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of 3 M methylmagnesium bromide. The resulting mixture
then was treated with 8.25 mmoles of the appropriate acid chlo-
ride in 20 ml. of ether and stirred at room temperature for 6!)
hr. Cold concentrated sodium bicarbonate solution was then
added. The ether layer was separated, washed well with
sodium bicarbonate solution and with water, dried over magne-
sium sulfate, and concentrated to dryness to yield the crude ester.

0. 17-Ethers (35 and 36).—To a stirred mixture of 1.0
g. of sodium borohydride in 100 wml. of ether cooled in an ice
bath was added a solution of 5.55 mmoles of the appropriate ester
of 1-chloro-4,17a-dimethylestra-1,3,5(10)-trien-178-0l (31 and
32) in 50 ml. of ether and 50 nmil. of tetraliydrofurau. Ifreshly
distilled borou trifluoride etherate (20 ml.) was then added and
the resulting mixture was cooled to 0°.  To this cold solution was
then slowly added 50 ml. of distilled diglye, and the mixture was
stirred and allowed to warm to room temperature over u 2-lr.
period. It was then heated to distil 50 ml. of ether and refluxed
for 1 hr. The solution was cooled, diluted with 200 wl. of ether,
and treated with 5 ml. of 12 ¥ HCl. The ether layer was sepa-
rated, washed with water, dried over magnesiumn sulfate, and
evaporated to an oil. The oil was dissolved in 100 wl. of pe-
troleum ether (b.p. 35-60°) and chromatographed on 15 g. of
alumina. Elution with petrolenm ether gave the pure 17g-
ether.

P. 1-Chloro-4-methyl-17«-vinylestra-1,3,5(10)-trien-173-ol
(41).~—A solution of 2.00 g. of 1-chloro-4-methyl-17a-ethinyl-
estra-1,3,5(10)-trien-178-01 (39) in 120 ml. of pyridine was
treated with 0.20 g. of 5% palladiuni on calciim carbonate ad
hydrogenated at atmospheric pressure until 1.0 equiv. of hydro-
gen had been absorbed. The catalyst was removed by filtratiow,
and the solvent was evaporated under reduced pressure, giving
the crude vinyl compound.

Q. 1-Chloro-4-methyl-174-(3-hydroxypropyl)estra-1,3,5(10)-
trien-178-0l (46).—A solution of diborane in tetrahydrofurau
was prepared by adding 14.2 g. of boron trifluoride etherate in
40 ml. of tetrahydrofurau to a stirred mixture of 3.1 g. of powdered
sodium borohydride in 60 ml. of tetrahydrofuran cooled in an
ice bath. The mixture was allowed to stand overnight at room
temperature.

A solution of 1.35 g. of I-cliloro-4-methyl-17a-allylestra-
1,3,5(10)-trien-178-01 (44) in 50 ml. of tetrahydrofuran was
treated with 15 ml. of the above diborane solution.  After 2 hr.
at room temperature, the solution was cooled to 0° and treated

Yol. 7

with 16 ml. of 3097 hydrogen peroxide and 16 ml. of 104 aqueons
sodinm liydroxide solution. This mixture was stirred for 0.5 lir.
and then refluxed for 1.5 ir.  The solveut was removed nuder
reduced pressure and the residue was poured into water. The
aquieols suspengion was extracted with ether. The ether solu-
tion was dried over magnesium sulfate and concentrated to
dryuess, yielding the crude oil.

R. 1-Chloro-4-methylestra-1,3,5(10)-trien-17g8-0l-17a-pro-
pionic Acid, Lactone (47).--A solution of 1.27 g. of I-chloro-4-
methyl-17 a=( 3-liydroxypropyl)estra-1,3,5(10)-trien-178-0l  (46)
1 120 ml. of acetic acid and 40 nil. of propionic acid was cooled
to 0%, covered with an atmosphere of nitrogen, and treated with
190 ml of a solution of chrominm trioxide (prepared by dissolviing
26.72 g. of clromimn trioxide in 23 ml. of 36 N sulfurie acid and
diluting to 100 ml. witly water) over a period of 30 win.  The
reaction was stirred for an additional 15 min., poured into water,
and filtered.  The precipitate was dissolved in lenzene and
chromatographed on 20 g. of Florisil.  Elution with 4: 1 benzene-
ether afforded the pure lactone.

