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ABSTRACT

A series of experiments were planned to convert a steroid into
a tetracyclic triterpenoid.

As preliminary to these experiments, a number of systematic
reactions of related types and conpounds were carried out. N-Mono-
and Di-alkylation of a primary aromatic amine (1-naphthylamine)
was first carried out. Next alkylation with different alkyl groups
on different types of hydroxyl groups were conducted, Alkylation

was done with methyl and ethyl groups on phenolic as well as car-
boxylic hydroxyl groups, AS podocarpic acid contains both these
types of hydroxyl groups, that was the model compound taken for
these experiments, Six out of the eight possible forms of the mone
and dialkylated products with the two different alkyl groups and the
two different hydroxyl groups of podocarpic acid were prepared and

characterized.

Three experiments were conducted to convert cholesterol into
a nor compound by removing the methylene group at C, and converting
ring A into a six membered ether. An A/B trans rused and A/B cis
fused ether were planned. Out of this, the A/B-trans fused ether
was prepared by oxidizing cholesterol to cholesteaone, further
oxidizing cholestenone to a ring A a-lactone, then reducing this

lactone to a diol and then cyclising this diol to a o-membered ether.



To prepare the cis rused ether, the starting material required was
free hydroxy acid to be obtained by hydrolsing the ®lactone. This
tree acid could not however, be isoluted, Therefore the cis. fused
ether could not be prepared,

Cholesterol was oxidized to cholestenone and this was alkylated
to 4ph~dimethyl-cholest=5~en=3~one, with methyl icdide and potassiua
tertiary butoxide. Iilodel experiwenis were then conducted to me-
thylate Cge attempts to prepare 1t frou cholest=5=en=7=-one=3B8-y1
acetate and &,6-dicetyl~chclest-4-en-7-one were unsuccesstul, The
former gave elimation, hydreolysis end O=methyletion products; while
with the later no methylaticn tcok plesce. Theretore, the product
initially prepared viz., 4,4-dimethyl=chclcst=5~ene=J-cne, itselft
was taken t'or t'urther exvperiments. Its C 3-1:etona wes protected as
an ethylene ketal, it was then oxidized at the allylic position to
a ketone and was then methylated using = modified procedure. The
product isolated was characterized as having an additional methyl
group et Cg. From its spectiral and other properties it is concluded
that in the bulk cf the preduct this methyl group has entered from

the o=side,
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INTRODUCTION

Some tricyclic diterpenes like manoyl oxide I, epimanoyl oxide
II, and diterpene derivatives like isoagathane dicarboxylic acid
I1J, or the scalercl derivative IV, contain an anguler methyl group
at C~8, Dbesides the one at C~1C, In pentacyclic triterpenes belon-
ging to the major groups %=amyrin V, Peamyrin VI, Iupecl VII1 and
zeorin il'III2 there is invarisbly an angular methyl group at C-8,
unless the triterpenoid is having e rearranged skeleton, However,
the principal groups of tetrac.yclic triterpenes formed by the normal
bicgenetic cyclisation of squalene as lanosterol IX, euphol X, tiru=-
callol XI, and butyrospemmor XII have their angular methyl groups
at C-1J and Ci4, besides the one at C=1 01. But the nuclear double
bond in these componds is so located that acid catalyzed iscmerisa-
tion can readily shift the met .yl group from -+ . . 8=tk to c-8,
moving the double bond to the 14, 15 position. From euphol this change
would lead to apoeuphol XIIl., Similar reerrangement with oxidation
at C-7 has actually been achieved in the laboratory with dihydro-
bytyrospemmol acetate leafling to a 7-oxo derivative of a.poeuphol"' .
after extensive studies conducted by an international collaboration of
someé of the top organic chemists of the world, the structure of a
complex triterpene bitter principle liwonin has been recently
elucidated" as XIV, and was thus found to be derivable from apoeuphol

or butyrospermol,
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This stimulated work on a number of other complex triterpene bitter
principles, the structures of which have very recently been elucida-
ted, They were all found to be related to limonin, but were at
different oxidation levels and have one or more of the four ring
systems in them oxidigzed and cleaved.

Thus cedqsrlone XV, has all the four rings intact and ring D
five mb.né". In nimbin XVI, and related oonpoundJ, ring C
is oxidized and cleaved. In andirobin®
Lensate?*1°
variety of these complex compounds, wherein the 4,B,C rings have

XVII, and in methyl ango-
XVIII, ring B is oxidized and cleaved., There are a

several oxygen functions, but the rings not cleaved, but the D
ring is oxidised to a A-lactone. Gedunin XIX'', end Khivorin XX'%,
are some relatively simple examples of these,

The synthesis of even some of the simpler members of this
group would be a challenging problem to a synthetic organic chemist,
One of the problems in such a synthetic approach would be to put in
an angular methyl group at C-8, and an oxygen runction at C-7,
which are invariably round in all these compounds., The abundantly
available steroids (which have already been uynthuiud”’"’) have
got the required tetracyclic system, although the stereochemistry
at C=13 and C-17 is different, These could be altered at a sub-

sequent stage,
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Therefore as a first approach to this problem, it was
considered worthwhile to make attempts to introduce a gem
dimethyl group at Ce4; an angular methyl group at C-8 and an
Oxygen 1unction at C-7, in the tetracyclic steroid skeleton
80 as to convert it into an analogous triterpenoid, Approaches
mide to achieve this objective are descriped in the next section
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It has been shown'#” that when the electron donating tendency of
the nitrogen atom is decrcased by resonance stabilization, the
adjacent amido carbon atom assumes a more positive character, hen

the attack of the hydride ion alouos, or in conjunction with a

shif't of electrons from the oxygen atom would lead to a cleavage -1
of the carbon-nitrogen bond as shown below:-
0Al H N 0
151 2 ('}-Alﬂj ! -
gl b Bl g +[N<]
H‘
H

In the present case resonance of the pair of electrons on
the nitrogen atom with the adjacent naphthalene ring can lead to
the above result, The carbonyl compound produced would be readily
attacked and reduced by the excess of lithium aluminium hydride
present, The N-methyl-oe-naphthylamine produced was separated by
acid, base treatment from other products, purified by chromatography

and characterized by its infra-red and N.u.R. spectra.
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PRESENT VORK AND DISCUSSTON

N lation Studies with an Aromatic ¥ e

To gain some experience in methylation processes, m=-naphtyla=-
mine, which is a simple aromatic amine, was taken and was methylated
to obtain the dimethyl and monomethyl derivatives, under difterent
conditions, Uy methylating with dimethyl sulphate in the presence
of a base, the dimethyl derivative was readily obtained in about
68 per cent s yield, The liquid product so obtained was puriried
by distillation under very low pressure and was characterized’ by

its boiling point and spectral properties,

The monomethyl derivative however was not easy to prepare.
The procedures given in literatures ror its preparation are not
very straightforward, and do not appear to lead to easy isolation
of the pure product. OUne procedure is to methylate o=naphthylamine
with the methyl ester of p-toluene sulphonic acid into a mixture
or the mono- and dimethyl derivatives; this is frollowed by converting
it to a mixture of sulphate salts with sulphuriec acid, and then
separating the two sulphate salts by fractional cryatauintimz.
The other procedure consists in methylating a-naphthylamine to the
N,N-dimethylnaphthylamine, and then carrying out a Von Braun
reaction on it with cyanogen bromide to give the N-methyl-oenaphthy-

lamine in two or three steps,



CHART I

i H
N-CG=0 N-H
—— OO
il I
' H (': H,
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The yield of the rinal product is not givanj. Besides, the

preparation of cyanogen bromide, and conducting the reaction with

cyanogen bromide has not been very convenient.

A novel method was therelore adapted to prepare the compound
(vide chart I), By heating with tormic acid at water-bath temperature,
of -naphthylamine was converted to the N-formamico derivative, This
compound was isolated, puriried by crystg-;lization, and characterized
by its melting point and infra-red spectrum, The tormamide was
then subjected to reduction with lithium aluminjum hydride to give
the monomethyl derivative by the reduction of the carbonyl to a
methylene group as shown below::-

c nlrlj 0= A].Hj

4
? |
H

H - H

However, the yield or the monomethyl derivative in this case
was not very high, This should probably arise rrom a side reaction
in which the carbon nitrogen bond would get cleaved during the

reduction,
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O=Alkylation Studies With Hydroxyl Groups Having An Acidie Hydrogen

After the successful mono-and di-N-azlkylation with an aromatic
amine, O-alkylation, with two different alkyl groups was conducted on
a phenolic and a cerboxylic hydroxyl group. Since both the type of
hydroxyl groups are present in tue diterpene podocarpie acid, each of
them was in turn alkylated with a methyl and ethyl group, With the two
dirterent types of hydroxyl groups in the molecule and the two different
alkylating groups, it is possible to obtain four different monoalkylated
preducts viz, 1, methyl podocarpate, 2, ethy. podocarpate, 3, O-methyl
podocarpic acid, and 4, O-ethyl podocarpic acid, and also four different
dialkylated products viz: 5, methyl, O=methyl=-podocarpate, 6, methyl,
O-ethyl podocarpate, 7, ethyl, O-methyl-podocarpate, and 8, ethyl,
O-ethyl podocarpate. Out of these the last six were prepared and fully
characterized, Since the preparation of the first two would have been
more involved and tedious, and alsc since it would not have given any
additional new type of experience, attempts were not made tp prepare
thenm,

