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Abs!ti -Various steroidal &Iactona were debydrogcnatcd by 2Jdichlor~S&dicyanobcnzquinon 10 

the corresponding a.@-unsaaturatal -%hctonca in 2575 % yield. The synthesis ofstcroidal ring A z-pyroncs 

from IS+-norsteroid ladone prayrsors is also described. 

REPLACEMENT of carbon atom 2 of the steroid nucleus by oxygen has been achieved 
in the androstane, pregnane and corticoid series and many of the lactones so obtained 
have biological properties similar to the parent hormones.3*4 Saturated steroidal 
lactone-s bearing the ring oxygen at the 4-position have also been known for some 
time’*‘j but the synthesis of the corresponding 1,2dehydro4oxa-3-ketones has not 
been investigated extensively. 

A useful route to unsaturated Iactor& evolved from a recent investigation concerned 
with the synthesis of steroidal tricycles lacking the A ring Since substantial quantities 
of 17fPhydroxy-4-oxa-5a-androst - l-en-3-one acetate (lb) were required for degrada- 
tion experiments a one-step dehydrogenation of the readily available l7p-hydroxy+ 
oxa-5a-androstan-3-one acetate (la) was attempted in order to circumvent an earlier 
synthesis based on the selective oxidation of the 4.5double bond of l7j3-hydroxy- 
androsta-l+dien-3-one. Accordingly, treatment of the saturated lactone (la) 
with 23dichloro5.6-dicyanobenzoquinone (DDQ)’ afforded in moderate yield a new 
substance readily identified as the requisite l,2-dehydrolactone (lb). 

The practical significance of this finding prompted a search for additional examples 
of this reaction. The effect of DDQ on l9-nor-4-oxa-3-ketosteroids was viewed with 
particular interest since in principle, these substances could afford the hitherto 
unreported 4-oxa-A i* s”“i-3-ketosteroids (ring A a-pyrones) on exposure to the 
quinone. Eight steroidal lactones were synthesized according to standard methodP* 
(Experimental) and allowed to react with DDQ in boiling dioxan solution. The results 
of the successful experiments are summarized in Table 1. The saturated &lactones 
were less reactive towards DDQ than A4-3-ketones which usually are dehydrogenated 
by 1. I.5 molar equivs of the quinone after I8 hr in boiling dioxan.p In general, 
moderate yields of the unsaturated lactones were attained after exposure to 2 molar 
equivs of DDQ for 96 hr in dioxan at reflux. The ring D lactone (scl) was particularly 
unreactive and required 240 hr after which time the I S-dehydro lactone (sb) was 
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Dchydrogcnarlon product 
Molar 
OqUlV 

DW 
..--_..- .- .~_. _- 

I 17&HydroxyQ_oxa-Sa-cstr-I -en-)-one acetate (tb’ 2 
2. 17f3-Hydroxy-4-oxa-S&atr-l-en-3-one acefate (ZLI’ 2 
3. 17B_Hydroxy-4-ou-k-Pr~~-l~-3-one acetate (lb)’ 1.5 
4. 3&Hydroxy-l7a-oxa-Dbomo-h-androst-lS+n-l7-onc acetate (S,’ 3 
5. 2Oj+Hydroxy4-oxa-Sa-l9norprcgn-l-en-3-one aata~e (Sk’ 2 
6. 2C@Hydroxy-4-oxa-So-pregn-I-en-3-one acetate (Id)’ 2 

Reaction 
lime 

(W 
- 

96 
96 
96 

240 
130 
93 

Yield 

($3 
-. 

so 
so 
60 
2s 
40 
75 

For preparation of starting material see l Experimental ; * Ref. IO. 

obtained in only 25 % yield. The dthydrogenation of 170.20 : 20.21 -bismethylenedioxy- 
11 g-hydroxyJ-oxa-Sa-pregnan-3-one (4) by DDQ was accompanied by extensive 
decomposition, and no identifiable products were isolated from this experiment_ The 
dehydrogenation of the 19-norlactones (2a, b; %) stopped at the unsaturated lactone 
stage. Indeed, prolonged treatment of 211, b and 3a with a large excess of DDQ failed 
to yield either an a-pyrone derivative or products of extended conjugation as judged 
by careful chromatographic and spectroscopic analysis of the reaction mixtures. 

