; e3exx} Tj V6BT sWD 02/ 14528 1 STEREOSELECTI VE REDUCTI ON OF SUBSTI TUTED
OXO BUTANES Cr oss- Reference to Related Applications 5 10 15 PCT/ USOL/ 2311_ ‘

Thi's appl wanéziasescl ai ns the benefit of U S. Provisional Apgply, 29 3Serl ak
Nunmbers 60/ 277,531 filed March 21, 2001 and 60/ 225, 695 fil ec?lﬁ\u us

2000. The present invention relates to a novel process for the prepaLatlon
of (1S, 2S)-1-hal o- 2- hydr 0Xg i %;t uted butanes by

st ereosel ective reduction ?ﬁpge %‘?‘?@?g@%"m ounds. The
substituted butanes produced SUBSTIXUTED®XU-BURARES ocess of the

i nventions are precursors of hydroxyethylanine isostere sub-u ‘ﬂmmmmmmn
in many nol ecul es therapeutically useful as inhibitors of ang

converting enzyme, renin @&%ﬁlﬂe\{é!ghgéﬁgﬁ eﬁa&]g&&!@g%of t he | nverdooa 20

Bi ng-nan Zhou et al. J. -5928, 1983 descri be
25 30 t hé chenoni crobi ol ogi cal synthesis of L-carrutine, which plays an

i nportant role i the unman transport of long-chain fatty
ag}a ds. Particul ar ‘Vsa ﬂﬂ“é‘tlﬁ’éﬁ }mqﬁgéﬁ@ﬁpﬁy $-ddawsionsl ‘%Rpllﬁam Segialeast

i . e. Sacchargimeas 60?2’7?\53?1'@58McheilhEbOIP%xﬂmm%tfﬁ?&%g o ethyl
(S) - 4- chl or o- 3- hydr oxybut anoat e. Kazutoshi Ushi o’ et tra edr on

Letters, Vol20087, No. 23, pages 26572660, 1986, disclose the reduction of
bet a- ket 0 esters by net hanol grown yeast. This paper teaches that the
subj ect reaction causes dramatic shifts of the enantiorre Wﬁ Iummhe
resul tanto product in the directi opieRf of the IivéntdREr - Thi s lwmml mm |
produced when the reaction was carried out utifizing yeast grQ

met hanol due to enzynes characteristic of yeast grown in such rredl a WO

02/1.1528 2 PCT/ Uﬁgelélgg’e]n{' fhvention relates to a novel process for the preparation of

(18,28)-1-halo-2-hydroxy-3-(protected)amino-4-substituted butanes by

stereoselective reduction of the corresponding oxo compounds. The substituted
15 butanes produced in accordance with the process of the inventions are precursors of
hydroxyethylamine isostere sub-units present in many molecules therapeutically

useful as inhibitors of angiotensin converting enzyme, renin and HIV-protease.

Background of the Invention

20
Bing-nan Zhou ef al. J. Am Chem. Soc., 105, pages 5926-5928, 1983 describe

the chemomicrobiological synthesis of L-carnitine, which plays an important role in

the human metabolism and transport of long-chain fatty acids. Particularly, this
paper teaches the reduction by baker’s yeast, i.e. Saccharomyces cerevisiae, of ethyl

25  K-chloroacetoacetate to ethyl (S)-4-chloro-3-hydroxybutanoate.

Kazutoshi Ushio ef al. Tetrahedron Letters, Vol. 27, No. 23, pages 2657-
2660, 1986, disclose the reduction of beta-keto esters by methanol grown yeast. This

paper teaches that the subject reaction causes dramatic shifts of the enantiomer
30  excess of the resultant product in the direction of the D-isomer. This phenomena was
produced when the reaction was carried out utilizing yeast grown in methanol due to

enzymes characteristic of yeast grown in such media.



Mar kus Christen et al. J. Chem Soc., Chem Conmun. pages 264-266, 1988,
di scl oses the synthesis of four stereoi soners of

met hyl - 6- 4o @hlusmgophenyl t hi o) - 3, 4di hydr ohexanoat e i n whi chpdigsofBYi13
introduction of chirality was effected by an appropriate yeast reduction.
It is stated therein that, although the feduction of betaketo esters with
yeast has been st yg] si.vely, ' R cul gl i ther
! he absol ute. cont | GuRG (IR iR sk, SEETCHEN LU, badkPoBA-54 Tos6,
enant i onmer i cdigxlossshd synthesistod e seaévisongdts ofmethyl-6-(Prchlzopienglthia)-3,4-

Bi ot echnol ogy, and, Bi oengi.neering, Vo|]. 35, pages. 10 559-564, | 990 descri be
asymetric iR hEHRIGRE lmshmﬁreéwtwg ‘%@F‘Fél%fwa&??fgﬁt?@)g&én

sol fataricus i k i+h dnEyte@ cells
of this or gaﬁqﬂgléﬁlﬁsat(%er gén%f géagg%c}Esﬂ%ﬁﬁﬁ%ls%%@gﬁlgth%%ltﬂérreg% ﬁ{n Ran%sh Pat el
» et al., Bhzyketokstersohith Feashinslbeen Stotlied £8tenginglg sit Bdaisl Aiffiadas piddidescr i be

the stereospecific mcrobial reduction of 4 5-di hydro-4-(4-nethoxyphenyl)
6-(trifluoro q’iﬁe-_ e eanfiguration Hi‘g’-e .ucf(?) ?fal‘%ll?afféﬂ“i?‘: 3?@“?@1 <€ osed
that a key i pt@cBiiPtFoe achieved.

(3R-cis)-1,3,4,5-tetrahydro- 3-hydr oxy- 4- (4-nmet hoxyphenyl )-6(trifl uoronethyl
) - 2H 1- benzazepi ne- 2-one was nade by the stereosel ective m crobi al

reduction of the parent.ketaone. {t d talt ed that it. was pgsﬁg?le by the
sel ection of 20 .° _°&&?Ff18c%ﬁﬁﬂ ﬁ%&i—@mﬁ%@%ﬁ“ P CRENHINE LBher: #3485t anong
four knoym pessbed, 1990 @sscriBe aByEimbiRicebdiRtion bf ketbhesywith Msindéells bgchnol .
Vol . 15, pages 1014-1021, 1993, descri bes the stereosel ective reduction of

a di ket o conpuwiiabuszolfaigrisus- 1B 1 $etad thabthe reduskize abibity,efi the rasingmeellsedt er . to
i ngl . | . of i i d. Ra h Patel et
o oo s GiERRisY ol ey’ B Mgl Y CHERbu B PO 000 (e e

process of heat treating Geotrichum candidumto inprove the optical purity
of the hydroxy product, gbtained fromthe reduction of beta-keto esters 30

t her eby. Komet ani Rémegh Patele @.nEnzyme Micrak. beghnoln Vighd 3ppegss §06:9421 191 Vol .

