone. This reaction was repeated, and
although the intermediate could not be lisolated, favourable
yields of acetophenone (isolated as its 2,4%=dinitrophenyl-

hydrazone) and benzeie acid wvere obtained from beusonitrile,

The use of a sodium hydride dispersion in oil was probably a

"

conteibubery factor in the Tailure o isolate the intermediato,
Yhan the reaction was atiempted on le~cyano=Se-tholestan~3o-

ol (CLXI) starting material was quantitatively recovered,
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Alshough Grigoavd reagents had falled o attack the cyane
pronn ab @1%}’ 1t was possible that a i-ha eroid would
tweld form a Grignard rveagent., I¥ thig could be achioved,
then subsequent treatment with ecawvbon diexide would affoerd the
daesired l-cavbozylie aecid (CHXXVI). Since l-halowsteroids in
the Su=tGholemtune sexies appear o bhe unknown, this type of
compound world Liret have %o be synbthesiged,

Aithough Pho chemistry of enamines has been highly
¥ &
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developed in rocent years s there is no record of allylie



bromination of an snamine with Nebromosuceinimide, Preatment
of an enamine of Sp-cholestan-j-one (XXIV) with this reagend
would, 4% was hopad, afford if =bromos=Spechelestan«3-ons

- . ’ ”, ""ﬂ; '5 ?}gﬁz’
{CKC). When Sp-cholestan~f-one pyrrolidine cnamine
(CXCI)} was treated with W-bromosuceinimide followed by
deconpesition of the product in refluzing othanol, ne pure
Ppebronoketone was igolated, The produet gave a positive

Bellstein temst budt could not be purifiod and appoared o

consiat mainly of Seecholostan-I-one (XXXV}.

ot
\gj
~
e

{EXC) {CRET)

I 1909, Kotz and Grethe reported that when cycle-
hozenone CXE) is treated with dtwo molar equivalents of
hydroxylanine, the reagent, in addition o attacking the
carbonyl group in the uswal way,also adds %0 the double bond

to give %he ccmp@un@;(CKGﬁQw wvhich when refluzed in water with



percuric axide is debydrogonated o the diexime (CHCIY) of
eyelohesens1 ,3-dione (CICY) - from whieh the ketone (CXCY)

is readily obtalned by treoatment with 1065 sulphuric acid,

HNOH ?OH
}
L 'f’é .4,’7"’ L\'\ 5/‘” L\

-
£y = Iy = 1] — 1)
Oy~ HON o HON &N o=

{CEQTI) (CRCERX) (CRCIV) {CXGT)

156

Baddeley and Brecklehuraet recantly studied the reaction of
camvaé& (CACVE) with hydroxylamine and found thad o,f- addition
of hydroxylamine proceads thirty tinmes faster than oxime
formation in neuwtral wedia, These workers did met conduet

any dehydrogenation experimenda.

o, ’\‘1\
/g
‘\q!

COXGYL)

Avplication of Kotz and Grethe’s reaction sequence %0 See

cholegb-l-en-3-0ne (VIITh} wuld prowide a new routs o
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Su-cholestaned  J-Qione {CKLIX), but in astual faect, treatmentd

of (Vﬁiib} with hydeogsylonipe resuldted in the igolationm of

a substance vhich was shovn by aselysis $0 conbain only one
witrogon abem, Uidraviolet absoerption at 233 m;& { & = 15,000}
indleated that the product was an a,Rovnsaturated oxime, and pe
nH dgﬂmad&i%i@& had taken placs,

Many of the reactions sarvried out in this work maris
further iuvestigation to dedermine the exsel naturs of thae
produets, bu? gince the problem was of a synthetie nature,

A% wos constdered more useful o explore ap many approachew
to the desired compounds as possible 9&@%@? than %o sbudy

reactiony vhich wont in leov yleld,
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lluelear Magnetic Resonapse

Huch of ¢he interest in the mucleay mopnetic resenance
apeadra of ptereids has been conceyndd with the shemical

. £ A ]
ShiTUs oF Bhe Cpyps and Gy, 000 1700439

methyl grvoupn, and
the way im whieh the shifés ave affected by other functicnal
greups in the weleecnle. The studies have chown that the changes
are conshant for a given funetienal group and they have been
attributed mainly %o the aniselrepy ﬁm'@h® magnetic nolecunlar
guncoptibility of the greups

Table 2 shows the rozults obtalned for come lecyans-—ptoreids
conparaed with the corregponding chelostene derivatives whieh
wove all calczlated from tho centrilubions reported by Znreher o
with the oxseption of these of J-othylepediozy-Sa-cholestane,
videh wore calculated from a cembivation of data glven by Croso

16 a .
and Hafriﬁ@mlﬁo and Zurcher, The chemiecal shifts ean be

cousidared o be accurate to withis ﬁaﬂa‘to
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A lecyane pgroup bhag noe significand effect on $ho chemical

shift of ¢he € 189 wmobhyl group, bt doss, bhowevew, iundues &

(1
(3

low Tield =hift in the Gggw} methyl signal ewspecially whan

T R

tha cyane group im in the Eﬁm@@nfigmraﬁé@ﬁ ane i$.@@ﬁﬁ@qm®ﬁ%3$
poarey So the 8(19) methyl gproup., PThere is faly apgrecment
botveen the lao-gyane-sherclds and botusen the Ip-cyane-sterolds
studiod, et Jeeyane-fucchaleabol=gi-3-on6 and lecyanc-echolentas
1sbwdleon~3-0ne do not shov agreoment wiéh oithor ot of Talues,
ainee in @ai@uiaﬁi@n@_@f this pature the vhole unsaturated
systen has o be taken az a singla entitity and the A7 double
bond will alter the posizion of the nitrile group relative e
the 6(193 protonsg,

Levisalleons and his @omw@rmerglgﬁ have showvn the additive
shife of the Spocyane group in Seecyano-cholostan-3-one (ACVILIa)

160 , ' .
i a nore extensive miudy

%0 ko 0.8857T o Crozs and Haryvisen
invéﬂviﬁg @ié Saegyano-steroids and three 5p«cyano-pterelds
caloulated the value for the long rango shielding of the C(1§>
nethyl protons by the € =N driple bond, and the calsulations
predicted a shifé to hiéﬁe? fleld, Baperianont, however,
shoved a low fleld shifd, and they attributed thy discropaney
%0 the anisobropy of the Cogy © ¢zl single bond snd %o the

digtortion of the magnetic eanvironment of the methyl group

by the Cesy™ ol dipole, The combined effect of theme



104

factors was opposite in sigwp o and greoater in mapnitwede than

the long range shielding by the C=B triple bond, The everalld

contribution of a %e«cyany substituent to the chemieal shifd

of the ﬁ{%@% protons was between 0,12 and 0,18 ¥, vhile im

o

the case of a Sf-oyane mbstituent it was between 0,23 and
0,25 T, Neither a %= nor o Sp-cyuno group hed any significant

effect onm the chemical shifé of the @§1@3 mathyl group.
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Tha raesults of optieal rotatory dlspersios weasuvemants on
gome L--syahecgtarceide are shown in table I,
The ocurves of {(X¥EY and {CXLIVY) chow positive Cobtten elfocts
Y ¥ Y
.. 163 . '

5.

5
M ﬂy"‘«‘)uui (J" R {

The fast that the ourve of

g3

L@etyano-Sa~choloastan- wFepns £ONL V) sgreos with the octand
PRI suprerts that viag A iz in the normal chaley Tors gnd

M=cyane groty Lo not lavge anough %o cavme #in

3

5

pe

-
Beit

thmn Bhe

3

disteortion through intersebtion wikk the Mle-~bydrogen ap in

en

the case of LBensthyl mtereids ", Phe mplitudes of tho Cobton
effocts of lo-eyansfoccholoataned-one (XX} in w-heptane and
medthanel are 3% and 23 respeetively, sosmpared with 5% am

e SUE Dan £ 4 ¥ . % - 36’3‘

55 Por SpecholestaneF-ons {(XEXV)Y in the mome wolvents o

thus the contribubion of the le~eyane group So the amplitude

of tha Cotdon offect i3 «19,and is independent of solvent pelarity.
Thiw ?@ia@i@@lg large contvibutioen ig im zondbrast 0o thad ef

the eyane group in Sp-cyane-cholestani-opg and Sf-cyanoe

JyP-dloshyienadiogy-androstefeon-ll-one vhore it ig =3

and =b respectivel and iAo attribudted to digvnmetrlie selvation
9 F

7‘.«“‘

pabher then %@vﬁ&gﬁzw inboraatlen botveon She sopbenyd.
Lo geoegss o

Both bromo-kesonss (CREZVIIL) and (CXLY) show o posiblive
¥y L) N %2‘
Cotbon offect and agree with the anial haio-kobtous rule uhu@

copfirming the ﬁawﬁﬂﬁ igpration assigned %o each bronine abtom

on the basls of infrared earbonyl Lveguoney shifbs,
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ALY melilag peints are wneorrected, Speeifle rotations wera
deternined in c¢hiorofornm selution in a 1 dm. tube at roem
remperature. Uliwavioled abs@rpﬁé@m gpaetra werg neasured
in ebhanel zolutien with a Perkip =« Eimer 137 U.V. ﬁp@;tram
photometer, Infrarved absorpiion spactra were mneaspred as
petassing ehleride discs, {(unless obherwise stated) with a
Grubb Parsons So4 ﬂeﬁhimlﬁ@am spectrophotoneter with sméimm
ehlowide opﬁimmﬂ Nnciea?vmagﬂ@%ic FOZOnAnCe speetra wers

moasured with a Perkin Bimer 50 ¥.o. speetirometsyr, in

geuterechloraform golvtion with tevramethylsilane as an intaroal

gtandard. Spence grade H alvmine was vsed for column chromas
topraphy, {(unless otherwise stated}, and Marck®s Kieselgel &
wan wsed for thin layer shromatography, ‘*Peirel® vefers

K X Coa . T 2 o, A ‘@
bo padraleunesether b.p.60 « 80,



10Y

la-~Cyano=Sa=cholestau=3=pns. = (A} Sp-Cholest-lesn=3=one (3.86 g2,

potassive csyanide (1,30 g.), and ammonium chloride (0.79 g.} in
Qtuethylformanide (80 wi,.} and vater (10 mi.) were stirved av
2007 for 8 hr. AfSer removal of the solvent in vacug, waber
vas added and the product was extracted with ether. Tha
ethereal extract was washed 5 dimes with water, dried ovew
anbydrons sodium sulpbate, -and evaporated to deyness to glve

a pakoe yelleow solid (3,46 p.) which was recerystallised several

¢ineg from chloroform-methanol to fursizh la=cvano-Sp-cholestan-

Feone (2,60 g.) as ncedles m.p, 168 = 1697, [@]E o 56° (Cy 1323
‘@ma$022&§ (?N) and 1722 @m¢®3 (C = 0), (Found: € 81,45 H,33,13
N,303s  CpghysON requives C,81075 H,11.05 N,3.4% ),

Phe mother liguors from the crystailisatlion were evaporabad
to dryness to glve a Light brown,solid gum {750 ng, ) which wasg
chromatographed on aiumina (2% g,} Elutlon with petrolebenzens
{2:1) pave So~cholestanw3=one {400 mg:) M.po 12% « &26@0 (nndepressed
by mixture with an avthentic specimen and showing identical
infrared absovption), Blution with benzene gave a furtherw
200 mg. of lascyano-Se-cholestan-3-ona m.p. 167 — 168%,

la=Cyano-Sa-cholestan-s«one, « (B} Saccholcst-l-on-3«one {500 mg,J,

potassium cyanide {1060 mg.), and ammopium chlovide (100 ng.) were
heated under refinx in dimethylformamide {10 ml.)} and water

(1,% ml.) for 4.5 hr, The solvent wam evaporaded in vacuo

ATAW TN
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A0

yater was added, and the product extrasted with shbhoeyr and
N 1940 em,
worked vy in the uswal way. The residue. (420 wg.),after :

® o e . x ({3 Q@g{i"}@“ (M‘.\:
oveporation ¢f the ebher,was chrowmatogrephed om alumina -0

X : : . LeCyangs
£1% p.} Blution with petwol-beunsens (Z:1) gave Ho«cholopbape oot

. " o . '
Bepne (4% BEe) Mope 123 «129 and elubion with bonsene gave
le—cyans-Seecholestan-S-one (210 ng.) MoPa 367 = 168%,

Sasirono=ia~crante-"Sgechol opban-3-0n6, = le-fyano-Sy-cholegtan=

P

Jeone (1g.) in glacial acedie acid (4% wi,) was tveated with
bromine ik weetic acid (2.5 mlz IM) and 45% aydrogen broside
in asetie acid (1 ml,) with stirring at roem tomperadure.