Also noteworthy is the observation that the y-lactone ring of 3-(17@hydroxy-Sa- 
androst-2cn- 17a-yl)-propanoic acid lactone’ ’ (6) is resistant to attack by DDQ under 
the usual dehydrogenation conditions. However, the lack of reactivity of 6 may be 
due to the rigid nature of the spirolactone system rather than ring size. 

The synthesis of the ring A a-pyrones was accomplished by two routes. Initial 
success was achieved by allylic bromination of 178-acetoxy-4-oxa-5xestr-1-en-3-one 
(Zc) with N-bromosuccinimide’Z in carbon tetrachloride to the lw-bromo compound 
which was dehydrobrominated by calcium carbonate in boiling dimethylformamide.’ ’ 
This afforded 17B-hydroxy-4-oxaestra-1,5(10)-dien-3-one acetate (7r) which exhibited 
a typical xx-pyrone absorption maximum at 309 mu in the UV.‘* The overall yield 
of 71 from the starting lactone (Zc) was 67 ‘4. 

The bromination-dehydrobromination method proved inoperable with 208- 
hydroxy-6oxa-kr- 1 Pnorpregn- I-en-3-one acetate (3b) and the following sequence 
was adopted for obtaining the corresponding pyrone. A mixture of the 5x and 50 
isomers of 208-hydroxy-4-oxa-19-norprtgn- 1 -en-3-one acetate was first converted 
to the sodium salt of the S(cQ), 208dihydroxyseco acid by treatment with dilute 
sodium hydroxide in aqueous dioxan solution. The resulting salt was next esterified 
with methyl iodide and the crude dihydroxy ester oxidized with 8N chromium 
trioxide-sulfuric acid reagent in acetone solution. Purification by preparative TLC 
afforded 5,20-dioxo-3,5-seco-lPnorpregn-1-en-3-oic acid methyl ester (8) which 
cyclized to the z-pyrone (7’h) (i,,.,., 310 mu)‘* upon treatment with p-toluenesulfonic 
acid in boiling benzene. 

The configuration at C-5 of the starting lactones as well as the structures of the 
various dehydrogenation products were confirmed in all cases by NMR spectroscopy 
(Table 2). The former problem has already been studied with stcroidal ring A lactones 
by Edward and Ferland’ ’ and the present assignments are in harmony with the 
published work. Thus the C-5 axial protons of the saturated A/B-truns lactones 
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la R - OCOCH,; Udihydro ZI 5-z-H ; l.2-dihydro 

b: R = OCOCtI,; 1.2double bond b: 5B-H; 1.2dihydro 
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3a : 51-H ; 1.2-dihydro 

b : 51-H ; I .2doubk bond 

c SfGtl: 1.2doublc bond 

H 

Sa. IS.16dlhydro 

b. 15.16.double bond 

4: R = bismcrhyknaiioxy 

7r: R=WWH, 

b. R - CH,(‘O 

WH, 
8 

(In, c; 2a; 3a) appear as broad multiplets (half-band width ca. 150 c/s) whereas the 
C-5 equatorial proton of the cis compound m is observed as a narrower multiplet 
(half-band width 70 c/s) downfield by @56 ppm relative to the corresponding 5-H 
resonance of the trunq epimer 1. 



The olelinic proton resonances of the A’-3-keto-4-oxa steroids bearing a C-19 
angular Me group and of the pyrones (7a, b) appear as pairs of doublets J 1. 2 100 c/s. 
In the NMR spectra of the A’-5f3-19-norlactones (2d; 3e) the C-2 proton resonances 
occur as doublets J,. 2 9SloO c/s. whereas the C-l proton resonances are observed 
as quartets,J,,,9.~100c/sJ,.,, 6S6.5 c/s, owing to vicinal coupling with the C-2 
and C-10 protons. Absence of measurable allylic coupling between the C-2 and C-10 
protons in the 5fGseries concurs with the small dihedral angle (ca. 10’) subtended by 
the&-H and C,,-H bondsasrevealed by inspection ofthe relevant Dreidingmolecular 
models. lb* The C-l and C-2 protons of the unsaturated frwrs-1Pnorlactones (Zc; 3b) 
exhibit vicinal (Jt. ,0 10.20 c/s) and allylic (J,. ,0 2.5 30 c/s) coupling respectively, 
to the C-10 proton as well as I,2 coupling and therefore appear as the A and B 
quartets of an ABX system.t In these examples the value of the allylic coupling is 
maximal in agreement with the observed dihedral angle which approximates to 
1 10”.16 The same splitting pattern is also exhibited by the I5 and 16 protons of the 
A”-lactone (Sb). 

