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10 2. Description of the Rel a%ﬁg\ng\@t OTﬁﬁ)ﬁE%O@CE"!FA?EZy”m' c
- dehydr ogenati on of steroi ed in the art.

B| ot echnol ogy and Bi oengi neering, 37, 97-102 (1991) d| scl oses the
A -dehydrogenation of 8a net hyl h dlr\Iocortlsorf 21- acPet ate by Arthrobacter

sinplex in an organi cCROSPREFERENGE HQRELATERAMPHAGALIQNSoses a process
for convegting 1, §I @turated steroids to 1, 2- dehydro steroi ds by
contacting the 1, °S&turated steroid with A simplex or Bacillis

cycl ooxydans in t he presence BAGKGRONNI OF EME INWEMITONer and a wat er -

i mm sci ble aromati ¢ hydrocarbon solvent. US Patent 4,749,649 discloses the
use of scavengers of toxic oxygen sb@&l_%gf_ﬁm_ﬁ_‘ﬂgi’_%e ni cr obi al

Al - dehydrogenati o e r | ation
of steroids with lr?‘lhg f)egérrﬁ r%eqﬁon 1sha rﬁ}e%gf’ %lvsﬂqqgﬁg&%ipa%%& %%8%%to

t hose skill e@l)td‘lﬁﬂ‘ﬂ@ﬂl-tnlﬁﬂ@oﬁy%a—ﬂi@ﬁ%r@ 1451 4 Radre s, 2B dibh8 24-4Betatd NVT).
concentration of the substrate undergoing 11- J3 hydroxyl ation is quite

| ow. For 1exanple, US Patent 3,530 In3&imtionaif dlss atedet mum concentration 25
of steroid substrates 17x-acetox en-21- ol 20-dione and 17a, 21-

di acet oxypr egn- 4 dhe nB“Qb‘aH"r'Wgw 1§ Ag%gh)gifq_gengmrb?feséq{oﬁagselﬁ}o“@po 6hesa2 451 Al

di | h
ot exceed. 078 e o KePTRe Y PhBER R IHETY. S ST o TnEPeS
and uses 17x A?-ae d&&g@ﬁﬁﬁ&féféa M& ?ﬂ?@f&o&sé@zlﬁﬁ%tzﬁé B¢ UPRESHakRAkiniplIv

steroid substrate concentration o 7a, 2013, 21 30
tri hydr oxypr égandrgame 3oloere. i s 0.5 g/ L. US Patent 4,898,693 discloses that
the steroid subs

coneentr
6a-fl uor 2 17x- hydij&aéa 6%2 9%&0&3% yp1efess forrogverting 1.2-saturated steroids

to 1,2-dehydro, steroids by contacting the 1,2-saturated steroid with A. simplex or

Bacillis cyclooxydans in the presence of exogenous electron carrier and a water-
immiscible aromatic hydrocarbon solvent.

US Patent 4,749,649 discloses the use of scavengers of toxic oxygen species in
20  the microbial Al-dehydrogenation of steroids.

The microbial enzymatic 11B-hydroxylation of steroids with microorganisms
such as Curvularia lunata is known to those skilled in the art, see for example US
Patent 3,419,470. The concentration of the substrate undergoing 11-f8 hydroxylation
is quite low. For example, US Patent 3,530,038 discloses a maximum concentration

25  of steroid substrates 17a-acetoxypregn-4-en-21-0l-3,20-dione and 17¢,21-
diacetoxypregn-4-ene-3,20-dione is 0.5 g/L. European Patent EP 0 042 451 Al again
discloses that the amount of steroid substrate concentration does not exceed 0.5 g/L.
US Patent 4,353,985 does not give specific examples, and uses 17a,21-orthoesters.
US Patent 4,588,683 discloses that the steroid substrate concentration of 17a,208,21-

30 trihydroxypregn-4-en-3-one is 0.5 g/L.. US Patent 4,898,693 discloses that the steroid
substrate concentration of 6c-fluoro-170-hydroxy-160-methylpregn-4-en-3,20-dione

is 0.4 g/L. All but the last patent listed above relate to eliminating unwanted 140.-
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is 0.4 g/L. All but the last patent |isted above relate to elimnating
unwanted 14a -1 WD 02/102826 PCT/ US02/ 15159 hydroxylation resulting in
hi gh yi elw® 0efiozB2{ 3- hydr oxyl at ed product (80 9299 . Howevecr/ushmimabstrate
charge to the fermentation does not exceed /L. Japanese Published

Appl i cati on Eglraxyd8e8 rejudingioddgh yields o | Hi- hz;iroxﬁatad armt1(69{92(7¢)eg| st ered
at M crobi al Indust Institute strai 8515) at a t
concent r at i oHOBFvef éﬁ{bsgaﬁlfga%eg%t@dnﬁg@%@né %Mb‘“&ﬁ%ﬁ%&é glﬂ‘efaé’ﬁ’f‘esenot t he

substrate of pjfignhfd R?ﬁ%aubﬁ‘ﬁ@rﬂism dlscT&%s BIcQEE S8 COfunkldOMPYT BB egisidteMt | ON
uses a different culture than that of the Japanese 62-118898 and provi des

hi gh yi el ds atVicgothal ghdwstrp distintte strainNen 85 Hi)iaba subsirhe chocentratomadi Hbg/Lon of
the C21-net hyl grou p ansfoll wed b di spl acenent with acetate to
produce t%e%&r"?&%&‘gﬁa{‘cﬁg{ gétﬂé‘”‘? 6@%“%“%&8@ © PIRSCRIEPYINEQN; 1 t he
art. @B 2, 31 r afrfk p of
2 0111 13-y B e rhgﬁ"?éseﬁ““%*%ﬁ?‘%%s%%‘?‘e{%ﬂa&%‘f‘é‘@dr R

functi onal i z62-il BB8IRIanth poovedds high yieldatising highlsobgritdxyonderspliagenent with
acetate. The pr ocesfg}ﬁof t he present i nventl on does not u brom ne. GB

2,318, 790 di scl osble %‘1‘{‘%2‘5?%{08%1?9‘541 mpgthylzsoup of rssgnages 1olewed BY egn- 15

4- ene- 3, 20- d} I

110, 172" o hy SR A e 542 pses e somsspondine 3 -aeetag nfrepnodioss)

m cr obi alo AlskilddayidtivgenaGBR3 WQﬂBﬁscﬂxﬁseMﬁ&radsfann&ldm?dfehc Cpiraethpl grbup

11( 3- hydroxylatlon bK use of C lunata and_21-hydroxylation by use of
bromi ne. Theofgr&'sbH-hydigunsteroi @rthﬁgqrfﬁsmndl%%gmrewysts@lw hyl pr egn- 4- ene-

113, 17a di rERay oS drominc B ey Aisecsmens i e o v)

but does not pidsas B ARIpARenSIBY 66 AMENG R scl osed is a process for
t he prepar atl on of 11(3,17a,21-tri hydroxy-6a-

met hyl pr egna- 1, 4- @iB2318720did¢closes thd traséiratagor M )7onhydrbxye-6opnétbdpregh-l)
contacting 17a-hydroxy- 6(x-net hyl pregn-4-ene-3, 20-di one 17-acetate (I) 25
wWith a O dgﬁ—?@ﬁ- @-@T‘i’é\@@ k Oacp?a&jéb@ 11B,17a-dihydroxy-21-diiodo-60:- methylpregna—

17a- hydroxy 4- di ene- di one 17 acet l) (2)
cont acting 1 % g ?PQIEPWW%@ V1de y@niogﬁ@ngngﬁ "Ofgi ’éfcet ate

g_lll( é \i\II?;h d?h;légé))fy ro%xéil lﬁé%a/dpox&[a?%}‘f i)? use of C. lunata and 21-hydroxylation by use

of bromine. The present invention transforms 17a-hydroxy-60-methylpregn-4-ene-
3,20-dione 17-acetate (I) to 11B,17a-dihydroxy-21-diiodo-60-methylpregna-1,4-
20  diene-3,20-dione (V) but does not use bromine.

SUMMARY OF INVENTION

Disclosed is a process for the preparation of 11B,17a.,21-trihydroxy-60-
methylpregna-1,4-diene-3,20-dione 21-acetate (VI) which comprises:
(1) contacting 170-hydroxy-60-methylpregn-4-ene-3,20-dione 17-acetate (I)
25 with a A'-dehydrogenase to produce 17a-hydroxy-60.-methylpregna-1,4-diene-3,20-
dione 17 acetate (II);
(2) contacting 170-hydroxy-60.-methylpregna- 1,4-diene-3,20-dione 17 acetate
() with a 11B-hydroxylase to produce 118,17a-dihydroxy-6a-methylpregna-1,4-
diene-3,20-dione 17-acetate (III);
30 (3) hydrolyzing the 11pB,17a-dihydroxy-6o-methylpregna-1,4-diene-3,20-
dione 17-acetate (IIT) to producel1P,17a-dihydroxy-6o-methylpregna-1,4-diene-3,20-
dione (IV);



di ene- 3, 20-di one 17-acetate (I11); 30 (3) hydrolyzing the

11(3, 17a-di hydr oxy- 6a- net hyl pregna- 1, 4- di ene- 3, 20- dione 17-acetate (II1
to producwod?/1882d 7a- di hydr oxy- 6a- net hyl pregna- 1, 4- di ene- 2c2@sodizase (V) ;
-2 WD 02/ 102826 PCT/ USO02/ 15159 (4) contacting

11(3, 17x-di hydr oxyz6X- hyd|r o -dicene- -l aneq:(t Vi -wi b edi ne, a
catalyst, a mld %43§8“‘g§5“§/1&§u1§’g‘0@fg’%‘?’i2?g‘g‘:’:‘ %tégﬁ%g;ﬁ/hg%e%‘ﬁl%%gwé&é (W}

net hyl pregnag 5l 7 e p’il&ﬂ] ! BRde¥g-2 1-diiodo-60i-
11(3,17x-dihV&Pé%gﬁgFsﬁﬁﬁégg?gg?ﬁg%¥§lpregﬁg?ggzgdieng- , 20- 5 dione (V)
with a salt paktlagRtdme-BeiditneAlXadidhsV)mdd is a diiodo steroid of the
formula: CH12 C0 HO-OH O CH3 Further disclosed is a process for the
renoval of resi duél) conthgtinzoky Hoedihydroxyrgd shiode-6ahmethylpmepildedieng-$20-
contacting 17a- hydroxy-6a-ngt hyl pr.egn-4-ene-3, 20-di one 17-acetate (1) wth
a A-dehy og@ﬁ@%égiWu%ﬁég%ggmf¥%gﬂ§droxy-6a-nethyIpregna-1,4-diene-3,20-
dione 17 acetate fﬁ;lgo)discﬁc?s}%d%rzy@ﬁ(ﬂlols'te%bi'ﬂg)fttlli@f.ormula:

17a- hydr oxy- 6a- net hyl pregna- 1, 4- di ene- 3, 20-di one 17 15 acetate (1)
produced from a nonpol ar solvent or solvent gaixture. Additionally disclosed
is a process for the purification of 11(3, 17k-di hydr oxy-

6a- net hyl pregna- 1, 4-di ene- 3, 20- di one _17-acetl&®e (111) produced by a

11( 3- hydroxyl ase which conpri ses: ery$traPHzati on froma sol vent

sel ected fromthe group consisting of @ ene, benzene, xyl ene, (M-butyl
acetate and m xtures thereof with % bon sol vents selected fromthe

group consi sting of hexane, heg5n poct ane, cycl ohexane and
met hyl cycl ohexane.

CH,

Further disclosed is a process for the removal of residual unhydroxylated
10  material which comprises:

(1) contacting 170-hydroxy-6a-methylpregn-4-ene-3,20-dione 17-acetate (I)
with a A'-dehydrogenase to produce 17a-hydroxy-6a-methylpregna-1,4-diene-3,20-
dione 17 acetate (II),

(2) crystallizing the 170-hydroxy-60.-methylpregna-1,4-diene-3,20-dione 17

15  acetate (IT) produced from a nonpolar solvent or solvent mixture.

Additionally disclosed is a process for the purification of 11f,17a-dihydroxy-
60.-methylpregna-1,4-diene-3,20-dione 17-acetate (II) produced by a 11B-hydroxylase
which comprises:

(1) crystallization from a solvent selected from the group consisting of

20 toluene, benzene, xylene, n-butyl acetate and mixtures thereof with
hydrocarbon solvents selected from the group consisting of hexane,

heptane, isooctane, cyclohexane and methylcyclohexane.

25 DETAILED DESCRIPTION OF THE INVENTION

The first two individual steps of the present invention, microbial Al-

dehydrogenation with A. simplex and 11B-hydroxylation with C. lunata are known to

_3.



