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Hecogenin (Il) is a steroid sapogenin which wes isolated

by Mayker and his co-workers!® in 19L3 from Hechtile sexensis,

RIS

and 1% hes since been shown %o be present in many plents of the
& , : B
Agiave speoles. Butvaction of the waste meteriel from sisal

(Agave misalans) snow provides the large quantities of hecogenin

recassary for the production of cortisone and ite analogues.
Detalled sccounbts of the experimental evidéence from which the
structures of the sapogening were deduced heve been presented

& S

by Fleser and Fleser, and by Sh@pp@eok

The basie eteroid sapogenin structure, with the system

of enumeration, is shown in (I). Variations in the naturally
21 - 232l |

cccurring sterold sapogenine arise from (a8) the number, positios
end configuration of nuclear hydroxyl groups, (b) the occasional
presence of 2 earbonyl group at ¢—(12), (o) the mede of union
cis (5B-H), trans (5a-H), or involving a AS double bond, of

rings A and B, end (d) the configuration at C=(25). The



aplroketal nature of the side-chain (ringe B sed ¥) was Sipst
recogniasd by Marker snd Rohrmann and provides $he name
® gpirosten® for the parent sysibem. Hecogenin (XI) iwm

therefore AP-hydroxy=12-010=5 ,25D-gplroatan.

The stereochemistey of the side=chain of the steroid
sapogening has been the subject of meny publlcetions and it
ie now established that leomerism ocours only at G=(25) and
nos &@'W&@'f@rm@riy thought, as 0=(22). The isomerism aib
Cw(gﬁ) divides the sapogenins inbto twe main classes which are
named 25D (sometimes isosapogenins) and 25L (sometimes mormal
0F neo 98pogening) . The letters D and U are derived from the
abgolute configuration of the a-methyl glut&ric aoids obtainaed
from corben atoms C0=(22) %o C=(27) on degradetion. Hevogenin
belongs t0 the 25D=-series, in which the methyl group ot (25}
is equatorial, as imyth@ partial formulae (II1I). The correspor
ing 255 isomer, sisalagenin, 18 & ecompanion of hecogenin and
nas the partlal structure (IV), with 4he methyl group at C={(24)
iﬂ the axisld configuration. In 1939 Marker and Rm%fm&mm@
discovered that sersesspogenin (gide-cheln coprresponding to

sloelegenin) , on belng refluxed with

ﬁﬁ%
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athaﬁolic hydrochloric acid, was converted mainly to the
190&&?1@ smilagenin (siﬁe»chain corrensponding to hecogenin)o
Since then other pairs of sapogenins isomeric at C=(25) have
been id@ﬂtifl@ﬂo. Regcently the sapogenin side-=chealn hag bhoen
@ynthmﬁiﬁedgﬂ 2 final cyclisatlon stage providing a mixture

of the 25L and 25D compounds, with the latter predomineting.

Whoen sspogening of both the 25D sud 251 serles are
heated at 200° with scetic amhydrid@ab » 0r with similar
r@ag@ataga esters of the @arrg@p@nding isomeric pseuvdopapo-
genins are. formed (V) im which ring=F has opened, with formaitlon
of & 20(22)=double bond. These ere important intermediaites in
the conversion of sapogening 0 pregnane derivatives gince,
upont oxidetlion with chromic acld, ¥ing=E is split, with
formation of & lb-asyloxy=20-oxo etercid (VI). This in turn
i readily transformed by brief treatment with acetic acid

L&

(oxr other reagents) to the 4 -20-oxe pregnane devivative (VII).

which 48 & well known intermediate in hormone pynthegis.

V‘er -

V

000(CHy }LHMeCH, OR

(vx)



&

It seens likely that the products of modification of ring=C
of hecogenin which are described heveln could be degreded in
& similar menner t0 provide pc%eﬂ%ially valusble hormone

imt@rm@diatgggﬁ

Vhen the peeudosapogenins are subjected to mild acid
conditions the 20-iso(eyeclopsendo= or ana-) sapogenins are
formed, In these ring=F has refovrmed, with the methyl group
2t C=(20) in the axial configuration. These ave unstable and
can readily be transformed, with mineral acid, to the corvespond

ing sepogening.

The work desmeribed in this thesis is concerned solely
with reactions of the cerbonyl group of hecogenln and not with

the gide-~chain.

% Yazurl® has slready effected this side chain degradaition
with the asa-sterolds deseribed.
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12-=Hethyl Steroids

Interest in methods for the introduction of methyl (end
other alkyl) groups into the steroid nucleus has been
atimulated by the discovery of the enhanced physiological
activity of certain methylated hormone derivatives,,M and
also by the isolation of nmaturally occurring stercids
sontaining 9 extra’ methyl gruupaoi@ Many procedures
hove been devised® and one of the simplest of these is the
reaction of oxo-steroids with Grignard reagents. Sterold
derivatives with methyl groups st C~(3), C=(6), C=(7), C=(11),
¢=(12), and C=(17) have been obtained by this procedure and

gome exsmples are collected in Table I,

A study of the resulte of these Grignard reactions
reveals that substitution normally takes place on the relatively

unhindered a=face of the aterold molecule, in agreement with

L8
the rule of rear attack.

. . 14
Recently Fonken and hls sssociates extended the use

of methyl=1lilthium as &'@ﬁignaréwtype reagent by preparing -
1la=methyl=l1lp-hydroxy derivetives from C-(11l) ketones of the

S5a-= and 5P-pregnane series, in particular lla~methylhydro-

&x
cortisone acetate. With the ssme reagent Ringold et al.

obteined lle-methyl-1lB-hydroxytestosterone (the configuration

48

% Poromencff has written a reviéw on this subject



TABLE I
| Position of | Configuration field of
Helerence Coxbonyl group| et C=(5) a=0K, B=He | B=0H,e-Me

16 ¢=(3) 5a-H 58 304
17 " S5a=H 5l LG
18 : Sa-H(+hode) |  70% 30%
18 " Sa-H(+he-Me) | 80% 20%
19 ¢-(6) SaH - 7%
20 " 5a-H - 91%
21 ¢=(7) A8 - 62%
22 " p® - 69%
23 . a® 33 -

2, C=(16) 5® ~ 0%
25 ¢=(17) % = 65%
26 i A% - 60%
27 ¢=(11) Sa~H - 83
15 il Sa-=H = 80%
15 0 56-H = 654
28 c=(12) Sa=H - Tiuch
29 L Sa<H G 865
30 0 5p-H 60% 25
30 t 5B-H 73% =




of the CG=(11) methyl group in these ﬂ@mpﬁlﬂdﬁ has not bheen
OF the C-(ii) methyl group in these compounds hae not been

rigldly egtablished). Methyl-lithium attacks $he relativaely
hiﬂd@red Gm(ll) earbooyl group only wnder certain copditions.
These include protection of any hydroxyl groups, oF groups
readlly hydrolysed by alkell (e.g. scetate) since methyl-lithiu
gonerally reacts with these to form the alceohol lithilum sals,
the ineolublllty of which precludes fuvther reactiom. One
axgeption %0 this wule has been r@p@rt@dnsm Elk@m? has used
methyl=1lithiwa to form Lle-methyl derivatives in the sapogenin
peries, and simlilar results bave been obtained by Kixk snd

an
Petrow, using methylmagnesivwm bromide,

It was decided to subject a sultable derivative of
hecogenin to the action of methyl=lithiuwm in order %o obtaln
8 pew claas éf methylmaapogénins and hence, by degradation of
the side=chain, l2-methyl allopregnane derivatives. The first
attempt was mede using hecogenin scetate (VIITy R = Ae) bub
this gave, after acetylation and chromatography, a very poor
yield of the desired lamwmwthyl91aﬂmhyar@xyw5m985Dm@piwm9tanm
A=yl &@é%ﬁt@ (IX; R = Ag), along with sterting material and

an anorphouvs produet. Apparently the reagent had abtacked

b 0o R 3 =
jﬁ‘\ { Lh )‘O.mm/ Qj}“{iﬂ \} ,{O e
. “jt’l\‘*r’ a »\wwn-#g l\\’: 1",,«5‘&]‘ ot
RO /E""%V (VIXI) | RO (3X)



both the carbonyl and acetvate groups; the former was no

longer preaenﬁ.aince.th@ ambrph@us naterial fr@m_th@ reaction

did not‘fnrm 8 derivetive with Girard’s weagent-T., The

tatr&hy@répyranyl derivative of hecogenin (VITIs R = CgHeO)
3

g .
described by Hirschmann et al., wes theréfore prepared and

found to b a more suitable sterting waterial.

Reaction proceeded smoothly weing excess of reegent in
& benzene—ether solution and the prét@ctiV@ group in the product
was semoved with mineral acid. The pf@du@f was not homogenous
and was acetylated aud chromastographed. The firvet meterisl
i@@l&%@d was eluted with benzene and was impure, but @@V@r&l
recrystallisations from methanol gave 2 small amount (5% yield)
of a monounsatureted acetate, m.p. 182-184°, of formule
CsoHagOso This was l2-methylenetigogenin acetate (X3 R = Ae),
aince hydrolysis gave the corresponding alcohol (XgA R=H),
which had physical constants in close agreement with those

B8
recorded by Sondheimer and Mechoulem. In order to verify

(X)




this identity several attempte were mede to prepare suthentic
lz-methylenetigogenin by the wethod deseribed by the above
Work@wavaﬁ which involved the uwee of methylenstwiphenyl«-
Phoaphoranae. In each case starting material was recovered,
but when phenyl=lithium was substituted for butyl=iithiwm
(ef. Joske et alaﬁ) and hecogenin tevrahydropyrenyl ether for
hecogenin scetate, resctlion teok place to some extent. The
preduct was a mixture, which efter bolng hydrolysed and
acetylated, wos separated by chromatography. Much starting
naterial was recovered, slong with lQQm@thylenetigﬁg@nim

acetate, which was identical with the uvnsgturated scetate
. @

MmePo L82-18L°, obtained previcusly.

The next material isclated dy chromatography was a

&aturatéd acetate, CzolHanls, which was elubed in'fractiogm of
increasing purity by benzene-gther mixtures of Increasing
elutory power, The purest material, obtained in the ether
eluaten, had m.p. 226-228°%, and laly - 47°. It is fovrmulated
.8 la%wm@%hylélaﬁmhyﬁx@xywﬁﬁ9£5Dwmpir@@tanm3$wyl neetate
(IXs R = Ae)s The corresponding mléohglg r2o=methyl=38,120=
dihydroxy=50,25D-aplroatan (IXs R = ) @mm prepured by albaline
hydrelysis of the agetate (IX; R = A¢) snd had the interesting
gharacteristic of erystallising only in the prosenes of & small
smowat of pyridins. The results of analysis showed thet o

grerold=pyridine complex was Tormed.
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WVhen this work was completed 1€.wa8 not certeln thaw
the 12-methyl carblnol formed by the methyl-lithium reaction
had the 12e¢-methyl, 12B-hydroxy structure (IX). This was
merely aspumed, om the basis of the normal mode of wear attack
by bulky groups, such as the methyl anion, on the steroid
nuclemﬁola However, in view of the recent work of Levine and
W&llzg which duplicates this work %o some extent, 1v scems
cevialn that the above assignment of configuretion to the
carbinol acetate is correct. These workers prepared Lfiom
1Z-methylenetigogenin acetate, by the sequence indilcaited below,
the carbinol (XIII) epimeric with the product of the Grlguard

Teaction.

(X, R=Ag) (xXz) (XL (X111l

Attack by osmiuvm tetroxide must be from the rear of the
molecule, providing the 12f-hydroxymethyl compound (XTI}
woich 18 then transformed, withowt rearvangemens, into L2f-
meﬁhyl912@whydf@xytig@g@nin (¥111) Levine end Wall considerad

that this compound is 2 miner product of the Grlgnerd resction,



13}0

but were wable to isolate it. Similerly, we imoleted only
one pure isomer, but it is possible, in view of the similarity
of the physicel constants of (IX; R = Ae) (m.p. 226=228°,
laly = 47°) and (XIII; R = Ac) (m.p. 212-213°; [aly = 47°)
that the sarliier Iractions of the chromatogram contained gone
of the isomeric scetate (XXII; R = Ae). It seems possible
then that l2-methylenetigogenin acetate is formed by aecid
dehydration of the less stable isomer duxing hydrolysis of the
ather group at C-(3),

When hecogenin tetrahydropyranyl sther was treated with
methyl-Lithiuww as before, and the product hydrolysed undex
mild conditions, using ethanolic acetiec acld, three producis
wore isolated (afier acetylation). The acevate (IX; R = Ac)
was the major product, along with small quantities of tigogenin
scetate and l2-methylens—5a,25D=-ppirost=9(11l)-en-38-yl acetate
(XX R = Ac). This lzst compound is derived from the 9(11)~
dehydrohecogenin present; along with tigogenin, in the starting
material. The presence o0f the unsaturated aceitate was
confirmed by the presence of 2 maximuam in the wlitraviolet
spectrum of a semple of hecogenin acetate at 238 mpte (e L0O).
The occurrence of 9(ll)=dehydrohecogenin iz a commsrcial
preparation of hecogenin from Agave deserti ¥ngelm has been

88
demonstrated by Wagner et al. Since no lZ2-methylenstigogeniz

acetate (X3 R = Ac) wes formed in the reaction 1% appears
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Likely thét only the move stable isomer (IXy R = pe) L
formed inm the Grignard-=type reapﬁionm On the other hand

gsome lower maltimgffra@tiousv(mopo 210--220°) were obtained in
the chroﬁatngram and these may-cahsisﬁ of the isameric car‘binld?ug
unaffected by the mild acid conditions. There 15 also some
evidence %h&t.laammethylwlaﬁwhydroxytigogehin acetate may be
the source of l2-methylenetigogenin acetate, since, when 1%

WAS &efluxed wiﬁh ethanoliec hydrochloric aeid for LO minutes
the product showed end mbsorpiion in the wltraviolet at 250 ap.

.R@gction of the @érbiﬂal'(ng ‘R o= &@) @iﬁh phosphorus
@xych}@fide had 11ttlé affect; éub&ﬁanﬁially unchanged @t&f@in@
paterial being fecovéred;‘ Phosphoxrus penivachloride provided
la=chloro-12-methyltigogenin acetate. Since this reagent
normally substitutes with inversion of 6dnfigurétion§& the
chloro compound has been formuleted as (XIV). In contrase
reaction of th@ acet&te;with thionyl chloride in pyridine
produced much amorphous ﬁaterialg along with & small amount of
& compound contalning chlorine. This maj be‘laﬁmchlorowlaaw
methyltigogenin acetate (XV), since thionyl ehiorid@ usually
substitutes with rétention of configuration.

AcO” AeO
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Alkeline hydrolysis of the chlore compound (XIV) gave
& halogen-free mixture which, on acetylatiqh'and chromatography ,
provided a emall amount of unidentified crystalline material.
Next the chloro compound was treated ﬁith,sbaium methoxide in
methanel . Crystallisation of the‘pfcdﬁct gave l2-methylens-
tigogenin (X; ‘R'= H) in 60% yield. The mother liquor, on
addition of water, providéd'iﬁpure material containing no

chlorine.

On treating l2-methylenetigogenin acetate with perbenzoiec
acid a single oxide was formed in reasonable yield. This must
be the B-oxide (XVI) since lithium aluminium hydride opened
‘thg oxide ring to‘giva laawmethyl,12§~hydrOthigog@nin (IXs R = [
recognised by its characteristic of'crystalliaing only in the

préaenc@ of pyridine. Acetylation provided authentic

(XV1)

l2a-methyl,12p=hydroxytigogenin acetate (IX; R = Ag). The
poracid must therefore have attecked the exocyclic methylens

group from %hé Béface°



1l

30 ‘
Recently Just and Nagarajan  reported on the reaction

between Ll2-oxo compounde of the SP~pregnane series with excess
of methylmagnesium bromide. For 3a,20c-discetoxy=5P-pregnan-
12-one (XVII) the reaction proceeded to give a single C-(12)=
methyl carbinol which they conslidered to have the unexpected
12=-methyl,l2a-hydroxy structure (XVIII). In the case of
3a,20=diacetoxy-5p-pregnan=12~one (xix) both isomeric carbinole

(XVII) | | (XVIID)

(XX) and (XXI) were isolated, the former predominating. These

core NN (x0) (mm
workers found that the wninor product of the reaction, on
oxidation at C=(3) and C=(20), gave material whieh absorbed ab
350 @moml in the infrared, due to intramoleculaxyr bonding of
the hydroxyl group with the C=(20)' carbonyl Function.
Exemination of the models indicates that this can only take




place when the hydroxyl group is egnatorial (B)» In addition
they found th@t ﬂuce@@aife treatment of esdmittedly impure
unpaturated acetate (XXII) with osmiwm t@ﬁr5x1d99 toluene=p-
sulphonyl chloride, and 1lithium alwuind wn hydfides4mffard&d
naterial identical with thelr major resctlon product, thus
gonfimadng the axisl naturs of the hjﬁxmxyl group in (XX).

The Ceaadian workers results contrast with those of Levine and

. OH
ffHQ E@ GH:;Q%\ ’I =1 8]
o %L‘w 1. O ﬁ()} . ,ﬁ"”: %\\E .,

4: o 4] el C"
i ’m\*&a/ﬂg;%‘ ]‘/'“ ) ffm,,jm EW.‘E‘;-; ‘M'\fﬁﬁf f{.}"‘"‘ ? 3
= o L @ ﬁ» [¢] H & j
"5:;' g g 3 4 VE Uy
0 i . 0 q
(XXI1)

Well, who obtalned, by the above sequence, from pure L2-metvihyle:
tigogenin acetate, & carbinol epimeric wiith thelr mejor produch
Theee facts can be reconclled only by assuming that the mode of
attack by Grignard-type weagents differs in the SB@pr@gﬂan@ and
He-papogenin series. This may be due to subtle long-range
effects (ses Bartom et giﬁw) which elter the yelative rates of

reaction on the o and P~ faces.

In thelir report Just and Naojaralan state that our
20 29
results conflict with those of Levine and Wall. This is
1ot 8oy the properties of our compounds, with one exceptlon,

agree closely with those of the latter workers. Nor d4i1d we,
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28
or Ruzicha et al. , osmylate comparable monounsaturated

compornds .

