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The synthesis of 16b-chlorocortisone acetate has been described. The cleavage of 16,17( a)-oxidopregnanes with formic 
and acetic acids has also been investigated. 

Because of the enhanced glucocorticoid and 
mineralocorticoid activities of 9a-halo adrenal cor- 
tical hormones,l it was of interest to  prepare a com- 
pound with the halogen atom (preferably fluorine or 
chlorine) substituted a t  other positions in the ster- 
oid nucleus. This communication describes the syn- 
thesis of 160-chlorocortisone acetate and related 
compounds. Julian2 has recently reported the syn- 
thesis of 180-broniocortisone acetate by an analo- 
gous route. 

16-Pregnene-3a-ol-l1,20-dione acetate (1)293 was 
converted to the 16,17(a)-oxide (IIa) and then to 
16,17( a)-oxidopregnane-3a,21-diol-l1,20-dione 21- 
acetate (111) by reactions similar to those used by 
Julian and co-workers. Oxidation with the chro- 
mium trioxide-pyridine reagent4 or chromic acid in 
acetic acid yielded 16,17(a)-oxidopregnan-21-01-3,- 
11,20-trione acetate (IV).5 The oxide function was 
cleaved with hydrogen chloride in acetic acid, giv- 
ing 1G~-chloropregnane-l7a,21-diol-3,11,20-trione 
21-acetate (V). Bromination yielded a non-crystal- 
line 4-bromo compound which mas dehydrobromin- 
ated with lithium chloride-dimethylformamide'j 
to 1Gp-chlorocortisone acetate (VI). 

Proof of the structure of VI was provided by re- 
closure of the oxide, using potassium acetate, to  
the knowi-n 16,17( a)-oxid0-4-pregnene-21-01-3,11 
20-trione acetate (VII).7 Attempts to  dechlorinate 
at CI6 with Raney nickel returned starting ma- 
terial. As might be predicted the chloro compound 
is more difficult to dehalogenate than are the 16- 
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bromo compounds which are reported in the litera- 
ture.'Q 

lG&Chlorocortisone acetate shon-ed no appre- 
ciable activity in glycogen deposition, granuloma 
inhibition, adrenal atrophy or thymus involution. 
Furthermore it was found to be inactive when 
tested for ability to retain sodium in adrenalecto- 
mized rats.g 

Cleavage of the lG,li(a)-oxide function by a 
number of other acids was also investigated. It 
proved to be a rather difficult oxide to cleave. h 
useful diagnostic tool for these ring openings was 
provided when it was discovered that 16,17(a)- 
oxido ketols do not give a positive test with blue 
tetrazolium reagent (five examples) whereas the 
ring-cleaved products give the expected positive 
test (four examples). It is generally considered that 
the presence of a 20,21-ketol grouping is the only 
requisite for a positive test and we have no satis- 
factory explanation for the 16,17-oxicle anomaly. 

We were unable to obtain any 16-fluoro com- 
pounds by using hydrogen fluoride under a variety 
of conditions which have been used in these labora- 
tories to  open 9,11(P)-oxides. In  this connection, a 
recent patent claims the preparation of Sa,lGP- 
difluoro-4-pregnene-ll~,l7a-diol-3,20-dione as a 
gum on treatment of the corresponding 9,11@),lG,- 
17( a)-bis-epoxide with hydrogen fluoride.10 

We also investigated cleavage of the 16,17(a)- 
oxides with formic and acetic acids. Treatment of 
I Ia  with formic acid-sulfuric acid a t  room tempera- 
ture (or formic acid a t  100") followed by potassium 
bicarbonate hydrolysis of the ester groups gave a 
triol. The analysis corresponds to that of pregnane- 
3a,lG~,17a-triol-l1,20-dione. Heusler and Wett- 

(8) Adam, Patel, Petrow, and Stuart-Kcher, J .  Chem. 
Soc., 1825 ( 1954); Barkley, Farrar, Knowlcs, and Raffelson, 
J. Am. Chem. Soc., 76, 5017 (1954). 

(9) We are indebted to Drs. Winter, Porter and Stoerk 
of the Merck Institute for Therapeutic Research for these 
results. 

