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The synthesis of 17-ethynyi-ll-oxatestcsterme, both fran ll-oxa-5cl-prcjpar~-_?,M- 
dime and, via a 3,l’pdioxygenated 9-0~0 9,12-sew !I-rw 5a-an&c&m-12-oic ester, frun 
35-acetoxy-l?-hy&oxp%-p-e~l2-one - tm goducts available fran hecogetin - is rr 
Fmted. ti new m NLz;ogue stms significant pogestaticml activity in t& Ciau- 
tmg test and relatively ueak activity in a pmt-coital antifertility assay. 

GENi’HA’ I Y 

FE lcw tmgestatifml activity of 11-ompogestwone (0,5) in the McPh3il Claukrg 

my (6) and its significzqt ovulation inhibiting activity in rabbits in which ovu?atim 

is stimlated with coppr acetate (5, 7), mack the syntksis and biological evalLatim of 

tk 11-0~ malogue 1 of ethisterone (17-ethynyltestosterme), an oral Fwstogen, at- 

tractive. As syntktic ~eccurscr we chose 11-oxa-5a-an&astzr~-3,17-dim (2j. 

Ii 
i 2 

In a first set of expefimts this .Wcduzt (2) iias prepared frwn Il-ow~a-p3g- 

nane-3,20~iim (5), which is available frm till degadatim prodwt 4 of UE aaztate of 

hecogenin (3) and whiti w bd med as a key intermediate in syntkes of 11-oxa~~-@qste 

mes (4, 5, 8) and of 11-oxa analogug of gluoxortimids (2). Preliminary experimzts 

&hem 1) on a E&eye?+-Villige? &grad&Am with m&lcropzrSenmic acid of tk acetate 
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5d of 3@-hydroxy-ll-oxa-%-pregmn-20-one (5e) (2) gave msatisfactcry results, the ll- 

oxa 3,17-diketone 2 obtained frcm the deFadation voduct 2c by hydrolysis and Jones 

oxidation being isolated in yields of only 14 to 25% . The direct degadation of the 3- 

ethylenedioxy 20-ketone 5a (9) to the 17-ketone 2a, accordiq to Sidall’s procedure (lo), 

by treatment of tI-e &ton-hydroperoxidation gmluot 6 with potassiun t_butoxide, pre 

ceeded only in 33 yield. We therefore subjected the 3-dimethylketal !%I of the oxa 

diketone 5 to Gardner’s modification (11) of Barton’s procedure (121, involving the in - 

situ reduction of the l7-hydroperoxide 6a. The resulting Ill-hydroxy a-ketone 6t1 (yield 
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after pmQic&ion: 45%) was reduced with scdiun ‘corohydride and the ~tie reduction 

product (7) was degraded with sodim bimuthate in acstic acid, with oonomiimt hydm- 

lysis of the 3iietaL, to il-oxa-%mndrost,17-ciioae (21, obtained in 86% yield 

(over-all yield fran the 3-dim&my 2C--ketone: 40%). 

Because of tha efficient degradation of 17,20-diols, which are readily famed frcm 

16-unsaturated ~eoursors , to f7-ketoms, we rm explored an alternate route to the ll- 

oxa 3,17-diketme 2 (Scheme 2). The hecogenin degradation gr&_ict 4 was transfcmed in 

apFoximately !Xl% yield by Julian’s method (131, via the epoxide 8 and the brmohydrin 

$q into 3B-acetoxy-l?-hydro~~-~e~~l2,X)-dion@ (9): whi& was osnverted with 

ethylene glycol and boron trifl~id~et~ate (cf.19) in ap~x~tely 80% yield to the 

38,17-dihydroxy 2O-oxc 1 ?mmket.al 12, the 3-acetate group, already purtly hydrolyzed, 

having been cmpletely saponified with potassiun carbonate. Reduction with sodiun tmo- 

hydride gave, in over $X$ yield, 12_ethylenedio~~~3~,17,~-triol (111 f75), 

which was trmsfcrmed with absolute acetone and g-to&masulfmic acid (cf. 21) into 

3~,17,20a-trihydrO~~-~eghah-l2-one l’l,ZOa-acetohide (l&a). Its acetate lob was 

Uehydrogenated in 62% yield with selenim dioxide (22, $. also 14) to 3~-scetOxy-17,2Oa- 

dih~~~-~e~~-~~ 2-m ( 7 3) . 

In a first series of experiments the acetonide protection was restored with acetone 

and par&l&c acid and the TOduct (1%) subjected to ozomlysis in ethyl acetate, fol- 

1o&d by hydrogen proxide oxidation, mder the editions previously elaborated 174), 

resulting in acid and neutral materials. ?“rs3 acid fraction am&&ed, acmrding to its 

infrared spectra, chiefly of the 9,1P-sem 11-nor 9-oxo 12 acids 14b and lb in whi& 

the 3-acetate had been wtly hydrolyzed and in which the 17,20-dial miety was still 

protected. The neutral fraction, to which we assign tentatively, on the basis of a strong 

ihfrared absc@ion at 1780 m-1 and of other doaractmistic tends (g’. Qoerimental), 

maiiiLy the structure of an anhydride of the 17,20-acetonide of 3B-acetoxy-9-oxo-17,2&i- 

dihy~o~-9,12-seccr11-~r-5a-~egnan-l2_oic acid (1Uc) and, to a minx extent, of the 
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a?rrespstiing 3-alaW lb, was hydrolyzed with @as.siun hydroxide to an acid fraction, 

correspnding according to its ir speotrun ~Amarily to the carboxy acetonide 18. 'lb 

sane p-duct ms obtained by treatment of the original acid fraction with potas.SiUn 

hydroxide. Methylaticn with diazanethane and acetylation of the mnbined acid fractim 

led to methyl 3B-acetoxsr9_oxo-17,~~hy~~~,12-seco-l l-nor-!+-pregnan-12-oate 

17,2U-acetcnide (11), obtained in awoximately 53% yield, and in 19% yield to methyl 

3B,20a-dia~toxy-9-oxo-l7-hydroxy-9,1iLseco-ll-rorSa-~~i~~te Cl%), arising fmn 

tha portion of the ozonolysis product in which the acetonide protection had been h@oly- 

zed. Treatment of this FaWt with hydrcd’tlcric acid mve in 50% yield the trihydroxy 

keto seco ester l&d which was also obtained, in 65% yield, by hydrolysis with hydrtio- 

ric acid of ttks acetoxy acetonide 11. lhz overall yield of that pcdlxlt from 3B-acetp 

xy-l7,20cr_dihydroxyj~pre~~-l2_cne 17.M-acetonide (13) amanted to 55%. Oxida- 

tion of the trihydroxy keto seco ester lkl with sozlilm bisnuthate gave in 98% yield 

crude, =W= 9 methyl 3B-hydroxy-9,17-dioxo-9,1 2-se~-ll-nor-5u-androstan-l2-oate 

(15), fully characterized in its purified, crystalline form. ‘lhe crude gcdWt Was 

oxidized with Jones’ reagent to afford in 72% yield (from the sect !XegrWWte 14d) we 

,methyl 3,9,17-trioxw-9,12-seo?ll-~a-andrcstan-l2-Cate (lb). Its over-all yield 

from the acetoxy dihydroxy .regnmne 13 amxnted to 37%. A simpler and ivoved synth? 

sis of ths trioxo seco andrcetanoic ester 1% started with oxidative ozorrolysis of the 

unFotected 3B-acetoxy 17,Xkr-dihydroxy 9-matmated 1Pketcne 13. leading to a crtie 

prod& (containing the acetoxy dihydroxy acid 14~1 and sore neutr& .meteridl) which was 

immediately refluxed with methanolic potassium hy&oxi&. The resulting acidic material 

iinastly the trihydroxy acid 14) was methylat& with diauxnetL?e md the crude trihydroxy 

~6303 ester 14d thus obtained in appoximately 70% yield was treated with scdiun bis- 

muth&e and subseqz?ntly with .Jones’ reagent. Crystallization afforded in 40% yield 

(fran the pegnmne 13) the triketo ?&rmtawoin ester 15% 'ihis ester was k.tal&%?d in 

92% yield with ethylene glycol .and ~toluznesulfoni: acid to th? diicX 17. *ihi& was 
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~&XXI in 88% yield with lithiun aluninw~ hydride to the dihydroxy sew diketal 16. Ring 

elaswe with tc~yl chloride in pyridine gave in 75% yield the desired 1 l-oxa+wandr~ta- 

ne-3,17-dime (2). IO spite of ule fact that in t&e 17,2~h~o~~a~~ seriff t!x 

intro&ction of tha 9,11-cbuble bond and the ozonolysis of tb 9-~atwated lZ-ketone 

~owxi less satidactwily than in the case of a 17-rfwo~genated ~cdwzt, the over-all 

yield of tha ?~-o~~~t~~~e 2 in t,:he pathay depicted in scheme 2 is by mwe than 

30% superior to the mcst 

0 

efficient seqwnce sumwized in Sch01~ 1. 