Since the dlenyl acetate (XXV; R = Ac) had been formed
by the reaction of methyl-=lithium with the trace amcunt oF
9(11) ~dshydrohecogenin acetate present in hecogenin acetate

it was decided to prepare the aB-umsaturated ketone (XXIVy; R = H)

(XXIV) {(XXV)

for a r@&cﬁieﬁ on & larger scale. The method of preparation

58
of (XXIV) was that of Djerassli, Martinez and Rosenkranz, and
involved dibromination of hecogenin acetate at C=(11) and ¢=(23),

followed by dehydrobromination with refluxing collidine.™

The latter stage wes not very efficlent, so that after removal

of gide chain bromine with zinc and ethanol, the produect wes a
mizture of hecogenin acetate and 9(11)-dehydrchecogenin acetate.
th@matogr&phic separatlion of these was not completely succassful
% : . :

“ Conversion of hecogenin acetate to 9(11l)-dehydrohecogenin

acetate in 89% yield by oxldation with selenium dioxide has
been weported by a Synbex group.®®



snd afforded only & moderate yiald of the mﬁmgnaaﬁufaté&

K@tdn@ (}EXIV% R Aﬁ)ggﬁgf

it was thought thet the Baeyer-Villiger oxidation of
the mixture of hecogenin acetate (VIIT; R = A¢) and 9(11)="
d@hydr@héémgénin &caﬁate (XXIv; R = Ag) migﬁt pr@viéep after
saponification, hecolic ascid (XIVYs R = RY = H) and 9{1L1)=-
dehydrohecogenin (XXIV%_ R = H), sloee 9(11)-dehydrohecogenin
had been isolated from the neutral fraction in the preparation

28
of hecolie scid. Although the uvasaturated acetate was nob

oxldised under the Pagyer-Villiger conditlions uwsed it apparently

imhihiﬁ@d the complete reaction of hecogenin acetate. The
products were hecollc acid and a mixture contalning 654 of

9(11) ~dehydrohecogenin.

9(11) =Dehydrohecogenin acetate was hydvolysed and the
tetrahydropyranyl ether (XXIV; R = COgHe0) was formed.
Treptment of this with methyl=lithluwn provided & tetvahydro=
pyranyl ether (Or_rather a mixture of etheré due to asymmetry
at G-29) correspondisg o the formuls CopHsaOs, With & Agay,
at BOE i o There was no cerbonyl absorpition in the infrared
B0 the material must be the lc-methyl-lZP=hydroxy derivative

(XXVI5; B = CgHeO)o  The protective group was then removed
by acebtle or hydrochlovic acid, snd since these gsve qulte

* An efficient @Qp&f&bi@ﬂ procaedure which employs Glrard
rengent=T has been described by Mueller et al.%?
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different xesults the hydrolyses will be described separately.

Whon the tetrahydropyranyl ether (XXVi; R = G@ﬁgU) Wao
refluzed with ethanolic acetic acid a single product was
-ﬁbﬁaimad in excellent yield. This was & compound CpgHerOs,
which ecrystallised from methenol as s hemimethanclate, m.p.
200=-205°, and showed & single high intensity ulitraviolet
absorption maximam at 238 mﬁo There was infrared absorption
at 1640 cm. *, but no carbonyl pesk, and the side-—chaln was
wnaltered. This material must be l2-methylene=9(1l)-dehydro=
tigogenin (XXVe R = H). This should have &bkmﬁxa of 239 o

H
(XXVI) (XXV)

caleulated from Woodward's rules. The basic structural
formula was confirmed by analysis of the corresponding acetate
(¥Z¥y R = Ac) end benzoate (XXVy R = Bz). Lvidently the
allylic double bgnd in (XVIy R = CgHaO) pr@mét@a acld

catalysed dehydf&tiom under very wmild conditions.

When the tetrehydropyranyl ether (XEVI) wes heated with

gthanolic hydyvochloric acid for a short time the product was
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& mizxture of alcohols, mopo_l??=183@o This mixbure showed

vli raviclet absorption maxima at 204, 240 and 270 TR o and

could mnot be purified by &hromatagiaphya A@@ﬁylatieﬁ of the
mixture produced meteriel with similaexr wlitraviolet absorption,
agalin not separable by chromatography. The seme mixbture of
&cétat@@ was produced when l2-methylene=9(1ll)-dehydrohecogenin
acetate (XAIVS R = Ac) wes refluxed in ethanclic hydrochloric
acld for a short time, although mineral acid in the eold had
no effeet. It is probably ﬁh&t.ﬁuring mineral acid hydrolysis
(XXV) is formed first and then changes 40 en equilibrium
mixture which probebly containe ~ U0% of the cilsoid diene (XXVII,

which would heve a calculated Appx, 2% 270 mu.

Thet the acid caotalysed isomerimation of the dienyl acetat:

(EXTIL)

is a reversible one was demonstreted when & semple of the
dienyl acetate mixture in dry chloroform wes treated wlth dry
an

hydrogen chloride at low temperature. The preduct, although

not sherp-meliing, had e single ultraviolet marximum ot 230 mu.
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It was thought that & seéparation of the twe acetates
might be achieved by treatment with maleic anbydride, which
ghould only reset with the homoanmular diene system (AXVII),
Ascordingly samples of the milxture were refluxed with the
dienophile in several solvents, but no adduct was formed.

It must be assumed that sterle factors prevent the approach
of the amhydrids to both faces of the molecule.” When %he
mixture was treated with perbenzoic acid some reaction btook
place, #dince the product lacked the absorpitlon maximum at
270 o o but no pure materisl cowld be leolated. Sinee the
mixbure could not bhe purified,attention was directed to vhe

pure dienol (XXVy; R = H) and dienyl seetate (XAV: R = se).

Catalytic reduction of the acegate (XXV; R = Ac) under
neutral condlitions was gulekly effected with upiaks @f onily one
molaxr eguivalent of hydrogen. The single produet, m.p. LpE=1 77"
abgsorbed in the ultraviolet at 206 Mmiko g indicating the preseuce
of an lisolated double bond, and this was cohfirmed dy the
infrared meximum at 165l cm. * The epalytical results Ffox
the acetate and the corresponding alechol supported %he'vigw
that & monounsaturated compound had been formed, and this hag

been assligned the A*—structure (XLVIII; R = Ac) for the

(XAVITIL)



following reasons. There appeared o de Lour possible
slternatives, the a®(22). (X%1X) , 12-methylene-(9a or 96)
(XXX end XXXI), or 4> = (XXVIII) structures. The fivst of

these was rejected, because ﬁﬁﬁ@? the eonditions of eatalytic

@H- @Hg Cilo
NS J
(EXTX) LG ves Bl o)

hydrogenation employed 12&m@thy1@ne€igég@nin failed to sbsorb
hydrogen, suggesting that this group requires more vigorous
treatment for reduction (ef. Levine and Wallg@)ov The second
possibility was alsc eliminated since the reducvion product
hed different physical constents from l2-methylenetlgogenin
&éetéteg which was obiained previcusly. Moreover, these two
a@et&ﬁ@g gave & melting point depression on edmixbture, snd the
infraved spectre were different. The next structure to be
conslidered was 12mme%hy1@nem9§=®igog@miﬁ acetate (XXXI) which
would be formed by addition of hydrogen to the B-face of the
molecule. This unlikely fTormulation wes eliminated when
figeion of the eis diol (XXXII) formed by the action of ocamium
sebroxide on the reduction product, with lead tetrasetate,
sfforded awmorphous wmaterial with imfr&reﬁ sbaorption charagter-

istie of & keto-aldehyde. The l2=-methylene structure would



i
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have afforded o ketone isomeric with hecogenlin under these
eonditions. Alzo the formatlion of a compound possessing
both cerbonyl end aldehyie groups agrees with the 4™ =position

fow the double bond, as in (XXVITI).

Attack by the hydrogen on the diene system present in
(Xxv) must be envisaged ae 1gum&@diti@n frgm the unhindered
g-face, with formation of the ilplawd@ubl@ bond., Al though
this is uveually formed ounly with ﬁiffigmlty9 fov instance in
the bile acid series ﬁy“pyrélyaia of C=(12) esters, the
additional mel&) methyl group may have & stabllising effect.
Tovine amd W&llag report the formation of a supposed A*? e
lamm@%hyiﬁigeg@nin acetate, with different physical vonstents
from our compound, and it seens llikely that thﬁﬁf material is
composed of eguimolar quantities of (XXVIII; R = Ac) and

(,:y’:gx R L) n&-@) 13

12-Methyl-Sa,25D~spirost-ll~en~3B~01 (XXVIII; R = H) was
pr@p&r@ﬁ elther by eatalytic vreduction of the dienol (XAVy R = H
or by hydrolyslis of the reduced seetete. The latter method
was preferred, since the dlenol is less soluble than the disnyl

pcetate in ethyl acetate.

Treatment of l2-methylene=9(ll)-dehydrotigogenin acetate
with mercuric acetate failed to exitend the unsaturation to
ring B,  The inectivity of the acetate (XXV; R = Ac) 4o this

reagent is comparable with that of stercolds combeining an
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igolated &@(13}md@mbl@ bond. In comtrest sberoids heviang &

A7=double bond provide 8792 (230 a1 ones when treated with

- . . 29

mneréiric agetate.
Cetalytic reduction of the acetate (XAVy R = Ae) in

acetlec acid was incomplete, the smorphous produet showing:

slight wlitraviolet absorption.

Sueccesslve treatment of 3IP-acetoxy-l2-methyl,5¢,25D-
spirost=ll-ene (IAVIII; R = Ac) with osmiuvm tebtroxide snd
lithive aluninive hydride provided cyystelline materisl, from
which were seperated by chromatography, starting materiel {35%)
and @& new, highly crystallime product, BM.p. 265-269°. This
exrystallised slowly Lrom methanol sand was shown hy @lém@ﬁ%&ry
analysis t0o be the monomethanolate of & triol Ozglacls. It wes
trangparent to wltraviolet light and possessed strong hydroxyl
absorption in the infrared. The probable structure, 12B-
methyl-Sa,28D-spirostan—3B,11a,12a=triol (XXXIT; R = Ry = H)
wae confirmed by acetylatlon with scetle anhydride and pyridine

at 100°. The product on chrometogrephy, provided two compounds

z?é’@ CH3

2T (-
W

Oy
RO /f

H (XERIX)

= e
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with similay melting points. Une of these, eluted with
b@nzehgg analysed correctly for a monoacetate of the triol,

a2nd wmast b@“BQQa@etoxywlaame%hyléSQgQSDwspir@s%&nwllmglaam

dlol (XXXII § R = Ae, R? = H)o The other., eluted with

light petroleum-benzene (9:1), pousessed mo hydroxyl absorption
mexima in the infrared and analysed correstly for & Yriacetate
of the triol. Since, in steroids possessing no subgsbtltuenis
2% C-(12) %he lla-hydroxyl group acetylates readily, whereas

an L1f=hydroxyl group reguired very vigorous @ﬂmﬂitienag Ty
analogy, the triacetate must be l2=methyl-38,1l1la,l2a=triacatony-
Sa,26D=-gpirostan (XXXII; R = R' = Ac). The triocl from which
these derivatives are Lformed must therefore be the 3B,1llo,l2a-

triol (XXXIL; R = R! = H),

As indicated above, treetment of the triel (XXIILs
R =R = H) with lead tetracetate provided amorphous material
absorbing in the infrared ét a@?& and 1700 em. * Tﬁ@ formery
maximum is characteristic éf the aldehyde group as in the keto-
aldehyde (XXXTIT) and supports the view that the strusture of
Ghe triol is (XXXII) [althongh the 12-methyl-a% (%) -gompound
(IXIX) , which was vejected for previously described veasons,
would also give a keto-aldehyde when treated with osmiun

tetroxide snd lead tetracetate].



PART IX
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Ring=C Seco Sterolds

The BaeyeréV111i§9r Oxidation of Hecogenin Acetate.

In 1899 Baeyar~and Viiligeréa showed that the oxidation
of menthone and camphor with monopersulphuric acid led to the
Tormation of laclones. Further studies, using & veriety of
ketones or aldehydes, and hydrogen peroxide or perscids, in
different media, bave established the wide applicability of the
r@a@%iono&é In th@.@t@rnid series this pr@@@éur@ hes been
applied successfully to compounds with @&rb@myl groups ag

G=(3), C=(7), 0=(01T7), 0=(20) and C={(12):

liogt of the reports of oxidation of 3-oxo steroids wit
p@f&@iﬁ@ é@@grib@ the isolation of & single lactonic product,
obtained by fission of the C<(3)= C=(l) bond. Thus Prelog and
his @@lleagu@@&S obtained from Sa-endrostan=3-one (XXXIV¥s R = H)
and 5B-androstan=3-one (XMXVy R = H), by trestment with |
perbenzoic acid, the lsomeric lactones (XXXVIs R = H) and
(XXXVIIs; R = H) fé@p@@%ivelyo . Cholestanone and coprostanone

46 -
are reporved to glve the analogous products (XAXVI; R = CgHqe
&

and (XXXVIIs R = CeHay). However, Heymenn and Fieser

obtained the two isomerie lactones (XXXIX) and (XL) by tresting

the 7B=benzoyloxy derivetive of cholestanene (EXXVIII) with

&b _
perbengoie acid and Fleser guggested that the lactones



N
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B (XD /% (XXAVET)

thaet have besn isolmted are not negessarily the omly ones formed

' i
(XXRVIII) (1)
The lactonegs Lformed by oxidetion of meveral 7T-oxo

28

cholestenyl derivetives have been shown 0 possess the
gtructure (ILI) but the possiblility of the isomeric lastone

velng foxmed oo & winor product canvot be excluded.



W@@%@f@i@lﬁég obgerved that cestrone, on treatment with
alkxaline hydrogen peroxide, produced & lectone, @@@tﬁ@l@l&@t@ﬁ@p
and aseigned o0 1t the structure (Xziz)g éin@@ the gorresponding
hydroxy acld was easily esterified. Jacobsen gﬁ‘gg%ﬂ Found
%hﬁ%'@xid&tﬁon of 17-oxo steroids proceeds best with peracetic
acld containing a little toluene-p-sulphonic acid, and extended
the reaction to the androstane and eguilenin sexies.  The fact
thet 1% 1s the C-(13)=C-(17) bond which ie preferentially split
during the oxidetion was demonstrated by Wendler sud his
@olleagueagﬂ and lurray gﬁlg%ssg Agaln, more recent worl
has chown that the isomeric lactone, formed by fission of the

¢=(16) =C={17) bond, is produced in smell quentiity.

Oxldation of & 20-oxo steroid (with a 178 side-chain)
was reported by M@fk@ﬁ@ to glve, after hydrolysis, the sorrespon
ing L7e-hydroiy compound. However, Gallagher and Kfi%@h@vakylg
end others, studicd several such oxidations, smd concluded +that

the configuration of the C-(17)-acetoxny ox =hydroxy group
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formed was the same as that of the original side chain. Thus
Ba»acetoxywSB-pregnanraoaone (XLIII) affords 30,17B=dilacetoxry-
SB-pregnemne (XLIV). |

Prioxr %o the work of Rothmen, Well, and Eddysj L2=pxz0
steroids had been rep@rt@@ss to be inert to peracids, but the
American workers, by lengthy treatment of heeogenin acetate
and methyl 3a-acetoxy-i2«=oxocholanate, with peracetic acid,
obtained a good yield of crystalline lactone in each case. The
product from hecogenin acetate, hecololactone acetate, was
hydrolysed to the corresponding dihydroxy acid, hecolic aci&a
The transformations which the lactone acetate and the acid
wnderwent led these workers to ascribe to them the unﬁoubte&ly
correct é%rucﬁure@ 3B=acetoxy-i3a=hydroxy-12,l3-seco-5a,25D=
spirostan=12-9ic=gcid~12,l3=lactone (XIV: R = Ae¢) end 3f,13e-
dihydroxy=12 ,13-geco-5a6,25D=ppirostan=12-0iec acid (XIVis
R= Rt = H), According %o Rothman and hils é@lleagueg hecolol-
actone was the only product of the oxidatlion, but i1t is now

shown that an isomeric lactone acetate is formed in low yield.
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RO z%\
(Xnv) | (RTLVT)

This i not surprising in view of the vesults of other

oxldations deseribsd above.

Methyl hecolate (XIVI; R = H, RV = Me) seemed & suliable

starsing meterial forxr the preparation of the corvesponding
nor=aeid by the Barbi@rmﬂialand method (ses below) . Accordingly
the preparation of hecollc acld wes repeated wsing the second

of the tweo publiah@ﬁ methods.  This involved oxidabion of
hécég@nin acebate with peracetic &cld in & two=phase system

in the presence of sulphuric acid. The resulving crude lactons
mixbure wes nmot purified but was hydrolysed directly to give
g mixtvre of acids. This gave, on crystellisation, 82% oF
h@@@li@ aclid, end 5% of & new 20ld which hes been nemed iso-
hesolic acild. The separation of the two ecids was facilitated
by the spering solubility of hecolic acid in chloroform. The

higher melting isochecolic acld was more soluble and was

purified by ery@tallis&tion from acetonae.
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Inchécolic acid formed a methyl estexr (msthyl isohscolate)
on being tireated with diazomethane. This in tuin, on treatment
with acetic aphydride and pyridine at room temperature, gave a
discetate which no longer had absorption in the infrared
charascteristic of a hydroxyl group. This suggests thet iso~
necolic aeid is 3P ,ll=dihydroxy-11,12-8660=5a ,250-ppirogtan=
12-0ie acid (XLVIII; R = R = H), formed by ruptﬁr@ of wing=C
of hecogenin bestween C=(11) and C=(12). The methyl ester and
the methyl ester discetate must then have the strusctures
(Xmmx;; R=H, R'" = Me) and (XIVIIIz R = Ae, R* = Me)

regpectively.

Laohecolic acid readily lactonised on being heated in
vacuo above the melting point.  The produect, isohecololectone
(XIVIi3 R = H), wes also chevacterised as its acetate (XIVIIg
and bengoate (XLVII; R = Bg).

