;e3e{Z {| && T(R>) +6, TZ, & ml4 January 2005 STEREOCSELECTI VE REDUCTI ON OF
SUBSTI TUTED OXO- BUTANES Cross- Reference to Rel ated Applications This
application clains the benefit of U S. Provisional Application Serial
Nunmbers 60/ 277,531 filed March 21, 2001 and 60/ 225,695 fil ed August 16,
2000. 10 Field of the Invention The present invention relates to a novel
process for the preparation of
(35,2~‘~)-1-ha|0-2-hydroxy-3-(protected)anino-4-substituﬂgakﬁhiﬁ ggogy
stereosel ective reduction of the correspondi ng oxo conpounds. The
substituted 15 butanes producedT REPUCTHINOMHcess of the

i nventions are precursors of hydrgﬁé§fﬂﬁh§ﬂiﬂ&%i§9§ﬁﬁ@% sub-units present
in many nol ecul es therapeutically erul "as rnhibrtors of angiotensin
converting enzyne, resin and Hl V-protease. Background of the Invention 20

Bi ng-nan Zhou et al J. Am Ch?”br Ssqgé&rléongdtomgﬁgd ﬁé@ﬁaéﬂé& 1983 describe the
chenom crobi ol ogi cal synt hesi ; ysS an inportant
role in the human netabolismand transport of |ong-chain fatty acids.
Particularly, this paper.teaches the reduct] ' 1638dn Setial © -
Sacchar onyces cerevi si :[«i’fs aB%“’@ﬁ?Wflm'fg[hﬁggﬁht)&c%géyﬁrggéﬁaétigy to et ﬁ?zl‘l

(S) - 4- chl or 0- 3- hy dN@ldsIEEIRTBE filddAtathh200Ushd 60/235.696 filefAugasiééir on
Letters, Vol. 27, 23, pages 26572660, 1986, disclose the reduction of
bet a- keto esters by%ﬂet hanol grown yeast. This paper teaches that the

subj ect reaction causes dramatic shifts of the enantioner 30 excess of the
resul t ant prodqﬁt in the direction of glRfofidhd fQPRion Thi S pPhenonena was
produced when the reaction was carri eg—UUT_'UT“I"I_i"Z'i_ng yeast grown in

met hanol due to enzynes characteristic of yeast grown in such nedia. 14

january 2005 2 NBrkus CHiclRl&R ilnth relales (P8l pidboss fo iR Prepiiaiidiior. pages

264- 266, 1988, di scl oses e synthesis o our stereoi soners, of

met hyl - 6- (p- chl or of#S<RH! thalogd-hitraryi Hpentestiedlamino sbstutghbutpnes BE Koy

| ntroduction of ChiahielolivnGeaRhbREuRloRkpaBinhRith Bsthpcins. RSibsitedact | on.
It is stated therelkt%lét%at, al t hough t he rgductionﬁ%::3 bet aket o esters wmith

yeast has been 1§t ubiitaats prodeqediineqegrdance with fhgiprrcess of the Iypationg amg PEEHTS o t her
the absolute config W@?laﬁfinéi&ﬁteﬁ%@ld&ﬁfs%}es&ﬁinrhﬂlyﬁﬁbléduléblﬂﬁfapettilﬁly
enantiomeric excess |1 ke{%@t o be achi eved. Antonio Tri.ng‘ggﬁn}e_tr gl o

Bi ot echnol ogy and Breftlaginhibitprsefansipinsin senverting enzyme, FENB 2RE V- HE§H gescri be
asymetric reduction of ketones with resting cells of Suljol obus
solfataricus. It is stated that the_reductive,ahility of the resting cells
of this organismstrongly depends om&wﬂg@&:ﬁw&ﬁ? grow h. Ranesh Pat el
et al., Enzyne 4¢l crob. Technol., Vol. 13, pages 906-912; 1991 15 descri be
the stereospecific mcrgbial ductj 0f, 4, -di hydro- - 1)
6-(trifluoronmethyl-1H 1?%@’?1’22;%%%): M——% : O%a{rb%gi éaﬁfsgsrg?éis?ﬁf’ ?%éiyisc_ osed
that a key i nt er nedieshemomicrobiological synthesis of L-carnitine, which plays an important role in

(3R-cisrl,3,4,5-tetr _ﬁh%dr gl-e3- S%§§ﬁ%é¢5ﬁl%}%mlﬁ6ﬂf%ﬂ#%mt hyl ) -

2H 1- benzazepi ne- 2- ere cti've mcrobial reduction
of the parent ket Orpaper kdacties thetreduetibntbly htkei’s yeastsi.p Saeshiomyeey cerpdsiacedletiyl on of

20 specific congdjti to obtain a.siQgle i son ng four known
possi bilities. gané@ﬁiﬁfgt‘% 02t t%ﬁO.efhyiEﬁ%Er}élo cr c%&y?'ecﬁnol _: Vol . 15, pages

1014- 1021, 1993, describes the stereosel ective reduction of a diketo

compound, 3, 5-di oxo-6(benzyl oxy) . hex i i e{ hy Loy @75ingl e
enanti omer of the resul ?igﬁé“gbﬁ%h’%%ﬁ? %ﬁ&dﬂeﬁeﬂﬁ%ﬁé?ﬁ pafel et al ..
Enzyme M crob. Teclnseb, 1986/disclodethe pagtion afditake® esitgdp methanel grava ygashr Bt ss
of heat treating Geotrichum.candi dum to_.i [ | Sithe Qitiolnér Of the
hydr oxy product obtBPHdeHe eﬁ{}?ﬁ?&ﬁé“ Peg}d.rﬁ%uf)g%q%?\é%ﬁ%%g? et o esqt_ersoisorthereby.
Komet ani et al . 30 Joskeaabf thé rebltamemodattiio the dinebtiBi oftheyPrisaster.nHhis Rhspomezg wagg
2, pages 208-210, 1995, ches ast - ' 08 CAUCH A inWetHahdl dRdko

et hanol as the 1@rﬁ%ﬁ%%nggﬁgxcgﬁ%rgﬁggﬁ%@g{nﬁﬁlg‘%?relcggti onshi p between
the rate of consunpénzphesaharadtéristiobf yaastigove ipsudeimedial ket one reduction rate
in Baker's Yeast is examined and it is concluded that ethanol could be
applicable to | arge-scal e production of chiral alcohols from




prochiral  ketones. Ranesh Patel et al.) U S. Patent No. 5,391, 495, issued
Feb. 21, 1995, discloses the stereoselective reduction of certain

ket o- cont ai ni ng sul fonam de conpounds to formthe correspondi ng hydroxyl
group-cont ai ni ng conpounds utilizing a m croorgani smor an enzyne capabl e
of catalyzing the reduction. The 10 enzynes naned are oxi do-reductase or
dehydrogenase and the m croorgani sns are preferably sel eﬂagn él&ra 05
Hansenul a, Rhodococcus and Norcardi a spegies. Sunmary of the en(h on 1S
The present invention is directed to a novel stereoselective process for
the preparation of i ., Chem. C . pages 264-266, 1988,

(3S, 21-) - 1- hal o- 2- MHFESSER £ &t el s 8- sUBST] ot ed but anes’ by the
reduction of tdiglaserthesymthesis nffoketaeajsomers of oethal-primeplerepksByIfiR)>-3Y; certain
speci es of Rhogpe FREN e REbiliod SrenRMIAPNE B ophi al ned i n
high yield and‘gﬁ’ﬁ r‘%‘)%g%qogxg%f I aste?%orreri cl.mf)uri ty{.i?>d 14 Ja,nugr 2005 4

Det ai | ed Descr apptdpeiate géast teductinn. okt is stated thaseip that; elthougl the prdugtios 9EB¢ta nvent i on
provi des an, adyant | 1t8fively, it remains difficult to predict

