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SUMMARY

A review of the biglogical properties and the synthesis of
%-methylene- § - and S-lactones is presented.
Cholesterol (201) was converted into 4-oxa-3-oxo-5« -cholestane (203)
and the o-methylene moilety was introduced by o-hydroxymethylenation,
diethylamination and elimination of disthylamine after hydrogenation
to give 2-methylens-4-oxa-3-oxo-5&-cholestane (225). The same sequence
- of reactions was employed to prepars 17B-hydroxy-2-methylene-4-oxa-3-oxo-~
So¢ -androstane [238) and its 17-yl acetate (238) from androst-S-en-qﬁ-nl-
17-one (228). Reactions of the above x-methylenelactones with L-cysteine
gave the cysteine-lactone adducts in a Michael-type addition. Reaction of
the lactone (203} with phenylmagnesium bromide gave 4-oxa-3-phenyl-5& -
cholegst-2-ens (278}. On epdxidation this compound gave an unusual
rearrénged product, 3-hydroxy-4;oxa—3-pheny1-5 X~-chelastan-2-ona (281)
which on treatment with ethanol/hydrochloric acid formed 3-ethoxy-4-oxa-3-
phenyl-5 «-cholestan-2-one (282). Oxidation of the rearranged product
(281} with lead tetra acetate gave 5-benzoyloxy*2,3—sec§-5 o{-cholestan-2-
oic acid (299) which on esterification gave the methyl aster (300).
- The oxidised preoduct (299), after hydrolysis, was cyclised to give A-nor-
3-oxa-5 &~cholestan-2-one (274).
Reaction of the lactons (203} with 4-methoxy phenyl magnesium bromide
gave three major products,3-{4methoxyphenyll-4-oxa-5x -cholest-2-ene (304),
3,3-di ( 4-methoxyphenyl)-4-oxa-5 ¥ -cholestane (305) and 3,3-di ( 4-methoxy
phenyl)—Sp*hydroxy-3,4—seco-5o<-cholest-2-ena (308).
Hydrogenolysis of (305) gave a saturated alcohol, 3,3-di { 4-methoxy phenyl)
—5ﬁ-hydr0xy-3,4-seco-5o<~cholestane (314} end a ketons, 3,3~di ( 4-methoxy
phenyl])-3, 4~seco-cholestan-5-one (315]. Tha struﬁture of the saturated

alcohol (314) was confirmed by hydrogenation of the unsaturated alcohol (306).
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Oxidation of the saturated alcohol (314) with Jones' reagent gave

a ketone ildentical with the ketorne (315) obtained during hydrogenolysis.
Treatment of the unsaturated alcohol (308} with a catalytic amount of
utoluene-_p-su:lp-hcn"lic acid in benzene afforded a ketone, by a 1,5=

hydride shift, ldentical to the ketone (315) obtained by successive
hydrogenolysis and Janes' oxidation.

Manganic acetate—catal‘ysed addition of acetic acid to 5« -

cholest-2-ene (328) gave the ¥ -lactone (32%9).

Androst-s-en-sp-ol-‘l7-cne (241} was converted to 3p-hydroxy-17 « -
oxa-17-oxo-D-homo-5 o« -androstane {(251), The D-ring lactaone (251) on
hydfoxymethylation, gave Bﬁ-hydrnxy—‘fB—hydroxymethyl-17 & -gxa-17-oxo
-D-homo-3 & ~androstane (258) and on mesylation resulted in a dimesylate (258)
which, on base-catalysed elimination, gave an ot-methylens-lactone. (259)

An trmethylene-D-ring lactone (255) was obtained from the D-ring lactone
(251} directly by the Mannich reaction with paraformaldshyde/diethylamine/
disthylamine hydrochleride in dioxane and an aldol-type condensation with
parafcrmaldehyde/potassium Hydmxide in ethanol.

The cytotoxic activity, (LD5p), determined by a tissue culture technigue

on KB cells was as follows: Z-methylene-4-oxa~-3-oxo-5 X~chaolestans

( 0..88ug/ml), 17P-acaetoxy-2-methylene-4-oxa-3-oxo-5 X-~androstane

(0.72 pg/mi), 17}3-hydmxy-Z-methylene-4-oxa-3~cx0-5 o{-androstane ( 0.80 )Jg/mlJ.
16-methylene-17o¢ -oxa-1Z-oxo-D-hemo-5 -androst-2-ene ( 0.92 Iug/ml] and Bp—

hydroxy-16-methylene-17 % -oxa-17-oxo~D-homa-5 «-andraostane 1.0_)_|g/m11.
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INTRCOUCTION

BICLOGICAL PROPERTIES OF SESQUITERPENE LACTONES.

(1) CANCER CHEMOTHERAPY.
There has been a gréat deal of confusion in the medical

literature about the growth of cancer. Cancer is widely regarded
as a condition in which cells multiply without restraint and at a
very rapid rats. It will bs useful to scrutinize ths concept that
the cancer cells multiply rapidly. However, it is easy to show that
several kinds of normal cells, essential to 1ife, multiply far more
rapidly than cancer cells. In the normal human being, cells of the
bone marrow multiply repidly enough to produce 2.5 x 106 red blood cells
each second fﬁr a life-time. After haemorrhage this rate can go up
seven-fold. The cells lining the intestine multiply at least as
rapidly and there is some evidence to suggest that they may multiply
sven more rapidly than the bone marrow cells. Even ths cells lining
the mouth, which are not as important to life, multiply at a faster
rate than cancer cells. Since normal cells, essential to life,
multiply more rapidly than most cancer cells, it follows thet a
broad-spectrum inhibitor, whether synthetic or naturally occurring,
which effects all rapldly muitiplying cells will affect the bone-
marrow and intestinal lining at least as much as the cancer cellg.
The likelihood is that such a material might temporarily slow tumour
growth, but before stopping it completely, would kill the patient.
On the other hand, 2 narrow-spectrum inhibitor, which affects ane
kind of cell much more than others, offers considerable promise.
Theoretically , it is passible to find among such inhibitors one

which will affect a particular cancer more than normal célls.




.

Cancer chemotherapy is a comparatively young science, and
clinically useful agents have evolved only during the past thirty years.
During this pericd, many hundreds of variants of known classes of
chemotherapeutic agents have been synthesised and therse is a good reason
to expect that modification of known drugs will centinus. Howsver, soms
peésimism is apparent among workers, because of the selectively small
improvements over the prototype drugs wh;ch have resulted from the
extensive synthetic efforts to date. There is a need for new prototypes
or templetes for the synthetic ocrganic chemist to use in the design of
pbtentially superior chemotherapeutic agents. As a corollary statement,
there is a need for elucidation of new biochemical mechanisms of growth
regulatioh which may be more amenable to selective regulation. Recent
studies in the isolation and structural elucidation of tumour inhibitors
ars yielding a fascinating armay of novel types of growth-inhibitory
compounds. Thers appears to be a reason for confidence that this approach
may point the way to useful templates for new synthetic approaches to
cancer chemotherapy.

The discovery of the anti leukaemic activity ef nitrogen mustard
in thse 1940'5115 considered by many to have been the start of modern cancer
chemotherapy. An enormous amount of work has faollowdon the synthesis and
evaluation of biologlcal alkylating agents.z’3 Although tHe modification of
presently Knowﬁ alkylating agents continues, some pessimism 1s eyident due
to the high degree of reactivity of simple alkylating agents leading to
indiscriminate reaction with many cell constituents and conSEquéntly
narrow therapeutic indices.

The recent discovery and stfucture elucidation of approximately 500
new sesquiterpene lactones, during a systematic study of Artemisia and
other genera of the family of Compositae, provided the opportunity for
further investigations on the potential of these sesqguiterpene laciones

as new therapeutic agents.4‘5 Although lactones (eudesmanolides) have been




reported from the roots of Liriodendron tulipifera{ﬂegnoliaceae]8

]
and from the bark of Brazian species of Eremmthuiﬁnmpositae]ya

they are rarely found in stem and roots and are mostly concentrated

in the leaves and flowering heads ( phyllaries38.

(11) ANTI-TUMOUR AND CYTOTOXIC ACTIVITY

Much of the earlier study on sesqulterpene lactones for the
medicinal purposes has concentrated mainly on santonin (1), a santonolide,
and its derivatives, which wers known as important anthelmintic and
ascaricidal agentsg. The K-methylene~ ¥ -butyrolactone moiety fused
on various skeletons characterises a rapidly expanding group of
sesquiterpene lactﬂﬁes, comprising to date mors than 400 members10.

ﬁany sesquiterpene lactones bearing ano(—methylene—x- butyrolactone
grouping exhibit significant growth-inhibitory activity in vivo- agailnst
animal tumour systems and in vitro agalnst cells derived from
human carcinoma of the nasopharynx (KBJ11. This activity appears to
be associated with their ability to act as alkylating agents by ‘
virtue of conjugete addition of biologilcal nucleophiles to the
oK -methylere lactons moiety. These include costunolide [2)12 and
tulipinolide [3],8 the guanolides, gaillardin (4]12; elemanolides,
verniolepin [5)13 and vernomenin (6) 13; the germacranolides,
elephantopin [7A)14, elephantin [78114, helenalin [8115, euparotin
acetatetgl.and 1ts companions 18 and the pseudoguaianolide, damsin (10?7.
Unfortunately, active sesqguilterpane lactanes such as vernolepin [5)13,
elephantopin [7A]14 and euparotin acetate E9)16 have therapeutic

indices which preciude their clinical use.







(10)

In an effort to abtain antineoplaétic agents, over 500
sesquiterpenses from 1:11&1n‘r.3'IB were evaluated agalnst numerous
tumour models and it was found that all the known cytotexic
sgsguiterpenes contained a lactone function, all but one of these
was ok,ﬁ-unsaturated and the ™-gthylenic linkage was exocyclic
in each case.

The most immediste and direct factor responsible for
cytotoxicity of the compounds was ths introduction of ths
0=C-CH= CH, system1g._ Compounds having endccycliec double
bonds gave unstable cystsine adducts and thus wers inactivezo.
However, sesquiterpene lactones which incorporated a cycleopentenone or
& ,p-unsaturated ketone ( in addition’to the o€ -methylens-¥ -butyrolactons)
appeared to have enhanced cytotoxicity whereas monofuncticnal
sesquiterpenes containing only an O;ﬁ-unsaturated ester or

114, 21, 22.

cyclopentenone displayed non-significant activity. Most

bifunctional alkylating agents show a relationship between activity
and distance between the alkylating sites 23’24. In the series of
open-chain o(—methyleﬁe-z'- lactones, the distance between the two

groups is critical and the activity increases as the distance betwen

the groups decreases;zs No enhancement of the cytotoxicity was cbserved

in the bifunctional derivatives with a conjugated ester moiety.
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Recently the tkmethylene-¥ -lactene moiety was reported to

be highly toxic to normal human lymphoid cells as well as to
CCRF-CEM, human lymphoblastic leukaemia cells in culture.zB These
cells have been characterised27 as having an absclute nutritional
requirement for exogenous L-cysteins. The use of CCRF-CEM cells
to assay the cytotoxic properties was based on the expectation‘

that ol-methylene lactone systems would function as Michael acceptnrg?'za

and thus scavengs L-cysteinezg. The cytotoxicity assogiated may
arise from the promounced ( and indiscrimate) chemical reactivity of
the X-methylene lactone moiety, whereas the anti tumour activity
may arise from concurrent reactions of this moiety with biological
‘nucleophiles of significance to tumour growth. Thsse views are in
accordance with the theory of tumour inhibition by selective
alkylation of biclogical macromclecules. 11a, €, F, 28,30
Modification of the chemical reactivity of the & -methylene
lactone moiety, to the sxtent that anti tumour activity is maintained
and toxlcity is minimised, has naot yet been established. In the
natural compounds the f-carbon ( alkylating sits) of the X-methylene
lactone 1is unsubstituted, thus substituent at this position should
produce changes in physical properties and in chemical reactivity
which could alter biological activity and therefore have 1mportant
bislogical implications. Variatinﬁ of substituents at the -,
and ﬁ-carbons of §-crotonolactones has resulted in significant effects
on anti tumour activity®'. Attempts to modify the activity in simple
synthetic d%methylene lactones by substitution of an alkyl and/or
alkoxy group at the alkylation site resulted in compounds which were

25,32

sipgnificantly toxic, however, othar factors such as changes in

solubility, transport ar metabolism may be involved.

3
The antltumour activity of cucurbitacins, datiscoside (11) 3,

fabacein (12) and cucurbitacin B (13) 34,35

36,37

a group of highly oxygenated

triterpenes, has been demonstrated




(12) R=H ; R%= R°=Ac .

|
(13) R’:-.Rz:H)r REAc

The action of cucurbitacins is more sensitive te the oxygen uptake
than &naerolic glycolysis38 as most cancer chemotherapsutic agents
have immediate effects on one of the two primary energy-providing
processes of cancer cell metabolism, namely glycolysis and r‘es;:!:lr'.-:-lt:l.cm.-:38

The isolation and structural elucidation of Withaferin A (14) from

Withanla somiinfera L., a prototype of a novel class of polyfunctional

steroid lactones, the withanolides = was reported, 2t the same time

but independently, by twe groups.39_42

CJ42C)F|
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Lee 53'31?3 reported the antl ftumour activity of p{-methylens

-¥ - lactones of the nucleic acid bases, uracil, thymine and derivatives.
They found that the introduction of the conjugated ester side chain

enhanced this ectivity. The introduction of a carrier moisty into an

alkylating centre has led to compounds, such as uracil mustardt15]

of ¢linical interest, as anti cancer agents44.

o CHyCHaCL
e
H N SCHyCHLC

2N

N
N
(15)

The work on the synthesis of compounds derived from the combination
of an active alkylating agent and a carrler moiety, such as a steroidal

hormons, has led to novel steroidal ™-methylene- ¥ -lactone alkylating agents

which are active against Walker 256 carcinosarcoma in rats45. These agents

clinically useful. Steroidal alkylating agents such as phenesterin (16]?8'47

48-50 and some hompaza stercid mustards (18)51 of

gestradiocl mustards (17)
significant inhibitory activity on growth of various experimental tumourssz.

are currently undergoing clinical trials.

CgH7

might be tumour specific ( s.g. for breast or prostatic cancer) and thus




CHCHCI

‘CHyCHCI

O=0

(7)

- N
Ha§ G2
HaC G

Cl Cl
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Grieco EE.EEFS reported that six-membered OGmethylene-S-
valerolactone moiety is not necessarily less active than the five
membered ®-methylene-¥- butyrolactone moisty, despite its larger
ring size. Also, vernolepin (5) derivatives, which lacked the hydroxy
groups, were slightly morse active than vernolepin. The enhanced activity
of ths deoxyvelnolepins (19) and {20) may be due to improved transport across
the cell membrane because of increased lipophilicity or to sterically
more favourable conditions for Micﬁael addition of L-cysteine or other

biolcgical nucleophlles to the d&P-unsaturatedr lactone system.

(9 - 20)

It is well known that certain classes af synthetic compound554,

as well as naturally occuring substances, owe their antitumour or cytotoxic
activity to the introduction of the diepoxide or triepoxide functionality,
8.g. the cyclohexane diepoxide, crotospaoxide (21)55. the sesquiterpene

18,56

dilactone diepoxide, mikanolide (22) and the diterpene triepoxices,

triptolide (23) and tripdiclids (24]57. However, it was suggestedqa, that
cytotoxicity sppears to bs independent of the presence or absencs of any

epoxy group. Lee58 indicated that the obspoxy-ketonic moiety played a more
important role than the oepoxy-¥ -lactonic moiety in the contribution and

maintenance of the high level of cytotoxicity.
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I
CHyOC Ph

-
—
-
=

Ziegler EE.EEFQ concluded that the presence of a lipophilic,
conjugated ester orhalosster situated homoallylically to the double bond
of many naturally occcuring o(-methylene:x ~ butyrslactones, enhances the

cytotoxic actiyity.11{L 155,

ALLERGIC CONTACT DERMATITIS
A major class of allergens causing allergic eczematous contact dermatitis
in humans has been shown to be sesquiterpene lectones derived from species

of the Compositae, lauraceae, Magnoliaceas and from a liverwsrt Frullania
0-89

(Jubulaceaa).s The principle immunochemical requisite for the production

of dermatitis was shown to be an ®-methylene lactaons moiety82'70—72.

A "crude allergen”, a glycoside causing an occupational disorder, "tulip

fingers"”, was shown to consist of glucose and okmethylene-ﬁ- butyrulactone73,

which on hydrogenatioh lacked allergenicity82'73. All the known allergenic
lactones contain the ©¢{-methylens moiety which may conjugate with sulphydryl
groups of proteins in cells by a Michael-type addition to form complete

antigens capeble of producing cell-mediated contact allergic reactinns71.




-12-

PLANT GROWTH ACTIVITY

Sesquiterpene lactones of different skeletal types have been

reported to show the plant growth and antimitotic reguletory activity74‘81.

Yamaki g_i_:_ﬂsz reparted that the X-methylene-& -lactone moisty was necessary

for the suppressive activity of helianginéZS]in the Avena straight growth

(25

test. Also, heliangine » the major germacranolide of Helianthus

tuberosus, inhibits elongation of Avena coleoptile sections but promotes

the adventitious root formatlon of Phaseolus cuttingsaa. The effects of

25)

haliangine[ were shown to be countered by thiols, the inhibition of

B3a

elangation of root formation was reduced by L-cysteine and BAL

[2,3-dimercapto-prnpan-1-01]BSB.

O

I
o-C- (]:=CHCH3

CH3
H — .
%
(25)
Sgveral of the sesquiterpene dilactones { specifically, vernolepin (5],
elephantopin (7A) and elephantin (7B) were found to be strong inhibitars
of growth of wheat colsopfilaa4. If the inhibited sections are washed and
subsequently treated with indole-3-acetic acid, the tissues responded to
the auxin but the degree of slongatlon was determined by prior treatment
with vérnolepints]. The inhibitory effect of vernolepin was reduced when,
administering simultanecusly, the amount of auxin was increased. The fact
that vernolepin'’s plant-grewth inhibitory activity is reversible suggests
that the compound may have a natural function_in the regulation of plant

growth., Similar results were observed for parthenin (26) on Phaseolus

VulgarisB5 and the crop plant, Eleusine caraca1aas.
-




The sesquiterpene lactones were shown to inhibit lateral root growth

but to stimulate respiration 1in Cucumis sativum87. Alantolactone (27)

was reported to be a potent inhibitor of seed germination and of seedling
growth. It was postulated that the lactene inhibits the enzymes associated
with the degradation of starch { amylases) and of proteins (proteases),

but there is no svidence to support this. It was further suggested that
the presence of Inula and dther sesquiterpens lactone-contalning plants

in the agricultural plots might reduce the percentage of crop seeds.88

(27)

MICROBIAL GROWTH-INHIBITORS
Some sesquiterpene lactones have besn shown to possess anti-bacterial,
anti-fungal or helminthic propertiesss. The germacranolides, mikanolide (22)

and dihydromikanolide from Mikania monagasensis inhibit the growth in

culture of a bacteria Staphylococcus aureus and also of a yeast Candida

albicansgo. Helenalln (8) exhibited activity against ths huhan pathogenic

fungl Trichophyton mentagrophytes, T. acriminatun and Epildermophyton Eﬂ-gq

Parthenin (26) was reported to inhibit sporangial germination and

zoospoTe mobility in Sclerospora graminicolas but such activity against the

conldial development of Aspergillus flavus was lacking.92 Recently

Vichkanova EE.EE?S studied 105 natural lactones for their anti-bacterial




-14-

and antifungal properties and reported that alantolactone (27) 1s active,

particularly against Mycobacterium tuberculosis.

CHEMOPROPHYLAXIS BY LACTONES IN SCHISTOSOMIASES

Baker E.Eﬂ? have recently shown that some -methylene-)X -lactones
.hava antischistosomal activity. The sesquiterpene o -methylens- ¥ - lactones,
obtained from wood-olls of seme trees, inhibit ths skin penetration by

cercarliee of the trematode Schistosoma mansoni. Recently, a noval

gefmacranolide.gcyazensclide (28), isolated from Eremanthus goyazensis,

was shown to have schistosomicidal propertiesg4. It was suggested that

the activity of the schistosomicidal lactones may be related to inhibition

of sulphydryl groups in cercarial enzymes.

@ 8)

O

HO ¢=0
c=c
¢

€T
w

VERTEBRATE POISONING
The poisoning of the llve stock foraging en the bitter tasting
plants of the Compositas has been repurtedgs-ga. Hymenoxin (29}, the

major sesquiterpene lactone of Hymenoxys odorata from Texas, was recently

shown to be the toxin invelved in the death of sheepg7. Similar poisoning
( vomitting disease in sheep) has heen noted among sheep grazing on South
African species of Geigeria which contain vermeerin (30)99. It was
suggested that the sesquiterpene lactone toxicant may alter the microbial
composition of the rumen and thus affect viial metabolic functiuns.g7

The lactone tenulin (31), a constituent of Helenium amarum, imparted a
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38

bitter taste to milk after oral administration to a lactating cow™ .

H 2

win L
Mtn

CARDIOTONIC ACTIVITY
Cardiotonic sterolds have been shown to possess strong cytotoxic
activity against human carcinoma of the nasopharnyx carried in cell culture

]100—103

(K.B. It has been reported that the active transport of many aminc

acids is inhibited by cardenolides, possibly, because of an inter relationship

between amino acid and sodium transport104. In as much as tumour cells are

very active in accumulating amino acids105, presumably due to their high
amino acid requirsment for growth, it is possible that the inhibitien in
growth of KB cslls in culture by cardenolides is due to inhibition of
amino ecid accumulation. The fact that similar structural features are
important for inhibition of transpart of sodium-potassium adenosine

triphosphatase ( Na*-K* ATPase), KB cytotoxicity and arterial muscle inotropic

activity refers to the view that the receptors for the cardenolides in the
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above systems may be strugturally very similar.
In vivo the ectivity of cardictonic sterolds have been correlated
to the abllity of the drug to be specific and reversible inhibitor of membrane-

bound Na+-K+ ATPase, involved in the active transgport of Na+ and K+ across

106-119

the cell membrane against the electro chemical gradient and thus

the inhlbltion of transport of many essential amino acids.104 Extensive

120-126 indicated that tha;Cnsaturated carbonyl of the lactone sids

studies
chain is the active functional group which presumably binds to the
hydraoxyl group of phosphoric acid residues in the phosphorylated enzyme,

resulting in an overall inhibitlon of the ATPase system 108, 125"127.

Recently, Fullerton et al 128 synthesised two cardenalides, with the
ol-methylene~ ¥ - lactone group, from digitoxin and found that the 20 (R)
isomer (32) in the Na* - K* ATPase inhibition studies, was twice as active
as 14-dehydro-digitexigenin, whereas the 20 (S) isomer (33) was significently
less active. This suggested that the cardenolide receptors are very sensitive
to changes 1n geometry in the Cq7 side group and that the geometry may be

mors even mors importent than electronic factors.122'129"132

AN
CB:?) R=
Bi
33 r= _
R—
H v K

MODE OF ACTION OF SESQUITERPENE LACTONES.

Although the structural requirements for the antitumour or cytotoxic

133 an

activity of some of the sesquiterpene lactones has besn postulated d

attempts have been made to explain their mechanism of action,11'133, there
is still a need for further studies of other structural types of sesguiterpene

lactones., Some recent observations have focussed attention on the importance

of the conjugated ™ -methylene lactone function for the biological activity

of the sesguiterpene lactones.
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The reaction of & A-unsaturated lactones with thiols has been
suggested to play a key role in several biological growth regulatory
phenomena. The ability of many c&nﬂ-unsaturated ketones to react with
’ch:[ols.1:34 and that a compound capable of reacting with thiol groups should
produce antibacterial effects is not surprising because of the ample
evidence of the widespread significance of thiol groups in living systems135
The selective growth inhibitory action of S-hexenalactons(34) on certain
animal tissues was shown to be antagenised by L-cysteine,qas.
Spectrophotometric and colorimetric studies showed a direct and reversible
reaction took place betwsen the lactone and the thiol grouping, and it was
proposed that S-hexenclactone exerts its effect on cellular proliferation
mainly through its reactivity with sulphydryl groups essential to enzyme
function. Further studies led to similar proposals concsrnihg their mode

of ﬁction.11'137'139.

SN0 X0

(34) (35)

The inhibition of plant growth by protoanemanin [35]?0 heliangine (25],83

84

and vernolepin (5) is preventsd by BAL and other sulphydryl compounds and

has been attributed to the reaction of the inhibitors with sulphydryl enzymes.

A study of the reactions of tumour-inhibitory Oémethylene lactones with
model biolegical nucleophiles revealed that thiols were the most reactive
of the nucleophiles investigated and the successive thipl addition to
bis-unsaturated lactones resulted in a marked diminutien in the biological
properties of ths adducts.28A The inhibition of sulphydryl:enzymes,

phosphofunctokinase288 and glycogen synthetase141 indicated that the

inhibition resulted from the reaction with the sulphydryl groups of the enzyme.
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The electrophilicity of the tumour inhibitory quinone methides

142, 143

taxodone (381 and taxodione (37) and their inhibition of

phnsphofructokinase upon reaction with selected sulphydryl groups
suggested that these compounds may also act by alkylation of bilologically
impartant macromelecular thiols.28 As the active lactaones are all
alkylating agents; their biological effect is probably due to an in vive
modification of nucleophilic groups either of proteins ( including enzymes]

or of deoxyribonucleic acid (DNA) and ribonucleic acid (RNA]145.

Hall EE.El'148 in an attempt to propose a mechanism of inhibition
of cancer growth, demonstrated that helenalin (8) end temulin (31)de not
alkylate nucleophlles of purine bases but rather appear to be reactive with
thiols of enzymes necessary for ONA repliceatieon, whereas the accepted
mechanism aof action of anti tumour agsnts, e.g., nitrogen mustards, is the
alkylation at the N7 nucleophile of gvanosine and, to a lesser extent, the
N4 and N3 positien aof adenosine44. Furthermores, they cause an increase in

cyclic adenosine monophosphate (cAMP) levels of tumour cells which may be

correlated with the suppression of chrematin protein phosphorylation

necessary far cell replication and differentiation.
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Jatrophone L38]147, a novel macrecyclic tumour inhibitor .

reacté rapidly with simﬁle thiols and with the macromolecular thiol,

bovine serum albumin, and inhibits ONA-cdependent-RNA plymerass from Escherichia

coli with concurrent partial loss of enzyme sulphydryl gmups.148

Triptelide (23) and tripdiolide (24]57 may mimic the inhihitien of

tumour growth via selective alkylation of thiols of key enzymes concemed

with growth regulation.149
The presence of a free conjugated ™K-methylene lactone systems

appears to be directly related to the cytotoxicity of sesgquiterpzne

lactones. Modification of the unsaturated system results in diminution

in cytotoxlcity. The reaction of the ¢{-methylene lactone system occurs

by "Michael-type addition” with nucleophilic reagents such as the
28,72

sulphydryl groups of cysteine. (SCHEME 1)

[

O
—0 —0
| -
—_—
- S
> +
H3N H3N
00 00

ScHEME |
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SYNTHESIS OF X~METHYLENE-LACTONES.

Since the early work of Junes.15D considerable efforts to develop
efficient and versatile synthesis of o{-methylene-¥ - and S-lactonss

have been in progress due in large part to-the intense interest in

. ,152
naturally occuring cytotoxic sesquiterpene lactones.ﬂ’18"‘9'73'53"&51 13

The general methods for the preparation of ®&-methylens lactones, up to

1975, have been extensively reviewed by Grieco153 and GammiIL154.

In a further extension of Jones150‘reaction, Norton155ﬂhand
co-workers have achieved a high yield conversion of trans-2-ethynyl-

cyclohexanol (33) to trans butyrolactone (403.

