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{57) Abstract: Efficient synthetic routes for the
preparation of rhinovirus protease inhibitors of
formula (I), patticulary (I'), key intermediates
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synthetic routes. These compounds of formuia
(D). as well as pharmaceutical compositions that
contain these compounds, are suitable for treating
patients or hosts infected with one or more
picornaviruses,
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Abstract: Efficient synthetic routes for the preparation of rhinovirus
protease inhibitors of fornula (1), particulary (1'), k&9 Fehtuarn@@lat es
useful in those synthetic routes, as well as a continuous nenbrane reactor
useful for those synthetic routes. These conpounds of fornmula (I). as
“wel | as pharmaceutical conwe) 019aa57e A ont AN HEHRIRHITHIHIMIL iR
suitable TOor treatirng —patTents orhosts—T+nfectead—n

pi conav%uses. 23 February 2004 WO 01/ 14576 PCT/ US00/ 23032 Effi cient
Met hod <58 Jatepipublisptionof ths fntemqtiqupl spck rrowrt:r uBr P dtie agls abdvibirablrdiatans, refsei the "Guid.
| nt er nedi ates And A Cont i nuous REHBT 2Rk Réﬁﬁwcmbbﬁmﬁoﬁf@mdgn@m%
Sane. DakloAfibRaARRE LEATREN cbdA: 5 Thi s X it erea nféd Gewsral. S,

Provi si onal Patent Applicati aiséembeadooNo. 601150, 365, filed on August 24,
1999. This application also relates to a U S. Provisional Patent
Application No. 60/150,358 (Attorney Docket No.: 0125.0028) entitled
"Efficient Synthetic Routes




For The Preparation O Rhinovirus Protease |nhibitors And Key
I nt er medi at es” havi ng narred as inventors: Q Tian, N N&afabrufy 2Bahu, J.

Tao, T. l\/brarég #nl no, T. Remarchuk, M Melnick, L. Mtchell,
Jr.. and S. BEREEMSTeThi s af or ementioned application al so rBCRUSHI2E®:
synthetic routes for the preparation of rhinovirus protease inhibitors and
key internedi ates for use therein. The above-referenced applications are
relied upon and are incorporated herein by reference. TECHNI CAL FI ELD AND
| NDUSTRI AL. APPLI CABI LI TY The present invention relates to an inproved
process for the

et hyl -3-{(5' - E‘ffﬁl soxazopdsoéo r_the Preparation Of Rhinovinus Pretease Inhibitoys, L . (( S)
10 Pyrrol Al a)} E— 0 oat |ts anal ogs and of pharnmaceutically acceptable
salts thereof. pggﬁ’g@r@ Wl&!m%mnhreseaemem@nmqr of

i nternedi ate conpounds to be used in the above process. Additionally, the
present invention includes a contPrapovingTheiSaare reactor useful for use

with the processes of the present invention. | 23 February 2004 WO
01/ 14576 1t: IWTIHHDMEWI ON: Picornaviruses are a famly of
tiny non-envel oped positive-stranded RNA- containing viruses that infect

humans andSot her afhisapplicatiinaslates td U ProvisibddlPart i A pplitdiRR skRijRY1 ' uses,
human pol i oviruses, hunman coxsacki eviruses, hunman 5 80 ovi ruses, huhan and
bovi ne ent er 06D HRBSS, fitsdoauahamopodi tis viruses, neningitis viruses,
foot and nmouth Vviruses, hepatitis A virus, and others. The human

rhinoviruses are aTHBhpHlicidSBodk: n.cold . Proteo]ytic 3C enzynes
are required for the n%thural ngturattg??\ooér:leo@ggf wsmnﬁ %‘f"ﬁé\?ﬁ’“ gNoThys,

hi bi)t th 3 hould 10
Ir(ra]plr e!selntn gan ?Orr/%gq ?saelniﬂnﬂcf tfg)g bPo Oépl‘riggﬁ#)%w&?dhﬁgg’gtsg@ﬁ%gmaﬁwt@ur e of

viral

For The Preparation Of Rhinovirus Protease Inhibitors And Key Intermediates” having
named as inventors: Q. Tian, N, Nayyar, S. Babu, J. Tao, T. Moran, R. Dagnino, Jr., T.
Remarchuk, M. Melnick, L. Mitchell, Jr., and S. Bender. This aforemelntioued
application also relates to synthetic routes for the preparation of rhinovirus protease

inhibitors and key intermediates for use therein.

The above-referenced applications are relied upon and are incorporated herein

by reference.
.-)  TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY
The present invention relates to an improved process for the preparation of
dhyl-3- {(5’-methylisoxazole-3 ’-carbonyl)-L-Val ‘P(COCHz)-L—(4-F-Phc)-L-((S)-
10 Pyrra[—AIa)}-E—propanoétc, its analogs and of pharmaceuticall y acceptable sailts
thereof. The present invention also includes a novel group of intermediate compounds
to be used in the above process. Additionally, the present invention includes a

continuous membraqc reactor useful for use with the processes of the present

invention.



I nfections of this nature, including the coomon cold. Some small -nol ecul e

i nhtbitors of the enzymatic activity of picornaviral 3C 2Z2@febasse2004 e. ,
anti pi cornavi_al cor’apounds) have been recently di scovered. See, for

exanpl e: LS. WPRVERTS Application No. 08/850,398, filed May BCTA0@9Z303py
Webber et 15-al.; U S. Patent Application No. 08/991, 282, filed Decenber
16, .1997, by Dragovich et al.; and U S. Patent Application No. 08/991, 739,
filed Decenber 16,1997, by Wbber et al. These U. S. patent applications,

t he di sclosures of which are incorporated herein by reference, -describe

certain anti pi ' et hods for their synthesis. 20
More recentl y,B:g?]ﬁgggé%?%pﬁ/ﬁ%%m% of anti picornaviral agents have
been .discovered gs set.forth in U S  Patent Application No.. 60/098, 354,
(the “354 appli ca?' ICGHRvIvseR 8re A fenily ottiny nongeveloped positjvssstaindat RISA: | whi ch
I's herein incorporated by reference. This application discloses, inter
alias, a grouFoYrnRgVITses dhas infeqt hpmangand othgr SBmile b Thae Wird theld@e €/ 14576 5
PCT/ US00/ 23032 of general fornmula L A particularly prom sing conmpound,

AG7088, fall i HBmaR Minqyimses, huspopeliovintsts, BugnaioRsackiinkies, aussel | ent
antiviral properties against a plethora of Rhinoviral serotypes and is
currently Pn hehesiruses,hunzaand bowiesentelruset Séhcagtittdntydbardfis vithse, di scl oses
met hods and i ntermedi ates useful for synthesizing tthese conpounds. For

exanpl e, Genenhinpftis Mirsel, foMNE nbul] VALQSKHa i@ﬂ%?lanﬁrg{hgrg.dﬂngé%r{;%uoxyl i ¢

synt hesi zi ng the conpounds of formula I 1nvolving subjecting a

Genéral formis b e praiaet Guffoa il B8 2L Chown bel ow. N i BB
' Proteolyti.c 3C enzymes are required for the natural maturation of the
picornaviruses. Thus, inhibiting the activity of these proteolytic 3C enzymes should
10 represent an important and useful approach for the treatment and cure of viral
 infections of this nature, including the common cold.

Some small-molecule inhibitors of the enzymatic activity of picornaviral 3C
protease (i.e., antipicornaviral compounds) have been recently discovered. See, for
example: U.S. Patent Application No. 08/850,398, filed May 2, 1997, by Webber et

) 15 al; U.S. Patent Application No. 08/991,282, filed D&emhr 16, 1997; by Dragovich et
al.; and U.S. Patent Application No. 08/991,739, filed December 16, 1997, b); Webber
et al. These U.S. patent applications, the disclosures of which are incorporated herein
by reference, describe certain antipicornaviral compounds and methods for their
synthesis.

20 More recently, an especially potent group of antipicornaviral agents have been
discovered as set forth in U.S. Patent Application No. 60/098,354, (thé ‘354 |
application) filed August 28, 1§98, by Dragovich et aI. which is herein incorporated

by reference. This application discloses, inter alias, a group of antipicornaviral agents

-



N H CC H2N P 10 The 354 application discloses nethods for synthesizing the
intermedi ates of general formulae BB and P, and teachesZ2fé#ehousy 2004

carryi ng out \{75'8 ﬁg} de formng reaction referred to above. Thus, the " 354
applicatio@ reack¥2s i t abl e net hods for synt hesi zi ng t he PEuNEo0INR Of
general formula | froma carboxylic acid BB (within 3 23 February 2004 q9
WO 01/ 14576 PCT/ US00/ 23032 the scope of the conpounds of general fornmula Il
referred to below) and the conpounds of general formula P (the sane as the
conpounds of general formula Il referred to below.) Simlarly, two recent

publ i cations Byeddesl iy e 938 antipic u 5 agents and

sui tabl e synt het G m%gl 3 ?ﬁh%cﬁ synflﬂég?@&"gge}z@%c%{]% vitdntepesi gn,

- Synt hesi s, ﬁcogk gd at i o of lrreversjble Human Rhi novirus 3C
Pr ot eases tors é pS?%%#&Fg ARt 3ngiviral propeRies agaisst 2 plethora of

Ket onet hyl eneR&‘ont nin Pepgl dom nmetics, Dragovich et al., Journal of

Medi ci nal  Chenmrof sﬂ@&ﬁs rurgpily igrhumen glinicabirialel Thed334pappliGytiohhesi s,

and Bi ol ogi cal uatl on of Irreversible Human Rhinovirus 3C 10 Proteases
I nhibitors. 43l ‘P P%F‘&W@ﬁﬁéﬂmﬂmmmﬂmﬁoesmﬁwmmuwﬁ E8nEfounes.

Repl acenents, _Dragovich et al., Journal of Mdicinal Chem stry, ASAP, 1999
These af of enfffexamal, @frﬂﬂ'aémoslt’\éthbterredmclcbsas:a)gdh@faﬁhx@ﬂio@Yorrs%tﬁé in
their entirety. However, there is still a desire to discover |npro ed, nore
efficient, pr@emwndawfdomﬂelmvabmg@ﬁsjb@ingic%&xﬁé%cﬂd%f%%&?e gses of

t he conpounds of the group of 15 anti picornaviral "agents n pa ular

t her eal S_a. nelB td arf armidPfoa@tk rRti6 & 2R bmird0f bAR Fcl1d P'R $9 provide s mz‘fl of

gener forrrulael Il and I'11:
product CC, as shown below.

. HaN N z

Ry Z,
BB
B Ra Z4
£ &
9] g Ry
CC
- 10 The ‘354 application discloses methods for synthesizing the intermediates of

- genc@ formulae BB and P, and teaches methods for cairying out the amide-forming
: reaction referred to above. Thus, the 354 application teaches suitable methods for

synthesizing the compounds of general formula I from a carboxylic acid BB (within



The process of the present invention involves an enzymatic reduction step.
Due to the expense of certain catalysts, including enzyngBiFebosmnaP§®t s,

t here has'beeﬂog Il_&ged to recycle these expensive catalysts. This has been
done, integ al'l é, ‘§/ use of a 20 continuous nenbrane react per/udinLsos?

devel opment of continuous nmenbrane reactors has nade the use of these
expensi ve catal ysts economcally feasible in the pre par ation of
conmpounds. However, up until the present invention, continuous nmenbrane
reactors have been expensive and | acked the versatility to significantly
vary the scal Qgcoﬁeég Febr’uar 2t004 4D WO 01/ 14576 PCT/ US00/ 23032 t he
catal ytic reactron: e £y 'l%oé'f‘?‘sy? BRItk foreHe Mrefoured wdnlomaaed theact or s enpl oy
hol l ow fiber filter reactors, in which a majority of the volunme of the
reagent ( s) ano“"E’HE%}{%@?gﬁnePé fosmuladhithe sameras thelvompannds b geneifal foRguRNAY AL i C
reaction occurs, Accordingly, to vary thenscale of the reaction, a

di fferent hol I'8i&ed Wdelow) ter reactor of 5 appropriate size nust be

enpl oyed. See, for Sien;:iaangl e, E. Schmdt et al., Journal of Biotechnol ogy,
24 (1992) 315-327, agly, thosretenspubliaativhe by DH%%' r ckor. .The

af orenentioned article is herein i ncorporgte blﬁﬁrregmf)'edr?%goé%m ur tr%aé’r"-,"sdue to
the expense agertoindeuitdbidwnthbiid nethod ] 0 ontj nupus .menbr ane
d¥3h SREneA SynddIR. SRR, SO0 SPH

reactors tend to be expensive. Thus, there 1s a “Bhoni cal

and versati | e SpahésisGiBiolosfd, ﬁp,;m[dﬂ,- f U Y OF THE | NVENTI ON:
The present invention relates to t gﬁ i@%g%,’%‘,b{,“ilfmgl virgf 86 drpigasesand

effichent progesm:-s ar rati,on t he gnti pi comaviral agents of
nia |, By G

f or mi such as compoun oal Prpetaxencrfiastqining Bepsidomiimeriesar e

useful in thapgyd Syl The antipicornaviral agents of fornula |
conpri se: V\heré?g}r? fﬁﬁgﬁs%ﬁu@ogﬁe‘iﬂ?ﬂét&%ﬂﬁ’ ASAP, K9; and Struc@raBhydd gr oup;
R2 and R3 ' dent H 5

an ér ep@ﬁ&{' S.IVTE}E&ET?M io}a}g/-ical Evaluation of Irreversible Human Rhinovirus 3C

10 Proteases Inhibitors. 4. Incorporation of P; Lactam Moieties as L-Glutamine

Replacements, Dragovich et al.., Journal of Medicinal Chemistry, ASAP, 1999, These
aforementioned articles are herein incorporated by r;zference in their entirety.
However, there is still a desire to discover improved, more efficient, processes
and novel intermediates for use in the syntheses of the compounds of the group of
2y 15 antipicornaviral agents. In particular, there is a need for improved methods for
synthesizing the compounds of general formulae L X and I1. |
The process of the present invenﬁon involves an enzymatic reduction step.
Due to the expense of certain catalysts, including enzymatic catalysts, there has been a
need to recycle these expensive catalysts. This has been done, inter alias, by use of a
20 continuous membrane reactor. The development of continuons mermbrane rcac;tors
-has made the use of these expensive catalysts economically feasible in the preparation

of compounds. However, up until the present invention, continuous membrane

reactors have been expensive and lacked the versatility to significantly vary the scale of



23 February 2004 * WD 01/14576 0 A4 ; or C 2 (R41)(R41) PCT/ USCO 23032
where n is an integer fromO to 5 A is CH or N A2 andZ28dehrusdy aoed
independentl%sel ected from C(R41){R41), N(R4l), S, S(O, S(0)2, and O,
and A4 is &H $, where each R41 is independently H or Hcawzbosely! ,
provided that no nore than two 5 heteroatons occur consecutively in the
above-depicted ring forned by Al, A2, (A3),,, A4 and C=0 and at |east one
of RR and R3is A ; or A/ (AA)n 2 (Ri1)(R41) 0 R5 and R6 are each
i ndependently H, F, an al kyl group, a cycloal kyl group, a 10 : ‘
heterocycloallﬁf{ oup, an aryl grouirgn or a heteroaryl group; R7 and R8 are
each- i ndepend qa%iquc reacion. inecifeallypknowncopetinimuk wemprans peacemrs employ :
het er ocycl oal kyl group, an aryl group, a heteroaryl group, -ORl7, -SR17,
-NR17R18, - Nmmﬁlmfétcr PSRCHRLI VR a mh]emy oRihé, voRinfe ofawreﬁﬁeﬂ:(@raﬁdeac h
i ndependently H, an "Al (A3)n , Trr'
en.zyme(s) 15 present, where the majority of the cnzymanc reaction occurs.
Accordingly, to vary the'scale of the reaction, a different hollow fiber filter reactor of
5 appropriate size must be employed. See, for example, E. Schmidt et al., Journal of
_ Biotechnology, 24 (1992) 315-327, which discloses a continuous membrane reactor,
X ) The aforementioned article is herein incorporated by reference. Further, due to the
expense of hollow fiber filter reactors, the known continuous membrane reactors tend
to be expensive. Thus, there is a need for a more economical and versatile continuous
10  membrane reactor.
SUMMARY OF THE INVENTION:
The present invention relates to the discovery of a cost effective and efficient
process for the preparation of the antipicornaviral agents of formula L, such as

compound AG7088, as well as intermediates which are useful in that synthesis,

) 15 The antipicornaviral agents of formula I comprise:

o) Ry z
Rs
n‘\’/lk /{\[/j\
N Z,
H Ry
Rs R,
wherein R; is H, F, an alkyl group, OH, SH, or an O-alkyl group;

Rz and R; are each independently H;



23 February 2004 % WD 01/ 14576 PCT/ US00/ 23032 al kyl group, a cycl oal kyl

group, a heterocycloal kyl group, an aryl group, a heteroadd/Febryaryd004or an

acyl group, %ﬁ‘é{/ﬂ?%that at | east one of R7 and R8 is an al kyl group, ah

aryl group¢ a heteroaryl group, -ORl7, -SR17, -NR 7R18, - NRPONBS0RI®3 or

-NR170RI's; R9 is a five-nenbered heterocycle having fromone to three

het eroatons selected from 5 0O,N, andS;and Z and Z, are each independently

H, F, an al kyl group, a cycloal kyl group, a heterocycloal kyl group, an

aryl group, a heteroaryl group, -C(OR21, -C02R2lI, CN, -C(O NR21R22,

-C(O NR210OR22, -C(S)R21, -C(S)NR21R22, -NO2, -SOR21, -S02R21, -SO2NR21R22,

-SO(NR21) (OR22), -SONR21, -SGBR21i -PQOR24)2i -PQR21)(R22), 10

-POCNR21R22) (OR23), -PQO(NR21R22) (NR23R24), 0) INR22R23, or

- C(S) NR2INR22R23, where R@l, R22, R23, and arg each i ndependently H, an

al kyl group, a cycloal kyl] group, a heterocy¢l oal kyl group, an aryl group,
p an aglyl group, o%ﬁ(%i%%c\ﬁ[{d’?ﬁhp, or where any of

two of R21, R22,.- > 4|q t oget percii t h aton(;s) to which they are

bonded, form a hetérocycl oal k)}'fz group, XRafedvi ded that Z and ZI are not

both H or Z1 and Rl, together with the atons to which they are bonded,

forma cycloal kyl or heterocycloal kyl group, where Z1 and Rl are as

def i ned above“afieds an integanfrert Ods 51 Aplks CHEarM0A, mreg&ﬂwmg%h% or

het er ocycl oal kyl group; or Z and Z1, together with the atons to ich they

are bonded, f ealerteal foom O KB ), N(R IS, SEOLS '%g@'wd#{swoﬂm%re Z and Z1
ne

are as defined ‘above except for noieties that cannot formt Vel oal kyl

or _hetler 0cycl whik phehRp Ufindopondbhtf 118 S UAYE prd AEAGHA R LRLCALDRY I 2!

agents of formula | may be synthesized by jecting a conp bf general
formula 115t olgérbbmWobdir SonSQAROHPHh the Y HerlidRd Sing tomed by A1, Az, (As),,

A4 and C=0, and at least one of Ry and Rj is

a heteroaryl gr

o
Ay

i 7 \
~ Ay (Aa)n
;LLL\/IKNHa ;or J"H{C/ \Ag/ )

(Rg1XRyp)

)T\ [
Hg . N rl"{ :
0

Rsand Rg are each independently H, F, an alkyl group, a cycloalkyl group, a

Ryis

10 heterocycloalkyl group, an aryl group, or a heteroaryl group;
Rz and Rg are each independently H, an alkyl group, a cycloalkyl group, a
heterocycloatkyl group, an aryl group, a heteroaryl group, -OR;7, -SRy7, -NR 7R 4, -

NR”NR”I}'S’ or -NR170Rs, where Ry7, Ryg, and R are each independently H, an



PCT/ US00/ 23032 of general formula Il to a suitable am de-form ng reaction.
The process of the present invention provides a nore co$ Febhery20@4 and
synt hesi zing the conpounds of formula | fromthe

efficient "%O?/

conpounds %pf S 7$e Il and I1L The process of the presenpCims@nitedn al so
provi des nore cost effective and 5 efficient nethods of synthesizing the
conpounds of formula Il, thus, providing an inproved overall nethod for
synthesi zing the antipicornaviral agents of formula L Additionally, the
present invention provides novel internediates for use in the processes of

the present i Welg) npvel pr.ocesses for the preparation of those
novel inter ne%@%%u.%’ iﬁﬁ?%'gwggrgg%ﬁthe}eﬁ?%ﬁ'f’ﬂ SHqupeart asylgraup, @ betgraaryht i nuous
menbr ane reactor that é_ be used in the processes of the present

i nventi on. Th%'g'ép’é’f)f"bﬁcg’g, ouRPERYided dhat ahlgast eng ofiRysind R ishem aliyd gmomp, amvent i on
will be nmore fully understood and appreciated by reference to the witten
speci fi cat i orf¥! Z5pipAR beteroprbarm FORN, ¥R 1A -NRERGRANR) RRBE, MENTRQBRILE 15

| NVENTI ON: As used in the present application, the follow ng definitions
apply: I n accRuigiafivenwimbered hetorveyié having & ohdtolthvee Atbroatois stlSctbPRGmi N -
structural fornulas herein to depict the bond that is the point of
attachments ofO.tNheandSi atdy or substituent to the core or backbone structure.
20 Where chiral carbons are included in chem cal structures, unless a

part cul ar Gkl ais aoh integlaBidl il phibyShal) PLAMIRL) EoloTTs. are i nt ended

to be enconpassed. An "al kyl group™ is I

e e o o LS BB, A T

at ons_’and hydrogen atons,

oty STl ke, KA Bl Sl
' -SO;NR31Rz2, -SO(NR21)(ORz), -SONRy;, -SO3Ryy, -PO(ORz1)z, -POR21)(R2),

10 -PONRzRz)(OR2s), -PONRziR22)NRsRas), <CONRiNRyzRs, of
-C(S)NR2:NR2zR23, where Ray, Raz, Rys, and Ry are each independently H, an alkyl
group, a cycloalkyl group, a heterocycioalkyl group, an aryl group, a heteroaryl group,
an acyl group, or a thioacyl group, or where any of two of Rz, Rzp, Rys, and Ry,
together with the atom(s) to which they are bonded, form a heterocycloalkyl group,

15 provided that Z and Z; are not both H:
or Z; and Ry, together with tﬁe atoms -to which they are bonded, form a cycloalkyl or
heterocycloalkyl group, where Z; and Rjare as defined above except for moieties that
cannot form the cycloalkyl or heterocycloalky! group;
or Z and Z,, together with the atoms to which they are bonded, form a cycloalkyl or ‘

20 hetc_:rocycloalkyl group, where Z and Z, are as defined above except for moieties that
cannot form the cycloalky} or heterocycloalkyt group.

As discussed above, these antipicornaviral agents of formula I may be

synthesized by subjecting a compound of general formula II together with a compound



pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl, pentynyl, hexynyl,
and the like, which may be unsubstituted (i.e., containi 23 Febtuarne20bn and
hydrogen) or substituted by one or nore suitable sustituents as defined
bel ow (e. gz, BRI 6ore hal ogens, such 5 as F, O, Br, or pcrvwdoRsdzand C
being preferred). A "lower alkyl group” is intended to nean an al kyl group
having from| to 4 carbon atonms in its chain. A "cycloal kyl group" is

i ntended to nmean a non-aronati c nonoval ent nonocyclic, bicyclic, or
tricyclic radical containing 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, or 14
carbon ring alt?gms F’E?Ch gf whi ch nay be saturated or unsaturated, and which
may 10 be uns®h&Fie uB L0, syitableramidefprming reactiowr Bhesproteabbfthe piesdni t uent s
as defined below, . and to which nmay be fused one or nore heterocycl oal kyl
groups, aryl d6Btien preyidesiaanere astgifeasive apseffivishiahethbbdfsghtheszii@ihe DE
unsubstituted or substituted by one or nore substituents. Illustrative
exanpl es of cyempeunis/of fgmauipEfromaheicbengonhds @fkdihulddai gldmps: a° 15 , and OOH
A "heterocycl oal ky group” is intended to nmean a non-aromatic nonoval ent

nmonocyclic, bi cycl The provest of the/ plebent InRekition lalso Whivides|
unsaturated, containing 9 23 February 2004 *%90 Olﬁﬁgéévéglcﬁ?ﬁ 123932

3.4.5, 6, ¥, €&fficRntd8hodk 8 ring.atons, which
g ok bl syndhesioihg e comfponds ot (£l 1B, BERPREA ora

includes 1, 2, 3, 4, or.5 heteroatons ., and

sul fur, wher eidigi6veddVera mettd £b% ?H-E d or. substituted by one or nore
suitabl e substituents as def) negi'ggl ow,élglgamqlﬁo%‘i%aﬁ?ﬂ?%@rﬂﬂ?e‘d one or
more .cycl oal kyl grg roups. or heteroaryl 5 grqups, which

t hensel ves may be ‘unsu nsa?ﬂﬁ{lﬁéas ermngﬁ‘QP P’E"b’l‘%ﬂ"%‘iﬁl Bremsdiates for useintthd| e

substi tuents. tive exanpl.es of heterocycl oal kyl groups include the
fol | owi ng pru:és&? bEAL present invention, and novel processes for the preparation of those

novel intermediates.

10 The present invention also relates to a continuous membrane reactor that may
be used in the processes of the present invention,

These objects, advantages and features of the present invention will be more
fully understood and appret;iated by reference to the written spcéiﬁcation.
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE

15 INVENTION:

As used in the present application, the following definitions apply:

In accordance with a convention used in the art, /gllz, is used in structural
formulas herein to depict the bond that is the point of attachment of the moiety or
substituent to the core or backbone structure,

20 Where chiral carbons are included in chemical structures, unless a particular
-orientation is depicted, both sterioisorﬁeric forms are intended to be encompassed.
An “alkyl group” is intended to mean a stfaight- or branched chain monovalent

radical of saturated and/or unsaturated carbon atoms and hydrogen atoms, such as



noieties: mR ONOC () RR An "aryl group™ is intended to nean an
aromati ¢ nonoval ent nDnocycIic, 10 bicyclic, or tricycli @3rabneaay 2004
containing 6, 10, 14 or 18 carbon ring atons, which may be unsubstituted
or substitg:t&?%l Ge or nore suitable substituents as def intadusaghfw and
to which may be fused one or nore cycl oal kyl groups, heterocycl oal kyl
groups, or heteroaryl groups, which thenselves may be unsubstituted or
substituted by one or 10 23 February 2004 ¢ WO 01/14576 PCT/ US00/ 23032 nor e
sui tabl e substituents. Thus, the term"aryl group” includes a benzyl group

(Bzl). IIIustr t s of aryl groups include the follow ng

moi eti es: ngﬂgi & )h%tggpr(gﬁrgff’m@-rlmpﬂ buiyh(Buldieobutyl, tinay! (BBu)pehER| C
nonovalent nDnocycllc 5 bicyclic, or tricyclic radical containing 4, 5,
6, 7, 8 9, 18°nienYL, butenylipropensl, ethynyl ISty prapynylSpdntyagl, AL, aﬁcmb ﬁﬁé ng 1,
2, 3, 4, or 5 heteroatons selected fromnitrogen, oxygen, =~ and sulfu

whi ch may be Whishimayibe unebstitoted Gt ichitain Q%
substituents as defined below, and to vmﬁilgcéﬁwnay t[)le flﬁg&@g&zg}%ﬁhkﬁu&rﬁg

cycl oal kyl b nived suiably chetialekis! r whi ch
y yl  gbponesy bl eKbéasﬂéﬁHéH%eloW(eg %heQJn%%ﬁmr%?% SR abl o

t hensel ves may be 10 unsubstituted or substituted’by one
SubSt! tuent <. asB U &L Wi FAAACPhERg BbrdiEh O ower St RS IShIR

foll ow ng noi eti es:
' mean an alkyl_ group having from 1 to 4 carbon atoms ia its chain,
: ) ‘ A “cycloalkyl group” is intended to mean a non-arornatic monovaient
monocyclic, bicyclic, or tricyclic radical containing 3,4, 5, 6,7, 8, 9, 10, 11, 12, 13, or
14 carbon ring atoms, each of which may be saturated or unsaturated, and which may
10  be unsubstituted or subétituted by one or more suitable substituents as defined be16W.
_ and to which may be fused one or more heterocycloalkyl groups, aryl groups, or
heteroaryl groups, which themselves may be unsubstituted or substituted by one or

more subsﬁtuents. lustrative examples of cycloalkyl groups include following

oOOC&b
[@O A5

4 9 = T Y
A *heterocycloalky group™ 1s intended to mean a non-aromatic monovalent

moieties:

L

15

monocyclic, bicyclic, or tricyclic radical, which is saturated or unsaturated, containing



23 February 2004 i WD 01/14576 ~NJ J NNNN--AN ! N- / v 1 N NN
NN Il PCTIUSOO 23032 N ,and A "heterocycle" is intended 28 Febarrn2004

het er oar yl

or

heterocycloalkyl group (each of which, as defined above,

Opti onal | ygsOB3P¥H§ed) . An "acyl group" is intended to neapcBusepksds: ' R
radical, where Ris a substituent as defined below A "thioacyl group:
intended to nean a -C(S)-R radical, where Ris a substituent as defined

bel ow. 12 23 February 2004 WO 01/ 14576

\\_/'

10

3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,16, 17, 0r 18 ring atoms, which includes 1, 2,
3,4,0r 5 heteroatoms selected nitrogen, oxygen, and sulfur, where the radical is
unsubstituted or substituted by one or more suitable substituents as defined below, and
to which may be fused oue or more cycloalkyl gmups, aryl groups, or heteroaryl |
groups, which themselves may be unsubstituted or substituted by one or more suitable
substituents. Nlustrative examples of heterocycloalkyl groups include the following
moieties: |

o

< Qo000 55

O

b Acalch

An “aryl group” is intended to mean an moﬁaﬁc monovalent monocyclic,
Bicyclic, or tricyclic radical containing 6, 10, 14,, or 18 carbon ring atoms, which may
be unsubstituted or substituted by one or more suitable substituents as defined below,
and to which may be fused one or more cycloalkyl groups, heterocycloalkyl groups, or

heteroaryl groups, which themselves may be unsubstituted or substituted by one or

10

N
are

i's



PCT/ US00/ 23032 A "sul fonyl group” is intended to nean a - SO2R r adi cal
where R- is a substituent as defined bel ow. A "hydroxy @EotgPruary 208¢ended
to mean the r@ghfakze OH An "amno group"” is intended to nean the radical
-NH2. 5 Ane"'allcylam no group"” is intended to mean the radiRGHUSPRI032 wher e
Ra is an al kyl group. A "dial kylam no group” is intended to nmean the

radi cal NRaRb, where Ra and Rb are each independently an al kyl group. An
"al koxy group” is intended to nean the radical ORa, where Ra is an al kyl

10 group. Exenplary al koxy groups include nethoxy, ethoxy, propoxy, and the

i ke. . An " alnk@xsifi@ble : u end d to,nean the radical O ORa,
where Ra is an al kyl S%Etﬁgﬁ'%nﬁh" Elfltsu ﬁouBrB’t‘iE’q‘?ﬁ%b“r“ﬁi’lm nean
t he radi cal an a group. 15 An "al kyl am nocar bonyl
group" is int ?%B%to gkﬁ?fﬁéﬁr%%pééﬂcml&f@fmngmmﬁs R is an al kyl
group. A "dial kyl am nocar bonyl group” is intended to nmean the rad| cal
- C(.O NR$RDb, Wnere R and Rb are each independently an al kyI
"nmercapto group” is intended to nean the radical -SH 20 An
group” is intepd where Ra is _an al
"carboxy gro -

group"” is int
01114576 PCT/ USE 3
-ORc, where & is an' aryl

A. “hetcroaryl group” is intended to mean an aromatic monovalent monmycﬁc,

5 bicyclic, or tricyclic radical containing 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, or
18 ring atoms, including 1, 2, 3, 4, or 5 heteroatoms selected from nitrogen, oxygen,
and sulfur, which may be unsubstituted or substituted by one or more suitable
substituents as defined below, and to which may be fused one or more cycloalkyl
groups, heterocycloatkyl groups, or aryl groups, which themselves may be

10 . unsubstituted or substituted by one or miore suitable substituents: Hlustrativé

examples of heteroaryl groups include the followin g moieties;



group A "heteroaryl oxy group” is intended to nean the radical -ORd, where
Rd is a heteroaryl group. 5 An "arylthio group" is interZddebreary@tddt he
radical --SRc, where R, is an aryl group. A "heteroarylthio group” is

i ntended tgp WOMMHE radical -SRd, where Rd is a ' heteroaryiugimsm: A

"l eaving group"” (Lv) is intended to nean any suitable group that will be 10
di-spl aced by a substitution reaction. One of ordinary skill in the art wll
know that any conjugate base of a strong acid can act as a | eaving group.
[I'lustrative exanples of suitable |eaving groups include, but are not

limted to, -F,~C, -Br, alkyl chlorides, alkyl brom des, alkyl iodides,
al kyl sul fonatgs, tlkyl zen ona N al k¥l t ol sul tes, al kyl
met hanesul f on& es, Yt ri#l at §, @day@ h@vi ngql a/ 15 |pi syl f afle, net hyl
sul fate, or sul ate i Typinc pr okectt ng ps,\.r egdgen sol vent s
such as, but nof linited to, " those 1isfed bel dw in-tasle |- h¥ie the

foll ow ng abbreviations as used hefein and in the clajnms. One skilled in

the art would stan t the pou kgt ed in e <Jgroup may
be used inter¢gandgeabl y fdt-in§ , a |ponpofnd ,iste u Eer "I eagents 20
- and. sol vent L,ﬁﬁybe sedd as & ectityg gebup, land_so .Hgg t her, one

skilled in the Rrart woul @ know ot Wt possi ONe prote ng gro reagents
and solvents; these are intended to be within the scope of this invention.
14 23 February 2004 WO 01/ 14576 Table | Ada 5 Alloc Allyl Boc :

(I ST
) N/Il /N’N\/N , N l s

A “heterocycle” is intended to mean a heteroary! or heterocycloalkyl group

(each of which, as defined above, are optionally substituted).

5 - An “acyl group” is intended to mean a —C(O)-R radical, where R is a

substituent as defined below. |

A “thioacyl group” is intended to mean 2 -C(S)-R radical, where R is a

substituent as defined below.

12



P rmoc 10 - AcOH Ac.sub.2 0
Cbz - Fnoc 10 OBzl Ot Owe Tos (Tosyl) Trt 15 .ACN
AdacOH 20 AIBN Aboc-C BHT Boc.sub.2 0 CDI 25 COMI B8Webmiana200% PEA

DIVA DTA Et.sub.3 N EtOAc 35 FDH FnpcOSu
50 OV G PCT/US00/23032

A “sulfonjl group™ is intended to mean a ~SO,R radical, where R is a
substituent as defined below. |
A “hydroxy group” is intended to mean the radical -OH.
An “amino group” is intended to mean the radical -NH,.
5 An “alkylamino group” is intended to mean the radical -NHR,, where R;is an
alky! group.
A “dialkylamino group” is intended to mean the radical -NR Rs, where R, and
Ry, are each independently an alkyl group. |
An “alkoxy group” is intended to mean the radical -OR,, where R, is an alkyl
. 10 group. Exemplary alkoxy groups include methoxy, ethoxy, propoxy, and the like. |
- An “alkoxycarbonyl group” is intended to mean the radical —C(O)OR,, where
R, is an alkyl group.
An “alkylsulfonyl group” is intended to mean the radical -SO;R,, where R, is
an alkyl group. |
15 An “alkylaminocarbonyl group” is intended to mean the radical ~C(O)NHR,,
where R, is an alkyl group.
A “dialkylaminocarbonyl group” is intended to mean the radical ~C(O)NR Ry,
where R, and Ry, are eaéh independently an glkyl group.
A “mercapto group” is intended to me@ the radical -SH.
.20 An “alkylthio group” is intended to mean the radical —SR,, where R, is an alkyl
group.
A “carboxy group” is intended to mean the radical ~C(O)OH.

A “carbamoyl group” is intended to mean the radical -C(O)NH..

13



HATU 40 HOBT HF LDH LiHVDS MeOH 45 Mes (Mesyl) MIBE PCT/ U500/ 23832”_
Protecting Groups Adamantane acetyl Allyl oxycarbonyl BBll?BprLFEyB nZeI
)utyl oxycarbonyl Benzyl oxycarbonyl Fl uorenyl met hyl oxycar bony enzy
ester Ethyl e¥POUISRet hyl ester p-Tol uenesul fonyl Tri phenyﬁ@ﬁbﬁmgﬁsée
Reagents and Sol vents Acetonitrile Acetic acid Acetic acid ag y |
Adamant ane acetic acid 22-azobisisobutyronitrile Allyloxycarbony |
chloride 2,6-di-tert-butyl-4-nethyl phenol

An “aryloxy group” is intended to mean the radical -OR,, where R, is an aryl
group.‘
A “heteroaryloxy group” is intended to mean the radical -ORy, where Rqis a
heteroaryl group.
5 An “arylthio group” is intended to mean the radical ~SR., where R, is an aryl
group.

A “heteroarylthio group” is intended to mean the radical -SRy, where Ry is a

&

heteroaryl group.
A “leaving group” (Lv) is intended to mean any suitable group that will be

10 displaced by a substitution reaction. One of ordinary skill in the art will know that any
conjugate base of a strong acid can act as a leaving group. Mustrative examples of
suitab}e leaving groups include, but are not limited to, -F, -Cl, -Br, alkyl chlorides,
alkyl bromides, alkyl iodides, alkyl sulfonates, alkyl benzenesulfonates, alkyl
p-toluenesulfonates, alkyl methanesulfonates, triflate, and any groups having a

15  bisulfate, methyl sulfate; or sulfonate ion.

