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SUMMARY

A brief review of fhe biological properties and the
syﬂthesis of a-methyléhe lactones is presented.
An improved synthesis of 3517B¥diaéetoxy-estra-1,3,5(10)-
-itrien—ﬁFone 114, from 17g-estradiol diacetate 113 is prgsentéd
‘u51ng chromium. tr10x1de—3 5- d1methy1pyrazole complex, The 3-
‘acetoxy 6-ketone 114 was converted to the 3- benzyloxy derlvatlve
'lgé’whlch,.on reaction with diethyl cyanomethylphosPhonate gave |
largely (§)-3-benzyIQxy-6;éyanbméthylene-egtra-l,3;5(10)—trienm
178-01 136, Reduction and acid'hydfolysis of theléyandmefhylgne
compound 136 gave SQbenzyloxy-6—formylmethylene-estra-l,3,5(10)-
. trieﬁelfs-ol'lgg.which was allowed to react_ﬁitﬁ a-(brdﬁomethyl)
 acry1até and actiﬁated zinc to give the u-méthyléhe lacione'gggi
Additionally, the 3-ben:yloxy56?ketone lgglwas converted to (2)-
‘3-behzyloxy-ﬁ—methoxyﬁethylene-estrq-1;3,5(10)-trien-l?B;oi 132
by reaction with diphenyl(methoxymethyl)phosphine oxide and LDA.
Treatment of 132 wlth acid gave 3 benzyloxy 6 formyl -estra-1,3,5
(10) -trien-178-01 127 |
| Estrone 72 was flrst converted to 16- hydroxymethylene ‘estrone

711._ Protectlon of the 16- hydroxymethylene function with butane
..thlol gave (E) -16- butnyJZhylene estrone 153 which was reduced to -

the 17g-hydroxy-derivative 154 and subgequent deprotection of
"lii gave 16-fofmy1-3-hydrpxy-e§tra-1,3,5(10]}6-tetraene 155,
Reaétibn oflthé éidehyde 155 with eth?l-u-(bromomethyl)acrylate

and activated :in; gave the a-methylene 1actone\198,
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Conversion of the-16- hydroxymethylene estrone 73 to (E)-

16- methoxymethylene estrone 167 was followed by its reductlonOMaBW)_
'1n the presence of CeCls to g1ve-16-methoxymethy1ene estradiol - |
168 which was deprotected by treatment with acid to give 16-
formyl estrad101 158, Reaction of lig'w1th methyl a- (bromomethyl)
' acrylate pgave the a-metﬁylene_iéctone 199,

Acetylation of the 3-béﬂzyloxyf6-ketoge 123 afforded the

178-acetoxy-derivative 170 which was reduced to 17g-acetoxy-3-
'. Benzy1oxy{e§tra-1,3,5(10)-t:ién-ﬁa—oi 171. Reaction of the ba-
alcohol lll_with allyl bromide gave the aliyl ether'izg_which was
~ _oxidised with 0s0, - NalQ, to give the fbrmylmethoxy-derivativé
173, The formylmethoxy-deri#ativé 173 was found to undergo a
novel “retro-ene" reaction to glve the S-benzyloxy 6-ketone 170.
Cholesterol 180 was converted to the formylmethoxy -derivative
182 through the glycidyl ether 181, Similarly cholestanol 185
gave the formylmethoxf—derivative 188 through ﬁhe-allyl ether
lgg_én& the glycidyl ether 187 résPe;tifely. The formylmethoky4
derivatives 188 an& 182 did not undergo fhe "retro—ene" reaction
_observed for the estradlol formylmethoxy -derivative 173 . .
-6~ Methoxy -1- tetralone 189 was reduced to the alcohol 190 “
 "'and then allowed to react with allyl bromide to give the allyl
ether 191. Ciéavage of the allyl ether 191 with 0s0, - Na104-
gave the formylmethoxy derlvatlve 192 which was found to undergo .
. the "retro-ene" reaction observed for the estradlol formylmethoxy-

derivative 173
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INTRODUCTION

Biological Background

Chémotherapy has long been essential in the managementrof'
cancer. However, the completely effective use of chemotherapeutic
agents in cancer therapy is yet to be attained. Effectiveness
of chemotherapeutlc agents is based_on their chemotherapeutic
indices! which are linked to selective toxicity. Thus, to have
an effective anti-tumour agent, it must be selectively toxic to
the tumour cells 1eav1ng the host’ cells relatlvely unharmed.

Such a concept of drug design and development is usually based
on biochemical differences observed between the host and the‘
iﬁiading cells.? |

With cancer, the main blochemical difference that has been
observed is the rapid rate of proliferation of cancer cells.-‘
However thls 1s not true for some ‘cancer cells such as breast
cancer whlch are, known not to be rap1d1y prollferatlng More-
over, many normal cells of the body such as bone-marrow, \
1ntest1na1 mucosa, skln epithelium and mucosa of the mouth are
rapldly prollferatrng and at an even faster rate than some__ |
cancer cells by s Hence, thls dlfference alone is not suff1c1ent1y
d15t1ngu15h1ng for the development of very effective anti-tumour
agents. |

'The recent oncogene theory® has proposed the presence of
;‘geaetlc information determining the malignant behav1our of
cells (ire;‘the oncogene) in normal host DNA. This implies
~ that all cells possess this genetic information for.malignaat

behaviour and such oncogenes must be repressed. Carcinogenesis,
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is therefore seen, in this case, as activation of latent encogenes-‘
This theory predicts the existence ef.reverse transcriptase (a
"RNA direeted DNA polymerase)- in tumour cells, as a Biochemicel
difference frem normal cells. Hewever this enzyme is knowh-ro'
be assoc1ated with non-oncogenic V1ruses and may also be found.
in normal cells. |
| Nevertheless, recenr progress in molecular biology is
providing powerful tools for examiﬁing the‘details of nucleic
ecid metabolism, and'ﬁodulatioh of gene expressioﬁ. Such tech-
nlques w111 undoubtedly have a major 1mpact on studies of
mallgnant ce11 metabollsm in the near future.

~ On the current evidence, it would seem that chemotherapeu-
tic agents based on such blochemzcal dlfferences so far observed
‘mlght be effective on cancer cells (1 e. regre551on of cancer
cells) but with attendant and unwanted side effects whlch could
be.verj detrimental to the host;,‘This notwithstanding, theoreti-
celly; it is possible to find ampng such agents one which could
effect particular cancer cells more then the normel cells. .This-
is erident‘from the facf that Chemotherapylhas continued to play.
- a major role in cancer'therapy. Currently, there are 30- 40
anti-cancer drugs in clinical use.

Generally, ant1 neoplast1c agents can be classified as
.alkylatlng agents, anti-tumour antimetabolites (i.e. those that
exert their eetion by'enzyme'inhibiticn); anti-tumour antibiotics
(whicﬁ intercalate with DNA) and various miscellaneous eompounds7
such as the natural products,'the.V&nca alkaloids vinblasrine 1
and vincristine 2, which have subsequently found an important

role in cancer chemotherapy.® The alkylating agents include

"



nitrogen mustards, nitrosoureas, triazenoimidazoles, hydrazine

derivatives and methanesulphonium esters.

‘MeO

|
1l R-= CH3 = Vinblastine CQZMe

2 R= CHO =|Vincristine

The discovery that sesquiterpene lactones ahd/or ketones
such as vernolepin_é?,-helenalin 410 and plenolin 5% have
cytoto#ic effects against animal tumour systems in viveo and
in vitro over a wide range of neoplasias has encouraged interest

in themn.,




el

Those of particﬁlar interesr.contain.the a-methyiené
'iaétOne moiety,.ﬁhich combine sim‘plicity iﬁ structure with
requirements for significant cyfbfoxiéity. Their cytotoxic
action has been ascribed to a rapid Michael-type addition
reaction of biological nucleophiles such as L-cysteinell or
sulphydryl containiﬁg enzymés,'e.g. p_hosphofructokinase12 and -

" glycogen synthetasér13 However, the'simﬁle low molecular weight
ladtones'have not been Very'Successfﬁllfn viv& primarily Eecause
of low permeability across cell membrane and lack of selectivity.

Dan1e1111“ has po1nted out that select1v1ty of action of
a drug in general can be gphanced by a.number of variables on_;
whiéh the drug's activity depends. These rériables inélﬁ@e:;

| | {a) the water-lipid par;ition qogfficientAthch willl
affect transport cHaratteristiés'and pharmacological disposition
of the drug, f |
| | (b) chemlcal reactlvlty Wthh w111 determlne the per51stence
of the drug after admlnlstratlon, and ) | |

(c) potentiation by enzymic modlfiéarion'that will influence
tissue .specif'icity.‘ : . A

.‘_A new approach for obtaining selectivify of.biologicélly
‘active alkylating agents has eroived,,ipvolving the coupling'of
'alkylating agents to biologicél-carriers. In this form, the
b1010g1ca1 carrier could be serving a dual role, i.e. carrylng
the alkylatlng agents to target specific sites and also over—
comlng cell-membrane barriers (because of the increase in
11p0ph111c1ty) In thls regard some ster01da1 alkylatlng ’

agents have been synthe51sed and the1r act1V1ty evaluated



against specific cancer cells. These include steroidal mustard
‘alkylating agents (é.g. 615 and 716) and the steroidal g-methylene
lactone 817, These have been found to have considerable cytotoxic

effect against experimental tumours.

CgHy 7

RO

5

R = —COCH,ATN(CH,CH,C1),

~ Also Dehall® in these laboratories synthesised steroidal
lactones 9 and 10 which have been found to be active against
nasopharynéeal'carcinoma (KB) cells in culture.

R .




Lam?22 synthesised steroidal nitrosoureas 13 and 14 with
the hope that these would have affinity for the estrogen receptor.
Alfhough.thex were_observedfto,have inhibitory acfiﬁity against fhe
growﬁh.of DMBA-inducedlrat mammafy adénocaftinoma, their affinity

for estrogen receptor.is yet to be reported,

™
H,NHC-N-R
NO

HO _ .
‘ 3 0 R.= CH,CH,C1 or CH

-— .| 2¥2 3

C-A-R | |
NO -
HO
4 R = CHpCH,Cl- or CHy

The synthesis of stercidal a-metﬁylene lactones with fhe
ocbjective of Having affinity for estrogen re?eptor and thus being
both selective and specific has been studied by Chagonda??® in
these'iaboraforiés.. The la;ibnés lgsand-lﬁ;qere synthésised'and
foun&-to have higﬁ‘CytotbxiCity on tissue culture Hela Sy cells

but to have no affinity for estrogen receptor?*,

‘R =H or CH3



The discovery of estrogeh receptors with specific binding
affinity in human breast cantetl9 has provided a ﬁodified approach
‘in this field Thus, the use of estrogen as biological carrier
could be a step in the right direction. Hamacher20 noted that
lthe use of estrogen hormones as phy51olog1ca1 carriers will have
a geod chance of increasing tumour cell select1v1ty of cytotoxlc
groups because of thenfollowing reasons: (a) A high prpportion
of human breast cancers contain eetrogen receptors, (b) Estrogen
hormone ﬁolecules show a high binding affinity,to eetrogen

receptors, (c) The transport mechanism of carrier-receptor

complexes could result in the accumulation of cytotoxic derivatives

in the nucleus of target cells whlch is the potentlal site of
- action, partlcularly for alkylatlng agents. _ | |

In thzs regard, Witliff 2} synthe51sed esttadiol mustard 11
and estramustine 12, However, these were found to have very low

affinity (1/10,000 of that of estradiol) for the estrogen.receptor;

. OCOCHZ _<E_-)>—‘-N(CH2CH2C1) 2
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. Structurée - activity relationship étudies on estrogens
have highlighted certain important requirements for estrogen
receptor binding;L Schueler25 noted that two hydrogen Bonding
fgroups or simply two hYdrogen atoms activated by the in&uctive_
effect éndpheld at an optimum distance of 8,55A from one another
were esséntial._ Binding'is'optimal\for 3,17B-dihydroxy deriva-
tives. |

Further work has;shown.this to bé an over-simplification. .
Zeelen and Bergink26 reported two additional&fa;toré namely
hydiophobic bénding and n-complex formation with tﬁe arpmatic

an . : ‘
/estrogen receptor. The

 ring, as essentialjfof binding to
importance of n-cdmplex'formation was demonstrated throﬁgh the
difference in‘the bindingiaffihity obseived Between-estradiql' 17
and 19-nofandrost-4-eﬁe;3,178-dioi 18,  Based on the binding

affinity of estradiol (100%), 18 had a binding affinity of 5.

It'thgrefore follows that in the design of anti-tumour
agenfs with estfdgen éafrier, cognisance.must be taken of the
importance of the 3- and'17ﬁ-hydroxy1 groups prefe:gble for receptor
binding. Moreover,'the-cytbtoXic moiety to be aftached'must be

at a position remote from both:hydroxyl functions in order.to
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reduce the possibility of steric and electronic effects which
might affect binding affinity. With this in mind, Zeelen2®
synthesised estradiol and estrone derivatives 19 and 20 which

contain the'aziridinomethyl residue at C-11.

[ncH, ~ OH

HO

.20

These have been found to have low binding affinity relative
~to estradiol, but high'enouéh when compared with other estrogen
 derivatives synthesised as anti-tumour agenté. |

Hamacher 2! has reported the synthesis of éstrogénic'N—

mustards 21, gg;énd 23 which have been found to bind to estrogen

Jreceptor.
(ClCHZCHz)2
HO
N(CHZCH2C1)2_-
IEZ'

N(CH,CH,C1),
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~ The work of Edge?7 in these laboratories' led to the synthe-
sis of 24, which it is hoped will have binding affinity for

‘estrogen receptor as well as being cytotoxic,

A direct'conseqﬁence of these obsérvafidns is the désire toR
_éxplofe.ways of attaching.theré-methylene lactone moiety to 178-
| estradiél with the ultimate goal of obtaining_selective anti-
tumour lactones. Since 17B-éstradiol is a highly'acfive estrogen;
" such compounds could have relatively high binding affinity and
thereby'bé use ful for treatment of hormone dependent tumours such .
as prostatic, breast or cervicai cancer, Thué the main objective
of this work is the synthesis of possible lactones of types 25,
26 and 27, in which-the-aikylating function would not signifi-

cantly reduce the estrogen binding affinity,
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In all cases, it was proposed fo'syhthesise‘aldehydic
derivatives of estradiol ‘and convert them to the a-methylene
lactones via a Reformatsky-type reaction leading to a-methylene

lactones 28. ..

- g R B
RCHO + BrCHz—ﬁ—COZEt —S \ng ,
- G S |

-
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SYNTHETIC APPROACHES TO a-METHYLENE LACTONES

TheJextensive_intexests_in"the synthesis of-a-methylene
lacfohes, first inifiated by Jones2® has continued to grow due
,to‘thé ;ytotoxicity of $esqﬁiterpene léctones. The observation
by‘kupchan29 on thé structure-activity relatiqnshiﬁrstudies of
naturallyoccurringseﬁquiferpenés that the a-methylene-y-lactone
.moiety is essential for significant ﬁytotoxicity has further
strengtﬁengd suéﬂ interests. This has lea to diversified
3ynthetic approaches'whith have been extensively reviewed3?s31,
However, of particuiar‘interést-is the recent review of Hoffmann32
which contains excellent afproéches adaptable to pur‘synthetic_

- objectives, Some qf'fhese methods will be highlighted.
Using the retro-synthetic apprbach,'five routes will be.\

discussed as outlined below:--

N
N
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‘ The fi:stlepproachﬁinvoltes the'cyclization of'4—hydroxy-2;'
- methylene butanoic acids. FUJlta et al33 reported the use of
"a1121511ane 1ntermedlates 1n the synthe51s of a- methylene lactones.~
The method 1nvolved ox1dat1ve de511y1at10n by use of 1odosy1benzene
l“;to glve an u,B -unsaturated aldehyde, Eg. Oxldatlon of the aldehyde
30, with sod1um chlor1te gave the carbonyllc acid 31 _ Alkaline
'.hydrolys1s of 31 followed by treatment wlth d1cyclohexylcarbod1-

imide (DCC)_1n pyrldlne_afforded the.a-methylene lactone 32,

SiMe;  OAc CHO

OAc T CGHSIO"‘ : _ -

- . ' - > Y
Ph " ' BF;.Et,0 LPR LT
e TS s

“lsodium chlorite B

| ’_}) NaOH/H,0/MeOQH
0 < PH

)  2) DpCC/pyridine | -

2 - _ Lol S _ 31

_ LA s1mllar approach was used to convert the dlmethyl acetal
“of benzaldehyde 33 to the a- methylene 1:=1ctone3‘+ 36 by reaction
-w1th the tr1methy151ly1 ester 34, and dealkylatlon of the

product 35
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Ph

) Me .Si '
. , 3°° | §f§'°Etz « MeO
Ph CH({OM : Pl
(@Me)a * o A L N
. 35
33 34 |
— OSiMe3 - 051M83
KOH
2. Me3$1 I
3 -MeOH
0 3
0

(d) . R__‘Cf::=o ======%>'R 0 ’
Thié roﬁte invblfeﬁ ihe cyélisa£ion of Z-hethQIéné;Alﬁenfgnoic”
~acids, McCullock35 synthesised the a-methylene lactone ﬁg;uﬁingl‘
this épproach.' Thé AlCiS-catalysed Mene™ feaction betweehfﬁimeihyl-l-
acetylene dicarboxylate 38 and the alkene 37, followed Q}-aéid- |
catalysed lactonizétibn gavé the lactone 40, 'Hydrolysis-bf this.

lactone 40 followed by decarboxylatzon with copper/qulnollne gave

the a-methylene 1actone 42
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/\=<,+|}1 B HEN

7' COzMe
38
<
<<
H
41 O  CO,H
Cu/quinoline

Shono et 3335 have sué;essfully_synthesised‘a-methyleﬁe

the a-methylene 1actone 45,

Conc. H,SO S0,Ph
2504
. -
- TH 0 o7

44

lactones using this approach, Their method however, involved
rather drastic conditions as indicated below in the conversion

of the hydroxy ester sulphone 43 via the sulphone lactone 44 to
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‘() R =0 CcH, 8
. ﬁ — RC=0 . {"/\\0
: o : H :
This employs'the metal-promoted reaction of aldehydes and
- ketones QitﬁlecrYIates} | | | | .
| The reactien betweena-(bromomethyl)acryliciesters and
appropriate aldehydes or ketones in a Refofmatsky-type reaction,
better known as the Dr1ed1ng37 - Schmldt3B reaction, has been W1de1y
reported in the synthe51s of a varlety of a—methylene lactones,
1nc1ud1ng monocycllc and spiro-a-methylene lactones The general
scheme of the reaction is outlined below. It involved treatment of

Z-hfomomethylez-alkenoic ester with aldehyde or ketone to give the a-

methylene lactone 50 via the organ021nc intermediate;ig.ii

Cone _ ‘
ogMe - CO ,Me
N\ 2> R—/ﬁ —
L o} / | . R2 OZnBr.
R _ .
R GR
RY 0 .
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Benezra®? in his studiés of allergénic prépertiéé of a-
methylene,lactones synthesised a series of y-mono-substituted
'andry,yédigubstituted ac-methylene lactones using the Drieding -
Schmidt reaction, by allowing appropriate aldehydes or ketones to

~feact-with ethyl‘a-(bromomethyl)aCrylatefqs outlined below:-

| - o . |
SR  CHyBr Zn/THF _ 1}
3 <
St=0.  + 0,Et R

‘R

;.Application'of-the‘Drieding.-.Schmidt~reaction in the
synthesis of Steroidal «-methylene lactones has been reported
by Lee and co-workers.*? They were able to syﬁthesisé.novel
steroidal a-mefhyleng-y-spiranoiacténes uéing ethyl «-(bromo-
ﬁethyl)acrylate and_appropriate steroidal ketonesf This has led

to the.sjhthesis of steroidal lactomes Eé.(from 52) and'55 (from
(Hz ' CHy
C=0 : .

