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Phosphorus pentachloride has been used for a 
long time to replace the carbonyl group in ketones 
and aldehydes with chlorine. However, Kirsanov 
and Molosnova2 have reported this reaction for the 
carbonyl group of an ester. We wish to report the 
reaction of phosphorus pentachloride with the 
carbonyl group of two phenyl esters of fluorocarbon 
acids to form dichloro ethers. 

The reaction was carried out by heating the 
reactants for a considerable length of time near the 
reflux temperature of the esters. The reaction was 
attempted with phenyl trifluoroacetate, phenyl 
pentafluoropropionate, and higher homologs3 ; how- 
ever, only the first two reacted to replace the car- 
bonyl, yielding 2,2,2-trifluoro-l, 1-dichloro-ethyl 
phenyl ether and 3,3,3,2,2-pentafluoro-l, l-dichloro- 
propyl phenyl ether, respectively. 

These ethers were very stable to acids and alkan- 
olic caustic solutions. Refluxing the ethers with 
sodium in ethyl ether yielded sodium phenoxide 
together with sodium chloride and sodium fluoride. 

The sulfonyl chlorides were prepared and treated 
with ethylene diamine to form 1,2-disulfonamides. 
The sulfonation occurred in the para position as 
determined via infrared. The absorption bands for 
the para substitutes are a t  5.25, 5.65, and 16.06 p, 
as determined on a Baird-Atomic Model 4-55 in- 
strument. 

EXPERIMEKTAL 

d,d,d-T~iJluoro-l,l-dichloroethyL phenyl ether. A mixture of 
28.3 g. (0.15 mole) of phenyl trifluoroacetate and 33.3 g. 
(0.16 mole) of phosphorus pentachloride was heated to 140' 
for 72 hr. Anhydrous acetone was added to decompose the 
unchanged phosphorus pentachloride and the mixture 
fractionated. Upon removal of phosphorus oxychloride the 
residue was neutralized with 10% sodium carbonate solution 
and steam distilled. Following separation and drying the 
organic layer, fractionation yielded 9.6 g. of unchanged ester 
and 15.8 g. (64.5%) of 2,2,2-trifluoro-l,l-dichloroethyl 
phenyl ether, b.p. 181-182'; RY 1.4564; dy 1.392. 

A d .  Calcd. for CsH6C12FsO: C, 39.21; H, 2.06; C1,28.93. 
Found4: C, 39.18; H, 2.00; C1, 29.00. 

S,S,S,d,I-Penta~uoro-l ,l-dachloropropyl phenyl ether. 
Phosphorus pentachloride and phenyl propforate were 
treated using the above procedure a t  150' to give in 31.2% 
yield, 3,3,3,2,2-pentafluoro-l, 1-dichloropropyl phenyl ether, 
b.p. 192-193"; ny 1.4492; dy 1.466. 

(I) Present address: Cities Service Research and Develop 
ment Co., Petrochemical Laboratory, Lake Charles, La. 

( 3 )  A. V. Kirsanov and V. P. Molosnova, Zhur. Obshehei. 
Khim., 28,30-5 (1958). Chemical Abstracts 52, 12760 (1958). 
(3) R. F. Clark and J. H. Simons, J. Am. Chem. Soc., 

75,6305 (1953). 
(4) Analysis by Clark Microanalytical Lab., Urbana, Ill. 

Anal.  Calcd. for CpH&leF60: C, 36.63; H, 1.71; C1, 24.04. 
Found5: C, 36.55; H, 1.65; C1, 24.05. 