Typical protecting groups, ree.xgcnts and solvents such as, but not limited to,
those listed below in table 1 have the fbllowing abbreviations as used herein and in the
claims. One skilled in the art would understand that the compounds listed within each
group may be used interchangeably; for instance, a compound listed under "reagents

20 - and solvents” may be used as a pro.tecr.iug group, and so on. Further, one skilled in the
-art wou[d know other possible protecting groups, reagents and solvents; these are

intended to be within the scope of this invention.

14



D-tert butyl
Met hyl ene chl ori de

Whifusit,

9-f 1 uorenyl net hyl oxy carbonyl

D net hyl acet

et hyl enedigr
dehydr ogenase :
N-[(di methylamno)-1H1, 2, 3-triazol .
N- net hyl met hanam ni um hexaf | uor ophosphat e N oxi de

Hydrofluoric acid |actate dehydrogenase Lithium bistrinethylsilylarnide

Met han

Met hanol

01/ 14576 10PCTI

10

15

20

35

45

di car bonat e _
Di i sopropyl et hyl am ne
N- di net hyl f or mam de

acetic acid Triethylam ne Ethyl b/
N- hydr oxysucci ni m de ester

1,1 -carbonyl diimdazol e
N, N- di i sopr op¥B &ehyiagn200

D net hyl sul f oxi de

acet apErriuARsEL

[4, 5-Db] pyridiylmethyl ene]-

LS

|}ony| t-butyl nethyl ether 15 23 February 2004 WO
353136 23032
Protecting Groups
Ada Adamantane acetyl
Alloc Allyloxycarbonyl
Allyl Allyl ester
Boc tert-vutyloxycarbonyl
Cbz- Benzyloxycarbonyl
Fmoc Fluorenylmethyloxycarbonyl
OBzl Benzyl ester
OEt Ethyl ester
OMe Methyl ester
Tos (Tosyl) p-Toluenesulfonyl
Trt Triphenylmethyl
Reagents and Solvents
ACN Acetonitrile
AcOH Acetic acid
Acsub2 O Acetic acid anhydride
AdacOH Adamantane acetic acid
AIBN 2,2-azobisisobutyronitrile
Alloc-Cl Allyloxycarbonyl chloride
BHT 2,6-di-tert-butyl-4-methyiphenol
Boc.sub.2 O Di-tert butyl dicarbonate
CDI 1,1’-carbonyldiimidazole
CDMT Chlorodimethyltriazine
DCM Methylene chloride
DIEA Diisopropylethylamine
DIPEA N,N-diisopropylethylamine
DMA Dimethylacetamide
DMF N,N-dimethylformamide
DMSO Dimethyl sulfoxide
EDTA ethylenediaminetetraacetic acid
Etsub.3 N Triethylamine
EtOAc Ethyl acetate
FDH formate dehydrogenase
FmocOSu 9-fluorenylmethyloxy carbonyl
_ N-hydroxysuccinimide ester
HATU N-[(dimethylamino)-1H-1, 2, 3-triazol [4, 5-b] pyridiylmethylene]-
N-methylmethanaminium hexafluorophosphate N-oxide
HOBT 1-Hydroxybenzotriazole
HF Hydrofluoric acid
LDH lactate dehydrogenase
LiHMDS Lithium bistrimethylsilylamide
MeOH . Methanol
Mes (Mesyl) Methanesulfonyl
MTBE t-butyl methyl ether

15

Chl orodi net hyl tri azi ne

1- Hydr oxybenzotri azol e



NADNi cot i nam de adeni ne di nucl eoti de NADH Hydr ogen- per oxi de oxi dor educt ase
5NaHVDS Sodi um bi strinethyl silylam de NVP 1-net hyl - 2- pyr rd3l kebirvap 004

nin. Ni nhydrin_i-PrOH | so-propanol Pip PipeAdi ne OPPL Li pase pTSA

p- t ol uensugf RPEVAEY nonohydrate PyrPyridine TEA Tri et hyl agcRisdihos
triethylenetetraam ne 5TFA Trifluoroacetic acid THE Tetrahydrof uran
Triflate (Tf)Trifl uoromet hanesul fonyl 20The term "suitabl e organic noiety"

is intended to nean any organi c noi ety recogni zable, such as by routine
to those skilled in the art as not adversely affecting the

testing, ,
Dt ory gy Of LR e ids adomnr qands. | fustrative exanples of
inucleotide
NADH Hyd.rogen-pcroxide oxidoreductase
NaHMDS Sodium bistrimethylsilylamide
N_'MP I-methyl-2-pyrrolidinone
S nin. Ninhydrin
i-_PrOH Iso-propanol
Pip Pipeiidine
PPL Lipase
pTSA p-toluensulfonic acid monohydr
ydrate
10 Pyr Pyridine
TEA Triethylamine
TET triethylenetetraamine
= - TFA Trifluoroacetic acid
o) THF Tetrahydrofuran .
15 Triflate (Tf) Triflucromethanesulfonyl
The term “suitable organic moiety” is intended to mean any organic moiety
20  recognizable, such as by routine testmg to those skilled in the art as not adversely
affecting the jnhibitory activity of the inventive compounds. Blustrative examples of
suitable organic moieties include, but are not limited to, hydroxyl groups alkyl groups
0Xo groups, cycloalkyl groups, keterocycloalkyl groups, aryl groups, heteroaryl groups
- acyl groups, sulfonyl groups, mercapto groups, alkylthio groups, alkoxy groups

25 carboxy groups, amino groups, alkylamino groups, dialkylamino groups, carbamoyl
groups, arylthio groups, heteroarylthio groups, and the like.

The term “substituent” or suitable substituent” is intended to mean any suitable
substituent that may be recognized or selected, such as through routine testing, by
those skilled in the art. Hiustrative examples of suitable subst.itucnts‘ include hydroxy

30  groups, halogens, oxo groups, alkyl groups, acyl groups, sulfonyl groups, mercapto
groups, alkylthio groups, atkyloxy gfoups, cycloalkyl groups, heterocycloalkyl groups,
aryl groups, heteroaryl groups, carboxy groups, amino groups, alkylamino groups,

16



suitabl e organic nmoieties include, but are not limted to, hydroxyl groups,
al kyl groups, oxo groups, cycloal kyl groups, heterocycl @adlRepluagy 20s, aryl
groups, heteroaryl groups, acyl groups, sulfonyl groups, nercapto groups,
al kyl thi o gr Mp¥/1456koxy groups, 25 carboxy groups, am no GeeHRSy

al kyl am no groups, dial kyl am no groups, carbanoyl groups, arylt |o groups
het eroaryl thio groups, and the like. The term "substituent" or suitable
substituent” is intended to nmean any suitable substituent that may be
recogni zed or selected such as through routine testing, by those skilled
in the art. Eratlve exa | es of suitable substituents include hydroxy

30 , -groups, O SI9UPS, ISEIUR%W’U@&!PSHEXHFO@WOU ar{ iy |
groups, nercapto roups, al kylthio groups, alkyloxy groups, cycloalkyl

groups, het er §©ppS. oatetoatyithiognmps, andthd Lilgr oups, het eroaryl groups, carboxy
groups, am no groups, al kylam no groups, 16 23 February 2004 | WO 01/ 14576

PCT/ US00/ 23032 di aTheyteant dpnoﬁﬂ@lsﬂssunﬁai"hgHﬁéﬂdc&fo%ipﬁsslﬁnﬁic%){hag{h%U ps,
|

het er oaryl oxy groups, arylthio groups, heteroaryl 0 groups, and the

like. The ter spetifipd gruplid dﬁs@dﬁﬁﬁddtdﬂ%@ﬁ'ﬁtdtﬁi Bg&gl@gﬁ%mt %{tggg%ﬁ, tth z%[‘d'rrgf‘tee

that the specified group is unsubstitut
sui t abl e ssibsflbsd et hyonal bstituents are expressly.
specified, in which ggﬁftﬁghﬁeﬁmm%%éﬁcastbewl "Llﬁ@‘ EFﬁ%';ﬁh‘? €™M nsubst it ut ed

or substitut eci substituyents.. As defined above, various
o ouns ity biﬂﬂ‘?‘%“é“"ﬂ bl Yhie BRF ISttt & Hhdg it g e v

substi t ut ed) | nd| cat.ed ot herw se herein .g., by indicating that
the. specifie group Y u‘f‘i‘é‘ﬂﬁ%ﬂ’?‘fﬁﬁt‘@é’)‘”“Pﬁ}lbﬁllm@ﬂ@(ljsubgﬁmtcd(lmttbmhfd to nean

a conpound th%Lg é. Fver d under. physiol ogi cal conditions or by
sol vol ysi s or°PHEpaly, sé'é‘f‘?ds uplsssindipated pthenvisdrominitecy. by dddicatiag that the

pharmaceutical ly_active, A "pharmaceutically active netabolite" is intended
to mean a pk RIATeRR Eapsupstitied) e product  produced through metabolismin
t he body of a . ..
10 A “prodrug” is intended to mean a compound that is converted under
- physiological conditions or by solvolysis or metabolically to a specified compound that
is pharmaceutically active. |
A “pharmaceutically active metabolite” is intended to mean a
pharmacologically active product produced through metabolism in the bodylof a
15  specified compound. |
A “solvate” is intended to mean a pharmaceutically acceptable solvate form of
a specified compound that retains the biological effectiveness of such compound,

Examples of solvates include compounds of the invention in combination with water,
isopropanol, ethanol, methanol, dimethyl sulfoxide, ethyl acelate, acetic acid, or
20 ethanolamine.
A “pharmaceutically acceptable salt” is intended to mean a salt that retains the
biological effectiveness of the free ac.ids and bases of the specified compound and that

is not biologically or otherwise undesirable,  Examples of pharmaceutically acceptable

*
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15 specified conpound. A "solvate" is intended to nmean a pharnaceutically

acceptabl e solvate formof a specified conpound that ret28iFebridng 2004

bi ol ogi cal effectiveness of such conpound. Exanples of solvates include

conpounds &f WOYHAIention in conbination with water, i som@ﬁ@a@&mn

et hanol, net hanol, dinethyl sulfoxide, ethyl acetate, acetic acid, or 20

et hanol ami ne. A "pharnaceutically acceptable salt" is intended to nean a

salt that retains the biological effectiveness of the free acids and bases

of the specified conpound and that is not biologically or otherw se

undesi rabl e. . Exa,rrpl es of pharmaceutically acceptable 17 23 February 2004

41 WO 01/ 1457 §3pcasluisoulfstes porosulfates, bisulfated ssutfited. hiselfites phosgtitel at s,

bi sul fates; sulfites, bisulfites, phosphates, nonohydrogenphosphates,

di hydr ogenp homhﬁsqgenﬂtwmﬂammmenmm,%m@b%tes,cﬁ}}dyhh Rates,

brom des, iodides, acetates, propionates, decanoates, caprylates,

acrylates, f chlvBdesshromidebubdided] £Btates FRONIAS; d&%@g&%& teﬁgic%t%tg;‘at es,
unhrat es,

oxal ates, malonates, 5 succinates, suberates, sebacates:

mal eat es, but Yatfirales, isbbaiyRads el : nzoat es
ot e??gi&%’)d@ﬁﬂm@ s'é?g a;ag‘%’, OxaRr BAOBUSS 0at es,

chl or obenzoat es, net hyl benzo , I trobe
met hoxybeng oa§i@einatel) siirAt s SobaSidls tes, xylenesul fonates, _phylacetates,
phenyl pr opi onat es, phyl butyr a?esld%s’ fgll Eag%sséms ,a}g?tﬁs(:sﬂ%"s'?' '*/‘é‘_ﬂﬁftﬁsr'!}%bﬁﬁtlyﬁ'at es,
gl ycof ates, taihddbEsm -sul fonat es, propanesul f onat es, '

napht hal ene- 1- su%%onat %‘ggtc%&?ﬁ‘&?f%%ﬂé‘?@bﬁ QftasodiBitiebenzagtes. nandel at es. The

present invenyl urther provides synthetic nethods that are conprised of
one.of the syﬁcﬁp@ewg%}gspgp"@@f‘yqea?‘taﬁ’si Phthalpiespsudionstes, dylendsofomates, A synt heti c
method is co i sed of a synthetic step when. the synthetic step is at
| east part ofP Yii’é"'tf"ieﬁ enylpropipRatescphythuttsates, titrateadictates, phhdoRybutyiste§y Nt het i ¢
nmet hod can be only the synthetic 15 step or have additional synthetic steps
that may be oHEGHASS LITHES, Fefhane-gilinates, pyopatistifenatespidphtialead 1 Bal¥dhatesf €W -
addi tional synthetic steps or can have nunerous additi onal

10 " naphthalene-2-sulfonates, and mandelates. ’

The present invention further provides syr;thetic methods that are comprised of
one of the synthetic steps set forth in the present disclosure. A synthetic method is
comprised of a synthetic step when the synthetic step is at leasf part of the final
synthetic method. In such a fashion, the synthetic method can be only the synthetic

15 - step or have additional synthétic steps that may be associated with it. Such a synthetic
 method can have a few additional synthetic steps or can have numerous additional
synthetic steps.
If the antipicomaviral agent of formula I formed from the process of the present
invention is a base, a desired salt may be prepared by any suitable method known to
20  the art, including treatment of the free base with an inorganic a«  such as
- hydrochloric acid; hydrobron;ic acid; sulfuric acid; nitric acid: phosphoric acid; and the
like, or with an organic acid, such as acetic acid; maleic acid; succinic acid; mandelic

acid; fumaric acid; malonic acid: pyruvic acid; oxalic acid; glycolic acid; salicylic acid;

-
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L

: i DI i formula | fornmed fromthe
Synt het | cfstﬁps. :afse;'?e ?m;ﬁ'tfg:]n?\s” ;albaggen; ggsi red saBtFetruarp20@F epar ed
process o ¢ pr “including treatment of the free
sui tabl e method known to 20 the art, includi 9 : © -

Egsgng\i th gn Waeryami c ac such as hydr oc_hljorl CdatCIhcei’ wg;qi%?‘gg&&%ﬂgiag,
sul furic acid; nitric acid; phosphoric acid; an Lo T delic

. : i d; maleic acid; succinic acid; man e )
organic acid, such as acetic acid; - .y i id: glycolic acid;
acid; fumaric acid; malonic acid; Ogylr'tj\/{/\?o 8(1”/ (3,45%3:3'0% 3%'00/ 2%0%2
salicylic acid;, 18 23 February 200 id or galacturonic acid;
i it T Seld o st ronc 2
o hy?_rongiétgahgﬁ;f yg?ﬁ?:zla?sgciﬁmﬁbonégﬁlg acid, suc asy(gen)EOI ¢ acid or
as apsartic g utam b oo o L ani idor ..
cinnani ¢ aci d;suchus Eimic m@m&l:qrftaﬁia% a’lﬁ%nBEaIF.lng %ﬁ?ﬁ#&%ﬁﬂé@? gfglgté,gﬂ? acids ¢ o
et hanesul fonic acid; or the |like. nvention.is.an acid a desired
| formed Lr Omﬁ@g@%%ﬁﬁlnﬁfbg%aﬁ(g&ﬁtﬁnﬁ%u& %ﬁ%\ﬁﬂ?"tﬂb‘: ac.‘ﬁé“‘i’rqs i ncl udi ng
salt may be prepared by : - ' i ¢ or, organic base, such as an
treat m(ant_ of bq@‘g%’%@ﬁf a{r{:;,agid‘c’)&rr‘:{ixg?a{}}dgé}%%?J;hggg%ﬁ grret al or alkaline earth
amne (prinmary, L i | es of suitable salts
net al hydg OXi de; et h iI i ke. |1]|ust fatl ve fexarrp - Shepresend
refue oo s Hpmi il et S
argi ni ne; ammpni a. 4 d awbe ' iimble mabodialdwnas
i i §”§2| Qgc?:?ﬂq:éﬂcﬁzmﬁﬁgﬁn:] cél%fnjrn?lqggggi U]ﬁim magnesi um
| nOT 98T © S8 e art dnciud t ofitherfren aeivl withdn lindrgnitrBr okginid Hass, a5éh &f
mangahese, irUf ﬂwgmm@‘!tﬁg’t@'ﬁgfg"‘golids i1 isrunderStOOd by 15
S | S avinterity, et r oy aka mérodlidlige ARE g
those skil | ed™n #iEniprimay, sieanday,e f the present invention, salts, and
internmediates used in the process o P ’

i i i y . ich are
t herlwgfoxidengr thulilet Ilustieiive examples ofsutabld balfs Mdifte oibdniCfahi C!
|S(r)1|t \e/ﬁélgfi toebe vvithi?lrthe scope of the present invention C@%ncfospem fied

fornul as. 10  derived from amino acids such as glycine and arginihe; ammonia; primary, secondary,
and tertiary amines; and cyclic amines, such as piperidine, morpholine, and piperazine;
as well as inorganic salts derived from sodium, calcium, potassium, magm;sium,
manganese, iron, copper, zinc, aluminum, and lithium.
In the case of compounds, salts, or solvates that are solids, it is understood by
) 15 those skilled in the art that the compounds of formula I and the intermediates used in
N the process of the present invention, salts, and solvates thereof, may exist in different
crystal forms, all of which are intended to be within the scope of the present invention

and specified formulas.

The antipicornaviral agents of formula L, and the intermediates used in the
20 process of the present invention, may exist as single stereoisomers, racemates, and/or

mixtures of enantiometers and/for diastereomers. All such single stereoisomers,

racemates, and mixtures thereof are intended to be within the broad scope of the
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The antipicornaviral agents of fornmula I, and the internediates used in the
20 process of the present invention, may exi st as singl e28tfebosirgdd®4 s,
racernates, and/or -mxtures of enantioneters and/or diastereoners. All
such singlg sWe@MEWSHoners, racemates, and mixtures thereof paffsdofigpded to
be within the broad scope of the 19 23 February 2004 WO 01/ 14575

PCT/ US00/ 23032 present invention. Preferably, however, the internedi ate
conpounds used in the process of the present invention are used in.
optically pure form As generally understood by those skilled in the art,
an optically pure compound is one that is enantionerically pure. As used
herein, the t diefentdprention. | Breforably, however, it inreinetiite compsunds GRAPPIHAT
conprising at least a sufficient anount of a single enantionmer to yield a

conpound havi rpgocesseof degpresedt ipveationare e ia b8l ipukd f4rm, Preferably,
"opti.cally pure" is intended to nean a conpound that conprises at |east

90% of a single i SARREnd %nﬁ&@t%&@,r'ﬁ&" kﬁf&ﬁ . Jpre preferably at |east
95% (90% e.e.), even m)rg pr-ef erabl y %efs eagl?ﬁ%fng%%?%%%%&@ﬁ 2R nost
preferably at j{ @@%har 25D 9 ) s Preferabl t he, antipi cornaviral

agents of formula | forned Iéc%omf%uge'pﬁ%sgggcmﬁ'fM{cﬁﬁmbr‘@g’éﬂwpﬁ‘ﬁv&ti on are

optical |y BUI ¢yenliB@s jnvention relates to _a process of preparing
ant i pi cor naviral ageo%‘ga?]eao '1#’8? Hpisingag Syficisntamauat of a inglan al kyl

roup, OH, SH .an O-al kyl group; .R2 and R3 are each independently H, O
EIH 2p; or ° (Ega?)%mf%er to yleu( 3’ corgpoung havmg the desired pharmacological activri)ty. Y

9 Preferably, “optically pure” is intended to mean a compound that comprises at least
90% of a single isomer (80% enantiomeric excess), more preferably at least 95% (90%
e.c.), even more preferably at least 97.5% (95% e.e.), and most preferably at least 99%
10 (98% c.e.) Preferably, the antipicornaviral agents of formula I formed from the process
* of the present igvention are optically pure.
The present invention relates to a process of preparing antipicornaviral agents

of formula E:

0O R, i
Rs '
i) R4 '
N Z Z4 @D
H R3
Re R, ‘

15 wherein R, is H, F, an alkyl group, OH, SH, or an O-alkyl group;

Rz and R; are each independently H;

o
‘ ) Ag
’\/ﬁ\ A}" \(A "
_ ~ 1 3
‘/-LLL ) N, GOT r'J{ ¢ \A{ ;

(RapXRyq)
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ra~ X-G A (R41) (R41) 20 23 February 2004 WO 01/14576 PCT/ US00/ 23032 where
nis an integer from0O to 5 Al is CHor N, A2 and each 2A3Fabeiary 2004

i ndependently selected from C(R41)(R41), N(R41), S, S(O, S(0)2, and O,
and Aa is NHYWPOMRET  where each R4l is independently H orpd@ubasikky! .
provided that no nore than two 5 heteroatons occur consecutively in the
above-depicted ring forned by A, A2, (A3),,, A4 and C=0O and at |east one
of RR and R3is RAis NH2 ; or 0 A1\A/ (A3)n (Rai)(R41) , 10 R5 and R6 are
each independently H, F, an al kyl group, a cycloal kyl group, a

het erocycl oal kyl group, an aryl group, or a heteroaryl group; R7 and Its
are each independently H, an al kyl group, a cycloal kyl group, a '
het er ocycl oal :gilllg group,m an aryl group, a heteroaryl group, -ORl7, -SR17,
-NRL7R18, - Nberemiiy mp Byeger frdiRDAOBLR, is\@H6EN A andR i Gneach
i ndependently H, an 15 al kyl group, a cycl oalagl g@fglu%?ﬁg%?ee@%@ﬁl oal kyl

, , kel c | -1 14576
I% rC$ ;.I EJ Sog?zg(r) 33/)28 ertalfrom EMEIREINRL)A, 568), SEH, Uako, 2094, NG RE, ]

where each Ry is indepcndently H or lower alky], provided that no more than two

5  heteroatoms occur consecutively in the above-depicted ring formed by A, Az, (A3),

Aq4 and C=0, and at least one of R; and Rsis

)
o
. e
, A (Agin
/L"Lf\/”\ P N T
NHz _ Rq)(Rqy)

- /'(J)\ [
) R N/H/\rr'i s
L H R
s .
&)

10 Rsand Rg are each independently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group;
Ry and Rg are each independently H, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, -OR,5, -Sﬁ;-;, -NR 7R3,
) -NRsNR 7R3, or —-NR70R 3, where Ry7, Ryg, and Ry are each independently H, an

15 alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl

-~
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group, or an acyl group, provided that. at l'east one of R7 and Rs is an
al kyl group, an aryl group, a heteroaryl group, -ORL7i Z28f&epruarneaoiRis,
-NR1I9NRL17R, s, _or -NR170RI8; RO is a five-nmenbered heterocycle having from

one to thrge KeOUIEH ons selected from O N, and S; and 2 pefuapmsdt are
each independently H F, an al kyl group, a cycloal kyl group, a

het erocycl oal kyl group, an aryl group, a heteroaryl group, -C(O R21,
-CO2R21, CN, -C(O NR21R22, -C(O NR210OR22, -C(S)R21, -C(S)NR2I R22, N2,
-SOR21, -S2R21, -SM2NR21R22, -SQ(NR21) (OR22), -SONR21, -S03R21,

-PQ(OR21) 2, -P R22 - R22) (OR23), -PQ(NR21R22) ( NR23R24), _
-0 NR21NR22Fé§!3% %%4“1‘%?3’2@% R%’%@F@eﬁ}st onecafRoRRd Re ;R20 alkyPgrouprah R24 ar e
each independentll H, g\n aellr;gll group, a cycloal kyl group, a

het er ocycl oal & %‘?‘-’Bu?),etﬁ'ﬁ groupyr@Bp, -SR 1 h eNR 849, YWR GNRUR;s, oPINRGIDR &1 OUP,

or a thioacyl l%r_ou , or where any of two of R21, R22, R23, and R24,

toget her wi t h "2 dYomemperedhetbrocyrle avingdrotn By @ektes hirBamb SIS QY& 0al Ky !
group, provided that Z and Z1 are not both H, 15 or ZI and R, together

wi t ht he at ons Q& #d 8jenthey are bonded, form a cycl oal kyl or
bet er ocycl oal kyl group, where ZI and Rlare as defined above except for

moi eti es tﬁatZmdmﬁaicefaﬂfiﬁ&éﬂaﬁdéﬂﬂﬁmﬁl&Yﬁﬂgﬂ&g;f&%@ﬁ%&g&&:‘%% group; or Z
y are !

and ZI, together with the atons to which th , ( m a cycl oal kyl
oo e S A By AT LR e (5
YO N A LR gy i S IR
RRGIRLS0RRATORES, $810k1 -SOsRr POORa PORaRLD,
“PO(NR21R22)(OR3), -PO(NR2;R2)(NR 23R 2), ~C(O)NR2iNR2,R 3, or
10 -C(S)NR2;NR2Rg;, where Ry, Ras, Rys, and Ry are each independently H, an alkyl

group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,

an acyl group, or a thioax.:yl group, or where any of two of Ry;, R23, Rys, and Ry,

together with the atom(s) to which they are bonded, form z keterocycloalkyl group,

provided that Z and Z, are not both H;

15 orZ, and Ry, together with the atoms to which they are bonded, form a cycloalkyl or

B

heterocycloalkyl group, where Z; and R 1are as defined above except for moieties that
cannot form the cycloalkyl or heterocycloalkyl group; |
orZ and Z,, together with the atoms to which they are bonded, form a cycloalkyl or
heterocycloalkyl group, where Z and Z, are as deﬁped above except for moieties that
20 cannot form the cycloalkyl or heterocycloalkyl group.
The present invention discloses that a compound of formula I may be prepared

by subjecting a compound of formula I and a compound of formula IIf to an amide-

forming reaction:
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R= 0). The am de-form ng reaction may be achieved by any suitabl e nethod,
reagents and reaction conditions. Preferably, any one of23tAsbruasy ROQK
disclosed in the 354 application is utilized. For exanple, a conpound of
formul a | lg YO HE4FBacted with a 5 conpound of fornula in igpHhgyRkgsence
of HATU, DI PEA, CH3CN and H20 to yield the desired conpound of fornula I.
Any suitable purification method may be used to further purify the

conmpound of forrmula |I. Mre preferably, the conpound of formula I is
prepared by an am de-formng reaction conprising the steps of: 10 (a)
reacting the compound of formula Il with a conpound of formula MA in the

presence of N-net hyI norpholine to forma reaction m xture; and F30000CH .
H2N R, (b) addi n%ba Qconmpound ofs,formala Lv-X to the eact i n mxture to
forma conpouEg fliformula L whereih X is any suidalff e ha % de.

Preferably, for pr he conpouipd or ilizing
the nore preferdble am de#br i reachi on utili 2, t he
reagents and rea@fi on 23 W V\D"é)l 14576 23 Februarly 2004 US00/ 23032

condi tions disclosed bel ow. Thus, breferably, t he isonpound of”if ornul a |
and the conpoundipf formula MA @ DVMF are conbined in agy suitable
container. The suitable container is preferably a single neck flask which
is then covered with any suitable septum and covexed with a tenperature

N ot hyl ot phol | e v ngactplk FRESE ameBr trficked Bl ey S BRROEREBIY, ¢ he
e ™ O A o eSSt e

application is utilized. For example, a compound of formula IT may be reacted with a

5  compound of formula II in the presence of HATU, DIPEA, CH;CN and H;O to yield
the desired compound of formula L Any suitable purification method may be used to
further purify the compound of formula L
More preferably, the compound of forﬁmla Lis prepared by an amide-forming
reaction comprising the steps of: | -
10 (a) reacting the compound of formula I with a compound of formula IMTA in the

presence of N-methylmorpholine to form a reaction mixture; and

Ry y4

F (IA)

F4CCOOH . HN
Ry
R,

()] adding a compound of formula L.v-X to the reaction mixture to form a compound
of formula I, wherein X is any suitable halide. |
15 Preferably, the method for preparing the compound of formula I utilizing the more
preferable amide-forming reaction utilizes some or all of the reagents and reaction
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reaction mxture is cooled to about 0 C. A solution of the conpound of
formula Lv-X is then added to the reaction mxture. Mre&3prefrean@004 the
solution of the conpound 10 of fornula Lv-X is a solution of the conpound
of formul a@Lv‘-VQ“F"Hg%\/F. Even nore preferably, the compoundpofrubewaas;a Lv- X
Is COMI. The solution of the conpound of forrmula Lv-X is added to the
reaction mxture by any suitable nethod so as to nmaintain the reaction

m xture at a constant tenperature. For exanple, the solution of the
conmpound of forrmula Lv-X nay be added to the reaction m xture dropw se 15

utilizing a syringe. Upon conpletion of the addition of the solution of the
conpound  of fCSP%'ﬂ?néq&?"R?dW-r&%P@f?@ﬂyﬂhﬁrc@mpsum&cfmamm&mmato about

roomtenperature. The progress of the reaction may be followed by
noni tori ng t heompaundnd formubdllay intIMF acooombired iményf saitsblé sodwindyThei N | ayer
chromat ogr aphy (hereinafter "TLC'). When the reaction is at .l east

subst anti al | y suitabld conminet isqpreferaplytarsthgld nebp AIBK Whikh FRNerR@vadd RiBGLpI tat ed
out of solution to forma slurry by slowy adding water to the reaction

m xture. The cokgbleiseptunianf @6vodkdEwlth H%(g’eﬁﬁi}e BRbEE R m&%&qﬁgé%{:ry by

any suitable neans known to one of ordinary skill 1M the ar exanpl e,
the conpousd off th Sitablle doktaiBYbelGe RNE gﬂf e Ry il tration.
Any suitable purification-24 23 Fg_g’reﬁg% %‘%W%fﬁﬁ‘ﬁ%“ﬁé%@%éﬂ%osz
oo™ PSRRI bl | o i e 1
purified by | zatlon, An t hod kno to one of ordinary skill in
the ant may b%ﬁ (ﬁ'g% odnp"rné{ ar %oc’t]‘?%togg"‘{fgﬁ‘b"&%gb& *‘17‘105;a | Momrrefesablyntbe , t he

resent invention al.so discloses a nqgvel nethod for preparing the conmpound
p lﬁ‘i )

of formula I fABIHFUET 5goRIRdtagbapt ) C. A seltianpf she compovudaf fofmiloimK a | ] B
wth TFA: BocHl\tlhR ) .
. 15 then added to the reaction mixture. More preferably, the solution of the compound

10 of formula Lv-X is a solution of the compound of formula Lv-X in DMF. Even more
preferably, the compound of formula Lv-X is CDMT. The solution of the compound
of formula Lv-X is added to the reaction m.ixturé by any suitable method so as to
maintain the reaction mixture at a constant temperature. For examl;le, the solution of
the compound of fﬁnnula Lv-X may be added to the reaction mixture dropwise

15  utilizing a syringe. Upon completion of the addition of the solution of the compound
of formula Lv-X, the reaction mixture is aliowed to warm to about room temperature.
The progress of the reaction may be followed by monitoring the disappearance of the
compound of formula_ II by thin layer chromatography (hereinafter “TLC"). When the
reaction is at least substantially complete, the compound of formula I may be

20 précipitated out of solution to form a slurry by slowly adding water to the reaction
-mixture. The compound of formula I may then be removed from the slurry by any
suitable means known to one of ordinary skill in the art. For example, the compoﬁnd

of formula I may be removed from the slurry by filtration. Any sﬁitablc purification
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(111B) F30000H. H2ZN R1 (MA) Preferably, the nmethod for preparing the
conpound of formula MA fromthe 10 conpound of fornula M3Hebriarg808bne or
all of the reagents and reaction conditions disclosed bel ow Thus,

pref er abl yg tHE¥HFound of fornula I1HB and DCM are pl acedectnion2is:

sui tabl e container and covered with a septum The container is then purged
with nitrogen followed by the addition of TFA Mre preferably, the TFA is
added via syringe while stirring. The progress of the reaction may be
followed by TIC. Once 15 the starting material has substantially

di sappeared the sbgl vent and excess TFA are renoved by any suitabl e neans.
For exanpl e, (HACdMEQuR o onge erdinasyskiltin thegrt sy be esedve purfy theamerpaund
distillation. Preferably, the conpound of fornula DIA is used immediately
in the proces$ffrmuigd H%éﬂs[é'nﬁerablw&etcbmpomﬂ of ferprala i§ pife@rgound of formul a
L 25 23 February 2004 V WO (c) 1/ 14576 PCT/ US00/ 23032 The present invention
al so rel at es resrystapzatioass for the preparation of the conpounds of fornula
I[1TA: R7 0 R6 One of ordinary skill in the art will recognize that the

conpounds of f orAny methddknbovhlio Bhd &Fiodihdds si9BY fi formula IL
Accordi ngly, the conpounds of 5 forrrulg?lsl A%gégqglr%gbﬁrs&g%u‘sﬁ??@%di ates

for prepars ngcédiuadbf Rhmnks NEA Haw. . formul . The present
i nvention discloses a process for Bf%‘%ﬁ%?‘ﬁ%LElﬁge%‘Sﬂﬁgﬁhﬁggﬁqsa"sz?lnm a llA
corrprrl Sing t haedb®R pbaring the compound of formula A comprising the step of reacting a

compound of formula IIB with TFA:

R: Z R- Zz
/
e ot
BocHN z, FaCCOOH . H,N = z,
: Ry Rs
R1 R1 .

(uB) (IIA)

Preferably, the method for preparing the compound of formula IMA from the

10 compound of formula IIIB utilizes some or all of the reagents and reaction conditions
disclosed below. Thus, preferably, the compound of formula INB and DCM are placed
into a suitable container and covered with a'septum. The container is then purged with
nitrogen followed by the addition of TFA. More preferably, the TFA is added via
syringe while stirring, The progress of the reaction may be followed by TLC. Once

15 the starting material has substantially disappeared the solvc;nt and excess TFA are
removed by any suitable means. .For example, the solvent and excess TFA may be
removed by vacuum distillation. Preferably, the compound of formula IIA is used

immediately in the process of the present invention to prepare the compound of

formula L
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(a) the conversion of a conmpound of fornmula XIlIl to a fl-ketoester of
formula XN by 10 reacting it wiith a 1,1'-carbonyl diin d22dlebrusangd2@04 it hi um
enol ate of t-butyl acetate; ZHN O ZHN OH (XI11) Bu 26 23 February 2004
f, WO 01/ 145™60 PIIRSTES00/ 23032 (b) the conversion of the conpewi@eesd or nul a
XIV to an enolate of fornmula XV by reacting it with a conpound of formula
XVI - under suitable reaction conditions; Z HN (XV) (XVI) 5 (c) the
hydr ogenol ysis of the cohpound of formula XV to yield a conpound of
formula XVI1; H2N (XVI1) (d) the acylation of the conpound of fornula XVl
by reacting it wth_ a conmpound of fornula R20-X under suitable conditions
to yield a conpoundhPreset iayeatiogalso relate tosdiproesissifoxite preparationlof thand 27 23
February 2004 WO 01/ 14576 PCT/ US00/ 23032 (XVM

compounds of formula ITA:

[A)

One of ordinary skill in the art will recognize that the compounds of formula
\ . IIA fall within the genus as defined by formula IL. Accordingly, the compounds of
5 formula HA are also useful intermediates for preparing the amipicornaviral agents of
formula L
The present invention discloses a process for preparing the compounds of

formula ITA, comprising the steps of:

(a) the conversion of a compound of formula XIII to a B-ketoester of formula XTIV by

10 reacting it with a 1,1"-carbonyldiimidazole and a lithium enolate of t-butyl acetate;
; '\)
OH
ZHN : (X1D)

Rg :

: 0
-Fl-;
OtBu '

ZHN X1V)

N ¢ o
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(e) the enzymatic hydrolysis of the conpound of fornmula XVIII to yield the
conpound of formula ILA, Preferably, the nethod for con¢drebrgry K04
conmpound of forrmula XIlIl to that of formula XIV utilizes some or all of the
reagents agd YQ¥M$®Bn conditions disclosed below. Thus, prefrrsatibigs: t he
compound of formula Xl is stirred with CDI in THE under a nitrogen
streamfor at |east about 1 hour at roomtenperature to yield an acyl

i mdazole internediate. Then, in a separate container, |ithium

bi strinmethylsilylam de 10 solution (LHVDS) is charged in THE under

ni-trogen, pri 0 _coolin 0 -70 C.. t-Butyl acetate is added slowy to
t he LHVDS sol gé)i ‘ﬁ%"%&%‘&“ﬁgf ﬁ‘ﬁ&%‘@ﬂﬂ@r"é&%’%@‘bw angpplgte of 9malatXVbyr m a

reaction mxture., The acyl inidazole internmediate prepared as discl osed
above, is sl offasungiwith g gompeundof farmylr X VX undepsuirblepeactomepntiitiond;i t hi um

enol ate of t-butyl acetate, under nitrogen keeping the internal tenperature
at or below 15 about -60 C. Once this addition is conpleted, the reaction
mxture is stirred at -60 C for at |east an additional 1 hour. The
reaction mxture isfthen charged @ith IMHCl to quench the reaction. The
stirring, keeping the internal

e bel ow about -50 C. Hi gher tenperatures
duri ng quenchizpg-taps izati 0 ocﬁonce@W)at ed HCL is added to adjust
the pH to 20 about en 6-7.5. Any sblids that precipitate out are
filtered of f. Because rmer ltenperatures dissolve inpurities the
filtration is nore preferabl yR“Carried out cold and 28 23 February 2004 Q%
WO 01114576 PCT/ US00/ 23032 rapidly over celite: The solids are then washed
wi tH-NTBE. The filtratff is diluted wth MBE and HO and agitated for at

| east about 15 m nutes|| The pH should be checked to ensure that a pHis-
about .between FsR_ Af the organic layer is separated, it may be checked
for chiral purity chi ra@icHgPLC. | f chi ra(l’q‘@ pure products are 5 desired,
the chiral purity should be about 98% at this stage. The organic layer is
washed, preferablyiwith IMHC and agitated for about 15 m nutes prior to
the | ayers

5  (c) the hydrogenolysis of the compound of formula XV to yield a compound of

formula XVI;
"R, o
) HoN ocH, VD
Rg
o Re

(d) the acylation of the compound of formula XVII by reacting it with a compound of

‘formula wa under suitable conditions to yield a compound of formula XVIII,

10 wherein X is a halide; and

-
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bei ng separated. The organics are washed, preferably with saturated sodi um
bi carbonate solution and agitated for at |east about 15 @Brhgbeugry Be®4re the
| ayers are ﬁigarated. The organic layer is then washed, preferably with
brine. Thegphasd¥43f% 10 separated before the organic | ayerpriBushosd:
preferably over anhydrous magnesium sulfate. It is then filtered and
striped under vacuumto renove solvents and unreacted t-butyl acetate. A
hi gh-vacuumis nmaintained for at |east about:20 hours to ensure the

removal of t-butyl acetate and siloxanes. At this stage, the product may be
anal yzed for purity. Should thg product be significantly less than about
90% pure, the product 15 can be|thr omat ogr aphgd over silica using 20% et hyl
acet at e/ hexanes. Under these pré¢ferable condilfi ons, yields of between 60

} nver si on he conmpound of
formula XIV to that of conp b mm@di$g| with the
conpound of fornula XVI nmay be Barij ed usijng any suitable nethod, reagents
and reaction conditions. An exanpl & of thbg general 20 nethod is disclosed
in RV. Hoffman and J. Tao, Tetrahedron, Vol. 53, No. 21, pp. 7119-7126,
1997, which is herein incorporated by reference in its entirety.