2
BrCHZCCOZEt -

34).

CHZ

]
BrCHzéCOZEt

-
0
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The bis-{a-methylene lactones) of both 52 and 54 could not
be synthesised. Also attempts to synthesise the bis-lactone 57
were unsuccessful and only the mono-lactone. 58 was obtained from

.5_60

—<
2
_BrCHzccozgi

. Other bi-functional analogues which Eﬁntaiﬁ,'in addition to
' the u-methyiénellactone, a,B-unsaturated cyclopentanone.ring
System‘were sYnthesised as shown in the scheme below. Thué 17-
ethyienediox}-Sa-androst?15—en-SB-pl .ég, waé synthesised from
:Su-androstan-Sa-ol-i?-one 58. ,@xidation of 60 with ch?omium
trioxide-pyridine cbmplex gave 61. Subsequent feaction.of 61
with ethyi.ua(bromomethyl)acrylate gave the ketal 1a£tone 62..
'Tréatmenf of the latter with concentrated hydrochloric acid

provided the.bi-fuﬁctional lactonic cyclopentenone 63 .
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I’BrCHZE-

Lee*%2later used this approéch for the synthesis of a-
',methylene lactones 66 (R = H or Me) derived from uracil 64

(R = H) and thymine 58 (R = Me) through the-derivéd ketones 65
tgi“ H or Me). | | L

0
0
uN ‘R BrCHZCOMe HN
' )\ X cos/nmso -0)\
0 "N N I
H : ' CHZCOMe
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Cassady“i synthesised a series of open-chain bis(a-

methylene-y-lactones) 68 from dialdehydes 67,

L CHa Zn/THF. _
67
- 0

Hoffmanﬁ“z;““émployed the coupling of éldeﬁydes with acrylic
. .esters in a DABCO (diazobicyclo{z,z,ZJoctane)-catalysed reaction.

| Subsequentureac;iop of the adduct 70, with NBS is accompanied by
| jgllylic.reaf:angement to gi#e':egiOSelettively and stereoselect~
‘ively the (E)—2(bromomethy1)-2-a1kenoié'ésters 71. Ziqc-ihduﬁed
coﬁpling‘of 71 with ketones or aldehydes gave the B-subgtifuted

. a-methylene lactones. 50.

| - o R on
ReHO e = o _Dasco o
_ - CO,Me - | | :
69 o ' 'OMe70

NBS/Mezs'
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' 'Recent1y, Edge" in these laboratories synthesised the
steroidal lactone 24, using methyl - (bromomethyl)acrylate and

‘16—hydr§xymethy1eﬂe estrone 73 in a Drieding - Schmidt reaqtion;.

Zn/THF -

R, = _OH

One method of achieving this involves carbonylation of 3-bromo-
homoallylic alcohols which is the_ihtramoleéular version of the |
ﬁrénsitional_metal¥cata1ysed carbonylétion deétribed_by'Coféy and
Hegédus“s. Sta:fing_ﬁith 3-bromoallyl alcoﬁol 75,Semmelhack and =
Brickner“7-SYnthesised the «-methylene Iactone,lg.as indicated
below employing Ni(CO)# as catalyst. The reaction is believed to

involve intermediates'zg and 11.;_The>1attef(11) extrudes-Ni(CO)n.
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Ni(C0) e ‘
- ~n T -Br ‘
r > c 8. | —
-H"’ -~ ———NI(CO)n '
H 0] g -
15 = 76 _
— .-1 .

-
i) [l
O . ~
O
.8
[ %)
v
- + .
I = )
D
(o)
8
(2

Similarly Trost*Ssynthesised stereoselectively tricyciic
spiro-a-methylene lactone 82,in high yield via the bromohomo-
allylic alcohol 81 which was obtained by reaction of the bromo <

‘allylsilane 79 with the ketone 80. T
: HO Br

‘ | T 0 micr,y
Me ;S Br : | cH.C1
_ ) : , - . 2--2 ~
‘ . - : 0. 7
I 8L
(Ph4P) ,Ni(C0),/
NEt '

3
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A felated carbonylation procedure which employsu a palladium-
Cafalysed carbonylation of homopropargyl alcohol: 83, has been
ﬁused.byLNor:onﬁg'iomsynthesise”u:merhylene_lacﬁones. A typical
example,leading to the c-methylene lactone 78,is shown below and

involves the intermediates 84 and 85.

pat* + co + HO—CH, CH,C = CH

84 0

ﬁ v
78

fhe Shapiro reaction has been employed to synthesise a-
methylene lactones.5? The bis-anion 87 is allowed to react with
a ketone to afford the adductbis-anion gﬁ‘which on reaction with
further base, gave'thé'tris-anion §2}wﬁich decomposes to the bis-

anion 90. Carboxylation of 90 affords the a-methylene lactones

57 after treatment with acid. o)
- g ,hr | R? N — NSO,AT
NNHSO,Ar ) R\ / |
0
/Ik TJL]. Hz L__}
87 R R?



.ﬁ/NSOaAr'
| . o
.BuLi - -3 Z
—_—> O - >
_780 . ' 1 2
78 | o 2 R R %
| . 08 | 08
(1) to,
89 .
(2) CFCOOH
. R2 | '
0
At = (CH, 2,4,6 Prs') - 0
| | 51

Q e

Route 1

Route 2

This route, which has been well studied, is basically a-
methylenation of 2-ox04tetfahydrofurans; Using the retro synthetlc
appfoach there are two p0551b1enmthodsof ach1ev1ng this. The

:incorpdrat;on of. the a-methylene m01ety into a preformed lactone

has been widely used in the syntheSis'of_u-méthYIeﬁe lactones,
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McGrawS! used a redactive elimination'ﬁrocedurg to introduce tﬁel
e-methylene moiety. A base-catalysed Condensatioh of ethyl.forﬁate
‘with the corresponding 1a¢tone-§1_gave-the a-formyl lactone 92
ﬁhich uaslcatalytically hydrogenated to the e-hydroxymethyl lactone

:25;__Dehydration.1ed to the desired a-methylene lactone 78.
Raney Ni/EtQH/

o NaH/HEO Bt o 140 s o5
- g R P . — .
:ﬂ . Z. | > A 100atm/15 mins _ H,OH -

91 . "92

Activated
Al203

78

Another approaéh leading to the a-methylene lactone 78 is
;examp11f1ed by the Wittig reactlon ‘between formaldehyde and a

phosphorus y11de 95 formed from the a-bromolactone 94 52

&“’hs x&
Na2 O3

B Dehalla’53 synthes1sed novel steroldal a- methylene-d-:

_ lactones using an approach of Yamada et al, >4 Typ1cally,
condensatlon of the lactones 96 with ‘ethyl formate gave the
hydroxymethylene lactones gz_whlch were subsequently conVerted_
to theru-methylene lactones 99 through tﬁe diethylaminomethylene'

lactones 98.
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NaH/HCO,Et  HOHC

E
1 H /Pto2 tZNC

Z.NaOAc 0

A similar approéchjto the D-homolactoné 100, was not
successful. Direct.u-methylenatiﬁn of the D-homolacédne was
-.aﬁhievéd in modest yield through'an'aldol-type'reaction with
formaldehyde55 and by a Mannich- -type reaction with HCHO/EtZNH/

’EtZNH HCL.30

0 -
HCHO/XOH
, _ . HCHO/Et,NH/HC1
Sy
HO ; , | e
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Chagohd523’2“ has synthesised some estrOgeﬁ derivatives
which contain the a-methylene-4- lactone group as the D- ring.
' These were found to be hlghly toxic towards Hela S cells and
were formed from preformed lactones by extension of the methods
dévéloPed by.Yaméda5“'and Dehall®, Thus, Baeyer~Villiger
oxidation of estrone 102 gave the lactone lgi which was.formyia-
ted dsing potassium_hfdride'and ethyl formate to give the hydroxy-
methylene lactone 104. Amination of 104 with diethylamine led.
to. the enamine 195 and subseqﬁenf hydrogenétionAfollowed'by -

sodium acetate treatment gavé the a-methylene-s§-lactone 107.

EtzNH_'
.
~
NEt,
105 - -2
H,/Pt0,/AcOH
NaOAc/AcOH

V.
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The reactions ofbis-anions of cafboxylic-acids‘with'epoxides
to'afford butyrolactones , followed by u-methylenation'fu}ther
extends tﬁe efnthetic methods available.®? For example, Creglers® .-
successfully converted (17-5)- spiro(androst-5-ene-17 2‘-ox1ran)-
3g-0l1 108 to 4°%,5'- dlhydro 3g- hydroxy (17-R)- splro{(androst 5-ene-17,2
(3'H)-furan}5'-one 109, with acetic acid and LDA 1n THEF. Thls
" could be further elaborated to. the a- methylene lactones via the

' hydroxymethylene derlvatlve.

CH;CO,H/LDA

THF




DISCU_SSION
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. DISCUSSION

’ The proposed general approach to the synthesis of -the
des1red ster01da1 c-methylene lactones 1nvolved a convenient
Reformatsky type reaction between methyl or ethyl a- (bromomethyl)
'-aq;yJate and an appropriate steroidal aldehyde, as rgported‘by
:ﬁDr;eding37lana Schimdt 38, Thérfirst\main synthetié ta;gets were
.éldehydes of types‘ilo and 111.‘ Additionaiiy, it was thought‘
that the aldehyde function may be attached through an oxygen
Xilnkage as 1n, fo; example the alternatlve target moleculies 112
”In all of these it was ant1c1pated that direct reactlon with
;'methyl or ethyl a- (bromomethyl)acrylate would be fea51b1e 51nce”‘
the aldehyde functions should be relatlvely sterlcally unhlndered

(cf 6-keto- -steroids as discussed earlier). -

(CHz)nCHO
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It was éﬁticipated that tomﬁoundé llg'and llz_ﬁould'be
availﬁble from the key intermediate 3,17g8-diacetoxy-estra-1,3,5
(10)-trieh-6-one(6-keto estradiol diacetate) 114 which may be
obtained in two step§ from 17g-estradiol 17, Thus, acetylation
df‘173-estradip1'£1‘with acetic anﬁy&ride in‘pyridine gavé‘the
'iis-estradiol'diacetateﬁllé (94%). 'The ir spectrum of 113
'ghoweq the Carbonylstretchingbands at vmax 1770cm'1 {(3-0Ac)
ahd 1730cm'.l (17 OAc). Alsd, the H nmr 5pectrum showed 51gnals
for the methyl group of the acetates at §2.08 (17- OAc) and 82,28
(SLOACJ.

' SCHEME 1
| | o -

lIIII'I'}A

CZO/PYridine

\

_ . Benzylic oxidation of 113 gave the 6-ketone 114. Hitherto, -
~“this 6-ketone 114 had been synthesised from 178-estradiol di-

acetate 113 using chromic acid oxidation. However, this method

~gave low and variable yields in the range 10-15%.5775% An,

attemptlto,improve‘this.yield by use of t-butyl chromate was
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reported to be uﬁsuccessful 60 Hence, an alternative more
~effective route for this oxidation was sought.
| The chromium trioxide-3 y5- dlmethylpyrazole (DMP) complex
" has recently been reported to be effective for allylic oxidation
" of steroidal alkenes.®1762 This method was adapted fof the
:benzyllc oxidation of 113and gave the desired product 114 in
-much 1mproved yields (ca 40%) The ir spectrum of 114 showed
carbonyl bands at 1675cm -1 (AxC= 0), 1730cm (17-0Ac) and 1770cm -1
(3-0Ac). ‘The_IH nmr spectrum of 114 showed significant chaﬁges
from that of 113 as‘expeceed, especially in.the aromatic region.
'Thel4-H'doub1et (J~2.5Hz) at 67.87 was downfield'of that in 113
' (66;78) ewiﬁg to the”deshielding effect_df the.6-ketohe. The
' ~ 6-methylene multiplet at 82,85 in the 1y nmrfspectrum‘of.;lé
was absent in lli; |

A plaueible mechanism for this oxidation has been proposed
by:Salmond.sll It assumed,a one to one addition of DMP to Cr0s
givee the complex 115, leaving one free ligand site on the ehromiﬁm'
atom, thereby allowing facile attack by the w-eiectrons of the-i
‘double bond in an ene reaction in which the removal of hydrogen
is faC111tated by the basic nitrogen of ‘the pyrazole llgand

In passlng from-llS,to-116 no reduction of CrVI has taken place.

A pfotoﬁ_shift from nitrogen to oxygen will give 117. ‘This is _
followed by a*2,3 sigmatropic shift bf the chromium alkyl 117 to
glve the intermediate 118 in whlch oxidation of the steroid takes

VI

: place and the reduction of Cr = to crtV occurs, Decomp051t10n of

the chromate ester 119 to the ketone is aided by an intramolecular



cyclic mechanism, The increased rate observed with this oxida-

tion could be partly due to much increased solubility of the

chromium complexes and partiy ;hé possibility of intrémolecular‘

| acteleration'byrthe pyrazole nucleus through hydrogen abstraction.

Our successful application of the-CrOs-DMP oxidation has recently

 been published®1? and similar results have independently been

reported by other workers.51® Other improvements in this oxida-

tion include the use of t-butyl hydroperoxide (tBuOOH) and

chromium hexacarbonyl Cr(C0)®1¢

SCHEME 2
‘ - b
g ANE

.m--_

v
5

HQE 4\\ - :-
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A

B
1
(oH)‘ZCdQ.
N
N
\ oz
. b (0H),
~ ~ + Cr__N/'\
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- There are various possible methods for converting ketones
to homologous'aldéhydes. Some of these methods have been applied

id 63-66 . ) : .
to steroidal ketones and we have investigated some applica-

':faons of the ﬁittig reaction; Reéctién of 6-keto-estradiol
 diacetate 114 with triphenylphosphonium methyl iodide 124 using
either Buli or dimsyl anion as the base did not prbceed_satis—
féctorily, giving low yields. In a survey of Wittig.reactibns
with various keto-steroids$7768, it was observed that hydroxy or
acetoiy groups decreased fhe yield,.®7 In a similér situaiion,
Takadate and Flshman63 successfully used the’ benzyloxy derivative,
'2,3- dlbenZyloxy 17B -hydroxy- estra -1,3 5(10) trien-6-one 122, in
the preparation of its 6-methylene derlvatzve._ Reaction of ;li
with benzyl chloride and potaséium carbonate in ethanol, according
to the procedure of Nambara®?®, gave the 3-benzyloxy-178-ﬁydroxy-
estra-l,S;S(10)-trien76~one_in over 80% yield. The‘ir'specfrum
showed 2 band at 1675cm'1'(ArC0) but no acetate carbonyl'bands."
The_lH nmr spectrum shpwed an important singlet (2H) at.65.03 :
“which was'assigned.to the-metﬁylehe group of the benzyloxy group.
“The benzyloxy-derivative 123 was converted to the 3-ben2y16xy- -
6rmethy1enefestra-1,3,5(10)-trien-l?B-ol, igg,iby reaction witﬁ
triphenylﬁhosphbnium methyl iodide 124 and dimsyl anion as the
base in 50% yield.  The ir spectrum of lgg-did not show any
carbonyl band ~~The 4 nmr spectrum showéd'the multiﬁlets of the

" 6-methylene moiety at 85.5 (W}, ~2.5Hz) and §4.98 (W}, ~2.5 Hz).
In this reaction, dlmsyl anion was more effective than Buli for
the generation of the ylide.70 Conversion to 126 and 127 was not

investigated owing to the relatively low yield of 125,
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'SCHEME 3

~ The Horner- W1tt1g (or Emmons Wadsworth) modlflcatlon of
the Wlttlg reaction, which employs PO stabilised carbanlons, IS‘.
known-to have some advantages over the Wittig reaction. Firstly,
' PO-stabilised-carbaniéns are mgch more nucleﬁphili; than the
corresponding phosphonium Ylides}7il éecdndiy, the phosphinic,

phosphonic and phosphofus acid derivatives obtained from these
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moﬁificatipns are all soiuble in kater; Hence; separation of
the by-products fréﬁ thelolefiﬁis easiiy achieved.’? Thirdly,
sidg reéctioné'in these modifications are 1ess'frequent than
'wifﬁ'the corresponding Wittig reactions73.. ThéSe obserfatidns,
‘cbupled with the reiafively low yieid obtained from the Wittig
‘lreaction above, prompted the investigation of the.reéctioh of
the 6-ketone lgéqwith the diphgnyﬁhethoxymethyl)phosphine‘oxide‘;'
lgi, which gave the vihyl ether lég,in 70%.yield.