25 DETAI LED DESCRI PTION OF THE | NVENTION The first two individual steps of

the present invention, mcrobial O dehydrogenation with A sinplex and

11( 3- hydrweybaoiseey with C. lunata are known to -3 WO 02/ 1@28a%02/15159

EZCT/ USOﬁ/ I15159 those skilled in the art. The chemi cal transformation of a
1-nmethyl g : n - i i,S al so

generally kngh\%ﬁgg%lgﬁ@tcﬁgstgé % ?Fggﬁe;ﬁﬁéﬁﬁr %&g&?ﬁ%\’}%ﬁﬂ?ﬁg%ﬁ?@%&a t he

di i odo st er opgghafe tb shewwrebponDatgedl I-aedtaBeis atsogenonllpknavretoAho®ekilltdagenat i on

Step 5 17a- Hydroxy- 6a- nmet hyl pregn- 4:- ene- 3, 20-di one 17-acetate (l) is
dehydr og?ln??éw &lo H‘?}Y‘?ﬁeﬁ%ﬁWd’f%ﬁﬂl@gi)ﬁﬁf‘h‘él%?%‘}?éﬁﬂl, 4-di ene- 3,( 22)- di one 17
acetate as set for : S Lif.J . t forth i
EXAVPLES 111 The conv el Dl dliollRl the P bbiyffenticits et Torth 11

17a- hydr oxy- 6a- net iy phaaRy 4RI p#élndl-0Re3 D0:-A6R! Bt fetad Jl) 150
17a- hydr oxy- 6a- met hyl pryggng- 1, 4- ﬁepgée)g- 3, 20-di one 17 acgt at éeD (I'l') can be 10

perforned w téhydiddepitedto foraTathydraxyequntttiypisgia Dndfenesd, pliexe 1The
enzymatic preparation can be in the formof an actively growing culture, a
whol e cel |l  ecatate (Myxatset fosth below dndgwongxspecificallyras set fpﬁhﬁbE%iAi\M H1$.

breferrod’ o e FOFEMCEIT Soroonraue T ipsR s gt T 1t 'S
contains 17c,=h -6a-neth - 4- -3 - di - 1),
exogenous el é%f‘?lgif%i‘}r??)@ggé éc/fhg&’\r?énae'j’-4i%f}ngrri’esf%’l‘%g'ldg&%:i 3&#&3@@ vent. (q)oer ZBI e
exogenous el &Eﬁgﬁggﬂﬁﬁﬁmﬁf@feﬁg @rh%fatilb g&b@ﬁn&ﬁ@%&b@ s TROSAAhialg Of

nmenadi one, ne bisulfilté, - napht hoqui none, phenazi ne
met hosul f at e prephmriag carebe inttho fuinfoftas aaietly grosmgicliurg pevkdepdunds. It is

preferred that the exogenous el ectron 20 carri is sel ect fromthe group
consi sting oFOlFFéHréﬁF%%%afﬁ‘ﬁ’ exIr, gtr?éﬁﬁflﬂlﬂi‘a‘ﬁ'ﬁ‘ﬁ%%%e?fsi Itp ref?rgl)ﬁ’o?@glﬁfgﬁer red that

t he gxoggnouggﬁg RGhEONcGRdd | er Is nmenadi one. The exogenous electron
carrier is a eg In catalytic anounts, for exanple, in an anount of from

aboEt I 4 to about @Y% (wh-phasegestousit &l peeferredt taceservhmld outll eshcanteatasy dihongn6( X-
met hyl pregn- 4-ene- 3, 20-di one 17-acetate (1 It s r referred that the
exogenoud> 25 2gyceut sz}*’f’e@_alﬂtﬁinéﬂ?‘shyS’foé?é%‘(“F@’kﬂﬁe i ’ﬁ?ﬁqg’)gg"dg%&%'@%ateoper abl e
vat er-1m sc I)g@; aglneé(%rg g)mgglﬁ:(sét%ry gzﬂrr'igr 0% éﬁér@ﬂxﬁgcﬁ)feo&kéﬁg scﬂ(z&'ﬂpOfbgﬁﬁleSt I'ng

of toluene,
exogenous electron acceptors are selected from the group consisting of menadione,

menadione bisulfilte, 1,4-naphthoquinone, phenazine methosulfate, phenazine
ethosulfate and vitamin K-type compounds. It is preferred that the exogenous electron
20  carrier is selected from the group consisting of menadione and 1,4-naphthoquinone; it
is more preferred that the exogenous electron carrier is menadione. The exogenous
electron carrier is added in catalytic amounts, for example, in an amount of from
about 4 to about 6% (wt exogenous electron carrier/wt of 170-hydroxy-6o.-
methylpregn-4-ene-3,20-dione 17-acetate (I)). It is more preferred that the exogenous
25  electron carrier is present in an amount of about 5%. Operable water-immiscible
organic solvents are selected from the group consisting of toluene, xylene, benzene,
heptane, methylene chloride, n-octanol, carbon tetrachloride and higher n-alcohols or
mixtures thereof. It is preferred that the water-immiscible organic solvent be a mixture
of methylene chloride and toluene. It is preferred that the water-immiscible organic
30  solvent be present in a range of from about 1 to about 99%; it is more preferred that
the water-immiscible organic solvent is present in a range of from about 60 to about

95%.



hept ane, nethyl ene chloride, n-octanol, carbon tetrachl oride and hi gher
n-al cohols or mxtures thereof. It is preferred that the water-inmm scible
organi c swbwenov2sbe a m xture of methylene chloride and t elcoarse2/14159 i s
preferred that the water-inm scible organic 30 solvent be present in a

range of from aboyt, 1 0.8 algttheglgyf’é%h%%r%}?z6&%&11;9{;;%%&-3[&1@4, Bionk 9

wat er -i nm sci bl e organi ¢ sol vent i nt 1na nge of 'from about 60 to

about  95% a&ta‘(ﬁlggé BRZHR b PEFcbisiPR{ohDt 3 m Aout $0 prefoeibbed 25haL.; it he

17a- hydr oxy- 6a- et hyl pregn- 4- ene- 3, 20-di one 17 acetate (|I) be present in a
concent r at i omoaf prefeond &ivo tite 170-Iydroxyebesientylpregn-gtene-3,20-dione hbaectgge éber r ed
that the 17a- hydroxy-6a-net hyl pregn-4-ene- 3, 20-di o 7-acetate (1) is
present in alSqbereRiinAgOnesRtREgH{raRRbOUE @FL‘OPBO‘&H% ‘00 g/L. 5 The

aqueous phase is 1% jﬁrlngﬁ r Rdind 281!
concentrate of A ﬁs“?g eg%&?’atsmsyrg%é@re I?%%ét%% (’avvg%ueogél phase cont ai ns
catal ase. ThshcafitOUSA Maskxi i igpidédredhhdt ehesdquesusnhatocdneginncatdiase.

bi oconversion. The tenperature is controlled at about 30 and the pHis
control | ed bet weehhgaguegnpplgsoispided whilg siring dnbegin fighiocogyersiopafpg

conk ol | e« f _ _ eraily
i or bl y < BIREHTRN FRaiR & SO AT e Ronl i EE T A Bty © '

perm tted totheedaitioddf bhsel peferitiphydibride, abdoni@rs ipeiferably sodium hydroxide.
17a- hydr oxy- 6a- met hyl pregn- 4-ene-3, 20-dione 17-acetate (1). remains. |f
1

necessar Y0 adl¢ reretitn mixsire depisferaly ypasegdsvitiy bt @in(d Pass dilsssn @HREN of

the reaction, en.the reacti s, .conmplete, t 0 I .. and
ni trogen f eeﬁl‘é(},/\peéﬁ'&_e 18 r%f?%ﬁ?gﬁ%éTeaggﬁtr fn(f@ estl)(?%.l ?ﬂﬁ%ygﬁgggg ‘%‘P‘Z‘y@h@ﬁ"
separat ed ang_addizo 48R 1 MadeRts (1) PR, F ReREGRN 128disiBhMQBrcE BNed§niesed to
re-extract the aqueous phase for additional recovery. Again the agitation

is stopped andietihe assgresmuplivasd thesrepgtiom tted to partition. The

wat er -i mm sci bl e grganj ¢ sol vent phase .is _drain fromthe reactor and the
spent aqueous cel W}}eé‘)}fé‘i' repclion 1 8%‘?‘8@&3 th?Wé'F%”é"lﬁ%W éﬁé B‘I%é’g‘a} %5%1 3“‘_20I vent
phase 20,4s L%i{att'%ﬁ% thﬁleaf%?f?r’ﬁle%%esramgﬁkepaﬁﬂ&l &laaddaftiond witkirate is then
concentrated ndl t he esired

17a- hydr oxy- Gamiseibiy bngasigselvént4an be nsed3p 28-ediran thelafluestphnse fof addifignal

i solated by neans well known to .those skil|led in the art. tail ed
Descri pti onyEﬁCOY%- Yagap (g dei3pnds ?tBHP@[saé’ﬂ thé Saquebus Plasdls'permited o

partition. The water-immiscible organic solvent phase is drained from the reactor and
the spent aqueous cell layer is discarded. The water-immiscible organic solvent phase

20 is filtered to assure cell removal. The clarified filtrate is then concentrated and the
desired 17a-hydroxy-60-methylpregna-1,4-diene-3,20-dione 17 acetate (II) is isolated
by means well known to those skilled in the art.

Detailed Description of the 113-Hydroxylation Step

17a-hydroxy-60-methylpregna- 1,4-diene-3,20-dione 17 acetate (II) is
25  hydroxylated to form 11§,170-dihydroxy-60.-methylpregna-1,4-diene-3,20-dione 17
acetate (IIT) as is known to those skilled in the art and more specifically as set forth
below and more specifically as set forth in EXAMPLEs 12-14.
17a-hydroxy-60.-methylpregna-1,4-diene-3,20-dione 17 acetate (II) is
microbiologically hydroxylated at the 11-position to produce 11f,17a-dihydroxy-6ci-
30  methylpregna-1,4-diene-3,20-dione 17 acetate (III). Any filamentous fungi belonging
to the genus Curvularia (Cochliobolus, Pseudocochliobolus, teleomorphs) capable of

11B-hydroxylating 170-hydroxy-6a-methylpregna-1,4-diene-3,20-dione 17 acetate

_5-



17a- hydr oxy- 6a- nmet hyl pregna- 1, 4- di ene- 3, 20-di one 17 acetate (II) is 25

hydr oxyl ated to form 11(3,

| 7a- di hydwoxgAa@m26éret hyl pregna- 1, 4- di ene- 3, 20-di one 17 acecatmsoyidisy as is
known to those skilled in the art and nore specifically as set forth bel ow

and nore spe -féaﬁ%lu\ée@ﬁl tﬁce}nvfa £d fb&s. Eﬁ ’1@- ﬂlaria lunata hliobolus
glg)- % I 0- |0Ke Li {ﬂ)ﬁ 'S

17a- hydr oxy- nmet hyl pregna- 1, ene- 3, acetate
m cr obi ol ogi badatus, Ryedtdochpchbledusslunathe tdldemopht) ionsddo Moedireferably,

11(3, 17a-di hydroxy-6a- 30 npethyl pregna-1, 4-di ene- 3, 20-di one 17 acetate
(111). Any  PrewiiebeaiaNBRLASEBIAT G R917He tshus Cur vul ar i a

(Cochl i obol us, Ps ?%ggt_ﬁ%glk}’d? 448 ma %e%ﬁ?g@ﬁ%%e Z a0 agfi\éeay growing

113- hydr oxyl ati ng oxy-ba- met hyl pregna- -di ene- I one” 17
acetate 55 Wn(2/alWRALGeIPCIddmoaé 1y bx@ll-fidelektraan PoeferabBthé furigheisi giyent i on
process. Preferably, Curvularia lunata (Cochliobolus | unatus,

Pseudochocl i BbBbmesTged ity undeq asseric prnditions, ysrgany\si-ecpsmzes ppgagdure,

Curvul ar i & | yoeha N 230 ATQGdPOAFrlcd sipd. The fungal hydr oxyl ase

may be utilizedl an actively growng 5 culture, a whol e-cell

concentrate, or argglésifeli®eh §Ha§v%-cpi?ﬁ1%ﬁ%é&'c¥m&i’ﬁ%n§ iegtiGed 8 9rown in
subnerged cul ture under aerobic Conditions, using any art-recognized

procedure, HXANMRBEY 12-34 hyidg theyingtedisntsrspecified or pthef siitabl darbomiand. The
desired fungus may be cultured under conditions identified jn EXAMPLEs

15 14 ustthg PieER e dni SkbacPrinesa SR it Merrt dPsttly SasBionadtha. 1o

ni trogen SOUELBRART vbgethRWBed RoltdMRREIs 2Kdd tn eﬂa!i‘atfoﬁ%f'iﬂh%;fux%%l‘ﬁén%lid-y, a
primary and secondary vegetative seed procedure is used in preparation for
t he fungal shgdroxyatidny dkleerydtevelyon priflarevapetative bsed can pe usal direcdget at i ve seed

can be used dir ctlt% to inoculdﬁlte bi oconversion nedia. Prinmary vegetative
seed cul t ur eLORENICHEOGRNYEIBROEFUADr a period of about 24 to 15 about 72

hours (preferably § t : nd
2bout 57 (pr et or abl iy aprirlasel s HATRERRANLE) R e S by 88167

Secondar ys vegsiua 72 heurs €pfensbdy about 48 homsyhtat temhpedatuie Bétoeen BbdP B il about
0.1% (v/v) pri mary veget ative seed culture, but typically about 0.012%
(v/iv), and i akawbd?epreferblyabput 385 and apbbbatwes abpunhOand 2bowidifr. s

(preTerably, ot 4840, Aol 05 Mo Srnl 205 LERBIBHH & SELIEFR 200"
(v/v) primary vegetative seed culture, but typically about 0.012% (v/v), and incubated
for a period of about 36 to about 72 hours (preferably about 48 to about 65 hours) at a

20  temperature between about 22° and about 37° (preferably about 28°). The pH of the
secondary seed medium can be between about 2.5 and about 5.0, but preferably
between about 3.0 and about 4.0. The bioconversion medium, which can 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, but typically about 3% (v/v).

