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Summa Iy

Part I of this thesis describes the preparation of the aceto-
acetates of steroid alcohols by reaction with diketene, and ihe
examination of their pyrolysis products.

Acatoacetates of 3oalcohole were very stable, littls ox ne
decomposition to the original aléohol being ncticeable, The samo
was true of cther secondary and tertiary alcohels studied.

Aleohols in the 1l7-position having an adjacent 20<-ketone gave
af-unsaturated lactones having an acetyl side-chain., Attempis were
made ©o removevthis side-chain and thus obtain a lactons ring
similaer to that found in the cardenolides.

Hydrolysis using acid and alkali, and the Haleform Reaction wore
unsuccessful, The 23-oxims wes prepared with the intention of
carrying out Beckmann Rearrangement %o the amide, followed by
hydrolysis and rearrangement to the raquireﬁ product. This wae
also unsuccessful. The oxlme, on itreaitment with acid or base gave
an in%teresting compound formulated as 4—(3°ﬁ,17“a-dihydroxywll°ooxnw
209éprsgnenylidene)vaemethylaﬁmisoxamoloneo

At the other end of the mplecule the 3~acetate was hydrolysed,
oxidised, and a 1;4—diene system inserted by reaction of the
saturated 3-ketone with 2,3-dichlorc-5,6-dicyancquinene.

The second part of the thesis. deals with en attempted prepar-



ation of an 18-oxygenated steroid from hecogenin acetate cyanhydrin,
The latter compound on treatment with thionyl chloride gave 38«
acetoxy-l3p-cyano=lTa-methylene—C-nor-D=homo~5a,25D-gpirostans
which gave the lT7a~ketone on ozonolysis. Hydrolysis of the nitrile
group did not give the p-keto acid expected.

3p~hAcetoxy-lTa-ox0o-C~nor~D-homo~5a,25D-apirostane was prepared,
and its cyanhydrin, when treated with thionyl chloride, gave an
elimination and not the rearrangement expected.

The l7a-methylene compound obtained above was reduced to ths
13p~aminomethyl steroid with lithium sluminium hydride., UNitrous
acid treatment of the amine gave the alcohol and not the ring
enlarged cémpounda

C-Homo=hecogenin was obtained by reduction of hecogenin acetatc
cyavhydrin with lithium eluminjum hydride and treatment of the crude
product with nitrous acid. Separation of the ketonic fraction with
Girard Reagent T gave the requiredﬂproductqv The amine from the
reduction was characterised as the acetate. This acelate, on trezi-
ment with nitrous acid gave a ketone, thought to be the isomeric

C-homo ketone.
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PART I

THE REACTION OF DIKETENE WITH STEROID ALCOHOLS



INTRODUCTION

The observation by cmyizcm1 that pyrolysis of Sa-acetoaceioxy-
3B~ acetoxyergosta=719(11)s22-triene (I3 R=00003200m3) gave the
Sa-hydroxy compounds prompted an investigation into the value of

jthe acetoacetate group as a protecting group.

That this was unsuccessful was rather overshadowed by the
discovery that side-chain a-ketols when treated with diketene gave
lactones similar to those found in the cardiac aglyccnes.

The cardilac aglyconss fall into two main groups,; the carden~
olides (II) and the bufadiemolides (III).




The more prevalent cardenolides, are 023 steroids having a

p-side-chain which comsists of an up-unssturated five-membered
lactone ring. In the bufadierxolides, the side-ohain 1z a doubly
unsaturated six-membered lactone ring. Both series carry a 14p-
hydroxyl group, rings C avé D being trans-fused.
' ~ The stercochemistry of the ring system invarisbly corresponds
fo $hat of & sterol or bile acid ot Cgo 09', Cygo Cyys and Cyqp tho
Bain di fferences betweon the tweo series bging a% 63 and cs aad the
presence o7 absence of oxygen functions gt other positions im $he
wmolscule.

The eérdmolidez occur ag pilant glycosides, while bufadiam-
olides coour in both plant and animal organisms. Hydrolysis of dthe
glycosidez gives the aglyoone and a sugar residue., About twemty suchk
sugars have boen isolated from hydrolysis producte of eardiae
glycosides, most of whioh are mot obiainable from other plant sounvoes.

 The lactone {IV) desoribed below, preparzed by reaction of a
21-hydroxy-20-om-steroid with dikeiene was similar to the ecarden-
olide lacfone, exospt for an additiomal acetyl side-chain.

Yo

»’

9y

(V)




Removal of this acetyl side-chain would obviously give the true
cardenclide lactone ring. In our attempts to carry this out, the more
readily available lactones (V; R=H or cu3), fron 17a-hydroxy=20-0zc-
steroids were used. These efforie were umsuccessful.

Pharmacologicsl screening of the lactones (V3 R<H or CHJ) showed
anticorticoid activitys in other words, the lactones could mullify
the sodium and water retaining effects of compounda such as

deoxycorticoasterone {VI) and aldosterone (VII).

HO 0 fzn ?B gon
i
of-
(viI)

Similar, but unsubstituted saturated lactones (VIII; R=H or caB)
bave been synthesised by Cells and Kaeawaa and shown to be aldogterone

antagonists.




(1x) (x)

It bas been r@p@rteds that ﬂ194w3~cnes {IX) avd {X) have 3 *
times the activity of %he 1y2-saturated steroids in ihe treainont
arthritis. For this reasom, the lactones (V) preparecd belvw, wey.
converted to 8°%
gaturated 3I-keions ﬁith 2,3=~dichloro=5,6=-dicyanoquinone. The nge o
this wreagent to cbiain 6194adieﬁew3wonea from 64;3=Qm®@ bas boen
deseribed by Burn, Kirk, and retrow4a However, the same reagent o
elso be used with saturated 3-ketaness to give A1°4wdiamew3mam@$w

The resulis of screening tests on these compounds are ust yeb

- available.

digne-3~ones. Tales was achieved by tvoadment of
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The following study of steroid acetoacetates and the products
derived from them was prompted by a rex.\cu:'o1 that pyzolysis of So=
: acotoacotozy»:ip-acetpxyergosta-?ﬁ( 11),22-triene (I3 R=0003200033)
and related compounds resulted in decomposition to the original
alcobols (I3 R=H). If this is generally true of steroid acetoacet-

etes, a very convenient protecting group will have been found,

The acetoacetates of cholestercl (XIj Re=H), ergosterol (XII
R*H), hecogenin (HiI; R=H), and diosgenin ( X1V R=H) were prepared
by refluxing with diketene in a suitable solvent, and in the presence

of a basic catalyst, triethylamine.

(x11)



(x111) (xxv)

At the same time, & polymer of diketene was formed, and chroumsi~
ography was necessary to isolate the products. The polymer appesara %o
be identical with a compound examined by Steel, Boess, and hu116 and
whick they claim tc be 2,6~bis-(6-methyl=d-oxo~2~pyranylmethyl )-

pyrone (XV).

, 0 0 CH
CH CH CH
3 %] |]"°32‘@' y 3

(xv)

Gholesteryl7 apd ergueterwla acetoacetates {XI and XIIg
R=GOGH200633) are known, and the physical constants recorded below
are in agreement with the'published values., The acstoacetates of
hecogenin and'dioegenin ( XIII and XIVj; B:COGHQCOCHB) are claimed in

a patsntg but the compounds themselves are not described.



Pyrolysis of cholesteryl acetoacetate was attempted under
vacuum at 200°, The product was mainly unchanged acetoacetate. That
pome decomposition to the original alcohol did occur, was shown Sy
the presence of 2 little dehydroacetic acid (XVI), a dimer of
diketene, at the top of the pyrolysis tube.

- The other acetoacetates mentioned above gave similar results,
thus establishing the stability of acetoacetates of 3p-hydroxy

ateroids.

Other secondary alcohole trested with diketene were lla-hydroxy-
tigogenin (XVIIg R, =p-CH, némaon), nsmhygmxytigogenm ( XvIL;
31=n2=5=on), and ite 3-acetate ( XVIIj Ry=p~OAc, R2=Bo03), end
3B,128-dibydroxy-11-0x0~5a ,25D-spirostane (XVIII§ R=B-0H) all but the
last of which, werse non-crystalline. |

Attention was now turned to tertiary hydroxyl groups simee 1%

appeared that any instability may be duwe to the steric hindrance at



these points. In particular, two S5a-hydroxy steroids were treated
with diketene and examined as before. These were Sp;acetoxwhsa-
hydroxycholestane {XIX; R=H) amd éa-acetoxyasaahydmzy-u.keto-
ergostane (XX3 R=H).

(xxx)

The former compound (XIXs R=COCH COC§3) wag heated uader

2
vacuum iu & pyrolysis @ube which was comnected %o a U-tube ocontaining
aniline, By this meabs, any ketens or diketeme formed ss a result of
fha pyrolysis could be characterised as acetanilide or acetoacet-
anilide respestively. Cnse eagaln, the onig decompogition product
found was & small guantity of dehydroacetic acid {XVI).

By this time, it was realised that the acetoacetates of
steroids were, in genmeral, stable compounds. Any ims%ability in the
sompounds raportsdl must be due to the diene system. Since ergosterol

(XIIs B=H) bas a similar diene gystem, and does mot give an unstabloe

acetoacetate, it is concluded thet dscomposition must be assocliated



with a tertiary hydroxyl group, f to a conjugated diene system.

It was found in a later experiment, however, that treatment of
cholesteryl acetoacetate (XIj R=%032WCH3) with hydroxylamine
hydrochloride gave cholesterol (XI3 B=H).

An' attempt to prepare the acetoacetate of 3p-acetoxy-12p-
hydroxy-1l2a-methyl-5a,25D-spirostane (XXI3 R=H) resulted in the
formation of a gum. Infrared and uliraviolet spectra showed that
reaction had taken place, but no orystalline material could be

isplated. Hydrolysis of a sample of the gum gave the 38,12B-=diol which
wag corystalline.

R0




10

The third type of teriiary hydroxyl group to be studied was

10 .

thqt in the lTa-position in the pregnane series. The compounds
thia type used wers 3p-acetoxy-l7a~hydroxy~ll,20-dioxo-Sa-pregnane
(XXIX3 R,=Ac, né=n) and its 1l6s-methyl analogue (XXXI3 Ryhe, né:cas)u
When treated with diketene as before, these compounds formed A“Ba
lactones having sn a-acetyl substituent (XXIII).

A similayr but unsubstituted ap-unsgaturated lacitone siructurec is
present in the cardiac sglycones, which have an ultraviclet absorp-

tion at 220 mp. This difference cap only be due te the presenmce of

11,12

the acetyl group. The compounds obtained alsc gave positive Legal
tests, indicative of Auﬁolactonese

With the formation of the Auﬁ-laetone system in mind, 21~
hydroxy-3; 20=dioxo-5a-pregnane {XXIVs R=H) wes treated with dikeotens,
gliving a compound {VI) havirg the a-acetyl cardemolide lactone
structure. As this reaction with 2l-hydroxy steroids has already

9

been described by Ruschig, Fritsch, and Lindler,” attention was

confined to the 17a~-hydrozy-20-cxo-gieroids described above,

(xx1v)



i3

One significant difference between the compounds described
below and those described by the German workers is that the latter
claim to obtain the open chain acetoacetates which are then cyclised
by means of sodium in methanol, while the l7a-acetoacetoxy compounds
apparently cyclise spontaneously. Since all diketene products
obtained in the work present}y described were chromatographed on
dezctivated alumiz;a., however, it may be that this ig sufficient to
cause cyclisation. Rushig et 3}39 raport thet the aa’—acetone-
dicarboxylic acid othyl ester derivative of 2L-hydroxy-3,20-dicxo=5a
-pregnane { XXIV; mcocnzcocnzcoam) is cyclised by allowing to stand
on an alumina column in l:1 petroleum ether-benzene for 2-3 hours.

The A*P-lactones (XXII1) were pharmacologically screened and
shown to have some anticorticoia. activity i.e. they reduce the
sodiumfetaining effects of the minmeralocorticoids. It.wasbfalt there-
fore that removal of the a=acetyl side-chain should give rise to
interesting compounds having increased activity. |

Of the two starting materials the 1l6e-methyl stercid (XXIII;
Rl-'-‘Ac, RZ=CH3) was more readily obtainable, honce most of the reactions
were carried out using this compound. Some, but not all, of the
reactions repeated using 3f-acetoxy-1Ta-hydroxy-ll,23~-dioxochol-
20(22)-ene~22-carboxylic acid 22->17 lactone (XXIIIj R =Ac, a‘,’_,-:n)° ,

The results in both series were almost exactly parsllel, no
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difference due to the l6a-methyl group being noticeable.

Perbaps the most obvious method of removing the 22-acetyl group
is by means of the haloform reaction which should give the 22-
carboxylic acid (XXV) and hence by decarboxylation the required
product (AXVI)., However, treastment of 3p-acetory~-lTa-hydroxy~ll,23-
dioxochol~20( 22)-ene~22-carboxylic acid 22-+17 lactone (XXTIIj
R,=Ac, B2=H) in alkaline sclution with lodime in potassium jodide
splution]'?’ gave no recogniszable products Sodium hypobromit914 and
sodium hypochlori%els also gave diseppointing resulis whem reacted
with the corresponding 16a-methyl derivative (XXIII; R=4o, R2=GH3)0
In the latter case, starting material was obtzined. The failure of
the iodoform reaction may be dus to the proximity of the double
dond to the methyl ketone.

R
(xxv) ( XxvI)

Attontion was now turned to hydrolysis using stromg acid or
alkali. Cold methanolic potassium hydroxide had no effect other than
to remove the 3-zcetyl group giving the 3g-hydroxy compounds {XXIIZs

Rf-’ﬂ, 32311 or CHs)a A similar recult was 6b%a1ned with potassium
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bydroxide in refluxing methamol. Hydrolysis of 3p-acetoxy~1Ta-
hydroxy-l6a~methyl-11,23~dioxocho 1;20( 22)=ene-22-carboxylic acid
22-+17 lactone (XXIII; R, =Ac, 3230113) using potassium hydrozide in
refluxing ethylene glycol resulted in extensive decomposition. The
orude product gave 8 negative Legal test.

Hydrochloric acid in acetic acid gave back unchanged starting
material. The same acid in methanol at 65° and 140° resulted in the
formation of the 3p-hydroxy derivative (XXIIIj Ry=H, 32--033)9 whils
ethylene glycol at 190° gave a black tar from which no stercid
could be isclated.

The use of hydrochloric acid in acetic acid was due to Iaacoyié
who has made a thorough study of the reaction of diketene with low

molecular weight, 1,2 and 1,3 ketols (XXVII).

—cs B, COR, By
By ~=C=0 I—jm

{
By—C—oH R N0 Y R

(Xxv1iI) ( XXViII) ( XX1X)

The products of these reactions cyclised spontaneously, or on
treatment with alkali to give lactones of the type shown (XXVIII).
These lactones on treatment witk’hydi'pchlom. acid in acetic acid;

gave B-~furoic acids {XXIX). Clearly, the structures ¢f the steroid



lactones described above do mo% permit this type of resrraugement.
Thus, it appears that the lack of success with h&dmlysis atbempic
was due to the inability of the 20(22)-double bond to move imic ks
17(20)=position, Por this reason it was decided to hydvogemate thc
double bond, and attempt to hydrolyse the product.

In the hydrogemation of 3f-acetoxy-lla-hydrozy-11,23-diozschul~
20(22)-cne-22-carbozylic acid 22~31T lactons (XXIIZ3 R,"Ac, By H} &id

e
its 16a-methyl bomologue (XXIILj Ryhe, Bé;aHB) it wac fourd that
two products could be obiained, depending on whether pglladiuvm on
charcoal or platinum oxide was used as catalyst. The latiez temdc) ‘o

take the reaction g stags furthar,

"‘?“.’

‘ '.l‘hus, with palladium on charcoal, 3p-acetoxy-lia-hydroxy-11,2
dioxnchol~20(22)=ane-22-oarboxylic acid 22-»17 lactone {XXIZIIj
R, "Ac, 322:'73) gave 3p-ecetoxy-lTa=hydroxy-11,23=-dioxochale n=22-

carboxylic acid 2217 lactone (XXX3 R, FAey Rfﬁﬂ) while platinum
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oxide yielded 3puacetuxyb11,23-dihydroxw-11-oxocholan-za-carbo:ylic
acid 22-»17 lactone (XXXIj R%Ac)o

With the more powerful platinum oxide, the 23-carbonyl group
hags been reduced. This can occur either by direct attack on the
carbonyl group, or by epoliaation, followed by reduciion of the
double bond. Reduetién of the 23=~carbonyl in preference to the ll-
carbonyl is postulated since the infrared spectrum shows that the
hydrexyl group formed is hydrogen bonded. This can only happen at the
23-position,

Hydrogenation of the 16a-methyl derivative ( XXIIIj Ry=hc,
223055) using palladium on charcoal ag catalyst followed am identical
pattern to that indicated above, the products being 3p-acetoxy-17a-
hydroxy-16a-methyl-11,23-dioxocholan~22~-carboxylic acid 22«=17 lactone
( xxxs R =Ac, R2:CH3) and 3p-acetoxy=-17,23=dibydroxy-l6a-methyl=il-cxo-
cholan-22-carboxylic acid 22-»17 lactone {XXXII; R=Ac),

(Xxx11)
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All hydrogenation products gave a negative Legal test, showing
the abaence of the Aap-laotone system. Both palladium products have
ultraviolet absorption maxima at about 255 mp in ethenol, which is
raised to 282 mp in alkaline solution. This behé,viour is similar
to that of ethyl acetoacetate” (2455274 mu). The platinum oxide
reduction products showed no such absorption, which indicates that the
23-carbonyl has been affected.

Hydrolysis of the saturated lactones (XXXs R,%4c, R,=H or CH )
gave mon-crystalline pmdqotso”:tn'fra:..-ed spectra, however, indicated

that the lactone had remained intact.

( xxx111)

Thc next approach to removal of the a-acetyl side-chain was %o
prepare the 23-ozime ( XXXIII3 R=Ac, R2==H) by treatment of 3f- acetozy
-17¢~hydroxy-11,23e=di.oxochol-20(22)-ene~22—earbowlic aeid 22-»17
lactone (XXIII} R;=Ac, R,=H) with hydroxylamine. It wes plamned to
rearrange the oxime to the amide (XXXIV)“ which ghould be capable of



by |

hydrolysis to the acid (XXXV). This on decarboxylation should give the
required 4°P-lsotone (XXVI) with no 22-substituent.

(Xxx1V) (xxxv) ( Xxv1)

Beckmann rearrangement, however, did not ocour, the only
products being starting mgtax'ial and & amall quantity of a compound
formulated as 4~(3°p-acetoxy-17‘a-hydroxy-11°-0x0-20<~pragnenylidone)
=3-methyl-5-1isoxazolone { XXXVI3 B=Ae).

The oxie was hydrolysed with both hydrochloric acid and
. potassium hydroxide in an attempt to regenerate the 23-ketone. The
product in both casea was 4=(378,17%c=d1hydroxy~11"*=0x0=20'~pregnen=

" ylidene)-3-methyl-S=-isoxazolons ( XXAVI; R2H).




18

Acetylation of this diol gave a diacetate, shown to be 3p-
acetoxy-23~acetoxinino=1Ta~hydroxy-1l-0x0chol=20( 22)~ene=22-
carboxylic acid 22-w17 lactone (XXXIII; R,=R,=Ac) and which gave a
mixture of the oxime ( XXXIIIj R =Lc, nazn) and its hydrolysis
product ( XXXV1s R=H) on chromatography. |

Aoetylation of the oxime { XXXIIIs Ry=hc, Rzzﬂ) gave, on
repsated crystallisation, starting material. It was found that the
infrared spectrum of the acetylation producé, before rscrystallisatisn
was identical with the spectrum {observed under similar conditions)
of the product obtained on acetylation of the 3p-ol (XXXVI; ReH).

It would sppear that the oxime side-chain can exist im lactene
or isoxazolone formsg which form is isolsted depends on vwhether the
group at (’:3 is hydroxyl or acetoxyl. When the 3=position beyrs an
acetoxy greup, the preduct is isolated as the oxime (XXXIIIj R, =Ac,
Rz"c‘H), while the 33«»@1 existe mainly as the isoxazolome ( XXAVI; R=H),

Attempted hydrogsiations of the oxime and its hydrolysis product
in the presence of acetic acid were umsuccessful. In the former case
however, a small quantity of the isoxagolonme { XXXVI; R=Ao) was
obtained.