(3S, 2F~) - 1-hal %e%g{@%% e%é%%%?%bgtgt e fa%ﬁlryg-yhl- ;geubs;i tut ed Bu_t anes
represent ed byeitheethé arsniuteccoRfigdiration jafithe pradugics) er in pagiculps the cRatigmenc
preferably chlorine. 1;{ Jeagted fromthe group consisting 10 of al kyl,
substituted al i}‘ﬁs??ﬂé?l It&&n%ﬁ'seﬁﬁ'sti tuted aryl and R~ is a protecting group
for the amino function. The substituted butanes represented by forrmula |

are useful as int erﬁ%@*fﬁ&ghﬂf‘{‘#?%@“&gé! SndBiobiYiReHeE Vol. BSilpagese

inhibitors of ACE, resin an T S Ne act | le%ly of such
mol ecul es a@ai 559564 1999 descibesassmmetisgeduption of ketgnes Jithseting pells phe ¢ reat ment

of retroviral | i ; Pihat B FuGRERIR AF thd Rektibd @Ik ofISE ar e
di scl osed, forb@gjn‘ﬁ%%%ﬁa?\%éa§%§%entt No. %; 849,15(?1, t he dél]éséil:l osure of
whi ch i's i ncor tiscagastsmaiongly; denpndsemdhephage of selhgrPWihe Ul ar |y i nportant Al DS
conmpound disclosed in U S. Patent No. 5,849,911 is
[3S-(3R*, 8R*, 9R*, 12R*)]-3,12-Bis(1,1 20

di met hyl et hyl ) - 8- hyRasassly Pasel pt oly Fagimaiicehs Tsshnoly g} | 3pagey 596 012, 1991

B ety o o BT act |y oyt DS e fram Lho. (35, ~

i methyl ester. This conpound may be direc s nesi,z 0 e . =

) - 1- hal 0- 2 hydfétfluaromsthyl B~ sbenzaze izﬁnguhsgﬂ%j;éd“ﬁﬁ?‘g?ﬁ@g{b?g%f‘eé’sent ed by
very high i ol e St ot ol ¢ he oubot it od
very high yield o e trans ~..S, enant.i r o e..subs e

but anes repres @ﬁﬂ%°%?h¥lbgﬁﬂrt§“ﬁ%§ﬂ%etw§fé?§e Bﬂgﬁf?ﬁfﬁfeq?cgvﬁ 'Fluecrélh' i mat e
efficiency of tdagctiom Bfﬂh@?hr&nt&%tﬁhhelt ish&teﬁpmﬂit:\a\lms passiblethydheletectionadd above.

5 14 January 2005, As ufilizeq herein,.the foll ow er vea..the

def i ni ti ongVgi SRSFifi5EPRSiHons fo0 ?rf“‘@ﬂ? e“%°é?%‘?%“gtqg“’té‘6?g§ %?’}gg‘%%bstitut ed

straight- or branched-chain saturated hydrocarbon groups having from1l to 7

carbon atons, preferably_from 0 4 r Qo t e n "l ower
alkyl" refers Itoo op@%ﬁﬁﬁﬁtyeéﬂéﬁ%&ﬁi@ﬁ@g;w%??ﬁﬁﬁ??%m 1to 4

carbon atons. Tbg3, i&tribes thelridobdldceive milbeyibii of adileats campound, 3| kdivxogf-oup

substituted by, for e |l e, _one t.o.four {i (ﬁﬁﬁgﬁ hal o,
trifIuoronethyK?”?ﬂ??%ﬁ%gﬂﬂ%?wg%§%”%$%?ﬁﬁ3gggk§%¥§9&§Vgﬁgél yo%y,

het er ocyl o@3y, dihydroxpédmspoond., aryl, aryl oxy, aral kyl, 10 al kanoyl oxy,

am no, al kyl am no, arylam no, aral kyl am no, cycl oal kyl am no,

het er ocycl oam no and di substituted am no. The definitions given herein for
al kyl and substi t ut Ramah Patgl er abEngymeMiwoh. Technoly &/oh| 1ty pagpofli’88: of al koxy
groups. The term. aryl.' refer i s o @msiC

hydr ocarbon 1 é@%+gﬁ%%hﬁg¥9%§§¥%%ﬁgg§@%X%%bggr gn at%&gg?ﬂﬁthe ring
portion, for exptigal pritpbithehydroxsphidustiobtatrie Fromyhe rdigtion pihetaketofsttips; each
of whi ch be sybstituted. The term"aral kyl" refers to an aryl group
bonded to Ia?ﬁ@awentity t hrough an al kyl group, for exanple, a benzyl
radi cal. 20 The term "substituted aryl"” refers to an aryl group substituted
by, for exanple, ong to f.our i el Rhifsited al kyl
AT b dBsd H&‘Q,E i %Hdgf"e T l““ ?"2;?21%% kyl oxy,
het er ocycl 0oxy pagds0R0y 1995atehchenydashmediated biaredugtion ytiizing sthagl a5 06| ami no,

ar al kyl am no, 2~ cycl oal kyl a. m no, heterocycl oam no, al kanoyl am no, thiol,
al kyl t hi o, cycl oal kylthio, heterocyclotbio, ureido, vitro, cyano, carboxy,
car boxyal kyl , carbanyl, al koxycarbonyl, al kylthiono, arylthiono, :
al kysul fonyl, sul fonatnido, aryloxy and the like. The substituent may be
further substituted by one or nore nenbers selected fromthe group

consi sting of halo, hydroxy, all yl, allcoxy, aryl, substituted al kyl,




30 substituted aryl and aral kyl. The term "hal ogen" or "Hal" refers to
chlorine, bromne, fluorine and iodine, with chlorine being preferred. 14
January 2005 6 The term "protecting group on the am no function" refers to
an art-.recogni zed group of noieties that can be attached to an am no group
to keep it frombeing involved in reactions taking place el sewhere on the
nol ecule to which it is attached. Preferred ampng such gggu

t - but oxycar bonyl (BOC), but art-recogni 3ed am no functi oﬁlgbjfg@f"b@tzoos

groups, generally al koxycarbonyl pgwoups such as benzyl o bon% can be
used as wel | . ewerey surget [Therelaiioashipdietveep fhe faeof fopRmpton pf €iapslapt 16 ocess f or

preparing the Sp]‘&h(rﬁietone ch{f@ioﬁ Tafe N BAKQSWedst (x@hRed &@xﬁfﬁc&@hﬂccﬁtﬁﬁﬁt ituted

but anes represen ormula | are the correspandi ket 0

gr oup- cont ai n|Qﬂ@n@léﬁﬁiélhﬁé@h%tﬁ?@é%ﬂ'@dlewdt‘w@nPg agcqi;gl,s{fr@nw Hal 11
wherein Hal ; ﬁ,g&ﬂaﬁ&oﬁ&e as defined above. The conpounds represented by
formula Il ca prepared by techniques described in the literature and
known to thbse of 20 ordinary skill in the art. A preferred process for

form ng the conpouRgdsedhGRtessa! @% Bierl Nor8392 405, 1bsﬁediFe$)CilQ$99$ in co-pending
pat ent application Docket GY55, the discl osure of whi C“éflg ncor por at ed

herein by ref eHgtnses. thPﬁteIeﬁfeéecﬁﬁrﬁ%m’h‘?fcw ketosequpaipipg sulfopamidey |y ¢ he
formula 25  %nf30ndRe tbfin dRE4AEsYo Q%iym'aﬁmfdapﬁ’omdm&oﬁﬁ@n@s def i ned

above and R2 is_hydrogen or vitro an tuted. i n.the ortho or

ubst
para positi on $HZnEa TRHEFFIIFR ﬁ'ganlegzyFI}?angan W%‘ﬂﬁyan%ﬁf Fegpetgp Elée i.e. a
conmpound coMt an2{ A& nBmbdAke bkidb-rédaaaR 9L ash@dtofsnadelrnd fhelilm:tba‘gﬁldﬂls@'& $~ 3 R4
to produce an internedi ate keﬁ@%lll dgh?é)ngound rl\gjg‘?f(ﬁent ed by the fornmula R
O ~~~, R3 RAH prgferaply selgctoghfzpm; ula, Rhpdocogeus apd a¥PdFove and R3 and R4
are sel ected $om the group consisting of alkyl, substituted al kyl and aryl.
The keto ylide conpound represented b e aboge formula is then converted
to the keto group-containing co%&%ﬁ—i@ﬁr‘—eeeﬁ%eo d by formula Il by
reaction with a source of chloride, preferably a basic source of chloride,
st prefengbly |1 Ll U SOk s BRKeAR oAb R RefioRkbive frbss i fiXaP! €.
S, 2R) - 1- hal o- 2p1’ep'adamxysf@S(zm-mﬂnbﬂdd')imm-ﬁdpmesta@mnptﬁ@hstmme& epresent ed
by fornmula I r ywptdes s of
nmol ecul es that ';{‘greﬁu‘%‘OBnF%r tga-ée%p&,&?l‘égw;g Oﬁf)g‘%‘ é/&rﬁr&tﬁ‘écgses The activity
of such nol ec ukwseaqxhn@comvamMMQywmmr?mmamb%%I“Ubsl deldn t he
treat ment of r %£§°£ﬂntg?%§%%%%?§ﬂ0h as AIDS. Specifically, the