Preferably, the nmethod and all or sone of the reagents and reaction

condi tions di re. ed. Thus referably, the conpound of
o BN B AR i of M ompplig o KB inield simaampenm | 14576

PCT/USOO/ZSOSéEgg&ﬁh dride before reacting it with the conpound of
formula XVI. re pr rably the alkali netal hydride is sodi um hydride.

The reactipn with hf%f@l kali nmetal hydride is conducted at between about O
C and.)3 C.” The rea%'@ ably, the methad for conversing theabmpourd of Gramih SMCodhationg t he
addition of c ound of formula XVI to the reaction m xture, 5 before the
reaction ni xt ifrEuRXIY| wilizes semieny alhaf the tcapontsarkirertion esHARIoAt Hisgo@der at
| east about 2 hours. Any suitable hydrogenol ysis nethod may be used to
convert conpobfiew-xThuseprefeoahly thectorigbind dffedeloliTyis sadd @i ey lypgpgenol ysi s
under pressure is used. -

. under a nitrogen stream for at least about 1 hour at room temperature to yield an acyl

imidazole intermediate. Then, in a separate container, lithinm bistrimethylsilylamide
10 solution (LHMDS) is charged in THF under nitrogen, prior to cooling to -70° C.
‘t-Butyl acetate is added slowly to the LHMDS solution keeping the temperature below
about -60° C to form a reaction mixture. The acyl imidazole intermediate prepared as
7y disclosed above, is slowly added to the reaction mixture, comprising the lithium
enolate of t-butyl acetate, under nitrogen keeping the internal temperature at or below
15  about-60° C. Once this addition is completed, the reaction mixture is stirred at -60° C
for at least an additional 1 hour. The reaction mixture is then charged with 1M HCl to
quench the reagtion. The HCl is added slowly, with rigorous stirting, keeping the
7. internal temperature of the reaction mixture below about -50° C. Higher temperatures
- during quenching causes racemization. Concentrated HCl is added 1o z;djust the pH to
20  about between 6-7.5. Any solids that precipitate out are filtered off. Because warmerll

temperatures dissolve impurities the filtration is more preferably carried out cold and
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Any suitable reaction conditions may be used in the acylation of conpound
10 XVIL Preferably, the method and some or all of the redgdmbsuanid0P2acti on
conditions disclosed hereinafter are utilized. Thus, preferably, the crude
conpound o fW@ALI4§76 XV is dissolved in nethylene chloride mqlué;,@,g%ogp to
about 0 C (internal tenperature) by any suitable neans, for exanple, using
an ice/salt bath under a bl anket of argon. The solution is charged with

t he conpound of fornula R20-X as a liquid. Mre 15 preferably, R20-X is
R20-Cl . Diisopropylethyl amne is then added slowy. The reaction is
allowed to slowy warmto roomtenperature. The reaction nmay be nonitored
by TLC and fi qu)ﬁy oper cefite CThexalids atelthentvwrishedrveidc MITBE. SiheilcatbR dilgn! et e

wi thin about 1 hour. The reaction is quenched with HCI, before the aqueous

layer is renmwithMIABE apd HOb nybayiteed forat lee® ¥bsud ¢S ffinués TnEGH shdllg paaueous
phase is then 20 renoved before the organics are extracted wth saturated

bi car bonat e. Thekat @aakes that £¥Hi§ bRtk HifweRt 1- D" At m‘réa&ical\ég%gss é\/%g%%ﬂrin 30 23

sul fate. The product is then filtered and concentra
February 2004 jfmay¥e cBddkdd RofCh; 499/ ui t.able enzymati c

hydrol ysi s net hod may be used tg éﬁngéﬁgﬁ%ﬁ@%ml?m@ 8tthd RA.
However, the pr&sg i i {scl hat, .t he. u of enzymatic

hydrol ysi s”i salE npd?%%%{ aéﬁd(%%}ggied}etagéﬁ%%’oﬁ% ? Y28n JOF oggamisdareriScondi ti ons,
because it prodyces ¢ und JLLA W th |.ess than 5% epiner at the carbon
linking the 5“’%{“@#’&3%3 g pLMWPEEﬁ‘E&%lf@ aRpLSfinyteppyorse thedexgts n t he
enzymati c hydé%&/si s step., Preferably a continuous nenbrane reactor is
used...More pr sepprgted; (Fhe organies ave washednpiferably widsetuoateddodiune pr esent

i nventli on is used as di scl osed hereinafter. Preferably, porcine pancrease
li pase i s useBcHbonatasolition gad agitateg dionityenst abongiSmihutéy/ HeFordAhedayprsaker abl y,
the enzymatic hydrolﬁis is conducted at a pH of 10 about 7.2 at a

t enper at ur e ofePHetetle dhe otganic 1236r-is eCwashed freferably vt brive. tThe pRisesAOt

invention is the preparation of the conpounds of
10 separated before the organic layer is dried, preferably over anhydrous magnesium

sulfate. It is then filtered and striped under vacuum to remove solvents and unreacted
t-butyl acetate. A high-vacuum is maintained for at least about 20 hours to é:nsure the
removal of t-butyl acetate and siloxanes. At this stage, the product may be anatyzed
for purity. Should the product be significantly less than about 90% pure, the product
15 canbe chromatogaphed over silica using 20% ethyl acetate/hexanes. Under these
preferable conditions, yields of between 60 and 88% of compound XTIV are attainable,
The conversion of the compound of formula XIV to that of compound of
_formula XV by reacting it with the compound of formula XVI may be carried using
any suitable method, reagents and reaction conditions. An exémplc of this general
20 method is disclosed in R.V. Hoffman and J. Tao, Tetrahedron, Vol. 53, No. 21, pp.
~7119-7126, 1997, which is herein incorporated by reference in its entirety. Preferably,
the method and all or some of the reagents and reaction conditions disclosed below are

used. Thus, preferably, the compound of formula XIV is first reacted with an alkali
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formula Il A by a process conprising the steps of: (a) the conversion of a
conpound of forrmula XIX to the 13-ketoester of fornula X%3Februasn2dhg it
with |I,1" -carbonyl diimdazole followed by treatnment with |ithium enol ate of

15 t-but ylead® @ 8¥H¥57%R7 7 CozHN R8 0 OH (XX) CbZHN 0 OBzl (%;@3;2&)2?{
conversion of the compound of formula XX to a conpound of formula by

reacting it with a conpound of forrmula XXl I under suitable reaction
conditions; 31 23 February 2004 4k WD 01114576 ChzHN PCT/ US00/ 23032 OBzl

(XXI') (c) the hydrogenation of the conpound of formula XXII to yield a
conpound of formula XXI11; and H2SO4. H2N (d) -the acylation of the
conpound of 1 éqe!qamﬂ&dr;@jqeforq;,geaqtigg ditwitfothe bompdind R BrRulAIRL. MBMIipkébiaBly
conditions to yield the conmpound of forrmula Il A, wherein X is any suitable
hal i de. - . the alkali metal hydride is sodium hydride. The reaction with the alkali metal hydride
is conducted at between about 0° C and 3° €. The reagents are kept at between about 0°
C and 5° C during the addition of compound of formula X VI to the reaction mixture,
5 before the reaction mixture is slowly being warmed to ambient temperature over at
least about 2 hours. |
Any suitable hydrogenolysis method may be used to convert compound XV to
compound XVII. Preferably, paliadivm hydrogenolysis under pressure is used.
Any suitable reaction conditions may be used iﬁ the acylation of compound
10 XVIL Preferably, the method and some or all of the feagents and reaction conditions
disclosed hereinafter are utilized. Thus, preferably, the crude compound of formula
.XV is dissolved in methylene chloride and cooled to about (° C (internal temperature)
by any suitable means, for example, using an ice/salt bath under a blanket of argon.
The solution is charged with the compound of formula Ryg-X as a liquid. More
15 prcferaﬁly, R20-X is Ryy-ClL Diisopropylethyl amine is then added slowly. The
‘?'i:) - reaction is allowed to slowly warm to room temperature. The reaction may be
monitored by TLC and finally by HPLC. Gener#lly this reaction should be complete
within about 1 hour. The reaction is quenched with HCI, before the aqueous layer is
removed and the organics are reextracted with HCL. The aqueous phase is then
| 20 removed before the organics are extracted with saturated bicarbonate. The organics are

- then dried, preferably, over sodium sulfate. The product is then filtered and

concentrated under vacuum.
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Preferably, the nethod for converting the conpound of fornmula XIX to the
conpound of formula XX utilizes some or all of the reage@dBsehnsry 22@4 i on
conditions 10 . disclosed below. Thus, preferably the conpound of fornula
XIX is di sgol WOPMHFIGHE - before the |, 1' - carbonyl diini dazol gcifs@ngad to
the solution at roomtenperature. The 32 23 February 2004 % WO 01/ 14576
PCT/ US00/ 23032 resulting m xture is stirred for about 1 hour at room
tenperature to yield a solution of an acyl imdazole internediate. In a
separate container, a-benzyl acetate is slowy added to a solution of
LiIHWDS in TTiF to f&;ma r[ixture._ The reaction is exothermc, therefore the
5 tenperature is prePePLghls enpmatic hydselvsie method rRy B2 uskiltte comseitcoinpeuridhe

m xture for apout 30 minutes the aryl imidazole solution is slowy added
to it to form&YVibiacompaundiA+ HoweveTithe presant invention dscibRanilithe uselogs, t he
tenperature of the reaction mxture is preferably maintai ned under about

-68. C. Any sui enaphetichydrelysisds ingmolantng oppésed RARK MRS uidd! dnBa/¥ndiBokis €d-

For- exanpl e, the cooling neans may be a dry ice bath. After 10 stirring for

at | east aboutbesfuseitipuidacesichmpsiR@dIA MithKss tHah S 7 B mBS: HRMMUSH 1if the
cooling neans. An acid is then added to the react! on %h%turg’qthgkﬁg]gﬁch t he

reaction. SVoriy; m8®; §.YAnY RaME hishak cid is added.slowy,
and the tenperature g?ﬁpt hen}i cact o%%%%ﬁugdngﬁgﬁmuﬁﬁy‘gﬁﬁﬁ about

25 C during t aelisl i The or.gani.c.| ayer of the quenched
reaction m xt lr}l‘% ga ?géf%rhggagé%%p g"tlsgrgé&é{?\ ?/\Eﬁ%{dg usgd. Mpﬁﬁfeé?@’ékﬂ y, the
organi c layer dyse mgmg\,ith sggrur?}%ed sodi um bi carbonate and brine. The
organic |ayer 1's then rreg ITECRL 1B¥enign i5 usedias; disclasedrereinafiens
formil’a XX. Mre pggcf erbggl%, .magnesi um sul fate is used as the drying agent.
To prevent deconpbSres FEUEPAnCIeRtH Hnrrg ivused ay the breyioe to bipdrolyzmpound i s
nor e preferabl%‘ st‘aéﬁglﬂ)n a refri?erator. 20 Preferably, the nethod for
converting the CBMHS Mare prefirably the enzymatic hydmjsisrisicafdutted and gH XX
utilizes 51(3”9;3]%[;;;?” of the reagents and reaction conditions °

2 at a temperature of between about 37-40° C.

Another aspect of the present invention is the preparation of the compounds of

formula HA by a process comprising the steps of:

(a) the conversion of 2 compound of formula XIX to the B-ketoester of formula XX by

reacting it with 1,1’-carbonyldiimidazole followed by treatment with lithium enolate of

15  t-butyl acetate;

: OH
" CbzHN G
(XIX) CbzHN XX)
Rg i Rs
o : o) e} |

(b) the conversion of the compound of formula XX to a compound of formula XXI by

&

reacpng it with a compound of formula XXII under suitable reaction conditions;
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di scl osed bel ow. Thus, preferably the conpound of formula XX is slowy
added to a solution of NaH in THFE. Mre preferably, theZ234iebfya5»n2894 NaH in
THE is maintai ned 33 23 February 2004 WO 01/ 14576 PCT/ US00/ 23032 at about
-10 C whi | st WRRYESpound of fornmula XX is added to it. Oncectbsossaspound
of formula XX has been added to the solution, the reaction mxture is

all owed to warm for about 20 m nutes. A solution of the conpound of fornula
XXI'l in nmethylene chloride is then added to the reaction m xture. The
progress of the .5 reaction may be nonitored by observing the di sappearance
of the starting nateriala usingagny sui t abl e met hod. For exanple, HPLC may
be used to nonitor t pr f the reaction. The reaction mxture is
then stirred for abog? 48 hQurs befipbre MIBE is added to it.. A suitable
acid is then added t ctionfjm xture before the aqueous |ayer is
separated and extr J re pref bly, the acid is 1IMHC . 10
@hﬂed,( tered and concentrate to
yield the conpound & f |. More preferably, the conbined organic

| ayer is dried in nmagn Jate and filtered through a short pad of
silica gel. Preferably, the method for converting the conmpound of fornmula
XXI to the conpound of formula XXIII utilizes some or all of the reagents
and reaction.conditions JJ15 di scl osed bel ow. Thus, preferably the conmpound
of formula XXI i% di ssollyed in a degassed m xture of THE and concentrated
acid. Mre prefel® concentrated aci gyi.5, Sul furic acid. 10%Pd-C is
added to the reactioff m xtuPBZbefore the mixture is stirred in a Parr
shaker under a pressyre at about 50 psi for about 5 hours. The m xture is
t herydi ssol ved in methanol , filtered through celite to yield the conpound
of formula 20 XI1l. Preferably, the nethod for converting the conmpound of
formula XXIIl to the conpound of fornmula I1A utilizes sonme or all of the

reagents and (aéethydngeantion bf e Sombundlop fRAuRSRIM0 JHS coR LRGP Y the
conpound of forrmula XXIIl is dissolved in

formula XXIIT; and

Ry 0
HoS0; . HoN ) OH (XX
Rs
o) Rg

) 5  (d) the acylation of the compound of formula XXTII by reacting it with Ryo-X under

suitable conditions to yield the compound of formula 1A, wherein X is any suitable

halide.

Preferably, the method for converting the compound of formula XIX to the
compound of formula XX utilizes some or all of the reagents and reaction conditions
10 . disclosed below. Thus, preferably the compound of formula XIX is dissolved in THF

before the I,I’carbonyldiimidazolc is added to the solution at room temperature. The
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34 It WD 01/14576 23 February 2004 PCT/ US00/ 23032 di oxane, followed by the
addi tion of diisopropylethylam ne to forma suspensi on at230rebgiarn28es ut i on
of the compound of formula R20-X in dioxane at a simlar tenperature to
that of the ¥BYP&¥Bon is added to the suspension to form @crARGHIRR

m xture. Mire preferably, R20-X is R20-Cl. The reaction mxture is then
stirred for at |east about 1 5 hour. Then, nethylene chloride is added to
the reaction mxture before the reaction mxture i's washed with 1M HCl

t hen saturated sodi um bi carbonate, dried with magnesium sulfate and

filtered throu h‘.a short _gqapl of silica gel to yield the conpound of
formula RA. THEYEBHPUTING 1pstired fonabaut| 1) heunetyroorh tempmeatyra to fickdch solatiaf yf means
known to 10 one of ordinary skill in the art. For exanple, the conpound
nmay be puri fi @agylimidazeleintennddiaeat i on and/ or chr omat ogr aphy. The present
I nvention also relates to an inproved process for the preparation of the

conpound of f or nullaaXfarate éentaines od-baesl Rbaiss slbWh LAEPBUIRRELR Ler mul a XX |
is inportant starting nmaterial for use in the process for preparing the

conpound of IEHMDSd FHF tdford: ASniRiRS el rOforib RRAEMBGh und_of
formula XXI| conprises: (a) reacting a congoun%ﬁg?l%%’qnﬁ?%g@%/ with

1) 6 e a8, COMBUME B L0 52 ©
compound of  f BRSNS [HR akﬁ?mfd%?é’ goqgﬁo%fis glg{vi}ua!d%ecf%litl to form a reaction
mixture. The reaction is exothermic, thus, the temperature of the reaction mixture is
preferably maintaired under about -68° C. Any suitable means for cooling the reactioﬁ
mixture may be used. For cxample,- the cooling means may be a dry ice bath. After
10  stirring for at least about 55 minutes the reaction mixture may be removed from the
: cpoling means. An acid is then added to the reaction mixture to quench the reaction.
More preferably, the acid is 1M HCL, the acid is added slowly, and the temperature of
the reaction @mm is maintained at under about 25° C during fhe addition of the acid.
The organic layer of the quenched rt;.action mixture is then separated and washed.
15 More preferably, the organic layer is washed with saturated sodium bicarbonate and
i brine. The organic layer is then dried and concentrated to yield the compbund of
formula XX. More preferably, magnesium suifate is used as the drying agent. To
- prevent decomposition of the compound of formula XX, the compound is more
preferably stored .in a refrigerator.
20 Preferably, the method for converting the compound of fofmula XX to the
+ compound of formula XXT utilizes some or all of the reagents and reaction conditions
disclosed below. Thus, preferably the compound of formula XX is slowly added to a

solution of NaH in THF, More preferably, the solution of NaH in THF is maintained
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Preferably, the nethod for converting the conpound of fornmula XXIV to the
conpound of forrmula XXV utilizes some or all of the reagedtkebauriy 2884t on
conditions 5 disclosed below Thus, preferably the conpound of fornula
XX1V is di gsoWVOeY145% acetone, foll owed by the sl ow additi omc@fyseor2soz
triethylamne at a tenperature less than about 30 Cto forma reaction
m xture. Benzyl bromde is then added to the reaction mxture which is
then stirred for at |east about 65 hours. MIBE is then added to the
reaction mxture and stirred for about 5 minutes. The reaction mixture is
then filtered 10 through a short pad of silica gel to renove nost of a
triethyl am ne ¥apeutywhQ R whilstdhd goimpetndofformuls XDhis addatxoiio rOee geur . Then
the silica gel is washed with MIBE before the filtrates are conbined. The

conbi ned filt reonpoisd offormulaXXeichs bbdw sded ©fths sdMtiort R rédclibd &t:8urk $; Washed
|

with 1M HCI, saturated sodi um bi carbonate and brine. Then the filtrate is

dried in magneslowed siwwirat for afdut 2@ hraodssbh ilicawgel 15
; e yoyTich of MY ol (il S

and concentrated to give the conmpound of formu

formula XXV nBynedfidne hMRadsiEatdia tgiuﬁee:eﬁ:&%%&@'r% ::H}% éff{%%g%

Preferably, the nethod for converting the conpoun to the

conpound ofs f Geq i ] ne. Q | of the reagents and reaction
condi tions discl g@ﬁ%ﬁﬁéﬂ‘“ﬁ%ﬁi@%ﬁ%ﬁ%ﬁﬁpwmw mpgHAls| a XXV
is dissolved i vl ene chloride and cool ed to about -10 C. Al though
any suitable I%’é’é%ﬂ%%@%ﬂﬁﬁne% Fgéc gﬁp ay,pe weed fompgitnr gheypregiossp of

t he conpound aqf, formdl a to yield a conpound of formula XXII, preferably
t he | eaving grb 5 FractionsrThe reaction mixyreyis thep sérred-for ploqus #8 hourThefreTREdSd t 0
t he tsgl uti on of .the conmpound of fornula XXV in 36 23 February 2004 % WO

01/ 14576 PCT/ 3%9/t9 ¥ Fosuitabipprid istherhadded thethe feattianwniktiny befoes the apieagldi t i on

of 2,6-lutidine. Because the reaction is exothermc the tenperature of the
reaction ni xt el is sengrasedandiextraated usingi MEBE. Morepiefiraliy,ahdiiced RfiIMIAGEr about

-8 C Once the 2,6-1utidine has been added to the reaction m xture, the
reaction rifxt dheoigsnislayersec: thadcaibinuedridd) fiveeduhdEombittte b yiiiihe
compound of formula XXI. More preferably, the combined organic layer is dried in
magnesium sulfate and filtered through a short pad of silica gel.
Preferably, the method for converting the compound of formula XXI to the
compound of formula XXIII utilizes some or al] of the reagents and reaction conditions
i5  disclosed below. Thus, preferably the compound of formula XXIT is d.issolvéd ina
degassed mixture of THE and concentrated acid. More preferably, the concentrated
acid is sulfuric acid. 10% Pd-C is added to the reaction mixture before the mixture is
stirred in 2 Parr shaker under a pressure at about 50 pst for about 5 hours. The mixture
is then dissolved in methanol, filtered through celite to yield the compound of formula
20 XL
Preferably, the method for convertin g the compound of formﬂla XX to the

compound of formula IA utilizes some or all of the reagents and reaction conditions

- disclosed below. Thus, preferably the compound of formula X3 is dissolved in

-
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5 The reaction mxture is then concentrated under house vacuum The crude
product, normally in the formof an oil, is then dissol Z@debfianeR8ees and
stirred on dry ice to precipitate out a lutidiniumsalt. The precipitate
is then regoYeXOBM5Ti | tration through a thin layer of silima@brsedhe
filtrate is then concentrated to yield the conmpound of fornula. XXII
wherein the | eaving group Lv is -OIf. to The present invention also rel ates
to novel conpounds falling within the scope the conmpounds of fornulae IIA;
XVITl; XVI1; XV; BIB and ILIA respectively. These particular conpounds set
forth below are particularly useful as internediates in the process of the
present i nventdiexang, doliowed fog theadditian of diidoprapylethyhfride tafibrinpa Qspeisionand°
compounds of the general formula |, including AG/088: 37 23 February 2004
10 WO 01/ 1457&. , & solitisHDE/hSRHpOBABEE ARk RG, RSP Eiokarlat b BieniRF RAHBfanirHVENt i on
relates to i nproved processes for preparing conpounds falling'within the

scope of for mu et oPthsuspsidyls add&to tﬁ@ﬁﬁﬁéﬁ%i%? 6 fbnlfng‘argﬁaﬁff ﬂt?.vgtgl‘%; &I"E‘g br uary

present invention for preparing conpounds o or mu

2004 4 WO 01/ pkgerbniP R WSO RL 230 ] af. th I.s a process for the
preparation o%éezorrpgunzéls 01ii ﬂ%BrSrrﬁeg%%{}ﬂl%W@i’sn%’exgmaﬁmdﬁoﬁﬁgwgtc%ﬁg lof t he
conpounds @f g4 THh, | gnghkly the conversiqn_of the conpound of
formula VI t?)l t he g%?r%%‘&%%%@ﬁ%%%ﬂ? (the reqqfign "’é’étﬂi?g’e&mm‘?i’@?“%erl aps
w t-h‘ the Corrpg:lli'ﬂgrsc i€ &;as]:h%{l &‘i‘&?ﬁh ghéglsﬁtzlrated sodium bicarbonate, dried with .

magnesium sulfate and filtered through a short pad of silica gel to yield the compound

A

of formula ITA.

The compound of formula IIA may then be purified by any means known to

10 one of ordinary skill in the art. For example, the compound may be purified by

recrystallization and/or chromatography. |
- The present invention also relates to an improved process for the preparation of
the compound of formula XXTI. As disclosed above, the compound of formula XXII is
‘an important startiné material for use in the process for preparing the compound of
15  formula HA. The process of preparing the compound of formula XXII comprises:
' ) (a) - reacting a compound of formula XXIV with triethylamine and benzy] bromide

to give a2 compound of formula XXV; and

(o)

oH XXIV)

OH

OBzl (XXV)
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5 wherein Rio is a halogen or an al kyl group; conprisi ngét he stegs of Step

A. converting a conpound of formula VI to a conpound of FehTURr/200
conprising the substeps of: 10 (‘a) reacting a R o substituted benzal dehyde
of fornul agVvIWORMSS®,\// CHO with hydantoin in an aqueous PBFHEIR the

presence of a catalyst at reflux tenperature to forma reaction mx%ure
(b) treating the reaction mxture with an excess of an alkali netal

hydroxi de at reflux 15 tenperature to forma alkali netal
hydr oxi de-treated sol ution; 39 23 February 2004 WO 01114576 PCT/ US00/ 23032

(c) adding an alkali netal halide to the alkali netal hydroxide-treated

solution to give a solution; (d) acidifying the solution with a
concentrated acid to give a precipitate of formula V; and 5 (e) optlonally

washi ng the preki picomnestingthé compiud Vf firhita XXV &l the SorSiaRl of Bla &
enzymati c reduction of the conpound of fornmula V to a corrpoun orrrul a

o 21 5 P AL L
conpound of f ebmpbind of Gornfdla KV WlGESIothe Br att S &0 re%lgekrnXsl an%rrca%EIXD con%;nn%ng "
5  disclosed below. Thus, preferably the compound of formuia XXIV is dissolved in
- acetone, followed by the slow addiﬁon of uieﬁylwﬁne at a temperature less than
about 30° C to form a reaction mixture. Benzyl bromide is then added to the reaction
mixture whiéh is then stirred for at least about 65 hours. MTRBE is then added to the
reaction mixture and stirred for about 5 minutes. The reaction mixture is then filtered
10 through a short pad of silica gel to remove most of a triethylamine salt which
preéipitates out of the reaction mixture. Then the silica gel is washed with MTBE
before the filtrates are combined. The ctl)mbincd filtrate is then washed. More
preferably the filtrate is washed with 1M HC], saturated sodium bicarbonate and brine.
Then the filtrate is dried in magnesium sulfate, filtered through a short pad of silica gel
| 15 and concentrated to give the compound of formuia XXV. The compound of formula
i) XXV may be recrystalized to give a crystalline product.

Preferably, the method for converting the compound of formula XXV to the
compound of formula XXII utilizes some or all of the reagents and reaction conditions
disclosed below. Thus, preferably the compound of formula XXV .is dissolved in

20 methylene chloride and cooled to about -10° C. Although any suitable leaving group
-may be substituted with the hydroxy group of the compound of formula XXV to yield |
a compound of formula XXTJ, preferably the leaving group is -OTf. Accordiﬁgly, more

preferably, Tf,0 is added to the solution of the compound of formula XXV in

-
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Optional step D the conversion of the conpound of formula XIl to the
conpound of formula XVIA Thus, the present invention di2Sdiebsesy 204 the
reaction of the RIG substituted 15 benzal dehyde with the hydantoin in an
aqueous megi 0¥R P4 presence of a catalytic quantity of adiVisiREwLO"
secondary am ne under reflux for at |east about 4 hours, 40 23 February
2004 t- WO 01/14576 PCT/ US00/ 23032 dependi ng upon the am ne used, w ||
yield Rio substituted 5-benzylidene hydantoin. The preferred am nes have
boiling points above that of the aqueous nmediumused. A particularly
preferable am na}'is 1-am ng- F pr.opanol . Wien 1-am no-2-propanol is used as
a catal yst, wiicEwleng chlogde. followed by theslow addition pEh6-anidineh Beramsather at i 0 of
the Ro 5 substituted benzal dehyde to hydantoin to the catalyst is 1:1:0.1,
the reaction FeEcUGAp¥atherani¢ the teperatute hivhe seactimanixdind p&ﬂexﬁﬂilg niEREREY
invention the Riff substituted 5-benzylidene hydantoin can be hydrolyzed
by .an excess @frffemperofureof mibiraboutrgt @) Obyekhe2j6d8rdiR: £k Btaldded fo1e 2l kal i
nmet al hydroxi de used i s sodi um hydroxi de. Wen 1-am no-2-propanol is used

10 as a cat al seattiontrhixtus®|tiee resioh @fixtafe i6 Sieted A XGRS g,a}ﬂ? ;f%%ﬁﬁ.ﬁtlﬂoﬁnéar e

individually 5:1, and the reaction is carried out under

reaction is CUReadtdE miRwade ten 20nceMirit esent_ i nvention al so
di scl 0ses that the addition of an al kal i&rﬁrlg %‘iﬁ?‘lg{cfl%' &-P%C'Pﬁ rﬁ&‘ﬁé’l i metal

o ol ot al Ryl Kl IR A R WA BB R and s dpiiee o
Preferably, t 3“@ | tal. haljde is sodiumchloride. Wien sodi um o
chlorjde is Lé%a, a{)dr%rsie mgflf’mtsﬁié' SUPTERPYAYS Jheyemoved by ilteatiop thrawghsa out  as
nonohydr at ed tﬁﬁlql um Een i{p ruyate at a pH of about 8.5. Preferably, the
col | ected nono ya¥e§f’£§ %‘1% |ﬁ%@%lw@mnmwt@ﬁgﬂmmmumofzo is

washed to renpbve .e s inpurities and to facilitate the dryin rocess
shoul d t hat r%rmula%ﬁ&fwhergﬁ the leaving group Lv is -OTf. ying p

10 _ The present inveation also relates to novel corhpounds falling within the scope
the compounds of formnlae IIA; XVIII; XVIL; XV: IIB and HIA respectively. Thése
particular compounds set forth below are particularly useful as intermediates in the
process of the present invention to synthesize particularly useful antipicornaviral

compounds of the general formula I, including AG7088:
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.be desired. Any suitable washing agent known in the art m be selected
Preferably a primary al cohol is selected as the washing%%ﬁl

pref erably, § washlng agent 41 23 February 2004 W) 01/ 14576

PCT/ US00/ 2@;.41 %d#&t hanol because the nonohydrated al kal i pEBk@loz0ss
phenyl pyruvate precipitate is sparingly soluble therein. Any sul fable
enzynme known in the an may be used in Step B to catalyze the reduction
reaction of the conpound of fornula V. Preferably, the reduction reaction
is 5 catalyzed by formate dehydrogenase and | actate dehydrogenase. Any

sui tabl e enzymatic reduction nethod known in the art may be used.
Preferably, either f | ysis nethod ("the
VEEC net hod") i zation nmethod|isjused. Fhese general nethods
are known in pt e, see J. Am Chem Soc.

1987, 109, 1283 : ,° forf gener al ussi ondr edar dj n ng o
nenbrane encl oded enzynatlc clp ysi s. al so Pol | af al., J. Am
Chem Soc. 1980, 102, 6324-63 Or a general dizscuss Qf the

coi mobi | i zati on met hod. These references are |ncorporated herein by
reference in their entirety. However, when the enzymatic reduction reaction
of step B involve re than a snall scal e preparation, preferably a
conti nuous menbranefreactof is 15 enpl oyed. Ybre preferably, the continuous
menbr ane react a. t invention When t he conti nuous
menbrane reactor of the gresent inventionis i ferably all or sone
of the follow ng reagents conditions are Used? D, 4 -equivalents
of ~anmoni um formate, a pH 3-7.4 for the efflug and a pH-of 6.2- 6.3
for *the substrates, FDH LDHE201200 (W) and imM apt oet hanol are used.
20 I'f the coinrnobilization nethogwi s used, it is preferably carried out in
four steps. The first step |s the preparation of Nacryl oxysuccinim de.

i - of the copolynmer for use in the .
coi nmobid i zat i s P [ [ _the copolymer is PAN 500 which may be
pr epar ed by a‘!ﬁ i aopl gyneri zati on. One

Another aspect of the present invention relates to improved processes for
preparing compounds falling within the scope of formulae XXIV and X VI, key

-reagents.m the process of the present invention for preparing compounds of formula

5 IA
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42 | | 23 February 2004 WD 01/14576 1V of ordinary skill _in the art wll
recogni ze that PAN 500 is a water sol ubl e copol yner of é’@rFﬁb&‘t‘ﬁrM@O%d
N-acryl oxysucci ni m de which rel eases 500 (25) }tnol of N

hydr oxysucgi WOPHESer gram of dry pol ymer on treatnent wi LI TRSe6 SR AJUEOUS
et hyl am ne solution. The third step is the coi mobilization of the enzynes.
5 Preferably, as disclosed above, the enzynes are fornmate dehydrogenase and
| actate dehydrogenase. The fourth step is the enzymatic reduction of the
reduction of the conpound of fornmula V to give the conpound of forrmula VJL
The conpound of formula VII may be isolated at this stage of the process
and used in the pFBtEstoidhese isaprocesbion thefpoapantiopaf éongpouhes srasmAIRIVRf .
formula I1'A Any 10 suitable nmethod may be used to isolate and purify the
conpound of féiﬂziw within the s@peiof thelcompoiirtie of RREM NIV anldQpiibhaly Yid Y be
used to prepare the conmpound of fornula XVIA as disclosSed bélow. The

present i nventeryarsihf tidicembas@sof Eaiuld VI &AL boRPRInd Of EHTR 2412 sompound

of formula VIl is sought, the use of D-lactate dehydrogenase In” l=:ep B
descri bed aboysape 36whith bveylafd WittRihe EHAPSHnATES £ la VITA: (VITA)
Simlarly, the use of L-I acﬁate dghyd?ogneggf;fg&?‘#gg@p B descri bed above
will vyield an enantioner of formula VIIB: 43 23 February 2004 g WO

01/ 14576 O (VUB) - ‘

wherein Ry is a halogen or an alkyl group;
comprising the steps of:
Step A: convertiﬂg a compound of formula VI to a compound of formula V comprising
the substeps of:
10 (a) reacting a R;( substituted benzaldehyde of formula VI:
{_ } Rm\_

. \ / CHO (YD

with hydantoin in an aqueous medium in the presence of a catalyst at reflux

temperature to form a reaction mixture;

(b) treating the reaction mixture with an excess of an alkali metal hydroxide at reflux

15 temperature to form a alkali metal hydroxide-treated solution;

-
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PCT/ US00/ 23432 The esterification reaction of optional step C may be
performed with any suitable reagents and conditions. Pr&Bdiehpiary 200
esterificati %L'z“g?erforned at about roomtenperature in the presence of
hydr ochl org&c "aci §d di oxane. S Simlarly, the enantiomer scdistosgsh VI | B
may be converted to enantioners X I A and Xl IB respectively by the sane
esterification process: (XIIA (KITH Any suitable nmethod may be used to
convert the conpound of formula XII to the conmpound of forrmula XVIA in
optional step D of the present process. For 10 exanpl e suitable nmethods are

di scl osed in Eff r..et al ., J. Liebigs. Ann. Chem 1996, 314, and

" Pept i domi met Eéc) saﬁﬁggﬁéggﬂﬁmfmmﬁ%‘h@ﬂk&h metahihyrdioxite-tremed ddlution tdgiGe A

1999, pp 103-1%4. These references are herein incorporated by reference.
Wilizing thi 8% optional step D, enantioners X 1A and XI 1B may be
converted to epantioners XVIB and XVIC respectively; 44 23 February 2004 ik
WO 01/ 14576 PEYAEIdHR2 e 3olutica ity aThrceaenenstidio giviea ﬁ}é&ﬁ?ﬁé@ﬁoﬁﬂj’)\a Rteparing
conpounds of fornmulae VII and XVIA conprises the steps of Step

converting serine to the conpound of formula VII conprising the substeps
of. 5 (a) converting serine to potasspum gl ycidate by a standard process;
(b) optionally convertjng the potassiujpglycidate to a glycidic acid; and
(c) carrying out a regitbsel ective epoxjlde ring-opening reaction with a
conpound of fornula B } ﬁ;is 88 activated brom de, a

and
5 (e) optionally washing the precipitate of formula V with a washing agent;
Step B: the enzymatic reduction of the compound of formula V to 2 compound of
formula VI;
Optional step C: an esteriﬁcatio:g of the compound of formula VII to a compound of
formula XII by reacting the compound of formula VII with a compound of formula
10" R”-OH, wherein R” is an alkyl or aryl; and
O

| )

Ryo

I\\ o D
/ OoH

Optional step D: the conversion of the compound of formula X1 to the compound of

formula XVIA,

Thus, the present invention discloses that the reaction of the Ry substituted
15  benzaldehyde with the hydantoin in an aqueous medium in the presence of a catalytic

quantity of a primary or secondary amine under reflux for at least about 4 hours,
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30 Optional step B': an esterification of the conpound of formula VII to a
conpound of formula XI| by reacting the compound of forgdIFgbsaary 298 a
conmpound of forrmula R'-CH, wherein R' is an alkyl or aryl; and Opti onal
step q' : tée WROAYHPY on of the conpound of fornula to the curAXeesesf
formula XVIA 15 Accordingly, substep (a) of Step A" of this process
requires the conversion of serine to potassiumglycidate by a standard
process. Any such standard process known in the art nay be used. For
exanpl e, Larcheveque et al., Tetrahedron Lett. 1987, 28, 1993-1996,

di scl oses the dﬁéee ar at i ogl of .pot assi_u%éci date fromserine. This
reference is i (5’&5'51"8?% e Ysedy il n&ebstitted: Sbesaylident hydakbin2 3
February 2004 _V WO 01/ 14576 PCT/ US00/ 23032 Preferably, serine is reacted
with nitric adbgpeferedaminesbpye hodlingepointsiateve thaybfahelaquiodsmesdundoded dROXY
propanoic acid. More preferably, the nitrous acid conprises a mxture of

sodi um ni t r at parineladyprefegble mﬁomsdeauﬁaﬂd-ﬂrﬂﬁnbﬁavhénqﬂﬁo%rﬁé]ﬁg iEUt at
bet ween about -10 C and roomtenperature in the presence of" a a]I ali netal

hal i de. 5 Anyusdia abhtelys wetei isuBddads tiedguifs KEYRHEh 4dd &J&ﬁoﬁf%u%yzg% used.
e

However, preferably, the alkali nmetal halide is potassiumbrom & sodi um
onverted to

broni de. The :bstisma | iflyst & L1167
béndalirfteNo B&&H%P!o‘ih%%![tag%éé ?ulmnﬁ'}tfﬁ%gﬁa%o.“ r ef erabl y

potassium glycidate by reacting it with
the reaction E&nﬁl&gdﬁltabo&%fgﬁ?ﬁ about -40C and roomtenperature. 10 Wen
the preferred conditions and reagents are used in accordance with the

present invention, - 70% yi el d of potagssiumglycidate fromserine is
attaifable. The p‘?%g‘g‘{r{ﬁg 'Pr@ée/?ﬁ’ﬁ%’r:‘“&ff‘@ “gleiﬁp Sébég%feﬁérbeméldmmnmm

enanti omeric A,ahsbgrhi (?l_e or. D-serine as the starting material in the process
descri bed abo%e i Pirolyzed by 49 536¢ss ampushof an glkalimetal bydrbxiden Prefersblyrthgl yci dat e

respectivel Y- alkali metal hydroxide used is sodium hydroxide. When 1-amino-2-propanol is used
10 as a catalyst, the molar ratios of sodium hydroxide to hydantoin are individua]ly 3,
and the reaction is carried out under reflux, the reaction is completed in about 50
minutes, | |
The présent invention also discloses that the addition of an alkali metal halide
to the alkali metal hydroxide-treated solution increases the precipitation of
15  monohydrated alkali metal R;g substituted phenylpyruvate upon acidification.
Preferably, the alkali metal halide is sodium chloride. When sodium chloride is used,
almost all the sodium phenylpyruvate precipitates out as monohydrated sodium
phcny]pyruvatc.at a pH of about 8.5.
.Preferably, the collected monohydrated alkali-metal phenylpyruvate precipitate
20  is washed to remove excess impurities and to facilitate the drying process should that
be desired. Any suitable \ﬁashing agent known in the art may be selected. Preferably a

primary alcohol is selected as the washing agent. More preferably, the washing agent
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15 The potassium glycidate fromthe process ‘di scl osed abgve may be
converted directly-into the compound of formula VII. Re&efieR§iann284i um

gl ycidate wi ygoa conmpound of forrmula R o-phenyl-Q will cause a

regi osel eGéi %‘ﬁ’éiﬁGde ring-opening reaction. Preferably, FoThsedtsozVBr
group and the regiosel ective ring-opening reaction is perfornmed at between
about -10C and roomtenperature in the presence of copper 20 iodide.

| nstead of converting the potassiumdirectly into a conmpound of fornula
VII, the potassiumglycidate may first be converted to glycidic acid

before bei ng ¢ofp ‘ﬁﬁ%}ﬁ] conmpound .of forrmula VIl by the epoxide

ri ng- openi ng met ho gg%ééﬁgﬁ%&%%@‘%é&égm%pmwmwmms 14576

PCT/ US00/ 2303 'I'.hel goltﬁ%si um gl yci date may be converted to glycidic acid by
any nethod knZRAR"ESSOBRE AR, §i nary skill in the art. Preferably, the
glycidic acid is pél(]a ared by reacting the potassiumglycidate with
concentrated nitri fal?iepnz)féwdmbw:;memmyasa'ssdrmsiePG 3h@ly S esed in

t he met hods descrj bed above, the 5 corresponding enanti oner of the
corfpound of fFYAYPR reactionf the tompomnd bffeindaslV. Posfers atﬂpkeﬂuctio ROR @SSt um
glycidate is used, a conpound of formula VIIAw Il be ormed. Simlarly,

i f L- pot ashi M@ébﬂhmkﬁehﬁb@enﬁem%@qee}d{ﬁ#mgj aVIIBwill be

formed. At this stage, the conmpound of formuld may be isolated for use
in the 10 process AliysoltfiieehzgRavEreint ikeg t he, conmpound of formnul a
1A Alternatively, -the conpound of ?gﬁnﬁ'}u&?g "%@cﬁ%g used- t he process
di.scl osed belméfetablyPéigRAE o ound of formula XVIA Optional steps B
i %ﬁ“&%@aﬁs@ﬁa“@a&%ce sif method (dhesMEESed process

and C correspond to optiona

for synthesi zhdikhd}\6: f0 2of .fornulg XVIA froma conpound 15 of
formula VI respectjl]‘srel Y. iHugl,lﬂ'.i & B P Pisd- Hesse sepsral methgdniare kaowinr eact i on

condi ti ons dijs e for tiqnal steps C and D are al so preferably
Coed i if? e QR ° o le, S6e Bednarskl ot a1 ). Am. Chem, Soc. 1987, 109, 1285-

IQ 1285, for a general discussion regarding membrane-enclosed enzymatic catalysis. See
a_tlso Pollak et al., J. Am. Chem. Soc. 1980, 102, 6324-6336, for a general discussion of
the coimmobilization method. These references are incorporated herein by reference
in their entirety. However, when the enzymatic reduction reaction of step B involves
more than a small scale preparation, preferably a continuous membrane reactor is

- 15 employed. More preferably, the continuous membrane reactor of the present invention

is used. When the continuous membrane reactor of the present invention is used,
preferably all or some of the following reagents and conditions are used: 1% NAD, 4
equivalents of ammonium formate, apH of 7.3-7.4 for the effluents and a pH of 6.2-
6.3 for the substrates, FDH/LDH=20/200 (U/nL) and 1mM mercaptoethanol are used.

