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SUMMARY . (1)

Phe elaboratien of the cortisone sidechain, the
conversion of ergosterol inte ll-oxygenated derivatives, -
and the degradation of the bile acid sidechain have been
inveastigated,

3pf-Hydroxypregna~5:1T~diene~21l~carboxylic acid and
3p-acetoxy sregna=5:17~dien-21~al, both useful intermediates
in the synthesis of compounds possessing the characteristic

cortisone sidechain, have been prepared by a new route with

greater facility. Treatment of dehydreandresterone
acetate with ethoxyeﬁhynylmagnesium bromide gave 3P~aeeteiy— |
21-ethoxyrregn=5S5—en=—20-yn-17f-0l, which on aeid.
rearrangemant followed by hydrolysis yielded
3f-hydroxypregna~5:1T-dien~21~carboxylic acid, identieal
with a specimen prepared by a previousgly established route.
3p-Acetoxy-21l-ethoxypregna=-5; 20~dien-17P-0l and 3p-acetoxy-
2l-ethoxypregn-S5—-en-17B-0l were obtained by eatalytie
hydrogenation of 3P—acetoxy*21~athoxypregn—ﬁ*en~20~yn~i?ﬁ*el.‘
Acid rearrangement of the former compound, followed by
acetylation gave 3f-acetoxypregna-5:1T7-dien-2l-al.
Degradation of ethyl 3B-acetoxypregna=5:17-diene-2l-
carboxylate to dehydroandrosterone acetate semicarbazone -
proved that the reactions had proceeded without D-ring
enlargement.

Ergoesterol has been converted by various procedures

into lld~hydruxy and ll-ketosteroids. The action of

oxidising agents on ergosteryl-D acetate has been




(34)

investigated; treatment with one mol. of performio acid .
giving 3B-acetoxyergosta-9(1l):22~dien~7~one, with two
mols. of performic acid giving 3P-acetoxy-9dilld-epoxyergost--
22-en~-T~one, with chromic acid giving 3P-acetoxyergosta-83
22-dien-7-one, and with perbenzoic acid giving 9os1lh-
epoxyergosta~7:22-dien-3pf-yl acetate. 3Pi1lld-Diacetoxy-
ergosta~8:22-dien~-T7T-one was obtained by mild alkaline
treatment, and 7:ll-diketoergost-22-en-3B-yl acetate was
obtained by strong alkaline treatment, of 3f-acetoxy=-9d:lld-
epoxyergost-22-en-7-one., Treatment of S5~dihydroergosteryl
acetate with bromine gave a tetrabromoergostenyl acetate,
treatment of which with sodium iodide gave ergosteryl-D
acetate 22:23-dibromide and with zinc gave ergosteryl-D :
acetate, Oxidation of ergosteryl-D acetate 22:23~dibromide
with peracetic or performic acids gave 3B-acetoxy-22:23-
dibromo-9d:1ld~epoxyergostan~7~one, which yielded 3f:1ld=-
diacetoxy-22:23-dibromoergost-8-en-7-one on mild alkaline
hydrolysis followed by acetylation and 3B-acetoxy-22:23-
dibromo-lld-hydroxyergost-8-en-7-one on filtration of a
benzene solution through alumina. Chromic acid oxidation eof
the latter compound gave 22:23-dibromo-T7:1ll-diketoergosti=8-
en-3pP-yl acetate, and hydrogenation of 3B:lld-diacetoxy-22:
23=dibromoergost-8~en-T-one in ethanolic potassium hydroxide
solution with platinum catalyst gave 3B:1ld-dihydroxyergost-
22-en~T—-one.

In projected degradaﬁions of the bile acid sidechain,

the oxidation of 3dzl2d—diacetoxy—24:24—diphenylchol~23—ene




(111)

by selenium dioxide, N~bromosuccinimide, and tertiary-butyl
chromate was investigated. The action of the last reagent
on cholesteryl acetate to glve T-ketocholesteryl acetate
was also studied. Bromination of 3d:12y¢~dlacetoxy-
norcholanyl phenyl ketone gave both diasstereoisomeric forms
of 3dsl2f-diacetoxy-23~bromonorcholanyl phenyl ketone,

This compouw:.d was not successfully dehydrobrominated.
Treatment with sodium alkoxides followed by re-acetylation
gave two isomeric compounds, 036H500?' one of whileh has
veen ldentified as 3d:12d:23~-triacetoxynorcholanyl phenyl
ketone by comparison with a sample prepared by an
unambiguous route, and the other is believed to be

30311202 24~triacetoxy~23~-keto~24~phenylcholane, Two forms
of 3Jo~acetoxy-23-bromo~ll-ketonorcholanyl phenyl ketone
were also isolated on monobromination of J(-acetoxy-lle

ketonorcholanyl phenyl ketone.
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L.

Cortisone (I) (17-hydroxy-ll-dehydrocorticosterone or
3:11120~triketoprezn—4-ene-17B: 21-diol) is an adrenal
cortical hormone, the beneficial effect of which in the
treatment of rheumatoid arthritis (1), has stimulated
universal investizations on methods of synthesis.

Research on the hormones of the adrenal cortex is
based on tkhe fact that the adrenals are vital organsg; in
nearly all animals, complete bilateral adrenalectomy leads
to death in a few days. T™e vital function 1is concerned
with the adrenal cortex, and appears to operate prineipally
by delivery of a mixture of substances into the blood,
since by injection of suitable cortical extracts, |
adrenalectonised animals can be kept alive and the numerous
insufficiency symptoms prevented or cured.

The first extracts of cortical tissue which would
maintain 1ife in the adrenalectomised animal were prepared
in 1930 by Iartman and Brownell (2) and by Swingle and

Pfiffner (3). Hartman designated the active agent
| "cortin®, a naeme which became ambiguous when subsequent
investigations revealed the pregence of at least six
individuai compounds showing marked activity; moreover,
the "amorphous frgction" remaining after removal of all
erystallisable material retains 14-30% of the activity of
the whole extract.

There is no assay method which is generally recognised

for ¢ i i 19+ £ - cudes
he guantitative evaluation of substances Possessing
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cortical activity; equally, no substance is acgepted as a
general standard of activity. It becomes increasingly
difficult, consequently, to decide whether a substance
can be described as an active adrenal cortical hormone,
since it may give a positive response in one method of
agsay and a negative response in another, Many
authorities, theréfore, regtrict themselves to.the term
"biological actlivity", always specifying the aésay'method,
rather than "cortical activity". Besides survival tests,
oﬁhér asgay methods which depend on the guantitative
determination of the degree of a single deficiency gymptonm,
are commonly used. The most important ol the symptoms
which follow adrenalectomy and which are suseepﬁible to
quantitatrve estimation are:~ |
;. ;Dlsturbance of the Na', €1~ and water balance (all
: ’;inbreased excretion) and X (retention).
1 2+  Inorease of the urea content of the blood.»
3. Asthenia (inefficiency of muscle).
4. Disturbance of carbohydrate metabolism (decrease in
liver glycogen). |
5+  Reduction in resisbance to traunata {cold, mechanical
shock, etc.)
Intensive investigation, aimed at the isolation and
chemigal characterisation of the cortical hormones and
initiated in 1934, mainly by Z.C. Xendall, J.J. Pfiffner,

T+ Reichstein and O. Wintersteiner and their collaborators,
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has resulted in the isolation of 28 crystalline aubatanegg,
six of which (I - VI) are eapable of maintaining life in

adrenalectomniged anlmals.

CH;OH CH20H CHaOH
o Co | co
HO o
(i (V)
o) 0 o

Deoxycorticosterone. Corticosterone. ll-Dehydrocorticosterone.

17-Hydroxy- 17-Hydroxy- 17-Hydroxy=-1ll-dehydro-
deoxycorticosterone. corticosterone. corticosterone.

Physiological activity was first clearly ésaoeiated
with a erystalline product, when liason, lyers and Kendall
(4 5) established the effectivenegs of their Compound E
(I, cartiaone) in the work periormaace test of Ingle.

The same compound has also been isolated by Wintersteiner
and Efiffner (6) who designated it Compound F, by Reichstein

(7) who designated it Compound Fa, and later by Xuizenga and
Cartland (8).
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A comprehensive description of the ohemical proee&urea't:
requisite to the isolatlon ef the 28 individual oortical )
agteroids would be superfluous. In recent years, whole
glands rather than the dissected cortlces were used almost
exclusively as startimn naterlwl, which is also the case N
for the 1ndustr1al prepa sration of the clinical extracts,
altnourh it is con31dered that the steroids or;ginate
from the cortex and not from the medulla. First
extraction is made with acetone or alcohol, which
precipitate protein congtituents. In general, advantage
is taken of (a) the observation (9, 10) that ceffain of
the highly oxygenated hormones pass from ether or benzene
to water on repeated extraction to give a fat~free agueous
concentrate (b) the use of Girard's reagent (7) for the
aeparatlon of reactive ketones from non~ketonic or inert
ketonic material, accomplished in either the formation or
hydrolysis of the Girard derivatives and (c¢) the application
of chrbﬁatography, extensively enmployed by Reichstein on
the more sfable acetates. Ordinary methods‘of hydrolysis
cause decomposition of the sensitive hormones, but ,”
hydrolysis of the acetates can be accomplished satisfactorily
with aqueous methanol containing potassium carbonate at 20°
(11, 12).

The many degradation reactions, transformations, and
partial syntheses of these cortical steroids, both active

and inactive, which led to the elucidation of the structure
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of emeh individual have been synopsized in exeellent reviews
by Reichstein and Shoppee (13) and Pieser and Piaser (14,
pp. 405 - 473) in which reference to earlier reviews and
the erigiﬁal literature are comprehensively listed.

The structural characteristics of the adrenal cortical

hormones c¢an be summarised, viz:-

(a) Carbon Ring SkeletonA- The parent saturated hydrocarbons
are allopregnane (VII) or androstane (VIII).

(VD)

(v) The Side Chain

- 8even types of two-carbon sidechain at C-1T7 occur

CllHaOH clH,OH C‘H; C|H3 CH;OH CH20H  CHg
| [

]
CHOH CO co CHOH CO CHOH = CoO
Cl-"OH é---on ém-on ! OH l H : H \
/\ N /7N = S0 SH

W i) Gis) (iv) () (vi) (vii)

Cortisone possesses the B-dihydroxyacetone sidechain (ii)

(¢) Nuclear Substitution.

The adrenal cortical sbteroids are either saturated or

poésess the [}ﬁ-}-keto ungaturated system. The

saturated hormones, with one exception, possess a
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3B~hydroxyl group. The other position where

substitution can exist is at Cwll, either as a ketone

or as & hydroxyl group (in which case it is driented

in the B -configuration). Inspection of three-

dimensional models makes 1t apparent that the ll-ketone

group and 1lp-hydroxyl group are subjected to

congiderable gteric hindrance from the angular methyl
groups at (~10 and C=13, a Teature which is reflected
in their chemical behaviour. The carbonyl group at

C=11 418 inert to hydroxylamine and phenylhydrazine,

does not react under Volff-isglmer conditions, does

not form Girard derivatives and is resistant to
catalytic hydrogenation in a neutral medium,

Hydrogenation can be accomplished in acetic aeid

solution, or by means of lithium aluminium hydride to

give the L1P-hydroxyl group exclusively (i.e. the
molecule ié attacked at the unhindered rear, opening

~the rear bond of the carbonyl group). The 1llB-hydroxyl
group registe acetylation and has a pronounce.
gugceptibility to dehydration, even by dilute mineral
acide.

Apeart from the development of synthetic methods required
for structural elucidation, and in particular with the
objective of accomplishing the difficult and important feat
of introduction of oxygen functions at C-11 and C-17, it

became a matter of considerable importance to obtain the




adrenal cortical hormones in quantities sufficient for
elinical evaluation, since only minute amounts could be
igolated from beef adrenal glands. An important
lan@marik, in this connection, was the first synthesis of
cortigone, sitarting from deoxycholie acid, achleved by
Sarett (15). As a conseguence of the availability of
cortisone by ithis roule for clinical testin:, Hench and
Kendall (1) announced the effect of cortisone on
rheumatoid arthritis and rheumatic fever; encouraging

results have also gince been reported on the influence

of cortisone on collagen diseases prominent among which

are lupus erythematosus, psoriasis, pemphigus and
conditiong agsociated with allergy, such as asthma and
héy fever. The profound effect of cortisone on
rheumatoid arthritis appears to be highly specific (16),
no other known compound apart possibly fronm
17~hydroxycorticosterone (VI) having comparable potency.
‘The prospect, therefore, of preparing simpler analogues
of ecortisone, which would have a similar effect, is not
vpartinularly bright.

It was apparent by 1949, that in order to provide

adequate supplies, the partial synthegis of cortisone from

Ts

naturally occcurring and readily available steroids was the

most rational approach. Various starting materials have

been considered.

Deoxycholic acid (IX), obtained from ox-bile or from
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the more abundant bile aocid, chelic acid, was the starting
material for tﬁa‘f:ﬁ*ﬁ%:existiﬁg method of manufaeture. The
reactions reqaisité to the conversion of this acid into
cortisone fall into four discrete groups (a) degradation

of the bile acid sidechain (reviewed on pp. 137 - 141 )

() the transposition of the oxygen function from Oﬂlzlto
.€-11 (e¢) the elaboration of the dihydroxyacetone sidechain
(reviewed on pp. 11 - 19 ) and (d) the introduction of the

dp~unsgaturated ketone groupins in ring C.
Cl»HB CHs
) O=H CH.CH3.CH2.COOH Cl:H.C H,.CH2.CH2.C H(CH3)2 O

| 9 () (xD)
o' T HO HO
CHs CH3 CH3 C2Hs CHs CHy=Cliz
1
CH.CH=CH.CH.CH{CHz);  EH.CH=CH.CH.CH(CH;), cH-¢( | SCHCH;
v O “O—CHq ;
(xm) (xi) . K J XV

HO HO HO
The principal disadvantage in the use oif cholesterol (X)
is the difficulty of gidechain dagradaﬁion, the best known
oxidation procedures giving the 17-keto steroid,
dehydroandrosterone (XI) in only 6-8% yield, The
iqtrqquctien of the ll-oxygen function into this molééule,
applicable also to stigmasberol (XIII) and diosgenin (XIV)

can be envisaged by the general procedures of allylic
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bromination at C-7, dehydrobromination, and mercuric acid

. ; . 9(11) e
oxidation to introduce the A -ethylenic bond, which
would serve as the necessary point of attack.

R R'

C— —_— ]
R Br R

Ergosterol (XII) appears particularly attractive
since the sidechain double bond should facilitate
degradation (also a feature of stigmasterocl), and the

[kg(ll>~ethylenic bond can be introduced in one a%ep.

| As regards the gynthesis of intermediate pregnane
derivatives, the most attractive natural materials are the
steroidal sapogeninsg, of which diosgenin (XIV) is an
example. liarker and coworkers (17, 18) have shown that
treatment with acetic anhydride zives pseudodiosgenin
acetate (XV) which an oxidation yields the pregna=5:

l6-diene derivative (XVI) which can be converted to

pregnenolone acetate (XVII) by hydrogenation.

?Hs /CH,-cuz : . ?H3 $H3
c=C Pas HCHs3 co co
1
o) ?Hz
XN — b
AcO AcO AcO

) | (xvi) | (XVID)
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The subject matter of this dissertaﬁion is concerned
with various facets of the partial synthesis of cortisone,
and has been conveniently subdivided into three sections:-

Section A. The Elaboration of the Cortisone Sidechain -

describes a novel route to the characteristic
B-dinydroxyacetone grouping, using as a model starting
compound & l7-keto steroid, dehydroandrosterone.

Sectipn B. 1l-Oxygenated Steroids from Ergosterol -

describe methods of introduction of the ll-oxygen
function voth as ll-keto and lld~hydroxy groupings,
using ergosterol as starting material.

Sective C. Dexzradation of the Bile Acid Sideqhain -

describes experivronts aimed at the synthesis of

20~ketopregnane and 17-ketoandrostane derivatives.
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Of the various types of two-carbon sidechains which
oecur in the natural adrenal cortical steroids, the
synthesis of steroids possessing the B-dihydroxyacetone
sidechain has proved the mosgt difficult. Many of the
methods for the constructions of these sidechains,
starting from a 17~ketone or an etio acid, were developed
before the cortical steroid sidechains were known to be
B~oriented and before additions to the 1l7-carbonyl group
were known to give predominantly products with a
174 =sidechain, Although a synthesis involving such an
addition yields chiefly a product of the unnatural series,
for example a 17-igocallopregnane rather than an allopregnane,
it was soﬁetimes possible to isolate the minor product of
the natural series in quantities that sufficed for
cémpletion of a particular synthesis.  Certain of”thé
igoallopregnanes, moreover, are convertible through the
corresponding 17-ethylenes into products of the natural
series.

The first succegsful synthesis of the 17:2l-dihydroxy-
20~ketones with the proper confisuration at C=17 was
achiéfed by von Euw and Reichstein (19, 20) in 1940, who
utilised the intermediate, w~homopregn-4~en-1%$:20:21:22-
tetroi-3~one (XVIII), which had previously been obtained
by Buténandt and Peters (21) by addition of allylmagnesium
bromide to dehydroandrosterone (XI) followed by OJppenauer
oxidation at C-3, dehydration, ard hydroxylation to give

& mixture of tetrols from whick one was isolated in 5%
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overall yield. The terminal hydroxyl groupas were
protected as the acetonide in order to permit sslective
acetyiation at é~20, the glycol group then re~sastablished:
and cleaved by periodic acid to give the free aldehyde
(XIX) which underwent Fischer rearrangement to‘give.tha

substance, XX, identical with the natural product.

C.H:e.CH:CHg C.HQ.CH=CH2
:\-::\(lDH OH ‘
— —_—
o ‘ | ,
CH : O CH, O CH, O CHyOH
* GHaOH 1 2 3CMeg, L. DCMe, P
CH CHOH CHO CHO CHOH
- —_—r |\ —— — | —_— |
CH CHOM CHOH CHOAc CHOAc
A JoH A on N " OH
| (XV)
CHO CHO

l |
—> CHOAc ———» CHOH

-OH A-on

- O
(%) (=)
The overall yield from the tetrol is 15% by this zoute,
later improved by the same workers (22) to 30% by direct
oxidation of (XVIII) to (XIX) by periodic acid.
Sarett achieved the gynthesis of cortisone by two

methods. The first method (23) involved the standard




2 d3e

(xxim) (XXV)
condengation of acetylene with 1ll:17-dlketotestan—3d=yl

acetate (XXI), partial hydrogenation and allylic
rearrangément to XXII, Protection of the 2l-~hydroxyl
4group éavthe hemiguccinate permitted oxidation af C-3,
foliawe@ by osmic egter hydroxzylation and acetylation
o give XXITI.  The AY-ethylenic linkage was introduced
in the usual way, the diacetate hydrolysed, and converted
by partial acetylation to XXIV, and the synthesis
eompléted by cautious oxidation at C-20. |
| ~In his second synthesis (24), the starting material
waa‘3¢s2l—diacetoxy-1l:20—diketopregnane (XKV) obtainable
with difficulty from deoxycholic acid.  Additdion of
hydrogen cyanide, followed by dehydration and alkaline
hydrdijbis gave XXVI. Selective acetylationbat C-21,
‘fbllbwed by osmium tetroxide oxidation gave XZVII, which

ﬁas conveniently oxidised at C-3, hydrolysed, and the
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osmic ester grouping cleaved to gilve (XXVIII). The

synthesis was completed by the Mattox-Kendall procedure (25).
In 1949, Gallagher (26, 27) introduced an elegant

synthesls, the main advantage of which 1a that 1t does

vnot involve the use of the searce and expensive osmium

tetroxide. Treasment of a 20-ketopregnane derivative

with asetic anhydride and p~toluene sulphonic acid giveas

the enol acetate which, on oxidation with perbenzoic

acid, yields the corresponding 17d:20d~epoxide. Alkaline
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saponification cleaves the oxide, forming'the 1TA-hydroxy

group.  The Zl—hydroxyl group is then 1ntroduced by
: e ‘r",';
contralled brominatlon and hydrolysis.

CHs CHsx CHz CHsz
\ | |/0‘qc ‘/OF\C
CO — C.ope — 7 —— | Koy
‘ ) /|§' --OH
C‘Hs CIHQBr C|H20H
— >0 —>» CO ——% CO
l“‘OH /‘\“OH /L\"OH

Reichstain s Substances §, L and P and 17 ~hydrexyprogemterone‘
have been prepared by this method (26, 27, 28).

The method of Wagner and Yoore (29, 30, 31) involves
the bromination of a 20~ketopregnane to give the 17;21;21-
tribromo derivative which undergoes a modified Favofskii
rearrangement with alcoholic potash to the [}17~20—bromo-
2l=-carbdxylic acid. Esterification of the latter compound
with dlazomethane and reduction with lithium aluminium
hydride gives the unsaturated 20-bromo-2i-hydrexyl oam@ound,
which 15 ‘then converted by osmium tetroxide oxidation,
by a method fundamentally similar to Sarett's to the pregnane

derivat;vefpossessing the B~dihydroxyacetone sidechain.
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PR T SRS INPRE Y QU T R VX T, 5 RE A
CIHB BRGNS T CH‘B"Q" LR C OOH LR Cooéf‘gswl.} ‘*( & »,; .

-)x,;  - N .)K : )K

B CIH?OH CIH:OAC ?HQOAC BRI
B
——% C.Br —» (% (;\O N> co o
S
':,)k ,lq-o/ : - OH

In 1949, Julian (32, 33, 34) introduced a methéd =

éppliéabla s0 N8 gerivatives (easily obtainable from

ateroidal sapmyemins}, an example of which is the
synthasis of Helohstein's substance 3, Oxidation of
XXIX by alkaline hydrogen peroxide izives the 16d&:

17A~epoxide, whiclh on bromination in presence of

hydrogen bromide yields XXX,

(XxXI)
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Preatment of the latter with sodium lodide and potassium
acetate re-estavlishes the epoxide vhioch is opened with
hydrogen bromide after Oppenauer oxidation to give XXXI,
The 1l6-bromine atom is finally removed by Raney niekel
without affecting the 20«keto group. This method
raiges the problem of providing compounds containing a
16:17~double bond from sources other than the sapogenins,
and in two further communications, Julian (35, 36) has -
achieved this and developed improvements in the sidechain

aynthesgis as shown -

CH CHz Br c‘Hﬂ cle | C|H3
co co
- <=~ Br
Br \)\
—— —
(XXXT). (xXxXi17)
CHz CHs CH3 CH3 CHyOH
| | ,O-CHy O~CHa 3 )
o Lol c’ co co
cﬂ' O —\‘C()) CHZ ) 0“‘ CH2
N / U ~ LOH
—_— — —

Dibromination of the 20-ketopregnane derivative (XXXII)
yielded the 17:21l~dibromide, treatment of which “with

sodium iodide and sodium hydrogen sulphlte replaced the
21~bromine atom by hydrogen. Collidine dehydrobromination
of the latter gave the necegsary £516~pregnane derivative
(Xxx111). Formation of the 164:lTd~epoxide wasg followed

by protection of the 20-ketone as a cyclic acetal.
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Platiner (37) had previously shown that reductive fission
of a 16d:17d-epoxide by lithium aluminium hydride gave the
required 1l7A-hydroxyl group, and usin: this prooedurﬁ,
followed by regeneration of the 20-ketone, Jullan formed
the 17d-hydroxy-20-ketone (XXXIV). Bromination and
hydrolysis at C-=21 (Gallagher's method) completes the
synthesgis.

A modification of Julian's method has been outlined
by Kendall (16). Bromination of the 2l-acetoxy ketone
(XXXV) obtained from deoxycholic acid gavc the didbromide
(xxxvi). The bromine atoms were then replaced by
treatment with sodium iodide, and the syntheslis completed

as showm. Ho experimental details are given,
C‘jH:zOHE Br. CHOHC. ‘ CH;OHL CH:OHC CHQORC
co

-~oH
: — — —

(xV) (&&QD
The method of Miescher and Schmidlin (38), finally,
produces the cortigone sidechain in one step from a
2l~acetoxypregn-1T~ene (XAXVII) derivative by oxidation
in 48% yield with hydrogen peroxide catalysed by osmium
tetroxide, |
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CHz0 Ac CH2OA¢
o e H=CHz CH co
- OH . OH =OH
(XXXVTT)

The intermediate (XXXVII) is obtainable by the normal
condensation of acetylene with e l7-ketoateroid,

followed by semihydrogenation and allylie rearrangaﬁont.
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Heilbron, Jones, Julia and Weedon (39) have shown that
ethoxyacetylene, prepared by the method of Jacobs,
Cramer and Hanson (40), condenses with ketones (acetone,
methyl vinyl Xketone and B-ionone) to give
ethowaaet&lenic carbinols, which, by semihydrogenation
of the triple bond and treatment of the resulting
ethoxyvinylecarbinols with dilute mineral acids, are
converted into the corresponding 4B -unsaturated

aldenhydes, as formulated generally below.

_ R a
R>C=O + HC=C.0et —> >C-—C‘=“c.0£-t —HL> /\C—(‘,H=CH.OEt
R R (l>H R \OH

/

HY Wt

§>c=cwcooet—~—> R>c=cmcoow < R>C=CHIHO

This method of preparing d4B-unsaturated aldehydes was
first noted by Van Dorp and Arens (41, 42, 43) in
investigations in the Vitamin A field. Heilbron (39)
noted moreover that the ethoxyacetylenic carbinols
rearrange readily in the presence of dilute mineral acid

%o produce JB -unsaturated ethyl esters, which can be
hydrolysed to the (B -unsalurated acids. This
conatitutes an alternative route to the well kfnown
Reformatesky reaction. = The conversion of ethoxyacetylenic

carbinols into acids and aldehydes has also recently been
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described by Russian workers (44, 45).

Using corresponding conditions, it was decided to

invegtigate the reaction betwecn dehydroandrosterone |
acetate (XI) and ethoxzyethynylmagnesium bromide with the h
object ol developing an efficient route of the

AB«ﬂnaatura(ed aldehyde, 3B-acetoxypregna~5:Ll7-dien~21l-al

(XXRVIII) and the dB —-unsaturated acid, 3Af-hydroxypregna~5:
17-dieng-2l-carboxylic acid (XZXIX).

Thege two pregnane derivatives were consgidered
interestins intermediates in the synthetic elaboration
of the various two=carbon oxygenated sidechaing of |
adrenal cortical hornones, since the [)17(29) ~ethylenic
link provides a point of attack for the introduction of
the 17- and 20— oxygen functions, and the 21~-hydroxyl
group is easily formed by reduction of either the
2l~aldehyde or 2l=carhoxyl groups. |

CH.CHO CH.COOH
XXXVIT) (XXXIX)
HOZEs~ Throughout this work, dehydroandrosterone refers

to the compound derived from, and possessing the same

nuelear conflguration asg, cholesterol. It is also
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referred to in chemical literature as dehydroigeandrosterone,
dehydrogpiandrosterone, trans-dehydroandrosterone, and
i~dehydroandrosterone).

The preparation of ethoxyacetylene. was carried out

substantially by the method described by Jacobs et al (40)

CH3CHO —>Br, CH.CH(OgY); — Br.CH=CH.OT — HC=C.0Et

The dibromoacetal was prepared by bromination of
paraldehyde at -10° as described by Heilbron (39).
Newbold's modification (46) whereby the theoretical
quantity of bromine is used, and the reaction mixture
irradiated by ultra-violet light, was employed to give

the required product in satisfactory yield. Treatment
with zinc dust gave bromoethoxyethylene and about 2@%”
unchanged dibromoacetal. Atmospheric distilla£ioﬁ of
bromoethoxyacetylene with finely powdered potamsium
hydroxide gave ethoxyaceitylene, which being a rather
unstable liquid, was stored in ether solution at 0° and
used as soon as possible.

The ethereal solution of ethoxyscetylene was added
dropwise to ethyl magnesium bromide. An immediate
reaction occurred on addition of dehydroandrosterone -
acetate (XI) in benzene (due to its sparing solubility
in ether) to produce a complex which rapidly darkened,

Working up of the reaction product gave a brown resin from

which a small quantity of,21~ethoxypregn—5~en—zo-yn-3p:
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17R-diol (XL) was crystallised. Chromatography of the

crude mother liquor residues separateq(XL) and its
acetylated derivative, 3P-acetoxy-2l-ethoxypregn=5~en—20=-
yn=17R-0l (XLI) in approximately equal amounts. These
two derivatives were characterised by their
interconversion by acetylation and hydrolysis procedures.
In view of this partial hydrolysis of the 3f-acetoxy
group during the reaction, it was found more expedient

in later preparations to re-acetylate the crude produect
by pyridine-acetic anhydride prior to chromatographic
purifieatibn. In experiments in which a larger excess
of ethoxyethynyl magnesium bromide was employed, no

radical alterations in yield were obtained.

o C=C.0¢t C=C.Oft
\. )
. OH OH
306 e, C(Sj’?——-——*
AcO HO AcO
(XL) (XL1)

The configurations aassigned to t' e ethoxyacetylehic
and hydroxyl groups are based on analogous reactions
involving steric hindrance effects associated with {7
position}l?. ~ This aspect has been reviewed by Fieser
and Fleper (14 pp.;410~412) and Gallagher and Kritche§sky
(47). They have concluded that the altzck of the
entering group proceeds more readily from the d- or rear

face, A survey of the known reactions demonstrateg
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without exception the validity of this "rule of the_rear"
which has been inclusively stateds—~  that when thera.is«
a plane of symmetry at C-17, the entering group always
attaches to C-17 in th: d-configuration. Thus catalytic
reduction, lithium aluminium hydride, Grignard reagents,
potassium acetylide, osmium tetroxide and perbenzoic

acid all result in the attachment of the entering group
preponderantly in the d-confi;uration at C-17. Some
rationalisation of this observed phenomenon can be
afforded from inspection of Stuart models. The front
side of G~17 is the same distance from the ancular
carbon ag the rear side is from C-12, but the vibrating
methyl group can dominate more space than the restricted
12-methylene group and so exert a short-range or bond=-
hindrance effect.

The next stage in the synthesis of 3P-acetoxypregna-5:
17-dien-21~al (XXXVIII) consisted of the hydrogenation of
3p-~acetoxy-2l-ethoxypregn-5-~en-20-yn-~17B-0l (XLI) to
3p-acetoxy~2l-ethoxypregna-5: 20~dien-178-0l (XLII),

C‘H-‘-CH.OEt
i OH
CH,.CH Ot '
(XL | : l< OH
CH, CHO¢t -
' (XLIV)

LA<OH HO
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Using ethyl aeetate‘as solvent, and palladised
calcium carbonate as catalyst, the required intermediate
{(XLII) was obtained satisfactorily, when the reaction was
stopped on the uptake of one mol. of hydrogen. When
Raney nilckel was employed as catalyst under similar
conditions, however, two products were isolated. One
was identified as the expected 3IP-aceboxy=2l-
ethoxypregna-5:20~dien-178-0l (XLII) and the other
compound , 025H4004 is congidered to be 3p~acetoxy=2le
ethoxypregn-S-en~17p~0l (XLIII), since, while glving a
yellow colour with tetranitromethane in chloroform
(indicating unsaturation) no reaction was apparent with
Brady's reagent, indicating saturation of the sidechain
(compare the reaction with XLII). It was characteriged
by hydrolysis to the corresponding alcohol, 2l=-ethoxypregn~
5-en~-3Bs17B~-diol (XLIV) which could be sublimed unchanged
under reduced pressure. Subsequenﬁ experiments showed
that XLIII could also be obtained in good yield by using
Adam's platinum catalyst in ethyl acetate solution,
reduction ceasing; after two mols. of hydrogen had been
absorbed.

The conversion of 3P-acetoxy~2l-ethoxypregna-5:20 -
dien-17f~0l (XLII) to 3BR-acetoxypregna=5:17-dien-2l-~al
(XXXVIII) was simply effected by treatment with hot
dilute sulphuric acid, re-acetylation and chromatographic

purification. The product exhivited characterigtic
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)
light absorption at 2430 A (£+17,600) and was
characterised by formation of its 2:4-dinitrephenylhydrazone.

CH.O€
0 t CHO
CH ,Oft
) CH
i~ OH ?H\OH
CH ’
. A
AcO . AcO R
(X)) (XXX V1)

This derivative was also obtained in excellent yield
by treatment of a methanolic solution of XLII with
Brady's reagent i.e., the acidic reaction conditions
being sufficient to effect the mild allyliec rearrangement.
The unsaturated aldehyde also gave a semicarbazoné
MeDe 2450 in good agreement with that obtained by
Miescher, Wettstein and Scholz (48), It was aiso
revealed subsequently that the rearrangement of (XLII)
to (XXXVIII) could be effected by simple sublimation
under reduced pressure, the product being identical te
that obtalned by mineral acid rearrangement.