(3S, 2R~1- hal o- roxy- m no- 4- substituted butanes represented
by formula | are treated with a




14 January 2005 8 suitable base to convert themto the correspondi ng

epoxi des represented by the fornmula showmn below R ....~ u~uuy ~ 5 The

epoxi de conpounds represented by fornula shown above are internedi ates that
can be converted to the inportant Al DS conpound

[3S(3R*, 8R*, 9R*, 12R*) ] - 3, 12- Bi s( 1, 1- di net hyl et hyl ) - 8- hydr oxy- 4, 11- di oxo- 9(p
henyl methyl)-6 { [4-(2-pyridinyl)phenyl]nmethyl}-2,3,6,10

pent aazar et el radecanedi oi ¢ aci d di nethylgester as discl olégaﬁﬁaﬁ?é).o%at ent
No. 5,849,911, the disclosure of which is incorporated herein by reference.
The stereosel ective reducti omegiiled Desctiption of the Invention

S) - 1- hal o0- 2- oxo- 3- (prot ect ed) am no-4substituted butanes represented by
formula Il above to formthe (3S,2~~rl-halo-2 15

hydr oxy- 3- (pr ot ect e} 3ficBR-of thé plesdnit tnvéraidn provideem adeprtagseustsprthdsis foor mul a |

is carried out in accqrdangc it he present i nv i LON Wi th an
oxi dor educt asethe (3ydre-! l'ﬁﬁ’%) ﬁ&y‘é’fy%dh\}?te"ge %EF lgbasﬁtﬁl{se%%gl ﬁg%ls rgspg%gﬁgt}mgs an

oxi dor educt asepeihé Yorauapabl e of catal yzing the enzymatic reduction of the
ket ones represented by fornula Il. The cells of the m croorganismmy be in
the formof intact wet cells orgdried 20 cells such as |yophilized,
spray-dried or heat-dried cells, inthe formof treated cell naterial
such as ruptured cell or cell extrats. Wiile a large and vari ed nunber of
m croor gani sns.are known to supply orm of oxi doreductase, it has been
found in accordance wth the gr nt “~Aven Eﬁp that only sel ected species
of Rhodococcus and Brevi bact el cat & yze the reduction of the conpound
represented by fornmula 25 Il to form he desired

(3S, ~~) - 1- hal 0- 2- hydr oxy- 3- (pr ot ect ed) am no- 4-substituted butanes in high
guantitative and enantioneric yield. These specjes are Rhodococcus
erythropolis ATCC 4277, Rhodococcus erythropolis DSM 6971 and Rhodococcur
sp. ATCC 21227, Rhodococcus erythropolis ATCC 27854 and Brevi bacterium sp.

ATCC19653. The term 'ATCC' as used [T cf’fr&rﬁ SShsinpunber of
the 30 deposit VCWKS%Aﬁéﬂ’ %gﬁraatt’rﬁ?%h?dég'ﬁﬁlg{rsrl%l?‘?ée: t gw%_rrerii can Type
Cul t ure Colibecbf Myl substiduebaliarayyl 20DGbgitaeB! and Ry isARToterting €rouRderivi | | e,

Maryl and 20852, The term "DSM' refers to the German Col |l ection of
M cr oor gani sms'hﬁﬁﬁmeéﬁ’fm

&8l tures, Branschwei g, Germany. The enzymatic
reduction method of the present invention nay be carried out 5 subsequent
to the fermentation,of és'&ﬁnéﬁ'b%{aﬂ&frgﬂgéeﬁt@& Ff@k’tﬁlylﬁqiaxe'us&ul_ﬁ%t&m@mwéﬂ age
fermentation and redtiétion, or conc rrently therewth, i.e. as a
si ngl e- st age oin thesynihesis 6@M§ﬁabﬁeaﬁd{1@@wﬁéﬁ%ﬁmlaﬁdm‘éﬂ°ﬁa§§r, t he
i Croor gani am Y, RGieA U hiteAllesABRER ATV PloReaTB MM P9 illdie fane

nd car

cont ai ni ng nitrogen on sources, until sufficient gé‘g%h is realized

and then a conpeiramentofcetsyirlinfpstionneh chPSy Sych coFpoands L8%y fornul a

|| s added tNGLGhBhouchifor SRRIIERI .S RAMEND 0RO B diRfdsie of ablchiuied unt |
virtual ly conplete conversion of the corrpounglﬁlreg_rﬁc’a ted b dforrrula Il is

attai ned. |n t insonpossted hergin bygefersacs dgpartictlgy CHPPE % nitially
grown in a 15 ﬁﬁ&l&%@kﬁ}.@?ﬂ&&ﬁ{mssﬂﬂﬁmiié{est(m,midk*b]&mehisﬁut-s a
predeterm ned |evel of enzymatic activi Eﬂ%‘ a égi EHHR%#M the cells are
harvested 39 cdimethylathyh-8-hkorarhat-daxad ﬁ‘?ya‘ﬂ vk crobial cell
suspensi ons prgg,?([iﬁﬂl)phélﬁ[]ﬁi‘eﬂﬁmm@l@iﬁbﬁ&aﬁaﬁﬁﬂé&a&é@oibwid dimethyl agent s and
the like. Suit e ‘bufferi ng agents i ncé:)lgmje, ggg%gghatg% ff heo. particularly
pot assi um phos gstert Shisgpmpeund may be dirgetly ed TR ke, vater 20
may al so be usegdibe, RIRORES)SHRBAREbBRRedVutaiitscefbienled be FdrmulaTh&he onpound
represented by forrnula Il is_then added,ther%o and fuhﬁ %pdz‘%f%tt}agsreducti on
conti nued unt i Ifact that theproesss pighe presept ipyegtion RFOMSHHY BFE T %6 Y Rer 1 nst ance,

t he appr oprjsat Em%ﬁﬁaﬁ&i dfMeNMubdtiniteiBDutseles refesepted b formbila Istakiesstiversour ces
of carbon and nitrogen and trace el emgaltﬁs. Ind&g&{g% rr%\éml%eco as well.
As those of or dnperayt to theqiitimate ptficiensy of the sypthesig e e nr I nducer means
any conpound i RidtigddiBvedr €nhancing the desired enzymatic, i.e.

oxi doreductase, activity within the cell to produce the desired product.
The (1S)-1-hal o-2-oxo-3-(protected)am no-4- . substituted butanes
represented by formula Il would be considered an inducer, particularly when
added in small quantities during the gromh of the mcroorganism 30

Sui t abl e carbon sources for the nmedium may include sugars, such as naltose,
| act ose, gl ucose, fructose, glycerol, sorbitol, sucrose, starch, mannitol,
propyl ene glycol and the |like, organic acids and their salts such as sodi um
acetate, sodium 14 January 2005 10 citrate and the |ike, am no acids and
their salts, such as sodiumglutamate and the |ike, and al cohols, such as
et hanol, propanol and the like. Suitable nitrogen sources may include N-Z

. Y o,




| ngr edi ent Wei ght Percent No. 1Malt Extract1lpH 7. OYeast

Extract 115Pept oneld ucose2%No. 2Malt Extract 1pH 7. OYeast

Ext ract 120Pept one0. 3%3 ucose4% 14 January 2005 11 5 10 No. 3Malt
Extract 1%H 7. OYeast Extract 1Peptone0. 3%3 ucose2%\No. 4Malt Extract 1pH

