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Reichstein’s “Substances L and P.” In addition, 
these compounds have been prepared with deu- 

terium in chemically stable positions. 
NEW YORK 21, N. Y .  RECEIVED JUNE 21, 1950 
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Partial Synthesis of Compounds Related To Adrenal Cortical Hormones. XV. 17a, 
2 1-Dihydroxy- A4-pregnene-3 ,20-dione (Reichstein’s Y3ubstance S”) 

BY BERNARD A. KOECHLIN, THEODORE H. KRITCHEVSKY AND T. F. GALLAGHER 

As a consequence of the striking effectiveness of 
cortisone (17a,21-dihydroxy- A4-pregnene-3,11,20- 
trione) in rheumatoid arthritis, leukemia and other 
disorders, considerable interest has been drawn 
to closely related adrenal hormones, notably 17a,21- 
dihydroxy- A4-pregnene-3,20-dione (XIV) (Reich- 
stein’s “Substance S”), since the molecule embodies 
all of the structural features of cortisone save the 
C-11 oxygen function. “Substance S” was isolated 
for the first time by Reichstein and von Euw, and 
the same authors2 effected an ingenious partial 
synthesis from dehydroisoandrosterone. X partial 
synthesis was also described by S ~ i r e t t . ~  

The biological activity of “Substance S” was 
previously found to be of a low order as judged 
by the tests used a t  that Since the recent 
advances were made possible by the administration 
of comparatively large amounts of material, a 
preparative method better suited to these demands 
was necessary. One of our aims was to stimulate 
research with the intrinsically interesting hormone 
by elaboration of a practical method for partial 
synthesis.j More important, however, were two 
other considerations. Since “Substance S” is the 
simplest representative of adrenal hormones with 
the dihydroxy acetone side chain as well as the 
a,fl-unsaturated ketone a t  C-3, i t  offered a con- 
venient model for the study of many reactions 
applicable to more complicated congeners. Fur- 
ther, by the incorporation of an isotopic label, i t  
would be possible to obtain this representative 
cortical hormone for a critical study of its bio- 
chemical action and metabolic fate. 

I t  was apparent that the procedure for the 
elaboration of the side chain, which has been 
treated in detail in the preceding paper6 was appli- 
cable to the synthesis of “Substance S” from 3- 
hydroxy-20-ketopregnanes. The basic new prob- 
lem, then, involved preparation of the reactive 
side chain in such a way that selective oxidation 
of the C-3 hydroxyl group was possible without 
interference with the rest of the molecule. With 
this in view, 21 -bromo-:3a- or P,17a-dihydroxy- 

(1) This investigatioii was supported by grarits Croiii the Jane Coffin 
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the Lillia Bahbit Hyde Foundation and the National Cancer Institute, 
United States Public Health Service. 

(2) Reichstein and von Euw, Helu. Chim. Acta, 21, 1197 (1938); 
von Euw and Reichstein, ibid., ‘23, 1268 (1940); 24, 1140 (1941). 

(3) Sarett, J .  B id .  Chem., 162, 627 (1946). 
(4) Reichstein and Shoppee in Harris and Thimann, “Vitamins and 

Hormones,” Vol. I, Academic Press, New York, N. Y., 1943, p. 369. 
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pregnan-20-one (VI or X) appeared to be the most 
promising key intermediate, since oxidation with 
N-bromoacetamide would yield a %keto compound 
(XI) easily converted to (XII), the saturated 
analog of the hormone. The introduction of the 
4-5 conjugated double bond would then offer 
no difficulty and was, in fact, accomplished in high 
yield. This in outline was the procedure which 
was eventually proved practical; it has been de- 
scribed briefly in a preliminary comm~nication.~ 
Since then, Julian, Meyer, Karpel and Ryden* 
have also reported an interesting new partial syn- 
thesis for “Substance S” from 30-hydroxy- A5,16- 
pregnadien-20-one. As starting materials for the 
synthesis of “Substance S” we used both 3p- and 
3a-hydroxypregnan-20-one. 3a-Hydroxypregnan- 
20-one was particularly advantageous because i t  is 
prepared in good yield with isotope in the chemi- 
cally stable 11- and 12-po~itions.~ The 3p-epimer, 
on the other hand, as a derivative of the plant 
steroid SarsasapogeninlO can be obtained in po- 
tentially unlimited amounts. 

Both 20-ketosteroids were converted to the 
corresponding 17a-hydroxy compounds (I and 
VII) as described in the preceding paper.6 The 
first objective was bromination of the C-21 methyl 
group. In  the early phases of our investigation 
i t  was thought that protection of the C-3 hydroxyl 
was obligatory. Both the acetoxy and formoxy 
group was used for this purpose; either was suc- 
cessfully removed froin the 21-bromo compound, 
without attack of the halogen, by an ester exchange 
with methanol in the presence of hydrogen chloride. 
The formate was superior in that acid catalyzed 
cleavage was more easily accomplished. A signifi- 
cant improvement was made when i t  was found 
that the formoxy group was completely removed 
with dilute sodium bicarbonate solution before 
reaction of the halogen a t  C-21. This sharply 
defined differential hydrolysis provided a satis- 
factory and useful preparation of the intermediate 
VI. 

