6-CHLORO-3,7-DIHYDROXY-A-PREGNENES

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-Et,0 15:1), mp 223-235°, [«]%p +41.4 (¢ 1.15, EtOH).
The nmr spectrum included a signal at 5.35 (2 H, singlet, NCH»-
Ph) and was identical with the spectrum of 8 except for the ab-
sence of the N-Me resonance at 6.77 (Table I).

(18,48)-N,N-Dimethyl-2-0xa-5-azoniabicyclo[2.2.1]heptane
Chloride (9)—An EtOH soln (4 ml) contg 0.4 g of 5 was mixed
with 10 m! of Mel 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 H;O and
treated with 0.35 g (0.0025 mole) of freshly prepared AgCl to
give 0.29 g (929,) of product after crystn (EtOH-Et,0 10:1):
mp 292-294° dec; [«]*D +59.0° (¢ 1.1, EtOH). The nmr spec-
trum included signals at 6.67 and 6.71 (6 H, two singlets, N-
(CH;):) (TableI). Anal. (C;HiCINO)C, H,N.

(18,48 )-exo-5-Trideuteriomethyl-endo-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 CD;Br 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 Et,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 HzO and treated with 0.35 g (0.0025 mole) of freshly prepd
AgCl to obtain after recrystn (EtOH-Et.0) 0.27 g (869;) of
product, mp 300° dec, [a]26p +58.0° (¢ 1.21, EtOH). The nmr
spectrum was identical with that of 9 except that the signal corre-
sponding to exo N-Me was of very low intensity (Table I).

(18,48)-ex0-5-Methyl-endo-5-trideuteriomethyl-2-oxa-5-azo-
niabicyclo[2.2.1]heptane Chloride (13).—An EtOH soln (25 ml)
contg 0.25 g of 6 was mixed with 5 ml of Mel 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 H:0 and the soln
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treated with 0.35 g (0.0025 mole) of freshly prepared AgCl.
Crystn (EtOH-E1,0 10:1) afforded 0.21 g (93%) of 13, mp 300°
dec, [@]*D +53.6" (¢ 1.24, EtOH). The nmr spectrum was iden-
tical with that of 9 except that the peak corresponding to endo
N-Me was of very low intensity (Table I).
(18,48)-N,N-Ditrideuteriomethyl-2-oxa-5-azoniabicyclo[2.-

2.1]heptane Chloride (14).—An EtOH soln (7 ml) contg 0.7 g of
6 was treated with 1.20 g of CD;Br 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; [«]¥D +56.1°
(¢ 1.04, EtOH). The nmr spectrum was identical with those of
9,12, and 13 except for the absence of .V-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 a thermostated muscle bath (37.5°) contg 16 ml of
modified Tyrode soln,? 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-aA®-pregnene derivatives 4a,b,c,d,
and 5 as well as their 16-methylene analogs are reported. Several of these compounds exhibited high progesta-

tional activity when tested in the rabbit.

It is well known that cholesterol is converted into 33-
hydroxycholest-5-en-7-one, cholest-5-ene-38,78-diol, and
the corresponding 7a-hydroxy isomer by different frac-
tions of rat liverhomogenate.! Cholest-5-ene-33,7 a-diol
is also converted by these homogenates into 7a-hy-
droxycholest-4-en-3-one? probably via the intermediate
formation of a 3-keto-A’-steroid. If 3-hydroxy-As-
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.? It is also reported that
various 3-hydroxy-As-pregnenes have the same activity
as the corresponding A*-3-ketones.* We therefore felt

(1) I. Bjérkhem, K. Einarsson, and G. Johansson, Acta Chem. Scand., 22,
1595 (1968).

(2) O. Berseus and K. Einarsson, ibid., 31, 1105 (1967).

(3) H.J. Ringold, E. Batres, J. Edwards, and J. Zderic, J. Amer. Chem.
Soc., 81, 3485 (1959).