25 Bioconversion fermentation conditions can be the same as those used for cultivation
of the secondary vegetative seed culture. After an initial incubation period of about 9
to about 72 hours (preferably about 18 to about 24 hours), 170-hydroxy-60t-
methylpregna-1,4-diene-3,20-dione 17 acetate (II), preferably micronized, is added to
the bioconversion culture. The micronized 170a-hydroxy-6o-methylpregna-1,4-diene-

30  3,20-dione 17 acetate (I) can be added as a dry powder or aqueous slurry, either as a
single addition, a series of additions, or a continual feed. It is preferred to use the
micronized 170-hydroxy-60-methylpregna-1,4-diene-3,20-dione 17 acetate (II)

substrate at a concentration of greater than 1 g/L, more preferably greater than 2.5 g/L,
-6-



secondary seed nedi um can be between about 2.5 and about 5.0, but
preferably between about 3.0 and about 4.0. The bi oconversion nmedi um

whi ch carwbentibB2eane or simlar to the secondary veget atricrasezexisaedi um
is inoculated with about 1%to about 10% (v/v) secondary vegetative seed
cul ture, buteveypicrapieferalilygrea8yai{an/vy/L. Bo®invemwionaf d7ohyflexysot-at i on
conditions can be the sane as those used for cultivation of the secondary
veget ati ve seediylpmgnanlet-digne-320honent %t acgtatg b i ath.dhodddekydidt-about 9 to

about 72 hours referaply ahqut.18 about 24 hours), 17ct-hydroxy-6ct -
et Pyl pr egnenahBeand  aane g ot  TheB Rt IE e alSVEd bt e dGHoT R e cec.

i s added to ;5olies RhPARY 82 8!1}%%19%35&'51@-%35@9 fﬂ%ﬁﬂlﬂ@%&

17ct - hydr oxy- 6a- net hyl pregna- 1, 4-di ené 30 3, 20-dione 17 acetate (Il1) can be
added as sa dry pdfsamtegandeptenyst 1dBerydyoxyktiohean bs geatlys imppoeedoldi()i on, a

series of additions, or a continual feed. It is preferred to use the
i croni zed 1pitring thedglecwd furgus, andrnsEfaaning Abchigsrnversian, i g presemegofaat e

or enter tnard g, 06 RSN B B0 Te bt B edrsibe oFRAFIRAT LT S0y

greater thanderergérts, bBt prefamay GieGab@roub/dnkiyhigOafet Bexylated alkyl phenols.

met hyl pregna- 1, 4-di ene- 3, 20-di one 17 acetate (ll) to 1113, 17a-di hydroxy- 6a-
met hy| pr egnaMerejprefesably, actytphgnexyepolyethexateshanol isusgd; i(d) alupng thersglepiedceed
for between . about apd abo 12 t vpi . about 10
days. S\Aﬁ)ne flLl ﬁgl_les,’ a%ag%ﬁrgox et tlﬁ% gfocﬁ%s-%%%i llrxl%%? gsteﬁ%né%aa%l? rglt %?egl?ﬁ y i nproved
by: (i) culdaairangl 8§ bs eleqt EHomlhEtUDt redfittddanS Be Fidig cohdsthigasFeaster si on,
in the presence of a detergent. The.detergfenjt may be sel ected fromthe
group consi seil, sgmadil, getterseed eil, lardody eseed oililivemile peanaboi), rappseesh ML gr oup
consi sting of .et hoxyl at.ed al kyl ..phenol s. ne preferably,.. ogtyl phenoxy

ol yet hoy erfir sre tiE Sasbert ot SERB ses BllcerBifiedf &mion PRl an

per form ng tdegbdiinQEI0R LS (19N usih g a tikR ARIitEEE BERLOT. Bhd\Wuktedf n@ttdte mhji®e
natural oil nmay be selected from but not restricted to, the group

consi sti Wy ofelestedtfeam, byit pot regripted i, thecgrovp pensisting of amngnpnppitrate, j nseed oi |,
olive oil, peanut oil, rapeseed.oil, af f.1 ower seed .oil .. soyb Qil,

sunf Lower s GBI BT ittt SdRETH pile: Pretetpblys ApmpRORt nifyicis ted (NitE' 5o
(ii1) using @ntdemBdediirdy'taheafeddubstafe adifRns Butprefeblybeiwedntabdy1 Dghdl 5
selected from but not restricted to, the group consisting of ammonium
nitrate, cadbobUA hours pesésubstidtesasidition (v} wsanga timed fasmpesityre shifhoinabowi t r at e

I's used. N tarb%ﬁte 28° to about 37°. Temperature shifting can be performed any time after

20  substrate addition, but preferably between about 17 to about 24 hours post-substrate
addition; (v) using any combination of the methodologies identified in (i)-(iv).
Once the bioconversion of 17a-hydroxy-6a-methylpregna-1,4-diene-3,20-
dione 17 acetate (I) to 11f,17a-dihydroxy-6a-methylpregna-1,4-diene-3,20-dione 17
acetate (IIT) is complete, 11B,17a-dihydroxy-60-methylpregna-1,4-diene-3,20-dione
25 17 acetate (II) can be isolated using any one of a number of art-recognized
procedures. Preferably, the whole beer is extracted with a water-immiscible organic
solvent, such as ethyl acetate or butyl acetate, and the 11,170-dihydroxy-60.-
methylpregna-1,4-diene-3,20-dione 17 acetate (II) isolated by crystallization.
The crude 11B-hydroxylated intermediate, 113,170-dihydroxy-60.-
30  methylpregna-1,4-diene-3,20-dione 17 acetate (III), is purified by crystallization from
a nonpolar solvent or solvent mixture. It is preferred that the crystallization solvents

include a solvent selected from the group consisting of toluene, benzene, xylene, n-

_7-



can be added any tine after substrate addition, but preferably between
about 17 and about 24 hours post-substrate addition; (iv) using a tined

t enper at we 03hofste f rom about about 28 to about 37. Tenpemratrurse2/stisdti ng
can be perfornmed any tine after 20 substrate addition, but preferably

bet ween aboutbufyl ataratabhnd miRdred Ghersof pag hysutistboatelvea@dilet@a frofivthe sdupd any
conbi nation of the nethodologies identified in (i)-(i Once the

V).
bi oconver si oROBHSURELL Do ERnsxheptane nispPRFRNSy @g’ﬂf&lﬁi?@@déﬂ@zlﬂ,cmowg?ﬁe The
acetate (1)) phéterdd ddedy MOMH AV s O AR Y RAEIRASbe gl TP he20- O ome 17
acetate (III)p I'S co ete,
110, 17a- di hy dryaxajlifasioniy peyfopfied aatepératirey8 18w 20 a6 n80° &us highaaabaie (111)
can be isolated using any one of a nunber of art-recognized procedures.
Preferabl §, tRe -whis irelsaied crystallizapar teapergtuns inakoat B - i i sci bl e or gani ¢

sol vent, such as ethyl ace r. ]lg t 1 i nd the

110, 17a- di hydr oxy- 6a- n; tr%}?&mﬁg%ﬁ%)mﬁéh 21 & ? % m‘%&%@acet ate (I11)

i sol ated by cryst alhkipagtie®@ni B, The dafydbiyIobi-Rre iy Hreonsl Bi-Aeknk L RY.ABAL 8 €,

110, 17a- di hydr oxy-6a 30 net hyl pregna- 1, 4-di ené- 3, 20-di one 17 acetate (111),
is purified byeteeyH)as thea deicotyldtedmm give the apotspondiag 1 el 7a+dilsdrosgdo-m Xt ure.
It is preferred that the crystallization solvents include a solvent

sel ect ed fr omeatimdpigern p4cdiensi320-dipne{IVDo The deacylasiononbydrelyzingds n- -7 WO
02/ 102824,,P | _acefate and . m xtures thereof w.th

hydr ocar ggncs%(f%\?g n{ségdéé té%a?rgl tfv‘r”ghrr%i E’?\SS s Btﬁ?)%o ﬁ’% ELUPHE S e ane,

hept ane, i soogbafife, Iyufdxadeeosan eC AdRoATBS. Ny hiel-A@ W the bREE;S sPIEBEE LR
crystallization solvent is a mxture of toluene/isooctane (1/1). The
crystal | i zat thergrpep gransisgpgreticabonagmipenethanob ydeoxidpin aguedvo methasodl @r as hi gh

as about 5 +25 h ferred.cr Ilizati.on t.e rature s about 0.

Det ai | ed Des c%:rqutlb(i&il on Fig)’f% rﬁ%rg P ﬂgrﬁ%dztﬁlgttéé %%Wh‘ﬁ%e%ﬁéﬁ Ifl?tgiad P

f 3, 17a- di hy deouyat B siBbthait M@ 3oduh Medbeiae irmé@mAblnbdul 25acEhatdg, (111) . is
t hen deacetylated to give the correspondi ng 110, 17a-di hydr oxy- 6a-

met hyl pr égnaisopropagolemprapang), aidether(lpwyt alqoiwlve elsp aperablesolvamdr ol yzing is
to acconplis trea nt W.th a.base selected fromth roup consisting
of carbonat tel%g%’@g(ﬁ Soa;tf 8@6%‘? “é‘F"-“@_&O%{_PK%élF@S‘.“S Sich & RSP, iﬁg'frﬂat the base
i's selected hizgfRsidhecai@uPiteMnm, Slunisun hreCAldGRMte.| Thd RAARAGY carfl¥glr oxi de

i n aqueous nethanol or nethoxide. It is nore preferred that the base is

met hoxi de. TR®t 3 tenparatares gelavoas dbout —40° or as high as about +65°. The preferred

temperature range is about 0° to about 25°. The most preferred temperature is about

20  25° because the reaction is complete in less than 3 hrs. at this temperature.

The 11B,170-dihydroxy-60-methylpregna-1,4-diene-3,20-dione (IV) is then
21-acetoxylated to give the desired 11B,170,21-trihydroxy-60i-methylpregna-1,4-
diene-3,20-dione 17-acetate (VI). This 21-acetoxylation is effected by treatment with
iodine, a catalyst such as calcium bromide, and a mild base such as calcium

25 hydroxide. It is preferred to use a mixture of calcium oxide, calcium hydroxide, and
calcium bromide in methanol. The process is operable with about 1.5 - 2.5
equivalents of iodine and about 1.0 — 10 equivalents of calcium hydroxide and/or
oxide. The process is operable with as little as 0.05 equivalents of calcium bromide.
It is preferred to use 2.0 equivalents of iodine, 1.2 equivalents of calcium oxide, 3.75

30  eqivalents of calcium hydroxide, and 0.7 equivalents of calcium bromide. It is
important to add the iodine more slowly than it is consumed to avoid over-iodination
which gives rise to 17f-carbomethoxy-6a-methyl-118,170-dihydroxyandrosta-1,4-

dien-3-one. The reaction temperature should be greater than +10°, preferably greater

-8-



to treat the substrate with sodi um net hoxi de in nethanol at about 25.

Et hanol , 15 i sopropanol, n-propanol, and other |ower alcohols are also
oper abl e wolozaoasse Al koxi de salts of other el ectropositiweraisereniss such
as potassium |ithium rmagnesium calcium titanium alumnumare also

operabl e. Thenhaast infdst bfGably HeSP duiHe tBE ad BHRESAhY ek hal of B id@n@lput - 40
or as high as about +65. The preferre tenperature range is about O to

about 25. Therdwnst ayidfoemntch ofelvifleraabamashdg/-Glomethy2d 13 7hecause t he
reaction is conmplete in less than 3 hrs. at this tenperature, The

11P, 17a- di hy dhydsexgendiestany dptienydene, Ihereepdontenpetyr shquldpe beloydd”,

21- acet oxyl a i i 0 3. .