20 Ifthe coimmot;i]izatio'n method is used, it is preferably carried out in four
steps. The first step is the preparation of N-acryloxysuccinimide. The second step is
the preparation of the copolymer for use in the coimmobilization method. Preferably,

the copolymer is PAN 500 which may be prepared by a radical coploymerization. One
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optional steps B and C. The third of the processes for gregari ngoa
conpound falling within the scope of formla XVIA, specififéaray 20 npound
of formula XVIB, conprises the steps of.. 20 Step A": the preparation of a
conpound aof fWeALI4E76XI | A from a conpound of fornula | X congiysdoehese
substeps of: 47 23 February 2004 k WO (c)1/14576 PCT/ US00/ 23032 '(ﬂ% an
asynmetric di hydroxyl ation of a conpound of fornula I X to forma conpound
of formula XA: (b) reacting the conpound of fornula I X with :
1,1 -carbonyldiimdazole in the 5 presence of toluene to forma conpound
of formula Xl; and (c) .a palladi um nedi ated reduction of the conpound of
formul a X ; artforstingsy gkl inthe awilkresognmizeghat tPacN S@nip awatkr ebtuble toptlymerdrA t O
t he conpound of fornula. XVIB. 10 Preferably, the asymetric

di hydr oxyl at i Gerylzsnide SN pirgloymealniaGE Which Aidavdd 508 VL) ?Jﬁigl pegformed at
about roomtenperature. Asymmetric di hydroxylation, 1 ncludi ng Sharpl ess
asymetric di hydogystahintde pep sHinseuey b erk R et al., .Chem
Rev. 1994, 94, y24g§§ﬂ2547. hi s refereﬁ(g%ﬂﬁrsb%hereleﬁt?ﬁgg%‘%(s)sr%&u%odlsby

reference in eihyfan@it dohficl. THS Ly 2004. V.\\O 01/ 14576 ‘
PaTT US00 23035 Prafie ably, t e‘h%ég%??%%@g “"f‘h°§ﬁ%8‘r‘r°db‘tf FEYPS mul a 1 X with

CDl in.thes p fa i s performed. at ahqut 80C. Preferably, the
pal | adi um rredirpget?eg ?eagl%s%@%%e@s‘éep&eW%“e(f&mmF gelb'é'fo%‘}%ﬂ’d Iggtateeact i ng
t he conmpound formula XI with a mxture of hydrogen, palladium and
rrp _Qghydrogenase. ﬁ]e flglurth step 121 the enzymatic n uctioug of the Peduction of the
) compound of formula V to give the compound of formula VIL

The compound of fon_-muia VI may be isolated at this stage of the process and
used in the process disclosed abqvc for preparing the compound of formula IIA. Any
10 suitable method may be used to isolate and purify the compound of formula VIL
Optionally, the compound of formula VII ﬁay be used to prepare the compound of
formula XVIA as disclosed below.
The present invention also discloses that if enantiomeric forms of a2 compound

of formula VII is sought, the use of D-lactate dehydrogenase in Step B described above

) 15 will yield an enantiomer of formula VIIA:

Similarly, the use of L-lactate dehydrogenase in Step B described above will

_yield an enantiomer of formula VIIB:
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5 carbon in the presence of formc acid at about roomtenperature. Step B"
corresponds to optional step D of the herein first discl ehpya® e84 f or
synt hesi zing the conpounds of formula XVIA froma conpound of forrrul a VL
Thus, 't heg s¥@01IMod, reagents, and reaction conditions q;cs‘zﬂ, 553§ or use
in optional step. D are preferably also used'in Step B". e present
invention also relates to the conmpounds of fornula IVA falling wthin the
scope of the.genus defined by formula IV as recited above. Accordingly, the
conpounds of formula IVA will also be useful internediates in the processes
of the present invention for the preparation of conpounds of formula L
Thus, the present invention relates to a conpound of fornula IVA: 15 Rlo
(I'VA) Y Y is OH OSO2CF31 OSOzH3, Os02(p-tolyl), halide or any other

| eaving group. and R is H 4g|kyl or aryl group. Preferably, Riois a

4-fl uoro grou'ﬁ0 i Orfff and R is_OH or Me. 49 23 February 2004 WO
01/ 14576 PCT/JJS00RR3I0B3. . _HSCussed abbVEB) t he present invention also
relates to a i Cbr ane®Heact or that can be used in the processes
of -the prese n. particular, the continuous nenbrane reactor
Zntion iQHsuitable for use in any reaction in which a
catalyst of a relatively large nolecular size is enployed, 5 such as
enzynmes and anchored catal ysts. Exanples of such catalysts are disclosed in
Ri ssomet al., Tetrahyedron Asymetry, 1999, 10, 923-928; Schmdt et al.

J. Biotechnol ogy, Eggwmnommaafomam@em%e perfirfiRg withBingt ech.

Bi ochem, 1997, 61, 2029-2033. The aforenentioned references afe herein
di'scl osed by spisqhle reagewts av canditions. Preferably, the esterification is performed at about

room temperature in the presence of hydrochloric acid and dioxane.

5 Similarly, the enantiomers VIIA and VIIB may be converted to enantiomers
XTIA and XTIB respectively by the same esterification process:
O

Ry
H OR"
oH

) (XTA) (XIIB)
Any suitable method may be used to convert the compound of formula X1I to
the compound of formula XVIA in optional step D of the present process. For
10

example suitable methods are disclosed in Efffenberger et al., J. Liebigs. Ann. Chem.

1996, 314, and “Peptidomimetics Protocols”, Hoffman et al., Human Press, NJ ,

U.S.A; 1999, pp 103-124. These references are herein incorporated by reference.
Utilizing this same optional step D, enantiomers XIIA and XIIB may be

converted to enantiomers XVIB and X VIC respectively:



particularly, the continuous nenbrane reactor of the present invention is
of use in to those catalytic reactions in which there is 23 Rebsugne 204
recycle the al yst. For exanple, the reactor of the present invention is
useful forguse P*hzymatic reduction reactions utilizing gighes,shem cal
or bio-catalysts. The continuous nenbrane reactor of the present Invention
havi ng a reactor volune conprises a tangential flow filter unit, a reactor
| oop to circulate the reagents 15 through the tangential flow filter, and
a substrate feed punp for feeding the substrate into the reactor | oop,
wherein the reactor |oop conpr ioses: (a) a tube; and (b) a circul ation
punp. The tangential flow unitpconprises a tangential flow menprane filter
and a unit 2@,for housing theflffilter. Any suitable tangentialj} flow unit
may be used. A abl an ial flow uniBiés one which all
desired produfit \ or™perneat®€, to s througli u [
nmol ecul es of Jthe catjal yst in the reactor. A freferr | e ofORhe
tangential fl uniA is th§yPellicon 2 Modul f commejci al | ygavail able 50 23
February 2004 1/ 14576 PCT/ US00/ 23032 fromM | L#pore Cawporation. The
Pellicon 2 Modul e enpl oys a cassette style tangéntial flow filtration
device which allows for_easy scale-up of the reaction. Specifically,
either a single Pelli cé‘ﬁ'@)cassette may be enpl oyed or (@veeyi es of
cassettes can be used in conbination to allow for a | arger scale reaction
to.be run. Thus, the wutilization of a tangential flow cartridge system
alows for the prdbessomipfohe protHs dpaRR | ess. t ha avhiter up to
tH-o‘ﬁsands of liters. The reac%or %(S)gdgf&i n v%%‘%ﬁ&t gs?ﬁafjtog?‘ﬂﬁ fnd he

catal yzed r eXMAaompfisasitite stdpddfr:2an i nternal volume. The internal volume is
defined by the volune of reagents and catalyst the reactor |oop can hold.

The reactor SepWreohverdl@liskRgo e Vo of reagents and 10 the catal yst
the reactor |oop and tnﬂ% tangg%ﬁég&pwrb‘iﬁ%&ﬁﬂ‘ﬂ?NH(F@#WP%EW@WPSM&I d. The
5 (a) converting serine to potassium glycidate by a standard process;

(b) optionally converting the potassium glycidate to a glycidic acid; aﬁd

(c) carrying out a regioselective epoxide ring-opening reaction with a compound of
formula R¢-phenyl-Q:;

wherein Q is an activated Bromide, a sulfate, or a primary iodide;

10 Optional step B’: an esterification of the compound of formula VII t(; a compound of
formula X by reacting the compound of formula VII with a compound of formula
R**-OH, wherein R’ is an alkyl or aryl; and
Optional .step C’: the conversion of the compound of formula XII to the coméound of
formula XVIA.

15 - Accordingly, substep (a) of Step A’ of this process requires the conversion of

_ ;crinc to potassium glycidate by a standard process. Any such standard process known
in the art may be used. For example, Larchevéque et al., Tetrahedron Lett. 198;7, 28,
1993-1996, discloses the preparation of potassium glycidate from s;-,rinc. This

reference is incorporated herein by reference in its entirety.
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reactor |loop of the reactor of the present i'nvention has an internal vol une
of at least .about 50% of the reactor volune. Preferabl ¢3 Feheianed®4r | oop
has an internal volune of at |east about 60% of the reactor volune. Mre
preferabl yg MWROVBEWtor | oop has an internal volune of at pegg§eakeyt 70%
of the reactor volume. Even nore preferably, the 15 reactor |oop has an
internal volume of at |east about 80% of the reactor volunme. In a nore
preferred enbodi nent of the present invention, the reactor |oop has an
internal volunme of at |east about 90% of the reactor volune. In a nore
preferred enbodi ment of the present invention, the reactor |oop has an

i nternal vol une of Prferpiyseriamis ueaced withufitrichcidrae a edinble vahperdure 20 yitite
reactor | oop conprises a tube of any suitable size and nade from any

.sui tabl e mat 8rtiraino 3fhydfoay phipgnoit dd.r Maed SefelBOD tHeQRIk 868 chHfigawhi ch i s
flexible. Flexible tubing allows for the tubing to be cut to any desired

length-as a mefxere dfisodigmSiitate XAl byidRsheh BRoali ; ' of
suitable tubing naterials ilnc‘l3 ude 51 53 F%ﬁ%@fhﬁ%ﬁﬁﬁ@@%{pﬁgm

PCT/ US00/ 2303 LRAE 20 - h Lyvinyl - vinyl, -
vl o, butyl enespal ey G KR R B bt O P i oo

steel, gl ags, ARVEE bigg{“tag% : ﬁ*ok l. polyner, an perflugro material .
Viton(r) is c.omyrerlg alty av%t%llhgg{fce r“y oy ay s Ié%‘l"fi’ﬁérpéef?_’ﬁ@yand
conprises a 6 OE;]J orinated .t hermal set rubber. Teflon(r) is 5 comercially
avail able fr oéé “&%°6%'$“@%Né%‘aﬁs§m&§@5vdfa%°%mm@@s- tetrafluoro
et-hyl ene. Wen the,gl(g:eogbi nugus nmenbrane reactor of the present invention is
uséd in the proce 5PIORe-IydEay Rropangis aeiddsthen cararented topotassiurenzy mat i ¢
reduction, it has been found that PVC, Tygon(r) and any chlorinated
pol ymer damag@ycigite BEERaetingt with pefassivem hydrexida rRreferablyt theteadtivhds Amtat SUi t abl e
materials. Further, whil s% silicone tubing has 10 not been found to suffer
from the samePgsvens abayt <0G anstrodmdemperamdret 0 swel | when used in the -
processes of the present invention which can lead to a fluctuation in the
reaction !®onditi ONbemithe pteferted eondiiemsnd éagarts 518 M6 bebotdiBed Ol HgNCe ti Ne.
| present invention, a 65-70% yield of potassium glycidate from serine is attainable.
The present invention also discloses that the use of enantiomeric L-serine or
D-serine as the starting material in the process described above will yield D-potassium
glycidate and L-potassium glycidate respectively.
;:3 15 The potassium glycidate from the process disclosed above may be converted

directly into the compound of formula VIL. Reacting potassium glycidate with a

compound of formula Ryo-phenyl-Q will cause a regioselective epoxide ring-opening

reaction. Preferably, Q is an ~MgBr group and the regioselective ring-opening reaction

is performed at between about —10°C and room temperature in the presence of copper

20 iodide.

Instead of converting the potassium directly into a compound of formula VII,
the potassium glycidate may first be converted to glycidic acid before being converted

to a compound of formula VII by the epoxide ring-opening method described above.
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Any suitable circulation punp and substrate feed punp nay be enpl oyed in
the reactor |oop. Exanples of suitable circulation punp@3ifie@riaie2004
peristaltic, bellows, 15 diaphragm progressive cavity, piston, flexible
linear, nugatWRGUsdc, menbrane, rotary Iobe, flexible i mpgddBeogadd)ary
vane, or any variable speed | ow shear type punp. Preferably, a k
peri-staltic, flexible linear, nutating disc, or nmenbrane punp is used. Not
suitable as the circulating punp or substrate feed punp is a gear type
punp. For the efficient operation of the continuous nenbrane reactor of the
present 20 inyention, the_substrate feed punp operates at a greater speed
than the ci rcut®Rokssium ghisidatcanaycdeopyasted whelycitiioacid b tahy phethod REWN @ne
reactor is used vvifth_the*ijrocesse's of the present invention, the reaction
per forns nost 8 Pf etdinary skill in theart. SProferabiy thelgBRebic RYIR p ed
about twenty tines faster than the circul ation S‘imp @f%altygtﬁ%ﬁ%}%ﬁgom t
WO 01/ 14576 P@olakisif/sRBMUAR with confdn@hf hiifc §gPpodi ment of the continuos

menbr ane reactor of the present invention, the reactor |oop al so conprises

any of the follow m&ﬂﬁ@b&és;@gggipa@@swr etagg%%g%l%&h@%%&ea heat

exchanger, and a gate valve. In ano prererre
cont i NUOUS 5 I"E G EndifPaait | on r. ND ubstrate feed 5 |ines

whi ch conprise a gubstrateoficggp{gﬁﬁg%p%ﬁogf%“koﬁwﬁB?@F‘%F‘?ﬁcbcﬁ?ﬁri se a
check val ve, g, e fillter, and a pressure gage. The addition of nore

t han one feed ﬁ[ﬁée’sl}%pf’%sv%m?g}yc@ﬁtglf eﬂé‘iﬂ’@@@“‘ﬂg?fff’@wiﬁgﬂmtsubstrat es,
and, ot hers ot P]Wu&%ﬁfags such as for sanitation purposes. The addition
of “a sterile filfer kdhLpptagsim glysidateiisiesed, axiotpoind dfffernnda Vsl witlf
particles and n}crgcges before they can enter into the reactor. 10 Unwanted
particles couPed"B‘F' k the pores of the menbrane in the tangential flow
filter wunit, whilst mcrobes can kil.l certain enzynes. The addition of a
heat .exchanger can®tthis stagedhe eompaind of formula Valyaytfeasdifa@cior Qs haer at ure. A

preferred continuous nenbrane reactor is depicted in figure 1. A nore
10 process disclosed above for preparing the compound of formula IIA. Altematively, the

compound of formula VII may be used in the process disclosed below to prepare’ the
compound of formuia XVIA.,
Optional steps B* and C’ correspond to optional steps C and D of the first
disclosed process for synthesizing the compound of formula XVIA from a compound
'--:-:i)' 15 of formula VI respectively. Thus, the preferred methods, reagents and reaction
copditiqns disclosed above for optional steps C and D are also preferably used in
optional sfeps B’ and C’,
The third of the processes for Preparing a compound falling within the scope bf

formula XVIA, speciﬁcally a compound of formula XVIB, comprises the steps of;

20  Step A’’: the preparation of 2 compound of formula XIIA from a compound of formula

- IX comprising the substeps of:
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preferred conti nuous nmenbrane reactor of the present invention is depicted
in figure 2, 15 parts | and 2. 53 23 February 2004 WO O0ZBf&bmary2@e4| 2 3

4 5 678 Sg&%é 11 12 13 14 PCTIU500/23032 Table 1: list of the parts of
t he conti n&o 1#b%ane reactor depicted in figure 2 Descrintrussodapgent i a
flow filtration nenbrane housing; Pellicon 2 Gasket & clanp Sanitary tee

Cap

(2) an asymmetric dihydroxylation of a compound of formula IX to form a compound

of formula XA:

o

x
o

(b) reacting the compound of formula I’Y with 1,1’-carbonyldiimidazole in the

5 presence of toluene to form a compound of formula XT; and

O

< o

0O Ry
X AN o, ®

| |

P CO.CHs F

.H""IO

: ) (¢) a palladium-mediated reduction of the compound of forrula XT; and
Step B'’ the conversion of the cpmpound of formula XTIA to the compound of formula
XVIB,
10 Preferably, the asymmetric dihydroxylation is a Sharpless asymmetric
di_hydroxylaﬁQn performed at about room temperature. Asymmetric dihydroxylation,
including Sharpless asymmetric dihydroxylation is discussed generally in Kolb et al.,

- Chem. Rev. 1994, 94, 2483-2547. This reference is herein incorporated by reference

in its entirety.
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Gate val ve Adapter sanitary flange to hose barb Filtration cartridge
PLCGC Conpressi on reducing union One way check val ve; | 23Jsbr&u2004
pressure; max 125 back pressure Conpression union Sterile filter; 0.3
pM pore sgzeVRIYS fsé(f conpression to nale NPT Tee femal e NP(TT,UM';% mal e

NPT to conpression 15 Pressure indicator 0-100. psi; glycerin fil
accurac f 3% 16 Peristaltic tubing 17 Masterfl ex variabl e speed drive
#77200-12 with peristaltic punp head #77201-62 18 Masterfl ex consol e

drive wth peristaltic punp head #77201-60

Preferably, the reaction of the compound of formula IX with CDI in the
presence of toluene is performed.at about 80°C.
Preferably, the palladium-mediated reduction step, Step A’ (c), is performed
by reacting the compound of formula XTI with 2 mixture of hydrogen, palladium and
5  carbon in the presence of formic acid at about room temperature,
Step B*’ corresponds to optional step D of the herein first disclosed process for
) _ synthesizing the compounds of formula XVIA from a compound of formula VL Thus,
the same method, reagents, and reaction conditions disclosed for use in optional step D
are preferably aiso used in Step B”. |
10 The present invention also relates to the coﬁipounds of formula IVA, falling
within the scope of the genus defined by formula IV as recited above. Accordmgly, the
compounds of formula IVA will also be useful mtcrmed.lates in the processes of the
present invention for the preparation of compounds of formula L

Thus, the present invention relates to a compound of formula IVA:

_ _Y is OH, OSO,CF;, OSO,CH;, OSO;(p-tolyl), halide or ény other leaving group; and
R’ is H, alkyl or aryl group. | |
Preferably, Ryq is a 4-fluoro group, Y is OH or OTf, and R’ is OH or Me.
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[ [ [ NPT 21 22 23 . 24 25
altic tubin 20 Adapter hose barb to male N :
‘}'gbrﬁél SfA\dapter sanitary flange to hose barb Punp |ine 28 Hebtiaey 2004 type

to Material of
|l e._and digital readout Adapter tubeihsert )
t[)lhrenragls)icglrjlgéw 18457 ngstructlon 316 SSV\ater}s I(\S/Hldl sé{e Si upﬁ;?r[ggﬁ;aﬁm X
" "X7/16"i ers
1/16" Waters MIlipore I rolene 3" x 1'h"x _ a s L Rore iy
ne Pol ypropyl enel” dia Waters MIlipore Pol ro
\?\ELZE;OW: Fl pore >I;{)/DF?l// 32" x h" od Col e Parnmer Regenerated cellul ose0.1

sq MMters M Il ipore
~ Asdiscussed above, the present invention also relates to a continuous

membrane reactor that can be used in the processes of the present invention. In
particular, the continuous membrane reactor of the present invention is suitable for use
in any reaction in which a catalyst of a relatively large molecular size. is employed,
5  such as enzymes and anchored catalysts. Examples of such catalysts are disclosed in
‘ Rissorﬁ et al, Tetrahyedron: Asymmetry, 1999, 10, 923-928; Schmidt et al., J.

") Biotechnology, 1992, 24, 315-327; and Lin et al , Biosci. Biotech. Biochem., 1997, 61,
2029-2033. The aforementioned references are herein disclosed by reference. More
particularly, the continuous membrane reactor of the present invention is of use in

10 those catalytic reactions in whi;:h there is a desire to recycle the catalyst. For example,
the reactor of the present invention is useful for use in enzymatic reduction reactions
utiiizing either chemical or bio-catalysts.

The continuous membrane reactor of the present invention having a reactor
volume comprises a tangential flow filter unit, a reactor loop to circulate the reagents

_ Y 15  through the tangential flow filter, and a substrate feed pump for feeding the substrate
into the reactor loop, wherein the reactor loop comprises:

(a) a tube; and
- (b) acirculation pump.
The tangential flow unit comprises a tangential flow membran; filter and a unit _

20  for housing the filter, Any suitable tangential flow unit may be used. A suitable

: tangential flow unit is one which allows the desired product, or permeate, to pass
through it but retains the larger molecules of the catalyst in the reactor. A preferred

example of the tangential flow unit is the Pellicon 2 Module commercially available

50



R . . . [ 4" 1' h" Col e Par ner
" "/" odCol e Parner PVDF/ Kal reg [ 4" odx )
E¥$3;8 oggjore Par ner PVDF/ borosili ca’; e II\I{D'SI'CoFd )Iéafmla/r 8/ Qﬁﬁbgw/mcg(l)gl ass
'/a" od x'/s" NPT '/" e / ol ¢
Earp\riv[s)r c:(F)>|\/e i rn§1r§§7/6714" NPT; 2h" faceCol e Part ner PIeDr OXi den%?nh%%(ﬁ\l}ézlt ﬁointeem
" rnmer 316 SS rollers Flow 10- 3336_0I e Parnmer _
21%? I?,cligosg rpgl |l ers Flow 0.2-20Cole Parnmer nmin ( with item #19) Pl ati num

cured silicone 0.06" idCole Parmer

from Millipore Corporation. The Pellicon 2 Module employs a cassette style
tangential flow filtration device which allows for casy scale-up of the reaction.
Specifically, either a single Pellican 2 cassette may be employcd. or a series of cassettes
can be used in combinatian to allow for a larger scale reaction to be run. Thus, the

5 utilization of a tangential flow cartridge system allows for the processing of fluid
volumes from less than a liter up to thousands of liters.

The reactor loop, in which the majority of the catalyzed reaction occurs, has an

N

internal volume. The internal volume is defined by the volume of reagents and catalyst
the reactor loop can hold. The reactor volume is defined by the volume of reagents and
10 the catalyst the reactor loop and the tangential flow unit in combination can hold. The
reactor loop of the reactor of the present invention has an internal volume of at least
-about 50% of the reactor volume. Preferably, the reactor loop has an internal volume of
at least about 60% of the reactor volume. More preferably, the reactor loop has an
internal volume of at least about 70% of the reactor volume. Even more preferably, the
L7 15 reactor loop has an internal volume of at least about 80% of the reactor volume. In a
more preferred embédimcnt of the present invention, the reactor loop has an internal
- volume of at least about 90% of the reactor volume. In a more preferred embodiment
of the present invention, the reactor loop has an iaternal volume of at least about 95%
of the reactor volume.
20 The reactor loop comprises a tube of any suitable size and made from any
suitable material. Preferably, the reactor loop comprises tubing which is flexible.
Flexible tubing allows for the tubing to be cut to any desired length as a2 means for

easily varying the reactor volume. Examples of suitable tubing materials include
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i i L G i S L s : . - e oo e
" od x'/" NPTCole Parmer Peroxide cured silicone

EZIPFWE?/ I%VDF 31/32" x 3/8" odCole Parmer VitonCol e Parnep3 FEdeaQﬂZ@ﬁﬂgged

304SS V4"o0dJ-KEM Teflon 1/4"odx'/"28Col e Partner 54 WO 01/14576 55 Pt

February 2%04"@@?14@500/ 23032 Item 26 27 28 29 PVDF PTFE P%lﬁﬁﬁﬁﬂi‘sf

SS 30 31 32 33 34

polyethylene, polypropylene, polyurethane, polyvinyl, vinyl, nylon, butylene-polymer,
silicone PTFE, ETFE, PFA, Viton®, stainless steel, glass, PVDF, Teflon®, n alky]
polymer, and a perfluoro material. Viton® is commercially available from Dupont
Dow Elastomers LLC and comprises a 67% ﬂudﬁnated thermal set rubber. Teflon® is
5  commercially available from EI Dupont deNemours & Co. and éomprises tetrafluoro
ethylene, When the continuous membrane reactor of the present invention is used in
) : the process of the present invention to carry out an enzymatic reduction, it has been
found that PVC, Tygon® and any chlorinated polymer damage, or deactivate, the
enzymes and are therefore not svitable materials. Further, whilst silicone tubing has
10  not been found to suffer from the same problem, silicon does tend to swell when used
in the processes of the present invention which can lead to a fluctuation in the reaction
conditions due to the consequentiaj change in the residence time.
Any suitable circulation pump and substrate feed pump may be employed in the
reactor loop. Examples of suitable circulation pumps include peristaltic, bellows,

: ) 15 - diaphragm, progressive cavity, piston, flexible linear, nutating disc, membrane, rotary
lobe, flexible impeller, rotary vane, or any variable spe;ad low shear type pump.
Preferably, a penstaluc flexible linear, nutating disc, or membrane pump is used. Not
suitable as the cu'culaung pump or substrate feed pump is a gear type pump.

For the efficient operation of the continuous membrane reactor of the present
20  invention, the substrate feed pump operatm at a greater speed than the circulation
pump For example, when the continvous membrane reactor is nsed with the processes
of the present invention, the reaction performs most efficiently if the substrate feed

pump is set to a speed about twenty times faster than the ctrculation pump,
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n I ption femal e UNF
8 39 40 41 42 43 44 45 46 47 48 49 50 Descrip
ﬁl;spglfse?);al?)e NPT Adapter Bushing male NPT to fenal e NPT23debhwary god4L PTO

' [ [ tering Punp V &
n FMO Qseries variable speed valveless ne
i#(l; 4ggnpl\/tra§§??€9%'¥<“§/7éri gbl e speed peristaltic punp with EggfhRagh:h head

In a preferred embodiment of the contingos membrane reactor of the pregent
invention, the reactor loop also comprises any of the following: a bubble trap, a
pressure gagc; a pH monitor, a heat exchanger, and a gate valve. In another preferred
.embodiment, the continyous membrane reactor cbmprises one or more substrate feed
5 lizes which comprise a substrate feed pump, and also more preferably comprise a
check valve, a sterile filter, and a pressure gage. The addition of more than one feed
) lines allows for one to be used for feeding the substrates, and others other purposes,
such as for sanitation purposes. The addition of a sterile filter to each of the feed lines
aids in the removal of particles and microbes before they can enter into the reactor.
10 Unwanted particles could block the pores of the membrane in the tangential flow filter
. unit, whilst microbes can kill certain enzymes. The addition of a heat exchanger can
be used to maintain or vary the reaction temperature.
A preferred continuous membrane reactor is depicted in figure 1. A more
preferred continuous membrane reactor of the present invention is depicted in figure 2,

- 15  parts ] and 2.
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- #C731- 25T vari abl e speed sol enoid di aphragm um
b o d tuning Polypraerd erani i ¢/ PFA/ PTFE Pol2petdbylcepeodulapt er
hose barb Perlstalt:c
mal e
F’é\'%sésgt or
a nodified

Ri gi d tubi ng Pol ypropyl ene/ Tefl on/c

conpression to u check val ves Adapter

)t EWOIMIESTENF t o

fermal e NPT Adapter bushing nale
robe © Eeating nedi a fl ow Heat exchanger -

t ubi ng Ad

pr obe

Cool i ng and/ or

mal e NPT to

hose barb Adapter bushing male
NPT to femal e NPT

graham type condenser with tube fittings on both ends Tubi ng

Table I: list of the parts of the continuons membrane reactor depicted in figure 2

Item Description Material of Dimensions Supplier
Construction
I | Tangential fiow 316 SS Waters Millipore
filtration membrane
housing; Pellicon 2 .
2 | Gasket & clamp Silicone & 13/16" x 1116 Waters Millipore
. polypropylene
3 | Sanitary tee Polypropylene 3" x 12" x 7/16™ id | Waters Millipore
4 |Cap Polypropylene 1" dia , Waters Millipore
5 | Gate valve Polypropylene 3" x 7/16" id Waters Millipore
) 6 | Adapter sanitary flange | PVDF 31/32" x %" od Cole Parmer
- 10 hose barb
7 | Filtration cartridge Regenerated cellulose | 0.1 sqM Waters Millipore
PLCGC ‘ '
8 | Compression reducing PVDF 3/8” od x " od Cole Parmer
union . :
9 | One way check valve; 1 | PVDF/Kalrez %" od x 11" Cole Parmer
psi seat pressure; max '
1235 psi back pressure
10 | Compression union PVDF 14" od Cole Parmer
11 | Sterile filter; 0.3 M PVDF/borosilicate % odx3 1/8" Cole Parmer
pore size glass '
12 | Adapter compressionto | PVDF ¥4 od x " NPT Cole Parmer
male NPT
13 | Tee female NPT %" NPT Cole Parmer
14 | Adapter male NPT to PVDF 14" NPT x %" od Cole Parmer
compression
- 15 ; Pressure indicator 0-100 | 316 SS %" NPT; 2%” face | Cole Parmer
i psi; glycerin filled;;
- accuracy + 3% :
16 | Peristaltic tubing Peroxide cured silicone | 0.19” id Cole Parmer
17 | Masterflex variable 316 SS roliers . Flow 10-333 Cole Parmer
speed drive #77200-12 mL/min (with item
with peristaltic pump #16)
head #77201-62
18 | Masterflex console drive | 316 SS rollers Flow 0.2-20 Cole Parmer
with peristaltic pump ml/min (with item
head #77201-60 #19)
19 | Peristaltic tubing Platinum cured silicone | 0.06” id Cole Parmer
20 | Adapter hose barb to PVDF 3/8” od x %" NPT | Cole Parmer
male NPT .
21 i Tubing Peroxide cured silicone | 3/8” id Cole Parmer
22 | Adapter sanitary flange | PVDF 31/32” x 3/8" od Cole Parmer
to hose barb
23 . | Pump line to filter Viton A" id Cole Parmer
24 | “T” type thermocouple | Teflon coated 30488 %" od J-KEM
.| and digital readout '
25 | Adapter tubeinsert to Teflon " od x 14" 28 Cole Parmer
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| [ [ [ ' ‘Tubing PH probe with digital
bi ng Mechani cal agitator Gas Diffuser ( :
rRlecaidgﬂt' g 59002-02 Tubin Reactor main loop tubin Mat QBIF@gngnI,iz?:?ne i~
Construction 316 SS rollers Pol ypr opyl ene PVDF Peroxi de cure

- TFE
0 | ass Water (or other nedia) G agspyidhRRsP
PTFE PVDF {L\VWROPASH Vi t on/ gl as ( A

G ass/ Tefl on G ass Tygon R3603 Seal ed gel

Item Description Material of Dimensions Supplier
Construction
female UNF UNF
26 | Nipple male NPT PVDF 14" NPT Cole Parmer
27 | Adapter Bushing male PTFE Y” NPT x %" NPT | Cole Parmer
NPT to female NPT '
28 | Adapter male PTO to PVDF 1/2” NPT x %2 od Cole Parmer
compression
29 | FMI® Q series variable | Ceramic/316 8§ 14" piston dia. Flow | Cole Parmer
speed valveless metering 0-576 mL/min
pump #QV & #R 405
30 | Masterflex variable 316 S8 rollers Flow 29-29000 Cole Parmer
= speed peristaltic pump mL/min (with jtem
) with Easyload IT head #35)
#77201-62 .
31 | Milton Roy® #C731- Polypropylene/Teflon/c | 1" id port Flow Cole Parmer
25T variable speed eramic/PFA/PTFE 2.5-566 mi/min
solenoid diaphragm
pump
32 | Rigid tubing Polyethylene %" od x 3/8" id Cole Parmer
33 | Adapter compression to Polypropylene 2" odx 7/87 12 Cole Parmer
pump check valves ' {custom)
34 | Adapter male NPT to PVDF W’ NPT x3/8"od | Cole Parmer
hose barb :
35 | Peristaltic tubing Peroxide cured silicone | 0.38" id Cole Parmer
36 | Adapter male UNF to PVDF ¥” UNF x 1/16” od | Cole Parmer
hose barb ‘ :
37 | Adapter bushing male PTFE Y NPTx I"NPT | Cole Parmer
NPT to female NPT
38 | Tee female NPT PVDF 1" NPT Cole Parmer
~) { 39 | Adapter bushing male | PVDE 1" NPT x %" NPT | Cole Parmer
o NPT to female NPT
40 | PH indicator probe PVDF/Viton/glass 2" x %" NPT Cole Parmer
41 | Cooling and/or heating | Water (or other media) | N/A N/A
media flow
42 | Heat exchanger - a Glass 38 cminternal x 47 | San Diego Glass Tech
modified graham type cm total length;
condenser with tube reactor volume &0
fittings on both ends mL x cooling
: volume 510 mL
43 | Tubing Viton %" id Cole Parmer
44 | Rigid tubing PTFE Y id x 5/16” od Cole Parmer
45 | Mechanical agitator Glass/Teflon As required Chem Glass
46 | Gas Diffuser Glass Coarse frit Chem Glass
47 | Tubing Tygon R3603 5/16” id Fisher
48 | PH probe with digital Sealed gel filled 158 x 447 Cole Parmer
_[_readout; pn 59002-02
49 | Tubing Viton %" id Cole Parmer
50 | Reactor main loop Viton %" id Cole Parmer
(tubing) - --
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Viton D nensions UNF NPT 1/2" NPT x %od '/™ piston dia. Flow 0-576 rnUmn
Fl ow 29-29000 nifmn (with item #35) '/s" id port Fl 0W232Fe5ﬂ1516562mn_4]m' n W

Qd x 3/8" id_ Wodx7/8"12 (custom) 'A"NPTx 318"od 0.38" id '/4"UNFx

1116" od WeNWOQUMSTONPT 1" NPT 1" NPTx3/ a" NPT 2"x3/ " NPT N A 38 gﬁsﬁb/#g[@&er nal x
47 cmtotal length; reactor volume 80 nlL x cooling volune

The following examples are provided merely for illustrative purposcs of the
present invention and are not to be read as limiting the scope of protection of the
3 present invention, as defined by the appended claims.
EXAMPLES:
) o ~ The following reaction schemes depict examples of the preparation of various
compounds of the present invention, utilizing various processes of the present

i ] . . o
nvention. In particular, the schemes depict example preparations set forth herein

10  below.
Scheme 1 .
P ) a
’ . NaNO,. H,50,
é 0Con. 6% i
O
4F-D-Phenyisiaine hydrochloide A
MeOH
HCUDioxane
n.2n
) 255%
) o
i
/O/\a‘/lk‘
2A
»Wihe
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/"id /" idx5/16"od As required Coarse frit -5/16" id ,/s"x4=/2" 16" .id W

I d Suppl i ‘WOG:B]\ garmer Col e Parnmer Col e Partner Col e PalA#ebfane20isr ner
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Chem d ass Fisher Cole Parmer Cole Parner Cole Farmer 23 February 2004 9 WO
01/ 14576 %’6%%6/ 23032 The foll owi ng exanpl es are provi @8detwraey 200br ‘
illustré@tive purposes of the present invention and are. nPCT/USoOmSes2ead as
limting the scope of protection of the 5 present invention, as defined by

t he appended clains. EXAMPLES: The foll ow ng reaction schenes depi ct

exanpl es of the preparation of various conpounds of the present invention,
utilizing various processes of the present invention. In particular, the
schenes depict exanple preparations set forth herein 10 below. Schene X 0
4FD. Phm by & 2A a97s ee 56 5 % WD 01/ 14576 Schenme 2 Schene 3 ZA >~.9Ara

| VaNO NB . ‘

Scheme §

Scheme 6

1. 1.1 og NaH/THF
L.CDI 0" C, 30 min,
N,
CarHN 2 CozhN 2 13eqm 16k

Z-Valine

H,, PAC.THF
H,50, (40 psi)
—_— Y

Porcine Pancrease Lipase
pH 12, 3740PC f o
65-70% from AG7174 o
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The following examples more fully describe the preparation of compounds of

the present invention using the methods of the present invention.

