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Abdract-A new sequence of reactions involving tandem Michael-Michael-ring closure (MIMIRC) has been 
developed for efficient formation of three C-C bonds in one reaction vessel. The terminal ring closure reaction 
proceeds oio either a IJ- or a 1,6_cyclization, and this methodology also serves for construction of quaternary C 
centers. The usefulness of MIMIRC reactions is demonstrated by efficient assembly of cyclopropyl ketones and of 
frans-I-hydrindanones such as (?)-9,lIdehydroestrone lb. Thi; one-pot approach reprise& th; shortest known 
convergent total synthesis of a steroid, and subsequent straightforward transformations lead directly to natural 
(+)-e&one. 

We have recently applied tandem Michael-ring closure 
I. .r_ m\, 
~MIKLJ- reactions to eficient construction of some 
decalin and hydroazulene sesquiterpenes.2 Continuing 
our interest in developing new approaches to stereocon- 
trolled total synthesis of steroids: we reasoned 
retrosynthetically that an estrone derivative of general 
structure 1 might be prepared via intramolecular cycliza- 
tion of a 9,l I-secosteroid such as 2,’ Furthermore seco- 
steroid 2, having the desired relative trans-stereochemis- 
try at C’s 13 and 14, might be prepared via Michael 
reaction between a two-carbon electrophile and a cyclo- 
pentanone enolate nucleophile such as 3 which itself 
might also be produced using tetralone enolate 4 as a 
Michael donor (retrosynthetic scheme I). We report our .^__ . . 
success in preparing (*J-Y,1 ldehydroestrone methyi 
ether (1, R=R’=Me) using this highly convergent scheme 
in which tandem MIMIRC reactions are carried out 
conveniently in one reaction vessel and in which a trans- 
I-hydrindanone is formed stereo-specifically oia annula- 
tion of a cyclohexene unit onto a Z-cyclopentenone. We 
report also a useful new procedure for preparing cyclo- 
propyl ketones from vinyltriphenylphosphonium 
bromide (VTB) and ketone a-haloenolate ions generated 
in several different ways. 

IWWLTS AND Dl!XUS!SlON 

Because the initiai iriichaei reaction beiween ieiraione 
enolate 4 and any cyclopentenone was expected 10 be 
reversible,lb 2-bromo-2-cyclopentenone was chosen so 
that the inductively withdrawing Br atom would stabilize 
enolate intermediate 3s and thus would shift the equili- 
brium toward 3a. To avoid any possible complication by 
free amine, tetralone enolate 4b was prepared via 
methyllithium cleavage of tetralone enol silyl ether 4a 
rather than by amide deprotonation of the parent tetra- 
lone; Michael addition of this tetralone enolate to 2- 
bromo-2cyclopentenone in an aprotic medium5 (i.e. 
THF), followed by aqueous work-up, gave Michael ad- 
duct Sa which was isolated by preparative tic in 60% 
yieid. 

Bromocyclopentenone enolate 3a reacted with VTB 
giving the presumed ylid intermediate 2a which par- 
titioned itself between unstable bromoestrone la (via 
l$-cyclization, 2-5% yield, parent m/e 346, 348) and 
spirocyclopropyl ketone 6 (oiu 1,3cyclization), isolated 
by column chromatography on gram scale in 57% yield. 
Formation of spirocyclopropyl cyclopentanone 6 in one- 
pot via consecutive Michael addition of tetralone enolate 
4 to 2-bromo-2-cyclopentenone followed by Michael ad- 
dition of this newly formed enolate ion to VTB followed, 
:.. ,..-_ L.. ^_ :_.----l--..L_ _:_.. _1_“..__ I: - ,,l,,l”O\ 111 LULL, “y ar, III”illll”LcG”lill llrlg CI”S”IC [LG. mUvl,nL, 
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reaction involves extremely efficient formation of three 
C-C bonds in tandem fashion (CL,,, C&Z,,, C,,-C,,, 
steroid numbering). 

