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This invention relates to compounds of the cy-
clopentanopolyhydrophenanthrene series having
a 12-keto group and a double bond in the 9,11
position, and more particularly to the prepara-
tion of such compounds.

The ¢yclopentanopolyhydrophenanthrene com-
pounds having a 12-keto group and a double bond
in the 9,11 position are useful as intermediates in
the preparation of steroid compounds having an
11-keto group. For example, 3-hydroxy-A%11=12-
ketocholenic acid can be utilized as a starting

material to prepare 3-hydroxy-11-ketocholanic:

acid -and derivatives. thereof which may be fur-
ther treated to obtain: the therapeutically impor-
tant. compound, Kendall’s Compound E (17-hy-
droxy~11-dehydrocorticosterone).

It is an object of the present invention to.pro-
vide an improved process for preparing A%11-12-
keto - cyclopentanopolyhydrophenanthrene - com-
pounds. Itisa further object to provide a process
for - converting - cyclopentanopolyhydrophenan-
threne compounds having a 12-keto substituent
and a double bond in the 8,9 position to the de-
sired A%11-12-keto compounds. Another object
is to prov1de an improved method for obtaining
3-hydroxy-a%11-12-ketocholenic acid. Other ob-
jects of this.invention will be apparent from the
detailed disclosure heremafter provided.

In accordance with one embodiment of our
invention, we have found that cyclopentanopoly-
hydrophenarnthrene compounds having a 12-keto
substituent and a double bond in the 8,9 position
are readily converted to the corresponding A%11-
12-keto compound by reaction with a mineral
acid or a strong alkali. - This reaction may be il-
lustrated as follows: o

The compounds 111ustrated above may also con-
tain substituents such as hydroxy, acyloxy, keto,
alkyl, carboxyalkyl, and the like 1n rmgs A, B
and D.

" The reaction is effected by intimately con-
tacting the A89-12-keto compound with a mineral
acid or a strong alkali.

‘Mineral acids suitable

10

15

25

30

35

40

. 45

55

(CL 260—397.1)

2

for this purpose include hydrochlorie acid, hydro-
bromic acid, sulfuric acid, phosphoric acid and
the like. By the term, strong alkalis, as used here-
in, is meant those alkaline substances which in
solution exhibit a pH above 8, such as the alkali
metal hydroxides and "alkali metal alcoholates
(inter alia, sodium hydroxide, potassium hydrox-
ide, sodium methoxide, sodium ethoxide, potas-
sium methoxide, and the like). After the isomer-
ization is completed, the desired product is con-
veniently recovered in accordance with conven-
tional methods.

As suitable starting materials in the process
of our invention there may be mentioned, A%9-
12-ketopregnene, 3-hydroxy-A89 - 12 - ketopreg-
nene, - 3-acyloxy-A89-12-ketopregnene, A89-12-
ketocholenic acid, 3-hydroxy-A8s-12-ketocholenic
acid, 3-acyloxy-A89 12-kefocholenic acid, A89-12-
ketoetiocholenic acid, 3-hydroxy-A89-12-ketoetio-
cholenic acid,” 3-acyloxy-A89-13-ketoetiocholenic
acid, esters of such acids, and the like. .When
the starting compound contains an acyloxy sub-
stituent this group is hydrolyzed under the re-
action conditions to yield a hydroxy substituent.
Also, when esters are treated with strong alkalies,
hydrolysis occurs and the free acid derivative is
obtained.  However, this is-immadterial to our in-
vention since, if desired, the isomerized product
may be acylated or esterified in accordance with
conventional chemical practice to obtain the de-
sired acylated and/or esterified derivative.

In carrying out the process of our invention
we have achieved maximum yields of ‘the desired
product under optimum conditions by reacting
the A%9-12-keto cyclopentanopolyhydrophenan~
threne compound with the mineral acid or strong
alkali is a suitable solvent medium. We have
found that lower ‘aliphatic alcohols (inter -alia
methyl alecohol, ethyl alechol, isopropyl alcohol)
or water-lower aliphatic alcohol mixtures, are
particularly suitable as reaction med1ums for our
process. |

In practice, we find that althouch the tempera-
ture can be varied somewhat depending upon
the particular compound being isomerized, gen-
erally maximum yields are achieved by carrying
out the reaction of the A89-12-keto compound
with a strong alkali or a mlneral ac1d at room
temperatures.

