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quaternary bromide salt (0.27 g, 0.001 mole) was treated with an 
equiv amt of freshly prepared AgCl to furnish 0.23 g of 11: crystd 
(EtOH-Et20 15:1), mp 223-235', [ a I 2 6 ~  +41.4 (c  1.15, EtOH). 
The nmr spectrum included a signal a t  5.35 (2 H, singlet, NCHz- 
Ph)  and was identical with the spectrum of 8 except for the ab- 
sence of the N-Me resonance a t  6.77 (Table I). 

( lS,4S)-N,~V-Dimethyl-2-oxa-5-azoniabicyclo [ 2.2.11 heptane 
Chloride (9).-Ail EtOH soln (4 ml) contg 0.4 g of 5 was mixed 
with 10 ml of Ale1 and allowed to stand for 24 hr during which 
time crystn of product (0.50 g) took place. Two recrystns 
(ab EtOH) afforded the pure methiodide, mp 292-294" dec. 
This salt (0.50 g, 0.002 mole) was dissolved in 10 ml of HzO and 
treated with 0.35 g (0.0025 mole) of freshly prepared AgCl to 
give 0.29 g (927,) of product after crystn (EtOH-Et20 1O:l): 
mp 292-294" dec; [ a I z 6 ~  +59.0° ( c  1.1, EtOH). The nmr spec- 
trum included signals a t  6.67 and 6.71 (6 H, two singlets, N- 
(CH3)2) (Table I). Anal .  (C7HI4C1NO) C, H, N.  

( 1S,4S)-ero-5-Trideuteriomethyl-end~5-methyl-2-oxa-5-azo- 
niabicyclo[2.2.1] heptane Chloride (12).-An EtOH soln (6 ml) 
contg 0.6 g of 5 was treated with 1.48 of CD3Br in a sealed Carius 
tube for 24 hr. The yield of product (mp 300" dec) which crystd 
spontaneously from soln was 0.44 g. The E t 2 0  treated mother 
liquor yielded an additional 0.07 g of product which had an ir 
spectrum identical with that of the major fraction of product. 
The bromide salt (0.40 g, 0.0019 mole) was dissolved in about 10 
ml of H20 and treated with 0.35 g (0.0025 mole) of freshly prepd 
AgCl to obtain after recrystn (EtOH-EttO) 0.27 g (86%) of 
product, mp 300" dec, [aI26n +58.0" (c 1.21, EtOH). The nmr 
spectrum was identical with that of 9 except that the signal corre- 
sponding to exo A\r-Me was of very low intensity (Table I). 

( lS,4S)-ezo-5-Methyl-endo-5- trideuteriomethyl-2-oxa-5-azo- 
niabicyclo[2.2.l]heptane Chloride (13).-An EtOH s o h  (25 ml) 
contg 0.25 g of 6 was mixed with 5 ml of Me1 and allowed to stand 
for 24 hr during which time crystn of a product occurred. The 
crude (0.44 g) was twice crystd (abs EtOH), mp 297" dec. Mate- 
rial obtained from the mother liquor was identical in all respects 
with the product that crystd. The quaternary iodide salt (0.35 
g, 0.0013 mole) was dissolved in 10 ml of distd H20 and the soln 

treated with 0.35 g (0.0025 mole) of freshly prepared AgC1. 
Crystn (EtOH-Et20 10: 1) afforded 0.21 g (93%) of 13, mp 300' 
dec, [ a I z 6 ~  +53.6" (c 1.24, EtOH). The nmr spectrumwas iden- 
tical with that of 9 except that the peak corresponding to endo 
N-Me was of very low intensity (Table I). 

( 1S,4S)-S,~V-Ditrideuteriomethyl-2-oxa-5-azoniabicyc~o [ 2.- 
2.llheptane Chloride (14).-An EtOH soln (7  ml) contg 0.7 g of 
6 was treated with 1.20 g of CD3Br in a Carius tube as described 
for the prepn of 12. The crude product (0.74 g)  was crystd (abs 
EtOH), mp 297" dec. The bromide salt (0.40 g, 0.0019 mole) 
was treated with AgCl as previously described to obtain 0.29 g 
of 14: crystn (EtOH-EtOAc); mp 300" dec; [ a I z 6 ~  +56.1" 
( c  1.04, EtOH). The nmr spectrum was identical with those of 
9,12, and 13 except for the absence of S-Me resonances. 

