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INTRODUCTION




INTRODUCTION

The steroids are naturally occurring crystalline
compounds of high molecular weight derived from perhydro-
-l:2-cyclopentelophenanthrene (I) and with some exceptions,

have the basic structure (II).

)

The carbon atoms at the ring junctions are asymmetric
and could give rise to sixty-four stereoisomeric forms of
{II) but only #E;ée of these forms have been proved to
exist in naturally occurring steroids. The introduction
of a substituent to any of fhe methylene groups in the
steroid nucleus creates a further asymmetric centre and
the tertiary carbon atom, Ciqs, is also optically active.

The steroid molecule has been shown, by X-ray
diffraction methods, to be an approximately planar
structure (1) and stereochemical configurations at the
centres of asymmetry are denoted by a full line for =z
sgroup projecting above the plane of +the molecule and &
dotted line for a group projecting below the plane. The

former are named "£" substituents and the latter '"a®.



In (II) the methyl groups at Cio and Ciz and the side
chain (R) at Ci, are all of the p-{natural) configuration.
The steroids are classified into seven groups,
namely bile acids, sterols, adrenal cortical hormones,
sex hormones, cardiac-active steroids, steroid saponins
and steroid alkaloids. The first three groups are of

importance in the work to be discussed in this thesis

‘and a brief review of the salient points in the structure

of members of these groups is given below.

Bile Acids.— The bile acids are obtained by the saponi-

fication of animal bile in which they occur as water-
-goluble sodium salts in conjugation with the amino-acids
glycine or taurine. The majority of naturally occurring
bile acids are saturated compounds containing twenty-four
carbon atoms, a carboxyl group and one, two or three
hydroxyl groups. The hydroxyl groups are almost
invariably of the a-configuration, one being at Cz and
the others, in most cases, either at C;, or Cos or at

both of these positions. The A/B ring junction is cis,
resulting in Cs having a hydrogen atom of the p-configur-
ation attached to it, whereas the B/C and C/D ring
fusions are trans. The stereochemical configuration of

the bile acids is illustrated below in cholic acid (III),

a 3:7:12-trihydroxy acid of wide occurrence.



(=)

Sterols. — The sterols are crystalline alcohols occurring
in the nonsaponifiable fractions of animal and plant
fats. They contain one secondary hydroxyl group of
B-configuration at Cz; and may be saturated or contain
one, two or three double bonds. Their stereochemical
configuréfion differs from theaet of the bile acids as the
A/B ring fusion is trans. The sterol side chain consists
of carbon and hydrogen only, contains eight to ten carbon
atoms, frequently possesses an ethylenic linkage and can
exhibit optical isomerism at Cgz, (see (IV) for side chain
numbering) when a methyl or ethyl group 1s attached at
this point. The normal configuration at Cgz,, as found
in ergosterol, stigmasterol and most other phytosterols,
is designated "b" and represented by a full line. The
structure of a typical sterol, stigmasterol, is given in

(IV).




Adrenal.Cortical Hormones.— It was found that extracts
of the adrenal cortex prolonged the life of adrenal-
ectomized animals (2) and &% investigation of the con-
stituents of these extracts by Kendall, by Wintersteiner
and Pfiffner, and by Reichstein, led to the isolation of
twenty-eight crystalline substances, the adrenal cortical
hormones, six of which are active in prolonging life.

The latter are shown in chart I.

Chart I.
e
co
o
( °r )
Deoxycorticosterone Corticosterone
H CHOH
CHOH
co
n~ ~OH
- e ) .
Dehydrocorticosterone 17 -Hydroxy-11l-dedxycorticosterone

;;HloH

CH,OH
<o

(x) <
17 -Hydroxycortico- roT X
! J‘steiogg ico 17 -Hydroxy-11-dehydrocortico -

sterone



The cortical hormones, like the sterols and bile
acids, contain trans-fused B/C and C/D ring junctions
and a P-orientated, carbon-containing side chain. The
active hormones all possess an aB-unsaturated ketone
grouping in ring A and a ketol side'chain. The inactive
hormones are either saturated in ring A with a trans 4/B
ring junction, or contain a reduced side chain.

0f the six active hormones, 17-hydroxy-ll-dehydro-
corticosterone (X), also known as Kendall's Compound E,
or cortisone, has proved of great efficiency in allev-
iating the effects of rheumatoid arthritis (3) and may
have much wider therapeutic application. The quantity
of éortisone available from adrenal glands 1s very small
and the synthesis of this compognd has been extensively

investigated.

The Synthesis of Cortisone.— keadily available bile

acids with an oxygen function in ring C, such as cholic
acid and deoxycholic acid (3a:12u-dihydroxycholanic acid),
were obvious starting materials for the synthesis of
cortisone.

There were four main problems in such a synthesis:
(1) introduction of an oxygen function at Cpy, (ii) degrad-
ation of the bile acid side chain, (iii) synthesis of the

dihydroxy acetone side chain and (iv) introduction of the



ap-unsaturated ketone grouping in ring A. Sarett (4,5)
was the first perssr to prepare cortisone from inter-

mediates derived from 1l2-oxygenated bile acids.

Infroduction of an Oxygen Atom at Ci;.— The aim of the
work described in this thesis is the introduction of an
11 -oxygen atom into the steroid nucleus, part I being
concerned with investigations in the bile acids and
part II in the sterols. Consequently part I will deal
in detail with the various methods for the preparation
of 11l-oxygenated bile acids and only brief mention of
these methods will be given at this point. There are
four methods (for references see part I of this thesis):
(a) the bromohydrin synthesis which involves addition
of hypobromous acid to chol-ll-enic acids prepared by
dehydration of l2a-hydroxy bile acids;

(b) the bromination of 12-keto bile acids, hydrolysis
of the resulting 1ll-bromo-l2-ketones and rearrangement
and reduction of the hydroxyketones thus formedj

(¢) through the formation of 3:9-oxidochol-ll-enic acids
obtained from chol-9(11)-enic acids;

(d) +the oxidation of 7:9(11)-dienic bile acids.

Side Chain Degradation.— The degradation of the bile

acid side chain was first accomplished by Wieland and

his co-workers (6) using the Barbier-Wieland method
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described by Barbier (7) in 1913. Chart II shows the
method, involving carbinol formation and chromic acid
oxidation of the latter compounds. By carrying out these
reactions three times the cholanic acid side chain (XI)

was degraded to the etianic acid side chain (XVIITI).

Chart II

H
CogH, ) cny Co,cH;
Co Hotg Br - éH\QHs i) CrO; > C/ﬁHs@Brr :
(,;)W"- A
(=) (xm) =)
CH,
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P I N H;
TNem o
o 7 (yero, : cdH,)\Zyaf — HMHao
@G ) (=)

=)

CHS

L: e CgH, co,H

H
~N CH,
Cw O3
_ceor
(xem) ()

This method gives low overall yields and lieystre
and liiescher (8) have evolved a more efficient method of
side chain degradation, formulated in chart III, which
decreases the number of chromic acid oxidations regquired.
The final product (XXIII) contains the progesterone side
chain (-C0.CHgz, but lieystre and wettstein (9) have

de¥iged a modification to produce the corticosterone side



chain (XXVI).

Chart III
C.Hs
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Synthesis of the Dihydroxyacetone Side Chain.— von Zuw

and Reichstein (10) first synthesised the dihydroxy-
acetone side chain, using the tetrol (XXX) as starting
material. Butenandt (11) prepared the latter from a

17 -keto steroid (XXVII) as given below.

Chart IV LML
———— oM
o
SHy CH=CH,, ar
e om
P4 >
(xx777) (xxvm) (XXIX)
eHLON
!”‘o" ano ?,H,_?"f
¢’!"OM ("HoH ;10 '

- OH ~-~-OM N °H
e i 1S
L — 4

(Xxx%) (XxXxt) (Xxx77)




Sarett (5) in completing the synthesis of cortisone
from deoxycholic acid, introduced the 17a-hydroxyl group
into the corticosterone side chain (XXVI) by the follow-

ing cyanohydrin synthesis (Chart V).

Chart V

;:Hlo Ae w‘i:‘ CH,OAc

co N on c-eN
, HCN o Poce s /P;l« - Os04

AxxvI) (xxxar) (XXXIY)
;:H,_Oﬁc, cH,0R
NeC --- o ({v_ o

© oH

The dehydration of the cyanohydrin (XXXIII) was
found to proceed more’satisfactorily with the 3-acetoxy
than with the 3-keto derivative.

These two syntheses involve the use of osmium
tetroxide for the introduction of the 1l7a-hydroxy group
but Gallagher and his co-workers (12) have avoided the
use of this expensive reagent in the preparation of the

17 -hydroxyprogesterone side chain (XLI).
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Chart VI
Q_pb Qﬂs
?HS é"Ohc. L".-onc
co o
P JETEI ) IR p
/7")717
(%xxvii) (xxxvi) (e
CcH3 CH;
L<:; oo
(XZ) “(X=T)

oH”

Julian et al (13) and Plattner, Heusser and Fuerer (14)

direct oxidation, with hydrogen peroxide catalysed by

osmium tetroxide, of (XLII) (Chart VII).

Chart VII

CcH,0Rc ' .f*hoﬁc
CH Cc=o0

- om
H20z /550,

(‘xTTI) ( Z HI)

have introduced l17u-hydroxyl groups into the corticosterone
and progesterone side chains respectively through inter-
mediate 1l6a:17a-oxido steroids, and Liescher andShmidlin

(15) have prepared the dihydroxy acetone side chain by
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up-Unsaturated Ketone in Ring A.— Bromination of a

3-keto steroid with a cis A/B ring junction (e.g. a 3-
-keto bile acid) gives, as the main product, the 4-bromo-
derivative which is dehydrobrominated, sometimes with
difficulty, to the required of-unsaturated ketone.
Dehydrobromination was also found to occur when the 2:4-
-dinitrophenylhydrazone of the 4-bromo-3-ketone weas
formed (16), the ap-unsaturated keltone being generated
by the action of pyruvic acid on the unsaturated phenyl-
hydrazone. |

Bromination of a 3-keto steroid with trans-fused
rings A and B gives the 2-bromo compound normally but
the 2:4-dibromide (XLV) can be obtained under certain
conditions. The latter compound, on prolonged treatment
with sodium iodide, yields the 2-igdo-Gf-unsaturated
ketone (XLVI) which is converted to (XLVII) on recduction

‘or collidine treatment (17).

Chart VIII
<My CHy CHy cHy
By P
o : o o o
xzv) C?_LY) (XZVZ) XVl

The synthesis of cortisone described above, is long

and laborious and the overall yields are poor. However,
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recent work on the oxidation of 7:9(11l)-dienic sterocids
(see historical section of part II of this thesis for
fuller details) has improved the synthesis of 1l-oxygenated
steroids and these compounds can now be obtained in good
yield. lioreover the methods used are applicable to
sterols with an ethylenic linkage in the side chain,
facilitating side chain degradation and the synthesis of

the dihydroxyacetone side chain.



PART T

11 -OXYGENATED BILE ACIDS

HISTORICAL
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Bile Acids Unsaturated at C,;.— The first successful

approach to the synthesis of 1l-oxygenated steroids was
through A **-derivatives (XLIX) prepared from l2a-
-hydroxy bile acids (XLVIII) (18).

CO,CH,

Purely chemical methods of dehydration such as
heating with mineral acids, phosphoryl chloride and
pyridine ex—tosyl—echloride—and pyridine, when applied
to l2a-hydroxy stercids, gave mixtures containing only
small gquantities of A*'-compounds (19,20). von BEuw
and Reichstein (20) explained this by pointing out that
the lzZa-hydroxyl group is adjacent to a guaternary
carbon atom at the 13-position which can give rise to
various retropinacol rearrangements.

Pyrolytic methods gave better results although
pyrolysis of the free or acetylated 12-hydroxy steroids
(21,22) was not so successful as pyrolysis of the corres-
ponding l2-benzoates (19,23,24). Reichstein et al (19)
have obtained methyl 3-ketochol-ll-enate (XLIX, R = 0)

in 40% yield by the thermal fission of amorphous methyl
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3-keto-l2u-benzoyloxycholanate, formed by partial
hydrolysis and oxidation of methyl 3-~acetyl-l2-benzoyl-
deoxycholate. licKenzie, licGuckin end Kendall (24) have
pyrolysed amorphous methyl 12-benzoyldeoxycholate to the
corresponding A **-compound (XLIX, R = OH) in 45% yield.
Methyl 12-benzoyldeoxycholate was obtained by partial
hydrolysis of methyl 3:12-dibenzoyldeoxycholate.
Pyrolysis of methyl 3-acetyl-l2-benzoyldeoxycholate was
unsatisfactory as the 5—acet%§;§§as in part eliminated
with formation of a mixture of choladienic acids (19).

Thermal fission of the anthiraguinone-f-carboxylates
of l2a-hydroxy bile acids (25) introduced a A**-double
bond. As in the case of the free alcohol, acetate or
benzoate, pyrolysis proceeded in better yield when the
original bile acid side chain was intact than when it had
been degraded.

In addition, treatment of the tosylates of l2a-
~hydroxy bile acids with pyridine under pressure or
collidine gave the corresponding A*'-compound in reason-
able yield. von Euw and Reichstein (20) have investigated
this method and found that the yield of A*!-compound
increased with decreasing length of side chain; methyl
S-keto-l2a-tosyloxyetianate was converted to methyl
3-ketoeti-ll-enate in 40% yield whereas methyl 3-keto-

chol-11-enate was only obtained in 31% yield from the
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corresponding tosylate. As in the pyrolysis of benzoates,
the best results were obtained when the 3-position was
occupied by a keto or unacylated hydroxyl group.

The above methods involved wasteful pyrblytic
reactions but these were eliminated in the preparation of
12-ketochol-9(11l) -enic acids (LI), reguired in the 3:9-
-oxide route to 1ll-oxygenated steroids (see below).
Selenium dioxide dehydrogenation of l2-keto bile acids

(L) introduced the necessary 9(11) -ethylenic linkage.

O
Co,CH; co,cH3
2202
R
&)

Schwenk and Stahl (26) applied the method to methyl
30-acetoxy-l2-ketocholanate (L, R = OAc) and Kendall et
al (27) to methyl 3u-benzoyloxy-1l2-ketocholanate (L, R =
0B%Z), the latter workers obtaining a 60% yield of 3u-
-hydroxy-12-ketochol-9(11l)-enic acid.

Introduction of 11-Oxygen by the Bromohydrin 3ynthesis.—

To introduce an oxygen atom at Ci; in the steroid nucleus,
from a bile acid containing an ethylenic linkage embracing

Cii, Lardon and Reichstein (18) employed the bromohydrin
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synthesis, starting from 3-ketoeti-ll-enic acid methyl

ester (LII) (chart IX).

Chart IX
B,
Cco,CcH, Br co.ch,; B
Ha
S
HoBr +- (£x2)
-~
0
(z)
CO.LH;
77)

(=) @)

The formation of the bromohydrin (LIII) by hypobromous
acid, generated by the action of aqueous acetone on N-
bromacetamide, was accompanied by formation of the 11:12-
dibromide (LIV) and the 9-bromo-ll-ene (LV) but 3Sarett (4)
improved the yield of (LIII) by using a trace of sulphuric
acid as a catalyst and reconverting (LIV) to starting
material by mild treatment of the reaction mixture with
zinec and acetic acid. The bromohydrin synthesis has also
been applied to (LIX) and (LXI), obtained from 20-keto-
pregnan-3a:120-diol (LVIII) and bisnordeoxycholic acid
(LX) respectively (25,28), the latter being degradation

products of deoxycholic acid.
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Chart X

—=>=3:12-Diacetate — > 3-Hydroxy-1l2-acetate

— > 3-Keto-l2-acetate ———3-Keto-12 -anthraguinone -
p-carboxylate

CH,
eo
/
—__.__..9—
(o]
z=)
eHy , aH,
H? CH- coz_c,HB du 'COZ_E'S,
Steps as
above 3-Keto-1l2-benzoate |
wo
(zx2) © (=)

Introduction of 11-Oxygen through 11-Bromo-l2-ketones.-—

Thies method, introduced by Gallagher (29,30,31), does not
involve the use of bile acids unsaturated at Cpi but
depends on the bromination of a 1l2-keto bile acid to a
mixture of epimeric 1l-bromo-lZ-ketones. The reaction
sequence as applied to 3c-acetoxy-l2-keto-cholanic acid

methyl ester (LXII) is shown in chart XI.