113 170, 21 ¢ PLogams PR HE, R bty 0 duping the secgpd falf of thejodine pdd
(V). This 2in adet @inghizedegradefohet tiecbrbyud: diteditent with iodine, a
catal yst such as calciumbromde, and a mld base such as cal cium 25
hydroxi de. It is phefl&p.dée-dikydree-2 -diodorfee methydpiegnarhftshienged, 2@ dioae (Yo
hydr oxi de, and. cal cium brom de_in nethanol. .T rocess is.operable with
ot 15 - 3 il sarodied HE el afeis SaaPinbsagy GR A RE R O ent s of

cal ci um hydr ge&éagig%mﬂra@ét%_ HYWeV&r, s&gﬁﬁmpﬁi@g&%ﬁnﬂ S CRBEARLE! Wam%@sgaltl dttle as

0. 05 equi val ents of cal cium brom de. Is preferred to use
equi val ent s afeticedidne opdrableequi val ent s of cal ci um oxi de, 3.75 30 egival ents

of cal ci um hydroxi de, and 0.7 equi val Mci um bromde. It is
i nportant®to add the iodine nore slow IONS; 5 consuned to avoid
over -iodi nation L abrghiy ldlexFlahRions bel for the t d throughout
17(3-car bonet hoxy\-@ga- mlet Hy -alnll?),ﬁ117a}0(§llsh;a’/(?rwoa;(rf/a?lrdr((:)sﬁtngl1§ %S lAlfS-e dirgﬁgso-uone. The
reacti on tengds edtire dosimant thcheliny ah ére sphaficatioh, andrtked daiaisl y greater -8 WO

02/ 102826 PCT/US02/ 15159 than ,+2$F, rmﬁi? preferably +25 during the addition
of the first half AdktemRerafuges #ein deeress §&15 140 avoi d formati on of 17

j 3- car bonet hoxy- 6gpygt é(rjs‘tc}gevau%%ﬁs %I%Qﬁtgg(yandr osta- 1, 4-dien-3-one. The
0 el o

reaction tenperature should be +400, preferably bel ow +25, nopst
preferabliy at 00 SUFM gféreeo saatantictad feeopertneuteodi ne add 5 in order to
m ni mze degradation of the product diiodide. The 11

i 3, 17a- di hydr oxy- Eé%ef%@-tbﬁ:lﬁﬁrﬁwoﬁ?aé%%? ; 4-di ene-3,20-dione (V) s
T oot SO eSO B mataaoL, L1 e o
salt of acetic apsig refersapoablsger square inch gage. :
DO refers to dissolved oxygen.
20 RO refers to reverse osmosis.
SLM refers to standard liters per minute.
VVM refers to volume per minute.
OUR refers to oxygen uptake rate.
DDQ refers to 2,3-dichloro-5,6-dicyano-1,4-benzoquinone.

25 Chromatography (column and flash chromatography) refers to
purification/separation of compounds expressed as (support, eluent). It is understood
that the appropriate fractions are pooled and concentrated to give the desired
compound(s).

Pharmaceutically acceptable refers to those properties and/or substances which

30  are acceptable to the patient from a pharmacological/toxicological point of view and

to the manufacturing pharmaceutical chemist from a physical/chemical point of view

regarding composition, formulation, stability, patient acceptance and bioavailability.



10 DEFINITIONS The definitions and expl anations below are for the terns as
used throughout this entire docunent including both the specification and
t he cl ai rwo oAlib2stenperatures are in degrees Cel sius. RPMPCEfS0511169

revol utions per mnute. 15 SCFMrefers to standard cubic feet per mnute.
TLC refers to thi wheaklveaNpRRBEOGAPRY ratfdFlbEss10RE SselArd WEABmMBIBRSY €

| i qui d chromat ography. psig refers to pounds per square inch gage. DO
refers to di é¥vl.ved oxygen. 20 ROrefers to reverse osnobsis. SLMrefers to
fgagg%gnl :utote i epﬁgqeérﬁ‘_tﬂﬁ%;“t il a o i a SvaR 8 R R rallb BF IR soli P " € S

2, 3-di chl or o3gvéintdd G¥AARvdluthe RRD¥PQUI none. 25 Chronat ography (col um and
flash chronmat ography) refers to ‘purification/separation of conpounds
expressedsas (support, eluent). It i EXANEHHASO0d that the appropriate

f ti . trated .t ' t he desjred d .
bhar maoeut | cal |y SOOE Gier Parurcon o it Rolyes robard Tale st B St hRe o
which 30 ar %e%ﬁ@&ﬁh%bie@cr}ﬂio}lﬁﬁa&ﬂaitﬁ'@ﬁreié’n@fﬁv@rétion to its fullest extent. The

phar macol ogi cal / t oxi col ogical ‘point of view an to the manufacturing
phar maceut i c&lloshegilsthildd axamplesgsiribahowite prepate the variousfcompewndsraadir di ng

conposition, farnulatiaon, stability, .patient acceptance an
b1 onvai | abi | PEYOT G0 o H0SRS bl PR 5286 AR ROSURERR Y 5 ar e

used, theyr ahhﬁﬁaﬁfe, 3&)& M&ﬁfﬁm}ﬁ%ﬁgoﬁﬂa@ pYééE&iHF/diéQiok'&EE in & Wiy whliegthe

solubility of a solid in a solvent is used The ratio of" the solid to the
sol vent i s w&hggetskiltEdimehe(ant will) prompE)Addepise apiropraaie viniatiohe froml thbor at i on,

it is believed that one skilled in the art .can, i n .
(51 ﬁ cf as to reaction condLljt?ons%nd techniques.

procedures both as to reactants an
EXAMPLE 1 Bioconversion of 17o-hydroxy-60-methylpregn-4-ene-3,20-
dione 17-acetate (I) to 170-hydroxy-60-methylpregna-1,4-
15 diene-3,20-dione 17 acetate (II)

17a-Hydroxy-60-methylpregn-4-ene-3,20-dione 17-acetate (I, 500 g) and
menadione (10 g) are mixed with toluene (2200 mlL) and methylene chloride (2300
mL). The aqueous phase is prepared as a mixture of catalase (0.25 g), A. simplex cell
concentrate (obtained by fermentation, concentrated to contain about 20% dried

20  solids, 1000 mL) and water (1000 mL). The aqueous phase is added to the briskly
agitated toluene mixture (360 RPM) to begin the bioconversion. The temperature is
controlled a 30° using a water bath and the pH is controlled between 8.7 and 8.9 using
sodium hydroxide (2N) additions. The reaction mixture is sparged with a regulated
flow of air (0.3 SCFH) and nitrogen (0.6 SCFM), respectively.

25 The mixture is allowed to react until less than 1% residual starting material (I)
remains. If necessary, more A. simplex cells are added during the reaction to assure
completion.

When the reaction is complete, the pH control, air feed, nitrogen feed, and
agitation are turned off and the aqueous phase is permitted to float. The

30 toluene/methylene chloride mixture is drawn from the bottom of the reactor.
Additional methylene chloride (3000 mL) is added to the bioconversion vessel and the

agitator is started to further extract the aqueous layer. The agitation is stopped and the



t he precedi ng description, practice the present invention to its fullest
extent. The follow ng detailed exanples describe how to prepare the

vari ous cwopoeuaoxsse and/ or performthe various processes ofCrhmsor/mient i on
and are to be construed as nerely 10 illustrative, and not limtations of

t he precedi ngqaécus phassricalidweaty rivey TWRLS aRVISlene chIRRI efifhdtliedhaingd Fog, art

wi Il promptly recognize appropriate variations fromthe procedures both as
to react ant s BigaHar ad the spent aqveewnenlklpyids diseprdesehni ques. EXAMPLE 1

Bi oconver si on of - - 6a- I n-4- ene- ione 17-acetate (1)
to 17a- hydr oxy- 6aﬂrrlgtr{%¥%§)%ﬁg-§{%ﬁ§- g%@%?%hé@,c%{fépiﬁ%gi*f@%t ate (11)
17a- Hydr oxy- Gandeatrhel ps £gticldsieme - Bhe26bidk aracolléctad BY Blteatioh, wB8d aithand
menadi one (10 g) are m xed with toluene (2200 nlL) and methyl ene chl ori de

(2300 nif. Prachedesns (BHRsd)iead griehisirashcuempvan st 3) do give thet titlease (0. 25
9), A sinplex gg}h{ oncentrate (obtained by fernentation, concentrated to
contai n about 2 ociirﬁ d 20 solids, 1000 nL) and water (1000 nmL). The
aqueous phasgxsvergsd-1p t Boddniakion of@%h@&@@lym—h@m@p%cgﬁt%ﬁe-é,§6-0 RPM)
to begin the bioconversion. The tenperature’is “controlfl'ed a 30 using a

wat er bath and the pH is codionell7edetart(Hyasn78-hfdesxg-6d-thettSipieznasiofi um
hydroxi de (2N) additions. The reaction mxture is sparged with a regul ated
flow of air (0.3 SCFH) and dienedgdndipme &7 8ery (IDr espectivel y. 25 The

m xture i.s allowed;to react until |less t ot i dual starting. nmaterial
) FemiPne, 11 HSBAERGS i pro e gt B AMPLE, 20 maBicd oGk e
reaction to asSitiods Hu@aRdriig B0 amYRRDfCAG, WaRe bh@PeabGorC AR £ beld¥e g
control, air feed, nitrogen feed, and agitation are turned off ané t he
aqueous phasétle soppeyridl@ & abaifiddboat . The 30 tol uene/ net hyl ene chl ori de

m xture is drawn fromthe bottomof the reactor. Additional nethylene
chloride (3000 nL) is added to the bioconversion vessel and the agitator

is started {OEkAMPIGE PEUBSTRATIE] a0CELLS | RBYWATERE aﬂEA@*ﬁI@ﬁ s stopped
and the - 10 WD 02/102826 PCT/ USpP2/ 15159 aqueous pHase is allpwed to
rise. The | ¢an net hyl ene chigori de| ext(mdot i $ dimilhped |f r oFIMEhe [eactor and
t he spent agueous cell] layer is d|scarded. JThe rich émd | ean exfracts are
filtered. The clarified filtrate |s then (hrs)

2 500 1000 0 161

3 500 1000 0 162

4 500 1000 500 95

5 500 1000 1000 97

6 500 750 1250 146

7 500 1000 1000 97

8 500 1000 1000 125

9 500 1000 1000 120

10 500 1000 1000 120

11 500 1000 1000 117

15 EXAMPLE 12 Bioconversion of 170.-hydroxy-6a-methylpregna-1,4-diene-

3,20-dione 17 acetate (II) To 11,17 a-dihydroxy-60-
methylpregna-1,4-diene-3,20-dione 17-acetate (III)
The bioconversion of 170-hydroxy-60.-methylpregna-1,4-diene-3,20-dione 17
acetate (I to 11f,170a-dihydroxy-60-methylpregna-1,4-diene-3,20-dione 17-acetate

-1 -



concentrated to a thick slurry. The solids are collected by filtration,
washed with 5 branched octane (450 mi) and dried in a vacuumoven at 50 to
gi ve t he wptokaozseonpound (11). EXAMPLES 2- 11 Bi oconver si orCofUS02/15159

17a- hydr oxy- 6a- net hyl pregn- 4- ene- 3, 20- dione 17-acetate (I) to

17a- hydr oxy-(figrigpédiyrhiedeging alsubmerbed neltde 20 Cinoderid linaweVBRE 2880) 10
Fol l owing the general procedure of EXAMPLE 1, and neking non-critical
variations EMTCGE {2 7hat 2 HLsga%int of cells, water and reaction as set
forth below, the title conpound blindasy-S4ad . EXAMPLE SUBSTRATE CELLS
WATER REACTION (g) (nlL) (niL) TI 1000 0 161 3 500 1000 O
162 4 500 1000 5Q0zéd5vegbtafritOcelld 00 C10@AANRRE. 2380 aiSiflawdd Grapsférred’to500 1000
1000 97 8 500 1000 1000 125 9 500 1000 1000 120 = 10 500 1000 1000 120 11
500 1000 510Q®tad-Aexmoseraanrplates (PIRA ) @béh insuBtemhal8° for 72 hours. Single

17a- hyd - 6a- - -di - -di
31 “175 i ny araepseRbE e P g Ve arnist S enlp B PO RE halea T 1) e
bi oconver si qf .0 %%KF%MQBH?}’I’O@%IUB ;Hmbpie%g Riediurd- BHEAR- sbed Gredivgme 17

acetate (Il) to , 17a- di hydr oxy- 6a- met hyl pr egna- 1, 4- di ene- 3, 20- di one
17-acetat e cohdisOf QR 12 P 6 VEGE OLIBOSIS WBEBD dettin, $Gg;seyflanndigisraiesea

b d '
zg alngr 98 Cu5I gt; lé[)l()aoa(l)tfch%{d\é legell’hlygraltelf %g?siﬁ% (?e‘?(?a?ner((élgglﬂi%; }nLé}EpreEil 10 L

10 sterilization pH 7.0-7.2, adjusted with sodium hydroxude (2N). Curvularia lunata

NRRL 2380 is incubated for 48 hours at 28°, using a controlled-environment

incubator-shaker set at 280 rpm. (1 orbital stroke).
(B) Secondary-Seed Stage

Ten-liter secondary-seed fermentations are inoculated using vegetative

15  primary-seed culture (1.2 mL; 0.012 % [v/V] inoculation rate). Secondary-seed
medium contains (per liter of reverse osmosis water): anhydrous glucose (20 g),
soyflour (20 g), soybean oil (30 mL); octylphenoxy polyethoxy ethanol (0.25 mL),
riboflavin (10 mg), silicone defoamer (SAG 471, 0.5 mL); mangnesium hepahydrate
(1 g), potassium dihydrogen phosphate (0.74 g), pre-sterilization pH = 2.95-3.00, and

20 the pH is adjusted with concentrated sulfuric acid. The fermentors, containing
secondary-seed medium, are sterilized for 20 minutes at 121° using both jacket and
injection steam. The agitation rate during sterilization is 200 rpm.. Post-sterilization,
the medium pH is adjusted to 3.0 using sterile sulfuric acid (5 %). Curvularia lunata
NRRL 2380 is incubated at 28° using the following initial parameters: agitation, 100

25  rpm.; back pressure = 5 psig; air flow = 2.5 SLM (0.25 VVM); low dissolved oxygen
(DO) set-point, 30 %; pH control, none. When the DO first drops to 30 %, the air
flow is increased to 5 SLM (0.5 VVM). When the culture reachs low DO again, 30 %
DO is maintained using agitation control. Once a notable drop in the oxygen uptake
rate (OUR) of the cultures is observed (generally a drop from 12-14 to 8-9