Pharmacological Testing.-Testing was carried out with iso- 
lated guinea pig ileum obtained from freshly sacrificed animals 
(av wt, 300 g). Pieces of ileum were sutured at each end through 
the mesenteric side of the organ. The intestinal strips were sus- 
pended in s tliermostated muscle bath (37.5') contg 16 ml of 
modified Tyrode soln,20 through which was bubbled a continuous 
flow of Carbogen (95/5). Recording of muscle contractions were 
made with a lightly loaded (ca. 500 mg) isotonic lever attached to 
a C. F. Palmer Super 10 recording drum and stand. In  studies 
with antagonists, drugs were allowed to remain in contact with 
the ileum for 1 min prior to the introduction of an agonist. Ileum 
strips were rinsed 3 times between administration of doses of 
agonist compounds. 
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The progestational activities and syntheses of the 6-chloro-3,7-dihydroxy-As-pregnene derivatives 4a,b,c,d, 
Several of these compounds exhibited high progesta- and 5 as well as their 16-methylene analogs are reported. 

tional activity when tested in the rabbit. 

It is well known that cholesterol is converted into 3P- 
hydroxycholest-5-en-7-one, cholest-5-ene-3~,7p-diol, and 
the corresponding 7a-hydroxy isomer by different frac- 
tions of rat liver homogenate. Cholest-5-ene-3P,7a-diol 
is also converted by these homogenates into 7a-hy- 
droxycholest-4-en-3-one2 probably via the intermediate 
formation of a 3-keto-Aj-steroid. If 3-hydroxy-A5- 
pregnenes are metabolized in this manner, dehydration 
of the resultant 7-hydroxy metabolite would lead to the 
4,6-dien-3-one system. The high activity of such pro- 
gesterone derivatives, incorporating the 6-chloro-4,6- 
diene system, is well known.3 It is also reported that 
various 3-hydroxy-A5-pregnenes have the same activity 
as the corresponding A4-3-ketones.4 We therefore felt 

(1) I .  Bjorkhem, K .  Einarsson, and G .  Johansson, Acta Chem. Seand., 14, 

(2) 0. Berseus and K.  Einarsson. ibid.. %l, 1105 (1967). 
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(3) H. J. Ringold, E. Batres, J. Edwards, and J.  Zderic, J. Amer.  Chem. 

(4) R .  Deghenghi and C. Revess, J .  Endocrinol., 31, 301 (1965). 
Soc., 81, 3485 (1959). 

it to be of interest to prepare some A5-pregnenes incor- 
porating the 6-chlor0-3~7-dihydroxy system. 

Chlorination of 3P,17a-diacetoxypreg-5-ene-7,2O-di- 
one5 (1) followed by dehydrochlorination with pyridine 
gave an inseparable mixture of 2 and the 8-C1 impurity 
3 (Scheme I). Purification was accomplished by treat- 
ment of the mixture with Zn in HOAc which converted 
3 into 2. Reduction of 2 with LiAl(t-BuO)pH gave the 
desired 7-OH isomers 4a and 5 in 53 and 7% yield, re- 
spectively, after column chromatography. 

The stereochemistry a t  C-7 in 4a and 5 was assigned 
on the basis of the nmr spectra. In 4a the C-7 H ap- 
peared as a broad signal a t  6 3.92 (half-band width 
-11 Ha), which is consistent with axial-axial coupling 
with the C-8 H.6 The broadening of the signal is prob- 

(5) C .  W. Marshall, R .  E. Ray, I .  Laos, and B. Reigel, J. Amer. Chem. 
Soc., 79, 6308 (1957). 
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in Organic Chemistry," Holden-Day, Inc. ,  San Francisco, Calif., 1964, pp 51 
and 80. 
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4 a . R = A c ; R 1 = H  5 
b ,R=R;  =A? 
c , R  =R1= H 
d , R = H ; R i  = A c  

C1 
6 

:tbly due to  coupliiig of the C-7 H to the OH proton as 
n ell :is homoallylic coupling with the C-4 methylene 
hydrogens. In 5 the C-7 H appeared :15 a broad signal 
:\t 6 3.94 (half-b:ind \\idth -7 Hz) which indicates ail 

equatorial-uxinl coupling with the C-S proton.6 
L2cetylation of 4a gave diacetate 4b and hydrolysis of 

4a afforded diol 4c. Selective hydrolysis of 4b n-it11 base 
gave the :3p-hydroxy-ip-acetnte 4d. Oxidation of 4d 
\I ith Jones reagent yielded the 6-chloro-4,6-diene 6 by 
eliminLition of HOLk from thc intermediate A5-3-one. 

