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ABSTRACT

The synthesis of 17-ethynyl-11-oxatestcsterone, both fran 11-oxa-Sa-pregnane—3,20-
dione and, via a 3,17-dioxygenated 9-oxo 9,12-seco 11-nor Sa-andrastan-12-oic ester, fran
38-acetoxy-17-hydroxy—So-pregnan-12-one ~ two products available fram hecogenin - is re-
ported. The new hormone analogue shows significant progestational activity in the Clau
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berg test and relatively weak activity in a post-coital antifertility assay.

GENERAL
The low progestational activity of 11-oxaprogesterone (4,5) in the McPhail Clauberg
assay (6) and its significant ovulation inhibiting activity in rabbits in which ovulation
is stimulated with copper acetate (5, 7), made the synthesis and biological evaluation of
the ll-oxa analogue 1 of ethisterone (17-ethynyltestasterone), an oral progestogen, at-

tractive. As synthetic precursar we chose 11-oxa—Sa-androstene~3,17-dione (2).

OH 0O
~C=CH

1 2
In a first set of experiments this product (2) was prepared fram 11-oxa-Sa-preg-

nane~3,20~dione (5), which is available fram the degradation product 4 of the acetate of
hecogenin (3) and which we had used as a key intermediate in syntheses of )1-oxaprogeste-
rones (4, 5, 8) and of 11-oxa analogues of glucocorticoids (2). Preliminary experiments

(Scheme 1) on a Baeyer-Villiger degradation with m-chloroperbenzoic acid of the acetate
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5d of 3g-hydroxy-11-oxa-Sa-pregnan-20-one (5e¢) (2) gave unsatisfactory results, the 11—
oxa 3,17-diketone 2 obtained fram the degradation product 2¢ by hydrolysis and Jones
oxidation being isolated in yields of only 14 to 25% . The direct degradation of the 3-
ethylenedioxy 20~ketone 5a (9) to the 17-ketone 2a, according to Sidall's procedure (10),
by treatment of the Barton-hydroperoxidation product 6 with potassium t-butoxide, pro-
ceeded only in 32% vyield. We therefore subjected the 3~dimethylketal Sb of the oxa
diketone 5 to Gardner's modification (11) of Barton's procedure (12), involving the in

situ reduction of the 17-hydroperoxide 6a. The resulting 17-hydroxy 20—ketone 6b (yield
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after purification: U5%) was reduced with sodium borohydride and the arude reduction
product (1) was degraded with sodium bismuthate in acetic acid, with concomitant hydro-
lysis of the 3Jketal, to 1i~oxaSa-androstane—3,17-dione (2), obtained in 86% yield
{over-all yield fram the 3-dimethoxy 20-ketone: 40%).

Because of the efficient degradation of 17,20~diols, which are readily fomed from
16~unsaturated precursors, to 17-ketones, we now explored an alternate route to the 11—
oxa 3,17-diketone 2 (Scheme 2). The hecogenin degradation product ¥ was transfamed in
approximately 90% vield by Julian's method (13), via the epoxide 8 and the bramohydrin
9a, into 3B-acetoxy-17-hydroxy-So-pregnane—12,20~dione (9), which was converted with
ethylene glycol ard boron trifluoride-etherate (cf.74) in approximately 80% yield to the
38, 17-dihydroxy 20~oxo 12-monoketal 12, the 3-acetate group, already partly hydrolyzed,
having been completely saponified with potassium carbonate. Reduction with sodium boro-
hydride gave, in over 90% yield, 12-ethylenedioxy-So-pregnane-38,17,20a-tricl (11) (15),

which was transformed with absolute acetone and p-toluenesulfonic aeid (ef. 21) into

+. o ovbe o PRr)
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,200-acetonide (10s). I
dehydrogenated in 62% yield with selenium dioxide (22, ¢f. also 13) to 3p-acetoxy-17,20c~
dihydroxy-Sa-pregn-9-en-12-one (135,

In a first series of experiments the acetonide protection was restored with acetone
and perchloric acid and the product (13a) subjected to ozonolysis in ethyl acetate, fol-
lowed by hydrogen peroxide oxidation, under the conditions previously elaborated (14},
resulting in acid and neutral materials. The acid fraction consisted, according to its
infrared spectrum, chiefly of the 9,12~seco 11-nor 9-oxo 12 acids 1¥b and 1Mde in which
the 3-acetate had been partly hydrolyzed and in which the 17,20-diol moiety was still
mrotected. The neutral fraction, to which we assign tentatively, on the basis of a strong
infrared absorption at 1780 om | and of other characteristic bands (of. Experimental),

mainly the structure of an anhydride of the 17,20-acetonide of 3g-acetoxy-9-oxo-17,20u~

dihydroxy-9, 12-seco~11-nor-Sa-pregnan-12-oic acid {14e) and, to a minor extent, of tre
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corresponding 3-alcohol 14b, was hydrolyzed with potassium hydroxide to an acid fraction,
corresponding according to its ir spectrum primarily to the carboxy acetonide t#b. The
same product was obtained by treatment of the original acid fraction with potassium
hydroxide. Methylation with diazomethane and acetylation of the cambined acid fractions
led to methyl 3B-acetoxy-9-oxo-17,20a~dihydroxy-9,12-seco-11-nor-Sa-pregnan-12-oate
17,20-acetonide (14f), obtained in approximately 53% yield, and in 19% yield to methyl
38, 20a~diacetoxy-9-oxo-17-hydroxy—9, 12-seco~11-nor-Sa-pregnar—i2-cate (14g), arising fram
the portion of the ozonolysis product in which the acetonide protection had been hydroly-
zed. Treatment of this product with hydrochloric acid gave in S0% yield the trihydroxy
keto seco ester 1hd which was also obtained, in 8% yield, by hydrolysis with hydrochlo-
ric acid of the acetoxy acetonide 14f. The over—all yield of that product fram 38-aceto-
xy-17, 200—dihydroxy-Sa-pregn-9-en-12-one 17,20-acetonide (13a) amounted to 55%. Oxida-
tion of tre trihydroxy keto seco ester 1Hd with sodium bismuthate gave in 98% yield
crude, amorphous, methyl 38-hydroxy-9,17-dioxo-9,12-seco-11-nor-5a-androstan-12-oate
(15), fully characterized in its purified, crystalline fom. The aude product was
oxidized with Jones' reagent to afford in 72% yield (fram the seco pregnancate 1id) pure
methyl 3,9,17-trioxo-9,12-seco-11-nor—5Sa-androstan-12-cate (15a).  Its over—all yield
fram the acetoxy dihydroxy pregnenone 13 amounted to 37%. A simpler and improved synthe—
sis of the trioxo seco androstanoic ester 15a started with oxidative ozomolysis of the
unprotected 3B-acetoxy 17,20a-dihydroxy 9-unsaturated 12-ketone 13, leading to a crude
product (containing the acetoxy dihydroxy acid 14a and same neutral material) which was
immediately refluxed with methanolic potassium hydroxide. The resulting acidic material
(mostly the trihydroxy acid 14) was methylated with diazomethane and the arude trihydroxy
seco ester 14d thus obtained in approximstely 70% yield was treated with sodium dbis-
muthate and subsequently with Jones' reagent. Crystallization afforded in 40% yield
(fran the pregnenone 13) the triketo androstaroic ester 15a. This ester was ketalyzed in

92% yield with ethylene glycol and p-toluenesulfonic acid to the diketal 17 which was
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reduced in 88% yield with lithiun alumirum hydride to the dihydroxy seco diketal 16. Ring
closure with tosyl dhloride in pyridine gave in 75% yield the desired 11~oxa~Sorandrosta—
ne-3,17-dione (2). In spite of the fact that in the 17.20~dinydroxylated series the
introduction of the 9,11-double bond and the ozonolysis of the 9-unsaturated 12-ketone
proceed less satisfactorily than in the case of a 17-mon-oxygenated mroduct, the over-all
vield of the V-owa~androstanedione 2 in the patiway depicted in Scheme 2 is Ly more then

30% superior to the most efficient sequence summarized in Scheme 1.
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Far its conversion to 1l-oxa-ethisterone (1), the 11-ow-androstanedione 2 was
transfomed into the dienedione 18 (Scheme 3). By dehydrogenation with 2, 3~didnaro-5, 6~
dicyano-prbenzoquirone (DDQ) this product wes obtained in ¥3% yield and was accompenied
by the 1,2-monounsatired 11-oxa derivative 19, isolated in 13% yield, Better yields
{60%) of the diene dione 18 were realized by dibromination in acetic acid of the diketone
2 and by dehydrogenation with 1ithium bromide and lithium carbonate in dimethaf armani de
of the euwde dibranide Ad. The wnsatuwrated diketones 18 and 19 ware fully characterized
by their elemental analyses and by their wv, ir, and mr spectra (cf. Experimental).