(4) R. Deghenghi and C. Revesz, J. Endocrinol., 31, 301 (1965).

it to be of interest to prepare some A’-pregnenes incor-
porating the 6-chloro-3,7-dihydroxy system.

Chlorination of 38,17a-diacetoxypreg-5-ene-7,20-di-
one’ (1) followed by dehydrochlorination with pyridine
gave an inseparable mixture of 2 and the 8-Cl impurity
3 (Scheme I). Purification was accomplished by treat-
ment of the mixture with Zn in HOAe¢ which converted
3 into 2. Reduction of 2 with LiAl(¢-BuO);H gave the
desired 7-OH isomers 4a and 5 in 53 and 79, yield, re-
spectively, after column chromatography.

The stereochemistry at 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 at § 3.92 (half-band width
~11 Hz), which is consistent with axial-axial coupling
with the C-8 H.* The broadening of the signal is prob-

(5) C. W, Marshall, R. E. Ray, 1. Laocs, and B, Reigel, J. Amer. Chem.
Soc., 79, 6308 (1957).

(6) N. S. Bhacea and D. H. Williams, ""Application of Nmr Spectroscopy
in Organic Chemistry,"’ Holden-Day, Inc., San Francisco, Calif., 1964, pp 51
and 80.
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ably due to coupling of the C-7 H to the OH proton as
well as homoallvlie eoupling with the C-4 methyvlene
hydrogens. In 5 the C-7 H appeared as a broad signal
at 8 3.94 (half-band width ~7 Hz) which indicates an
equatorial-axial coupling with the C-8 proton.®
Acetylation of 4a gave diacetate 4b and hydrolysis of
4a afforded diol 4¢. Selective hydrolysis of 4b with base
gave the 38-hydroxy-78-acetate 4d. Oxidation of 4d
with Jones reagent vielded the 6-chloro-4,6-diene 6 by
climination of HOAc from the intermediate A3-3-one.
The progestational potentiating effect of the 16-
methylene group in the 6-chloro-4,6-dien-3-one series
has been described.” We therefore prepared some 16-
methyvlene analogs in the present series of compounds.
Oxidation of 7 with tert-butyl chromate® gave the 7-ke-
tone 8 (Scheme II). Selective chlorination of the 5,6-
double bond of 8 was impossible since Cl, preferentially
added to the 16-CH, group. Hydrolysis of 8 with base
followed by selective acetylation of the C-3 OH afforded
9. Treatment of 9 with Cl, in the presence of pyridine
gave the 16,17-epoxy-16-chloromethyl compound 10.
Chlorination of the 5,6-double bond followed by dehy-
drochlorination with pyridine and reduection of the 8-
chloro impurity with Znin HOAc yielded 11. Reduc-
tive removal of the protecting group with Nal and
HOAe proceeded quantitatively to the 16-methylene-

(7) K. Sylora and R. Mazac, Collect. Czech. Chem. Commun,, 81, 2768
(1966).

LeMaurru, et al.

Scueme 11
COCH;,
_-OAc
CH, (CH;);COCr0,(OH)
AcO
7
COCH;,
.-0OAc
CH,
1. KOH
2.Ac0
AcO 0
8
COCH,
.-OH
CH cte
2 pyridine
AcO (¢}
9
COCH,
CH‘ZCI 1. CL, CHCl,
————
2. pyridine
3.Zn,HOAc
1. Nal
2, HOAc
AcO
HCO,
AcO O
Cl
12
COCH,
.-0Ac
CH, Lial(tert-CHO)H
————-
AcO O
Cl
13
COCH;, COCH;,
RO OR,
Cl
14a,R= AR, =H 15
b,R=R, =Ac
¢.R=R,=H
d.R=H;R = Ac
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17-hydroxy compound 12 which was acetylated with
Ac,O in the presence of HCIO# to give 13.  Reduction
of the 7-ketone with LiAl(#-BuO);H afforded the 78-
and 7a-OH isomers 14a and 15 which were separated in
33 and 359, yield, respectively, by careful column
chromatography.