ﬁ@w RO ‘Qw | y(ﬁ}“
Y N
R@’*JL/\JH

B

(FLYIT) (XTLVTIX)

0
\

RO 3

The isomerie structure (XLVIITI: R = Rt = H) for

isobocolic scld wes originally dlscerded, since high C-values
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were frequently obtained on analysis of the acld and its
derivatives. These agreed with a Czs formula foxr the acld.
At tha‘ﬁime thiéjwork was Lirst carried ou1;9 reporis of.tha
isolation of various naturally occurring methyl steroids had
just ta,ppea,rosedo,‘2 The possibility that isohecolic acid had
extra carbon atoms at C-(4), C=(1l4), or in the side chain, and
vias derived frbm>a'persistent cdntaminant of hecqgenin9 had to
be conaidaredo These peossiblllities were discounted since:
(=) d@ﬁ@rminatian of the sguivalent welght of iéoh@célic acid
by micrbtitration againgt alkali gave results very near the
caloulated value for an aclid of the sane mwleculak'weight B5
hecolic acid, and differing from a homologue; (B) trianguler
erystallisation of hecogenlin benzoate failled tv separste any
homologous materisl; (o) Kuhn-Roth sstimetion of C-CHg groups
provided a result of T.9%. Tor Pour G%GH@ groups, &s in
hecolic acid, the theoretical result is 12;8%9 However, 1o
a sample of hecolic acld th@,réeult'Waa 7.4% and in general,
compiiéated molecules such as steroida, give results lower
than the theoretical;s6 The caleulated'valués for lL,llh~dimethy
ughwdimﬂthylm, and aurathyl de?iva%iveﬁAare respectively 18:l.,
150k9and lﬁomﬁg (d) repemted analysis of the acld and its
derivati#ea‘afforded results in agreement with the C-(27)
formula for the acid. Accordingly +the isomeric structures

(XIVIT and FLVIIY) are considered correct.



Some of the derivatives of isohecolic acid show &
superficial_reaaﬁbiénce to those of hecolic acid in having
double melting points, but thﬂre are significant différenﬁ@@
hetween copreaﬁonding:membera of the two series. As expecied,
the final melting points of the aclids in each sexies eve the pawm

‘a8 thope of the @orréspan@img lactones.

On Qampafing Bpeeific rotatlons it is seen thet the 9 isov
seco compounds heve more p@@iti?@ values then the mmfm&i BEGo
compounadsg while the opposite is the case for the cyclised
structures. ' Cowparison of infrarel spectra shows theb in the
% igo W geries moximal carbonyl absorptlon cccurs at lower

Lrequencies.
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Barbiler-Wieland Degradotion of Methyl Hecolate.

Metbyl hecolate (XIVI§ R = H, R! = Me) was prepared
(see above) to provids an interm@dia$a for a projected synthesis
of aldosterons (XIIX). This active adrenocortical hormone has
been totally synthesised by several groups since its isolation
in 1953°&c Barton and his ﬁﬁﬁﬁ@i&teﬁs? introduced an aldehyde
function at C-(13) by a sequence of reactions starting from &

six-membered ring-D lactone (L), and it appeared likely that s

(XLIX) 0
gimilar result could be achisved by switable troatwment of a
six-wenbered ring=C lactone. It was intended to prepare such
a lactone by Barbier-Wieland degradationsa of hecoliec acid %o
1e=nor hecolic acid, followed by lactonisation, It is
interesting $0 mote that the desived lactone (LIT) nas recently
been prepared by Zderic &f g&fg by the Baeyer-Villiger
oxidetion of methyl 3B-asetoxy-ll,l2-s8eco=12-0x0=5a,25-aplrogte

oate (LI), followed by hydrolysis and acidification.
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Trontmont of methyl hesolate with oxcess of phemyle

magaeaiwn bromide uwnder the uweugl Barbier<Wielend condiitions
resulied in the uptale of only one mole of reagent. A sinilay
resuld was obteined using phenyl-lithivm. The product, which
in nelther case was oblained crystelline, had an uwlitwaviolst
gbsorption maximum &t 2h2 wn , similer to that of propiophenone
(Appx, 282 mp ) end consistent with ite formuletion ag the

pheny) ketone (LITIL).

(LIZL)
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On acetylation, followed by brief treatment with bolling
acetliec acid, this compound was dehydrated to give a crystalline
solid with ﬁltravialet absorption maxima st 205, 218, and 263 i
Bagiec hydrolysis of this acetete provided an alcohel with
sinllay absorption characteristics, end from this the correspond
ing benzoate wae obtained. The analysss of these compounds
were in agreenment with e CgsHaels fof@ula for the acetete, which
ecan thevefore be assigned the structure 3P-acetoxy-—l2e-oxa-la-

phenyl=C-homo=5c,25D=-gplirost=ll-ene (LIV; R = As).

i (LIT)

The nltreviolet spectrum was falirly consistent with this
Lormuletion, the difference between 1t.and that of the.

&0 '
analogous B-methyletyrene (Apay, 251 mp.) being attributable

to the influence of the ethereal oxygen stom.

Good yields of this compound were cbteined only under
anhydrous conditions, since, when it wes heated with 20usous

aecetic acid ring-C was opensd anud 3P-acetoxy=le<phenyl=12,13=
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88C0=5G,25D=ppircst-l3~en=12-one (LV) was formed. This
contrastes with the action of alkeli on the encl ether sysiten,
which gave the free aleochol (LIV; R = H),

Although the desired Barbier-Wieland reaction hsd not
been obtained it was thought that the double bond in the phenyl
enol ether (LIV; R = Ac) might be susceptible to oxidation,

%o give the keto-seld (IVI). This would then furnish, on
hydrolysis, the reguired nor-acid.  Several oxidising agents
were cmployed, but in sach czee only small, amorphous acid
produets were formed (except with chromium trioxide, whemn

venzoie zcid was obtained) .

(Lvy (LVL)
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Beckmann Rearrangement of Hecogenin Acetate Oxims.

. _ 62,62
The Beckmann rearrengements of steroid C-(7), ?

Gm(l?)saﬂe& and Gw(l&)lo oximes have been reported. Bernes
and his aﬁaociaﬁeaal and Falco o% §;%g faumd that reerrangemont
of the lmmosterol derivative (LVII) ylelded only one amidae, to
which tﬁ@y assigned the To-aza structure (LVIII). However,
the r@lat@ﬁ’ﬁgw7mm@n@m@xim@ (steroid numbering) afforded the

: a8
corresponding A -unsaturated 7T-aze and To—aza compounds.

G8H15

(LVII) (LVLIL)
55 '
Keufmenn  discovered that some l7-oximes of the
androstens gories were transformed to wingle amides, which he

considered possessed the 1l7a-aga=D-homo structure (LIX) since

the product of selemnivm dehydrogenation was l-age chrysens
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(IX) .. In contrast Heusser's growp  reported that Beckosun
reagtion of 3!3w&.c@“n‘s;@xyma.ndmgtmﬁmam@ml?wnxim@ (TX1) provided

“both isomerie amides (LXIL) and (DXIII) as e sharp-melting

mixturg.

Q
AL, A
AT K
Al SN
(LXI) (LXII) - (LXIIT)

A 0
in 1959 Mazur obiained a single lactem (bhecololactam
scatate) by Pearrengement @f hecogenin acetate oxime (LXIV;

R = Ag, R' = H) and tontetively formulanted it as the l2o-aza-

!
(LXIV) (LX¥)

lactanm scetate (V) , since the releted 9(11l)=dehyirchecololacteam
acetete (IXXI; R = As) derived from 9(11)=dechydrohecogenin
acetato oxime (IXX; R = Ac, R' = H) had & Agay, 8% 220 mp ,

and wag converted by hydrogenation 0 hecololactem acetata.


mailto:ae@ta.te
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However, the poggsibllity of the product belng the ilsomeric
12-aza-lacten fcetate , or a mixture, remained, Sinee

the two isomevie laovones derived from hecogenin were now
avedlable Memir's hypothesis could be temted by conversion of
hecololaectam lnvo the corressponding lactone. Aoeording to
Whi%@@g the Ne-nitroso dewrivative of & subsitituted lactem oy
amnide roadily loses nitwogen on being heated gently, to yield
2 lectone or am ester. This resction hes slready been wvwsed
successfully in the sterold geries by Sato and L@th&m@G in the
conversion of 0,V-discetyldihydrotonatidine and 0,i=-diacetyl=
dihydrosolasodine into dfihydroneotigogenin and dihydrotigogenin

respectively.

Hecogenin acetabte oxime (LXIVy R = Aec, R! = H) was
pr@p&r@d vader the wsual conditlons. Anliker Eﬁigéf?
previously obtained this compound but incorrsetly eassigned o
1% the structure.of the corresponding slechol (ILXIV; R = RO = ¥
Acetyletion of either the oxime or oxime acetate produced a
discetate (LXI¥s R = RY = Ac) also prepared by the Swise
workers. The Beckmann rearrangements of (LXIVy R = Ac, R? = H)
with toluene-p-sulphonyl chleride in pyridine then provided

hecolelecten nocetate.

Avtempted nitrogsation of hecololactam acetate by

dinitrogen tetroxide im carbom tetrachloride (the reagent used
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by Seto and lethem) was unsuccessinl, starting weteriel being
E@@@v@r@é@ However, treatment of the lacten acetato inm
ecotic acid and scetie arhydrids with sodivwa nitrite at 0° EavE
direetly, without isolating the nitrose derivative, end without
hemting, hecololactone scetate (LXV; R = Ac) im 8-10% yield.
The nmaterial im the mother liguors failed to corystallise, bub
when 4t W&a.h@&$®ﬁ'with methanolic potessivm hydroxide, sud the
solution acidified, & crystalline acid was formed im 90% yield.
This 1s formulated as 3B-hydroxy=12,13-86860-50,25D-gpirost=13-
ene=12-0ic acid (IXVI) (enbhydrohecolic aecid), since on
roeduetion with lithivm eluninivm hydxride, it gave the known
12,13-8860-5¢,25D-spirost-lI~ene=3p,12-diol (LAVII) (amhydro-
hecolyl &l@@h@l)OSQ

g
[
H (LXYI) (LEVTI)

Since both the products of this simple denltrosation avre
derived (in & total 100% yield) fxom hecolic acid and not iso-
hecolie acid, the C=(11)=0=(12) bond must remain inbtact in the

reestion. It necegsarily follows that hecololectam scetate hes
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the 12-ags structure (LXV; R = Ac). The possibility thaetb

the lactam was & mixbure is also sliminstod.

Recently a Syntex gr@upag‘also proved that the 1L2¢-aza
@ﬁruotura is the correct ome by reducing hecololagtam acetate
with 1ithium asluminium hydride for 10 days (also attempted in
these iabor&torieag but for & much shorter time). This gave
& C-homo-azatigogenin which was not identicel with C-homo=-i2-
agatigogenin (LXIX) obtained by reduction of the seco-disldéhyde
(IXVIII) in ethanolic ammonia.

H (ILXVIII) . 14 (LEIX)

The oxime of 9(il)-dehydrohecogenin scetate (IXX; R = Ae,
R?! = H)uwas rearranged in an analogbué manner to give 9(11)-
dehydrohecololactam acetate (LXXI3 R = A¢), but in this case
gome of the 1mtérmsdiate oxime %glu@nefgm@ulphcnaxﬁ (IXXs R = Ag
Rt == p=CgHyMe.50;) was isolated. On being heated with
acildified ethanol this was veadily converted to 9(11)-dehydro-
hecololactam agetate (LXXI3; R = Ac). Treatment of this with
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the mitrosating reagent used previously caused no reaction.

{EXX) (TRXL)



Ultraviolet irrediation of & solution of hecogenin acetaie
in dloxen, undexr mitrbg@ng produced & change in the speeific
rotation. After periods of 20%36 hours ‘thig was constant at &
value of «40° and evaporation, then cr¥ystallisaition, provided &
new compound, lLumlhecogenin asetate, in geood yield. This was

ghown $0 be homogenous by chromatogrephy and recrxystellisatlon.

- The results of analyses agreed with thog@'@f the stearting
material, indicating isomerism, snd thé infrared spectrum {(ses
Pig. 1), with mexime at 1739, L709 and 1240 om. > showsd thst the
acebete and carbonyl functions were present. The Lingerprint
reglon popsessed the p@@k@'@h&r@@terigtic of a 25D-gapogenin,
proving that the side=-ehain wa@‘unalt@r@ég and there was a low
intensity peak at 27Th0 om. *, which indicated thet %he caxrbonyl
Punetion was aldehydic. Iumihecogenin acetate hed an isolated
double bond, ss proved by the Amax. &t 20k mp and the yellow

colour obtained with tetrenitromethane in chloroforu.

It weg apparent %hat ving=C of hedogenin acstate hed been
aplit, forming elther the 11,12-scco compound (LXXII) or the
isomer (LXXIITI) (cf. Rothmen et g&?é)a The firet structure
can be rejected, becauvse veduction of 1umihe@@g@min acetavs with

lithivm aluminiuwm hydride provided, ss the sole product,



{LXX1I) (LEXIIL)

e
anhydrohecolyl alcochol, which has been proved  +to bhe the

12,13=peco compound (LXVII). PMurithermors, oxidetion of lumi-
h@@ég@nin acetate with chromiws trioxide im sulphuric acid,
followed by hydrolysis of the product, provided (in part)
anbydwrohecolic acid (LXVI).

(LXVIL) (LXVI)

Tnmihecogenin acetate displayed & plain optical rotatory
digpersion curve. This is more consistent with structure (LIXI

than with structure (LAXII), in which the aldehyde group is

88
directly attached to0 an asymmetric centire.



b

This type of photochemical reaciion, in which a eyelie
ketone is transformed to a seco umsaturated aldehyde, has nob
been reported In the steroid series. In this cese it nugtd
involve the formation of the biradical (LXXIV) which cen, by

abstraction of the hydrogen atom attached to C=(1lh), rearrange

(WITL)

(LEXV)

to form the sldehyde (ILXXV). Study of = Drelding model of
(IXXIV) shows that the distance from C=(12) to the hydrogen
aton attached to C-(1L) is only 1.2Lf, i.e. very nearly the
normal C=H bond distance (1.098 ). In the analogous case of
the irredistion of oestrone (LXXVI) to form lunioestrone
(LEXVIII) +the ends of the intermediete biradical (LXXVID merely

vejoin, producing inversion at C-(13). This mey be because

0
i 1 0
b pa
< i
" H
(LEXXVL) {LKKVIT) (LEXTLIL)

the distance from C-(17) to the hydrogen at C=(1llL) 1s 1.8LH

(measured from the Dreiding wmodel) and it cennot eesily Dbe
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gapbured.-

Exemples of seco wnsaturated aldehyde formation from
gimpleér cyclic ketones ere given by the formation of hex-5-en-
al (LKXi)from cycl.ohexenone (LXXIX)QWQ and cémphclenalé@hyée
(LXXXII) from eamp‘hgr’(m}{}u)em 1t will be noticed that in
(IXXIV) end (ILXXXII) fission has occurred between the carbonyl

. QJ§%> RO ™ b A emo
= 2 RN

(ILXXIX) (LXXX) (LXXXL)  (LXXXII)

group and the carbon having more substltuents.

The double bond in lumihéddgenin'écetat@ mist be in the
same position as it is in othér members of the anhydrohecolic
gseries. Rothmen and his colieaguéa con&i&@réd that there were
three poa&ibie structures for anhydrohecolyl alcohol, vism.
(TXVIX) (ﬁigédoubie'bend)g (EXXXTIT) (a22(20) ~gouble bond) , or
mxxxrv (*2(27)-gouvle bond). Im view of the x@@ia%@n@@ of

OH
1 ocr
GH,

A

CLXVIL)  (IXXXIIIY (LEXLIVY
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anhydrohecolyl alcohol to hydrogenation and oxidation and the
fact that there was no infrared absorption due %o an exocylic
methylene group, they rejected structure (LXXXIII). In edditicx
since the double bond formed in both ionic and photochemicai
reactions 18 in the same position, 1t is weasonable to exelu@@
other possible positions for 1%, @.g. &@(RQ)E and A%, whiek

would require two separate etages for bLoth resctions.

- Some sdaitionsl evidence which helps to distinguish
between the remaining slternstive structures (IXVII) emd (IXAXIV)
was obtalned from the oxidation of lumlhecogenin acetate with
chromivwm trioxide. The major product was neutrel, contained
no double bond and hed en elementary anelysis corresponding to
en empirical formule CmeMealOs. The infrared spectrun (in esrbor
tetrachloride) showed peaks at 3500 (hydrogen bonded hydroxyl
group), 1739 (3B-secetate) and 1706 cm: * (carbonyl group in
open ehain, or in & 6~ or 7-mewbered ring) and was very similaer
t0 tﬁ&t of hecogenin aceiate. The hydroxyl group waa't@rﬁiaryg
as §EOVQ& by the recovery of the meterial after attempted
asetylation. it is remssonaeble to agsume that the compound is

hecogenin agetate, or & steroisomer, with an additiemnal hydroxyl

# Anhydrohecolyl alcohol does not give s colour im Hhe Tortelli-

Jaffe %@@t ;Which 1is u@ually poai&;va i@& thle double bond
"posltion. ¥



EXoupo

Beaying in mind the two possibilities for the position of
the double bond in lumihecogenin acebaie there are four pozsible
positions for the hydroxyl group, viz. e, LB, 176, and 178,
Tne ipirared spsctra of the @xi@aﬁion produst and the corvespond
ing 3-ketone in cerben tetrachloride show thet the hydwroxyl grow
1o weakly hydrogen bounded. H@Wéwerg this bond cannot involve
the carbonyl group, which hes its freguensy 1n the noxmal
position. The honding must therefore be to the ring=F oxygen
atom of the sapogenin side=chein, and this i@ possible only 1%

~ the hydroxyl gf@up is in the lhf-configuration. Accordingly,
the oxidation pr@ducﬁ is BB91u§waihydr@mywlam@x0m5@gaﬁﬁagpir@@%@

3B-yl acetate (LXXXV 3 Re Obc )

The optical rotatory dispersion curve of this substance

showed a positive Gpttom effect ( amplitude ¢+ 158 ), This is
>

consistent with the formula (LXXEViR=0Ac)} since Djerassi et al

I pEE

obtained s similer curve ( amplitude ¢ 130 ) for the 1up <hydroxy-

12=0x0 steroid (LXITXVI),

(LYY : (LXTETLY
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Lumihecogenin ascetate must then have the structure

(TRXXTEL ),

(LXXHKVII)

The nueclear magnetic resonance spechrum of lumihecogenin
acetate (Fig.II) confirms the presence of the aldehyde group, .
with a distinctive peak at 0.77T . Reference to the integrate
curve indicates that the multiplets with centres at 5.57 and
6.77T are ecach derived from two protomns. - The absence of &
sharp band at 5.37T rules oﬁt a gtructure conﬁaining an exo=
osyclic methylene group, and also a A~ gtructure. If, as is
thought, lumihecogenin acetate possesses a A%=double bond
there should be a peak (C~18 CHz group) near 8.3, and this ie
pé@hably incorporated in the acetate pesk at 8,07 . The
maximue 8t 9.29 represents the protons of the C=19 méﬁhyl grov
along with the side-chein methyl protone.

