* A 0O A

AUD182284

(12) PATENT ABRIDGMENT  (11) pocumentno. AU-B-82284/91
(19) AUSTRALIAN PATENT OFFICE ~ (10) Acceptance No. 650467

(54) Titte
METHOD OF PREPARING 17-OXOSTEROIDS

International Patent Classification(s)
(51)° Ct2P033/16

(21) Application No. : 82284/91 {22) Application Date : 01.08.91
(87) PCT Publication Number : W082/03672
(30) Priority Data

(31) Number (32) Date (33) Country
4026462 18.08.90 DE GERMANY

(43) Publication Date : 17.03.92
(44) Publication Date of Accepted Application ; 23.06.94

(71) Applicant(s) o ‘
SCHERING AKTIENGESELLSCHAFT BERLIN UND BERGKAMEN

(72) Inventor(s)
ALFRED WEBER; MARIQO KENNEKKE; UWE KLAGES; KLAUS NICKISCH; RALPH ROHDE

(74) Attorney or Agent o ‘ \
DAVIES COLLISON CAVE , GPO Box 3876, SYDNEY NSW 2001

(67) Claim

1. Process for the preduction of 17-oxosteroids by
fermentative oxidation of 17B-hydroxy steroids, characterized in
that for the fermentation, a bacterial culture of the species
Mycobacterium spec. NRRL B-3805, Mycobacterium spec. NRRL B-3683,
Mycobacterium phlei NRRL B-8154 or Mycobacterium fortuitum NRRL
B-8153 is used.

2. Process for the production of 17-oxosteroids by
fermentative oxidation of 17B-hydroxy steroids according to-claim

1, wherein a 17f-hydroxy steroid of general formula I

(1),

in which
R; represents a hydrogen atom or a methyl group and
St symbolizes the radical of an estran-17f-ol derivative,

containing up to 5 noncumulated double bonds, substituted in the
LR
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3-position by a phenolic hydroxy group, a lower alkoxy grodp, a
lower l-alkoxy-—-alkoxy group, a 2-tetrahydropyranyloxy group, ér a
lower alkylenedioxy group, as well as optionally in 5,10-position
by an epoxy group and in 19-position optionally by a methyl
group,

is oxidized.
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(54) Title: METHOD OF PREPARING 17- OXOSTEROIDS
{54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VOI\ 17-OXOSTERQIDEN

- (57) Abstract .

Described is a method of preparing -l7s§‘xdsteroiés by the fermentative oxidation of 178-hydroxysteroids, characterized in
that a bacterial culture of the species Mycobactérium spec. NRRL B-3805, Mycobacterium spec. NRRL B-3683, Mycobacterium
phlet NRR1 B-8154 or Mycobacterium fon,uimm-NRRL B-8153 is used for the fermentation.

(57) Zusammenfassung

Es wird ein Verfahren zur Herstellung von 17-Oxaosteroiden diirch fermentative Oxidation von 178-Hydroxysteroiden be-
schrieben, welches dadurch gekennzeichnet ist, dak man zur Fermentation éine Bakterienkultur der Spezies Mycobacterium spec.
NRRL B-3805, Mycobacterium spec. NRRL B-3683, Mycobactenum phlei NRRL B-8154 oder Mycobacterium fortuitum NRRL
B-8153 verwendet.
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Process for the Production of 17-Oxosteroids
The invention relates to a process for the production of 17-
oxosteroids by ferﬁentative oxidation of 17B~hydroxy steroids.
Processes for fermentative production of 17-oxosteroids have

been known for a long time. As early as 1938, A. Vercellone and

L. Momoli describe a process for the production of 4-androstene-

'3,17-dione by fermentation-of 5~androstene-35 17f~-diol (Ber. 171,

—

1938, 152-155} Thls process prov;des high yields of process

product when the sultable mlcroorganlsms are selected (Czech

87, 068. ref. c. A.*54 1960 2441) There are also a great number

of publlcatlons 1n whlch is descrlbed that 17—oxoster01ds (such
as 4—androstene-3 17—d10ne, 1, 4wandr0atad1ene-3 17—d10ne or 3—
hydroxyé1,3h5(10)ﬁestr§trien-1-one) can be produced while

achieving high'yields by fermentative side chain catabolism of

: SUbstfateS}Mwhicﬁ‘carfy~a‘hydrocarbon chain in 17B-position.