The process of our 1nvent10n is’ partlcularly
valiiable for converting A89-12-ketocholenic acids
to the:corresponding” A%11- 12-ketocholen1c acids.
Thus, we have found it to be most useful for pre-
paring 3-hydroxy-A9 11-12-ketocholenic .acid and
esters thereof from the corresponding 3-hydroxy-
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A89-12-ketocholenic acid or esters thereof. (As in-
dicated previously, 3-hydroxy-AS11-12 - ketocho-
lenic acid is valuable as an intermediate in the
preparation of Kendall’s Compound E.) Alter-
natively, we may also use the corresponding 3-
acyloxy -compounds, for example the 3-acyloxy
acids or 3-acyloxy ester, as starting materials for
this purpose. In this case, as mentioned previ-
ously, the 3-acyloxy group is hydrolyzed under the
reaction conditions to yield the isomerized prod-

10

uct having a 3-hydroxy substituent. These pars -

ticular reactions may be illustrated as follows:

Wwheiein R Tepresents a carboxy group or an es-
terified carboxy. group convertible to carboxy. by
hydroly51s and Ry repreSents a hydroxy or an
acyloxy substituent convertible to hydroxy by hy-
drolysis.

.In earrying out the lsomenzatmn of a 3-hy-
droxy-A89 -12-kétocholenic acid to obtain the
isomerized product having a double bond in the
9,11 position, we prefer to use a lower alkyl ester
of . the A8S-compound..as: the startmg material.
Tn: effecting the reaction with this starting ma-
terial undér our preferred conditions, the start-
ing compound is- -dissolved in 4 lower aliphatic
aleohol, the mineral acid or strong alkali added
thereto, ‘and the resulting reaction mixture per-
mitted to -stand at room .temperature untll the
isomerization,is completed. .. In this case, the
course..of ‘the. reaction, i: e. the shlftmg .of the
doiible bond. from the 8,9 to the 9,1% position is
convemently followed by measuring the ultra-
violet ‘absorption spectrum of the solution. - Since
the A%l ¢compotnds produced exhibit a-charac-
teristic, absorption.spectrum due to the _presence
of .. ¢onjugated double bond. system: with chro-
mophorm properties,: Whereas the starting com-
pounds do .not have an  ultra-violet absorptlon
spectrum, the course of ‘the. reaction .is readily
and donveniently followed xby Mmeasuring the ab-
sorption spectrum.. Generally, we find that it is
preferable. when utilizing cholenic aeids -or de-
rivatives thereof as.the startmg material in our
process, not.. to- permit. the reaction mixture ‘to
stand lohger than 40 hours, since. some decompo-
sition of the product appears to take place after
thattime.

CItis 1ndeed surpnsmg to ﬁnd that 1somer1zat10n
of AB9:12.Keto cyclopeéntanopolyhydrophenan-
threne compounds. can be effected to.yield the
corresponding A%'-compounds. . While the shift-
ing-of double bonds in steroids under hydrogena-
tion condltlons or ‘with, hydrochlor1c acid-and
acetic "acid has been ; .reported in the apochohc
‘acid series, the 1somerlzat10n of .A%Y Steroids had
not been reported previously. In the apochohc
acid series, the migration of 7,8 or 14,15’ double
bonds to the more stable 8, 14 posmon oceurs, and
it is therefore indeed unexpécted to find ‘that the
8,9-double bond will shift to the 9,11-position.

_“The preparatwn of the startmg matérial, 3-
scetoxy=as. 9-12-ketochoIen1c acid and the methyl
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4 .
ester thereof from cholic acid are described in
the Journal of the Japanese Biochemical Society,
volume 20, pages 144-147 (1948). The 3-hydroxy-
A89-12-ketocholenic acid is readily obtained by
hydrolyzing the corresponding 3-acetoxy com-
pound in accordance with methods known in the
art.

The following examples are presented to illus-
trate specific embodiments of our invention:

Example 1

‘2 g, of 3ta)-acetoxy-A89-12-ketocholenic acid
was dissolved-under nitrogen in 30 ce. of 0.6 N
‘methanolic. hydrogen chloride. The resulting

-solution quickly became pale yellow and all of

the solid dissolved in one-half hour. The solu-

tion ‘was then maintained at room temperature
‘for forty hours and finally concentrated to dry-

ness in vacuo. Water was added to the resulting
residue; and the off-white solid was removed by
filtration, washed with an_ aqueous sodium -bi-
carbonate solutlon, then with water, and finally
dr1ed.~ After recrystalhzatmn from aqgueous
methanol the methyl -3(a) -hydroxy A% = 194
ketocholenate was found. to melt at 115-118° -C
and. did  not -depress the meltmg pomt of
authentzc ‘methyl - 3(a) -hydroxy - A11_12-keto-
eholenate The product was- found to have a
specific rotation: [a]D22—+104° (1% in chloro~
form).. .