-.1““‘OH CO) PdC|2 JAcetone X

C=CH

(39)

Due to the importance of cis-fused ol-methylens lactones,15’17'82'83’

33, 87, 99 the trans-2-ethynyl cyclohexanol {39) was converted via (41)

1558
and (42) to give the cis-fused -methylens lactone. (43}

H 156
\\\“‘o Ether /NC[2 C ;"20 7 éo

H2O/H2SO4

C=CH

(4” 157
L-Seglectride
A0H
€O, PdCl,
‘HENCSNHzlAcetone Cc=CH

42
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A new faclle procedure for the efficient preparation of a number

']
of tk-alkylidene- ¥- butyrolactones (48) and &’ p’-butenolides (49)

from the rsadily available ¥-lactone (44) was reported158 which is

comparable ( intermediates (45) and (46} to the procedurse of reductive-

amination159'150

af &-farmyl lactones. Application of the reductive-
amination procedure to the S-lactone (50) resulted in a 42% yield of

the td-methylene-S-lactone {51).

R2 '/’/cHOH
\53 |
R2 v\cﬂ"\\\’\coo — ) \
R’I;_-_o HC(NMe )3 R2 (45)/ HNMeo
i
(4 4) 9_7;)/_:0 :
BuSH/
46 AL
R3 ‘ ]

(48) Ni(R) Q47)

v
R2 o3

Dt

O
49
~
" O ::t) | H O NG
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Silver perchlorate-catalysed rearrangemént of the methyl ether or
bromide (52) afforded the Omethylene-lactone (43). The method is
analogous to ghe novel écid and metal ion promoted rearrangements
of functionally substituted cyclopropanes (53) in the synthesis of

drmethylene—'&; butyrolactane (551787,

R .
O%COOFJ AgCly,CeHg, 40?

thr
(52) (R=CH,0CH; orcH; Br)

COOR OH
> 2nBry/ 48°%HBr COOR
- CHy- X 100° ’ I
63 | — (64 -
O
[l
55)
Danishefsky152 has reported a method ( Scheme 2} whereby suitably
activated cyclopropanes (58) 163-165 can be converted into 8-1actones {59])

with bass.

S s
(57)

6) COOH

(58) i><coov-!
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ScHEME 2

Zisglegss has rscenfly reparted a site-selective solvalysis of
& cyclopropylcarbinyl methane sulphenate(61)resulting in the
o -methylens lactones (62 and 83). Apparently, cleavage of bond a
ls favoured over bond b dus to bettef sverlap with the lactone
carbonyl during solvolysis.

4
H .o OMs
MsCI/EtgN

“ax

CH2C|2 f .

60 voae/ /(6

NaQAc

7 4

N
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A direct and extremely efficient application of the Wittig

reactionaz' 167

between formaldehyde and the ylid,fbutyrolactonylidene-
triphsnylphosphorane (64), afforded o-methylene-Y¥ - butyrolactonme (55).

168
The Wittig reaction between the ylid and aldehydes to obtain OA-benzylidene-

and oh-{(2-furfurylidens) -x-lactone1sg derivatives has been reported.
Minaml et al 170 reported that, in the rsaction between dkphosphono-ﬁ’-

butyrolactone carbanion and various carbonyls, the use of aldshydes with
bulky groups gave only trans eofylididene- X— butyrolactone whersas a
mixture of cis -and t;ang:O(- ylididenes were obtained when aldehydss had

rather small groups.

—D (HCHO)3/ THF
[ ~100% ’
Pph3
©4) 55)
171

Oehydratlon over alumina of oi-hydroxymethyl-8-valerslactone (671,

cbtained from 8-valerolactone (65] via K-hydroxymethylene-S-valerolactone
(66), gave the ol -methylene-5- vala;olactone (68). The use of isocyanates

and carbodimides as in situ dshydrating agents 172-174 was reported to

be an improved mild procedurs. The insolubility of dicyclohexylurea

assures that the reaction is driven to completion.

~CHOH

65) 66) o
l Raney Ni,1OO JOOAtm

-0
©/ AAIumtnCt/34O° 43
X T~CHoCH

68 | 67)
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DCC, Ether 5

VAN X
CH,0H =

67) 69

A similar dehydration of (69) with triphenylphosphite methiodide (70)

has been effected in a guantitative yiald175. It is presumed that this
reagent forms the ﬁ—iodalactone (71) which undergoes elimination to

afford the k-methylens- §~ lactone(72].

C}*2C3F1 _
(Pro)s P Mel (70)
Ph— =0 3 >
O DMF/ rt/20 hrs

69)
o [

y7
Ph‘ioio - on . -
(72) ~ 71) -

In a modification of McGraw'’s method, 171 Minato and Horibeqys

converted a trans-fused lactone (73) into a trans-fused S-methylene -Y -

butyrolactone (40, 45-50%).
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H .
' _ NaH/HCOOEt - !
! =0 Ether . ).
A H gHOH
(73) (74)
NaBH,/MeOH
H
1) TsCl/ Pyridine m
2) Pyridine L/~
i
HH CHyOH
(75)

The above reduction-elimination procedure has been applied to the total
171,177

k synthesis of sesquiterpene lactones, iso alantolactone (76)

carabrone [77]178. (+) damsin {101179 and { + ) -4-deoxydamsin (78)180.
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A potentially gensral and useful route for ®-methylens lactone
construction was demonstratedw1 . when e(—carboxy-ﬁ—phenyl- - butyrelactone
{79), derived from diethylmalonate and styrensoxide, reected with form-
aldehyde and diethylamine affording the Mannich product (80) which weas
converted into the of-methylene lactone (81) Vvia base-catalysed 2limination
of tartiary amine from quarternary ammonium salt. Recently, isctelekin [83?2
a sesquitsrpene lactone, has been prepared employing a complementary

synthetic route183 from the methoxy-carbonylated lactone‘[833184.

ph_,_@j) HCHO / Eto,NH
&5 ?

H COOH H"%‘CHQNEQ
79) | @Ql ) chsl

2) NaHC O3

82

An alternative set of conditions and reagents have been offersd to

effect the same decarhoxylative-elimination1BS'186

187

where methyl methoxy-

magnesivm carbonate (MMC) » 85 a carboxylating agent, 1s employed.

Extension of the sbove work provided total synthesls of ( dl) -

avenaciolide (85]18EI , [ dl)- protelichesterinic acid [85]189 an

( + ) ~4-ispavenaciolide [87]190. Unfortunately, the use of Stiles

d
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reagent (MMC) is limited, as compounds (88) and (83} either failed
to carboxylate or provided limited amounts of unstable carboxyllc acids

which could not be convaerted to unsaturated lactonic material.

1) MMC
2JHCHO [ Et3N

INaOAC/HOAC |

17C8

L. Q=
O ‘ '

®9 89

1825 have besn employed for

Diethy1191 and dimethyl-carbonate
carboethoxylation and carbomethoxylation of lactones respectively.
" The resultant products, -carboxyesters, can be converted into o{-methylene-
‘ %8 192b
lactones employing the ahove procedura. Synthesis of A'-butenclides

employing diethylcarbonate and the total synthesis of {+} isotelekin (82)

182 ang confertin (903192 utilising dimethylcarbonate have been reported.




0

~ An efficient X-carboxylation of lactones (91) permitting a direct

synthesis of an o&methylene lactone {93) has bsen reported.1g4
COOH
|_: NTUKE [) HCHO/ HNEt2 %
—g
C02 2)AcOH/NaOAc |
(90 ©2) ©3)

The use of Meldrum's acid, ( cyclic isopropylidene ester of

malonic acid) (95) has besen reported, 195

to give the of-carboxy-¥ -
lacteone (87) via an intermediate (88) and hence led to the of-methylene-¥ -

lactone (98).

T
TiCly/ THF
CHh )=0 + Q Soridine - CHon }<
| g
(94)

(96)
GDEQ F425C14
COOH
|
) HCHO/HINEL; —0
Ch g 2) NaOAc /HOAC (cH
R




_30_
0(-Carboxy-'x-lactones, cbtained via the openling of spoxides with

sodium diethylmalonate, have been converted into KA-methylene -x-lactones196.

97

Recently,1 the use of Eschenmoser’s salt ( dimethyl (methylene)

ammonium ilodide) (100]198 proved to be an excellent method for introducing

the dimethylaminomethylens group199 which can be converted intoc an

o{-methylene moilety ( Scheme 3).

i | i
r ' :
R—CHy-C—y . 1/ LDAOTKH R-CH-CY
+ -
2) CHy=NMej | CHa—NMep

(100) (@)

Y =AIKYyl ,Alkoxy

©9)

Mel
I N I
R—ﬁ-—C—Y NaHCOs R-—(l:H—C—Y
CH | T
2 CHy—NMez
(O 3) q’oz)
ScHeEme3 |
The introduction of the ®%-methylene lactone moiety in vernolepin (53

and verncmenin (8) employing the Eschenmoser salt (100) has been reportedznﬂ.
| 200

The reaction of Eschenmoser's salt (100) directly with silyl enol ethers

and enol bnrinat95201 contributes to the synthetic utility of the I*eacticn'lzo2

whers the regiospecific generation of ester enclates is not possible.

This approach 1s analogous to carbanion trapping with Formaldehy‘de203

which has been recently epplied to regiospecifically generated ani0n5204.

A synthetic sequence 203 has been reported that permits construction

of the cis-fused Hmethylene lactones from the corresponding &methyl lactones,

available either via direct methylation of lactone enolateszos-g derived

10
from natural or synthetic210 lactones. Thus the & -methyl lactone (104)

is converted via (105) into (43).
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s

— l)  PhyCLi/DME/ TMEDA

5”‘ E 2) BrCH,CHoBr

QO 4 (05)

l DBN/ Toluene
Reflux

T

O
—)

IQ“I

-

f @3

The preduct of cis-elimination, the endocyclic olefin, (108) was
detected in small quantity, whereas the ®bromo-trans-lactone (107) gave

exclusively, the endocyclic lactone (108), under a varisty of elimination
conditions.211

H
lﬂll sl
=0 1) PhyCLi/DME
= 3%, ~— — z ey,
H 2) BrCH,CHpBr H B‘r !
, i DBN/ Toluene
Reflux
H
1111]
—0
—

(08
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The utility of this genreral procedurs was demonstrated in the
synthesis of (+] -~ frullanolide (110), an allergenically active

sesquiterpene lactone, from 1,2-dihydro-8-episantonin [109]212

%

(1O)

I
1,
f(f

(09)

In a recently reported msthod213

the required fumnctilonmality is
introduced at an early stage by the addition of an appropriately sub-
stituﬁggf‘Katcne and olefin tc give the exchalogeno cycleobutanens (1111,

preferentially214, which on Basyer-Villiger oxidation gave the ¥lactone

215

SN L ﬁ Q@

() (HQ) | (55)

{112)

A complementary procedure for the construction of trans-fused
pésmethylene-¥ - butyrolactones, based on a pyrolytic {cis) siimination,
has been demonstrated 211,218 in the synthesis of ¢+) arbusculin B (115) but

a mixture of endo-and exocyclic lactones was obtained.
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1) PhyCLi/DME

2) (PhCOQ)5/DME

(113)

Direct &-hydroxymethylation of lactone enclates followed by
successive mesylation and heating in pyridine under reflux gave ths
X-methylene lactone 20°2 in high yield and is exemplified by the

conversion of the lactona (73) through the mesylate (116) to the

X-methylenelactons (40).

H H
OS:O LDA/(CHO)3 05:0
z THF, —78° z
H H Hﬂ'c H> OH
73 (75)

1. MsCi/ Pyridine

| H CHyOMs
49 2 (16)

Ms= CI-IS-S'—'

5

F

1

TIu




~34-

The utility of the above sequsncs has been demonstrated in the

studies directed towards the synthesis of vernoclepin (5) 13'212.

Since the isolation and structural slucidation of vernclepin (5)

and vernomenin (B), a substantial zmount of research 200,203, 217-221

has been performed almed at the synthesis of these novel slemanclids

D,E
dilactornes. This has recently resulted in their total e.ynthesa:l.s‘.zmj'2‘]8 7,

F
in the synthesis of deoxyvernolepin t20)218 and dl-yomogin [1ﬁ7)222

17)

A sulphur analogue (121) of tulipalin A (55) was recently

reportedzza, employing the above sequencs.

ﬂ HOH2C ﬂ

(18) o 1 (19)

0
(121 Ms = CHg— lg 120
|
o

Recently a synthetic schem9224 was reported in which the crucial step

is a base-catalysed intra-molecular Michael-type cyclisation225 of the

enone-malonate (122) to produce a cis- fused A-ring in vernolepin (5) and

vernomenin (8).
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O Ci:o Vernolepin (5)
- ol —_—
§i1 2, S
lOOEt |

Hitg
A

i

ﬁ Vernomemn(6)
COOH

(22) 23

Thé fact that alkylation of a thioether, formed via a Michagl-
type addition, gives a sulphonium salt which on mild base treatment,
gensrates the Ofmethylene group, suggests a movel route to tkmethylene

1814, 228. This sequence is illustrated 227 on the -carboxylactone

lactones
(124) giving rise to the Semsthylene- - lactone (40) through the thicether

(128) and the sulphonium salt (127) intermediates.

| H
1) LDA/THF, 78° Oi\%o
2) 1CHo SCHy/HMPT/THF Sy |
HOOC CHaSCH3
(125)

leJene, Reflux
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A similar method 228 involving alkylation of ketone and carboxylate
enolates (128) with bromomethyl sulphide, followed by sulphoxide
elimination, gives oémethylene ketone and acid (130.) However, ester

and lactone enolates are not alkylated in useful yields. ) ‘ |

,ﬁ ) LDA (2Equv) o 1
H 2) PhCHQSCHgl?:r‘ H S
128 | (og) R
]) N0i04
12) Heat 120°
0
I

(130

Bis (phenylthio) methyllithium ( ( PhS), CH Li) and methoxy-

OMe

phenylthiomethyllithium ( PhS NEH Li) may be used to provide a

convenient method for conversion of the readily available ¥ -butyrolactones

into ®K-alkoxy-or &wmethylene-x- lactoneszzg. A nitrogen species

{ e.g., piparidino) may be used instead of sulphur, as ﬁ—aminolactones

undergo facile eliminaticn with generatlon afo(-methylens unit.227

A similar, high yield " oé-methylenation sequence” employing |

"alkylphenylselenoxides” has been developed 208

in which sslenoxides |
undergo facile elimination at low temperature with exclusive formation of

exocyclic olafin. : ‘
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‘l“ \\“

T

Titn

Ty,
5

The formstion of (40), with the complete exclusion of the endocyclic
- isomer (108) comes about as a result of stersospecific alkylation of
tha enolate of the lactone {108) with diphenyl-diselenide, which
establishes the reguired anti- relationship between the pl-phenyl selenc-
substituent and the adjacent methime proton.

The usefulness of the above seguence was demonstrated 230 for
the transformation of ®-santonin (1) into tuberiferens [13$A?31

artecalin [1333?30, anglanins (134a%32land santamaprine (13%5]232




Reqently a similar " of-phenylselenation sequence” has been
2
reported 33 in which an epoxide is opened with 2-phenylseleno-propanocic
acid (135), giving rise to the X-methylene- ¥-lacteone (43) via the

elimination of phenylselenoxide(138).

' - - +
CH3-C|H--COOH 2L.DA E CHB-%—COO 2 Li
Se Ph SePh
QBS) “36)

= H2O2
= SePh —
QO
(39 ] (37)
=

43)

A complementary " ®-methylenation sequence"234 utilises (43) the
ability of ®-phenylsulphinyl ketones to undergo facile thermal cis-
elimination where the o&-phenylsulphinyl substituent and the adjacent
methine proton possesses an anti-relationship ( 138- 140), as is

illustrated by the conversion of ( 141) into (401235.




40)

The successful application of the above method to the cis-fused
lactone (143} was dependent upen the proper stereoschemical relatienship
between the X{-phenylsulphinyl substituent and the adjacent methine

proton.

!

144

(43) @
. 111115 Ph

H 645) - | ’

gy I
]jy
w
-
= o

T

P
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In an elegent synthesis of ( dl ) - avenaciclide (85),
Schlegssinger 238 has employed a "sulphoxide” sequence to abtain

an p-methylene function., The stereoelectronic factors governing

the td-sulphoxide elimination are analogous to those in the selenoxids

206,234
cases.
C}*3
CH3S—"J:-COOtBU
(1,
R O
R="CgH7 (149)
- 48
I} p Toluene
sulphonicactd/CgHy,
2) NaHCO4
ﬁ H3C ﬂ
1) mCPBA '
. Cs
" N 2) Succinic "3
anhydride 140°
R™ g 3) HCI R

85 (50)

Trost and-Leunng? has reported a procedure in which opening of
an epoxide with 2- (thiophenyl)-propionic aeidl (151) 1leads to

o -methylene- ¥ - lactone (40) via intermediates ( 152 - 154),




H WOH
Ph S—C—~COO
O>O + | —> COOH

CHq =
H SPh
(1Y) (152)
_ 1) (:Pi2P42
l 2 mCPBA
" o H OH
! (MeO)3 P/ THF !
A OOMe < - 4 COOMe
a N SPh |
(54) (53  ©°

CgHg | p-Toluene
sulphome acid

Recently, a total synthesis of 4-isoavenaciolide (87) in high
yield, has been reported, in which the key step 1s the conjugate

addition of the latent carbonyl anion (155} to the butenclide (148},

E1O COOEt (|55)
EtO EtO COOEl
C /kﬁ ' HO>/'
— 4 ;
R/[O._BQO R \
R=nCgHj7 Q48) l56) Perchlomc acid,
| l 100° , 48hrs

OOH OCH
Hiny—¢mH : z_—_ﬁo
R o)

o) R Ng
158 157)
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R ', ‘ R

(59) | - {87)

An efficient route 186, 238, 239 has been reported involving

treatment of the &-(bromomethyl) acrylic ester E180)24O with zinc
(Reformatsky Reaction) to form organczinc intermediates that react

with a variety of aldehydss and ketemes to provide oC-methylene-ﬁ -

lactones (162].

* !
: R

CHyp

(60 (161) | (62)

The observation thet P ~ketoesters, P-«etnaldehydss and
ﬁ -diketonss are reduced, via their enolates, to allylic alcohols by
lithium aluminium hydride ( LiAlHg) led to the use of the maleonic

ester derivatives (163) in the synthesis of the ™&-methylenelactone [40?[41




y |
1) NaH/THF/Ether
O 2) LiAIHg

COOEL 3)H2O o

(65)

Similar treatment of the cis-methylene diol (166} with activated

manganese dioxide afforded the cis-lactone (43) presumably via

oxidation of the intermediate lactol (167].
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242,243 was applied

The ahove described reductive-eliminmation method
to the synthesis of dl-alantolactone (27) and a transfused o-methylene-
lactone (168) 244. Analogaus to the above descriped procedure is the
preferential oxidaticn of allylic alcohol of diol (48%), by silver

carbonate, to the carboxylic acid, with subsequent Fformation of

the lactons [55]245.

H Ag2C03
Fl

N

(169) (55)

(69)

The observaticn,248 that primary acids when treated with lead (IV)

acetate in the presence of copper (II) acetate, undergo oxidative
247Aarl o 2478

decarboxylation, resultsd in Rao dH independently developing

a route to the od-methylene lactones (1741} from the lactonic acid (170).

Pb (OAC)4 .
COOH — cud¥ (I‘/\\f)
(170) 7y

Intergst in the ™K-methylens-S-lactones has resulted in a new

facile synthesis 248 involving alkylation of enamines (122} with

methyl ¢-bramomethyl acrylate [173]249 to form unsaturated keto estsrs (174)

that can sasily be converted into ¢4-methylene-5-lactonss (175) via

saponification, reduction and lactonisaticon.




45—

HoC O
| 1l
/“ A 1 Br‘CHZ-é:—C-OMQ(!73) Rzl_—/\f
2 Ny 2 Hy0* 7R Me
N

r (9

In an eslegant use of a cycloaddition reaction, Eschenmoser
developed an sxcellent reute to cis- b(—methylene-—'zf— butyTrel actones
starting with simple olefins. Treatment of an ¢{-chloronitrone (176)
with silver tetrafluorohorate ( Ag BF4) yields an extremsly powerful
enophile (177) which undergoss a smooth 1,4-cycloaddition with
unactivated olefin (178) and the resulting species has been subjected
to a variety of transformations including convasrsion to x-lactnnés and

to o¢-methylens-¥ - lactones (scheme4i].

_ | BF'4
T e O,
Cl ' Ag BF4

—

Ho —X Ho—X

(176) (77) l ('78)

BF4
O A
= "N [::::;:;,/J
R % R
CHp—X CHQ—X

K O'Bu/tBUOH
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A further sfficient method for X-methylene lactones,
involving formation of an ethoxyoxalyl derivative (183) and reaction

with an aldehyde to give a diketolactons (184) followed by base

sleavage to yield the unsaturated product (55) has bean reported251i

P o

(82) HCHOL 3 (83

l84
4

Recently, a method 52 has been introduced in which methallyl

(55)

alcohol dianion (186) additien to aldehydes and ketcnes yields allylic

diols (187) that can subsequently be oxidised by activated manganese

243

dioxide to a&nﬁthylene—lf- lactone (162) via the presumed hemiacetal

intermediate ( 188 - 183),
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ﬁH2

)

- +
'BuOK / BuL |]-|2 _

N, EHZ —CH0

(i85) 6) N
R
— _ 2 HO

2

MnO

(88) (187)

|
R Ndn(32,
R“ o H —_—

Ci—12(:|2

— (89 - ([ 62)

LoD
Q
O
I
o)
N

Analogous to the above scheme, Carlson 253,254 introduced
a direct method which employs itaconic acid anion (194) instead of
methallyl alcohol dianion (186) to obtain o -methylens lactones.

Itaconic acid anion (194}, a derivative of methylacrylic acid dianion

(1921, is a structural equivalent of methallyl alcohol dianion {186)

(Scheme 5)
ch:|—|2 ﬁHz )
CHy-C—COOH ~ —— CH3-C—COO
90 (191) |
_ ﬁH42 _ fﬁ%g _
CHy—C— CH2O = CHy-C-CO0 —o
(186) (192)
ﬁ _ ﬁHg _ ﬁH2 S
ROC-CH-C—COOR® = CH3(|: CHp CHy= C—~COO
194 ScHemE 5 coo  (93)
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since the presence of a lipephilic, conjugated sster side-chain

located hompallylically to DFmethylene-533 butyrelactone contributes to

15C, 59
the enhancement of. the cytotoxic activity, 110,

; 2
K-methylene-§-lactones have been synthesised 15

N

H

HO
~ (98)

The need to effect protection of an ®-methylene function inveolving

the‘synthesis of complex molecules possessing ol~msthylene moiety has

led to a search for mild and potentially useful new blocking sequence.

20, 226

Kupchan reguired a method for protecting ofmethylene unit conjugated

oxygenated
with both XL and -5-lactones in order to detsrmine the requirements for

255 136,142

reagents employed included diethylamine s thiols ( propan-1-

52 28A, 142, 181) 258

th1012 » cysteine » phenylselenium anion and

thiophenoxide anion257.

The regeneration of the c-methylene function invelves the conversion

of the diethylamino adduet and thio-ether into their methiodides and

subsequent treatment with either saturated sodium hydrogen carbonate 2550

8
or pyrolysis 142, 235 » OGrieco's 258 approach employs a Michael-typs

biological activity among derivatives of vermolepin (5}. The protecting
addition of phenylselenium anion to the «-methylenelactone (40).and a
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"retro-Michael” reaction via ths corresponding selsnoxide (200)

which re-established the ®%~methylens function.

258,259

The above method 1s based on the observation that alkyl-

phenylselenoxides readily undergo elimination to give olefins.

The thiophenoxide anion 257,258

is similarly eliminated.
Since the observation that the anti tumour activity of sesquiterpens
U’~-meth_\,/lsnelr:u:*!:cn‘uas is due to the ¥, B-unsaturated lactons system with

an exocyclic methylene unit5’11'15'19’133

» it was decided to synthesise
steroidalixrmethylene lactones and evaluate their anti tumour activity.
Lipophilicity appearsd to enhance the cytotoxic activity of sesguiterpene

8] c
K-mathylenslactones 118, 15C,58

and as steroids are more lipophilic than
sesquiterpenes, it was thought that this, in conjunction with Kmethylene-
lactones moiety, would lead to important cytotoxic compounds., The
distribution of these compounds should present very little difficult

since sterolds are present in the body as steroidal hormenes.
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The fact that sterold hormones function through the recognisation
of the receptor, at the active site, in the target tissue, this would
appear to suggest that the synthetic steroidal %methylenelactones

may function in an analogous manner.

When the project was undertaken, thers was no evidence of
steroidal X-methylenelactones in the literature, but in  the
duration of the project, there appeared a publication describing
the synthesis of steroidal d}mathylenelactones45 with anti tumour

activity. The main aim of the project undertaken was to synthesise

steroids containing an (-methylenelactone system as a part of the

normal ring system of the steroid.




DISCUSSION
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Peracid oxidation of‘x,P—unsaturated ketones, may, lead to enol

esters, epoxy esters and epoxy ketunes.zsD However, peracid aoxidation

ofll4~3—Ketosteroids may result in an sven larger variety of products,

'depending on the peracid being used. Thus, potassium persulphate

and sulphuric acid furnished 3-keto-4-oxa-Sx-steroids<e ' 204,

whersas, perbenzoic acid containing perchloric acid in chloroform

- was reported to yield a mixture of enol-lactones and epoxylactoneszss.

Recently, rearranged preoducts, the S5«-aldehydo-3-keto-4-oxa-derivatives,
were obtained when A&-S-keto-steraids were treated with trifluoroperacetic

acid?%8,

Although there are many methods four the preparation of lactones,287_282

the literature methods were employed in the synthesis of the steroidal

283 of cholesterol (201) gave

lactones. Oppenauer oxldation
cholest~4-en-3-one (202, 70%) which under the canditions of

Baryer-Villiger oxidation 264 produced 3-oxo-4-oxa-Sw-cholestane (203)

in 40% yield.
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Once the fcrmétion of the lactone was successfully carried
out, then the procedures for the synthesis of " {-methylene” structural
unlt on the preformed lactone were spought. The "c(—carboxylation"195
sequence was optimised with Y-methyl- ¥ - butrolactone (204) and the
presence of ancx-ﬁarboxylic acid lactone (205) was indicated by the

presence of a polar spot on T.L.C. and by the infra-red spectrum

1 1

( v max, 3600-3200 cm ' (-OH), 1780 cm-1 ( X—iactone C=0) and 1740 cm
(C="0) ). The appearance of a DZD-exchangeable peak at 1.77 (8, IH]

in the 1H NeMm.T. spectrum was also indicative of the acidic proton.

COOH

LDA/THF _
/Q}*’O 2
(204) (205)

Application of this ”c&—carbﬁxylaticn“ procedure to 3-cxo-4-ogxa-

5x-cholestane (203} was unsuccessful, despite several attempts. It was
thought that the ¢%carboxylated lactone formed was so unstable that it
revarted to the starting lactone (203) during the workup, even though
the reaction mixture was acidified with cold dilute hydrochloric acid

and extracted with cold ether.

Many carboxylic acids can be successfully decarboxylated, either, as the

free acid or in the salt form, but not simple fatty acids284. The

decarboxylation oef ﬁ-keto acids 1s well knnwnzas

and is krown to proceed
by a cycliec, six-centre transitien state t207}288 leading to the enol

form (208) which undergoes tautomerism to the stable keto-product (209},
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R~ —CHa-COOH

(206) (20 7)

_ CHa
R-C—CHy R ?4 L €O,
s
o,

(209)  (0g)

Assuhing the reaction with lactone (203) procesded as expected, then
it must be concluded that the carboxylic acid lactone (210) is particularly
unstable. However, it is possible that the carboxylation step did not
take place. Although there was hordirect evidence, the instabillty of

the 2-formyl derivative (222) supports the fermer possibility.