A0

- 1l -

Chart XI

co,CH,

A0

CHN,

Gﬁﬂﬁv

> 3 - Sveeinare v
(EXVIIT) M

(=x)
The bromoketones (LIXIII) and (LXV) had previously
been obtained as an amorphous mixture (32.33), but
Gallagher and Lang (29) separated the methyl ester acetztes
by chromatography. The P-bromo-isomer (LXIII) has also
been prepared from 3a-hydroxychol-ll-enic acid a-oxide by
the action of hydrogen bromide (34). llarker and Lawson
(32) first carried out the hydrolysis of the bromoketones
to give one hydroxyketone which has been proved to have
the structure (LXVII) as Gallagher and his co-workers have
been able to isolate (LXIV), and (LXVI), using milder
hydrolysis conditions (35). The 12B-hydroxy group in

{IXVII) has been proved by preparation of its diacetate
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by oxidation of 3u:l2p-diacetoxy-11f-hydroxycholanic acid
(30) -

Introduction of 11-Oxygen through 3:9-Oxide Formation.-—

Kendall et al (36) found that 11:12-dibromo-3¢-hydroxychol -
anic acid (LXXI) gave the 12-hydroxy-chol-9(11)-enic acid
(LXXII) on treatment with dilute alkali. The allylic
alcohol (LXXII) was readily converted to the 12-bromo-
derivative (LXXIII) which, when in chloroform solution,
underwent allylic rearrangement on washing with waler and

formed the 3:9-oxide (LXXIV).

Chart XIT

co,CH,

BL co,cH; 7S
X oh

. NaoH HE, . /g HQ, ‘9
Ho’ (&xx1) (z==) TXXIV)

()

( XXV,




The structure of the 3:9-oxide (LXXIV) was confirmed by
its chemical properties and the a-configuration is

v ey by the steric properties of Cz; and Cg in the
bile acid nucleus. Bromination of the 3:9-oxide gave a
mixture of dibromides (37), one of which (LXXV) reacted
as shown in chart XII, the 3:2-oxido-ll-ketc derivative
(LXXVIII) being eventually formed. The oxide ring in
(LXXVIII), although untouched by Rahey nickel hydrogenation
or Grignard reagents, was ruptured by hydrogen bromide in
chloroform-acetic anhydride and the product (LXXIX)
readily converted to the desired 11l-ketone (LXXX).

Kendall and his co-workers (27) have modified this
synthesis to start from a l2-ketochol-9(11l)-enic acid
(LXXXII) prepared as described above, which, on hydrogen-
ation in ethanol -acetic acid, gave a mixture of the allylic
alcohols (LXXII) consisting mainly of the F-epimer. The
procedure was then as in chart XII, with some modifications
including degradation of the side chain while the oxide

bridge was intacd.

Chart XIII

Sec Oz HL/PL

(E==xX1) (ExxxIr) ZXXTT)
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Since the work described in the theoretical and
experimental sections of part I of this thesis was under-
taken, Fieser et al (38,39,40) have synthesised 3:9-oxido
bile acids with a functidn at Ci, by routes differing

from that described above. The routes are shown in chart

XIV.

Chart XIV

()

COZCHJ COZCHJ

() K-WRecd ™" (i) CsHs Co

AcO ’ 7_27'7 6i) Mu%,ﬁ Ho/, G} Na.,Cr,0,.
(£=x51) (Exxx1T)
B
2 ¢ 2c H_} (8] co cH3
z"*/uogg 3
Mo
o
(LXXXVT) (CXXXVT)

=)

R = Howr cH; o~ CHz co.




A disadvantage of the above processes is the poor
yield of lithochol-9(11l) -enic acid (LXXXIII) obtained
by Kishner-Wolff reduction of (LXXXII). The formation
of the 3:9-oxide in (&) can proceed either as shown or
by direct chromic acid oxidation of (LXXXIV). Route (a)
has also been applied in the etianic acid series (39).
Fieser (40) suggests that the conversion of 3-keto-9a:lla-
-oxidocholanic acid (LXXXIV) to a 3:9-oxide structure
with a function at Ci,, which only takes place under acid

conditions, has the mechanism shown in chart XV.

Chart XV

CHJ

>

HO

The presence of the 3ua:9a-oxide group has been
proved by treatment of the thioethyl derivative of
(LXXXV) with Raney nickel to give the known 3w:9a-oxido-
-11-ketocholanic acid (LXXVIII) (40).

o v a - —
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It was decided to investigate the dehydration of
apocholic acid (3a:lgu-dihydroxychol-8(14)-enic acid)
(XCI) as it was considered that the double bond already
present in this acid would favour the introduction of a
second ethylenic linkage in ring C of the steroid nucleus
with possible formation of a conjugated diene system
(XCIII or XCIV). The latter substances may be suitable

starting materials for novel syntheses of ll-oxygenated

steroids.
Chart XVI
Ho
i Co,H coH
(x2i)
-—..__’1—1'0_5. —_— or
Hao” o'
(xz1) (%)
(X))
To achieve the dehydration it was intended to
pyrolyse l2-acylated derivatives of apocholic acid. To

obtain the l2-acylated derivatives partial hydrolysis of
3:lz-diacyl derivatives of apocholic acid was attempted
but, in contrast to the behaviour of corresponding der-
ivatives of the related deoxycholic acid (19,24), both

acyl groups of the apocholic ecid diesters appeared equally



susceptible {o hydrolysis and l2-monoscyl derivatives
could not be isclated.

Hicks, Berg and 'allis (41) have claimed that the
aecid (ZCIV) is formed on treatment of methyl 3w-acetoxy-
~gill-oxidocholanate (XCV) with hydrogen fluoride. The
produet shows a maximum at 24403 (€ = 420) in the ultra-
vigplet absorption spectrum and would appear to be a
mixture, the low intensity of absorpiion being due to
migration of the B:9-double bond to the lé:l&~pe3ition
(ZCVII).

Chart XVII

co,R 7 ?
z Ho
0

HO ()FETV')
HCO” CX_C__Z) . (_X—é—jj? cozR
Vi)

apoCholic Acid.— apoCholic acid can be obtained in 75%

yield from cholic acid (ZCVIII) by dehydrastion with zinc
chloride in acetone (42) although & much lower yield is
obtained when the reaction is perforessd in acetic acid
(43,44). Cellow suggested that the double bond of apo-
cholic acid is in the 8:il4-position (45, and farton

confirms this view {(46). The dehydretion probasbly
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proceeds by normal trans elimination of the elements of
water across the 7:8-position, giving 3a:l2a-dihydroxy-
chol-7-enic acid (XCIX) which isomerises to the chol-

-8(14) -enic acid.

Chart XVIII

Xex) : :/[

D)

(xzvir)

The A7 -acid (XCIX) can be prepared by dehydrztion
of methyl 3-acetylcholate (47, also this thesis) and is
isomerised to apocholic acid by treatment with hydrogen
and platinum catalyst (47). apoCholic acid itself can
be further isomerised to the a**-acid (T) by the action
of hydrogen chloride (44). The acid (C) is formed in
very low yield during the preparation of apocholic acid

(43,44).

Acylation of liethyl apoCholate.— llethyl apocholate is

readily dbtained by direct methylation of apocholic acid

but the author has found that methyl cholate is recovered
unchanged after treatment with zinc chloride in acetone.

Partial benzoylation of methyl apocholate gives the 3-

-monobenzoyl derivative, further benzoylation of which
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yields methyl 3:1l2-dibenzoyl-apocholate also obtained by
benzoylation of methyl apocholate with excess benzoyl
chloride. Attempts to hydrolyse the dibenzoate partially
to 12-benzoylapocholic acid were unsuceessful, the oniy
identifiable product being apocholic acid.

Pyrolytic treatment of methyl 3:12-dibenzoylapocholate
gave benzoic acid and a resinous product which exhibited
no intense absorption in the ultraviolet spectrum; the
dibenzoate was recovered unchanged after refluxing with
dimethylaniline.

In an attenpt to prepare methyl 3-acetyl-l2-benzoyl-
apocholate, which it was hoped would be more amenable 10
partial hydrolysis than the dibenzoate, cholic acid was
partially acetylated to give 3-acetylcholic acid charact-
erised by esterification to the known methyl 3-acetylcholate.
Attempted dehydration of 3-acetylcholic acid to 3-acetyl-
aporholic acid, using zinc chloride in acetone, gave a
resinous product and methylation gave an amorphous ester.
Partial acetylation of methyl apocholate was also found
to yield a resin and Berner, Lardon and Reichstein (47)
have described methyl 3-acetylapocholate as amorphous.
Benzoylation of the amorphous acetate did not give &
crystalline product.

liethyl apocholate readily forms a crystalline 3:12-

-diacetate (44) but this esver, like the dibenzoate, could
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not be partiaelly hycrolysed, the product belng a gum.
Treatment of methyl 3-benzoylapocholate with p-
-toluene sulphonyl chlcride converts it to methyl 3-
-benzoyl-l2-tosylapocholate in good yield. Attempts to
introduce a second ethylenic bond by treatment of this
ester with collidine were unsuccessful, no crystalline
reaction product being isolated. Tosylation of methyl
apocholate gives methyl 3:12-ditosylapocholate but, as in
the case of the dibenzoate and the diacetate, it was not
possible to differentiate between the two acyl groups by
partial hydrolysis. The ditosylate is rather resistant
to alkali,being recovered unchanged after treatment with
two or three moles of sodium hydroxide. Hydrolysis with
a large excess of alkali gives apocholic acid. Treatment
of the ditosylate by réflﬁxing in collidine yielded an
amorphous product showing selective absorption in the
ultraviolet spectrum at a wavelength of 2520& (€& = 7000)
which may indicate the presence of a homoannular conjugated

diene system.

3@ -Hydroxy-12-ketochol -8(14) -enic Acid.— Attempts to

introduce a diene system in ring C of apocholic acid, by
removal of the lgZ-oxygen function in conjunction with one
of the 11-hydrogen atoms, having proved uasuccessful, it
was decided to investigate the selenium dioxide dehydrog-

enation of a lg2-keto derivative of apocholic (CI) as a
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(21) _oth,lenic linkage (CII)

means of introducing a A°
(chart XIX).

Chart XIX

o] o}
jos
x.. J@i

(1) (c)

liethyl 3-benzoylapocholate was unattacked by Cppenauer
oxidation but chromic acid oxidation yielded amorphous
methyl 3a-benzoyloxy-l12-ketochol-8(14)-enate (CI, R=
CeHs.CO, R'=CHz), characterised as its 2:4-dinitrophenyl-
hydrazone and by hydrolysis to the crystalline 3a-hydroxy -
-12-ketochol-8(14) -enic acid (CI, R=R'=H). Oxidation of
methyl 3a-benzoyloxy-12-ketochol-8(14)-enate with selenium
dioxide gave amorphous material showing mno selective

absorption in the ultraviolet spectrum.

3a:l2a-Dihydroxychol -7 -enic Acid.— A 7:9(11l)-dienic system

can be introduced into the sterol nucleus by dehydrogen-

ation of A7 -sterols (chart XX).

Chart XX

~em
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The oxidation has been performed on 5-dihydro-
ergosterol (CIII, R=0H, R'=CgHi,) using mercuric acetate
(48,49), perbenzoic acid (50) or selenium dioxide (51)
and on cholest-7-ene (CIII, R=H, R =CgHi,) using mercuric
acetate or bromine (52). With a view to carrying out
this reaction in the bile acid series, the preparation of
chol-7-enic acids was investigated. Reichstein (47,53)
has dehydrated methyl 3-acetylcholate to methyl 3a-acetoxy-
-l2a-hydroxychol -7 -enate by phosphoryl chloride or tosyl
" chloride in pyridiné but the yield is poor. The author
has carried out a similar dehydration of methyl 3-carbethoxy-
cholate to methyl 3a-carbethoxyloxy-l2a-hydroxychol-7-enate,
moreover treatment of methyl 3-acetylcholate and methyl
3-carbethoxycholate with anhydrous copper sulphate (cf.

Eck and Hollingsworth (54)) gave the corresponding A7 -
~esters but in all cases yields were low. Use of a number
of other dehydrating agents, viz. magnesium perchlorate,
phosphorus pentoxide, thionyl chloride in pyridine and

zinc chloride in pyridine, on the saturated esters gave
unchanged starting material only. Consequently this line
of investigation was abandoned as reasonable supplies of
chol-7-enic acids could not be obtained.

Since this work was carried out, Fieser (55) and
Jeger and his co-workers (56) have prepared 7:9(1l)-dienic

bile acids and oxidised them to 1ll-oxygenated derivatives.
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The latter reactions will be described in detail in part
II of this thesis. The method of preparation of the

7:9{(11l) -dienes is shown in chart XXI.

Chart XXI

KOoH -
MeOH

Aco””
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EXPERIMENTAL




.p.'s are uncorrected. Specific rotations were
measured in chloroform, unless otherwise stated, using a
1 dm. tube at approximately 15°. The light petroleum

used was of boiling range 60-80°.

apoCholic Acid.— (Devor and Marlow, loc.cit.). A mixture

of cholic acid (5 g.) and fused zinc chloride (5 g.) in
dry acetone (30 c.c.) was refluxed until solution was
complete. The solution was then concentrated, on the
steam-bath, to a brown syrup to which water (95 c.c.)
acidified with acetic acid was added with stirring. The
resulting precipitate was allowed to stand until it became
cyrstalline, collected, washed with water and dissolved in
ethanol (10 c.c.). The precipitation was repeated twice
and the impure apocholic acid thus obtained dried in a
desiccator in an atmosphere of nitrogen. The acid was
then dissolved in ethanol (30 c.c.) and the solution
filtered and concentrated to a syrup. The process was
repeated and xylene (10 c.c.) added to the syrup. apo-
Cholic acid (2.8 g.) separated as prisms and was collected,
washed with xylene and dried at 135-140° in an atmosphere
of nitrogen or in high vacuum; mn.p.160-164°, [a]D +51°

{(c, 1 in ethanol).

lMethyl apoCholate.— apoCholic acid (25 g.) was dissolved,

by gentle warming, in methanol (250 c.c.) containing con-
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centrated hydrochloric acid (1 c.c.). The solution was
kept overnight at room temperature, diluted with water and
extracted with ether. After washing with aqueous sodium
carbonate and water and drying (NazS0,) the resulting
ethereal solution of the neutral fraction was evaporated
and the residue crystallised from methanol to yield methyl
apocholate (17.5 g.) as prismatic needles, m.p.86-90°,
[u]D +45° (c, 1).

Methyl Cholate.— (a) liethanol (500 c.c.) was cooled to 0°

and oleum (20 c.c.) carefully added. The mixture was
shaken with cholic acid (50 g.) until solution was complete,
and then stored for 18 hours at 0°. The solution was
poured, slowly and with stirring, into iced water (4 1.)
containing sodium hydroxide (40 g.) and on which methyl
cholate had been sprinkled. Ethyl acetate (100 c.c.) was
stirred into the aqgueous suspension to neutralise excess
alkali and the mixture kept at 0° for 48 hours. The pre-
cipitate was collected, washed with water, dried and
dissolved in agueous ethanol (750 c.c., 60% Hg0) from which
methyl cholate (43 g.) separated as prisms, m.p.l52-155°.
(b) Cholic acid (10 g.) was dissolved, by warming, in
methanol (5C c.c.; containing concentrated hydrochloric
acid (0.5 c.c.j. The solution was kxept at 0° for 18 hours
and methyl cholate (8.5 g.) separated as prisms. These

were collected and washed with methanol et 0°, m.p.153-155°,
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[u]D +24° (e, 1).
Treatment of the mother liguors with sodium hydrogen
carbonate, followed by filtration and concentration,

yielded a further crop of less pure material.

Attempted Dehydration of liethyl Cholate.— (a) A mixture

of methyl cholate (5 g.) and fused zinc chloride (5 g.)
in dry acetone (30 c.c.) was heated under reflux until no
more of the zinc chloride would dissolve. The reaction
mixture was then worked up, as described for apocholic
acid, to give unchanged methyl cholate (4.5 g.), m.p.152-
155°, undepressed on mixing with an authentic specimen.
(b) A mixture of methyl cholate (5 g.) and fused zinc
chloride (5 g.) in’dry acetone (30 c.c.) was allowed to
stand at room temperature for one week. The solution
was filtered from undissolved zinc chloride, concentrated
and poured into water. The resulting precipitate was
collected, washed with water, dried and crystallised from
methanol as prisms (4.0 g.), m.p.1563-156°, undepressed on

mixing with methyl cholate.

lethyl 3-Benzoylapocholate.— A solution of methyl apo-

cholate (1 g.) in dry benzene (10 c.c.) was treated with
pyridine (1 c.c.) and benzoyl chloride (0.3 c.c.) and the
mixture kept overnignt at room temperature. The mixture

was washed successively with dilute hydrochloric acid,
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dilute sodium hydroxide solution and water and dried over
sodium sulphate. The product was crystallised from

methanol to yield methyl 3-benzoylapocholate (0.5 g.; as

prisms, m.p.116-117°, [a]D +56° (¢, 1)
Analysis: Found: C,75.0; H,9.0
CszHas0s reguires: C,75.0; H,8.9%.

