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HISTORICAL.\f




INTRODUCTION

In this section, a review is
given of the various known constituents
of ox-bile together with an sccount of
the methods used for isclation of both
neutral and acidic components.

As the chemistry of the bile
acids and of cholesterol has been
extensively reviewed in the literature
(L to 4) it is not made & subject for

further discussion.




CONSTITUENTS OF OX-BILE.

Ox-bile is & golden brown liquid having an
alkaline reaction (pH 7 tc 9) and containing
inorganic salts, bile salts (sodium salts of
conjugated bile acids) and ckolesterol, lecithin
and the hile pigments.

A detailed summary of the known constituents
of ox-bile is set out in the accompanying table
(Table I). The heterocyclic components of ox=bile
(pigments) are not included in the table (see note

(e)). Fatty acids (stearic, palmitic, oleic) are
also omitted (see note (f)).

CH

R3  CH.(CH),CORy

R Ry

()




TABLE I

COMPOSITION OF OX-BILE,

ACETATE

MOLECULAR STRUCTURAL OLECULAR ‘ REF.
COMPOUND PORNUTA PORMUTA. m.D. (kdo REF. MOLECULAR | m.p. ()
o}
78
+ 37° C31H4808 o | ¥
HOLI CID Co4Hy005 I., R3"Rp=R3"R4 =OH 198° (aLoohol) 5,6 (methyl ester) (methanol)
1 . 0 +32.5° _—
- 1.30 - —_— J—
R4 =-NH.CH2.COOH bath) (alcohol)
I., R1=Ro=R3 = OH + 38.8° - —
TAUROCHOLIC ACID CogHy50 7S v HLTR2THS ca.125%. 10. — -
R4™ ~NH.(CHp)2SO03H. (dil.alcohol)
= m-p, = © CooH460
DESOXYCHOLIC ACID CoqHa004 I-» B17 Rp "R4 = OF 172-3° o1 6,11 2974676 117° — 7
Ro = H - (alcohol) 12.13. | (methyl ester)
: = = . 0 o e
GLYCODESOXYCHOLIC ACID 264 305N Ter T17R37 OH 18670 +48.0 14 — - —
R4= ~NH.CH2.COOH. (alcohol)
TAURODESOXYCHOLIC A I., By "R3 = OH +33° — -
10LIC ACID CopH4506NS Ro="H ca.200° 14 — —
R4 = -Ni.(CHp)pS03H. (water)
I., Rqy™ Ro= Ry = OH 0
CHENODESOXYCHOLIC ACID CoaHa004 P L2 T 140° +1l.1 15,16, _— — —_— -
(a) Ry = H - (alcohol) 17,18. -
. Io, Rl = R4 = QH 20 :
LITHOCHOLIC ACID (a) CpgHy003 , Rp =Ry = @ 184-6° +3 | 19,20. CaoFa20s 169° _— _—
- oo (alcohol :

Continued



TABLE I (Continued)

— S
' | I., R] = R4 = CH : o + 110.2 _
3 -HYDROXY-12- C24H3804 ’ Ro =4H ( 1645 17. 026H4OO5 1970 — —
[KETOCHOLANIC ACID (4) Ry = "=0" (alcohol)
STEZRCCHOLIC ACID CpgHag04 | unknown 256° -— 17. -— — - -—
C
II., Ry = CH . - 39.5 o - 47.4°
CHOLESTERCL Co7H460 Bo = H 148.5 21,22, | Co9H4800 115~6 (chloroform) _—
R3=-CH(Ie ):(CHp)3.CH(Me)o (chloroform) | 23,24.
N II., R7 ® Ro = OH
T-HYDRCXYCHCLESTIROL (b) | Co7Hzg02 ’ — —— 25, _— —— - -
' Ry ™-CH(Me ) (CHo )2 .CH(Me)
3 273 2
o IIT., Ry = OH o + 24° o o
CHCLESTANOL Co7H480 142 26,27, | CogHsp02 110 + 13.3 26,27,28.
Ry=-CH(Me) (CHp )3 .CH(Me)o (chloroform) | 28
COMPOUND A | CoHa003 unknown 300° — 29. | CogHa204 216~7° -_— 29
LTI CTREGNANEDICL Co1H3600 v 192-3° — 29,30. | CosHy400 14230 — 2
(COMPCUND B) 21836%2 — | 92-3 ’ 25m4074 | ?
al ~ 0 ’
COMPOUND C C25,/6H40/204 | unknown 255-7° —— 29. | C27/8H42/405 | 187 - 29,30.
COMPOUND D C24H4003 unknown 232-3° o 29. CogHy205 111° o 29
COMFOUND  E . CogHpo04 unknown 202° - 29. |C2gH4606 142.5° - 29




NOTES (a).

(o)

(e).

The acids occur in bile as the sodium
salts of the corresponding glyco- and tauro-
acids. The conjugated acids are
difficult to isolate (1).

It has been shown by Blix (31) that

cholesterol, in cclloidal agueous solution
is very readily attacked by molecular
oxygen at room temperature. A detailed
study of the reaction has been made by
Bergstrdm and Wintersteiner (32, 33, 34) who
prepared the colloid in a phosphate bufferxr
gsolution containing sodium stearate as a
stabiliser. A trace of heavy metal
catalyst seems to be essential. They were
able to identify 7 - ketocholesterol,
Tx = hydroxycholesterol and 76 - hydroxy-
cholesterol in the reaction products. This
throws considerable doubts on the
significance of the isolation of 7 -~ hydroxy-
cholesterol from bile (25).

The molecular formulae advanced for

Compounds A, C, D and E are tentative (29).



(a). Haslewood (25) has isolated, in minute
amounts from cow bile, two keto acids as their

ethyl esters, shown to be

i o
HO  CH.(CHy) COH HO  CH(CH)p-COH.

" OH

(V) (1)

12 - dihydroxy - 7 - ketocholanic acid (V) and

HO”

-l
i
"%

3

7
The form in which they occur in bile is unknown.

(2]

12 - dihydroxy - 3 - ketocholanic acid (VI).

L1}

(e). Bilirubin was isolated first from the
gallstones of cattle (35) and subsequently from
those of man (36). The formula has been
established as C33H3506Ny (37). Bilirubin forms
a sodium salt (38). The chemistry of the bile

pigments has been reviewed (37).

(£). The fatty acids form barium salts which are
insoluble in ether (39 to 44). For the
method of assay of fatty acids in bile, gee

reference (45).



Composition of Ox-bile

Table IT has an approxinmate analysis of ox-bile

Table IT - Analysis of Ox-bile

-
concentrafion Rgferencs

Compound
(g/litre)
Cholic acid 50 20
Desoxycholic acid 6 20’_¢
Lithocholic zeid CeC2 20
‘Chenodesoxycholic acid 0.02 20

3 -Hydroxy-l2-ketocholanic acid

less than 0.01L 17

Sodium Stearate

T-Hydroxyenholasterol
J

Sodium Palmitate 1.65 45
Sodum Oleate
‘Bilirubin- 010 45
Biliverdin 265 46
‘Taurine 0.C5 747
Glycine 0.14 47
‘Lecithin C.10 47
Cholegterol - 0,75 25
‘Cholestanol 0.08 25
0,02 25

Pearlmants Compounds
A’B’C,D and E

less than 0,005 29

It will e cbserved that thé1mtal amourt of neutral

material falls short of lg/litre, approximately G0% of

which is made up of cholestercl, cholestanol and T-Hydroxy-

cholegtercl,

This leaves a regidue (10%) of neutral

material, the composition of which, with the exception of |

Pearlmen's investigation (29, 30) remains doubtful.



Methods of Separation of Acidic
and Neutral Components of Rile

The classical method of isolation of the neutral
and acidie components consisted in saponification of
the bile with methanolic sodium hydroxide, removal of
'neutral material by extraction with ether followed by
acidification of the agueous phase and filtration ox
ether extraction of the acidic fraction (20, 25, 5, 6,
7, 8, 15, 16, 17, 18, 29, 30).

Nakagawa and Fujikawa (48) developed a method for
extraction of the bile acids, Their procedure
consisted in extraction of the bile acids with alcohol
after the medipm had been rendered strongly alkaline
with ammonia (pH above 10), with subsequent absorption
of the bile pigments on animal charcoal. The method
had the disadvantage of high alkaline cenditions with a
low degree of geparation.

During the course of his investigations on the
"Oestrus Hormone Activity" of the bile of various animals
(including man), Gsell - Busse (49) was able to isolate
active preparations from bile by extraction with ether
after the medium had been rendered neutral. The
ethereal extract was concentrated and the concentrate

assayed for hormone activity in the usual manner.



THEORETICAL



INTRODUCTION.

The recent discovery by Kendall and Hensch (60, 61)
of the use of 1lT7o¢ =Hydroxy-ll-dehydrocorticosterone
(cortisone, VII) and 17 ~Hydroxycorticosterone (VIII)

as a temporary relief for rheumatoid arthritis has

CH,OH

(71) (i)
stimulated a search for compounds of similar structural
and physiological characteristics and of more ready
availability than cortisone (VII) itself.

Clinical evidence has drawn attention to the fact
that considerable alleviation of symptoms occur in
patients suffering from rheumatoid arthritis, should an
- attack of jaundice ensue, The same alleviation is
observed in the case of arthritic women during pregnancy.

As jaundice is a condition characterised by the
presence of bile in the blood it seemed reasonable to

assume that bile itself contains a compound or number of
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conpounds capabie of exerting a direct or indirect (after
possible chemical modification) action in vivo on the
arthritic condition. V

Biological experiments employing heavy isctopes
have confirmed this assumption in so far as they have
demonstrated that the bile acids are synthesised in vivo
from cholesterol (50). The ability of the animal bddy
to synthesise cholesterol was clearly shown by Channon
(51), by Randles and Knudson (52), by Eckstein and
Tresdwell (53) and by Schoenheimer snd Breusch (54).
Schoenheimer {(53) proved that the synthesis of chelesterol

mall

n

invelved the condensation of a large number cof
molecules and deduced that about half of the hydrogen
atoms in the cholesterol molecule were obtained from
water molecules. Later, Bloch and Rittenberg (56, 57,
58) demonstrated thet acetic acid was a precursor of
cholesterol in animals and established the liver as the
site of synthesis (59).

From consideration of the evidence presented above
and in the previous section 1t was considered desirable
to undertake a chemical examinatiocn of the neutral
fraction of ox-bile, The Tollowing sections describe
the isolation of a neutral fraction from ox-bile and its
‘resolution, by various chemical techniques, into eleven

separate compounds.
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‘The Theoretical part of this thesis has been
divided into +two sections. section 4 deds with
the isolation and extraction of a neutral fraction
from ox~bile and its resolution into eleven separate

compounds, whilet Section B is devoted to a discussion

on the chemistry of one of these compounds, Compound A.

Section A.

Isolation and Ixamination of +the Neutral
Fraction of Cx-Bile

The method used initially was based on the fact
that the alkali salts of the bile pigments, bile acids
and fatty acids are insoluble in dry ether, while the
conjugated bile acids (present in bile as the sodium
galts) are ingoluble in absolute ethanol.

Summer-beef ox~-bile was completely dehydrated by
freeze drying and subseguent desiccation of the material
over phosvhorus pentoxide and calcium chloride. The time
reguired fer drying 1.77 kg., bile to congtant weight
(170g. ;3 9.6%) by this method was five weeks, Trituration
of the dry sélid with ethancl gave the conjugated bile
acids as their sodium salts, together with a solution of
the non-conjugated bile acids in ethanol. Ffeudweiler
has shewn that bile contains approximetely 54% by weight

of bile acids exuressed as cholanic acid (62),
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Accepting this value, the calculated zmount of potassium
hydroxide required for neutralisation of the remaining
acidic material in the ethanolic solution was added. The
potassium salts were precipitated by addition of ether
but they proved to be hygroscopic, a property ascribed to
the presence of potassium hydroxide. The ether/alcohelic
filtrate was freed from alkali by treatment with carbon
dioxide and filtration of the precipitated potassium
carbonate. The neutral fraction so obtained amounted to
3% vy weight of the original dried bile, Acetylation of
this neutral material at 0° gave a gum which was
chromatographed on alumina, Twelve scolid fractions
were obtained, six of which, after purification by
crystallisation, were shown to be either cholesterol or
cholesteryl acetate; the formation of the former showed
that the acetylation of the neutral fraction had not been
complete,

In the second trial (A(iil), see Experimental) the
dried bile was subjected to treatment similar tc that
out outlined above with the exeception that bharium oxide
was used instead of potassium hydroxide for neutralisation.
The precipitates obtained were not hygroscopic and the
process was more easily manipulated. Excegs barium ion

was readily removed with carbon dioxide.



13

The neutral fraction obtained (0.76¢%) was acetylated

and divided into ketonic and nonmkefonic fractions using
Girard's reagent (63). The nonmketonic fraction was
choles%erol, The ketonic fraction (70mg.; 10% based

on weight of neutral fraction) was obtained asJa gum and
could not be crystallised from methanocl.

The low yield of neutral fraction obtained on a
small scale, together with the high vacuum recguired for
freeze~drying (less than 1 mm,) rendered this method
unsuitahle for avnplication on a large scale, The
nodifications entailed are discussed below.

As the barium salts of the bile acids, fatty acids
(39, 44) and bile pigments (38) are insoluble in water
(barium cholate is an exception) it was felt that sddition
of excess barium ion (as barium hydroxide occtahydrate) to
ox—-bile would result in the precipitation of practically
all the acidic constituents in a2 form which cculd readily
be removed by filtration. Subsequent extraction of
the filtrate with ether would remove the neutral materizl.