(203) (210)

The rate of carboxylation is dependent upon the rate of formation

of the enolate antion (211). The "sterscelectronic sffect” results in
the preferential ldss of the axial proten 287’288. This may be
envisaged as arising from the possibility of overlap of the carbanyl
W -orbital with the axial o-bonding erbital (212), while nmo such
overlap is possible with the equaterial o~~bonding orbital, which lies

near the nodal plane of the carbonyl W-orbital (243).
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(211)

(213)

Orbital overlap in the transition state permits maximum electron

delocalisation and a smooth transition from carbonyl T7i-bonding to the

enolic structure with C=C Ti-bonding or in the base of the erolate
- ) r__.A-———-ﬁ

anion, three centre Jli-bonding embracing the == C ==70 system.

Ringold289 confirmed the operation of sterecelectronic contraol by

revealing strong preferences for the loss of the Zﬁ and Bﬁ-prntons during

enolisation of 3-keto- and 7-keto-steroids respectively.

The electrophilic species, carbon dioxide, must approach in the plane
of the Ti-obrital in order to secure maximum bonding in the reacting complex,

probably resulting in the formation of 2 -carboxylic zcid lactone (214)

by analogy with 2 X-bromination of 3-oxo-steroids.
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H
HOOC 1y

o

IR,
——
et

Xing

(014)

Similar kinetically contruolled bromination of the enol-acetate (215)

2
was found to give the 2 X-bromo-3-keto-product (216) 90.

Brimg
Bry (Buffg )

r
d

-AcO

oim

015

(216)

Also these results appear to contravene the principle that

steregelectronic cbntrol leads to the %ﬁ-axial product, it was established
that the stersoelectronic preference for axial attack is fulfilled by

the molecular adopting a ring A boat or flexible confarmation (218)

during attack by bromine. Reversion of the chair confeormation (219)

leads to the bromine becoming ecquatorial.

CHa
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Initial «-bromination is a,‘cuﬁsequence of sterlc hinderance to
p-face attack Qp the enol dus to the shielding effect of the Cig-
methyl group, thus preventing perpendicular approach of bromine to the
p—face of the double haond as required for maximum bonding. The &-face,
however, 1s unhindered and permits approach of bromine to the &-lobe
of the Ti-orbital of the double bond, although, as indicated, this

requires ring A to adopt a boat-like cenformation.

Carbon dioxide, being a lergsr reacting species, suffers
considerably more 1,3-diaxial hinderancs than bromine in ths axial
position. The above stated steric and conformaticnal factors, operating
in bramination of 3-keto-steroids, may also be oparating in the
carboxylation step and thus contribute towards this instability of
the carboxy-lactone (210) or the difficulty in preparing this compound.

291 4¢ Sx-cholestan-3-one (220)with

The"e-hydroxymethylenation”
gthyl formate and sodium ethoxide gave 2-hydroxy methylene-5 ot-cholestan-3-
cne { 221, 67%) as was indicated by a polar spot on TLC by the infra-

1

red spectrum vy max, 3800 - 3100 em ' {OH), 1582'cm‘j(pgp—unsaturated

P—ﬁydrgxy ketone) and the U.V spectrum (Amax 283nm( ¢ 16,837) ),

CgHy7

HCOQEt
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The above o(-formylation reaction was attempted with 3-oxa-4-oxa-
S5x-cholestane (203) under the same conditions but was unsuccessful.

The modification of the procedure of Yamada st al 160 was
performed on 3-oxu-4-cxa-5S«-cholestane (203}, employing ?odium
hydride, a stronger base, instsad of sodium ethoxide. The reaction
was not terminated after twelve hours, as Eta’cec:'t,mt| but continued
until there was no starting lactone({203) observed on T.L.C., requiring
approximetely 90 hours for completion. The farmation of 2-hydroxy methylene

-3-oxo-4-oxa-5x-cholestans (222, 84%) was indicated by a polar spot on

1 1

T.L.C, by the infra-red spectrum (v max, 3600-2400 em ' (OH), 1715 cm -

1

(C=0) and 1620 cm (C=C) and the. UV spectrum (A max 251nm (¢ 6.95 x 103)].

The 'H n.mJ;. spectrum displayed signals at T2.82-and T 2.2(bs, 1H, Z - and

E-HO-CH =C - ). (See Experimental P 130 and 131).

™,

NaH/Ether
HCOOEL

The 2-hydroxymethylene lactone (222) was not very stable as it
reverted to the starting lactone (203) even on standing at -20%. 1In
the subseguent reactions, the 2-hydroxymethylens-lactone (222) was

used directly with purification.

The 2-hydroxy methylene-3-oxo-4-oxa-Sx-chglestane (222) was heated
under reflex for 80 hours ( the disappearance of thestarting material (222)
was followed by T.L.C) with disthylamine in benzene to obtain 2-{N,N-
diethyl amino)-methylene~3-oxo-4-oxa-5x-cholegtane (223, 90%).

The formation of the diethylamino adduct ([223) was indicated by the infra-

red spectrum (¥ max. 1675 cm-1 (C=0) ang 41580 cm1 (C=C) } and




-58~

the U.V. spectrum (A max 301nm (¢ 2.84 x 10%) 1. The 'H n.m.r. displayed

signals at T 2.82 end T 2.30 (bs, 1H, Z - and E-Et-N CH = C -) [See P 131 and 137
The diethylamino adduct (223) was hydrogenated in glacial

acetic acid using platinum oxide catalyst to give the saturated

product, 2-(N,N-diethylamino) methyl-3-oxo-4-oxa-%x-cholestane (224)

which, without purification, was treated with sodium acetate in glacial

acetic acid to yield the &x-methylene-lactene, 2-methylenz-3-oxo-4-oxa-5«-

cholestane { 225, 5B% overalll. It was shown by T.L.C. that during

the hydrogenation step some of the saturated amino product (224)

undergoss elimination to form the x-methylene lactone (225). However,

it was necessary to heat, under reflux, ths diethylamino adduct (224)

witih sodium acetate in glecial acetic acld for four hours to complets

the elimination (Scheme S1.

Et5NHoC \

Im

©24)  _

ScHemE 5
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The formation of Z2-methylene-3-oxo-4-oxa-Sx-~cholestane (225)
was indicated by the infra-red spectrum (V max. 1725 em”™! (C=0),

and 1620 cm_1

(C=C) and the U.V. spectrum { Amax 213nm (< 7180) }.
The H n.m.r. spectrum displayed signals at T 4.43 and T 3.50 (m,& H,

0
0 -C-C=CH, ) corresponding to the Cz-methylene olefinic protons.

The 2-methylsne-3-oxo-4-oxa-5«-cholestane (225}, on reacting

with L-cysteine (226) gave the cysteine-lactone adduct (227, 79%)

under the conditions of Dalton and Elmes' procedurs 188.

+ -
-+~r@N~%HwCOO' —_

H + -

(225) SH
' (226)

(227)

The formation of the cystsine-lactone adduct (227} was indicated
by the absence of Co-methylens olefinic protons in the % nom.r.
spectrum and the presence of [ ¥ max 3700—230b em™! ( COOH and NH2J
1725cm™1 ( €=0 of COOH end lactone) and 1630 om - (COA), in the infra-
red spectrum.
To observe if the side chain en 817 of the steroid nucleus has
any effect on the cytotoxicity, it was desided to synthesise the x-methylene

moiety in the A-ring of the androstane nucleus (Scheme B).
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(228) (229)
S TAC | OH
(23)) (230)

- OAc OH

ScHeME 6
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Oppernauer cxidation 283 ¢ andrnst—S-enﬂap-01—17-one (228) gave

androst-4-en-3,17-dione (2239} in 85% yield. A partial reduction of
androst-4-en-3,17-dione (229) was attempted to aobtain androst-4-
en—17ﬁ~ol—3—one (230). Sodium borohydride (1.5M equivalent}292 in
methanal at 0°C was employed and the crude product contained not only
the expected product, androst-4-en-17P-01-3-0ne (230), but a more

polar product, androst-4-en-3p, 17P-diol (234) was also present.

& (234)

1 and 1860cm™! in the infra-red

The disappearance of + max 1735cm
spéctrum indicated the reduction at both theC=3 and C-17 carbonyl groups.
A multiplet in the H n.om.r. spectrum at 5.38 was also indicative of the
3 o -methine of the diol (234}, The ratio of androst-4-en-17F—ol-3-one(230)
to androst—4—en-3ﬁ,17ﬁ-diol (234) was epproximately 2:1, as observed
fram the TH n.m.r. spectrum of the reduction product. It was then
decided to reduce the concentration of sodium borohydride ( 1.0M equivalent].
In this case, there was a smalllamount of androst-4-en-3ﬁ, 17p-diol
(234, = 10%). However, the starting material, androst-4-en-3,17-dione
[229, ~ 10%) was also present, as well as the required product (230).
To circumvent this problem, the concentration of sodium borechydride was
increased ( 1.2 M equivalent) and the reduction mixture consisted of
androst-4-en-17p-cl-3-one (230) and androst-4-en-3p, 17p-dicl (234}, |

The separation of the crude reduction products on alumina (activity IIT)

column chromatography gave androst-4-en—17ﬁﬂ3l-3-one (230, 81%) and

androst-4-en-3p, 17B-diol (234, 12%).
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293 with activated

Androst-4-en-38, 17f-diol (234) was oxidised
94

manganese diuxid32 to aobtain andrnst-4-en-17ﬁ-01-3-one (230, 87%).

o+

(234) (230)

Androst*4-en-17ﬁ-01-3-0ne (230), after acetylation, gavs

testosterone acetate, 17p-acetnxy-androst-4-en-3-one (231, 88%)

B

264

which under the conditions of Baeyer-Villiger oxldation ~ yielded
the lactone, 17ﬁ-acetuxy-3-ox0—4oxa-5tx-androstane (232-44%)., The
formation of the lactone (232) was indicated by the infra-red spectrum

1 (C=0) and disappearance of 1660 cm_1

( 9 max. 1720 cm_ (c=0) and
1615 c:m_1 ( C=C) due to the conjugated-d,p-unsaturated system of
testosterone acetate (231).

17p—Acetoxy-3-oxo-4-axa-5 mrandrastane (232) was hydrolysed 293
to obtain 17 B-hydroxy-3-oxo-4-oxa-5 ®-androstane (233, 77%). The
farmetion of lactone (233) was shawn by a polar spot on T.L.C., ths

infra-red spectrum ( v max. 3500 - 3200 cm-1

(OH) } and the diseppsarance
aof the C17-ﬁ—methyl resonance at T2.01 and a shift of Cq7 o methine
chemical shift from T 5.40 to T6.34 in the 'H n.m.r. spectrum.

160

The o-hydroxymethylenation procedure of Yamada et al was

employed to cbtain 17 ﬁ—hydroxy—Z-methylene-3-oxo-4—oxa-5cx—androstane

(238) ([ Scheme 7).
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Reaction of ethyl formate and sodium hydride in ether with

17 p-hydroxy-3-oxo-4-oxa-5« -androstane {233) gave 17P-hydr0xy-2-

hydroxymethylene-3-oxo-4-oxa-5« -androstane (235, 86%). The reaction

;equired approximately 80 hours for completion. The pressnce of

Z-hydroxymethylene lactone (235) was indicated by a polar spot on

1 1

T.L.C., the infra-red spectrum ( V max, 1706 em = ( C=0) and 1612 cm

( C=C) and the U.V. spectrum {Amax 252 nm (¢ 7863) ). The ’H ne.m.r. spectrum

displayed signals at T 2.78 and T2.16 (bs, 1H, Z- and E -HI-CH = CH).(see P13

and 144)
17p-Hydroxy-2-hydroxymethylene-3-oxo-4-oxa-5 «-androstane (235)

was heated under reflux for 80 hours ( the disappearance of the starting.
lactoné (235) was followed by I.L.C} with diethylamine in benzene to
obtain the df%hylamino adduct, 17p-hydroxy—2— ( N,N-diethylamino)
methylene-3-oxo-4-oxa-5 ot -androstans ( 238, 83%). The infra-red

1 1

spectrum (V¥ max. 3440 cm = (OH} 16870 cm ' ( C=0), and 1570 cm~1 (C=CJ,

the U.V spectrum (N max 300-1nm (£ 1.3171 x 104] }, the Honumer.

2 .3

T 2.83 and T2.30 (bs, 1H, Z - and E = Et5 N°CH = C ) ), and a polar spot

spectrum (T 6.64 ( g, 4H, N-CH, -CH3]’ T 8.78 (t, 6H, - N - CH,-CH,)

on T.L.C. incicated the formation of the diethylaminc-adduct (238). (See P 131
. and 145)

17p-Hydroxy-2-1 N,N-diethylaminc)-methylene-3-oxo-4-oxa-5-x-
androstane (236) was hydrogenated with platinum oxide in glacial acetic
acid to obtain the saturated amino-adduct, 17§-hydroxy-2-[N,N-diethylamino]
methyl-3-oxo-4-oxa-5 -androstane (237) which, without isolation, was
heated under reflux with sodium acetate in glaclal acetic acid to
eliminate diethylamine., The crude product appeared to be a mixture of
two compounds on T.L.C. The compound corresponding to the lower spot had
the same Rf value as the original lactone, 17p-hydroxy—3—oxo-4—oxa-5 X-
androstane (233). However, on closer inspection, this compound appeared
to be the o-methylene lactane, 1ZP-hydruxy-Z-methylene-3-0x0-4-0xa-5 oy
androstane (238, 28%). The presence of the X-methylene lactone (238)

was confirmed by the infra-red spectrum [ ¥ max. 3440 c:m—1 (OH), 1712 c:rn_1

1 -
( €=CJ), the U.V. spectrum ( A max 215 nm (&. £680)

(C = 0) and 1623 cm_
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and the "M n.m.r. spectrum (T 6.35 (t, 1H, Cqpx-H, J = 8.0 Hy) )
and T 4.42 Cm, 1H, 0-b-CoB-H) and T 3.51 (m, 1H, u-g-{;=c'ila] ‘eorresponding

to the Cz-methylene olefinic protons.

The product wltha higher Rr value was shown to be the acetylated

t{-methylene lactane, 1Zﬁ—acetnxy-2-methylene-3—0x0—4-oxa-5 «K-androstane

1

(239, 30%) by the infra-red spectrum. {¥ max. 1735 cm = ( C=0,ester),

1 1 {C=C} and the disappearance of

1723 cm | ( C=0, lactdne){ 1825 cm
the hydroxyl absorption), the U.V. spectrum (A max 214-5 nm (¢ 7936) }
and the YH n.m.r. spectrﬁm (T7.96, (S, 3H, Cqpp-acetate methyl),

T5.40 ( £, 1H, CppxX-H, J = B.GHZ} and 74.33 (m, 1H, G-g-C=CH—ﬂ}

and T3.48 (m, 1H, O-E-F -cP-Hy.
QOAc

(239)

It appears that the acgetylation of 17ﬁ-hydroxy-2—methylene-3—ox0-
4-oxa-5 e-androstane (238) occurs during the eliminration of diethylamine
with sodium acetate in glaclal acstic acid, as there is no evidence of this
happening any earlier., The existence aof ﬁ7ﬁrhydrcxy-2-methy1ene—3~ox0-4—oxa—
5 A-androstane (238) was corroborated by conversion to 17ﬁ-aceroxy-2~
methylene-3-oxo-4-oxa-5 xX-androstane (239) with acetic anhydridé in

pyridine.

185 with 17p-acetcxy—2-methylena—

The reaction of L-gysteine (228)
3-oxo-4-o0xa-5 ®-androstane (233) gave a cysteine-lactone adduqt (240,
- 69%). The formation of the cysteine-lactone adduct (240) wes indicated by
the infra-red spectrum (¥ max, 3700-2300 em” ' ( COOH and NH,), 1735 em™ 1 (c=0

1

af-carboxylic acid and lactone} and 1621 em ' ( COD ) and the absence of

C2-methylene definic protons in the 1

H n.m.r. spectrum.
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+ -
H3N-CH-C OO

+ -
(l:H?' HaN-CH—COO
SH |

(2206)

(240)

It was decided to synthesise o-methylene lactones in the D-ring
aof the steroid nucleus to compare the cytotoxic activity with the

A-ring of-methylene lactonss. Androst-S-en-Sﬁ—ol-17-one (241) was

utilised for the formation of the D-ring lactons, qp-acetmxy-17-oxu—

17a-oxa-D~-homo-5 otandrostane [244) (Schems 8].

24)

Ac

ScreMe 8
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Acetylation of androst-5-sn-3f-ol-17-one (241) with acetic
anhydride in pyridine gave 3ﬂ-acetoxy-androst—5-en-17-one £242, 85)
which was hydrogenated with palladium-charcoal (10%) catalyst in glacial
acetlic acid to obtain 3f-acetoxy-5 %-androstan-17-one (243, 88%).
Basyer-Villiger oxidation 295 of Sp-acetoxy-s ol-androstan-17-one (243) gave
3p~acetoxy-17-0xo-17a-0xa-D-homa-5 o-androstane (244), isoandrololactone
acetate, in 65% yield. Recently an alternative, high yield conversion
of cyclic ketones to a lactones employing hydrogen peroxide in glacial
acetic acid was reported 2988, Band also an applicatiun of selenylation
and dehydroselenylation was utilised in the conversion of 17-oxo-

steroids into D-homolactnneszgs q

ok -Carboxylation of 3f-acetoxy-17-aoxo-17a-oxa-D-homo-5 -androstane

(244), according to the procedurs of Grieco and Hirbi1g€ Qave a mixture

of the starting lactone and carboxylactcnes ( 245 and 246),

COH
AcO/

(

(24

i
HOOC-H5C—C-0

Oy I

)
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The presence of the carboxylactone (245) in the crude reaction
product was indicated by 1H n.m.r. spectrum (T 7.3 ( S, 3H, Sp—acetate
CH), T5.2 ( m, IH, Cg ok -H) and T0.23 ( bs, 1H, C4g - COQ H) ). The

presence of the carboxylactone {(246), also in the crude product, was

indicated by the H nom.r. spectrum (7 7.38 ( m, 2H, C4g-2H),T6.58 (S, 2H,
]

‘c3-0-C- CH, - COOH), T5.2 (m, IH, Cgo-H) and T0.23 ( bs, 1H, -

COoH} 3. The crude product was taken up in ethsr and washed with
saturated sodium hydrogen carbonate selution followed by water.

The neutral Fracfion obtained was the starting lactone (244} as indicated
by the spectral date and T.L.C. The combined agueous washing was

acidified { pH = 3-4) and extracted wifh ether. The acidic fraction,
consisting of carboxylactones ( 245 + 246), was unstable as the acidic
proton signhal in the 14 n.m.r. spectrum at  0.23 had diseppeared

and the appearance of a multiplet at T 7.368 ( 2H, Cq8-H2),which is
characteristic of the starting material, indicated that the carboxylactone
(245) had reverted to (244). The acidic fractions ‘H n.m.r. spectrum

still exhibited the acidic proton at T4.05 which indicated that compound
(24€) 1g relatively stable. Further treatment AF compounds (245+4248)

with saturated sodium hydrogen carbonate solution gave the neutral fraction,
the starting lactone (244) ( T.L.C. identification) and the acidic fraction,
the carbaxylactone (246), which was esterified with diazomethane to

cbtain the methylester (247). Although this was not fully cheracterised,
its'presence was indicated by the YH n.m.r. spectrum (T 7.36 ( m, 2H,
C16-H23T6.25 ( S,. 3H, Ester-CHg ) and T5.25 ( m, IH, €3 «-H). ), the
infra-red spectrum ( no hydfoxyl group absorp%}on), a ngn-polar spat

il il
on T.L.C. and the mess spectrum ( M—CHy O - C - CH, - C - oH)" = 288).
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R0
CH3~O—C—H3C—C—0—

(247)

An " o{~-hydroxymethylenation” procedure of Volnvelskiizg1 was
performed with Sﬁ-acetoxy lactone (244) under the same conditions as
for 5 «K-cholestan-3-cne (220), The crude product, a mixture of the
starting lactone (244) and the X-hydroxymethylens lactone (248) was
taken up in ether and triturated with acetone. The precipitate
appeared to be the x-hydroxy-methylene lactone (248) as indicated
by a polar-spot on T.L.C. and the infra-red spectrum (v max. 3800-3300 cm_1

(OH), 1695 cm™ ! (C=0) and 1810 em | { £=C) ).

(224153) R=H
(249) R =Ac

The acetone insoluble product was acetylated and, after chrqmatngraphic
purdficatiaon, the fraétion that was thought to be the o-hydroxy methylene
lactone (243) showed no characteristic absorption, in the infra-red
spectrum due to the c&,P-unsaturated system of the lactone (248). It
appeared that the product was either unstable on silica gel or it decomposes:
on standing for a time or both. The "« -hydroxymethylgnation” procedure

of Knox et al 297 was also unsuccessful on 3B-acetoxylactone (244).
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The method of Yamada gg_g;_160 was applied to Sﬁ-acetnxy lactone
f{244) and the reaction was continued until there was nao starting lactone
(244) present, as observed on T.L.C. ( 20 hours). The crude product was
crystallised from ethylacetate/pet ether ( 40-60%) to glve the
o ~-hydroxymethylene lactone, 3ﬁ-hydrnxy-18-hydroxy methylene-17-oxo-

17a-oxa-0-homo-5 o« - andrastane (250} as indicated by the infra-red

1 1 1

spectrum ( v max. 3700-3100 cm ' (OH), 1695 cm ' ( C=0) and 7610 cm
(C=C) ). The mother liquors contained 3ﬁ-hydroxy—17-oxc-17a—oxa-D-homo-5<x-
androstane (251) which presumably arisss by hydrolysis durling the

reaction owing to traces of water and/or during workup.

To avoid this complication, the " g&-formylation” procedurs 1Bowas

applied to isoandrololactone (25%1) which was obtained from the hydrolysis
of qﬁ—acetoxylactone (244). The crude product was shown to be a mixture

of three compounds as indicated by T.L.C. and H n.m.r. spectrum.




...7“ -

The presence of the starting lactone (251) was indicated by T.L.C.
end the M n.m.r. spectrum (T 7.39 {m, 2H, C,g-2H] J. 3B-+Hydroxy-17-
exo-17a-oxa~D-homo-5 *-androstant -formate (252) was shown to be present
by a non-polar spat on T.L.C. and 'H n.m.r. spectrum (T 2.0 ( S, H,
Cy -0 - g - H) ). The presence of [253] was indicated by a polar spot
on T.L.C. and 'H n.m.r. spectrum (T 1,94 LS, 1H, Cq6 - CH =0). The
product ( 253) may be in eguilibrium with its hydroxymethylene isomer ([ 253A-

2538), but thers was no evidence to support this.

The above reaction was repeated using sodium sthoxide, instead of
sodium‘hydride, as a base. Although the reaction was complete on T.L.C.
the product, o-hydroxymethylene lactone (250) appeared to revert te the
starting lactone (251) during workup. It was thought that the use of
dilute hydrochlorlic acid for acidification of the agueous fraction may

cause decomposition of the ®k-hydroxymethylene lactome which may be unstabls

at pd 3-4.
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When 5% agqueous acetic acid was employed to acldify the aqueous
fraction ( pH 6-7), the crude product was shown to be a mixture of
the starting lactona (251) and the ot-hydroxymethylene-lactons (250).
The above crude product was heated under reflux with diethylamine in
benzene, in an attempt to obtain the disthylamino adduct, Bﬁ-hydroxy-ﬂﬁ
( N, N-diethylamino)-methylene-17-axo-17a-oxa-D-homo-5 «-androstane (254)

but only 3p—hydrnxylactone (251} was recovered.

CHNEQ

HO

ool

(254)

It appears that the diethylamino adduct (254) is even more unstable
than the of-hydroxymethylene lactona (250}. When the diethylamino adduct
(254) was formed in the reaction, as indicated by T.L.C., the infra-red

spectrum and the U.V. spectrum (\max 288-300 nml, attempts to carry

out hydrogenaticn and subsequent eliminatieon of diethylamine gave only
Sp-hydrcxylactone {251) but not the expected x-methylene lactone, qp-

hydroxy-16-methylene-17-oxo-17a-oxa-D-hamo-5 w-androstane (255].

(255

HO

I

To obtain the D-ring o-methylene lactone (255), the &-hydroxy-

methylatien" procedure of Grisco and HirnizoaA was applied to iscandro-

lolactone (251) {Scheme 8).




- LDA/THF

HCHO
HO

n

Ms = CH3— S—
{Schems 9) /]
: O
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The yield of 3f-hydroxy-168-hydroxymethyl-17-oxo0-17a-oxa-D-
homo-5 gi-androstane (25B8) was 18% with isoandrololactone (251) being
recovered in a yield of 78%. The low yield of 1B-hydroxymethyl‘lactane[2553
was attributed to diffilculties associated with the introduction of
formaldehyde vapour into the reaction mixture. When the inlet carrying
a nltrogenous stream of formaldehyde vapour, generated by heating
paraformaldehyde to 180°C, was underneath the surface of the reaction
mixture, the tip of the inlet became blocked owing to the polymerisation
of the formaldshyde. When the tip of the inlet tube was placed just
above the surface of the reaction mixture, after a few seconds,
there appeared a film of polymerised formaldehyde at the surface,
even though the rate of flow and stirring was quite fast.

223. in which the reaction

The procedure of Lucast and Wemple
mixture was kept at - 78°C ( acetone/dry CO2) instead of raising
the temperature to - 206°C ( carbon tetrachloride/dry CDZJ.before
introducing the formaldehyde vapour, did not improve the yield of
the -hydroxymethyl lactene (256). This procedur9223 was applied

so as to reduce the time bstween the'generafion of the anion and the

flow of formaldehyde vapour.

The formation of 3B-hydroxy-16-hydroxy methyl-17-oxo-17a-oxa-
D-homo-5 &-androstane (258} wes indicated by a polar spot on T.L.C.
{solvent system, chloroform/methanol: 95/5) and the TH nom.r. spectrum

displayed a signal at T6.36 ( d, 2H, J = 8.0HZ) correspending to

the methylene protons of the C16 - hydroxymethyl substituent,
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An attempt298 to obtain the mono-mesylate (257) was unsuccessful
and the dimesylate (258, 82%) was obtained as indicated by a non-polar

spot on T.L.C. ( chloroform/methanal; 95/5), the infra-red spectrum

1 1

( the absence of hydroxyl absorption, ¥ max 1724 ¢cm = ( C=0) and 1355 em

1

and 1176 em = ( —802-0-1 and the 1H N.m. 1. spectrum,'ﬁ 6.37 and

T7.02 (s, 6H, 2x - 0 -50,-CH, ). It was expected that selective

mesylation would have been possible owing to the fact that primary
alcohols react faster than secondary alcchols end that the reaction
was performed at a low temperaturs ( -20°C) and further that selective

sulphonation has previously been reported 298'299_

The di-methylsulphonate lactone (258), on heating under reflux
with pyridine, resulted in the eliminated product, 18-methylene-17-oxo-

17a-oxa-D-homo-5 o-androst-2-ene (259) in a low yield (28%). This

has been confirmed by the infra-red spectrum (¥ max. 3030 cm—1

1

(c=cC),
17O€=‘~cm'1 (C=0) and 1620 cm ' (C = C) ), the U.V. spectrum (A rﬁax 213-4nm,
€ . SSEF} ) and the Ty n.m.ré spgatrum;‘t4.51 [@} 3H,C 2,3 H and -
0-?—?%-&,‘.'{3.80 (m, 1H, 0-C- fliwg-—H}.

As the X-hydroxymethylene 0O-ring lactons {230) could be obteined,
even though unstable and impure, it was decided to synthesise the

K-hydroxymethyl-D-ring lactone (256) by the reductive procedurs of

Minato and Horibeq78.
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The above reductive method was unsuccessful even though sodium
borohydride has been employed for reduction of o,f-unseturated
systems ( 250+256) in the synthesis of various natural cytotoxic
sesquiterpens lactone5171’ 17?-180. The use of palladium-charcoal
[%U%J in ethanol, ethylacetate and acstic acid and platinum oxide in
athyl acetate and acetic acid was also unsuccessful. The low reactivity

- of the eclefinic bend towards reduction may bs due to steric and

conformational factors.