80, No. - - - i gg&g -

utilizi nSS e!to ﬁ%ﬁ%})@g% ﬁgosp é@%é%;ﬁg%g%g%%qﬂy%%gﬁﬁg%y S h}rl%{gl) The

rk e![ at i onsgi pff(&iﬂmnethgl-tHﬂe)—bI@hzazepiatﬁmpnei. dn pal_‘tioatam,eihisld_ist;;mied thatalkqg hidr ?lh t
et one reduction rate ) r east i.s, exan and it.is.conclude a

et hanol coul wti}glegﬁéef 92%8’158@'%5& ’? 'ﬁf&gﬂi@é—v‘ﬁ?’&ﬁg%?i%??gwpéﬁfyﬂ)a " al cohol s

from prochi r gkiflasioandisyl)-2HRABESAZPpME2-086 wak madb/bpthd¥drBidclddive mic?Bialt 95,

i ssued Feb. 21, 1995, "discloses the stereoselective reduction of certain
ket o- cont ai nradgcien eicthe pargat ketonso Uhisstates thatitvas possile by therseleaidorhefdr oxy|

of "oat o 901 o PIBRIERS B S8 e ool SOR RSP n il FTRIEEE "0, ©

dehydr ogenase and the mcroorgani sns are preferably selected from
Hansenul a, Rhodococcus and Norcardi a sPeci es. Summary of the Invention 15
1

f
The present i nvenfaBiesh Baig) ¢/atls Enzy eab-clechnel, el S Pagesd 0p#-d02bs f or
the preparati : : . : Ao
5,25 1 hal 0 3 hygioaibes e stereqselectivg reduction ofa diketo compound, 3 Sdioxayte o
reducti on of (hdneylowy)lexpooidiacid, nethyl eptaryio acsingleemintigmeonbthemekmliting cert ai n
speci es ﬁé Rﬂﬁld coccus and,Brevi bacterium The products are obtained in
hi gh yi efd aSHYAFPXESOBPOERE: di ast er eoreric purity.

Ramesh Patel ef al., Enzyme Microb. Technol., Vol. 14, pages 731-738,

1992, describe a process of heat treating Geotrichum candidum to improve the

optical purity of the hydroxy product obtained from the reduction of beta-keto esters
30 thereby.

Kometani ef al., Journal of Fermentation and Bioengiﬁeeringl Vol. 80, No. 2,

pages 208-210, 1995, teaches yeast-mediated bioreduction utilizing ethanol as the



WO 02/ 1528 4 Detail ed Description of the Invention PCI/ USOL /23113 The
process of the present invention provides an advantageous synthesis for the
(1S, 25) - Iwhaazdshydr oxy- 3- (pr ot ect ed) ami no- 4- substi t ut ed ,Jgjup(] £83113
represented 5 by the formula R RLHN Hal wherein Hal is a ogen,
preferably chlorine, Ris sel ected from he group consisting 10 of al kyl,

substituted alk l..and dRlLis a protecti group
For "t he o rened iRl THRAEBERE balbEtn B BE Cotimiobef o EHRHET Al s
are useful ?robli‘ﬁﬁ'k@ibﬁib @écﬁl‘étlbﬂrdt@ﬁx Bamtr bewhast i9Examhed s Eip 1stdbabluﬁéd?that
inhibitors o renin and HV proteases. 15 The activi t% of such

nol ecul es agetharal cwldbsraapb%@&tomwcalﬁemdvm@l efzphiralaleohols frem t r eat nent
of retrovira such as AIDS. Such conpounds and their use are

di scl osed, f rocfﬁfrfﬁ?(g#o?lg§ n U S. Patent No. 5,849,911, the disclosure of

- wWhich is 5ncorporated herein by reference. A particularly inportant AlIDS
conpound disclosed in U S.. Patent No. 5,849,911 is

[ 3S- (3R*, 8R*, 9R*, BQIRG;I] Pajelies ap; §(S; PateppNo. 5, 391,495, issued Feb. 21, 1995,

di et hyl et hy \/ 5 =l

pyri di nyl) phgl)rﬁgllﬁ %E@Eﬁ&}’eo%e%&é@fg&%éi%gg? %ﬁ%@%g‘? %lgdgc%d]gmé% (I:deam d

di net hyl est esmpdiinds to:fmmqndhan dompomthngjhyckox)rl)grmmdzdmaanmg atofn!pomdshe

(15, 2S) - 1- hal g; 2hydr q r ot ect ed) am no- 4- substi { ut t anes

represent ed BS'/]“?‘B@/W‘ °Prg B‘?réé‘te ?C‘I‘Hﬁ‘é et se §“l'%‘t%‘PFF'é{J flons e Hhe

i nventi ofy pr a@gﬁﬁg nBm¥&a% dHiddlredubtast &fdeh?&o%érﬁgéa:?cﬁth@ %ﬁm%%) aRRARGIOTEr Of
the substituted butanes represented by fornu makes It very I nportant to
t he ul ti mat eprsfarally selegted fromrhHarsgnulaRhasdoodccub and Nercaphiaispesiesonpound

descri bed above. WO 02/ 1528 PCT/ USO1/ 23113 As utilized herein, the
following ternms have the definitions given below. The term"alkyl" refers
to optionally substituted strai GuWmma¥Fy SFthethaghtionai N sat urated hydrocarbon
groups having from1l to 7 carbon atons, preferably from1l to 4 carbon
atons. The expression "l ower alkyl" ref ers to optionally substituted al kyl
groups haying fro : . rm.. refers
P ah al B3 gr oup retBiSet {fRRNR0 iR i RO A Hre TS MBS R o <.
such as, hal prephiatibh UD(rltsrTIS)hlyhaler-h)fdrw @miﬁrbfwteﬂ)anhnﬁl-r@ﬁ%shta{eﬂ%mnes

c cloalk 0X eterocyl o 0XO0, ryl ox ar al kyl
y y yby It]'le reductl%n ?Xhe correspon 1ngaketo group contam?ngycomp%unds by ce){'tam

species of Rhodococcus and Brevibacterium. The products are obtained in high yield

and in excellent diastereomeric purity.



10 al kanoyl oxy, am no, al kyl am no, arylam no, aral kyl am no,

cycl oal kyl am no, heterocycl oam no and di substituted am no. The definitions
gi ven hergign2fi@xesal Kyl and substituted al kyl apply as wel lpcqdogs@h kYl
portion of al koxy groups. The term"aryl’ refers to nonocyclic or bicyclic
aromati ¢ hydrocarbon 15 groups having frém 6 to 12 carbon atons in the ring
portion, for exanple, phenyID n hyl. .Dbip né/i an di phenyl groups, each
of which may be substituted. X to an aryl group
bonded to a larger entity through an al kyl group, for exanple, a benzyl
radical. 20 The term "substituted aryl" refers to an aryl group substituted
by, for exanple, bhgprogess@ithequpsent myention provdidessan advrytageoys synthesigfor al kyl |

et of ocycl ool (P RalBgle-2 5 BRI et oL BAERY o fonfelin e

 aral kyl ar§ noby the fematl@al kyl anmi no, het erocycl oani no, al kanoyl am no, thi ol

al kyl thi o, cycloal kyltluo, heterocyclothio, ureido, nitro, cyano, carboxy,
car boxyal kyl , carbanyl, alkoxngrbonyl, al kyl t hi ono, arylthiono,

al kysul fonyl, sul fonam do, aryl’oxy and the |ike. The substituent may be
further substituted by one or nore nbers selected fromthe group