The discetate (XXXIIIj R1=32=Ac) had 8 triple melting point, with
apparent decomposition after the second melting point? Pyrolysis of

this diacetate at 225° d4id not give a crystalline product,
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3p=hcetoxy-lTa-hydroxy-11,23=~dioxochol-20{ 22)~cne~22-carboxylic
acid 22-a17 lactone (XXIIIj R,=Ac, R,H) was treated with ures,
phen.ylhs'drazine; hy@razina hydrate, and samicarbazide hydrochloride
in attempts to prepare derivatives anslagous to the isozazolome
described above. Ures was without effect and starting material was
recovered, while the phenylhydrazone was non-crysialline. In the case

of the last iwo rengents crystalline products were obtaimad,

(XXXV1II)

Hydrolysis of the hydrasese (XXXVII; R=N.NH) gave material
thought %o be 4={3%P,17'a-dihydroxy-11'=0%0-20"=pregnenylidens)-3~
methyl-5-0x0-pyrazoline ( XXXVIII; R=H), The semicarbagone (XXXVIIj
n:mm,co.,lma) on the other hand, gave 3f,l7e-dihydroxy-11,23-dicxn-
cho1-20(22)~ene-22-carboxylic acid 22-+17 lactone ( XXII13 alsnzzn)o
Insufficient material was available to permit a full sxamimation of
the hydrolysis products. .

Treatent of 3p-acetoxy-lTa-hydroxy-ll,23-dicxocholan-22-
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carboxylic acid 22-+17 lactone (XXX} R,=Ac, 32=H) with urea gave
starting material, but resction with bydroxylamine hydrochloride gave
the 23-oxime (XXXIX).

A1l at‘tempts at removing the side—chain having been unsuccessful,
attention was now turned to the other end of the molecule. In

particular to the insertion of a 1,4-diene—3-one systez in ring A.

Rl 3

(xn) (xLI)

To this end, 3§,lla-diacetoxy-lTa-hydroxy-l6a-methyl-20-0xo-
Sa-pregnane (XLj R)=p=OAc, R2=c-0Ae) was treated with diketeme., The
product was chromatographed to give the required lactone, (xLIs

R,=p-0Ac, sta-OAc) which was amorphous. This was hydroiysed to the
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amorphous diol { XLIj R, =p-0H, Rz-:u-on) which on oxidation, gave
erystalline lT7a~hydroxy-16a-methyl-3,11,23-trioxochol=20(22)-cne~22~
carboxylic acid 22-sl7 lactone ( XLII).

(xLII) (xLI1I)

From the mother liguors of the oxidation product (XXIX) was
obtained a second product which had almost identical infrared and
ultraviolet spectra. The only difference between the two was a
peak in the infrared at 1100 co, which could not be assigned to
any of the known functional groups in the moleculea. Such absorpt‘ivong,
however, is known to be typical of ethera,lg and “hydx;olysis of tho
second preduct gawve the 3-ketone. Thus the sscond product is '

- thought to be the acetal of the 3-~ketome (XLIII).

Oxidation of 33117c-dihydroxyb16a~methy1—;1,23—dioxochoi-20(22)
—ene=22-carboxylic acid 22-»17 lactone {XX11ls R =H, 32-'033) gave
the 3-ketone (XLII) which was iden%ical with the high meliing

product, Once again, the mothser liquorz yielded the acetal "( XLIiI),
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The oxidation product (XLII) was treated with 2,3-dichloro-
5,6—dicyanoquinones (DoDaQa) in an attempt to introduce a 1l,4<diene
syastem, The product, however, was shown to bde l7e-hydroxy-l6a-
methyl-3,11,23-trioxochol-4,20(22)-diene-22=carboxylic acid 22-»17
lactone (XLIV). |

3fs1la=Diacetoxy-1Ta~bydroxy-16a-mothyl-20-0x0-5a-pregnane
(X3 R,=B-OAc, R =a~OAc) wes comverted by successive use of the
reagonts potassium hydroxide, chromic acid in acetone, amd 2,3-
dichlore=5,6~dicyanoquinone, into 1Te«hdroxy-l6a-methyl-3;11,20-
trioxo=5a=pregna«l,4~diene (XLV) whick, with diketene gave the

required lactome {XLVI).
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3B51Te~Dihydrozy=11,23-diox0chol-~20( 22)——ene-22.-.c,grboxy11c acid
2217 lactone (XXIII; Rf:RzzH) was likewise oxidised to the 3-ketone
(XLVII) which vas treated with D.D.Q. in an attempt %0 prepare the
analagous diene-one (XLVIII) to the ome prepsred above. The product,

however, was an oil from which mo steroid could be iselated.

0‘5

()

2l-Acetoxy~1Te-hydroxy=~3 ,11,20-triom-5a-prsgnanem (XLIX) was
treated with diketene, as befors, to give a gum which did not

crystallise.

( xLIX)

Likewige, compound sl° (L), treatéd with diketene followed by
_ godium methoxide according to the method of Rushig, Fritsoh and

Mn‘dlor9 gave non-crystalline material.



EXPERINENTAL
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General Experimental Technigues.- Unless otherwise stated,

all melting points were done on a Kofler apparatus and are there-
fore corrected valuess; specific rotations were determined in
chloroform solution in a 10 cm. micro tubes infrared spectra wero
obtained from potagsium chloride discas ulitraviolei spectra were
done on efhanolic solutionss eztracts were dried with anhydrous
sodiwm sulphates alumina was deactivated by shaking the slurry in
60-80° petroloum ether with 5 ml. of 10% aqueous acetis acid for
each 100 go aluminasl9 petroloum ether had bB.p. 60-806°.

Cholesteryl Acetoacetate (XIj R?COC§ECOCHEA°a Cholesterol {XIj

R=H) (2.55 g.) was dissolved in chloxoform (50 ml,) and trsated
with diketene (4.4 ml.) and triethylamine (0.1 ml.). After a one
hour reflux, the solution was evaporated %o drynees under reduced
pressure. A solid was obtained which was dissolved in benzene and
chromatographed on desctivated slumina (100 go)e

Penzene eluted material (1,72 g.) which, after thres recryst-
allisations from chloroform-mothanol was shown to be gholesteryl
acetoacetate (XI3 RsCOCBchCH3)9 Bepo 93-96°, MD ~2403° { 8y 1:26)
Apay 204 (€ 3460) and 245 mp (s 1690), vy, 1745 (>€=0), 1732 {>C=0};
1648 (C¢=C7), and 1163 en”t, {ecetoacetats). c.f. Bader, Cummings,
and Vogel7 who give m.p. 949,[&]D -33%,

911 Benzene:sther eluted material which, after three recryst-
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allisations from chloroform-methanol bad m.p. 235-2360,,{(1] D 0°

- (Pound :C,67.05; H,5.05. Calc. for C 931606’ Cy67.0535 Hy4.75%),

Apax 210 (¢ 26,900) and 302 my (e 25,600), Vnax 3448%, 1710s,

16238’ 1591.’ 1%93, 15495, 14183, 13083’ 11235’ 10378_, 9568, 8828,

- 1848, and 760s ea~?t,

This material appears to be identical with apolymer of diketeneo
examined by Steel, Boese, and Du116 and which they claim to bs
2,6-big~{6-methyl-4-0x0-2-pyranylmethyl )=pyrons (X¥}.

 Pyrolysis of Cholesteryl Acetoacetate.- Cholesteryl acetoaceiate

(X1s R:COCH2000H3) (100 mg.) was heated at 200° for 45 min. in an
evacuated pyrolysis tube, The product was dissolved in benzene and
poured through a column of alumina (10 go}.

The material obtained on eluiion with benzene had m.p. 80-140°.
Two recrystallisatioms from methyleme chloride-methanol gave
mepe 115-143%, v__ 3400 (OH), 1724 and 1680 cu™ . (weak aceto=
acetate). It would seem that ths scetoacetate has partially
decomposed, giving e mixture of cholosterol {Lit. m.p, 149) and itg
acetorcetate. Evidencs to support this was obisined from the form-
ation of some dehydroacetic acid {XVI) in the pyrolysis tube. This
is a dimer of diketense, and could only have come from the decomp-

osition of cholesteryl acetoacetate.

Ergosteryl Acetoacetate (XII3 R=COCH,COCH. )_.- Ergosterol (XIIj

R=H)} (1.2 g.) in benzene (50 ml.) was treated with diketene (1.2 ml.)
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and triethylamine (0.2 ml.). The crude product, isclated as above,
was chromatographed on deactiveted alumina (100 g.).

931 Eenzana:ether eluted material which, after three recryst-
allisations from chloroform-methanol was shown to be ergosteryl
acetoacetate (XII; R=COCH,COCH,), m.p. 122.5-152°, [a] , -82°
(g5 0:39), A . 205 (e 5830), 265 (& 9000), 272 (& 12,000), 282
(e 12,400), and 294 mp (c 6880); v _ 1745 (ZC=0), 1706 (>C=0),
1650 (£=€J), 1592 (Z06=C7), 1152 (acetoacstate), and 833 on™Y, (=C-B).
c.f. Bader and V’egel8 who give m.p. 124«509{a}D =19.3%,

Pyrolysis gave unchanged acetoacetate and only minute traces
of dehydrcacetic acid.

Hecogenin Acetoacetate (XIII3 chocnaggggal,a Hecogenin ( XIXII;
R=H) (2.09 g.) in chloroform (50 ml.) was treated with diketene

(4.0 ml.) and triefhylamine (0.2 ml.) as before. The crude produci

obtained on evaporation of the chloroform solution was dissolved

- in benzene and chromatographed on deactivated alumina (90 g.)»
Benzene eluted material which, after four recrystallisations

from methylene chloride-methenol was shown to be hecogenin aceto-

acetate (XIII3 R=COCH,COCH,), .pe 198-z01°, Bl -1 (g5 2:29)

(Fbuna; CoT1.93 HyBoTo °31“46°6 requires C,72.35 H;9.0%),

lm' 204 (c 2780) snd 240 mp (€ 2000), v, . 1754 (Zc=0), 1718 (Sc=0),

1653 (3€=C7), and 1154 cn > (acetoacetate)s
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Pyrolysis as before gave a mixture of hecogenin acetoacetats,
hecogenin, and dehydroacetic acid.

Diosgenin Acetoacetate (XIV; R=COCH OOCH ),o Diosgenin (XIV3
R=H) (2.08 g.) in chloroform (40 ml.) was treated with diketene -
(4.0 ml.) and triethylamine (0.1 ml.) as before. Isolation of the
crude product was followed by chromatography on deactivated alumina
(90 g-).
‘Benzene eluted material which, after three recrystallisations

from chloroform-methanol gave diosggenin acetoacetate ( X1V R:COGﬂzw

COCH. ,)’ m.p. 169-1?1°,[a]n =102° (o, 1.08) (Found: C,74.43 H,9.35.

c 114605 requires C,74.Ts H,9.3%), Xpag 204 (€ 4420)and 247 mp

(¢ 1840), v __ 1729 (3C=0), 1714 (>C=0), 1651 (3c=cT), and 1168 ot

{acetoacetats).
- Pyrolysis as before gaws the three materials, diosgenin,

diosgenin acetoacetate, and dshydroacetic acid.

§g-Acetoaceto§I-3Q-acetoggbcholestane<(XIX; R=COCH:COCH3L°-
3p-Acetoxy~5e-hydroxy-cholestane (XIXs R=H) (0.49 g.) in benzene
(25 ml@) was treated with diketene (0.5 ml.) and triethylamine
(0.1 ml.) and refluxed for 2 hours. Evaporation of tho solvent
under reduced pressure gave the crude product which was chromato-
graphed on deactivated alumina (40 g.).

Benzene eluted material which, after three recrystallisations

°
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from methanol gave 5a-~acetoacetoxy-3p-acetoxy~-cholestane (XIX; R=CO-

CH,COCH, ), mepe 133-138°, [o]p +19.7° (5 0.78) (Found: ¢€,74.7;
H,10.5. Cy4H,,0 requires C,74073 H,10.3%), A, 208 (c 9750)
and 250 mp (e 4200), v 1751 (=C=0), 1672 (Zc=CC), 1247 (OAc),
and 1151 e, (acetoacetate).

Pyrolysis was carried out under high vacuum. Any gases formed
in the pyrolysis were made to pass through & cooled tube contaiming
aniline. Thus any ketene or diketene formed could be characterised
as the corresponding amide. The temperature of the pyrolysis tube
was raise& to 180° and kepﬁ there for 5 min.. The tube containing
the aniline, still under vacuum, was allowed to come to room Semper -
aturé, in order to aid any amide formation. The aniline was washed
out with ether and the ether sclution washed several times with
dilute hydrochloric acid. Evaporation gave mo product. The sublimafe
at the top of the pyrolysis tube melted at 98o109° and was thus
dehydroasetic acid. Both the lower sublimate and the residual gum
were recrystallised from methanol to give acetoacetate. In neither
cass was any trace of the Sa-hydroxy compound found., -

Sa=Acetoacetoxy-3p-acetoxy-11-keto~ergostans (X3 R=COCEECOCH32F
3p-Acetoxy-Sa~hydroxy-ll-keto-ergostane (XX; R=H) (100 ng.) was

dissolved in chloroform (10 ml.) and treated with diketene (0.13 wl.)

and triethylamine {0.1 @l.). After refluxning the solution for 3 hrs.
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the crude product was isolated in the usual manner and chroma to-
graphed on deactivated alumina (10 g.).

- Benzene eluted material which, after three recrystallisations
from methanol was shown to be Sc'-acetoaoetog-ja-acetog-llnmo;e
ergostane (XX; RZCOCH,COCH,), m.p. 110-112°,[a] ) +44° (g, 1.0}
(Founa: C,T3.43 H,9.8. C, B 0c requires C,73.13 H, 9.7%),
Apay 247 mp (e 840), v 1724 (5C=0), 1704 (2C=0), 1248 (0OAc),
and 1152 en™t, (acetoacetats).

Reaction of lla-Hydroxy-tigogenin (XVII; R,=p=0H, R.=a-OH)

with Diketene.- lla-Hydroxy~-tigogenin (XVII; R, =p~0OH, n2=¢-on)

mna.

(2,02 g.)waa dissolved in benzene (50 ml.) and treated with diketene
(2.0 ml.) and triethylamine (0.2 ml.). The solution was refluxed
for one hour, reduced in volume to 20 ml. and petroleum ether (20 ml.)
added. chromgtc:graphy on alumina gave a gum which contained some
diketenepniymer (XV). Further chromstography gave a gum, probably
~ the di-acetoacetate (XVII; R =p=O0COCH,COCH,, 32=a-ococnz-cocn3)
which appeared to be almost free of polymer, {n]D -52,7°, Max 208
(8% 93) ana 250 op (57, 129), v, 1748 (S0=0), 1727 (S0=0),
1642 (Cc=cl), 1161 (acetoacef;a*te), 1054, 980, and 901 onl, (spiro-
stane side chain).

A sample of the gum so obtained was hydrolysed to the dihydroxy
compound (XVII; R,=p-OH, Ra~OH) showing that reaction had taken

place.
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Reaction of 11g-Hydroxy-tigogenin QXVIIg ngg =8-00) with
Diketene.~ 1llg-Hydroxy~tigogenin ('511'32:3"03) (1.42 go) was

dissolved in bensene (50 ml.) and treated with diketene (2.0 ml.)
and triethylamine (0.2 ml.) as befors. The product, isolated as
above, was chromatographed on deactivated alumina to give z gum,
thought to be the required di-acetoacetate (XVIIj R, =R,=p=0COCE,~
, 0

cocn3~), M p =215 s A, 206 (zﬂmn 59) and 232 mp (tﬁm 119),
nagx 1742 (>c=0), 1721 (2C=0), 1642 (C¢=cl), 1155 (acetoacetate),
1045, 978, and 896 ot (epirostans side chain).

A sample of the gum was hydrolysed to give the diol (XVIIj
RJ_:Rg:BwOH)o

Reaction of 11g-Hyc

jgogenin acetate (XVIIs R, =-0Ac,

R,=p~OH) with Diketene.- 1llp-Hydroxy-tigogenin acetate (XVII;

R, =p-OAe, R2=B=OH) (278 mg.) formed by acetylation of the 38,118~
diol, in chloroform (25 ml.) was treated with diketene (0.5 ml.)

| end triethylamine (0.l ml.). The cxude product was chromgtographed
on deactivated aluming, as before, to give a clear gum, thought io
be the llp-acetoacetate (XVIIs Ry =B=OAc, R2=5-00003200033) [a]D‘94940
(g5 0:69) A _ 229 (E}% 127) and 255 mp (x%fm 52)y vp,y 1752
(0OAc and C=0), 1631 (ZC=CT), 1236 (Oic), and 1140 o, (aceto=
acetate).

Hydrolysis, as above gave the 3§,11p~-diol.
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Reaction of 3p-Acetoxy~128-hydroxy-12a-methyl-5a,25D-gpirostane

XXI; R=H) with Diketene.- 3p-Acetoxy-12p-hydroxy-l2s-methyl-5a,25D-

spirostane (XXI; R=H) (2.05 g.) was dissolved in chloroform (50 ml.)
and treated with diketene (4.0 ml.) and triethylamine (0.1 ml.).
After refluxing the solution for 1 hour, the product was obtained
as'yefore and chromatographed on degctivated alumina((90 g.).

311 Petroleum ether-benzene eluted material which was a gum
and could not be crystallised. This wag shown to be 12B~acet§acetoxya

3p-acetoxy~l2a-methyl=5a,25D-spirostane (XXIs R=COCH c0053)" Amaxao8

2
(e 7700), 260 (e 6450) and 347 (e 3380), Yoag 1139 (>c=0), 1639
(Cc=CT), 1238 (04c), 1153 (acetozcetate), 1052, 978 and 899 cm™'.
(spirostane side chain)..

A sample of the acetoacetate obtained above (115 mg,) was
dissolved in metbanol (5 ml.) and treated with potassium hydroxide
(2.0 g.) in aqueous methanol {15 ml.). The solution was refluxed
for 6 hours, diluted with water (100 ml.) and the product extracted
- into ether. Evaporation gave a froth (76 mg.) which was recrystall-
iged from ether containing a little pyridine to give 38,128~
dihydroxy=-12e-methyl=5a,25D~spirostane as a pyridine solvate,
m.p,»205f212,5° with change of form a% 130° (due to loss of pyridinme).
¢.f., Bladon and Mcﬂeekin,zo who give m.p. (130, 190) 210~2l3@a

3p,12p-Diacetoatetoxy-11-keto-5a,25D-spirostane (XVIIIs R=OCOCH.-

cocn3),- 3B,126-Dihydroxy=~11=keto=5a ,25D~spirostane (XVIII3 Ry=R =



32

OH) (1.03 g.) in chloroform (50 ml.) was treated with diketens (3.2
ml.) and triethylamine (0.2 ml.). The crude product was chromato-
grephed on deactivated alumina (150 g. ).

Ether eiuted material which after four recrystallisations
from methylene thoride-methanol was shown to be 3B,12p-diacetoacet-

oxy-ll-keto-5a,25D-spirostane (XVIIIj R=0COCH,COCH,), m@op. 158-162°,

2
fal; n53,49 (es 0.2) (Found: C,67.855 H,8.35. Cy 58O o CH, OF
requires C,67.6; H,8.3%), g g246 TR (¢ 3000), Voax 1791 (Zc=0),

1724 (Cc=0), 1157 (acetoacetate), 1053, 981, and 898 ca L, { spiro~
stane side chain),

3ﬁwAcetoxzel7mg§¥droxye16aametgglell,23mdioxbchol=20(22)oene«

22-carboxylic acid 22-»17 lactone (XXTII3 R =Ac, R _cngl,a Acetyl-

ation of 3B,l7a=dihydroxy-16a-methyl=1l,20-dicx0=5a=pregnane (XXII;

R, =H, 32=CH3) (4.96 g,) gave the 3p-acetate {XXIIj R =Ac, R2=GK3)
which was dissolved in chloroform (100 ml.) and treated with

diketene (4.5 ml.) and triethylamine (0.2 ml.) as before.

>From the chromatogram of the crude product, benzene eluted material

which.after four recrystallisations from methylene chloride~methanol
was shown t@ be 3gZ-acetoxy<lTa-hydroxy-léa-methyl-11l,23~dioxochol-
20(22)-ene-22-carboxylic acid 22-517 lactone (XXIIIj R,=Ac, B§=CH3)9

m.p. 277»281°5°,@§}D -35° (e, 0.74) (Found: C,7T1.5; H,8.1.

CgH 806 requires C, 71,53 H,8.1%), Apay 204 (e 4380) and 246 my



33

(e 9150) 5 v

ma
1615 (3C=C7), and 1236 cm™F. (OAc).

g 1761 (unsaturated lactome), 1721 (Oke), 1686 (>C=0},
The ultraviolet and infrared spectra show that an gp-unsate

vurated lactone bhas been formed. Such a structural feature is
typical of the cardenolides, all of which give the Legal test%l’m
A fow milligrams of the lactone obtained above were dissolved in

pyeidine ‘ané. a fow drops of godium mitroprusside-godium hydroxide
solution added. The solution turned deep red-violet in colour,
ghowing the presence of a Amgmlactone structure.

Treatment of 3f-Acetoxy-lTa-hydroxy-16s-mathyl=11,23~diogoche -

20(22)-ene-22-carboxylic acid 22=>17 lactone (XXIIXs B ,=Ac, R.=CH, )
with s '

(a) Sodiunm hypochlorite.*d The storeid (XXIII; Rysies RymCH,) (60 ag.)