- Iumihecogenin acetate was sensltive to alkall hydrolysis
providing an intracteble gum, and attempted formatlon of the
oxime, using pyridine as solvent, was unsuccessful. However,

in alightly scid medis 1t was more steble and the semicarbamont



(LEAXXTITI) and obhylene acetal (LXXIIX) were prepared.

Hzmcmgg
- SCH LA
f\u A
ABa0 f
H
(LIOORTTIL) {TXREIR)

When the period of irradiation of hecogenin acetate was
sxtended to hO=-h8 hours the ap@@ifi@ rotation of the solution
remalned almost consbont at its previous value. However, the
noutral material obitained after solvent removal provided, om
2adition of methanol, & xew crystelline subsbance, m.p. 203=20&"
This compound, photohecogenin acetate, waes isolated in 25% yield
gnd uwsually the wother liguors comtelned & little lumiheeogenin

acetE2t@.

Tne resuvlis of avslyses of photohecogenin avetabe sgroed
with an empirical fovmula CpeHapls, which reguires the addlition
of a Cal.0 wmoleky to h@@@géﬂim &é@t&%@e It was saburated and
the infrered speetrum hed peaks mt L7HO and 1250 em. &,
ropresenting the acetate g@@ugg and the usual spiropien side-
ehain maxime (see Plg.1). Alkaline hydrolysis prosseded
smoothly to furnish phosohecogenin, which exlgts in two

erystalline forms.
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It wad reasonable to assume that luwnihecogenin scetate
was ﬁh@‘pr@@ufsor of photohecogenin &e@t@t@?'&md this wes
sonfirmed by iﬁﬁaﬂiéting 2 dioxen seolubtlon of %hé former
compound for 20 hours, whereby & good yielﬂ of photohesogsenin
agcetate was obtained. However, a shovrber period of irrsdiastion

d1d not effect ony change.

I% 19 sosumed thed photohecogenin scetate iz formed From
an agtiveted form of the seeo-aldehyde, which then attacke the
solvent or its normally occurring impurity, 2-methyl-l,3-dioxolay
It seems likely thet it is the latter which react +vo provide
pho@@h@@@gﬁmin acetate, gince ivradistion of h@@@g@@in agetate
in @p@@i&lly purified &iox&& produé@@ an exceptionelly low yield
of photohecogenin acetate, compatible wiﬁh the caleulated amouvnt

of 2-methyldioxolan present.

The structure of this new subsitence is at the moment
wnecertain, but the formula (XC) is wentatively put forward as
satisfying the eaveilable experimental evidence. beisel

estimation on photohecogenin scetate produced twoe molar eguivalen

©



of ethyl dodide, one of which is derived from the acetate
group ot C={(3). The other would be formed from the acetal
grouping., Contrery to expesctation, however, hydrolysis of
photohecogenin acetate with mineral acid did not provide any

acetaldehyde.
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Unless otherwlse stated; optical rotatioﬁs were determined
for ehlqroform solutions, ultraviolet spectra were obtained
wlth ethanolie solutions, and infrared spectra with Nujol
mulils. M.p.s were determined on a Kofley bloek, |

The alumine used for chromatography was neutralised and
deactivated with 10% aqueous scetic seid (5 mi. per 100g.),
and the solvents used for elutlon were not previously dried.
Light petroleum refers to that fraction of b.p. range 60807,

"Working up im the usual way" means- addition of water
and extraction with etheyr., The ethereal extracis are then
washed with 3N-hydrochloric acid, water, agueous potassiuvm
hydrogen carbonate and water, before belng dried over anhydrous

sodinm sulphate and evaporated to dryness under reduced pressuyre.



12-Methyl Steroids

3B-(Tetrahydro-2-pyranyloxy)-5«,25D-gpirostan-12-0ne

3p=(Letrabydro=2-pyranyloxy)=5a ,25D-gpirostan=-12-00g
(VITIgR=UgloU), Uecogenin acetabte (ViLljk=Ac) (H7g.) was

refluxed with potassium hydroxide (35g.) in methanol (250
ml.) and dioxan (500ml.) for 1.50r. Water (3 1.) was added
and the precipitated hecogenin (VIILsR=H) was filtered off
and dried at 60° (59g.,m.p.260-262%). Part of this (48g.),
suspended in dry bengene (400ml.), was treated with 2,3~
“dihydropyran (hOmld)'aﬂd'phogphorus oxychloride (1.5mk:).
Afver 10 min. with slight warming the mixture became clsar
and was set aside for 1hr. Ether (L 1.) was added sud the
mixture was washed with potassium hydrogen carbonate
solution, dried, and evaporated under reduced pressure to
give the tetrahydropyranyl ether (56g., 99%) as ncedles
( from methanol conbaining a little pyridine), m.p.l9%-
200°, Hirschmann.g}_géfgreeofd.mop9209w213°$

Preparation of methyl-lithivm.- A typical preporege
ion used lithium (10g.) cut in fine slices, in ether (30ml.)
contained in a round bottomed flask Ffitted with a dropping
funnel and & reflux condenser. The mixture was magnetically
stirred during the addition of methyl iodide (ROml.) in
ether (450ml.) over 30 min., and was then refluxed for 30
min. and allowed to cool. The strength of the solution was

determined by adding 5ml. portions to water and titrating
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the lithium hyﬁrbxida formed against standard hydrochloriec
acld with methyl drénge as indicator. The reagent was
freshly prépared for the reactlion and transferxed t0 the
reaction flask by decantation. It was possible to uss a
solution which had been kept overnlght in the refrigerator
but after longer periods it became too weak.
lZ%QMgﬁgx;93§w(tetrahxgggm2nggggx&g§x)wﬁﬁ»25Dw§£&£gﬁv
tan=-12B-0l (I3 RﬁQ§HQQ)¢; The tetrabydropyranyl ether of
hecogenin(VIII§ R=CgHy0) (50g.) in benzene (%Obmlp) was

treated with an ethereal solution of methyl-lithlum prepared
from lithiuvm (15g.), methyl ilodide (60ml.) and ether (500ml.)
and the mixture was refluxed for 1l.5hr., Excess of reagent
was destroyed with methanol, dilute hydrochloric acid was
added, and the organic layer separaled. The aqueous leyer
was extracted with ether. The combincd extracts were washed
with water and aqueous potassiuvm hydrogen carbonate, dried,
and evaporated to yleld a white solid (51.9g.) ﬁhieh was
used dirsctly for the next step., A portion of similar materlial
was recrystallised twice from methylene chloride~-methanol
containiﬂg pyridine to give the tetrahydropyranyl ether
(IX5 R=CgHg0), m.p.205-207°,[et]p=38.2" (¢ 0.872) (Found:

o 72,83 Hy 10, 4 C&5H@405oGH OH requires Cy 72,553 H, 10, U%3 .

Hydrolysis of the Tetrabydropyranyl Ether (IX; R=C;Hg0)-

={a) With mineral acid. The ether (51.2g.) was refluxed
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with 6N-hydrochloric scid (1%0ml.) in éthanol (1200ml.) fov
40 min, Water was added and the product isolated by @th@f
extraction, The extracts were washed with aquséus potassium
hydrogen ecarbonate, dried, and svaporated to yisld a yellow
semi-solid residue (38.4g.), This was treated with pyridine
{300ml,) and acetic anhydride (200ml.)} and left overnight.
Working up in the usual way by ether extraction gave & semle-
solid residue (42g,) which on addition of methanol provided
erystelline material m.p.210-218° (28g.). Further crops were
obtained by concentration of the mother liguors but these were
wide meliing and the entire material was chromatographed in
light petroleum-benzene (1365 350ml.)} on alumina (2.5 Kg.lo
Bengzene eluted material, mmp0152m1720 (8.1g.)s Several
reerystallisations from meﬁhyléne chloride-methanol afforded
12-methylene="5¢,25D-spirostan=3p-yl acetate (X3 R=Ac) as
plates, mep.182-184°, [¢] 1-28%(e 1.0) (Founds ¢, 76.8; H, 9.6.
G3@H%50q requires C, ?6055§ Hy 9,85%), )amaXOQOQmp(g 3000},
Y max, 1739(0Ae), 1653(>C=CHy), 1242(0Ac) and 978, 91k, 897,
861@m0@1(spirest&n system), This material geve a light yellow

colour with tetranitromethane in chlorvoform. Levine snd Wallgg

repors mgpol78w18065 &xJD@2%91@@ The non-crystalline mother
liguor material (3.5g.) on chromatography gave amorphous
fractions with Apgy 202(e 2000) and 2homp (e 15000

Benzene-ether, and ether, eluted 3p-gcetony=ldl-methyl-
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Golp25N-spirostan-12p-ol (IX; R=Ac) QB%gﬁﬁg MeDo im the renge
215m22%gq A pure sample, recrystallised from chlorofowi-
m&th&nﬁlg formed rods, op.226-2287, Biﬂﬂm%?@(g,1¢0) (Founds
Cy 73,73 Hy 9.7 C30t80g wequives Cy 73,75 H, 9.9%) y Vmax,
1750 and-lESQcmoml(OAe) and the typleal spirostan bands.
Lovine and Wall®? Eecord.mepeaégégﬁﬂjmm%7@e

(b) With aqueous acetlc acld. The tetrahydropyranyl

ether (IX; Rzﬁgﬂ9o) (5.5g,) was refluxed with ethanol (180ml.),
acetic acid (MOml.) snd water (20ml.) for 45 min. Water (1.5 1.)
yas added and the precipitated solid was filtered off, washed
with weter, dried, and acetylated with acetic avhydride (10ml.)
in pyridine (20ml.) at 300° for 1 hr. The product (4.8g.) was
lsolated by the addition of water and extraction with ether

in the usual way, and chromatographed on alumina (500g.).

Light petroleum eluted material (%30mg.), mop01%5w18209 which
was reehromatographeﬁ (see below), Light petroleumebengene,

and benzene, eluted 35macetoxymla&nm®thy1m§xg2EDmépircﬁtanw
12B-0l (IX3 R=he) (3.8g.), mopo218-223", [etlp-43°(e 1.0, The
material in the Tight petroleum eluates was rechromatographed
on alumina (40g,). Light petroleum-benzene (733) eluted

tigogenin acetate (8hmg.), m.p. and mixed mepa20@m207@

{ no
ultraviolet absorption). Light petroleum-benzene (Lsi)
eloted meterial (8%5mg.) which crystallised from methanol to

give nesdles, mop9150515209:Xm&X0238§F®i 12,000), These gave
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no M.p. depression with 12-methylene-9(1ll)-dehydrotigogenin
acetate (XAV3 R=Ac) (see below). This material is derived
from 9(11)-dehydrohecogenin acetate, which is present along
with tigogenin acetate in the hecogenin acetate as an impurity
( cfs 363@ | |

Action of Methylelithium on llecogenin Acetate,.-

Hecogenin acetate (VIIIg R=Ae¢c) (5g.) in ether (100ml.) and
benzene (80ml.) was treated with a solution of methyl-lithium
prepared from 1ithium (hégo)g methyl iodide (6ml,) end
ether (100ml.), and vrefluxed for 3 hr, The product, isolated
by ether extraction (5.6g.), was acetylated at room temperature
overnight. Chromatography on alumina (750g.) allowed the
isolation of heﬁogénin acetate (110mg.), mop62%3;2%709 and
Ip-acetoxy=12:t-nethyl=5x¢,25D-8pirostan-12p=o0l, (IX; R=Ac),
mop6220m222°9 as the only erystalline products. A portion
of the remainder (2g.) was refluxed in ethanol (80ml.) and
acetic acid (8ml.) with Girard’s reagent-T (1g.) for 1 hv.,
but was recovered on pouring the solution into agueous
potassium hydrogen carbonate.

Treatment of the T@%ﬁﬁhygﬁggyranyl Bther of H@@ogg@iﬁ

with M@thylenetriphenylphosphqrangow The preparation of

s,
12-methylenetigogenin by Sondheimer and Mechoulam®s methods‘
failedo The following modification was thevefore devised.

A solution of the Wittig reagent was prepared by stirring



methyltriphenylphosphonium bromide (lg.) snd an ethereal
solution of phenyle-lithium (0045N§ 6,5ml.) for 0,5 hr. Then
‘the tetrahydropyranyl ether (VIII: Rﬂﬁ;ﬂgﬂ) (300mg,) was added.
Next morning the ether was distilled off while an equal
volume of dry tetrahydrofuran was added., The solution was

then refluxed for 6 hr, Working up in the usual way afforded
erude tetrahydropyranyl ether of 12mmethy1@n@tigogeﬂin (X5 R=
CgHg0)p mope170-172°, This was refluxed with ethanol (4Oml.)
and 6N<hydrochlorie acid (4ml,.) for 50 min. Dilution with
water and extraction with ether gave a solid, m.p.215=240°,
Amax.202mule 1000}, This was acetylated with acetic anhydride
(4ml,) and pyridine (6ml.) overnight at room temperature.
Working up in the ususl way afforded a semi-solid product (430mg
which was chromatographed on alumina (25g.). Light petroleum-
benzene (5:1) eluted 12-methylenetigogenin acetate (X3 R=Ac)

as platelets (from methylene chlori@eaméthénol)g mopol78e18109
)‘maxQQOBQPcE 3000) (35mg.). This material showed no depression
in m.p. on admixture with the materlal obtained by the action
of methyl=lithium on the tetrahydropyranyl ether of_h@cogenine
Light petroleum-bengzene (l:li) eluted hecogenin acetate, W.P.
and mixed mopo2ite2k?” (170mg.). The ether eluates provided
material (8§mgo) containing phosphorus (detected by the

apmonium molybdate=bengldine test),

lzmMethyleﬁemﬁx@Q5Dm§pirostanmaﬁﬁg§§m l2<-Mathylenstigogenin
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acetate (X3 R=Ac) obtained by the methylelithivm method (200mg.)
was hydrolysed by potassium hydroxide (2g.) in boiling
methanol (29ml.) end dioxan (25ml.) For 30 min, Extraction
with ether gave 12-methylene-5at,25D-spirostan=3p=0l (X3 R=H)
as needles (from methylene chloride-methanol), m@p0231w233®3
[et]p+25°(c 1.6) (Founds €, 76.95 H, 10,2, Cale. for Coghip,O3
CH3.O0H: C, 77.03 H, 1o@u%>9;xmax9202mp(@ 1700 5 Vypax ., 3250 (0H) 5
16%ﬂema“1(226mcﬂg}o Sondheimer and Machoulam record m.p.233=
2359, [stly+20°, Treatment of this material with benzoyl
chloride in pyridine geve the bengzoate (X3 R=Bz) =s prisms
(from methanol), mop.2i%=2167, [et]p-22,8°(c 0.78) (Found:
C, 78,05 H, 9ol. C35HygO0L 0500 requires C, 77,65 H, 901%)o
Attempts to dehydrate 3B=Acetoxy-12=-nethyl=5:{,250-
ggirostanwl2ﬁmol (IX5; BR=Ac).= (a) The acetate (150mg.) im

pyridine (3ml.) was treated with phosphorus oxychloride (0,3ml,)
end left for 2k hv, Addition of water and extraction with
ather In the usual way gave starting material, m.p. and mixed
W p.225-229° (120mg. ) o |

(b) -The acetate (500mg.) in pywidine (20ml.) was treated
with purified thionyl chloride (2nl.). After 3 hr. the brown
solution had deposited a solid. Addition of water and working
up by ether-extractlon in the usual way gave a light yellow
resin (450mg.). This was chromatographed om alumina (30g.J.

Light petroleum eluted crystalline material (%0mg,) which on
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recrystallisation from methenol gave needles, Mm.p.l64=167",
This material contained chlorine and had ne ultraviolet
light absorption (Found: C, 75.955 H, 9.7%J),

(¢) The acetate (50mg,) in ethanol (15ml.) containing
6l=hydrochloric acid (1l.%ml.) was refluxed for %0 min.
Addition of water and filtration gave largely unchanged
starting material which, however, had }mmaX6205mPQ§ 7001},

Hydrolysis of 3PeAcetoxy=12¢l-methyl-Je,25D=spirostan=

12f-0lo= The acetate (IX3 R=Ae) (700mg.) in dioxan (2%ml.) and
methanol €25mig)'was treated with potassium hydroxide (2g.),

and the mixture refluxed for 2 hr., The product isolated by
dilution with water and ether-extraction was a colourless

syrup (679ug.) which cerystallised when triturated with pyridine.
Recrystallisation Irom ether countaining a 1ittle pyridine

afforded the pyridine solvate of 12«emeithyl-Sal,25D-gpirostan=
3Pp,12R=diol (IX; R=H) as needles, m.p.210-213° with changes

of erystaliine form at 1307 anad 190 approi. Lﬂjpm3701@(§vaaf?}
(Found, in meterisl dried In vacuo at room temperature:

G, 75.45 Hy 10,23 10$$’in weight at 130° in vacuo, 15.3.
CoghygOufstll requires C, P5.%3 Hy, 9.8; loss in welght, 15.2% o
Found, in material dried at 130° in vacuo Tor % hr.: €, 75.3;

Hy 1002, Coghh, g0, vequires €, 75,33 H, 10.4%), hgax,252(c 2000,
257mp (e 2180, Compare the light absorption of pyridine:

Mo, 291 260}, 257(c 2670) and 263mFﬁ§ 18003, Levine and
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Wall guote mop0197w19809 B%]D@36080 for the ﬁnsolvated
material, Barton et g§03? give m°p¢19?w19909 Ei]nm370é

Bengoylation of this materisl gave the 3p-bengoate (IXj
R=Bz) as needles (from methylene chloride-methanol), m.p.209-
212%, [#d=35.5"(e 0.743) (Founds G, 76,03 H, 9. C35H5005
requirves Cy, 76,35 Hy, 9,15%). Levine and Wall report mop.l92-
19h?, o] =38,

12:4-Chiloro=12p-nethyl=5:,25D-spirostan-3f-yl Acetale

(XI7) o= 12B-Hydroxy-i2«-methyltigogenin acetate (IX; R=Ag)
(5gs) in dry ether (500ml,) was treated with phosphorus penta-
ehloride (5:2g.) with intermittent stirring for 48 hr, The
solution was weshed with 5% aqueous potassivm hydroxide,
dried, and evaporated, The residue (5g.) was adsorbed on
alumina (250g.)., Blution with light petroleéum-benzene (531)
gave l2t-¢hlopo-12p-nethyl=5:{,25D-spirostan=3p=-yl acetate
(XIV) (2g.), as needles (from methanol}, m.p.202-204°,
[etlp=0® (¢ 1,0) (Founds G, 70,95 H, 9,55 Ci, 5.8, C30H,C10,
requives Cy 71.05 Hy 9,35 Cl, 7.0%)y N gy 1739 and 12420m, "
(0A¢) (no hydroxyl bendl. In snother prepavation, worked up
after 1.5 hv., material Mopo217-218° was isolated [ Pound s