30  mmol/L/hr), as they deplete of glucose, secondary-seed cultures are harvested five

hours later (approximately 60-65 hours post-inoculation).
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(A) Primary-Seed Stage Frozen vegetative cells of C. lunata NRRL 2380 are
thawed, transferred to 5 potato-dextrose-agar plates (PDA), and incubated
at 28 forw@azhases. Single nycelial-plugs (6-7 mm diam ) perasozess o
inocul ate siliconized 500 nL stippled shake flasks containing 100 ni
primary-seed nedium Pri mary seed nedi SmmoidBivkbsiession (per liter bofI reverse
osnosi s water): dextrin flour cerel ose, 5g; coboalt

chl ori de h_exahydr 8 ht?’nﬁero’éllgl?lp%&érslfé‘ffS’é{ﬁé‘rt‘%(OBA@%WEUIatGﬂ gsipg 30hmé. 10
sterilizatioRe at?veoseZm%ar)agyeHé% bf% Qh}éﬂ&gga‘?é)owgad(&ggonvgg{o\{,u| aria

l unata NRRL 2380 is incubated hours at )

control | ed- enmdlmnmmssentlaﬁyuMme-as Isedoedaryes‘eecame&iﬁih Iw:imthé dXceptibii that

trok B Se ndar eed St e Ten-liter secondary-seed fernentations
o F nbcul ol SESARHG R B ngL ey 1942 e milomd e 012

[v/v] inocul %hﬁﬂoﬁ@élﬁ‘&ose% 9@?&5 %Ltg?g §H%n) §@Hf1?itl?5fi ngg’lEl ad‘)%r oybean

reverse osnosi s wat er anhy rous soyt | our

0| | (30 n); admtqunhm@xyde@mlbyéfdr@xcwndaﬂymed meQiudl Glr)ularit lbatd RRRD, (10
silicon g(?ef oamer (SAG 471, 0.5 rrL? mangnesi um hepahydrate (1 g),
pot assi um di %9 5@}&%‘%??6%%& ssipg essgnially the samg imitial ipazatietns pHhescised- 3. 00,

t onc rated.sul furi ¢ .acid, The fernentors,
cont ai ni g+ ReeSrlR Bl el EhE P atibe SrfSlssimiah o ae 121
usi ng botib | atf&kedim 100j:pfltb Q00 $3B2WhehtRe BY ﬁ@% afapre{ Fod 'arﬁgﬂoav
sterilization is 200 rpm. Post-sterilization, iump IS ad] Usted

to 3.0 usinginereased om2.5 GEMe(02S VM ters. SLMr(QﬁI\éVD/Ia Atfitenthds inNRRhirZBSO | S
parameters: agitation, 100 25

|
o hack. pf Bugh e ol rtachey 30 e, mrenfidied g s gl ved

oxygen (DO g ; the DO first drops to
30yogA; the ai r1 % (?lelgé\?vg ?2 df‘%lgrlqeﬁfgegt ec(ﬁngé %i’ﬁ/ls[%”? \V\ﬂ@fﬁpm%y polyet éﬁ’fy[ ure
reachs | ow D@hagai(0.2%360¢mID@nd addeai tottied REHet&idhd AthisPoiR TeCODRI $Hihe ONCE A
not abl e drop i.n the oxygen ug take rate (OUR) of the cultures is observed

i

(general 'y CHF‘E%“PPMOIMYL B the §.5310- rivsngl{Lvh range fgeneradly 1(8@%511 hewes of
gl ucose, SeCP&Q qﬁé’cé@%iog) ‘Wllxéanl%e OUR §f grcxﬁur% %(rjop];s_ Ié‘\)/ wggxf égzég g1mol/L/h

(approxi matelty 60 hour s post -i nocul at'i on
PCT/ US02/ 151¢ggnerally 17-18 hours post-substrate addition), ammonium nitrate (7.2 g) is dissolved

in RO water (50 mL) is added to the fermentation and the incubation temperature.
increased gradually from 28° to 37° (2° every 15 minutes). After the initial air-flow

20 change, agitation control, up to a maximum of 550 rpm, is used throughout the
fermentation to maintain DO at 30 %. Once maximum agitation is attained, back
pressure, in 2 psig increments, is used to maintain DO. Bioconversion is complete in
9-10 days with fermentation beer containing 68-70 g of the title compound 1 1B,170.-
dihydroxy-60-methylpregna-1,4-diene-3,20-dione 17-acetate (IIT). Bioconversion

25 cultures are assayed on a daily basis for 11f,17a-dihydroxy-6a-methylpregna-1,4-
diene-3,20-dione 17-acetate (I) using HPLC.

Whole-culture extractions are performed using two volumes of warm acetone,
with constant shaking for one hour. Cells are separated from the aqueous-acetone
mixture by centrifugation (3,000 x g for 10 minutes), and an aliquot dried under

30 nitrogen. Steroid extracts are re-dissolved in an appropriate volume of methanol,
containing 17a-hydroxy-60-methylpregna-1,4-dien-3,20-dione 17-acetate as an
internal standard. Conditions for HPLC are as follows: Spectra-Physics

chromatograph fitted with a C18 reverse-phase column (150 x 4.6 mm) column;
- 13-



(C) Steroid Bioconversion Ten-liter steroid-bioconversion fernentations are
i nocul ated using 300 nL vegetative secondary-seed culture (3.0 %

i nocul at iwo avmpe St eroi d-bi oconversion nediumis essentl)icarmsyzm:*.l@ same as
secondary-seed medium with the exception that 5 oct henoxy pol yet hoxy

et hanol is i¢dwendedpdratyrm, 60‘25nqmlﬁlph@3§, meelaml/ase@nunéﬂg% Mxﬂ@]ﬂhﬂm aglducose
decreased fr to 15 Sterilization c itions . and

adj ust ment a&@@gxgé{z"éﬂ g@ﬁ ke@z‘ﬁ‘&&l&/ §‘§8%°%§gﬁam' e HIPE = I&“‘I“Eﬁ%at a
NRRL 2380 is incubated at 28 u5| 09 895661 PRLédurd Ne same initial paraneters
as those used for secondary-seed cultivation, wth the exception that the
initial agitationThatwboledediat havesas suxeddrwetl. 140ﬂo¢qutmt B ad0éd rophe brofhemd t he

DO first drost 30.% the air, flow eased from2.5 S 025WM
to 5 SLMYO. Oh%r"cr%F“PH‘?r%‘E qutrafugaﬁl?nf SHCEéWéf{?@ée e’SWGEeIat‘}‘F@‘

reaches 30 % r

1. 4-di ene-3, 2%9&3‘% I PEABLERS ik I nR I RO Y SeC s polised and

pol yet hoxy ed:dmamkat(cDb)Q@istﬂmnmdx)l spavifiadeede tind tédrded terqmnalhze tha prauct. hi s

point the OUR of the 5 culture would normall belnt -10.5 mml / L
/'h range (gehs Sl ﬂwlﬁ fuﬂ@iﬁdsandﬁﬁ%{nofbr% Q‘I“Ht‘%/W Qe tetsﬁéor&ﬁobf t he
culture drop

post - subst ra&f‘e/ Qlédl t%%&éﬁ%ﬁ?ﬁ%@?&%{h&#?ﬁ%ﬁ%ﬂd sso 13@3«5 E| n RO

wat er (50 nmidoricsnteadetbw shmrdtion ther coviddab icoptalive thdprodncubhd crgstal shigpeisat ur e

i ncreased gradual ly from 28 to 37 ery 15 mnutes). After the initial
air-flow 20 ﬁlﬁqﬁ@éﬂ |C9%msow%hw&%bran&fgfdtq9ta§eﬁa§ﬂﬁﬁ4n The proguct gpay bes used
t hroughout the i% Once maximum agitation
is attained, R ﬂ{gﬁilggejl??ﬁlk}ggc%tﬁe diﬁ&le?%(?‘% @pa“@s used to maintain DO
Bi oconversi on i s Thptlesaddids ban aﬂsdﬁe d:amtednw‘um dcetoreTlat dcetonbelifrydont ai ni ng
68-70 g of the title conpound

di hydr oxy- 6aQ%ﬂfH§?‘})‘i°é§W8YQL“AL@P%n@h%ﬂ%ac&m?ﬁéx@@é&ql&b%d fnd gopcentrated

B OSORYELS! o8 f BHISUNERAILARTANEC 08, iy SRk Bct winbupl |
usi ng HPLC. Mkealtecamithe organexkiractis polishad, @ openfratetdg vasiung disvibationl tuaes  of
warm acetone, wth_ constant shaking for one hour. Cells are separat ed from
the aqueous- spesifigryolumg, @@P@lfg/tomﬁ%ll%@atprww Thegrystal guryis filktered et es) |

and an al i qugp n%th&q1qll£}81dﬁ ?\%9 tBP} oﬁﬂ??&on@&ﬁé%ﬁﬁﬁ%@f%@%& cAfsGls'fe fll ssol ved

in an appropri ate vo ano cont
17x- hydr oxy - digsotieddhiy hpt Bgyleacdtate-gidehe shlRbnds ooceiifatad &t @h@aden when

20  cooled to crystallize the product. The crystal slurry is filtered and the cake is washed

with branched octane and dried. The product may be re-crystallized with butyl acetate
or toluene to upgrade quality.
EXAMPLE 13 Bioconversion of 170-hydroxy-6a-methylpregna-1,4-diene-
3,20-dione 17 acetate (II) To 11pB,170-dihydroxy-6o.-
25 methylpregna-1,4-diene-3,20-dione 17-acetate (III)
Following the general procedure of EXAMPLE 12 and making non-critical
variations but using 170-hydroxy-60i-methylpregna-1,4-diene-3,20-dione 17 acetate
(II) at a substrate concentration of about 6 g/L, the title compound is obtained.
EXAMPLE 14 Bioconversion of 170-hydroxy-60.-methylpregna-1,4-diene-
30 3,20-dione 17 acetate (II) to 11B,17a-dihydroxy-6c-
methylpregna-1,4-diene-3,20-dione 17-acetate (III)
The bioconversion of 170-hydroxy-60-methylpregna-1,4-diene-3,20-dione 17

acetate (II) to 11B,17a-dihydroxy-6a-methylpregna-1,4-diene-3,20-dione 17-acetate
- 14 -



internal standard. Conditions for HPLC are as follows: Spectra-Physics
chromat ograph fitted with a C18 reverse-phase colum (150 x 4.6 mm) col um;
-13 WO 02w0028e82¢°CT/ US02/ 15159 col um tenperature, 30; mobiuse/piase,

met hanol / acetonitril e/ 0.25 % phosphoric acid (10/60/30, v/v/v); flowrate
= 1 nL/ n nutgy) idetesinearsing4Gubiierdedrultire®f Cubilavimnlines. NRBL 23801 at i on
Procedure The whol e beer at harvest is mxed well. A flocculent is added to
the broth afdTCC 1HH7) achshakeflask sale- r ecovered by centrifugation. The rich
solids are extracted with butyl 1%‘}%%-@-95&&9& rich extract is recovered
by centrifugation. The extract is—pofrshed and —concentrated by
distillation to agspeddiis af®lndiiBat@ndondidbegifor €. himyst MRRLZ380 ke 351 oduct .
The crystal slurry is filtered and the nother liquor is saved to isolate
second crsop deserytedah EXAMBLELL. crystal s are re-di ssolved in hot butyl

acetate and the mxture is 10 coggg&@g&_séegsqﬁpeur ation then cooled to
crystallize the product. The cr 1ltered and the cake is
washed with branchgdh@danQilBlier sHcodhry-$6 rmeditimcin Msilcdnézedrs®Oenlyst al | i zed
in butyl acetate or toluene to upgrade quality, The rich soli d(? an al so be
extract ed wi stippldehalreeflaskhie inncelatedansing ane\drpof egriafye pRYBaryT6e? ehblVe cel |
mass. The rig¢h acetone extract js polishe C d Hyokacuum
distillationo8n éﬁiije‘Bﬁ‘i‘u@lcl?P _ .SQ relﬁeérl %rr%q?es&gﬁ)gﬁt%%r .agf;[regs v’\nzt " but yl
acetate fd‘d iR B s Sy tRE, T BG; sbybeR@bil STBRIL, 6qryipRéokapelyethyxy atbunnh
distillation to a specific volune, and cooled to crystallize the product.
The crystal GRSmly silzohé efearaet (SAG 4T N0 franlidre-egligtiondtszddd-3 % sol at e
second crop crystals. The wet crystals are re-. dj i t L LA
acetate and fdiist WﬁPiCB‘FFef‘gatS‘é)ﬁ‘géﬂfcra&fdegé'f'gulgg gir"Z‘?‘l?on %%80218 nccgo%l ed to
crystallize b6 sl Y%doRtroBd ddédwWrohfeht inb@agst-sanlkbrséreat e2ke i s
washed Wth%qgggﬁzoﬁg)g&%%tzgn’esaﬁd drirgd. The product may be re-crystallized
with butyl agphabeorbal ddkegpne to upgrade quality. EXAMPLE 13 Bi oconversion
of 17a- hydroxy-6a- net hyl pregna- 1, 4-di ene-_ 3, 20-di one 17 acetate (I1) To
11( 3, 17al8li hydr oxy- 6a 25 met hyl ptlelgfgroid Biogonyersien 5q_gj one 17-acetate (1H)
Fol | ow ng the gengya i 5B koA RLdMRKIiRY sIRBnEEd S0 AL

vari ations but us?’rﬁahﬁ%-gﬁgﬁllgfrﬁ(ﬁ)@?g & neﬁbﬁ\[’)reana- 1, 4- dli ene- 3, 20-di one 17
acetate stippled shake flask, is inoculated using 3 mL vegetative secondary-seed culture (3.0