In studying the microbioclogical hydroxylation of steroids,

Bridgemann gt al 300

required oxygenated steroids of the less common
type ( s.g. 260 -262) preparsd by the removal of 17-oxo-groups from

the benzylidene ketones (263} by lithium aluminium hydride-aluminium

chloride. The preparation of benzylidene-ketones(263) by a type of base
01

catalysed aldol condensation has been reported.3

HPh

RO

T

H

(2062 (263)
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The katonz {264) on condensation with formaldehyds results in an

dwﬁ-unsaturated compound (266) after iodins-catalysed dehydration

of the initially formed ketol (265).

HCHO

(264) (265)

(266)

Bearing this in mind, the aldol condensation was attempted cn

the D-ring lactone (251) tc obtain an M;methylene-ﬂ-ring lactone (255},
although an aldol condensation with ester seems unfavourable owing to a

lack of acidity of ths «-methylene protons.

HCHO/ELOH
——
KOM/HyO ~ HO

251) (255)

i

H

The yield of x-methylene lactone (255) was 27% with the starting

lactone ( 251) being recovered in 34% yield. The formation of 3p-hydr0xy~
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16-methylene-17-oxo-17a~oxa-0-homo-5 p-androstene (254) was indicated by

-1 -1

the infra-red spectrum (Y max. 3420 cm = (DH), 1715 em ° ( C=0) and 1613

cm‘q {C=C) ), the U.V. spectrum ().mgx. 214-5 nm, (€ 37801 ) and the

Y4 n.m.r. spectrum, T4.30. Cm, 1H, O- c—c-t’: “H)  and73.52 Lm, O- & -C= t -H)

The low yield of the X-methylene lactone (255} could be explained
by the fact that the base, potassium hydroxide, does not anly abstract
a proton to form the lactone enolate but also causes the hydrolysis
to the hydraxy acid {267) which on acidificaticn relactonises to
the starting lectone. Also, the equilibrium between the formatiaon of
the lactone enolate anion and hydrolysis may be in favour of hydrolysed

product(267) .

OOH

KOH/HgO

> H

5

25)

Condensation at the methylene group of acyclic ketones often falls
because of the intermediate aldol prod uct undergoes a retrograde aldol
reaction more rapidly than it dehydratesagz. Apparently, there was ng
indicaticn fof the formation of the ot-hydroxymethyl-lactone in the crude

product.

To overcome the problem of hydrolysis, sodium ethoxida, instead of
potassium hydroxide, was employed as a base but thece was no evidence of
the «-methylene lactone (255) in the reaction mixture. There was some

evidence for the formation of the K-hydroxymethyl lactene (256) but
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repetition of the reaction was unsuccessful. The utilisation of
dimethylsulphoxide (DMSO) and benzene as solvents and piperidine as

a base alsu appeared to be unsuccessful.

A more satisfactory method for the introductien of & single carbon

atom is ths reaction of an active methylens compound with formeldehyde

and an amine to form a p-amino-carbunyl compound - the Mannieh reactionaos.

A literature survey revealed that although the Manmich reaction has been

303,304 and activated lactones, i.e.

ot-carboxy—w1 and i-carboxyester-lactones 182-192, this has never

applied to carbonyl compounds

been applisd to lactones in the synthesis of X-methylenelactones.

An application of the procedure of Miller and Smith 305 ( 37% agueous
formaldenyde, diethylamine and diethylamine hydrochloride in dioxan heated

at 80°C for 80 hours under nitrogen) to the D-ring lactone, iscandrololactone

(251) gave the &-methylene lactone, 3ﬁ-hydroxy-1S—msthylene-17-oxo-17a-oxa

-D-homo-5 &-androstane { 255,27%) but there was no evidence of the

diethylamino adduct, 3ﬁ-hydroxy—15-[N.N-diethylamino] methyl-17-oxo-

17a-oxa-D-homo-5 x-androstane (288).

xm
L_

(251) (268)
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The formation of the x~methylenelactane (255] was confirmed by

the spectral data which were identical to that of o(-methylens-

lactone (254) cbtained with the base-catalysed aldol condensation

with formaldehyde. The P-aminolactone (268) undergoes elimination

of diethylamine, undsr the reaction condition, tgo form the o-methylene

lactone (2581.

H S—— E‘tzN

(268) (269) i

HO

Tun

(255)

As there was a lot of starting lactone (251) recovered, it was
decided to add more of the reagents after eight hours and keep the
reaction mixture under reflux for further twelve hours. However, there
was no improvement in the yield of the ™-methylerelactone (255).

Even keeping the reaction mixture under reflux for 72 hours showed no

imprcvamant.
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The most widely used solvents in the Mannich reaction are sthanol,

cther alcohols such as methanol and lsopropanol, water and acetic acidses.

In some reactions involving weakly reactive substrates, 1-2,dimethoxy-

307.30&

ethans ( glyme) has been used as a salven .The employment of gly@§.~ as

a SOlVBﬂtBDBinstead of dioxan did result im an «-methylene lactone (255)
put in a very low yield whereas the use of glyme with pyrrolidine

as a base instead of diethylamine was unsuccessful. Recently ketones
have besn allowsd to react with preformed iminium ions 1984, 308, 308

to obtain ﬁ-amino adducts which, under the slimination conditions,

could be convsrted to‘ -methylene compounds.

Preliminary attempts using S-trioxan and N-methylanilinium

triflugroacetate [TAMA)310 in dioxan wers however unsuccessful but

further work in this area including the use of Escheﬁimoser's salts,

197,189

dimethyl (methylene) ammonium iodids and dimethyl (methylene)

ammonium chloride 1988 may be useful,
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As an ot-methylene- ¥ - lactone structural unit is present in
most natural cytotoxic sequiterpene lactones, 1t was decided to
synthesise ¥- lactones,l The application of the Barbier-weland

311

degradation with the §-lactone (203) was expected to lead to

the ¥-lactone (274) (Schems 10].
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7y B

>

Iun
Tun

(274) Screme (O | (276) |

The reactions of Grignard reagents with lactones were first

investigated by Hauben312 and in visw of their relaticnship to the

esters, the relatively simple J-lectones gave tertiary alcohols.
The reaction of a $%-lactone, 4-oxa-5 «-cholestan-3-ane (203) with

313 was performed to obtaln

Grignard reagent,  phenylmagnesiumbromide,
a tertiary aleohol (270). Unfortunately, the product obtained was

not the expected product (270) but a dihydropyran, 4-oxa-3-phenyl-Seoc-
cholest-2-ens (278), although the reaction of Grignard reagents

with lactones forming tertiary alcohol products have been repnrted314.

Ph

{Scheme 11)
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At first glance it might eppear that the reaction involves
a rather unusual type of rearrangement. However, if it 1s assumed
that the Grignard reaction terminates at the first stage with the
formation of an intermediate (277}, then the final product (278) is
readily explicable as a result of dehydration of the resultant alcohel
“from (277) during work-up (Schems 11). Similar dehydrated products,
dihydropyran, have been obtained with androstane derivatives when
‘treated with Grignard reagents® °. The stability of the product,

dihydropyran (278), may have been enhanced due to the conjugation

of the olefinic bond with the aromatic ring.

The dihydropyran {278, 50%) obtained was less polar than the
starfing lactone (203)}. The formation of dihydropyran (278) was
indicated by the 'H n.m.r. spectrum which showed a triplet at
Ta.72 ( C,-H, olefinic proton), a guartet centred at 76.42
{ Cg-at H) and a multiplet centred at T2.58, the aromatic protons.
The U.V. spectrum ( A max 264 nm, ( € 9250) ) alsc supported this
structure. There was ne evidence of the formation of the tertiary

alcohol, the expected product ( 270),in the crude reaction mixturse.

Attempted ozonolysis of the dihydropyran (278), to cleave the
C2-C3 bond, gave an aldehyde (27g9)@lthough an oxidative work-up
was followed. The presence of an aldehyde (278) was indicated by the

'H num.r. spectrum (T 4.91 (g, MH, Coa-H), T1.9 - 2.73 ( m, SH,

Aromatic protons) and T 0.21 { 1H, - €H} ).




Ph-T o 2
O H
(279)
lKOH/MQOH

S

OH
HO

(275)

Hydrolysis of (279) was performed in an attempt to cbtain the
hydroxy-aldehyde {275). But, & number of products were obtained
which were not characterised dus to low yield. However, the hydroxy-

aldehyde {275) may be in equilibrium with the lactol (2761,

although therse was no evidence to suhport it.

The dihydropyran (278) was allowed to react with excess
monoperphthalic acid315. It was envisaged that thils would lead to
the o(~spoxide (280) or other products which could be utilised to

cleave the CZ-C3 bond,
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Tha product obtained was not the expected «~epoxide,
4—oxa-2<x,Bu-oxido-B-phenyi-S o« -cholestang (280) as indicated by
the ahsence of the CZ-H gignal in the 'H n.m.r. spectrum. The infra-
red spectrum of the product showed the presence of the carbonyl
(1730 em™!) and the hydroxyl (3300 cm™ ') groﬁps. The presence of
Cq-methylene protons as AB quarte? ( thus C4-methylene protons adjacent
to a carhonyl group) and the hydro%yl proton broad multiplet,
exchangeable with deuterium oxide, in the 'H n.m.r, spectrum

indicated the structure of an hemlacetal ketone (281).

>

Ph =
o+ H

(28l)

Although the composition of the epimeric mixturs of he:miacetal
ketoanes, 3-hydroxy-4-oxa-3—pheny1-5o(—chqlestanéi?gé1] was variable,
ity presence was confirmed by the presence of the carbonyl (1730 cm-1)
and the hydroxyl (3300 cm—1] groups in the infra-red spectrum.
The lH n.m.r. spectrum showed quartets at 75.7 and76.45 which wers
assigned to the Cg -« - methione in the 3 x-hydroxy - and Sp—hydroxy~
hemiacetal ketcnes (281) respectively. The methylene protons et g,
displayed two overlapping AB quartets centred at T7.43 and 7.53, and the
lower-field quartet was assigned to the 3 &-hydroxy-hemiacetal ketone.
The hydroxyl proton eppeared as a broad multiplet at T6.8 which was

exchangeable with depterium oxide. The mixture of epimers could not be

separated by crystallisation. The reaction of the hemiacetal-ketone .(281)
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with acetyl chleoride in ethanol resuited in an acetal-ketone, 3-ethoxy-4-oxa-
3-phenyl-5 ««~cholestan-2-ane (282, 65%), thus giving support to the

hemiacetal -ketone structure (281).

> >

CH3COC! /CoMHEOH

Ph éHos | Ph cgas?‘i
281) (282)

Crystallisation of the acetal-ketone (282) from ethanol resulted
in a single epimer and was assignhed the 3 ®%-sthoxy configuration due to
1
a single AB quartet of C1~methylene protons centred at T77.43 in the H

1 in the infra-

N.M.T. spectrum. The absence of absorption at 3300 cm
red spectrum indicated the absence of the'hydrnxyl group. The
methylene protons of the ethoxy substituent gave two overlapping

gquartets owing to their diasterecspecificity. It appears that the

3 -ethoxy-epimer ig the thermodynamicelly stable epimer and hence

isolable on crystallisation. It was thought that this reaction was
air oxidised to produce the 3-ethoxy compound, however, the same product

was obtained when the reaction was perfermed in a nitrogen atmusphers.

It appears that the o -epoxide (280), which may have been formed
in the reaction, undergoes rearrangement to give rise to the compound (281).

The formation of the compound (281) can bes formulated in 2 number of

ways (Scheme 12]317.




(28
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©)

(281)

ScHeme [ 2

Thers have been essentially two processes reported for the
reaction of encl-ethers with peracid3318-321. The initially
formed spoxides are attacked by the carbdxylate or peroxycarboxylats

anion to give the intermediastes (287) or (288), respsctively, which

could gither rearrange or fragment as shown (Schems 13).

] R4
ATCOOH, (f N\ Vi CoAr
o/ \a &
(287)
l ArCO3H | L
] 4
o R OR

ScHeME |3
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The product obtained from ths ;epoxidation procedure with
dihydropyran (278} was not the expected -epoxide and also it did

not appear to be the products corresponding tc those in Scheme 13.

In order to cbtain compounds which possess ambergris-type edours,

Cambie et 61320

required the epoxide (290} whose formation was
attempted by epoxidation of the encl-esther [289]322 with
monoperphthalic aclid. However, although the successful isolation
of the epoxldes of some enol-ethers has been reported,318 the only

products isolated were the known acetoxy-acid {291]322'323

and

one which was ldentified as the dimer keto ether (282).

The acetoxy-acid (281) probably arises by a fragmentation

reaction (Scheme 14} similar to that observed during the epoxidation

of tetrahydrochroman5324 and certain steroidal encl—ether531g.




7
(290) 0
— OH
m\“OAC

(291) ScrHeme 14

The stabilisation of the intermediate (283) by the 3-phenyl
group may be of importance particularly since nucleophilic attack at CS
in (280) by phthalate or perphthalate anien (Scheme 13} would not be
favgﬁ¥§H;§§QﬁE§E?Q£%g}¥¥Lepoxidétion would mainly occur, The opesning
of gpoxide ring to give "1,2-disubstituted” compounds occurs very readily
under acidic catalysis, for protonation of the epoxide oxygen.atom
greatly enhances the normal polerisation of the C-0 bend, permitting
nucleophilic attack by an anion or solvent molecule in concert with
breaking of a C-0 bond. Epoxide-opening reactions have the sterszcelectronic

fzature that the attacking nucleophile epproaches the epoxide ring

to give a trans diaxially substituted product:
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Accordingly, the formation of (295) would be unfavourable

arid the opening to (296} would be sterecelectronically favoured.

e

///,
Ph o=
H

(280)

Howsver, the epoxide ring of epoxyethers (237) haz been opened

with acid at the C1 atom holding two oxygen functions to give the ester

31498

of a hemiketal (298], It is of intersst to note that (297) w 8
2

contains a stabilising aryl group similar to (280) f?
C—

follows the normal reaction pathway (Scheme 13). |

&c (NO2) 5 CeH5COLH T gH Wwo
.A_f?Cll 12_ Me '2/2 +6"3-2 5 Ar_(_lji_.%_Me _
MeO Me ' Me O Me

(297) (298)

The low solubility of phthalic acid in ether may also be of soms

importance in inhibiting the efficiency of the epoxide opening reactions.

The structure of the hemiacetal-ketons (281) was further
supported by the evidence that the treatment of the hemiacetal-ketone
with lead tetra-acetate in benzene gave 2,3—sac0—SP—benzoate-5d -
cholestan-2-carboxylic acid (299]). The presence of the carboxylic
acld (299) was indicated by the T;L.C., the infra-~red spectrum

1 1

{V max 3B00-2800 cm ' (OH), 1720 cm = (C=0) ) and a downfield shift

of C. o -methine proton tcT4.91 in the 'H num.r. spectrum.
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Further confirmation of the structure of the carboxylic acid (239)

was affordad by its reaction with diazomethane tc obtain the methyl

o
ester (300). The presemce of a singlet at T 6.43 in the H n.m.r.
spectrum and an absence of the hydraxyl absorption in the infra-red

spectrum indicatsd the formation of the methyl ester (Scheme 15).

Q ScHeME [5

Rl

(274)

The.carbnxylic acid (298} was hydrolysed with potassium hydroxide/
methanol ta obtain the hydroxy-acid (309). The absence of arcmatic
protons in the 'H n.m.r. spectrum and the presence of a polar compound
on T.L.C. was incdicative of the formation of the hydroxy-acid (301).
Treatment of the hydroxy-acid with tolusne-p-sulphonic acid in benzene
afforded a ¥ -lactone, 3-nor-4-oxa-5o-cholestan-2-one (274) indicated

1

by the infra-red spectrum (¥ max 1785 cm ' (C=0) ) (Scheme 15).
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In their studies on the effect, on physioclogical properties,
of modification of the size of the A-ring in various steroids Jaccbs
and Takahash1325 cbtained a y-lactone, 3-nor-4-oxa-cholestan-2-one (303)

from the hydrogenation of the enol-lactone, 3-nor-4-oxa-cholest-5-en-

Z-pne (302).

CgHy7

Adam s O:<\
—_
Catalyst

H

(302) (303)

\\

O/

This ¥ -lactone (303) ( M.P. 126-127°¢ (methanol), [D(Jés + 8.8
[CHCISJ ) differed from the ¥lactone (274) ( M,P. 105-106°C
(methanol), [n(]§5 + 25.07 ( CHClSJ J. The stersochemistry of Y¥-lactcne
{303) at CS has not been spgcif;ed whereas ¥lactone (274) has its
' 203

stereochemistry determined ( S5« ]} by its starting $-lactone

and 1t is presumed that the earlier prepared lactone (303) in the SF-

epimsr.

The overall yleld of the )Y-lactone (274} is very low and thus

o{-methylenation procedurs was not performed.

T determine the importance of electronic effects in the
Grignard reaction with §-lactone (203) and subsequent epoxidation step,
the reaction of 4;meth0xy:phenyl bromide with §-lactens was performed.

The crude product, on separation by preparative T.L.E., gave the
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dihydropyran, 3-(4-methoxy phenyl)-4-oxa-5~-cholest-2-ena (304),
the tetrahydropyran, 3,3-di ( 4-methoxyphenyl)-4-oxa-5e(-chalegtane
(305) and the hydroxyelefin, 3,4—3900—5p-hydroxy-3,3-di (4-methoxyphenyl)
- 5« -cholest-2-ene (306). There wers also three other minor products

which were not identified.

Me O CgH 4 Br/Mg.

Ether

305) (306)

The spectro%@pic.data of the dihydropyran (304) were similar
to thoses for the dihydropyran (278)}. The fH n.m.r. spectrum of the
dihydropyran (304] diéplayed a singlet atT6.,2 ( 3H, -0 - CHB] and a
triplet at T 4.92 ( 1H, C,-H). The occurence, in the " n.m.r. spectrum
of the major product ( 37%), of two singlets at T68.17 and T6.25
{ Zx -0 - CH3), a multiplet at T 2.5 - 3.4 ( 8H), confirming the presence

of two phenyl groups and a multiplet at T6.96 assigned to the Cg -
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methine, confirmed the tetrahydropyran structure (305). Kuhn328

reported that when an ether solution of a Y-lactone is permitted
to react vigorously with 3 egquivalents of phenyl-magnesium bromide,

ths product is a tetrahydropyran dsrivative.

The identity of the hydroxyolefin, 3,4-seco~5p-hydroxy—3,S-di-
(4-methoxyphenyl)-5 o¢-cholest-2-ene ( 308, 17%]) was confirmed by
the 'H n.m.r. spectrum which displayad two singlsts at T6.2 and 76.27
- { BH, Cy - MeO-Aromatics), a multiplet et T 2.8 - 3.4 { 8H, Aromatic H )
and a triplet atT4.1 { 1H, C,-H} and by the infra-red spectrum

1

(V max. 3640 - 3200 cm ' (OH) ). The formation of the tetrahydropyran

{305) and the hydroxyolsefin (306) could be postulated as shown {Schems 16).
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Ar:MeO-@—

ScHeME 16

The compound (310), on workup, would give rise to compound (311)
which would be an intermediate forming the tetrahydropyran (305) and the
hydroxyclefin (308) by cyclisation and dehydration, respectively.

It could be stated thet the removal of the hydroxyl group from Cs3,

as a water molecule, would form a benzylic carbocationic intermediats
(312) which could cyclise to form the tetrahydropyran (305) and abstract
a proton from C,-methylene to form the hydroxyolefin (306). The benzylic
cationic intermediate (312) would be favoured by the strong electron

donating properties of the 4-methoxyphenyl substituent as indicated in

{313).




The structure of the tetrahydropyran (305) was further supported
by its palladium/charcoal acid catalysed hydrogenclysis to the
saturated alcohol, 3,4-seco-3,3-di-{4-methoxy-phenyl])-5& ~cholestan-
5;3-::1 (314,) which was accompanied by the ketone, 3,4-seco-3,3-di-

(4—mathcxyphengl}-cholestan-S-one (315).

'\\

Ar = MeO@ Ar

Ar

(315)
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The formation of the saturated alcohol {314) was indicated by

1 (OH) ) and the ,H MNeMale

the infra-red spectrum (Vv max 3300 cm
spectrum in which a downfield shift of C; « -methine from76.96 to T
.51 ocourred. The ketone (315) was indicated by a non-polaf spot on
T.L.C., the infra-red spectrum {v max 1705 cm_1 {C=0} ) and the
absence of the C5 o ~methine in the 'H n.m.r. spectrum, The formatieon

of the saturated alcohol {314) and the carbonyl compound (315]) has

been pnatuléted as shown {Scheme 17).

_HT,
R05)
ﬁulpwc Ho
*\\\\ |
Ar | Ar
ArH A AP ©
(314) (315)
_.Al"= MGO"@

ScHeme 17

The structure of the saturated alcohel (314} was furthsr

supparted by 1ts formatien from the hydroxyclefin (3063 by

hydrogenation,




Confirmation of the transformation of (306) to the carbonyl
compound {315) was obtained when 1t was treated with tolusne-p-

sulphonic acid in besnzene.

\\

Ar

(304 (315)

Thiz rearranegement, which involves a hydride shift from

Cg to C3 » appears to be navel in the steroid field, although a

similar rearrangsment of (318) to (317) has been reported327.

i
(317)
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Thus, 1,5 -hydride transfer, rearran gement was supported

with deuterium labelling experiment, as shown below.

,\D-—- O—H ——Hj—a oL £oL
aig /@9
<D |—0

(320)

The saturated alcohol (314), on oxidation with Joned reagent,
resulted in a carbonyl product which was 1dentical to the carbonyl
. compound (315} obtained from the acid-catalysed hydrogenolysis and from
the hydroxyelefin (308} on treatment with toluene-p-sulphonic acid in

benzene.

MeO

R14) (315)

This also corroborated the structure of the saturated alcohol (314)
as well as that of the ketone (315}.Crystallisation of the carbonyl
product (315) was not successful and thus it was converted to the

oxime (321).

Y >
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- (3]5) HaNOHHCI  Meo—

o
I

O

Me

321)

The structure of the hydroxyolefin (308) and the saturated
alechol (314) was further supported by the formation of 3,5-dinitro-

benzoate esters ( 322 and 323) respectively.

(322)

‘ (323)
IQfSé O2

There is a need for further work to be carrisd out on the
dihydropyran (305) to ascertain whether an epoxidation would result in
a normal epoxide or some rearranged product(s). The low yilsld of this

product thus far has prevented this investlgation.
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As -methylene~ ¥ -lactones display various biological properties,
it was decided to synthesise a ¥ -lactons onto rather than in the
steroid nucleus. In their studies on the oxidaticn mechanism of

269A1, Z68Bii, 328
chserved a

metal carboxylates, Heiba et al
novel reaction of manganic and cerdc carboxylates with olefins
leading to ¥ -butyrolactones in excellent yields.

The procedurs of Heiba EE_EE?SQF employing manganic
acetate was applied with cholest-4-en-3-one and there was ho
reaction. The lack of reactivity of cholest-4en-3-one may bhe
due in part to the electron deficiency in the conjugated double
bond. Reaction with cholest-S-en-qﬁ-acetate was also unsuccessful

and suggsst steric hinderance may alsc be importantzagF.

Reaction with S «¢-cholest-2-ene, which was synthesised from

cholestarol ( Schems 18] was, mors successful,

CgH|7

RS

(CH3CO)5 0
‘HO/ Pyridine " AcC

(324)
(20)) | l Ho/ Pa-C (0%)

HOAc
'NaOH /EtOH

lTsCI/F’y ridine
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DMSO, 100°,
3hrs ’

ScrHeme (8

[Y .
The formation of a ¥-butyrolactaone, 3-(2 -acetic acid)-

2-hydroxy-5 « -cholestan-¥- lactone (330) (See later) was indicated

1

by the infra-red spectrum (¥ max. 1788 om = ( C.=0) ). The

thermal decomposition of manganic and ceric acetate 269A1, 269814, 328,

328, 330 has demonstrated the intermediacy of the free-carboxy-methyl
radical. The first step in the lactone synthesis (Scheme 18) is the

addition of this radical to the olefin.

‘cHycooH z>:<l:1
l




(Scheme 19)
The direct farmation of carboxyalkyl radicals fram carboxylic acids

by manganese (III) most probably involves initial enolisation of
the carboxylic acid followed by electron transfer from either the

enol or the enelate anion {Schame 20).

O - O
fl OAc - I
CH3—C—OH ————> CH5~-C—OH
Mn3+
+
OR H
OH
4 ° [l
CHo=C _ CH,-C—-0OH
| OH
Mn3 + A
+
/}-{
OH
o + /
C?%g-—-(:\\
OH

(Schems 20]
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This has been Indlcated by the fact that highly enclisable
carboxylic aclids such as cyanoacetic acid react much more rapidly
with manganese (III} than do simple alkyl carboxylic acids.

The importance of base-catalysed enolisation in these reactions
was demcnstrated by the relative rates of disappearance of fh

substituted benzyl phenyl ketones, where electron-withdrawing groups

26981

increased the reaction rate with manganic acetate The

prefersnce for formation of the least substituted o-keto radical
from ungymmetrical ketones 26981 is further support for the

intermediacy of the enolate anicn.

The lactone synthesis depends upon five basic mechanistic

requirements:

(1] the selective direct gensration of carboxyalkyl radicals;

(2) the difficult oxidation of the initially formed carboxyl radical;

[3) the rapid and selective addition of this radical to the olefin:

(4} the fast oxidation of the resulting adduct radical to the
carbonium ion, and

(5) the rapid cyclisation of the carbonium ion to the lactone.

The low yield of the X-buty?olactnne[32930btained may be dirsctly
attributed to problems related to one or more of the mechanistic

requirements,

The reaction of the carboxymethyl radical.'CH2 COCH, with
5 x~ cholest-2-ene (328) may result in eight regic-and stereo-isomeric

¥-butyrolactones. The structure of the major product isolated (329)
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]
was assigned from the H n.m.r. spectrum in which the signal ( 5
lines! for the low field mgthine at C-2 was an gverlapping doublet

( J = 12.0 H,) of triplets ( J = 6.0 Hz) { Fig 1AJ,

16 | A

FiGg (B

The smaller spin-spin coupling is to the eguateorial protons
at Cq and C3 and the larger spin-spin coupling is to the axial proton

at C1 ( Fig 1 B).

The carboxyalkyl radical would be expected to attack preferentially
et the C~3-peosition, from the unhindered «~face, giving rise to a

radical at C-2, which cn oxidation would form a carbonium ion which in turp
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would give the thermodynamically stable cis -~ ¥ -lactone (333).

The hydrolysis of the lactone resulting in a 2-hydroxy-3-
{(2-acetic acid)-5o -cholestane and the oxidation of the hydroxy-
acid to Z2-oxo-acid may give further support for the structure of the
¥-lactone. However, the low yield of the ¥-lactone prevented
further investigation, of the structural assignment. This low

yield also prevented the investigation of reactions leading to

the preparation of an ot-methylene =¥ - lactone.
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MATERIALS:
Human carcinoma of the nasopharynx (KB] cells wers obtained

from Flow Laborateories Limited, Irvine, Scotland.

