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was washed with HzO. The product was ext,racted into saturated 
NaHCO8 solution which was then acidified with HC1 and ex- 
tracted with EtZO. Evaporation of the dried (Xa2S04) Et20 
gave 0.65 g of t,he 17~-hydroxy-1,4-seco-5a-androstane-1,4-dioic 
acid acetate which was esterified with CH2Nz to give 8. Re- 
crystallization from XeOH gave 0.50 g of 8. Several recrystalli- 
zations from MeOH furnished the analytical sample: mp 116- 
118'; [ a I z o D  -26' ( c  1, CHCla); nmr 3.62 and 3.7 ppm (6 H,  
2-OCHs). Anal. (C21H3208) C, H. 

1,4-Seco-2,3-bisnor-5~-androstane-1,4,17p-triol 17-(2'-Tet- 
rahydropyranpl) Ether (I)).-Compound 7 was treated with 
CHzNt in Et20 to give the corresponding dimet.hy1 ester, as 
indicated by the nmr spectrum: 0.72 (s, 18-H), 1.12 (s, 19-H), 
3.62 and 3.73 ppm (s, s, 3, 3, OCHI). A solution of 0.5 g of the 
dimethyl ester in 50 ml of dry dihydropyran and a drop of Poc13 
was s h e d  a t  room temperature for 1 hr and evaporated under 
reduced pressure. The residue was dissolved in ether, washed 
(NaHCOa solution, HgO), dried (Na,S04), and evaporated to give 
the crude tetrahydropyranyl ether, as indicated by the nmr 
spectrum: 0.78 (s, 3, 18-H), 1.12 (s, 3, 19-H), 3.62 and 3.70 ppm 

This tetrahydropyranyl ether (0.25 g) was dissolved in 50 ml of 
dry Et20 and added to 0.5 g of LAH in 100 ml of dry EtzO. It 
was refluxed and stirred for 3 hr after which no starting material 
remained, as shosm by tlc. A saturated solution of sodium 
potassium tartrate was carefully added, and the mixture was 
filtered. The precipitate was washed with EtZO, and the com- 
bined Et20 solution was washed (dilute HC1, HzO), dried (Nan- 
SO4), and evaporated. The residue was crystallized several times 
from Me&O giving colorless crystals, mp 158-16O0. Anal. 
(C%zH3804) C, H. 

1,4-Seco-5a-androstane-1,4,17p-triol 1,4-Dimethanesulfonate 
1742'-Tetrahydropyranyl) Ether (lo).-To a cold solution of 
0.16 g of I) in 3 ml of pyridine was added dropwise with stirring, a 
cold solution of 0.15 g of iLIeSOnCl in 0.5 ml of pyridine. After 
the addition was complete, the reaction mixture was stirred a t  
25' for 3 hr. The mixture was diluted with ice-H20 (100 ml) 
and the precipitate was filtered and washed (H20).  I t  was 
recrystallized from EtzO-petroleum ether (bp 30-60") to give 
0.17 g of 10. Several recrystallizations from the same solvent 
gave the analytical sample: mp 114-116'; nmr, 0.77 (s, 3, 
18-H), 0.84 (9, 3, 19-H), 3.4 and 3.5 ppm (2 s, 6, SOZCHD). 
Anal. (C2,H,208S2) C, H,  S. 

~,4-Dibromo-1,4-seco-2,3-bisnor-5~-androstan-l7p-ol Acetate 
(ll).-To 1.9 g of 2 in 100 ml of st'irred, refluxing CCl,, there 
was added 1.62 g of red HgO. The reaction mixture was shielded 

(Y, S, 3, 3, OCHa). 

from light,, and BrZ (1.6 g) was added dropwise. After 1.5 hr, 
the reaction mixture was allowed to cool, the dark mixture 
was filtered, and the filtrate was concentrat'ed under vacuum. 
The residue was chromatographed on A1203 to give 1.1 g of pure 
11 which was recrystallized from MeOH; mp 155-158', [ ~ ] * O D  

-2' ( c  1, CHCL). Anal. (CluH30Br202) C, H, Br. 
2-Thia-A-nor-5a-androstan-l7~-ol (12). Procedure A.-A 

solution of NaHS was prepared by bubbling H2S into a suspension 
of 9 g of PIJaORIe in 70 ml of HOCHzCHZOEt until t.heexot,hermic 
reaction ceased. The resulting mixt,ure was filtered and to 30 
ml t,here was added 0.10 g of 10. The mixture was heated at  
reflux for 20 min, cooled, and diluted with HzO. The precipi- 
t'ated product was collected and dried. The protect,ing ether 
group was hydrolyzed in 10 ml of EtOH, 3 drops of HCl, and 
1 ml of HzO at  60" for 5 min. The mixture was cooled, evapo- 
rated, and extracted with Et20 to afford a solid (0.050 g). Several 
recrystallizations from Et2O-hexane gave the analytical sample, 
mp 141-143", [alZ0u +58', m +  = 280. .4nal. (CI,HZ~OS) 
C, H, S. 