Selective hydrogenation with tris-(triphenylphosthine)rhodium chloride (23, 24) gave in
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58% yield Vi-oxe-U-androstene-3,17-dione (20), whose uv, ir, and mmr spectra showed the
characteristic absorptions of a /-Au-3*keto function, and which was transfarmed in 42%
yield, by Djerassi's method (25) into the dienol ether 21 {26) . Reaction with acetylene
and potassium t-amylate (25), followed by hydrolysis with hydrodiloric acld, gave in 5u%
yield iTa—ethynyl-178-hydroxy-11-oxa-4~androsten-3-one (1), the 11-oxa analogue of ethi-
sterone.

In preliminary assays, the Contraceptive Development Branch of the Center far
Population Research of the National Institute of Chilc Health and Human Development,
Bethesda, Md., found 17-ethynyl-11-oxatestosterone (1) to have upon subcutaneous adminis-
tration, significant parenteral progestational activity in the Clauberg assay. Thus, at
a dose level of 4.0 mg it had in the McPhail scale (6) an activity of 3.0 + 0.1. Hence
the diminution of progestational activity by replacement of tne 11-methylene group by an
oxygen atam seems far less prornounced in the case of ethisterone than in the case of
progesterone (3b, 5), and drastically less than in the case of 17-acetoxyprogesterone

{3p, 8). A fuil biological evaluation of 11-oxaethisterone (1) will be pubiished at 3

IXPERIMENTAL

For the methods, materials, and instruments used for melting point determinations,
chramatographies, and spectral measurements, see the introductary note to the Experimen
tal of ref. 1 (p.768). The micro-analyses were performed by Ayerst Labaratories, Montre-
al, Canada, under the direction of Dr. G. Schilling, by Dr. C. Daesslé, Montreal, and by
the Dr. F. Pascher Labaratories, Bonn, Germany.

3, 3-Dimethoxy-11-oxaSapregnamr20-one (5b). A solution of 4.0 g of 11-oxa—5a—preg-
nane~3,20~dione (5) (4, 5), mp 213'2150, in 300 rL of absolute methanol was stirred at
room temperature for 18 h with 50 mg of p-toluenssuifonic acid. After reduction in vacuo
to half of its volume, the solution was poured into cold water and the mixture was ex-
tracted with ether, The organic solution was washed with a saturated sodium bicarbonate
solution and with water, and was dried over sodium sulfate. Removal of the sclvent gave
4,k g of a solid, mp 87-910, which upon orystallization fram ether—hexane gave 3.54 g
(83%) of 3,3dimethoxy-11-oaSa—pregnar20-ae (Sb), mp 92—93 2% sample was recrys-
tallized twice fram ether—hexane far analysis; mp 97.5-98.57; +11.6 (¢, 1.000 in

CHC1.); v (KBr) 1710 (20-ketone), 1110, 1070, and 1050 r\m (etner' absarptions); 3§
(50 ) 0.5%s. 3 K, 18-CH,), 0.87 (s, 3 H, 19-H.), 1.9 (s, 3 H, 21-GL,), 3.03 (s,
3 H) and 3.10 (s, 3 H) (3—0&1 absorptions), 3.28 1d, J = 11 Hz, 1 H) and 3.94 {d, J =

M Hz, 1H) (12H,).
pral. Caled For CoptlagOys €, 72.49; H, 9.96. Found: C, 72.65: H, 3.58.
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3, 3-Dimethoxy—17-hydroxy-11-oxaSapregnanr20-ane (6b) . At -5°, dry oxygen was
passed through a solution of 750 mg of sodium hydride (50% oil dispersion) in 10 ni of
anhydrous t-butanol, 25 ml of dimethylformamide, and 2.C mb of triethyl phosphite. A
solution of 4.0 g of 3,3~dimethoxy~11~oxaSa-pregnan—20-one (5b), mp 92-93°, in 20 mL of
anhydrous tetrahydrofuran was added and oxygen was again passed through the mixture for 1
h, at 59, Nitrogen was passec through the solution of the thus-farmed 3,3-dimethoxy-17-
hydroperoxy-1 1-oa-Sapregnanr20-ane (6a) and a solution of 50C mg of sodium hydroxide in
5 mL of water and 10 mL of methanol was added. The mixture was stirred under nitrogen at
roan temperature for 1 h and was poured into ice water. The product was extracted with
ethyl acetate, the organic layer was washed with water and was dried over sodium sulfate,
Evaparation of the solvent gave 5 g of an oily residue which was chramatographed on 150 g
of aluminum oxide, activity III. Elutions with benzene afforded 1.9 g (45%) of pure 3,3~
dimethoxy-1T-hydroxy-11-oxa-Sapregnan20-one (6b), mp 157-159°, & portiong\gas recrys-
tallized twice fram methylene chloride-etner for analysis; mp 159-160°; fa) +8.81¢,
1.000 in CHC13) Vv (KBr) 3420 (17-OH), 1700 (20-ketone), 1100, 1080, and 1050 am™!
(acetal atsorptions}; § (60 MHz) 0.82 (s, ¥, 18-GH3), 0.91 (s, 3 H, 19-CH3), 2.22 (s, 3
H, CH3—(ID), 3.13 (s, 3 K) and 3.17 (s, 3 H) (3—0(}{3 absorptions), 3.62 (s, uresolved, 2
H, 12’H2).

Anal. Calad for C22H3605: C, 69.44; H, 9.54, Found: C, 69.37; H, 9.36.

38-Acetoxy—-16, 1 Ta—epoxy-Sa—pregnane-12,20diane (8). To a solution of 18.62 g of
3B-acetoxy-So-pregn-16~ene-12,20-dione (#), mp 176-178%, in & ml of chlorofam and 215
rl of methanol were added, with stirring, at 59, 47 ol of a 28% hydrogen peroxide solu~
tion and subsequently, over a period of 1 h, 28 mL of agueous 5 N sodium hydroxide, the
temperature of the reaction mixture being kept below 159, The solution was stored far 18
h at room tamperature, water was added and the precipitate was extracted witn chlaroform,
The organic layer was washed with water, was dried over sodium sulfate and the solvents
were evaporated in vacw. The sclid residve was dissolved in 16 mL of pyridine and
heated for 3¢ min with 8 mL of acetic anhydride on a steam hath., After cooling, the
product wWas poured on crushed ice and the ¢rystalline precipitate was filtered, washed
and dried to give 18.17 g (93% yield) of the epoxide 8, mp 228-230° [1it. (13) 234~
235°7; v (KBr) 1740 (acetate), 17'5 {12-and 20-«etones), 1245 (acetate), 1035 om
{epoxide).

Batches of 100 g of the unsaturated ketone 4 were treated in an analogous fashion
with analogous results.