The 4B -unsaturated aldehyde has previously been
preparyred as outlined below, but these routes are
inconvenient in that the starting compounds are accessible
only with difficult and the overall yields are low. _
Miescher, Wettstein and Scholz (48) formed (XXZVIII) by
dehydration of 3p-acetoxypregn-5-en—17B-ol=21=-al fXLVI)
prepared by osmium tetroxide oxidation of 17-allylandrost-

5-en-3p:17R~diol (XLV) followed by periodic fission. The
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same authors also described the conversion of (XLV) to
(XXXVIII) by ozonisation after nuclear protection.,
Reich (49) applied the Krohnke procedure {50, 51) to
the allyl bromide (XLVII) by successive treatment with
pyridine, nitrosodimethylaniline and hydrochloric acid
to give the required {f-unsaturated aldehyde.  Fuchs
and Reichetein (52) obtained (XXXVIII) by periodic
fimssion of the mixture of the glycols obtained:ffdm
(XLVIII) as shown. -

CH20H

CHOH %H=CH1 CHaBr
| CHa Cha "
OH !
|l ¢ 0304 n =
lll"!l' (XLV) (XLVID)
HO AcO AcO
| K10y 05
‘ CHO ?HO
o CHy CH
. | OH
HAe
| (SXXVI)
HO AcO
CHy. CH2OH " _
gH lClHOH %H‘"NQNME’
CH CH CH
>
XLV
Aco ( ) HO AcO
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The conversion of 3f-acetoxy=-2l-ethoxypregn=>S«en=
20~-yn=17R-0l (XLII) to 3P~hydroxypregna-5:117-diene-21-
carboxylic acid (XXXIX) was next investigated. By

CH.COOH
| ¢=C.OLL CH.CO0et
: OH (XxxX1X)
HO
— ,,w”g)? CH.COOEL
S X
HO \
il (XLIX) |
AcO

refluxing & methanolic molution of (XLII) with dilute
sulphuric¢ acid, and working up in the usual manner,
ethyl 3P-hydroxypregna~5:lT-diene-2l-carboxylate (XLIX)
wag obtéined i.e., sldechaln rearrangement occurs with
gimultaneous hydrolysis of the acetate group at posltion
Cm3 It was readily acetylated by pyridine-acetic
anhydride to give (L). Both (XLIX) and (L) show
characteristic light absorption at 22002, and their
gpeeifie rotations are in good agreement with the
corresponding methyl esters, as prepared by Plattner and
Sehreck (53). It is possible that the acetate (L)
existes in dimorphic forms, as two iaamérs MePe 111° and
155° were isolated which, on admixture, melted sharply at
1119, The hydrolysis of (XLIX) to (X¥XIX) was
effected by normal alkaline hydrolysis. The

intermediate potassium salt was rather surprisingly soluble

in methanol, and insoluble in water.
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3p-Hydroxypregna-5:117~diene carboxylic aeid (XXXIX)
was first obtained by Reichstein, Muller, Meystre and
Sutter (54) who subjected dehydroandrosterone acetate to
the Reformatsky reaction with zinc and ethyl bromoacetate
t0 give the intermediate (LI) which on hydrolysis and
dehydration gave the required 48 -unsaturated aeid (XXXIX)
This work was repeated in part by Plattner and Schreck
(53) who, by using; a different dehydration prooedure,

o CH.CO,R

CH.COOH

Aco
| (L) (XXX1X)
obtained the acid (XXXIX) with differins physical constante.
Marker and his agssociates (55, 56) obtained the acid from
igxhgnanolane acetate, by bromination, treatment with
:ﬁoﬁasﬁium iodide and Tavorskil rearrangement of the
17s21~dihalogenated-20-ketone. Julian and Karpel (35)
bave re~investigated this reaction, and shown that 1t

takas the course shown, but do not give experimental details

?Hzi COOH
coO EH
--Br
-——-—-+

HO
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or physical constants for the dB~unsaturated acid, - As®
prepared by this ethoxyaceiylene route, the 45 -unsaturated
acld hed physical constunts diffexring from those
previously recorded in the literature, which in themselves
differed markedly (see table). For this reason, it

wag deemed necessary to prepare an "authentic'" specimen

of the same acid by a previously described route for
direct comparison purposes. Subsequent communications
by Heusser, ELichenberger and Plattner (64) and Magrath

et al (65) (see Appendix) reported constants in good

agreement with those reported in this dissertation.

Authors Ref. | m.pe | [#]o| Tisnt Absorption.
Reichstein et al | 54 |217-8° | - -
 Plattner & Schreck | 53 |249° |-82° | 2300 % 1og 4.2
Marker et al 55 |249° | - -
| Maricor & Crooks | 56 |252-3° | - -

Magrath et el 65 |245° - -
Heuaaeriggijgg 64 | 243-4° -82° 2200 X log 4.10
| Experimensal 243°  1-81° | 2180 R 102 2,20

Reicha%aip'a prpcedure (54) consisted of hydrolysing the
preduct bbtalned by the interaction of dehydroandroéterone
acetate with zine and ethyl bromoacetate to give
3P:117B~dihydroxypregn-5—-ene~-2l~carboxylic acid (LII),
cqnverting this to the methyl 3B-acetoxXy ester, and
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effecting the dehydration with either thionyl shloride or
anhydrous copper sulphate, follewed by hydrolysis to
yield (XXXIX). cooMe

C.:Hz

i—OH

?ooMe

?00!‘19
¥
‘<OAc AcO

]

(k) L (XXXX)
The work wasrepeated in part by Platitner & Schreck

AcO

(53) who claimed that the introduction of the 17120
ethylenic bond procesded smoothly by vacuum diastillation
bf'thé'methyl 3:17~diacetoxy ester (LIV). The& explain
tﬁe divergence in melting point from Reichstein's product
as due to impurity (this is borne out by an indifferent
microanalysis of Relchstein's product, and also by.the
known diffieulty of uniformly eliminating the tértiary
hydroxyl group of 17P-hydroxyl steroids (cf. Lardon and
Reichstein (57); Reich, Sutter and Reichstein (58)3; and
Hardegger‘and Scholz (59)). An alternative explanation
postulated was that the acids were geometrical ("ecis-trans")
1gomers about the ALT(20)_gtnyientc bond.  Marker et al
(55), whose product agreed in melting-point with Plattner's,

Buggestad that in Reichstein's case, as no degradative
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proof of structure is afforded, the product might
conceivably be a ring unsaturated ( Alﬁ') iaam&ﬁﬁ nia S
was decided, therefore, to prepare the authentic s?ecimen
of (XXXIX) by Plattnsr's modification of Reichstein's
method,

Dehydroandrosterone acetate reacted with zinc and
ethyl bromoacetate under the catalytic inflinence of
pyridine. Alkaline hydrolysis of the product yielded
3B:17B~-dihydroxypregn-H~ene~2l-carboxylic acid. It was
egterified by diazomethane, the reaction proceeding with
greater facility when anhydrous methanol was used as
golvent, rather than the more customary solvent, ether,
in which the reactant was sparingly soluble. Diacetylation
by refluxing with acetic anhydride, according to Plattner,
yielded a product which did not crystallise readily.

Vacuum distillation of this product, to remove the elements
of acetie acid and introduce the 17:20-ethylenic bond gave
& pale yellow amorphous solid, with lizht absorption at
2190i ( €-6,400). In comparison with the light
absorption for ethyl 3P-acetoxypregna-5:17-diene-21=
carboxyiate, (22002, €= 17,000), this suggests a product
in only 30% yield. This behaviour is in agreement

with the findings of lMagrath et al (65) who also found this
dehydration procedure incapable of consistent repetition,
but in one instance obtained a 50% yleld. The amorphous
distillation product was hydrolysed by methanolic potassium
hydroxide to give (XXXIX) (m.p. 243°) undepressed with
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the specimen prepared by the ethoxyacetylene wute, and
exhibiting the characteristic light absgorption ut,218@§.
It was felt desirable, to prove by de;radation,
that condensation of dehydroandrosterone acetate with
ethoxyacetylene and the subsejuent rearrangenent to

lll7kgo)~unaaﬁuration, nas proceeded

products possesgsing
without D-ring enlargement. This phenomeanon of
D-homosteroid formation (for leadin, reflerecnces,
vide 14, pp. 377-380) has previously been encountered
in different synthetic methods for the introduction of
the %wo-carbon sidechain. The Darzens condensation of
éehydroandroﬂterone acetate with ethyldd ~dichloropropionate,
followed by alkaline treatment and decarboxylation gave a
mixture 6f the expected product (LV) and the isomeric

- D-homo derivative (ILXI).

CHsz CHz
CH
é/cozR | CO,R 3
TN Q C\o
J—=CH ~ 5
—_ —_— o+

()
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Similarly, attempts to hydrate the 17-sthinyleaxbinol
(LVII) have given both the D-homohydroxyketona {(LVIII)
and the normal product (LVIX). |

The degradation of the compound designated as ethyl
3p~acetoxypregna~5:17-diene-2l-carboxylate (L) to
dehydroandrosterone acetate would prove unequivocally
both the existence of the [317(20)~ethylanic linkage and

the normal steroid nuclear structure. To aochieve this

degradation, three oxidative procedures were envisaged:-
(a) Oamie ester hydroxylation followed by periodate

' (b} chromic acid oxidation {c) ozonisation.

In the cig-hydroxylation of ethylenie groups by

osmium tetroxide (60) protection is afforded to a

455

of the 2l=-carboxylic group on the

~é%hyleﬁgc bond by a 3-acetoxy group. The effect
17(20

AN 7(20) double bond

is unkmown, but the corresponding alcohcel has no protective

influsnce.

C'OOEt (l'.OOEt
| oo dHoH
CH.COOET ™ (220505 -OH

ACO HCO HO

The method attemplted was that used successfully by
Butenandt, Sehmidt-Thomé and Panl (61) for hydroxylation
of 3-acetoxypregna-5:1T7-dienc. The 48 —uusa"curated

ester was treated with 1.1 mols. of osmium tetroxide.

A brown amorphous solid precipitated, which was treated




with sodium sulphite to decompose the oamic ester. Zhe
product, however, was shown to be ethyl 3B-hydroxypregna=-b:
17=-diene-21-carboxylate, i.e., starting material with
hydrolysis of the 3-acetoxy group.

The second method consigted of protection of the
[§5~a@hyleﬁic bond by addition of one mol. of bromine,
chromic acid cleavage of the 1317’(20) double bond,
debromination by zine, and isolation of the ketone by its

gemicarbazone.

CH.COOEL CH.COOEL

T

N. NHCONHz

eyl

Bromination of (L) in acetic acid proceeded as expected,
the [xguethylenic bond being preferentially attacked, as
shown by the brominated product have light absorption
congistent with an 4AB-unsaturated eater. The
breminated produect was treated with 5 molar eguivalents
of chromic anhydrlde with ice-cooling, then debrominated

successfully by zinc dust (as shown by negative Beilstein

test). Working up of the reaction product by the usual
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procedure ylelded, however, only unchanged ataxting material,
the oxidising conditions apparently being too mild to cleave
the stable ATT(20) etnylenic bond.  The stability

of the AL7(20)_o0_promo-21-carboxyl system to oxidation

hes been noted by Wagner & Moore (29, 30, 31) such &
grouping being resistant to chromic acid and potassium
pernanganste.

In the final suvecessful atbempt, the bromination was
conducted in chloroform, the ozonolysis performed at ~5°
and the debromination by zinc and acetic acid on the steam
bath. The reaction product was dissolved in methanol,
from which dehydroandrosterone acetate semicarbazone was
isolated‘in the usunl manner, possessing the same physilcal
properfies an an aubthentic sgpecimen, Marker, Crooks
Shabica and Jounes (55) degraded the corresponding acid
aimilariy. This degradavion proves, as reguired, that
the synthesls have proceeded without ring enlargement,

~The action of merecury acetamide upon 3B-acetoxy-2l-
ethoxypregn-5-en-20~yn=-17B~0l (¥L) was investigated.
Goldberg an. Aeschbacher (62) showed that the eorresponding
compowrid lacking the 2l-ethoxy substituent underwent normal
hydrédtion on treatment with this reagent to give the methyl
ketoness

C=CH COCHs3
OH _ - OH

-




In this case, however, a mixture of dehydroandrosterone
and its acetate was obtained: i.e., a rather anomalous
elimination of the ethoxyacetylene fragment had occurred.
Attempts to dehydrate 3B-acetoxy—2l-ethoxypregn—5-
en=-17B~0l (XLIII) by high vacuum sublimation or treatment
with phosphorus oxychloride in pyridine were
unsuccessful. Undexr forecing acetylation conditions,
followed by pyrolysis, a low yield of 3B:17B~diacetoxy-
21l-ethoxypregn~5-ene (XLIV) was isolated.

CHy.CHy Ot
‘- ORc
CH,.CH,08L A~LA -
OH L L (xuw)

AcO CH.CH208t CH,.CH,OFL

After 3B-acetoxypregna-5:17-dien-2l-al and
3ﬁ~hydroxypregna~5:17—diene~21~oarboxylic‘acid had been
prepared by the routes herein described, and the
experiments aimed at the rigorous proof of their
constitution were in progress, communications appeared
by Heusser, Eichenberger and Plattner (63, 64) and
Magrath, Morris, Petrow and Royer (65) describing the
preparation of these compounds and some oi the
intermediates. 4 discussion of, and comparison with,

the methods and physical constants reported by these

]
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workers is included in the Appendix of this section.
The condensation of dehydroandrosterone acetaté with
ethoxyacetylene has also been described in a patént

communication by Arens and van Dorp (66).

The reduction of the 4B -unsaturated acid system
by lithium aluminium hydride (31, 64) followed by
acetylation and oxidation by liiescher anﬁ_Schmidlin‘
porcedure‘formally completes the synthesis of the

B -dihydroxyacetone sidechain.
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(Comparison of results described in this report with

thoge obtained by Iiéusser, Eichenberger & Plattner

(63, 64) and Nagrath, Morris, Petrow and Royer (65).

The physical constant of the compounds prepared

in common are tabulated below:-

Structure No. [Formala [Experimentl | (63, 64) (65)
csc.ott m.p. 14O=141° | mp. 139- 140" [ mpr. 14O -141°
J::Ksjﬁm XLT  |CasH3e04| [#1p ~104° | [4],—122°
¢ Ao
scon HU T | e
O&D XL [CazHs,03 Cal, =1i4® []o —124°
HO
CH=CHOgL mp 45 147° | mp 138571375
| :
(:Kgﬁm{ XLIT  |CasH330y [a]o —58° | [4]p—56°
AcO
| CH.CHO . 183-1%5° mp 194 195°
CK?i\J XXXV [C23H3205| [d]o =57° | [A], —60°
L 243 e (17,600) 2 kilymue (27,000)
CH.COOEt [zrb“:‘;lfs‘;) mp U5=H6° | mp NT°
O;Sjﬁ L |CasH3u0y [d]o —66° [41o-6%° | [d]1o-70°
AcO 220w £o31623 | 2220, Ly 0
CH.COORt m-h- 18}° wh.178-180°
/(I?é XLIX [CazH3404 [#1o ~73° [5‘30‘78'5“
HO 220w 455421 222 Ay 122
CH.COOH mp-243° | mp243-204° | mp245°
O&ﬁ XXXIX [CaH2o0s| [4]o=81° | [A]1o~82"
HO «2|3mL?1,‘2o zzzﬂu&?u-io
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(a)
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The most noteworthy experimental differences from

64) are summafisads-

Treatméht of dehydroandroéterone acetate (XI) with
ethoxyethynyl magnesium bromide gave 3p-acetoxy-21-
ethoxypregn-5-en=~20=-yn-17B-0l (XL and the
corresponding 3p-hydroxy compound (XL ) in comparable
yields. Whereas the solvent for the Grignard
reaction in this case was benzene, the Swiss workers
used ether. In our hands (XI) was insoluble in
ether in the concentrations specified;

Semihydrogenation of (XII) to the vinyl compound

(XLII) was performed in pyridine with a palladium-

¢alcium carbonate catalyst by the Swiss workers,

who claimed that hydrogenation ceased when 1 mole

'of hydregen had been absorbed. In this work,

the semihydrogenation was performed in ethyl acetate

with a palladium-calcium carbonate catalyst and did

not cease after absorbins 1 mole of'hydrogeh. ' When

Raney nickel was used as catalyst, however,’a

mixture of (XLII) and the sidechain saturated

eompound (XLIII) was obtained. Using platinum
catalyst, moreover, (XLIII) was prepared in good
yield, the reaction ceasing when two moles of
hydrogen had been absorbed.

In this work, the rearrancement of (XLII) into
(XXXVIII) was effected by treatment with hot

dilute sulphuric acid followed by re-acetylation.




(a)

The Swiss workers performed the rearrangement with
hydrochloric acid-dioxan. At room temperature
with 0.28 acid, the 3-acetoxy group was preserved;
warning with 0.5F acid hydrolysed the 3J-acetoxy
group. This discrepancy in the intensity of light
absorption of the AP-aldehyde in this report and
{(863) is noteworthy.

In this work, the 3-acetoxy ethynyl compound (XL}
was converted to the 3-hydroxy 4P —unsaturated
ethyl ester (XLIX) by hot dilute methanolic
éulpharic acid, which was in turn hydrolysed by
etharolic potassium hydrexide to the
AP-unsaturated zcid (IDXIX). The Swiss workers

performed the rearrangerment by dilute sulphuric acid

in dioxan-water, obtaining the 3-acetoxy ethyl ester

(L) at room temperature, and the 3-hydroxy ethyl
ester (XLIX) on heating at 900. Lagrath et al (65),
however, heat with 3N sulphuric acid and yet claim
to obtain the 3-acetoxy derivative (L) in contrast

‘%o the findings of the Swiss workers and this report.



All m.p's were determined using a standardised N.P.L,

thermometer,

Specific rotations were determined in chloroform solution
(except where otherwise stated) in a 1 dm, tube at room

temperature,

Ultraviolet absorption spectra were measured in ethanol
solution (except where otherwise stated) using a Unicam

8P, 500 spectrophotonmeter,

Miceroanaslyses were determined by Dr. A,C. Syme and
My, ¥im, McCorkindale, of the Chemistry Department, Royal
Technical College, Glasgow, and Messrs, Vieiler and

Strauss, Oxford.

The alumina used for chromatographic purposes was that
supplied by Savory and Moore, Grade II (except where

otherwise stated), standardised according to Brockmann,
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Dibromoacetal. ,
(of., Heilbran, Jones, Julia.& Weedon J. 1948, 1823)
{ FNewbold. O ds 1950, 3347)

To paraldehyde (220 g; equivalent to 5 moles

acetaldehyde), cooled to -10°, was added cautiously over

4 hours dry bromine (1600 g; 10 moles) with constant
stirring, external cooling to control the vigorous reaction
and ultra-violet irradiation, After standing a further
35 hours, free bromine was still present. Absolute
ethanol (2 litres; preccoled to —100) was then added over
1% hours (cautiously at first due to coPioﬁs fuming) with

continued stirring and cooling. After gtanding overnight

the reaction mixture was poured into water (2 litres) and
ice (2 kg.), the lower layer separated, washed with sodium
carbonate solution, water, and dried (NasS504). The agueous
phage, after neutralisation with sodium carbonate, was ?
extracted with ether (4 x 500 c.c.),similarly washed and
dried, and the ether evaporated. The two extracts were
then combined (720 g.) and distilled under vacuum {water-pump)
The fractions arbitrarily collected were, |

312 g. bep. < 83°/30 ma.

271 g. b.p. 83-120%/30 mm.

124 g. b.p. >120°/30 mm.

Each fraction was then fractionated separately, and

the total fraction (298 g.) bep. 85~110 /13 mm, retained.
Newbold (loc. cit) gives b.p. 9661030/11 mm,
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Bromosthoxyethylene.

(cf. Jacobs, Crameér, & Hanson,

J JAmér,Chem, S
%, 2 ¢

To a solution of dibromoacetal (298 g.) in ethanol
(380 c.c. 955), preheated to refluxing, was added zind
dust (140 g; aectivated by treatment with 3N hydrochloric
acid, washing with water, ethanol, filtering and drying
at 9@0) at such a rate ag to maintain refluxingAwithout
heating (45 minutes). The mixture was refluxed for a
further 45 minutes, cooled, filtered from excess zinc,
and poured into %’ ammonium chloride solution (1620 c.c.)
containing ice. A s0lid white complex which formed
deeomyoéed on addition of concentrated hydrochloric acid
(20 c.ce)se  The lower oily bromoethoxyethylene layer so
produced was separated, washed with % ammonium chloride
solution (100 c.c.), ice water (60 coce), and-dried (03012).
The aqueous phase was extracted with ether (3 x 200 c.c.)
washed with ice water and dried (CuClp). The ether
was evaporated, the products combined, and digtilled
through a small column. |

The yield of bromoethoxyethylene b.pe 44-526/25 mm.
was 62 g. Unchanged dibromoacetal (41 g; Dap. 60—70?/25mm)
was reaovered,

Ethoxyacetylene.

(¢f. Jacobs, Cramer & Hanson. J.Amer.Chem.Sog., 64,

Bromoethoxyethylene (62 g.) mixed with powdered

potassium hydroxide (125 g.) in a distillation flask was
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heated at atmogpheric pressnra in an oil bath. A vigorous
reaction ensued and at a bath temperature of 90~l10 '
ethoxyacetylene distilled rapidly and was condenmed in a
cooled receiver {acetone-carbon dioxide). It was dried
{maESﬁik,‘rﬁdistillad under vacuum and stored in ether
solution at 0°.

The yield of ethoxyacetylene b.p. 26-30°/300 mm. was
T+5 Z» Jacobs et al (loc.cit) give b.p. 27.5-28.50/
300 mm,
Reaction of Dehydroandrosterone Acetate with Ethoxyacetylene.

{a) Ethyl macnesgium bromide, prepared from ethyl bromide
(3.8 g.) 2nd masmesiun {0.86 z.) in ether (30 c.c.) was
treated with stirring at 0% with a solution of ethoxyacetylene
(2.5 g.) in ether (10 c.c.) added dropwise. When the
addition was conplete, the mixture was stirred a further

1% minutes st ﬂg and allowed to rise to 102 over 15 minutes.
4 solution of dehydroandrosterone acetate (3.3 g.) in benzene
{30 c.0.) was then added over 10 minutes (with formation of
a white conmplex) and the solution heated on the water bath |
for 12 hours, after the zddition of more benzene (10 c.c.).
The reaction mixture became very wviscous, and darkened in
colour. After standing overnight at room temperature,

it was treated with saturated ammonium chloride solution,

and the organic layer with added benzene washed several

times with saturated ammonium chloride solution, then water
and dried (FapSOy). Bvaporation of the extract gave a

brown resin (4.5 g.) which on dissolving in a minimum
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quantity of benzene and edding light petroleum (b.p. 40~600)
vielded orystals contaminated with gum. This product was
filtered with the ald of light petroleum (b.p. 40-60") to
give a msolid (200 mg.) m.p. 50°, resolidifying end remelting
ca. 140°, A further 650 mg. of this materiel was obtained
by treatment of the gummy mother liquor with light petroleum
(bepe 40-60°) and crystallising from benzene - light
petroleum (b.p. 40~60°). This lotter material (500 mg.)
in benzene solution wags filtered fthrousgh a colum (2 x 10 cm.)
of alumina and the benzene eluant (1000 ml.) collected.
Removal of the benzene gave a solid residue (410 mg.) mep.
&5-509, resolidifying eca, 800, and remelting at 146~149o.
Crystellisation from benzene - light petroleum (b.p, 40«600)
gave 2l-ethoxypregn-5—en=20-yn-3P117P~diol as needles,

maepe 55-65° and 146-149° with solidification at 80°.

5*19“1140 (C = 1.9 in chloroform).
Found: C, 76.8 ¢ H, 9.7.

023H3403 requires Cy T7T+1 3 H, 9.6%
The gummy mother liquors from this substance were
evaporated and the residual brown resin (3.9 g.) dissolved
in benzene (50 c.c.), and chromatographed on a column

{25 x 3 om.) of alumina,

~ Eluant., Volume. Resgidue.
Banzene. 1000 c.c. Solid 1.30 g. A,
. 19400 CeCo Gum ’ 0.95‘ e .BQ

ad 50@ CeCo Gm 0050 E. ’ cb
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Fraction A on erystallisation from light petyoleum
(bepe 60-80°) gave needles (1.0 &) mep, 12513573 two
further crystallisations from the same solvent gave laminae
of 3P-ucetoxy~2l-ethoxypregn='ieen=20=yn=~1.78=0l,
MeDPoe 140-141°
[41-103° (¢ * 0.6 in ohloroform)
Found: Cy T544 3 H, 9.1

025H3604(raquires Cy T540 § Hy Gelp
Fraction B on crystallisation from benzene - light
petroleum (bLepe 60~80°) gave 2l=ethoxypregn=>Sm-en-=20=yn=3A1
17B=diol (710 mg.) meDe 55~650. solid at 800. remelting
at 145°, while fraction C gave 150 mg. of the same
compound Me.pe. 50~60°, solid at 800, and remelting at 140°,
Both specimens had the same Tusion characteristics when
individually admixed with the {irst isolated material,
(v) 3P~Acetoxy~2l—-ethoxypregn="-en-20=-yn-17F=0l is
most convenliently prepared by direct acetylation of the
erude reaction product. In a typleal experiment from
dehydroandrosterone acetate (10 g.) and the other reaotants
in the propoxritiona given above, the benrene solution from
decomposition of the reaction mixzture wilh ammonium
ohloride was evaporated and the residue taken up in dry
pyridine (30 ce.c.) and acetic anhydride (30 ¢.c,) and
heated on the steam batu for  hour. Vorking up in the
usual way gave & residual oil (15.5 g.) which was digsolved

in benmzene (100 c.c,) and adsorbed in a column (23 x 3 om,)

of alumina, Elution with one litre of benzene gave an
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0il (7.2 g.) which rapidly solidified; further elution

gave negligible residues. Crystallisation of the solld

from benzene - light petroleum (b.p. 60—80°) gave

3p~-acetoxy-2l-ethoxypregn-5-en—-20-yn~178-0l (5.7 &.)

m.p. 138-140° as small slightly yellow laths.

Hydrolysis of 3P-Acetoxy-2l-ethoxypregn-5-en=-20=yn-178-0l.
3B-Acetoxy-21l~ethoxypregn—5=en—-20-yn-178-0l (100 mg.)

was added to a solution of potassium hydroxide (300 mg.)
in water (1 c.c.) and methanol (5 c.c.) and the mixture
heated under reflux for 30 minutes. Working up in the
usual manner gave 2l-ethoxypregn-~5—en-20-yn-3p:178-diol
as needles mep. 55~65°, solid at 800, remelting at
145—1480 from benzene — light petroleum (b.p. 60—800).
Acetylation of 21-Ethoxypregn-5-en-20-yn-3f:17f~diol.

A molution of 2l%ethoxypregn~5—en—20—yn~3P:l7P~diol
in acetic anhydride (2 c.c.) and pyridine (2 c.c.) was
heated on the gteam bath for 30 minutes. Working up in
the usual manner gave 3P-acetoxy-2l=ethoxypregn=5-—en—20-
yn-17B-0l as laths m.p. 138-140° alone or mixed with the
preparation previously described.

~ Por analysis purposes; it is conveniently purified by
chromatogravhing on alunina, and eluting with benzene
containing 4% ethanol, followed by crystallisation from
light petroleum (Lepo 60-80°).

Hydrogenation of 3P-Acetoxy-2l-ethoxypresm=5S=en=20=yn-17B~0l.

(a) 3P-Acetoxy-2l-ethoxypresn~S—en—20-yn-17B=0l (500 mg.)

in ethyl acetate (25 c.c.) was added to pre-reduced



palladium-calcium carbonate catalyst (250 mgs 2% Pd) in
ethyl acetate (25 ¢.c.) and shaken in an atmosphere of
hydrogen at atmospheric pressure and temperature until
27 c.c. had been absorbed (12 mins; theowry Jor 1 mole
30 c.c.) The catalyst was removed by f{iltration, the
solvent removed under reduced pressure, and the solid
residue crystallised from methanol to give 3P~acetoxy=21-
ethagxgregga—g;20~dien~l7ﬁ~ol (380 mg.) as iridescent
leaflats,

Mep. 145-147°, with sintering at 140°

[d]-58° (¢ = 2.1 in cnlorotorm)

FPounds C, 74‘08 ’ H, 9.4
025H3804 requires C, T4.6 3 H, 9.4%

(b) 3B-Acetoxy-2l-ethoxypregn-5-en—-20~yn-17B~0ol (600 mg.)
in ethyl acetate (20 c.c.) was added to a suspension of
Raney nickel catalyst (100 mg.) in ethyl acetate (15 c.c.)
and shaken at atmospheric pressure and temperature in
hydrogen until 35 c.c. had been absorbed (45 minutes:
theory for 1 mole 36 c.c.) After filtration of the
catalyst and removal of solvent under reduced pressure,
three recrystallisations of the residual solid from light
petroleum (be.p. 60-80°) gave 3p~acetoxy~2l-athoxypregn=5-

en-17P=0l as rosettes of prismatic needles (100 mg; m.p.
159-160°). It gives a light yellow colour with

tetranitromethane in chloroform.
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m,pa_159“1€50 |

' [o(];‘-'?'ga (C= 1.6 in chloroforn).
Pound: ¢, T3.9 ; H, 10.1
requires C, 74.2 ; H, 10.1%

»

Casfty®y
The mother liguors from the crystallisation of this compound
were evaporated to dryness under reduced pressure and the
residue c¢rystallised four times from methanol to give
3P~acet0xy~21«ethoxyprogna«S,20~dien—17ﬁ~ol {110 mg.)

MePe 144-746 alone or admixed with preparation (a) above,
(¢) P-Acetuxy—21~ethoxypre&nwg-en—l7ﬁ—ol (250 mg.) was
shaken at atmogphéric pressure and temperature with
hydrogen in presence of platinum from Adams' catalyst

(100 mg.) in ethyl acetate (35 c.c.) until 28 c.c. was
absorbed (theory for 2 moles is 30 c.c.) After
filtration of the catalyst and removal of the solvent

under reduced pressure, the residue wae crystallised from
light petroleum (b.p. 60—80 ) to give 3p-acetoxy-21l-
ethoxypregn-5-en-17P~0l as needles mepe 159~160°,
undepressed on mixing with preparation from (b) above.

Hydrolysis of 3P-iceboxy-2l-ethoxypregn-S—en—~17P~ol.

‘The compound (78 mg.) in ethanol (8 c.c.) was heated
under refiux with potassium hydroxide (500 mg.) in water
(2 cvcs) for 1i hours. Jorking up in the usual way
gave a neutral fraction which was crystallised only with
difficulty from aqueous methanol to give 2l-ethoxypregn-5
en-3p: 17B-diol as felted needles,
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‘MePe 139~14l sintering at 80
[d], -72" (©, 0.6)0
Found: c, 76. 2 s H, 10, 5.

Co3 38O3 requires C, 76.2 j H, 10.6%

It sublimed unchanged under reduced pressure’(1®"4'mm.)
at a bath temperature of 150—2000. On drying a sample
for analysis, it was noted that heating at 560 under
vacuum caused congiderable goftening. It was dried by
standing 10 hours in air and 5 hours in vacuum.

3P-Acetoxypregna~5: 1 T=-dien=-21-al,

(a) Acid Rearrangement Method.

3p~Acetoxy-2l=ethoxypregna-5:20-dien-178~01 (100 mg.)
in methanol (10 e.c.) and sulphuric acid (2.5 e.cs 10% “/w)
wags refluxed for three hours, The colourless solution was
concentrated under reduced pressure, treated with water and
extracted with ether. The ethereal solution was washed
with water, dried (Na2304} and the ether removed to give a
s#0lid which was dissolved in pyridine (2 c.c.) and acetie
anhydride (2 c.c.) allowed to stand overnight, then
evaporated to small bulk under reduced pressure. The
regidue was diluted with water, extracted with ether, and
the extract washed successively with dilute hydrochloric
acid, sodium hydrogen carbonate solution, water and dried
(Na2304). Evaporation of the extract gave a solid
residue (68 mg.) sintering ca. 1559 and melting at 165-175°,
This was dissolved in benzene-light petroleum (b.p. 60—800)

(134, 25 c.c.) and adsorbed on alumina (2g: ). The column
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was washed with the same mixture (10 c.c.) then with
benzene - light petroleum (ﬁ;p. 60~806)(l:l, 20 c.C.)
and finally with benzene (10 c.c.).  The residues on
evaporation were respectively}l7 ng. 27 mg.'and 13 mg. of
solids. These were combined and crystallised from agueous
acetone to give 3p-acetoxypregna~5:17-dien-21l-al as needles.

m.p. 183-185°

[ 1.-57° (¢, 1.5)

Found: c, 17.6 ;s Hy 9.3

Calc. fgr 023H3203 Cy, 77.5 3 H, 2.1%

Light absorption: maximum at 2430A ( € = 17,600)
(v) Vacuum Sublimation HMethod.

' 3P~Acetoxy—Zl—ethoxypregna~5:20~dien~17ﬁ~ol (80 mg.)
on heating at bath temperature of 140-180° at 10~% mm. Hg.
gave a white sublimate (softens 150-1600, melts‘at 1720).
Three further resublimations under the samé conditions gave
a £01id-(30 mg.) m.p. 1730, giving a yellow colour with
tetranitromethane in chloroform and a red precipitate with
Brady's reagent. Two recrystallisations from ether -
light petroleum (b.p. 40-60°) gave 3P-acetoxypregna~5;17-
dien-21~al, map. 181~184°. ~ The mixed m.p. with an
authentie specimen m.p. 181~184° (as prepared in (a) above)
was 181-183°.

- Found: C, T7.1 3 H, 9.2.
Cale. for 023H3203 Cy 775 3 H, 2.1%
Light absorption: maximum at 24304 ( €= 16,700).
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3p-Acetoxypregna~5:17-dien—-21l-al 2:4-dinitrophenylhydrazone.
(a) 3P-Acetoxy-2l-ethoxypregna-5:20~dien-17p-0l in methanol

gave an immediate red precipitate with Brady's reagent.

Crystallisation of the solid from henzene ~ light petroleunm

(bep. 60-80°) gave 3B-acetoxypregna-5:17-dien-21-al 2:4-

dinitrophenylhydrazone as small red blades.

m.ps 278° (decomp.)

Found: c, 65,1 3 H, 6,8

029H3606N4 requires C, 64.9 ;.H, 64T

Light absorption in chloroform: maxima at 2600

0

( €-16,300) ,3050 (£-11,200) and 3900A ( € = 32,300)
(b) A solution of 3P-acetoxypregna~5:l7-dien=21-al in
methancl, on treatment with Brady's reagent, gave almost
immediately a red precipitate which separated from benzene -
light petroleum (b.p. 60—800) as small red blades m.p. 278°
(decomp.) alone or with preparation (a).

3B=Acetoxypregna~5:17-dien-21-al gemicarbazone.

(ef: Miescher, Wettstein & Scholz: Helv.Chimiécta, 22,

{1939)).
Prepared from the aldehyde, the gemicarbagone
geparated from aqueous methanol as needles.
m.p. 245° (decomp.) (loc.cit. m.p. 245-246°)
Pound: N 10.4
Cale. for 024H3503N3 : N 10.2%, .
Light absorption: maximum at 27504 (£ = 34,400).
Ethyl 3P~hydroxypregna=5:17-diene-2l-carboxylate.

3p-Acetoxy-2l~ethoxypregn =-5-en-20-yn=~17=01 (500 mg. )
in methanol (25 c.c.) to which sulphuric acid (5 e.c. 10% " /)
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had been added was refluxed for 1 hour, concentrated to
half volume under reduced pressure and treated with water.
The precipitated solid was taken up in ether (ca. TO c.c.)
and the ethereal solution washed succesgively with water
(50 c.c.), sodium hydroxide solution (3 x 50 c.c.) and
water (2 x 50 C.Co)o The alksline extracts on
acidification became opalescent, and deposited a trace of
solid after several days. The ethereal solution was
dried (Ea2504), the ether removed, and the residue

erystallised twice from ethanol to give ethyl

3B~hydroxypregna~5:17~diene—-21l~carboxylate (240 mg.) as
prismatic needles. :

Do 181°.

[4]1-72° (¢, 0,8)

Found: ¢, 7T7.0 3 H, 9.2,

023H3403 requires C, T77.1 3 H, 9;5%’.

Light absorption: maximum at 22004 ( € =16,500)
Ethyl 3P-acetoxypregna-5:17~diene~2l-carboxylate.

Ethyl 3f-hydroxypregna-5:l7-diene~2l~carboxylate
(105 mg.) in dry pyridine (2 c.c.) and acetie ﬁnhydride
(3 c.c.) was allowed to stand 14 hours at 150, followed
by 5 minutes at 1000. Evaporation under reduced pressure
was followed by addition of water and ether extraction:
the ethereal extract was washed successively with dilute
hydrochloric acid, sodium hydrogen carbonate solution and

water and dried (N¥apS04). Removal of the ether left g

solid residue crystallised twice from ethanol %o give
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(ae ﬂa)

ap needles.

