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ThlS invention is concemed gene1 ally Tmth the |

eelectwe reductmn of ketone groupings to hy-
 droxy redzcele in steroid cempounds containing
other reducibie lmhae;ee
relates to a novel process for selectively re-
ducing 11 -~ keto - cyclepentenopolyhydmphenep-

~threne compounds containing at least one un-

saturated carbon- mtregen lmkage to form the

More particularly, it

-1 -

corresponding 11 - hydroxy - cyclopentanopoly-

~hydrophenanthrene compounds without  affect-
ing the cs benmnltleﬂ*en linkage.

10
This selective

“reduction procedure is especially valuable in the o
synthesls of 1i-hydroxy-pregnene compounds -

- such as the adrenal hormones, corticosterone

“and 17« hydmw-cevmcostemne whmh may be
chemlcally represented as fellows | o

~ CHOR CH:0H
_'UzQ o (J.,--O
T mo—" N N Ho-—/\/:“OH
A A

' Certiceetm one

The conngumtldn of the 11-hydro: xyl sub-
- 30

etatuent in such naturally-—eecurrmg sveroids,

17-hydrexm ~COT tleosterene -

radicals in the 3 and 20-positions takes place
preferentially to reduction of the 11-ketone.

Only by employing relatively drastic reduction

conditions, is it possﬂole to reduce the 1l-keto
substituent and, under such drastic conditions

- of reduction, the 3 and 20-keto groups are like-
‘wise reduced. The compounds thus obtained,

in attempted syntheses of cortical steroids, are

~10,13 - dimethyl - cyclopentanopolyhydrophen-

anthrenes containing an 11(ﬁ)-hydroxy radical,
and additional hydroxy radicals in the 3 and/or
20~positions of the molecule. Attempts to pref-

erentially oxidize the 3 and/or 20-hydroxy .

~radicals to the correepondlng keto substituents,
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while retaining the g-hydroxyl radical attached
to the 1l-carbon atom, have not been euccessful

- due to the comparatively high susceptibility of

the 11(8) -hydroxy. grouping to oxidation. Anom-

~alously, it has not been possible to “protect”
20

the 11(;3)—hydroxy group by acylation, while
leaving the 3 and/or 20-hydroxy radicals free

to be oxidized, since the 11(g)-hydroxyl group

~ is subject to very pronounced steric hindrance

25

“which has been found to correspond to that
~-of the two angular methyl groups and the side

“chain of the stercid molecule, is eonventwnally.a

demgnated ,G and written above the plane of
the ring system, i. e. a full line in the formulae.
‘Heretofore, the synthesis of cortical steroids

e,pperent]ﬁf m&nmmntebm onstacle by virtue
-0f the following chemical facts:

functmnal charvacter of this class of steroids

| '.._.:*and the fact that such cortical steroids ordi-
- marily possess additional kete substltuents in the
-3 and/or 20-positions;
. __‘reactwltv (ascribed to steric hinderance) of the
(2) the known susceptibility
-of the g-hydroxyl group at DOel'GlOIl 11 to oxida-
together with-

(2) the extremely low

tmn and ehmme tion reactions,

(1> The poly-

- hydroxylamine,
~ the like, the ketone groupings in the 3 and/or - - -

J hydmxyzeted at position 11 has encountered an | - 20-positions reacted leaving the 11-keto radical

(See page 408 of the text “Natural Producte“
Related to Phenanthrene” by Fieser and F1eser |

- 3rd edition, Rheinhold Publishing Corp, New
- York, 1949.)

It was knowri.nrevlouely that when ll—keto--
10,13 - dimethyl - cyclepentanopolyhydrophenan-:,

threne compounds containing additional keto
groupings in the 3 and/or. 20-positions were

reacted with the usual ketone: reee,ents such as.
semmarbamde, --arylhydrazines,

hydrogen cyanide, ethyl orthoformate, and

:i unchaneed Tt was thus known heretofore how .
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“the seemingly enema,leus inertness of the ll(ﬁ) -

hydm:{yl to acylating agents.
~Thus,

‘when 1l-keto-10,13- cyclepentanepoly- 3
hydrephenant’n enes confaining additional keto

~ substituents (for example in the 3 and/or 20-
p031t10ns) are reduced using conventional meth-

" ods of hydrogenation or chemical reduction, it
hes been feund the,t reductmn 01‘ the ketg).

 to prepare 11-keto-10 13-dlamethylcyclopentano-_ o
'- _poxyhydrophenanthl enes containing in the 3.

~ and/or 20-positions various substituents hydro-
lyzable to keto radicals and containing unsatu-
~ rated cerbon—mtrogen linkages, such as oximino, -

“semicarbazido,
5 groupings.
~ dimethyl - cyclopentanomlyhydl ophena,nthrenes-_
- containing g 20-cyanhydrin grouping, it was also.

, . arylhydrazino and cyanhydrin
‘In the case of the 11-keto-10,13-

known that these compounds could be reacted

“with-a dehydra,tmg agent to produce the cor-
y responding Al7 - 20 - ¢yano - 11 - keto ~ 10,13-

- dimethyl - cyclopentanopolyhydrophenenthrenes S
These A7 < 20 - cyano - 11 - keto - 10,13 - di-
methyl N
~-are_key intermediates in the preparation of -

+. adrenel hormones contammg a 1'7 hydroxy sub-

_ cyclopenta,nopolyhydrophenenthrenes*;"

and has resisted acylation by all methods tried. |




o . 3
stituent since they can be readily converted, by
reaction with an oxidizing agent followed by 2
hydrolyzing agent, to the corresponding 17-
hydroxy - 20 - keto - 10,13 -~ dimethyl - ¢yclo-
pentanopolyhydrophenanthrene compounds.

These 11 - keto-10,13-cyclopentanopolyhydro-
phenanthrenes containing, in place of the ketone
grouping in the 3 and/or 20-positions, a grouping
containing an unsaturated carbon-nifrogen link-

age, were not previously considered to be of any

- use whatsoever as intermediates for the synthesis
of 11-hydroxy-10,13-dimethyl-cyclopentanopoly-

- hydrophenanthrenes containing 3 and/or 20-keto

groupings. This was due to the fact that no
method was known whereby the 1l-keto group
in such 11-keto - 10,13 - dimethyl-cyclopentano-
polyhydrophenanthrene compounds. could be re-
duced without, at the same time, reducing the
unsaturated carbon-nitrogen linkages. For ex-
‘ample, ordinary methods of hydrogenation or

2,628,068
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- like.

