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The synthesis of 17a-hydroxycorticosterone (Kendall's Compound F) from 4-chloro-17a-hydroxypregnane-3,11,20-trione 
is described. The preparation of other 4-pregnen-3-ones, such as cortisone acetate, 17a-hydroxy-4-pregnene-3,11,20-trione 
(21-desoxy Compound E) and ll^,17a-dihydroxy-4-pregnene-3,20-dione (21-desoxy Compound F) from this intermediate is 
described. 

The discovery in these laboratories of the biooxy-
genation of progesterone2 coupled with the report 
of the therapeutic activity of 17a-hydroxycortico-
sterone3 '4 suggested tha t a practical synthesis of 
this hormone from 11 a-hydroxyprogesterone be de­
vised. 

Various biosyntheses of 17a-hydroxycorticoster-
one from 17a,21-dihydroxy-4-pregnene-3,20-dione 
(Reichstein's Substance S) have been reported.3 

The chemical synthesis of 17a-hydroxycorticoster-
one from cortisone,6a,b l la ,17a,21-tr ihydroxy-4-
pregnene-3,20-dione (epi Compound F),7 and 20-
cyano - 21 - hydroxy -17 - pregnene - 3,11 - dione8 also 
have been reported. This paper describes the syn­
thesis of 17a-hydroxycorticosterone from inter­
mediates readily available from 11 a-hydroxypro­
gesterone. 

4 - Chloro - 17a - hydroxypregnane -3,11,20- trione 
( I I I ) , the key intermediate in this synthesis, was 
prepared by three methods. The simultaneous 
oxidation and chlorination9 of 3a,17a-dihydroxy-
pregnane-ll ,20-dione (IV)10 with /-butyl hypochlo­
rite gave a 72% yield of 4-chloro-17a-hydroxypreg-
nane-3,11,20-trione ( I I I ) . Dechlorination of the 
mother liquors gave 16% recovery of 17a-hydroxy-
pregnane-3,11,20-trione (V).10 Likewise, 3a,lla,-
17a-trihydroxypregnan-20-one (I)11 was simultane-

ll) (a) A preliminary announcement of this work was reported in a 
Communication to the Editor, T H I S JOURN-AL, 75, 502 (1953); ;b) 
preceding paper in this series, B. J. Magerlein and R. H. Levin, ibid.. 
75, 3654 (1953). 

(2) D. H. Peterson and H. C. Murray, ibid., 74, 1871 (1952); D. H. 
Peterson, H. C. Murray, S. H. Eppstein, L. M. Reineke, A. Weintraub. 
P. D. Meister and H. M. Leigh, ibid., 74, 5933 (1952); U. S. Patent 
2,002,769 (July 8, 1952). 

(3) P. S. Hench, E. C. Kendall, C. H. Slocumb and H. F. Polley, 
Arch. Int. Med., 85, 545 (1950). 

(4) 17a-Hydroxycorticosterone is also known as Reichstein's 
"Substance M" (T. Reichstein, HeIv. C him. Acta, 20, »53 (1937)), 
Kendall's "Compound F " (H. L. Mason, W. M. Hoehn and E. C. 
Kendall, J. Biol. Chem., 124, 459 (1938)) and "Hydrocortisone" (E. C. 
Kendall in a paper presented before the American Academy of Ortho­
pedic Surgeons at Chicago, Illinois, January, 1951). 

(5) O. Hechter, R. P. Jacobsen, R. Jeanloz, H. Levy, C. W. Mar­
shall, G. Pincusand V. Schenker, Arch. Biochem.,25, 457 (1950); D. A. 
McGinty, G. N. Smith, M. L. Wilson and C. S. Worrel, Science, 112, 
506 (1950); R. W. Kahnt and A. Wettstein, HeIv. Chim. Acta, 34, 
1790 (1951); M. L. Sweat, T H I S JOURNAL, 73, 4056 (1951); D. R, 
Colingsworth, M. P. Brunner and W. J. Haines, ibid., 74, 2381 (1952). 

(6) (a) N. L. Wendler, Huang-Minion and M. Tishler, ibid., 73, 
3818 (1951); (b) R. Antonucci, S. Bernstein, M. Heller, R. Lenhard, 
R. Littell and J. R. Williams, J. Org. Chem., 18, 70 (19.53). 

•7) J. Fried and E. F. Sabo, T H I S JOURNAL, 75, 2273 (1953). 
(8) N. L. Wendler, R. P. Graber, R. E. Jones and M. Tishler, ibid., 

74, 3630 (1952). 
;9) A. R. Hanze, G. S. Fonken, A. V. Mcintosh, Jr., A. M. Searcy 

find R. H. Levin, unpublished data. 
' 10) L. H. Sarett, T H I S JOURNAL, 70, 1454 (1948). 
''1I) H. L. Herzog, E. P. Oliveto, M. A. Jevnik and E. B. Hershberg, 

ibid . 74. 4471 (1952). 

ously oxidized and chlorinated with /!-butyl hypo­
chlorite9 to give 4-chloro-11 a, 17a?-dihydroxypreg-
nane-3,20-dione (II) , which was further oxidized to 
4-chloro-17a-hydroxypregnane-3,11,20-trione ( I I I ) . 
4-Chloro-17a-hydroxypregnane-3,11,20-trione (III) 
was also prepared in high yield by the chlorination 
of 17a-hydroxypregnane-3,11,20-trione (V) with t-
butyl hypochlorite.9 

Dehydrochlorination of 4-chloro-17a-hydroxy-
pregnane-3,11,20-trione (III) with semicarbazide 
and removal of the semicarbazone grouping12 gave 
the previously reported 17a-hydroxy-4-pregnene-
3,11,20-trione (21-desoxy Compound E) (XV).1 0 1 3 

Treatment of 4-chloro-17of-hydroxypregnane-3,-
11,20-trione (III) with ethylene glycol in benzene 
solution in the presence of -p-toluenesulfonic acid 
gave 7 1 % yield of the 3,20-bis-(ethylene ketal) 
(Via) . Lithium aluminum hydride reduction of 
the diketal Via gave 90% yield of 4-chloro-ll/3,17a-
dihydroxypregnane-3,20-dione 3,20 -bis- (ethylene 
ketal) (V i l l a ) . Contrary to early reports tha t the 
lithium aluminum hydride reduction of 11-keto-
pregnanes gives almost exclusively the 11/3-isomer,1' 
varying amounts of the l la - i somer are usually 
formed in the reduction of 11-ketopregnanes. This 
is in accord with the observation of Antonucci, et 
<i/.,Gb who reported that the reduction of the 3,20-
diketal of cortisone gave approximately 5S%; of the 
5-isomer and S% of the a-isomer. The approximate 
isomer ratio formed in the lithium aluminum hy­
dride reduction of various 11-ketopregnanes is 
given in Table I. Fortunately there is no evidence 
of formation of significant amounts of the l l a - i so-
mer in the reduction of 4-chloro-17or-hydroxypreg-
nane-3,11,20-trione 3,20-bis-(ethylene ketal) (Via). 