consi sting of halo, hydroxy, all yl}, al koxy, aryl, substituted al kyl, 30
substituted aryl and aral kyl. The m " ogen" or "Hal" refers to
chlorine, bronine, fluorine gpgnt odi ng, w thRnahl orine being preferred. WO
02/ 1-t528 6 PCT/USOL/ 23113 The term " @ otecting group on the am no function
refers to an art-recogni zed group of omieties that can be attached to an
am no group to keep it frombeing involved in reactions taking place

el sewhere on the nolecule to which it is attachef. , 5 Preferred anong such
groups is t-butoxycarbonyl (BOC), but art-recogntzed am no function
protecting groups, generally al koxycarbonyl groups such as

benzyl oxycar bonyl, can be used as well. The starting naterials for the
process of swhereintHglris e dglogempreferaplyrdhiayinehB ig sel¢cted from the group consisting

oy rormilts 1ot R BT AP e AR RN g AR ERwRESY = =

represent ed iy akiigo fudetivh.a RIH O 15 Hal

The substituted butanes represented by formula I are useful as intermediates
in the synthesis of molecules that are inhibitors of ACE, renin and 'HIV proteases.
15  The activity of such molecules against HIV proteases makes them very valuable in
the treatment of retroviral infections such as AIDS. Such compounds and their use
are disclosed, for example, in U.S. Patent No. 5,849,911, the disclosure of which is
incorporated herein by reference. A particularly important AIDS compound
disclosed in U.S. Patent No. 5,849,911 is [3S-(3R*,8R*,9R*,12R*)]-3,12-Bis(1,1-
20  dimethylethyl)-8-hydroxy-4,11-dioxo-9-(phenylmethyl)-6 {[4-(2-
pyridinyl)phenyljmethyl}-2,3,6,10,13-pentaazaretetradecanedioic acid dimethyl
ester. This compound may be directly synthesized from the (1S,2S)-1-halo-2-
hydroxy-3-(protected)amino-4-substituted butanes represented by formulaI. The
fact that the process of the present invention produces a very high yield of the trans
25  (185,2S) enantiomer of the substituted butanes represented by formula I makes it very
important to the ultimate efficiency of the synthesis of the therapeutic compound

described above.



Il wherein Hal, R and Rl are as defined above. The conpounds represented by
formula Il can be prepared by techni ques described in the literature and
known to WwpasAs9k 20 ordinary skill in the art. A preferreg¢rai@esenss for
form ng the conpounds represented by forsula Il is disclosed in co-pending
pat ent application Docket GY55, the disclfosure of which is incorporated
herein by referen

formul a 25 ‘%%P@%%IES}H gﬁ%fo%%yﬁ%n%ﬂ%h#éﬁ %@?ﬁlﬁ%ﬁ gi@(%}\ﬁ%}&e)\%{ nt rI;eand R1

are as defi Nt 1eRRYelk§teldes tb&)phmhnygsabsmﬁtea lstralgha@dbrmyhddechsussmaveﬂ ut ed
in the ortho or para position on t henyl ring reacted wt isulfur

Cylide, i.e. hydsssphamgrospyhayingfi ﬁgnéwﬁﬁe{hoaﬁtq%pﬁ@rﬁbléérmltt%é Rula O R
=g\
Che for mil a 2005 PHESSRBRiGTIGHERME: fi ookl SATRAURLLARRERRT 0 O

- and R3 arsd Reavirgefraal letotdechrhoncatorhbie group consi sting of al kyl, substituted
al kyl and aryl. The keto ylide conpound represented by the above formula is
then converted to the keto group-containing conpounds represented by
formula 11 Dby reaphd QinWshilieht e 1GbrsG0 bR hilg P erollp ShtRRLY by fh2ST ¢ sour ce
of chloride, nost pre ra% laép:ﬂlkﬁmrchsorl dekg %ro gn orlganl c}aam d, for 1 S
exanpl e, rretchmngﬁa;lohem ﬁ)lmsuhi;tltu'éhts such as, halo, tnﬂuoromethyl tnﬂuoromethoxy,

1S, 2S) - 1- hal h 3; t ect 4- t t.ut t
or copnt et BT AIROR; ottt Ot efemTaang, orh AMkehiol et Rt
synt hesi g of a1 wadyemnlﬁm1k9raﬁnh@m>hmh%sm@ncyﬁ@lﬁno I &§BioAlkgNkhitb,V pr ot eases.

The activity of Such 20 nol ecul es agai nst HI V proteases nakes them very
val uabl e in lueﬁ@ocycé@axmntandﬂlsnbstm amino;. nfhectefivitiong givien herejm fogalkyl

Speci ficall y
(protect ed)a %tg[fgsaﬁﬁ)llﬂ’%l& Qﬁ% rawggglnotneogal‘:)k;?xygforﬁ?ﬁa | are treated
wth a WO 02/ 14528 PCT/ USOL/ 23113 8 suitable base to convert themto the

correspondi ng epoxi des represented by the fornula shown bel ow
The term “aryl” refers to monocyclic or bicyclic aromatic hydrocarbon

15  groups having from 6 to 12 carbon atoms in the ring portion, for example, phenyl,

naphthyl, biphenyl and diphenyl groups, each of which may be substituted.

The term “aralkyl” refers to an aryl group bonded to a larger entity through an
alkyl group, for example, a benzyl radical.
20
The term “substituted aryl” refers to an aryl group substituted by, for
example, one to four substituents such as alkyl; substituted alkyl, halo,
trifluoromethyl, trifluoromethoxy, hydroxy, alkoxy, cycloalkyloxy, heterocyclooxy,
alkanoyl, alkanoyloxy, amino, alkylamino, dialkylamino, aralkylamino,
25  cycloalkylamino, heterocycloamino, alkanoylamino, thiol, alkylthio, cycloalkylthio,
| heterocyclothio, ureido, nitro, cyano, carboxy, carboxyalkyl, carbamyl,
alkoxycarbonyl, alkylthiono, arylthiono, alkysulfonyl, sulfonamido, aryloxy and the
like. The substituent may be further substituted by one or more members selected
from the group consisting of halo, hydroxy, alkyl, alkoxy, aryl, substituted alkyl,
30 substituted aryl and aralkyl.

The term “halogen” or “Hal” refers to chlorine, bromine, fluorine and iodine,

with chlorine being preferred.



.,.~~~~nnu~/ O 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*, 8RD,09R¥5282R*) J- 3, 12- Bi s( 1, 1- di et hyl et hyl ) - 8- hydr @e¢nfofdsdi 0xo-9(p

henyl methyl)-6 { [4-(2-pyridinyl)phenylJgethyl}-2,3,6,10,13 10

pent aazar et et radecanedi oi ¢ acid dinethyl ester as disclosed in U S. Patent

No. 5,849,911, the disclosure of which is incorporated herein by reference.