The progestational potentiating c.ffect of the 16- 
methj lcrie group in the 6-cliloro-4.G-dieri-3-one series 
lias been described.' We therefore prepared some 16- 
methylene analogs ill the present series of compounds. 
Oxidation of 7 with twt-butyl chromate5 gave the 7-he- 
tone 8 (Scheme 11). Selective chlorination of the 2,G-  
double bond of 8 11 :ib impossible since C12 preferentially 
added to tlic lG-CH, group. Hydrolysis of 8 with base 
followed by selective ncetylation of the C-3 OH afforded 
9. Treatment of 9 IT ith C1, in the presence of pyridine 
gave the 16,17-epoxy-16-chloromethyl compound 10. 
Chlorination of the 5,G-double bond followed by dehy- 
drocliloririatiori JT ith pyridine arid reduction of the 8- 
chloro impurity ni th  Zn in HOAc lielded 11. Reduc- 
tive removal of thc protecting group with S a 1  and 
IIOAc proceeded quantitatively to  the 16-methylene- 

( 7 )  K Sgliora and R hIaiac,  ColTect Czech. Chem Commun., 91, 2768 
(1966) 
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17-hydroxy compound 12 which was acetylated with 
AczO in the presence of HC104* to give 13. Reduction 
of the 7-ketone with LiAl(t-Bu0)gH afforded the 7P- 
and 7a-OH isomers 14a and 15 which were separated in 
33 and 35% yield, respectively, by careful column 
chromatography. 

The stereochemistry a t  C-7 of 14a and 15 was as- 
signed on the basis of the nmr spectra. In  14a the C.7 
H was observed as a broad signal at  6 3.86 (half-band- 
width - 11 He) indicating axial-axial coupling with the 
C-S H. I n  15 the C-7 proton appeared as a broad 
band at 6 3.87 (half-bandwidth -6.5 Hz), which is 
consistent with equatorial-axial coupling with the C-8 
proton. Reduction of 13 with KaB(O1Ie)ZH gave a 
much greater proportion of the 7P-OH isomer 14a, al- 
though under these conditions some elimination of the 
3-acetate occurred. Acetylation of 14a gave diacetate 
14b and hydrolysis of 14a gave diol 1 4 ~ .  Selective hy- 
drolysis of 14b yielded the 3P-hydroxy 7P-acetate 14d. 

Biological Activity.-The compounds \$-ere tested for 
progestational activity in a modified Clauberg-McPhail 
assay, Immature, New Zealand white rabbits (600- 
SO0 g) were primed with 0.5 pglday sc of estradiol benzo- 
ate in sesame oil for 5 consecutive days. The com- 
pounds were dissolved or suspended in sesame oil and 
administered for 5 consecutive days following estrogen 
priming. All compounds were tested a t  dosages of 1, 
2 ,  4, 10, 20, 40, 100, 200, and 400 pg/day both sc and 
orally with 4-6 rabbits per group. Uterine sections 
were examined histologically for progestational activity 
beginning with the highest dosage group and progressing 
stepwise toward the lowest dosage level. The mini- 
mum dosages showing significant secretory development 
of the uterine endometrium (at least +1 on the McPhail 
scale) are listed in Table I. Minimum effective doses 
for 17a-hydroxyprogesterone acetate and for chlor- 
madinone acetate (6) are given for comparison purposes. 
The usual progestational potentiating effect of the 16- 
CH2 group was not observed in the 7-hydroxy series. 