Gy 73013 Hy 9,95 CLy 0,60 Cale for a 931 mixture of Gggﬁ@gﬁg
(IX3 Refe) and CyoM,p0,CL (KIV)s G, 73,453 H, 9,855 C1, 0.74)
Other mixtures of the chloro compound (XIV) snd starting

material were sometimes obtained and eould not be separated
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by chromatography . Lavine and Wall wreport mep¢189m19%@9
[&]Dml%o" for a 12-chloro,l2-methyltigogenin acetate.,
Action of alkali on 12:t=chloro=12p-methyl-5(,25D-gpirostan=

3p-yl acetate.- (@) The acetate (XIV) (95mg.) in methanol

was yrefluxed with potassium hydroxids (200mg.) for 16 hr,
Water was added and the product isolated in the msual way

as a winite solid containing no chlorine, mape212w2209 (85mg .o
This was acetylated overnight and the product chromatographed
on alumina., Light petroleumebengzens elubed meberial (22mg.)
which was crystallissd from methanol to give a substance
Mopol60=170° (Founds OMe, 1.55%), This may be attributed to
methanol of crystallisation,

(b) Sodium Methoxide.~ The chloro=compound (XIV) (500mg.,)

was refiuxed with sodium methoxide (lg.) in methaneol for 2% hr,
Addition of water and etherm@xtra@ﬁipn gave a white solid,
Cerystallisation of this from methanol gave l2-methylenetigo-
genin (X3 R=H) (200mg.), m.p. and mized mop,230-232°, Acetyls=
ation of several crops abtained from th@ mother-liquoyrs gave
12wméthylenetigogenin acetate (X3 R=fe) (20mg.), msp. and
mixed m.p.180-182°,
12B9125mEpoxyalgﬁamethylm5m®Qﬁmwspirastanm3§@yl Acetate

(X¥I1) .~ 12-Methylenetigogenin ascetate (800mg.) in dry benzens
(48ml,) was treated with perbenzoic acid (500mg.) in benzene

(803m1a39 and the sclution was kept at room temperasure Loy
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46 hr., The solution was washed with aqueous sodium hydwroxide
and wateyr, dried, and sevaporated. The product was chyromatographe
on aluaina (50g.). Light peﬁioleumnbenzene (7:3) eluted impuwe
starting material (320mg.), m.p.166=170°, }\maxoaozm}x(a 500) ,
Light petroleum-benzene (1:1) eluted material (180mg.), m-Dp.
195-208°, which was not examined further., Benzeneg and ether,

eluted 12p,12/ —epoxy=12d-methyl=5u,25D=-spirostan=-3p-yl acetate

(XVI) (156mg.), which crystallised as needles (from methanol),
mopo2k0=242°, [L]n-2u%(e 1.2) (Founds €, 74,35 H, 9,75,
Cy0Hy05 requizes Cp Phy05 Hy 9.5%); Vo 1739 and 1250cm, "
{0Ae). This compound showed no light absorpiion in the ulira-
violet region.

Reduction of the Epoxide (XVI) with hithinm Aluminiuvm
Hydride,= - The epoxide (XVI) (50mg,) in dry tetrahydrofuran
(30ml,) wes refluxed with lithium aluminium hydride (100mg,)

for 3.9 v, Cautious addition of water, followed by hydrochloric
acid, and extraction with ether gave a syrup wbich crystallised
only on addition of a drop of pyrldine. Crystallisation from
methanol containing pyridine gave crystals of l2clemathyle
56ly25D=splrostan=-3f,12p-diol (IXs R=H) as the pyridine solvate,
Mopo and mixed m.p.210-212° (chsunge of form at 130°), The
Infraved speat@um was identical with that of an authentic
specimen, A portion (20mg.) was acetylated with scebie svhydride

and pyridine ab 100° for 1 hw, After working up in the usual
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way with ether there resulted 3p=-scetoxy-l2«=methyl-5:,25D
spirostan-12p=0l, m.p. end mixed mapa223w22600
3PAcetory-9i,25D-3pirost-9(1l)-en-12-one (XXIV; R=hc).-

This was prepared according to the method of Djerassi gt @;039
Hecogenin acetate {(30g.) in acetic acid (900ml.)} contalning
hydrobromic aeid (Iml.) was heated to 35° and bromine (8ml.)
in acetlc acid (100ml.) was added with stirring over 10 min.
After 2 hr. at room temperature water (3 1.) was added and

the dibromo derivative was isolated by ether-extraction in

the ususl way. This was a yellow semi-solid (33g.) end it was
r@fluxed in Jecollidine (350ml.) for 1 hr., end left overnight.
The product was obtained by ether-extraction and the combined
gxtracts wvere washe& several times with dilute hydrochloric
acid, Bvaporation of the ether provided a brown solid (31g.)
which was dissolwed in ethanol (1.31.) and refluxed with
activated zine dust (180g.) for 65 hr. The zinc was Tilbtered
off and the sterold i$olated by adding water and extracting
with ether, The material obtalned after solvent evaporation
(30g.) was dissolved. in benzene (10dmla) and adsorbed on
slunine (1200g.), Benzene, and benzene-ether, eluted mixtures
of the saturated and unsaturated acetates. Bther eluted 9(1l)=
dehydrohecogenin acetate (XXIVs R=Ac), m.p.218-220", P
238mp@£ 11950050 Djerassi's groupgg reports m.p. 218-220°

N max,238mn (€ 12,000) .



In an attempt to separate the mixture of hecogenin acetate
and 9(11)-dehydrohscogenin acetate obtained above a sample
(5g.) in chloroform (7%ml.) and acetie acid (30ml,) was
treated with hydrogen peroxide (3ml.; 30% Y/y) and concentrated
sulphuric acid (Q.,lml.) for 8 days at room temperature. The
chloroform was washed with water and then steam-distilled,

The solid obtained was roughly dried and refluxed with L%

methanolic potassium hydroxide (150ml.) and water (10ml.) for

1.9 hr, Water was added and the neutral steroidal material

was extracted with sther in the usual way. This had m,p.205e

218%; Npay,238uple 8000) (L.llg.). The acid product of the

saponlfication was recovered by acidificetion of the agueous

layer, followed by filiration. This was reasonably pure

hecolic ecid, m.p.(188-195)250-258", N, 206mule 260) (2.6g.).
3&m(Tetrahydro»zmpyranyloxy)éﬁdg25D»sp1ros£m9(11)wenm

YRR TR

12-ome (XXLIV; R=Cglg0).~ Saponification of 9(11)-dehydro-
hecogenin acetate provided the free alcohol, mep,223w225’0n

This material (%oSQa) was suspended in benzene (30ml.) and
treated with 2,3-dlbydropyran (3ml.) and phosphorus oxychloride
(0,5ul.). After L hr, at 20°, the product was isolated by
extraction with ether in the usual way. Cyystallisation from
ether-isopentane gave platelets of 3P~(tetrahydro-2-pyranyloxy)-
Soty25D-5pLrost-9(1l)=en-12~one (XXIV; R=CgHg0), m.p.17%-1787,
&%jgm?OQi,Iaal) {Foumda Cp o735 Hy 9.7, C30M,805 requires
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Cy 75.05 Hy 9.u8), Ay,. 236mule 23,330).
;Zﬁfmeﬁhylmsgu(tetrahydrowzupyranyloxy)w5d9?5993p1r9$?u
9(11)=en=12B-0], (XXVI; R=Cglig0). ~ The foregoing tetrahydro-
pyranyl ether (XXIV; R=CgHg0) (1.2g.) in ether (50ml.) was
refluxed with O.42N-ethereal methyl-lithium (32ml.) for 6 hr.
and then left overnight. Addition of methanol, water, and

dilute acid, and extraction with ether in the normal way,
afforded a yellowlish syrup. Rec%ystallisation.from methylene
chloride-methanol gave 12d{-methyl-3p-(tetrahydro-2-pyranyloxy)-
Sey25D=spirost-9(11l)«en-12p=0l (XXVI; R=CgHq0) as prisms,
mop,182-186°, [4]p-61°(c 1.43) (Found: ¢, 74,35 H, 9.8,
C33H5o05 requires C; 75,05 Hy 9.9%).
12-methylene=5ey25D=splrost«9(1l)-en=3p=-0l (XXV; R=H),-
The tetrahydropyranyl ether (XXVI; R=CsHg0) (l.1g.) was
refluxed for 2 hr. with acetic acid (10ml.) in ethanol(90ml,).

Addition of water and'extraetion wlth ether in the usual way
gave 12ﬁmethylenen5a9QSDﬁgpirostw9(11)ﬁgE;3@tg£~(XXV§ R=H)

(940mg.) as needles (from methylene-chloride~methanol), m.p.
204205, [etd)41°%(c 1.33) (Found: C,76.85 H, 10.1. Cpghy,, 05,
0,5CH4.0H requires C, 77.05 Hy; 10M%); Apgy 2H0mple 20,000),
V o, 3250C0H) , 1638cm, ™ (C=C-C=CH,) o This material gave
a2 deep yellow colour with tetranitromethane in chlorofoxum.
The QOEréspomding acotate (XAVs R=Aec) obtalned by

acetylation vith seetic enhydride and pyridine formed needlss,



68

mop01§8m160®9 [d]m=%50°ﬁg:le%6)g from methylene chloride-
methanol (Found: €,77.05 H, 9.4, Cyolh,0) requives €, 76.9;
Hy 9.5%)5 Apag,238mp(E 19,700)5 V.. 1736(04e), 1626
(ZZCﬂGaGEGHQ)Q and 12§06m9m1{0Ac}o

The corresponding bengzoate (XXVs; R=Bz) obtained with
benzoyl chloride and pyridine formed long needles (from
methylene chloride-methanol), mop°205m20609 D%Jnm%3?o(g,l°353
(Founds Cy 79.25 H, 9.0. Cyelhy 0 requires C, 79.25 H, 8.7%),
Ammgs&ﬁp(é 29,000,

Hydrolysis of 12«-~Methyl-3p-(tetrahydro-2-pyranyloxy )«

et

5e(y25D=5pirost=9(1ll)~en-12p-0l with Mineral Acid.~ The ether

(XXVIs Rﬁcgﬁga) (1.kg,) was refluxed with MWN-hydrochloric
acid (12ml,) in ethanol (80ml.) for 40 min. Dilution with
water and extractlon with ether gave a white solid (1.2g.).
This erystellised from methanol as needles, m.p.l6%-174° |
o] 5410°, A gy, 2026 4300), 2h2(e 8800), 270mpie %100}, A
portion of this material, chromatographed on alumins, gave a
serieg of Lfractlons all similar to the original material in
MmePo. and light absorption. Acetylation in the usual wey gave
a mixture of dienyl acetates (A) crystallising from methanol
a8 needles, m.p.1%0-1%6", Agax.202( 3600), 2h40(c 6200), 272w,
(¢ 4200}, which could not be purified b§ chromatography.

Aetlon of Mimeral Acld on 12mM@thylen§w9éllbmﬁehyd?@m

tigogenin Acetate.- The diene acetate (XXV; R=ac) (SOmg.) in
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ethanol (25ml.) end WWN-hydrochloric acid (2ml.) was refluxed
for 40 min., The product isolated in the usual way formed
needles (£rom methanol), m.p.122-152", A g 202(c 4000), 242
(¢ 6000), 2?2111;1(@ 3000) ‘

_ﬁiscellan@ous Experiments on the Dienyl Acetate Mixture

{4).~ (a) Action of maleic amhydride. The mixture (100mg.)

was veflured in dry benzene (10ml,) with maleic anhydride (120mg
for 7 hr, Th¢ solution was washed with agueous sodiuvm hydroxlde,
dried, and evaporated. The product crystallised from methsnol
as necdles, mop°139w11@r3©9 }\maxcﬁ%(@. 3300), 240(ec 8300),
é?me(@ 3700), Similar results were obtalned with toluene as

solventy but with refluxing xylene the product was a wvesin.

(b) Catalytic Hydrogenation., The dienyl acetate mixture

in ethyl acetate was shaken with pre-reduced Adems platinum
oxide in hydrogen. Novuptake occurred, and starting material
was recovered (mopnl%6m1520)@

(e) Action of hydrogen shloride. The dienyl acetate mixture

(200mg.) in dey chloroform (5ml.) was cooled to a63@ (melting-
chloroform bath), and dry hydrogen chloride was bubbled through
it for 1 hr. Most of the dissolved hydrogen chloride was then
removed under reduced pressure, and the scolutlon was washed
with agqueous potassiuvm hydrogen carbonate and water. After
drying of the selution and evaporatlion, the yvellow resin

obtained was triturated with wmethancl., Hecrystallisation of the
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solid from methanol gave needles, m,palw7m15369 {@{]Dm%BBQ
(¢ 1.2); not depressed in m.p. on admixture with 12-methylens-
9(11)=dehydrotigogenin. |

(d) Aection of perbsnzoic scld. The mixture (468mg.) in

benzene (12ml.) was treated with perbenzoic acid (Mlhmg.) in
benzene (5.3ml.) at 20° for 140 hr, Bther was added emnd the
solution was washed with agneous sodium hydroxide and watep
before being evaporated., The produvet was amorphous, mith.ikmaxo
208(¢ 5700) and 23lmpe 3900).

12-Methyl-5c,25D-gpirost~1l1l-en-3p-y1l acetate (XAVIIT; R=Ac,
- l2-Methylene=9(ll)=dehydrotigogenin acetate (XXV; R=Ac)

{(120mg.) in ethyl acetate (15ml.) was stirred with pre-
reduced platinum oxide (120mg.) in hydrogen fﬁptmk@ Lo 3ml.

(1 mol.) in 30 min.] . Filtration followed by evaporation

gave 12-Methyl-5,25D=-spirost-ll-en-3p~yl acetate (XXVIIL; B=Ac,

as needles (from methyiene chloride-methanol), MoPol?5-177" 4
[mﬂgmé?e(@ 0,915) (Foumds C, 76,253 H, 10.25. C30Hy40), requires
C, 76,553 Hy 9085%)9 Amaﬁ 206121&@(@ 2800) ; Vpay 1730(04e),

1651 (Z5C=CH=), 1238cm. L(08c). This compound gave a pale
yellow colour with tetranitromethane in chlorvoform. Levine

and Wall®? record m.p.l62., 5ol 6l 9 M%]gmMSQ for this compound.
It seems likely that they obtalmed sn egquimoler mixture of

this (XXVILLIs R=Ae) and the exocyclic isomeyr (X3 R=Ac). When

such a mixture was crysteallised from methanol it had m.p.l53=15¢
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[ot] =457

Catalytic reduction of the dienyl acetate in acetic acid
with platinum as catalyst resulted in the uptake of two mols.
of hydrogen. The product was smorphous and had )\max,QlomP
(e 500).

12-Methyl-5d,25D=spirost-1ll-en-3p~ol (XXVIIL; R=H) .-
(a) The dien-3p~0l (XXV; R=H) (200mg.) in ethyl acetate (20ml.)

was hydfogenated in the presence of pre-reduced platinum

oxide (50mg.). The product, isolated in the aforementioned
way, had m.p.198~201°. Recrystallisation from aqueous methanol
gave feathery needles of l2-methyl-5d,25D-spirost-Il-en-3f-ol

(XXVIII;R=H) as the hemihydrate, m.p.206-208°, [ot]p=63°(c 1.11)
(Founds C,76.8; H, 10.1. Cogiy,03, 0.5H20. Pequires C, 76.9;

H, 10.4%), Apex,208m(e 2800), V.. 3220(0H), 1639cm. ™t
(=C=CH=),

(b) The same compound was obtained by hydrolysis of the
acetate (XXVIII; R=Ac¢) and had m.p@206-2089 undepressed by
material prepared as in (a). This method is better since the
dienol (XXV; R=H) is less soluble in ethyl acetate thaﬁ the
dienyl acetate (XXV; R=Ac).

12-Methyl-5a,25D-spirost~1l-en-3p-yl benzoate (XXVIII; R=Bz)

prepared in thg,usual way and crystallised from methylene

chloyide-methanol, had mop,183m185° (change of form at 168°),
©

L%]Dm4901 (¢ 0,548) (Found: C, 79.0; H, 9.0, C35H,g0); requires
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G, 78.9; H, 9.1%).
12»M9thy1«5@%25D~sp1rostanu35,1ld,lzi-trigiu(XXXIE; R=R’ =H)
« 12-Methyl-5e¢,25D-spirost-1l-en-3p-yl acetate (XXVIII; R=Ac)

(2g.) was treated in benzene (iOml.) with osmium tetroxide
(750mg . ) and pyridine (0.5ml,) and left for % days at room
temperature. The mixture was evaporated to dryness undexr
reduced pressureé and the residue, suspended in dry ether, was
refluxed with lithium aluminiuwm hydride (3g.) for 1 hr. Kxcess
of hydride was destroyed with methanol, followed by LN-hydro-
chloric acid., The sterolds were isolated by seversl extractions
with chloroform (total 500ml.). The extracts were washed with
aqueous potassium hydrogen carbonabte and wabter and evaporated
without being dried. The residue (2.2g.), containing a small
emount of osmlum compounds, was dissolved in benzene and
ehloroform (100ml., 131) and adsorbed on alumina (150g.).
Benzene eluted material B (L.1g.), ﬁop;215m218°, Benzene~-ether
and ether aluted 12%wmethy1m5£3259m3pirostanm3ﬁ911ﬁ91éaw£§§2§
(XXXIL; R=R/=H), which crystellised from methanol slovwly as
prisms, m.p.265-269°, [t] 143" (c 0,9 in dloxan) (Founds C,71.5;
W, 10.2. Cpghhy0ss0,5CH30H requires G, 71,553 Hy 10.3%),

. =1,
V ax, 35005 3300, 3230cm, (0H). This material was transparent
to ultraviolet 1ight.
The material B in the benzene eluates was gcetylated with

acetlic anhydride and pyridine in the usual way,; and the product
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was chromatographed on alumins (40g.). Light petroleum elubted
12-methyl-5¢,25D~spirost-1l-en-3p~-yl acetate (XXVIII; R=Ac),
m.p. and mixed m.p,173ml760 (700mg.) . Ether eluted the 3-mono-
acetate of the triol (XXXIIs R=Ac, R/=H), m.p.2W6-249° (70mg.)
(see below).

