A PROCESS TO PRODUCE 19- NOR- 10( 1- CARBOXYLI C ACI DS BY
FUNGAL OXI DATI ON OF 6- SUBSTI TUTED- A6- PREGNANES 5
Field of the Invention The present invention relates
to the fungal oxidation of 6-substituted-A6- pregnanes

of POPRUIGESS TO PRODUEENE-NUIR 1 OB RBOKYTICI ASIINE BY FUNGAL
Formula Il, foll ?ﬁd a chem cal decarbozyl ati on step

Formula I11. 10 Background of the Invention 19- Nor

4, 6- pr egnadi en- 6- net hyl =17a- ol - 3, 20- di one
(nonegestrol) and the related nol ecules of Formula
I1l are useful steroid internediates for the synthesis

5of pharmacol ogically ac of|the dawentiowr o i ds. For
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exanpl e,, 19-nor -4, 6-.pregnadi epn-6 15 . . . 6
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(1BHRERS SRRl S PERALP ool s Homla f followed o
acelicutie)l, desarbotRatich stdreal prodedectondh-6-tbistifedSABpRSnanes of
Patent 4,284,720 di scloses that 10-nethyl steroids of
t hEormgig 84t ane or pregnane series are converted to the
correspondi ng 19 hydroxy steroids 20 by fernentation
with a fungal culture of the genus N grospora. 19-Nor
steroi ds have been chBatksbhiyd efihe Tasémtd from
19- hydrox& steroids. SUMMARY OF I NVENTION In general,
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19- nor- 6- substit ut ed- A6- pregnanes of - Formula 11
D mcthybEdo-ok8 20Aliome @opregestad) damrbetdsed fir puitiekize monfegastrol
19-norl O(3-carboxylic acid of Fornula Il -1
acetate (19-nor-4,6-pregnadien-6-methyl-17¢-0l-3,20-dione 17 acetate), a women’s
health steroid. ' ,
United States Patent 4,284,720 discloses that 10-methy! steroids of the

andostane or pregnane series are converted to the corresponding 19 hydroxy steroids

by fermentation with a fungal culture of the genus Nigrospora.
19-Nor steroids have been chemically synthesized from 19-hydroxy steroids.

SUMMARY OF INVENTION
In general, disclosed is a practical method for the fungal _
oxidation of 6-substituted-A°-pregnanes of Formula I to form 19-nor-10B-carboxylic
acids of Formula II, followed a chemical decarboxylation step to producé 19-nor-6-
substituted-A®-pregnanes of Formula I

Disclosed herein is a process for the production of a 19-norl10p-carboxylic

acid of Formula II
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WO 2004/ 065612 PCT/1B2004/ 000107 R4 0 HO O ~~~~I1R1
R2 Forrmula Il wherein: 5 Rl is sel
rc()]Pn Sg group consisting of H OH R C(OO, 1?(91';/%004/000107
-CH2OCH3, CH3CH(OR)O; Ris a Cl-. Cs al kyl group; R2
is selected fromH, F, d, Br, and CH3R,; R3, is H,
or CH2=; 10 R4 is -CH2OH or CH3 by fungal oxidation

of a 6-substituted-A6-pregnane of Forml d=t=d4 0 RS
R3 R2 Formula I 15 -2 wherein el ected from
t he group consi sti qgoof HO OH O) O-fereni§2 OCH3,
CH3CH(OR)O; Ris a Ci @8 3 '

Ro
Formula II

wherein:

R, is selected from the group consisting of H, OH, R-C(0)O-, -CH,OCHj,
CH3;CH(OR)O-;

R is a C; — Cg alkyl group;

R; is selected from H, F, Cl, Br, and CHs- ;

R3, is H, or CH,=;

R4 is -CH>OH or —CH,,

by fungal oxidation_ of a 6-substituted-A6-pregnane of Formula I

R4

"'"""R"

Formula I



R2 is selected fromH, F, d, Br, and CH3- ; R3, is
H or CH2=; R4 is -CHROH or -CH3, R5 is -,CHO -CH2OH
or CH3 conprising: contacting a

6-substituted- A6-pregnane of Formula | with a

bi o&kmieiar si on culture containing a species of the
genys. Ni.gr.oypora_capabl e of .oxidizing the 19 carbon of
5 B8 EGPY BPELE B AR HnE Pl HoPB RaC(0) v GO H:,
asPEHICH({O®)R: i s provided a process for the production
of .a 19-nor-10(3- carboxylic acid of Formula Il R4 0

HORis a CunlOgelkyBgradpR2  Formula |1 wherein: R is
selgcted fr t rup consisting of H OH R
S B sectd Bor B, B! Bi'R 0s h o o8 alky

gr%pjs.H,%I-l@H':S’ selected fromH F, d, Br, and CH3- ;
R3, 1s H or = R4 is -CH2OH or -CH3, by fungal

oxiRids +GH0H ar -65H4,bst i t ut ed- A6- pregnane of Fornul a |

R4 Rs is ~CHO, -CH,0H or CH, |
comprising:
contacting a 6-substituted~A6-pi:egnane of Formula I with a bioconversion culture
containing a species of the genus Nigrospora capable of oxidizing the 19 carbon of a

6-substituted-A°-pregnane of Formula I

In one aspect, there is provided a process for the production of a 19-nor-10B-

carboxylic acid of Formula II

Rq

HO -'IIIIIIIR-{

Ro

_ Fofmula 18

wherein:

Ry is selected from the group consisting of H, OH, R-C(Q)O-, -CH,OCH,
CH3CH(OR)O-;
R is a C, — Cp alkyl group;