Experiment 4 (iii) describes in detail the method
far working such on a large scale. Tresh ox-bile (not
dried) was trezated with baryta and the barium selts
removed by filtration. The filtrate was contlaouocusly

extracted with ether to yield a neutral fraction as =
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greasy yellow solid (which represented a yield of 11%
based on weight (20kg.§zbile used). The neutral fraction
was partially soluble in ethyl acetate. The soluble
paxrt readily crystallised and after acetylation and
chromatography gave cholesterol, Extraction of the
ethyl acetate soluble fraction with light petroleum gave
an insoluble solid and a solution. From the latter,
cholesterol was readily obtained. The petrol insoluble
solid (solid A) was a dry yellow/grey powder and showed
an absorption in the ultraviolet. The solid A was
chromatographed on alumina and each of the fractions
obbained was examined for selective absorption in the
ultraviolet, Sixty-seven fractions were obtained,
seventeen of which showed selective absorption. As the
fractions were obtained as gums, no estimate of intensity
could be made.
An anelysis of the spectroscopic data showed that

the results could be grouped as follows:~
1. Fractions showing absorption between 2L0mu and 230mu

with an absorption band of lower intensity at 250mu.
2. Fractions showing an absorption band between 220mu and

230mu with a band of lower intensity between 270mu and

290mu.
3. Fractions showing an absorption at 258mu.
4, Fractions showing an asbsorption maxima at or between

280mu and 300mu.
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The fractions were combined to form seventeen
different groups and atteupts were made to crystallise
the materials. No success was achieved, due probably
t0 the very small guantity of material available, even

after grouping.

In Experiment A(iv) the neutral fraction (8g.)
obtained from eight litres bile by the method previously
outlined Atiii) was divided into a petroleum insoluble
fractidn (1.88g,) and a petroleum soluble fraction (6.17g.).
The petroleum insoluble fraction was acetylated and
chromatographed on alumina, Sixty fractions were
obtained, forty-one of which showed selective absorption
in the ultraviolet between 210 mu and 400 mu. Analysis
of the spectroscopic data revealed five groups:-

1. Fractions showing an absorption band between 255mu
and 259nu.

2.4 Fractions showing an absorption band at 360mu.

3. Fractions showing a maximum between 210mu and 217mu
with a band of lower intensity between 245mu and
258mu.,

4. Fractions showing a maximum between 210mu and 230mu
with two maxima in the regions 248-250mu and
280~300mu.

5. One fraction (fraction 23) showed four maxima - at

215mu, 250mu, 258mu and 300mu.
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The fractions were not further investigated as
amount of materizl in individugl fracticns was small an
bulking on basis of spectroscopic data, uncertain,

The petrol soluble fraction was examined by |
fractional crystallisation and each fraction was tested
for light absorption in the ultraviolet (220mu to 400mu).
None of the fractions showed selective absorption in this
region., 4 small duantity of cholic acideas cbtained,
and this was the sole occasion on which a bile acid was
found. The renmaining fractions were shown tc be
cholestercl.

To swmmarise, a method was obtained which allowed
of cold extraction of the neutral fraction of cx~bile
with the minimum of proéessing and under mild ccnditions.
The neutral fraction so obtained could easily be divided
into a ketonic and a non-ketonic fraction with I1izht
petroleum, Spectroscopic analysis indicated that the
unssturated compounds were present exzclusively in the
petrcleum insoluble {(or ketonic) fraction. TRefore
a large scale extraction could be undertaken, the process
was modified with the intrdduotion of chloroform in place
of ether as the solvent for extraction of the neutral
fraction.  Experiment (4,v) was designed for this
purpose. Bile was treated with baryta in the usual
manner, filtered and the filtrate extracted with

chloroform,



17

The material extracted by chloroform was extracted with
ether and the s0lid so obtained divided into a
petroleun insoluble fraction and a petroleum soluble
fraction. - A brief asgsay of the ketonic (petroleum
insoluble) fraction using Girard's reagent showed a
concentration of ketonic material (ca 10%) similar to
that obtained previously (Exp., A,ii). The petrol

soluble fraction was rejected.

The method of extraction was now established and
consisted of the following stages:-

(a) Treatment of fresh ox-bile with baryta with
stirring ovexr a period of several days.

(b) Removal of the pfecipitated barium salts by
filtration and washing the residue with water.

(c) Extraction of the combirned washings and filtrate
with chloroform (Five to eight extractions per
batch).

(d) Concentration of the chloroform extracts under
reduced pressure, the temperature being kept Dbelow
50°.

The remaining operations were carried ocut in the
laboratory and involved the following steps:-

(e) Extraction of the dried chloroform extracts with ether
and subsequent concentration to yield the neutral -

fraction.
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(f) Resolution of the neutral fraction with light |
petreoleum, the petroleum soluble fraction was
rejected.

(&) Chromatographic analysis of the petroleum
ingoluble fraction and examination of the
fractions obtained by usual methods.

This procedure was carried out on a total of 240
gallons of bile from which the neutral fraction obtained
(901g.) affcorded a petroleum insoluble part (76g.) and
a petroleum scluble part (58lg.) The latter fraction
consisted mainly of cholesterol, The petroleum
insoluble fraction was chromatographed on alumina. Two
hundred and ten fractions were obtained and these
fractions were further grouped into twelve large fractions
(I to XIT) based on inspection and subfractional mixed
welting points. Examination of the fractions so
obtained resulted in the isolation of eleven separate
compounds, The methods of resolution employed are

tabulated below (Table IV)
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Fraction Yield (g. Maa PRCCEDURE COMFOUND Yield(g.)
o Cholestercl —4—29,470
5 Crystallisation and chromatography ————
1 35.13 135 ;57 Amorph.prod.+— 0.530
Compound P —4— 0.226
P
Lcetone sol. Chromatographed Compound A —— 0.137
8 o Acetone LComQOJnd I —+— 0.027
1T 1.24 158 ~ 174 ' X .insol
Acetone insol. Petrol. — Compound I 0010
$0Llas —d— Compound A —+— 0.072
cryst. from petrol. A A A
0 Petrol. =zcl. = Compound 4 —— 1.210
111 2.89 185 - 208 Petrol. ' epvet . from toluene
etrol,insol, SXY8xe 2700 vo- 000 Compound B —— 0.08
e e
o : Petrol. sol. <cE¥yst. Zrom petrol. moound A - 0.820
IV 1.25 185 - 215 Fetrol. see under ¥
Petrol. insol ,===——== - - - 0,200
Patrol Fet sol, SIYSt. [TOL petrol. Compound A —4— 0,920
o] 2trol. s und § —— 0,089
v 1,19 178 - 185 . Solvent partitionine Lemuouna UG
.inscl. JC%;§£+B§??Q3;%Efln“ Compound I —+— C.036
TS Trom BE0
) Insoluble cryst. Trom 2tOH Compound I —— 0.015
Cold EBtCAcC Goncentrate [ — Insoluble — Compound A 0.120
O iS4 - 4o ]
- Scluble
YI 1.74 154 - 161 — S0luble - Compeund 4 -+— 0,011
amorvhous e 0,550
, TS
VII 12.63 150 - 160 1.73
VIIT 1.73 155 - 176°
— TTOTT
. 0 A 3 OQO-&—~V$<
Acetone
IX. 2.02 171 - 18
X 7 > — —f— 1.500
—_— 027
o C
.0 Chromatography —_—t  JC15
X 2.69 180 - 202 ' Oﬂmuowﬂ S SN ¢ i
EthJ.:_phL'LLu PR S 1,081
Compound C =—— 0.010
o Chromatozraphy {alumina) Compound G —4— 0.030
XI 1.67 150 - 8 Semuvound H o——d— 0,027
amoryhous —4— 0.876
XII 2.68 167 - 2050 Chrcematography (alumina) AMCT PNOUE mmdee 200D

x Petroleum b.p. 60/80°

was used thrcughout.,



Table V summarises the constants obtained
fer each compound. No acetates were obtained for
COmppunds Cy Dy E, G, H and J and the molecular
formula assigned to these compounds is tentative.
Derivatives were obtained for Compounds A, B, F, I
and K. For these (Compounds the molecular
formulae were checked against analyses of acetates

and (in the case of Compounds A and F) on % Acetyl.

20
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It is not proposed to discuss in detail the
isclation of each compound in this section. The
methods used are well known - fractional crystallisation,
Soxhlet extraction and chromatography. Unfortunately
these techniqgues provide no information as to the
nature of the functional groups in the molecule and in
the case of Compounds ¢, D, E, G, H and J no definite
information is available. The crude material
obtained during purification of Compounds C, D and E
was acetylated. The acetylated material was amorphous
and could not be purified by either crystallisation ox
chromatography. Scarcity of pure material, in case
of Compounds G, H and J prevented an attempt to prepare
an acetate, the crude material being rejected as a
possible source of a derivative in view of the results
obtained with Compounds ¢, D and E,

Compound G was the only c&mpound‘isolated which
gave a yellow colouration with tetranitromethane. None
of the compounds showed any selective abscrption in the
ultraviolet (220 to 400mu) a rather surprising fact in
view of the results previously obtained in the laboratory
experiments prior to the large scale extraction.

The ready solubility of Compound A in petrol was of

great value in the purification of the individual fractions



25

as this compound is the only petroleum soluble
compound obtained (of Experxrimentel, Fractions IT,
' IiI, v, V). Another factor of some importance
lay in the solubility of accompanying amorphous
material in solvents such as acetone (Compound C,
D, E, H), alcohol (Compound G), benzene (Compound J)
thus enabling pure material to be relatively easily
removed by repeated precipitation with petroleum.
It was found that after six to eight precipitations
from petrol./acetone or petrol./alcohol, a substance
of constant melting point could be obtained, These
purified fractions crystallised very slowly from
acetone or better acetone/petrol. (C, D, E, G, H).
The amorphous fractions (VII, VIII, XII) did
not respond to crystallisation or to chromatography
of the free alcohols oxr of the acetates. The
acetylated material was amorphous. None of these
frgetions showed absorption in the ultraviolet (200

to 400mu).



Assuming the compounds to e steroids they may

be classified as follows:—-

Table VI
Liolecular | Mdlecular
Class Formula Compound Formula
ANDROSTANE C19H32 B 019H3203
NORPREGNANE )
(HOMOANDROSTANE ) C9OH34 - F 020H3403
PREGNANE CprHag g Cpy 3705
K Co1H3603
A CopHyg04
D C22H3704
BISNORCHOLANE CooH
2238 G C22H4OCS
B Co2ty40s
* NCRCHOLANE Co3Eag I Cp3H,004
- CHOLAWE = 1 CoypHyo o CogHps0s

No attempt is made tc assign structures wc thegs
compounds at this stage. A note on the chemistry of

Compound A is given in the next section (Section B)




Section B.

The reactions of Compound A
are shown in the accompanyihg table

(Table VI)

27
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The formation of a diacetate (X) showed ﬁhat
compound A ccntained two hydroxyl groups and oxidation
of the alcohol (IX) to en acid (XIII) having the same
number of carbon atoms proved that one of the hydroxyl
groups was primary: the other hydroxyl group must be
secondary and be contained in a ecyclic structure. The
inert nature of the third oxygen function was demonstrated
by the foilowing reactions:-
1. Compound A was recovered unchanged after hydrolysis

of the diacetate with methanolic potsassium hydroxide.
2 The diacetate (X) contained no active hydrogen

atoms (Zerewitinoff) and was recovered ﬁnchanged after

treatment with hydroxylamine hydrochloride in ethanol.
3o The diacetate was stable to oxidation and was recovered

unchanged after attempted reduction in neutral solution.

Hydrogemtion of the inexrt oxygen was effected slowly

in glacial acetic acid at rcom temperature.
4. Compound A was recovered unchanged after treatment

with hydrazine at 200°.

Compound A may be formulated as (XVI)
-CHZOH ‘

Co1H3y (?H

\

0
(XvI)
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The formula, 021H3l(0)(OH)(CH20H),(XVl),
corresponds to a hydrocarbon Cpi1H36, Proving that
Compound A is tetracyclic. The history of compound
A favours interpretation of this tetrac}yclic structure
as a steroid nucleus having an igo-propyl side chain
at position Cl7, with a hydroxyl group at either
21 or C22 (XVvil).

VAl

CHy,
/ H

20 CH

2. |OH
(8 \\\CHZ
e

(xv1l).
The inert nature of the third oxygen function is
best explained by assuming a keto group at position C,1l
as no other position in the steroid nucleus has this

unique stability towards ketonic reagents (64 to T74).



A characteristic reaction of an ll-keto steroid

is exhibited by Compound A diacetate (X) in its
stability towards reduction in neutral solution and
its relatively sluggish hydrogenation in an acid
medium (64). The stability of compound A
diacetate (X) towards alkaline hydrolysis, to
reduction in neutral solution and to hydrazine,
render the possibility of interpretation of the third
oxygen function as an oxide linkage unlikely. An
oxide linkage in the nucleus at position (536, 637,
7;8, 9311, 11312, 16;17) would rearrange under the
influence of acid or alkali (75 to 80) and would be
reduced in neutral solution (81, 82, 83).

The position occupied by the secondary
hydroxyl group may be located in either ring A or
ring B. | As neither acid (X11l) nor the keto
acetate (X11) showed selective absorption in the
ultraviolet (220 to 400mu), the location of a keto
group at C3 is improbable, a deduction tentatively
proved by comparison of the molecular rotation of
acid (X111) with the molecular rotation of
3 3 ll-diketobisnorcholanic acid and of

3 : ll-diketobisnorallocholanic acid (Table V11).

31
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TABLE V11
Compound ]WD Ref.
Or
3:11-diketobisnorcholanic acid +180 80
‘3:11-diketobisnorallocholanic acidl +235° 92
acid X111 -118° This Thesis.

( * Calculated from data for methyl ester. Bile acids and
their methyl esters show no significant molecular

rotation difference (84). )

The fact that the secondary hydroxyl group was
acetylated under mild conditions and the acetate was readily
hydrolysed points to the presence of an unhindered hydroxyl
group. ~ Position C7 is the most probable, as all compounds
previously obtained from bile are oxygenated at either C3,

C7 or Cl2. A hydroxyl group at Cl2 cannot be acetylated
at room temperature (79, 80), hence compound A was tentatively

assumed to be a T:21(22%)-dihydroxy-ll-ketobisnorcholane (XV1ll)

(XV11l).