Compound 

17a-Hydroxy- 
progesterone 
acetate 

6 
2 
4a 
4b 
4c 
4d 
5 

14a 
14b 
14c 
14d 
15 

T d B L E  1 
Minimum effective dose (pg day) 

4-10 200-400 
80 PO 

1-2 
20-40 

1-2 
4-10 
2-4 
4-10 
4-10 
2-4 

10-20 
10-20 
4-10 

20-40 

1-2 
20-40 

1-2 

2-4 
4-10 
4-10 
2-4 
4-10 
2-4 
4-10 

20-40 

400 

Experimental Section 
6-Chloro-3p,17 a-dihydroxypregn-5-ene-7,20-dione Diacetate 

(2).-To 30.00 g (0.07 mole) of 3p1l7a-dihydroxypregn-5-ene-7,20- 
dione diacetate ( 1 ) s  in 200 ml of CHCL (filtered through silica 
gel to remove EtOH), cooled to 5O, was added 89.5 ml (0.77 mole) 

(8) B. E .  Edwards and P. N. Rao, J .  Org. Chem., S1,  324 (1966). 
(9) All melting points were taken in glass capillaries and  are corrected. 

Rotations are in CHCla a t  2 5 O  a t  a concn of about 0.7%; uv spectra are of 
E t O H  s o h ,  and ir spectra are in CIICls solns. T h e  nmr spectra were detd 

of a 0.86 M s o h  of Cln in CCL in one portion. The reaction mixt 
was left a t  5' for 16 hr and then a t  25' for 2.5 hr. After washing 
with 57' NaHCO,, the soln was dried (hlgs04) and concd in 
vacuo to  an oil. The crude product was dissolved in 250 ml of 
pyridine and left a t  room temp for 20 hr. The pyridine was re- 
moved a t  1 mm (bath temp <25O), 300 ml of EtlO-CHZClz ( 2 :  1) 
was added, and the ext was washed with 1 I" HC1, 57, NaHC03, 
and H20 and dried (MgSO4). Concn in vacuo gave an oil which 
was taken up in 1 1. of AcOH and stirred for 2 hr at  25' with 15 
g of Zn dust. The Zn was removed by filtration and washed with 
AcOH and the filtrate was concd a t  1 mm (bath temp <25'). 
HzO was added and the amorphous solid was extd with CHzCl2. 
The ext was washed with 5y0 NaHC03 and dried (LlgSO,). 
Concn in vacuo yielded an oil which was crystd twice from CHz- 
ClZ-EtzO to give 17.59 g (547,) of 2: mp 227-228.5'; Amax 249 
mp ( e  11,400); [ a ] ~  - 144'. Anal.  (CZ&C~O~)  C ,  H.  

6-Chloro-3p,7p,17a-trihydroxypregn-5-en-2O-one 3,17-Di- 
acetate and 6-Chloro-3p,7a,17a-trihydroxypregn-5-en-2O-one 
3,17-Diacetate (4a and 5).--A s o h  of 5.1 g (0.11 mole) of 2 in 
50 ml of anhyd T H F  was added dropwise under i Y 2  to 8.4 g (0.033 
mole) of LIAlH(O-tert-Bu)3 in 80 ml of anhyd T H F  with stirling 
over 20 min a t  25'. The reaction mixt was stirred at  25" for 
2.5 hr and cooled to 0" and 10 ml of MezCO was added dropwise 
followed by 20 ml of HzO. The mixt was concd to a small vol 
at  reduced pressure, 250 ml of CHC13 was added followed by 150 
ml of HzO and 100 ml of AcOH. The org layer wab sepd and the 
aq layer extd with CHCL. The combined ext was washed care- 
fully with 57, NaHC03, dried (?vIgSOa), and concd a t  reduced 
pressure. Crystn of the crude product from CHzClz-Et20 yielded 
1.9 g (387,) of 4a: mp 211.1i-214'; [ a ] ~  -43.9'. Anal.. (Cn3- 
H35ClOe) C, H. 

The filtrate from the first crystn was chromatographed on 75 
g of silica gel. Elution with 57, EtOAc-C& gave several frac- 
tions contg pure 4a (by tlc assay). Crystn of these combined 
fractions from CHZClz-Et20 gave 0.6 g of 4a, mp 212-214". 
Continued elution with 3% EtOAc-C& and then with loyo 
EtOAc-C& gave several fractions contg pure 5 (by tlc). These 
fractions were combined and crystd from CHZClz-CeH11 t o  give 
0.57 g (11%) of 5, mp 210-214". Recrystn from CHZC~Z-C&~, 
gave the anal. sample: mp 211-213.5"; [ a ] ~  -97.9". Anal. 
(CzaHs5ClOe) c, H. 