Halogenation of C-21 proceeded in the expected 
manner when the acetoxy derivatives were treated 
with bromine in acetic acid, but with the formoxy 
derivatives under the same conditions a more than 
negligible quantity of the formate was transformed 
to the acetate. This needlessly complicated puri- 

(7) Koechlin, Garmaise, Kritchevsky and Gallagher, ibid.. 71, 3262 

(8) Julian, Meyer, Karpel and Ryden, ibid., 71, 3574 (1849). 
(9) Koechlin, Kritchevsky and Gallagher, J. Bid.  Chem., 184, 393 

(10) Marker, THIS JOURNAL, 62, 3350 (1940); Marker and Rohr- 

(1849). 

(1950). 

msnn, ibid., 62, 521 (1940). 
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fication of the reaction product and led to additional 
minor difficulty in later cleavage of the ester. 
This was prevented by brominating the formate 
in dry pure chloroform. In this solvent the re- 
action proceeded very smoothly and addition 
of hydrogen bromide was not necessary. Re- 
action with the stoichiometrical amount of bromine 
still yielded some dibromoketone which was found 
in the crystalline crop together with unreacted 
starting material. The most uniform product was 
obtained when the rate of the reaction was con- 
trolled by cooling aiid slow addition of the reagent. 

‘The most advantageous reaction sequence to the 
bey intermediate VI a t  this point was broniination 
of the formate (111) followed by hydrolysis of the 
ester with aqueous sodium bicarbonate. Although 

- ( I  I 
o// Y V  CH:jCOCOOH 

XIV 
“Substance S” acetate 

these successive stages were accomplished in good 
yield a t  each step, i t  was still possible to simplify 
the over-all process when it was found that, if the 
proper precautions were observed, esterification 
of the 3-hydroxyl group was not necessary. When 
3a, 17a-dihydroxypregnan-20-one (I) was bromi- 
nated in reagent grade chloroform , the corres- 
ponding 21-bromo compound (VI) was formed 
without loss in yield compared to the longer re- 
action sequence. When acid-washed freshly re- 
distilled chloroform was used instead of the an- 
alytical reagent, the yield of VI was lower, and in 
addition a small aitiount of a coinpouiid tentatively 
identified as 3-bromo-17~~~hydroxypregnan-20-onc 
was isolated. This finding suggested that the 
ethanol in the reagent grade chloroform was ef- 
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fective in preventing the formation of this side 
product . 

Oxidation of the 3-hydroxyl was achieved readily 
with N-bromoacetamide a t  low temperature. It 
was found advantageous to chromatograph this 
intermediate (XI) rather than the 3-hydroxy-21- 
bromo compound (VI) and to carry small amounts 
of side product from previous steps through to this 
stage. Magnesium silicate was more suitable for 
this purpose than alumina since some samples of 
alumina produced secondary changes in the steroid. 
The pure 21-bromo compound (XI) was then 
hydrolyzed with dilute sodium hydroxide by the 
procedure reported in the preceding paperfi and the 
product directly acetylated without isolation of 
the intermediate dioldione. 

The introduction of the conjugated double bond 
was accomplished by the procedure we have de- 
scribed in detail elsewhereI9 essentially a modifica- 
tion of the method of Mattox and Kendall.” 
As we had shown for analogous compounds, i t  was 
found that rigorous purification of the 4-bromo- 
ketone (XIII) was essential for a high yield in the 
subsequent reaction and that the optical rotation 
was the most suitable criterion for characterization 
of the product. The dehydrobrornination was 
most effectively achieved by formation of the 
semicarbazone followed by cleavage with pyruvate 
in buffered solution. The product (XIV), obtained 
in SO% yield, was colorless and essentially pure in 
contrast to the reaction using dinitrophenylhy- 
drazine, where persistent highly colored impurities 
necessitated repeated crystallization. In  view of 
the excellent results obtained when 3-ketocholane 
derivatives are converted to a-@ unsaturated 3- 
ketones by this procedure, saturated steroids 
offer many advantages in synthesis. This is especi- 
ally important if consideration must be given to 
protection of C-5,6 unsaturation a t  several stages 
of an extended sequence of reactions in order to 
preserve a structure that can be oxidized and 
rearranged to an a,@-unsaturated ketone. 