Methyl 3:12-Dibenzoylapocholate.— (a) kethyl 3-benzoyl-

apocholate (1.5 g.) in dry benzene (5 c.c.) was treated
with pyridine (1 c.c.) and benzoyl chloride (1 c.c.) and
the mixture kept at room temperature for 72 hours. The
mixture was concentrated under reduced pressure, the
residue dissolved in benzene and washed with dilute hydro-
chloric acid, dilute sodium hydrogen carbonate solution

and water. After drying (NagS0,, and decolourising with
charcoal, the solution was evaporated and the residue
crystallised from methanol, yielding methyl 3:12~-dibenzoyl -

apocholate (1.2 g.) as needles, m.».110-112°, [a]D +47 °©

Analysig: Found: C,76.4; H,8.2

CseHaesOs requires: C,76.0; H,8.0%.
(b) A solution of methyl apocholate (5.0 g.) in pyridine
(10 c.c.) was treated with benzoyl chloride (5 c.c.) and
kept overnight at room temperature. The resinous reaction
product was isolated in the usual way but could not be

obtained crystalline. A solution in methanol was seeded
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with & crystal of the dibenzoate prepared as described
under (a). Crystallisation was rapid, the dibenzoate
(6.6 g.) separating as small needles which, after
recrystallisation from the same solvent, had m.p.110-112°,

undepressed when mixed with the specimen described in (a).

Attempted Partial Hydrolysis of liethyl 3:12-Dibenzoylapo-

cholate.— (a) Lethyl 3:12-dibenzoylapocholate (7.5 g.)

in ethanol (45 c.c.) was treated with a solution of sodiun
hydroxide (1.2 g., 2.5 moles) in water (6 c.c.). The
mixture was refluxed for 30 minutes; cdoied, acidified
with concentrated hydrochloric acid (3 c.c.) and poured
into water. The amorphous precipitate was collected and
digested with hot water for 1 hour to remove benzoic acid.
The product was dissolved in ether and extracted with
dilute sodium hydrogen carbonate solution. The acid
fraction thus obtained yielded a small guantity of crystals
from ether-light petroleum, m.p.168-170°, undepressed when
mixed with apocholic acid.

(b) Iliethyl 3:12-dibenzoylapocholate (5 g.) was dissolved
in éthanol (50 c.c.) and BN sodium hydroxide solution

(3.5 c.c., 2 molesjadded. The mixture was refluxed for
30 minutes, cooled, acidified with hydrochloric acid and
poured into water. The amorpgphous precipitate was
collected, steam-distilled to remove benzoic acid and

dissolved in ethanol. Attempts to crystallise the
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hydrolysis product by careful addition of water to the
ethanol solution were uansuccessful.

The hydrolysis product was methylated in ethereal
diazomethane solution and the neutral fraction from the
esterification chromatographed but again no crystalline

product was obtained.

Pyrolysis of Methyl 3:12-Dibenzoylapocholate.— Methyl

3:1eg-dibenzoylapocholate (5 g.) was heated in a distillation
flask on a metal bath at 300°/3 mm. for ll/2 hours.

Benzoic acid and a slightly yellow gum distilled over.

The distillate was dissolved in ether and washed with

dilute sodium hydrogen carbonate solution and water and
dried (Naz;S0,.). The ether solution was evaporated to

give a resinous product (3.0 g.) which was chromatographed
but yielded no crystalline product and showed no intense

selective absorption in the ultraviolet.

Treatment of Methyl 3:12-Dibenzoylapocholate with

Dimethylaniline.— Methyl 3:lg2-dibenzoylapocholate (5 g.)

was dissolved in dimethylaniline (125 c.c.) and the mixture

refluxed for & hours, cooled and poured into dilute hydro-

chloric acid with stirring. The resulting suspension

was extracted with ether, washed neutral and dried (Nag30,) .
The residue, obtained on evaporation of the ethereal

solution, was crystallised from methanol as needles (3 g.),
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m.p.110-112°, undepressed when mixed with starting raterial.

3-Acetylcholic acid.— (a) A solution of cholic acid (5 g.)

in glacial acetic acid (50 c.c.) was treated with concen-
trated hydrochloric acid (0.3 c.c.), heated on a water bath
for 1 hour and kept overnight at room temperature. The
reaction mixture was diluted with water, the precipitated
solid collected, washed with water and dried. Crystallis-

ation from ethyl acetate gave 3-acetylcholic acid as small

prisms, m.p.207-202° (sinters at 165°), [Q]D +46° (¢, 1 in
ethanol) .

(b) A solution of cholic acid (5 g.) in warm glacial
acetic acid (50 c.c.) was treated with concentrated hydro-
chloric acid (0.5 c.c.). The solution was kept at room
temperature for 4& hours and the reaction product isolated
as described above to give S—écetylcholic acid (2.9 g.)
which, on recrystallisation from ethyl acetate, had m.p.

208-210° (sinters at 165°), [a]_ +47° (¢, 1 in ethanol),

D
m.p. undepressed when mixed with the specimen described
above.
Analysis: Found: C,68.8; H,9.8
CoeHapOs Tequires: C,69.3; H,9.3%.

The 3-monoacetate of cholic acid was characterised
by methylation using diazomethane in ether-methanol
solution. llethyl 3-acetylcholate separated from ether

as needles, m.p.149-151°, [a]_ +42° (¢, 1).

D
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Anslysis: FTound: C,70.1; H,9.8
Cale. for CupH.aOs: C,69.8; H,9.5%.

Plattner and Heusser (Helv.Chiwm.icta,1944,27,754)

give m.p.149-150° (corr.) and [odg +48° for methyl 3-
-acetylcholate. A specimen prepared, as described by
these auvthors, by partial acetylation of methyl cholate
had m.p.148-150° and [a]D +41° and gave no depression in

m.p. when mixed with the specimen described above.

Attempted Dehydration of 3-Acetylcholic Acid.— 3-iscetyl-

cholic acid (12 g.) and fused zinc chloride (12 g.) were
fefluxed together in dry acetone (75 c.c.) until all
s0lid material had dissolved. The solution was then
concentrated to a thin syrup to which was added water
(250 c.c.) acidified with acetic acid. The resulting
precipitate was collected, digested with water and dis-
solved in ethanol (25 c.c.). The precipitation was
repeated twice to give an amorphous product (10 g.) which
was unsaturated.

The product, which could not be crystallised, was
dissolved in methanol (100 c.c.), concentrated hydrochloric
acid (0.5 c.c.) added and the solution allowed to stand
overnight at room temperature. After pouring into water,
extracting with ether and washing with dilute sodium
hydrogen carbonate solution, the amorphous neutral fraction

(6.7 £.) thus obtained was dissolved in benzene-light
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petroleum (1:9; 200 c.c.) and chromatograpned on alumina

(grade II, 150 g.) to give the following fractions: -

Fraction Solvent wluate
(1) Benzene -light petroleum (1:9) 1200 c.c. 4.5 g.
(2) Benzene -methanol (95:5) 500 c.c. 1.0 g.

.Fraction (1) would not crystallise and was unsaturated.
FPraction (2), which was saturated, crystallised from
methanol, m.p.approx. 80°, but could not be obtained in

pure form.

Monoacetylation of Iiethyl apoCholate.-—- Methyl apocholate

(5 g.) was dissolved in pyridine (10 c.c.) and acetic
énhydride (L.2 c.c.) added. The mixture was kept over-
night at room temperature, poured into iced water and
allowed to stand for 2 hours. The agueous suspension
was extracted with ether, the ether extraci washed
successively with dilute hydrochloric acid, dilute sodium
hydrogen carbonate solution and water, dried (Nap30.) and
the solvent removed under r.p. leaving a resinous residue
(4.0 g.). The product was dissolved in benzene-light
petroleum (1:4; 100 c.c.) and chromatographed on alumina

(grade II, 140 g.) to give the following fractions: -

Fraction Solvent Eluate
(1) Benzene -light petroleum (3:7) 700 c.c. 1.21 ¢.

(2) Benzene -me thanol (9:1) 400 c.c. 1.67 g.



Further fractions were eluted from the column but
these were intractable oils.

Fraction (1) was amorpious.

Fraction (2) crystallised from methanol as needles,

m.p.84-89°, undepressed on mixing with methyl apocholate.

Methyl 3:1lz2-Diacetylapocholate.— (Ruzicka et al, loc.cit.).

4 mixture of methyl apocholate (7.5 g.) and dry pyridine

(3 c.c.) dissolved in redistilled acetic anhydride (25 c.c.)
was heated under reflux for 2% /s hours, cooled and poured
into iced water. The agqueous suspension was extracted
with ether-benzene and the extract washed with dilute
hydrochloric acid, dilute sodium hydrogen carbonate solution
and water. After drying over sodium sulphate the solution
was evapnorated to dryness under reduced pressure and the
residue crystallised from ether to yield methyl 3:12-

-diacetylapocholate (6.5 g.), m.p.137-139°, [a]p +E9° (c, 2).

Partial Hydrolysis of ILiethyl 3:12-Diacetylapocholate.—

llethyl 3:12-diacetylapocholate (5 g.) was dissolved in
methanol (30 c.c.) and a solution of caustic potash (1.15 g.,
2 moles) in water (5 c.c.) added. The mixture was kept
room Lemyperature, diluted with water and a
small amount of neutral product reroved by ether extraction.
The aqueous solution was acidified with hydrochloric acid,
extracted with ether and the ether extract washed with

water, dried (#da2,30,) and the solvent reuoved under reduced
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presgsure, leaving & resinoué product (3.5 g.). The
product was dissolved in methanol (20 c.c.) containing
hydrochloric acid (C.5 c.c.) and the solution kept over-
night at room temperature. The esterified product was
worked up in the usual way to give an amorphous neutral

fraction (3.3 g.).

Methyl 3-Benzoyl-l2-tosylapocholate.— A solution of

methyl S—benzoylgggcholaézxgﬁ% p-toluenesulphonyl caloride
(7 g.) in Ary pyridine (45 c.c.) was kept at 35-45° for

4 days. The mixvture was poured into ice-water, the
reaction product isolated by means of efher and crystallised

from methanol to yield methyl 3-benzoyl-lZ-tosylapocholate

(7.5 g.) as fine needles, m.p.106-111°, [a]D +48° (¢, 1).

Analysis:
Found: C,70.43 H,7.2

CagHs0075 requires: C,70.7; H,7.5%.

Treatment of Iiethyl 3-Benzoyl-12-tosylapocholate with

Collidine.— Methyl 3-benzoyl-l2-tosylapocholate (1.5 g.)
was dissolved in redistilled collidine (b...173-174°,

15 c.c.) and the solution refluxed for 3 hours. The
collidine was evaporated under reauced pressure and the
residue dissolved in benzene. Asf'ter the removal of some
far, the hengene solution was washed successively with

dilute hydrochloric acid, dilute sodium hydrogen carvoneate
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solution and water, dried (NapSO,, and the solvent removed
under reduced pressure, leaving a resin (0.9 g.). The
produvct could notv be crystallised and showed no selective
absorption in the ultraviolet spectrum above 24002.

Methyl 3:12-Dito8ylapocholate.— A solution of methyl apo-
cholate (5 g.) and p-toluenesulphonyl chloride (7.5 g.) in
pyridine (10 c.c.) was meintained at 45-55° for 6 days.
Water (10 c.c.) was added and, after 2 hours, the mixture
was poured into ice-water. The crystalline precipitate
(6.7 g.) was collected, washed with water, dried and
recrystallised from chloroform-methanol from which methyl

3:12-ditosylapocholate separated as plates, m.p.151-152°,

[a]D +38° (c, 1.0).
Analysis: Found: C,65.6; H,7.5

CzoHs5083s requires: C,65.7; H,7.3%.

Attempted Partial Hydrolysis of liethyl 3:12-Ditosylapo-

cholate.— (a) A suspension of methyl 3:12-ditosylapocholate
(3 g.) in ethanol (30 c.c.) to which 5N sodium hydroxide
solution (2.5 c.c., 3 moles) was added, was refluxed for
ll/z hours when solution was_complete. The mixture was
cooled, poured into water and the sli,htly turbid solution
acidified with hydrochloric acid. The precipitate was
collected, washed with water, dried and crystallised from

chloroform-methanol as plates, m.p.148-152°, [a]y +38°
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(¢, 1.0), m.p. undepressed on mixing with methyl 3:12-
-ditosylapocholate.

(b) A suspension of methyl 3:lg-ditosylapocholate {(C.5 g.)
in ethanol (10 c.c.), to which 5N sodium hydroxide solution
(2.5 ¢c.c., ca. 12 moles) was added, was heated under reflux
for ll/g hours when solution was complete. The solution
was poured into water and acidified with hydrochloric

acid. The precipitated solid was collected, washed with
water, dried and crystallised from xylene to yield apo-
cholic acid, m.p.168-170°, undepressed when mixed with an

avthentic specimen.

Treatment of lethyl 3:12-Ditosylapocholate with Collidine.—

liethyl 3:12-ditosylapocholate (3 g.) was dissolved in
sodium-dried, redistilled collidine (30 c.c.) and the
mixture refluxed for 3 hours. The collidine was removed
under reduced pressure and the residue dissolved in benzene.
The bvenzene solution was washed successively with dilute
hydrochloric acid, dilute sodium hydrogen carbonate solution
and water, dried (Nay30,) and the solvent removed under
reduced pressure, leaving a resin (1.7 g.) which could not
be crystallised. Light absorption: maximum at 25202

(&= 17700). Chromatography and hydrolysis of the product

failed to yield crystalline materisal.
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Attempted Oppenaver Oxidation of llethyl 3-Benzoylapo-

cholate.— lethyl 3-benzoylapocholate (& g., dried in

high vacuum) was dissolved in a mixture of dry acetone

(40 c.c., previously treated with potassium permansganate)
and dry benzene (50 c.c.). The solution was refluxed on
an oil-bath maintained at 75-85° and a solution of
aluminium t-butoxide (4 g.) in dry benzene (25 c.c., added
in one portion to the boiling solution with the separation
of a gelatinous precipitate. The mixture was refluxed at
75-85° for 8 hours, cooled, washed with dilute sulphuric
acid (10%) and water, dried (Nag30,) and the solvent
removed under reduced pressure. The residue thus obtained
crystallised from methanol as prisms (3.9 g.), m.p.113-115°,

undepressed on mixing with starting material.

Oxidation of liethyl 3-Benzoylapocholate with Chromic

Anhydride.— A solution of methyl 3-benzoylapocholate (4 g.)
in stabilised glacial acetic acid (20 c.c.) was treated,
dropwise with stirring, over 10 minutes with a solution

of chromic anhydride (0.8 g.) in 85% acetic acid (6 c.c.).
After 1% hours the solution was warmed with methanol and
concentrated under reduced pressure. The residue was
diluted with water, extracted with ether and the etaer
extract washed successively with dilute sulphuric acid,
dilute sodium hydrogen carbonate solution and water and

dried (Nag30.). The amorphous residue, obtained on
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evaporation of the ether, did not crystallise. The 2:4-

-dinitrophenylhydrazone of methyl 3u-benzoyloxy-l2-keto-

chol-8(14) -enate separated from chloroform-methanol as

fine needles, m.p.228-230°.

Analysis: Found: (,66.0; H,6.65 N,8.4
CzsHaeOeN, requires: C,66.5; H,6.7; N,8.2%.

3a-Hydroxy-12-ketochol-8(14)~enic Acid.— Hydrolysis of

the amorphous ester (2 g.) described above was effected

by treating its solution in alcohol (50 c.c.) with 5N
sodium hydroxide solution (2 c.c.) and heating under reflux
for 30 minutes. The acid fraction, isolated in the usual
way, crystallised from acetone-light petroleum to give

3a-hydroxy-12-ketochol -8(14) -enic acid, m.p.135-140°.

Analysis: Found: C,74.1; H,9.6

CpaHseOs requires: C,74.2; H,9.3%.

Treatment of Iiethyl 3¢-Benzoyloxy-l2-ketochol-8(14)-enate

with Selenium Dioxide.— Amorphous methyl 3a-benzoyloxy-

-12-ketochol-8(14)-enate (5 g.) was dissolved in chloro-
benzene -glacial acetic acid (4:1, 35 c.c.) and selenium
dioxide (1.3 g.) and several drops of glacial acetic acid,
containing hydrogen chloride, added to the solution. The
mixture was refluxed for 72 hours, cooled, selenium
removed by filtraetion and the filtrate washed with water

and dried (Na.S04). The solvent was removed under reduced
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pressure, leaving a resin (3.7 g.) which could not be

freed from selenium and could not be crystallised. The
o]

product showed no selective absorption above 24004 in

the ultraviolet spectrum.

lfethyl 3-Acetylcholate.— (Reichstein et al, loc.cit.).

lMethyl cholate (solvent-free, 10 g.) was dissolved in dry
benzene (25 c.c.) by heating under reflux and a solution

of acetic anhydride (3.3 moles, 7.5 c.c.) in dry benzene

(12 c.c.) added, over 20 minutes, to the refluxing solution.
Refluxing was continued for a further 2 hours, the solution
evaporated to dryness under reduced pressure and the

residue dissolved in ether, washed with dilute sodium
hydrogen carbonate solution and water and dried (Nay,S0,) .
The ether solution was concentrated, light petroleum added
until the solution became cloudy and the solution allowed
to stand for several days. Methyl 3-acetylcholate (4.6 g.)

separated as needles, m.p.148-150°, [&]D +41° (e, 1.0).

llethyl 3-Carbethoxycholate.— (Fieser, J.Amer.Chem.Soc.,

1949,71,3835).  Methyl cholate (solvent free, 160 g.) was
digsolved in dry pyridine (400 c.c.) and redistilled ethyl
chloroformate (200 g.) added to the solution with stirring
and cooling. The mixture was kept overnight at room

temperature, then diluted with a large volume of water. A

precipitate separated and became semi-crystalline after



standing for 2 days. The supernatant liguid was removed
by decantation, the residve washed with water and
crystallised from methanol to yield methyl 3-carbvethoxy-

cholate (80 g.), m.p.176-178°, [u]D +42° (¢, 1.0).

