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Synthesis of 14,17-propano analogues of estradiol

=

James R. Bull,* Clarissa Hoadley, Pia G. Mountiord and Lynne M. Steer
Depariment of Chemistry, University of Cape Town, Rondebosch 7700, South Ajri
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Stereocontrolied syntheses of the 14a,17a-propano and 14§,17p-propano analogues of estradiol are
described, together with those of numerous derivatives in which additional fonctionality is incorporated
joto the bridged systern. Intramolecular aldol condensation of 17f-acetoxy-3-methoxy-20-0x0-19-nor-
17a-pregna-1,3,5(10)-triene-14-carbaldehyde 1 furnishes 3-methoxy-17'-oxo-14,17a-prop-17-enosstra-
1,3,5(10)-trien-17p-y1 acetate 2, which Is transformed into 14,17a-propanoestra-1,3,5(10)-triene-3,178-diol

17. In the first of two

synthetic approaches to the 14),17p-propano series, cycloaddition of methyl

proplolate to 3-methoxyestra~1,3,5(10),14,16-pentaen-17-y1 acotate 25 gives s 14,17-bridged intermediate
26, in which the latsnt propyne equivalency of the dienophile s claborated through selective fanctional
group transformations ta give 1 7-acetoxy-3-methaxy-20-0x0-19-nar-14f-pregaa-1,3,5(10)-triene-14-
~rbaldebyds 50 and the derived product 52 of intmmolecular aldol condensation, The second approach
.atalls regioselective fanctionalisation of 14-ailyl-3-methoxy-14p-estra-1,3,5(10)-trien-17-one 54 at C-2' or
3'°to give intermediates for intramolecular closure between the chain terminus and C-17, leading to
14,17f-propano-14p-cstra-1,3,5(10)-trlene-3,17a-dio] 64, The results of competitive binding assays of the
hormone analogues 17 and 64 toward the estradiol receptor are reported, and compared with those of

bridge-functionalised derivatives.

The ques! for new predictive design principles in steroid hor-
mone rescarch gained impetus with the discovery that 14a,17¢-
cthano analogues of estradiol ™ and estriol?* bind efficicutly
tomemmmmmmddlphypotatonlmm
This invitas speculation upon the possible rols of the 14,17-
ethano bridge in bestowing resistance to metabokic degrad-
ation, whilst enabling reocptor binding to proceed without
evident steric unpult-t. An stiendant question is whether
alieration of the bridge size might influence this property. The
14a,17a- and 14B,178-propanc analogues of estradiol appeared
to be synthetic candidates of particular intefest, since model-

ling studies reveal subtle changes in the spatial disposition of
polar functionality t C-3 and C-17 and in the steric caviron-
ment of the 17-xdroxy group, associated with introduction
of epimerically differentisted 14,17-propano bridges A com-
arison of the recoptor binding affinities ol these targets was
therefore expected to provide further insight into structure-
activity relationshipa in ring D bridged analogues of estradiol,

and possible pointers to predictive design of new targets in
which binding affinity is optimised.

In this paper we dexcribe nuwcnnl.mlled syntheses of
14,17a-propanoestra-1,3,5(10)-triene-3,17f-diol 17 and 14,17p-
propanoc-14f-estra-1,3,5(10)-triene-3,170-diol 64, as well as
a mumber of bridge-functionalised derivatives of these parent
systems. These products have been subjected to binding affinity
and detailed structural studies.

Resuits and discussion

Synthesis of the 14a,17a-propano series

A simple synthetic strutegy for assembly of a 14a,]17a-propano
bridge was suggested by the availability of 17p-acetoxy-3-
methoxy-20-oxo-19-nor-17a-pregna-1,3,5(10)-trienc-14-carbal-
dehyde 1.7 in which the propitious array of ring D functionality
was expected (o lend itsell to intramolecularaldol reaction, and
conversion of the resultant 14g,17q-bridged intermodiate into
the degired hormone analogues.

Indeed, trestment of compound-1 with hydrochloric acid in
tetrahydrofuran (THF) at 50 °C resulted in near-quantitative
conversion into the bridged enone 2, the structore of which was
evident from diagnostic spectroscopic dats and rigorous struc-

BNADOCID <XP__2153748A_|_»

_iﬁj"’—-—-—'ﬂ&‘" :'15;“

' hooy  MChean
' u R= S(CHasS- "E
14 Aul, 17 3-0H)
18 R= |}y (3-0H)
Scheme 1 and conditions: i, HEY, THF, 50°C (10 2); &, KOH,

MeOH, 25 °C:; ili, LIAI,, THE, 25 "C; dv, DIBAH, CH,Me, refux; v,
;dm-cum. Hy; vi, (CH,SH),. BF,-EL,0, HOAc, 30°C; wi, Na, liquid

tural elucidation of derived products Intramolecular aldol

reaction of compound 1 also proceeded in the presence of
alkali, to give the product 3 arising from concomitant bridge-
head hydrolysis, but accompanied by isomeric material which
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was also detected during alkaline kydrolysis of compound 2.
Although this product proved difficult to separate chromato-
graphically, ity presence was inferred from NMR spectroscapy
of the reaction products.! The further implications of this inter-
fering reaction will be reported elsewhere.

Reduction of the enone 2 with lithivm aluminium hydride
(LAH) in THF at 25 *C gave a separable mixture (~3:2) of the
isomeric diols 4 and 5 arising from exchunive 1,2-addition of
hydride. The configurationa} assignments were deduced from
NMR dats, which revealed significant coupling (i, 4.1
Hz) in the 17p,17'R-diol 4, consistent with a pscudo-axial
(exo) orientation of 17'-OH, whereas the 178,17'S-diol 5 dis-
played the vicinal (fyp,» 2 Hz) and aliylic (Jip,» 1.6 H2)
conplings expected for a peeudo-equatorial (eado) substituent
at C-17". The surprisingly slight preference for endo-entry of
hydride in 2 suggests very little steric differentiation in reagent
approach. The dicls 4 and 5 were deprotected |diisobutyl-
aluminjium hydride (DIBAH) in refluxing toluene?} at C-3, to
give the reapective triols 6 and 7.

Further simplification of bridge functionality in the enone 2
was achieved through catalytic hydrogenatiop (Pd-C, H,) to
give the asturated 17'-ketone 8, LAH reduction of which was
highly stereosclective giving only the 17p,17' R-dial 9; the NMR
signal for 17'-H appeared at 54.2 (¢, J 2 x 3 Hx) consistent with
axial (exo) crientation of 17'-OH and hence, exclusive amdo-
directed hydride addition. Correlation of 9 with the unsatur-
ated 17B.17'R-diol 4 was established through comparison with
the product of catalytic hydrogenation of the Iatter, albeit in
poor yield owing to unexplained rearrangements. By contrast,
catalytic hydrogenation of the unsaturated 17§,17*S-diol 5 pro-
ceeded smoothly, to give the saturated product 11. The parent
hormone analognes 10 and 12 were prepared wia conventional
3-deprotection of 9 and 11, respectively.

The remaining objective in this phase of the investigation was
to prepare the parent 140,17a-propano analogoe of estradiol.
The most direct approach appesred 10 be via 17'-deoxygenation
of the enonc 2. Inexplicably, sttempicd dithioketalisation of 2
{ethanedithiol-boran trifluoride-dietbyl ether complex, 30 °C)
failed. Apparently this is associated with the presence of the
bridgehead acetoxy group, since the saturated 17f-acetoxy 17'-
ketone 8 behaved similarly, but the 17B-hydroxy enone 3
underwent slow but clean cooversion into the comrespond-
ing 17,17 -dithioketal 13. Desulfurisation of 13 proceaded
smoothly in the presence of sodium-liquid ammonia to give the
bridged olefin 14, which underwent catalytic hydrogenation to
give the 144a,l7e-propanc compound 16. Deprotection of 14
and 16 a1 C-3 furnished the corresponding bridged estradiol
analogues 15 and 17, respectively.

The foregoing synthetic sequence commended itell az &
straightforward route to the target hormoune apalogues for
evaluation purposes, but a nccessery caveat is that the synthetic
route to the pivotal intermediate 1 is flawed by imperfect stereo-
selectivity in the cycloaddition step.” More direct and efficient
access to 14g,]7a-propano systoms can be euvisaged through
the synthesis of 14a-alkyl 17-ketones in which a suitably fune-
tonalised three-carbon chain at C-14 can be primed for intra-
molecular 3°,17-closure. Our preliminary studies toward these
objectives will be reported elsewhere.

Synthesls of the 140,17} propano series
The suecessful completion of the foregoing syathetic route
invited consideration of the scope for implementing an analo-
gous synthetic strategy for the 148, 17p-propano series. The pre-
requisites would be ready sooess to the key intermediate C (a
14,17-cpimer of I} vig oxidative cleavage of the bridged precur-
sor D, and the reasonable presumption of comparable func-
tional proup reactivity implicit in the retrosynthetic step
(A=>B, Scheme 2).

The fortuitous availability of the phenylsulfonyl compound
18, as the ‘undesired’ cycloadduct in the reaction sequence lead-
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Scheme 2 Oxidative clesvage-intramolecular aldol condensation
pathway to 148,173-propancestradiol

ing to componnd 1,7 offered scope for testing the feasibility of
the outlined approach. Earlier experiments?® had demonstrated
the impructicality of converting 18 into a 16-methyl-A"-
intermedinte D viz direct reductive desulfonylation, owing to
unacceptably high levels of attendant olefinic bond partici-
pation. Accordingly, it was decided to postpone this step until
this source of intramolecular intesference had been eliminated:
through necessary functionalisation of the olefinic bond.
cis-Hydroxylation of compound 18 (OsO ~pyridine, 25°C)
proceeded slowly (168 h) but highly atereoselectively to give a
single diol 19 (Scheme 3), confidently assigned a 15p,168-

v
HX‘M
n ]
Scheme 3 Reapants and conditions: i, Os0,, C,;H,N, 25 °C; 1i, NalO,,

EtOH-H,0, 10 °C; iii, Sml,, HMPA, THF, ~10 °C; iv, Me,CO, HCIO,
{(70%), 20°C

configuration owing to the severe sieric congestion on the endo-
fuce of the olefinic bond. The fensibility of - ouidative cleavage at
thir stage was demonstrated by treatment of the diol 19 with
sodium periodate in aqueons ethanol to give the dioxo com-



potnd 20, further elaboration of which was deeyned impractical
owing 1o the plethora of ring D functionality. Instead, reductive
desulfonylation of the diol 19 was attempied; reaction with
samarium(1} iedide-HMPA ™ at =20 °C proceeded slowly (4 h)
10 give 8 mixture (~1:1) of products 21 and 22. The less polar
product was formulated as the 150,17 -cyclo-14a,17a-cthano
compound 21, based upon NMR cvidence for the presence of a
cyclopropy] moiety and the ahsence of & secondary hydroxy
yroup, whereas the its of the more polar product were
clearly consistent with the desulfonylated 158,16p-diol 22. The
unexpected intrusion of an apparent participation process here,
was circumvented by prior conversion of the diol 19 into the
acetonide 23, which underwent efficient reductive desulfonyl-
ation 10 the expected product 24, deprotection of which to the
diol 22 is described below.

Although these experiments demonstrated the feasibility of
the planned approach, it was evident that a practical synthetic
strategy would require a more direct method for preparation of
the diol 22 or the precursor olefin D-(Scheme 2). This, in hurn,
necensitated development of « plan for cycleaddition of & latent
propyne equivalent (o the dienyl acetate 25, which could lead
#a selective functiosal group modifiestion to such an inter-
mediate.

The potentisl of methy! propiclate to serve this purpose is
implied in an earlier study upon s steroidal ring D diene," in
which the crucial steps demonatrated appropriate regioselectiv-
ity during cycloaddition, and chemoselective iydrogenation of
the isolated olefinic bond in the primary cycloadduct.

Treatment of the dienyl acetate 25" with methy] propiolate
in benzene al 100°C (sealed tube, 23 h) resulted in efficient
formation of s single cycioadduct 26 (85%4) (Scheme 4), the
structure of which was assigned by well-established analogy!
Chatalytic Isydmpuhon (Pd-C, Hy chemoselec-
tively to give the 14a,170-cthano compound 27 {83%). Initin}
ahempts to convert 2T into the 16-hydroxymethyl-A"-

1>

compound for subsequent 16'-deoxygensation were frustrated

by negligible 1,2-regioselectivity during hydride reduction of

the g,p-unsaturated ester grouping, under a variety of reaction

conditions. Consequently, it was decided to postpone the neces-

sary conversion of the 16-methoxycarbony! group into a methyl

group, and 27 was first osmylsted to give a readily scparable

mixture '(~7:3) of 15,16-diols 28 and 29, distinguished by the

diagnostic four-bond coupling between i{58-H and 172-H,_. .
*J 1.5 Hz) in the 15q.16a-isomer 28. The conversion of these !
{6-methoxycarbonyl 15,16-diols into the corresponding 16-

methyl 15,16-diols necessitated conventional multi-step reaction

segquences.

Thus, the major isomer 28 was first protected as the aceto-
nide 30, whereupon sequential LAH reduction (1o 31), selective
t6"-methanesulfonylation (to 32), LAH reduction (te 33), 17-
scetylation (to 34) and finally, acetonide deprotection gave the i
desired 16f-methyl 150,160-dio} 35 in an overall yicld of co. !
25% from 28.

An anslogous reaction sequence upon the minor isomer t
29 (= 37 ——b 3= T —) 40— 2) procesded un- .
exceptionally and as efficiently, to give the intermediate
acetonide 24, identical with that obtained duwring veductive
desulfonylation of 19. However, deprotection of 24 with iodine
in methanol-THF 2 at 80 °C fornished an insepamble mixture
(~1.8:1 by NMR) of the 17p-acetoxy 158,16p-diol 22 and the
15p-acetaxy 168,178-diol 41; the latter comapound was isolated
and charactevised as the unreactive component in a subsequent
reaction upon the mixture, and the structure was further
infermd from treatment of the mixture 22 + 41 with LAH w0
give the triol 42 az a common product of hydrolysie

It is cvident that this two-fold trans-acetylation of 22 to give
41 requires a bridgehead-exo relationship of interacting fune-
tionality during the first step, since sn analogous process was
uot observed during similarly mediated deprotection of the
isomeric acetonide 34.
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Scheme 4  Reagents axd conclitionr: i, HO=OCO,Me, CH,, IM’C i, Pd=C (10%}, Hy; Lii, OuO,, C;H N, 25 °C; iv, Me,CO, HOQ, (70%), 20°C; v.
LIAIH,, THF, 25 °C; vi, MeS0,Cl, C,H,N, 0 °C; vil, Ac,0, p-TeOH, THF, 20 °C; viii, L,, MeOH, refiex; ix, CH,8H, PI‘.NEI. 20°C: x, NalO,, THF-
E«OH-H,0, 20 °C: xi. EuN, CH,, 113°C; xil, A0, DMAP, GH,N, 20 °C; xii. HQL, THF, 57°C or p-TROH, C,H,, refiux
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Although the foregoing reaction seguences succeeded in fur-
nishing the targeted intermpdiates 22 and 35 for oxidative clesv-
age (to C, Scheme 2), the need to process the isomeric diols 28
and 29 separately, and the complications attending functional
group manipulation of the lntter isomer 29, dstracted from the
overall efficiency of the method, and an alternative approach to
elaborating the propyne equivalency implicit in the key inver-
mediate 27 was sought.

This was readily achieved vz conjugate phonylthiolation ™ of
27, which proceeded efficiently and sterecseloctively™ in the
presence of thiophenol-diisopropylethylamioe at 20°C to
give the 15a-phenylthio 16f-carboxylate 43. The 15,16-trans
relationship of functionality, crucial for the sucoess of sub-
sequent steps, was cvident from NMR signais for 15p-H and
16a-H which revealed Jiy;,, 5.6 Hz, and the presence of a
four-bond coupling, J,,,_,,..., 2.5 Hz confirmed the configar-
ation ar C-15. A threc.atep reduction-mesylation-reductive
deoxygenation sequence (vis 44 and 45) proceeded smoothly to
give the corresponding 16f-methyl compound 46 in high yield
(78% from 43). The derived sulfoxide 47 underwent amooth
syn-climination at 115°C in the presence of triethylamine o
give the olefin 48, thus fulfilling the objective of conferring
effective propyne equivalency on methyl propiolate cycloaddi-
tion to the dienyl acetate 25,

cls-Hydroxylation of 48 (to 36 + 42) and of the derived 17-
acetate 49 (to 22 + 35) completed the preferred synthetic routes
to the key intermediates for oxidative cleavage Treairment
of 22 {or mixtures of 22 + 35) with sodium periodate in
aqueous cthanol gave 7-acetoxy- 19-nor-
14p-pregna-1,3,5(10)- triene-14-carbaldeiryde 50 in high yield,
whereas similar oxidative cleavage of the 15,16,17-triols 36 and
42 proceeded with high 13,16-regioselectivity to give the corres-
ponding 17-hydroxy 14f-carbaldehyde 51.

Intramolecular aldol reaction of 30 was readily achieved in

11K2 J. Chem. Soc., Perkin Trans. 1, 1997 .
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the presence of hydrochloric acid in THF at 57 *C to give the

bridged enone 52, whereas treatment with p-TsOH in
refluxing benzens resulted in concomitant bridgehesd hydroly-
siz to give 53,

The foregoing reaction sequence thus sucoceded in demon-
strating preparative and structural analogy with the corres-
ponding 14,17-isomeric ‘series, but preliminery experiments
revealed poor regioselectivity during attempted functional
group modification of 52. The nesd to explore this problem ir
more depth was overtaken by the development of an ajternaty:.
and more amenable strategy for the synthesis of the 14p,178-
propano analogues' of estradiol, based upon regioselective
modification of the readily m:llble 14B-allyl 17-ketone 54.

Thus, Wacker oxidaticn™ of 54 led readily to the 14p-
acetonyl 17-ketone 55 (70%), which underweni an intra-
malecnlar aldol reaction in the presence of alkali, to give the
14B,178-(1P-oxopropans) compound 57 (70%) sccompanied
by minor amounts (6%) of the alternative aldol closure product
56 as & mixture (~2:1 by NMR) of 16'-epimers. LAH reduc-
tion of 57 in accordance with axpectations for a
bicyciof3.2.1joctan-2-one system, to give a scparable mixture
{~2:3) of axial and equatorial 17-alcohols 58 and 59, which
were converted into the respective hormone analogues 60 and
6l

The primary purpose of this phase of the investipation was
served through 17-deoxypenstion of the bridged intermediate
57. The method of choice entailed dithioketalisation of 57 in
the presence of zino triffuoromethanesulfonate as catalyst,”
which ensured conditions sufficiently mild for preparation of
the ethylenedithio derivative 62 without interference from retro
aldol claavage of the bridge. Desulfurisation of 62 in the pres-
of Raney nickel fumisbed the 14B,17f-propano com-
pound 63, which was deprotected to give the estradicl analoguc
64



A compleméntary 17°-deoxygenation routine provided access
to 14p, lTB—p.rnpmo analogues. Thus, the ketone 57 was con-
verted into a separshle sym/amei mixture (~2:1) of the 1P
tosylhydrazones 65, treatment of which with butyllithiom gave
the separable unsaturated products 66 and 67. Deprotection
of these products at C-3 furnished the respective estradiol
analogues 68 and 69. The ic properties of 66 and 67
were remarkably similar, and failed to furnish irrefutable ovi-
dence of their respective structures. However, xn unambighous
synthesis of the 17"-olefin 66° was decisive for this purpose.

The scope for regioselective 3‘-functionalisstion of the 148-
allyl 17-ketone 54 was also explored-in order to gain' access, via
intramolecular 3’,17-closure, to 14B,17B-propanc 17,17 -diols
This was readily achieved through hydroboration—oxidation of
compound 54, followed by Swem oxidation of the resultant
3, 17¢-diol mixture, to give the J4fi-formylethyl 17-ketone 70
(70%). The diaxo compound 70 underwent intramolecular
reductive cyclisation in the presence of McMurry rnp.m"
{prepared by Zu-Cu couple reduction of TICL(DME),,] in
DME at 20 °C, 10 give a separable mixture of l4ﬂ,l7ﬂ-pmpmo
17.17"-diols 71 (53%) and 72 (4%). The configurational assign-

sents followed from distinctive NMR data for the diols 71 and
1, and their derived 17'-acetates 73 and 74, and the product
istribution is consistent with the expectation of stereo-
selectivity mediated by favoured co-linear alignment of the 17-
and 3'-oxo groups of 70 in & chair-like transition state. The
consequent presentation of the siface of the 3'-oxo group to
C-17 thus leads 10 preferential formation of thé 17'R-isomer
7.

An attempt 1o prepare sufficient of the minor 17'S=isoroer 72
for further study, via Mitsunobu inversion -of compound 71,
was unsuccessful. However, Swern oxidation of 73 gave the 17'-
ketome 77, which underwent highly stereoselective LAH reduc-
tion to give 72, Deprotection of the diols 71 and 72 furnished
the corresponding bridged analogues 75 and 76 of estriol.

In further experimeats conducted for comparison, LAH
reduction, or preferably for high-yield recavery, NaBH ~CeCly
reduction of the bridged enone 52 gave obly the corresponding
17,175-diol 78, the structure of which was confirmed by
umyuchydmpmnmmmuompomdﬂ The sterco-
seloctivity of hydnde reduction in this case conmtrasts with
that of the epamem: bﬂd;ed enone 2, suggesting that t.h: 13p-
met.hyl group in 52 is « more decisive lnmu.lly* inhibiting

“actor 10 exo-gpproach of hydride, than are the nng C ele-

pents in 2. The 17,17'S-diol 78 was also converted into the'

corresponding 3,17,17 -mul 7 for nnmp-nuve bmlopﬂl
evaluation,

Receptor affinity studies

Competitive binding affinities for the estradiol rwepl.or have
been determined for the hormone anslogues described here,”
using the competition factor®® (CF) as determinant. 14,17a-
Propancestra-1,3, 5(10)-triene-3, I'Iﬁ-d:ol 17 duplayl highly
competitive binding (CF 1.5), which' is amplified in 14,17a-
prop-17-enoestra-1,3,5(10)-trienc-3, I7p-diol 15 (CF 04), but
strongly attemuated by introduction of # 17'-hydraxy group
both in the 14a,17a-propano and thé l4e,17a-prop-17P-enb
serics, as exemplified by 6 (CF 60), 7 (CF-44), 10 {CF-58) and 12
(CF >500). In the 14p,17p-propano serics, the weak competi-
tive binding of the parent estradiol anslogue, 14,17p-propanc-
14B-cstra-1,3.5(10)-triene-3,17a~diol 64 (CF &9), is cven moro
pronounced in all of the derived urinuburin;p-bridgcmw-
tionality or unsaturation; 60 (CF =), 61 (CF =), 68 (CF 318),
(CF 470), 75 (CF 360}, 76 (CF >500) and 79 (CF 180). It is
therefore evident that the binding affinity amociated with the
presence of a 14a,]17a-cthano bridge ip esiradiol is retained in
the presence of a 14a,17c-propano bridges, which suggests-that
the corvesponding binding domain in the estradiol receptor is
indifferent to the steric demand of these structural features on
the a-face of ring D. By contrast, the poor binding affinity of
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the epimeric 14p,17P-propano analogve reveals a receptor
domain amsociated with the P-surface near ring D which is
exceptionally sensitive (o skeletal change. This infilnence may be
latgely steric, since superimpositional modelling studies display
very small differences in the spatial disposition of polar binding
regions in these analogues A further conclusion is that polar
functionality on the bridges, exemplified by the analogues in
this study, is inimical to receptor binding, even in the example
(vix. '75) manifesting structural ressmblance to estriol and its
l4q,17a-ctheno anslogue

* An interpretation of these findings will be presented in the
context of more detailed structural and molecular modelling
studies, to be published elsewhere, but the trends described here
suffice to reveal a pattern of structure-activity relstionships
whiich has been instrumental in identifying additional synthetic
targets based upon ring D bridged analogues of estradiol.

