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No. 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Name 
17-Acetoxy-3-ethylenedioxy-6- 

meth ylpregn-5-en-20-one 
17-Acetoxy-3-(1,2-dimethylethyl- 

enedioxy) -6-methylpregn-5- 
en-20-one 

17-Acetoxy-3-ethylenedioxy- 
pregna-4,6-dien-20-one 

17-Acetoxy-3-ethylenedioxy-6- 
methylpregna-4.6-dien-20-one 

17-Acetoxy-6-chloro-3-ethylene- 
dioxypregna-4,6-dien-20-one 

17-Acetoxy-6-chloro-3-(methyl- 
eth ylenedioxy) pregna-4,6- 
dien-20-one 

17-.4cetoxy-6-chloro-3-( 1,2-di- 
methylethylenedixoy) pregna- 
4.6-dien-20-one 

17-Ethyl-3-eth ylenedioxypregna- 
4.6-dien-20-one 

6-Chloro-17-ethyl-3-ethylene- 
dioxypregna-4,6-dien-20-one 

6-Chloro-17-ethyl-3-( 1,2-di- 
methylethylcnedioxy) pregna- 
4,6-dien-20-one 

17-4cetoxy-6-chloro-3-ethylene- 
diethiopregn-4-en-20-onef 

Yield, 
%" 
61 

41 

77 

6d 

54 

2 4e 

21 

38 

50 

55 

33 

TABLE I 
VARIOUS 3-KETALS 

M.p., 'C. 
(recrystn. 
so1vent)b 

185-187 (A-B) 

188-192 (C-D) 

231-234 (E) 

217-219 (E) 

205-206 (C-F) 

192-194 (D-F) 

168-170 (G) 

166-168 (C-F) 

176-178 dec. 
(A-B) 

156-158 (E) 

245-246 (D-F) 

[ab, 

- 55 

- 49 

f 3 7  

+41 

f18 .6  

4-63 

+36 

+ 49 

+73 

Formula 
CzeHssOr 

C z a H 4 2 0 I 

CisHaros 

C26H3605 

CesHaaClOi 

Ci~HasClOs 

CiiHs7CIOs 

CzsHasOs 

CisHssClOa 

CiiHasClOa 

CisHaaClOsSz~ 

-c, %- 
Calcd. 
72.52 

73.32 

72.43 

7 2 , 8 6  

66.87 

67.44 

67.98 

78.08 

71.66 

72.54 

62 .40  

Found 
72.61 

73.32 

71.67 

72 51 

66.88 

67.65 

68.23 

78.01 

71 .44  

72 .72  

6 2 . 9 8  

--H, 70- 
Calcd. 
8.90 

9 . 2 3  

8 . 2 7  

8 . 4 7  

7 .41  

7.62 

7.82 

9 . 4 4  

8 . 4 2  

8.79 

6 . 9 2  

Found 
9 .32  

9 . 5 8  

8.30 

8.63 

7.58 

7.51 

8 . 2 2  

9.6Y 

8.63 

9.06 

6 .97  

,--GI, %-- 
Calcd. 

. . .  

. . .  

. . .  

. . .  

7.90 

7.66 

7 . 4 3  

. . .  

8 . 4 6  

7 .93  

. . .  

Found 
. . .  

. . .  

. . .  

. . .  

7.90  

7.96 

7.62 

. . .  

8.62  

8.08 

. . .  

a Yield of good quality material. Corrected analytical melting point determined in open capillary tubes on a Ilel-Temp apparatus. 
Recrystallization solvents: A = acetone, B = petroleum ether (b.p. 6O-iO0), C = methylene chloride, D = ether, E = methanol, 
F = petroleum ether (b.p. 30-60°), G = isopropyl ether. c All rotations were det,erniined in chloroform solutions in dm. tubes a t  a 
concentration of 0.9-l.lG with the exception of entry 5, which was determined a t  0 .435 .  (6-unsubstituted A4+-3-ketals): 
232-233 mp ( e  22:000-23,000), 238-239 (23,000-27,000), 246-247 (15,000-18,000); for the 6-methyl AV-3-ketal (entry 4): 236 mp 
( E  20,800), 21'2 (22,700), 250 (15,400); for the 6-chloro A4,6-3-ketals: 237-238 rng ( E  19,000-21,000), 243 (21,000-24,000), 252-253 
(15,000-16,000); in all instances the center peak of the triad was the major peak; for the 6-chloro-A%6-3-thioketal (entry 11): 248 
m r  (e  18,600), 270 (12,200). The infrared spectra in all instances confirmed the loss of the conjugated 3-ketone and the retention of 
the 20-ketone. Eluted from silica gel with benzene-ether (10: 1). See ref. 
13. Q Anal. Calcd.: S, 13.33. Found: S, 13.15. 

