EP 0 350°488 Bl Description 1. Fi eI d of the Invention 5 The present

I nvention invol ves® processes for @’% genat i on of certain
[err]-3-keto [err]-hemniester steroal rthrobacter si npl ex or-

Bact eri um cycl ooxydans to produce the corresponding [err]-3-keto [err]

hem est erp&seriptione al cohol with inproved yields, and shorter bioconversion
time. 2. Description of the Related Art 10 The 1, 2-dehydrogenati on of

[ err] - 3- keFisidk #e @wvehtiot 0 t he corresponding [err]-3-keto steroids with Sep-
tonyxa affinrs, A sinplex and other mcroorganisns is well known in the

art .and has Theabrasabﬂ isvectionTimwigésapromssys fok i1 2atelnydrogélBtidRat eertain2)*8Bketo1Ged-hehiesters a
pr océ$ fdroids, WithcHrhhyabacige simplexor Becteriem cycigoxkasns for moslvenbe cerosiopding Alfrdeketo] 5
gnadi ehesCaniemiesteretirgacaioohol wifitimreydd ipids,Apd shorteri bidsenversipeémesr esterified with
a nonocar boxylic acid by the use of Corynebacterlum (Arthrobacter) sinplex-
or @ryn&R&i&ﬂlﬁﬁBﬁ_\!&MﬂB Patents 2, 902 410 and 2,902,411 claim
proces¥es for genation of -sat ur at ed“ster0| ds to

dehydy o 1% Lége ‘F? Cof1ReP Wih<3eP5s
i " ogegs{ p %r@sr% i'maéw@ %g@mfamw 5 ‘ﬁ?J'rkIm“fs“ R AR sy ﬂ%aggwmm@oe
COLy eSnor U8 Pk ba 6P e £5kdls 4] St %hm G Rl el Sk g
pr evi O!r.L)S| a&uén%g ﬁge Wet c’r Qup i fre .%F théﬂk%

pr esent SArtHPdbab e & pfe e e ce

per for ”Ed ugs rlﬂte\ﬂs B ARF L2 503 4% b bﬁiﬁ&% lb& iz hy%kh&{amtdfvﬂ één&a?eld' s
pr et reat egerkids 84 Q.dgﬁyd}a,%o,dj,wth 3 aﬁyxpyﬁ,,ﬁg(posur e to a |l ower al kanone such as
acet one may ybepatshe 8,360 43¢ diskibded la%r&ca&ke#%v tHeOQLARPRogahatibr) 66 8¢ - Skl BlofollS 16 M3

al so bg usAEkpbiting Kebleib sRRId QEiRg A2Simplex cdlSwhied Ridtbeédn prétousid FebcBwitiba BWer

i rrpr\g_y.ed $and @6 alkdnorie. Tieprpdees] ticthe Prasenf invshiichrdobs Aot rebjuifey pratpsyrphied it dollgtanti/ -
(20) tri enm@r sengeriprimed pihee vidble ealislin a fermentation broth. Alternatively cells pretreated by air or heat
11[ err], 2deyioh dnbgtrespoguré to- aviowénalkpmoag simh &s dcefbri¢ MBY be usedTh8 stemi-1cdekyinggbmsd of
wher eby tthese afgrnisnis gar Blad besusbd iy aghll-kdedorner r | - 3- ket 0 21- hem ester substrates
t her eofs whe b8 Pataet 3779:586rclaimscanl improved pracesstfor shechireduetion 28118 21-dibydioxgreg@a 4,171-2
carbon at @isiens3-ene1 (Exameis, 1 rand el f2tdihysioyr§emghyimeonafl 417 riepdiong (Exeawie 5)
flasks, 1WieeEby }hezwa'bn'ﬁ@'a?'ﬁﬁ ?é‘ ?r!aem tﬂ%ﬁtesﬂ'eﬁef whetotheracK rdicaligthal
pot aSSI un?féaﬂ"ia"bﬁ’fy"%\a%ﬁ bﬁé’ﬂ? Bifrﬁ f”’”fshgs"lfe?F'feed

a—4 7(§$D'J%n 15 | ent | e
T Sgg% ;;h;ﬁi?'“ i IR § LR tanie il
21- hem sug gﬁxfp iagjgs “um sa h ‘gﬂ é%’ s' Wegre obt aY’%'%ab‘a'"e"
days. US' - V8- %gﬂaéréﬂd \J3=ACu70 %’%@lo&y fc oBi%PpB?:e%éethb adrodaéeoﬁ elsﬁfe%yér& pigduce
a 1, 2- dehygdrio GRAA R deorwspandigOl S stirttsd (RS ei0lsfofofiP GEY Bdribd 2or Sibeidried iis of
[err] 3- kmbgaggﬂipgxu@mem,ﬁc rob,@gangpesmwdrl ed cells of Arthrobacter

si npl ex a0 ERAH £7254760 R F.2-Hehglry-3-«Eibstbroldd Adm 94-saiaeb-a%6s-
process f Qéroifly w3ing e 10-déhydrogérasetst Qﬂl@o%@lbﬂslrﬁ[ilﬁ d? BaSeriuin@Yelooxydans in the presence of

1, 2- sat ur @i ex6lyenous @letiron atddptol. ds uSing the [err ] ~denydrogenase of

Art Rpphkact er sinplex or Bacterium cycl ooxydans in the presence of an
exogenousSUINARY OMTREENWENTON 40 SUMVARY OF THE | NVENTI ON According to the
present invention, a steroid of formula (11) is produced by contactin a
cor r espondi rsingrte the Pessertt invention a (Stevoid,gf foymuls @) istREqdyeed by eprtactingehgareeng

of Arthr 0‘5‘?{?} 8 formumslp with e steraid AkAshydrpaepese SbArphaater simplox prBagiggum ¢

provi d&s T O%mw%amwvgﬁ vigigsand atethe 53me. timae PRAits the (yge pishiohet s‘ﬁ?‘[ﬁ?er

subst r at €% Eaé' Sy FeqPP?dé‘??ﬁ‘mP@'Bﬁﬁ:ed reaction times. In the given fornul ae:
or [err] :[err]-H or (B-11)

F;Pfr.éﬁeg{wé{ﬂmgfg el ferep o) and (or):

either {C-) Ry1 is H, Ro is absent and there is a second bond belween Cs and C1;

(C-I) Rg is H, F, Cl or Br and Ri1 is =0, H:H, «-OH:8-H or a-H:8-OH; or

(C-ll) Rq1 is a-H:8-O- which is taken together with Re to form an epomde betwsen Cg and C11 in the g-
configuration; and

either (D-) Rs¢ is H, Ri7 is -CO-CH2-ORz1 and there is a second bond between Cys and Ci7;

55 (D-1l) Ry is H:H and Rq7 is =CH-CH;-OR21; or

(D-I) R¢s is =CH2, H:H, a-H:8-CHj, a-OH:8-H or a-CHs:8-H and Ri7 is a-H:8-CO-CHz-OR;, or a-
OH:8-CO-CH2-0-Rz1;

where Rz1 is H or -CO-X1-COORz21-1 where X, is -CH=CH- or -(CH2)1 -g and Rz21-1 is H or a cation.
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e
so ' éither (C1) [err] is H [err] is absent and there is a second bond

between [err] and [®err]; (CGII) [e”%_éfs(g"&s C or Br and [err] is =0,
HH [err]-OH [err]-Hor a-H[err] P -111) [err] is a-H [err]-0O
which is taken together with [err] to forman epoxi de between [err] and
[err] in theolmih a eANE icaddom,-,and either (D-1) [err] is H [err] is
[err] and there is a second bond between [err] and [err]; 55 (D-11)
[err] is H BEmWEDRIESCRPTION OF THEOINVERXOM| ) [err] is = [err], HH a-HJ[err],
[err]-OH. [efrr]-Hor [err] and RI7-1s [err]-H[err]- CO[err] or a-

OH: [ er r] -€CO- [ ghe protast et thg presdntineniiosrcotprises ddntacting p v 4{keto reipgtor[steralq of ifgmuldk)
=CH -~ [ er with eithel theesterid-1 glelidogenasecimim A simplx or B.EyciGox@ials ardéth Bie deltsr of fAosimpiba
(), ', | sor @@moxyd@@mmmnqsw@empmmmu@ne@Wrésmamw\l_‘wmety\st@ud ()
The pr ocessavihe ehkemigskesandior fren2dmydre compyrd-ses cont acting a Ad- 4- ket o

hem est er st erm?é gprﬁlgqxl 31- n,tes&r U] shrtmg\mafeﬁalfégrp h@wn[ton@ose skilled in the art or can be

st er oi d- I"d °A"‘p‘§‘F‘ thads "°‘”6 % El%g' “EPr arwseehfor H’é—:”‘mp'e
cells of AVY i/ 1d'f5"832°8 I‘i5‘8 '&ﬁ"
to produce f '3 °t° I-ha " t?ﬁé ‘és

I actﬂrll
and/ or frees'g " H%Chng sw " rod c3eAthe rou a 1 em| na::r y a
starting by jﬁx %aiiaoéé &9 i Yo dg%Pmpg 1 gacid
readily prep; A NI novvn ose S
the art; see, mr,héa 2“34