The bromine solution was added dropvise over 30 m2gsbromo-lestyanesSu:

4 he,, the solourless crystalline produet (1.0% gm.) was
endlocted and resrystallised from chlovelormepstrel te glve

2o-brorg-lestyanesia-cholestan-3-one (720 wg.), as fino nevdlen

@ " &
Meapo 220 o 2127 {dee,dz fal. ¢ 34° (Co 0,939 245, (CN),

) Ip &K
lwq 9 .

1940 Mo e = 0).  (Founds C,68,7: H 8,87 N, 2,92 Br A6,

ﬁggﬁ&&ﬁwﬁr requires C,68,5; H,9.0: N,2,95 Br 16.3%),

leCranomisecholeste=l-0i=3=00g0= {4) 2g-Bromno-le~eyanc =5

chivlestane3-one (500 ng.) and iithium chleride (5 g.) im
dimethylYormamide €?§ nl.) were refluged for 2 heo The
reaetion mixzture was poured inte water, exdtracted with ethew
and wvorked up in %h@ uswal way., BEvaporation of the ether
yi@ld@d a pale yellow solid (300 mg.) which vas recyvstallised

Jetyanoelyeehologhel sane?3
from chloveformemethancl %o give l-cyanc=fp-choelest-legn=3-ona,




GG

as pale ;,i?aw plabes Mep. 1Lﬂﬂ1%9 L%ﬁ s 28% {C, 1:9)3

%rﬁf’liigo
165?5,'3 [;mc"”i. fc = E‘f)u (E‘Qﬂmd: 6982a§38 H,,:@.Ooﬁ'g E’jo:ﬁoéa g'«?‘ﬁﬁf{fﬁm@

256 oy (6= 11,0000, 9 2237, (CN), 1690, (€ = 0},

&l

requives C,88.2: H,10.6; N,3.6%),

}gﬁﬁﬁﬂ@wﬁamchml?gﬁwlmeggﬁmQHQQ m (B) 2a-Bromo-=loecyanosue

n

cholestan=3=-one (700 mg.) wvas added to a wstirved, refluxing
mixﬂuré of celeium carbonate (600 mg.)ahd dimethyifermamide (7 mi. ),
The reaction mizbure vas reflwmxed for 30 mi ifoy s thenr most

of the solvent was &istilled off uwhder redutced pressura,. The
P@@i&ﬁ@ was exhracted several btimes with ether, the ether entracds
vere combined and washed with dilute hydrochlorie acld and then
waﬁeP; and dried over anhydrous sodium sulphate, Bvaporation

of the solvent gave a dark brown gun (380 mg.) wvhich was
@hrama@agraph@ﬁ on alunina {12 g.). DBlubion with p@trglmhﬁnmén@
(1:9) gave l-cyano=Su=cholesb=l-gn~3-ong (125 mng.) m.p. 184 <
1@6“; showing infrarsd and aleeavioled identity with the

material obltalned by lithium chloride dehydrebromination,

Elutien with benzene yiselded lmpure lecyane=Sge-cholesbeleone

Beone (110 ng.) w.p, 160 - 180%, and elution with bemzena

ether (5:1} yielded nen-erystalline material (20 wg.). UYhen

the above reaction was atbtempited with gentle refluxing for oniy

B mine, stardting material was recovered almost quantiitatively.
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Trgatnont of l-gyanoeSg-gholesb-l-gn-d-one with acetie sunhyirzide, -

l-Gyanrs=Sa-oholosteloons3=-0n9 (125 ng.) and petolvencouiphenic
0aid (60 mz.) vewrs dipsolved im sceddc snlydride (12 mlo), and Sl
latter vas alovly aieﬁilimﬂ over 4 hw. After the additien of
TALEE, the sesidue vean oxbrocted with ebher and the ebthoxaal
extract ves voshed with cquoous sodiwe hydvoxide (AN} axd then
weter ard dried over enbydrous sodivm muwlpbete. Bvaporation ef
Hhe @%h@ﬁ'@@v@ a brown solid (124 mg.) which was chromobogrnphof

on meubrel alvmins {5 g.). Blobtlon with pedwol-bensens (Hsl)

. . & 5 L S g
goave storting waberial (95 mgoe)y Bopo LBT7-1997 sonfizmed by
somparisen of ibte infrerved spectrum ond its mized meliing peimb
wath an soshentic sample.

Tragtnent of legyepno-Yig-shologte-l-on-9-one with lsopropenyl scebabs.-

=zt

Lefyano=Sa-sholest-lecn-3-0n0 (125 mg.) snd p-telnensculphonis

acid (RO me.) were disselved im iscproponyl acetate (5 mle). The

solvent weon alovly distilied ovewr B hw., move isopropenyl acetabo

waa added from time to $ilme bto kesp the velumo ab abeut 4 ml,
Afser eooling, sodium bicarbonate (100 ng.) vas added to Ghe
polution and the remaeining iscoropanyl scelbate wan distilled off
undor rodused proasurs ond b@l@w 30° The wesidue was shalkoen with
ather and loe weter. ATber working up in the uwsual way, the ethew
wae evoperated $o yield o pale yellew solid (110 mg.) vhish wes

ehiponpiogrophad on veoubzal alumine (4 g.). Blution with peitrol-
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fa)
o]

bansens (3:l) yiolded shtarting neberinl (90 mgo )y MoP. 108 o

[

190°, showipg infrarved ddenbity with en sunthentle spoeimen.

d-Byano=-cholopia-1, dedion-3-0ne aud la-cyono-Sa-eholested-gn-3=0r0.

Tho maborial (2 g.) obtained by concentration of the mothow
Liguore Trom soversl bremination resctions of lo-cyano-%x-
sholegban-S-one was debydrobromnimetod with lithivm chloride

(20 go) dm &imgthﬁlﬁgmm&miﬂ@ (300 ml,) under weflux Ffor 2 he.
Bilution with wabter, oxdtrastion with ethor snd workiang wp in
the uweual vey geve o #0lid gum (lo.d4 go) vhich was exyntallised
from chldoroform-mpothanol. to give la@yam@eﬁmm@h@1@@%w1m@mm§a@ﬁ@
(350 mgo )y Mopo 186 - 188°., The mother liquer was evepornsed
o dryness bo give o vory viscows oil (1 go) which was chromaio=
grephed on mendrel alunine (40 g.)

Blutlen with potrol-bengens (251) gave lm@yam®=5ma@h@1é@%w
l-on--0n0 (60 mg.) M.p. &nd mized m.p. 186 ~388%, Turshew
glution with the same solvent mixture geve a mixmture (50 mg.)
of the previous compound ned & wore polar svbstance (showsn by
thin loyowr chromatography) and then material (220 mg.) vhich
aftor severnl reorystallisntions frem aquoous methenol gave

lLegyano-cholostoel ) 4-010R=5-008 RoPo. 95 - 97°, [mlDQTQQ (Go20B)s

A 214 (€ = 12,100), 250 ng (13,500), 9

207 41 26
BOSTo 237 (CH), 166%

MAE o

(6 = 0), 1623 ond 2587 cme"" (G = ). (Pounds C,01.95 ¥,9.8;

23955060 @2,@ &11(3&7 F@QE&;@;?@H {yp@?obﬁ Bt 10019 Be3do &Gg)



e
Gontinned olubion with petvolobensane (2:1) gave o miziture
(50 mg.) @f‘1m@ymm@m@h@l@&@&mlga%ﬁimmdﬁw@m@ end o more polaw
pubstanso, (shewn by thian leyey chronetogrephy) apd o golewrloss

gun (120 mi. }, which after several recrystellisatilous fyem

aqueows mothenol gave ld-eyono-gholegt-d-an-3-one (60 mg.), o8

57°p E:Gi]D.esggﬂa {Colol)s ?ﬂmm;o 242 mje
2255 (C¥), 1670 omo™" (G % 0}, (Founds

Tine necdles mop. %%

§

(€ = 25,000), 9V ...
. i e e 3 - :
G063y By 20035 N,3a7, Gl O FiL,0 roquives €,80,45 H2206
%9§0%g»“’

1B-Crono-Sa-cholostan=3-008. « lo-Qyano=5-chologat-l-cn=3=-0na

(500 mg.) and 10% palladised chowzcoal (50 mg.) in ebhyl scetade
{160 ©ls ) wvera hydrogenated ot room temperature for 48 hr., Thin
layes ehrematograpby of & sample of the solwtion showed one

BRBJOT BPOG, and & BMIndR OuNe whi@h @@ww@épﬂm@@& $0 shaxting
maberinl,. The sabelyst wes filtered off and the Tilitwate
ovaporatsd te drynoess. Chromabograoly of she wosidue (490 ng. )

on alumine {15 g.) yiolded l-gysno-Sg-choleni-l-en-35-one {40 mgo)
on olution with petrel-benwene {23l). Blubilon éi%h benzene yielded
@ eolovelebs solid (410 mF.) which wie recrystellised frem aquecus
mathanel to give lPl-cyapo-Hu-cholesian=-i-oma, arg pladtes mo.p.

Mg = 345°) fal e37° (8,2.3)5 D

Y.L ¥ o e ) -
em, o4 (cw), 2724 emo 4 (c = 0).

(Powmnds €o81.75 BodloBs HpBob5o C,.H, 0N reguizse CgBR.Ts Hyllo,
28745

Hp3o4)o



PTreatnent of lu- and IB-gyvano-YHYa-choleston-3-ones with &,9=

diohlorg-%,6-dioyano=1,4-bonsoguinona (DoDaln) = (Ao)e la-

Cyano«fSo-cholostan-j-one (40 mg.) and veorysiellised D.D.q.