% inoculation rate). Steroid-bioconversion medium is essentially the same as the
secondary-seed medium, with the exception that octylphenoxy polyethoxy ethanol is
20  increased from 0.25 mLJ/L to 2.5 mL/L and pre-sterilization pH is adjusted to 3.95-

4.00 with concentrated sulfuric acid. Curvularia lunata NRRL 2380 is initially
incubated at 28° using essentially the same parameters as those used for secondary-
seed cultivation. At approximately 17-18 hours post-inoculation, 1 g micronized 170~
hydroxy-6a-methylpregna-1,4-diene-3,20-dione 17 acetate (D) is added to the

25 fermentation as a dry powder. At approximately 22-24 hours post-substrate addition,
0.5 mL ammonium nitrate solution (7.2 g per 50 mL reverse osmosis water) is added
to the fermentation and the culture further incubated at 37° with shaking (275 rpm, 27
orbital stroke). Bioconversion is complete in 8-11 days with fermentation beer
containing about 0.90 g 11B,17oc-dihydroxy—60c-methylpregna-1,4-diene-3,20-dione

30 17-acetate (II). Bioconversion cultures are periodically assayed for 11,170
dihydroxy-60i-methylpregna-1,4-diene-3,20-dione 17-acetate (1) following the
procedure described in EXAMPLE 12.
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(I'l') at a substrate concentration of about 6 g/L, the title conpound is
obt ai ned. EXAMPLE 14 Bi oconversi on of

17a- hydr owp-08a463%e¢ hyl pregna- 1, 4-di ene- 30 3, 20-di one 17 aeematse2/(ilfy to
11(3, 17a-di hydr oxy- 6a- net hyl pregna-1, 4-di ene- 3, 20-di one 17-acetate (I11)
The bi oconveEXAMPBE 157a- hy dramgfordationeofhyiPplTogdihydrody-GemethgpR@nailghe 17
acetate (11) to 11(3, 17a-di hydroxy-6a-net hyl pregna- 1, 4- di ene- 3, 20- di one
17-acetate - 14 WD 02/ 10285!@11?@%\60%9@ sgdstate () 1o 151 Hnedmydiory6@si ng a

subnerged cul ture of Curvul ari,a,l unat RRL . 12017) at a
shake-flask scale. (A) Pringpyyggggméﬁﬁggmééégﬁagﬂé@ﬁ&gkd i ncubat i on
condi tions for C. shamatRethRide 2880758, 262803 }MEB 05 EQPth mBhEMNESE, 48 (B)
Secondary- Seed Stage One hundred miITiliter secondary-seed nmedium in a

siliconi zed B0Dismidedstoiappixaue ohhkk 1 Td-ddiydraxy-Gonmethyipreghatls4-digne320dr op of
vegetative primary-seed culture. Secondary-seed medi um contains (per liter

of reverse o8ipBsilé-aggtate (Il EXAMPLER2, 9§91 2128 Y@My in mgthyleng ghlorider | 35

g; soybean oi4, .30 i n oxy. et D . silicone
et oaner ( sad*)ndgreREbY BT MEARBL KR WKL IB0 m 278 0 L oy e

wi th concent maé eciol fsWhdnCquaféitd vkl dcdli@hdia (1. gnat ReNRRLLZ2SPAM, 5 . 10 pat ed

for 48-50 hours at 28, using a controll ed-environnent "1 ncubat or - shaker set
at 275 rpm dil@ed esthivwadr/méthaod ) 1/1140 (D) stBrealr ai20-28P daroinke rtsénodilu@ewhhindr ed
mlliliter steroid-bioconversion medium _ in a siliconized 500 nL stippled

shake fl a&k, water (Hi9cn)) ané gongsntsgedupder yedysedipressaires cthergsidye is ddygted iithur e
R0 o . Co f STl v h
(e st ho Mo 3kt FhS1 AL, AR AT EAT e SRR, 0 L

sane as the secon exceptr on yI phenoxy

pol yet hoxy etlhagdilteted. Abe ichicy ie 3aehed withwdteZ 207hnil)lantl @ridd by Blnittogafl dtream
pre-sterilization pHis adjusted to 3.95- 4.00 with concentrated sul furic
aci d. Curvul &rgixe thedislegopRrund380 is initially incubated at 28 using

cur 1 vati on. FAPIEREAR, rar eresr iRt ot B B BB G & oni e
17a- 15 diene-3,20-dione (IV) to 11p,17a-dihydroxy-21-diiodo-6a:-
methylpregna-1,4-diene-3,20-dione (V)
A slurry of 11B,17a-dihydroxy-6ct-methylpregna-1,4-diene-3,20-dione (IV,
EXAMPLE 15, 30.0050 g, 83.7006 mM), calcium oxide (5.7275 g, 102.13 mM, 1.22
eq.), calcium hydroxide (23.2488 g, 313.79 mM, 3.75 eq.) and calcium bromide
20 (0.5786 g, 2.8946 mM, 0.035 eq.) in methanol (117) at 25° ias treated with a mixture

of iodine (42.5052 g, 167.47 mM, 2.00 eq.) and calcium bromide (10.897 g, 54.51

mM, 0.65 eq.) in methanol (120 ml) at a steady rate over 4 hours. The reaction

mixture is cooled to 0° halfway through the add. The reaction mixture is then poured

into a solution of acetic acid (90 ml) in water (2.25 L). The resulting slurry is filtered
25  and the cake is dried by a nitrogen stream to give the title compound.

EXAMPLE 17 Transformation of 11p,17a-dihydroxy-21-diiodo-60-
methylpregna-1,4-diene-3,20-dione (V) To 115,17¢c,21-
trihydroxy-6a-methylpregna-1,4-diene-3,20-dione 17-acetate
(VD

30 11B,170-dihydroxy-21-diiodo-6c-methylpregna-1,4-diene-3,20-dione (V,

EXAMPLE 16, 45.0033 g, 73.7433 mM) is added to a mixture of acetic acid (110 ml,

115.4 g, 1.922 moles, 26.1 eq.) and triethylamine (167 ml, 121.2 g, 1.198 moles, 16.2

- 16 -



hydr oxy- 6a- net hyl pregna- 1, 4- di ene- 3, 20-di one 17 acetate (I1) is added to
the 25 fernentation as a dry powder. At approxinmately 22-24 hours

post - subswoataomadi tion, 0.5 nL amonium nitrate sol uti omcimsgz/giper 50 L
reverse osnosis water) is added to the fernentation and the culture
further inculegt)én 680 m3 dcerbrich THeakduling Rikbure PIRtird at a5biok 2lhrs | thékdoled to

Bi oconversion is conplete in 8-11 days with fernentati on beer containing
about 0.90 g 291333, aWGSan?MWB&@F‘JG%ﬂUﬁ%dWﬁ%ﬂr@gmreildmmtelml@120 di one 30

di df
T eestate{hbuc SSEO G PRaBBENAT 1
foll th / 6
o) 10, T A RN g R e

7a- di hydr 6xy{deredghtopihapgd af daridge grade magﬁead»i Me721); aluahgmth(nhdtﬂyleﬂeo

20- d V) Sodi
ﬁé?hii.xdg' ?{dii%f}é Zf‘%”?%%@% C%Oé%’ﬁ{@ Yfenﬁﬁ Wé@ﬁé%li{ Egel ugn m)zoi s
dded 3. 20-
oo 19, acorchibittadualeis dodcEe AL RUAIS 0,08 P‘%Eﬁg%wbﬁﬁf@“"]nmﬁgﬁhéﬁ Sith

chl ori de ( Zmemla)nohfidOmﬂt) rrad ebndeh Grated Yo mmhammm Mee merianol(156 ni)isr r ed at

20-25 f The reaction is then quenched with acetic acid (1.6 m,
1.678 g?r 27. @gg“rifﬂ d the Biixtpreyis COIHFP‘E&t%‘gt%bPHt%é&tl@’r/%fﬁrfaﬁfbﬁnqlﬂ@ mRgs m ) |

stirred ap 2Qady afngrthé-thuve it hﬁﬁ)efihéﬂékﬁe t&égh I]EQIPW{ i réc%}e?:g r&/} %‘llnﬁn&i

concentrated under reduced pressure duert's nmet hanol
(20 nl) and Vikhtehfydfcodlyd tocda atitredf@ hragdhien fiddtede d'hp icalssiy masiswith e

slurry filtered. The cake. i shed with vvater (20 mM) and dried by a
ni troéen str a“f’gwéﬁe(/@ t?e"%f’ﬂka P nitesgupitiearpdo giverikg 6"11?rat| on of

11f , 17a-di hy a- et hyl l .
11(3 17a-di hyglﬁlgé‘gy/mgl dii odgp%&ggﬁo%éIalﬁ(%‘%gs%gfﬁp?%ﬁﬁggé%hgg&é% one (V) A
slurry of 11@&tliym}echhlmﬂmwhaﬁmbmmmpmgnmﬂaw&ﬁdemdacéaqxehsmeo( IV,

5, 30.0Q50 g, | d 5.7275 g, 102.13 nM
EX?Q/P L(qu : 83?‘5(%5%‘1%9’&?‘6‘J<W&E ‘?ei@n?h@g) fgl)lf‘gn‘igé:icgfe“rﬂ(%d@@ué&@é%ﬁ) teal ci um

brom de 20 (@w'é%%@urgy which % &owto 19‘3§t1§9d ?or bmrgmﬁﬁafﬂ%reé llllze)ca% 1525 I as

treated with a m xt
washed with methanol/water (1/1, 0°; 2 x 10 ml) and dried by a nitrogen stream.

EXAMPLE 18 Crystallization of 11,170-dihydroxy-6a-methylpregna-1,4-
diene-3,20-dione 17-Acetate (IIT) To Remove Residual 17¢-
20 hydroxy-6a-methylpregna-1,4-diene-3,20-dione 17-Acetate
Crude 11B,17a-dihydroxy-6a-methylpregna- 1,4-diene-3,20-dione 17-acetate
(I, 0.9195 g of material containing 170-hydroxy-6ai-methylpregna-1,4-diene-3,20-
dione 17-acetate (4.13%) is refluxed in toluene (12 ml), then cooled to 0°, diluted with
isooctane (12 ml), and filtered. The cake is washed with isooctane (3 x 3 ml) then
25  dried by a stream of nitrogen to give the title compound containing 17a-hydroxy-60t-
methylpregna-1,4-diene-3,20-dione 17-Acetate (1.12%, 0.8774 g) for 99.5% recovery.
The filtrate is concentrated to a solid consisting of a 17.76/82.24 mixture of 11B,17a-
dihydroxy-60o.-methylpregna-1,4-diene-3,20-dione 17-Acetate (II) to remove residual
170-hydroxy-6ai-methylpregna-1,4-diene-3,20-dione 17-acetate.

30
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of 1odine (42.5052 g, 167.47 mM 2.00 eq.) and cal cium brom de (10.897 g,
54.51 mM 0.65 eq.) in nethanol (120 mM) at a steady rate over 4 hours.
The reactwon2/i1mszd ure is cooled to 0 hal fway through the add/usibesiseacti on
m xture is then poured into a solution of acetic acid (90 m) in water
(2.25 L). The resulting slurry is filtecHiARS /and the cake is dried by a
nitrogen streamto give the title conpound. EXAMPLE 17 Transfornmation of
113, 17a- di hydr oxy-21-di i odo- 6a- nethylpregnacf34 di ene- 3, 20-di one (V) To
11(3, 17a, 21- tri hydroxy-6a-net hyl pregna-1, 4- d]@ne 3,20-di one 17-acetate
(M) 30 1113,17a-dihydroxy-2|-diiodo-6a-' ANAS 6631,4-diene-3,20-dione
(V, EXAMPLE 16, 45.0033 g, 73.7433 nﬂ@ edoto a m xture of acetic
acid (110 nl, 115.4 g, 1.922 nole €q.) and triethylamne (167 n,
121.2 g, 1.198 noles, 16.2 - 16 V\D 826 PCT/ US02/ 15159 &eq.) in 610 m
acetone. The resulting mxture i Ost¥rrad at 45 for 2 hrs., then cooled to
20- 25 and concentrated under reduced pr ure. The residue is taken up in
nmet hyl ene chloride (500 nm), washed wi th aqueous hydrochloric acid (5% 180
m) followed by saturated sodi um bi carbgnate (300 nl) followed by water
(340 M), then 5 filtered through a pad if cartridge grade magnesol (91.72
g), eluting with nethylene <chloride (1.2 L) foll owed by acetone/ nethyl ene
chloride (5/95; 400 m). The conbined eluate is concentrated under reduced
pressure to about 400 m, diluted with netﬁaﬁbl (150 m), and concentrated
to about 300 mM. Mre nethanol (150 m) is Gd¥ed and the m xture-is
concentrated to about 250 ml. More neth Q?ﬁ*% is 10 added and the

m xture is further concentrated, whereu el @oduct crystallized(l) The
slurry is cooled to -19, stirred fg ys., then filtered. The cake is
washed with nethanol /water (1/1; m ) and dried by a nitrogen stream
to give the title conpound. A pQrt on 0f the above solids (3.994 g) is

di ssolved_in nethyl ene chl ori de/ et harféts (2/1; 40 m ), concentrated under
reduced péessure to 15 about 30 m, diluted with nethanol (10 nl) and
concentrated to about 15 m (2 x) to give a slurry which is cooled to -19,
stirred for 2 hrs., and filtered. The cage is washed wth nethanol/water