Procedure B.--A solution of 0.10 g of 10,100 ml of 80% EtOH, 
and 300 mg of NaS was heated at  reflux for 6 hr. After cooling, 
it was worked up as in procedure A t'o afford 12, mp 141-143". 

Procedure C.-To a refluxing solution of 0.70 g of 11 in 100 ml 
of refluxing EtOH t.here was added a tenfold excess of NaSH 
dissolved in the minimum amount, of HzO. Heating was con- 
tinued for 24 hr when tlc indicated complete conversion of the 
dibromide to the product. The solvent was removed under 
vacuum and the residue was taken up in Et,zO, washed (HZO), 
dried (KaZSOd), and evaporat.ed to give 0.50 g of 12 as a white 
solid. 
2-Thia-A-nor-5a-androstan-l7~-ol Acetate (13).-A solution 

of 0.05 g of 12 in 2 ml of pyridine and 1 ml of AczO was kept 
overnight a t  25O, poured into 20 ml of ice-H20, acidified to pH 3, 
and extracted with EtzO. The Et20 was washed several times 
with HzO, dried (NazOa), and evaporated to give an oil which 
was purified by preparative tlc on silica gel to give 13 as an oil 
soluble in all organic solvents. On drying under vacuum, it 
crystallized giving a solid which was crystallized from petroleum 
ether at -70" giving crystals, mp 88-89", [ a ] z o ~  +50" ( c  1, 
CHCL), m +  = 322. Anal. (C19H3OOzS) C, H,  S. 

2-Thia-A-nor-5a-androstan-17p-01 Propionate (14).-A solu- 
tion of 0.05 g of 12 in 2 ml of pyridine was treated with 1 ml of 
(EtC0)20. It was worked up as in the case of 13, giving a solid, 
mp 88-90', [ct]'OD 64" ( c  1, CHC13), m +  = 336. (C*oH,- Anal. 
025) C, H, S. 
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The progestational activities and syntheses of the 1,2ct-cyclomethylene-l&methylene compounds 4, 15, and 
25 and of t,he precursor 1,4,6-trienes 26, 16, and 23 are reported. In all cases the trienes exhibited higher pro- 
gestational activity than the corresponding 1,2a-cyclomethylene derivafives when tested intramuscularly in 
the rabbit. 

The progestational potent'iating effect' of the 16- biological int'erest to combine these two ~t~ructural  
methylene moiety has been described.2 Recently, features in the same molecule and now report some of 
progesterone analogs have been reported which have a our findings with compounds of this type. Specifically, 
1,2a-cyclomethylene m ~ i e t y . ~ . ~  We felt it to be of me have synthesized 1,2a-cyclomethylene-l6-methyl- 

ene-17a-hydroxy-4,6-pregnadiene-3,20-dione 17-acetate 
(1) From the Physiology and Biochemistry Department. (4), 1,2a-cyclomethylene-6-met~hyl-l6-methylene-l7a- 

and ~,2~-cyclomethylene-l6-methylene-6-chloro-l7a- 
hydroxy-4,6-pregnadiene-3,20-dione 17-acetate (25). 

The synthesis of t'he 1,2a-cyclomethylene 4 (Scheme 

(2) (a) E. Shapiro, T. Legatt. L. Weber, M. Steinberg, A. Watnick, RI.  
Eider, M .  G .  Hennessey, C. T. Coniglio, W. Charney, and E. P. Oliveto, 

Czech. Chem. Commun.. S1, 2768 (1966). 

hydroxy-4,6-pregnadiene-3!20-dione 17-acetate (IS), 
J .  Med. Pharm. Chem., 6, 975 (1962); (b) K. Syhora and R. Mazac, Collect .  

(4) G .  W. Krakower and H.  A.  Yan Dine, J .  Orp. Chem.,  31, 3467 (1966). 
(3) R.  Wiechert and E. Kaspar, Chem. Ber. ,  93, 1710 (1960). 