Methyl 3u-Acetoxy-l2¢-hydroxychol-~7-enate.— (a) A solution

of methyl 3-acetylcholate (5 g.) in dry pyridine (10 c.c.)
was treated with redistilled phosphoryl chloride (0.5 c.c.)
and the solution kept at room temperature for 1€ hours.

It was evaporated under reduced pressure and the residue
digsolved in chloroform.  The solution was washed
successively with dilute hydrochloric acid, dilute sodium
hydrogen carbonate solution and water and dried (NagS0y

to give a resin (4.6 g.). A solution of the resin in
benzene (100 c.c.) was chromatographed on acid-washed,

activated alumina (grade II, 100 g.) to give the following

fractions: -
Fraction Solvent LEluate
Benzene (100 c.c.) : -
(1) Benzene -me thanol (99:1) (200 c.c.)
» ) 0.51 g.
Benzene -methanol (98:2) (100 c.c.)
(2) Benzene -methanol (98:2) (200 c.c.) 1.6 g.

-
AL

FPraction (1) readily crystzllised from agueous
methanol and gave a yellow coloration with tetranitroweli.anc.

Recrystallisation from ether-light petroleum gave methyl
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3u-acetoxy-1l2¢-hydroxychol-7-enate as prisms, m.p.114-117°,
(6], *#102° (c, 1.4). |
analysisg: found: (C,72.45 H,9.3

Calc. for CgqHgz0s: C,72.6; H,9.5%.

Grand and Reichstein, and Berner, Lardon and Reichstein
(loc.cit.) give m.p.l72-175° for the chol-7-enic acid ester
although the specific rotation and constants of the corres-
ponding acid are in good agreement with those found by the
- author.

FPraction (2) gave no coloration with tetranitromethane
and crystallised from acetone-light petroleum to yield
methyl 3-acetylcholate as prisms, m.p.149-151°, [u]D +41°
(¢, 1.0), undepressed in m.p. when mixed with starting
material.

(b) A solution of methyl 3-acetylcholate (5 g.) in dry
xylene (25 c.c.) was heated with anhydrous copper sulphate
(6 g.) in the presence of propionic acid (0.15 c.c.),

using the conditions described by Eck and Hollingworth
(loc.cit.). The filtrate, obtained after removal of the
copper sulphate, was.diluted with a mixture of dry xylene
(25 c.c.) and light petroleum (50 c.c.) and chromatographed
on acid-washed, activated alumina (grade II, 50 g.) to give

the following fractions: -
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Fraction Solvent tluate
(1) Benzene -light petroleum (1:1) 20C c.c.)

h )
J
Benzene-light petroleum (3:1) 100 c.c.) 4.43 g.
)
)

Benzene 200 c.c.,

(2) Benzene -me thanol (99:1) 100 c.c.)
) 0.38 g.

Benzene -me thanol (956:5) 200 c.c.)

Fraction 1 crystallised from agueous methanol to give
prisms (0.9 g.), m.p.98-105°, which gave a yellow coloration
with tetranitromethane. Recrystallisation from ether-
light petroleum gave methyl 3a-acetoxy-l2a-hydroxychol-
;7~enate as prisms, m.p.114-117°, [ajD +102° (¢,1.0); it
does not depress the m.p. of the specimen prepared by
method (a).

Fraction 2 from the chromatogram could not be obtained

crystalline.

liethyl 3u-Carbethoxyloxy-l2u¢-hydroxychol-7-enate.— (a) 4

solution of methyl 3-carbethoxycholate (5 g.) in dry
pyridine (10 c.c.) and phosphoryl chloride (0.5 c.c.) was
kept at room temperature for 18 hours. The reaction
mixture was treated in the usual manner to give a resinous
oroduct (4.5 g.), a solution of which in benzene-light
petroleum (1:1, 100 c.c.) was chromatographed on acid-
-weshed, activated alumina (grade II, 100 g.) to give the

following fractions: -
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Traction Solvent Bluate
(1) Benzene -methanol (99:1) 100 c.c.)
) 0.64 g.
Benzene -methanol (98:2) 300 c.c.)
(2) | Benzene -methanol (98:2) 100 c.c.)
) 0.6 g.
Benzene -methanol (9:1) 100 c.c.)

(3) Benzene -me thanol (9:1) 200 c.c. c.14 g.

Fractions 1 and 3 were not obtained crystalline.
Fraction 2 crystallised from agueous methanol to give

methyl 3uw-carbethoxyloxy-l2u-hydroxychol-7-enate as needles

from ether-light petroleum, m.p.112-115°, [a]D +95° (c,l.2).
Analysis: Found: C,70.7y H,2.35

CosHouOs Treguires: C,70.6; H,9.3%.
(p) A solutibn of methyl 3-carbethoxycholate (4 g.) in
dry xylene (20 c.c.) was refluxed for 6 hours in the
presence of anhydrous copper sulphate (4 g.) and propionic
acid (1 c.c.), the copper sulphate collected and the
filtrate diluted with benzene (25 c.c.) and light petroleum
(50 c.c.). The resulting solution was chromatographed
on acid-washed, activated alumina (grade II, 40 g.) to

give the following fractions: -

Fraction Solvent Eluate
(1) Benzene -light petroleum (1:1) 100 c.c.)
)

Benzene -light petroleum (3:2) 200 c.c.) 2.43 g.

Benzene-light petroleum (4:1) 100 c.c.)
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IFraction Solvent Eluate
(2) Bengzene 100 c.c.)
Benzene -methanol (99:1) 100 c.c.g 0.88 g.
)

Benzene -methanol (98:2) 100 c.c.)

Fraction(l)crystallised as needles (400 mg.) from
aqueous methanol, m.p.111-114°, [a], +93° (¢, 0.8), m.p.
undepressed on mixing with methyl 3a-carbethoxyloxy-l2a-
-hydroxychol -7 -enate.

Fraction(2)crystallised as prisms (250 mg.) from
methanol, m.p.45-50°, mixed m.p. with fraction (1) = 106-
110°.

Fraction (2) (200 mg.) was refluxed for 45 minutes
with methanolic potassium hydroxide solution,(lz c.c., 8%
of KOH), the mixture diluted with water, acidified with
dilute hydrochloric acid and the granular precipitate
collected and crystallised‘from acetone-light petroleun

s prisms, m.p.207-209°, [a]_ +88° (c, 0.5 in dioxan),

D
m.p. undepressed on mixing with 3a:i:l2u-dihydroxychol-7-enic
acid.
3a:l2a-Dihydroxychol -7 -enic 4cid.— (a) Methyl 3a-acetoxy-

—12Q~hydroxyohol¥7—enate (C.4 g.) was refluxed for 45
minutes with methanolic potassium hydroxide solution
(15 c.c., 8% of KOH), the mixture diluted with water and

the methanol evaporated.
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The acid, separating on acidification of the solution,
was collected, washed with water, dried and crystallised
from ether-light petroleum to give 3G:l2a-dihydroxychol -
-7-enic acid as small prisms, m.p.208-210°, [a]D +93°
(c, 1.1 in dioxan). Berner, Lardon and Reichstein (loc.
cit.) give m.p.210-212°, [a]D +92.6° (in dioxan) .

(b) Methyl 3a-carbethoxyloxy-l2a-hydroxychol-7-enate

(110 mg.) was heated under reflux for 1 hour with a solution
of methanolic potassium hydroxide solution (5 c.c., 10%

of XCH). The acidic product was isolated as described

in (a) and crystallised from acetone-light petroleum as
prisms, m.p.204-208°, undepressed on mixing with 3a:l2a-

-dihydroxychol-7-enic acld prepared as described above.



PART II

11 -OXYGENATED STEROLS.

HISTORICAL
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Sterola, as sterting meterials for 1l-paygenated
sterolds, have the disgadvantage of conitainiag o functionsl
sroup in ring © oult this is readily ovsicomez ia those
sterols posseassing a Cyp«Cy ethylenie linkage as they can
be oxidised to products containing a 7:8(11) -dienic asystem (7)
{ehart I).

Chart I

/
E (T

Oxidation of Dehydroergosterol.—— The first A **-unsaturated

stercl to be investigated with a view {o introducing an
oxygen atom at C,, was dehydroergostercl (Il), cbtained

by merouric acetate dehydrogenation of ergosterol (1,2).

Ho (Z)

The sitrnoture of dehydroergesterol (Il; has been
deduced from its ultraviolet absorption spectrum which
indicates the presence of = coajuxated Lriene gystem and
¥uller (3) sussested that dehydroercosisrol differs only

from ergoatercl in that i% contsins an additionsl double



bond in ring C. This was supported by Honigmann's
observation that the maleic anhydride adducts of ergo-
sterol and dehydroergosterol yield the same compound on
absorption of two and three moles of hydrogen respectively
(4), thus dehydroergosterol retains the system of con-
jugated double bonds present in ergosterol.

Bergmann and Stevens (2) protected the 5:6, 7:8 and
22:23-double bonds in dehydroergosterol by forming the
22:23-dibromo maleic anhydride adduct (III). The latter
compound, on treatment with perbenzoic acid, gave the 9:11-

monoxide (IV) as the 6:7-double bond in the adduct is inert.

Chart II

Hq (OAc)e.
%4

RO

e HgCOzH

>




(IV) was readily debrominated but the browine-fiee deriv-
avive, on pyrolysis, rearranged to the 1l-ketone with loss

T

of maleic anhydride and aromatisation of rine B (Vl,.

shown by the ultraviolét absorption spectrum of the product.
Although this attempt to prepare an 1l-oxygenated

sterol failed, Bergmann and Stevens in the same paper (2)

described the successful degradation of the sterol side

chain by ozonolysis of the maleic anhydride adduct of

ergosteryl acetate (VI) to the aldehyde (VII), the side

chain double bond being oxidised preferentially.

CHART IIT

Comparison of this reaction with the much more
laborious degradation of the bile acid side chain illus-
trates the benefit to be gained by using suitable sterols,
unsaturated in the gide chain, as precursors of 11-

()

oxyeenated steroids in the synthesis of cortisone.

Formation of 7:9(11)-Dienic Sterols.-— There has already

been descritved in +this thesis (part I, ».29) the dehydro-

genation of A7-gterols to 7:9(1ll)-dienic systems. The
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reaction did not proceed in a very satisfactory manner

but a much improved method of transforming 5-dihydro-
ergosterol into the corresponding 22:23-dibromo-7:9(11l) -
-diene, by low temperature bromination followed by partial
debromination, has recently been published (5). To obtain
A" -sterols (XII), which do not occur naturally to any
great extent, it is usually necessary to start from a 5:7-
-dienic system (XI), such as is present in ergosterol, and
hydrogenate it to the corresponding 5-dihydro derivative
(5,6) which always has a trans A/B ring junction. Those
sterols which only possess a Cg-Cs ethylenic linkage (IX)
(e.g. cholesterol, stigmasterol) can be converted to 5:7-
-dienic sterols by a number of methods, the most satis-
factory of which is allylic bromination followed by
dehydro bromination (e.g. cholesterol —~9rdehydrocholesterol
(7) (chart IV). |

Chart IV

R R

e e o iide ~ HB+ Hs
B — 5.

(=) ) =
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Oxidation of the 7:9(11)-Dienic System.— Since June, 1951,

several methods have been described for the conversion of
7:9(11) -dienic steroids to 1l-oxygenated steroids. These
methods have greatly simplified the preparation of the
latter compounds and should be advantageous in the synthesis
of cortisone.

The first method to be described was that of Tishler
and his co-workers (8), starting from ergosteryl-D acetate
(ergosta-7:9(11):22-trien-38-yl acetate) (XIV) and proceed-
ing by the monoxide (XV) which Jeger (9) suggests is the
ga:lla-oxide. The a-configuration is supported by the
fact that acid hydrolysis, under controlled conditions,
of the oxide gives the 7§:1la-dihydroxy-8(9)-ene (XVI)
which can be acetylated to the 7:1l-diacetate (10) (11p-
-hydroxyl groups are sterically hindered and resist acetyl-
ation) . The 7:11-dihydroxy-8(9)-ene can be oxidised to
the 7:11-dion-8(9)-ene (XVII) and the corresponding 8u:gu-
-oxido derivative (XVIII) Dboth of which, on reduction with
zinc and acetic acid, give the 7:1l-dione (XIX). The
removal of the 7-keto group by the Wolff-Kishner method
is not very satisfactory as the ll-keto group is also
attacked to some extent, and this operation is performed
more efficiently by formation of the 7-cycloethylenemer-
captal derivative and treatment with RHaney nickel although

[

the last stage also reduces any ethylenic linkage in the

sterol side chain (9).
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Chart V
eH,,
it
*CJ*&;C_‘EJL’_} H?
AL (Xj) AcO

9 17

€ ‘iHn
[¢] O,
o}
&)
zxo,h K-W. Recd ™"
0 o AcO
" &) | =

The reaction sequence has also béen applied to
diosgenin (a A®-steroid sapogenin) and methyl 3f-acetoxy-
bisnorchol -5 -enate (after conversion to the 7:9(1l1l)-diene)
obtaihed by‘degradation of stigmasterol or cholesterol (8).
Jeger has given a detailed aqcount of the method as
applied in the ergosterol.(9), cholanic acid (9), chol-
estane (11) and androstane series (11). The synthesis is
thus seen to be effeotive in steroids with either cis or
trans 4/B ring junctions.

Jeger (9) has also rearranged the oxide (XV) by the

action of boron trifluoride etherate, to the af-unsaturated
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ketone (XXI). The latter compound, on reduction with
lithium in liquid ammonia, was converted to the 1l-ketone

(XX) in excellent yield (1lg2).

Chart VI

L far,
—_— e

Fieser et al (13,14) have described two further
methods for the formation of 7:1ll-diketo steroids,

applicable in the cis or trans A/B series.

CHart VII
(a) R R’
o)
‘ I
Na >C7:0, s Zo f0RC >
R R o R

_'_



( b) R’ R,j
HO
GIN.BS. < ag,.
ettt
R Giy AgNO;
© —
’ R,
o. o
CrO3 s F /oA 5
R o R O

Djerassi and his co-workers (15,1¢) have accomplished
the oxidation of the 7:9(1l)-dienic system, in the zllo-
pregnane and sapogenin (unsubstituted in ring C) series,
with performic acid to form a ketoxide (XXII) which, after
hydrolysis, gives the 7-keto-lla-hydroxy-8(9)-ene (XIII).
This coﬁpound, in contrast to the diketo-8(9)-ene (XVII)
and the dihydroxy-8(9)-ene (XVI), can be catalytically
hydrogenated to the saturated derivative (XXIV) which is
readily transformed to the 1ll-ketone (XXVI). The method
is unsuccessful in the bile acid series as performic acid
treatment of a 7:9(11l)-dienic bile acid results only in
oxidation at C, (14). The yield of ketoxide (ZIII)
obtained from ergosteryl-D acetate was low but became much
better when the oxidation was performed on £2-dibroiio-

ergosteryl-D acetate (5).
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Chart VITII

Ex) (XX
The hydroxy-enone (XXIII) has also been prepared from
the oxide (XV) in the ergostane series and rearranged to

the dione (XIX) by the action of concentrated alkali (5)

{chart IX).

Chart IX

<

(i) B
(1) CoHs* COM ()OH’
(i) Rve /MORC > i) Acz0 5
Aco Ao Aco
xv)
C‘7 Hw
o
(i)"gtl'bw«.a/
alkald
() Ac, O
AcO o

(Xx)



4 further route to the hydroxy-enone (XXILI) starts
from Gp-unsaturated ketones of the type (XXTIX) (17) which
are formed by rearrangement of the uncoajugated unsaturated
ketones (XAVIII) obtained as by-products of performic acid

and chromate oxidations of 7:9(11l)-dienes.

