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to yield 2.17 g (959%,) of 4d (A and B), mp 228-245°. When the
thiolactone 4d was chromatographed on silica gel using a 1:1
mixture of CHCl—petroleum ether (bp 30-60°) for elution,
followed by recrystallization of the main fraction from MeOH,
an analytical sample was obtained: mp 247-254°; [«]#p—70.23;
AEOF 395 mu (log € 4.20); »SE (em—) 3610 (OH), 1673 (conju-
gated C=C); nmr, Table I. Anal. (CxHy0.8), C, H.
17¢-Hydroxy-17-(5-methoxy-2-thienyl)androst-4-en-3-one (6).
—In a three-necked flask under N, 1 g (0.0025 mole) of diol 2d
in 25 ml of PhH was added, and the mixture was brought to
reflux temperature while stirring. To the refluxing mixture 1.00
g of dry, recrystallized Al(O-i~Pr); and 6 ml of Me,CO (dried over
MgS0,) were added; the mixture was then refluxed with stirring
for 19 hr. At the end of the reflux period enough PhH was added
to bring the total volume to 100 ml; the solution was then washed
with eight 30-ml portions of a 159 solution of potassium sodium
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tartrate followed by four 30-ml portions of H.O, and finally
concentrated to give a crystalline product (square plates) which
was recrystallized (PhH) to yield 0.616 g (619) of 6, mp 87-98°.
Further recrystallization (PhH) gave au analytical sample:
mp 95-101°; {a]®p —46.22; 22" 251 mu (log « 4.30); »C20%
3610 (OH), 1660 (conjugated C=0), 1208 and 1234 ¢m™!
(2-methoxythienyl). Anal. (C;yH;058) C, H.

y-Mercapto-3-oxoandrost-4-ene-Al".7-crotonic Acid ~-Lactone
(5).—When 875 mg of thiolactone 4d was treated with Al(O-i-
Pr); and Me,CO following the procedure described above, 560 mg
of cream-~colored solid was obtained which upon recrystallization
(Me.CO) gave 392 mg (459,) of thiolactone 5, mp 215-225°,
Further recrystallization (3Me.CQ) gave the analytical sample:
mp 234-236°; [a]BD —54.64; Ama 239 mu (log € 4.29) and 328
myu (log ¢ 4.13); »orc® (em™!) 1673 (overlapping conjugated
C=0 groups); umr, Table I. 4nal. (CisHx0:8) C, H.
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Several tetrahydrofuran derivatives of the androstane and estrane series were prepared by NaBH,~BF; ether-
ate reduction of the corresponding 178-hydroxy-168-acetic acid v-lactones or by cyclization of the appropriate

168-(2-hydroxyvethyvl)-178-hydroxy steroids.
gonadotropic, and androgenic activities.

The cyeclic ethers were tested for estrogenic, antiestrogenic, auti-
Two of the estrane derivatives exhibited weak estrogenic properties

while the remaining compounds were biologically inactive.

The observed antiestrogenic activites of a cyclic
ether derivative of 19-nortestosterone, 4’,5’-dihydro-
spiro [estr-4-ene-17,2'(3'H)-furan]-3-one,’ and a num-
ber of closely related compounds,? as well as the
reported effectiveness of some of these substances as
aldosterone antagonists,® suggested a study of the
biological properties of a series of androstanes and
estranes having a tetrahydrofuran structure fused to
the D ring. The preparation of these compounds
from a number of lactones or their precursors in the
androstane? and estrane® series is reported.

NaBHBF; etherate reduction® of 33,175-dihydroxy-
Sa-androstane-168-acetic acid v-lactone (1)* yielded
178,2'-epoxy-168-ethyl-5a-androstan-38-ol (2a) in 34%
vield together with a 469, yield of 168-(2-hydroxy-
ethyl)-5a~androstane-33,178-diol  (3a). The major
reduction product 3a was allowed to react with
p-toluenesulfonyl chloride in pyridine to give a mixture
containing the mono- and the di-p-toluenesulfonates
3b and 3¢c. Treatment of the crude p-toluenesulfonate
mixture with KO-~Bu in ~-BuOH essentially following
the cyclization procedure of Brown,? led to the for-
mation of the 38-hydroxy ether 2a and the p-toluene-
sulfonate 2b. The latter (2b) was cleaved to 2a with
sodium in liqguid ammonia—ammonium chloride.’
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Oxidation of 2a in a two-phase system® led to the
isolation of the ketone 4, which upon dibromination
followed by the elimination of the elements of HBr®
gave the 1,4-dien-3-one 5.