Experimental

Mpn were determined on a Reichert-Jung Thermovar apparatus
and arc-uncorrected. Unless otherwise siated, spectra were
recorded a3 follows: IR, Perkin-Elmer 983, chloroform solu-
tions, 'H NMR, Varian VXR (200 MHz) and Varian Unity
{400 MHz), deuteriochloroform solutions (J values are given in
Hz); “C NMR, Varian VXR (30 MHz) or Varian Unity (100
MHz), deuteriochloroform solutions; ‘masy spectra (glectron-
impact), VG 'Micromas 16F. Optical rotations were measured
on a Perkin-Fimer 141 puhnmm for ehlnmﬁmn solutions at
20°C, and [a),-values are given in 107" deg em® g~'. Micro-
snalysss were performed on a Carlo Brba EA 1108 mstrument.
Silicei gel for chromatography refers to Merck Kieselgel 60, 63—
200 nm (gravity) or 40-63 m (Rash).

S-Mahq-lr-om-lﬂﬂl-pmp-lfml.aj(lm-ub
17p-y1 acetate 2
IT}Anm-}mﬂhmy-ZD-mo-m-mI?u-pﬂpl-l.s,ﬂlﬂ)-
lmne-ltl-u.rhld:hydel mg, 0.63 mmol) was treated with
(lZmnldm" 1 cm® in tetrabydrofuran
(THF: 10'cm”) at 50°C for 3 h.-The cooled reaction mixture
was neutralised with saturated ng. NaHCO,, and the product
was jsolated by extraction with toluene. Filtration of the resi-
due (250 mg) through slica gel (20 g) with EtOAc-toluens
(1:19) gave the product 2 (234 mg, 98%), mp 200204 *°C (from
CHCl,-MeOHY); [alp +174 (¢ 1.0 in CHCY,} (Found: C, 75.5; H,
7.1%; M*, 380, C,,HZ0, requires C, 75.8; H, 7.4%; M, 380);
Vao/c”! 1739 and 1693; 5,(400 MH2) 1.13 (3 H. d. JD.§, 13p-
Me), 1.45 (1'H, d, 7 2 x 13.1 and 4.5, 120-H), 1.68 (1 H, ddd,
J125;9.0and 2.8), 192 (1 H,ddd, J12.5,9.8and 5.8), 2.15 (3
H, s, 17p-OAc), 222229 (1 H, m, 128-H), 234 (1 H, ddd, J
149, 5.8°and 2.8, 16p-H), 247 (1 H, o, J 2% 11,7 and 4.},
Sa-H), 2.53 (1 H, br ddd, J 14.9, 9.0 and 5.1, 160-H), 2.86-2.93
(2 H, m, 6-H,), 3.77 (3 H, &, 3-OMe), 6.11 (1 H, d, 7 10.0, 1 P-
H).66(1H, 4,727 4H),67 (1 H,dd, J8.6and 2.7, 2-H),
701 H, d, 7 10.0, YP-H) and 7.17 (1 H, d, J 8.6, 1-H); 6.{100
MHz) 196.1 (s, C-17%), 169.9 (s, OCOMe), 157.7 (s, C-3), 153.5
(8, C-17), 137.6 (s, C-5), 131.7 (3, C-10), 127,0{d, C-17%, 1273
(d, C-1, 113.8 (d, C4), 112.0 (4, C-2), 93.8 (s, C-17), 552 (q.
3-OMe), 54.3 (s, C-14*), 53.5 (a, C-13%), 41.1 (d, C-£), 393 (d,
C-5), 31.0 (t, C-16), 304 (t, C-6), 29.5 (t, C-15), 27.9 (¢, C-11),
26.9°{t, C-12), 23.5 (1, C-7), 21.2 (g, OCOMe) and 159 (q,
C-ll).Alﬁpmmunuhd' may be the other way round.

lMydm&nﬂn:y—lﬂlT@pmp—l?‘M—!,!ﬁ(m)-
tries-17"-0me3 ¢

(a) Compound 1 (430 mg, 1.08 mmol) was dissolved in
methanolic potassium hydroxide (1 mol dm™?; 20 cm?®). After 3
h at 25 °C, the mixture was diluted with water and the product
was isolated by extraction with toluene. Crystallisation of the
residue (402 mg) from CHCl,~-MeOH gave the product 3 (114
mg), mp 177-180°C; [alp +195 (c 0.8 in CHCY,) (Found: C,
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78.1; H, 2.8%; M*, 338, C,;H,.0, requirez C, 78.1; H, 1.7; M,
338); veudem™ 3460 and §670; §5(200 MHz) 1.17 3 H, a,
13f-Me), 246 (1 H, td, J 2 x 10.3 and 3.9, 9e-H), 2.86-2.96 (2
H. m, 6-H,), 3.78 (3 H. &, 3-OMe), 621 (1L H, d, J 5.8, 17-H),
6.64(1H,d,72.7,4H),6.73 (1 H, 4d, J8.6 and 2.7, 2-H), 7.17
(2 B, superimposed d, 7 9.8, 17°-H and d, J 8.6, 1-H). Chrom-
atography of the mother-liquor residue (280 mg) on silica gel
(30 g) with EtOAc-toluene (1:9) as eluent gave farther product
3(197 mg) followed by mixed fractions (17 mg).

{b) Similar alkaline treatment of the 17f-acetate 2 (50
mg, 0.13 mmol) for 5 h, followed by crystallisation of the
product (42 mg) from CHCl,-MeOH gave the 17f-alcohol 3
(25 mg). The mother-liquor residue comprised an imacpar-
able mixture (TLC) of 3 and an isomeric product (~25% by
NMR).

Hydride reduction of the mnone 2
Lithium aluminjum hydride (LAH) (319 mg, 8.4 mmol) was
added to a stirred solution of the enone 2 (958 mg, 2.8 mmol) in
dry THF (100 em?) at 25 °C. After 2 h at 25 °C, the mixture was
treated with ethyl acetate, added alowly 1o destroy excess
reagent, end then acidified with ag. acetic acid. The resultant
mixture was extracted with EtOAc—toluene (3:7), and the
tract, on work-up, gave & residue (1.05 g) which was adsorbed
silica gel (35 g). Elution with MeOH-CHQ, (3:97) gave
(17'R)-3-methoxy-14,17a-prop-1P-soestro-1,3, 510 triene-
17B,17'-diol 4 (483 mg, 56%), mp 139-143 °C (fram CHCl~
MeOH); |alp +63 (¢ 0.9 in THF) (Found: C, 77.2; H, 8.2%;
M*, 340. CyH 0, requires C, 77.6; H., 8.3%; M, 340); 4,200
MHz, MeOD-CDCJ, (7:93)1 0.97 (3 H, 5, 13p-Me), 239 (1
H. m, 9e-H), 2.70-2.82 (2 H, m, 6-H,), 3.68 (3 H, 5, 3-OMe),
38 (L H,d, J4.1, 17-H), 568 (1 H, dd, J 5.8 and 4.1, 17
H), 587 (1 H, d, J9.4, I7*-H), 652 (1 H, d, J 2.8, 4-H), 6.61
(1 H, dd, J 8.6 and 2.8, 2-H) and 7.09 (1 H. d, J 8.6,
1-H), followed by (17'S)-3-methoxy-14,17a-prop-17-smoestra-
1,3,5(10)-triene-17p,} T-diol 5 (320 mg, 37%), mp 170-173°C
(from CHCl,-MeOH); {a], +180 (¢ 0.9 in THF) (Found; C,
77.4; H, 8.2, M*, 340); 5,[200 MHz, MeOD-CDC, (7:93))
1.0 (3 H, », 13p-Mp), 2.66-2.82 (2 H, m, 6-H,), 3.2 3 H, 5,
3-OMe), 43 (1 H, br s, W 3, 17%-H), 543 (1 H, 44, J 98
and 2.0, 17%-H), 5.55 (1 H, dd, 7 9.8 and 1.6, 17°-H), 6.52 (1
H,d,J 28, 4H), 663 (1 H, dd, 78.6 and 2.8, 2-H) and 7.1
(1H,d,JB.6, 1-H).

3-Demethylation of 4 (120 mg 0.35 mmol) [diisobutyl-
aluminiuvm bydride (DIBAH; 10 equiv.) in dry toluene (5 em’);
reflux, 72 B} gave (17°R)-14,17a-prop-1P-enoestra-1,3,5(10)-
triene-3,170,1 T'-triol 6 (70 mg, 61%), mp 215-218 °C (from
MeOH); |a)p +67 (¢ 0.5 in THF) (Found: C, 76.9; H, 7.8%; M*,
326. C,HuO, requires C, 77.3; H, B.0%; M, 326).

Similar troatment of S (100 mg, 0.29 mmol) gave (17'S)-
14,17a-prop-1P-envestra-1,3,5(10)-triens-3,17B,17'-triol 7 (64
mg, 67%), mp 177-181 °C (from CHCl-MeOH): [aly, +170 (¢
0.9 in THF) (Found: C, 76.8; H, 7.8%; M"*, 126).

3-Methoxy-17'-oxo-14,17a-propanoestra-1,3,5(1 0)-txlen-17p-y1
acetate 8

A solution of the enone 2 (230 rag, 0.6] mmol) in ethanol (40
cm?) at 25 °C was hydrogenated for 8 h at 200 kPa in the pres-
euce of palladium-carbon (10%; 60 mg). The mixture was fil-
tered, and the filtrate was cvaporated under reduced pressnre.
Chrometography of the residue (225 mg) on silica gel (20 g)
with EtOAc-toluenc (1:9) as eluent gave the 17'-kerone 8 (192
mg, 83%), mp 205-208 *°C (from CHCl,-MeOH); [alp +44 (¢
1.0 in CHCl,) (Found: C, 754; H, 7.9%; M*, 382. C,H, 0,
requires C, 75.4; H, 7.9%; M, 382); v Jem™ 1743 and 1722;
d.(400 MHz) 1.1 (3 H, s, 13p-M¢), 1.69 (1 H, dd, 7 13.5 and
9.6), 2.05 (1 H, obac. td), 2.11 (3 H, 5, 178-0Ac), 2.37(1 H,dd, J
14.8 and 7.3), 2.74 (2 H, m), 2.81 (1 H,ddd, J 14.6, 9.4 and 3.2),
286-293 (2H, m, 6-Hy), 3.77(3 H, 3, 3-OMe), 6.62 (1 H, d,J
27, 4H),67(1 H,dd, J86and 2.7, 2-H) and 7.14 (1 H. 4,
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J 2.6, 1-H); 5(100 MHzx} 206.4 (s, C-17%), 170.1 (s, 0COMe),
1515 (a C-3), 1374 (s, C-5), 1332 (s, C-10), 126.6 (d, C-1),
111.8 (d, C-4), 111.7 (d, C-2), 92.6 (s, C-17), 55.1 {q. 3-OMe),
55.1 (s, C-14), 46.2 (s, C-13), 42.4 (d, C-8), 36.9 (4, C-9), 34.7,
33.6, 32.1, 27.9 and 26.1 (each t, C-11, C-15, C-16, C-17 and
C-17T"), 30.7 (t. C-6), 27.2 (t, C-12), 24.1 (t, C-D), 21.0 (g,
OCOMe) and 15.9 (q, C-18).

{17 F)-3-Methoxy-14,1 7Ta-propancesira-1,3,5(10)-trlene-
17p,17'-dlal 9

The 17'-ketone 8 (110 mg, 0.29 mmol) was reduced with LAH,
a2 described for compound 2. Crystallisation of the product
(105 mp) from Me,CO furnished the (17'R)-17p,17'-diol 9 (76
mg, 77%), mp 180183 °C; [a], +61 (¢ 0.9 in THF) (Found: C,
T1.0; H, 8.6%; M*, 342, C,,H O, requires C, 77.2 H, 8.8%; M,
342); v, Jem™" 3553 and 3391; 55(200 MHz, C,D,N) 126 (3 H,
8 13p-Me), 2.75-2.88 2 H, m, 6-H,), 3.15(1 H, td, J2x 133
and 4.7, 90-H), 3.71 (3 H, 5, 3-OMe), 4.2 (1 H, t, J 2x 3.0,
17-H),6719(1H,4,72.7,4H), 691 (1 H, dd, 78.6and 2.7,
2-H) and 7.31 (1 H, 4, J 8.6, 1-H).

‘The derived (IT'R)-3,17p,17%-erfo! 10 hed mp 262-
265 °C (from CHCl,~-MeOH); [al, 481 (¢ 1.0 in THF) (Found:
C, 76.5; H, 8.5%; M*, 328. C,;H,,0, requires C, 76.8; H, 8.6%;
M, 128).

(17 5)-3-Methexy-14,1 7o-propansestra-1,3,5(1 0)-triene-
178,17t 11

A solution of the olefinic diol 5 (50 mg, 0.15 mmol) in ethanol
(5 cm®) &t 25 °C was hydrogenated for 6 h at 100 kPa in the
presence of palladium—carbon (10%; 10 mg). The mixture was
filtered, and the residue (53 mg) obtained from concentration
of the filirate was chromatographed on silica gel (6 g) with
MeOH-CHQI, (3:97) as sluant to give the (17'8)-17p,17"-dio!
11 (37 mg, 74%), mp 185-187 °C (from CHCl,-McOH); [a],,
+76 (c 0.8 in THF) (Found: C, 76.8; H, 8.5%; M"*, 342
CpHyO) requires C, 77.2; H, 8.8%; M, 342); 35[200 MHz,
MeOD-CDC, (7:93)] 0.98 (3 H, 5, 13p-Me), 2.25(1 H, m, 110-
H),262(1 H,vd, J2 x 12,0 and 54, S0-H), 2.71-283 (2 H, m,
6Hy), 3.7 (3 H, 5 3-OMp), 306 (1 H, dd, J 9.5 and 6.1,
17*-H),6.53(1 H,4,72.7,4-H),662(1 H,dd, J8.5and 2.7, 2-
H)and 7.1 (1 H,d,74.5, 1-H).

The derived (17'S)-3,17p.17-triol 12 had mp 286-290°C
(from Me,CO); [aly +70 (¢ 1.0 in THF) (Found: C, 76.3;
H, .3%: M*, 328 C,H,0, requires C, 76.8; H, 8.6; M,
328).

3-Methoxy-14,17a-prep-17"-enoestra-1,3,5(10)-trien-17§-0l 14

Boron riflucride-dicthy] ether (0.12 cm*) was added in three
equal aliquots during 30 h to 2 solution of compound 3 (466
my, 1.4 mmof) in ethanedithiol (1 cm®*) and alacial acetic acid (3
ex’) at 30 °C., The reaction mixture was then poured into satur-
ated ng, NaHCD,, and the product (618 mg) was isolated
by extruction with taluene and adsorbed on siiica gel (50 g).
Blation with EtOAo-toluene (1:9) gave the crude dithioketal
13 (560 mg, S8%), v Jon™ 3481; 5,(200 MHz) 1L.09 (3 H, s,
13p-Me), 3.10-345 (4 H, m, . 3.77 (3 H, 5, 3-0Me),
569end 58 (each 1 H, 4, 79.6, 1P and 17-H),6.62(1 H,d.7
27,4H), 671 (1H,dd, J8.6and 2.7, 2-H)end 7.19 (1 H, d,
J 8.6, 1-H); m/z 414 (M*), which was used directly in the next

step.

Compound 13 (00 mg, 1.7 mmol) in dry THF (20 an¥)
was added dropwise to a stirred solution of sodinm (390 mg)
in liquid ammonia (120 cm®). After 2 b, solid NH,CI was
added to the mixtuyre to disperse the blue colour, and the
smmonia was allowed to evaporate. Extraction of the residue
with whuenz geve material (560 mg) which waa chromato-
graphed on silica gel (30 g) with EtQAc-toluene (1:19) as
¢luent, to give the product 14 (459 mg, 34%), mp 141-142°C
(from CHCl,-MeOHY); [a], +137 (¢ 1.0 in CHCI,) (Found: C,
81.3; H, 8.5%; M*, 324. C,,H,,0, requires C, B1.4; H, 8.7%;



M, 324); 8,(200 MHz) 1.06 (3 H. x, 13p-Mz), 2.8-29 2 H,
m. 6-Hy), 3.78 (3 H, 5, 3-OMe), 5.57 (1 H, ddd, J9.7, 4.4 and
22, 17.H), 5.75 (1 H, br d, J 9.7, 17-H), 6.63 (1 H, d, J 2.7,
4-H), 672 (1 H, dd. J 8.6 and 2.7, 2-H) and 7.21 (1 H, d, J
8.6, 1-H).

The derived 3,17P-diol 15 had mp 156-159 °C (from EtOAc);
lalp +150 (c 0.9 in THF) (Found: C, 81.0; H, 8.1% M®, 310.
Cy HauO, requires C, 81.25; H, 8.4%; M, 310).

3-Methoxy-14,17c-propancesirn-1,3,5(10)-trien-17p-0l 16
A solution of the olefin 14 (175 mg, 0.54 mmol) in ethyl acetate
{10 cm’) at 25°C waz hydropentated in the presence of
palladium—carbon (10%, 50 mg) for 30 b at 200 kPa. The mix-
ture was filtered, and the filtrate was evaporated to give the 179~
aleohol 16 (170 mg, 97%), mp 155-157°C (from CHCl
MeOH): [al,, +86 (c 0.9 in CHCl,) (Found: C, 80.7; H, 9.0%;
M?*, 326. Cy,H 0, requires C, 80.9; H, 9.3%; M, 326); v, /om™
3602; 8,(200 MHz) 1.03 {3 H, 5, 138-Me), 207 (1 H, ud, J
2% 12.5 and 4.9, 12a0-H), 238 (1 H, dddd, J 11.1, 5.9, 49
and 2.0, lla-H), 2274 (1 H. wd, J 2x11.9 and 3.9, 5a-H),
2.8-29 (2 H. m, 6H,), 3.77 (3 H, s, 3-0Me), 661 (1 H, 4, J
2.8, 4-H), 6,71 (1 H, dd, J 8.6 and 2.8, 2-H) and 7.21 (1 K, d,
J 8.6, 1-H).

The derived 3,17p-diof 17 had mp 228-231 *C (from EtOAe);
[aln +%7 {¢ 0.6 in THF) (Found: C, 80.4; H, 8.8%; M*, 312,
C; Hy O, requires C, 80.7; H, 9.0%:; M, 312).

(17 R)-3-Methoxy-16c-methyl-17-phenylsuifonyl-14,17a-
ethanoestra-1,3,5(10)-triene-15p,168,17p-triol 17-acetate 19
Compound 18 (1.18 g, 2.33 mmot) was treated with osmium
tetraoxide (600 mg, 2.36 mmol) in pyridine (45 an®) at 25 °C for
168 b. Aq. sodium dithionite (10%, 90 cm?®) was added to the
mixture which was then stirred at 25 "C for 45 min; after this it
was diluted with water and extracted with CHCI,. The extract
was washed successively with dilute hydrochloric acid, satur-
ated ag. NaHCO, and brine, dried (MgS0,) and concentrated
under reduced pressure. Chromatogmphy of the residue (1.42
g) on silica gel (50 g) with EtOAc—toluene (1:4) s cluent gave
starting material 18 (157 mg) followed by the 158,16p-dlol 19
(923 mg 73%), double mp 174-176 and 232-234°C (from
CHCly-hexane), [al,, +115 (¢ 1.0 in CHCly) (Found: C, 66.4; H,
6.T%; M*, 540. Cy,H,,0,5 requires C, 66.6; H, 6.7%; M, 540);
voofem™' 3431 and 1708; §,,(400 MHz) 1.32 (3 H, o, 13f-Me),
1.78 (3 H, 5, 16a-Me), 2.06 (3 H, 5, 178-OAc), 2.14 (2 H, m,
7p- and 88-H), 2.24 (1 H, dd, J 14.]1 and 122, 17"-H_), 2.42 (]
H, m, 7a-H), 2.58 (1 H, dd, J 14.] and 5.5, 17'-H__.), 2.84 (1
H, s, exch. by D,0, 160-OH), 2.8-3.1 (3 H, m, 6-H, snd %u-
H), 3.06 (1 H, d, 7 5.8, exch. by D,O, 15p-0OH), 379 3 H, s,
3-OMe), 399 (1 H, dd, J 122 and 5.5, 17-H), 495 (1 H, d,J
$.8-»3 on D,O exch., 15a-H), 6.63 (1 H, d, J2.7, 4-H), 6.72 (1
H,dd./ 84 and 2.7, 2-H), 2.24 (1 H, d, J 84, ]-H) and 7.5~
79 (5 H, m, SO,Ph); 8100 MHz) 1704 (s, 17p-0COMe),
157.5 (s, C-3), 1409 (s, C-1"), 138.9 (s, C-5), 133.6 (d, C-4'),
1325 (s, C-10), 129.5(2C, d, C-3' and C-5), 1278 2 G, d,
C-2' and C-6'), 127.1 {d, C-1), 113.6 (d, C-4), 111.9 (d, C-2),
89.2 (s, C-17), 79.5 (s, C-16), 74.7 (d, C-15), 61.6 (d, C-17),
58.1 (a, C-14), 55.3 (q, 3-OMe), 544 (3, C-13), 363 (d, C-9),
35.6 (d, C-8), 31.2 (t, C-6), 30.5 (1, C-12), 289 (1, C-17), 26.7
(t, C-11), 253 (q, 16-Me), 249 (. C-7), 216 (q. 17p-
OCOAe) and 18.0 (q, C-18).

17-Acctoxy-3-methoxy-20-0x0-158-pherylsol(ony]-15-nor-14p-
pregma-1,3,5(10)-triene-14-carbaldehyde 20

Ag. sodium periodate (6% 29 cn?) was added (o a solution of
the dio! 19 (923 mg, 1.7 mmol) in cthanol {5 ciw®). After 3.5 h
at 20 *C, the mixture was diluted with water and the product
(927 mg) was isolated by extraction with CHCI, and adsorbed
on silica gel (36 g). Elution with EtOAc—toluene (1:4) gave the
14-carbaldekyde 20 (778 mg, 85%) as an oil, vJom™ 1737 and
1714; 8,(200 MHz) 1.01 (3 H, s, 13p-Me), 1.81 (1 H, dd, J 15.9
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and 9.8, 16a-H), 2.03 (3 H, s, 20-Me), 2.07 3 H. s, 17a-OAc),
2.65-29 (3 H, m, 6-H; and 9a-H), 3.65 (1 H, dd, J 15.9 and
11.3,16p-H), 3.7 (3H, 5, 3-OMec), 4.28 (1 H,dd, J 11.3 and 9.8,
15a-H), 6.63 (1 H,d, J 2.7, 4-H), 6.72 (1 H, dd, J 8.4 and 2.7,
2-H), 724 (1 H, d, 7 8.4, 1-H), 1.5-8.0 (5 H, m, SO,Ph) and
1029 (1 H, 5, 14p-CHQ); m/z 538 (M*).