(24 Bgo, Lol eguiv.) im dzry bensene (4 ml.) were vofluxed for

12 kv, The wesctlon miziure wes schromatograpbed on aluming

(2 go)o Biution with bensens gave & white selid (36 mg.),whiech
was homogeneous on thin layer shromatography, and on resrystallisation
gave la-cyano-$e-cholestan-3-ons, (30 BZ.) Mop. &nd mixed @op.
165 - 167°,

(2) Lf-CGyono-Se-cholestan-3-one (40 mg.) ves tveaited in o
ainilay Teshion. No resstion took place asnd sterting meterial
was reoovered.

(0 1f=-Cysnofa-cholestan-joone (40 mgo.) and D.DQ (24 mg.) im dvy
dioxan (4 ml.) weve sllowed %o stond a% voom temperature for

24 hw. aftey dry hydrogen @hl@rﬁ@é had been bubbled into the
selution foy a fow seconds. Thin layer chromatography shoved

noe evidence of any reastion having taken plaece.

Bromination of lf-gysno-Su-cholostan-f-ong, -If-Cyanc-SHa-

cholestan-j-one (250 mg.) in glusial ecetic scid (10 ml.} wes
treated with A5% hydrogen browide in ncetic acid and bromins

in acetic scid (0.7 mly 1M) wes added dropwise with atiryring ab
rpon bemperaturs. A soleurxless cryadtelline preeipitate was

[

formed within 1% min. of the first sddition of bromine.
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Stirving vpe contiaved for 5.5 hr. and the precipitate wap

f4ltered off. Recrystallisstion from chlovoform-petrol gove

petorinld B.p. 196 - 198°(dap.). Concemtration of the nothop

liquor gove n fuvther 60 mg. of crystals w.p. 193 - :85°(dos.)
Docryaballisation of the firvst cerep fwem chlowvoform-potrol gave
Qamﬁyameglﬁm@?&@@Qﬁaw@ggl@@%&m;ﬁwan@‘D o8 platos mepo L97=199°{dve.}s
[@],45605° (€ 104)5 D
Bo68:T5 HoBoTs WoHo0p EféﬁSﬁéﬁﬁﬁéﬁmﬁﬁ requives C,68,.%53 ¥,9.0p

Ho2.95 Bepd6.5%)0

Y Ve oy = - 3
mag. 2240 (UW), 2739 smo (8 « 0)o gﬁamm@a

RAST T TERD

Dohiydrobronination of 2a-bromo-li-cyane-id-cholenten-3-0n0. -
2e-Bromo-lfi-cyano-Se-gholosten-3-cno (50 mg.) and lithiuwa chloride
(500 mgo) im dimoshyformanide (T.5 ml.) wewe roflumed for 2 hw.
Afteor nddition of wabter amd workimg up by ebthor emtraction in

the ueual way, the other wes eovepoxaied to yileld & pale yollew
solid vhich on recrysiallisation fron ehlovefarm-nothanel gove
lm@y&n®@5mméh@l&m%mlm@@wﬁwmn@ (33 mga)y Mop. 186 - 186°
ﬁuﬁmgr@am@ﬂ By mixbtuwe with an authentle sﬁeciman'anﬂ hoving

on identicel iafrored apectrum,

Ja=puino=lo=-carboni=tt~hydrojy-to=cholantane Anatmm, = (&)

la-Cyeno-5a-choleston-3-onae {360 ng.) and potassivm hydvezide
flod o) in othonol (24 ml.) ownd weser (5 ml.) were refluxed for
1 he, The recctilon plxture ves poured into weber, scildified with

2 M bhydrochloric acid end extracted with ether in the veuel way.
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Braporation of the obher gave a white selid (310 mg.) whish

on crystallisation from methanol gave Jo=tmise-in-corborys

In-hydroxy-Su-cholosiane lactam as plates m.p. 24T « 249°

raised by a further recrysiellisation from chloroefovm-methanol
nujold

o, 2900 (=0H), 3390

to 252 = 294°, [@] +82° (g 0735 9

ond 3215 om.”' (WE, ex WR), X712, 1672, and 1626 em.”' (C 5 0),

5 CHOL
maX -

(¢ =0), =nd L5990 @mabl (¥H). (Pounds C,78.6, H,10.75 Wp3.5%.
028ﬁ£7@ﬁ reguives Go78.%p HolloOp NyJl-Th

(B} = la-Cyano-Sa-choleaban-S-one {5C ng.) and 7%% sulphusric
aold wers heated on the steam bath for 4 hr.owhen slight
Charring @é@wrr@ﬂo The weaction mixturs was diluted with

wotar ond £iltered, ths residus being washed with waber amd
eryetellised fyom msthanol to give lo-mine=lo—carboxy<3g-
hydroxy-Sn=cholestane Jactam (33 mge)} mop. 247 = 2499 idenbionl
e all respects with the produst of alkaline hydrolysis.

LG = l@wﬁyam@m5ﬂm@h@1@&tamc§w@mé {100 mg. )} and potnssium
nydroside (400 mgo) 1n eshanol {7 ml.) snd water (1.3 ml.) wers
refluzed fow L heo After dilution with weter and scidification
with 2 ¥ hydrcechloric modd the produst wap extracted with
evher and worksd up in the msuaE.W@yo Afteor evaperation of

the ether the residue wes crystellised from methanol te give

Ja=3Mino-lg~aarbory-Jp-hylroxy=~Sa=cholestane lacitan (65 mg.)

3 3500 {<0E}, 3390 sad 3350 {Nﬂg o WH)Y, 1708 apd 1677 cmo.

it



306

idensical (M.P., mixed mep. and infraved spectrum) with the
product obtained by hydrelysis of laccyano=Sa-cholestan-H-0onn,

Epimopisation of l@=cyano-Sg—cholestan-3-one, Selutisns of

la-eyang-Bascholesban=3-one (50 ag.) avd lp«cyano-Ssecholesbane
Joone (S0 mg.) in 1% ethanolic podtassium hydresnide (5 mi.)

vera allowed to stand aﬁ room tomporature. Sempleos from

aach solutien were exanined by thin layer ehromatography noing
hoxaso-ebhyl acotate (231} ag the developing selvent, The
wosults ave showa in the diagran below, which shows that le =
and lg~componnds underge oquilibration in %the prosence of
alkali and that the le-compound hydrolyses before L%

HPLRPriees,

g O T he I2hr 18 hr 36 hre 2,5 dy. 7 dya
« 3

[ y;ﬁa@m ) L= <2 < < E %

katonos < ac T Lo B R e B S s TR o T &

hat 3
W
-
[
~
{r#
-

.
"
~
-
a0

Lachan "
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Vethylation of Jecamino-le-carbozys=3if-hydroxy-Sa-cholestano

lactem, « Dry methanol was saturated with dey hydrogen ehloride

ot 0% and 3 ml, of this solution vwere ndded %o the lactanm (R00 G0 } -
im dry mothanol (40 ml.). The selution wam reflumed for 2.5 hr,
and then alloved to stand at room demporature for 18 he, Host

0of the methanol was distilled o€? under redusod pressure andé

ethor vas added, The eother solution was washed with water,
watuwmé@d équ@@ms goddumn bBlearbenate, and vater again, and

deied over anhyjdrous sodiuvm suwiphate, DBvaporatiemr of ¢the othew
gavo a gam (390 mg.) whieh vas chromatographed on alumina {5 g.lo
Elution with benzene gave a molid (20 mg,) Mmopo 148 = 120°

ralzed by reecrystallisation From aguesup medthanol te 122 w-la@®g

D max, 3390, 1724 cmgglo In viev of the small gquantity avallable,
this substanco was not characterised further, Blutien with
benzenewchiovofors (4:1) pave non-erystalline material (30 mg.)

and oludion with benzens—chloroform (2:1) gave a gum (40 mge)

which after several reerystallisatioas from aqueous methanel

gave Jg-anino=lao-carbory=3f-methony-Sn-cholestane lactan,

3

Moo 141 = 143%, [@jﬁoaﬁﬁ (Cy 1925 3320, 3140 cms |
5 e i
(NH) and 1698 eme ™ (€ = o), mmﬁoj 5048 em. T (WH) 2692 em, -

§C = 0)o (Fomad: C, 77,03 H,l1l.1ig @ggﬂ%gggm roquires
C, 78045 H,08,34%), Blution with chlorofora mothsnol
(50:1) pave starsing material (6% mg,) ldentical im all

Faspects with an authentic specimen,
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SgeChologbanel , 3di0ne, = lelyano-Sp-ehologb-l-on=f=-one (500 vg.)

and potassinm hydroxzide {2 g.) iw ethaned (3% mi.) and water

{6,5 ml.) wore heated vader reflur for } hr, and whon poured

ia%e water, On aeidifieatior with 2 B hydroshlorie acid
strong odour of hydrogen eyanide wes obserwed, The produst wan
snbracted with other and worked up in the nowal manner, Evaporae
tion of the ether gave a colourlons selid (410 mg.) vhich was

receystalliizged twiee from etherepontana and once FHrom othyl

agetate to give Saccholewianci,jf-dione ag pletes mep. 166 «
o~ BROB/E Nali
Ly

MK e
(¥ Sl
ﬁﬁﬁé

3687, [a],e100% {g,1.0)5 ) 255 mp (€ =36,000),

{1 ES PN

285 g {@ =19,0060), % 1733, 1698 @momﬁ {C = 0} 5

naKe Vmane
o an y e « :g. | ?.’ I —
APB6, 1710 @mm“ﬂ (C = 0), {(Litorature values 1camapa 298 o
787 el F50a o 26% mu {E @ 00 28% i
P (o] 0205587y ) o 295 By (€ #12,0000A | 205 wj

m51 v wl
{g mgaemat}m nag, MT8Fo 1095 em,

Zololil bromo=3Sa-cholegban=1 , J=diongs « Se~Cholastan«l,I-dlona

{80 wg,) im chlovofornm (2,84 wml,) and nethanol (2.4 mi.) was

treated with bromine in chlevsform KO;B mi:50.%M), added deop-

wigt with stirring. Water vas added and the mixbture concenbrated

nnday reduced progssure. The aqueons ﬁmép@mﬁ%@m was extracted

with chloreform, veshed with wa%awsanﬁ dvied over asrnhydeons

podiun suipbate. Phe ehleveforn wain evaperated to gplve the

criude product (88 mg.} whieh was recryotallised several %imes

from chloroformengthanal yielding &,2-dibrome=Su-choleabawi J=dione
CHER

) o ped a@® o 2
one as needias me,p. B64A = 16H L@jﬁﬂw G (Cala0d3 9 - ‘
24 o

2



ED

. . 1728 . o
1724 em, {‘ = D). {Literature vaim&ggl MePe 157 « L6L7,
22 CHCL
2} = 15.523%, 9 2 3921 ems”t
{ @3 b ELER & ¢ BOR ? e