1 ,I-Di(p-8,1,2-triJEuro-l,1 -di~hloroethyEphenylsulfon- 
amido)-ethane. The sulfonyl chloride of 2,2,2-trifluoro-l, 1- 
dichloroethyl phenyl ether was prepared by the method of 
Huntress and Carten,e and treated with ethylene diamine. 
After recrystallization from alcohol, the Il2-di(p-2,2,2-tri- 
fluoro-l,l-dichloroethylphenylsulfonamido)-ethane melted a t  

Anal.6 Calcd. for ClsH~ChF6N~OsSn: C, 31.40; H, 4.10; C1, 
20.60; S, 9.31. Found: C, 31.26; H, 3.98, C1,21.27; S, 9.17. 

l$-Di( p-S,S,S,I,d-pentaJluoro-l ,I-dichloroprop yl- 
phenylw1fonamido)-ethane. The sulfonyl chloride of 3,3,3,2,2- 
pentafluoro-1,l-dichloropropyl phenyl ether was prepared 
and treated with ethylene diamine as above to yield 1,2 di- 
( p  - 3,3,3,2,2 - pentafluoro - 1,l- dichloropropylphenylsulfon- 
amido)ethane, m.p. 182-183'. 

A n d 6  Calcd. for C20H&L,FloN20&: C, 27.42; H, 3.57; Cl 
18.06; S, 8.16. Found: C, 27.34; H, 3.31; C1, 18.28; S, 8.42' 
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(5) Analysis by Schwarzkopf Microanalytical Lab., 
Woodside, N. Y. 

(6) E. H. Huntress and F. H. Carten, J .  Am. Chon. Soc., 
62,603 (1940). 

Steroids. CLXX1II.l Unsaturated Derivatives 

of C22 Steroidal Lactones 

STEPHEN KAUFMANN 

Received M a y  I d ,  1961 

In  recent years a very important group of steroids 
with sodiuretic properties has been synthesized by 
Cella et aL2 These aldosterone antagonists are 
characterized by a 17-spiro-lactone side chain. 
Other sodiuretic steroids, 16-hydroxy derivatives of 
the pregnane series, have been isolated from hog 
adrenals. 

In order to investigate the possibility that other 
steroidal lactones similar to the spirolactones might 
have the same physiological activity, we decided to 
synthesize a few unsaturated keto lactones derived 
from the well known Czz lactones obtained by oxida- 
tion of tigogenin and sarsasapogenin. The tigogenin 
lactone has recently been synthesized by Sond- 
heimer et aL4 

(1) Paper CLXXII, B. Berkoz, C. Djerassi, and Ernestina 
P. ChBvez, J. Chem. Soc., in press. 

( 2 )  (a)  J. A. Cella and C. M. Kagawa, J .  Am. Chem. Soc., 
79, 4808 (1957); (b) J. A. Cella, E. A. Brown, and R. R. 
Burtner, J .  Org. Chem., 24, 743 (1959); (c) J. A. Cella and 
R. C. Tweit, J. Org. Chem., 24,1109 (1959); (d) E. A. Brown, 
R. D. Muir, and J. A. Cella, J. Org. Chem., 25, 96 (1960). 

(3) R. Neher, P. Desaulles, E. Vischer, P. Wieland, and 
A. Wettstein, Helv. Chirn. Acta, 41, 1667 (1958). 
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The starting material was the keto lactone I 
( 16~-hydroxy-3-oxo-5 a-pregnane-20-carboxylic acid 
lactone) obtained from tigogenin.6 Bromination 
with two molar equivalents of bromine in acetic 
acid led to a mixture of the dibromo and tribromo 
ketones, (11) and (111). The separation of the 
tribromo compound I11 (in varying yields) was 
achieved by direct crystallization of the crude 
reaction mixture. The dibromo compound I1 could 
then be isolated by purification of the mother 
liquors. The use of three molar equivalents of 
bromine led again to a mixture of the two products, 
containing a larger proportion of the tribromo 
ketone. Based on analogy with the bromination of 
cholestanone,' we have assigned the 2,4dibromo 
structure to compound I1 and the 2,2,4-tribromo 
structure to compound IIL7 This assignment of 
structure was further supported as follows. De- 
hydrobromination of I1 with sym-collidine resulted 
in the formation of the A114-dienone (V). On the 
other hand, treatment of compound I11 with con- 
cen trated hydrobromic acid in acetic acid-methyl- 
ene chloride solution afforded (by loss of bromine) a 
new dibromo ketone (IV), showing a more negative 
rotation than compound 11. Compound IV could be 

(4) Y. Mazur, N. Danieli, and F. Sondheimer, J. Am. 