EXAMPLE 1

Preparation of compound 1A by diazotization. (See scheme 1 for the structure of 1A.)

"~ Raw Material Source Amount MW Moles
4-fluoro-D-Phenyl-
alanine hydrochloride 1443.057 380g 2195 1.73
1 MH, SO,
{389 ml. 98% sulfuric acid
in 6.85 L water) Stock 7.24L - 1.24
99.99% sodium nitrite Aldrich 471.5g 69.0 6.92
magnesium sulfate Fisher 100g - -
t-butyl methyl ether (MTBE) Fisher 3.6L - -
methylene chloride Fisher IL - -
hexanes Fisher 2L - -



| pe 2004 PCTI US00/ 23032 59 23
2 , Pc oveff| ta 0 97 AG 70 8 23 February
-IIZ-ZQFﬁg’rS 2004 't WO 81/ 14576 Schene 11 PCT/ US00/ 23032 COR¥ FefruaniZ®4

ngq, be the preparation of
I owi ng exanpl es nore fully descri
géfrbpgtljﬁd':@f t'Le present invention using the methods of pthesdyesaent

' [ [ r A by di azotization. (See
[ EXAMPLE 1 Preparation of conpound 1 7 ]
gg\ﬁgﬂél Ionf or the structure of IA) Raw Material 4-fluoro-D Phenyl- 10

[ [ id 151in 6.85 L
[ ochloride 1IM2SO4 (389 nL 98% sul furic aci
%?QL?GQS?/SB% sodiumnitrite magnesiumsulfate 20 t- bqtyl met hyl et her

(MTBE) et hyl PRRedipeor | de
In a 12 L reactor, 4-fluoro-D-phenylalanine hydrochloride (380 g) was
dissolved in 7.24 L of 1 M sulfuric acid. The solution was coolc;d to -5° C using
5 .acctone!ice. 'I'heﬁ the sol=tion was slowly charged with sodium nitrite (477.5 g
dissolved in 730 mL wates), keeping the temperature at or below 0° C. The addition
time is typically 3 hours. The solution was held at 0° C for 3 or r;lore hours. Itis
oy important to maintain 0° C during and after the addition for at least this stipulated time
period. The reaction mixture was then warmed to ambient temperature over about §
10 hours and held overnight. At this stage a white solid product, was seen floating in the
reaction mixture. This product was extracted three times with MTBE (using 1.2 L
MTBE per extraction, remembering to agitate the mixture vigorously each time for at
least 15 min.) The organic extracts were dried with 100g anhydrous magnesium
sulfate, prior to filtration. The product was stripped to dryness ("HNMR indicated at
15 least 70% purity). At this stage, ~380.5 g crude product was obtained. The crude solid
0 1A was taken up in 1 L. methylene chloride and 2 L hexanes and brought to reflux (42°
" ‘©). 1t was heid for 2 hours at reflux with good agitation, before being cooled to
| ambient temperature. It was then held for a further 2 hours at ambient temperature
with stirring.  After filtration, the cake was rinsed with 2:1 hexanes/methylene
20 chioride. Thg rcacti;)n yielded 148 g (46%) of compound 1A; Chiral HPLC purity
>97%; 'H NMR (CD;0D) § 7.25-7.00 (m, 4H), 4.50 (AB quartet, J = 8 Hz, J = 4 Hz,

1H), 3.15(dd, J= 14 Hz,J=4Hz, 1H)295(dd, J= 14 Hz, J =8 Hz, 1H).
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hexanes 25 Sour ceAmobunt MWDl es 1443-057380921951. 73 St ock7. 24E7. 24

Al drich477.5969. 06. 92 Fisherl 00g Fisher3.6L_ Fisher | L 2BiFshesspy 23
February 2004yd ¢1/1463s01/ 14576 PCT/ US00/ 23032 Procedure: In a 12 L reactor,
4-f 1 uor o- Dephenyl al ani ne hydrochl oride (380 g) was dissol wegnisge &4 L Of
1 Msulfuric acid. The solution was cooled to -5 C using 5 aceton 3P| ce.

T hen the solution was slowy charged with sodiumnitrite (477.5 g

di ssolved in 730 nL water), keeping the tenperature at or below O C. The
addition tine is typically 3 hours. The solution was held at 0 C for 3 or
nore hours. | EXAMPLERortant to maintain O C during and after the addition

for at least this stlpul ated tine perlod The reaction m xture was then
ogut 5 10 hours and hel d overnight. At

war med - to anbp ure over
this stage a whlte soilé rCaYe "ﬁ&&cng’éen floating in the reaction

m xture. This dugt was e tracted three tines with MIBE (using 1.2 L
SQPQ nbre MWW%@%@Smmmemﬁdﬁrsomgorously each

MIBE per extraction,
time for at ﬁmnaten? mn.) The organic extracts were dried with 100g
Enhydr ous. mady atMw. The _gduct was stripped
to dryness (" aHhudiVR ate
ndaldEty & R’ldnclii 115.92¢ 124.11 0.934
hydantoin Ald
rich 93.53g 100.08 0.934
1-amino-2-prapanol Aldrich
. c 7.01g 75.11 0.0934
e sodium hydroxide Fisher '
_;l_-:) r 187 40.00 4.68
sodi .
ium chloride Fisher 108.9¢ 5844 1.86
-0 Conc. HCI (37%) Fisher 31imL — —
Procedure:

A mixtun; of 4-ﬂuorobenzaldchyde, hydantoin, and 1-amino-2-propanol
(10%) in water (235 mL) was refluxed for 4 hours (130-135 °C). The mixture was
25  charged with 935 g of 20% hot aqueous sodium hydroxide solution (187 g of NaOH
4.68 mol) and réfluxed for 50 minutes. The mixture was then cooled to0°C and
o . charged with 108.9. g of sedium chloride. The PH of the solution was adjusted to about
---.1_-) 8.5 using concentrated HCJ (37%, ca. 311 mL) at ¢° C, before being ﬁltered The
mother liquor was left to stand overnight and ﬁltered again, The precipitates were
30 combined and washed with methanol (about 5L) to get a HPLC purity of >80%.
(Note: this salt is pure enough for subsequent enzymatic reaction, but higher purity
can be obtained by washing with extra amounts of methanol). The precipitate was
dned under 2 house vacuum to get a white monohydrated sodium salt 3: yield 70-75%.
Analysis calculated for CoHsO3Fna . H,0: C,48.66; H, 3.63. Found: C, 48.64; H
35 3.7"4. 'H NMR (D20) §7.02-7.19 (m, 4H), 4.72 (s, 2H) (Note: this sait should be

stored in a refrigerator to prevent decomposition.)
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-380.5 g crude product was obtai ned.
The crude solid 1A was taken up in i L nethylene chlori @8 Febtiagy 200fexanes
and brought to reflux (42 O . It was held for 2 hours at reflux wth good
agi tation, gbeV80&145 ng cooled to anbient tenperature. It p@Esudobeisel d

for a further 2 hours at anbient tenperature wth stirring. After
filtration, the cake was rinsed with 2:1 hexanes/ net hyl ene 20 chl oride. The
reaction yielded *148 g (46% of conpound I A; Chiral HPLC purity >97% 1H
NVR (CD30OD) 5 7.25-7.00 (m 4H), 4.50 (AB quartet, J =8 Hz, J = 4 Hz,

1H), 3.15 (dd, J = 14 Hz, J= 4 Hz, 1H) 2.95 (dd, J=14 Hz, J = 8 Hz, 1H). 61
23 February 28%4 ﬁ\o 01/ 14576 _PCT/ US00/ 23032 EXAMPLE 2 Preparation of 1A by
enzymatic redutfR ﬁP"ﬁBa@P@fpowgpér ation of conmpound 3. (See schene 2 for
structure of ?f_a‘)!m;gw mat eri al Sonrte Amount MAWDI es '

4-f 1 uor obenzal e MEEC miathos [pra@ire 813 3 R fhobilizati

hydant oi nAlSdr inedyd®.us8htb@epakAA034 1- ami no- 2- propanoulo,l&lm rﬁl'°§h(9r.°8ﬁd§‘}%3?[)1o. 0934
15sodi um hydr oxi deFi sher 187g40. 004. 68 sodi um chl ori deFi sher 108. 9958. 441. 86
20Conc. HO ( 3 PrpéedaheB Bl Pitbaraiiondra4q : I xfure of

4-fl uor obenzal dehyde, hydant oi n, gﬁﬁ%@g’ﬁ%@?g‘.‘%‘%‘%ﬁnm (10% in water (235

1) vas ref | uBsdmbard Nour Soldduukd® O - Al XUURRYYES o

15 - least 70% purity). At this stage,

Compound 3 - 1.1g 222 0.05
_ D-lactate dchydrogcnasc
; i'.j) s (D-LDH) Sigma (L 9636) 1900U —- -
S formate dehydrogenase '
(FDH) Sigma (F 8649) 1250 —_ —
NAD i
20 Sigma (N 7004) 334mg 663.4 0.0005
Sodium formate Sigma (S 2140) 10.25¢ 68.01 0.15
mercaptoethanol Sigma (M 6250) 39mg 78.13 0.0005
25  Trizma ) .
hydrochloride Sigma (T 6666) 400mg 157.6 0.0025
EDTA Sigma (E 1644) 186mg 3722 0.0005
30  DL-dithiothreitol Sigma (D 5545) — —
Dialysis membrane |
(MWCO 12,000
) 35 -_14.000} VWR (25218-435) — — —_—

Procedure:
| 3, sodium formate, mercaptoethanol, Trizma hydrochloride and EDTA
| were dissolved in deionized water (500 mL) and the solution was degassed with argon
40  for about 30 minutes. The solution was adjusted to a pH of about 7.5 using NaOH (1.0
M), and NAD (1%) added. Four dialysis tubing’s (ca.4 cm long each) were rinsed with
" deionized water and one of the ends of each were tied off with thread. FDH and D-
LDH were dissolved in an 8-ml. aliquot of the reaction mixture and transferred to the 4

tubing’s (ca. 2 mL each) using an Eppendorf pipette. The other ends of the tubing’s
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25 charged with 935 g of 20% hot aqueous sodi um hydroxi de solution (187 g
of NaOH, 4.68 nol) and refluxed for 50 m nutes. The m xR8Mrebnasy 20ENH
cooled to 00 C and charged with 108.9.g of sodiumchloride. The pH of the
sol ution vags VRIPY¥EEd to about 8.5 using concentrated HCL(RA%sebAspz3ll NL)
at 0 C, before being filtered. The nother liquor was left to stanc?
overnight and filtered again. The precipitates were 30 conbi ned and washed
wi th net hanol (about 5L) to get a HPLC purity of >80% (Note: this salt is
pure enough for subsequent enzymatic reaction, but higher purity can be.

obt ai ned by washin i th extra anounts of nethanol). The precipitate' was

dri ed under awﬁf?ﬁg“g %E‘H‘B‘?ﬁdﬂﬁ theereachiopmiixtwrenNotey darawashak@tioerziadd 4s 3: yi el d
70-75% Analysis cal cul ated for COH6(BFna. H20: C, 48.66; H, 3.63. Found:
C  48.64; H, Bycizairas possiblomd (BROJur8thefln k. nbledlidke)t ArgorfwdZeehily biiled( NOt €:
this salt should be stored in a refrigerator to prevent decoriposition.) 62

23 February 2Geongh thboBitiba &bémobe COLOTASMARuR Svas _ on of 1A
from 3 ' PCT/ US00/ 23032 Either the MEEC net hod (pﬁ?gmﬁg&%ﬁieﬁpm re

coi mobi | i zat fooB dawtieesing e peRM Y5205 H'% o) . pr r :
Procedure Bl: Prepar atioén of 1A usi n?ytphe E%%S@*ﬁ\ﬁ%ﬂ&dmi?g%npound
3 Dlactate dcfthéiﬁGﬁlSﬁﬂf‘EC).('ﬁi%}sis tubing’s were then removed. The stirring was

continued for about 6 hours in 100 mL of 50 mM Txis buffer (pH 7.5, 5 mM
dithiothreitol). (Note; the enzyme-containing bags can be reused by storage at 4° C in
30 mL of 5 mM tris buffer (pH 7.5, 5mM dithiothreitol)). The agueous Jayers were |,
- combined and the solution adjusted to a PH of 3.0 by slowly adding concentrated HCL.
10 The solution was extract with MTBE (50 X 4 mL), dried with MgSO, and
concentrated to a .crude oil. The oil was solidified in 250 mL. of hexanes/methylene
- chloride (2:1) and filtered. The filtrate was then concentrated and solidified again in
50 mL of hexanes/methylene chloride (2:1). The white solids were combined and
dried under house vacuum to yield a white solid 1A: yield 7.2-7.4 g (78-80%); HPLC'

15 purity >95%.

-

Proceduire B2: Preparation of 1A using the coimmobilization method
This procedure was carried out in 4 steps. The first step was the preparation of
‘N-acryloxysuccinimide. The second was the; preparation of PAN SbO by a radical
=0 copolymerization. 'The third was a coimmobilization of FDH and D-LDH. The last

step was an enzymatic reduction of the a-keto acid sodium sait 3 to give 1A.



rmat e dehydr ogenase FDH) NAD Sodi um formate nercaptoethanol Trizma
Lgd?gchl ori ée E%TA 30 D(L dithiothreitol D alysis menmbrane3 RelkiWéﬁrZGD4)008
-14,000) 35 Procedure: Sou catalo # Amount MN Ml es Signma (L 9636) 11. é
222 0.05 190B0 @jigse (F 8649) 125U Sigma (N 7004) 334ny 66 3c4aRRed3 %gga
(S 2140) 10.25g 68.01 0.15 Sigma (M 6250) 39ng 78.13 0.0005 Signma (T 6666)
400ng 157.6 0.0025 Signe (E 1644) 186ng 372.2 0.0005 Signa (D 5545) V\é\R :
(25218-435) 3, sodiumformate, nercaptoethanol, Trizma hydrochloride an
EDTA were dissolved in deionized water (500 nL) and the sol ution was
degassed with _argon 40 for about 30 m nutes. The solution was adjusted to

a pH of about Ste Zlfg'ﬂ’mgiﬁmm’-N(@moxysucciniqﬁde

Raw material Source Amount MW Moles
5  Acryloyl chloride Aldrich '100g 90.51 L0
N-hydroxysuccinimide Aldrich 115g - 11510 1.00
triethylamine Aldrich 110g 101.19 1.09 _
10 2,6-di-tert-butyl4- ' i
. methylphenol (BHT) Aldrich 50_mg 22036 0.00023 -
Procedure:

15

N

N-hydroxysuccinimide and triethylamine were dissolved in 1.5 L of chloroform
at 0° C. Acryloyl chloride was added dropwiﬁc over a 20 minute period and stirred for
an additional 20 minutes at 0° C. The solution was washed with ice—cold 800 mL
portions of water and saturated brine, then dried with MgS0; and filtered. 50 mg of
20  BHT was added to the chloroform solution, and concentrated to 2 volume of 300 mI
and filtered. Slowly, 30 mL ethyl acetate and 200 mL hexanes were added to the
solution while stirring, before being left to stand at 0° C for 2 hours. The white solid
_ produced was filtered and washed first with ice-cold 100 mL hexanes/ethyl acetate
(4:1), then with 100 mL hexanes/ethyl acetate (9:1), and ﬁ.nally with hexanes (100 mL
25 X 2). (Note: this material is pure enough to be used for the preparation of PAN 500
disclosed below). The crystals were dried under house vacuum to yield N-
acryloxysuccinimide; yield 115 g (68%); mp 68-70° C. 'H NMR (CDCl3) 8 6.0-7.0

(m, 3H), 2.85 (s, 4H); FTIR (Nujol) 1800, 1775, 1735, 1260, 995, §70 cm™'.
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M, and NAD (1% added. Four dialysis tubing's (ca.4 cmlong each) were
rinsed with deionized water and one of the ends of eachZdkebruane20@ff wth
thread. FDH gnflofiysisDH Were dissolved in an 8-nbL aliquot of the reaction

m xture ang transf‘erred tothe 4 tubing's (ca. 2 nL each) p@zﬁﬂggu,g'gg
Eppendorf pipette. The other ends of the tubing's 63 23 February 64 WO
01/ 14576 PCT/ US00/ 23032 were tied and suspend in the reaction m xture.
(Note: care was taken to exclude as nmuch air as possible and nmake sure
there was no | eakage). Argon was gently bubbled through the solution to
remove CO2. T 1 Mas n_stirred at roomtenperature for 3 days
keepi ng t he pigﬁg?:%@&foﬂyf%gﬂ@. controlled addition -of I MHCL (>95%
5 conversion Ry HELG - The dialysis tubing.s were then renoved. The
stirring was ~C uge infouri i niwof 50 mylhki s buffer
(pH 7.5, 5 mMaddidcrb@infaigi tol ). (Note: the enzynme-containing bags can be
reused by storage at 4 Cin 50 nL of 5 nff% ris buf¥&t (pH 7.0378 5nM

di t hi ot hr ei t @kylpmideThe aqueous | apygs-R vvereﬂsconbi ned _and the sol ution
adjusted to a EH of 3.0 by skow y adding Cohcentrat®f®Hc . 168Fhe sol ution
was extragt ¥ MTBE (50 X 4 nlAugrcrlri ed ygsh MySOfzpnd conﬁgntrat ed to a
crude oil. Theagoil was solidified in 250 nL of hexanes/ et hyl He chloride
(2:1) and filtered. The filtratdshas t henzfloncentrated and sglidified again
in 50 nL of xgnes/ met hyl ene chloride (2:1). The white solids were

conbi ned and ¥ under house vacuum to yield a white solid IA yield _
7.2-7.4 95(78- 80% ; HPLC 15 purity >95% Procedure B2: Preparation of 1A .
using) t hé” coi nmo ?‘V@%‘%N‘Wlbﬁqﬁu&hﬁmﬁwm@uﬁ@mﬁ% S5 Lefdout (in 4
steps. The f%g%{ﬂfét ep vviels. the preparation of N-acryloxysucci ﬁ'i'gﬁ’liﬂ'e‘? The
second was t pEiesplution vhs Blasse0 With 1 copol yneri zati on.,
The third was, a coi robilization of Fmﬁégﬁﬁ?‘%gfﬁ“‘%ﬁ%’“@g%&%f ep was an

enzymatic ré@ﬂéﬁﬁ@ﬁthﬁnmﬁmedakm“@ﬁﬂ@mg%%ﬂﬁg}i&(&t.o give | A 64

ution:” this reaction is

exothermic during the first 1-2 hours). It was then chérged with 1 L of THF and stirred

| for 10 minutes. The precipitate formed was filtered off and washed with THF (1 L X
20 .

4). The product was dried under house vacuum to yield PAN 500: yield ~304 gofa

very fluffy, white powder. FTIR (Nujol) 3340, 3200, 1730, 1660, 1210, 1670 ¢cm*

(Note: this polymer should be stored in a drying dessicator),
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23 February 2004 |1 WD 01/14576 t, PCT/ U500/ 23032 Step 1: Preparation of

N- acryl oxysucci-ni m de Raw material Source Amount MAWbl es ZAdteptusyy 20804 ori de
Al drich . 10@9%0,? 70 N hydr oxysuccinimidc Aldrich 1159g115. 101. 00 10tri et
ylamine Algric 101.191.09 2,6-di-tent butyl- 220. 360. qqqg;gwmn

met hyi phenol (BHT) Aldrich 50 ng 15Procedure: N-hydroxysuccini m de and
triethylamne were dissolved in 1.5 L of chloroform at 0 C. Acryl oyl
chl ori de was added dropwi se over a 20 mnute period and stirred for an
additional 20 mnutes at' 0 C. The solution was washed with ice-cold 800 nL
portions of 3:3%3% ihe, then dried with MgSO4 and filtered.
50 ng of 20 BHI was a gﬁ%ﬁgﬁg’b%“gwﬁm sol ution, and concentrated to

30 nL ethyl acetate and 200 niL

a vol ume of 380w pkeergnd filtered. Slowy,
0 i L bef omeledei ng left to

hexanes were adde ,
stand at 05 C fighyl@eitiime. The white solid produced was filtered and washed

first with i c60®dJEN 100 nm. Rekgnes/ et hyl aceta %)2_3(4: 1), then with 100 nL
hexanes/ et hyl acetate (9:1), and finally with nes (X060 nL 25 X 2).
(Note: - this ML i s pur &zenough tsompe used,fqr the 8{2 aration of PAN
500 discipsegdghelow). The crystals were dried under ho S&™Acuum t o yield
N- acryl oxysuccl nPTas: yi efigma 15 g 6820 : np 68070 C. 'olds (CDC13) 8

6.0-7.0 (m N 2.85 (s, %H% FTIR (Nujol) 1800, 1775, 1735, 1260, 995,
870 cm 1. 65 23 February 2084 WO 01/%8576 PCT708800/ 230327mmoi

5 sodium formate Sigma 306mg 68.01 4.5mmol
J NAD Sigma 111mg 663.4 0.17mmol

FDH  Sigma(F8649) 200U - ~

20 D.LDH ' Sigma(L2395) 50000 ~ -
Hepes Sigma (H 9897) — — -

25 DL-dithiothrejtol - Sigma (D 5545) — — -

~ ammonium sulfate §igma 1.32g 1321 0.01mol

Procedure:

30 5000 U of commercially available D-LDH jn 3.2M (NH,),80, was centrifuged

. at 4° Cfor 10 minutes, The resulting precipitate was dissolved in3mL of 0.3 M

i " Hepes buffer (pH 7.5), and dialyzed against 500 mL of 50 mM deoxygenated Hepes
buffer (pH 7.5) at 4° C under argon o;rcmight with stirring. This solution was charged
with 13.0 g of PAN 500 by adding it to a SOO-niL beaker to which was added 42 mL of

35 0.3 M Hepes buffcr {pH 7.5) contairing magnesium chloride-, sodium pyruvate, |

NADH, NAD and sodiym formate. The mixture was stirred vigorously for 1 minute -
before DL-dithiothreitol (650 uL, 0.50 M) and TET (5.53 mL, 0.50 M) were added to
the mixture. The mixture was then stirred for 1 minute before D-LDH énd FDH were
added. (Note: the mixture gelled after ca. two additional minutes of stirring). The gel

40  was kept at room temperature for 1 hour before ca, 200 mL of 5 mM Hepes buffer (pH
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Step 2: Preparation of PAN 500 5Raw mat eri al- Sour ceAnount MAWDI es
N-acryl oxysucci ni mi do 30g169. 10. 178 acryl ani deAl dri ch275@3Fepgsmrg3004
Al $NAI dr i chlwg 1,1]497 164. 210. 011 S THEFi sher2.5L Procedure: 15 Acryl an de,
N-acryl oxy@ucci ninide, ABN, and THF- (2.5 L) were charged iwcrRusedaiess| ask.
The sol ution was degassed with argon for 30 m nutes under vigorous

stirring and then refluxed at 50 C under argon for 24 hours. (Caution: this
reaction is exothermc during the first 1-2 hours): It was then charged

with 1 L of THE and stirred for 10 mnutes. The precipitate forned was
The product was dried under

filtered off ed.wit 1L X 20 4).
%dﬁ%ig‘“ /1\;%b §8’§E§$‘éﬂ) &as addedq 1%;12 gel wasdrokef linié Warinybidn@er

house vacuum to’

powder. FTIR %flilu ol 3340, 3200, 1730, 1660, 1210, 1070 cm'. (Note: this

pol ymer shoul & 'B¥ SB{ed e’ miputes and themyatdigtsipead for BO s&Gnds3 lﬁﬂ%& c1&004 VO
LDH | Raw

01/14576 PCTI USOQ 23032 Step 3: coi nmobi lization of FDH an
mat er i al Sour cWARSERAFalsAbY cstrifiegacion washalviitl 20N 50 mM Hepes buffer (pH
7.5), and separated again by centrifugation. |

5  Step 4: Preparation of 1A using coimmobilization

Raw materjal : Sourcé catalog # Amount MW Moles
compound 3 ' — |
) 0 po 11.10g 222 0.050
ey PAN coimmobilized
¢ D-LDH and FDH —_ ' —
NAD - i
5 Sigma (N 7004) 167 mg 663.4 0.00025
sodium formate Sigma (S 2140) 410z . 68.01 0.060
mercaptocthanol Sigma (M 6250) 19.5mg . 78.13 0.00025
20 Trizma . |
hydrochloride Sigma (T 6666) 150mg 157.6 0.00095
DLdithiothreitol Sigma (D 5545) — — '
25
Procedure:
. ) 3, sodium formate, mercaptoethanol, and Trizama hydrochloride were

3é dissolved in deionized water (500 mL) and the solution degassed with argon for 30
minutes. The solution was adjusted to a pH of about 7.5 and NAD-(I %) added. The
coimmobilized FDH and D-LDH PAN gel were added. Argon was gently bubbled
through th?T solution to remove CO,, and the mixture was then stirred at room
femperaturc for 5 days at a pH of about 7.5+0.1 by the pH-stat. controlled addition of 1

35 MHCI (>91% conversion by HPLC). (Note: the use of excess sodium formate leads
to a shorter rcgction time, see MEEC method.) The enzyme-containing gels were

removed by centrifugation, and washed twice with 50 mI. pbrtions of degassed water.
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(60% TEI)Aldrichl46.24 MyCl2 6H20Si ena50ng203. 30. 24mmol  10Sodi um
pyr uvat eSi gma50ng110. 00. 45mol  NADHSI gna50ng709. 40. 07 o231 sbadiry 2004
f or mat eSi ME%Q% 014. 5nmmol  NADSIi gnal11ng663. 40. 17mol  FDHSI gma
(F8649) 200% - Brsi gma (L 2395) 50000 25Hepes Si gma (H $%9/0seqssp32—
- amoni um sul fateSi gma 1. 329g132. 10. 01nol

DL-dithiothreitol Sigma (D 5545)
Procedure: 30 5000 U of commercially available D-LDH in 3.2M (NRa) 234a was

centrifuged at 4 C for 10 mnutes. The resulting precipitate was di ssol ved

in 3 m of 0.3 M Hepes buffer (pH 7.5), and dialyzed agai nst 500 nL of 50
at 40 C under argon overnight with

mM deoxyge e buff.er (pH 7.5)
stirring. m"?s‘g% ’?"8%*’9%%“"&5%@@@ beyieused b3 s@rage af 4°RAN S0ALRY sagddi ng it to
a 500-m, bfaﬁ’er t ﬁ‘\gni ch was added 42 nl; of 35 0.3 M Hepes buffer (pH
7.5) cont ai é’ffﬁ‘é‘g s ariMiigiateitolyodi um pyruvate, NADH, NAD and sodi um
formate. The m xture was stirred vigorously for 1 mnute - before

DL-di t hi ot hr ei t dhe paBousilayets Were bymbined dfdTthé 1B nhs I§2dded to

t he m'xtureﬂ.] q‘lzggédgxture was then stirred for 1nmjr?a[1:g%§cgaé%r°£§ﬁ%!DH and FDH
wer e added tbg ditidneof concenti fedHCT C Uh@hlo8hct | addj L. m nut es of
stirring). The gel 40 was kept at r.oorr?ter?pg@%?ure“f'%l?%ggrxﬁefore ca.
200 i 8f SLiMcddpeth MgSO ind CitehtfardBioRilll e 2095400 G4, 14576

solidified in 250 mL hexanes/methylene chloride (2:1) and filtered. The filtrate was

_concentratcd and solidified again in S0 mL hexanes/methylene chioride (2:1). The

) white solids were combined and dried under house vacuum to yield a white solid
product, compound 1A: yield 7.2g (78%); HPLC purity >95%.
10  EXAMPLE 2A -
Preparation of 1A by enz .ati i i i
P invenﬁo;}{: ymatic reduction using the continuous membrane reactor of
15
Step A—Preparation of compound 3.
Raw material i
‘ equiv,
. H_ﬂuoro-.benzladehyde D 1.0 12\30185 fZZV] I ?4'“0“!!1
i) : yda‘ntmn 1.0 20 100.08 2 o
_1-amino-2-propano} 0.1 2 75 l'I S
Wat-er : 1 0.25L/mol of () — - T
Sodium Hydroxide (pellets) | $.0 100 40.00 o0
‘ Wat.er . 5.0 L/kg of NaOH - — 2000
Sodium chloride (granular) | 2.0 40 5 T ‘
_ HCl (conc.) {50 100 3?22 o
Methanol 3.33 L/mol of (I) — —-‘ 2622 IL:
- Procedure: |
20 i i
~ Toa50L reactor equipped with a temperature probe, reflux condenser, agitator

and cooling coils was added 2.482 kg of p-fluoro-benzladehyde, 2.002 kg hydantoin
and 150 g of 1-amino-2-propanol in water. The resulting mixture was heated and

refluxed for about 10 hours. The solution was monitored for the disapp%w of p-
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broken i a Véri ng blendor | BC ow specd for 8 N nut o aad FEhBANSEON gh

[ [ nder a . .
grgggnf 1)? gOV\grelcggdg. eThe gel particles were separated by centri fuigat Lon,_
wgshed wi tg 0PHI4516 50 mM Hepes buffer (pH 7.5), and sepalrpéﬁ%(}%ﬁig 135/ 2o
centrifugation. 5 Step 4: Preparation of |A using coi ITn’g-)bllol 5220 N b
25 Raw mat eri al Source catal o #Anount M\Wbl es conpound 31 .000g235 NAD 20 P
coi nmobilized D-LDH and FDH Signa (N 7004) 167 rrg66|3.s_40. o
formateSi gnma (S 2140) 4. 10868. 010. 060 ner capt oet hanol Si gma

[ ' 50m g157. 60. 00095
. 5ng78. 30'3000‘23 Trizma Sigma %6666)1 _ _
ﬁzg%g gl op?de r 1 g‘?}ﬁﬁi%"!f 'Eﬂﬂsfé#ﬁ?( BB byPHAEM Ml&'mo‘%g]'eﬁlqgid\’/gend .
fgrmate mer capt oet hanol , and Tri zanma hydrochl ori de were 30 diss

: - 30
i oni t @tdepsispraien framd Otppe 10 512 fira) THE GRSEANELI L FiIIAN
(rjn'elnatn:a;.edT\rll\g sol Etion \/\?as adjusted to a pH of about 7.5 and N}A%g{ 1% added.

The  coi nunobFPLEsalygisiofuhd y&%%%%gwgaq%%ﬁ%% E'Erg}lc\)/a\y\l,;lé 'ee,r:}tgﬁ,, Y

bubbl ed” through the solution to renove ,

stirred at rolHINMR showed about 4 90% conversion. It is thought that the HPLC method

' 5 . indicated an inaccurately Iow conversion due to the strong chromophore of
benzaldehyde.

A .separate sodium hydroxide in water solution was then prepared which was
heated to about 98°C, This solution was then carefully added to the yellow slurry. The
reaction mixture was tﬁen refluxed for about 3 hours, before being allowed to cool to

10 room temperature. Again the reactibn nﬁxmre was monitoring by HPLC (254 nm) for
the complete disappearance of the condensed intermediate peak. The resulting reaction
mixture was in the form of a transparent orange/yellow solution.

~ Once the reaction mixture was ¢ooled to about 20° C + 5° C, sodium chloride

was added and the reaction mixture agitated. While maintaining the coolant flow a pH

15 probe was inserted and concentrated hydrochloric acid added to adjust the pH to

s

between about 8.0-—8.5: Whilst #djusting the pH, the reaction temperature was
maintained at a temperature under about 30° C by regulating the rate of acid addition.
Aftex; about 4 hours, the resulting reaction mixture, in the form of a pale yellow slurry,
was filtered through a table top buchner funnel fitted with #1 filter paper. The wet

20 cake was then washed by-r returning it to the 50 L reactor, adding to it about 33.35L
methanol and then stirring it for 15 minutes. The solids are again filtered off using a

: _huchner funnel and the wet cake washed using the same procedure again using about

- 33.35 L methanol.
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v b

tenperature for 5 days at a pH of about 7.510.1 by the pHstar. controlled
addition of 1 35 MHC (>91% conversion by HPLC). (Note: 28Hebussy 880%xcess

sodi um forma | eads to a shorter reaction tinme, see I\/EEC nmet hod.) The
enzyme- corfeai HJ4Y&l s were renmoved by centrifugation, g, *@@b@? 3%wr ce
with 50 niL, portions of degassed water. 68 23 February 20 E 1*24576
PCT/ US00/ 23032 (Note: the enzyne-containing gels can be reused by storage
at 40 Cin 50 nL of 5 MM Tris buffer (pH 7.5, 5 mMdithiothreitol)). The
aqueous | ayers were conbi ned and the solution adjusted to a pH of 3.0 by
the sl ow additi of concentrated HCl. The product was extract with MIBE
(50 X 4 5 i), T el RIting Whshieg sdils avect themdidontin &l SebntaPrabiEbAl ﬁ@ra i de oi |
yle [

product. The oil was solidified in 250 m, hexanes/neth
in 50 nmL

oride (2:1)

and filter Hﬁder#ﬁ@ewltunaﬁoeahmsfoucdd}@@@jqémtaqqn@qg gq‘rﬂngrsglr cﬁg ?ﬁ?ﬁl@ g in S0
an rre

hexanes/ met hyl ene chloride (2:1). The V\/mte sol1ds were

under housé %Dmdmmmwbm% are\ugﬂm@& ar agg"ed%ffcgin‘iqf%%’de%@ynﬁ ?ch 7.29

(78% ; HPLC purity >95% 10 EXAMPLE 2A
react or of the present invention:

reducti on NMRWPANE 7002911 90k, U(Bﬁg
o nd E’@l@w mat eri al equi v. fluoro-benzl adeh de

15 Step A-Preparation of conpou
{nl es &. W Anmount OMod1 .

Step B—Preparatlon of com
pound 1A usin i
presént invention. g the continuous membrane reactor of the

)  [Raw material i i
S . equiv. Millimoles
;Z-hydroxy acid, 3 1.0 1350 ;?2? i4 ;;“@0; A
crcaproethanol 1.0 mM 6.75 78 i3 527. :
Ammonium formate 4.0 _ 5400 63 -06 mgg 2
W:[ter 5.0 Limot of 3 — — ) g‘;OSSL
£ AD 0.01 13.5 663.4 ‘
| Formate Dehydrogenase | 20,000 G/Liter of |— = '
- o 4,800 units
Lactic Dehydrogenase 400,000 U/Liter | — i
- of rozomn, —_ 96,000 units
conc,) —
;4'_1"135 65 Lmolof3 | — e :3,% Ij4 L
rine : 1.1 L/'mol of 3 — ) .
Magnesium sulfate ' —_ — oL
Dichloromethane 1.46 L/mol of 3 —
Hexanes 2.93 L/mol of 3 -— : ggg i

") Procedure:

Ensuring the contipuous membrane reactor (240 mL) was assembled as set
forth in the present disclosure as shown in Figure 2, parts 1 and 2. the rcactrJr was
washed with 0.02% v/v solution of peracetic acid in water until a total of 2.5 liters had

1
5 been removed from the permeate port. Then, a solution of 2.5 L of 0.2 pM filtered
wate'r.and 0.1mM mercaptoethanol (195 mg) was prepared and used to flush the
reactor.
To a 12 L round bottom flask with overhead stirrer, PH meter and a gas diffuser

was added 6.75 L of water that had beep filtered through a 0.2 uM or finer ﬁlter The
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.100.082002 I - ro ano0.12 WaterO

H dantoi nl 20124. 112482 0 ami no-2 W .0 40 083 Feberesy 20000- 4000

? .11150 Sodi um Hydr oxi deHers5 --~'"S. QL --
(.)fsrLgC]-l Sodi chl olr_|iyde {ular2 "20.0 L 0 HC1L . 2 conc.5 4015844338 0

1446 PCT/US00/23032
Met hanol . 44088 1485% 26 L

flask was then purécd with argon for at least about 30 minutes.