The stereochemistry at 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 § 3.86 (half-band-
width ~11 Hz) indicating axial-axial coupling with the
C-8 H In 15 the C-7 proton appeared as a broad
band at & 3.87 (half-bandwidth ~6.5 Hz), which is
consistent with equatorial-axial coupling with the C-8
proton. Reduection of 13 with NaB(OMe);:H gave a
much greater proportion of the 78-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 14¢. Selective hy-
drolysis of 14b yielded the 38-hydroxy 78-acetate 14d.

Biological Activity.—The compounds were tested for
progestational activity in a modified Clauberg—McPhail
assay. Immature, New Zealand white rabbits (600-
800 g) were primed with 0.5 ug/day 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 at dosages of 1,
2, 4, 10, 20, 40, 100, 200, and 400 ug/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 4+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-
CH, group was not observed in the 7-hydroxy series.

TasLe 1
Minimum effective dose (ug day)
Compound sc po
17 a-Hydroxy- 4-10 200-400
progesterone
acetate
6 1-2 1-2
2 20-40 20-40
4a 1-2 1-2
4b 4-10 400
4c 2-4 2-4
4d 4-10 4-10
5 4-10 4-10
144 2-4 2-4
14b 10-20 4-10
l4c 10-20 2-4
14d 4-10 4-10
15 20-40 20-40

Experimental Section®

6-Chloro-33,17 a-dihydroxypregn-5-ene-7,20-dione Diacetate
(2).—To 30.00 g (0.07 mole) of 33,17 a-dihydroxypregn-5-ene-7,20-
dione diacetate (1) in 200 ml of CHCI; (filtered through silica
gel to remove EtOH), cooled to 5°, was added 89.5 ml (0.77 mole)

(8) B. E. Edwards and P. N. Rao, J. Org. Chem., 81, 324 (1966).

(9) All melting points were taken in glass capillaries and are corrected.
Rotations are in CHCls at 25° at a conen of about 0.7%; uv spectra are of
EtOH solns, and ir spectra are in CHCls solns. The nmr spectra were detd