7. 0Yeast Extract 1Peptone0. 3%5odi um Succi nat e2% The pH gi ven above for the
nmedia is post-sterilization. Before sterilization, the plg<4i51§n%§j% |y
adj usted to fromabout 6 to 8, nost prefgrably about pH 6.'5. nedl a are
then sterilized, for exanple, by heating at a tenperature of about 121C for

gOSm' nut es. F]9| ! OmA@Qltigke%rﬂeJehggkgam&ﬁghaﬂmﬁ_ i/eathaﬂdlilnﬂﬁhygi*/@xd)eldgv.pﬁ 6.5 to 15
.5, nost preferably about p rin crobpial, gr and t

reducti on procEsdern jakypefes t?r‘éli’“r?f"%ﬂyr?éhst‘g{tégosé‘?\&gtéﬂ’ bé%l‘}ﬁ‘\?%"g‘%‘ saEted. o,
preferably betyaria8soRbuptiabing raRd 187 Qarbéiatdi) pfeiribli Rohase4 oarbaci di ¢ sal t
from anong the constituents naned ab,g)%/ﬁ? can cgpgﬁeni ent | %algﬁglfjti |ized for

adj ust ment of s pitte expressioa “losspaiod? Tricss grorhiepally SbsyTg WE is a
nmeasure of thenRedlrofElodcarbédialoald] € for the reduction process, and for
this reason, a suitable tenperature should be maintained to ensure that
there is sufficient energy available for the process to go to conpletion. A
sui t abl e tenper at ure tdRIubs@titel BiRyIP kd¥ere sSanCiikyl Breup substiitedby,if i n t he range
of from about 15C to about 60QC, $ref egabk%/l $am aboﬁyztg:lﬁ to atgout 40C. 25
Pressure is not<aRalvenette fagesubstitpqaisaguch gy, halpdrifiporometiyl, tBIUQramelig¥e o o5 of ¢ he
invention and fydkoxg AINGXY| GOILEkPHS HeteddcyIDB0Y) K0, @lkatioys aryl,arylexyt srpkylal | y

mai nt ai ned. The process of %lpﬁgg.ﬁrnesegt J nveag‘%yilon_ IS %Qraﬁzygm%)‘%y carried out
under aeroBfc EbHAYIPrHAINoY B S A BN B Y e T eactti on mixture is
al so benefi ci ahetéroeytidemito asdibisebstituipd anms s Thedfihaibnd gvanfterit for dkhd anount  of
oxygen avail abl e for. the biotransfarmation. The pr ss | s advant ageously
carried out, f & sERstmedalkyl apply,35% Itg@ﬁa@(ﬁmo&?oéls&%@&g'eé?rugﬁt or tanks during
the gromh of the microorganisns in a single-stage or two-stage process as
descri bed above. Agitatian i he range .of : 005 12 about
50 to 1000 RPMis p ?%rf“r 318'5 r\?\%efsﬁo B0 cooﬁ%{cgglct%&%gé%ﬁﬁ%bgﬁn nost
preferred. 18er gioiymrhavihg fromrs tah2 garbdh atonsin U@ ring [portios, forfexampleypbenylo| ume of
medi a per mnute,(Vv({ Wt i - ef i LAt t 5 vol unes per
vol ume of nedi 33136%1?' ( %F;‘p%’%}‘%grﬁigc{ll %ﬁ%g& tq ?Sét%\%cg? fg’ﬁg?léd?g%%%?ﬁ%o%ﬁpl ete
conversion of the compound represented by fornula Il may require, for
exanpl e, from about ‘ i fPthaho AT S,
measured fromthe tﬂ{hlr%éérg# %lp’#%ﬁt%ﬁﬁl?%%ﬁ%gﬁé@?%gégm ed %y formul a
|1 to the medi alkyligroupsfopexawies abergflarditshe nmedi a be aqueous based, al t hough

an organic 4gyiquid or a mscible 10 or inmscible, i.e. biphasic,
organi c/ aqueous liquid mxture may be utilized as well. The stereoselective
enzymatic reducti oﬂ“ﬁ?rtm%bséﬁltqdﬁé’l prefsEsdp an Al gaR YPSURHSA BYefoZar ri ed out

using a co-f actmpileh ot s@RLitubRIBuEILasRUE sTkstithtedAIyE @hlbde ( NADH) ,
especi al ly when an isol ated enzyne woul d gﬁ( utilized NADH fqr exanpl e,
may 15 t her eaf trfuopmethyl diformsthoxy dydraxs 9xyA°¥°$‘?aﬁ9ﬂé’|"y’éﬁ?§ﬂ?§° PP

regener at es t hauhNalkinsyidky, ko, RiRyl@diablidRylsthiab, atdkylaiingt e dehydr ogenase
or glucose dehydrogenase. ,k Sui taﬁllaﬁf h)r/Fgro an do#ﬁ’{?ﬁﬁ% l.ude I?&%I ar

hydr ogen, &f oCttaky{amige, hejerogycloamino;alkanpylaping SIS cose, a
hypfphOSDh:‘te @éte@aylcﬂiﬂge,:mamamo%:@hnied?m@;mw emrbpﬁflen;:e of a :

vi ol ogen, for exa vi ol ogen. i S.al.so.bossi.ble to regenerate
NADH o T hout § GkoRERSaR AR biges A Py, a@&?&‘i{&’l"%‘?“&@ﬂ"’é‘ﬁ%‘i” afjjong gfib S I°TE 2
further prefernge TR sasidindeanayweFatstsubdtinital bypuna of oteanentbersisdedt¢d on nmedi a

so that it is fiomabout 0.2%t bout 5 %Dhb i.ght, e t he conbi ned
wei ght of star tfi"ﬁg'}’?:%rﬁ%ﬁﬂﬁ‘ Sté{%(f?h%‘ai%ﬁém’ﬁﬂéﬁ‘?{lxﬁlg?ﬁygﬁlofu%ﬁ%{rg%%rﬂgani sm

rel ative t ;3¢ heuntdanlanddralkfiarting material is sufficient to provide for
the enzymatic reduction of the conpound represented by formula Il with the
ti mes descri bed above, generally fromabout 5 w.%to about 30 wt.%cells
concentration. Uil Tgd tegn tHakgpi ek exiefdrenchiotine, pamingflarmne dabiodinbed above
with the m croorganjsns, given.wi]l provide a reaction yield of greater than
70% optimally Wﬁ‘@?&‘@%g" Pref§iEdand, unexpectedly, an 30 diastereomeric
purity greater than 93% optimally in excess of 99% of the desired

enanti omer of the conpound represented by formula I. The product of the
reduction process of the present invention, i.e. the conpounds represented
by formula I may be recovered by any suitable nethods for isolation and/ or
purification, e.g. i 3 14 January 2005 net hodol ogi es such as extraction,
distillation, crystallization, colum chromatography and the like. It is
under stood that various other enbodinents and nodifications in the 5
practice of the invention will be apparent to, and can be readily nade by,




St ereosel ective Enzymatic Reduction: Use of Wiole Cells - Single Stage
Process Rhodococcus erythropolis ATCC 4277 cells (1 nmL) was inoculated into
100 nmL of Medium 1 as noted above in a 500 nL flask and incubated at 28C
and 200 20 RPM on a shaker for 22 hours. The pH of 50 cells broth was
adjusted to pH 7.0 with 1 M potassi um phosphate buffer. d ucose was added
to the cell broth at 25 ng/nm. and 50 ng. of (1

S)-[ N-(1- benzyl - 2- oxo- 3- chl or o) propyl Jcarbam ¢ acid t- bug§IJagg?@lr2Qqq1e
substrate) was added thereto. The bi ot r afisf or mat i ons (reductions) were
carried out at 28C and 200 RPM on a shaker. At predetermned tinmes the
reaction mxtures 25 were quenched with two volunmes of a 60:40 m xture of
t-butyl nmethyl ethemhe and “protedtiipearodnah thhiamine fimctidnd defers toam act-ngereoizedias
filtered through a 0.2 mcron filte nd _coll e . he organic
phase was evapBPuhdaigieymoHEe eﬁ‘%ﬂﬁé?&ga%??uélg °tc')“§ gon]fe;g%gé# %ﬁlﬂ the residue
taken up Wi th yirked3h reacing bikingiplace elféviieer endhemaleculeth ywhiah ity atiehe. f or

(3S,2rd)-[N-(1-benzyl - 2- hydr oxy- 3- chl oro) pro r ' ' ~butyl 30
ester (the dr ﬁG@W¥W¥g§€P¥@‘%t?@t% QYP&?Q??“?%%P@%GM ow. 14
January 2005 Ilfindi8lpeotdetitg GloGgs; genBtatlyrikaxycarbonyl groups such as