The over-all yield of “Substance S-acetate” 
from pregnanolotie through this six-step procedure 
was over 200/0. The product was identical in all 
respects with the compound described by Reich- 
stein. 1 1 3  

The partial synthesis of isotopically labelled 
“Substance S” was effected starting from 3a- 
hydroxy-&11,12-pregnan-20-oneP Since the prep- 
aration differed in no essential detail from that 
described for the non-isotopic compound, i t  has 
not been included in the experimental section. 
The final product contained 5.0 atom per cent. 
excess deuterium. As an extension of this in- 
vestigation we also prepared and characterized 
two new compounds which are potential metab- 
olites of “Substance SI” i. e., 3aJ20-diacetoxy- 
17a-hydroxypregnan-20-one (XV) and the 3p- 
epimer (XVI) of this substance. 
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studies. Dr. Konrad Dobriner and Phyllis Hum- 
phries of this Institute determined and inter- 

(11) Mattox and Kendoll, Tare JOUBNAL, TO, 882 (1948). 
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Experimental12 
3~~-Formoxy-17a-hydroxypregnan-20-one (111) .-A mix- 

ture of 3.01 g. of 3a,17a-dihydroxypregnan-20-one (m.p. 
207-209’) (I) ,  100 cc. of benzene and 50 cc. of formic acid 
(98-100%) was sl$wly distilled for 1.5 hours under reduced 
pressure at  50-60 . The solution was diluted with ethyl 
acetate, and after extraction with 570 sodium bicarbonate in 
the usual procedure, crystallization from ethyl acetate 
yielded 2.82 g. (85Yc) of m.p. 178-182”. Two recrystalli- 
zations from ethyl acetate gave hexagoonal plates of m.po 
la-186’ after rearrangement a t  160 ; [ o ! ] ~ ~ D  +67.7 
f ethanol). 

Anal. Calcd. for C22H3404: C, 72.89; H, 9.45. Found: 
C, 73.00; H ,  9.63. 

After saponification of the mother liquors most of the re- 
mainder of the starting material was recovered. 

JCY-Acetoxy-21 -bromo-l7a-hydroxypregnan-20-one (11) . 
-At room temperature 1.70 cc. of a 0.501 M solution of bro- 
mine, together with a small amount of hydrogen bromide in 
the same solvent, was added to 315 mg. (0.84 mM.) of 3a- 
acetoxy-l7~~-hydroxypregnan-20-one in 5 cc. of pure acetic 
acid. The solution decolorized after 35 minutes. It was 
diluted with ether, and after extraction with sodium carbon- 
ate in the usual procedure the product was crystallized from 
ether; 261 mg. (70Oj0) of prisms was obtained. Afte: 
two recrystallizations from ether, the map. was 230-235 
with decomposition; 4-93’ (ethanol). 

Anal. Calcd. for CnsHasOIBr: C, 60.65; H, 7.75; Br, 
17.55. Found: C,60.90; H,7.58; Br, 17.66. 
3~-Formoxy-21-bromo-l7~~-hydro regnan-20-one (V) . 

(a) By Bromination of I11 in Chlozorm. At room tem- 
perature 11.5 cc. of a freshly prepared 0.24 M bromine 
solution in pure chloroform was added dropwise within 15 
minutes to  950 mg. (2.62 mM., m.p. 181-182”) of 3a- 
formoxy-17~~-hydroxypregnan-20-one (111) in 10 cc. of 
pure chloroform. The solution was diluted with ether and 
extracted with sodium bicarbonate in the usual procedure. 
Aft? crystallization from ether, 870 mg. (75%), m.p. 180- 
205 , was obtained. Three recrystallizations from ether 
yielded elongated prisms, m.p. 205-210’ (dec.); [ a I n ~  
+77” (ethanol). 

Anal. Calcd. for Cs2H33O4Br: Br, 18.10. Found: Br, 
17.91. 

(b) By Bromination of I11 in Acetic Acid.-To 7.29 g. 
(22 mM., m.p. 177-181”) of 3a-formoxy-l7a-hydroxy- 
pregnan-20-one (111) in 80 cc. of pure acetic acid, 40.5 cc. of 
0.495 M bromine in pure acetic acid was added a t  room 
temperature. Ten cc. of approximately 3 M HBr in acetic 
acid was added, and decolorization was complete after 30 
minutes. The solution was poured into a large volume of 
water and ether and extracted with sodium bicarbonate 
solution in the usual procedure; 6.19 g. of a crystalline 
product, m.p. 170-190” (c) (dec.) was obtained from ether. 
The three-times recrystallized product melted at 188- 
190” and appeared to be contaminated with the acetoxy 
compound formed by ester exchange during the reaction. 
The acetoxy group was not completely removed by the mild 
hydrolysis effective with the formoxy derivative and, there- 
fore, a small portion of the acetate was carried through sub- 
sequent stages of the synthesis. It was thus possible 
to isolate 3~~,21-diacetoxy-17~-hydroxypregnan-20-one 
(XV) as described subsequently in this report. 