Journal of Medicinal Chemisiry, 1971, Vol. 14, No. 4 293

of a 0.86 M soln of Cly in CCls in one portion. The reaction mixt
was left at 5° for 16 hr and then at 25° for 2.5 hr.  After washing
with 59, NaHCO;, the soln was dried (MgSQO,) and concd in
vacuo to an oil, The crude product was dissolved in 250 ml of
pyridine and left at room temp for 20 hr. The pyridine was re-
moved at 1 mm (bath temp <25°), 300 ml of Et;0-CH,Cl, (2:1)
was added, and the ext was washed with 1 N HC), 59, NaHCO,,
and H>0 and dried (MgSO,). Concn ¢n 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 conced at 1 mm (bath temp <25°).
H,0 was added and the amorphous solid was extd with CH,Cl,.
The ext was washed with 59, NaHCO; and dried (MgSO,).
Conen in vacuo yielded an oil which was crystd twice from CHo,-
Cl-Et,0 to give 17.59 g (54%) of 2: mp 227-228.5%; Amax 249
muy (6 11,400), [a]D —144°. Anal. (CgaHssClOe) C, H.
6-Chloro-33,73,17«-trihydroxypregn-5-en-20-one  3,17-Di-
acetate and 6-Chloro-38,7«,17 a-trihydroxypregn-5-en-20-one
3,17-Diacetate (4a and 5).—A soln of 5.1 g (0.11 mole) of 2 in
50 m! of anhyd THF was added dropwise under N, to 8.4 g (0.033
mole) of LIAIH(O-tert-Bu); in 80 ml of anhyd THF with stirring
over 20 min at 25°. The reaction mixt was stirred at 25° for
2.5 hr and cooled to 0° and 10 ml of Me,CO was added dropwise
followed by 20 ml of H,O. The mixt was concd to a small vol
at reduced pressure, 250 m! of CHCl; was added followed by 150
m! of H;O and 100 ml of AcOH. The org layer was sepd and the
aq layer extd with CHCl;. The combined ext was washed care-
fully with 3% NaHCO,, dried (MgS0,), and coned at reduced
pressure. Crystn of the crude product from CH,Cl,-Et,0 yielded
1.9 g (389,) of 4a: mp 211.5-214°; [a]D —43.9°. Anal. (Cqs-
H;:Cl0¢) C, H.
The filtrate from the first crystn was chromatographed on 75
g of silica gel. Elution with 59, EtOAc-Ce¢H, gave several frac-
tions contg pure 4a (by tlc assay). Crystn of these combined
fractions from CH:ClL,-Et;0 gave 0.6 g of 4a, mp 212-214°.
Continued elution with 5% EtOAc-C¢Hs and then with 109
EtOAc-CeHe gave several fractions contg pure 5 (by tle). These
fractions were combined and crystd from CH,Cl,-CsH,y to give
0.57 g (119,) of 5, mp 210-214°. Recrystn from CH,Cl,-CsH)4
gave the anal. sample: mp 211-215.5°; [«]p —97.9°. Anal.
(CasH35Cl06) C, H.
6-Chloro-33,73,17 «-trihydroxypregn-5-en-20-one Triacetate
(4b).—Acetylation of 0.500 g of 4a was accomplished by treatment
with 5 ml of redistd Ac;O and 5 ml of anhyd pyridine at 25° for
20 hr. The soln was coned to dryness at ~1 mm (bath tempera-
ture <35°). Xylene was added and coned again to remove traces
of Ac;0. Two crystns of the crude product from CH.Cly—
Et,0 gave 0.322 g (60%) of 4b: mp 242-2453°; [a]D —9.7°.
Anal. (Cz7H37ClO7) C, H.
6-Chloro-33,173,7 a-trihydroxypregn-5-en-20-one (4¢).—To a
soln of 0.500 g (1.07 mmoles) of 4a in 25 ml of MeOH was added
1.2 ml (1.18 mmoles) of 1.0 ¥ NaOH dropwise over 10 min.
After stirring at 25° for 70 min, 0.25 ml of AcOH was added and
the solvent was removed in vacuo. H,O was added and the
product was extd with CHyCl;, The ext was dried (MgSO,)
and coned to a foam. Crystn from MeOH gave 0.295 g (65%,)
of 4c: mp 259.5-261°; [a]p —28.9°. Anal. (CxH;yClOs) C,
H.
6-Chloroe-33,73,17 a-trihydroxypregn-5-en-20-one 7,17-Di-
acetate (4d).—Partial hydrol 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 ¥ NaOH. After stirring at 23° for 4 hr,
0.2 m! of AcOH was added and the solvent was removed in vacuo.
H:O was added and the product was extd with CH,Cl;. The
ext was dried (MgSQy), coned, and crystd from CH.ClL-Et,O
to yield 0.125 g (689%,) of 4d: mp 244.5-246.5°; [a]D +6.2°.
Anal. (CstsscIOe) C, H
Oxidation of 4d.—Jones reagent (0.06 ml) was added to 0.100
g of 4d in 12 ml of Me,CO (distd from KMnO,) with stirring at
3%, A stream of N, was bubbled through the soln before and
during the reaction. After stirring at 3° for 5 min, 1 m! of MeOH
was added and most of the solvent was removed in vacuo. H.0
was added and the product was extd with EtOAc. The ext
was dried (MgSO,) and concd to an oil. Prep tle on silica gel
served to sep the product from some residual 4d. Crystn from
CH,ClL-Et:0 gave 23 mg (279%) of 6: mp 206-210°; Amax 284

using a Varian A-60 spectrometer in CDCls (MesSi). Where anal. are indi-
cated only by symbols of the elements, anal. results obtajned for those ele-
ments were within 4=0.3%, of the theoretical values.
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mu (e 21,200). The mixture melting point with anthentic 6
exhibited no depression.