Acidic hydrolysis of the chloroketals Via and 
V i l l a in acetone solution at room temperature se­
lectively removes the 20-ketal group in 87-94% 
3'ielcl to give the 3-monoketals VII and Xa, respec­
tively. For removal of the 3-ketal adjacent to the 
4-chloro group it was necessary to heat under reflux 
for prolonged periods. In this manner the chloro-
ketones I I I and I X were prepared from 4-chloro-
17a-hydroxypregnane-3,11,20-trione 3,20-bis-(eth­
ylene ketal) (Via) and 4-chloro-11 /3,1 7a-dihydroxy-
pregnane-3,20-dione 3,20-bis-(ethvlene ketal) 
(VHIa) , respectively. 

Bromination of 4-chloro-n/3,17o:-dihydroxypreg-
' 12) B. A. Koechlin, T, H. Kritchevsky and T. F. Gallagher, ibid.. 

71, 3262 (T949). See also V. R. Mattox and E. C. Kendall, ibid., 70, 
882 (1948), and E. B. Hershberg, J. Org. Chem., 13, 542 0948) 

l 13) T. H, Kritchevsky, D. L. Garmaise and T. F. Gallagher, Tins 
JOURNAL, 74, 483 (1952). 

(14) L. H. Sarett, M. Feurer and K. Fnlkers, ibid., 73, 1777 0951). 
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nane-3,20-dione 3-ethylene ketal (Xa) with bro­
mine in chloroform solution gave an 8 1 % yield of 
the bromide X I I a . Reaction of the bromide X I I a 
with potassium acetate in acetone gave a 9 7 % 
yield of 21-acetoxy-4-chloro-ll/3,17a-dihydroxy-
pregnane-3,20-dione 3-ethylene ketal (XI I Ia ) . De-
hydrohalogenation of the chloroketone XIV, which 
was formed in situ by the hydrolysis of the chloro-
ketal X I I I a and was not isolated, gave about 6 0 % 
yield of 17a-hydroxycorticosterone acetate ( X X I I I ) , 
identical with a known sample of the steroid. 

XXTII 

An alternate synthesis of 21-acetoxy-4-chloro-
ll/3,17a-dihydroxypregnane-3,20-dione 3-ethylene 
ketal (XII Ia) was also investigated (Chart I I ) . 
The simultaneous oxidation-chlorination of 21-acet-
oxy-3a,17a-dihydroxypregnane-ll ,20-dione (XVI) 
gave 21-acetoxy-4-chloro-17o:-hydroxypregnane-
3,11,20-trione (XVII) . This chloroketone shows 
markedly greater stability than 21-acetoxy-4-
bromo-17 a-hydroxypregnane-3,11,20-trione,16 be-

(15) V. R. Mattox and E. C. Kendall, J. Biol. Cham., 188, 287 
(1951). 
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TABLE I 

LITHIUM ALUMINUM HYDRIDE REDUCTION OF 11-KETOPREGNANES 
Compound reduced 

4-Chloro-17 a-hydroxypregnane-3,11,20-trione 
3,20-bis-(ethylene ketal) (Via) 

3a,17a-Dihydroxypregnane-ll,20-dione 20-
ethylene ketal 

Cortisone 3,20-bis-(ethylene ketal) 
4-Pregnene-3,11,20-trione 3,20-bis-(ethylene ketal) 

" Similar results were obtained in this laboratory. 

Compound isolated 

4-Chloro-ll,17o;-dihydroxypregnane-3,11,20-
trione 3,20-bis-(ethylene ketal) 

3o:,ll,17a:-trihydroxypregnan-20-one 

ll,17o:,21-Trihydroxy-4-pregnene-3,20-dione 
ll-Hydroxy-4-pregnene-3,20-dione 

h Determined by papergram analysis. 

1 Ia-OH, % 11;3-0H, % 

Trace" 
11 

.S 

PO 
(iO16 

o86b-" 

8 7 " 

ing easily purified by recrystalhzation. Its dehy-
drohalogenation by the semicarbazide-pyruvic 
acid procedure12 proceeded smoothly to give a high 
yield of cortisone acetate (XVIII). Hydrolysis of 
the 21-acetate (XVII) gave the alcohol XIX. 
When treated with ethylene glycol in benzene in the 
presence of p-toluenesulfonic acid 4-chloro-17a:,21-
dihydroxypregnane-3,11,20-trione (XIX) gave, 
in moderate yield, the non-crystalline diketal XX. 
The ketals of compounds containing the dihydroxy-
acetone side chain are formed in reduced yield, the 
chief by-product invariably being an oily material 
whose infrared absorption spectrum is character­
ized by lack of OH absorption.18 Reduction of 4-
chloro- 17a, 21 - dihydroxypregnane - 3,11,20-trione, 
3,20-bis-(ethylene ketal) with lithium aluminum 

hydride gave the hydroxy-diketal XXI. Selective 
acidic hydrolysis of the diketal of XXI gave the 
monoketal XXII. These ketals were not purified. 
Treatment of XXII through the semicarbazide pro­
cedure gave hydrocortisone in low yield while acyla-
tion gave XIIIa. 

Hydrolysis and dehydrohalogenation of 4-chloro-
ll,S,17a-dihydroxypregnane-3,20-dione 3-ethylene 
ketal (Xa) as described for the chloroketal XIIIa 
gave a high vield of ll/?,17a:-dihydroxy-4-pregnene-
3,20-dione (XI) (21-desoxy Compound F).19 This 
compound also was prepared by bromination of 
1 l/?,17a-dihydroxypregnane-3,20-dione16 followed 
by dehydrohalogenation in similar fashion. 

The conversion of 4-chloro-17a-hydroxypreg-
nane-3,11,20-trione (III) to 17a-hydroxycortico-
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(16) Cf. E. P. Oliveto, T. Clayton and E. B. Hershberg, ibid., 75, 
486 (1953), who report a 95% yield of the 11/3-isomer using sodium boro-
hydride. 

(17) B. J. Magerlein and R. H. Levin, ibid., 75, 3654 (1953). 
(18) Cf. the low yields of cortisone 3,20-bis-(ethylene ketal) ref. 6b. 