Ti meSubst r at ePr odyct Di st?reog_gri‘gého [s)(ng./rrL)(rrg./rrL) Purity

(99 Rhodococcus PRYGARSYLFAR B EER P YT opol 1 s93.  hrs0. 050. 95>98ATCC 4277.
Exanple 2 Use of Wiole Cells: Two Stage Process 5 The substrate and the

product for this npl e. wer describ } s i eﬁ?%l,,; f
Rhodococcus eryt h%Is%%fénﬁﬁﬁmoﬁggggggé@é3{5’88%?35%&?; polglsthDSM 6971 (
1 L) wer e 19 nd{38j2d)alhale--Tyaleaxty Bt @tbtéctediantif®4-wibstitoted butases aéproseripd b 1 as

not ed above in_a 50 flask and | . shaker
10 for 48 hour gorm%galﬁ (ﬁpgaspﬂf£%f(eg§ %@%‘ﬁ%&%ﬁ %%%8?555 é%gintrtfo | Sl
of Medium 1 cofdamiled in a fermentor. Gowh in the fernentor was carried
out at 25C, 15 LPM (liters per mnute) aeration and 500 RPM agitation for 36
hours. Cells were harvested fromthe fernentor and used for the enzymatic
conversion (biotransformation) of
[ N-(1-benzyl - 2- oxo- 3-chl oro) propyl Jcarpam c acid t 15 butyl ester (the
substrate) to (3S, 2R)-[ N (1-benzyl -2- hydr oxy- 3chl or o) propyl Jcarbam ¢ aci d
t-butyl ester (the product). Cell su i were prepared by suspending
the cells, 20 grans in 100 nlL of rR@N MM pofjassi umaiphosphate buffer, pH 7.0.
To each suspension was added 25 ng/nL of [l ucose and a predeterm ned
concentration of substrate. The biotransformation of the substrate to 20

t he product,.was carried out at 28C and 160 RPM on a shaker. At

predeterm néd tines the reaction m xtures were quenched and the product

obt ai ned and anal yzed as described in Exanple 1. The Hesults are summari zed
in Table 2 bel ow. 25 14 January 2005 15 Table 2

M cr o- React i onSubst r at eSubstr at eProduct Di a-i Ti eUsedéerg/ rrL)l%Tg/ P%%&lt er eoner i
csm or gan( ns' Smm})@lﬁmd}{lareasdeﬁned above. The compounds répresefited by tormuia

S,;/% 7RZ 8 (]j_ 8 8 f) 8 g g S égcég ggﬁrggﬁgmm'h%érﬁ@ OB rafird A khdwn to those of

> odococcus2010 " 0. 95>98er yt hr opol i 3245‘1(;4. 83>98DSM
6971461000.20>0@xdiney Sl i tha . A MAl5rad PIPocEh i STERIIHRPRPERE RFSSERRT desi 1 ed
product is obt af RGPV isliBcREQGR &5 p&kiink Petehtiyplitkiici DicketiG 35, theel d and with
a very high diaStereoneric purity. 5 Exanple, 3 USS { V%#i% Ivic Pbi al
Strains for Bi disclepue of which i5ncomppried herem by refrences ’?ﬁ‘éssm 0 %o‘?ﬁani sns
was utilized tQegakitd Bihe R Ot ransformation according to the process of
Exanple 1. The results "are shown in Table 3. 14 January 2005 16 Table 3

25




M croorgani snCul ture B7Substrate Input (m~)Yield (%D astereoneric Purity
(9% Agrobacterium tum faci emATCC 33970125. 475. 8Brevi bact eri um sp. ATCC

| 965321 0093. 9Hansenul a anomal oATCC 8170131. 876. 2Hansenul a anonmal aATCC
58044133. 1>98Hansenul a pot ynor phaATCC 34438137. 679. 2Hansenul a

pol yp: or phaATCC 2601216. 1>98Hansenul a sat ur m-sATCC 16762135. 1>98Pseudononas
cepaci aATCC 2935115. 2Pseudononas speci esATCC 20202715. 1

eryt hropol i SATCC 4277274. 2>98Rhodococc erythropolisATE@?qgﬁegﬁ,%bo5
27854277. 7>98Rhodococcus eryt hropol i SATCC 25544261. 1>98Rhodococcus

eryt hropol i sDSM 69712100>98Rhodococcus eryt| ~opol i SDSM

6977272. 8>98Rhodococcus mar| sATCC 35013216. 6>98Rhodococcus rhodococcusATCC
14347266261. 9Rhodococcus rhod CCUSATCC 21197214. ORhodococcus speci esATCC
15592291. 2>98Rhodococcus speci esACC 29673232. 5>98Rhodococcus speci esATCC
212272100>98Rhodococcus speci esAT 21%A624 7>98Rhodococcus speci esATCC
19071214. 3Rhodococcus speci esAT 2 88Tri choderma viri daeATCC
205361122>98 The results in Kbl e 3 enan t hat the m croorgani snms of
the invention clearly cause producti Qduct in acceptable yields,
i.e. in excess of 70% and acceptabl e dlastereonerng purity, i.e. in excess
of 90% 14 January 2005 17 Exanple 4 Use of Cell Extracts and Co-Factor 5
The substrate for this process and the product were as in the previous

Exanpl es. i ocC OROKk b w3 Andpeaxebegr own on
np Frno‘gla“‘f)% 2 g d%eoJth ROis hipdrégeaGr 9

Medium 1 as d (150 Ramdesdifin 100 i of
pot assi um ghosmbﬁh&dbmih%eﬁho gmarapesm%@“g%f;? %lﬁ%ésnrgi&(ﬁls wer e di si nt egrated

at 4C by use of, ai m crofl‘gﬂd ,?ﬁﬁm Eﬁ%ﬁtl&oﬁpmﬁmedbﬁﬂsm@lﬂﬂhe di si ntegrated
cel | 'suspensi dt deed & 4B at 12,000 RPM for 30 m nutes. The clear
supernant ("cell extracts") was utilized for the biotransformation of the
substrate to the product. Portions ( 10 ) of cell extract were

suppl enented with 10 ng of substrate, e dehydr.ogenase (35 units), 0.7
mM NAD+ (nicotinam de adenine 1 S di ancI eotg,de) and 200 ng of glucose. The
reaction was carned out in a pH stat at pH 6.0, 150 RPM agitation and 30C .
Sanpl es were periodically withdrawm fromt r eac diRand anal yzed.
The product wag podiued acidteimed @BKetp; yHg COPRPUY ‘g'ﬁgo {aegtggﬂggnerlai purity. In
this exanple, the NADH cofactor was regenerated using glucose

dehydr ogenase, NAD+ and gl ucose as s below. "' 0 Rhodococcus strain
Substrate ~ Product NADH NAD G ucose ~ k- dIiUcpsii c acid Gd ucose
Dehydr ogenase 14 January 2005 18 ‘ \CI aim 1. A stereoselective

process for the preparation of (3 S, 2 ‘
~-1- hal 0- 2- hydr oxy- 3( pr ot ect ed) am no- 4- substl tuted but anes represented by
the formula | R R-~ H 10 adRabRGaBcted¥roms thegrampt ed from
the group d@nswéﬁeﬁgkéﬁd%llaﬁﬁsd%%e‘%&t ut eléJ al %I éﬁegl and s Rstiguted aryl
and R is a pr nggefﬂkﬂwﬁbsﬁmedmlmaﬂ@ g contacting a

Formiia |1 RAF yshesboudioPih B SoivE ot °W"'§“"g“”“””d“‘h‘“‘”g“‘”‘m’p““e“te" "

and R~ are a]goéﬁefl g Y& W th a

m croor gani sm qeﬁa&hﬁdeifoe:aMambzlrwgﬁQWﬂ’s‘i@P@ng‘l gefctl on of the
conpound represent ed for bl tm(ﬂg(;ﬁt,ﬁﬁ@ﬁddnﬁtgﬂhﬂ@ﬂ ot smis
sel ected from tR¥cgPH ridg g s‘?fdrh'lljs g% Rhodococcus erythropolis ATCC 4277,
Rhodococcusyer ygxlaﬁlgnghemadaﬂmﬁgmd -and Rhodococcus sp. ATCC 21227,
Rhodococcus erythropol is ATCC 27854 and Brevi bacterium sp. ATCC 19653
under conditions such that said reduction is effect A b&ayering said
conpound r epr esent edrheyss, ZH)ftthab)-Z-hydroxY-3'(Pmtecte%)ammmfgubs .

represented by formula I above are important intermediates of in the synthesis o

molecules that are inhibitors of ACE, renin and HIV proteases. The activity of such
ent of

molecules against HIV proteases makes them very valuable in the treatm
retroviral infections such as AIDS. Specifically, the (3S,2R)-1-halo-2-hydroxy-3-

(protected)ammo-4-subst1tuted butanes represented by formula I are treated with a