No pure reduction product could be isolated after
NaBH.-BF; etherate reduction of 38,178-dihydroxy-
androst-5-ene-168-acetic acid v-lactone.* The
desired 178,2’-epoxy-168-ethylandrost-5-en-38-01 (8a)
was obtained in the following manner. LiAlH,
reduction of 38,178-diacetoxyandrost-5-ene-168-acetic
(6)* yvielded the previously reported 168-(2-hydroxy-
ethyl)androst-5-ene-38,175-diol (7a).® The triol 7a
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was converted to tlie p-toluenesulfonate mixture cou-
taining 7b and 7¢ which, upon treatment with KO-t-Bu,?
gave rise to a4 mixture of the cyelie ethers 8a and 8b.
The hydroxy ether 8a was isolated in pure form after
column chromatography of the mixture on alumina; a
sceond proditet isolated and eharacterized was shown to
be the i-steroid 9 which was formed from 8b by un
i-steroid rearrangement!! during chromatography of

()——-({Hn.
CH,

OH
9

the original mixture.!? Buffered hydrolysis of the
carly fractions obtained from the above chromatogram
gave additional amounts of the é-steroid 9. Oxidation
of the alcohol 8a with Jones reagent!® gave rise to the
a,8-unsaturated ketone 10.

The reduction of 3,178-dihydroxyestra-1,3,5(10)-~
triene-168-acetic acid v-lactone (11a)® with NaBH,-
BI; etherate® furnished the cyeclic ether analog of
estradiol 12a and 168-(2-hydroxyethyl)estra-1,3,5(10)-
triene-3,178-diol (13a). A similar reaction of 178-
hydroxy-3-methoxyestra-1,3,5(10)-trien-168-acetic acid
v-lactone (11b)% led to the formation of 12b and 13b in
30 and 499 yields, respectively. Conversion of 165~
(2-hydroxyethyl)-3-methoxyestra-1,3,5(10)~trien-178-ol
(13b) to the p-toluenesulfonate 13e¢, followed by
treatment of the latter with IXO-t-Bu,? gave rise to the
cyclic ether 12b in 859 yield. Birch reduction'
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CH. CH.
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b.R=CH

13a. R=R'=H
b.R=CH:R'=H
¢R=CH. R = p-CH (. H,50.

of 12b under the conditions of Wilds and Nelson®
followed by acid hydrolysis of the crude dienol ether

itermediate led to the isolation of the 19-nor-
testosterone analog 14.
O—CH,
CH.

H |

0
14

Biological Results.—The biological activity of the
cyclic ethers was studied in laboratory animals using
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several established bioassays. The estrogenieity of
the compounds was measured after subcutancons
administration to immature female mice as deseribed by
Dorfman'® cruploying changes in the uterine weight as
an end point.  Ouly the estrane derivatives 12a and
12b showed weak uterotropic activities antounting to
0.005 and 0.00267. of estroue, respectively.

Rat parabionts, a castrated male and an intaet
female, served for the evaluation of antigonadotropic
and audrogenie activities.  The metlhiod deseribed by
Bunster and Meyer™ with the following modifieations
was employed.  No litter mates were used, skin in-
eisions were joined with the aid of 11-mm surgical
wound elips, and the abdominal area was banded with
adhesive tape after the operation.  The subeutancous
imjections of the compounds to be evaluated were con-
tuwted for 7 days and the animals were saerified 24 hr
after the last injection.  Only 12a showed statistically
significant (p = 0.05) gonadotropin iuhibition which
was probably due to its estrogenieity. A slight inereaxe
in the seminal vesicle weight after the administration of
12a likewise reflected the estrogenic activity of the sub-
stance.