Similar results were obtained in this laboratory with cortisone and 
17a,21-dihydroxypregnane-3,11,20-trione. Also note V. R. Mattox. 
T H I S JOURNAL, 74, 4340 (1952). 

sterone acetate (XXIII) using 1,3-propylene glycol 
as the ketalizing agent was accomplished in a man­
ner similar to that described above for the ethy­
lene ketal. 

(19) The biological testing of ll/3,17a-dihydroxy-4-pregnene-3,20-
dione will be reported elsewhere by K. J. Olson, R. O. Stafford, W. W. 
Byrnes, et al., of our Department of Endocrinology. 
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Experimental20 

4-Chloro-lla,17a:-dihydroxypregnane-3,20-dione (II).— 
A solution of 3.49 g. of 3a,lla,l7a-trihydroxypregnane-20-
one monohydrate (I)11 in 165 ml. of /-butyl alcohol and 5 
ml. of water was cooled to 10°, then 2.87 ml. of /-butyl hy­
pochlorite21 and 1.32 ml. of concentrated hydrochloric acid 
were added. The reaction mixture was allowed to warm to 
25° over a period of 4 hours. After this time nearly all of the 
hypochlorite was consumed as shown by titration of an ali­
quot with sodium thiosulfate.9 The mixture was poured 
into 800 ml. of water containing 0.5 g. of sodium bisulfite and 
refrigerated for 16 hours. The precipitate was discarded 
and the aqueous solution extracted with methylene chlo­
ride. After concentration to dryness the residue was chro-
matographed over Florisil22 and twice recrystallized from 
acetone-Skellysolve B2 3 to give 4-chloro-llo:,17a-dihydroxy-
pregnane-3,20-dione,u m.p . 183-185° after melting at 160-
165° and then resolidifying, [a]23D +48° (acetone). This 
compound was highly solvated and was difficult to dry for 
analysis. Its structure was determined by infrared data 
and its oxidation to 4-chloro-17a-hydroxypregnane-3,11,20-
trione ( I I I ) . 

4-Chloro-l7a-hydroxypregnane-3,11,20-trione (III), (a) 
From IV.—-Two hundred grams of 3a,17a-dihydroxypreg-
nane-ll,20-dione (IV)10 was dissolved in 3 1. of /-butyl 
alcohol by warming. After cooling to 26°, 96 ml. of water 
and 40 ml. of concentrated hydrochloric acid were added. 
The solution was cooled to 7-10° and 144 ml. of /-butyl 
hypochlorite added. The reaction mixture was kept in the 
dark. The temperature slowly rose to 25-30° where it was 
maintained for 6 hours. At the end of this time titration 
showed only a trace of active halogen. The reaction mix­
ture was diluted with 20 1. of water which precipitated 
crystalline chloroketone I I I . After filtering, washing with 
water and drying at 50°, the crude product weighed 210 g. 
(96 .1% yield), m.p . 210-230° dec., [a]25D 4-92° (acetone). 
The crude product was dissolved in 3.8 1. of warm acetone 
and 3 1. of water added. The purified product recovered 
by filtration weighed 157 g. (72% yield), m.p . 230-236° 
d e c , [of]23D 4-101° (acetone). An additional crystalliza­
tion from dilute acetone gave an analvtical sample, m.p . 
239.5-242° d e c , [<*]23D 4-103° (acetone). 

Anal. Calcd. for C2IH29ClO4: C, 66.16; H, 7.67; Cl, 
9.31. Found: C, 66.10; H, 7.83; Cl, 9.30. 

The acetone-water mother liquor was partially concen­
trated under vacuum and diluted with water to precipitate 
44.5 g. of crystals, m.p . 180-195° d e c , [a]23D 4-64° (ace­
tone). A solution of this material in 600 ml. of acetic 
acid was stirred with 40 g. of zinc dust for 4 hours, filtered 
and diluted with water to give 32.2 g. (16% recovery) of 
17a-hydroxypregnane-3,ll,20-trione (V), m.p . 185-195°. 
Recrystallization from dilute acetic acid gave material 
melting at 201-203°.10 

(b) From II.—A solution of 104 mg. of 4-chloro-lla,17a-
dihydroxypregnane-3,20-dione (II) in 8 ml. of pyridine was 
added to a solution of 104 mg. of chromic acid in 5 ml. of 
pyridine.24 After standing at 26° for 16 hours dilute hydro­
chloric acid and benzene were added and the mixture filtered. 
The filtrate was extracted with benzene. The extract was 
washed, dried and concentrated under vacuum. The resi­
due was triturated with dilute acetone to give a small 

(20) Melting points are uncorrected and taken on a Fisher-Johns 
block. 

(21) H. M. Teeter, R. C. Buchmann, E. W. Bell and J. C. Cowan, 
Ind. Eng. Chem., 41, 849 (1949). 

(22) A synthetic magnesia-silica gel made by the Florindin Co., 
Warren, Pa. 

(23) A saturated hydrocarbon fraction, b.p. 60-71°. 
(24) G. I. Poos, G. E. Arth, R. E. Beyler and L. H. Sarett, T H I S 

JOURNAL, 75, 422 (1953). 

amount of crystals. Recrystallization from dilute acetone 
gave 4-chloro-17a-hydroxypregnane-3,ll,20-trione ( I I I ) , 
m.p . 235-239°. 

(c) From V.—To a suspension of 28.07 g. of 17a-hydroxy-
pregnane-3,ll,20-trione (V) in 510 ml. of /-butyl alcohol 
were added successively 16.8 ml. of water, 11.0 ml. (1.2 
mole equivalents) of /-butyl hypochlorite and 10.0 ml. (1.5 
mole equivalents) of concentrated hydrochloric acid. The 
mixture was stirred in the dark at about 12° for 21 hours, 
after which time titration of an aliquot with sodium thio­
sulfate showed that all of the active halogen was consumed. 
The reaction mixture was diluted to 2 1. with water, cooled 
in an ice-bath, and the product recovered by filtration. It 
weighed 27.5 g. (90% yield corrected for the aliquots which 
were withdrawn for titration), and melted at 220-229 °. 
Recrystallization from aqueous acetone afforded 20.6 g. of 
material, m.p . 234-238°, [a]23D +96° (acetone). 