The stereosel ective reduction of the

(1S) - 1- hal o- 2- oxdFl®-temm Spetdctng group ondbedminotfunaibnb wfarses ah apiresognid by
formula Il above to farmthe (1 S, 2S),-1-hal 9-2 15 . i

~ hydr oxy- 3- ( &rﬁﬁ%ﬁ@aﬁegﬁ%%t%pé’ﬁ@gﬁ? dite an gunaEeup tkesp dhirer bBipgt or mul a |
s carried Giolldl AGSANIAD ERinY pldbel dMSwR G the HDIGR B n [1G8G1A01 11 th an

oxi dor educt ase enzyne, or preferably, a mcroorgani smthat supplies an

. oxi dor edtict dyeferrnd gmeng apctbgreupsfis thumkyarbonyl (BOEN bptradtirecogaited hindo of t he

ket ones represented by.formula |1. The cells of the m croorganismnmay be in

the form of fﬁﬁ(ﬁlg&prg\}ggtl%grpgpsoger&rfiﬂg’oiﬁlgbxy&@q%pgylﬂgwsggcb%phi li zed,

spray-dri ed behzf16Rfcaffongl c&ehd Ssed@k well. the form of treated cell materi al

such as ruptured cell or cell extracts. Wiile a | arge and varied nunber of

m cr oorgani sns are known to supply sone form of oxidoreductase, it has been

found in accorda e o i nventd on. that only sel ect speci es
of Rhodococcus azrjl%lfyé‘{\}?%yéfegfglfsﬁﬁf@ép W 7e° tsﬁlg'ef’ Q‘Efﬁ o 8% RIFPAiRE %g% npound

r epr esered (b§,28p1 Mal@2 Ay dioxyi3o(pretested faminte s isttititd butanes represented by

S, 2S) - 1- hal g_—éﬁgydr oxy- 3- (prot ected)am no-4-substituted butanes in  high
quant i t at | vdOEMYa &AL sersspending kefo Zronpseoniginiae semppundsirepressotesily the

ef 3~t hr opol igg AAIEC 4277, Rhodococcus erythropolis DSM 6971 and Rhodococcus
sp. ATCC 21227, Rhodococcus erytJaropolis ATCC 27854 and Brevi bacterium sp.
ATCC19653. The term "ATCC' as used herein refers to the accessi on nunber of
the 30 depository for the particular organism i.e. the Anerican Type

Cul ture Collection, WO 02/ 1528 USOL/ 23113 9 12301 Parklawn Drive,
Rockvill e, Maryland 20852. The term "QSM' refers to the German Col | ection
of Mcroorganisns and Cell Cultures, Branschweig, Germany. The enzynmatic
reducti on method of the present invemttion be carried out 5 subsequent
to the fermentation of the mcrg [ , 1.e. as a two-stage
fermentation and reduction, or concurrent]] y therewith, i.e. as a
single-stage or in situ fernentation and teduction. In the latter, the

m croorqani smnmay be grown in an appropriate nedium especially one

cont ai nildg nitrogen and carbon sources, until sufficient growth is realized
and then a conpound sel ected fromthose conmpounds 10 represented by fornul a
Il is added thereto. The enzymatic reduction is thereafter continued until
virtually conpl ete conversion of the conpound represented by forrmula Il is
attained. In the tw-stage nethodol ogy, the mcroorganismis initially
grown in a fé%?%l%@@ﬁi %ﬂ&éeMM@dTh%@ﬁmp § reprasenigth by iferznula
predetermn A L.ul I { ells are

har vest ed b;ﬂ%dg?\%ﬂr{f %ﬁgpﬁ Zég%ghgﬁsf%%érwggﬁ% ?%d@@agﬁ% ngr;cli lgéoo I g’l tﬁ%sg I ‘1%
suspens20ns opdippeyrskill infthe efir Arpreferred priicesy fopformig ek eopblielirggeaeidt s and
the liKke. Sil'?i téablq %f ering agents jnclude phosphate buffers, particularly
pot assi um phIJPHatia s giseloseq yco-peadingpatant appiication Doglke GRS, fhieke. water 20

may al so K 'ﬁd% gpg,, j i ound

repr esent ed gs;@g&%f%m??gﬁé&t en ggsllee t ﬁ%@%&éﬁﬁ@%gﬁ@#ﬁﬁnﬁ%&ceﬁ%c“ on
conti nued umenresented hydthe&rsiudn is virtually conplete. In either instance,
the appropriate gromh nediumw ||l include, as previously stated, sources
of carbon and nitrogen and trace el enents. Inducers may be added as well.
" As thosesof ordinary 25 skill in the art are aware, the terminducer neans
any conpound initiating or enhancing the desired enzymatic, i.e. -

oxi doreduct ase, activity within the cell to produce the desired product.
" The (1S)-1-hal 0-2- oxo- 3- (protect ed)ani no-4- . substituted butanes
represented by fornmula Il would be considered an inducer, particularly when
added in small quantities during the growh of the m croorganism 30
Sui tabl 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 WO 02/1s28 10 5 10 15




20 PCT/USO | /23113 citrate and the |like, amno acids and their salts, such
as sodiumglutamate and the |ike, and al cohols, such as ethanol, propanol
and the Iwiangsgt abl e nitrogen sources may include N-Z apcpqsta@sn Steep
| i quor, soy bean neal, beef extracts, yeast extracts, nolasses, baker's
yeast, tryptone, nutrisoy, peptone, yeastam n, sodiumnitrate, amonium
sulfate and the like. Suitable trace el enents may include phosphates, and
magnesi um nanganese, calcium cobalt, nickel, iron, sodium and potassium
salts. The appropriate nedia uR|ized in accordance with the present
invention may include a pluralityyf constituents selected from any of
these categories. Representative pfeferred nedia include w thout intended
limtation agueous mnedi a cont ai ni t he dol | g g, i n wei ght percent:

| ngredi ent Wi ght Percent Nog "Malt pHl 7. 0 Yeast Extract 1
Peptone 1 G ucose 2% No. 2 Mal t Extr Yeast Extract 1 Peptone

0. 3% d ucose 4% WO 02/1528 11 No. Malt & 1% pH 7.0 Yeast Extract
1 Peptone 0.3% G ucose 2% 5 No. 4 Mal? Extrac pHR,. O Yeast Extract 1
Pept one 0. 3% Sodi um Succi nate 2% 10 PCT/ USO1/ 23113 The pH gi ven above for
the media is post-sterilization. Before sterilization, the pHis preferably
adjusted to fromabout, 6 to 8 ~npst, preferabl,y .about pH 6. 5. The nedia are
Chen steri | YRHOIRRR RS plstas BeiR e RRERER RS br Rifddimalt i 123C T o
30 m nutes. dsubktitawidig tisd @ittid drgatd gusitionh the ghéhybfifg adiatéewitha spifub. 5 to 15
7.5, nost preferably about pH 7.0. During m crobi a% rowmt h and the

reducti on pryideske. agpmpennd sontainingA faetion represepted byaths fermply and 9. 0,

pref erably between about pH 6.0 and 8.0. An appropriate base or acidic salt
from anong the constituents named above can conveniently be utilized for
adj ustnment of the pH 20 The tenperature gf the reaction mxture is a
neasure of the heat energy avail abl e Eor__ h&sr educti on process, and for
this reason, a suitable tenperature g‘ 6U‘F§\l;§ mai nt ai ned to ensure that
there is sufficient energy available for the*process to go to conpletion. A
suitabl e tenperature range for the process of the invention is in the range
of from aboufo pk&duct @namethediteketpvEie cambyurid represdited by2de fogapout 40C. 25
Pressure is not known to be critical for the practice of the process of the
invention and for conveni ence about g nospheric pressure is typically

mai nt ai ned. The process of the present ynvengyon is preferably carried out
under aerobic conditions. Agitation andlaer atji of the reaction mxture is
al so beneficial to the 30 subject By essnlhs hat is affects the anount of
oxygen avail able for the biotransformati og. Thd&4process i s advant ageously
carried out, for exanple, in shakeflask cultures or fernentor tanks during
the gromh of the crqorgani s in a single-stage or twg-stage process as
descri beld abwb%rﬁmﬁlg apd R g 3 detiped %&H@ and s pndRy arovgleeiod ompARENIUES01/ 23113
12 about 50 : 1 : VY ei ng
nost prefer r%@S%%gggfﬁgkj’ g‘%ﬂgpﬁ%‘?n{%%uatnwé)l}' II%Q%@%HE rcrérgp%%dg‘iggr e%d}@daol une
of nedi a perby the above formula is then converted to the keto group-containing compounds

represented by formula II by reaction with a source of chloride, preferably a basic
source of chloride, most preferably lithium chloride, and an organic acid, for