Their preparation is schematically shown in Chart II, Methylation
of podocarpic acid V with excess dimethyl sulphate in the presence of
a baae12 readily gave methyl, O-methyl podocarpate V113. Hydrolysis
of this ester under strongly alkaline conditiona“‘"15 hydrolysed the
ester group and gave O-methyl podocerpic acid V111 6. 48 the yield of
this product was poor, several attempts were made to hydrolyse the

ester under varying conditions.
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Increasing the percentage of the alkali, changing the composition

of the methanol dioxane mixture to increase the proportion of the

higher boiling dioxane and thus raising the reflux temperature, and

increasing the hours of reflux, were the variations tried. The
results are summarized in Table ¥.
Tab;e 1
KOH Unreacted | O=-sethyl
Exp. | Podo~ Solvents Time slethyl ,C- Podo-
No, | earpic uethyl carpie
Acid, ueck aRdoxane | podocarpate| Acid
(mg) o (Gm)e(ml)d (ml) (Hours) (mg) (mg) {(3%) |iemarks
1 400 20 | 100 - ~16 300.8 80 20
2 259 20 | 100 - 2, 150 100 39.3
3 517 25 {100 - 36 262 200 38.8
P . The crystals
‘P 595 25 40 60 50 211')'1 8?!4 2204 were ooloumd
brown,
5e 7274 | 25 3 |70 36 400 28,8 | 3544 |The solution
and orystals
were coloured
Ibmmo
6e 1 gm.| 26 | 25 |75 36 700 110 11 |Two phased
solution,
shaken to
them,

(Hydrolysis of methyl, O-methyl Podocarpate)




H CH3 CHg
5 "IEEOH
QH OCH, O,H
AV VI VI
Et,[SO, Et, SO,
b OCAH, I JHs ?CH;
qcsz : oaH Coch_l—l5
e _
MZ;TS Os i
CHs
COCH, l
TR 7T T e —




17

Inereasing the proportion of dioxane and thus raising the
reflux temperature appear to raise the yield, from 22.4 to 35.4 as
would be seen from experiment lios 4 and 5, much higher proportion
of dioxane did not give a homogenocus solution and hence the yield
dropped down on further increasing the percentage of dioxane as is
seen in experiment 6, However, addition of dioxane, may though,
raise the reflux temperature, would probably reduce the base strength
of the medium, since potassium hydroxide in methanol would pe a
powerful base than potassium hydroxide in dioxane, and hence the
overall erfect of addition of dioxane would be to dampen the rate
of hydrolysis. That must be the reason why the hydrolysis is poor
in experiment No.4 (22%) compared to 3 (38.83%), whereas the only
difference in 4, from 3, is the addition of dioxane, A total reflux
time of 24 hours seems to be the cptimum; and increasing the
strength of the potassium hydroxide sclution from 20 to 25 per cent
does not seem to have any significant effect, as could be judged
from experiment Nos. 2 and 5. Less than 24 hours) as 16 hours, is
insufficient for maximum hydrolysis (experiment No.1) »

The O-methyl podocarpic acid was ethylated with diethyl sulpha.tow
and alkali to give ethyl, O-methyl podccarpate VIIl. Ethylation of
podocarpic acid with a small excess of diethyl sulphate and sodium
hydroxide under the conditions oi complete methylation with dimethyl
sulphate did not completely ethylate the phenolic acid.
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It gave 51 per cent of the ethyl, O-ethyl podocarpate IX, as an

oil, and 47 per cent of O-ethyl podocarpic acid X as a nicely

erystalline sclid,

red and NeideRe apoctm-

The compounds were characterized by their infra-

As ethylation was tound to be sluggish,

compared to methylation, the reaction was conducted for a much

longer time, adding small amounts of diethyl sulphate at mﬁ.rvaln1

Thus it was possible to achieve complete ethylation to IX in one

step,

complete ethylation are given in Table 2.

addition of small amounts of diethyl sulpnate at several intervals

Experiments conducted under varying conditions to achieve

The results show that

8

thereby increasing tne quantity added, and heating for a longer time,

brought ethylation to completion,

N Table 2
[ Podo= Percentage ! Yield of
Exp. carpic iethyl- ethyl,0~ethyl | O-ethyl
Mo, acid ulphate [Reaction Podo- Podocarpic
(ng) e (m1) * | Time carpate acid,
1 1.003g 1.2 1 hour 38 61
2 502 1.2 2 nours byl 48
) 490 1.2 2 hours 50 46
4 1.0gm 2.5 2 hours 75 20
5 500 2.0 6 hours 100 0.0

Since O-ethyl podocarpic acid X was obtained initially as one of

the products or etnylation or podocarpic acid the tedious process

of hydrolysis of the axial ethyl ester had not to be undertaken

to obtain the O-ethyl derivative,
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The ether X was methylated under the usual ooml:l.tim'u5 of methy-
lation of podocarpic acid to obtain methyl, O-ethyl podocarpate
XI. All the compounds were characterized by their infra-red and

NUR spectra and analysis.
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Oxidation, Reduction and Cyclization Studies with a Steroid,

To familiarize with the handling of steroids and their re-
actions which have to be attempted later, a series or oxidation,
reduction and cyclization reactions with bholesterol were planned,
Two products were aimed to be produced by breaking the carboxylic
ring A of cholestenol viz, (1) a trans-fused heterocyclic Ring A-
ether and (2) a cis-fused heterocyclic ring A-ether. rsor this,
cholesterol XI1, was to be converted to cholest-4~ene-jone by
Uppenawer oxidation (vide chart 3). <This U P-unsaturated ketone,
XIII, was to be converted to a ring A S-lactone ( a non-compound
having carbon atom 4 removed) by oxidation of cholestenone XIII,

19,21, 45 the

with per sulphurie acid, whibh is a known procedure
yield of this product in the first attempt (17%) was mubh less than

the reported (33%), and as the product was required in some bulk

for the series of reactions envisaged (charts 3 and 4), €his oxidation
reaction was repeated a few times to improve the yield. In the

last instance, it gave a new crystalline product m,p. 1660, I.R.
spectral bands at 1724 (non conjugated ketone), no U.V. absorption,

but as the yield of this product was very low it was not fully
characterized, In this last experiment done of this oxidation, the
product was chromatographed,

In literature, this lactone is assumed to be trans-fused to

the B-ring, but there is no evidence given ror it1 9-21.
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The mechanism of the reaction converting the 4-en-j-one to a ring A
é~lactone XIII to XIV, in one oxidation step with persulphurie acid
is rather obscure; it was considered necessary to 1ind the stereo-
chemistry of this lactone fusion., This was all the more important
since the reactions planpned to make the two ether, viz., the trans-
fused ether XVIII, and the cis-rused ether XXV, were on the vasis
that the original lactone XIV is trans-tused, Theretore the N.u.Re
spectra of the lactone was determined &n CDUJ.5 solution and the region
around &4 was enlarged. ‘'he spectra showed the signal of the Cs-ﬂ
as a guartet centwed at ¢ 3,88, J = 11‘5 eps, showing thereby that
the lactone is really trans-rused, It was then reduced with lithium
aluminium hydride to give a nicely crystalline 03,05-6101 XVI which
was characterized by its infra-red spectra band at 32,5 and 2857 on'1
and its analysis, The diol was then treated with one mole of para
toluene sulphonyl chloride in dry pyridine when the more reactive
primary hydroxy group at CJ was expected to form a monotosylate,

The tosylate was not isolated and characterized since it was likely
to be an unstable compound, Hence the purifiied extract from the
tosylation reaction was mixed with 10k methanolic potassium hydroxide
and sheken at room temperature ror an hour to obtain the _trans ether
XVIII, by the displacement of the Cj-toayl ester by the C5 P~hydroxyl
group, The product was obtained as expected, but the yield was very

poor, and it had to be chromatographed from the reaction mixture,
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The infra-red spectra of the crystalline material did not show
any absorption characteristic of hydroxyl bands or of aromatic double

bands XVII', but showed only an ether C-O-band absorption at 1088

and 1103 om '«

Hence to proceed for the preparation of the ether XXIV, it
was necessary to obtain a reasonably good amount of the aeid XV,
For this purpose the lactone XIV was dissolved in 5% methanolic
potassium hydroxide and heated on steam bath for half an hour and
then the mixture was cooled to 0° and acidified with dilute hydro-
chloric acid, Under these conditions the lactone in santonin has
been hydrolysed to the corresponding hydroxyl a,c.'tcl22 . However, the
product isclated in the present case was the starting lactone.
Later attempts to obtain the free hydroxyl acid af'ter hydrolysing
with 104 methanolic potassium hydroxide and cooling the hydrolysis
product to -10° and then adiditying with Jjust the theoretical
amount required to neutra)ize the alkali with dilute sulphuric acid
or acetic goid also were not successful. In one attewpt a swall
amount (57mg) of the acid was obtained. This was characterized as
the aeid by its infra-red absorption peaks at 3344.6 and 1732.3 om '
(earboxylic acid), its effervescence with saturated sodium bicarbonate ‘
solution, and by its relactonization on aciditication to the
starting lactone, liowever, this experiment could not be repeated,
the luctone shoyld certainly be hydrolysed by heating with 10%
methanolic potassium hydroxide on the water bath, since the solution
was homogenous from the beginning and such unhindgped lactones are
readily hydrolysed under such oundition(zz).