6-Chloro-3p,7p,l7a-trihydroxypregn-5-en-2O-one Triacetate 
(4b).-Acetylation of 0.500 g of 4a was accomplished by treatment 
with 5 ml of redistd AcpO and 5 ml of anhyd pyridine at  25' for 
20 hr. The soln was concd to dryness a t  -1 mm (bath tempera- 
ture <35'). Xylene was added and concd again to remove traces 
of ACZO. Two crystns of the crude product from CHzClZ- 
Et20 gave 0.322 g (60%) of 4b: mp 242-245"; [.ID -9.7". 
Anal.  (Cz7H37C107) C, H. 
6-Chloro-3p,l7p,7a-trihydroxypregn-5-en-2O-one (4c).-To a 

soln of 0.500 g (1.07 mmoles) of 4a in 25 ml of hleOH was added 
1.2 ml (1.18 mmoles) of 1.0 1V NaOH dropwise over 10 min. 
After stirring a t  25' for 70 min, 0.25 ml of AcOH was added and 
the solvent was removed tn vacuo. HzO was added and the 
product was extd with CHZCl2. The ext wab dried (MgSOa) 
and concd to a foam. Crystn from MeOH gave 0.295 g (655&) 
of 4c: mp 259.5-261'; [ a ] ~  -28.9'. Anal. (Cz3H33C105) C ,  
H. 

6-Chloro-3p,7P,17a-trihydroxypregn-5-en-20-one 7,17-Di- 
acetate (Id).-Partial hydro1 of 0.200 g (0.39 mmole) of 4b 
in 50 ml of MeOH was accomplished by treatment with 0.43 ml 
(0.43 mmole) of 1.0 ,V NaOH. After stirring at  25' for 4 hr, 
0.2 ml of AcOH was added and the solvent was removed in vacuo. 
HzO was added and the product was extd with CHzC12. The 
ext was dried (MgS04), concd, and crystd from CHZClz-Et20 
to yield 0.125 g (68%) of 4d: mp 244.5-246.5'; [a]D f6.2".  

Oxidation of Id.-Jones reagent (0.06 ml) was added to 0.100 
g of 4d in 12 ml of hIezCO (distd from KLhOa) with stirring a t  
3'. A stream of Nz was bubbled through the soln before and 
during the reaction. After stirring a t  3" for 5 min, 1 ml of MeOH 
was added and most of the solvent was removed in vacuo. HzO 
was added and the product was extd with EtOAc. The ext 
was dried (hIgS04) and concd to an oil. Prep tlc on silica gel 
served to sep the product from some residual 4d. Crystn fiom 
CH2C1z-Etz0 gave 23 mg (27%) of 6: mp 206-210'; Amax 284 

Anal. (CzaHsaClOe) C, H .  

using a Varian .1-60 spectrometer in CDCla (Me&i). Where anal. are indi- 
cated only by symbols of the  elements, anal. results obtained for those ele- 
ments were within f0.3% of the  theoretical values. 
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nip ( t  21,200). The niixtwe melting point with aiithentic 6 
exhibited no depression. 

3~,17a-Dihydroxy-16-methylenepregn-5-ene-7,2O-dione Di- 
acetate (8).-A felt-biityl chromate solti \v:iq p e p d  by additrg 
226 g (2.26 nioles) of aiihyd CrO3 iii 220 nil of 1-120 dropxi-ise at, 23" 
to  .i70 nil (6.2 mole.;) of tcrt-BiiOII. -4fter the addii, the solti 
n-a> -tirued for 15 min at  25' aiid theii extd with Two 1.2-1. por- 
tiotis of CC1,. The est was v-abhed n-ith 1.2 l. of ILL), dried 