‘acyloxy - pregnane; 3,20,21-trihydroxy-11-1

4

- semicarbazidoor diarylhydrazino) -11-keto-21-ac-

yvloxy-pregnane; 3-hydroxy-11-keto-20-(oximino,
semicarbazido or arylhydrazino) - 21 - acyloxy-
preznane, A*-3,20-(dioximino, disemicarbazido or
diarylhydrazino) - 11- keto-21-hydroxy - pregnene,

A%-3,20- (dioximino, disemicarbazido or diaryihy-
drazino) -11-keto-21-acyloxy-pregnene, and the
Instead of “protecting” auxiliary keto radi-
cals by conversion to the oximes, semicarbazones
or arylhydrazones (the substitutents having un-
saturated carpon-nitrogen linkages in the illus-
trative examples set forth hereinabove), these
keto radicals can he converted by reaction with
hydrogen cyanide to the corresponding cyanhy-
drin. such as 3,20-dihydroxy-11-keto-20-cyano-
pregnane; 3,20-dihydroxy-11-keto-20-cyano-21-
zet0-

- 20-cyano - pregnane: 3 L21-diacyloxy-11-~keto-20-

20

chemical reduction drastic enough to reduce the

11-keto-groupings in such compounds, invariably

also reduced the carbon—-mtrogen linkages in the
3 and/or 20 substitutents. The object of the
present invention, therefore, was to accomplish
this selective reduction operation and thus make
possible the preparation of cortical steroids hy-
droxylated at position 11.

" We have now discovered that this selectwn
- reduction of the 11-keto substitutent in 11-keto-
10,13 - dimethyl - cyclopentanopolyhydrophenan-
‘threne compounds containing at least one unsat-
urated carbon-nitrogen linkage can be achieved

by reacting said 1i-keto compound, in the pres-
~ence of a diluent, with an alkali metal borohy-

dride, such as lithium borohydride, sodium bhoro-

25
30
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hydride, and the like. The alkali metal boro-

nydndes while being sufiiciently reactive to re-
duce the substantially unreactive 11-keto substit-

uent, do not have any appreciable reducing effect:

on unsaturated carbon-nitrogen linkages present

40

in the steroid molecule. This remarkghle selec~ '

tive action (with respect to unsaturated group-

ings in steroid compounds) shown by alkali metal

borohydrides is indeed surprising in view of the
fact that the closely related reducing agent, lithi-

um aluminum hydride, does not possess this selec-

tive action. When an 11-keto-10,13-dimethyl-
cyclopentanopolyhydrophenanthrene containing
an unsaturated carbon-nitrogen linkage is re-

acted with lithium aluminum hydride the carbon-
nitrogen linkage is reduced along with the 1i-

ketone groupinsg.

We employ as starting matemals in our novel

Pprocess ll-keto - 10,13 - cyclopentanopolyhydro-
phenanthrenes. containing at least one unsatu-~
rated carbon-nitrogen linkage as for exampile,
oximino, semicarbazido, or arylhydrazino-sub-
stituted 1l-keto -10,13.~ dimethyl-cyclopentano-
- polyhydrophenanthrenes such as 3-(oximino,

- | semicarbazido, or arylhydrazino) -11,20-diketo~

45
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- 3,3-dimethoxy-11-keto-20-cyano-pregnene;
- 3,3-diethoxy-11-keto-20-cyano-21-hydroxy-preg-

hydroxy-20-cyano-pregnane; and the like. |
We particularly prefer to employ, as starting
materials in our procedure, 11-keto-10,13~-cyclo-

- pentanopolyhydrophenanthrene compounds con-

taining a A" unsaturated linkage and a cyano
radical attached to the C-20 carbon atom such
as 3*7-11 keto-20-cyano-pregnene; Al7-3,11-di-
keto-20-cyano-pregnene; Al7-3-hydroxy-11-keto-
20~-cyano-pregnene; Al7-3,11-diketo-20-cyano-21-
hydroxy - pregnene; Al7-321-dihydroxy-11-keto-
20-cyano-pregnene; Al?' - 3 ~ hydroxy-1i-keto-20-
cyano-2l-acyloxy - pregnene, Al7-3,11-diketo-20-
cyano-21-acetoxy - pregnene; Al7-3,11-diketo-20-
cyano-2l-acyloxy-pregnenes, as well as Al7-1i-
keto-20-cyano-10,13-dimethyl-cyclopentanopoly-
hydrophenanthrene compounds containing addi-
tional unsaturated carbon nitrogen linkages such
as Al7-3-(oximino, semicarbazido or arylhydra-
zino) -11-keto-20-cyano-pregnene; Al%-3-(oximi-

no, semicarbazido or aryvihydrazino) -11-keto-20-
¢yano -~ 21

- hydroxy - pregnene: Al7-3-(oximino,
semicarbazido or arylhydrazino)-11-keto-20-cy-
anoc-21-acyloxy-pregnene, and the like.

- It will be noted that the starting materials
descriped in the preceding paragraph include Ali-
11-kefo-20-cyano-pregnene compounds in which
a keto grouping in the 3-position has been “pro-
tected” by conversion to an oximing, semicar-

bazido or aryl-hydrazino grouping. It is an im-

portant embodiment of our invention that Al7-
11-keto-20-cyano-pregnenes containing a 3-keto-
substituens can be protected by forming the cor-

responding ketal, that is the A"-3,3-dialkoxy-11-

keto~-20-cyano-pregnene compound, such asg Ali-
AlT-

nene; Al7-3,3-diethoxy - 11 - keto - 20 - cyano-21-
acyloxy~-pregnene, and the like., These com-
pounds, which contain an unsaturated carbon-
nitrogen linkage (the 20-cyano group) and a keial

- group can also be utilized as starting materials

60

pregnane; 3,11-diketo-20-(Coximino, semicarbazi-

~do. aor arylhydrazino) -pregnane; 3-Aydroxy-1i-

- keto-20-(oximino, semicarbazido or arylhydra-
- ZIno)-presnane; 3,20- (dioximino, disemicarbazido

or diarylhydrazine)-11-keto-pregnane;
mino,
diketo-21-hydroxy-pregnane; 3,21-dihydroxy-11-
keto-~20-(oximino, semicarbazido or arylhydra-

ZINO) ~pregnane; 3,11-diketo-20~(oximino, semi~
carbazido or arylhydrazino)-21-hydroxy-preg-

nane, 3J~(oximing, semicarbazido or arylhydra-

zino) -11,20-diketo - 21 - acyloxy-pregnane; 3,11-
diketo-20-(oximino, semicarbazido or arylhydra-

zino) -21-acyloxy-pregnane; 3,20-(dioximino, di-

60

=01~
semjicarbazido or arylhydrazino)-11,20-

in carrying out our invention.
In carrying out our novel pmcess the 11-ketr -

10,13 - dimethy! - cyclopentanopolyhydrophenan-

threne compound containing at least one unsat-

urated carvon-nitrogen linkage, is reacted with

an alkall metal borohydride, such as lithium

borohydride, sodlum bkoronydride, and the like.