38-Acetoxy-17-hydroxy-Sa-pregnane-12,20dione  (9). Tc a solution of 5.5 g of
epoxide 8, mp 223-230°, in 55 m. of methylene chioride, was added at 150 4 mL of a 30%
hydrogen bramide solution in acetic acid, The mixture was kept at roam temperature for 2
n and was washed with water, till reutral. The solvent was removed in vacuwo, the tempe-
ratue not exceeding 35°.  The crystalline residue (6.6 g) represented 168-tramo-38-
a0etoxy-17-hydroxy-Sa-pregnane~12, 0-dione (9a), Vimax (KBr) 3500 (17-0H), 1740 (aceta-
te), 1720 (epoxy ketone}, 1260 ar  {(acetate). The product (positive bramine test) was
dissolved without purification in 135 oL of methanol containing 5 m. of water, Raney
nickel (28 g) was added and the mixture was refluxed with vigorous stirring for 4 h and
was filtered while still hot. The filtrate was concentrated to turbidity and extracted
With ether. The organic layer was washed with water and was dried over sodium sulfate.
Removal of the solvert gave 5.% g of a solid which upon crystallization fram ether-petro-
leum other gave 4.97 g (90% yield), of 38-acetoxy-17-hydroxy-So—pregnane-12,20dione (9),
mp 129-130F 11it. {13) 129-13073; ¢ {KBr) B30 (hydroxyi), 1745 (acetate), 1720 (12,20~
ketones), 1258 o (acetate). max

working with large quantities, it was advantageous to reduce the amounts of soi—
vents and of Raney nickel. Thus, 100 g of epoxide 8 was treated in 600 nl. of dichlorome-
thane With 150 m, of a 20% hydrogen romide solution in acetic acid, The solution of the



11-OXA ANDROGENS 389

branohydrin 9a was washed with water, a oold sodium bicarbonate solution, and with water,
and was worked up as above, The purified bramohydrin was taken up in 1.5 L of methanol
containing 5% of water and was refluxed with approximately 60 g of Raney nickel [100 mL
by volume of settled Raney nickel Wp, prepared according to Mozingo (29)]. Tre uswal
wark up gave 88 g (88% yield) of acetoxy hydroxy diketone 9, mp 127-128°,

38, 17-Dihydroxy-12-ethylenedioxy-Sa—pregnan-20—ane (12). A solution of 10 g of the
acetoxy hydroxy diketone 9, mp 129-1310, in 50 mL of absolute methylene chlaride was
stirred at roam temperature far 72 h with 75 b of ethylene glycol and 50 mL of boron
trifluoride etherate, the mixture was poured into cold water, and the precipitate was
extracted with methylene chloride. The organic layer was washed with a sodiun bicarbonate
solution and with water and was dried over sodium sulfate. Removal of the solvent gave
10.9 g of an amaxrphous material, dissolved in 330 mL of methanol, and was refluxed with a
solution of 10.7 g of potassium carbonate In 77 mL of water for 1.5 h, The mixture was
cooled, powred into cold water and the precipitate was extracted with methylene chloride.
The arganic layer was washed and dried over sodium sulfate. Removal of the solvent gave
a crystalline material (10.0 g) which, upon recrystallization fran methylene chlaride—
hexane, affarded 8.1 g (78%) of the 12-moroketal 12, mp 258-259°, A sample was recrys-—
tallized t?'ce fran methylene chlaride-hexane far analysis; colarless plates, mp 261-
2620; [alp®? 45.5 (e, 1.120 in CHCl3)y (KBr) 3440 and 3320 (3,17-hydroxyl groups),
1710 (20-ketone) 1060 am ' (ketal); & (B0 Miz) 0.78 and 0.8 (18- and 19-CH_), 2.24
(methyl ketone), 4.15 (s, 4 H) (ethylene ketal), 1.62 (s, 1 H) and 5.81 (s, 13H) (ex-
changed with Dy0) (OH groups).

Anal, Caled for C2 };5

Analogous results wé‘
acetoxy hydroxy etone 9.

6O : C, 70.37: H, 9.24, Found: C, 69.99; H, 9.21.
ogtained under analogous conditions with 100-g batches of

12-Ethylenedioxy-Sa—pregnane—38,17,200trial (11). To a solution of 7.4 g of
ketone 12, mp 258-259°, and of 5 g of sodium hydroxide in 900 m. of methanol, a solution
of 2 g of sodium borchydride in 200 ml of 50% methanol, was added and the mixture was
stirred far 72 h at room temperature. The product was concentrated in vacuo to 500 ni
and was cooled; acetic acid was added until the mixture was only slightly alkaline., The
product was washed with water and was dried. Zvaporation of the solvent gave 7.45 g of a
crude product which upon recrystallization fram acetone afforded 5.1 g (68.6% yield) of
the triol 11, mp 231-232°, The mother liquors (2,37 g) were chramatographed on 100 g of
aluminum oxide, activity V. Elutions with benzene-ether (1:1) gave another 1.74 g
(23.1%) of triol 11, mp 231-232° (total yield: 91.7%). A gample was recrystallized fram
acetone foar analysis; colorless needles, mp 231-2320; ([al§>+21.2 (¢, 1.040 in CHCl3);
v (KBr) 3500, 3440, 3360 (triol); & (60 HMz) 0.8 (18—013),0.96 (19-CH3), 4,10 (s, &
H)“%thylme ketal), 2.64 (s, 1 H) and 4.4 (s, 2 H, uresolved) (exchanged with D0 (OH-
groups) .

Amal. Caled Far C H 805 C, 70.01; H, 9.71. Found: C, 69.99; H, 9.77.

Under analogous oongi/scﬁxs batches of approximately 70 g of ketone 12 were trans-
formed with analogous results into the triol 11,

38,17, 20a-Trihydroxy-Sa—pregnan-12-one 17, 0x-Acetonide (10a) (a) A solution of
4.0 g of trinydroxy ketal 11, mp 231-232°, in 160 ml of absolute acetone was refluxed for
40 min with 460 mg of ptoluenesulfonic acid. The volume was reduced in vacuo to approx-
imately 50 nl and the product was poured into an iced sodium bicarbonate solution. The
precipitate was extracted with methylene chloride and the organic solution was wasned
with water and was dried over sodium sulfate. Ramoval of the solvent gave 4.0 g of an
amorphous material which was adsarbed on 200 g of aluminum oxide, activity V. Elutions
with benzene-ether (4:1) affarded 3.54 g (88% yield) of pure keto hydroxy acetonide 10a,
mp 168-169°. A sample was recrystallized twice fram ether-hexane for analysis; ~olarless
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needles, mp 168-169°; ia]Dzs +9.9 (g, 1.110 in CHCiy)s v (KBr) 3340 (hydroxyls)
1005, 1020 o' (acetonide); o (60 Miz) 0.85 (18-CHz), 0.9 TW-mp), 115 (s, 1 H, ex
changed with D2O) (OH), 1.26 (d, 3H, J=6Hz) (21—0'{3), 1.39 s, 3Ky and 1.4l (s, 3 H)
(acetonide—m3), 4,80 (g, 1 H, J =6 Hz) {204D.

finat. Calod for CQ.i CL: C, 72.8c; 4, 9.8, Found: C, 7.82; H, 9.74.

(b) Wren large quantities were amployed, the keto acetonide 10a was accompanied by
some 12-oxo  3,17,20-triol 10, the 12-ketal group having been removed but the glyccl not
having been totally transfamed intc an acetonide. As descrived nelow (D) the acstoxy
keto acetonide 10b could be obtained in excellent yield fram ketal 12 without, ourifica—
tion of the intermediates.

38-Acetoxy-17, 0a-dihydroxy-Sapregnar12-one 17,2X0xfAcetonide (10b). (2) Fram
the Hydroxy Keto Acetonide 10a. A quantity of 3.2 g of the nydroxy keto acetonide iGa, mp
168-1690, was acetylated in the usual fashion, at room temperature, with S ml of acetic
anhydride in 10 ml of pyridine, affording 3.6 g (98% yield) of pure 3g-acetoxy-17,20u
dinydroxy-Sa-pregnan-i2-one 17,20a—acetonide 100, mp 189-190°. A sample was, rearystal-
lized from ether-hexane for analysis; colorless plates, mp 190-191% Ialpy™ +8.7 {c,
0.805 in CHCI3); v (KBr) 1735 (acetate); 1705 {ketone), 1240 (acetate), 1040, 1030,
1020 am ' (acetonid@l} & (60 MHz) 0.88 (s) (18-(3), 0.92 (s) (19-CH3), 1.25 (d, 3 K, J =
6 Hz) (21-CH3), 1.35 (s, 3 H) and 1.44 (s, 2 H) (acetonide~T3), 2.0 (s, 3 H) {acetate),
4.86 (g, ¥ H, J = b Hz) (20-H).

dnal, Calad for C%HMOO : C, 72,19; H, 9.32. Found: C, 72.40; H, 9.29.