Compound 3 was then added to the 12 L flask and dissolved into the degassed
water therein, along with ammonium formate and mercaptoethanol. Maintaining the
argon purge, the resulting soh;tion was stirred until all the solids had dissolved. Once

5  dissolved, the pH of the solution was adjusted to about 7.0 using 1 N sodium
hydroxide. B-NAD was then added to the reaction solution, and stirred to dissolve the
solids. The pH was then adjusted to about 6.2 to yield a substrate solution.

The enzymes, Formate Dehydrogenase and Lactic Dehydrogenase, were then
dissolved using 100 mL of the substrate solution before they were added to the reactor

10 by pumping them in through the substrate feed line. The rate of pumping began at
about 1.0 mL/min. Care was taken to maintain the pH of the substrate solution at
about 6.2. The effluent (or permeate) was monitored for conversion by HPLC (254
nm). The pH of the effluent was aiso checked frequently, which also helped to
monitor the conversion (should be PH =7.3-7.4. The feed rate (the rate of pumping)

15 was adjusted as necessary to increase the conversion and/or the throughput as it was

D esded
. Once the substrate had been completely fed through reactor the resulting
permeate was worked up.by acidification to a pH of about 3.0, using concentrated
hydrochloric acid. The resy lting solution was then extraction with MTBE, divided into

20  three separate portions. The MTBE extracted solution was washed with brine, dried
-over magnesium sulfate, filtered and concentrated on roto.vapour to yield a yellow oil.

To the oil was added 810 mL dichloromethane until all the oil had dissolved.

- Slowly, 1.62 L hexanes were added to the solution, and the solution heated to reflux,
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--66.7 L 20 To a 50 L reactor equi pBed wth
a temperature probe, reflux condenser, agitator and cool23fbEdary 200As
added 2. 482 kgoqﬁl %;,EI uor o- benzl adehyde, 2.002 kg hydantoin, and 150 g of
1- am no- 2-§ropanoll I'n water. The resulting m xture was heat pcr/esw 23dsef | uxed
for about 10 hours. The solution was nonitored for the di sappearance of p
69 23 February 2004 W 01/14576 PCT/ US00/ 23032 fl uoro-benzaadehyde by both
HPLC (254 nm) and by 'H NWR (the novenent of the al dehyde proton from 10
ppmto 7.2 ppm) The reaction yielded a yellow slurry. HPLC anal ysis of,

the yel | ow ghdisd & 18P SR show only a 35% conversion, however, 'H NWR
showed about a 90% cgnver%e%"%.a"f 's thought.that the HPLC nethod 5

i ndi cated an inagc ra?te | ow conversion due to the strong chronophore of
benzal dehyde. A sé{’;lé RIPdct was then Hljered off and washediasor cake ihi 100 WRg 24hen
prepared whj ch we heated to about 98C. This solution was then carefully
added to t h&XFRFiHermsthsne solytion. r Breovished solidd weére third 8Rddr §hhdaxed f or
about 3 hours, before being allowed to cool to 10 roomtenperature. Again

t he react i offCHYR fortlreqdays atmbncempgariy $3bE 2Rk poWdef. OFhe JRJ[]&’ wgonpl ete

di sappear agacbg of the condensed internedi ate peak.” The resulting reaction

mi xt ur e Swastbbwt 1%e(pictyBlef byl HPLENS RS Saludy vel | ow tion . Once the
reaction m'dxture was cool ed to about grg %: gy%sﬁégeaftﬁfnoéﬁogﬁddd‘gr“)‘ms added
and the red&tNMR (CDsCH5. 2597004 b W @ﬂ‘f@l nt ai.ni n he_cqol ant flow a pH
15 probe was inserted and con(zgnt- rﬂgi édd yd ocﬁtl’tgr‘i“cgi&'gH&c?d]éddij’o’ adj ust
the pH to ket viaep, eanvlosBsP78 - I ].$¢ ~adjusting the pH the reaction
tenpérat ure was naﬂi”rit ai ﬁe‘g atsl?é‘t%h%)@rﬁﬁf'émﬂﬂﬁ'@?m BHHYOr e C by regul ating
the rate ofcoa@p'g(gﬁgihg' er about 4 hours, the resulting reaction
mixture, in the form 04’935‘65@2‘5%"1@%9%?%9?% Chisalprk ASed.6¢ 2Amough a tabl e
top buchnenopyppel fitted with #1 filter paper. The wet

3 33 111- Procedure:ol of (I)I

10
EXAMPLE 2B

Preparation of 1A from 3 using the continuous membrane reactor of the present

invention:
Raw n.laterial equiyv. Millimoles F.W, amount
Ketoacid salt, 3 1.0 5400 222.14
: Mercapt_octhanol 1.0 mM 27 78 1.3 21.2 kgg
o ) Ammonium formate 4.0 21600 . 3
) o 63.06 1.36 ke
ENAD . 5.0 L/mol of 3 —_ — 27L
e Do 001 54 663.4 3582 ¢
ydrogenase | 20,000 U/Liter of | — — 30,900 units
T reactor s
ctic Dehydrogenase 400,000 U/Liter | — i
Hd ( ), oot — 618,000 units
conc. —
— 36.46
M'.I‘BE 6.5 L/mol of 3 e — 3}'\5:1}]1650 e
Brine : I.i L/mol of 3 — —_— 5 )
- 1 Magnesium sulfate — AL
Dichloromethane 1.46 L/mol of 3 — — 788 L
Hexanes 2.93 L/mol of 3 — — 15 8L

15 Procedure:

Once a continuous membrane reactor of the present invention had been
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[ [ : tor, adding to it
was then washed by returning it to the 50 L reac ,
zzigo'ﬁ?kga 35 L nmethanol and then stirring it for 15 ni nu2ds$ebmsaey 8804 ds are

of f using a buchner funnel and the wet cake washed using

again filter _ _ 04
t%e sane p@osgﬁﬂygmabaln usi ng about 33.35 L nethanol. 70 28r/Aslhkuasy 20

[ lids were then dried
01/ 14576 PCT/ US00/ 23032 The resulting washed so
Fnraxmgsea at- room tenperature under house vacuum for about four gays tob
yield a white to off-white solid, conpound 3. The product was >80/6pu2e y
HPLC (254 nm with a yield of about 75% 111 NWR (D20) 3 7.02-7.19 (m 4H),

' [ t he conti nuous
4.72 (s, 2H). ,step, B-Preparation of conpound 1A using S
me_nbrgine rgbactagﬁpmg’ taﬁéhdp“ﬁﬂ"gbgﬁ'ie% R¥Ent 362, hieing areapeciiyadft 1.5¢5)L, the | | i ni ol esF

t hanol 1
-hydroxy K 1 . un 30. M 1350222 1299 149 ercaptoe
anp v. wpz h¥eactor ¥vas washed with 0.02% v/v solution of peracetic acid in 0.2 pM filtered water,

Le., water that had been filtered through a 0.2 uM or finer filter, until about 15 L of the
solution had been removed from the permeate port. The reactor was then flushed with

5 15Lof 0.2 pM filtered water. 15 L of a solution of 0.2 pM filtered water and 0.1 oM
mercaptoethanol was prepared and used to flush the reactor.

Toa22 Lround bottomed flask fitted with an overhéad stirrer, pH meter and
gas diffuser was added 9.0 L 0.2 pM filtered water. The flask was then purged with
argon for at least 30 minutes. 400 g of 3 was dissolved into the degassed water along

10 with ammor}ium formate and mercaptoethanol. Maintaining the afgon purge, the
solution was stirred until all the solids had dissolved. Once the solids had dissolved,

* the pH of the solution was adjusted to a pH of about 6.26 using 1 N HCL. Then B-
NAD was added to the solution and the solution stirred until it dissolved. The
resulting substrate solution was kept at a pH of aboﬁt 6.26.

5 The enzymes (Formate Dehydrogenase ‘and L_actic Dehydrogenase) were then
dissolved in 600 mL of the substrate solution, The substrate solution containing the
enzymes was then put into the reactor by feeding the solution through the substrate
feed line lof the reactor.

The remainder of the substrate mixture was then pumped into the reactor at a

20 rate of 7.6 mL/minute. Care was taken to maintain the pH of the substrate solution at
‘about 6.26, and to maintain a slight argon purge. The effluent was monitored for

-conversion by HPLC (254 nm). Also the pH of the effluent was checked often which -

- also helped to monitor the conversion (PH should be 7.3-7.4). Note: The feed rate may
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B 75 L
27 mf 195 Er: 5.0 LI mo of 363.06340.5 6.
013 2563 Ca b0 o060 Utiter .4.800 units reactor 4083 5ebrugnt2904r 96 000

U Liter of
0 0113.5663 4 20,000 6 36.46, MIBE5 L/ nol AR -450 mmL f3 . o

C. . )
units of reaﬁ,to Yinadrs? (€on © PCT/US00/23032

be adjusted as necessary to vary the conversion or throughput rate as desired. The
conversion was found to be 90—95% by HPLC. |
One the initial solution containing 400 g of 3 had been fed into the reactor,
another substrate solutio, containing 400 g of 3, prepared in the same manner as
| 5 described above was prepared and pumped into the reactor. This was repeated until a
total of 1.2 kg of 3 had been used. In the overall 1.2 kg run, no further enzymes were

used by the reactor, and the conversion of 3 to 1A was found to be greater than 90% by

HPLC,

EXAMPLE 3
10

Preparation of 2: (See scheme 1 for the structures of 1A and 2A)

0]
OCH,
OH
2

I5  Raw material Source Amount MW Moles

1A ' 1443-111 144g 1842 0.781

) methanol Fisher 950 mL - -

20

4M HCl/Dioxane Aldrich 18 mL - -

hexanes Fisher 300 mL - -

25 Procedure:
| 144 g of compound 1A was stirred in 950 mL methanol and 18 mL 4 M
HCl/dioxane at ambient temperature for 20 hours. The completxou of the reaction was
conﬁrmed by HPLC. Once complete, the solvents were stripped off under vacuum.
30 The concentrated product (oily at this stage) was agitated vigorously with an overhead

stirrer, while 300 mL of hexanes was added slowly. Agitation was maintained for 30
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Brinel 878 L1 L/m | f 3. WM esiumsulfateo 1.49 L o D chl oronet hane
1.46 L/ mol of 32 He00 L 10xanes2.93 1Jnol of 3. 3.96 L PEdEEBEE 2084%suring

t he conti nuoys nenbrane reactor (240 nilL) was assenbled as set forth in the

present digcl'0SM¥5%s shown in Figure 2, parts 1 and 2, thep ﬁﬁﬂ’ %0 s
washed with 0.02% v/v solution of peracetic acid in water until a Btal of
Then, a solution of

2.5 liters had 15 been renoved fromthe perneate port.
2.5 L of 0.2 iMfiltered water and 0. 1mM nercapt oet hanol (195 ng) was

prepared and used to flush tthe reactor. To a 12 L round bottomflask with
and a gas diffuser was added 6.75 L of water

overhead stirrer t{}gltmeter g
that had been PP¥f%, Mﬂﬁaéhwéampzfdwmﬁﬁatftﬁﬁa&ﬁgiiIt 8¢ cooldo 1d° @3ng

February _2004ﬁj z WO 01/14576
tered to yield a solid product. Further, the filtrate upon concentration also yielded 4-

| 5 gof clean product also, Upon confirming by HPLC that the concentrated filtrate
was indeed the clean preduct, both solid§ were combined and dried under vacuum at
5  room temperature _(notc: altcmétiycly MTBE/aq. saturated bicarbonate wash can be
employed to remove acidic impurities carried over from 1A). Yieid of compound 2,

141 & (55%); Chiral HPLC purity >97% ee. 'HNMR (CDCl) 5 7.25-7.00 (m 4H),

)
4.50 (AB quartet, J= 8 Hz, J =4 Hz, 1H), 3.82 (s, 3H), 3.15 (dd, J = 13 Hz,/J=4 Hz,
1H),2.95(dd, J= 14 Hz, J= 7 Hz, 1H), 2.85 (br.s, 1H). (Note: enzymatic methods
10 lead to compound 2A with >99.9% ee). |
EXAMPLE 4
Preparati@ of 1C: (See scheme S for the structures of 2A and 1C.)
15  Raw material __Source Amount _ MW Moles
2A - 200g 198.2 | 101
20 MTBE Fisher 4L - -
) 99.99% Triflic anhydride Aldrich 484g 202.1 L7 -
2,6 Lutidine Aldrich 184g 107.1 L.71
25 1 M Citric acid Stack 2x1L -
Satd. Sodium bicarbonate stock 2xIL - ]
o Anhyd. Magnesium sulfate— 150g - -
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PCT/ US00/ 23032 fl ask was then purged with argon for at |east about 30 _
m nutes. Conpound 3 was then added to the 12 L flask andZ2diFebsiaied0o®shto t he

degassed r therein, along with amoni um formate and mer capt oet hanol .
Mai nt ai ni rRy ??em”%?"@on purge, the resulting solution was SetiiSshmei! all
the solids had dissolved. Once 5 dissolved, the pH of the solution was

adj usted to about 7A using | N sodium hydroxi de. |j3-NAD was then added to
the reaction solution, and stirred to dissolve the solids. The pH was then
adjusted to about 6.2 to yield a substrate solution. The enzynes, Fornate

Dehy'drogenasePand!Lapti ¢ Dehydrogenase, were then dissolved using 100 niL
of the substra “WFuti on before they were added to the reactor 10 by

punpi ng themin through the substrate feed line. The rate of punping began
at about 1.0 nl/ ni4P02 cheamperad 2&|mndtssmmimmaimbanwnmfogémﬁld%gé rate
solution at about 6.2. The effluent (or pernmeate) was nonitore or :

conver si on by HHE.( PetrifliorgnhydHde wakladdedtvieartdafiliag @&m%ef{iisﬁ%{ﬂ%%%c ked

frequently, which also helped to nonitor the conversion be pH =

7.3-7.4. The follmeediatibe {(oRadaifb oS 6-MtRING anld f,?nglg sted as necessary
to increase the conversion and/or the thrcoughputdﬂgg I ﬁ‘iﬁcmﬂ ded. Once

Lhe substral dnibasl brpaaSRAALS ied CNTRIER.EACI 8L, LRS fsul i ng
per neat e was wor ked gp by aci dlﬁt:‘i céf?o% Jtrrgéja h{qe&as Bﬁtfmg.fer,"rl?&oﬂbaf

concent r at ed 0° OWERE NP ki afer A5 Sresul ti sol uti on was then extraction
wi th MIBE, divided into fortqﬁ%%jedeggv l?ﬁ?‘@mﬁo 5 0D s styRedHowat r act ed

sol ution was ;¥B8&HeE 1 3 ri dried . over magnesiumsulfate, filtered and
con;c{e)ntr'at ed on rot (1)%,/\481.%%[#' Fg%??éf%f"‘écJﬁ%ﬂﬂ“{%ﬂ@pp@pﬂfﬁ'ﬁdﬂnﬂya@ieﬂm added 810
mL di-chl ororra,titgeip_etl tcj l. aI.A thﬁ oi I, had dissolved. Slowy, 1.62 L hexanes
were added to the ‘sof ot andshenwicesyith 1oseturatad suflivnp bicebbhite solitica3

February lgooﬁwmﬂ(l)l/d]ﬁﬁém PCT/ US00/ 23032 cool ed to 10 C whil st being
agi t at ed. as then over anhydrous magnesium sulfate, filtered over celite, and stripped

to an oil under vacuum to yield compound 1C. Yield of 1C, 340g (95%); '"H NMR
(CDCl3) should indicate that the compound is greater than 95% pure. (Note: If the
conversion is not complete, repeat the above steps depending on the extent of
conversion.) After this rework operation had been carried out the isolated product

15 conformed to >95% ('H NMR) purity. This triflate, cémpound 1C, shonld be stored

, cold to prevent decomposition,
) EXAMPLE 5
Procedure for the Prcparatiop of 14: (See scheme 6 for the structures of the compounds

20 ‘referred to in cxaniples 5-9).
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. VCE)

[ ‘ cake with 1.2 L of a
' ct was then filtered off and washed as a s B
5. 2o Ihd g.:]gguglt chl or omet hane sol ution. The washed solids %@l ‘B%ﬁm%![:d
o ho ' um for three days at roomtenperature to yie a

un\(,j\grer ho'llj'shg V?égq(ié"%s 5 about 70% (purity 91% by HPLC) w tgggmgﬁd;%% [ Vl4t 35/0
819the'reactor of 280 gl(d x L). "HNW (CD3Cl) 6 7.25|—7H) (2m95 (dd1 5
(AB quartet, J= 4, 8 Hz, 1H), 3.15 (dd, J = 4, 14 Hz, , 2. :

8, 14 Hz, 1H). The enantioneric purity of the corresponding nethyl ester

¢ Chi 4.6.x 250 nm 10.0 nn). 10
D AVPLE B prgns 0o 90t (TN v pgkugiang t he continuous Menbrane reactor

EXAMPLE 2B Prgparatipn of 1A fro menat Ketmaaci d sal t
ET V\'; gﬁoﬁﬂfsgnz,baaae 1411 0 154002 . Mer %&gt oet hanéjsll 1.0 HM0.2757)Z8 g 132 1 .
| 5  Carbonyldiimidazole (CDI) Aldrich 135g 162 0.836
Anhydrous THF Fisher 33L - - -
1M Lithium bistrimethylsilylamide
10 in THF (LHMDS in THF) Aldrich 2.78L 1M soln. | 278
t-Butyl acetate Aldrich 355g 116 3.06
‘ 1M HCI ‘ Stock 10L - -
e MTBE Fisher 8L - -
) Sat. Sodium bicarbonate Stock aL - -
20  Brine Stock 2L - -
Anydrous Magnesium
Sulfate Fisher 3004 - -
25  Procedure:
200g Z-L-Valine was stirred with CDI in 3.3L THF under a nitrogen stream for
about 1 hour at room temperature. After an hour, the imidazolide formation should be
complete. In a 12L reactor, the reaction mixture was charged with 2.78L 1M lithium
30 bistrimethylsilylamide solution in mundcr nitrogen, then cooled to -70° C. t-Butyl
" ) . acetate (410g) was then added slowly over a period of about 1 hour keeping the

temperature below -60° C. The reaction mixture was then stirred for 30 minutes at —
60° to -70° _C. The anhydride prepared in the step above was taken in an addition
funnel and sldwly added to the enolate, under nitrogen Qith good stirring, keeping the
35  internal temperature at or below -60° C. Once the addition was complcte, the reaction
mixture was stirred at -60° C for I hour. It was then charged with 4.0L iM HCL,
slowly, with rigorous stirring, keeping the internal temperature below -50° C. Higher

temperatures during quenching causes racemization. 200 mL concentrated 12M HC]
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' | of 3 V AD 27
i 4.0 2160006 L631 36 k Water.. g 5.0 IJnol
fngonbu.m ;grrlmgi 663.482 F . grn'ate Dehydr ogenase 20, 000 28/Rsbruary 0@ 30 900
units r eactonolo_&ﬁts;Gc Dehydro , enase 400 g
%

PCT/US00/23032

was added to adjust the pH to between 6-7.5. A lot of solid feﬂ out of solution —
mostly imidazole and trapped organic impurities and amine salts. These solids were
filtered off over celite. Because warmer temperatures tend to dissolve impuritiés, the
ﬁ]tration was carried ow cold and rapidly over celite. The solids were washed with 4L
5 MTBE. The filtrate was diluted with 2L MTBE and 1M HCl (2L) and agitated for 15
| minutes. The pH was checked to ensure it was ;bout between 1-2. The organic layer
was then separated and checked by chiral HPLC (should be 98%). The organic layer
was washed with IM HCI (2 X 2L), agitated for 15 minutes and the layers separated.
The organics were again washed with 2 X 2L satmﬁtcd sodium bicarbonate solution,
10 agitated for 15 minutes, and the layers separated. The organic layer was washed with
2L brine, the phases separateél, and the organic layer dried over anhydrous magnesium
sulfate. The dried organic layer was filtered and stripped under vacuum to remove
solvents and unreacted t-butyl acetate, m:;intaining a high-vacuum (pump) for at least
20 hours to ensure the removal of t-butyl acetate and siloxanes. A small sample was

15 analyzed using '"H NMR (CDCI3), TLC (1:1 hexanes/ethyl acetate) and HPLC.

D Product purity should be close to 90%. If not, this compound can be chror'natographed
olvcr silica using 20% ethyl acetate/hexanes. In most cases, the compound should be
use-tested first in the next step (set forth in Example 6 below) with a 10g run, before
scale-up. Note: If the 'H' NMR still contains imidazole peaks (at 7.00 (s) and 7.62 (s)

20 ppm), rework with 2L MTBE and wash twice with S00mL 1N HCJ, twice with 500mlL.
saturated NaHCO;, once with 500 mL brine and dry over MgSOy. Yield of 14, 220¢
(79%). ¥ chemically pure ﬁna;l product is sought, it is recommended that one should

- Dot proceed to the next step unless chiral purity of compound 14 exceeds 95%.
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S e

o i i ~ 46A. R. 1650 nl. MIBE
Liter 618,000 units of reactor HC (cone . 36.
é?gg;]rrunl | of 335.1 L Brine 1. | L/mol of 3 5.94 L Magnes?Z8freBianados

15.8 L

i L. Urol of 37 88 L Hexanes L 93 L/nol of 3. _ _

??F]’lr gtr:ggﬁég%l{:lé% conti nuous nenbrane reactor of the praggnlsedsyenti on

had been 73 23 February 2004 0 WO 01/14576 PCT/ US00/ 2??3% gzzerl_rbl fﬂeas
in figure 2, parts | and 2, having a capacity of . 545 L,

fgg\(lz\?olr vvasgvvashed \\5)vith 0.02%v/v solution of peracetic acid in 0.2 pM

filtered water, i.e., water that had been filtered through a 0.2 yM or

[ [ [ i on had been renoved fromthe
finer filter, until about 15 L of the soluti B o o s oM e

ith
rmeat e ortFx'E[mP tor was then flushed with :
a/gtér._15pLo aso@ﬁ:on of 0.2 Mfiltered water and 0. | niv

Preparation of 15
5
Raw material Source Amon-t MW Moales
14 : - 257¢g 351 0.732
10 Anhydrous THF " Fisher 4.5L - -
60% Sodium hydride :
in mineral oil Aldrich 29.2g 24 0.732
15 1cem) —_— 350g 3303 0.952
Hod 1 MHCI Stock 1L - -
MTBE Fisher 6L - -
20
Brine stock 1.6L - -
Trifluoroacetic acid (TFA)Aldrich 210mL - -
25 Satd. Sodium bicarbonate Stock 4L - -~
Anhyd. Magnesium sulfateFisher 150g - -
Methylene Chloride Fisher T 500 mL - -
30
Procedure:
Sodium hydride was slurried in 2.5 THEF under argon and cooled to -5° C. 14
) (257g) was dissolved in IL THF and added vig an addition funnel to sodium hydride

35  over 15 minutes. The solution .was stirred for 30 minutes keeping the internal
temperature at between 0° C and 3° C, Compound 1C (340g) was dissolved in 1L of
'I‘I-IF and addcq via an addition funne] to the solution, keeping the internal temperature
between 0° and 5° C to form a reaction mixture, The reaction mixture about was then
slowly warmed to an ambient temperature over 2 hours and held at room temperature

-40 for about 20 kours. 1L 1M HCl and 3L MTBE were added and the reactiog mixture

agitated for 15 minutes. The organic layer was separated, washed twice with 800 mL
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mer capt oet hanol was prepared and used to flush the reactor. To a 22 L round
bottoned flask fitted with an overhead stirrer, pH neter 2ahgbTygRs2@R4 f user
was added 9. Qudofs&PM filtered water. The flask was then purged with

argon for &t least 30 mnutes. 400 g of 3 was dissol ved i ntreTtRey/gegassed
wat er - al ong 10 with ammoni um format e and mner capt oet hanol . Mai ntai ning the
argon purge, the solution was stirred until all the solids had dissol ved.
Once the solids had dissolved, the pH of the solution was adjusted to a pH
of about 6.26 using 1 N HCl. Then 13- NAD was added to the solution and the

sol ution stirbAkk anatdrikd b Q'W@p ed. The resulting substrate solution was
kept at a pH of about 6.26. AI%&“%H%?'%‘%r%@@Wcmmehand

Lactic Dehydrggg Jere then dissolved in 600 nL of the substrate
sol ution. The subrb?%reéae{léwaggfwmo@@ﬁﬁﬁ%dﬂgmcm yiekiingi520 g\l snidriRBiaUt 1 Nt O
t he reactor b%p.feedi ng the solution through the substrate feed |ine of the

reactor. The Fentr Mt Y6¥e tahen dirstly pmtcsthertiocaiboryli@s sidpQ: BHABAGwI Nt O t he
reactor at a 20 rate of 7.6 niL/minute. Care was taken to maintain the pH

of the substrate SoFdtemwdiate spimers %r%soﬁwmtmmakﬁﬁﬁ@%% argon

purge. The effluent was nonitored for conversion by nm. Al so

the pH of %t heVhigh 21gml mihmrabaideil qfi ' . hel.ped.tq nonitor the
conversi on (pH should be 7.3-7.4). (qut Z?’ag\l'%.lﬁe‘ﬁ?gcéfg}eﬁ%%ng Sh&?/cpf?ﬁ%?%"qgébr uary

2004 10 %V\oﬁemmmm%buaﬂa@@%ﬁ?ﬁ%m?ggéxﬁg%%gpecgssar351 'n\E & @%%Hot Bg

conversion or throughput rate as desire

90- 95% by HPEtyl emtefitRarcs Withakis Shibian SANtai ning 400 g of 3 had been fed
into jhe reactor, another substr at ehl‘é%iﬁﬁtsiu@ﬂeja&???fbgﬁ’ﬁwfﬂ@@g$esﬂ- Qne

prepared in m@rgmﬁ&g&%n rib bove was prepared and punped
into the reactor. This was r%%é%%gog&pt?ﬁf"ﬁis&mt%t"ﬁ'ﬁ observed. 2 Theysobfen® had been

used. In the n. n urther enzynes were
w@fé%ﬁ?dplad aﬁ' %néfeg v&éﬂum an% J]C concentrated o}g dissolved in 2. MTBE. The

10 oil was then washed with saturated sodium bicarbonate solution (4x1L). Stir a

minimum of 15 minutes per wash, (Note: For effective removal of TFA, pour MTBE
extract into a rapidly stirring agueous bicarbonate solution.) The organics were then‘
washed with 500 mL of brine, dried over anhydrous magnesium sulfate, filtered over
celite and stripped under \.facuum. Yield of crude 15 was 492g. The crude '"H NMR

:_:_..) | 15 spectrum run in CDCl; indjcated 2 purity level of about 60%.

Crude 15 (492g) was preabsorbed on silica gel (1kilo). A column was charged
using a 9:1 loading (4 kilos, preferably 15:1) and eluted with 10% EtOAC/Hexanes ¢4
column volumes), 15% (2 column volumes), 20% (2 column volumes). The

compound elutes afier 5-6 column volu_mcs.r ~140g pure 15 was isolated containing a

20 ketone by-product that co-elutes with the desired 15. The final UV purity was found to

be ~88% with the remaining 12% being the ketone irr-tpurity. Note: This ketone

Impurity was not removed until after the enzymatic ester hydrolysis set forth in

Example 9 below. Yield of 15 was 45%.
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used by the reactor, and the conversion of 3 to IA was found to be greater
than 90% by HPLC. EXAMPLE 3 Preparation of 2: (See scherd8 Februsy 2
structures O&’(ﬁ@’ (imd 2A) 15Raw mat eri al Sour ceAnount MAWDI es

| A1443- 118 4XF1BA4#8. 781 )h 20met Fisher950 mi- anol 4M  pCTAIS00/23032

HCl / Di oxaneAl dri chl18 nL hexanesFi sher300 nL_ 25Procedure: 144 g of conpound
1A was stirred in 950 nL nethanol and 18 niL 4 M "HCl/di oxane at anbi ent
tenperature for 20 hours. The conpletion of the reaction was confirmed by
HPLC. Once conplete, the solvents were stripped off under vacuum 30 The
concentrat ed m%@(ﬁ(.}oi ly at this stage) was agitated vigorously with an
overhead stirrer, il e 300 nL of hexanes was added slowy. Agitation was
mai nt ai ned fogﬁgo 75 23 February 2004 it, W 01/14576 PCT/ US00/ 23032

m nut es. Conp gravon ofds: o powdery solid at this stage. It was cooled to 10
Cand filtered to yield a solid product. Further, the filtrate upon
concent r at1 on®gy-Mateiale| god Sour g of Ahewnn prodoet al so.mbleon confirning by
HPLC t hat the,concentrated filtrate was indeed the clean prt;duct, both
solids were combined and dri€d under ¥2&uum at 4%¥-4 oom t ehjsér at ure (note:

al ternativel yyiRR//g0. sat uggled bi calrjlr?donate wash can be enployed to
remove acicdic inmpurities carried over Trom 1A)” Yield of"conpound 2, 141 g.

(95%; ChiralHSPi@npUrity >Bdd ee. 'HNVR (CDOR) S 7.25,4,00 (rn 4H),

10% Pd/C (10 wt%) Aldrich I8g 10 wt.% -
: ) 15 16 ; ) — 143g 393.15 -
Procedure;

Crude 15 (183g) was dissolved in 1.3L THF in a 2L hydrogenator fiask

20  followed by the addition of cohcentrated sulfuric acid (1.0 eq., 0.364 mol, 20mi.,) 37g
by weight. The solution was then purged with argon (sub-surface for 15 minutes. )
10% by weight of palladium catalyst (18g) was charged to the reactor maintaining the
argon purge. The flask was then charged with hydrogen, evacunated three times, then
stirred under pressure (40 psi) for S-iO hours, until reaction was complete by HPLC,

-y 25  The reaction was monitored by TLC (50% THF/hexanes, with ceric sulfate,

phosphomolybdic acid stain) and HPLC (gluco method). The catalyst was then filtered
off through a pad of celite and the solvents stripped under vacuum on a rotary

evaporator. Yield of crude 16 was 170g (120%) as a yeliow oil.

82



s ot em ot e

4.50 (AB quartet, J =8 Hz, J =4 H, 1 H), 3.82 (s, 3H), 5 (d = 13
Hz, J =4 Hz, 1H), 2.95 (dd, J = 14 Hz, J = 7 Hz, 1H), £3§=5ejb(xﬂérygp0%|_|)_
(Note: enzymatic nmethods 10 |lead to conpound 2A with >99. 9% ee). EXAMPLE 4
Preparati oy 8f08A45I6See scheme 5 for the structures of 2A %iﬁ’js&%’ 5Raw
mat er i al Sour ceAnount MAWbl es 2A "-"200g198. 21. 01 20MIBEFi sher4L-- 2999%
Triflic anhydrideAl drich484g202.11.71 2,6 LutidineAl drichl184g107.11.71 251
MCitric acidStock2x | L Saud. Sodi um bi carbonat est ock2xl L Anhyd. Magnesi um
sul fate-10g- 30 76 WD 01/ 14576 23 February 2004 PCT/ US00/ 23032 Procedure:
200g of corrpow was di ssolved in 4L MIBE under nitrogen and cooled to
-10 C. The tr Eﬁﬁydri de was added via an addition funnel over 15
mnutes, 5 followed by the slow addition of 2,6-lutidine via an addition

f unnel wher ei Rreperatior oft}dr nal tenperature was kept below 3 C. The mixture
r one hour at O C before 1.9L water was added while

was then stirred fo

sti-rring. h stirresekor an s additi Onﬂﬂw15 m n qs. The top
organi c |l ayer_was then separated and washed tw ce Scitric acid
and then twi c¥ with 1L saturat ed-sodi um birmgchaenat esagl ut | ONn.g3kp It was

t hen dried ov&gﬂaﬁ@égr ous magnesium sulfate, filtered over-celite, and
stripped 1go an o nder vacuumi$g yi el d28enpound 4C. Yiel d-.of 1C, 3409

0y - -
(95% ; ' H NVIDIPEA (2.1eq.) d=0.742 Aldrich 133 mL 129.3 0.764
| S-methyl-3-carboxy acid . Maybridge 58g 145.6 0.400
-J 15 chloride isoxazole 3 ( l.leq.) Chem. Co.
IN HCI Stock 0.8L - -
20 Satd. Sodium bicarhonate - Stock 0.8L -
Anhydrous. Sodium sulfate Fisher - 100g -
17 :
—_ 164 g 402.18 -
25  Procedure:

In a 5L rouad bottom flask, the crude 16 (170g) was dissolved -in methylene
chloride (2.9L) and cooled to 0° C (intemal temperature) with an ice/salt bath while
) under 2 blanket of argoﬁ. The yeliow solution was charged with isoxazole acid
) 30  chloride (58g) as a liquid (thawed at 35° C in a warm water bath). Due to stability
concerns, it is advisable to store the acid chloride cold. Slowly, the diisopropylethyl
amine (0.13L) was added via an addition funnel over 10 minutes. The reaction
mixture was then allowed to slowly warm to room temperature while monitoring the
reaction by TLC and finally by HPLC (generally complete within 1 hour). The
35  reaction was quenched with 1M HCI (400 mL), the aqueous layer removed and the
drganics m_:xtracted with IM HCI (400mL). The aqueous layer was removed and the

organics reextracted witb saturated bicarbonate (2 X 400mL). The organics were dried
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(CDC13) should indicate that the conmpound is greater than 95% pure. (Note:
If the conversion is not conplete, repeat the above steps FEOPEMRARE on t he
extent of cogye‘ﬁion.) After this rework operation had been carried out the
i sol ated p&o ,& VM58 conformed to >95% (' H NWVR) purity. ThipgTiushdeiL,

cold to prevent deconposition. EXAVPLE 5

conpound 1C, should be stored
Procedure for the Preparation of 14: (See schene 6 for the structures of

the conpounds 20 referred to in exanples 5-9.). 77 23 February 2004 W
01/ 14576 NPCT/ ETS00/ 23032 Raw naterial Source Ambunt MN Ml es
Z- L-Val i neCal hi oc{ggmzo 8?325&} 798@;‘& bonyl di i m dazol e
(CDI ) Al dri ch1 984183y 85508} Blieredaadmioneratrated unde Vaduuti tb lyield 64
bi strimethylsilylam de 2.78L1 Msoln.2.78 in THE (LHVDS in THF) Aldrich
t-Butyl acet at!dAfelps componnd 168 aBudebieNbwiGilSt ock10L MTBEFi sher 8L Sat. Sodi um
bi car bonat eSt ock4L_ 20Bri neSt ock2L Anydr ous Magnesi um

EXAMPLE 9

5  Preparation of 12:

Raw Material Source Amount _ MW Moles
0 17 ) —_— 164g (crude) 4022 0.364
i THF Fisher 115ml, - -
», ~ KH;PO, Buffer Stock 2L 0.1IM -
I5 7 KH,FO, (>99.5%) Fluka 163g 136.1 1.2
NaOH (10N) Stock ~40mL 40 -
PPL-Type II (crude)
20  0.75gg Aldrich 123g crude - -
HCI (cone.) Fisher ~80mL - -
»s 12 — 142¢ 3902 -
Procedure:

| To make 12L of a buffer, 163g of potassium dihydrogen phosbhate was added
to 121 de-ionized water (pH = 4-5), and the PH adjusted to between about 7.0-7.2 with
30  10M NaOH (~40mL) at a temperature of 37-40° C. 17 (164g) was dissolved in THF
(115mL) and added to the buffer solution at 37-40°C. The solution may appear
‘biphasic at the onset of the reaction. The PPL enzyme ( 123g) was added to the
reaction mixture and stirred at 37-40° C before being quenched with 12M HCI to a pH
of between about 1-1.5. The resulting mixture was stirred for 20 minutes while
35 .cooling to room temperature. Both the enzyme and the product were caused to crash
| out into the aqueous phase. The reaction mixture was filtered over a pad of celite

collecting the product and enzymes. The pad was dried. The receiver flask was
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Fi sher300g Sul fate Procedure: 200g Z-L-Valine was stirred with CDI in 3.3L
THE under a nitrogen streamfor about 1 hour at room tengdif&basy 2004 er an
hour, the ir@'lgizol ide formation should be conplete. In a 12L reactor, the
reacti on rgx YI%%& char ged with 2.78L 1M Iithium 30 PCT/US00/23032

bi strinmethylsilylamde solution in TEIl~ under nitrogen, then cooled to -70
C. t -Butyl  acetate (410g) was then added slowy over a period of about 1
hour keeping the tenperature below -60 C. The reaction m xture was then
stirred for 30 mnutes at - 60 to -70 C. The anhydride prepared in the step

above was ta in an addition funnel and slowly added to the enol ate,
under nit rogégnﬂﬁ?eal*l@@cfg“glop?'@ﬁ&“%@ﬁfgmMtaﬁdisrmgmmhcd\eimerat ure at
or. below -60 C. Once the addition was conplete, the reaction m xture was

stirred at - 6BPtRYlens,chipnde(3X 750mia sThelvegantch viegrdmibiried (bmicke bideiGhareS! OW Y,
50 C

with rigorous stirring, keeping the internal tenperature bel ow - C

Hi gher t enpdW&Kigction Hprésery ima BighjuagigRUEESover GaM Rkl Hfkate?
concentrated 12M HCl 78 23 February 20%4 V\O%l/ 14@76 PCT’TEEZO%??%% was

added to ad] gencettratedalideovab@iiRECIR a twinte sblid. the%hit%(glyﬂikfwfaseglljieﬁgj%gfzﬁp; e salts

solution - nostly imdazole and trapped organic inpuritres—a
Cend to di ssolve | mptri vy ee: SPRdtefartiel B coliR Was kel vgh SR Signd
vas il uted wih ar T aod AR R h e o Tha apdassy pradvet cs. The
Phen Separ at o oo aRd o 20 YBSs AREH et 3 B ealbmn it -00gL oThesda gani ¢
| yers separ Teagineht rdoition be et i wars mitedof th campeliior it o
Separat od. - e 2pgoit 820 Bredts Weheteruen were sddea. S
‘ 10 Yield of crude 12 was 150g. The combined yield over three steps after
chromatography was between about 65-70%, 94g (71%).
EXAMPLE 9A ‘