2
. was dissolved inm dinzen (10 ml.) and sodium hypochlerite (0.2 ml,)

added. The mixfurs was st'iz:rea for 3 hours, acidified with sedium
sulphite solution, water (20 ml.) added and the solution allowed %o
gstand overkight. Bxitraction inmto chloroform and woxk uwp as usual
ERve sﬁarting material, M.po 265-277°, Taie is supporied by iufrarcd
and ultraviole® spectra.

(®) -Sodium hgpobromiteols The steroid (XXIIYs Ry=Ac, 32=CH3)

(100 mg.) was dissolved in methanolic sodium hydroxide (0.5 g. in
4 ml.) and the solution refluxed for 2 hours. Evaporation of the

methanol eccomparnied by slow addition of water precipitated the
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steroid which redissolved on further addition of water (100 ml.).
The solution was cooled to 2-3° and a solution (4 ml.) of bromine
(2.5_ g.) and sodium hydroxide (5 g.) in water (100 ml.) added. The
reaction mixture went clondy.at once and was left overnight at 2-300

Extraction into ether gave a2 neutral product (96 mg.) which
was non-crystalline, slightly soluble in ether, znd soluble inm
methylene chloride and methanol, v .. 3450 (oH), 1771 (lactbne),
1711 (5¢=0),1618 (=c=C¢Z), and 1019 on™ Y, (OH).

A sampls of this product did not sublime when heated at 160°
for 10 min. under vacuum but gave amorphous material having an
infrared spectrum identical with that obtained above.

The néutral product was shown to be impure 3fy,17a-dihydroxy-
16a-methyl-11,23-dioxochol-20(22)~ene-22-carboxylic acid 223-17
lactone (XXIIIj R,=H, 322’-033) {see bslow). |

{¢) Cold concentrated potsssium hydroxide solution. The steroid

2
bydroxide solution (25 ml.; 50%) in a nitrogen atmosphers and

(XX1113 Rf=Ac, R::CHB) (50 mg.) was treated with aguecus potassium

stirred for three hours. The solid did not dissolve as the sodium
salt, Ethanol (25 ml.) was added to effect solution. After 30 min,

a sample was taken for ulitraviolet examimation, L 298 (¢ 11,300)

Ape,
. and 307 mp (e 11,800). Further saemples taken after 2 hours and 3%

hours respectively showed no change in absorption cheracteristics.
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Extraction of the reaction mixture with chloroform gave 3.4 mg.
mgterialo The_solution was acidified and re-extracted to give
material (49 mg.) ‘m.p. 250-260°. Ope recrystallisation from
qethylono chloride-mothanol gave material which was shown to be
3py17a-dihydroxy-16a-methyl~11,23=diomchol=20( 22)~ene~22-carboxylic
acid 22-+17 lactone (XXIII; R,*H, R2=‘-CH3), mop.255»2616, Apag 204
(e 2830) and 245 mp (e 8570), Viog 3359 {oH), 1758 (lactome), 1703
(3c=0), and 1623 em™t, (=C=CT).

(d) Hot potassium hydroxzide solution. The steroid (XXIIIs R,=Ac,

1'12=.-,CH3

hydroxide (20 g.) dissolved in water (10 ml.). This gave o

) (55 mg.) in methanol (10 ml.) was addsd to potassium

homogenaous solution which precipitated a yhite solid when the
methanol was allowed to evaporate off., After refluxing the sclution
for 2 hours, water {100 ml.) was added and the solution extracted
with chloroform to give 5.1 mg. of material.

Acidification with hydrochloric acid precipitated material
which was extracted into chloroform and worked up to give a solid
(42.3 mg.) whose infrared specirum was identical with that obiained
above for the ja-hydroxy compound (XXIIIj R=H, Ré=033)' Three
recrystallisations from methanol gave material, m.p. 258-»260»5",
[a]p =375° (g5 0.5) (Found: C,70.45 Hy8.6. C,gHc0..CH,OH requires

C,70.43 H,8.T5%), £ 204 (e 2830) and 245 mp (e 9570), v 3445

Ama, max
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(OH), 1755 (1lactone), ;704.(:0:0), 1623 (Cc=C2), and 1041 cm“"'q (om),
The product also gave a positive Legal test, showing that the
lactone was still intact.
Acetylation of a2 sample of this material gave the 3f-acetats,
m.p.275-280%, identical with starting material,

(e) Potassium hydroxide in refluxing ethylene glycol. Potassium

hydroxide (5 g.) in ethylene glycol (25 ml.) was added to the steroid

(XX1113 R,=Ac, R =cr13) (88 mg.) dissolved in ethylene glycol (25 ml.).

1 2

’The solution was refluxed for 43 hours, left overnight, and worked
up by addition of water (100 ml.) and extraction with ether. This

gave a neutral product which could not be cnﬁstalliaedo Vmax 1742
3c=0), 1709 (3€=0), and 1603 cz™ . (3c=¢T).

The extracted reaction mixture was acid.fied with hydrochloric
acid and re;eztractod with ather to give an amorphous acid fraction.
Apax 299 (e 15,900), 236 infl. (e ;1,476) and 262 mp (¢ 8;50).
Voog 3422 (scid), 1711 (3C=0), 1669, 1626 (3¢=c0), and 1031 on™t,
(oH). |

This material also gave a negative Legal test.

Acetylation with acetic anhydride in pyridine gave material
Yooy 3450 (acid), 1739 (S€=0),

1712 (CC=0), 1667, 1634 (>C=Cl), 1248 (0Ac); and 1029 em™, (oH).

which was still non-crystallines,

The material obtained above seems to contain a carboxylic acid
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group (broad OH band) and was treated with diazomethans in ether
to give non-crystalline material, Voax 1748 (>c=0), 1742 (>c=0),
1675, 1629 (3€=C7), and 1244 ox™>, (Oac).

(£) Hydrochloric acid in acetic acid. The steroid (XXIII; R, =Ac,

Ré=053) (96 mg.) was dissolved in glacial acetic acid (6 ml,) and
concentrated hydrochloric acid (6 ml.) added. The solution was
refluxed for 2 hours, and weter (75 ml.) addeﬁ. Extraction with
othor.gavo & wvhite crystalline product which was shown %6 be

starting material,

(g) Hydrochloric acid in refluxing methanol. The steroid (XXIII;
R,=Ac, R§=033) (60 mg.) was dissolved in methanol (10 ml.) and
concenirated hydrochloric acid (3 ml.) added. After a 2 hour reflux,
water (50 ml.) was added and the solution extracted with ether to
give material (59 mg.) which after four recrystallisations from
acetone~petroleun ether was shown to be 38,17a-dihydroxy-16a-
mothylull,23mdioxpcholm20(22)aene»22~carbozylic acid 22-»17 lactene
(XKIII; R=H, R=CH,), m.p. 253-25T°,[a]; ~274° (g, 0.35)
(Found: C,72.5, H,8.6. 02635605 requires Q,72,85§ Hy8.5%),
Amax’206 (e 4460) and 246 mp (¢ 9500), Voax 3460 (OH), 3400 (OH),

1755 (1actone), 1696 (SC=0), 1617 (>C=C), and 1040 cn™t, (OH),

' (b) Eydrochloric acid in methanol st 140°. The steroid (XXIIL;

R,=Ac, Ré=CH3) (103 ng.), methanol (25 ml,) and concentrated
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bydrochloric acid (8 ml.) were placed in a Cerius tube which was
then‘sealod and mainta;ned at a fomporaturo ofvi40° for 20 hours.
On cooling and releasing the pressure, a precipiﬁate was formed
‘ uhiéh after filtration and ons recrystallisaticn from methylene
chloride-~methanol éavo material m.p. 230—245°, Amai 206 (c 6860)
and 245 mp (¢ 139849), Vaay 3510 (OH), 1764 (lactone), 1704 (TC=0),
1623 C:c: ), and 1024 e, (0H). 1In spite of the low melting
point, this was thought to be the 3p-hydroxy compound (XXIII§ K =H,
.R,é.=033)°

The remaining reasctiion mixture was exiracted with ether to
glive a syrup which crystallised on trituration with methanol,
m.p.200~225°¢ Recrystallisation from methylene chloride-methanol
gave material m.p. 230-245° with change of form at 185-200°. This
material had an infrared spectrum identical with that odbiained abevs
and was concluded o be the zame compound.

(1) Hydrochloric acid in ethylene glycol at 190°. The steroid

[FAc, aé=033) (118 mg.) was dissolved im ethyleme glycol

(XX1II3 R
(25 ml.) and concentrated hydrochloric acid (8 ml.) added. This
solution was placed in a Carius tube which was then Bgaled and
kept at a temperature of 1§6° for 20 hours. The product was a black

tar from which no steroid could be isolated.
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(3) Hydrogen and palladium-charcoal catalyst. The steroid (XIII;

R,ZAc, Ré=0H3) (104 mg.) was dissolved in glacial acetic acid (25
ml.) and palladiume=charcoal (110 mg.3 10%) added as catalyst. The
solution was stirred in a hydrogen atmosphere until uﬁtako of
bydrogen ceased (3 hours) and then fi;teredo Addition of water
(1oo'm10) and extraction with ether gave a crystalline solid (93 mg.)
which after three rscrystallisaticns from methylene chloride-
methanol was shown to be 3f-acetoxy- lTa-hbydroxy-lée-methyl-ll,23-

dioxocholan-22-carboxylic acid 22-$17 lactone (XXX3 R, =he, Ré=CH3),

m.p. 236-238°%, Ea}n ~8° (cy 0.47) (Poumd: C€,71.653 Hy8.9.

c2834006 requires €T3 Ho8.9%), Apay 255 mp (e 2000)

(in NeOH) 225 (¢ 12,900) and 288 mp (e 25,600), Viax 1783
(saturated lactoms), 1727 (0OAc), 1706 (CC=0), and 1250 e, (0Ac),

The product geve & negative Legal test.

(k) Hydrogen and platinum oxide as catalyst. The steroid (XXILIs

R,=Ac, Ré=CH3) (98 mg.) was dissolved im glacial acetic acid (25 ml.)
and platinum oxide {104 mg.) added. The solution was stirred under
hydrogen until uptake of hydrogen ceased (5 bours) and the produc’
obtained by filtration and extraction gs before. Four recrystall-

isetions from methylene chloride-methanol gave material shown to be

3B—acoto§§~17a923wdihydroxyaléaamathyl—llcoxsoholana22aearboxylic

acid 22-317 lactone (XXXII; RSAc), m.p.236-240.5°,fe] ~47.8°
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(ey 0.93) (Found: ¢C,71.13 H, 8.85. c2834206 requires C,70.85;
1,8.9%), Ama
Vang 3520 (OH), 1754 (lactone), 1736 (OAc), 1709 (C=0), and 1250
em™?, (OAc).

x 226 mp (& 7600) (in NaOH) 226 mp (e 7480),

1la-Bydroxy-16a-methyl=-3,11,20-%rioxchol-20( 22)-ene-22~carbox=

ylic acid 22-»17 lsctone {XLII).- 3p,lla=Diecetoxy-lTa-hydroxy-l6a-
methyl-20-0x0-5a-pregnane (XL} R =p=0Ac, RéaaQOAc) (5.58 g.) was
dissolved in benzene {150 ml.) and trested with diketene (5.5 ml.)

and triethylemine (0.3 ml.). This solution was refluxed for three
hours and evaporated to dryness under reducsd pressure. The result-
ing gum was dissolved in benzene (30 ml.), petroleum ether added,
and the solution chromatographed on deactivated alumina (200 g.).

931 Benzene-other eluted material which did not crystallise
but which was shown to be 3f,;lla-discetoxy-lTa-hydroxy-léa-meilyl-
23-0x00hol-20( 22 )~ene-22-carboxylic acid 22-317 lactone (XLI;
R,=p-Ohc, RazmaOAc), gcfp'=10736° (g0 0.87), A - 243 my (e 9300),
' Vpay 1754 (unsaturated lactome), 1730 (OAc), 1692 (TC=0), 1610
(50=C2), end 1241 cn”t. (0OAc).

The product from the above reaction (3.17 g,) was treated wiih
methanolic potassium hydroxide (15 g. in 150 ml.) and refluxed for
8 hours. The product (1.97 g.), which was amorphous was obtained

by addition of water, acidification, and extraction into chloroform.
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This was the required diol (XLIj R, =p-0H, R =0=0H), [e], =T1.5°
(e, 0.49), Apax 245 mn (e 6720), Vpaz 3425 (OH), 1761 (unsaturated
lactone), 1692 (3C=0), 1610 (ZC=CZ), and 1029 cu"*, (OH).

The diol (1.65 g.) was dissolvsd in acetome (100 ml.) and
stirréd'with BN chromic acid (6.0 ml.) for 10 min., at room tempera-
ture. Excess reagent was destroysd using dilute hydrochloriec acid
and excess godium gulphite. Addition of water and extraction into
ether yielded the crude product which was purified by chromstography
on deactiveted aluming (7C g.).

911 Bengene-sther gave materisl m.p. (228-231) 238-240°, which
after three recrystallisations from chloroform-methanol was shown
to be 17a-bydroxy-16c-methyl-3,11,23~trioxochol-20(22)-gne~-22~ -
carboxylic scid 22-317 lactons {XLII), m.D. 243a245°,[a]n =39.6°

(cs 0.6) (Found: €;72.9; H;8.0. 62633405 requires ©$,73.2, H,8,0%)

Apay 210 (e 4190) and 246 mu (e 10,440), 1754 (laetone),

wme
1742 (3C=0), 1701 (SC=0), 1689 (>C=0), and 1616 ont, (Ze=¢2),

v
12:5.4

From the mother liquors ¢f this recrystellisation a second

compound was obtained, shosm to be l7e-hydroxy-l6eemethyle3,11,23-

$rio30cho]-20(22)-gne-22-carboxylic acid 22-517 lactone-3-acetal
(XIII) m.p. 197-204°5[a], -33.1% (g, 0.72) (Found: C,70.7; H,8,75,

c23H4006 requires C,T1l.153 H,8.54), x 204 (e 5880) and 244 mp

Aon

(e 9540), Voex 1761 (lactone), 1709 (5C=0), 1695 {ZC=0), 1616
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Cc=¢Z), and 1103 e, (acetal).

Ciystallisation of the high and low melting products from the
same solvents gave no change in either melting point. Both product:
woere heated in a pyrolysis tube under vacuum. The higher melting
product sublimed unchanged, while the other material didme% sublin:. .
but gave a clear gum which crystallised with methanol, yielding tho
original material.

A sample of the low melting product; on hydrolysis with hydre-
chloric acid {0.1 ml.) in 10% aqueocus dioxen (4 ml.) gave 1LTa-
hydroxy-16g-methyl~3411,23-trioxochol=20(22)~ene~22-carbozrylic acil
22-317 lactone (XLII). Hence the low meliing product i an acetal,
probably of fha 3-keotone. (XLIII), |

Oxidation of 38,1Ta-Dilydroxy-lfa=methyl=ll,23-dicxockol-

20(22)~ene-22-carbozylic acid 22-517 lactone (XXIIIs afaﬁg“aﬁmca3§mm

N

The steroid (XXIIL3 REH, RO0H;) (54 mg.) was dissolved in acetors
(10 m1.) and trested with 8N chromic acid (0.5 ml.) for 5 min. af
room temp@raturso.Ezcass reagend was destroyed by addition of 13l
hydrochloric acid (1 ml.) followed by sodium sulphite in sxcese.
Addition of water(30 ml.) and extraction into ether gave material
mopo(231-232) 242-245°, v__ 1754 (lactone), 1715 (o0}, 1692
(>C=0), and 1610 cnt, (Zc=CJ)s wbich is therefore identiczl with

the higher melting product obizined above (XLII}.
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The mother liquors yielded a second product, m.p.180-187°,
vmﬁx 1761 (lactone), 1712 (3C=0), 1695 (3€=0), 1613 (ZC=CZ), and
1101 co”l. (acetal), which is identicel with the acetal obtained

above,

Treatment of 17a-Hydroxy-l6a~methyl-3,11,23~trioxochol-20(22)-
ene-22-carboxylic acid 22-»17 lactone (XLII) with 2,3-Dichloro=5,6-

dicysnoquinong.~ The steroid (XLII) (0.22 g.) in dioxan (15 ml.)

wes treated with 2,3-dichloro~5,6-dicyanoquinone (D.D.Q.) (0.49 g.)
and the mixture refluxed for 64 houras. At the end of this time the
euspénsion of the hydroquinone was taken to dryness under reduced
pressure. Benzene was added and the mixturse again taken to dryness.
A further addition of benzene gave a solution which was poured on
to an alumina column (10 g.). Elution with ether gave the product
which, after four recrystallisations from chloroform-methanol-
di-isopropyl ether was shown to be 17a~bydroxy-l6a-methyl-3,11,23-
trioxochol-4,20(22)-diene~22-carboxylic acid 22-317 lactone (XLIV),
mepe 227.5-23405",{a]} 435.7° (g5 0.66) (Founds Cy73.4, 73:453
HyTo5s Tsbo 026H32°5 requires C,73.553 HyT.6%), Apag 234 my
(e 17,000), v . 1761 (1actone), 1698 (>C=0), 1681 (=>C=0), 1667
(Cc=¢l), and 1615 oo, (3¢=¢2).

Treatment of the Acetal (XLIII) with 2,3-Diq§10ro»5,6—dio anc-—

quinone.- The steroid (XLIII) (0.275 g.) in dioxsn (2 ml.) was
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added to a solution of D.D.Q. (0.55 g.) in dioxan (10 ml.) which
bad been refluxing for 5 min. but which was not homogeneous. After
10 min, the material in the flask started * bumping " and this was
taken as an indication that some hydroquinone had dbeen formed. The
mixture was kept¢ refluxing for one hour longer to emsure complste
reaction, and the product isolated as before.
This product was a yellow amorphous material,fa ]D «119°
(g5 0.65)5 Ag,, 205 ( ’fm 219), 221 (55 408), 242 (‘E’;ﬁmé 439)s

Cifl o
and 278 o] (%ﬁma 324)9 x 1?5?5, 17093h9 16925, 16133’ 15929h9

_ o |
1555a.nd 278 mp (Eﬁmo 324), Viax 17578, 1

1555shy 1499w, 12358, and 10283 om L3 with Diketens.- Cholestia

1:4-diene-3-one (47 mg.) in denzene (15 ml.) was refluxed with

vma

diketene (0.2 ml.) and tristhylemine (1 drop) for one hour,
Isolation of the preduct by evaporation followed by chromatography
gave, after one recrystallisatiou , unchenged starting material,
mep. 111-114°. This shows the stability of the 1,4-diene-3-ome

system to diketsnsc.

38s1la=Diacetoxy-1Ta~hydroxy~16a-methyl=20-0x0-5a=prognane (xus
R,=p~OAc, nzm-oxc) (5.06 g.) was treated with potassium bhydroxide
(5 g+) in methanol (50 ml.) and the resulting solution refluxed for

3 hours. The reaction mixture was acidified, diluted with water
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(500 ml.), and extracted ten times with ethyl acetate (250 ml, in all).
The extracts were washed with saturated sodium chloride solution
and evaporated to give 4.88 g. of the required triol (crude) m.p. 200
-245°. c.f. Heusler, Kebrle, Meystre, Ueherwasser, Anner, Wieland,
and Wettsteinzl who give m.p. 248-252°.

This product was dissolved in acetone (180 ml.) and treated
with BN chromic acid (16 ml.) at room temperature for 10 min.. The
reaction mixture was worked up as before to give a orude product

(3.87 g.) m.p. 208-245°, which was chromstographed on desctivated

alumina (160 g.).

1:1 Benzene-ether and ether eluted material which had the same
melting range as the materiasl put on the column. (The German
workers give the melting point as 235-238%),

Acetylation of one of the fractions gave material m.p. 225~
2380, but which had an identical infrared spectrum to thai of the
crude product. It was therefore sgsumed that the melting point
difference was due to a crystalline modification, and that the

product obtained was 1Ta-hydroxy-l6a~methyl=3;1l,20~trioxo-5a-

pregnsne (XL Ri:Ré:O)o

17a-Hydroxy~l6a-methyl-3,11,23-trioxochol-20(22)-one~22~

cérbogzlic acid 22-»17 lactons { XLII).~ The product obtained above

(xL; Rf:Rézo) (0.4 g.) in benzene (25 wl.) was treated with diketene
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(0.5 ml.) and triethylamine (0.1 nl.) and refluxed for one hour.
Isolation of the product by ch:omatogrgphy gave material m.p,.225-
240° with some change of form at 2$O°. This is identical with the
high melting lactone obtained previously (XLII).