(5) R. Tschesche, Ber., 68,1090 (1935). 
(6) A. L. Wilds and C. Djerassi, J. Am. Chem. SOC., 68, 

Chem. SOC., 82, 5889 (1960). 

, .  
17i2( 1946 ). 

(7) C. mi. P. Crowne. R. M. Evans. G. F. H. Green, and 
A.'C. Long, J. Chem. Soc., 4351 (1956). 

dehydrobrominated with sym-collidine to the same 
A'~*-dienoiie (V) as compound 11. Thus, the two 
dibromo ketones differ only in the steric configura- 
tion of one or both of the bromine atoms. 

The differences in molecular rotation of the di- 
bromo ketones (11) and (IV) in relation to the non- 
halogenated keto lactone (I) suggest that the 
bromine atoms are in the 2a,4a-configuration in 
compound I1 and the 2a,4$-configuration in com- 
pound IV (Table I). The strongly negative con- 
tribution of the 4P-brOmO grouping has been es- 
tablished in the androstane8 and cholestaneg series. 

TABLE I 

Compound [a1 Y [+I A [+I 
I -22.8' -78.4' - 
I1 -42.8' -214.9' -136.5' 

IV -96.9' -503.7' -425.3' 
Cholestmone f41.0' +158.3' - 
111 +33.9' +197.0' $275.4' 

2~~,4a-Dibromocholestanone -3 .O' -16.3' -174.6' 
2,2,4Tribromocholestanone +60' f373.2' +214.9' 

The optical rotatory dispersion curves of I1 and 
IV corroborate the assigned structures. Whereas 
the curve of the 2a,4a-dibromoketone (11) does 
not differ significantly from the one of the nonhalo- 
genated ketolactone (I), the curve of the 2cu,4P- 
dibromo ketone (IV) shows a strongly negative 
Cottoil effect. Djerassi et have reported a 
similar finding in the case of 2a,4ar-dibroinocholes- 
tanone and 2a,4,f3-dibromofriedelin. The negative 
Cotton effect of the 48-brorno compounds is at- 
tributed to the axial coilfiguration of the 4-bromo 
grouping, while the equatorial bromine atonis do 
not cause a significant change in the optical rota- 
tory dispersion in comparison to the parent com- 
pound." 

The steric configuration of the 4-bromine atom 
in the tribromo ketone (111) is less easy to establish. 
Crowne et al.? have reported that the base-catalyzed 
bromination of 2,2-dibromocholestanone leads to 
the formation of 2,2,4,f3-tribromo-cholestanone; 
treatment of the latter compound with hydrobromic 
acid under certain conditions affords 2a,4a-di- 
bromocholestanone, whereas more energetic condi- 
tions give rise to an unidentified dibromocholesta- 
none with a more negative rotation, possibly the 
2a,4P-dibromo ketone. The stability of the axial 
bromo grouping a t  C-4 in the presence of hydro- 
bromic acid is rather surprising in view of the 
findings of Faj kos* and Rlal~nowics,~ who prepared 

(S) J. Fajkos and F. Sorm, Collection Czechoslov. Chem. 

(9) J. Malunowics, J. Fajkos, and F. Sorm, Collection 

( 1  0 )  C. Djerassi, J. Osiecki, R. Riniker, and B. Riniker, 

(11) C. Djerassi, Optical Rotatory Dispersion, McGraw 

Commun., 24,3115(1959). 

Czechoslov. Chem. Commun., 25, 1359 (1960). 