The antiestrogenie activity of the compounds was
evaluated after subeutaneous administration to -
mature female mice following the protoceol of ldgren
and Callioun.”™ None of the evelie cthers prepared
showed any antiestrogenic activity.

Experimental Section

Melting points were determined on a Fisher-Johns melting
poiut apparatus,  Optical rotations were measured with a Hilger
and Watts polarimeter; ir spectra of all new compounds were
obtained with a Perkin-Kliner Model 421 grating spectropho-
tometer in CICly solutions nuless stuted otherwise; the i
values are reported ouly where they contributed substantially
to identify the product. 'The uv speetra of the unsaturated
ketounes, measured in MeOH solutions, were consistent with the
struetural assignments.  The nmr specira were recorded with a
Varian A-60 nmr spectrometer at 60 MHz; 5-109; solutions in
CDCl; were emploved using TMS as an internal reference.
Chemical shifts are reported in IIz from TMS (0 Hz) in the diree-
tion of decreasing fleld. Where analyses are indicated by sym-
bols of the elements, analytical resulis were within ==0.3%5 of the
theoretical values.

NaBH.-BF; Etherate Reduction of 33,173-Dihydroxy-5«-
androstane-163-acetic Acid vy-Lactone (1).-—A solution of 6.58 g
of the lactone 1* aud 111,20 g of BF;- 1510 in 230 mil of TIEF wus
added dropwise 1o un ice-eooled suspension of 2.10 g of NaBII,
in 115 ml of diglyme with =thrring under N» over a period of 50
min.® The reaction mixtnre wns stirred with cooling for 1 hr
and then heated under reflux for 40 min.  After cooling and
careful addition of 150 mi of 2 N HCI and 800 ml of I,0, the
slurry was extracted in sequence with two 2000-ml portious of
I2t,0 and then with 1000 ml of the same solvent. The organic
extracts were washed (2 N HCL L0, saturated NalICO;, and
ro uentrality with THOjs  The insoluble interphase (triol 3a)
was earried into the aqueons extracts, collected on a filter, washed
(11,0), dried, and worked up as indicated below.

The Et.0 extracts were dried (MgSQy), filtered, and evaporated
to leave n 3.14 g of a solid residue. 'This material was purified
by chromatography ou 320 g of silica gel. From the Cglle~
EtOAc (4:1 and 1:1) eluates a total of 2.26 g of residue was ob-
tained after evaporation of the solvent. Recrystallization
(Me,CO) gave a first crop of 2.00 g of 178,2'-epoxy-163-ethyl-
5a-androstan-38-ol (2a), mp 203-205°. Concentration of the
mother liquors led to the isolation of a second crop of 0.13 g, mp
202--203°%; the yvield of 2a was 34°{. A portion of the first erop

{16y R. I. Dorbuan, Methods Hormane lies., 2, 713 (1962).

{17y . Bupster and R. . Meyer, .teat. Kecord, BT, 339 (1933).

(18) R. A. Edgren and D. W. Callwun, Proc. Soc. Ezptl. Biol, Med., 94.
337 (1457).
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was recrystallized for analysis: mp 203-204°, [«]®D +40° (c
107) Anal. (021H8402) Cv H.

The later EtOAc-MeOH (4:1 and 1:1) eluates of the above
chromatogram contained 0.64 g of substance. This material
was found to be identical with the above insoluble interphase
product. The two crops were combined and recrystallized from
MeOH to yield 3.08 g (46%) of 163-(2-hydroxyethyl)-5«-andro-
stane-33,173-diol (3a), mp 263-265°. A sample of this material
was recrystallized from MeOX for analysis: mp 271-272°,
[«]®D +2° (¢ 0.41, pyridine). Anal. (CnHs05) C, H.