SCHEME 4

- - ea®  ou/m,o0

128 | 129

LDA

EGLie |
h,PCHOMe (130)

perchloric o \\\\\\\
| acid '

PhCH

50
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The diphenyl(methoxymethyi)phosphine oxide-zgg.was‘
obtained froh fhé ;eaction of'triphénylphosphiﬁe-with chloro-
methyl ether. Alkaline hydrolysis'of tﬁe intermediété phos-
phonium salt 13& gave the diphenyl(methoiymethyl)phosphine
oxide 129. The lithium derivative 130 was made by the reacfion
of the phosphiné oxide 129 with lithium di—isop:opflémide {LDA)
af 0°.7 Addition of the 6-ketone 123 to the reaction mixture at
-78° gave;thé-hydroxy‘ intermediate 131 which was subseQuently ﬁ
converted. to 3-benzyloxy-175-h7droxy-6-meth6xymethy1ene-esira-
1,3,5(10)-triene 132 with NaH after chromatographic purifi;ation.

_ Onlf one géqmetric;l isomer of the'vinyl ether 132 was
obtainea as indicated by the presehcé bf 2 single olefin proton
signal at'aﬁ 0 (m, Wi, m2 SHz) in the H nmr spectrUm. The Z-
conflguratlon was assigned on the basis of the chem1ca1 Shlft of the
4.4 doublet (Jv3Hz) at §7.8 which-is downfield of that in 125 (6. 8)‘
owing to the deshleldlng effect of the methoxy group. Moreover,
if it were the E-isomer, the methoxy group would be expéctéd-fo'
éausé the methylene frotons at C;7,fo move downfield in the-lH |
. nmr spectrum but this was not observed. Warren®S had isolated
both E- and'zégeométrical i#ﬁmersfrom his studies on.thé
':eactioﬁ‘qf diphenyl(methoxymethyl)phosphiné oxide 124, ﬁith
'various‘aldehydes such as p-anisaldehyde and .crotonaldehyde.

It was therefore surprising thaﬁ'we were only able to detect a
single product. Furtherﬁore, the proauct 132 oBtainéd had the
opp051te conf1gurat1on to the major isomer obtalned from the

reaction of the 6-ketone 123 w1th d1ethy1cyanomethylphosphonate

135 (see 1ater d1scuss1on)



Acid hydrolysis of the vinyl ether 132 led to the desired
aldehyde 127 which was not cryétallised but gave satisfactory.
spectroscopic data. The ir spectrum of 127 showed the aldehyde

"1 The H nnr spectrum

* carbonyl stretching band at vmax i720cm
1”.also.showed a'singlef.at §9.4 (CHO). The aldehyde 127 was
difficult to purify‘and'decomposed on chromatography, so that
the yields were relatively-low (ca 30%) aﬁd it was net.possible
in the time available to obtain sufficient material to carfy
' forward to the next Stage._. |
ﬁose66 had noted that because of steric constraints at C-6,

diethyl cyanomethylphosphonate 135 could be employed satisfactor- _.
ily owing to the linear nitrile gfoup having low steric deﬁands.
- Thus, he converted 38- hydroxy cholestan 6 one 133 to the 6- -cyano-
methylene- derlvatlve 134 by reactlon with d1ethy1 cyanomethylphos-
phonate 135 and dimsyl anion. The reaction of the 6 -ketone 123
.w1th diethyl cyanomethylphosphonate 135 us1ng the method of
' Flshman53 gave 3- benzyloxy -6- cyanomethylene estra- 1,3,5(10)-trien-
178-01 136 in 60% yield as a mixture of stere01somers which could
not be separated by preparatlve tlc, It was proposed to convert

"the nitrile 136 to the aldehydes 138 and 139 (Scheme 5).
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SCHEME §

NaH/ .
(Et0) ,P(0)CH, CN |
125 — >
PhCH,
~ 136b (2) t
DIBAL
v

The ir Spécfrum of the 6-cyénomethy1ene'Compound 136

' conflrmed the presence of the n1tr11e grouP (vmax. 2220cm ) and
‘the 1H nmr spectrum showed 51gnals for the oleflnlc proton _
.(=C§CN)_at 65.72 and 66.2, These were a551gned.to the E- and,;
E-.isomers respectivély and integration suggested that the E:Z.
'réfio was appfoximately‘4:1, The effect of the niérile in the

E-isomer on the methylene protons at C-7 was very pronounced."'



The methylene protons were déshieided aﬂd moved downfieid to
between 3.0 and 63}43. The nitrile 136 could not bé'érystﬁll-
ised but atetylation? By reaction with acetic anhydride.in'
pyridine,.gave 17B-acetbxyé3—benzy19ky-6-cyanomethylene-estra- .
1,3,5(10)xriene 137 which was cystaliiSed;"The product.thus
_obfainéd was the g—isgmer containing a small amount (<5%) of -
the g;isdmer‘as confirmed by the 1y nm;-5pectrum.which'shdwéd
the expected deshieiding‘effect of the nitfile group on the

7- methylene protons and no deshleldlng effect on the 4- proton
(cf H nmr spectrum of the Z-V1ny1 ether 132)

' Although Bose®6 obtained only one geometrical isomer (E)
in the'synthesis of 38—hydroxy-6-cyanomethylene;cholestaﬁé 134,
Méisey’“ obtainedla mixture of isomers iﬁ_his reactions of a
series of alkyl phehyl ketones with diethyl‘cyanomethylphosphonate
- 135. He noted that the proportionlof the cis(Z)-isomer 'is:
'dgpendentcnithe stfuctpre of the ketbne but, in general, the more

thefmodyanamically Stable}ggggg (E)-iSoﬁexﬂ.was fhe favoured
product. Solvent effects are also known to piay'a part in_the"

control of stereochemistry’22s 720 phile reactions of diethyl

cyanomethylphosphonate 135 in benzene, DME or THF, are usually
',thermodyn;ﬁically controlled, in HMPT the reaction cam be thermo-
dynamicélly or_kinetically controlled depending on the proportions
~and order of addition of the reagents, Fromfhe reaction conditions
used in the preparation of the nitrile 136 and'the'golﬁent

employed (THF), it would be expected that the reaction would be

thermodynam1ca11y controlled -



=840=

 In gene?al, the thermodynamic-céntfol afiées becéuse of
.the reversibility of the addition of the phosphorus stabilised
caébanions to the carbonjl compound. Thus, in the case of the
6-ketone 123, the formation of the intermediate 140 and possibly
the oxophosphatane_lil, may be reversible leading then_td the
'(g)écyanomethlene compbuﬁd'1§§ (Scheﬁé 6).‘ This_wouid'bé )
 expected to be more thérmodynamically stable than the corres-
pondinngQisomer in which steric interaction between thé 4-H

and the cyano group would be significant.

_ SCHEME 6

-OH

- 3 NaH . e
(Et0) ,P(0)CH,CN ——> (EtD),P{p)CHCN
2 2" THF !

N
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It is 1nterest1ng to note that the 6- cyanomethylene
compound 136 has the opp051te conflguratlon to that of the v1ny1
ether ;;g (see earller). It has been reported that the anion of
dipheﬁyl(methoxymethyl)phosphine oxide lgg-reécts with ca:bohyl
'compounds irreversiblyas and thus the_reactions are kinetically
~ controlled. The reac¢tion of 133 with the 6-ketone 123 is
'.‘presumed to give the_intermediafe lél‘in which the éonfiguration
of‘the‘exocyclic chiral carbon is S. Treatment of the inter- |
mediate with sodium hydrzde would cause it to react through the
anion 142 and the oxophosphatane 143 to give the Z-vinyl ether
132
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It is not clear why the conflguratlon of the 1ntermedlate.

131 is S. However, if it is assumed that the anion 133 approaches
the 6 carbonyl group from the B-face and that there is some inter-
action between the phosphorus and the oxygen of ‘the carbonyl
group, it is apparent that the merhoxy-group would be 1less
hindered dh the transition state-leading to 131 in the 5-,
rather than the R-configuration. In the latter there could -
be s1gn1f1cant steric 1nteractlon with the 7g-and 83 hydrogen
'.atoms._ It is possible that the different stereochem1ca1
.resule in the formation of the 6-cyancmethylene compound 136
~and the vinyl ether 132 is also.related to the difference in
steric demande of the reagents used since the phenyl groﬁps.dn
fhe.diphenyl(ﬁethoxymethyl]phosphine oxide 132 are, of course,
much larger than the ethoxy groups of the drethyl cyanomethyl
phosphoaate lii, Attack on the B-face of the 6-ketone 123 has
beeh aseumed by analogy with the known course of its reductlon
w1th sodium borohydrlde which leads to the 6a- alcohol 166 .78

_ Reductlon of the unsaturated nitrile 136 as a mixture of
the two 1somers was achieved with di- 1sobutylalum1n1um hydrlde
(DIBAL) in benzene.' The approach used was similar to that of : |
_Trofimenko77-.:After chromatography, the a,8-unsaturated alde-
" hyde 138, a single stereoisomer, presumably E (50%), and the
saturated aldehyde 139 (5%) were obtained. The presence of 139
showed that DIBAL reduced both the nitrile and the olefinic bond.
However, the small amount of 139 (5%) ohtained suggested that

DIBAL attackéd the nitrile before attacking the olefinic bond.

-Thus, when the reaction time was reduced, no 139 was isolated.
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~ The ir spectrum of 138 showed the expected carbonyl stretching
 band of the a,g-unsaturated aldehyde at vmax 1680cm™>. The H
nmr spectrum gave important signals at §10.15 (d, J~ 8Hz,CHO)
and 66,5 (d, Jv 8Hz, =CHCHO). The large vipcinal spin-spin
| coupling constant of ‘the aldehyde 138 proton to the neighbouring
methine proton (=CHCHO) is not totally unexpected as similar
couplingshave been observed in «,B-unsaturated aldehydes.?7P
Double irradiation of the methine doublet at §6.5 caused the
-aldehyde doublet at §10.15 to collapse té a singlet thus
confirming the assignments. The aldehyde 138 was presumed to
be theg;isomerbegausé i# was obtained from the major proauct_
.. of the Horner-Wittig %gaét?on. - The ir Spectrum of the satura-
ted aldehyde Lgi gave ;\»m;x at 1720cm™ ! confirming fhe presence
of the saturated aldehydé function. Also the 1H nmr spectrum of
139 showed the aldehyde signal at §9.78 as triplet (Jv2.5Hz) as
expected;
The DIBAL reduction involvés conversion of the nitrile

- firét torthé imine derivative Lingﬁhich is subsequently |

- hydrolysed with acid to give the unsaturatedaldehyde'138 as

outlined belpw.

SCHEME 8

A

146 H \CH=N—A1(3ui)2

N/
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Preparation.of'the aldehydes_of type 111 involved the use . -

of estrohe 72 Thus the reaction of estrone with sodium hydride
and ethyl formate in benzene followed by ac1d1f1cat10n w1th dllute'
HC1 gave. 16- hydroxymethylene estrone 73.86 The ir spectrum showed
bands at vmax 3400cm ' (OH), 1720cm (17-C0) and 1635em™! (C=C).
The 1H nmr Spectrum ehowed signals at 80.827(18-Me) and'67.43

:(br s;f%CEQH);_ The mechanism for the formation of'lg involves
initielleroton abstrection with the base,'sodium hydride. A -
ClaiSen Schmidt condensetion with. ethyl formate and subseqﬁent
acidification of the alkoxlde 150, gives the 16- hydroxymethylene 1

compound 73
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SCHEME 9

151 f | 73

16-Hydrbxymethy1ehe estrone 73 has been converted.t§ the
&-méthylene‘laétone defivative gibby Edge.27. It was-enfisaged
that it'might'be possible to convert this lactone 24 to the
| estrad1ol derlvatlve 152 by selectlve reductlon (Scheme 10)
Hltherto, Edge had found ‘that attempted reductlon of the 17-ketone
derivative 24 led to no well defined products wlth NaBH, and Zn(BH4)2.
The low solublllty’of the lactone 24 in methanol was thought to

affect the reduction as did the temperature employed (room tempera-



ture). It was anticipated that acetylation of the lactone

“"could ‘increase-the- solub111ty in-methanol and thus allow the

reductlon to be carried out at low temperature.

SCHEME 10

The acetoxy-derifati§e 24b was prepared by aéetylafion of
24 with acetic anhydride in pyridine. The 'H nmr spectrum of
.-%iPshowed the methylene proton signals (C=CﬂzJ ﬁt GS,TéQ(Wg 2.5Hz)
- and 86,32(W} 2.5Hz)and the methyl signéi of fhe'acetpxy gfoup at -
‘62.28. Attempted reduction of the 3-acetoxy lactone 3&2 with
sodium‘borohydride at low temperature (-SOC to 0°C) did not
-proceed smoothly, g1v1ng only about 5% of the hydroxy lactone
lég. An alternative route to the hydroxy 1actone 152 was sought

_It_wgs ant1c1pated that the protection of the enol function of
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the hydroxymethylene cohpound 73, followed by redudtion.of the

;—f——17-ketone_and_subsequentfdeprotection —could_give the_ dihydroxy
16- formyl derivative 158 which could be used for the synthesis
of the 17- hydroxy a-methylene lactone 152,

" A survey of literature revealed various p0551b1e ways of
protectlng g-keto aldehydes whlch include acetallzatlonaa, enol
ether®? and thioenol ether®®~22 formation. When enol ethers are

Vused, reduction of the B-keto'fenctioh is reﬁdrtéd to proceed
beyond the desired product, the olefinic bond (C=C) being reduced
as ‘well, thus-giving over-reduction products, 88,91 |

The use of butane thiol to form thioenol ethers hes been
successfully applied by Ireland9° 31 to protect hydroxymethylene

groups while a110w1ng the reductlon of the g-keto functlons. Thus, .
the use of butane thiol for protecting the 16-hydroxymethylene-
estrone 73 was studied. Ueing a modified form of the Bernstein

- method®2?, 73 was successfully converted to the 16-butylthio-

-methylene estrone 153 in 90%'yie1d.' Because of the low soiubility
of Z§ in benzene, which was the normally reéommended soiveht,'DME
was used. The 1ﬁ nmr 5pectrum‘of the butylthiomethylene deriva-
.tive 153 showed only one isomer was formed, sinceonly.dne olefinic
proton signal wgslobsefved (87.4, br s, = CHSC,Hg). The'16-buty1-
thiomethylene compound 153 was assigned the E-configuration
Because of the relati?eiy low chemical shift obsefved for- this
olefinic proton whicﬁ would result from the deshielding effect
of the 17-ketone. : . The ir spectrum showed the 17-ketone

band at 1690cm Y.
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SCHEME 11
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The probable reaction mechanism of formation of the butyl-
- thiomethylene compound 153 involveé‘h Michael-addition of the
thiol to the eﬁone system. The E-product would be expected oh_

thermodynamic grounds.
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SCHEMEIZ

\
~H

153

Réducfion of the 16-buty1thiomethy1ene-estrone l§§ with
I;TaBH4 gave the 16—butylthiomefhylene-estradiol 154 in 80% after
chromafogréphic purification aﬁd'recrystallisation; The ir
spectrum did not show any carbonyl .band. The 14 nmr Speﬁtruh
qu 154 showed some significant differences fr6m that of igg.
The iS-CHs signal (50.7) was upfielﬁ from thét iﬁ the spectrum
of l§§'(60.9). Also the éignal for the olefinic protoﬁ (86.1)
was upfieid by about 1,3ppm from that in the spectrum_of the
kétone 153, and the i7-ﬁethine proton gave a broad singlet at

. 64,06, This indicated the presence of only one_iéomer from the
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reduction and it seems likely that the product has the 17g8-hydroxy o

group as the reducing agent would be expected to approach from
the a-face, | |
| ﬁeprotection of thicenol ethers has been exteﬁsively studied.
| Wolfron9? and others®%s%5 have used HgCl,-CdC0; to deprotect thio-
" .enol ethers and aCEtéls, Attempted deprotection.of l§£;with
HgCl,-CdCO4 ih'acetonitrile/Hzo gave 16-formy1-3-hyqroxy-eStra-
1,3,5;(10),16-tetraenewl§§ and not fhe'16-formyi-estradi01"l§§.'H
The ir spectrum of 155 showed an o,8-unsaturated carﬁonyl band

at 1(:375(:m-1

and the 'H nmr spectrum showed the aldehyde signal

at $9.78 as a singlet.  No signal for the 17-ﬁethine'prdton was
observed at around §4.0. Rather, an olefinic proton singlet was

| observed at §7.05 and this iras assigned ‘to the 17-methine olefinic
protoﬁ. 'The formation of the a,B-unséturated aldehyde 155 is
presumed to'involve dehydration of the expected B-hydrbxyaldehyde

.léﬁ (Scheme 13). It wés‘envisaged that buffering‘of the reaction
mixture with CaCO; might prevent the reaction going beyond the

"expected product 158, This,‘however; did not prove effective.
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The use of tltanlum tetrachlorlde as catalyst in the hydroly-
sis of thloenol ethers to ketones and aldehydes has been reported 95
When the method was applled to the hydroly51s of the 16-buty1th10—_‘
methylene-estradiol 154 it gave the_d,B-unsaturated aldehyde 155
as did the HgCli-CdCOS method. Acetylation of the thioenol ethef
;éi-gave the.3,17B—diacetoxy—derivative 156. The IH nmr sPeétrum
of EEQ showed‘tﬁe_two métpyl Signals of tﬁe acetoxy groups_af 52.03'
(17-0Ac) and 52.3 {(3-0Ac) and the 17-metﬁine prdton singlet g; |

85,34 .(broad). The ir spectrum of liﬁ showed the'carbonyl
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'_'stretching bandS'oflthe acetates at 1760cm'1'(3-OAc)-and

1740cm (17 OAc) __When the deprotectlon of 156 was

carrled out w1th both HgCl2 CdCO5 -and TiCl,. re5pect1ve1y, the'-
product obtained was 3- acetoxy 16- formyl estra 1 3,5 (10), 16-
' tetraene 157 This result was perhaps not surprlslng since the.
'_acetoxy group is a better 1eaV1ng group. than the hydroxyl group.. |

The ir o spectrum of 157 showed the carbonylstretchlng bandof S
the acetoxy group at 1730cm -1 and that of the aldehyde at 1675cm ;;_f
The 1H nmr spectrum of 157 also showed 1mportant 51gnals at 69 78 ic
(s,' CHO), 87.0 (br 5, 17-H) and §2.3 (s, 3-0ac).