Thig formula explains the reactions of Compound i
as gziven in Table Vi

The fzilure to obtain zcid (XIV) by Clemenser

¥

reducticn of acid (XIII) rendered comparison with a
steroid of known structure (bisnorcholanic acid),
impossible. The assumption of a steroid nucleus

as the only possibility, is doubtful in view.of the
isolation by Marker et.al. (85 to 88) of a uranediol,
C H O , from the urine of pregnant mares,
sabse@uently proved by Klyne (89) to be

17 methyl-~D-homoandrostane~3 :17a-diol (XIX).

(XTX)

sgsuming compound A to be a D-homesterocid, structure

(ZX), with a 17-(w-hydroxyethyl) side chain must be

33
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postulated, as the lT7a keto group, without a substituent

(Xx).

at Cl7 is easily reduced in neutral solution and forms

a semicarbazone (90). This structure for Compound A
does not seriously contradict the experimental evidence
but it is doubtful if the 17a keto group could withstand
treatment with hydrazine at 200°. | '

In conclusion, the structure (XV11ll) explains all
the reactions of compound A and affords the most
satisfactory explanation of the unreactivity of the non-
acylable oxygen function. On the other hand,
compound A and its degradation products (except the

hydroxydiacetate (XV)) are laevorotatory, a fact easily

explained on assumption of a D~homoandrostane nucleus (91).
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SXPERINENTAL,

All m.p.s. are uncorrected. liicro-analyses
are by Drs. Weilexr and Strauss, Oxford and

Mr, Wm. HeCorkindale, The Royal Technical College.

SECTION A.

Experiment A(i)

“ Dehydration of Ox-bile.

Suwmmer-beef ox-bile (1.77kg.; untreated with
preservative) was freege~dried (vac., 0.0lmm.) over a
period of several days to yield partially dried bile as

a ved seml-viscous mass.

]

Yield = 300g. (16.9%).

The partially dried product was transferred to a
number of Petri dishes, each dish containing a layer of
‘bile 2mm. to 3mm., in depth and 762mm. in diameter. The
material was dried in a vacuum desicecator over a period
of fourteen days (vac., 2mm,, desiccant used was a
wixture of P205and CaClyo) and afforded anhydrous bile as
a dark red friable solid, easily powdered and strongly
hygrogeopic,

Yield = 170g. (9.6% baged on weight of dried bile).

removal of Conjugated Bile Acids.

Dried bile (50g.,; was shaken for 12 hours with

anhydrous ethanol (175 c.c.). The bile slowly dissolved
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forming a dark red solution bearing a yellow suspension,
After standing for 2 hours, the mixture was gquickly
filtered and the residue washed with absolute ethanol
(280 e c.) until the washings were no longer coloured,
The residue was dried in vacuo for 12 hours to give a
pale yellow crystalline solid (5.12g.; 10.2%) containing
nitrogen and sulphur (Lassaigne) and having no definite
MeDe The material was assumed to be a mixture of the
sodium galts of glycholic and taurscholic acids. This
solid was not further examined, The combined
filtrate and washings (450 c.c.) obtained above were

treated ag described below,

Removal of Free Acids.

To the solution {450 c.c.) was added ethanolic
potassium hydroxide solution (3.72g. KOH in 42,lc.c.
ethanol) and the mixture wag agitated mechanically under
anhydrous conditions ovexr a period of 12 hours. To
this mixture (bearing a slight yellow preqipitate) was
added dry ether (500 c.c,) when a white flocculent
solid, rapidly reverting to a white pasty mass, was
deposited. Aftexr cooling for 24 hours at OO, the
mixture was filtered and the regidue washed with ether.
The residue was not further examined. "Thg combined

washings and filtrate (1 litre) wexre concentrated to =z
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voilume of 300 c.c. (vac., 1Q0mm.,bath temp., 25-300) and
dxry ether (500 c.c.) was added, the mixture cooled and
the regidue filtered and washed with ether. This
procedure was repeated four times in all, when all the
ether insoluble material was precipitated. The
concentrate finally obtained (200 c.c.) was cooled %o
-5°% and dry ether (200 c.c.) was added and a stream of
carbon dioxide wasg passed through the cooled mixture
until precipitation of potassium carbonate was complete
(time, 6 hours). The mixture was filtered and the

. . 0
filtrate was concentrated in vacuo (0.05mm., bath temp.,30 )
\ b 9 9

.

to yield the neubtral fraction as a pale yellow gum (L.58.,

3% vaged on weight of dried bile). Attempts made to
crystallise the neutral material from benzene, ethanol,
acetone, ethanol/acetone and ethyl acetate were
unsuccessful. The dried neutral fraction (L.4g., gum)
was acetylated &t o° ovex a reriod of 24 hours with
pyridine (3 c.c.) and acetic anhydride (8 c.c.). The
acetylation mixture was decomposged with water, and the
gummy acetates were taken up in ether (1CC c.c.) and the
ethereal solution successively washed with water (4 x 100 c.c.),
hydrochloric acid (2N; 3 x 75 c.c.), sodium carbonate
solution (10¢%; 4 x 80 c.c.) and water (4 x 10C C.C. ) The
ethereal solution was dried (Na2804), the ether removed by

distillation and the residue (1.06

(s}

.) dissolved in light

petroleum (100 c.c.) and the solubtion was chromatographed
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on alumina (Spence Type H, Grade II, 20g.)

Eluent Volume (c.c.) TFraction No. Eluate (vield, mg.)
Petrol 50 1 -
" 50 2 50
" 50 3 10
" 50 4 20
" 50 5 140
" 50 6 90
" 50 7 130
. 50 8 10
" 50 9 30
" 50 10 60
" 50 11 15
1 50 12 .
Petrol 4/benzene 1 50 13 -
" " 50 14 250 (gum)
] / 1] 150 15 —
Petrol 1/benzene 1 100 16 -
Benzene ' 150 17 170 (gum)

Fraction 2.

After four crystallisations from methanol this fraction
gave cholesteryl acetate, m.D. 1_12--114o (11mg. ), undepressed
on admixture with an authentic specimen (m.p. 114-115°).
Fractions 4, 5, 6 and 7 were similar to fraction 2 in
giving cholesteryl acetate (yields:- l2mg.,/80mg., 50mg .

and 90mg. respectively) and were not further examined.

Fraction 14.

| After several crystallisations from ethanol this
fraction gave cholesterol, m,p. 144-5°, EX]D = -36° (=1,
e = i,l5 in chloroform) undepressed on admixture with an
authentic specimen (m.p. 148-148.5°, E{L,= ~39° (l = 1,

¢ = .521 in chloroform)) Yield = 200 mg,
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Traction 17 afforded cholesterol (1L(C5mg., m,p.l44~5o,
@dg=‘—37o (f =1, ¢ = 0,711 in chloroform) undepressed
on admixture with an authenticlspecimen.
Fractions 3, 8, 9, 10 and 11 could not be resolved
by cxrystallisation from ethanol or methanol and were not

further examined,

Experiment A(ii)

Dried bile (100g.) was shaken with ethanol (400 c.c.)
over a period of 24 hours. The precipitated conjugated
acids (12.8g.; 12.8%) were filtered, washed with absolute
ethanol (200 c.c.) and the combined washings and filtrate

2 .

{600 c.c.) treated with barium oxide (5,lg,.,) The mixture

1]

\ N

wag agitalbed mechanically for 24 hours, the precipitate
filtered, washed with ethanol (100 c.c.) and the combined
washings and filtrate (700 c.c.) treated with dry ethex
several times in,the manner previously described. The
filtrate obtained after rewoval of all ether insolulble
meterial gavebonly a slight turbidity with carbon dioxide.
The cleared, barium free solution was evaporated to dryness
under reduced pressure (vac,, 2mm., bath tenmp. 250) and
afforded the neutral fraction as a yellcewish-red gum.

Yield = C.76g.5 0.76%).

Treatment of the Neutral TFraction with Girsrd's Reagent.

To the neutral fraction (C.76g., was added absolute
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ethanol (90g., 114 c.c.) and glacial acetic acid
(10g., 9.5 c.c.) followed by Girard's reagent P (3.0g.)
and the mixture refluxed for one nour on the water bath
and then allowed to cool to room temperature over a period
of two hours. The cooled solution was decomposed with
ice and sodium carbonate solution containing sufficient
alkali to neutralise nine-tenths of the acetic acid
(7.958. NapC03). The mixture (500 c.c.) was extracted
with ether (10 x 50 c.c.), and the ethereal extracts
combined and dried (NapS04), to give the non~ketonic fractiom.
The agueous residue (476.5 c.c.) was made 0.,5N with
concentrated hydrochloric acid (19,8 c.c,), the mixture
allowed to stand at room temperature for one hour and then
extracted with ether (8 x 50 c.c.). The ethereal
extracts were combined and dried (NapS04) to give the
ketonic fraction.

(a) NON-KETONIC FRACTION.

_ The‘solVent was rémoved under reduced pressure
(60mm,, bath temp., 30°) and the residue evaporated to
dryness in vacuo (O.lmm., ). The residue obtained (640mg.,
gum) after three crystallisations from ethanol yielded
204mg. plates, m.pPe. 144-5%, the melting point of which
was undepressed on admixture with an authentic specimen of
cholesterol, m.p. 148°.

No crystalline material could be obtained from the

mother ligquors. These fractions were not further examined,
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(b) KETONIC FRACTION.

Concentration of the ethereal extracts followed by

poration of the residue undexr high vacuum yielded the

evz

w

mixed ketones (70mg.) as a pale yellow gum. Repeated
crystallisation from ethanol failed to effect further
purification.

Spectroscopic examination of the mixture revealed
an absorption maxima at 230 mu (intensity 0.45). This

fraction was not further examined.

Bxperiment A(iii)

To fresh ox-bile (20 litres) was added barium
hydroxide (800 gm,) and the mixture was stirred vigorously
for two days at room temperature, allowed to gtand forx
8 hours, the supernatant liguor decanted and the residue
washed with water until the washings were no longer coloured.
The combined wahings and filtrate (22 litres), contained
in a large continuous ether extraction unit (fitted with a
stirrer), were extracted with ether over a period of 10 days.
The ethereal extract (4.2...) was collected, the solvent
removed under reduced pressure and the yellow, pasty residue
(32g.) dried in vacuo for 36 hours to yield the neutral
fraction (25g.) as a greagy, yellow solid which had no
efinite wmelting point.

mo +the neutral Pfraction (llg.) was added ethyl acetate
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(100 c.c.) and the yellow solution obtained after warming
and concentration in vacuo to & volume of 5C c.c. (Solution
5) was treated as described below.

Solution 8.

$01id Symep. 104-135° MeL. (57)

dissolved in petrol. Evaporate to
(200 ¢ °Co s b. p,60/80 ) | dxryness,
| Cooled at room temp. |
* X
Solid S M. (S5) Solid S5, 4.23e.

140mgZ. ,Mepe114-123°

Evaporated to
g volume of approx.
60 c.c, Cooled at R.T.

P , i
solid §, Mo (84)
A70mg. ,mepo133-137° ' Evaporated to a
volume o* 30 c.C.
Cooled at RZ.T. '
Solid 85 TeLa. (S_)
95mg775:5j1§3~l370 Evaporated to a
. volume of 15 ¢.C.
Cooled gt R.T.
r
SOlid S6 » NI.IIO(S6)
140 mg, ,m.p.122-136° ‘ Evaporated to
: dryness.Yield =
450g.3501id diss., |
- , in ethanol(5Cc.c.) |
. and cooled at R.T»
50lid 84 MoL (s7) 1 |
380mg., mep.69-110° Evaporated to
dryness
e -
Solid S8

150mg. ;M. pol16-125°
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The solid fractions obtained (g, 83 to Sg) were acetylated

in the usual manner with pyridine/acetic anhyvdrede at
.I:’J/ v

room temp. (24 hours). The resgsults are tabulated below,.
rraction). Mol AC%?%?E YleigEéﬁiﬁ)

51 104 - 135 - -

53 114 - 123° - -

54 134 - 140° | 1¢5 - 207° 480

S 133 - 137° | 106 - 110° 90

S¢ 122 -~ 136° 90 ~ 95° 132

s, 69 - 110° | 95 -~ 104° 275

54 116 - 125° | 82 over 360° 120
solid Sy

After four recrystallisations from ethanol yielded

78mg.

erystals (plates), m.p. 146—80, a gpecimen of

which was undepressed on admixture with a specimen of

cholesterol, m.p. 146-8°,

Solid g4

The acetylated material, m.p. 105-107° (480ug.) was

disgolved in dry distilled benzene (200 c.c.) and

chromatographed on alumina (Spence Type H, Grade IT, 25g.).
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Eluent. Volume. Fraction No,. Eluate.
Benzene ; 100 c.c. 1 246mg.,m°p0108~109o
" 100 c.c. 2 24T0g . 3720 9. 110-111°9
" 400 c.c, 3 l2ng., gum.
Ether 200 c.c. 4 Omg., gum.

Fraction 1.

After one crystallisation from ethanol yielded 204ng.
needles, m.p.111-112°, [x], = -40° (£ = 1, ¢ = 0.55 in
chloroform) a specimen of which was undepressed on admixture
with a specimen of cholesteryl acetate m.p. 1140.

Praction 2.

After one cxrystallisation from ethanol yielded 195mg.
needles, m.p. 109-111°, [, = -45° (f =1, C = 0,71 in
chloroform), the melting point of which was undepressed on
admixture with an authentic specimen of cholesteryl acetate.

Fractions 3/4.

These fractions could not be resolved by crystallisation
and were not further examined,
Solid 35

The meterial (90mg.,,m,p.lo6«lloo) was dissolved in
dry benzene (10Q c.c,) and chromatographed on alumina

(Spence Type H, Grade II, 10g.).