SCffEME 3 

Fcr its conversion to 1 l-ow-ethistesone Cl), the 1 I-oxa-andrc&anedione 2 w,3 

transfamed into the difnediwz 18 KWEW 3). By dehydrogenatim with 2,3-diticro-5,6- 

dicyarw@nxx@xxx? &IQ) this PC&& was obtained in 43% yield and HCB acwxpanied 

by the l,~~~~atu‘ed 11-0~ derivative 19, isc&td in 13% yield. B3tter yields 

I&I%:, of we di ene d.icne 18 we+e walizE?d by diixminaticn in acetic acid OF the diketone 

2 an6 by de~~~ti~ with lithim !xmic& and bitts c&mate in ~~~~~~~ 

of WE mxle dittmi& ;11. The msatwated diketones 18 and 19 we fully cbaractwizz?d 

by their elemental analyses and by their uv, ir , and mnr spectra (cf. Experimental). 

selectiw hydrogenation with tris(triphenyl~~~ine)rhodiun &.Lcrida (23, 241 gave in 
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59% yield 1 1-oxz-kmircstme~,l7-diom~ (20), w-e uv, ir, and ~IW spi?ctra sIhxed the 

characteristic absorption? of a !,.‘-3-ketO fmcticn. and which was transfamH3 in 48 

yield, by Djgassi’s metm (6) into the dim1 et&r 21 (26) . Reaction with acetylWe 

an:! @x.ssiun +ylate (a), follcued by hydrolysl- .c with hydrc&la‘ic acid, gave in 54% 

yield i7cl-ethynyl-l79-hydro~~-ll-oxa-lc-ancb‘asten-3-one Cl), th? 11-oxa aE~l~gw of ethi- 

stcrone. 

In Felimimy assays, t.k Contraeptive Developnent 9ranch of the Cents fcr 

Population Research of YE National institute of Child Health and Hunan Oevelopnent, 

!3et!-esda, Md., fand ! 7-ethynyl-l l -oxatestosteronc (1) to !xive !upnn subcutanlenus a&inis- 

traticn, significant parents& pgestaticn?al activity in the Clauixrg assay. T?us, at 

a dose level of 4.0 mg it h3d in tiR McPWl scale (6) ar! activity of 3.0 ? 0.1. Hfn@z 

tix= diminution of FogeYtaticxxal activity by replacement of tir ll-methylenc &VU~ by a? 

oxyg~l atcm S~FITLS ?ar less pronxxed in the case of ethisterone than in the case of 

progesterm (3b, 5), and drastically less t.hx in t& caSe of 17-acetoxyproges+~or?e 

(30, 8). .4 fuil biological evalua+ix o Y f 11-oxaethiste?one (1) will X @dished at 3 

la!.3- #date. 

FW ;,& metm, materials, and instrLmen+& used for meiting pint determinations, 
&rmtoFa@ies, md spectral mea.surem&.s, set! tk int~XXiM!t~y note to tb Experi~~~- 

tai af ref. 1 (p.768). The minicr0-at-alyses were perf0.. by Ayerst Latxratoriffi, Mxtre 
a, Cana&, under t& direction of Or. G. &hi:ling;, by Dr. C. Daessl~, Xc&real, and by 
the Dr. F. Pascher iabcratories, !30nr& (;enwnji. 

3.3+W11_ ZWrx? 
nane3,2O-dicne (5) (4, 5), mp U3-215’, 

(fa). A solution of 4.3 g of ll-oxa-5a-preg- 
in QO rrL of absolute .x&ml T&s stirred at 

roan tFmperatLse fcr 18 h with 50 mg of @&lw?nesuifWic acid. After redwztion in vacx~ 
to .&lf of’ its volune, the solution was .p.~ured into cold water and the mixtlP*e wras ex- 
tracted with ether. Tne crga?ic solution W~ELS washed with a satwated scxii~n! bicarS3nate 
solution and with water, and0 was dried over sodi~xn Sulfate. Rmval of the solvent ga”e 
4.l: g of a solid, mp 87-91 , whi& upm cryXallizatim fran ether-hexane gave 3.54 g 
(83%) of 3,V11_ B), mp 92-93’. .$ smple ;ias zcr-~- 
Wlized twice frcm ettisr-hexane fcr analysis; mp 9?‘.5-98.5°;_;a1D +;1.6 (5, 1.&X in 
CHCl j; ‘2 (KBr) 171O (XJ-ketone), 1110, 1070, and !ZO m (ettir ahsorpticxxs); 5 
(90 t&z) o.$?s 3 H, 18-ui ) 0.87 (s, 3 H, 192 ), 1.99 (s, 3 H, 21 
3 H) and 3.10 (k, 3 H) (3-&i; ahscrptions), 3.28 ?d, J = l! Hz, 1 il) 
11 Hz, 1 H) (12-H ). 

Anal. Calcd ‘&r CrH36011: C, 72.49; H, 9.96. Fomd: C, 72.65; H, 9.B. 
L 
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3.3QWl7~11 -2oule (6J) . At -50, dry oxygen was 
passed trso.@ a solution of 750 mg of sodi!m hydride (50% oil dispersion) in 10 rh of 
mhydras t-hutanol, 3 rrh. of dimathylfmide, and 2.C nb. of Methyl ph0split.e. pi 
solution of 4.0 g of 3,3-dimet~xj-ll-oxa-5a-~qian-2O-cne (fb), mp 92-93’, in 20 ti of 
anhydrous tetrahyeofuran was added and oxygen was again md tPough the mixtwe for I 
h, at -5O. Witr-ogan was passed t.t~~@ the solution of the thus-famed 3.3-dimtb~17- 
hybqmxyllvm (&I) and a sol~uticn of yx! mg of tiiun hydroxida in 
5 ti of water and 10 IL of matPmno1 was added. The mixt~e was stirred Lplder nitrogen A 
~OQT~ tenperatLse fcr 1 h and was poured into ice watg. The product was extracted with 
ethyl acetate, the crganic layer was ;ashed with water and was *ied over sodium sulfate. 
Evapaticn of the solvent gave 5 g of an oily residue which was chranatoraphed on 150 g 
of aAninun oxide, activity III. Elutions ,tith benzene affcrded ;.9 g (45%) of pure 3.3- 
~17-tWozq-llV~ (f&J, mp 157-15gO. A porticn2y recrys- 
tallized twice Pt-um methylene chIcric!+ether fcr analysis; mp 159~160°; [a], + &Slc, 
l.KKl :n CHC1.31; v !KBr) 3420 (17-W), 1700 (X)-ketone), llo0, 1080, and 1050 cm-1 
(acetai abscrpti&y 6 (60 iWz) 0.82 (s, 3H, 18-o(3), 0.91 (s, 3 H, !9-Gi3), 2.22 (s, 3 
H, ‘.X3%0), 3.13 (5, 3 Ii) and 3.17 (5, 3 H) :3-Cq abscqtions), 3.52 (s, mr%olvEd, 2 
H, 12-H2). 

Anal. Calal fcr Q2H3605: C, 69.44: H, 9.54. Found: C, 69.37; H, 9.36. 

3f3dcetoxyl6,17~12,B-diu~a (8). To a soiuticn of 18.62 g of 
36-acetoxy-%-~egn-16-ene!2,2C-dionc (41, mp 176-178O, in 85 rrh, of &Icrofcfm and 215 
ITI!, of methanol wze added, with stirring, at 5 O, 47 rri of a 28% hydrogen peroxide solu- 
ticln and subsequently, over a period of 1 n, ?8 ;nL of acpleous 5 N sodium hydroxide, tk 
temperatLse of the reaction mixture being kept beelm i5O. The s&tion was staed fcr 18 
h at ram tinperature, water was added and tha yecipitate was extracted with chloroform. 
The zganic layer was .X&W? uith water, was dried over sodium sulfate and l&a solvents 
wwe evapffated in Mcuo. The solid residlx: was di.ssolved in 16 rrL of pyridine and 
heat& fcr 3C mir, with 8 mL of acetic ar~hydrida on a steam bath. After azoling, We 
prcduct ilas pled on erushafi i ce and the rystallirna precipitate was filtered, washed 
and dries to give 18.1: g (93% yie:ld) of the epxide 8, mp 223-2300 [lit. (13) 232; 
235Oj; x.8 
:epxide)lPajc 

(KBr) 17W (aoetatc!, 17!5 (12~and 20-ketones), 1245 (acetate), 1035 cm 

Bat&as of 100 g of tte maturated ketone 4 were treated in an analogous fashicn 
with analogous resuL+&. 

