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Dehydrogenation by means of different dehydrogenation agents of acylated derivatives and' 
3-enolethers of 3/?, 17a-dihydroxy-zf 5-prcgnene-20-one and 3/?-hydroxy-17a-acetoxy-/J5-preg-
nene-20-one as well as of 17a-hydroxy-progesterone has been studied. 

At synthetical steroids with strong biological effect, which have been prepared 
in recent time and especially in case of different hormones, unsaturated bonds 
introduced in different parts of the steroids play a decisive role in forming the extent 
of the effect. Of these the more important are the At and A6 double-bonds, the 
latter increasing the effect of the compounds in question first of all in case of simul-
taneous introduction of 6 alkyl or halide functions. E. g. the effect of 17a-acetoxy-
progesterone (oral Clauberg assay) is 15 times increased by the introduction of 
6 chlorine function, and the simultaneously introduced double bond increases 
it 250 times [1,9]. Besides profilactic anticancer compounds have recently been 
found among 6-dehydro-pregnane derivatives [2, 3]. 

The usual methods to form ¿l6-unsaturated bond are eliminations of hydrogen 
halide or water from the compound substituted in the required place [4—11] and 
rearrangement of a known unsaturated bond f rom 6-methylene derivatives [12]. 
More recently the most widespread method is the dehydrogenation by different 
quinones, what may lead to A l - and ^ - u n s a t u r a t e d steroids, depending on the 
solvent, temperature and the quinone applied. As it is well known, /1,-double bond 
can be introduced even by means of selene dioxide [11, 13a, 13b]. WETTSTEIN [ 1 4 ] 
has applied benzoquinone as hydrogen acceptor together with aluminum alcoho-
lates in case of 3-hydroxy-zl 5-androstene- and pregnene-derivatives, and under 
such conditions -d46-diene-3-onebond systems were formed, that is the oxidation 
of the hydroxyl group is accompanied by a dehydrogenation process in the B-ring. 
Chloranil (tetrachloro-p-benzoquinone) was first used for dehydrogenation of 
hydrocortisone acetate. The products of the reactions are 6-dehydro derivatives 
in xylene solution, 1,6-bis-dehydro derivatives in n-amylalcohol. This method became 
fairly widespread for synthesizing A6 unsaturated steroids, [lb, 7, 9, 10, 13a, 13b, 
16—24]. Dehydrogenation can be well performed if the diene system is already 
preformed in form of 3-enolester or enolether [11, 23, 25, 36]. For preparation 
of 3-enol systems in the case of A4-3 oxo derivatives ethyl orthoformate [26, 33] 
or 2,2-diethoxypropane [34] are used. Tetrachloro-o-benzoquinone and often 
2,3-dicyano-5,6-dichloro-l,4-benzoquinone (DDQ) are used as dehydrogenation 

1 Part I — Acta Chim. Hung. (1965). in press. 
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.agents [ 9 , 2 4 , 3 5 , 3 6 ] . J A C K M A N N [ 3 7 ] reviewed on dehydrogenations caused by 
quinones, further A G N E L L O and L A U B A C H [ 3 8 ] and R I N G O L D and 'h i s coworkers 
,[24. 39, 40] dealt with the reaction mechanism. 

For synthetic purposes we have studied the dehydrogenation of some preg-
nane derivatives by means of chloranil and by W E T T S T E I N ' S method, respectively [ 1 4 ] . 

3/?,17a-dihydroxy-Jd5-pregnene-20-one (la) and 3/?-hydroxy-17oc-acetoxy-,d5-
pregnene-20-one (lb) were treated in presence of p-benzoquinone with aluminum 
isobutoxide in toluene and the desired !7a-hydroxy-il6-progesterone (I fa) and 
17a-acetoxy-zl6-pr.ogesterone, resp., have been obtained [42]. In the case of lb 

•during the process the hydrolysis of 17a-acetoxy-group does not take place. It was 
possible to prepare l i b by acetylation of ITa with acetic anhydride in presence of 
p-toluenesulphonic acid. 

i i " c=o c=ó 

a, R:H o. R:H 
b, R:0Ac b. R:0Ac 

The dehydrogenation of 17a-caproyloxy-progesterone (III) with chloranil in 
.tetrahydrofurane yields 17a-caproyloxy-z)6-progesterone (IV) [42]. 