4-Chloro-l7a-hydroxypregnane-3,11,20-trione 3,20-Bis-
(ethylene Ketal) (Via).—A mixture of 10.0 g. of 4-chloro-
17a-hydroxypregnane-3,11,20-trione ( I I I ) , 0.60 g. of p-
toluenesulfonic acid, 50 ml. of ethylene glycol and 11. of ben­
zene was stirred vigorously while heating under reflux. 
The water formed in the reaction was codistilled with the 
benzene and removed by a water t rap. After 6 hours of 
heating, the reaction mixture was cooled and washed twice 
with dilute sodium bicarbonate, once with water, and dried 
over sodium sulfate. Filtration and evaporation of the 
solvent under reduced pressure gave crystalline Via which 
was recrystallized from ethyl acetate to give 8.31 g. (67.5% 
yield), m.p . 235-242° and 1.68 g. (13.5% yield), m.p. 225-
232°. After several recrystallizations the ketal melted 
239-242°, W23D +55° (acetone). 

Anal. Calcd. for C26H37ClO6: C, 64.02; H, 7.95; Cl, 
7.56. Found: C, 64.57; H, 7.86; Cl, 7.55. 

4-Chloro-l7a-hydroxypregnane-3,11,20-trione 3,20-Bis-
(1,3-propylene Ketal) (VIb).—In a manner similar to the 
preparation of the ethylene ketal described above, VIb, the 
propylene ketal was prepared in 4 4 % vield, m.p . 198-202°, 
[a]22D +60° (benzene). 

Anal. Calcd. for C27H41ClO6: C, 65.24; H, 8.31. 
Found: C, 65.60; H, 8.35. 

Hydrolysis of 4-Chloro-17o;-hydroxypregnane-3,11,20-
trione 3,20-Bis-(ethylene ketal). (a) 4-Chloro-17o-hy-
droxy-3,11,20-trione 3-Ethylene Ketal (VII).—To a solu­
tion of 100 mg. of 4-chloro-17a-hydroxypregnane-3,11,20-
trione 3,20-bis-(ethylene ketal) (Via) in 16 ml. of acetone 
and 4 ml. of water was added one drop of sulfuric acid. 
The solution was allowed to stand for 24 hours and then 
diluted with water. The crystals were separated by filtra­
tion (yield 79%, m.p . 194-204°). The needle-like crystals, 
recrystallized from methylene chloride-hexane, melted 
194-203°, [a]25D +83° (acetone). Infrared data confirmed 
the given structure. 

Anal. Calcd. for C23H33ClO5: C, 65.00; H, 7.82; Cl, 
8.34. Found: C, 65.16; H, 7.90; Cl, 8.37. 

(b) 4-Chloro-17a-hydroxypregnane-3,11,20-trione (III). 
—A solution of 0.28 g. of diketal Via in a mixture of 10 ml. 
of acetone and 2.8 ml. of 3 N hydrochloric acid was heated 
under reflux for 2 hours. Dilution with 50 ml. of water gave 
a precipitate which was crystallized from a mixture of ethyl 
acetate and hexane and then recrystallized from aqueous 
acetone to give 42 mg. of crystals, m.p . 233-237°. This 
material was identical with 4-chloro-17a-hydroxypregnane-
3,11,20-trione by infrared analysis. 

4-Chloro-115,17a:-dihydroxypregnane-3,20-dione3,20-Bis-
(ethylene Ketal) (Villa) .—A solution of 25.0 g. of diketal 
Via in 375 ml. of benzene was added to a slurry of 3.6 g. of 
lithium aluminum hydride in 2 1. of anhydrous ether at such 
a rate as to cause gentle refluxing. The reaction mixture 
was heated under reflux for one hour and h3rdrolyzed with 
200 ml. of water. The ether solution was decanted, washed 
with water, and dried over sodium sulfate. The ether was 
distilled under vacuum and the residue recrvstallized from 
ethyl acetate to give 17.3 g. (69.2% vield), m.p . 221-224°, 
and a second crop of 5.2 g. (20.8% yield), m.p . 216-221°. 
Recrvstallization of the first crop crvstals gave an analytical 
sample, m.p . 222-224°, M23D + 4 1 ° (acetone). 

Anal. Calcd. for C25H39ClO6: C, 63.74; H , 8.35; Cl, 
7.53. Found: C, 63.80; H, 8.30; Cl, 7.35. 

Papergram analysis of the total reduction mixture showed 
but a trace of material believed to be the lla-isomer. 
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4-Chloro-l1/3,17a-dihydroxypregnane-3,20-dione 3,20-Bis-
(1,3-propylene Ketal) (VIIIb).—.Reduction of the bis-
(propylene ketal) VIb in the manner described for the re­
duction of the bis-(ethylene ketal) Via gave 7 3 % vield of 
VIIIb , m.p. 197-203°, [a]23D +38° (benzene). 

Anal. Calcd. for C27H43ClO6: C, 64.97; H, 8.68; Cl, 
7.11. Found: C, 65.41; H, 8.54; Cl, 6.92. 

4-Chloro-ll/3,17a-dihydroxypregnane-3,20-dione (IX).— 
A solution of 500 mg. of 4-chloro-ll/3,17a-dihydroxvpreg-
nane-3,20-dione 3,20-bis-(ethylene ketal) (Villa) in 20 
ml. of acetone and 5 ml. of 3 N hydrochloric acid was heated 
under reflux for 4 hours. The solution was diluted with 
120 ml. of water. The crystals which precipitated were 
filtered, washed and dried. They weighed 251 mg., m.p . 
173-212°. Recrystallization from dilute acetone and then 
from ethyl acetate-hexane gave 94 mg. of 4-chloro-ll/3,17a-
dihydroxypregnane-3,20-dione ( IX), m.p. 219-232°. In­
frared data confirmed the given structure. 

Anal. Calcd. for C2iH3iC104: C, 65.86; H, 8.16; Cl, 
9.2«. Found: C, 65.79; H, 8.16; Cl, 9.05. 

4-Chloro-l 18,17a-dihydroxypregnane-3,20-dione 3-Ethyl-
ene Ketal (Xa).—A solution of 35.6 g. of diketal VHIa in 
1.3 1. of acetone and 400 ml. of water containing 5.7 ml. of 
concentrated sulfuric acid was permitted to stand at 26° 
for 4.5 hours. The pK was adjusted to 7 with sodium bi­
carbonate and the acetone distilled under reduced pressure. 
The residue was diluted with 1.5 1. of water and extracted 
several times with methylene dichloride. The combined 
methylene dichloride extracts were washed with water, 
dried and concentrated. The residue was dissolved in 200 
ml. of ethyl acetate, 200 ml. of Skellvsolve B was added and 
the solution concentrated to 250 ml. There was thus ob­
tained 27.3 g. of crystals (70.1% yield), m.p . 184-188°. 
Concentration of the mother liquor gave an additional 5.37 
g. (16.9% yield), m.p . 178-183°. After several recrystalli-
zations an analvtical sample was obtained, m.p. 194-196° 
d e c , W23D 4-82° (acetone). 