The oxidation product (XLII) obtained above (3.07 g.) was treated
with D.D.Q. (6.0 g.) and dioxaen (60 ml.) as before. The product

was again isolated by eluting from an alumina column using ether

and ether;methanol mixtures. Three recrystallisations from chloroform
~-methanol gave material which was showm to be l7e~hydroxy-l6a—
Bethyl-3,11,20-triozopregna-1 4~diene (XLV), m.p. 260-261°,

A [a], 480.6° (go 0.73) (Founds C,74.03 H,8.0. Cooflog0, Tequires
CyT4013 HyT.9%), Moy 299 (e T860), 236 (& 12,660), and 290 mp

(¢ 1500), v 3472 (0H), 1705 (30=0), 1667 (~CC~C=0), 1626, ant

1605 (SC=C7) en™Y,
17a-Hydro :3}“;'_ 1-3,

carboxylic acid 22-»17 lactons ( XLV1)ow 17a~Hydroxy-léc-methyl=-3,11,

20-trioxopregna-l,4~diene (XLV) (0,576 g-) in benzene (30 ml.) was
treated with diketene (0.5 ml.) and triethylamime (0.1 ml.). The
product was chromatographed as before to give material which, after

three recrystallisations from chloroform-methanel was showm to be

176-hydroxy-16a-methyl=3,11,23=trioxochol-1,4,20(22)-tricne-22-
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carboxylic geid 2217 lactone (XLVI), mepe 127-133°,[a], 4103.8°

(c; 0.34) (Found: €,71.63 3,8,;. 30 5°cn OH requires C,71,353
H,7.558)s Ay, 204 (e 8560), 235 (c 12.640), and 288 mp (¢ 2740),

£ 1754 (lactone), 1704 (ZC=0), 1692 (>C=0), 1667 (-c-c-c-o),
1621 (lactone ~C=CT), and 1605 cm -2, (Ce=cD).

gswAaetoggal?@wggdroggmll@zgmdioxochg;~20(22)wenew22ucarho§g;ic

acid 22-»17 lactone (XXITIj R,=Acy; R.zH).~ 38,176~Dihydroxy-11,20-
dioxo-Sa=~pregnane {XXIIj Bizﬁéaﬁ) (4.65 g-) was acetylated by
means of acetic anhydvride in pyridime to give the 3p-acetate (XXIIg

R.=Ac, Rzaﬂ)p This latter compound (1.06 g.) was dissolved in chlor=

1
oform (25 ml.) and treated with diketene (2 ml.) aﬁd triethylamine
(0.1 ml.). The solution was refluxed for one hour end evaporated
to drynesg under reduced pressure. The crude product, which also
contained some diketene polymer (XI), was dissolved in benzene

(20 ml.) to which petrolsum ether (20 ml.) was added before chrom-
atography on desctivated slumina (50 g.).

2:3 Petroleum sther-benzene eluted material (0.55 g.) which,

after five recrysiallisatioms from methylene chloride-petroleum

other was shown to be 3peacetoxy-lla-hydroxy-ll,23~dioxochol-

20(22)-ene~-22-carboxylic acid 22-»17 lactone {XXIIIj Rf:Ac, stﬁ),
m.p. 271-276%,[s], ~4402° (g5 1.11) (Found: €,70,73 H,8.0

C,T1.03 H;7.95%)s A £ 203 (e 3620) and 243 mp

c27H36°6 requires on
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(e 9720), Vnax 1765 (unsaturated lactome), 1732 (0Ac), 1703 (Cc=0),
1620 (=C=C7), and 1245 om™>, (OAc).

This compound algo gave thé Legal test, thus confirming the
Auﬁulactone atructure assigned to it,
Treatment of .

p-dcetoxy-1fa-hydroxy-11,23-dioxochol-20(22)-

enc-22-carboxylic scid 22.317 lactone (XAIIIy RmAc, R.=H) withi-

(2) Sodium hypoiodite (Iodoform reaction).’> The steroid (XXIIIs

R =Ac, Ré%H) (09483 g.) wae disgolved in dioxan (15 ml,) and %o
this was added 1.25 ml. of a solution comsisting ef iocdine (10 g.)
and potassium jodide (20 g.) in water (80 ml.). Sodium bicarbonmate
wag added to the stirred sclution which was then warmed for two
Bin,. The solution turned pale yellow, followad by an almost immed~
iate change to a dark-broen colour. After one hours stirring at
room temperature, water (100 ml.) was edded and the solution extrac-
@4 into chloroform. The extracts, %taken to dryness, yielded a dazk
brown froth (0.474 g.) which could not be orystallised and which
did not improve onm irestment witk charcoal.

The mother liquors from the chloroform extraction were acid-
ified with concentrated hydrochloric acid (5 ml.) and re~extracted
to give gummy material. Esterification with diagomethane in ether

solution gave a white non-crystalline solid which could no% be

identified,
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(b) Potassium hydroxide. The steroid (XXIII; Ry=Ac, 322}1) (316 mg.)
was treated with methanolic potsssium hydroxide (5.0 g. in 20 ml.)
end the solution heated on the‘stsamabath for two hours. Addition
of water (150 ml.) and concentrated hydrochloric acid (25 ml.) was |
followed by oxtraction to give a yellow froth (300 mg.) which was
dissolved in benzene and chromatographed on silica gel (20 g.)

.131 Ether-benzene eluted material which, after three recryst-
allisations from methanol was shown to be 3ps17a-dihydroxy-11,23-

dioxochol-20(22)=ene~22-carboxylic acid 22-»17 lactone (XXIII;

R=R=H) m.p.(185-188) 212.5==216°,{433 ~45.8% (¢4 0.43) (Found:

C;70.255 H,8.9. 025H3405.Cﬁ363 requires C469.93 H,8.6%),

Aoy 204 (€ 5550) and 242 mp (e 11,450), v . 3448 (0H), 1770
1

(unsaturated lactone), 1709 (5C=0), 1618 (ZC=CJ), and 1042 cm
(oH).

The product gave a positive Legal test, and on re-acetylation

o
gave starting material m.p. 267-274 »
alladium-~charcoal catalyst. The steroid (XXIIIj

(e) ‘
Ry=Ac, Résﬂ) (200 mg.) was dissolved in glacial acetic acid (25 ml.)
and palladium-charcoal catalyst (128 mg.; 10%) added. The solution
was stirred under hydrogen until uptake of bydrogen ceased (2 nrs.),
filtared and the product obtainmed by aﬁditiom of water and extrac-

tion with ether. After three recrystallisations from methylene
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chloride-methanol was obtained 3B”ﬁCQfOKZ"l?“‘higrozxﬂll,23ﬁ$£23g9
cholap-22-carboxylic acid 22-»17 lactone (XXXj R Ac, B=H),

o o ‘
m.po 266-270",[a], =39° (g, 0.51) (Found: €,70.7; H, 8.2, Coqlly 06

' requires Cs70.7; H,B8.35%), Apa

(e 23,400), Yoos 1783 (saturated lactona), 1733 (0Ac), 1715 (3C=0),

4 253 op (& 3300) (in NaOH) 284 mp

apd 1250 en™t, (0Ac). The product gave & megative Legal test.

(d) Hydrogen and plaﬁinum oxide catalyst. The steroid (XXIII; R=Ac,
Régﬂ) (95 mg.) was dissolved in glacial acetic acid (25 ml,) as
before and platinum oxide added (100 mg.). The soluticn was:stirred
under hydrogen for three hours until uptake of hydrogen ceased.

The product was isclated as above to give material (95 mg.), which,
after four recrystallisations from methylene chloride-methanol was

shown to be 3P~acetoxy-1Ta.23-dihydroxy-ll-oxocholan-22-carbozylic

acid 22-517 lactone (XXXI; B=Ac), m.p. 313-314°, [a]; =2.4° (&, 0.45)
(Found: C,70.6; H,9.0. Cppli,00 Tequires C,T0.43 H,8.75%),
Mo 284 (¢ 3280) (in HaOH) 284 mp (e 3300), Vpag 3443 (oH),
1779 (saturated lactome), 1730 (OAc), 1709 {>c=0), 1253 (0Ac), and
1027 en~2, (OH). The product gave a nogative Legal test.

In a larger scale reduction with platinum oxide it was found

that both the above compounds wers formed. Separation by chromat~

ography on silica gel gave 60% product (c) and 40% product ().
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(e) Hydroxylamine hydrochloride. The steroid (XXIIIs Ry=Ac, Rfﬂﬁ

(0.505 g.) was dissolved in pyridine (20 ml.) and treated with a
solution of hydroxylamine hydrochloride (0.4 g.) in the same solvent
(20 ml.). The solution was heated on the steam=bath for 5% hours
and worked up by the addition of water (1 litre) followed by
eztractlion with chleroform. The exiracts wers waghed several times
with dilute hydrochloric acid, washed with water, dried, and evapore
ated under reduced pressure. After one recrystallisation from
chlorcform-methanol, the product, 3f-acstoxy-lTa-hydroxy-11,23-

dioxochol-20{ 22)-¢ne-22~carboxylic acid 22-»17 lactone-23-oxime

(XXXIII; Rj=Ac, R=H), wes in 50% yield, m.p. 283.5-291°, Two
further recrystallisations from the same solvents gave snalytically
pure material, m.p. 288—294%{«]3 +8° {e; 0.55) (Found: C,68,9;
HyT.85 Ny3.2, 027H3706N requires C,68.83 H,T.83 N,3.0%), Apag 210
(¢ 14,260) and 224 mp (¢ 12,490), Vpax 3378 (OH), 1767 (unsaturated
lactone), 1704 (3C=0), 1653 {ZC=CJ), 1274 (0ic), and 1039 em™t, (OH).

Recrystallisation of the mother liguors of ths anelytical
sample gavé & second product, myp. 302e=.»306°q The same material was
also obtained by acid treetment of the oxime (see below).

The oxime does not give the Legal test. It is also soluble im

hot aqueous potassium hydroxide, A few milligrams of the oxime

were dissolved in hot aqueous potassium hydroxide and the solution
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filtered. On acidification a gelatinous precipitate was obtained
W.Po 285-2950, and which had an infrared spectrum identical with
the product (m.p. 302-306°) obtained above.

(f) Bydrazine hydrate. The steroid (XXIII; R =Ac, RFH) (120 ng.),

bhydrazine hydrate (0.5 ml.) and ethanol (12 ml.) were refluxed
together on the stssm-beth for 4 hours. The regction nixture was
worksd up by additiom of veter and extraction fo give an amorphous
product (125 ®g.) which crystallised on #rituration with ether and
‘methanol,

Two recrystallisations from metbhyleone chloride-methanol gave
material m.pe 2?9m283°,[a]n =64.8° (g, 0.23) (Found: C,66.453 H;8.33
N35.6. C27H3405N250H30H requires C,66.93 Hy8.4; Ny5.6%)

Mgy 20T mp (& 3950), v . 3356, 3279 (NR), 1773 (lactone), 1733
(Oac), 1689 (>C=0), 1672 (TC=N-), 1653 (ZC=Cl), 1541, 1241 (OAc),
and 1033 cm~'. and which is therefore 3f-acetoxy=1Ta-hydroxy=11,23-

dioxochol-20( 22)-cne-22-carboxylic acid 22-+17 lactone-23=hydrazons

(XXXV¥1I; R=N.NH).
Hydrolysis of a sample of the hydragzone with potessiuvm hydro-

, a
o

xide gave a product, m.p. 275-285 ' Vpax 359Tm, 17428, 1634m cm ",

which may be 4¢(3"5,17'a-dihydroxy«ll°-020'20‘~Pfésn°n¥11dene)-3=

methyl-5-0x0=-pyrazoline (XXxVIII3 R=H).
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(g) Semicarbazide hydrochloride. The steroid (Xx1113 Ri=Ac, R~H)
(100 mg.) was treated with semicarbazide hydrochloride (150 mg.) in
pyridine (10 ml.) and heated at 100° for j% hours, then left overe
night at room temperature. Water, (150 ml.) was added‘and the
reaction mixture worked up as before to give crystalline}materiél
(94 wg.) which, after three recrystallisations from methylene
chloride-methanol hod m.p. 259w26695@9Ea]D =50,4° (e, 0.47) (Pound:
-CH,0B pequires Cy,63.83 H,7.93

3773

NoToTB)s Ap,. 220 (¢ 17,000) aad 280 my (c 10,250), v 3448,

3257, 3205 (HH), 1757 {1actons), 1733 (0O4e), 1695 (>C=0), 1570
(<H=i-), 1247 (OAc), and 1029 en™ . (NWH), end which is thersfore

C,64.13 HyB8.03 N,7.95. CogByg0H

3g-acetoxy~1Ta~bydrozy-11,23-dioxnchol-20( 22)-gne-22-carboxylic

acid 22-517 lactone-23-genicarbazons (XXXVII; RaH.NH.CO.NE,).

Hydrolysis of a sample of the semicarbazone with methanolic
potassium hydroxids gave a small quantity of erystalline material
Bopo 189-201°, which may be 3f,1Ta—dibydroxy-11,23~diozochol-20(22)-
ene-22-carboxylic acid 22-517 lactone (XXIIIj Rf:ﬁéﬁﬁ)o Ingufficlont
matericl was obiainmed to permit further ezamination.

(h) Phenylbydraszine, The steroid (XXIII3 Ry=Ac, B=H) (105 mg.),

phenylhydrasine (0.5 ml.), end acetic acid (10 ml.) were heated
together on the steam-beth for 6 hours. The product, which was

obtained by addition of water (100 ml.) and exiraction as before,

was s dark 01l (0.26 g.)
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This o0il was dissolved in chloroform, the solution washed with
hydroehloric acid and evaporated. The product was then taken up in
nethanol and boiled with activated charcoal for a few mimutes,
giving a pale yellow solution, Thiz gave a solid, non-crystalline
material Amax 208 (e 13;040), 235 (¢ 12,830), and 346 mp (c 5000),
Voey 197 (lactone), 1738 (Oﬁc)‘, 1706 (2¢=0), 1603, 1497, 1245 (0ic),
and 696 o, {eromatic ring).

The same matorial precipitated from ethanol by additionm of
water bad m.po 235-261°,

(1) g;:gﬁo The storoid (XNIIIz R=dc, 32311) (106 mg.) in e?.haﬁol
(15 ml.) was trested with urea{0.3 g.) in ethanol(10 ml.), This
solution was heated at 100° for &% hours, then left overnight ot
room temperaturs. Some material which precipiteted out cm cooling
was filtered off snd shown fo starting material m.p. 269-273.5 .

To the remainder, water (100 ml.) was added and the solution
extracted with chloroform. The product (86 mg.) eP o 255.265°,
Vpagt 164 {(1actons), 1727 {0ac), 1701 (ZC=0), 1623 (SC=CT), and 1245
e, (OAs),; was starting materiels '

(j) Chromic scid. The steroid (XXIIIs R =Ac, Re‘zil) (73 mg.) wan
diggolved in acetone (15 ml.) and treated with 8N chromic acid ‘

(0.5 ml,) for 8 min. at room temperature. The preduct, isolated es

before had mop. 270»&760 and was ﬁhm starting materiel.
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1 7a—szroE=3 s 11 2 23~trioxochol-20§ 22 !«enesae-carboglic acid

22-%17 lactons (XLVII).- 391 Ta=Dihydroxy=11,23-dioxochol-20(22)-
ene-22=-carboxylic acid 22-$17 lactons (XXIIIj fﬁ:ﬁfﬂ) (0.48 g.,)

was dissolved in acetone (50 ml.) and oxidised with 8N chromic acid
(1.0 ml,) for 10 min.. The reaction mizture was worked up ag before
to give material, m.p. 268-27509 which was chromatographed on
deactivated alumina {30 go)o

931 Benzene-other eluted meterial which, after itwo recrystalle

isations from chloroform-methanol was shown to be lTe-hydrozy-3,11,

23-%rioxochol-20( 22)~ene-22~carboxylic acid 22-s17 lactome (XLVII),
mop. 270-274°, [e]) ~29.1° (g 1.15) (Founds C,T1.63 HyT.6.

25 32 5 %CH OH reguires ©£,T1.55 H,8.0%), Apag 204 {c¢ 4250) and
244 mp (c 9850)9 Voo 1761 (lactone), 1712 (ZC=0), 169% {:C=0),
and 1621 em ~. (_C= vﬁ,)

Reaction of l?mmﬁydroggagqllg23»%rioxaphol¢20(22)aenem22@

carboxylic acid 22-»17 lactone (XLVII) with D.D.g..~ The steroid

(0.1 g.) was dissolved in dioxan (10 ml.) containing D.D.Q. (0,243 g.}
and the mixzture refluzed for 6 hours., Isolatiom of the product as
before gave a brown solid which was chromatographed on deactivated

alupina (20 g.). No steroid was found, the only identifiable

product being the hydroguinone.
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Miscellanecus Reactiong ofA3B—Acatoxzo17aohgdro§x«llgzg-dioxos

cho1--20(22)~ensw=22-carboxylic acid 22-%17 lactone-23-oxime XXXII13

Ry=4c, R2=H) and subsequent producte.~

Attempted acetylation of the oxime. The oxime (XXXIIIj R,=Ac, Rézﬁ)

(50 ml.) in pyridine (3 ml.) was treated witk acetic anhydride {3 ml,)

overnight at room temperature. The product, obtained by addition of
water (30 ml.) and filteration, followed by‘recryg%allisatian from
methylene chloride-methancl was shown Yo be sterting material,

Wopo 273~279,5°9 Amax 210 (e 9360) and 232 myu (& 6700), v 3356

(0H), 1767 {lactons), 1704 {3C=0), 1653 (SC=Cl), 1277 (OAc), and

Bax

1037 em~t. (OH).

Attompted Beckmann rearrangement of the oxime. The oxime (XXXIII;

R,=he, Ré:ﬂ) (164 mg.) in pyridine (3 ml.) was treated with a
pyridine aoluéion of p-toluenesulphonyl chloride (180 mg. in 3 mlo)
and the resuliing solution hoated at 100° for 4% hours. Water (5 ml.)
was added followed by excess 2N hydrochloric acid. The product,
isolated by filtration had m.po 265m2?5°o Recrystallisation from
methylene chloride-methanol gave stariing meterial, m.po 265»2700
with resolidification and remelting &t 278«2830, mixed LB 275«283°,
The recrysiallimed product was again treated with p-toluene-
sulpbonyl chloride in pyridine. The reaction was carried out at

2
reflux temperature for four hours as indicatgd by Mazur in the
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rearrangement of hecogenin acetate oxime.

The product, isclated as before, had m.p. 250»280", after one
recrystallisation from methanol-ether, a ., +15.8° (c, 0.19)

209 (7130) and 232 infl. mp (e 6020) and is thus starting
meterial.

Treatment of the oxime with hydrochloric acid. The oxime {XXXIII;

R, =Ac, RQSH) {0.33 g.) was dissolved in methanol (20 ml,) by
refiluxing for 15 min.. A sample taken after complete solution showed,
by infrared examination, that no change had .occuredo This sclution
was then treated with concentrated hydrochloric acid (2 ml.). After
5 min. & white solid separated out, and afier a further 10 min.
heativg, the solution waes filtered. The crystallins product (0.24 go)
had m.p. 308-312° {decomp.). Recrystallisation from chloroforme
methanol gave 4=(3° ggl?"magg&m“n“womazobmﬁm}w}a

methyl-5-igoxazolone (XXXVIIIs RSH), m.p. 312-314. 5° (deﬁcmn)g

EaBchgsoz {(ey 0.4:in pyridine) (Founds €,69.Ts H,8.03 N,3:4,

N requires C,69.93 HsB8-25 No303%)e Ay, 208 (e 8300} and

C25%3505 -
224 infl. mp (c 5680), v 3546, 3322 (0B), 1739 {isozazolone),

= =1
1715 (3€=0), 1647 (5caCl), and 1037 e oo The product also gave
a negative Logal test.

Treatment of the oxime with potassium bydroxide. The oxime (XXXIIIj

=H) (120 mg.) in methanocl (10 ml,) was treated with

R,=hc, R
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poiassium hydroxide (1.0 g.) in methenol (10 ml.). The solution was
refluxed for four hours, then left overnight at room temperature.
Addition of water and extraction with chloroform gave a nsutral
product (24 mg.) m.p. 302—305%

Acidification of the extracted solution and re~extraction with
chloroform gave further material (80 mg.) m.p. 307-310%. Infrared
examination showed boih products to be the sams, and two recrysteli-
isations of the combined products from chloroform-methanol gave
material shown to be identical with the hydrochloric acid p:eqduc'?;
(XXXVIII$ RsH), mop. 311-314° (decomp.), Eﬁﬁn =22,1° (cs 0-49 in
34849
3300 (OH), 1736 {isczazolons), 1712 (30=0), 1645 (202CT), end 1036

cm@]"oo 1% also gave & negative Legal tests

| of the hydrolysis product, The oxime (XXXIIIg Ry=4e,
Chromatogrdlm OF ! PIORuGEs 10U VAIWY \Annsslg sg=aly

Rax-’.ﬁ) (0,30 g.) was treated with potassium hydroxide (1.5 g.) in

pyridine), Apag 230 (e BOOO) and 228 infl, mp (e 4970), v,

naX

m:e‘t?«:nanol (25 ml.) for turce hours as before. The product was diss-
olved in prior to chromatography on silica gsl. Some materisl which
would not dissolve was filtered off (103 mgo) and shown %o be
jdenticel with the hydrolysis product obtaimed above, m.p. 309-314°
EQED =33.3° (g, 0,48 in pyridine), v .o 3497, 3289 (OH), 1733

(isoxazolone), 1712 (SC=0), 1645 (Sc=cl), and 1037 cm s

The filtrate was chromatographbed. Flution of the column in
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100 'ml,, fractions gave only trace amounts in each fraction. Ether
containing 3% methanol eluted materiel (27 mg.) shown to be the
hydrolysis product (XXXIIIj ReH). FElution was continued with more
polar solvents until 90% ether-10% acetic acid, with similar results,
l,6. only trace amounts in each fraction.