J. Am. Chem. Soc., 80, 1216 (1958). 

Hill Book Co. Inc., 1960, pp. 116-124. 
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the 4p-bromo ketones in the androstane and choIes- 
tane series and reported their ready rearrangement 
to the 4a-bromo compounds under acidic condi- 
tions. The stability of the 2a14@-dibromo ketone 
(IV) may be explained by the fact that enolization 
of the dibromo ketone does not occur as easily as in 
the case of a monobromo ketone. Possibly, for the 
same reason the 2a,4a-dibromo ketone (11) is also 
stable under the same conditions and is not re- 
arranged to the 2a,4,B-isomer. The optical rotatory 
dispersion curve of compound I11 shows a strong 
positive Cotton effect. This can be attributed to 
the presence of one @-oriented bromine in the 
2-position. 

The infrared spectrum of the keto lactone (I) 
exhibits a strong band a t  1716 cm.-' due to the 
carbonyl group and a t  1775 cm.-', characteristic of 
the lactone ring.12 The spectrum of the 2a,4a- 
dibromo ketone (11) contains only a single maximum 
a t  1775 c ~ L - ~  due to the strong positive shift of 
the two equatorial bromine atoms, which causes the 
merger of the maximum of the keto group with the 
maximum of the lactone group.13 The spectrum of 
the 2a,4@-isomer (IV) shows the strong maximum 
of the lactone group a t  1775 cm.-' and a band of 
low intensity at 1720 cm-' The tribromo ketone 
(111) exhibits only a maximum a t  1715 cm.+ 
as expected. 

The A*-unsaturated keto lactone (VI) could be 
prepared easily from the 2a,4a-dibromo compound 
(11) by the method of Rosenkranz et The 2- 
iodo-A4-ketone obtained from I1 by treatment with 
sodium iodide was not characterized and without 
further purification was dehalogenated with chro- 
mous chloride to VI. 

Compound V was tested in a sodiuretic assay, 
but no significant activity could be detected. 

 EXPERIMENTAL'^ 
Bromination of the keto lactone (I). A solution of 4.62 g. 

(2 molar equiv.) of bromine in 46 cc. of glacial acetic acid 
was added to a stirred suspension of 5 g. of the keto lactone 
(1)s in 200 cc. of glacial acetic acid, after the bromination had 
been initiated by addition of a few drops of hydrobromic acid 
in acetic acid. At the end of the addition of bromine a clear 
solution waa formed, from which after a few minutes a white 
crystalline product started to precipitate, Stirring was con- 
tinued for another 15 min. after which time the precipitation 
of the tribromo ketone (111) was complete. The latter was 

(12) R. N. Jones and B. S. Gallagher, J .  Am. Chem. SOC., 
81,5242 (1959). 

(13) Fajkos and Sorma have reported a similar effect in 
the infrared spectrum of 2a- and 4or-bromoandrostane-3,17- 
dione, where the two maxima of the 3- and 17-keto groups 
are merged into one due to the bathochromic shift of the 
equatorial bromine atoms. 

(14) G. Rosenkranz, 0. Mancera, J. Gatica, and C. 
Djerassi, J .  Am. Chem. SOC., 72, 4077 (1950). 

(15) All melting points are uncorrected, and the rota- 
tions were determined in chloroform. We wish to  thank Dr. 
C. Zapate. and staff for the determination of all rotations and 
spectrd data. 

filtered, washed with methanol, and dried at room tempera- 
ture; yield 4.8 g., m.p. 190' dec., [.]: + 33.9'. The analyti- 
cal sample waa prepared by crystallization form methylene 
chloride-methanol. 

Anal. Calcd. for C P Z H ~ ~ O ~ B ~ ~ :  C, 45.46; H, 5.03; Br, 41.25. 
Found: C, 46.04; H, 5.49; Br, 40.61. 