O..a,nlIRR RS R3 OR2 Fornula | wherein Rl is

sel ected fromthe group consisting of H OH R-C(OO,
-CH2OCH3, CH3CH(OR)O; RisaCt - Csal kylgroup; R2 is
selectedfromH F, d, Br, and CH3- ; R3, is H, or

is -CHO -CH20H or CH3
: C?%ﬂ?? dﬁ@ﬁﬁﬁ%ﬁﬁhhgng§%(g§gstituted-Aﬁ-pregnane of
® dr ¢4gl-h a bioconversion nedium containing a
ébles of “t he genus Ni grospora capabl e of oxidizing
tlmaliQCEiﬁﬂHmr4ﬂﬂia 6- subst i t ut ed- A6- pr egnane of
Formul a_ |, wherein the bioconversion nediu ontains
alby fengal oxidation of 3 6:sybaituted A6 pregesme.pi Figrmp
‘detergent and about 5&'L to aboqﬁ 60 g/L of a car bon
source selected fromthe groups cot S|st|ng of
nonosacchari des, di sacchari des, :
hydrol yzed polysaccharldes A d sugar al cohols. 3a
DEFI NI TIONS The definitieqs B ations bel ow
are for the terns as us Nis entire
document . i ncl udi nggbotjh the sp and the
clalrrs Al'l tenps Adres are
r.p.m" refes ' '

Formula I

wherein

Ry is selected from the group consisting of H, OH, R-C(0)0-, -CH,0CHs,
CH;CH(OR)O-;

R is'a C; ~ Cg alkyl group;

R; is selected from H, F, Cl, Br, and CH;- ;

Ra,is H, or CHy=;

R4 is ~CH,0H or —CHj,

Rs is —CHO, -CH,0H or CH;

comprising:

- contacting a 6-substituted-A6-pregnane of Formula I with a Bioconvcrsion medivm

containing a species of the genus Nigrospora capable of oxidizing the 19 carbon of a
6-substituted-A6-pregnane of Formula I, wherein the bioconversion medium contains about
0.1 mL/L to abf)yt 4 mL/L of a non-io_n_,jg ‘deteggent and about 5g/L to about 60 g/L of a

carbon source seclected from the groups consisting of monosaccharides. disaccharides,

_ tﬁsaqcharides._hydroilyzed polysaccharides, and sugar alcohols.

-3a-



"TLC' refers to thin-layer chromatography. "HPLC
refers to high pressure |iquid chromatography. "psig"
refers to pounds per square inch gage. "RO' refers to
reverse osnosis. Wien solvent m xtures are used, the
rati os of solvents used are volune/volume (v/v). Wen
the solubility of a solid in a solvent is used the
ratio of the solid to the solvent is weight/volune

(wt/v). DETAILED DESCRI PT I NVENTI ON I n
general, the invention rebﬁﬁ%f ungal oxidation
of 6- sphe lbfiitiBhs Afte :@Iﬁgﬁﬁﬁ%l&{/ aféJFoFH{e%ﬁns' e?sths&;pchro%hout

2004/ 065612 PCT/1B2004/000107 R4 O ..~nmml
Rhis mﬁdwalment\mémctnglb@hMe srecifizbton end thewhaimke group

Eeo:n: | ZA@}% T Iﬁweé‘? g%ee?s%lggs s elqej(;?ed ﬁE%HI(—P?:O |
Sr ' Br “rﬁ‘ﬁﬁ" fes to revEtiohSpdt mideeCH2= 10 R4 is - CH2OH
‘TLC” refers to thin-layer chromatography.
“HPLC” refers to high pressure liquid chromatography.
“psig” refers to pounds per square inch gage.
“RO” refers to reverse 0smosis.
‘When solvent mixtures are used, the ratios of solvents used are
volume/volume (v/v).
When the solubility of a solid in a solvent is used the ratio of the solid to the

solvent is weight/volume (wi/v).
DETAILED DESCRIPTION OI_? THE INVENTION

In general, the invention relates to a fungal oxidation of 6-substituted-AS-
pregnanes of Formula I |
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R5 is -CHO, -CH20H or CH3, to produce

0

Wz&%f%i? carboxylic acids of Fornula II. |?4P%II‘IIBH§£4/000107

10

15

R3 OR2 Formula H 15 wherein,

R3, R4, are the sane as P. Rl, R2, R3, R4, in Formula
. -4 WD 2004/065612 PCT/ 1B2004/ 000107, Any
filamentous fungus of the genus N grospoya capabl e of
oxi di zing the 19 carbon of 6-substituted-g;;pbegnanes
of Forrmula I, nmay be used to producg 19-gor-"-

10( 3-carboxylic acids of Formla Ly The/py,
Exanple 1 can be used to 5 de ' h
particul ar fil amentous fﬁ{g' S
is capable of oxidizinggth

6- substi t ut ed- 06- | \ R
19-nor-10(3-carbgxylic agids of JFormula Il may be
subsequently recdvered I i cal ly decarboxyl at ed

to produce 19- A6- pregnanes of 10

Formula II1. R2 Forrmula 111
Rz
Formula I
wherein
R is selected from the group consisting of H, OH, R-C(0)0O-, -CH,OCH3,

CH;CH(OR)O-:

R is a C; — C; alkyl group;

R; is selected from H, F, Cl, Br, and CH;-;

R, is H, or CHy=;