(b} Fram the Trihydroxy létal 11, in Large Quantities, without Purification of the
Intermediates. A solution of 145 g of trihydroxy ketal 11, mp 227-229°, and of 1C g of
ptoluenesulfonic acid in 2 L of absolute acetone was refluxed far 4 n, The volune was
reduced to 200 ml, under reduced preasure, and the solution was poured into an iced sodium
bicarbonate solution. The precipitate was extracted with dichlaramethane, the organic
layer was washed with water and was dried over sodium sulfate, Removal of the solvent
gave @ solid wnich was acetylated in 20C mL of pyridine with 100 mb of acetic anhydride
at roam temperature over 14 h., The solution was poured into water, the precipitate was
filtered, washed and dried to give 120 g (84% yield) of the acetoxy keto acetanide 10b,
mp 189-190°, identified in the usual way by comparison with an authentic sample (see
above). The filtrate was extracted with methylene chloride, the organic solution was
washed with water, dried over sodium suifate and the solvent was removed. According to
the ir and mr spectra, the residue {15 g) was mostly camposed of a mixture of the ace-
toxy acetonide 10b and of only partly acetylated triol 10. In order to obtain a homoge-
neous product, the mixture was refluxed for 3 h with 50 mbL of a 1 N methanolic potassium
hydroxide solution, cooled and diluted with 1 L of water, and extracted with methylene
chloride. The organic layer was washed with water and was dried over sodium sulfate.
Removal of the solvent gave a gum (13 g), representing crude trihydroxy ketone 10, v
(KBr) 3575, 3M0, _3’:95 (nydroxyls, two associated), 1694 and 1689 (split keto bangﬁ‘),(
1150, 1070, 1050 an ~ (OH), which was dissolved in 500 ol of absolute acetone and stirred
for 2 h with a few drops of perchloric acid, at roam temperature. The volume was re-
duced to 100 rl. and 800 nL of water was added. The product was extracted with methylene
chloride, the arganic solution was washed with a cold sodium bicarbonate solution and
with water and was dried over sodium sulfate. Removal of the sclvent gave a solid which
was dissolved in 30 nl of pyridine and acetylated with 25 mL of acetic anhydride at roam
temperature to give 13 g of the acetoxy keto acetonide 10b. Total yield of that product
fram the trihydroxy ketal 11: 138 g (90%).

38-Acetoxy-17,200dihydroxy-Sa-mregnr9(11)—ari2-ane (13). To a solution of 3.5 g
of the acetoxy keto acetonide 10b, mp 190-191°, in 35 ml of a 0.0006 N hydrogen cnloride
solution in acetic acid, 2.7 g of selenium dioxide was added, The mixture was refluxed
for 20 h, cooled, diluted with 600 m. of ether, and filtered over sodium sulfate. The
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filtrate was washed with water, iced dilute hydrochloric acid, a cold sodium bicarbonate
solution, again with water, and was dried over sodium sulfate. Reamoval of the solvent
gave 3.1 g of a yellow, amarphous product which was adsorbed on 60 g of aluminur oxide,
activity III, Elutions with benzene, benzene-ether mixtures, and ether, afforded 1.4 g
(45%) of the unsaturated ketone 13, mp 2302310, A sample was recrystallized twice fram
methylene chloride-ether far analysis; colorless priams, mp 230-2319; [a];)25 +41.0 (c,
1.%(8(%1‘)n CHC13); v (KBr) 35&0_§nd 3290 (hydroxyls), 1730 (acetate), 1635 and 159
(&' ~12-kefo dolibfet), 1245 am ' (acetate); 6 (50 Miz) 0.92 (s) (18-CHg), 1.10 (s)
(19-Chg), 1.16 (d, 3 H, J = 6 Hz) (21-0k3), 2.02 (s, 3 H) {acetate), 3.93 (q, 1 H, J =6
Hz) (20H), 2.90 (s, 1 H, exchanged with D,0) and 5.66 (s, 1 H, exchanged with Dy0) {OH-
groups), 5.90 (s, 1 H) (11-H).

Anal. Calad for C,,B};OS: C, 70.74; H, 8.78. Found: C, 70.64; H, 8.78.

Better yields wer'e Lé,a.lned with large batches. Thus, 75 g of the keto acetonide
1 was transfamed under analogous conditions into 41.8 g (62%) of the unsaturated
ketone 13, mp 227-228°,

3p-ficetoxy—17, 20rdihydroxy-Sa-pregmr9(11)-er-12-ane 17,200 Acetonide (13a). To a
solution of 575 mg of the dihydroxy ketone 13, mp 230-231°, in 25 nL of absolute acetone,
two drops of perchloric acid were added and the mixture was stirred at roam temperature
for 3 h and was powred into an iced sodium bicarbonate solution. Te mecpiate was
extracted with methylene chloride and the organic layer was washed with water and was
dried over sodium sulfate. Removal of the solvent affarded 630 mg (95%) of a white,
crystalline product, mp 251-254°, A sample was r‘ecryst,allizedzgwioe fran methylene
chlaride-ether far analysis; colorless plates, mp 2552577 [alp ~ +44.3 (e, 0.700 in
G{Céahf\ (EtOH) 238 mm (log  4.0); v (KBr) 1735 (aoeg?te), 1670 and 1500
( &9 -T8%eto dowlet), 1245 (acetate), TOBO, 1035, 1020 am ' (acetonide); & (60 Miz)
0.82 (s) (18-3), 1.08 (s) (19-CHz), 1.30 (d, 3 H, J = 6 Hz) (21-Ciz), 1.42 (s, 6 H,
uresolved) (acetonide~CHz), 2.05 (s, 3 H) (acetate), 5.04 (q, 1 H, J = 5§ Hz) (20H),
5.78 (s, 1 H) (11-H).

Anal. Caled for 026}{3805: C, 72.52; H, 8.9. Fownd: <, 72.88; H, 8.92.

Methyl 38-Acetoxy—17,20a-dihydroxy—9-oxo—9,12-seco—11-nor-Sa-pregnan-12-cate
17,20cAcetonide (14f) and Methyl 38, 20aDiacetoxy-17-hydroxy-9-oxo-9,12-seco-11-nor—S5a-
pregnan-12-cate (14g). At -40 to —50° and for a period of 3 h, a stream of oxygen comr
taining 0.65% of ozone was passed at a flow rate of 360 L/h through a solution of 3 g of
the 9—unsaturated ketone 13a, mp 255-257°, in 100 nl of ethyl acetate. Subsequently 2 L
of a 30% hydrogen peroxide solution and 4 nL of water were added and the mixture was
stirred at room temperatuwre far 16 h. The product was diluted with ether and the solu-
tion was extracted four times with a 2 N sodium hydroxide solution (in toto 100 mL) and
was washed with water, After drying over sodium sulfate, the solvent was evaparated to
give 1.1 g of the Neutral Fraction (crude anhydrides of 14b and 14c¢), v (KBr) 3480-
3410 (weak OH absorption), 1780 (anhydride absor‘ptiop.'), 1740 (aoetate).m?JfTZ (ketone),
1255 (acetate), 1160 (anhydride) 1100, 1058, 1028 am = (acetonide); a1l methyl groups
visible in the mr, The sodium hydroxide extracts were cambined with the first water
washings and acified with 6 N sulfuric acid to the Congo-blue reaction. The solution was
saturated with sodium chloride and was extracted with ether. The ethereal solution was
washed with brine and dried over sodium sulfate. Reamoval of the solvent affarded 1.7 g
of the Acid Fraction I (chiefly 14b and 1de¢), v (KBr) 3500-2650 (OH and COOH), 1812
[weak absarption, impurity. (anhydride?)], 1725%5 (COCH, acetate, 9-xetone), 1250
(acetate), 1015 and 1040 an ' (acetonide).