- The crude methyl-3(a> -hydroxy-A9 11 12—keto-
cholenate prepared above was dissolved in 15 cc.
of-methanol and stirred while 0.38 g. of .sodium
hydroxide in 1 cec. of water was added dropwise.
The alkali was washed in with 1 ce¢. of water,
and the solution: was warmed at 40-42° for 45
minutés.. The yellow solution was diluted: with
15-cc. of .water and concentrated to a mush in
vacuo... Water (15 cc.) and acetone (6 ec.) were
added to the residue, and the solution was cooled
to room temperature The-solution was stirred
and acidified to litmus w1th 1 1 cc. of glac1al acetrc
ac1d ‘added - dropw1se The ‘mixture was. dlluted
w1th -40- ce. of water and chiiled for one hour.
The- ‘Solid was “filtered, washed with water and
recrystalhzed twice from agueous methanol. The
3(a) -hydroxy-A9 11j9_ketocholenic ‘deid .so. ob-
tained was found to melt at 173-175° C. and had
% speclﬁc rotation of. [«] p2=-4108° (1%,
chloroform) The product had an ultra-v1olet
absorptlon spectrum A ‘maximum 2400 A.: "E%
287, Ex% 11,200, This, material did not depress
the. meltmg pomt of an authentm sample (M. P.

‘176—177 .5%) of 3(a) -hydroxy-A%iic ‘12-ketocholenic

adid.
Example 2

1 g. of 3-acetoxy-A89-12-ketocholenic acid was
suspended in 20 cc. of methanol and 20 cec. of
30% sodium hydroxide was added. The reaction
mixture was cooled to room temperature and
kept standing overnight. The dark green solu-
tion was concentrated to a slush in vacuo. The
residue was :dissolved in hot water and acidified
to litmus with 36%. acetic acid. The acidified
mixture was cooled, filtered, and the precipitated
3(a) -hydroxy - A%l - 12 - ketocholenic acid was
washed with water. The A%l-acid so obtained
was’ recrystalhzed from aqueous methariol.  The
0.7 g..of product $0 obtamed ‘was found’ to melt
at 174-177° C. and a 19 ¢hloroform ‘solution had
a_rotation, [al,B=+100°. The ultra- violet ahb-
sorptlon spectrum exhibited .o, maximum, ‘A at
2400 A wmh E% of 280. A mixed melting point
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with an authentic sample of 3(a)-hydroxy-A%i-
12-ketocholenic aei_d#gave no depression, - -
; ‘Ezample 3
0.0126 2. of methyl 3-acetoxy-A89-12-keto-
cholenate was dissolved in 1 ce. methanolic HCl
(0.6 molar HC1) and the solution was allowed to
stand. at room ' temperature. -Formation .of
methyl = 3 - hydroxy-A?1l-12-ketocholenate . was
measured by. appearance of the ultra-violet ad-
sorption specfrum; after 7% hours, ‘A' max., 2400
A, B% 252. S ie e
' « - -Ezample 4

0.335 g. of 3-hydroxy-A89-12-ketocholenic acid
was dissolved in 5 cc, methanolic HCI1 (0.6 molar
HCD), and the solution was allowed to stand at
room temperature. Formation : of the A%11-
compound was recognized by measurement of the
ultra-violet absorption spectrum; after 13 hours,
A max. 2400 A, E9 213.

Example 5

0.0168 g. of -3-hydroxy-A89-12-ketocholenic
acid was dissolved in 1 cc. of methanolic sodium
hydroxide (2.5 cc. methanol}-2.5 ce. 30% aque-
ous NaOH). The solution was allowed to stand
at room temperature, and the formation of the
3-hydroxy-A%1l-12-ketocholenic acid was de-
termined by measurement of the ultra-violet
absorption spectrum of the solution:

After 13 hours, A max. 2400 A —E% 171
After 20 hours, A max. 2400 A—E% 200
After 37 hours; A, max. 2400 A-—E% 279

Various changes and modifications may be
made in earrying out the present invention with-
out departing from the spirit and scope thereof.
Insofar as these changes and modifications are
within the purview of the annexed claims, they
are to be considered' as part of our invention.