Cyeclization of 3a.—A mixture of 3.01 g of the triol 3a, 3.06 g of
p-toluenesulfonyl chloride, and 30 ml of pyridine was allowed to
stand at room temperature overnight. It appears that not all
of the triol 3a had dissolved aud thus 20 m! of pyridine was added.
The mixture was warmed on the steam bath for 1 hr and then
most of the pyridine was evaporated under reduced pressure.
The residue was dissolved in 500 m! of CH,Cl;, the solution was
washed with 100 ml of 109, aqueous AcOH, and the layers were
separated. The aqueous phase was extracted twice with CH,Cl,
and discarded. The organic extraets were washed (H.0), dried
(MgSQ,), filtered, combined, and evaporated to leave 3.88 g of a
mixture containing 3b and 3¢. This material was treated with a
solution of {~BuOK in -BuOH (prepared from 220 ml of :-BuOH
by dissolving 0.85 g of K) at room temperature overnight.?
The reaction mixture was diluted with 500 ml of H,O and the
resulting slurry was extracted with Et,0. The extract was washed
(H,0), dried (MgS0,), filtered, combined, and evaporated to
dryness under reduced pressure. The crude eyclization product
(3.73 g) was purified by chromatography on 115 g of alumina,
grade III. The residues resulting from the evaporation of the
petroleum ether (bp 60-68°)-Ce¢Hs (4:1 and 1:1) eluates were
combined aud recrystallized from Me,CO-n-C;H,s to furnish a
first crop of 1.99 g of 178,2’-epoxy-168-ethyl-5a-androstan-33-ol
p-toluenesulfonate (2b), mp 123-124°; a second crop amounted
to 0.33 g, mp 117-119°.  An analytical sample had the following
physical constants: mp 123-124°, [«]%p +10° (¢ 1.21). Anal.
(CasHyOsS) C, H.

Further eluates of the above chromatogram with CgHg and
CeHs—EtOAc (4:1) yielded, after evaporation of the solvent and
recrystallization of the residue from Me,CO, 0.46 g of the cyclic
ether 2a, mp 202-204°. The identity of this product with the
above-prepared reference sample of 28 was determined by mixture
melting point determination and comparison of the ir spectra.
A second crop of 0.10 g, mp 197-199°, was obtained.

Na-Liquid NH; Cleavage of 2b.—A solution of 1.42 g of the
ester 2b in 100 ml of anhydrous Et,0 was added dropwise to a
solution of 0.67 g of Na in 100 ml of liquid NH; over a period of
30 min. About 15 min after the addition was completed the
solution turned orange, and 3.30 g of NH,Cl was added to dis-
charge the orange color.” This was followed by the addition of
25 ml of HyO and the NH; was allowed to evaporate. The slurry
was diluted with 200 m! of H,0 and 500 ml of Et,0, the layers were
separated, and the aqueous phase was extracted twice more with
Et,0. The organic extract was washed (H:0), dried, filtered,
and evaporated to leave a residue of 0.96 g of reaction produet.
Chromatographic purification and recrystallization (Me,CO)
gave 0.65 g of the hydroxy ether 2a, mp 201-203°; a second crop
amounted to 0.11 g, mp 190-195°. A portion of the first crop
was recrystallized for analysis: mp 203-205°, [a]®D +39° (¢
1.10). Anal. (CxHs0,)C, H.

173,2’-Epoxy-168-ethyl-5«-androstan-3-one (4).—A solution
of 5.47 g of 2a in 320 ml of C¢Hs was added to a solution of 8.75
g of Na,Cr,0;7-2H,0 in 43 ml of H;0, 13.5 ml of concentrated
H,S0,, and 8 ml of AcOH with vigorous stirring and cooling
according to the oxidation procedure of Bruce.® Stirring at room
temperature was continued for 22 hr under N,. The above reac-
tion mixture was diluted with 400 ml of CsHs, and the dark acid
layer was separated and extracted with two 600-ml portions of
CsHg. The CgHg extracts were washed (H,0, saturated NaHCO;
solution, H;O to neutrality). The CgHs extracts were dried,
filtered, combined, and evaporated to leave 5.10 g of a crystalline
residue which was further purified by chromatography on silica
gel and recrystallization from Me,CO-n-C;His to yield a first
crop of 4.17 g of 4, mp 155-156°; a second crop amounted to
0.22 g, mp 149-132°. An analytical sample was prepared from
a portion of the first crop: mp 155-156°, [«]®D +58° (¢ 1.10).
A’ﬂal. (0211{3202) C, I{