MePoe 11100
0
[ 166 (Cy 0WT)s
Found: 0, 74.6 3 H, Ol

0253360 requires C, 75,0 j H, 9 .1%.

Light absorption: maximum at dZOOA ( £+17,000)
The compound alao forms needlas from methanol, Mmep. 1556
(Founds C, 74.2 3 H, 8.75%4.), exnlbiting lisht absorption
mazimunm at 22008 ( £« 17,600). A mixture of equal parte
of the formps m.p. 1553 and 111°% melte suarply at Lllo.
JP-Hydroxypremma~5:17~diene-2l-carboxylic acid.

Ethyl 3B~hydroxypregna-5:17-diene-2l-carboxylate

(100 mg.) in ethanol (30 ec,c. ) was trented with a solubion
of potassium hydrozide (1.0 g£,) in water (5 ml.) and the
mixture refluxed for four hours. Hemoval of the molvents
under reduced pressure gave a solld, insolnuble in water,
ether, and chloroform, The eolld was dinnolved in hot
methanol, the amolution acidified with sulphurie acid

(104 ¥/w), and the resulting rranular precipitate (80 me.),
B.P. 220-230 which separated removed by filtration. Two
recrystallisations from agueous acetons gave 3f-hydroxypregna-
5:17-diene~2l~carboxylic acid as fine needles. it eould
be sublimed unchanged at 220 /10 ~4 o, He, |
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meps 243-244° e eraiiue e
(17817 (@, 0.7 in aioxan) |

Found: ‘ C, 76.2 3 H, 9.1,

3! C, 76.3 3 H, 2.2%.

Light absorption: maximum at 2180A { £:15,900)

Calc. for 621H3OO

3B:17R~Dihydroxypregn—-S~en=-2l-carboxylic scid.
(ef: Reichstein, Muller, Meystre & Sutter Helv.Chim.Acta. 22,

To zinc powder (2:33 g.: purified by washing rapidly
with hydrochloric acid (2 %), water, ethanol, acetone, ether;
Warming under vacuum at 100° for 15 minutes and used
immediately ) was added a solution of dehydroandrosterone
acetate (2.0 g.) and ethyl bromoacetate (4 g.) in dry
benzene, The addition of a few crystals of jodine did
not inifiate the reaction. A drop of pyridine, added to
catalyse the reactions, caused the solution to turn apple
green in colour, but no spontaneous refluxing occurred,

The reaction mixture was then heated, with exelusion of
moigture, with stirring and refluxing for 5 hours, whilst
a greenish-white gummy precipitate was produced, The
mixture was then cooled, decomposed with ice and
hydrochloric acid, extracted with ether and the extract
washed successively with water, dilute hydrochloriec acid,
NaOH solntion and water and dried (Na2804). The regidue
obtained on evaporation was dissolved in methanol (33 c.c.)
treated with agueous potassium hydroxide (50%: 5 c.c.) and
refluxed for 30 minutes. Water was then added, and the

methanol removed under reduced pressure to leave g semi-~golig
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residue, . To remove neutral producte, this reeidue was
extracted with ether, and the ether extracts washed with
godium earﬁanate gsolutione
The alkaline extracts (ca. 600 c.c.) were acidified
with hydrochloric acid}to Congo red, and thoroughly
extracted with ether, The dried (ﬁ32304) extract Zn
evaporation gave a crude s0lid (1.7 g.) Mma.p. 165-175 .
Four recfysﬁallisations from acetone {300 c.c.) gave
3P;17B~dihyiroxypregn~5—en—2l~carboxylic acid as leaflets.
MePe 2460 {loc. cit. gives m.p. 246~2470).
Hethyl 3f:17f-dihydroxypresn-S-en-2l-carboxylate.

A solution of diazomethane ( Organic Syntheses,

Coll, Vol. IZ. 7p. 165) in etl er was added to & suspension

of 3P;l?ﬁndihyﬂroxypregn-S-en-21~oarboxylic acid (1.0 g.)
inbether. The mixture was allowed to stand for 2 hours,
during which the suspension remained. It was then
refluxed to remove excess diazomethane, the ether removed
by evaporation and the residue dissolved in chlovoform,
waéhe& with % sodium hydroxide solution, water, and dried
(Ka2304). - Evaporation of the chloroform left a white
erystalline solid which was reerystallised from methanol
to give methyl 3P:17P-dihydroxypregn-5-en-21l-carboxylate
MePe 141-7°. The alkaline extract was acidified with
dilute hydrochloxic acid to precipitate unchanged acid,
which was collected, dried, tgken up in absolute methanol,

and re—esterified as previously with diazomethane in ether.




Recrystallisation of the combined products gave methyl
3P117p-dihydroxypregn-5=-en~2l-carboxylate (600 mg.,

MePe 145~148°) (Reichstein, Muller, Meystre & Sutter

give m.p. 145-149°),

Methyl 3B:17B-dlacetoxypregn-~S5-en-2l-carboxylata.

(ef: Plattner & Schreck, Helv.Chim.Acta, 22, (1939) 1178).

Hethyl 3Pf:1T7P-dilvdroxypregn~5--en~2l-~carboxylate
(600 mg.) was heated under reflux in acetic anhydride
(10 c.c.) for 36 hours, during which the solution darkened
considerably. After removal of the sovlvent under reduced
pressure, water was added, the mixture extracted with ether
and the extract washed with water (3 x 30 c.c.) % sodium
hydroxide solution (2 xz 30 c.c.) and water (2 x 25 0.c.)
After drying (Na2504) removal of the ether zave a pale
brown gum, which did not crystallise readily. It was not
further purified.
Methyl 3f-acetozypregna—~5:l7-diene~2l-carboxylate.

Methyl 3P:17B-diacetoxypregn-~5-en~21l-cirboxylate (as
prepared above) was heated under reduced pressure
(5 z 10~3 m. HEe ) It melted at bath temperature of 700
and sublimed as a yellow amorphous solid at bath temperature
Ca, 1750. It was resublimed three times and the sublimate
collected over range 110-1900. The yield of the crude
product was 271 mg.

Light absorption : mazimum at 21908 ( €= 6,400). 1In

comparison with the light absorption of the corresponding

ethyl ester (prepared as previouely described) with maximm
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at 2200§ ({ €=17,000) it is concluded that thé specimen of
methyl 3P-acetoxypregna=5,17~diene-21l-carboxylate, obtained
by this method, has & purity of only 40/.
3B-Hydroxypregna~5sli—diene~2l-carboxylic acid.

Methyl 3B-acetoxypregna~5ilT-diene-2l~carboxylate

(270 mg; as prepared above) was heated under reflux for
2 hours with methanolic potlassium hydroxide solution
(10%s 75 ceco) cooled, diluted to 250 c.c. with water, and
extracted with ether to remove neutral constituents
(evaporation of this extract gave a negligible residue).
The agueous phase was then acidified to Congo red with 2
hydrochloric acid, and extracted with ether. The ether
extract was repeatedly washed with water, dried (N32304) and
the ether removed to give a pale brown gum which orystallised
from acetone (55 mg: maDe 233~2370). Two more
recrystallisations gave 3P-hydroxypregna=-5:li-dlene-21-
carboxylic acid, m.p. 241.5~2430 alone or on admixture with
a specimen of the acid (m.p. 2430) prepared by the
ethoxyacetylene synthesis.

Light abporption: maximum at 21803 ( € =14,700)
Evaporation of the acetone crystallisation mother liquors

left a gun product waich could not be crystalliged.

Attempted Degradations ol Ethyl 3P-aceloxypregna~5:l7-diene-
21-carboxylate to Dehydroandrosterone (as semicarbazone).

Hethed 1. By hydroxzylation.

To a solution of ethyl 3B~acetoxypreona-5:1T7-diene~21-
carboxylate (600 mg.) in absolute ether (9 c.c.) was added

a solution of osmium tetroxide (382 mg. 1.1. mol.) in
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absolute ether (20 ¢.c.)s = The reaction mixture, which
darkened within a few houra, was kept in the dark for

three days, after which a dark brown amorphous solid had
geparated. The ether was removed under reduced pressure
to leave & brown oily residue, which was dissolved in
ethanol (30 c.c.) and refluxed for 14 hours with a solution
of crysbtalline sodium sulphite (5 g.) in water (20 c.c.).
Ethanol (50 c¢.c.) was then added, the precipitate allowed
to settie, and the supernatant liquor decanted. The
precipitate was digested with ethanol (2 x 75 c.c.), the
liguor beinz filtered off on each occasion. On
concentration of the combined ethanol extracts under reduced
presgsure, & white golid separated, and precipitation was
completed by addition of WaterA(SO CeCole The nmixture was
extracted with ether (4 x 50 c.c.), the extract washed with
water (50 c.c.),dried (Nazso4), and the ether removed to
leave a white s01id residue (370 mZ. MeDe 145~1650).
Recrystallisation from methanol gave a product m.p. 1800,
undepressed on admixture with ethyl 3P~hydroxypregna-5:
17~diene~2l-carboxylate (m.p. 1810) i.e., starting material
with agetate grouping hydrolysed.

o
Light absorption: maximum at 22004 { & = 16,000),

Methed 2. By Chromiec Acid Oxidation.

| To a solution of ethyl 3ﬁ~aoetexypregna~5:l?~diene-21~
carboxylate (200 mg.) in glacial acetic acid (8 e.c.),
bromine (80 mg: 1 mol.) in glacial acetic acid (6 c.c.) was

added dropwise with sheking, There was immediate fading




60,

of colour %o pale yellow, and complete decolerisation after
15 minutes. (1 drop of the reaction solutien, withdrawn
and made up to 40 ml, with spectroscopic ethanol, gave an
gbsorption maximum at 2100-2140%),  Chromic anhydride
(167 mg: 5 atoms ) in 83 ascetic acid (1 c.c.) was added

dropwise with iee—cooling over 15 minutes. The first

drop turned green, but successive drops did not appear to be
reduced as the sclution retained a reddish-brown colouration,
which yemalined after heating at 400 for 10 ninutes. The
exgess chromic acid was reduced by addition of 3 drops of
methanol, Zinc dust (99 mg: 3 mols.) was then added, the
mixture shaken at room femperature for 2 hours and the
mixbure diluted with water. 4 precipitate was produced

which coagulated into a sticky mass.  The supernatant liquor

was removed by decantation, extracted with ether (3 x 30 c.c.)%
the coagulated precipitate dissolved in this extract, and
combined extract successively washed with water (30 c.c.),
aodiumvhydroxide solution (30 c.c. gﬁ, water (30 c.c.), and
dried (Na2304). Removal of the etlher under reduced pressure
gave a gpolid in the matrix of a gum. This was disgolved in
a minimun of hot ethanol, and after standing overnight, 3
cerystalline forms {needles, spheres, and feathers) were
apparent in very small gquantities.

A%ﬁampts to form the lmown dehydroandrosterone acetate
senicarbazone (m.p. 275°) gave only a product m.pe. 94~98°,
giving a negative Beilgtein reaction and light absorption at

22008, Recrystallisation from benzene-methanel raised the

-4
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m.ps to 107-109°,  The remainder of the product after
these attempts was then recrystallised from methanol to
give unchanged starting material mepe 108-110a,

undepressed on admixbure with authentic specimen, §

Method 3. By Ozonolysig.

To a solution of ethyl 3P-acetoxypregna=~53l7-diene—
2l-carboxylate (240 mg.) in chloroform (10 c.c.) was added
bromine (96 mg.) in chloroform (9.6 ce.c.) dropwise with
shaking at ”50 over half an houre. The bromine colour
disappeared ingtantaneously. Ozone was then bubbled

through the chloroform solution at =5° for 25 minutes. The

solution tuvrned brown immediately, but went colourless on
gtanding at room temperaiure for 9 nminutes. Removal of
the chloroform under reduced pressure below 30o left a %
¢lear gum, which was taken up in glacial acetic acid (5 c.c.) ‘
‘and heated on the steam bath with zinc duet (200 mg.) for

1 hour, water (30 c.c.s) was then added, the mixture
extracted with ether (2 x 20 c.c.) and the extraet washed

with saturated sodium hydrogen carbunate solution (2 x 25 c.c.
and water (25 c.Ce)e Removal of the ether left a wet

brown @ily residue, which was dissolved in methanol (7 ml.,)
and a solution of semiearbazide hydrochloride {200 mg.)

and orystalline sodium acetate {300 mg.) in water (3 drops)
added, After refluxing the mixture on the steam bath for

10 minutes, a white crystalline solid (45 mg. m.p. 260-265")

crystallised outb. One crystallisation from benzene-

methanel gave dehydroandrosterone acetate senicarbazone
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0
mepe 270-273 , undepressed on admixture with an authentic

gpecimen m.p., 273-276°,
, , o
Light absorption: maximum at 2250A ( € =13,400).

Oxidation of 3f-acetoxy-2l-ethoxypresm-—5—-en=20-yn-17F-ol
with mercury acetamide.

3f-Acetoxy-21l-ethoxypregn-5-en—20-yn~17f-ol (500 mg.) in
ethanol (10 c.c.) was refluxed for 20 hours with mercury
acetamide (l.Olg.). liercury was removed from the reaction
mixture by precipitation with hydrogen sulphide, and the
filtrate evaporated to dryness under reduced pressure., The
residue was extracted with ether (5 z 10 c.c.) the combined
extract washed with water {2 x 15 c.c.) dried (Na2804), and
evaporated to give a2 gum (400 mg.) which was digsolved in
benzene (10 c.c.) and adsorbed on a column (1% x 1.5 em.) of
alumina. The column was washed with benzene (200 ¢.c.) and
the eluate evaporated to give a cryetalline solid (170 mg., i
nsDe 153—1580) which separated from light petroleum (b.p. 40—~ 1
600) as fine needles m.p, 167~1690, undepressed by
dehydroandrosterone acetate, |

&1]:30 (C, 0.5 in ethanol) Lit. gives [d{L;4° (ethanol)

Found: Cy, 7647 5 H, 9.2,

Calculated for 021H3003 s Uy 76.30; Hy 9.15%

Light absorption: maximum at 29104 ( £= 51).
The semicarbazone formed needies from benzene-methanol
M. Pe 273—276D undepressed by authentic apecimen. !

Light absorption: maxinmum at 22402 ( €=13,400) |

The dehydroandrosterone acetate was further characteriged

by hydrolysis. The compound (60 mg.) was allowed to stand
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at 20o with methanolic potassium hydroxide (10 c.c., 5%) i
worked up by means 0f ether to give dehydroandrosterone as s
felted needles from light petroleum (b.p. 40—600) MeDe 139O E
undepressed by an authentic specimen,
The alumina column was further washed with benzene

(100 cecs) to give nesligible residue: elution with ether
(200. csc.) zave a solid (150 mg.) which separated from light
petroleum (b,.p. 40~60°) as felted needles m.p.~l39°,
undepressed on admixture with dehydroandrosterone. . |

D$]D+9° (c, 6.6 in ethanol) Lit. gives EAJD+11°(ethanol)

Found: c, 78.7 ; H, 10,1.

Calculated for Crgllog0p 3 €y 79.1 5 1, 9.8%

Light absorption: maximum at 29002 (€ =:62).

3B:17P-Diacetoxy—-2l~ethoxypresn~5S5—ene.

3p-Acetoxy-2l-ethoxypregn-5-en~-17p-0l (100 mg.) was
heated for 18 hours at 1350 with acetic anhydride (1 ml.) and
pyridine (1 ml.). The dark solution was evaporated under
reduced pressurdy and the residue extracted with ether. The
ethereal solution was evaporated and the residue distilled at
a bath temperature of 160--1700/10-3 mm. to give a viscous
yellow brown o0il (50 mg.). This was dissolved in benzene
(10 c.c.) and adsorbed a columm (7 x 1 em.) of alumina.
Elution with benzene -1y ethanol (200 c.c.) gave a
crystalline material (45 mg.) which separted from light
petroleum (b.p. 4O~600) as needies, and believed to be

3B:17B-diacetoxy~2l~ethoxypregn-S—ene.

m.p. 128-130°
Found; C, 72.9 ; H, 9.0.
Lo7li4005 requires C, T72.6 ; H, 9.4,.
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The use of ergosterol (I3 R = H) as a starting material
for the partial synthesis of adrenal cortical hormones was
first suggested by Bergmann and Stevens (67) "because of
the comparative ease with which it may be converted to
derivatives like dehydroergosterol which possess unsaturation
at C-11 and which might lend themselves to the introduction
of oxygen at this point. In addition, the 22:23-double
bond was expected to facilitate removal of the sidechain td
permit 1ts replacement by one of the typical sidechains of
adrenal cortical hormones®. Congiderable progress in the
latter direction was made by these workers, who showed that
protection of the ring B conjugated double bonds of ergosteryl
acetate (I; R = Ac) by means of maleic anhydride permitted
'preferential attack on the sidechain double bond, Thus,

" treatment of the maleic anhydride adduct (II) with ozone
, cty
CH.CHO

- gave an aldehyde (III) which was converted into the enol
~acetate (IV), ozonolysis of which, followed by pyrolysis,
gave 3P-acetoxypregna~5:17-dien-20-one (V). This
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procedure has been substantiated by Antonucci, Bernstein,
Giancola and Sax (68). The attempts of Bergmann and Stevens
to introduce an oxygen function into the 1ll-position, '
starting from the maleic anhydride adduct of déhydreergosteryl
_ acetate 22:23-dibromide, were less successful in that,
although the epoxide (VI) was obtained, pyrolysis of this
was accompanied by aromatisation of ring 3.

The successful introduction of lli-oxygen functions into’
the steroid nucleus starting from ergogterol was first
~ announced (May 1951) by Tishler and coworkers (69). Since
that time, a spate of publications has appeared, describing
various oxidation procedures and rearrangements directed
towards the formation of ll-oxygenated steroids, starting
from ergosteryl-D acetate (VII) (obtained by standard methods
from ergosterol) or analogous 137’9(11)«dienic steroids.
Many of these communications are in outline form, no
experimental details being given. The experiments
described in this dissertation, performed during the same
period, have in part been reported in a series of
publications (70, 71, 72, 73).

The method described by Tishler (69) involves the
oxidatioﬁ of ergosteryl-D acetate (VII) with perbenzoic
acid to give an epoxide (VIII), believed to be a
[57~94:1l¢repoxide (74) which on hydrolytic rearrangement
gives TE:llA-dihydroxyergosta-8:22~-dien-3p-yl acetate (IX),
Oxidation of the latter compound with chromic acid gives

7: 1l-diketoergosta~8:22~-dien~3f3~yl acetate (X) converted
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\
CH.COOMe

(xiv)

I.-—

to 7:ll-diketoergost-22-en-3P-yl acetate (XI) by treatment
with Zinc and acetic acid. . VWolff-Kishner reduction of
(XI) gives ll-ketoergost-22-en-3B-yl acetate (XII),
converted through (XIII) to the known compound (XIV),.
These transiormations were also applied to the analagoua
7:9 (11)-dienes obtained from cholesterol, stigmasterol,
and diosgenin,

Jeger and coworkers (75) described with experimental
details the same route (VII)—(VIII)—(IX)—(X)—(XI)—>(XII).
Under their conditions, chromic acid oxidation gave
82 9d—epoxy=~T:il-diketoergost-22~-en-3f~yl acetate (XV) as
well as (X). Both the diketone (X) and

the epoxydiketone
e
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(XV) give the same product (XI) on reduction with zine and
acetic acid. The corresponding compounds were also

obtained by analogous reactions starting from methyl

(Xvi) (Vi) (Xvii)
3d-acetoxychola~T7:9{11)-dienate, obtained from cholic

acid. The same authors report the rearrangement of the
epoxide (VIII) to 3p-acetoxyergosta-~0:22-dien-T-one (XVI)
by treatment with mineral acids, and to 3p-acetoxyergosta-8:
22-dien~ll-one (XVII) by treatment with boron trifluoride
or ferric chloride (76), Similar transformations are also
described by Jeger and coworkers {78) in the androstane and
cholestane series,

The structure assigned by Jeger to XVII rested
essentially on‘the non-reactivity of the carbonyl group
and its non-identity with the Ag-?-ketone and the
[)?(14)~7*ketone. Irrefutable proof of the structure of
this ketone, as well as = new and shorter path to
li-ketoergost—22-en~3B-yl acetate (XII), is provided by
the observation of Tishler et al (74) that the
[§$~ethy1enic linkage of XVII could be selectively reduced

by the action of lithium and liquid ammonia to give XII

in high yield. The general availability of thisg most




convenient route is demonstrated by its application to
7:9~dienic esters derived from sapogening (74, T7).
Djerassi and coworkers (77) have shown also that
reduction of the[§§~11—ketones by lithium and liquid
ammonia can also produce llk~hydroxy steroids under
certain conditions.

Fieser, ferz and Huang (79) oxidised methyl
3$-gcetoxychola~7z9(11)—dienate (XVITI) with sodium
dié§£0mate to give a mixture of methyl 3J/-acetoxy-T~
kétééhol—9(ll)~enate (XIV) and methylk3dracetoxy~7:ll~
diketochol-8~enate (xx). The latter compound was
'cbnverted, by the established method of zinc and acetic
acid reduction followed by Kishner-Wolff reduction, to

methyl 3d-acetoxy-ll-ketocholanate (¥XI)., This

COZ Me

(x_l) o) COQ Me

X
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oxidative procedure was also applied to the 7:9(11l)-diene
obtained from cholesterol,
| Stork, Romo, Rosenkranz and Djerassi (30) oxidised
3P:20R-diacetoxyallopregna~T39(1l)-diene (XXII)

{obtainable from diosgenin or stigmasterol) to give the
ketoxide (XXIII), which isomerised on mild alkaline
hydrolysis to 3f:11d:20p~trihydroxyallopregn-8-en-T~one
(XXIV). Catalytic reduction of the latter zave XXV

which on Kishner-iolff reduction and chromic acid oxidation
yielded the kmown 3:11:20-triketoallcpregnane (XXVI).

The method was reporied to be equally applicable to steroid
sapogening, and experimental details as applied to

CHs

CHs CH;
HO.CH

{
AcO.CH

H

diesgenin, were subsequently published (83).

Fieser and coworkers (81l) have indicated that this

latté: method is inapplicable to the normal series and
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outline a further oxidation procedure which has been
applled to ergosteryl-D acetate, cholesta~-7:9(1l)-dienyl
benzoate and methyl 3A~acetoxychola~T7:9(11)~dienate, It
congliste of reaction of the diene with excess
N-bromosuccinimide in aqueous t-butanol, followed by
addition of silver nitrate and chromic acid oxidation to

the enedione compound:-

R’ R' R R
Br H ©
m— — N
RG RO O RO o RO ©

in a further communication, Djerassi and coworkers
(82) extended the exanination of the products obtained by
performic acid oxidation of 3B-acetoxyallopregna-T7:9(1ll)-
dien-20-one (XXVII). Besides the expected ketoxide

(XXVIII), there is obtained in the mother liquors either

CHa
("Ha CH3 1

to co




Ts20~diketonlliopregn-9(1l)~en~3pf~yl acetate (XXIX) or
T7&€18E~epoxy—20~ketoallopresn-9{1l )-en-3B-yl acetate (¥XX)
or a mixture of both. = Saponification of the mother
liquors gzve T:20-diketogllopresm~8-en-3P-yl acetate (XXXI)
which was preferentially enol acetylated at C~T7 by treatment
with isopropenyl acetate, to give (XII). Treatment of
the latter intermediate with monoperphthalic acid gave
directly 1ld-hydroxy-7:20~-diketoallopregn-8-en~35-yl
acetate (XXXIII).

Heusser, Anliker, Dichenberger and Jeger (76) have
described variations in their original route (75) to
ll-oxygenated ergosterol derivativese. Treatment of
7&:11d—~dihydroxyergosta~8: 22-dien-3B~yl acetate (IX) with
monoperphthalic acid gives the corresponding epoxide

(XXXIV) which was dehydrated to (XXXVI) by mineral acid,

either directly or through the intermediate tetrol (XXXV).

Alkaline hydrolysis of (XXXVI) yielded 3ﬁ:11d—dihydroxypregna—
8:22-dien-T-one (XI¥XVII) which was converted to (XXXIX) by

selective hydrogenation of N\8-ethylenic linkage followed
by Wolff-Kishner reduction of the T-keto group.
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The work dsscribed in this section had as its object
the development of routes to cortisone from ergosterol,
or more particularly the conversion of ergosterol to
ll-oxygenated sterolds. The approach to this end
started from ergosteryl-D acetate (ergosta~T:9(11):22-trien—
BF-yl.acetate) (VII), the simplest aveilable derivative of
ergosteryl acetate (I) possessing unsaturation at C-11 and
‘& sidechain ebthylenic linkage.

A survey of the existing methods of preparation of this
compound revealed that the mogt efiicient method consisted
of the preparation of 5-dihydroergosteryl acetate (xXL),

followed by oxidation with mercuric acetate to give (VII).

0 (xv) (Vi)

The preparation of 5-dihydroergosteryl acetate (XL)
hes been reported by Heilbron and Sexton (84), Wielsnd and
Benend (85), and Barton and Cox (86) by the partial
hydrogenation of ergosteryl esters. The last authors
- ¢laim that the best methed is by hydrogenation of ergosteryl
acetate in chloroform solution using platinum catalyst,
obtaining S5-dihydroergosteryl acetate in 30-35% yield after

14 -« 2 hours reaction time. A considerable improvement
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ig reported here, H5=-dihydroergosteryl acetate of high
purity bveing isolated in 90% yield by performing the
hydrogenation in benzene solution with Raney nickel
catalyst. Using freshly prepared catalyst and Anala R
golvent, the hydrogenation could be completed within 15.
minutes. Improved procedures have algo beeﬁ recently
reported, Panizzon and Kdgi (75, p. 2123) obtaining a
90-95% yield with Rupe nickel in ether solution, and
Laubach and Brunings (87) obtaining a quantitative yield
with Raney nickel in pure dioxan.

The oxidation of 5-dihydroergosteryl acetate to
ergosteryl-D acetate by means of mercuric acetate (88, 89)
perbenzoic acid (90), and selenium dioxide (91) has been
reported, and an analogous reaction, namely the conversion
of cholest-T-ene to cholesta-7:9(1ll)-diene, has been
efféeted by Eck and Hollingsworth (92) by low temperature
bromination of the former compound in chloroform solution.
Although a modification of the mercuric acetate oxidation
proeedure, described for the preparation of dehydroergosteryl
acetate from ergosteryl acetate (93), was employed in the
oxidation of 5-dihydroergosteryl acetate, the method remains
far from satigfactory. Althouzh the immediate reaction
product isolable in failr yield, the purification of this
ma#erial to constant optical rotation involved considerable
erystallisation losses with consequent lowering the yield
of pure product to 30%. Ergosteryl-D acetate was

subsequently prepared in reasonable yield by a bromination
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procedure (Giscussed later) wihereby a high purity, as
shown by comparison of ite melting point, specifiec rotation
- and ulirs~violet light absorption intensity with previously

reporied values, was readily obtained,

Oxidant. | Sourge. ReDe | [t]o ?gtggx
Bromine Expbl. 178-180°  +32° 19,000
»Mereuric Acetate  Lxptl. 176° +30° 17,000
Mercuric Acetate  (75) 169-170°  +21° 16,000
Mercuric Acetate (86) 1690 +18° 13,200
Perbenzoic Acid (90) 171° +26° -

The characterisgtic wltra-violet light absorption of
ergasteryl-D acetate, viz, well defined maximae at 2350
Q /]
and 24204 with an inilection at 25104, appears to be
749(11)

characteristic of AN ~dicniec steroids {94).

Attention was next turned Lo the oxidation of
ergosieryl-D aeatate,'and experiments involving a number
of ékidising agents ~ chromic acid, periormie acid,
potasgsiun permanganate and perbenzoiec acid ~ were performed.
The action of chromium trioxide in acetic acld was examined
under a variety of comnditions, in all cases 3P-acetoxyergosta~
8:22-dien~7-one (XLI; R = Ae) being isolated in poor yield.
Thia:&ﬁ—unsaturated ketone was firsit obtained by Stavely and
Bollenback (95) as a minor product of the oxidation of
S=-dihydroergosteryl acetate with chromium trioxide. It

was further csharacterised by conversioen to 3P-hydroxyergosta—

8:22-dien~T-one (XLIj R = H) by alkaline hydrolysis. Since




oxidations with chromic acid inveolving 2 atoms of oxygen
yielded unchanged ergosberyl-D acelale as well as the
dP-unsaturated ketone (XLI; 7 = Ac), the action of a larger
excess (3 atoms of oxygen) »f chromic acid was investigated.
Under these circumstanvas, a zecond compound, 030345 4604’
m.p. 127~128 Di10~32 ’ 252650 4,700, was isolated in
gquantities insufficient to allow a detalled investigation

of its structure. It differs from the known T;ll-

diketoergosta~8;22-dien~3p~yl acetate (¥X), and the alternative

RO

P
(XLD)

»

T:15-diketoergosta—~t{14 j=20~dien~-3p-y1 acetate (XLII) was

congidered a possible altvernative, since the molecular
rotation and light whsorvtion characteristics were in
reasonable agreement for those reported (96) for
7:15-diketoergost-8(14 j~en~3p-yi acetate { [A]; ~24°,

Eizzo 5000). The diketodiens {XLII} has since, however,
been prepared (97) by two uneguivoeal routes, and possesses
normal light absorpiion intensity (€=10,000) for an
ungaturatad keltone system, » The 1low intensgity of the
chromic acid product, comsidered possibly attributable

to the dionene chromophore possessing a cisoid orientation
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may be due to the product being a mixture of a normal

unsaturated ketone with a compound transparent at 26504

In view of the unpromising ylelds of the axiﬂatign”"
products degcribed above, the oxidation of ergosteryl—D acetate
with hydrogen peroxide in Tormic acid was next investigated,
With one mole of performig acid, a compound, C3OH4603? was
igolated in good yield. 3ince this compound gives only a pale
yellow coloration with tetranitromethane, the additional
éiygan atom must have added to the nuclear conjugated diene
system (in preference to the sidechein doudble bond), since the
diene asystem of ergosteryl-D acetate, in common with many
conjugated dienes giveg a dark trowa colour wiib.
tetranitronethane. In support of this decision, it was found
that the compound did not exhibit absorption of high intensity
above 22002. On thie basis four possible structures can be
snvisaged for the compound, oxidation having occurred at

either the 9:11- or at the T:8-ethylenic bonde to give either

an epoxide [7:8-epaxyergosta~9(ll):22~dien—3ﬁ-yl acetate I
\

{XLITI) or 9:ll-epoxyergosta~T:22-dien-3f-yl acetate (XLIV)]

or an unconjugated ketone [7~keﬁoergosta~9(ll):22~dien—3ﬁ-yl
acetate (XIV) or ll-ketoergosta-7:22-dien-3P=-yl acetate (ILVIﬂ ?
The general inetability of the compound, e.g. simple
recerystellication causes the appearance of selective light
absorption at 25403 favours an unconjugated ketone structure
rather than an oxide, and its ready conversion (71), either by
alkaline or dilute mineral acid hydrolysis, to 3f-
hydréxyergosta»B:22~dien-7fone (XLI; R= H) excludes the
11-ketone (¥LVI). TFurther evidence of the rresence of the

— Y
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ketone system is apparent on examination of its infra~red

spectrum. Thisg shows two well-resolved bands in the carbonyl
region at 1740 em™t (ascribable to the acebate group) and at
1715 em (ascri bable to a carbonyli group), proving
conclusively tu.t the product obvtalned by the action of 1 mol,
of performic acid on ergosteryl-D acetate is ?wketoergosta-
9(11):22-dien~3f-yl acetate (XLV). Jeger et _al (76) and
Tishler et al (74) have both recently described preparations
of this compound reporting constants (m.De l?é-l??%[ﬂl;SBo)and
(mepe 176-177?Eil;43.50} respectively. It is considered that
these preparations give a compound differing from (XLV)
deseribed here (m.p. 194~197?[&]g200) in the orientation of
the hydrogen atom at C-8, and a discussion of this
stereochemical aspect is included later,

Oxidation of ergosteryl-D acetate with two nmols. of
performic acid gave a compound, C30H4504, which does not show
selective absorption of high intensity above 22002. Since
the primary product of the performic acid oxidation has
been shown to be T-ketoergosta~9(1ll):22-dien-3B-yl acetate
(XLV), the compound C3oH,g0, is either T:ll-diketoergost-
22-en-3B-yl acetate (XI) or 9d:lld-~epoxy-T-ketoergogt—22-
en-3p-yl acetate (XLVII), if it is assumed, as is

later proven by strong alkaline hydrolysis, that the




78.

remaining nuclear bhond is attacked preferentially to the .

sidechain double bond.,  Since the oxidation product éiffers,

however, from the known T:ll-diketone (XI) (69, 75), it is

CqH
Can Cqu"l Ho Cqu') Hcp q7
o) .. ~
Aco & A0 \ti ©
(gp' - (XN (XLVII) (XLIX)

presumably 9d:lld-epoxy-7-ketoergost-22-en~-3Pf-yl acetate
(XLVII). It has also been prepared directly (71) from
T-ketoergozta~9(11):22~dien~-3f-yl acetate (XLV) by
addition of one mole of bromine (must protect sidechain
rather than 9:li~double bord), followed by oxidation with

perbenzoic acid and debromination of the product with zine
bertk P

duste The d—-configuration is ascribed to the epoxide |

(ZLVII) on the basis of the well-established preferential

rear attack by reagenls at ithe §— and 1i- positions (98). |

Relagtively mild alkaline hydrolysis {(2%) of (XLVII) %

effects its conversion to = compound Cnali,,0- shown t0 be
P 284473

3Bsllg—~dihydroxyergosta~8: 22-dien—T-one (XLVIII)., I% v |

shows ultra-violet lighl absorption normally associated
with andp-unsaturated ketone, and the infra-red spectrum

shows the existence of both the dP-unsaturated ketone and

hydroxyl sroups. It readily gives, moreover, 3Pilld-
diacetoxyergoata~0s22~-dien~-T-one (ZLIX). Concerning the

orientation of the hydroxyl group in XLVIII, +the easme of
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acetylation at first sight precludes the possibility ¢f the
11p-configuration. Bearing in mind, however, that the
effect of the D:9~ethylenic linkage on the accessibility of
an 11P-hydroxyl group was unknown, and might exert an
anomalous neighbouring group effect (cf. Heymann and Fieser
199))f it was considered necessary to effect hydrolysis and
acetylation in a related compound lacking the 83:9-ethylenic
linkage. Correspondingly, it was conclusively shown that
the ascrived lld~-cenfiguration is correct, since
hydrogenation and alkaline hydrolysis of 3Pilld-diacetoxy-
223123~-dibromoergost—8~en-7-one {LVII) (which gives (XLIX)

on debromination), zave 3B:lld-dihydroxyergost-22-en-3-~one
(LXIV, R = I}, '

In contrast to treatment with mild alkali, strong
alkaline hydrolysis {(12y) of 9h:lld—epoxy-T—ketoergost—-22-
en-3f-yl acetate (XLVII) followed by acetylation yielded
a reaction mixture Irom which two components were isolated
by ochromatograpny on alumina. One of these proved to be
identical with 7:li-diketoergost—22-en~3f-yl acetate (XI),
the identity being established by direct comparison with
a gpecimen prepared as described by Heusser et _al (75). The
mild alkali product, 3f:llA~dihydroxyergosta-—8:22-diem-T7«one
(XLVIII) is assumed to be an intermediate in this
isomerisation, and strong alkaline treatment of the
diacetate (XLIX) also yields XI (70, 71). Begides
providing a route to ll-ketosberoids, this experiment

proves that oxidation of ergosteryl-D acetate with performioc
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acid (2 mols) adds two oxzygen functions to the nucleus, and

conclugively proves the structure ascribed to XLVIII, A

pimilar gtrong alkali isomerisation of 6~ketocholest~i—en—
3P-yl acetate into 3:6~diketocholestane was observed by
Heillbron, Jones and Spring (100) and the conversion of
6P:21l~diacetoxypregn~4—en=3: 20~dione into 36320
triketog;;gpregnan¥21~ol has been reported by Herzig smd
Ehrenstein (101).

| The second product isolated by chromatography of the
acetylated reaction mizture has not been identified,
Empirical analysis suggesis the formula €30t 050 It
gives a faint yellow colour with teiraniftromethane in
chloroform (sidechain ethylenic linkage;, and does not show
high intensity light absorpition above 22002. The presence
of an ethczyl group in the molecule, fuien in conjunction
with the non-existence of high intensity absorption,
suggests that the dP-unsaturated ketone chramophor;:han j
been destroyed by the base—catalysed addision of ethanol acrods?
the activated ethylenic bond, a well-established reaction, U
The infra-red spectrum shows the presence of acetate and
ketone groupings, and the absence o a hydroxyl groups

Parallel with the chromium irioxide and performie acid

oxidation experiments described, a study was made of fhe
oxidation of ergosteryl-D acetate with perbemzoic acid,
treutment with one mole 0f thils reagent readily yielding
2 mono—epoxide. Since this epoxide does not exhiibit

P o
iight absorption above 22004, it must be either




9dslld—epoxyergosta~T7:22-dien-3Pf-yl acetate (VIII) or
TE38E~epoxyergogta~-9(11l):122-dien-3f~yl acetate (L). The

prepavation of this compound was reported alnost

CaH)y CqHiq CqHiy
' o}
3 H ‘ \ E (o}
‘!_' & AcO i RO ¥]
(VI @ (XV) (xTi)

simultaneously by Tishler et al (69), who have since stated
their preference for the [}7—9d:11¢-epoﬁide structure (74)
and by Heusser et al (75) by permonophthalic acid oxidation
who also favour structure (VIII). Since both chromic

acid and performic acid had attacked the T:8-preferentially
to the 9:1ll-double bond of ergosteryl-D acetate, it was
anticipated that perbenzoic acid would react in an analogous
manner; this seemed to be borne out when dilute mineral acid
hydrolysis yielded the known 3P -hydroxyergosta-8:22-dien-
7-one (XLI; R = H).  Since, however, treatment of the
epoxide with anhydrous Lewis acids (boron trifluoride or
ferric chloride) has been shown to give 3P-acetoxyergosta-8:
22-dien-11~one (XVII) in contrast to isomerisation to the
T-ketone in polar media, the assignation of the epoxide
group to the T:8-position on this evidence is no longer
tenable. Evidence in favour of the 9d:1llA-epoxy structure
(VIII) is apparent in the failure of lithium aluminium

hydride to effect reductive fission of the oxide. Treatment

~of the epoxide with this reagent under reflux in ether -
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benzene or teiranydroiuran sorullion g.ve ergostersleDd
epoxide, characteriged by direci comparison wibth & specinen
prepared by mild alkeline hydrolysis of ergosgteryl-D acetatie
epoxide and by re-acetylation to the latter compound. In a
review of the reactions of lithium aluminium hydride (102),
it wag stated that there were no known cages of a failure

of lithium aluminium to reduce an epoxide; since this time,
however, well authenticated cuses have been reported

(83, 103, 104) of tic faiiure in the case of steroidal
9d:1lig—~epoxides, which now appears to be generally
characteristic. In view of this last observation and the
fact that there are no iknown transformaltions which cannot be
explained by assumption of the 9d:lld=epoxy gtructure, the
compound obtained by perbvenzoic acid oxidation of ergosteryl-D
acetate is believed to be 9d:lld-epoxyergusta—~7s22-dien~3B-yl
acetate (VIII). The stability of this compound %o alkali

is noteworthy in view of the exireme reactivity of 9f:lif-
epoxy-T-ketoergost-22-en-3p~yl acetate (ALVII) under the sane
-conditions,

The final experiment on the oxidation of ergosteryl-i
acetate involved potassium permanganate as the oxidising
agent, Under the mild conditions employed, unchanged
gtarting material was recovered in good yield.