15 example, methanesulfonic acid.

The (18,2S)-1-halo-2-hydroxy-3-(protected)amino-4-substituted butanes
represented by formula I above are important intermediates of in the synthesis of
molecules that are inhibitors of ACE, renin and HIV proteases. The activity of such

20 molecules against HIV proteases makes them very valuable in the treatment of
retroviral infections such as AIDS. Specifically, the (18,2S)-1-halo-2-hydroxy-3-

(protected)amino-4-substituted butanes represented by formula I are treated with a



mnute (v/Vt.) is preferred, with aeration of about 5 volunes per vol une of
medi a per mnute being particularly preferred. 5 Conpl ete conversion of the
conpound werasested by formula Il may require, for exanplggr/ddoemy@gpout 4
to 48 hours, typically fromabout 4 to 24 hours, measured fromthe tinme of
addi tion of the conmpound represented by Tornula Il to the nedia. It is
preferred that ia be e0 sed t hou or he liquid or a
i aci bl o 10 SitePlieSEisave B, BaRGRonh HRARE: AboBle R B 1 s ure
may be utilifoegfluRshe@hlbelowhe st ereosel ective enzymatic reduction process of
the present invention may be carried out using a co-factor such as
ni coti nam de adeni ne di nucl eoti de (NADH), especially when an isolated
enzyme woul d be utilized. NADH, forgexanple, may 15 thereafter be
regenerated and reused. A further en that regenerates the NADH in situ
- may be enpl oyed such as formate dehydr dgenase or gl ucose dehydrogenase.
Sui t abl e hydrogen donors include nol ecJl ar hydrogen, a formate (e.g. an
al kali metal or amonium formate), cose pophosphite or an
el ectrochemni cal reduction in theRgiésence Gfayyoo0l ogen, for exanple methyl
viologen._It is also possible to 20 regenerate NADH wi t hout further enzymes
using, f exanpl e, ethanol or formate. It is further preferred to add the
|

conmpound of fornmnu A ]ggpb bt om about 0. 2%
to about 5 % by \/\Eﬁ%@ﬁ%aéggﬁ) ogﬁ@étqﬁggg% ﬁgmlﬁghﬁ%wg?bg?%%i ng conpound i
and nedi a. Tinerinediates timt odn be convertgditu thenimpdreni REDS compewRb[3®rouUnt of
starting mat&r'* J 8o %ﬁ i.ent. .t Provéﬁﬂe fo 68tFe enz ti.c reduction of

t he conpound &ﬁ%s@%t’g bj‘%@l"ﬁﬁﬁa jm Ylﬁthﬁ'b' - Y%%y'ég?é‘ilpﬁé' “above,
general |y frgmrb@}qgféghy@_3\5[4_0(911)?2?@92511&91]}94&1% ghlgigpncentration. Wilizing

the preferre eaction paramefers’ desciibed above wi'th the m croorgani sns
gi ven wilQ ppenfaagaretetraderanedipicycidl dimethybestertag discloged in09cS. Bptenvildl y i n

excess of 992 expect edl an .30 diastereoneric purity greater than
o306 opt 1 mal Mo LIREARGHEE YRR 5B SURETE Ry Felithety Thecommound
represented by fornula I. The product of the reduction process of the
present invention, i.e. the conpounds represented by formula | may be

recovered by any Ehﬁlf stanspacloptivp seluiction of the (WD lbalenidixoot-(pratacieddaminerd- e. g.
WO 02/ 1528 P . i t4 ,

distillati on%ﬁgd/a%i%%g ?]pgeﬁgﬁ%gfag%‘%gﬁaf gr?g’yg%r%pﬁﬁ%ﬁ@gt@%’?%ﬁ}| tis
under st oid  t hydroxsaB i(proteceddpanineAbadistitttd butands rapeistntedby dndnulal isharrfed

practice of the invention w || be apparent to, and can be readily nade by,
those of or dP¥dR Pecokianee thth%lﬂr&ﬁqntm‘tenﬁm byjeegation wEh ap p¥idoFlustashe and

Spirit Of t hendy s biafbrdtty deRRIAEhi AR ONE suEPLALAGbYdudthed chzfile | Nt ended

that the scope’of the clains appended hereto be limted to the exact
descri ption eapableefchtalyizingshe busynratic metuctiomof thh etohes nepresented by foroadh as

enconpassi ngpald of ..t features of patentable novelty that .10 resjde in
The present Thvdserb g Btribiedntin B3 8 wdbe FrBCidhaheunt antd® Lo

woul d bezg r egdiR Guetbasl§iopAreIN bsray-deie@ 0f hddy-dtibB@6@lIss bt inltBsiforth dfftfeated|c@Nant
art. The invention is further described with reference to the foll ow ng

exper i nent al magstiRl such appmiured cell ox eallaxdtertsc While Hatggnd ivarigg awmabergf: Use of
Whole Cells -.§ P u I cells
(1 Ly was PibORafa Ao BGE S SRE RGAL G otk BR8P hekn K Oy
flask and i nindeadeanct wilBthegreseRidvention that only selected species of Rhodococcus

and Brevibacterium catalyze the reduction of the compound represented by formula

25  IIto form the desired (1S,25)-1-halo-2-hydroxy-3-(protected)amino-4-substituted

butanes in high quantitative and enantiomeric yield. These species are Rhodococcus

erythropolis ATCC 4271, 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,



20 RPM on a shaker for 22 hours. The pH of 50 cells broth was adjusted to
pH 7.0 with 1 M pot assi um phosphate buffer. d ucose was added to the cell
broth at wooam4szk and 50 ng. of (1 S)-[N-( PCT/US01/23113

1- benzyl - 2- oxo- 3- chl or o) propyl ] car bam ¢ gm d t-butyl ester (the substrate)
was added thereto. The biotransformations (reductions) were carried out at

25 were quenbruh PRIRRVE RO bor ereBli Msteth 4857 ARt DRI ndkdyl
ether and t oGu@nm CoaRetislef FERBbERAEMS bARCEE (RRaRS, BRfsdhivel £ GembAy.0ugh a

0.2 micron filter and collected. Two nL of the organic phase was evaporat ed
. to dryness under a stream of nitrogen and the residue taken up with 1 niL of

acetonitrile, filter | yzed HRLC for (.1 . .