I) proceeded from the 4,6-dieIie 1. Dehydrogenation 
with dichlorodicyariobeiizoquiiioiie (DDQ); gave thca 

COCH, 

3 . R = H  
4, R=COCH, 

l,-k,(i-trieiie 2.h Iritroductioii of the 1,'1a-cyclomethyl- 
eiie moiety into the 1,4,6-trien-3-one system has been 
accomplished by two methods. One method utilizes 
CH21;2 to  give the la,2a-pyrazoline which either by 
pyrolysis1 or on treatment with strong acid4 is converted 
to the desired cyclomethylerie compound. The other 
method utilizes dimethylsulfoxoriium methylide' to 
effect the formation of the 1,2a-cyclomethylerie 
m ~ i e t y . ~  

Our experience has been, i ~ s  may be noted for the 
preparation of 25, that the yields of cyclomethylent~ 
compounds by the first method are low. We therefore 
chose the second method using the Corey reagent 
described in ref 8. 111 order to avoid the base-catalyzed 
cyclizations of 17a-acetoxy-20-ketopregriarles to 8- 
hydroxylactoiieh and butei iol ide~,~ the 17a-hydroxy 2 
wis wed a< the bubstrate arid the 1,2a-cyclomethylerie 
3 \vas obtained iri 717, yield :iftw cry.;tallization 
.Icetylatioti of 3 using AcOH, trifluoroacetic anhydride 
(Tl:AA), aiid p-toluenesulfonic acid monohydrate 
(p-?'SA.H20),1(1 afforded the 17'-acetate 4 with the 
cyclomethylerie substituent in  tact. 

The procedure utilized for the preparation of 15l' is 
outliiied in Scheme 11. Oxidative brominatioii-de- 

- 1  11. I l l l rn .  I). S .  K i r k ,  and V. Petr<J\\.. I'ror.. Chem. S o t . .  14 (1960). 
) 1) .  N. Kirk and V. Petrow. l<ritiski Patent 899.804 (June 2i. 1962). 

N o t e  differences of Uligsical constants fnr 2 in the Experimental Section. 

I t Y f j 5 j .  
( 7 )  1,:. .1. Cores and >I. Cliaykorsky. .I. Amrr .  Chem. Sot. .  87, 1353 

( 8 )  Sclierinr . i , C i . ,  b;ire Pa ten t  965 65 tort 14. 1965). 
(U) (a) I f .  G .  Lelimann, Arigeu'.  Chem. I i t t e r n .  E d  E w l . ,  4 ,  T8Y (1965); 

(b) G .  \V. Moerscii. D. E. Evans,  and  G. S. Lewis, J .  .Wed. Chem., 10, 254 
(1967); (c) private communication from tlieee laboratories by  Dr. 1. 
.\fonso. 

(10) E. Sliapiro, 1.. Pinckenor, H. Plucl ie t .  I.. \Veber, C. H. Rohinuon, 
E. P .  Olivetu. H. L. Herzog. I. I. A .  Tsbachnick. and E. Collins, Stero ids .  9, 
149 11967). 

11 1 )  1\'11iIe t l i i r  !Turk \vas in yrogresu. the preparation of 16 11s a dif- 
ferent route was descril,ed I)? Hri t inh  1)rilp Ilonses, Ltd.. lielgan Patent 
(;8!1.27:3 ( . \ I J r i l  1 I .  IWjT),  \Vc thank one of the referees for mipplsinp infor- 
iiintion pertaininr i i i  t l i i p  uatent. 

hydrobrominatioii of 512 with Br2 in Dl11: in the preh- 
NICE ~f LiBr, Li2COd, aud CnCOs :it 80" I afforded :is 
the ni:tjor component the 4,N-dierione 6 11 i t h  thc Iris- 
inethyl-16,l ia-oxido moiety int:ict. H(JU ever. sonic 
rwrrmgenieiit of thi- osido furict ioii did occur :tiid the 
A'I-1 7'a-hydroxy 7 \vas ulho izolatcd in  :ihout W0 yid(1. 
.llterii:ttivt4y, 6 u :is obtained by cihloruiiil dc>hydrogerl;i- 
t ion of 8. I '  \Theti commercial, uiirecryst allized chlor- 
:mil wa. u w i .  some tmnsformation of thc I ($8-methyl- 
16,lia-oxido futictiori occurred. :ind i t i  addition to  6, 
hoth 7 :itid the lB-niethyleiir-17'cu-hydrox?l 9 \vwe I I  

obtaiiied. 
triene 10 Lvhich OII  tre:itmeiit n i th  -ulfuric :wid i t i  

dioxaiie, followed hy csterificatiou \I i t h  ?ic( )€I, ?'E',L\. 

t with the r e d t s  reported for (i-unsubhtitutrcl 
to sterc~id,<,~ reactioti of 10 with thc. C'nrey 