36-A~l7~12,~~ (91, Tc a so?ution cf 5.5 g of 
epoxide 8, mp 22%2300, in 55 FTL of mathylene ticride, was added at 15O 6 I& of a 3a 
hydrogm bran& solution in acetic acid. The mixture was kept at razm tenperatWe fa- 2 
h and was washad with water, til? neutra?. ‘IYe solvent was removed in vacua, tha tempa- 
ratIre not exceeding 3S”. TX cqst&line residue (6.6 g) repesented K&tnmr-38- 
i+cHmy-17_12,_2pdi(ne @aI, smw $3~) 3500 (17-W, 1740 (aoata- 
te!, 1720 (epq ketone:, 1260 cm (acetate). Tne ;rc&x (positive branine test) w.as 
dissolved witl-out purification in 135 I& of met:hanol containing 5 nt of water. Raney 
nizke: (28 g) sias added and t’ie mixture was refluxed with vigorous stirring fa- 4 h and 
4~ filtered wP.ile stiil hot. The filtrate was axlcentrateo to turbidity and extracted 
‘nl i th etkr . E-6: cqanic layer ‘was Swas!-ed with water and was dried over sodi’z sulfate. 
Rfm~v,ai of the s0:ver.t give 5.4 g of a .solid which t-lpcn crystallization Frau. ethet-petro- 
ieum .etter @vi: 4.9; g (93% yie1.d). of 3gaoet~xy-17 ~l2.2o-diuX? (9)) 
mp 1%13s :lit._/l3) lR-:300]; !kx ?K%rj 353C (nyhxyi), 1745 (acetate), 1720 (12,20- 
k&a), 1255 cT. (acetate). 

corking wi.-.h Age quantities, it was advantageous to red- the z~~~ts of soi- 
vents and of Rar,ey ni-kel. Tnus, 100 g of epoxide 8 was treated in boo IL of diticrcme- 
Ghane Ath l 53 rd I of :i 336, h$roqn tronide solution in acetic a?-id. The so?ution of the 
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brmydrin 9a was washed vith water, a cold tiiun bicarbonate solution, and with watg, 
and was wcrked up as stove. Tha mified brcnchydrin was take up in 1.5 L of methanol 
containing 5% of ~ter and was refl.uxed with approximately &I g of Raney nickel [l&l ti 
by *voltme of settled Raney nickel ti2, prepared according to MO&go (a)]. Tha usual 
ok up gave 8!3 g (88% yield) of aaatoxy hydroxy diketone z, mp 127-128O. 

36.l7-D~lz?eWylerledi wm (12). A solution of 10 g of tha 
aoatoxy hydroxy diketcme 2, mp 129-131°, in 5C ;rL of absolute methylene chIcride was 
stirred at rcxm tanp?rat.tlre fcr 72 h with 75 rh of ethylene &ycol and 50 nd, of boron 
trifluoride etherate, the mixtme was pored into 0314 water, and the mcipitate was 
extracted tiith methylene &&ride. ‘f~ organic layer was shed with a sociilm bicarbonate 
solution and with water and was dried over sodium sulfate. Removal of the solvent gave 
13.9 g of an smr@ous material, dissolved in 330 I& of methanol, and was reflexed with a 
solution of 10.7 g of p3tassi.m carbsnate in ‘77 nt of water fcr 1.5 h. The mixt~se was 
cooled, .poured into cold water and the recipitate was extracted with methylme ticride. 
The organic layer was washed and dried over sodium sulfate. Rer~~val of the solvent gave 
a crystalline material. (IO.0 g) which, upon recrystallization fmn methylene CNTide 
texane, affcrded 8.1 g (78%) of the 12-mketal 12, mp iZf!-259°. A mple was rerrys- 
tallizd t ‘ce fmn methyl- ticride-hawne fcr analysis; colcrless plates, mp 261- 
26P; [a]~ B + 45.5 (c, 1.13 in CHC1.j )i.3 
1710 (2O-ketone) 1360 cm-’ (ketal); 

(KS-! 3440 and 3320 (3,17-hydroxyl groqe), 
6 ?@ Wz) 3.78 and 0.86 !18- and 19-or ), 2.24 

(methyl ketone), 4.15 (s, 4 H! (ethylene ketal), 1.62 (s, 1 HI and 5.81 (s, 13H) (ex- 
changed with D20) (3 groq&. 

Anal. ACzFa;; C.$&: C, 70.37: H. 9.24. Food: C, 69.99; if, 9.21. 
o tamed u7der analo@~ ccndltrons with lC+g batches of 

acetoxy hydroxy ketone 9. 

12-EtWlenedi~36,17.~iol (11). To a solution of 7.4 g of 
ketone 12, mp ZS3-259°, and of 5 g of sodiun hydroxide in ‘$KN rrb of methanol, a solution 
of 2 g of sodium scrohyciride in 200 ti of 50% methanol, was added and the mixtwe was 
stirred fcr 72 h at r-can temperatme. Tha prcdu=t was concentrated in vacua to 500 rrL 
and was cooled; acetic acid was added until the mixtwe was only slightly alkaline. The 
wcduct ws hashed with water and was Cried. Rvapaticn of U-e solvent gave 7.45 g of a 
crude mu& which qon recrystallization from acetone afforded 5.1 g (68.6% yield) of 
tba trio1 11, mp 231-232O. The mother liquors (2.37 g) wge chranatogra@ed on 100 g of 
aliminln oxide, activity V. Elutions *with t?anzene-ether (1 :l ) gave arwther 1.74 g 
(23.1X) of trio1 11, mp 231-2320 (total yield: 91.7%). A %ple was recqstallized from 
acetone fcr analysis; c010rles.s needles, mp 231-23.P; [a]~ +21.2 (5, 1.040 in CHCl3) ; 
” WEIrI 3500, 3440, 3360 (trial); 6 (60 Wtz) 0.82 (18-~$),0.% (19Uf3), 4.10 (s, 4 
Htm&hylene ketal), 2.64 (s, 7 H) and 4.4: (s, 2 H, unresolved) (exchanged with D.$)(oN- 
groups). 

Anal. Calcd FQ~ C H &+,: C, 70.01; H, 9.71. FoLnd: C, 69.99; H, 9.77. 
Under analogous 03 rJ? 1 i?~ batches of approximately 70 g of ketone 12 were trans- 

famed with analogous results into the trio1 11. 

3f?.17.XkX-Tr~l&ne 17.2ondQtcnide !lCfI) :a) A s&&ion of 
4.0 g of trihydroxy ketal 11, mp 231-Z@, in 160 rri of absolute acetone-was reefluxed fcr 
40 rain with 4&l mg of ctolilenesulfonic acid. Tna vol..me was reduzed in MCU) to appox- 
imately 50 nt and t.he product ‘was poured into an iced sodiun bicarbonate solution. The 
Fecipitate was extracted with methylene chloride and the comic solihion was washad 
with water and was dried over sodium sulfate. Raaoval of the solvent gave 4.0 g of an 
rmcrpwus material which was adscrbed on 2CO g of aluninun oxide, activity V. Elutions 
with benzene-ether (4:l) affcsded 3.54 g :?8% yield) of pure keto hydroxy acetonide lb, 
mp l68-1690. A sample was recrystallized tiiice frcm et&r-hexane fcr analysis; Ocolarless 
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ntdks, mp 168-1690; 
25 

:a!D -9.9 cc, l.:lO in CHCiq): u N+-) 3340 !hydroxycl!s) 
lY15, ! 320 cm- ’ :acetonide); 6 (@ Mlz.j c.% (le_rsi3i’, 0.92 ?Wzh~, *.15 (s, 1 ti, er 
dmg+zd with D20) (&I>, 1.26 (d, 3 H, J = 6 Hz) (2l-ol3), i.39 IS, 3JIi) cinnd '.oll (9, 3 Ii! 
(acetoni&-M3), 4.?U (.q, 1 2, J = 6 !%I ;20+1). 

.A&. Caloci fcr C .i C : r, 73.e; !i, 9.8:. Fcmn: ,, ‘7.5.52; ii, 9.74. 
(b_) 'xtm l?rg .qudt_%~e arlployed 4 , tte k&o acetonide 1Oa was accompanied by 

sane 12-0x0 3,17,2+trio? 10, the :2_ketal group having been removed tut the glyczl ~-XX 
having teen totally trarsfumed intc an aoatonide. As *se-i!& 3elzw (2) ths acetoxy 
keto acetoni& lcb could bs obtaiti ;n excellent yieid fron k&a? 12 wit’hout purifica- 
tion of the inte%dlates. 