Purification of 12
15

12 was purified via an aqueous sodium bicabonate extraction and subsequent
precipitation by acidification. The compound was partially dissolved in 60 volumes of
saturated sodium bicarbonate apd extracted with 10 volumes of methyl test-butyl ether,
The resulting organiq layer was extracted twice with 10 volumes of saturated sodium

20  bicarbonate solution, Thé aqueous bical_-bbnate extracts were then combined and
acidified to a pH of about 1. The resulting offgassing of carbon dioxide maintained the
so!uﬁon at a temperature of above about 20°C. The product, AG7172, precipitated out
of the solution upon the acidification. The 12 was then filtered off, washed with 4

volumes of water, and dried in vacuuo at 50°C with a nitrogen purge.
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2L brine, the phases separated; and the organic |ayer dried over. anhydrous -
magnesi um sul fate. The dried organic | ayer was filteredzﬁr‘:&b!;‘ﬁﬁ’ﬁ%@% under

vacuum to regpve. é},l vents and unreacted t-butyl acetate, maintaining a
hi gh- vacuu# %rrp? for at least 20. hours to ensure the I gy t - but yl
TR

acetate and siloxanes. A small sanple was 15 anal yzed using 1H

(CDCI 3), TLC (1:1 hexanes/ethyl acetate) and HPLC. Product purity should be
close to 90% If not, this conpound can be chromatographed over silica

usi ng 20% et hyl acet at e/ hexanes. In nost cases, the compound shoul d be

use-tested fimﬁ;% next step (set forth in Exanple 6 below) wth a | Qg
run, before scale-up. Note: If the 1H NVR still contains im dazol e peaks
(at 7.00 (s) 7.6@&;) Zgrﬁgpn), rework with 2L MIBE and wash twice with
500nL IN HO, twes PEBfAtIoN of sompaunsih: NABICORemo M ¢er thid §thuchR dFlpdr i Ne

and dry over SHA. Yield of 14, 220 (79% . If chemcally pure final

product is sofyHeundsiefened lodnErampledia&at) one should not proceed to the
next step unless chiral purity of compound 14 exceeds 95% 79 23 February

2004 0 Préparkropelerest 15 PCT/ US00/ 23032 5Raw nat eri al Sour ceAnon , t MAKDI es
14 2579g3510. 732 10Anhydrous THE ' Fisher4.5L 60% Sodi um hydride in m neral

oi | Al dri ch29. 29243807 ROS) 6F doBPMIRPROFI0 01T el PothdS thbore

20MIBEFi sher 6L--- Brinestockl. 6L
' 22.26g (220mmol) triethylamine was slowly added, keeping the temperature below 30°

_-»\) ] 37.6g (220mmol) benzyl bromide was then added to form a reaction mixture which

10 was stirred for about 65 hours at which time HPLC showed completion. 200 mL of
MTBE was added to the reaction mixture followed by minutes of stirring before the
mixture was filtered throu gh a short pad of silica gel to remove most of the precipitated
triethylamine salt. The silica gel was then washed with MTBE (200 mL) and the
filtrates combined. The filtrates were then washed with IM HCI (200 mL), saturated

15 sod_ium bicarbonate (100 mL X 2) and brine (200 mL). They were then dried with
magnesium sulfate, filter through a short pad of silica gel and concentrated to yield the

compound 6 (yields 71-75%: 35.5-37.5g; having a HPLC purity of between 90->95 %)

IR
he '
A

The compound 6 may then be recrystalized in hexanes / methylene chloride (8:1) to
yield a crystalline product,

20 EXAMPLE 11
Preparation of compound 7 from compound 6.

Procedure;

1.37g (5 mmol) of compound 6 was dissolved in 40 mL methylene chloride and
cooled to -10° C. 0.93 mL Tf20 (5.25 mmol) was then added to the solution followed

25 by the slow addition of 0.64 mi_ (5.25 mmol) 2,6-lutidine. Because the reaction was
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Trifluoroacetic acid (TFA) Al drich210 nlL, 25Satd. Sodi um bi carbonat est ock4L
Anhyd. Magnesi um sul f at eFi sher 150g Met hyl-ene Chl ori deFi R&ebB@ay 30430
Procedure: SQ,gi gf’r{f?é/dri de was slurried in 2.5L THE under argon and cool ed
to -5 C b was dissolved in IL THE and added vi a aor/@agsizéen
funnel to sodium hydride 35 over 15 m nutes. The solution was stirred for
30 m nutes keeping the internal tenperature at between 0 C and 3 C
Conpound |-C (340g) was dissolved in 1L of THE and added via an addition
funnel to the solution, keeping the internal tenperature between 0 and 5 C

to formare | ] Xt The reaction m xture about was then slowy
war ned to ana(gﬁn%lgg% ﬁ%gpﬂpﬁfag”%%‘? maingned pnder+8hEluging i codlimptiagnper at ur e
40 for about éé) hours. . 1L IM HQ and 3L MIBE were added and the reaction
mxture agi tAFEEFRYAL fem thefooling batihandstigriog the teagtion mixaure fpabai: ¢ houpas hed
twice with Bgﬁ n. 80 23 February 2004 t.WD 01/ 14576 PCT/ US00/ 23032 bri ne

and dried ov@O¥HRJREBixure e, tharewulting ntixtuidheasion@shu@icd 3Rl Khaker Was
then -filter over celite and stripped to dryness under vacuumyielding 510
g of intermedpauE. Bsiresultingwhide bil wes eheh alseslveli inekinks PI00%D ) A8 stirred

decar boxyl ation step set forth below The internedi ate apiners were

di ssol vedsi no8@Giryrice meproytpi€iteot Alpdiki s8Bd taQuipdili| 2 trifluoroacetic
acid (TFA) was added before bei ngﬂg(ti r(rl'eadufor Eggthvfbgﬁegéf’ﬂﬁmﬁb"&?s at’

ambi ent t enpéilteed teoughhehingsiel b4 sficha SO Jbi.01 nal yzed by TLC (20% et hyl
acet at e/ hexanes with ceric ?émnilur%%glu# gﬁﬁgf\é\gﬁﬁ‘g?ﬁaﬁﬁﬁliﬁgfﬂﬁ?%ﬁﬂagent).
One ..1mgj ' t d 15 (Rf, 0.3 b d. Th
Cne T or - Sptipdeal 1 TREGHIdVasioB (45 OTRRHTL: Kbt n0p) v RS VE0 The

EXAMPLE 12

Procedure for the pmparaﬁon of compound 18 from Z-Valjge. (See scheme 8
106 for the structures of t.he compounds referred to in Examples 12- 15).
Procedure: |
50.26g (200 mmol) Z-valine followed by 35.0g (210 mmol) 1,1°-
carbonyldiimidazole were dissolved in THE (200 mL) at room temperature. The
resulting mixture was stirred for 1 hour at room temperature to yield an acyl imidazole
15 intenne@iate in solution. (Note: the reaction releases carbon dioxide.) In a separate
contained, LIHMDS (IM in THF, 642 mL) was added to THF (800 mL) at -78°
followgd by siow addition of o-benzyl acetate (30g, 200mmol). Because the reaction is
exothermic the tempcrature kept at under -70° C. Tlﬁs mixture was stirred for 30
minutes before the acyl imidazole solution was added to the mixture slowly and at a
20 temperature under -68° C. This reaction is also very exothermic, tﬁﬂs, the tcmperafure
was maintained under -68° C, The resulting reaction mixture was stirred for 55
:mnutcs then remove from the dry ice bath. 1M HCI (500 mL) was slowly added 1o

" the reaction mixmre keeping the temperature under 25° C. The organic layers were
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were stripped off under vacuum and the concentrated oil di I ved,_jn 2L
MIBE. The 10 oil was then washed with saturated sodi um g??&ﬁﬁfﬂ%?é&'
solution (4xIL). Stir a mnimmof 15 m nutes per wash. (Note: For
effectivege HY¢é TFA, pour MIBE extract into a rapidl ycgsobing:
aqueous bi carbonate solution.) The organics were then washed with 500 nL
of -brine, dried over anhydrous magnesium sulfate, filtered over celite and
stripped under vacuum Yield of crude 15 was -492g. The crude 'H NVR 15
spectrumrun in CDCl13 indicated a purity |evel of about 60% Crude, 15 _
(492g) was preabsorbed on silica gel (1 kilo). A colum was charged using
a 9:1 | oadi ng™ED separated, washed avidyspijiratert spfiusmbicarbonasel (200 tril.) 200bieqA® Hexanes
(2 colum volunes), 15% (2 colum vol unes), 20% (2 col um vol umes). The
conpound el ut 88.),aikked with-idagnediumsulfant anteroncenkrdtdd 9 yieR chmpyarE 1850 b
containing a 20 ketone by-product that co-elutes with the desired 15. The
final UV puri»85%es72(09ghahd lavinga HIARYpwity B bdt@esBombsH, Mo é Y%adiei ng the
ketone inmpurity. Note: This ketone inpurity was not renov until After the
enzymat i ¢ est dicofpékigdny ok ﬁﬁalﬁwagﬂgﬂt@n Eﬁ@pl e 9 below. Yield of 15 was
45% 81 23 February 2004 O/g’V\lD 01/ 14576 P%T 00/ 23032 EXAMPLE 7

Preparati oy okxAtipraysMateri al SourceAnount MN Mol es 15183g429. 40. 364 THE
(7Ll g) Fi sher1. 31, 10 H2SO4 (conc.) Fi sher37g18M. 364

Procedure for the preparation of 19 from 18.

| N Procedure:
A solution of compound 18 (1.38 g, 3.60 mmol) in THF (10 mL) was added
slowly to a solution of NaH (60%,7158.4 mg, 3.96 mmol) in THF (20 mL) at -10° C.
10 The resulting reaction mixture was removed from the cooling bath and allowed to
warm while being stirred for 20 minutes. To the reaction mixture was then added a
solution of compound 7 (1.76g, 4.33 mmol) in methylene chloride (10 mL). The
progress of the reaction was monitored using HPLC to observe the disappearance of
the starting materials. The reaction mixture was then stirred for 48 hours before
) 15 MTBE (50 mL) was added. After IM HCl (75 mlL) was slowly added, the reaction
@XME was separated and the aqueous layer extracted by MTBE (50 mL X 2), The
combined organic layer was then dried in magnesium sulfate, filtered through a short
pad of silica gel and concentrated t§ yield a crude product of comf)ound 19. (Cale. MS
639, found: MH* 640 and MNa* 662). After chromatographic separation using
20 hexanes/ethyl acetate (4:1) this process produced yields of 50-60%.
- EXAMPLE 14 |

Preparation of compound 20 from compound 19.
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A,

10% Pd/ C (10 wt %9 Al drich18gl O wt. % 1516----- -1439393. 15 Procedure; Crude 15
(183g) was dissolved in 1.3L THE in a 2L hydrogenator fl&3ebpansiP¥hed by
ncentrated sulfuric acid (1.0 eq., 0.364 nol, 201,) 37g

the additi On“%g@ﬁ
by wei ght .& The i on was then purged with argon (sub-surlfcqglgg&%szﬁ
mnutes.) 10% by wei ght of palladium catal yst (18g) was charged to the

reactor nmintaining the argon purge. The flask was then charged with
hydrogen, evacuated three times, then stirred under pressure (40 psi) for
5-10 hours, until reaction was conplete by HPLC. 25 The reacti on was
noni tored by Pk 50% THF/ hexanes, with ceric sulfate, phosphonolybdic
acid stain) an l‘('3‘(gl uco nethod). The catalyst was then filtered off
through a pad of celite and the solvents stripped under vacuumon a rotary
evaporator. Yiel d ©9mpouadd? (@0wses | IE0BmO! 3A%4isasived iﬂﬁh}eé%ﬁeﬁinkixtuﬁefzo@?’
February 2004 WO 01/ 14576 PCT/ US00/ 23032 EXAMPLE 8 Preparation of 17: 5Raw
Mat er i al Sour cEAROmENRE coedttatdd Qg wele D% k) C12 %ﬂACS Fi sher
-2.9L-- DIPEA (2.leq.) d= 0.742A dri chlSSQHLéé.lgl%%%gfﬁéPh IlEtg-“car boxy
aci dvaybr i dge88gdds] K% BOCT 264 hlePbifdR the . (1.1 eqg.)Chem  Co. 1N
HO St ock0. 8L Sai d. Sodi um bi car Eonat est oc 8 Ractioh histrute b surredina

> Par shaker under a pressure of 50 psi for 5 hours. The mixture was then dissolved in

methanol (75 mL), flittered through celite and the celite washed through with methanol
":.'_i‘, ) (75 mL) to yield 480 mgofa grude material of compound 20 (yield quantitative by
weight with overall yields 50-60% for the two-step sequence from corﬁpound 18),
which issued for the next process without further purification.
10 EXAMPLE 15
Procedure for the preparation of 12 from éornpound 20.
Procedure:
Compound 20 (300mg, 0.813 mmol) followed by diisopropylethylamine
(DIEPA) (0.45 mL, 2.60 mmol, 3.2 eq) were dissolved in dioxane (40 mL) to give a
15 suspension at 0° C. To that solution was added a solution of 5-methyl-3-isoxazole-3-
carbonyl chloride (130mg, 0.894 mmol} in aioxane (10 mL) at 0° C. (Note: the
reaction is very exothermic.) The reaction was monitored by TLC and the reaction
mixture stirred for 1 hour, Methylene chloride (20 mL) was then added before the
mixture was \:vashgd with IM HCI (10 mL) and saturated sodium bicarbon.ate (10 mL),
20 dned with magnesium sulfate and filtered through a short pad of silica gel to yield the
compound 12 at yields of between 65-70% having a HPLC purity of 95% (cacl. MS
390, found: MNa*413) after column separation (methylene

chloride/hexanes/isopropancl = 79:20:3).
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81 20. ---- , Anhydrous. Sodi um sul fateFi sher100g 17 164 8402 18
25Procedure: In a 5L round bottom flask, the crude 16 (1#20&rbiuasy #0%ol ved

i n met hyl ene Ebv({?ﬁde (2.9L) and cool ed to 0 C (internal tenperature) with
an icelsal & ba under a bl anket of argon. The yel | owesedodhilgn wWas
charged with isoxazole acid 30 chloride (58g) as a liquid (thawed at 35 C
in awarmwater bath). Due to stability concerns, it is advisable to store
the acid chloride cold. Slowy, the diisopropylethyl amne (0.13L) was
added via an addition funnel over 10 m nutes. The reaction mxture was

t hen al | onve@EXAVEII®BMey Warmto roomtenperature while nonitoring the
reaction by TLC and finally by HPLC (generally conplete within 1 hour). The

35 reaction was quenched with M HC (400 nL), the aqueous |ayer renoved

and the orgﬁwmterrﬁ@xtrac ' th IMHJ  (400n). The aqueous | ayer was
Q!.“W “-L-‘-- = ' bonat AmbRniX

renoved andy,
400nL). The ed 83 23 FeBr uar y 20043260901/ 14576751 mg
Ifate (100@)0 filteredld®@ concentrahgd under

rganl CS were 4
19

PCT/ US00/ 23 over sodi um
vacuum to vyi 5 flpound 17 as a crude yel | ow of ¢ mi FXAMPLE
9 Pr eparati g ]LT?%h é‘i‘?a terfllgl - Soul5dE 101.15 1.6 mL
ml/g o - . -
CDMT e 16 175.58 281
\?VMF 4mL/g of CDMT - | o 1 n"f
ate, .
r : 42mIJg‘of 12 - - 24.7 mL

.l.’reparation of compound 11 from compound 10.
5  Procedure: |
Compound 16 was dissolved in DCMin a 1 neck round bottom flask and cover
with a septum. The flask was then purged with nitrogen followed by tﬁe addition of
TFA via syringe while the solution was being stirred. The progress of the reaction was
monitored by TLC using 5% MeOH in DCM until after about 4 hours the starting

10 material disappeared. The solvent and excess TFA were removed u.nder vacuurm at
pressure of <50 mTorr at 45°C., The product, compound 11, was used immediately in
the step set forth below. |
Preparation of compound AG7088 frdm compounds 11 and 12.

Procedure:

15 Compounds 11 and 12 were dissolved in DMF in a 1 neck flask covered with a
septum and fitted with a temperature probe. The flask was purged with nitrogen. The
resulting solution was divided into two portions.. In a first portion was added n-
methylmorpholine via syringe and cooled to 0°C £ 5°C. Ina second portion of the

solution CDMT was dissolved. This CDMT solution was then added dropwise via
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Anmount MW Mol es 17----164g (crude)402. 20. 364 THFFi sher115n. KH2PO4
Buf f er St ock12LO. | M . 15KH2PO4 (>99. 5% FI ukal163g136. 11. 2 RAGRCUBKERbck- 40

, 40-- 20PPL- %&7 (crude.) Aldrichl23gcrude 0.75g/g HCl
(conc. ) Fi s&er- $21428390 2 25. Procedure: To nmake 12Lpofrussopybser,

163g of potassi um di hydrogen phosphate -was added - to 12L de-ionized water
(pH = 4-5), and the pH adjusted to between about 7.0-7.2 with 30 | OM NaCH
(--40nL) at a tenperature of 37-40 C. 17 (164g) was dissolved in THE
(115nL) and added to the buffer solution at 37-40 C. The sol ution may

appear bi phagj nset of the reactjion. The PPL enzynme (123g) was
added to thetfjﬁ}rﬂgl g{oi%@nﬁﬁf%rﬁ?%oéhﬁsiqq%@ﬂ"wﬂlwmmmrupmmmiaf@muenched
with . 12M HC tg?ﬁs\ H of _between about 1-1.5.. The resulting m xture was
stirred for 287t ntACJEsuling reaction mixsuierveps thenrblowed enopemad toen teBpblantdIe

enzynme and the product were caused to. crash out into the aqueous phase.
The reaction HSEafHEN Wasmphitared fod atmne t hourbyd Tl (762} héﬁncs%bh@ﬁ’}\%tghe
[ 4 2

product and enzynes. The pad was dried. The receiver flask was 8
February 2004he compound 12 disappeared. Once the reaction was complete the product AG7088
3 was precipitated out of solution by the slow addition of water to reaction mixture. The
resulting slurry was filtered to obtain a yield of >85% white granular crystals of
) - compound AG7088 having a purity of >97%. 'I:he product may then be recrystallized
by dissolving it in hot McOH:EtOAc 1:1 followed by slow addition of hexanes 2
vois.) |
10 It is to be understood that the foregoing description is exemplary and
explanatory in nature, and is intended to illustrate the invention and its preferred
embodiments. Through routine experimentation, the anisan will recognize
apparent modifications and variations that may be made without departing from the

spirit of the invention. Thus, the invention is intended to be defined not by the

._:‘_._‘;_9 15 above description, but by the fbﬂowing claims and their equivalents,
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WO 01/ 14576 PCT/ US00/ 23032 replaced with a clean one, and _the top_hal f of
the celite pad slurry washed with nethyl ene chloride (3 X3TSBHAY 208
organi cs viere conbi ned (renove excess water by extraction if present in a
| ar ge quangi W9 0V/HFT6ed over nmgnesiumsulfate, filtered andbcanRegmosAt ed
under vacuumto yield a white solid. The white solid was dried under 5
vacuumto yield 150g of a crude dry product. A colum was packed with 1.5
Kg silica slurried in a 4L 1:80:20 (i-PrOH CH2C 2: Hexanes) m xture. The
crude dry product was dry | oaded on -250g silica and delivered to the
colum with -50 f head space solvent. Two colum volunmes (2 X 6L) were
added of the g% %ﬁmme then -- 2 X 6L 3:80:20.(1-PrOH CH2CJ2:
Hexanes) were added. 10 Yield of crude 12 was 150g. The conbi ned yield over
three steps aflt er Adteesseusclyl fopprepaving dnentipiesmatialigetf-of 8nulda: (719 .
EXAMPLE 9A Purification of 12 15 12 was purified via an aqueous sodi um

bi cabonate extracti on andQsubsegegnt peecipitation by acidification. The
conpound was partially di §solved]in 60 Yol unes of saturated sodi um
‘bicarbonate and exf actedlw t-h 1 s of nmethyl test-butyl ether. The
resulting organic |la W W th %Q)volunes of saturated
sodi um 20 bi carbonat e . The |aqueou$! bi carbonhate extracts were then
conbined and acidified to a pH bout 1. The resulting of fgassing of
carbon di oxi de mai ntaifed the solufiton at a tenperature of above about
20C. The product, AGr172, precipitated out of the solution upon the
acidification. The 12 was then filtered off, washed with 4 vol unes of
matér) and dr¢aseprismgvacuuo at 50C with a nitrogen purge. 85 23 February
2004 % WO 01/ 14576 PCT/ US00/ 23032

5 Step A: preparing a compound of formula ITA:
Ry 0
Rag ~
N TOH )
Rg
o Rg
comprising the substeps of:

(a) converting a compound of formula XII to a B-ketoester of formula XIV by
reacting said compound of formula XTI with 1,1 "~carbonyldiimidazole

‘- ) followed by treatment with a compound of formula XTIA;
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EXAMPLE 10 Procedure for the preparation of conpound 6: (3ee schene ~for
the, structures of the conpounds referred to in Exanple Syiebguary 084
Procedure: g,(ﬁ%é%goom_) of conpound 1A was dissolved in acetone (400n1_)
before 2ZX%2 ol ) triethylam ne was slowy added, keepiysayihs
tenperature below 30 C. 37.6g (220mml) benzyl brom de was then added to
forma reaction mxture which 10 was stirred for about 65 hours at which
time HPLC showed conpletion. 200 nL of MVE WAs added to the reaction

m xture followed by mnutes of stirring before the mxture was filtered
through a short pad of silica gel to renove nost of the precipitated
triethylamne salt. The silica gel was then washed with MIBE (200 ni) and
the filtrates conbined. The filtrates were then washed with M HC (200
m.), saturated 15 sodi um bijarbonate (100 nL X 2) and.brine (200 nlL). They
were then dried with magnediumsul fate, filter wdarough,a short pad of :

silica gel and concentrat the conmpoynd 6 ( ds 71-75%
35.5-37.5g; having a FRNC guri of between 90-395% . e conmpound 6 may
then be recrystalized in hggangs / nethyl ene 0 to vyield a

crystalline product. 20 EXAWVPLE 11 Preparation of C npound 7 from conpound
6. Procedure: 1.37g (5 mmol) of conmpound 6 was dissolved in 40 nL

met hyl ene chloride and co@iHYd to -10 C. 0.93 nlL (K& (5.25 mmol ) was then
added to the solution followed 25 by the slow addition of 0.64 nL (5.25
mmol ) 2,6-1utidine. Because the reaction was 86 23 February 2004 WO
01/14576 PCT/ US00/ 23032 quitt e exot hernic the tenperature was naintained
under) 8 Cusing a cooling|bath. After renoval fromthe cooling bath and
stirring the reaction mxtfire for about‘ianour

X1v)

(b) converting the B-ketoester of formula XIV to an enolate of formula XV by

reactipg said B-ketoester of formula XIV with a compound of formuia XVI:

Ry 18]
S 0
) HN OCH, F’s%
Re OCH,
. 5 R
. o : Lv

N

.
_ XVD
5 (c) hydrogenolyzing the enolate of formula XV to yield a compound of formula
XVII;
R, o)
HaN OCH;4
Ry
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allowing the mxture to warm the resulting mxture was concentrated under
house vacuum The resulting aide oil was then dissolvedzﬁﬁeﬁﬂﬁﬁﬁggofloo
nm.) and stirafgﬂﬁ g%pr dry ice to precipitate out a pink solid, a

| utidi ni ur®sal t . fRe precipitate was filtered through a thpariyessof
silica gel and concentrated again to yield a colorless oil, conpound 7.
The yield was 90% (1.84g), which was found to be pure by 'H NVR  EXAMPLE
12 Procedure for the preparation of conpound 18 from Z-Valine. (See schene
8 10 for .the structures of the conpounds referred to in Exanples 12-15).

Procedure: 50.26g |) Z-valine followed by 35.0g (210 nrol)1, 1

car bonyl di i m dazol g{)é\gﬁ%&g&%ﬁﬂ'{}’g[}né ?ff?wlemmmqmgmaidmmﬁdmamt ure. The
resulting m xture ) jrred for 1 hour at roomtenperature to yield an
acyl imidazole 15 OIHHP% With & compesidaf ifermuls Rigteto idle a tempiingds ' €l eases
carbon dioxide.) Ip a separate contained, LiHVDS (1IMin THF, 642 nlL) was
added to THE (800 “%Pﬁﬂﬂ&vhereihaﬂilsmmihweslm;amii tion of o-benzyl
acetate (30g, 200mml ). Because the reaction is exotherm c the tenperature
kept at under -70 C. Thisgrxture was stjrred for 30 mnutes before the
acyl imdazole solution wgd added to the mixture slowy and at a 20

t enperature under .-68 C. Hhis reaction ijs al so very exothermc, thus, the

t enper ature was rran?"r’r&ai e resul t4 reaction m xture was
stirred for 55 minutel, rom tdaHdry 1 ¢87bath. 1M HO (500 nl)
was slowmy added to the Readjion mifxture keeping the tenperature under 25
C. The organic layers were 80 23 Feb:guary 2004 WO 01/ 14576 PCT/ US00/ 23032
then;ﬁ%eparat ed, washed with saturated sodi um bi carbonate (200 nL) and brine
(200 M), dried with magnesium sul fate and concentrated to yield conpound

18 at a yisel d >8@m@ﬂa@ﬂgﬁo@gg%g%g&g%g@§b% ur a} of betlween 90- 95%

To prevent deconposition, conpoun Yield the
compound of formula IIA; and

Step B: subjecting the compound of formula IIA to an amide-forming reaction

R, Z

Z am)

HoN Z,
Ra
Ry
with a compound of formula IT:

’-L"D wherein Lv is any suitable leaving group;
10 2’ is any suitable protecting group for an N atom;
R, is H, F, an alkyl group, OH, SH, or an O-alky! group;

R: and R; are each independently H

O
o T
~ Ay (Ag)n
~ / \ /
7 /\/lk or ‘_rl'r C A
LLLL NH, RopRep) 2 ‘
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5 EXAMPLE 13 Procedure for the preparation of 19 from 18. Procedure: A
sol ution of conpound 18 (1.38 g, 3.60 mvl) in THE (10 nP3eRB@naded
slowy to a df}ﬁng of NaH (60% 158.4 ny, 3.96 mml) in THE (20 ni) at
-10 C. 1®&The resufting reaction mxture was renmoved frompthesmagdskng bath
and allowed to warmwhile being stirred for 20 mnutes. To the reaction

m xture was then added a solution of conpeound 7 (1.76g, 4.33 mmol) in

nmet hyl ene chloride (10 nL). The progress of the reaction was nonitored
using HPLC to observe the di sappearance of the starting materials. The

reaction m Xty - tir for 48 hours before 15 MIBE (50 nlL) was
added. After 1eﬁﬂcix—\%%n?ﬁ}ggeﬁ%""b\gg’dssmﬁQHQHB’@G;and]@chéaatdimpeﬂdenﬂyre was

separated an e u s.layer extracted by MIBE (50 nL. X 2). The

conbi ned or gg’ﬁ%@ %@’B&‘O(%a@mﬂ)h@@dr $.HO).r5 (Mg arebd Luid 34 lid BH: NR, .t er ed

t hrough a Short[ﬁf-ﬁ d_of silica gel and concentrated to yield a crude
product of coths Rg is indepepdentip H er3ower aiodirovilidd th848 i EPI}[‘[IF,,(?GZ). Af ter
chromat ogr aphi ¢ separation using 20 hexanes/ et hyl acet ate-%I : hi s
process pr odEEWPMmS|ogenr 6pnE0atEORkin tHe SR de ieted I 81“ ound 20
from conpound 19. 88 23 February 2004 4 WD 01/ 145[‘% /%EU /%g&ryz?
Procedure’ @appbGRQ, and af BA& oigof B, 0 ) was dissolved in a degassed

m xture of THE (10 ng) and concentrated sulfuric acid (116 ng. 1.10 nmol).
To that solution was added 10% Pd-C (2u4 ng) before the resulting reaction
m xture was stirred in a 5 Parr shakegunder a pressure of 50 psi for 5
hours., The m xture was then dissolved i thanol (75 nL), flittered
thrOu@h celite and thepcelite washed throygh Wth nmethanol (75 nlL) to
yield 480 ng of a crudg material of conmpqund 28 (yield quantitative by

A {(A3)n
,I;LL,_. 0 J\_r'{ N :
r C Az ;
NH, ReDRq;) '
Riis

| /IT\ I
Rg N J_r'r\r. ;
H Rg
O

Rs is H, F, an alkyl group, a cycloalkyl group, a heterocycloalky! group, an aryl group.

10 oraheteroaryl group;

Ry and Rg are each independently H, an alkyl group, a cycloalkyl group, a

heterocycioatkyl group, an aryl group, a heteroaryl group, -OR 7, -SRy7, -NR 7R 5

“NR1sNR 7R 1, or -NR70R g, where Ri7, Ry, and Ryg are each mdependently H, an

alkyl group, a cycloalkyl group, a heterocycloalkyl group, an ary| group, a heteroaryl

15 group, or an acyl group, provided that at least one of R; and Ry is an alkyl group, an

aryl group, a heteroaryl group, -OR,4, -SRy3, -NR 7R3, -NR;;sNR7R 3,

or -NR;70R g;
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wei ght with overall yields 50-60% for the two-step sequence from conpound
18), which issued for the next process without further %a%ePTL@Qf?Q)% 10

EXAMPLE 15 Procedure for the preparation of 12 from conmpound 20.
Procedur e: g COffpYMF620 (300ny, 0.813 mmml) fol | owed by PCT/US00/23032

di i sopropyl ethylam ne (DI EPA) (0.45 nL, 2.60 rnnol, 3.2 eq) were dissol ved
I n dioxane (40 nL) to give a 15 suspension at 0 C. To that solution was
added a sol ution of 5-methyl-3-isoxazol e-3 carbonyl chloride (130ny, 0.894
mmol ) in dioxane (10 nL) at O C. (Note: the reaction is very exothermc.)
The reaction ﬁ@s nitored by TLC and the reaction mxture stirred for |
hour. Met hyl ef8SchiYsrer etarcyRls having fromdae ¢ thedediererdatans seiested FRMNAS

washed with IMHC (10 nL) and saturated sodi um bi carbonate (10 ni), 20

dried with naéhh%@wﬁﬁknnfaie and filtered through a short pad of silica ge
to yield the conmpound 12 at yields of between 65-70% having a HPLC purity

of 95% (cad. R®is390, found: MNa+413) after columm separation (nethylene
chl ori de/ hexanes/i sopropanol = 79:20:3). 89 $~WD 01/ 1457623 February 2004

PCTI US00/ 23032 EXANMPLE 16 ‘Equi v. Mol FWAnbunt Raw Material 10
1.51.8326. 39751 ﬁ,\TFAlZ.Ol&OllA 021 4 nL DCMLON+Ug of 10----. 7 6 nL

Rg rfr";- ; and
._ Z and Z, are each independently H, F, an alkyl group, a cycloalkyl group, a
) 5 heterocycloalkyl group, an aryl group, a heteroaryl group, -C(O)R3;, -CO3R;, CN,
~C(O)NR;1R2, -C(O)NR21OR22, -C(S)Ra1, -C(S)NRy;Ros, -NO;, -SOkz:, -SO:Rz,
-SO2NR21R2), -SO(NR2:)(ORz22), -SONR3y, -SO3R,;, -PO(ORz1)2, -POR21)Rz2),
-PO(NR21R22)(OR23), “PO(NR21R22)(NR 3R 0), -C(O)NR2iNR2zR 23, or
-C(S)NR2;NR2;R23, where Ra;, Rag, Rys, and R4 are each independently H, an alkyl
lé group, a cycloallfyl grohp, a heterocycloalkyl group, an aryl group, a heteroaryl group,
~ an acyl group, or a thioacyl group, or where any of two of Ryy, Ras, Ry3, and Ry,
together with the atom(s) to which they are bonded, form a heterocycloalkyl group,
) ~ provided that Z and Z; are not both H; |
or Z; and R, together with the atoms to which they are bonded, form a cycloalkyl or
15 heterocycloalkyl group, where Z; and Rjare as defined above except for moieties that
cannot form the cycloalkyl or heterocycloalkyl group;
or Z and Z,, together with the atoms to which they are bonded, form a cycloalkyl or
yetcrmyclodkyl group, where Z and Z, are as defined above except for moieties that
éannot form the cycloalkyl or heterocycloaikyl group.

20 2. A process useful for preparing a compound of formula HA:
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n- Met hyl nor phol i ne10.01 5 .0101 1 i nm 15 DWF7nlJg of 12--. --1 nil

CDMT1. 051. 6175.58, 281 m g DVF4nJg of CDMT----1 1 M. Wt 8?5@9{9@%?00142--
24.7 m, Preparation of corrpound 11 from conmpound 10. Procedure: Conpound
10 was di sgol WRAI¥7©CM in a 1 neck round bottom flask and lg%{m with a
septum The flask was then purged with nitrogen foll owed by 43832 i on of
TFA via syringe while the solution was being stirred. The progress of the
reaction was nonitored by TLC using 5% McOH. in DCMuntil after about 4
hours the starting 10 material disappeared. The sol vent and excess TFA were
removed under vacuum at pressure of <50 mforr at 45C. The product,
conmpound 11, was used inmmediately in the step set forth bel ow Preparation
of conmpound AG7088 from conpounds 11 and 12. Procedure: 15 Conpounds 11
and 12 were dissolved in MEgin a | neck flask covered with a septum and
fitted with a tenperature p bbe. The flasgk was purged with nitrogen. The
resulting solution pas diviged into two rtions.. In a first portion was
added n- et hyl m)rph?ﬁl\f\n i ooled to OC 5C In a second
portion of the - H UH (@A)

comaprising:
(2) converting a compound of formula XM to 5 B-ketoester of formula XIV by

o) reacting said compound of formula XTI with 1,1 ~carbonyldiimidazole followed by

5  treatment with a compound of formula XA,
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solution COMI was di ssolved. This CDMI sol ution was then added dropw se via
90 23 Fébruary 2004 WO 01/ 14576 PCT/ US00/ 23032 syringe t &t P <P0%orti on
of the solut%&? mai ntai ning the reaction tenperature of 0C 5C. The

resul ting geac PUH xture was then allowed to warmto I OONMpERERGRI3:Y €-
The reaction was nonitored for about 1 hour by TLC (7:3:1
hexanes: Et OAc: | PA) until the conpound 12 di sappeared. Once the reaction was
conpl ete the product AG/088 5 was precipitated out of solution by the slow
addition of water to faction mixture. The resulting slurry was filtered
to obtain a yield of 385% white granul ar cigptals of conpound AGr/088
having a purity of >24%
dissolving it i
vols.) 10 It is to beRFn rstood that t egor scription is
exenplary and explanatorly in nature, and is i‘Atended to illustrate the
invention and its preferred enbodiments. Through routine experinentation,
the artisan will recqgﬂﬁ;e apparent nodi fi cafyzmag and variations that may
be nmade without departing fromthe spirit of the invention. Thus, the
invention is intended to be defined not by the 15 above description, but by
the following clains gnd their equivalents. 91 23 February 2004 WO 01/ 14576
| k~ WHAT IS CLAIMED I 1. A process useful for preparing an

anti pi cornaviral agenys of formula IA: conprising. R 5 Step A: preparing a
conmpound of for %-rlu ' OtBu _

i)
8] O
XIv)
(b) converting the B-ketoester of formula XIV to an enolate of formula XV by reacting
said B-ketoester of formula XIV with a compound of formula XVT-
Ry o)
0
ZHN OCH, Rs
Re . OCHs
- O RG
L)
: V) Lv
XVD

5 (c) hydrogenolyzing the enolate of formula XV to yield a compound of formula XVII:

Ry ' o)

HoN  OCH, (XVI)
Rg

o Rs
(d) acylating the compound of formula XV by reacting said compound of formula

XVII with 2 compound of formula Ra0-X to yield a compound of formula XVIII,
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foll owed by treatnent with a conpound
of formul agX 14%% 23 February 2004 % WD 01/ 14576 PCT/ USOStga2s06H O

Z'HN (XII1A) (b) converting the jl-ketoester of fornmula XIV to an enol ate
of fornmula XV by reacting said 13-ketoester of forrmula X1V with a conpound

of formula. XVI; R7 0 ZHNR8 RS OCH3 0 (XV) Lv.n 5 (c) h dro enol Y g
yzing the enolate of formula XV to yield a conpound of fornula-

R; _ o}

Ra 0 R6 conprising the substeps of: (a) converting a conpound of fornula

XIIl to a 13-ketoester of formula XIV by reacting said @8hS8UH#Y 8604 or mul a

XIll with 1,%-&91rbonyldiim'dazole '
NN

Rap
N (XVII)
N OCHg

Ry
0 Re
wherein X is any suitable halide; and

(e) enzymatic hydrolyzing of the compound of formula XVII to yield the compound of
formula TIA;

- 5  wherein L\f is any suitable leéving group;
Z’ is any suitable protecting group for an N atom;
R is H, F, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group,
or a heteroaryl group;
R7 and Rg are each independently H, an alkyl gx;oup, a cycloalkyi group, a. |

10 heterocycloalkyl group, an aryl group, a heteroaryi group, -OR;,, -SR17, -NR17R 3,

-NR1oNR 7R3, or —~NR170R g, where R;7, Ryg, and Ry9 are each independently H, an
alkyl group, a cycloalkyl g.roup, a heterocycloalkyl group, an aryl group, a heteroaryl
group, or an acyl group, provided that at least ope of Ry and Rg is an alkyl group, an
aryl group; a heteroaryl group, -03.1, -SRy7, -NR7R 13, -NRsNR 7R g, or —NR;70Rg;

15 R is a five-membered heterocycle having from one to three heteroatoms selected from

O, N, and §; and
Rza is
8]
Rg/”\r\‘r(\
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XVIl; H2N 93 23 February 2004 1Z WO 01/ 14576 PCT/ US00/ 23032 (d) acyl ating
t he compound of formula XVI1 by reacting said conpound of23 Fualy 8004/ |

with a conpo‘@ﬂ of fornmula Rea-X to yield a conpound of formula XVIII,
wherein X fs anf 7% abl e halide; and RRO N H 5 (e) enzymatdgusowsios) YZi ng

of the conmpound of formula XVIII to yield the conpound of fornmula I1A; and
Step B: subjecting the conpound of fornmula Il A to an am de-formng reaction
H2ZN RT with a conpound of formula Ill: wherein Lv is any suitable |eaving

group; 10 Z' is any suitable protecting group for an Natom R is H, F, an
SH, or an O-al kyl group; ‘R2 and R3 are each independently

al kyl group, . )
H N2 or > . ?ATIIMIO(:%)&FFW’('%@)C{N whemgin P2gcifiePanaease 1304 isMBeD1sldi576
enzyme in the enzymatic hydrolyzing step.
4. The process gccording to claim 2, wherein the compound of formula XII is
' Z-Valine,

5 | 5. The process according to claim 2, wherein the compound of formula XVI is:

N

Qltmn..