2 OGN ( 15 benry Tty Al SRRCHEFeiq Bt dellent ihveryion may be sattied 0%y est e
(the productgubschuentrte shd fetmaitaticnoNme hil@Golganidalngpldyddet Ovis a twdBtpe/ 1. 1528
14 Table 1 PCT/USO, 1 /23113 M croorgani snReacti on . o

Ti meSubst r at Eppeaticopmdgedictionset coppytently thege witlu)iengs 2 singlewtageyr in situ

(99 R ZzQdoco k . . 48 Magrd| ' - r >08ATCC 4277,
Ecampl o 2 LearngyitiddSycho RS, 6 ARG0bRA Al Bl e
product for dppropriatcampdiamyespecatly das conthiathg mitrégeargall @arbon Getilcss, afitil
Rhodococcus eryt.hropol i.s, ATCC 4277 and Rhodococgcus t hropolis DSM 6971 (
1) e 6 TGP G s AP RLER P GOBOTASEIFEied T ot FREIPRHRCE. s

not ed abgye ereerfDortornbleAt s AR REUBATREcitn@SE i iGRE fENbAD. 8 Shaker
10 for 48 hours. One ‘hundred nL of each culturé was 1 nnoculated into | SnL
of Medi um 1 eotibueseuntil virtnallyroomplese ca@versidn ofithe érenpemdeepresenteslbycar ri ed out
at 2SC, 1S L M-hl ili]erf'\%t E]?r m nute) aeration and SO0 RPM agitation for 36
hours. CellsoRBPRIhEAMBWEd Yy fromthe fernentor and used for the enzymatic
conversion (biotransformation) of (1 S)-

[ N-(1-benzyl - 2-oxo-3-chl oro)propyl]carbam c acid t 15 butyl ester (the
substrate) to ( 1Inghetvg)-stage methodelvgy) the nigrdergayis®: is nitially giowmyihacar bami ¢

suspendi iy HEEREmEdUIE sBHRLHEL sl i HEPRRS SRR o BRERRIREL S pae e
buffer, pH 7efxymatic acblity susispain theselRdeehard&tdtydonoEntidnat &paratiod a

pr edet er mi ned cqncentrat,i on, of fubst rate. The bjotransformtion of  the
substrate t otcotniques apd gucrepiahsell suspensiams prapared therefram CoRRNNIRPAPRIAPHALR haker |

At det er ni,ned: ti ti i ; duct
predet er ?%?‘g?gﬁﬁ% Lt 9AG! SRRl @gﬁﬁeﬁﬁﬁﬁﬁgﬁgg@gpﬁﬁ&s produc

obt ai ned an s described In e summri zed
in Tabl e 2 bedrbeularBSpotadaldn phdsphs@duEel AtiSHC],/sBdilibBacetate and the like. Water

20 -may also be used to prepare suspensions of microbial cells. The compound
represented by formula II is then added thereto and the enzymatic reduction
continued until the conversion is virtually complete. In either instance, the
appropriate growth medium will include, as previously stated, sources of carbon and
nitrogen and trace elements. Inducers may be added as well. As those of ordinary

25  skill in the art are aware, the term inducer means any compound initiating or
enhancing the desired enzymatic, i.e. oxidoreductase, activity within the cell to
produce the desired product. The (1S)-1-halo-2-0xo0-3-(protected)amino-4-
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



15 Table 2

M cro- React i onSubst r at eSupst rat eProduct | ~i a- or gani smrli neUsed(ng/ nmL) (ng/ nL) s
t er eorer i giohAk4wY! NL) Purity _ PCT/US01/23113

(99 Rhodococcus201. 000. 86>98er yt hr opol i s3250. 024. 9>98ATCC

427749100. 059. 65>98Rhodococcus20100. 95>98er yt hr opol i s24504. 83>98DSM

69714610009. 22%8 Thg results.in T baln(é%hl and 2 erm(glstr%‘a .Qt%t ‘]Elg‘% desired
product is off aie Ao thg 1 hEROELSLIBTHE PHVERET G ERFERYYI%EE d%nd wi th
a very high Hk@%ﬁ&ﬁl@@ﬁ@é,'sﬁ_clﬁ)hﬁ éthélnol,%r@’@ﬁpéxﬁl tBe k€ ShitabR hidgerMoutpi al

Strains for Biotransformatjion: Wwole cells 10 A series of m croorgani sns
. was utilizedmayinshudeyN-diaming &\, ispit steapdiqyprnsey beandueal, bachextrasts, M@asgr ocess of

Exanple 1. Th | i | , 16 3
ot Uso1 7 23905gefs Mol Bridh Y Past ey bR tisoy, Bl Yeeinitrsblh
> (% Di ast e3 eonirate; afittonium 60ifA¢ aubhetlike) Buitablenradeatérmasdiharinclude

33970125. 47S. 8Bre>>i bacteritnn sp. ATCC 19653210Q93. 9Hansenul a att ont al aATCC
8170131. 876. PgsRbales, pad MaghesiuaTOENSBese e ums othalinaigkel) Hom spdinpy daATCC

34438137. 679 I I fees
aat ur nusaTorP SETLR Tt JyEAptpRaR AR iR bR RaL L dont onas
speci esATCC i@feftibalthay inchideaddumalityust congtitimmiyseldcted EdEn any of these
4277274. 2>98Rhodococgus eryt hropol i SATCC 27854277, 7>98Rh €OCccuUs
et yt hr opol i sPeHRESTISELRapIEse A TN v‘iﬁ‘w%%m%f%%@imﬁmn
69712100398 BEOMEdT cBhsih BRI hBGANE G e Q@R t odococcus mar| sATCC
35013216. 6>98Rhodococctts rhodococcusATCC 14347266. 261. 9Rhodococctts
rhodococcusATCC 21197214. 0- - Rhodococcus speci esATCC
15592291 . 2>98Rhodococcits ci esATCC 29673232..5>98Rhodococcus speci esATCC
212272100>98Rhodococcu£g§%£§ﬁesATCC 211462%1972}’1%?%?4 ococcus speci esATCC
19071214. 3- - Ro; pdococCNmlSIasdceESATCC 21226256. 6398Tri choderma vi ri daeATCC
20536112. 2>98 The results in Table 3 denonstrate that the m croorgani sns of
the inventiopHcV-8arly ¥gest&Expeelducti on of the pd¥duct in acceptable yields,
i.e. in gcess of 70% %9 g accept abl e di aster e(iu%eri C purity, i.e. in
excess of " 90% WO 027 1098%8 PCT/ US01/ 23113 17 exanpl e 4 Use of Cell
Extracts and Co-Fact or Ghucbee substrate for this2@ocess 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 granms) were
suspended i n\4,09 nL of .M phosphate buffegs, pH 7.0. The cell
suspensi ons VI\\Iéig di si n%\'gagtﬁ%?tgdgpat 4C by use of gﬁm' crof luidizer at 13,000
psi pressurepHThE di si NeegEttmcdt cel | suspensi onl%Was 10 centrifuged at
12, 000 RE’&/Ifor 30 m nuges. The cl ear supernant "g/ell extracts") was
utilized?Por the biotrafRPBf nati on of the subst a?té to the product.