The reaction is ordinarily conducted in the pres-
erice or a diluent, preferably in the presence of a

- solvent such as tetrahydrofuran, dimethyl form-

amide, diethyl ether, and the like. It is ordi-

- narily preferred ta carry out the reaction by add-

- ing a tetrahydrofuran solution of the 1l-keto

10,13 - dimethyl - cyclopentanopclyhydrophenan-
threne compound containing at least one unsat-

75 urated carbon-nitrogen linkage to a tetrahydro-



~ {ional means.

- followed by drying.

| s benzene and the like. _
| frorn an orgamo solvent alone Is msua.rerent to

12,628,086

'fura,n eolution of the alkali metal borohydride'_

‘reducing agent This addition of the 11- keto-_.
steroid compound to the reducing agent is pref-

_erably conducted portionwise, while maintaining

~ the temperature of the reaction mixture at ap-
proximately 25° C. However, with the more ac-

- tive alkali metal borohydride (lithium borohy-

dride), the reaction can be carried out at a lower

temperature with lengthening of the reaction
o Conversely, with the less active sodium
- borohydrlde ¥ hlgher temperature may be nec-
essary, it ordinarily being preferred fo conduct

time.

be understood that these examples are.given for_ -
purposes of 111ustration and not of Iimﬂ:atlon |
I | Emmple 1

A m1xture of 35 5 g. of A“-a 11-d1keto-21 hy- '

| droxy-zo-oyano-pregnene 22.2 g. of ethvl ortho-

10

for a period of approxunately 2 hours:.
~ sulting  light-brown benzene reaction
~was cooled to room temperature and 5 g. of solid

‘the reaction, when using sodium borohydride as

-~ the . reduomg age:at at temperatures of about
.60-—70"’ L
Although the prefelr ed eolvem-..r for oarl ymg out

the reaction is tetrahydrofuran, it is sometimes

15

formate, 0.69 g. of absolute ethyl alcohol, 200 mi.
of sodium- drled benzene and - 10 drops of con-
centrated sulfuric acid was heated with occa-

sional agitation at a temperature of 70-75° C.

The re-

sodium blcarbonate was.added followed by 150

ml. of a 5% aqueous solutmn of sodium bicar-
" bonate. 'The mixture was shaken vigorously, and

 the. aqueous layer was separated from the ben-

o preferred to utilize dimethylformamide 4s the

.~ solvent, in view of the fact that this liquid is an
© excellent solvent for many steroid compounds
* ¢ which are dlﬂicultly solulkele in other sclvents.
. this connection, it should be pointed out that di~-
i_;methylformamlde is ordinarily reduced by active
- reducing agents; the fact that it is not affected
- by alkali metal borohydrxoes makes possible its
_.'i-.emplo'yment as a solverlt in this- 1eduotlon op-—-

In

: eratlon IR |
‘ Although 11; is ordmarzly preferred to memtam

ferred temperature of about 25° C., the reaction

is ordinarily substantially complete in less than
When the reaction is
.-carried out with sodium borohydride”at the pre-

approximately one hour.

20 |
- :solution. The combined. benzene-—ethel solution

-zene solution.

ether extracts were combined with the benzene

was Washed with two 100 ml. portions of water,

'and one 100 ml. portion of saturated agueous

- sodium chlor ide solution and then dried over 10 g. -

25

* zene-ether solution to give 45.5 g. of Al7-3,3-di-
- ethoxy-11-keto - 20 ~ cyano-21-hydroxy-pregnene,
which was obtained in the form of a fluffy, pale-

- the reaction temperature at about 25° C., some- -
yellow, amorphous solid: the infra-reg absorpsion

what lower temperatures down to 0° C. when
~using llthlum borohydl ide, as well as higher tem-
“peratures up to 70° C., when using sodium boro-
- ~hydride, can be employed When the reaction is
‘carried out with lithium borohydride at the.pre-

30
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of anhydrous magnesium sulfate

"The solvents
were then evaporated in vacuo fr om the dry hen-

spectrum (chloroform solution) showed the prin-

. cipal bands at 2.85 mu (—OH), 4.57 mu (—C=N),

583 ma (>C O) 608 mp (‘:>C-—-C<) and

o 913111;;( o—)

- _.the ultravmlet absorptlon speetrum EXhlbitEd |

ferred temperature of about 65° C., the reaction

is substantially complete in less uhan 24 hours.

{After completion of the reaction, the resultmg_‘

40

11(B-hydroxy~10,13 - dimethyl - cyclopentanopoly-

- hydrophenanthrene compound (in which the un-

| 'Saturated carbon-nitrogen linkages are identical

Wlth those present in the staltmg materlal) is

- recovered from the reaction mixture by conven-
This is ordinarily accomplished by

xgHWH 2230 A El%_

1 cm.

364

45 g, of AVI-3 3~ dlethoxy-ll-keto 20-cyano 21-'

hydroxy-pregnene obtained as described herein-

~ above, was dissolved in 300 ml. of dry tetrahydro-

45

cautiously acidifying the reaction mixture, pref- -
- ture at approximately 25° C. The resulting mix-

N erably utilizing aqueous acetic acid, thereby de-
| r—-he_
11(B) ~hydroxy substituted stercid compounds can
- -then be recovered by evaporating the reaction
| '_mlxture to a small volume, preferably in vacuo
. and diluting the concentrate with water.

composing excess alkali metal borchydride.

product which separates, frequently in the iorm

~ of an oil, can then be extracted from this agueous
- mixture utllrzmg conventional water-ammrsmble--

~solvents such as benzene, ether, chior oform, ethyl
acetate, and the like. The extract of 11(B)-hy-

o ﬂmx}’-sterold is then pmmed by conventional
means, as for example, by washing successively

50 o
- minutes at a temperature of 25° C., and was then L

- The .