38*~17,aorrdlh 12-aE 17,2onRcetanide (lob). !aj F~II 
UE Hy3mxy Keto Acetcmide 1Ca. A qltintity of 3.3 g of the hydroxy keto acetoni& lOa, mp 
168-rhp, was acetylated in ths usual fash~cn, at rcan +mperatire, with 5 rrL of as+i:: >c 
,anhydride in 70 nL of pyridine, affording 3.6 g (98% yield) of pure 3R-acetoxy-17,?Ocr 
dinydroxy-5a-pregnan-;;I-ct-na 17,.X&acel,onide lob, mp 189-i9Oo. A wnple "9, rmystal- 
liTed fnm el&r-hexane fcr analysis; mlmles?? p?ateZs, mp l%-l%o; yCr!D +8.7 (5, 
0.805 iq CHCi3) ; ‘J (!-SW) 1735 (acetate); 1’705 (ketone), 1240 (acetate), 1040, 1030, 
1020 cm (auatonid~ d (60 Wz.) 0.88 (3) :18+X3), 0.92 (s) (19-aI3), 1.25 (d, 3 li, J = 
5 Hz) (21Ul3j, 1.35 (s, 3 H: and 1.44 (s, 3 ti) (acetoni&-a3), 2.0 (s, 3 X) (acetate), 
4.86 (9, ; H, J = 6 Hz) (20-H). 

.Anal. Calad fct- C R 0 : C, 72,19; Ii, 9.32. Found: C, 1’2.40; 8, 9.29. 
(b? lVcm US? Trihyd%&‘K&al 11, in lag.? Cbmtities, without Fwificatim OP th 

IrIta&am. 4 solution of 145 g of trihydroxf ketal 11, mp XT/-2290, and of 1C g of 
Ttol&nesulfcnic acid in 2 L of absolute acetm ‘was refluxed fcr 4 n. The volLme was 
reduced to 200 I& U-K@ reduced pressJe, and the solution h’as pound into an iced s0di.a 
bicarinnate solution. The Fecipitate uas extracted with dichlcronet:hane, the ~ganic 
layer was vasbad with water and was &ied over scdilm sulfate. REYTXJK=I~ of the solvent 
gave a solid w’hich w?s acetylated in 20? I& of pyridine with 100 ti of acetic anhydride 
at rcxm temparat~e over 14 h. Tha soiuti0r. was p3ued into water, ths precipitate was 
filtered, washad and @ied to give 1M g (84% yield) of U-e acetoxy k&o ~tide 18, 
mp 189-l 900, identified ir, ths usual way by comparison with an authentic sznple (see 
stove) . The filtrate was extracted with methyl- chloride, the organic SOlutiOn was 
wasted with water, dried over scdiun sulfate and the solvent was ranoved. According to 
the ir and rmr spectra, the residue (15 g) ilas mostly ccmpzsed of a mixtme of tha ace- 
toxy acxatonide la and of only partly acetylated trio1 10. In order to obtain a hzmoga- 
nexus poduct, the mixture was refluxec! fcr 3 h with 50 r& of a 1 ~metha~lic potas.siLm 
hy&oxide soluticn,cooled and diluted with 1 L of water, and extracted with methylene 
chloride. ‘IW crgs.nic layer was waskd with water and was dried over scdiun sulfate. 
RBnoval of ths solvent gave a gun (13 g), reFesenting crtie trihycrcmy laetone 10, ‘3 
(KBr) 3575, 3410, $25 (hydroxyls, twD associated), 1694 and 1689 (split keto ban% 
1150, 1070, 1050 cm (OH), which was dissolved in 5!Xl I& of absolute acetone and stirred 
for 2 h with a few &ops of perchlcric acid, at ro3n tenpa+atlse. T%a volume was re- 
duced to 100 I& and &YJ ti of Lster was added. %a prcdX!t uas extracted with methylene 
chlcride, the organic solution was washed with a cold scdiun bicarbonate solution and 
with water and was &ied over scdiun sulfate. Rcnmal of ths solvent @ve a solid ti?h 
was dissolved in 30 I& of pyridine and acetylated with 25 rrL of acetic anhydride at ra 
temperatLse to give 13 g of tba acetoxy keto acetmide l(b. Total yield of that Toduct 
fran the trihydroxy ketal 11: 138 g (W%). 

3B+~t~~y-l7,~(ll)-arl2-u1e (13). To a sol,&ion of 3.5 g 
of the aoatoxy keto acetcnida lob, mp 190-191 O, in 35 I& of a O.ooo6 N_hydrcgen ticride 
solution in acetic acid, 2.7 g of seleniun dioxide was added. The mixture was refluxed 
fcr 20 h, aled, diluted with 6KI rri of ether, and filtered over scdiun sulfate. %a 
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filtrate was washed with watg, iced dilute hydrticric acid, a cold tiiun bicarbonate 
solution, again with water, and was dried over sodiun sulfate. Removal of the solvent 
gave 3.1 g of a yells, amzrps3us product which was ads&z& on &I g of aluninut oxide, 
activity III. Elutions with benzene, benzene-ether mixt~~~~, and ether, afforded 1.4 g 
(45%) of th.a Lnsatrated ketone 13, mp 230-231 O. A smple was remystallized twice frun 
methylme &Lx%e-ether fcr analysis; dca'lgs ~isns, mp 23C-231°; Lo@5 +41.0 (E, 

;$M 
n CHC13); v (KBr) 354O_and 32% (hydroxyis), 1730 (acetate), 1635 and 15% 
-12-keto &o%?et), 1245 un (acetate) ; 6 (50 Mlz) 0.92 Cs) (18ui3), 1.10 (s; 

(19-G-$, 1.16 (d, 3 H, J = 6 Hz) (2l-M3), 2.02 (s, 3 H) [acetate), 3.93 (q, 1 !i, J = 6 
Hz) @O-H), 2.90 (s, 1 H, exchanged with D20) and 5.66 (s, 1 H, exchanged with D2i)) (,%I- 
groups), 5.90 (s, 1 H) (11-H). 

C, 70.74; 
kkrc~~~~k3k%nzd 

H 8.78. Fould: C, 70.64; H, 8.78. 
with large’tatches. thus, 75 g of the keto ace’tortide 

lob was transfamed u-~&r analogous conditions into 41.8 g (62%) of the matmated 
ketone 13, mp 227-2280. 

3&A~17,~(ll)-arl~ 17,2k-Acetcnide (13a). To a 
solution of 5'75 mg of the dihydroxy ketone 13, mp 23U-231°, in 25 I& of absolute acetone, 
tw &OF of PgchIcric acid were added and the mixtwe was stirred at rcrm tenperatme 
fcr 3 h and was pm.red into an iced scdiun bicarbonate soiution. BY? pe+i;atc? was 
extracted with methyl- ch.lcriQ and the organic layer was washed with water and was 
dried over sodiun sulfate. Ren~va.l of the solvent affcrded 630 ng (95%) of a white, 
crystalline ;rcdW‘c, mp 251~2540. 
chloride-ettrar fcr analysis; 

A sanple was remystallized2~wice frm methylene 
mlmle% plates, mp 255-2!?; [a]D +44.3 (c, 0.700 in 

~C$]i,“W~tDi) 238 rm (log 4.0); u 
e o dublet), 1245 (acetate), ??%I, 1035, 1020 cm 

@Br) 1735 (acet(?te), 1670 and lz@ ~z) 
(acetohide); 

0.82 (s) (18*3), 1.08 (s) (19-or 1, 1.30 (d, 3 H, J = 6 Hz) (2l-C-l3), 1.42 (s, 6 H, 
mresolved) (acetonide+$), 2.05 ? s, 3 H) (acetate), 5.011 (q, 1 H, J = 6 Hz) @I-W, 
5.73 (s, 1 H) (llfl). 

AMl. calcd fcr C_&38C5: C, 72.52; H, 8.90. Fomd: “. 72.88; H, 8.92. 

Hethyl 3g-Act?toxy-l7.2Oa-dihydroxy-9-oti, 1 .?seaH lVl2daee 
17.2Qduat4nide (14P) zmd Wthyl 38,XwDiaakow-l7~,12-serrrll~ 
rregtm-12-aate w&3). At -40 to +G” and fcr a period of 3 h, a stream of oxygen a~- 
taining 0.65% of ozone was passed at a flew rate of 360 L/h throu@ a solution of 3 g of 
the %.nsat~ated ketone 13, mp 255-257°, in 100 nt of ethyl acetate. Subsequently 2 ti 
of a 30% hy&ogen paoxide solutim and 4 mL of water were added and the mixture ‘was 
stirred at ram temperatwe fcr 16 h. ‘I?E mu% WE diluted with ether and the solu- 
ticm was extracted Pm times with a 2 z tiiun hydroxide ,sol~uticn (in toto 100 nL) and 
was washed with watg. After drying over sodium sulfate, the solvent was empcrated to 
give 1.1 g of tba Neutral Fraction (crude anhydrides of 141 and lb), v WBr) 34t?O- 
3410 (weak OH atipticn), 1780 (anhydride atscrptiol?), 1740 (acetate),?%2 (ketone), 
12% (acetate), 1160 (anhydride) 1100, 1058, 1028 cm (acetoni&); all methyl groups 
visible in the rsr. The sodium hygoxide extracts were cmbihed with the first water 
washings and acified with 6 N sulfuric acid to the Congo-blua reactim. TIE solution was 
saturated with sodiun ticride and was extracted with ether. Ihe ethereal solution was 
washed with brine and dried ovw sodiun sulfate. Rental of the solvent affcrded 1.7 g 
of the Acid Fracticn I (chiefly lb and Me), v (!Br) 3%E%5C (OH and CCCH), 1812 
[weak abscrptim, iwity, (anhydride?)], 1725-%5 (KGI, acetate, 9-ketofxa), 1250 
(acetate), 1015 and 1040 cm (acetoni&). 