"vlide" reagelit gave the 1 .~a-cycloniethyleiic 12 i i i  

The use of the 1 (ip-methyl-] fi,lia-oxid(i 
moiety thui prevented the occurrence of bute~iolidc 
formatioii rcferrcd t o  previously.' .I secoiid product 

cwpy, the iioiiconjugated .)O-I,etorie, and by t i i i i i  ( s w  

E:xperimeiital Srctiori) showed :in ndditioii:iI niethylriic~ 
( CH2 ) with :I cahemical shift of '1.91 ppm. \Ye h:ivv 
ahsigned the, l ( j ,  17a,20,'1'1-bihoxide structure 13, \vith 
the stereochenii-try i i i  ('-20 uiidet ermined. ( )xiranch 
formatioil from saturated Letoties with dimethylsulf- 
oxoiiium met hylide h i i h  been dezcribed previously.i 
King opeiiiiig of 12 proceeded with H2S04 iri  dioxane to 
afford the 16-nietliylerie-l~a-hydroxy 14 in  59% yield. 
L'bing HCI i n  :iqueou.: acetone, 12 was converted to both 
14 arid the A"-l(j-methyI 11, u-ith the latter being 
obtained as the ma,jor compotietit i i i  34% yield. Thc 
-tructure of 11 \\:is %upported hy aiia1ytic;il :ind iimr 
data, a9 well :is l)y ('ompar on of rotation. I)etnetiIi 14 
: i i i d  11.  .4 I)o-itive rota ori:il differeiicc of 
observed for 14 a. cwmpared t o  11. which is coil 

with reported molecular ivtntiori- for l(i-mrt k 
17a-hydroxy compouiid- beiiig 2 2OO" more dest rorot:t- 
tory than thc S'i-lA-methyl-17a-hydrosy isoni('rb ' '  
.Icetylation ( ~ t  14 with .IcOH, TFL!-I. ;iiid p-'l'SA4'0 g;tvct 
thc desired 1,'1a-cyclomethyleiie 17-wetatc 15 i i i  (i7" 
y i (> 1 d . 

Schenw 111. ('h1oriii:itioii of' 1ti-niethyleiic~-~~~,ITa- 
dihydroxy-.S-pregneii-~O-(~~ie 3,li-diacet atc (17) g:iv(h 
,electively the fSa,Bp-dichloro 18. 
of the 3-acetate i n  18 xi th  HCIOI i r i  lleOH-CH('I? g:ivcb 
19. Oxidation of the 3-hydroxyl furictioii i r i  19 with 
CrO I 111 pyridi~ie '~  follo\t-ed by irr situ dehydroh:ilogetin- 
tiori of 20 afforded directly the 3-keto-A4-6p-chloro 21"' 
i n  approximately 32% yield. Traiiiformatioii of' 21 I 11 

the enol ether 22?" proceeded smoothly i t i  diox:iiici M i t l i  

112)  I) \ lkirh \ lJc>~r<,v  u n < l  I) \ I  \ \ l l l i a ~ n w n  I O r r i n  ' 8 2  I 

1 1  3 j  I lie procedi i re  ir-cd !\a. rs,entiall> descr~ l~e i i  I)\ I1 I l ) r \ d c * ~ i  MICI 

14) (a ]  Huang-Alinloii ( ' - 1 1  M i l  J -\ \  Cliin, and \ -( L hell  4 1 1  

1)ehydrogetiatioii of 6 with DIIQ gave 

4 :ifforded th r  lO-~i~ethyletie-l7cu-;lc~t~)~y 16.6 

yield. 

also nht:iincd which did not display, by  ir 31) 

mlc. -.vnttlebl~ t i le  ~ i -c~l ioro  25 1s o r l t ~ l l l c ~ t i  I l l  

Selective hytiroly 

11!161J 

J Kalrn z' b Patenr 3 270008 ( l u g  30 1966) 

I (Peking), 11, 165Y (1962) 
er, K Rruckner. I< 1% llork H RIetz, R Iiampel,  and  f I  .I blano- 

Chem. r i b d r ,  69, 2 9 8 5 ~  (19631 (b) 

Iiardt BPT 96, 2110 ( IYb?) (L) G H. Plrill~ps, \I- Graham G I Cregor\  
and I Ell,*. C ? Patent 3 040 069 (June 19, 1962) 

Itreliarr come , ~ f  IIIP Iritrrmedlate. also prepared 1 1 1 1  Scheme 111 
(15) See ref 211 for the reactions and  processes \\hicll nere emplu\ed 11) 

116) L) \i k i r k  \ l'etruu \ I  htansfield and D \I \Vllliarnsol~ I 
2.383 (1~IfKlj 

I I'oou c, I \ r t l ,  I t  I 131 

Oir,n \OL 76, I22 I l O i i l  
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SCHEME I1 
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Br,, DMF 

LiBr, Li,CO,,CaCO, 

N 0 / /  

CH, CHJ CH, 

I 

CH j 
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+ f 7  

$OCH, COCH 

(1) HSOI,dioxane 

(2) TFAA, AcOH, p T S A  

0 
I 

CHJ CH, 
10 16 

@CHI + o@ COCHJ H, o& C'OCI I 11. 