Reductive desulfonrylation of compound 19

A solution of the phenylsulfonyl compound 19 (360 mg,
0.6 mmol) in THF (12 cm®) was added to samarium(n) iodide
[generated by reaction of samarium (1,14 g) with diicdocthance
(1.93 g, 6.8 mmol)] in THF (68 cmn”) at —20 °C with stirring,
followed by hexamethylphosphoric triamide (HIMPA) (5.5 cm®).
After 4 h at —20°C, the mixture was poured into saturated
aq. NH,CL. The mixture was extracted with EtOAc, and the
extract was washed successively with aq. sodium dithionite and
brine, dried (MgSO,) and evaporated under reduced pressure.
The residue (303 mp) was chromatographed on silica get (25 g)
with EtOAc-hexane (3:2) as eluent to give (17°5)-3-methoxy-
16a-methyl-15a,1P-cyclo-14,17a-ethanoestra-1,3,5(10)-triene-
16p,17p-diol 17-acesate 21 (78 mg, 31%), double mp 112-114
and 146-147°C (from CHCl,~McOHY); [a]y +4] (¢ 1.0 in
CHQ,) (Found: M*, 382.214. C5H,,0, requires M, 382.214);
v, =1 3594 and 1738; 5,,(400 MHz) 1.09 (1 H, dd, J 5.2 and
1.1, 17%-H), 1.29 (3 H, s, 138-Me), 1.33 (3 H, 5, 16a-Me), 1.55(]
H,d, 752 I5H), 1.83 (1 H, 4, J11.4, 17-H_), 209G H, s,
17B-0Ac), 2.34 (1 H, obsc. m, 9a-H), 2.58 (1 H, dd, J 11.4 and
1.1, 17'-H,.). 2.8 (2 H, m, 6-H,), 3.76 (3 H, 5, 3-0M¢), 6.67 (1
H,d,J728,4-H),6.73 (1 H,dd, 8.6 and 2.8, 2-H) and 7.21 (I
H,d, 786, 1-H); 8(50 MHz) 171.5 (3, 17p-OC0OMe), 158.1 (s,
C-3), 138.5 (s, C-5), 133.0 (s, C-10), 127.4 (d, C-1), 1144 (d,
C4), 1124 (4, C-2), 90.5 (s, C-17), 81.1 {s. C-16), 55.9 (q,
3-OMe), 47.8 (2 C-13), 43.6 (d, C-9), 364 (s, C-14), 35.6
(¢, C-8), 33.3 {t, C-12), 31.7 (d, C-17"), 30.5 (t, C-6), 27.5 (1,
C-11), 25.7 (t, C-15), 24.1 (t, C-7), 23.9 (q, 16a-Me), 22.3 (q,
17p-OCOMe), 17.9 (g, C-18) and 12.2 (d, C-17); followed
by 3-methoxy-16a-methyl-14,17a~ethanoestra-1,3,5(10)-triene-
15p,16p,17p-triol 17-geevate 22 (18 mp. 29%), mp 182-185°C
(from Me,CO-MeOH); [aly, +4 (¢ 1.0 in CHC,) (Found: C,
72.0; H, B.0%; M*, 400. C,;HxO, requires C, 72.0; H, 8.05°4;
M, 400); v Jem™ 3600, 1575 and 1738; 5,(400 MHz) 1.24 (3
H, 5, 138-Me), 1.49 (3 H, 8, 16a-Me), 2.11 (3 H, 3, 17p-OAc),
2.64 (1 H,td, J2 x 11.5and 3.4, 90-H), 2.78-3.0 (2 H, m, 6-H,),
361 (1 H, d, 7 4.75s on D,0 exch., 15a-H), 3.76 3 H, 5,
3-OMe), 6.67(1 H,d, J2.8,4-H), 6,73 (1 H,dd, J 8.6 and 2.8,
2-H) and 7.2t (1 H, 4, J 8.6, 1-H); §(50 MHz) 170.2 (s, 178-
QO0OMe), 1574 (s, C-3), 137.9 (8, C-5), 133.1 (s, C-10), 126.3 {d,
C-1), 113.7 d, C-9), 1115 (d, C-2), 91.6 (s, C-17), 82.3 (d.
C-16), 78.7 (s, C-15), 55.2 (q, 3-OMo), 49.9 and 48.9 (each s,
C-13 and C-14), 36.6 (d. C-9), M.6 (d, C-8), 32.1 (1, C-6),
299 (1, C-17, 27.1 (q, 16a-Me), 25.8 (t, C-11), 23.7 {1, C-
12), 23.4 (t, C-17%), 23.2 (t, C-7), 218 (q, 17-OCOMe)} and
163 (g, ;3-18). Further elution gave starting materia] 19 {102
mg, 28%).

Acetonide formatian-reductive desulfonylation of compound 19

The diol 19 (740 mp, 1.37 mmol) was treated with aq. perchloric
acid (70%; 0.05 cm”) in acetone (20 cm®) at 20°C for S h.
NaHCO, was added to the mixture which was then concen-
trated under reduced pressure, treated with water and extracted
with EtOAc. Work-up of the extract gave a brown oily residue
(750 mg) which was adsorbed on silica gel (38 g). Elution with
BtOAc-hexane (7:13) gsve (17°R)-15p.16p-isopropylidene-
dioxy-3-meihoxy-16u-methyl-1P-phenylndfonyl-14,1a-ethano-
extra-1,3,5010)-trien-17p-y! acetare 23 (625 mg, 79%), mp 185
188 *C (from Me,CO-MeOHY; [a)y +102 (¢ 1.0 in CHCLy)
(Found: C, 67.9; H, 6.9%; M*, 580. C;,H 0,5 requires C, 68.25;
H, 6.9%; M, 580); v Jom™ 1735; 5,(400 MHz) 1.43, |.48 and
1.55 (cach 3 H, &, 13p-Mc and CMe,), 1.93 (3 H, s, 160-Me),
207 (3 H, , }'7p-OAc), .79 (3 H. 5, 3-OMe), 405 (I H, dd.
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12.4 and 5.5, 17-H), 5.17 (1 H, 5, 15a-H), 6.67 (1 H, d, J 2.8,
4-H).6.73(1 H,dd, JB6and 28, 2-H), 7.21 (1 H,d, 7 8.6, 1-H)
and 7.5-7.9 (S H, m, SO,Ph).

The acetonide 23 (200 mg, 0.34 mmol) was treated with
samarium(n) iodide and HMPA in THF (18 em’) at =20 *C for
1.5 h, a3 described for compound 19. Chromatography of the
product (240 mg) on silica gel (15 g) with EtOAo-hexane
{(1:993.7) as ecluent gave [3f,16p-lsopropylidenedioxy-3-
methoxy-16c-methyl-14,} Ta-ethanoestra-1,3,5(10)-trien-17p-p1
acetate 24 (105 mg, 70%), mp 2)3-217"C (from CHCi~
MeOH); la}, —24 (c 1.0 in CHQY,) (Found: C, 73.4; H, 8.0%;
M*, 440. C;H,0, requires C, 73.6; H, B.2%; M, 440); §,(400
MHz) 0.92 (1 H, ddd, J 13.4, 9.0 and 6.2, 120-H), 1.33 (3 H,
s, 13f-Me), 1.43 and 1.52 (each 3 H, 5, CMe)), 1.64 3 H, &,
16a-Me), 2.11 (3 H, 3, 17p-0Ac), 2.24 (1 H, dq, J 13.2 and
3x35,7p-H),2.62(1 H,td, J2 x 11.8 and 4.1, 9a-H), 2.8-3.02
{2 H, m, 6-H;), 3.76 (3 H, 8, 3-OMe), 3.89 (1 H, 3, 15a-H), 6.67
({l H,d.J2.8,4-H), 6.73(1 H,dd, J8.6and 2.8, 2-H) and 7.21
(l H| d|Jal6| I'H)-

Mathy) 17p-acetaxy-3-methoxy-14,1 7a-cthenoestra-
1,3,5(10),15-tetraene-16-carboxylate 26
3-Methaxyestra-1,3,5(10),14,1 6-pentaen-17-y] acetate 25 (162
mg, 0.5 mmo!) and methyl propiolate (0,09 cm?, | mmol) in dry
benzene (2 cm®) was kept at 100 °C (sealed tube) for 23 h. The
reaction mixture was then adsorbed directly on silica gel (16 g)
and eluted with EtOAc—tolpene (1:49) to give stariing material
(8 mp) followed by the cyeloadduct 26 (174 mg, B5), mp 141-
144 °C (from CHC],-MeOH); [al, +1 (¢ 1.0 in CHCly) (Found:
C.73.5 H, 1.0%; M*, 408. C,;;H,0; requires C, 71.5; H, 6.9%;
M, 408); 5,(200 MHz) 1.19 (3 H, &, 13p-Me), 216 O H, s,

17p-0Ac), 2.5 (1 H, 1d, J 2 x 11.4 and 3.4, 9a-H), 2.86~2.98 (2.

H, m, 6-H,),3.69 (3 H, 3, 16-CO,Me), 3.77 (3 H, 5, 3-OMo), 6.58
(1 H,d, 756, 17-H), 664 (} H,d,J 2.4, 4H), 6.73 (1 H, dd, J
8.6 end 24, 2-H), 705 (1 H, d, J 56, 17-H), 72 (1 H. 4, 7
8.6, 1-H) and 744 (I H, s, 15S-H); 350 MHz) 170.8 (s,
175-OCOMe), 164.8 (s, 16-CO,Me), 157.6 (s, C-3), 152.4 (d,
C-15), 147.1 (d, C-16), 140.6 and 139.1 (each d, C-17° and
C-17, 137.8 (s, C-5), 131.9 (s, C-10), 126.7 (4, C-1), 113.8 (d,
C-4), 111.8 (d. C-2), 98.7 (s, C-17), 88.3 (s, C-13), 65.4 (s, C-14),
55.2 (q, 3-OMe), 51.3 (q, 16-C0,Afe), 39.8 (d, C-9), 35.9 (d.
C-8), 30.2 (1, C-6), 29.9 (1, C-12), 26.3 (1, C-T), 252 (1, C-11),
21.4 (q, 17B-OCOAMe) and 17.0 (g, C-18).

Methyl 178-acetoxy-3-methoxy-14,1Ta-ethanoestra-
1,3,5(10),15-tetrasne-16-carboxylate 27

A solution of the cycloadduct 26 (3.05 g, 7.5 mmol) in ethyl
acctate (100 cm®) at 25 *C was hydrogenated for 3 b in the pres-
ence of palladivmo-carbon (10%; 1.02 g) and then filtered
through Celite. The filtrate was evaporated and the residue (2.98
£) was chromatogrephed on sitics gel (300 g) with FiDAc~
hexane (3:17) as eluent, to give the dihydro compound 27 (2.55
g, 83%), mp 104-108 “C (from MeOH); la}, +9 (¢ 1.0in CHCl,)
(Found: C, 73.]; H, 7.5%; M*, 410. C,H,,0, requires C, 73.1;
H, 7.4%: M, 410); v_/om™' 1737 and 1713; §,(200 MHz) 0.95
(3 H, s, 13p-Me), 2.09 (3 H, s, 17p-OAc), 2.74 (1 H, td, J
2 11.3 and 4, 5a-H), 2.85-2.98 (2 H, m, 6-Hy), 371 G H. s,
16-CO,Me), 3.77 3 H, 3, 3-OMe), 6.62 (1 H, d, J 2.1, 4-H), 6.7
(1H.dd, /8.6and 2.7, 2-H), 691 (1 H, &, 15-H) and 7.18 (1 H,
d, J 8.6, 1-H); 5.(50 MH2)} 170.4 (s, 17p-OCOMc), 164.6 (s,
16-COyMe), 157.6 (s, C-3), 1444 (d, C-15), 137.9 (s, C-5), 137.5
(5. C-16), 132.6(s, C-10), 126.2 (d, C-1), 113.9 (4, C4), 111.6(d,
C-2), 93.8 (s, C-17), 59.6 (s, C-14), 552 (q. 3-OMk¢), 54.1 (a,
C-13), 51.3 (g, 16-C0,Me), 37.]1 (4, C-9), 36.0(d, C-8), 29.9 (1,
C.6). 29.7 (1, C-12), 28.1 (t, C-17), 25.9 (t, C-T}, 254 (1, C-11),
24.7 (t, C-17%), 21.7 (g, 178-OCOMe) and 15.4 (q, C-18).

Hydroxylation of the umsaturated ester 27 .
Compound 27 (403 mg, 0.98 mmol) was treated with csmium
tetracaide (250 mg, 0.9 mmol) in pyridine (5 cm®) at 25 °C for
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48 h, Aq. sodium dithionite (10%, 40 ez} was added 1o the
mixture which was then stirred at 25 °C for 45 min. The product
was isolated by extruction with CHC, and chromatographed
on silica gal (26 g) with EtOAc-toluene (1:9) as eluent o give
starting material 27 (23 mg) followed by merkpl 17p-acetaxy-
15a,16a-dihydraxy-3-methoxy-14,17a-ethanoesira-1 3,5(10)-
triene-16p-carboxylate 28 (281 mg, 65%), mp 169-170 °C (from
Me,CO); [a)n +49 (¢ 1.0 in CHCY) (Found: C, 67.9; H, 7.2%;
M*, 444. CoyH,,0, requires C, 67.5; H, 7.25%; M, 444); v/
am™ 3509br, 1733 and 1714; 5,(200 MHz) 0.82 (3 H. s, 13-
Me), 2.14(3H, s, 17p-DAc), 2.7 (1 H, obec, m, 9a-H), 2.8-2.9 (2
H, m, 6-H,), .73 (3 H, &, 166-CO,Me), 3.76 (3 H, 5, 3-OMe),
442 (1 H,d, J 1.5, 158-H), 5.9{1 H. 5, exch. by D,0, 160-OH),
6.67(1 H,d, J2.8,4-H),6.73 (1 H,dd, J8.6 and 2.8, 2-H) and
721 (1 H, 4, J 8.6, 1-H); (50 MHz), 174.9 (a, 16-00,Me),
171.4 (s, 17B-OCOMe), 157.5 (s, C-3), 137.9 (s, C-5). 132.4 (s,
C-10), 126.3 (4, C-1), 113.6 (d, C4), 111.6 (4, C-2), 93.7 (s,
C-17), 759 (d, C-15), 75.6 (s, C-16), 55.1 (g, 3-OMe), 52.5 (q.
16-CO,Me), 48.3 and 46.5 (cach 5, C-13 and C-14), 40.0 (d,
C-B), 37.1 (d, C9). 299 (t, C-6), 28.4 (1, C-12), 254 (1, C-T),
244 (1, C-11), 4.0 (2, C-17%), 21.2 (q, 17p-OCOAMe), 12.8 {1,
C-17") and 134 (q, C-18) and merhy! 17p-aceroxy-150.168-
dikydroxy-3-methoxy-14,1Ta-ethanoestra-1 3,5(10)-triene-1 6a-
carboxylate 29 (121 mg, 2T%), mp 182-185 *C (from Me,C(
[al, +45 (¢ 1.0 in CHCLy) (Found: C, 67.7; H, 7.1%:; M*, 444);
Vaudom ™! 3410, 1730 and 1710; 5,200 MHz) 1.23 (3 H, 5, 13-
Me), 2.07 (3 H, 5, 17p-0Ac), 2.7 (1 H, cbsc. m, 9a-H), 2.82-3.0
(2 H,m, 6-H,),3.76 (3 H, 3, 3-OMe), 3.91 (3 H, 3, 160-CO,Me),
4.11 (1 H, &, 150-H), 4.45 (1 H, 5, exch. by D,0, 16B-OH), 6.67
(1H,d, J28 4H), 673 (1 H,dd, 7 8.6 nnd 2.8, 2-H) and 7.21
(1 H,d, J8.6, 1-H); 550 MH2) 175.2 (s, 16a-C0,Me), 170.7 (s,
17p-000Me}), 1574 (s, C-3), 137.8 (s, C-5), 1329 4, C-10),
126.2 (d, C-1), 113.7 (4, C4), 111.4 (d, C-2), 50.3 (5, C-17),
80.8 (s, C-16), 799 (d, C-15), 55.1 (q, 3-OMe), 53.6 (g. 160-
CO,M¢), 50.8 and 48.8 (each &, C-13 and C-14), 36.8 (¢, C-9),
34.5 (d, C-8), 30.7 (t, C-6), 25.6 (t, C-T), 3.8 (8, C-11), 23.6
(t C-17), 229 {t, C-17), 21.0 (q, 17B-OCOMe) and 15.8 (q,
C-18).

Methyl 17p-acetaxy-15a,16u-laopropy/

14,1 70-sthanoestra-1,3,5(10)-triene-1 6p-cavboxylate 30

The diol 28 (4.37 g. 9.84 mmol) was trested with aq. perchloric
acid (70%; 5.5 ml) in acetone (440 cm®) at 20°C for 2 b.
NaHCO, (5 g) was added to the mixture which was then concen-
trated under reduced pressure and diluted with water; the prod-
uct was isolated by extraction with CHCI,. Work-up follow
by chromatography of the residuc (5.9 g) on silica gel (1350 g)
with EtOAc-toluene (1:9) as eluent gave the ccetonide 30 (4.04
§: 85%6), mp 130-134 °C (from Me,CO-MeOH); [al, +57 (¢ 1.0
in CHCY) (Found: C, 69.1; H, 7.2%; M*, 484. C,,H,,0, requires
C, 694; H, 1.5%; M, 484); v Jom™ 1740; 8,(200 MHz) 0.95 (3
H, 2, 13p-Me), 1.35 and 1.61 (each 3 H, 5, CM¢;,), 203 (3 H, s,
17B-OAc), 2.68 (1 H, 1d, J 2 % 11.4 and 4,8, 9a-H), 2.8-2.91 (2
H,m, 6-H,), .14 (1 H,m), .76 (3 H, », 16p-CO,M¢), 3.78(3 H,
5, 3-OMe), 5.0(1 H, d, J 1.1, 15p-H), 6.67 (1 H, d, J 2.8, 4H),
6.73(1H,dd, JB.6and 2.8, 2-H) and 7.21 (1 H, d, J 8.6, |-H).

16p-Hydroxymetiryl-15a,16a-isopropy! i

14,1 7a-¢thancestra-13, 5(10)-trien-17p-0l 31

LAH (918 mg, 80 mmol) was added in small portions to a
stirred solution of the esier 38 (4.04 g, 8.4 mmol) in THF (50
cm’) mt 25 °C under nitrogen. After 3 h at 25 °C, saturated aq.
NH,Cl was added to the mixture and the product was isolated
by extraction with CHCl,. Filiration of the produet {4.05 g)
through silica gel (90 g) with EtOAc—toluens (2:3) gave the diol
31 (3.47 g, 100%) as an oil, [a}, +97 (¢ 1.0 in CHCL,) (Found: C,
T2.2; H, 8.2%; M*, 414, C;;H,, O, requires C, 72.4; H, 8.3%; M,
414); v fam™ 3544br; 6,(400 MHz) 0.92 (3 H, 5 138-Me),
1.48 and 1.62 (each 3 H, 8, CMe,), 2.68 (1 H,td,J2x 113 and
4.3, 9a-H), 2.74-29 2 H, m, 6-H,), 3.76 (3 H, &, 3-OMe), 3.79



and 4.32 (each | H, d, J11.9, 165-CH,0H), 4.22 (1 H,d,J 12,
158-H), 6.67 (1 H,d, J2.8,4-H), 6.73 (1 H,dd, 78.6 and 2.8,
2-H)and 721 (1 H, d, 78.6, 1-H).

15, }6u-Isopropy] hoxy-16B-methyl-14,170-
ethanoestra-1,3,5(10)-trien-17p-0l 33

Methanesulfonyl chloride (2.1 cm®, 24 mmol) was added to a
solution of the diol 31 (3.4 g, 8.2 mmol) in dry pyridine (20 cmn”)
st 0°C under nitrogen. After 1.5 h at 0*C, the mixture was
diluted with water and the product was isolated by extraction
with toluene. Work-up followed by chromatography of the resi-
due (4.4 g) on silica gel (100 g) with EtCGAc—toloene (3:7).25
eluent gave the non-crystalline 16'-methanesulfonate 32 (4.04 g,
100%), &,,(200 MHz} 0.5% (3 H, &, 13p-Me), 1.5 and 1.6 (each 3
H, 3, CMc;), 3.05 (3 H, 5, 16'-OM3), 3.75 (3 H, 3, 3-OMe), 4.45
and 4.75 (esch 1 H, d, J 11.1, 16-CH,OMs), 4.6 (1 H,d, 7 1 4,
158-H), 6.6(1 H,d, J2.8,4-H), 6.7 (1 H, dd, J8.6and 2.8, 2-H)
and 7.21 {1 H,d, J 8.6, 1-H),

The methanesulfonate 32 (4.04 g, 8.2 mmol) was treated with
LAH (909 mg, 24 mmol) in dry THF (20 am’) at 25 °C under
nitrogen for 24 h. Saturated aq, NH,Cl was added to the reac-
tion mixture and the product {2.98 g) was isolated by extraction
with toluene, Work-up followed by absorption of the residue oo
silica gel (200 g) and elution with EtOAc-toluene (3:17) gave
the 16B-methy! compound 33 (2.92 g, 89%), mp 98102 *O (from
Me,;CO-MecOH); [a]p +111 (¢ 1.0 in CHCl,) (Found: C, 75.3;
H, 8.6%; M*, 398. Cy,H,,0, requires C, 75.3; H, 8.6%; M, 398);
v Jom™! 3598; 5, (400 MHz) 0.94 (3 H, s, 13p-OMc), 1.45 and
1.63 (emch 3 H, 5. CM¢ey), 1.54 (3 H, 3, 16p-Me), 2.7 (1 H, td,
J2x11.8 and 4.8, Sa-H), 2.78-2.88 (2 H, m, 6-H;), 373 (3
H, s 3-OMe), 422 (1 H, d, J 1.6, I5p-H), 6.6 (1 H, d, J 2.8,
4H), 6.7 (1 H, dd, J 8.6 and 2.8, 2-H) and 7.21 (1 H, d, J 8.6,
1-H).

The derived (Ac,0-p-TSOH-THEF, 20 °C, 1 h) 17B-acerate 34
had mp 191-193 *C (from CHCl,-MeOH); [alp +96 (¢ 1.0 in
CHQY,) (Found: C, 73.3; H, 8.2%; M*, 440. CpH,,0, requires
C, T).6; H, 8.2%; M, 440); 5,,(200 MHz) 0.99 (3 H, s, 13j-Me),
146 and 1.59 (cach 3 H, 5, CMe,), 1.56 (3 H, u, 16p-Me}, 2.05 (3
H, s, 17p-OAc), 3.76 (3 H, 8, 3-OMe), 4.3 (1 H, d, J 1.3, 15p-H),
66{1 H,d,J28, 4H), 6.7 (1 H, dd, 7 8.6 and 2.3, 2-H) and
7.21 (1 H,d, 78.6, I-H). .