1.2 1. with CCli and :l.i nil of AcOH and 90 in1 of .\r?O were 
added. This - o h  wn then added dropTviae over !IO niiii 10 90.4 g 
(0.21 niole) of 7 i n  400 nil of CCl:, 210 nil ( J f  . \cOH, :iiid 60 nil of 
AczO w1iic.h \viis being ztirred and heated at 63". The reaction 
mist ~ v a .  -tiired at 63" for 16 hr aiid filtered through a Celite p:id 
: i t id  ihe filtrate was added dropwise uver 43 niin t o  4 1. of l0l.L 
oxalic. ac>id -alii xhich x a >  ztirred and cooled at  3'. ,\fter .tiwing 
for :30 niin ;it 2 , j0 ,  the org layer wa- wahhed with two 1-1. portioii. 
of 1120, three 1-1. portions of +??; ?;aI3CO3, niid finally with HL). 
1 he est w:i> dried (lIg804) mid coiicd in z'aciio to yield a 

yellow holid. T ~ v o  crystns from CH2C12-EtdJ gave 38.0 g of 8: 
nip 174-176"; A,,,.,, 236 111p ( e  14,100); [a10 -242.6". A iecond 
cwp of 4.6 g, nip 17-3-178" was obtained from rhe mother liqiicir 
:ifler t lvo cryolii-. The total yield is t,hlIs 46c;,. The : i i r d .  

~aniple, nip 183.ej-188.50, w:w ohtained after 2 re( 
ClizC'ln-ztzO. h a / .  (C26H3406) c, 11. 

3~,17~-Dihydroxy-16-methylenepregn-5-ene-7,2O-dione 3- 
Acetate (9).--1Tydrol of 42.X g (0.096 mole) of 8 iu 2.1 1. of 
1leOII iiirder X2 at 25" was acciimplished by addiiig :%.7 g (0.67 
nicile) of KO11 dissolved iii 40 nil of H20.  After stirring at 23' 
for .i hr ,  I he d i d  which c rd \vas removed by filtratioii. The 
filtrate w a s  c~oi rc t l  t,o 500 nil i n  i c ( c ~ ( o  :itid dild with J 1 2 0  and the 
i,e+ilt aiit d i d  TWS filtered. The combiiied solids were air dried 
t o  yield 27.7 g of the 3,lT-diol. The crude prodiict was dih- 
solved i i i  250 rnl of pyridiiie and 230 nil of AcyO altd left :it 25" 
f O l  4..i hr. Cuncii to  dryness at - 1 nini :?rid 30" gave n i n n  
Lvliicli was cryztd from CH2CIz-EttO to yield 19.8.5 g (5%' 
9: 1111) 227-229'; A,,.,, 335 mp it 14,950); [ a ] ~  -190.6". The 

.3-238", was obtained after t lvo  recry;.tni 
from CI-12C12-LtaO. Ana/. IC2aH3205) C, H. 

16p-Chloromethyl-16~,17~-epoxy-3~-hydrox~pregn-~-ene- 
7,20-dione Acetate (lO).-.~ -To a s o h  of 3,0 g (0,012 mole) ot 9 iii 
100 ml of airhyd CsTTs, 35 nil of CTICI:,, :uid ;> nil of pyriditie WR-; 

ntlcied with ziiriiiig at  10" i i i  oiie poriioii 17.4 nil ( O . %  .If, 0.01.j 
inole) of ('I2 iii CC14. After htiniiiy at 10° f ( i r  :10 inin, the reactioii 
rnirt w : i h  washed with IWII 50-nil pui'tioti~ of 3 a\. TIC1 aiid wit,h 
three ,X-n11 portioiis of 3 ' ;  SaI IC03 .  The org layer was dried 
(11g80r) and coiicd in i 'uc~io to  yield a foam. Crystti from 
CHnCl2-I5t2O gave 3.7 g (69';i) of 10: nip 155-1.i7.3°; A,;,, 23.5 
nip i t  14,390); [ D I D  -69.1". The aiial. sample, nip 178-180", 
was obtained after 2 re( t r i x  from CH2C12-h2eOH. Anal .  