R4 is -CH,0H or ~CH,

Rs is ~CHO, -CH,OH or CH;,

to produce 19-nor-10B-carboxylic acids of Formula IL.
Ry

HO LR

Ra
Formula IT

wherein, R, Ry, Ry, Rg, Ry, are the same as R, Ry, R,, R, R4, in Formula L.
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wherein, R Rl, R2, R3, R4, are the sane as R Rl, R2,

' Formula L 15 W have found that co '
“gazsoggig?sﬂput ed- 06- pregnanes of Formula | with nl&@fwﬂmomw

strains of N grospora, particularly N grospora

sphaerica ATCC 12772, N grospora gorl enkoanuna ATCC

24718, and Ni grospora oryzae ATCC 42775 produced

19- nor - mgr:fﬂamm@mfhh@saﬂim@ g@ius Nagmspdra chpable éftuxidizing the 19
process of the presgnt invention the bioconversion

nme@irthen ebérsabstisited-Abpregnaes of Harmulad, mabepsed &y prodgee 19-nor-

o SRR i b EOBt BT oA RS | G Be used to

5 anh&8anin Whetie} £ pAAEALSHRHEAIRS fufdul OF iﬂe}%{é‘rﬁ’s RigF¥dpora is capable
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phenol s and pol yoxyet hyl ene sorbi tan est

enof exiflizimgtheds eabon obi-silstituted Wipragnaneasf Formula T.
tristyryl phenol ethoxyl ates, al cohol ethoxylates such
as octyl phenoxypol yet hoxyet hanol , et hoxyl at ed

mer capt 105ap : @S

and T ov a2 Lo FBRRAEbRRK AhEontriis Fidu BERIKBRIGhy recovered
phasdtteemicalfy dEhrBOBAES BSPrd diRteT19-BA0SdIRAMGILAS-pregnanes of

pol yoxyet hyl ene sorbitan esters, or

ockFompHeHbxypol yet hoxyet hanol are used as

surfactants. The non-ionic detergent congentration

used may be fromabout 0.1 niL/L or 0.1 ® L to about 4

about 2 nL/L or 2 g/L. 5 The carbo
sel ected fromthe groups consisti
nonosacchari des, disacchari des, N i ﬁés,
hydrol ysed pol ysaccharides, aphd sugal al cojols.o
Typically, glucose is used as|the cafbon bur ce.® The

about 60 g/L. Pref us is grown in
subnmer ged cul t ur el &
any art-recogng E and the oxidative
reaction perfornmed in situ. e desired N grospora,
fungus is cultured using condltions, nethods, carbon
sources, and nitrogen sour cd® known to those skilled

inthe art. Generally a priﬁ@{%mgriﬁ secondary
S ed1n

veget ati ve seed procedure i preparation for
the fungal 19-oxidation.

wherein, R, Ry, Rz, R3, Ry, are the same as R, Ry, Rp, R3, Ry, in Formula L

We have found that contacting 6-substituted-A®-pregnanes of Formula I with
certain strains of Nigrospora, particularly Nigrospora sphaerica ATCC 12772,
Nigrospora gorlenkoanum ATCC 24718, and Nigrospora oryzae ATCC 42775
produced 19-nor-10B-carboxylic acids of Formula IL

In the process of the present invention the bioconversion medium contains a
surfactant and a high level of carbon source. The surfactant is selected from. the group
-of non-ionic detergents including non-ionic amides, nonionic esters such as
ethoxylated alkyl phenols and polyoxyethylene sorbitan esters, emulsifying waxes,
non-ionic ethoxylates, tristyrylphenol ethoxylates, alcohol ethoxylates such as
octylphenoxypolyethoxyethanol, ethoxylated mercaptans, capped ethoxylates, block

copolymers, and reverse copolymers. Preferably, ethoxylated alkyl phenols,
. -5- :



Alternatively, a primary vegetative seed can be used
“%%0 %fhlss% to inoculate 15 bioconversion nedia for the

3 B oxidation. Primary vegetative seed cBFT/H§2884/000107
are incubated for a period of about 24 to about 96

ho - {2 r

pobkITo Rl 30l Ak, oA Sor A b AIRALA il as
anshiréactahisb themen-iaiio dbtefyeflt evidembmioh usedbmay be grontaboyt 0.1 mi/L
veglg(% tive seed nediumis inoculated with_about 0.006%

{ o L 1 B0u BIALATA 2/bs bikiyRicalivbort | /b epd o/L to about 2

CW&,Z% typically about 0.012%to about 0.1%
[vIiv], ‘incubated for a period of about 36 to

5 about 7Phécarbon {quief i€ kelbetyd fbmithe &fbupb coldiiing Jof dlondsaccharides,
ture between_ about 20 and about 37ﬁl(gﬁreferabl

temn 1
abstochardossikigacoprridss, hydeolgsed aiysagharides. pasiugar daon

0o 50 sl o1 PR BB on s

nextiy by frofn abouc29/12f dbeut 10D FRIButeypisdlly dbont § §/1f thabout 60 g/L.
secondary vegetative seed nedium 1s inoculated wth

about 18fefesalily tha fungus is grapn insubmgegey coligetmderqeraieepnditions,

c 3 0 0 0.,  Af I n. .

to 7 il o BEcBEERI p0RM. 320 SRS relin B iped it The
hodesied Mygrebparauyigwsie diltiked hding benditicis, ARtHods, carbon sources, and
steroid substrates of Fornula |, preferably

mi EregRn soyrees kBowa e thoseskilied isithe anty Gensrally & primarwand secondary

M is [ . f. F I

N AR e S5 IS kRl S BE A Lo 00
a Alterabttvelpddiritha) vegetsiblel s86d &dn RAkeld dRB&Ty 'indtulate
continual feed. It is preferred to use the mcronized