Treatmsnt of l=Qyanc-Sp-cholaagt-loghei~one with agid,

l=Cyano~-Sa=choleagtol«gn=jeone {100 ng.) was refiuxed for & hr.
in ethapol (12 mi,) contalining concentrated hydrochlorie acid
{2 wi.de The solution vas diluted with water and sztracted
with ether. Afbter being washod with walter, saturated sgueouns
sodium bicarbonate, and water again, bthe ether exbract was
dried over anhydrous sodium sulphate and svaporated to glve

ar almnost gquantitative recovery of starting material,

lo~Cyanosj-athvlensdioxy-5pecholestong. « la=Cyano=Sg=cholestan -

Y

:t

b= BENR

R

(550 mg.) in adthylene glycoel (6 mi,) and hoventrifiueride
gstherate (1 ml.)} was allowed %o stand at roow tomperature fop
% ﬁayﬁgaﬁﬁ then dilvted width chloreform and wvasghed three Himes

wit

"'d

2 water. f4er being driesd over anhydrous sodive suiphade,

the chleroforn was evaporated and the soleurless crystalline

|;<=

sidue was reerysballised from methanol o glve lo-eyano-

o .\ L ’ 8
JZeathyvlanedionyeSa-~cholestans as needles w.p. 182 - 183,

- . f 3 oo . . , . s _ - :)1 s, - Ry
[ely « 407 (€, 08399 . 2245 G - (CHY, 1087 en, —(ather link)

are gy

{Found: C,9%,05 H,33,08 N,3,0, ﬁ@gﬁyﬁ reguires C.99.1%3

Cag
}Eg 10985 Ngj:ﬁélﬂz{;\)ﬂ
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Repensratlion of apw&a%ﬂu«,m‘@u@?wg%ammﬂ»wn@ FXom

ebhylonedionyefa-cholastans. o loslUpavo-FesthylonedionyeSow

24y ir

cholestane (60 mg.) and petolvoscsniphenie acid {19 ug.) in
T Fa) gt 1, o It ™, A " a1 TALA
seedone (10 wml.} vere wefivgod fer I ., The reachtion mixbure

was poured ingo wvadter and worked vp with ether in fthe asual

waye. After evaporation of the ether tho remsidue wvas crystallissd
feon ﬁhi@?ﬁf@?mmméﬁhmﬂéi e glve le-cyano=So-cholegtanlepng

(80 mgal, Mope 168 o 16@@ identieal Sn all respocts with am
anthontis spocincn,

Propinont of lgpecyano-i-uihylenediony-Succhelostans with abhaw

ard hg&vaeh?ayg@ anid, = lesbyans=3=0thyldencdiozy=-fs-cholesgtone

YR

{ 409 mgﬁb in ethay (30 mil.) aad concondrated hydvochlerie acid
(0.2 mi,) wvas sbireed at é@@m temparature Jow 20 min, Hore
ather was addsd and the w@iuﬁamn was washed with water, b
aguesus sedivm bicarbonate, and dwiee more with watew, The

-

ether was drisd over anhydrous godinm sulphata and was thoen

o5

evaporated off. R@@wystaﬁiimdﬁmmn of the reszlidue gave unchanged

starting material (9% mg.l.

Preanont lo=cyano=J-athyionedioxy-Sg-choleatane with alkall, «
la=tyans=S-athylonediony-Saecholestane (100 ng.) and potassive
hydronide (400 mg.) in cthanol (7 mi.) and water {31.3 mi,)

worpe refiaxned fov X hy, The product was isolated by means of

~

ether in the usual nanner;and aiter recryatallisation fiom
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nethanol wvas found to be identigel in all rospoets wiith
starting material.

Roduetion of leceyano

RETIARTILY

PRaT:

4n - aqueons methanol., o lo-Cyano~Saocholostancjeons {950 mg..)
alesh b &

in mebhanel (90 vl.) vas added o sedium borehydeide (115 mg.)
fin wethanel (R0 ol.) and wader (2 al.)} and the reactlon
alimw@& w0 stand for ) he, at room temperainre, The reaciion
mindure vas diluted with water and the produet lsslated with
ather in the wswal vay and recrystalliszed from agueous seibhanol

40 glve a erystalline misture of the Ja-and 3p-epimors of o=

eyano=Saeccholostans3=01 (650 BE.), Moo 223 « 126° (goftonsd
ty A Xl J) £ - -y 5 oy 2, @1]\
@D@Bo [@§@¢5§€ (€, 1,0)g @mam@ 3040 (-0H) and 2285 om.

{CN) and ne abgerption in the carbonyl reglen (Found: €,51.6%
B.18.%: No3.5, @g@m&?@m reguivos C,81.45 H,21,.%: ¥,3.9%).
Phae naterial vas nod separated by chromatography on aluning.

Phe protadurg vas repoated alleving a voaction time 6f
30 hw, and a produet identicrml in all rospeedts vith the ghove
was obdainad,

Boduptilon of lo-eyanesisocholestonei-one yvith sodium borenydrida

in methanol. = le-Cyano-Spc-chelostan-F-one (100 mg.) im methanol
30 ml,) wap treated with solid sodlum borohydeide (A0 mgoe e
Yhe. solutien was alloved o atand at voon tamperature fow § kv,
and then the product vas isolated by neans of ebher in the

nenal way 4o give a eolouriess gem (90 wg.) which on erystallisatlesn



from aouoous mothenol yiolded moteria] (95 mge? identiend
with ¢hat obtained iu the provious reductions, namoly, 29
opiusrie nixdtesre of Kamu 1%@m;%m@h@uw&mmﬂm§a and 3feals with
%mm*ﬁau pinge prodominading.

e

Aeabylation of tha o epimeric mi

an

WUEe, = Tha mintere (230 ngd Am

aeetie anhydeide (3 vl.) end pyridine E#oﬁmﬁcﬁ was hoadod on

tha ctean babth Lo 2 hr. The solution was mvﬁmu@@ with waser
and $he PEOMRES waw G\e.cﬁ“&wb@c'i with othor and ¥he other vaws
wached with dilute hydrochioric acld snd woter. Bvaporstion of
the dricd ethoy ontract gave a gam (J15 mg.) whieh wse chrosabe=

it &ph@ﬂ on pontral slumira (R0 gode Blubion with ha&x@@m gave

T L) x‘t‘?ﬁ

aal
o I pTes

a miztura of the opluerle Jeucetaltes mep. 120 - 18%7: la

ol

(G 0a9)s 9, 8345 (CH}, 1740 (C = 0), 2250 g (6. & 0
MEithds o .

lomCrano=Sa~chologban=Tacol = la=Cyano-So~cholestan=3b-ono

(900 mEo) in Ape-propyl aleohol (95 nl.) was treated with
poddun borohydride (200 mg.) in igeepropyl aleohel (7% ml.} and
sha ropction miniues aliowed to stand ab room tonperadure Jox
2% bw, After Allution with vabter sand exdvaction with ather

-

in the usual wvay, evaporabion @F the eothesr yielded a colovyless

o>

pom (999 ug.d which ves chromatograpbed en alumina {30 gelo

Rintion with benzeno-ebher {(1:1) yiolded lg-cyavesSyecholostame

2
Sacol (205 BBy Mepe 1B = 1537, raisod by reerystallisation
el . o <y e :.-\n“} ;
fwon potrol o ‘3559 o 1557 %,u:ﬁ o5 e, 0.905y . 344D
L’}E‘:‘au{}

(Y, 2245 ema {Mﬁ { Pounds €3 oBhe3s B3 W,5.6. (’fag?]‘f O

|

FRE

nﬁdl
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sogaizog C,8L.%5: H 23,9y W, 3,880 Bletlon with bonseneenther
e 3 " o p + ' ety qun © 7 ren " o : o oy T
{3:2% and obhor vieldsd material {50 ng.) vhich could mot be
crystallised, sud elvtion with eblove-pethapel (50:1) yielded

- . X G 2 la@
a white selid {470 nge ) m.p. 125 o 186Y%° vhich wvas rechranade

grovied on alumuing {15 R.) Blatien vith bossene-othew {(8:4)
Fielded leceyanssSesccholegbanesfo-ol (650 ng.) identieal in all

peapeats with thalt slready obbalinpd,

Hearwoln-Penndorf vedvotion of la«oyons-iseoholostap-ieong. <
le-tynnooSeecholesban-3-one (300 pg.) and aloniniss igoe

propoiide (360 wge) in igp-propyl alechol {6 wl.) ware heated
nnd the solvent distilled. Yhe pragenne of asetone in e
Alesilladeo was shovn with 2.4<@initrovhenylbydrasing selubion.
Diabilladion var eondtloned fow L 1

wvas scobons-fres. The solvent was evaperated under roduced
prasaenre aud the residne taken wp in ether and d4ilude hydres
chiovie aeid, the organie layer vas separabod und the aguacns
layay antracted twice move with eilvr. The other eutrasts vero
combined and washed Svwice with wvater and the ether dricd owver
aahydrons sodium selphate. Bvapevation of the ether yicldad

n

a uhlte seiid (270 mg.) vhich wap reerysinllisged frew petyol

>

tu glve la-oyase-Sp-cholaslanela=-0l as Tine weedles Bape

T sy sy @ N A R - 0o A A, S 2
I8L 5 193, Adenticed fm il cespaods ¢ itk Bhe produet ohiainod

by waduetion with sedium bowehydwide in fgu-propyl aleolod.

By
1%

For L bhvoyby wvhich time the diatliiate
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la=Cyano=-Sn-chol osban-3 g-oli-agatabo. - lo=Cyano-~Sa-choclsstane

Ja~0) (100 mg.) im acetic anhydride (R wl.,) and pyridisne (1.9 wio.)
wan heated sn the steam bath for 2 hours. After dllution with
water and extraction with ether, the ovrganie layer wan washod
widh diiuge hydrochloric aeld and then wateyr and dried sver
anbydrous psodiunm sulphate, Ewap@raﬁiaﬁ of the eother gave a
colovrlass gum (79 mg.) which was recrystellised soveral

timoa from methanol %o glve lectyase-Specholostaneinepd J-nsebate,

az needles Bep, 189 = @33@9 Em};ﬂw&@@ €, Q“gﬁg‘%mm&o 2047

(CHY, 1740 (C = 03, and 1250 cmo™ (£0), (Founmds €, 79,13

H,80:93 8,302 ﬁ?@@@% roguires C,79.1p H,20.8; ¥,3,1%).

Confiny

Reduection of la-crano-Sa-cholestanrleone with 1ithivm aluninivm

trie teri~ buboxyhydride, - The veducing ageont vas prepared

wiase )

by slow addition of tewt-butyl alcohel (3,2 mil,) %o lithium
aluninive hydeide (640 mg.) in anhydrous tetrahydrofuran (S0 wl,)
at 0%, la=Cyanoofe«cholestan=-3vene (1,6 g.) in anhydreuvs
tetrahydrdsuran (50 wl,) was added do the redueing sgens
solution and the ?@aﬁtiﬁn_wag kopt at 0% for 3¢ mine., and then
ab room temparature Lo 1,3 bw, The rosction mixture was

porred inte excess dilute hydrochlerie asidy emtpacted with
ebther and vorked vp in the uswal way, After evaporation of

the ether the residue wvas recrystellised from agueocus methanol

“to glive a wmizture of laweyancsSaocholestavsdn-el and leaceyanoo




Suscholentan=3p<0l (1 g£:) mnop. 118 « 120° raised by fuzthor

recrystallisation %o 120 - 122%,9 3480 (OB), 2865 cm,™

mak _
(CN}, and howogencous on thin layer chrematography. GConcontratien
of the mother liguors gave a fardther 30D ng. of wnatorial Bepe

120 o 3?5@9 vhich after tyve wovre w@crysﬁallisati@nﬁ £rom 20ReenR
methanol and one from petrol gave laweyano-Su~cholostancla=od

Mopo 151 o 153%, Ldenticel im all respests vith an avthondie

sanple,

Acetyiation of the mixture of gegyavs«iuc-cholestanc-is and F0-al, «

The epimeric mizture {600 mE.) was heated on the steam bath Jor

2 br, with acetic enhydride (1.5 ml.)} and pyridine (2,5 mi.)