173,2’-Epoxy-163-ethylandrosta-1,4-dien-3-one (5).—To a so-
lution of 1.92 g of the ketone 4 in 30 ml of AcOH and 3.03 gof a
30% HBr solution in AcOH there was added 2.10 g of Br; in
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8 ml of AcOH with stirring at room temperature over a period of
5 min, and stirring was continued for 15 min. The reaction
mixture was diluted with 250 ml of H,0O and extracted with 400
ml of CgHe. The aqueous phase was separated and extracted with
two 200-ml portions of C¢Hs. The organic extracts were washed
to neutrality with H,O, dried, combined, and evaporated under re-
duced pressure at 60° to yield a residue of 3.01 g of the partly
crystalline dibromo ketone. The latter was dissolved in 45 ml of
DMF and added to a stirred suspension of 3.02 g of LiBr and 3.03
g of Li;COzin 25 ml of DMF at 95°, under N, and the mixture was
stirred for 18 hr at 90-100°.% The solution was allowed to cool
and was diluted with 500 m! of Et,;O and 300 ml of H,O. The
layers were separated and the aqueous phase was extracted
twice with 200 m! of Et,0. The Et,0 extracts were washed
(H,0), dried, filtered, and evaporated to leave 1.93 g of partially
crystalline reaction product which was further purified by chro-
matography on alumina and recrystallization from Me,CO-
n-C7Hye to give 1.18 g of the desired 1,4-dien-3-one 5, mp 141-
143°; a second crop amounted to 0.14 g, mp 128-132°. For
analysis a sample was sublimed at 160° under high vacuum and
recrystallized: mp 144-145°, [a«]®D +37° (¢ 1.00). Anal
(C2Hy0,) C, H.

163-(2-Hydroxyethyl)androst-5-ene-33,173-diol (7a).—A so-
lution of 14.53 g of 38,178-diacetoxyandrost-5-ene-163-acetic
acid (6)* in 250 ml of THF was added dropwise to a stirred and
cooled suspension of 4.68 g of LiAlH, in 300 m! of THF under
N, over a period of 43 min. Stirring and cooling was continued
for 1 hr, and the mixture was stirred at room temperature for 2.5
hr before warming to a gentle reflux for 15 min. The reaction
mixture was cooled again by immersion into an ice bath. The
careful addition of 40 ml of moist Et;0 was followed by the addi-~
tion of 40 ml of H,O, 700 m! of 2V H,S0,, and 2000 ml of H,0.
The precipitate was collected on a filter, washed to neutrality
with H,0, and dried under reduced pressure at 60°. Recrystal-
lization (EtOH) gave a first crop of 9.47 g of the triol 7a, mp
268-270°, a second crop of 0.69 g, mp 262-264°, and a third crop
of 0.20 g, mp 259-263°. A sample of the first crop of the triol
7a was recrystallized for analysis: mp 269-270°, [«]%Dp —40°
(¢ 0.41, pyridine),!? she® 3497 and 3240 e¢m~. dnal. (Cy-
Hs.0;) C, H.

Cyclization of 163-(2-Hydroxyethyl)androst-5-ene-33,173-diel
(7a).—A mixture of 6.00 g of the triol 7a, 5.17 g of p-toluenesul-
fonyl chloride and 100 ml of pyridine was allowed to stand at room
temperature overnight. The reaction mixture furnished, after
a work-up as described for the saturated compound 3a, 7.26 g
of the crude mixture of 7b and 7e. The p-toluenesulfonates
were allowed to react in a solution of {~-BuOH containing {-BuOK
(prepared from 420 m! of ~-BuOH by dissolving 1.62 g of K) at
room temperature for 40 hr.2 The reaction mixture was worked
up as in the case of 3b and 3¢, to leave 7.01 g of crude reaction
product which was purified by chromatography on 230 g of alu-
mina, grade I11.

