WO 01/ 14576 PCT/ US00/ 23032 Efficient Methods For the Preparation O

Rhi novi rus Protease Inhibitors, Key Internediates And A Conti nuous Menbrane
React or UsefW0 0%@876 Pr epari ng The Same. RELATED APPLI CATIpohrisdefA0325 Thi s
application relates to U S. Provisional Patent Application Serial No.

60/ 150, 365, filed on August 24, 1999. This application also relates to a
U.S. Provisional Patent Application No. 601150,358 (Attorney Docket No.:
0125.0028) entitled "Efficient Synthetic Routes For The Preparation O
Rhi novi rus Pr ot e | nhr b| tors And Key Internedi ates” havin named as

i nvent or s: ﬁ’:iﬁ For the Prepayiation Of Riinovirus Regtease Ibibitowgni no, Jr.
T. Remarchuk M |VEI n| ck L. Mtchell, Jr., and S. Bender. This

af or ement i oned aKﬁIMmedWQMA&aﬁmmemﬁekwmd&m&nr t he
preparation of rhinovirus protease inhibitors and key internediates for
use therein. The above-ref er ence®reparing Hie Sanse. are rel i ed upon and are

I ncorporated herein by reference. TECHNI CAL FI ELD AND | NDUSTRI AL

APPLI CABI LI T\REIDTHD ABPIICATIONATS rel ates to an inproved process for the
preparation of ethyl-3-{

(5' - met hylsi soxazolrgis 3pp 1ﬁﬁ&w&§my%o%wémklp%gcaﬁoﬁ’ %ﬂr o((S) 10

Pyrrol Al a)}-E-propanoate, its anal ogs and of pha ceutic y acceptabl e

salts there(goﬂsab@s Bie%%ﬁr)}u Mw@q ben al so includes a novel group of
I nt er medi at e conpounds e used 1 n the above process Addltlonally, t he

W th the proces 223‘“8?*4‘*%@5%3%‘9 B SRR i BeBopt S Uson 2032
BACKGROUND Ofgo 58358 VS Bocket No.: 0125.0028) entitled “Bfficient Synthetic Routes
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 aforemerltioned
application also relates to synthetic routes for the preparation of rhinovirus protease
inhibitors and key interme&iaws 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
ethyl-3-{(5’-methylisoxazole-3’-carbonyl)-L-Val W¥(COCH,)-L-(4-E-Phe)-L-((S)-
10 Pyrrol-Ala)}-E-propanoate, its analogs and of pharmaceutically acceptable salts
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 membrane reactor useful for use with the processes of the present

invention.



Picornaviruses are a famly of tiny non-envel oped positive-stranded RNA-
containing viruses that infect humans and ot her aninmals. These viruses

i ncl ude t hweo otitas®mn r hi novi ruses, human pol i ovi ruses, huRETUS0/23032

coxsacl deviruses, human 5 echoviruses, human and bovi ne enteroviruses,
encephal onyocarditis viruses, neningitis viruses, foot and nouth viruses,
hepatitis A virus, and others. The human rhinoviruses are a mjor cause of
t he common cold. Proteolytic 3C enzynes are required for the natural

mat ur ati on Lcar | wus, inhibiting the activity of these
pr ot eol ytiﬁ&é‘gﬁg}m%ﬁﬁmgresem an inportant and useful
approach for the treatnment and cure of viral infections of this nature,

i ncl udi ng t he cdisepavinates aregdpmilyoftiny napeaveloped positvsrsiapded BNAhe enzymati ¢
activity of picornaviral 3C protease '&Ii .e., antipicornaviral conpounds)
have been reootainingvigisesdbatanfeet humans and gther animalp| Thesevigisepiaclage thappl i cati on
No. 08/850,398, filed May 2,1997, by Wbber et 15 al.; U S. Patent

Appl i cat i onhudean rhigs@8iEes? Bimanf polievinBes; burhay coxSckigdirgseh pubrmgovi ch et  al . ;
and U S. Patent Application No. 08/991, 739, filed Decenber 16,1997, by
Webber st ehovifiessburhinSind patvianéntarpyitusesaencoplalomyvearditis virasesir es of which are
I ncorporated herein by reference, describe certain antipicornaviral
conmpounds  agehingiid ¥ifRed, fiot idiahsuts vinises; Segatitis A0ink,2ad bthesNThey/hunkdm especi al |y
potent group of antipicornaviral agents have been discovered as set forth

in U S Pat GpfovitRil 6 aliait e ofé 08BmaRold(t he “354 application) filed
August 28, 1998, by Dragovich et al., which is herein incorporated by

reference. Thislfi‘&%lkﬁééé&& b4k A3Bited fofhS hatildl ARtrdiof bPWe Of
anti pi cornaviral agenhts 2 Al /14576 PCT/USOQ 23032 of general fornula I.

R N e e e

this group, es agalnst a plethora of.