The Neutral Fraction was refluxed on a steam bath with 30 mL of a 1 N potassium
hydroxide solution in 50% aqueous methanol for 30 min. The mixture was concentrated and
extracted with ether to remove remaining neutral material. The aqueous alkaline solution
was acified with 6 N sulfuric acid to the Congo-blue reaction, the product was saturated
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with sodium chloride and the organic product was extracted with ether. The ethereal
solution was washed with brine and dried over sodium sulfate. Removal of the solvent
gave 800 mg of Acid Fraction II (chiefly 1hb), v QfEr‘) 34002600 (broad, COCH and OH),
1700 {(COOH and 9-ketone), 1082, 1046, and 1020 cm = {acetonide).

Tre cambined Acid Fractions I and II were dissolved in 120 ni. of absolute ether and
60 mL of absolute methanol and treated with 90 ml of a 3% ethereal diazomethane solution
at . Tre product was allowed to warm up to roam temperature and was left 14 h at 220,
The excess reagent was destroyed with acetic acid and the solvent was evaporated in
vacw. This crude ester was dissolved in 30 ml of pyridine and treated with 15 nlL of
acetic anhydride on a steam bath far 1 h. After cooling, 15 mL of methanol was added
carefully. The solution was concentrated and poured into ice water. The arganic product
was extracted with ether and the ethereal solution was washed with a cold sodium bicarbo-
nate solution and with water and was dried over sodium sulfate. Removal of the solvent
gave 2.6 g of a crude material which was arystallized fram ether-hexane to give 800 mg of
methyl 3B—acetoxy—17,20a—dihydroxy-3-on-9,12-seco-11-nr-S5a-pregnan-12-cate 17,200
acetonide (14f), mp 133-1340, Trne mother liquors (1.8 g were adsarbed on 60 g of aluminum
oxide, activity III. Crystallizations fram ether-hexane of the petroleum ether—benzene
(1:1) and pure benzene eluates gave another 900 mg of the acetoxy keto ester 14F, mp 133-
1340 (total yield fram the unsaturated ketone 13a : 53%). This product was 2r?crystal-
lized fram ether-hexane for analysis; oolorless plates; mp 133-134°; [a] -62.5
(c, 1.008 in CHC13); v (KBr) 1720_1(a0etate and methyl ester), 1705 (9—Eetone), 1245
(multiple ester band), [BD, 1030 am | (ketal); & (60 Miz) 0.97 (s) (18-CHg), 1.13 (s)
(19—(}13), 1.20 (s) and 1.38 (s) (aoetonideﬁ%), 1.28 {d, J = 6 Hz) (21'(}13), 2.01 (s, 3
H) (acetate), 3.75 (s, 3 H) (ester—3), U.47 (q, 1 H, J =6 Hz) (20-H).

Anal, Calad for C Huoo7: C, 67.21; H, 8.68. Found: C, 66.99; H, 8.67.

Crystallization fram ether-hexane of the ether eluates of the above-mentioned
cranatogram gave 600 mg (19% fram the unsaturated ketone 133) of methyl 38,20ux-diaceto-
xy-17-hydroxy-3-ox0-9, 12-9eco- 1 1-nor—Sa-pregnan-12-cate (14g), mp 165-166°, A sample was
recrystallized twice fram ether—hexane for analysis; colarless needles, mp 165-166°;
lalp -38.8 (¢, 1.030 in CHCl3); v (KBr) 3U00 (nydroxyl), 1738 (acetates and methyl
ester), 1712 (9ketone), 1250 cn-L (Miltiple ester btand); & (60 Miz) 0.68 (s) (18-CHy),
0.8 (s) (19-0k), 1.17 (d, J = 6 Hz) (A-Ci3), 1.% (s, 3 H) and 2.01 (5, 3H) (ace-
tates), 3.77 (s, 3 H) (ester—CH3), 4.98 (q, 1 H, J =6 Hz) (20H), 5.43 (s, 1 H, exchanged
with D-0) (OH),

Anal, Caled for C25H3808: C, 64.36; H, 8.21. Found: C, 64.41; H, 8.09.

Methyl 38, 17,200 Trihydroxy-9-oxo-9,12-seco-11nor-Sapregnan-12-cate (14d). (a)
Fram Methyl 38-Acetoxy—17,20xdihydroxy-9-ox0-9, 12-seco-11-nor-5a—pregnan—12-cate 17,200
Acetonide (14f). A solution of 8.1 g of the acetoxy acetonide 14f, mp 13271340, in U400
m. of methanol containing 2 ml of concentrated hydrochloric acid, was refluxed for 5 h,
ooncentrated and extracted with methylene chloride. The organic solution was washed with
brine, dried over sodium sulfate, and the solvent was removed. The amarphous residue
{6.4 g) gave upon arystallization fram methylene chlaride-ether 5.7 g (8% yield) of the
trinydroxy keto ester 1l4d, mp 159-160C. A sample was rearys ized fran methylene
chioride-ether for analysis; colorless priams, mp 159-1609%; Calp -96.5 (¢, 0.860 in
GHl3); v (KBr) 3390 {(broad band of 3,17,20-nydroxyl groups), 1718 an ' (ester); s
(60°Miz) 0.98%(s) (18-0i3), 1.17 (4, J = 6 Hz) (21-Gdy), 1.19 () (19-G3), 2.2 (broad, 2
H, exchanged with Do0) and 5.8 (s, 1 H, exchanged with D;0) (3,17,20~hydroxyls), 3.70
(s, 3H) (ester-T3).

Anal. Caled  for C,H, 00 C, 65.94; H, 8.9%. Found: C, 66.11; H, 8.9%5.
() From Methyl 38,20 Discetoxy-17-hydroxy-9-axo-9,12-seco-11-norSepregnan-12-cate
(14g). Hydrolysis of 2.0 g of the diacetoxy hydroxy keto ester 1lg under identical
conditions to those desaribed for the hydrolysis of the acetoxy acetonide iMf, gave 1.4 g
of a crude product which, upon crystallization fram methylene chloride—ether, furnisned
700 mg (50% yield) of pure trihydroxy keto ester 1U4d, mp 159-160°, identified by compa-

-4
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rison with a sample of the above-described product by the determination of a mixture
melting point and by the camparison of the infrared and mmr spectra.

Methyl 3,9,17-Trioxo-9,12-seco-11-nor-Sa-androstan-12-oate (15a). (a) Fram the
Keto Ester 18d. A solution of 510 mg of the trihydroxy keto ester 14d, mp
1591609, in 400 nL of 50% acetic acid was stirred at room temperature with 9 g of sodium
bismuthate for 22 h and was subsequently filtered. The filtrate was extracted with
methylene chloride, the organic layer was washed with a sodium bicarbonate solution and
with water, and was dried over sodium sulfate., Removal of the solvent afforded 440 mg
(98%) of an amorphous material, representing crude methyl 38-hydroxy-9,17-dioxo-9,12-
seco~11-nor-5a-androstar-12-oate (15). A sam was arystallized fram methylene chlo-
ride-ether for analysis; mp 202-203% _[alpy =~ +38.6 (¢, 0.700 in CHCl3); v (KBr)
3520 (QH), 1750 (17-ketone), and 1710 an = (broad band of 9-ketone and methyl &ster);$
(60 Miz) 0.97 (s) (18-Ci3), 1.15 (s) (19-CHz), 1.% (s, 1 H, exchanged with Dy0) (3-0H),
3.73 (s, 3 H) (ester—CH3).

Anal, Calcd forc H2 C, 67.83; H, 8.39. Fownd: C, 67.81; H, 8.52.