e Eluted from silica gel with benzene-ether (95:5). 

the parent 17-acetoxy- and 17-alkylprogesterones. 
As has been noted p r e v i ~ u s l y , ' ~ ~  the presence of the 
17-substituent effectively hinders ketalization of the 
20-carbonyl group and a preferential 3-ketalization is 
smoothly achieved. That A4j6-3-ketones will undergo 
ketalization has already been reported.12 Ketaliza- 
tion was carried out with ethanediol, butane-2,3-diol, 
propane-1,2-diol, and also with ethane-l12-dithiol.l3 

Progestational Evaluation.-The various ketals and 
their parent ketones were assayed for progestational 
activity by the oral Clauberg procedure13; these activi- 
ties are listed in Table 11. It is apparent that the 
ketals have an order of activity similar to that shown 
by the parent ketones. In certain instances the activ- 
ity even appears to  be somewhat enhanced. Thus, 
the 3-ethylene ketals of 17-acetouyprogesterone and 
17-ethylprogesterone are about 3-4 times as active as 
the parent 3-ketones. Also, the ketals of 6-chloro-G- 
dehydro-17-acetoxyprogesterone are as much as 2-3 
times as active as the parent compound. On the other 
hand, the 3-ethylene ketal of 6-dehydro-G-methyl-17- 
acetoxyprogesteroiie has only about half the activity 
of the parent ketone. 

The structure-activity relationship resulting from 
variations in  the ketal moiety of these molecules was 
investigated oiily briefly. With the ketals of 6- 
chloro-6-dehydro-l7-acetoxyprogesteroiie, snlall varia- 

(12) G .  J. Fonken, J .  Org.  C h e m ,  26, 2549 (1961). 
(13)  The ethylenedithio ketal w a s  prepared by the procedure previously 

Teported by J. W. Ralls and B. Riegel [.I. Am. Chern. Soc.,  76, 4479 (195411 
for the  thioketalieation of Ad-3-ketones. 

(14) All Clauberg assays nere carried out  under the superLision of Dr. 
E. Shipley of the Endocrine Labs.. Madison, Wis., according to the  McPhail 
inodihcation 131. R. McPhail, J .  Physzol .  (London), 83, 145 (1934)l. 

tions in activity were noted, The ethylenethio ketal 
in this series was either inactive or at best considerably 
less active than the parent. 

JITith regard to  the question as to  whether these 
ketals are active per  se or undergo conversion to  the 
active parent ketones, we have no pertinent evidence 
to report.15 However, it is of interest to  note that one 
ketal, that of 17-ethylprogesterone, was inactive when 
administered by the subcutaneous route, although 
the ketal of G-dehydro-17-ethylprogesterone was sub- 
stantially active when assayed by this route of ad- 
ministration. 

Experimental'G 
17-Acetoxypregna-4,6-diene-3,20-dione.7-A solution of 2 g. of 

1 i-acetoxypregn-4ene-3,20-dione and 1.34 g. of recrystallized 
2,3-dichloro-5,6-dicyano-1,4-benzoquinone in 65 ml. of purified 
dioxane was saturated with HC1. After 30 min. the solution was 
filtered, the mother liquor was diluted with methylene chloride 
washed with water, lC; aqueous XaOH solution, and 
saline solution, dried ( RIgS04), and evaporated to dryness leaving 
a solid. Several recryst,allizations from acetone gave white 
crystals, yield 871 mg. (44C;); m.p. 220-221" (lit.6 m.p. 227- 
228'); [ a I z 6 ~  +6" (c  0.5, CHC1,); XE:OH 283 mg ( e  23,000); 
h,,:5.73,5.78~Ci.02,6.14,6.26,7.03g. 

74.29; H, 8.59. 
17-Aceto~y-6-methylpregna-4,6-diene-3,20-dione.~-I1~ the 

niaiiner described above 3.865 g. ( 10 nimoles) of 17-acetoxy-6a- 
illethylprogesterone5 was treat,ed with 2.73 g. (12 nimoles) of 

KU 

i2nnl. Cdcd. CLsHioO,: C, 71.56; 11, S.16. Foulld: C, 

(18) One of the ketals (li-acetoxy-6-cliloro-~-etl1ylenedioxypregna-4,6- 
dien-20-one) a a s  checked for stability in tragacanth, the administration 
vehicle used in the  Clauberg assay. and found to be stable (see Experimen- 
tal). 

(16) Melting points were determined in open capillary tubes on  a hlel- 
Temp apparatus and are corrected. 