S. 1-Chloro-4-methyl-19-norpregna-1,3,5(10)-trien-21-o0l-
20-one (52).—-A solution of 1.50 g. of l-chloro-4-methyl-19-
uorpregna-1,3,5 10)-trien-21-0l-20-one 2l-acetate (53) i 430
ml. of methanol was treated with a solution of 1.60 g. of potas-
sinm bicarbonate in 32 ml of water and refluxed for I hr. under
an atimospliere of nitrogein.  The solution was theu concentrated
uuder reduced pressure to about 1530 wl. and poured into water.
The precipitated erude 21-alcolio] was filtered and recrystallized.

T. 1-Chloro-4-methyl-17a-oxa-D-homoestra-1,3,5(10)-trien-
17-one (59).-—A solution of 1.00 g. of 1-chloro-4-nethyvl-
estra-1,3,5(10)-trien-17-one (11) and 0.05 g. of p-tolucnesulfouic
acid monohydrate in 10 ml. of acetic acid and 3 ml. of 407
peracetic acid was allowed to stand at 4° for 7 days. The solu-
tion was poured into water and filtered to give the crude lactone.
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The preparation of Sa-fluoro- and 6a-methyl-16 a-fluoroprednisolones is described.

Recently we described the synthesis of 16a-fluoro-
prednisolone acetate and showed that the 16a-fluoro
group strongly enhanced the antiinflammatory prop-
erty of prednisolone acetate.? The 16a-fluoro sub-
stituent has now been introduced into suitable Go-
fluoro? and Ge-methyl* intermediates and the corre-
sponding 6e-fluoro- and 6a-methyl-16a-fluoropredni-
solones have been prepared and evaluated biologically.

The method of synthesis for the 6-substituted 16«-
fluorocorticoids was essentially that previously de-
scribed.?2  The processes are outlined in Chart I.

(1) A preliminary account of a portion of this work appeared earlier,
B. J. Magerlein, F. H. Lincoln, R. D. Birkenmeyer, and F. Kagan,
Chem. Ind. (London), 2050 (1961).

(2) B. J. Magerlein, R. D. Birkenmeyer, and F. Kagan, J. 4m. Chem.
Soc.. 82, 1252 (1960): B. J. Magerlein, R. D. Birkenmeyer, and F. Kagan.
in press.

(3) J. A. Hogg, et al.. Chem. Ind. (London), 1002 (1958).
(4) G. B. Spero, et al., J. Am. Chem. Soc.. 18, 6213 (1956).

Preliminary endocrine data for the 16e-fluorocorti-
coids are summarized in Table 1.

Experimental’

6a-Fluoro-1143,16«,21-trihydroxy-4,17(20)-cis-pregnadien-3-
one 21-Acetate (2),—A ixture of 40 g. of 118,21-dihydroxy-6a-
fluoro-4,17(20)-cis-pregnadien-3-one 2l-acetate (1),% 18.57 g.
of seleniunm dioxide, 130 mnl. of water, and 960 ml. of dioxane was
heated under reflux for 1 lir. The dioxane was distilled in vacuo.
The residue was partitioned between methylene chloride aud
water. After dryiug, the organic phase was percolated through
4 kg. of Florisil (synthetic magnesia-silica gel). The fraction
eluted with 20:80 acetone—Skellysolve B (saturated hydrocarbon
fraction, b.p. 60-71°) weighed 49 g. This product when re-
crystallized from ethyl acetate weighed 22 g. (52.89, yield) and

(5) Melting points were taken in capillary tubes and are corrected. Rota-
tyons were observed at 26°.