The crude product was dlssglved without purification in 200 nl of absolute acetone
and was stirred with 2 oL of Jones' reagent (30) at O° for 15 min. The product was
poured into water and the mixture was extracted with methylene chloride. The arganic
solution was washed with a sodium bicarbonate solution and with brine and was dried over
sodium sulfate. Removal of the solvent afforded 440 mg of an amorphous material which,
upon crystallization fram methylene chloride—ether, gave 300 mg (72% yield fram the
trihydroxy ester 14d) of pure methyl 3,9,17-trioxo-9,12-seco-11-nor—-Sa-androastan-12-oate
(15a), mp 187-188%; a sample was recrystaalt)llzed fran methylene chloride-ether far analy-
sis; colorless pr-lsmsT mp 187-188°, [alp +20.9 (g, 0.910 in CHl3); Vv (KBr) 1745
(17-ketone), 1710 am ' (broad band of 3, 9~ketones and of methyl @ter‘) S0 MHz) 0.99
(s) (18-G3), 1.35 (s) (19-CH), 3.73 (s, 3 H) (ester-Gh).

Anal, Calad lf’or’CgH265 C, 68,24; H, 7.84, Found: C, 68.18; H, 7.84.

() From 38-Acetoxy-17,20u-dihydroxy-Seapregn-9(11)—ar-12-one (13) without Purifi-
cation of the Intermediates. At -40°, a stream of oxygen containing 0.65% of ozone was
passed at a flov rate of 360 L/h through a solution of 5 g of the unsaturated acetoxy
dihydroxy 12-ketone 13 in 350 mL of ethyl acetate, over a period of 3 h. Subsequently 10
ol of a 30% hydrogen peroxide solution and 5 nl of water weare added and the mixture was
stirred at room temperature for 16 h. After dilution with ethyl acetate, the solution
was washed with 10% potassium iodide and sodium thiosulfate solutions, and with brine,
and was dried over sodium sulfate. Reamoval of the solvent gave a gum which was dried by
repeated evaporation of its benzene solution. The product was dissolved in 300 oL of 2 N
methanolic potassium hydroxide and refluxed far 3 h. After cooling, the solution was
diluted with 200 nmL of water and extracted with ethyl acetate, in order to remove the
remaining neutral material. The alkaline portion was carefully acidified with cold 6 N
sulfuric acid to the Congo-blue reaction, and the solution was saturated with sodium
chloride and extracted with ethyl acetate. The organic layer was washed with brine and
was dried over sodiun sulfate. Removal of the solvent gave a gum which was dried by
repeated evaporation of its benzene solution and dissolved in 200 ni of absolute methanol
and 100 m. of absolute ether. To this solution 350 nlL of a 3.1% ethereal diazamethane
solution was added at O° and the mixture was allowed to warm to roam temperature and was
kept at that temperature for 14 h. The excess reagent was destroyed with acetic acid;
the product was taken to dryness and dissolved in ether. The ethereal solution was
washed with a sodium bicarbonate solution and with brine and was dried over sodium sul-~
fate Removal of the solvent in vacwo gave 3.6 g (70%) of carude trihydroxy ester 14d
which was taken up without purification in 1.4 L of 50% aqueous acetic acid and treated
with 60 g of sodium bismuthate. The mixture was stirred for 24 h at room temperature and
was filtered; the filtrate was extracted with methylene chloride; the organic layer was
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washed with a sodium bicarbonate solution and with trine and was dried. Removal of the
solvent left 2.2 g of a thick gumy product which was dissolved in 50 nl of absolute
acetone and oxidized with 8 ml of Jones' reagent at 0°, until a yellowish-brown color
persisted in the supernatant. Water was added and the mixture was extracted with methyl-
ene chloride. The organic layer was washed with sodium bicarbonate and brine, was dried
over sodium sulfate and the solvent was removed. The crude product (1.75 g) gave upon
crystallization fram methylene chloride—sther 1.25 g (U0% yield fram the dihydroxy aceto-
xy enone 13) of pure triketone 15a, mp 185-186°, identical with the product prepared as
described under (a).

Methyl 3,17-bis-Ethylenedioxy-9-ox0-9,12-seco-11-nar-Saandrostar-12-oate (17). A
solution of 300 mg of methyl 3,9,17-trioxo-9,12-seco-11-nor-Se-androstan-12-cate (15a),
mp 187-188°, in 100 nlL of absolute benzene was refluxed with stirring for 24 h with 5 mil
of ethylene glycol and 70 mg of p-toluenesulfonic acid, with repeated removal of the
moist benzene formed. Subsequently the solution was cooled and poured into a cold sodium
bicarbonate solution and the precipitate was extracted with methylene chioride. The
organic solution was washed with water and was dried over sodium sulfate. Removal of the
solvent afforded 350 mg (92% yield) of an amorphous product which was crystallized fram
ether—hexane to give 270 mg (71% yield) of pure diketal 17, mp 86-88° A sampl%was
recrystallized from ether*—hexane for analysis; colorless needles, mp 86-87%; [a] 1
-27.7 (O 0.830 in CHC1.) (KBr) 1725 (methyl ester), 1710 (9-ketone), 107
(diketal); & (60 MHz) 690 (@(18%1—13), 1.13 (s) (19-CH3) 3,7 (s, 3H) (ester-ﬂ-l3),
3.85 (s, 8 H) (bis—ethylene ketal).

Anal., Caled for 0231-13”07 C, 65.38; H, 8.11. Fownd: C, 6.09; H,8.36.

3, 17-bis-Ethylenedioxy-9, 12-seco—1 1I-nor-5Sa—androstane-98, 12-diol (16). To a solur
tion of 240 mg of the morpketo seco ester 17, mp 86-87°, in 50 mL of absolute tetrahydro-
furan, 500 mg of lithium aluminum hydride was carefully added and the mixture was re-
fluxed with stirring for 4 h. The excess lithium aluminum hydride was carefully decom
posed by addition of ice and the white slurry was filtered. The filtrate was taken to
dryness and the amorphous product (230 mg) was crystallized fram ether-hexane to give 190
mg (88% yield) of pure dihydroxy ketal 16, mp 147-1489; a sample ugs recrystallized from
ether—hemne for analysis; colorless needles, mp 114711148 laly ~ +32.0 (g, 0.720 in
CHCl )3 (KBr) 3300 (broad diol band), 1030 cm (dlketal), § (90 Miz) 0.75 (s)
(18—CH3) 2. é‘?x(d 1H, J=10Hz) QaH), 3.35 (broad, 1 H, exchanged with D;0) and 3. 63
(s, 1 H, exchanged with Dy0) (9,12-CH), 3.22 {(d, 1 H, J =12 Hz) and 3.63 (d, 1 H, J =
Hz) (12‘1’{2).

Anal. Caled for C22H3606: C, 66.64; H, 9.15. Found: C, 66.56; H, 9.27.

11-OxaSa—endrostane—3, 17-dione (2). (a) Fram 3g-Hydroxy-11-oxaSopregnam20-
ane (5¢) by a Baeyer-Villiger Degradation. A quantity of 260 mg of 3g-hydroxy-11-oxa=Sa—
pregnan—-20-one (5¢) was acetylated in the usual fashion with 1 nl of acetic anhydride in
2 mL of pyridine. The resulting crude acetate 5d [ v (KBr) 1730 (acetate), 1710
(ketone), 1265 and 1248 em  (split acetate band); & (60%) 0.72 (s, 18-g), 0.92 (s,
19-CHz), 1.97 (s, methyl ketone), 2.01 (s, acetate), 3.35 (d, J = 10 Hz) and 4.05 (d, J =
10 Hz? (124), 4.62 (m, 30-H)] was dissolved in 10 nl of chloroform and treated with 550
mg of mchloroperbenzoic acid at roam temperature for 5 days. Every 24 h another 150 mg
of mchloroperbenzoic acid was added. The product was diluted with chloroform, the
organic solution was washed with potassium iodide, potassium thiosulfate, and sodium
bicarbonate solutions and with water, and was dried over sodium sulfate. The solvent was
raemoved in vacuo. The crude reaction product (131 mg), representing a complex mixture,
was refluxed for 30 min with 20 mL of 1 N methanolic potassium hydroxide. After cooling,
the product was poured into water and the mixture was extracted with methylene chloride.
The arganic solution was washed with water, dried over sodium sulfate and the sclvent was
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evaporaced. There remained an oily product (150 mg) which was dissolved without further
purification in 5 nb of absolute acetone and treated with 0.2 mL of Jones' reagent at °,
The mixture was stirred far 30 min, the excess oxidizing agent was decamposed with metha—
ml, water was added and the organic product was extracted with ether. Tre ethereal
layer was washed with water, with a saturated sodium bicartonate solution, and again with
water, was dried over sodium sulfate and taken to dryness. Thin-layer chramatography on
silica gel (benzene—ethyl acetate 8:2) of the arude product showed two main bands, the
less polar of which gave upon extraction with ethyl acetate, containing 5% of methanol,
crystalline 11-oxarSoandrostane=3,17dione (2) ,  mp 162.5-164.5°. Rearystallization
affarded 30 mg (13.8% yield) of purified product, mp 165.5-168.5°, which showed no de—
pression of melting point with an authentic sample and the infrared spectrum of which was
superimposable on that of the product prepared as described under (¢). In another expe-
riment, a 25% yield of the degradation was realized.