19 14 January 2005 2. A process in accordance with Caim1l, wherein Hal is
chloro, Ris phenyl and R, is t-butoxycarbonyl. S 3. A process in
accordance with Claim1, wherein said mcroorganismis Rhodococcus
erythropolis ATCC 4277. 4. A process in accordance with Caim1, wherein
said mcroorganismis Rhodococcus erythropolis DSM 6971. 10 5. A process in
accordance with Claim1l, wherein said mcroorganismis eci es
ATCC 2| 227. 6. A process in accordance with daiml, V\heRﬁl‘gl(‘j%ﬁlg%&Bﬁ)O%D
m croorgani smis 15 Rhodococcus species ATCC 27854. 7. A process in
accordance with Caim1l, wherein sg%ed m cr oor ani.im | S Brtea/i)b cterium sp.
ATCC 19653. 20 Sgtabla bpsede enyert fhem tp Hie FAMEsRORGIETPEHdSs ArPIesENF P out as a
one- st age fer nggnalaishéwn Belowd Process in accordance with Claim1l carried out
as a two-stage fernméntation. 10. A process in accordance with Claim1l
carried out in the presence of an 25 inducer. 11. A process in accordance
with Caim10, wherein the inducer a conpound represented by fornula |
that is added during the growth of saith m croorganism 30 12. A process in
accordance with Caim1, wherein conmpound represented by fornula I is
obtained in at least 70 %yield and at 3% di astereoneric purity.
14 January 2005 20 13. A process { RGE, {th Caim210, wherein
conmpound represented by , formula [7is obtained in at least 95 % vyield and
at least 99% di astereoneric purity. 14. In a process of preparing an epoxy
conpound represente . m+sq { by fohhtiid sHowaRBswidle R 1S sel ected
fromthe group cons?%e{)%ﬁélﬁgéng{o(y , elg& st.cil?yutioggﬂgf Kyl , ﬁgfdalge and substituted
aryl and R i s isteqmediates thatgn §e cenyertestto thydmperapAIDSrempevRd B3npri si ng
reacting an ar #%*E,%%R{ fél&r*ﬁ%&ﬁﬂﬂ?ﬁéﬁb@ﬁyi@ﬁﬂﬂl@d&%ﬂﬁﬁﬁmmer ein R and
ed’a | S

R are as defi dve and _‘Mé)ro en of vitro and may be substituted
in the ortho orhsaylmethyhiof Ho@-pyridin bﬁﬁ&lﬂﬁhﬂ}i‘%bGM’Hf a sul fur ylide

conpound CoRpf aijg froRACie@iBic 2SR dERARM BélertY dfshl6sel 81 UI8] Ratédt RoCH2=$\ a R4
15 wher ei nqgs A)Efg 4 aere séenieecltcead froﬁ?’% hee roup, congti sting of alkyl,

substituted al 8498kt therdjsclosere of whish is BETROFRSdheRSHR bYTBIIERES y1 i de conpound
represented by the fornmula R O ~11~R3 RAH |01 $~R4 14 January 2005

The stereoselective reduction of the (1S)-1-halo-2-ox0-3-(protected)amino-4-
substituted butanes represented by formula II above to form the (3S,2R)-1-halo-2-
15  hydroxy-3-(protected)amino-4-substituted butanes represented by formula I is carried

out in accordance with the present invention by reaction with an oxidoreductase
enzyme, or preferably, a microorganism that supplies an oxidoreductase enzyme
capable of catalyzing the enzymatic reduction of the ketones represented by formula
II. The cells of the microorganism may be in the form of intact wet cells or dried

20  cells such as lyophilized, spray-dried or heat-dried cells, or in the form of treated cell
material such as ruptured cell or cell extracts. While a large and varied number of
microorganisms are known to supply some form of oxidoreductase, it has been found
in accordance with the present invention that only selected species of Rhodococcus
and Brevibacterium catalyze the reduction of the compound represented by formula

25 II to form the desired (3S,R')-1 -halo-2-hydroxy-3-(protected)amino-4-substituted
butanes in high quantitative and enantiomeric yield. These species are Rhodococcus
erythropolis ATCC 4277, Rhodococcus erythropolis DSM 6971 and Rhodococcus
sp. ATCC 21227, Rhodococcus erythropolis ATCC 27854 and Brevibacterium sp.
ATCC19653. The term “ATCC” as used herein refers to the accession number of the

30  depository for the particular organism, i.e. the American Type Culture Collection,



21 wherein- R Rl, R3 and R4 are as defined above, treating said conpound
represented by fornmula Il with a source of chloride and an organic acid to
forma 1-substituted-2 am no-3-0x0-4-chloro butane conmpound represented by
the formula RRH O C wherein R and R~ are as defined above, reducing said
conpound to forma 1-chl oro2- hydroxy-3-am no-4-substituted butane conpound
represented by the formula R R~-HN O OH 10 wherein R and fined
above and reacting said hydroxy corrpounq) with a base to f@rl‘]rfﬁu%ﬂgﬁgggxy
conpound, the inprovenent wherein the réduction of said

1- chl or 0- 2- 0XQ%3538040%5 btk B8 D8RS TReMenh EDSMU teférsitoakc or dance
wth daiml ﬂ%g’(gl:[ﬂ%rlﬂ%ng?g?%%%%ge‘?& chl or 0- 2- hydroxy- 3- anj . no- 4- substi tut ed
but ane conpour@emban Colleation efAdicroprpanisms ad Fell fyltuges, P@&é"th“gfg@%fﬂn&g*er eoneric
purity. 15. A process in accordance with Caim 14, wherein conpound
represented by formula | is obtained in at |east, 95,%%3 et!d a.ngl ‘%t | east
99% di ast er eoner i ¢ Theerizymatic reguctiompethad of the presapt Apveniion fay & CAPEI XE (5 A2 . A
9 .A(.As(.A.A S ; i -stage

;X XE X; #.( #Asl(o~,‘}&EHeﬁ%ﬁg@@;}éﬁfggngegp}agﬁtggfot&)%ugogrggglgggglgg};%d&;gOaggf)‘ﬁ’;’o g?.’>??’?’?’?’?’??’?’?
<??7??7??7c: @ 1 1ftuEBtatich and reduction, or concurrently therewith, 1.e. as a single-stage or in i

MXIVK( XME. #. 22722220222292202000 12 42 1400 fR iterorsAndrdidy B Bo®h & af >| >| > x>| >|
S| > | ~| > 3| > TS o S > > =] = ~x~x~| ~| el St 1130 @ > > |
x| x| x| | >?| >| >| apptoprists medinrmcsspesially Poo coptang NILALLH d carhon s9 22999999977

2P9VIIINI~~>7 >s;§|§?c?eﬁ? Q}'B'v?rfhig fealized ard thewh 4 tobtpound seiebted ffom those compounds

SK((<H. #. 2282227072072 PRV????2222222?7, 2222?02~ 227~7>~
>??~???~??w?xepxssentﬂébxﬁﬂmslﬁlbf??ddﬁémﬁ%sw atic rduction isberealior 27222772227
222777 22 ohfinued Sntil 3arhiaf cahplete conversion of the compound represented by

TPTP( PT#. #. x2272222222?222222222222~2| 2| | | | <| 2| | 21 2l | | | | | 2~2] 2| 2| |

LLLLLLL 21| ]| pegtfias gaimedy || 220 2] ||| [[>]2]]2]]]>]]]>]?~]20] 2

563 1KTOhxzhzs pkiuidbik sRdiamayHesstit]abaveantiling:bibjts apredeterinineddeyplcd] caV] ca] ca] c a

bVS) x | ub] XS] CSpPRRTIEARRYA Pk o gt ol A BN Bphtie PRAER) cal cravi ¢
a] ca] ca] ca] c” aMtimiduesdndantobiate]lclspefstn} prapared theedfiars Fgntgining appropria

kf a\ , . . -
(] ona] cal cav] ol s gt ant FEARS SRRbEpITHEL Lk Gl phaspfad ik cal cal ca
HH$=SMB OB YR&&&partiduldriy (potabsiimn Phosph@ebustet, ristHCH saptivan acetpiepoq thefikey) Wattay) ca] ca
| ca] calf calal cal DL £l ) Rkl ko itk bl ko msabakan] o2l cal o2 cal
a----- N doF , }
0033444444455* teplesciedhy oy B isrthewaidad theagte and) thegnzymatia It ca] caV] ca] caV]

I firsan D, #99;

st o B e B o e e o 1
U] c*a] ca] ca] capomdmaieeadwhmedivmayill pcludecas prexiously %%éf\?ﬁ‘}g@gf%gﬁ“ﬁf ca] c*a] ca
| ca] ca] ca] ca] C@&&?ln%?h&?le%%n%ﬂ@y\ﬁ%ﬂ@?%{% el ddfida@s Ivetl\ B thoss of)okdBhdry i ] | “"aaab]
vgkfa\ Ww nhcrWcPcal caf ca caUt]hca] caV] ca] caV] ca cagocac] calc’a
Ul c”*a] caV] @a] cakijldmthe art are aware, the term inducer means any corm und initiating or
U c*a] cha] cal C%Lmlﬁ@galmws@& cabsidaellebbd) bt within the cell to
cvcd! d+doddeeedexeeeeeee .
f 96 9f Rf ~ysnhc] Yrodneethedepizsd rradpct e A ArloAp¥os @Rt am ¢z ca) cra ca] ca]

ca] ca] ca substituted butanes represented by formula II would be considered an inducer,
particularly when added in small quantities during the growth of the microorganism.