33,17 a-Dihydroxy-16-methylenepregn-5-ene-7,20-dione Di-
acetate (8).—A fert-butyl chromate soln was prepd by adding
226 g (2.26 moles) of anhyd CrO; in 220 ml of H.O dropwise at 25°
to 470 ml (6.2 moles) of fert-BuOIL.  After the addn, the soln
was stirred for 15 min at 25° and then extd with two 1.2-1. por-
tions of CCl,. The ext was washed with 1.2 1. of L0, dried
(Na2804), and coned to ~600 ml in vacuo. The soln was dild o
1.2 1 with CCly and 315 ml of AcOH and 90 ml of Ac.0) were
added. This soln was then added dropwise over 90 min 10 90.4 g
(.21 mole) of 7 in 400 ml of CCly, 210 ml of AcOH, and 60 ml of
AcyO which was being stirred and heated at 63°. The reaction
mixt was stirred at 65° for 16 hr and filtered throngh a Celite pad
and the filtrate was added dropwise over 45 min 1o 4 1. of 107
oxalic acid =oln which was stirred and cooled at 3°.  After stirring
for 30 min at 25°, the org layer was washed with two 1-1. portions
of H,0, three 1-1. portions of 5% NaHCO;, and finally with H;O.
The ext was dried (MgSO,) and coned in racuo to yield a
yvellow solid. Two crystus from CH:Cl-Et:O gave 38.0 g of 8:
mp 174-176°; Npux 236 mu (e 14,100); [a]D —242.6°. A =second
crop uf 4.6 g, mp 175-178° was obtained from the mother lignor
after two crystns. The total yield is thus 46¢,. The anal.
sample, mp 183.5-188.5°, was obtained after 2 recrysts from
(,‘Hzclg—EtzO‘ Anal, (CgeHg.;Oe) C, H.

38,17a-Dihydroxy-16-methylenepregn-5-ene-7,20-dione  3-
Acetate (9)—Tvdrol of 42.50 g (0.096 mole) of 8 in 2.1 L. of
MeOIT under N; at 25° was accomplished by adding 36.7 g (0.67
mole) of KOH dissolved in 40 ml of H.0. After stirring at 25°
for 5 hr, the solid which erystd was removed by filtration. The
filtrate was coned to 500 ml 7n cacuo and dild with H.0 and the
resnltant solid was filtered. The combined solids were air dried
to yield 27.7 g of the 3,17-diol. The crude prodnet was dis-
solved m 250 ml of pyridine and 250 ml of Ac,O and left at 25°
for 4.5 hr. Conen to dryness at ~1 mm and 30° gave a tan solid
which was erystd from CHyClL-Lt,0 to yield 19.85 ¢ (52¢7) of
9:  mp 227-229°%; Naax 235 mp (e 14,950); [«]p —190.6°. The
anal. sample, mp 233.5-238°, was obtained after two recrystns
from C}IQCIQ—EHO, Anal. (ngHszOs) C, H.