(68) B.J. Msagerlein, J. E. Pike. R. W. Jackson, G. E.. VandenBerg, and I,
Kagan, J. Org. Chem.. 29, 2982 (1964).
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TasLE I 20 min. at 4-6°, the reaction mixture was seeded with oxide 4
. and gradually diluted with 250 ml. of water. The product,
. Anth . Gluco- . collected by filtration, after drying weighed 6.4 g. (829, yield)
uzﬂanl;m;mry (wrzc‘;‘d and melted at 139-145°. Recrystallization of a portion of this
c X hydro- X hydro- material from ethyl acetate—Skellysolve B afforded the analytical
ompd. cortisone) cortisone) Py °
. s sample, m.p. 152-154°, [a]D +189° (CHCl;).
6a-Fluoroprednisolone 81 Anal. Caled. for CuHyFO;: C, 72.80; H, 7.86; F, 5.48.
6a,16a-Difluoroprednisolone Found: C,72.88; H,7.78; F, 5.34.
21-acetate (7) 100 116 6,16-Difluoro-113,21-dihydroxy-4,17(20)-pregnadien - 3 -one
6a-Methyl-16a-fluoropredni- 21-Acetate (5).—A mixture of 13.7 g. of anhydrous HF, 24.2 ml.
solone 21-acetate (15) 20 25 of tetrahydrofuran, and 6.7 ml. of methylene chloride was cooled
6a,9a,16a-Trifluoropredniso- to —70° and a similarly cooled solution of 6.4 g. of oxide 4 in
lone 21-acetate (8) 480 425 95 ml. of methylene chloride was added thereto. The resglting
6a-Methyl-9, 16-difluoropred- mixture was stirred at about —70° for 2 hr. and then cautiously
. 1 y 21 tate (16) 190 250 poured into a solution of 55 g. of K,COj; in 330 ml. of water. The
nsolone sl-aceid e methylene chloride layer was separated. After extracting the
6a-Met}}yl-9,16-d1ﬁuoro- aqueous layer twice with methylene chloride the organic extracts
prednisolone (17) 141 were combined and evaporated. The residue was acylated with

s A, Robert and J. E. Nezamis, 4 cta Endocrinol., 25, 105 (1957).
® R. O. Stafford, L. E. Barns, B. J. Bowman, and M. M. Mein~
zinger, Proc. Soc. Exptl. Biol. Med., 89, 371 (1955).

melted at 177-180°. The analytical sample, [a]D +105°
(CHCL), prepared by two recrystallizations from the same
solvent, melted at 185-187°.
Anal. Caled. for CyiHgFOs:
Found: C, 68.04; H, 8.04; F, 4.70.
20z-Chloro-118,21-dihydroxy-6«-fluoro-4,16-pregnadien-3-
one 21-Acetate (3).—To a solution of 30 g. of 2 in 860 ml. of
methylene chloride and 18.2 ml. of tri-n-butylamine cooled to
0-10°, there was added 5.1 ml. of thionyl chloride over a period
of 5min. The mixture was stirred at 0-10° for 30 min. and theu
washed twice with dilute HCl and once with water. The re-
action mixture was chromatographed over 2 kg. of Florisil.
The fraction eluted with Skellysolve B-acetone (85:15) weighed

C, 67.96; H, 7.60; ¥, 4.67.

18.5 g. (5899, yield) and melted at 148-151°. The crude
product from other runs melted as high as 158-160°.
Anal. Calcd. for CstsoClFO4f C, 6507, H, 712, Cl,

8.33; F, 4.48. Found: C, 65.08; H, 7.09; Cl, 855; F, 4.71.
6a-Fluoro-~118-hydroxy-20¢,21-oxido-4,16-pregnadien-3-one
(4).—A solution of 9.5 g. of crude chloride 3 in 270 ml. of meth-
anol was cooled to 0° and 45 ml. of N NaOH was added at such a
rate as to keep the temperature below 10°. After stirring for

9.5 ml. of acetic anhydride in 9.5 ml. of pyridine in the usual
manner. The crude product was chromatographed over 500 g.
of Florisil. The fraction eluted with Skellysolve B-acetone
(88:12) weighed 3.95 g. (52.6%). This partially crystalline
product was not purified further but used directly in the next
step. A portion recrystallized from acetone melted at 130-
135°.