Minimal Essential Medium (MEM) containing Earle's salts,
L~Glutamine ( 200 mM; 1%) and Non-Essential Amino Acids (1%),
Foetal Bovine Serum (10%), Fhosphate Buffered Saline (PBS].
Dulbecen's formula ( modified) without calcium and magnesium.
Trypgin (2.5%) in PBS wers obtained from Gibco Bio-Cult Limited,
Scotland. Sodium hydrogen carbonate was of analytical grade.
Penicillin G ( Potassium benzylpenicillin] and Streptomycin Sulphate
were ocbtained from Sigma Chemical Cempeny Limited, Paogle, Darset.
Dimethylsulphoxide (DMSO) was distilled from Calcium hydride under

vacuum and stored cver molecular sisve,

PROCEDURE:

Minimum Essential Medium (MEM] pre-mixed powder was disgolved
in sterilised distilled water ( aspproximately 500 ml)l with stirring.
Sodium hydrogen carbonate ( 2.0 g/l1) was dissolved in sterilised water
{ 100 ml) and added to the MEM solution, with the flask being well
rinsed with watef. Ths pH of the medium was adjusted with IN hydrochloric
acid. The medium was stirred slowly all the time during the addition
of the acid. As the pH of the medium rises during filtration, the pH
of the medium was adjusted such that the pH was 0.2 - 0.3 units lower’
than the final desired pH value { 7.4). The medium was made up to
a final volume cf one litre with sterilised water. Penicillin G
(potassium benzyl-penicillin; 40.0 mg/l) and streptomycin sulphate

(50.0 mg/l) werse added to the medium under sterile conditions.
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The medium was filtersd, under a positive pressure to preveﬁt

the loss of carbon dioxide, through a sterile membrane filter.
Foetal Bovine Serum was added to the medium to give a final
concentration of 10%. The medium was aseptically dispensed into
sterile 500 ml containers and stored at 4°C. Trypsin ( 0.25%)

was prepared by the addition of trypsin solution ( 2.5 % w/v; 10 mi)
to Dulbecco's PBS selution without calcium and magnesium and

stored at -20°C.

The (KB) cells wers incubated at 37°C for 24 hours,upon receipt,
in an atmospherse of 5% C02 - 95% air. The medium was removed, from
the culture vessel, by suction, and sufficient trypsin solution
( 0.25%, 1.0 ml) was added so that thes monalayer of cells was
adequately covered. The culture vessel ‘was then incubated at 37%
for about 5-10 minutes. The resultant cell suspension was centrifuged

for 5 minutes at a speed of 250g/minute. The medium was removed

and the pellet of cells was resuspended in MEM solution. The
suspension was aspirated thoroughly and the above sequence was repeated
to obtain trypsin free cells. The cells were suspended in fresh

MEM solution and incubated at 37°C for 4-8 days to obtain a monolayer

pf calls.

By employling the above procedure actively dividing cells, ready

for assay; were obtained., The drugs were assayed following a rapid

31

visual assay method 3 and the active drugs were assayed Tollowing

the Cancer Chemotherapy National Service Centre (CCNSC) prOCEdurEBSZ.
The resuspended cells, obtained after the trypsination sequence, wers

counted using a hasmocytometer. The cells were dispersed in MEM
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solution to ensure even distribution for the cytotoxic assay and
approximately 5 x 105 cells were transfered to Gibco's Screw-cap
tissue culture tubes containing 4.0 ml of the medium. Cells wers
incubated for 24 hours. Two tubes were used to obtain base-line

cell number.

Dimethylsulphoxide ( DMSO; 10.F1] was added to two further
tissue culture tubes and incubated to act as a control, and to the
rest of the tubes, o-methylene-S-lactones { 0.1 - 5.01Fg/ml) in
OMsO [19pl] were added and incubated for 72 hours. All the assays
were run in duplicate. After incubation, the cells were lsolated
employing the above trypsinisatioh sequence. The pellet of cells
was taken up in 0.5 ml of the medium and cells wers counted using
a Coulter Counter ( Model Z, Coulter Electronics Limited, Herts,
Engiand]. Ciluticon of samples was necessary to enable realistic
number of cells to be counted. After conversion of Coulter Counter

readings to total cell number, a graph of percentage death against

concentration was plotted and an LDs5g value, the concentration at

which 50% of the total cells were added, was determined.( See Appendix).
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RESULTS AND DISCUSSION

The potent cytotoxic action of many sesquiterpene plant

products and their ability to inactivate selected enzymas in vitro
have been attributed to the presence of an -methylene butyrolactone
moiety4A'1qc. These compounds can bé viewed as a special class of
naturally occurring alkylating agents, thaugh the exact bialegical
role these agents might have in plants remains undefined. Interest

in %-methylene butyrelactone derivatives as medicinal agents has
been stimulated by the possibility that some of them might show
enough sslective cytotoxicity against neoplastic cells to be of
therapeutic value as anti cancer agents. A number of sesquiterpenes
containing the o~methylene butyroclactone Fﬁnction have shown high

levels of cytotoxicity against tumour cells in vitr611D’1g'25'29’32'333

Preliminary cytotoxic testing, employing a Rapid-Microtitre method,
indicated that all the synthetic stercidal o-methylenslactones were
active at a concentration under 10 pg/ml. The procedure of the Cancer

' Chermotherapy National Service Centre332 was employed to obtain an

accurate LDgp value and all the steroidal o-methylene-%-lactones
exhibited approximately equal significant cytotoxic activity at a level

of 1.G‘Pg/m1 or less against KB cells. (Table 1).
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TABLE 1
LD 50 ( pg/ml)
COMPOUND MICROTITRE NETHE]D331 CCNSC METHOD 332
7A < 10 0.31 (0.32) 3%
225 < 10 0.80
230 < 10 1.27;(0.58,0.44) >
233 NO ACTIVITY -
238 < 10 .80
239 < 10 0.72
258 < 10 1.0
259 < 10 0.92
329 NG ACTIVITY -
Elephantopin, vernolepin, eriolangin and ericflorin were used as standards
in the microtitrs procedurs. Elephantopin, the most active of the natural

compounds and the one of comparable cytotoxic activity te the synthetic

- mathylene lactones, was employed solely in the CCNSC procedure.
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(329)

Although only a few steroidal x-methylenelactones
structures were evaluated, the degres of activity appears
to be independent, irrespective of whether the o-maethylere lactone
moiety was in the A or D ring of the steroid nucleus. However, ths
A-ring o-methylene lactones are relatively more active than the D-ring
counterparts which coula be due to a change in the configuration of

the D-ring in the sternid nucleus.

The simple synthetic «-methylene lactones ars epproximately
as cytotoxic as more complex natural productszg. This supports
the tentative conclusion that in cell cultures, as opposed to the
whole animal assays, the ww-methylene lactone, the alkylating function,
is sufficient to confer cytotoxic ﬁroparties upon the molecule, even
in the absence of other reactive functionalities. Selective modification.

of the w-methylene lactones moiety by hydrogenation11u

or alkyl
substitution32 always resulted in complete loss of cytotoxicity,

thus ldentifying the activity conferring functicnality.
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The cytotoxic activity of testosterons (230), confirms previous

3

finding on HEp-Z2-cell line , and of 5 «-preghen-3,20-diane (331]45

suggests that cytotoxicity may be assoclated with steroid nuclsus.

334,335 that

In addition, it has been learned in clinical practice
testosterone can cause regression‘of neoplasm in certain women with
advanced mammary cancer and saveral related steroids, such as

17 o(-methyltastOStercne{332}. and 5 &-dihydrotestosterone (333}
have been found to have similar beneficial activity. The mechanisms

involved in the restraint of human mammary cancer by androstans

i .
compounds are unclear. D-Testololactone (334), which lacks hormene

properties in man and animals338 was studied for the effactiveness in

patients with advanced breast cancer and 30% remission was DbSBTVEdBS

H

it
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In certain androgen-sensitive tissuss, 5 K-dihydrogen-testosterons

338,339 and the

presence of 5 «-reductase, membrane bound, in mammalian tissu95340¢355

358, 357

(333) is believed to be an active form of androgen

and in bacteria may help to explain the activity of testosterone.

However, all attempts to reverse ths reaction utilising mammalian
enzymas have besen unsuccessful, because although the first step in

reversal ( enolisation) oeccurs the energy barrisr for hydride

358,359

abstraction is extremely high Recently, the findings that

human breast cancer can metabolise testosterone in vitro to

60
androstendione (228) and the potent androgen 5 & -dihydrotestosterons (333?

381, but contradict that 5 X-reductass activity 1s

absent in normal breastaﬁq.

Has been confirmed

The androgen-dependent Shionogl 115(S 115) and the androgen-
independent Shionogi 42 ( S 42) tumours362 contain the NADPH-dependent -
5 ®*reductase enzyme necessary for forming 5 ®-dihydratestosterone (333)
383, 384, although the activity is somewhat higher in S115 09115354.

It was also indicated that numerous active metabolites are necessary
for the full expression of the androgenic response as this cannot be

elicited by 5 «¢-dihydrotestosterone (333) aloneass.

386,367

Since the eérly observations of Beatson, hormonal

manipulations have become accepted modalities of therapy in leukaemia

and lymphomatous diseaseaaa. breast cancer.389 endnmetria1370

and
prostatic cancer371. A principle deterrent to wider use of thesse
compounds has been the inherent harmonal side-effects. From the
knowledge that most, if not all classes of stercild hormanes result
from relatively similar interactions of hormone with target tissue,372
it seems reasocnable to assume that steroid receptor is at least a

necessary, if not sufficient, condition for steroid hormone

responsiveness in a target tissus.
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The responsivenass of some human leukaemias to glucocorticoilds is
demonstrated in previously untreated childhood acutse lymohoblastic

leukaemia [ALL)373'374

though many patients fail to respond.
Unfortunately, glucocorticeld administration ls associlated with

numerous serious and potentially life threatening complications.

The failure of glucugorticoids to respond to ALL has been demunstrated375
"to be due to lack of sterpid receptors in cancer cells. Corticoilds

cause lyesis of several cultured cell linss, one of the fast effects

being the inhibition of precursor uptake of nucleic ac1d537s and
tastosterone has been shown to be active in such systems. |
Glucocorticoids, such as cortisel (335) are employed in the

treatment of ALL, 1f the tumour cells have s%eroid receptors and

only if the glucocorticoids afe active hormones as the receptors shown
critical specificity in differentiating biologically active steroids
from their inactive congenus. The 11ﬁ-hydroxyl cunfiguratioh strongly
favours binding to the receptor and the more potency of the glucocorticeid

the greater the activity against ALL374.

?Hon
Cc=0

HO HtQH
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Experiments with rat mammary tumour5377"379 and preliminary

data in human patients380 indicate that tumours which contain
appreciable cytoplasmic cestrogen receptor regress after endocrine
ablation therapy whereas tumours without receptors.feil to respond..
The cytoplasmlic ocsestrogen receptor in human mammary tumours has

3817383 | sk of cestrogen

properties similar to that from rat tumours
receptors satisfacterily predicts a lack of hormone responsiveness in
human breast cancer although the presence of a receptor is clearly

no guarantee that a tumour is responsive to the hormone. It has

been shown that a breast tumour ceil line ( MCF 7) which doss contain
receptors is stimulated by low doses of oestrogens but inhibitsd by

high d0335334_ In addition, these cells ars killed by the anti-osstrogen
Tamoxifen (336), used in the treatment of breast cancer. Tamoxifen has
no action on cell lines that do not respond to oestrogen ( e.g. Hela and .
other breast cell lines and it binds to the oestrogen with 1000 x less
the affinity of oestrogen; its action 1s reversible by oestrogens.

Tha suppression of growth of population of leukaemia L5178Y cells

in vive and in vitro by glucocorticoids was not surprising sincesss
the growth inhibitory activity of this class of sterolds against othar

cellular populations of mesenchymal origin is well estéblished.aas-ag3
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It has been proposed28'141

‘that o-methylenelactones can act

as the alkylating centre for cytotoxic antl tumour lactons via
Michasl-type addition bstween biological nucleophiles. Hgwsver,
the target of attack for x-methylenelactons i1s unlikely to be
cysteine-scavenger, since KB cells have no absolute requirement

for cysteine, as has been demonstrated from the studies on CCRF-CEM
human lymphoblastic leukaemia cells in culture.29 In addition,

the concentration of L-cysteins in medium 1s far greater than the

concentration of the w~<~-methylenelactons. Thus,; the cytotoxicilty

of these compounds cennot be dus only to cystelne scavenging.

Saveral studies have indicated that cancer cells are dependent
on the glycolytic end sercblc pathway for energy394_398 which is
critical for the cells survival in view of the energy required for

rapld nucleic acld and protein synthesis in proliferating cells.

Recently.399 helenalin has been demonstrated to inhibit both

asrobic and anaercbic ensrgy process of tumour cells,.

The mechanism of growth inhibition ( i.,e. cytotoxic activity)
involves a mechanism other than { or in addition to ) scavenging of
free cysteine. One possibility is rapid, irreversible S-alkylation
of various metabolically essential intracellular proteins [ e.g.
respiratory and other enzymes]zas. Whereas the inhibition of
glycolytic metabolism 1s probably not the major mechanism of action af
halenalin148, as an anti tumour ( ie the mekhanism most likely is
inhibition of nuclelc acid and protein synthesis although it had little
effect on ribonucleilc acid synthesls of Ehrlich tumour 09115400]
the fact that the energy available to cells for synthetle purposes
is seriously hampered and rate limiting in the presence af helenaliln

Has an additive effect on the drug's action cellular metabolism and

tumour inhibition. The Inhibition of the respiratory enzymes is
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probably of geeondary importance; the important mechanism is of
inhibition of DNA synthesising enzymes. It has been shown for
sesquiterpens lactones, helenalin ang tenulin that they do not
alkylate nucleophiles of purine bases and this would agree with
negative finding for stergid ot-methylene lactones in an Ames
test,401 rather appear to be reactive with thiol groups of enzymes
necessary -for ONA replication. Furthermors, thess agents can

.cause an increase in cAMP levels of tumour cells which may be
correlated with the supp:sssion of chromatin protein phasphorylation

necessary far cell replication and differentiation145.

A second possibility is S-alkylation of sulphydryl groups in
(]
cell surface protéins, as has been suggssted for the action of 6,6 -

dithionicotinic acld and related cytotoxic pyridine disulphides402.

The cytotaxic activity of the syntheslsed steroidal o -mathylene-
lactones is approximately in the same range as the plant sesquiterpene
lactone, elephantopin. This higher cytcotoxic value of elephantopin is

contributed by two active alkylating sites, whersgas the epoxide and

the endocyclic &,ﬁ—unsaturated lactone moieties do net contribute

to the cytotoxicity. The cytotoxic activity was absent for lactones

lacking the «-methylene function, thus indicating the requirement of the
o -methylene lactone structure for cytotixicity in this system.

The presence of an 17P-acetate; cenferring increased lipephkilicity,

appears to increase the activity slightly which may suggest the increase

in transport of the o-methylene lactone structure.
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Preliminary work shaows the stervidal -methylene-lactones
to be inactive against Gram positive and Gram negative organisms
at a concentration of up to 100 }ug/ml403. Testosterone and its
metabolites, however, show antibacterial activity against both G +ve and
G-ve organisms at a concentration of 2D/pg/ml404. The u,ﬁ—unsaturated
lactones (337-3339) were shown to be inactive against various G +ve

and G-ve micro-organisms at concentrations of 100 yg/ml4os.
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Although the preliminary results are encouraging,
the compounds must be tested for activity in vivo, since varied
success has been achieved previously with sterold derivatives
substituted with alkylating functions. The steroid receptor is
a protein which contains an essential -SH functiun405 and synthesis
of hormonally active steroids containing oc-methylene-lactone

functions could thus provide steroids which irreversibly bind to

hormone receptors in tumour cells.




EXPERIMENTAL
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EXPERIMENTAL

All solvents were distilled and dried, as appropfiate, by the
conventional methods before use. Solvents wers removed 1n vacuo on a
rotary svaporator,

Analytical T.L.C. was performed using 0.75 mm thick layers of
silica-gel cp Fog4 according to Stahl) and preparative T.L.C.
was performed using 1 metre plates of 0.75 mm thickness. Column

chromatography was carried out using ‘CAMAG'alumina (Brockmann activity 13.

Infra-red spectra were determined for K Br discs, thin films of
solutions in chloroform, on a Perkin-Elmer 177 and 257 spéctrophatometer.
Ultra-violet spectra was determined in ethanol, unless stated otherwise,
on a Pye-Unicam SP 8000 sbeotrophotometer. 'H.N.M.R. spectra were
determined for solutlons in deutero-chloroform with tetramethylsilane as
as inte?nal standard, at 60 M Hz on Varian EM 360A or 90 M Hz on
Perkin-Elmer R32 spectrophotometer, respectively.

Mass spectra were recorded on an A.E.I. M.S.12 mass specthphotometer.
High resolution mass spectrometry was carried out on an A.E.I. M.S. 9 at

P.C. M.U by courtesy of ths S.R.C.

Melting points were determined on a Koffler bleck and are uncorrected.

Optical rotations were measured For solutions in chloroform at 25°C with

a Bendix polarimeter 143C.
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1. PREPARATION OF 2-HYDROXYMETHYLENE-5 & - CHOLESTAN-3-ONE

Sodium metal { 1.38g; 60.0 mM) was added to dry ethancl ( 200 mi)
with stirring. After all the sodium had dissolved, it was refluxed for

45 minutes and then excess sthanol was evaporated to dryness.

Benzene (150 ml) was added to sodium ethoxide { formed as above)
and nitrogen was passed through the solution. After fifteen minutes,
5 ol~cholestan=-3-one { 772.0 mg; 2mM) was added. After ten minutes of
stirring, ethyl formate ( 4.44g; 60.0 mM) was added and the solution
was stirred at room tehpefature for five hours. Water ( 60 ml]_wag

added and the stirring was continued for another fifteen minutes.

The contents weres transferred intoc a separating funnel and the
aqueous layer was ssparated. The benzene layer was washed with water
{ 2 x 50 ml)}. The combined agueous extract was washéd with benzens
( 3 x 100 ml) and the combined benzene extract was washed with water
( 3 x50 ml)., The benzene extract was dried over magnesium sulphate
and evaporated to dryness. The crude product ( 97.5 mg:) was shown
to be the starting material, 5 &-cholestan-3-one,as observed from T.L.C.

and spectroscopic data.

The agqueous washing was acidified to Congo Red with dilute
hydrochloric acid and extracted with ether ( 3 x 150 ml). The combined
ather extract was dried over anhydrous megnesium sulphate, and evaporated
to dryness. The crude product was crystallised from chloroform-methamnol to

obtain crystals of 2-hydroxy-methylene-5 o ~cholestan-3-one.
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M.P. 179-181°C L1t m9%7180-182%)

Yield: 592.0 mgs 71.5%

I.R. V' max 3640-2300 ( OH, H-bended), 2975, 2950, 2885, 2870, 1552
[ x, B-unsaturated-f-hydroxyketones}, 1455, 1419, 1380, 1353,
1332, 1279, 1255, 1235, 1219, 1146, 850, 843, §20, 806, 740,
709.

NMR. T 9.31 (S, 3H, Cqg-CH3), 8.22 (S, 3H, Cqg-CH3),

7.81 ( ABq, 2H, C4-H, J = 15.0 Hz, 18.0 Hz).

2.60 (S, 1H, C=CH-OH], 1.34 (5, 1H, C = CH - OH]

u.V. A max 283 nm { € 16,837).
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2,PREPARATION OF CHOLEST-4-EN-3-ONE [202)283

Distilled toluene ( 400 ml) was added to a 1 litre three-necked
flask, equipped with a stirrer, & dropping funnel and a Dgan-Stark trap.
The cpenings of the dropping funnel and the condenssr were protected
with drying tubes. A portion of toluene { 40 ml) was distilled off,
in order to dry the system by azeotropic distillation, then cholesterol
( 201, 20.0g, 0.052M) and cyclchexanone [ 100 ml) was added to ths
flask. After an additional toluene { 10 ml) had been distilled off, a
solution of aluminium isopropoxide* ( 5.6g, 0.028M) in toluene ( 80 ml)
was added dropwise over a period of approximately 30 minutes. During
this time, toluens waé distilled at a rate slightly greatér than the
rate of addition of the catalyst solution, so that Qhen the additilion was
complete, about 120 ml of toluene had been distilled. After an additional
tolugne ( B0 ml) had been distilled, the murky-orange coloured reaction

mixture was allowed to cool to room temperature.

A saturated solution of Rouchelle salt ( potassium sodium tartarats,

(80 ml) was added to the reaction mixture and the organic layer became of

clear orange colour, The stirrer assembly was removed and the mixture

was steam-distilled until 1200 ml of distillate had been collected.

The residual mixture was cooled and extracted with chloroform { 3 x 100 ml).
The combined extract was washed with water ( 2 x 50 ml), dried over
anhydrous magnesium sulphate, filtered and evapcréted to dryness.

The residual viscous oill (amber) was dissolved by heating in methanol

( 15 ml). When the solution had cooled to about 40°C, seeds of
cholest-4-en-3-ons were added and the flask was wrapped with a small

towel to ensure slow coeoling. After the bulk of the material had

crystallised, which required several hours, the flask was stored overnight

at OGC.
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The product was collected by suction filteration washed with
methanel { 4-5 ml), previously cooled in an ice-salt bath, and then
dried at reduced prsssure at room temperature cbtaining light cream
coloured crystals of cholest-4-en-3-ane (202},

m.p. 77-79% ( Lit. M.p.253

79-81°C)

Yield: 13.95g, 70%

IR v max 3020, 2850, 2335, 2870, 1673 ( C=0), 1612 (C=C 3},
1470, 1443, 1430, 1415, 1380, 1375, 1330, 1265, 1232, 1227,
1180, 1172, 1125, 955, 945, 929, 839, 868, 772, 729, 681.

NMR ( CDClal'f 8.27 ( S, 3H, C,,-CH,], 8.81 ( S, 3H, C1Q-CH33, 7.62

18" ="'3 .
“{m, 2H, C,-H), 4.25 (bs , 1H, C4-H)

* Aluminium isopropoxide was taken up in dry, distilled chloroform
and filtersd rapidly to remove aluminium hydroxide { white gelatinous

precipitate). The filterate was evaporated to dryness and solid

then employed in the reaction.
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3, PREPARATION OF 4-OXA-5 x-CHOLESTAN-3-ONE (203)254

Potassium persulphate ( 27.0g) and concentrated sulphuric acid
{ 30.0g) were mixed in a mortar and diluted with glacial acetic acid
{ 300 ml). The resulting mixture was added to a sclution of Cholest-4-
en-3-one ( 202, 9.0g) in glacial acetic acid ( 600 ml]._ Following
a 7-day pericd of intermittent shaking at room temperature, in the
absence of light, the mixture was cocled and treated with aqueous 50%
potassium hydroxide ( 180 ml). The precipiteted salt was removed
by filtration and the filterate was evaporated to dryness ( in vacuo at 50°%:).
The residue was taken up in ethér { 250 ml}, washed successively with
water ( 3 x 100 ml), 5% sodium hydrogen carbonate ( 3 x 100 ml) and water
{ 3 x 100 ml). The ether solution was dried over anhydrous magnesium
sulphate and evaporéted to dryness. The crude solid was crystallised
from sthanol to obtain light cream-yellow.crystals of 4-oxa-5 x-cholestan
-3-ons (203).

64 118-118%C)

M.P. 113-115°C  (Lit M.P.2
Yield: 3.64g ( 40%)
IR max: 2950, 2935, 2870, 2855, 1730 (C=0 ), 1467, 1459, 1390, 1380,
1374, 1364, 1253, 1180, 1130, 1112, 1076, 1047, 991, 955, 940, 664.
NMR (CDClg)  9.32 (S, 3H, Cqg-CHal, 8.06 ( S, 3, Cypg-CHg)
7.38 ( dd, ZH, Cg-H, J = 6.0Hp, J 10.0 Hy) 6.02 ( g, TH,

CS'O(H' J = 4.8 and 11-4 Hz)-
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4. PREPARATION OF 2-HYDROXYMETHYLENE-4-0XA~5 X -CHOLESTAN=-3~0NE (2221180

Sodium hydride { 960 mg; 20.0 mM, 50% dispersion) was weighed
into a dry three-necked 500 ml round-bottom flask and washed twice with
dry benzene followed by dry ether with nitrogen passing through the
reactlon flask all the time. To a suspension of sodium hydride in
dry ether ( 200 ml), 4-oxa-5«-~-cholestam3-one (203, 388.0 mg; 1.0 mM)
was added with stirring., After about 5 hours of stirring, distilled,
dry sthyl formate { 1.58g; 20.0 mM) was added and the reaction mixture
was left_stirring at room temperature under a nitrogen atmosphers.

( The course of the reaction was checked, at intervals, by thin-layer-

chromatography (T.L.C) ).

When the reaction was complete ( on T.L.C.}, after about 70 hours,
the reaction mixture was acidified carefully with diiute hydrochloric acid
and washed with water { 3 x 100 ml). The ether solution was dried over

anhydrous magnesium sulphate, filltered and evaporated to dryness. The

light-yellowish residus was crystallised from ethanol to obtein crystals of

2-hydroxymethylene-4-oxa-5 ec-cholest-3-one (222).

M.P. 238 - 240°%C
Yield: 374.0 mg ( 84%].
IR V max 3600-2400 ( H bonded OH), 3020, 2940, 2860, 2860, 1715, (C=0)
1620 (C=C ), 1450, 1388, 1345, 1282, 1171, 1140, 1105,
1040, 1025, 998, 950, 937, 920, 760, 742, 6GB.
U.Ve A max251 mm ( € 6.85 x 10°)
Acc. Mass. Cal: 416.3291
Found: 416.3293 (M, Cz7 Hg4 03)
(x)g (+) 104.17 (€, 0.12)

NMR  CDCls/DMS0)T8.33 ( S, 3H, C4g-CH3), 8.15 (S, 3H, C1g-CH3] 6.13

(m, 1H, C5 ®-HJ,

2.82 and 2.2 (pg, M, Zand E- HO - CH = ¢ -},
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The 'H n.m.r. spectrum of the hydroxymethylene lactone {222)
displayed signals for both Z-iminor) and E- {major) isomers whereas
the absence of H-bonding evidence in the infra-red ( K Br disc) was
characteristic of the E- isomer only. It appears that the E-isomer
preferentially crystallises and equilibrates to give a mixturs of

E - and Z isomers in COClsz solution. Similar observations were

made for compounds (235), (223) and (23B).
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5. PREPARATION QF 2- ( N,N-DIETHYLAMINO METHYLENE) -4-0XA-5 o~ CHOLESTAN-

3-0NE (‘223]180.

To a solution of 2-hydroxymethane-4-oxa-5 x-choclestan-3-one
EZZ?’ 374.0 mg; 0.9 mM) in dry benzene ( 150 ml), distilled diethylamine
{1.48g; 20.0 mM) was added and the reaction mixture was refluxed using
a Daqn-Stark trap. When the reaction was complete; after about 85 hours
(T.L.C.) the solution was gvaporated to dryness. The crude residue was
crystallised from acetone/pet-ether (60-80°) to obtain light-y=ellowish

crystals of 2N, N-diethylamino)methylene-4-oxa-5 «-cholest-3-one (223).

M.P.  158-158°C
Yield: 382.0 mg ( 90.0%)
IR vy max 28920, 2850, 4875 (C=01), 1560 ( C=C), 1455, 1375, 1350,
1312, 1237, 1170, 1120, 1070, 1051, 939, B80S, 751, 738
UsV. A max 301 nm ( € 2.84 x 104]
Acc. Mass. Cal: 471.4076
Found: 471.4087 ( M, C31 Hg3 NO,)
(X1g (-] iB.ZD ( C, 0.48)

NMR T 9.32 (S, 34, Cqg-CH3), 9.11 ( S, 3H, Cqg-CH3),

8.79 ( &, BH, 2X - N“CHZ-CHS. J 7.0 HZ]' .64 and 6.73

I
(g, 4H, E- and Z- CHy-CH,-N-CH=C-

( g, M, Cg- HJ), 2.82 and 2.30 ( 1H, bs, Z- and E-(CHy CH;),

, J = 7.0 Hz), B.11

¥
NCH=C -).
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6. PREPARATION OF 2-METHYLENE-4-0XA-5 K-CHOLESTAN-3-ONE (225) 180

2-N,N-Diethylamino methylene-4-oxa-5 «-cholestan-3-one ([ 223),
375.0 mg; 0.8 mM) was taken up in gilacial acetic acid ( 40 ml) and
hydrogenated using the Adams' catalyst-Platinum oxide ( 50.0 mgl.
The hydrogenated product was filtered and evaporated to dryness.
The residue (224) was taken up in glacial acetic acid ( 40.0 mi)
and sodium acetats ( 400 mg) was added. The reaction mixture wes
heated under reflux for four hours and the course of the reaction

followed on T.L.C.