Srcrod 
2-H I-H 

ppm ppm 

Coupling constants 

c/s 

17BHydroxy4ou-5cl-androsl-1II1-)-one 

acetate (lb) 
BOB-HydroxyQ-ou-h-pregn-lm-3-one 

aoelate (Id) 

17~-Hydroxy~~cstra-I.ylO)dien-3-one 

alxtatc (7a) 

4-0~~ 19-n0rprqna- I.S( I0)ddlent3,2Qdionc 

VW 
17fI-Hydroxy-4-oxa-Sa-cstr- I -en-3-one 

BIxutc (2c) 

17&Hydroxy~xa-S&eJtr-lzn-)-one 

a&Mate (Y) 

ZOB-Hydroxy-4-oxs-~a19norprcgn- 

1 -en-3-one acewe (J)) 

~-Hydroxyd-ou-Sal9-norprrgn- 

ltn-3-01~ agitate (3~) 

5.88 (d) 7+32(d) J,,z IO 

5.92 (d) 

6.15 (d) 

7a(d) J,,, 100 

7.35(d) J,,l 100 

6.13 (d) 7.39(d) J,.* 100 

5.89 @A 
6aS (d) 
60 (d) 

5.92 (d). 

609 (d) 

6~0 (d) 

6.88(d). J,,x )oO.J,.,c20. 

703 (d) Jr, 30 10 
7G5 (d). J,.l 95, I,,,,, 65 

7.21 (d) 

6.88 (d). J,.,95. I,.,0 -10, 

704 (d) J,. 2.5 ,o 

704(d). J,.z l’NJ,.,06a 
7.21 (d) 

17fl-Hydroxy-17a-oxa-D-homo-Sa- 

androst-1 Scn-l’l-one acetate (5)) 

16-H IS-H 
-. _-- ._ . 

5.93 (d), 6.75 (d). J,,. ,e 10. J,,. ,. 20. 

609 (d) 691 W J,.. ,e 34 

l Dmairal angle mt98urarknts WCR recorded for rinp A half-than conformation. The sank conclusions 

also obtain for ~hc km-rtabk ring A fkxibk conformation. 

t In a comparative study of the oktinic proton resonance of \ar~ous 5z and S)~.lY-n~~r.A’.j.kc~oncs 

mcasurabk allylk (HI-H,,,) couplmg was observed only m the A,B trans series.” 
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EXPERIMENTAL* 

17~Hydmxy-4-oxu-Sa-a&osran-3-ont accrofc (la) A stirred solo d testostcroac acetate (25 e) in 
1 I. t-butanol was treated s ucaasiwly with 1.5% K,CO,aq (400 ml). I Ye KMnO.4 (250 ml) and I sola 
d sodium wta@o&te (18t3 g) in waler (1.25 1.). This mixture was kept at ictbth temp (or 3 hr tier 
which time solid NaHSO, was added to destroy the cxccu KMnO,. The greater prt d tbc t-butanol 
was removal by dutillation and the product rsolatcd by cxtractum with EtOAc Thu afforded 26s of 

17B-hydroxy-S-oxo-3$sr~~-3-oicacid acetate Is as an oil which slowly crystahixod An analytical 
sampk prepared from aatoachcxanc exhibited m.p. 137-139”; [a]o + 26”; vu 3100. 1740, 1730. 1690. 
t24Oan-‘. (Found: C 6894; H. 865; 0.2294. C,,H,,O, requires: C. 68.54; H. 863; O.U.g3%). 