The produey (630 mg.), izolated by weans of ether in the ummal
way, shouwsd twe spobs clese together on thia layer chrematography,
and vas chroematographed on neutral slumina (18 gold. ARl fractions
oluted showed Swo spots also,

lgofninone thyl «Sawchologban=Tyenl, = (A) la-Cyano-Sz-cholestans

Sadol (300 ng,) and 1ithium aluminiwa bydride (75 mg.) im
anhydreus other {30 wl,} vere vefluzed for 3 hv., The oxcess
of i1ithiuw aluminiuvm hydride was decompomed with ethyl acotate
and the reaction mixture was Ailudted with gther, The ethew
wag vashed sevewal times with waber and dried over anhydrous
aodinn sulphaite, Evaperation of the ether gave a gam {230 wg, )

vhich wag erystallised geveral times from ether to pglve



LEb

- 3 o, wl b ;-‘;3 - @
lo~aminomethyle=Sascholegban-%u=0l, wop. 185 « 186 [@§ﬁ¢j$

(C, 1,005 % ___ 3390 (OH), 3311, 3205 em,”> (NH atretoh),

mag,
1590 em,”t (NH Qef.). (Founds C,80,35; H,11,85; N,3.25,

Céaﬂ510ﬁ roquires C,80,63 H,12,3; N,3.4%).

{B,) lo~Cyano-Su-cholestan-3-one (1 g.) in anhydrous ether

(35 mi.) vas treated with 1ithium aluvminivm hydride (500 mg.)

in anh&ﬁfsus ather (40 ml,) and the reamction mixture refluwed

for 3 hr, The ezcess of iithium &lmminﬁum hydride was decomposed
with ethyl acetate and the product isolated as before, Recrysballe
isation from ether or from ethyl acetate gave leraminonmethyl-Sa~
cholestan-3a=0l (320 mg.) m.p. 181 = 184%, identical in all
rospects with the sample prepared in the preseseding emperimentd,

la=ininonethyl «Sa-cholestan=3a=-0} la,Jo-diacetate. = la-Anino=

methyl=Se=cholestan-3u-0l (100 mg.) and acetic anhydride (0.5 ml,)
were heated on the mﬁ@ém bath for 1,5 hy, Walter wasg added

to the solution and the produwet vas extracted with ether, The
ather extract wasg washed with diluite sodium hydroxide solution

and with water, and then dried over anhydrous sodium sulphate,
Evaporation of the other gave a gum (104 ng,) vhich was recrystalle
ised from agueous m@ﬁhén@l to glive lo~aninomethyl-Saecholesgtan=

3awol lo,3e-diacetate (80 mg.), m.p. 181 - 1837 [@]ﬁ¢55@

3&‘1’?@* €2 ML 1) o Nedd T Nl G SN LA O N NN MR D o LR T W 3] Lhk‘gi}'v'_l_j

> 1 %o S
{gﬂ N 2\) 9 ‘@ maﬁiﬁ

3280, 3080 (WH), 1740 {C = 0), 1653 (amide
C = 0), 1553 {NH def,), and 1250 gmamﬂ (€0)s (Found: €,76.63
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g’ﬁgﬁ@g@é {‘392‘309(3 @ﬁj‘?ﬁ(“g@ijﬁw ?@q&ﬂﬁ-?ﬁi {?g?ﬁuf;g fig:’l?\-e@f%% KJDEQ&%)G
& * i

An identiecal product was obtained when the seetylation was

carriod out abt room Lemperature,

igcininonothyl-Saecholostan=jo-ol lacacetaty, « The la,le

dlacetate (80 wng.) ia methaneld (20 ml.? was treated with sedivm
carkonate (8 wmg.) im watew (0,% ml.) and She solutien vas
allovad ¢o sband at roon Stemperaiure for 24 hr. Vabter was added
and some of the wmothavel was distilled off at roow tomperature
under reduced prossure, The product vas Lsolated by noans

of ather in the usual way and reecrystallissd from agneows

mothanol to give lo-aninonethyl-Specholeptan-insol Euma@amﬁﬁg
GH L

HREe

{45 mg.), as geadles m.p. 184 - 186Y [mjb¢§@@ (€ 2R3
GO (OH), 3356 3249 (WH), 2647 (emide C = O3, 1550 @mo@l
{WH dof,). {Pound: C,78.6: H,21.6; ¥,3,3. eg@ﬁggﬁem requires
C, P80l H,10,65 N,3,056),

Treatment of lgecyanccSoscholestanela-ol with hydrogen chleride

Ap ether, = Dry hydrogen chloride vas bubbled inte a solutien
of lesoyase-Su-cholostan-ia-0d in dey ether {100 ml,) for 1 hy,
a% poom tenperavture and the reactlion mizgture was allowved 2o
stand a? roon Semperature overnight. Hydrogen chloride vesm

then bubbled in for g further 1 hep, The molution wam evaporated

o dryneoss under vaducsd pressurg. A4 livttle dvy ether wam added



and the insolunble materiael flitered off and reerystallised

from wethanol-othyl acetate %o gilve Se~choleslansio,ig-

o

Amincgpher hydroshlozide {230 wgo,) MmepPo 133 = &&@69 positive

Bailstelin togssy 1690 @moml.ﬁﬁ z B), The hydrochlorids

Mage
(100 mg.) was suspensod in eother and the suspesnsion shaken
with saturated godinw bﬁ@arhaﬁé@@ gelution vhereupen the

Belid vert into solution, The agueous layer was sopavabed,

and afttor nevitralisgadion with exeess of dildube nitvric acld gave
2 positive test For chlerides ionp with silver nitrate solutioen,
After beling washed with water, the ether layer vas drisd over
anhydrous sodinm sulpbate and the other was evaporated %o

give a very viscous oll (80 mg,) which could not be erystallized
him Lilm

maXe

3279, 3226 om."" (WH}, 1689 sm.> (C = WMo

Hydrolysis of ernde iming-dher hydrochloride. = la-tyano=Spe

cholostan=3a-01 (400 ng.) in aphydrous other (30 mi,.) was treated
with ashydvous hydvogen ¢hioride as in the proceding experimond
and the residne obiailned after evaporation of the other was
veflured vith hydrochlorie asid (30 mi,3 20) for & he, Tho
produnet ves jsolated by means of ether iam @hé ushal way and

vas a g (340 ng.d, 9 08,

%o
3

" wn B
2685 o,

2245 (CN), 17970 (lactene € = 0},
(C = M) vhich could no% be geparated iate i%s
componenta by chromategraphy. Thin layer chromategraphy

showved the prossuce of five substonces of very similar polarity.
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b

proveratisn of lo~eyanoe-fuecholestefegna. la-Cyano-Jo=

sholegban-da~al (2 g.} and potaluencsulpbonyl chilowide (L.?% g.J
vora disselved in the minimum guantily of pyridine and kept

in he refeigerator for ¥ days. Water was added dropwige and
the product was preacipitateda ?h@ precipitate vas deied te

give erude lo-cyano-Speochelasian~fa-el Foetonylate (2.3 ol

A sapple wvag rocrystallised geveoral tines from acedtone bud #o
sharp melting material wag oblalned, the m.p. vas alvays

indafinite in the range 150 « 1907, 9 2257 (CNY, 1600

- MR
{avonatie), 81% @m@mg {3, bedisnbatituted benzone ring. The
romaindse of the crude Sosylste wvas sﬁi?ﬁ@d at 100 = 1@5@

for % Bw, with potassinm acetate (B g.) in dimesthylformamide
(24 mi,) and water (1.9 ml.). Afber the addition of 50 asetic
agld {3 mil,) the product was vorked up im $he vaual nanned
with ether, Bvaporation of the ether gave a solid gum (1,7 g0l
which was c?y@maﬁ@gramh@ﬂ on alunina (50 g.). Blution wvith

§0%ﬁu£mﬁ@ﬂ ene (20:0) gave a gum (310 w B.d which on recrystalic

isation from agueons methanol afferded le-cyane=Spochelost=g-ena,
CHC1y
MaH e

(cl\}@ Tf‘%}"}g @l"’l@ é:(:: = ())0 (?@mnﬂﬁ (:088@:'?)3 Hf,313>9?8 Wofjoao

as needles mips 06 o %?@° [@AD%GQ@ {8, o335 2250

{f?ﬂ l"ﬁ'"m requiras C.‘.’Q@“?j“ﬁg HoldoBs Ne;uﬁeg’%}’o

Bilution with benzewne yielded a gun (200 mg.’ which was shown



by vhin layer chronatography 40 be a mixtuve of Svwo substeness,

e 2290 (CN), 1940 (€ = €©), 1600, (aronadied,
[

1280, 1823 @m@ml {¢ « 0, EBlution vith ebhor-nethansl {100:1)

}\mmg@ 2eb m )
O

. . o e g . o
gave laoeyans~iuecholestancinrol (650 mgol, Wopo 148 « 131

A,

undeprossed by mixtuze with an auwthentie geuwple.

The benzene eluate was rechromatographed om silics gol (6 gold
bud saparabion was et achieved,

Phe mizture was vefiuxed fer 3 he, with %% ethanolic potassiuvs
bydranide, aad after newitralisation, the product was imolated
isn she uvenal way, by means of e¢ther, Thin layer chromategrapby
shoved fwe spotss; one of the componends of %hé mixture had beon
@nafféeﬂ@& by treatment width alkall and the othey had beoome
more polar. The mizture (150 mg.), vhich.stilil shoved ultrao
viclet abgorption at 226 w [}, wag chromatographed on silicagel
(S godo Blutlon with benzone gave a gum (30 mg.) whish was
recrystallised with ﬂﬁffi@ul%y from agueous aceitong %a'@iW@ &

colourioss solid (20 mg.) m.p. 2 ~ Ei&ojhmaﬁ 226 mM

[x]

. g “5‘:] .
D pax 2245 (CN}, 1600 em, : {aromatie) and complen absorption
L}

L

oI "
in the wrange T00 » G000 om, The substance vas homogeRGOBm
on thin layey chromatopgrapbBy, but vas net charecterised
further singe oaly a swall ouantity wvas. obtalned. Mrther

elution with solvente of increasing polarity ylelded fisctions

of gunny materials vhich woke not hobogensoug.
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18~Uyang-faecholontanod fool » €Asy  if-Cyamno-fgecholestanel-une

(RO0 mg. in acthanel {(2.% mi,) was added to podiuvm borohydride
12 wg.) in wabewr iUo& alo) and methanol {1 wi.}, After being
lafe at room %@m@@?a%ufe for 1 hWr., the reaction wixdure wes
diluted with water and the preduct extrvacted with ebhes in

the usual  way. Af%ey ovaporation of the etherga gun (9% mg.)
was obtalived wvhich was ghown by thin layer chromatography %o

Be a mizture of wwe preducts, one In very large exeess, Twe
roorystallisations from acuecus mothanol and one frem etheie
ponbane gave matewial (63 mge.) Mmep. 150 = 1§3@9 L@jﬁwﬁﬁ@

o s . o} .
(G, 3.1}, which was not homogeneous, ) BH50 em, - {08}

RAK
2245 g =i {=CN) and no carbonyl absorpiion,

(5.3 1g-Cyams~Sa-choiesban-J-one (00 mg.) in ise-propyl
aleehol (3% mi,) was mized with sodium borohydride (40 ng.) i
Ago=prepyl aleohol (1% mi.) and the selution alleved to shond
at room temperature for 48 hr, The produet was isolated in

the usual way wiith ether and recrystalliged twica frow ethere

pentane to pive 1p-cyanseSeecholostan=3¥ool {50 mge), howse

" )
gemonus on thin layer @hymmammgraphyﬂ as plates m&pa 1856 - 1587
%,ﬁ\

(G, %a0,Y__ 3450 ome™" (OH), 2245 em,™" ()

"

fal @w}, Re
{Found COBRS: HMS ; W,3.6. @E@W@%@M requires C,81,%; H,13,5;

v "?
1 Do’ 3’030 .