55 |
- 'vigorous evolution of gas occurred. The result- =

. ing mixture was evaporated in vacuo to a volume

- furan (dried over metallic sodium) and this solu- .

tion was added dropwise, with agltatmn over 3
%5 hour period, to a solutlon of 9.7 g. of lithium
borohydnde in 300 mil. of dry tetrahydrofuran |

‘while maintaining the temperatme of the mix~ '

ture was stirred for an additional period of 20

cooled and st1rred for 10 mmutes at about 5° C.
600 ml. of aqueous acetic acid containing 120 ml

of glacial acetic acid was added cautiously, with

stirring, to the resulting mlxture whereupon a

- of approximately 600 ml., and the concentrated
. solution. was then dlluted with apprommately

60

600 m). of water. The oily organic layer which

. separated was then extracted -from the mixture -

- with Water and dilute sgueous alkaline solution,

catron it has been found con-
eliminary

_acoomposh purif
venient to sub;leot the extract to a9 DI
.ehlomatographlo fractionation
vated alumina as the adsorbent. |

‘The. following examples illustrate methode of
| carrymg oat the present 1nve1'1t1on but it is to

- The Pproduct is recovered

- from the extract by evapor sting the oolvena.._ a5
) therefrom, and can be further purified by recrys- -’
Lalhratmn from solvents such as aqueous acetone,

Where recrystallization

otlhz*lng aoti-'

- followed by two 200 ml. portions of benzene.

utlhzmg 600 ml. of a 5:1 benzene-ether mixture

| combmed benzene-ether extracts ‘were  washed

with two 200 ml. portions of water, one 200 ml.

-:..portlon of b9, aqueous’ sodium bmarbonate 50

0

- lution, and one 200 ml. portion of saturated =
~ aqueous sodium chloride solution. The wa-'shed '_

benzene-ether extract Was then dried over 39 g
of anhydrous magnesmm sulfate, the dry solu-

~ tion was_filtered, and - the solvents were evap-
~ orated therefrom in vacto to give 40.1 g. of crude -
~ Al7-3,3-diethoxy-11,21- -dthydroxy-20- -Cyano-nreg-

75

- nene which was obtained in the form of a ﬂuffy

pale-yellow amorphous solid

solutlon o

The aqueous layer was then ex- =
- tracted with two 85 mi. portlons of ether, and the
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75_ |
| dOJ g. of crude AY:3 3:diethoxy - 11; 21 - dihy-
droxy-20-cyano-pregnene, prepared as described
hereinabove, was dissolved in a mixture of 425
ml. of acetone and 55 ml. of water. To this solu-

tion was added 4.0 ml. of 25 N agueous hydro-

chloric acid, and the resulting solution was al-
lowed to stand at room temperature for a perlod
of about 30 hours. 25 ml. of 5% aqueous sodium

bicarbonate solution was then added to the re-

action mixture, and the resulting solution was
- evaporated in vacuo to a small volume, thereby
evaporating substantially all of the acetone pres-

a1

Ea:amp Ze 3

. 12.36 g. of Al7-8.semicarbazido - 11 - keto 20-'

cyano-21l-hydroxy~pregnene (M., P. 238-240° C.)
was dissolved in 1500 ml. of dry tetrahydrofuran

(dried over metallic sodium), and this solution

was added with stirring, over a pericd of approxi-
mately 5 hour, to a solution of 4.36 g. of lithium

- borohydride in 200 ml. of dry tetrahydrofuran,

10

‘ent in the solution; during this evaporation, a

pale-yellow 0il separated. The residual material

was diluted with 800 ml. of water, and the oily
organic material was extracted from the aque-

15

ous mixture utilizing one 400 ml. portion and two

- 300 m]. portions of chloroform. The combined

chloroform extracts were washed successively

with one 300 ml. portion of 5% aqueous sodium

while maintaining the temperature of the mixture
at approximately 25° C. The resulting mixture
was stirred for an additional periocd of 20 min-
utes at a temperature of 25° C., and was then

cooled and stirred for 10 mlnutes at about 5° C.
450 ml. of aqueous acetic acid containing 51.5 ml.
of glacial acetic acid was then added cautiously,

-with stirring, to the resulting mixture, and the

- clear, colorless reaction mixture was evaporated

20

bicarbonate solution, one 300 ml. portion of water,
and the washed chloroform extracts were then

dried over 15 g. of anhydrous magnesium sulfate.
The dry chloroform solution was filtered and the

chloroform evaporated in vacuo to give 38.8 ¢. of

crude Al7-3-keto-11,21-dihydroxy-20-cyano-preg-

nene which was obtained in the form of a pale,
- bu

(~colored, partly crystalline solid. This crude

25

material, after one recrystallization from aque-

ous acetone gave 15.3 g. of substantially pure
A17-3-keto-11,21-dihydroxy-20 - ¢yano - pregnene

30

which was obtained in the form of colorless

‘needles; M. P. 216.5-218.5° C.
206° C. then resolidified). An analytically pure
sample obtained by several recrystallizations
from aqueous acetone melted at 217.5-221.5° ¢
(melted partly at 207-210° C., then solidlﬁed)
[a]D = + 24.4° (1.03 in acetone)

CHEOH 2930} ﬁ El%

Icm

38’"‘"

Analysis cale’d for C2o 105N C, 13 91 H, 8 '74 .

Found: C,7412; H, 873.
- Emmplez o

Twenty grams of Al7-3 11-d1keto 20-cyano-21-
hydroxy-pregnene was dlssolved in 300 ml. of gla-
cial acetic acid and to this solution WaS

a solution containing 12.55 g. of semicarbazide
hydrochlorideand 12.55 g. of anhydrous sodium
~acetate dissolved in 28 ml. of water and 28 ml. of

~ glacial acetic acid; the latter solution was rinsed
- into the reaction mixture with an addltmnal 4.4
ml. of glacial acetic acid. The resulting mix ture
was heated to a temperature of 65-70° C. for a

period of approximately 214 hours during which
time 4 small amount of cr ystaﬂlme material sep-
arated. The resulting suspension was evaporated

-In vacuo to a thick slurry of crystalline solid, and

200 ml. of water was added to said slurry. 'The

resulting aqueous mixture was agitated vigorously

to suspend caked material, the slurry was then
filtered and the crystalline product washed twice

(melted partly at.

added

In vacuo under a hitrogen atmosphere to a vol-.

ume of approximately 400 ml. The colorless oily
organic material which separated was extracted
from the mixture utilizing one 350 ml. portion of
chloroform and two 150 ml. portions of chloro-
form. The combined chloroform extracts were

washed with two 250 ml. portions of water and
‘with one 200 ml. portion of 5% agueous sodium

bicarbonate solution, and the washed chloroform
extracts were dried over 10 g. of anhydrous so-
dium sulfate. The dry chloroform solution was
then filtered and the chloroform evaporated to.
glve 11.5 g. of crude Al7-3-semicarbazido-11,21-
dihydroxy - 20 - cyano-pregnene which was ob-
tained in the form of a gummy, buff-colmed
solid.