Bluent. volume, Frgction No. Elwe te.
Benzene 100 c.c. 1 50mE. yi1ap.110-131"

i 100 c.c. 2 27mg.,m.p.112~ll3o

wo 200 c.c. 3 bmg. ,mepe114°
Ether % 300 c.c. 4 dug., (gum).
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Fractions 1, 2 and 3 showed no depreggion on
admixture with a specimen of pure cholesteryl zcetzte,

0 . .
MePe L12-1147, Fraction 4 was not further examined.

solid Sg -

The material (1l32mg.,m.p. 90-95°) was dissolved in
dry benzene (100 c.c,) and chromatographed on aluming

(Grade II, 15g.)

Eluent. Volume, Fraction No, Eluate.
Benzene 100 c.c. 1 66mg. m.p.lo9u1100
" 100 c.c. 2 33mgs, mep.111-113°
0 100 c.c. 3 23mg., mep.112-114°
" 100 c.c. 4 bmg., Gum.
" 200 c.c, 5 Smg., Guu.

Fractions 1, 2 and 3 were ghown to be cholesteryl
acetate (mixed m.p. Liebermamnn Reaction).

Fractions 4/5 were not further examined.

Solid S7

The fraction (275mg., 0.D.95~104°) was dissolved in
dry benzene (175 c.c.) and chromatographed on alumina

. (Grade I1I, 25g.).

Eluent. Volume, Fraction No. Eluate.

Benzene 100 c.C. 1 169mg., m.p.l@?«lllo
n 100 c.c. 2 4Tmg., meP.109-1207
" 100 c.c. 3 10mg., mep,11i-112°
" 400 c.c. 4 bmg,., m,pel12-113°
Ether 10Qc.c, 5 10me ey Gum.
" 300 c.c, 6 23mg.; Gum,
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Fraction 1.

After two crystallisations from ethanol yieled
131mg. needles, m.p.ll2~ll4o a specimen of which was
undepressed on admixture with a specimen of pure cholesteryl
acétate, m.p. 112-114°,

Fractions 2, 3 and 4.

These were shown to be cholesteryl acetate (mixed

MaPo)
Fractions 5/6.

These could not be resolved by crystallisation and

were not further examined,

solid 88

The materisl (120mg., m.p.82 above 3600) was
dissolved in dry benzene (90 c.c,) and the suspension

chrometographed on alumina (15g., Grade II).

Eluent. Volume, Fraction No, Eluate.

Benzene 100 c.c. | 85mg., m.p.108-109°
" loo Cac' 2 25mgo, ‘m.Pelllvj 12
" 200 ca.cC. 3 3mg. m.p,llZo

Ether 200 Cc.Ca 4 Wil

Fraction 1.

After one crystallisation from ethanol yielded T4mg.
needles, m.p. 112-114° = specimen of which was undepressed
on admixture with cholesteryl acetate m.p.ll40.

Fractions 2/3.

These were ghown o0 be cholesteryl acetate (mixed mep.).



a7

solid So

The dark red solid (4.23g.) was continuously extracted
with light petroleum (400 c.c.) over a period of 8 hours
in a Soxhlet apparatus, The petroleum extracts were
collected, combined evaporated to dryness to yield a solid
Sp(a)., m.p. 84-135°.

The petrol. insoluble fracfion (1.05 g.; Mep.110-130°)
could not be resolved by crystallisation. The material
showed no selective abéorption in the U.V. (220 to 400mu),

a flat curve, extending from 300mu (intensity zero) to
220mu (intensity = 0.4) being obtained.

The solid (petrol. insoluble, 983mg., m.p.110-130°)
was dissolved in dry benzene (550 c.c.) and chromatographed

on alumina (Grade I, 30g.).

Eluent. Volume, Fraction No. Eluate.,
Benzene 100 c.c. 1 17mg., solid.
" 100 c.c. 2 18mg., solid,
" 100 c.c. 3 Trace
" 100 c.c, 4 émg., solid.
" 200 c.Cq 5 1lOmg.,s0lid.
" 100 c.c. 6 Smg.,s0lid.
" 100 c.c. 7 6bmg. ,s0lid,
" 100 c.c. & 1lng, ,so0lid.
" 100 c.c. 9 8mg.,s0lid.
" . 200 c.c. 10 15ng.,solid.
" 100 c.c, 11 3mg. ,s0liad.
" 400 c.Co 12 4mg.,s0lid.
" 100 c.c. 13 Smg.,gbrown gum )
B 100 c.c. 14 - 3ng., (brown gun)
" 300 c.C. 15 S5mg. , (brown gum)
Benz, /ether ,
(1%) 300 c.C, 1 22mg., (brown gum)
e 100 c.c. 17 lOmg.,ébrown gum
" " 100 c.c. 18 8mg,, (brown zum)

Cont'dotlaenee



srought forwaxrd:

Bluent., Volume,
Benz. /ether (1%) 100
1 1t 100
n ] 360
i it [‘”:_CO
i it BCQ
it i 200
Hi iyl 500
1" 1t loo
t “ 100
n H 300
1 t 200
18] 13 lOO
Benz /éther(z Z) 100
300
I‘| 113 loo
it 1] loo
1" 1" loo
i‘l l‘! lCO
11 "t loo
" it loc
L] " loo
Bena,/éther(Q g 300
Benz. /éther(4 100
100
i 1] loo
K n . 100
1] 1" loo
Beqz /étber(Sp,lOO
100
i 11 100
1t 1} lOO
it 11 loo
" " 100
tt 1] lOO
] 1 lOO
.Benz. /ether(8%) 300
" 1" 300
Benz, /ethexr{20%) 3C0
‘ 1 " ] 100
Benz, /ether (40%) 10O
" H 100
" 100
1] 11 loo
" B 100
" " 400
Benz, /fether (80%) 100
i i . :LOO
19 " lOo
" " 100

CeCs
CCCB
CaCs
CeCo
CoCe
CsCs
CeCo
CeCo
C.Cs
CUC‘
c.c.
CoCe
CeCoa
CsCo
CeCe
CeCo
CeCo
CeCo
CeCo
cﬁc.
CoCo
CaCoe
C.ChW
CeC,
CeCoa
CeCo
CC,
CoeCe
CeCoe
CeCa
C.Co
CoCo
CeCo,
CeCa
CaCo
CeCa
CeCoe
CaC,
CoeCoe
CeCoe
CoeCe
CoeCo
Coloe
CeCo
CoeCo,
CeaCe
CosCo
CaCo
CaCo

L

{o

0
5
b
f\l,
A
2

;A-J [

8y
4n».
Ldng.,.
6mg .
81ﬂg .
8mg .
Smg .
12mg.
81?15, o
Brg.
7m§§ °
8z,
Smg .
bmg.
4mg,

~n\nﬁ.uvwmvuomuqmuuuvww»wn«uuu“u

’VeTTcw S
¢ \/’6 (;1‘ =
"""‘"}1 T
s
i ‘\“ll up
?brown

{brovwn

brown owm)
brown gus
clear g
clear gfui;
brovin y
(brown zum),
sbrown s )
- N

forown gum }

(brown gum)
brown cl,?).j:}
fbrown -
Ubrown
bxouﬁ
trown gum,;
brown zum)
E'br QW gum
brown zum
brown
( brown
(brown
0 OWn

P

brown (i
brovin gum
brown Zum

DI O'v e

clear
lear
clear
clear
clegr
{clear
(clear
(clear
(clear
(clear

Cont'd.....

:
(e
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o
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Brought forward:
Eluent.

Volume,

Traction No.

Eluate.

49

Benz. /ether (80y)
i i

11 113
Bther (100%)
sthanol
Bthanol

100
100
100
400
LC0
100

C.C. 68 10mg., ¢
CeCo 6% Omga, (
CeCo 70 CmgZes (
C.Co 71 1%mge, (
CoCs 72 322mg. s E
CeCo 73 20mg .
S6Tmg.

lear gum)
lear gun)
lear gum)
lear gum)
ellow solid)
roWwn gum)

The frazctions were dried for 24 hours at room tenmp.

P

{200 to 400 mu).

maer high vacuum and examined for zbsgorption

in

Ue Ve

Fraction No.| NMaxims {density)"fFracticn o, | axina {(density)
4 252mu (0.28) ﬂ 13 280mu (C.49)
5 255mu (0.83) 14 29Cmu {0.5C)
6 255mu (0.94) 15 238mu(C.64);

I 2921 (0. 37)
7 225mu (0.560); 16 240mu (1.C0)
29Cmu{0.26) &
]
12 280mu (0.36) éq 32 315mu (0.14)
33 208mu (1.33) 37 2§2ru(0,62)%
258mu{0.39)
38 255umu (0.42) | 39 258 (0.34)
53 288mu {0.20) 57 258mu {0.52)
63 258mu {040 - -

The materials were not weighed and densities guoted

are approximate.

The remaining fractions showed no

selective absorption.




The Tfractions were combined into 17 different groups
bagsed on ordexr of elution from the column and on
spectroscopic data

Ay

Group ﬂo1gonent Fractions Yield {m.g. ) |Nature,
(a) 4, 5, 6. 15 Al
(b} 7, 8, 9, 10. 35 gum
{ o) 12 J—
(e, 11,12,13,14, 10 gum
(d) 15,16, 18 guin
(e} 17,18,19, 40 gum
(f) 20,21,22,23,24. 55 Sum
(g) 25;26,27 22 sum
h) 28,29 1.22.133 26 197
(h) 20,29,30,31,32,33. © guin
(1) 34,35. 5 . gum
(3) 36,37. 9 gum
(k) 38,39,40,41,42,43,

' 44;4’5,443“&),50,_}1: 8c gw;
(1) 47,49,52,53. 2 suin
(m) 54 0 62 inc, 73 gum
(n) 1 63, 7 gum
(o) 64,65,66,67,629,7C. 40 gum
(p) 71,72, 35 um
(q) 73. 320 0lid

50
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The foregoing fractions could not be resolved by

crystallisation and were not further examined.

Experiment A(iv).

A furfher'quantity of neutral material (8.0g.) was
obtained from ox-bile (8 litres) by treatment with barium
hydroxide (320g.) with stirring over a period of 2 days.

The suspenéion was filtered and washed with water (3 litres)
and the combined washings and filtrate (11 litres) extracted
continuously with ethexr over a period of 5 weeks, The
ether extracts yielded 8g, neutral material after removal
of solvent. The residue yielded a petroleum insoluble
fraction (1.83g.) after extraction with light petroleum
over a period of 24 hours.

The petroleum insoluble fraction (183g., m.DP.160-165")
was dissolved in pyridine (6 c.c.) and acetic anhydride
(4 c.c.) and the mixbture allowed to stand at room temperature
for 12 hours, then warmed on the water bath for 3 hours
(bath temp. 600). Excess solvent was removed by
distillation under reduced pressure (2mm,) and the residue
(1.85g., gum) dissolved in ether (100 Co.Cs ). The ethereal
solution was washed with water (300 c.c.), dilute
hydrochloric acid (2N; 150 c.c.), dilute sodium carbonate
solution (1%; 200 c.c.) and finally with water (150 c.c.).
The ether solution was dried (NapSQO,) and excess solvent

removed on the water bath. The residue (1.49g., gum)
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could not be crystallised from organic solvents and was

evaporated to dryness seversal times with dry benzene

(1C0 c.c. portions) and the regidue dissolved in dry

benzene (200 c.c,) and chromatographed on alumina (Grade ITI).

Fluent.

Benzene
n

it t

Benz. fether (24%)
it 1"

" i
i 1]

1 3]
Benz, /ether
il 1
1] 11
1] 1"

(45)

Tolume. Fraction No.
100 c.c. 1
100 c.c. . 2
100 c.c. 3
100 c.c. 4
100 c.c. 5
100 c.c. 5
100 c.c. 7
100 c.cC. 8
100 c.c. 9
100 c.c. 10
100 c.c. 11
10C c.c. 12
100 c.c. 13
1GC0 c.c. 14
1C0 c.c. 15
100 c.c. 16
100 c.c. 17
1C0 c.c. 18
100 c.c, 19
20C c.c. 20
100 c.c. 21
100 c,.c,. 22
100 c.c. 23
100 c.c. 24
1C0 c.c. 25
100 c.c. 26
100 c.c. 27
200 C.Cs 28
200 ce.Ce 26
100 c.cC. 30
100 c.c,. 31
10C c.c. 32
10C c.c. 33
40C c.C. 34
100 c.c. 35
200 c.C. 26
100 c,c. 37
1CC c.c. 38

390mg- ? }

384mg. ,
64mg. ,
80ng. ,
34mg. ,
18mg. ,
22mg. ,
l2mg.,

51 ,
Jmg .,
4nmg.,
Trace
4i0g e o
3mg .y
12mg.,

ey
1Cmg.e,
211&2::;
MEe

gum)
" i
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Bluent, volume, Traction No, Hluate.
Benz./étherg4%) 100 c.c. 39 9mg., (brown gum)
Benz./e‘bher 872)‘ 3C0 Cc.Ce JiNe] :]_Gmg., ft " )

" H 100 c.c. 41 12mg., "oy

1 1t lOO CeCo 42 6113{»;‘, i [T

" " 300 c.c. 43 mg. , " " S
Benz,/ether (12%) 100 c.c. 44 11mg. , T

1" " 100 c.c. 45 6mg°, i i )

N ! 200 c.c, 46 15ng. , W)

" H loc CeCe 47 lomg" ] 11 2

" B 100 c.c. 48 10mg. , neoom)

" L 100 c.c. 49 3mg., (clear gum)
Bez, /ether(20%) 100 c.c. 50 mg, , " " 5

" " 100 c.c. 51 SMg e " ")

1 1 100 ¢.C. 52 Smg‘, i 1t )
Benz. /étheré4o 3 300 c.c, 53 1l2mg., o)
Benz./ether(80%) 300 c.c. 54 8mg. , é neoom
Ether 100 c.c. 55 10mg. , et

; 100 c.c. 56 10mge, ( " ")

" 100 c.c. 57 dmge, (U ")
Ethanol 100 c.c. 58 117mg., brown gumg

" 100 c.c. 59 10mg., "

" 100 c.c, 60 20mg. , v

Total 1353mg.