Only’véiy iittlé‘is knoﬁn abont processes with whose help it
is possible to oxidize .17B-hydroxy steroids microbialbgically in

good yield to i?beysteroids,.withgut\an additional conversion of

_the steroid taking plééé. M. Welsh and C. Heusghem describe a

process that is to make it possible to convert estradiol with a

yield of 95% to estrone, but this process cannot be done over

again, since the midraorganism used by these authors is not

available to the public (Compt. Rend. Soc. Biol., 142, 1948,
1074).

But there is a éohsiderable demand for making such a
fermenﬁatiVe<pchess available, since the chemical processes for

okidation are quite éxpensive. In addition, these chemical



processes suﬁfer‘from the shortcoming that they are performed by
reagents such as pyridine and sulfur trioxide, whose environment-
compatible disposal is quite problematical.
It has now been found that 17-oxosteroids surprisingly can
be produced in high yields from 17Bp-hydroxy steroids, if f
bacterial cultures of the épecies Mycobacterium spec. NRRL B- !
3805, ﬁycobacteriﬁm spec. ﬁRRL B-3683, Mycobacterium phlei NRRL
B-8154 or Mycobacterium fortuitum NRRL B-8153 are used for i
fermentation of the 17B-hydroxy éteroids. ' - - “Nm\j
The process accordinq to the invention is performed under
the same fermentation conditions, which are also used with these
bacterial cultures in the‘kﬁown microbiological conversions.
| Under thgfculturewcénditions usually used for these
Bécterial cultu:es,_submerq;d;cultures are cultivated in a
suitable nutrient medium with aeration. Then, the substrate
(dissolvedﬁin a suitable solvent or in emulsified form) is added
to the cultures and fer@gnﬁed, until a,maximum substrate
' conversion is re iched. |
Suitablé sﬁhstrateisolvehts are, for example, methanol,
ethanol, glyﬁoi'monoﬁétﬁyl efher, dimethylformamide or
dimethylsulfoxide. The emulsification of the substrate can be
brought about, for example, by the latter being sprayed in
micronized form or dissolved in § water-miscible solvent (such as
methanol, ethancl, acetone, glycol monomethyl ether,
@imethyiformamide or diﬁethylsulfoxide) under strong turbulence
in (preferably decalcified) water, which contains the usual

emulsifying aids. Suitable emulsifying aids are nonionogenic




emulsifiers, such as, for example, ethylenoxy adducts or fatty
acid esters of polyglycols. As suitable emulsifiers, the
commereially available wetting agents Tegin(R), Tween(R) ana
Spah(R) ean be mentioned as examples.

The optimum substrate concenﬁration, substrate addition time
and fermentation period depend on the type of substrate and
mic¢roorganism used and'fermentatioh conditions. These values, as
is generally'necessary in microbiclogiCal steroid cenversions,
have to be determined 1n the 1nd1v1dua1 case by preelmlnary
tests, as they are famlllar to one skllled in the art.

To perform the process accordlng to the invention, 17B-

hydroxy steroids Qf general formula I :

(1),

A

in which . o "'3@;‘25‘5;5

R4 represents a hydrogen atom br a methyl qroup and

st eymbcllzes the radical of an’ estran—l?ﬂ—ol der1vat1Ve,
contalnxng up to 5 noncumulated double bonds, substltuted in the
3-position by a phenql;e hyd:exy greup,-a‘lower alkoxy,greup,.
lower laalkoxy4a1k6xy'§roup,'a 2¥tetrahYdrepyraﬁylox§ group, or a
lower alkylenedxoxy qroup, as. well as. optlonally in 5, 10-p051tlon

by an epoxy group and in lgﬁpesxtion optionally by a methyl

)

grovp, o
are p.eferably used at substrates.