4.5 g. of this materla,l was mixed with 15 ml of
glacial acetic acid, 7.5 ml. of water, 9.05 g. of
anhydrous sedium' acetate and 9.0 ml. of 999%

- pyruvic acid, and the mixture was heated at a

49
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temperature of 80° C. in an atmosphere of nitro-

gen for a period of about 3 hours. The reaction
mixture was cogled to room temperature, an

- additional 0.9 ml. of 209% pyruvic acid was added

therete, and the resulting mixture was heated
under n_1trogren at a temperature of 80° C. for an

additiona] one-hour period. The resulting mix-
ture was allowed to stand overnight at room tem-
perature whereupon a considerable quantity of
crystalline material separated. 180 ml. of water
was added to this mixture, and the organic mate-
rial was extracted therefrom utilizing one 80 mli.

~ portion and three 35 ml. portions of chloroform.

od

The combined chloroform extr acts were washed

with two 50 ml.

portions of watel two 50 ml.

portions of 5% aqueous sodium blcarbonate solu-

tion, again with 50 ml. of water, and the washed

- chloroform solution was then dried over 5 g, of

anhydrous magnesium sulfate. The dry chloro-
form solution was then filtered and the solvent

. was evaporated from the filtrate .in vacuo to give

60

with water to give 24.2 g. of colorless needles
which melted at 225-230° C. with evolution of gas.

One recrystallization of this product from metha-
nolchloroform afforded 20.2 g. of substantially
pure Al-3 - semicarbazido-11<keto-20-cyano-21-
- hydroxy-pregnene; M. P. 238-240° C. (vigorous
“evolution of gas). This product was furthet puri-
fied by repeated recrystallization from methanol-

chloroform and the product dried at 140° C. to

85

70

give analytically pure Al7-3-semicarbazido-11-

keto - 20 - cyano - 21 - hydroxy-pregnene; M. P.
244-245° C. (evolution of gas).

for C2sH3203Ns: N, 13,58, Found: N, '13.4'7;.-

-~ Ahalysis eale’d
76

- eoloriess needles;

- 4.25 g. of partly cryvstalline, light, buff-colored

material. This product, after one recrystalliza-
tion from acetone, afforded 175 g. of substan-
tially pure A17—3-keto 11,21-dihydroxy-20-cyvano-
pregnene; which was obtained in the form of
M. P, 216.5-219.5° C. (melted
partly at 206.5° C. to 208° C. then resolidified) ;
there was no depression in melting voint When -
this material was admixed with Al7-3-keto~11 , 21 -
dihydroxy-20-cyano-pregnene as prepared via

- the 3-d1ethy1 ketal as descr 1bed m Example 1

her emabove
Emmfple 4

1. 0’7 g, of Al7-3 11-diketo-21- hydroxy 20- cy-

ano-pregnene was d1ssolved in 23 ml. of dry tet-



E"ture

. gas).

9

| _Zra,hydro:furan (dried over metallic sodium) and'}

. this sclution was added, dropwise, with stirring,
- over a 10 minute period, to an ice-cold solution
- of 0.15 g. of lithium borohydrlde in 6 ml. of dry
o ,"_1tetrohydrofuran The solution of the dlketone_
~was rinsed into the solumon containing lithium

- borohydride by means of an additional 2 ml. of

- dry tetrahydrofuran, and the resulting mixture
-~ was then stirred for an additional period of 20

| f.,mmutcs while mamtommg the temperature ab
-opprorlmotciy 0° C.

. added dropwise to the cold reaction mixture, fol-
“lowed by the cautious addition of 2 ml. of glacial

-~ acetic acid. The resulting mixture was thco_

| 15
 clear colorless reaction mixture was evaporated] |

~ stirred for a period of about 10 mmutes and the

~_in vacuo to a volume of about 25 ml., whereupon

) colorless oil separated. 25 ml. of ether was

~ added to the oily mixture, and the resulting mix-
 ture’ was allowed to stand overnight Wheleupon.

| crystallme material separated from the mix-
““The crystalline product was rccovered:_

~ from the water-ether mixture by filtration to give

20 ml. of water was then .

10

 benzene - free

- ¢yano-pregnene.
H, 9.25; N,
'7411 I-I 0.11: N, 391

19,628,966

10

We‘ght Ioss for 2CﬁHﬁ, 30.29. 'Found ‘welight Ioss -
‘on drying at 140° C., 29.98. Thus after drying at

140° C. there was obtamed substantially pure,
AlT - 3,11,(8),21 - trrhydroxy 20~

‘Cale’d for CaeHzzO3N: C, 73 50;

3.90. Found (drled at 140“ C) C,,' ”

o | Emmple 6 |
0 Ry g of A4%-3,11, 20—tr1keto-17 21 dlhydroxy-_

_pregnene, 0.483 g. of hydroxylamine hydrochlo-
.. ride and 0.57 g. of anhydrous sodium acetate were

dissolved in 35 ml. of absolute ethyl alcohol and

the resulting solution was heated at a tempera~
‘ture of 70° C. for a period of 3 hours. |
ing solution was evaporated in vacuo to a volume

- of approximately 10 ml, and 30 ml. of water was

The result-

 added to the concentrate thus obtained. The

20

0.5 g. of rosettes of colorless prisms which were

~ further purified by a single recrystallization from
acetone to give substantially pure A17-3,21-dihy-
- droxy-1l-keto-20~cyano-pregnene:

. 25'7.5 . C. (with slight previous’ softemng)

‘M. P. 2o1—- o

25

_depression in melting point was observed 'Wh'en.

 this material was admixed with-authentic A!7-

3,21 - dihydroxy - 11 - keto - 20 - cyano - preg-
- nene; comparative infrared spectro of this mate-
rial and of the authentm Speclmen conﬁrm its

- -1der1t1'ty
o | Emmple 5

535 g of

over g 30 ‘minute period, to a solution of 1.45 g

of lithium bkorohydride in 75 ml. of dried tetra-j

‘hydrofuran, while maintaining the temperature

- of the mixture at 25° C.; the solution of the
.~ pregnene compound was rinsed into the solution
- of lithium borohydride by moans of an additional

25 ml. of tetrahydrofuran. The resulting mix-

. ture was stirred for an additional period of 300
- minutes gt a temperature of 256° C., and 100 ml.
of 10% aqueous acetic acid solutlcn was added
| cautiously, with stirring, to the mixture thereby
borohydride,

PR The resulting clear, colorless solutlon W2as evapo-

 decomposing the excess lithium

rated in vacuo to a volume of approxrmately 100

~ ml. and the colorless oil which separated was

extracted from the mixture utilizing three 50 ml.
The ethyl acetate

‘portions of ethyl acetate.