Anal. Calcd. for C23H36ClO5: C, 64.70; H, 8.26. 
Found: C, 64.57; H, 8.13. 

4-Chloro-l 1/3, l7a-dihydroxypregnane-3,20-dione 3-(l ,3-
Propylene Ketal) (Xb).—The selective hydrolysis of 4-
chloro-11/3,17a-dihydroxypregnane-3,20-dione 3,20-bis-( 1,3-
propylene ketal) (VIIIb) in the manner described for the 
bis-(ethylene ketal) VIIIa gave 59% vield of monoketal 
Xb, m.p . 185-190°, M22D +44° (benzene). 

Anal. Calcd. for Co4H37ClO5: C, 65.36; H, 8.46; Cl, 
8.04. Found: C, 65.57; H, 8.54; Cl, 8.21. 

4-Chloro-21-bromo-l 1/3, l7o;-dihydroxypregnane-3,20-di­
one 3-Ethylene Ketal (XIIa) .—To 25 g. of 4-chloro-ll/3,17a-
dihydroxypregnane-3,20-dione 3-ethylene ketal (Xa) in 
1550 ml. of chloroform was added dropwise with vigorous 
stirring 9.78 g. (1.05 molar equivalents) of bromine in 500 
ml. of chloroform over a period of 2 hours. The bromine 
solution was added at such a rate that the solution did not 
become colored due to excess bromine. At the end of the 
addition the solution was cooled with ice and washed with 
300 ml. of cold 1% sodium hydroxide and twice with 300-
ml. portions of cold water. The chloroform layer was dried 
with anhydrous sodium sulfate, filtered and concentrated 
to dryness. The residue was dissolved in 500 ml. of methyl­
ene dichloride and concentrated until crystallization took 
place. There was thus obtained 18.46 g. (62.3% yield) of 
bromide XIIa , m.p . 221-223° dec. Concentration of the 
mother liquor gave an additional 5.64 g. (19 .1% vield), 
m.p. 212-214° dec. 

One recrystallization from acetone-Skellvsolve B gave 
material melting at 211-223° d e c , M23D + 9 1 ° (acetone). 

Anal. Calcd. for C3H34BrClO5: C, 54.60; H, 0.77; 
Br, 15.79. Found: C, 54.42; H, 7.01; Br, 15.3. 

4-Chloro-21 -ace toxy-11/3,17a-dihy droxypregnane-3,20-di­
one 3-Ethylene Ketal (XIIIa) .—To 10.6 g. of 21-bromo-4-
chloro-11/3,17a.-dihydroxypregnane-3,20-dione 3-ethylene 
ketal (XIIa) in 630 ml. of acetone was added 143 mg. of po­
tassium iodide, 40.28 g. of potassium acetate and 6.3 ml. of 
glacial acetic acid. The mixture was heated under reflux 
with stirring for 16 hours, filtered and the solids washed 
well with acetone. The filtrate was concentrated under re­
duced pressure to a small volume and water added until 
crystallization took place. The crystals weighed 9.8 g. 
(96.6% yield), m.p. 235-238° dec. Recrystallization from 

dilute acetone raised the melting point to 247-249°, [a]22i> 
+96° (acetone). 

Anal. Calcd. for C25H37ClO7: C, 61.91; H, 7.69; Cl, 
7.31. Found: C, 62.17; H, 7.73; Cl, 7.16. 

4-Chloro-21-acetoxy-17o;-hydroxypregnane-3,ll,20-trione 
(XVII).—Oxidation-chlorination of 21-acetoxy-3a,17a-di-
hydroxypregnane-11,20-dione (XVI) with J-butyl hypochlo­
rite in the manner described for the preparation of 4-chloro-
17a-dihydroxypregnane-3,ll,20-trione (III) gave, after 
recrystallization from dilute acetone, 72 .5% yield of XVII , 
m.p. 238-244°, [a]21D +100° (acetone). A second crop of 
crystals was obtained by concentration of the mother liquor, 
m.p. 173-185°, [a]2iD +82° (acetone), 22% yield. Re­
crystallization of first crop crystals from dilute acetone 
gave pure material, m.p. 244-249°, [a]25D +112° (acetone). 

Anal. Calcd. for C23H3iC106: C, 62.93; H, 7.09; Cl, 
8.08. Found: C, 63.10; H, 6.84; Cl, 8.14. 

Cortisone Acetate (XVIII).—A solution of 0.826 g. of 4-
chlorodihydrocortisone acetate (XVII) and 0.282 g. of semi­
carbazide in 20 ml. of /-butyl alcohol in 10 ml. of methylene 
dichloride was stirred at 26° for 2 hours under nitrogen. 
During this time the characteristic color change from color­
less to orange to colorless was noted. The solvent was evap­
orated under vacuum; 600 mg. of sodium acetate, 20 ml. 
of acetic acid, 8 ml. of water and 0.8 ml. of pyruvic acid were 
added. The solution was heated at 70° for one hour and 
concentrated under vacuum. The residue was dissolved in 
methylene dichloride and worked up in the usual manner. 
Evaporation of the solvent gave 743 mg. (98.5% vield) of 
crude cortisone acetate; X£',°H 238 m^, E 13,197. This 
material, on recrvstallization from acetone, gave 57.2% 
yield of first crop "crystals, m.p . 239-243°, \Z°a 239 mp, 
E 15,270 and 12.6% vield of second crop crystals, m.p . 
227-230°, A£'°H 239 mu^ E 14,734. 

4-Chloro-l7<x,21-dihydroxypregnane-3,ll,20-trione (XIX). 
—To 10 g. of 21-acetoxy 4-chloro-17a-hydroxypregnane-3,-
11,20-trione (XVII) dissolved in 350 ml. of methanol and 
110 ml. of methylene dichloride was added with cooling in 
an ice-bath 22 ml. of concentrated hydrochloric acid in 35 
ml. of water. The mixture was stirred at room tempera­
ture for two days and then 500 ml. of water added. The 
methylene dichloride and methanol were removed under 
reduced pressure until crystallization began. More water 
(300 ml.) was added and the mixture refrigerated for one 
hour, filtered and the solid washed well with water, vield 
8.02 g. (88.7%), m.p. 210-214°. An analytical sample 
was obtained on one recrystallization from acetone-Skelly-
solve B and one from ethvl acetate-Skellvsolve B, m.p. 
214-218°. 

Anal. Calcd. for C2iHMC105: C, 63.38; H, 7.60; Cl, 
8.91. Found: C, 63.55; H, 7.51; Cl, 9.04. 