On completion of the reaction, the reaction mixturs was
concentrated and treated with saturated sodium hydregen carbonate sclution
until there was no more evolutlon of carbon dioxide. The aqueous solution
was extracted with ether ( 3 x 100 ml). The combined sther extract
was washed with water ( 2 x 50 ml), dried over anhydreous magnesium
sulphate and evaporated tb dryness. Thé crude product was crystallised
from methanol giving white crystals of 2-methylsne-4-oxa-5 ~cholestan-3-one

(225).

M.P. 405-106°C

Yield: 243.0 mg ( 76% from 224); 58% overall
IR '0 max 2940, 2870, 1725 {C=0 ), 1620 ( C=C), 1473, 41460, 1383, 1310,
1283, 1280, 1180, 1151, 1078, 1042, 1029, 985, 845, 912, 805.
NMR ( €DClg) T 9.3 (S, 3H, Cqg~CHg), 8.07 [ S, 3H, Cqg-CH,).
5.85 ( g, 1H, Cg-wtH, J = 11.0 and 5.0 Hz) 4.43 (m, 1H,

H H o H
I ] ]
0-~-C - ? =C - ﬂ), 3.50{m, 1H, 0 -C - ? = C -_H)
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UV Amax ( EtOH) 213 nm (&. 7.18 x 103]

(Hexane) 217-8 nm £ € 5.0 x 10°)

Acc. Mass Cal: 400.3341
Found: 400.3328 ( M, Cp7 Haq 03)
[o()D (+) 80.517 (cC, 0.18)

Analysis: Expected:C, 80.84; H, 11.07

Found: £, 80.7, H, 11.2
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7. REACTION QOF L-CYSTEINE WITH 2-METHYLENE-4-0XA~5 ot -CHOLESTAN-3-ONE

(2251198,

2-Methylene~4-oxa-5 « -Cholestan—-3-one {225, 40 mg; 0.4 mM)
and L-cysteine ( 12.1 mg; 0.4 mM] were mixed in 60% aqusuus ethanol

{ 5.0 ml) and heated under reflux for orne hour over a weter-bath,

The reaction mixture was allowed to cool to rgom temperature.
The white precibitate was collected, washed well with the solvent
{ B80% aguecus ethanol) and dried. Recrystallisetion from agueous

gthanol gave white crystals of the Cysteine adduct (227).

MP.  186-188°

Yield: 21.2 mg, (7.9%)

IR ¥y max 3700 - 2360 ( COoH and NHZJ. 2930, 2885, 1725 (C=01]
of carboxylic acid and lactone) ( COO ) 1486, 1381, 1345, 1238,
1218, 1185, 1131, 1075, 1040, 980, 950.

Acc, Mass., Found (M - CS Hy N02 S)+ = 402.3492, C27 H4602 (Cal: 402+53947)

(M - CaHg NO,S)+ 5 401.3388, Cpy Hag O, (401.3419)

(M - C3 Hy NOp S)+ = 400.3333, C,, Hyy O, (400:3341)
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8., PREPARATION OF ANDRDST-4-EN-3, 17-DIONE ( 229]283

Ta a litre three-necked round bottom flask, equipped with a
stirrer, a dropping furnel and a Dean-Stark tra2p, toluens ( 200 ml)
was added. The openings of the dropping funnel and the condenser
were protected with drying tubes. A portion of Toluerne ( 20 ml)
was distilled in order to dry the system by azeot ropic distillation.
Androst-4-en-3-f-o0l-17-one (228, 10.0g; 30.0 mM) and cyclohexanone
( 50 ml) were added toc the flask. After an additional toluene { 5 ml)
had been distilled, a solution of aluminium isopropoxide* (2.8g;
0.028M) in tolusne { 40 ml) was added dropwisse cverra period of
approximately 30 minuytes. Ouring this period, tolusne was distilled
at a rate slightly greater than the rate of addition of ths catalyst
soluytion, so that when the addition was complete, about 60 ml of
toluene had been distilled. After an additional toluene ( 30 ml}
had been distilled, the orange-yellowish sclution was allowed to cool

to room temperature.

A saturated solution of Rochelle salt {potassium-s$odium tarterate, 40ml)}
was added to the reaction flask and the organic layer became clear and
light yellow. The reaction mixture was steam -distilled until about
860G ml of the distillate had been collected. The residual mixture was
cooled and extracted with chloroform ( 3 x 100 ml). The combined
extract was washed with water ( 2 x 50 ml), dried over anhydrbus
magnesium sulphate and evaporated to dryness. Crystallisation of the
crude solid from acetone-hexanz (Pet-ether 50-80°) gave white crystals

of androst-4-en-3,17-dione (228).
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331 473-174%¢)

M.P.  169-171°C  ( Lit. M. P,

?iald: 8.44g; ( 85%)

IR y max 3030, 2960, 2925, 2855, 2825, 1730 ( C,,C=0 ), 1680 (C,-C=0),
1615 (C=C), 1452, 1431, 1421, 1407, 1380, 1350, 1331, 1292,
1272, 4250, 1235, 1227, 1182, 4175, 1155, 1123, 1111, 1093,
1056, 1031, 1018, 950, 936, 930, 919, %00, 870, 831, 825, 780,
713, 670, B55. |

NMR (COC1,) T 8.07 € S, 3H, Cqg-CHgl, 8.77 (S, 3H, Cqg-CH3),

7.60 ( m, 2H, Cy-H)

4.24 ( bs, H, C4-H)

* Ses footnote for preparation of cholest-4-en-3-one
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8, SODIUM BOROHYDRIDE REDUCTION OF ANDROST~4-EN-3,17-DIONE (229)292

To a soclution of androst-4-en-3,17-dione (2289, 3.50g; 12.24 mM)
in methanol ( 400 ml) at 0°C, sodium borohydride ( 555.0 mg; 14.7 mM;
1.2 equlv) was added. After stirring for one hour at OOC. glacial acetlc
acid ( 15-20 drops) was added and the solutlon was evaporated to
dryness in vacuo. The residus was taken up in hot ethyl-acetate and the
precipitate was filtered. The precipitate was weshed thoroughly with
hot ethyl acstate and the filt:rate was evaporated to dryness. The
crude product ( 3.38g) was separated on silica ( solvent; chloroform/

methanol; 99/1) and obteined two products.

The non-polar crude product was crystallised from acetone and

obtained white crystals of androst-4-en-1zﬂ-ol-3-one (230).

MP.  151-153°C ( Lit M 154-154.50C)
Yield: 2.85g: (81%) _
IR ¥ max 3700 -3100 (OH) 3030, 2855, 2930, 2875, 2855, 16860 ( C=0)
1612 ( C=C), 1489, 1448, 1432, 1418, 1382, 1348, 1331, 1320,
1301, 1278, 1271, 1231, 1182, 1173, 1131, 1111, 1079, 1058,
1020, 955, 939, 915, 861, 828, 780, 685,
NMR (COCL)T 9.21 (S, 3H, Cqg-CHgl, 8.80 (S, 3H, C43-CHa), 7.62 ( m, 2H, Cp-H)
6.57 (bs, 1H , Cq7-CH), 6.36 ( t, 1H, Cqy--H, J = 8.0 Hz),

4-28 [ bS. 1H’ C4"H]l
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The pelar compound was crystallised from acetone to obtalin white

crystals of androst-4-en-3ﬁ717ﬁ-dial (234).

M.P. 150-2%¢c ¢ Lit. M.F3%53-4%C)

Yield: 428.0 mg; (12.0%)

NMR (CDC1,)7T 8.26 (S, 3, Cqg-CH3)s 8.95 (S, 3H, Cqg-CH3),
7.41 ( bs, 2H, Cy ,Cq7-0H), 8.39 ( t, 1H, Cq7 «-H,

J = 8.0 Hz3, 5.89 (m, 1H, C3 «-H), 4,70 ( bS, 1H, Cq-H]
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10, ALLYLIC DXIDATIDN293 WITH MANGANESE DIDXIDE

Androst-4-en-qﬂ,12ﬁ-diul (234, 3.0g, 10.0mM) was suspended
in chloroform ( 67.0 ml) and stirred with manganess dioxidezg4 {11,.8g)
for ten hours at room temperature. fManganese dioxide was removed by
filteration. The precipitate was washed thoraughly with hot chloroform
and the comhined washing was dried over gnhydraus magnesium sulphate
and evapofatad to dryness. The crude sclid was crystallised from acetone
to ocbtain white needlses of andrcst-4—en-1?ﬁ—ol -3-one (230).

3 454-154.5%C)

M.P. 152-154°C ( Lit M.p%®
Yieid: 2.58g [ 87%)
IR V max 3620-3100 (OH), 2955, 2930, 2875, 2855, 1675 (C=0),
1612, (C=Q), 1469, 1448, 1432, 1418, 1381, 1347, 1331, 1320,
1305, 1280, 1231, 1180, 1172, 1131, 1111, 1078, 1065, 1057, 1020,
995, 956, 939, 915, 861, 828, 780, 685.
NMR (COC1) T 9.21 (S, 3H, Cqg-CH3), 8.80 ( S, 3H, C1g-CHa), 7.62
(m, 2, C2-H,) 6.57 ( bs 1H, C17-0H) 6.35 ( t, 1H, Cq7 - -H,

J = 8.0 HZJ, 4.28 ( bs, 1H, Ca-H}.
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PREPARATION OF 17ﬂ-ACETDXY-ANDRUST-4~EN-3—DNE ( TESTOSTERONE ACETATE)(231)

To a solution of andrust—4-en-17ﬁ-ol—3-one (230" 3.6g: 12.5mM)
in pyridine ( 60 ml}, acetic anhydride (30 ml) was added with stirring.
Thae solutlon was stirred for two hours and then left to stand overnight

at room temperature.

The reaction mixture was poured over ice-water and extracted with
ether ( 3 x 150 mll. Tﬁe combined sther extract was washsd with
dilute hydrochleric acid ( 3 x 50 ml) to remove pyridins, followed by
water ( 3 x 50 ml), dried over anhydrous magnesium sulphate and evaporated
to dryness. Crystallisation of the crude product from agqueous acstons
gave white crystals of 17ﬁ-acetoxy-androst-4-en-3-one (2313,

1 420-19C)

MP. 137-138°%C  ( Lit m.p.

Yield: 3.63g ( 88%)

IR. V max 3030, 2940, 2910, 2880, 2855, 1735 (Acstate C=0j, 1670 ( Cg -
C=0 J, 1618 ( C=C), 1450, 1435, 1421, 1380, 1375, 1356, 1332, 1310,
1290, 1270, 1245, 1187, 1130, 1118, 1070, 1031, 1021, 898, 975, 958,
83g, 818, 860, 831, 775, 750, 685, B61.

MR (CDC13) T 9.16 (S, 3, Cqg-Ciig), 8.62 (S, 3, Crg-CH) 7.97, (s,
3, C17B - 0 - & - CHy), 7.83 ( m, 4, Cy, Cig-H), 5.40 ( t, 1H,

Cq7 -H J = B.0Hz), 4.27 ( bs 1H, C, H).
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12. PREPARATION OF 17ﬁ-ACETDXY-4-DXA~5¢X- ANOROSTAN-3-0ONE [2232)2-8--‘:l

Potassium persulphate (12.1g) was grounded with concentrataed
sulphuric acid ( 13.4g) and diluted glacial acetic acid ( 180 ml}.
The resulting mixturs was added toc a solution of 17?—acetoxy-androst—
4-en-3-one (231, 3.0g, 9.1mM) in glacial acetic acid ( 320 mll.
Tha reaction mixture was shaken intermittently and left in the dark

at room temperature for seven days.

The reaction mixture was cooled ard treated with 50% potassium
hydroxide solution [ 60 ml), The precipitated sal£§ were removed by
fllteration and the filterate was evaporated to dryness. The residue
was taken up in ethesr { 250 ml), wéshed with water ( 3 x 100 ml},
5%_sddium carbonate solution ( 3 x 100 ml] and finally with water
{ 3 x 100 ml). The ether solution was dried over anhydrous magnesium
sulphate and evaporated to dryness. The crude product was crystallised
from acatone-pet ether ( 40-60°) to obtain white crystals of 17F~

bsgetaxy-4-axa-5 ®-androstan-3-one (232).

M.p., 152-4°¢

Yield: 1.35g ( 44%)
IR Y mex 2940, 2865, 4735 (C=0), 1450, 1403, 1338, 1376, 1363, 1255,
1235, 1212, 1201, 1143, 1121, 1083, 1060, 1043, 1042, 1025, 1017,
963, 950, 924, 910, 874, 845, 815, 803, 788, 752,
NIR (COC3) T 9.27 (S, 3, Cqg-CHg), 9.0, (S, 3, Cqg=CHy)
8.01 ( S, 34, Cq7B - 0-C-CH3), 7.44 (m, 4H, C, and C,g-H),

8-10 I q: 1H’ Cs"dH, J = 4‘-4 and 1004 HZJ' 5.50

( t, 1H, Cq7xH, J = 8.0 Hy)
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13, PREPARATION OF 4-DXA 5-X- ANDRDSTAN"17F-OL~3-ONE (233]295

17ﬁ-Acetoxy-4—oxa-5o<-andrnstan-3—one (232, 1.47g;
4,37 mM) in methanol ( 58.4 ml) and water ( 7.3 ml) was saponified
'by refluxing with 10% methanolic potassium hydroxide ( 8.03 ml) for one
hour. Then the solution was acidified with 3N hydrochleric acid ( 8.03 ml),
diluted with water ( 73 ml} and heated on a stsam-hath for one hour

in a current of nitrogen.

The reaction mixturs was allowed to cool to room temperature

and extracted with sther ( 3 x 108 ml)., The combined ether extrect was

washed once with water { 50 ml), dried over anhydrous magnesium

sulphate and sveporated to dryness. The cruds product was crystallised

from acetone/pet-ether (B0-80°C) to obtain white crystals of 4roxa-5 -

androstan-17ﬁ—ol-3-nne { 233,

m.p.  173-175%C ¢ Lit. m.P.25% 178-180°C)

Yield: QBSLDmé ( 77%)

IR Vv max 3700 - 3100 (OH), 2845, 2875, 1720 (c=0 3}, 1451, 1411, 1387, 1388,
1350, 1318, 1274, 1280, 1232, 1210, 1173, 1140, 14120, 1080, 1051,

10910, 958, 910, S01, 868, 835, 800, 743,

NMR (CUClal'f 8,27 ( S, 3H, C1B-CH3]. g9.08 ( 5, 3H, C1Q"CH3], 7.97 (bs, 1H,

C17 'U"I—i ], 7-39 ( dd’ 2H,p CZ'ZH, J = 8.2 HZJ, 6-34 (t’ 1H, C170(-H,

J = 8.4 Hz), 8.03 ( g, 1H, CgoeH, J = 4.4 and 12.0 Hz ).
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14, PREPARATION OF 2-HYDROXYMETHYLENE-4-0XA-5 “-ANDRDSTAN-1?ﬁ-DL

-3-oNE (235) 180,

Sodium hydride ( 1.574g; 32,8 mMy 50% dispersion) was weighed
into a 250 ml three-necked round bottom flask and washed with dry
benzense followed by dry ether with nitrogen passing through the
reaction flask. To a suspension of sodium hydride in ether ( 150 mll},
4-axa-5oc-androstan-17ﬁ-ol-3-cne (233, 480.0 mg; 1.84 mM) was added
with stirring. After five hours of stirring, distilled ethyl formate
{ 2.34g; 32.8 mM) was added and the reaction mixture was allowed to

stir at room temperaturs under a nitrogen atmosphere.

When the resction was complete ( as cbssrved on T.LLC ), after

about 90 hours, the reaction mixture was acildified carefully with dilute

hydrochloric acid. The ether selution was washed with water ( 3 x 50 mil,

dried over anhydrous magnesium sulphate and evaporated to dryness.

The crude product was crystallised from acetone-pet ether ( 40-80%)

to obtain white crystals of 2—hydro&ymethylene-4-oxa—5b(-androstan-1q5?l;3'0ﬂ6

(235).

w.pP. 221-3%

Yield: 458.0 mg, 687%

IR VvV max 3420 (OH), 3700-2400 (H bonded OH), 2850, 2940, 2860, 1706 (=0}
1612 (C=C),. 1445, 1385, 1334, 1276, 1208, 1168, 1134, 1101,
1016, 945, 931, 760, 665,

UV N max (EtOH) 252.3 nm (€ 7863)

(u]D (+) 94.87 (C, 0.18)

Acc. Mass. Expected: 320.1987

Found: 320.1986 ( M, Cqg Hzs 04}

NMR T 8.25 (S, 3H, Cqg-CHz), 9.11 € S, 3H, Cqg-CHa)

.40 ( t, 1H, C47&- H, J = 8.0 Hz), 6.11 [ g, 1H, C5 H, J = 5.0

and 11.0 Hz), 2.78 and 2.16 ( bs, 1H, Z- and E- HO-CH=cH-]
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15. PREPARATION CF 2 N,N-DIETHYLAMINQ METHYLENE-4-DXA-5 o« -ANDROSTAN-

17ﬁ-OL-3*DNE ( 238).

To a solution of 2-hydroxymethylene-4-oxa-5 u-androstan-12ﬁ-ol-
3-one ( 235; 450.0 mg; 1.41 mM) in dry benzene (150 ml), distilled
diethylamine ( 2.06g; 28.2mM) was added and thse reaction mixture was heated
under reflux - employing a Dean-Stark trap. When the reaction was complete
( as observed on T.L.C.), after about 85 hours, thé solution was
gvaporated to dryness (Yield: 49C.0 mg ( 93.0%). The crude product
was crystallised from acetone/pet-sther ( 60-80°) to obtain light
yellowish crystals of 2-N,N-diethylaminc methylene-4-oxa-5« -androstan-

17b-0l-3-one (238).

M.P. 121-3°¢

Yield: 490.0 mg { 93.0%)

IRV max 3420 (OH), 2980, 2950, 2880, 2860, 1670 (C=Q), 1570 (C=C),
1471, 14489, 1385, 1355, 1330, 1252, 1192, 1168, 1134, 1097,
1088, 1045, 1630, 949, 927, 885, 857, 825, 819, 767, 753,

NMR { COC1,) T 9.23 (S, 3H, Cqg-CHgl, 9.05 ( S, 3H, Cqg-CHy),
8.78 ( t, 6H, 2(-N-CH,-CH,, J = 7.4 Hz), 7.68 (q, 2H,Cﬂ;2H,

J = 14.2 Hz), 6.64 ( g, 4H, 2( N-C J= 8.8Hz]),

EZ-CHS,

.32 { t, 1H, Cq7&H) 6.04 ( g, MH, Coe-H, J = 5.0 and 11.0H]

5
2.83 and 2.30 ( bs, H, Z- and E- (CHaCH ) NCHi= C )
W. A max ( EEOM) 300-inm ( & 1.3171 x 109
() (+) 41.74 (C, 0.11)
Acc. Mass., Calculated: 375.2774
Found: 375.2771 (M, C

23 Haz Nq O3)
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16, PREPARATION OF 2—METHYLENE—4-DXA-50<-ANDRDSTAN-ﬁ?ﬁ-DL-S-DNE[238]

2-N,N-Diethylaminc methylene-4-oxa-5 x-andrustan-17ﬁ—ol-3-one
(236, 530 mg: 1.41 mM) was taken up in glacial acetic acid ( 40.0 ml)
and hydrogenated by using the Adam’s catalyst-Platinum oxide ( 75.0 mgl.
The hydrogenated product was filtered to remove the catalyst and

evaporated to dryness.

The residus, saturated product (237) was dissolved in glacial
acetic acid ( 40.0 ml) and sodium acetate ( 726.0 mg) was added. The
reaction mixture was refluxed for four hours. The solution was concentrated
and treated with a saturated solution of sedium hydrogen carbonate until
there was no evolution of carbon dioxide. The aqueous solution was
extracted with ether ( 3 x 100 ml). The combined ether extract was
washed with water ( 3 x 50 ml}, dried over magnesium sulphate and

evaporated to dryness.

' The crude product ( 407.0 mg) appeared to be a mixture of two
compounds. The crude product was separated on preparative thin—léyer-
chromatography ( solvent system; chloreform/methancl; 85/15). The
crude compound, with higher R value, was crystallised from
aqueous methanol to abtain white crystals of —17ﬁ—acetoxy-2—methylene-4

-oxa-5 o -androstan-3-one (239).

M.P. 141-3°C

Yield 147.0 mg, 30%
(X)y  (*) 72,35 (¢, 0.41)

Acc. Mass  Found: 346.2147 ([ M, Cpq Hjq04)

Calculated: 346.2144.



IR V) max 2865, 2940, 2880, 2845,
1625 (C=C), 1480, 1437,

12240, 1181, 1141, 1117,

-147-

1735 {C=0}, Acstats), 1723 (C=0)
1333, 1369, 1355, 1315, 1303, 1285, 1246,

10679, 1027, 9389, 948, 817, 879, 853, 832,

755, 660,

NMR ( CDCl,) T 8.18 (S, BH.0813—CH3). 9.07 ( 8, 34, C,g-CH,l,
|}
7.92 [S; 3}"; C17 _Ué-CHSJJ 7-52 ( Q, ZH. C1"2H. J = 16-0 Hz)!

5.94 ( g, 1H, CSW'H. J = 11.0 and 4.0 HZ]' 5.36 ( t, 1H, Cﬂ7u -H,
o H

J = 8.0Hz), 4.38 (m, 1, 0 - C-C=CH), 3.46 ( m, TH,
0-C-C=C -H

uv A max 214-5mm (€. 7836)

ANALYSIS;EXPECTED: C, 71.80; H, 8.73; FOUND: C, 72.45; H, 8.9.

The more peolar of the two compounds was crystallised fram

agusous- methanol to obtain white crystals of Z-methylens-4-oxa-5 -

androstan—17ﬁ~ol-3—cne.

M.P.  144-65C

Yield: 120,0 mg 2B%

Acc. Mass. Found: 304.2071 ( M,

Cig Hag O3)

Calculated: 304.2078

IR Vv 3440 (GH],‘ 3015, 2955, 2930, 2855, 1712 (C=0), 1623 (C=C),

max

1450, 1445, 1375, 1317, 1280, 1215, 1189, 1145, 1040, 1028,

$50, 808, B64.

Cq-2H, J = 15,0 Hz), 6.34 ( t, 4H, Cq7sH, J = 8.0 Hz),

5‘ 1H’ CS“‘H' J = 11-0 Eﬂd 4.0 Hz}' 4-42 { M, 1H,

a H

a n
3.51 ( m, 1H, 0-C-C=C-H).

n

8 (g,
H
0-C-C=C-H),

max 214-5 nm ( € 6B680).

uv A
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17. REACTION OF L-CYSTINE WITH 17ﬁ-ACETOXY-4-NETHYLENE~4-GXA-5a‘—

ANDROSTAN-3-ONE (23383

17ﬁ-Acetoxy-2-methylene-4—oxa—5tx—andrnstan—B—one
(238, 57.0 mg; 0.16 mM) and L-cystine { 29.0 mg; 0.16 mM) were
dissolved in 60% agueous sthanol ( 7.5 ml) and heated over water-

bath for one hour., ~ ° o L L

The reaction mixture was allowed to cool to room temperature.
The light-yellowlsh crystals were filtered, washed thoroughly with
60% aqueogus sthanol and drisd. Recrystallisatlon from aguesous sthanol

gave white crystals of the cysteine-adduct ( 240).

M.P. 168-71°C
Yield: 53.0 mg, ( 69%)
IRVmax 3700-2300 ( COOH and NHo), 2840, 2870, 1735 (C=0 of carboxylic
acid and lactone), 1621 ( COQ~ ), 1586, 1488, 1412, 1385, 1341,

1300, 1248, 1196, 1129, 1081, 1046, 967, 878, 852, 783, 676.

MS  [M-C3H;03NS) =346
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18. PREPARATIDN OF 3P-ACETDXY-ANDRDST—5—EN‘ 17-0NE (242)

To a solution of androst-5-en-3f-0l-17-ocne (241),
10,0g; 0,03M) in pyridine ( 100 ml), acetic anhydride ( 100 ml}
was added with stirring. The solution was stirred for two hours
and left to stand gvernight at recom temperature. The reaction
mixture was poured onto ice-water and extracted with ether ( 3 x 100 ml).
Tha combined ether extract was washed with ice-cold water ( 3 x 100 mll,
dilute hydrochloric acid { 3 x 50 ml), followed by water ( 3 x 50 ml),
dried over anhydrous magnesium sulphate and eQaporatad to dryness.
The crude product was crystallised from methanol to obtaln white
crystals of qﬂ-acetnxy-androst-S-en»17-one (242).

M. 171-173%0)

M.P. 168-171°C ( L1t
Yield:  9.74g ( 85%)
I.R. V max 3040, 2955, 2875, 1740 (C=0 ), 1475, 1448, 1415, 1384, 1373,
1259, 1228, 1148, 1068, 1038, 1020, 965, 915, 855, 841,
822, 810, 690, 676,
NMR ( COC1,)T 8.08 (S, 3, C1B;FH33, 8.92 ( S, 3, C,g-CHy),
7.94 (S, 3, C3-0-C-CHy) 7.85 (m, 4H, C,, Cop-H)

5.35 {m, 1H, C3—°<H], 4.55 ( d, 1H, CG-H’ 5.0 Hy)
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19. PREPARATION OF QF-ACETDXY-50<-ANDRDSTAN-17-DNE (243)

To a solution of 3B-acetoxy-androst-5-en-17-cne [gﬂg, 5.0g)
in glacial acetic acid ( 200 ml), 10% palladium charcoal { 200 mg)
was added. The solution was hydrogenatad until thers was no more
uptake of hydrogen as observed from the manometer. The reaction
mixture was filtered, concentrated to half of its original volume
and poﬁred onto ice-water. The product was extracted with ether
{ 3 x 100 ml}. The combined ether extract was washed with saturated
sodium hydrogen carbonate solution { 3 x 100 ml)} followed by water
( 2 x 100 ml), dried over anhydrous magnesium sulphate and
gvaporated to dryness., The crude product was crystallised from
agueous methanol to yisld white crystals of Bp-acetoxy—So(-androstan-
17-one (243).

331

M.P. 94-95°C ( Lit. M.P 956-87°C)

Yield: 4.45g ( 88%)
I.R V¥ max 2940, 28680, 1730 (C=C 3, 1480, 1460, 1410, 1380, 1260, 1160, 14140,

1110, 40865, 1030, 930, 975, 960, 910, 904.
g

NMR [CDCIS]'C 8.13 { S, 8H, C -CHB]. 7.98 (S, 3H, Cq -D-E-CHSJ

18,18,

5.30 {m, 1H, C, «-H).

3
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20. BAEYER-VILLIGER OXIDATIGN295 oF 3?-ACETGXY-50<-ANDRGSTAN—17-

ONE (2431,

A solution of %B-acetoxy—s % -androstan-17-one (243,
800 mg; 1.55mM) in glacial acetic acid ( 4.0 ml) and 28% aqueous
hydrogen peroxids ( 3.0 ml) was allowed to stand in the dark at
35°C for 53 hours. A large volumes of water was added dropwise until
crystallisation began to precipitets. The precipitate was extracted
with ether ( 3 x 100 ml) and the combined ether extract was washed
with saturated sodium hydrogen carbonate selution { 2 x 100 ml),
followed by water ( 2 x 100 ml). The sthersal soluticn was dried over
- magnesium sulphate and'evaparatedAta dryness. The crude product
was crystallised from benzene-pet sther ( 60-80°C) to obtain white
crystals of qﬁ—acetoxy-17-oxo-12a-uxa—D-homu-5o(-androstana (244).

5 158-153.5°C)

M.P. 155-157°C { Lit. M.p.2S

Yield: 340.0 mg ( 65%)

IR V max 2960, 2870, 1730 (C=0), 1460, 1386, 1364, 1332, 1303, 1283,
1244, 1225, 1171, 1153, 1137, 1122, 1105, 1090, 1066, 1032, 994,
974, 980, 948, 915, 897, 867, 855, 624, 808, 732, 700, 670.