i

«
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By a lower alkoxy group is preferably to be understood a
group which carries up to 4 carbon atoms. Suitable alkoxy groups
are, for examplé; the methoxy group or the tert-butyloxy group.
By a lower 1—aikoxyralkoxy group is preferably to be understood a
lqwer alkoxy~methoiy group withyan\alkoxy group having up to 4
‘carbon atoms. For éxamplé, thell-methoxy-methoxy group can be

" mentioned. By a lower alkylénedibxy gfoup is preferably to be
‘understood a groupzng hav1ng 2 tq 6 cétbqﬁ atoms such as, for
example . the ethylenedloxy group or the 2,2-dimethyl~ -
propylenedloxy group '

Substrates, whxch are sultable to pérform the process
accordlng to the 1nventlon are, for example, estran-17p-ol
der;vatlves o£lgeneraLrformulawIa

-

(Ia),

’ln whlch

R, has the above-mentioned meaning,

R, represents a hydrogen atom or an alkyl group containing
“up to 4 earbcn;atoms and

.
-A~-B~C-D- symbolizes a grouping of partial formula




I . { |
~CH,~CH,~CH-CH-, CH,-CH=C~CH- or ~CH=CH-C=C-.

The estran-l?-one‘derivatives formed from these substrates
or the 3bhydroxf compounds obtained from this by ether cleavage
are, as is known, pharmacologically effective and can, ‘moreover,
as is known, be reduced to the corresponding 17e-hydroxy
compounds or be converted to the corréspdnding 17f-hydroxy~-17e«-
ethiﬁyi compounds .

Further, suitabie substratesﬂare estrane derivatives of

general formula Ib S | ' )

(Ib),

in which

.+... Symbolizes a single bond or a double bond,

R; has the above-mentioned meaninqﬁ
' Ry represenﬁs an alkyl group with at most 4 carbon atéms;)
The 17—oxosteroidé tormed from these compounds can, as is
known, be used, for example, to produce the pharmacologically
effective 174-ethinyl-17p~hydroxy-4-estren-3-one or its 18-methyl
homologs.
Substrates worth mentiéningiére also those of general

formula Ic




(Ic),

"Ry has the above—mentioned meaning, 7
' R, represents a hydrogen atom or a methyl group,
‘,RS and RG together symbollze a lower alkyldioxy group or
- Rg means- auhydrogen atom and ‘
R6 represents a lower alkoxy group, a lower l—alkoxyalkoxy
- group or a 2~tetrahydropyranyl group.‘
The. 17-oxosterolds obtalned from these compounds can be
further processed ln the same way as those of the estran-i7f-ol
| derlvatlves of general formulaoIc' but on the other hand, they
can also be used for the productlon of pregnane derlvatlves, as
Vis well known to one skllled in’ the art.

Flnally, also worth mentlonlng are. estran-178-ol derivatives

| of‘general,formula_Id

(1d),




in which
| Rl has the :bove-mentloned meaning,
Rg symbolizes a hydrogen atom and R4 and R8 together
symbolize a lower alkylenedioxy group or .
R, and Ry mean tﬁo‘hydrogen atoms or together mean a carbon-
carbon bond and
~Rg represents a lower alkoxy group, a lower l-alkoxyalkoxy
group or a z-tetrahydropyranyloxy group.
The ketones obtalned from these compounds can be converted
to antlgestagénlcally actlve stermlds according to the process,
as descrlbed ;n EP—A 0129499.

- The folloWLng embodlments are used to explain the process

according to the 1nventlon 1n,more detall.