(1) HiSOI dmxane * 
0 /  / /  (2)  ACOH, TFAA pTSA / 

CHJ CHJ CH, 
14, R = H 
15, R = COCH 

13 12 

HCI, Me.CO-H,O 

COCH, 
i & HJ 

0 / /  

CHJ 
11 

ethyl orthoformate, EtOH, and H2SO+ Dehydrogena- 
tion of 22 with DDQ in benzenela to give the 1,4,6- 
trienone was incomplete and appeared to consist of 4 
parts of the 1,4,6-triene 23 to 1 part of the 4,6-diene. 
The reaction product was treated again with DDQ, this 
time in dioxane, thereby affording 23.2b Reaction of 23 
with CHZA-2 gave impure 1 a12a-pyrazoline 24 which was 
exposed to HC104 to  give the desired l12a-cyclomethyl- 
ene 25 in approximately 19% yield from the impure 
pyrazoline. 

Biological Activity.-Table I lists the intramuscular 
(18) (a) €I. J. Ringold and  .L Turner, Chem. I n d .  (London), 211 (1962). 

( t i )  S. K. Pradhan and  H. J. Ringold, J .  078. Chem.,  99 ,  601 (1864). 

activities of the three 1,2-cycIomethylene-l6-methylene 
compounds n-e have described as well as the correspond- 
ing lJ4,6-trienes. Included also are the oral progesta- 
tional activities, except for compounds 4 and 26. 
For comparison, the activities of the related 16-unsub- 
stituted 6-chloro compounds 27 and 28 are also listed. 
The potentiating effect of the 16-methylene group is 
revealed in the intramuscular activities found for 23 and 
25 as compared to  27 and 28, respectively. Whereas in 
the 16-methylene series introduction of the 1,2a- 
cyclomethylene moiety decreases the intramuscular 
progestational activity compared to the corresponding 
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COCH, 

CH, 

AcO 

i l l  Cl.. CH.CI.-pyridine 

12) HCIO,. CHCl -MeOH 

( 1  Cl 
23 24 

1,4,(i-trieneu, the opposite effect can be observed for the 
16-unsubstituted 27 and 28. 

COCH- 

26 27 
COCH , 

61 
28 

Experimental Section lY 

16-Methylene-17~-hydroxy-l,4,6-pregnatriene-3,ZO-dione (2). 
---A mixtiire of 9.00 g (0.0264 mole) of 16-methylene-17a- 
liydroxy-4,6-pregriadierle-3,20-dione (1) and 18.05 g (0.079,5 mole) 
of D1)Q in 450 ml of dioxane was refluxed with stirring for 3.3 
hr. !Lvaporatiori in L'UCIIO afforded a residue to which 500 ml of 

. ~.~~~ 

(19) All  melting points were determined on a Kofler hot stage microscope 
and are uncorrected. Rotations are in dioxane a t  2 5 O  a t  about  1% con- 
centration. uv spectra are  of RIeOli solutions, and ir spectra are in Nujol 
unless otherwise stated. The  nmr spectra ve re  measured on a Varian 
A-80-A spectrometer in CDCla (Mersi). Mass spectra mere determined on 
a CEC 21-103 spectrometer using a heated-inlet system a t  a temperature  
of 200-280°. .\nalyscs \vere determined hy  the  Physical Organic Chemistrr  
1)epartment of Sctiering Corp. JVhere analyses are indicated only 1,)- 
uymhols of the elements, analytical results obtained for those elements \wrc 
nitllin i O . 4 g l  o f  the  tileoretical yalues. 

25 

* Progesterone = 1. * Progestatioiial activit>y was deter- 
milled in immature rabbits by the method of bl.  K. AZcPhail, 
J .  Physiol. (London), 83, 145 (1934). The conipoiiiids were 
dissolved iri sesame oil for intramuscular administration or 811 '- 