6. The process according to claim 2, wherein the B-ketoester of formula XIV is first -
Teacted with an alkali-metal hydride before reacting the B-ketoester with the compound
of formula X VL

10 7. The process according to claim 2, wherein the alkali-metal hydride is sodium
hydride.

,;- _‘_') 8. The process according to claim 2, wherein step (c) comprises a palladium'

hydrogenolysis.
9. The process according to claim 8, wherein the palladium hydrogenolysis is carried

15  out under pressure.
10. The process according to claim 2, wherein diisopropylethyl amine is used as a
reagent in the acylation step (d).

11. The process according to claim 2, wherein thc compound of formula ITA js:
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PCT/ US00/ 23032 where n is an integer fromO-to 5. Al is CHor N, A2 and
each A3 are independently selected from C(R41)(R41), N(BaEpbrry 3403,
S(O 2, and 0. and A4 is NH or NR41, where each R4l is independently H or

| ower al kyg, ‘Yﬂ% 8d that no more than-two heteroat ons O G fuson/230
consecutively in the above-depicted ring fornmed by Al, A2, m} ' '? A4 and
C=0, and at least one of R2 and R3is A4, R4 is NH2 or O >rrA1\A/ (A3)n 2
(RA1)R41) 2 R6 is H F, an al kyl group, a cycloal kyl group, a

het er ocycl oal kyl group, an aryl group, 10 or a heteroaryl group; R7 and R38
are each independently H, an al kyl group, a cycloal kyl group, .a

het er ocycl oal kyl g0 group, a heteroaryl group, -ORl7, -SR17,
-NRI 7R18,  NR19NR1JR18, -NR1yOR18, where R17, R18, and R19 are each

i ndependent |y a cycl oal kyl group, a heterocycl oal kyl
group, an ar gy oupH F 15 'group, or an acyl group, provided
that at | east of R? &nd R8_issan alkyl group, an aryl group, a,

het eroaryl grqup, -ORl7, -SR17, RL7R18, -NR19NR17R18, or-NRL170R18i 95 23
February 2004 % WO 01/ 14576 P 2Q/ 23032 RO is a five-nenbered

het erocycl e havi ng fromone to three fhet eroatorns selected from 0, N, and
S; Rea is

c

the compound of formula XVII is:

oy
.
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O Rye ; and Z and Z, are each jindependently H, F, an al kyl group, a

cycl oal kyl group, a 5 heterocycl oal kyl group, an aryl gr@a3Febeuanef8dbaryl
group, -C(OwélbinagH2R21, CN, -C(O NR21R22, -C(O NR21OR22, -(C(S)R21,
-C(S) NR21Rg2, -NO2, -SOR21, -SM2R21, -SO02NR2IR22, - SO NR2pi{/A08ed5032
-SONR21, -SMBR21, -PQ(OR21)2, -POR21)(R22), -PAQ NR21R22)(OR23),

- POCNR2I R22) (NR23R24), -C(O NR21INR22R23, or -C(S)NR21INR22R23, where R21,
R22, R23, and R24 are each independently H, an alkyl 10 group, a

cycl oal kyl gL&Jp, a heterocycl oal kyl group, an aryl group, a heteroaryl
group, an a AYpouEss usktul re any of two of R21,
R22, R23, and R24, toget hg(rntl\;/}mb h &Lﬁfjé’?f‘?’@“&rﬂ%h t hey are bonded,
forma het er ocycl oal kyl group, provided that Z and Zl are not both H, or
Z, and R, together wif¥h the atons Ho which they are bonded, forma

cycl oal kyl or 15 het roup, where ZlI and Rare as defined
above except RgL noi el canppot form the cycl oal kyl or

het er ocycl oal kyl ; , dQogether with the atons to which they
are bonded, form dlcy lo het epg'cycltﬂél) kyl group, where Z and Z,
are as defined above ekcdbt for Imoieties that ~cannot formthe cycl oal kyI
or heterocycloal kyl group. 20 2FsA process useful for preparing a conpound
of formula ILA: 96 WD 01/14576 Rt 0 R20 conprising: 0 23 February 2004
PCT/ US00/ 23032 (a) converting a conpound of forrmula XIlIl to a 3-ketoester
of fornul a XfAPRSpIngthexstensiof sai d conpound of formula X1l with

1,1' -carbonyl dii m dazol e fol | owed by

‘~-,',:>J (a) converting a compound of formula XTX to a B-ketoester of formula XX by reacting

5 said compound of formula XIX with 1,1’ -carbonyldiimidazole followed by treatment
~with a compound of formula XIXA;
ChzHN CbzH
N
) (KIXA)
OBz
®)

converting the compound of formula XX to a compound of formula XXT by

reacting said compound of formula XX with a compound of formula XXT11 undcr

10 suitable reaction condmons
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5 treatment with a conpound of fornula XiI1A 97 23 February 2004 WO
01/14576 Z’HN O (XI11) Z'HN OH QLI ~01--4-1 (1 UA) PCTI USGS/ fEposry 2bp4
converting tug) -ketoester of formula XIV to an enolate of formula XV by
reacting %al M¥foester of fornula XIV with a conpound eicthsbgses XVI ;
THN 5 (c) hydrogenol yzing the enolate of fornmula XV to yield a conmpound of
formula XVII; 0 Rs (d) acylating the conmpound of formula XVIl by reacting
sai.d conpound of formula XVII with a-conpound of fornula R20-X to yield a
conmpound of formula XVII1, 98 23 February 2004 it WO 01/14576 R20 0 R6
wherein X is any suitable halide; and CANI PCT/ US00/ 23032

Lv

(c) hydrogenating the compound of formula XXI to yield a compound of formula
- XXTIT; and

Ry o)
HoSO; . H N OH (XX
L} ,
o Re

5 (@ acylatiz;g the compound of formula XX by reacting it with Ry0-X under suitable
conditions to yield the compound of formula IA;
whérein X is any suitable halide;
wherein tv is any suitable leaving group;
Z'’ is any suitable protecting group for an N atom;
10 . Rsis H, F, an alkyl group, a cycloalkyl group, a heterocycloalky! group, an aryl group,
or a heteroaryl group;

Rj and Rsare each independently H, an alkyl group, a cycloalkyl group, a
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(e) enzymatic hydrolyzing of the conmpound of- formula XVIIIl to yield the
conpound of formula I1A; 5 wherein Lv is any suitable | &3\hebuagyy 30t Z' is
any suitable tecting group for an Natom R6 is H, F, an al kyl group, a
cycl oal kyl %g?g(ﬁj /14376n 6t er ocycl oal kyl group, an aryl group, pcqrmsaﬂ,%ffr oaryl
group; R7 and R8 are each independently H, an al kyl group, a cycl oal kyl
group, a. 10 heterocycl oal kyl group, an aryl group, a heteroaryl group,
-OR17, -SR17r -NR17R18, -NRI1I9NR17R1$, or NR170R1Bi where R17, R18, and Rig
are each independently H, an alkyl group, a cycl.oal kyl group, a

het er ocycl oal I Qu an aryl qroup, a heteroaryl group, or an acyl
group, provi dléﬁétleﬁoﬁﬁcgoa@fylﬁ@ﬁg’ta\{‘&ﬁ’agH?UPF@Zh%GafR&Tb@.a@RaJ-ISRIW,QNEHR,S, an aryl
group, a heter r&b roup, -ORLl7, -SRI 7, -NR17R18, -NRL9NR17R18, or
-NR170R18; 15'@!9 17841 PeNReBes whetadin Rog; yod ngh@e/éaamiddegéﬁu@;ﬂ@ﬁ,%t hree
het eroatons selected from 0O, N, and S; and R20 is 99 23 February 2004 WO

01/ 14576 PCT/ 8kgeEroupoa pychalkyhgropp.adessomeloakg gag,pt,g.ﬁypgrgaﬁah)g{g&wl no
zymati c drolyzing -

Porci ne Pancrease Lipase is used as an enzyne in the'en

step. 4.. The §PruRessan acytgroop, pgovidedthaianedst oNd\GH 1) h (0] und of formul a
XIll is Z-Valine. 5 5. The process according t@%f’g‘.“?ﬁ@%ﬁé{"g?ﬂ he

conpound of faylngroup, XHttesodryl Sroug,NORRY SNRC.SO! O o.claim?2, wherein
the 3-ketoester of fornula xiﬁv l?—s Fﬂgﬁirgg"%gﬁ%\#g e kAR oPRE

hydri de bef orRy is @ @it nitehbbR8 hids S - with the conpound of fornula XVL
10 7. The pr ocess accor di ng tordéytgggn%m%‘?wtﬁ‘ﬁ%gﬁ?%ﬁqomﬁﬁﬁﬁﬂﬂﬁwri de is

sodi_,_ugn hydr i@leN, and S; and

Rzg is

10 13. The process according to claim 12, wherein the compound of formula XIX is:

REN CbhzHN™ -

o}
14. The process according to claim 12, wherein the compound of formula XX is:

OBz
ChzHN

15. The process according to claim 12, wherein the compound of formula XXJ is:
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8. The process according to claim2, wherein step (c) conprises a palladi um
hydr ogenol ysis. 9. The process according to claima8, whekaiFebtuzsey 204 adi um
hydr ogenol ysis is carried 15 out under pressure. 10. The process according

to clai m2g WePEI7dI i sopropyl ethyl anmine is used as a rﬁ%ﬁ%ﬂ%m%& %he
erelf the

acylation step (d). | |I. The process according to claim 2,
conpound of forrmula I1Ais: 100 23 February 2004 t WO 01/ 14576 the conpound
of formula XVMis: the conpound of fornmula XVIl is: 5 0 the enol ate of

formula XV is: OCHS ; and PCT/US00/23032 101 23 February 2004 k WO 01/ 14576

12. A process useful for preparing a conpound of formula IlA:

PCT/ US00/ 23032 R7 O conprising the steps of, (a) converting a conpound of
formula XIX to a P-ketokstess of formula XX by reacting said conpound of
formuta XIX with bonyédiinidazole followed by treatnent wth a

conpound of formul

ChzHN OBz

16. The pro;ess according to claim 12, wherein the compound of formula XX is:

0O

OBz

Oltiareee.

=

17. The proccss‘ according to claim 12, wherein the compound of formula XXII is:

| 18. A process useful for preparing a compound of formula I comprising the steps of: -
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CbzHN O QU CH M CbzHN (XI XA) (b) converting the conmpound of formula XX to
a conpound of formula XXI by reacting said conpound of R3Fehiuary@0Ghth a
conpound of formula XXII under 10 suitable reaction conditions; 102 23
February 290VPPViAF01/ 14576 CbzHN PCT/ US00/ 23032 OBzi (c) %@ﬁﬁﬁa‘%i ng
t he conpound of fornula XXI to yield a conpound of fornula . and
H2SOM. H2N 5 (d) acylating the conpound of formula XXIIl by reacting it

wi th R20- X under” suitable conditions to yield the conpound of fornula IIA,
wherein X is any suitable halide; wherein Lv is any suitable |leaving
group; Z is any suitable p@otectiﬁlzg group for an Natom 10 . R6 is H, F,
an al kyl group, a cyclog kyJl group}” a hetgrocycl oal kyl group, an aryl
group, or a heterogryl [grglp; R7 pnd R8 gre each independently H, an al kyl
group, -a cycl oal kyl % 2004 V(\il)) 01/ 14576

(a) reacting a compound of formula I with a compound of formula IIA in the

~ presence of N-methylmorpholine to form a reaction mixture;

FsCCOOH . HN 7 Z, )
Rs
R,
Ry 0
- Rs
HZO'\
N
H oH @
Re ; and
0 Re
5

() adding a compound of formula Ly-X to the reaction mixture to form a compound

of formula I,
wherein X is any suitable halide:
Lv is any suitable leaving group;
10 RyisH,F,analkyl group, OH, SH, or an O-alkyl group;

_Rz and Rj are each independently H;
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PCT/-US00/ 23032 het erocycl oal kyl group, an aryl group, a heteroaryl group,
-OR17, -SR17, -NR17Ri s, NRI9NRt7R18, or -NRL70RI' S, wher @3RebruaRi3004nd Ri g
are each indﬁgﬁendently H, an al kyl group, a cycloal kyl group, a

het er ocyclegal RYF47®up, an aryl group, a heteroaryl group,P@fmgdau%%I
group, provided that at |east one of R7 and Rg is an al kyl group, aryl
group, a heteroaryl group, -ORl7, -SR17, -NR17R18, -NR19NR17R18, or
-NR170RI'S; R9 is a five-nenbered heterocycle having fromone to three

het eroatons selected from 0, N, and S; and R70 is 1 Q 13. The process
according to claim 12, wherein the conpound of formula XI X is: 14. The
process according to claim 12, wherein the conmpound of fornmula XX is: 15.
The process according to claim 12, wherei@® the conmpound of forrmula XXl is:
104 23 February 2004 t WO 01/ 14576 PCT/ USO823032 16. The process according
to claim 12, wherein theQconmpound of formulg@ XXI'{ is: 17. The process -
according to claim 12, erein the conmpoundfof forpula XXIll1.-is: 5 18. A
process useful ©or_prepalli ng a conpo Q,Aiorrw*g\ﬂ" conprising the steps
of . 105 23 Febsthry 4 8 01{drd576 ¢1) PCTAIIS00/ 23032 (a) reacting a
conpound of formula Il with a2conpound®PéRiibrnula IRA in the presence of
N-rnet hyl nor phol ine to forma reaction m xture; F30000H . H2N R,

where n is an integer from O to 5,ArisCHorN, A, and each A3 are independently

selected from CRu)Ra), NRay), S, 8(0), 5(0);, and O, and A4 is NH or NRy;

R

where each Ry, is indcpgndenﬂy H or lower alkyl, provided that no more than two

5 - heteroatoms occur consecutively in the above-depicted ring formed by A;, A, (A3)
] * {11]

Aq4 and C=0, and at least one of Rz andR; is

. . -. 0
. - Aq
| o
/LLH, N, T rrrj ¢ g ;

Ry)Ry)

4?_5,_ ) R4 is

10 Rl5. and Rg are each independently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalicyl group, an aryl group,-or a heteroaryl group;
'Ry and Ry are each independently H, an alkyl group, a cycloalkyl group, a

| heterocycloalkyl group, an aryl group, 2 heteroaryl group, -OR 2, -SRy7, -NR;7R 3
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N H(MA) ;and 5 (b) adding a conmpound of fornula Lv-X to the reaction
mxture to forma conpound of forrmula I, wherein X is ar}3 Fabroaip280hal i de;

Lv is any suitable |l eaving group; 10 R is H F, an al kyl group, OH SH, or

an O al kyl agr¥QBVH45% and R3 are each independently H, 106 6 Al\
(A3)n -X \QNH ; or r 2 2 (R41)(1141) where n is an int egeryﬁ’ggr}{oééa?% 5, Al
is CHor N, A2 and each A3 are independently selected from C(R41)(R41),
N(R41), S, S(O, S(O2, and 0, and A4 is NH or NR41l, where each R4, is

i ndependently H or |ower alkyl, provided that no nore than two 5

het er oat ons oc&gr onsecutjvely in the above-depicted ring forned by A,
A2, (A3)q, Al ,-%nmadﬁnemma&ﬁ,mwe&hm- Rlendly H, 40 R5 and

Rb are each independently H F, an al kyl group, a cycloal kyl group, a
het er ocycl oal RIY! gpen: cyelorliyl groug; pheperocyclcAIYEEBHA AR Wyl g,rogg,pd; neRfotd R are
each independently H, an al kyl group, a cycloal kyl group,
hﬁlt? er ocyc | 0al EYPRPHITau peyl groupy prbvigecuti at RaliRhe bPRY Yd Y i@ MPanyi IRy, an SR 7
aryl group, a heteroaryl group, -ORy7, -SR 7, -NR7Ru3, -NR, 9NR[§R18, or -NRyORsy
5 Roisafive-membered heterocycle having from one to three heteroatoms selected from
01 N, and S;

Rzo is

: o]
Rg/”:f‘{- ; and

Z and Z; are each indgpendently H, F, an alkyl group, a cycloalky! group, a
heterocycloalkyl groui), an aryl group, a heteroaryl group, -C(O)Ry;, -CO;3R3,, CN,
10 -C(O)NRz;Rp,, ‘C(O)NR2IOR22' “C(S)Ra1, -C(S)NRziRy,, -NO,, -SORy;, -SO5R,;,
~SO2NR21Rz2, -SONR21)(OR3), -SONRy,, ~SO3R2, -PO(ORz1 )2, -PO(R2;)(Ra2),
-PONR21R2)(OR ), -PONR2;R2)(NR 3R 4), “C(O)NR2NR»R23, or
—C(S)NR2;NR R4, where R21, Raz, R23, and Ryq are each independently H, an alkyl
group, a cycloalkyl group, a heterocycioalkyl group, an aryl grbup, a heteroaryl group,
15 an acyl group, or a thioacyl group, or where any of two of Ry, Ry, Ry3, and Ry,
togcther with the atom(s) to which they are bondcd, form a heterocycloalkyl group,
provided that Z and Z, are not both H;
-or Z; and Ry, together with the atoms to which they are bonded, form a cycloalkyl or
heterocycloalkyl group, where Z; and R ;are as defined above except for moieties that

20 cannot form the cycloalkyl or heterocycloalkyl group;

108



Ad { ,ql A3)n "~Z 107 23 February 2004 It WO 01/14576 PCT/ US00/ 23032
-NR19NR17R18, or NR170R18, where R17, R18, and Ri g are e&8lFebndepa2daent|y
H, an alkyl rouig"; a cycl oal kyl group, a heterocycl oal kyl group, an aryl
group, a hgt 76 group, or an acyl group, provided tha st one of
R7 and R8r§s an al kyl group, an aryl group, a heteroaryl 3’?2@5%'0?2-%63217,
-SR17, -NR17R18, -NR19NR17R18, or-NRL7OR18; 5 R9 is a five-menbered
het er ocycl e having fromone to three heteroatons selected fromO, N, and S
R2o0 is and Z and Z1 are each independently H, F, an al kyl group, a

cycl oal kyl group, bet erocycl oal kyl group, an aryl group, a heteroaryl
group, -C(O Iﬂ#aﬁ%f%&@ﬂmﬁ thoatods ® N%ﬁﬂié?,aretﬁa‘ﬁ@d,\'%ﬁxcﬁ%cl% -%rS) R21,
-C(S)NR21R22, -NO2, -SOR21, -S02R21, -S2NR21R22, -SQ(NR2 )(% : '

-SONR21, - SO MWEWFQ where@ drd 12 Mh&ﬁnﬁ%%%%%@%&m e R21,

- PO(NR21R22) (NR23R24), -C(O) NRZINR22R23, or -

R22, R23, anmfmmeaﬁmﬂm%@@& 3, al kyl group, a cycl oal kyl
group, a heterocycl oal kyl group, an rl>|(/) r%%gb a heteroaryl group, 15 an

acyl group, ds. &hepreas i , ere any of two of R21, R22, R23, and
R24, together wi t? the%@ﬁ%&cﬁﬁv\lﬁ?é‘wﬁ?’% e LomPYed 96 fermplgdis: o

het erocycl oal kyl group, provided that Z and Z1 are not both H, or Z1 and
R1, together with the atonms to which they are bonded, forma cycl oal kyl or
het erocycl oal kyl group, where Z1 and Riare as dgfined above except for

noieties that 20 cannot formthe cycl oal terocycl oal kyl group;
o o

N
—

e
/

COOEt
5 - . F

N
H

o
HITTT

21. The process according to claim 18, wherein the compound of formula ITA is:

109



108 23 February 2004 % WO 01/ 14576 PCT/ US00/-23032 or Z and Z1, together
with the atons to which they are bonded, form a cycl oal k¢B February 2004

het er ocycl oal‘l;yl group, where Z and Z, are as defined above except for

noi eties tpatWOOHESdE formthe cycl oal kyl or heterocycl oal k 19.
The Pr ocesgaaccor ding to claim 18, wherein the conpound of ¥élf[ﬁ€|q%§9q32i s: 5
20. The process according to claim 18, wherein the conpound of fornmula II
is: OH 21. The process according to claim 18, wherein the conpound of
formula lilAis: 109 23 February 2004 WO 01114576 F3CCOOH . H21

PCTI USCQ/ 23032 COOEt 5 22. The process according to claim18, wherein the
compound of formula Lv-X is f§.chlorodi methyltriazine. 23. The process '
according to claim18, ° i Nthe conpound of formula I11Ais prepared by
a process conprising the f reacting a conpound of fornmula I1IB with
trifluoroacetic acid, whe t he conpound of fornula MBis: BocHN Rt 24. A
process useful for prepging a conmpound of fornula XVTA: (XVIA) wherein R10
is a halogen or an al kylf group; '

F3CCOOH . HN

COQEt - :
- 22. The process according to claim 18, wherein the compound of formula Lv-X is

- chlorodimethyltriazine.
) : :
23. The process according to claim 18, wherein the compound of formula IIIA is
prepared by a process comprising the step of reacting a compound of formula B with
5 trifluoroacetic acid, wherein the compound of formula IIIB is:
R z
BocHN Z 2
Ra
Ry
R ) . 24. A process useful for preparing a compound of formula XVIA:
O
- Ry
\\ OR"
, (XVIA)
/ Lv

wherein Ry is a halogen or an alkyl group;
comprising:
10

Step A: converting a compound of formula VI to a compound of formula V

comprising the substeps of:
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conprising: 10 Step A: converting a conpound of formula VI to a conmpound of
formula V conprising the substeps of: t10 23 February 2@83&eDaon20676 (a)
reacting a R10 substituted benzal dehyde of fornula VL CHO PCT/ US00/ 23032

wi th hydangoMP $448% aqueous mediumin the presence of a CRlRLslasal, Tef ! ux
tenperature to forma reaction mxture; 5 (b) treating the reaction m xture
with an excess of an alkali netal hydroxide at reflux tenperature to form
a alkali netal hydroxide-treated solution; (c) _adding an alkali netal
halide to the alkali netal hydroxide-treated solution to give a solution;

(d) acidifying the( ipelauti onwWth a concentrated acid to give a precipitate
of ;and to fornul a®fEME3 Rao syhstimied beragldghyderaf foratulve: educt i on of t he

conmpound of forrmula V to a conpound of formula VII; It t WO 01/14576 23
February 2004 PCT/ US00/ 23032 Step C. esterifying the conpound of fornula
a XIl by reacting the conpound of fornula VII

VIl to a conpound g‘;

with a conpound of '-OH, wherein R'" is an alkyl or aryl; 5

CHO
(VD

with hydantoin in an aqueous medium in the presence of a catalyst at reflux
temperature to form a reaction mixture;
(b) treating the reaction mixture with an excess of an alkali metal hydroxide at
reflux temperature to form a alkali metal hydroxide-treated solution;

_(¢) adding an alkali metal halide.to the alkali metal hydroxide-treated solution

to give a solution:

(d) acidifying the solution with a concentrated acid to give a precipitate of

0

V)

;and

10 " formula V;

Step B: performing an enzymatic reduction of the compound of formula V to a

compound of formula VII;
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; and Step D:. converting the conpound of fornmula Xl to the conpound of
formula XVIA 25. The process according-to claim?24, whéBdiebruame20@bucti on

reaction of ﬁx(ﬁﬁ” s catalyzed by formate dehydrogenase and |l actate
ASe ﬁ?ﬁ [

dehydr ogens The process according to claim 24, %b%s
reduction reactlon of step B uses nenbrane-encl osed enzymatic | 3f§5|s

27. The process according to claim 24, wherein the reduction reaction of
step B uses coinmobilization enzymatic catal ysis. 28. The process
according to claim 27, wherein the coimobilization enzymatic 15 catalysis
uses PAN 500 as 'a suitable copolynmer. 29. The process according to claim
25, wherein the | actate dehydrogena is D112 23 February 2004 k WO

01/ 14576 PCT/ USO0/ &3P32 | actate dehyflrogenase. 30. The process according to
claim 25, wherein t cta ehyd enase is L- |actate dehydrogenase.

31. The process ac i ' Berei ﬁpe esterification step Cis
5 Perforned at abo tenperfture in the presence of hydrochloric acid
and di oxane. -32. ess ac ﬁrdlng to claim24, wherein the catalyst
used in step (a) is mary.or Secondary am ne. 33. The process according
to claim32, wherein the catalyst is 1-amni no-2-propanol. 34. A process for
preparing a conpound of forrmula XVIA: (XVIA) 10 conpri sing:

Step C: esterifying the compound of formula VI to a compound of formula XII

by reacting the compound of formula VII with a compound of formula R”’-OH,

) wherein R” is an alkyl or aryl;
O
Rio
TN -
, OR”
' L OH : and
. :

Step D: i
tep D: converting the co‘mpound of formula X1 to the compound of formula

XVIA,

K :_."Tj 25. 'I‘hc T
i) Process according to claim 24, wherein the reduction reaction of step B is

cata]yzed by formate dehydrogenase and lactate dehydrogenase.

10 26 i
The process according to claim 24, wherein the reduction reaction of step B

uses membrane-enclosed enzymatic catalysis

27. i i
The process accordin g to claim 24, wherein the reduction reaction of step B

uses coimmobilization enzymatic catalysis.

28. i i
The process according to claim 27, wherein the coimmobilization enzymatic

15 catalysis uses PAN 500 as 3 suitable copolymer.

29, i i
The process according to claim 25, wherein the lactate dehydrogenase is D-
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Step A' converting serine to a conpound of formula VII: OH conprising the
substeps of: 15 (a) converting serine to potassium gl yci @3tfebmyarg 2604ndar d
process; and O(‘R% carrying out a regiosel ective epoxide ring-opening
reaction vt NWA44%3623" February 2004 WD 01/ 14576 conpound quTgl%r‘}%?!

Ri o- phenyl -Q PCT/ US00/ 23032 Step B : esterifying the conmpound o or mul a
VIl to a conpound of formula Xl I by reacting the conpound of formula VIl
with a conpound of fornula R'- OH, (XW;and 5 Step C: converting the
conpound of forrmula XIl to the conmpound of fornmula XVIA, wherein Rois a
hal ogen or a roup; R' is an alkyl or aryl; and Qis an activated
brom de, a s%%%é%mgpgﬁgfﬁ mary iodide. 10 35. The process according to
cl aim 34, wheJei nl{hﬁhe serine is L-serine. 36. The process according to
clai m 34, whetei n tfigresessiageorios o daim 26 whedih thd oS RBGHSAGG]L i N t O
claim34, wherein % is -MgBr. 38. The process according to claim34,
wherein Rio ilactate d ydtegenmse.s- possition of the phenyl ring. 15 39. The
process according to claim 34, wherein the esterification step B is

perforned at 3dboufThe prvest acqoatias i cBih P4t BE ence.-of . hydraogchl oric acid
and di oxane. 40. The process géccor di'ng’ toergflg?err‘{'}%gl,ﬁ%m@rsﬁp the potassi um

gl yci dat e 5t opatetmeli a0dBoBt BBmAcmfdtuleIn BRNEEL Db ad Iyl di ¢ acid before

ThaC) oal cael pat s mel OB R tomg rochloric acid and dioxane.
32.  The process according to claim 24, wherein the catalyst used in step (a) is
'f'.ﬁ) | primary or secondary amine.
33.  The process according to claim 32, wherein the catalyst is 1-amino-2-propanol.
34. A process for preparing a compound of formula XVIA:
o]
Ryq
\ X oR"
(XVIA)
/ Lv
10
. _ comprising;
Step A’ converting serine to a compound of formula VII:
(XI)
comprising the substeps of:
15

(a) converting serine to potassium glycidate by a standard process; and

(b) can'ymg out a regioselective epoxide ring-opening reaction with a
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opening reaction of step A (b) is performed.- 20 41. A process for preparing
a conmpound of formula XVIB: 114 23 February 2004 N WO 01/23#=btuary 2004

PCT/ US00/ ZSO%glle?ri sing: Step A': preparing a conpound of fornmula XIIA
froma condou Bornmuia IX 5 (XI'1A) conprising the subgt®ispefes: ()

perform ng an asymetric di hydroxylation of a conmpound of formula 11X to
forma conpound of formula XA: 10 (XA) 115 ,4 WO 01/ 14576 23 February 2004

PCT/ US00/ 23032 (b) reacting the conmpound of forrmula I X with
1,1 -carbonyldiimdazole in the presence of toluene to forma conmpound of

formula XlI; and 5 (¢ erformng a palladi um nedi ated reduction of the
conmpound of fornul‘g?";ﬂoenéﬁfoé’ﬂ?ﬂ?gmpiqﬂwbamd of formula XIIA;, "and Step B"
t he conversion of the_conpound of fornmula X]IA to the conpound of fornula

XVI B; wherein Rio $'§PB'3W&‘P@@'@8@kayffmﬁhmwon%uﬁ'oﬂfﬁnﬁﬂa al kyl "or
aryl . 42. The process according to claim4l, wherein the asymetric
di hydr oxyl ati on i sXII by reacting the compound of formula ViI with a compound of formula R’-

OH;

; and

5 Step C’: converting the compound of formula XTI to the compound of formula
XVIA;

wherein Rjg is a halogen or an alkyl group;
R’ is an alkyl or aryl; and.
Qisan activatc_:d bromide, a sulfate, or a primary iodide.

10 35.  The process according to claim 34, whcrein the serine is L-serine.
36.  The process according to claim 34, wherein the serine is D-serine,

A 37. The process according to claim 34, wherein Q is ~MgBr.

38.  The process according to claim 34, wherein Ry is F in the para-possition of the
phenyl ring,

15 39.  The process according to claim 34, wherein the esterification step B’ is
performed at about room temperature in the presence of hydrochloric acid and dioxane.

‘ 40 The process according to claim 34, wherein the potassium glycidate formed

from step A’(a) is converted to a glycidic acid before the regioselective epoxide ring-
opening mction of step A’(b) is performed. |

20 4l.  Aprocess for preparing a compound of formula XVIB:

”4



U LS

a Sharpless asymmetric di hydroxylation. 15 116 WO 01/ 14576 23

FPCT/ US00/ 23032 43. The process according to claim4l, wi2Febmast24 b) is
performed at about 80C. 44. The process according to claim41l, wherein the
pal | adi um-gel¥PR&4$7¢ eduction step is done in the presencepefécrbise acid
at -about roomtenperature. 5 45. A conpound of the follow ng formula: and
acid addition salts thereof. 46. A conpound of the following fornmula: and
acid addition salts thereof 10 47. A conpound.of the follow ng formula: and
acid addition salts thereof. 117 AMENDED SHEET ( ARTI CLE 19) WD 01/ 14576 5
48. A conpound of the following formula: and acid addition salts thereof.
49. A process for preparing a conpound of forrmula VII: 23 PCT/US00/ 23032
wherein R10 is a hal ogen or an Kyl group; conprising: Step A: converting
a conpound of forrmula vi to a c@nmpound of fornmula V 10 conprising the
substeps of: (a}0reacting.a Riollsubstituted benzal dehyde of fornmula VI: CHO

OR" (XVIB)

=i

v
comprising:
| ) A Step A™’: preparing a compound of formula XIIA from a compound of formula
IX: |
o 1)
Rig
I OR" I\\\\‘\\ AN OCH,
%H /
(X1A) )
s _
comprising the substeps of:
E ) - (@) performing an asymmetric dihydroxylation of a compound of formula
.[X to form a compound of formula XA: |
HH
oH O
Ry ?
xXa)

. Ol
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wi th hydantoin in an aqueous nmediumin the presence of a catalyst at reflux
tenperature to forma reaction nmixture; is (b) treating t23debesary 200d

m xture w4 hW@Pldss9éss of an al kali netal hydroxide at 118 AVENDED SHEET
(ARTI CLE 19) WD 01/14576 23 February 2004 PCT/ US00/ 23032 réfi{g0/23032
tenperature to forma al kali netal hydroxide-treated solution; (c) adding
an alkali netal halide to the alkali nmetal hydroxide-treated solution to
give a solution; (d) acidifying the solution with a concentrated acid to
give a precipitate of 5 fornmula V. ONa M; and Step B: the enzymatic
reduction of the cﬁb}rwemgtbf-cdmpmdiannhOlaHX&vit}PH[m&%Bﬁ%%fiin{iﬁ’Jsziﬁ M 1. 50.

A process for preparing a conmpound of fornmula VII' 10 cofrprising t éhesteps:

(a) converting serpresende@f pieds & forth 4l 'g@,{deoftggmﬁﬂas&gnd&rd process; (b)
carrying out a regiosel ective epoxide ring-opening t &%ion with a conpound
of formula Rio-phenyl-Qto yield the conpound of formula VII, 15 wherein
Rio is a hal ogen or an al kyl group; gand Qis an activated brom de, a
sulfate, or a primary iodide. 119 NDED SHEET ( ARTI CLE 19) W61/ 14576

e

R1o
AN o

|

.lu""

P CO,CH,

(c) performing a palladium-mediated reduction of the compound of formula XI
to form the compound of formula XTIA; and
Step B’ the conversion of the compound of formula XIIA to the compound of
formula XVIB;

wherein Ry is a halogen or an aikyl group; and

10 R’ is an alkyl or aryl.

42.  The process according to claim 41, wherein the asymmetric dihydroxylation is

a Sharpless asymmetric dihydroxylation,

15
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23 February 2004 PCT/ US00/ 13032 51. The process according to claimb50,
wherein the pebapskm gl ycidate formed fromstep (a) is (ﬁ%’@@%?%na
[ r of

glycidic acid before the regi osel ective epoxide ring- opening
step (b) is performed. 5 120 AMENDED SHEET ( ARTI CLE 19)

43.  The process according to claim 41, wherein step (b) is performed at about

80°C.

44. The process according to claim 41, wherein the palladium-mediated reduction step -
is done in the presence of formic acid at about room temperature.

S 45. A compound of the following formuia:

and acid addition salts thereof,

46. A compound of the following formula:

and acid addition saits thereof.

10 47. A compound of the following formula:

and acid addition salts thereof,

_ 117
AMENDED SHEET (ARTICLE 19)
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WO 01/14576 23 FF@PH?%NM

/23032

A compound of the following formula:

and acid addition saits thereof,

49. A process for preparing a compound of formula VII:

Rqo

\\ _ OH (VI
, / OH

wherein Ry is a halogen or an alkyl group;

comprising:

Step A: converting a compound of formula VI to a compound of formulza V
comprising the substeps of:

(a) reacting a Ry, substituted benzaldehyde of formula VI:

Rw\

\ / CHO (VD

with hydantoin in 2n aqueous medium in the presence of a catalyst at reflux
temperature to form a reaction mixture;

(b) treating the reaction mixture with an excess of an alkali metal hydroxide at

118
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WO 01/14576 PCT/US00/23032

reflux temperature to form a alkali metal hydroxide-treated solution;
(c) adding an alkali metal halide to the alkali metal hydroxide-treated solution
to give a solution;

(d) acidifying the solution with 2 concentrated acid to give a precipitate of

5 formula V:

R1o

\ X ONa (V)
I A o ;and

Step B: the enzymatic reduction of the compound of formula V to the

compound of formula VII.

30. A process for preparing a compound of formula VII

10

\\ OH (VII)
l / OH
comprising the steps:
(a) converting serine to potassium glycidate by a standard process;
(b) carrying out a regioselective epoxide ring-opening reaction with a compound of
formula R,o-phenyl-Q to yield the compound of formula VII,
13 wherein Ry is a halogen or an alkyl group; and

Q is an activated bromide, a sulfate, or a primary iodide.

119
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51.  The process according to claim 50, wherein the potassium glycidate formed
from step (a) is converted to a glycidic acid before the regioselective epoxide ring-

opening reaction of step (b) is performed.

120
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