Afebyanuciaccholoshano9ieol M acetnta, « IA=Cyanc-Su-cholesbam-



ana
Z¥e0l (40 ng.) in pyvidime (1.9 nl,) and meedic anhydride
(3 wil,} was baated on the stean bath for 2 he, The wmoluiion
was dijuted vith wvater and extracted with ether. After washing
vith dilute hydvechleorie acid and water and deying over anhydrous

sodivm swlpbate, the other was evaporated.,and the romidue

erystallised from agquecus nebhansl te give [Beeyanssiu-chologiane

3¥=0l Bhacotate (33 mg.), as necdles mop. 96 = 98%; L@B@@S@

\oiceThn

(8, 0,935 ¥ 2250 (CN3, 1933 (C = 0), 1240 @.™> (€ 0o

?ﬂa:‘?x 5 [}
(Founds C,79.435 H,13,03 W, 3.4, GEGH@@@HN soguires C,79.14%

S

H,.EO;,Q; 1\39331%}0

Trogvment of If-cyanocin-cholostan-i¥-ol ywith hydrogon chloride, «

Ankydrous hydrogen chloride was passed iato a selution of ife
¢yano-Sa-cholesten=3f=0l (2% ug.) Sn anhydrouns odher (& ml.)
Yor 1 e, and the selution loft ab roon Semperatvre Ffor 84 hr,
Braporaticon of the ether gave a white solid whieh wag identieal
with starting material in all respects.

Avsempbed hydrolyaen of laocyangoiaocholagtan=in=nl, « lao

Cyann-So~cholastan=%e=0l was vefluxed vith a numbor of hydrelysing
agentbs under the conditions shown in the %ﬁbﬂ@ folloving, Dach
ronction veas worked up im the ugsual manner, basie solutiens

hﬁiﬂg fivst noubtraiised with EN bydrechlorie acld, Startiag

material way repoverad in aach cags.



Hydeolysing Axent selvent Rime (Brg)
KOW (5%) BEOH « ¥ 2,5
[
{5853

ROW (S0%) BHOH o 8,0 2

KOK (%5%) 4 . Bthyionegl yuole 22
H,0 {(&31)

KOH (5%} Dinzman 1

even 5

Hy U 200 vels,)

L)

HOL CR0%3 BaOY

agunal wels

Ly

HEL | cone, ) O 025
£ 2549

Boaction of leocyano«Sacocholostan-lo-ol with webhyl Grignasd

roopent.~(A.) le-Cyano-Se-chelestan-Ja-ol (300 mg.) in dvy
honzens (11 ml,) was added wo wethyl mognesium fodids (6 molaw
pgulvs, ) made from wmagnesivm turpings {230 ng.) and meihyl

iodide {0,3% wl.) in dvy odther (6 ml,) and the reaction miuture
was relflored fowr 24 ke, Acedtic anid (38 ml.) and water {6 wmi.)
vere added and refluszing vas contiamed for a further ﬁﬂlmﬁma

Fogd of the solvent was distilled off under reducod prossure and
the repidus was dilvted with water and extracted with ether, The

avher layer vwos reddish brown owing %o the progenes of ledine,



5::3
Y28

vhich was removed by shaling with agueons godiuwe thiosulphute
polution. After baliny washed with water, the ether layeyr wasm
dried over anhydrous godium sulphate, and the other was

a :!l

avaporated o give a gum (280 mg.), ¥

" MR, A0 (0D, 2RLT ow,

(CK) and a very smell peal at 1699 sme ™t (€ = 03, wvhich was
f@@rgﬁﬁailis@ﬂ £raom aqm@@aa methanel to give lacoopanceSaes
chelogtan=3u-0l {230 wg.lo

(B} The reaction wag vepeatsod welng methyl sapgnesing bromide
(6 wolar eqnive.) and extending he period of vefluming e
30 b, with similar rosul $8.

Reaetion of ig=cyano-jwethylensdiony=Su-cholegtane with nethyl

Grigaard respont.-(@fhe ketal (500 mg.) in dey ether (10 ml.)
was édé@d te methyl magnesium iodide made frem magm@ﬂimw 
buvpings (120 mg.) ond methyl todide (0.35 wl.) and the reaction
mirture vas sefluxed for 65 hours, After belug worked vy as
deseribed in the previocus sxperiusnd and the solvent evaporated,
the residue was crystaliiged from wmethanel de yleld unchangad
pharting materisl (240 mg.) map. 180 - 1819,

{8,% The ketal (600 mg.) in dvy bonzene (30 mi.) awd dry ether
{30 ml.) was added to methyl wagnesium iodide prepsred {rom
magnoesiun (220 mg,) and methyl jodide (0,7 mi.) and the reaction
me@ﬁ,fwﬁ 6 he. %he repctlon mizutvre vas cosled and
pourad on %o o mixbure ef @rmghéﬁ fen (1% g.)} and annonimm
ehlovide (1.5 god. Af%ar 1 hy.,bhe ovganic layer way separaded

and washed with vater and dried over anhydrous sediuvn suliphate.



%

The ether wos gvaporatsed and the residue was vecrystalliged
Yrom methenod 4o give sinrting matesial (390 mged. The mother
liquer vas evaporated %o dryness,and its infrared spootrum

B

showed o pealk ab 2045 em. = (CH) ané a wery swakl peak at
| .
3700 sm. - (€ = 0)

Teoatwent of la-gyanosfu-cholestansfm=ol with wethyi 1ithium

{ho) ELithive (280 mg,) was hemmsred flat and end in smalld

] -

pieces imbo ether (10 »l,.) vuder nitrogen,asnd methyl lodide
(2,2 g,) vas then added with siirring. Afber 2 by,, & memple
{2 mis) of the methyl Lithium selution was repoved and afbéow
hydrolysis with water {2 ml,)ywas titrated with ¥ hydrochlorie
aeld te dobernine the methyl Jithiew concentration. Thres
molar equivalants of methyl lithium solutlon were added %o

amcyanssa-cholestan=3a-al (550 ng.) in dey sther {15 nl.) and

the selndtion was stirred for 18 hr, at room temnperaiture undsy

2l

aibrogen, The eoxcess of mebthyl 1ithium was destroyed with
mebhanal {1 nl) asd thy reacdbion mixburs was poured into water
&éﬁ extracted with ether, The ether exbtract was washed vidh
diiute hydrochlorie acid and then waber and dried over aphydvous
goding sulphate. EBvaporation of the ethor gave a gom (QSQ nEo )
which was chronmatographed on aluwmina (1% g.), Blution with

T oand P:3) gave a pun (220 wmg. i, VW BHO0

T v et ey o ey sn e
honrancaather (92
Bake

u

5
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. o : 2
{ONY, 224% (CN), 1680 eme = €C = 03, and elution vith othere

mothanel (100:1) gave starting maderial {180 m@w‘g oDa

149 o ﬁﬁa@g contfirmed by comparisen with an aubhentie sanple.
2,4-Dinktrophenylhydrasine solution vas added to a portien
(30 mg.) of the gum which hod shoun cavbouyl sbsorpiien, bub
no precipitate was obbtained st room tenperatire, on waraling,
or on standing overnight., The remalnder (3140 wmg.) of the

puln was rechromatographed on alumina % g.) but all fractions
eluted vore wixztures shoving both nitrile and earboayl absoype
tion in the iafrared.

{B,) The prodgedure deseribsd ghoye was ropeateod using debras
hydrofurvan as solvent for lea~cyano-Sg=cholegdan=3u~0l aud
reflaxing the reaction for 18 hr. under nidtrogen. Similar

rosults werse obtained,

i-Cranocinseholestol-onelteol. = loCyano-Sa-cholest-legu-F=-cne
{100 wme,) in methanol (20 mi.) was @f@&%@d with soding borpode
hydeide ©1% wg, ) in methanel (1 ml,) and water (0.2 ml ). The
Feaction nizdture was alloved to stand at vroom tomperabture Loy
Bwe , was dlivteod with water, and the product lsclated by
maans of other iz the usual way. REvaparation of $he ether
gave o gus (5% mg. ), vhich affer several recrystallisabtions

feow aquecns methanol gave lowgyanesSgecholegh-i-ogoifenl

'a

{50 mg. ) an an anerphous 501id which neited and yrogolidified
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po needies at 75 o 997, melidng agein ab 180 = 121°% {@3B¢§@
(¢, 1 @mg b s, 220 ‘&VA (@ =9,300) ,0

CE;.)
(CW), 268&, BIY ar,™

b g Y o
5‘«’}@ g,is’@lﬁ'@.élﬂ 154 @,ﬂ,aw% i 'g,wﬂ@g gﬁ&@@
%@g*?w@% roquizen C,81,73 W,11.0p No3a4%).

roabtinent of lmQVQQGw%ﬁm@ﬁﬁiQﬁmﬁhmﬁﬁwggmﬁﬁ wieth alkalil, =

leCyanveSa=cholontel-0R=3-@ 100 ng,) snd potassive hydroxide

(400 wge ) 4a @bhl%@l €7 wlo) and vater (3.3 ml.) werse vafluzcd
for 1 hv, ARSor neubrallicavion with 2 N hydrechloxic asld,

the roaction miznture was worked up with ethor in the ussal wvay.
Tefrared exanination of the gum (9% mpg.) obfained afior the athaw
had beon ovaporsbed shovad that no reaction had Saken plasn.
Freatment @f_E@m@ﬁ&@@éﬁ@m@ﬁwi@ﬁﬁmlm@ﬁaﬁﬁm@% with methyl

mapnesivn iodidas - 1 eCyans-Saccholestel-on=3«0] {300 mp.)

in dry benpene (10 ml,) was added $o methyl mepnespinm lodide

made fron sagsesiwm (110 mgq) and - mw&hyl jodide (0,35 ml.) in

dry ebhep (6 mlo)e, After refluzing for 24 hy., acedie acid

{38 ml,) and water (6 ml.) wore added and refluxing was centinued
Tor a farther J0 min, Howe vaber vas added,and the obher

inyer was separated, wveshed with water, and dried over anhydvous
podium stlpbate. Rvaporation of the ether gave a gom (280 mg.)

whese infrared speetrvom showved that ae reactlon had oceunrrad.