Acetylation of the hydrolysis product. 4=~(37p,17'e~Dikydrexy-11'-

ox0--20"=pregnenylidene)-3-nethyl-5-izsozazolone (XXXVIII; RsH)
(103 mg.) was treaied overnight with acetic anhydride (I mi.) in
pyridine {1 ml.)., Addition of water and extrsetion in the usual

manne® gaeve & 80lid which crzystallised with difficulty from methanol.

Two recrystallisaticns geve 3f-acetozy-23-acetylozimino-1T7a-

bydroxy~11,23-dioxochol-20{22)-ene-22-parboxylic geid 22-»17 laclone
Q

;SR,=he) mopo (120) (175-180) 274-288° (decomp.),fa]y 5.1

(g5 9:94) (Found: ©,567.55 HyTe33 §y3:0. Cpglln0nF mqmas
C,67.83 H,7.63 F,2.7%), &, 208 {¢ 10,760) and 243 mp (¢ 8110},

(XXxX11Is &

Vpay 1786 (F-08c), 1767 (1actone), 1739 {0ac), 1658 (Se=cly, 1253

. 4
(04e), 1221 {¥-0Okc), and 1035 cm oo

The apparent impurldy of this compound indicated by tho meliing
point prompted a chromatographic examinatiou.

The hydrolysis product (XXXIIIs R=H) (0.286 g.) was acetylated

with acetic anhydride (2 ml.) in pyridine (2 ml.) overnight. After

working up in the usual manner, the product was chrometographed o
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deactivated alumina (20 g.).

Ether eluted material m.p. 304-310°, Vmag 3472, 3289 (om),
1736 (isoxzazolone), 1712 (2C=0), 1645 (ScscZ), 2nd 1035 cm‘”"i,‘o,
after one recrystallisation from chloroform-methenocl, This is
identical with starting mateorial (XNXVIIIs Rs=H).

Ether containing 3% methacol eluted é amall quantity of materiel
mepo 284-290°, [a] 46.6°, v 3376 (¥-0H), 1761 (lactons), 1658
(Sc=0), 1656 (=C=C2), 1277 (0he), end 1039 ca™ . This is identical
with the oxime {XXXIII; R =Ac, Rgaﬁ)q

No trace of the diacetate was found, although the fractions
containing the hydrolysis product turned orange ia colour during
recrystallisation before the physical properties wers examined.

This meems to indicate that the hydrclysis product is formed by
dacampositiéna

A further acetylation of the hydrolysis produst was carried
out as before end the produst chromatographed on silica gel.

4:1 Bengzene-ether siuted material {51 mg.) mep. 269-281° . Fbe
infrared spectrum verified that this was the oxime { XXXIIT; R, =he,
Rzgﬁ)o The game solvent also eluted material (39 mg.) M.ps (xo2)

(180) 220.298°, apparently the required diacetate, which after one
recrystallisation from chloroformenethanol had m.p. 27 5-260°( desotp - |

and which had am infrared spectrum identical with thad of the ozimg.



The oxime (5 mg.) and its hydrolysis product (5 ng.) were each
treated with acetic anhydride (0.6 ml.) in pyridine (0.3 ml.) over-
night at room {emperature. The solvents wers svaporated off wiithout
heating, a 1ittle water was added to each, and the contents of the
flasks teksen te drypsss once more. Bath pmdﬁcts ga%rca identical
infravred spectra which were very similar %o tha$ of the discedsie
{ XXXI1Ls Rl;-z-,Bz%Ac)e

Beckmann rearrangement of the oxime {chromatogram). The ozime

{ XXXI1I1g By=Ac, BZ:-':H) {0.255 g.) was dissolved im pyridime (5 mi.)
and ‘trea%& with a solution of p-toluenesulphbonyl chloride (0.20 g.)
in pyridine {10 ml.). The solution was refluxed for three hours and
left overnight at room temperature. The product, which was isclated
&.é before was light brown in colour and was chrometograpbed on
deactivated alumina {20 g.).

1:1 Denzene-other eluted material {162 mz.)} m.p. 270-282°
(aecomp.}sfa]y #7.9% vy, 3401 (0H), 1764 ( igozasolone), 1736
{(Oac), 1709 (30=0), 1645 (5C=02), 1575 (SC=8), 1244 (O4c), and 1026
en™>, (0H). After one recrystallisstion, however, the infrared
spectrum changed to that of the hydrolysis product {XXXVIil; R=H).

Ether containing 5% methsnol eluted material {55 mg.) MePo 240=
259.5° (after one recrystallieation from acetone-petroleum ather),

2]y -3.8° (g5 0.37), A, 210 (¢ 10,130) avd 229 iafl. mu (e 6430/,
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Voax 3483 (0H), 1764 (isoxasolone),1733 (oae), 1695 (>c=0), 1667
(Sc=cl), 1575 (SCsM-), 1245 (0Ac), and 1030 em™l.. This is 4=(3°p-
acemqol? 'a=hydroxy-1L!=010-20° =pregnenylidens)-3-nethyl-5-isozazo~
lome (XXAVIIIs R=Ac). (see below). |

Platinum oxide bydrogenabion of the oxime. The oxime (ZXXIII;
ngﬁ_@g Rgzéﬁ) (0,307 g.) in ethamel (25 mi.) containing acetic acid
(3 ml.) was added to 124 mg. of pre-redussd platinum oxide caialyad
and the mixture stirred in a hydmgan atzosphere for twoe hours.
There was no apparent uptake of hydrogen. Filiration of the solutiem
" was followed by addition of water and extraction ag ‘usumlo One
recrystallisation gave material m.ps 248«25409 ¥hich was not the
axpeclted oxime. VI*‘urthe? recrystallisation showed, by infrarsd
exanination, that the product was Achanging %o the oxime,

The oxperiment was Tepeated ia order to obiain an analytical
sample, m.p. 264-213°5[a], =402" (g, 0.36) (Found: C,69.05 H,7.85

Fg3ol, CaqBy706T roguires Cy68.85 H,T-93 Np3.0%), Mgy 230
(c 9180) and 226 infl. mp (e 6000), ¥oax 3460 (O0H), 1761 {isoszaa-
olome), 1727 (0Ac), 1689 {5C=0), 1664 (SC=¢T), 1245 (0ke); and 1023
cmalw Tais madterial is identical with that obisined in the attempi-
ed Beckmenn rearrangement above, end is therefore 4={3' g=acetoxy-

17%-hydro xy-11°=0x0-20"—pregnenyl idene)-3-methyl-S-isczasolone

{XXXVIIIs Re=he).
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Pletinum oxide hydrogenation of the hydrolysis product (XXXVIII;

R=Ac). The hydrolyeis product (XXXVIII; RsAc) (56 mg.) was dissol-
ved in glacial acetic acid (20 ml.) and added to pre-reduced
platinum oxide catalyst (70 mg.) in glacial acetic acid (15 mio)o
After 5 hours stirring in a hydrogen atmosphere, the reaction mix
ture was worked up as before., The product was shown itoc be starting
material m.p. 281a297°, M oax 208 (& 9150) and 234 infl. my (e %650},
Vgax 349Ts 3289 (OH), 1739 (isoxazolome), 1715 (2020}, 1645 (Sc=cT),
and 1037 en ™ .,

Attempted pyrolysis of the diacetate (XXXIIIj Riigggﬁg)o The diacei-

ate {XXXIILg ngR_zﬁc) (98 mg.) was heated at atmospheric pressure
to 2107 for 1 min.. The material melted but did mot sublime. On
cooling, e sample wes taken and crystallised from methanol, Infrared
ezamination showed that no change had taken place. The original
material was rveheated and maintained at & temperature of 224w226&
for 5 min.. Frow the resuliing dezk brown gum, po erysialline
matorial could be isolated. This gum had an infrared spectrum

pax 1770, 1740, 1715, 1680, and 1248 cn™, waich is very similar %o
that of startipng material.

Treatment of Cholesteryl Acetoacetate with Hydroxylamine Hydro-

chloride.- Cholesteryl acetoacetate (XIj B=CGCH200CH3) (154 mg.) wes

hoeted with hydroxylamine bydrochloride (141 mg.} in pyridine (22 mi.}
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for ¢ hours. The reaction mixture, worked up in ithe usual anner,
gave a crystalline product (113 mg.) m.p. 145»1490, Vpag 3425 (om).
and 1057 ea™ .(0H), which is therefors cholesterol (XI; R=H).

Treatment of Cholesteryl Acetate with Hydvoxylamine Hydro
chloride.~ Cholesteryl acetate {XI; R=fc) (0.617 5.) was hested at

100° with hydroxylemine hydrochlorids (1,03 g.) in pyridime (25 mi.)
for 5 hours. The produet, obiained on working up ir the usual

menner was shown to be starting material (0,574 &.), RePo 114»115Q§

Yoax 1733 (086), 1250 (Okc), and 1038 cz™ ..

Treatment of 3ﬁnﬂceta%gw1?aahgdraxgell¢23oai@xmcholgnu22n

carboxylic acid 22—>17 lactone { XXXs RI%AO, RZEE) wiéh Potessivm
Hydrozide.- The steroid (XXX Ry=4c, RQ%H) (68 ng.) was treated
with methanolic potessium hydroxide (2.0 g. in 20 ml.) and the
soludion refluxzsd for 5 hours. On allowing the methanol o evap-
orate, & crystalline solid was deposited. This solid was soluble
in bho% water, and on ignition left a depesit, m.p. 200@21509
Yoy 33908s 16958k, 16588, and 1039 'cm“’lg‘»

The mothexr. liquors, on extraction yielded no neutral product.

On acidification and re—exiracition, an aclid fraction was oblained

- as an amorphous solid, g 3413 {oH), 1770 (saturatisd lactone),

Y
ma
1706 (3C20), 1161, and 1041 ex™ o (OH); which may be the 3g-hydrozy

compound { XXXg Rimxzzﬂjo
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Treatment of sf~fcetory=17,23=dibydroxy-1l-0x3cholan-22~

carboxylic acid 22-»17 lactone (XXXI3 R=Ac) with Potassium hydroxidg.-

The steroid (XXXI3 R=Ac) (65 mg.) in methanol (5 ml.) was treated
with potassium hydroxide (1.0 g.) in mcthanol (10 ml.). The solution
was refluxed for 3 hours and some of the solvernt allowed %o evap=
orate offs A white sclid wes precipitated m.p. 215-225° {with residuc).

Acidification of the mother liquors and re-exiractlien gave a
gen which did not crystallise.

3Bwﬁc@toggfl?mahydrbzgwliwoznch@lammZcharbexylic gcid 2217

lactone-23-oxime (XXXIX).— The steroid (XXX Ri5A@9 RZ:R} (68 nmg.)

ssas heated with hydrozylamine hydrochloride (100 mg.) in pyridime
(4 ml.) for % hours at 100°. Extraction as described previcusly
gave a non-crystalline product (80 mge)o This was precipitated
twico from mothanol by eddition of water to give the 23~oximg,
(XXXIX), RaPo 16Qa16§° (am@rph@us}g@mﬁn =10.5° {c, 0.21) (Found:
Cy66.45 E,8,235 Fy4.00 02?H3996HQ0330H requires C,56.53 H,8.63
N,2.8%), A 206 (s 5050), 258 (e 4020) end 264 mp (e 4019),
Vaaz 3367 (QH), 1773 (saturated lactoms), 1736 (SC=0}, 1642 (TC=C1),
1613 {SC=N-), and 1250 en™t (04c).

An sttempt to sublime this product gave charred material at the

bottom of the tube and some sublimate as a clear gum which woulad

not crystallise.
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Treatment ofAéﬁwAcetoxyml?aagydrexzfll,23mdicxacholanmzzw

carboxylic acid 22417 lactome (XXXg B =Ac, B.=H) with Urea.- The

steroid (XXX R.=Ac, Ré=H) (100 mg.) was heated with ures (200 mg.)

in refluxing ethanol (20 ml.) for 3 hours and 1left overnight at

room temperature. The product, (10l mg.) obitained as aﬁoveﬁ ﬁ&s
recrystallized once from chlorcform-methancl t§ give matewrial,
1779
(saturated lactone), 1736 (Ohc), 1712 (SC=0), and 1250 cmwlo(OAﬁﬁg

m.po 263-269°, Mpay 206 (€ 2400) and 252 mp (e 2800}, v _

which is therefore starting materisl.

22=Acetyl=1-0s0=S8-card-20{22)-snolide (¥1).- 2l-Hydzroxy=3,20-

diozmo-Sa=preguane-2l-hemisuccinate {XXIV3 choc%cazcoza) {(2.48 g.)

was hydrolysed by dissolving im squeous potassium biearbonate and

M|
3 e product,

leaving overnight under an atmosphers of nitrogen.
21l-hydroxy-3 ,20-dioro-5a=prognane {XXIV; R=H) was dissolwed im
chloroform and treated with diketene { 2.5 ml.) znd triethylamine
{Co2 ml.) as befors. Chromatography on alumina gave material,

which, afier three recrystallisations from methyleme chloride-
mwthanol was shown %0 be 22~acetyl-3=omp=Ju=gard-20{22)-gpslide {¥X};
mep 234-238°, [a], =21.5" (gs 0.79) (Founds ©,75.455 H,B.6.
025H3404 requires .097503§.K9806%)9 - 206 {c 4450) and 245 mp

(¢ 9860), v __ 1766 (lactane}, 1700 (3¢=0), and 1613 on”t, (3€207)-

Thie compound also gave a positive Legal tsest, showing the
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presence of the Aaaelactona gyatem. In this case, the product is

releted tq the cardiac aglycones, which abéorb in the ultraviolet

at 220 mp.

Reaction of 21=Acetoz§é17a=hldgg§1fﬁ,11,Qoatriowajaegrqgna@@

{XLIX) with Diketene.- The steroid (XLIX) (1.044 g.) in benzens

(50 ml.) was treated, as before, with diketene (1.5 ml.) and triothyle
amine (0.2 ml,) and the solution refluxed for one hour, After
evaporation under reduced pressurs, the gum produced was Tedisgelwad
in benzene {20 ml.) end chromatographed om silica gel (20 g.).

1:4 Ether-benzens eluted meterial as a gum which could nod
be crystallised, but the infrarved spectrum of which, indiceted that
3390, 1764
{1actone), 1730 (0Ae), 1712 (SC=0), and 1608 cm“lg {Ze=cl).

it may be the reguired compound, Eﬂ}@ 4283509 Vmex

Reaction of Diltetene with Compound S (£)? .- Compouna s (L)

(0,61 g.) was dissolved in benzene (40 ml.) and heated to 60°.
Tristhylamine (0.2 ml.) was added with stirring, followed by
diketene (Ooj'mlaj in bengena (i@ ml.} added slowly. The solution
was stirred for 30 nin, at 600 and allowed to c@ée %o room Bempesw
ature (1 hour). Washing with 2§ hydrochloric aeid, water, follewed
by drying and evaporation under reduced pressure gave a red oil.
This was dissolved in methanol (10 mla) and treated with sodium

methozide (0.3 g. sodium in 3 ml. methanol) with stirring for 10
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min.. The solution was again washed with 2N hydrochloric acid
and worked up as before to give a froth which 'did not crystallise,
- 3425 (OH), 1761 (lactone), 1721 (>C=0), 1681 (>C=0), =ad 1623

om™t, e=cl).
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PART IX

 STEROIDS DERIVED FROM HECOGENIN




IHTBOTICTION

In 1952, Grundy, Simpscm, and Taitl presented cvidence fox a

potasnt mineral factor, different from the kmown bormones, in the

mother liquors obtained in the crystallisation of the more water

soluble steroids, This substance was remarkably effective in

seintaining the 1ife of adrenalectomised animals.

The same group of workers, in co-operation with a Swisz group

later igolated the active c@aati%men%92 aldesterone (1), and

3

elucidated its struciture.

Aidosterone was shown to have high mineralocoriiceid activity,

being 100 times more active than &aoxyearticos%e&@ne3 (1I1) i=
promoting the retentien of sodium, snd %o be effective im ths
sreatment? of Addisonms disease.’ |

Mllowing the olucidatien of the structure of aldosterone,

several groups set cut to symthesise an 18eoxygenate& stereid,

approach was to%al synthesis and this was achievad by Wetisteln

Cne

and



12

(11)

his co-workers, and Johpnston and his couwcrkersoé The alkeloid

conessine (III) provided a second method of approack to the 38—

- oxygen function since it already comtains a nitrogen atom attached
to 618 and can readily be degraded te arn 18-oxygenated steroid.
Extension of this work to 3p-hydroxy-ll-oxoconamine (IV) gave

aldosterone (I)7e

(Iv) (v) (V1)

Thus, ll-oxoconamine (IV) was trsated with lithium aluminium
hydride, and the product subjected to Hofmann elimimation, givimg the

iactol (V). Reaction of the lactel with methyl iodide followed by
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sodium methoxide gave the 20-olefin (VI) which was comverted to 4he

20,21-diacetoxy compound (VII). This lactol, on treatment with

gF OAc OAc
6,040 9—¢C0 \éx Loue  §—— 80
Y
(viI) (vILz) (1x)

ruthenium oxide gave the lactone (VIII) snd hemce by bydrolysis,
.pr@%@ction of the 2l-hydroxyl group, and oxidation, the lacione (IX}.
This product has been comnvertsd by Von Euw, Neher, and Heichs%eiua

to aldosterone {I). The carbonyl groups at 03 and C,, were protected
by formetion of the ketal (X) which was then reduced with iithium
aluminivm bydride to the product {XI) which gave szldcmtercne {I) en

hydrolysis.
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(x11)

Barton, Beaton, Geller;and Pech@t,g have described a very
elegant synthesis of sldosterone by irradiation of the ll-nitrite
of c@f‘ticés%emm acetate (Xii)o The immediats product of this
‘reaction was aldostercne acetate oxime (ﬁII) which gave aldostercn=

{1I) on aydrolysis.

Bs0"

10

In a patent, Ruzicke apd Jeger,  have described the preparation
of a 13-cyano-steroid. Starting with the cyanbydrin of mé%hyl 3as

benzoyloxy-12-0xocholanate (XIV), the steroid mucleus is mads to
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undergo C-nor-D-homo rearrangement giving the umsaturated nisrile
(xv)., The ketone obiained on ozonolysis followed by hydrolysis was
converted to its cyanhydrin, which, it is claimed, undergoes

retrogression to the A11—13acyano steroid (XvI),

As0””

(zv) (xv1)

The present work is an attempt %o apply these reactioms %o the
readily aveilable sapegenin hecogenin (XVIIz R=H). I% has beenm
shown that in this series, rwérsa rearrangsnent to the amgularw
nitrile group does not occur, imstead, elimination takes place to

give the af-unsaturated nitrile {AVIII).
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This compound is interesting in that it has the C-nor--I-home
structure and angular nitrogen function, and may be useful as e
starting material in the synthesis of the ceveratrum alkaloids, the

best known of which iz cevine (XIX).




THEORETICAL
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The siercid skeleton has been subjected to many altersiions

irn its structure. Among the most common of these is ring expansioh

and contraction, some of which are described by Fieser arnd Fiesarllo

L
12 3913 and Dglcﬁomo sterolds are known, as are A914 By 3 @916
17

and D

A
-nor storolds. The rearrangement of particular intersest

wes that involving the C and D rings of the stercid nucleus,
giving C-nor-D-homo compounds. Several reactions of this %ype are
known, gensrally with derivatives of hecogeninm (XVILs R=H) or

rockogenin (XX3 Rf:RZ:H)c

In 1952, Bamford and S%@vensla published the resulis of studies
on the alk&line decompositionr of toluene~-p-sulphonylhydrazomes. The
product of this type of decomposition is usually an olefin, some-
 timeg formed by rearrangement of the carbon skeleton.

Thus, Hirschmann, Snoddy, Hiskey, and Wendler'® found that

hecogenin acetate toluene-p-sulphonylhydrazone (XXI) gave am olefin
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when treated with sodium in ethylene glycol. An sxzaminaiion of
" this product showed that it could not have the normal steroid
skeleton, and hence, rearrangement to the C-nor-D-homo structure

was postulated.