(10) Bergstrom, U. S. Patent 2,703,799 (March 8, 1955). 
The 16,17-oxide function presumably reclosed during 
treatment of the 9,16-tIifluoro compound with chromium 
trioxide-pyridine, whereupon 9a-fluoro-IG,17( a)-oxido-4- 
pregnene-3,11,20-trione was obtained. N o  evidence that the 
16,17-oxide had been cleaved by HF was given although 
a fluorine analysis of the product would provide this informa- 
tion. 
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stein" found that treatment of 16,17(a)-oxido- 
pregnenolone acetate with formic acid-sulfuric acid 
caused Wagner-Meenvein rearrangement to an 18- 
norsteroid (VIII) . This compound corresponds to 

AcO M 
VI11 

loss of a molecule of water from the expected 16- 
formoxy-17-hydroxypregnene. If I Ia  had undergone 
this rearrangement n-e should have isolated a 
diol. 

Treatment of IV with formic acid a t  100" (or 
formic acid-sulfuric acid a t  room temperature) gave 
a formate ester. The structure of this product is pre- 
sumed to be pregnane-16/3,17a,2l-triol-3,11,20- 
trione 1G-formate 21-acetate. 

Cleavage of I Ia  with acetic acid-sulfuric acid fol- 
lowed by acetylation a t  Cs yielded pregnane-3q- 
IS@, 17a-triol-l1,2O-dione 3,16-diacetate and I Ib  
which were separated chromatographically. Inhof- 
fen and associates12 cleaved 16,17( a)-oxido-20-keto- 
pregnanes with acetic acid-sulfuric acid. Heusler 
and Wettstein subsequently showed that only with 
a short reaction time could D-homo rearrangement 
be avoided and the 16P-acetoxy-17a-hydroxypreg- 
nanes be obtained. The 21-acetoxy-20-ketones seem 
to be less prone to  rearrangement than the 20- 
ketones, however." Our reactions were run for even 
shorter periods than used by these authors and so i t  
is assumed that they are not D-homo steroids. 

Similar treatment of IV yielded pregnane-16@,- 
17a,21-triol-3,11,20-trione 16,21-diacetate. The re- 
actions with acetic or formic acid on IV have not 
produced yields comparable with those of HBr or 
HC1. Consequently introduction of the C4--6 double 
bond to  give other C16 substituted adrenal cortical 
steroids was not carried out. 

EXPERIMENTAL1 

1 4 1  7( a)-0xin'opregnan-21-ol-3,11,~0-trione acetate (IV). 
To 142 mg. of 16,17(ol)-oxidopregnane-3~,21-dio1-11,20- 
dione 21-acetate in 1.4 ml. of pyridine was added 140 mg. 
of chromium trioxide in 1.4 ml. of pyridine and the mixture 
was allowed to stand at  room temperature for 16 hours. 
Then it was added to water-ether, separated, and extracted 
twice more with ether. The combined ether extract was 
washed with dilute hydrochloric acid and aqueous sodium bi- 
carbonate. After drying and concentration 145 mg. of oil 
mas obtained. This was dissolved in ether (with a trace of 

(11) Heusler and Wettstein, Ber., 87, 1301 (1954). 
(12) Inhoffen, Blomeyer, and Bruckner, Ber., 87,  593 

(1954). 
(13) Melting points were determined on the Kofler 

micro hotstage. The elemental analyses were done by R. N. 
Boos and associates and the infrared spectra by R. W. 
Walker to whom we are indebted. 
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benzene) and after cooling 108 mg. of crystals were col- 
lected in two crops (79 mg., m.p. 128-131'; 29 mg., m.p. 
120-127'). Recrystallization from acetone-ether and ben- 
zene-ether gave prisms, m.p. 133-135', [a]': $117' =k 
4" (c, 0.5 in CHCls),6 BT-negative. 