@-

(1/1, 0; 2 x 10 mM) and dried by a nitrogen stream
!
s
C=0
HO <O-C-CHy
o ()
O ]
CH
10 ®
|
l
GH
Cc=0
HO <-OH
(V)
6]

CHgy
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EXAMPLE 18 Crystallization of 11j 3, 17a-di hydroxy-6a-net hyl pregna-1, 4

di ene- 3, 20-di one 17-Acetate (M To Renpbve Residual 17a- 20

hydr oxy- 6wormetieseer egna- 1, 4- di ene- 3, 20-di one 17- Acetate @CadsoLi5159

3, 17a-di hydr oxy- 6a- net hyl pregna- 1, 4-di ene- 3, 20-di one 17-acetate (I11,
0.9195 g of material containing 1EHARBARLoauedt hyl pregna- 1, 4- di ene- 3, 20-
dione 17-acetate (4.13% is refluxed in toluene (12 m), then cooled to O,
diluted with isooctane (12 m), and filtered. The cake is washed with

i sooctane (3 x 3 m) then 25 dried by a dtream of nitrogen to give the
title conpound containing 17a-hydroxy-6a- mnethyl pregna-

1, 4-di ene-3, 20-dione 17-Acetate (1.12% d. 8774 g) for 99.5%recovery. The
filtrate is concentrated to a solid consisting of a 17.76/82.24 m xture of
110, 17a- di hydr oxy- 6a- net hyl pregna- 1, 4- di endéH¥ 20-di one 17-Acetate (I11) to
remove residual 17a-hydroxy-6a-nethyl pregng:_], 4-di ene- 3, 20-di one
17-acetate. 30 - 17 WD 02/ 102826 PC].'(dJSOZ/ CHART ACH3 C=O -OCCH3

11 O(l) OCH3 CH3 C=0 -OC CH3 Ho cHe W
O [
S CH,
|
\J
CH,=0-G-CH
Cz0 O
HO < OH
V1)
O ]
CHg

10

15
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51CH3 C0 HO-OCGCH3 p (IIl) OCH3 10CH3 CO HO--OH (IV) O CH3
15 -18 WD 02/102826 PCT/ US02/ 15159 CHART A - Continued 1 CH12 C=0 HO --O
H(V) Owo@kBoseR-O-CCH3 C=O0O0 HO--OH (VlI) O PCT/US02/15159

CLAIM

1. A process for the preparation of 11B,170.,21-trihydroxy-6a.-methylpregna-1,4-
diene-3,20-dione 21-acetate (VI) which comprises:

(1) contacting 170-hydroxy-60.-methylpregn-4-ene-3,20-dione 17-acetate (I)

5  with a A'-dehydrogenase to produce 170-hydroxy-60-methylpregna-1,4-diene-3,20-

dione 17 acetate (II);

(2) contacting 170-hydroxy-60.-methylpregna-1,4-diene-3,20-dione 17 acetate
(ID) with a 11B-hydroxylase to produce 11B,17a-dihydroxy-60.-methylpregna-1,4-
diene-3,20-dione 17-acetate (III);

10 (3) hydrolyzing the 1 1B,170-dihydroxy-6a-methylpregna-1,4-diene-3,20-
dione 17-acetate (IIT) to produce 11, 17oc-dihydroxy-60c—methylpregna- 1,4-diene-3,20-
dione (I1V);

(4) contacting 11p,17a-dihydroxy-6a-methylpregna-1,4-diene-3,20-dione av)
with iodine, a catalyst, a mild base to produce 11, 170.-dihydroxy-21-diiodo-60t-

15  methylpregna-1,4-diene-3,20-dione (V) and

(5) contacting 11p,170a-dihydroxy-21-diiodo-6a-methylpregna-1 4-diene-3,20-

dione (V) with a salt of acetic acid.

2. A process for the preparation of 1 1B,17,21-trihydroxy-60i-methylpregna-1,4-
20  diene-3,20-dione 21-acetate (VI) according to claim 1 where the contacting with the

Al-dehydrogenase is with A'-dehydrogenase of A. simplex.

3. A process for the preparation of 11B,17a.,2 1-trihydroxy-60i-methylpregna-1,4-
diene-3,20-dione 21-acetate (VI) according to claim 2 where the A'-dehydrogenase of
25  A. simplex is used as fermentation, whole cell concentrate, whole cells, cell free or

immobilized cells.

4. A process for the preparation of 11B,170,2 1-trihydroxy-60.-methylpregna-1,4-
diene-3,20-dione 21-acetate (VI) according to claim 3 where the Al-dehydrogenase of

30  A. simplex is used by whole cell concentrate.
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10 CH3 15 -19 WD 02/102826 PCT/ US02/ 15159 CLAIM 1. A process for the
preparation of 11(3,17x,21-trihydroxy-6a-nethyl pregna-1, 4- di ene-3, 20-di one
21- acet atwo(0vhd28ahi ch conpri ses: (1) contacti ng PCT/US02/15159

17a- hydr oxy- 6a- met hyl pr egn- 4- ene- 3, 20-di one 17-acetate (1) 5 with a

A - dehydr ogeﬁawr@@sb delaﬁ;menamumy@frld>k3yL7@'a2:L-tfﬁryﬁsﬂxm6@gmaﬂlylmegmaeln%- 3, 20-

di one 17 acetate

17a- hydr oxy- %nﬁé Mﬁ%%%?é% é?fgrcén&mﬁlsh% whorethe Azdghydregenatign 1 4

11( 3- hydr oxy i.hydr oxy- 6a- met hyl pregna- 1, 4-
di ene- 3, 20- dusg??gd%"ﬁnq é'ﬁr%se%,% &?@6;%53) hydr ol yzi ng t he

11P, 17a- di hydr oxy- 6a- net hyl pregna-1, 4-di ene- 3, 20- dione 17-acetate (IIl) to
produce 11(3, 17(x-di hydroxy-6a- net hyl pregna- 1, 4-di ene- 3, 20- dione (I1V); (4)
contactiny 16(3, pmccssiqummpare@p t H{) lﬁﬂe@nwhl/dmm@h@e@ymegﬂadn‘b (1V)
with iodine, a catal ase to produce_ 1

17x- di hydr ox§ieps- 3&&%@& %ZaCf@t%\flwcar%w elaim %Mé\ﬁ@ the AgdghydreEepsionand ( 5)
contacti ng 11(C 8&%02"[“‘[11"2 dégg =2 of %%gno%%efr%%géapce gpa- 1, 4-di ene- 3, 20-

di one (V) wi PF° e a or t he preparation of
11 X3,17 x,21-tri hydroxy- 6a- nmet hyl pregna 1, 4 20 di ene- 3, 20-di one 21-acetate
(V1) accordl ng to claiml1l where the cont actl ng wwth the A -dehydrogenase
is with A -déhpdroepss g ¢hepreparatiomes] 19,9, 1782 1Atriydoa g Sof methylpeegmadphr at | on of
11P, 17a, 21- tr| hydrogjy 6a- rrethyI&regna 1,4- di eng&% 20- di one 21%? etate (V)
accor di ndf t odEnér AP Aignretleacerite W Acrydip Hriaiens wherejhe pxogenogs|dsetor ysed

as fermentat S&P?tgm%kfegtgg Ifllorrpfﬁ@%ﬁh&)r&hﬁsuw efefldns; rp&?c{d onk'bR&1Afe,

i mmobi li zed ce process prepar ati on

11(3, 17a, 21- 1 ditaphithoxyinéiee; phdrayinp hegisulfaté; phahesise Ghadfdiecamd vadmackt at e
(VI') according to claim3 where the A -dehydrogenase of 30 A sinplex is
used by whol BPeEPMPRYNEent r at e.

15 8. A process for the preparation of 11f,17a,21-trihydroxy-60-methylpregna-1,4-
diene-3,20-dione 21-acetate (VI) according to claim 7 where the exogenous electron

acceptor is menadione.

9. A process for the preparation of 11B,17a,21-trihydroxy-6c-methylpregna-1,4-
20  diene-3,20-dione 21-acetate (VI) according to claim 2 where the A'-dehydrogenation

is conducted in the presence of water—immiscible organic solvent.

10. A process for the preparation of 11B,17a,21-trihydroxy-6a-methylpregna-1,4-

diene-3,20-dione 21-acetate (VI) according to claim 9 where the water-immiscible
25  organic solvent is selected from the group consisting of toluene, xylene, benzene,

heptane, methylene chloride, n-octanol, carbon tetrachloride and higher n-alcohols or

mixtures thereof.
11. A process for the preparation of 11B,17¢.,21-trihydroxy-60.-methylpregna-1,4-

30  diene-3,20-dione 21-acetate (VI) according to claim 10 where the water-immiscible

organic solvent is a mixture of methylene chloride and toluene.
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-20 WO 02/102826 PCT/US02/ 15159 5. A process for the preparation of

11(3, 17a, 21-tri hydr oxy- 6a- net hyl pregna- 1, 4- di ene-3, 20-di one 21-acetate
(V) accowoOioagoases cl aim 2 where the A -dehydrogenation i ®crarsduciied in the
presence of catalyase. 5 6. A process for the preparation of |

1(3, 17a, 21- tjni hy drexx T6anEBlpulaRbR 8NatA, 1 For,2 Lineieircky26- shetinépragnaatét at e (V1)
according to clarm2 where the A -dehydrogenation is conducted in the
presence of @éheexMWEIAL]Ataale( V) @cadpigao clain 1Awhire desk Prlyidraxytase is of
preparation of 11(3,17a,21-trihydroxy-6a-nethyl pregna-1,4 10

di ene- 3, 20- di.dmant@1- acetate (VI) according to claim6 where the exogenous
el ectron acceptor is selected fromthe group consisting of nenadi one,
nmenadi one bisulfilte, 1,4-naphthoquinone, phenazi ne nethosul f ate,

phenazi ne ethos '%fﬁ&' f 110 PR 01tH -6d- mahylprepimntdss for
the pr epgr atll%gn'&il {&Eﬁ(fgp%ggk 1- tIP? ﬁydr%xy- 6a- nﬂﬂggﬁpr egna-yl],ssr4-@[i )

di ene- 3, 20- dj;gne3 2d-damenateetald (VIpaeordiigng ctamcl2avherd thehid Behydrxytaso tfenous

el ectron acceptor is nmenadione. 9. A process for_the preparation of

11( 3, 17X, 21-4frC Hydnoky fGmentation; coll egregntrata, Vzhplﬁic%‘?fﬁé)@,eﬁé'ﬂeair%ﬁ%m? 1-acetat e
(VI') according to claim?2 where the 0'-dehydrogenation is conducted in the
presence of water-inmscible organic solvent. 10. A process for the
preparation 7% ALl i hath 8oy 8o methylgiegied 3, 20- di one
21-acetate (%{)Akggg% |ﬁgé§%&%?§?ﬁ$€¥&ﬁg7g9the a;tgﬁ-innis%?%?e 25 organic

solvent |5 Sgkfss o0 didmRmitLetasy (padeontihsoidkgmof3 whéraehre] 1 hdyiderylasbénzene,
hept ane, nethyl ene chl oride, n-octanol, carbon tetrachl oride and hi gher

n- al cohol s osf Chuxdtabesertrieatagof.. 11. A process for the preparation of
113, 17cc, 21-tri hydroxy- 6a- net hyl pregna-1, 4- 30 di ene-3, 20-di one 21-acetate
(VI') according to claim 10 where the water-inm scible organic solvent is a

mxture of s x| e Gl Gl ARl 148190,21 21 Y085 6AORARAPRGRE UR02/ 15159

12. A proces e prep Ion o

11P, 17a, 21-t gichy dnoxdioRa InRchyd OVIpgivardingto diienk2 $h2e-thk Gnlen@tincdtusmde (V1)
according to claim1 where the 11 f 3-hydroxyl ase is of
15 in the presence of a detergent.

16. A process for the preparation of 1 1B,170,21-trihydroxy-60.-methylpregna-1,4-
diene-3,20-dione 21-acetate (VI) according to claim 15 where the detergent is a non-
ionic detergent selected from the group consisting of ethoxylated alcohols,

20 ethoxylated fatty acids, ethoxylated fatty esters and oils, ethoxylated alkyl phenols,
polyoxyethylene sorbitan fatty acid esters, polyoxyethylene ethers, polyethylene glycol
ethers of alkyl phenols, polyethylene glycol ethers, of primary alcohols and
polyethylene glycol ethers of secondary alcohols.

25 17. A process for the preparation of 11B,170.,21-trihydroxy-60.-methylpregna-1,4-
diene-3,20-dione 21-acetate (VI) according to claim 16 where the non-ionic detergent

is an ethoxylated alkyl phenol.