H§m%f 6529%999 -F106h; dna Aoh. 109 Blrerrdd'©
Ad-3-Ket o 2lRiTaRS 86 a.m(a.l Awoanhm ﬁﬁ@moehs VB9 hybiiB§enCRinfs &8 BN Witk thgard to
A4-3-Ket 0 2iwltakng 108 prifbrred a1 ibstllBbriat@,, B =8Hiorh ©-CH-odNEBRIY - SirdlaCoHls-cby
sinple, uwel bnicowxqmmhace MBS prefoRathdt XN & -CH-BR- AM(CR),K @heéte Ailis B3 More preferably 2.
pr ef Qagbl y tthepdtbrrechingt Ry is bittinatél ands fum@@e! B prbfblfedoth@ ahd caibn bémonbedént @l be
di aci d t o psadttsddrotmhite Afoup -cliesisingsdfespdiurnl al patdssioararméntim o HF. Fiot peeferaet | stadidal
a 15 Ad- 3- ketrtiond1 thh iehiesters @b eeleted fiom theqmpeodhsisfitglof t he appropri at e anhydri de
or acid hal i dd7e1-dilydrosypsagna49(tii)diena3.20digmeoduce t he A4- 3-ket o st eroi dal

21- hem egser (I15.21-Gydrexypreonad 1 7820kdipm3-ore, hem esters (1) it is preferred that
Ris-1 be -H, -181Z@drihydroxy-beypethylpregn-denordad0edioned t hat the C-ring be-either
A901) or have 148 Phd'mroxsr%metbxlpwaﬂm Fdiep§afgen atons at C 11. Wth
regard to the 1[')”7 “@’d’P’g’pgg’é‘f’%’}eﬁé’B dt°ﬁ%1t the Substitution at Cl7 be

=CH CH2- O- CO ZOCO(Xl) COOR21 -i. It

is preferfed t ° '1 {’ 19 @ ni is 2-4, nore
preferably 2. rox ryé:‘f: %stf‘ﬂa 6)3 " :gosdtf(‘:'?fl nate and fumarate. It is
preferred thaty, fi ﬂsa ﬂa Xaa ﬁ d%dagedm% ected fromthe group

consi sti ng gﬁﬂ 2Th&m£lfc8fw£é red steroidal
portion t %Br&‘o? aﬁ#ér'ﬁs %[ ﬁlm'i: I&J}} @aﬂrMRm&RP%béhs NiteRts 2185748421
- di hydr 0Xyp|74§ﬂﬂ%44m9(4 04—558d*rﬁen§rb&s nt 4wention mby be: ;%cﬁced using the steroid-1-

- di hydr Oxypﬂﬁgﬂagé‘ms%yct'iWQ tréth QileBo m u'ﬂL \Bof kéveral forms. The enzyme from either organism is
-t ri hydr oxy ofsrabisesul it li9 preeinedith& N siphit- Udltﬁétﬁ'as the. microbikl source. The bioconversion may be
- di hydr oxy- eetiudigt Withl gtheradetirde dtdroidQ)deRlid@gendse0browith1cbils df iRe mhicroorganisms. Preferably,
-t ri QuAr ery phagmictbban@isSin 26 ferimantetion bibth &2d used iihihd baxtice GEtheirivénibrb aguidhadditibrial
1) - di ene- 3, B@nuficorieg stpS. When wéivig js@ated chillé)\iibs@rgy e @sed Rkt gllegiior gmiccodgedifatidn from
) di ene- 3, 2thediutient medium by conventional means such as centrifugation, flocculation and filtration, precipitation
&a- f | uor o- 2 g#ndhfij t)jatlgg(ypplgglﬂratlom gl(q:g?latg_dacqllg icembe 8sed(jn @ watstate or can be immobilized by
21- hydr oxypfle @_tgfchg ues) suely ag ptrapment inqliagen, ﬁ[gmatgpr]aar@g_eemn as described in Methods in
_di hydr ox§- Eesvmolagy N9'|Xb e%ﬁa:i‘l (&379). Agadefpie Reess3 inoqNew ¥arieor agp ke drpﬂdéw &patpent with

|n t v drying with
11 .,21-d hzm&?ﬂe-@ym. By an’-dryu?ls mzst%i ggﬁs%ra%ry}ng asagfscl?g)%e?} ] lgzat:n%ﬂ%m 134 and

4,704,358. Steroid-1-dehydrogenase activity in a cell-free form can also be used in solution or as an

immobilized enzyme fo catalyze steroid-1-dehydrogenation. It should be understood that the subject

s0 process covers the use of any form of steroid-1-dehydrogenase preparation from A, simplex and B,

cyclooxydans for the steroid bioconversion of A*-3-keto 21-hemiester steroids (I) to the corresponding A'#-
3-keto steroids (I).

The bioconversion is accomplished by exposure of the stercid substrate, A*-3-keto 21-hem|ester

steroids (I), to the preparation containing steroid-1-dehydrogenase activity in a predominantly aqueous

55 system with a pH range of 6 to 10, preferably 7 to 8. The aqueous system can contain less than about five

per cent of a water-miscible organic solvent. Suitable water-miscible organic solvents include, for example,

dimethy! sulfoxide, dimethylformamide, methanol, ethanol,..acetone and the like. Optionally, a water-

immiscible organic solvent can be added (provided that it is non-toxic fo the steroid-1-dehydrogenase
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35 * The microorgani sns A sinplex and B. cycl ooxydans are well known, see
US Patents 2,837,464, 4,524,134 argﬂ,o { ABS?%B The process of the present

invention may be practiced using t g L 1- dehydrogenase activity from
either organismin any of several fornms. The enzyme fromeither organismis

oper abl e Biiityh In dnSaniul§ & oM Chibbil ! to Absut BT S3uithle WRBIMMRCIBI® Brglic SdhBhB linclude
sour ce. TifuehY, B6REN6CHUHI QbR Yiephio, RUIRS EHibridd ird 1R kb Preféi@l Is-tbiligR8. The organic

st er oi d- 1 sehakitébah FRNRSE 16 diskdhoNorCbperid Be ANBKd0 @T-Reniighionistrgid subsBRERb 3 40
whol e i cesgbridls @Rttod daRiel Pror fte riteMmei atidivon tbrihd Stemidel -déByritbgenaséd [peparativat it e of
t he i nvenptefefred thatcthie taitastihgiot the satoidsubsibia adke plabe)inhecgyesenddivt an eogergud aadrat ed
cel | é\/ t hesdernitys bt nesasshnaid bave gl bx@géniosmelestrdn carrieremeseett withnallf the iy Stketo 21-
nutri eht herdpstansidstratesnil @ isi kooval fo tosmskilied ipkhecast, bus fittis proferedt & isrpariiculagie oreforred on
and filtrahenothe biopanysrgiont is ppriormesieell firee or withj djed eils.(ilhe exdgpnops alpgtiom carrfgfcan be

i sol at ed @ddefl & gimulatgstogpicktidshydragengtipn andigr e pesivent ather sterdidrdegiading activities n Reraftiar d
t echni deie§onsyem these gatjyifes Pr‘@rﬂ°" 'Pet‘i" BGY'P rh{éhm'“ﬁ?‘b ftippreferped that the 3 pobhelepdron
descri bed‘ﬁ"’f’Pr l\%‘t ??E?G’@d fgmy ad' °I' V“’" iopq bigyffts, oquinone,

Acadeni ¢ s“"a Wﬁﬁ‘ '° p °F@ C -t s

al cohol of;’e An°, ‘E“é’f' (?ﬂ'é’e' ’H f dﬁ" 3:"3 ?F;’é-' 7. by
vacuum r %E?‘ﬁ;%ﬁ P?&J\ mr :F réca v| ed oun ) rogg;s&ip e an r%ﬁsc i e|t QQ/
spray- rylp B # ? 6“Ju B @t& bl S the mixture

St er oi d- i IEHYHRYSIE8S, %teea{ a,@. |§§'t fh%?enfperameqan\a .é’sq] A
sol ution gﬁdgbgutqg |p|;gm;yh),”,g @gf)gga,tgg)togg(;@ geze steroid-1 - y rogenat I on.

|t shoul d bernd R8I0t beGverdigat pr& Surs 1M eCsbd RBUehRIdYERESa SHRYIRE A¢-8-Réto DERniidsterNY
f or m ofzg S iof sdbdtratd @ Wil vEY RIBFEREGanD biE R SRlctury antl netiile At B IPRkIGUNar 88RdidBFor example,
cycl Qoxy d@iessubsirtte tdRusSécih Examilé @GO Buchvkte to0domPidtion-Using Kinald chIR M @Fér@bntation

st er ol ds biojh, wheréas Gts convereisp Bnedibstaptially poordt- Using @n stdvaBhtcBnointiof heat-tried cells of A,

bi oconver simplexi The apinumplyps inedeviblyof ¢he @oaamaaraphraidn coptitnam cubatratel bahtantrétion, time of