62,16-Difluoro-113,21-dihydroxy-1,4,17(20)-pregnatrien-3-one
21-Acetate(6).—A mixture of 3.8 g. of 5, 1.8 g. of selenium
dioxide, 0.6 ml. of pyridine, and 110 ml. of ¢-butyl alcohol
was heated under reflux for 18 hr. The reaction mixture
was clarified by filtration and concentrated under vacuum. The
residue was partitioned between methylene chloride-water.
The organic layer was percolated through 225 g. of Florisil. The
fraction eluted with Skellysolve B-acetone (88:12) weighed 3.27
g. (86.29, yield). This oily product showed several spots on
paper chromatography. Unreacted 6 recovered from the suc-
ceeding step by chromatography was crystallized from ethyl
acetate. It melted at 137-149°, [«]D +59° (CHCl;).

Anal. Caled. for CuHxF,0,: C, 67.96; H, 6.94; F, 9.34.
Found: C, 66.58; H, 7.38; F,9.12.

This product appeared to be a mixture of isomeric 16- and 20-
fluorinated steroids.

6a,16a-Difluoro-113,17«,21-trihydroxy-1,4-pregnadiene-3,20-
dione 21-Acetate (7).—A solution of 3.27 g. of crude fluoride 6
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in 130 ml. of f-butyl aleohol, 3.9 ml. of pyridine, 10 ml. of N-
methiylmorpholine oxide peroxide (2 .V), and 65 wmg. of osmium
tetroxide was stirred at ambient temperature for 18 hr. Twenty
milliliters of 2¢; sodium hydrosulfite solution was added. The
solvent was distilled under vacuum. The residue was ex-
tracted with methiyvlene cliloride and the extracts were washied
with dilute acid. Chromatograpliy over Ilorisil (200 g.) afforded
§37 mg. of recovered 6, 298 mg. of a mixture of 7a, and an
unidentified polar material.  One fraction of 107 mg. coutained 6
aud 7. In one experiment the 7a fraction was crystallized from
ethyl acetate-Skellysolve B to yield material melting at 140
160°.  Reerystallization from ethyl acetate gave o few crystals,
n.p. 172-178°, whose solution iufrared curve indicated the 163-
fluoro corticoid (7a).  Total yield of 7a was 21 mg.

Anal.  Caled. for CuHyF.06: I, 8.67. lound: I, 8.73.

In the manner described above, the recovered 6 was recycled
four times. The amouut of 7a decreased permitting easier isola-
tionn of 7. The crude fractions of 7 totaling 648 ng., were coni-
bined aud rechromatographed vielding a fraction of 349 mg. of
6. DBased on this chromatographic fraction the over-all yield
for this step was about 2.3¢%. A portion of the chromatographic
fraction was recrystallized from wethanol-ether to yield 7, m.p.
204-206°.

Anal. Caled. for CuHaFatde: G, 63.00; 1, 6.44; F, S.67.
Found: C, 63.59; H, 6.58; F, 8.25.