This is feamible only if decomposition takes place %o give

the carbonium iom (XXIII) by means of the intermediate compound
( XX1L) which braaks up %o give niirogen and a sulphimic acid
derivative as the other products.,

A prerequisite of the C=nor-D-homo rearrangement is formation
of the carborium ion which, im ite transiteory siate can be zaid %
have 12B=configuration. Substituenis in the 12f-position are
coplanar with the carbon atoms at 12, 13, and 14. Thus rearrange-

ment takes place by the breaking of the 13-14 carbon bond and rear
attack on the 1l2-position by C140 This in turn, gives a second

carbonium ion (XXIV) which loses H* to form an olefin.
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{ XXIV) ( Xxv) (xxv1)

Kixschmann(gg‘giolg have shown that in the decomposition deserilb-
ed above, the major product is the endocyclic olefin (XIVI). The
exocyclic olefin isg also formed, howover, as a miner produst.

Thess two olefins were also obtained by the mame workers from
the solvolysis of the 12-mesyl derivative of rockogenin {XXj Rfﬁﬂ@i
R,2CH,S0,~) with methanolic potessium hydrozide, the exocyclic
olefin (XXV} beimg in slight excess over the other. FElks, Phillipps,
Taylor, and Wyman,zo oh the other hand showed that the exocyclic

olefin {XXV) could be obtained in almost quantitative yield when

potasssium in tert.-butanol was used 2s solvolysing agent.

NOH NH

{ XXV¥II) | { XXVIII)
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lsduction of hecogenin acetate oxime (XXVII) and treatment of
the resulting amine (XXVIII) with sodjum nitrite has been shown by
Anliker, Robr, and ngsser21 to give two olefins, identicel with
those obtained by Hirshmann and co-workers.

In the reactions described above, the carbonium fon {XXIII) is
a predictable intermediate. The same is also true of the raacticn
betwesn thionyl chloride and hecogenin acetate cyanhydrin {XXIX)
which gives the execyclic methyleme compound (XXX) im high yield.
19

This work was carried out by Hirshmann apd co-workers.

{ XXIX)

Ruzickas and Jegeflg used the last method above to prepare a
steroid in the cholanic acic sexies baving a simllar angular nitrile
group. Methyl 3a-benzoyloxy-l2-oxocholanate (XIV) was treated with
potaséium cyanide in acetic acid and the resulting cyazhydrin
( XXXI1) rearranged to give an olefin, methyl 3a-benzoyloxy-13i-cyano-~

17a~methyl ene—C-nor-D-homo-cholanate (XXXII).
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o B R | cmﬁ“a
_R

iy AN

(xxx1) ( xxx1)
« oH

CFO =é g

AN A Ngh

{ XXXIII1) { XXX1IV)

Ozonolysis removed the methylene group, gi?ing a keﬁaﬁ@
{ XXXIII) which, was hydrolysed with methanclic potassium hydvoxide
to the acid (XXXIV)., Decarboxylation was followed by‘es%erificatioﬁ
and acetylation, giving methyl 3aaaceﬁoxyu1Taooxnnénnor-ﬂmhamam18a

nor-cholanic acid (XXXV),

CR OH

AN

{ xxxvI)

The oyanhydrin of this ketome (XXXVI) was prepared by

treatment with ligquid hydrogen cyanide in chloroform, using
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triethylamine as catalyst, and the criginal sterocid struciurs was
regained by a reverse rearrangement with thionyl chloride, giving

methyl 3a-acetoxy-l3-cyano-ll-cholenate (XXXVII).

{ XxxviI) { XXXVI1I)

19 te the

A similar series of reactions had led Hirschmana et al.
cyanoketons (XAXXVIII), and i% was planned in the work described
below, to sxtend this series of reactions in the marner cutlined
by the Swiss workers; It was forseen tha® this could lead %o the
aldosterone (I) type of compound.

Thus, hecogenin acetats cyanhydrin {XXIX) was prepared by the
reaction of potassium cyanids in acle'kic acid with hecogenin acetate
(X?Hg RzAc}. The melting point of this product was 30° lower than
that quoted by Hirschmannlg when earried out on the Kofler block.
A esample sealed in a capillary tube under vacuum, hovover, had a
melting point approaching the published valuve., The low melting

point is thought to be due to a decompositiom to hecogenin acetate
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and hydrogen cyamide when the compound is on the point of melting.
Rearrangement of the cyanhydrin with thionyl chloride proceeded
smoothly to give 3ﬁ-acetoxybl3ﬁocyano-17a—methylene»chnor-nbhomo—
5a,25D-spirostane (XXXIX). A sample of the cyanhydrin mother
liquors treated in the same way gave the A11¢12~cyano-ster01d (xw),
which had an ultraviolet absorption in agreememt with that quoted

for a similar compoundoz2

( XXX1IX) (xu)

This obviously comes from debydration of the epimeric
cyaphydrin which has am lla-hydroxyl group. Ozénolysis of the
exocyclic methylene compound {XXXIX) gave the cyamoketome { XAXVIII)
in good yield, hydrolysis of which did not glve the expected pioduct
{(XL1). Imstead, a series of hydrolysis attempis gave mainly cn
acidic product which was not the keto acid (XLII; R=H) which might
be expected, since the infrarsd spectrum showed that the nitrile

group was substantially untouched. It seems from this that "acid.
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L on
0 ' o=¢C O

RO

{ XLIII)

cleavage™ is teking place, giving rise to an acid (XLIiI; R=H) im
which ring D has been opened. All attempts to decarboxylate this
acid were unsuccesful.

Despite the prescnce of the nitrile group, the ketone {AXXVIII)
was treated with hydrogen cysnide to give the cyanhydrin (XLIV),

However, rearrangement with thionyl chloride to the unsaturated

nitrile (XLV) did not occur.

Ae0
(xLv) (xLvI)
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This may be due to the presence of the nitrile group at 013
and so it was decided to prepare the known kotone (XLI). To this
end, 3p-acetoxy-17a-methylens-C-nor-D-homo-5a,25D-spirostane (XLVI)
wes prepared by solvolysis of rockogenin-3-acetate-l2-mesylate (XX3
R)=Ac, R=CH,S0,-) according to the method of Elks et 1.0, mig
olefin was treated with osmium tetroxide 17 and the resultant glycol

(XLVII) cleaved by periodic acid to give the required product (XLI).

CH,,08 .

Q!

(xvix) - ( xLvILI)

It was also found, that the l7a-methylene compound {XLVI) did not
stend up well %o ozonolysis, the product on two occasions being

obtained in omly 5% yield.

The ketone (XLI) was treated with potassium cyanide in acetic
acid to give the impure cyanhydrin (XLVIII; R Ac) which contained
starting material. Attempted recrystallisation resulted in the
regeneration of ketone, hence the crude reaction mixture was treated

with thionyl chloride. The product was shown t0 be 3f-acetoxy~1l7a -
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AcO AecO
" (RLIX) (L)

cyano-5a ,25D-spirost<13(172)-ene (XLIX).

If the hydroxyl group at carbon-lTa in the cyanhydrin has the
p-configuration, rearrangement is expected to take place to give the
nitrile (L) since the atoms at (17ap)-(17a)=(13)=(14) are coplanar.
In fact, elimination occurs, since the (17aa)-(178-{13)-(13s) atoms
’are also coplanar, This means that the mitrile group of the
cyaphydrin must have the p-configuration, and the same must dbe trus
of the cyasmhydrin of the cyancketone {XLIV). Im the latter case
the angular group acts as a blocking group to elimiration, resulting
in unchenged cyanhydrin being obtained. Also, it is now possible to
state the stereochemistry of the compounds obtained.

The formation of a p-nitrile in the cyanhydrin indicates that
the cyano group attacks froﬁ the top face of the molecule. The

reverse is to be expected since the p-side-chain must cause some

gteric hindrance at the 1T7a-position,
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Thus, elimination has taken place giving the ap-unsaturated
nitrile. Evidence for this is obtained from the infrared and
ultraviolet spectra. In the former, nitrile absorption at 2237 omL,
indicates conjugation while this is supported by am absorption in the
ultraviolet at 229 mp (¢ 10,100).

An examination of the 1Ta-methylene compound (XXXIX) proved
interesting. For example, treatment with lithium aluminium hydride
gave the lj-amimmeﬁhgrl compound (LI; R=H) and the unexpected 13-
methyl compound (LII; R=H). The structure of this latter compound

1[mx
CH CH
CH, | z} CHy i 2
RO RO

(L1) (L11)

was arrived at on the basis of the analysis obtained for it, and the
fact that its melting point was very different from that of the 13-
nor compound (XLVI) obtained by Hirschmann®’ and Elks®.

On nitrosation, the amine (LI3 R=H ) gave the primary alcohol
(LIII), instesd of the ring emnlarged product (LIV) which had been

boped for. Also obtained from this reaction was en amorphous
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mwaterial, thought to be the nitrite ester (LV). Hydrolysis however
gave a product, alsc amorphous, which was not the alcohol (LIII).

OH
2:5.‘, 33 2 : o8y
L L
(LI11) (L1v)
ONQ c oH .
& fi'2 ¢=o fi'2
Ie®! LA
| (Lv) (LvI)

That a primary alcohol (LIII) was obtained above was shown by
its oxidation to a carboxylic ascid (LVI). It was hoped to correlate
this compound with the material obtained by Hirschmann and Elks by
ogonolysis to the p-keto acid (LVII) followed by decarboxylation to
the diketome (LVIII). Ozonolysis, however, resulted in complete
break-up of fhe molecula.

)

w%} 1 }

(LviI) (LvI1I)
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‘Since homo-steroids are known in which rings A, B, and D have
been increased in size, it was proposed to kprepare & C=homo-gteroid.

In the enlargement of ring A (LX), Nelson and Schut'? trested
cholcatan-.:;-éno (LIX) with diagomethane prepared in situ. The reaction
also works with 3~om—-A4-choleaten023 giving a homo-steroid containing
a double bond in ring A. Hecogenin, however, treated in this way

gave starting material.

G : R B
) y

(LIX) ‘ (Lx)

In 1960, Ringold’

3 prepared B-homo-androstane (LXIII) by
catalytic reduction of the cyanhydrin of T-keto-androstane (LXI) and

treatment of the amine (LXII) obtained with mitrous acid.

-— —
cy cE,VH, 74
H 0

OH

(LX1) (LX11) (LXIII)
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Uging tho method of Bingoidw since supplices of hecogenin aceicio
cyanhydrin (XHX) were available, attempts were made to reduce the
cyanhydrin tc the aminomethyl compéund. All methods attempted
involving catalytic hydrogenation wore unsuccessful. Similar resulis
were obtained with sodium borohydride, with ox without aluminium
chlorides; the products being hecogenin acetate {XVII; R=Ac) and
rockogenin-3~acetate (XX3 R =Ac, Rasﬂ)o

Lithiue aluninium hydride on the other handy tended to take tha
reaction too far, resulting in the formation of rockogenin (XXj
RlzRasﬂ), epirockogenin (LXIV3 RlzRaa:H) and & small amoun% of an
amine (LXV3 Rf:RagH) waich crys’;allis@d. with difficulty, and could
only be properly ohara&eris&d as the N-acetate (LXV3 Rlsneg'sAc)o

This Neacetate was treated with potassium hydroxide but did not

yield the parent amine, the 3p~hydroxy compound being the only

product (LXV; R,=H, stAc')o ,




The amide (LXV; RlzﬁzsAc) with hydrochloric acid gave what mey
be the hydiochloride (LXxVs R,=H, Ré:H.HCl) and which on treatment
with nitrous acid gave a product showing carbonyl absorption in

the infrared spectrum. This may be the required C=homo=-steroid.

(Lxvis n§n)
. Pg‘ .\\\
no‘l:::i:f;;:i:i:j ro®
(LxvI) (LXVII)

The reaction between the cyanhydrin and lithium.aluminium hyds i
wee studied in order to improve the yield of amine. Ths maxzimum
vield which could be obtained, however, was 38.6% (estimated as tho
acetate)o’Formation of rockogenin and its 12@epiﬁer~ia piébably duo
to decomposition 6f the cyanhydrin, under the alkaline conditicens of
the reactiﬁns t0 give hecogenin which is then further reduced to ithe
12-alcohols. |

Roberte and Goreham24

reported improved yields of the aminmomeihyl
"compound by prior acetylation. Thus, hecogenin acetate cyanhydrin
(XXIX) was acetylated with acetlic anhydride in pyridine at 100° to

give the 12p-acetate (LXVIL; R=Ac), Acetyl chloride resulted in
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incomplete reaction, while refluxing acetic anhydride in pyridine
was too strong. Reduction with lithium aluminium hydride gave
Yields similar to those obtained before.

N~Acetyl-3p-acetoxy-l2a-aminomethyl=12p-hydroxy=5a,25D=spiroe
stane (LXV; 31832310) when treated with nitrous acid gave s product
formulated as Jp-acetoxy~l2~oxo-C-homo-5a,25D-gpirostane (LXVIII;
R=Ac).

= O

N BNY

(LXVIII) (LXIX)

It was also found, however, that a crude reduction product of
hecogenin acetate cyanhydrin when reacted with nitrous acid, and
the reaction product treated with Girard reagent, gave on acetylation,
a ketone, 3p-acetoxy-12a~ox0-C-homo-5¢,25D-spirostane (LXIXs R=ic)

A mechanistic examimation is rnot helpful in distinguishing
between the two isomers, since the carbonium ion shown (LXX) seems
to be an essential intermediate in any route to the Cehomo-steroid.
The infrared spectra show that the product from the amide hes a peak

at 1714 cm”lo while the ketone obtained from the amine absorbds at
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0112

(Lxx)

1697 ea™l.. The former absorption is typical of s ketone in a

slx or seven membered ring adjacent to two methyleme groups. On
the other hand, a 12-ketone in the normal steroid absorbs at about
1700 cm"l.- The lowering of the frequency is probably due to the
neighbouring quaternary carbon atom, ¢.f. steroid and triterpencid
3-ketones which absorb at 1709 and 1700 cm"lo respectively.25 Hence
the C-homo ketone having the lower infrared absorption frequeney is
taken to be the l2a-ketone (LXIX), and the product obtained from

the amide is therefore the 12-ketome (LXVIII).



EXPERIMNENTAL
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Ceneral Experimental Techniques.— Unless otherwise stated,

all melting points were done on a Kofler apparatus and are there-
fore corrected values3 specific rotations were deterﬁinod in
chloroform solution in a 10 cm., mierc tube; infrared spectra wers
obtained from potassium chloride discsj ultraviolet épectra were
done on ethznolic solutionsj extracts were dried with anhydroun
godium sulphate; alumina wes deactivated by shaking the slurry in
60.80° petroleum sther with 5 ml. of 10% agusous acetic acia for
each 100 g. alumina;19 petroleum other had bopo 60-80°,

Hecogenin Acetate C;

yanhydring .- a) Hecogenin acstate (XVIIL;
R=Ac) (60 g.) in chloroform (480 ml.) and acetic acid {170 ml.) was
cooled %o 0° and a suspension of potassium eyenide (200 g.) in
methanol (720 ml.) was added with stirring. The mixture was stirred
for 24 hours at 0°, treated with water (2 litres) and the mixture
shaken, The chloroform leyer was washed with water containing acetie
acid and evaporated undor reduced pressure. On triturgtion gith
chloroform the residue obteined (34 g.) was shown to be 3p-acetoxy-
12a~cyano-l28-hydrozy=5a,25D-spirostane (XXIX). Recrystallisation
from chloroform-methanol gave a white powder, m.p. 242=2449,

[o]) =42.2° (gy 1.07) (Found: C,72.03 Hy8.95;1,2.8, Calc. for
030345051& CyT2.13 n,9.1;yzsgz.,e%),‘ Voax 3300 (0H), 1700 (OAc), and
1270 om‘lo (OAc). m.p. 265° in a sealed cepillary tubs under vacuum.

Hirschmann et 31“19 give m.p. 271&2?50 (decomp.) with previous

L
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ainteringﬂ

The mother liquors on evaporation and addition of methanol
yielded (a) 6.8 g. m.p. 239-244°,(a], =40°. (b) 18 g. m.p. 236-
241%, [a]p -39:2°% (o) 1.5 g» mep. 225° and 237-242°,[a], -43.8°.
(a) 0.5 g. ﬁ.p. 212‘216@5{“JD =42.6°, as successive cﬁopsa

A sample of the cyanhydrin was heated to 260" under vacuum.
Very little sublimation took place, and the residue was unchanged
cyenhydrin (which hed not even melted). On heating to 300° under
the same conditions as above, the cyanhydrin melted and sublimation
ococurred. The sublimate was very pure heccgenin acetate (XVIIj R=Ac).

b) Hecogenin acetate (XVII; R=Ac) (20 g.) was dissolved in
pyridine (200 ml.) and treated with liquid hydrogen cyanide (100 ml.)
and trietbylamine (2 mlo.). The solutiom which quickly turned dark
was left overnight at room temperature. The reaction mixture was
then diluted with 3.5N hydrochloric acid (800 ml.) and exiracted
with chlorofcrm, Successive washing of the extracis with dilute
hydrochloric acid and water, followed by drying and evaporation %o
lower bulk gave the cyanhydrin (XXIX) (8.2 g.), m.p. 235-239°

The mother liquors yielded a second crop (10.8 g.).

3p-Acetoxy-13p-cyano-1Ta~methylene-C-nor-D-homo=5a ,25D-
gpirostane (XXXIX).= 3aaﬁcethyal2a—cyano»125ahydroxy.5a,253,
spirostane (XXIX) (7 g.) wae dissolved in pyridine (140 ml.). The

solution was cooled to 0° and treated with thionyl chloride (5.6 ml.)



purified by the method deascribed by Vogﬁlozs The solution was lef$
standing overnight at room temperature, them poured on to an excess
of crushed ice. The precipitate was collected and dissolved in
chloroform which was then washed with dilute hydrochloriec acid,
water, agueous sodium bicarbonate, and water again, dried, and
svaporated under reduced pressure., Crystallisation of the residus
(6.9 g-) from methanol gave 3B-acetoxy-l3ip=cyano-1la-methylene=Cros
=D-homo=5a ,25D=gpirostane (XXXIX). Two recrystallisetions from
methylene chloride-methanol gave material as needles m.p. 216»220$9
[e]; ~32,7% (gy 0.94) (Founds C,73.63 H,8.8; N,2.8. Calc. for
0303430 4H¢'%CH3OH= CyT3.63 Ho9.13 Ny2.8%4), v pax 3490 (OH from MelH),
2230 (-CEN), 1725 (0Ac), 1640 (SC=C1), and 1255 em™F, (Oac).

A sample recrystallised twice from acetone-chloroform had |
m.p. 216-220°, (Fouwnd: C,T4.83 H,8.8; N,2.7. Calc. for Cy ol 430,
CoT4.83 H,9.03 N,2.9%), Hirschmann et al.>’ give m.p, 220-221.5°
with previous esintering.

An attempt to carry out this rearrangement using phosphorus

oxychloride was unsuccessful, the produect being unchenged cyanhydziu.

_ 3B-Acetoxg:pll«12sacyanoeju,25DaspirosteneA(XLlew A portionm
(1 go) of the material from crop (b) from the mother liquor of
hecogenin acetate cyanhydrin was treated with thionyl chloride

(2,0 ml,) in pyridine (15 ml.) as above. Extraction by similar
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methods gave a brown chloroform solution which was boiled with
apimal charcosl, filtered and on addition of methanol and cooling
yielded slightly coloured needles (0.3 g.). These were chromato- .
graphed on deactivated alumina (20 g.).

111 Petroleun ether-benzene eluted material (0.17 g.) which,

after two recrystallisations from chloroform-methanol, was shown %o

be BB-gcetog»AnleBacmO«Sa,251’:@&;&;& (XL), m.po 195=198°,

[a]D =51.6° (o, 0.97) (Found: C474.85 H,9.13 N,2.9. CyoH 4308
requires C,74.8; H,9.03 N,2.9%), Apgy 216 mp (e 12,950),

Vpay 2220 (=CaN), 1725 (OAe), 1240 (0ac), snd 870 ew™>, (SCsC3).

The ultraviolet was similar ¢te that of s similer nitrile

described by Bladon, Henbest, Jones, lLovell, and Woodmzz

( XXXVIIIg R=Ac).- 3f—Acetozy-13p-cyanc-lTa~methylene-C-nor-D-homo=

5a ,25D-spirostane {XXXIX) (5.015 g.) waa dissolved in methylene
chloride {1200 ml.) and cooled in a bath of acetone a.nd orushed
solid carbon dioxide, to a temperaturs of o65°° Ozone was passed'in
until the solution turned blue. The solvént was evaporatgd on the
steam-bath under reduced pressure, the laat 50 ml. being removed in
the cold under vacuum, The ozonide was dissclved in hot glacisl
acetic acid and zinc (5 g.) added. The sclution was heated on the

steam-bath for 1¥ hours, filtered, end the zinc washed with acetiec
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acid. Weter (1 litre) was added to the filtrate and the steroid
isolated in the usual way. The crude masteriasl (4.47 g.) on recryet-
allisation from chloroformemethanol gave 3pwacetoxy-l3f-cyeno-17a
«0x0«C~nor=D-homo=5a , 25D~spiroatane (XXXVIII) (1.7 g.) as plates,
m.p. 265-267°,[a] p ~16:9° (g, 0.68) (Founds C,70.95 H,8.95 N,2.8,

c293 4105N°%CH303 requires C,70.953 H,8.73 K,2.8%), x 202 mp

2kmr,
(c 1070) (in dioxan) Apag 282 ma (2 84.5), Vpag 2230 (=C3W),
1760 (OAc), eand 1250 on~L, {0he).