Chart X

’

R

R , ,
R
O — o e 40
R | :
XXV, © R one .
( ) (Xxx) xExx) |

|
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Oxidation of Dehydroergosterocl.— The unsuccessful attempt

of Bergmann and 3tevens (2) to obtain an 11-oxyzensted
sterold from the maleic anhydride adduct of dehydroerzosterol
has already been described. As the failure was caused by
difficulties experienced in removing the maleic anhydride,

it was decided to investigate the direct oxidation of
dehydroergosterol, with all the double bonds in the molecule
unprotected.

When dehydroergosteryl acetate was treated with one
mole of perbenzoic acid itkformed, in 10% yield, a well-
defined, crystalline monoxide. The ultraviolet absorution
spectrum of the product [maxima at 24OOE (€ =700C) and
28002 (&= 5500)], however, indicated that it was not
>homogeneous but probably a mixed crystal of the 5:6- (ZXXT)

and 9:11 -oxides (XXXII).

N

9a

+
AcO AcO
? (xxx1) (XxX1)

The 5:6-oxide, containing a 7:92(1ll)-dienic system,
would show selective absorption &t
whereas the 9:11-oxide, containing a &:7-dienic systen,

[e]
would have o maximum at approximately 280Cia in the ultra-
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violet absorption spectrum. Fractional crystallisation
and chromatography did not separate the mixed oxide into
its components.

The reaction of the mixed oxide with maleic anhydride
to give neutral and acid fractions can be regarded as
further indication of the presence of (XXXI) and (III)
since the former would not form a maleic anhydride adduct,
thus accounting for the neutral fraction whereas (XXXII)
would form an adduct which could be hydrolysed to give
the acid fraction.

Acid hydrolysis of the mixed oxide did not attack the
oxide groups, starting material being recovered after
hydrolysis either at room temperature or 100° (reacetyl-
ation reguired in this casge).

Oxidation of dehydroergosteryl acetate with molar
proportions of performic acid, potassium permanganate,
potassium dichromate and sodium bismuthate all resulted
in formation of uncrystallisable resins sometimes accom- -
panied by unchanged starting material.

These experiments indicate that the nuclear ethylenic
linkages in dehydroergosterol cannot be differentiated in
their susceptibility to oxidising agents unlike the
7:9(11) -dienic system which can be oxidised preferentially

at one double bond (8&,9,11).



Dehydroergosterol ITeroxide and its Reduction.— VWhen an

RV es s Vale ol

alcohdlic solution of ergosterol (XLXIIT), containing a
sensitizor such as eosin, is aerated in presence of light
ergosterol peroxide (XXXIV) is formed (18) by l:4-addition
of oxygen across the conjugated diene system. The peroxide,
which shows no intense selective absorption in the ultra-
violet spectrum, is stable to alkall unlike l:2-peroxides
(19)3 moreover, on zinc-alkali reduction, it forms
ergostadientriol I (XXXV) (20,21) which contains only one
acylable hydroxyl group (22) and accords with the reduction
product of a transannular peroxide. Bergmann has con-
firmed the transannular structure assigned to the peroxide
by his investigations of the peroxidation of cholesgtadienes

(23).

Chart XI

o

Ho Ho

(xxv)

Dehydroergostercl forms a peroxide (IIVI) under
conditions similar to those for the peroxidation of ergo-
sterol (20). The peroxide has no ultravioclet absorption

spectrum and liuller has postulated that it also is of the

C‘IHN



transennular type (3).

It was hoped that reduction of dehydroergosterol
peroxide, under suitable conditions, would result in
formation of the triol (XXXVII) which might be capable
of isomerization to an ll-oxygenated derivative of the

structure (XXXVIII) (chart XII).

Chart XII
c‘i H"’ CqHyy
Ho,
——————— OoH ————
HoO Ho HO H
(XX=IL) - (x=x71)

Zinc-Alkali Reduction of Dehydroergosterol Peroxide.—

Windaus found that zinc-alkali reduction of dehydroergo-
sterol peroxide did not proceed as in the case of ergo-
sterol peroxide to a triol but gave a diol instead (24).
The diol was shown, by acetylation, to contain a secondary
and a tertiary hydroxyl group (24). It also contains
three double bondg, two of which are conjugated to form

g heteroannular diene, indicated by uliraviolet absorption
spectrum measureients and the nonreactivity of the
compound towards maleic anhydride (3). mxperimental

evidence has shown that the diol is ergosta-7:9(11):z2-
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~trien-3f:5f-diol (XXXIX) (3) and it has been sugsested
that 1t is formed as illustrated in chart XIII, the triol
(XXVII) being an unstable intermediate with the tertiary
hydroxyl group at Cg being replaced by hydrogen. The
9:1ll-double bond may have an activating influence on the
8-hydroxyl group as ergostadientriol I (XXXV) is unaffected

by zinc and alkali.

Chart XIIT

(L

o ) Ho
&Ex=v) B (Fxxvi) N Ho (XXXTX)

The author, on repeating the zinc-alkali reduction
of dehydroergosterol peroxide, isolated the diol described
above and dehydroergosterol. It is unlikely that the
latter compound, also isolated when other reducing agents
were used, is formed by dehydration of (XXXIX) as the diol
appears to be stable under dehydrating conditions, e.g.
acetylation results only in the formation of a 3f-acetoxy
group. It is possible that the dehydroergosterol resulits
from the direct removal of the two peroxide oxygen atoms
as water, leaving Cs and Cg each with a free valency and

“the 6:7-double bond moves into conjuzation with these to



give the triene gystem.

Chart XIV
i eati]
-
Ho / HOK(’/]*\\/"
— S (=)

Catalytic Hydrogenation of Dehydroergosterol Peroxide.—

With the aim of obtaining ergosta-6:9(1l):22-trien-3f£:
5€:8¢& -triol (XUXVII) or a rearrangement product of this
compound (see chart XII), the catalytic hydrogenation of
dehydroergosterol peroxide was studied.

Hydrogenation of dehydroergosterol peroxide, using
palladium catalyst, results in the absorption of four
moles of hydrogen with formation of ergost-S-en-3p:58& -diol
(XLI) which can also be obtained by catalytic hydrogenation
of ergosta-7:9(11):22-trien-38:5 & -diol in presence of
‘palladium (3). The following experiments by the author
suggest that, under the prevailing reaction conditions,
dehydroergosterol peroxide is attacked by two moles of
hydrogen simultaneously with direct formation of ergosta-
-7:9(1l):22-trien-36:5& -diol, i.e. not through the

intermediate trientriol (XXXVII) (see chart XIII).
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Dehydroergosterol peroxide was catalytically
hydrogenated, using Raney nickel catalyst. The reaction
mixture absorbed two moles of hydrogen and the trien-
diol (XXXIX) separated from solution in 70% yield. When
the reaction was stopped after absorption of one mole of
hydrogen the reaction product consisted of unchanged
starting material (36%), ergosta-7:9(1ll):22-trien-3£:5&-
-diol (57%) and a small guantity of material (4%) which
appeared to be a mixed cryétal of dehydroergosterol and
ergosterol-D, the latter being formed by hydrogenation of

the dehydroergosterol.

Aluminium Amalgam Rheduction of Dehydroergosterol Peroxide.—

Three reductions of the acetate of dehydroergosterol
peroxide with aluminium amalgam were carried out, the
quantity of reducing agent being varied in each experiment.
When the ratio of reducing agent Tto peroxide acetate was

g:1 (W/w), dehydroergosteryl acetate, ergosta-7:9(11):22-
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~trien-3£:5§-diol 3-acetate and a compound, CgolieUsg
(hereafter named compound i) were isolated. when the
ratio of reducing agent 1o peroxide acetate was 5:1, the
same compounds were obtained but when the ratio was 3:1,
in addition to the three compounds listed above, unchanged
starting material and a substance of doubtful homogeneity
with the uvltraviolet absorption spectrum of a coﬁjugated
triene, were isolated.

The.analysis of compound A conforms to that of the
monoacetate of an ergostatrientriol (CgoHeeO4) but its
ultraviolet absorption spectrum [maximum at 24702 (€=
20,000), heteroannular conjugated diene] shows that it is
neither (XXXVII) which would exhibit no selective absorpt-
tion in the ultraviolet spectrum or (XXXVIII) which is a
homoannular conjugated diene (see chart XII). Compound A
is recovered unchanged when further acetylation is
attempted therefore the free hydroxyl groups present in
it must be tertiary or sterically hindered secondary (eg.
11p-hydroxyl) . It is not attacked by periodic acid,
therefore it is not a vic. glycol. On the basis of this
evidence it is suggested that compound A may have the
structure (XLIII) or (XLIV, (chart XVI).

The structure (XLII) can be discounted as it would
be attacked by periodic acid and would be capable of

further acylation at the secondary ©-hydroxyl group. The
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formation of (XLIII) or (XLIV) necessitates the isomeriz-
ation of the 6:8(9)-diene system; isomerization of a
6:8(9)-diene to an &(9):14-diene has been described in
the copfostane series (25).

Compound A, on hydrolysis, gave the corresponding
ergostatrieﬁtriol but the latter could not be obtained by
aluminium amalgam reduction of dehydroergosterol peroxide,
dehydroergosterol and ergosta-7:9(11l):22-trien-3p+b5E-diol
only being isolated. It is probable that organo-metallic
complexes are formed by interaction of the metallic reducing
agent and dehydroergosterol peroxide as only approximately
50% of the starting maeterial was recovered as reaction

product, the remainder being liberated by treatment of the
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insoluble residue, derived from the aluminium amnalgau,
with dilute mineral acid. No similar effects were

experilenced when the peroxide acetate was being reduced.

Lithium Aluminium Hydride Reduction of Dehydroergosterol

Peroxide.— In an unsuccessful attempt to increase the
yield of compound a, dehydroergosterol peroxide was reduced
by lithium aluminium hydride. Tvo experiments were
carried out, the first with a large excess of lithium
aluminium hydride and a short reaction time, the second
with approximately molar proportions of reducing agent

and a ldng reaction time. In both instances the resction
product was very complex, containing unchanged starting
material, ergosta-7:9(11):22-trien-3p:5f-diol, mixed
crystals of ergosterol and dehydroergosterol, and small
quantities of other, unidentified crystalline substances.
It is interesting to note that ergosterol is formed during
the reduction as it has probably been derived from the
dehydroergosterol present by hydrogenation of the 9:11-
~ethylenic linkage of that compound; reduction of dehydro-
ergosterol normally results in removal of the 556—double

bond to give ergosterol-D (26).

Adnasterol and Jtigunasta-7:9(1ll)i22-trien-3£-01.—

G-Spinasterol (stigmasta-7:22-dien-3f-0l; (XLV) is one of
the few naturally occurring sterols containing a 7:8-double

bond and for this reason it is an especially suitable
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starting material for the preparation of 1ll-oxygenated
steroids by the methods, involving a 7:9(11)-dienic

system, described earlier in this thesis.

HO
(x)

a-Spinasterol has been isolated from spinach (27),
senega root (28) and lucerne (29). The location of one
double bond at the 22:23-position in the side chain was
established by ozonolysis experiments (30). The position
of the other double bond was variously postulated as
being Cg-Cia (30,31) and Cg-Ce (32) on the basis of
hydrogenation and oxidation experiments but Barton and
~ Cox (33) eventually proved it to be C;-Cg. This structure
was confirmed by the partial synthesis of a-spinasterol
from stigmasterol (34).

The author isolated a-spinasterol, as its acetate,
by chromatography of the non-saponifiable fraction of
lucerne, acetylation of the portion eluted by benzene-
-methanol (199:1) and further chromatography and finally
crystallisation of the acetylated material. Examination
of the mother liguors from the acetylated materiacl revealed
the presence of more crystalline solid which could not be
obtained in pure form and may coantain the isomeric f- and

¥-spinasteryl scetates differing from the G-isomer in the
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position of the side chain ethylenic linkage (35,36).

G-Spinasteryl acetate was dehydrogenated to stigmasta-
-7:9(11):22-trien-3f -yl acetate (XLVI) in 25% yield by
mercuric acetate. The product, which exhibited the
characteristic ultraviolet absorption spectrum of a
7:9(11) -dienic steroid, was obtained in better yield (45%)
and purer form by bromination of d-spinasteryl acetate
followed by direct zinc dust debromination of the reaction
product, both operations being carried out at low tempera-
ture. These reactions proceed through the formation of
an intermediate tetrabromide (XLVII) which can be isolated
from the bromination mixture in crystalline form but
decomposes on standing. The tetrabromide can be partially
debrominated by sodium iodide to 22:23-dibromostigmasta-
-7:9(11) -dien-35-yl acetate (XLVIII), a stable compound
which exhibits the 7:9(11l) -diene absorption spectrum.
This may indicate that the tetrabromide is 9:11:22:23-
-tetrabromostigmast-7-en-3p-yl acetate, formed by direct
addition of bromine at Czg and Cgz and by replacement of
hydrogen by bromine at Cg and Cy1. The dibromide, on
treatment with zinc dust, is transformed in good yield to
stigmasta-7:9(11l):22-trien-3£ -yl acetate.

It was found that low temperature bromination of
@-spinasteryl acetate followed by zinc dust debromination

at a higher temperature did not result in satisfactory
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formation of stigmesta-7:9(11):22-trien-3f-yl acetate.
The product, obtained by refluxing the bromination
mixture with zinc dust, was formed in very low yield (5%),
had a specific rotation of -17° as compared with a value
of #45° for the 7:9(11)-dienic steroid and its ultraviolet
absorption spectrum indicated the presence of approximately
50% of the latter compound. On the basis of this evidence
the product would appear to be contaminated by a substance
showing no selective absorption in the ultraviolet swvectrum
and having a specific rotation of approximately -80°.
Debromination at 0° gave a 35% yield of 7:9(11)-diene of
75% purity (based on ultraviolet absorption spectrum data).
The bromination-debromination reactions of G-spinasteryl
acetvate follow a course similar to that for the bromination
of the analogous 5-dihydroergosteryl acetate (5,37). The
bromination of 5-dihydroergosteryl acetate was investigated
in a search for improved methods of preparation of'
ergosteryl-D acetate as Eck and Hollingsworth (38) have
described the preparation of cholesta-7:9(11)-diene by
oxidation of cholest-7-ene at a low temperature with bromine.
Tefrabromoergostenyl acetate is obtained in 50% yield by
low temperature bromination of &-dihydroergosteryl acetate.
The tetrabromide, whose structure has not been elucidated,
is unstable and closely resembles tetrabromostigmastenyl
acebate in physical and chemical propertiesy it is highly

probable that the two tetrabromides have the same nuclear
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structure. Partial debromination of tetrabromcergo-
stenyl acetate by sodium iodide gives 22:23-dibromo-
ergosta-7:9(11l)-dien-3f£ -yl acetate (ergosteryl-D acetate
22:23-dibromide) . This compound, unlike 22:23-dibromo-
stigmasta-7:9(11)-dien-3p-yl acetate, can be obtained in
good overall yield from the parent A 7-sterol and, as
it has no side chain double bond, can undergo oxidation
of the 7:9(11)-dienic system in a more satisfactory
menner than ergosteryl-D acetate (5,37). For purposes
of side chain degradation the side chain ethylenic
linkage is readily regenerated from the dibromide by
the action of zinc dust.

Low temperature chlorination of 5-dihydroergosteryl
acetate has yielded two isomeric tetrachlorides.
Treatment of one of these isomers with sodium iodide

gives ergosteryl-D acetate 22:23-dichloride (37).
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Oxidation of Stigmasta-7:9(11):22-trien-3p-yl Acetate.—

hedSociossanhu S diwto iR be it £ ettt

It was decided to convert stigmasta-7:9(11):22-trien-3f -yl
acetate to an ll-oxygenated derivative by the method
described by Tishler (8) and Jeger (9,11) for the oxidation
of 7:9(11)-dienic steroids. The reaction sequence is
outlined in chart (XVIII).

Treatment of the trienyl acetate (XLVI) with one
mole of perbenzoic acid gave the crystalline monoxide
(XLIX) which, on hydrolysis with sulphuric acid, was con-
verted to stigmasta-8:22-dien-3F:7§:1la-triol 3-acetate
(L) . If the hydrolysis is allowed to proceed for too
long a time, the dientriol monoacetate (L) is decomposed
to a substance showing the ultraviolet absorption spectrum

of an uf-unsaturated ketone (LI). Jeger has described
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this reaction in the ergostane series (9).

triol monoacetate (L) has a high positive

Ctq

As the dien-

optical rotation

and the oxide (XLIX) and the af-unsaturated ketone (LI)

both have negative rotations, the optimum
was gauged by following the reaction in a
This showed that & reaction time of 12 to

most satisfactory.  The overall yield of

hydrclysis time
polarimeter tube.
20 minutes was

dientriol mono-

acetate (L) from stigmasta-7:9(11):22-trien-3f -yl acetate
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(ZLVI) was improved by carrying out the hydrolysis on the
crude perbenzoic acid oxidation product rather then on

the crystalline oxide. Chromic acid oxidation of stig—
masta-8:22-dien-3£:7§:11a-triol 3-acetate gave 8u:9a-
-epoxy-7:1l-diketostigmast-22-en-3f-yl acetate (LII) in
26% yield, accompanied by a trace of 7:1l-diketostigmasta-
-8:22-dien-3p -yl acetate whose presence was indicated by
the ultraviolet absorption spectrum of the mother liguors.
The yield of dione-oxide (LII) is much improved by
oxidising the dientriol monoacetate (L) with approximately
one mole of perbenzoic acid and treating the amorphous
oxidation product with chromic acid. The perbenzoic acid
oxidation product is probably the oxido-diol (LIII) but

it could not be obtained in crystalline form and charact-
erized. 7:11l-Diketostigmast-22-en-3p-y1l acetate (LIV)
was formed practically guantitatively by zinc and acetic
acid reduction of the dione-oxide (LII).