Acetylation of the Triol (XXXIL; R=R/=H),.- The triol

(105ug.) was heated wlth pyridine (2.5ml.) and acetic anhydride
(1.5mLl.) on the steam=bath for 90 min, Working up in the

usual way gave » mixture which was chramatégraphed on alumina
(20g.). Light petroleum-benzene (9:1) eluted 12p-methyl-3ph,llw,
126-triacetoxy-564,25D-spirostan ({XXIL; R=R/=Ac) as needles
(from methanol), mop°253m25599 Eﬁ]Dm%Be(g;00858) (Founds G, 69,

Hy 9.3. C3uHgo0g requires C, 69,45 Hy 8.9%), “gmax;172%» 12k2,
<l ‘
1227cm. - (OAc). DBenzene eluted 12-methyl-3p-acetoxy-5e,25D-

spirostan~11s,12{-diol (XXXIL; R=Ac, R'=H) as needles (from
methanol), mopo251w25#g9 [dJD@SVOQg’Q?EB) &Founds Gy, 71olsg
Hy 906, Cyoly g0s requires C, 7l.ks H, 9.6%)y ) gax,3900C0H),
1720, 1270cm, "t (04e)

Treatment of the Triol (XXXIT3 R=R!=H) with Lead Tetra-

Acotate.- The triol (100mg.) in t-butyl alecohol (10ml.) and
acctic acld (10ml.) was treated with lead tetra-acetate (500mg..
for 18 hr. at room temperature. Testing a portion of the mixture

73

with chromotropic scid reagent snowed that no Lformaldehyde

was present. The remaining solution was treated with ethylene
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glycol and water., the solution was extracted with ether, and
the extracts were washed with dilute acetliec acld, water, and
aqueous potassium hydrogen carbomnate, dried, and evaporated,
The amorphous residue had Vmaxg(iﬂ CC1,)2878(C~H stretehing

in CHO) and l?OOGmoﬁl(earhonyl groups) (ealelum £luoride

prism used),



Baeyer=Villiger Oxidation of. Hecogenin Acetate.-

Heeogenin'gcetate.(10030) in chloroform (1500m3l.) aﬂd acaetlc
acid (600ml.) was treated with hydrogen peroxide (60ml. of
30% ag. solution) and sulphuric acid (22ml. of 10% w/v
solution in acetic acld). The mixture was allowed to stand
for 12 days at room temperature and was shaken occasionally,
The chloroform layer was washed with water several times,
mixed with a large volume of water, and steam=distllled
until all the solvent was removed. The crude mixture of
lactones was filtered off, washed with water, and roughly
dried (m.p. 290-2957).

This mixture was saponified by refluxing with potaseium
hydwroxide (100g.) in methanol (1 1,) end water (100ml.) for
2 hr, Dilution with water (total volume 3 1.), and filtration,
afforded neutral maﬁerial (8)y mopo 228m230@(109g@)o The
filtrate was acidified with concentrated hydroehlafie acid
( to Congo Red) end the precipitated acids were filtered
off, washed with water, and dried in vacuec below 40°[yie1d
100g., mapo (197) 255-258°1,

The selds were continvously extracted with hot acetone
{ the small inscluble residue being discarded), and the
extracts were can@entrate@ under reduced pressure until
cryshals formsd. Theség which were filtered off afteyr cools

ing, and three further crops obtained by further concentrat-
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ing the mother-ligquors and pbogr@ssively adding chlorofoxii, had
respectively, MoPo (L95-201) 351@25%09 (1.97-203) 255m2§909 (193~
197) 250-25%°, and (187) 250-2547; (total welight 82g.). These
were substantially pure hecolie acid (KLVI; R=R'=H)., A pure

sample pf the hemlhydrate abt&ined by reerystal;isatien £rom
aeetonemchlofoform had m.p. (1952 260m26¥°9 P%]Dm67o90(g,098 in
dioxan) (Found, on sample dried at 50°/0.0lmm.:C, 68.0; H, 9.8%;
equiv., 470, 473; loss on drying at 105 /0.0bmm., 3.3. ConHyyOc,
0.5H50 requires C, 68.5;5 Hy, 9.6%; e@uiw¢, Yok loss on drying,
1.9% . Found, on sample dried at 105°/0,0lmm.: C, 69,85 H, 9.7,
Cale. for ConHinlgs C, 69.8; H, 9.6%), ;@m&xol?eh en,
54 1N

hydroxyl bend. Rothman, Wall, snd Bady’ record m.p.(i87) 253
25509 [dJDmﬁéoBOCdigx&n) for the anhydrous material.

and

The chloroforn mgther-liqucrs fyrom the fourth crop, on
standing overnight geve a fifth crop, m.p. (177-200) 265=
270° (5g.). Recrystallisation from acetone gave 3{5911@
dihydroxy-11,12-geca=5e;25D-spirostan-12-cic acid (ischecolic
acld) (XLVIIIg Rxﬁéq}g as prisms, m.p. (236=238 ),275-280°
(3.280)0 & pure sample hed m.p. (236-238) 286m28809[Q£39 wh2 4§

(e 1,02 in dioxan) (Found on sample dried at room bempers
ature ir vacuo s G;69.75 H,9.8; Bquive, 465468, Canlliy g
requlres Co69.835 Hy9.6%3 Bauive, %65)9gpmaxel?2%@mjL and
hydroxyl band, |

Methyl Isohecolate.- Isohecolic acld (RLVILL; Rmﬁéﬁ)
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(400mg.) in methanol (50ml.) was treated with am excess of
ethereal diazomethane. After a few minutes glacial acetle
acid was added to discharge the yellow colour, After
filtration to remove polymethylene, the solution was
evaporated. The residue 'waé crystallised from. acetona to
give methyl 3p,ll-dihydroxy=1l,12-geco=5¢,25D=gpirostons=1i2«
oate (methyl ;goheéolate) (XLVIIIs R=H, R’ =Me) as fine
needles, mop.(136-138)198-199°; [o¢]y=55.k" (g 0,85) (Founds
Cy 70,43 Hy 9.9, Cogiugls requires Cy 70.335 M, 9.9%)5 9pax.
(mujol) 172%, (C8,) 1721em,~ L

Acetylation of a portion with acetic amhydride and
pyridine at room temperature overnight gave the 3p,Ll-
digcetate (XLVIIL; R=Ac, R'=Me) as hard prisms from ethere
isopentane, Mop.117-119%, [¢1p=51° (¢ 0.925) (Found: C, 68.53
Hy 901o C3oH5p0g requires C, 68@33 Hy 940%) 5 Ymax, 1724,
(CCLy) 1739cm.™* and no absorption in the infrarved region.

Isohecololactone (XLVIL; R=M),- Isohecolic acid (250mg.)

was heated to 280° at a pressure of 0.0dmm., when it melted,
evolved water, and Eeégliﬂifi&do When the temperature was
ralsed %o 260-280° the lLaetone was formed, subliming on the
cooler parts of the tube. A second sublimation, followed by
two recrystallisations from dichloromethane~gther, gave
3pplledihydroxy-11,12-s000=5:,25D=-gpirostan-32-0i¢c acid 11,12
iactone (isoheeololactone) (XLVIIg R=H), m.p. 285%, @%]Dw82®
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(e 0.8) (FomﬁﬁssCs 72,75 My, 9%, CQ?HQQOS requires C, 72.63
Hy 9a5%29 Vgas, 1?206mo”19 (CSs) 192%em, "+

Aeetylatiom of the lactone overnight with acetic
anhydride and pyridine gave the acetate (XLVII» R“A@} as
needlies from diehloramethanemacetoneg mapa(250)292m29k9
[@%]D@&l (e 1.3) (FPound: €,71.555 H, 9ole (329§1pr6 req,uwes
Gy, 71033 Hy 9,1%),

Benzovlation of the lactone with benzoyl chloride and
pyyi&iﬁ@ overnight gave the bengoate (XLVIi; R=Bz) as needles
from methanol, m.p. 297-2997, [w@35769(g 0,802) (Founds
Gy, M.655 Hy 8.7, CauHug0g requires C, ?4@15g H, 8.4%),
Vg, (KCL) 172%em, = |

Derivatives of Hecolic Acld.-~ The following were made
for comparison with the isohecolic acid derivativass

Methyl hecolate (XLVIg R=H, R =Me), mopo (‘78-«8{))}63&6& .
[olpy=67° (e 1450 5 ¥ ggy, 1733cmo"t, (KC1) 172%em.=t

Heeololactone (XLV3 R=H), from dichloromethane=gther,
MoPo 259=261°, Lﬁ}gm56@50(g_1029)9“®max017410m0”19 (CSp)
1736cm.~*

Hecololactone acetate (XLVs R=Ac), prisms from dichloroe
nethane=ether, mopo(250)298=300°, [lp=65"(g 0.98); Ymax.
L7%0em.~*, (CS2) 1739cm.~t

Hecololactone benzoate (XLV3 R=Bz), needles from
dichloromethane~acetone, mop030?m310@9 Bﬁleégag@gg 0.95)
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(Founds G, 74.ks Hy 8.2, CqH,g0¢ requires €, 7,25 Hy 8.4%),
Y mesx, (KCL) 1739, 1718cm,"* |

Methyl hecolate 3-acetate (XLVI; R=Aey, R =Me), @.p.120=
1247, Lotd <7302 (¢ 1.3%) (Pownds ¢, 69.%5 H, 9.7, CGale. for
C30Hy809: C, 69,25 Hy 9.3%), Vm&xﬂl‘?BOemo‘;lg (CCIy) 1739cmo™"

With the exception of the lasi“; compound these constants
are in close agreement wlth those recorded by Rothman, Wall,
and Eddysa“"'g Vi%o

Methyl hecolate, m@po€79)16%m165@,, [Gﬁigmé_‘-}@é@o

Hecolelactone, mo.po 256=258@9 [&]Dwﬁl?oﬂ

Hecololactone acetate, mop0292e»29205@9 [o&]Dm()Sgl@o

Methyl hecolate 3-mcetate, mop.99=101°, Letlp-62,7°,
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Reactlon between Methyl Hecolate and Phenylmagnesium

Bromide.~ Phenylmagnesium brémide was prepared from
magmesium tufﬂings (IOgg)g-brom@benzehe,(%5m1339 and etheyr
(500ml.) in the usual way. Methyl hecolate (12g.)} in benzene
[660mlg; dried byvéistiliing off a portionzof the solvent
(100m1,)] was added. The mixture was refluxed with -stirring
for 6 hr., and some solvent was distilled off, Dilute
hydrochloric acid was added and the product lsolated by
extraction with ether in the usual way. The ﬁeéidual oil

was steam=distlilled for %.5 hr. until % litres of distiTlane
had eelleet@dg and removal of biphenyl was assmsted by ﬁhe
occasional addition of toluene to the d¢atillmtion flaska

The residue in the flask was dissolved in ether snd the extract
was washed with watecr, dried, snd cvaporated. This gave & yellow
froth (12.78.9y Agayx, 206(c 17,500) and zkémy (e 97503, which
was treated with pyridine (60ml.) and acetie anhydride‘(50mlo)
overnlght at room temperature, WOrking up in‘the usual wey
with ether gave a froth (13.48.)) Ayax 205 (€ 16,000) and
2h2mp (€ 9030). This was boiled in Apalar acetic acid (25ml.).
After 1 mino a large amount of solld separated, Most of the
acetlc acid was evaporated mnder reduced pressure and die
isopropyl ether (50ml.) was added to the cooled residue.

The solld obtained was filtered 6ff9 the Tiltrate evaporated,

gnd the residue treated again with boiling acetic acid (iOmlo}
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%0 give & second crop of solid (weight of fiz*sﬁ TWO crops
7.0803 m@p°255=ﬁ25”70)m The material in the mothersliguor was
treated with bolling acetlc acid for a third tvime, and the
material was worked up by dilubtion with ether and washing
with aqueous potassium hydrogen carbonate. Crystallisation
of the product from di-isopropyl ether gave a third crop

of solid, m¢p9250m252@€0085g0)° The material in the mother-
ligquors did not yileld any more solid and had %mmoao@

(¢ 23,700) and QM%m;x(a 114300),

Further crystallisation of the solid gave 3p-geetoxy-
12a-gxa=12-phenyl=-C-homo=5s,25D-gpirost-11-ene (LIV; R=Ac)
as needles, M.p.257-259°(from chloroform-methanol), mope
" 25Le256% (from c’iichldrome'tham@m@thez“)g [@@]Dm‘mﬁo(g Q,6%)
(Founds C,76,7s H, 8.6, GB?)’HMSQﬁ requires G, 76,635 H, 8.8%),
Amax,205 € 11,910}, 218(e 10,250) and 263uple 13,200); V gy,
1739, 1647, 1605, 1582, 1240, 772@:;‘1

PB-Hydroxy=-12a-0xa-12=phenyl-C-nomo=>5u,25D-gpirost-11-
ene (LIV; R=H), obtained by hydrolysis of the acetate with
boiling methanolic¢ potassium hydroxide, formed needles (from
methanol), m.p.192-194°%; [s¢t]5=75° (¢ 0.8) (Founds ©;78.6;
Hy 9050 C33Hh, 0, mquires Cy 78025 Hy 9015%)y Apax 212
{e 11,300}, 2632::1}1(@ 13,0000 ) Vggy, 3390, L1647, 1626, 1605,
1580, 770em. " '

The benzovl derivative, formed by overnlght treatment

o T S e
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of the alcohol (LIV; Reli) with benzoyl chloride and pyridine,
formed needles (from cﬁléroformmmeﬁhaﬂol)g mop0274m277°9
[et]p=769(e 0.6) (Found; G, 78.8; H, 8.5 CyoHyply requires
Gy 78,655 Hy 8,25%) 5 Amax.234(shoulder) (e 18,000}, 22%

(e 22,000}, and 26’%,3.(@ 10,400) ) P pasx 1730, 1644, 1608, 1295,
and 76%em.” '

Ireatment of Methyl Hecolate with Phenyl-lithium.-

S T TR T S I TR

Methyl heecolate (1g.) in ether (100ml.) was refluxed with
ethereal 0,78M=phenyl-lithivin (15aL,6 mol,) for 3 hr, Working
up in the usuval way (with steam-distiliation to remove
biphenyl) gave a yellow £roth (0.96g.), Amax,209(c 13,000),
QMQQP(@ 8500). A portionm of this (150mg.) was treatgd-wiﬁh
acetic asohydride and pyridine, then wifh boiling aecetlic aecid,
The product was chromatographed on alumina, to yield 3p-
a@etexym12amaxaa12wphenylmcwhemOmﬁﬁg25Dmspiéostwllm@neg MoPo
258-260° (eluted with %3l light petroleum-benzene) and
hecololactone acetate, m.p. and mixed m.p. 294=-296°(eluted
with ether),
3p=peetoxy=12-phenyl=12,13=56C0-Fu, 25D pirost=13-g0=
12-one (LV).- The phenyl enol ether (LIVs R=Ac) (501mg.)
was heated on the steam-bath with acetic acid (10ml.) and
water (Iml,) Ffor 3 hy. It dissolved except For a trace of
amorphous material, which was filtered off. The filtrate was

diluted with wabter and the precipitate filtered off, dissolved
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in acetic acid, and reprecipitated with water. 3p-fcetoxy-
12~phenyl-12,13~gec0~56%,25D=gplrogt-13-gn-12-0ne (LV) was
amorphous and had m.p.86-917, E*EDWMOQ(Q 1.175) (Founds

Cy 76,53 Hy 8.9, Galcé for 035HE805= C, 76,63 I, 8.8%),

A pax,206(c 20,000), 24lmple 165300) 5 Vpay, (KC1) 1727(0Ac),
1678(Ph ketone), 1590 and 1570(conjugated benzene ringl,
1447 (benzene ring), 1239(0Ac), 758 and 697cm°"1(monosubstitm
uted benzene ring).

Action of Chromlum Trioxide on the Phenyl Ketone.-

The amorphous phenyl ketone (LIII) (250mg.) was acetylated
overnight and the product was dissolved in acetic acid (15ml.)
and treated with chromium trioxide (200mg.) at room temper-
ature for 40 hr. After working up with ether in the usual

way an acid fraction (50mg.) and a neutral fraction (190mg,.)
were obtained, both non-crystalline, Chromatography of the
latter provided hecololactone acetate (eluted with ether),
m.p. and mixed mop3295m298a(60mgo)ﬁ probably by eyelisation
of unreacted hecolic acid.

Oxidation of the Phenyl Enol Bther (LIV3 R=Ac).- The

followlng reagents werc used in attempls to oxldise the
phenyl encl ether (LIV3 R=Ac): ozone, chromium trioxlde in
acetic acid, chromium trioxide in aqueous sulphuric acid,
potassium permangsnate in,aceton99 osmium tetroxide; pep-

benzole acid, and performic acid. In most cases there resulted
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neutral and acidic fractlons ( the latter very small) from
which no erystalline material could be obtained ( except

benzoic acid, m.p,120°, formed by chromium trioxide in

acetic acid).