163-Chloromethyl-16«,17 a-epoxy-3 3-hydroxypregn-5-ene-
7,20-dione Acetate (10).—To a soln of 5.0 g (0.012 mole) of 9 in
100 ml of anhyd Cellg, 35 ml of CHCL;, and 3 ml of pyridine was
added with stivring at 10° in one portion 17.4 ml (0.86 I, 0.015
mole) of CLin CCly.  After stivring at 10° fur 30 min, the reaction
mixt was washed with two 50-ml portions of 3 N TICl and with
three 50-ml portions of 53¢z NaHCO;.  The org layer was dried
(MgS0s) and coned in wzacuo to yield a foam. Crystn from
CH.C1:-Et:0 gave 3.7 g (695¢) of 100 mp 155-157.5°; Amax 235
mu e 14,390); [a]lp —69.1°. The anal. sample, mp 178-180°,
was obtained after 2 recrystns from CH.Cl-MeOH. Anal
(CesH,1C10s) C, H.
6-Chloro-163-chloromethyl-16 «,17 «-epoxy-33-hydroxypregn-
5-ene-7,20-dione Acetate (11)-—Crude 10 (23.1 g, 0.05 mole)
1 200 1l of CIIClL at 3° was treated with 49 ml (1.36 1/, 0.066
mole) of a soln of Cl, in CCle. The reaction mixt was kept at 3°
Tor 17 hy, washed with 53¢ NallCOs, dried (MgS0,), and coned
in vacwo, Crystn from CHyCl-Et,0 gave 11.8 g, mp 212-213°,
of the 3,6-dichloro compd. A second crop of 2.3 g was obtained
from the filtrate. The total yield is thus 549;. The 5,6-dichloro
compd (16,56 g) was added to 600 ml of pyridine and stirred for
17 hr at 25°.  Removal of the pyridine at ~1 mm and below 30°
gave a brown solid which was dissolved in EtOA¢ and washed
once with H;O, twice with 3 2V HCI and once with 55, NaHCO;.
Conen in vacuo gave a yellow solid which wag dissolved in 500
ml of AcOl and stirred at 25° with 16 g of Zn dust for 1 hr to
reduce any 8-chloro impurity. The Zn was removed by filtration
and the filtrate was coned at ~1 mm below 30°. The product
was dissolved in Et,O-CH,Cl, (2:1) and the extract was washed
once with 53¢, NaHCO;, dried (MgS0.), and coned in vacuo to
vield a =olid. Crystn from CH;ClL-Et,O gave 8.9 g of 11: mp
227.5-230°, Apax 201 mu (e 11,200); [a]p —63.8°. A second crop
of 1.9 g was obtained from the filtrate and the total yield is thus
70¢,. The anal. sample, mp 231-233.5°, was obtained after two
recrystns from CHzCl-Et:0.  Anal. (CosHypCLO;) C, H.
6-Chloro- 33,17« - dihydroxy - 16 - methylenepregn - 5-ene-7,20-
dione 3-Acetate (12).—A soln of 10.73 g (0.023 mole) of 11 in 650

LaManre, ef al.

ml of Me;CO and 108 g of Nal was stirred and refluxed for 8.5
hr. HOA¢ (25 ml) was added and reflnx was continued for 3 hr.
Most of the solvent was removed 7n vacuo and TLO was added
and the product was extd with CH.Cl,. The ext was washed
with 0.1 .\ Nax8:0;, with 567 NaHCO;, dried (Mg30y), and
coned to a yellow solid.  Crystn from CH;ClL-1t,0 gave 8.94 g
of 12: mp 201-204°; Ay 253 mu (e 11,960). A second crop of
0.99 g, mp 200-202.5°, was obtained from the filtrate making the
total yield 99¢;. The anal. sample, mp 196-200°, was obtained
by sublimation at 185° (0.1 mm). Anal. (CuHnClO;) C, H.

6-Chloro-33,17a-dihydroxy-16-methylenepregn-5-ene-7,20-
dione Diacetate (13).~—Ac.O (96 ml) and 1 ml of 727, HCIO,
in 400 ml of anhyd 1t0Ac was added 10 4.0 g of 12 in 200 i of
EtOAc.  After stirring at 25° for 10 min, the soln was washed
with 3 portions of satd NaHCO,, dried (Mgs0,), and coned ia
vacuo (finally at ~1 mm) to yield a yellow solid. Crysin from
CH,CL-Et0 gave 3.3 g (745, ) of 13 mp 254-255°; Mnux 253 1N
(e 12,100); [a]p —240.3°. The anal. sample, mp 257-239°, was
obtained after 2 recrystns from CHyCl-Et:0. Anal.  1Caely-
Cl0s: C, H.