The fractions were dried in wvacuo for 24 hours and

examined for light absorption in the ultraviolet.

regults are appended below.

The

53

* #*
Fre. No, | Abs.liax. (density) Tr. No.| Abs.lax.(density)

3 275mu {1.48) 16 258mu (0645)
4 215 mu(0.52 17 250mu {0.38)
245mu (0.16 258mu z0.86)

6 285mu {(0.98) 18 230mu (1.5C) 258mu

{Oal\)) 24—81“3‘% (:.A’7/

8 2155, ( 53)‘ 19 250mu (0.52)
250mu (0.48) 300mu {0.20)
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R e(- { %
Tr.No, Abs.liax. {density) Fr.Neo. Abs.lEx,. (density)
10 210mu (1.29) 20 215mu (1, 482
250mu (0,76 258mu (C.C4
J
217mu. (0,82) 220mu (1.22)
11 250mu (0. 34 21 258mu (0.78)
282mu (C.18
12 258mu {C.46) 22 258mu {0.48)
13 225mu (1.11) 23 215mu {1.48),25Cumu
{ < o) £ ~
25Tmu (0,92} (0,96},258mu (1.0C),
300mu {C.34)
14 258mu {0.38 © 25 215mu (1.12),25C00u
\ R
(0.96;,258mu(1.0C;
15 215mu {1,76) {Co423},
258mu {1.46) 26 {0.34)
300mu (Q.36)
28 258mu (0.50) 43 258mu (1.30)
29 258mu {0.62) 44 360mu {0.11)
30 248mu {0.54) L5 255mu (Ca59)
258mu {0.06)
31 258mu (1,00} 45 258mu (1.15)
32 250y {Cu47) 47 258mu (0.73)
34 258mu (0.64) 50 257zu {(Co77;
35 360mu {C.13) 52 259mu (Ce59)
37 360mu (0.13) 53 258mu (Co43)
39 220mu {Oa952 55 258mu (0,94
258mu {C.45)
AQ 258mu {(C.317
*Trgctiong were obtained as sums. The density figures ars
included +to show relative values only. Concentration is
approx. the same in all cases and may be taken as C.Clg./liteze
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The remaining fractions showed no light absorption.
hese fracticns were not further examined.

The petrolewn soluble fraction (35C c.c.) {see pagedl)
was concentrated to a volume of 50 c.c. and allowed to
stand at 0° for 15 minutes. A mass of crystalline
material m.p.136-140° (570nmg.) was obtained. This
material yielded 323mg. pure cholegterol after several
recrystallisations from ethanol.

The petroleum mother liguors and washings were
combined and evaporated to dryness. The residue was
dissolved in ethanol (30 c.c.) and the solution (Solution B)

was allowed to stand at room temperature for 10 minutes.

golution B (30 c.c.)

Fraction L (2.23g.) MQL. A
0 ,
D.P. 13Ofl35 ‘ -1 Evap, to a volume
of 20 c.c., Cool
at R.T.

I

Tractlion B (l.1llg.)
m.p. 140-142° M.L. (B) (See page
)
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Fraction A (2.23g.)

dissolve in
25 c.c.ethanol.
Cool at R.T.

Fraction {(a)(l.l2g.) ‘ MeL. (a)

m,p. 138-139°
Stand
‘ overnight
l V 4 A at R.T.
Fraction (b)(900mg. ) )
m.p, 141-2° ML, (b)
Concd. to
a volume
l R s , of 15 c.c.
Fraction {(c)(180mg.)
w,p. 142-143° L. (¢)
Conecd. o
' a volume
l' . - - Of 5 Cooo
Fraction (d)(30mg.) . ‘2
m,p. 190-193° - LeLe \C)
Evap. to
Fraction (e) dryness.

(gum, trace)

Fractions a, b, ¢, and d showed no selective absorption
in the ultraviolet (220mu ~-4C0mu).
Fractions a, b, ¢, were shown to be cholestercl

(mixed m.p.)
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Fraction e

After two crystallisations from ethanol yielded a

~y1ae S 0 , . . A
compound, m.p. 196-7° (llmg.) the melting point of which
was undepressed on admixture with an authentic specimen

of cholic acid, m.p. 196-70

IVIQII. (Bl (27 CaC-)

Stand a% roonm
temperature
for 48 hours.

Fraction (f)(237mg.) ToLa (f)
mep. 140-142°
_ Concentrated
~{to a volume

rraction (g)(320ng. )

m,p. 140-142° MeL. (g)

. cooled at Q°

Fraction (h)(1.50g.)
m,p., 148°

MeLie {h

Evaporated
to dryness.

. ,
Fraction(i) (60mg.)
m.p. 147-148°

Fractions f, &, h, i showed no selective absorpticn in
the ultraviolet in the region 220-400mu. A specimen of each
fraction (in the case of fractiong f and g after one

crystallisation from ethanol) showed no depregsion on admixture
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with an authentic specimen of cholesterol, m.p. 147—80.

These fractions were not further examined.

Experiment A(v).

To fresh ox-bile (2 gals.) was added barium hydroxide
octahydrate (360g.) in water (2 litres) and the mixture
was stirred vigorously for 4 hours in 20 litre aspirator
bottle fitted with a stopcock at the bottom to.facilitate
the removal of chloroform. After standing for two hours
the mixture was filtered and washed with water (3 litres)
and the combined washings and filtrate (12 litres) were
extracted with chloroform as described below,

Each run was cariied out at room temperature and the
volume of chloroform used per run was 2% litres. The
‘ mixture was subjected to vigorous mechanical stirring
throughout the extraction period (4 hours and 16 hours
alternatively). The chloroform layer was run off via the
tap at the bottom of the aspirator bottle and was evaporated
to dryness under reduced pressure (water bath, temperature
30-400), the residue dried and weighed and extracted with
ether until the extracts were no longer coloured, The
- ethereal extracts were concentrated and the residue dried
and weighed, This residue was then extracted with light
petroleum and the petroleum extracts evaporated to dryness

to yield the petroleum soluble fraction. The residue
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deos B B e . Voomnd e A B T PN - R
(petroleum inscluble fraction) and petroleum soluble fraction

were dried and velghed. The results are tabulated belovi.
Run Hc.| Time of|7ol.ch™ {eight | veisght Petrol. retrol,
extrn., |run off|residuelneutral| soluble insoluble
e I M~ i emy Ay = 3 - T
{(hrs.) Gitreg)from D jmateriel | frcem (T) |from (T
) P g T P oy
(g.) Trom D Y (&.) (¢.)
[_? AY /T
NS o
- ~ fd S S \ A
4 4‘ < ’-O3 ,jezo 300‘\, 2020
~ ~ - \ ~ -
2 15 2 4.47 Le2l 0. 21 Ce 30
I ~ Q " s
4‘ el 415 5,/' Ua_?';-’ Oez 2 Ctl?}

T e LUV
})
(o)
no
)
L ]
(@)}
\n
@ (o ,
e
J
«»
L)
9
]
O (] O
o
()
*
-]
«
*)

The petrol. soluble fractiocn wa

0
3
o
<

The petrol. insoluble material {80Qug.) was dissolved

n dry methanol (32 c.c.) containing glacial acetic acid

-

-

(5 c.co) and to this solubion was added Girard's reagent P

n

X

<k

(2.0g.) and the mixture heated for 1 hour on the water
The methenol was removed at O° by distillation under hi:h vacuun
(2na. ) and the residue made alkaline to phenolphthalein with
sodium carbonate sclution (10%; 40 c.c. ). The cooled

solution was extracted with céld ethyl acetate (600 c,c.),

the ethl acetate extracts combined, dried (Nep3Cy) and the
solvent removed under reduced pressure to yield e regidue

Ead

(69Cmg,, gum). This fraction was not

{



The agueous residue was made acid to Congo Red with
concentrated HCL (15 c.c.) and the acidic solution was
extracted with cold ethyl scetate (600 c.c.), the etiil
acetate extracts combined, dried (Na2304) and the solvent

removed under reduced pressure and yielded 7Omg. ketonic

material as a gum,

The ketones {T7Omg.) were dissolved in dry benszene

(50 c.c.) and the solution was chromatographed on alumina

(Grade IT, 108.).

Eluent. Volume.
Benzene 100 c.c.
Benzene 300 c.c.
Ethexr | 200 c.c,
Ethanol 200 c.c.

Fraction No. Eluate,
1 - 3omg. (gum)
2 1lmg. (gum)
3‘ Trace
4 20mg. (gum)

60

Fractions 1, 2, 4 were dried in vacuo over & period of

24 hours and examined for absorption in the ultraviolet.

Fraction 1 showed a maxima 225mu (0.47); the others

showed no selectivée absorption,

Thése fractions were not further examined.

The extraction made on a large scale followed closely
the above procedure, 240 gallons were extracted and the

chloroform concentrates were worked up in a manner shown

below.
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Fractions 1-9 (inclusive) on evagporation yielded
a dark brown gum (310mg.). This meterial could not

be crystallised and was not further examined.

Fraction I (Nos. 10/54 inc.)

. The sub-fractions were combined and the solution
was evaporated to dryness and the regidue (35.31g.,

m.p. 135-157°) dissolved in methanol (150 c.c.) and the
solution concentrated until crystals appeared. The
mixture was filtered and the residue (29.2g., m.u,l47~e0\
shown to be cholesgterol (m;p. 147-8°). The mother
liquor on concentration yielded a furthexr 4.3g.
cholesterol, m.p. 146-8°,

The final mother liguor yielded no crystalliné
material on further concentration and the solution was
evaporaﬁed under reduced pregsure and methanol was
{replaced with petroleum (60/80 ) by two successive
distillations under reduced pressure. The amorphous
residue (0.91g., M.D. 150-161°) wes dissolved in dry
petroleum (60/80 : 100 c.c.) and the solution

chomztographed on alumina (Grade IT; 50g.).

Eluent. Volume. Fraction No, Elwte
i ' A - = A o . ) Q
retral. 1000 ceCa 1 252mMg . ;e PetdH-9.
crystalline.
retrol./ 500 C.Co 2 30mgs sMePall ~'4%
benzene (50%) _ o:vsta¢+1ne
o
benzene 200 C.C. 3 10mg . smepel32-138",
crystaliline.
ZTther 1000 c.Ca 4 583mg. ;0. p,152-1629,

amoxrphous
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TPraction 1.

i

apd \ . 0
4 specimen of this fraction (m.p. 145-149°) showed
no depregsion on admixture with an authentic specimen of

cholesterol (m.p. 146-80).

Fraction 2.

After two crystallisations from methanol yielded
lomg, plates, m.p.146-147°, a specimen of which was
undepressed on admixture with an authentic spécimen of
cholesterol (m.p. 147-148°). The mother liquors were

not further examined.

Fraction 3.

This material was not further examined,

Traction 4.

A specimen showed no absorption in the ultraviolet
(220-400mu). This fraction was not further

‘examined.,

s €S e v e O T e

Fraction IT (Nos.55/70)

“ The sub—fractions‘were combined and the solvent
removed under reduced pressure, the dried residue
(1.24g., m.5.174-8°, softening 158°) dissolved in dry
acetone (50 c.c,) and the solution (Solution A) zllowed

to stand at room temperature for 1 hour,
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The fractionation procedure is shown below,

Solution A.

Fraction Ll‘ m.p.183-202° Solulion A
Extracted with " | Evaporated
petroleum (60/80; to dryness.

10C c.C.) 1in a
Soxhlet apparatus
for 3 hours.

Fraction
A4(0.761g.)
(Petrol.Insoluble) (Petrol,Soluble) m.p.165-
. 0]
Fraction A, (75mg. ) Fraction A3(420mg.) 183
m,p.235-242° m.p.178-185°
Repeated
crystallisation
from ethanol
Compound I (27mg.) Compound A (137mg.)
DD 246-8° . m,p. 187-8°

Fraction Ao

The material (75mg., m,p.v235~2420) was crystallised

three times from ethanol and afforded Compound:[ , as

needles, m.D. 2456-8°, Yield = 2Tmg.

Eﬂ = ~38.80 (£ =1, ¢ = 0,31 in chloroform).



9,86%.
C23H4004 requires: C = T72,7% 3 H = 10.5%.

Found: C = T72,96%; H

A specimen of Comound I gave no colouration with
tetranitromethane. Compound I showed no aﬂéorption
in the ultraviolet (220 to 400mu).

The crude product (m.p. 230-238°) obtained by
evaporation of the mother liguors was dried (yield = 3Tmg.)
and heated on the boiling water bath for 4 hours with a
mixture of pyridine (% c.c.) and acetic anhydride (2 c.c.).
The mixture was cooled and excess solvent removed under
reduced pressure and the residue (52mg.) crystallised

three times from melhanol.

Compound I acetate crystallised as needles,

MePs 218-220° (yield = lOmg.).

e

Found: C

- 4309°Q£= l, ¢ = 0365 in
chloroform).

68.8%; H = 9.5%.
6899%; H = 9g’l%o

]

029H46O7requlres: C

Fraction A3

The solid (420mg., m.p. 178-1850) after five
crystallisations from dry petroleum (b.p. 60/80) afforded

Compound A as clusters of fine needles. Yield = 13Tmg.,

m,p. 187-8°,

81



E*Jo = - 24,1° (=1, ¢ = 1,01 in chloroform).
7565%3 H = 10.5%.
75.3%; H = 10.5%
T5.8%; H = 10.4%.

Found: ¢

il
!

C

022H3603 requires: C

The substance showed no absorption in the ultraviolet
(220 to 400mu). A specimen of the material gave no
colouration with tetranitromethane.

The mother liquors were concentrated and the residue,
after drying (215mg., m.p. 181-6°) was treated with pyridine
(2 c.c.) and acetic anhydride (6 c.c.,) and the mixture
allowed to gtand overnight at room temperature. The
solution was decomposed with water, the residue filtered,
washed and dried. vield = 232mg., m.p. 159-168°.