Beckmann Rearrangéeément of Hecogenin Acetate Oxime,

Hecogenin Acetate Oxime (LXIV; R=Ac, R/=H).- Hecogenin

acetate (4.72g.) and hydroxylamine hydrochloride (2.lg.) in
pyridine (50ml.) weraﬂheated,at 100° for 3 hr., by which
time an oil had separated, Ethanol (10ml.) was added to
dissolve the olil, and after a further 30 min. an excess of
water was added., The. precipitated solid was filtered off
(4.66g., mbpa318”3200)0 An analytical specimen of this oxime,
obtained by recrystaliisation from chloroform-acetone, had
m.p.318-320°, [¢] 5=1,7°(c 0.875) (Found: C, 71.5; H, 9.0;
N, 3.1%, Calc, for 029Hh5N°5= Cy71.43 Hy, 9,35 N, 2.9%).
Mazurl® records m.p.318-321°, [ep-2.4°,

Hecogenin Oxime (LXIV; R=R/=H).~ Saponification of the

. -foregoing acetate gave hecogenin oxime (LXIV; R=R/=H), as
plates from aqueous methanol, map.256~260°, Fi]ﬁ+3°(g 1.0)
(Found: C, 72.8; Hy; 9,353 N, 2.9, Cpoly 3NOy requires C, 72.8;
H, 9.7; N, 3.1%). Anliker, Rohr and Heuéseré? record m.p.
317-318°, f] Da“:ﬁf’ -for a-.hamihydra-te prepared}' in an unspecified
manner, Their m.p. 1s similar to that of the 3p-acetate and

the analytical figures quoted.agree with this.formulation.
Acetylation of hecogenin oxime or its 3p-acetate with acetic
anhydride and pyridine at room temperature’gave the diacetate
(LXIV; R=R’=Ac), m.p,19‘1+-1960, [v&]D-#-léo(g 1,1) (Found: C, 70.2;
Hy 8273 Ny 2.3, Cale. for Cy3lh»NOg: Cp 70.35 Hy 8,955 N, 2065%)
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Anliker st 3;@67 record mop. 185°, &%]D4u?0900

Hecololactam Acetale.~ Hecogenin acetate oxime (5g.)

in pyridine (100ml.) wes treated with toluene=p-sulphonyl
chioride (5g.) at 100° for 3.5 hr. Water vas added till o
slight cloudiness appeared, kieselgubr was added, and the
solutlon filtered, Acidification of the filtrate precipitated
the lactam (4.72g.), Crystallisation from agueous acetone gave
35wacetexymléamazamcmhomomﬁ%925Dmspirostanm12w6n@ (hecolo-
lactem acetate) (LXV3R=Ac) as needles, mapm234m236095§éﬂnm?20
(g 1,19) (Founds C, 71,63 H, 8,85 N, 3,0, Cale, for Coglh, 5053
C, 7i.%s Hy 9.35 N, 2,9%). When the reaction was carried out
at room temperature for 96 hr, a similar yield was obtained,
but after 20 hv. the product consisted of a mixbture of the
lactem acetate (2.9g.) and unchanged oxime (1.9g.)) these
were easily separated since the former is soluble in agueous
pyridine. Mazurt® pecords Mop.231=234°, %%Eum7aeg

Hecololactam.- Heecololactam acetate (LXVy R=dc) (500mg.)

in methanol (300ml,.) was refluxed with potassium hydroxide
{1.52,) in a little water for 2 hr, Addition of an excess of

water precipitated 35mhgdroxymlzamazamﬁmhomom5&9ESDmspirost&nm

12-one (hecololactam) (LXV3 R=H), which crystallised from

agueous methanol as prisms, bscoming opagwe at 10009 MoPa

(150w160)202w20509EﬁtﬁDmélo?o(g,009%)((Foumd9 in material dried
at 100°/0.01mm.3 C, 70.45 Hy, 9.55 M, 3.15, Coglly, 3N0y, , 0 requires



37

C, 69.955 Hy 9583 N, 3.0, Found, in materisl dried at 132°/
0,0lum.: Gy 710555 Hy 92759, CoyHy,3N0y,0.5H,0 requires G, 71.hs
'H, 9.8, Found, in materlal sublimed at 270-290°/0,01wn, 3

C, 72.8; H, 8.25; N, 3.6, Cpyil,3N0), requives C, 72,8; H, 9.7
Ny 3.15%). The sublimed smorphous anhydrous material, on
crystallisation from agueous methanol,; gave back the hydrate,
mopa(l§0m1503200w2920g Mazuyr records m.p. over the range 145
2150 and gives no analysis,

Action of Lithium Aluminium Hydride on Hecololacham

Acetate,- The lactam acetate (LXV3 R=Ae) (500mg.) was refluxed
with 1ithium aluminium hydride (800mg.; =16 molar equivalents)
in tetrahydrofuran (100ml.) for ¢ hro(efoggﬁa The product,
obtained by ether ekxtraction, was refluxed with 5% methanclic
potassium hydroxide for 30 min. Addition of water provided
hecololactam (LXVg R=H), which after crystallisation from
agueous acetone had mapa(145m160)209w20299 undepraéseﬁ on
adnixture with an authentic specimen,

Action of Dinitrogen Teiroxide on Hecololactem Acetate.-

The lactam acetate (150mg.) in carbon tetrachloride (5ml.)
was treated with_dinitwegen tetroxide in carbon tetrachloride
(5ul., 24V/V solution), followed by the addition of anhydrous
sodium acetate (12%mg.). The mixzture was stirred for 20 min.
and added to erushed ice. The organic materiasl was isolated

by ether as a solid which on erystallisation from agueous
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nethanel gave starting material, m.p. and mixed map6232w23400
Action of Nitrous Acid on Hecololactam Acetate.w-

Hecololactam acetate (1.89g.) in acetic anhydride (4Oml.)

and acetic acid (8ml,) was cooled to 0° and treated with

sodium nitrite (12g.) for 22 hr, Water was added and the

orgenic material isolated by ether-extraction, This was a
syrup, which on addition methanol afforded.arystals (14%0mg.),
Mop.270-279°, These, after recrystallisation from dichloroe
meéthane~-methanol, gave hecololactoné acetate, m@po298m30109
&%]D~63°, vhich did not depress the m.p. of an authentic
sample and had an identical. infrared spectrum,

The material in the mother liquors was not crystalline
and was refluxed with 5% methenolic potassium hydroxide (50ml.)}
for 1 hr, Addition of water caused, on one occasion only, the
precipitation of hscololactam, m.p.(1%5)200=205°, In other
cases a clear solution was obbaiuned which on acidification
with 6N=hydrochloric acid gave erystals (1:56 g0}y mopo205-
21509 kﬁjnm3?oo Recrystallisation from agqueous acetone gave
3B-hydroxy-12,13~5ec0-5al,25D-5spirost-13-en~12-0ic acid
(anhydrobecolic aeid) (LXVI), m.p.220-223°, [t «39°(e 1.0)
(Found: C, 72.85 H, 9.M. Csglly,05 requives Gy 72,65 H, 9.94),
§xmaxaao8mp@i L400), giving a yellow colour with tetranitroe-
wethane in chloroform.

Anhydrohecolyl Alecohol.- (a) Anhydrohecolic acid (310mg.)
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was treated with lithivm sluminium hydride (220mg.) in
refluxing tetrahydrofuran (80ml.) for 3.25 hr., After d@eompm‘
osition of the excess of reagent and addition of dilute
mineral gcid, the product was isolated with ether. The prqdu@t
(340mg.), on crystallisation from acetone, gave lengmgﬁéOw
Jot925D=8pirostel=en=3p,12-diol (anhydrohecolyl aleohol)
(LXVII) ) mopo176-178%; [t] =13%(e 1.0%) (Foumds €, 75.25;

Hy 10,5, Cale, for Coplyy Ons Gy P4o953 Hy 10625%) A gy, 205
(e %%00),

(b) Methyl hecolaete (1.03g.) was treated with 1ithium
aluminium hydride (50mg.) in refluxing tetrabydrofuren (B80ml.)
for 2 hr., The sterold was lsolated with ether as hefore.
Addition of chloroform to the product provided hecolyl aleohol,
WP o 1%0-112° Liﬂgméﬁﬁﬁg,gog in acetone), Rothman gb @%fg%
record m.p.141°, @$]Dm?la%@9

This material (100mg,) was dissolved in methanol (8ml.)
and treated with 60% aqueous perchlorie aeid (D.iml.) ab 20"
for 17 hr, Addition of water precipitated anhydrohecolyl
aleohol, which after crystallisation from ecetone had m.p.
l?&wlSlag vndepressed on admixbture with material prepared by
method (a) and having an identlcal Infraved spectium. Rothman
ot ale give mepsiPu=176 , let] 16,17,

9(11)-Delydrohecogenin Acetate Omime.(LXX; R=Ac, B/=H).

9(11)-Dehydrohscogenin acetate (3.1g.) in pyridime (40ml.)
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was refluxed with hydroxylemine hydrochloride (1.5g.) for

2 hr, The yellow solution was poured into water (1 1.) and
thé.preeipitaﬁe was collected, washed with water, and dried
at 100°, The crude material, m.p.273-278°, was crystallised
£rom dichloromethane-methanol and pfqvided the oxime acetate
(LXX; R=Ae, R'=H) as plates, m.p.286-289°, (s¢]5 426, N ey
23&@p@£ 11,000), M&zurlg records m@p0282m28#@95b@]Dm%36@?

N 238mnlg 13,600).

Max o
Beclusann Rearyengement of 9(11)-Dehydrohecogenin Acetate

Oxime.~ The oxime (5,18g.) im pyridine (80ml.) was treated
with toluene-pesulphonyl chloride (Yg.) at 20Y for G4 hr.
Water (1 l,) was added end the precipitated piﬁk solid was
filtered off, washed, and dried (mop0168w175®§ 3055803 952% ).

Crystalllsation from aqueous acetone gave needles of l2-tolugne-=

pesulphonyloxyinino=5L,25D-gpirost-9(11)~en-3p=yl acetate
(LXK R=he, R/ =p-le.CgHyo500=); mep.184-186", [t]yh6% (s 1.46)
(Founds Cy 67.15 Hy 7o45 Ny 2033 8y Folo CyethoMUs8 requires
Cy 67.65 Hy 773 Wy 2025 8y 50285 Amax,20%E€ 21,000), 227mp
(€ 21,6000, gy, (KC1)3422, 1736,1666, 1629, 1600, 1250cm.”
'The agqueons pyridine filtrates were filtered again to
renove a small gquantivy of solid and then acidified to pH 3
with hydrochlorie acld, The preeiplitate which formed was
Filtered off (mop.220-229%5 2.2g.5 “0%), Recrystallisation

from aqueous acetone gave 3IB-acetoxy-l2a-aza-C-homo=5ly25D-
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spirogt-9(1ll)-en-12-0n6 [9(11)ea@hydfOHE@elaia@%am acebatel
(LXK R=Ac), m.p.230-232", From acetone=1ight petroleum
(Dopo60=B0°) it separated as prisms, mopm25§w2§8Q9£§£}Dm@99%Q
(¢ 1,19} (Found: Gy 71.55 H; 9.25 Ny 3.00 Cale. for CoghlyilN0gs
Cy 71,73 H, 39§§ W, Qegﬁigg\maKQEQQgp(i 17,200, Drying at
100%/0 .01, did not cause a2 1oss in welght. The two Fforms of
this substance had identical infrared Spe@%E&O.M&murlg gives
BaPo208-231°9, &%]BQVQOSZ\E&XOQQOgF@a‘lﬁgﬁﬂoﬁo

Treatment of Dehvdrohecclolactam Acetate with Nltrous

Aeid.- The lactam acetate (206mg.) in scetic sohydride (hml,)
and acetle acid (0.08ml.) was treated with sodium nitrite (L.1lg)
at 0° for 68 hr, Addition of water, and extraction with ether,
gave neubtral material (200mg). Crystallisation from acetone-
light-petroletm gave starting material, m.p. and mixed M.po
25’—s§m25°?"0'(60mg@39 Further crops (120mg.) had m.p.252-2557,

Formation of Dehydrchecololactem Acstate from the Oxime

Toluene-p-sulphonate(Li; R=Ac, R'=p-CgluMe.50s=).= (a) The

oxime toluene=p-sulphonate (160mg.) in ethanocl (8ml.), acetic
acid (4ml,) and a few drops of wabter, was vefluxed for 30 min,
Addition éf water praecipitated the_la@tam acebate, which elfter
erystallisation from scetone-Llight petroleuvm had map5252w2§§@0
() On sttempted recrystallisation of the oxime tolusne-
p-sulphonate (3,9g.) frem chloroform-methanol, a syrup vas
obtained, Prolonged standing of this dissolved in ethevre

. , IR, S
isopentane gave the lactam acetate, MoP.222«220 (1.98.7,
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Irradiation of Hecogenin Acetate with Ultraviolet Light.e

The ultraviolet lamp used was a Hanovie 1906/G with intensity
stabiliser U.V.5. 50 Model XII. Irradiation was effected
using either of the two methods described below,

In method A the solution of the sterold was placed in
a quartz flask fitted with a refiux condenser, Nitrogen was
purified by passage through Fieser's solution and concentrate-
ed sulphuric acid, and then passed through glass tubing down
the condenser to Just above the level of the refluxing liquid.
The ultraviolet lamp was placed directly below the flask and
the rays were reflected on to the flask by aluminium foil.

In method B the flask was fitted with a three~way stop=
cock, Air was removed by alternately evacuating the flask
and then admitting“unpurified ( #yhite spot" ) nitrogen. This
process was repeated several times and finally the flask was
partially évaénatedo It was then placed under cold running
water on a level with, and a few inches distent from the
lamp. The joints of the stopcock were lubr1¢ated with Apiezon-
L high vacuum grease and during the reaction were shielded
with aluminium foll,

Solvents.
.(a) Dioxan.= This was normally purified by extensive refluxe
ing over sodium, followed by distillation, The fraction b. p.

100-101° was used for the reaction. This solvent, on vapour
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phase chromatography, was found to comtain 1% of Qam@thyim
1y3=0loxolan. |

Specially purified dioxan was obtalned by Vogel's
methgd;%+ Technical dioxan (3 1.) was refluxed with concens
trated hydrochloric acid (2ml.) and water (300ml.) for 10
br. A glow stream of nitrogen was bubbled through the solut-
ion to remove the acetaldehyde formed. The solution was
allowed %o cool and potassium bydroxide pellets were added
until some remained undissolved, and the agueous layer was
removed. The dioxen was then allowed to stand over potagsium
hydroxide pellets for 2% hr, and refluxed with sodiuvm for
12 hr, The liguid was then fractionally distlillied and each
fraction was analysed by vapour phase chromatography.
(b) 2-Methyl-l,3-dioxolan.- Paraldehyde (598g.), ethylene
glyeol (820g.) and toluene=pesulphonic acid (5g.) wers
reflured for 18 hr., Sodium hydrogen carbonate (50g.) was
added and the mixture filtegedo The filtrate was distillied
through a 24" column of Fenskd helices and fractions (100ml.)
of Do P8. in the range 72m100@ waere collescted. These were
examined by gas céhromatography and those which contained
only small amounis of acetaldehyde were conbined snd treated
regpoatedly with potassium hydroxide pellets. When uo more
agueons layer separated and no further resificabtion occurred

the liguid was allowed to stand over sodiuvm wive Tor 2 hr.
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before belng fractionated. The fraction bop. 8@~8é0(390303
was pure 2-méthylel,3-dioxolan and gave a single peak in a
gas chromatogram,
(e) Tetrahydrofuran was purified by refluxing over potassium
until the metal remained bright; followed by fractional
distillatiomg

Gas Chromatographic Determinatlion of 2-Methyldioxolan

in Dioxan.- The chromatograms were run at 689 using a Griffin

and George Mark IIB instrument fitted with a 6ft.3 kmm,
column of 30% silicon grease (E 301) on celite., A flow of
1.4%% 1./ hrs of nitrogen was used, the inlet pressure being
48mm, and the outlet pressure 195mm. The bridge current was
100m,amps., Under these conditions 2-methyldioxolan gave &
peak at 8 min. end dioxan at 13.% min, For the detormination
10 to 12 drops of the sample were injected and the peak due
to 2-methyldioxolan was recorded at attemuationxl . Just
before the dioxan pesk the attenuation was changed %o %10,
The concentration was calculated by comparing the relative
araas of the curves, the attenuation factor being teoken
into account.

The following samples were tested., (1) A& standard
mixture of pﬁre dioxan.with 0.96% by weight of 2-methyl-

dioxolan added., (2) Dioxan purified by acid treatment and
then by refiluking over sodium, This contained 0,11% of
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2-methyldioxolan. (3) Dioxan refluxed over sodivm, This
contained 0,92% of 2-methyldioxolan.

Lumihecogenin Acetate.~ (2) Hecogenin acetate (VIIIy R=Ac)
(20g.) in dioxen purified over sodium (WOOml.) was irradiated
with ultraviolet light for 28 hr. using method A. Most of
the solvent was evaporated under reduéed pressure, and water
(1 1.) wasladdeae The drganic material was separated by
several axtractions with ether. The combined ethereal extracts
were washed with 5% aqueous potassium hydrozidég then with
water, and finally dried with sodium sulphate, The solvent
was evaﬁorated in vacuo to give a light yeliow gun (20g,)
which on trituration with methanol provided 3IP-acetoxy=
12 ,13=8¢C0=12=0%0=5%,25D=spirost=13=cne ( lumihecogenin

acetate) (LXXXVI) as prisms, m.p. lh1-1h§0(1208g.)e A pure
sample, obtained by recrystallisation from dichloromethane=
methanol, had m.p,1%6-150°(in a sealed evacuated tube 157-
159°), [kl 46 (¢ 1,0) (Founds C, 73.75 H, 970 Cyol ;O
requives Cy 73,73 Hy 9.4%), }\maxozﬁl*m;a (€ 4800), ¥ gayx 2740
(<CH=0), 1739(0Ac), 1709(~CH=0), 1240 cm,™ (0fc) (see figo. I).
This material gave a pale yellow colour with tetranitro-
methane in chloroform.

The alkaline washings (see above) were combined,
acidified, and extracted with ether. The ethereal extracts

were vashed with water, dried, and evaporated to gilive
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amorphous material (30mg.).