The late petroleum ether-CgHs (4:1) and the early petroleum
ether—CgH, (1:1) eluates contained 1.23 g of an oil. This ma-
terial and 1.12 g of AcOK, dissolved in 85 ml of Me,CO and 36
ml of H;O, was warmed on the steam bath to a gentle reflux for
24 hr. Removal of most of the solvent under reduced pressure,
extraction of the resulting slurry with Et.0, washing, drying, and
evaporation of the organic solution led to the isolation of 1.09 g
of crude product. This was purified by chromatography and
recrystallization to yield 0.28 g of 178,2'-epoxy-168-ethyl-3,5a-
cycloandrostan-68-ol (9), mp 155-157°, which was found to be
identical with the material characterized below.

The later eluates with petroleum ether—CgHg (1:1) upon evap-
oration of the solvent, furnished crystalline residues amounting
to 0.64 g. Several recrystallizations of this product (Me,CO-
n~C7Hig) gave 0.15 g of the i-steroid 9, mp 156-158°. A second
crop of 0.30 g of compound, mp 147-150°, was obtained after
concentrating the mother liquors. An analytical sample had
the following physical constants: mp 156-158°; [«]%p +61°
(¢ 1.01); 55.<% 3601, 3055 em~;* nmr, multiplet between 220
and 250 Hz (ether, 3 H), triplet centered at 196 Hz (Jax ~

(19) Kovées, et al., reported mp 270°, [a]®0 —7.5° (pyridine). A part
of the above sample of 7a was converted to the triacetate, mp 131-132°.
lal®p —34° (¢ 1.06), ipax 1720 em=~1. Anal. (CnHuwOs) C. H., Kovées,
et al. 10 reported for the triacetate mp 133-134°, [a]?p —37.5°. No ex-
planation can be offered for the difference in the observed optical rotation of
the triol 7a.

(20) A. R. H. Cole, J. Chem. Soc,, 3807, 3810 (1954).
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Jex > 25 1lz) (ba-11),21 singlets at 64.5 (10=-3e) and 48 1z
(13-Me), complex absorption between 0 and 50 Iz (c¢yclopropyl
II).“ Anal. (021}{320-_)) C, H.

The CsHe—1tOAc (9:1) eluates gave, after evaporation of the
solvent, a total of 3.28 g of erystalline residue which upon re-
erystallization (MesCO) yielded a first crop of 2.47 g of 173,2'-
epoxy-163-ethylandrost-5-en-33-0l (8a), mp 181--183°. Concen-
tration of the mother liquors led to the isolation of a secoud crop
of 0.49 g, mp 175-179°,  An analytical sample had mp 184-186°:
[al¥p —30° (¢ 1.01); nnmw, broad absorption at 324 11z (vinyl
1),*2 nltiplet between 220 and 250 Hz (ether, 3 ), partially
overlapping broad absorption centered at 210 Iz (3a-axial T1),2
singlets at 62 (10-Me)?? and 47 Hz (13-Me).  .nal. (CyuHyuOy)
C,

173,2’-Epoxy-163-ethylandrost-4-en-3-one (10).--To i cold
(5°) sohrtion of 1.11 g of the hydroxy ether 8a i 200 ml of Me,CO
wis added while swirling 1.75 ml of CrOy reagent*® nuder N,.
After 10 min the reaction mixtnre wax diluted with 750 ml of
11,0, and the precipitaie was collected on a filter, washed with
several small amounits of 1,0, and dried af 60° under reduced
pressnre.  'The compound was dissolved in 40 ml of MeOI con-
taining 4 drops of a 107 agueous KOH solution and warmed
ott the steam bath for 5 minr.  The KOIL was neutralized with
AcOIL, the solution was diluted with 100 ml of 11,0, and most
of the MeOH was removed under reduced pressnre on the steam
bath.  The aqueons suspension was cooled and extraected with
Ed,00.  The extraet wax washed 12 N HCL, ILO), dried (MgSO),
filtered, and evaporated to leave 0.76 g of crystalline oxidation
produet which was purified by chromatography on 30 g of ahlu-
ming, grade IIL  The residues from the ehintes with petrolenm
ether-Cgllg (4: 1 and 1:1) gave after reerystallization from Me,CO
-n-C;Hyg a first crop of 0.56 g of 10, mp 172-173°; u second crop
amounted to 0.06 g, mp 168-170°, A part of the first crop wis
recrystallized for analysis: mp 173--174°, [«]®0 +125° (¢ 0.03).
Anal. (CyullgOy) G 1.