As a conseqguence oi the cxaminaticn 0! a possible

=ty

preparation of ergosteryli-D acetate by bromination of
S-dihydroergosteryl acetuate, 22:23-dibromoergosta~7:3{11l)~

-

dien-3B-yl acetate (ergosteryl-l acebtate 22:23-¢1 Luzomide)

l"\)
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- became available., It was realised that this compound
offered advantages as a starting material in the oxidation -
investigations of the 7:9(11)-ergostadiene derivatives,
since the sidechain ethylenic linkage, adequately proﬁectad
during oxidations involving excess oxidant and possibly
permitting selective nuelear hydrogations, could be easily
re-ggtablished prior {o subseguent sidechain degradation.

Treatment of 5=dihydroergosteryl acetate in ether
gsolution at -606 with bromine gives in about 50% yield a
tetrabromoergostenyl acetate which separates directly from
the reaction mixture. This compound is only moderately
gtable in the solid state and in solution in dloxan and
benzene, and in most comaon solvents, e.g. ohloréform,
alcohol and acetic acid suffers profound decompositiontafter
‘a short time at room temperature. It is partially |
debrominated by sodium lodide to 22:23-dibromoergosta=T:9(1l)-
dien-3B-yl acetate (ergosteryl~D acetate 22:23—dibromide)
(LIV), the structure of which was established by its
characteristic 7:9(11)-dienic ultra~violet absorption
gpectrum and by its facile conversion into ergosteryl—B
acetate by debromination with zinc dust,. v

The structure of the intermediate tetrabromide hés not
been established with certainty, and the possibilities,
7:8:22:23-tetrabromoergost-9(1l)~en-3f-yl acetate (LI),
9:11:22:23~tetrabromoergogt-T—en—-3f-yl acetate (LII) and
7:11:22:23-tetrabromoergost-8~en-37~yl acetate (LIII), which

could arise either by 1l:4 addition of bromine or by allylie
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rearrangement of LI or LII, have been congidered. The

observations that the same tetrabromide can also be obtained

Br Br
t Be ¢
B
Br
A ,‘° lil Br AcO i |
(IN) (L (Lii)

By direct bromination of ergosteryl~D acetate, and that
godiuwm iodide removes the nuclear bromine atoms, favour the
structures (LI) and {LII), but discrimination between these
has not been possible, work in #his direciion being hampered
by extremely labile natufe of ‘the compound, Filtraetion
of a benzene gsolution ol the tetrabromids through a ¢olumn
of alumina for example, effects a noteworthy transformation,
with adsorption of a dark green colour on the alumina. The
1solated product, C3ofiy 40587, Of this treatment (i.e.,
elimination of two moles of hydrogen bromide) surprisingly
does not exhibit high intensity absorption above 22002,
but on the baslis of extremely high intensity abgorption at
21003, the possibility of aromatisation, either of ring B
or ¢, cannot be excluded.

Numerous variations were employed in the reaction
conditions o the preparation of tetrabromoergostenyl

acetate, the recommended procedure being described in the
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experimental section.  In general, the ether solvemt -
should be dry, and the temperature should be allowed %o

0 )
rise from -60 to =10 over a period of 2 hours,

- whereafter the precipitated tetrabromide should be

removed from the rapidly decomposing reaction liquor.
’Attempts to obtain crystalline material from the |

- tetrabromide filtrate proved abortive due to the
susceptibility to rearrangement and decomposition in
common solvents at room temperature. - Treatment 6f
the filtrate with a solution of sodium iodide in ethanol,
‘however, removed excess bromine and caused nuclear
“debramination, enabling solid material with the
characteristic 7:9(11)-diene absorption specirum (though
of diminished intensity) to be isolated. Chromatographic
. purification of this solid material yilelded two fractions
" which were crystallised to constant melting point, but
which are believed, on the bagis of their physical
constants, to be mixtures each containing ergosteryl-D
‘acetate 22:23~dibromide as one of its constituents; a

}"comparison of the physical constants of possible

" contaminants suggests the presence of a high laevorotatory

“impurity.
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Compound. [A].| #0 | # |Iient Aveorptien (El%am,)
D 0o 0 ‘
2350A 24208
Ergosteryl-D o
Acetate Dibromide [+32 |60.2] 7.75 320 335
Ergosteryl~D 0
Acetate +30 |82,1] 10,6 340 380
5-Dihydroergosteryl o
Acetate. -21 181.8] 11,0 0 _ 0
5=Dihydroergosteryl -5o
Acetate Dibromide | Calc.] 60.0] 8.1 0 0
1st Hixture - 0 "
m.p. 1659 +7_174.9] 9.8 290 320
2nd Mixture 0
MePe _229~231 =10 159.9] 7.8 210 230

With regard to the first mixture, the high intensity of
light absorption and analytical data are in good agreement
fdr a mixture of ergosteryl-D acetate dibromide and
ergosteryl-D acetate, but the specific rotation is
considerably lower than would be given by such a mixture.
-The analytical data for the second mixture shows it to be of
the dibromide type, C3OH46—48025r2' and the light absorption
is in agreement for a mixture of the dibromides of
ergosteryl-D acetate and S-dihydroergosteryl acetate.

Again, however, the specific rotation is outwith thé range
given by such a mixture (The specific rotation value for the
unknown 5-dihydroergosteryl acetate 22:23-dibromide was |

calculated from molecular rotation difference theory.
Budziarek, Johnson & Spring (private communication) report

B*];GO for this compound.)
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Treatment of solution of tetrabromoergostenyl aeetate
at room temperature wiﬁh ethanollc sodium iodide causes
immediate liberation of iodine, to give 22:23-dibromoergosta~
7:9(11)~daien-3B-yl acetate (LIV) in almost quantitative
yield. This latter ccmpound (LIV) was debrominated in
quantitative yield, by heating an ether-ethanol solution
with zinc dust, to give ergosteryl-D acetate. Ergosteryl-D
acetate ﬁas also prepared in iess pﬁre form in 70% yield
without isolation of the intermediate tetrabromide or
dibromlde by direct treatnent w1th zinc dust of the reaction
mixture obtained by bromination of 5~dihydroergosteryl
acetate (XL).

2 (
|=IC

AcO

ot

,\
x| =
!

The use of chloroform as the bromination solvent, as
described by Eck and Hollingsworth (92) in the corresponding
reaetibn with cholest-T-ene, introduced difficulties, whichi
were mitigated by replacement by ether. ‘Since chlo?oform

has greater solvent powers, the tetrabromide remains in

solution, and cannot be purified (as in the use of ether)
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by filtration from the more soluble components of the
mixture. In working up, moreover, the reactien solution
mast be maintained at 00, as at room temperature,
decomposition with the typical Tortelli-Jaffé coloration
(chlproform, acetic =acid, bromine) and rearrangement to
mixtures of the ergosterol-B type occurs. In an attempt
to obviate these objections, vhich were considered mainly
attributable %o %the liberation of hydrogen bromide, an
experiment was performed in which pyridine wus added to the
reaction mixture. In this case, the isolated product
showed 1lizh?t absorption characteristic of a steroidal
T:9(11)~diene, but the intensity suggested the presence of
only 505 ergosteryl-D acetate in a mixture containing
laevorotatory contaminants.

Unlike the tetrabromo precursor, ergosteryi—D acetate
22:23-dibronide is extremely stable, and was hydroljsed by
alkali %o 22:23—dibromoergosta—7:9(11)—dien~3ﬁ-61,
characterised by re-acetylation to (LIV). Treatment of
22323-dibromoergesta~7:9(11)~dien-3P-y1 acetate with
hydrogen peroxide in acetic acld gave a compound,
03034604Br2, which was identified as 3P-acetoxy-22:23~dibramo-
9d:1lld-epoxyergostan-T-one (LV), on which the rearrangements
and characterisations outlined below have been effected.

The compound {LVII)} gave, on treatment with Brady's
reagent, a 2:4-dinitrophenylhydrazone, the light absorption
of which at 36602, is in good agrecment for a non—-conjugated

ketone (105, 106, 107). The identity of the ketone group
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was further established by formation, under neutral
conditions, of a semicarbazone, and by the oharaoierisfio

infra-red absorption spectrum.  Debromination of !

Ac0
3ﬁ—acetoxy—22:23~dibromo~9dz1Ld-epoxyergostan-7~6ne (Lv)
by zinc dust, either in acetic acid or ether~ethanoi
solution, gave 3F—acetoxy~9d:1LA~epoxyergost~22~eng7g¢né
(XLVII) identical with the specimen obbtained by performic

acid oxidation of ergosteryl-D acetate, thus confirmihg

the structure attributed to XLVII on the evidence




previously discussed,

Treatment of the dibromoketoxide (LV) with alkali gave:
22:23-~dibromo-3Ff:114-dihydroxyergost-8~en-T-cne (IVI) in
an exactly analogous manner to the formation of 3Pi1lld-
dihydroxyergost-8-en—-7-one (XLVIII) from 3P-acetoxy-94s:
lld—-epoxyergost—-22-en-T—-one (XLVII). The presgence of
the 4B -unsaturated ketone ig shown in both the ultra-violet
end infra-red spectra, the latter also confirming the
presence of hydroxyl groups and absence of acetate groups.
LVI was further characterised by debromination to give XLVIII,
and by acetylation to 3P:liA~diacetoxy-22:23~dibromoergost-
8-en~T—-one (LVII). The infra-red spectrum oi the latter
compound showed the absence of hydroxyl groups (empiriecal
analysis is inconclusive), thus establishing the
d-configuration of the ll-=hydroxyl group in LVI, and
debromination gave the previously prepared 3f:1lld-
diacetoxyergost-8-en-7-one (XLIX). Both (XLVII) ana (XLIX)
were converted to 7:ll-diketoergost-22-en-3f-yl acetate (XI)
by heating under reflux with strong alkali as described
previously.

In an attempt to improve the yield of 3f-~acetoxy-22:
23-dibrome~94:1li-epoxyergostan-7-one (LV) obtained by
peracetic acid oxidation, attention was next turned to the
effect of performic acid on ergosteryl-D acetate 22:23-
dibromide (LIV). The reaction mixture yielded an isomer,
C30H4604Br2, meDe 220-221° in the crystalline form of

needles (from acetone), which differed from the peracetie
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acld product, m.p. 234-235° in the crystalline form of
plates (from chloroform-methanol), although both possessed
the same specific rotatidn value. In view of its initial
non-identification ag the known 3B-acetoxy-22:23-dibromo-9d:
lld-epoxyergostan-7-one (LV), it was considered that this
compound might be the isomeric T&:8E:9d:1ld-diepoxide,

but subsequent reactions (a) alkaline hydrolysis to give

the known 22:23-~dibromo-3B:1lld-dihydroxyergost—8-en~T-one
(LvI) (b) debromination to give the known 3B-acetoxy=9d:
lld-epoxyergost-22-en-T—one (XLVII) (c) the formation of a
2:4~dinitrophenylhydrazone identical with that prepared from
the lmown dibromoketoxide, indicated that this isomer was a
crystalline variant or dimorphic form of 3B-acetoxy-22:23-
dibromo-9d:lld-epoxyergostan-T—-one (LV). As proof of
this, the two forms (i) me.p. 220—2210, needles from acetone
and (ii) m.p. 234-235°, plates from chloroform-methanol,
were interconverted by reversal of the crystallising
solvents, and the infra-red spectra were found to be
identical within experimental limitation.

A noteworthy feature of the described performic acid
oxidations was that they were performed simply by shaking
the reactants at room temperature in a one phase solution,
made possible by the addition of ethyl acetate.

In an experiment in which the crude performic acid
oxidation product was crystallised from a small bulk of

solvent, a mixture of crystalline forms was apparent. On

chromatographic treatment of this mixture, which did not
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exhibit high intensity light absorption, virtually no
material was eluted from the column, until methanol was
introduced to the eluting solvent. On this behaviaur,

it was anticipated that the product contained one or more
hydroxyl groups, and the possibility that the basicity of
the alumina was sufficient to cause the alkaline
rearrangement of the 9d:lld~epoxy-7-ketone system to the
1ld-hydroxy-8-en~T-one to give 3p~acetoxy-22:23-dibromo-lld-
hydroxyergost-8-en-T-one (LVIII) suggested itself. The
product exhibited light absorption at 25403, characteristiec
of andP-unsaturated ketone, and the infra-red spectrum,
besides corroborating this, showed absorption maxima in

the acetate and hydroxyl regions. Acetylation of this

Aco :l &
chromatography product, without intermediate purification,

gave 3P:lld-diacetoxy-22:23~dibromoergost—-8—en-T-one (LVII),

and oxidation with chromic acid (1.1 atoms 0) gave in good |
yield 22:23-dibromo-7:1l-diketoergost-8-en-3f-yl acetate
(1LIX), identified by its ultra-violet light absorption at

27003 and by direct comparison with an authentic specimen, ]

prepared ag described by Budziarek, Johnson and Spring (73).
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Important features of this procedure are (i) that the
chromatographic rearrangement, unlike mild alkeli -
rearrangement, automatically afférds selective protection
at C-3 and (ii) the oxidation proceeds extiemely esmoothly
without gilving a mixture of products as is obtzined by
oxidations of 22:23-dibromo-~TE:llA-dihydroxyergost=8-en—
3f-y1l acetate (73).

Chromatography of 3p-acetoxy-94:lld~eporyergoat-22-en-
T-one gave 3P-acetoxy-llA-hydroxyergosta—~8:22-dien~7-one in
an analogous menner. As in the case of LVIII, the latter
compound proved difficult to purify to constant melting-
point. |
' The ease of rearrangement of the ketoxide system (a)
to the hydroxyenone system (C) by chromatography or
hydrolytic treatment permits speculation on the
stereochemigtry at C~8, C-9 and C-11, If it is assumed,

as is reasonable, that the mechanism consists of hydrolytic

®) ©
fisgion of the oxide to give a system (B) which @ehydrates

to the product (C), and it has been proved that the 1l-
hydroxyl group has the A& -configuration, then the normal

trang fission of an epoxide necessitates the 9-hydroxyl

group ‘being B ~orientated (In the cleavage of oxides, a
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Walden inversion occurs at the carbon atom at which the
carben~oxygen bond is ruptured, cof. (14) p. 22%. aaé.(IOS))
Since eage of deghydration is agsociated with trana~ '
.elimination, the hydrogen atom at C-8 must be A-oriented
i.2., have the unnatural configuration. Noreover, as
7—ketoergosta~9(ll):22~dien«3ﬁ-y1vaceﬁaﬁe {XI.V) has been
related to 3B-acetoxy~9d:lld-epoxyergost—22-en~T=~one (XLVII)
by bromination, perbenzoic acid oxidation and debromination,
the A-configuration at C-8 ean alsc be assumed in XILV.

The isomeric unconjugated ketone, T-kehtosrgosta-9(11):
22-dien-3f-yl acetate was obtained by Tishler gt al (74),
both by acidic rearrangement of 9d:illi~epoxyergosta~T:22-dien-
if-0l (LX) and of 3P:T7&:1lA-trihydroxyergosta—8:22-diene LXI
under critical conirol, followed by acetylation, and by
Jeger et _al (76) by a dehydration of T&:1lld-dihydroxyergosta—
8:22~dien~-3p-~y1 acetate (IX) under the influence of hydrogen
peroxide in acetic aeid. The triol monoacetate (IX) has
also been converted (76) through the intermediate epoxide
(LXII) to 9&:llA-dihydroxyergost-22-en=3p~yl acetate (LXIII)
identical with that prepared (71) by & series of reactions
in which ergosteryl-D acetate monoxide is treated with 1 mol
of bromine, then with an excess of perbenzoic acid, and
idebrcminated with zine dust. Since this latter
preparation involved the opening of 94:lld-epoxide, the
g-hydroxyl group was ascribed the B-configuration. The
known difficulty of dehydrating this compound (ILXII) by

alkaline hydrolysis (Reflux for 2% days with 2.5% or 8 hours
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| | | (XLV) |
with 5% alkali) to 3Fzlld~dihydroxyergosta~8:22~dieg~7-ane
(XLVIII) and its stability to alumina suggest that gig-

dehydration is being enforced, and hence the hydrogen .

étom at C-8 must have the natural or F5-configuratian. 

CqHi7v

Cqu'] E

RO
(XLvin)

The final problem investigated was the reduction of
the 8:19-ethylenic linkage in the ll-hydroxy-8-en-T-one
system, in order to permit the facile removal of the

T-keto group by Wolff-Kishner reduction, thus obviating
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the diffieulty of performing this reaction on an

dP~umsaturated ketone,

CqHiaBry

. The compound chosen for this examination wag 22:23=
~dibromo-3fi1lld-dihydroxyergost-8-en-T~one, since éue to

+ the known difficulty of hydrogenating an 8:9-~-double

bond (109) it Was‘considered that an unprotected 22:23-
double bond would be preferentially reduced. The first
method atbtempted consisted of performins the hydregenation

- in ethanel solubion with palladium black catalysty this

- method was unsuccessful in that after the uptake of 1 mole
P

. of hydrogen, the Ap-ketone moiety still existed.

- “Hydrogenation to completion gave a mixture, which suffered
- yprofound decomposition on concentration of the reaction B
solution. A second attempt, using dioxan and platinum
catalyet, resilted in the isolation of a mixture, after
stopping the reaction on the uptake of one mole éf'hydrogen.
- Acetylation and chromatography of this mizture yielded two
main fractions one of which was identified as 3B11lA-
diacetoxy~22:23~dibronoergost~8—en~T-one {i.e. acvetylated
starting material), The second fraction was a mixture of

produets exhibiting 7:9(11)-diene steroidal light absorption

of diminished intensity (i.e. hydrogenolysis had occurred);




the ultra~violet spectrum, with absprption at 21002, algo
indicated that partial debromination had occurred.

The required selective hydrogenation was finally
successfully accomplished by performing the reaction in
ethanolic potassium hydroxide. This precedure, for
reducing the ethylenic linkage of andP-unsaturated ketone,
hag beeh previously utilised by Chemerda, Chamberlin,

Wilson and Tishler (110) (c¢f. also Oliveto, Gerold and
Hershberg (110)) and by this route 3P:lld-diacetoxy-22:23-
dibromoergost~8-en~7~one was converted to 3B:1ld-
‘dihydroxyergost-22-en-T-one (IXIV; R = H), the platinum
catalyst also cauvsing debromination. The same compound
(LXIV, R = H) was also prepared similarly by Jeger et al,

by selective reduction of 3P:illd-diacetoxyergosta—8;22—-dien-
7-ene (XLIX), i.e. without protection of the gidechain
ethylenic linkage. The latter workers alsc effected the
necessary Kishner-iolff reduction to 3B:lld-diacetoxyergost-

22-one (LXV; R=Ac). A comparison of the molecular rotations

(XLIX) (LXIV) (LxV)

of the various ergosterol derivatives described in the

experimental section and in the appropriate publications (70,

71,72,73,75,69) with their corresponding 22:23-dibremides
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permits some generalisations. Examinatlon of the 12 |
pairs of compounds listed shows that in all cages, sideohaln
bromination results in an increased dextrotation, the
values varying between 20 and 100'uni§s, with a mean value
of 62 units. With such a variance of nuclear substituents,
it is virtually certain that, in some cases, the
individual groups interfere with one another‘'s rotation
contribution - i.e., exert vicinal action. In this
connection, it should be noted that the largest‘divergehdes
from the mean value exlst in those compounds possessing |
either an ll-keto group or a 9d:llh-epoxy group. If the
examination be restricted to the compounds 1ack::i.ng these
functiona, the values are found to vary between 47T and 76

with a mean value of 59 unitg.
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Formula
(],
Mol. Wi.
M,
M Y\)\‘ D
Br ,
CzoHyug0s Bfg Can HugOs
+18° +12° .
- 59
673 S13
+121° +62°
CagHyyO3Bry [ CogHyyOs
+4° A
- 50°
5%% 429
+24° -26°
Ca0 Hy 04 Bry | CaoHe4oOy
-13° ~30°
._bo"
631 471
— 82° _!l'?p
c'3l4 Hsz O, Bry C3A HS2OL.
+77° +8%°
- bo°
T 557
+550° + 490°
Czo Hg;,‘oz, Bry Czo HQL»O%
~27° ~56°
LIS 4SS =16
~255°

-179°
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Br
N
Br Y\)\‘ A
C30Hy,02Bry| C30Hyr, O
+32° +30°
3 — 0,0°
599 439
+192° +132°
R ng HQQOB&. Cstqu
CH30H °
+26° +30 -33°
539 397
HO 0 + 152° +17°
C30Huy Oy Bry | Cyo Hyy Oy
+29° +24°,1185° -569°
629 469 ~97s°
Ao +1§2° +13° +87°
o R C30Hyo 03By Czo Hy6 03
, +9g° lo°
98 + ~100°
615 455
e o + 600° +500°
C3° th Oq Br2 CBOH[‘(,O"
-47° -33°
-95°
63} 471
-297° -392°
C30H,,03Br5 | CacHywOs
-25° ~33°
33 ~ge
LIS Lus5
-154° -173%°
C;Q Hl,q Oa 8&; Cza ngéa.
CH30H CHzOH
-27° —41° -20°
6Oy L5
..“)3° “'83°




All m.p's were determined using a standardised N.P.L.

thermometer,

Speclfic rotations were determined in chloroform solution
(except where otherwise stated) in a 1 dm. tube at room
temperature.

Ultra~violet absorpiion spectra were measured in ethanol
solution (except where otherwise stated) using a Unicam

SP.SOO'spectrophotometer.

Infra-red absorption spectra were determined dy Dr. I.A.
Brownlie, and micro-analyses by Dr. A.C. Syme and Mr. Wnm,
- MeCorkindale, to whonm grateful acknowledgements are due.

The alumina used for chromatographic purposes was that
'supplied by Savory and Moore, Grade II (exeept where stated),

standardised according to Brockmann,
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Ergosbteryl Acetate, ‘ o .

Acetie anhydride (300 c,c.) was added to a gelution
of ergosterol (300 g.) in warm pyridine (1800 a.é.;
freshly distilled),the air in the flask displaced by
nitrogen, and the mizture maintained in the dark at room
temperature for 18 hours. The product, which had
crystallised, was removed by {iltration, washed with hot
water, and partially dried at 500. Crystallisstion from
chloroform methanol gave ergosteryl acetate as large luatrous
leafs, m.ps 173-175°.

[4]-93° (¢, 1.8)

5~-Dihydroergostexryl Acetate.
Raney nickel sludge (Org. Synth., 29, 25) (W6; 15-20

CeC.)y washed twice by decantation with benzene (2 x 50 c.c.)
was added to a solution of ergosteryl acetate (35 g.) in
benzene (300 c.c.3 Analar), and the mixture shaken at l?q
under slight positive pressure in an atmosphere of hydrogen
until 2140 c.c. had been absorbed (13-20 minutes). A

blank experiment indicated that the solvent absorbed 150 c.c.
The filtered reaction solutions from five such experiments
were combined, the solvent removed under reduced pressure

to yield a crygtalline residue, m.p. 172-1740, which gave

& yellew colour with ¥tetraniiromethane in chloreform.
Crystallisation from chioroform - methanol gave
5-dihydroergosteryl acetate (93 g.) as lusirous plates,

m.p. 178-181°, [d]=19.5° (¢, 2.0). 4 further quantity
(69 g.), mep. 377-179°, [d]-18° (¢, 1.8) was obtainea
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from the mether liguor. Recrystallisation of the
product from chloroform - methanol raised the m.p. to
180-182°, o
[d]-20.5° (¢, 2,1)
Founds ¢, 81.4 ; H, 11.0.
Calc. for C3uH,g0,: Cy 81.8 5 H, 11.0%. .
No high intensity light absorption above 2200A.

Ergosteryl~ﬁ Acetate.

A warm solution of mercuric acetate (95.6 g.,‘l.s mols. )
in stabilised glacial acetic acid (1300 c.c.) wasradéed to
a sgolution of 5-dihydroergosteryl acetate (44 g.) in dfy
chloroform (550 c.c.) and the mixture shaken for 2% hours.
After standing for 12 hours, the mixture was shaken for a
further 2% hours, then the precipitated mercurous acetate
(61 g«) removed by Tiltration. The filtrate, after
standing 20 hours, deposited a Turther quantity (6 g.) of
mercuroug acetate which was removed; it was then
concentrated under reduced pressure helow 500 to a volume
of 440 ec.¢., and the resulting precipitate (31 g.) removed
by filtration, and washed with acetic acid and eeld
methanol. The product was dissolved in chlorefomm,
filtered, and ecrystallised by addition of methanoel te give
ergoasteryl-D acetate (18 g.) as birdes, m.p. 1680172@,
[d:%+19° (C, 1.0). Recrystallisation of the product from
chloroform — methanol to congtant specific rotation raised

o
the m.ps. to 176 .
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[4]#30° (Cy 1.9) |

Found: o - @y 81.8 ¢ Hy 10,5, 0

calcg. fm? 6301{4:502 3 C, B2.1 ¢ Hy 10.6%; 0

Light absorption: maxima at 2350 {( € =15,%00 } and

24202 (£ =17,000) and an in{lection at Eﬁlﬂg

( &€= 12,500).

It gives a dark brown colour with tetranitromethane
in ehloroform. The grystallisation mother ligquors can
be taken to dryness, coloured impurities removed by
filtration of a benzene - light petroleum solution through
alumina, and the filtered solution evaporated to give a
eolourless residue (constants of order m.p. l60~166°, [d]o
+40). This material is suitable for similar re-~treatment

with mercuric acetate to yield more ergosteryl-D acetate.

Ergogterol-D,

Hydrolysis of ergosteryl-D acetate with ethanolie
potassinm hydroxide in the usual way gave ergogterol-D
és felted nez2dles, Map» 165~167e from chloroform - methanol
[]#30° (¢, 1.4).
Light absorption: maxima at 2350 ( € =15,300) and
24202 (& =17,000) and an inflection at 2510?; (€-12,000)

Oxidation Qf Ergosgsteryl-D Acetate with Chromic Acid,

(a) Ergosteryl-D acetate (2.19 g.) in stabilised acetiec
acid (200 c.c.) was treated dvopwise during 45 minutes at
95° with stirring with a solution of chromium trioxide in

95% acetic acid (20 c.c.s 1.044N, 2 atoms O equiv,) After
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stirring for a further hour atv9§°, the reactien solution
was concentreted under reduced pressure, diluted with water,
and extracted;with(ether. The ethereal extfaet was
washed successively with water, potassiwm hydroxide solution
(57) and water and dried (Fa,50,).  Removal of the ether
gave & yellow gemi-crystalline solid which on trituration
with warm methanol‘(lco CaCq) vielded a pale yellow solid
(800 mg,) m.p. 173~1766, which gave a brovm colour with
tetranitromethane in chioroform. One crystallisation
from chloroform - methanol gave unchanged ergosteryl-D
acetate, m.p. 175»176G, alone or mixed with an authentic
apeéimen. Concentration of the methanolic mother liquor
vielded solid (310 mg.), MeDo 152-152° which gave a yellow
colour with tetranitromethane in chloroform.
Recrystallisation of this golid from methanol (10 c.c.)
gave plates (110 mge) MeDo 168~1?0°, a solution‘ef which

in light petroleum {b.p. 40»600) was chromatographed on &

column (12 x 1.5 en.) of alunina,

Eluant. Volume (e,.c) Regidue Wt.

l. Tight petrol L
(b.po 40-600) 140 Kil. -
2, Li t petrol ib.p 40~ - o
wbenaene 4:1). 100 - Nil, -
3. Li ﬁ petrol éb.p 40~ . I
—benzene 2:1). 50 - ~ seiid. 15 nmg.
t. 1 ht petrol gb,p 40~ - o
—benzene 2:1) 50 1 A
5. Light petrol (be.p. 40— S Wax 50 mg.
60°y~benzene (1:1) 50 |
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Eluant, © Yolume (c.c)  Eesidue _Wt.
6. Light petrol é'_"‘i’;,fg’g“ - | o
0Y)=benzene {1ltl) : SR+ Soldd Trace.
7. Light petrol %b.p.f40- ,
609 )~benzene (1:2) 170 Solid 40 mg.
8. Benzene, 100 Gum Negligitle
9. DBenzene. 100 Nil. -
10, Benzene-Mebhanol (99:1) 100 Nil. -
11, Methanol. 100 Gum . Trace,

Fraction 3 was ergosteryl-D acetate, ma.pe. 165—-170o
giving 8 dark brown colour with tetranitromethane in
chloroform.  Combined fractions 4 and 5, after one
erystallisation from methanol, gave 3f-acetoxyergopta-8:
22-dien~T-one as plates, m.D. 2030. raised to 208“2119
on three recrystallisations Lfrom nmethanol.

[]-56" (C, 1.2)

Found: Cy 794 53 H, 10.5.

Cales for CagHua0; ¢t Cy 7942 3 Eé, 104 2%,

Light absorption: maximum at 25204 { € =10,100)
Stavely and Bollenback (loc. cit.) give m.p. 206-208°

Ef]6-53°, The acid fraction, obtained by potassium
hydroxide washing of the ether extract, yield»d a dark
brown resin (180 mg.);

(b) 4 solution of ergosteryl-D acetate (2.19 g.) in warm
stabilised acetic acid (220 c.c.) was rapidly chilied with
vigorous stirring. A solution of chromium triexide in

- acetic acid (20 c.c.; 1.044 N, 2 atoms O equiv.) was added

. , o
dropwise over 4 hours a® 15 to the stirred suspension.
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After the addition of more chromium trioxide in acetic aecid
(10 cvc.j 1.044 N) over zo‘minutes, the resul%ing solution
was kept at room temperature for 60 hours. ilethanol

(2 coc.) was added, the acetic acid renoved under reduced
'pressura, diiuted with water, and extracted with ether. Thé
neutral fraction, isolated as in the above experiment, was

a light brown resin which solidified on trituration with
methanol. This s0lid {610 mge), MePo 154—1660 gave a paie
yellow colour with tetraniitromethane in chloroform and
showed 1light absorption at 2520 and 26402; it was dissolved in
light petreleum (bLoev. 40*5003-b8n33n9 {10 coCey 4:1) and
chromatographed on & column (10 x 2 cm.) of alumine,

Washing with the same solvent mixture (500 c.c.) was
followed by elution with light petroleum {be.pe 40—600)-
benzene (500 c.c.; 2:1) to give a yellow solid (205 mg.).
Slow evaporation of a methanol solution of this solid gave a
nixture of long yellow needles and short colourless needles
which were separated mechanically. Sublimation of thse
yellow needles (8.2 mg.) in high vacuum gave a gompound

(5.1 mg.), meps 125-127°,

Ei]5f320 (C, 0.9).
Founds: C, 76.3 3 H, 10.1.