pended in an aqueous suspending medium (0.9tyG NaC1, 0.5 
carboxymet~hylcelliilose, 0.4% polysorbate 80, and 0.9 ('i P 
CH20H)  for oral administratiori. Progesterone iii Aerame oil 
was always giveii intramuscularly. The statistical analysi. 
the progestat,ioiial assays utilized the randomized Bloch ana 
of variance with Drinnett's and Ihncan's mLiltiple conipal 
procedure (see C;. JIiller, Jr., "Simultaneous St,atistical Infer- 
ence," AIcGraw-Hill Book Co., In(-., New York, X. Y., 1967). 
c 17a-Ethiiiyl-l9-n1,1.t entoateroiie. 16-;LIethylene-l7a-hytlroxy- 
1,4,6-pregiiatrieiie3,%0-dione 17-acetate, prepared from 2 h!. 
acetylation with AcOII, TFAA, and p-TSA.HIO as in ref 10 
[mp 203-205-206'; [(Y]D -192'; hmsx 222 m,u (e 12,400), 256 
(9950), 299(13,500); vmnx 1754, 1727, 1664, 1610, and 1585 cm-'1. 
e 6-Chloro-17~u-hydroxy-l,4,6-pregnatriene-3,20-dione 17-acetate ; 
cf. H. J. Kingold, A. Batres, -4. Bowers, J. Edwards, arid J. 
Zderic, J .  : l m r r .  Chrrn. Soc., 81, 348j (1959). J 1,3a-Cyclo- 
met hylene-6-chloro-1 iaY-hydroxy-4,6-pregnadiene-3,2O-dione 1 7-  
acetate. We thaitk Berlin Laboratories, Inc., a11 affiliate of 
Srheriiig X.G., Berlin, Germany, for a sample of this compouiid. 
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C6H6 was added, and the supernatant was separated by filtration. 
Evaporation of the filtrate afforded a residue which was dissolved 
in 2 1. of EtOAc-EtzO (1:l). After washing with 5y0 NaOH, 
then HzO, and drying (MgSO,), the organic phase was evaporated 
to a residue in vacuo. Crystallization from EtOAc yielded 3.50 

(CHC13); Amax 221 mp ( e  12,590)) 256 (9650), 299 (13,100) [lit.6 
mp 212-214', [ c Y ] ~ ~ D  -174" (CHCL)]. Anal. (CZZHZ6O3) c, H. 

1,2~-Cyclomethylene-16-methylene-17a-hydroxy-4,6-pregna- 
diene-3,20-dione (3).-To a stirred slurry of 7.68 g of trimethyl- 
sulfoxonium iodide in 56 ml of DhlSO was added 960 mg of a 
mixture of NaH-mineral oil (1:l). The reaction mixture was 
stirred at 23' for 1 hr, and then 2.70 g (0.00798 mole) of 2 was 
added as a solid. ilfter 3 hr a t  25", the reaction mixture was 
added to 600 ml of H20. Collection of the resulting solid by 
filtration yielded 2.81 g of crude product. Crystallization from 
EtOAc gave 2 g (71.4Yc) of 3, mp 214-216-218", [ a ] D  +121", 
A,,, 282 mp ( e  20,400). Anal. (C23H2803) C, H. 

1,2a-Cyclomethylene-16-methylene-4,6-pregnadiene-3,20- 
dione 17-Acetate (I).-TFAA (7.0 ml) was slowly added within 
5 min to a slurry of 1.75 g of 3, 175 mg of p-TSA.Hz0, and 17.5 ml 
of HOAc, while maintaining the temperature a t  approximately 
18". When all the TFAS had been added, the reaction mixture 
was removed from the ice bath and maintained at  room tempera- 
ture for an additional 15 min. It was then added to 200 ml of 
HzO and extracted with CHpClz, and the extracts were washed 
(3% NaOH, HzO until neutral), dried (MgSO,), and evaporated 
to a residue in vacuo. This residue was chromatographed on 180 
g of silica gel (100-200 mesh). Elution with Et2O-CeHl4 (3 : l )  
afforded 4. Crystallization from EtOAc yielded 1.10 g (56.170); 
mp 205-206-207": [ a ] ~  +13"; A,,, 282 mp ( E  20,600). umax 
1754, 1739, 1724, 1666, 1636, and 1600 cm-I; nmr, 6 0.80 (13- 
CHI), 1.22 (10-CHI), 2.07 (17-OCOCH3), 2.18 @@CHI), 5.48 and 
5.61 (16-=CH2), 5.51 (4-H), 5.98 and 6.09 (6-H, 7-H) ppm. 
Bnal. (C25H3004) C, H. 
6,16p-Dimethyl-16,17~-oxido-4,6-pregnadiene-3,20-dione (6). 

A. By Chloranil Dehydrogenation.-A solution of 8 (57 g, 
0.16 mole) in t-BuOH (2.5 1.) was heated at  reflux with chloranil 
(118 g, 0.48 mole, recrystallized from CH2Clz) for 17 hr. The 
solids were removed by filtration, and the filtrate was concen- 
trated to dryness. The dark residue was taken up in a mixtme of 
Et20-EtOAc ( l : l ) ,  and the solution was washed (lYG NaOH, 
saturated NaCl solution), dried (Xa2SO4), and evaporated. The 
residue was chromatographed over alumina (Uerck, activity I, 
4-71 X 6.3 cm). Elution with C6&-Et20 ( 1 : l )  yielded after 
crystallization from CHzClz-Et20 32 g (577,) of 6, mp 143-144', 
[ a ]  D + 114' (CHCl3), Am&= 289 mp ( e  24,420). (Cz3HaoOs) 
C, H. 