Ad- 3- ket o s@btrdteaddition and dutationoof dhw bidcnversion ¢ande peadifyedetetrined ix each individvry steroid-1-

st er oi aesi dehytipghnelipe eastionawith reuting, prieliminanp pxpeiimantetiont Withincthp epersecef one pherdinarwi t h
a pH rangekibin the arb Most of theek'I-eefsl 31 -pmiegferpsterqith eulﬁh%@du bioggruarwallcanly it 6y #am

| ess t han whiBligtabgut &% ﬁéﬂ’eﬁg reauegps. Hot gl they A*rd-ketg 331 m@?‘g’aﬁ*ﬁf‘?!dss(lb milevetk vl jupdep| o
wat er - mi séll §fite o ‘F?F‘@“‘E‘?:Iﬁ?@ﬂtwgfhbﬁﬁ’ Wit only maqeﬁoaﬁﬂs@m a‘?"PPe“l"ﬁ W%ﬂ%‘??(?é

XY,

- oy &
anount Of . 0] alaﬁ tg menta on fI'O a/ou y i églig%J acyl%&%
sol Ve.”ts 'Kgﬁj g: %9{ ?3 él'é ron - i er ra&e ﬁgn fr
chlori Cabout mBF E £hlo b gﬂ%r from Sbddf 4’9‘{3' about 91 LA} B S@Sh
used t o dipfaglok§ stafoidPARRE §4ds el dsert irvériRbrPu at)\S
(1) or an &W%%an@‘dgé‘&& S8 oCRiGHet QJbleH’té l&(relé A BidcorvbidBhs p@i@dﬁe&lv@tﬁ férﬁneﬁ
steroid-| b@&lay@rne@am@m@r@w QbthiOA*-3-kdto I28-hémiedtr SSheRdid Sebskrdied ()t &Ry mahﬁa& ing
of the st edadtiofl isd/dhaiter 86 pérde pl ace in the presence of an exogenous
el ec{ 0@ ' Syfhe procésarof the presérit invéntithOferrfis &Rdnfagbduis 08a/6F highér sBbSB g lRGrid8ntrations
el ectron ovth the edvaptagsoesresultiof shoaér|reaciion timés. Th ploces? df thd\presentiaventias tpemmits use of
subst r at e a*@kpto 2e-heraiesten starvid () corvontistionk i dbeul 4itmatiohi30ayi tbase ot thetnon-gsterified A*-
pref err ed 3-kblo stesoith Reldwceliont # \0/ s opasahlec butvilab pomrhrecially dopanterts Abave abeyt 38g/l e ned
cel | free residugly inpreaspited peial yhore irfscprefrekiiocedorm) the fepgiian @blpwer spbsiralp, lavels. didgled
to sti il &relered WWﬂA‘-%@%WPGd% ﬁ%?f@fﬂmaﬁaﬁwvaw 3 Aopiehto aBeyt 42 ofl based on the
st er oi d- dé’@'P’éf&‘ H ’%ﬁ“’(?ldt ies in pr eeldr - tQ ons wher e t hese act ivities

Fectror ?f o .gus %I%ﬂ;‘kﬁ“eﬂm %Es& BT R R

di met hyI f a'F%' iDle HIBRIC PRYENT MR beﬂef (Gelteapghothers wi F%ﬁ!f,§r°r Y.
wat er - W&?’B‘FQN E ?ﬂaV’érPf“BsS g(é’ d'?/feﬂ'ée iqn °“?st“ ke
non-tOX| c St%afeé P%g@ 3? ro (_’gﬁ%n

nenadi one 2 gson St @éﬂfﬂa (5'rF 008 Hse‘f% e St ‘5'"983’3'8%?? ne
et hosul ?at e R‘- kD) nlu 9 ?JLOLtam NflarGii L%'Uegggon%rtebtto s ogP sﬁ nding
fo thBsé! Silled IAGn

preferred At"h@ et$ &o.ﬁ’(fﬁ’w&s 'ia?ﬂ:e&é well krlow
ucts

bi sulfite ory b8 BRI R nediES il MB pridlidtiof of %tSronf?Qr in
cat al ytlcm‘m from about 0.01 gll in the manner described in is

Pat ent &4, 524, 134, to about 3.0 gll, provided hydrogen peroxide accunul ation
Is mnimzed. It is preferred that about 0.10 to about 1.0 gJI be used.
During the biotransfornmation process the mnixture preferably has access to
nol ecul ar oxygen and is stirred. The terrperature i s mai ntai ned between
about 5
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and ‘about' 45K, preferably in the range of about 25 to about 35'. The type
of bi oconversion procedure to be usgélo;ragpﬂggéﬁlrogenate a specific A4-3-keto
21-hem ester 20 steroid substrate ( y dependent on the structure
and nature of the particular steroid. For exanple, the substrate discussed
i n Exanpl e dednimBAS AR CORVEHdIgs conpl etion using whole cells in a

f er ment at i ombrottr,—whereas—tts conversion i s substantially poorer using an
equi val ent  ampwnietififiond @Ad s BidnBdns BoIbW afdf for'the Séritb [a8 Xised THRUENBIL! this! Bhtlr/ BEcumBISt

| evel of t hgcumingBom tHelspaRlitation aHa.thedllichdTUM substrate concentration, tinme of
substrate addition and duration of the biqconversion can be readlly

det e’hﬂ ned Ii CONVENTIONSHOR FDRMULAS AND DEFIRHIONS GFeARIABDB®Nat | on reaction with
routine prelimnary experinentation wthin the expertise of one of ordinary
skill in the 3ahechorhiod formiilast represtrting varigtsocofhpoundsidranciagulardiagmeritsin tha Isacificationsand| )
bi oconvert clirhd mangoptainyarigblesubstitnenishin eddition teadxongeslyodsfiged rstrWteewreadthwwsnabNot
all the m4-bstivpeis mifhetlilﬁtéb\t dletterop? it doligwey! byjainpimeyigal [gubseript. far mxpmpleald ™ off "Ri"he
above condl"{ﬂeﬁ’ns is E!b'még%‘?hRseb’ét'qb@rs“W'l“?ﬂw 9‘“‘8."rf“ U—§b§ Yot At isctbpyderipsent a

wat er - m sci&¥ r“'q ”?d’i’ BP%°" Qﬁi"&’a' VCB‘rFkZ eouiddopreget @
fer ment at i 0tﬁva t| a - ndFy would monovalent
st er oi d- | d’éﬁ 'ft? ﬁu se s | W@?’\ %‘;’f‘ 1‘°é’f‘ f’rf’ 'q:"
grohhz u e atom me |ae he | ‘éef P,ga 3] |u n e e m n h two r more

1 rox slyﬁlé Sre% &5 |n éﬁ; ﬁtivé ¢ bnégﬁ‘b t&ems
aci d est er Sis % E% |§te eléﬁot 3 F\ ér nthddbs. Thus, in
21-acyl oxy- fo [a Botr$ e£n9 %re n& Qo h%r éa%n% 'Rrsd rahPFﬁbl@Qﬂth
to about ;o Giabilshédf systei of &ftoh laldmChumBerlny sﬁ’éﬂé ASHSWe MdsRfsPiT, ! O

1- deliy dr ogeggleeriPsomé fdgerSédirbosbing 1o hmaﬂ;bhearoﬁ\ ﬁdn)beHSF%r s,uh@rer 0d fopresents the 6
concent r at i ggitidn’ o FarBén at® AdMiberinlid stsidliucib(s 43/ thatilicbilyRSigEted By tHaso skilled i Bokt
wei ght or fdf Gierdid @hemistry 4 LikéwvisaDmeé! ttermd. "Rs O)/réprdseiits laangfible0 Bubbtiient? feitlity thichivalent or
steroi d parigvalent) staie ¢GJpoktdnent 3, 770, 586. The process of the present

i nvent i oss usi Ggpmical s @K pEionsiheof drdvndial v dindaafyshionepresentaltontsi i b dineas chaivt That e
| evel s i n biyobdivein genanal rgpeesbris atbdnd/betweeh dvonaterosini tamchisinoThus Glis{OrfEH2-CH(R)-CHs
21- di car boxpibrpsents @i2cbulstituted-1Aubtt@xyipewpane Zompnrund. dnsa similas faghian, the syrbot Falt @aregg@ a
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the clains. presence of a carbon carbon double bond in the ring), and for a substituent bonded to a carbon atom which
is not part of a ring the above convention is still used, but the « and 8 designations are omitted.

Just as a bivalent variable may be defined as two separate monovalent variable substituents, two

&5 separate monovalent variable substituents may be defined to be taken together to form a bivalent variable.