. One of the well studled methods of . protectlng aldehydes is
acetallsatlon. Wenkertaalreported the use of trlmethyl ortho-
formate and methanol in the presence of an ac1d catalyst (pTSA)
for the protectlon offﬁidehyde functlon of a - keto aldehyde.'

-'Reactlon of 73 with tr1methy1 orthoformate and-methanol in the.
B presence of catalyt1c amounts of pTSA afforded the 16 dlmethoxy-
. methyl estrone 164 in only 10% yleld, after chromatographlc
‘ separatlon. The ir spectrum conflrmed the presence of the 17;'
ketone (vmax 1720cm ) The 1H.nmi"sPectrum also'showed'the_
methoxy group 51gnals of the acetal at §3.48 as a 51ng1et and.thed
_ne1ghbour1ng methine proton (-CQ(OMe)z) at §4.7 (d, Jm_4Hz).‘:t

~ The mass spectrum showed the moleculaf ion at m/z 344,



SCHEME 14

C(OMe)S
Methanol

HO pTSA
. on
NaBH4
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. - dil,
CHO + é_HE.]-_
. 158 o 155 o | 165

Reduction of 164 with sodium borohydrlde in methanel gave
16- d1methoxymethy1 estradiol 165 in 65% yield. . The ir spectrum
of 165 did not show any carbonyl absorptlon band and Lonflrmed

1 .doublet
). A double-:g/(at

the presence of hydroxyl'band (vmax 3400cm”
63.B$(Jf10}3i dﬂcﬁH?)ifp’ChZ 14 nmr spectrum of 165 was assigned to
CI;I(OMQL ; the 14 nmr speétrum also showed important signals at =
,64.58 (d, 17-‘1:1 ;IO}IZ);3‘57&”C{;542"’ (two singlets, CH(OMej ).
. Deprotect1on of 165 with d11ute HC1l in acetone gave two
products which were 1dent1f1ed as 16- formyl estrad101 158 (50%)
and 16- formyl 3-hydroxy-estra-1,3,5(10),16- ~tetraene 155 (10%)

from the spectrosc0p1c data.and after chromatographlc separa-

tion. It was observed that when the reaction time_for the
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deprotection was reduced to between 20 and 25 minutes, only 158

~ —was_obtained.—This-suggested that the-16-formyl-estradiol 158
“was first formed and that this underwent dehydration to give 155.

The ir spectrum of 158 conflrmed the presence of the ‘hydroxyl
)

group"(umax 338625"5 and the aldehyde group (vmax 1710cm .
Th 1H nmxr spectrum of the aldehyde at 69 82 wWas a doublet (Jm

'2Hz) and another doublet at &3.8 (Jm 8Hz) was assigned to the:
17-H, Using the Karplus equatlon, the vi.cinal coupllng of 17a-H -
‘to 16a-H was~estimaced to be about 7Hz, ahd.SHz‘uhen the 16a-H'is B |
Since the ehserved coupling constantuis SHz; it'is_moet likelyh |

| that the aldehyde has the 8-configuration. N |

| | Acetflation of 158 gave '156b confirming the.preSence‘of
the two hydroxyl groups in the former, Th 1H nmr sPectruml

: of 156b showed the two methyl group 51ng1ets of the acetoxy
.groups at 62.32 (3-0Ac) and 62.12 (17-0Ac) and the 17-H was at 64.85
(d Jn 9Hz). | | |

Although the desired.16-formy1 estradiol 158 was obtaihed '

xig.ecetelization of the 16-hydrexymethylehejestrone112,.the |
low yield.of the acetal, 164, (10%) necessitated a search for.
alternative routes. I;uche97l‘98 reported the use of rare earth
chlorides in an efficient synthesis of acetals. In particular,.
GeC13.5H20 has béen.used to conveft ketones ahd aldehydesrto
_acetalsrand'some‘selective_reactiqns with the aldehyde function
of keto-aldehyde have been observed, Thus,'the'use of CeC13 in
the acetallzatlon of 16 hydroxymethylene estrone 73 was studled

When 73 was allowed to react with methanol in the presence of

trlmethyl orthoformate,and CeClS, the de51red acetal 164 was not



~ obtained. Rather, the product isolated was the enol ether 167
iﬂr90§—y1e1aﬁ—gﬂhéﬁ_fhe_feihtibn‘time—was*increased,fnoftrace__";g,_
of the acetal 164 was observed, only the enol ether'167 was

-~ obtained,_

__The ir_ Spectrum of 167 conflrmed the presence of

- the hydroxyl group (vmax 3250cm” ) and’ the 17- ketone (vmax
'_1690cm;;); TH 14 amr of 167 was not the ‘'same as that of the
acetal 164, A 51ng1et at §3.9 confirmed the presence of the
- methoxy (OMe) group and the 18-CH; singlet was at §0.85, .The'
methine proton (br s; Wi Z,SHz;_=‘C§pMe) signal was at 67;3.

The H nnr spectrum was eimilar to that of the thioenol ether

153. The E-configuration was assigned accordingly..

'SCHEME 15

0
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The formation of the enol ether 167, rather than the
required aceta1_164,‘was'not altogether surprisiﬁg.. The Teaction

 was still of some. value since the enol ether 167 was reduced to

x_the hydroxy -enol ether. 168 (80%) by use of NaBH,, in the presence.

of CeC13.97 This method has recently been reported to be
successful in s1m11ar systems in which hydrlde reductions, in
the absence of CeCl,, reduced both the ketone and the double bond, 88:3

It is believed that the function of Ce>”

in these reductions is
the complexation of the solvent (i.e. methanol) which then results
in a stronger acidic medium. In addltlon the Lewis ac1d nature

of CeClq leads to. 1, 2 reduction select1v1ty.

N2 o | L ~OH
MeO --- B——H -~- C=0 --- H— QMe . \ -
' 1 34 ’ / ; \
c— Ce™ : A
C
7N

‘A”The'irtspe;trum of 168 did not show any carbonyl abserp-
tion Baﬁd but rather a broad hydrexyl band at 3300cm . The H
nmr spectrum of 168 showed the 17 H signal at §4 .15 (br, s) while
the olefinic proton (=CH OMe) appeared at §6.15 (br s, Wi 2.5 Hz)
' As expected the latter signal is at hlgher field by about 1.,15ppm
‘than its equlvalent in the 4 nmr spectrum of the ketone 167. |
: Acetylat1on of thlS estradiol enol ether 168, which is not verf
crystalllne’ylth_acetlc anhydride in pyridine, afforded the 3,176--
| diatetoxy enol ether 169 which was crystallised to provide an ”

I
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~analytical sample..'The 1y nnr spectrum confirmed the presence of
two acgtaté grdups'(sz;OS, 17-0Ac ani §2.28, 3-0A§) and the>175
methine proton- signal appeared at 5.4 (cf. §4.15 for the 17-

" methine proton in 167). The ir spectrum of 169 had two |
carbonyl stretching bands at.1720cm'1 (3-0Ac) ‘and 1730cm™!
(17-0Ac). | | o |
| Depfotection of the hydroxy-enol ether lgg_ﬁith dilute HC1 in’
aeetdne-afforded the 16;formy1 estradiol 158, fhe;ﬁtructure_of )
which waé.confirmed by its 4 nnr speétré.

An approach to the third'group of target aldehydes 112

"(e.g. 173) is shown in Scheme 16.

SCHEME 16 -  OH
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_ Acetylation of the 178-hydroxy-6-ketone 123 with acetic
anhfdride in.pyridine gave 17B-acefoxy-S-benzyloxy-estrail,3,5
'-(10)-tfien-6-bne.llg. The 1Hnmr spectrum of lzg‘shqwed the
methyl signal of the acetoxy group at §2.08 (s), The ir
spectrum also showed two carbonyl siretchihg bands at 1730cm
(17-0Ac) and 1675cm71 (ArC=0). _Thé ketone iZg.was-reduced to
the alcohol, 17B-acétoxy-S-benzyloiy-ﬁa-hydrgxy—estr#—l,3;5(10j-
triene 171, by reaction with sodium borohydride at low temperature
(0 to 5°0). The if'spectrum of llllshowedlthe hydrdxy groﬁp
_ (vﬁax 3470cm'1)'and'did not showthe'c;rboﬁyllstfetcﬁing band of

1

the 6-ketone at vmax 1675cm ~. The chemical shift of the 18-CH3

- . signal in the ;H nmr spectrum in 171 (60.8) was different from

that in 170 (80.85), Thé_u-tonfiguration assigned to the alcohol
171 was based on the.similar assignment to the alcohol 166 |

" obtained from the'reduction of 3,17B-diacetoiy—estra-l,3,5(10); ‘
triene-6-one 114 with NaBH4.73'79 ORD and chemical evidence was

‘Teported to confirm the assignment of the configuration.

It is ;orth noting that attempts tb reproduce the Winter-
‘sfeiner reduction of the'diécetoxy-ketone 114 to the 6a-hydroxy-
derivative 166 in most casesrled td'i7s-aéetoxy?3,6-dihydroxy-

_ estra-1,3;5(10)ftriene_111{ Howevef, at a2 lower temperature
©(-5°C), the desired product.lgglwas 6btainéd in relafively poor
yield (30%). The sensitivity of.the‘s-écetoxy group led us to
iﬁvestigéte the 3-benzyloxy series,.starting with the 3-benzyloxy-

6-ketone'123;i ‘ 
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'SCHEME 17

NaBH4

114
- -5°¢C

The S-benzyloxyhalcohol lll_was‘converteé.to the.allyl ethet
172 by reaction with allyl'bromide and sodium hydride. The excess
NaH used in the reaction.was_dEStroyed_with dilute aeetlc acid(lO%:
v/v) to ensure‘no deacetylation of the'layacetoxy group. Ptep?
aratlve tlc of the crude product followed by crystalllsatlon gave
64% of the allyl ether 172 Thellr spectrum of 111 did not
show any hydroxyl absorptlon.bana.and coﬂfirmed the preseﬁee'ef
the acetate group (vmax 1730cm-1). The H nmr spettrum_;bnfifmed
thelpresence of the allyl group by the'plefinic proton signals at
65.25 (m,--CHi-CH=CH }, the O-methylene pfotons at §4.1 (br s,‘_
0- CHf*CH CHZJ and the methylene protons-at §5. 2 (m, -CHy CH=CH 2)
The mass spectrum of the allyl ether 172 did not glve a molecular
- 1on but rather a fragment at m/z. 402 Wthh could be ar151ng from

e11m1nat10n of allyl alcohol (C3Hg 0).
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Cleavages of olefinic bonds to give aldehydes have been
exten51ve1y studied’?P»80 Lemieux”? successfully used osmium
‘tetroxlde and sodium: perlodate in a one-pot reaction. This
method has the advantage of not leading to further oxidatlon of
~the aldehyde. Moreover, catalytlc amounts of 0504 are sufficient
because the periodate oxldlses the osmium in its lower valence
forms to the tetroxide, thus regenerat1ng the hydroxylating agent.
- This method is a combination of two'welleknown reactions, namely
0s0, hydrox}lation of an olefin and nefiodate cleavage of 1,2-
diols. Thus, oxidation of the allyl ether 172 wi:th 0s0, - .'Na104
‘gave the formylmethoxy-derivative 173, which was found tc be

" unstable during attempts to purlfy-lt. The H amr spectrum of the

crude product showed the aldehyde proton signal at69.65 (br's) and .

the methylene protons (-0CH,CHO) at 54.0 (br s). The ir spectrum

'jalso showed a broad carbonyl stretchlng band at about 1730cm -1

(17~ OAc and CHO}. - : - ' '_ - .

| Attempts to purify the aldehyde by preparative tlc of the
crude product led to 51gn1f1cant reduction in the amount of the .
aldehyde as was ev1dent from the H nmr spectrum. The ir
spectrum of the'chtomatognaphed material.showed a new low intenéity_
band  at 1680cm'l; which is typical of u,sjunsaturated carbonyls,
On the basls'of these observations, it was asaumed that;decompo-
sition.ofdthe.aldehyde llé_aas taking place. It was considered.
that the deccmposition could be a thermal nofel "retrd-ene"‘
teacticn (Schene 18) leading to the'6-ketcne 170. This could’

explain the ‘appearance of the carbonyl stretching band at 1680cm-1¢
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When fhé'chromatogfaphed material was hééfed uﬁder.réflux in dry
toluene for 5 hours,.under nitrogen, the aldehyde 173 was completely
destroyed as indicated by the 1H nmr spectrum of the ‘product. The
_if . spectrum showed 2 more pronounced carbonyl stretchlng band
'at‘1680cm "1 and the 18-Me (80.85) in the H nmr spectrum was
identicai with that of the 6-ketone 170. The ma;or product
isolated by pfeparative tlc was coﬁfirmed as the 6-ketone 170 :

by its spectroscopic data.

- SCHEME 18

A repeat of this fragmentatidn réaﬁtidn using fhe crude
. oxidation product 173 directly without.chromatographicjpurifica-
tion gave tﬁe'same rééult | - l |

Cookson and Wallls81 in their studies of the pyrolysis of
allyl ethers and related systems drew attentlon to the p0551b111ty ‘ '
of retro-ene reactlons of a- methoxycarbonyl compounds (e.g. 176 +

177) Only one example of this type of reaction has been reported.
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SCHEME 19
- PN
N « | 177a
OH - i
0 . .
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Thﬁs, when'dfdiphenylmethoxy~u-m¢thyl-4-méthflpropiopheﬁone
was pyfolysed inﬂtoluene;at~540°C, a product mixture of‘benzophenone
(52%) and u-meihyié4-methy1propiophenone (30%) were ob;ained._'lt
was aiso'e§tablishedethat:allyl'eﬁhers fragmented in a similar
fashion,nwhen.pyfolysedfat elevated temperafures as shown in the

-scheme below.

SCHEME 20
- oA | ) N
RN, O
ey : o
178 o 179b

When the allyl ether 172 was heated under reflux in tolﬁeﬁe
.under_nitrogen, no fragmentation occurred, ﬁrobabif because of -
the felatively 1ow'temperature employed. | |

The fragﬁentation of the aldehyde 173 to the ketone 170 is
unusual in that;it'takeg ﬁiacé at a,relatiﬁe;y low temperaturé

(ca 110°). It was therefore considered necessary to investigate
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further this novel "retro-ene' reaction. ‘One possible important
feature of the aldehyde 112 is the benzylic nature of the 6-H.
Accordingly, other steroidal‘formylmethoxy-dérivatives wéfe
_syhtﬁesised whicﬁ did not possess such an activated C-H.
Cholesterol and choiestanql were ﬁoth convérfed to tﬁeir formyl-
mefhoxy#derivatives, 182 and 188, Scheme 21 outlines the route
from'cholestérol. The allyl ether route wa; not appliéable
because at the oxidation step, the As-double bond could also be

dleaved.

SCHEME 21

| :
HZ - 182
- CHO
Cholesterol 180 was converted to the glycidyl ether 181 by

redction with epichlorohydrin in aqueocus NaOH solution/CH,Cl, in
the presence of benzyltrimethylammbnium chloride, a phase transfér'
catalyst. This method was used by Akio82 to convert other alipha- -
tic alcohols to'giycidyl_ethers._ The 1H nmr ﬁpectfum of lgl

confirmed the presence of the gl?cidyl_efher function, The'methiné
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(20 miutom ) ' o
proton H® EHb:>LL<;2 .% was observed as a multiplet which over-

lapped with the multiplet of the 3-H signal (63.0-$f5)._ An ottét
(83.5-3.9) typical of the AB'portion of an ABX system (J,p ~11Hz}

wﬁs assigned to protons pd and'He. A tfiplet‘faz 8,Jv4 .5Hz) was
assigned to Hb_and a quartét (82.62,Jn2, SHz) was assigned to H? since
1t is known that cis-vincinal spin-spin coupling constants in: epox-

ides are greater than the trans values. The mass sPectrum showed the

‘ molecular ion at m/z 442 and a base peak at m/z 368 arlslng from the
loss of C3Hg0; (o ~A. |
| The probable_reactlon mechanismfinvolved in the formation of
the glycidyl ether 181 is shown in Scheme 22,

.SCHEME 22

, Cgty7-




. =65-

| Fleser and Ra;agopalane3 had used perlodlc acid catalysed
hydroly51s to cleave ster01da1 epox1des to diaxial diols. 1t
was thought ‘that the periodic acid might serve to hydrolyse.the
glycidylmeeher and cleave the resultant diols to aldehyde.
Reaction of lgl!with periodic acid gave the formylmethoxy-
derivative 182,  The ir spectrum of 182 showed the'carbonyl
stretching,band of the aldehyde at 1730cm'1; The 1H nmr spectrum -
.also showed&the.presence of the aldehyde (49.65, br s) and the
O-mefhyleae profons at §4.05 (br s). The mass spectrum showed
the molecular ion at m/2 428 and.the base peak at 368 (M'-60)
owing to the loss of C;H,0, (HOCH,CHO). When the aldehyde 182
was heated under reflux in toluene under nitrogen fer 5 heuts,
- the spectroscopic data (;H nmr_and'ir).of the.isdlated material
showed no fragmentation had eccurred and that the aidehyde‘
lremained unchanged., . | 1
| Hydrogenation of cholesterol 180 ueing a palladium catalyst
gave_Sa-chelestaﬁol 185. Reaction of cholestanol lﬁi with allyi '
bromide and sodiuﬁ hydride in DMF gave the. SB-aliyl ether 186,
The ir spectrum of 186 did not show. any hydroxyl absorptlon band
and the ~ 4 nnr Spectrum conflrmed the presence of the allyl group
shewing 1mportant~51gnals at 63,95 (d, Jv 6Hz, OQEZCH=CH2), 65.25
(m,OCQZCHQCEQJ and §6.0 (m;:OCH2C§=CH2).‘ The mass spectrum of
186 showed the molecular ion at.m/z 444, - |

Qxidatien of 186 with Osd4 and NaIO, éave 3g-formylmethoxy-

cholestane 188, The ir spectrum of-lﬁﬁlshowed the carbonyl '

-1

stfetchiﬁg band of the a1dehyde_at,1725cm . The 1H-nmrzSpectr'um

also confirmed the presence of the aldehyde (69.57, br s) and the
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O-mefhylene protons_(64.05, br s). .The mass spectrum of 188

showed the molecular ion at m/z 430.