6-Chloro-33,73,17 a~trihydroxy-16-methylenepregn-5-en-20-
one 3,17-Diacetate (14a) and 6-Chloro-33,7«,17 a~trihydroxy-16-
methylenepregn-5-en-20-one 3,17-Diacetate (15). To LiAl-
{tert-BnO);H (2.4 g, 9.4 mmoles) in 20 m! of anhyd TIHE under
N at 25° was added with stiring over 20 min 1.50 g (3.1 mmoles)
of 13 in 40 ml of anhyd THF.  After stirring at 25° for 5 hr, the
reaction mixt was cooled at 3° during the addn of 30 ml of MexCt)
and 10 ml of 0. Most of the solvent was removed in vacuo
and 75 ml of CHCl was added followed Ly S0 ml of 509, ag
AcOH. The organic layer was washed with 3 portions of 5%,
NaHCO,, dried (MgS0,), and coned in vacwo. The crude product
was chromatographed on 70 g of silica gel. Elution with 4¢;
EtOAc-C¢He gave several fractions containing pure 14a (by tle).
These fractions were combined and erystd from CHCl,~CeHis
to yield 0.40 g (339%) of 14a: mp 209.5-212.5°; [a]p —142.5°.
Recrystn from EtOAc-CeHy, gave the anal. sample, mp 212-214°.
Anal.  (CsHyClOg) C, H.

Elntion with 5¢; EtOAc¢CqHs then gave several fractions con-
taining pure 15 (by tlc). These fractions were combined and
erystd from ELOAe-CyHy, to give 0.53 g (359) of 15:  mp 187.5~
188.5°%; [a]lp —196.4°. Recryztn from EtOAc-CeHys gave the
anal. sample, mp 187.5-189°.  Anal. (CyH;:ClOg) C, H.

6-Chlore-33,73,17 «-trihydroxy-16-methylenepregn-5-en-20-
one Triacetate (14b).--Acetylation of 0.601) g of 14a was ac-
complizlied by treatment with 6.0 ml of pyridine and 6.0 ml of
A0 at 25° for 18 hr. The soln was coned to dryness at 1 mm
(bath temp <30°) and the resultant solid was crystd from EtOAc¢
to vield 0.523 g (80%;) of 14b: mp 235-238°; [a]p —06.4°.
Reerystn from EtOA¢ furnished the anal. sample, mp 236-23%8°.
:171(([. (CQSH,’,:CIOT) C, H

6-Chloro-33,73,17a-trihydroxy-16-methylenepregn-5-en-20-
one (14¢).-—To 1.300 g (0.63 mmole) of 14b dissolved in 15 ml of
AMeOI at 25° was added 0.69 ml (0.69 mmole) of 1.0 & NaOTT.
After stirring at 25° for 2 hr, 0.25 ml of AeOll was added and the
solvent was removed in vacuo. L0 was added and the product
was extd with C11,Cl,, The ext was dried (MgS0,) and coned
to a foam. Cryvstn from EtOAc gave 0.220 g (N0¢7) of 1dc:
mp 212-221°; [«]p —117.2°. Reecrystn from EtOAc gave the
anal. sample, mp 223-224.5°. Anal. (CuHyuClO;) C, H.

6-Chloro-35,73,17«-trihydroxy-16-methylenepregn-5-en-20-
one 7,17-Diacetate (14d).—To 0.324 g (0.62 mmole) of 14b
in 65 ml of MeOH at 23° was added 0.69 ml (0.69 mmole) of
L0 N NaO1l. The soln was left at 23° for 4 hr, 0.25 ml of AcOH
was added, and the solvent was removed in vacuo to yield a solid.
Crystn from EtOAc gave 0.143 g (48%;) of 14d: mp 228-232°;
[a]p —86.6°. Anal. (CyHyiClOs) C, H.
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