C3gHy,0, requires : C, 76.9 3 H,09.5%.

Light absorption: maximum abt 26504 ( € = 4,700).
Crystallisation of %the short needles yielded 3Pf-acetoxyergosta-~
3:22=-dien~7-one, Elution of the column with light
petroleum (b.p. 40-60°)=benzene (700 CeCoj 2:1) yielded a
solid (360 mg.) m.p. 190-1920, which on crystallisation from
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methanol gave 3P”a°et°xyergosta-8:22—dien-7-oﬁe; B

3P-Hydroxyergosta-8:22-dien-T-one.
3P—Acetoxjergosta»8:22~dien~7-one (200 mz.) was heated

under reflux for 1 hour with agueous methanolic potassium

hydroxide (25 c.c.; 2%). Igolation of the product in

the usual way by means of ether gave 3f-hydroxyergosta=—8:

22-dien~7-one (80 mg.) as plates, m.p. 175-177° from

methanol,
0
[4],-42" (c, 0.8).
Pound: C, 78.0 ; H, 11.1
CogHy40,+CHOH Tequires : C, 78.30; H, 10,9%
Light absorption: maximum at 25204 ( £ = 11,100).

Attempted Oxidation of Ergesteryl-D Acetate with
Potapsium Permanganate.

A solution of potassiun permanganate (0.332 g.3 1.05
atoms 0) in agueous acetic acid (90,3 27.7 c.c.) was added
dropwise with shaking to a goluition of erzosteryl-D acetate
(2.19 g.) in chloreform {29 c.c.) and glacial acetiec acid
(40 c.c.) Guring which ike reaction mizbure turned dark
brown, After gtanding st room temperature for 30 minutes,
the mixture was diluted with water and extracted with
chloroform. After washing with water, the extract was
concentrated under reduced pregsure (0 leave a brown semi-
erystalline residue which was taken up in ether, washed with
saturated sodium hydrogen carbonate soliuition and water and
dried (NaoS04). Remeoval of the ether lefi an orange solid

(2.14 g.), which on one crystallisation from light petroleum

R —
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{v.p. 40—600) gave ergosteryl-D acetate as small glistening
leafletz, M.p. 173~175°, undepressed on mixture with an

authentle specimen, m.p. 176°,

- Oxidation of Ergosteryl-D Acetate with Perforalc Acid.

(a) One mol, (With R. Budziarek.)

A mixbure of ergosieryl-D acetate (2.2 g.) in benzene
(20 coece),y Tormic acid (20 ce.ce; 905) and hydrogen peroxide
(0s65 cocay 30%) was stirred at room temperature,fér 20 hours.,
Bvaporation of the reaction miiﬁure under reduced preséufe
below 500, and crystalligation of the residue from methanol

gave 3p-acetoxyergosta~9(1ll):22~dien-7-one (930 mg.) as

needles, MeDP, 194~197°.
0 -
[d]p+20 (0’ 00,_))0
Pound: G, 7T8.8 3 H, 10,2,
k ey Ty e - 3 vd
C30H4603 requlres: Cy 792 5 Hy 10.2%
It gives a pale yellow colour with tetranitromethane in
chloroforme. It does not show high intensity light
)
abgsorption above 2200A (repeated recrystallisation from
. )
methanol caused the appearance of light absorption at 25404)

Infra-red light absorptioniexhibits maxima at 1740 omrl

(attributable to the acetoxy group) and at 1715 cmfl ‘
(attributable to the nonconjugated keitone group).
(b) Two mols.

A mixture of ergcstarylén acetate (2.2. g.) in benzene
(20 c.c.), Tormic acid (20 c.c.; 90%) and hydrogen peroxide

(1.2 coce; 30%) was stirred at room temperature for 20 hours.

Evaporation of the reaction mixture under reduced pregsure




109.

below 509, and crystallisation of the residue from

methanol gave 3P-acetoxy-94:lld-epoxyergost-22~en-T~one

(360 mg,) as needles, which form slowly from a gel,
eDe 220~223°.
[d\]5—790 {(C, 0.8),

Found: C, 76.2 3 H, 9,8,

C3oH4004 requiress C, T6.55 5 Hy 9.85%
The compound gives a pale yellow colour with tetranitro-
methane in chloroform and does not exhibit high intensity
above 22002.

Oxidation of Ergosteryl-D Lcetate with Perbenzolc Acid.

A golution of perbenzoic acld {1.36 mols.) in
ehloroform {110 c.c.) was added ﬁith,stirring over 4 hours

to o solution of ergosteryl-D acebate {J.0 &.) in chloroform

.

(35 c.c.) mainbazined at 50, Lifter standing 12 hours at 0o
the reaction nixture was evaporated under reduced pressure
at room temperature. The solid residue was dissolved in
a minimam volume of boiling acetone, and on cooling
deposited 9d:lld—epoxyergosta-T:22-dien~-3f~yl acetate
(ergosteryl-D acetate epoxide) as hexagonal plates (3.9 g.)
MePoe 205-2076, which after two recrystallisations from
acetone had m.p. 211-213°.

[o(]o-g.so (C, 2.2)0

‘Founds Cy 79,5 5 Hy 10.3

Calc. for CygH,e03: G, 79.2 3 H, 10.2j,

*

o4

It gives a yellow colour with tetranitromethane in

chloroform and does not show selective absorption of high
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o
intensity above 22004,

0 0
Chamberlin et al.(loc. cit) report m.p. 202-205 ,l}i]-35
and Heusser et al. (loc. cit) report m.p. 205-207 ,Ei]~29 5

of this compound.

go:11ld~Epoxyergosta—~T7:22-dien-3P-0l (Ergusterol-D epoxide)
A solution of 9d:lld=epoxyergosta=T:22-dien=3f~yl

acetate (400 mg.) in aqueous methanolic potassium hydroxide
solution (60 c.c.: 2%) was heated under reflux for 2 hours.
The solid (330 mg.) which separated on cooling was washed
with water and twice crystallised from methanol o give
9ol3 lldfggggyergpsta—7z22—d1en—3ﬁ—al as flat needles,
MePe 18?-189 .

[¢]D—41 (¢, 1.3). |

Found: | C, 78.5 ; H, 10.8.
H, 10.9%

It gives a yellow colour with tetranitromethane and does

028H4402.CH3OH requires: C, 78.3

-

o B
not show high intensity light absorption above 2200A4.

9d:11ld-Epoxyergosta~T: 22~dien-3pf~yl acetate.

A solution of 9d:lld—epoxyergosta-T:22-dien-3p=-0l
(105 mg.) in pyridine (1 c.c.) and acetic anhydride (2 c.c.)
was heated on the steam bath for 1 hour. The solid
obtained by dilution with water was crystallised twice
- from acetone to give 9d:lld-~epoxyergosta-T:22-dien~3p-yl
acetate as plates, m.p. 210—2120, undepressed by an

authentic specimen.,

[d],-35° (c, 1.0)
Found: C’ 79.3 3 I_I, 10.3.
Calec. for C30Hg603 , C, 79.2 5 H, 10.2%.
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Action of Lithium Aluminium Hydride_@n 9dzll$~Ego§xeggOBta~
Ti22-dien-3B—y1 Acstate.

(a) In Ether-Benzene.

A suspension of lithium aluminivm hydride (500 mg.) in
ether (70 c.c.} was added dropwise 10 a soluition of Idilld—
epoxyergosta-T7:22~dien-3P-y1 acetate (500 mg.) in benzene
(18 ce.c.) and ether (40 ¢.c.), the mixture heated under
reflux for 2 hours, then stirred alt room temperature for li

hours. After the cautious addition of water with external

cooling, dilute sulphuric acid (10,) was added, and the layers

separated, The ether extract was washed succegsively with
water, saturated hydrogen carbonate solution and water.
Evaporation of the solvent left a white s01id m.ps 150—183 '
(which 4id not exhibit hizh intensity light sbsorption above
22002), which was taken up in pyridine (5 c.c.) and acetic
anhydride (7 c.c.) and warmed on the steam bath for 1 hour.

On cooling, plates separatbted, were removed by filtration and

waghed with a litile cold methanol %o give 9d*lld—epoxyergaahr€

7:22—dien—3ﬁ-y? acetate, m,pe 209-212° ’ undepreaaed on mlxing

with an autheniic specinieén, me.De 210~2L3 .

(p) In Tetrahydrofuran,

A solution of 9f:lld~epoxyergosta~Ti:22-dien-3P-yl
acetate (500 mg.) in absolute tetrahydrofuran (15 c.c.) was
added dropwise over 1% minutes to a2 vigorously stirred
refluxing solubion of lithium 2iuminium hydride (1.0 g.) in
tetrahydrofuran (100 CeCals The mixiure was hested under
reflux for 3 hours, kept at room temperature overnight, then

decomposed, and the product isolated by means of ether ag
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described in (a). ‘Removal of the ether gave a solid

residue which, after two recrystallisations from methanol

gave 9d:lld-epoxyergosta~T:22~dien-3f-0L, Mmep. 182?185°,

o . 49
undepressed by aubthevtic specien, m.p. 187-189 .

Action of Mineral Acids on 9d:11X~Egoxyergosﬁa-7:22~é;en-
3P—y1 Acetase.

(a) 9d:1lA-Zpoxyergosta~T:22-dien-3f~yl acetate (150 mg.)
was refluxed in aguecus methanolic hydrogen chloride (10 c.c.3
0.7%) for 2 hours. The solution was concentirated, and the
solid (85 mg.), which separated on cooling, crystallised
three times from methanol to give 3P-nydroxyergosta-8322-
dien-7~one as plates, me.p. 173-1759, mndepressed with the
specimen prepared by alkaline hydrolysis of the acetate,

[A]-45° (G, 0.5)

Pound: C, 7805 H I‘I, llol
Galc; for c28H44.OzoCH3OHS G’ 78c3 H H, 1009%

(b) 94s1ld~Bpoxyergosta~T:22~dien~3P~yl acetate (100 mg.)

was refluxed in aqueous sulphuric acid (1 c.c.; 10%) and
methanol (12 c.c.) for 1% hours. Yorking up as in (a)
above, gave 3f-hydroxyergosta~3:22-dien-T-one as plates,
HeDo 168-173° on one crystallisation from methanol.
Acetylation of the aleohol using pyridine and acetic
anhydride gave 3P-acetoxyergosta-8:22-dien-7-one which
separated from methanol as plates, m.pe. 208-210° , [oL]D-55°
(Cy Zol)e

Action of Mild Alkali on 3P-Acetoxy-9d:lld-epoxyergogt=22-
en=-/-one.

A solution of 3f-acetoxy-9d:llA-epoxyergoat—22—-en~T-one



113.

(185 mg.) in aqueous methanolic potassium hydroxide

(50 e.c.; 2%) was heated under reflux for 14 hours. The
mixture was cooled, diluted with water, extraeted with
ether and the ether extract washed successively with water,
dilute hydrochloric acid and water and dried (Na2304).
Removal of the ether left a white solid, m.p, 207-209°,

which was crystalliged three times from acetone to give

3B:1ld—~dihydroxyergosta-8 :22~-dien-7T—one as needles, m.p.2l5°.
o .
[d]b"‘éo, -6 (C, 1059 102)-
Found: C, 78.75 3 H, 10.6
 CpgHy 05 Tequires: C, 78.45 ; Hé 10.35¢%.
Light absorption: maximum at 2540A ( € = 8,100)

3

The compound gives a faint yellow colour with

tetranitromethane in chloroform.

3B:lld-Diacetoxyergosta~8: 22-dien~T-one.

Acetylation of 3R:lid-dihydroxyergosta-8:22-dien-T-one
by pyridine - acetic anhydride gave 3E:lmi—diaeet¢§zergogta~
8:22~-dien-7-one as needles, M.p. l75~l77°, from methanol.

[4]+13° (¢, 0.5)
Found: Cy, T4.8 3 H, 9.7.

) ! . g o,
032H4805 requires: C, 75.0 j H,°9.4p
Light absorption: maximum at 25204 ( €-10,400)
The compound gives a faint yellow colour with

tetranitromethane in chloroform..

9&:118:22: 23~-Tetrabromoergost-7—en=-3f=yl Acetate.

Dry bromine (5.1 c.c.; 4.4 mols) in glacial scetic

acid (50 c.c.) was added rapidly to a solution of
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B-dihydrcergosteryl acetate (10 g.) in dry anaesthetie ether
(1000 c.c.) at Oo. ‘Phe mixture was cooled immadiatély
toluﬁoc, and allowed to regain'ﬁ%om femperaturéaduring 2

- hours with occasional shaking. The solid (8.3 - 9.0g.)
which separated was then iummediately removed by filtration,
washed with cold ether, and dried at room temperature. Two
crystallisations of the amorphous solid from benzéne -

light petroleum (b.p. 60-80°) gave 9E:11E:22:23~

tetrabromoergost-7-en-3f-yl acetate as felted needles,

m.p;;iZSO (decomp. ).
Ei];233°, +225° (C, 0.2, 0.2 in dioxan).
i [dg]d+238° (Cy 1.8 in benzene).
Found: Cy 477 3 Hy, 6.4 ; Br, 42.5.

-

030H46028r4 requires: C, 47.5 3 H, 6.1 ; Br, 42.2%
The solid decomposes on prolonged standing, and solutions
in chloroform, acetone and acetic acid decompose with
evolution of hydrogen bromide and considerable deéompbsition.
The ethereal - acetic acid mother liguors, obtained by
filtration, decomposed within a few hours at room

temnperature.

223 23~Dibromoergosta—-7:9(11)~-dien—3p-yl Acetate.

A solution of sodium iodidé (25 g«) in ethanol (500 c.e)
was added in one portion to a solution of 9&£:11E:22:23~
tetrabromoergost-T—-en-3p=yl acetate (9.0 g.) in warm benzene
(500 c.c.), causing immediate liberation of iodine. After

standing for 20 hours at room temperature, the solution was

diluted with water (500 c.c.), the benzene layer separated,

|

!

T
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and the aqueous phase extracted with benzene (300 c.c.).

The combined benzene solutions were washed with sodium
hydroxide solution (2 x 200 c.e¢.; 1%), then wifh water and
dried (Na2804). Removal of the benzene gave an orange
golid, which was dissolved in a minimum volume of chloroform,
precipitated by addition of methanol, and removed by
filtration. A solution of this solid in benzene (100 c.c.)
was percolated through a column (15 x 2.5 cm.) of alumina,
followed by elution with benzene (200 c.c.). Removal of
the benzene gave a white solid (6.5 g.), which on
erystallation from chloroform - methanol gave 22323-
dibromoergosta~7:9(11)~dien-3B~yl acetate as prismatic

needles, m.p. 233-234°.
0 _
[O(]D+32 (Cy 1u4),

Found: C, 60,0 ; H, 7.8 3 Br, 27.4.

C3oH40Br, requires: C, 60.2 3 H, 7.75 3 Br, 26.65%.

Light absorption: maxima at 2350 ( £ = 19,000) and

o ‘ o :

24204 ( & = 21,000) with an inflection at 25004 (€ =13,000)

The compound gives a dark brown colour with tetranitromethane

in ehloroform.

Ergosteryl-D Acetate.

(a) PFrom Ergosteryl-D Acetate Dibromide.

A solution of 22:23~dibromoergosta~7:9(11)-dien-3p~yl
acetate (270 mg.) in ether (35 c.c.) and ethanol (25 c.c.)
was heated under reflux for 3 hours in the presence of aine
dust (1.7 g.). After rcmoval of the zinc by filtratienm,

the solution was concentrateu, diluted with water, and

e e —
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extracted with ether. The extract was washed with water,
dried (NapS04), and evaporated to leave plétes (iSOYmg.),
MeDa 176—1780. One crystallisation from chlorSfEfmﬁ~
methanol gave ergosteryl-D acetate as elongateé piétés; "
m.p.'l78-1800, Eﬂ];&Zo (Cy 2.1).

(b) Trom 5-Dihydroerzosteryl Acetate.

A solution of 5-dihydroergosteryl acetate (2.5 g.) in
ether (250 c.c.) at 0° was treated with bromine (1.25 c.c.)
in glacial acetic acid (5 ceCe)s The mixture was
immediately cooled to -600, and the temperature thereafter
allowed to rise to -50 o#er 1% hours. Benzene (100 c.c.)
and zine dust (7 z.) were then added, the mixture stirred at
Oo for 1 hour and kept overnight at Oo. After filtration,
ethanol (250 CeC.) and zinc dust (25 g.) were added to the
filtrate, the mixture heated under reflux for 3 hours, and
the product (2.3 g+ mepe 160-1670) isolated as in (a) above.
Purification of this product by filtration of its solution
in benzene through a short column of alumina, followed by
crystallisation from chloroform - meithanol yielded
ergosteryl-D acetate as plates (1.5 = 1.8 g.), meDp. 173*4°.

[k +28° (c, 2.1),
Found: C, 81.8 ; H, 10,6,
Calc. for CygH,g0, : C, 82.1 3 H, 10.6%.

Light absorption: maxima at 2360 ( € = 14,500) and
0 ‘ o

2420A (€ = 16,3000) with an inflection at 25004

( € -10,500).

Bromination of 5=Dihydroergosteryl Acetate in Chloroform.

A solution of 5-dihydroergosteryl acetate (5 g.) in

i
i

—
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chlorofoim (150 c.c.) at --75o was treated with bromine
(3.82 go3 2.1 mols) in chloroform (50 c.c.) then almost
immediately with pyridine (20 c.c.). After 1 hour, during
which the temperature was allowed to rise to Oo, the solvent
was removed under reduced pressurc below room temperature.
The residue was extracted'with ether - benzene, the extract
washed with water, and debrominated by refluxing the mixture
for 3 hours, after the addition of ethanol (50 c.c.) and
zinc dust (20 g.). Working up in the usual way gave a
non—-homogeneous product, which after repeated
recrystallisation from chloroform - methanol, had m.p. 1720,
[4] -7° (¢, 2.0).

Light absorption: maxima at 2360

o 1 o
24204 (57
lem

3 l ,,.'»’
(glzm 185) and

¢

. o 14
198) and an inflection at 25004 (Eltm 138).

Examination of iother Liguors from the preparation of 9&:3111%;

2032 3~TeLrabronoeroost—[—en—3p~yl Acetate .

Preliminary experiments to obtain crystalline material
from the ethereal filtrate, after removal of the
precipitated tetrabromide, proved abortive due to the rapid
decomposition at room temperature, and susceptibility to
rearrangement in presence of common solvents., Attempts
were made, consequently, to stabilise the products by
treatment with debrominating agents, before attempting to
isolate crystalline material.

Treatment with sodium iodide.

The ether filtrate (ca. 3000 c.c.) from bromination

of 5-dihydroergosteryl acetate (30 g.), after removal of
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the tetrabromide (17.3 &.) was treated with an excess of
ethanolie sodium iodide solution. After standing overnight,
water was added, the layers seyaratad, and the aqueous layer
extracted with benzene, The combined ether and benzene
extracts were washed with water, sodium hydroxide solution,
water and dried (Na2304). Removal of the solvents under
reduced pressure caused gsome decomposition; the residual
dark gum was dissolved in warn pyridine, and acetie
anhydride added, causing immediate separation of crystalline
material. After standing overni;ht, the solid (13.0 g.,
m.p. 155-190°) was collected, recrystallised from chloroform -
methanol to give two crops of irregular prisms (8.0 g. m.p.
195~200°, sintering ca. 1600) and (2.0 ge mep. 155-1659),
which were recombined (since no homogeneous product was
observed after repeated recrystallisation), dissolved in a
mixture of benzene (30 c.c.) and lizht petroleum (b.p. 40-
600, 120 c.c.) and chromatographed on a column (23 X 3.5 cm)

of alumina.

Fraction. Vol(c.c) BEluant. Product. #t.(g) M.De
1. 250 Petrol- White
' : Benzene(4:) Solid Trace.
2. 100 " " 2.58 m.p, 157-
o 160V.
3. 300 " " 3.15 Sigters o
158" m.198
4. 300 n (1) ¢ 1.12 Sinters o
, 175Y m.215
5 500 " (1) " 1.93 Sinters
1959 m.215
6. 450 Bengene Gum 0.11 -
Te 250 Sadprolotha) cum 0.88 -

S
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Fraction 2 gave a red colour with tetranitromethane in
chloroform.  One recrystallisation from chloroform -

methanol gave irregular plates, m.p. 158—1600. Two

recrystallisations from the same colvent raised the mep.

to 163-4°, [o(]uto" (C, 0.7) (FPound: C, 73.6 3 Hy 9.7 ;

Br 9.8%). Two further crystallisations gave plates me.p.

165, [d]+7" (C, 1.0) (Found: C, T4.9 ; H, 98 ; Br, 8.6%)
Calc. for C30H60,8T, ¢ Cy 60.2 3 H, 7.75 3 Br, 26,65%
o " C30H4802 s Cy 81,8 5 H, 11.0%

i 291) and

Light absorptions: maxima at 2350 (Elem

o 1 ) 0o 1k .
2420A (Elcm 323) and an inflection at 2500A (Elcm 217)

AG®

Debromination of this mixture (230 mg.) by refluxing an
ether - ethanol solution with zinc dust gave, after working up;
in the usuul way, elongated leaflets (140 mg. m.pe 171-4°, |
[0(10%14-0). Repeated recrystallisation from chloroform -
methanol gave ergosteryl-D acetate, m.pe. 172—1740, [o(]D+28°
(C, 1.1) (Found: C, 82,0 3 H, 10.6%). ’
Light absorption: maxima at 2350 ( Ev - 13,200} and 24202
( £=17,000) and an inflexion at 25002 (= 11,20(5‘)':'
Fractions 4 and 5 were combined, and thrice recrystallised
from chloroform - methanol to give beautiful long needles,
m.p. 229-231°.
[0(]0-80, ~10° (G, 0.9, 1.8).

Found: | C, 59.9 ; H, 7.8

Calc. for CypHye0pBry @ C, 60.2 ; H, 7.75%

Calc. for 030114802‘81'2 : C, 60,0 3 H, 8.1%

Light absorption: maxima at 2350 ( € =12,700) and
0 o
24204 ( €=13,900) and inflection at 25004 (£ 9,200)

e —
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A mixed m,b. with ergosteryl-D acetate dibromide (m.p,
234-5°, [d]#32°) was 233-235°. |
Debromination of the compound (220 mg.) as above gave
elongated plates (140 mg. mepo 172-1750, [d]D+4°)_which on
repeated recrystallisation from chloroform = methanol (with
deliberate loss) gave ergosteryl-D acetate, m.p. 175-—176o
[d]#27° (c, 2.1).

Chromatography of 95:118:22:23-Tetrabromoergost~7—en-3p-yl
Acetate.

The tetrabromide (1 g.), dissolved in benzene (60 c.c.)
without heating, giving a pale yellow solution, was
chromatographed on a column (11.5 x 2.5 cm.) of alumina, A

dark green band was immediately formed on the column.

Fraction.  Eluant. Vol(c.c)  Product. Wt. (mg.)
1.  Benzene 100 Clear Cum 180
2. Benzene - 100 Froth Gum 450
3. ‘Benzene 400 Yellow Gum 50
4. © Ether 300 Dark Gum 100

5 Methanol 200 Dark Gum

Orystallisation of fraction 2 from chloroform -
methanol gave stout needles (160 mg.), m.ps 127~1290. This
product gives a strong yellow colour with tetranitromethane
in chloroform, but does not liberate iodine from ethanolieg
potassium iodide solution. Recrystallisation from

ethanol yielded a g¢ompound, m.p. 134—1360.
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(1,37 (00 2.2)

Found: ¢, 60.4 ﬂ, T 5
C30H4405BTp Tequires t C; 60.4 3 H, Tod ' "=
O30H4600Bry Te-uires : €, 60.2 3 H, T.75%
Light absorption: maximum at 20802 ( € = 39,800) and
an inflection at 22002 ( €= 15,300).

3f-hcetoxy~22:23~dibromo~9d: llfd~epoxyergostan-~7-one.

A solution of 22:23-dibromoergosta-T:9(11l)-dien-3f-yl
acetate (4.5 g.) in carbon tetrachloride (100 ¢,¢.) and

stabilised glacial acetic acid (600 c.e.) was treated with

hydrogen peloxlde solution (8 c.c.; 30%) added in one portion,

and heated to 95 with stirring over 25 minutes. The
mixture was maintuined at this temperature for 3 hours.

The solution was evaporated under reduced pressure, the

partially erystalline residue treated with methanol (30 c.c.),

allowed to stoand at room temperature overnight, and the solid
removed by filtration and washed with cold methanol.
Recrystallisation of the product (1.64 g., map. 219—2240)

from chlorcform - methanol gave 3B-acetoxy-22:23-dibromo-

9d:lld-epoxyergostan-T—one as plates, m.p. 2350.
) o
L) 45, =47 (C, 2.3, 1.7)
Found Cp, 56,9 3 H, 7.4

>

30 46 Br requires: C, 57.1 3 H, 7.35%
The compound does not give a coloration with tetranitromethane
in chloroform and shows no high intensity light absorption
above 2zooi . Infra-red lisht absorpiion: maxima at

1733 cmal and 1257 Om“l (acetate group) and 1725 em +
ﬁnqngonjugaﬁeﬁ ketone).
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—dibromo-9d:lld~epoxyergostan~T-one 214~
ITAZONE Y .

A solution of 3P~acetoxy-22: 3~dibromo~9d:llx~ ’
epoxyergostain-T-one in diozxan was treated with Brady's
reagent. The precipitate was removed by filtratian,
recrystallised three times from chloroform - ethanol to

give 3p-acetoxy—22:23-dibromo-9d:lld—-epoxyergogtan~T7—one

2t 4-dinitrophenylhydrazone as small yellow felted ﬁeedlea,.

m.p. 217-219° (deconp.) |
Found: C, 53.0 3 H, 5.95
C3gHgn0,N,Br, Tequires: C, 53.3 s H, 6.24

2 ]

- Light absorption in chloroform : maxima at 2460 {( € =13,000) i
4] !
and 36604 ( € - 23,600).

3@:Aae§o§z~22=23~dibromoe9d:llinapoxyergostan—zeoge
genicarbazone .

A solution of 3B-acetoxy-22:23-dibromno=9dslld~

epoxyergostan~T7-one in ethanol - dioxan was treated with a
golution of semicarbazide hydrochloride and sodium acetate

in water, The precipitate was removed by filtration, after
standing overnizht, washed with water, and the product

(mep. 2330) recrystallised twice Trom methanol - chloroform

to give 3f-acetoxy~22:23-dibromo-9d: lli—epexyergostan~7~one

semicarbazone as prldms, MeDPo 236=-237°

Found: ' 0, 54,2 3 Hy Te3

o
Light absorption: maximum at 22804 ( € = 14,600)
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3B -Acetoxy—9d:1ld—epoxyergost—22~en~T-0ne .

(a) A stirred solution of 3P-=acetoxy-~22:23-dibromo=~9d;lld-—
epoxyergostan-T-one (1.35'g. MeDo 218»2210) in stabilised
glacial acetic acid (150 c.c.) was treated at 95° over 2
hours with zine dust (11 g.) added portionwise. After a
further 2 hours at 950, the reaction mixture wasifiltered,
concentrated under reduced pressure until solid separated, .
and diluted with water. The mixture was extracted with
ether (3 x 50 c.c.), the extract washed successively with
sodium hydrogen carbonste solution and water and dried
(Ha2$@4). Removal of the ether gave o solid residue
(0«90 gu; m.p. 208*2130). The product was twice
| erystallised from methanol, from which 3B-acetoxy=~9qslld=-
epoxyergost-22-en~7-one was obtuined as needles (which formed
slowly from an initial gel), m.p. 223~2242 undepressed when
mixed with a specimen prepared by performic acid exidation
of ergosteryl-D acetate.

[4].-79° (¢, 0.8)

Pound: -Gy T6.5 3 H, 9.95

Calc. for C3qH,c0, : C 7655 3 Hy 9.85% |
The compound does not show hizh intensity light absorption
above 22002 and gives a faint yellow coloration with
tetranitromethane in chloroform.
(b) A solution of 3P-acetoxy~-22:23-dibromo=9ctsllf-
epoxyergostan~7—one (386 mg., mep. 229~233°) in ether
(80 c.c.) and ethanol (80 c.c.) was heated under reflux

for 3 hours with zinc dust (6.5 g.) The solution was then
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filtered, diluted with water,,énd extracted with ethars .
The ether extraet was washed with water, evaporated, and
the residue eorystallised once from methanol to give
3B~acetoxy~-9¢:1lld~epoxyergost-22-en~7—~0ne, M.DPs 21&~221° as
clusters of needles (forming from an initial gel).

Preatment of 3P-Acetoxy-~9d:lld~epoxyergost-—22-en—7-one
Wi th 12% ALKo.11.

To a solution of 3B-acetoxy-9d:lld~epoxyergoat=-22~en—~
T-one (600 mge; mep. 208-213%) in ethanol (65 c.e.) was
added a solution of potassium hydroxide (10.0 g.) in water
(15 c.ce), and the mixture heated under reflux for 16 hours.
It was then diluted with water, extracted with ether, the
ether extract repeatedly washed with water, and the efher
removed to leave a yellow gum. The dried product was
treated with pyridine (10 c.c.) and agetic anhydride (10 e.c)
on the steam bath for 1 hour, and the acetylated product,
obtained in the usual way by means of ether, isolated as an
erange-brown gum, This was dissolved in benzene (40 c.c.)

and adsorbed on a column (10 x 2 cm.) of alumina.

Fractien, Zluant. Vol(c.e) Product. Wte (mg.)
T Benzene 40 Gum 5
2. " 40 Yellow Gum 180

3 "o 50 Pale Yellow 120

7 Solid.

4o " 110  Gum-solid 15

'5. | " 280 Solid 55

6. " 200 Soiid Trace.

7. " Benzene-Ether 300 Gum Trace.
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Fraction. _Eluant. Vol(c.c) Product  Wi.(mg.)
8, Ether 200 Dark Gum =~ -
9. Methanol ’ 100 Dark Gum -

Fraction 3 was crystallised from methanol as long fine
needles, m«p. 173-50. Recerystallisation from the same
solvent gave u compound, mep. 176-1770.
[a],-25° (¢, 0.7)
Found C, T4.4 ; H, 10.0 ; —00zHg 9.5
CyoHe ;05 requires: C, 74.4 ; H, 10.1 ; -0C K 8.7%
- The compound does not show high intensity light

2

.

o
absorption above 2200A, and gives a faint yellow coloration:

with tetranitromethane in chloforom.

“l and 1245 em
(acatate group), 1710 em L (ketone group), 973 amfl

Infra-red 1ight absorption: maxima st 1733 om

(sidechain ethylenic group) and at 1030 cm~1 (ethoxyl group?).

Fraction 2, on crystallisation from methanol gave'the
game product, m.ov. 174-176° undepressed by the specimen
obtained from fraction 3.

Fragtion 5, on crystallisation from methanol, gave
T:11~diketoergost—-22-en-3p~yl acetate as clustersiéf
needles, mep. 196-198°. |

[4]-28° (c, 0.9)

Found: ¢, 7645 3 H, 10.1

Calc., for C3oHyeO04 ¢ C, T6.55 5 9.85%.
it does not show high intensity light absorption above 22002
A mixture with a specimen (m.p. 19?~199°, [d]6-310) prepared

as described by Heusser et al (loc. citi.) who report




24bs,

meps 195-196°  [],~27° had m.p. 196-199°. Chamberlin
et al (log. oit) give m.p. 197-200°, [41-30° for the same

compound.

223 23-Dibromo~3B:1ld~dihydroxyergost-8-en~T—onsa.

4 solution of 3p-acctoxy-22:23-dibromo-9d:lld-
epoxyergostan-T—one (400 mgZe, meDo 212-224%) in methanoiie’
potassiuvm hydroxide solution (3%; 40 c.c.) was heated under
reflux for 70 minutes. The golution was cooled, diluted
with water, and extracted with ether, The extraect was
washed successively with water, dilute hydrochlorice aeld and
water, and concentrated until a solid (300 mg; M.pe. 219-221°)
separated. Recrystallisation of this solid from methanol

gave 22;23-dibromo-3B:lli-dihydroxyergost—8—en-T-one as

prismatié needles, Mma.pPo 227-229°,
[n] +4%, +4° (C, 0.9, 2.0)
Founds C, 57.0 3 H, T.65.
CogHyy04Br, requires: C, 57.1 s Hy, T.5%

Q
Light absorption: maximum at 25204 ( € = §,300)
N & “l
Infra-red 1ight absorpiion: maxima at 3495 cm

(hydroxyl group) and 1665;3121”'l (@P-unsaturated ketone).

3Bslld~Diacetoxy~22:23~dibromoexrgost-8~en-T—one.
A solution of 22:23—dibromo~3ﬁ:llﬁodihydroxyergost¥8~‘

en-7-one (130 mg.) in pyridine (2 c.c.) and acetic

0 .
anhydride (3 c.c.) was heated at 100 for 1) hours. The

mixture was then treated with water, extracted with ether,
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and the product isolated in the usual manner to give

3B:1ld~diacetoxy=22:23~dibromoergost-8-en-T7-one (130 mg;

TePo 1560) as needles from chloroform —~ methanol. Affer
recrystallisation from the same solvents, it had m.p. 161~
. o
163° (air dried) or m.p. 201-202 (prolonged drying at 100°
in vacuo).
o ) .
[d];ﬂﬁ s 16 (C, 0.6, 1.6)

Found: Gy 57.2 3 Hy, T.4

032H480§Br2 reguires: C, 57.1 ; 5, T o 2%

Light absorption: maximum at 25104 ( & = 10,000)

-1
Infra—-red light absorption: maxima at 1738em  and
“l - -
1243cm — (acetate group) and 1690cm™ T (dP-unsaturated
ketone).