15 stlipesmyessipnmedie &or the fimgaldf-exidation.a concentrati on
g; E:at er PlIi.lpl \;eggllaﬁye %éﬁylt@%ﬁ%&%&ﬁtﬂbﬁgﬂr 21‘3 %Sﬁ:r_nérp ) abgut 24 to

even re-prerera

Bi o009@h&ue (preforddly A0R4 4T HbRT e 4 leﬁ?ﬂ%%&%g&%g a8but 20° and

steroid substrates of Fornula 1t0 form19-oxidize
prabdut3® (@tefembindbaut128°),iand agpH betwdern abomt 8Oeamd about 7.5,

e T T T
20 :‘kﬁr\fj gfgﬁllﬁeg‘?:v tfveTRLd Al rd! Bl E@? fkrg?"ﬁo 1Y%, fooabBHP&Z% [viv,

art. A suitdble I's provide
i randSnentategdl fer 4 period of about 36 to about 72 hours (preferably about 48-60

hours) at a temperature between about 20° and about 37° (preferably about 28°). The
- pH of the secondary seed medium can be between about 3.0 and about 7.5, but

preferably between about 5.0 and about 7.0. The bioconversion medium, which can
25 . be the same or similar to the secondary vegetative seed medium, is inoculated with
 about 1% to about 10% [v/v] secondary vegetative seed culture (preferably about 3%
to about 5%). After an initial incubation period of about 12 to about 72 hours
(preferably about 16 to about 24 hours), steroid substrates of Formula I, preferably
micronized, are added to the bioconversion culture. Micronized steroid substrates of
30 Formula I can be added as a dry powder or an agueous slurry, either as a single
addition, a series of additions, or a continual feed. 1t is preferred to use the
micronized steroid substrates of Formula I at a concentration greater than 1 g/L, more

preferably greater than 2 g/L, even more preferably greater than 4 g/L.. Bioconversion
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Once the bioconversion of steroid substrates of

“;:orrml a Ito the 19-oxidative products of Fornul a
Oszogggpap e, conmpounds of Formula 11 can be re%‘éT/Q?:’@&“mO“w"
using any one of a nunber of art-recognized

o LGOI EHEL 5 AR 1A% 1 Blon if S Fheipha .
sugliowal 1Rkdieke fer Wowedr ot bxndlébo@ds; days, Bat @pﬁalmbout 2to0

downward until the product of Formula Il is In
ac Alput 6 days. Thhe copyewsion manbewpbitercd bg aﬁhmmatmephw mgthod such

For PR FEaolin I ARRAEE s shiag HET et sppovidedin

sthex;@@wmwards until the carboxylic acid product of
Formula His ionized (pH 8 to 9). This aqueous extract
i s di | Gpeatthgibieroaversioarof siezeiil shbstrstss v€ Formwlad ko the 19-oxidative

or BRGARE b PR Eo e EbRbRind: b PR e eroyofia wsing

ar@one@fladﬁmﬁéf oflitirecdg nﬁ@& prtdcadurés. | BreferaiM, ywhole or filtered, beer
crystal lized by evaporatl on of the water-mscib

s o;s\ﬂéﬁﬂctc@weth@ \uat@bmmﬂ%e orzao sphveat, $uchmww1ene chloride, by

0 ¢ oRiflab PRERNASALS fning Brooblarl Hormibith f i the poid form. Te

p ewﬁ&f-ﬂ’ﬁﬂuscﬂﬂe Bﬁgkaﬁﬂ: s@»waﬁt {sl tHéiﬁco%B&ltfa@é&%Péﬁp%haﬁ LThe product of

known to those skilled in the art. General
c oﬁ@@m%@lﬂ ipthepgxiragted into water by gé]mstu@lhc pI-hummrds until the

}é%@%gﬂls aﬁ@(}%ﬁ%{b& Egla"g@? ga i r(Bgﬁ/ﬁ 23[9), glllﬁ(stalﬁueous extract is

Tyaﬂlﬁ@cl With alwiRer-MmdcROX ¥olvént astlcl ab fhefHa881, 8 We E}!H & adjusted
catal ytic amount of hydrochioric acid i n aque

15 redormipard antil Gelpasdicd of Bomuda Bis againuinabe amdefbm @H 8e4). Crude
d th t d,
acPpos ot FERRARTY 13ty aristaifed e vineietion o g mecSipiselble

botdivdgee carboxylic acid substrate and the acid
catalyst is suitable. Preferred solvents include

pyri di nSterqjd compoandscif Fermyla Tbwhy b bhﬁm@:ﬁ]ﬂﬁ@qarboxylated-to
h h VPA | f ol d
G T T TR T ———
20 acﬁéiﬁ’@éér(d'iﬁcﬁls 288 SR fts aBRic 1A% to Hid32 Qﬁ'lled [11[# ﬂfe%@@ rtf‘kln'afally,
of . t hano

I so-propanol, or a eous 30 m xtures there
i scctmpsmnds of Bmmda Uende disbalent in a@migreohveat, afongorithidmadid catalyst.

RGO e I PN R T
”gédﬂ:axyhc acid is treated with a catalytic amount of hydrochloric acid in aqueous
methanol at reflux for about 30 minutes to effect the desired decarboxylation.