3-Methoxy-16f-methyl-14,1 Te-ethanoesira-1,3,5(10)-triene-
156,160,17p-triol 17-acetate 35 :

A solution of the acetonide 3 (93 mg, 0.2]1 mmol) in meth-
anolic iodine {1%; 13 cm") was refluxed for 5.5 h, cooled and
treated with aq. sodinm thiosulfate. Extraction of the reaction
mixture with EtOAc and work-up gave a product (80 mg) which
was adsorbed on silica gel (10 g). Blution with PtOAc-hexane
{1:9) gave mixed fractions (9 mg) followed by the 15a,160-dlo!
38 (63 mg, 79%), mp 145-149 °C {from Me,;CO-MeOH); [aln
+91 (1.0 in CHCl) (Found: C, 72.0; H, 8.1% M"*; 400.
CaHnOs requires C, 72.0; H, 8.05%; A, 400); v, Jom™' 3482br
and 1710; 5,,(200 MH2) 0.99 3 H, s, 13p-Me), 1.35(3 H, 5, 16p-
Me), 2.12(3 H, », 178-0Ac), 2.62 (1 H, obsc. m, 9a-H), 2.76-2.9
{(2H, m, 6-1,),3.75({1 H,d.J 1.1, 15p-H), 3.77 (3 H, s, 3-OMe),
66(1H,d 728, 4H), 67 (1 H,dd, J 8.6 and 2.8, 2-H) and
721 (1 H,d,J4.5 1-H).

The derived (LAH-THF, 20 °C) 15a,16a,178-sriol 36 had mp
183-185°C (from CHCl,-hexane); [aln +77 (c 0.6 in CHQY,)
(Found: M*, 358,214, C,,H,0, requires M, 358.214); 5,200
MHz) 0.93 (3 H, 5, 13p-Me), 1.44 (3 H, u, 16B-Me), 2.78-2.5 (2
H,m,6-H,),3.72(1 H,dd, /7.2 and |L.3=d, J1.3on DO exch,,
158-H), 3.77 (3 H, 5, 3-OMe), 6.64 {1 H, d, 724, 4-H), 6.T3 (1
H,.dd, 78.6and 2.4, 2-H)and 7.18 (1 H, 4, 7 4.6, 1-H}.

15p,16p-Isopropyltidenedioxy-3-methoxy-16a-methyl-14,17a~
ethanoestra-1,3,5(10)-trien-17p-o0l 40

A reaction sequence similar to that described in the foregoing
cxperiments was used to convert the 16a-carboxylate 29 into

BNSDOCID: <XP__2153T48A__|_»

the 16a-methy] compound 40. The intermediates and product
were characterised as follows.

Methyl 17p-acatoxy-15p,163-sopropylidenedioxy-3-methoxy-
14,17a-ethanoestra-1,3,5(10)-triene-16a-carboxylate 37, double
mp 178-182 and 187-191 “C (from CHCl,~hexane): [alp +4 (¢
1.0 in CHCl,) (Found: C, 65.1; H, 7.2%; M*, 484. C_H 0,
requires C, 69.4; H, 7.5%; M, 484); v Jom™ 1732,y L2 (3 H,
s, 13p-Me), 1.35and 1.55(each 3 H, 5, CMe,). 209 (3 H, 5, 175-
OAc), 266 (1 H,1d,J2 x 11.3 and 4.0, 90-H), 28-3.02 2 H. m,
6-H,), .76 (3 H, s, 16a-CO,Mc), 3.78 {3 H, 5, 3-OMe), 4.64 (1
H, s 150-H), 667 (1 H,d, J 28, 4H). 6.73 (1 H, dd, J 8.6
and28, 2-H)and 7.21 (1 H, d, J8.6, 1-H),

16a-Hydraxymethyl-15p,168-Lsopropylidenedioxy-3-methaxy-
\417a-ethanoestra-1,3,5(10)-srien-17p-ol 38, gum; [a), +5 (¢
1.0 m CHQY,) (Found: C, T2.6; H, 8.2%; M*, 414. C,,H, 0,
requires C, 72.4; H, 8.3%; M, 414); v Jom™ 3544br: 6,,(200
MHz) 131 (3 H, 5, 13f-Me), 1.41 and 1.56 (cach 3 H, s, CMe),
2.64(1 H.1d, /2 x 11.2and 4.2, 9a-H), 2.76-3.0 2 H, m, 6-H,),
3.77(3 H, s, 3-OMe), .84 (1 H, s, 15x-H), 4.02 and 4.1 (each ]
H, d, after DO exch., J 11.8, 16-H,), 6.67 (1 H, d, J 2.8, 4-H),
6§.73(1 H,.dd,J8.68nd 2.5, 2-H) and 7.21 (1 H, d, J 8.6, ]-H).

15p,16-Isopropylidenediaxy-3-methoxy-16a-methyl-14,1Ta-

ethonpartra-1,3,5(10)-irfen-17p-ol 40, gum; [al, +62 (¢ 1.0 in
CHCY,) (PFound: C, 75.4; H, 3.7%; M*, 398, C,.H,,0, requires
G, 75.3; H, B.6%; M, 398); v Jom™ 3572; Sx{200 MHz) 1.26 (3
H, s, 13p-Mc), 143 and 1.54 (each 3 H, 5, CMe,), LSG H, s
I6a-Me), 2.65(1 H,1d. J2 % 11,3 and 4.3, 5a-H), 2.8-3.0(2 H,
m, 6-H,), 3.78 (3 H, &, 3-0Ma), 3.92 (1 H, s, 15a-H), 6.6 (i H. d,
J28,4H),6.7(t H,dd, J8.6and 2.8, 2-H)and 721 (1 H,d. J
8.6, 1-H).

Acetylation (Ac,O-p-TeOH-THF, 25 °C, 24 h) of 40 gave com-
pound 24, identics! with that prepared in a previous experiment.

Deprotection of the acetonids 24

Treatment of compound 24 (970 mg, 2.2 mmal) with methan-
olic iodine in THF as described in a previous experiment, fol-
Jowed by flash chromstogmaphy of the product (914 mg) on
silica gel (70 g) with EtOAc-hexane (7:13), gave stariing
material (17 mg) followed by an inseparable mixture (794 mg,
91%) of the isomers 12 and 41. A subsequent experiment
(scc imter) resulted in isolstion of pure 3-merhoxy-16a-
methyl-14,17a-etharoestra-1,3,5(10)-triene-158,16B,178-iriofl
15-aceize 41 (258 myg, 32%), mp 183-186°C (from CHCl,-
MeOH); [alp —17 (¢ 1.0 in CHCl,) (Found: C, 72.1; H, 7.7%;
M*, 400. C,,H 0, requires C, 72.0; H, B.05%; M, 400); v.../
em™' 3597 and 1721; 8,(200 MHz) 1.14 (3H, 5, 13a-Me), 1 48 (3
H, s, 160-Me),-2.05 (3 H, s, 15p-OAc), 264 (1 H, td. J 2 % 11.2
and 4.8, 95-H), 2.73-2.86 (2 H, m, 6-H,), 3.77 (3 H. 3, 3-OMe),
445(1H,s 150-H),667(1H.d, 728,4H),67T3(1 H,dd, J
8.6and 2.8, 2-H)and 7.21 (1 H, d. J 8.4, 1-H).

Hydrolysis (LAH-THF, 25 *°C) of the mixture (65 mg, 0.16
mmol} of 22 and 41 gave the corresponding 15B, 16p,17-rio/
42 (57 mg, 98%), mp 190-193 *C (from CHCly~hexane); [a] +22
{¢ 1.0 in CHCl,) (Found: C, 74.0; H, B.3%; M*, 358, C,,H O,
requires C, 73.7; H, 8.4%; M, 158); v, -1 3552; J,(200
MHz) 1.11 (3 H, 4, J 0.5, 13p-Me), 1.35 (3 H, 5, 16a-Mg), 2.8
302 H, m, 6-H,), 3.6 (1 H, 5, 150-Me), 3.75 3 H, », 3-OMe),
667(1H,d,72.8,4H), 673(1H,dd, JR.6and 2.8, 2-H) and
721(t H,d,J8.6 1-H).

Methyl I 15a-phenylthio-14,17a-ethano-
estra-1,3,5(10)-triene-1 te 3
Diisapropylethylamine {1.6 an®) was added to a solution of the
unsaturated ester 27 (3.06 g, 7.46 mmol) in thiophenol (10 cm*)
2t 20°C. After 48 h at 20 °C, flash chromatography of the reac-
tion mixture on silica gel (200 g) with EtOAc-hexane (1:9) as
cluent gave the 15a-phenyithio compound 43 (3.84 g, 98%), mp
153-155 °C (from CHCl-MeOH); [aln +42 (c 0.8 in CHCY,)
(Found: C, 71.35; H, 7.0%:; M*, 520. C,;H,,0,S requires C,
71.5; H, 7.0%: M, 520); v, Jom ™' 1734, 1607, 1599, 1580 and
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1571; 8,(400 MHz) 1.23 (3 H, s, 13p-Me), 1.96 (1 H, 1d, J
2 x 1.3 and 2.3, 88-H), 2.02 (3 H, &, 17-OAc), 216 (1 H, td, J
2 x 13.1 and 3.6), 2.72 (1 H, obsc. m, 9a-H), 2.82-2.92 2 H, m,
6-H,), 3.36 (1 H. dd, J 5.6 and 2.5, 158-H), 3.53 (3 H, s, 16}
CO,Me), 3.78 (3 H, 1, 3-OMe), 3.82 (1 H, d, 7 5.6, 160-H), 6.64
(1 H,d,J2.4,4-H), 6.73 (| H, dd, J8.6and 2.4, 2-H) and 7.15~
7.45 (6 H, m. }-H and 150-SPh); 3(50 MHz) 173.9 (s, 16p-
CO;Me), 170.2 (s, 17B-OCOMe), 157.5 (8, C-3), 137.9 (s, C-5),
136.2 {s, C-1') 131.9 (s, C-10), 1320 2 X d, C-2* and C-6'),
128.9 (2x d, C-3’ and C-§'), 127.2 (d. C4"), 126.2 (¢, C-1),
113.8 (d, C4), 111.5 (d, C-2), %0.8 (s, C-17), 58.9 2 x d, C-15
snd C-16), 55.2 (q, 3-OMe), 51.7 {q, 16-CO,Me), 51.6 and 49.3
(cach s, C-13 and C-14), 37.6 (d, C-8), 29.7 (t, C-6), 288 (t,
C-12), 28.6 (t, C-17Y), 25.7 (t, C-T), 24.t (1, C-11), 238 (t,
C-17), 2.14 (g, 17-OCOMe) and 15.6 (q, C-18).

3-Methoxy-16p-methyl-15¢-phenylthio-14,170-ethanoestra-
1,3.5(10)-trizn-17p-al 46

The exter 43 (3.84 g, 7.38 mmol) was treated with LAH (1.6 g,
44.2 mmol} in THF (50 cm®) at 20 °C for 45 min. The mixture
was treated with aq. NH,Cl, added slowly to destroy
reagent, and then extracted with EtOAc. Work-up gave 168-
hydroaxymethyl-3-methoxy-15a-phenyithio- 14, Ta-ethanoesira-
1,3,5(10)-irlen-17p-ol 44 (3.32 g, 100%), mp 207-210°C (frors
CHQY,); [a)p +4] (¢ 0.8 in CHCl) (Found: C, 74.8; H, 7.5; §,
6.6%; M*, 450. C,H,/O;S requires C, 74.6; H, 7.6; 8, 1.1%;
M, 450); v Jem™ 3593; §,,(200 MHz) 1.2 (3 H, », 13p-Me),
274 (1 H,brd, J6.1, 158-H),3.77 (3 H, 5, 3-OMe), 38 2 H,
obsc. m, 16p-CH,OH), 6.64 (1 H, d, J 2.4, 4-H), 6.73 (1 H, dd,
J 8.6 and 2.4, 2-H) and 7.15-745 (6 H, m, 1-H and 15a-
SPh).

Methanesulfonation (MsClpyridine, 0 °C, [ b) of the diol 44
{3.32 g, 7.38 mmol}, followed by dilution of the mixture with
water and isolation of the product by extraction with EtOAc
gave material (3.88 g) which was flash chromatographed on
silica ge! (100 g) with FtOAc—toluene (2:3) us elnent to give the
non-crystalline 16B-(mathanesulfonyloxy)methyl derivative 45
(3.12 g, 31%).

The methanesulfonate 45 (3.12 g, 5.9 mmol) was treated with
LAH (876 mg, 29 mmol) in THF (50 cm*) at 20 °C under nitro-
gen for 2.4 h. Excess reagent was destroyed by cautious addition
of ag. NH,Cl to the mixture, and the product (2.6 g) was isol-
ated by extraction with EtOAc. Flash chromatography on xilica
gel (100 g) with EtOAc~toluene (1:9) as cluent gave the 16p-
methyl 46 (246 g, 56%), mp 135-136°C (from
MeOH); [a], +56 {¢ 1.0 in CHCL) (Found: M*, 434.229.
CaH,.O,S requires M, 434.228); v Jam ™ 3594; 5,,(400 MHz)
09(3 H,d,J7.2 16p-Me), 1.1 (3 H, d, J0.9, 13p-Me), 1.42(]
H, dq. J 124 and 3 X 2.6), 1.62 (1 H, dq, 7 12.4 and 3 % 2.5),
1.85(1 H,ddd, J 124,9.5and 3.1), 1.598 (1 H,1d, 72 x 11.5and
2.1),205(1 H,td, J2 % 12.7 and 3.4), 241 (1 H,ddd, J 7.0, 5.7
and 2.5), 2.65 (1 H, obsc., Bj-H), 2.6-2.86 (2 H, m, 6-H,), 2.84
(1 H.d, 7 5.6, 15-H), 3.T7T 3 H, 5, 3-OMe)}, 6.64 (1 H, d. J 2.4,
4-H). 6.73 (1 H, dd, 7 8.6 and 2.4, 2-H) and 7.15-745 (6 H, m,
{-H and 150-SPh).

Osiidation-elimination of the phenylthlo compound 46

Ag. sodium periodate (0.5 mol dm’, 50 cm*) was added to a
stirred solution of the phenylthio compound 46 (246 g, 5.66
mmol) in ethanol-THF (3:1, 80 cm®) at 20°C. After 24 h ot
20°C, the reaction mixture was concentrated under reduoed
preasure and diluted with water. The product was isolated by
extraction with chloroform. Flash chromatography of the resi-
due (2.7 g) on silica gel (200 g) with EtOAc-tofuene (2:5)
eluent gave the 15a-pheaylsulfinyl compound 47 (1.9 g, 75%),
which was dissolved in triethylamine (0.2 cm') and benzeae (30
cm®), and heated at 115 °C (sealed tube) far 16 h. The reaction
mixture was concentrated under reduced preasure and the resi-
due (1.4 g) was flash chromatographed on silica gel (60 g) with
EtOAc—toluene (1:9) as eluent, to give 3-methoxy-16-methyl-
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14,17a-ethanoesira-1,3,5(10),15-retraen-17p-of 48 (1.4 g, 99%),
mp 113-114*C {from BtOAc-MeOH): [aly —22 (¢ 1.0 in
CHC],) (Found: C, 81.8; H, 8.7 M*, 324, C;H40, requires
C, 81.4; H, 8.7%: M, 324); v Jem™' 3598; 8,200 MHz) 0.84 (3
H,s 138-Me), 1.73(3H. d, 7 1.6, 16-Me), 3.77 (3 H, 5, 3-OMe),
562(1H,q, 73 % 1.6, 15-H),6.62(1 H,d,7L7,4H),6.7(1 H,
dd, J 8.6 and 2.7, 2-H) and 7.18 (1 H. d, J 8.6, 1-H); 5100
MHz) 1574 (3, C-3), 144.7 (s, C-16), 137.9 (s, C-5), 1334 (s,
C-10), 121.5 (d, C-15), 126.2 (d, C-1), 113.9(d. C4), 111.4 {d,
C-2), 91.0 (s, C-17), 56.8 (s, C-14), 55.2 (q. 3-OMe), 54.1 (s.
C-13), 37.4 (d, C-9), 37.2 (d, C-8), 30.1 (t, C-6), 27.8 (1, C-12).
27.5(t, C-17"), 26.6 (1, C-17), 25.6 (1, C-7), 24.6 (3, C-11), 14.7
(q. C-18) and 12.0(q, 16-Me).

The derived {Ac,0-DMAP-pyridine, 20°C, 72 h) 17p-
acetate 49 had mp 108-110 *C (from CHCl,-MeOH); [a], —40
{e 1.0 in CHCI,) (Found: C, 78.4; H, 8.4%; M*, 366. C,,H,,0,
requires C, 78.65; H, 8.25%; M, 366); v /om™ 1729; 5,(200
MHz)0.89 (3H, 5, 13f-Me), 1.74 (3 H,d, 7 1.5, 16-Me), 2.1 (3
H, s 17p-0OAc), .78 (3 H, 5, 3-OMe), 5.67(1 H.q, FIx L5,
15H), 6,64 1 H,d, J 2.4, £H), 6.73 (1 H, 44, J 8.6 and 2.4,
2-H) and 7.18 (1 H, d, 78.6, I-H).

Hydroxylation of the 16-methyl A'.compounds 48 and 49

{a) Treatment of the 17p-alcohol 48 (340 mg, 1.05 mmal) with
osmivm tetracxide (320 mg. 1.26 mmol) in pyridine (10 cm®) at
20°C for 72 h, followed by standard work-up and chromatog-
raphy of the product (360 mg) on silica gel (40 g) with EtOAc-
toluene (1:1) as eluent, gave the 158,168, 17p-triol 42 (203 mg,
50%) followed by the 15a,16a,17p-triol 36 (149 mg, 40%).

(b) Similar treatment of the 17p-acetatc 49 (1.4 g, 1.8 mmol),
and chromatography of the product (1.8 g) on silics gel (150 g)
with EtOAc-toluenc (3:7) ma cluent, gave the [7f-acetoxy
15a,16a-diol 35 (958 mg, 63%), followed by the 17P-acetoxy
15p,16p-diol 22 (441 mg, 29%).

Oxidative clesviige of the 15,16-diols

(a) The following procedure is representative. Agq. sodium
periodate (0.5 mol dm’; 23 em”) was added to a solution of the
diols 22 + 38 (1.38 g, 3.5 mmol) in cthanol (100 cm?) at 20°C.
After 4 h at 20°C, the mixture was diluted witk water and the
product (1.4 g) was isolated by extraction with chloroform.
Flash chromatography of the residue on silica gel (90 g) with
EtOAc-hexane (1:4) as cluent gave 17-acefoxy-3-methoxy-
20-0x0-19-nor-14p-pregna-1,3,5(10)-trigne-14-carbaldehyde S0
(1.24 g, 90%), mp 174-177 °C (from CHQl,~MeOH); [a], +
{e 1.0 in CHC1y) (Found: C, 72.3; H, 7.6%5 M*, 398. C,,H,,0,
requires C, 72.3; H, 7.6, M, 398); v /jem™ 1731 and 1711;
8,(400 MHz) 1.18 G H, x, 13-Me), 1.34 (1 H, qd, 73 x 1 1.4
and 7, 7a-H), 1.52 (1 H, obse. m, 7p-H), 1.74 (1 H, 1d, J 2 % 12
and 3.3, 8p-H), 2.04 (3 H, 5, 170-0Ac), 2.1 (1 H. m), 2.15(3 H,
£ 20-Me), 26 () H,td, J2 x 12and 3.3, 9a-H), 2.7-28 2 H, m,
6-H,),292(1 H,ddd, 7 169, 10.0 and 4.9, 15-H). 3.77 (3 H, s,
3-OMe), 6.6 (1 H, d, J 2.8, 4-H), 6.7 (1 H, dd, J 8.6 and 2.8,
2-H), 7.21 (1 H, d, J 8.6, 1-H) and 9.67 (1 H, s, 14p-CHO);
330 MBz) 209.2 (s, C-20), 207.2 (d, 14p-CHO), 170.9 (s, 170-
OO0Me), 157.7 (s, C-3), 137.5 (3, C-5), 131.4 (s, C-10), 126.4 (¢,
C-1), 1134 (d, C4), 111.9(d, C-2),96.4 (s, C-17), 61.0 (3, C-14),
55.2 (q. 3-OMe), 51.4 (s, C-13), 40.1 {d, C-B1), 36.9 (d, C9),
336 (1, C-12), 323 (t, C-15), 30.2 (1, C-6), 26.9 (q, 20-Me), 25.9
(t, C-16), 25.1 {t, C-11), 24.1 (t, C-T), 21.1 {q, [ 7a-OCOMe) and
16.5 (q, C-18).

{b) Similar treatment of the 15,16,17-1riols 36 or 42 for 2 h at
20°C gave the 17a-alcohol 51 (100%%6), mp 161-163 °C (from
CHCl-hexane); [al, +134 (¢ 1.0 in CHCly) (Found: C, 73.9; H,
7.9%6; M*, 356 C,H,,0, requires C, 74.1; H, 7.9%: M, 356);
Veusdcm ™! 3605 and 1708.

Intramolecular sidol condensation of the 14-carbaldebyde 50
(a) Compound 50 (100 mg, 0.25 mmol) was treated with hydro-
chloric acid {12 mol dm™%; 1 cm?) in THF (9 em®) at 57°C for
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2 h. The cooled reaction mixture was neutralised with saturated
aq. NaHCDO;, gnd the product was isolated by extraction with
CHCI,. Work-up and chromatography of the residue (90 mg)
on silica gel (9 g) with BEtOAc-hexane (3:7) s eluent gave
3-methoxy-17'-0x0-14,17p-prop-17-eno-14p-estra-1,3,5(10)-
trien-17a0-pl aceiate 52 (72 mg, 76%), mp 170-172°C (from
CHCI,-MeOHY; lal, —1 (¢ 1.0 in CHCl) (Found: C, 75.9; H,
7.3%; M*, 380. C,,Hy, 0O, requires C, 75.8; H, 7.4%; M, 380);
Yofom™! 1739 and 1694; 4,,(200 MHz) 0.95 (3 E, », [35-Ma),
2.17 3 H, 5 17a-0OAc), 28 {1 H, 1d, 72 % 10.9 and 3.9, S5a-H),
29-3.002H,m, 6H,), 3.7 (3H, 2, 3-OM¢), 6.07 (1 H.d, 7 9.9,
17%-H), 6.67 (1 H,d, J 28, 4H), 6.73 (1 H, dd, /8.6 and 2.3,
2-H), 7.17(1 H. 4, 799, 1P-H)and 721 (1 B, d, J 8.6, 1-H).