Debromination of 3ﬁzllx—di&cetoxz—22:23~dibromoergost~8-en-

Z—one °

A solution of 3B:lld-dizcetoxy-22:23~dibromoergost~8=

en-T-one (124 mg.) in ether (15 c.c.) and ethanol (15 ca.cC.)
was heated under reflux for 3 hours with zinc dust. The
zin€é was removed, the filtrate concentrated, diluted with
wéter and extracted with ether. ATter washing with water,
the ether extract was concentrated, diluted with methanol,
and the corystalline product (60 mge, meDo 160—1640) c¢ollected.,
Two recrystallisations from aqueous methanol gave 3P:lld-
0
diacetoxyergost~8:22-dien~7~one as needles, m.p. 172-1T74 ,
ll0 (C, 1.0)
[O(J g’ s Leljs
Pounds Cy T5.4 3 H, 9.6,

Calc. fOI‘ C32H4805 . C’ 75'0 ; H' 9°47“.é‘
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Spring et al (70, 71) give mep. 175*17?0, Ei]d+lje‘ana

. .0 "y :
MePo 173m1746, Bi]gdﬂ., and Heusser et al (76) give m.p.
184*1850, [d]o*lﬁo for this eompound.

Debromination of 22:23-dibromo—3fslld~dihydroxyergost—-en—
Z"Oﬂ@_o

A solution of 22:23~dibromo-3f:1ld-dihydroxyergost-8-
en-7-one (160 mg,.) in methanol (50 c.c.) was heated under
refiux for 3 hours. Horiwing up in the usual way gave
3B:1ld~dihydroxyergosta=-8: 22-dien~-T=one as needles from
acetone, m.p, 214»2150, undepressed when mixed with a
gpecimen prepared by hydrolysis of 3f-acetoxy=9d:1lf~
epoxyergost-22-cn~T-one,

Oxidation of Ergosteryl-D Acetate Dibromide with Performie
Acid.
{a) A solution of 22:23~dibromcergosta-7:9{11l)-dien~3f-yl

acetate (2.32 z.) in warm ethyl scetate (100 c.c.) was

treated with formic acid (40 c.c.; 98-1005%) and'hydrégen
peroxide solution (1.73 c.c.3 30%). The suspension was
shaken at room temperature for 44 hours whereafter solution
was complete. Fater (300 c.c.) was added, the layers
separated, and the agueous phase extracted with ethyl

acetate (3 x 10C ceCule The combined ethyl acetate extracts,
were washed successively with water, saturated sodium hydrogen
carbonate solution and water and dried (E32304). Removal

of the solvent under reduced pressure left a solid residue,
which gave irregular crystuls (650 mg., m.p. 214*2170) on

erystallisation from ethanol (120 c.c.). Three
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recrystallisations from acetone gave 3ﬁ~acetoi&;§2;§§;"
dibromoﬁgdzlld-epoxyergoatan~7~cne as long wellndef%ned
needles, TeDe 220—221 .
[4]-48° (c, 1.0)
Found: Cy 5742 3 Hy Ts5
Cale. for C,.H,0,Br Cy 5Tel 3 H, T.35%
It dces not exhibit high inten31ty light absorption above

o

ZlOOA, and does not give a colour with tetranitromethane

in chloroform, ‘

(b) A solution of 22:23~dibromoergosta—7:9(ll)-dien~3ﬁ-yll
acetate (5.0 g.) in ethyl acetate (200 c.c.,) was treated
with formic acid (80 c.c; 98-100%) and hydrogen peroxide
golution (3.75 ce.csy 304). The solid »roduct was isolated
as in (a), and crystallised twice from acetone and ones
from ethanol to give a mixture {625 mg.3 MeDo 217-219 ) of
prisms and necedles. This mixture was taken up in benzene
(30 csee) and chromatographed on a column {12 x 2 cm.) of
alumina, Elution with benzene (400 c.c.) gave no residue.
Elution with benzene - ethier (400 c.c.3 3:1) gave a solid
'(55 mgs ), and benzene - ether (400 c.c.; 1:12) gave a solid
(5 mge)s After elution with ether (250 c.c.) gave ne
residue, ether -~ methanol (100 c.ce; 1:1) gave a sclid

(530 mges m.p. l99~201°). Crystallisation of the latter

from agueous methanol gave crude 3f-acetoxy-22:23-dibromo—

lld-hydreoxyergost~f~en~T~one (contaminated with amorphous

material), m.ps 202~203°. Recrystallisation from

benzene — light petroleum petroleum (b.p. 60-800) gave
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long needles, separated mechanically from the amorphous
impurity, which on one more recfyétallisation from the
game solvents had m.p; 206*2070, undepressed on mixing
with a specimen prepared by chromatography of pure 3P-
acetoxy~22:°3-dibromo~9d:ldd-epoiyérgostan—7~one (maps 2200)
Alkaline hydrolysis of the solid residues obtuined from the
original acetone ~ ethanol mother ligquors ylelded by
fractional crystallisation, 22:23~-dibromo-3pf:11ld~
dihydroxyergost—0-—en-7-one, me.pe 2320, [AQL;2°.' {Found
Cy 5T+4 3 H, Teb)o

3f-Acetoxy-22:23-dibrono-1ld ~hydroxyergost~8~en~T~one.

A solutilon of 3P-acetoxy-22;23-dibromo-9d:lld-
epoxyergostan—~T—-one (needles, me.ps 2200) (152 mg.) in
benzene (20 c.c.) was chromatographed on z column (12 x 2 cm)
of alumina to zive the following fractionss~
1, 400 c.c. Benzené. Nil, .

2. 300 c.c. Benzene-Ether (1:1) Solid 20 mg.
3. 200 csc. " " (1:1) Solid Trace.
A. 400 c.c. Ether Solid  Trace.
5 15010.0. BEther-¥ethanol(l:1) Solid 110 mg.

Three recrystallisations of the ether - méthanoi_fracticn
gave 3B-acetoxy=-22:23-dibromo-lid-hydroxyergost~8—en-7-one
m.p. 206-207°.

o
[ot] 13 (c, 1.5)
Founds C,y, 5649 3 H, Teb

-

4 1 - - C’f
L3OH460¢Br2 requires: C, 57«1 3 H, T.35%.

0
Light absorption: maximum at 25204 (&= 7,800)
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Infra-red. light absorption: maxime at 1732 @m—;v€aeetate)
1669 am"l (dP ~kxetone) and 3700 em™t (hydroxyl}.
Acetylation of the compound (90 mg., mePe 199~201°)
by pyridine - acetic anhydride gave a s0lid (75 mge, Mepe
1530), recrysitallised Irom chloroform - methanol to give
3Pilld~diacctoxy~22123~dibromoergost~t~en-T-one as prismatic
needles, m.p. 162*1630 (undepressed by authentic specimen,
MeDo 161~l630) and 202-203° (after drying)e. A second erop
of smaller needles, mep. 197-200° (with softening at 160°)

was obtained from the crystallisation mother liquors.

3B-Acetoxy-11h-hydroxyergosta~: 22-dien—T—one,

A soluﬁimn of 3ﬁ~aa@ﬁoxy—9dslhx~epoxyergost-Z?—en—?—one
(240 mg.) in benzene (40 c.c.) was chromatographed on a column

(12 x 2 ecm.) of alumina to give the followins fractions:=-

1. 400 c.c. Benzene il
2. 400 CeCo Benzene-Ether (1:) Solid 44 mg.
3. 400 c.c. Ether Nil.
4, 100 c.c. Bther-Methanol (3:1) Solid 180 mg.

Two recrystallisations from agqueous methanol and two from

methonol gave 3f-acetoxy-1ld-hydroxyergosta~8:22-dien-7—one

as felted needles m.p. 185-188° (unsharp, sintering at 160°)
[a],-30°%, -30° (¢, 0.7, 0.6) |
Pound: C, 76.3 ; H, 10.1
C30H4604 Tequires: €, 76.55 ; H, 9.85%
Iight absorption: maximum at 25403 ( €=17,200)




223 23-Dibromo=7:1l~diketoergost-8~en-3f~yl Acetate.

Onromium trioxide (21 mg; 1.1 atoms 0) in stabilised
acetic acid (0.63 c.c.) was added in one portien %o a
solution of 3f-acetoxy-22:23-dibromo-lif-hydroxyergost—8-
en-7-one (177 mge; mep. 199-201°) in stabilised acetic acid
(25 c.c.) followed by sulphuric acic (2W; 2 drops)., The
mixture was shaken for 5 minutes, whercatter it had turned
green, and a fine precipitate begun to apvear. After
standing at room temperature overnizght, the solution was
filtered, the precipitate washed with acetic aeid and water to
leave a 8501id (20 mZe, MePo 2650), The combined washings
and filtrate were diluted with water, extracted with ether,
and the ether extract washed successively with water,
saturated sodium hydrogen carbonate solution, water and
dried (Na2504). Removal of tne ether gave avyellowish~
white solid (140 mg.) insoluble in methanol. Two
recrystallisatiOns‘from chloroform - methanol gave 22123~
dibromo-7:ll-~diketoergost~8-en-3f-yl acetate ua plates,
MePoe 249~250°, undepressed by an asuthentic specimen, m.p.
248-250°,

[a]#29° (¢, 1.0). o

Light absorption: maximum at 27004 ( £ = 8,100).

Characterisation of Performic Acid Product (needles, me.p.

22C-2219) as 3pP-iceloxy=22:23~-dibromo-Jo:lld~epoxyergostan—
T=onc.

(a) Alkaline hydrolysis in the usuzl way zave 22:23-dibromo-
3p:lld-dihydroxyergost-8—en~T-one, us fclied needles,

ﬂ%]g5° (c, ;.8), MeDoe 229*2300, undepressed by a specimen
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mep. 227° (obtained by hydrolysis of the dibromoketoxide,
plates, m.p. 23493, v | |
Re~acetylation of the diol (28 mg.) by p&fidine -
acetic anhydride gave 3f:lli-diacetoxy-22:23~dibromoergost—8-
en~7-one as needles (27 mge), MaDw 155-157°,  After
drying in vacuo for 2 hours, it had m.p. 197—1980 with
softening at 157°.
{b) Debromination by =zine dust in ether - ethanol solution
in the usual way z:we 3P-acetoxy-JohkillA-epoxyergoat—22«en—
T-one, as needles -formed from a gel, from methanel,
m.p. 221°, [d] ~82° (C, 1.5).
(e) Treatment of a solution of the compound in dioxan
with Brady's reagent gave & 2:4~dinitrophenylhydrazone,
m.p. 219-221° after 3 recrystallisations from chloroform =
methanol. A mixed me.p. with a sample mep. 217-219°
(obtained from the dibromoketoxide, plates, Mmepe. 2340) was
218-220°.  (Found: C, 53.5 ; H, 6.65). i
Light absorption in chloroformt: maxima at 2460 (€-=13,000)
36604 ( £ - 23,400).
(d) The compound (needles from acetone, mep. 2210) waga
reerystallised once from chloroform - methanol to give
3f-acetoxy-22:23~dibromo~9i: Lilh-epoxyergostan-T-one as plates,
meps 234-235", [d]=47° (¢, 1.6).
3p-Acetoxy=-22:23=-dibromo=9c: 1lA~epoxyergostan~T«one
{(m.pe 2340, plates from chloroform -~ methanol) was
recrystallised from acetone as well-defined needles, m.p.

215-220°. Two recrystallisations from acetone raised the
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0 9] .
meps to 220-221, [d]-48" (C, C.9).

Hydrogenation of 22: 23~Dibromo~3P llimdihydrogx@rgagtw8~
en—{-0no .

(a) Palladiwa black-ethanol.

221 23~-Dibromo-3P:1ld~-dihyiroxyergosi-f-en~7~one
(315 mg.) in ethanol (130 c.c.) was shaken in an atmosphere
of hydrogen with palladium black prereduced catalyst (200 mg.)
After taking up 1 mel. of hydrogen, a light absorption
determination on the solution showed the continued existence
of thedfunsaturated ketone system. The solution was then
shaken for 12 nours, the cataiyst removed, and the solvent
removed under reduced pressure. At nigh concentration,
profound decomposition occurred leaving a very dark residue,
which could not be crystallised, and only amorphous material
was isolated on chromatography.

(b) Rlatinum-Dioxan.

22:23~Jdibromo-3P:1ld-dihydroxyergost~3=en~T=~one (367 BE.)
in dioxan (30 c.c.) was shaken in an atmosphere of hydrogen
at room temperature with prereduced platinum oxide catalyst
(140 ng.) until 15 c.c. of hydrogen had been absorbed (85
minutes; theo. for 1 mole is 1447 CeCa)e The catalyst was
then removed, the solution slishily concentrated, diluted
with water, and the product (m.p. 210—2120, yellow colour
wits tetranitromethane) removed by filkration. After two
recrystallisations from acetone, the product had m.p. 219~
220° , and 1lizht absorption maxima at 2060 ( L7 41) and
25208 (g} 123).

lom
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Acetylation of this product by pyridine - acetie
anhydride in the usual way gave a so0lid (304 mg. m.p.
142-187") from methanel, which was disaolved in light
petroleum (La.p. 40»600) snd chromatogranhed on a ¢olumn
of alumina. After elution with light petroleum (b.p.
40~6OG; 200 e.c.) and 1i bt petroieum-benzene (Lil, 200 c.c.),
benzene {130 c.c,.) gave o solid (32 mge) which gave needles,
mep. 207-218°%, [d]+7° (C, 1.1} from chloroform — methanol.
Light absorption exhibits maxima at 2100 (Ei%m 78), 2350
{Em 89), 2420 (Elf“ 95) and 2500?. (B%’“ 69). The

lem lem
produet is prezumably a mixture of ergosteryl-D acetate
(dibromide) and & transparent laevorotatory eompound,
pogsibly 3f:lld-diccetoxyergost=22—en~T-one ( [d]D~68 e
Zlution with benzene -~ ether (2:1) gave unchanged 3P illg~
diacetoxy-22:23-dibromoergost—t—en~T-one (130 mg,)

m.p. 155"‘159 L]

3P:1lA-Dihydroxyergost~22-en~T~one. {Jithz R, Budziarek)

A solution of 3B:llt\—-diascetoxy-22:23-dibromoergost~8-
en-7-one (250 mg.) in ethanolic potissium hydrexide solution
(100 e.cs3 0.1N) was shaken with hydrogen for 2 hours at
room temperature with pre-reduced platinum catalyst (50 mg.).
The solution was filtered, concentrated to & volume of
30 c.c., diluted with water, and extracted with ether.
Removal of the ether left o crystalline residue,

recrystallisation of which from agueous acebtone gave
3B:1IA~dihydroxyergost—22=-en~T—one as long fine needles,

Mepe 206207
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0
[a] 76 (¢, 0.8) | |
Found: _ C, T4.8 3 H, lOn?
It does not exhibit high intensity light absorption above
0
22004, and gives u faint yellow coloration with tetranitro-

methane in chioroform.

3B:1ld-Diacetoxyergost—22-en~7—one. (#ith R. Budziarek)

Acetylation of 3B:llh-dihydroxyergost-22-en~7-one by
pyridine and agetic anhydride gave, in the usual way,
3B:llh-diacetoxyergost~22-en~T—-one as plates from methanol,
m.p. 141-142°.

[#],-68° (¢, 0.6).

Found: C, 74.8 3 H, 10.0

Cale. for 6‘32%{5005 :+ C, T4.7 3 H, 9.8%

It does not exhibit high intensity light absorption above
2200?, and gives a faint yellow coloration with

tetranitromethane in chloroform.
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Since bile acids represent one of the most abundantly
available gfarting materials for the Bynthetic_preparatien
of hormones, QOﬂ‘ldQTﬁblb effort has been devoted to the.
develovment of improved methods of desradation of the
characteristic ( ¥~substituted n-valeric acid) sidechain.

Unlike cholesterol, which, as acetate dibromide,'ma& be
oxidised directly with chromic acid %o give (after
debromination and suponifica.ion) moderate amounts of
pregnenolone, 3P-hydroxyetiochol~S~enic acid and
dehydroandrosterone, the diacetate of methyl deoxychelate
(I), oxidised under similar conditione (111, 112), yields
only,traces oi the discetates of II, IITI, and IV. No
worthwhile improvement is effected (113) by the extension,

CIH's %HB ' o
ORAe CH.CH;.CH,.C0,Me OH CO OH COzH

A0’ Ho™
OH
g :
CH.CH,.CH. CH(CHY),
l i

M)
prior to oxidation, of ﬁwo bile acid sidechain to the
saturated aliphatic'norsterol sidechuin (V).

The classical Barbier-iieland degradation (114, 115)
which involves the successive oxidation of the carbinols
obtained by the Grignard reaetion on the esters and lower

homologues, as shown below, affords the desired products
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in 2-5; yieid.  This route has been applied in several
CH3 cluz OH ' ClH?.
|
C‘H.CHQ.CHx_ConQ —> CH.CHy.CH2-C.Me, —> ?H.CHz.CO:H
[
Norcholanic Acid

W

(lJH (TH%
C

CHs _
Phy —> fl;H.COOH Bisnotchelanic Acid

(u) ——> Ester —— L}1.cH,.
|

CH3 OH .
(i) —> Ester — CH ¢ Phy, —r CIOOH Etiocholanic Acid
l

instances, and improved in several detsils. Hoehn and
Mason (116,117} studied the various steps, and improved

the yields by alterations in experimental conditions. The
greatest loss in this synthesis occurs in the oxidation of
the ternordiphenylethylene (V) %o the etio acid (IX) which
proceeds in only 154 yield. The latter authors described
a 1onger; but preferable route throuzh the ketone (VI), the

benzal derivative {VII) and the glyoxal (VIII), inereasing

the yield at this stage to 407%. Xendall and his associates
CH3 ?H'g CH=CHP} Cl.HO
|
|c=c.Ph2 —> <‘;o — clzo —_— tllo S <;—00H
=

(V) (v) (Vi) (vun (X)
(118) have also described improvements in Yl@ld by varying

excerunental conditions,

For the degradation of the bile acid sidechain ta a
20-;meti:ayl ketone, this method 1s now %perscded by the Meysae%
Miescher method in which the initial diphenylethylene is

converted by Ziegler bromination and dehydrohalogenation
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into a diphenyldiene that on oxidation affords the 20-methyl
ketone., Veystre and Wettstein (125, 128) also showed that

CHs CHs3 OH CHs

! ) ]
ICH. CHz2.CHy.COoH ———— ?H.CHa.CHwQth E—— 'cu.cH,.CH=C.th——*
]

?Hs Br CH3 CHs

) ) '
<':H- CH.CH=€.Phy ——> cC=CH.CH=C.Ph, —~ coO
| |

?HQ BT ‘lezOHC CHz OAC

C=CH.CH=C.Ph, =™ f=C&CH=CPm —_— fo
)

allylie bromination at C~21 occurs on tne diphenyldiene, and
the 2l~bromine atom can be replaced by hydroxy, acyloxy er
alkoxy greupings, thus giving the xetol sidechain directly.
The degradative procedure has been applied to deoxycholie
aacid (118, 119, 129), to cholic zcid (120), to aholﬁn;c
iacid (121), to 3B-hydroxyallocholaniec acid and lithocholic
acid (122). It can also be applied in the presence of
nuelear ketone groups (127) or in the presence of nuclear
mnsaturation (123, 124, 126), e.g., the synthesis of
progesterone from 3P-hydroxychol-S-enic acid.

The method of Hollander and Gallagher (130) was applied

to cholanic aeld and is outlined below. The ylelds in the
CH3 CH} CHsz

] } \ '
CIH.CH:.CHg,CO,H —> ('ZH.CH:-CHz.COCHNz —> ?H.CH,_CHTCOCHg—ﬁ

(X)
CH.CH;.&H.COCH-; —_— lCH.CH'-‘CI-I.COOH —_— ?H.COOH
i

(XD ()
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steps leading to the methyl ketone (X) i.e., formation of
the aeid chloride, treatment with -diazomethane and zine and
nydrochloric acid, were éatisfﬁctdry; . The d-bromdketene
(XI) proved difiicult to purify, however, (possibly due to
a 23-igomeric mixture or presence of a 25-bromo derivative)
and dehydrehalogenation gave only an oily product (XII),
which on oxidation afforded only minute amounts of isomeric
bisnorcholanic acilds.

Another method, rcported by Jacobsen (131) in a
preliminary note, appears more promising. 3tarting from the
phenyl ketone (XIII) of choliec acid, obitauined by the action

C'H?, C‘HS ?r ?Hs Cl)hc
(".H.CHQ.CHQ.COP}\ _ (ILH.CHq.CH.COPh —_—r ClH.CHa.CH.COPh —_—>

(xan (xI\) (xv)
?Hz ?H C'lHa $H3 ORAc CHs
1
?H.CH,.CH.COPh — ?H.CH:.CO.CO.P}\ — ?H.CH’-‘ C.COP}, . ‘l:H.COOH
| .

(W (XvI) (Vi)
of diphenylcadmium on the acid chloride, and proceeding

through the d=bromo {XIV) and A -acetoxy derivatives (XV),
the d\~hydroxyketone (XVI) was oxidised by copper sul;yhate to
the A-diketone (HVII), The derived enol acetate (XVIII)
was then oxidised to the bisnor acid,

The route investigated by Brink, Clark and Wallis (132)

involved the reaction of bromine with the siiver salts of

)

[

bile acids to form compounds in which $the carboxyl group

19

i

6]

is replaced by a bvrominc atom. In % way, 23-bromocholane

was prepared from cholanic acid in 25y yield, but could not
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CHs -CHs

?H.CH,.CH;.COOch + Br, — ?H.CHQ.CHaBr + HojBr + CO,
be further degraded by dehydrohalogenation with collidine,
piperidine, silver nitrate or sodium ethoxide.

The most recently described method, due to Ereoli and
de Ruggieri (133) also utilised the phenyl ketone, and
proceeded by the isonitroso derivative (XIX). Fission
of (XIX) with thionyl chloride gave benzoic acid and the
nitrile (XX), wnich was directly treated with

phenylmagnesiun bromide to give the bisnorcholanyl phenyl

ketone (EXI). Similar stepwise treatment gave the nitrile
C‘Hs ?Hs {\llOH CHs
1
?H.cna.CH,coP}, E— ?H.CHa-C-COPh — > CH.CHa2.CN —>
)
(X1X) (XX)
?HB ?Ha : C".H'; (l:HB
CIH.CH,coPh —_— ?H.CN —> CH.COCHs3 ™ CH.Ofc
T I I
(XxD) (XX10) (Xxm) (xx1v)

(XX1I), which was converted to the methyl ketone (XXII) and
treated with perbenzoic acid, inserting the oxygen atom

as required to.give the 20-acetoxy derivative (XXIV).



ok
ek

A

ad
,{!»‘: -

e

e

[

-
»

o

§ .,
!
¥

g

X

]
S
i




Since deoxycholie acid is an important starting
material for the partial synthesis of sex hormones, and the

amount obtainable from ox bile is approximately about one

eighth as gresat as the cholic acid isolated in the same
process, much research has boen done to realise efficient
methods of converting the latter to the former. The present
best procedures, making use ol the fact that the hydroxyl
groups of cholic acid are oxidised preferentially in the
order Td-l2d-3ck, all involve the selective oxidation at

the T-position followed Ly VWolff-Kishner reduction.

COzH

H
(xxv) (xxvD) (XXVW)

HO’

Wieland and Dane (134) showed that Ti:il2h-dihydroxycholanie
a¢lid could be coaverted into lL2A~hydroxy-T-ketocholanic

geid, und Iwasuki (135) effected the oxidation of 3Kk:iTA=-
dihydroxycholanic acid to 3drhydroxy~7*kétocholanic acid.
Shortly afterwards, Xaziro and Shimada (136) demonstrated the
selective oxidation of deoxycholic acid to 3d-hydroxy—l2-
ketocholanic acid, thus establishing the order of attack
susceptibility as C-7>C-12>C-3 and correctly inferred that
gholic acid should be convertible to 3X:il2Kk~dihydroxy-T7-—
ketocholanic acid. This actual conversion was first reported

by Haslewoo0d{137, 138) by the action of potassium chromate
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in acetic acid buffered witi: sodium acetate, followed by
Wolff-Kishner reduciion in 40p overall yield., HMany other
oxldation procedures have since been described. Gallagher
and Long (139) oxidised ebthyl cholate with chromium
trioxide in agueous acetic acid to give the T-keto
derivative in 404 yield. Two procedures for the large-
scale oxidation oi cholic acid are described by Hoehn and
his associutes (14C, 141), in one case involving oxidation
of the free acid by bromine at »50 (40> yield), and the other
consisting ol chremic acid oxidation of the ethyl ester
(335 yierd). It is interestins to note that the
microbiological oxidation of cholic acid (142) by the

bacillius Alcaligenes faeculis follows the same path as

chemical oxidation, ziving 3dtl24-dihydroxy-T-ketocholanic
acid, then 3d-hydroxy-T:12-diketo-cholanic wccid, and finally
- 3:7sl2~-triketocholanic acid. In regard to the redugtion
of the T~keto grouping, the yield (24%) in the normal
Wolff-Kishner reduction (139) is improved to 57/ by the
modification of Huang-Minlon (143).

In the initial stages of this investigation of poseible
degradations of the bile acid sidechain, deoxycholic acid
was not available, and preliminary small-seale experiments
were performed as outlined below as a guide to the ease of
its accessibility from cholic acid. Cholic acid
(XxX¥; R = H) and its ethyl ester (XXV ; R=CpHg) prepared
by the method of Cortese (144), were oxidised resvectively

by the methods of Haslewood {137) and Hoehn {140) and the
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Cholic Acid ——— 3:12- Dlh\jdrmq-?- keto

cholanic Acid
J] '\\\\\\\*. [I)eox]chblk

| Acid
Ethyl Cholate ——> Ethyl 3:/2- Dihydroxy- /

7- ketocholanate
T-keto derivatives (XXVI; R = H) and(IXVI; R = ¢ H)
characterised by their interconversion by hydrolysis and
esterification. These latfer intermediantes were then
individually subjected to identical Wolf{f-Xishner
reductions, and deoxycholie acid isolated as its acetic acid
and ether complexX. FProm these experiments, it was
apparent that the method of Haslewood, using the free acid,
was preferable, ziving hishcer yields (about 25% overall)
and not requiring isolation of the intermediate T-keto
dervivative (XXVI, R = H). Recently, Ficser and
Rajagopalen (145) have improved tle conversion yield to
545 by applying the Haslewood conditions to methyl
3~carbethoxycholates The same authors also c¢laim that
deoxycholic acid is prepared with great efficiency (684%
yield) and ease by conducting the oiidation of cholie acid
with N~bromosuccinimide in agueous sodium hydrogen carbonate
solution, followed by Huang-linlon reduction. The
alcholic groups at positions 3 and 12 remain unattacked by
excess reagent, making the method conveniently applicable
to the preparation ol deoxycholic acid from the total crude

acids of saponified bile.



Most of the deoxycholio acid used in these
invegtigations was ebtained conveniently, however, from
crude comnercial sodium deoxycholate by mineral acid
precipitation from agqueous solution, filtration, extraction
of fats by hot benzene,'and purification by regrystallisation
from agqueous acetone. ‘

In the first projected degrudation of the gidechain,
the required starting compound was 3di:l2d-diacetoxy-24:24~
diphenylchol-23~ene (3XXAIX), obtainable through 3di11l243 24~
trihydroxy~24:24~-diphenylcholane (XXVIII) (not isolated) by
the action of excess phenylmagnesium bromide on methyl
deoxyeholate (XEVII; R = CH3). The diphenylethylene
(XXIX) was prepared by modiTication of described methods
{146, 116), and isolated by chromatographic purifications.
The action of three oxidising agents, namely selenium
dioxide, N-bromosuccinimide, and tertiary-butyl chremate on
AXIX was investigated, The use of selenium dioxide'as
an oxldising agent has becn adeguately reviewed (147, 148).
It can oxidise methyl or methylene groups adjacent to
carbonyl groups, as in (a), or ethyleanic (b) or acetylenic
groups (e). A different reaction (d) whereby oxygen does
not enter the final product, but where dehydrogenstion occurs,
can also happel.

@ R.CO. CH,. R —5€02 o R co.co.R' + Se+ HaO

() 2 R.CHp.CH=CH.R' —2¢%5 2 R.CH(OH).CH=CH.R' + Se
© 2 R.CHy.C=C.R' M—’-—? 2 R.CH(OH).C= c.R' + Se

(d) 2 R.CHpCH.R' —22225 9 R.CH=CHR' + Se + Hz0
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In view of these observations, products of this type

(XXX), (XXXI), (XXXII) and (XXXIII) were anticipated.

OH o
OAc ORc ‘
C.Ph, C-P}lz
and [or
H - Ac0” M _
(XXX) (xXxn
ORAc / \
Lo, .Phy

A0”

(X%X1) (XXX
Several attempted oxidations, performed by heating a
mixture of selenium dioxide and 3d:l2d—-diacetoxy—24:24~
diphenylchol-23-ene in anhydrous acetic acid under reflux,
proved fruitless, in that only unchanged starting material
was recovered after removal of the precipitated colloidal
selenium by filtration through alumina and repeated
recrystallisation.

The allylic bromination of 3d:l2xi~diacetoxy-24:24-
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diphenylchol-23-ene (XXIX) by N-bromosuccinimide, and
subsequent deh&drobrominafion of 3dil2d-~diacetoxy=-22-=bromo-
24124-diphenylchol~23~ene (XXXII) to 3d:l2d-~diacetoxy—24:24~
diphenylchola—-20:23-diene (XXXIII) has been reported by
Miescher and coworkers (119, 120). In the first
communication, dehydrobromination was effected by
dimethylaniline, and the mixturg re-acetylated, and XXXIII
was reported as existing in dimorphic forms m.p. l40¢142°
and 184° with Ei]3197°. In the second improved procedure,
bromination was accompanied. by incandescent illumination,
and the dehydrohalogenation performed by simple refluxing.
Under tioese concditions, the product showed a doubls melting
point, m.p. 144-146° and 179-180  with [d]p+184°.
Employing the improved procedure, but increasing the
dehydrobromination refluxing time to 7 hours, 3d:l2i-
diacetoxy-24:24~diphenylchola~20:23~-diene (XXXIII) was
obtained by direct crystallisation as feathered needles,
mepe l42~1440 and [dQL;ZlZQ. The yield was increased by
treating the mother liguors with dimethylaniline and
re-acetylating. The ultra-violet light absorption was
comparable in location and intensity to the product duscribed
(119, 120). ‘

The introduction of tertiary-butyl chromate as an
oxidising agent is due to Oppenauer and Oberrauch (149).
The principal feature claimed for this reagent is that it acts
much more selectively than the classical chromium trioxide-~

acetic acid mixture. For example, primary alcohols are

oxidised to the corresponding aldehydes in almost theoretical
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yield, with only small amounts of the carboxylic acids as
secondary products. Another striking feature is its
ability to oxidise methylene groups aetiﬁated by adjacent
ethylenic centres to carbonyl groups (i.e. allylic

oxidation) with a selectivity of the same order as that of
selenium dioxide. It is claimed that cholesteryl acetate
is oxidised by this novel reagent to T-ketocholesteryl
acetate in 925 yield, as azainst the 28% yield obtained by
normal chromic acid oxidation (150). Despite the statement
by these authors that allylic oxidation does not proéeed with
diphenylethylénes (no experimental details and no actual
compounds are gziven), the action of tertiary-butyl chromate
on 34:12&~diaoetoxy~24:24-diphenylchglu23—ene was congidered
worthy of investigation. 3ince, however, many

experimental details in the use of this reagent were
incomplete, discrepancies exist between the theoretical and
experimental sections and the general description is.
eépable of divergent interpretations, model experiménts were
performed initially on the oxidation of cholesteryl acetate
as a gulde to optimum experimental conditions. Subsequent
application of these conditions to 3d:l2f—-diacetoxy=24:24-
diphenylchol-23-ene resulted in considerable decomposition,
with the isolation of an acld fraction believed to be impure
3&:lédrdiacetoxynorchoianic acid, and a neutral fraction from
which only traces of unidentified crystalline material could

be recovered,
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Tertiary-butyl chromate can be prepared according to

the equation

(chs), co
2 (CHs)5.C.0H + CfOs — > ’ ,Cr0; +H0
~ (CH3)s.co

by adding chromium trioxide to an excess of tertiary~butanol.
This mixture is then dissolved in a non-polar solvent (light
petroleum, benzene, or carbon tetrachloride) and can be

concentrated to 30% strength. Such a solution is referred

to as Solution A by Oppenauer. The oxidising power can be

increased by complete removal of the excess butanol (by
vacuum concentration or agueous extraction) to give

Solutioin B. & substantial increase in oxidising power

can be achieved by addition of anhydrous organic acids,

€eZey 5=25% acetic acid, to give Solution C. In the

theoretical desecription, the introduction of a small amount
of acetlc anhydride is recommended.

In the first experiment performed in the oxidation of
cholesteryl acetate (XXXIV), the experimental conditions
employed were those described by Oppenauer (i.e., Solution C
in absence of acetic anhydride) in which a 92/ yield of 7-
ketocholesteryl acetate was claimed. The basis on which this
yield is ealculated is not clear, since the ;roduct, for which
the only physical constant give 1s a low melting point, and
a low mixed melting point, is impure and there is an obV¥ious
typographical error in the weight given either of the
gstarting material or the product. In my hands, this

method gave & product in excellent yield which was an

eguimolecular mixed crystal of cholesteryl acetate and
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7-ketocholesteryl acetate (XXXV), as shown by analytical,
light absovption and specific rotation data as summarised

in the table belows~

d Light ’

MePoe [ JD Absorption o3 %H
Oppenauers 147=
Product. 1520 - - - -
This Report 128~ 0 79.6 10.7

130° | =75 |234  (6,700)| 7987011 ofound

Cholesteryl 1145 0
Acetate 115 =47 1234 (0 ) 181.3 Calgf 11.3 Calc.
T~Ketocholestarl o 0
Acetate. 158 -103 {235 {(12,000)] 78.5 Calel 10.85 Cale.
Equimolecular 0

| Mixture. =75 12345 (6,000) 1 79.5 Cald 10.85Calo

Since in this experiment, the ratio oi atoms of oxygen to
molecules of cholesteryl acetate was 4, a second experiment
using the ratio of 16, i.e., increasing the excess of
oxidiging agent, was performed in an attempt to complete

the oxidation. Under these conditions, also, a mixture of
(XXXIV) and (XXXV) was obtained with a slightly higher
percentage of the T-keto component. Pure 7-ketocholesteryl
scetate was finally obtained in 55; yield using an oxidising
ratio of 8 in the presence of acetic anhydride. It is
reasonable to assume that the effect of the anhydride is fo
react with the water produced in the reaction, thus
maintaining anhydrous conditions, necessary to complete the
oxidation. The oxidising reagent was also satisfactorily
prepared by using chromyl chloride instead of chromium

trioxide, and prepared in this way gave T-ketocholesteryl
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acetate in 60% yield. N A
When the. equimolecular mixed crystal of cholesteryl
acetate and 7wketocholesteryl acetate was chromatographed on
acid washed alumina in an effort to produce separation, the
products isolated were cholesteryl acetate and cholesta-3:5~
dieﬁ~7—one (XxXVI) (oxycholesterylene), which has apparently

arisen by removai of the elements of acetic acid from T-keto-

cholesteryl acetate. This transformation has been
XXXV XXXV XXXVI

previously effected by treatment of XXXV with alecholie
‘alkali (151) or alecoholic hydrochloric acid (152). Although
the change on alumina has not been reported,Bergstrom and
Wintersteiner (153) found that when cholesterol was aefated
in colloidal solution, T-ketocholesterol and cholesta~3:5~
dien-7-~one were isolated. Since, however, the dienone
(XXXVI) was isolated by acetylation of the reaction mixture
followed by chromatography, it is conceivable that it has
been produced from the intermediate (XXXV), and not as a
direct oxidative aeration product. |

Cholestenone wags chosen as a reference compound to
investigate whether tertiary-butyl chronate exerted ité
known allylic oxidising properties on andf -unsaturated

ketone to Produce, in this case, the known 3,6~diketocholegt~—
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4-ene., Cholestenone was prepared by two routes, the first
congigting 6f the customary Oppenauer oxidation of
cholesterol by aluminium tertiary-butoxide (154). The
second method employed makes uge of the novel hydrogen
exchange reaction with cyclohexanone in the presence of

Raney nickel catalyst (155). As regards eass of preparation,

yield and quality of produet, this method did not offer any
advantages over the older method. Treatment of cholestenome
with tertiary-butyl chromate gave a 20% yield of an amorphous
acid fraction, and examination of the neutral fraction
revealed only unchanged starting material., On this evidenee,
1t appears feasible that oxidation may be carried out at
other centres of atback in a molecule without prior |

protection of the unsaturated ketonic systenm.
‘Since attempts to improve the degradation of the bile

acid sidechain from the intermediate diphenylethylene
derivative were unsuccessful, attention was turned to
possible degradative routes from the phenyl ketone obtained
from deoxycholic acid. It was considered that this | _
derivative would be free from the disadvantages attendnm;jm.
degradation of the methyl ketone (ef.Hollander & Gallagher's

method in Historical Section). The degradative routes



envisaged, leading to 17—~ and 20~ ketones, and outlined

below are gelf-explanatory.