After four crystallisations from methanol Compound A

diacetate formed clusters of needles, m.p. 173-4°.
Yield = 92mg.
EX1D= - 43,1° ([: 1, C = 0.59 in chloroform).
Founds C = T2.7T%; H = 9.5%.
= 72.5%; H = 9.3
Coglyo05 requires:  C = 72.2%; H = 9.3%.

Q

% Acetyl found: 20.3%.

Comyound A diacetate requires, % Acetyl, 21%.

A specimen of Compound A diacetate showed no absorption

in the ultraviolet (220 to 400mu).
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Fraction A4

The dried solid (76lmg., m.p. 165-183°) was dissolved
in carbon tetrachloride (200 c.c.) and the solution was

chromatographed on alumina (Grade IIT, 308.).

Eluent Volume. Fraction No. Eluate,
coly | 400 c.c, (i)  wii.
CCly/MeOH(1l%) 200 c.c. (ii) Nil.
CCL /MeOH(50%) 50 c.C. (iii)  wil.
no/ wo 20 c.C, (iv) 420mg.meP.155=165,
crystalline.
no/ n 100 c.cC. (v) 260mg. ;M. Po190~-191,
. : crystalline.
wo/ " 100 c.c. (%i) 98mg, ymePe 205,
, crystalline.
Methanol 200 c.C, (vii) 45mg, ,MoPo161-~-175,
. amorphous.

Fraction (iv).

Five crystallisations from acetone gave colourless

plates of Compound F, m,p. 191-3°, (Yield = 90mg. ).

EXJD = - 32,3° (f: 1, C = 0.124 in chloroform).
T4hed%; H = 1046%.
74‘0572; H = 1006%0

Found; C

1

il

020H34O3,requires: C
Compound F showed no absorption in the ultraviolet
(220 to 400mu). A specimen of Compound F gave no
colouration with tetranitromethane.

To Compound F (53mg., m.p. 191-3°) was added pyridine
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(1 c.c.) and aéetic anhydride (3 c.c.,) and the mixture
allowed to stand at room temperature for 24 hours.

The mixture was decomposed with water and the residue
collected, washed and dfied. After three crystallisations

from methanol, Compound F acetate, m.p., 171-2°, was

obtained as needles (Yield = 1l6mg.).

E{L,: - 16° (f= 1, ¢ = 1.83 in chloroform).
Found: C = Tl.2%; H = 8.9%.
024H3805’ requires: C = 71.0%; H = 9.3%.

% Acetyl found = 21'07
Compound F diacetate requires, % acetyl = 21l.3%.

A specimen of Compound F diacetate showed no absorption

in the ultraviolet (220 to 400mu).

Fraction (v).

After several crystallisations from acetone afforded

a further gquantity of Compound F, m.p. 191-193°,(vield = 52mg.).

[o<], = = 33.1° {=1, ¢ = 0,157 in
chloroform).

A specimen of this material was undepressed on admixture
with an authentic specimen of Compound F (m.p. 191-3°),

The mother liquors from fractions (iv) and (v) were
combined and the dried residue (510Omg.) acetylated with
pyridine (3 c.c.) and acetic anhydride (7 c.c.) for 24 hours
at room temperature. The reaction mixture was decomposed
with water and the crude acetates collected, washed and

dried (vield = 530mg., m.p. 152-163°),
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The residue was dissolved in dry benzene
(250 c.c.) and the solution was chromatographed on

alumina (Grade‘II, 5084 ).

Eluent. Volume, Fraction. Eluate.
Behzena | | 250 c.c. a. 200mg;, m.p.165-l70°
Benzene /MeOH(10%) 350 c.c. b. 185mg., m.p.155-159°
Methanol 400 c.c, c. 7lmg., m.p.169-171°

Fraction (a).

After‘four crystallisations from methanol yielded
Compound A acetate, m.p. 173-40, as needles (Yield = 73mg.).
BJD= - 41.8° (L =1, ¢ = ,151 in chloroform).
A specimen of this product was undepressed on
admixture with an authentic specimen of Compound A acetate,

MePe 173—40 .

Fraction (b).
' After three erystallisations from methanol, Compdund F
acetate, m.p. 171-20, was obtained as needles (Yield = 33mg.).
Edp = = 17.4° (/ =1, ¢ = +620 in chloroform).
A specimen of this material was undepressed on
admixture with a specimen of Compound F acetate, m,p.l7l—2°.

Fraction (c).

After one crystallisation from methanol afforded a
further quantity of Compound F acetate, m.p. 171-2°(5lmg.)
a specimen of which was undepressed on admixture with an

authentic specimen of Compound F acetate, m.p. 171-2°.
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Fraction (vi).
' The material (98mg., m.p. 205°) after four
crystallisations from methanol afforded Compound I,
m.p. 246-8°, ag needles. (Yield =-1lOmg.).
[xlp = - 38.1° (£ =1, C = .214 in chloroform).
A specimen of this compound showed no depression on

admixture with an authentie specimen of Compound I,

m.p. 246-8°.

Fraction (vii).

This fraction was not further examined,

PFraction IIT (No. 70/74).

The sub-fractions Qere combined and the solvent
removed under reduced pressure and the dried residue
(2.89g., m.p. 185~208°) extracted with petroleum

(bep.60/80; 350 c.c.) over a period of 72 hours in a Soxhlet
apparatus. The petroleum solution was evaporated to

- dryness under reduced pressure and the residue
(Fraction ITIa) was dried. (Yield = 2.2g., m.p. 182-7°).
The petroleum insoluble fraction (Fraction IIIb) was dried.
(Yield = 0.793g., meP. 250-259°).

Fraction IIIa.

The material, after four crystallisations from
petroleum afforded Compound A, m.p.187-8° as needles.

(Yield = 1.21g.)
[x], = =21.5° (£ =1, ¢ = 2,41 in chloroform)
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4 specimen of this material was undeuvressed on
admixture with an authentic specimen of Compound .,
m.Da 187-8°,

The mother liguors were.evaporated to dryness under
reduced pressure and the dried residue (900mg., m.p.181~50)
was acetylated with pyridine/acetic anhydride (4 c.c./10 c.c.)
for 24 hours at room temperature. The dried, crude
acetate (1.2g., m.p. 155-168%)after four crystallisations
from methanol yielded Compound A acetate, m.pe. 173w40,
(331mg.) as needles.

E“ﬂ; = - 44020 ([ - l,'C = ,353 in chloroform).

Fraction IIIb,
~ The solid (792mg., m.p. 250-259 ) was crystallised

six times from toluene and gave Compound B, as needles,

m.p. .260-261°. (Yield = 85mg.).
], = —-58.3 (£ =1, C=2.681 in chloroform)

Found: C= T44% ;3 H = 10.0%
C L 74@04‘% ; H = 1003%
- CgH3003 requires: C = 74.03% ; H= 10.3%

Compound B showed no absorption in the ultravidet (220 %o
o 400mu)

A specimen of Compound B gave no colouration with
tetranitronethane.

The mother liquors were evaporated under reduced
pressure and the dried residue (430mg., m.pe 249-257°) was

refluxed for 6 hours with a mixture of pyridine {4 ce.) and
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acetic anhydride (12 c.c.). The reaction mixture was
cooled, decomposed with water and the residue filtered,
washed and dried. (Yield = 300mg., m.p.185-200°). After

five crystallisations from methanol Compound B acetate,

m.p. 223-5° was obtained as needles (vield = 61lmg.).

E¥l>= - 50.7° (Z= 1, C = 04945 in chloroform).
Found: C = Tl.9%; H = 9.8%.
Co1H3404,requires: C = T1.9%; H = 10.0%.

Fraction IV (Nos. 75/78).

The dried material (1.258., mepo 185-215 ) was extracted
with petroleum (b.p. 60/80; 300 c.c.) over a period of
36 hours in a Soxhlet apparatus, The petroleum solution
was evaporated to dryness under reduced pressure and the
residue (Fraction IVa) was dred (Yield = l.1lg., m.p.182-59),
The petroleum insoluble fraction (Fraction IVb) was dried
under reduced pressure. (Yield = 0.2g,, mepe 220~232°),

Fraction IVa..

The solid (L.1g., m.p.182-5°) after three
crystallisations from petroleum (b.p. 60/80) gave Compound A,

as needles, m.p. 187-8°, a specimen of which was undepressed
on admixture with an authentic specimen of Compound A,

m.p. 187-8°, previously obtained. (vield = 0.82g.).

Fraction Ivb.
‘ This fraction (0.28%, M.Pe. 220—2320) was combined
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with FPraction Vb (q.v).

Fraction V.

The dried solid (1.19g., m.Pe. ;78-1850) was extracted
with dry petroleum (b.p.60/80; 300 c.c.) over a period of
48 hours in a Soxhlet apparatus. The petroleum solution
was evaporated toidryness under reduced pressure and the
residue (Fraction Va) was dried (Yield = 1.58g.,m.p.181-2°).
The petroleum insoluble residue (Fraction Vb) was dried
under reduced pressure (Yield = 0.18g., M.p. 223-227°).

Fraction Vva.

The dried material (1.58g.) after three crystallisations
from petroleum gave Compound A as needles, m.p.187-8°(0.92g.)
a specimen of which was undepressed on admixture with an
authentic specimen of Compound A, m.p. 187-8°.

Fraction Vb.

0 .
The material (0.2g., m.pP. 223-237 ) was combined
with Fraction IVb, (0.2g., m.p.220-232°) and

fractionated as described below.
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IVb + Vb. (382mg.,m.p.221-239°).

o | |
Insoluble, m.p.232-242°(a) soluble,m.p.247-9°
(9Tmg. ) (195mg. )
Repeated Extracted with ethanol
crystallisation (100 c.c.) (Soxhlet
from ethanol. for 4 hours).

Compound I (16mg.)

m.p.246-8°
- Ethanol insoluble(b) Ethanol soluble(c)
120mg. ,m.p. 248-252° Tlmg. ,mepe 242-6°
Repeated Repeated
crystallisation erystallisa-
from tertiary tion from
amyl alcohol ethanol

Compound X (39mg.) Compound I (20mg.)
MeDPo 250"20 4 MePo 246—80

Insoluble (Fraction (a)).
- The'material (97mg., m.p.232—242°) after four

erystallisations from ethanol yielded Compound I, as needles,

m.p. 246-8°."
? @dbz - 38,5%(/ =1, ¢ = .192 in chloroform).

A specimen of this material was undepressed with admixture

with an authentic specimen of Compound I, m.p.246-8°,

*(yield = 16mg.).
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Ethanol Soluble (Fraction (c)).

The solid (7lmg.,’m.p. 242-6°) after three
crystallisations from ethanol afforded Compound I,
m.p. 246-8°, as needles. (Yvield = 20mg.). A specimen
of this compound was undepresséd on admixture with an

authentic specimen of Compound I, m.p. 246—80.

Ethanol Insoluble (Fraction (b)).
. The material (120mg., m.p. 248-252°) was crystallised

three times from ft-amyl alcohol and gave Compound K,

as long, fine, silky needles, m.p. 250-252°. (vield = 50mg. ).
)= - 71.6° (/= 1, ¢ = .117 in chloroform).
[, = = 47.3° ({= 1, ¢ = .343 in pyridine).
Found: C = T75.4%; H = 10.7%.

10.6%.

|

021H36O3, rEquires: C = 75.5%; H

A specimen of Compound XK showed no absorption in the

ultraviolet (220 to 400mu) and gave no colouration with
tetranitromethane.

The mother liguors were combined and the solvent
removed under reduced pressure and the dried residue
(34mg., m.po. 245—2500) heated on the boiling water bath
for four hours with pyridine (4 c.c.) and acetic anhydride
(2 coCWo)e After standing 48 hours at room temperature
the excess solvent was removed under reduced pressure and

the residue crystallised three times from methanol.
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Compound K acetate, m.p. 220—40, was obtained as needles.

Yield = 6mg.
Edo = - 50° ([: 1, C = .422 in chloroform).

Found: O = 71.8%; H = 9.7%.
905%.

Co5Hy005, requires: C = T1.6%; H

Fraction VI (Nos. 90/92).
" The dried solid (1.74g., m.p. 154-161°) was

subjected to fractional crystallisation as shown below.

Fraction V1

triturate with
dry ethyl acetate
(50 c.c.) in cold.

B | 1

Insoluble Fraction (Vla) Soluble -

100mg., mepo 202-221° Concentrate
T v - t0 a volume
of 20 c.c.
Filter.
Fraction (Vib) Ethyl acetate
S soluble
! Soomgo ] m:p.l§8"

175 Evaporate to
. dryness

Fraction (Vlc)
630mg. yMePell5-117°




93

Fraction(vla).

The solid, (10Omg., m.p.202-221°) after sixz
crystallisations from ethanol afforded Compound T,
MePe 246-80, as needles. Yield = 1l5mg.
&¥l>= - 39,2° ([ =1, C = 198 in chloroform).
A specimen of this material gave no depression on

admixture with a specimen of Compound I, m.p. 246-8°,

Fraction(Vlb).
The residue (800mg., m.p.168—175°) after six

crystallisations from ethyl acetate afforded Compound A,

MePe 187-90’ as needies. Yield = 120mg.
@do = - 33,9° (/ =1, ¢ = 1,041 in acetone).
[«)p = - 24.1° (£ =1, ¢ = 0.665 in chloroform).

A specimen of this compound gave no depression on
admixture with an authentic specimen of Compound A, m.pP.
187-8°.

The mother liquors were combined and the solvent
removed under reduced pressure and the dried residue (373mg.,
m.p. 157-170°) acetylated with pyridine (3 c.c.) and acetic
anhydride (10 c.c.) over a period of 24 hours at room
temperature. The acetylation mixture was decomposed
with water, the crude acetate filtered, washed and dried.
Yield = 416mg., m.DP. 151-159°, After six crystallisations
from methanol, Compound A acetate, m.p. 173-4° (needles),
was obtained. (Yield = 82mg.)