25  However, the solvent and acid are not critical. Any solvent that will dissolve both the
carboxylic acid substrate and the acid catalyst is suitable. Preferred solvents include
pyridine, picoline, dimethyl sulfoxide (DMSO), hexmethyphosphoramide (HMPA),
Sulfolane, dimethyl formamide, dimethyl acetamide, N-methylpyrrolidone,
acetonitrile, acetone, methanol, ethancl, n-propanol, iso-propanol, or aqueous

30 mixtures thereof. Methanol is the most preferred solvent. Compounds of Formula II
are dissolved at a concentration of between about 10 mg/mL, to about 500 mg/mL
(preferably about 100-300 mg/mlL). |



7 WD 2004/ 065612 PCT/ | B2004/ 000107 A suitable acid

cat alb/ is an acid that has a pKa |l ess than 4.9. Such
WYY ude hydrochl oric acid, hydrobronic aR¢HIB2004/000107
sul furic acid, glacial acetic aC|d phosphori c acid,

benzene | ' Q cetic aci hl ro e i .
benz et ol EURRE @G ks ) RPE6E S s
t 1 idoluderhydehiosic acidghydsitotdi §hH QugRSe haa gsmsi acmeaéd
final concentration of the acid in nethano bet ween

BMSPRPI(NpW@,)beamerfpnw q9idh bramoagstie peid athilgroadstigtacid, citric acid,

ot bRRR Bl el PR SRR o BiaPht i, g BRuBepecpp aci. The

5 abfinal cbnbsmiatib® oPihe dtid3d nik@n®] {sieRi@nB01 ¥ (pII3) 4#d 0.1 N (pH

hours). Conpounds of Formula Il can be recovered from
t hils PF@%!@NY@‘?O% GRUNLPHDI e aenction enintiresis haatbe to dtween 40°C

o] R Brb sROB L koR atbat L B eb e o fpiperably 4
coRl 12%burdN THERA h@@&%ﬁ%‘ig%ﬂ@# 2 BB dafdR H?%] Jée%l?&& mixture

in tw steps: first ation to give
3- us;ng)amsquz)f alrrm:cd]ermﬂmam:pgﬁnbd mdd:hys,tlielepreieﬁﬁd ptocedure is
i sonmer ion to co ound (I1]) arboxylation to
1“th@%‘“‘1‘é?‘b°%‘5‘/e"fﬁ9# IX¢ EQncERiraian a"%c%hl@fect ed by
sstirrin HedMR .0 6
nour 5. - Tt B Bl R BB G 8 o3 tepi i)

i sdevarboxplitiow tocgingtherddkdidA Y lﬁtmﬂédme,tfonwm Bﬁthe%ﬁdpcbf
of, pKa I ess than 4.9 as descri bed above.

W‘ts%ﬁ’fmﬁf“@ﬁtt% eempodIR): i Igcartioxylagion & the\BelcetQ %&?m’(@medlatc

cesin UESeBielBS sflneB DR oo KmirgGR V1S72570) o 26 hours. The
15 f B ket A¥NigRImedite ileh %O&&\HZ&Q tdj&Jtﬁ'[Sduﬁﬁ Iﬁg? gl?ent with an

descri be how to prepare the various compoun

peididefpKalesythan difsasplesailedeboud. t he i nvention and are
to be construed as nerely .ﬁ#@g&l ve, and not
limtations of the precedi ure in any way
what soewRthout fhRS I Moriddd it if bd &, 'iﬁat Yi‘hé Lhﬁé@mgla ¥rt can, using
recogni ze appropriate variations omt procedures
bdth presediog deseciptionss pmcﬁcmmemsenanwmmto e fdllestiextentd The
B N T
20 1o etailed examples describe how to prepare the various compounds and/or
- perform the various processes of the invention and are to be construed as merely
illustrative, and not limitations of the preceding disclosure in any way whatsoever,
Those skilled in the art will promptly recognize appropriate variations from the

procedures both as to reactants and as to reaction conditions and techniques.

25

EXAMPLE 1
Conversion of 4,6-pregnadien-6-methyl-170-01-3,20-dione to 19-nor-4,6-
| pregnadien6-methyl-17a-01-3,20-dione 10B-carboxylic acid is performed using a
submerged culture of Nigrospora sphaerica ATCC 12772, followed by
30  decarboxylation to 19-nor 4,6-pregnadien-6-methyl-17a-0l-3,20-dione.



EXAI\/PLE 1 Conversi on of
preS%nadl en- 6- net hyl - 17u-ol - 3, 20-di one to
%Z(ﬁ' 1¥- pregnadi en6- et hyl - 1700- ol - 3, 20- di 8/&/1B2004/000107

10(3-carboxylic acid is performed using a subnerged
culture of Nigrospora spR r| ca ATCC 12772, followed

by 30 decarboxyl at i on t -Seed Stage

4, 6- pr e FReEnSRpaithl ,

2004/ 065612 PC%/ I 82004 OOO %‘9%0(%.93%13‘##%?5}‘ %’/’@[ afethawed,

Fr dransferred)tot Iattatoeiexebsasagaf phiteg (BB @dﬁﬁ&iﬂﬁfﬁd% 2@9@@ 72 hours.