SCHEME 23

-l
-

Gr, 7 188

_ The allyl ether 186 was also converted to the glyc1dy1
.ether 187 via oxldatlon w1th MCPBA ‘The y nmr spectrum of lﬂl.

was 51m11ar to that- of the cholesteryl glyc1dy1 ether 181. |
Hydroly51s and ox1dat1on of 187 with perlodlc ac1d afforded the..

formylmethoxy-derlvatlve 188, Thug this aldehyde 188 was obtained
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by two different routes. When the aldehyde lﬁﬁ was heated uﬁder
reflux in toluene, under nitrogen, no change was observed in the
spectrdscopié.data.tlH nmr and ir), iindicating'that no frag-
mentation oc;urred.- Thus, the S-formylmethoxy-de:ivatives lﬁé
an&_lgggbf cholestercl and cholestanol, which were not benzylie,
- did ﬁ@t‘undergq thermal fragmentation as readiiy as. the 6-formyl-
;methoxy-gsfradiol defivative'lli; -

6-Methoxy-1-tétr§16neVlgg was converted to the allyl-ether-

derivative 191, in two steps as outlined below.

| SCHEME 24
0
NaBH,
o : allyl
MeO MeO bromlde
189 190 i
- 0;041104
H_ OCH, CHO

Reduction of 6-methoxy—1-te£ralone 189 wifh,NaBH4 gévé 6?
methoxy-1-tetralol lgg; The ir spectrum of the l-tetralol,
190, did'not show aﬁy carboﬁyl ébsorption Eand;and confirmed the
E presence of the hydroxyl group (vmax- 3400cm 1). Reaction of 190
with allyl bromlde and sodium hydrlde in benzene gave the allyl

~ether 191.  The ir spectrum of 191 did not show any hydroxy1~

Al
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absorption band. The ly nmr'spectrum of 191 confirmed the presenée
of the allfl groﬁp showing important signals at §5.8 (m,QCH2C§=CH2) |
§5.9 (d, Jv 7THz, OCH,CH=CH,), §5.1 (m, -OCH,CH=CH,) and 63.6 (s,
OMe). The mass spectrum shoﬁed fhe molecular ion at m/z 218.

| Oxidation of the allyi ether lgl'with‘dso4 - NalO, gave the
formylmethoxy-derivative_lgg_,.which-was also found to be unstable
"on chromatography; as was the estradiol-dérivati?é lii; The 1H
nmr spectrum of the crude product 192 showed thealdehyde sighal
at 69'55 (br.s) and;the O-methylene protons'at §4.0 (br s). The
ir spectrum of crude 192 also showed a carbonyl stretchlng band

;; However when the crude product was subJected to

at 1720cm
preparative tlc, the ir spectrum of the isolated material °
showéda'carbdnyl absorptibh band fof‘the,aldeh?de-(ﬁmax'17206&t})
- and thé‘ﬁ-ketone {vmax 1680cm-1). When thé chromatographed.lgg
"was heated ﬁnder“reflux in toluéne under nitrogen, the bﬁly |
isolable product was 6-methoxy-1-tetralone 189, the structure of
which was confirmed from its épectdeCOpic data. The observations
confirﬁed-that the thermal.fragmentétion (a "fetro-ene") reaction
requlres that the C-H bond 1nvolved is benzyllc.

In view of the observation that the fragmentation occurred

.partlally on preparative tlc, the p0551b111ty of acid- cata1y51s

belng 1mportant wWas’ con51dered (Scheme 25)

"'SCHEME 25 .

AT

N/

OH

O =01 A
- + -
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The formylmethoxy-tetralone 192 was stirred in dry beheeﬁe
with pTSA briefly.et Toom temperature. The product obtained wae ,
found to be'a mixture of 6- methoxy-1-tetralone 189 and 6-methoxy-
- 3,4- d1hydronaphtha1ene 194. Glc of the mixture ehowed a ratio of.
3: 1 of 194 189, The 14 finr spectrum of 193 confirmed the presence
of the olefinic protons (1-H and 2- H) at §6.45 (d) and &5, 9 (qu1ntet)
respectively and the methoxy protons at §3.7S (s). The mass
spectrum showed the.molecular ion at m/z 160, It is apparent
1that.acid-catalyéed fregmentatien can also lead to the "retro-ene"
product. However, the major and competing reaction appears to be
the.acid-catalyeed‘elimination'to give the dihydronaphthalene_lgi;':
At this-stage it is not clear how generallthe'thermai or acid-‘

catalysed‘fragmentations are. Further investigatien is required.

SCHEME 26

o Y
> [O1)
_ g
‘ Me0” '
92 \;\ ‘ - | Lo 189
~ ,
~
=00
MeO e T
194

The.target aldehydes 138, 155 and 158 were ‘converted to the
, desire& a-methylene lactones 198, 199 and.200 respectively by use.
‘of the Drieding-Schmidt reaction. The acrylate used was either.

| methyl or ethyl a-(bromomethyl)acrylate obtained from the a-_
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(broﬁomefhyi)ac:ylic acid 195, Reaction of diethyl bis(hydroxy-
methyl)malonate 194 with hydrobromic acid (48%) gave the a-(bromo-
methyl)acrylic acid 195 in 36% yield.!09

. Ethyl u-(bromometﬁyl)acrylate 196 was obtéined'from the
cohcentrated sulphuric aeid-catalysed reactioﬁ of the.acryli; acid -
195 with ethanol. The 1H'nmr confirmed the presence of the ester
moiety with signals at 84.28'(quartet, COZCEZCHS) and 6§1.3 (t,

"SCHEME 27
Et CH&OH

// HBT
\ |

‘\\z’;a

Et0,C
194

u I ]z
196 BrCHZC COzEt | ' ‘BrCHZ c—C0,Me 197
eMethyl a-(bremomethyl)acr}late 197 was'obtained_byﬂihe
reaction of'the acrylic acid 195 with calculated amounts of
ethereal diazomethane, Unreacted acrylic acid 195 was washed

out with'NaZCOS solution and this aqueous extract could be
“ac1d1f1ed to afford the acryllc acid 195, |

Reactlon of the 16 -formyl-3- hydroxy estra-1,3 5(10) 16-
tetraene 155 with ethyl a-{bromomethyl)acrylate 196 and activa-

ted zinc in. THF gave the expected a- methylene lactone 198 whlch

“contalned polymerlc by products. After preparatlve tic and
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_crystalliéation, the oc-methylene lactone 198 was obtained in 40%
'yield; The IH_ﬁmr spectruﬁ of 198 confirmed the ﬁresence of the a-
methylene lactone moiéty and showed important signals at GS,TCm, wi

3Hz, C=CH,), 66.3 (m, W} 3Hz, C=CH,), 65.15 (t, Ju 9Hz, CH-0CO)

SCHEME 28

CHO '
‘BrCH,C CO,Me .
YA 27

-

and 65.98 (br s, 17?H1. The ir spectrum showed important bands

at 3400cm™ Y (OH), 1755cm™! (C=0 of lactone) and 1670cm L (C=C).
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: VSimilarly, the aldehyde 158 was converted to the desired
a-methylene lactone 199 bf reaction with activated zinc and
methyl a-{bromomethyl)acrylate }_9_7-in~_THF. Preparative tlc followed
1‘ﬁy Crysfallisation gave a pure'sample'of‘lgg_which.was highly
inéoluble'in most soivents...The lH nmr speet?um (in DMSO;
acetone) of 199 shdweﬁ the a-méfhylene léctone'moiéty and
showed important signals at 56.1 (Br s, Wi 4Hz, C=CH,), §5.7
(br s, W} 4H§, C=C§2), 64.6 (m, CHOCOC)} and 83.6 (m, 17-3)_ The
ir .Spectrum showed tﬁe lactone carﬁonyl at vmax 1745cm'1.
Acetylation of the uémethylene;lacfone 199 with acetic
'anhydride in pyridine gave the diacetoxfrderivative 19%a,

The lH nmr_spéctruﬁ confirmed its structure -and showeﬁ impor-
tant signals at 62.12,(5; 17-0Ac),'62.32 (s, 3-0A§),“66.1 (br s,
Wi 4Hz, C=CH,), 65.7 (br s, Wi‘4Hi, C=CH,) and 64.6 (m, 17-H and
CHOCO) . | | o
- The aldehyde 138 was also cdnﬁerted to the.a-mefhylene
‘lactone ggg.by reaction with activ&tedlzinc and'methy1 ﬁ-(bromo-_
methyl)aérylate lﬁli Preparative tlé of the crudé'product was
carried out Several times to freé the prdduct 200 of polymerized -
_ by-products. The a-methylene lactone thﬁs isolated could not be
crystallised. _The‘IH nmr spectrum chfirméd the presence of the
a-methyleﬁe 1act§ne moiety ‘and showed important‘signals‘at 66;38 .
(br s, w;"-sﬁz;_tﬁcgz); 55.78 (br s, W} 3Hz, c=c52),-"55.4a (q, Jn°
8Hz, CHpCd] and $§6.05 (d; JN.BHZ,:QCE;CHOCO). lDouble irradiation
of.the'quarte; at 65.45 caused the doublet at §6.05 to‘cbl}apsé |

to a broad singlet, thus confirming the assignment. Acetylation
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of‘ggg by reaction with acetic anhydride in pyridine géve‘the
17gacetoxy-derivative 200a. . Preparative tlc afforded pure 2002
which also, unfortunately, did nof crystallise. The 8 nmr
épectrum of 200a confirmed its structure and showed important
signals at 66.38 (m, Wi, 3Hz, C—ng), 65.78 (m, Wi, 3Hz, C=CH,),
§5.47 (q, Jn 8Hz, CHOCO),66.02 (d, I~ BHz =CH CHOCO), 54.8
(t, Jv SHz, 17-H) and 62.1 (s, 3-OAc). |
The stéreochemistry_Of the d—methyiene lactones lgg-and

200 are_ﬂqt'known.‘ However, it is most pfobable that the u—ﬁetﬁyléne
‘lactone 139 is an isomeric miﬁfure as evident from the broad signal
of the 18-Me of the chromatographed mater1a1

| Blologlcal tests for ant1 tumour activity and estrogen _
- receptor binding afflnlty are to be carrled out on the synthe51sed
a-methylene lactones 198, 199 and 200 by Dr J.R. Traynor in these
laboratories. The results from the‘bioloéical tests ﬁill further

determine any other work that would be carried out.



—T4-

EXPERIMENTAL




1Solvents were digtilled-using standard methods. 'Solgtibns":
were dried over énhydrous magnesium sulﬁhate and evaporated in
vacuo. Preparative T.L,C. plates were prepared_from Kieselgel
60PF 254 (Merck). .l " Ir:sﬁectra were‘ﬂetetmiﬁea;withlé -
'Pérkin;Elmer 177 spectrométer, 14 nmr sﬁectra were défermined
in CDCiS'or otherwise specifiea solvents-containihg TMS at 60 MHz
with a Varian EM SGOA spectrémeter or at 90 MHz with a Perkin- |
- Elmer R32 spectrometer, |
Optical rotations were.measured at ambient temperature with
"’ an AA-10 autoﬁatic digital polarimetef.H.Melting points were
meaéured dn.a‘Reichert ﬁot_stage'apparétus andjaré.ﬁncorrected.
130 nmr spectra were recorded at 20,1 Mﬁ; with a-Bruker WP-80
spectrometer operating at the Fourier-transform mode. Mass spectra
‘were récdrded‘oﬁ a Kfatos MSISO mass'spéctrbﬁetér using a DS-55

data system. Ether refers to diethyl ether.



1. 3 173 Dlacet__y estra-1,3,5(10)- trlene (113)

A mixture of 178 estradiol (5g) and acetic anhydrlde (18 ml)
in dry pyridine (70 m1) was heated under reflux for 1 h , cooled
,.and poured‘onto ice/waten\(lOOg). The resulting,precipitate was
filtered and.cfystallised from methanol/water tbgive'17sf |
e_stradiot diacetate (6.12g,'94%),m.p. 127-128°C (1it.57 . 126-178°C)
v max (mull) 1770 (C=0, 3-OAc) and 1730cm ! (C=0, 17-0Ac); 60.82 (s,
3, 18-Me), 62.08 (s, 3H, 17-0Ac), §2.28 (s, 3H, 3-0Ac), &4.7 (t,
J~ 8Hz, 1H, 17 -H),86.88 (br s, 1H, 2-H), 67.3 (d, J~ 8Hz, 1H, 1-H),
86,79 (s, 1H, 4-H), .

'.23 . 3,178-Diacetoxy-estra-1,3,5(10)-trien-6-one (114)

3,5- Dlmethylpyrazole (12 Sg) was added in one portion to a
stlrred mlxture of dry Cr03 (13, Zg) in methylene chlorlde (80 ml)
at 725 . After 15 m;n., a solutlon of the estradiol dlaqetate
'(Z;Og) in methylene chlotide (10_m1) was added to the stirted
complex;‘rThe stirred reaction mixture was maintained at -15 to
.20°C for 4 h , after which NaOH solution (5M, 50 ml) was added
end the.resultant.mixtﬁre was_stirred for.a further 30.min.-at.-5°
to 0°. The"methylene chloride IaYer was separated and the aqueous
layer was extracted with methylene chlorlde (2 x 50 ml). The
 ~comb1ned methylene chloride layer was washed with dilute HC1 (ZM
2 x 100 ml) and br1ne (2 x 100 ml) and dr1ed " Basification of
the HC1 extracts afforded 3,5-d1methy1pyrazole which wae'tecryst-
ailised.ftom petreleum-etner (b.p. 60-800, 60% recovery). Filtra-
tion and evaporation'of the methylene chloride layer gave a crude

product which was chromatographed on silica, eluting with petroleun-
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ether (b.p. 40-60) and petroleum ether/ethyl acetate (4:1) to afford

the 6- ketone 114, (968mg; 48%). Recrystaliieation from-ethanol'
‘gave a pure sample of the 6-ketone 114 (0.8 ; 40%), m.p. 173- 174 C
(11t.§? 173-175°C), {a} D - 22° (c, 2%, CHC13),_ vmax (mull)

1675 (c=o 6-ketone), 1730 (C=0, 17- OAc) and 1770em™} (€=0,

3-0Ac) ; §0.83 (s, 3H, 18- CHS), 2.08 (s, 3H, 17-OAc), 2.30 (s,3H,
3-0Ac), 4.75 (t, Jn 8Hz, 1H, 17-H), 7.38 (m, 2H, 1-H and 2-H),
7.8 (d, Jv 2.5Hz, 1H, 4-H). |

3. 3 17B-Dihydroxy-estra-1 3, 5(10)-trien-6—one |

| 6 Keto-estrad101 dlacetate 114 (0. Sg) was suspended in methano-
lic KOH solutlon (5%, w/v, 15 ml) and stirred at room temperature
for about 4 h, 'The progress of the reaction was monitored on
t.l.c. it wes diiuted ﬁith water end extracted.with CHCl3 (x3);
‘The CﬂCl3 extracts were washed witﬁ'brine, dried end evaporated;
_Recfystellisation‘from ethanol geve pure sample (O.ZSg ; 62%) ,m.p.
27sﬁzsd°c (1it.59. 280-282°C) ,ymax (mull) 3500, szoo'(OH), 1670
(C=0), 1620 and 1570cm™ > (C=C); 6(DMSO dg) 0.78 (s, 3H, 18-Me),
3.7 (t, Jv 8Hz, 1H-117-H), 4.12 (4, Jv SHz, 1H, 17-OH, D,0
' exchangeable), 7.1 (m, 2H, 1 -H and 2-H), 7.4 (4, J~ 5Hz, 1H, 4-H) .

4, 3-Ben§yloxy-17B-hydroxy-estra-1,3,5(10T-trien-6;one_(123)

: 6-Keto-estradiol-diacetate 114 (1g) was suspended in absolute
ethanol (80 ml). Anhydrous K 2C02 (lg) and benzyl chloride (1 ml)
were added to “the suSpens1on. ‘The resultlng reactlon mixture was
-heated under reflux for 5-6 h. . The prodpct was concentrated,

extracted with ethyl acetate; washed with water, dried and evap-



orated to givé a crude product (1lg, 86%). Recrystallisation from
| methanol gave a pure sample (0.92g; 80%),m.p. 174-176°C (1it359
175-177°C),v max (mull) 3540 (OH), 1675 (C=0) and 1615cm™l (C=C);
§0.78 (s, 3H, 18-Me), 3.7 (t, J~-8Hz, 1H, 17-H), 5.08 (s, 2H,
'PhCH,0), 7.37 (s, S5H, CgHgCH,0).