NIR (COC1q) T 8.21 (S, BH, C1g-CHa), B.70 [ S, 3H, Cyg-CHg), 7.97

[}
[S) BH' CS"D"C-CHS) 7.38 ( My 2H’ C‘IB_CHZ], 5-30 (m. 1H, C3-mH)l
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295
21. PREPARATION OF 3f-HYDROXY-17-0X0-17a-OXA-D-HOMO-5 x-ANDROSTANE (251)

A solution of 3ﬁ-acetoxy-17-0xo—17a—nxa-D-h0mo-Sa<-androstane
(244, 3.07g; 10.0 mM}in methanol (124 ml) and water { 15.5 ml) was
saponified by refluxing for one hour with 10% methanolic-potassium
hydroxide ( 17.5 ml). The reaction mixture was acidified with 3N
hydrochloric acid (17.5 ml), diluted with water ( 135 ml)

and heated on a water-bath for one hour in a current of nitrogen.

The reaction mixture, on cooling, was axtracteg with ether
‘[ 3 x 100 ml) and the combined ether extract was washed with water
( 2 x 50 ml), dried over anhydrous magnesium sulphate and evaporated
to dryness. The crude.product was cfystallised from ethyl acetate-
pet ether ( §0-80°) to yield whits crystals of 3ﬁ-hydroxy—17-oxo-1?a-
oxa-D-hamo-5 % -androstane (251).

m.P. 188-168°C ( Lit M.p.2%"

169.7 - 169.9°C).

Yield: 2.21g { 82%) ‘

IR. v max: 3420 (OH), 2940, 28685, 1723 (C=0 ), 1455, 1389, 1367, 1305,
1218, 1170, 1153, 1110, 1087, 1064, 1045, €90, 963, 956,
944, 852, 665,

NMR [CDC13] T 8.20 ([ 8, 3H, C1g-CH3) , 8.88 { S, 3H, C —CHSJ, 7.38

18
=K H).

[m’ 2H’ C1B-CH2], 8-35 [ m; 1H’ C

3
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22. PREPARATION OF 3F-+WDRDXY—1B-HYDRDXYMETHYL—17-DXG—47A-UXA

0-HOMD-5 X ~ANDROSTANE [ZSBJZDBA

Nitrogen gas was passed through tetrahydrofuran (THF, - 100 ml)
for about 30 minutes at -78°C ( acetone/dry CDZJ. Diisopropylamine
[1.Qég, 19.3 mM) was added with stirring and after fiftéen minutes,
butyllithium - .7 ( 3.0ml, 2.0M,) was added via a dry syringe.

The solution was left at -78°C for one hour to equilibrate.

To the solutlon of lithium diisopropylamide at -78°C, was
added very slowly a solution of SF:hydroxy~17-oxo—17a-oxa-D-homo—5oﬂ-andros-
tane (251, 175.0 mgs; 0.57 mM) in THF ( 5.0 ml) under nitrogen. After
thirty minutes, the temperature of the solution was raised to *2D°C
( carbon tetrachloride/dry COé] and treated with formaldehydes vapours
{ prepared by heating paraformaldehyde { 3.0g, Xs) to 180°C and vapours
were carried by a nitrogen gas flow intoc the reaction mixture). After
all the paraformaldehyde had been consumed, stirring was continued for
further thirty minutes. The reaction was quenched by the addition of
10% hydrochloric acid and extracted with ether [ 3 x 100 ml). The
combined ether extract was washed with saturated sadium chloride
( 3 x 50 ml) followed by water { 3 x 50 ml), dried over magnesium sulphate
and evaporated to dryness. The crude product ( 265.0 mg) was separated
on silica preparative plate ( solvent system, chlorocform/methanol,
87/3) and obtaired two fractions. The non-polar fraction‘( 136.0 mg3;
78%) was the starting lactone as conclﬁded from T.L.C. and spectroscepic

data.
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The polar compound was shown to be the &X-hydroxymethyl lactone,

§ﬁ-hydroxy~18-hydroxymethyl-17-oxo-17a—oxa-D-hnmo—50<—androstane (256).

Yield-= 34,0 mg; ( 18.0%)
I.Rvmax = 3430 (0OH), 2845, 2875, 1725 (C=0.), 1460, 1391, 1370, 1355,
1338, 1309, 1288, 1225,_1178, 1158, 1120, 1082, 107U, 1054,
994, 982, 950. 911, 899, 805, B73.
(X (-} 26,37 ( c, 0.06)
NMR T 9.21 (8, 3H, C14—CH33, 8.64 ( S, 3H, Cqp-CH3l,
6.36 ( d, 2H, C16-CH; -OH, J = B.0 Hz), 6.04 - 6.52 ( m, 1H,
CgoeH).

Mass Spectrum: (M - 30)" = 308,

Acc. Mass. Found ( M-H,0)" = 318.2222 ( M, CygHag Os)

Calculated: 318.2195
Y +
Found: (M - CHZU] = 306.2188 ( M, CqgHzg03)

Calculated: = 306.2195
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23. REACTION OF 3 P-HYDRUXY-18-HYDRUXYMETHYL-17-DXD-173-OXA-D-HDNU-

5 X -ANDROSTANE (256) WITH METHANE SULPHONYL CHLORTDEZ M.

BP-Hydroxy-1B-hydroxymethy1—17—oxo-17a—oxa-D—homo-5 m—androétane
(2586, 81.0 mg; 0.24 mM) was taken up in pyridine (2,0 ml) and
methanesulphonyl chloride { 10 drops; 0.5 mi) added. The temperaturs
of the reaction mixture was kept at -20°%C ( carbon tetrachloride?

dry carbon dioxide) for ten hours and then at o°c avernight.

The reaction mixture was poured over ice-water and extracted
with sther ( 4 x 50 ml). The combined ether extract was washed with
ice-cold water [ 3 x 50 ml], dried over anhydrous magnesium sulphate
and evaporated to drynsss to obtain qﬂ-hydroxy—1B-hydroxy-methyl-

17-ox0-17a-oxa-D-homo-5 & -androstan-3, 16-dimethans sulphonate (258).

Yield: 97.4 mg, B82%
IR V mex. 2042, 2865, 1724, (C=0), 1456, 1355 ( - Spzpl, 1235,

1176 ( - sdi 0,

NMR T 9.18 { S, 3H, ng—CHal, 8.64 ( S, 3H, Cqg-CHz), 5.98, B6.92

(s, 6H, Czand C1g -0 - S0 CHg), 5.08 - 5.78 ( m, 2H, Cy

-H, Cqg=CH, = O = Ms)
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24. PREPARATION OF 16-METHYLENE-17-0X0-17a-0XA-0-HOMO-5« -

ANDROST-2-ENE (259)20°%A,

A solution of %ﬁ-hydroxy-18-hydrcxymsthyl-17-ox0—17a-
oxa-D—homo-Sot-andrpstanﬁab—1S-dimethanesulphunate (258, 101.7 mg;
0.21mM) 4n pyridina { 2.0 ml) was heated under reflux for € hours.

( The reaction was followsd by T.L.C..for the disappearances of the
starting material,zssl' The reaction mixturs, on cooling, was

poured over ice-water and extracted with ether ( 3 x 15 mll. The
combined ethereal extract was washed with water { 3 x 15 ml),

5% hydrochloric acid ( 3 x 15 ml) and water ( 3 x 15 ml), dried

over magnesium sulphate and svaporated to dryness. The crude product
was separated on preparative T.L.C. {Solvent system, ether/Pet ethsr;
25/75, 2 runsl] to obtain 16-methylene-17-oxo-17a-oxa-D-homo-

5 K -androst-Z-ene (254],

Yield: 17.5 mg, 28.3 %

I.R\7max 3030, 2925, 2855, 1709, (C=01, 1620 ( c=C}, 1597, 1543, 1521,

1460, 1455, 1381, 1344, 1202, 1106, 980, 851, 925, 872, 851,

780, 723, B81.

NMR T 9.28 (S, 3H, C1g-CHzl, 8.71
Q
(m, 3H, Cy,3-H and -D-E-C =
e
-0-c-C = € - H)

S, 3H, Cqg-CH3), 4.51

D= ~

C-H ), 3.60 (m, 1H,

U.V A max 213-4 nm (€ 5333)

+

Mass Spec. M = 300
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25. REACTION OF 3ﬁ-HYDROXY-17-0XD-17a-OXA—D-HUND-5CX-ANDROSTANE (251)

WITH FORMALDEHYDECC,

A solution of qﬁ-hydroxy—T7-oxo-17a-ox§-D-homc-5tx-
androstane ( 251, 53.0 mg: 0.16 mM) and paraformaldehyde { 30.0 mg;
0.8 mM) and potassium hydroxide ( 10.0 mg) in ethanol ( 1.0 ml) - water
( 0.5 ml) were mixed, refluxed for ten minutes and diluted with water
( 3.0 ml). After standing it overnight at room temperature, the
reaction mixture was conied to 1U°C, acidified with dilute hydrochloric
acid aﬁd diluted with water ( 5.0 ml). The reaction mixturse was
extracted with ether ( 3 x 20 ml) and the combined ether extract was
washed with Watar.( 10 ml}, dried over anhydrous magnesium sulpphats
and evaporated to dryness. The cruds product was separzted on
silica preparativs plate ( solvent system, ether/chloroform; 80/20)
and obtained two products. The polar material ( 18.0 mg, 34%) was
the starting lactone as observed on T.L.C. and spectroscopic data.
The non-polar fraction was crystallised from methanol and obtainsd whits
crystals of 3ﬁ—hydruxy—16—methylsne-17“oxo—17a—oxa-D*homo-5 X-androstane

(252].

M.P.  253-60°C
Yield: 15.0 mg [ 27%)
IR Vv max 3420 (OH), 3030, 2965, 2875, 1715, (C=0), 1631 ( C=C), 1455,
1388, 1310, 1220, 1169, 1155, 1115, 1089, 1065, 1045, 989,
958, 945, 907, 853, 668.
NMR (€DClg) T 8.22 ( S, 3H, CogCHg), 8.71 (S, 3H, C,,-CH,)
4,37, (m, 4H, Fs;m}ﬂ),H4.3o (m, 1H, o-f-c - g;ﬂ)
3.52 (m, 1H, 0-C-C = C-H)

(0<)D +89.0 (C, 0.04)

uv Amax 214-5 nm ( € 3760)
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Acc. Mass. Found 318.2241, ( M, CZU H3[J 03 )|

Calculated: 318.2238
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268. MANNICH REACTION WITH 3 ﬁ-HYDROXY—17-UXU-17a-DXA-HUNU-51X‘

ANDROSTANE (251} °9°,

To a mixture of 3ﬁ-hydroxy-17-0xm-17a—oxa-D-homo-
5 &-androstane ( 251, 136.0 mgs; 0.44 mM) and 37% aqueous
formaldehyde (.0.5 ml, 4.84 mM) was added a solution containing
diethylamine ( 150 mg; 2.05 mM), diethylamine hydrochloride
( 170.0 mg, 1.55 mM) and dioxane ( 10 ml). The resulting mixture

was refluxed for 8 hours under nitrogen estmosphere. Then sodium

hydroxide (2N) was added until basic and the £eaction mixture was
extracted with benzene ( 3 x 25 ml). The combined benzene sxtract
was washed with saturated sodium chloride solution, dried over
anhydrdus magnesium sulphate and esvaporated to drynsss. The crode
product was separated on silica preparative plate in sther/chloroform
(80/20; 2 runs). The polar fraction ( 45.0 mg) was the starting
lactone as observed on T.L.C. and by spectroscopic data. The non-
polar fraction was crystallised frem methanol to obtain white
crystals of 3ﬁ-hydroxy—1B-methylene-17-oxo-17a—oxa-D—humu—5o«-

androstans (255).

M.P. 259-60°C

Yield: 38.0 mg { 27%)

IRVmax 3420 (OH), 3030, 2865, 2875, 1715 (C=0 ), 1831 ( C=C), 1455,
1389, 1310, 1220, 1169, 1155, 1115, 1089, 1065, 1045, 989,
958, 945, 907, 853, 668,

NMR ( COCl,) T 9.22/S, 3H, C

CH ], 8-71 ( SJ SHJ C18"CH3]I

19 '3
9 H

O('H}, 4-3 ( m, 1H, -D_C_C = C; -ti ))

H

4.37 {m, 1H, Ca

a
3.82 ( m, 1H, - 0-C-C = G-H)
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UV \max 214-5 nm ( € 3760)

Acc. Mass. Found: 318.2241 ( M, C20 HSD 03)
Calculated: = 318,2238
(] + 89.0, C, ( G.04).

D
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27. PREPARATICN OF 3-PHENYL-4-0XA-5 «-CHOLEST-2-ENE ( 2?8}313

Ory magnesium ( 2.25g, 83.8 mM), (Magnesium turnings washed
with dry ether and dried in an oven) was added to a three-necked
flask fitted with a condenser and nitrogen passing through the flask.

Dry ether (250 ml) was added and the solutlon stirred.

In order for the reaction to proceed a crystal of lodine was
added to the reaction mi&ture followed by a few drops aof bromobenzene
( 180.3g, 115.0 mM), and the solution was warmed to reflux over a
water~-bath. Once the reaction mixture hed started refluxing, water-
bath was removed and bromobenzene was added at such a rate that the

reaction mixture was under reflux all the time.

After 15 minutes of the addition of bromobenzene, the ether-
benzene solution of 4-oxa-5 «-chlostan-3-one f 203, 3.20g, B.25mM)
was added dropwise with stirring. The reaction mixture was allowed to
stir overnight at room temperature. The reaction was worked up
by the dropwise addition of saturated ammonium chlaride solution

( 13.8 mll. The clear ether layer was decanted and the precipitated

magnesium salts were washed with ether { 3 % 100 ml). The combined
gther washings were dried over anhydrous magneslum sulphate and
gevaporated to dryness. Reddish-orange oily residue was crystallised

fram methanol to yield light-yellow crystals of 3-phenyl-4-oxa-5 e-cholest-2-

ene [ 2787},
M.P. 123 - 125%
Yield: 1.84 g ( 50%)

I.R. 2980, 2860, 1655 (C =C), 1602, 1580, 1487, 1468, 1445, 1380, 1385,
1335, 1320, 1306, 1280, 1260, 1209, 1161, 1128, 1080, 1071, 1017, 995,
- 973, 940, 930, 910, 900, 880, 861, 750, 715, 690, 640.

NMR: T 9.33 (S, 3H, C13-CH3]. 8.12 (8, 3H, C -CH3Ja

19
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8.03 ( d, 2H, C4-2H, J = 4,4Hz), B.43 ( g, 1H, C5 «-H,
J = 4!2’ 11-0 Hz]’ 4-71 [ t, 1H’ CZ-H, J = 4-DHZ]; 2.3 _2182

{ m, 5H, Cz~-Aromatic Hl.

{ £ )p (+} 81.70 ( C, 0.10}
Acc. Mass: Calculated: 448.3705 ( M, Cgp Hag O )
Measured: 448, 3702

g.¥. N max 264 nm (€ 9250).
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2B. REACTION OF 3-PHENYL-4-0XA-5 oA-CHOLEST-2-ENE ( 278) WITH MONOPERPHTHALIC

ACID.

3-Phenyl-4-ogxa-5 -cholest-2-ene ( 278, 1.16g, 2.59mM) was taken

318 [ 25 mi,

up in dry ether ( 150 ml] and monoperphthalic acid
0.51M, 13.0mM, 5X8) was added. The reaction mixture was stirred
at room temperature for 48 hours. The solution was filtersd and the
precipitate washed with dry ether ( 2 x 50 ml). The combined ether
solution was washed with satureted sodium hydrogen carbonate solution
( 3 x 50 ml), dried over magnesium sulphate and evaporated to dryness.
The crude product ( 1.24g)}, a mixture as appeared on T.L.C. { ether/
pet ether 40-60) (50/50), was plated. The major fraction was crystallised
from acetone/pet—=ether ( 40-60) to obtain white crystals of 3-hydroxy-
3-phenyl-4-oxa-5 & -cholestan-2-one (281).
m.P.  170-172%
Yield: 659 mg ( 53%)
I.R.: 3300 (od), 2940, 2875, 1730 (C =0) 1585, 1468, 1448, 1382,
1379, 1368, 1315, 1272, 11860, 1118, 1080, 1030, 1001, 847,
814, 860, 697.
NMR: T Bﬁ-HYDRGXY EPIMER 8.37 ( S, 3H, an-CHaJ, 8.17 ( 8, 3H C1g-CH3]
7.53 ( AB q, 2H, C-2H, J = 13.8 Hz).
6.45 ( g, 1H, C5-«-H, J = 4.6, %0.4Hz), 2.51 ( m, 5H, Cz-Aromatic HJ).
3 o« -HYDROXY EPIMER: 8.33 ( 8, 3H, €qg-CH3J), 9.11 { S, 3H, C19'CH3]
7.43 ( ABg, 2H, Cq-2H, J = 14.0 Hy), 5.7 ( g, 1H, Cso- H, J=4.8,10.4Hz)
2.51 ( m, 5H, Cy-Aromatic H ).

(&)

(+) 85,2 ( ¢, 0.08).
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298, REACTION OF 3-HYDROXY-3-PHENYL-4-0XA-5 X-CHOLESTAN -2-ONE (3]

WITH ACETYLCHLORIDE/ETHANOL .

3-Hydroxy-3-phenyl-4-oxa-5 tf ~-Cholestan~2-one ( 281, B6.5 mg;

0.14 mM) was taken up in ethanol ( 10 ml) and acetyl chloride/

ethanol solution ( 10 drops) was added. The reaction mixture was

1sft standing at room temperature For 48 hours and then the solvent

was egvaporated to dryhess. The crude product was crystallised from
ethanol to obtain white cyrstals of 3-sthoxy-3-phenyl-4-oxa-5«-cholestan-

Z2-one (282).

M.P. 126 - 128°C
Yield: 46.0 mg ( 65%)
I.R: 2945, 2875, 1730 (C=0), 1605, 14868, 1450, 1385, 1389, 1317, 1279,
1177, 4160, 1149, 1087, 1071, 1028, 1005, 984, 830, 932, 920, 700
NMR: T 9.32 (S, 3H, Cqg-CH3), 9.04 (S, 3H, Cqg-CH3)
8.80 ( t, 3H, -0-CHy-CHg,s J = 7.0Hz), 7.42 (g, 2H, C1~2H
J = 14.0H7), 6.68 ( oveklapping guartets-diastersotopic -D—CHZ-CHS]

5.96 (g, 1H, Cg&-H, J = 5.0, 10.0 Hz)2.58 (m, 5H, C3-Aromatic-H)

(Klp (+) 183.89 ( e, 0.22]

Acc. Mass: Calculated = 508.3317 ( M, C45 Hg203)

Found = 508.3830
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30. REACTION OF 3-HYDROXY=-3-PHENYL-4-0XA-5 X-CHDLESTAN-Z*ONE (281)

9
WITH LEAD TETRA ACETATE40 .

t.ead tetra-acetate paste was washed with acetic acid followed

by dry benzene. The crystals were dried by employing suction pump.

Lead tstra-acetate crystals ( 130.0 mg; 0.29 mM) wers added
to a rapidly stirring solution of 3-hydroxy-3-phenyl-4-oxa-5 &-
cholestan-2-one ( 281, 130 mg, 0.27 mM) in the dry benzene (30 ml).
The reaction mixture was stirred for five hours at room temperature.
The solution was filtered to remgve inorganic salts and washed with
dry benzene. The filtrate was evaporated toc dryness. The residue
was plated ( silica, selvent: ether/pet-ether 40-60; 50/50) to
obtain the major product which was crystallised from ether/pet-ether
40-60, giving white crystals of 3,4-seco ?F—benzoate. 5 st -cholestari-
2-carboxylic acid (2839).
M.P.  220-222%
Yield 86.5 mg ( 64.4%)
I.R: 3640 - 2600 (CH) ZSSD, 2870, 1720, (C=0) 1700, 1600, 1580,
1467, 1449, 1381, 1315, 1270, 1173, 11489, 11089, 1068, 1024, 872,
930, 905, 805, 710, B8B3, B677.

C1-2H, J=14.0 Hz], 4.91 [ q, 1H, C51X—H J=4.0, 11.UHZ] 1.82 - 2.680
F )
{ m, 5H, Aromatic H).

(x)y (-3 25.1 (o 0.081}

&+
(M CSHS COOH) = 374
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31. REACTION OF 3,4-SECO-5§- BENZOATE-5x-CHOLESTAN-2-CARBOXYLIE ACID (298)

WITH DIAZOMETHANE.

3,4-Saca-5ﬁ-henzoate—5 w-cholestan-2 -carboxylic acid (299),
29.0 mg; 0.06 mM) was taken up in dry ether and diazomethane was
added dropwise until there was a slight excess of diazomethane410
as ohserved by the presence of a yellow colaur of the reaction mixture.
The solution was left overnight in a fume-cupboard and then the
colourless solution was evaporated to dryness. The cruds product
( 29.8 mg) was crystallised from methanol giving white crystals of
3,4-59c0-5ﬁ4banzcata—5 X-cholestan-2-methoxy carboxylic acid (300).
M.P.  109-111°C
Yield: 23.5 mg ( 79%]
IR 2955, 2935, 2865, 2855, 1735, 1721 (C=0 ), 1600, 1580, 1486,
1454, 1440, 1392, 1381, 1363, 1329, 1313, 1271, 1228, 1217, 1181,
1173, 1140, 1115, 1096, 1068, 1024, 973, 932, 917, 902, 886, 807,
711, 678, B40.
NMR T 9.32 (S, 3H, Cq8-CH3), 9.08 (S, 3H, Cqg-CHsl,
7.6 (ABg, 2H, C1—2H. J = 14,0 HZ], 8.53 ( S, 3H, Estar-CHB}.
4,37 (g, 1H, Csu& H, J = 5.0, 1.0 Hz], 1.84-2.81 (m, 5SH,
Aromatic-H) |
(R)y () 88.4 ( C, 0.07)

Acc. Mass: Calculated: 510 « 3709 ( M, Cg3 Hgg Og)

Found: 510.3724
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32. PREPARATION OF - 3,4-SECD-2*CARBDXY-50(-CHDLESTAN-5§-OL (3013

3,4—Secc-§ﬁ-benzoate-5 x-cholestan-2-carboxylic acid (293,

35.6 mg; 0.091mM) was taken up in methanel ( 10.0 ml) and 5%

notassium-hydroxide-methanol ( 3.0 ml) was added., The reaction

mixture was heated under reflux for thirty minutés. After cooling

to room temperature, the reaction mixture was extracted with ether

( 3 x 15 ml), washed with water [ 2 x10 ml}), dried over anhydrous

magnesium sulphate and evaporated to dryness, to cobtain 3,4-seco-

2-carboxy—5B(-cholestan-Sﬁ-ol {301).

Yield: 25.5 mg { 91%)

IR V max 3600-2500 (OH}, 2960, 2930, 2855, 1709 (C=0), 1461, 1442,
1380, 1313, 1300, 1195, 1155, 1120, 1079, 1021, 987, 949, 928, 907,
885, G649,

" NMR T 9.33 (S, 3H, Cqg~CHy ), 8.05 (S, 3H, C, gCH,)

3
7.49 { ABg, 2H, G-2H, J = 14.0 H;), 6.29 ( g, 1H, CgK H,

3= 4.4, 11.0 Hy) 5.20 (b m M, C5-B-0H).




‘
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33. PREPARATION OF 3,NOR-4-0XA-5 «-CHOLESTAN-2-ONE (274)

A solution of 3,4—secn—2-carboxy—5n(—cholestan-Sﬁ-ol
(301, 24.0 mgs; 0.081 mM) and toluene p-sulphonic acid mono-

411 £ 1-2 mg) in benzene ( 25 ml)] was hested under refluox

hydrate

with stirring under nitrogenm for 15 minutes using a Dean-Stark

azeot rope sst-up. The solution was cooled in an ice-bath,

washed with saturated sodium hydregen carbonate solution { 3 x 20 ml),

followed by water { 2 x 10 ml), dried cver.magnss;pm sulphate and

evaparated to dryness. The crude product was crystallised from

methanol to obtain white crystals of 3-nor-4-oxa-5 x -cholestan-2-cne (274)

M.P.  104-1089C

Yield 17.5 mg ( 73%)

(od)D (+) 25,1 { ¢, 0.04)

IR 2950, 2830, 2870, 2835, 1785, (C=0, y-lactone), 1487, 1445, 1422,
1381, 1385, 1273, 1250, 1180, 1148, 1126, 1103, 1082, 1075, 1031,
1016, 1000, 982, 935, 925, 836, 635, 662,

NMR 't.Q.SB ( 5, 34, CqB-CHal, 8.02 ( S, 3H, C19-CH3}

-2H), 6.15 ( g, MH, C

7.73 ( bse,,2H, C - H, J = 4.0, 11.0 Hz)

1 5

+

Mass spec. M 374

Acc Mass. Found 374,3182 ( M, C25 Hg2 O5)

Calculated = 374. 318%
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34, REACTION OF 4-0XA-5 «-CHOLESTAN-3-ONE(1] WITH P-METHOXY PHENYL-

MAGNESIUM BROMIDE.

Dry magnesium ( 330.0 mg, 13.6 mM) was placed in & dry thres-
necked flask fitted with a condenser and nitreogen passing through
the flask, ODry ether ( 150 ml) was added and the stirrer was sat

in motion.

In order for the reaction to proceed a crystal of iodine was
added to the reaction mixturs follcwed by a few drops of distilled
p-bromo anisole ( 2.65g), 14.2 mM) and the solution was warmed to
feflux on & water-bath. Dnce'the reaction mixture had stérted
refluxing, the water-bath was removed and é-bromn anisnle was added

at such a rate that the reaction mixture was under reflux all the time.

Aftér 15 minutes of the addition of p-bromo-anisole, the ether
benzene solufion of 4-oxa-5 x-cholestan-3-one ( 203, 385.0 mg;
1.0 mM) was added.dropwige. The reactlon mixturs was stirred uvsrnight
at room temperature. The reaction was worked up by the dropwiss

addition of saturated ammonium chloride soclutien ( 1.7 ml).

The clear ether layer was decanted and the precipitated megnesium salts
were washed with ether ( 3 x 100 ml). The combined ether fractions

was dried over magnesium sulphate and evaporated te dryness. The only
residue was evaporated under vacuum to remove aniscls. The crude product
was plated ( solvent, ether-pst-ether { 40-607); 10/80) to obtain

three major products.

The first, non+polar fraction was crystallised from ethanol to obtaln

white crystals of 3-{ 4-methoxy phenyl)-4-oxa-5x-cholest-2-ene (304).
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M.P. 113- 114%
Yield: 51.2 mg ( 10.8%)
IR V) max 2960, 2940, 2880, 2860, 1861 (C =C), 1616, 1580, 1515, 1470,
1446, 1383, 1368, 1339, 1321, 1306, 1267, 1250, 1166, 1113, 1087
1045, 1000,877, 944, 932, 917, 885, BB6, 839, 809, 795, 780,
770, 701, B69.
MR T 9.31 (s, 3H, C18‘CH3], 8.11 (8, 3H, C19-CH33
8.03 (d, 24, C1~H, J = 4.0 Hz], 6.42 ( gq, 1H, Cg ~K H,
J = 4.0, 11.0 Hz] 6.18 (s, 3H, - D-CHS}, 4,82 ( t, 1H,
Co-H, J = 4,0 Hz), 2.48 -~ 3.15 (,4H, Aromatic HJ,
u.v. A max 265 nm (€ 811a)
Acc. Mass: Found 478.3826 ( My Cgy Hsg O3)
Calculated: 478.3810

(x)p  (+) 111.0 ( C,0.34)

.The second fraction [ 401.0 mg) was crystallised from ethanol
to obtain white crystals of 3,3-(di~ (4-methoxy phenyl) ) - 4-oxa-
5 «-gholestane [305).