H F'LC
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It must however be relactonising on neutralization of the alkali,
since the carboxyl group is very tavourably situated to form

the trans-6-membered lactone ring. osome lactones have similarly
been round to be very difficult to obtain as the free hydroxy-
acid, ,a,g. the lactone trom santonin has never been obtained as
the free hydroxy acid, but as the sodium salt of the acid, although
those from dihydro and tetrahydro santonin have been hydrolysed

to the corresponding hydroxy lcidl(z”%) + Hence attempts to
prepare the ring A cis ether as envisaged in chart 4 had to be

abandoned,
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Methylation of Cholesterol to get 4,4-Dimethyl Derivative

~

The main difterence bLetween stercids and the tetracyclic
triterpenes, is as nas Leen stated before, the presence of a gem=—
dimethyl group at Ck and another additonal group at C“‘. or 08 in
the triterpene, Of these in apo-euphol and in the triterpene bitter
principles, derivable from it, the third additonal methyl group at
CB‘ Hence in an attempt to convert the steroid to a triterpencid,
two methyl groups have to be introduced at CL.. and one at CB’ The
limonoid-type bitter principles have either an acetate or other ester,
or a free hydroxyl, or an etheg;nlzctone present at 07(25). No
such bitter principle has sc far been isolated wnich does not have
an oxygen runction at C7. Hence as a rirst attempt in the approach
for the synthesis of such a compound, it was decided to introduce the
gen dimethyl group at Ck_.

The lmown precedure for tiuis step is to oxidise cholesterol to
cholest-4~en~3~one XI1I, and then treat it with methyl iodide in the
presence of a strong buew-jo. when methylation takes place at c#
to give the 4,4-dimethyl derivative XXV (Chart 5). It should be
assuned from the location of the ketone at C5 and of the double bend
at 05 and 06 in the methylated product XXV that the rirst step in the
methylation should be the removal of the double bond from ck, 05 to
c5. Ce (as shown through XXVI to XXVIII in Chart 5) so that c, is
more activated both by the Cj—ketone anc the C5 double bond, and is

also free for methylation,
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I has also been tlemcmat:rm;eclj1 recently that with the same base used
for methylation, viz, potassium tert. butoxide, the double pond in
cholest-4-en-3~one is removed from the G, position to the BgJ
position and the product as such, viz, cholest-H-en-j-one, XXVIII,
could be isclated in high yileld by acidirication of the conjugate
ion with acetio acid. It therefore appeared that ir cholest~5~en-3~
one XXy ITlis used as the starting material for the methylation at
C!I', the yleld of the methylated product would be better than that
obtained in the reported procedure,

Therefore to obtain the product the 5,6~double bond cholesterol
was protected by bromination to give the 5@, 6p-dibromocholesterol
(XXIX?), which was then oxidized with sodium dichromate to give 5a,
¢ B-dibromocholestane~3-one XXX, The bromine was removed by stirring
with zinec dust, thus regenerating the double bond at 5,6, to give
XXVI, This product was then subjected to methylation with potassium
tertiary butoxide and methyl iodide under the usual conditions,
Arter work uyp, the crystalline product isolated in 90% yield was
surprisingly round to be the starting material XXVI. Since under
the conditions of the reaction, one should expect that the q,p,
and the [Y ~-unsaturated ketone be in equilibrium either starting
with the conjugated or the non-conjugated ketone; it is not clear
why methylation did not take place when the reaction was started

with the non-conjugated ketone,
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It also appears that under basic conditions, the h‘-po;j,tion or
the 5,6, position is more stable for the double bond as is the
case with cholesterol or even with cholest-4-en=-3-one when the

CJ ketone gets tied up as a ketal or as any other ketone deriva=-
tiu(jz-y"). Still this does not explain the unreactivity of C‘o-
for methylation in the above experiment, One possible explanation
could be that, perhaps, since the cj—ketone in cholestanol is
known to enolise towards 02(35-33), in the case of cholest-5-en~
>-one, it mignt enolise both towards C, and C,, with the result
that there may not be enough concentration of the anion at any
one place at a time to attack the methyl iodide for methylation.

As the methylation experiment with XXV]I failed under the
conditions in which cholest-4-en-j~one gives the methylated pro-
duet in high yield, it was considered that even if methylation
would take place under some modified conditions, it may not be a
superior method to that with cholest-4~en~3-one XIII, and therefore
no modifications of the above experiment was tried, “he conjugated
ketone XIII was then methylated with potassium tertiary butoxide
and methyl iodide. Of the two procedures, one refluxing for only
f'ive minutol(zs) at'ter the addition of methyl iodide and the other
ror one hour; the latter, which is the original procedure of

Barton, ot,al(w) » gave better results,
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- T
Introducing an Oxygen rFunction at c'_and Methlation o cs Carbon-Atom

The next steps involved introducing an oxygen funetion at C.z
and methylation at Cg. Before proceeding with the ck methylated
product, it was considered worthwhile to attempt experiments for
methylation at ca, by introducing a ketone at C? and vlocking the
alternate position cb. Some support for this argument can be adduced
from the fact that even cholest-i4~en=3~one is tound to enolise either

towards C, or C according to the experimental conditions, In these

2
experimdnts, deuterium has been tound incorporated either at 02 or
at 06 depending upon tne conditions uaod(jg).

The successtul method in this could then ve later applied to
the reguired 4,4-dimethyl steroid, Introducing a gem dimethyl group
at 06 would be an easy way or blocking that position. JFor this
purpose the experiments planned are shown in chart 6.

Cholesterol would be acetylated to the cj-aoetato XXXI, which
is then oxidized with tertiary butyl chromite(w) to cholest-i~en~-
7-one-3B-yl-acetate, Cholesteryl acetate XXXI, on oxidation as
envisaged above, gave the 7-keto derivative XXXII, in about 56%
yield, This product on methylation in the usual way as suggested
above, however, did not give the required methylated product XXXIII,
The erystalline product obtained from this reaction melted at 112°,
showed infra red absorption at 1613 and 1642 cm ! , doubly unsaturated

ketone, and U,V, absorption at 280mr, € = 20310, This was therefore
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ooncluded to be the cholest-3-S-dien-7-one' ™! *42) yryr1y. she expected
speciric rotation of the product is~306, the product obtained has
[u]'n -293°, 4n authentic sample of this product was prepared by acid
catalysed B-elimination of the acetate group 03, in the acetate YXXII
by the known procedure in the literatere*2’*J to give XXXIV. Both
compounds had identical melting points and mixed melting points, The
N.¥.R. spectra # of the product showed one vinyl proton signal at
85.6 and two vinyl protons at %6.13, thus fully contirming the struc-
ture of the product obtained., There was no significant change in
the product composition by carrying out the methylation in benzene
solution, instead of tertiary butyl alcohol, thus reducing the pola~-
rity of the solvent mediua,

In another attempt the temperature of the reaction was lowered
and the reaction time with the base was also reduced. The ketone
XXXII was first dissolved in benzene at 1..003 the solution was cooled
to room temperature; then potassium metal in tertiary butyl aleohol
was added to the solution and the mixture was heated to 60° and main-
tained at that temperature for an hour, After the usual work up,
the amorphous mixture obtained was chromatographed over silica gel,
Three different crystalline products were obtained, The product that
was eluted first was characterised as ,5,dien-7-one XXXIV, The pro-
duct that came last had m,p. 1(0°, showed absorption for a hydroxyl
group and conjugated ketone in the infra red (3044 and 1640 o-") and

showed the ultra violet absorption for an a,B-unsaturated ketone
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(Ymax 236mM, Emax = 9400). These suggested that the compound obtained
was cholest-5-en~7-one~3R~cl XV presumably formed by the hydrolysis

of the C,-acetote group under alkaline conditions. This was fully

3
conf'irmmed by acetyleting this product with acetic annydride end
pyridine, when the starting cholest-5-en-7-one-} P-yl-acetate XIXII
was obtained,

The erystalline product obtained in vetween these two had m.p.
124°, and snowed U,V, absorption ror an @, ~unsaturscted ketone,
Moax 230my, Emax = 11100, It did not show any ebsorption bﬁd cha~
racteristic of the hydroxyl or ascetate group in the infra red, .M:‘
this stege a compound that would pe envisaged to arise from the
starting materdel XXXTI, and would fit the data obtained is only
the non-conjugated diencne XXXVI1. This could arise either by eli-
mination of the acetate toc fom & 02, (‘:j = double bond, or by the
c,, C". double bond in XXXIV, going out of conjugation to Cz, 03.
Both these reaction paths to lead to the product XXXVII seemed un-
likely and therefore an N.M.R. spectrum of the compound was determined
to obtained further information about it, The spectra showed a
methoxy methyl proton resonance at §3.93 and a broad vinyl proten
resonance at B85.55 suggesting thereby that the compound is cholest~
S5-en-7-one-3-methyl ether, as the signal of the C 57H appeared as &
multiplet centred at &) which is characteristic of the axial proton
of cholesteryl meth;l etharz,*l" the methoxy group is eguatorisl and
theret'ore B-oriented at C,. The compound is therefore cholest=5-

5
en=-7-one~3B-yl-methyl ether XXXVI,
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This was confirmed by its mass spectra which gave the mass peak
of the molecule &s 414, corresponding to XXXVI. The compound must
have arisen by O=alkylation of the C J-hydrox:;l group at XXXV (produced
in the reaction) with methyl iodide under the strong basic conditions
used,