{b) Treatment of compound 50 (436 mg, 1.1 mmol) with
toluane-p-sulfonic acid (623 mg, 3.1 romol) in benzene (10 cm®)
under reflux for 1.75 h, followed by work-up as described above
gve 17 3-methoxy-14,17p-prop-17-eno-14p-estro-
1,3,5(10)-trien-1T"-one 53 (370 mg, 100%), mp 158-161°C
(from CHQ,-MeOH); [a), +117 (¢ 1.0 in CHCY,) (Found: C,
78.3; H, 7.6%; M*, 138, C,H, 0, requires C, 78.1; H, 7.7%; M,
338); v Jdom™ 3480 and 1677; A (EtOH)Ymm 243 (¢/dm’
mol™' cm™' 16 426); §,,(200 MHz2) 0.73 (3 H, u, 130-Me), 2.72(1
H,td, J2 x 11.3and 4.3, 90-H), 2.81-2.9 (2 H, m, 6-H,), 3.71 (3
H, s, 3-OMe), 6.07 (1 H, d, J 9.8, 1P-H), 667 (1 H,d, J 2.8,
4-H),6.73(1 H,dd, J8.6and 2.8, 2-H), 7.17 (1 H, d, J 8.6, 1-H)
znd 7.26 {1 H, d, J 9.8, 17-H), 550 MHz) 203.0 (s, C-17"),
158.9 (d, C-17%, 151.6 (s, C-3), 137.4 (s, C-5), 132.3 (s, C-10),
126.2 {d, C-1), 125.0 (4, C-1™), 113.3 (d, C-4), 111.6 (d, C-2),
38.7 (s, C-17), 55.2 (q, 3-OMas), 525 (2 C, 5, C-13 and C-14),
38.7 (9, C-§), 37.4 (d, C-9), 30.2 (t, C-6), 28.5 (2 ¢, C-1]1 and
C-12), 25.6 (t, C-15), 25.0 (l._C-lG), 240 (t, C-7) and 13.8 (g,
C-18).

14-Acetonyl-3-methoxy~14p-axtra-1,3,5(10)-trien-17-ome 55
Palladium{nj chloride {142 mg, 0.8 mmol) and copper(i) chior-
ide (395 mg, 3.99 mmol) were added to water—dimethyl-
formamide (1:10; 41 cm", and the mixture was stirred
vigorously at 20 °C for 2.5 h under an oxygen stmosphere. 14-
Allyl-3-methoxy-14p-estra-1,3,5(10)-trien-17-0ne 34 (500 mg,
1.54 mmol) was added to the mixture which was then kept at
65 "C for 5 h, before being poured into water. The product (627
mg) was isalated by extraction with tolueae and adsorbed on
silica gel (55 g). Elution with EtOAc-toluene (1:9) gave start-
ing material (Z2 mg) and unchammcterised materisl (191 mg),
followed by the diketons 35 as an oil (363 mg, 69%), la], +8
{c 0.8 in CHCIy) (Found: M*, 340.203. C;H,,0, reqquires A,
340.204); v Jem™ 1726br; §,(200 MHzZ) 101 (3 H, s, 13-
Me), 2.15 (3 H, 8, COMe), 2.39 and 2.62 (each | H. d, J 17.2,
14'-H,), 2.83-2.91 2 H, m, 6-H,), 3.78 (3 H, 5, 3-OMc), 6.63 (1
H,d,72.7,4-H), 6.74 () H,dd, /8.7 and 2.7, 2-H) and 7.21 (1
H.d,J8.7, 1-H).

Intramolecular shiol condemsntion of the diketons 55
Methanolic potassium hydrexide (1 mol dm™; 5.5 cm”) was
added to a stirred sohation of the diketone 55 (470 mg, 138
mmol) in THF (17 em*) at 20 °C under nitrogen, After 30 min at
20 °C, the reaction was complete (TLC), and water was added
followed by aqueons hydrochloric acid (2 mol dm™; 3 am?).
Extraction with toluens and work-up gave material (420 mg)
which was adsorbed on silica gel (21 g). Elution with EtOAc~
toluene (2:3) gave an isomeric mixture (~2:1 by NMR, 27 mg)
formulated ss (16'R/S)-16'-hydraxy-3-methoxy-16"-methyl-
14,15p-cthano-14p-estra-1,3,5(10)-trien-17-ones 56, v, /om™'
3584 and 1733; 8,(200 MHz) 1.04 (3 H, &, 13p-Mec) and 1.35 (3
H, s, 16'€-Me) {(minor camponent); 1.16 (3 H, s, 13-Me) and
1.45 (3 H, &, 16'¢-Me) (major component); and 2.84-2.93 (2 H,
m, 6-H,), 3.78 (3 H, 1, 3OMe), 664 {1 H,d, J 2.9, 4-H), 6.73 (1
H, d4d, 3.6 and 2.9, 2-H) and 721 (1 H, d, J 8.6, 1-H); miz
340.203 (M*), followed by mixed fractions (49 mg) and 17a-
hydroxy-3-methoxy-14,17p-propanc-14p-estra-1,3,5(10)-trien-

17%one 57 (327 mg, 70%), mp 215-217°C {from CH,Cl—
MeOH); la];, +11 (c 1.0 in CHCY,) (Found: C, 77.4; H, 8.4%;
M*, 340. C;H;0, requires C, 71.6; H, 8.3%; M, 340); §,{400
MH2) 1.06 (3 H, 5, 13p-Me), 1.5 (1 H, qd, 7 3 % 123 and 4.7),
204 (1 H, qt, /3% 13.0 and 2% 3.6), 2.2 (I H, dd, 7 [7.4 and
26,17-H), 24 (1 H,dq, J13.4 and 3 x 3.3, 11a-H), 249 (1 H,
dd, J 174 and 2, §i7-H), 2.51 (1 H, dd, 7 174 and 2, 1P-H),
263 (1 H, td, J 2 x 14.6 and 3.8, 9a-H). 2.8 (1 H, obse. dd, J
174 and 2.8, 17-H), 28284 2 H, m, 6H,),. 3.77 (3 H. 5,
3-OMe), 6.64 (1 H,d, J2.7, 4H), 674 (1 H,dd, 7 8.6 and 2.7,
2-H) and 7.24 (1 H, d, J 8.6, 1-H); §(50 MHx) 209.7 (s, C-17%),
157.6 (s, C-3), 137.6 (s, C-5), 132.4 (s, C-10), 126.5 (d, C-1),
113.5 (d, C4), 111.8 (d, C-2), 81.2 (s, C-17), 552 (q, 3-OMe),

-534 (t, C-17"), 50.6 (1, C-17"), 45.9 and 45.2 (each s, C-13 and

C-14), 42,0 (d, C-8), 31.5 {d, C-9); 34.9 (1, C-16), 30.3 (1. C-6).
289 (t, C-12), 26.0 (z, C-15), 25.8 (t. C-11). 23.3 (1, C-7) and
13.5(q, G-18).

Hydride reduction of the 17-ketone 57 .
The ketone 57 (200 mg, 0.59 mamol) was treated with LAH (111
mg, 29 mmol) in THF (14 cm®) at 0°C for 1 h. Excess of
reageat was destroyed by addition of sarurated ag. NH (1 10
the mixture which was then concentrated under reduced pres-
sure. Extraction with EtOAc and work-up gave the product asa
colouriess oil (200 mg), which was adsorbed on silica gel (20 g).
Elution with EtOAc—toluene {7:13) gave (17°R)-3-methoxy-
14,17-propano-14p-estra-1,3,5(10)-triene-1Te, 1 P-diol 58 (70
mg, 35%), mp 179182 °C (from CHQ,-hexane); [al, +9 (¢ 1.0
in CHClL,) (Found: C, 77.3; H, 9.0%:; M, 342 CH 0, requires
C, 712 H, 8.8%; M, 342); v, jam™ 3602; 8,,(200 MHz) 0.82 (3
H, 3, 138-Me), 2.55-2.69 {1 H, m, 9%-H), 276-2.85 (2 H. m,
6-Hy,3.77(3H, g, 3-OMe), 427 (1 H, 1, J 2 x 62, I-H). 6.62
(1R, d,728,4H),6.72(1 H, dd, J8.6 and 2.3, 2-H) and 7.23
{1 H, d, J 3.6, 1-H); 450 MHz) 157.5 (s, C-3), 137.9 (s, C-53),
1334 (s, C-10), 1264 (d, C-1), 113,5 (d, C-4), 1L1.6 (d, C-2).
8038 (s, C-17), 66.3 (d, C-17), 55.2 (q, 3-OMz), 48.4 and 46.2
(each s, C-13 and C-14), 44.4 (1, C-17), 422 (d, C-8), 41.0
@, C-11), 369 (g, C9), 34.0 (1. C-16), 30.5 (1, C-6), 28.6 (¢,
C-12), 259 (1, C-15), 24.6 (¢, C-11), 23.5 (1, C-7) and 13.5 (g,
C-18}; followed by (17°8)-3-merhaxy-14,17p-propanc-14p-eyira-
1,3,5(10)-triens-17a,17-diol 59 (113 mg, 56%), mp 185-188°C
(from EtOAC); [a), +5 (c 1.0 in CHQY) (Found: C, 77.0; H,
895%; M*, 342); v Jom™ 3601; 8,200 MHz) 0.97 (3 H, 5,
13p-Me), 232(1 H,dg, J13.2and 3 % 4,0, 11a-H), 2.53-2.66 (1
H, m, 90-H), 2.77-2.85 (2 H, m, §-H;), 3.77 (3 H, 5, 3-OMe),
404 (1 H,tt,J2x 10.5and 2 x 7.4, 17%-H), 6.62 (1 H, d, J 2.8,
4-H),6.72(1 H, dd, J8.6 arid 2.8, 2-H) and 7.22 (1 H, d, J§.6,
1-H); §(50 MHz) 157.5 (8, C-3), 137.9 (s, C-5), 133.3 {s, C-10),
1263 (d, C-1), 113.5(d, C4), 111.6 (d, C-2), 81.0 (s, C-17}, 66.0
{d, C-17), 55.2 (g, 3OMz¢), 45.9 and 45.1 (each a, C-13 and
C-14), 44.1 (t, C-17, 4L.6 {d, C-8), 40.0 (8, C-17%, 37.3 {(d.
C-9), M43 (1, C-16), 30.5 (1, C-6), 28.8 (1, C-12), 25.8 {1, C-15),
252 (¢, C-11), 23.8 (1, C.T) and 13,7 (q, C-18).

3-Demethylation (DIBAH-toluene, heat, 41 h) of compound
58 gave the corvesponding (17*R}-3,17a,17%trio! 80, mp 277-
280°C (from ExQAz); [alp —21 (e 1.0 in pyridine) (Found: C,
76.6; H, 8.6%:; M*, 328. C,,H 40, requires C, 76.8; H, 8.6%, M,
328).

Similarly, compound 59 was converted into the (17°§)-
3,17a,1P-eriol 61, mp 251-253 °C (from Me,CO-hexane); [}y
«2 (¢ 0.5 in pyridine) (Found: C, 77.1; H, 8.5 M*, 328).

3-Methnxy-14,1 7p-propanc-14f-eatra-1,3,5(10)-trlen-17a-01 63

The 17%-ketone 57 {100 mg, 029 mmol) in dichloromethane
{4 cm" was added to vigorously stirred cthane-1,2-dithiol
(0.1 an?, 1.2 mmol) and 2inc triffluoromethanesulfonate (210
mg, 0.58 mmol) in dichloromethane (4 cm®) at 20°C under
nitrogen. After 3.5 h at 20°C, the mixture was treated with
saturated aq. NaHCO, and the product was isolated by extrac-
tion with CHC),. Work-up gave a foam (132 mg) which was

J Chem, Soc., Perkin Trans. 1, 1997 1189

(Y



adsorbed on silica gel (13 g). Elution with EtOAc—toluene (1:9)
gave the 17,1 P-ethylenedithio compound 62 (102 mg, B5%), op
86-90°C (from CHCl~McOH); [aln +8 (¢ 1.0 in CHCl)
(Found: M*, 416.184. C,,H,0:8, requires M, 416.184); v,/
cm™' 3598; 4,,(200 MHz) 0.94 (3 H, n, 13p-Mg¢), 2.16 and 246
{each 1 H,d, J 149, 1P-H,), 2M and 2,7 (cach | H, d, J 139,
17"-H,), 2.78-2.83 (2 H, m, 6-H,), 3.24-3.46 (4 H, m, SCH
CH,S),3.77(3H,s,3-OMe), 6.62(1 H,d, J2.8,4-H), 6.74(1 H,
dd,J8.6snd 2.8, 2-H)and 724 (1 H,d, /8.6, [-H). .. .

A mixture of the thioketal 62 (268 mg, 0.64 mmol) and
Raney nickel (~1 g) in ethanol (i0 cm?’) was reftuxed with vigor-
ous stirring under nitrogen. After 3 h, the mixture was filtered,
and the ftitrate was evaporsted under reduced pressure (o give
the 14B,17 63 (199 mg, 95%), mp 155
156 *C {from CHCl-MeOR); [a]n +8 (¢ 1.0 in CHCI,) {Found:
C.81.1; H, 9.4%; M*, 326. C,,H,,0, requires C, 80.9;°H, 9.3%;
M, 326); v jom™ 3596; 3,(200 MHz) 0.91 (3 H, a, 13p-Me),
231(l H, dq. J 12.6 and 3% 3.6, 1la-H), 2.6 (1 H, bred, J
2x11.3 and 3.6, 9a-H), 2.76-2.83 (2 H, m, 6-H,),-3.,TI(3.H,»,
3-OMe), 6.62(1 H, 4,727, 4H),6.72{1 H, dd, J8.6and 2.7,
2-H) and 7.24 (1 H, d, J 8.5; 1-H); §(50 MHz) 157.4 (3, C-3),
138.0 (s, C-5), 133.6 (s, C-10), 126.3 (d, C-1), 1134 (d, C4),
111.4 (d, C-2), 82.0 (s, C-17), 55.2 (q; 3-OMe), 46.9 and 45.2
{each s, C-13 and C-14), 41.9 (d, C:8): 37.5 (d, C-5), M.5.(1,
C-16), M.2 (¢, C-17, 30.6 (t, C-12), 302 -(t, C-6), 9.2 (3,
C-17}, 259 (1, C-15), 2521, C-11), 23.7 (1, C—'n. 18.8 (. C-17T)
and 13.4 (q, C-1B).

3-Demethylation (Dmﬂ-tolme. beat, 24 h) of emnpound
63 gave the 3,17c-dloi 64, mp 270-271 *C (from
EtOA:); lalp +9 (¢ 1.0 in THF) {Found: C, 80.5; H, 9.0%; M*,
312. CyHy0; requires C, 80.7; H, 9.0% M, 312). -

Preparation of the 14,1 7p-propens conrpormds 66 and 67
A stirred solution of the 17P-ketone 57 (50 mg, 0.15-mmol) in
THF (5 an’) at 20 °C under nitrogen was treated with toluene-
p-sulfonohydrazide (81 mg, 045 mmol) and trifluoroacetic acid
(0.016 cm"). Afier 16 h at 20 °C; saturated ag. NaHCO, was
added to the mixture and the product (149 mg) was isolsted by
extraction with chloroform. Work-up and chromatography of
the residue on silics gel (15 g) with BtOAc—tohiens (3:7) a1
e.lumt gave the l?’-:oluan-p-.mff 65-aa scparable
yn- and anti-isothers: isomer a (49 mg, 64%), mp 154-158°C
(fmm CHCI,~MeOH); [alp —3 (¢ 1.0 in CHCl,) (Found: M*,
508.238. CpHJN;O,S requires M, 508.239); v dcm™ 3599,
3290, 3216, 1336 and 1162; 5,(200 MHz) 0.85 (3 H, s, 13p-Me),
24! G R, 5 4'-Me), 272-282 2 H, m, 6-Hyp), 3753 H, s,
3.0OMe), 6.59 (1 H,d, J 2.0, 4-H), 6.69 (1 H, dd, J 8.6 and 2.0,
2-H), 7.18{1 H, d, J 8.6, 1-H), 1.3 (2 H,’d, J 8.2, 3" and 5'-H)
and 7.79 (2 H, d, J 82, 2~ and §'-H); isomer b (27 mg. 36%),
mp 177-180°C (from Me,CO-hexane); [a), —24 (¢ 1.0 in
CHC),) (Found: M*, 508.239); v Jom™' 3599, 3292, 3201, 1336
and 1163; 3,(200 MHz) 0.89 3 H, », 13p-Me). 242 O H, s,
4'-Me), 2.75-2.85 2 H, m, 6-Hy), 3.76 (3 H, 5, 3-OMe), 6.61 (1
H,d,J29,4-H),6.71 (1 H,dd, F8.6and 29, 2-H), 721 (1 H, 4,
J86, 1-H),7.32(2H,d, 78.2,3"- lﬂdS'—H)lnd?M(lH d,J
8.2, 2'-and 6-H).

The gwvant! mixture of compound 65 (16 mg, 0.15 mmol)
was treated with butyllithium (1.5 mol dm™ m hexane; 0.5
cm") in THF (5 em?) at 0 °C under nitrogen. After 1.5ha10°C,
the mixture was treated with further reagent (0.5 cm®) and then
kept at 0°C for a further 1.5 h, whereupon the reaction was
complete (TLC). After dilution with water to destroy excess
reagent, the mixture was acidified and extracted with taluene.
Work-up of the extract geve an oif (99 mg) which was chrom-
atographed on silica gel (13.5 g) with EtOAc—toluene (1:9) to
give 3-methoxy-14,17p-prop-17"-eno-14p-esira-1,3,5(10)-trien-
17a-0l 66 (15 tug, 31%6), mp 112-114 °C (from CHCl,-MeOH);
[oly +2 (¢ L.} in CHCl) (Found: M*, 324.209. CpHaO
requires A, 324 209); v, Jom™ 3600; 5,(200 MHz) 0.94 (3 H,
d, J 0.6, 13p-Me), 2.18 (1 H, ddd, J 17.8, 3.9 and 1.5, 17-H),
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234(1H,dq, J129and 3 x 3.5, 11a-H), 246-2.61 (1 H, brd,
9a-H), 2.76-2.85 (1 H, m, 6-H,), 3.77 (3 H, 5, 3-OMe), 5.5 (1 H,
ddd, J9.8,3.9and 2.6, 1P-H), 5.75 (1 H, ddd, 9.8, 2.3 and 1.5,
17-H),6.62(1 H,d, J2.8,4-H),6.72(1 H,dd, J8.5and 2.8, 2-
H) and 7.24 (1 H. d, J 8.5, I-H); §(50 MHz) 157.5 (s, C-3),
137.9 (s, C-5), 136.9 (d, C-17"), 133.0 (s, C-10), 126.6 (d, C-1),
138 (d, C-17), 1135 {d, C4), 111.7 {d, C-2), 82.3 (s, C-1D),
552 (q, 3-OMe), 46.0 and 44.5 (each 5, C-13 and C-14), 42.8 {d,
C-8), 40.0 (t, C-16); 38.6 (1, C-17%), 32.8 (d, C-9), 30.6 (t, C-6),
29.2 (t, C-12), 27.1 (1, C-15), 26.4 (t, C-11), 22.8 (t, C-7) and
14.0 (q, C-1B).

Further elution gave 3-merkoxy-14,!17f-prop-17>-eno-14p-
estra-1,3,5(10)-trlen-17a-0f 67 (12 mg, 25%), mp 127-130°C
(from CHCl,-MeOH); [a];, —46 (¢ 0.8 in CHCl,) {(Found: M"*,
=1 3600; 5,,(200 MHz) 0.91 (3 H, 5, 13p-Me),
2.59-2.72 (1 H, m, 9a-H), 2.82-2.88 2 H,m, 6-H,), 3.77 (3 H.s,
3-OMe), 5.5 (1 H, ddd, J 9.6, 3.8 and 2.7, I'’"-H), 588 (1 H,
ddd, J 9.6, 22 wnd 2.0, I7-H), §.63 (I H,4d.72.7.4H), 6.72 (]
H,dd, J8.6.and 2.7, 2-H) and 724 (1 H, 4, J 8.6, 1-H); 6{50
MHz2) 157.5 (s, C-3), 131.9 (5, C-5), 135.6 {4, C-17%, 133.3 (s,
C-10), 126.2 {4, C:1), 123.6 (d, C-17), 113.6 (d. C4), 111.5{d,
C-2), 81.7 (s, C-17), 552 (q, 3-OMe), 49.6 (s, C-14), 44.7 (s,
C-13), 42.5 (¢, C-17, 38.9 (d, C-8), 37.4 (d, C-9), 36.3 (1, C-16),
30.5 (t, C-6), 30.3 (1, C-15), 27.8 (1, C-12), 25.6 (1, C-11), 23.8
C-T) and 13.2 (g, C-18).

3-Demethyiation (DIBAH-toluene, heat, 25 h) of compound
66 gave the corresponding 3,17a~dio/ 68, mp 263-264 °C (from
EtOAc); o], +5 (¢ 0.4 in pyridine) (Found: C, 81.0; H, 8.5%
M*, 310, C,, HyO; requires C, 81.25; H, 8.4%; M, 310).

Similarly, compound 67 was converted into the 3,17a-dlo/ 69,
mp 273-274°C (from EtOAc); [aln —57 (c 0.5 in pyridine)
(Found: C, 81.0; K, 8.5%, M*, 310).

14-Formylethyl-3-methoxy-14p-estra-1,3,5(10)-trien-17-0ne 70
Borane~dimethyl sulide (2.5 cm?, 26 mmol) was added to a
stirred sofution of the 14f-allyl 17-ketone 54 (1.2 g, 3.7 mmol)
in THF (90 cm®) at 20 °C under nitrogen. The solution was
refluxed for 2 h, cooled to 0 “C and treated successively with 1q.
sodium bydreoids (6 mol dm™, 8 em®) and hydrogen peroxide
(30%:; 6 cm?) and thena kept at 40 °C for 12 h. The mixture was
concentrated under reduced pressure, diluted with water and
thepmductwnomednnamﬂhemﬁd (1.217 g) by
exwraction with cthyl acetate

- Dimethy| sylfoxide (1.5 cm®, ISmmol)m'I'HF(S cm') was
added lonlurredloluumofmlylchlondem9m' 9 mmof)
in THF (21 cm’) at ~78 °C under nitrogen. After 2 min, *
hyd:obormonpmduu(:’.l'lmg,lw mmol) in THF 2 on. ,
was added over 5.min (0 the mixture which was then stirred at
—78 “C for 45 min. Tricthylamine (5.1 en’, 36 mmol) was added
10 the mixture which was then stirred at —78 *C for 5 min before
being silowed to warm 10 20 "C. The mixture was concentrated
under reduced pressure, diluted with water, and the product
{310 mg) was isolated by extraction with CH,Cl,. Work-up fol-
lowed by flash chromatography on silica gel (31 g) with E10OAc-
toluens (3:17) bs gluent gave the 14p-formylethyl compound
70 a3 e colonriess oil (220 mg, 70%) (Found: M*, 340.203.
CyHyO, requires M, 340.204); v, /om™" 1726br; 8,,(200 MHz)
1.04.(3 H, », 138-Me), 2.82-29 (2 H, m, 6-H3), 3.78 (3 H. s,
3-0Me), 6.64 (H. d, J 2.7, 4-H), 6.73 (1 H,dd. J 8.6 and 2.7, 2-
H).7.2(1R, d.JB.G 1-Hyand 9.74(1 H,t, J2 x 1.2, CHO).