When unrecrystallized commercial chloranil was used in the 
reaction, 7 and 9 were also formed in addition to 6. Purification 
by repeated crystallizations from EtOAc gave 9: mp 213-218'; 
[ a ] ~  -30" (CHCl3); A,,, 289 mp ( e  24,800); nmr, 6 5.08 and 
5.28 (16-=CHz) ppm. Anal. (C23Hao03) C, H. 

B. By Oxidation-Bromination Sequence.-LiBr (59 g), 
Li2C03 (70.5 g), and CaC03 (70.5 g) were suspended in DMF (650 
ml), and after 5 min, 5 (35 g, 0.098 mole) was added. The slurry 
was heated to 75", and Brz (31.4 g, 0.196 mole) in dioxane (400 
ml) was added over a period of 1 hr. After stirring for an addi- 
tional hr a t  75', the reaction mixture was cooled and filtered, and 
the filtrate was added to ice-water (12 1.). The resulting precipi- 
tate was filtered, washed with Hz0, and dried. The above reac- 
tion was repeated, and the crude products were combined. 
Crystallization from Me~co-C& yielded 4.8 g (7.7%) of 7: 
mp 203-206'; [ a ] ~  -44"; Ams, 287 mp ( e  24,800); nmr, 6 1.81 
and 1.87 (16-CH3, 6-CH3), and 6.11 (15-H) ppm. Anal. ( C Z ~  

The major portion of the material, which was contained in the 
mother liquor, was chromatographed over neutral alumina 
(Woelm, activity 111, 70 X 5.7 em). Elution with C&4-CsH6 
(1 : 1) gave 27.85 g (40%, based upon recovered starting material) 
of 6 identical s-ith the product obtained by dehydrogenation of 8 
with chloranil. Elution with CBHB gave 6.3 g of unreacted 
starting material. 

6,16~-Dimethyl-16,17~-oxido-l,4,6-pregnatriene-3,20-dione 
(10).-A mixture of 6 (3.45 g, 0.00975 mole) and DDQ (11.05 g, 
0.0488 mole) and CGHB (250 ml) was heated at  reflux for 20 hr. 
After cooling, the supernatant was separated by filtration and 
evaporated to dryness in vacuo, and the residue was chromato- 
graphed over alumina (Merck, activity I, 21 X 4.2 em). Elution 
with EtzO, followed by crystallization from i-PrzO, yielded 1.10 

g (38.9%) Of 2: mp 220-224-225'; [a]D -%", [a]D -124' 

ilnal. 

H3003) C) fI. 

g (33%) of 10: mp 140-142'; [ a ] ~  + 113' (CHCI,); Amax 227 
mp ( e  14,800), 255 (9200), 304 (12,250). (C~3H2803) C, H. 

6-Methyl-l6-methylene-17~-hydroxy-l,4,6-pregnatriene-3,20- 
dione 17-Acetate (16).-A solution of 10 (560 mg, 0.00159 mole) 
in dioxane (6,ml) was stirred with concentrated HzSO~ (0.18 ml) 
under N2 for 3 hr. The reaction mixture was added to icewater, 
and the resulting precipitate was collected and dried, affording 
490 mg of crude solid. Esterification with TFAA ( 2  ml), AcOH 
( 5  ml), and p-TSA.H20 (49 mg) gave a product which was 
chromatographed over Florisil (18 X 1.5 cm). Elution with 
Et20-C6H14 (1: 1) and crystallization from E~ZO-C~HI, gave 263 
mg (42.5y0) of 16: mp 225-230"; [ a ] ~  -190"; A,,, 227 mp 
( e  14,300), 232-254 (9300), 303 (12,420) [lit.6 mp 228-230": 
[ a ] ~  -188" (CHC1,); AET 228 mp ( e  13,530), 251 (9192), 302 
(12,190)]. L4naZ. (C~H3004) C, H. 

1,2~-Cyclomethylene-6,16~-dimethyl-16,17a-oxido-4,6-preg- 
nadiene-3,20-dione (12).-NaH (0.0075 mole, 360 mg of a 
50% mineral oil suspension) was added to a solution of trimethyl- 
sulfoxonium iodide (3 g, 0.0136 mole) in DMSO ( 2 2  ml) under XZ. 
After 2 hr a solution of 10 (1.132 g, 0.00323 mole) in D X 3 0  (12 
ml) was added, and the solution was stirred at room temperat'ure 
for 5 hr. After addition to H,O, the precipitate %as collected by 
filtration, dried, and crystallized from i-PrzO-CsHlr to yield 1.01 g 
(86%) of 12, mp 184-186', [ a ] ~  +144O (CHClS), A,,, 287 mp 
( e  18,800). Anal. ( C ~ ~ H ~ O O , )  C, H. 