(b) Fram 3-Ethylenedioxy-11-oxaSa—pregnanr20-one (5a) by the Procedure of Sidall
et al (103. A solution of 400 mg of 3-ethylenedioxy—11-oxa~Sa-pregnan-20-one (5a) (8),
mp 143-1447, in 3 mL of tetrahydrofuran was added to a solution of 500 mg of potassium in
iU mL anhydrous t-butanol, and oxygen was passed through the solution at O~7° far 70
min., The oxygen flow was replaced by a nitrogen stream and the mixture was heated to 60—
7CO for 45 min., After cooling, the product was poured into ice water and the precipitate
was extracted with methylene chloride. The arganic solution was weshed with water and
was dried over sodium sufate. Removal of the solvent gave 340 mg of an oil which was
chramatographed on 10 g of aluminum oxide, activity III. Elutions with benzene, benzene—
ether mixtures, and ether, affarded 119 mg (3% yield) of crystalline 3-ethylenedioxy-11-

a tar-17-one (2a), mp 159-1609; v - (KBr) 1740 {17-ketone) 1102, 1070, and
1050 om -~ (ether linkages); ¢ (60 Miz) 0.93 (5, 18—(}13), 1.04 (s, 19-G13), 3.35 (d, J =
10.5 Hz) and 3.94 (d, J = 16.5 Hz) {12-H5), 3.% (s, 4 H, ethylene ketal).

Anal., Calod for C20F Ou ¢ C, T1.8; H, .04, Found: T, 7i.42; H, 8.92.

A solution of 98 mg of3%he above described 3-ethylenedioxy-11-oxa—Sa—androstam17-
one (2a), mp 159-160°, and of 15 mg of ptoluenesulfonic acid in 20 mL of absolute ace—
tone was refluxed foar 3 h. The product was cooled, extracted with methylene cnloride and
the arganic solution was washed with a sodium bicarbonate soiution and with water, was
dried over sodium sulfate ancd the solvent was removed. Thus, 84 mg of authentic 11-oxa-
Sa-androstane-3,17-dione (2) was obtained. The comparison was made by the usual means
with the product described under (c).

(¢} Fran 3,3-Dimethoxy-17-hydroxy-1 1-oxaSapregnan-20-one (6b). To a solution of
15 g of 3, 3-dimethoxy-17-hydroxy-11-oxa—Sa-pregnan-20-one (6b), mp 157-159°, in 300 mL of
dry methanol 1.2 g of sodiun barohydride was added and the solution was stirred far 6 h
at roam temperature. The excess reagent was destroyed by careful addition of acetic acid
(pH 7-8) and the solution was poured into 3 L of cold water. The arganic product was
excracted with ether, the ethereal layer was washed with water and was dried over sodium
sulfate. Evaporation of the solvent gave 13.62 g (90.3%) of crystalline 3,3-dimethoxy-
11-oaSa-pegnane-17,20udial (7), partly dexetalized in Fpsition 3 [ v (KBr) 3430
(hydroxyls), 1710 (weak, 3-ketone), 1110, 1075, and 1045 cm ' (ether linkaére%)SJ. Without
purification, this product was dissolved in 2 L of 50% acetic acid and the solution was
stirred at room temperature with 10C g of sodium bisnuthate far 22 h. The mixture was
filtered through celite and tre acetic acid was ramoved fram the filtrate by distillation
under reduced pressure. The residue was dissolved in ether, the ethereal solution was
washed with water, a saturated sodium bicarbonate sqlution, again with water, and was
dried over sodium sulfate. Evaporation of the solvent gave 10.73 g of a arystalline
material which upon one recrystallization fram ether-hexane gave 9.26 g (89.7% fram the
impure pregnanediol 7, 80.7% fram the hydroxy pregnanone 6b) of 11-oxaSa-androstane—
3,17-diane (2), mp 169-170°, A sample was é‘ecrystallized twice fram ether—hexane far
analysis; ocolorless prisms, mp 173-174C, [olp 2 +65.9 (e, 0.80 in CHCiz), v (KBr)
1732 (17-ketone), 1710 (3-xetone), 1080, 1040, and 1900 & | (ether linkages); %0 Miz)
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1.05 (s, 3 H, 18-{1{3), 1.12 (s, 3 H, 19—CH3), 2.30 (d, 1 H, J= 11 Hz) and 3.88
(d, J =11 Hz) (12-4h).

Anal, Caled for C 0,: C, 7Th.44; H, 9.03. Found: C, 74.20; H, 9.19.

{(d) Hm3,17—bis&%§eiedioxr9,12-sem-nm“mta\eqs.12—diol (16). A
solution of 2.3 g of the seco dinhydroxy diketal 16, mp 147-148°, and of 1.6 g of p-to-
luenesulfonyl chloride in 80 nih of pyridine was heated for 1 h in an oil bath (bath
temperature of 115~125°). Arother 1.6 g of prtoluenesulfonyl chloride was added and the
heating was continued foar another 2 h. The reaction mixture was cooled and poured onto
arushed ice and the precipitate was extracted with ether. The organic solution was
washed with 2 N hydrochloric acid, water, a sodium bicarbonate solution, again with
water, and was dried over sodium sulfate. Removal of the solvent gave 2.1 g of an amo—
phous material which was dissolved in 500 nl of absolute acetone and refluxed for 3 h
with 600 mg of prtoluenesulfonic acid. The reaction mixture was cooled and poured into a
cold sodium bicarbonate solution. The precipitate was extracted with ether, the organic
layer was washed with water and was dried over sodium sulfate. Removal of the solvent
gave 1.4 g of an amorphous product which was arystallized fram ether to give 1.3 g (75%)
of pure 1i~oxa—So-androstane-3,17-dione (2), mp 169-170°. After two recrystallizations
fram ether the material melted at 173-174C. Its identity with the product desaribed
wder (c) was established by the camparison of the ir and mmr spectra and by the determi-
nation of a mixture melting point.

11-Oxa-1, i-androstadiene—3,17-dione (18). (3) By Dehydrogenation of Diketone 2.
A solution of 1.1 g of 11-oxa—Se-androstane-3,17-dione (2), mp 169~170°, in 100 ml of
absolute dioxane was refluxed with 2 g of 2,3~dichloro-5,6~dicyanc-p-benzoquinone (DDQ)
far 17 h., Subsequently another 2.0 g of DDQ was added and the mixture was refluxed again
for 3 h. After cooling, the product was diluted with 200 ml of methylene chloride and
filtered, The solvent of the filtrate was removed in vacuw and the residue was dissolved
in methylene chloride and filtered through 30 g of aluminum oxide, activity IV. Elutions
with methylene chloride and ether gave 870 mg of an oily product which was dissolved in
benzene-petroleun ether (1:1) and adsorbed on 30 g of aluminum oxide, activity IV,
Elutions with petroleun ether—benzene (1:1) gave 130 mg (13%) of pure 11-oxarSa-androst—
1-ene—3,17-dione (19), mp 162~-163°, Azgample was recrystallized from ether for analysis;
wlorless needles, mp 166-167%; [alp = +39.0 (g, 0.820 in CHClz); A (EfOH) 227 mm
(log © 3.9); v (KBr) 1735 (17-ketone), 1665 and 1610 (2'~3-keto dbiblet), 1060 and
1040 em | (ether Tinkages); & (60 MHz) 1.07 (s, 18-CH3), 1.13 (s, 19-k), 3.37 (4,
1 H=11Hz) and 3.97 (d, 1 H, J = 11 Hz) (124Hy), 5.81 (d, 1 H, J = 10 Hz, 2-H)y, 7.28
(d, 1 H, J =10 Hz, 1-H).