It is known that in nholeaterolw, the double bond is more stuble
at 5,6, than at 4,5. However, when a ketone is introduced at 63,
the double bond shifts its positions from 5,6 to 4,5, It was there=
fore interesting to lknow which would be the position of the double
bond when there are ketones at 03, a3 well as C7 staying in either
of the two positions, would give conjugation with one of the ketones.
Hence the question might be conjugation with which of the two ketone
makes the double bond more stable,

Having compound XJXV viz, cholest-5-en=7=one~38-0l in hand, it
was easy to ascertain this, This was converted by Oppenauer oxidation

to en-dione m.p. 18b° whose infra red s pec*.-.'f.-u.ml"6

showed the absence

of any hydroxyl group but the presence of two ketones, one absorbing

at 1722 on-1 , a.non-conjugated G-membered ketone, and another at

1668 o’ , & conjugated &-membered ketone, This campound could be
either cholest~5-en~3, 7-dione or cholest-4~en-J, 7-dione. Ultre

violet spestra-of thé,compound showed the high intensity absorption

at 235m1y € = 3650 which can rit it to either of the above two compounds.
The U,V. spectra of the compound shifted its Amax from 2359mM to 209ms-

on additson of two drops of 10L .of potassium hydroxide to the solution
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then ab»tb.;f J'"r; 295my on acidification. This is ehﬁ;ﬁﬂath of
the ‘DW 'n:l'. R-diketones and should nearly be the same for
XXXIX or XL, which are tautomeric rorms and could arise from either
of the enediones -vtho one having double bond at 5,6 or at 4,5.

This enedione was refluxed with paratoluene sulphonic acid for
one hour to eguilibrate the double bond and the product was then
worked up as usual to give 90 per cent of the starting material.
This shows that after the Oppenauver oxidation, the enedione had
already had its double bond at the more stable position. The rota-
tion of the compound was then determined to deduce its ﬁmtu:‘w.
Tho specitic rotation of cholest~4=en-3~one is +89° and hence its
My nm;&! #*,35,°, in the eno-dione, Since the Molecular
Rotation contribution of cholest=7-one is +223°, the ID of the ene~
‘dione with the double bond at C,, Cgs Would be the sum of these two
(354 + 223) i.e. + 577°. Similarly, since the specific rotation of
cholest-5-ene-7-one is -127°, its ¥y 1s -508° in the eme-dione.

As the:ln for cholesten-3-one is +71°, the M of the ene~dione with
the double vond at Cgy Cg would be the sum of these two, wis. ~437°
Since the specific rotation of the en-dione in the stable position
of the double bond as shown by the equilibrium reaction was found
to be :gsgﬂ » its My is ~50/ . Hence the double bond is at
A*® 11 the alone with conjugation with chikotono.

Since this attempt of methylating XXXI at Cg failed because of
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the easily removable acetate group at C}, it was decided to remove the
oxygen function at c}. Hence the dienone XXXIV, was prepared on a
larger scale, by acid catalyzed elimination of the c,— acetate in
XXXII. The dienone wes reduced with sodium and alechol to give
cholest-4-ene-7B-ol, by a,m addition of hydrogen to the oxygen and

at C, in XII, The alcohol XLII was readily oxidized to the non~-

5
conjugated ketone XLIXII with chromie acid, This compound was methy-
lated with potassium tertiary butoxide and methyl iodide in the usual
wey, but no methylation took place and only the starting material

was recovered from the reaction. It has previously been observed ..
that the B,¥ -unsaturated ketone, cholest-5-en-3-ene also gave back
starting material on attempted methylation, It therefore appears that
for the succesastul alkylation of enones, deconjugation and alkylation
has to take place, more or less simultaneously,

The next step was to prepare the conjugated ketone cholest-5-en-
7=one, with no group at cj to get eliminated and bring in complications,
and then to attempt to methylate it under the conditions of the succese~
ful methylation of cholest-4=-en-3-one, This was achieved by the
series of reactions envisaged in chart 8,

Cholestercl by treatment with thionyl chloride was converted to
38-chloro-cholest~5-end XLIV in about 90% yield. By treating XLIV
with sodium and propyl alcchol, the chloride was reduced to cholest~5-

ene XLV. This compound on oxidation with tertiary butyl chmh("'o)
as before was converted to cholest-5-ene-7-cne n.v15° whiech was charec~-
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v
terised 'hy 1'Ita ‘r‘l}l intra red absorption at 16@ cl (om.)ngam
ketone) and ul iolet absorption at Xmax 240mit, e = '793: Tt is

suteresting €6 note that whether theve is an eater B ether( D) function
at 63_ or not, on oxidation with tertiary butyl chromate, the oxidation
takes place at the c7 position only and not at the alternate allylic
position ck. This might be explained as due to the ease of approach

to one of the axial positions emongst C,, and C.. Since C, is hindered
due to the angular methyl group at C,., 07 would become the preferred
position. However, this explanation would not hold good when we con-
sider selenium dioxide oxidation., Oxidation of cholestercl or choles-
teryl acetate with selenium dioxide introduces & new axial hydroxyl
goup at C,' B 2 56 jroduet with oxidatianish Coe Henoe the
reasons for the oxidation allyliec sites by these and other om
agents are yet h be foukd,

The m”'hd ketone XLVI was subjected to methylation uﬂ:
potassium t&rtin::f butoxide and methyl iodide for a much longer time
than with cholest-5-en-3-one since from the work of Ringold, et.als,
it is known that the time taken for the enclate ion to form may vary
fz;un case to case. The product obtained in about 358 yield was
oharasterised as 6,6-dimethyl-cholest~i~en-7-one' %) TLVIT frem its
infra red spectra band at 1710 cm ! (non conjugated ketone), ahsence

of strong ultra violet sbacrption, unlike the starting conjugated
ketone, and by m elemental snalysis. %

This eﬂpm was subjected to methylation at Cg with the same
methylating agents and under stronger alkaline conditions as used for



£ XCy
oo >
<t=BuCrQ,
XLvi KLV
jl"\KaI /

% a= Nq-~ Am!l. alcohol
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methylation at C.e However, the product isolated in about 80: yield
was characterized as the starting material XILVII, Thin layer chroma-
tography of the mother liguer showed that there was a faint spot that
was different from the starting material, but since no crystalline
material was obtained and since the amount of material present was so
swall, this was not precessed further,

In this case it is quite possible that the enolate is not formed
easily from Cy, end / or methylation at Cg in this particular case
would be more difficult, since the approach of the reagent would be
hindered by the bulky methyl groups at 06 and C‘l o It was theref'ore
considered that instead of trying further model experiments, it might
be better to proceed directly with the 4,4-dimethyl-compound XXV
(ehart §) already prepared to introduce an oxygen function at 07 and
methylation at Cao

The experiments described for this purpose are schematically
represented in chart 9. The C J-katcne in 4,4-dimethyl-cholest~5een-
J-one was to be protected by ketalation with ethylene glycol as shown
in XILVIII, so that on further oxidation, to produce a ketone at 07,

the cz-nsthylenc group which is activated by the C, ketone, would not

>
get attacked, This compound was to be subjected to tertiary butyl
chromate oxidation to give the corresponding 7-ketone XLIX, which on
methylation should yield L,

The ketalation proceeded in about 80% yield and the product was

characterised as XLVIII by the absence of absorption for a ketone in
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its infra-red spectrum. This compound gave no difficulty in tertiary
butyl chromate oxidation at the allylic position 07, which incidentally
is the only one available for attack in this molecule, since the
alternate allylic position C‘* is blocked, The ketone XLIX; was isolated
in about 45% yield, It was characterized by its infra-red bends at
1667 and 1608 om ! (conjugated ketone and double bond) and its ultra
violet spectrum mﬁﬁh. Bmax 10100, This compound was subjected

to prolonged methylation as in the previous case, The reaction product
was worked up and subjected to thin-layer chromatography with the
starting material. The reaction product did not show a spot with a
difrerent rf trom the starting material, However, the product.was
erystallized from methanol, The crystalline product obtained had a
m.p. 180°, which is markedly dirferent from the starting ketone m.p.
115°, Its infra red spectrun had absorption band at 1667 and 1608 cm |
corresponding to conjugated ketone-5-en-7-one- showing that the
chromaphore is intact in the molecule, but its U,V, spectrum showed

a reduced intensity of 5800 at oax 24)at, Its N.M.R., spectrum showed
the resonances at B 3.95 for the etnylene dioxy group at 03, and at

ﬁ 5.9 for the ;1ny1 proton at C, as in the starting material showing
thereby that these functional groups are intact in it, Besides, it
showed an additional methyl signal at 8 1,2 showing tuereby that there
is an additional methyl group with a chemical shift appropriate for

a methyl group adjacent to a katonawb- 57). This ooupmmni must there-
fore have a methyl group at Cg and hence must be 3,3-ethylene dioxy-



4, y=dimetnyl-8-methyl-cholest~5~en~7-one L, the reguired product,

This was contfirmed by its mass spectrum which showed the nighesat peak
corresponding to a mass of 484, ditterent from tne starting material
having M* 470, in agreement with their respective molecular formulae,
However, the thin layer éhmmatography of tnis compound and the star-
ting material did not show any signiricant difference in their rf

" values as is shown in plate I despite the fact that different solvents
were tried, This would only mean that the addition of a methyl

group at Cg did not alter the polarity of the molecule to any signi~-
ricant extent,