The mother liquors of the bromination were poured into 
water, and the precipitated solid material was filtered and 
crystallized from methylene chloride-methanol. The result- 
ing dibromo ketone (11) (2.1 g.) showed a m.p. of 202' dec., 
the analytical sample, which was prepared after several 
crystallizations from methylene chloride-methanol, melted 
a t  208' dec., [a]? -42.8'. 

Anal. Calcd. for CrnHsc03Br2: C, 52.63; H, 6.02; Br, 31.82. 
Found: C, 52.21; H, 5.84; Br, 32.71. 

Treatment of the tn'bromo ketone (111) with hydrogen bT0- 
mide. A solution of 1 g. of the tribromo ketone (111) in 10 cc. 
of methylene chloride was treated with 5 cc. of glacial acetic 
acid saturated with hydrogen bromide. The reaction mixture 
was left to stand overnight, after which i t  waa poured into 
water. The methylene chloride layer waa separated and 
washed with sodium bicarbonate solution and then with 
water. The solution was dried and evaporated, and the resi- 
due was crystallized from methanol. The resulting dibromo 
ketone (IV), 690 mg., showed a m.p. of 183' dec.; the an- 
alytical sample was obtained from methylene chloride- 
methanol and exhibited m.p. 190' dec., [ala. -96.9". 

Anal. Calcd. for CnRsoOaBrz: C, 52.63; H, 6.02; Br, 31.82. 
Found: C, 51.46; H, 5.96; Br, 32.62. 

1 6 ~ - H y d ~ v ~ y ~ - o x o - A ~ ~ ~ - p r e g n a d i e n e - 8 0 - c a 7 b o x ~ ~ ~ c  acid 
lactone (V). A suspension of 6 g. of the dibromo ketone (11) 
in 20 cc. of sym-collidine was heated under reflux for 30 min. 
After being cooled, the reaction product waa poured into a 
mixture of 2N hydrochloric acid and ice. The solid precipi- 
tate was extracted with ethyl acetate, and the organic ex- 
tract was washed with dilute hydrochloric acid and then 
dried over anhydrous sodium sulfate. The dark solution was 
decolorized with activated charcoal and evaporated to dry- 
ness. The residue on crystallization from ether yielded 2.5 g. 
of the A1v4-dienone (V), m.p. 252-254'. The analytical sam- 
ple waa crystallized from methanol, m.p. 254-255', [a]: 
-17.2'; X:::'" 244 mp, log E 4.21. 

Anal. Calcd. for GHaO,: C, 77.61; H, 8.29. Found: C, 
77.46; H, 8.26. 

The same compound could be obtained from the isomeric 
dibromo ketone (IV) after treatment with sym-collodine in 
the manner described above. 

1 6p-H ydroxy&oxo- Ad-pregnenet?@carbox ylic a d  lactone 
(VI). Sodium iodide (4.0 g.) was added to a solution of 5.5 
g. of the dibromo ketone (II) in 200 cc. of acetone. The 
solution was refluxed for 4 hr., during which time iodine was 
liberated and sodium bromide precipitated. The reaction mix- 
ture was poured into a solution of sodium thiosulfate. The 
precipitated iodo ketone waa extracted with methylene chlo- 
ride, the solution was washed with water, dried, and evapo- 
rated to dryness. The residue was taken up in 100 cc. of ace- 
tone and treated with 50 cc. of a chromous chloride solution 
(1.2 N)'* at room temperature under nitrogen. After being 
allowed to stand for 1 hr., the mixture was poured into water, 
and the organic material was extracted with methylene chlo- 
ride. The extract was washed with water, dried, and evapo- 
rated. The residue was then crystallized several times from 
methanol. After separation of some of the less soluble satu- 
rated ketone, 1 g. of the A4-3-ketone (VI) was obtained in 
pure form. The analytical sample showed a m.p. of 210- 
212", [CY]? +49.6, X : y H  241 mfi, log e 4.22. 

And. Calcd. for CZ~&OO~: C, 77.15; H, 8.83. Found: t?, 
77.57; H, 9.26. 
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