Glucose 4%




Portions ( 10 nmL) of cell extract were supplenmented wwth 10 ng of
substrate, glucose dehydrogenase (35 units), 0.7 nM NAD+ (nicotinam de

adeni ne Iyodpnyekeotide) and 200 ng of glucose. The react ipeh,@s2535 i ed
out in a pH stat at pH 6.0, 150 RPM agit@gti on and 30C . Sanples were

periodically withdrawn fromthe reacti on nedia and anal yzed. The product
was obt ai ned,in, 95% yi >08% di astereonerig purity. In this exanple,
t he NADH coﬁg%"?“)’or was ﬁ@g&%@g% ed using gl ucoseifffehydrogenase, NAD+ and

gl ucose as si@w bel owyesdERfimdococcus strain Sigstrate Product r NAD NADH
d ucose ~ ~ duconic acid ducose Dehydrogenase , WO 02/1528 18 CLAI M5 Ve
. Claim PCT/USO1 /23113Peptong st ereosel ecti ve pro@éés for the preparation of
(1S, 25) - 1- hal o- 2- hydr oxy:.3sd Pr ot ect ed) ani no- 4- a%t;%sti tuted but anes
represented by the formula 1| R R-HN Hal OH 10 erein Hal is halogen, Ris
sel ected sfromthe group consisting of alkyl, substituted al kyl, aryl and
substituted aryl and |.S,.a protecting group for the am no function
conpri si ng dd%tcting aktsﬁi(tract e

S) - 1- hal o- 2;_\;5;40-,-’@- (pr ot/egk gddcadyl no- 4- substi t ut eghgbut ane represented by
formula Il RIHN 15 Hal Il wherein Halo, R and R are as defined above

with a mcroorgani sm cBgpitmee of catal yzing the 88% eosel ective reduction of
t he conpound representgd,.b ormmula 11 20 wherejy) said mcroorganismis

sel ected fromthe gr OUSOCBB@“&P‘PWS of Rhodococc%(g eryt hropol i s ATCC 4277,
Rhodococgus erythropolis DSM 6971 and Rhodococcus sp. ATCC 21227,
Rhodococcus erythropolis ATCC 27854 and Brevi bacterjum sp. ATCC19653 under
condi ti ons such thag pHaivenrabgveior the mediais poast-slarilizations Betore sterilizationg

compound CPhE %ﬁ% %getgl)ébfyoe{djwwke% tlo 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 and 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 in a

single-stage or two-stage process as described above. Agitation in the range of from



WO 02/ 14528 19 PCT/US01 /23113 2. A process in accordance with Claiml1,
wherein Hal is chloro, Ris phenyl and R is t-butoxycarbonyl. 5 3. A
process iwoaraesdance with Caiml, wherein said m croor gl 83113
Rhodococcus erythropolis ATCC 4277. 4. process in accordance with Claim
1, wherein said mcroorganismis RhodocoCcus erythropolis |I~SM 697]. 10 5.
A process i it ' . el } ' i S
Rhodococcusr%) %gﬁﬁfe{saal@ Wé\%éﬁeﬁgﬂ@dkv%%?@sé%@%%%@ ance&%{grﬁ% aim1l,
wher ei n sai cprefesed.0 Agetion f fidmldbob10.d a6 00 ¥ukinkp o€ hie perVidliind 68hrediaper A
process in accordance with Claim1l, wherein said mcroorganismis,
. Brevi bacter immuwvf\znb@pﬁ@s@;“@tbaemﬂanﬁﬁab@gé ViOHUBRSRSF u(glﬁevé opmadiay ai m 1
carried out AnRPBe iJuBkERLREEPN 9. A process in accordance with
Caim1l car rﬁg out ggltg t\l/\cjg-s??ge@#rer mentation. 10. A process in
accordande with Claiml carried out in the presence of an 25 inducer. 11. A
process in accordance with Caim.10, wherein the i Is,.a conmpound

0 ngu &&(\ar IS
represented by fo oRIPlete COPN%ﬁs‘oPé’_f FORgYRd F@rqsﬁ%tee) b _rﬁ“%‘? Ilggqydregulre,
m cr oor gani s} ex3nphé - frdin BHAGAXS 48 'Epﬁﬁ?@f?f@ﬂ? Srofl A8duth & 7 ﬂour!‘,"}ﬁéa%gll%él and at

conpound represent gad’ by formula I is obtained in at least 70 %yi
| east 93% difaemdhetime off sdditien ofithe compmor) rep@senigl IBCHivsal]l ’3the setidr. 1o

process in accor.dan hth i m10 erein conpound tepresent ed

Pormita 1 i o Bavaratfal e hedjudie Ratgonast oindRfAg shiaut PG 6 a Riscite

di ast er d@merdrdmpwisdiblé; i.6. biphasic orPAme/adseons 1igiig RAkhPOmaR be RAKYedERRRALNd
represented by the formula R Ri M nu O wherein Ris selected from

the group consisting of alkyl, substituted alkyl, aryl and substituted aryl

o 15,2, 208 000Gl AR WS AR B8 "0 o1

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 (e.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 II 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 represented by formula I may be

recovered by any suitable methods for isolation and/ or purification, e.g.



wherein R and R, are as defined above and RZ is hydrogen or nitro and may
be substituted in the ortho or para position on the phenyl ring with a

sul fur ylwéea2aesmgound contai ning a function represented bypdhgoieshiyl a O R
CH2=%$\ 3 R4 15 wherein R3 and R4 are selgcted fromthe group consisting of

al kyl, substituted al kyl and aryl to produce an internedi ate keto ylide

conpound re L ARl = . =4 WO 02/ 1- 4528
21 PCTI USOl%g@%&\?\glg?geﬁfch%fe Qﬁi@hsdlgﬁ@tﬁb’ %&g‘aas (ljdenfolccr)lle above, treating
sai d conpounchrompiogeaphy enkd the liker rul a 111 with a source of chloride and an

organic acid to forma 1-substituted-2 am no-3-0x0-4-chloro butane conpound
. represented by the formula RIH d wherein R and Rl are as defined above,

reduci ng said conpouad Y < - arg na- 4. tituted
but ane conpound pigpr esgﬁs?oeggqgév‘?ﬁé%gdrh% é@%ﬁ@@déﬂﬁ%&ﬁ l{egrlgl:{fr?f?R and R1
v are as déf i npdctide@f¢hemsentmaoviliig appantipdamsksandenpaiily dnadetty, thosesf to form

sai d epoxy conpound....t he i mpraovenent wherein the reducti,on. of .sai d
T2 ehl oF or 3- oRORBRATHiN it e aTBuoRh fekarti G The 08P ARLEPIHLE! PR BeEBPHance
Wi th Ofai m loddogsod atbd. IABGriakd, fi6hbndedthalingsioBt arisQidmsubst it ut ed

but ane conpound 15 in at |east 7 %yield and at | east 93% di ast er eoneric
purity. 15. @ppehdaddzetp be livdtsddatheexaitdesipgiomseuforthiaberes, hutiathso thatithe

represented Qy. fqrmula | s obtained i least 95 %vyield a t | east
09% di st or O BfpieysS Srelie fl oftne B TendEpafiafle nolitly i
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 (1S)-[N-(1-benzyl-2-0x0-3-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 (18,28)-[N-(1-benzyl-2-hydroxy-3-chloro)propyl]carbamic acid t-butyl

30  ester (the product). The results are summarized in Table 1 below.
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- 10F: @O0%&' () - 810%& ()-~ /@&l Purity (%
10, 910%%’ () - 6109 =& —Y1OYE& )~} PO ’ﬁ-S@"G%&"("}“—‘QlO‘V@&' ()-
02 59<" Y YRIOUDS () - YY40%08! ()
310%0%' () - #10H8: Rp&'ﬂ"'gf%w%% Q-FF),qL'd omq’()-' (I8 pc ™
10! L109%& () - m@W&p@s-
ATCC 4077 | 32 5 0.02 4.9 >98
49 10 0.05 9.65 >98
Rhodococcus | 20 1 0~ 0.95 >08
erythropolis
seveont | 24 5 0 4.83 >98
46 10 0 9.2 >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.