There is one more aspect in the formation of this compound which
deserves serious consideration, In the alkylation studies by Johnson,
mss& &) in the synthesis of steroids it was found that alkyla-
tion at the position a to the ketone often does not give an axial
alkyl group, and it it is at a ring junction, the major product would
be to make the ring cis fused rather than trans rused, (see chart 10).
Steric hindrance due to the two axial hydrogen atoms have been consi-
dered to be responsivle for this, since removal of one of them
improved the yield of the axial alkyl group with a trans ring Junotim.(a)
Hence in this case also since there are axial methyl groups at 610
and 01 30 it is very likely that the major product is the one in which
the methyl group enter at tne G-siae at Cge This is supported by the
N.M.,R. spectrum or the compound. Although the signals or the methyl

groups and the methylene dioxy group do not show any serious shift,



The TUnmethylated CB Product Spots on each side of the
Spot of the Methylated Produet,
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CHART 10

1= ALKSLO&W‘\
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the signal of the vinyl proton at 05 in the methylated product is
found as two signals, one at 8§ 5,9 i.e, the same place as that of the
unmethylated product, and the other at a higher rield at & 5.5. The
intensities of the two signals are in the ratio or about 1:2, and the
areas of both together would only meke that f'or one proton. Hence,
tidis would mean that the compound isolated witn m.p, 180°, is a
mixture of two compounds LIV and LV, i.,e, with the methyl groups &

at Cg and B at Cg respectively. Since a B~methyl group would give
the same conformation to the ring systems as the starting ketone XLIX,
it is not expected to affect tne cnemical shift of Cs-ﬂv An @ CB-CH3
however would change the conformation of the whole molecule, since the
B ring has to go into a half conformation as shown in LIV A, (A con-
formation with the C~-ring in the boat form would not be possible to
exist, since in that case, the methyl groups at c10 and CU have no
space to stay), The contormational change in the molecule as a whole
as shown in the perspective formula LIV A, is quite likely to affect

the chemical shift of C.-H, giving it an up rield shif't as observed,

5
Since the signal of the 05-11 in LIV A is more than double that of the
one in LV A, Cg G~methylated product should be more than two thirds

of the 1solated product., The large change in tne specific rotation
from =95 to =152 in going from XLIX, to the methylated product reflect
the stereochemical and conformationalchange involved in the bulk of the

product, as envisaged, The reduction of the &ntensity or the absorption
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in the ultra violet spectra of the 5-en-7-one from 10130 in the Ca
unmethylated product XLIX to 5735 in the Cg methylated produet LIV 4,
also supports the above conclusion, Reduotion(6}"‘6) of the inten-
sity of absorption of ciwxomophores on tne introduction of strain
into the system is well known, For example, in the steroids, homo
annular dienes have a much reduced intensity of absorption than
hetero annular dienes, Similarly, when a 7-en-6-one has an intensity
of absorption of the order 14000, a ?og_—ﬁfone has an intensity of
the order of 6000 only,

It is unlikely that the signal of a vinyl proton at [5.4 is
due to an extrananeous impurity and tnat the one at 8 5,9 only repre-
sents the truely methylated product, since the molecular ion peak
for the starting material at 470 and that ror the methylated product
melting at 180° (whose N.M.R. spectra was discussed abote) at 484,
are of comparative intensities, If there was an extraneous impurity
presant, whose signal is seen at & 5.4, and not that due to a Cg
®-nethylated product, then that impurity should rorm the bulk of the
product as per the intensities of the two signals as discussed above
and hence the mass ion peak at 484 should be of very low intensity,
since there is no other position to get methylated in the molecule,
Also the elemental analysis of the product would not have ritted with
the molecular formula of the methylated product,

There are many examples in steroids, wherein two related but
difterent compounds forming a molecular complex and showing a sharp
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melting point, have also been found dirticult to separate, Attempts
were made to separate the isomers present in the product under
discussion, both thin layer and column chromatography were unsucces-
ful, Elaborate chromatography of the product on silica gel which
extended tor a period of six days got the ethylene ketal at 05 -
opened up, The eluted product gave a carbonyl peak t'or a saturated
ketone in the infra red, thus making this chromatography useless in

this case,
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EXPERIMENTAL

Melting points are uncorrected and have been taken on a
Gallenkamp melting point apparatus, Optical rotations were
determined in 1% chloroform solution on Bellingham and Stanley
Model A-P 3 polarimeter,- Ultra violet spectra were taken on a
Unicam Spectrophotometer, model SP.500, Infra~red spectra were
recorded as nujol mull on a Perkin Elmer spectrophotometer model
221 or in chloroform sclution on Unicam spectrophotometer model
8P,1200. Nuclear magnetic resonance spectra were recorded on a
varian 4-60 spectrometer in deutero-chlorotrorm solutions, using
tetramethyl silane as the intemal standard, Thin layer chromato-
graphy was carried out on silica gel mixed with plaster of Paris
as binder. The plates were 0:9nn thick and were fixed in iodine,

~Dimethyl=1-llaphthylanine.

To a mixture of 24,85g. of pureéiﬁapixthylm and 19g. of
sodium bicarbonate was added 4L5.,1g. oif dimethyl sulphate, This
was refluxed at 180° (oil bath) for seven hours, Vhen cooled, it
was extracted with benzene, and the solvent was distilled off

under a reduced pressure.
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The dimethyl derivative II was distilled at 11500/81:1:!: of Hge
(1it 155°/10m)67 I.Rte )'m 3100, 2965, 2850 and 2620 on
(-N(Cﬁj)z) NeloRe & 2,83 (oH of ’“’(033)2)°

No~lormyl-1-Naph e 111,

l-'uro66 1=-naphthylamine was retluxed in 5ml. of formic acid
(90%) for two hours. This, when poured into some ice-cold water
gave white precipitates., These were filtered, washed with cold
water, drained thoroughly and let to dry; then recrystallized from
pet-ether-benzene (1:1) mixture., From this were obtained long
thread-like crystals of' a formyl derivative 117,

Nelting point 138° (11t 138.5%)°7
I.R, ym 1675 om-1 (carconyl group) 3450 om-“()m-])

Lithig &uminium hzdrida Heduction of Il-r'omxl-ﬂ -Naghgm:lw

4ge of LAIH in 200ml. of tetrahydrofuran was heated for 30
minutes, To this hot solution was poured a solution of the formate,
I1I (4.g8), in tetrahydrofuran, (250ml), in bits over a period of
two hours, then rerluxed for additional six hours, This was cooled
in ice-salt mixtures and chips of ice were added until there was

no more reaction,



Additdon of a seturated solution of sodium-potassium~tartarate
(10ml) caused coagulation of the inorganic compounds, This af'ter
settling was 1iltered with slight suction, washed with benzene,

dried (anhydrous Na, 50, ) and then eveporsted to dryness, The

29,
orude product obtained was dissolved in chlorof'orm and then ex-
tracted with 7 x 10ml, of &N hydrochloric acid, the combined acid
extracts was washed with chlorcform, then the acid solution was
basified with 20 sodium pydroxide solution, then chloroform
extracted, The chlorotorm extract was washed with water (1 x 10ml),
dried (Na.zsoh) and evaporeted to dryness, The crude product
obtained was chromatographed over 150g. ofr silica gel. Pure benzene
eduted a red liquid found tc contein the monomethyl derivative
IV and some other compounds uncharacterized, Pet-ether-benzene
(70:30) mixture eluted largely pure monomethyl-naphthylamine IV,
I.R,)/max 3471 em”

NeMoRe &2.9 (NH 'EB)' Lot (DFH) (1.22 %)

(amine).

Il Preparation of kethyl, O-Methyl Podocarpic Acid.
A mixture of 500mg, of podocarpic aecid V, 700mg, of freshly

distilled dimethyl sulphate®® and 250mg. of sodium hydroxide in

2ml, of 50X aqueous alcohol wes refluxed for 15 minutes, On
cooling, the reaction mixture soliditried, This was dissolved in

aqueous methanol and then extracted with chlorcform, dried, and
brought to dryness,
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The crude product obtained in 460mg. yield (m.p. 125°) was
erystallized trom methanol-acetone, 450Cmg. of the methyl, O-methyl
podocarpate VI, melting at 128° (1it, 128°) was produced,

UV, w = 249 m¥, Emax 215

I.Re Vmax 1729 ocm (carvonyl)

F!]D = + 121&--90 ( C = 0.1 CHCJ.J)

Hydrolysis of wethyl, O-iethyl Podocarpate.

The ester, O-ether VI (516mg,) was dissolved in a solution
of 25g. of potassium hydroxide in methanol (100ml). This was then
refluxed for 36 hours. The solution, when cooled, was diluted
with 300ml, of water, extracted with chloroform (4 x 25ml); the

combined ehloroform solution was washed with water, dried (Nazsok)
and brought to dryness by distilling off the solvent. By this
method 282mg. of the unreacted starting mateirial was recovered,
The agueous sclution remains (after chloroform extraction) was
acidified blue to Congo red, extracted with chloroform, and work-
ed up as usuel, O-methyl podocarpic acid VII was obtained in
200mg. yield, melting at 154° (1it 154°).

U.V. lm% my emax 184

I.R, wmax 1575, 1600, 1674 om ' (cexboxyl carbonyl)

E,l = +136.3° (C = 0.01 CiCLy)e
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Ethyl, O-igthyl Podocarpate VIil.