For example, in the formula -Ci (R)H-C2(R)H- (C1 and C: define arbitrarily a first and second carbon atom,

respectively) R; and R; may be defined to be taken together to form (1) a second bond between C, and Cz

or (2) a bivalent group such as oxa (-O-) and the formula thereby describes an epoxide. When R; and R; are

fs Jﬂy{:&ﬁd hérélfy Eéf &@on&rﬁéﬁﬁﬁ wiﬁ%é:%&t% ﬁﬁ'pﬁr‘{aeéf ?ne
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5 1. CONVENTI ONS FOR FORMULAS AND DEFI NI TI ONS OF VARI ABLES The cheni cal
formul as representing various conpou g%r [ | ecul ar fragnments in the
specification and clai ns may con'?%?’n‘P %&t#%‘e) substituents in addition to
expressly defined structural features. These variable 10 substituents are

identifi e%kaiytoq'bﬂteﬁotf&ﬁ\ £rhors! cerﬁﬂléxeehﬂt; Qlidnusarh Yup@xTH WA ke Brienttibs & thd dntity i9
exanpl e, ‘sgeh that G'in thelaboVs) RRuldls| bdnded®d X BAELBE s bc;hbﬁﬁ% V. afhu& Ry Econvention the
subst i t uegksignatiof "Ci A, ARA RITEB Rk BBSthePio By A8 WH.-OLEERL..." Hieant B930S Y WHidNthe 2
group att a&bed@l i$ BontidtFio GO HEWbVRr, AlerDdbSigitedt R GRERaRAbkel R36tAer 1610IM CHATAY-O, a
group Zs 'GOuhetbofiveptio Hrdbrs adadiony @l vihith theaboryl ie borideddoicached to the fornul a
CH3-"8¢=Zi ) H.Thé&x@bynsatdmi contant oRyarisitlalsutlstiepts ésSiadidatetinname af @0 vaysaTheditst method uses
subst i t uentmefixfto athet auttine darbep ot the viudablausuah GHICCEL'; @héd )boRPH2 . and\Téh achietegersl
fornmul as sepessentiaghe mnimdn and rhaxireay numkeriof carborsaians in dhetviadiable. Hiscoredix is/sepératbd e
subst i t uefiers theovatiablenyda srace dreerampls.c’ & alkid raedentsoalivhef tathtough fromsbinzatamsy t o
t he | eft® 6_'10'%‘1'1@ ispmpricaterms therpef tunlegrodrt oxprees indiegtion ftp the rcantraryeils jgiven)y \Wheneyagdhisr
nore cons é'ﬂﬂ!‘! protix iy givanathe aretiy ipdigates the pntire s3rkonafp of of He prinkle, beingdetined s, of
t he conse \?@°’ﬂ¥%ﬁ"?°aﬂld€s‘§'%si PiouR: FHas(GHe)w Btﬁﬂjefﬂ'e’@d’ tsh@"q PR & t%’l e second
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t he forrmf NHare
e T o ”98% 2 ttgx@ e e
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! s t hﬁor’n@ tg %rbgrpgt{)rﬁ§% s i r e
r défﬂltl ﬁ'nlt§ ﬁlrepéf o tﬁ)g% #S

represent §| aﬁtﬂé éoﬂlgmqrorg
traditipngd a(, shasl gnat ed ose skllled In the art of steroid chem stry.

Li ke%se t havieR! e cififls ERRINCICRING Sompithki @PHIE) Subafthdnt, URNthe( BAd REMthe phrase
nonoval enharfifigrdekigdifythat particulah SubSHiueRIOAIl b Hibtatierbin (parenthésesfiwhizh will @bri8spang todthe
porti ons &dnes sufle/desighaiion iMord df itHACCHARTA WhicH Willl 280 rseiStont thé titifical struturbll forhak of
chai n. Theatpartibwér sibsituent general represents a bond between two atons in the
chai n. 2&fhus CHs- O CH2- CH(R1)-CHs represents a

2- subst i t UtREFINITIGNS hoxypr opane conmpound. In a simlar fashion, the synbol

= " represents a double bond, e.g., CH2 = C(R )-OCH3, and the synbol "-"
represents a‘\“tt?"tpﬁfaé"%éf?d"d@f@sceﬂ*iMCl—I(R )- CH2-CH3. Carbonyl groups are

r epr esent ed "lphcé‘?f‘t’ﬁ@rh'gbr?@sﬂ’re'tqhﬂc dographyy. or - (( 0) W|th the former 30

bei ng pPef erfMirefprto g'!" Y'PE’P Chem cal fornul as i ng)
conmpounds orw'??ﬂls%' T T"sat?g;hs‘lﬁ’émfBi?F’é'?é’ﬁ'P'@?f"q“ﬂ}/a‘”Y)l near fashion.
Thus, the c rﬂ/ﬂ@ﬁ‘f di ne can be represented in |inear
fashion by 1Y _m ns 1-fiemies o: ubstllar' ? ;ssé)cp k}g}hs/lttebeth
aﬁq ng 1'n % he

at ons r I

f or mat {ggnglg t n%&pﬁg%?g\?mé E‘e g&?‘ec [ c no gcuﬁ% ragmen

4- (et hyl )Egmml@gram nyl can be 35 represented by

- N (CH2) 2N(C2H5) - CH2- C H2. A cyclic (ring) structure for any conpound

herei n def i N@hoa Rurfér RBbratioh s hifevbd RS BifaGkillddan h8 Grt Bar BéingQhe frbt@dihd dedcripBén,

SubsS{ i1+l € plaftica teedaed irventitrne ks GuREsh Bxlend TS ToMwirlg tStallad Ghdntples @8ALEWbw tb Prepare

formul as depaiué banppuels aodsrpetisitishe aricusipsdcbdsecoftthedihteaitinadld e t@be eonsiaued as om

bel ow t he metelyritustrdtive, laed nat tigittiensi ofl hetprdcedig disiobuee ingany way wisatsabveh dhdsa skilled in

conf i gur athegwt withproinptlyi raebigujzet attropyatenvaratiohsefngm the pirseduges bdtht ds del rdagtants and as to

attachrrenreact@npmm@fwﬁb@hclmm : 40 i.e. , by the synbol "- - -" or
".%he correspondi ng substituent attached above the plane of the ring

i s i denti EXAMPUEST Befimplex Biogonyersing o 114:31-Dikydronpraoea 4 k20 gigners-oge @iHpraiycginate

subst i t ueRPEISEMGAE4) ent, the val ences may be taken together or separately

or both i f nItI,O of .th var bIe For exanple, a variable Rl
attached tr‘lo'g'!i"a@ IBrgﬂgﬂIfsg{:»?% ht be bi val ent and be defined as

e L gae%%gfv gl
bi val ent
slu\tggt ??ueP;,oﬂo,t, g,atfognventlon u'{ng lﬂ:og%? I'ne '?ﬂ{e‘ b| va t varl abTée IS t he

form " ag Rl - Jinb Imbllve 6-incabat&ONE 1iveR ishaRd Haskd)&12807on alrila lssénera(zm% m&mmaw&on
and 81-R wodayse attached to the carbon atomto yield -C(a-Ri-j) (p-RI-Kk)-
For exanple, when the bivalent variable Rs, -C( = Re)-is defined to conS| st
of two nonoval ent vari abl e substituents, two nonoval ent variabl e
substituents are a-Re-i:JA-Re-2 ..-RE-9:$R-Re- i1, etc, yielding

-C(a-Re-1)($i-Rs-2)-. .... -C(a- Re 9)(fg - 50 Re- Io) etc. Likew se, for
the bivalent variable RI1, -C(= R )-, two nonoval ent var|abIe substituents
are a- RL -' :fB-Rl1 -2. For a ring substituent for which separate a and 4

orientations do not exist (e.g. due to the



presence'of a carbon carbon double bond in the ring), and for a substituent
bonded to a carbon*atomwhich is no P %@53&;% ring the above convention is
still used, but the a and 8 designati mtted. Just as a bival ent
vari abl e may be defined as two separate nonoval ent variabl e substituents,
two 5s  sepRsadoRdafPsiaY BbRikpmdi baalBiReSUbSt i tuent s may be defined to be
taken together to forma bival ent variable. For exanple, in the fornula -G
(RI') H C2( R ) Hrne(drawttamekidn? usbaftoriee svbdndéry prolifbriition of the Sricrébfginisit GondRts R B &jdeous
atom r espaniktire ef thig fokdwing Indtriédt mawyaisbe defined to be taken together to form
(1) a sesond bond between C and C2 or (2) a bivalent group such as oxa
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DVF refers g,gwmggaigylforrmm de. Wien solvent pairs are used, the ratios of
sol vents used are vol une/volune (v/v). A sinplex refers to Arthrobacter

si npl ex. ®B.  Cyshbvary<6 gérioral fro&dire LPEBMHLE M| ard madf g RAENEANVEriatidis But starting with the
concent r at i Breskeff 214 $téroidsl (NEFGoRFINEA bIdWE el Sorrdspbiiching X' @ Stetdids (M e obtained
expressed adithel aS1IB frbd 21edicohd! BEethe321 -Woiegiai or(adnixtlire the@ofeXpr essed as t he anount
of the correspondi ng 21 -hydroxy steroid.
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EXAMPLES' Wt hout further el aboration,
using' the preceding
invention to its full est extent.
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Following

the general procedure of US Patent 4,704,358 and making non-critical variations but starting

with 118,17a,21-trihydroxy-6a-methylpregna-4-ene-3,20-dione 21-hemisuccinate (l) and using B, cycloox—
Yyaans, the title compound is obtained. The bioconversion is monitored by thin layer chromatography of

butyl acetate

extracts and known standards on a silica gel (fluorescence) plate in a chloroform/methyl-

cellosolve/95% ethyl alcohol (87.5/5/7.5) solvent system.

epslrv SoEPRISPR: wihy known saEplese by HRKGy o otiica hessd -
f’uﬂ%r’aeﬁrﬂcmts' {3/89/0-Pe reipnfiene e of (fife 26y g



m xture i's allowed to grow for 36 hours at which time the pH was adj usted
to 7.5 and nmaintai ned by an autonat'Pu@gghbégﬂ of sulfuric acid or sodium
hydr oxi de. Menadi one is added after tThe p Jjustment, to a 30 final
concentration of 0.17 gAl. The A4-3-keto 21-hem ester steroid substrate
(1), 11,6, 21-di hydroxypregna- 4, 17(20)-di ene-3-one 21-hem succi nate
potassiumsalt (1) is added i nCBARTtA0 give a final concentration of 11.35
g/l (which is equivalent to 8 g/l of the correspondi ng 21- hydroxy A4-3-keto
steroid). This mixture is incubated for 48 hours. 35 The conpl et eness
of the re@action is determ ned by an HPLC assay. The products, a m xture of
11, 8,M21- di hydroxypregna-1,4,17(20)-triene-3-one (I1) and 11,

, 21-di hydroxypregna-1, 4, 17(20)-tri ene-3-one 21-hem - succinate (I1) are
hydrol yzed to 11 8, 21-di hydroxypregna-1,4,17(20)-triene-3-one (11) by base.