Although some 9,l I-secosteroids possess contracep- 
tive activity, 9,1 I-secosteroid 6 was found to be inactive 
in a rat antifertility assay and in an ovarian microsomal 
enzyme assay.” 

Because cyclopropyl ketones are useful synthetic in- 
termediates’ and occasionally are found in nature,’ we 
explored the generality of eqn (2) for formation of 
cyclopropyl ketones. Conversion of ketones into two- 
carbon homoiogous cyciopropyi ketones is 
usually achieved via reaction of the ketone 

i KOH 

enolate ion with a vinylsulphonium salt, followed by a 
1,3-prototropic shift, and then intramolecular displace- 
ment of a neutral sufilde”” (upper path, Scheme 2); in 
this process, the carbon atom Q to the ketone carbonyl 
group acts twice as a nucleophilic center. Relatively few 
examples are known in which a-haloketones are converted 
into cyclopropyl ketones; such a process involves the 
a-carbon atom acting first as a nucleophilic and then as an 
electrophilic center (lower path, Scheme 2),” or vice 
oersu.‘2 We have found that ketone a-haloenolate ions, 
generated in several different ways, react with VTB and 

then with aqueous hydroxide to form cyclopropyl ketones 
in good yields and this process involves the ketone 
a-carbon atom acting first as a nucleophilic and then as an 
electrophilic center (lower path, Scheme 2). 

aChloroacetophenone (124 and a-bromo- 
acetophenone (12b) reacted with lithium diisopropyl- 
amide and then with VTB presumably to form ylid 
intermediate 13.13 Even though this short-lived ylid could 
have undergone a I,fprotopropic shift (i.e. an acidic 
a-hydrogen is available),‘4 the predominant reaction 
pathway was rather a l,3-displacement of halide to form 
cyciopropyi ketone i4 isoiated in 6&i@% yieid after 
aqueous basetreatment”andpurificationbypreparativetlc. 

H 

i% I--- X 
‘I ‘34 

h -. .._- h/ 
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a,a-Dichloropropiophenone (15)16 was converted into 
the corresponding a-chloroenolate (16) by treatment with 
dimethylcopperlithium;” reaction of enolate 16 with 
VTB and then with ammonium hydroxide gave cyclo- 
propyl ketone 18 in 53% yield. It is noteworthy that 
intramolecular cyclization of presumed ylid intermediate 
17 involves successful displacement of a chloride ion 
from a tertiary C atom (an “allowed” 3-exe-tet process 
according to Baldwin’s rules)‘*. ” to form a quaternary C 
center.ao In contrast, we have found that lithium diiso- 
propylamide deprotonation of a-chloropropiophenone 
and reaction with VTB did not produce cyclopropyl 
ketone 18, and use of a vinylsulphonium salt with the 
enolate ion formed by deprotonation of propiophenone 
gave no cyclopropyl ketone products.9d a,a-Dichloro- 
carboxylic esters underwent metal-halogen exchange,*’ 
but reaction of the corresponding a-haloester enolate 
ions with VTB failed to give useful amounts of cyclo- 
propyl esters. 

Thus cyclopropyl ketones can be prepared efficiently 
from VTB and ketone a-halo enolate ions which are 
generated by conjugate addition to a-bromocyclopen- 
tenone, by metalation of a-haloacetophenones, and by 
metal-halogen exchange of a,a-dichloropropiophenone. 

Scheme 2. 
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This one-pot carbocycle synthesis involves sequential 
formation of either three or two C-C bonds in a very 
efficient manner and, therefore, is a useful addition to 
modern synthetic methodology. 