(12) Melting points, unless otherwise indicated, were determined 
upon a Kofler block; those followed by a (c) were taken in a capillary 
tube and arecorrected for stemexposure. “Pure”solvents, whereindi- 
cated, were prepared as follows. glacial acetic acid was redistilled from 
chromium trioxide, and the first third of the distillate was discarded; 
chloroform was extracted thoroughly with concentrated sulfuric acid, 
washed with water, dried with calcium chloride and redistilled. Puri- 
fication by the “usual procedure’’ indicates extraction of the solution 
with either aqueous acid or base or both, e.a indicated in the text, fol- 
lowed by aPrhing with water and drying tho iolution over sodium SUI- 
fate before distillmtion of the solvent. 
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3a, 17a-Dihydroxy-21 -bromopregnanlO-one (VI) . (a) 
From the 3-Formate (V) by Ester Exchange.-To a solu- 
tion of 3.745 g. (11 mM., m.p. (c) 180-190") of 3a-for- 
moxy-2l-bromo-17a-hydroxypregnan-20-one (V) in 300 
cc. of dry methanol, 80 cc. of methanol containing 3 g. of 
dry hydrochloric acid was added, and the reaction mixture 
was kept a t  10" for 18 hours. The solution was diluted with 
a large volume of ether, and after extraction with sodium 
carbonate in the usual procedure, 3.38 g. (85Yc), m.p. 190- 
192", (c) was obtained. The product appeared to be com- 
pletely crystalline and depressed the melting point of the 
formate (V) upon admixture. Repeated recrystallization 
gaveplates, m.p. 206-209" (c) ;  [ a I3"~  +79" (ethanol). 

And .  Calcd. for Ce1H3J03Br: H r ,  14.33. Found: Br, 
19.29. 

(b) VI from the 3-Formate (V) by Alkaline Hydrolysis.- 
To a solution of 800 mg. of 3a-formoxy-21-bromopregnan- 
20-one (V) (1.8mR.I., n1.p. 180-207") in 80 cc. of methanol, 
8 cc. of aqueous 1 potassium bicarbonate was added. 
An initial precipitation disappeared after 10 minutes. 
After 1 hour a t  room temperature the reaction was com- 
plete, and no bromide ion was found on titration. The 
solution was diluted with ether, washed with cold sodium 
chloride solution, and evaporated. The crystalline residue, 
after recrystallization from ethyl acetate-ether yielded 680 
mg. melting a t  188-197" (dec.).. This product was con- 
taminated with some 2l-dibrominated as well as some un- 
brominated material, carried through from the previous 
step. These side products were separated more easily by 
chromatography after oxidation to the 3-keto compounds 
(see below). 

(c) VI from the 3-Acetate (IV) by Ester Exchange.- 
Seven cc. of methanol containing 300 mg. of dry hydro- 
chloric acid was added to  a solution of 210 mg. of 3a-ace- 
toxy-2l-bromo-17a-hydroxy-2O-ketopregnane (IV) in 35 cc. 
of dry methanol, and the reaction mixture was stored at 
room temperature. A sample worked up after 24 hours 
still contained starting material as judged from the presence 
of an acetate band in the infrared spectrum; after 48 hours 
a t  room temperature, the reaction appeared to be complete. 
The solution was concentrated under reduced pressure, 
taken up in ether and extracted with sodium bicarbonate 
solution in the usual procedure. Crystallization from 
methanol-ether yielded 163 mg. of crude crystalline product 
which, after recrystallization from acetone-ether, melted a t  
210' (dec.); [aIa@D +79" (ethanol) and gave no depression 
on admixture with an authentic sample of VI. 

(d) VI from the 3-Hydroxy Compound (I) by Direct 
Bromination.-To 800 nig. (2.4 mM.) of 3a,l7a-dihydroxy- 
pregnan-20-one (I) di5solved in 30 cc. of untreated reagent 
grade chloroform, 9.7 cc. of a 0.253 JI bromine solution in 
the same solvent was added within 20 minutes. The 
chloroform solution was diluted with ether and subjected to 
the usual procedure using sodium bicarbonate. Crystalli- 
zation from ethyl acetate-ether yielded 685 mg. (665;;) of 
m.p. 198-205" (dec.). From the mother liquor 135 mg. of 
starting material ( I )  was recovered after debromination 
with zinc in acetic acid. 

With methanol-free chloroform purified and dried as de- 
scribed previously, the bromination proceeded less satis- 
factorily in that replacement of the 3-hydroxyl group by 
halogen occurred. This was evi$nced by the isolation of 
an impure product, m.p. 195-203 ; [ a I z 7 ~  f56" (ethanol), 
the analysis of which was in fair agreement with .?-bromo- 
17a-hydroxypregnan-20-one. 

Anal. Calcd. for C21H3302Br: C, 63.46; H, 8.37; Br, 
20.11. 
3~-Acetoxy-21-bromo-l7~~-hydroxypregnan-2O-one (E). 

-To 3.55 g. (9.5 mM., m.p. 169-173") of 30-acetoxy- 
17a-hydroxypregnan-20-one (VIII) in 20 cc. of pure acetic 
acid, 19 cc. of a 0.501 JI solution of bromine in pure acetic 
acid was added at  room temperature in the presence of a 
small amount of hydrogen bromide in the same solvent. 
Ilecolorization was complete after one hour. Most of the 
solvent was removed a t  45" under reduced pressure. Ether 
was added to the remaining solution, and after extraction 
with dilute sodium carbonate in the usual procedure, the 
oily residue crystallized slowly from ether-petroleum ether 
to  yield 3.26 g. (75O4) as elongated prisms. After two re- 
crystallizations from the same solvent, the product melted 
at 166" but underwent rearrangement on storage to  melt a t  
20'7 210" Idee.) ; [ a ] %  -t-M0 (ethanol). 

Found: C,63.09; H,8.83; Br, 18.89. 