M.P. 151-3C
Yisgld: 215.¢ mg ( 37%)
IR V max 2960, 2935, 2875, 1611, 1585, 1512, 1466, 1445, 1388,
1368, 1309, 1278, 1250, 1178, 1078, 1039, 884, 959, 935,
883, 835, 812, 789, 5649.
NMR T 8.38 (S, 3H, C1g-CH3), 8.93 (S, 3H, Cqg~CHg)
6,96 { g9, MH, Cg -xH, J = 5,0, 10.0 Hy), 6.17, 6.25 ( S, 6H,
2X U-CHSJ, 2.5 - 3.4 ( m,.ﬂH, Aromatic HJ).
Acc Mass: Expected: 586.4386 ( M. C4g Hsgg 53

Found: 586.4388

() = (+) 185.7 ( ¢, 0.29)
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The tﬁird more polar—%raction -3,4-seca-3,3-di~( 4-methaxyphenyl,)-
5 « cholest-2-en-5B-0l (306) was obtained as an oil.
Yield: 98.0 mg (17%)
IR Y max (CHCIBJ 3640 - 3200 (CH), 2860, 2945, 2B75, 1608, 1573,
1515, 1467, 1445, 1418, 1386, 1369, 1290, 1250, 1182, 1175,
1112, 41085, 1040, 920, 913, 838, 810, 679,

NMR T 8.3 (S, 3H, C -CHB}, 8.26 ( 8, 3, ng—CHal,

18

.64 ( 1, 1H, L. -XH, J = 3.6, 10.0Hz) 6.20, 6.27 (S, BH,

5
2x~-0- CHSJ, 4,08 ( t, 1H, CZ-H, J = 8.0 Hz), 2.91 - 3.38

{ my 84, Aromatic H)

(), (+) 40.8 ( C, 0.22),
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35. HYDRCGENOLYSIS OF 3,3 -DI- ( 4 -METHOXYPHENYL} ) -4-0XA-5« -

CHOLESTANE (305)

3,3-(01 ( 4 - methoxyphenyl)-4-oxa-5 x-cholestane (305,
43.3 mg, 0,074 mM) was taken up in sthyl acetate ( 10.0 ml) and
concentrated hydrochloric acid ( 3.0 drops} and hydrogenated for
36 hours using 10% Palladium/Charcoal (13.0 mg) as a catalyst.
The resaction mixture was filtered through high flow-super cel filter
aid and washed with ethyl acetats. The.sclvent was svaporated to
dryness. The crude product [ 46.4 mg) was separated on silica gel,
preparative-plate, salveht gystemy ether/pet ether (50/50), to

obtain thres products.

The non-polar fraction was the starting material, 3,3-
{di-(4-methoxyphenyl)-4-oxa-5 x-cholestane ( 305, 15.6 mg; 36.0%) as

indicated by T.L.C. and spectral data.

The middle fraction was 3,4-seco-3,3-di-{ 4 -methoxyphenyl} )

-¢cholestan-5-one [315).

Yield: 5.2 mgy 12.0%

IR Vmax 2965, 2876, 17068 (C=0 ), 1809, 1582, 1510, 1469, 1441,
1383, 1379, 1385, 1334, 1303, 1250, 1175, 1169, 1161, 1117, 1040,
§77, 953, a&76, 8340, 810, &70.

NMR T 9.31 (S, 3H, Cqg-CH3), 9.01 t S, 3H, Cqg-CH=3)

§.25 (8, 6H, 2 x -~ Q - CHBJ, 2.75 - 3.30 ( m, 84, Aromatic H).
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The third more polar fraction was 3,4~seco-3,3~di (4-methoxy- |

phenyl]) - So<-ch01estan-sﬁ-o1 (314).

Yield: 18.3 mgs 42.0%
IR v max 3640 - 3200 (OH), 2965, 2875, 1610, 1585, 1511, 1484,
1444, 4385, 1303, 1250, 1176, 1122, 1103, 1082, 1040,
986, 956, 933, 890, 875, 630, 610, 700, 668.
NMR T 8.38 (S, H, C1g-CHg), 8.28 { S, 3H, Cqg-CHy)
8.50 (g, 1H, C5-%H, J = 4.8, 11.2 HyJ, 6.23

(s, 8H, 2x - O CHal, 2,76 - 3.31 (m, 8H, Aromatic H).
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36. PREPARATION OF 3,4-SECD-3,3- D1 { 4 -METHOXYPHENYL)- 5t& CHOLESTAN -

SF-OL (314}

3,4- Sece3,3-di (4 -methoxyphenyl)-5 -cholest-2-en-5b-ol
(308, 24.8 mg: 0.042 mM) was taken up in ethyl acetate { 10 ml)
and hydrogenated using palladium-charcecal { 10%, 12.0 mg)
until there was no more uptake of hydrogen. The solution was filtered
and the flask was washed with sthyl acetate { 20 ml). The combined
athyl acetate was evaporated to dryness to obtain 3,4-seco-3,3-di-

( 4-methoxyphenyl) - 50<-cholestan-5ﬁ—ol (314),

Yield: 20,7 mg ( B4%)

IR ) max: 3640 - 3200 (DH), 2965, 2875, 1610, 1585, 1511, 1469, 1444, 1385,
1303, 1250, 1176, 1122, 1103, 1082, 1040, 988, 956, 933, 880,
875, 830, 870, 700, 668.

NMR  (COC13) T 8.37 ( 5, 3, Cqp-CHa), 9.27 ( 8, 3M, Cqg-CH3),
6.50 (g, 1H, C 5«-H, J = 4,8, 11.2 Hz), 6.23 (S, 6H,

2X -0 -~ CHSJ, 2,76 = 3.31 { m, BH, Aromatic H).
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REACTION OF 3,4-SEC0-3,3-D1i (4 -METHOXYPHENYL) -5 -

CHDLESTAN-%ﬁ-UL (306) WITH JONES' REAGENT.

3,4:S8co-3,3-di ( 4-methoxyphenyl)-5 -cholestan-
S5h-o0l (306, 24.5 mg; 0.042 mM) was taken up in acstone ( 3.0 ml)
and cooled to 0°C ( ice-water) followed by a dropwise addition of
Jones® reagent ( 4 drops) with stirring. ThHe reaction mixture wés
stirred for 5 minutes and washed up by adding water{5.0 ml) and extracted
with ether ( 4 x 10 ml). The combined sther extract was washed
with water { 2 x 10 ml), dried over magnesium sulphate and evaporated

to dryness to yield 3,4-seco-3,3-di-{(4-methoxyphenyl)-cholestan-5-

one (315).
Yield: 17.0 mg { 70%)
IR 2965, 2878, 1706 (C:Q-], 1609, 1582, 1510, 14869, 1441, 1383,

1379, 1365, 1334, 1303, 1250, 1175, 1169, 1161, 1117, 1040, 977, 953,
876, 830, 810, 670.
NMR T 9.31 (S, 3H, Cqg-CH3}, 9.01 ( S, 3H, C48-CH3),

2.75 - 3.30 ( m, BH, Aromatic-H),.
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38. REACTION OF 3,4-SEC0-3,3-Di ( 4-I"IETHDXYPHENYL]-Sw—CHDLEST-Z-—EN-Exﬁ-OL

(308] WITH TOLUENE-p-SULPHONIC ACIO.

A solution of 3,4-seco-3,3-di (4-methoxyphenyl)-5 x-cholest-2-
en-Sﬁ-ol ( 306, 4.7 mg; 0.008 mM) 1in benzens ( 5.0 ml) was heated
under flux for two hours in the presencs of toluene-p-sulphonic acid
( f.D mg). Tﬁe reaction mixture was washed with water {( 2 x 5 ml)
and the benzene layer evaporatéd to dryness to obtain 3, 4-ssco-3,3-

di- (4-methoxy-phenyl)-cholestan-5-one (315},

Yield: 3.2 mg; 68%
NMR T 9.31 (S8, 34, Cqg-CHy), 9.01 ( S, 3H, Cqg-CH3),
8.25 (S5, B6H, 2 ( -D*CHS}.

2-75 - 3.30 ( ITI, BH’ AI‘OTﬂatiC"H).

IR 2965, 2876, 1706 (c=0), 1609, 1582, 1510, 1489, 1441, 1383, 1379,'
1365, 1334, 1303, 1250, 1175, 1188, 1161, 1117, 1040, 977, 953,

876, 830, 810, 670.
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38. REACTION OF 3,4-SEC0-3,3-Dq (4-METHOXYPHENYL )-CHOLESTAN-5-0ONE

(3153 WITH HYDROXYLAMINE-HYDROCHLORIDE.

To a solution of 3,4-seco-3,3-di (4-methoxyphenyl)-cholestan-
5-one ( 315, 17.0 mg; 0.029mM) in ethanol ( 3.0 ml) was added
a8 solution of hydroxylamine-hydrochloride ( 10.4 mg: 0.149 mM;
5M xs) and sodium acetate { 18.6 mg; 0.23 mM; 8 M xs) in water
{ 2 drops) and diluted with ethanol { 5 drops). The reaction was
heated under reflux for 30 minutes, water ( 3 drops) added and

allowed to cool,

A white precipitate, not crystalline, was extracted with
ether ( 3 x 15 ml}. Ths combined ether extract was washed with
water ( 2 x 10 ml), dried aver magnesium sulphate and evaporated to
dryness. The crude product was crystallised from agueous ethanol
to obtain white crystals of 3,4-seco-3,3-di (4-methoxyphenyl}-
chalestan-S-one-oxiﬁe {az1).

M.P: 52-54°C
Yield: B.8 mg; 39%

IR v max ( CHCla}; 3620-2700 ( OH, 4- bonded), 2840, 2875,

1608, 1585, 1510, 1465, 1443, 13739, 1303, 1250, 1218,
1177, 1118, 1040, 985, 951, 928, 852, 830, 810, 668,
NMR: T 9.33 ( S, 3H, Cqg-CH3) 9.03 ( S, 3H, Cqg-CHs), 6.22 ( S, 6H,
2X-0 CH,) » 2.63 - 3.30 ( m, &M, Aromatic H)
(x)p + 10.8 ( C, 0.09)
U.V. A max 276-7 nm (¢ = 4038), ( ( Me 0-CgH4) -5 CHys  max 281.4 nm;

€ = 4150)) 12, .

(M~ [ MeO C6H4]2 CH21+ = 373,
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40, REACTICN OF 3,4-SEC0-3,3 { Di - ( 4-METHOXYPHENYL)- 5 -CHOLEST-2-EN-

Sﬁ-DL (306) WITH 3,5-DINITROBENZOYL CHLORIDE.

3,4—Seco-3.3—di-[4—meth0xyphenyl35cx-cholest-Z-en-Sﬁ-ol
( 308, 22.6 mg; 0,05 mM) was taken up in pyridine ( 5.0 ml)
and 3,5-dinitrobsnzoyl chioride ( 34.0 mgs 0.15 mM, 3.75 M Xs) was
added and the solutilon was stirred for 48 hours at room temperature.
The reaction mixture was poured into ice-watér and extracted with
ether ( 3 x 50 ml). The combined ether extract was washed with
ice-cold water ( 2 x 20 ml), saturated sodium hydrogen carbonate
solutien { 2 x 20 mi) followed by water ( 2 x 20 ml}., Ether extract
was dried ovar magnesium sulphate and evaporated to dryness. The
crude product was crystallised from acetens-methanol to obtain yellow
crystals of 3,4-seco-3,3-di ( 4-methoxyphenyl) - 5 & -cholest-2-en-

Sﬁ - ( 3157-4initrobenzoate) (322).

M.P.  181-3°C

Yigld: 22.68 mg, [ 78.5%)

I.R: 2940, 2875, 1730 (C=0), 1630, 1605, 1550 (NO,}, 1512, 1465,
1345 (NO,), 1282, 1250, 1175, 1121, 1075, 1035, 971, 922, 875,
835, 830, 808, 732, 723, 667.

NMR: T 9.31 (S, 3H, C1B-CH3], 8.90 { S, 3H, C -CH3]. .21, 6.46

19
(s, 8H, C3-2X-DCH3], 5.10 ( g, 1H, Cgx H, J = 4.0, 10.4H23

6.12 ( t, TH, Cy-H, J = 6.GHy), 2.91 - 3.70 ( m, 8H, C,-Aromatic

2
Hg), 0.8 ~ 1.33 ( m, 3H, Cs-EsterAromatics).

Analysis: Caleculated: C, 72.32; H, 7.69; N, 3.59

Found: C, 72.20; H, 7.893 N. 3.5

(M, C47 Hgg Og N2J.
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41.REACTION OF 3,4-SECO0-3,3 Di-(4-METHDXYPHENYL]-50<-CHULESTAN-5F—

oL (314) WITH 3,5-DINITROBENZOYL CHLORIDE.

3,4-3ec0-3,3-di- ( 4-methoxyphenyl)-5 -cholestan-5Sb-ol

(314, 23,4 mg: 0.04mM) was taken up in pyridine [ 5.0 ml)

and 3,5-dinitrobenzoyl chloride ( 33.0 mg, 0.14mM, 3.5M Xs) was
added and the solution was stirfed at room temperature for 48 hours.
- The reaction mixture was poured into ice-water and extracted with
gther ( 3 x 50 ml), The comhined ether extract was washed with
ice-cold water ( 2 x 25 ml]) sodium hydrogen carbonate solution

( 2 x 25 ml) and water {( 2 x 25 ml). Ether extract was dried over
magneslum sulphate and evaporated to dryness. The crﬁde product
was crystallised from acetone-methanol yielding yellow crystals of
3,4-secp-3,3-di-{4-methoxyphenyl)- 5tx,-chclestan—5b—(3151 -dinitrobenzoats)

(323},

M.P. 157-2%¢

Yield: 25.4 mg; ( B82.0%)

I.R 2960, 2945, 2875, 2855, 1728 (c=0), 1630, 1810, 1550 {NDZ)a
| 1511, 1463, 1348 (NO2), 1288, 1255, 1175, 1121, 1076, 1035, 870, 921,
875, 829, 806, 731, 722, 688.
NMR T { CDCl;) 8.32 ( S, 3H, C1B-CH3], 8.97 (S, H, C19—CH3], 6.58,
.29 { S, BH, 2X D-CHSJ, 5.04 { g, 1H, CgxH, J = 4.8, 11.DHZ].
2.83 - 3.90 ( m, BH, Aromatic Hsl,‘0.78 - 1.34 { m, 3H, Aromatic ester
Hs).
Analysis: Calculated, C, 72.10; H, 7.98; N, 3.58

Found: C, 72.105 H, 8.2; N, 3.40

(M, C47 HSZ 08 NZ]'
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42, PREPARATION CF CHOLESTERYL-%ﬁ*ACETATE (324)
To a solution of cholestersl {201, 20.0g:; 0.052M)

in pyridine ( 200 ml}, acstic anhydride ( 30 ml ) was added and
the solution was stirred for one hour and lsft to stand overnight
at rocm temperaturse. The reaction mixture was poursd over ice-water
and extracted with ether ( 5 x 100 ml). The combined ether extract
was washed with dilute hydrochlqric acid ( 3 x 50 ml) followed by
water ( 3 x 50 ml}, dried over magnesium sulphate and evaporated to
dryness. The crude pfoduct was crystallised from acetone to obtain

white crystals of cholesteryl—qﬁ-acetate (324).

M.P. 111 - 113% ¢ L1t mPA08 144-945%).

Yield:  19.85g { 89.5%)

I.R.V max 2980, 2830, 2890, 2850, 1733 (C=0 ), 1665 (C=C), 1468,
1445, 1386, 1375, 1366, 1335, 1316, 1289, 1250, 1235, 1175,
1162, 1145, 1135, 1114, 1088, 1037, 1025, 987, 962, 963, 957,
943, 929, 921, 906, 895, 886, 858, 846, 833, 825, 813, 805,
795, 771, 743, 705, 690, 665.

NMR ¢ CD C1,)T 9.32 ( S, 3H, Cqg-CHg), 8.98 ( S, 3H, Cqg-CHg)

0
7.98 (S, 3H, Sﬁ-G-C CH3), 5.41 ( m, 1H, C3°<HJ, 4,62 (d, 1H,

CB_H’ J = 408 Hz]l
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43. PREPARATION OF 50<-CHDLESTAN-3F-ACETATE (325)

Cholesteryl acetate ( 324, 5.0g; 11.68 mM) was taken up in
ether { 25.0 ml) and glacial acetic acid (-SD.D ml) and hydrogenated
using platinum oxide { 108 mg), as a catalyst, at room temperature,
until thers wa2s noc more uptake of hydrogen. The reaction mixture
was flltered through high-flow supercel filter aid, using ether
to dissuiva any cyrstallised preduct, and the filtrate was evaporated
to dryness. The crude product was crystallised from ethylacetate-
methanol to obtain white crystals of Stx-cholestan-Bﬁ—acetate (325).

413 441p-11170).

m.P. 1089-110°% ( Lit mP
Yield: 4,83g ( 96.2%)
I.R. V max: 2956, 2940, 288Q, 2885, 1740 (C=0 )}, 1472, 1450, 1388,
1379, 1368, 1362, 1242, 1176, 1160, 1152, 1135, 1125, 1078, 1030,
963, 833, 913, 830, 867, 842, 801, 757, 745, 727, 670.

NMR: T 9.34 (S, 3H, C18-CHy), 9.19 ( S, 3H, Cqg-CH3),

8.0 (S, 34; C3 -0 - € - CHy), 5.35 (m, 1H, C, -&¢H)

3
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44, PREPARATION OF 50(*CHULESTAN-3F-OL ( 328]413

5:x-Chclestaﬁ*§ﬁ-acetate ( 325, 4.80 gs 11.16 mM) was taken
up in ethanol ( 22 ml) and a solution of sodium hydroxide { 1.4g) in
water ( 5.5 ml) was added. The reaction mixture was heated on
steam bath for three hours and then allowed to cool. The precipitate
was collected washed and crystallised from sthanol to yield white

crystals of 5x-cholestan-38-0l ( 328).

M.P. 133 -140°C  Lit. MP 413 140-141-5°C)

Yield 4.08g ( 94%)

IR v max 3700-3100 (OH), 2945, 2925, 2875, 2855, 1475, 1453, 1392, 1373,
1345, 1309, 1176, 1160, 1144, 1085, 1045, 967, 93B, 890, 786, 679,

NMR (CDCIBJ'T 9.35 {( 8, 3H, C B—CH3]. 9.20 ( S, 3H, C19-CHGJ. 7.02

1
(CS; 1H, CS-OH] B|43 ( m, 1H; CSMH]
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45, PREPARATION OF 5°<-CHDLESTAN-Bﬁ-TULUENE-p-SULPHDNATE (327)

To a solution of 5 -cholestan-3f-o0l ( 326, 4.0g; 10.31 mM)

in pyridine ( 100 ml), toluene-p-sulphonyl chloride ( 18.8g, 103.1 mM)]

was added. The reaction mixture was stirred for two hours and then

allowed te stand.overnight at room temperaturs. The reaction mixturs

was poured onto lce-water and extracted with ether { 3 x 150 ml). The

combined ether sxtract was washed with_dilute hydrochloric acid

( 2 x 50 ml) followed by ice-cold water ( 3 x 50 ml). Ether extract

was dried cver magnesium sulphate end evaporated to drymess. The cfuda
| product (5.35g) was crystallised from aceteone to obtain white crystals

of 5 x—cholestan-qﬁ-toluene-p—sulphonate (327). |

4 134-5%)

M.P: 131-433%¢C ( Lit. mp. Y
Yield: 4,77g [ B5.4%)
IR V max .2955, 2935, 2870, 1600 (C=C Aromatic), 1495, 1469, 1455, 1447,

1404, 1385, 1380 ( s0,-0-), 1335, 1312, 1298, 1210, 1192, 1180

2
('502-0-3. 1156, 1132, 1121, 1100, 10873, 1040, 1021, 1015, 1001,
985, 953, 940, 931, 967, 890, 870, 855, 817, 810, 755, 731,
708, 688, 672, 865,

NMR [CDClslT' 8.36 (S, 3H, Cqg-CH3), 9.22 ( 8, 3H, Cqg9-CH3)

7.54 (S, 3H, - C - CHSJ, 5.57 ( m, 1H, 3«-H), 2.20-2.66

64
( 4H4, Aromatic J = 8.0 Hyl.
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PREPARATION OF 5 - CHOLEST-2-ENE (6)%1°

A solutien of 5cx-chclsstan-aﬁ-toluene-p-swlphonate (327, 4.Cg)
in dry dimethylsulphoxide ( 60 ml) was heated at 100°C for three hours.
{ The temperaturs of the oll-bath was 115-120°C). The reaction
mixture was poured into water { 100 ml) and extracted with sther
( 3 x 100 ml). The combined ether extract was washed with water
( 4 x 100 ml}, 2N hydroghloric acid ( 2 x 100 ml}, water ( 100 ml],
gaturated socdium hydrogen carbomate ( 2 x 100 ml) and finally with
water ( 3 x 100 ml). Ether extract was dried over magnesium sulphate
and evaporated to dryness. The cruds pfoduct was colummed on aluminsz.
Elution with pet-ether ( 40-60) gave So¢ -cholest-2-ene ( 328}, pet-sther-
benzene gave 50(;chulestan-3-one { 220), ether+benzene gave S& -cholestan
-3¢ -0l1) and washing the column with chloroform afforded a gum which

was mainly So(-cholestan-Bp-ol L 326).

5% -Chalest-2-ene-(328) was crystallised from acetone to cobtain

white crystals.

NP 69-71%C C Lit. mp.41% 72-73%)

¥ield: 1.84g; B67.4%

TR:~) max 3030 (=) 2970, 2950, 2875, 2855, 1471, 1445, 1431, 1385, 1380,
1375, 1348, 1299, 1256, 1211, 1186, 1180, 1170, 1155, 1138, 1117,
1050, 1032, 996, 988, 968, 980, 943, 932, §20, 909, 890, 875,
848, 829, 810, 773, 731, 867, 850.

NMR ( CDC1g) T 8.33 ( S, 3H, Cyg-CH,), .25, (S, 3H, C1g-CHj)

4.48 ( bs, 2H, C2,3-H)
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5x -Cholestan-3-one ( 220, 0.82g) was crystallised from ethanol
to obtain white crystals.

08 428-129%)

m.p.  125-127°C  ( Lit. m.p.*

Yield  0.B52g; 21.8%

I.R. V max 2980, 2940, 2880, 2865, 1715 (C=0.) 1471-1446, 1421,
1387,1377, 1368, 1355, 1336, 1315, 1287, 1277, 1258, 1232,
1214, 1205, 1187, 1178, 1157, 1133, 1076, 1033, 1001, 959,
a45, 932, 905, 875, 850, 811, 762, 738, 710, 687,

NMR T 8.31 (S, 3H, C18-CHg), 8.97 ( 8, 3H, Cqg-CHg)

7.51 - 7.96 ( m, 4H, €s and C4*HJ.

Crystallisation of the crude third fraction ([ 0.21g) from
methanol produced white crystals of So«-Cholestan-3«(-aol.

408 1g7-1a8%)

M.P.  183-185°C ( Lit M.P.

Yield: 0.18g; 6.3%

IR V max 3700-3100 (OH), 2940, 2925, 2875, 2855, 1470, 1447, 1388, 1377, 13B¢
1335, 1310, 1277, 1252, 1231, 1214, 1185, 1168, 1127, 1119, 1107,

1075, 1035, 1005, 977, 960, 938, 919, 90B, 884, 848, 832, 728.

NMR T 9.35 ( S, 3H, Cqs-CH3), 9.22 ( S, 3H, Cqg9-CH3), 7.63

(S, 1H, C3 %-OA) 5.83 ( d, 1H, C3-PH, J = 2.0H,)

Crystallisation of the fourth, the very polar fraction (0.13g)
from ethanol yielded white crystals of 5 x-cholestan-38-ol (328).

B 140-141.5%C)

mp. 138-140°% ¢ Lit. M.p. O

Yield: 85 mg: 3.3%

I.R. v max 3500 - 3160 (OH), 2945, 2880, 1475, 1453, 1392, 1373, 1345, 1309,
1176, 1180, 1144, 1085, 1045, 967, 938, 890, 786, 679.

NMR T 9.35 ( S, 3H, Cqa-CHg), 9.20 ( S, 3H, C4qg-CH3), 7.02 ( bs, 1H, C3-0OH)

En43 [ m’ 1H, CB -UH]u
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47 .,PREPARATION OF 3-(21'ACETIC ACID)-2-HYDROXY-5 X-CHOLESTAN- ¥ -LACTONE 268F

(329) dissolved

Manganous acetate tetrahydrateA[ 530 mg, 2.2 mM) was
in glacial acetic acid ( 10 ml) by raising the temperature to QUOC.
At this temperaturs potassium permanganats { 100 mg, was added with
stirring. When the exothermic reaction had subsided and temperaturs

dropped to QOOC, asetic anhydride ( 8.8 ml) was added followed by

sodium acetate ( 1.20g).

5S¢ -Cholest-2-ene ( 328, 350 mg; 0.96 mM) was added and the
reaction mixture was refluxed until the brown colour had disappeared.
( approximately one hourl. The reaction mixture was diluted with water
( 50 ml) and extracted with ether { 3 x 150 ml)J. The combined ether
extract was washed with saturated sodium hydrogen carboﬁate solution
{ 2 x 150 ml} and water { 2 x 100 ml}. The ether extract was dried over
anhydrous magnesium sulphate and evaporated to dryness. The crude product
was separated by preparative T.L.C. ( solvent system, Pet-ether/Ether;
8Q/40). The fraction corresponding te the ¥-lactone was crystallised
from methanol to obtain white crystals of 4 ( 21-acetic acid)-2-hydroxy-
Se<-cholestan- Y-lactone (323).
M.P. 121-37C
Yield: 41.0 mg; 10.0%
IR V) max 2960, 2945, 2880, 1788 (C=0), 1470, 1460, 1451, 1420,
1385, 41378, 1346, 1332, 1298, 1247, 1174, 1111, 1000, 974,
941, 8639, 840.
NMR T 98.35 (S, 3H, C1B-CH3)’ 8.22 ( s, 3H, Cqg-CH3l,
5,34 ( quintet, 2-overlepping triplets, 1H, CZ—H].
(X}g (+) 20.5 (C, 0.15)
Acc. Mass: Exp. 428. 3654

Found 428.3648 (M, ).

€og Hag Oy
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TABLE 2

N

s GROWTH % DEATH CONCENTRATION
[pg/ml]

TOTAL VIAB%E %
CELLS X 10

0.0

0.1

0.25

0.50

0.75

1.0

5.0
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TABLE 3

TOTAL VIABLE % GROWTH % DEATH CONCENTRATION

CELLS X 106

NS

(}Jg/mll

0.0

0.5

0.75

1.0

2.0

3.0

5.0
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TABLE 4

TOTAL VIABLE % GROWTH % DEATH CONCENTRATION

CELLS X 106

N
N

(}Jg/ml)

8.0

0.5

1.0

5.0

7.3

10.0
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TABLE 5
TOTAL VIABLE %. GROWTH % DEATH CONCENTRATION
CELLS X 108 (Fg/mll
42,11 100.0 Q.0 0.0
34,10 81.0 19,0 0.5
0.75
0.85
1.0
2.5

5.0
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TABLE 6

TOTAL VIABLE
. cetLs x 108

% GROWTH

% DEATH

CONCENTRATION
E}Jg/ml)

UIU

0.5

0.75

0.85

1.0

2.5

SIG
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TABLE 7

TOTAL VARIABLE
CELLS x 108

% GROWTH

% DEATH

CONCENTRATION
(}Jg/ml)




sl
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TABLE 8
TOTAL VIABLE % GROWTH % DEATH CONCENTRATION
CELLS _ (}.:g/ml)
%X 105
6.48 100.0 0.0 0.0
5.86 92.0 8.0 0.5
5.17 B0.0 20.0 0.75

1.0

3.0

5.0
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