100 100 100L0%0& ()-)310%0& ()-! NI (" 10%J0UC ()-))),)Yy))*}~?bC 10f 109%6& () -
10968 () - Ss1096& ()-"10%& ()-!c Py- 109%P& ()- ! Yy- 10%(Y& ()-**)*s*}***z[ <bC
10&f & 10%y& oohias281096& ()-!, 109%& ()-S10%& ()- ! 10965& Errflse1/23113

109%& ()-s*", E, .. 1--dEbC 106 p
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10! &' 10% & ()] Midraof2adiof®” 6" & () - | CulgieIDYE" §"Mbstrite : |QRAID VY Riatpredmésié-1092" 2" & ()
-S1096 & ()-20445(6) 6*6+6G8} rg\: | 10! V&' 1 109Ga&: () -| d9 ..1(3.Pur.itys%) o
. 1093" 109’ () 1! X93"1092"2" & () - & +"10%&' () -Im\ &l +"110%6" 6" & () - mE66789: q;
wU3g\: 1!'S"10%BD@D& ()- !'"109%& ()- !'1& " 10%5/&“%) - 1 @&|"10%5-5& ()- '&
"109658& () - VSphldthRikifadkn; <OFATCC®OI | 1 354 [ 7538
. 1055! y3710965& () -38&510068 () - £/ 100mL () - & "100de ().l | &

" 10965658 () | PrYBGET N P.9225297203HFC L 51| 5100 |0 01898 () -3
T109%&R' () - &1LOVElansyprusildpomialg ) - 1055 ATOG B0 ?BEAFCN ?H; | 31.8 76.2

Hansenula anomala ATCC 58044 1 33.1 >98

Hansenula polymorpha ATCC 34438 1 37.6 79.2

Hansenula polymorpha ATCC 26012 1 6.1 >908

Hansenula saturnus ATCC 16762 I 351 >08

Pseudomonas cepacia ATCC 29351 1 52 -

Pseudomonas species ATCC 202027 |1 5.1 -

Rhodococcus erythropolis ATCC 4277 2 74.2 >98

Rhodococcus erythropolis ATCC 27854 2 717 >98

Rhodococcus erythropolis ATCC 25544 2 61.1 >98

Rhodococcus erythropolis DSM 6971 2 100 >98

Rhodococcus erythropolis DSM 6977 2 72.8 >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 42,7 >98

Rhodococcus species ATCC 19071 2 14.3 -

Rhodococcus species ATCC 21226 2 56.6 >08

Trichoderma viridae ATCC 20536 1 12.2 >98

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

clearly cause production 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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© 1094& () 5 N 109%&' The hmtSﬁ'ﬂWEs dndkﬁﬁpm%ﬁv&é@%ﬂhépré\ﬂous

109%4& () -f 710%4&' ()-£5! 10%4& () - 448 (), - 09%4& () - OTPTMTTUVWWV J+/ | Z10
05& ()-!S&f" E@;@@@ql}&oﬂl@gﬂo%m@@‘whs|@TC§MB&'€€§ grown on Medium

I's! 109& () -!

LOHWAKXQZZ] } i\iﬁ}%ﬁg%ﬁ%o%o&ﬁgﬁ\ggp grams) fisgesuspendegd.in 180 sl AERORBSSIIM. . 1 hoscsx
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O- mlcrot)luldlzer at 13,000 psi pressure. The disintegrated cell suspension was

10 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

15  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.

20

Rhodococcus strain
Substrate — » Product

/\

NADH

Glucose \ / »  Gluconic acid

Glucose Dehydrogenase




108/ " 10%& ()-a\o\}\\\\\e; bAl Z10) 21 A 10%H ()-% " 10%& ()-% 109 ()-
11094 () - % 1094 () - %\\\\\\\i’>bCIZlO))’>I A 10%4&() %" 10%4&() %
109 (JwiboaAQSAE: ()= 10%1 ()-% \\ L1\ Vi 2b01 210)) 71 kit ddndo
S 109648 ()~ % 10%1&() 10%1&() 109! () - %\\\\\\\]}SQOZ 10%& (
)2l A 10%4& () - 0%—|&() 0%—|&§) 10%1&() 0%—|&() %11111]
| z&®da 2 10%4&() %) ?| A‘10%4&'()-% /ﬁéﬁy 0%1&() 10948 () -
1"1#] $]1% & ]1]|P/CIGlO%‘"&'()- * 1009

We Claim:

5 1. A stereoselective process for the preparation of (1S,25)-1-halo-2-hydroxy-3-

(protected)amino-4-substituted butanes represented by the formula I

R

R,HN ! Hal

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 (1S)-1-halo-2-0x0-3-(protected)amino-4-substituted butane

represented by formula II

RIH.N Hal
15 o}

II
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 I.

()-%
]
%
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1>110% & () é’%‘%‘g’dﬁ’%"% }Befﬁd“éﬁ@%@ﬁlo% & ()->110% & () - dd_ddddea@d4/ KE ]
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109 & ()->110% & () - ePeceeeeecevld/, "S10UR & ()- &OWKR & (). .
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CT1I0URI & A ) - R & ()~ 04 L&-f)- % 0.'-0/_0.'_00
LI, M AR 9 100 & O 10w O

hj 100R! & ()- % 109R! & ()-_% 109R! & ()-_% 109! & () - _%f ?f Af Ff Kf Lf af U9v U4/
jLOURI & ()- % ? . . . . .

hi 109R & () -9 10960 In pardapaeavity Clajmaloghergin 5214 migrpergerishriRs  uovua/

] 109 & () - _Bdedibacterium sp. ATCC19653.

20 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

25  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.

30 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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wherein R; and R4 are selected from the group consisting of alkyl, substituted alkyl

and aryl to produce an intermediate keto ylide compound represented by the formula
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wherein R and R, are as defined above and reacting said hydroxy compound with a
base to form said epoxy compound, the improvement wherein the reduction of said
1-chloro-2-0x0-3-amino-4-substituted butane is carried out in accordance with Claim
1 thereby yielding said 1-chloro-2-hydroxy-3-amino-4-substituted butane compound
15 inatleast 70 % yield and at least 93% diastereomeric purity.

15. A process in accordance with Claim 14, wherein compound represented by

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