This is followed by filtration of the m xture where the Al "4-3-keto steroid
(11) is f%tained in the filter cake and equently extracted with aqueous
were 40 identified by conparf@o ¢ 2 'h@s by HPLC on a silica
based CG-8 colum, 25 cm elutipng | e phase of

' A 60+
21- hydroxy compound is 1 .j;nn of the 21 -hem succinate¢iy 28.5 min
EXAMPLES 2-20 46 Fol t jener al procedure of EXAMPLE 1 and
steroids (1) of Colum A bel ow, tjhe corresponding A" 1,4 steroids (Il) are
obt ai nedaeei ther as the free 21-algohol or the 21 -hem ester or a mxture
Colum A 2 1 7a, 21-di hydr oxypregna-4, 9(11 )-di ene- 3, 20-di one
21- hem succinate 3 11

acetone and crystallized by proceduses known in the art. The products
acetonitydl e/ waterfacetic The retention time of the
maki ng non-critical var O1fS Pyt~ starting wth the A4-3-keto 21-hem ester
thergof: 50 55 7  EP0350488B1 ERAVPLE

i,17a, 21-tri hydroxy- 6a- net hyl predn- 4- ene- 3, 20- di one 21- hem succi nate

pot assiufA salt 5 4 11 P, 21 .

- di hydr oxy- 6a- net hyl pregna- 4, 17(40) - di en- 3- one BlocoReaRSIICi nat e sodi um
salt 5 11 0, 17a, 21 -tri hydroxypregn-4-ene- 3, 20-di one 21

-hem succinate triethylamne salt] 6 1 7a,21

-dl hydr oxy- 6¢c- et hyl pregna-4, 9(13 ) -di ene- 3, 20-di one 21 -hem succinate 7
17a, 21 -0 hydroxy-1 6p-nethyl pregna-4,9( 1 )-diene-3,20-dione 21

-hem succinate sodiumsalt 8 V- 6a-fluoro-21 -hydroxypregna-4,9(1 1),1
6-triene-3,20-dione 21 -henisuccinate poRggsiumsait 10 9 21

- hydroxypregna-4,9( 1 ),1 6-triene-3, 20-fi one 21-hem succinate 10 1
7a, 21 -dhydroxy-1 6a- met hylfy QAN _di gne- 3, 20- di one 21

-hem succinate 11 : gna:hﬁlJ(ZO)-dien-3-one

21-hem funmarate 12 y thoxygdr egna- 4, 9(11 )-dieﬁg-S,ZO-dione
21 -hem oxylate 13
8,17u, 21-tri hydroxy- 6a-
sal t\.15 14 1 q

21- hem gl utarat e sodi salt .15 11 0,1 7a,21 .

-tri hydroxypregn-4-ene- 3, 20-di ong. 21 -hem adi pate triethylamne salt 18
17a, 21 -dihydroxy-6a-nethy|pregna§4,9(1 1) - di ene- 3, 20-di one 21

-hem fumarate sodiumsalt 17 1 7a,21 -di hydroxy-1 -

60- net hyfregna- 4, 9(11 ) -di ene- 3, 20-di one 21 -heni nal eate 18

6a-fl uoro-21 -hydroxypregna-4,9( 11),1 6-triene-3,20-dione 21
-hem gl utarate 20 109 21 -hydroxypregna-4,9(1 1

), 16-triene-3,20-dione 21 -herm oxylate 20 17a, 21 -di hydroxy-1

6a- met hylpregna-4, 9(11 )-di ene-3, 20-di one .21 -hem nal ate EXAMPLE 21 A
sinplex (dried cell) Bioconversion of '

6a-fl uoro-21- hydroxypregna-4, 9(11), 16(17)-triene-

4- ene- 3, 20- di one 21- heni mal eate sodi um
oxy- 8a- net hyl pregna-4, 17(20) - di en- 3- one
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25 "3, 20:dione 21-henisuccinate (1) Follow ng the gener aL—pJf—geede'—%—Gf— US—
Patent 4,524,134, and maki ng non-grjt] riations 1.0 g :
sinplex cells are suspended in potgglsimag\rﬁsphate buffer mﬂm(ﬁ Mml
pH 7.5). Menadione 30 (8.6 ng) is dissolved in ethanol

to the celglamgdispensi on. The A4-3-keto 21-hem ester ster 0| d substrate (1),
6a- f| uor o- 21- hydr oxypregna-4, 9(11), 16(17)-tri ene- 3, 20- di one

21- hem sugqcCiAgbsdse fod thé prodlicion@k ¥ Sivoid Bf folulaamd added to the shake flask to a
final steroid concentration of 4.0 g/1 (based on the correspondi ng

21- hydroxy steroid) and a final DMF congentration of about 5 percent.
Repl'ate flasks are incubated on a rotgly shaker at 31 * for three days.
Anal ysi s of the bioconversian mxture 3 HPLC i ndi cates that 99 per cent of
the A -3-keto steroid 21- herﬁ 2 N e RI'% i's dehydrogenated to the
correspondi ng Al product and. |s D a mXxture of the

21-hem'uccinate (11) and hy g or-8~ (11 ). The products were

identified by conparison no sarrpl es by HPLC, on a )i ca based C-8
|IR§ HF/ wat er/ acetic acid (9/31/60/0.3),
U