Iw'lnnlenhrndudhmplhgnllhuﬁ-ﬁrw 17-
ketone 70 -

A mixture of TiCl;-(DME),, @ 57 g, 13.7 mmol) and zinc-
copper couple (2.66 £. 41 mmol) in freshly distilled dimethoxy-
ethane (DME) (100 cm”) was refluxed with vigorous stirring for
1.5 k. The resultant black ion was cooled to 0°C and
compound 70 (310 mg. 0.91 mmol) in DME (150 cm’) was
added to it over 10 min with stirring. The mixture was then
allowed 10 warm to 20 °C. After 4 h at 20 °C, the reaction was



complete (TLC), and aq. K,CO; (20%, 100 cr’) was added to
the mixture which was then stirred for 12 h, After concentration
under reduced pressure, the mixture was diluted with water and
the product was isolated by extraction with EtOAc. Work-up
and crysiallisation of the solid residue (295 mg) from EtOAc
gave  {17'R)-3-methoxy-14,17B-propano-14p-estra-1,3,5(10)-
triene-170,17"-diol 71 (146 mg, 50%), mp 177-181 °C; [a}p, +18
(¢ 1.0 in THF) (Found: M*, 342.217. C,H,0, requires M,
342.219); vofom™ 3600 and 3450br; 3,,(200 MHz) 0.88 (3 H, s,
13p-Me), 2.31 (1 H, brdg, J 12.6 and 3 % 3,3, 11a-H), 2.6 (1 H,
brwd, J 2 % 10.8 and 3.1, 9a-H}, 2.75-2.85 (2 H, m, 6-H,), 3.77
(3H,s 30OMe), 399 (1 H,t, J2x 80, 17"-H), 661 (1 H, d,J
26,4-H),67T1 (1 H,dd, J8.6end 2.6, 2-H)and 723 (1 H, 4, J
8.6, 1-H).

Chromatography of the mother-liquor residue on silica gel
(16 g) with EtQAc~toluene (3:7) gave starting material 78 23
mg) followed by (17'S)-3-merthoxy-14,17p-propano-14p-esira-
1,3.5(10)-triene-170,1 7 -diof T2 (14 mg, 4%), mp 184-187°C
(from EtOAc); [alp +2! (¢ 1.0 in THF) (Found: M*, 342.217);
&, (200 MHz) 1.13 (3 H. s, 13p-Me), 2.53-2.67 {1 H, m, 9a-H),
2.77-2.85(2 H, m, 6-H,), 3.77 (3 H, 5, 3-OMc¢), 3.84 (I H, obasc.

" J62, 17-H),6.62(1 H. d,J28,4H), 671 (1 H,44, J8.5
«d 2.8, 2-H) and 7.23 (1 H, 4, J 8.5, 1-H); and the (17'K)-
a1 T'-diol 71 {10 mg, IN).

3-Methoxy-14,17f-propanc-14p-estra-1,3,5(10)-triene-1 7o, 1 7'-
dial 17'-acetates 73 and 74

(a) Treatment of the (17'R)}-17a,17-diol 71 with acctic
anhydride in pyridine at 20 °C gave the corresponding 17'-
acesate 73, mp 175-178 °C (from CHCly-MeOH); [alp +27 (¢
1.0 in CHC),) (Found: C, 74.8; H, 8.3%: M', 384. C, H,,0,
requires C, 75.0; H, 8.4%: M, 384); v /em™ 3591 and 1709:
5,(200 MHz) 0.94 (3 H, s, 13p-Me), .09 (3 H, s, 17'-0Ac), 2.3
(1 H,dq,J128and 3% 3.6, 11a-H), 29 ({1 H, d, J2x]1]1.2
and 4.5, 9a-H), 2.76-2.84 2 H, m, 6-H,), 3.77 (3 H, 5, 3-OMe),
5.32 (1 H, ddd, J 9.8, 6.8 and 1.8, 17°-H), 6.61 {1 H, d, J 2.8,
4H).671(1H,dd, JB7end 2.8, 2-H) and 7.23 (1 H,d, JB.7,
1-H); 8{50 MHz) 1720 (s, OCOMe), 157.5 (s, C-3), 137.8 (s,
C-5), 133.3 (s, C-10), 1264 (d, C-1), 113.5 {4, C-4), 11).5 (4,
C-2), 83.2 (s, C-17), 754 (d, C-17"), 55.2 (q, 3-OMe), 46.2 and
46.] (cach s, C-13 and C-14), 41.6 (d. C-8), 374 (d, C-9), 30.5(1,
C6), 30.5 (1, C-16), 294 (1, C-12), 28.0 (1, C-17), 25.7 1,
C17%), 25.6 (t, C-15), 252 (t, C-11), .7 (v, C-T), 214 (g, 17'-
ICOMe) and 13.0(q, C-18).

{b) Similarly was the 17%-acetare 74, mp 181-
184°C (from CHCl;-MeOH); [alg +36 (¢ 1.0 in CHCL)
{Found: C, 75.2; H, 8.2%; M"*, 384); v, =1 3585 and 1727;
3y(200 MHz) 1.08 (3 H, 5, 135-Me), 209 3 H, 3, 17'-OAc), 2.28
(I H,brdqg, /133 and 3x34, 1lg-H), 262 (1 H, br ud, J
2 x 10.7 and 1.8, 9a-H), 2.78-2.86 2 H,m, 6H,), J.78 (3 H, s,
30Me), A9(1 H,d,75.5, 17-H), 6.62(1 H,d, J1.7,4-H), 6.72
(1H,dd, J8.6and 2.7,2-H) and 7.24 (1 H, d, J 8.6, 1-H); {50
MH2) 171.7 (s, 17'-0COMe), 1574 (s, C-3), 137.8 (3, C-5),
133.4 (s, C-10), 126.3 {d, C-1), 113.5 (d, C4), 111.5 (d, C-2),
82.7 (s, C-17). 78.2 (d, C-17"), 552 (q. 3~OMe), 46.7 (s, C-14),
45.2 (s, C-13), 41.2 (d, C-8), 37.3 (d, C-9), 33.4 (1, C-16), 30.5 (1,
C-6), 29.5 (1. C-12), 27.8 (1. C-17*), 25.1 (1, C-15), 24.8 (¢, C-11),
24,0 (t, C-17P), 23.7 (1, C-7, 21.5 (g, 17"<OCOMe) and 14.5 (q,
C-18).

14,17p-Propano-14p-estra-1,3,5(10)-triene-3,175,17'-triols 75
and 76
{s) 3-Demethylation (DIBAH-toluene, heat, 24 h) of the
(I7'R)-17a,17'didl 71 gave the ing (17R)-
3,17a,17"-iriol ‘15, mp 2659-270"°C (from EtOAc) (Found: C,
76.6; H, 8.8%; M*, 328, C;,H,40, requires C, 76.8; H, 8.6% A,
328).

(b) Similay prcpared was the (17'S)y-3,17a,17'triol 76,
mp 251-254 *C (from E1OAc) (Found: C, 77.0; H, 8.9%; M*,
328).

BNGOOCID: «<XP__2153748A__|_»

17a-Hydroxy-3-methoxy-14,175-propano-14p-estra-1,3,5(10)-
trien-17'-one 77

Dimethy! sulfoxide (0.5 cm®, § mmol} in THF (1.4 cm®) was
added to a stirred solution of oxalyl chioride (0.3 cm®, 3 mmol)
in THF (7 an®) at —78 °C uvnder nitrogen. After 2 min, the
17a,17'-dicl 71 (100 mg, 0.3 mmo}) was added over 5 min to the
mixture which was then stirred at —78 °C for 30 min. Afier this
trietbylamine (1.7 em?, 12 mmol) was added to the mixture
which was then stirred at —78 *C for $ min before being allowed
to warm to 20 °C. The mixture was then diluted with water and
extracted with EtOAc. Work-up of the extract gave a residue
(360 mg) which was chromatographed on silica gel (15 g) with
EtOAc-taluene (3:17) ns eluent, to give the 17"-kerone 77 (62
mg, 63%). mp 153-156 *C (from CHCl,-MeOH); [a]y +6 (¢ 1.0
in CHCL,) (Found: C, 77.4; H, 8.4%; M*, 340. C,H,,0, requires
C T7.6 H, 8.3%; M, MD); v, Jjem™ 3480 and 1706; 5,{400
MHz) 0.74 (3 H, 5, 138-Me), 1.8 (1 H, qd, 73 % 10.3 and 4.1).
2,26(1 H,tdd, J2 x [1.3,4.5and 2.5),2.36 (1 H,dq, J 13.4 end
3x3.8, lla-H), 248 (1 H, ddd, J 17.1, 7.7 and 1.4, 17-H,_),
256(1 H,m, W38, 17-H,_.), 2.65(1 H,td. J2x 11 and 4.1,
90-H), 2.82-2.88 2 H, m, §-H,), .89 (} H, 5, exch. by DO,
17a-0H), 3.7T(3 H, 5, 3-OMe), 6.62(1 H. d, 72.7, 4-H), 6.73 (|
H,dd, 78.5and 2.7, 2-H)and 723 (1 H, d, J 8.5, I-H).

Hydride reduetion of the 17" ketone 77

Treatment of compound 77 (113 mg, 0.33 mmol) in THF (8
cm”) at 20 °C with LAH (63 mg, 1.66 munol) for 45 min, fol-
lowed by destruction of the excess of reagent with satursied aq.
NH,CI, and extraction with EtOAc gave materia! {100 mg,
£8%) which was crystallised from EtOAc to give the (17'5)-
17a,17"diol 72.

(17'5)-3-Methoxy-14,1 7f-prop-17"-eno-14p-estra-1,3,5(10)-
trieme-17a,17"-dlol 78
Sodium berolydride (74 mg, 1.95 mmol) was added to a stirred
mixture of the enone 53 (219 mg, 0.65 mmol} and cerium(n)
chloride heptahydrate (480 mg, 1.3 mmal) in methanol {10 cm®)
at 0°C. After 45 mim at 0°C, the mixture wat trested with
saturated aq. NeHCO,, and the product (208 mg} was {solsted
by etraction with EtOAc. Work-up of the extract and chrom-
atography of the residue on silica gel (35 g) with EtOAc-hexane
(7:13) as aluent gave the diaf T8 (209 mg, 95%), mp 170-172°C
{from CHCl,~hexane); [a) +19 (¢ 1.0 in CHCI,) (Found: C,
T1.6; H, 8.4%; M*, 340. CH 0, requires C, 77.6; H, 8.3%; M,
340); r_Jun"MnndSM&J.(lOOMH:)DM(SH Y
13p-Me), 2. 82-194(21-1.1::,6-1-1,).3 76 (3 H, 5, 3-OMe), 3.92(1
H,dd,740and 1.0, 17'-H), 5.77 (1 H, dd, 79.7 and 4.0, 17°-H),
6.14(1 H, dd, J 9.7 and 1.0, 17-H), 6.67 (1 H, d, J 2.8, 4-H),
§73(1H,dd, JB.6and 2.8, 2-H)and 7.17 (1 H, d, S 8.6, (-H).
The derived (17'S)-3,17,17"-trial 79 had mp 249-253°C
{from Me,CO-hexane); {o], —28 (¢ 1.0 in pyridine) (Found: C,
76.9; H, 7.8%; M*, 326. C, Hx0, requires C, 77.3; H, 8.0%; M,
326).
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Steroidal Affinity Labels of the Estrogen Receptor. 1. _l7a—(Bromoacetoxy)alkyl/
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Todevelop stercidal effinity labals for the estrogen receptor, we prepared five ilicestradiol
derivatives bearing the 17a-propyl, 17a-(1-butyny)), or 17a-(1’-octynyl) chain, with either a terminal
epoxy function (for the 17a-propyl substituent) or a tarmirial hromoacetoxy funchon (for all three
17a-substituent types). These compounds displayed low affinity for the lamb uterine estrogen
receptor; with apparent relative affinity constants ranging from 0.02% to 0.24% that of estradiol
They wers also rapidly transformed in cytosol, probably to the corresponding vicinal diols (epoxy
compounds) or primary alcohols (hromoacetaxy compounds). Nevertheless, bromoacetatesinduced
irreversible inactivation of the hormone-binding site but only with hgand-f:ea hlndmg gitea. The
effect of bromoacetates wes prevented by treatment of the cytosol with the thiol

methyl methanethiosulfonate. Inactivation of the receptor at 0 °C was rapid (<1 h) and strongly
dependent on both compound concentration and pH, with significant effects obtained at either
>150 nM (at pH 8) or pH > 7.5 (at & uM). Regardless of the conditions used, the order of efficiency
for bromoacetates was always: l?a-propyl dirivative < 17n-butynyl derivative < 17a-octynyl
derivative, with maximal inactivation of ~30% and ~70% of the hormone-binding sites obtained
for the less active and mare active*compounds, respectively. Characteristics of the receptor
inactivation suggest that (i) prepared bromoacetates are highly reactive nfﬁmty labels for the
estrogen receptar, (i) they react with gimilar (or even & single) nucleophilic amino acid residues
located within or near the hormone-binding site of the receptor; these residues are probably the
-SH of cysteines, and (iii) position 17« of stercidal ligands is suitablé for introducing electrophilic

subatituents to develop efficient affinity labels for the receptor.

Introduction

The hormons-hinding -domain; of estrogen raceptors!
includes ~250 amino acide® which are highly conservatl. >4
Mutation analyses have indicated that the whole domain
is importarnt for hormone binding,5 and hormione-binding
proparties are frequently aliered dus to substitution of
single amino acids.* Presently, very little is known about
the molecular intsraction hetwean the hormone and the
receptor. Because of the amall sise of estrogens, probably
only a.very small number of the 260 amino acids directly
binds to thesterold. .However,aminoacids of the harmone-
binding site’ that d:ncﬂy bind the. hormone should. be
deﬁnodlineoﬂmmtenchmmﬂhmraeephn-chvnuon.
the key process.in triggering hormons action. :

+ Affinity labels of*ﬂ:a receptor, that can lpomﬁully
recognize the hormane-binding site then covalently react
with. s -suitable neighboring swino acid of this binding

site, are-useful for identlfying amino acids in contact with --

the hormone. . A battery of affinity-labels of the sstyogen
nupwrwuldbouadtompthellho;m-bmdmlnh
of the receptor and probably enhances our knowledge on
malecular mechanisma of receptor activation, This could
. permit. new_ potent and highly selective sstrogens or

antiestrogens to be dafiried forinstance. Beveral sternids,

includihg 4-mercuriestradiol,? lﬁc-hydl:oﬂm ®176-
((4"-nitrophényl)dithio)-178-deaxyestradiol,’ and orgaho-
metallic derivatives of estradial,®!! were postilated as
baing able to alkylate the estrogen réceptor. Omne or more
of the four cysteines of the receptar hormone-binding

1 INSERM U.66.
1 INSERM U.2684.
'Ahtnd.puhlhhdhddnm&“dhﬁm Beptamber 1, 1063,

0022-2823/93/1836-2973$04.00/0
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., -domain are probahly involved in covalent attackmant of

A-mercuriestradiol, 178-((4’- mtmphunyl)tlithm)—l'iﬂ-dm

._yeulndml.oror:mmhlhedmtrmofuhadldto

thareceptor. thumlluanmlndeu-mhudwdnpad
two aeries of nonsteroidal aﬁnmrl-hollol‘tho-uolon
receptor bearing an exiridine function. One ssries was
relpted to the triphenylethylene antiestrogen tamoxifen'sH?
th.othlrhﬂudlphanyhthamuhthtmmtml.“

A ibigls cystaine (cysteine 630 of the human’ estrogen
recepiar) was identified as the covalent attachment site
ofbotbmandan‘huhosmafﬁnltyhbdli.“ This
does not reflect ‘differentidl activation ‘cf the estrogen
receptar by estrogen and antiestrogen but might be
explained by the structural characteristics of thase non-
starcidal affinity labels. Binding to tha zecepior of thase
flexible and-relstively symmetrical Ligands-could be less
canstrained and less specific than that:of the highly rigid

" and asymmetric staroidal ligands, We thus undertook to

develop .three series of steroidal.affinity. labely of the
receptor, including the estradiol maleculs bearing either
217e, 11f;0r 74 aliphatic or aromatic chain with a terminal

. reactive function.- The 17a-, 11§-, and 7a-substitution

were chosen in light of (i) reporte that mentioned high

affinity forestradiol bearing such substitutions,’*'* and
(ii)-the hypotheais that sach series of compounds laheis
adifferent part of the hormone-hinding sits. In thispaper,
we report the preparation of 17a-alkyl or -alkynyl deriv-
atives of estradliol - bearing a-terminal epoxy or bramoac-
etmhnwhon. We. then demonstrais that ths three
synthesizad b derivatives irreversibly inac-
tivated the hormone-binding sits of the estrogen receptor.
The  characteristics of recéptor Inactivation strongly
suggest that thess compounds are efficient affinity labels

1093 American Chamical Soclety
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* 11 (am2)
12 (n=@)

13 (n=2)
14 (n=8)
of the hormone-binding site, probably the -SH of cysteines,
Results =~ .. . .-

1. Synthetis of Electirophilio l'la-“Dmnﬂval of
Estradiol. ‘Estrons was ised as starting material for
preparation of elé

6b (Bcheme I). Synthesss of 17a-allylestradiol 3,%®
oxides 6a and 6b and triol 8’ were already reporied. We

used a similar approach to obtain 6=, 6b, and hromoscetate -

10. Briefly, addition of the Grignard of allyl clilorids to
the ketone function of esirone afforded mixture of
dnnuumul: 17n-hydm~17ﬂ-(2’-pmpmyl)mldnl

2 (<6%) and 17a-(2"-propenyl)-17f-hydroxyestradiol 3
(>85%), which were separsted by chroinatography. The
phenalic function of 3 was protected as TRDMS ether to
give 4; then epoxidation of the tarminal alkans fonetion
by m-CPBA gave a mixture of the two diasterecisomers
5a and Eb (756/25), which were separated by chromatog-
raphy. Removal of the TBDMS group from Ea and §b by
totrabutylammonium fluoride afforded 17«-(2/,%-ep-
oxypropyDestradiol 62 and 8b, respactively. The terminal

BNBDOCID: «XP_ 21537484 __I_»

derivatives ofl'lu-propyl_.'
slndaolmdudbghrmmmlndopond-hnd

15 (n=2)
18 (n=@)

alkene function of 4 was submitted to hydroboranation—
oﬁd-ﬁmmdidumﬂ-BBdehulehydrompuuidn)
to afford tha primary alechol 7. Esterification of the
dihydroxy compound 7 by bromoacetic acid in the pressnce
of 1-sthyl-3-(3-(dimethylamino)propyl)carbodiimide (CDI)
afforded monoester 9.. The sterically hindared tertiary
178-hydroxy function was not esterified, even with excess
of bromoacetic acid and CDL. Phenol deprotectian from
9 gave 17a-(3'-(bromoacetoxy)propyl)estradiol 10. For
comparative purposas, triol 8 was prepared from T hy
phenal deprotection.

17a-{¢-(Bramoacetoxy)alkynyl) derivatives of sxtradiol
15 and 16 wers prepared from the corresponding triola 11
and 12 in two steps (Schems IT). Action of bromoacetatic
acid on 11 and 12 in the presence of CDI gave diesters 13
and 14, respectively. Selective saponification of the
phenalic estars with NaHCO; affarded 17a-(4'-(bramoac-
stoaxy)butynyDestradiol 15 and 17a~(8'-(bromoacetoxy)-
octynyl)estradial 18, respectively.

II. Estrogen Revceptor Binding Affinity. Compe-
tition experiments using the cytosolic estrogen receptor
weare performed at pH 7 to datarming the apparant relative
affinity comstant (RAC) of epoxides 6a and 6b, priinary
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Figurel. hhlhiﬂmuf.lndmlundhﬂothuﬁam

by estradial 17a-dsrivatives. Cytosal (2 mg protein/mL, pH 7.0)
was incubated with & oM [*H]estradiol and incressing comesn-
trations of eithar nonradisactive estradiol (Ee, ©), 17a-(bro-
nuenoxy)dkylhlhn!lumm {10v, 185w, and 164) or
correxponding privoary ‘sleohols (8v, 110, and
M'G&nﬂh{ﬁfl’lﬂ.ﬁﬂdhw by charcaal
asay is plotted against the competitor concentration. Expari-
nntnlvmﬂmbeﬁwmduplhhdmmluﬂmwl.thm
10%. - .

{3M) ESTRADIOL BOUND (epm/ml x 1074}

aleohols 8, 11, lndl.z nndhrmnluht-lo 18, l.ndlﬂ.

At -equilibrium, competitive binding assays allow dster-

mination of the RAC of reversibly binding ligands of the
recsptor. An apparent RAC can be-calculated for (i)
reversibly binding ligands under nonequilfbrium condi-
ttmor(u)ruutivohundnhhdt.hutaummhlyhnd
tothomphrlndmmuhmmmbomdlﬁd
during incubation. At 0 *C, the displacement curves of
['Iﬂuhnd:dhythommmmdmth.nghtm
the time course. Théy were not stabilized even afier a
72-h incubation (not shown), indicating that equilibrium
was connidarably delayed at 0 °C. At 20 °C, this process
stabilized aftera 20-h incubation (Figure1). Allcompounds
displayed low apparent RAC for the receptor, ranging from
<0.02 t6 ~0.4 (with the RAC of estradicl = 100). The
spparent RAC for epoxides dropped considerably from 4
h-0 °C competition to 20 h-20 °C competition; whereas
varlation in the RAC of the other compounds was much
Joas pronounced (Tabls 1). For sach of the thres bro-
moacetate/related alcohol combinations, we observed a
progressive time- and temperature-dependant decrease

in the distance between the competition curvea. Infut,
thuocﬂodumdmhmhﬂltydmdund
bromoacetates in the cytosal. TLC analyses performed
aftar the compound incubations showed that epoxides were
stable when incubated at 0 or 20 °C in buffer. In cytoadl
they were transformed into more polar compounds dis-
playing the same R/as that of the corresponding low affinity
vicinal diols (~-80-100% conversion for 16 -0°C or4 b-20
*C incubation). Bromoacstates were also fairly stable

124) for 20 b at-

Journal of Madicinal Chemistry, 1638, Vol. 38, No. 20 2975

Table 1. Apparsnt Ralstive Affinity Constants of Extradial
17a-Darivatives*

apparent RAC
. 4bh, 28k, 20h, RAC ratio (4 b,
compound 0°C 0°C 20°C 0°C/20h,20°0)
extradiol 100 100 100 1
epaxide 6a 12 13- 0044 m
[ 1 39 020 <0017 >229
bromoacetats 10 0.84 0.21 0.021 45
_ 5 20 O 0088 80
16 4 L5 o 10
aleohol t | Ll 028 0.0% 48
11 s 1.0 0.070 &8
12 65 ad 040 18

* Binding surves similar to thoss shown i Figure 1, corrssponding
henpoﬂﬂnmanh.mudtodihmﬂhmhlhm
of competing ligands which inhibitad 50% of the binding of
*H]eatradiol In cytosol (2 mg proteln/ml, pH 7.0) aftar £ -0 *C,
28b-0°C, or 20bh-20°C campetition. From thass values, the apparent
relative affinity constants (RACs) of competitars (relative to that of
estradiol) wars calculatad for the varions corapetition conditions s
deseribed In the Experimental Section, with the RAC of estradial =
100. ‘The ratio of the RAC dstermined for 4 -0 *C incubation to
the RAC detarminad for 20 h-20 *C inenbation was then calculated,
Data given for ths apparsnt RACs eorraspand to mesns of duplicats

detarminations, E:pmnmtllnthﬂmmhnd:nﬂl

transformed (even at 0 °C) to form compounda displaying
the same R/ as that of the corresponding alcohols (>80%
conversion for 1 b-0 °C incubation). Wewmmbleto
protect hromoacetates from hydrolysis using

estarase inhibitors (diisopropyl ﬁumplmlphlh dhtbyl
p—mtmphmyl phosphate, and phenylmethylsulfonyl flu-

Ill Inhibition of Ligand Binding to the Estrogen
Receptor by Bromoacetates. Specific alkylation of a
receptor by an affinity labal normally hinders the receptor
from further hinding commaon ligands due to permanent
occupancy of the ligand-binding-sits by the covalently
bound affinity labsl. An irreversible decreass In ths
specific.estradiol-binding capacity .of the uterine cytoscl

(@

following its incubation with a potential affivity label of

the receptar is thus a strong indication that part of the
estrogen receptar molecules were specifically alkylated
by the -reactive ligand . We applied this principls to
evahuats the estrogen receptor-alkylating ability of ayn-
thegized setradiol alectrophilic derivatives. Samples of
uterine cytosol were first exposed to electrophilic deriv-
atives, at various derivative concentrations, temperatures,
times, and pH., Coxizol samples were incubated under
identics] conditiona, without steroid or with i
inert stercids such as primary alcohols 8, 11, and 12,
Thereafter.gll samples were ‘treated with charcoal to
remove unbound or loosaly bound ataroids. The eoncen-
tration of remaining specific binding sites for estradiol
(corresponding to unfilled and/or revaraibly steroid-filled
satrogen recoptor) was then determined by incubating,
under exchange conditions, aliquots with excess PH]es-
tradiol eitharslons, to measure total [*H]estradiol binding,
or with a large amount of nonradioactive estradiol, to
maasure nonspecific [*H)estradlal binding.