Returning to our original goal of steroid total syn- 
thesis, we found that tetralone enolate 4 reacted with 
2-methyl-2-cyclopentenone to give regiospecifically 
generated enolate intermediate 3b22 and, after aqueous 
work-up, Michael adduct 19 in 55% yield after pre- 
parative tic (eqn 5). Isolation of 1,5-diketone 19 in 55% 
yield is one of very few examples of successful Michael 
reactions performed in an aproptic medium.’ Cyclo- 
pentanone enolate Jb reacted with VTB in THF/DMF at 
25” under dilute conditions to give as the only steroid 
product (+)-9,l I-dehydro-8-epiestrone methyl ether (lb) 
in 8.4% yield (21.3% yield based on consumed tetralone) 
after preparative tic (eqn 5). This tandem Michael- 
Michael-ring closure (MIMIRC) reaction involves con- 
secutive formation of three C-C bonds (lb: G-C,.,, 
C&I,, G-C,,), and it represents the shortest known 
steroid total synthesis involving convergent connection 
in one-pot of a IO-carbon, a 6-carbon, and a 2-carbon unit 
leading directly to formation of a 1Pnor steroid. 

The major undesired products in eqn (5) appeared to 
be formed via polymerization of the ylid intermediate 2b 
with VTB.23 

Unsuccessful attempts to improve the intramolecular 
Wittig reaction and therefore the yield of estrone lb and 
to prepare closely related steroids included the follow- 
ing: (I) use of tetralone trimethylacetate 4, R = MeJCCO, 
instead of tetralone methyl ether 4, R = Me, in the hope 
of making the Cp CO group in ylid intermediate 2b more 
electrophilic; (2) use of iso-propenyltriphenyl- 
phosphonium bromide (ITB) insteady of uinyltriphenyl- 
phosphonium bromide (VTlQ2’ and (3) use of dimethyl 

vinylphosphonate, methyl acrylate, and a-chloroacrolein 
instead of VTB. 

A single crystal x-ray analysis established that estrone 
lb did indeed have the natural relative configurations at 
C’s 13 and 14 and the unnatural configuration at C 8. 
Several (I-epiestrones are known to possess significant 
contraceptive activity.% Knowing that acid-promoted 
isomerization of 9,11=8,9-dehydroestrones occurs 
easily,i’ we exposed 9,l I-dehydro-8-epiestrone lb to 
refluxing methanolic hydrogen chloride and obtained a 
3: I mixture of 9,1 I-dehydroestrone lc of natural relative 
configuration at all chiral centers and 8,9_dehydroestrone 
20 (eqn 6). Such a mixture of 9.1 I- and 8,9-dehy- 
droestrones lc and XI has previously been converted into 
estrone and into estradiol in high yield.25 Therefore, 
one-pot MIMIRC formation of 9, I I-dehydro-8-epiestrone 
lb, acid-promoted isomerization, and reduction con- 
stitute oneof theshortest stereocontrolled totalsynfheses of 
racemic estrone methyl ether of natural relative 
configuration. 

+ 

The MIMIRC sequence for formation of estrone lb 
represents a new and useful annulation process for fus- 
ing a six-membered carbocyclic ring onto a cyclo- 
pentenone system exclusively in a trans-fashion and for 
forming a quaternary C cente? with complete stereo- 
control.‘” This trans-ring fusion stereochemistry com- 
plements the k-ring fusion stereochemistry typical of 
Diels Alder 2 t 4 cycloaddition reactions. MIMIRC reac- 
tions of this sort, therefore, may indeed find many uses 
in synthesis of complex organic molecules. 

EXPERIMENTAL 

M.ps and b.ps are uncorrected. IR spectra were recorded with 

a Perkin-Elmer 599B or 457 Spectrometer. NMR spectra were 
_..._>., .v.. .^^ . 
recoroea on Varian T&l, CK2ir or jeoi MH-IUU mstruments 

at 60, 80 or IOOMHz as indicated. Mass spectra were 

recorded on a Hitachi Perkin-Elmer RMU-6 spectrometer. 

Microanalyses were performed by Galbraith Laboratories, Inc. 

!51 
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Preparative GLC was done using a Varian Aerograph Model 90-P 
on a IO’ x f” 10% carbowax C-ZOM-chromosorb W (40/60 mesh) 
column. Preparative TLC was done using Analtech pre-coated 
silicagel GF plates (20 x 20 cm, I mm or I .5 mm thickness) using the 
solvents indicated. 