colum, eluting with ace
retention tinme of the eOnpound is 8.19 min, t he 21-heni succinate
is 12. 5 and the subst@ate 1s 1425 nmin. 40 EXAVPLE 22 B. cycl ooxydans
Bi oconversion of 11 p.17a, 21-tri§ %droxy- 6a- net hyl pregna- 4- ene- 3,-20- di one 21
hem succi nate succinate (lI) Foll oW ng the general procedure of US Patent
4,704, 358 and nmeking non-critical variations but starting with
118, 17a, 21- tyHefaydr oxy- &6- met hyl pr egna- 4- ene- 3, 20- di one 21- hem succi nate (1)
and usipg B. Cyimbio@yR:)$1208,, HH)8-FigH be-cheogpsind i s obtai ned. The
bi ocgnver si on (ssi)Mp & GHa'aAdlthbry is ddebonk BRI beflBEmCEENAYy aphy of butyl acetate
extracts and kemen(CayrmndH, Bs is@bsent o iersds g edcordf Hondbedesae Csagd Gh:ate in a
chl or of or 1 et (o) -Rs GseH, IFOGI@F Biedn8 $X4 ie t=10y H:HatGHofB lor 4-8:8-B1, B¢ 7. 5) sol vent
system sO0 55 &) R §HBZD whisB isBakeCliddber Avith R Go from an epoxide between Cs and Ci1 in
R R16 26 the 8-configuration; and R 6 25 BI OCONVERSI ON 30 36
R 1 1~ sither(Dxl) Rye-is-HRRy7 is =CO-CH2-OR21 and there is a second bond between Cie and Ci7;
~~~~~~~~~~~ (11 (48 Regig Hitand 7 is GbCH-ORas0or ———— 0] 11 UQ 1 1111111 11
(D-I) Rys is =CHz, H:H a-H:8-CHa, a-OH:8-H or a-CHs:8-H and Ry7 is a-H:8-CO-CH2-ORz1 of a-
OH:8-CO-CH2-0-Rz1;
30 where Rz¢ is H or ~CO-X1-COORz21-1 where Xy is -CH=CH- or -(CHz)1-s- and R21-1 is Hor a
cation;
which comprises contacting the corresponding steroid of formula (1)

35 : R\ 7

(Y Yt
(1)

where Rz1 is -CO-X1-COORz1-1, where Xi; and Rz1-1 are as defined above, with the steroid A -
dehydrogenase of Arthrobacter simplex or Bacterium cyclooxydans.

50 2. A process according to claim 1, where Rs is =CHz, H:H, a-F:8-H or a~CHga:8-H.
3. A process according to claim 1 or claim 2, where Rq1 is H:H, a-OH:8-H or a-H:8-OH.

4. A process according to claim 1 or claim 2, where Rq1 is H, Re is absent and there is a second bond
85 between Cs and Ci1.

5. A process according to any preceding claim, where Ry7 is =CH-CH2-0-C0O-X;-COORz1-.

10



C L M~~~§ Calms 1. A process for the production of a ﬂ ﬂllmlnl‘“lll) ||‘HI a
<(31|- ::)fIS 56or a- %ﬁs:llé’-\II-I\/;ne(r)(ra (Zgl 1) RNE??:%EQ%EE Hlengl :2 %1 !!!:iond bond
between C6 and C7; either (C1) RL1is H Re is absent and there is a

second boncb.bﬁtp%gég a&% &'}P% Sry oi-clan('og ECH w%e RS lﬁz-OE:.B-(ﬁ-Cl‘EEO-Bb edoRl, L is =
0, HHa-CH ,h66-H or OH; 1is a-H #-0O which is taken

toget her WIihA%&@aEdomma@a@m&mdmﬁwmaexC%-enelcml 1in 25 t he
a-configuration; and either (D-I) R16 is H Rl17 is -CO CH2-OR21 and there

I s a secends. banptbcbstaseaiing@d tnydhdaifd 7 jo € Bhekd X1 BBHi)se4+t H and RI7 is =

CH CM2-OR21; or (D-111) Ris is =CH2, HH a-H ,6-CHa, a-OHj5-H or c-CH3:# H
and R17 is %&- H:m&e@@c@r@gwaim@rwmem;@ﬂz@a-m}oR2-1; 30 wher e
RFi is Hor -CO X1-COOR21-1 where Xi is -CH=CH or -(CH2)1-8- and R21-1 Is
Hor a cati%AW@WMWrt?gé@%W%tiﬁﬂWhe correspondi ng steroid of
formula @) 35 95~~~~~~~~~ Rl ~40 f6 45 where R21 is -CO X1- COOR2i -,, where
Xi and R2 -1 érpé""a? agRordingde;any peReeding Glginy whera “?tcé'f"ﬁl'sd"%wa'eﬂbhydr ogenase of

A et f, oL TS O L LIS RTINS o S L ™
accordi ng t‘& (Paocregé]éoco ltg p%dc 3‘;% et Rr;\ee ’e s\t/ﬁé(lr_@ '%fgﬁ“.g'} OERsa; SH: Jag-se?r;'t

I
4, A process a ‘1
-a a-417(2d9 and C1 1. 5. A process

and there is a
according to anyﬁgr,?,p‘q ity ko @L,ﬁgmymﬁ.e.emgzd.&ong CH CH2-O-CO- X1 - COOR21 -1.

10 6. A procegg g BQthﬂyiQdﬁa-Qﬂ )»%ieﬁlﬁ-oﬂe 0 4, where Rat is

a- OH: 8- Cig CH2- O WlghH, 21 of8,d0tdmeSS according to any precedl ng

cl aim/ where Xi 17321-aihydrox§:b&.mahy|&egné\.4p(1chms.sa@.aiafed| ng to any of clains 1
to 6, where X |Fa2{-fhidicky-168-metli}iprein4, 9T BeRNSSL0IcheNg t0 claim 8, where Xi
IS -(CH2) 2- 4-. Il6a-fludkoR1-Dyiesgoragna-@.0(d1)6trbme-3;20adiame,8, where Xi is -(CH2)2-. 10
11. A process acdwdipxygrepma-4ai\), (rtdenedi2irdiond, andm where the cation is

nonoval eprt . 12. Ve p1-dibwsisxy-@onstiiprgna-6o(htidiope-3¥edinag cl aim where R2, -, is
H, sodium {)ot assiumor amonium 15 13. A process according to any

precedi ng cl4aifrBrocagscaceordingdo §‘1Vé¥Q9P‘31"G( qiajm,; which {5 Rerirmed in therresencs of an effective amount
of an exogenous electron carrier.

b1

30 15. A process according to claim 14, where the exogenous electron carrier is selected from menadione,
menadione bisulfite, 1,4-naphthoquinone, phenazine, methosulfate, phenazine ethosulfate, dich-
lorophenol, indophenol and cytochrome c.

16. A process according to claim 15, where the exogenous electron carrier is menadione, menadione
35 bisulfite or 1,4-naphthoquinone.

17. A process according to any preceding claim, where the steroid (i) is contacted with cells of A. simplex
or B. cyclooxydans.

\/ 40 18. A process according to claim 17, where the steroid (l) is contacted with viable reproducing cells of A.
simplex or B. cyclooxydans, under aerobic fermentation conditions in an aqueous nuirient medium.

19. A process according to any of claims 14 {o 16, where the steroid (l) is contacted with dried cells of /_x.
simplex or B. cyclooxydans.

20. A process according to claim 19, where the cells are air-dried or heat-dried. -
21. A process according fo any of claims 14 to 16, where the steroid A'-dehydrogenase is in the form of a

cell-free preparation.
50

1



—_—

170; 21 -ti hydroxypregna-4, 9(11 )-di ene- 3, 20-di one, 11 f;21

e oy e BRI 5178 o HIl\IIH\\I“lII“\\l\l“\ll\

- di hydr oxy- 6a- et hyl pregna- 4, 17(20) - di en- 3-one, 20 * 196,11

7a, 21-tri pydhiansprichgn- ene- 3, 20- di one,

17a, 21-di hydr oxy- 6a- net hyl pregna-4, 9(1 1)-di ene-3, 20-di one, 1l7a, 21

- di hydr oxy:- 1\ﬁﬁhmmhuéra6m@uneés&(oidsll§rmimen 3, 20- di one,

6a-fl uoro-21- hydr oxypregna-4, 9(11), 16-tri ene- 3, 20-di one, 21

- hydr oxs/pregna-4,9(11 ),1 6- trlene 3, 20-diyone, and 25 17a, 21

- di Wrdr oxy-1 6a- nethylpregna 4,9(1 1)-di ﬁe 3, 20-di one. 14. A process
according to any preceding gl A s perforned in the presence of an
effective ambunt of an exog ‘-lalsr 30 15. A process
according to claim 14, where el ectron carrier is selected

from ndfadi one, nenadlone - ‘-naphthqu|none phegpzi ne,

nmet hosul fate, phenazi ne ¢ h- | orophenol, indophenol and
cytochrone c. 16. A procg co ¢|ng to claim15, mhere t he exogenous
el ectron carrier i s nmepgde # “wprfadi one 35 bisulfite or

1, 4- nappthqu|none 1707 A proces! according to any preceding claim where
the stefoid (1) is contacted witRgcells of A sinplex or B. cycl ooxydans.
40 18. A process according to clg|n117,_mhere the steroid (lI) is contacted
wi th viable reproducing cells of A sinplex or B. cycl ooxydans, under
aerobic ferngghati on conditions in an aqueous nutrient nmedium 19. A

Pr 0Ces Sp aC COgntheBét (B-9) RNY =0H, H:B, dIEi8-Hbdér@-cH3:s-1ogere the steroid (1) is
contiact ed Wi (B Ry i=6CH; ®8il Vorliegbn eifer 2Meitda|BindurgrzwiSched e bmbry dans. 45 20. A

pr ocess accsnthedd (C-0) Red aiH R Bhit wilewizclich€s ol €15 gibt @ eferzweltoi Bidiugy: heat - dri ed.
21. A proces(S-inBc sri]iFng otier Baoyd R < F&| H¥l, dOHBd dier o-His@Heodehe st er oi d

Al- dehydr ogel@ddii s a-H:8tChedak gusammen aitdezivisgher 8 prdch ainader @rikonfigiraid® ein Epoxid
~~~~~~ BP O 3¥detasd Bl | Il il 11l Patentanspriche
1. Verfahre ﬁmﬂefﬂﬁﬂ)ﬁel-l Wy &i FOLHBORe 10hel Yorlipgen ¢insr megitery Bipgung zwischen Cye und

R R .5~~~~-aZ~n]

(i 15 vxonn(?d')ﬂw—é'r'rt%é&%’r '1“4%@“2"0"@142 H: H, an6Hodor a-CH3: , 8- H;

oder (%\_9\:) h B, rH'U_%‘f iQ\LAr;ﬂ bngung zwi schen Cs und
Cr; d - RAT =

Crei £o B o g ey e T St W, 8 S
;"89 ﬁﬁx ge}hgs Pr%chena%{n gtero%sger éﬂﬁe?' zusanmen nit Rs

Igura

oder af-H, 82
ZW schen Cs ung

35

ion ein EpoXid 25 bi |l det; und

(1)

worin Rzq flr -CO-X1-CCORz21-1 steht und X1 und Rz1-1 die zuvor angegebene Bedeutung besitzen,
mit der Steroid A'-dehydrogenase von Arthrobacter simplex oder Bacterium cyclooxydans.
50 ' :
2. Verfahren nach Anspruch 1, worin Rs = =CHaz, H:H, a-F:8-H oder a-CH3:8-H.

3. Verfahren nach Anspruch 1 oder Anspruch 2, worin Ry flir H:H, «-OH:8-H oder a-H:8-OH steht.

55 4. Verfahren nach Anspruch 1 oder Anspruch 2, worin Ry flr H steht, Rs abwesend ist und eine zweite
Bindung zwischen Cs und Ci1 vorliegt.