Anal. Caled for C1 quO : C, TH.97; H, 8.39. Found: T74.9%; H, 8.38.

Further elutions in éhe agove-d@cr'ibed chromatogram with petroleum ether-benzene
(1:1) and with pure benzene gave 510 mg (43% yield) of pure 11-oxa-1,l-androstadiene-
3,12done (18), mp 136—1370;1 P (EUOH) 242 rm (log e 4.1); v (!gqr) 1780 (17~ ke~
tone,1670, 1635, and 1610 &7 X3 yetone), 1110, 1080, and 10 cm | (ether); ¢ (60
MHz) 1.12 (s, 18(Ha), 1.33 (s, 19"(1-13), 3.3(d, TH, J=11 Hz) and 3,95 (d, 1 H, J=11
Hz) (12H,), 6.07 (br. s, 1 H, superimposed on 2-H-doublet, 4-4), 6.18 (dd, 1 H, Iy 5=
10 Hz, J2 y = 2 Hz, with superimposition of 4-H: 2-H), 7.18 (d, 1 H, J 5= 10 Hz, 141%.

ahl! calat far G100 C, 75.19; H, 7.74. Found: C, 75.55% H, 7.94.

(b) Via the Z,M—Dikram 2a. To a solution of 1.0 g of 11-oxa-Su-androstane-
3,17~dione (2), mp 169-170°, in 10 mlL of glacial acetic acid, there was added, dropwise
and with stirring, at room temperature, 7.0 mL of a 2.0 N bramine solution in glacial
acetic acid. Within 10 min the sclution had decolorized and a crystalline product had
precipitated. It was warmed for 5 min in an 0il bath to 50° and was then stirred at room
temperature for 4 h, The mixture was diluted with water and the crystalline precipitate
was filtered, washed with water, and dissolved in methylene chloride. This solution was
dried over sodiun sulfate and taken to dryness at 30-UCC in vacw, leaving 1.2 g of a
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solid, mp 184-18°, [alp  +25 (c, 0.830 in CHCl3), v . (KBr) (31) 1730-1750 cm !

(broad, 2,4-dibrano 3-ketone and 17-ketone); according to an elemental analysis, the
product was slightly overbraminated. Without purification, it was dissolved in 60 mL of
absolute dimethylfamamide,and 1.8 g of lithium bramide and 1.8 g of lithium carbtonate
were added. The mixture was heated to 100° far 8 h, subsequently cooled and poured into
iced 2 N hydrochloric acid. The precipitate was extracted with a mixture of ether and
methylene chlcaride. The organic layer was washed with water, was dried over sodium
sulfate and taken to dryness. The resdue (1.0 g), a brownish product, was adsarbed on
3P g of aluminum oxide, activity IV. Elutions with benzene furnished 580 mg (60%) of 11=
oa-1,Fandrostadiene-3,17-dione  (18), mp 136-137°. The identity of the product with
that desaribed under (a) was established by the comparison of the ir and mmr spectra, and

by the detemination of a mixture melting point.

11-Oaf-androstene-3,17-diane (20). To a solution of 200 mg of the 11-oxa am
drostadiene dione 18, mp 137-138°, in 100 mL of absolute benzene, 180 mg of tris-(triphe-
nylphosphine )rhodiun chloride was added and the solution was hydrogenated with one mole-
cular equivalent of hydrogen over a period of 8 h at room temperature and at atmospheric
messure. The clear, red solution was concentrated in vacuo and was adsarbed on 20 g of
aluminum oxide, activity III. Elutions with petroleum ether—benzene (1:4) affarded 119
mg (58% yield) of pure 11-oxa-4-androstene~3,17-dione (20), mp 150-1510. A sample was
recrystallized twice far analysis; oolarless prisms, mp 151-1520; ) (EtOH) 238 rm
(loge 41); v . (Br) 1740 (17-ketone), 1680 and 1625 (4* —3-kebd coublet), 1085,
1040, 1012 am | Tfrer); & (60 MHz) 1.1 (s, 18-CH,) 1.28 (s, 19-CH3), 2.6 (d, 1 H, J =
10 Hz, 9aH), 3.72 (d, 1 H, J = 11 Hz) and 3.98 (d; 1 H, J = 11 Hz) (12Hp), 5.80 (s, 1
H, 4-H).

Amal. Calad far C18H21JO3: C, T4.97; H, 8.39. Fownd: C, 75.12; H, 8.75.

F-Ethoxy-11-oxax-3, 5-androstadienr-17-one (21). A solution of 67 mg of 11-oxaU4-
androstene-3, 17-dione (20), mp 150-151°, in 5 mL of absolute benzene was refluxed far 3
h with 25 mg of pyridine hydrochloride, 0.3 mL of absolute ethanol, and 0.3 nmiL of ethyl
orthofamate. The reaction mixture was coled and poured into a oold sodium carbonate
solution. The precipitate was extracted with ether, the arganic layer was washed with
water and was dried over sodium sulfate. Removal of the solvent affarded 74 mg of an
oily material which, upon arystallization fran ether-rexane, gave 31 mg (42%) of the pure
el ether 21, mp 136-138°. A sample was recrystallized from ether—hesxane; priams, nip
136-1380; v (KBr) 1755 (17-ketone), 1662 and 1640 (4°s° ——diene), 1100, 1090, 1065,
1055 cn ' (8er); (%0 MHz) 1.1 (s, 6 H, uresolved, 18- and 19-CH3), 1.3 (t, 3 H,
J = 6 Hz, g3-(}{2-0), 2.84 (d, ' H, J = 10 Hz, SH), 3.41 (d, 1 H, J =11 Hz) and 3.87
(d, 1 H, J =11 H2) (12Hp), 3.84 (g, 2 H, J = 6 Hz, CH3-CHy0), 5.17 (m, 2 H, U~ and
6-H).

Anal. Caled far c20H2803: C, 5.91; H, 8.92. Fownd: C, 76.15; H, 8.43.

17aEthynyl-178-hydroxy-11-~oxa-l-androsten-3-ane  (17-Ethynyl-11-oxatestosterone o
11-Oxa-ethisterone) (1). To a solution of potassium t-amylate, prepared fran 80 mg of
potassium and 6 mL of tramyl aloohol, there was added, ina nitrogen atmoephere, 74 mg of
enol ether 21, mp 136-138°, dissolwed in 4 mL of absolute toluene. Acetylene was passed
through the reaction mixture over a period of 22 h, 4 m. of 50% hydrochloric acid was
added and the mixture was stirred far 1 h at roam temperature. The product was poured
into a cold sodium bicarbonate solution and the precipitate was extracted with methylene
chlaride. The solution was washed with water and was dried over sodium sulfate., Removal
of the solvent affarded 57 mg of an oily product which was arystallized fram methylene
chicride~ether to give 39 mg (54% yield) of pure 17-ethynyl-11-nv=testosterone (1), mp
260~2610, éssanple was recrystallized far analysis; slightly yellowish prigms, mp 261~
262°; [alp©” ~78.7 (c, 0.560 in CHC13); * max (EtOH) 237 nm (log €  4.1); v max (KBr)
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3400 (178-0?_1)|, 2% and 2400 (17-ethynyl), 1660 and 1630 (A" ~3-keto doublet), 1060, 1030,
and 1020 cm (ether); & (60 MHz) 1.17 (s, 18-CH3), 1.27 (s, 1 ), 2.60 (s, 1 H,
C=CH), 3.69 (d, 1 H, J =11 Hz) and 3.88 (d, 1 H, J = 11 Hz) (12-Hp), 5.80 (s, 1 H, 4~
H).

Arel. Caled  for Cof,0n: C, 76.40; H, 8.34. Found: C, 76.50; H, 8.33.
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