The Neutral Fraction was refluxed on a steam bath with 30 I& of a 1 x ptasiun 
hydroxide solution in 50% aqueous methanol fcr 30 min. Ths mixtLse was concentrated and 
extracted with ether to remove remaining neutral material. ‘D-E? aqueolls alkaline solution 
was acified with 6 g sulfmic acid to tt-e Ccx-g~bl.~~ reactim, the product uas saturated 
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vith scdim chloride and ttx a-pnic pxiuct was extracted with ettx?. lb.2 ethereal 
solution was washed with brine and dried over sodiun sulfate. Rival of the solvent 
gave Boo mg of Acid Fraction II (chiefly lb), v 
1700 (,CCW and g-ketone), 1082, ‘046. and 

Ii, 
lC&?m 

302&K’ (broad, W and Cm). 
;acetcni&). 

Tha canbined Acid Fractions I and II wee dissolved in 120 I& of absolute ether and 
60 mL of absolute methanol and treated wTth 90 mL of a 3% ethereal diazonethane solution 
at 8. ny3 podwct has allared to warm up to rcun tanperatwe and was left 14 h at @. 
The excess reagent was destroyed with acetic acid and the solvent uas evapated in 
vacua. Tnis crude ester was dissolved in 30 IL of pyridine and treated with 15 mL of 
acetic anhydride on a stezm bath fcr 1 h. After axoling, 15 ti of methans was added 
carefully. The solution was concentrated and pmd into ice water. Tha crganic product 
was extracted with ether and ths ethereal solution was washed with a cold scdiun bicarto- 
nate solution and with water and was dried over sodiun sulfate. Rmval of the solvent 
gave 2.6 g of a crLlde material tich was crystallized fran ett-erhaxane to give 900 mg of 
methyl 3B-acetoxy-17,2Oa-dihycWxy9~,1Psem-11 VlM 17.al- 
acetoni& (14fP), rilp 133-1340. The mtkr 1iqmsC.S gwcz-e xkxrbsdcn 60 g of aluninun 
oxide, activity III. Crystallizationi fran etherhexane of tk petroleun ether-benzene 
(1 :l ) and plre benzene eluates gave another %0 mg of tha acetoxy keto ester 11, mp 133- 
i 34' (total yield fran tha ulsatwated ketone 13 : 53%). ‘MS pxhxt was gwystal- 
lized fmn ether-haxane fcr analysis; mlcr1es.s plates; mp 133-1340; [a] -62.5 
(5, 1.008 in CHCl3); v (‘Br) 1720 (acetate and methyl ester), 1705 (9-Retone), 1245 
(multiple ester band), 1%, 1030 cm -’ (ketal); 6 (60 FHz) 0.97 (s) (18*3), 1.13 (s) 
:19Ul3), 1.x) (s) and 1.38 (s) (aaetcnide-3131, 1.28 cd, J = 6 Hz) (21+X3), 2.01 (s, 3 
H) (acetate), 3.75 (s, 3 H) :ester313), 4.47 (q. 1 H, J = 6 Rzz) (20-H). 

Anal. calai for C26H4007: C, 67.21 ; H, 8.68. Fmd: C. 66.99; H, 8.67. 
Crystallization fran ether-haxane of the ether eluates of tha absve-mentioned 

chratogrm gave 600 mg (19% frcm U-e msatwated ketone 13a.) of methyl 3&Bx-diaoetz 
~~y-17~,129eos-11-mrficrp‘egrarl2?uate (181, mp 165-166°. A sample was 
recr 

E 
tallized twice frun ether-haxane fcr analysis; colcrless needles, mp 165-1660; 

Cc& -38.8 cc_, 1.030 in 3~13); u !iQ3r) 3403 (hydroxyl), 1738 (acetates and methyl 
ester), 1712 (9-ketone), 1250~~ \ 1 ‘Btiple ester band); E (&I Wz) 0.68 (s) (18-CX3), 
0.85 (s) (19-CH3), 1.17 (d, J = 6 Hz) L2W3), 1.95 (s, 3 H) and 2.01 (s, 3H) (ace- 
tates’, 3.77 (9, 
with 40) (31). 

3 t!) (ester-Gl3), 4.98 (q, 1 H, J = 6 Hz) LX-H), 5.43 (s, 1 H, exchanged 

Anal. Cala fcr C,?,: C, 64.36; H, 8.21. Fmd: C, 64.4’ ; H, 8.09. 

&thy1 3B,17,2nl-~~,l~ll~l~ (lkn. (a_) 
f!?Ymktklyl 3B-A~l7*~,12-semll~l~t.e 17,ah- 
Aoetmi& (l&j. A solution of 8.1 g of tba acetoxy acetcnide llcf, mp lj2-:34°, in 400 
rrL of methane: containing 2 IL of concentrated hydrochloric acid, was refluxed for 5 h, 
concentrated and extracted with methylene chloride. ‘IW crwic solution was IJashad with 
brine, dried over sodiun sulfate, and the solvent was rmved. The mphous residlle 
(6.4 g) gave wn crystallization fmn methylme ticride-etter 5.7 g (65% yield) of the 
trihydroxy keto ester lki, mp 159-16Q”. 
cNcri&ether fcr analysis; 

A sample was recryswized frun methylene 
&mlesj Tim, mp 159-160’; ‘a]D -96.5 (c. 0.860 in 

CEl3); ‘.J (KSr) 33% (broad band of 3,17,M-nydroxyl g-j, 1718 un-‘?estW); F, 
(bo WZ) 0.w:~) (18+X3), 1.17 cd, 2 = 6 t'z) (21-C&), 1.19 (s) (19Ul3), 2.2 (broad, 2 
H, exchanged with D20) and 5.55 (s, 1 H, exchanged ;ith 40) (3,17,20-nydroxyls), 3.70 
(s, 3 R) (ester-M3). 

Anal. Calcd fcr C-11 $6: 
z&e 

C, 65.94; R, 8.96. Fouid: C, 66.11; H, 8.95. 
(b) h Hethyl 3Bs,2Qa+~ ~17+yWoxy+~,l.2-BxP-ll~l2-&e 
(lllg). Hydrolysis of 2.0 g of the diacetoxy hydroxy keto eater 14g under identical 
aonditicns to the described fcr the hydrolysis of t.ha acetoxy aaatcnide 11, gave 1.4 g 
of a crudt: wuct which, upon crystallization fm mathyiene chloride-ether, fwnisned 
700 mg (50% yield) of plre tritiydrox] keto ester llld, mp 159-lGo”, identified by mpa- 
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risen with a sample of the above-described FodWt by the determination of a mixtm*e 
melting point and by U-e conparison of the infrared and rmr spectra. 

methyl 3,9.17-Tam-9.123gxT11 vtal-l2-oate (Ed. (a) nullthe 
lHhy&oq Keto ES&r lki. A solution of 510 mg of tha trihydrov keto ester 14d, mp 
159-160°, in 4Kl mL of 50% acetic acid was stirred at rrxr WnpratWe with 9 g of scdiun 
bisnuthate for 22 h and was subsequently filtered. The filtrate was extracted with 
methylene chloride, the organic layer was washed with a scdiun bicarbonate solution and 
with water, and was dried over sodiun sulfate. Ranoval of the solvent affcrdad 440 mg 
(98%) of an amcrplous material, rewesenting crude methyl 38w. 17-dioxo-9.12- 
seco-l1~ta1-lZ+cate (15). A “a”@ was crystallized fran methylene &lo- 
ride-ether fcr analysis; mp M2-203O; -{aID +38.6 cc_, 0.700 in CRC13); v WBr) 
3520 (CM), 1750 (17-ketone), and 1710 an (broad band of g-ketone and methyl?&er ) ; 6 
(60 PM 0.97 (s) (l8_cH3), 1.15 (s) (19-Gf3), 1.95 (s, 1 H, exchanged withD20) (3-CH), 
3.73 (s, 3 HI (ester-CH3). 