To 472mg. of O-methyl podocerpic acid VII in 5ml. of 50k
agueous alcchol containing 500mg, of sodium hydroxide was added
Ou3ml x 4 of pure69 diethyl sulphate at intervals of 15 minutes,
After the lest addition, the solution was refluxed for an
additional hour. This was diluted with some water, extracted
with chloroform; this chloroform solution was washed with water,
and worked up to get 162mg, of crystalline ethyl, O-methyl
podocarpate VIII, melting at 86°,

i, vmax 1674 (carboxylic carbonyl)

h !

v, ?‘Tm 248 mi £ max 183,6
b =128.4° (¢ =o.0 CHCL,)

NoMoBe 8 6,53 - 7,2 (benzenoid protons) 3,93 = 4.29

(ethyl group of the ester), 3.7 (methyl protons of the O-ether).
Analysis;tound : C = 76,4 H = 9416

required C = 75.9 H = 6.92 Cy, Hpg Ug

The aqueous solution remeining was aciditied, extracted with
chloroform, and after the usual work-up, 175mg. of crystalline
unreacted starting material was obtained., (m.p. 15k°).

Ethylation of Podocarpic icid,

To 1.Cg of podocarpic acid in Bml. of 50% agueous alcchol
containing 500mg. of sodium hydroxide, was added O.6ml, of freshly
distilled diethyl sulphate at intervals of 15 minutes (total 2.4ml).
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After the last O,6ml. of the alkylating agent was added, refluxing
was maintained for additional one hour. The reaction mixture was
cooled, extracted with chloroform, and after the work-up described
earlier,ethyl, O-ethyl podocarpate IX, an oil, was obtajned in
595mg, yield,

LR, vm 1722 (ocarbonyl)

t0H
UV, max 249 9{/ Emax 322

[u]D = +122° (C = 0,011 CHC1,).

NeMeRe 8 6453 = 7.2 (benzencid protons), 3.8 = 4.3 (ethyl protons
of ester group).

Analysis,found C = 76,9 H = 9.6

required C = 76,3 H 9,2 021 H}U 03

The aqueous sclution remains, when acidified and extracted
in the usuel manner, aftorded 615mg. of O-ethyl podocarpic acid

X in besutiful erystalline form, (m.p. 136°).

I.Re ymx 1600 and 1675 om™? (carboxyl carbonyl)
tOH
UsVe max 248 nl/ fnax 181

[dp = + 138° (C = 0,012 CHC,)

NekieBe O = 6,85 = 7.2 (benzenoid protons), 3.8 = 4,2 (ethyl
protons of ester group)

Analysis)found C = 758 H = 9.1

required C 5 75,5 H = 8,7 819 H26 05.
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tion of O-Ethyl P arpic Acid

500mg, of O-ethyl podocarpic acid was methylated by the method
described earlier for the methyjation of podocarpic acid, The crude
product cobtained was crystallized from acetone ylelding i40mg, of

XI, melting at 143-144°,

I.Re ymax 1715 om ! (carboxy. earbonyl)
UaVe X‘t:ﬁx 247.5 gl €max 220
[ =+ 129.6° (c = 0,009 ciC1,).
NeMoBe © 6453 = 7.23 (benzenoid protons), 3.8 = 4.2 (ethyl protens
of ethyl egher), J5.65 (methyl proton of ester
gToup) .
Analysis, found C = 764 H = 9,1
reguired C =759 H=8.9 CZU Hog 03.

Peracid tion of chiglesteh~en-s-one to J=-0xo=-4=Oxa=5 ¢*
Cholestane™ ',

A mixture of potassium persulphate (9g) and concentrated
sulphuric acid (10g) was prepared in a mortal, this was then diluted
with glacial acetic acid (150ml), This mixture was then added to.a
solution of the cholest-4-en-j-one XIII in 150ml. of acetic aeid,
in a flask painted black, and kept at room temperature, with occasional
sheking, for seven days. Then the tlask was immersed in ice-bath
and 50% potassium hydroxide (4Oml) wes added cautiously,
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The precipitates formed were riltered, and the filtrate brought

to dryness at 60° under suction. The residue was dissolved in
ether, riltered to remove inorganic solids; and the filtrate washed
successively with water, carbonate (50%) and water, dried (Nazsok)
and brought to dryness., Crystallization of the residue from
ethanol yielded colourless, prismic crystals of J.aotone. XIv,
540mg. melting at 109°, Reorystallization improved the melting
point to 114° (14t 116°),

&4 - vux = 1728.6 on-1 (saturated carbonyl group),
o
[q], =+ 79.27 (C = 0,011 CHclj)

NeMoRe 83,81 - 4.08 (quartet signals of the Cs-H) 2.48 - 2.7

(methylene protons),

* To Mr, Paul Thomas of this Department; I am grateful for
the supply of one gramme of pure lactone,
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Lithium Aluninjun Hydride Reduction of the Lactone XTV/O /2

400 mg. of Lithium aluminium hydride (LAH) was rerluxed in
LOml, of dry at.hern tfor 30 minutes, then 500mg. of the lactone
in 10ml, of dry ether was added over a period of 30 minutes,
Refluxing was continued for additional six hours, To this, in
the cold, was added ethyl acetate cautiously in small lots, The
solution was finally tested with chips or ice to ensure that all
unreacted LAlH was destroyed. The suapension was separated by a
separatory funnel, the organic layer was washed with water, (3x10ml)
dried and brought to dryness, A white pasty product obtained was
crystallized from methanol yielding 315mg. of the dio}, XVI; melting
at 15!;0.
I.R. v:u:: 3245 on | ( = 04 groups)

(u]D =+ 9,05 (C =0,010 CHG].j).

NeM.R, & 3,62 (methylene protons at Cj)
Analysis, found C = 79,8 H = 12,5

required C=795 H =125 (026 H50 02}"

Tosylation of the Diol XVI,
400mg. of the diol XVI was dissolved in 7ml, of dry pyridine,

and 170mg, of toluene-para-sulphonyl chloride in 7ml. of dry pyridine,
both were cooled at 0° for 30 minutes.
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The tosyl chloride solution was then poured jinto the steroid solution
and kept at 15° for 24 hours. The solution was then poured into
80ml, of water, and ether extracted (5 x 20ml), The etherate was
washed with water (5 x 20ml), then shaken continuously with 20ml
of 10% methanolie potassium hydroxide for one hour, The KOH
solution was separated, then the ether solution was washed with
water (5 x 20ml), with 2l hydrochloric acid (3 x10ml), and finally
with water until free or acid, The solution was dried over
anhydrous sodium sulphate and evaporated to dryness. The product
obtained was chromatogrephed (30g, silica gel). Hexane eluted a
erystalline tosylate XVII (36mg.), melting at 86°. Methanol eluted

unreacted starting material XVI (358mg.).

The tosylate showed infra~-red absorption bands at 1088 and 1103
(ether C - O pand),
[“}: = + 96,03 (C = 0,01 cnczlj)
NoioRey & 7,42 -~ 7.8 (bensenoid proton of the tosyl group)
8 405 = 442 (63 methylene protons),
6 2,61 (vinyl proton of the 05),
0 2,15 (methyl group of the tosyl group),

Apalysis found C = 82,5 H =12.7
required C =834 H =12.3 ( C33 Hgg 0, 8)e



60

Hydrolysis of Lactone XIV to a Carboxylic Compound.

100mg. of the lactone XIV plus 2ml, of 5% methanolic potassium

hydroxide were refluxed for 30 minutes. This was cooled in ice-salt
mixture tor about 30 minutes, then glacicl acetic acid was added
dropwise with stirring until the solution tumed clear, with a
little more acetic acid rresh white precipitates were tormed again,
This neutralization by acetic acid was also controlled by testing
the solution, at clese intervals, with Congo Red paper; the acid
was added until the paper tumed faint blue. The precipjitates
formed were filtered, washed with water, then e¢rystallized from
ethanol, yielding 57.4 mg. of the hydroxyl carbvoxylic compound melt=-
ing at 1500. Recrystallization improved the melting point of the
acid XV to 172°

I, Vma,x 33,k4.6 and 1732.3 (carboxy; carvonyl).

Dyring a second attempt, 4908mg, of the lactone was hydrolysed
by an identical method employed above, but unfortunately the product

obtained was found to be the starting material,

In another attempt, the reaction solution was neutralized with

dilute hydrochloric acid, yet the starting material was obtained,

In a final attempt, using the same conditions as previously
employed, but neutralized, the reaction solution with a calculated
equivalent amount of glacial acetic acid, The starting material was

egqually obtained in about 90, yield,
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Then the flask was cocled in an ice-bath, stirring was stopped,
and the mixture allowed to stand in the ice-bath without further
stirring ror 15 minutes, to allow the dibromoketone UL to
separate in en easily separatable crystals. Vith stirring resumed,
the temperature was raised to 25° then il of water was added and
the temperature lowered to ‘.50. The product wes collected in a
Hirsch funnel and the t'ilter-cake d.‘rained; suction was stopped,
then the walls of the funnel was washed with methanol, then 2ml
of methanol was added to the t'ilter-ocake. After about 5 minutes
standing, suction was applied and the erystals were deained tho-
roughly, then washed with more porticns of methancl until the
filtrate waas completely colourless. A small portion of this
dibromo~ketone XXX was kept to dry and used for melting point
determinatiocn; melting 74-76° (lit, = 73—?50).