A n d .  Calcd. for C23H3303Br: C, 60.65; H, 7.75; Rr, 
17.55. Found: C, 60.90; H, 7.45; Br, 17.35. 

3 p,  17a-Dihydroxy-2 1 -bromopregnan-20-one (X) .-A solu- 
tion of 3.1 g. of dry hydrogen chloride in 70 cc. of meth- 
anol was added to 3.20 g. (7 mM.) of 3p-acetoxy-17a-hy- 
droxy-21-bromopregnan-20-one (VIII) dissolved in 350 
cc. of methanol and 50 cc. of chloroform. After 48 hours 
a t  room temperature, the reaction was worked up as de- 
scribed for the 3a compound (VI). 2.63 g. of a crystalline 
product was obtained on crystallization from ether-petro- 
leum et?. After recrystallization the product melted at  
185-190 ;  ID f68" (ethanol), but was very hygro- 
scopic, aud the analysis for bromine gave a low value. The 
identity of the product was established by oxidation to the 
3-ketone (XI) as well as conversion to  3p,21-diacetoxy- 
17a-hydroxypregnan-20-one (XVI) . 
l7~-Hydroxy-2l-bromopregnane-3,20-dione (XI). (a) 

From 3a-Hydroxy (VI) .-3.26 g. of crude 3a,l7a-dihy- 
droxy-21-bromopregnan-20-one (VI) (7.9 mM., m.p. 190- 
192" (c)) was dissolved in 35 cc. of t-butanol, and 2.1 g. of 
X-bromoacetamide (15.2 mM.), 0.7 cc. of pyridine a n t  
0.5 cc. of water were added. 
for 16 hours and was partially solid a t  the end of this period. 
Titration with thiosulfate indicated that about 1.2 equiva- 
lents of the oxidizing agent had been used. It was diluted 
with ether and subjected to  the usual procedure; 1.09 g. 
of heavy prisms, m.p. 203-204" (c) was obtained from ethyl 
acetate in the first crop. The mother liquors yielded crys- 
tals of slightly lower melting point and, in all, 2.495 g. 
( 77Y0) was obtained. After two recrystallizations from 
ethyl acetate, the pure compound melted at  206-209" (c) : 
[ CY]%D +81 O (ethanol). 

Anal .  Calcd. for C21H3103Br: C, 61.31; H, 7.60; Br, 
19.43. Found: C, 61.02; H, 7.65; Br, 19.59. 

(b) XI from 3p-Hydroxy (X).-To 2.36 g. of crude 3p,- 
17a-dihydroxy-21-bromopregnan-2O-one (5.7 mM.) in 30 
cc. of t-butanol was added 1.5 g. of N-bromoacetamide 
(10.9 mM.), 0.77 cc. of pyridine and 0.4 cc. of water. After 
16 hours a t  10" the reaction was diluted with ether and 
subjected to the usual procedure; 1.7 g. of the residue re- 
maining after a technical loss was crystallized from ether. 
1.4 g. of crude crystalline product which decomposed at  
175-185" was obtained. Infrared analysis showed that this 
product mas essentially identical with the pure bromoketone 
(XI)  obtained from the 3a-compound (VI). It was con- 
verted without further purification to 21-acetoxy-l7a- 
hydroxypregnane-3,20-dione (XII) , as described in a later 
section. 

17a-Hydroxy-21-bromopregnane-3,2O-dione (XI)  was 
conveniently purified by chromatography on magnesium 
silicate-celite mixture; with alumina the separation and 
recovery was less satisfactory. Since the diketo-21-bromo 
compound (XI) could be readily separated from other sub- 
stances, it  was often expedient to  proceed in the earlier 
stages of the synthesis with materials of less than analytical 
purity. This fact has been noted earlier in the experimental 
section, and therefore a typical chromatogram is described 
in detail. 

Six hundred and fifty mg. of crude 17a-hydroxy-21-bromo- 
pregnane-3,2Odione (obtained by bromination of the 3a- 
formate in chloroform and aqueous bicarbonate hydrolysis, 
followed by N-bromoacetamide oxidation) was dissolved in 
150 cc. of benzene and poured on a column of 50 g. of mag- 
nesium silicate-celite (2: 1). The chromatogram was de- 
reloped with benzene which eluted a small amount of 
amorphous material. Mixtures of benzene and 5-10y. 
ether resulted in the elution of 70 mg. of the dibromo-ke- 
tone described below. The eluates obtained with benzene 
and 15-20'7c ether yielded 415 mg. (65%) of pure 17a-hy,- 
droxy-2l-bromopregnane-3,20dione (XI), m.p. 203-206 . 
Finally, 35 mg. (6%) of uonbrominated 17a-hydroxypreg- 
nane-3,20-dione, m.p. 215 , was obtained and identified 
by the melting point of a mixture with authentic material 
as well as by infrared spectroscopy. 
21,21-Dibromo-17a-hydro~ypre~ane-3,20-~on~ was re- 

crystallized from chloroform-ether, m . ~ .  213-215 ; [a]28D 
f108" (ethanol). 