4-Chloro-l 7a ,2 l-dihydroxypregnane-3,11,20-trione 3,20-
Bis-(ethylene Ketal) (XX).—A mixture of 4.5 g. of 4-chloro-
17of,21-dihydroxypregnane-3,ll,20-trione (XIX), 675 ml. 
of benzene, 9 ml. of ethylene glycol and 90 mg. of ^-toluene-
sulfonic acid was heated under reflux for 5 hours. The mix­
ture w'as then washed with water, saturated sodium bi­
carbonate and water. The benzene solution was dried over 
anhydrous sodium sulfate, filtered, concentrated to dryness 
and chromatographed on Florisil. Fractions 21-26 (ethyl­
ene chloride-acetone 5:1) weighing 2.23 g. (33% of chro-
matogram) were recrvstallized from ethyl acetate (20 ml.) 
and Skellvsolve B (30 ml.); yield 825 mg. (14.9%), m.p . 
242-246°. Recrystallization from acetone-water gave an 
analytical sample, m.p . 242-246°. 

Anal. Calcd. for C25H38ClO7: C, 61.78; H, 7.88; Cl, 
7.30. Found: C, 62.33; H, 7.72; Cl, 7.34. 

17a-Hydroxycorticosterone Acetate (XXIII). (a) Semi­
carbazide Procedure.—A mixture of 3.0 g. of 4-chloro-21-
acetoxy-11/3,17a-dihydroxypregnane-3,20-dione 3-ethylene 
ketal (XII Ia) , 0.15 ml. of sulfuric acid, 30 ml. of acetic 
acid and 9 ml. of water was heated at 70° for 1.5 hours. 
The steroid gradually dissolved during this time. The 
solution was cooled to 25° and 475 mg. of anlwdrous sodium 
acetate added. The reaction mixture was covered with 
nitrogen at this point. A solution of 1.01 g. of sodium ace­
tate and 1.36 g. of semicarbazide hydrochloride in 3 ml. of 
water was added. After stirring at 25° for 30 minutes, 
during which time the characteristic color change of this 
reaction was noted, 3 ml. of distilled pyruvic acid was added. 
The reaction mixture was heated at 50° for 30 minutes, 
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cooled to 25°, and 3 g. of sodium acetate added. The sol­
vent was removed under reduced pressure. The residue 
was triturated with three 75-ml. portions of methylene di-
chloride. The combined methylene dichloride solution was 
treated with 15 ml. of acetic anhydride and 30 ml. of pyri­
dine for one hour at 25°. The solution was then washed 
with water, dilute acid, cold 1% sodium hydroxide and 
water. The solvent was distilled under vacuum after dry­
ing over sodium sulfate. The partially crystalline residue 
was triturated with ethyl acetate to give 1.77 g. (70.9% 
yield) of crude 17o-h3rdroxycorticosterone acetate, m.p . 
207-214°, \S£H 242 m/z, E 14,625. Evaporation of the 
solvent gave approximately 2 5 % of steroidal material which 
contained some X X I I I by papergram. Recrystallization 
from ethvl acetate gave 1.31 g. (52.6% vield), m.p . 217-
220°, X££H 242 ran, E 15,950. A second crop of 175 mg. 
(7.1%), m.p. 213-216°, X™H 242 m/i, E 15,275, was also 
obtained. 

(b) 2,4-Dinitrophenylhydrazine Procedure.—A solution 
of 440 mg. of 2,4-dinitrophenylhydrazine in 3 ml. of acetic 
acid and 3 ml. of water containing 0.2 ml. of sulfuric acid 
was prepared by warming' to 70-80°. This solution was 
added to a suspension of 4-chloro-21-acetoxy-ll/3,17a-dihy-
droxypregnane-3,20-dione 3-ethylene ketal (XIIIa) in 5 
ml. of acetic acid. The entire reaction was carried out in an 
atmosphere of nitrogen. The mixture was heated at 70° 
for 0.5 hour, during which time the solution became dark 
red in color. The solution was permitted to stand at room 
temperature for 2 hours. Red needles of the unsaturated 
hydrazone crystallized on standing. These crystals were 
redissolved by the addition of 10 ml. of acetic acid and 10 
ml. of chloroform. One ml. of pyruvic acid was added and 
the reaction mixture heated at 50° for 2 hours. Two grams 
of sodium acetate was added and the solution stirred for 5 
minutes. The solvent was distilled under vacuum. The 
residue was triturated three times with chloroform and 
filtered to remove the insoluble sodium salt of the 2,4-dini-
trophenylhydrazone of pyruvic acid. The chloroform solu­
tion was washed with water, sodium bicarbonate, water, 
dried over sodium sulfate and concentrated. The residue 
weighed 1.10 g. 

The crude product was reacylated with 2 ml. of acetic 
anhydride and 2 ml. of pyridine for one hour a t 26°. The 
excess anhydride was destroyed with water, the product ex­
tracted with methylene dichloride and worked up in the 
usual fashion. The residue was crystallized from acetone 
to give 470 mg. (56.6%) of first crop "crystals, XSl°H 242 mu, 
E 14,875. The second crop, obtained by concentration of 
the solution, weighed 120 mg. (14.6%), X£«°H 242 m,j, 
E12,425. The total yield of crude orange crystals was 71.1 %. 
Five hundred and sixty mg. of this material was recrystal-
lized from about 50 ml. of methanol. The methanol solu­
tion was treated with two 120-mg. portions of Darco G-60. 
The first crop crystals weighed 330 mg., m.p. 208-211° and 
the second crop 80 mg., m.p. 205-211° (sinter 195°). 
Papergram analysis showed only Compound F acetate to be 
present. 

(c) From XX.—A solution of 1.23 g. of 4-chloro-17a,21-
dihydroxypregnane-3,ll,20-trione 3,20-bis-(ethylene ketal) 
(XX) in 15 ml. of tetrahydrofuran was added to 1.2 g. of 
lithium aluminum hydride in 150 ml. of anhydrous ether. 
The mixture was stirred at 25° for 90 minutes and heated 
under reflux for one hour. The excess hydride was de­
stroyed with acetone and dilute hydrochloric acid added. 
Evaporation of the ether gave 1.28 g. of oily diketal X X I . 
A 100-mg. portion of this oil was treated with 2,4-dinitro­
phenylhydrazine as described in (b) above to give a semi-
crystalline material which contained 2 0 % of 17a-hydroxy-
corticosterone by papergram analysis. A second portion of 
diketal X X I (300 mg.) was dissolved in a solution of 24 ml. 
of acetone, 6 ml. of water and 1.2 ml. of perchloric acid. 
After 24 hours at 25° the solution was neutralized with 
solid sodium bicarbonate. Concentration of the solution 
gave 175 mg. of crystals, m.p . 126-134°, which when 
treated with 2,4-dinitrophenylhydrazine as described in (b) 
above followed by acylation gave 10 mg. of l7a-hydroxy-
corticosterone acetate. 