30
Suitable carbon sources for the medium may include sugars, such as maltose,

lactose, glucose, fructose, glycerol, sorbitol, sucrose, starch, mannitol, propylene

glycol and the like, organic acids and their salts such as sodium acetate, sodium




Ul c”a] ca] ca] caV] ca] caV] ca] caV] ca] caV]ca] ca] ca] caRf gf ~fffffffg&y>gVvgngggggagg
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a] caV] ca] ca] ca] ca] ca MuYuuuuvdvvvXww XXXXy .

yy )L/J] y yZ]ZZZ@} { {cltdafe{anduie dikZ,Umhig ?%@]@é%ﬁwfcﬁf%yW%f et al ca] cal cal

calU] ca]caV] ca c £ it hiscbth : i@

{11111]B}D} L?’g%‘@@‘?}s‘y%ﬁé {{ﬂ {Liwa d_ZU?rh\;]C] calegaﬁca%.gsggﬁsalﬂ ca] callc
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109%<8& () - e fnykatd, REmoniGem shifate ankihe ble oiuratlq trace clementg gpay gcfude | |

] 410%<& ()- E 09&: (-1 O &' Libi 1, iron, sodium and
1" 9 10%/\\(/\&'( % ) -p?.f’ﬁ’%g?@@ '%‘%g-nf gﬁ'&%@#{iﬁ éi %‘5}%&?{?’ -15%103’2‘%‘5&?2 110068 () - W
z[ 9PE: | y/ @L0%cRSREN (dits. Thosupeopriptempdia uiilizgdympogotdpace with the present

10938 () - ! LOIANR! ()4 AR i HGRY OF thest0%G8' () - 10GG
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10CC! S410%CC&atepories.OBEIesetativerpre! dia indnde bigtspded limatation b7
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Ingredient Weight Percent
No. 1 Malt Extract 1%
pH 7.0 Yeast Extract 1%
15 Peptone 1%
Glucose 2%
No.2 =  Malt Extract 1%
pH 7.0 Yeast Extract 1%
20 Peptone 03% .

Glucose 4%
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pH 7.0 Yeast Extract 1%
Peptone 0.3%
Sodium Succinate 2%

10
The pH given above for the media is post-sterilization. Before sterilization,

the pH is preferably adjusted to from about 6 to 8, most preferably about pH 6.5.
The media are then sterilized, for example, by heating at a temperature of about
121°C for 30 minutes. Following sterilization, the media are adjusted to pH 6.5 to

15 7.5, most preferably about pH 7.0. During microbial growth and the reduction
process, the pH is maintained at between about 4.0 énd 9.0, preferably between about
pH 6.0 and 8.0. An appropriate base or acidic salt from among the constituents
named above can conveniently be utilized for adjustment of the pH.

20 The temperature of the reaction mixture is a measure of the heat energy
available for the reduction process, and for this reason, a suitable temperature should
be maintained to ensure that there is sufficient energy available for the process to go
to completion. A suitable temperature range for the process of the invention is in the
range of from about 15°C to about 60°C, preferably from about 25°C to about 40°C.

25  Pressure is not known to be critical for the practice of the process of the invention

and for convenience about atmospheric pressure is typically maintained.

The process of the present invention is preferably carried out under aerobic
conditions. Agitation and aeration of the reaction mixture is also beneficial to the
30  subject process in that is affects the amount of oxygen available for the
biotransformation. The process is advantageously carried out, for example, in shake-
flask cultures or fermentor tanks during the growth of the microorganisms ina

smgle-stage or two-stage process as described above. Agitation in the range of from
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preferred. Aeration of from about 0.1 to 10 volumes of air per volume of media per
minute (v/Vt.) is preferred, with aeration of about 5 volumes per volume of media

per minute being particularly préferred.

Complete conversion of the compound represented by formula II may require,
for example, from about 4 to 48 hours, typically from about 4 to 24 hours, measured
from the time of addition of the compound represented by formula II to the media. It
is preferred that the media be aqueous based, although an organic liquid or a miscible

10 or immiscible, i.e. biphasi-c, organic/aqueous liquid mixture may be utilized as well.

The stereoselective enzymatic reduction process of the present invention may
be carried out using a co-factor such as nicotinamide adenine dinucleotide (NADH),
especially when an isolated enzyme would be utilized. NADH, for example, may

15  thereafter be regenerated and reused. A further enzyme that regenerates the NADH
in situ may be employed such as formate dehydrogenase or glucose dehydrogenase.
Suitable hydrogen donors include molecular hydrogen, a formate (¢.g. an alkali metal
or ammonium formate), glucose, a hypophosphite or an electrochemical reduction in
the presence of a viologen, for example methyl viologen. It is also possible to

20 regenerate NADH without further enzymes using, for example, ethanol or formate.

It is further preferred to add the compound of formula II to the reaction media
so that it is from about 0.2% to about 5 % by weight, based on the combined weight
of starting compound and media. The inoculum of microorganism relative to the

25  amount of starting material is sufficient to provide for the enzymatic reduction of the
compound represented by formula I with the times described above, generally from
about 5 wt.% to about 30 wt.% cells concentration. Utilizing the preferred reaction
parameters described above with the microorganisms given will provide a reaction
yield of greater than 70%, optimally in excess of 99% and, unexpectedly, an

30 diastereomeric purity greater than 93%, optimally in excess of 99% of the desired
enantiomer of the compound represented by formula I. The product of the reduction
process of the present invention, i.e. the compounds represénted by formula I may be

recovered by any suitable methods for isolation and/ or purification, e.g.
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claims be construed as encompassing all of the features of patentable novelty that
10 reside in the present invention, including all the features and embodiments that would
be treated as equivalents thereof by those skilled in the relevant art. The invention is

further described with reference to the following experimental work.

Example 1
15
Stereoselective Enzymatic Reduction: Use of Whole Cells - Single Stage Process

Rhodococcus erythropolis ATCC 4277 cells (1 mL) was inoculated into 100
mL of Medium 1 as noted above in a 500 mL flask and incubated at 28°C and 200
20 RPM on a shaker for 22 hours. The pH of 50 cells broth was adjusted to pH 7.0 with
1 M potassium phosphate buffer. Glucose was added to the cell broth at 25 mg/mL
and 50 mg. of (1 S)-[N-(l-benzyl-2-oxo-3-chloro)propyl]carbamic acid t-butyl ester
(the substrate) was added thereto. The biotransformations (reductions) were carried
out at 28°C and 200 RPM on a shaker. At predetermined times the reaction mixtures
25  were quenched with two volumes of a 60:40 mixture of t-butyl methyl ether and
toluene, and the separated organic phase was filtered through a 0.2 micron filter and
collected. Two mL of the organic phase was evaporated to dryness under a stream of
nitrogen and the residue taken up with 1 mL of acetonitrile, filtered and analyzed by
HPLC for (3S,2R)-[N-(1-benzyl-2-hydroxy-3 -chloro)propyl]carbamic acid t-butyl
30 ester (the product). The results are summarized in Tabie 1 below.
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Table 1
Microorganism | Reaction Time | Substrate | Product Diastereomeric
(hours) (mg./mL) | (mg./mL) Purity (%)

Rhodococcus | 21 hrs 045  |048 >98

erythropolis

. >
ATCC 4277 93 hrs . 0.05 0.95 98
Example 2

Use of Whole Cells: Two Stage Process

The substrate and the product for this Example were as described in Example
1. Cells of Rhodococcus erythropolis ATCC 4277 and Rhodococcus erythropolis
DSM 6971 (1 mL) were individually inoculated into 100 mL portions of Medium 1
as noted above in a 500 mL flask and incubated at 25°C and 280 RPM on a shaker