- = -

(xxXxvi)

XXXV

}
1 Br,
1 (~HBr)

OAc Ofc

HCO" H

Alkyl and aryl norcholanyl ketones have previouélyjﬁéen
prepared from bile acids, and their use as starting materials
for a convenient degradation of the bile ac¢id sidechain
considered. Hollander and Gallagher (130) prevared

norcholanyl methyl ketone by the actlon of diazomethane on
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cholanie acid chloride followed by treatment with zine dust.
Bromination of this methyl ketone produced difficulties in the
purification of the product due "to traces of the 25«
bromoketone or by the presence of the two possible epimeric
23~bromoketones", Jacobsen (131) has reported, without
experimental details, the preparation of 3d:To :1l2/-
triacetoxynorcholanyl phenyl kctone by the action of
diphenyleadmium on cholic acid chloride, and also the
formation of the corresponding 23~bromo and 23-acetoxy
derivatives. The general applicability of this procedure,
involving the interaction of acid chlorides with the
appropriate cadmium or zinec aryl or alkyl, has been
demonstrated by Hoehn and Moffett (156) and Cole and Julian
(157) who describe in detail the preparation of » number of
phenyl and methyl keitones from various bile acid derivatives,
3d:1l2~Diacetoxynorcholanyl phenyl ketone (XXXVII) was
prepared essentially by the method of Hoehn and Moffeft (156),

by the route showm:-

OH
COOH
—
HO’ H H.co.'é
(XxVvil) (XXXVIi) (XXX1X)
OH ?Ac
j COPhH OPh
—_—
HO" HeO" H

(Xn) (XX XVTI)

e I P L N L ———
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Formylation of deoxycholic acid (XXVII) by the method of
Cortese and Baumann (158, 159) gave 3d:l12/-diformoxychelanic
acid (XXXVIII). Treatment of the latter compound with
thionyl chloride gave the corresponding acid chloride (XXXIX)
which was treated without purification, with diphenylcadmium,
prepared as described by Gilman and Nelson (160). Alkaline
hydrolysis of the reaction mixture gave 3d:124~
dihydroxynorcholanyl phenyl ketone (XL) which on
re-acetylation gives 3d:l2id~diacetoxynorcholanyl phenyl
ketone (XXXVII), characterised by formation of 1ts 2:4-
dinitrophenylhydrazone. Both (XL) and (XXXVII) show
characterigstic ultra-violet light absorption at 24203,
attributable to the phenyl ketone chromophore.

The bromination of 3&:12d—diacetoxynorchoianyl phenyl
ketone was next investigated. By monobromination in acetic
acid at room temperature, 3dil2id-diacetoxy=-23~bromonorcholanyl
phenyl ketone (XLI) was obtained in good yield, and shown to
exist in two easily interconvertible forms. On crystallisation
from methanol and drying in air, the bromoketone had m.p. 110o
Bx3593° and the analysis was consistent for 1 molecule of
bromoketone containing 4 molecule of methanol. Simple heating
in vacuum sufficed to cause its conversion to a form m.p. 167°
and Ei]p+950. The change is presumably due simply to
solvation, as the higher-melting form reverts to the lower-
melting form on reerystallisation from methanol. This
behaviour has also been noted by Cole, Julian, Magnani and

Meyer (161) who obtained 3d:l2A~-diacetoxy-23-bromonorcholanyl
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phenyl ketone similarly, describing ”ﬁheklabile form m.p.
106~108°, Ei:L?Qla”-by crystallisation from acetone, and
"the stable form, m.p. 175°, [ok]l;mso" from boiling ethanol.
When, however, the monobromination was performed in more
concentrated solution at 30—400, instead of at room
temperature, in addition to the main product, a second well-
defined epimeriec bromoketone was isolated in about 10%
yield. This form is considered to be the diastereoisomer
due to the creation of a new centre of asymmetry at C-23.

Two unsuccessiul attenpts were made to prepare 3dil2d-
diacetoxy-23:23~dibromonorcholanyl phenyl ketone (XLII). In
the first, in which one mol. of bromine was added to 3f:12A-
diaeetoxy~23-bromonorch§1anyl phenyl ketone in acetic acid,
no uniform homogeneous product could be isolated. In the
segond, two mols. of bromine were added to 3d:124-
diacetoxynorcholanylphenyl ketone in acetic acid. In this
case, the monobrominated phenyl ketone was isolated in good
yield. The parent phenyl ketone was also recovered
unchanged on treatment with N-bromosuceimide. Attempted
oxidaﬁion with selenium dioxide gave a crude product from
which only starting material was recovered.

Attention was next turned to methods of dehydro-
brominating 3Q:12{~diacetoxy—-23~bromonorcholanyl phenyl
ketone to produce 3d:l2l~diacetoxynorchol-22-enyl phenyl
ketone (XLIII), and the normal procedure of treatment with
tertiary bases was first examined. Heating under reflux
with collidine caused consider&ble decomposition, and

igsolation only of a brown amorphous product, which gave




157,
dark brown gum products after chromatography. Sipilar
treatment using pyridine also gave only dark amorphous
products.

‘. Sodium ethoxide has been used as a dehydrohalogenating
agent on steroid compounds by Chakravorti and Wallis (162)
in their studies on 3J\~acetoxy~ll-bromo-l2-ketocheolanic acid,
Hicka, Berg andOWallis (163), appreciating that

o

|
Br |

dB-unsaturated ketones are often unstable in alkali,
modified the conditions and obtained the dehydrobrominafed
product in 657 yield. It was decided, therefore, %0 use
these experimental conditions. In a preliminary experiment,
a solution of 3d:l2A~-diacetoxy-23-bromonorcholanyl phenyl
ketone in absolute ethanol was heated under reflux for 30
minutes with sodium ethoxide, then the solvent remova@.
Examination oi the aqueous extract revealed the presence of
bromide ions, and the crude product, after washing, gave a
negative Beilstein reaction, indicating removal of the 23~
bromine atom. A product, isolated from a mixture in poor
yileld, proved difficult to purify, and inconsistent analyses

. were obtainedg due probably to the existence of the hydroxyl
groups (from hydrolysis of acetoxy groups) causing solvation.
The light absorption data, however, (discussed later), was
consistent with the replacement of *the bromine atom by either
a hydroxyl or ethoxy group. |

In view oi this experiment, it was considered
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advantageous in subseguent experiments to re—acetylate the
reaction mixture before examining the products. Under
these conditions, two isomeric compounds, 036H5007' were
isolated by fractional crystallisation and chromatography.
The structure of one of these compounds, msp. 173°%, E%]D+900
with light absorption at 24503, has been established as
3d312As23~triacetoxynorcholanyl phenyl ketone (V) vy
comparison with a sgpecimen prepared by an unsmbiguous route.
The other compound, Meps. 2150, Ei]p+l46o, possessing no
high intensity light absorption above 22003 iz believed

to be 3d:il2d:24-triacetoxy-23~keto-24~phenylecholane (XLVI).
It ig apparent from the light absorption data that the
phenyl radicle and ketone group are no longer in
conjugation, which can be explained by the formation of XLVI
(as also can XLV) from the postulated intermediate 23:24-

epoxy-3d:l2(~dihydroxy~24—ethoxy-24~phenylcholane (XLIV).

In order to prove conclusively that the ethoxy radicle

was absent in the end-products (XLV) and (XLVI), the
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bromoketone (XLI) was treated similarly with sodium
methoxide, and the reaetion mixture re-acetylated. The
same two compounds were isoclated, showing that the alkoxy
radiele is absent in the products. |

A precedent for the formation of XLV and XLVI from the
phenylbromoketone {XLI), through an intermediate postulated
ag XLIV is apparent in the work of Temnikova and Kropacheva
(164). These authors showed that treatment of
A-bromopropiophenone (XLVII) with sodium methoxide gave
1:2-epoxy~-i-methoxy-~l-phenylpropane (XLVIII) which on
hydrolysis with 5% sulphuric acid gave phenylacetylearbinol

(XLIX) and methylbenzoyl carbinel (L).
‘OH
1 _
Ph.CO.CH.CHz (L)

Br 0
\ /N
Ph.cO.CH.CHz —> Ph.g—cn.cu; __<
OH

OCHs5 ) _
- Ph.CH.COCHs (XL1X)
{(X1h (XLIV) B

The epoxyether formation was confirmed by Stevens, Malik and
Pratt (165) who showed, moreover, that cleavage of the
epoxide with benzoic acid gave (\~hydroxypropiophenone
venzoate (LI), and with warm methanol gave
d-hydroxypropiophenone dimethyl acetal (LII).

(l)CH3 OH
\ —
Ph‘f'— CH.CHs = (L)

PN y OCHs
Ph.C — CH.CH;
OBz —
(L

|
Ph.CO.CH.CHz

The mechanism for the formation of ~hydroxyketals from
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certain A ~haloketones with aleoholic sodium nlkoxides via
epoxyether intermediates has been postulated by Hard (166)
and by Kohler and Addinall (167). Jhereas the formation

of A~acetoxy phenyl ketone (¥LV) is easily explained by these
analogies, the metiod of formation ol the acetexybenzyl
ketone (XLVI) is legs clear, although it is feasible that it
‘hag arisen by the hydrochloriec acid washing of the sedium
alkoxide product.

In order to establish unequivocally the strueture of
31205 23~triacetoxynorcholanyl phenyl ketone, an authentic
gpecimen was prepared by replacement of the bromine atom in
Jd: 124 ~diacetoxy~23~bromonorcholanyl phenyl ketone with the
acetoxy group. This was achileved by heating a solution of
the brémokatone in ethanel under reflux with fused potassium
acetate. ihen the bromoketone was heated at 100° with
potagsium acetate in glacial acetic acid, it was recovered
unchanged.,

¥hen 3d:lZ&rdiacetoxy—23~br0monoroholanylhphényl ketone
was treated with strong alkali (Marksr-Lawson conditions),
the neutral fraction, obtained in only 40 yield, was an
amorphous solid. Crystallisation from methanol gave, in
5% yield, a product me.p. l79~182g, Lj];36°, believed to
be 3d:12A:23-trihydroxynorcholanyl phenyl ketone. It
appears that the j ~hydroxyketone is unstable in presence of
strong alkali. An appreciable amorphous aclid fraetion
was algo isclated. Due to the nature of the produefs, and
the poor yleld oi crystalline material, this reaction was

not further investigated,



The lizht absorption characteristics of 3ol:lli-
diacetoxynorcholanyl phényl ketone (XAXVII) and its 23-bromo
(XLI) and 23-acetoxy (XLV) derivatives are of some interest.
The parent phenyl ketone exhibits maximum light intensity
absorption at 24203, in good agreement with that reported
for acetophenone, 24102, by Campbell, Linden, Godshalk and
Young (168). The introduction of A-substituents causes a
marked increuse in the wavelength of maximum absorption, the
bathochromic shift amounting fo 39u in the case of the
d-acetoxy derivative, and 147u in the case of the i -bromo
derivative. In comparison with acetophenone,
oA -bromoacetophenone exhibits maximum absorption at 24803,
(169), 1ise., a2 bathochromic shift of 79». This behaviour
hag previeusly been noted in the steroid nucleus (170},
Campbell et al (163) have drawn attention to the faet that
the spectrum of a phenyl ketone (acetophenone) is similar
to, and the intensity the same order as, an aromatic ring in
conjugation with an ethylenic linkage, and Djerassi et al
(171) have shown, in a study of the effect of bromine
substitution on the absorption spectra ofdf-unsaturated
ketones, that in the presence of a phenyl group in
conjugation with either the double bond or carbonyl group,
the bathochromic shift to the introduction of a bromine atom
is 8—147@.

The investigation on bromination of norcholanyl phenyl

ketones has been extended by application to the corresponding

3A—acetoxy~l2-ketonorcholanyl phenyl ketone {(LVI). The

general procedure for the preparation of the necessary
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i

intermediate, 3o« ~hydroxy-l2-ketocholanic acid‘(LV) congists
of protection of the 3d-hydroxy group of deoxycholic acid
(or its ester), followed by chromic acid oxidation and

alkaline hydrolysis. The 3-hydroxyl group has been

o)
OH CO,R
——— 3
HO” W H
(XxVH) (LIV)
o o o) Br
CO,H COPh COPh
_— —_—
Ho"’ H [ H id H
L) (LvD (v

protected by formation of the hemisuccinate (172, 173),
acetate (174, 175, 176, 177) and benzoate (178). Using
the method of Kendall (i78) nethyl 3d-benzoxy=—12d=
nydroxycholanate (LIII; R = Me,R! = B,) was prepared, and
oxidised by chromic acid in a two phase system to give
methyl 3d-benzoxy-l2-ketocholanate (LIV; R = Me,R’ = B,) in
high yield. The latter compound was not purified, but
hydrolysed directly to give the desired acid (LV). Although
this procedure gave the keto acid in good yield, the method
of Kaziro and Shimada (136) (ef. also Dergstrom and Haslewood
(179)), whereby deoxycholic acid is oxidised directly under

controlled conditions, proved preferable, a comparable
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yield being obtained with more ease and ranidity.

3A-Hydroxy-l2-ketocholanic acid was converted to 3~
acetoxy-l2-ketonorecholanyl phenyl ketone (LVI) by the
diphenylecadmium route outlined previously for the
corresponding 3dil2A-diacetoxy series, and the conétants of
the intermediates proved to be in good agreement with those
reported by Hoehn and Moffett (156) 3d-Hydroxy—,3d-formoxy-,
and }ﬁ~acetoxJ—l£-ﬁetonoLeholanyl phenyl ketone all show
light absorption maximum intensity at 24lOA (attributable
to the phenyl ketone system) and a low intensity inflection
at 2700~2800§ (attributable to the l2-keto grouping).

By treatment of 3d—-acetoxy-l2-ketonorcholanyl phenyl
ketone with one mol,., of bromine in glacial acetlc acid at
30~350, 3d=-acetoxy-23~bromo~ll-ketonorcholanyl phenyl ketone
(LVII) was isolated in two distinet forms, considered to be
diastereoisomers due to the creation of an asymmetric centre
at C-23. Both forms exhibited identical light &bsofption
at ,3550?% ( € =10,900), the bathechromic shift of l4r7w
showing aeonclusively that bromine had entered, as expected,
at (-23 in preference %o C-11.
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A1l m.p's were determined using s standardised N.P.L.

thermometer.

Specific rotations were determined in chlovoform solution
(except where oth-rwise stated) in s 1 dm, tube at room

temperature,

Ultraviolet absorption spectra were measured in ethanol
solution (except where otherwise stated) using a Unicem

8P, 500 gpectrophoteometer,

Microanalyses were dstermined by Dr, A.C. 3yme and
Mpr, Wm, McCorkindale, of the Chemistry Department, Royal
Technical Collegé, Glasgow, and Messrs, Weiler and

Strauss, Oxford.

The alumina used for chromatographic purnoses was that
supplied by Savory and Moore, Grade 11 (exespt where
otherwise stated), standardised according to Brockmann,.



Ethyl Cholate. ,
(cf. Cortese J.imer.Chem.Soec., 59 (1937), 2532)
v ' ‘ R+
To ethanol (95%; 250 c.c), previously cooled to O ,

ﬁas added fuming sulphuric acid (20-307% S033; 10 c.c.) and
cholie acid (25 See After shaking for 5 hours, the
ingoluble impurities were removed by decantation, the
mixture kept at o° for 24 hours, then poured slowly with
stirring into a solution ol sodium hydroxide (20 g.) in
water (2 litres). Bthyl acetate (50 c.c.) was stirred in
to neutralise excess alkali, the product removed by
filtration after standing at 09 for 10 hours, and dried in
vacuo at room.temperétare. One crystallisation from
light petroleum {b.p. 40-60°2)-ethyl acetaté (4:1) yielded
ethyl cholate (25.6 g.) , masDe 153~4°. It was not purified
further,

0 {
Cortese (loc.cit) gives m.p. 162-163 for the pure ester. .,

Ethyl 3dil2d—dihydroxy~7-ketocholanate.
Method 1« (cf. Hoehn & Linsk J.Amer.Chem.Soc. 67 (1945), 312)

To a solution of ethyl cholate (22 g+) in acetie acid
(125 c.c.3 TO%) cooled to -50, was s dded chryomic aeid
golution (22 e.ce; N) with stirring over 1} hours. After
gtirring for a further 30 minutes, the reaction mixture
was poured into water and extracted with benzene (4 x 25 c.c.).
The extract was washed successively with water, dilute
hydrochlorie agid and waber, then the solvent removed under
reduced pressure. Crystallisation of the residue from

methanol yiglded ethyl 3d:l2d~dihydroxy-7—ketoohclanate.(3.3g)
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MeDe 153~156°. . Less pure product was obtained in
subsequent CYropSe )

Fieser and Rajagoyalant(l45) give ma.p. 158~159°
Method 2. (of. Haslewood Biochem.Jd. 37 (1943), 109)

To a solution of cholic acid (10 g.) in warm glacial
acetic aeid (100 c.c.) was added crystalline sodium acetate
(20 g.). The solution was then cooled to 200, and treated
with a solution of potassium chromate (6.34 g.) in water
(20 c.c.), added with agitation until solution was complete.
After 24 hours, the solution was diluted with water (700 c.c.).
Sodium chloride (100 g.) was added, the mixture allowed to
stand for a further 24 hours, then filtered. The filter
was washed with sodium hydroxide solution (100 e.c.j; N) and
water (200 c.c.), these washings added to the filtrate, and
the mizturelboiled for 10 minutes to coagulate the chromium
salts. Sodium chloride (50 g.) and sulphuric acid (200 c.cj
N) where then added with shaking. After standing 16 hours,
the precipitate was collected, washed with cold water,
partially dried and taken up in ethanoli. The ethanol
golution wag filtered and the solvent removed under reduced
preségge to leave crude 3&:12¢—dihyéroxy~7~ketgéﬁéiégic acid
ag a yellow gum (7.1 g.). The gum (1 g.) was heated under
reflux with ethanol - {4 c.c.) and concentrated sulphuric
actd (1 c.c.), diluted with water and extracted with ether.
The ether extract was washed successively with water,
sodium carbonate solution and water, the ether evaporéted
and the residue crystallised and recrystullised from

methanol to zive ethyl 3d,;l2d~dihydroxy-T-ketocholanate
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(500 mg.) meps 1570, undepressed by & specimen prepared by
Method 1. |
Haslewood (loc. cit) gives mape 155157 .

3k 124A-Dihydroxy-T-~ketocholanic acid.

Ethyl 3d:l2d~dihydroxy-T-ketocholanate (300 mg.) was
added to a solution of sodium (70 mg.) in ethanol (2.5 ml.)
and water ( 1 drop), and the mixture heated under reflux for
30 minutes. After cooling, water (200 c.c.) was added, the
mixture heated to boiling and acidified with sulphuric aeid
(5 cocuy W), The precipitate (230 mg.) was collected after
2 days, and after drying at 65~700'had MeDe 132-148°, (The
m«p. is largely dependent on the degree of hydration which
varies with the drying conditions). = Crystallisation from
‘ethyl acetate gave 3d:l2d-dihydroxy-T-ketocholaniec acid as
needles, Mm.p. 1950.

Hoehn and Linsk (7) give m.p. 197-199° for material

crystallised from ethyl acetate.

Deoxycholic Acid.

(a) Kighner—7olff reduction of ethyl 3d;l24-dihydroxy-—T7-—
ketocholanate. '

Ethyl 3d:l24~dihydroxy-T~ketocholanate (3.0 g.),added

to a mixture of sodium (1.2 g£.) in ethanol (15 oc.c.) and
hydrazine hydrate (7 c.c.; 855) was heated at 180—2100 for
3 hours in a stainlegs steel tube. After cooling, the
product was extracted with water (500 c.c.), acidified with
dilute sulphuric acid, and the suspended precipltate gently

warmed to disperse gels. After standing overnight, the
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precipitate was collected, washed with water and dissolved

in eold ethanol. The golution was filtered and the

solvent removed under reduced pressure to leave a yellow

gum vhich erystallised on addition ol ether (10 c.c.).
Filtration gave the deoxycholie acid - ether complex (700 mg.),1
m.p. 149-153°.

(b) Kishner-iolff reduction of 3d:l24-dihydroxy=-7-
Ketocholanic acid.

A solution of 3d:12d~dihydroxy-T-ketocholanie aeid
(6.0 g.; gum as prepared by Haslewood method) in ethanol
(15 c.c.) treated exactly as in (a) guve the deokycholie
acid ~ ether complex (2.30 g.) mepo l47~1520.
Recrystallisation from acetic acid gave the deoxyeholile

o
acid ~ acetic acid complex as needles mep. 137 &

(c¢) Sodium Deoxycholate.

Commercial sodium deoxycholate (200 g, Allen and
Hanbury) was dissolved in warm water (2 litres), cooled, and
the dark brown liquor acidified by dropwise addition with
vigorous stirring of a mixbture of concentrated hydrochleric
acid (50 c.c.) and water (200 c.c.). After standing
overnight, the precipitated acid wag filtered, partially
dried in wvacuum over potassium hydroxide, and extracted
by suspending it in refluxing benzene. Dryness was
ensured by distilling off the benzene -~ water azeotrope,
then the acid was removed by filtration. (evaporation of
the filtrate yielded a residue (9 g.) of benzene soluble

material which was no% examined). The acid was recrystallised
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from acetone ~ water (4:1) to yield deoxycholic aeid
o
(130 g.} MePe 168 .

Metnyl Deoxycholate.

Concentrated hydrochlorie acid (8 c.c.) was a&déd to
a solution of deoxycholic acid (130 g.) in methanol (500 c.c.)
After standing overnight at 00, the mixture was neutralised
by addition of sodium hydrogen carbonate, concentrated under
reduced pressure, and the product allowed to crystallise.
Filtration gave methyl deoxycholate (101 g.) meDe 65~7BQ.

The me.p. of this ester.(solvated with methanol) is not

a satisfactory criterion of purity.

3d:120s 24~Trihydroxy-24: 24~diphenylcholane.

¢f. Organic Syntheseé 24, 41.

A solution of methyl deoxycholate (100 g.: 0.25 M) in
dry benzene (1 litre) was added with stirring over llhcur
to a solution of phenyl magnesium bromide (made from
magnesium (96 g.; 41) and bromobenzene (628 g.; 44) in ether
(1100 c.c.) and the mixture heated under reflux for 3 hours.
The ether was then distilled off, benzene (1 litre) added
and the mixture heated under reflux for a Tfurther 20 hours
gfter which it was cooled and added cautiously with
vigorous stirring to crushed ice (3 kg.) containing
concentrated hydrochlorie acid (1 litre). The benzené
layer was separated, washed successively with aquéous
hydrochloric acid (5N, 2 x 1 litre), sodium carbonate

solution (5%, 2 x 1 litre) and water (2 x 1 litre).
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Bvaporation of the solvent left a viscous asyrup which waa
taken up in methanol (500 e¢.c.) and hydrolysed {ta remove
unchanged ester) by refluxing for 1 heur with & solutien

of potassium hydroxide (15 g.) in water (50 c.C.)e  The
reaction mizture was then concentrated under reduced
pregsure (erystals of diphenyl were observed in the
distillate), the residue extracted with ether, and the ether
extract washed with water. Removal of the ether gave a
syrup, which was dried by disgolving in benzene (500 c.e.)
and removing the solven?’t by distillation. The desired

roduct, obtained as a viscous syrup, was not further purified.
¥y ] p

Jdsl2d-Diacetoxy—24:24~diphenylichol=23=ene.,

3ks 120k 24~Trihydroxy—-24: 24—diphenylcholane (gum as
obtained above) was taken up in dry pyridine (200 c.c.) and
acetic anhydride (400 c.c.). after heating on the water
bath for 20 hoars, the coolzd reaction mixture was poured on
to ice to produce an oil which solidified on trituration.
The solid was removed by filtration, taken up in ether
(500 c.c4), washed successively with water (500 c.ce.), dilute
hydroehloric acid (5N; 1 litre), sodium carbonate solution
(1053 600 c.c.) and water (1 litre) and dried (ﬁagso4).
Removal of the ether gave 3d:12d~diacetoxy~24;24*
diphenylcholan~24~0l as a viscous syrup which was dissolved
in glacial acetic acid (200 c.c.). The solution was
distilled for G hours from a 4 foot helix packéd column
employing a high reflux ratio. The remainins solvent was

then removed under reduced pressure and the residual viscous
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oil poured into water to give a product which selidified on
trituration. This solid was dissolved in ether (200 c.c.)
washed successively with water, saturated hydrogen earbenate
golution and water, the ether removed ond the residue dried
by benzene co~distillation. A benzene solution was
chromatographed on a column (26 x 2.7 om,.) of alumina, and
the c¢olumn developed with the same solvent. Evaporation
of the eluate (1 litre) yielded a pale yellow gum which gave
3dtl2d-diacetoxy—-24;: 24~diphenylchol=23-ene (3645 g.) Mapo 145°
ag needles from n~propyl ether — light petroleum (D.p. 40-60°).
Recrystallisation from ethanol raised the m.p. to 1590.

[] +89.4° (c, 2.0) ]

Light absorption: maximum ot 25204 ( £ =15,400)

Found: G, 80.8 ; H, 9.0

Cale. for CypHe,0, ¢ G, 80.5 3 H, 8.8%
Hoehn & Mason (J.Amer.cnem.Soc. 60 (1938), 1493) Bive MeDe \

160°, [d; +118° (in alcohol).

o
Organic Syntheses 24, 41 gives mep. 159~160 .

Experiments on the Oxidation of 3d:l2h-Diacetoxy—24324-
diphenylchol—23-ene., |

(a) Using selenium dioxide.

Anhydrous selenium dioxide (5.0 g.) was added %o a
solution of 3d:l2d~diacetoxy-24:24-diphenylohol~23-ene (5 g.)
in glaecial acetic acid (200 c.c.) and the mizxture refluxed
for 30 hours, during which the solution darkened considerably

and an odour of hydrogen selenide was perceptible. The

solvent was then removed under reduced pressure, the

residue taken up in ether, filtered, washed successively
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with water, saturated sodium hydrogen carbonate sclution,
water, refiltered and dried‘(ﬂa2304). Removal of the
ether gave a dark red yum, which was dissolved in benzene
{100 c.c.), filtered through a column (8 x 2 em.) of alumina,
and eluted with the same molvent (1100 c¢.c.). Removal of
the benzene left o dark brown gum (4.5 g.) still contaminated
with selenium, which, after repeated recrystallisation from
ethanol, yielded unchanged starting material, m.p. 159-1610.

(b) Using N-bromosuccinimide.

cf. Meystre, Prey, Welttstein & liescher Helv,Chim,Aeta 27,

3 L)
Meystre, Neher, Ehmann & Miescher Helv,.Chim.Acta 28,
(19%457, 1252,

N-Bromosuccinimide (6 g.) was added to a solution of
3d:1l2¢~diacetoxy~24:24-diphenylchol~23~ene (20 g.) in
carbon tetrachloride (200 c.c.) and the mixture heated under
reflux, with irradiation from two 100 watt lamps, for 20
minutes. The succinimide was then removed by filtration,
the filtrate heated under reflux for 7 hours (during which
hydrogen bromide was evolved), then taken to dryness under
reduced pressure. The gum residue was crystallised from
acetone, and recrystallised thrice from acetone - methanol
to give 3d:il2i~diacetoxy-24:24~diphenylchola-203123~diene
(10.0 g.) feathered needles, m.p. 137-139°.  The acetone
crystallisation mother liquors were evapoiated to dryness
and the residue heated under reflux for 1 hour with
dimethylaniline (10 c.c.), diluted with water and extracted

with ether. The ether exitract woas washed with dilute
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hydrochloric acid and water, dried (Naéso4), evaporated to
dryness and acetylated by heating with pyridine (10 c.o¢)
and acetic anhydride (10 c.¢.) for 1 hour on the water bath.
Working up in the usual way gave, on crystallisation from
agueous acetone, a Turther yield (2.5 g.) ¢f the same
product, m.p. l35~l4oo. Recrystallisation for analysis
raised the m.p. to 142-144°. |

[a]y212° (¢, 0.6).

Found: G, 80.5 § H, 8.7

Calc. for CyoHs004 3 C, 80.5 3 H, 8.5%

Light absorption: maximum at 30593 ( €= 26,000)
Meystre et al (118) give m.p. 140-142° and 184°, [&] +197°
for this compound.

(e) Using tertiary-Butyl Chromate.

Glacial acetic acid (2 c.c.) and acetic anhydéride (1 c.c.)
wag added to a solution of 3d:l2d-diacetoxy-24:24-diphenylehol-
23-ene (1 ge; 1.7 mi) in carbon tetrachloride (5 c-e.). A
solution of tertiary-butyl chromate (= 8.84 mi Gr03) in
carbon tetracihnloride {lo‘c.c;) was added dropwise overxr 30
minutes with stirring, then stirred for 2 hours at room
temperature, 2 hours atb 500, and the reaction mixture
allowed to stand overnight. The resultin; sludge was then
shaken for 30 minutes with a saturated aqueous solution of
oxalic acid, the organic phase separated, and the agueous
phage extracted several times with earbon tetrachloride. The
conbined extracts were washed with water, %'sodium hydroxide

solution (produced a yellow aqueous layer after precipitate
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The alkali soluble fraction was acidified with hydro-
chloric acid and extracted with ether, Reroval of the €ther
from the dried extract left a yellow gum (200 mg.) which
gave a solid m.p. l74~184° from ether - light petroleum.

A recrystallisation from the same solvent raised the m.p.
to 184190 .

The carbon tetrachloride extract was dried (NagS@4),
and the solvent removed under reduced pregsure to leave an
oily gum which could not be crystallised., Half of this
product was taken up in methanol, and treated with Braé&'s
reagent to give an orange precipitate (12 mg.). Two
erystallisations from chloroform — methanol gave an orange
dinitrophenylhydrazone, m.p. 2336.

Livbt absorption: maxima at 9ﬂo0n (E 560) and
39008 ( om 110) .

The rcmainder of the product was dissolved in benzené’and
chromatogrgphed on benzene. Elution with benzene (350 ml.)
gave a éolourless 0il, which deposited crystals (40 mg.)”
after standing several weeks. Filtration yielééd,a |
5011id mep. 133-137°,

Livht absorption: maximum at 2460~25OOA (El% 52). :
Subsequent development of the column yielded only amerphous

and gun products.

Prenaration of tertiary-Butyl Chromate.

(a) From Chromium Trioxide.

Oppenauer & Oberrauch Anales asoc.quim.argentina 37
(1949), 246.




Chromium trioxide (30 g.) was dissolved in tertiary-
butanol (86 c.c.) with external éoeling. . The solution was
then diluted with earben tefrachloride (400 c.c.), anhydrous
godium sulphate addéd, and the mixture stirred vigorously
whilet the less dense agueous layer disappeared, after which
it wag allowed to stand overnight. The solutioﬁ was
evaporated under reduced pressure, after removal of the
gsodium sulphate, to a volume of 160 c.c., then made up %o
200 c¢.c. with more carbon tetrachloride.

(b) From Chromyl Chloride.

Chromyl chloride {(15.5 g.) was added slowly with
shaking and cooling to tert-butanol (37.0 g.), allowed %o
gtand 15 minutes, then diluted with carbon tetrachloride
(250 c;c.). The mixture was then stirred vigorously with
anhydrous sodium sulphate, and allowed to stand overnight.
LAfter removal of the sodium sulphate, the solution was

concentrated under reduced pressurs to a volume of 100 c.ca

0

Adetion of Tertiary-Butyl Chromate on Cholesteryl Acetate.

(1) Using 4 atoms of oxyzen per mole of cholesteryl acetate
Tertiary-butyl chromate solution (50 c.c.; 4 atoms O ”
equivalent;lprepared as in (a) above), to which glacial
acetic acid (10 c.c.) had been added, was added dropwise with
vigorous stirring over 2 hours to a solution of cholesteryl
acetate (10 g.) in carbon tetrachloride (6 c.c.). The dark
reaction mixture was allowed to stand at room temperature for
48 hours after which a heavy gel héd separated., The mixture

wag then stirred with a saturated agueous solution of oxalic
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acid until evpluiion of ecarbon dioxide ceased (2 hours).
The carbmn tetrachlaride 1ayer was then sekarated, and the
agueons layer twice extracted with the same solvent. The
combined carbon ietrachloride extracts {100 c.c.) were
washed successively with water, sodlum carbonate solution,
water and dried (N32$04), Aeidifieation of the alkaline
extract ylelded a negligible aeid fraction. Removal of the
carbon tebr:chloride under reduced pressure left a white
crystalline solid (97 Ge)s MaDs 107-1219. Recrystallisations
from methanol yielded 2 mixed orystal of cholesteryl acetate
and T=ketocholesteryl acetate (1l:l) as fine needles, m.p.
128~130ﬁ. A eolution in chloroform gave a yellow colour
with tetranitromcthane.