(N~L~SOA),  id c(1lic.d I -600 nil in m c i i o .  The w l n  w:i* dild t o  

r .  

tCz*HViClOa) C, H.  
6-Chloro-16~-chlorometh~l-16~,17~-epoxy-3~-hydroxypregn- 

5-ene-7,20-dion'e Acetate (ll).----Critde I O  j23.1 i ,  0.05-m&) 
iii 200 1111 of CIICI, at 3" wis treated with 4!1 nil (1.36 JI ,  0.066 
mole) of n s o h  of C1, i i i  CC1:. The reaction niirt w i s  kept at 3" 

irhed n i th  3cL SaIIC03, dried (lIgS04)> :tiid coiictl 
ryytn from CH2CI2-Et20 gave 11.8 g, nip 212-213", 

of the 3,6-dichloro wmpd. 2 . 3  g %-as obtained 
fwni the filtrate. The total yield is t hw . The .5,6-dichlor(i 
c,cinipd (16.56 g) was added t o  600 nil of dine and stirred for 
17 h r  ai 2.5". 1:enioval of the pyridine at -1 nini and below 30' 
giive a tii,own solid which was dissolved in EtOhI, and washed 
(,lice n i t h  H20, twice with 3 A- HC1 and once with S r i  YaHCO?. 
c'oncii in  z'ac~io gave a yellow holid which was dissolved in 300 
ni l  ( J f  h c O I I  arid stirred at 25' with 16 g of Zn du5t for 1 hr  t u  
rediice any 8-chloro impurity. The Zii was removed by filtration 
:uid the filtrate W R ~  coricd :it -1 nim below 30". The product 
vas  &solved in  Et20-CH2C12 (2: 1) and the extract was washed 
otice with 5(;; IGaHC03, dried (hIg80J), and concd in vacuo to 
j-ield a mlid. nip 
237.5-230", A,,,:,, 251 rnp ( t  11,200); [ a ] u  -63.8". Bsecond crop 
of 1.9 g was obtained from the filtrate and the total yield i-. thus 
705,,. The and .  ,\ample, nip 231-233.3', was obtained after t v o  
recryatn- from CH2Cl2-Et20. Anal. (C2,H3&120j) C, H. 
6- ChIoro-33,17a- dihydroxy- 16-methylenepregn-5-ene-7,20- 

dione 3-Acetate (12).--A voln of 1O. iS  g (0.023 mole) of 11 in 6.50 

A hecoiid cro 

Cryatn from CH2CI2-Et20 gave 8.9 g of 11: 

nil of l I e2C0  and 10'3 g of Sa1  w a ~  st,irred a i d  refluxed for x..J 
hr. HOAk ( 2 5  ml) was added and refliix \vas coiit,iiiiietl f C J l  :Z hr. 
1 \ I o h t  of t,he srilveni Tvad removed in mciio :tiid IJ,O 
a i i d  the priidiict was estd with CII?C~I.  The est \ 

with .is; SaIIC03,  dried (11 
id. Crystti from CH~C12-lCt20 
; A,,,, 2 . 3  nip ( t  11,960). A .econd crop of 

0.99 y ,  mp 200-202.3", was obtained from the filtrate makinq the 
total yield 99";. The anal. sample, nip 196-200", was obiniiied 
hy  sitblimation at  183" (0.1 mm). Anal. (C24H31C10j) C, 11. 

6-Chloro-3p,l7~-dihydroxy-16-methyIenepregn-~-ene-7,20- 
dione Diacetate (13).--hc20 (96 ml) mid 1 nil of 7 2 (  ; lICIOi 
ill 400 nil of aiihyd I'tC):\c wah :idtied t o  4.11 g of 12 iti 200 in1 (if 
Et0;Tr. Aitei, .;tirriiig at 25' f!ir 10 niiii, the solii W:L> w3.hed 
with :: pori,ioii*. of satd XaIICOa, dried ( l IgS04)j  ~i 

x m t o  (finally :it --1 nim) t 
C"2C12-Et20 gave 3.3 g (74 
( t  l"100): [alii -240.3". 
obtained after 2 recrystris from CI12C12-Et20. i ino i .  (C2611,,,,- 