Debromination of the Dibtromo ketone OO to cholest-S-en=j-one XXVII,
The moist t'ilter czke of tne dibromo ketone XXX was transferred

to a 250ml flask, and covered with 20ml of dry ether, and acetic
ecid (O.3ml)., The suspension was stirred mechanically, and then
lowered into an ice-bath to control the temperature to 150. Tne
ice~bath was then removed and 0.05g of zinc-dust was then added
in one lot. As soon as the reaction of debromination started
(ebullution), the tempersture was controlled to 15° by ccoling,

400ng of more zinc~dust were added in about five minutes.
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The bath was removed and stirring continued f'or 15 minutes longer.

With continued stirring O.,4ml, o pyridine was added to precipitate

a white zinc salt, The mixture was riltered, and the t'ilter-cake

was washed thoroughly with ether, The colourless filtrate was washed
with water (6éml), then shaken thoroughly with 6ml, of % of aguecus
sodium bicarbonate solution until free of acetic acid, The solution
was dried and evaporated to about 10ml, then Sml. of methanol was
added; this was allowed to erystallize at room temperature and finally
at 0% Large prismic crystals of' the ketone were formed, 400mg, of
the cholest-5-en-3one XXVIII, melting at 124 - 127.50. (14t, 124-1 290).

were obtained,

Methylation of cholest-5-en-j-One.

The ketone, XXVIII (250mg.), in dry tertiary butyl alcohol
(20m1) at 40° was treated with a solution of potassium (1g) in the
same solvent (10ml,) At once methyl iodide (5ml) in the same
solvent was added and the solution was retluxed on water bath for
one hour, The solvents were distilled orf and the product was ether
extracted, then the ether was distilled orf, The crude product
obtained was crystallized from acetone-methanol mixture yielding
200mg, of' a crystalline product characterized as the unreascted

starting matefrial,
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Oppenauer Oxtdation of Cholestersl to Cholest-h=en-3-one>* *

To a 250 ml three-necked flausk, equiped with a sealed mechanical
stirrer, a dropping funnel, and a take-up reflux condenser, were
added 20 ml of lu];lm-'!'nc toluene and two boiling chips. A portion
of the toluene (2 ml) was distilled off in order to dry the system
azeotropically, then 1,0g of cholestercl in 5 ml of purified cyclohe-
xanond/were added to the refluxing flask, After an zdditional O,5al
of toluene had peen distilled, a solution of Mumhopropoﬁ.dow
(0s28g) in 4ml of dry toluene was added dropwise over a period of
about 30 minutes, During this time, toluene was distilled at a
rate slightly greater than the rate of addition of the catalyst so-
lution, so that when the addition was complete about éml of toluene
had distilled, An additional 3 ml of toluene was distilled, and the
murky orange coloured mixture was then allowed to cool, 4 ml of a
saturated agqueous sclution of sodiume-potassium tartarate was added
to the mixture, and the organic layer vecame clear and orange. The
stirrer assembly was removed, and the mixture was collected., The
residual mixture wes cooled and extracted with chloroform (3 x 20 ml).
The combined extracts was washed (water), dried (Na.zsok) and distilled
at reduced pressure to remove the solvent. The residual viscous
amber oil was dissolved in 1,5 wl of methanol (a small portion of which
was kept on a watbh glass and scratched to give orystals)., The

crystals formed in the wateh glass were used to induce erystalliszation
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by seedling, The solution was kept at 0% for 24 hours for total
erystallization, Reecrystallization from acetone-methanol gave
776 mg of 4=cholest-i4-en-3-one, melting at 78.5-79° (1it. 80°).
U.V. ::.;H 2u2mid (1it 241mu) €max 17,640 (1it 18,000) [nJD =
+86,08° (11t = +89%) (Cs= 0,01, CHC15).

4, i=Dimethyl-Cholest: )

A solution of 150 mg of potassium (3 molar eguivelent) in
10 ml of dry tert., butanol was added to a boiling soluticn of the
ketone XIII (0.5g) in 30 ml of benzene, Methyl iodide (1.5 ml) in
benzene (5 ml) was then added and refluxing continued for 5 minutes,
The solution was then cooled, C.25 ml of water added, and the sol-
venis were distilled oft, Ether was added and insoluble potassiun
iodide filtered. The tiltrate was eveporated tc drymess, The crude
product was crystallized from methand yielding 252.4 mg of the
dimethy) derivative XXV; melting at 169° (1it 172%).

A second matlm?ﬂdch preduced a higher yleld of the dimethyl
derivatice involved dissolving 500 mg of the ketone XIII in dry
tert. butanol, to this was added a solution of 1g of potassium and
methyl iodide (5ml) in the same solvent. This was then refluxed
for cne hour, then worked-up as in above described method, A yield

of €5 was obtained,



Y. 3B~CHLORO~CHOLEST~5-ENE

Cholesterol (2.5g) was placed in a 50 ml flask, fitted with a
calcium chloride guard-tube, Purified thj.t:un,yil.?l9 (2m1) was added
rapidly with shaking, The dark green solution was allowed to stand
at room temperature for 18 hours., Excess thionyl cliloride was dis-
tilled off with suotion at 450. The residue on crystallizetion from
methanol gave 1,508 of 3B-chloro-cholest-5-ene, XLIV, melting at
%’ (11t 95°).

Conversicn of XLIV tc Cholest- -enaao XLV

The chloride XLIV (1.7g) in boiling amyl alechol (20ml) was treated
with 1.5g of  sodium, added in small pieces over a period of two hours.
The solution was refluxed for further 1.5 hours and then coocled over—
night., The next morning the content was warmed and thoroughly washed,
until neutral to litmus paper, with warm water (warm condition was
employed to minimize emulsicn fommation), This solution was dried,
filtered and brought to dryneas, The crude product was recrystallized
from ethanol yielding 753mg of cholest=5-ene, XIV; melting at 88°
(11t 90°).

Cxidation of Cholest-S-ene to Cholest-S-en-7-cne XLVI
930mg of cholest=5-ene was dissolved in 25 ml of dry carbon

utmhlor'ido("‘z) and warmed to 80°, Under vigorous stirring (sealed
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stirrer) a mixture of 10ml of tert-butyl chromate solution and
4 ml of glacial acetic, and acetic anhydride (1.5ml) was added in
drops, Refluxing and stirring was mainted for ten hours. The ccld
reaction mixture was trested with 2.5g of oxallic acid in 25 ml of
watdr, while cooled in an ice~bath, within 45 minutes, Af'ter 15
minutes,18g of' solid oxallic acid was then added in four portions
and stirring continued for another two hours while the solution warmed
to room temperature, The pale yellow carbon tetrachloride layer
was separated and the agueous layer extracted with carbon tetra-
chloride (2 x 15 ml); the combined tetrachdoride solution was washed
with water (2 x 15m1), sodium bicarbonate (3 x 15 ml) and water

(3 x 15ml), This was dried, and then brought to dryness. The orude
product was erystallized from acetone-methanol yielding 800mg of the
ketone melting at 1240. This was chrematographed over silica gel;
elution with benzene gave crystalline cholest-5-en-7-cne, melting
at 151° (1it. 1329

IR, Wax . 1657 (unsaturated ketone) _

v.¥, S 2o (13t 238mM) Lmax 8,000 13t 10,000) & = -138°

(¢ = 0.01 CiHCl,) (Lit. -128°%).

6, G-Diueyl-c‘holut-k-en-'{-m&'

Cholestenene, XLVI (480mg) was dissolved in 2,5M solution of

potassium tert, butoxide in benzene, this was refluxed for 24 hours.

Then 10 ml of methyl iodide was added to the sclution at once and



refluxing was continued for additional two hours, After this, the
solvents were distilled off and the crude product was worked up as
usual, This was chromatographed, hexane elluted the crystalline
6,6-dimethyl derivative, XIVII, 250mg, melting at 72-73° (1it = 69°).
I.R. Mmax 1710 (saturated ketone)
UsVe W 298,5mp (1it 296) €max 86 (L1it 93).

Then 150mg of the Ly0-dimethyl ketone XLVII was dissclved in
S5ml of dry tert. butancl, to this solution was added 150gg of po-
tassium in j ml of the same alcohol, then j ml of methyl iodide in
2 ml of the same alcohol was added, This reaction solution was
refluxed for six hours, then worked up as usual, A sticky product
which sluggishly crystallized was obtained, Thin layer chromato-
graphy showed a major spot corresponding to the starting material

and a very faint spot uncharacterized,

Acetylation of Cholestercl

500mg of cholestercl was dried azeotropically with dry benzene,
this was then dissolved in dr_vB} pyridine (4ul), To this was added
4ml of dryu’ acetic anhydride, and the solution kept overnight. Next
morning, the solution was poured intc 70ml of ice-cold water, and
left at room temperature for two hours., The precipitates formed were
filtered, washed, dreined thoroughly, and crystallized f'rom acetone.

Crystalline cholesteryl acetate (m.p. 1140) was obtained in 8O% yield,
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Tert-putyl-Chromate Uxidation of JXXXI to Jj-Acetoxyl~Cholest-S5-en-7-one XXXI
The acetate, XAXI, (508mg) was oxidized, following the Marshall,

et.al, .1’2. This involved dissolving the acetate in a dry carbon
tetrachloride with a mixture of acetic acid and acetic anhydride,
tnen refluxed at 80° for tem hours and then worked up &s previously
described, From the erude product was cbtained 201mg of colourless
prismic crystals on crystallization from acetone;melting at 155°
(11t 159°).