Anal. CXtcd C 67.83; H 8.39. Fomd: C 67.81; H, 8.52. 
fcr C19H2&~ved’witinut &ifioation in 2CO’mL of absolute acetone The crude product was dl 

and was stirred with 2 I& of Jones’ reagent (30) at O” for 15 min. The Foduct was 
powed into water and the mixtwe was extracted with methylene chloride. The cl-ganic 
solution was washed with a scdiun bicarbonate solution and with Mne and was &ied over 
sodii_m sulfate. Rs~~val of the solvent affaded 440 mg of an amorph~~ material which, 
upon crystallization frun methylene chlcride-ether, gave 300 mg (72% yield fran the 
trihydroxy ester lkl) of pure methyl 3,9,17-trioxW3,1Fsam-l1~~1~~ 
(15a), mp 187-188O; a smple was recrysta.&l ized fmn methylene &V&ride-ether fcr analy- 
sis; &ml- pi-7 mp 187~l88’, [a]D +20.9 (E, 0.910 in CHl3); v (K&I 1745 
(lFketone), 1710 cm (broad band of 3,9-ketones and of methyl ester); 6% mz) 0.99 
(s) (l8*3), 1.35 (s) (19_cH3), 3.73 (s, 3 H) (ester-CH3). 

Anal. Cald fcr clgH2605: C, 68,24; H, 7.84. Fand: C, 68.18; H, 7.84. 

(b) Fhm 3f3~~toxy-17.20crdihydrmcyfjcrp’e~11)-ar12-cne (13) wittout mifi- 
cation Op the Intgnaediatas. At -400, a stream of oxygen containing 0.65% of ozone was 
passed at a fly rate of 360 L/h ttiugh a solution of 5 g of the unsatrated acetoxy 
dihydt-oxy 12-ketone 13 in 350 mL oP ethyl acetate, over a mriod of 3 h. Subsequently IO 
I& of a 30% hy&ogen peroxide solutia? and 5 rh of water were added and the mixWe was 
stirred at room temparat~e fcr 16 h. After dilution with ethyl acetate, the solution 
was washed with 10% potassiun iodide and sodiun thiosulfate solutions, and with brine, 
and was Wed over sodium sulfate. Removal of the solvent @ve a ~UII Rich was &ied by 
repeated evawation of its benzene solution. The product was dissolved in 300 nt of 2 N_ 
methanolic potassiun hydroxide and refluxed fm 3 h. After cfxoling, the solution was 
diluted with XXI I& of water and extracted with ethyl acetate, in order to remove tha 
remaining neutral material. ‘II-m alkaline Fortion was carefully acidified with cold 6 E 
sulfuric acid to the Congo-blue reaction, and the solution was satwated with sodim 
chloride and extracted with ethyl acetate. The organic layer was shed with brine and 
was dried over sodium sulfate. Re?~val of the solvent gave a gun which was dried by 
repeated evaporation of its benzene solution and dissolved in 200 ti of absolute methanol 
.zmd 100 I& of absolute ether. To this solution 350 I& of a 3.1% ethereal diazanethane 
solution was added at @’ and the mixtwe was allwed to warm to rocm tempratlse and was 
kept at that tenperatme for 14 h. The excess reagent was destroyed with acetic acid; 
the pl*oduzt was taken to &yness and dissolved in ether. The ethereal solution was 
washed with a sodiun bicarbonate solution and with brine and was dried over sodiun sul- 
fate Removal of the solvent in MCUJ &ave 3.6 g (70%) of crude trihyWoxy est.~ 14d 
which was taken up witbut F&B in 1.4 L of 50% aqueous acetic acid and treated 
with 60 g of sodiun bisrmthate. The mixtwe was stirred fcr 24 h at rcun temperature and 
was filtered; the filtrate was extracted with methylene chloride; the organic layer was 



394 Engel et al 

washed with a scdiun bicarbonate solution and with brine and was dried. REmoval of the 
solvent left 2.2 g of a thick gumny product which was dissolved in 50 I& of absolute 
acetone and oxidized with 8 mL of Jones’ reagent at Co, until a yellwish-brckm color 
persisted in the supernatant. Water was added and the mixture was extracted with methyl- 
ene chlcride. The organic layer was washed with sodiun bicarbonate and brine, was dried 
over sodium sulfate and the solvent was removed. The crude product (1.75 9) gave upn 
crystallization frcm methylene chlcride-ether 1.25 g (4% yield fran the dihydroxy aceto- 
xy enone 13) of pure triketone lb, mp 185-1860, identical with the product prepared as 
described under (a_). 

t4khyl 3,17-bi~V1ylemeiiica@-ow+, 12sem-ll~~l2-oate (17). A 
solution of 300 mg of methyl 3,9,l7-triox~9,l2-seco-ll-mrr5c~-andrcstan-l2-oate (Ea), 
mp 187-1880, in 100 mL of absolute benzene was refluxed with stirring for 24 h with 5 I& 
of ethylene glycol and 70 mg of p-toluenesulfonic acid, with repeated removal of the 
moist benzene fcrmed. Subsequently-the solution was soled and pored into a cold scdiun 
bicarbonate solution and the precipitate was extracted with methylene chloride. The 
organic solution was washed with water and was dried over scdiun sulfate. Removal of the 
solvent affcrded 350 mg (93 yield) of an ancrphous product which was crystallized fran 
ether-haxane to give 270 mg (71% yield) of Poe diketal 17, mp %-88”. 
recrystallized fran ether-hexane far analysis; 

A semp1$5was 
colcrless needles, mp &87o; [a] 

-27.7 (c, 0.830 in CRC1 ); v (KBr) 1725 (methyl ester), 1710 (9-ketone), 1078 cm-’ 
(diketal); 
3.85 (s, 8 H) 

6 (60 mz) a.90 (??x(18-Or3), 1.13 (s) (l9*3), 3,75 (s, 3 H) (ester-CH3), 
(b&-ethylene ketal). 

Anal. Calcd fcr C23H34+ C, 65.38; H, 8.11. Found: C, 65.09; H,8.36. 

3,17-bis-Ethylenedi~,l~ll ~ta~-9~,12-diol (16). To a solr 
tion of 240 mg of the morroketo sect ester 2, mp 86-87°, in 50 mL of ahsolute tetrahydro- 
fman, 500 mg of lithiun aluninun hydride was carefully added and the mixture was re- 
fluxed with stirring fcr 4 h. The excess lithiun al&nun hydride was carefully decom 
posed by addition of ice and the white slcury was filtered. Ths filtrate was taken to 
&yness and the amcr@~~~ product (230 mg) was crystallized fran ether-hexane to give 190 
mg (88% yield) of pure dihydroxy ketal 16, mp 147-148O; a sample F recrystallized frcm 
ether--Mane fcr analysis; mlorless needles, mp 147-148O, [a]D +32.0 (5, 0.720 in 
cHC13); v (KBr) 3300 (broad diol bend), 1030 cm-’ (diketal); 6 (90 Wz) 0.75 (s) 
(18+X3), 2.#?d, 1 H, 3 = 10 Hz) (9a-H), 3.35 (broad, 1 H, exchanged with D20) and 3.63 
(s, 1 H, exchanged with D20) (9,1PCH), 3.22 (d, 1 H, J = 12 Hz) and 3.63 (d, 1 H, J = 12 
Hz) (12-H2). 

Anal. Cald fcr C&606 : C, 66.64; H, 9.15. Fomd: C, 66.56; H, 9.27. 

11~tzm-3,17-diule (2). (a) RQn 38~~xy-l1~20- 
me (-5~) by a Ehe~Villiger Degw?aticn. A quantity of 260 mg of 3B-hydroxy-11-oxa-%- 
pregnan20-one (5~) was acetylated in the usual fashion with 1 nL of acetic anhydride in 
2 mL of pyridine. The r_eulting crude a&ate 5d t v W3r) 1730 (acetate), 1710 
(ketone), 1265 and 1248 cm (split acetate band); 6 (&I%%) 0.72 (s, 18+~3), 0.92 (s, 
19-CH ), 1.97 (s, methyl ketone), 2.01 (s, acetate), 3.35 (d, J = 10 Hz) and 4.05 (d, J = 

3 10 Hz (12-H2), 4.62 (m, ~K-H)] was dissolved in 10 mL of chlcrofcrm and treated with 550 
mg of m_&lcroperbenzoic acid at rxm tanperature fcr 5 days. Every 24 h another 150 mg 
of m&l.cropet%enzoic acid was added. The Toduct was diluted with chloroform, the 
or&& solution was washed with potassiun iodide, potassium thiceulfate, and scdiun 
bicarbonate solutions and with water, and was dried over sodium sulfate. The solvent was 
removed in vacua. The crude reaction product (131 mg), representing a amplex mixture, 
was refluxed fcr 30 min with 20 mL of 1 ~methanolic potassiun hydroxide. After cooling, 
the product was powed into water and the mixture was extracted with methylene ticride. 
The uganic solution was washed with water, dried over sodiun sulfate and the solvent was 
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evawated. There reMined an oily pod~~t (150 mg> which was dissolved witbut. flrther 
plrificaticn in 5 nt of absolute acetone and treated with 0.2 ti of Jcnes’ reagent at 9. 
The mixture was stirred fcr 30 ,min, tha excess oxidizing agent was decqxsed with metha- 
1131, <dater was added and tk organic Trod&. KS extracted with ettrr. Tns ettereal 
layer was was&d with ;iata, with a saturated sodiun bicarbonate solution, and again with 
i.~ter, was &ied over scdiun sulfate and taken to &yness. Thin-layer &ranatogra@y on 
silica gel (benzeneethyl acetate 9:2) of L &a crude Ir&ict sha+ad two main bands, the 
i.ess polar of \Jhich gave upon extraction with ethyl acetate, containing 5% of methanol, 
crystalline 11~~3,17-dicr~ (2) , mp ‘62.5-164.50. Recrystallization: 
affcrded 30 mg (13.8% yield) of pified TcdWt, mp 165.5-168.5°, which srcwed no &- 
Fession of melting point with an authentic sample and the irfrared spctrun of which WAS 

superimable on that of tha ~cxlt&, Irewed as desmited u&r cc). In arxX!er expe 
riment, a 25% yield of tt-e deradation was realized. 