NaBH;-BF; Etherate Reduction of 3,173-Dihydroxyestra-
1,3,5(10)-triene-168-acetic Acid v-Lactone (11a),—A solution of
3,012 g of the lactone 11a% and 52.79 g of freshly distilled BF;-
F0 i 155 mb of THI was added to a well=stirred snspension of
0.96 g ol NaBH; in 60 ml of diglvme with cooling nnder N,.¢
The reaction mixtnre was processed as in the reduction experi-
ments deseribed above in the audrostane series.  The Et.0)
extracts contained 2.87 g of ¢rude rechietion prodnet. Material
which was neither solible 1 L£6,0 nor in the H,O layer was col-
lected on a filter, washed (H,O), and dried at 60° under reduced
pressure.  The product (0.76 g1 was recrystallized (Me,CO) 10
give 0.26 g of the triol 13a, mp 247-248°, identical with the sam-
ple characterized below.

The residue from the Ew,O extracts, 2.87 g, wax purified by
chiromatography on 280 g of =ilica gel.  'The Cgllg-1510Ae (1:1)
chiates vielded a erystalline vesidue of 1.12 g after evaporation of
the =olvent. Several reervstallizations of this materinl (Me,CO}
led to the isolation af 0.39 g of 173,2’-epoxy-163-ethylestra-1,3,5-
(10)-trien-3-0l (12a), mp 269-270°; a =econd ecrop of .38 g
melted at 267-268°.  'The above first erop was given for analy=is:
la]?p 4+114° (¢ 1.02).  Anal. (CullyOs) C, 11

Evaporation of the EtOAe-MeOIl (9:1 and 4: 1) elnates left a
residue of 150 g of solid which was recrvstallized (Me L O).
A first crop of 168-(2-hydroxyethyl)estra-1,3,5(10)-triene-3,173-
diol (13a), 0.23 g, melted at 245-246°; =econd crop, 0.46 g, mp
244-246°. The first crop was found to be analytically pnre:
[a]¥Dp 449° (¢ 0.62, pyridine).  Anal. (CyxHuOy) C, 11

NaBH.-BF; Etherate Reduction of 173-Hydroxy-3-methoxy-
estra-1,3,5(10)-triene-168-acetic Acid ~-Lactone (11b).—A sol-
lion eontaining 6.34 g of the lnctone 11b% and 84.21 g of freshly
distiled BF;- 1,0 in 230 ml of THIEF was added dropwise to an
ice~cooled and stirred mixire of 1.O6 g of NaBII, in 95 ml of
diglvine nnder Ny over 4 period of 45 min.®  The reaction mixture
was processed and worked up as in the case of the corresponding
rediretions discussed above to vield 885 g of crude reaction

(21) J. Tadanier and W. Cole, J. Org. Chem., 27, 4610 (1962).
122) N. 8. Bhaceca, L. F. Jolinson, and J. N. Shoolery, “NJMR Specira
Catalog,' Varian Associates, Palo Alto, Calil., 1062, Spectriin No. 363.
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produet which was purified by chironmtography on 700 g of silies
gel.  Evaporation of the Cellg-1210Ae (9: 1) cluntes Teft a residae
of 2.24 ¢ of =ubstanece which was recryvxiallized from n-Ciih,
to yield a firs1 crop of 1.2 g of 173,2’-epoxy-163-ethyl-3-me-
thoxyestra-1,3,5(10)-triene (12b), mp 127--128°; « =second crop
amounted to 0.31 g, mp 126-127° {yvield 5077 A pare of 1he
first erop was recry=tallized for analvsis, mp 1270 128.5°) ai?D
F 3% (e 1125 Llnel. 1000 € L

Reerystallization of 1he residues front the Liter elnates with
EADAe-MeOTD (0:1, 411, and 1) from Me,CO gave 316 g
of  168-(2-hydroxyethyl)-2-methoxyestra-1,3,5(10)-trien-173-0!
(18b), mp 203-205° (vield 49¢. 3 A <aumple wax recrystallized
for aualysist mp 210-211°, Je|[®n A47° (¢ 052, pyridie.
.’l/l(l[. ((‘111131)( ).‘1,) (‘, H.