U.V. MEF 235,508 (1it. 235) €aax 11,040 (1it 10700)

I.R. \max 1240, 1727 (acetate) 1628 (conjugated ketone) cm '

L'* = +73% (C = 0,0116, CHC1,).

Methylation of the j-Acetoxy-Cholest-5-en-7-one

500mg of the ketone XXXII was dissolved in dry tert-butanol;to
this wes added 500mg of potassium in dry tert, butancl (3ml). To
the hot solution was added 1.5ml of methyl iodide in 1ml of the
same solvent, A crystalline product obtained was characterized as
cholest~j,5~dien-7-one, In another attempt 1g of the ketone XTI
dissolved in 10ml of benzene was refluxed with 1g of potassium
dissolved in 10ml of tert. butancl, slmost immediately1Oml of methyl
iodide was added and refluxing continued f'or an hour on a steam-bath.
The erystalline product obtained af'ter the usual work up was also
characterized to be cliolest-3;5-dien~-7~-one.

In a final attempt 3g of the ketone XXXII was dissolved in
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10nl of dry benzene at 60°, methyl iodide (10ml) was added and then cooled to
room temperature., 1g of potassium in 10ml of dry tert. butanol was added, then
retluxed for one hour, at ::00. The solution was worked up as usual. The crude
product was chromatogrephed over silica gel (150g). Six eluates (100ml each) of
pet-ether-benzene (95:5) gave 750mg,of a crystalline product melting at 112°%, This
was characterized to be cholest-3,5-dien-7-one by;

I.R, vmax 1612,5, 1639 (unsaturated conjugated ketone)
U.V. AEE¥ gpan (11t 280) emax 20,310 1it (25,400)
[u?n = =293° (11t -306) (¢ =410, CHC1,)

MR 8 6.13 (vinyl protons)

Four eluates of pet-ether-benzene (75:25), 10Cml each, gave an oily product which
crystallized from methanol in 8Umg yield., Melting at 12A.°.

I.k. Mmax 1654 om ! (conjugated ketone) 1122 em @ (%)

UsVe ABER' 237,801, @max 11,140

[“Jn = =108,5 (C = 0.01, cnc13)
NJM.R, 8 3437 (methoxyl protons), Mass LA4

Analysis C =795 H=105 f'ound,

This compound was therefore characterized as cholest-5-en=7-one-j-methyl ether,
XXXVI. Washing the columm with about one litre of benzene-acetone (95:5), a
third component was obteined, This crystallized readily as long needles in
acetone, in 1,3g yield,

M.pt. 170° (11t 170-172"}”5.

I.R, “max 1637.5 om'1 (conjugated ketone), 3044,.3 om ) (=CH).
.V AEEY 23800 €max 3417

[“:L = =78.2° (C = 0.011 crmj) (11t -74°)

This compound was therefore characterized as cholest=-5-en=3-0l=7-one XXV

149mg of the ketone XXXII was acetylated in a mixture of acetic
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gnhydride and pyridine, then worked up as usual, An acetate melting
at 157° (1it. 159°), showing no depression in the melting point
when mixed with an authentic sample, was obtained in 68p yield,

LOO mg of the same ketone, XXXI1, was oxidized by Oppenamer
mthod?f'-?s. A pale yellow crystalline product was obtained in
100mg yield, welting at 184,°,

I.R. Wmax 1664, 1668 (conjugated unsaturated ketone)

1725 (non=-conjugated unsaturated ketone)

vV, MR 230mM Guex 2410,
| &, = -86.08° (¢ = 0.0 ciel,)

This compound was characterised as cholest-5-en=3,7-dione. 30 mg
of the endione was dissolved in 5 ml of dry benzene, warmed to dis-
solve, To this solution was added 10mg of toluene-para-sulphonic
acid, This was refluxed for an houwr on water-bath, This solution
was washed with sodium bicarbonate (3 x 7ml), then by water (4 x 10ml),
dried and brought to dryness, The crude product was crystallized
from methanol ylelding 22mg of a powdery product,

I.R, Wmax 1725 om ' (non conjugated unsaturated ketone)

1664 and 1668 (conjugated ketone)

id=Ca limination of etoxyl=Chole ~7=cne to
cholest=- en-/=-one

100mg of the ketone XXXII was dissolved in acetic acid (0.6ml)
and Jmg of tolune-para-sulphonic acid was added. The mixture was
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refluxed for 50 minutes, chilled and then 5 ml of water was added
slowly with shaking., This was ether extracted (8 x 10ml), and the
etherate was washed with water (5 x 10ml), bicarbonate (4 x 10ml),
and water (3 x 10ml), successively, It was dried, brought to
dryness and the residue was norited in ether, The crude product
obtained crystallized from methancl with a yield of 62,2mg of the
diencne ; melting at 14° (1it 1160).

I.R. Wax 1612, 1640 (conjugated ketone)

UV, NSS! 280mM (14t 276), Gmax 20,310, (1it 25400)

La'n = ~297.3° (13t =306) (C = 0,010 CHCL,).

Reduction of the Dienone XIi toﬂholeateml m$

1421g of the dienone XLI and 22 ml of dry n-propanol were
heated to boiling and 1.,6g of metallic sodium was added over a
period of about 4 hours, After the addition of sodium, the mixture
was refluxed for an additional hour, cooléd and diluted with 70ml
of water, The mixture was tnen ether extracted, washed with water,
dried Uaz,sok) and evaporated to dryness with suction, The cyude
product was crystallized from acetone-methanol atrfording white
erystals or,zcnoleaterol, XLI¥, in 430mg yield; melting at 118°
(14120%),
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tion ot Cholest~i=en=7-0l to Cholest=L=-en-7-one mn%

A solution of 4LOOmg of cholest-4~en~7-ol and 550 ml of dry
acetone ¥ was cooled to 10-15°, and with stirring under an atmosphere
of nitrogen, 5.6ml of tert., butyl chromate was added rapidly., After
5 minutes, the reaction mixture was poured into a saturated agueous
sulphur dioxide solution, t'@llowed by the addition of saturated
aqueous solution of potassium carbonate solution and ether., The
ether layer was separated and the aqueous phase was extracted thrice
with ether, the combined ethereal solution was washed with water, dried
and brought to dryness, The residue was orystallized from acetone-.
water to give a crude product (400mg) melting at 82°. Recrystallization
from acetone yielded cholest-4-en-7-one, 350mg, melting at 97° (1it 98°),
150mg of' this ketone XLIII was dissolved in ter—butanol-potassium
tert, butoxide system, methyl iodide in the same alcohol was added,
This solution was refluxed for one hour, worked up as usual; affording
a erystalline product in about 90 yield, This product was charac-

terized as the unreacted starting material,

{etalization of ~Dimethyl-Cholest=5-en~-j-one to ethylene di
~Cholest=H=-ene

el

The ketone XXV was dried azeotropically with benzene, then
dissolved in 5ml of venzene, toluene-pera-sulphanic acid (5mg) and
ethane diol (0,201) were added, The benzene solution was refluxed

for 18 hours with a Diene-Stark-Head, The cold solution was washed
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with saturated sodium bicarbonate solution, water, dried (Hazs-ﬂh)
and then brought to dryness. The residue on crystallization from
methenol readily gave 97.6mg of the ketal XLVIII, melting at 124°.
Three time wecrystallization improved the melting peoint to 126°,
¥.R. no absorption between 1500 and 2000 em | region.

o
L“Jo = ~T.32° (C = 0.01, CHC1,)
NMR. §5.54 (methylene dioxy protons)
hnalysis found C = 81,8 H = 11.8

gcﬂ; But;l Chromate Oxidation of the Jj-Methylene dioxy=-4ylh-Dimethyl
1.55¢ of the ketal XLVIII was oxidized following Marshall, et.al,,**

by tert. butyl chromate solution in 25ml of carbon tetrachloride,

containing acetic anhydride and acetic acid in a catalytic quantity,

This solution was ret'luxed for 10 hours at 800, worked up in the

usuel manner descrived earlier. From this reaction was obtained a

erystalline ketone XLIX, in 385mg yield; melting at 115°,

I.R., wmax = 1667 (conjugated ketone)

UV, NBEH 2430 Bmax 10130

[al, = -.7° (¢ = 0.01; CHEL,)

Mass = 470

NMR 8 5.9 (protons or the methylene dioxy group)

Analysis ftound C = 78,5 H = 10,8
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Cgrilethylation of the Ketone XLIX
The ketone, XLIX (226mg) in dry tert. butanol (20ml) at 40°

was treated with a solution of 1g of potassium in the same solvent,
At once 5ml of methyl iodide in the same solvent was added and this
was retluxed for an hour. The solvents were distilled ofr, and the
dry product etracted witn ether, The ether solution was distilled
and the oily crude product was crystallized from methanol, 149mg
or the J=ethane dioxy=l4,l-dimethyl-8-methyl=cholest-5-en=7~one I,

melting at 180° was obtained,

I,R, wmax = 1662 (conjugated = = .. - . ketone)
v, MBS 2,  Emex 5795.

|al, =~151.6 (¢ = 0.010 cica
Mass = 484,

NMR & 5,90 (protons of the methylene dioxy group) 8§ 1,20 (c8 methyl)

3)

Analysis found C=79%1 H=11.1
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