A sooln d the foregoing a&d (25 0) in dioxan (I Xl ml) was cooled in ioc to 10” and raiuczd with I soln 
of NaBH, (8 g) in water (60 ml) for XI mm. The reaction mixture was diluted with waler (750 ml) and cxass 
1 N HCl and tbc resulting ppr was collected, dried, and crystallizd (ran occtontheptanc to afford 16.2 g 
dl~m.p.1~183”.An~yticnllypu~sampkshowcdmp.l86188”;[~]o +65”;v,174O,I2500cm-‘; 
NMR 081 (4 18-H). @94 (4 19-H). 203 (J. 17-aatoxy-H), 395 ppm (s. Su-H. Ikb 4.8 c/s. J,..es 1 I.7 c/s). 
(Found:C.72~12;H,~2;0,1900.C H 0 requircs:C.71~82;H.904;0,1914?f”. 20 10 . 

17B-Hyd~xy-4-oxo-52~rrron-3-oru acerate (b) and I7~-hydroxyboxo-S&~rr~-3~~ ac(rare (2)). 
Sodium borobydridc (3 g) in water (30 ml) was added dropwise with stirring during I5 min to a cookd 
soln of 178-ecctoxy-5-oxo-3.5-sccoestran-3-oic acid re (log) dissolved in dioxnn (a0 ml) TM resulting 
soln was diluted with wmcr (200 ml), filtered through charcoal and acidified with 6N HCI. The filIcra! ppt 
was dried and twia crystallized from CHCl,-hcpIane IO yield 3.5 g of 2a. m.p. 21&212”; [a]n + 49”; 
v, 1730. 1240 cm-‘; NMR 083 (L 18-H). 202 (s, I7-acetoxy-H), 3.95 ppm (a h-H. W, = IS c/s). 

(Found: C. 71.19; H. 894; 0. 1992. C,,H,,O, requires: C, 71.22; H, 8.81; 0. 19979;3. 
Crystallization d the mother liquors from EtOH allordcd a second crop ol impure 28. Compound 1 

(810mg) was obtained from the remaining mother liquors by crystalllution from CHCl,-Mptane. The 
anllytica) sampk d b exhibited m.p. 16Sl71’; [z]u fO”; Y,, 1730. 1250 cm-‘; NMR 083 (s. 18-H). 
204 (5. 17-aatoxy-HA 4.52 ppm (m SfS-H. W, - 7 c/s). (Found. C. 71.15; H, 8.98; 0. 2@20. CIPHjsO. 

requires: C. 71.22; H, 8.81; 0. 1997%). 
2OB-Hydtoxy-Q~xc-h-plqMn-K)-onc acetofe (1~). S.~Dioxo-3,~-sccopregnan-3-oic acid” (3Og) 

dissolved in dioxan (MO ml) was raluad with NaBH, (IO g) in water (100 ml) as described prcnously. 
The crude product was crystallixai from tolucne to furnish 108 g of 20ghydroxy4-oxa-S1-prrsnan_20 
one m.p. 225 u8” and raised to 239-241” after several addrtronrl crystallizations, [z]n + 70’: Y, 34x). 
173Ocm ‘. (Found: C. 7444; H. 995; 0. 1499. C,,H,,O, requires: C 74.W; H. 1006; 0. 1498%). 
The corresponding lc prepared by Ac,(lpyridmc treatment showed m.p 20!&2lF (from CHCl,-bcptane); 
[Z]” +%‘; v, 1740. 1725. I250 cm‘ ‘; NMR 065 (s. 18-H). 092 (s. 19-H). 104 (d. 21-H. J - 7 c/s). I99 
(s. 2@aatoxy-H). 3.95 (m So-H. W, = I3 c!s). 4.83 ppm (m. 2&H W, = IS c:s) (Found. C. 72 70; 
H. 9.41.0. 1779. CrrH,,O, rcquucs: C. 72.89: H.9.45; 0. 1766”,). 