6a,92,16-Trifluoro-113,17 «,21-trihydroxy-1,4-pregnadiene-
3,20-dione 21-Acetate (8).—A portion of 267 mg. of 7 was dis-
solved in 3 ml. of dry pyridine and 131 mg. of N-bronioacetamide
was added. The reaction mixture was stirred at 26° for 20 min.,
and an excess of St)y was passed over the top of the solution.
Tle mixture was poured into cold dilute acid and the product
was recovered by extraction with methylene chiloride. Chromui-
tograply over Florisil yield a partially crystalline fraction of 230
mg. whose papergram analysis on the FBI" system’ showed 1o 7
but a less polar spot at R 0.82.  This product was used withont
turther purification. To a solution of the 230 mg. of crude
cowpound from above in 4 ml of methylene chloride and 8 ml.
of ¢-butyl alcohol there was added a solution of 0.72 ml. of 707{
perchiloric acid 4.5 ml. of water followed by 100 mg. of \'-
bromoacetanide dissolved i 3 wml. of ¢-butvl alcolol.  After
stirring at ambient tewperature for 15 miw., a solution of 120 mg.
of sodium sulfite in 3 nil. of water was added.  Water was added
and the crude bromide was recovered by filtration. It weighed
250 mg. and liad £¢0.13 on the FBF systent.  The crude bromide
was dissolved i 15 ml. of acetone, 300 mg. of anhydrous potas-
siun1 acetate was added, and the mixturc was heated under re-
flux for 18 hr. The solvent was distilled n vacuo. The residue
was triturated with methyvlene chiloride aud the extract was
passed over 20 g. of Florisil. An oxide fraction (based on a
papergram mobility, R: 0.69) of 102 mng. was obtained. This
was dissolved in 3 ml. of methylene chloride cooled to —74°
and added to a similarly cooled solution of 750 mg. of HF aud
1.3 ml of tetraliydrofuran.  After I8 I, at 4°) the reaction
mixture was poured to 100 ml. of water containing 2.5 g. of
K,CO;. The steroid, recovered by extraction, was purified
by chromatograply over 10 g. of Florisil. A crystalline fraction
of 532 mg. was recrystallized from ether acetate—Skellysolve 13 to
give 35 mg. of 8, m.p. 270-277° dec. A secoud crop wag ob-
tained from the mother liquors which when recrystallized melted
1t 266-270° dec. It weighed 4 mug. The total yield was 39 mg.
(87 based on 7).

Anal. Caled. for CoupHayFas: 19 12,400 Tound: F, 12.90.

6a-Methyl-113,16,21-trihydroxy-4,17(20 )-cis-pregnadien-3-
one 21-Acetate (10),—A mixture of 167 g. (0.43 mole) of G-
methyl-118,21-diliydroxy-4,17(20 )-preguadien-3-one  21-acetate!
19), 46.7 w. of selenimn dioxide, 2500 ml. of dioxane, and d84
ml. of water was heated under reflux with stirring for 1 .
After cooling to room temperature 80 g. of Magnesol® was added,
the mixeure was stirred for 15 min. and then filtered. The fil-
trate was diluted with water and extracted with methylene ¢lilo-
ride.  The dried extract was evaporated to a viscous oll which
was purified by cliromatograply on 4 g. of Florisil.  The product
was elnted with 15 and 257 acetone in Skellysolve B and re-
crystallized from acctone-sSkellvsolve B to give a total of 09.8
¢ (H7.5%) of 16 welting in the range of 174-181°.  An analytical
sample was obtained as prisms after two recrystallizations from
acctone, nLp. 176-180°.

(7) T.. AL Reineke, Anal. Chem., 38, 1833 (1056),
(8) Irom Waverly Cheadcal, Inc., Mamaroneck, N. Y.
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Anal. Caled. for Cylds0s: C, 71.61; H, 8.51.
71.22; 1, 9.05.
20&-Chloro-113,21-dihydroxy-6a-methyl-4,16-pregnadien-3-
one 21-Acetate (I11).-~Iu the manner described above 50.0 g. of
10 was chlorinated to vield 32.7 g. (62€7) of 11, m.p. 160-164°,
Recrystallization  {rom  acetone-Skellysolve 13 gave plates,
uLp. WL-163°, [e]n +106° (CHCL ), A2, 241.3 mu (e 15,630).
Anal. Caled. for Co4HuOlOy C, 63.47; H, 7.90; Cl, 8.42.
FPound: C, 68.71; 1, 7.82; Cl, 8.66.