6-Chloro-3~,7~,17a-trihydroxy-16-methylenepregn-5-en-20- 
one 3,17-Diacetate (14a) ai id  6-Chloro-3p,7~,17a-trihydroxy-16- 
methylenepregn-5-en-20-one 3,17-Diacetate (15). To I.i.\l- 
~tcii-Bi10)~II (2.4 g,  0.4 Inmole-) iii 20 nil of aithyd TIIF iuidci, 
S. : i t  25' wa- added with stirritig (ivei'20 niiii 1.30 g (:3.1 nimole~) 
of 13 i t i  10 nil of aiihyd TIW. .i.ft,er htirriiig at  25' for 5 h r >  llic 
reactioii mist w t a  ciioled 4" diiritig the addii of 30 nil i i f  1Ic.CO 
aiid 10 in1 of ITSO. \Io-t of the mlvetit, wa- removed tii ivitcuo 
a id  7-5 nil of CTIC'I, ~ v a - i  added iolliiwed by SO nil of 5OC 
AcOH. 
XaHCO3, dried (hIgSO,), arid concd in vacuo. 
was chromatographed on 70 g of 4 i c a  gel. 
EtOAc-C6H6 gave several fractions containing piire 14a (by t i c , ) .  
Thehe fraclioiib were combined and crystd from CH2C12-~('61<~.a 
to yield 0.4!1 g t33FI  1 of 14a: nip 209.3-212.5'; [ Q ] D  - lg2..ja. 
I<ecrptii from EtOAc-CsHI, gave the anal. sample, mp 212-21.1". 

Elution with 5: ( EtOAc-C& then gave several fractiono ! ' c i i i -  

taiiiing piire 15 (by tic). The,>e fractions were conibined :tiid 
crystd from EtOAc-CtiII1, to give 0 . * 3  g (3.57;) of 15: nip 187..i- 
188..?": [ a ] u  - 196.4". Itecr)-+tn f rom Et0Ac-C6Hlr gsve the 
a n ~ 1 .  sample, nip 187..;-189O. A n d .  (C?6H36C'l06) ( 2 ,  13. 

6-Chlor0-3$,7@,17~- trihydroxy-16-methylenepregn-5-en-20- 
one Triacetate (14b). ~ -;\cetylat,ioii ( J f  0.000 g of 14a K:LS :IC- 
conipli.lied I J ~  irc:ttnieiit wit.h 6.0 in1  i ) E  pyridiiie a ~ i d  0.0 nil iii' 
.\c(.20 :11 25" for 1S  h r ,  The  solii \v;~z c(Jl lcd t o  drytie-5 :It) 1 11i11i 

(bath tenip < : Z O O  I and the resultant solid was crystd from EtOhr 
t l J  j-ield o.>P:j g (807;) of 14b: Illp 235-238"; [ a ] D  -86.4'. 
1:ecq'tii from EtOAc fiirnished the anal. sample, nip 236-288". 
d i l c i i .  (C?,H,;CIO;) C, H. 

6-Chloro-3~,7~,17~-trihydroxy-16-methylenepregn-5-en-20- 
:3Ol) g (0.63 Inniole) of 14b dissolved in 15 nil of 

S : t O I I .  
.io for, 2 hr, 0.2.-1 nil of A d ) I I  vias added aiid th(\ 

( ' 1 0 8 )  C, H. 

: 
The organic layer was washed with 3 portion. of 5 

The crude p r ( ~ d i ~  
Elution with 4 

d d .  ((:?6H35C10~) c, H.  

added 0.69 nil (O.G!l niniole) of 1.0 

hOlVellt WLl- lelll(JVetl 711 ('CICIIO.  YO 
w a s  estd ivitli CIIICl2. The ex1 wti 
t o  a foam. Cr>.-tii f loni  EtO.4c g:tve 0.2210 g (SO,';) of 14c: 
n1p 212-221"; [ U ] O  -117.2'. 1:evryitn froin E t 0 . 4 ~  gave ihe 
aiial. <ample, nip 223-224..-~". A rcnl. (C2&ClO:) C, l l .  

6-Chloro-3$,7p,17a-trihydroxy- 16-methylenepregn-5-en-20- 
one 7,17-Diacetate ( 14d).-To O.:j24 g (0.62 iniiioltj of 14b 
i i i  63 nil of l reO€l  :&I. 2:' W L ~  nclrled O.G!l nil ~l1.60 n~rno le )  (if  

1.0 S SaOII ,  'l'hc zolii was left, at 2.5' for 4 hr, 0,35 r i d  of AcOH 
\vas added, aiid t.he ..vlveiit U-as rerncrvcd i n  z'(icuo t i i  yield :t wlid. 
C r p t n  f r o m  EtOAc gave 0.143 g (48(,-C) of 14d: rnp 228-232": 
[ a ] D  -86.6". dntf / .  (CzeHaoClOe) c, H.  
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