Anul. Cdcd. for C21H3003Br2: Br, 32.60. Found: Br, 
32.33. 

21-Acetoxy-l7~~-hydroxypregnane-3,20-dione (XII) .-A 
solution of 510 mg. of 21-bromo-17a-hydroxypregnane-3,20- 
dione (XI) (1.24 mM., m.p. 203-206') in 125 cc. of eth- 

The solution was kept a t  10 



Jan., 1951 I7a,2 1 -DIHYDROXY- A4-PREGNENE-3 ,20-DIONE 193 

anol was diluted with 75 cc. of water, and a stream of ni- 
trogen was bubbled through the solution for 25 minutes; 
20 cc. of 0.55 N aqueous sodium hydroxide was added at 
28": and the solution was kept in a nitrogen atmosphere for 
9 mlnutes. After acidification with a slight excess of dilute 
acid, the solution was poured into a large volume of ether, 
sodium chloride was added and the ether extract was well 
washed with 5% sodium bicarbonate solution. The ether 
solution was dried with sodium sulfate and the solvent re- 
moved at a low temperature. The crystalline residue with- 
out isolation was acetylated in 5 cc. of pyridine and 3 cc. of 
acetic anhydride overnight a t  room temperature. Follow- 
ing concentration under reduced pressure, ether was added 
and the acetate was worked up in the usual manner, using 
base and acid. The residue weighed 450 mg.; 305 mg. of 
plates (m.p. 193-196 ") crystallized from ethyl acetate- 
ether, and after two recrystallizations the product melted 
at. 198-200' following rearrangement a t  190' to elongated 
prisms; [ a ] " ~  +81" (ethanol). An additional 30 mg. of 
pure product was obtained after chromatographic purifica- 
tion of the crystalline mother liquors on alumina for a total 
vield of 70%. 

I _  

Anal. Calcd. for C23H&: C, 70.74; H,  8.52. Found: 
C, 70.81; H ,  8.77. 

3a,21 -Diacetoxy-17a-hydroxypregnan-20-one (XV) .- 
This compound was obtained from the mother liquors 
of 21-acetoxy-17a-hydroxy-3,20-diketopregnane prepared 
from a contaminated bromoketone (XI) after chromatog- 
raphy on a column of magnesium silicate-celite. It crys- 
tallized from ethyl acetate as hexagonal plates, melting a t  
205-206' (rearrangement at 195"); [ a ] D  +88' (ethanol). 

Anal. Calcd. for CP6HssO6: C, 69.09; H, 8.86. Found: 
C, 68.74; H ,  8.83. 

Thirty-five mg. was oxidized with chromium trioxide in 
acetic acid, and 18 mg. of 3a-acetoxyetiocholan-17-one, 
m.p. 95-97', crystallized after inoculation. It was iden- 
tical in all respects with an authentic sample. 
3 p,21 -Diacetoxy-l7a-hydroxypregnan-2O-one (XVI) .-In 

an atmosphere of nitrogen 6 cc. of 0.55 N aqueous sodium 
hydroxide was added to 80 mg. of 38,17a-dihydroxy-21- 
bromopregnan-20-one in 35 cc. of ethanol and 20 cc. of 
water. After 9 minutes the solution was neutralized with 
dilute hydrochloric acid, diluted with ether and extracted 
with ice-cold sodium chloride solution and sodium carbonate 
in the usual manner. The dry residue was acetylated in 3 
cc. of pyridine and 2 cc. of acetic anhydride a t  room tem- 
perature overnight and the acetate isolated as described 
above. The crystalline product (75 mg.) was chromato- 
graphed on 1.5 g. of alumina. Benzene-petroleum ether, 
benzene and low concentration of ether in benzene eluted 
35 mg. of crystals. After three recrystallizations from 
ether-petroleum ether and benzene-petroleum ether, 8.5 

of hexagonal plates was obtained, m.p. 154-157"; 

Anal. Calcd. for C26H8606: C, 69.09; H, 8.81. Found: 
C, 69.14; H, 8.76. 

4-Bromo- 17a -hydroxy -21 -acetoxypregnane -320 -dione 
(=I).-A few drops of a 0.493 M solution of bromine in 
pure acetic acid was added to a solution of 1.50 g. of 17a- 
hydroxy-21-acetoxypregnane-3,20-dione (XIII) in 25 cc. of 
pure acetic acid. After decolorization the solution of the 
ketone was chilled to incipient crystallization, and the 
addition of bromine was continued at a rate such that no 
considerable excess was present a t  any time. About 40 
minutes was required for the addition of 7.8 cc., and at  the 
end of the reaction a crystalline precipitate had formed. 
Chloroform and ether were added and the solution was 
washed with sodium carbonate in the usual procedure. 
1.2 g. (68%) [ a ] ~  +78" was obtained upon crystallizatio? 
from ether; 550 mg. of crystalline products; [CY]D +68 
was obtained from the mother liquors. After recrystalli- 
zation of the first fraction from chloroform-ether, 1.05 g. 
(58y0) of pure product;  also^ +81" was obtained. The 
analytical sample was prepared by recrystallization from 
chloroform as heavy prisms, m.p. 205-210" (dec.) ; [ C Y ] ~ D  
+82" (chloroform). 