5. _3-B§R;yloxy-6-methy1ene-esfra-1!3,5(i0)-trien-178-01 (125)

Sodium hydride (0.5g, 50% in oil dispersion) was washed
with dry__light'petroieum ether (x3). -The flask was flushed with
.nitrogen to.rembve all traces of the petroleun ethe;. DMSO_(4 ml)
‘was introduced intO‘the-flésk with a syringe“énd the resulting -
suspension warmed to about 75° for 45 min. in an oil-bath undef
| nitfogen. To .the dark green solution, methyltriphenylphﬂﬁhdnium
iodide (7.6g) iﬁ THF (20 ml) was added. Aftéf stirring forrls
ﬁin; ét b°,'the kétoné 123 (O.Sg) in THF (1om1) was added 5nd
the resulting re#ctidn mixture stirred at 60-65° for 24 h, at
which'time'if was diluted with ice—water.(SO ml) and'eitracted with
CHZCI2 (x4). ‘The Eombinéd.CHZCié ektrécts were washed with water
and brine; dried and evaporated. The crude pfoduct was chromato-

graphed (toluene - ethyl acetate, 2:1) to give an oily product 125

(0.3g; 60%), {s}; -56° (c, 53), ymax 3360 (OH, broad) and 1600cm *

(C=C); 60.78 (s, 3H, 18-Me), 3.75 (t, Jv 8Hz, 1H, 17-H), 4.98
(br s, W} 2.5Hz, 1H, C=CH,), 5.1 (s, 2H, PhCH,0), 5.5 (br s, W}
2.5Hz, 1H, C=CH,), 6.88 (m, 1H, 2-H),.7.25 (d, Jv 3Hz, 1H, 4-H),

' + :
7.42 (br s, SH,_C6H5CH20) (Fougd:'M , 374.2241, CZGHSOOZ requlfes
M, 374.2246). ' '
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6. S-Benzyloxzfﬁ—forﬁyl-estra—1;3,5(10)-tr{en-l78?b1 (127)
The enol ether 133 (0}3g)'was,taken up in THF (30 ml) and
pefchloric acid (30%, 5 ml) added. The mixture was stirred at
| r@om teﬁperatufe and the progress of the reaction monitored on
'tlc.. After 1} h,' the reaction mixture was dilﬁted-with water
and'exfracted with Cﬁ2C12 (x3). The cbmbined-ofganic éxtracﬁs
wereﬁa#hédwith water, dried and‘evaporated. Prepafative ilc of

the crude prodﬁct gave a fairly pure sample of .the aldehyde 127

(0.1g; 30%) as an oily product. ymax (film) 1720 (C=0, aldehyde)
and 15iocm'1 (C=C); §9.4 (s, 1H, CHO), 5.05 (s, 2H, PhCH,0), 3.75
(t, Ju 8Hz, 1H, 17-H), 0.8 (s, 3H, 18-Me) (Found: M, 380.2223.

- Cy6H;05 requires M,  390.2195).

7. 3-Benzyloxy-é-methogimethylene-estra-l,3,5(10}trien-178-01 _
(3. - |

| Diphenyl(methoxymcthyl] phoéphiné oxide was first prepared
ffom triphenylphos?hihe (24g) and chloromethyl ether (8g) in dry
benzene (60 mlj at 509 for-96 h, A white précipitate of methoxy-
mefhyltriﬁhenyl'phoSphonium chloride (30g) was filte;ed'off and
‘washed with ether. This was heated under reflux with aqueous
NaOH solution (50 ml, 30% w/v). Benzene formed was allowed to
distill out of the reaction'mixtﬁré. When evolution of benzene
.ceaséd,_the.mixture was a1i§wed to.cool, extracted witﬁ CHCl3 (kS)
~and the combined CHCls-extracts.dried and evaporated. The crude
'pfoduét'Wés fecrysﬁalliﬁéd from ethyl a;etaté to give diphenyl
(methoxymethyl)pho%phihe oxidé (ZOé;‘QO%)lm.p. 113-116°C (Lit53$
116-117°C). o ' |



Lithium di- 1sopropy1am1de (LDA) was prepared from di-
1sopr0py1am1ne (1. 6 ml) and Buli(4. 4 ml, 2.4M solution) at %
‘under nitrogen, To this was added dry diphenyltnethoxymethyl)
phosphine oxide (2.2g) in dry THF (60 ml) at 0° ~for 10 min. -
'The mixture was cooled to -78° and the 6- ketone 123 (0. Sg) 1n
THF (10 ml) added. The Tesulting reaction mixture was allowed
to warn up to room temperature and stirred ouernightr 'it was
| poured into saturated ammonium chloride solution (100 nl)'and
extracted with ether (x4). The combined ether.extracts were
washed w1th water, dried and evaporated Chromatographic
separation of the crude product (toluene - ethyl acetate, 2{;5’
gave an oily gum (0.45g). This was stirred w1th NaH (0.1g) in
THF (20 ml)'overnight to give the desired product 132 (0.38g,‘

'70%), vwmax (£ilm) 3400 (OH, broad)and 1610cm™* (C=C); 67,85
_(d, Jn 3Hg, 14, 4-H), 6.0 (br s, 1H,=C§pﬂe), 5.0 (s, 2H, PhCEéO),
3,65 (s, 3H,0Me), 3.65 (br t, 1H, 17-H), 0.75 (s, 3H, 18-Me)

) (Found: M'; 404.2361. C,Hy,0;

requires M, 404.2351).

8. 'S-Benleoxy-ﬁ-cyanomethylene-estraQI,3,5(10)-trien-i?B-ol
(136).

Sodium hydride (0.4g, 50% in oil disper51on) was washed three
times with dry petroleum ether (b.p. 40-60) in a three-neck flask.
This was flushed with nitrogen until the last traces of the petrol-
eum :ether had‘been removed, THF (10 ml) was added to the flask_and '
' cooled to O°C To.this suspension was added diethyl.cyanomethylphos-
phonate (1g) in THF (10 ml) with stirring at 0°. After stirring

for 30 min., 123 (0. 4g) in THF (10 ml) was added and the resulting
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reaction mixtufe stirred at room temperature for 24-36 h . After
this péribd, the reaction mixtﬁfé was concentrafed'to_a_small
volume, poured onto ice-water and.extracted with ethyl aéetate
(x4}, The ﬁombingd ofgénic ext:actsfwere'waShed with water,
 dfied and evaporated.. The-crudé.pfoduct was subjected to
'_preﬁarajége tlc (toluene-ethyl acetate,‘Z:l) to give an oily
EEEEEEtI(O.ZSg; 60%),? vmax (film) 3475 (OH, broad), 2220 (C=N),
1610 and 1590em™! (C=C); 80.75 (s, 3H, 18-Me), 3.75 (t, Jv 8Hz,
1H, 17-H), 5.12 (s, 2H, PhCH,0 ), 5.72 (s, 1H, CHCN), 6.2 (s,
CHCN), 7.05 (m, 1H, 2-H), 7.2 (4, Jv 3Hz, 1H, 4-H), 7.45 (s, SH,
CgHgCH,0) ; (Found: M, 399;2;83, C27H2902Nrequirés.M, 399.2198)
| The oily‘prbduct_(o;ISg) WQS acetylated by1stirring in pyfidine'

(5 ml) and acetic.anhyd;ide (1 ml) overnight to give l178-acetoxy-

3-benzyloxy-6-cyanomethylene-estra-1,3,5(10)-triene 137 after

the usual wﬁrk'up._ Recrystallisation from_efhanpl gave analytically
pure sample (0.15g;90%), m.p. 134-135° and 148-150°, vmax (film) 2220
(C=N), 1730 (C=0, 17-0Ac), 1625 (C=C) 1600 and 1580cm™} (C=C);
50.85 (s, 3H, 18-Me), 2.1 (s, 3H, 17-0Ac), 4.8 (t, Jo 8Hz, 1H,

- 17-H), 5.15 (s, 2H, PhCH,0), 5.75 (br s, 1H, tgpN), 7.45 (s, SH,
cﬁnscﬂéo), (Found: C, 78.5; H, 7.1; N, 3.13; M7, 441.2303.

C,yoH |

310N Tequires C, 78.88; H, 7.08; N, 3.17% M, 441.2304).

9. | S-Beniylogy-ﬁ-formylmethylene-estra;l,3,5(10)-trieh417B-ol
(138). ' - B

- Tﬁe-ﬁnsaturated‘nitrile 136 (0.45g) waé taken up in dry
beniene‘kzo ml) énd DIBAL (1.5 ml, iS% w/v in toluene) added undér
nitrogen with a syringe. The reaction mixture was stirred at room

temperature under nitrogen for 4 h before deStroying any unreacted
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DIBAL witﬁ‘methanol and the reaction'pixture poured onto ice/
dilute H,50,. More dilute H2504'ahd methanol_were added to
dissolve eolid crumbs that were formed.  This mixtﬁre_was
'1extracted with ether (x4) ahd'the combined organic extracts
were washed w1th water, dried and evaporated. - Preparative'tlc
of the crude product (toluene ethyl acetate, 2 1) afforded the
aldehyde 138 as an oily gum (0.24g, 53%), wvmax (film) 3450 (OH,
broad), 1 670'(Ce0, aldehyde), 1620 and 1600cm_1 (C=C); §10.15
(4, Jv 8Hz, 1H, CHO), 7. 42 (s, 5H, CqHgCH,0), 7.08 (d Jn 2. SHz,
1M, 4-H), 6.5 (d, Ir 8Hz, 18 =cacno), 5.1 (s, 2H, PhCHZO), 3,78
(t, Jv 8Hz, 1H, 17-H), 6.75 (s, 3H, 18-Me) (Found M ; 402.2192

:c21H3003 requires M, 402.2195).

10. 3 17&Diacet44y-e§tra-1'3 5(10) -trien-6a-o0l (166)

- 6 Keto-estradlol diacetate 114 (0 25g) was suspended in dry
methanol (50 ml) and cooled ‘to about- -5° Sodium borohydrlde |
(0.25g) in methanol (25 ml) was added dropﬁdse, sdch that there
was no appreciaole Tise ‘in. temperature of the'resuitihg mixture.
This was stirred at -5° for 30-45 min., before ac1d1fy1ng wlth
,dilute acetic ecid (10% v/w) to ad;ust the pH between 5 and 7.

It was diluted withuweter, extracted w1th_CH2C12 ij).- The
combined CH2C12 extracte were'washed'ﬁith water;'brine; dried.
and evaporated. The crude product was subjected to preparative
tlc (tolﬁene-ethyl ecetate, 2:1) and crystallised from ethyl |
acetete{hexane.to give pure 155 (95mg, 38%). Some of the.

starting ketone 114 (100mg, 40%) was also isoiated, m.p. 127-129°
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(1it.,78128-129°C), vmax (film) 3380 (OH, broad), 1760 (C=0,
3-0Ac), 1730 (C=0, 17-0Ac), 1600 and 1580cm” ! (C=C); §0.82 (s,
 3H, 18-Me), 2.08 (s, 3H, 17-0Ac), 2.3 (s, 3H, 3-0Ac), 4.75
(q, Jv 9Hz, 2H, 6H and 17- H), 6 95 (m, 1H aromatic proton), .

(m, 2H, aromatic protons)

1l. 16 Hydroxymethylene 3- hydroxy estra 1,3, 5(10) -trien-17-one
-'(73)

Sodium hydride (Bg,_GG% in 0il dispersion) was.washed three
times'ﬁith'petroieum-e;her (b.p. 40-60). The flask was flushed
with nitrogen to remove the last traces of thé petroleum ether.
Dry‘benzené (100 mlj was intrnduced and estrone (5g) added., The-
| miiture.was sfiffed-forri h ;‘befofe_adding ethyl formate (20 ml,
freshly distilled over PiOS). The_reactionlmixture-was stifred
| at room témpérature until there was no estrone ‘ieft (ca 24-36'h-);
The reaction mixture was poured'onto-iceléilute HC1 and the white
"precipitaté formed was filtered off. The precipitate ﬁas washed

'ihorohghly'with watef and dried under vacuum at 80° to.give fhe

desired product (5g, 91%1,m.p. 227-2290‘(lit.i7229-231°), vmax .
(mull) 3400 (dH, broad), 1720 (C=0), 1635 (C=C) and 1590cm‘1
(C=C);s(DMS0.d¢), 0.82 (s, 3H, 18-Me),l2.73 (br t), 7.43 (br s,
1H). - B o

12,‘. 4(S-Acetoxy-i7-kefofestfé-1,3;5(10)etrien-16ry1)-24methy1ene44

butanolide (24b)

| | f Actlvated zinc (0. Sg), ethyl a- (bromomethyl)acrylate (0. 7g)
--and 16- hydroxymethylene estrone (lg) were suspended in dry THF
(75 ml) under nltrogen, The react10n-m1xture_was heated to

reflux'under nitrogen overnight, ca 16-24 h . It was cooled and
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poured onto ice/dil. HCl1l, extracted with chloroform (X4), washed
with water and'brine. It was dried and evaporated. ‘The crude
product was sﬁbjected to flash ohrometography (petroleum-ether ®b.p.
40-60)-acetone 2:1) and then recrystellised from acetone/petroleun
_ether to give the lactone 24 (mlxed isomers) m. p. 234- 237° (0 25g,20%)
fﬁhax‘(mull) 1760 (C-O lactone), 665 (C=C,lactone) and 1600cm (C—C)
| The lactone 24 (0. ISg) and’ acetlc anhydrlde (0 5 ml) were
dstlrred together in pyr1d1ne (5 ml) at room temperature for 24 h ..
The reaction mixture was poured onto 1ce and extracted with CHZCI2
.(x3] The combined CHZCI2 extracts were washed with dilute HC1 (x3),
water and brlne. This was dried and evaporated. The crude product -
was subjeeted to prepa;ative,tlc (petroleumJether (40-60) -acetone,
2:1) and recrystallised (xZ)_froﬁ acetone-hexane to afford the acetoxy

lactone 24b (mixed isomers) (0.1g,60%) m.p. 153-1SS°C vmax (film) .

'1760{C=0, broad,3-0Ac and C=0 lactone) and 1605cm” IC=C), §0.98 (br
Sy 3H ,18-Me), 2.3(s, 3H, 3_OAc), 4. 9 (m,1H, -CH lactone), 5.72(br s,
1H, C CHZ’ lactone) 6 32 (br s, lH C=CH2,-1actone) (Found M* , 408,

e

1945 CZSHZBOS requlres M, 408,1937),

:13. - 16- Butylthlomethylene -3- hydro_y -estra-1, 3 5(10) -trien-17--

‘one (153) | _

16- Hydroxymethylene estrone (Ig) was dlssolved in dry DME.
(50 ml), MgS0, (Zg}, pTSA- (50mg) and n-butane thiol (5 ml) were
added. The resulting reac;ion mixture was stirred;and wafmed
up to 60° in an 0il-bath overnight. It was diluted with water
" and ektracted with CHCl‘ (x3). The comblned CHCI3 extracts were.
washed with brlne, drled and’ evaporated Some dry toluene was

added and removed in vacuo.to ensure total removal of the thiol.
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~ The crude product was subjected to preparative tlc (petroleum-

ether (40-60) - acetone, 2:1) to give the_ﬁroduct 153 (1.1g,

89%). Recrystallisation from methanol gave pﬁrg iﬁi (1.0g,
81%), m.p. 177-178°C,{a} D + 128°(c, 0.5%); vmax (mull) 3308
'(bfoad, OH), 1690 (C=0), 1616 and?1590cm71 (C=C); §0.9 (s, 3H,
18-;H3), 6.58 (s, 1H, 4-H), 7;12 (d, Jm'lonz,'ln, 1-H), 7.1 (br
s, 1H, cgsc4Hé); (Found: C, 74.6; H, 8.4; S, 8.7; M+;370.1966.

H,,0,5 requires C, 74.56; H, 8.16; 5, 8.64; M, 370.1966).

Cz3Hzg

.14."- 16-Butzlthiomefhylg§é¥3;17B-dihxﬁroky-eétra-llé,s(10)-triene )
sy, | o |

The butylthiomethylene eStrone‘lii ’ (ig) was suspended
in methanol (100 ml);_:This was qooled to Oé in‘ice-bath before
adding sodium borohydfide (0.5g). The reaction mixture was stirred
for about 2 h , while monitoring the progress of the reaction on
 _t1c.. It was diiuted ﬁifh water and extracted with CHCI3 (x4).
The CHCls_extrécts were washed wifh watet'and,briné,'dried'and
eﬁaﬁorated'td give the crude ﬁrqduct; .Recrystalliéafion from

ethanol gave pure sample of 154 (0.8g, BO%j;m.p. 85-88°cC, {a},
| 1

-39.4%(c, 1%); vmax (mull) 3340 (broad OH), 1610 and 1590cm”
(c=ci;450,7 (s, 34, 18-Me), 4.06 (br s, 1H, 17-H) 6.1 (br s, 1H,
CHSC,Hg), 6.6 (s, 1H, 4-H), 6.69 (d, Jv 2Hz, 1H, 2-H), 7.15 (d,
Jv SHz, 1H, 1-H) (Found: M’ 372,2114. C,3H,,0,S requires M,
372.2128). | | j N

: Tﬂe dihydroxy.product 154 (C.Zg) was.acgtylated byﬂstirring.in

| | | . thio
pYridine (5ml1) with acetic.anhydride (1ml) to give 16-butyyhethylene-

3;176-diacetoxy-éstraFl,3,5(10)—triene ;SSjﬁhich was recrystalliséd



from ethanol efter the usual work up(d.ng,73%) m.p.l42-144°C, {alp
+ 3.7°[c, l.i%); vmax'(muli) 1760 (C=0, 3-0Ac), 1740 (C=0,
17-0Ac), 1640 (C=C), 1610em™ > (C=C); §0.76 (s, 3H, 18-Me), 2.08

(s, 3H, 17-0Ac), 2.3 (s, 3H, 3-0Ac), 5.34 (br s, 1H, 17-H), 5.86
(br s, 1H, CHSC,H;),.6.83 (s, 1H, 4-H), 7.3 (d, Jv 1OHz, 1H,

1-H), 6.9 (d, 1H, 2-H) (Found:, C, 71.1; H, 8.3; S, 7.1; M ,456.
12333, C,qH;.50, requires C, 71.02; H, 7.95; S. 7.0; M, 456.2334).

15; 1GeFormil-S-hydroxy-estre-1,3,5(10),16-fetraene (155)
To the 16-butylthiomethyleme estradiol,154 , (0.5g) in a

mixture of a;etonitrile.(so ml] and ﬁater (25 ml) were added

" mercuric chloride (0.25g) and CaCO4 (O.lg); The resulting reaction
 mixture was heated under reflux andlthe p;ogfess»of the reaction
| monitofed onltlce .Aftef 24 h , it was diluted with water (50 ml1)
| and extracted with CHCl4 (x3). The CHCl; extracts were .washed

with water and brine, dried and eféporated Chromatographic .
purlflcatlon of the crude product (dlethyl ether - petroleum -ether

(40 60) 2:1) gave the product 155 (0 Zg , 45%).