~OB-Hydtoxy~-oxo-S41~~r~e~~n-~o~ acetate (3~). A soln of 19norprogcstaonc (log) rn 
EtOAc (600 ml) was treated (II - 70” with an exoess 0, and then 30 ?< H1O, (I 5 ml) was added. After being 
allowed to stand 81 room temp for 17 hr. the reaction mixture was washed suaxsr~vcly with water. 5’; 
Net and 5% Na,S,O, solns and water. drrcd (Na,SO,) and evaporated. Chromatography of the resultmg 
011 over sihca @ (3OOg) using hexancEtOAc (7:3) as eluant furnished 7g d S.2Od1oxo-3.5-seco-I9- 
norpregnan-3-oicand:m.p. 13&13l”(fromrcetone heptane).[a], + 89’; v, 3200.1740.1710.1690cm~‘. 
(Found: C, 71.42: H. 8.86 CIPH,,OI roquucs: C. 71.22; H. 8.81”;). 

A soln of the loregoing scco-acid (6 g) in dioxen (60 ml) was reduced at IO” wnh a soln of NaBH, (3.3 g) 
In waler (18 ml). The reactron mixrurc was procfsscd as described prcvIously IO yield 29 g d 2Q3-hydroxy-4 
oxcr-5119-norpregnan.3~o~; m.p 200 202 (from acetone hexane): [a]u + 54 . Y_ 3450, 1730 cm’ I, 
(Found: C. 7466; H. 9.W; 0. IS.61 C,PH,oO, rcquucs: C. 74.47; H, 9.87; 0. 1S66°Q. Ac,O_pyridinc 
IrePImcnI of Ihe 1aIIcr produn provided Ihe corresponding lc m.p. 147 149’ (from CH,Cl,-hexanc); 
[a]” +44’ : v,, 1730. 1240 cm-‘; NMR 068 (a I8-HI. I.17 (5, 21-H. J = 6 c/s). 262 (s Maatoxy-H), 
3.93 pptn (m. 52-H. W, - I7 c!s) (Found C. 72.47. H. 9.49; 0. 184s CI,H,,OI requires: C. 72.38; 
H. 9.27: 0. 18.37”‘). n 

l M.ps arc uncorrected. Unless spccficd otherwise rotations nrc recorded in CHCI,. UV spsclrr. m 
EtOH and IR spawa in KBr discs. NMR spectra an recorded on a Varian A-60 spectrometer in >lO”L 
CDCl, sotn containing TMS as internal rdercna. ChcmkaJ shifts arc reported as ppm on Ibc 6 scale. 
We thank J. Murphy and J. Tmnbk for I~CS determinations In rbe prwcntatron d data s - singkt. 
d I doublet. q w quartet, m - multiple1 



1?~t0.20~1-Bism*rhyle~diox~l l~k~dtox~d-axo-lr-pre~~n-3-onr (4). A soin of t7a.20: 20.21- 
bumcthykncdioxy-I 1 ~hydroxy-5-oxo-3,5-secopregnan-3-oic actd” (I.75 g) in dioxan (40 ml) wax rcduocd 
as before with NaBH, (I g) in water (3 ml) for 30 min. Andification with 8N HCI precipitated DSg of 
4; m.p. 254-256’ (from acctonthexant); [z]o - 34”: Y_ 3400. 1720 cm-‘; NMR I+10 (s. 18-H). I.18 
(s. 19-H), 366 400 (m, 5x-H. resonance partially obscured by 21-H signal), 402 (s, 21-H). 506, 533 ppm 
(2 x s, bismethylcncdtoxy-H). (Found. C, 65-01; Il. g#; 0.2752 CssH,,O, rcqutrcs: C. 6468; H, 7%; 
0. 27-42 ‘i). 

Genercrl procedure for DDQ dehydrogenation ofuuwa~ed &crones. Relevant cxpcrimcntal conditions are 
summarized in Tabk 1. All dehydrogcnations were performed in boiling dioxan Products were isolated by 
dilution of the reaction mixture with scvcraf volumes of CHsCls followed by filtration through a column of 
neutral ahnnina (wg AllO& g of starting factone). Removal of the solvent yielded the crude Wturatcd 
lactom which was purift furtbcr by crystaliixntion. Physical constants and analytical data am recorded 
in Tabk 3. 