20:-21-Epoxy-113-hydroxy-6«-methyi-4,16-pregnadien-3-one
(12).—Treatment of 6854 g of 11 with alkali afforded 51.5 g.
(O400) of 12, mup. 157 144°. A sample was recrystallized for
analvsis from acetone-Skellysolve 13 to give fluffy ueedles, m.p.
142-144° ) Tolp -+ 176° (CHCL).

Anal. Caled, for Culy0y C) 7700 H, 883, Pound: C,
TT.00; H, 0024,

16¢-Fluoro-113,21-dihydroxy-6a-methyl-4,17(20)-pregnadien-
3-one 21-Acetate (13).—When treated with HI, 42.5 g. of 12
gave 17.5 g, (3470 of a mixture of erude fluoride. A portion was
purified by repented crystallization from acetone-Skellysolve B
to give plates of 13, nup. {37-138° [a]p +88° (CHCIL), %,
2410 mp (e 15,4001

Anal. Caled. for CyHyFoye G, 71.08; H, 8.45; F, 4.64,
Found: G, 71.49; H, 8.66; I¥, 4.67.

16¢-Fluoro-113,21-dihydroxy-6a-methyl-1,4,17(20)-pregna-
trien-3-one 21-Acetate (14).—A quantity of 16.7 g. of crude 13
wis treated with S0 g of dry seleniuwin dioxide us previously
deserthe:l. After chromaography over Florisil, 8.2 g, (4977) of
7 was obtaed substantially free of 6 by papergram. This
materinl was sdll gummy, however, and it was uot until after
recovery trom the following osmium tetraoxide oxidation tlut
7 was obtained eryvsealline,  After recrvstallization from acetone -
skelysolve B3, shiny plates were obtained, which nielted at 162--
3%, fafn +00° (CHCL), A2, 242 i (e 15,250).

Al Caledl G Goyldp POy G TL6L; H, 7.76; 10, 472
Found: . 71.75: H,3.01; F,4.73.

16 «-Fluoro-6 «-methyl-113,17,21-trihydroxy-1,4-pregnadiene-
3,20-dione 21-Acetate (15),— T & stirred solution of 9.5 g. of
eriude 14 i 170 ml of &butyl alecohol was added 10 1ul. of pyridine,
27.6 ml of Nemethyvhmorpholine oxide hydrogen peroxide soli-
tion Ceitravion 2.9 ml of 0.1 NV sodium thiosulfate/ml.), aud 190
g, of osminn tetoxide.  After 18 hr,, a solution of 1.5 g. of
soldimm hydrosulfite in 100 1wl of water was added, the dark
solition was concentrated at redunced pressure and extracted
with merhyvlene chlortde.  Chromatograply on 300 g. of Florisil
vielded 4.05 g (42701 of recovered starting material (eluted
10:90 acetone--Skellvsalve 13), 1.388 g. of 1wixed material con-
taluing the desired produet (eluted 10 and 15% acetoue—Skelly-
solve B mixturesi, il 1.3 g of still more polar niaterial.  The
1388 g, portion was rechroastographed i the same manner on
100 g of Florsil to give an additional 219 mg. {(2.39%) of 14,
116 mg. of mixed 14 and 153, 153 mg. of erude 15 containing some
15 and some of the corresponsding 163-fluoro isomer, and 263 mg.
of more polar nuaterial. - The fractions were determined by paper
chromatography using the Dbenzene~formamide system. The
desired product spot (/2; about 0.53) was determined by its
positive Tollens test.  The 153 mg. of crude 15 was crystallized
by trituration witl iy drous ether, mip. 214-217° (yield 90 mg. ).
After recyveling the recovered starting material three tines iu
the above nuanner, o total of 0.32 g (3.3%) of crystalline 15
was obtained. A small smnple was arystallized from ether as
liard prisis, mep. 218-220° A% 242 ng (e 14,300).