. extracts were combined and washed succcsswcly .
Wrth one 30 ml. portion of water, and with one
30 ml, portlon of a saturated solution of sodium
- 'The washed ethyl acetate solution was
~-then drled over 5 g. of anhydrous magnesium sul-
 fate, the dry solution was filtered, and the sol-

- -vent evaporated from the filtered solution in -
. vaecuo to give a colorless amorphous solid. This -
~ material was crystallized from acetone-benzene .

| chlorldo

 to give 5.80 g. of substantlally pure Al7-3,11(p) ,21-

| | T:;trrhydroxy 20 - cyano - pregnene which was- ob-
tained in the form of colorless, heavy needles -
_:contammg two molecules of benzene of crystal-

 lization; M. P. 105-115° C.
"The meltmg point was not raised by addi- -

(with evolution of

- a0

B 85
o.l'? 3 21-d1hydroxy-11 keto 20- cy- |
. ano-pregnene was dissolved in 100 ml. of dry tet-

B -..-_f"rahydrofuran (dried over metall.rc sodium) and

~ this solution was added, dropwise, with stirring,

45
00
29

- concentrated solutlon

65

70

t1ona1 recrystallization of this material from ace- -

| '-tone-benﬁcne Analysrs calc’d for

L C22H330_3N-2C'5H6 :

75

buff-colored oil which separated became crystal-

.lmc upon trrturotlon The ecrystalline product.
© was recovered by filtration, washed thoroughly
| 'Wloh woter and dried to give 0.495 g. of crude

2,20 ~ dioximino - 11 - keto - 17,21 - dlhy-
droxy-pregncno M. P. 184-187° C. dec.
product was further plll’lﬁEd by repeated recrys-

tallizations from methanol to give substantially
- pure A%-3 20—dlox1m1no-11-keto-17 21-dihydroxy-
. preghene which was obtained in the form of col-

orless needles; M. P. 199-200° C. [alp=-166° =
-(1 0 in- acetic amd) _ D I
ACEHﬁOH_ 2400 A, E}%m 534 _
Analysis cale’d. for 021H3005N2 C, 6459; H,

7_74 N, 718 Found
Ea:omple 7 o

1.0 g. of oé 3,20~ dmmmmo-ﬂ-keto-l'? 21- dl-'--

_hydroxy—pregneno was dissolved in 15 ml, of dry
~ tetrahydrofuran (dried over metallic sodium) and
‘this solution was added, with stirring, over a
- perrod of approximartely 1/2 hour, to a solution of
0.4 g. of lithium borohydride in 20 ml. of dry
?teorahydrofuran while maintaining the temper-
ature of the mixture at approximately 25° C.
- The resulting mixture was stirred for an addi- -
- tional period of 40 minutes at a temperature of -

25° -C., and was then cooled to 5° C. 50 ml, of

'10% aqueous acetic acid was added cautiously,
with stirring, to the cold reaction mixture, and

the resultmg mixture was stirred for an addi-
tronal 10 minutes. The clear colorless solutlon

. thus obtained was evaporated in vacuo to a small
- volume, and 30 ml. of water was addcd to the
“The colorless sol1d which
- separated from the agueous mixture was then
recovered by filtr atlon washed thoroughly Wlth |
- water, and drlcd to give 0.93 g. of crude A%-3,20-
dioximino - 11,17,21 - trlhydroxy
moterml did not melt at 310°C.

pregnene thls_

The crude product thus propared Was punﬁed |

by precipitation from a saturated solution in
- methanol by the addition of water to give sub-

stantially pure A%=3,20- dmmmmo—ll 17,21-trihy- -
droxy-pregnene, which was obtained in the form

~of a colorless powder which did not melt at
- 310° C.; [a] -—--|—150° (1.0 m acetlc acld) o

| RCEHﬁOH 2410 A El%

mar:

453

Infrared absorptlon spectrum showed that the: e i
carbonyl bond was completely absent. Ana,lysm N

calc’d for C21Hs205N2: C, 64.26; H 822 N 714 .
Found06396 I-I759 N690 oo

This

C, 64.37; H, 783; N, 897,




11

Ezample §

- 1.718¢g. of 41T~3.11-dik,et0-20-cyano-21-hydrbxy—

pregnene was dissolved in 25 ml. of tetrahydro-
furan containing 0.4 ml. of 2.5 N aqueous sodium

hydroxide, and to this solution was added, all

at once, a solution of 0.84 g. of sodium boro-
hydride in 5.0 ml. of tetrahydrofuran, 5.0 ml. of
water and 0.4 ml of 2.6 N aqueous sodium hy-
_ The mixture was heated under reflux
- Ior a period of approximately twenty-four hours.

droxide.

The reaction mixture was then cooled to room

temperature, and 35 ml. of 10% aqueous acetic
~acid was added to the cooled mixture thereby

decomposing excess sodium borohydride.

evaporated in vacuo to a small volume thereby

2,628,966

tion. - ‘The Washed. |

12

ethyl acetate solution was

- dried over 5 g. of anhydrous magnesium sulfate,

the solution was filtered, and the solvent was
evaporated therefrom in vacuo to give 1.985 g.
of Al-3,3 - diethoxy - 11(8),21 - dihydroxy - 20-
cyanoc-pregnene which was obtained in the form

- of a pale buff-colored amorphous solid. .

1)

substantially removing the tetrahydrofuran.

‘The suspension of colorless oil thus obtained

was diluted with 100 ml. of water and the oil

was extracted from the aqueous mixture with
“three 50 ml. portions of ethyl acetate. The com-

20

bined E%hyl.‘at:etatg_ extracts were washed suc-

éegsively with two 50 ml. portions of water, with

- two 50 ml. portions of 5% aqueous sodium bi-
carbonate solution, and with one 50 ml. portion

of saturated aqueous sodium chloride solution.