The following materials were purchased from Aldrich Chem- 
ical Co. and were used as received: 6-methoxy-I-tetralone, 2- 
cyclopenten-lone, vinyltriphenylphosphonium bromide (VTB), 
achloroacetophenone, a-bromoacetophenone and propio- 
phenone. 

Trimethylsilychloride (Aldrich) was distilled under Nz and 
stored over 3 A molecular sieves. Triethylamine and diisopro- 
pylamine (Aldrich) were distilled from calcium hydride and 
stored over KOH. Tetrahydrofuran (J. T. Baker) was distilled 
from sodium benzophenone ketyl and used immediately. 
Cuprous iodide (Fischer) was washed with anhydrous THF in a 
soxhlet extractor for 24 hr then dried in uacuo at 25”.26 Alkyl- 
lithium reagents were purchased from Aldrich as solns in the 
solvent indicated and were titrated using anhyd diphenylacetic 
acid.27 “-I. .-.. > c-- -...-__.:___ ______ _..__L_“_,l ^^ __^_^_. 30,Ye”ts “SC” I”T enrracuons were pu,coassu d> ICaaFIII 
grade and used as received. 

2-Methyl-I-cyclopentenone was prepared on several gram 
scale according to Ref. 28. 

Tetralone enol silyl ether 4a 
A dry 2-necked 100 ml flask fitted with a 25 ml pressure equal- 

izing dropping funnel with NZ inlet, serum cap and magnetic 
stirring bar, containing 25ml anhyd THF was charged with 
diisopropylamine (4.70ml, 33.5 mmol) then cooled to -78” 
(C02lacetone) and treated dropwise via syringe with n-BuLi in 
hexane (24 ml, I.4 M, 33.6 mmol). Stirring was continued at -78 
for 30min, at which time bmethoxy-I-tetralone (5.36g, 
30.5 mmol) in 25 ml anhvd THF was added droowise via the 
addition funnel over 2ftmin: Stirring was continued at -78” for 
90min. The resulting enolate was treated, via syringe, with the 
supematant from a centrifuged mixture of trimethylsilylchloride 
(I I.6 ml. 91.4 mmol) and triethvlamine (13.0 ml, 93.3 mmol) then 
warmed. to 0” for 2 hr and finaliy stirred at room temp overnight. 
The cloudy soln was then poured into a separatory funnel con- 
taining 100 ml CHrCIz. 50 g ice and 50 ml sat NaHCOs aq. This was 
quickly shaken and the organic phase poured on to anhyd KrCO3 
for drying. Filtration and rotary evaporation (25 mm Hg) gave 
7.05 g of crude silyl ether. Molecular distillation (90”, 0.05 mm 
Hg) gave 6.92 g (92%) of 4s as a clear oil: NMR (CCL. 100 MHz 
no ref): 87.30-6.45 (m, 3H), 4.85 (t, IH), 63.43 (s, 3H). 2.65-2.30 
(1, ZH), 2.20-1.90 (m, 2H), 0.00 (s, 9H); IR (Ccl,): 1640 (m), 1602 
(s) cm-‘; MS (70eV): 248 m/e (M’), 73,75 m/e (base). 

Michael adduct Sa 
A dry 2-necked 50 ml flask with N2 inlet, magnetic stirring bar 

and serum cap, was charged with 4e (I55 mg, 0.63 mmol) in IO ml 
anyhyd THF. The flask was cooled to 0” and treated dropwise via 
syringe with MeLi (547 pl, 0.65 mmol) in EtrO. This was stirred 
at room temp for 60min. The flask was then cooled to -50” 
(CO2 t CaC12 t H*O) and treated dropwise with 2-bromo-2- 
cyclopenten-l-one (102 mg, 0.63 mmolP in I ml THF via syringe. 
Stirring was continued at -50” for @mitt, then quenching was 
achieved bv the addition of solid NH,CI, pouring into a separa- 
tory funnel containing 25 g ice/25 ml water and extracting-with 
Et20. The Et20 laver was washed once with 25 ml Hz0 and dried 
over Na2SOI. Filtration and rotary evaporation (25 mm Hg) gave 
173 mg crude product which was diluted with CHCb for pre- 
..^-^.:..n ,1^ /xX CtAb,,Ln..r~.,e D). - ,I ?,-I\ ,,rr,v..t;nn .A). yalLXr*s UC I-l,” ~L”nc,usll&cIIc, “, -V.&V , tn,J”I)III”LI “Il.1 