Anal. Caled. Tor CyHyFou G, 6634 H, 7.10; 17, 137,
Iromnd: G653 90 H. 7205 F, 4.50,

9, 16a-Difluoro-6«-methyl-118,17«,21-trihydroxy-1,4-
pregnadiene-3,20-dione 21-Acetate (16).—To a stirred solution
of 045 g of 15 1 6 b of pyridine was added 0.20 g. of N-
bromacetamile.  The solution was stirred for 18 min. after
whicl it was coolerdd 1o 19° and saturated with sulfur dioxide.
Water {100 ml.) was added and the near white precipitate was
collected on o filter, washed with water, and air-dried. The
vield was 0.43 ¢, The material was purified by cliromatograpliy
o 25 g of Florisil. The product (406 mg., 945%) was eluted
with 10 and 120, acetone in Skellysolve B (Ry 0.90, benzene-
formamide papergram systemr. To a stirred solution of 406 mz.
of the above product in 25 ml of t-butyl aleohol and 7 ml. of
methvlene chloride, was added a mixture of 1.3 ml. of 700, per-
clilorte aetd, % ail. of water, and a solution of 174 mg. of N-
bromacetamide in 5 ml of £butyl aleoliol.  After 15 min. a solu-
tion of .25 g.of soditm sulfite in 12 ml. of water was added and

Found: ¢,
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the mixture was concentrated at reduced pressure, diluted with
100 ml. of water and filtered. The white crystalline product
weighed 0.44 g. (889,) after air drying (Rs 0.39, benzene-form-
amide papergram system).

A mixture of 0.44 g. of crude bromohydrin, 0.6 g. of potassium
acetate, and 20 ml. of acetone was stirred and heated under
reflux for 30 hr. It was then evaporated to dryness at reduced
pressure, and the residue was extracted with methylene chloride.
The extract was concentrated and poured onto a chromatographic
column containing 25 g. of Florisil. The product was eluted
with 10 and 12.5%, acetone in Skellysolve B to yield 329 mg.
(92.49,) of oxide (R; 0.87, benzene—formamide papergram
system).

T09.5g. of HF cooled in a solid Dry Ice—alcohol bath was added
17 ml. of cold tetrahydrofuran and a cold solution of 329 mg. of
oxide dissolved in 17 ml. of methylene chloride. The mixture
was swirled and then kept at 5° for 19 hr. The amber-colored
solution was poured cautiously into a stirred mixture of 45 g.
of Na;CO; and 1 1. of water and ice. The organic phase was
separated and the aqueous phase repeatedly was extracted
with methylene chloride. The combined extract was dried and
evaporated to a partly crystalline residue which was purified
by chromatography on 23 g. of Florisil. The product was eluted
with 15 and 209, acetone—Skellysolve B mixtures as crystalline
plates, yield 332 mg. Recrystallization from acetone-Skelly-
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solve B gave two crops: (a) 0.19 g. of shiny plates, m.p. 259-
262° dec., A, 239 mu (e 15,450); and (b) 0.06 g, m.p. 252-
256° dec., total yield 72.59.

Both crops gave but one spot on a benzene-formamide paper-
gram ( R; 0.25).

4nal. Caled. for CoyHyF.06: C, 63.70; H, 6.68; F, 8.40.
Found: C, 63.40; H, 6.78; F, 8.63.

16a-Fluoro-118,17«,21-trihydroxy-1,4-pregnadiene-3,20-dione
(17).—A solution of 160 mg. of acetate 16, 75 mg. of KHCO;,
15 ml. of methanol, and 1 ml. of water was stirred for 5 hr.
under nitrogen at ambient temperature. After the addition of
0.2 ml. of acetic acid and 10 ml. of water, the mixture was con-
centrated to a small volume. The product (130 mg.) was re-
covered by filtration. Recrystallization from acetone—Skelly-
solve B afforded 69 mg. of 17, m.p. 245-247° dec., and 21 mg.,
m.p. 240-244° dec.