Boductinn of lowcyangs=Sswcholastaonsis-0l with o o
1 u ﬂ‘-&s’l‘{a}.“i

T e S I T T

eoguivalent of lithivm a&umimzmm nydride « lo-gyane-faocholestans

[E=frokgat
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Teepl (200 mge) in dey other (7 ml.) was added o Lidhium
aluminiom hydeide €20 mge )} in dry ether (&4 ml.). Afbow belng
rofluged for 1.,% hw., any oxcoss of lithivm sluvmimiuvm hydvride
was destroyed by ths additien of edhy)l acotade (0.2 mi,), and
thor wvater (20 mi,). MYore ether was ndded amd the organis
layer was soparaded, wvached vith wvatew,and dried over avhydrens
sedivun salphate, Bvaporation of the other gave a celourioss

solid (170 mg.) whieh after several recpystallisatiens from
520
»5E

-

petrel gove weterial (58 mge) Bep. 204 - 2097, [a]

{Founds C,BLl,3s ¥,30.8: §,2,9%. ﬁ?@ﬁ%@@ﬁ roquires C,80,9;

Y
3660 (ON), 3210 (W) asd 1670 tme™> (G = NE),

Was

H,33,.9, N,3.4%; ¥ requires €, 82,45 H,13,93 N 21.9%,

“ 559902
Qagﬁ@@@ﬁ'é ﬁggﬁ&gﬁg (221) requires C,80.9s Wollo7s WokeiB)o
He pare material vam obtalned by chromatography of the wothewr
LAQuoEse

Reaetion of lac-cyano=3j-othylongdlony-foocholagtane with 1ithiom

plupinivg hydeids, o le-Cyanesj=ethylonvdiony-Snecholestans

{300 mg.) in Avy @%hﬁa {10 ml,) was added te lithiuvm aluminfium
bydedde, (100 mgab in dey ethor (30 mle) anrd the solution was
reflured for 3 br, The excags of lithimm ﬁﬂmmamimm nydride was
destroyad by the addition of ethyl acetats (2 »i,) and then
water (8% mi.). Mors ether was added and the evganic layer was

soparated, wvashed with vater and dvied over anhydrous sodium



sulpbate. The residuve obtained affer evaporation of She ethes
wans chronatographed on &immiﬂm {15 godo Blution with bonseno
pave a gon (20 Bg.) whieh vas veevystallised several timen

from agmeouns nothanel ¢ glve a solid (10 aged, Bepe. 97 ~ yﬁ@

ard,

1710 cn. € = 0) vhich gave a precipitale with

Y mar,
2, h-dinl trophenylhydrazine solutlon and was prodably Jeobhylonge
dlory=Saecholestanslo~al, Blutlion with benzens containing
inereasing ancunts of edher yielded a sories of sums (170 mg.)
which thin lsyer chronatography showdd %o by complox mintvres,
and elution with ebthereunsthanel {(%90:1) gave a vhite solid
(25 mg.} whieh on rocrystallisation frem ether pave material
el

{3.2 m@a} BePea ﬁ%ﬁ = L% @e"} 165@ Gl ey

wihieh wvas probably
— % vas probabiy

an imine ox a dimerie anil, the poor ylold of thin naterial
provented further investigation.

Reaction of l@m@?aaﬁmgwﬁbhyﬁ@%@ﬁl@?@@7&@@&@3§§m&m > _with

S

ong nolar eguivalont of 1ithivwe slunivium hydride =

(A3 The kotal (400 mg.) in dey ether (8% wl.) wvas added ¢
1ithiwe aluminium hydride (40 mg.? in dey ether (10 ml.) and
the reastion was refluxed for 1,5 hv, The nmindture was vorked
up as in previoug reductions of this nature, Evaporation of
the other geve a gus (360 mg.) wbieh shoved four spois on
hhin Zayer chronatography. The gun was chromatographod on
alumina {35 g.), olution vwith patrol-bengens (2:l) mave a

gum (320 mg. ) vhich was a mizture of dhe seme feur subobances.



The gom was rechromatographed on sliica gel (12 ), slution
with patrol gave a white solild which was reerystallised frow
acetone o give material (30 mg.) as needles wops 153 < 335
‘whieh 434 ned give a precipitate with 2,8-dinitrephenyle
hydrazine sointlon, had infrared absorption at 1680 emom o
and was probably 3-ethylensdicxg~loe~inine~-Sa~cholestans,
Blution with solvents of increasing polarity gave only gumny
material which thinilay@w shromatography showed %o be mim§m?@5
of several components.

{B.} The procedure was repeated, with stirring at ré@m
temperature for 2 hr. using the same quantities of reagents.
Starting wnaterial was guantitatively vecoversd.

Attempted reductiong with Jithium aluminium Striethomvhydrldp. =

(Ao} BEthyl acetate (0,13 ml.} was added to 1ithium aluminium

hydeide (83 mg.) in dey ether (15 mi,) at O

with stirring.
le-Uyapov-Sa=cholessan-3a=0l {1 2.) in dry ether (3% wml,)
added dropwise %o the gelution with stivriag ab Gag Phe
roaction vas stirred at 0O° for 3 br. and then g mixture of
agueous potassiume sedium Sartrate (3% ml; iM) and agueouns
tartaric asid (? nl.; 0.29M) was added, the tewperature belng
naintaingd at 0@@ The ether layer vas separated and the

aguacua Layer was extracted fwice with ether. The sthar

extracts wore combined ; vashed with water, and dried ovewr

149



A3

avhyfrous sedius sulpiaba,. Bvaporation of the ethey ylelded
sbarting nadterial (900 mg.) identieal in all rocpoats with an
aunthontie spoeinen,

{R.) %he prosevdure vas ropeated using Emw@g&n@mﬁmaﬁkgﬁaném
ﬁﬁ@ﬁyé%&w@h@laﬁ%aﬁ® and starting material vas again shialnced
in guantitebive gleld.

Stophen reduchion of le-gvana~Sp-chelestancTu=0l., « Stannous
L p M. 2 e ) .

chiorvide dibydrate (4.9 g.) was slowly added to nootic auhydride
{4 wl,) with stirring. Af%er belng allowed Go cool 4o room
tenperabure, the cuspension was Tiltered and $the residue of
>amhyé$@&$ sbanacus ehloride (3.6 g,) vas washed with ethow

and stored fwn a Jdesicsator,

Anhydreus sbannous ehloride {(1.6€ g.) vas suspended in dey abhew
(5 ml,) and dry hydregen chiovide was passed 49 untll a cleap
solution wvas ebbaired, le-Cyanvsfu-cholesban-3a=-6l (600 wg,)
wep added and the mixdture was shakewn. A heavy white precipltate
was fosmed ainost lomediately,ant the reaction wixturs wasm.
&ilmw@& o shand at room temperature for 20 he, The mizture
wag Tilterad and the reagidue was vashed with dry cother and
refluzed in water (1O ﬁiw) for & hr., The prm&u@% vas Laoladed
by means of ether in the uvewal way,and the ether was evaporated

%o pive a white a0lid vhich was recrystalliged from aquescus

ethanol %o give Je-chelestan-Jo-0l lo-amids (70 mg.),



242

wop, 128 = 13275 [l 090 (€, 0.8)5) 3360 (OH), 3285

=0

B o
@Wﬁgjg 1670 (€ = Q), 1613 @@omg {NH def,de (Pound: €,77.%:

Hyliolg NoRe2S, Coglip o0, Foguires €,77.9; Hollobg Wo3o28)o

Ouidation of Se-choleptaps-lie-ol lo~anide, « The anide

{890 mg.) in bemmens (2 ml.) was added e é solution of sodiuw
dichromate (68 mpge) in water (0.5 mic}, acetiec aeid (0.1 mi.},
and eoncontrated sniphuric aeld (0.2 mlsl, %he ééa@ﬁg@m
mizdture vas shaken Tor 6 hr, af reom fomperadture and Bhe
layers were allouwsd to getble, the organie layer was separabed,
and the aqueons layer was oxbracted with benzens. The benmewne .
solutions vevre combined and vashed with waber, %% soedium
hydronide, and watew agaim; Bvaperation of tho bonzene and
veeryssallisatien of the veopldue from petrol gave Be~amino-
la=carbory-IP-hydrony-ta-cholestane lactan (22 mg.),; Mo.p. and
mized mapo 252 = Qﬁﬁmg and identienl im all respochte with an
anthentie specinen,

Deaninaklon of le~aminomethyl-Sgecholosbani-tacol, = Sodium

aiteite (P00 mge) in BOH agueouns acedtic acid {7 ml.) was sdded

0 lg-aminonethyleSe~cholestan=3o<0l (350 ng.) in S0% aqueous acetis
acid {14 ml.) and the rocaedion was lefe ab room bemperature

for 24 br. Mowve water wasg added, and the minture was ezxtracted
with ether. An insoluble crystallline sollid remained at the

interface. The ebher layer was poparated, washed with watew,




and dried over anhydrous dodiuwm smiphate. Lvaporation of
the ether gave a 1light brown gum {80 mg.) which was reflured
for 1 hr, with %% mothanelic povassinm hydroxide (8 wi.)e
The solution was diluted with water and the preduct wam
isolated with ether im the usuwal vay. DHvaporation of ¢tha
ether gave a gum (70 wg.), which could not be crystaliimed,
and vag shown by thin layer chromategraphy to consist of ab
least thres substantes., The nixture wvas heated on the steam
bath for & hr. with asetic anhydwride (3 ml.) and pyridine
(1,5 ml,)} and the reaction was worked wp with edhor im the
usnal way, Evaporation of the ather gave a very visesus 9il
vhich could not be srygtallised and gave a positive test with

thin f4im %

tetranitronethane, 1730 eme™t (C = 0), 1837 ewm,

Maxo
en 59 o<
(€ w C), 1248 ems L, 1022 . em, 1 (C « 0), and 885 em, iémﬁﬂg}g

The ether insoluble peritlon (190 ag.) vas roaeryatallised from

143

athanol o give the asetate salt of le-eminomethyl-Ss~chelesbane

MaOH
Jacel as needles m.p. 210 « 212% (dee.), [mBﬂﬁz? (Cy, Qo)
. \s . '
P pax, 3330 OB}, 319%; 3115 (<NHg), 1621 (W), 2540,

1408, 1379 (=C0,”) and 1030 em,™" (C « 0). (Pounds C,75,25;
C§@H§§@§N reguiras C,75.45 H,13.65 N, 2.%%),
Repeueration of le-aninomedhyl-Suocholeston-dn-ol from its

H@-‘%‘gﬂszﬁ?) mgﬁfbaﬁ

acotaln salt, < The salt (50 mg.) was shaken with aqueouws 2 i




B4k

sodium hydroxide and the solid materisl was collected and
recrystallised from ether %o give lacaminomethyl-Sa=cholestan-
3o-01 {30 mg,}, identical in all respects with an authentic
gpecinen,

Treatnent of 3a-amino-la—carboxy=3p-hydroxy-o-cholestane lactam

with nitrous aecid., - (4.) Saturated sodium nitrite solution

(1 mi,) and 55% aqueous acetic acid (1 nl.) were added to 2
cugpengion of finely ground lactam {30 mg.) in watér (3 nl,)

at O@a The reactiomn was lefv at room tenperature for 18 hr, and
then diluvied with water, The solid was collected and recrystalle
ised from methanol to give starting meterial (22 ng.)