[&]~75° (¢, 1.0)

Cale. for 1l:1 mixturec [dJ -750

Light absorption: maximum at 2340A (e=6 SGO)

Calai for 1:1 mixture: € = 6,100

Found: Cy 7946, T9.8 ; H, 10‘7. n.a

gale. for Q29H4802’c2934603‘ Cy 7945 3 H, 10.85%

(2) Using 16 atons of oxygen per mole of cholesteryl aecetate.

Cholesteryl acetate (5.0 g.) in carvon tetraghloride
{3 c.ce) was treated with jerdisry-butyl chromute solution
{100 c.c.) and acetic acid (16 c.c.) and the recactien
nixture worked up as ian(l1). After repeated
recrystullisations from mefhnanol; the mixed product of
ciiolesteryl acctate and T-ketocholest.uryl aceiate had mepe

136-133°,
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Q.
[d]g82% (6, 2000 y .
Light absorption: maximum at 23504 ( € =7,800)
Founds ¢ ¢, 80.5 § H, 1l.2
Cale. for C gk, a0,: C, 81.2% ; H, 11.3
Cale. for CpgHyg0y: Cy T8.T ;5 H, 10.8%.

(3) Using 8 atoms of oxygen per mole of cholesteryl acetate
in presence of agsetic anhydride.

To a solution of cholesteryl acetate (4.0 g¢) in carboﬁ
tetrachloride (10 c.d.) was udded tertiary-butyl chromate
solution (7% c.c.) to which glacial acetic acid (8 c.c.)
and acetlic anhydride (4 c.c.) hed been added. The
reaction conditions and isolation procedure adopted in (1)
and (2) were Tollowed to yield 7-ketocholesteryl acetate
(2.22 g.) m.p. 156-158% (undepreseed on mixture with an g
authentic specimen) as needles from methanol. . ‘

[dJD*lOSO (C, 0.8) Literature value [d{h;1039 '
Light absorption: maximum at 23402 {( € =12,300) "

CiEay

(4) Using conditions of (3) and tertiary-butyl chromate
prepared as in (b),

Cholegteryl scetate (4.0 g.) in carbon tetrachloridé
.(10 cecs) was treated as described above with tertiary- :
butyl chromate solution (50 c.c. prepared as in (b)) to
which glacial acetic seid (10 c;c.) and acetic anhyaride'
{3 cuc.) had been added. - In this case, the yield of
T-ketocholesteryl acetate, m.ps 155~1570 wag 2.43 g. (60%).
An appreciable guantity of a brown amorrhous resin was

isolated from the acid fraction.
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Chromatography of Mixed Crystal, m.pe 128-130 , of
Uholesteryl Acetalte and {-Ketocholesteryl Acetate.

The alumina used (Savory and Moore) was washed with

warm agueous acebic acid (504), then with distilled water

until the washings were neubtral. It wus re-activated
0 . .
by heating at 200" for 45 hours. The colum used was

20 cme X 18 cm. dia, The mixed crystal (1.0 g.) was
dissolved in benzene, and developed a pale yellow
fluoreseence on the colwmn., Fractions were colleoted in

50 ce.c. csunantities.

f??aétién. Zluent. Product. HeDe
o i}ivu " Benzene Yhite Wax 15 -
2, - » 4 " " 540 -
3. . | imite Solid 110  106-109°
VR B o " " 110 : 105?1650
R A om 10 -
el e  Clear Gum 70 108-116°
Ch v e A s , (erystallised
on adding
MeOH)
T=9e. o " o -Lraess T -
10,  Benwene-ZEthanol(ln) Nil. - e
. %% (2%)  Fil. - =
12, " » (5%) Nil. - Lo
L

‘Fractions 1 und 2 were combined, and exhibited a light ;
- e 0 CLoreds
absorption maximum at 27804 (€=3000) i.e., indicative of f

cholesteryl acetate with 155 choleata-3:5~dizn~T~one as

impurity. One crystallisation from ethyl acetate gave
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cholesteryl acetate m.p. 111-113°%, undepressed on mixing
with an authentic specimen., ' B
Fractions 3, 4, % and 6 were combined and reorystallised
from aqueous ethanol to give cholesta-3:5-dien-T-0ne, m.pe
110°.

[d] 297" (¢, 0.8) , |

Light Absorption: maXimum at 27704 ( € =21,600)
Bergstrom and vintersteiner (loc. cit) give m.p. lOSwlllQ

(4]
[];-279° and light absorption at 20004 ( € =23,000)

Cholestenone.

{a) Oppenauer oxidation of cholesterol.

ef. Qrganic Syntheses 21, 18,

The only variation in the described procedure consisted
in crystalling ths gun vroduct by cooling it to -700, adding
acetone (25 c.c.) and allowing the mixture to attain room
temperature with trituration. By this method, cholesterol
(40 g.) yielded cholestenone (27.5 g«) MeDe 78~800.

{b) By hydrogen exchange with cyclohexanone.

c¢f. Kleiderer & Xornfeld J.O0rg.Chem., 13 (1944) 455.

A mixture of toluene (450 c.c.), cyclohexanone (130 c.c.)
Raney nickel (ca. 30 g.; Org.Synth. 21, 15) and cholesterol
(15 g.) was heated under reflux for 24 hours. Tha‘catalyst
was then removed under reduced pregsure to leave a brown gum.
The residue was taken up in ether and the solution re-filtered.
As the gum residue cbtained on removal of the ether could not
be satisfactorily crystailised, it was dissolved in benzene,

and filtered throush a column of alumina with washing by
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the mame solvent. Removal of the benzene left a pale
yellow gum, which crystallised from scetone - methanel
giving cholestenons (5.7 Zo)y MeDo 1760.

Action of tertiary-Butyl Chromate on Cholestenone.

Cholestenone (1.90 g.) was treated with 2 mixture of
tertiary-butyl chromate solution (40 c.c.; prepared as in
method (a) previously deseribed) to which acetic aeid (5 c.a)
and acetic anhydride (2 c.c.) had been added, in the usual
manner. Evaporation of the solvent from the dried carbon

tetrachloride extracts gave 2 gum (1.35 g.) which was

disgolved in hot methanol. On cooling, @an oil which
separated solidified on standing. The 801id (09 Z¢ mep.

64-78%) gave cholestenone m.p. 78-790.on one crystallisation
from methanol.

Agidification of the alkaline extract with hydrochlorie
aeld produced a precipitate which Waa taken up in ether,
washed with water, and dried (Na2804). Removal of the ether
gave a solid amorphous residue (300 mg.).

o 1
Light absorption: maximuwn at 23604 (Elgm 112).

Jdil2d=-Diformoxychelanic Acide.

cf, Hoehn & lioffett J.imer,Chem.Zo¢. 67 (1945), T40

A solution of deoxycholic acid (50 g.) in fermic aeid
(100 cace3 90j:) was heated at 70-30° for 5 hours. On
cooling, the product crystallised and wag {iltered. One
recrystallisution from Tormic aoid gave 3 112 =
diformoxyeholanic acid (47 &+), mepe 1945

Hoehn & Moffett (loc. cit) give mep. 195—6O
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3dsl2d~Diformoxycholanic Acid Chloride.

Thionyl chloride (90 c.c,y distilled from quinoline
and raw linseed oil) was added to 3d:l2¢=diformoxycholanic
acid (46 g.), and the mixture allowed to stand at room
temperature. The geid diswzolved with evolution of sulphur
dioxide and hydrogen chloride. Aftef 1 hour, dry ether -
benzene (1000 c.c.j 1:1) was added, then the solvents
removed under reduced pressure. This was repeated twice
more to leave the desired product as a gum which was used

without further purification.

Diphenylcadmium.

c¢f. Gilman & Nelson Rec.trav.chim. 55, (1936) 518.

Anhydrous cadmium chloride (52.8 g.) was added in
portions with cooling and stirring to a solution of phenyl
magnesium bromide, prepared in.the usual manner from
magnesium (11.70 g£.), bromobenzene (53.10 c.c.) and ether
(300 c.c.). A dark sludge was formed and a granular
precipitate was produced. The mixture was stirred for 30
minutes, and allowed to stand at room temperature for 1;

hours before use.

3s 12o{~Dihydroxynorcholanyl Phenyl Xetone.
cf. Hoehn & Moffett J.Amer.Chem.Soc. 67 (1945), 740,

The diphenylecadmium suspension (as prepared above) was
added portionwise over 30 minutes with vigorous stirring to

a refluxing solution of 3d:l2u~diformoxycholanic acid

-

chloride (as prepared above) in dry benzene (600 c,c.)
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After heating under reflux for a further 10 minutes, the
white‘solid complex which had separated was decomposed by
addition of dilute hydrochloric acid. The layers were
separated, and the agueous layer extracted once with ether.
The orguni§ layer and ether extract were combined, washed
with dilutevhydrochloric acid and water, then steam distilled
to remove the.solvents and diphenyl. After decanting the
water, the glasé ?roduét was hydrolysed by heating under-
reflux for 4 hours with methanolic sodium hydroxide (1000 c.c.;
25} The solvent was then removed under reduced pressure
to a volume of 500 c.c. the product allowed to crystallise,
and removed by filtration, It was digested with ether
(ca. 100 ml.) to remove the colour, cooled and filtered (29 g)
One erystallisation from methanol gave’pure 3 3124~
dihydroxynorcholanyl phenyl ketone (25 z.).

m.p. 202-204°

[d]£¢45° (¢, 0.8 in dioxan).
Light absorption: maximum at 24202 (£=12,900)
Hoehn and loffett give m.p. 20’3—-?_05o Ei]gdﬂu5°.

Jd:l24-Diacetoxynorcholanyl Phenyl Ketone.

A solution of 3d:l2d-dihydroxynorcholanyl phenyl ketone
(9.1 g.) in glacisl acetic acid (25 c.c.) and acetiec
anhydride (35 c.c.) was heated under reflux for 13} hours,
then the solvents removed under reduced pressure. The
residual brown erystalline so0lid was recrystallised from

acetone to give 3d:l2d~diacetoxynorcholanyl phenyl ketone
0
(8.34 go) TMePo 135”'137 °
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[d]cf9lo (Gy 1.0 in dioxan)

Light Absorption: maximwn at 24202 ( €= 13,500)
Hoehn and Voffett (loc. cit) give m.p. 136-137° [d] +92.5°
Treatment of the ketone (100 mg.) with Brady's reagent gave
a product m.p. 110~120°. It was purified by
chromatographing a benzene solution on a column (9 x 2 cm.)
of alumina. Elution with benzene (150 c.c) removed a
green-yellow band which gave a negligible residue. Elution
with more benzene (250 c.c.) removed an orange band which
left an orange gum residue. Crystallisation from

chloroform — methanol gave 30:l2d~diacetoxynorcholanyl

phenyl ketone 2:4-dinitrophenylhydrazone as orange plates

m.p. 117-122°. Three further recrystallisations did not
alter the melting-point.
Found: Cy 6746 3 Hy, 742 ; N, 8.1
C40Hs5008N, req. ¢ C, 67.0 5 H, 7.3 3 N, 7.8%
Light absorption: maximum at 37502 ( € = 28,600)

Action of Selenium Dioxide on 3X:l2X-Diacetoxynorcholanyl
Phenyl Ketone. 4

A mixture of 3A:il2k-diacetoxynorcholanyl phenyl ketone
(536 mg.) selenium dioxide (1.70 z.) and acetic anhydride
(6 c.c.) was heated under reflux for 4 hours. Precipitated
selenium (730 mg.) was removed by filtration, and the filtrate
poured into water to give a dark red oil, which was
extracted with ether. After wi.shing with water and drying
(Na2804), the ether was removed to give & dark red oil which

could not be crystallised. An agueous methanolic solution
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was treated with active c¢harcozal to remove the remaining
selenium; crystaillisation from acetone, after this

treatment, yielded unchanged starting muterial (230 mg.)

Action of W-Bromosuccinimide on 3d:l2d-Diacetoxynorchelanyl
Phenyl Ketone., '

A mixture of 3dil2¢~diacetoxynorcholanyl phenyl ketone
(536 mg.), N-bromosuccinimide (19¢ ag.) and carbon
tetrachloride (15 c.c.) was heated under refiux in a quartz
flask with ultra~violet irradiation. After 50 minutes,
the solution was cooled, filfered, and the solvent removed
under reduced pressure to leave a dark red oil. This
was taken up in benzene and chromatographed on alumiha
(grade I111). Elution with benzene gave a browh}gum,
“which crystallised on slow evaporation of‘an ether ~ light
petroleum {b.p. 40~60°) solution. One recrystallisation
from methanol gave a solid (440 mg.), m.p. 133—1350, o
undepresgsed on mixing with starting material. Elu#ién of
the column with benzene contuining ethanol (14) and |
chloreférm - ethanol gave only small quantities of amorphous

materials.

Bromination of 3d:l2d-Diacetoxynorcholanyl Phenyl Ketone.

(a) A solution of bromine (596 mg.) in glacial acetic acid
(17.42 c.c.) was added dropwise at room temperature to a
solution of 3ol:l2ck-diacetoxynorcholanyl phenjl ketone (2.0 g.)
in glacial acetic acid (50 ec.c.) to which agueous

hydrobromic acid (48,53 2 drops) had been added. The

bromine colour faded almost instantaneously and there was
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free evolution oi hydrogen bromide. The reaction solution
was allowed to stand for 14 hours (during which it darkened),
then poured into water, and the granular precipitate
extracted with ether. The extract was washed successively
with water, saturated hydrogen carbonate solution and water,
and the ether removed to leave a pale orange golid; washing
with cold methanol removed the coloured impurity.
Recrystallisation from methanol gave 3d:1l2d-diacetoxy-23-
bromonorcholanyl phenyl ketone -I (1.8 g.) as clusters of
needles. On air drying, the bromoketone had mepe. 110°.

[]+93° (¢, 0.8) |
- FPound: C, 65.4 ; H, 7.8
Calc. for C O.Br.3CH OH : C, 65.6 ; B, T.8%

34847% 3 | .
After drying in vacuo at 100%, the bromoketone had m.p. 167 .

0
[a]p95" (¢, 1.0)
Found: | C, 66.3 3 H, 7.7 3 Br, 13.0
Cale. for C34Hyq05BT ¢ C, 66.0 5 H, 7.7 ; Br, 12.8%
: 0
Light absorption: maximum at 2560A ( € =11,200)

o

On using a very slow rate of héating in determining the |
melting point of the air-dried specimen, it softened at 108~ ;
1100, and resolidified before melting finally at 1676. On |
recrystallisation from methanol, the form mep. 167° reverted
to the form m.p. 110°. The phenyl ketone should be pure hefer@
bromination; bromination of less pure specimens proceeéed onlyf
with difficulty and with considerable decomposition, and
considerable losses were encountered in purification of

product. In the presence of potassium acetale, bromination

did not occur.
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(b) A solution of 3d:l2d-diacetoxynorcholanyl phenyl ketone
(8.0 g+) in glacial acetic azcid (60 c.c.) to whieh aqueous
hydrobromic acid (48%s; 2 drops) had been added was treated
dropwise at 30»400 with bromine (1.05 moles) in acetic acid
(56 mg. bromine per c.c.). The bromine colour faded, then
- redarkened rapidly. The reaction mixture was worked up as
in (a). On taking the solid product u@ in methanol, a
fraction appeared sparingly soluble, and was rcmoved by
filtration. On cooling the methanol solution, 31512¢~
diacetoxy-23~-bromonorcholanyl phenyl ketone-I (6.72 g.)
MeDe 108-110° and 167° was obtained, The filtered golid,
dissolved in boiling methanol (100 c;é.), gave on cooling

3d:120~diacetoxy-23-bromo-norcholanyl ‘phenyl ketone-II (816~

ng.) as prisms, m.p. 207-210°, Recrystallisation raised the
m.p. to 208-210°.
0
[a]+91" (c, 0.4) o
Found: C, 66.0 3 H, 7.7, L e a4

034 470§Br. requires G, 66.3 3 H T T
Light absorption: maximum at 2550A ( 10,200) :

Action oi Tertiary Basea on 30 12d~D;acetoxy-23~
bromonoreholany.l henyl‘ibtone.

(a) A solution of 3oltl2v-diacetoxy-23-bromocholanyl phenyl
ketone (200 ng.) in collidine (11 c.c.) was heated under
reflux. Removal of the collidine under reduced pressure
left a dark brown amorphous residue which was taken up in
ether-benzene, and washed successively with water, dilute

hydrochloric acid and water. After drying, the solvents
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were removed, the resgidue dissolved in benzene and
chromatographed on alumina. No crystalline material could
be isolated, one typical dark brown gum fraction having a
light absorption maximum at 23602 (Eifm 107).

(b) A solution of the bromoketone (500 mg.) in pyridine

(5 c.c.) was heated under reflux for 5 hours. Working up

as in (a) yielded only gum products.

Action of Sodium Ethoxide on 3dsl2d-Diacetoxy—23-—
bromonorcholaenyl Phenyl Letone.

A solution of 3dil2d-diacetoxy-23~bromonoreholanyl

phenyl ketone (1.0 g.) in absolute ethanol (20 c.c.) was
added to a refluxing solution of sodium ethoxide (from 1.2 g.
godium) in absolute ethanol (20 C.Ce)e The mixture turned
yellow immediately; It was heated under reflux for 30
minutes, after which the solvent was removed under reduced
pressure. The residue was extracted with ether, washed
successively with water, dilute hydrochloric acid, watér and
dried (Ha2804). Removal of the ether left an amorphous
froth solid (600 mg.); digestion of this solid (420 mg.) in
1ight petroleum (50 c.c.; b.p. 80-100°) left a residue of
molten gum, removed by decantation. A s0lid (150 mg.
melting unsharply at approximately 860) geparated from the
soluble fraotien. After three recrystalliaatiﬁaszrem
methanol, it had m.p. 1870 with_softaning at Sgwﬂtégﬂ It
gave a negative Beilsteir test., '
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Pound: Cjs T9.24 773 3 Hy 9.8, 9.1
630154203 requirea $ ¢ ’ 78.95 ;1 H » 9.4

Light absorption: maximum at 2450A (Eiﬁ 147).

}ctian of Sodium Ethoxide on 3d:l2d~Diacetoxy—23=branmarchdlanyl
Pheny. one , by re—acetylation.

A solution of 3d:l2A-diacetoxy-23-~bromonorcholanyl

phenyl ketone (2.0 g.) in absolute ethanol (40 c.c.) was
added to a refluxing solution of sodium ethoxide (from 2.4 g.
godium) in absolute ethanol (40 c.c.). The solution darkened
imnediately. It was heated under reflux for 30 minutes, after
which the solvent was removed under reduced pressure, water
added, and the residue extracted with ether, The ether
extract was washed succegsively with water, dilute
hydrochloric acid and water, the ether removed, and the
residue dried by benzene codistilliation. Glacial acetiec

acid (20 c.c.) and acetic anhydride (30 c.c.) were added,

the solution heated at 100° for 1i hours, water added, the
mixture extracted with ether, and the acetylated product,

in the form of a gum, isolated in the usual way. IV was
taken up in methanol, and a few drops of water added. After
prolonged standing, prisms (150 mg.), m.ps 177~2000
peparated, exhibiting light absorption at 24503 (Eﬁn 44).,
Recrystallisgbtion from methanol gave 3d:12d;24—triacetoxy-

23~keto=-24-phenylchlolane as felted rosetties. m.p.215°.
o
[o(]D+146 (C, 0.4).
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Found: Gy T2.7 3 Hy 8.5,
36H56 requires:s @, 72,7 § H, 8.5%

It exhibited no high intensity light absorption abeve 3290Aﬁ

The aqueous methanolic mother liguor, after removal of
the prisme, was concentrated, and the residue, dried by
benzene codigtillation, taken up in benzene (25 .Ce),
¢hromatographed on a column (7 x 1% em.) of alumina
(Grade III). The first benzene eluate {50 c.c.) gave a
yellow-brown gum, which yielded yellow gummy crystals
(600 mg.) from methanol. From the mother liguer on
standing three days, felted needles (215 mg.), mep. 130°
geparated.  Recrystallisation from methanol gave Jdsl2ds .
23-trisgetozynorcholanyl phenyl ketone as leaflets, m.p.

131° (on air drying) and m.p. 173° (on drying in vaguwo at led°)
[d] of form m.p. 131° = +81° (¢, 0.5)
[4lof form m.p. 173° = +88° (C, 0.4)
Founds Cy 72.2, T3e2 3 Hy 8.4, 8,6,
036H50 7 requires: C, T72.7 5 H, 8 5%
.Iight absorption: maximum at 2450A { = 13,300)
The gummy erystals (600 mz.) were rechromatographed. The
first benzens eluate (50 c.c.) gave a further 350 mg; of
34112d3 24=triacetoxy-23-keto~24~phenylcholane.

Action of Sodium llethoxide on 3d3l2d-Diacetoxy=—23-
Promonorcholanyl Phenyl Xetone, followed by re-acetylatiom.

A solution of 3d:1lZA-diacetoxy-23-bromonorcholanyl
phenyl ketone (3.0 g.) in absolute methanol (70 c.c.) was

added to a refluxing solution of sodium methoxide (from 3.6 g.




188,

sedium) in absolute methanol (60 c¢.c.). . The mixture was
treated, and the product re-acetylated as in the ,
corresponding sodium ethoxide experiment. The re-acetylated
gum product yielded 2 solid (910 mg.) mepe l49~165°, from
agueous methanol. Recrystallisation from methanol gave
3d:12ds 23~triacetoxynorcholanyl phenyl ketone (470 mg.) as
leaflets, mep. 1730, undepressed on mixing with a authentic
gpecimen,
[]490° (C, 0.6) i

Light absorpiion: maximum at 24504 ( € =11,600)
The aqueous methanolic mother liguors were concentrated,
dried, and chromatographed in benzene solution. Elutien with
the same solvent (600 c.c.) yielded a crude solid (610 mg.),
which after two recrystallisations from methanol gave
3411242 24~triacetoxy-23-keto-24~phenylcholane as felted
rosettes, m.p. 211~213° undepressed on mixing with a

)
specimen, m.p. 215 obiained by sodium ethoxide method,

ction of Potmssium Acetate on 3osl2d-Diacetoxy—23mbromo-
norcholanyl Phenyl Xetone.

(a) In Acetic Acid.

A mixture of 3d:l2d-diacetoxy-—23-bromonorcholanyl
phenyl ketaﬂe (500 mg,) and fused potassium-acetate (500 mg.)
in glaeial aeetic acid (6 c.c.) was heated at 100o for 3
hourg, and under reflux for 15 minutes. After removal of
the solvent under reduced pressure, the residual z0lid was

taken up in ether, washed with water, dried (Na2394), and

the ether removed. One recrystallisation of the residue
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from methanol gave unchanged starting material (400 mg.)
MeDo 105° andyléﬁc.' After drying in vacuo, it had
MePo 165-1670.

(v) In Bthanol.

A mixture of 3dsl2)A-diacetoxy-23-bromonorcholanyl

| phenyl ketone (500 mg.) and fused potassium acetate (500 mg.)
in absolute ethanol (25 c.c.) was heated under reflux for

3 hours., Afﬁef remeval of the solvent, the residual solid
was taken up in ethery waghed with water, dried (Na2804).
end the ether removed to leave a white froth solid

(420 ng.). Crystallisation from methanol gave 3olt12cs23-
triacetoﬁynoreholanyl phenyl ketone (170 mg.)}, mepe 155~165o.
Reerystallisation from the same solvent raised the m.p. to
1730, alone, or mixed with specimens prepared by the sodium

_ methoxide or sodium ethoxide methods described above.
[d]+92° (c, 0.9)

Pound: C, 7244 3 Hy 845

oy

Co H_ 0. wrequiress C, T2.7 3 Hy 8.5%
3675077 S |
Light absorptions maximum at 2450A ( € = 11,200)

Attempted Formation of 3d:l2A-Dimceboxy-23:23-
dibromonorcholanyl Phenyl Xetone.

(a) %y addition of one mole of bromine o the
bromenoreholanyl phenyl ketone.

A golution of bromine (52 mz.; 1 mole) in glacial
acetic acid {1.52 c.c.) was added at room temperature to a
golution of 3lsl2A-diacetoxy-23~bromonorcholanyl phenyl

ketone (200 mg.) in acetic acid to which aqueous hydrobromie
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acid (2 drops; 48%) had been added. There was no fading
of colour, and hydrogen bromide was evolved only on heating
the solution.  The mixture , after standing for three days
with occasional heating, had darkened considerably. Working
up in the usual way by means of ether gave a dark amorphous
solid. A methanol solution of this solid deposited a

gummy so0lid mep. 100--170O after standing several days. After
treatment with activated charcoal, a sclid m.p. 80—120o was
isolated. Repeated recrystallisation from methanol

cauged variation and divergence of the melting point range.,

(v) By addition of two moles of bromine to the parent
norcholanyl phenyl ltetone.

A solution of bromine (320 mg.; 2 moles) in glacial
acetic aeid (15.1 c.c.) was added dropwise at room temperature
to a solution of 34:12d—diacetoxyﬁofcholanyl phenyl ketone
(536 mg.) in acetic acid {15 c.c.) t0 which aqueous | |
hydrobromic acid (48%; 2 drops) had been added. The bromine
decolouration ceased after the uptake of one mole. After
atanding for 5 days in the dark at room temperature, the
product was iéolated in the usual way to give 3d:l2d~
diacetoxy-23-bromonorcholanyl phenyl ketone (440 mg.) as
'shoft needles m.p. 106-108° and 167°,

Action of Strong Alkali (Marker-Lawson conditions) on 3ols]2d—
Diacetoxy—23—bromonorcholanyl Pnenyl Ketone.

A golution of 3d:l2f-diacetoxy-23-~bromonorcholanyl
phenyl ketone (1 g.) in ethanolic potassium hydroxide

(20%; 100 c.c.) was heated under reflux for 1 hour, coecled,

diluted with water and extracted with ether. The extract,
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after washing with water, dilute hydrochloric acid and
water, was &ria&‘(ﬂazse4) and evaporated ﬁe leave a
yellow amorphous solid (400 mg.)e This sclid erystallised
from methancl solution ag clusters of needles Mep. 80—900.
resolidifying and vemelting ab 1706. Repeated
recrystallisation from methanol gave 3dzlgd:g§»
trihydroxynorcholanyl pthenyl ketone (4% mz.) map. 1?9-1826*
[A]1#36° (C, 1.3)

Pound: C, 74‘08 4 ﬂg 9#9
¢.H ©CiOH re Cy Theh 5 H, 8.T% ‘
‘30 44 4 3 Toar e 3 He 5T |

Lizght absorption: maximum at 244»03?,!& (€=9,400)

Methyl 3Jd-Benzozy=—l2-ketocholanate.
cf, WeKenzle, Vabiox, Engel & Kendall Jiﬁiolgﬁh%. 113

¥ethyl 3d-benzoxy~-l3-hydroxyeholanate (46 g, MeDe
73*750, with methanol of erystallisation; prepared by method
of WoKenzie, VeGuckin end Zendsll, J,Biel.Chem. 162 (1946),
555) was diseolved in chlorobenzene (5C c.c.), and the
golvent removed under reduced pregsure. This procedure was
repeated, then the dried residue dissolved in chlorobenzene
{170 c.c.) and glacial acetic acid (42 ce.ce). A4 solution
of chromivm trioxide (8¢5 ge) in wabter (8.5 0,c.) was then
added with vigorous sltirring. After 1 hour, concentrated
sulphurio seid (¥ c.c.) was added, and the mixbure atirred for
a further hour. The mixbture waas {irst washed with water
(500 c.c.) containing hydroehlovic acid (U c.c.j to

. |
minimise emulsion formation), then with water and driec (Na,30,)

|

i
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The chlorobenzene solution was then concentrated under
reduced pressure, methanol added, and the producf _
(44 2. m.p. 88-940) allowed to settle, first aé a syrup
which solidified on standing. One recrystallisation
from methanol yielded methyl 3d~benzoxy-l2-ketocholanate,
MeDo 950.

McKenzie et al (loc. cit) give m.p. 127-128°, Hoehn &
Mason (J.Amer.Chem.Soc. 62 (1940), 569) give m.p. 94--95o

and note the difficulty of crystallisation.

Jd-Hydroxy-l2-ketocholanic Acid.

(a) By hydrolvsis of methyl benzoxy ester.

Methyl 3d~benzoxy-l2-ketocholanate (40 g.) was added
to a solution of sodium hydroxide (30 g.) in water (40 c.c.)
and methanol (360 c¢.c.), the mixture heated under reflux
for 1 hour, concentrated under reduced pressure and poured
on to ice-hydrochloric acid with stirring to gi#e & syrup
which solidified on standing. The gummy solid was
dissolved in benzene, the solution dried by benzene
azeotropic distillation, and the product collected after
concentration. After one treatment with activated
charcoal in benzene, 3k-hydroxy-l2-ketocholanic acid (24 g.)
was obtained as white needles from benzene m.p. 155—1580,
[d:hf85° (C, 0.6). Further crops of less pure material
were obtained.

(v) By direct oxidation of deoxycholic acid.

cf. Kaziro & Shimada Z.physiol.Chem. 249 (1937), 220.
Bergstrom & Haslewood Jd. 1939, 540.

A solution of Qeoxycholic acid (10 g.) in glacial
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acetic acid (700 c.c.) and water (50 c.c.) was treated at
0% with a solution of chromium trioxide (2.5 g+) in water
(25 c.c.) and acetic acid (25 c.c.) added with stirring
over 1 hour. The solution was maintained at 0° for 16
hours diluted with water (1500 ¢.c.) and the product
filtered, and washed with water. The wet precipitate
was taken up in benzene, the solution dried by
digtillation, and concentrated to give 3¢d-hydroxy-l12-
ketocholanic acid (7.02) as needles mepe 155-1580. After
one recrystallisation from the same solvent, it had m.p.
159-161", [d]#85° (G, 0.6).  If heated rapidly, it
melted at 116, resolidified, and remelted at 160°.
Kaziro & Shimada (loec, cit) give [d]0+110°
Hoehn & Hason (J.imer.Chem.Soc., 65 (1943), 550) give
[d]g&?o (in dioxan).

3d~Formoxy~12-ketocholanic Acid.

A solution of 3¢~-hydroxy-l2-ketocholanic acid (25 g.)
in formic acid (90%; 50 c.c.) was heated at 70—-80o for
5 hoﬁrs, cooled to 0° and removed by filtration.
Recrystallisation from formic acid gave 3d-formoxy-1l2-
xetocholanic acid as prismatic needles, m.p. 204-206°,
[4].+107°, +103° (C, 2.0, 1.0 in dioxan).
Hoehn & Moffett (loc. cit) give m.p. 207-208", [d{L;117.5°

JA-Hydroxy—l2-ketonorcholanyl Phenyl Xetone.

3d~Formoxy-l2-ketocholanic acid (33.5 g.) was
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dissolved in thionyl chloride {60 c.cej distilled from
lingeed 0il), and allowed to stand at room temperature
for 1 hour. Benzene~ether (1:1; 100 c.c.) was added, then
removed, and this repeated twice more to give 3Jd-formoxy-1l2-
ketocholanic acid chloride as a pale brown solid. A
golution of this so0lid in dry benzene {300 c.c.) was heated
to reflux with vigorous stirring, and treated with
diphenyleadmium (prepared from magnesium (7.80 g.),
bromobenzene (35-40 c.c.) annydrous ether (200 e.c.) and
anhydrous cadmium chloride (35.2 g.)) added over 30
minutes. The mixture was heated under reflux with
stirring for a further 10 minutes, then cooled, and the
complex decomposed by addition of dilute hydrochloriec acid.
The layers were separated, the agqueous layer extracted with
ether, and the combined organic layers washed with dilute
hydrochloric acid and water, then steam distilled to leave
a crystalline solid suspended in water. This product was
removed by filtration and heated under reflux in a
solution of methanolic potassium hydroxide (3%; 900 c.c.)
for 2 hours. The solution was then concentrated until a
solid began to separate, water added to complete
precipitation, and the product (m.p. 1760) collected. One
erystallisation from methanol gave 3d-hydroxy-l2-
ketonorcholanyl phenyl ketone {21 g.) as fine needles.

m.pe 177-179°

[],+81° (C, 1.4 in dioxan)

)
Light absorption: maximum at 24104 ( £=12,700)
with plateau at 2700-2800A ( €=1,000)
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o ‘
Hoehn & Moffett (loc. cit) give m.p. 176-178 , 51]377-50.

K -Acetoxy-12-ketonorcholanyl Phenyl Ketone.

A solution of 31~hydroxy~12~ketonoréhdlanyl phenyl
ketone (20 g.) in acetic acid (40 c.c.) and acetic
anhydride (60 c.c.) was heated under reflux for 1% hours.
On cooling, 3d=-acetoxy-l2-ketonorcholanyl phényl ketone
(20.5 g.) separated, was collected and dried in vacuo over
sodium hydroxide. |

MeDo 1970.

EJ]D+910 (Cy 1.7)

Light absorption: maximum at 24IOX (£-12,000) with

plateau at 2700-28004 ( £ =500)

Hoehn and Moffett (loc., cit) give me.p. 1970, tdfh;850.

Monobromination of 3d-Acetoxy-l2-ketonorcholanyl Phenyl
Ketone.

A solution of 3d~acetoxy-l2-ketonorcholanyl phenyl
ketone (1.0 z.) in glacial acetic acid (50 c.c.) to which
hydrobromic =cid (48%; 2 drops) had been added was treated
at 30—35° with a solution of bromine (341 mg;) in acetic
acid (9.23 c.c.), added dropwise over 5 minutes. After
standing at room temperature for 30 minutes, the reaction
mixture was poured into cold water (200 c.c.) to give a
white flocculent precipitate, which was extracted with
ether, After washing successively with water, satufated
sodium hydroger carbomngte solution and water, the dried (Na2304)

extract was evaporated under reduced pressure to give a

white amorphous residue (1.15 g.). On treating with
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hot methanol, it was noted that a fraction was sparingly
soluble, and was removed by filtration. On cooling the
hot methanol filtrate, ginacetOXI—ZS-brcmo-ll—

ketonorcholanyl phenyl ketone-I, m.pe 155—160 ' aeparated.

Repeated recrystallisation from the same solvent raised the
‘ma.p. to 169-171°,
0

.
[4]Jm14 (c, 1.0)
Pound: C, 67.5 3 Hy TeT75,
32 43 #Br requires: C, 67.2 3 H 7 .6%

Light absorption: maximum at 2550A ( € =10,900)
The insoluble “raction (70 mg.) from the mixture (350 mg.)
wag crystiillised frem a large quantity of methanol to give
Jd-acetoxy~23~bromo-ll-ketonorcholanyl phenyl ketone~IlI,

(55 mg.) as short fine needles, m.p. 191-193°. After two

recrystallisations from methanol, the m.p. was raised to
193%,
[4]#202° (C, 1.0)
,Found: Cy 673 5 Hy 7,75
2H4304Br requires; G, 67.2 ; Hy T.6%.
Light absorption: maximum at 2550A (€= 10,990)
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