The configurations assigned to the oxide and hydroxyl
groups in compounds (XLIX), (L) and (LII) are based on
thgse of the analogous compounds in the ergostane series
(9).

The table below lists the specific rotations ([u]DJ

. . _ La X mol.wt.. . .
and molecular rotations (MD = In T30 ) of =2 number

of derivatives of stigmast-22-en-3f-yl acetate (LV) and

the corresponding derivatives of ergost-22-en-3f-yl acetate
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(LVI). The molecular rotation differences ( Ali,) between

D
these two series of compounds can be regarded as constant
within the limits of experimental error and show that the
introduction of an additional methylene group in the

ergost-22-ene side chain causes a molecular rotation

increment of approximately +60°.

E gt
L ’
Rco @)

Aco EY)

I Ergost-22-en-3£ -yl Stigmast—zzﬁgg—Sﬁle
Acetate Acetate

Derivative Lalp lip [QJD g Zth
v‘\'

A7 -ene —20.5°k"9) -90° -5° -23° +6%7 °

7e9(11) 4 : .

A -éieﬁe +33° (20 +145° +45° +204 ° +59°

A7 one-9u: || -35° %S% -144° +50°

lla-oxide -39.5° -180° -20° -04° +86 °
Aa-ene—'7§‘3 (9)

lla~diol +82° +388° +03° +453° +65°
7:11-diketo- (9)

8u:9a-oxide -63° -287° -49° ~244° +43°

7:11-dione | -27° 20 | -127° +49°

—310 V9 g0 -16° 7 8° +771 0
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Ergosteryl Acetate.-— Ergosterol (100 g.) was dissolved

in-dry pyridine (400 c.c.) by warming in a stream of
nitrogen. Vhen no solid remained, redistilled acetic
anhydride (100 c.c.) was added to the warm solution which
was then kept at room temperature for 20 hours in the
absence of light. The ergosteryl acetate which separated
was collected, washed with pyridine and water, dried and
recrystallised from chloroform-methanol as'plates (ee g.i,

m.p.170-172°, [aly -93° (c, 1.5).

Dehydroergostercl . — (Windaus and Linsert, loc.cit.).

BErgosterol (50 g.) was dissolved by refluxing in ethanol
(2600 c.c.) and added to a solution of mercuric acetate
(170 g.) in glacial acetic acid (200 c.c.) and ethanol
(400 c.c.). The mixture was refluxed for 40 minutes,
mercury salts removed by filtration and the filtrate con-
centrated to small bulk under reduced pressure. Crystals
separated which were collected and recrystallised from
chloroform-methanol to yield dehydroergosterol as plates

(15 g.), m.p.146-148°, [a]_ +153° (c, 1.6).

D
Dehydroergosteryl Acetate.— (Bergmann and Stevens, loc.
cit.). Ergosteryl acetate (50 g.) was dissolved in

chloroform (700 c.c.) and added to a solution of mercuric
acetate (95 g.) in glacial acetic acid (1200 c.c.). The

mixture was shaken for 24 hours, mercury salts collected



and the filtrate diluted with water (3 litres). The
chlbroform layer was separated, the agueous layer washed
with chloroform and the combined chloroform solutions
concentrated under reduced pressure at low temperature.
llethanol was added to the concentrated solution, crystals
separated, were collected and recrystallised from chloro-
form-methanol from which dehydroergosteryl acetate
separated as plates (20 g.), m.p.144-146°, [Q]D +196°
(c,1.2).

Perbenzoic Acid Oxidation of Dehydroergosteryl acetate.—

Dehydroergosteryl acetate (1.5 g.) was dissolved in
chloroform (10 c.c.), the solution cooled to 0° and treated
with a solution of perbenzoic acid in chloroform (12 c.c.,
40 mg./c.c., 1 atom 0), also at 0°. . The reaction mixture
was maintained at 0° for 4 hours, when it gave no reaction
with potassium iodide reagent, then washed with dilute
éodium hydrogen carbonate and wéter and dried (NazSC,) .

The solvent was removed under‘feduced‘pressure and the
residue digested with methanol, the methanolic mother
ligquors rapidly darkening.  The resulting amorphous yellow
solid (0.4 g.) crystallised from methanol as felted needles

oy

(150 mg.), m.>.191-193°, [a]D -169° (¢, 1.0).
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Analysis: Found: C,79.5; H,9.7
CsoHaaOps requires: C,79.6; H,9.8%.

Note: CgoHuyuOs = dehydroergosteryl acetate monoxide.
Light absorption: maxima at 24002 (&= 17000) and 28002
(€= 5500).

Repetition of the experiment at -10° with dropwise
addition of the perbenzoic acid over several hours (3-7

hours) did not increase the yield of oxidation product.

Attempted Hydrolysis of the Oxidation Product.— (a) The

oxidation product (200 mg.) was dissolved in dioxan

(55 ¢c.c.), water (5 c.c.) and sulphuric acid, (10%, C.2 c.c.)
added to the solution and the mixture kept at roombtemper~
ature for 90 hours. It was then diluted with water and
ether extracted. The ether extract was washed with dilute
sodium hydrogen carbonate and water, dried (Naz30,, and

the solvent removed. The amorphous residue crystallised
from methanol-chloroform as needles (150 mg.), ﬁ.p.188-189°,
undepressed on mixing with starting material.

(b) The oxidation product (120 mg.) was dissolved in
dioxan (25 c.c.), and water.(5 c.c.) and sulphuric acid
(10%, 0.5 c.c.) added. Precipitation occurred but the
mixture was heated under reflux and the precipitate re-
dissolved. Refluxing was continued for 21/2 hours, the
mixture cooled and diluted with water. The amorphous

reaction product was isolated by ether and a portion
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(70 mg.) acetylated in the usual way . The acetylated
material crystallised from methanol -chloroform as fine,
felted needles, m.».187-189°, undepressed on mixing with

starting material, [a]D -165° (¢, 1.3).

Treatment of the Oxidation Product with lialeic Anhydride.—

The oxidation product (200 mg.) and maleic anhydride
(150 mg.) were dissolved in dry xylene (5 c.c.) and the
solution heated under reflux for & hours. The solvent
and excess maleic anhydride were removed under reduced
pressure and the amorphoﬁs, pale yellow residue dissolved
in e¢ther (50 c.c.). The ethereal solution was shaken
with 4N sodium hydroxide (2 x 50 c.c. portions) and an
acid fraction isolated from the agueous layer in the usual
way .

Evaporation of the ethereal layer yielded the neutral
fraction. The acid and neutral fractions were both

acetylated but in neither case could be induced to

crystallise.
Dehydroergosterol Peroxide.— (Windaus and Linsert, loc.
cit.). Dehydroergosterol (10 g.) was dissolved in

ethanol (12C0 c.c.) and eosin (10 mg.) added to the solution
- which was irradiated with a water-cooled white light whilst
oxygen was slowly bubbled through it for & hours. The

solution was evaporated to dryness under reduced pressure,



the residue dissolved in benzene (100 c.c.; and adsorved
on & column of alumina (grade II, 50 g.) to remove eosin.
The alumina was washed with benzene-methanol (100 c.c.,
3:1) and the washings evaporated to give dehydroergosterol
peroxide which crystallised as needles (6 g.) from
methanol, m.p.160-163°, [a]D +79° (e, 1.7).
Analysis: Found: C,78.8; H,9.6.

Calc. for CpegHip0s: C,78.9; H,9.9%.

Dehydroergosterol Peroxide Acetate.— Dehydroergosteryl

acetate (7.5 g.) was dissolved in ethanol (1200 c.c.) and
eosin (8 mg.) added to the solution which was treated as
described for the preparation of dehydroergosterol peroxide.

Dehydroergosterol peroxide acetate separated from methanol

as needles (5 g.), m.p.175-177°, [a]y +91° (¢, 1.0).
Analysis: Found: C,76.7; H,9.1
CsoH,e04 reguires: ¢,76.9; H,9.4%.

Dehydroergosterol peroxide acetate (1 g.) was dis-
solved in methanolic potassium hydroxide solution (5%,
40 c.c.; and the mixture refluxed for 2 hours. The solution
was cooled and dehydroergosterol peroxide (0.7 g.) separated
as needles, m.p.162-165°, undepressed when mixed with a

sample prepared as described above, [u]D +80° (¢, 1.5).

Reduction of Dehydroergosterol Peroxide by Zinc/Potassium

Hydroxide.— (cf. indaus et al, loc.cit.). Dehydroergo-
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sterol peroxide (1.5 g., was dissolved in ethanol (10 c.c.;
by heating under reflux. Potassium hydroxide (0.5 £.)
in agueous ethanol (9C%, 5 c.c.) and zinc dust (4 g.) were
added to the solution and refluxing continued for 2 hours.
The zinc was collected, washed with boiling ethanol and
the combined filtrate and washings concentrated to give
a crystalline solid, m.p.150-210°. Light absorption:
Maxima at 25602 (E{= 10,000), 2440£ (€= 11,000), 5120§
(€ = 5500), 326012. ( € =6000) and 34002 (€= 3800).
Recrystallisation of this product from ethyl acetate
yielded ergosta-7:9(11l):22-trien-3£:5£-diol as plates,
m.p.223-226°, [u]D +44° (¢,1.0).
-Analysis: Found: (C,81.5; H,10.6.

Calc. for CggHaaOz: C,81.8; H,10.8%.

Acetylation of ergosta-7:9(1l):22-trien-3p:5f-diol

in the usual way gave ergosta-7:9(11l):22-trien-3pH:5¢-diol
3-acetate as plates from methanol-chloroform, m.p.220-223°,
[a] +47.5° (c, 1.1). |
Analysisg: Found: C,79.1; H,9.9.

Calc. for CgoleeOs: C,79.23 H,10.2%,

A portion of the crude reduction product was acetyl-

ated in the usual way and the acetylated material (0.5 g.)
dissolved in benzene-light petroleum (1l:5, 60 c.c.) and
chromatographed on acid-washed, activated alumina (grade

II, 15 g.) to give the following fractions:
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Traction Jolvent Zluate
- Benzene-light petroleum (1:5) 60 c.c. -

(1) Bengene-light petroleum (1:4) 200 c.c. C.29

i

- Benzene-light petroleum (1:4) 100 c.c. -
- Benzene 100 c.c. -

(2) Benzene -methanol (99:1) 100 c.c. 0.20

M

Fraction 1 crystallised from methanol-chloroform as
plates, m.p.141-144°, undepressed on mixing with dehydro-
ergosteryl acetate, [a]D +198° (¢, 1-5).

Fraction 2 crystallised from methanol-chloroform as
plates, m.p.222-224°, undepressed on mixing with ergosta-

-7:9(11):22-trien-3£:5&-diol 3-acetate, [a]D +50° (c,1.2).

Catalytic Hydrogenation of Dehydroergosterol Peroxide.—

(a) A solution of dehydroergosterol peroxide (1 g.; in
éthyl acetate (70 c.c.) was catalytically hydrogenated in
presence of Raney nickel. After 61 c.c.(1l.1 moles) of
hydrogen had been absorbed, the hydrogenation was stopped,
the catalyst collected, washed with ethyl acetate and the
combined filtrate and washings evaporated to dryness
under reduced pressure to give an amorphous residue which
was acetylated with acetic anhydride in pyridine at room
temperature. The scetylated product (0.93 g.) was dis-
solved in light petroleum (100 c.c.) and chromatographed

on acid-washed, activated alumina (grade II, 30 z.).



fraction
(1) Benzene-light
(2) Benzene -light
Benzene-light
Benzene-light
Benzene-light
Benzene-light

(3) Benzene-light

petroleum (1:3) 300 c.c. .04 g

petroleum (1:3) 10C c.c..

petroleum (2:3) 300 c.c.

(Uie]

)
)
petroleum (1:1) 100 c.c.) 0.36
)
petroleum (3:2) 100 c.c.)

}

petroleum (3:1) 100 c.c.
petroleum (9:1)1100 c.c. 0.57 g.

Fraction 1 crystallised from chloroform-methanol as

plates, m.p-l54‘1570.

I

o
24304 (€

o
34004 (€

Light absorption: maxima at

o o]
6500), 3L00A ( €= 4700), 32504 (€ = 5200) and

o]
3200, with an inflection at 2260A (€ = 6000).

Fraction 2, on crystallisation from methanol, yielded

dehydroergosterol peroxide acetate as needles, m.p. and

mixed m.p.l74-176°, [u]D

+92.5° (c,1.7).

Fraction 3 crystallised from chloroform-methanocl as

plates, m.p.218-221°, undepressed on mixing with ergosta-

-7:9(11):22-trien-38:5E-diocl 3-acetate, [a]D +49° (¢, 2.0).

(b) A solution of dehydroergosterol peroxide acetate (1 g.)

in ethyl acetate (100 c

.c.} was shaken with hydrogen in

presence of Raney nickel catalyst. 115 c.c. (2.2 moles,

of hydrogen were guickly ebsorbed and & crystalline solid

separated from the reaction mixture, further uptake of

hydrogen being very slow. The rezction mixture was warned

to digsolve the separated solid, Tthe Haney nickel rernoved
s ’
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</

by filtration and washed with ethyl acetate. The combined
filtrate and washings were concentrated and glistening
plates (0.6 g.) of ergosta-7:9(11):22-trien-~36:5€-diol
3-acetate separated, m.p. and mixed m.p.215-220°, [&]D +46 °
(c, 1.6). |

Further concentration of the mother-liquors yielded

a second crop (100 mg.) of less pure triendiol acetate.

Aluminium Amalgam.— (Weygand, Org.Prep.,p.9). Aluminium

turnings, activated by treatment with 10¢ sodium hydroxide
solution, were washed with water and treated with 1%
mercuric chloride solution. The resulting amalgan was
washed successively with water, ethanol and ether to give
a product which effervesced vigorously in moist ether.

The amalgam must be used immediately after preparation.

Aluminium Amalgam Reduction of Dehydroergosterol Peroxide

Acetate.— (a) Dehydroergosterol peroxide acetate (6 g.)
was dissolved in moist ether (240 c.c.) and aluminium
amalgam (50 g.) added to the solution which was stored at
room temperature for 24 hours. The insoluble residue

was removed by filtration and washed with ether, the com-
bined filtrate and washings being evaporated to dryness
under reduced pressure to give an amorphous residue. The
residue wag fractionally crystallised from chloroform-
methanol, two fractions being obtained (fraction I, 1.5 g.,

fraction II, 3.5 g.)-
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A portion of fraction I (0.70 g.) was dissolved in
benzene-light petroleum (l:1; 50 c.c.) and chromatogsraphed
on acid-washed, activated alumina (grade II; 20 g.) to

give the following fractions:

Fraction Solvent Eluate
(1) Benzene -light petroleum (1:1) 100 c.c.)
) 0.20 g.

Benzene-light petroleum (3:2) 100 c.c.)
(2) Benzene -me thanol (99:1) 200 c.c. 0.50 &.

Fraction (1) crystallised from chloroform-methanol,
yielding dehydroergosteryl acetate as plates, m.p.146-148°,
undepressed on mixing With an authentic specimen, [a]D
+190° (c, 1.3).

Fraction (2) crystallised from chloroform-methanol
as plates, m.p.216-218°, undepressed on mixing with
ergosta-7:9(11l):22-trien-3£:5&-diol 3-acetate.

A portion of fraction II (1.80 g.) was dissolved in
benzene-light petroleum (1:1j 100 c.c.) and chromatographed

on acid-washed, activated alumina (grade II, 50 g.).

Fraction Solvent | Eluate
(1) Benzene-lighﬁ petroleum (1:1) 100 c.c. 0.26 g.
(2) Benzene -light petroleum (3:2) 100 c.c.

Benzene -light petroleum (4:1) 1C0 c.c.

Benzene 100 c.c.

-

&

[$))
U

Benzene -methanol (98:2) 100 c.c.
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Fraction (1) crystallised from chloroform-methanol
as plates, m.».144-146°, undepressed on mixing with
dehydroergosteryl acetate.