(d) From Xb.—Bromination of 4-chloro-ll/3,17a-dihy-
droxypregnane-3,20-dione 3-(l,3-propylene ketal) (Xb) as 
described for the bromination of the ethylene ketal (Xa) 
gave 15% yield of crude crystals, m.p . 214-216°. This 
product was not purified but converted directly to the ace­
tate X I I I b as described for the preparation of the acetate 

XI I I a . The crude acetate was treated with semicarbazide 
hydrochloride, followed by pyruvic acid to give a low yield 
of 17a-hydroxycorticosterone acetate, identified by paper-
gram analysis. 

17a-Hydroxy-4-pregnene-3,11,20-trione (XV).—Dehy-
drohalogenation of 25 g. of 4-chloro-17a-hydroxypregnane-
3,11,20-trione in the manner previously described gave 
8 g. of 21-desoxy Compound E (XV), m.p . 233-237°, 
[Q:]23D +184° , X^°H 239 mM, E 15,625 and 3.9 g., m.p . 
219-226°, XS°H 239 mu, E 14,050. 

4-Bromo-ll|3,17a'-dihydroxypregnane-3,20-dione.—To a 
solution of 3.0 g. of ll(3,17o-dihydroxypregnane-3,20-dione 
in 50 ml. of acetic acid there was added 29.2 ml. of a solution 
of bromine in acetic acid (0.310 millimole of bromine/ml.) 
which contained 702 mg. of sodium acetate. The reaction 
was initiated with a drop of hydrobromic acid in acetic acid. 
The addition was at such a rate as to permit decolorization 
after each drop of bromine solution. After all of the bro­
mine was added the solution was poured into 900 ml. of 
sodium chloride solution, cooled in ice-water for one hour, 
and filtered. There was obtained 3.18 g. (86.7%) of crude 
bromide, [a]23D +62° (acetone). The crude bromide 
was crystallized from 15 ml. of acetone to give 0.78 g. 
(21.2%") of white crystals, m.p . 195-197° d e c , M24D +88° 
(acetone). There was also obtained 0.56 g. (15.3%) of 
second crop crystals, m.p . 187-189° d e c , [a]24D +83° 
(acetone) and 1.27 g. (34.6%) of third crop crystals, m.p. 
180-183° d e c , M24D + 47° (acetone). Recrystallization 
of first crop bromide from acetone gave an analvtical sample, 
m.p. 196-198° d e c , [a]24D +92° (acetone). 

Anal. Calcd. for C2iH3iBr04: C, 59.01; H, 7.31; Br, 
18.70. Found: C, 59.13, 59.05; H, 7.33, 7.49; Br, 18.20, 
18.45. 

The crystals rotating +47° were dissolved in 15 ml. of 
acetic acid and stirred at 26° for 2.5 hours with 1 g. of pow­
dered zinc. The zinc was removed by filtration. Dilution 
of the acetic acid solution with water gave 690 mg. of mate­
rial which when crystallized from ethvl acetate gave 370 mg. 
of ll/3,17a-dihydroxypregnane-3,20-dione, m.p. 205-214°. 

113,17a-Dihydroxy-4-pregnene-3,20-dione (XI). Method 
A.—Treatment of 50 g. of 4-chloro-ll/3,17a-dihydroxypreg-
nane-3,20-dione 3-ethylene ketal (Xa) with sulfuric acid 
followed by dehydrohalogenation with semicarbazide, as 
described for the preparation of 17-hydroxycorticosterone, 
gave on crvstallization from acetone, 16.1 g. (39.6% yield), 
m.p. 200-206°, X£i°H 241 rmi, E 15,125; 4.2 g. (10.5% 
vield), m.p. 200-208°, XS'°H 241 mM, E 14,650, and 1.0 g. 
(2 .5% yield), m.p. 195-205°, X*£H241 tan, E 14,650. 
Several recrvstallizations from acetone gave a sample melt­
ing 225-228°, M24D +136° (acetone), X*'°H 241 mM, E 
15,725. 

Anal. Calcd. for C2IH30O4: C, 72.80; H, 8.73.- Found: 
C, 72.72; H, 8.70. 

Method B.—A solution of 720 mg. of 4-bromo-ll/3,17a-
dihydroxypregnane-3,20-dione [a]23D +87° (acetone), and 
250 mg. of semicarbazide in 12 ml. of 80% dioxane-water 
was stirred at room temperature for 2 hours. During this 
time a characteristic color change was noted. The resulting 
semicarbazone was not isolated, but was treated with 0.3 
ml. of pyruvic acid in 3 ml. of water at 60° for 2 hours. 
The reaction mixture was poured into water and extracted 
with methylene dichloride. The methylene dichloride solu­
tion was washed with water, cold 1% sodium hydroxide, 
water, and dried. Concentration gave 581 mg. (99.4%) of 
white crvstals of XI , m.p. 195-210°. Recrystallization 
from acetone gave 260 mg., m.p . 225-228°, XS°H 241 mM, 
E 15,325, [a]23D +136° (acetone). 

3a,ll/3,17a-Trihydroxypregnan-20-one and 3a , l l a , l 7a -
Trihydroxypregnan-20-one.—To 10.8 g. of lithium alumi­
num hydride in 500 ml. of dry ether was added 10.8 g. of 
3a,17a-dihydroxypregnane-ll,20-dione 20-ethylene ketal16 

in 70 ml. of dry benzene. The mixture was stirred at room 
temperature for one hour and at reflux for 1.5 hours. Water 
was added cautiously and the aqueous solution was acidified 
with hydrochloric acid. The mixture was stirred vigorously 
overnight. The layers were separated and the aqueous 
layer extracted twice with ether. The combined ether 
fractions were washed twice with water, dried, filtered and 
concentrated to give a crystalline mass. The residue was 
extracted with 500 ml. of hot ethylene dichloride. Cooling 
of the extract and filtration vielded 2.95 g. (30.6%) of Bas­
il/3,17a-trihydroxypregnan-20-one, m.p . 207-210°. The 
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filtrate was c h r o m a t o g r a p h e d over 1300 g. of Flor is i l . 
F r a c t i o n s 2 0 - 2 7 ( e thy lene c h l o r i d e : a c e t o n e 5:1) were r e -
crvs ta l l ized from e t h v l a ce t a t e -Ske l l v so lve B to give an 
add i t i ona l 2 .92 g. ( 3 0 . 2 % ) , m . p . 2 0 6 - 2 1 0 ° of 3a, 11(3,17a-
t r i h y d r o x y p r e g n a n - 2 0 - o n e . 