(2) &au 3_Ethylenedioxy-11 vm (h) by tkprocedre 0PSichLl 
et al (102. A solution of 400 mg of 3-ethylenedioxy-l!-oxa-5a-Iregnan-20 (b) (81, 
mp 143-144 , in 3 I& of tetrahydroflran was ad&d to a solution of 500 mg of pXas.sizn in 
i I) :nL anhydrous t-Sutanol, and oxygen was passed tkOu&? the solution at C-70 fcr 73 
min. Ihs oxygen few was replaced by a nitroe stream and tha mixtLse was haated to 6C- 
7C” for 45 min. After cooling, the ~O~LXZ was polred into ize water and the vecipitate 
was extracted with methyl= chIcride. The crganic solution ‘XI_? washed ;rith water and 
was dried over sodiun sulfate. Removal of tk solvent gave 340 mg of an oil which was 
cMzmat.o~aphed on 10 g of aluninun oxide, activity III. glutions with benzene, Senzene 
ether mixtmes, and etter, afforded 119 mg (p”d yield) of crystalline j-ethylenedioxy-ll- 
-WI-l?-cna @a), mp 159-16Q”; v (i(Rr) 1740 (17-ketcne) 1132, 1070, and 
lO?D al! (ethsr linkages); 6 (60 .Wz) 0.93 :y1s*3 !, 1.04 (s, 19-31, 3.35 (d, J = 
10.5 Hz) and 3.94 (d, J = lC.5 Hz) (12-+), 3.% (s, 4 H, ethylene ketal). 

;&Cz”, f-r$$.,$, : C, 71.82~ i-I, 9.134. FoLqld: C, 77.42; H, 8.92. 
te above described 3-ethyledioxy-ll-oxa-5arandrcetar-r17- 

one (a), mp 159-i&O, and of 15 mg of p-toluanesuIfonic acid in M I& of absolute ace- 
tone was refluxed fcr 3 h. ‘I?e prcdmt .& cooled, extracted with methylene chloride and 
the crganic soUt.ion was i~ashad with a sodim bicarbonate soiution and with water, was 
dried over scdiun suIfate XIC! the solvent was rmved. Pius, 84 m_g of authantic ll-oxa- 
5a-znW~lzne-3,17-dicne (2) was obtained. Tna aqarison was made by We usual maans 
with tha prcdu?c described UK& (cl. 

CE) Flun 3.3SlusthXy-l7trllQwcrll~ wm (&I. To a sol&ion of 
!5 g of 3,3-dimat:h~y-17-hydro~~ll-oz~5a-~eg~1an-2S-or~ (6b), mp 157-15”, in 300 mL of 
dry methanol 1.2 g of sodiun Wohydride *was added and the solution was stirred fcr 6 h 
at r7xm tenperatwe. The excess reagent was destroyed by PareSI addition of acetic acid 
(@I 7-8) and the solution was powed into 3 L of cold water. T.&a crganic product was 
efcracted with ether, the et&real layer was m.ied with water and .wa.s dried over sodi;m 
sulfate. Evapcraticn of t& solvent gave 13.52 g (%.3$j of crystalline 3.m 
llml7,Mol (71, partly deketalized inyiticn 3 r u (KBr! 3; 
(hydroxyis), 1710 (weak, 3-ketone), 1110. 1075, and 1045 cm (ether Iin&&]. Without 
pifioation, tNs p”cxiuct was dissolved in 2 L of 50% acetic acid and t+ solution was 
stirred at ram +mperatlre vith 1’X g of sodium bisnuttite fm 22 n. The rrixtu*e wds 
filtered two@ celite and the acetic acid was removed fran tne filtrate by distillation 
WI&~ redwed Fessme. l??a residue was dissolved in ether, the ethereal soiution was 
was&d with Watt, a satmated sodim bicarbonate solution, again with water, and was 
dried over scdiun sulfate. Evavaticn of tna solvent gave 10.73 g of a crystalline 
materiai whioh upon one recrystallization fran ether-haxane gave 9.26 g (89.7% from t,he 
ime p*egnanedloI 7, ?@.7% frcm ths hydroxy remanone 6b) of 11-e 
3.17-dicrle (2). mp ?69-1700. A sample was SyystaXized tdce frun ether-~wne fcr 
Zlalpii?.; ColCrless lrisns, !?qJ 173-174O, [a;D +65.9 :c _,_?.850 in cMC;3), v (IcEIt-) 
1732 :17-ketone), l?lC (3-ketone), lr@C, lC40, and 1330 cm (ether linkages); @& Wiz) 
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1.05 (S, 3 H, I8*3), 1.12 H, 19_oI3), 3.30 (d, 1 H, J = 11 Hz) and 3.88 
(d, J = 11 Hz) (12-H2). 

AnaI.calcd fWC H20: C, 74.44; H, 9.03. Found: C, 74.20; H, 9.19. 
(d) I?on 3,1i’-bk&hy~&oxy9,I~ll ~t~+~9g,lPdiol (16). A 

solution of 2.3 g of the sect dihydroxy diketal 16, mp 147-l 480, and of 1.6 g of p-to- 
luenesulfonyl chloride in 80 rh of pyridine was heated for 1 h in an oil bath ‘Ibath 
temperature of l15-125°). Ax-&her 1.6 g of p_toIuenesulfonyl ticride was added and the 
heating was continued fcr another 2 h. The reaction mixture was cooled and poured onto 
Pushed ice and the Fecipitate was extracted with ether. The org&c solution was 
washed with 2 N hydrc&Icric acid, water, 
water, and was &ed over sodium sulfate. 

a scxiiun bicartonate solution, again with 
Rsnoval. of the solvent gave 2.1 g of an a~- 

@KU.? material which was dissolved in 500 ITL of absolute acetone and refluxed for 3 h 
with 600 mg of p-toluenesulfonic acid. 
cold sodium bic&tonate solution. 

The reaction mixtwe was oiled and jibed into a 
The Fecipitate was extracted with ether, the organic 

layer was washed with wata and was dried over sodium sulfate. Revival of the solvent 
gave 1.4 g of an amcr~ous gcduct which was crystallized from ether to give 1.3 g (75%) 
of pure It-oxaSa-andrastane-3,17-dione (21, mp 169-170°. After two recrystallizations 
fran ether the material melted at 173-174O. Its identity with the product described 
Lnnder (E) was established by tha ocmparison of the ir and rmr spectra and by the determi- 
nation of a mixture melting point. 

11-0xa-1,4aWc&adit~e-3,17-dime (18). (a) By DeI@qpat.icn of Diketcne 2. 
A solution of 1.1 g of 11-ox&a-andrcetane-3,17-dione (21, mp 169-170°, in 100 rL of 
absolute dioxane was refluxed with 2 g of 2,3-di~~oS,6-dic~FL-benzoqui~ne (DDQ) 
fcr 17 h. S&sequently another 2.0 g of DDQ was added and the mixture was refluxed again 
for 3 h. After mling, the Toduct was diluted with 200 mL of methylwe chIcride and 
filtered. The solvent of the filtrate was removed in vacua and the residue was dissolved 
in methylene chIori& and filtered tPu-ou@f? 30 g of altinun oxide, activity IV. Elutions 
with methylene chloride and ether gave 870 mg of an oily Toduct WNcb was dissolved in 
benzenc-petrdleun ether (1:l) and adscrbed on 30 g of aluninun oxide, activity IV. 
Elutions with petroleun ether-benzene (I : I) gave 130 mg (I 3%) of pure 1 l-t- 
l-ene-3,17-diuka (191, mp 162-163°. 
CoIOrIesS needleS, mp 166-1670; 

A2pple was recrystallized fran ether fcr analysis; 
[a]D +39.0 cc_, 0.820 in CHC13); x (Et-W 227mn 

(log E-q.9); ” (KBr) 1735 (17-ketone) , 1665 and 1610 (A I-3-keto &let), 1060 and 
lC40 cm (ether?Skages); 6 (60 WZ) 1.07 (s, 18+X3), 1.13 (s, 19-Q+), 3.37 (d, 
1 H = 11 Hz) and 3.97 (d, 1 H, J = 11 Hz) (lPH2), 5.81 (d, 1 H, J = 10 Hz, P-H), 7.28 
(d, 1 H, J = 10 Hz, 1-H). 