The ketone did not form & 2,4-dinitrophenylhydrazones.

An attempt to form the ketone obtained above by reaction of
the methylens group with osmium tetrozide and sodium metaperiodatc27

was unsuocegsful.

Attempted hydrolysis of 3f-acetoxy-lif-cyano-la-oxo=F =

D=homo~5a ,25D~-spirostane jXJ&JWIIIzo Several attempts were made to

hydrolyse the cyanoketone (XXXVIII). Thoss are summarised below.

In each case the reaction mixture was poured into water, made
alkaline if necessary, and extracted to give a neutral product.

- Aoidification and re-extraction then yielded any acid produvet.

Wt of | ___Produet
Reagents Conditions starting] Neutral} Acid Notes
material .
KOR (5 g.) Baflux for
4 m on o 1) < ] 9
HeOH (50 mlo)- the st 0.6 g 0.038 g 0.423 g 1
Dioxan (30 mlo)|bath.




Reagents

Conditions

HCL cono,(2 ml. Reflux for

MeOH (20 ml.)
Dioxan (60 ml.)

LC (5 GO)
R0, (2 ml.)
MeOH (300 ml.)
CgH, (50 ml,)

KoE (5 g.)
B,0, (2 ml.)
MeOH (140 ml.)
Celg (25 ml.)

KoH {10 g.)
3202 (4 ﬂl;)
MeOH (250 ml.)
CgHg (50 ml.)
EOH (5 g-)
B,0, (2 ml.)
MeOH (150 ml.)
6686 (25 ml.)

KOH (5 g.)

MeOB (100 ml,)
H,0, (2.8 ml,)
CcHe (25 m.)

kot (5 g-)

H,0, (2 ml.)
NeOB (70 mlo)
CeHg (25 ml.)

2 hrs. on
steam-bath

1Stand for

1 hr. then
reflux 1 hr,
jon steam-
batha

|Overnight
in cold
reflux for
‘8 hrﬂo on
stean-bath

oft seversl
s in coléd
No heating.

Left cold[a)
taken contin
fously over

4 hrs.
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Wto of Product

starting | Neutral | Acid Notes
material '

005 8o 00513 £ 0.002 8o 2
0.5 8o 0,166 81 OQ“I 8o 3
0.5 e 0.062 894 00390 8o

1.0 & °¢®2 8o nc199 8o 4
0052 8- 00058 8o p0399 8o 4
0064 € ‘00026 & 00218 8o

0.51 g. ' 0.173 g. P.284 g. 5
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Wt, of Product

Reagents Conditions starting { Neutral | Acid Notes
material

KOH (5.g.) Left in cold

for-4 hrg. 0016 8o 00008 8o 09146 &80
H,0, (0.2 m1,) (room tenp.)
MeCH (70 ml.)
0636 (;5 mla)‘

EOH (20 go) Refluxed

until no 0949 8o 05123 8o 00408 &o
(CH2°H)2 (200 ul1")mo:.-e ammonia

evolved,

Rote 1. The neutral xirodnct appears to be & mixture of the
required product (XLI) and the amide (LXXII).

NK2 o
" o= 1]
v N
(xLI) (LXXIX)

mo‘ The neutral product is 3B-hydrnxya13p;-oyeno—-17a=-oxo~c-nor
«~D-homo-5a ,25D~spirostane {XAXVIII; R=H) which recrystallised as
needles from chloroform-methanol, m.p. 235==236¢5°,[a]1’ -28,7°

(g9 0.67) (Found: C;73.35 Hy9.05 §;3.0. Calo. for 0278390483
0,73.55 E,8.95 §,3424), v___ 3420 (OH), 2220 (=CZK), end 1725 ea™ ',
(>C=0). Hirschmaun et ‘a_,_l_%g give m.p. 237-238°

lote 3. The low yield is due to the use of ether alone in the

extraction pprocess. It was found that ether and chloroform should



be used,

Note 4. The neutral product appeared to be the desired compound
3p-hydroxy-1Ta<ox0-C=nor-D-homo-5a ,25D-spiroatane (XLI), It had
mep. 179-184°, [a]} -89.5%, v___ 3400 (OH), and 1700 eu™Y, (SC=0).
c.f. Hirschmonn 22.5;919 who give m.p.-180-183°, Ea]D <93.8°,

Note 5. Thafd]n did not change during the reaction,

Examination of the acid products.- The acid products all showed

the presence of the nitrile band in the infrared spectrum. Thus
there seems to have baeen acid cleavage instead of ketone cléavagao
A portion of the acid was treated with diazomethan328 but did
not give & crystalline derivativeo
Attempte to decarboxylate the acid using copper chromit329’30
as catalyst gave dark brown gums,

' 3B-Acetoxy-138,1Tafg-dicyano~C-nor-D-homo=5a,250=spirogtan=1Taa=

ol (XLIV).- (a) 3p=Acetoxy=-13p-cyano=17a=0xn-C-nor-D-homo=5a,25D-
spirostane { XXXVIII3 R=fc) {0.46 g.) was dissolved in chloroform

(10 ml.), a large excess of liquid hydrogen cyanide added (5 ml.},
followed by triethylamine (0.2 ml.). The solution was left over-
night, poured into 3.5N hydrochloric acid (100 ml.) and the solution
extracted with chloroform, The extracts were washed with water, drisd

and evaporated under reduced pressure in the presence of a little

acetic acid tv preveant loss ¢f hydrogen eyanide by hydrolysis. This
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yielded 11ght brown material (0.49 g.) which after four recrystalle
isations from chlorofermepetroleunm ether, gave 33-&06‘&0& =-13f417aB=
dicyano-C-nor-D-homo-S5a ,25D-spirostan-1Taa—ol (XLIV), m.p. 268-269.5°,
[a], -50° (g5 1.20) (Founa: ¢€,70.33 H,8.2) Hy5.5. CyoH,,0.N,
requires C,70.555 H,8.33 F,5.58), v, _ 3200 (OH), 2190 (-CsK),
1680 (OAc), and 1237 cw™t. (OAc).
(v) 3p—Acetoxy-13p=-cyanoc-17a=0z0=C-nore=Dehomo-5a,25D=spirostans
(XXXVIIIj R=Ac) (0.52 g.) was dissolved im chloroform (12 ml.) and
methanol (6 ml.) and acetic acid (1.5 ml.) added, The solution was
cooled to 0° and potassium cyanide (1.7 g.) added with stirring.
The mixture was stirred for one hour at 0° and then one hour at
room temperature., Water (100 ml.) waz added and the solution
extracted with chloroform. The exirects were washsd with water,
dried, and evapo'mted under reduced pressure to give material (0.51 g.)
.m,p, 265-269.5" . The infrared spectrum was very similar to that of
material obtained by method (a), but the opticel rotation showed that
it was a mixture of starting material and cysmhydrin. Becsuse of thig,
metbod {a) was preferred.

The melting point of the cyanhydrin is the same as that of the
starting material., This is due to the evolution of hydrogen cyanide
on heating, to give the cyasnoketons. Since considerable sublimation

fakes place above 200°, evolution of hydrogen cyanide occurs
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without any other noticeable change in crystal structure. A sample
of the cyanhydrin in a tube was placed in a heated matal block
(235°) for 45 sec.. 4 piece of benzidine-copper acetate test paper
held at the mouth of the tube turned blue showing the presence of
hydrogen cyanide. The infrared spectrum of the residue was identi-

cal with that of the cyancketone.

Hecogenin acetate (XVII; R=Ac) (20 g.) was dissolved in methylene
chloride (60 ml.) and ethanol (300 ml.). To the stirred, cloudy,
solution was added sodium borchydride (1.2 g.) im water (5 ml.). The
solution was stirred until it went clear (2 hours) and left 4 hour
longer, Water {500 ml.) was added and the solution acidified with
hydrochloric acid. Extractior with chloroform gave the orude
rockogenin-3-moncacetats (Xi3 Ry=Ac, Re-':H) which contained some of
the 12g=-epimer. One recrystezllipation from chloroform-methanol gave
reasonably pure material (11.22 g.), B.p. 215-220°, This product
was dissolved in pyridine (30 mi.), cooled to 0°, and treated with
methane sulphonyl chloride (10 ml,) overnight a2t room temperature.
The reaction mixture was poursd on to ice and allowad to stand for
30 min.. Extraction with ether and work up by washing with acid
several times, bicarbonate, and water, gave a gum, which was dise-

olved in tert.=butanol (150 ml.) comtaining poteseium (3.2 g.) aud
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refluxed for 6 hours.

The product, isolated by addition of water and extraction was
acetylated by heating on the steam-bath for ome hour with acetio
anhydride in pyridine. The orystallime product of the gcqtylation
(2.24 g.) after one rscrystallisetion from chloroform-methanol was
3Baacetoxy=17aumethy1enen-c-»nomnf-homoﬁ«,25D-epirqstané (xxv) (1.87 g.)
Bepo 213,5-220°, c.f. Elks at a1.%° who give m.p. 218-223°,

_{S_p:Acetog«-l?awxo«nc-norénbhonmwm' 25D=spirostane gbel.a The

17a-methylene compound (XxV) cbtained above (1.87 g.) in dry benzene

(50 ml.) containing pyridine (1.2 ml,) was trested with osmium
tetroxide (1923 g-) and left at room temperature for 6 days,
(c.f. Hirsobmann et al.>?)

The solution was diluted with bensens and the pyridine removed
by acid washing. Some stercid which precipitated out as the osmate
ester was filtered off, The filtrate was washed with more acid,
followed by water, then evaporated %o give a black residue to which
the filtered product was added. This reesidue was dissolved in ethanol
(460 ml,) and sodium thiosulphate (4.4 g.) in water (100 ml.) added.
After refluxing 14 houre, the reaction mixture, which contained a
black precipitate, was treated with sodium hydroxide (1.0 g.)in
water (3 ml.) and refluxed a further 1% hours, '

The triol, obtained by chloroform extraction (1.34 g.) m.p. 191~
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200°, was allowed to stand overnight with periodic acid (0.7 g.) in
ethanol (200 mls). The solvent was removed in vacuo without heating
and the residue, in ether, washed with sodium bicarbonate, water, and
saturated sodium chloride solution. Evaporation gave the required
progluct (XLI) (1.24 go) m.p. 225-230° after ome recrystallisation

from chloroform-methanols ©.f. Hirschmann et al.>’

who give m.p. 227
-2329,
Fote: Ozonolysis of the 1Ta-methylene compound (XXV) (0.7 g.) gave
very little of the required product (40 mg.).

The steroid (XXV) (0.7 g.) was dissolved in methylene chloride
(40 ml,) which was then cooled to —68° and ogone passed in until the
solution became deep blue in colour. The solution was allowed to come
to room temperature and again cooled to low temperature. When the
solution again became blue, the ozone flow was stopped and the
solvent evaporated under reduced pressure. Zinc (1.0 g.) was added
to the ozonide in acetic acid (20 ml,.) which was then heated on the
steam-bath for one hour, Isolation of the product by filtratiom,
evaporation, and chromatography gave material (40 mg.) m.p. 220-
227%,

Cyanhydrin of 3p=~Acetoxy=1Ta-0X0=Crn0r=D=homo=5a425D=spiro-

stane.- The lTa-ketone (XLI) (0.92 g.) was dissolved in chloroform

(8 ml1.) and acetic acid {3 ml.). To this solution (cooled to 0°) wvas
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added potassium cyanide (3 g.) ae a slurry in methamol (12 ml.).

The reaction was allowed to come to room temperaturs, and stirred for
4 hours, Water (150 ml.) was added and the solution extracted with
chloroform, The extracts were washed with water containing s little
acetic acid, dried, and eveporated, The infrared spectrum of the

. crude piodusst showed thet some cyanbydrin bad been formed. Howsver,
three recrysiallisationz from ohloroform-mathancl gave starting
material m,p. 228-231° (sublimetion im needles).

The whole product was treated once again with potassium cyanide
ag above, a larger amount of methancl being used to give complete
solution of the oyanide. The reaction was not csoled amd was kept
at room femperature for 74 bours. The product was isolated as before
but was stilli a mixture of the cyanhydrin and stasrting meterial,
mopo 198-204° with recrystallisation and remelt mop. 222.-23o° .

uax 3378 (0B}, 1727 (OAc), 1709 (5C=0), 1259 and 1235 cm 1 {oao).

Treatment of the Crude

Pyridine.- The cyanhydrin (XLVIII) obtained above (0987 g,) was
dissolved ir pyridine (15 ml.) and treated cax'efully with thionyl
ohlordde (0.5 ml.), the solution being kept below 5°. The reaction
mixture was allowed to stand overnight. Exceas of thionyl chloride
was destroyed by addition of water (200 ml,) and the solution:

extracted intoc ohloroform. The extrecis were washed with dilute:
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hydrochloric acid and water, dried, anﬁ. evaporated under reduced
pressure. The product obtained after two recrystallisations from
chloroform-methanol was shown to be the 1Ta-ketone (XLI), m.p. 220
228°, Vpax 1724 (0Ac), 1704 (>c=0), and 1236 cm"’f‘ (Oace),

Examination of the mother liquors yielded a second materiai,
which, after three recrystallisations from chloroform-methanol was
shown to be 3p-acetoxy-1Ta-cyano-5a,25D~spirost-13(17a)-ene (XLIX),
Mepe 1?8-182°,[a]D =91.1% (¢, 0.43) (Found: C,74.33 H,8.7; 1,3.0,
029u4304 ¥ requ;rea Cy74.25 H,9.25 N,3.0%) Aoz 229 my (¢ 10,100),
Vpax 2237 (=C=N), 1736 (0Oac), 1650 (ZC=CI), 1252 (OAc), 1058, 981,
and 896 oo™, (spirostane side-~chain), -

Reaction of 3p-Acetoxy-13p—cyanc-17la-methylene-C-nor-D-homo~ |

irostane {XXXIX) with Lithium Aluminivm Hydride.- Lithium

a,25D-8

‘aluminivm hydride (0.74 g.) was refluxed with tetrahydrofuran (65 ml.)
and the steroid (XXXIX) (0.52 g.) added dropwise to the stirred
solution. The funnel was washed down with mofe te'trahydromran and
the mixture refluxed for 6 hours. The reaction mixture was then cool-
ed, excess reagent destroyed with water, and the alumina filtered
off. 'l.ﬁe filter pad was shaken up with some tetrahydrofuran and
£iltered again. On teking the combined filtrates to dryness, a gum

was obtained which, on trituration with sther gave material m.p. 183~

191°, shown to be 3p-hydroxy-13p-aminomethyl-1Ta-methylene~Cenor=D-
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bomo=5a,25D-gpirostane (LI R=H), Three ‘recrystallisations from
ether gave an analytical sample, m.p. 193-197" [a]p ~48.4" (g, o°31)
(Pouna: c,75.85 3,9.8; ¥y3e3. CogH,30,§ requires C,75.55 H,10.13
Fy3.3%)s %uéw(emw)mdﬂGW(smmh Vpax 13445 3300,
3205, 3106 (NE and OH), 1637 (S€=C7), 1613 (amine), 1057, 982, 890
(spirostane side-chain), and 898 cm™>, (>c=c2), Poaitive tetra~
nitromethene test.

Acetylation of this material gave an amorphous prod@ct (LI
R=Ac), Aax 206 (& 5400) end 274 np (e 1440), Vpay 3311 (amide NH),
3049 (=CH,), 1730 (Okc), 1656 (amide, band I), 1637 (S=€2), 1534
(anide, band II)3'and 1239 eu™t. (Oac).

The mother liquors (0.25 g.) of the above reaction were chrom-
atographed §n deactivated slumina (20 g.)»

Bengene eluted material shown to be 3p-hydroxy-13p-methylelTa~
methyleheu C-nor-D-homo-5a ,25D-gpirostane (LII; B=H), m.p. 107.5-

{“]D =57.2°% (ey 0.94) (Found: C,76.Ts Hy10.3. CogH 44 3,

max max 3390
(oB), 1639 (=c=C7), 1055 (OH), 1041, 979, and 899 cn”l, (spirostane

«&cn.%on requires c,'n,o; H,10.4%)y A 211 mp (e T050), v

side~chain), The compound also gave a positive teiranitromethane
test.

Acetylation gave the 3-gcetate (LII3 RzAc), m.p.138-142°,
{"]D =58,8° (g, 1.02) (Found: C,T6.25 Hy9.9. C10H,604 Teauires
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CyT6.65 Hy9.858)s Ay, 210 mu (€ 9550), v ___ 1736 (OAc), 1653
(Cc=c7), 1028, 978, and 896 cnL, (spirostane side chain).

homo=5a . 25D-spirostane (LI B=H) with Nitrous Acid.- The steroid
(LI3 B=H) (0.39 g.) wes dissolved in acetic acid (60 ml.) cooled to
0%, and the stirred solution treated with sodium nitrite (3.0 g.) im
water (10 ml.). The reaction mixture was kept overnight at 20 and
the product obiained by addition of watsr and exiractionm into ether.
The ethereal extracts were washed with water {3 timee), bicerbonste
(3 times), and water agein, dried; and evaporated. Thrse recrystall-
isations from methanol-igopropyl ether gave Bawhydwaxya13ﬁ~§g§§2§gf
methyl-1Ta-nethylone=C-nor-D-homo=5¢,25D=spirostane (LIII), m.p. 248~
252%, [“]n ~5904° (g, 1,04) (Found: C,75.15 H.9.95. Co8E,40,
requires C,75.63 H;10.0%), Aoy 205 my (z 1680), Voay 3333 {cH),

1634 {&C=CZ), 1057, 980, arnd 898 o™, {spirostane side chain).
Since only 200 mg. of crystalline product were obtained, the
mother ligquors were chromatographed on deactivated alumina (20 g.).
Benzene sluted material which was amorphous, [a]n «51.7°
(ep 0.92), Ay, 204 my (BF, 173), v (061,) 1736, 1631 CoscD),
1538, 1058, 979, 899 (spirostane side-chain), 800, and 712 e L,

The substance gives = positive tetranitromethans test. A nitrogen

analysis was carried out on the amorphous materisl {Found: ¥,3.1%},
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which showed that only onme nitrogen atom is present.

Hydrolysis of a sample with hydrochloric acid (0.3 ml.) in
methanol gave e similar product which did not crystallise, Amax 210
(8% 129) ana 218 my (B 128), v, 3448 (0B), 1712, 1634
£0=0)s 1567, 1541, and 1497 en™,,

Acetylation gave another amorpkous product, thought to be the
3~acetate, MD «52,3° (c, 1.03), Apax 203 mn (Bifm 81.5),

Vmax (CC1g) 1739 (Oac), 1631 (Z¢=CT), 1534, 1238 (OAc), 1057, 979,
899 (spirostane side-ehe.in), 798, and T1l cm-lm ’

Oxidation of the original reduction product with chromic acid
gave an amorphous product thought to be the 3-ketone [“}D -‘==53p‘(°
(g, 0.86), Amax 203 my (Eﬁmg 107); Vmax (0014) 1739, 1718 (Z¢=0),
1626 (Cc=Cl), 1550, 1058, 979, 899 (epirostane side chain) and 710

Oxidation of 3f-Hydroxy-13f-hydroxymethyl-lTa-methylene~C-nor=

irostene (LIII).- The steroid (LIII) (0.55 g.) in

D-bomo=5a , 25 Dwsp
acetone (50 ml.) was treated dropwise with 8N chromic acid (1.8 ml.)
for 16 min. at room temperaturao Excees reoagent was des_troyed with
sodium sulphite and dilute hydrochloric acid. Water (50 ml.) was
added and the solution extracted. The product obtained in the usual
manner, was shown to be l7a~methylense=3-ox0=Cenor-De-homo=5a,25D-

spirostane-13g=carboxylic acid (LVI). Three recrystallisations
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f£rom methanol gave material, m.p. 198-201°, [a]D =24.8° (¢, 0.23)
(Founda: C,70.2; H,8.7T. 62834005.320 rqquires Cy70.85 Hy8.9%),
Vpax 3401 (0H of acid), 1721 (2€=0), 1650 (SC=Cl), 1064, 979, 877

(spirostane side-chain) and 870 cm~t. (>e=c2).