{2 are th ransferred to potato-dextrose-agar
§f yf)ﬁ}ﬁa (OB gt B to inocyaterslitoaized S00-mL

& i ki S A o

comednmn nonsigOoftpepliteraf ROSetel) @i SOR; s6Flotr 5l glucose, 5 g;

iU nsjsts of (per liter of RO water): dextrin,
S0 cRpAeHds Hoxalirge, gt oeonesiogoamas (AL 4 b &F ik pro-

NIRRT S (SR T s s

s odmmammgqum@&eé&ﬁi):dmﬁb alesstdriingl %‘or 30c@Tueds it 191C° using an

primary-seed nmedium are sterilized for 30 m nutes at
10 1 o 3toclayen gVigrosporasphoetion ATAG R 1s lm:ubqltbdiﬁmd@dmaifm%"c

okt %F?O%tp&*é@aew%%ﬂ&ﬁ% el S vt 22t . @rorbinalstroke),

.p.m (2" orbital stroke). (B) Secondary-Seed Stage
One hundred nilliliter secondary-seed nedium in a

siliconized 500 nL 15 @LMMMSK is
o St et e S BT e
15 W?ﬁipp[ﬁd%ﬁk@ﬂﬁ!ﬁc (sﬁﬁécdlét&&ﬁmﬁ 083G W E. dn&lp%ﬁl?&? sectculture

g; soybean neal g; corn steep soO
o c@-yPlivéd dmyculzptt.ﬂnyeteh oSscoatdrgsotd medidim mﬂmas (pec ting of RO

de SAG,471 e-sterilization
%8@%1% ol Exboprin i 155 B S¢lidg) 10 ghostiphienory
&0 185 #i; e
st er ﬁ?z@?}?or 30 m nut es&gf&rf%?%& Sl ng a nﬁ%ﬁ?‘é‘gﬂ gtenhzatwn
Ni Rff €00 6aadipstedwith aoammae (2N)1 istakeatiadksf @ntamiagt
52 houdr s at 28C, using a
secondary-seed medium, are Sterilized for 30 minutes at 121C° using an autoclave.
Nigrospora sphaerica ATCC 12772 is incubated for about 52 hours at 28°C, using a

controlled-environment incubator-shaker set at 270 r.p.m. (2" orbital stroke).

(C) Steroid Bioconversion

25 One hundred miltiliter steroid-bioconversion medium, in a siliconized 500 mL
stippled shake flask, is inoculated using 5 mL vegetative secondary-seed culture (5%
[v/v] inoculation rate). Steroid-bioconversion medium is essentially the same as the
secondary-seed medium, with the exception that octylphenoxy polyethoxy ethanol is
increased from 0.25 mI/L to 2 mL/L. At about 22 hours post-inoculation, 0.5 g
30  micronized 4,6-pregnadien-6-methyl-170-0l-3,20-dione shurried in a minimal volume
of 0.2 % [v/v] octylphenoxy polyethoxy ethanol is added to the 100-ml fermentation.
Bioconversion cultures are assayed on a daily basis for 19-nor-4,6-pregnadien-
6-methyl-170-01-3,20-dione 10B-carboxylic acid using HPLC. One milliliter of
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control | ed-environnment incubator-shaker set at 270
2" orbital stroke). (C) Steroid Bi oconversion

r.p.m '
“%EWQGS%%dred mlliliter steroid-bioconversi oRCT/IB2004/000107
madi um i n a siliconized 500 nL stippled shake fl ask,
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secondary-seed ‘nedi unf Wt xception
o c @W@h &jentsd o we HIRLG catinan @oniditiont A HRS@ drefas dollows:

gpeq%SW pl&qqmalfpg? ggé)q%gﬁ %,{P 1o§grrg\?erse—phase column (150 x 4.6

54 galn?rfa QA6 Rty gt R SR AR SOHEE], Stbluflen25 %

et phmnphoms acadi 543, pvivine fldACkare = Ognﬂﬂﬁhﬁﬁtbodbtcct:lon, 287 nm; run
Bi qconversion cultures are assayed on daily basis

f oHmeg: HpHminpies. Bieepmyersion @%é@t\%gnad!mﬁdnethy@%ob&,éﬂ—dlone to

L8 P35S B S b i Bompe

exin Gpt@dmatelyn day¥l war m acetonitrile. Cells are
separated fromthe aqueous-acetonitrile m xture by

10 centrifugation (3,000 x g for 10 minutes), and 5 L
I Nj i ... Ca dlt'ons for

fitted vhé Wh@le@s@r :It%‘éﬁféte §‘e 1366 HiT¥e dbﬁl@ R eXtracted with
m‘%ﬂgol um; colum tenperature, 30C, no

m&xm@t)lylemdﬂmmdet by dldjt!@mgfthé/pHpimp}raui too4 a{Elnedspent beer is re-

5 e B2 A B e o e

s 4 Sxmagegsicare puinbioyplocehy BN s o et o

1 Oghoua b miyby evapoiation.s The prddabe 194por-aEppregnadtineb-ynethyl-170-01-
ia 10 (1[% Recovery and Decar boxvl ati on Procedure
slinme Wibesarbaxyhia acidsis thenrextragted dnto 30wl water by adjusting the

cﬁ#%??%’a*% O S ERMRRE T hdlh i S i BB B e

bestjusted ﬂ@wmﬁaﬁ! gL @xdcr\w& fsroaﬁ@ttxb Sfys&ﬂ&eafby RRALYARINOS the
chloride. The rich nmethylene chlorid
20  methanol. The solids are recovered from the aqueous slurry by filtration, washed with
15 mi. water, and dried to give 1.22 g of crude crystalline 19-nor-4,6-pregnadien-6-
methyl-170-01-3,20-dione 10B-carboxylic acid.
1.22 g crude 19-nor-4,6-pregnadien-6-methyl-170-01-3,20-dione 10B-
carboxylic acid is dissolved in 4 ml. methanol, containing 0.1 mL 85% phosphoric
25 acid, and the reaction mixture is heated to 55°C. The reaction mixture is assayed on
o hourly basis for 19-nor 4,6-pregnadien-6-methyl-170-01-3,20-dione using HPLC.
Five microliters of the reaction mixture is diluted into 1 mL acetonitrile and 5 pL
injected onto an HPLC column. Conditions for HPLC are as described above.
Decarboxylation of 19-nor-4,6-pregnadien-6-methyl-170-0l-3,20-dione 10B-
30  carboxylic acid to 19-nor 4,6-pregnadien-6-methyl-17¢-0l-3,20-dione is complete in
approximately 4 hours. The reaction mixture is cooled to -10°C and crystals are

filtered and washed with 1 ml. -10°C methanol to yield 0. 72 g of 99.4% pure 19-nor