R •• CSH„C0 
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III being treated with tetrachloro-ortho-benzoquinone und erco.nditions similar 
t o that of dehydrogenation by chloranil, the product obtained is not identical with 
IV. On the basis of physical constants of the compound and of the IR spectra, dehyd-
rogenation likely proceeds in ^1(2) position and 17aTcaproyloxy-zl1-progesterone 
was formed (V) [44]. A broad band found in the infrared spectra at 1660 c m - 1 

as well as an olefin band found at 800 c m - 1 indicates ¿l1;4-diene-3-one-structiire. 
17«-caproyloxy-progesterone (III) was treated with ethyl orthoformate in presence 
of hydrochloric acid [26], sulphuric acid [27] and p-toluene sulphonic acid [28] 
to give the enolether ( V I ) . The latter was treated by the method of K I K U O , J A S U D A and 
their coworkers [43] with t-butylchromate in carbon tetrachloride. We isolated 
17a-caproyloxy-/l6-progesterone (IV) from the reaction product by chromatography 
on silicagel. 

According to our experiences best yiel'd was reached with dehydrogenation 
by chloranil in the preparation of 6-dehydro derivatives. Concerning the different 
suppositions on the mechanisms we do not think it necessary to suppose the cyclic 
intermediate, as it has been done by M A N D E L L [ 4 0 ] , dehydrogenation through 
enolization appears to be more probable. It had been proved by R I N G O L D and 
T U R N E R [ 2 4 ] in the course of their experiments. They found that the rate of dehyd-
rogenation is depending on the enolization and on the concentration of reaetants 
promoting enolization. We have to note that the rate of dehydrogenations carried 
out with different quinones are independent of the redox potentials of different 
quinones, that is, depends on other factors [37]. 

Experimental 

1 Icj-hydroxy-A ¿-progesterone (\la.-hydroxy-AA 6-pregnadiene-3,20-dione) (Ha) 

To 3 g of 3/?,17a-dihydroxy-,d5-pregnene-20-one (la) dissolved in 180 ml. of 
anhydrous toluene, 18 g of p-benzoquinone was added and 30 ml of toluene dis-
tilled f rom the solution. After addition of 3 g of aluminum-t-isobutoxide the 
mixture was refluxed for an hour, then it was steam-distilled for three hours the cooled 
residue acidified with 10 ml of 1 N sulphuric acid and was extracted with 5 X 100 ml 
of ether. The extracts were washed with 1 N N a 2 C 0 3 solution until negative FeCl3 
test. The solution was then washed with water, dried ( N a 2 S 0 4 sicc.) and evapor-
ated to 50 ml, filtered on a short A1 2 0 3 column (80 g, act.: II), washed with 50 ml 
of ether and evaporated. 1,2 g of oil was obtained and it was chromatographed 
on silica gel (60 g) with ethyl acetate. The crystalline substance obtained (622 mg) 
was recrystallized f rom acetone-ether. Yield: 452 mg of 17a-hydroxy- /d6-proges-
terone (Ha). Mp. : ¿ 3 9 - 2 4 1 ° ; ( a ) " : + 2 2 ° (c: 1, CHC13); IR A ^ 4 : 3660 c m - 1 (OH 
free), 3540 c m - 1 (OH assoc), 1690 c m - 1 (20-ketone) 1660 c m - 1 (conjugated-3-
ketone), 1617, 1586 c m - 1 (conjugated olefin), 1015 c m - 1 (OH). 

Anal. : Caicd. C 2 1 H 2 8 0 3 C 76,79 H 8,59 Found C 76,68 H 8 , 6 3 % . 

1 la.-acetoxy-A6-progesterone (17oc-acetoxy-A46-pregnadiene-3,20-dione) (lib). 

A) 1,5 g of 3/j-hydroxy-17«-acetoxy-,d 5-pregnene-20-one (lb) was dissolved 
in 90 ml of anhydrous toluene, 9 g p-benzoquinone was added and 15 ml toluene 
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distilled from the solution. 1,5 g aluminum-t-isobutoxide was added to the solution 
and boiled for an hour. After steam distilling for two hours the cooled residue 
was acidified with 1 N sulphuric acid and extracted with 5 X 50 ml of ether. The 
extract was washed with cool saturated N a H C 0 3 solution until negative FeCl 3 

test. Then the solution was washed with water, dried ( N a 2 S 0 4 sicc.) and evaporated. 
The residue was chromatographed on silica gel (50 g) with ethyl acetate and 350 mg 
of crystalline substance was obtained and crystallized from acetone-ether. Yield: 
228 mg 17a-acetoxy-J6-progesterone (lib). Mp. : 2 1 8 - 2 2 0 ° ; («)?<>: +18° (c: ], 
CHCI3). IR : 1720, 1240 cm_ 1 (ester), 1690 c m " 1 (20-ketone), 1660 
(conjugated-3-ketone), .1617, 1586 c m - 1 (conjugated olefin). 