10  for 48 hours. One hundred mL of each culture was innoculated into 15mL of
Medium 1 combined in a fermentor. Growth in the fermentor was carried out at
25°C, 15 LPM (liters per minute) aeration and 500 RPM agitation for 36 hours. Cells
were harvested from the fermentor and used for the enzymatic conversion
(biotransformation) of (1S)- [N-(1 -benzyl-2-oxo0-3-chloro)propyl]carbamic acid t-

15  butyl ester (the substrate) to (3S,2R)-[N-(1-benzyl-2-hydroxy-3- ‘
chloro)propyljcarbamic acid t-butyl ester (the product). Cell suspensions were
prepared by suspending the cells, 20 grams in 100 mL of 64 mM potassium
phosphate buffer, pH 7.0. To each suspension was added 25 mg/mL of glucose and a
predetermined concentration of substrate. The biotransformation of the substrate to

20  the product was carried out at 28°C and 160 RPM on a shaker. At predetermined
times the reaction mixtures were quenched and the product obtained and analyzed as
described in Example 1. The results are summarized in Table 2 below.

25
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Table 2
Micro- Reaction | Substrate | Substrate | Product | Dia-
organism Time Used (mg/mL) | (mg/mL) | gtereomeric
S mg/ml
(hrs) (mg/mL) Purity (%)
Rhodococcus | 20 1.0 0 0.86 >98
erythropolis
. . >
ATCC 4277 32 5 0.02 49 98
49 10 0.05 9.65 >98
Rhodococcus | 20 1 0" 0.95 >98
erythropolis
. >
DSM 6971 24 5 0 4.83 | 98
46 10 0 - 19.2 >08

The results in Tables 1 and 2 demonstrate that the desired product is obtained by the
process of the invention in high yield and with a very high diastereomeric purity.

5
Example 3
Use of Various Microbial Strains for Biotransformation: Whole cells
10 A series of microorganisms was utilized to carry out the biotransformation

according to the process of Example 1. The results are shown in Table 3.
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Table 3
Microorganism Culture ID Substrate | Yield | Diastereomeric
Input (%) Purity (%)
(mg/mL)

Agrobacterium tumifaciens ATCC 33970 1 254 75.8

Brevibacterium sp. ATCC 19653 2 100 93.9

Hansenula anomala ATCC 8170 1 31.8 76.2

Hansenula anomala ATCC 58044 1 331 >08

Hansenula polymorpha ATCC 34438 1 37.6 792

Hansenula polymorpha ATCC 26012 1 6.1 >98

Hansenula saturnus ATCC 16762 1 351 >98

Pseudomonas cepacia ATCC 29351 1 5.2 -

Pseudomonas species ATCC 202027 |1 5.1 -

Rhodococcus erythropolis ATCC 4277 2 742 >98

Rhodococcus erythropolis ATCC 27854 2 71.7 >98

Rhodococcus erythropolis ATCC 25544 2 61.1 >98

Rhodococcus erythropolis DSM 6971 2 100 >98

Rhodococcus erythropolis DSM 6977 2 728 >98

Rhodococcus maris ATCC 35013 2 16.6 >98

Rhodococcus rhodococcus ATCC 14347 2 66.2 61.9

Rhodococcus rhodococcus ATCC 21197 2 14.0 -

Rhodococcus species ATCC 15592 2 91.2 >98

Rhodococcus species ATCC 29673 2 325 >98

Rhodococcus species ATCC 21227 2 100 >98

Rhodococcus species ATCC 21146 2 427 >98

Rhodococcus species ATCC 19071 2 143 -

Rhodococcus species ATCC 21226 2 56.6 >98

Trichoderma viridae ATCC 20536 1 122 >98

The results in Table 3 demonstrate that the microorganisms of the invention

clearly cause pi'oduction of the product in acceptable yields, i.e. in excess of 70% and

5  acceptable diastereomeric purity, i.e. in excess of 90%.
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Example 4

Use of Cell Extracts and Co-Factor

The substrate for this process and the product were as in the previous
Examples. Cells of Rhodococcus erythropolis ATCC 4277 were grown on Medium
1 as described above. Cells (150 grams) were suspended in 100 mL of potassium
phosphate buffer, pH 7.0. The cell suspensions were disintegrated at 4°C by use of a
microfluidizer at 13,000 psi pressure. The disintegrated cell suspension was
centrifuged at 12,000 RPM for 30 minutes. The clear supernant (“cell extracts™) was

utilized for the biotransformation of the substrate to the product.

Portions (10 mL) of cell extract were supplemented with 10 mg of substrate,

| glucose dehydrogenase (35 units), 0.7 mM NAD+ (nicotinamide adenine

dinucleotide) and 200 mg of glucose. The reaction was carried out in a pH stat at pH
6.0, 150 RPM agitation and 30°C . Samples were periodically withdrawn from the
reaction media and analyzed. The product was obtained in 95% yield and >98%
diastereomeric purity. In this example, the NADH cofactor was regenerated using

glucose dehydrogenase, NAD+ and glucose as shown below.

Rhodococcus strain
Substrate - Product

N

NADH

NAD
Glucose : \ / »  Gluconic acid

Glucose Dehydrogenase
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CLAIMS

We Claim:

5 1.  Astereoselective process for the preparation of (3S,2R-1-halo-2-hydroxy-3-
(protected)amino-4-substituted butanes represented by the formula I

R

R{HN H Hal

g Hites

10  wherein Hal is halogen, R is selected from the group consisting of alkyl, substituted
alkyl, aryl and substituted aryl and R; is a protecting group for the amino function
comprising contacting a (1 S)-1-halo-2-0xo0-3-(protected)amino-4-substituted butane

represented by formula II

R;HN Hal
15 o

I
wherein Halo, R and R, are as defined above with a microorganism capable of
catalyzing the stereoselective reduction of the compound represented by formula II
20  wherein said microorganism is selected from the group consisting of Rhodococcus
erythropolis ATCC 4277, Rhodococcus erythropolis DSM 6971 and Rhodococcus
sp. ATCC 21227, Rhodococcus erythropolis ATCC 27854 and Brevibacterium sp.
ATCC19653 under conditions such that said reduction is effected, and recovering

said compound represented by formula L.
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2. A process in accordance with Claim 1, wherein Hal is chloro, R is phenyl and
R, is t-butoxycarbonyl.
3. A process in accordance with Claim 1, wherein said microorganism is
Rhodococcus erythropolis ATCC 4277.
4. A process in accordance with Claim 1, wherein said microorganism is
Rhodococcus erythropolis DSM 6971.
5. A process in accordance with Claim 1, wherein said microorganism is
Rhodococcus species ATCC 21227.
6. A process in accordance with Claim 1, wherein said microorganism is
Rhodococcus species ATCC 27854,
7. A process in accordance with Claim 1, wherein said microorganism is
Brevibacterium sp. ATCC19653.
8. A process in accordance with Claim 1 carried out as a one-stage fermentation.
9. A process in accordance with Claim 1 carried out as a two-stage fermentation.

10. A process in accordance with Claim 1 carried out in the presence of an

inducer.

11. A process in accordance with Claim 10, wherein the inducer is a compound

represented by formula I that is added during the growth of said microorganism.

12. A process in accordance with Claim 1, wherein compound represented by
formula I is obtained in at least 70 % yield and at least 93% diastereomeric purity.
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13. A process in accordance with Claim 10, wherein compound represented by

formula I is obtained in at least 95 % yield and at least 99% diastereomeric purity.

14.  Ina process of preparing an epoxy compound represented by the formula

R

Rl ....... umllllll o

wherein R is selected from the group consisting of alkyl, substituted alkyl, aryl and
substituted aryl and R, is a protecting group for the amino function, comprising
reacting an aryl ester represented by the formula ’

o
RHN

Ry

wherein R and R, are as defined above and R; is hydrogen or nitro and may be
substituted in the ortho or para position on the phenyl ring with a sulfur ylide
compound containing a function represented by the formula

— - 3
CHy=8__

wherein R; and Ry are selected from the group consisting of alkyl, substituted alkyl

and aryl to produce an intermediate keto ylide compound represented by the formula

A
_R3
RqH i ~8_

o)

R4

'10% X

10%
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