Fraction (2) crystallised from methanol as prisms,
m.p.142-144°, [a]D -66° (c,1.7). Light absorption:
maximum at 24703 (€ =20,000).
Analysis: Found: C,76.8; H,10.1; active H,0.32.

Cs0Hae04 requires: C(,76.6; H,9.9; active H,0.42%.

Note: CgzoHasOs = ergostatrientriol monoacetate. This

substance was named compound A.

(b) Dehydroergosterol peroxide acetate (5 g.) in moist
ether (200 c.c.) was treated with aluminium amalgam (25 g.)
for 18 hours at room temperature and worked up as described
in (a) to give two fractions (fraction I, 0.90 g.; fraction
IT, 2.43 g.).

Fraction I was recrystallised from ethyl acetate to
give ergosta-7:9(1l):22-trien-3p:6¢-diol 3-acetate as
glistening plates, m.p.220-223°, undepressed on mixing
with an authentic specimen.

A portion of fraction II (1.0 g.) was dissolved in
Benzene-light petroleum (1:1j 100 c.c.) and chromatographed
on acid-washed, activated alumina (gfade I, 30 g.las

follows:



Fraction Solvent Dluate
(1) Benzene-light petroleum (1:1) 150 c.c. 0.11 .
(2) Benzene -light petroleum (3:2) 100 c.c.)

)
Benzene -1light petroleum (3:1) 200 c.c.)
) 0.42 g
Benzene-light petroleum (9:1) 100 c.c.)
)
Benzene 100 c.c.)
(3) Benzene -me thanol ' (99:1) 200 c.c. .12 g.

Fraction (1) yielded dehydroergosteryl acetate from
chloroform-methanol as plates, m.p.144-147°, undepressed
on mixing with an authenfic specimen;

FPraction 2 crystallised from methanol as prisums,
m.p.l42—l455, undepressed on mixing with compound 4, [u]D
-63° (0,0.5).

Fraction (3) would not crystallise.

(c) A solution of dehydroergosterol peroxide acetate (5 g.)
in moist ethér (200 c.c.) containing eluminium emalgan

(15 g.) was kept at room temperature for 14 hours and
worked up as. described in (a) to give two fractions
(fraction I, 1.2 g.3 fraction II, 3.0 g.).

Fraction I, on recrystallisation from ethyl acetate,
afforded efgosta—V:Q(ll):22—trien~5@:5§—diol 3-acetate as
plates, m.».217-219°, undepressed on mixing with an
authentic specimen, [u]D +47° (¢, 1.0).

Praction II (2 g.) was dissolved in benzene-light

petroleum (1:2; 150 c.c.) and chromatographed on acid-
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washed, activated alumina (grade II, 60 g.) to give the

following fractions:

Fraction . Solvent ' Eluate
(1)  Benzene-light petroleum (1:2) 200 c.c. 0.11 g.
(2) Benzene -light betroleum (1:1) 100 c.c. 0.42 g.
(3) Benzene-light petroleum (1:1) 200 c.c.)
) .09 &

Benzene-light petroleum (3:2) 100 c.c.)

(4) Benzene -light petroleum (3:1) 100 c.c.)
Benzene-light petroleum (9:1) 100 o.c.j 1.11 g.

Benzene | | 500 c.c.j
(5) Benzene -methanol (1:1) 100 c.c. 0.09 g.

FPraction (1) crystallised from chloroform-methanol as
plates, m.p.144-146°, undepressed on mixing with dehydro-
ergosteryl acetate, [a]D +199° (¢,0.5).

Fraction (2) crystallised from a large bulk of
me thanol as clumps of matted needles, m.p.140-146°, [a]D
-240° (c,0.45).

Analysis: Found: (€,81.8; H,9.5%.
Light absorption: maxima at 2510E (€= 3300), 26003 (€ =
5330), 32504 (£ = 9800) and 34104 (€= 9700).

Iraction (3)crystallised Ifrom methanol as needles,
m.».169-172°, undepressed on mixing with starting meterial,
[ajD +95° (¢,1.0).

Fraction (4) crystallised from methanol as prisms,
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m.p».142-145°, undepressed on mixing with compound s, [u]D
-66° (c, 1.7).

Fraction 5 could not be crystallised.

ttempted Acetylation of Compound A.— (a) Compound A

(150 mg.) was dissolved in a mixture of dry pyridine (1 c.c.)
and redistilled acetic anhydride (0.15 c.c.), kept at

room temperature for 18 hours and Worked up in the usual

way to give unchanged starting meterial.

(b) A solution of compound A (250 mg.) and fused sodium
acetate (100 mg.) in redistilled acetic anhydride (2 c.c.,
was refluxed for 1 hour. Prisms separated from the

solution on cooling, were collected, washed with water and

dried, m.p. and mixed m.p.140-142°, [q]D -65° (¢, 1.4).

Hydrolysis of Compound A.— A solution of compound &

(340 mg.) in methanolic potassium hydroxide solution (7%,
15 c.c.) was heated under reflux for 2 hours, cooled and
diluted with water. The precipitate which separated was
isolated and crystallised from agueous methanol as needles
(220 mg.), m.».133-136°, [a]D -756° (¢, 0.9).

Analysis: Found: C,79.0; H,10.7.

«Q

seH.40s reguires: C,78.5; H,10.4%.

Note: CugHi,Us = ergostatrientriol.

Attempted ZPeriodic acid Uxidation of Compound A.— Compound

i
s

‘ . . e . '
4 (100 me.) wes dissolved in methancl (15 c.c.., end
o
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with & solution of periodic acid (160 mg.; 4 moles) in
water (1.2 c.c.). The mixture was stored at roou
temperature for 22 hours, diluted with water and the
granular precipitate which separated collected, washed
with water and dried. The product was crystallised from
methanol as prisms, m.p.141-143°, undepressed on mixing

with starting material.

Lo

Alvminium Amalgam Reduction of Dehydroergosterol Peroxide.—

A solution of dehydroergosterol peroxide (2 g.) in moist
ether (100 c.c.) was shaken with aluminium amalgam (20 g£.)
for 24 hours. Insoluble material was removed from the
solution by filtration and washed with ether, the combined
filtrate and washings being evaporated to dryness under
reduced pressure to give an amorphous residue (frection

I, 0.74 g.).

The insoluble material from the reaction after
unchanged aluminiuvm had been removed, was digested with
dilute hydrochloric acid, and the resulting suspension
extracted with ether. The ether extract was washed with
water, dried (Napz30,) and the ether removed under reduced
pressure to give a slightly yellow, amorphous residue

~

(fraction I1I, 0.93 g.).

A portion of fraction I was acetyleted with acetic

anhydride in pyridine at room temperature and worked up
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~in the usual way. The acetylated product (0.6 z., was
dissolved in benzene-light petroleum (1:2; 75 c.c.) and

chromatographed on acid-washed, activated sluminsz (gzrade

IT, 18 g.).
Fraction Solvent Eluate
(1) Benzene-light petroleum (2:1) 50 c.c.)
) .10 g.
Benzene-light petroleum (7:3) 50 c.c.)
(2) Benzene-light petroleum (9:1) 400c.c.)
Benzene 1000.0.3 0.43 g.
Benzene»methaﬁol (99:1) lOOc.c.;
(3) Benzene -me thanol (99:1) 100c.c. 0.06 g.

Fraction (1) crystallised from chloroform-methanol
as plates, m.p.144-146°, undepressed on mixing with
dehydroergosteryl acetate.

Fraction(2)crystallised from chloroform-methanol
as plates, m.p.218-221°, undepressed on mixing with
ergosta-7:9(11):22-trien-3p:5E-diol B-acetate, [a], +48°
(c, 1.0).

| Praction (3) would not crystallise.

A portion of fraction II was acetylated and chroma-

tographed but no crystalline products were obtained from

it.

Tithium Aluminiuwm Hydride Reduction of Dehydroerzosterol

Peroxide.— (&) Lithium aluminium hydride (2 £.) was
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heated under reflux in dry ether (150 c.c.) until no more
would dissolve. A solution of dehydroergosterol
peroxide (2 g.) in dry ether (1CC c.c.) was added dropwise
to the refluxing solution over 45 minutes. The mixture
was heated under reflux for a further 4%/, hours, poured
carefully on to ice and acidified with dilute sulphuric
acid. The ethereal layer was separated, the agqueous
layer twice extracted with ether and the combined ethereal
solutions washed with dilute sodiun hydrogen carbonate
solution and water and dried (Naz350.). The ether was
removed under reduced pressure, giving an amorphous
residue which was acetylated with acetic anhydride in
pyridine at room temperature in the usual way. The
acetylated material (2.0 g.) was dissolved in benzene -
light petroleum (1:1§ 100 c.c.) and chromatographed on
acid-washed, activated alumina (grade II, 50 g.) to give

the following fractions:

Fraction Solvent Zluate
(1) Benzene -light petroleum (1:1) 100 c.c. 0.08 g.
(2) Benzene -light petroleum (1:1) 50 c.c. 0.12 g.
(3) Benzene-light petroleum (5:2) 100 c.c. 0.39 g.
(4) Benzene-light petroleum (3:2) 300 c.c.)

Benzene-light petroleum (3:1) 100 c.c.%
Benzene -light petroleum (9:1) 100 c.c.g C.67 g.
Benzene 100 c.c.i

)

Benzene -methanol (99:1) 100 c.c.
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Fraction sSolvent Lluate
(5) Benzene -methanol (98:2) 20C c.c. .77 &.

Fraction (1) could nof be crystallised.

Fraction (2) crystallised from chloroform-methanol
as plates, m.p.158-161°, undepressed on mixing with a
synthetic mixed crystal of ergosteryl acetate and dehydro-
ergosteryl acetate of m.p.162-164° (see experiment (b)

o]
below) . Light absorption: maxima at 27204 ( &€= 8200/,

i

(¢} o] [e]
26204 ( € = 8200, 29404 ( € = 6000), 31004 (€ = 2900) and

o]
2600) with an inflection at 3400A (& = 1900).

Il

52502 (€
Fraction (3) crystallised as needles, m.p.l170-172°,
undepressed on mixing with dehydroergosterol peroxide
acetate, [u]D +95° (¢, 0.6).
Fraction (4) crystallised from chloroform-methanol
as plates, m.p.217-220°, undepressed on mixing with ergosta-
-7:9(11):22-trien-3p:5£-diol 3-acetate, [a]D +45° (c, 1.1).
Fraction (5) would not crystallise.
(b) ILithium aluminium hydride (0.4 g., 70% soluble in
ether) was added to dry ether (50 c.c.) and heated under
reflux until no more solid dissolved. A solution of
dehydroergosterol peroxide (2 g.) in dry ether (50 c.c.)
was added dropwise, over 10 minutes, to the refluxing
solution and refluxing continued for a further 21 hours.
The reaction mixture was worked up and acetylated as des-

cribed in (a) to give an emorphous product, part of which



- 106 -
(1.7 g.) was dissolved in benzene-light petroleum (1l:4;
100 c.c.) and chromatographed on acid-washed, activated

alumine (grade II, 50 g.) as follows:

Fraction Solvent | Eluste
(1) Benzene-light petroleum (1:4) 150 c.c. 0.04 g.
(2) o " " (1:4) 100 c.c. 0.24 g.
(3) " . " (1:4) 400 c.c. 0.44 g.
(4) " " " (1:4) 300 c.c. 0.07 g.
(5) " " " (1:4) 200 c.c. 0.06 g.
(6) L W (1:1) 100 c.c. 0.08 g.
(7) oo " (1:1) 600 c.c. 0.24 g.
(8) " " " (4:1) 500 c.c. 0.15 g.
(9) Benzene 100 c.c. 0.03 g

- Benzene -methanol (199:1) 200 c.c. -
(10) Benzene -me thanol (9:1) 50 c.c. C.37 g

Fraction (1) crystallised as plates from chloroform-
methanol, m.p.149-153°, mixed m.p. with fraction 2 = 148-15<°.
This fraction is probably similar to fraction (2) in com-
position.

Fraction (2) crystallised from chloroform-methanol
as plates, m.p.160-163°, undepressed on mixing with a
synthetic mixed crystal of ergosteryl acetate end dehydro-

ergosteryl acetate of m.p.162-164°, [ajD +16° (¢, 1.0).
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Analysis: Found: C,82.1; H,10.7
kequired: C,82.4; H,10.3%.

The "reguired™ values are for a mixed crystal, ratio of
ergosteryl acetate to dehydroergosteryl acetate = 6:4,
calculated from optical rotation and light absorption.
Light absorption: maxima at 27202 (E=%7500), 28202
(€= 8000), 20404 (€= 6000), 51204 ( €= 4100), 32604
(€= 4400) and 34204 (€= 2900).

Fraction (3) crystallised from methanol as needles,
m.p.170-173°, undepressed when mixed with dehydroergosterol

peroxide acetate, [a]. +91° (¢, 0.6).

D

Praction 4 crystallised from chloroform-methanol as
plates, m.».248-25C°%, pale yellow colour with tetranitro-
me thane. There was insufficient pure material available
for analysis.

Fraction (6) crystallised from chloroform-methanol
as plates, m.p.216-220°, undepressed on mixing with
ergosta-7:9(11):22-trien-3p:5&-diol 3-acetate.

Fractions 5, 7,8,9 and 10 did not crystallise satis-
factorily, were combined (0.47 g.), dissolved in light
petroleum (75 c.c.) and rechromatographed on acid-washed,

activated alumina (grade II, 15 g.).
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Fraction Solvent Bluate
- Light petroleum 125 c.c. -

- Benzene-light petroleum (1:4) 100 c.c. -

(l) : " u " (l:l) 100 c.c. 0.03 g.
(2) it o ] (l:l) 200 c.c. 0.08 g -
(3) " 1 g (1:1) 250 c.c. 0.10 g.

_ : n T " (l:l) 150 c.c. -
_ m n 1 (3:1) 200 c.c. -
- Benzene 100 c.c. -

(4) . Benzene -methanol (99:1) 100 c.c. 0.22 g.

Fraction (1) would not crystallise.

Fraction (2) crystallised from chloroform-methanol
as plates, m.p.216-219°, undepressed on mixing with
ergosta-7:9(11) :22-trien-3p:5E-diol 3-acetate.

Fraction (3), on crystallisation from methanol,
yielded ergosta-7:9(11):22-trien-3p:5§-diol 3-acetate,
m.p. and mixed m.p.214-220°. The mother liguors contained
a second, lower melting component which was not isolated
in pure form.

"Fraction (4), on long standing in methanol, deposited
a small quantiﬁy of needles, m.p.185-188°, no colour with
tetranitrome thane.

Analysis: Found: C,74.45 H,10.7%,
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G-dpinasteryl Acetate.— An extract from lucerne was

supplied by Tr. . Litchell of stafford illen aad Sons,
Ltd.? to whom the author expresses his thanks. The non-
saponifiable matter (105 g.), from lucerne, in benzene
(2 1.) was chrometographed on alumina (grade II, 1000 g.,
50 x 6 cm.). The fractions eluted with benzene (7.5 1.),
benzene-ether (9:1, 1 1.), benzene-ether (7:3, 1 1.),
benzene -ether (1:1, 3 1.) and.benzene—methanol (1e9:1, 3 1.)
were discarded. Continued elution with benzene-methanol
(199:1, 8 1.) gave a brown wax (approx. 50 g.). 4 solution
of this wax in pyridine (200 c.c.) and acetic anhydride
(40 c.c.) was kept at room temperature. After 18 hours
the separated crystalline solid (8 g.) was collected and
recrystallised from methanol-chloroform to give G-spina-
steryl acetate (2.7 g.) as plates, m.p.182-185°, [a]D -5°
(¢, 1.9).
Analysis: Found: C,82.05 H,11.4

Calc. for Czi1HsoOz: C,81.9; H,11.1%.
A solution of the solid, obtained from the acetic-anhydride-
pyridine mothef liquors by precipitation with water, in
benzene (1 1.) was chromatographed on alumina (grade II,
1000 g., 50 x € cm.) and the column washed with benzene
(2 1.). The solid (12 g.) obtained by evaporation of
the benzene filtrate was crystallised from chloroform-

methanol to give u-spinasteryl aceteate (2.8 g.), m.p.177-



t-Spinesterol.— A solution of a-spinasteryl acetate

(lOO mg.) in methanolic potassium hydroxide solution (2%;

{20 -c.c.) was heated under reflux for 2 hours, and cooled.

The crystalline solid which separated was isolated and
crystallised from chloroform-methanol to give a-gpina-
sterol as plates, m.p.167-169°, [a]D -1° (c, 2.0).
Analysis: Found: C,82.2; H,11.8
Calc. for CgeHagO. /oHo,0: C,82.6; H,11.7%.