12



entweder® (D-1) R16 = H, RL7 = - CO CH6- OR21 bei wan"l"UM“m
Bi ndung zwi schen G s und d 7; '(Dlég 513 H und RL7,="=0 MI
oder (D-111) RB6 = =CH2, H H, a-H -H oder 30 4 CH3:"8-H
und R17 = a-H K-CO CH2- 012l odor a-OH: fI-COCHZ OR21; mt R2, gleich H
odor - GO Xlg O Rhven %mhvﬁ?t{eh\nde?'('vorfmiﬁehe% hépruAlD Qvorm( &%= -CHB@ 0'32%1 -cdor;f 5, H
oder ein Kati ggystehen, durch I'hrungbri ngen des entsprechenden
Steroids der Fornel: 35 It ~~~R16 K. 40

(1) 45 6. Verfahren nach einem der Ansprﬂche1 bis 4, worin @, 060d-0R:8/60-CH,B-COKOCBORs CCE¥IRE 1
- steht gnd X1 und R21 -1 die zuvor angegebene Bedeutung besitzen, mt der
St endr'd Al -7de Nyrchhieg edvh sRer dor vathérgshaixes Assprishe)Rbrievs ditteCH Baid-tstshi. UM

cycl ooxydans. 50 2. Verfahren nach Anspruch 1, worin R = = CH2, HH,
a-F:,-H odes ¥er@hian ngch jdinerd den\Aesiiridhe & bisGaediin Xn € (Qldtn -4- stelibr Anspruch 2,
worin R 1 fur HH af-OHj8-H oder a-H p-OH steht. 55 4. Verfahren nach
Anspr uchtel Qad(\!PffaMQBpMénsPEmhW‘hxﬁuﬂ'($*l'292-1=ﬁt§ﬂeht Rs abwesend i st und eine
zwei te Bindung zwi schen Cs und G . vorliogt. 5.  Verfahren nach ei nem
der vor herg@hgﬂ%ﬁ"m@ﬁf‘%ﬁ@s WP?‘hf‘JRﬁHZ?ZUP*eMCH CHZ ocox| -COOR21 -1

steht. 6 Verfahren nach einemder. Ans rfI RI7 fU
a- OH: p- CO dJIZ(' ﬁ @Eﬁ@l"“hfgﬂeg‘%ﬁ "?'ufpe' F@ﬁ" ﬁ'%‘ﬁ"géftnem der

vor her geffenge %@g%ﬁr &F.heegf%, vorasrgegzgn%%g,ﬂsp(ué%*@% -y BV REAGN GR350

Ver f ahren nac nspruch 8, worin Xi fU -(CH2k-4-steht. 10. Verfahren nach
Anspruch 8, 3wsﬁanrea<ha&l4rnem a6 VRMergershdd lanspiibhe, Werif AL ERRIA A S ei nem der

vor her gejenderz A ,egmg(ﬂ)_ggm ¥pdioOn einwertig ist. 15 12. Verfahren
nach €] nem demygrﬁm,agg}md@n ;;@5.{.5:@,9 worin R2, -1 flr H, Natrium

Kal i um oder ARTEYe210riHy&oky-6atrsthylfrigh-a05i-800-digd; N ei nem der vor her gehenden
Ansprfl che, wersn-Dtgdroh-&FmeétilIprdgha-&UR20%Hien-3-on, 17a, 21- Di hydr oxypr egna- 4, 9(11
) - di en- 3, 20- dif 8317« &+ Trihydroxypregit4-e83,Akkdida, hy dr oxypr egna- 4, 17( 20) - di en-3-on, 11
p, 17a, 21esTr i hy2):DhyBewontatrethyipreggm4 &1 BdieG-3.20dich,on, 11 p, 21

- Di hydr oxy- 6a17w1Bjtygrorgtes-ubtypeadi4.9fl @dieB3.ddionl 1, B, 1 7a, 21

- Tri hydr oxy pr 8erfluer-2¢-hydoxgoreghad9(11)21§-trien-3,2¢-gign, 2 1

- Di hydr oxy- 6a2irBydigyprpang4412),164en-8R0dorpnd3  20-di on, 17a,21 - Di hydroxy 1
6P- met hyl pr egité2;3 I’°i\9'1661"ﬁh¥§9f99@“cﬁ(6hd'G’B%taq!q'Qj'or-21 - hydr oxypr egna- 4, 9(1
1),1 6-t 4 en- 8usgerdtish, 21 - Hydroxypregna- 4, 9(11), 16-tri en- 3, 20-di on und

14. Verfahren nach einem der vorhergehenden Anspriiche, das in Gegenwart einer wirksamen Menge sines
exogenen Elektronentréigers durchgefilhrt wird.

85 15. Verfahren nach Anspruch 14, wobei der exogene Elekironentrfiger aus Menadione, Menadionebisulfit,
1,4-Naphthochinon, Phenazin, Methosulfat, Phenazinethosulfat, Dichlorphenol, Indophenol und Cyto-
chrome C ausgewihit ist.

_ 16. Verfahren nach Anspruch 15, wobei der exogens Elekironentréger aus Menadione, Menadionebisulfit
LS 0 oder 1,4-Naphthochinon besteht.

17. Verfahren nach sinem der vorhergehenden Anspriiche, wobei das Steroid (I) mit Zellen von A. simplex
oder B. cyclooxydans in BerUhrqng gebracht wird.

45 18. Verfahren nach Anspruch 17, wobei das Steroid (I) mit lebensféhigen reproduzierenden Zellen von A.
simplex oder B. cyclooxydans unter aeroben Fermentierungsbedingungen in einem wiBrigen Nahrme-
dium in Berlihrung gebracht wird.

19. Verfahren nach einem der Anspriiche 14 bis 16, wobei das Steroid (I) mit getrockneten Zellen 90n A
50 simplex oder B. cyclooxydans in Berilhrung gebracht wird.

20. Verfahren nach Anspruch 19, wobei die Zellen luftgeirocknet oder wirmegetrocknet sind.

21. Verfahren nach einem der Ansprliche 14 bis 16, wobei die Steroid A'-Dehydrogenase in Form eines
55 zellenfreien Préparats eingesetzt wird. '
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17a, 21 -*Di hydr oxy-1 6a- net hyl pregna-4, 9(11 )-di en-3, 20-di on 90

ausgewi hit ist. 14. Verfahren nac vor her gehend g m -
in Gegenwart einer wirksanen I\/Engg ?#g%g%genen El ektrogmmm u ﬂl‘"ﬂ“'
durchgefUhrt wird. as 15. Verfahren nach Anspruch 14, wobei der" exogene

El ekt r oneRdvendicdtions!S Menadi one, Menadi onebisul fit, 1, 4- Napht hochi non,

Phenazi n, Methosul fat, Phenazi net hosul fat, Dichl or phenol , I ndophenol und
Cyt 0- chranerdcéddLltie@mahdion d'irbétéroddde iaiuleaipr en nach Anspruch 15, wobei der
exogene El ektronentrlger aus Menadi one, Menadi onebisulfit K 40  oder

1. 4- Napht hochi non besteht. 17. Verfahreg nach ei nem der vorhergehenden
Ansp~Cche, wobei das Steroid (1) mit Ze[l&n von A sinplex oder B.

cycl ooxydans. i n Berfhrung gebracht _wijrdll 45 1a Verfahren nach Anspruch 17,
wobei das Steroid (1) mt | &g gqefi Mep=oBygi erenden Zellen von A

si mpl ex oder B. cycl ooxydans unt Fer menti er ungsbedi ngungen in

ei nem W Bri gen NAhrne- di upgi g—gebracht wird. 19,/Merfahren nach
ei nem der AnsprUche 14 bj das Steroid (1) mt ggtrockneten
Zellen von A. 50 Si cycl ooxydans i n BerUhrung gebracht
wird. 20. Verfahren nach 9, wobei die Zellen luftgetrocknet odor
W r nmeget r ocknet sind. en nach ei nem der AnsprUche 14 bis 16,

wobel die Steroid A - Dehydrogena in Form ei nes 55 zel l enfreien
Praparats eingesetzt wird. 13 C L M S* Revendlcatlons 1. Procddt
de production d un st~roTde de fornule (Il) 5~~~~~~~~~~~~ R~~~~~~ 1 R1
10 18 R6 danrgnsiagsel | € 20 (B-1) Rs reprdsente un groupe = CH2, H H,

a-F: fl o4 ou a- @hjarsfrbprédentd un Hods £ dh] H:H, &35 8HRR LCHRIRLS; dulbiegr OUpe CHa et il
exi §t & une sec@AniRs leprdsenmIun GroupeCHatbt Bbxidte/une (sézohde lidkon entreDf et e H, Rg est
absent et il eHSR:¢ repréentsis, (3 det abseni & @ Bxige tinecsefdnderitaist entro @ 61G:k | ou Rg
represente H, (Gl) B repidsedte HtF, Gllol Br eyt seprésentaum gyoupel (7O, H:H) a-OH: 4-H owe-814-QH8; H
ou a-H fl-Qepben bi en 25 (CGI11l) Rl reprdsente un groupe a-H.,-O
qui es®s pris cEridrintrenésante Ay @roupR) aitA@- Gub estepris Aenidiptenent @vasnRe pouCdormer @, 1
dans | a conﬁp‘g‘mea%"%ﬁf)ﬂc" gans jagopfiguredioy Ari@pr ~sente H, RL7 reprdsente un
groupe - CO- CHXPdyBrs représpite By Rugrep P!%'@:(S(?Hliﬂe COrGHz e ehit axistecung sepondeciison

(D-11) ng P@f?r‘é'séh?'s groupe H et RI 7 repr~sente un roupe =
CH- CH2- “"9 upe 'U"’ @ g % H: H,
a- H B"tHa a- 'g '3” d‘égﬁ%eg'r 5 XuiR, edaind
a- H #- COCHf"g %“'“”' % el i, SHC3pb g !
un groupe - . se pr em‘r_,gg)ru ﬁggﬁf—;'hn group 1%&:& (éfsr ou
(CHZ) - 8- prdnd ‘a %O'HQ c&@gﬂoﬂ&m de formule (I)

\_,40 M

45

dans laquelle Rz1 représente un groupe ~CO-X;~-COORz1-1, dans lequel X; et Rz1-1 répondent
aux définitions précitées, avec la stéroide-A'-déshydrogénase d'Arthrobacter simplex ou de Bacterium
50 cyclooxydans.