Cyclization of 13b.-—A =ohition ol the triol 13b 15.06 g), 2.72
g of p-tolnenesnlfony! chloride, und 30 mlb of paridine wax
allowed 10 staud ar room {emperatire for 24 hr. The crude
p-toluenesnlfouate 13e¢, 3.07 g, was warmed on the steam bath
t o solution of BnOH comaining -BuOK  iprepared frow
160 b ol ~BnOIb ared 0.62 g of K) for 2 he: ihe reaciion
mixture wax then allowed to =tand @ roont temperatare over-
might.  The mixture was dilnted with 1000 ml of KGO and 250
il of 1,0, The THLO kayver was <eparated and extraeied with rwo
additional poriions of E0).  The organie extracts were washed
(11,0, saturated NaCl), dried, filtered, combined, ma evaporated
{o leave 2.00 g of ermde eyelization produet.  The componnd
was fnrther purified by chromarography on 125 g of alamim,
grade 1L and the residnes from the perrolnm ether-Cyllg t4: 1 and
11y ehiates (2.6 g) were recrystallized from n=-Cille e vield a
first erop of 2336 g of 12b, nmip 127.5-128.5°: =econd crop, W11 g,
mp 126--128° (vield %570 Au analytieal =ample wax prepared
fronn the first erop: mp 127-128°%; [«]?p 4+ 112° (¢ 111 b,
451 (), 409 tdy, 401 1z fs) (aromatic H), mnltiplets berween 220
and 250 (evelie ether, 5 ), 220 (OCH and 47 Tz (85 Med
dnal. ((yglllgg()g) (,‘, H.

178,2’-Epoxy-163-ethylestr-4-en-3-one (14 ).--To a ~ohition of
1.o1 g of the mietboxy ether 12b o 120 mi of 24,0 cooled i Dy
Lee-Me,CO 1here wins added abont 500 ml of Hgnid N1, This
was followed by the addition of 1.40 g of Li wire in small pieces
over g period of 15 mhit, and 12 niin kater the earetul addition of
S0t of K{OT was initined.?  NMost ol the NTI; was allowed 1o
evaporate and 125 ml of 1,0 was added cavefully, and this was
followed by 200 ml of E,0. The lavers were then <eparated
and the H,O phise was extracted with 1wo 250-ml portions of
E6.0.  The orgaunic extracts were washed 1o neatrality (107,
dried 1MgsOy), fihered, combined, and evaporated (o leave
102 g of ervstalline reaction produet. This materinl was dis-
solved i 100 il of MeDIT and 42 ml of 3 N HCE and warned
to a gentle reflax for 50 nnn. The reaction mixtire was allowed
to cool, dilited winh 200 mt of 1,0, and extracted with 500wl of
L0, The TLO phase was separated and extracted {wice more.
The orgauie exireis were washed tsatneated NallCO;, LU
Lo nentrihity), dried, filrered, and evaporated to leave 1O g ol
ery=tattine resichie which was furiher pivified by chromatography
ot 45 g of alnmina, grade TIL From the early elnates with
petrolennt ether-Cgllg (0:1) a residne of 056 g was obtained.
Heervstallization of 1his substanee from n=CiIhy led to the re-
covery of 0.27 gof the starting material 12b. - Thelater petvolemnm
ether-CyHy ehrates 1901, 41, and 1:17 and the Gl elantes
contained 1.10 g of the Birch rednetione prodnet 14, The com-
ponnd was recrvetallized §Me,CO-n-Cilhgr 10 yvield 0.75 g of
<abstanee. mp O 150°; secowed crop, 010 g, mp  155--140°,
A sample of the firsi erop wax rveervstallized Tor analyvsis: mp
IS 151°, Sa®ip +T70% ce LODY, L laad. ¢Cull 00 C) 1L
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