Anal. Calc'd for C23H300e: C, 68.63; H, 7.51. Found: C, 

1 6P-Chloropregnane-3,ll ,2O-trione-l7ol,2l -diol 21 -acetate 
(V). Compound IV (1.5 g.) was dissolved in 6.1 ml. of acetic 
acid; 1.2 ml. of dry HCl in acetic acid (11% HC1 by weight) 
was added and the mixture was let stand for three hours a t  
room temperature. Water was added and the mixture was 
extracted with methylene chloride. The organic extract was 
washed with aqueous sodium bicarbonat?, and water, then 
was dried and concentrated. The 1.7 g. of oil obtained was 
dissolved in methylene chloride-ether (1 : 10) and kept 
a t  0" overnight. The resultant crystals amounted to 613 
mg., m.p. 183-186', [Q]*: +61 f 4" (c, 0.5 in CHC12), 
BT-slow pink. AgNOs test-slight precipitate after 30 
minutes a t  80'. 

Anal. Calc'd for C2sHslC106: C, 62.93; H, 7.12; C1, 8.07. 
Found: C, 63.12; H, 7.20; C1, 8.32. A::' 3.1, 5.70, 5.75, 
5.90, 8.1 p. 

168-Chlorocortisone acetate (VI). The 16-chloro compound 
V (56 mg.) was dissolved in 1.0 ml. of dimethylformamide 
containing 10 mg. of p-toluenesulfonic acid. To the stirred 
solution was added 1.28 ml. of 0.1 M bromine in dimethyl- 
formamide-half of it during the first 5 minutes and the 
other half 30 minutes later. Decolorization did not occur 
after 30 minutes longer nor after maintaining at  45 to 60" 
for 15 minutes. Aqueous sodium thiosulfate and ether were 
added; further extraction with ether and concentration 
yielded 72 mg. of oil which could not be crystalllized. I t  
gave an immediate precipitate with alcoholic silver nitrate. 

68.78; H, 7.77. A:::' 5.72, 5.79, 5.85-5.90, 8.15 p.  
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The oil was dissolved in 0.7 ml. of dimethylformamide, 
34 mg. of lithium chloride was added, and the mixture was 
heated under nitrogen on the steam-bath for 1.5 hours. 
Water and ether were added and after separation the ether 
was washed with dilute hydrochloric acid and water. Dry- 
ing and concentration gave 40 mg. of residue which crystal- 
lized when triturated with methylene chloride-ether. Re- 
crystallization from acetone gave the analytical sample, 
m.p. 249-255' dec., [ala: f155" i 2' (c,  0.98 in CHC13). 
BT-positive. 

Anal. Calc'd for C23H2&100: C, 63.22; H, 6.69; C1, 8.12. 
Found: C, 63.37; H, 6.70; C1, 8.10. A:::" 238 mp, E 15,700 
A:::' 3.1, 5.71, 5.75, 5.87, 6.05, 6.20, 8.1 f i .  

16,17( cr)-0zido-~-pregnene-21-ol-o~-S,1l,~O-tre'oneacetate(VII). 
16p-Chlorocortisone acetate (20 mg.) and 40 mg. 
of potassium acetate in 5 ml. of acetone were refluxed with 
stirring for four hours. The mixture was filtered, concen- 
trated, and water-methylene chloride was added to the 
residue. After separation and evaporation crystalline VI1 
was obtained, m.p. 186-190". Recrystallization from acetone- 
ether gave a sample, m.p. 193-196°.7 Beilstein test-nega- 
tive. BT-negative. A:$ 5.70, 5.75, 5.86, 6.0, 6.1, 8.1 p. 

Oxide clcaiiages wzth formic acid. A .  16,17( a)-Oxido- 
preqnanc-5a-oZ-11,IO-dzone (IIa). IIa (100 mg.) a a s  dis- 
solved in 1 ml. of formic acid containing 5% (by volume) 
of concentratd sulfuric acid. After keeping for four hours 
a t  room temperature the mixture was poured into water- 
chloroform, separated, and the chloroform  as washed with 
aqueous bicarbonate. Distillation of the chloroform gavc 
132 mg. of oil. This crude formate was dissolved in 1 ml. of 
methanol and 1 ml. of 5% potassium bicarbonate in meth- 
anol-water (1  1) was added. After one hour a t  room tem- 
perature the methanol was distilled in uacuo and the residue 
mas extracted into chloroform. Solvent removal yielded 112 
mg.; acetone trituration gave 56 mg. of pregnane-3a,l64,- 
17a-triol- 11,2O-dione, m.p. 245-253". Recrystallization 
from methanol afforded an analytical sample, m.p. 219- 
253'. 