Et20, filtration and rotary evaporation gave 127 mg (61%) of pure 
SP, m.p. 129-130.5” which was recrystallized from Et2O/hexane 
to give I19 mg (57%) of 5s m.p. 130.5-131”: NMR (CDCI,): 68.05 
(d, IH, J = 8.5 Hz), 7.CG6.65 (m, 2H), 5.15-4.90 and 4.4.41 (2m. 
IH). 3.85 (s. 3H). 3.2-1.6 (bm. IIH); IR (CHCb): 1748 (s), 1670 
(s),’ 1599 (vs), 1258 (s), 1245 (s) cm-‘; Exact Mass: Calc for 
C~H1703 Br: 336.034: Found: 336.036. Found: C, 57.17; H, 5.30: 
Br, 24.14. Calc for C16H&r Br: C, 56.98; H. 5.13; Br, 23.73. 

Spirocyclopropyl cyclopentanone 6 
A dry 3-necked 250ml flask fitted with N2 inlet, magnetic 

stirring bar, 25 ml addition funnel and serum cap was charged 
with 4~ (1.26g, 5.1 mmol) in 50 ml anhyd THF and then cooled to 
0”. To this was added dropwise via syringe MeLi (3.33 ml, I.6 M, 
5.33 mmol); the cold bath was removed, and stirring was con- 
tinued at room temp for !XJmin then cooled to -50”. A soln of 
2-bromo-2cyclopentenI-one (823 mg, 5.1 mmol) in 20 ml anhy 
THF was added dropwise via the addition funnel over IO min and 
the funnel was rinsed clean with an additional 5 ml THF. Stirring 
was continued at -50” for 60 min after which time a soln of VTB 
(2.oOg. 5.41 mmol) in 20ml DMF was added via the same ad- 
dition funnel over a IOmin period. The cold bath was not 
replenished with solid Co2 to effect slow warming to room temp 
overnight. The mixture was then treated with IOOml 10% 
KOH aq and the THF was removed by rotary evaporation. The 
alkaline soln was brought to pH 7 with dil HCI and extracted 4 
times with 100 ml portions Et20. The combined Et20 layers were 
washed 3 times with 100 ml portions Hz0 and dried over MgSOa. 
Filtration and rotary evaporation gave the crude product (3.05 g). 
This product was then purified by column chromatography (SiOz, 
1 cn ̂  ,coL O.nA^n.n^~n^n\ *,. A.*- . ..- *I., . . . . . #.,..A... ‘ I,“& I,/” L,“rrc,vGl,rslrs, I” y*s a3 LllC rrrqu, IIczLU”II ” 
(822 mg, 57%) m.p. 91-93”. The analytical sample was recrystal- 
lized from Et*O/hexane, m.p. 94.0-94.5”. NMR (CDCb): 88.01 (d, 
IH. J = 8.5 Hz). 7.10-6.70 (m. 2H). 3.85 (s. 3H). 3.35-2.92 (m. 3H). 
2.8-1.6 (m, 7H, (l.40-0.85 (m, 4H); IR (CHCI,): 1720 (s), I670 
(s), 1601 (vs) cm-‘. Found C, 75.%; H, 7.16; Calc for ClsHmOJ: 
C, 76.02, H, 7.09%. Mass spec (70eV): 284 m/e (M’). 