[¢]p = - 42.8°(f =1, ¢ = 0.834 in chloroform).
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Fraction(vle).
| The dried amorphous product (630mg., m.p.115—1570)
was dissolved in dry benzene (300 c.c.) and the solution

.was chromatographed on alumina (Grade II, 50g.).

Eluent, Volume. Fraction No. Eluate.

Benzene. 500 CuCo 1 Nil. | |

Benzene /MeOH(1%) 500 c.c. 2 Nil.

BenZEne/MeOH(lO%) 200 C.Ce 3 371118. sMePe 184-80!
crystalline.

Benzene/MeQH(50%) 450 c.c. 4 230mg., m.p. 131-165°,
amorphous.

Methanol. 500 c.c. 5  320mg., MeP. 135-162°,
amorphous.

Fraction 3.
| After two crystallisations from ethyl acetate
afforded a further quantity of Compound A, m.p. 187-9°,
as needles. (Yield = llmg.).

A specimen of this material was undepressed on
admixture with an authentic specimen of Compound A,
m.p. 187-8°,

Fractions 4/5 were not further examined.

The fraction after drying (12.638., m;p.150—1600)
revealed no crystalline material on microscopic examination.
A guantity of the amorphous product (4.2g.) was

dissolved in dry benzene 800 c.c) and the solution was

chromatographed on alumina (Grade II, 1008.).



Eluent.

Bengzene.

Benzene /ether (1
Benzere/ether (5
Benzene/ether (1
Benzene /ethex (2
Benzene /ether (4
Benzene /ether (8
Ether (100%).

Ether (100%).
Ether (100%).
Benzene /e CH(10%).
Methanol. |
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Volume. TFraction No. Eluate.

3,000 c.c. 1 Nil.

2,000 c.c. 2 Nil.

1,250 c.c. 3 Nil.

1,750 c.c. 4 Nil.

1,500 c.c. 5 Nil.

1,750 c.c. 6 Nil.

4,500 c.Cc. T .356g., gunm.

3,000 c.c. 8 1.05g.,m.p.123-157?
amorphous.

4,000 c.c. 9 .808g.,m.ep.127-1499
amorphous. o

2,000 CQCQ lo .l21g., m.P.l3l—152 ’
amorphous.

500 c.c. 11 2.8738.,m.p.120~161°,

amoxrphous.

l’OOO CeCo 12 0208go, m.P.139—1530,
amorphous.

Fractions 7, 8, 9, 10, 12 were not further examined.

Fraction 11,

The amorphous solid (2.873g., m.DP.131-152°) was

dissolved in pyridine (4 c.c¢c.) and acetic anhydride

(15 c.c.) added and the mixture warmed 4 hours on the water

bath and then allowed to stand overnight at room temperature.

The mixture was decomposed with water and the crude acetates

taken up in ether (500 c.c.), the ethereal solution washed

with water (1 litre), then with dilute hydrochloric acid

(10%; 2 litres) and sodium carbonate solution (2%; 1.5 litres)

and finally again with water (1 litre).

The ethereal

solution was dried (NapySO,) and excess solvent removed on

the water bath and the ether displaced with benzene by

succegsive distillations under reduced pressure.

The

benzene-dried residue (3.lg., gum) was redissolved in

benzene (600 c.c.) and the solution was chromatographed on



alumina (Grade II, 50g.).

Eluent.

Benzene.,
Benzene/ether (1%).
Benzene /ether (20%).
Benzene /ether (50%).
Benzene /ether (80%).
Ether.

96

Volume. Fraction No. Eluate.
1,000 c.c. 1l TO0mg., gum.,
1,500 c.c. 2 352mg., gum.
2,000 c.c. 3 5Tlng., gum.
2,250 C.C. 4 470mg., gum.
3,000 c.c. 5 68mg., gum.
2,000 c.cC. 6 89Tmg., gum.

The fractions obtained could not be crystallised

from organic or aqueous organic solvents.

These fractions were not further examined,

Fraction(VIIT) (Nos.142/150).
- The dfied product (L.738., M.P.155-176°) was dissolved

in benzene/chloroform (1%; 500 c.c.) and the solution was

chromatographed on alumina (Grade II, 40g.).

Eluent.
Benzene/CHC13(1%).

n 1

Benzene?éHCl3(5%)-

Benzene/Chl.(50%).
n / " '

Chloroforn.

Volume. TFraction No. Eluate.
500 C.Ce 1 320mg.,m.p.120-130°,
amorphous.
500 CeCoe 2  Nil. o
1000 c.c. 3  34lmg.,m.p.160-172",
amorphous. o
1500 c.c. 4 170mg.,m.pP.160-172",
amorphous.
2000 c.c. 5 16mg. ,m.p.160-172°,
amorphous.
500 C.C. 6 1ll3mg.,m.p.160-170°,
amorygous.
500 CoCe 7 116nmg.,m.p.157-171°,
amorphous. o
500 Cc.C. 8 60mge yMePel51=159",
amorphous.
lOOO CeCo 9 9mgt ’mopol4‘3"'15301
amorphous.
200 c.C. 10. 404mg.,m.p.173-188°,
amorphous.
300 c.c. 11 40mg. ,m.p.174-190°,
amorphous,
2000 C.Co 12 1ll2mg.,m.p.180-193°,

amorphodus.



97

Fractions 1 to 12 were not further examined.

Fraction (IX) (Nos, 151/158).

The product (amorphous, 2.0lg., m.p.171-185°) was
triturated with cold acetone (100 c.c,) and the mixture
was filtered.,

Fraction IX.

Cold acetone

Acetone insoluble ‘ Acetone soluble.

1.58¢y MePe162-190°, amorphous. : Filtrate
, evaporated
to dryness
Compound J. Repeated Residue (a).
m,p.201-3°(1lmg. ) crystallisation from e 4l8.m. Del89~201°

Residue (a).

The product (410mg., m.p. 189-201°) after eight
orystallisations from petrol./acetone yielded Compound J,

m.p. 201-203°, as prisms. vield = llmg.

@d5= + 39.9° Q(: 1, C = ,801 in chloroform). .

Found: C = 7109%; H = 1004‘%0

C = TLoT%; H = 10.7%.

I
il

CopH3704s requires: C = Tl.4%; H = 10.5%.

A specimen of Compound J showed no absorption in the

ultraviolet (220 to 400mu). Compound J gave no colouration

‘ i

petrol,/acetone. partially crys%alline.l

|
|

;
i
t

!
i
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with tetranitromethane.
The amorphous product (3l2mg., m.p.l77-195°)
obtained on concentration of the mother liquors was not

further examined.

Acetone Insoluble Fraction.
” ' Thé amorphous solid (l.5g., m.p,l62—19o°) was
dissolved in dry chloroform (500 c.c.) and the solution

was chromatographed on alumina (Grade II, T708.).

Eluent. volume. Fraction No. Eluate.
Cﬁlordfdrﬁ. iOOO CeCo 1 Nil. |
Chloroform/MeOH(1%). 500 C.C, 2 Nil.
Chloroform/MeOH(10%). 1000 c.c. 3 2lmg.,m.p.157-189°,

amorphous. o
Chloxroform/MeOH(20%). 1000 c.c. 4 13Tmg.,m.p.153-178",
: amorphous.
Chloroform/MeQH(50%). 2000 c.c. 5 215mg.,m.p.162-189°,
amorphous.
" / " 2000 c.cCe. 6 31lmg., m.p.164-190°,
amorphous., o
Methanol. 300 c.c. 7 476mg.,m,p.162-187",
amorphous.

Fractions 3/7 were not further examined.

Fraction X (Nos+159/179).
- The dried maferial“(2.69g., M.Po180-202°) was dissolved

in benzene/ether mixture (10% ; 1000 c.c.) and the solution

was chromatographed on alumina (Grade II, 50g.).

Eluent. Volume. TFraction No. Eluate.
Benzene/étherglo%g. 2,250 c.C. 1 387mg., gum. o
Benzene/ether(20%). 2,100 c.C. 2 20mg., MeP.140-165°,

' amorphous. °
Benzene/ether (40%). 1,750 c.c. 3 28mg.,mepPel50-162°,

amorphous.
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Eluent., Volume, ZFraction No. Eluate.
Benzene /ether (78%4). 10,000 c.c. 4 59mg, ,m.p.152-175°,
amorphous.
Ether. 2,000 c.c. 5 1lébmg., resin.
Ether/MeOH (1%). 2,250 Cc.Co 6 325mg.,m.p.198-204°,
: amorphous.
Ether /MeOH (1%). 8,000 c.c. T 455mg.,m.p,200~202°,
partially crystalllne.
Ether/MeOH (5%). 2,000 c.c. 8 1250mg.,m.p.185-190°,
: partially crystalline.
Ether /methanol (5%). 4,500 c.c., 9 245mg.,mepP.150-161°,
amorphous,
Methanol, 1,250 c.c, 10 381lmg.,m.p.200~-213°,

| partially crystalllne.
Fractions 2, 3, 4, 5, 6 and 9 were not further examined.

Fraction 7.

The product (455mg., m.p.200-2°) after eight crystallisations
from petrol,/acetone and finally two further crystallisations

from acetone afforded Compound D, as cubes, m.p. 202-204°.

Yield = 15mg.
[odp = + 23.5° (f= 1, ¢ = 2.497 in

chloroform),
Found: C = T72.5%; H = 10.0%.
= T2,5%; H = 10.5%.
CopH3704, requires: C = T2,3%; H = 10.2%.

Compound D showed no absorption in the ultraviolet

(220 to 400mu). A specimen of Compound D gave no

colouration with tetranitromethane.

Liebermann Reaction - blood red colouration (both layers).

' The mother liquors were evaporated and the dried, crude
amorphous product (250mg., m.p._l91—2000) was acetylated
with pyridine (2 c.c.) and acetic anhydride (7 c.c.) for
two hours at 100° (water bath) and then allowed to stand at
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room temperature for 48 hours. The mixture was
decomposed with water, the crude acetates filtered, washed
and dried. vYield = 25Tmg., m.p. 40-72°, amorphous.

The product could not be crystallised from organic
solvents. The melting point was not raised by prolonged
drying under high vacuum (48 hours at 1 mm. over POs).
This material was not further examined,

Praction 8.

The product (l.25g., m.p. 185-190°) after 10
crystallisations from petrol./acetone and finally a further
two crystallisations from acetone gave colourless prisms of
Compound G,m.p. 191-4°, Yield = 27mg.
[x], = + 24.3° ({= 1, ¢ = 1,27 in chloroform).

Found: C = 72.9%; H = 10.6%.
Cc = 7208%; H "—"‘1007%0 )
CogHy004, Tequires: ¢ = 73.1%; H = 10.2%.

A specimen of Compound C gave no colouration with

tetranitromethane. The compound showed no absorption in

the ultraviolet (220 to 400mu).

Liebermann Reaction - Red to Green (both layers).

| The mother liquors were evaporated to dryness and the
crude, amorphous product (200mg., m.p. 182-190°) was
acetylated with pyridine (2 c.c.) and acetic anhydride
(7 c.c.) over a period of 48 hours at room temperature,
The reaction mixture was decomposed with water, the crude
acetates filtered, washed and dried. Yield = 210mg,,
m.p. 60-72°. |
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The material could not be crystallised from organic
golvents. Prolonged drying ( 1 mm. pressure, over
P205 at 35°) did not change the melting point.

This product was not further examined,

Fraction 10.

The materisl (38lmg., m.p. 200-213°) after five
crystallisations from petrol./acetone and a further two

crystallisations from acetone afforded Compound E,

m.p. 214-216°, as plates (micro). Yvield = 17mg.

32,9° (= 2, ¢ = .338 in ethanol).
= 68.4%; H = 10.0%.
67.8%; H = 10.6%.
= 68.1%; H = 10.3%.

Q < Q +
]

021338057 requires:
A specimen of Compound E showed no absorptidn in the
ultraviolet (220 to 400mu). The compound gave no
colouration with tetranitromethane,

The crude product obtained by evaporation of the
mother liquors (140mg., mepPe. 201-211°) was refluxed with
acetic anhydride (3 c.c.) and anhydrous sodium acetate
(0.lg.) over a period of 2 hours. The reaction mixture
was cooled and decomposed with water. The crude acetate
wag filtered, washed and dried. Yield = 117mg.,

mep. 71=93°, This material could not be resolved
by crystallisation. Prolonged drying under vacuum (1 mm, )
did not affect the melting point. This material was

not further examined.
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Fraction X1 (Nos.180/190).
The solid (1.67g8., mep. 150-158°) was dissolved in
pure, dry chloroform, (450 c.c.) and the solution was

chromatographed on alumina (Grade II, 60g.).

Eluent. Volume, Fraction No. Eluate.
Chloroform. 500 c.c. 1 46Tmg.,m.p.102-146°,
crystalline.
" 500 c.Ce 2 250mg. y MoP.160-170°,
crystalline.
" 1000 coco 3 8011\%., m.P.168—1849
amorphous.
Chloroform/MeOH(10%) 500 c.c. 4 591mg., resin.
Methanol. 1000 c.co. 5 205mg., resin,

Fraction 1.

The’product (46Tng., MePo102-146°) after seven
erystallisations from petrol./acetone followed by two
erystallisations from acetone afforded Compound C,
m.py 191-3°, as prisms. Yield = 1l0mg.

A specimen of this material was undepressed on

admixture with an authentic specimen of Compound C.

The mofher liquors were combined and the solvent was
removed under reduced pressure and the dried residue,
(332mg.,}m.po 134-147°), after five crystallisations from
benzene /petrol. (b.p.60/80) and finally two crystallisations

from petrol./ethanol afforded Compound G, as prisms,

m.p. 148-150°. (Yvield = 30mg.)
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[x], = + 28.7° ([: 1, C = .168 in chloroform).

Found: C = 69.,1%; H = 102%.
C = 69.4%; H = 10.5%.
CooHyO5, requires: C = 68,8%; H = 1004%.

A specimen of Compound G showed no absorption in the

ultraviolet (220 to 400mu). A sample'of Compound G gave a

yellow colouration with tetranitromethane,

The mother liquors were not further examined.