Ozonolxsia of 1Zaoﬁethglenevéeoxpecunorunahomo-5¢a2§Dasgirostane
=13p-carboxylic acid (LVI)o.- The steroid (LVI) (110 mg.) was

dissolved in methyleme chloride (25 ml.) and cooled to —70°¢ Ozone

wag passed in until the solution turned blue, indicating the presence
of exceas reagent. The solvont was removed in vacuo without heating.
The ozonide was dissolved in acetic acid (20 ml.) and zinc (0.5 g.)
added. After one hour at 100 ° the reaction mixture was filtered, and
worked up to give & brown gum (140 mg.) which did not crystallise,
Monx 209 mp (e 3620), v __ 3436 (acid), 1681, 1603 (>c=Cl), 1055,
977, and 895 cnt, (spirostane side-chain),

Attempted Hydrogenation of Hecogenin Acetate Cyanhydrin (XXIX)
ng Platinum Oxide as yst.~ Hecogenin acetate cyanhydrin

(xx1X) (0.47 g.) was dissolved in acetic acid (10 ml.) and added %o
pre-reduced platimum oxide in the same solvent (10 ml.). After 4
hours at room temperature, water was added and the solution extrace
ted with ether. The ethereal extracts were wagshed with dilute
hydrochloric acid to remove any basic material. Treatment of the acid

washings with base and re-extraction gave no basic product.
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The original extracis were washed with water, dried and evapor;
ated to give a solid wm.p. 230-2450, shown.by its infrared spectrum
tp be starting material.

Note: The same result was obtained in other hydrogenations using
Reney nickel and palladium—charcoal as catalysts. |
Attempted Reduction

of Hecogenin Acetate Cyanhydrin (XXIX)

with Sodium Borohydride.- The steroid (XXIX) (0.514 g.) in ethanol
(130 ml.) and ether (30 ml.) was treated with sodium borohydride

(0.214 g.) in ethanol (5 ml.) overnight at room temperature. Vater
(100 ml.) was then added and the product, isolated by acidification
and ether extraction, was shown by its infrared spectrum to be a
mixture of hecogenin acetate {XVII; R=Ac) and rockogenin=3-mono-
acetate (XXj R,=Ac, Hé=ﬁ)a

Hote: A similar experiment using sodium borobydride and aluminjum
chloride gave a mixture of hecogenin acetate and unchanged cyanhydrin,

Lithium Aluminium Hydride Reduction of 3f-Acetoxy-lZa-cyano-

12p~-hydroxy-5a,25D-spirost

The steroid (XXIX) (0.504 g.) was dissolved in tetrahydrofuran

(60 ml.) and lithium aluminium hydride (0.152 g.) added as a slurry
with 10 ml. of solvent. The solution was refiuxed for 6 hours,
allowed to cool, and water was added carefully until no more

reaction occured, then 10% more water was added and the solution
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filtered. The alumina was washed with & little tetrahydrofuran and
brought to dryness under reduced pressure to give amorphous
material (0.431 g.), m.p. below 100°,

The product was dissolved in ether which was then washed with
3.5N hydrochloric acid several times. This should remove basic
material from the ether solution. The acid solution was basified with
‘ammonia and extracted with ether to give material (0,049 g.). The
original ether solution was washed well with water, dried and svapor-
ated under reduced pressure to give material (0.294 g.) which had
an infra:ad gpectrur gimilaer tc the material obtained from the
acid extract.

Acetylation of ths Crude Reduction ¥roduct.- The reduction

product (105 mg.) was dissolved in pyridine (2.0 ml.) and acetic
anhydride (1.0 ml.) added. The solution was left overnight, and
worked up in the usual msnner to give a gum (99 mg.). This was
crystgllised from methanol-water, but the solid formed was still
partially amorpbous, m.p. 130-180°,

Tieatment of the Reduction Product with Methanolies ?otassium

Hydroxide.- The reduction product (106 mg.) was dissolved in 10%
methanolic potassium hydroxide (10 ml.) and the solution refluxed
for 3 hours. The steroid product was precipitated with water and

o
the solution filtered to give material, m.po. 196=20T7 , with
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Previous partial melting. An infrared spectrum showed great simil-~
arity with starting material. This mesns that the reduction product
is stable to hydrolysis and is not a simple derivative of hecogenin,

Trestment of the Reduction Product with Fitrous Acid.~ The
reduction product (106 mg.) was dissolved in glacial acetic acid
(15 ml;) and water (15 ml.) added. The solution was cooled to 0°
and treated with sodium nitrite (73 mg.). After being kept at 0°
for one hour, the solution was sllowed to stand at room temperature
for one hour, This was followed by gentle heating on the steam-bath
for 5 min,. Extraction and washing in the ususl manner geve a froth
(86 mg.) which showed slight carbonyl and double bond absorption
in its infréred spactrulic

The product obtained above was retrsated with nitrous acid,
loft for 5 hours at 0°, and then overnight at room temperature.
Extraction as before gave material (74 mg.) which bad increased
absorption in the carbonyl region of its infrared spectrum, This
gave an indication that the requirsed reaction to a C-homo steroid
may be taking place, but obviously not to a very great extent, It

was decided %o determine the exact nature of the reduction product,

hecogenin acetate cyanhydrin (1.0 g.) was carried out as above, to
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give a gum (0.94 g.) which was acetylated with acetic anhydride
(8 ml.) in pyridine (4 ml.). This gave a froth which was chromate
ographed on deactivated alumina (40 g.)o

1:1 Petroleum ether-~benzene sluted ig,l2a=diacetoxy~Se,25D-
spirostane (epi-rockogenirn acetate) (LXIV; B1=32=Ac), B.po 150-153°,
[a], -25.3° (g0 1.29), v __ 1755 (0ac), 1243 (0nc), 1060, 982,
and 905 on™, (spirostane side-chain). e¢.f. Elks gj_g_}_oeo who
give m.p. 156-»159°,Eajn =17%

1:2 Petroleum ether-benzene snd benzene alone eluted 38,128~
diacetoxy-5a,25D-spirostane (rockogenin acetate) (XX; B.lﬁ'stAc)g
Depe 208-21109{0.]]) =17.6° (g 0.90), Yoy 1735 (04c), 1248 (0Ac),
1060, 990, and 909 em™t, (epirostane side-chain), c.f. Elke et _a_}_ozo
who give m.p. 202&2069509('0,29 «65,1°,

111 Benzene-sther eluted material m.p. 245-246°, E“]Z} =39,.9°
(cp 0.92) (Found: C,68.635 H,9.53 §,2.5, cwﬁﬂosmanOK requirss
C;68.53 Hy9.65 Ny2.6%), Vpag 3280 (O0R), 1735 {0Ac), 1650 (amide,
band I), 1545 (emide, band II1)3*1248 (OAc), 1060, 989, and 908 em .
(spirostane side-chain). This would appear to be the required
FH-acetyl=-3p--acetoxy=1 2a-gminemethyl-12p-hydroxy~5a, 25&@%
(Lxvs Rl.-.aa;m).,

9911 Etheramef:hanol eluted material similar to the above,

mopo 24705-249°5 [e], =35:9° (£,0.75) (Found: C€,70.43 Hy9.55 ¥,2.5,




CyoHg)0cF requires C,7004s H;9.43 Ny2:6%), Voag 3330 (0H), 1725
(0ac), 1650 (amide, bend I), 1540 (amide, band IIP* 1248 (0ac),
1060, 989, and 909 en~*, (spirostane side-chain).

In this chromatogram, the quantity of acetylated amine
obtained was only about 25% of the material put on the columm., The
experiment was repeated several timss under varying conditioms and
methods of extraction. In each case, with one exception, the cysahy-

drin was reduced with lithium aluminium hydride and the product

acetylated before chromatograpby. The results are summarised belowi-

Conditions laterial Recovery {Acetylated | Note.
on column
(%) amine (%)
(&)

1,5traight addition of

Liﬁlﬂﬂ to material end 00939 88,1 24,@8 a

5 hr, 'reflux in

tetrabydrofuran
2.As above, 6 hr. reflux | 0.621 Complete 38.6 b
3.48 sbove. 0.880  |Complete 29.5 cod
4.As above. 5050 94,8 | 21.9 e
5.8traight addition of

LiA1H4 and left overs

nigh‘?; in cold 15194 9405 . 2901 c

tetrahydrofuran.
6.Dropwige inverse

gddition of steroid 1.151 87.4 34.1 c

in ether (etir),

and 2 hr. reflux .
79&5 above uﬂing T.H.F. 1003 9063 ) 364:8
Hotozhiet extraction of

glereid inte T H.F. 2025 92.9 2409 o
Yobiz abova 1,54 Complete 26,0
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Notes: (a) The starting material came from the mother liquors of
a hecogenin acetate cyanhydrin preparation.

(b) The starting material was obtained by two recrystallis-
ations of a saﬁple of reasonably pure hecogenin acetate
cyanhydein,

ﬂ(c) The starting maierial was from the same preparation as
(v) without any recrystallisation. ;

(d) The reduction product was not acetylated before
chromatography. (see text)

From these results it would appear that the cyanhydrin samples
contained impurities since purification led to an improved yield
(see No.2). Also, slow addition of the steroid to the reducing agent,
as in Nos. 6 and T gave improved yields.

Chromatogram of Reduction Product before Acetylation.-

131 Bengene-other eluted 38,128=-dihydroxy-5a,25D-gpirostane
(rockogenin) (XXs Ry=R,=H); mop. 210-212°;[a]) 65.6° c.f. Elks
ot 81.% who give m.p. 210-213°,a] ; -63.7°%

3:2 Ether<bengzene and ether alons eluted 3p,l2a-dihydroxy-
5a,25D-spirostane (LXIVy R =R,=H), @.p. 219-222,5°, (8], ~40-0°
c.f. Elks ot gl.% who give m.p. 216-220°,[a] ~34.4°.

19:1 Ether-methanol sluted material which was difficult to

orystallise and was obtained as s froth initially from aqueous
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methanol. Crystallisation from chloroforme-sther gave material
m.p.196-200°, [a]p, =33.6° (g, 0.21) (Found: €,69.25 H,9.T5 N,2.5.

028H4B°4F°H2o requires: C,70.03 H,10,53 N,2.9%), £ 3340 (OH and

“ma
§H), 1662, 1058, 984, and 902 on" . (spirostane side-chain). This
material is therefore 3f,12f-dihydroxy-l2a-aminomethyl-5Sa,25D=
spirostane (LXVj Rlzazgﬂ)ﬁ |

19:1 Chloroform-acetic acid eluted 2 small amount of material
which had properties similar to the abovs zmime. Acetylation gave
material which had an infrarad spec%rum identical with that of the
amide (LXVj Ri:RZSAc)o ’

Treatment of N-Acetyl-3f-acetozy-~l12a-—eminomethyl~12f-hydroxy-

58 525D=spirostane (LXV3 Rf:Ré:Ac) with methanolie potassium hydroz-

ide.~ PHN-Acetyl-3f-acetoxy-12a-aminomethyl-12f=-hydroxy=-5z ,25D=
spirostane (LXV; RfSRésﬂc) {0.139 g.) was dissolved in methanol

(10 ml.) containing potassivm hydroxide (0.5 g.). The solution was
refluzed for 2 hours, cooled, and lef% ovornight. Addition of watér,
filtration, and washing gave material (0.10 g.) m.p. 285-289°, Two
recrystallisations from methanol-ether gave material, m.p. 291-
2§2,5°,[a]D -56«20 (c,0,58) (Found: C,69.43 Hy9-93 Ny2.5, C3OH4905N¢
cn303v requires C,69.33 H,10.1; §,2.6%), Vpag 3450 3355 (oH),

1640 (amide, band I), 1549 (emide, band 11)311242 (8-04c), 1057,

982, and 900 e, (spirostane side-chain), which is tharefore
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N-acetyl-3p,12p-dihydroxy-12u-aminomethyl-5a , 25D-spirostane (LXVs

Re=H, Ré:Ac).
Treatment of”R;Acetﬁl-b;w;ceto_fa;2a-aminomet:;1n12:~h;dzo~~¢

28225D-spirostane (LXV3 Ri-RQEAc! with Hydrochloric Acid.- NeAcetyl-

3p-acetoxy~l2a-aminomethyl-12f-hydroxy-5a ,25D~-apirostane (LXVj R,=R,

shc) (0.112 g.) was dissolved in dioxzen (7 ml.) and concentrated
hydrochlorie acid (1.0 ml.) addsd dropwise. The mizture was refluxed
for 2 hours, water (12 ml.) added, and the solution left overnight.

A crystalline solid was formed, m.p. 227»233 3 Vpag 3372 (oH), 1680
(amide, band I), 1500 (amide, bamd II), 1240 (Ncﬁﬁc), 1052, 983,

and 899 om™t, {spirostene side-chain), This shows thet the 3p=acetate
has been removed, but the amide link, although altered, appears to be
still present.

The total solution was diluted with water {50 ml.) and extract—
ed into ether, The materizl cobisined om svaporation was treated with
methanocl (7 ml.) and concentrated hydrochloric acid (1.0 ml.) and
refluxed as before. Addition of water and oxtraction imto ether gave
gummy matorial'(zs mg.) which was shown to contein & quantity of
starting material. _

About 70 mg. of material were unaccounted for, and must there-
fore remain in the extracted solution., This solution, when reduced

in bulk, precipitated crystalline matorial, m.p. 223-229°, (mized
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m.p. with starting material caused depression), Vpax 3330 (oH), 1678
{amide, band I), ‘1499 (amide, band II), 1241 (N-OAc), 1056, 984, and
901 cm°1° (spirostane side-chain). This product has a similar
infrared spectrum to that of the free amine (LXVj R,=R,=H) except
for a broadening of the CH band and the appearance of the band at
1499 cméla and hence may be the hydrechloride of the amine (LXVj
RISH, Bé=H,H01)°

A sample of this material (4 mg.) was dissolved in acetic acid
and sodium nitrite added. This solutiom was left overnight and
diluted with water. Extraction with chloroform gave material which
hed a peak in the infrared spectrum at 1735 cm"'., thus showing
ketonic character. This may be the reguired C-homo ketone (LXVIs
R=H). (see below)

Treatment of N-Acetyleig-acetoxy-l2a-asminomethyl-128=hydroxy-

,ZB,Shc) with Fitrous foid.- N-Acetyl-3p-

acetoxyal2awaminométhylw1Zamhydroxywﬁm925ﬁbspirostan@ (Lxvs RizRazﬁc)
(1,052 g.) was dissolved in glacial acetic acid (100 ml.) and sodium
nitrite (7.5 g.) dissolved in water (15 ml.) added slowly. The solut-
jon was left overnight at room tenperature, heated on the steam~bath
for 2 min. and extracted into ether, The extraots were worked up in
the usual mannsr to give material (0.935 g.) which was chromatographed

on neutral alumina.
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431 Benzsne-ether eluted material (0.094 g.) whick, after two
recrystallisations from methylene chloridesmethanol gave 3f-acetoxy-
12-0x0=C~homo=5a ,25D~spirostane (LXVII; R=Ac), m.p. 244-247.5°,

[a]D =55.5° (s 0.47) (Found: C,72.63 H,10.2. 0'3034605,%320'
requires C,72.73 H,9.6%) v . 1733 (0Oac), 1724 (5€=0), 1240 (0Ac),
1045, 975, and 892 cn™’. (spirostene side-chaln). The melting point
was depressed with hecogenin acstate.

Reduction of Hecogenin Acetate Cy drin and Treatiment of the

anay

Product with Nitrous Acido.= The stercid (XXIX) (7.0 g.) was disscived
in tetrahydrofuren (230 ml.) end lithium eluminium hydride (3.56 g.)
added as a slurry with some ¢of the sclvemt, The solution waas refluzed
for 5 hours, and worked up as baefore to give 8 gummy product (5.675 go.)
which was diesolved im glacial acetic acid (100 ml.) ard water (10 ml.)
added. This solution was cooled and sodium nitrite (38 g.) in water
(80 ml.) edded slowly. After 24 hours at room temperature the solution
was hegted on the stesm-bath for lO'miﬂco This was followed by
addition of water (800 ml.,) and extraction imio ether to give

5.67 g. material. Acetylation of this with acetic anhydride (44 ml.)
in pyridine (22 ml.) gave 5.69 g. material.

Girard Separation of Ketomic Product.~ The acetylated product

obtained above wae dissolved in absolute ethanol (150 ml.) containing

glacial acetic acid {15 ml.). Girard P reagent (7.5 g.) was added,
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and the mixture heated on the steam~bath for 30 min., during which
time, a homogeneous solution was formed. The solutioh was poured on
to 2 mixture of ice (250 g.) and sodium bicarbomate (25 g.) and the
whole diluted to 800 ml.. Extraction into ether gave 3.65 g. of
material, m.p. l90a218°e This is the non-ketonic fraction.

Thé water residue (plus the washings of the othereal exiracts)
was made acid with hydrochloric acid and heatsd or the steam-bath
for several hours before being left overnight. This solution was
extracted with ether to give the ketonic fraction (0.397 g.). After
four recrystallisations from methylene chloride-methansl was
obtained material, m.p. 215-222°, Ea}D +405° (5 0:33) (Found:

CyT4o13 Hy9.8. 03034605 requires C,74.03 H,9.5%)s v g 1136 (0ac),

ma
1697 (5C=20), 1241 (OAc), 1059, 984, and 900 cam™. {spirostess side~
chain), This is believed to be 3p=acatoxy-12a-ox0~C-homo-5a , 25D-
spirostane (LXIX; RSAc), i.e. the isomer of the C=homo compound
previously isolatadg.

Acetylation of Hecogenin Acetate Cyanhydrim (XXIX).- Hecogenin

acetate cyanhydrin (XXIX) (2.0 g.) in pyridine (4 ml.) was treated
with acetic anhydride (8 ml.). The solution was heated at 100° for
-6 hours and worked up in the usual manner to give a crude pioduct
m.p. 222-288°.
Chromatography:on deactivated alumina {80 g.) with 4:1 benzens-
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petroleun ether gave 33,IZﬁwdiacetogg—12a92159235a,25D-§girostane
(LXVII; R=Ac) (0.9 g.)» Thres recrystallisations from chloroform-
methanol gave the analytical sample, m.p. 299-301°, [a]n -40026
(e »o.,so)‘ (Found: €,70.55 875 §,2.T. Cy.H 0K requires C,70.9
Hy8.75; N,2.6%), Vmay 1767 (0dc); 1730 (Oac), 1238 (OAc), 1224 (Oac),
1049, 979, and 900 L, (spirostane side~chain),

7:3 Benzene-ether eluted material shown to be hecogenin acetate,
mopo 237-248°. |

An acetylation using the method of Roberis and Goz’hamg4 gave
mainly unchanged cyamhydrin. The steroid (2.0 g.) in chloroform
(22.4 ml,) wap treated with amcetyl chloride (20.5 ml.) and dimethyl-
eniline((26.5 ml.). Afier refluxzing the sclutiom for 8 hours,vthe
product was igolated by addition of water end extractiom in the usual
manner, This was shown {0 be starting material m.p. 220«-2420 ané
identical infraxrsd specirum.

Treatmeut of 3B,12B8-Diacstoxy~12a~cyano=5¢,25D=-gpirostans with

Hethanolic Potagsiun Hydroxide.~ The steroid (LXVII§ R=Ac) (0.12 g.)

was treated with potessium hydroxide {1.0 g.) in methanol (12 ml.)

and the solution refluzed for 3 hours. Cooling ithe reaction mixiture

- gave a crystalline product which was filtered off and shown %o be
hecogenin (XVIIj R=H), m.p. 267-268°, Addition of water to the mother

liquors followed by extraction gave & secomd crop m.p. 261263,
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Reaction of 38,12p-Diacetoxy-12a-cyano=5a,25D-spirostane (LXVII;
B=Ac) with Lithium Aluminium Bydride.- The steroid (LXVII; R=Ac)

(0.265 g.) in ether (50 ml.) was added dropwise to a stirred solution

of lithium aluminjum hydride (0.5 g.) in the same solvent (100 ml.).
The mixturs was sllowed to stand overnight at room temperature and
worked ﬁp by the method of Nace and Smi%ha32 A 20% solution of
sodium hydroxide (100 ml,) was added and ths solution extracted with
ethor, The ethereal extracts were washed with water, dilute hydro-
chioric acid, potassium bicarbonate, and water, dried, and evaporated.

Acetylation of the product with acetic anhydride in pyridine
gave material (0,12 g.) which was chromatographed on deactivated
alumina (10 g.)o The poor rasovery of amide {17%) was undoubtedly
due to the loss of materiesl in the isolztion process.

Treatment of Hecogenin Acetate with Diazom@thaneolgz Hecogenin

acetate {XVII; B=Ac) (1.0 g.) was dissolved in & mixture of ether

{60 ml.) and methanol {100 ml.). Potassium hydroxide (102 g.) was

added and when this had dissolved, the solution was cooled %o 0°,
Fitrosomethylurea (1.2 go) was added to the stirrsd sclution and

the reaction mixture kept at room tamperature for 5 hours. The soln%iém
was then treated with dilute hydrochloric acid (20 ml.), filtered,

and the residue washed witk ether and chloroform. The filtrate wes

diluted with water and extracted to give a crude product which was
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chromatographed on deactivated alumina (40 g.).
19:1 Benzene-ether eluted material shown to be tigogenin,
(present as an impurity im the starting material), m.p. 196~205°»
3:1 Benzene-ether and subsegquent mixtures eluted hecogenin,

MoDo 258-261°, mixed m.p., showed no depressionm.
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