_ Alternatlvely, the deprotectlon was ‘carried out with T1C14 .
in acetonitrile. Thus, the 16-butylthlomethylene-estradlel
~ (0.25g) was dissolved in acétonitrile (25m1) and TiCl, (0.5 ml)
‘added. The mixture was stirred for 20 min., during which time
'it turned deep fed" Water (10 ml) was added and tﬁe_reacﬁioﬁ :
' mlxture stirred for a further 4 h- it was diluted with watef
and extracted w1th CHC13 (x3). The CHC13”extracts were washed
with br1ne,\dr1ed_and evaporated. 'Chrohatographic separation

of the crude product, followed by recrystallisation from methanol



oT acetone/petrol, gave pure sample.(Oolg, 52%) m.p. 253-255°¢,
{«}D + 88°(c, 5%, THF), vmax (KBr) 3310 (broad, OH), 1675 (C=0,
aldehyde), 1610 and 1585cm -, (C=C), §0.92 (s, 3H, 18-Me), 6.65
(s, 1H, 4-H), 6.75 (br s,1H, 2-H) 7.05 (br s, 1H, 17-H), 7.18
(d, Jv 10Hz, 1H, 1-H), 9.78 (s, 1H, CHO) (Found: M* 282.1625.

.019H2202 requlres M, 282.1620

_ 16. 3- AcetoxynJG formyl-estra-1,3 5(10) 16-tetraene (157)

A mixture of 16 formyl 3- hydroxy estra-1,3,5(10), ,16-tetraene
 (0 lg) and acet1c anhydrlde (0 5 ml) in pyr1d1ne (5 ml) were
stirred together overnlght ‘It was poured onto-lcefwater and
x extracted with CH 2€1, (x3)}. The combined CHZCI2 extracts wete
‘,washed with brlne, drled and evaporated | Recrystallisatiqo froﬁ
‘ethanol ‘gave pure sample (S0mg, 78%) m.p. 148- 150° , {a}D + 48°
‘(e, 0.5%);_vmax (f£iim) 1730 (C=0? 3-0Ac) 1675 (C=0, aldehyde) and
1600em;1 (c=C); 50.92 (s, 3H, 18-Me), 2.3 (s, 3H, 3-0Ac), 6.85
(s, 1H, 4-H), 6.95 (br s, 1§, 2-H), 7.0 (br.s, 1H, 17-H), 7.3
(d, J~ 10Hz, 1H, 1-H), 9. 78_(5, 14, Cﬂp).(Found._ C 77.9; H
CT.6% M, 324.1724. C21H2403 requires C, 77.75; H, 7.40%;M, 324.
1724), .

17, -IG-Dimethqumethyl-3-hydrbkx:estra4l;3,5(10)-trien-17-ooe
(184). o |
16-Hyotoxymethy1ene estrone 73 (0. Bg)‘dry methanol (50 ml)
and trlmethyl orthoformate (5 ml) were heated -to. reflux under
nitrogen in an oil-bath, pTSA (SOmg) was added as ‘catalyst. After,
about 4 h the reaction mixture was d11uted with CHCl_3 (100 ﬁl),

"washed with brine (x2), dried and evaporateﬁ.. Preparative tlc_of
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the crude product (petroleum-ether (40-60) - aeetone; 2:1) gave
the acetal (0 16g, 16%) which was recrystalllsed from CHCI /petroleum

ether(40 60) to glve crvstalllne sample(O lg,IOﬁ)m P- 213 2+5° c, {a}D
+ 16 (c, 1%, THF); vmax .(mull) 3380_(OH, broad), 1720 (C=0) and

1600cn™! (C=C); 60.92 (s, 3, 18-Me), 3.48 (s, 6H, CH(COMe),),
4.7 (d, Jv 4Hz, 1H, CH(OMe),), 6.64 (s, 1H, 4-H), 7.2 (d, Jv 10Hz,
1H, 1-H) (Found: M* 344 1998, C21H2804.requ1res M, 344,1987),

| 18, .lﬁfDimethoxymet§y143,17B;dihfdror-—eStra-l,S,S(lo)-triene,
assy | |

Teta suepension of 16-dimethox?methy1 estrone (0.15g) im metha-
nol (ZS ml) was added sodlum borohydrlde (4Smg) in methanol (10 ml).
Thls was stirred at room temperature and the progress of the
reaction monltored on‘tlc_untll all_the starting material had
"disappeared:(ca 11 h), The reaction mixture was diluted with
'water and extracted with CHCl3 (x3) The combined CHC13 extracts
were washed with. brlne, dr1ed and evaporated Crystallisation ofl
the oily product from ethanol gave fa1r1y pure sample (O. 12g,
80%), m.p. 232-234°C, {alp + 67.5%(c, 0.77%, THF) ; vmax (mull)
3300 (OH, broad), 1600 (C=C) and 1510cm™} (c=C); 60.82 (s, 3H,
18-Me), 3.37(5)3H, CH(OMeL), 342(e,3H, CHONRL), 3-85(dd, J-10 and 3t T, CHO
4,58(d, Jv 10Hz, 1H, Eiqijf*z , 6.56 (s, 1H, 4-H), 6.65(br s, 1H,

2-H), 7.1 (d, J~ 9Hz, 1H, 1-H) (Feund:'M ’346.2143.-C21H3004

requires M, 346,2144).



19, 16-Methoxyﬁethy1ene-estra-1,3,5(10)-trien-l?gone (167)
_“A'mixture of 16-hydroxymethylene estrone (1g), trimethyl
prthoforméte {2.5g) and metﬁanolic,CeCl3 sdlution (0.4M, 20 ml)
were stirred together at room temperatufe overnight. It was
diluted with water and extracted with CHC13_(x3}; The combined
CHCis.extracts were washedeith'water and brine. It was dried
and eVapordted;-_thfomatogfapﬁic purification.of‘the.;;ude
'_product (pétrqleum-ether (40-60) - acetong,iZfl), followed by
;trysfalliséfion f£rom acetone/petroleunm ether afforded. pure samﬁle
(0.9g, 86%), mip. 255- -257°C, {a}D + 104°(c,"1%, CH¢13); vmax (XKBr),
3250 (OH), 1690 (C=0), and 1615cm” (C=C)§ §0.9 (s, 3H' 13-Mej;
3.9 (s 3H, OMe), 6.12 (s, 1H, 4-H),6.22 (4, 14, 2-H), 7.15°(d,
" Jv 9Hz, 1H, 1-H), 7.25 (br s, 1H, CHOMe) (Found: C, 77.0; H,
8.0¢ M':312.1726. Cyptl 2403 requires C, 76.89; H, 7.74% M, 312.
1725). ‘

20, IG-Methoxymethylene-3,1?B-dihydrox1fesfra-1,355(10)-triene
.The 16-methoxymethy1ene estrone 167 {0.8g) was suspended |
in methanol (50 ml) and cooled in ice-bath. CeC13 (0.4g)-was added
| to the suspension and_stirred for about 2f3 min. befqre add;ng
~sodium borohydride (0.2g). The resulting mikture was stirred for
abodt_4$ min.'_It was diluted with-CHC13 (100 ml) and washed with .
bfine, dried and evaporated. The crude product'was—Subjected to -
prepérafive tlc‘tpetrolepm-ether (40-60) - acétone, 2:1) to give
. an oily‘sblid that could not be cfystallised. vmax (film) 3300

(0H, broad) and 1610cm” ! (C=C), §0.7 (s, 3H, 18-Me), 3.13 (s, 3H,
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OMe), 4.15 (br s, 1H, 17-H), 6,15 (br s, CHOMe), 6.62 (s, 1H,
4-H), 7.15 (d, Jv 10Hz, 1H, 1-H) (Found: M';314.1887. C, H,0,
| requlres M, 314.1882), ’

The above product168, was acetylated by stlrrlng IOOmg of

it in_pyrldlne (S,ml) and acetlc anhydride (0.5 ml) at room
temperature  overnight. After the usual work up, it was crysta-

1llised from methanol to give the.3,17g-diacetoxy-16-methoxy-

methylene-estra-l,3,5(10)rtriéne 169 (90mg, 82%), m.p. 159-161°C,
1

vmax (mull) 1770 (c=0, 3-0Ac), 1730'(c=0' 17-0Ac), and 1610cm”
(€=0); 40. 82 (s, 3H, 18-Me), 2.16 (s, 3H, 3-0Ac); 2. 30 (s, 3H, .
17-04c), 3.6 (s, 3, oMe) L, 5.38 (br s, 1H, 17-H), 6.0
(s, 1H, CHOMe), 6.85 (s, 1H, 4- H), 6.95 (br s, 1H, 2-H), 7.35 (4,
g IOHz, 1H, 1-H): (Found: C, 72.39; H, 7.8; C,qHz0; Tequires
C, 72.33; H, 7.59). - | |

21. .16-Formy1-§117B'dihydroxy-estra-lj3,5(10)-triene‘(ISB)

The. iﬁédimethoxyﬁethyl-3;17B;aihydroxy-estra-1,3,S(10)-
trieneléé_ (0.15g) was dissolved in acétbhe (25 ml1). Tb this ﬁas
added 2N HCL (5 ml) and the-resulting'reéction'mixture stirred at
Toom temperature for 20-30 min;while monitbring fhe progress.qf the
reaction by tlﬁ. The reaction mixture was diluted with water
and exfracted witﬁ CECI3 (x3).- The combined CHCI3 extracté were
washed with brine, dried and evaporated, Chrématdgfaﬁhic‘pﬁri-

fication of the crude product gave the éldehyde 158 which waéf:

crysfalliséd_fromnwthanoLHZO.



Slmllarly the enol ether 168 (0.3g) was deprotected with

Idllute HCl in acetone as above to glve the same aldehydeISS (0 2g,
70$)m.p. 203-206° C,{alp + 75(c,_o.5% THF) ; vmax (KBr) 3360 (OH, broad),
1710 (C=0,aldehyde), and 1610cm™ 1 (C=C):56(DMSO dg), 0.8 (s, 3H,18-Me), .
3.8 (d, 1H, Jv 9Hz, 17-H), 9.82 (4, 1H, Jv2Hz, CHO) (Found: M* 300.

1738 CygH,404. requ1res M, 300. 1725). . | . |

The 16-formyl- estrad101158 (0.1g) was acetylated by st1rr1ng

with‘acetlc anhydrlde(O.Sml) in pyridine (2ml) to give the 3,178-

. 156b,
d1acetoxy 16- formyl -estra-1,3,5(10)- trlene/ Crystalhsat:.on from

ethanol gave _pure sample(o 1g,94%) m.,p. 128- 130 svmax (£ilm) 1740,
(C=0, brcad 17- OAc, 3- OAc and CHO) and 1610cm (C=C),69.84(d, J~2Hz,

1H, CHO), 4. 86(d JmSHz 1H, 17-H), 2.12 {sy3H,17- OAc), 2.32 (s, 3 ,,‘
3- OAc), o 9 (s, 3H, 18- -CH3); (Found: C, 71.7; H, 7. MM ; 384.1937,

-CZSHZSOS requlres ¢, 71.,9; H, 7. S%UM 384 1937).

22,  178- Acetoxy 3. benzyloxy estra-1, 5(10)-trien-6-one (170)

A mlxture of 123 (1g) and acetlc anhydride (5 ml) in dry
pyridine (10 ml) was stirred overnlght at room temperature, poured
ento ice- water and the prec1p1tate flltered off to glve the crude‘
product (1.1g, 100%). Recrystalllsatlon from ethanol gave pure

170 (1g, 95%), m.p. 151.5-152.5°C ,{q}D -18, 3 (c, 5%, CHc13),
& vmax (mull) 1730 (C=0, 17-0Ac), 1675 (C 0, 6-ketone) and 1610cm -1
(C C), 80, 85 (s, 3H, 18- -Me), 2.08 (s, 3H, 17-0Ac), 4.75 (t Jv 8Hz,
VlH 17- H), 5.15 (s, 2H, PhCH 0), 7.25 (m, 2H, 1-H and 2- “H), 7.45
(s, SH, CGH CH,0), 7.7 (d, J~ 2 SHz, 1H, 4-H) (Found c, 77.6; H,
:7 3,, M 418 2149, C27H 024 requ1res c, 77. 48; H, 7. 235, M, 418.

2144).
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- 23, 178 Acetoxy 3- benleoxy estra-1,3,5(10)-trien-6a-01 (171)

178 Acetoxy 3-benzyloxy- estra 1,3,5(10) -trien-6- one, 170,

' (0.5g) was suspended in dry me thanol (100 ml) and cooled to
‘between O and 5°. lSodiumkbarohydride (O.Zng in.methanol {25 ml)
- was édded dropwise to the ketone 170, ahd Stirred.af thaf‘temp;
erature. The progress of the reduction was monltored on tlc.
‘-After about 1h, it wdas ac1d1f1ed with dllute acetic acid (10ﬁ,
v/v) to adjust the pH of the reaction mixture to between 5 and 7.
It was diluted with water and extracted with methylene chléfide-
(x3). The combineé-CH2C1z‘éxtracts Were‘ﬁashed with NaHCOx
solution (5%, w/v),'wéter and brine. It was dried, evaporated

_and crystalllsed from ethanol to glve the alcohol 171 (0.35g,

' 70%), m.p. 143-144° C aly '+ 54,2%c, 2%), vmax (mull) 3470 (oH),
1725 (C=0, 17-0Ac) and 1600cm -(C=C); §0.8 (s, 3H, 18-Me)-2.08
(s, 3H, 17-0A¢), 4.75 (m, 2H, 17-H and 6 -H), 5.1 (s, 2H, PhCH 0),
°6.86 (m, 1H, 2-H), 7.3 (s, 1H, 4-H), 7.45 (s, SH, CgHgCH,0)
(Found: C, 77.25; H, 7.5%; M_, 420.2304. C27H3204 requires C}_'
77.1; H, 7.67%; M, 420.2300). |

24, 178-AcétOXy-6a-allyloxya-beniyloxy-estra-1,§J5(10)-triene
(172).

‘ 'Sﬁdium hydride (0.2g, 50% iﬁ Qil'dispersion)_ﬁas washed with
“drf;rlighf petroleum-éthér (x3) in a flask, The flask was flushed
“with nltrogen to remove all traces of the petroleum ether (b p
40-60). DMF (50 ml), the alcohol 171 (0.5g) and allyl bromide

(5 ml)'were added to the NaH. -The resultlng reaction mixture was f

warmed to between 60 and 70° overnlght. Excess NaH was destroyed
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with dilute.acet;c-aciﬁ (io% v/v), diluted with uater and extraetj_
ed with ether (x4).. Tﬁe'eombined ether extracts were washed
eeveral'timeé with water, dried and'evaporated ‘The crude
_'product was subJected to preparatlve tlc (toluene ethyl acetate,
.4.1) Crysta11153t1on of the oily product from ethanol gave the

allyl ether 172 (0.35g, 64%),.m.p. 118-120°C, {¢}D _zq (e, 5%)

vmax (mull) 1730 (C=0, 17-0Ac), and 1600cm™% (C=C); §0.82 (5, 3H,
?

18-Ne), 2,08 (s, 3H,17-0Ac), 4.1 (m,2H, CH,CH=CH,), 7.45(br s, SH
CeHgCH,0) (Found:C,77.8; H,7.4%; CygH;c0, requires C,78.2; H 7.83%).