Example 1

a) A 500 ml Erlenméyer with 100 ml of sterile nutrient
.medium containing ‘

1 % yeast extract , -

0.45 % 'Na2HPO4 * ZHZO

0.34 % KH,PO,

0.2 % Tween 80
with a pH of 6.7 is inoculated with a suspension of a
7Mycobacterium spec. NRRL B-~3683 culture and shaken for 72-hours
at 30°% w1th 180 revolutlons per minute.

b) SOVErlenmeyers (100 ml) w1th 20 nl of sterlle nutrient
medium each containing.

0.5 % corn‘stéeb”liquor -

0.05 %\glucése mbﬁéhy&raté‘

0.2 % ye&éﬁ exﬁ?aet SR
-- adjusted to pH 7’ o --4-1' .
are 1noculated w1th 1 ml of Mycobacterlum-spec.—grcw1ng culture
each and 1ncubated for 24 hOUrs on a rotary shaker with 220

-

revolutlons per mlnute at 30°C,

Thern, 0. .02 g of '3,3- (2 2-d1methyltr1methy1enedloxy) -5, 10«—‘
epoxy—Sa estr—9(11)—en—17B-ol dlssolved in 0.2 ml of
dimethylformamide and sterillzed by flltratlon is added to each
culture and fermented for another 48 hours at 30°c.

e) The combined cultures are extracted with methyl isobutyl
ketane)and the extract is:concentratéd by evaporation under

vacuun in a ﬁotary'eVaporatér\at a maximum of 50°C. Then, a




purification takes place by chromatography on a silica gel
column.

0.85 g of 3,3-(2,2~dimethyltrimethylenedioxy) -5, 10e«-epoxy-
5¢-estr-9(11)-en-17f-one, which is identical with an authentic

sample according to HPLC, is thus obtained.

Example 2

a) The production of the growing culture takes place as
indicated in example 1l1a). 7 ) -

b) 50 Erlenmeyers {100 ml) with 20 ml of sterile nutrient
medium each éontaining

2.5 % corn steep liquor

0.25 % soybean flour

0.3 % (NH,),HPO,

0.25 % Tween 80
~- adjusted to pH 6.5 —-
are inoéulated‘with_l‘mlvof the‘Mycobacterium—spec.—growing
culture each and incubated for 24 hours on a rotary shéker with
220 revolutions perxminute:at,30°c.

Then, 0.002 g of a-equilol"dissolved in 0.2 ml of
dimethylformamide and sterilized by filtration is added to each
culture and fermented for anothe£~72 hours at 30°cC.

¢) The isolation of the product takes place as described
under 1lc).

0.095 g of equilin, which is identical with an authentic

sample ac¢cording to HPLC, isithus obtained.




Claims

1. Process for the production of 17-oxosteroids by
fermentative oxidation of 17f-hydroxy steroids, characterized in
that for the fermentation, a bacterial culture of the species
Mycobacterium spec. NRRL B-3805, Mycobacterium spec. NRRL B-3683,
Mycobacterium phlei NRRL B-8154 or Mycobacterium fortuitum NRRL
B-8153 is used.

2. Process for the production of 17-oxosteroids by
fermentative oxidation of 17f-hydroxy steroids according to- claim

1, wherein a 17p-hydroxy steroid of general formula I

(),

in which

Rl’reﬁresents a hydroqeh atom or a methyl group and

st sjmbolizes the radical of an estran-17B-ol derivative,
containing up to 5 noncumulated double bonds, substituted in the
3-position by a phenolic hydroxy group, a lower alkoxy‘grodp, a
lower lﬁalkbxy—alkoxy'group, a Zitetrahydropyranyloxy group, ar a
lower aIkylenédioxy group, as well as optionally in 5,10-position
by an epoxy group and in_19-position optionally by a methyl
group,

is oxidized.




. 11

A process for the production of 17-oxcsteroids »ny
fermentative oxidation of 17f-hydroxy steroids is described,
which is characterized in that for the fermentation, a bacterial
culture of the species Mycobacterium spec. NRRL B-3805,
Mycobacterium 'spec. NRRL B-3683, Mycobacterium phlei NRRL B-8154

or Mycobacterium fortuitum NRRL B-8153 is used.
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