Anal. Calcd. for C23H3~06Br: Br, 17.03. Found: Br, 
17.17. 

The more levorotatory crystalline fractions together with 
the mother liquors were debrominated by heating in acetic 
acid with an equal weight of zinc dust for one hour; 300 mg. 

.;Pi8 a ]  D +51° (ethanol). 

of 21-acetoxy-l7a-hydroxypregnane-3,20-dione (XII) (20% 
of the amount originally brominated) was recovered. When 
the bromination was carried out a t  room temperature, the 
yield of pure monobromoketone was found to be 5-10% 
lower. 

17a-Hydroxy-21-acetoxy-A4-pregnene-3,20-dione (Reich- 
stein's Compound "S" Acetate) (XIV). (a) Dehydro- 
bromination over the Semicarbazone.-One hundred and 
four mg. of 4-bromo-17a-hydroxy-21-acetoxypregnane- 
3,20-dione (XIII) ; [ a ] ~  f80" (0.22 mM.) was dissolved 
in 5 cc. of pure acetic acid; 75 mg. of semicarbazide hydro- 
chloride (0.66 mM.) mixed with 80 mg. of sodium acetate 
and two drops of water was added to the solution of the 
bromoketone with 15 cc. of acetic acid. The mixture was 
heated to 65" in a nitrogen atmosphere for 2 hours and a 
crystalline precipitate separated. One cc. of pyruvic acid, 
300 mg. of sodium acetate and 2 cc. of water were added to 
this suspension, and the mixture was kept a t  70" for 1.5 
hours and then at 80' for 15 minutes. After the addition of 
0.4 cc. of pyruvic acid, the solution was stored for 18 hours 
at room temperature. The addition of two volumes of 
water caused the separation of a crystalline precipitate which 
was filtered, washed with water, and dried by distillation of 
benzene. The solid residue, 58 mg., was recrystallized 
from acetone, and 50 mg. of colorless flat prisms (m.p. 
239-241') was obtained. The aqueous filtrate from the 
cleavage solution was extracted with a mixture of ether and 
chloroform. The organic layer was washed with 5y0 so- 
dium hydroxide, which removed most of the yellow color, and 
with water, and the solvent was removed after drying over 
sodium sulfate. The residue weighed 24 mg. and crystal- 
lized on the addition of acetone. It was pooled with the 
mother liquor of the main fraction, and by direct crystalli- 
zation and chromatography on alumina ,an additional 21 
mg. of colorless crystals, m.p. 230-237 , was obtained. 
The total yield was 71 mg. (80%). The product was iden- 
tical in all respects with the acetate of Reichstein's Com- 
pound "S"; [ C ~ ] ~ D  +116" (acetone) +147" (chloroform); 
etd10 17,400 (methanol). 

Anal. Calcd. for C23H3205: C, 71.11; H ,  8.30. Found: 
C, 71.06; H ,  8.46. 

(b) Debromination over the 2,4-Dinitrophenylhydrazone. 
-Seventy mg. of 2,4-dinitrophenylhydrazine (1.2 equiva- 
lents) and 30 mg. of sodium acetate were added to 240 mg. 
of 4-bromo-17a -hydroxy -21 -acetoxypregnane -3,20 -dione 
(XIfI) ; . [ (Y]D +:2" (0.30 mM.) dissolved in 12 cc. of pure 
acetic acid at 60 . The solution was kept at 60' in a nitro- 
gen atmosphere for 25 minutes. After initial darkening of 
the yellow solution, the red crystalline 2,4-dinitrophenyl- 
hydrazone precipitated. The solution was concentrated 
under reduced pressure and 8 cc. of chloroform, 2 cc. of 
pyruvic acid and 1 cc. of water were added. The solution 
was heated at 65-70' under nitrogen with the addition of 
1 cc. of pyruvic acid at hourly intervals. After 4 hours the 
cleavage was completed as recognized by the color change 
from red to yellow. The solution was diluted with ether and 
washed thoroughly with sodium carbonate in the usual 
procedure. The residue was crystalline but contaminated 
with reddish impurities. Crystallization from acetone 
yielded 99 mg. of flat prisms. Two recrystallizations were 
required to obtain 45 mg. of a fairly white product, m.p. 
239-240'; [ a ] ~  f112" (acetone), identical with the prod- 
uct obtained from the previous procedure. From the 
various mother liquors, more colored crystals of somewhat 
lower melting point were obtained by crystallization from 
chloroform-benzene or acetone. The over-all yield was 
99 mg. (83%). The preparation of a colorless compound 
in high yield was seriously complicated by the presence of 
the persistent red impurity. 