Anal.: Calcd.: C 2 3 H 3 0 O 4 C 74,54 H 8,16 Found : C 74,32 H 8,09%. 
B) 300 mg of 17a-hydroxy-zl6-progresterone (Ila) was dissolved in 10 ml 

anhydrous toluene, 10 ml of p-toluenesulphonic acid and 1 ml of acetic anhyd-
ride were added, then the solution boiled for 3 hours and 4 ml of solvent was 
distilled oif. 1 ml of pyridine was added and the solution distilled under reduced 
pressure till it became dry. The residue was recrystallized from aceton-ether. 152 m g 
of 17a-acetoxy-/d6-progesterone was obtained (lib). Mp. : 219—220°; (a)D°-
+ 18°: (c: 1, CHCI3). IR spectra were identical with those of A. 

Anal.: Found: C 74,28 H8 ,12%. 

17oc-caproyloxy-A6-progesterone (I 7a-caproyloxy-A4 6-pregnadiene-3,2Q-dione (IV) 

A) 2 g of 17a-caproyloxy-progesterone (III) was disseolve in 60 ml of anhyd-
rous tetrahydrofurane. 1,6 g chloranil was added and the solution refluxed f o r 
20 hours. The cooled mixture was diluted with water for five times of its original 
volume, then extracted with 2 X 60 ml of ethyl acetate. The extract was washed 
with 1 N N a O H solution until the disappearance of FeCl3 reaction, then with 
water and dried ( N a 2 S 0 4 sicc.). The solution was filtered on a short A1 2 0 3 column. 
(30 g, act: II) and evaporated at reduced pressure. The residue was recrystallized 
from acetone. 782 mg of 17«-caproyloxy-zl6-progresterone (IV) was obtained. 
Mp. : 108 -110 °C; (a)?,0: + 1 0 ° ( c : 1, CHC13). IR A ^ ' 4 : 1718cm" 1 (ester), 1690 c m " 1 

(20-ketone), 1660 c m " 1 (conjugated-3-ketone), 1608, 1552 c m " 1 (olefin). 
Anal.: Calcd.: C 2 7 H 3 8 0 4 C 76,02 H,8,98 Found: C 76,00 H 8,87%. 
B) 1 g of 3-ethoxy-17a-caproyloxy-zl3 5-pregnadiene 20-one (VI) was dissol-. 

ved in 50 ml carbon tetrachloride and 10 ml t-butylchrornate solution [43] was . 
added, the solution was boiled on water-bath for three hours at constant stirring. 
Then 100 ml of 10% aqueous oxalic acid and 5 g oxalic acid were added and then 
the solution was stirred for two hours at room temperature. It was extracted with 
3 X 100 ml ethyl acetate, the extract washed with 1 N sodium hydroxide solution 
then with water and dried ( N a 2 S 0 4 sicc.) and distilled under reduced pressure. 
The residue is dissolved in 50 ml acetone and filtered through 20 g A1 2 0 3 , eva-
porated and recrystallized f rom acetone. 222 mg of 17a-caproyloxy-d6-progesterone 
(IV) was obtained. Mp. : 109-110° ; (a)D°: + l l ° (c: 1, CHC13). IR 1 7 2 0 c m " 1 

(ester), 1690 c m " 1 (20-ketone), 1658 c m " 1 (conjugated-3-ketone), 1608, 1550 c m " 1 

(olefin). 
Anal.: Found C 76,05 H 8.96%. 
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3-ethoxy-]loL-caproyloxy-A3 ¡-pregnadiene-20-one (VI) 