18. A process for the preparation of 11PB,170,21-trihydroxy-60.-methylpregna-1,4-
30  diene-3,20-dione 21-acetate (VI) according to claim 17 where the ethoxylated alkyl

phenol is octylphenoxy polyethoxy ethanol.
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C. lunata. 5 13. A process for the preparation of 11(3,

17a, 21-tri hydroxy- 6a- net hyl pregna-1, 4- di ene-3, 20-di one 21-acetate (V)
accor di ngwoeabmeen 12 where the 11 P-hydroxylase is of Cpcirursat/asiby
fermentation, cell concentrate, whole cells or cell free reaction. 14. A
process for 1heAmreqeas foritherpreparation df 71d BAT ot 21i-mipgldrox y-66ematby lpyégpadgha- | |, 4-
10 di ene- 3, 20-di one 21-acet ate {VI ) according to claim 13 where the .

11( 3- hydr oxy fligags3;20-digge ‘H-aqefpte ¢ D Bseordipgrisnlaim bhwhets C. dungi issdturedying he
preparation b bl i-hydr oxy- 6a- et hyl pregna-1, 4- di ene-3, 20-di one
21-acetate ( ef&%%gg%]iﬁéﬂggcg'ain1lz where the C. lunata is cultured 15
in the presence of a detergent. 16. A process for the preparation of

11(3, 17a, 21-tri hydroxy- 6a- net hyl pregna-1|, 4- di ene-3, 20-di one 21-acetate
(V1) accot di A% DPregess for e pippdratianed 1d Btldpefdniribydrogy-9ermethylpregnadider gent
selected fromth rou onsi St | of et hoxyl .at | cohol s 0..et hoxyl at ed
fatty acids, T@Pﬁ'ﬁ@[‘ﬁ?&dﬁf %c(e{@e é@?é?cémﬁﬂ%l%o%i?@} ?%ifvﬁﬁ?ﬁ‘?%??igrai?'&% phenol s,
pol yoxyet hyl giect&PfrbinttBdlgrbadd Ednsibing of SdyBEsn oiP Rhter¥ie B SiN&ofbieESoil,

pol yet hyl ene gl ycol ethers of al kyl phenols, polyethylene glycol ethers,
of primary aladbiblmseatdoil, pbvy el Ipearuteilgiape stededihandssafflowsrsestbicit.y al cohol s.
25 17. A process for the preparation of

11(3,17a, 21-tri hydroxy- 6a- net hyl pregna- 1, 4- di ene-3, 20-di one 21-acetate

(V1) accqs di ng ALl B WS BISIRidiS 118N TLONGindEbR) 8B 0he) réfla 10Xy at ed

al kyl phenol . 18." A proces r the preparation’o

11(3, 17a, 21- Hiehhrp DOk yneSHl- 62ty (V) egidedihg b cl@ith 20 ®RereIhataiaboigis21- acet at e
(M) according to claim17 where the ethoxyl ated al kyl phenol is

oct yl phenoxys®&r3eeihoxy et hanol . -22 WO 02/ 102826 PCT/ US02/ 15159 19. A
process for the preparation of 11 P,17a,21-tri hydroxy-6a-nethyl pregna-1, 4-
di ene- 3, 20-di one 21-acetate (VI) according to claim 12 where C. lunata is

cul tured in 23 hg RERSERE heYreparitadnlirall BA7b2154riBPdroRy BoORES§Ipteghallle
preparation of 110, 17a, 21-trihydroxy-6a-nethyl pregna-I|, 4- di ene-3, 20-di one
21- acet at® (¥ehe-d20ationerizj-dcetatd @V Dradc@rdihg teecldinel heting atimed nitrae adbli@ct ed
fromthe group consisting of soybean oil, castor oil, corn oil, cottonseed
oil,

23. A process for the preparation of 11B,17a,21-trihydroxy-6a-methylpregna-1,4-

diene-3,20-dione 21-acetate (VI) according to claim 22 where the source of nitrate is

selected from the group consisting of ammonium nitrate, aluminum nitrate, calcium

20  nitrate, sodium nitrate, barium nitrate, potassium nitrate, cupric nitrate, cesium nitrate,
magnesium nitrate, manganese nitrate, ferric nitrate, zinc nitrate, cobalt nitrate,

lithium nitrate and nitric acid.

24. A process for the preparation of 113,170,21-trihydroxy-60-methylpregna-1,4-
25  diene-3,20-dione 21-acetate (VI) according to claim 23 where the source of nitrate is

ammonium nitrate.
25. A process for the preparation of 11,17¢c.,21-trihydroxy-6a-methylpregna-1,4-

diene-3,20-dione 21-acetate (VI) according to claim 12 which uses a temperature

30  shift.
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lard oil, linseed oil, olive oil, peanut oil, rape seed oil and saffl ower

seed oil. 10 21. A process for the preparation of
110, 17a, 2votozitbpges oxy- 6a- met hyl pregna-1, 4- di ene- 3, 20- di oreTABOACHSAt € (VI)
according to claim20 where the natural oil is soybean oil. 22. A process

for the prepzs.ah ipfstesy fol the prdphxatidh-of nil By de@i ytribpdroet-bgimetbygpaegia-4,41 5

di ene- 3, 20-di one 21-acetate (VI) according to claim12 using a tined
nitrate addi dibma3,20-213).ne,&1pa09@@58¥1) ancordieg iorcdaiay 2 Whete gie temperture shift is

110, 17x, 21-t ihégrog%@Ga-neEB%jpregna-1,4- di ene- 3, 20-di one 21-acetate (VI)
accor di ng t o'T¢M A3 fh e e source of nitrate is selected fromthe
group consisting of amoniumnitrate, alumnumnitrate, calcium?20 nitrate,
sodiumnitrate, bariumnitrate, potassiumnitrate, cupric nitrate, cesium

nitrate, s Ma@NeSprebRssiféd tht Frepmaﬁg@aesleﬁ,ma,n birghydiexyr6oc neittyl@egna- Ldnc
nitrate, cobalt nitrate, ithiumnitrate and nitric acid, 24. A process
for the prepdiend-3.30-didneRleacemse V) aqcording xaaignl whelgyhephwkiplyzingas 25

di ene- 3, 20- di 21- V] di Lai m.23 , ¢
N traie o eetHmeG A e seloculd RERICHRR b P B EpllIRL Buliupanr ce ©

110, 17x, 21-t ¢y dikexie6a- met hyl pregna- 1, 4- di ene- 3, 20-di one 21-acetate (VI)
according to claim 12 which uses a tenperature 30 shift. -23 WD 02/102826
PCT/ US02/ 15159 26. A process for the preparation of

11(3,17a, 21-tri hydroxy- 6a- net hyl pre - 1. 4- di.ene- 3, 20-di,one 21-acetate
(VI) accHt di A A Brogessifen tgs PW&?@%BQIE Hg?ﬁ& ﬁ%%?l'ﬁﬁ‘ %‘Fﬁﬁ%“‘?“f‘hyﬁﬁr%aéﬁ ut 28 to
about 37. 5 27. r | :

11(3, 17a, 21- ‘FP‘?ié&er%“?"?;‘f 5&%@%%@? g{fﬁ’g‘ﬁ’? ﬁf'g%ﬁ@f%ﬁ frehasels sslected i ate
(VI) accor di figmttRe Sloap Fodsisih@lof chibendiy i methanslghydsoxipeinfauemd méthinohobase
sel ected fromthe group consisting of carbonate, hydroxide or Cl-C4

al koxi de. 10meghoxilepr ocess for the preparation of

11(3,17a, 21-tri hydroxy- 6a- net hyl pregna- 1, 4- di ene- 3, 20-di one 21-acetate
(V') according to claim 27 where the base is selected fromthe group

CO”?} i st id'ilg 059 CRPRREA 6! thB praphh@BR bf 111,472 1-GehydRo:8c6reaeshylReanbi- or
met hoxi de.
diene-3,20-dione 21-acetate (VI) according to claim 29 where the base is methoxide.

30. A process for the preparation of 11B,17a.,21-trihydroxy-60-methylpregna-1,4-
diene-3,20-dione 21-acetate (VI) according to claim 27 where more than one

20  equivalent of base is used.

31. A process for the preparation of 11B,17a.,21-trihydroxy-6c-methylpregna-1,4-
diene-3,20-dione 21-acetate (VI) according to claim 1 where the product of step (3) is
contacted with iodine in the presence of base and bromide ion.

25
32. A process for the preparation of 11B,170.,21-trihydroxy-6c-methylpregna-1,4-
diene-3,20-dione 21-acetate (VI) according to claim 31 where the base is selected

from the group consisting of hydroxide, C;-C4 alkoxide.

30  33. A process for the preparation of 11f,17¢,21-trihydroxy-60.-methylpregna-1,4-

diene-3,20-dione 21-acetate (VI) according to claim 32 where the base is hydroxide.
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15 29. A process for the preparation of

11(3, 17a, 21-tri hydr oxy- 6a- net hyl pregna- 1, 4- di ene-3, 20-di one 21-acetate
(V1) accowvdioagoases cl ai m 29 where the base is nethoxide. ®O0T/tAopraasess for
the preparation of 11(3,17a, 21-tri hydroxy-6a-nethyl pregna-1, 4-

di ene- 3, 20- d3brrep@tesadartthe prepifia)iomot bl il Toy21-trilgldadxy @F-nwithedpregrer B4+ han one
20 equival ent, of base is used. 31. A process for the preparation of

110, 17a, 21- t diens 328sdiens 21 nacetda (Yleagrardingto pighel wherg thy byamideis gessenit e (V1)

according to LIRS \mﬁ{” the product of step (3) is contacted with
iodine in thlgcép(%ysﬂgglccae 0 ?'base and brom de ion. 25 32. A process for the

preparation of 11(3,17a,21-trihydroxy-6a-nethyl pregna-1, 4- di ene-3, 20-di one
21-acetate (VI) according to claim 31 where the base is selected fromthe

group consi s33-dyprefessyerrtbx prgparation oftl Hi, kipke? térihydgoxysoo-meghydpregna-f.6r t he
ti f 1 ,Jd7a,21-trih - pa- hy| -1, 4- di - 3,.20-di
genaraton g 1GR 1L 1 T PLAA i 0es o

02/102826 PCIneta viled,-GJo". A process for the preparation of
1103, 17x, 21-tri hydr oxy- 6a- net hyl pregna-1, 4- di ene-3, 20-di one 21-acetate

(VI') according to claim31 where the bromde is present in a catalytic
anmount. 5 35, A process for the preparation o

f
11( 3, 17a, 21- 3¢ irpress Jorghe peppiprion abhil. 1702 1-frikyidgoxy-Ggymethylresng: bt at e

) CoeoR St BB LIRSl PSR 7ot ected v o
S LT L L SO A B O o et R ot hageet

tri hydr oxy- 6gotiRsrd YlaR0eg0 af dnylmshueite- 3, 20- di one 21-acetate (VI) produced
contains not nore than 0.1%of any inpurity. 37. A diiodo steroid of the

formula: CHLI2 C=0 HO -OH (V)
37. A diiodo steroid of the formula:

CHI,

C=0
HO <OH
V)

15 CHa
38. A process for the removal of residual unhydroxylated material which comprises
(1) contacting 17a-hydroxy-60-methylpregn-4-ene-3,20-dione 17-acetate (I)
with a A'-dehydrogenase to produce 170-hydroxy-6a-methylpregna-1,4-diene-3,20-

20 dione 17 acetate (II),
(2) crystallizing the 170-hydroxy-6a-methylpregna-1,4-diene-3,20-dione 17

acetate (IT) produced from a nonpolar solvent or solvent mixture.
39. A process for the removal of residual unhydroxylated material according to claim

25 38 where the nonpolar solvent or solvent mixture is selected from the group consisting

of benzene, toluene, xylene, n- butyl acetate, hexane, heptane and isooctane.
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O 15 CH3 38. A process for the renoval of residual unhydroxylated materi al
whi ch conprises (1) contacting 17a-hydroxy-6a-nethyl pregn-4-ene-3, 20-di one
17- acet atwo(okjioaseé¢ h a 0' - dehydr ogenase to produce PCT/US02/15159

17a- hydr oxy- 6a- net hyl pregna- 1, 4- di ene- 3, 20- 20 dione 17 acetate (11), (2)
crystal i zi ng the 1Zarime ReviRofTRSibdl RhBgaxylatéd diassizd Sccbiing wraaiy
acetate (11) produced froma nonpol ar solvent or solvent mxture. 39. A
process for 30heheret®nahpair sobentiomiolenhyintuseys B 3e§RLCAR according to
claim 25 38 where the nonpol.ar sol yent or solvent mxture is selected from
the group cdelgens/isopstansfIHamixHEe a0y yene, xylene, n- butyl acetate,

hexane, heptane and isooctane. -25 WO 02/102826 PCT/US02/ 15159 40. A
process for the renoval of residual unhydroxylated material according to
claim 39 whgr %féﬁb%eéaqamé ?ﬁriﬁéﬂti‘bﬂlﬂf 10B, 1 3@ dileyitoxyi-6at-nrethylpregnab lithydiengc et at e
or a toluene/isooctane (1/1) mxture at 0. 5 41. A process for the
purificati org mj-dibhé 37-adetae diIhpooducyd Ba irkB-hydioxplgsrawhich camprEas: 3, 20- di one
17-acetate (I11) produced by a 11 P-hydroxyl ase ich conpri.ses, (1)
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