Summary 
A procedure has been described for the partial 

synthesis of 17a-hydroxy-21-acetoxy- A4-pregnene- 
3,20-dione (acetate of Reichstein's "Substance S") 
from both 3a- and 3P-epimers of 3,17a-dihydroxy- 
pregnan-20-one based upon the following reactions : 
(a) bromination a t  C-21, (b) selective oxidation a t  
C-3 by means of N-bromoacetamide, (c) hydrolysis 
with dilute alkali, (d) bromination a t  C-4, and 
(e) dehydrobromination with semicarbazide and 
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cleavage with pyruvic acid. Several variations was prepared with 5.0 atom per cent. excess deu- 
of the process and intermediates have been de- 
scribed. By the same procedure "Substance S" RECEIVED JUNE 21, 1950 

terium in chemically stable positions. 
XEW YORK 21, N. Y. 

[FROM THE SLOAN-KETTERING INSTITUTE FOR CANCER RESEARCH] 

Formation of an Acrylal in Side Chain Degradation of the Bile Acids1 
BY 'r. I?. GALLAGHER AND ELISE ELISBERG 

In the course of preparation of 3a,l2a-dihydroxy- 
pregnan-20-one by oxidation of 24,24-diphenyl- 
A20~'3-choladiene-3a,12a-diol diacetate, we ob- 
tained a considerable amount of a product that was 
not the expected 20-ketosteroid. The oxidation 
was carried out with purified diene essentially 
according to the procedure of Miescher and Schmid- 
lin2; subsequent separation of the 20-ketone by 
means of the Girard Reagent T was omitted in 
order to avoid discoloration of the product with 
the azine of diphenylacrolein. The neutral frac- 
tion after oxidation was saponified with alkali to 
remove one or both of the acetoxy groups prior 
to chromatographic separation of the mixture. 
When the alkaline hydrolysis was effected on the 
steam-bath, a yellow compound, m. p. 148-154'; 
[a]D 4-99" (chloroform) crystallized readily. The 
substance had two maxima in the ultraviolet, 
E2420 12,300, 62375 29,000, and the analysis was in 
agreement with the molecular formula C36H444&3. 

I t  was thought that the oxidation had taken an 
atypical course with the derivative of desoxycholic 
acid, and therefore, the diphenyl diene from litho- 
cholic acid was submitted to the same procedure. 
The ultraviolet absorption (E::&, = 258 a t  3375 
8. in ethanol) demonstrated that a similar product 
was present, and chromatography on alumina 
resulted in the isolation of three products. The 
first eluates yielded a pale yellow compound, m. p. 
151.5-153'; [ a ] ~  +55.5' (chloroform); E2420 13,900, 
€5376 31,800 (ethanol), the analysis of which was in 
agreement with C36H444e02. (E;:&. 624 a t  3375 
A.), immediately followed by a second crystalline 
product, m. p. 160-162' (E:?&, 374 a t  3375 A.). 
We suspected that this second substance was a 
molecular compound of pregnanolone with the 
product isolated from the earlier fractions of the 
chromatogram. The anticipation was confirmed 
when an equimolar mixture of memanolone (m. D. 

I 
/- 

i / 

1' IV 
Fig. 1 

Acetylation a t  0' with perchloric acid as a cat- 
alyst3 yielded oily material for the most part, 
together with a crystalline product, m. p. 253- 
253.5'; [ a ] ~  4-114' (chloroform); em 18,500, 
€3860 51,000, which was correctly recognized as an 
enol acetate. 

(1) This investigation was supported by grants from the Jane Coffin 
Childs Memorial Fund for Medical Research, the Anna Fuller Fund, 
the Lillia Babbit Hyde Foundation, and the National Cancer Institute, 
United States Public Health Service, 

(2) Mieacher End SchmidIin, Hdw. Chim. Acto, SO, 1406 (1947). 
( 8 )  Whitman and Schwenk, T 5 s  JOWRNAL, 68, 1865 (1946). 

147-i48') and the compobd melting at 
151.5-153' crystallized from acetone and 
melted a t  163". The infrared spectrum of 
the molecular compound from the pure com- 
ponents was identical with that of the 160- 
162' melting product obtained from the chro- 
matogram. The last fractions from the chro- 
matogram were essentially pure Sa-hydroxy- 
pregnan-20-one. 

It was clear from these results that the same 
type of reaction product could be obtained 
from steroids with and without the 12 hy- 
droxyl group. A clue to the nature of the 
reaction was provided when the ultraviolet 
absorption was determined a t  successive 
stages of the process. It was found that the 
oxidation product of the diacetoxydiene ex- 
hibited slight absorption (E:,". 23 a t  3000 8.) 
prior to saponification with alkali. After 
alkaline hydrolysis the maximum shifted to 
longer wave length with a considerable in- 
crease in the extinction coefficient (E:?&, 370 
a t  3375 8.). These results were consistent 

with the interpretation that in the presence of aque- 
ous alkali, condensation of the aldehyde fragment 
of the side chain with the C-21 methyl group of the 
20-ketosteroid had occurred as outlined in Fig. 1. 
The products isolated then were diphenylacrylal 
derivatives, IV, of the respective 20-ketosteroids, 
and as could be anticipated, these were easily con- 
verted to the enol acetates V. Yields of the 3a,- 
12a-dihydroxy derivative of IV in excess of 60% 
based on crystalline product were readily obtained, 
and the mother liquors still contained acrylal as 