4,6-pregnadien-6-methyl-170-0l-3,20-dione.
-10-



15 extracts are recovered by centrifugation and then

“Egol ed, polished and concentrated to about 50 nlL by

10

15

20

HIHP@E1%n. The product, PCT/IB2004/000107
19- nor - 4, 6- pregnadi en- 6- net hyl -1 7a- ol - 3, 20-di one
100Q-carboxylic acid, is then extracted into 50 nL
wa éﬁﬁé&’ (y%ustl ng the pHupward to 9. This rich
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cr ?@Eﬂé&l&:ﬂ-ﬁ%&ﬁylel\ﬂ@pﬂfﬁm -apnef10phatyliBhba %erfoﬁﬁ@d using a

s are recovered fromthe aqueous sI urry
f i submargeshoulives ofMigwaspbra gﬁlamkaambfe ATCEZHTBI MoWod by

ude stal |
oo TetioR ke 1 S phematingromethulsi Terobd A0
100-carboxylic acid. 1.22 g crude
19- nor - 4, 6- pregnadi en- 6- net hyl - 17(x-ol - 3, 20- di one
10( 3- cblntlem;ab condiiiord describied 0 EXe'OMPDEA, 1118 gmftchaleCdrystthne

ai mrg 1 nL 85% phosphoric 25 acid, and th
r e PPt rﬁrﬁmd@nrﬁsnﬁwi -ddonal 3ecdionm 40R-sarboxdic acid aro made.

m r
Sl SRR AR BV O 95 Byl gy
Fi methiyl- ¢v@101.13g05dlgﬁet he reaction mxture is di I ut ed

into | nL acetonitrile-and 5 pL injected onto an HPLC
colum. Conditions for HPLC are as descri bed above.

DSE t| on of _

19-"nor - pregnadi en- 6- net hyl - 17a- ol - 3, 20- di one 10D

30 car b@iSWéréioﬁ‘%f 4 6&96 dié8L6-methyl-170-01-3,20-dione to% —nor-4 6-

4, 6- pregnadi en- 6- net hyl - 17a- ol - 3,20-di oné i s conple ‘

i npregmuhmﬁ-nﬁtbﬂyﬁ&-diéiﬂ@dmﬁh éOBeaﬂ:tdxylic aoid isyeefonaed usmg a
crystals are filtered and wa
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o et Coliges N iEaBera e HCE 48775, Toflowsd by fesarboxylation

B e R et el 2

Conver si on of
4, 6- pre&nadl en-6-net hyl -17a-ol -3, 20-di one to

19- nor - Winder the eefiiiinns desribed iy EXIAMPBE.-131.20 @nf@mﬁe crystalline

cul PP B a%m%@??é%iﬂ?ﬂh%%ﬁfﬁ Al e oo mace,

f oFhie wRser 1%@&6&{@% b, 65’% &99@% e 19 nor46 regnadien-6-
4, 6- pr egnadi en- 6- met hyl - 17a- ol - I one. Unde? Fn

c omgliny]-b7e-ot 820k dibael | n EXAI\/PLE 1 1 18 g of crude
crystalline
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19- nor - 4, 6- pregnadi en- 6- et hyl - 17a- 01- 3, 20- di one
100-carboxylic acid are nade. This material is then

WEOIOEPGES6t2 to 0. 75 g of 99. 7% pure 19-nor PCT/IB2004/000107

10

15

4, 6- pregnadi en-6- 10 net hyl - 17a- ol - 3, 20- di one. EXAMPLE
3 Conversion of
4 BY sERERadi en- 6- net hyl - 17a- ol - 3, 20-di one to

nor - di e net -17a: 3, 20
Tob: car CoBrRs SIRGb iR AR Rhoatoadnt aflar pagmuta 1
culture of N grospora oryzae ATCC 42778, followed by
decar boxyl ation to 19-nor
4, 6- pregnadi en- 6- net hyl - 17a- ol - 3, 20- di on&==tgder t he
condi tions described in EXAMPLE 1, §1. 20 49 of crude

crystalline Cantl|R
0- di one

100- carboxylic acid are e i's
t hen converted to O,
4, 6- pr egnadi en- 6- -11 WO

2004/ 065612 PCT/ 82004/ ~ CI aim 1. A process
for the producti pn. of all1l9-nor-{100-car boxylic acid of
Formula |l R4ZB : R3 0R2 Formula H 5
wherein: Rl Qs sel o t he group consi sting of
H OH RCOO,

Formula II

wherein:

R, is selected from the group consisting of H, OH, R-C(0)0-, -CH,OCH,,
CH3CH(OR)O-;

R is a C; — Cg alkyl group;

R, is selected from H, F, C1, Br, and CHs- ;

Ra, is H, or CHy=;

R4 is -CH30H or —CH3,
by fungal 6xidation of a 6-substituted-AG-pregnane of Formula I
Ry
o)
QN
Rs Rs
O
Ry