vSteroids in which one or more of the rings of the 
cyclopentanoperhydrophenanthrene system have 
been replaced by heterocyclic nuclei may be ex­
pected to have interesting physiological properties. 
Compounds of this kind, especially where the het­
erocyclic ring contains n i t rogen, 2 - 4 are rare and 
none containing pyridazine, pyridazinone or re­
lated systems are known. This paper describes 
the preparation of cholesterol and testosterone de­
rivatives in which the A ring has been replaced by 
the pyridazinone or tetrahydropyridazone nucleus. 
The accompanying char t details the steps in the 
syntheses of these compounds and the yields real­
ized in the cholesterol series [R = CH 3 CHCH,CH 2 -
CH 4 CH(CH,) , ] . ! 

Route I —»• I X -»• VI was superior to the alterna­
tive Barbier-Wieland degradation (II -*• I I I —»• 
IV -*• V —*• VI) in the cholesterol series and the 
lat ter was therefore not carried out with testoster­
one (I, R = OH). However, I I (R = OH) was 
obtained in 75% yield without difficulty by ozoni-
zation of testosterone. Lower yields of I I (R = 
OH) were reported from ozonization of testosterone 
acetate.2 

Keto acid I I (R = C8Hi7) which is well known5 

gave ketal ester I I I as a glass, presumably a mixture 
of the mono- and di-esters of ethylene glycol. I l l 
was used directly to prepare crystalline IV. Hy­
drolysis of ketal IV and simultaneous dehydration 
gave a crude product which was converted without 
difficulty to VI. Ke to acid VI showed no charac­
teristic carbonyl absorption in the ultraviolet and 
gave a single carbonyl band a t 5.67 n in the infra­
red. Such a band is characteristic of a five-mem-
bered lactone and indicates tha t VT exists in the 
lactol form. 

No crystalline product could be isolated from the 
hydrolysis mixture, which presumably contained 
mainly V (R = C8Hn), bu t a crystalline 2,4-dini-
trophenylhydrazone of the correct composition was 

(1) Taken in part from a thesis submitted by David C. Remy in par­
tial fulfillment of the requirements for the M.S. degree, University of 
California, Los Angeles, August, 1952. Presented before the Organic 
Division of the American Chemical Society, Chicago, Illinois, Septem­
ber, 1953. 

(2) C. C. Bolt, Rec. trav. chim., 57, 905 (1938). 
(3) W. E. Bachmann and F. Ramirez, T H I S JOURNAL, 72, 2527 

(19.50). 
(4) St. Kaufman, ibid., 73, 1779 (1951). 
(5) R. B. Turner, ibid., 72, 579 (1950). 

F r a c t i o n s 3 2 - 3 4 (acetone) were recrys ta l l ized from e thy l 
a ce t a t e -Ske l l v so lve B t o give l . O o g . ( 10 .9%) of 3a,\ Ire,17a-
t r i h y d r o x y p r e g n a u - 2 0 - o n e , me l t i ng a t 1 5 7 - 1 5 8 ° . 

K A L A M A Z O O , M I C H I G A N 

obtained in high yield. V was regenerated almost 
quanti tat ively from this derivative as an oil which 
had the expected ultraviolet absorption. 

Ozonization of V (R = C8Hn) and reductive 
decomposition of the ozonide gave an oil from which 
a bis-2,4-dinitrophenylhydrazone corresponding in 
composition to a derivative of a ketoaldehyde was 
obtained. Trea tment of the oil with hydrazine 
hydrate produced a complex reaction mixture from 
which was isolated by chromatography very low 
yields of several crystalline compounds. None of 
these proved to be the desired dihydropyridazine 
and structures were not determined. This reac­
tion and alternative methods for preparing the 
dihydropyridazine are being examined and will be 
reported at a later t ime. 

Although hydroxymethylenecholestenone6 and 
hydroxymethylenetestosterone7 '8 are known, the 
latter has never been described carefully, and no 
report of the ozonization of either has appeared. 
In the cholestenone series lactol VI (R = C8Hi7) 
was isolated without difficulty when three molecu­
lar equivalents of ozone were allowed to react with 
hydroxymethylenecholestenone and the reaction 
mixture treated with hydrogen peroxide. No at­
tempt was made to obtain diacid X (R = C8H] 7). 
The same procedure was applied to hydroxymeth­
ylenetestosterone, bu t water-soluble material made 
up most of the product and only a very low yield of 
pyridazinone VII (R = OH) was isolated from the 
hydrazine hydrate reaction on the portion insoluble 
in water. Diacid X (R = OH) was the only easily 
isolable product when less ozone was used, bu t reac­
tion of the residue with hydrazine hydrate gave 
somewhat bet ter yields of the pyridazinone. Lac­
tol VI (R = OH) was isolated in crystalline form 
by chromatographing the mixture of crude acids 
from the ozonization. 

An a t t empt was made to synthesize lactol VI 
(R = C8Hi7) by ozonization of the condensation 
product of cholestenone and ethyl oxalate7 ~"9; 
crystalline material was not readily obtained from 
the product, and the infrared spectrum of the crude 

(6) J. G. Burr, W. F. Holton and G. N. Webb, ibid., 72, 4903 (1950). 
(7) Soc. pour l'ind. chim. a Bale, Swiss Patent 207,498 (Feb. 10. 

1940); C. A., 35, 3038 (1941). 
(8) L. Ruzieka, U. S. Patent 2,281,622 (May S, 1942); C. .4., 36, 5958 

«942). 
(ft) L. Ruzieka and P. A. Plattner, HeIv. Chim. Acta. 21, 1717 (1938). 
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Steroid Homologs Containing Pyridazinone and Related Nuclei1 
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Hete rocyc l i c ana logs of choles terol a n d t e s t o s t e r o n e in which t h e A r ing of these c o m p o u n d s is r ep laced b y a p y r i d a z i ­
none r ing h a v e been p r e p a r e d . T h e syn thes i s invo lved d e g r a d a t i o n of t h e A r ing of these s t e ro ids b y r e m o v a l of ca rbon 
a t o m s 3 a n d 4 t o form 7 -ke to acids which were t h e n a l lowed t o r e a c t w i th h y d r a z i n e . In choles tero l t h e A r ing was also 
r ep laced b y t h e t e t r a h y d r o p y r i d a z o n e nuc leus . 