Fraction 2.
| The solid (250mg., m.p. 160-170°) after eight
crystallisations from petrol./acetone gave colourless prisms
of Compound H, m.p. 181-3°. Yield = 27mg.
E{L,: + 32.8° ([= 1, C = «730 in chloroform).
Found: C = 69.5%; H = 10.6%.
C = 69.5%; H = 10.6%.
69.9%; H = 10.4%.

A specimen of Compound H showed nd absorptioh in the

1

il

024H4405’ requires: C

ultraviolet (220 to 400mu).

Compound H gave no colouration with tetranitromethane,

The mother liquors were not further examined.

Fraction 3.

The material (8Cmg., mep. 168-184°) could not be
resolved by crystallisation from petrol., petrol./acetone

or petrol./benzene.

This fraction, and fractions 4 and 5 were not further

examined,
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Fraction X11 (Nos. 191/210).
. The brown solid (2,68g., m.p. 167-205°) was extracted
with dry chloroform (350 c.c.) over a period of 100 hours
in a Soxhlet apparatus. The chloroform insoluble
fraction (1.68., m.p. 180-220°) (amorphous), was not
further examined.

The chloroform solution was evaporated to dryness
under reduced pressure and the residue (930mg., m.p.178-190°,
amorphous) was dissolved in dry chlorofbrm (500 coce ) and

the solution was chromatographed on alumina (Grade II, 508.).

Eluent, Volume., TFraction No., Eluate.
Chloroform. 1,250 c.c. 1 16mg., gum.
Chloroform/MeOH(1%). 1,000 c.c, 2 1lbmg., gum.
Chloroform/MeQH(2%). 1,000 c.c. 3 25mg., gum. .
Chloroform/MeQH(5%) . 500 c.ce 4 20Tmg., MePo.145-180",
amox phous. o

" / " 250 CeCe 5 4131318., mopol70"198 H
amorphous, o

wo /oo 500 ¢.ce 6 30mgo, MePsl83=~200°7,
amorphous. o

Chloroform/MeOH(10%). 250 c.c. 7 223mg., M.pP. 187-2127,
, amorphous. o

Me'thanOl. - l,OOO CeCo 8 loomgo, m°Pel9l—215 ?

amorphous.

These fractions could not be resolved by crystallisation
from petrol./acetone or petrol./ethanocl.

The fractions were not further examined,
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SECTION B.

Compound A Diacetate (X). -

To compound A (2.60g., crude, m.p. 180-2°) in dry
pyridine (20 c.c.) was added acetic anhydride (dry,
distilled, 21 c.c.) and the mixture warmed gently until
solution was attained. After standing 24 hours at
room temperature, the mixture was decomposed with water
(1 1litre), the residue filtered, washed with water
(1% litres) and dried. Yield = 2,958., m.p. 157-160°.

After three crystallisations from methanol, Compound A

diacetate, m.p. 173-40, was obtained as needles.

E45 = = 43.l°(f= 1, C = 059 in chloroform).
Found: C = 72.7% ; H = 9.5%0
C = T2.5% 3 H = 9.3%.
026H4005,Requires: C="T2.2% 3 H = 9.3%.

219 (Caled.).

2043% (Found).

Molecular weight (Rast), Found, 450, 460, 470.
Calculated for 026H4OO5’ 432.

I

% Acetyl

i

A specimen of the diacetate was found to contain no active
hydxrogen.
To Compound A-&iscetate (300mg., m.p. 173-4°) in dry X
pyridine ( 5 c.c.) was added acetic anhydride ( 6 c.c.)
and the mixture was heated on the boiling water bath for
6 hours. The mixture was cooled, decomposed with water,
the residue filtered and dried and crystallised several
times from methanol. Compound A diacetate crystallised

as needles, m.p.l73—4o, a specimen of which was undepressed
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on admixture with starting material, m.p. 173-4°.
Yield = 20Tmg.

Compound A (1X) (X —=IX).

o Compound A diacetate (552mg., m.p. 173-4°) was
added methanolic potassium hydroxide (5%; 60 c.c.) and
the mixture was>refluxed for 3 hours on the water bath.
About one third of the volume of the mixture was removed
- by distillation under reduced pressure, the residue
cooled and decomposed with water. The precipitate
was filtered, washed and dried. Yield = 420nmg.,

m.p. 182-4°. After two crystallisations from petroleum

(b.p. 60/80), Compound A, m.p, 187-8° was obtained as

clusters of fine needles. Yield = 320mg.

[‘X]o= - 23.2° ({= 1, ¢ = 2,003 in
chloroform).

A specimen of this material was undepressed on admixture

with a specimen of Compound A, M.P. 187—80.

Oxidation of COmpoﬁnd A diacetate.

Do the diacetate (500mg., m.p. 173-4°) in stabilised
acetic acid (10 c.c.) was added a solution of chromic acid
(90mg.) in water (& c.c.) and stabilised acetic acid
(5 c.c.), slowly and with stirring. After standing at
room temperature for 24 hours the mixture was warmed at
400 (water bath) over a period of 4 hours, cooled, methanol

(2 e.c.) added and the mixture decomposed with water

(1 1litre).
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The precipitate was filtered, washed and dried.

Yield = 430mg., m.p. 157-170°,

The solid (430mg., m.p.157-170°) was dissolved in
dry benzene (500 c.c.) and the solution was

chromatographed on alumina (Grade II; 30g.).

Eluent. Volume. Fraction No. Eluate.
Benzene. 100 c.c. 1 Nil.
" 300 c.c. 2 265mg. ,m.p.166-168°.
" 400 c.c. 3 131mg. ,m.p.164-167°,
Ethet, 200 c.c. 4 35mg., gum.

Fractions 2/3 were combined and crystallised twice
from methanol and yielded a solid,m.p. 173-4°,
(Yield = 200mg.) undepressed on admixture with an authentic
gpecimen of Compound A diacetate, m.p. 173—40.

Fraction 4 was not further examined.

Treatment of Compound A with Hydrazlne_ggdrate.

To Compound A (lOOmg., m.p. 187-1880) in ethanol
(95%; 6 c.c.) was added hydrazine hydrate (90%; 1 c.c.)
andgthe mixture was heated in an autoclave ovér a period
of 24 hours at 200°. The cooled mixture was transferred
to a flask, the solvent removed under reduced pressure
and the residue (13lmg.) dissolved in ethexr (50 c.c.)
and the ethereal solution extracted with water (8 x 50 c.c.)
and finally dried (1MgSOy). The ether was removed by

distillation under reduced pressure and the residue (94mg.)
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after two crystallisations from petroleum afforded
Compound A as needles. Yield = 58mg., m.p. 187-8°,
A specimen of this material was undepressed on admixture

with an authentic specimen Compound A, m.p. 187-188°.

Treatment of Compound A diacetate with Hydroxylamine
Hydrochloride.

| Tébcémﬁound A diacetate (lZOmg;,'m;p.173é4°) in
‘ethanol (45 c.c.) was added hydroxylamine hydrochloride
(120mg.) and sodium acetate (135mg.) in water (15 c.c.)
and the mixture was refluxed for 4 hours. The mixture
was cooled and decomposed with water (400 c.c.), the
precipitated solid filtered, washed with water and dried.
vield = 112mg., m.p. 162-8° After two crystallisations
- from methanol, Compound A diacetate, m.p. 173-4° was
obtained as needles. vield =78lmg.

A specimen of this compound was undepressed on
admixture with a specimen of Compound A diacetate,

m.p. 173-4°.

gydrogenatlon of Compound A diacetate in neutral solution.

” To a suspen91on of platlnum catalyst (prev1ously
obtained by reduction of platinum oxide (50mg.)) in
absolute ethanol (6 c.c.) was added a solution of
Compound A diacetate (53mg., m.p.173-4°) in abolute
ethanol (5 c.c.) and the mixture was hydrogenated over a

period of 5 hours at room temperature. No hydrogen was
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absorbed. The catalyst was removed by filtration
and the filtrate concentrated to a volume of 3 c.c.

and allowed to stand at room temperature for several
hours to yield Compound A diacetate, needles, m.p.173-4°.
Yield = 42mg.

[x]y = = 44.7° (f= 1, ¢ = 1,027 in
chloroform).

A specimen of this solid was undepressed on admixture

with an authentic specimen of starting material, m.p.173-4°.

Partial Hydrolysis Compound A diacetate (X— X1)

. To compound A diacetate (492mg., m.D. 173-4°) in dry
methanol (20 c.c.) was added a solution of potassium
bicarbonate (4 c.c. satd.soln. KHCO3 4 c.c. water) and
the mixture warmed on the water bath until complete
solution was attained (a further 2 c.c. methanol was
added). The mixtuie was allowed to stand at room
temperature for 48 hours and water (20 c.c.) was added
and the solution was evaporated to drynéss under reduced
pressure (2mm., water bath temperature). The residue
(510mg.) was triturated with water, the suspension
filtered aﬁd the residue washed with water, then with
dilute hydrochloric acid (2%) and finally with water.
The dried residue (385mg., m.p. 133-144°) after four
crystallisations from methyl alcohol gave Compound A

monoacetate, m.p. 90-91°, (needles from aqueous methanol).
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E{L = - 19,3° C[: 1, C = «337 in chloroform),
Fomd: C = 7109% ; H = 9.7%0
Cp4Ha04+3Hp0, requires: C = T1.3% ; H = 10.4%.

Oxidation of Compound A lMonoacetate.

To Compound A monoacetate (186mg., m.p. 90—10) in
glacial acetic acid (5 c.c.) was added a solution of
chromic acid (60mg.) in water (1 c.c.) and glacial acetic
acid (2 c.c.) and the mixture was allowed to stand at
room temperature for 24 hours and then warmed for 3 hours
at 40° (water bath). The mixture was cooled, poured
into water (200 c.c.) and the residue collected, washed
with water and dried, vield = 80mg., m.p. 140-6°,
After four crystallisations from agueous methanol,

Compound IV was obtained as needles, m.p. 152-3°.

Yield = 1l5mg.

o) = = 3423° ({= 1, ¢ = 0,291 in enloroform).
| 94456
CogH3604+Ho0 , requires: c = 7005% sy H= 904%.

Found: C = T70.9% ; H

Hydrogenation of Compound A diacetate in acid solution
(X— XV).

The catalyst (54mg., Pt0o) was suspended in glacial

acetic acid and was reduced in an aitmosphere of hydrogen
over a period of four hours, (absorption = 18.6 c.c.).
To the suspension was added a solution of Compound A diacetate

(LOOmg., Mep.173-4°) in glacial acetic acid (5 c.c.) and
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the mixture was hydrogenated at room temperature until
hydrogen absorption had ceased (absorption = 9 c.cC.).
The acetic acid solution was filtered and the solvent
was removed under reduced pressure (2mm., water bath)
and the residue was extracted with water (3 x 20 c.c.)
then with sodium bicarbonate solution (10%; 6 x 25 c.c.)
and finally again with water (5 x 15 c.c.) and the
ethereal solution dried (MgS04). Removal of solvent
yielded a syrupy residue, m.p. 52-120° (92mg.), which
after four crystallisations from petroleum (b.p. 60/80)
gave Compound VL as needles, Mm.Pe. 113-114°,

Yield = 22mg.

Ed;: + 19,8° ([: 1, C = 0.456 in chloroform).,
71. 2% H = lOo 4'%0
71.6% 3 H = 10.1%.

Found: ¢

-

il
i}

CogHyp05, Trequires: C

Ox1dat10n of Gompound A (IX— X111).
_ lo Compound A (730mg., m,p. 187-80) in stabilised
acetic acid (15 c.c.) was added a solution of chromic

acid (425mg., l.1 mols O2) in water ( 2 c.c.) and acetic

acid (8 ce.ca). The mixture was allowed to stand at
room temperature for 24 hours and then warmed for 3 hours
at 50° (water bath), cooled to room temperature and

decomposed with water, The aqueous solution was

extracted with ether (5 x 100 c.c.) and the ethereal
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solution was washed with water (10 x 50 c.c.), sodium
carbonate solution (5%; 10 x 40 c.c.) and finally with
water., The ethereal layer was dried (MgSO4). The
ethereal solution on evaporation yielded 127 mg., gum
from which no further crystalline material could be
obtained, ‘

The combined aqueous and alkaline extracts were
acidified with concentrated hydrochloxic acid and the
solution allowed to stand overnight at room temperature.
The precipitate was filtered, washed with water and
dried, vield = 130mg., m.p. 182-7°,  The material,

after five crystallisations from aqueous acetone, afforded

Compound VL as prisms, M.De. 193-4°. Yield = 20mg.
| E{h>= - 34.7° (f= 1, C = 1,24 in ethanol).
Found: C = T2.,6% ;3 H = 8,6%.
C = T2,5% 5 H = 9.6
CooH3p04, requires: ¢ = 73.1% ; H = 8.8%.

Clemensen Reductlon of Acld Product (XIIT —> XIV).

To granulated zinc (4go) was added a solutlon of
mercuric chloride (0.5g.) in water (10 c.c.) and the
mixture was agitated vigorously for 10 minutes. When
the zinc surface had assumed a dark grey colour, the
. mercuric chloride solution was decanted off and a solution

of Compound V1 (crude, 70mg., m.p. 187-194°) in glacial

acetic acid ( 5 coc,) and concentrated hydrochloric acid

was added and the mixture refluxed on the oil bath over
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a period of 3 hours. On cooling, the solution was
filtered, the filtrate evaporated to dryness (oil bath,
vac., 10mm.) and the residue dissolved in ether (100 c.cC.).
The ethereal layer was extracted with sodium carbonate
solution (L0%; 5 x 20 c.c.), the alkaline extracts

bulked and aéidified with concentrated hydrochloric acid.
The precipitate was filtered, washed and dried.

Yield = 30 mg., indefinite m.p. - softens 90°, begins to
froth 150° - not completely melted at 360°. The

material could not be purified.
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