Formula I

wherein

-12-
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CH3CH(OR)O-; Ris a Cl- C8 alkyl group; 10 R2 is
selected fromH F, d, Br, and CH3- R3, is H or
CHzZ=; R4 is -CH2OH or -CH3, by fungal oxidation of a
6 Falibsdledredt feckn Af-goowggmvanietiod of B OHL R—¢(Of@4, -CI,08H,| R1
Rgfgg}%% 8_R2 15 Formula I wherein -1I2 R is

S RIVom t he group consisting of H OH RC(OO,
- %—}S_l O:; RisaC - Cs alkyl group; R2
ig_%el ectgﬁﬁﬁ% ,’)F, d, Br, and CH3- ; y5 gRS !Os H,

oR2 GHtectdddrams H; BH2IOBr,Gnd-C33,; RS is -CHO, - CH2COH or

) nprising: contacting a
gﬁdﬁgﬁ%ﬂlA&pregnane of Formula | with a
kggso_rmqréﬁgp_@ﬁdi um 1o containing a species of the
e

b
gernus Ni gr ospora”capabl e of oxidizing the 19 carbon of

aRs &0} {THHOMoACHpPr egnane of Fornmula 1, wherein the
bi oconversi on nedi um contains about 0.1 nlL/L to about

ACQHIPIIPNE S non-i odi ¢ det ergent and about 5g/L to about

6&n%cltin8fa ésubstituted-Aﬁ—preguane of Formula I with a bioconversion medium
containing a species of the genus Nigrospora capable of oxidizing the 19 carbon of a
6-substituted—Aﬁ-pregnane of Formula I, whereid the bioconversion medium contains about
0.1 mL/L to abﬁyt 4 mI/L of a non-ioqic; 'detefgent and ahout 5g/L to about 60 g/L of a

~carbon source selected from the groups consisting of monosaccharides. disaccharides,

trisaccharides, hydrolyzed polysaccharides, and sugar alcohols.

2. A process according to claim 1 wherein the species of the genus Nig“rospbra is
selected from Nigrospora sphaerica ATCC 12772, Nigrospora gorlenkoanum ATCC
24718, and Nigrospora oryzae ATCC 42775.

3. Aprocess according to claim 2 wherein the species of genus Nigrospora is
Nigrospora sphaerica ATCC12772.

4. A process according to claim 2 wherein the species of genus Nigrospora is

Nigrospora gorlenkoanum ATCC 24718.

5. A process according to claim 2 wherein the species of genus Nigrospora is

. Nigrospora oryzae ATTC 42775.

6. A process according to claim 1 wherein Ry is —CHO.

7. A. process according to claim 1 wherein R is -CH,OH.
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carbon source selected fromthe groups consisting of
nonosacchari des, disaccharides, trisaccharides,
hydr ol yzed pol ysacchari des, and sugar al cohols. 2. A
proggss gfcording to claiml wherein the species of

t’he 8genush plogesswpcirdinkSo ¢ Ay gr ospor a
sphaerica ATCC 12772, ey g??égg‘?‘z"q‘a‘@r@g%%ﬁmm ATCC 15
24718, and N grospora oryzae ATCC 42775. 3. A process
accaeyr din i . wherein _the speci es of genus

Ni g (rg:)s po%ﬁgggés%ﬁc%gfégl\gg? 81%% Haégﬁhﬁféoﬂm@ﬁzmtiecatboxﬂaﬁon of a
pr oceBpomerRortivMIIe fthid 10-2oBal L Lhasspeci es of
genusmﬁigrospora i?QfNigrg%§8¥§%ggl %3‘§5W%ﬁmwﬁgf%mmnﬂaﬂl
24718. 5. A process according to claim2 wherein the
speci es of genus Nigrospora is N grospora oryzae ATTC
42775. 25 6. A process according to claiml|l wherein RS
is -CHO .7. A process according to claiml wherein RS
is -CH2OH. -13 8. A process according to claim1
wherein R5 is CH3. 9. A process according to claim1l
further conprising the decarboxylation of a conpound
Formula Il to forma 19-nor-6-substituted-a6-pregnane
of Fornmula Il -13a WD 2004/ 065612 PCT/ | B2004/ 000107
R4 O -nnlIR R3 0 R2 Formula Il

Lo«

-13a-
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wherein 5 Rl is selected fromthe group consisting of
H OH RCOO, -CH2OCH3, CH3CHORO; R s aCl-GCs

“&W#’U@ﬁtﬁjp R2 is selected fromH, F, d, Br, PANB2004/000107
CH3-

10

15

;7 R3, is H or CH--; 10 R4 is -CH2COH or -CH3,
R5 is -CHO, -CH20H or CH3, conprising the step of
treating the conpound of Fornula Il wthRan acid of
pKa less than 4.9 in a suitable solvent. \15 10. A
process according to claim6 in whic
|l ess than 4.9 is hydrochloric acid fnd the suitable
solvent is nmethanol. -14 \

R

Formula 1T
wherein
R; is selected from the group consisting of H, OH, R-C(0)O-, -CH,OCH;,
CH3;CH(OR)O-;
R is a C; — Cg alkyl group;
R; is selected from H, F, Cl, Br, and CH;- ;
R3, is H, or CHo=;
Ry is ~CH,OH or ~CHj,
Rs is ~CHO, -CH,0H or CHj,
comprising the step of treating the compound of Formula Il with an acid of pKa less

than 4.9 in a suitable solvent.

10. A process according to claim 6 in which the acid of pKa less than 4.9 is

hydrochloric acid and the suitable solvent is methanol.
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