{B.3 The lacteam (300 ﬁgﬁ) in asetic anhydride (8 m&a)lanﬁ atedic
acid (1.5 mlo) was codled to 009 treated with sodium nitrite

(2 g;)g stivred at O - 50 for 5 hr,, and left in the refrig-
e?a%or overnipht. After being stirvved for a further 5 hr. at

0 m.ﬁag the nizxture was diluted with water and the product
extracted with ether in the usual way. The residue, afier
evaporation of the ether, was recrystallised from methanol %o
give starting material (340 mg,), identical in all vespects

with an authentic sample., Thin layer chromatogravhy shoved

vhe mothey liguer to eonsist of starting material and traces

of two other substances, |

Hhak RIS

Tasulhydxasene 0L leccyann=isacholestanedeong, « la-Cyano=See



cholestaned~one (200 mg.) in mnethanod (8 wml.) was heated under
refing and peteluoncsulphonyl hydrazine (130 wg.) was added.
Refluning was continued far 2 hr., and the reoactiow mixture
was left ad room temporature for I8 by, Tho ervde produst

vas igolabed by filtratien and reerystallised from chloreforme

aethansl to glve the togylhydrazons of le~syane«jaw«cholestans

Gegne (250 BE.), MepPo 235 « 217° (dee,l, {@ﬁﬁaag@ (Colo3ls
354 2 w1%.8 ) 5326 € e A &

Ao, 255 e (€ w13,9000,9 3395 (WH), 2245 (CN), NG4S

. wn .

{0 = ¥), 1599, 1493 (aromatia), B33 cm, ~ (I %-disubsiituded

honsene ringl, {(Found: N,7.2; 8.%.4. @5§H§5@awgs ragui ros

No7a8%; 8,5.%%2

Redootion of the tosylhydrasone of loocyanpeSgechologtan-3-0n6

vith sedium borohydride. « (A.) The tesylhydrazene (500 mg,)

anpd sodium borohydride (1. .g.) in dioxan (25 ml.) were refluned
Yor 10 ke, The weaction mixbure was poured inte water and the
product wap extracted with ether, and the eother washed with
saturatsed sodium bicarbonate and water. BEvaperabion ¢f the
ether oxtract gave o gum (430 mg.) vhieh was chromatographed
on alumnina (1% g.). Bludtion with pebtrolebenzene (50:1) gave

2 gum (200 mg.), which was r»ecrystallised from methanel %o

a - . 1 " r . ot "@
give lgecyang-Su-cholegtane (170 mg.) as needles mepa 95 = 96,

{s%ﬁﬂv%-‘?ﬁ,‘s@ {07339 2252 @mo""‘z‘ {(CNY)a (Found: C,B4.55;

BaRs




23y

?sf,:i 2ad%s 0,58, Cogllygl requires C84,65 H,30.9, W 3580,
Biubion with bonzone gave a g (60 mg.), whieh could nod

ha erysballiged and ﬂhﬁW@ﬂ paveral spots on Hthin layer
@hm@ma&@gf&ﬁkysamﬁ avpoared to @@n@iﬁﬁlmaimﬁy of anchapged
toeylhydrazons, Blubion with ether gave lewtyano-Yuocholsmbans
Baorpd (1RO ﬁga)e identieal im all respevte with an awthoasic
@pé@ﬁm@ﬂa

(B The Sosylbydvazone (500 wug.) and sodium borohydeido (3 gold
in mathanol (50 ml.d vere refluxed for & Efa The produed was
ineiated as Jeseribed in %he preceding experimont,amd the

rogidue (460 ng.) obbtained afiev ovaporation of the edhewr vas

d
shoken with petrel (100 wl,), The sugponsilen was filtered aad
the $iltrate chromatographed on alumina (5 g.). Blution with

ol ond pebtrol-benzene (50:1) pave a mizdurs of le~eyande
Somcholeosntane and los-eyang-Su-cholegt-R-ane {6@.%@¢35%§@&30
2245 (CW) and 10665 @mo@g (C =€), Thin layer chromatography
shewed Swp gpots almost Tused indo one,

?F&ﬁymﬁmt of iwmﬁyam@w51m@ﬂ@i®ﬁ ane with alkali. - Lestyanes

i

ﬁmw@héiﬁaﬁaﬂ@ {200ny,) vas refiaved for 2 hr. with othanel
(1.5 wl,) containing potassiuvm hydroxide (100 mg,) snd webew
(Gl misle The solubion vas acidified with 2 ¥ hydrochloris
aeid and the product was igolated in the usual way, Stardiing

matarial wvas oguantisatively vecovered,



1&p

Preatoont of lacsyane-fa-cholestof-one with alkali. « la=

Cyane-Saecholest«2-ene was reflnzed for 6 hr. with ethanol
{4 ml.) and water (1 ml.) containisg potassium hydroxide
{350 ng. ). After bolng peudtralimed with 2 N hydeochleric
agid, the reaction mizdure was wosrked up with other im the
usual way. DLvaporabtion of the other gave a puw. {45 mg.)
Moz, 246 DY oV, o, 2207 omo™ (CH) and 2664 emo™" wibeh

a shonlder at 1670 @m@“& {C = C), Thin layer shromatepvaphy
shoved the presente of twoe substances of very similar polarity,
one ecorresponding te sdarding material. A separatiern was not

affected by column chromategraphy.

Preatmont of leccyano-=gmoecholosbane with metbyl wmagnosium

iodide. » lu-Cyane~Sgwcholestane (100 mg.) in dey benzens (3% mil,)
wvas added %o nmebhyl nagnesinm iodide made from magunesivm (A0 mp. s
and methyl lodide (0.4 mi,) im ether (12 wl.). The selutien

vag refluxzed for & he,, and after being allowved So ceel, was
pourad on o ¢rushed fco and solid swmenium chloride (250 mgods
After 30 min., water was added and the organie layer wvas
separated, The aqueons layer was extracted with ethor and

the twe organie exdracts were comblned, washed with wabter, and
dvicd over anhydrvous sedium sulphate, After svaporation of

the ether, the vesidue (93 mg,) was crystallised frow wnebhanel



to give leecyanseSoocholsstane (54 mgel. ‘Thin layer chromabe-
graphy of the mother Liguer showad only starting material and
traces of two other sibstances,

Acetophenone from benzonitrile o Sodiusm hydride (750 ng. of a

20% digpersien in 0il) was added %o trimethylsulphoxonius

Al

iodide (3,3 go) in dimebhylsulphexide (30 wl.) (purifisd by
drving over caleiuve hydride for 48 he, and redistilling under
hipgh vacoum } and the reaction was stirrved Tor 2 hr, gl room
tewmperature under nisrogen, by which time ovelution of hydroges
had ceased. Renzonitrile (1,5 £, was added and the mixture
WRS all@w@@‘%@ stand at room Lemperature for 48 hr. and thaen
poured on to srughed ice, When the ice had melted an excess

af 2y %-dinitrophenylihydrazine solutien and dilute sulphurie
acid was added, The precipitate was collected and chromabo
graphed on silica gel (%0 g.). Bludien with benzene gave the
2.hedinitrophenylhydrazone of acetophenone (700 ug.d, BoPa
236 « 2387, idemtical in all respecis with an gubhentic
specinen,

Henzole aclid from bengonitriis, - The procedure described

above was followed up to the stage of the addition of the
2oh=dinitrophenylbydrasine solution, Instead of the hydrasing

an sxcess of 9% aqueons godiun hydronide wee added and the



resetion was heated on the steam badth for 1.5 hr. The
alkaline selutlon was eubracted with ether and The aguosusy
layor vas aeldified with 2 W hydreehloric acld and dhen
extracbed with ather, The ether sointien was washed with
yaser aud dried over aphydrous sodium sulphate, Bvaporadien
of -the ether gave a white golid vhiech wasg reorystalliised
fron vater $o give benzmeic acld (990 mg.) as needles mepo

188 « 3%3@9 identical in all vospects with an authentie

gpecinan,

L R T SO TR e AR S

Renctlon af lgesyangeitocholestan=Ju-0) with trimothylmnlphon-
it mmmwm.m Pt es s ipbn Do Blideis v ate S T2

onivm nebthylido. « Sodium hydride (82 vsg, of a %0% dispersien

in 0il) wam added to trimethylsulphozonium iodide (374 wg.)

in pure dry dimothylsulphemide (1% ml,) with stirring undew
nitrogen. After loB h¥.gle-eyane-Sa-chelestan-Jac-ol (700 ug.)
in pure dry dimedhyisulphenide (P ml.) was added and stirring
under nitrogen was contlaned for § hr, 8¢ room tomperatire.

The reaction was left at room temperature for A48 hr. and vhon
peured on to crushed ice, when the ico had wmelted, the vesuliing
suspension vas filtered and the vesidue was refluzed for 1 hr,

2

with %% wothanolie hydrechloric aecid and the reaetion weorked

Bp in the vsual way. Bvaporation of the otheyr gave s gum

(660 mg, . which was crystallised frowm sguedcus methancl te glve
2D

stavting nmaterial (420 ng.) , identical in all vespeets with an



S it]

authantic spechinem, The nethor Llguer vas examined by whim
layer chronatograpby aad wvas feund to consizt almeost enbieoly
of atarbing mabterial shore was 0o sarbonyl absorptien im

b dufyaved $§a6%fmm;

Beaction 0f Ssecholgstoloan-wone with hydroxglening. o

Hy&wﬁxyiaﬁin@ hyﬁ?@@ﬁlé?ﬂﬂ@ (45 ng,) and sodimm acetate (53 mg.)
vore dissolved in the minimum qmémﬁiﬁg of methenel and the
procipitoted sodium chlowride wvas renoved by Tiisration,
Go~Gholegel~an-Jeona (100 mg.) in methanel (3 wml.) vaw added

to the hydvokylemize selution and 2ho mixture wal alloved %o
stand ab room tomperature for 8 days. The mizture was filtered
and the residue wvas recrystallised several times from methanol

0 glive %&m@b@l@@%wlmagmﬁwma@ axime €55 m@eldo WoPa 4528 « 25@90

[olpe9505° (8,0.7054

233 g (€ = 15,000) and no carbonyl
M c

absorption in the iafrared. (Houndil,3,40. eﬁ?ﬁ%gﬁm requiron

NoBa5%)o

tpaction of Sswcholssbansj-one pyrrelidine epswpine with Ne

bromospeeinimide. » The onamine (1 g.) and Ne-bromomuoeisne

inide (410 mgnj werve vofluxed in carbon tetrachloride €350 m2,)
For % min, The procipitated @mggﬁnim%&@ wag removed by
iltwration, and the filérate wes gvaporated to drynessin

2 rotatory evaporator, znd then refluwxed for % min, with ethanel

o decompose any uwnchanged enamning, The solution wes diluted



with vaber and exbracted with ether in the vmual way, the
ether golution belng washeod with dilute hydrochleric aclid.
fvapsration of the ohhor gave a dark brown gun (500 wg, ),
hich conld net be cvystallised and shuewved several spots

g thin layer chromatography, one of which @@r?@épﬁﬂﬁ@& BO
Saecholegtan-f-one, %The gun ves chromabographed on neutyal
almnine. (18 g.)ybus no pure erystallise material was obtained,
the purest fracdions {from the  chrowmatograw had m.p. li&w&ﬁ@éﬁ

213 em,”

arm

wndeprassed by mixtere with Specholestaneleons,Vy -
Bigdh o

{’{; a2 @B.ﬁ
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