Tetrabromostigmastenyl Acetate. — A4 solution of «-gspina-

steryl acetate (50C mg.) in dry ether (35 c.c.) was treated

at 0° with a solution of dry bromine in. glacial acevbic

acid (10%; 3.5 c.c.) with shaking. The mixture was

immediately cooled to -50° and then allowed to attain C°

over 4 hours. The ether was removed under reduced pressure

at room temperature end the solid (190 mg.; m.p.125-127°)
acid

separating from the acetic?*solution collected and crystal -

lised from light petroleum from which tetrabromosticma-

stenyl acetate separated as clusters of small plates, m.p.

130-132° (decomp.), [a]D +239° (¢, 0.5 in benzene, .
dnalysis: FPound: C,48.¢5;H,6.4; Br,40.8
Cs.Hos0eBry requires: (,48.2; H,6.2; Br,41.49.

tetrabromide is unstable and becomes discoloured on

=
=
®

standing.
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22:23—Dibromostiqmasta—7:9(ll)—dieh—3f~yl icetate. — a

solution of tetwzbromwostismastenyl acetste (130 mg.) in
benzene (10 c.c.) was wixed with one of sodium iodide

(0.6 g.) in ethanol (10 c.c.). After 18'hours the mixbture
was diluted with water, the benzene layer separated and

the aqueous layer extracted with benzene. The combined
benzene solutions were washed successively with sodium
thiosulphate solution and water and dried (Wag30,). The
solution was concentrated to a bulk of 50 c.c. under
reduced pressure and peréolated through a2 column of acid-
washed, activated alumina (grade ITI, 1.5 g., 2 x 1 cm.).
The filtrate was evaporated and the residual solid
crystallised from methanol-chloroform to give 22:23-dibromo-
stigmasta-7:9(11) -dien-3f-yl acetate as needles (70 mg.),

m.p.203-205° (decomp.), [a]D +35° (c, 0.6].

Analysis: ; Found: (C,60.8y H,8.2

Cg1Hyig02Brz requires: C,60.83 H,7.9%.
Light absorption: maxima at 2550§ (€ =16,000) and Zézozﬁbﬂﬁcoo)
with an inflection at 25002 (€= 12,000). The dibromide

gives an orange-red colouration with tetranitromethane in

chloroform.

Stigmasta-7:9(11):2e-trien-3f -yl 4cetate.— (a, Yrom 22:25-
~-dibromostigmasta-7:9(11) -dien-3i -yl acetate. 4 solution

of the dibromide (53 mg.) in a mixture of ether (1C c.c.)

and ethanol (15 c.c.) was heated under reflux for & hours
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with activated zinc dust (3C0 mg.). The zinc was repoved
by filtration, the filtrate washed with water, dried and
the solvent removed under reduced pressure. The regidue
was crystallised from methanol-chloroform to give
stigmasta-7:9(11):22-trien-3p-yl acetate as plates (28 mg..,
m.p.164-167°, [a]D +45° (¢, 0.7).
Analysis: Found: C,82.4; H,10.8

Cz1HaeOz requires: C,82.2; H,10.%%.
Light absorption: meaxima at 2360& (€=17,000) and 24202
(&£=19,000) with an inflection at 250@13. (€= 12,500).
The compound gives aﬁ orange -red coloration with tetra-
nitromethane in chloroform.
(b) By mercuric acetate dehydrogenation of a-spinasteryl
acetate. A solution of a-spinasteryl acetate (1.5 g.)
in dry chloroform (25 c.c.) was mixed with a solution of
mercuric acetate (3.5 g.) in glacial acetic acid; mercurous
acetate gquickly separated. The mixture was shaken for
22 hours, the mercurous acetate (2.5 g.) collected and
washed with chloroform. The combined filtrate and
washings were concentrated under reduced pressure below
50° and the solid (450 mg.), which separated on cooling,
recrystallised from methencl-chloroform to give stigmasta-
-7:9(11):22-trien-3p-yl acetate as plates (3920 mg.),

m.p.l59—l65°, undepressed on mixing with a specimen

prepared as described in (a), [al, +40° (c, 2.4).
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Analysis: Found: C,8z-1; 4,11°0%.

Light absorption: maxima at 25603 (g€ = 16,00C) and 24202
(€= 18,000) with an inflection at 2500& (€= 12,0C0).

(c) By bromination of ¢-gpinasteryl acetate. A solution
of a-spinasteryl acetate (400 mg.) in dry ether (30 c.c.)

at 0° was treated with a solution of dry bromine in glacial
acetic acid (8%; 2.5 c.c.) with shaking. The solution was
cooled to approximately -40°, maintained at this temperature
for 3 hours, treated with activated zinc dust (3 g.) and the
mixture stirred for 3 hours at -40° and kept at 0° overnight.
After filtration, the solution was washed with water, dried
(Naz380,) and the solvent removed under reduced pressure. A
solution of the solid residue in benzene (100 c.c.) was
filtered through a column of alumina (grade II, 10 g., 5 x
1.7 cm.) and the column washed with benzene (250 c.c.). The
combined benzene filtrates were evaporated and the residué
crystallised from methanol-chloroform to give stigmasta-
-7:9(11) :22-trien-3f-yl acetate as plates (185 mg.) m.p.l63~
166°, [aly +46° (c,0.7).

Analysis: . Found: C,g82.2; H,10.8%.

- Light absorption: maxima at 2560§ (€ = 16,000) and 242OK
(€= 17,000) with an inflection at 2500£ (€= 10,500).

Bromination-Debromination of a-Spinasteryl Acetate.—

(a) o-Spinasteryl acetate (500 mg.) in dry ether (50 c.c.)
was treated at -10° with a solution of dry bromine in glacial

acetic acid (10%; 2.5 c.c.). The mixture was cooled to -40°,
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allowed to reach room temperature over 4 hours, then washed
with water, diluted with ether (50 c.c.), activated zinc
dust (6 g.) and ethanol (150 c.c.) added and the mixture
heated under reflux for 3 hours. After filtering, the
~solution was washed with water, the ethereal layer separated,
dried (NapS0,) and evaporated to leave a pale yellow resin.
The resin, on digesting with methanol, gave an amorphous
solid (250 mg.) which exhibited an orange-red colour with
chloroformic tetranitromethane. The solid, after many
recrystallisations from chloroform-methanol, yielded plates
(27 wg.), m.p.160-164°, [&]D -17° (¢,0.7). Light absorption:
maxima at 23601 (€ = 7600) and 24205 (&€= 8500) with an
inflection at 25003 (€ = 6000).

(b) a-Spinasteryl'acetate (500 mg.) in dry ether (50 c.c.)
was treated at -5° with a solution of dry bromine in glacial
acetic acid (10%; 2.5 c.c.). The mixture was cooled to
approximately -40°, maintained at this temperature for 4
hours, and then placed in an ice bath and stirred with
activated zinc dust (3.5 g.)kfor */- hour. The zinc was
collected and ethanol (50 c.c.) and zinc dust (5 g.) added
to the filtrate. The mixture was heated under reflux for
21/, hours and working up as in (a) gave a product which
crystallised from chloroform-methanol, as plates (175 mg.)
m.p.155-15¢°, [a]D +SO? (c,1.0). Light absorption: maxima
at 25602 (€ = 12,400) and 24202 (€ =14,000) with an

o]
inflection at 250CA (&€ = 90C0).
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Stigmasta-7:9(11l):22-trien-3f -ol. — Stigmasta-7:9(11):22-
-trien-3f -yl acetate (10C mg.) in methanolic potassium
hydroxide solution (1%; 30 c.c.) was heated under reflux
for 1*/; hours. The solution was cooled (needles separated),
diluted with water and the product isolated by ether. The
product was crystallised from chloroform-methanol to give
stigmasta-7:9(11):22-trien-36-0l as needles (70 mg.), m.p.
164-165°, [w], +44° (c,0.5).
Analysis: Found: (C,84.55 H,11.2
CeoHaeO requires: C,84.8; H,11.3%.

Light absorption: maxima at 2560§ (€=14,000) and 2430§
(&€=16,000) with an inflection at 25OOX (€ =10,500).

Stigmasta-7:9(11):22-trien-3p-0l was acetylated with
acetic anhydride in pyridine at room temperature to give
stigmasta-7:9(11l):22-trien-38-yl acetate as plates, m.p.

161-163°, [a].. +45° (c,0.8).

D
9a:lla-Epoxystigmasta-7:22-dien-3p-yl Acetate.— Stigmasta-

-7:9(11) :22-trien~-3f -yl acetate (200 mg.) was dissolved in
dry chloroform (1 c.c.), the solution cooled to ca. -5°

and treated with a solution of perbenzoic acid in chloroform
(39.5 ng./c.c., 2.1 c.c., 1.35 atoms O) added dropwise with
stirring during 3 hours. The reaction mixture was kept
overnight at 0°, diluted with chloroform, washed with sodium
hydrogen carbonate solution and water, and dried (Map304) .
The residue, obtained on removal of the solvent under

reduced pressure at about 40°, crystallised from acetone
to give ga:lla-epoxystigmasta-7:22-dien-3L-yl acetate




as plates (756 mg.), m.p.204-208°.

ation from acetone raised the m.p. to 20¢-212°, [o]

-17° (c,1+4, 0.6).

hAnalysis:

Cz.Hse05 reguires:

- 11le ~

Found:

C,79.6; H,10.5

[\l

C,79.4; H,10.39%.

Iy
-\

further recrystallis-

(o]

J

The epoxide gave a pale yellow colour with tetranitro-

methane and showed no selective absorption in the ultra-

o}
violet spectrum above 2200 A.

Sulphuric Acid Hydrolysis of 9a:lla-Epoxystigmasta-7:22-

-dien-3f-yl Acetate.— The epoxide (5C mg.) was dissolved

in pure dioxan (37.5cc)and 2N sulphuric acid (6.75 c.c.

added.

(approximately 20 seconds), then placed in a 4 dem.

imeter tube and readings taken as follows.

Time
(minutes)

SO0 NHO

7

N

1
O

1e

=
LA

18
1le

Reading

Time
(minutes)

17
18
19
20
21
22
23
24
25
26
27
28
29
30
35

Zero

Reading

0.
0.
0.
O.
0.
0.
0.
o.
C.
0.
0.
0.
0.
0.
0.29
0.27°
C.

350.

32°
32°
32°
31°
32°
32°
31°
31°
z1°
31°
30°
30°
30°
30°
20°

26 °

oQ©

PR

The mixture was shaken until cloudiness disappear
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The rezction mixture was kept at room temperaiure
Tor a total of &4 hours and thén poured into & mixture
of efher and agueous sodium hydrosen carbeanate solution
and thoroughly shaken. The ether layer was separated,
washed with water, dried (Na_,30,) and the solvent
evaporated. The residue was acetylated in the usual
manner, the acetylated product isolated by ether and
crystallised from methanol as plates. After several
recrystallisations from the same solvent, the product had
m.p.179-185°, [a]D -33° (c,0.4). Light absorption:

o]
maximum at 2500 A (&€ = 8000). (o analysis available).

Stigmasta-8:22-dien-3¢:78:11la-triol 3-Acetate.—

(a) 9u:lla-Epoxystigmasta-7:22-dien-3£-yLl acetate (50 mg. )
in pure dioxan (37.5 c.c.) was treated with 2N sulvhuric
acid (6.75 c.c.) and the mixture allowed to stand at room
temnperature for 15 minutes. It was poured into ether-
-~agueous sodium hydrogen carbonate solution and well
shaken. The ether layer was separated, washed with water,
dried (Na;30,) and the solvent removed under reduced

pressure. The residue crystallised from acetone to give

stigmasta-8:22—dien—5ﬁ:7§=lla-triol 3-acetate (32 mg.) as

needles (slowly formed from an initial gel), m.,.23CG-£38°

(inserted at 215°), [a]D +90°, +93° (c,0-6, 0.7).
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Analysis: Found: C,76.2; H,10.6

Cz1Hs¢04 reguires: (C,76.5; H,10.4%.
The compound showed no selective absorption above

]

2200 A in the ultraviolet spectrum. - The m.p. appears

to be no criterion of purity; if heating is commenced

at room temperature, the compound melts over a wide
temperature range.

(b) Stigmasfa—?:@(ll):22—trien—35—yl acetate (1.3 g.)

was treated with perbenzoic acid as described on p.#s

The amorphous oxidation product (1.1 g.) which showed no
ultraviolet absorption above BEOOK, was dissolved in pure
dioxan (500 c.c.), 2N sulphuric acid (125 c.c.) added and
the mixture allowed to stand at room temperature for 12
minutes. The resction mixture was worked up as described
in (a) to give stigmasta-8i22-dien-3p:7§:1la-triol 3-
-acetate as needles (330 mg.) from‘acetone (separasted as
gel), m.p.231-238° (inserted at 220°), alone or when mixed
with a specimen prepared as described in (a), [Q]D +90°,
+90° (¢,0.75, 0.7).

Analysis: Found: C,76.75; H,10.3%.

8u:9a-Epoxy-7:11l-diketostigmast-ce-en-36-yl Acetate.—

(a) Stigmasta-8:22-dien-3£:7&:11a-triol 3-acetate (320 mg.)
in suspension in dry chloroform (2 c.c.) at -3° was treated
with chloroformic perbenzoic acid solution (40 mg./c.c.,

3.5 c.c., 1.5 atoms () added dropwise with stirring during
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45 minutes. The reaction mixture, which still contained

Iy

suspended solid, was kept at 0° for 3 hours, when all
solid had dissolved, then at room temperature for 1*/.
hours. The mixture was diluted with chloroform, washed
with sodium hydrogen Qarbonate solution and water, dried
and evaporated under reduced pressure. The resulting
amorphous residue (330 mg.) was dissolved in stabilized
glacial acetic acid (20 c.c.) and N/1 chromic acid-acetic
acid solution (3.5 c.c., 2.6 atoms 0), diluted with
stabilized glacial acetic acid (25 c.c.), added dropwise
with stirring at room temperature during 21/2 hours. The
reaction mixture was kept at room temperature for 18 hours,
treated with methanol (10 c.c.) and water (1 c.c.; and
allowed to stand for a further 2 hours at room temperature.
The mixture was concentrated under reduced pressure,
diluted with water and the reaction product isolated by
ether to give 8Ba:9a-epoxy-7:ll-diketostigmast-22-en-35-yl
acetate as long needles (135 mg.) from agueous methanol,
m.p.137-140°. The product was recrystallised from agueous
methanol, m.p.149-151°, [a]D -50°, -49° (¢,0.9, 0.6).
CAnalysis: Found: C(C,74.4§ H,9.0
Cz1Has0s reguires: C,74.7; H,9.3%.

The compound showed no selective absorption in the

ultraviolet avove ZZOOK.

(b) 4 suspension of stigmasta-6:22-dien-3p:7&:11la-triol
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3-acetate (80 mg.) in & solution of chromic acid in ~lacial
acetic acid (21.5 c.c., 1.03 mg. active O/c.c., 10 drops
2lH;80,/50 c.c.) was stirred at 0° for 5 minutes. The
suspended solid guickly dissolved and the resulting
solution was kept for 16 hours at room temperature.
llethanol (10 c.c.) and water (2 c.c.) were added and the
mixture allowed to‘stand for a further 2 hours.. Isolation
of the reaction product as in (a) gave 8a:9&—epoxy—7tll—ﬂ
diketostigmast-22-en-3f-yl acetate as needles (20 mg.),
m.n.142-145°. Further recrystallisation raised the m.u.
to 151-163°, undepressed on mixing with a specimen nrepared
as described in (a).
Analysis: Found: C,75.0; H,9.8%.

The amorphous residue (40 mg.) from the oxidation
mother ligquors was dissolved in petrol (25 c.c.) and
adsorbed on acid-washed, activéted alumina (grade II,

3.5 x 1 cm.). Petrol;benzene‘[(l:l), 100 c.c.] eluted
an amorphouslfraction (8 mg.) which gave needles from

aqueous acetone, m.p.123-137°. Light absorption: maximum

¢}
at 26504 ( €= 1600).

7:11-Diketostismast-22-en-3f -yl Acetate.— A solution of

7:11-diketo-8u:90~epoxystigmast-22~-en-3L -yl acetate (77 mg.)
in glacial acetic acid (8 c.c.), containing zinc dust
(80 mg.) in suspension was heated to boiling point over

a period of 20 minutes. Heating under reflux was continued
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~

for 40 minutes during which zinc dﬁét (200 ng.) wes added
in four portions..  The reaction mixvure was cooled,
filtered and diluted with ether. The ethereal solution
was washed with water, dried (Nap304) and the solvent
removed under reduced preésure, leaving 7:11l-diketo-
stigmast-22-en-3£-yl acetate as an amorphous residue

(73 mg.); m.p.178-184°. On crystallisation from agueous
acetone, the dione was obtained as prismatic needles,

m.p.187-189°, [a]  -16°, -15° (c¢,1.0, 0.7).

-D
Analysis: Found: C,77.1l§ H,9.8°
051H4304 I‘equires: C,ri6-8; H,lO-O%-
The product does not show high intensity light

(o] .
absorption above 2200A.
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