‘We claim:

1. The process for preparing a A%l1-12-keto
compound - of the cyclopentanopolyhydrophen-
anthrene series which comprises reacting a A8°9-
12 - keto cyclopentanopolyhydrophenanthrene
compound with a member selected from the
group consisting -of mineral acids and strong
alkalis,

2. The process for preparing a' A%11-19-keto
compound of the cyclopentanopolyhydrophen-
anthrene series which comprises reacting a A8,9-
12" - keto - cyclopentanopolyhydrophenanthrene
compound with a member  selected from the
group consisting of mineral acids and strong
alkalis, and recovering the corresponding A?%il-
12 -~ keto  cyclopentanopolyhydrophenanthrene
compound from the resutling reaction mixture.

3. The process for preparing a A%1l.12-keto-
compound of the cyclopentanopolyhydrophen-
anthrene series which comprises reacting a A89-
12 - keto cyclopentanopolyhydrophenanthrene
compound with a mineral acid.

4. The process for preparing a A%1-12-keto
compound of the cyclopentanopolyhydrophen-
anthrene series which comprises reacting a A89-
12 - keto - cyclopentanopolyhydrophenanthrene
compound with a strong alkali;

5. The process for preparing a A%11-12-keto-
‘cholenic acid which comprises reacting a A89-
12-ketocholenic acid with a mineral acid.

6. The process for preparing a A%1l-12-keto-
cholenic acid which comprises reacting a A89-
12-ketocholenic acid with a strong alkali.
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6
- 7. The process for preparing & coinpound of
the formula: ‘ R

'

wherein R is a. member selected from the group
consisting . of - carboxy and -esterified -carhoxy
which comprises reacting d mineral acid with a
compound of the formula:

HO

| g

|
L0

wherein R is a member selected from the group
consisting of carboxy and esterified carboxy and
R1 is a member selected from the group consist-
ing of hydroxy and acyloxy.

8. The process for preparing a compound of
the formula:

) gg

which comprises reacting a strong alkali with a
compound of the formula:

a

N

wherein R is a member selected from the group
consisting of carboxy and esterified carboxy and
R1 is'a member selected from the group consist-
ing of hydroxy and acyloxy.

9. The process for preparing 3-hydroxy-A%1l-
12-ketocholenic acid which comprises reacting
3-hydroxy-A82-12-ketocholenic acid with a min-
eral acid.

10. The process for preparing 3-hydroxy-a%1l-
12-ketocholenic acid which comprises reacting

R~

. 3-hydroxy-A89-12-ketocholenic acid with a strong
-alkali.

11. The process for preparing a lower alkyl
ester of 3-hydroxy-adil-ketocholenic acid which
comprises reacting a lower alkyl ester of 3-hy-
droxy-A89-12-ketocholenic acid with a mineral
acid.

12. The process for preparing 3-hydroxy-A%11.
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7
ketocholenic acid which comprises reacting a
lower alkyl ester of 3-hydroxy-A8®-12-ketocho-
lenic acid with a strong alkali.

13. The process for preparing a lower alkyl
~ester of 3-hydroxy-A®1l-12-ketocholenic acid
which comprises reacting a lower alkyl ester of
3-acyloxy-A89-12-ketocholenic acid with a min-
eral acid.

14. The process-for preparing 3-hydroxy-A911-
12-ketocholenic acid which comprises reacting a
lower alkyl ester of 3-acyloxy-A89-12-ketocho-
lenic acid with a strong alkali.

15. The process for preparing methyl 3(«) -hy~
droxy-A%11-12-ketocholenate which comprises-re-
acting ‘methyl 3¢a) = hydroxy-as®-12=kétoecho-
- lenate with a-mineral geid.

10
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‘16. The process for -preparing 3(a)-hydroxy-
A%11-12-ketocholenie -acid- which. comprises re-~
acting methyl 3(a) - hydroxy-A89-12-ketocho-
lenate with a strong alkall.
~ 17. The process for preparing methyl 3(a)~hy-
droxy-a®1+-12-ketocholeénate which comprisesre-
meting -methyl 38(a) ~acetoxy~12-Ketocholenate
with @ 'mineral acid..

18. 'The :process for- preparing: -3(a) -hydroxy-
ARM.32-=ketocholenic ‘acid ‘which comprises re-
actihg methyl 3¢) - acetoxy-12-ketocholenate
with a strong alkali.

EVELYN H. WILSON.
MAX TISHLER.
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