Cyclopropyl phenyl ketone (14) 
(a) From a-bromoacetoohenone. To lO-ISml of anhvd THF 

in a serum-stoppered round-bottomed flask contdning a magnetic 
stirring bar under N2 was added 267mg (2.75mmol) of anhyd 
diisopropylamine. The flask was cooled to -78”. and I.8 ml of 
I.6 M (2.89mmol) n-BuLi was added via syringe. After stirring 
for 0.5 hr at -78”: 500 mg (2.50 mmol) of a-bromacetophenone in 
IO ml THF was added dropwise via syringe. After stunng for 1 hr 
at -78”, 1.385 g (3.75 mmol) of VTB in 7 ml of anhyd DMF was 
added dropwise via syringe with vigorous stirring. The Dry-ice- 
acetone bath was not replenished with Dry-Ice; the temp was 
allowed to reach 25” slowly (l-2 hr), and stirring was continued at 
25” for 24 hr. Rotary evaporation of the THF was followed by 
addition of pentane. The pentane phase was washed first with 
KOH aq then with 15% HCI, and then three times with water. 
Drying the pentane phase and preparative tic gave 257 mg (70%) 
of pure 14 as an oil which was identical in all respects to an 
authentic sample (Aldrich). 

From a-chloroacetophenone. In a similar fashion, 510mg 
(3.30 mmol) of a-chloroacetophenone gave 294 mg (61%) of pure 
14. 

I-Methylcyclopropyl phenyl ketone (18) 
To a -20” soln of dimethylcopperlithium, prepared from 

243 mg (1.28 mmol) of THF-washed cuprous iodide and 2.13 ml 
of I.2 M (2.55 mmol) MeLi in Et20, was added dropwise via 
svrinae 200 mg (0.98 mmol) of a,adichloropropiophenone’6 in 
i5 mi of Et26 After stirring for 0.5 hr at -IO”, the vessel was 
cooled to -20” and 471 ma (I.28 mmol) of VTB in 2 ml of DMF 
was added dropwise via iyringe with’vigorous stirring. An ad- 
ditional 2-3ml of Et20 was added to facilitate stirring. The 
mixture was allowed to reach 25’ slowly and then was stirred at 
25” for 24 hr. Addition of 16% NHdOH and stirring for I hr was 
followed by pentane extraction. The pentane phase was washed 
three times with 16% NHIOH, once with 15% HCI and three 
t;mrc with w.,,nr ,,.v;na nn,, nren~r~tiw c&r ~nyp RT ,,,o ((W,) ,L,,,*~ “l.,, “U&U,. Y. ,.., c, “..” r..,p..“..- pvv -...- -_ . .._ \__,“, 

of 18 as an oil: NMR (CDCb) 80.80 and I.15 (cyclopropyl, 4H/, 
I.45 (s, 3H), 7.6 (m, 3H), 7.8 (m, 2H); IR (CHCb): 1670cm . 
These spectroscopic properties are identical with lit valuesM 

Michael adduct 19 
A drv 2-necked IOOml round-bottomed flask fitted with N2 

inlet, magnetic stirring bar and serum cap was charged with 4~ 
(250 mg, 1.00 mmol) and IO ml anhyd THF then cooled to 0”. The 
chilled soln was treated dropwise sia syringe with MeLi in Et20 
(710 pl, 1.5 M, 1.06 mmol). The cold bath was removed and 
stirring was continued at room temp. After 60min the reaction 
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was cooled to -30° (CaCh + CO2 + H20) and a soln of 2-methyl-
2-cyclopentenone (100rag, 1.14 mmol) in 2ml anhyd THF was
added dropwise via syringe. After 30 rain at -30* the cold bath
was removed. After warming to 0*, the reaction was treated with
10ml sat NaH2PO4 aq and 5ml distilled water. The 2 phase
system was rotary evaporated (25 mm Hg) to remove the THF
then poured into a separatory funnel and extracted with 100 ml
ether. The organic phase was dried over NazSO,; filtration and
rotary evaporation gave the crude product (ca 360mg). Pre-
parative tic (8% EtOAc/benzene, Rt =0.30) gave the pure
Michael adduct 6a, 154 mg (56%): NMR (CDCh, 100 MHz): ~58.15
(d, IH); 7.1-6.8 (m, 2H), 3.93 (s, 3H), 3.2-1.6 (m, IIH), 1.05 (d,
J = 6 Hz, 3H); IR (CHCh): 1735 (s), 1675 (s), 1600 (s) cm-~; Exact
Mass: CITHzoO3 Calc: 272.1412, Found: 272.1406.