Figure 2 shows the total {specific plus nonspecific) and
nonspecific binding of [*H]estradiol measured in uterine
cytosol following a 1-h incubation at 0 °C, pH 8, without
sterold or with 5 uM of the various electrophiles or the
primary alcohol 12 (the highest affinity compound of the
three primary alcohols). Only bromoacetates induesd
significant decreases in specific binding of [*H]estradiol
in cytosol, with ~20, 30, and 50% decreases for compounds
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Figure 2. Lireveraible inhibitlon of estradiol binding after
exposure of uterine cytosal to estradial 17a-dexivatives. Cytosol
(pH 8.0) was incubated for 1 h at 0 *C eithar without stercid or
with 5 yM epoxide éa or 6b, bromoacetats 10,15, or 16 or pritnary
alcohol 12 which Ilthlhnnolque'dll.‘ﬂfhihuhmtwlth
an egual volumae of charcoal suspension ‘and cantrifogation,
mmdmﬂmuhm.ndmmdm
bound ["H]estradiol in ths supernatant were determined, after
168 b - 20 *C inenbation with 20 nM {"H]estradial, by charcoal
aEsRy. Vdu-mmdﬁlpﬂnhdownhlhnu.mhm
indieste standard dovistions.

10, 16, and 16, respactively. Similar quanﬂtnﬁva results
wers obtained whan cytosol incubation with steroids was
performed at 20 *C instaad 0 *C or when the durstion of
incubation at 0 °C was changed fram 1 £0 0.26 or25 b (not
shown). Howwver, the effect varied greatly depending on
_thestercid concentration or the pH in the eytosol (cf. parts
VI and VII). Identical results wers obtained wheh
4-hydroxy[*H) tamoxifen, a high affinity triphenyléthylene
antiestrogen whoas characteristics of interaction with the
m:mwﬂﬂorﬁmthaedm“m
used instead of {*H]estradial to meagsure the horndne-
binding site concentration after incubation of the cyteasl
with or withoat steroids (not shown). Finally, the effect
was specific to the bromoacetates and was not
chserved with cyiosol exposed to 6 pM of acetates
homologous to 10, 15, and 16, respectively, to 5 uM of

115-(bromoacetoxy)-17a-sthynylestradiol or 178-(0-bro- |

mht-d:dnot-lhr[’ﬂ]mdmllmﬂcbhdm;m
Mmummmumummm

IV Evidence of Irreversible Inactivation of the

Estrogen Receptor Hormone-Binding Site by Bro-
moacetates. Two kinds of experiments were undertaksn
toexamine whathar the obssrved decreass in [*H] estradiol
specific binding of cytosol ‘induced by bromoacetates
actually resultsd from irreversible inactivation of the
hormone-binding site of the recaptor.

(A) The Saturable Binding of [*H]Estradiol in
Cytosol Measured After Exchanges, Raflects Forma-
tion of the Estrogen Receptor: [*"H]Estradiol.Com-
plex. Following prolongad incubation of cytosal with
[*H]}estradiol under exchange conditions and trestment

BNSDOCID: «<XP_2165T40A__I»
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by chareoal, we analyzed the [*H]estradiol-binding species
of eytosol in high salt sucrose gradients. Figure 3 shows
the total and nonspecific binding of [*H]estradiol in
gradients, from cytosol firet exposed or not to 5 uM stercids
for 1 h at 0 °C, pH 9. For cytosol not exposed to steroid
(Figure 3A), satursble binding of eatradiol appeared to
mainly involve a £.5 S species, with minor specias in the
8-10 8 region. Thins saturable 4.5 S peak correspanded to
the clasnical salt-dissociated estrogen receptor: [*Hlestra-
diol complex sinee it shifted to the right of the gradient
when serum from mouse immunized with purified prep-
arations of lamb uterine estrogen receptor™ was added to
cytosol before gradient analywis (not shown). The 8-108
speciss probably represented aggregated forms of the
recaptor, resulting from 20 ®*C-20 h incubation of eytosol
with [*H)estradiol. Expasition of cytosal to the primary
alcohol 12 (Figure 3C) did notaignifically change the results
obsarved with the control cytosol. However, exposition
of cytosol to bromoscstate 16 resulted In a quantitative
change which similarly affected the 4.5 S and the 8-108
species. Finally, for all samples there was very close
agreement between the specific binding of [*H]sstradiol
measured by the charcoal assay and obtained by inte-
gration of spacific binding in the sucroses gradiemt fractions.
We conclude that saturahle binding of [*H]estradiol in
uterine cytosol, measured by charéndl assay after incu-
bation under exchange conditions, actually corresponded
to the estrogen receptor:[*H]estradiol complex.

(B) Bromoacetates Irreversibly Inactivate the
Estrogen Receptor Hormone-Binding S8ite. The de-
creassin *H]estradiol specific binding in cytoscl chasrved
following its axpoaure to hromoscetates could have resuliad
from permansnt occupancy of the hormone-binding site
of a corresponding portion of receptor molecules by
covalantly linked bromoacetate. However, another pos-
sibility would be that this decrease resulted Erom affinity
of PH]estradiol for the receptor, lower for bromoacstats-
treated cytosol than for contral cytosol and with & similar
specific PH]estradiol-binding capacity for both types of
Mmmmﬂnrﬂnﬁvﬂyhﬁhﬂtwm-
centration of [#H)estradicl to measure the congentration
of accesaible hormone-binding sites. To assess thess two
possibilitiea, we performed saturation- experiments of
eontrol cytosol and bromoacetate-traated cytosol with

:  incvessing concentrations of ["H)estradicl. Binding data

obtained from cytosol Incubated for 1 h at 0 *C, pH 9,
sither without steroid or with 5 uM hroamoacetate 16 or
dleahol 12, are shown in Figure 4A. From the Scatchard
plota of saturable binding (Figure 4B), calculated hinding
site concentration and the apparent equilibrium affinity
comstant of estradiol were N = 1.03 nM and K, = 483 X
10° M reapectively, for the control cytosol Bindingdata
obtained for cytosol incubated with 12 reflacted compat-
itive inhibition of [PH]estradiol binding, since a similar
binding aite concentration (N = 0.977 nM) but an ~2.5-
fold lower affinity conatant (K = 1.94 x 10° M-?) than for
control aytosol were determined. The presance of a low
reaidual concentration of compound 12 in the cytosol after
charcoal tyeatmant could account for such competitive
inhibition, since the efficiency of charcoal in ramoving
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incubation under

following exchange
mmcmwmmmmuno'cumm:mmmsmmu@mm
alechol 12 (C). Aﬁhutnntnthuqudvdmadmm“dmwm aliquots of the supernatant were
incubated under exchange conditions with [*H)estridiol in the'absence or presence of nonradioactive astradiol to measurs total and
nmmdﬁc['!{lutndhlhndm respectivaly. Following a sseond charcoal treatmant, residual PH]estradiol hinding in aliquots was
analysed by camtrifugaiion.on the mmdhnhTotd(.)mdmmpadﬂe(o)hﬂndﬂﬂmmmtmm

wﬂhmmmm
mdlﬁmqtmolwnwtutdﬂnthmmdm
_ e efficiency of charcoal in removing [*H]estradiol was
.-mm. For cytosol incubated with bromoacstate 16,

there waa a strong decrease in the eapacity of cytosol to
specifically bind estradiol (N = 0.408 nM), whereas.the
apparent affinity constant (K = 2.57 X 10° M) was ~2-
fold lower than that measured with contral cytosol In
this case, inhibition of (*H]astradiol binding resulting from
incubation of .cytosol with 16 -was-not overcome by
contrasted with the situation concerming the.relatad
compound 12, in spite of (I) an affinity of12 for the recaptor
higher than that of 16 and (ii) the fact that much of 16.was
rapidly converted to 12 in cytoaol. We conclude that the
dacreased binding site concentration inducad by 16 waa
due to irreversible inactivation of the hormone-bhinding
sits of a corresponding portion of the receptor moleculea.
Compared to the control cytosol, the ~2-fold decrease in
the apparent affinity constant probably resulted, as stated
for cytosol incubated with 12, from the presence of residial
lurotds(mnnlylz -dus to the instability of 16 in cytosol)
in charcoal-treated cytosol. -

V. Bromoacetats Inactivation of the Homnno-
Binding Site Requires Unfilled Binding Bite. To
examine ths specificity of the bromoacstate effect on
inactivation of the estrogen-hinding site, we determinad
the effect of bromoacetates when the hormone-hinding
gite of estrogen reeaptor was oceupied with either

of the es
BNBDOCID: <XP__ 21837484 |_>

d’ovnlblmln .7 B).

ulndlolorl-hydmhmonfm. Auhownmlﬂcuroﬁ.
the eoncentration of hormone-hinding sites from’ cytosol
not presxposed to estradiol or 4-hydraxytamoxkifen; de-
creased by ~70% after a 1-h incubation of cytosal at 0°C,
pH 9, with 6 sM 16. This effect was totally abolished for
cytosol preexposed 1o sither 50 nM eatradiol or 4-hydrox-
ytamoxifanhefore the addition of 16. In these latter two
canes, the conceniration of hormone-binding sites titered
with [*H]estradiol wai.ldentical to that obtained for the

control cytosol (fncubated without stercid or with alcohol’

12). Concentrations of horniome-binding sites measured
with [*H]estradiol in all samples preexposed to either
estradiol or 4-hydroxytamaoxifen were, respectively ~30%
and ~40% lower than that measured in control cytosol
not presxpossd-to the ligands, dus to incompléte removal
of these high affinity ligands by charcoal (mainly becauss
of estrogen receptor-bound ligands which dissociated very
slowly from the receptor at 0 °C). Hence, there was
mp!shhbaﬁngofhmbindiulluIby ["H]es-
trads

V1. Bromoacstate Inactivation of the Hormone-
Binding Blis Is Concentration-Dependent. Since
bromoacetates 10, 15, and 18 are low affinity ligands of
the estrogen receptor with low stability in cytosol, their
dﬁdancy!or inactivating the hormone-binding site might

highly concentration-dependent. Wo therefore com-
pn!dthnhﬂlhunﬁnmngmumﬂmnﬁhethru
bromoacetates to inactivats the binding site, with control

&
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cytoan] exposure to aleghol 12 or bromoncetate 16. Cytossl (pH 9.0) was

analysis
incubated for 1 h at 0 *C elther without starold (@), with 5 xM primary aleahol 12 (A), or corresponding hromosestate 16 (A). After

chareoa) treatment, and centrifugation,

supernatant aliquots were incubated for 16 h at 20 *C with inereasing concentrations (0.2 to
10nM) of (*H]estridiol in the absence ar presence of 5 xM nonredioactive estradiol. Binding

of PH] astradiol was measured by charcoal

amay. (A) Maan values af duplicate detérminations for concentrations of tofal (0, A, 4) and nonspecific (*) bound [*H]estradiol are

the total concentyation of [H]sstradiol;

variation was less than 10%. (B) Scatchard plots of individual

plotiad egaingt experimantal
lpuﬁn pulmman.mmmﬂm-w.uwm difference between the total bound and

[‘!ﬂ-mdlolndmbolmd['lﬂuhdld.uhmuh
from plots relative to control ytosol (K, = 4.83 X 10° M-, N = 1,08 oM,

[’!-llulndhL Regression lines were determined

betwaen the incubated and ths totsl bound

euﬂmpnwlﬂdntmn.wmdindnphdum-WXWIﬁ N-ammmmtm).nd
qhdmdhhmmhltm-mxm'w N = 0,408 nM, corvelation cosfficient 0.987).

mmhhmpufomdumgmﬂmm;mnmtmmf
alcohol 12. The resnitsin Figurs 6 illustrate the decreassd
concentration of aceesaible estradiol-hinding sites, result-
ing from-incubation of cytosol for 1 h at 0 °C, pH 8, with
16 oM to 6 uM -of bromoacetates. Inactivation.of -the
binding site by bromonacetates was practically undetectable
umtil 50 nM, alight but significant receptor inactivation
occurred:at. 150 nM; with an ~5-10% decreasé in the
concentration of accessihls binding sites, depanding on
the bromoacstate used. Theie offecta were progressively
more pronounced as the bromoacetate concentration
increased. The strongest effects,.obssrved at the highest
bromoacetate concantration, corresponded to Inactivation
of 25, 45, :and 60% of hinding sites by 10, 15, and 16,
respectively. InthnlﬁOthanMmu'lﬁnniingc,.
the same arder qf efficlency (10 <:15 <'16) was observed
for the three bramoacetates. Control compound 12 (up
to b uM) did notsignificantly inhihit [*H) estradial binding

to the estrogen recsptor. However, at higher concentra- -

tions (16 uM) there was a slight inhibition of [PH] mstradicl
binding, -probably resulting from .competition of the
reaidual concantration of 12 in: cytosol, which was not
adsorbed by charcoal. We did not test concentrations of
compounds higher than 5 uM so as to avoid such
competition interference with bromoacetates. .

VII. Bromoacetate Inactivation of the Hormone-
Binding Site Is pH-Dependent. Since reactivity of most
nucleophilic amino acids is strongly influenced by pH, we
studied the extant of inactivation of hormone-binding sites
by bromoacetates, relative to pH. We used the 7-9 pH-
rangs, to preserve both the hormone-binding property of

BNBDOCID: <XP__2153748A__J_>

ﬁnmpmnndthochsmulmupitydhrmumm.
Figure 7 shows that the hormone-binding capacity of the
contrel cytosol, incubated for 1 h at 0 *C without or with
5 xM 12, decreansd slightly above pH 8. Inactivation of
the hormone-hinding sites by 5 xM bromoacetates, was .
either slight (~15% for hromoacetate 18) or practically
undetectable (S5% far bromoacatates 10 and 15) at pH
7. ‘The proportion of inactivated binding sitss greatly
increased with increasing pH, reaching ~20, 50, and 60%
for 10, 15, and 16, respectively, at pH 9. As already
ohnrvedwhaninvuﬁptin;theﬁoctofthebummhta
concentration on hormone-binding site inactivation, we
observed the aame arder of efficiency (10 < 15 < 18) at any
pH from 7 to b.

VIIL Treatment of Cyiosol with Methyl Meth-
anethiosulfonate Prevents Inactivation of the Hor-
mons-Binding 8ite by Bromoacstates. Toexsmine the
poasible involvemnent of cysteine residuss in the inacti-
vation of the hormone-binding aite, we studied the effect
of the starically small thiol-specific reagent methyl meth-
ansthiosulfonate (MMTS) an bromoacetate-induced in-
activation of the hormone-binding site. This reagent,
which comverts thiol groups to -SSCH; groups, was
previously used to study the involvement of thiols in
binding of glucocorticaids to their receptors™ and to svince
the reaction of cysteine residues of wild-type'd and
mutant® estrogen receptors with nonstercidal affinity
labels. Inagreementwith previous reporta 825 we observed
that preexposurs of cytoscl to MMTS did not impair the
ability of the receptor to hind estzadiol (not shown).
Hawever, the reagent progressively preventad insctivation
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mguu. Inablility of bromascstats 16 to inactivate
ar antisstrogén-filled hormons-binding aite of the

receptor. Cytosol’(pH 0.0) was incubated for 4 h at 0 *C without
ligand (O) with 50"nM estradial'{Ey) or 4-hydroxytamoxifen
(OHT). Aliquoth of the various samples’ were then incubated for
lhltO'C.dthnvhﬂmutihrdd(O)mthSlelmholna
bromoscetate 16, After charcoal tréxtment and cantrifugstion,
thesupernatant waa incubated with [*H]estradiol under exchange
conditions to determins total and nenspecific ["H]estradiol

Hndlng.llunlptdﬁe['ﬂl-kldmlhndh‘&mtnphute
dﬁun_uutlnn .mhlnmdlﬂhltudlrd

of the hormone-binding site by bromoacstates (Figure B).
The effect was detectabls from 0.03 mM and practically
complete at a reapent concentration equal to that of the
total -SH group in cytosol. Finally, the ICss of MMTS
were very similar (0 1-0.2mm1’orallthu|hmmmht-.

Discussion

1. l'la-(Brmutu:y)llkylhlbnyhltndiohm
Estrogen Receptor Affinity Labels. In this paper, we
deseribe the preparation and characterization of five 17a-
derivatives (two epoxides and thres bromoacetaies) of
estradiol bearing an elsctrophilic group at the extremity
of the 17a-chain. Evaluation of these electrophiles re-
vealed thatall thrae bromoacetates hreversibly inactivated
the hormone-binding sits of the lamb uterine sstrogen
receptor in & concentration- and pH-dependent manner.
The inactivation was dus to the alkylating properties of
these compounds since it did not occur with closely related
but unreactive molecnles, such as alcahol and acetats
homologues of the three bromoscetates. Moreover this
inactivation was a spacific property of thess compounds
roidal compounds (ethyl bromoscetats and bromoacetic
acld) and stercidal compounds (178-(0-bromoacetyl)tes-
toaterons and 115-(bromoacetoxy)-17a-ethynylestradiol)
did not induce such effecta. We cannot exclude that the
observed inactivation of the hormone-hinding atts could
have been dus to alkylation of the sstrogan recepior remote
from the harmone-binding aite, which would indirectly
affect ths hormone-binding properties of the receptor.
However, this is less probable than receptor alkylation at

BNSDOCID: <XP__F163748A__1_>
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Figure 6. Concentration-dependent effects of 17a-(bromo-
acetoxy)alkyl/alkynylestradiols on ths Inactivation of specific
estradiol-hinding sites. Cytosol (pH 6.0) was incubated for 1 b

at0°C with incresaing concentrations (0 to 5 uM) of hromoscatats
mm,lsm,u umuwummwm:

mmmmm«mummm
than 10%. .

mnmthhma—'bmdmsnhllmoempmeyoftho
binding aite by estrogen or antisstrogen totally prevented
thes bromoacetate effects. ' We therefore conclude that the
thyee prepared bromoacetates are probably affinity 1abels
of the eatrogen receptor. Specific alkylation of a receptor
ermﬂgmdmﬂyomnmm-m Asa
ligand the reactive moleculs first reversibly
associatas with the receptor, and then a reaction takes
place between the reactive function of the ligand and an
appropriate aminoacid of the ligand-bindingsite. Stability
of the reversible receptar:reactive igand complex is thus
a crucial parameter which directly influsnces hath the
efficiency and specificity of the alkylation proceds, the
higher the stability of the complex, the higher the
probability that alkylation of the hormane-binding site
occurs. Cansidering the ability of bromoacstates 10, 15
and 18, to specifically alkylate tha receptaor, two charsc-
tm:hunmhbnunﬁmahh.
d)ThnlowlhblhtydempmmdlineyhnL Thess
bromoacetates are rapidly hydrolysed to the correaponding
primary alcohols. This procass not only decreases the
concentration of the compound sbls to alkylate the
recsptor but also gensrates a non-alkylating competitor
whueafﬁnityfathemptoruhl;huthnthtofthe

available neopton with intact bromoacetate. High con-

centrations of bromoacetates were thus required to permit
alkylation of the hormone-binding site of receptors, since
(1) to complex a given proportion of receptors, the highar
the steroid concentration, the lower the duration of
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steroid (@), with 5 xM bricmodistate 10 (), 15 (m), or 14 (4) or
aleohol 12 (A). After charcoal treatment and

'mdmpmumdmmummd

concentration, Icrmahonafthumplu:nklneheﬁnt—
order procsss)-and (2) the lower the duration of expasure,
the highey the ratio of the hrompacetate concentration to
that of the formed alcohol (at the beginning thie ratio is
roughly inversely proportional to time) and then the higher
the ratio of the receptor:bromoacstate complax-concen-
tration to that of the recaptor:alcohol complex. .

(ii) The low stability. of the.receptor/bromoacetats

complexes: The apparent RAC calculated for bromoac- -
etates rangédd from ~-0.02% (compound 10) to ~0.24%.

(compound.16).to that of esttadiol. Assuming, as usnally
observed, that affnity mainlyreflects the dissociation rate
of the complax, then from the: half-dissociation ‘times

reported for ligands such .as estradiol™ and from .the °

apparent affinity constants detarmined for bromoacetates,
onsé can obtain a rough te of the half-lives of the

receptor:bromoacetate complexes at 0 °C: <5nmwlth
10, <15 min with 15, and <60 min with 16. .. -~
Whlneumpmthnabﬂ:tyofhmmﬂuhm
receptor moleculss, according to either the compound
concentration.or pH, in both cases we chaerved strong
diffarences between the thres compounds, with the same
efficiency order: 10 < 15 < 18. Theas differences might
partly reflact different intrinsic propertiss of the common
electrophilic group in the thres compounds, such as
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Figore 8. EfNect of msthyl methansthicsulfemata on the
Inactivation of specific estradiol-binding alisa by bramoncetates.
Cytosol (pH 9.0) was Incubatad for 2 b at 0 °C with increasing
ecncentrations (0-3 mM) of methyl methansthiosulfonate
(MMTS). Aliquots of the various samples ware then incubatad
for 1 h at 0 *C with 5 uM biromoacatats 10 (¥), 15 (W), or 16 (A)
u-w.unammm tment and

i variption between duplicets de-
umhnﬂmwhn-ﬂ:nm% The 100% specific binding of
[*H]edtradiol in the ahsence oz presence of MMTS was 82 800
cpm/mL; the total -S8H group concentrition was ~1 mM.

chemical reactivity and/or location relative to those of
nucleophiles in the hormone-binding site. For instance,
the degree of freedom of the reactive terminal carbon is
considerably higher in compound 16 than in compound 18
or 10. However,-the' mors trivial previously-described
properties, i.a., the relative affinity and relative stability
of compounds in cytosol, certainly played a major role in
the compound efficiencies.. It should be noted that there
was a-good correlation between the apparént: relative
aﬁmtyd‘brmmtnhnmdtbninhhtytpaﬂ:yhhm
hormone-binding site-of the receptor. .