2. Procédé suivant la revendication 1, dans lequel Rs représente un groupe =CHz, HH, a-F:8-H ou a-
CHgs:8-H.

65 3. Procédé suivant la revendication 1 ou la revendication 2, dans lequel R11 représente un groupe H:H, o-
OH:8~H ou a-H:8-OH.

14



ggrzzgmprend la m se en contact du stdroTde corresponﬁ"mnmllnuml ﬁml) 35

| aquel | e R2, ‘repr~sente un groupe Eb&%?R“&fﬁ!ez ,, dans l%qudel "Xi ‘et R21-1
rdpondent aux d6finitions prdcitdes, avec |a stdr ot de- A' - ddshydr ogénase

d* Art hrobagt .84 'EBJV% |a%veﬁ& é}H iauévemat.on 2, G366 leQEON RrlarBSrésente HPRO Bst@bsont

suivant |a reye ,,,a, gl,.Re reprdsente un groupe =CH2, H H,
a-F: f-H ou a- 3 Procedd suivant |la revendication-1 ou |la
revendi cat g0 '?’ro’eédédéll‘\i‘éntI I%Fw Qbechnque £ 1) rrevStﬁi’bbﬁbnkl prégédontpss dahsHequat RGHepréséntdLUN
a- H A8- GH.  14yroupe EBHZH3O-CHER, -CHOR,1-1. c L M S ! 4

Pr ogtdd suivant la revendication 1 ou la revend| cation 2, dans |lequel Rfl

r epr esent eg.H, Prddédécsiivar InGrerjuelednquel dee xeveridizations 1 ek dand dequél Fhs GRréeanterus gmuPR ¢~
Cl1l. 5. ProcaH-soHCHaCO-XieGRORqu+@l conque des revendi cati ons pr dcedent es
dans | equel R17 repr6sente un 5 groupe =CH CH2- O- CO- Xi - COOR2i -

Pr oc6de 1suf.v dinmicédé suivantglives cuelepnaveddes revepdications Arécidantes. dang leqyel vk F@"&i?@?e ¥ 7
represente urgreype@hles G- OH: |, 6- CO- CH2- O- CO- Xi COCR21 -1. lo 7. Pr oced6

sui vant une quelcon ue des revendi cati ons

reprt sent 8y rf'rqéﬁqﬁjwa dlure- agelgonqug depmye@&:@tnogg éaﬁ Eﬁuéel gﬁ !, PR sﬁ 5! un roupe
revendi cat i orréeHa) dans | equel Xi repr~sente un groupe -(CH2)1 - 8 - 18

AR S e i T 7 000
reprdsente, &r]’r&égé@l@am %&c fior &) dan%leqré?&?ﬁaﬁggenﬁwn\ﬁﬂﬂﬁe lewine. quel conque des

revendi cati ons pr~c ans lequel e cation est nobnova- lent. 12.
Procedd ,5uipy %&E&Qﬁaﬁl%h&%ﬁ%u&@é RN EMlbris PrdoSdbhiteR) [AREIBRR 18 2atiod 3standnagui e
R21¢ ' ,represqgie H l'e sodium |e potassiumou |'anmonium 25 13. Proc~dd
sui vant |'une quel conque des revendi cations prec~dentes, dans |equel le
steroTde (h2. m8dsds SuiiafiiruGuRoriqe dedasvaidicatitink pdcdasyies; dapa doqdal B6111 représents H, le

) - di bne- 3, 20-gHig e potassibrh 08 Fadmentlimhy dr oxypr dgna- 4, 17( 20) - di bne- 3- one, 30

| a 11, B,2¢7a, 21 -tri hydroxy-6a- m-t hyl pregna- 4- &ne- 3, 20-dione, la 11 ,21

- di hydr oXY 18 aProostidsuiventd'gmeequdicdnfieddPs raypiiskpatios péesderites. dans lequeyig sbroTde () est choisi
-tri hydr oxypresjma- 4ne- 3, 20-di one, | a

17a, 21- di hydrleti=Baiydolyp p’radgﬂﬁﬁ)'ﬁé@@ﬁ‘)dmﬂ?'bne 3,20-dione, la 1 7a,21

- di hydr oxy- 16281483 tdihydrexvagans-4! 7E0ndgnodio
y y la 11 B8,17a,21-tri ydroxy-ea-méthylprézrr:gwégzlg 20?3dlgnoe. di one,

la 118,21-dihydroxy-6a-méthylprégna-4,17(20)-diéne-3-one,

la 118,17a,21-trihydroxyprégna-4-&ne-3,20-dione,

la 17a,21-dihydroxy-6a-méthylprégna-4,9(11)-diéne-3,20-dione,

la 17a,21-dihydroxy-168-méthylprégna-4,9(11)-digne-3,20-dione,
35 la 6a-fluoro-21-hydroxyprégna-4,9(11),16-trigne-3,20-dione,

la 21-hydroxyprégna-4,9(11),16-triéne-3,20-dione, et

la 17a,21-dihydroxy-16a-méthylprégna-4,9(11)-di2ne-3,20-dione.

14. Procédé suivant I'une quelconque des revendications précédentes, qui est mis en geuvre en présence
\ 40 d'une quantité efficace d'un porteur d'électrons exogéne.

15. Procédé suivant la revendication 14, dans lequel le porteur d'électrons exogéne est choisi entre la
ménadione, Ie bisulfite de ménadions, la 1,4-naphtoquinone, le méthosulfate de phénazine, I'éthosulfate
de phénazine, le dichlorophénol, I'indophénol et le cytochrome c.

16. Procédé suivant la revendication 15, dans lequel le porteur d'électrons exogéne consiste en ménadio-
ne, bisulfite de ménadione ou 1,4-naphtoquinone.

17. Procédé suivant I'une quelconque des revendications précédentes, dans lequel le stéroide (l) est mis
50 en contact avec des celiules de A. simplex ou de _B_ cyclooxydans.

18. Procédé suivant la revendication 17, dans lequel le stéroide () est mis en contact avec des cellules
reproductrices viables de A. simplex ou de B cyclooxydans, dans des conditions de fermentation
aérobie dans un milieu nutritif aqueux.

19. Procédé suivant I'une quelconque des revendications 14 & 186, dans lequel le stérolde (l) est mis en
contact avec des cellules déshydratées de A. simplex ou de B. cyclooxydans.
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35 *” la 6a-fluoro-21-hydroxyprdgna-4,9(11), 16-tri bne-3 ““ﬂ‘“““ ;
21--hydr oxypregna-4,9(11), 16-trien wgh%q et la 17§ﬂﬁ “m “l .
-dihydroxy-lGd-nethyIpregna-4,9(1%f- ne- 3, 20- di one. cocede sdi vant

| ' une quel conque des revendi cations precedentes, qui est mis en oeuvre en
presence gy, prdtls suivantda HRShdRatBA 1S,  fanelofilef RE Bolfied! SonP Sch&dd™ Fhir Bl BBIHEE Sar 1a
exogene. 15.¢hdpcede suivant |a revendication 14, dans |equel |e porteur

d' el ectrons exogbne est choisi entre |la nenadione, le bisulfite de

menadi onez1. IFfocddédsuvai NrRCubICEAG®: dek Reveificamns! i 4 816, ddes IEqueNa gisioRle-A'-déshydrogé-

| * et hosul f atnasecist spliciomi dude pléparation ideaiph6nol , | ' i ndophenol et |e
cytaﬁhrone c. 45 16. Procede suivant la revendlcatlon 15, dans |equel le
porteur d'electrons exogene consiste en nmenadi o- ne, bisulfite de nenadi one
ou 1, 4-napht oqui none. 17. Proc6d4 suivant |'une quel conque des

revendi cations pr6cedentes, dans lequel |e st6roTde (1) est ms 50 en
cont act? avec des cellules de A sinplex ou de B. cycl ooxydans. 18. Procede
suivant |la revendication 17, dans |equel |le steroTde (I) est m s en contact
avec des cellules reproductrices viables de A sinplex ou de B.

cycl ooxydans, dans des conditions de fernentation aerobie dans un mlieu
nutritif aqueux. 55 19. Procede suivant |'une quel conque des revendi cations
14 a 18 dans | equel le sterorde (1) est ms en contact avec des cellul es
deshydratees de A sinplex ou de B. cycl ooxydans. 15 20. Procdd6 sui vant
| a revendi cation 19, dans |lequel les cellules sont séch~es a I'air ou
s9chdes par la chaleur. 21. Proc~d6 suivant |une quel conque des
revendipgati ons 14 a 16, dans | equel |a stdroTde-Al-d~shydrog6- 6 nase
est \squs forme d' une preparation acellulaire. 10 76 20 26 30 36 40 45 60 66
16

26

30

R

50

55
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