A) 2,5 g of 17a-caproyloxy-progesterone (III) was dissolved in anhydrous 
benzene, 1,25 ml of freshly distilled ethyl orthoformate, 1 ml of dry ethanol and 
1 drop 22% hydrochloric acid in anhydrous ethanol were added, then the mixture 
boiled for two hours. After cooling it was made alkaline with 1 N N a O H solution then 
the mixture was washed with water. The organic layer was distilled under reduced 
pressure, then it was chromatographed with benzene on A l 2 0 3 - c o l u m n ( 8 0 g , act.: 
II). The obtained crystalline substance was recrystallized f rom methanol: 1,22 g of 
3-ethoxy-17a-caproyloxy-J3 5-pregnadiene-20-one (YI) was obtained. Mp. : 138 — 140 
(a)D°:-(-11° (c: 1, C H C l 3 ) . ' l R A ^ 4 : 1708 c m " 1 (ester), 1660, 1608cm" 1 (olefin). 

Anal.: Calcd.: C 2 9 H 4 4 0 4 C 76,27 H 9,71 Found C 76,18 H 9,68%. 

B) 2 g of 17a-caproyloxy-progesterone (III) was dissolved in 25.ml of anhyd-
rous tetrahydrofurane, then 1 ml of anhydrous ethanol, 1,9 ml of ethyl orthofor-
mate and 30 mg of p-toluenesulphonic acid were added. After shaking for ,30min 
1,5 ml of anhydrous pyridine was added and the solution distilled under reduced 
pressure to. dryness. Residue was recrystallized f rom methanol. 1,01 g of 3-ethoxy-
17a-caproyloxy-zl3 5-pregnadiene-20-one (VI) was obtained. M. p: 137—140°; 

: + 10° (c: 1, CHC13). IR spectra proved to be identical with that of compounds 
described in A. 

Anal. : Found C 76,22 H 9,69. 

C) 1 g of 17ot-caproy]qxy-progesterone (III) was dissolved in 15 ml of anhyd-
rous, dioxane, 1 ml of ethyl orthoformate, 0,1 ml of anhydrous ethanol and 0,04 ml 
of cc. H 2 S 0 4 dissolved in 1 ml anhydrous dioxane were added. The reaction mix-
ture was shaken for 30 min., then 1 ml of pyridine added. Then it was diluted with 
water and the obtained crystalline solid filtered, dried and recrystallized f rom metha-
nol. 0,42 g of 3-ethoxy-17a-caproyloxy-zl3 5-pregnadiene-20-one was obtained. 
Mp.: 137-139° ; ( a ) " : + 10° (c: 1, CHC13). The IR spectra was identical with of 
product described in A. Anal.: Found: C 76,12 H 9,79%. 

Dehydrogenation of lla-caproyloxy-progesterone ( I I I ) with fetrachloro-benzoquinone 

1 g of 17a-caproyloxy-progesterone (III) was dissolved in 30 ml of anhydrous 
tetrahydrofurane, l g of tetrachloro-o-benzoquinone was added and the solution, 
boiled for 18 hours. The cooled mixture was diluted with water up to five volume 
then extracted with 3 X 40 ml of ethyl acetate. The extract was washed with 1 N NaOH 
solution until negative FeCI3 test, then with water and dried ( N a 2 S 0 4 sicc.). The 
resulting solution was evaporated under reduced pressure and the residue chroma-
tographed on a silica gel column (40 g) with ethyl acetate. A crystalline substance 
(303 mg) was obtained which after recrystallization f rom acetone-ether yields 
201 mg of 17<x-caproyloxy-<di 4-pregnadiene-3,20-dione [44]. Mp. : 100—101°; 
(<X)D° : +2° . (c: 1, CHC13). I R A ^ 4 : 1720cm" 1 (ester), 1660cm" 1 (conjugated 
ketone), 1620, 1558 c m " 1 (olefin), 800 c m " 1 (olefin). 

A n a l : Calcd.: C 2 7 H 3 8 0 4 C 6,02 H 8,98 Found C 75,98 H 8,75%. 
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СТЕРОИДЫ. II 
Изготовление 6-дегидропрегнен-производных 

М. Гальмош, Й.Сабо и Ё. Ковач 

Авторы изучали дегидрогенациго аиилированных производных и 3-энолового эфира 
3/М7а-дигидрокси-Л5-прегнен-20-он, 3$-гидрокси-17а-ацетокси-Л5-прегнен-он, и 17а-
гидрокси-прогестерона; различными реагентами дегидрогенации. 