IL -A .Bingle Cysteliie Residue. Il Problbly the
Target of All Three' Bromoacetatés, Themsrked pH-
dependance of the alkylation.processes; with very weak
effects at pH 7 and-then' incressing affects up to pH 9,
observed with all thres bromoacetates, thatsimilar
(or even a .single) -basic nucleophilas of the receptor
hormone-binding site react with tha three bromoacstatea.
It 2 unlikely that methionines or histidines are bromoac-
etate targets since these amino acids are usually reactive
at neutral pH. Among the amine acids which contain a
reactive side chain with a basic pX,, cysteine (pK, ~8.3)
and lynine (pK, ~9.2) are mare probabls candidatas than
tyrosine (pK, ~10.1) and arginine (pK. ~12.5).

Alkylation of the receptor by the three bromoacetates
required intact cysteine residues since the cysteine-specific
reagent MMTS totally preventsd the effect of ths com-
pounds. One of the following two possibilities could
therefore be conaidered: (i) cysteines are tha actual targets
of bromoacetates, and (if) MMTS-modlfication of cysteine
residuss by steric hindrance impairs the reactiom of
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neighhoring nuclacphiles with bromoacetates. Thasecond
hypothesis appears unlikely since (1) the size of the
funetional group which is tranaferred by MMTS to cysteine
residues is relatively small and (2) the fact that each
bromoacstate displayed, for MMTS-modified receptor, a
relative affinity which was equal to that of untreated
recaptor suggests that modification of the eysteine residues
of the receptor does not significantly impair bromoace-
tatas/receptor interactiona. Therefors, cysteine residues
of the receptar are probably bromoacstate targets. More-
over, the fact that the concentration-dependent blockade
of the bramoacetate offects by MMTS was very similar
for the thres compounds with practically identical ICqq
valuss strongly suggests that the same cyatsine residus ia
the target of the thres bromcacstates. pH-dependent
alkylation of the receptor by hromoacetates was in sharp
contrast to that displayed by the two nonstercidal affinity
labels: the antiestrogen tamoxifen axiridine and the
estrogen kstononestrol axiridine which, at neutral pH, both
efficisntly react with the same cystaine residus of the
hormone-binding site.® This contrast could result from
the low affinity and low stability of bromoacstates which,
for efficient dlkylation of the receptor would require a
highly reactive negatively charged cystdine residue. Fi-
nally, ths suspected cysteine target of bromoacetates might
differ from the lamb homologue of cystaine 530 of the
humsn estrogen receptor since construction of steroidal
analogues of tamoxifen asiridine and ketononestrol azir-
idineled to mean positions of the aziridine function nearéer
tothe C11-C12 reglon of the C ring than to the C17 region
of the D ring of .the steroid. Another posaibility: could
invalve the difference in the chamical nature of the two
types of slectrophiles, since aziridine groups, which show
very littls reactivity inthe uncharged form, become highly
reactive after protonation.!? This suggests that axiridine
mpwndldkyhuthomatmdpﬂonmu
.580, which could act as s proton donor.
Ineonclullon.md:oldarwmubomgnﬂu,ca-
C8-alky! or alkynyl chain, with a terminal bromoacetate
function, are highly reactive affinity labels of the estrogen
receptar. Atleastans basicnucleophils, probably the -8H
of acysteine, appears to react with the slectrophilic carbon
of bromoacetates. Proparation of homalogous compounds
bearing almilar electrophilic groups linked to the estradiol
molecule by means of & nonhydrolyzsahle 17a-chain is in
progress in our lahoratary. Such compounds will probably
be reactive affinity labels useful for identifying target
amino acids in the hormone-binding site of the estrogen
receptor.
Experimental S8ection

Synthesis and Characterization of Estradiol Derivatives.
Estrope was purchased from Fhuka, and 17a-(4-hydroxy-1-
butynyDestradiol and 17e-{8"-hydroxy-1'-octynylestzadiol wars
donated by Dr. Pdnn(cnnhnﬂuplhllndlrﬂniwduhnl.
Qulbu:. Canads). Solvents and mnnh were

Bigma. Analytical TLC was performed with Merck
aluminium shest-baked sllical gel (F-254, 0.2 mm). Column
chromatography was performad with sflica gel (0.083-0.2 mm).
Nuehnm&mmmmdndmnwm
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mixture in water or aqueous salution, followsd by axhawntive
axtraction with sther or sthyl acetate, washing of extracta with
agqueocus solutions whan necessary, drying of crganic extracta over
Nay80,, filtration, and svaporation of tha solvent under reduced
preasure. The solvents and the agueous solutions used for
quenching thereaction and washing are mentioned in parentheses
after “product lsclation™
l1¢-tf-!'mpn-l‘-yl)-un-l,a.l(1ll)-uhn-a.l1ﬂ-dlnl (8. Ten
milliliters (120 mmol) of allyl chloride was added to 2.43 g (100
mmaol) of magnesium turning under nltrogen. After starting of
ths reaction, dry THF (20 ml) was added, and the mixture was
agitated umtil complete reaction of magneslum. A solution of
4.05 g of estrons (15 mmol) in 150 mL of dry THY and 10 mL
of allyl chloride was added dropwise to the Grignard salution,
After the addition of estrons was complated, the reaction mixture
was heated to reflux for 2 h, and stirring was maintained for 15
hat20°C. Themixture was then povrred into s saturated NH,C1
solution. Produst isolation (EtgQ, NaHCO,, NagS00 afforded
mivihure of dissterscisomers 2 and 3 (/3 < 1/20): choomatography
(EigO/hoptans 1/4) gave 4.1 g of 3 (88%); 'H NMR (CDC),) §0.62
(s, 3H, 18-CH,), 5.18 (m, 2H, ¥-CH,),-8.00 (m, 1H, 2’-CH), 8.55
(d.llI.J-ﬂ.'lHl.l-GH) 8.61 (q, 1H,J, =» 2.7 Hx, J, = 8.3 Hs,
2-CH), 713 (4, 1H, J = &3 Hz, 1.-CH); MB (70 oV), m/s (rel
WSHM“.D.NGJ.M(ID.H(IW) Anal (CpHy
3-(tert-Buty] islloxy)-1Ta-{2"-propen-1"-y]l)estrs-
1,3,5(10)-trien-176-01 (1), A mixture of L68 g (111 mmol) of
‘TBDMB chloride and 1.568 g (23.2 mmo)) of imidssole in 7 mL
of DMF was added to 2.9 g (0.3 mmol) of 3. After the mixture
mﬂnd!clhat!ﬁ'&pmduetknhhmm.lhﬂcon
NagSO,) and then chramatography (Ei4O/heptane 1/9) gave 3.48
gof 4 (88%): "H NMR (CDCly) §0.17 (s, 6H, S1(CH,)y), 0.82 (s,
3H, 18-CHy), 088 (s, 0H, SiC(CHy)y), 5.19 (rh, ZH, ¥-CHy), 6.00
(m, 1H, 2’-CH), 656 (d, 1H, J = 27 Hz, 4-CH), 6.61 (q, IH, J;
= 9.7 Ha, J;: = 8.3 He, 2-CH),7.13 (d, 1H, J = 83 Hx, 1.CH) : MB
(70 aV) m/z (rel intaneity) 428 (M*, 48), 370 (21), 327 (27), 163

{12), 97 (100).

8-(mﬁﬂntyldlnethyldlnu) 17a-(2/,%-spoxyprop-1'-
yl)estra-1,3.5(10)-trian-17g-0l {fa) and (Eb). m-CPBA (549
mg, 3.18 mmol) wes added to asolution of alkene 4 (880 mg, 1.59
mmol)) in 16 mL of CHyCl,. Ths mixture way stirred for 17 h at
20°C and then poured into 80imL of CH,Cl,. P isolation
(K12%, N2a;8,0, 10%, H,0, Na;80) and thun aphy
(EtyOheptans 4/8) afforded to 423 mg (80% ) and 195 mg (10%)
ddl:pdutﬁl)udmaupdn(lb)w.m

Diasterecisomar Sa: 'H NMR (CDCl,) 30.17 (s, 8H, 81(CHy)
o), 081 (s, 3H, 18-CHy,), 0.08 (s, 6H, BIC(CHpy), 150 (q, 1H, J;
-2.711:..!.-5.0!!:.3’-0&).118(1.1!{..!,-LIH:.J.-E.D
Hz, ¥-CHy), 3.27 (m, 1H, -CH), 6,53 (d, 1H, JJ = 2.7 Hs, 4-CH),
6.58 (q,1H,J, =27 Hx, J; = 8.3 He, 2-CH), 7.08 (d, 1H,J = 8.3
Hz, 1-CH); M8 (T06V), m/s (rel lntensity) 442 (M*, 031.385(56).
327 (33), 272 (13), 270 (12), 41 (100). Ansl (Cal'hO.Bl)C.

Diastercoisomer 5b: *H NMR (CDCl) § 0.17 (l.
8i(CHa)p), 0.81 (s, 3H, 18-CH,),0.96 (s, OH, SIC(CH,)), 2.53 (Q.
1H,J; = 27 He, J3 = 5.0 Hs, 3-CH,), 285 (q, 1H, J; = 4.1 Hz,
J.-MH-.:’-GH.) 3.28 (m, 1H, 2’-CH), 653 (d, 1H, J = 2.7
Ha, 4-CH), 8.60 (g, 1H, J; = 2.7 Hx, J; = 8.3 Hx, 2-CH), 7.00 (d,
1H, J-MHI.I-CH).MB(TOOV).MIINII:MWJMM.
35), 385 (29), 41 (100). Anal (Coils0sSDh C, H.

l'ra-(l'.a'-lnx.vmp-1'-yl)-tn-l.l.l(lll)-trhn-l.lu-
diol (8a). Tetrabutylammorium fiuorids (9D mg, 0.34 rmmol)
was addad toasclution of 100 my (0.23 mmaol) of disstareoisomer
Bain 1 mLof THF at 0 °C. After stirring for B min at 0 *C and
thmlﬁnh:tlﬂ'&mduﬁmhﬂnnmco.,mmﬁo.)

then chromatography (EtyO) afforded to 54 mg (73%) of (8a);
'HM(CDGI.HO.BI(I.SH 18-CHy), 3.80 (q, 1H, J, = 2.7 Hx,
= 50 Hs, 3-CH,), 280 (g, 1H, J; = 4.1 Hx, J; =-50 Hz,
a'-GH.) 3.24 (m, 1H , 2CHp), 6.54 (d, 1H, J = 2.7 Hx, 4-CH),
8.60 (q, 1H,J; '2.7HI.J.-E.SHI.2-GH).7.I.0(|!.LH J=83
Hs, 1-CH); HS(‘IO.V).N:(II!MMHB(M 8),810(N,
270 (4), 43 (100). Anal. (CnHuOg C
l?c-(".l’-lpmprop-l'-vl)utn—l,l.i(l.)-trlen-a.l'lp-
diol (Gb). Diesterecisomer §b was prepared from the corre-
sponding proteetad compoymd dhmdnmlb)hﬂ%mld
by the procedure daserihed for compound 6a: YH NMR (CDCh)
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4 0.91 (v, 3H, 18-CHy), 252 (q, 1H, Ji: = 2.7 Hx, J5 = 5.0 Hz,
¥-CH,), 2.85 (q, 1H, J, = 4.1 Hz, Jy = 5.0 Hx, 3-CHy), 3.24 (m,
1H, 2-CH), 8.54 (d, 1H,J = 2.7 Hx, 4-CH), 8.80 {q, 1H, J; = 2.7
Hs, /i = 8.2 Hx, 2-CH), 7.10 (4, 1K, J = 8.3 Hzx, 1.CH); MB (70
aV), m/z (vel intensity) 328 (M*, 38), 810 (13), 270 (10), 218 (100).
Aual. (CyHuOy C, H.
3-(ters-Butyldimethylsfloxy)-17e-(3'-hydroxyprop-1’-
yl)astra-L3,5(10)-trlen-178-01 (7)., 5-BBN (26.14 namol, 0.5 M
solution in THF) under nitrogen was added dropwise toasalhtion
of 2 g (4.60 mmaol) of alkene £ tn 16 mL of THF at 60 °C. Aftar
40 min, the solution was cooled to 0*C, 8 mL of water was added
and stirring was continued for 6 min. Sodium hydroxids (9 mL,
3M) wea addad, and after an additional § min, 9 mL of bydrogen
perozide (80%) was added dropwiss. After 30 min product
isclation (NaHCO,, EtgO, NaS0O,) and then chromatography
(CHCly) afforded to 1.77 g B5%) of the primary alcohal 7: *H
NMR (CDCly) §0.18 (s, 6H, Bi(CH,)y), 0.91 (s, 3H, 18-CH,), 0.98
(s, 9H, BIC{CH,)3), 3.70 (o, 2H, ¥-CHy), 6.58 (d, 1H, J = 27 Hx,
4-CH) 6.60 (q, 1H, J, = 27 Hz, J; = 8.3 Hs, 2-CH), 7.10 (d, 1H,
J= 8.3 Ha, 1-CH) ; MB (70 V), m/s (rel intensity) 444 (M*, 55),
428 (50), 41 (100). Anal (CH,0,80) C, H.
17a-(3’-BHydroxyprop-1’-yl)estra-1,3,5(10)-trlen-3,178-
diol (8). Triol 8 was prepaved from 7 in 88% vield, by the
procedurs described for Ga. It was purified by
chromatography (Exs0/CHCl, 1/4): 'H, NMR (DMSQ) 50.79 (s,
1H,18-CHy), 3.41 (m, 2H, ¥'-CH)), 0.2 (d, 1H,J = 2.7 Hx, 4-CH),
6.50(q, 1H, J, = 2.7 He, J; = 8.3 Hx, 2-CH), 7.03 (d, 1H,J =83
Hz, 1-CH); M8 (70 V) m/s (rel intanatfty) 330 (M*, 19), 314 (81),
271 (), 270 (7), 28 (100).
3-{tarv-Butyldinasthylsiloxy)-17a-(3-bromoacetoxyprop-
1"-yl)estre-13,5(10)-trien-178-0] (8). Bromoacstic acid (561
mg, 4.04 mmol), T76 mg (4.04 mmol) of 1-sthyl-3-(3-(dimethyl-
amino)propyl)earhodlimide hydrochlaride, and 0.245 ml, (3.03
mmol) of pyridine were added successively to a salution of 800
mg (2.02 mmal) of primary elcohol 7 in 20 mL of THF. The
mixture was stirred for 2 h at 25 °*C snd then poured into Etg0.
Insaluble matarial wes removed by filtration, product isclation
(NaHCOy, HyO, and NagS0Q,) and then chromatograpiry (Ety0/
beptans 1/1) afforded to 917 mg (80%) of bromodcetats 9: 'H
NMR (CDCly) 3 0.16 (s, 8H, Bi(CH,)y), 0.80 (s, 3H, 18-CHy), 0.90
(.l 9“-850(%:).‘-07 ‘.lmlcn'nr)lm (tln‘lJl ‘-Jl-“
Hz, 3-CHy), 853 (d, 1H, J = 27 Hx, 4 CH), 8.58 (¢, 1H, J; =27
Ha, Js = 8.3 He, 2-CH), 7.10 (d, 1H, J = 8,9 Hz, 1-CH); MB (70
aV)m/z (’.1 hhllim b67 m“. 8§), 685 m"’- 3)- 424 (8), 408 @,
272 (17), 07 {B4), T3 (100).
17a-(¥-(Bromoscetoxy)prop-1-yl)esira-1,3,5(18)-trian-3,175-
diol (10). Deprotected bromoacetats 10 was prepared from % In
67% yield by the procedure described for compound Ga. It was
purified by chramatography (EtyO/haptans 3/7):: 'H NMR
{CDCly) & 0.90 (s, 3H, 18-CH)), 4.03 (s, 2H, CH,Hy), 426 (1, 2H,
J) = J; = 6.8 Hz, 3'-CHy), 6.54 (d, 1H, J = 2.7 Hx, 4-CH), 6.61
(q,1H, J; = 2.7 Hz, Jy = 8.3 Hzx, 2.CH), 7.12 (d, 1H, J = 8.3 Hx,
1-CH); MS (70 aV), m/s (rel intensity) 452 (M*, 0.5), 450 (M*,
%&man.mm.mm.mm.mm.mu).m
1Ta-{¢'-{Bromoacetaxy)butyn-1’-yl)estra-1,3,5(10)-trien-
3,175-diol (18). ‘Bromoacstic acid (65.6 mg, 0.4 mmol), 76.6 mg

(0.4 mmal) of 1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide -
bydrochlorids

, and 24 uL (0.8 mmn]) of pyridine were added
successivaly to a solution of 34 mg (0.10 mmol) of tdol 11 in 2
mL of THF. Ths mixture was stirred for 2 h at 35 *C and then

poured into Et,0. Insaluble material was removed by fltration, -

product laolation (NaHCOy, Hz0, and Nu,80,) gave ~80 mg of
cruds dibromoacatate 13. Ths compound was solubilised in 3
ml, of THF aftar cooling to 0 *C, & solution of 14.6 mg NaHCO,
(0.16 mmo}) in 0.5 mL CH;OH/HyO (1/1) was added and the
mixture was stirved for 16 h at 0 °C. Product isclation (Bt;0,
H0,and NaeSO/) and than chromatography (EtyO/heptans 3/T)
afforded to 14 mg (30%) of monobromoacetats 15: 'H NMR
(CDCly) & 0.85 (s, 3H, 18-CHy), 2.63 (t, 2H, J; = J; = 6.7 Hs,
3-CHy), 4.05 (s, 2H, CH,Br), 4.30 (t, 2H, J; = J; = 0.7 Hz, 4-
CHy), 6.64 (d, 1H, J = 2.7 Hz, 4-CH), 8.60 (q, 1H, J; = 2.7 Hx,
Jy= .3 Hs, 2.CH), 7.14 (d, 1H, J = 8.3 Hz, 1-CH); M8 (20 eV),
m/z (rel intenaity) 462 (M*, 0.6), 460 (M*, 0.56), 307 (15), 160
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17a<(8'-(Bromoacetoxy)ootyn-1'-yl)astra-1,3 5(10)-trien-
3,178-diol (16). The monobromoucatate 16 was prepared from

txiol 12 by the procedurs described for compound 15. Compound
16 (47%) was purified by chromatography (EtsO/heptane 1/3):
'H NMR (CDCly) 5 0.85 (s, 3H, 18-CHyp), 224 (1, 9K, Jy m Jy =
6.7 Hx, ¥’-CH,), 3.99 (s, 2H, CH,Br), 4.17 (t, 2H, J, = Jy = 6.77
Hs, 8'-CHy), 6.54 (d, 1H, J = 8.9 Hx, 4-CH), 8.60 (q, 1H, J, » 2.7
Hx, J;y = 8.3 Hx, 2-CH), 7.14 (d, 1H, J = 8.3 Hz, 1-CH); MS (20
oV), m/z (rel intensity) 518 (M+, 1), 516 (M*,1), 414 (10), 472
(10), 160 (100).

Estrogen Receptor Ligands. [6,7-TH]Estradiol (apecifie
activity 70 Ci/mmol, ical purity > 7% ) waa purchased
from the Commissariat & I'Enargis Atomique (Gif-Sur-Yvette,
France). 4-Hydroxy[N-methyl-*H]tamoxifen (specific activity
83 Ci/mmmel, mdiochamical purity >99% ) was from Amearsham
Internstional (Amersham, England). Estradiol, 4-hydracyts-
moxifen, and all the 17a-derivatives of estradiol used for binding
studies were salubilized inabsoluts sthanol Solutions warestored
at —20 *C In the dark. Purity of solubflized comppounds was
chackad hefore use by TLC.

Preparation of Cytosol. Immature lamb utari were strippad
from connective tissue, placed in liquid nitrogen, and than storet
at 80 *°C until uss. The uteri wers defrosted and then
immedistely homogmnized in fiva valumes of chillsd 20 mM Tris-
HCl buffer, pH 7.0 (Tx), using an ultraturrax. The homogenate
was centy{fuged at 10° X g for 45min. The protein concentration
datarmined accarding to Layne™ was than adjusted to 4 mg/ml.
Depending on the exparimsnts, the cytosol was uaad sither at pH
7.0 or after alkalinization with NaOH 0.5 M to reach pH values
between 7.0 and 9.0,

Competitive Binding Assay: Apparent Relative Affinity
Constants. Cytosol (pH 7.0) was diluted to 2 myg of protein/mL
with T It wan than incubated with 5§ nM [*H]estradiol and
ineressing concentrationa of sithar nanradiosctive estradiot (1.67
nM to 1.5 uM) ar eatradiol 17a-dezivatives (0.1 to 10 aM) elther
at0or X *C. Bindingof [H]estradiol in samples was determined
after a 4-, 20-, ar 72-h incubation. Aliquots were treated with an
oqual voluma af charcoal suspetalon (0.5% charcoal, 0.06%
dextran Ty in Ty) for 30.min st 0 *C; charcoal was pellsted by
5-min centrifugation at 10° X g and then radioactivity in tha
suparmatant was messured. Apparant relativeaffinity conatanta
(RACS) of competitors relative to that of estradicl wave ealeulatad
from tha concantration of unlabsled estradicl (E) and compatitor

* (C)whichinhibited 50% of the specific binding of ["H}estradial,

according to Korenman-8
E-B E
paca—Ja_ ¢
E-E. __E
A +1--c-

whaere E® is tha total concantration of FHJeatradiol, E,* and
E.* sre the respactive concentrations of bound and apecifically
boand [*H])estradiol at 60% inhihition; E* — E,* was sssumed
tobe the unbound [PH) estradiol concentration at 50% inhihition.

Btandard Irreversible Binding Assay. Cytosal was first
incubated for 1 h at 0°C with estradiol 17c-der{vatives or without
sterold. Samples were then treated with an squal valums of
chumln;l’miufuao:in::'c. 'l‘hm:lhchl;xdwu
removed contrifugation, wpernatant ware
incubated undar conditions™ (18 b at 20 *C) with 20
oM [(*H]estradicl either in the abssnce -(to measure total
PH)estradlol binding) or presence (to mssmoe nonspacific
[*H)estradiol binding) of 6 sM nonradicsctive sstradiol. Binding
of [*"Hlestradiol was determinsd by a 30 min-0 *C charcoal assay

(of “competitive hinding axsay™). .

Analyses. Cyiosol aliquota (pH 6.0),
sieroids, treated with chareoal, then
incubated with ["Hlestradiol for 16 b at 20 °C, and finally
sabmittad toasecond charcoal trestment (¢f *irreversibls binding
asay”) were added with 4C-labsled ovalbumin, Then 200 uL. of
the mixture was layered onto 10-30% sucrose gradient (4.8 mL)
prepared in Ty and containing 400 mM KCL Gradients were
cantrifuged in a Beckman 8W 50.1 rotor for 14 h at 216 000 g,
{48 000rpm). Thirty-twosuccessive fractiony were collactad from
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the botiom of the tube, and their radioactivity messured. In
soma experiments, before centrifugation aliquots were incubetad
for8hat0®*C with1% coutrol serum from nonimmumized monse
.mwithlummﬁmmmmunhdmthpulﬂdm
of lsmb uterine estrogen receptor.®
Radicactivity Detarminatiens. The radioactivity of gra-
disnts frections (~180 xL), and of the various cytosal samples
{100 or 200 sL) was counted in 4 mL of Emulsifiar Sgfs (Packard).
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