For I& synthesis of 7) the dehydrogenation was conducted with a mixture of C-5 epimrrs of 20@- 
hydroxy~~xa-t9-n0~~-3~~ acetate (xc above) as follows A t&t of tbc mixed lactonea (fog) 
in 150 ml dioxan containing 20 g DDQ was boiled for 113 hr. ‘Ihe reaction mixture was dtluted with 500 ml 
CH,CI, and liltcred through a column of 300 g neutral ahtmina Removal of the xoknt gnvc 6.2 g of a 
mixture of C-5 tpimcric unsaturated factonea which was utilized directly for tba next reaction. Purtfication 
of a 500 mg sample of this mixrun by preparative TLC (EtOAc-hcxanc (1: 1) as the solvem system) 
afforded pure sampla of3b; m.p. 190-191’ and its S&cpimer 3~; m.p. 186-18F (see Table 3 for additional 
data). 

!7fbHyd~oxp+oxarsrra- 1,s 10)-d&n-3-one acerure (78). Benroy) peroxide (IO mg) and N-bromosuccim- 
midc (605 mg) were added to a suspcnston of 2c (1.10) in CCl, (34 ml) and the multing mtxturc was beated 
under rcflux for 55 mm. Tbc cookd reaction mix~urc was diluted with an equal volumes of CHCI, washed 
with water, dried (Na$O,) and evaporated in rocuo at 30- 40”. A soln of the crude IO-bromo compound in 
di~hylfo~~ (IOml) containing LirCO, (14 g) was boiled for 2 hr and then partitioned between 
water and EtOAc. Tbc organic phase was washed wnh water. drkd (NasSGa and evaporated to yield 
?4Omgof?a mp. 181-18r(from M&H); [a]o +35”: .i_,, 309 mpflogc 373); v-1730, i600, 15% 
I240 cm- *; NMR 085 (s. 13-H). 205 (x, 17.aatoxy-H), 4-67 ppm (m 17a-H); for oldtnic-Hi. sa Table 2. 
(Found:C,7191;H,769;0,~1.C,,H~,O,nquim:C,?2~12;H,7~5;0,M23”,:). 

4-oxu-I~~r~egrut-1.~lOfdimc3~dionc (7b). A mixtum of C-S epimen of ZOB_hydroxy+oxa-19- 
oorpmgn-iia-3onc acetate (3.1 g. ace above) was disaolvcd in 30 ml dioxan and added to 50 ml 1% 
KOHaq. This mixture was kept at 9W for 4 hr and thereafter diluted with 100 ml water, 100 ml dioxan, 
and 30 ml Mel. The multing soln was butcd under rdlux for 2 hr, then cooled and extracted with EtOAc. 
The organic layers were combined, washed with water, and concentrated to dryness to afford an oil which 
was oxidii with 4.5 ml 8N CrO, in aCetone soht at 0’. Addition of water afforded an oil which was isolated 
by extraction with EtOAc and purifkd by preparative TLC (EtOAc:hexanc I :4). This yielded 08 8 of 
8 rap. l&4-1055- (from acetone hcptanc); [a]o +3”; Y_ 1725. 1705. 1655 cm-‘. (Found: C. 72Q8; 
H. 8-66; 0.19.10. ClOHr,O, requires: C, 72.26; H. 849; 0.1925%). 

A soln of 06 g of the foregoing scco+stcr in 30 ml benzene ~n~ini~g 25 mg ~toi~n~ulfon~ acid was 
slowly distilkd for a hr. the original volume of rbc mixture being maintained by the pcnodic addition of 
solvent. Tbc reaction mixture was washed with 1% NaHCO,aq and water.dricd (Na,SO,)and evaporated 
IO afford an oil rhrch uas purified by prcparattvc TLC” ttitOhc hexanc 7 131. This furrushed O-3 g 
of 7b m.p. 131-133” (from CH,CI, bcxane); f%Jn + 136‘ L 310 mp (log E 3%)); Y.,* 1735, 1705, 1635. 
155Scm-‘;NMRMtt(s, 18.H). 2.13ppm(s.21-H);for okftnic-H,sccTabk 2.fFound: C, 7529;H. 7.92. 
CIPHI.O, requires: C, 75.97; H. SQ5%). 
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