" The washed ethyl acetate solution was dried over

25

5 g. of anhydrous magnesium sulfate, the solu-

tion was filtered and the solvent was evaporated

- therefrom in vacuo to give 1.92 g. of a colorless
amorphous solid. ‘This material was crystallized

- from acetone-benzene to give 1.71 g. of substan-

tially pure A!7-3,11(8),21-trihydroxy-20-cyano-

preghene which was obtained in the form of :

30

colorless needles containing two molecules of

venzene of crystallization; M. P. 99.5-105° C.
(vigorous evolution of gas). The sample ex-
hibited =~ ! o
| | CH:0H 2 i -
}‘maxz -' 2230 A. E}7% 268—

,._ N 1 cm.

10

This material was dissolved in 25 ml. of ace-
tone, and to this solution was added 5 ml. of
water and 0.2 ml of 2.5 N agueous hydrochloric
acid. This solution was allowed to stand at room
temperature for a period of approximately 20
hours, 5.0 ml. of 5% aqueous sodium bicarbonate

‘solution and 20 ml. of water were added thereto,

and the resulting solution was evaporated in
vacuo to a small volume, thereby removing the
major portion of the acetone. The buff-colored
oil which separated was extracted with one 50

‘ml. portion and two 30 ml. portions of ethyl

acetate. The ethyl acetate extracts were com-
bined and the ethyl acetate solution was washed
Successively with two 40 ml. portions of water,
with one 40 ml. portion of 5% aqueous sodium
bicarhonate solution, with one 40 ml. portion of
water, and with one 40 ml. portion of saturated
aqueous sodium chloride solution. The washed
ethyl acetate solution was dried over 5 g. of
anhydrous magnesium sulfate, thie sclution was

filtered, and the ethyl acetate was evaporated
» therefrom in vacuo to give a partly crystalline

pale, 'pufi—eol_ored residue weighing 1.705 g. This
material was recrystallized from acetone to give

0.73 g. of substantially pure Al7-3-keto-11¢ 8,21~

dihydroxy-20-cyano-pregnene which was ob-
tained in the form of rosettes of heavy color-

less needles; M. P. 215-218° C. with so-ftening'
at 213° C. (parily melted at 203-206° C. then
resolldlgﬁed) ; No depression in melting poiﬁt Was
qbserved- when this material was mixed with
AT = 3 - keto ~ 11 (8),21 - dihydroxy - 20 - cyano-

~ pregnene prepared as described in Example 1.

and the iﬁfr@re'd absorptibn spectrum s;howed the

complete absence of the carbonyl absorption
band, as well as. identity of this material with
Al - 3,11 (3),21 - trihydroxy - 20 - cyano - preg-

nene prepared by the lithium borohydride reduc-
tion. of Al"-3,21-dihydroxy-11-keto - 20 - cyano-

pregnene as described in Example & hereinabove.
o Example 9

cyano-21-hydroxy-pregnene was dissolved in 20

ml. of fetrahydrofuran, and to this solution was

added a solution of 0.84 g. of sodium borchydride

.60

in 10 ml. of tetrahydrofuran, 10 ml. of water and
0.2 ml. of 2.5 N aqueous sodium hydroxide. The

‘mixture was heated under reflux for a period of -

approximately 20 hours. The reaction mixture

was then cooled to room temperature, and 35

ml. of 10% aqueous acetic acid was added to

sodium borohydride.

-

The resulting clear, colorless solution was

~evaporated in vacuo to a volume of about 40-50
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- ml, and the pale-yellow oil which separated was

extracted with three 50 ml. portions of ethyl
acetate. The ethyl acetate extracts were com-
bined and the. resulting ethyl acetate solution
was washed sucecessively with two 50 ml. por-
tions of water, with two 50 ml. portions of 5%

| 50 ml. portion of water, and with one 50 ml. por--
... tion of saturaied aqueous sodium chioride solu-
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the cooled mixture. thereby decomposing excess

60

| ipg-- at least one unsaturated
linkage, without substantially

595

Various changes and modifications may be
made in CarTying 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

view claims, they -
are to be considered as part of the present in.

vention.

We claim:
1. The process of reducing a ketone grouping
1n a keto-substituted steroid compound containi
carbon to nitrogen

—_— _ ‘ allecting said car-
bon tq mtrogen.hnkage, which comprises react-
g sald keto-substituted steroid compound with
an alkali metal borohydride thereby forming the
corresponding hydroxy-substituted steroid com-
pound. o o o

2. The process of reducing a ketone grouping

~ In a keto-substituted steroid compound contain-

- Ing at least one unsaturated carbon to nitrogen

~bon to nitrogen linkage, which
ing said keto-substituted steroid compound with

linkage, without' substantially affecting said car-

comprises react-

- lithium ‘borohydride thereby forming the corre-

70

~ sponding hydroxy-substituted steroid compound.

3. The process of reducing a ketone grouping

in a 'kett:—,s_ubstitu_ted-'St__emi_d compound contain-

ing at least one unsaturated carbon to nitrogen
linkage, without substantially affecting said car-

ranite sl Tl mar, Rt ~ bon to nitrogen linkage, which comprises react-
aqueous sodium bicarbonate solution, with one DARRLIRES,

15

ing said keto-substituted steroid compound with

sodium borchydride thereby forming the corre-

sponding hydroxy-substituted steroid compound.



 keto-20-cyano-21-hydroxy-pregnene with

B 2;"6_2'3;926'6: .

13

4 The process of reducmg ‘the 11-keto-sub-
'strtuent in an 11-keto-10,13- dlmethyl-cyclopen-

- tanopolyhydlophenanthrene compound contain-
. Ing at least one unsaturated carbon to nitrogen
- without substantially affecting said
| -_gcarbon to nitrogen linkage,

~linkage,

14

| tetrahydrofuran at a temperature of approxi—
- mately 25° C.