0 : C 74.57; H, 8.39. Fomd: 74.96; H, 8.38. 
KlLcZKL&YrYl&4 So ;1 a ve- escribed cWe@.ogr~ with petroleun ether-benzene 

(I :I ) and with plre benzene gave 510 mg (43% yield) of We ll-oxa-l,4~tedi~ 
3,lMd (181, mp 136-1370; x (EUX) 242 nm (log E 4.1); v 
tone),l670, 1635, and 1610 fi 

(kB$ 1740 (17- ke- 
‘~‘~3-ketone), 1110, 1080, and Iman (ether); 6 (60 

MHz) 1.12 (s, 18-G-l ), 1.33 (s, 19-+X3), 3.3 (d, 1 H, J = 11 Hz) and 3.% (d, 1 H, J = ll 
Hz) (12+?2), 6.07 br. s, 1 H, superiwed on PH-doublet, 4-H). 6.18 (dd, 1 H, J, (3 
IOHz, J = 2 Hz, with superiwsiticn of 4-R: 2-H), 7.18 (d, 1 H, J 

A&l4 calcd fff c 
= IOHz, ?&= l- 

(b) - via the 2 4*ilf8&g$ ;’ 749; Hy v4- 
Found: C, 75.63: H, 7.94. 

3,17-di&e (21, mp 16&170°, 
. 0 a solution of 1 .O g of 1 I-oxa-5~~an&cstane- 

in 10 IIL of glacial acetic acid, thare was added, droPi=? 
and with stirring, at KW temperatwe, 7.0 mL of a 2.0 E branine SoIutiOn in glacial 
acetic acid. Within 10 min the solution had decolorized and a c?‘ystalIine p+odUct had 

precipitated. It was, warmed f~ 5 min in an oil bath to 5o” and was then stirred at rcan 
tanpgatre fcr 4 h. The mixture was diluted with water and the CrystaiIine Wecipitate 
was filtered, washed with water, and dissolved in methylene chlcride. This soluticn Was 
Wed over scdiun sulfate amd taken to &yness at 3G-400 in vacua, leaving 1.2 g of a 
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25 
;?olid, mp 184-l&To, [a]D +25 (5, 0.830 in CHC131, v (KP) (31) 1730-1750 cm-’ 
(broad, 2,kiitrcn~ j-ketone and 17-ketone); mm-dir$f%o an elenmtal malpis, thz 

pxhxt was slightly ovc&mnimted. Witbut pificaticn, it was dissolved in 60 I& of 
absolute dimsthylfarmanide, and 1.8 g of lithiun trani& zmd 1.8 g of lithiun carbxate 
were added. TX? mixture w kated to l@’ fcr 8 h, sutseqently cooled and ~lred into 
iced 2 N hydrochloric acid. ‘III? p-ecipitate was extracted with a mixlxe of ether and 
me:hykii ticrick. ‘IYE organic layer was *asFed with watg, was skied over scditm 
sulfate and taken to byness. The re&!ue (1.0 g), a bwJnish product, wb’ adscrted on 
32 g of aluninun oxide, activity iv. Eluti~ with benzene fwnistxsd 580 mg (60%) of ll- 
o~~-1,~tAiene3,17-dione (181, mp 136-1~. 'lk identity of the rcduct with 
tbt described ulder (a) was establistxsd by ths axnpari,son of ths ir and ~IIP qectra, and 
by ttxs deteminaticn da mixtLse melting point. 

11~~3.17-dicne (20). To a .solution of 2W mg of the 11-0~ an- 
cbcetadiene d.icne 18, mp 137-13P, in 100 mt, of ahsolute benzene, 180 mg of tris-(trim 
ny.l@xqhine)rhodiun chloride was added and the solution was hytigenated with one mole- 
cula eplivalent of hydrogen over a pzricd of 8 h at rccm tenpzratrre aid at atmas@ieric 
ressL1-e . I?E clear, red .soluticn was concentrated in MCU) and was adscrted on 20 g of 
aluninun oxide, activity III. Elutions with patroleun ether-benzene cl:41 affcr&sd 119 
mg E& yield) of plre ll-oxa-4-zm&astene-3,17-dicne (20). mp 150-151°. A -ssnple waz 
recrystallized twice fm analysis; colcrless Fi_sns, mp 15~-l!Z”; A (EKG 23Rnm 

(KEr) 1740 (17+etcne), 1680 and 1625 (A”-3-ke%%ublet), 1085, $y $;l4$, “&) 
; 6 (60 M-k) 1.1 (s, 18-CH ) 1.28 (s. 19-CH3), 2.6 (d, 1 H, J = 

10 &, S-R), 3.72 (d, 1 H, J = 11 Hzz) and 3.98 (d? 1 H, J = 11 Hz) (l;LH2), 5.80 (s, 1 
H, 4-H). 

Anal. Oalai fcr c,8r$403: C, 74.97; H. 8.39. Fcxnd: C, 75.12; H, 8.75. 

3-EUDWl l-xB-3.~al7-uE (21). 
an&cetene3,17_dicne (201, mp !50-151°, 

A solution of 67 mg of 11-ow-4- 
in 5 mb of absolute benzene was refluxed fcr 3 

h with 25 mg of pyridine hy&ochlcri&, 0.3 I& of ateolute ethanol, and 0.3 rrL of ethyl 
orthofcrmate. Ihs reaction mixtwe was cooled and pcued into a cold sodiuri oartonate 
solution. ‘I??.? precipitate was extracted with ether, the Crganic layer was was&d with 
water and was Cried over ,.sun sulfate. Ranoval of the .solvent affcrded 74 mg of an 
oily material which, up3n crystallization fmn et*t-exane, ga.Ve P rag (42%) of tk pre 
en01 ett-er .?I, mp 136-1380. A _.sple was recrystallized from ether-b%ne; ~~-STLS, nip 
13613q v (!Elr) 1755 (17~ketone), 1662 and 1640 (A3)‘--diene), 1100, lOgO, 1065, 
1055 cm (es); 5 (90 MHz) 1.11 ( s, 6 H, unresolved, 18- and 19Ui3), 1.31 (t, 3 H, 
J = 6 Hz., CH3UQ-O), 2.84 (d, 1 H, J = 10 Hz, %-HI, 3.41 (d, 1 H, J = 11 Hz) aid 3.87 
(d, 1 H, J = 11 Hz) (12-H2), 3.84 (2, 2 H, J = 6 Hz, CHY+J-O), 5.17 (m, 2 H, 4- md 
6-W. 

AA.. calcd fcr C&,0,: c, 75.91; H, 8.92. Fond: C, 76.15; H, 8.43. 

17a-m.kwl-17B+may- 11-t43t-3-crR? (17-Exhplyl-ll-oxate3txxaYwE w 
ll~staane) (1). To a soluticn of @x-siun t-anylate, prepared fm 80 mg of 
potassiun znd 6 mL of t-any1 ala~!-~l, tMe was added, in a nitrogen atmcP$efe. 74 mg of 
ex11 et&r 2l, mp 136383, dissol~d in 4 mL of absolute tolu?ne. Acetylale was psssed 
t&o@ ths reaction mixture over a period of 22 h, 4 ti of 50% hytichbric acid was 
added and ths mixlxre was stirred fcr 1 h at r(rm tempsratlre. l?e Irc&Et was Pu’ed 
into a mid sodium bicarbonate solution and th? mipitate was extracted with methylerxs 
chlu-ids. ‘lhs ,soluticn was washed with water end was cf‘ied over sodium sulfate. Removal 
of the solvent affmded 57 mg of an oily flu& which was crystallized from methylene 
&lcrids--eth to give 39 mg (54% yield) of pe 17-ethynyl-ll-~~+~tust~cxe (11, mp 

pie was Fecrystallized fcr aalysis; sli@tly yellwish @sms, rrp %l- 
%$yz]j?8.7 (c 0.560 in CECl3); X _ (!ZtfX) 237 rm~ (log E 4.1); v ITliu( MRr) -’ 
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3400 (17E_oH_\, 3?gO and 24W (17~e+&W), ~&XI md 1630 (A*-3-keto doublet). 1060, 1030, 
and lG2C an (ethar); 6 (60 MHz) 1.17 (S, 18+X3), 1.27 (8, 1 “a ), 2.fS (3, 1 H. 
C ;m), 3.69 (d, 1 H, J = 11 Hz) and 3.&3 (d, 1 H, J = 11 HZ) (12- 2), 5.83 (S, 1 H, 4- 
H). 

Anal. Cald fr c&!26o3: C, 76.40; H, 8.34. Fand: C, 76.50; H, 8.33. 
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