(b) Lumihecogenin acetsate was recovered after being
irrodiated in 2-methyldioxolan according to method B for
205 bro |

3p=hcetoxy+12,13-g0c0-12,12=gthylonedioxy=5e{,?5D=
spirost-13-gne . (LXNFXIX).- Lunihecogonin acetate (215mz.) in
2emethyldioxolan (15ml.) was refluxed with toluenesp-sulphonic
acid (50mg.) for 22 hr, Bther wes added end the solutlon
was washed with agueous potassium hydrégen carbonate, dried,
and @ﬁ&p@f&tedg The residue (QSOmga} Qas erystallised from
methanol to glve prisms, m}p0180m1859@ Further crystallise
ation provided a-pure éample of the ethylene acetal (LXXXIX)
Bo0o182-185°, 3%3@m3602@(g,102?) (Founds C, 720255 Hy 9.3%,
631H§_§396 vaguires C, 72,13 Hy 9.35%), A m&mzﬂém}z (€ Lh80j,
Vpax, (in CChy ) 1730(0Ae), 12406m, =" (0he) with the finger-
print region different from that 6f photohecogenin acetate,
This compound gave a pale yellow coldur'with tetranitro-
methane in chloroform, |

Lumibecogenin acetate 12-semicarbazone (LXXKVIIX).- The

acetate (LIMUVII) (195mg.) in ethanol (10ml.) was treated

wlith semicarbazide hydvochloride (200mg.) and sodium acétate
(300mg.) at 100 for 15 min. Water was added and the precip-
itated s0lid was collected and dried, Recrystallisation from

agqueous methanol provided the semicerbazone (LXRXVIII) as
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needlés mop. 193wl96°9 LX]le3°(g 1,23) (Founds C, 68,13
1{9 9003 Ng ?0650 CSOHIG'(?OB,;NB l‘equil'es Cg 68a0§ H9 8095§ Ng 709%)0
Other Reactions of Lumihecogenin Acetate.~ (a) The

acetate (LXXXVII}200mg.) in methenol (15ml,) was refluxed
with potassium hﬁdroxide (800mg.) for 1.5 hr., Excess of
water was added and the product isolated by extraction with
ether, as a pale yellow SOlido

(b) The acetate (200mgo) in pyridine (2m1 ) was treated
with hydroxylamine hydrochloride (100mg.) at 100 gor 2 hro
The product, 1801ated'w1th ether, was amorphous,

Photohecogenin Acetate.~ (a) Heeagenin acetate (VIII;
R=A¢) (20g.) in dloxan (400ml,) was 1rradiated with ultra-
violet light for 38 hr, using method A. The solvent was
evaporated undgr reduced preséure and the residual gum was
dissolved in hot methanol (lOOmlajofWhen the solution was
cooled érystalliné“material appeared and thié was collected
and driéé (mopo-1976202°g %,03g.) A second Crop, MepPo 191
1970(200?g0} was obﬁained by concentrating the mother-liguor.
The higher melting material was recrystallised several times
from methanol and provided photohecogénin &eetatég as plates,
mopo 203206, [e¢]p=38.7"(g 1.61) [Founds G, 72.1; H, 9,153
OBt, 19.4. Gy3H,g0; requires ¢y 72,053 H, 9,353 OEt(fO? 1
CH3,C0 and 1 CHy=CHZJ) 17.8%], Vypg, 1739, 1242em.” *(0ae)
(see figo I), This material was transparent to ultraviolet
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light and gave no colour with tetranitromethane in chloro-
formo _ .

(b) When hecogenin acetate (1g.) in dioxan (50ml.) was
irradiated with-ultfaviolet light for 46 hr., using method
B, impure phgtoh@cogenin acetate (0.%5g.) was isolated,

(e) Hecogenin'ae@%aﬁe (5g.) in specially purified
dioxen (100ml.) was irradiated for 45 hr., using method B.
The solvent was evaporated and the residue, on addition of
wethanol, provided photohecogenin acetate, WoPo and mixed
Wopo 198=204° (430mg. =87 yield),

(d) Lumihecogenin acetate (506mg.) in dloxen (20ml,)
wag lrradiated using method B for 20 hr., The solvent was
evaporated and-the residue afforded photohecogenin acetate,
Wop. and mixed m.ps 183-196° (also identified by its infre-
red spectrum),

(e) Lumibecogenlin acetate (185mg.) in 2-methyldioxolan
(10ml.) was irradiated for 21 hr., employing method B.
Crystallisation of the product from methanol gave authentic
photohecogenin acetate, m.p. and mixed m.p. 194=199°,

Photohecogenin.- (a) Photohecogenin acetate (525ug.)
in methanol (30ml,) end water {(2ml.)} was refluxed wlth
potassium hydroxide (lg.) for 1 hr. The product was isolated
by addition of water and ether extractlon in the usuval way.

Crystallisation from acetone provided photoheccgenin as
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diamond shaped crystals, m.p.l66«170°, &%]Dmulo(g 1ok)
(Found: €, 73.25 Hy 9.5. Cogllyg0y requires C, 73,43 Hy 9.8%),
VN maz. 3330C0H) ; 1720(w) (acetone?) cu."t (see fig. 1), Cryst-
,éllisation from aqueous methanol gave a different crystalline
form,:vizo hgedles mgpogoh~208°o The infrared spectrum was
almost identical to ﬁhat of the lower melting form, but
lacked the maximum at 1720cm,”" -

(b) Photohecogenin acetate (112mg.) in énhydrous etheru
(30ml,) was refluxed with lithium aluminium hydride (150Omg.)
for 35 miﬁo ﬁydrochloric acid was added and the sterol
isolated by éxtraetion with ether. The product was crystallised
from acetone to give photohecogenin, m.p.166-170°, Its
identity wés confirmed b& a mixéd,mopo and by comparison of
infrared spectra;

A portion of photohecogenin (9lmg.), on treatment over-
night Qith acetic anhydride (3ml.) and pyridine (5ml.)
provided photohecogenin acetate, m.p.199-202°, This did not
depress the m.p. of an authentic sample and the infrared

spectra were identical.

Action of Acid on Photohecogenin Acetategw The acetate

(200mg.) in methanol (20ml.) was refluxed with 6N=hydrochloric
acid (2ml,) for 20 min. The condenser was arranged so that
any 1ow:boiling product formed ( e.g. acetaldehyde) would

pass through an agueous solution of 2M-dinitrophenylhydrazine.
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The methanol was then slowly distilled, water belng added
to maintain the volume., No precipitate formed in the reagent
and it was extracted several times with eéther, The extracits
were combined, drled, and evaporated to give a red solid
(400mg.) which was adsorbed on alumina. Benzene eluted

2 bediniirophenylhydrazine, m.p.194°%, as the sole crystalline
| material, The preclipitated materlal in the diséillaﬁion
flask was isolated by ether extraction in the usual way.

It was amorphous (200mg.).

Action of Lithium Aluminium Hy&ride on Lumlhecogenin
 Acetate.- The acetate (ZBUmggi in dry ether (40ml.) was
refluxed with lithiuvm aluminium hydride (220mg.) for $ min.
Excess of reageﬁt was destroyed with water and the produect
was isolated by extraction with ether, It was a clear gum
(260mg,) which on trituration with acetone-light petroleum
yielded amhydrohecolyl alcohol (LXVIL), mop.175-178° (200mg.}.
A pure semple had m.p. 180-1827, @%]Dm53@(g 0,833 (Found:

Gy 4095 Hy 10,4, Cale, for CoyHpOy: €, 74.95; H,10.25%7,
}\maXGQOﬁﬁg&g 00}, The infrared spectrunm waé identical to

that of a previously prepaved sample and there was no mixed
o]
I

. . . Y
m.p. depression. Rethman gt al. 7 report MeP ol U176,

Action of Chromium Trioxide on laumilbecogenin Acetate.-

Lumihecogenin acetate (LEXKTIL)I(155mg.) in acetone (10ml,)

was stirred with chromiuvm trioxide (%80mg.) in sulphurie
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acid (8N3 1.8ml.) at 35° rfor 5 min, The excess of oxidant

was reduced with sulphur dioxide and the steroidal material
was extracted with e%he?@ The ethereal solutionm was washed
with dilute aqueous potassium hydroxide, then with water,
ai'ter which 1% was dried and evaporated. The r@sidu@‘(loemga}g
on erystellisation from ether-isopentane, gave 3p,ltp-dihydroxy-
12=0%0-5sty25D-gpirosten=3p=yl acetete (LXXXV ; R=04c), mo.p.
231,5-234%, [etJp=6(g 0.74) (Founds C,70.8; H, 8.8, CogHy,Op
requires C, 71.3; H, 901%)9*wm&#035%0(b0nded on), 1739(04e),

| l?@éCZCﬂﬁj and 1250@m@m1(0Ae)0 This was trensparent to ultrae
violet light and gave no colour with tetranitromethane in
chlorofoxm.

The alkali washings from the extraction were acidified
and @Rﬁfaeﬁed with ether in the usuel way. After the solvent
was evaporated the syrup obtained was refluxed in methanol
(20ml,) with potassium hydroxide (lg.) for 30 min. The product
was lsolated by acidifyling the solution, then extraecting with
éther in the usval way. It was a gun(éOmg.) which, on
crystallisation from aqueous acetone, provided anhydrohecolic
acid (LXVI)g m.p. and mixed m.po. with an authéntic gpecimen
223«»2260O The infgar@d spectra were superim@osablgo

-3@91#@a§$§x§5g§ym5£925Dm§giro§tanm12mg§g,(LXXXV 8
=0l) was obtained by refluxing the acetate (LXXXV g R=0Ac)
(160mg.) in methanol (25ml.) with potassium hydroxide (1g.)
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for 30 min, Water was added and the precilpliitate filtered off,
The filtrate gave no precipltate on aciéificatiano The _
neutral materiel wvas dried and crystallised from acetonse
isopentane as prisms, mopo2?0“27209E@£]D@lﬁcM@§g{0°9%)
(Foundz: G,720153 Hy 9020 CogHyoly requires C, 72,65 H, 9.9%),
Vs, 3520 (0HY 5 1708em, "+ (=0=0)-

4P -Hydrory-51,25D-gpirostan=-3,12dione (LIXY 5 R=0),,

was obtalned by the action of chromium trioxide ($3Mmg.) in
sulphuric acid (8N; 2ml,) on anhydrobecolyl alcohol (LXVII)
(130mg.) in acetone (I0ml.)., After mailntaining the solution
at 35° for § miwm, the product was obtained by extraciting with
ether in the usual way and geparated into neuntral and acid
fractions, The formey (102rg.) was erystellised from scebone
isopenbane to give 1kD-Hydromy=5s,25D-gpirostan=3,12=0ione,
@opo259-261°, [tlyt31,5%(e 1,08) (Pounds €, 72,55 H, 8.95,
 CogthynOs requires G, 72,993 H, 901%39‘@ma393519(b@nﬂ@& OH},
1712em, L (= 0=0) .




FIGURE I

N

LUMIHECOGENIN ACETATE

5 8 g 8

PgRCENT ABSORPTION
o

PHOTOHECOGENIN ACETATE

tQ0

80

PHOTOHE COGENIN

7 8

WAVELENGTH (MICRONS)




SHL

Yid61

095D
- -+
(vuo)=H9 81

HO 92

shwos €padow
31V139V NINIS0I3IHINAT

1979

IL 34no14




BIBLIOGRAPHY




Lo

5o

6.

7o

e

10,

it

103

(a) Marker, Wagner, Ulshafer, Wittbecker, Goldsmith,
and Buof, J. fmer, Chem., S0c., 1943, 69, 1199,

(b) Idemy ibid., 1947, 69, 2167,

Gedeon and Kinel, Arch, Pharm., 1953, 286, 317.

Heitz, Lapin, Sennie, and Barchewitsz, Bull. Soc. Chim.
biolo, 195%, 36, 227,

Callow, Cornforth, and Spensely, Chem. and Ind., 1951,
699, |

Fleser and Fieser, "Steroids", Beinhold Publishing
Gorporation, New York, 1959, (a) p.B810 (b) p.249

(e¢) p.713 (see references cited herein),

Shoppee, "Chemistry of the Steroids”, Butterworth
Publications Ltd., London, 1958,

Marker and Rohrmann, J. Amer. Chem. S0c., 1939, 61, 846,
Rosenkrans snd Djerassi, Nature, 1950, 166, 10%.
Mazur and Sondheimer, J. Amer. gg§g9.§ggy9 1959 81,

3161

Cameron, Evans, Hamlet, Hunt, Jones, and Long, J. Chem.

Soc., 1959, 2807,

Mueller, Nature, 1958, 181, 771.

Mazur, J. dmer. Chem. Soco, 1959, 81, Sk,
Idem, ibid., 1960, 82, 3922,
Fried and Borman, "Vitemins aud HormonesY, Academic

Press Ing., New York, 1958, Vol. XVi, p, 30%.




12,

13.

ik,

15,
16,
17,

18,
19,

20,
21,
22,

230
2l

25,

Djexassi, Krakower, Lemin, Liun, Milis, and Viilotti,

Jo fmer. Chem. Soc., 1958, 80, 6284,

Weigmihann and Mazue, J, Org. Chem., 1958, 23, 832,
Fleser, Experientia, 1950, 6, 312,
Gallagher and Kritchevsky, J Jo Muer. Chem. Sc;m,s 1950,

72, 882,

Fonken and Hogg, Tetrehedrom, 1998, 2, 365,
Fonlkkeny, J. Org. Chem., 1958, 23, 1075,
Fonken, Hogg, end Me Intosh, ibid., 1959, 24, 1600,

Toromanoff, Bull. Soc. chile,

Barnes end Palmer, J. Austral. Chem., 1956, 9, 105,

Barton, Cempos-Neves, and Cookson, J. Chem., S0¢.,
1956, 3500, )
Beton, Halsall, Jones, and Phillips, ibid., 1997, 753.
Frled, Arth, and Sarett, J. Amer. Chem. Soc., 1959,

Fleser end Rigaudy, 1bid., 1951, 73, %660,
Weinhouse and Karasch, J., Org. Chen.; 1936,, 1, %90,

Robinson, Gnoj, Charney, Gilmour, and 0liveto, J,
Amer. Chem. Soc., 1959, 81, %08,

Zderic, Carplo, and Ringold, ibid., 1959, 81.5, L3o,
Kaufmenn and Rosenkranz, 1bid., 1949, 7, 3552,
Ruzicka, G@Eﬁ.dhergg and Meyer, ﬁeiﬁ,}?e Chim, Acta, 1939,
8, 99k |




109

26, Ruszicka, Goldberg, end Rosenberg, ibid., 1953, 18, 1847,
27, Elks, J. Chem, Soc., 1960, 3333
28, Bladon and Mc Meskin, ibid., 1960, 2991,

29. Levine and Wall, J. Amer. Chem. Soc., 1960, 82, 3391.

30, Just and Nagarajen, J. Canad. Chem. Soc., 1961, 39,
548, Idem, ibid., 1274%,

31. Ringold, Batres, and Zderic, Totrahedron, 1958, 2, 16%.
32, Kirk and Petrow, J. Chem., Soc., 1961, 2091,

o]

33. Hirschmann, Snoddy, Hiskey, and Wendler, J. Amer,
chemd SOCQ@ 195)‘}'9 Zé9 &‘5’0130
3%, Sondheimer and Mechoulam, ibid., 1957, 79, 5029.

35, Joska, Fajkos, and Sorm, Coll., Czech, Chem. Comn.,
1961, 1646,

36, Wagner, Forker, and Spitzer, J. Amer, Chemn. Soc.,
1951, 73, 249k,

37. Barton, Head, and May, J- Ghem. Soc.y 1957, 935.
Barton, Me Capra, May, and Thudium, ibid., 1960, 1297,

38, Ruzicka, Wahba, llerzig, and Heusser, Chem, Ber.,
19529 229 !‘}’910
39. Djerassi, Martinez, and Rosenkranz, J . Org. Chem.,

1951, 16, 1278,

L0, Bowers, Denot, Sanchez, Neumamn, and Djerassi, J.

Chem. Soe., 1961, 1859,

41, Mueller, Stobaugh, and Winniford, J. Amer, Chem. $0C.,
1953, 79, 4888,




L 1%5) o

43,

45,

47,
48,
49,

504

510

52,
53.

59
5‘60

106

Cornforth, Gore, and Popjak, Biochem., J., 1957, 65, 9%,
Baeyer and Villiger, Chem. Ber., 1899, 32, 362%.

Hassal, "Organic Reactlons®, Wiley and Sons, New

York, 1957, Vol, IX,

Prelog, Ruzicka,‘Meister9 and Wieland, Helv. Chim. Acta,
1945, 28, 618,

Ruzicka, Prelog, and Meister, 1bid., 1651,

Burckhardt and Reichstein, Helv. Chim. Acta, 1942, 2§, 143

Heymann and Fieser, ibid., 1952, 35, 631.

Heusser, Segré, and Plattner, ibid., 1948, 31, 1183.
Westerfield, J. Blol. Chem., 19%2, 143, 177.
Jacobsen, ibld., 1947, 171, 61.

Levy and Jacobsen, ibid., 71.

Jacobsen, Picha, and Levy, ibid., 8l.

Wendler, Taub, and Slates, J. Amer. Chem. Soc., 1955, 77,
3559, |

Murray, Johnson, Pederson, and Orr, ibid., 19569=1g9 981,

Lardony Schmidlin, Wettstein, and Reichsteln, Helv., Chim.
Acta, 1957, 40, 662,

Rothmen, Wall, and Eddy, J. Mmer, Chem. Soc., 195%, 76, 52
Rothman snd Wall, ibid., 1955, 77, 2228,

Burckhardt end Relchstein, Helv., Chim. Acta, 1942, 25, 821

Eisenbraun, McBElvain, and Aycock, J. Amer. Chem. Soc.,




57«
58,

61.

62,

63,
6l
65,
66.
67,
68.

690

70,

107

Barton, Cempos-Neves, and Scott, J. Chem, Soe,, 1957, 2698

Rlegsl, Moffet, and MeIntosh, Orgs Synth., 1955, Coll.
Vol, III, p.237.

Zderie, Carplo, Limon, and Ruiz, J. Org, Chem,, 1961,

26, 2842, | |

Gillam and Stern "An Introduction to Electronie Absorptio

Spectroscopy in Organic Chenistry®, Rdward Arnold
(Publishers) 1td., London, Second Edition, 1957, p.277.
Barnes, Barton, Fawcett, and Thomas, J. Chem. Soc., 1952,
2339

Faleo, Voser, Jeger, amnd Ruzicka, Helv. Chim. Acta, 1952,
39, 2430, |
Kaufmenn, J. Amer. Chem. Soe., 1951, 73, 1779,

Heusser, Wohlfahrt, Muller, and Anliker, Helv. Chim, Acts,
1955, 38, 1399. |

White, J. Amer. Chem, Soc., 1955, 77, 6008-601k,

White and Aufdermarsh, ibid., 1961, 83; 117%.

Sato and Latham, J, Org. Chem., 1957, 22, 981.

Anliker, Rohr, and ﬂeusser, Helv. Chem. Acta, 1955, ég, 11f

Djerassi, "Optical Rotatory Dispersion®, MecGraw Hill,
19@0 9 Palo?,a
Butenandt, Wolff, Karvison, Friedrich, and Paschmamng Chen.

Ber., 1941, 74, 1308 19k2, 75, 19313 19%9 775 392,
Karasch, Kudeme, and Nudenberg, J. Org. Chem., 1953, 18, i2




7L,
72,

73

o

Bt
e
9

Ciamaclan and Silber, Chem. Ber., 1910, 43, 130,

Djerassl, Halpern, Halpern, Schindler, and Temm, Helv.

Chim, Acta, 1958, 41, 250,

Peigl, "Spot Tests in Organic Analyslis", Llsevier,
Ansterdam, 1956, p.33L.
Vogel, "Practical Organic Chemistry", Longmans, Green and

Co., London, 1948, pl75.