‘Which comprises

“bringing said 11-keto-10,13- dimethyl-cyclopen-

- tanopolyhydrophenanthrene compound into inti-

. mate contact with an alkali metal borohydride
. _._:thereby formmg the corresponding 11-hydroxy-
- 10,13 - dimethyl - cyclopentanopolyhydrophen- |
| -anthrene compound |

5. The process of reducmg the 1l-keto sub-
"'j.strtuent in an 11-keto-10,13- dlmethyl cyclopen-

- tanopolyhydrophenanthrene compound contain-
- ing at least one unsaturated carbon to- nitrogen
~ linkage, without substantially affecting said car-

. bon to nitrogen linkage, which comprises bring-

ing said 11-keto-10,13- d1methy1-cyclopentano-

 polyhydrophenanthrene compound into intimate
o ..__;_-;contact with lithium borohydride thereby form-
- - ing the corresponding 11-hydroxy-10,13-dimeth-
oyl - cyclopentanopolyhydrophenanthrene com-
-____--'pound . o

6. The process o.f reducmg the 11-keto sub-

R strtuent in an 11-keto-19,13- drmethyl-cyclopen-.'
o 'tanopolyhydrophenanthrene compound -contain-
- ing.at least one unsaturated carbon to nitrogen
o .:-lmkage Wrthout substantially affectmg said car-
I _:'bon to nitrogen Ilnkage which comprises brmg—_
©ing said 11 - keto - 10,13 - dimethyl - cyclopen—-
'-tanopolyhydrophenanthrene compound into in~

~ timate contact with sodium borohydride thereby

11. The process of preparrng Al7-3 ll(ﬁ) 21-
trrhydroxy-zo -cyano-pregnene which comprises

‘reacting Al"T - 3,21-dihydroxy - 11 - keto - 20~
-cyano-pregnene with lithium borohydride, said

reaction being carried out by bringing the re-
actants together in solution in tetrahydrofuran at .

: | a temperature of apprommately 25° C.
10

12, The process of preparing A%-3, 2O—dlsem1-'

~ carbazido - 11(8),17,21 - trihydroxy - pregnene,

which comprises reacting A%-3 20-d1sem1carba-

zido-~11-keto~17,21- dlhydroxy-pregnene with so-

dium borohydrrde said reaction bemg carried

15

~out by bringing the reactants together in solu-
~tion in tetrahydrofuran al a temperature of
approximately 60-70° C. |

13. The process -of preparmg AlT- 311(ﬁ) 21~

~trihydroxy-20-cyano-pregnene which comprises

20 Teas _
~pregnene with scdium borohydride, said reaction

20

30

reacting  Al7-3,11-diketo-20-cyano-21-hydroxy-

being carried out by heating a solution of the

‘reactants in tetrahydrofuran under reflux.

14. The process of converting a 51’7'11“1{9139'5 .

20-cyano-pregnene compound to the correspond- '
ing A1%-11(B) -hydroxy-20-cyano-pregnene com-

pound without substantially affecting the carbon

~ to nitrogen linkages in the 20-cyano radical,

which comprises reacting said Al7-11-keto-20-

cyano-preghene compound W1th an alkali metal o

.. borohydride.

. forming the corresponding 11-hydroxy-10,13-
. dimethyl -- cyclopentanopolyhydrophenanthrene

'-_"_jcompound :

- 7. The process of converting an 11-keto-10,13-

o --_drmethyl - cyclopentanopolyhydrophenanthrene

385

~ compound containing at least one unsaturated

carbon-nitrogen linkage . to the corresponding

11(B) - hydroxy - 10,13 - dimethyl - cyclopen-

o “age, which oomprrses reacting said 11-keto~10,13-
- dimethyl - cyclopentanopolyhydmphenanthrene

40

ta,nopolyhydrophenanthrene compound without
. substantially affecting the carbon-nitrogen link-.

15, ‘The process of convertmg a o”—ll—keto-

20-cyano-~-pregnene compound to the correspond-

ing All- 11(;3)-hydroxy-20 -¢cyano-pregnene com-

pound without substantially affecting the carbon

~ to nitrogen linkages in the 20-cyano radical,
which comprises reacting said Al7-11-keto-20-
cyano—prognene compound Wlth 11th1um borohy- |
dride.

16. The process of oonvertmg 2, ol?-ll-keto-
20-cyano-pregnene compound. to the correspond-

ing Al7-11(8)-hydroxy-20-cyano-pregnene com-
pound without substantially affecting the carbon -

~ to nitrogen linkages in the 20-cyano radical,

45

“compound with an alkali metal borohydride, said N

o Teaction being carried out by bringing the re-

Whrch comprises reacting said Al7’-11-keto-20-

cyano-pregnene compound wrth sodium borohy—_ )

drlde

actants together in solution in an organic sol-

- vent at a temperature wrthm the range of 0
_' to 70° C. |

'8, The process which comprises reactmg an
" alkah metal borohydride with an 11-keto-preg-

. nene compound having attached to the carbon
~ atom in the 20-position of the molecule a sub-
~ stituent containing an unsaturated carbon to
. nitrogen linkage, thereby converting the 11l-keto -

17. The process Which comprlses reactmg an

" alkali metal. borohydrrde with a A%-11-keto-17-
50

hydroxy-pregnene compound having substituted
imino groupings attached to the 3- and 20-carbon

‘atoms, and having a 21-position substituent se-

" lected from the group which consists of hydroxy

‘substituent to an 11(8) -hydroxy radical without -

- substantially affecting the carbon to nitrogen
~ linkage in the substltuent attached to the 20-_
_'-carbon atom o

-9, The process of preparmg ol?-s semrcar- '-
bamdo -11(8),21 - dihydroxy - 20 - cyano - preg-

60

‘nene which comprises reactmg o17~3-sem1carba-' :

~ zido- 11 - keto - 20 - cyano - 21 - hydroxy - preg- .65

~ ing carried out by bringing the reactants to-
- . gether in solution in tetrahydrofuran at a. tem-

- hene with lithium borohydride, said reaction be-

perature of apprommately 29° C.
10. The process of preparmg A”-S 3= dlethoxy-'

‘which comprises reacting Al7-3,3-diethoxy-11-

lith-
~"ium borohydride, said reaction being carried out
. by brmgmg the reactants together in solution in

75

55
-without affecting the other substituents present .
‘in the molecule.

. 0
11(5) 21 . dihydroxy - 20 - cyano =- pregnene

“and acyloxy radicals, thereby converting the

11-keto radical to an 11(B)~hydroxy grouping

118. The process which comprises reactmg hth-— o
ium borohydride with a A4- 11—keto-17-hydroxy-;_ -
p-regnene compound of the formula' | |

wherein R is a radical selected from the class
~which consists of hydrogen and acyl radicals, and
Qis a rad1ca1 selected from the class which con-
sz.sts of oxrmmo, semicarbazido and aryl—hydra-—




S | , 2%-628;938 - :
15 - ' 16
Zino: ra,dmels 0! ﬂmduce a. cemizreund of the: whereln R and Q ha;ve the. mgniﬁcance a;bove
 formula:. | | o  defined. -
| | . | ROBERT P, GRABER
- NORMAN L. WENDLER

o
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