(-)-9,11-Dehydro-8-epiestrone Ib
A dry 3-necked 250ml flask fitted with N: inlet, magnetic

stirring bar, 50 ml pressure equalizing dropping funnel and serum
cap was charged with 4a (137mg, 0.55mmol) and 10ml anhyd
THF. The flask was cooled to 0° and treated, via syringe, with
MeLi (483 ~.l, 1.2 M, 0.58 mmol) in Et20 and stirred at room temp
for 60min. The flask was then cooled to -30° and treated
dropwise (via syringe) with 2-methyl-2-cyclopentenone (65 mg,
0.67 mmol) in I ml THF. After 30 min the reaction was diluted
with 150 ml anhyd THF and 10 ml anhyd DMF, then warmed to
room temp. The resulting orange-yellow soln was treated drop-
wise with a solution of VTB (426 mg, 1.15 mmol) in 50ml anhyd
DMF over a period of 4--6 hr. Stirring was continued at room
temp overnight. Transfer to a I-necked round-bottomed flask and
rotary evaporation to remove the THF was followed by removal
of DMF under vacuum (0.1 mm Hg) at 30° to give a crude viscous
oil which was diluted with CHCh for preparative tic (8%
EtOAc/benzene, RI = 0.40). Desorption of this band with EtOAc
(100ml) gave, after concentration, 13.2rag of lb (8.4%), m.p.
141-146°, which was recrystallized from EtOAc/EtOH (12.6mg,
8.0%, m.p. 149.5-150.: NMR (CI)Ch, 80 MHz): 87.54-6.60 (m,
3H), 6.01 (m, 1H), 3.79 (s, 3H), 2.99-1.56 (m, 12H), 0.96 (s, 3H);
IR (CHCI3: 1735, 1603 cm-J; MS (70 eV): 282 m/e (M', base); UV
(EtOH): A,~ 264nm (e = 17,900). Found: C, 80.69; H, 7.83. Calc
for CI9H2202: C, 80.82; H, 7.85.

Exact Mass: CI9Hz202, calc: MW=282.1620 Found:
282.1615.

This reaction was also performed on 2.9 mmol scale to give
62 mg of Ib (7.8%) and 482 mg of recovered 6-methoxy-l-tetra-
lone. Therefore the yield of lb based on reacted tetralone is
21.3%. Similar results were obtained using a motor-driven
syringe to deliver the VTB to enolate 3b slowly and continuously
over a 10hr period.

Isomerization of 8-epiestrone lb into (~-)-9,11-dehydroestrone
methyl ether (lc)

8-Epiestrone Ib (5.2 mg, 18.4 ~.mol, 'H NMR, C~r--CH3, ~50.96)
was refluxed in 3 ml of 5:1 MeOH/10 N HCI for 6 hr. The MeOH
was removed with gentle heating under a stream of N2. The
remaining aqueous suspension was cooled, diluted with 5 ml
NaH2PO4 buffer (pH = 4) and extracted 3 times with 5 ml Et20.
The combined Et20 extracts were dried over MgSO4. Filtration
and rotary evaporation gave 5.1 mg (98%) of a white solid m.p.
139-146°. NMR analysis of this sample (CDCh, 80MHz) in-
dicated the presence of a 3:1 mixture of le (CIs-CH3, ~50.93)~
and 20 (C~a-CH3, ~50.89). n These characteristically different
positions of the angular G s - M e groups in the ~H NMR spectra of
lb, It and 20 allow very easy and clear distinction among the
three.
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