25. 178-Acetoxy-3-benzyloxy-6a-formylmethoxy-estra-1,3,5(10)-

triene (173)

. The allyl‘ether 172 (0.2g} uas dissolved in a mixture of
dioxane (15 ml) and water (5 ml). To this was added 0s 0, (20mg) .
~and stirred for 5 min. at 24-26°C. Sodium periodate (ng was

~ added over a period of 30 min. to_the stirred reaction mixture.

| The resulting reaction mixture was stirred for additional 2-3 h R
durlng whlch time the colour of the mixture. turned from dark brown
to pale yellow. ‘The mlxture was d11uted Wlth water and extraqted
" with ether_(x3). The combined-ether_extracte_were washed with
water,_dried and evaporated to give a crude preduct{r Chromato-
graphictpufificatien of the crude produet led te some fragmenta-

tion of the aldehyde to the ketone 170. When the crude product

~was heated under reflux in toluene under n1trogen it gave the
ketone 170. . The aldehyde was found to be highly un-
stable, vmax (£ilm) 1725 (broad, C 0, aldehyde and 17-0Ac) and
7_1600cm - (c= C),_ao 8 (s, 34, 18- Me), 4,0 (s, 2H, OCH. CHO), 4,7



(m, ZH, 6a- H and 17- H), 5.1 (s, 2H, PhCH O), 7.45 (s, SH,
CGH CH 0), 9.65 (s, 1H, CHO)

26, '6a,17$-Diacetoxy,3-benzyloxy-estré-1,3,5(10)1triehe

The alcohol-derivative 171 (O.Ig)'and acetic_anhydride
(0.5 ml)‘in pyfidine (S.mi) were stirred together bvernight;‘
The_reactidnlﬁixture was pouféd ohto ice/watér.and extracted
with CH2C12 (x2). - The Combined CHZCI2 extracts were washed
with dilute HC1 and brine, dried and evaporated. Recrystalli- :
'satipn from‘CHClslpétroleum—ether (b.p. 40-60) gave pgré sample .
_(gsmg{ ssa),m.ﬁ;_214;215°c,' ' ymax 1756 (broad, C=0, 17-OAc
‘and 6-0Ac) and 1600cm™! (C=C); §0.8 (s, 3H, 18-Me), 2.08 (s, 3,
17-0Ac), 2.12 (s, SH,.G—OAC),-4.7S (t,‘Jm_SHz,lIH,_17-H), 5,08
(s, 2H, PhCH,0), 6.1 (¢, Jv 8Hz, 1H, 6-H), 6.85 (s, 1H, 4-H),
7.43 (s, 5H, CgHcCH,0) (Found: M*,‘462,2403._-c29H3405 requires
M,'462.z406). S |

27. 36 (223 epo_ypropgn 1- oxy}cholesten S-ene  (181)

| _ To cholesterol (Zg) 1n CH Cl2 (50 ml) was added a solutlon
of NaOH (50% w/v, SOg), eplchlorohydrln (10 ml) and trlmethyl-

| benzylammonlum chlorlde. The stlrred reaction mixture was
malntalned at about 50° for 24-36 h . After.tﬁis period, it
was d11uted with water and extracted witﬁVCHzélz.(xSJ. 'Chrﬁmato-v
.grapHic separation of the crude'pfoduct.on.alumina_column ﬁsing
petrolequethér (b.p.440-60) - ethyl acefate f#:l) as.eluent

-ga#e fhe.starting‘material, cholestefol (lg) and ihe_giycidyl
ethéf-(o 65g, 28%) . Recrystalllsatlon from ethanol gave pure

sample of 181 (0.6g, 266), m.p. 75 77° C, {a}D, -36.1_(c,_1%);'



60.68 (s, 3H, 18-Me), 0.82.(s, 3H '19-Me),;o 89 (s, 6H,
25- and 26 CH3), 1.0 )s, 3H, 21-CH,), 2,62 (q, J~ 2.5Hz,

1H, CH” CH- -), 2.8 (t, Jn SHz, 1H, CH;fE-CH 2y, 3.20-(m, 2H, |
_CEEZQECH- and 3-H), 3.7 (m, 2H, cuz —CH,), 5.4 (br s, 1H,

_6 }D (Found C, 81.6; H "11.4%; M* , 442, 3800. CSOHSOOZ requires
‘C 81, 39 H, 11 38%, M 442 3811). ‘ '

28, 33-formylmethoxy-cholesten-S-ene | f182)
Cholesteryl glycidyl ether 181 (O;ng and beriodic acid

(0.3g) were dissolved in DME (30 ml) and water (10 ml). The
.reactlon mlxture was stlrred at 50- 60 for 12 -15 h. The progress
- of the react1on was monltored on tlc, The mixture was diluted |
with water (50 ml) and extracted with ether (x3) . The combined -
ether extracts were washed with water, dried and evaporated |
Preparatlve tlc of the crude product (toluene ethyl acetate, 4:1)
~ gave the aldehyde, 182 (0. zg, 65%), m.p. 75- 77°c , {a}p -34°

- (C, 0.94%).._ “wmax 1730cm (C o) ldehyde), 60.62 (S,SH 18 Me),

0.84 (s, 3H, 19-Me), 6.92 (s; 6H, 25- and 26-CH;) 1.0 (s, 3H,

" 21-Me); 4.05 (br s, 2H, ocgéCHO),_s;s'(br's,'1H, 6-H), 9.65 (br s;
1H, CH,CHO) (Found: M’, 428.3657, C,oH,0, requires M, 428.
36s4). | o “

29, 36-a11yloxy-53-cholestane'(186)

_ Sodium hjdride {lg, 50% oil diSpersion) was washed three
ltlmes with dry petroleum ether (b p. 40-60) in a.three- neck flask.
The flask was flushed with nrtrogen to remove the traces of pet-
roleum ether left Dry DMF (60 ml), cholestanol (1g) and allyl
bromlde (10 ml) were added to the flask. The resulting redction

mixture -was warmed to 50-60°C overnlght.' Excess NaH was destroyed
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with methanol, diluted with water and extraeted with ether (x3).
The combined ether extracts were washed several times withlwater,
driedwand evaporated The crude product was subJected to prepara-
.'et1ve tlc (toluene-ethyl acetate, 4:1). Recrystalllsatlon from

_methanol gave pure sample of the allyl ether 186.(0.78g, 68%),

m.p. 70-71°C, (s} + 12.3°(c, O. 65%), 60.66 (s, 34, 18-Ne), 0.8
(s, 3H, 19-CHg), 0.9 (s, 6H,25- and. 26- ‘Me), 4.05 (d, = 6Hz,
-OCEZCH-CHZJ,_S.ZS (m, 2H, OCH,C=CH,), 6.0 (m, 1H, OCH,CHCH,)
(Found: C, 83.9; H, 12.5%; M, 428.4043. C5otg,0 Tequires C, 84.04;
H, 12.5%; M, 428,4018). | o |

30.  38-(2, 3-epoxxg;§pen-1-oxy}-53-chelestane (187)

To the 38- allyloxy -cholestane (O 3g) in methylene chloride

(50ml) was added m-chlcroperben201c acid (MCPBA) (0. 15g) in CH2C1
- (25m1). The reactlon mixture was stirred at room temperature and the
progrees of the reaction monitored on tlc, After 5 days, 1t was
~diluted with CH,C1, (100 ml), washed successively with saturated
;odium_sulphite_solution, sodium'hydrogen carbohaterflM) and
. water. The CHZCI: extract was dried and evaporated. -Chromatof‘
graphic purification of the crude product (toluene-ethyl atetate,

4:1) and crystallisation frem ethanol gave the glyci&yl ether,
187 (0.15g, 48%), m.p. 83-85%, (@, + 14.8°(c, 1.1%), vmax (£ilm)

1. 50.66 (s, 3H, 18-Me); 0.82 (s, 3H, 19-CH5), 0.9 (s, 6H,

A

25- and 26-CHg) 2.65 (q, Jv 2.5Hz, CHZ——-CH ), 2.8 (t, Jv 4.5Hz,

1250cm

0 °
cgif;fgn-),_s.zs (m, 2H, 3« H and CHTL_CHZ) 3.70 (m, 2H, -
CH CH—::Cﬂz) (Found: C; 81.1; H, 11.8%; M ,444-3963: CzoHs 20,
requires C, 81.02; H, 12.1%; M, 444,3967),



M, 430.3817. Cyq

’ 31. _ 3B-formy1methoxy-cholestane (188)

 TheL3B-a11y1oxy cholestanen(0.3g)'Was-dissolvddain'avmixturé of
dioxane (15 m1) and water (S‘ml); Qsmium tetroxide {éS mgjiwaa_
_ added to -the soldtion and the-reéulting reaction mixture stirred
-__at-24—26°,for 5 min. dodiumdperiodate (3g) was addéd,over a 30
min. period. 'The pfogress of the reaction was monitored on tlc.
After about 3 h', the reaction mixture was diluted with water and
“extracted with.ether (x3).' The organic extracts were combined
‘and washed with water, dried and evaporated: PreParative.tlc:of ‘
the‘crude product (O.ZZg; 71%), vmax 1725 (C=0, aidehyde); 50.65
(;, 3H, 18-Me),‘0.82 (s, 6H, 19- and 21-CH;), O. 9‘(5, 6H, 25- and
26-Me), 4.12 (br s, 2H, OCH,CHO), 9.87 (bT s, 1H, cno) (Found:

Hg 0, requires M, 430. 3811)

32. 6-Methoxy-r311Y16xY'1,2,3,4-tetrahydronabthalene'(191)

G-Méthoxy-l?tétralone (2g) was Suépended in methanol (100 ml)
and'sodiﬁm boiohydride (0.5g) in ﬁethanol (25‘m1) added; The
‘fesulting.reaction mixture ﬁas stirred at room températurc for
about 2 h . It was diluted with water and extracted wi‘th'CHzCI2

. (x2). The comblned CH2(212 extracts were washed with water and
| jbrlne, dried and evaporated to glve an oil, ' 6- methoxy l-tetralol
190 (1. 8, 90%). |
| The «-tetralol 190 was. taken up'in dry benzene‘(SO mlj and
added to sodium hydrlde (0 Sg 50$ in oil dlsper51on) which had
been washed w1th dry petroleum ether [b P 40-60) . Allyl bromlde
(5 ml) was added and the stirred reaction m1xture heated to about

_60 overnlght under_n1trogen. It was diluted with water and .
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extracted with ether (x3). The combined ether extracts .were
~ washed with water, dried and evaporated. Chromatographic puri-

fication of the crude product gave the'allyl ether 191 (1.5g,

611), vmax (film) 1600cn™! (C=C); 61.8 (m, 4H, 3-and 4-cHy),
2.6 (m, 2H, 2-CH,), 3.62 (s, 3, 0Me); 3.9 (4, Jv 7Hz, ZH,

© CHp=CHCH0), 4.3 (br s, 1H, 1-H), 5.1, (m, 2H, CH,=CH-),

(m, 1H, CH,=CH-), 6.45 (s, 1H, 5-H), 6.6 (4, Jv 3Hz, 1H, 7-H),
7.15 (d, Jv 15Hz, 1H, 8-H) (Found: M*;218,1312,

14H1802

requires M, 218.1307).

33;' 6-Methoxy—1-formylmethoxy-1,2,3,4-tetrahydronaphthalene (192)

The allyl ether 191 (1g) was taken up in a mlxture of di-

'*doxane (45 ml) and water (15 ml). To this was added 0504 (SOmg) s

and the mixture 51trred for 5 min, at 24 26° C _Sod1um periodate
(Sg) was added over a period of 30 min. The progress of the
Treaction was monltored on tlc. After about 12 h , the reacfion
mixture was diluted withIWater and extracted with ether (x3).
The comblned ethereal extracts were washed with water, drled
and evaporated. vmax (fllm) 1720 (C= O, aldehyde) and 1600cm 1_'
(C=C); 81.85 (m, 4H, 3- and 4- -CH,), 2.66 (br m, 2H, 2- CHz),L_ |
-3.65 (s, 3H, -OMe), 4.0 (br s, 2H, CHZCHO), 4.35 (br s, 1H,
1-H), 6.5 (br S, 2H, S5-H and 7- H), 7.2 (d Jv 13Hz, 1H, 8-H), |
9 55 (br s, .1H, CHO) ' |

34, "u-(Bromomethyl)acrYIie acid (195)

D1ethy1 bls(hydroxymethyl)malonate 27. Sg) and hydrobromlc
ac1d (48%, 71ml) were stirred together in a three-neck flask.

The mixture was heated to 85°-90°. At this temperature, a mixture
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of ethyl bromide and water was allowed to distill off for 2 h,

The reaction mixtnre.was left at this'temperature for 10-15 h.

At the end of this'period the'mixeure was concentrated'on a

'rotary evaporator at 65 70° About 50 ml of water was removed

The residue was cooled in a freezer overnlght  Crystals of the
-(bromomethyl)acryllc acid were filtered off in the_cold_to.give;

after drying, 7.5g (363), .p. 70-72°C, (1lit.,100 71-73°) vmax
(KBr) 1690 (C=0) and 1625cn™! (C=C), 54.18 (s, 2H, CH,Br), 6. 09

(s, 1H, C CHZ)’ 6.50 (s, lH C= CHz)

35. Ethyl a- (bromomethyl)acrxlate (196)

| In a nitrogen flushed 100 ml, three neck flask equlpped W1th
magnetic stirrer, Dean-Stark trap and condenser, was placed -
_(bromomethyl)acryllc acid (Sg) and dry benzene (36 ml), The
solution was heated to reflux and 6 ml of'a.binefy a;eotrope.of
benzene and watef is distilled off. The Dean-Stark trap is
removed and absolute ethanol (12 ml) and concentrated HZSO4
.(0 2 ml) added slowly. The contents of the flask were heated“
~under reflux for 36 h, under-nitrogen, the‘eondensdte during
this'time is passed through molecular sieves_before it is
feturned'to tne flask. The flask was cooled and beniene4ethanol
'azeofrope'(IS ml) distilled off, About 18 ml of benzene was
‘added and another azeotrope tZO‘ml) distilled off. After which
lthe_mixture was poured into cold.water and neutralised wlth solid
NeZCO3 (l.Sg). This wes extracted with‘ether.(x4)‘and ehe ethef
'? extracts dried (Na,S0,) for 4 h and evaporated to give the ester

196, oil (3.8g, 67%)) vmax (film) 1?30cm-1 (C=0); 61.3 (t, 3H,
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C0,CH,CH;), 4.28 (quarter, 2H, CO,CH,), 4.2 (s, 2H, cgzgr), 5.98
(s, 1H, C=CH,), 6.32 (s, 1H, C=CH,). | . -

36.“ ‘Methyl G-(bfomomethyl)acfylate (197)

| u-(Bromométhyl)acrylic acid (ig) was dissoived.in ether
(20 m1) and diazomethane in ether (generated froh-Diﬁzald;
' ethénol and KOH) added until fhére'was ﬁo-mofe effefvgscence.
The étheréal mixture was washed witﬁ Na2C03 Solution and water,
dried and evaporated to give-thé methyltr{bromomethyl)acrylate
(0.8g), ymax 1725cm™* (C=0) and 1635cm™! (C=C); 63.86 (s, 3H,
" CO,Me), 4.22 (s, ZH,_CEZBr), 6.02 (s, 1H, C=CH,}, 6.4 (s,VIH;
(C=CH,). e ; | |

37. . 4-(3-Hydroxy-estra-1,3,5(10)-tetraen-16-y1)-2-methylene-4-
butanolide (198) | ‘ |

“Activated zinc (0.15g), dry THF (75 ml), éthyl- or.mefhyi--

 ffbtombmethy1)écfy1ate (O.Zg)‘and'the‘aidehyde 155 (0.6g) were
~heated undér reflux with stirfing under nitrogen. A plnch of
- p- dlhydroqulnone was added to the reactlon mixture to reduce
the extensive polymerlsatlon_of the acrylate. Afterrabout 5 h,
more_acryiate (0.1g) was added to the reaction mixture. It
was then left ﬁndéf_reflux overnight. It was coqléd,.popred
oﬁto:ide/dilute HC1 ahd extracted with CHC13-fx4) The crude_
~ product was sub;ected to preparative. tlc and crystalllsed
.from acetone/ petroleum ether (40- 60) to give pure sample of

: 183 ‘
- . the Iactgne/(o 3g, 40%), m.p. 226- 228°¢, {a}y + 71° (¢, 0.5%,
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THF)\)max (KBr) 3400 (on), 1755 (c 0, lactone), 1670 (c C, lactone)
5.7 (m, Wi, 2.5 ‘Hz, 1H, C= CHZ), 5.98 (br s, 1H, 17-H), 6.3 (m, W}
2.5 Hz, 1H, C=CH,) (Found C, 78.63; H, 7,8; M', 350.1891.

Cy3H,605 Tequires C, 78.82; . H, 7.48; M, 350.1832);

38; 4 -(3,178- Dlhxdroxy estra-1,3 5(10) trien- 16 X ) -2- methylene-_
4-butanolide (199) '

Actlvated 21nc (0. 15g), dry THF (100 ml), methyl u-(bromo-'
methyl(acrylate (0 2g) ‘and the aldehyde 158 (0.5g) were heated
under reflux whlle stirring under nitrogen with magnetic stirrer.
‘After about 8 h, mqre'acry1éte.(0.15g) was added to the mixture
whicﬁ‘was left to reflux overnight. It wés cooled, poured'onto
| ice/dilute'HCi'and extractqd t;rith'CHC:l3 (x4). The combined
CHCls:ektracts were washed with brine, dried and‘évapofated.
Chromatographic purification,lfollowed by'crygtalliSation from_
acetone/petrol f40-60) gave the lactone 199 (0.18g, 30%), m.p.
252-255°%,{a}  + 24%(c, 0:25%, THF), vmax (KBr) 3350 (OH, broad)

1750 (C=0 lactone), 1665 (C=C, lactome), 1610 (C=C) cm™*; 86.1

(br s, 1H, c=c521,.5.7*(br's, 1H, C=CH,), 4.6 (br s, 1H, CHOCO
lactone), 3.6 (br, 1H, 17-H), 0.8 (s, 3H, 18- Me) (Found C, 74;4;
H, 7.6; M", 368.1991. C,qH, g0, requires C, 74.97; H, 7.66;

M, 368.1987).

Acetylation of the lactone 189 (O.Ig),with.acetic”anhydride

(1 ml) in pyridine (2 ml) gave the acetylated lactone 199a (80mg,
| 74%). o |
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v max (film) 1740 (broad, 17-0Ac, 3-0Ac, C=0, lactone);
§6.38 (br s, 1H, C=CH,), 5.75 (br s, 1H, C=CH,), 4.65 (m, 2H,
CHOCO lactone and 17-H), 0.9 (s, 3I, 18-le). '

39. (E}-5- (17B-Acetoxy -3-benzyloxy -estra-1, 3 5(10) trlen -6-
ylidene) - Z-methylene -4 -pentanolide (200 a) |

Activated zinc (0.15g), methyl u-(bromomethyi)acrylare'
(0.2g) and the aldehyde 138 (0.45g) were heated under reflux in
- THF (100 ml) under nitrogen. After about 5 h more acrylate
(Q.lg) ﬁas added -and the reaction mixture left under reflux over-
night. It was cooled,‘ﬁoured onto iee/dilute'HC1 and extracted
with CHCl3 (x3). The combineo CHCl3 extracts were ﬁashe&‘with
water and brlne, drled and evaporated The crude ﬁroduet was
subJected to preparatlve tlc (petroleum ether (40 60)/acetone
2:1) to give an olly product. Acetylation of this lactone (O.Zg)
- in'pyridine.(s ml) with.acetic anhydride (0;5 ml) followed byl

" further chromatographic purification, gave the pure lactone 200z

“as an’ oil (0.2g, 35%),{a} -37.5°(c, 1.5%), v max (film) 1760
'(C=0 lactone), 1735 (C=0, 17-OAc), 1600cm™ > (C=C), 7.3-6.5 (m,
'SHIaromatielprotoas); 6.5 (m, ﬁi, 2.5 Hz; 1H, C=C§2,‘iactone),
5.8 fd, Jn 9 Hz, -C=C§2}, 5.5 (m,‘Wg, 2.5 Hz, C=C§2§ lactone),
5.2 (q, Jv 8Hz, 1H, CHOCO, lactome) 5.0 (s, 2H, PhCH,0), 4.75
(t, Jv 8.5 Hz, 17-H). (Found: M', -512.2571. C3sHz O requires M, 512.
2563). | - | | |
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