Anal. Caled. for CaHyF20; (material melting at 245-247°):
F,9.26. Found: F, 8.90.
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The synthesis and biological activity of a group of 16a-chloro corticoids is reported.

16a~Chloro-6a,9a-

difluoroprednisolone 21-acetate is 1100 times as potent as hydrocortisone in the granuloma pouch antiinflam-

matory assay in rats.

In previous papers in this series! the synthesis and
hiological properties of a series of 16a-fluoro corticoids
was reported. This paper records the preparation of
a group of 16a-chloro-substituted prednisolone analogs
and a preliminary account of their biological activity.

Although the synthesis of 168-chlorocortisone acetate
was reported in 1956, this compound showed no ap-
preciable activity in glycogen deposition, granuloma
inhibition, adrenal atrophy, thymus involution, or
mineralocorticoid assays.? The preparation of 16q-
chloro steroids bearing a fully elaborated corticoid side
chain at C-17 has not been described.

Treatment of 118-hydroxy-208,21-oxido-1,4,16-preg-
natrien-3-one (1) with hydrogen chloride in methylene
chloride provided a mixture of 20- and 16-chloro deriva-
tives (2 and 3). Purification by chromatography
afforded a material identical with the 20a-chloro com-
pound (2) obtained by treating 118,16«,21-trihydroxy-
1,4,17(20)-cts-pregnatrien-3-one 2l-acetate (13) with
thionyl chloride.’®® The 16-chloro fraction, mainly
4a, was assigned (trans-17(20) stereochemistry by
analogy with the 16-fluoro analog prepared in a like
manner.’*? Oxidation of crude 4a with osmium tetrox-
ide in the presence of N-methylmorpholine oxide-
hydrogen peroxide complex? yielded 16«-chloropredni-

(1) (a) B.J. Magerlein, R. D. Birkenmeyer, and F. Kagan, J. Am. Chem.
Soc.. 82, 1252 (1960); (b) F. Kagan, B. J. Magerlein, and R. D. Birken-
meyer, J. Org. Chem., 28, 3477 (1963); (c) B. J. Magerlein, R. D. Birken~
meyer, ¥. H. Lincoln, and F. Kagan, Chem. I'nd. (London), 2050 (1961).

(2) R. E. Beyler and F. Hoffman, J. Org. Chem.. 21, 572 (1956).
(3) W. P. Schneider and A. R. Hanze, U. 8, Patent 2,760,823 (1956).

solone 21-acetate (5a). Structure assignment was made
on the basis of analytical and spectroscopic data,
molecular rotation, and by analogy with 16«-fluoro-
prednisolone 21-acetate prepared in a similar man-
ner.lab

Dehydration of 16a-chloroprednisolone acetate (5a)
with N-bromoacetamide and sulfur dioxide in pyridine*
and introduction of the 9a-fluoro substituent according
to the procedure of Fried and Sabo’® afforded 16a-
chloro-9a-fluoroprednisolone 21-acetate (9a).

The syntheses of 6a-fluoro and 6a-methyl-16a-
chloro corticoids were essentially the same as described
for the 6-unsubstituted compounds with the exception
that the sequences 10b and ¢ — 11b and ¢ — 12b and ¢,
were in the 3-keto-A‘series in contrast to the sequence
1 — 4a which was in the Al4series. Dehydrogena-
tion of 12b and 12¢ with selenium dioxide merged the
two routes at 3.

The miolecular rotation data presented in Table I
for 16-halo pregnane derivatives provides the following
information.

(1) The contribution to molecular rotation of a
16a-halo substituent in pregnane derivatives is con-
sistently negative.

(2) 16p-Halo substituents generally make negative
contributions to molecular rotation in pregnane deriva-
tives; however, 168-bromo-17«,21-dihydroxy-4-preg-

(4) H. A. Drake, R, B. Howard. and A. E. Fonken, U. 8. Patent

3.005,834 (1961).
(5) J. Fried and E. Sabo, J. Am. Chem. Soc., 76, 1455 (1954).