Anal. C'alc'd for C21H3205: C, 69.20; I€, 8 85. Found: C, 
69.18; H, 8.61. A:::' 2.97, 3.02, 3.11, 5.86, 5.02 p. 

The same compound was prepared by heating IIa with 
98% formic acid for two hours a t  100" followed by bicsr- 
bonate hydrolysis. 

B. 16,17( a)-Oxidopregnan-2l-ol-S,ll,dO-trione acetate (IV). 
Compound IV (100 mg.), was heated for two hours on the 
.team-bath vith 1 ml. of 98% formic acid. ilfter cooling 
tlir mi.;ture was poured into water-chloroform, separated, 
nnd extracted tivice more nith chloroform; an aqueous 
hicarhonate wish and concentration gave 113 mg. of oil. 
Chromatography on Florisil gave crystalline material (37 
mg.) in the rhloroform-acetone (9: 1 and 8:2) effluents in 

addition to IV (39 mg.) in the chloroform effluent. The 
former was recrystallized from ether to give pregnane- 
3a,lGfl,17a-triol-11,20-dione 16-formate 21-acetate, m.p. 
208-210'. BT-positive. 

Anal. Calc'd for C24H3208: C, 64.27; H, 7.19. Found: C, 
64.47; H, 7.68. A:::' 2.95-3.0, 5.73, 5.80 (strong), 5.90, 
8.0, 8.5 (formate) p. 

Oxide cleavages with acetic acid. A.  16,17( a)-Oxidopregnan- 
3a-ol-11,WO-dione (11s). To 346 mg. of 11% in 3.5 ml. of 
acetic acid mas added 3.5 ml. of 5% (by volume) sulfuric 
acid in acetic acid. After 2.5 hours a t  room temperature the 
mixture was treated with excess saturated sodium bicarbon- 
ate and concentrated to dryness in vacuo. Thorough 
ext,raction of the oil and salts Tvith ether gave 465 mg. of 
oil. This was acetylated overnight a t  room temperature 
with acetic anhydride-pyridine. Standard workup gave 
367 mg. of oil. Chromatography on acid-washed alumina 
gave 50 mg. of crude 16,17( cu)-oxidopregnan-3a-ol-l1,20- 
dione acetate (IIb) in the ether-petroleum ether (2:3) 
effluent. Recrystallization from ether gave an analytical 
sample, m.p. 130-135' and 151-153",  CY]',^ +122.2 f 4" 
(e, 0.5 in CHC13). 

Anal. Calc'd for C2SH320j: C, 71.10; IT, 8.30. Found: C, 
71.39; H, 8.20. A e  5.78, 5.90, 8.05 p. 

The ether-petroleum ether (1 : 1 to 4: 1 ) fractions yielded 
153 mg. of crystalline material. Recrystallization from ether 
afforded pure pregnane-3a,lGp,17a-triol-l1,20-dione 3,16- 
diacetate, m.p. 101-110" and 145-147', [ a ] " ~  f79.3" f 4" 
(c, 0.5 in CHC1,). 

Anal. Calc'd for C ~ S I < ~ ~ O ~ :  C, 66.94; H, 8.09. Found: C, 
66.84; H, 8.10. A:::' 2.91, 5.78, 5.86, 8.05 u.  

B. 16,l7(a)-Oxidopregnane-21-ol-3,11,20-trione acetate 
(IV). Compound I V  (100 mg.) was dissolved in 1 ml. of 
acetic acid and 1 ml. of 5% (by volume) sulfuric acid in 
acetic acid was added. After 3.5 hours at room temperature 
the reaction was worked up as in A. Chromatography on 
acid-washed alumina gave 24 mg. of st)arting material 
followed by 36 mg. of crude product. Recrvstallization from 
acetone-et,her gave a small amount of pregnane-16P,17ay,21- 
triol-3,11,20-trione I G,al-diacetate, m.p. 120" and 186- 
188". On some samples a melting point of 94-96" was oh- 
served. BT-positive. 

Anal. Calc'd for C25H3408: C, 64.92; H, 7.41. Found: C, 
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65.17; €1, 8.55. A:::' 2.92, 5.72, 5.78, 5.86, 5.92, 8.0--8.1 u. 
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