From the mother liquor a small amount) of 13 was isolated, 
crystallized from EtOAc; mp 187-170'; [ a ] D  $182"; Amax 287 
mp ( e  18,400); vmsx 1638, 1631, and 1j87 cm-I; nmr, 6 0.68 and 
0.86 (cyclopropyl), 1.06 (13-C&), 1.18 (lO-CHa), 1.31 and 1.54 
(16-CH3, 20-CH3), 1.80 (6-CH3, m), 2.57 and 2.94 (22-H~, q, J = 
;i.j Hz), 5.69 (4-H), and 5.80 (7-H) ppm. (Cz3H3203) C, 
H. 

1,2~-Cyclomethylene-6-methyl-16-methylene-l7~-hydroxy- 
4,6-pregnadiene-3,20-dione (14).-A solution of 12 (6.9 g) in 
dioxane (60 ml) was stirred with concentrated H~SOI (1.5 ml) 
under ?jz for 3.5 hr. The reaction mixture was added to ice- 
water, and the precipitate was collected by filtration and dried. 
Crystallization from CHzClzi-Pr20 yielded 4.103 g (59%) of 14: 
mp 210-216'; [ a ] ~  +124O; Am%, 287 mp ( e  19,000); nmr, 6 5.12 
and 5.31 (16-=CH2) ppm. Anal. (C24H3003) C, H. 

1,2~-Cyclomethylene-6-methyl-16-methylene-l7a-hydroxy- 
4,6-pregnadiene-3,20-dione 17-Acetate (E).-TFAA (0.64 ml) 
was added dropwise to a solut'ion of 14 (160 mg) and p-TSA.Hz0 
(16 mg) in AcOH (1.6 ml). After 30 min, the solution was poured 
into HzO, and the precipitate was collected, and dried. Crystal- 
lization from CH2Cl2-i-Pr20 gave 119 mg (677,) of 15: mp 231- 
233'; [ a ] D  +16.5'; Amax 287 mp ( e  19,600) [lit." mp 235-237", 
A,,, 285 mp (E 18,800), [ a ] ~  $10" (CHCL)]; umax 1757, 1724, 
1669, 1639, and 1594 cm-1; nmr, 6 0.80 (13-CH3), 1.20 (10-C&), 
1.87 (6-CH3, m), 2.07 (17-OCOCH3), 2.17 (20-C&), 5.51 and 
5.63 (16-=CHz), 5.74 (4-H), and 5.87 (7-H) ppm. Anal. 

1,2~-Cyclomethylene-6,16-dimethyl-l7~-hydroxy-4,6,15- 
pregnatriene-3,20-dione (ll).-A solution of 12 (431 mg) in 
hle&O (10 ml) and HsO (2.5 ml) was stirred with concentrated 
HC1 (2 ml) for 30 min. The solution was added to HsO and the 
precipitate was collected, and dried. After several crystalliza- 
tions from hle2CO-i-Prz0, 147 mg (347,) of 11 was obtained; 
mp 248-260" dec; [ a ] ~  $112'; A,,, 287 mp ( e  18,850); nmr, 6 
1.82 (6-CH3, 16-CH3), and 6.00 (7-H, 15-H) ppm. Anal. 

5~,6p-Dichloro-16-methylene-3~,17~-dihydroxypregnan-20- 
one 3,17-Diacetate (18).-To a solution of 17 (11.02 g, 0.0257 
mole) in 551 ml of CHzClz and 2.38 ml (0.0283 mole) of pyridine, 
which was stirred at  S o ,  was added a solution of Clz (0.0283 mole) 
in CCL (77 mg, Cl~/ml). The reaction was negative to moist 
KI-starch paper in less t,han 2 min. The solution was then 
washed with Hs0 until neutral, dried (MgSO,), and evaporated 
to a residue in vacuo to yield 12.44 g of crude product. Crystal- 
lization from MeOH yielded 9.24 g (72%) of 18: mp 19.5' dec; 
[ a ] ~  -129"; nmr, 6 5.47 and 5.60 (16-=CH2) ppm. Anal. 
(Cz6Ha60jC12) c, H, C1. 

5~,6~-Dichloro-16-methylene-3p,l7~-dihydroxypregnan-20- 
one 17-Acetate (19).-A solution of 18 (13.70 g, 0.0274 mole) in 
760 ml of LIeOH, 41 ml of CHC13, and 27.4 ml of 70% HC104 was 
kept a t  5' for 18 hr. Then, 1 1. of HsO was added, 1 1. of solvent 
was evaporated in vacuo, and insolubles were chilled and collected 
by filtration to yield 11.4 g of crude product. Crystallizat,ion 
from MeOH yielded 8.71 g (69.5%) of 19: mp 232" dec; [ a ] ~  

Anal. 

Anal. 

(C26H3204) Cj H. 

(CZdH3003) C, H. 