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 December 16, 1997, by Dragovich et
al.; and U.S. Patent Application No. 08/991,739, filed December 16, 1997, by;_ 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, (the ‘354
application) filed August 28, 1598, by Dragovich et al., which is herein incorporated

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



Rhi noviiral serotypes and is currently in human clinical trials. The " 354
application also discloses nethods and internedi ates useful for
synt hesi zi ngvohRIs7TGconpounds. 5 For exanpl e, General Metrowashirstser ei n
di scl oses a general nethod for synthesizing the conpounds of formula |
i nvol vi ng subjecting a carboxylic acid of general fornmula BB to an
am de-formng reaction with an am ne of general fornmula P to provide a
final product CC, as showmn below R7 O R R2 PANNHOH+ H2N Z _ O AS
HS Z1 BB P R7 O Zt ""HHZ Ra, OH6 Rl CC 10 The " 354
application & %%%Whmlﬁm conpgunds AG/0H % falling, veithan the ¢
general fornulae BB and P, and teaches nethods for carrying out the
am de- f or mi ncgcones this grpun, exhibits excellgnt gptivieal properties agﬁem:pémoamﬂ i cation
teaches suitable nethods for synthesizing the conpounds of general fornula
| from a car Rhindvirel sartyges3Bd fshurently in Bum® dinichUtGas. PRTBESHMLZADI2 t he
scope of the conmpounds of general fornmula Il referred to below) and the
conpounds of alpeniisckbesimethundd amdRnteinkediates nBefalSort dyathesiuimpotiesd somporgasner al
formula 111 :

5  For example, General Method V therein discloses a general method for synthesizing

the compounds of formula I involving subjecting a carboxylic acid of general formula
BB to an amide-forming reaction with an amine of general formula P to provide a final

product CC, as shown below.

Ry
R,
N Y + PN 7
H
o ﬁs RS Z1
BB P
Ra Z
N : N Z
H H H
= Ra
o R Ry
CC
10 The ‘354 application discloses methods for synthesizing the intermediates of

general formulac BB and P, and teaches methods for carrying 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



referred to below. ) Simlarly, two recent publications by Dragovich et al.
di scl ose antipicornavirus 5 agents and suitable synthetic nethods for

t hei r syntwi@81/#1576See Struct ur e- Based Desi gn, Synt hesi sPCHESMNBBSE ogi cal
Eval uation of Irreversible Human Rhi novirus 3C Proteases Inhibitors. 3.
StructureActivity Studi es of Ketonethyl ene-Containing Peptidom netics,
Dragovich et al., Journal of Medicinal Chem stry, ASAP, 1999;

and- Structure-Based Design, Synthesis, and Biol ogical Evaluation of

I rreversi bl e Human_ Rhi noviryus 3C 1Q Proteases Inhjhitors. 4. Incorporation
of Pj Lactd WP%?#@%C%@%’P% ctftgﬁ?ﬁ“aé"mﬁiaﬂ aredite belowyanddhs ch et al .
Journal of Medicinal Chem stry, ASAP, 1999. These aforenentioned articles
are herein qmuwbmég@mabfpméﬁé’r@mempnshhhémp@ndq of gexeraliformiat] t here is

still a desire to discover inproved, nore efficient, processes and novel

i nt er medi atrefenedtohedaw.) n t he synt heses of the conpounds of the group of 15
antipicornaviral agents. In particular, there is a need for inproved

met hods for  syrfimialy; twigretdne pubdivgtions g Dedgovielnetrah distlosenantipizotnavikds and 111 .
The process of the present invention involves an enzymatic reduction step.

Due to the gpsmeasdsuithble yntlRlio metiodd fos their syrihdsis( SeStRRAY eBhied Dedign) YSt S,
there has been a need to recycle these expensive catalysts. This has been

done, i nt ersyathests anB Bidtsgica® Evatudfon oP IV éver IS HIREPRBASirus 3C PRbteast®

devel opment of continuous nmenbrane reactors has made the use of these

expensi ve Cahaiyst 3 sHaaRRALARY Sdis apkhbmer ﬂeﬁé@oﬂ&iﬁﬂéﬁ%ﬁﬁd@ﬁ%&ksﬁomqunds-

However, up until the present”invention, conhtinuous rane reactors have
R e
Kpoun Cont | s S AR ROl A bRy o201, 1
where the ”F.io%ieets Yildbirarll 9. oo of B GcAS MR S L Glutamine
Replacements, Dragovich et al., Journal of Medicinal Chemistry, ASAP, 1999. These
aforementioned articles are herein incorporated by reference 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
15  antipicornaviral agents. In particular, there is a need for improved methods for
synthesizing the compounds of general formulae I, I and IIL
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 continuous membrane reactors
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



Accordingly, to vary the scale of the reaction, a different hollow fiber
filter reactor of 5 appropriate size nust be enployed. See, for exanple, E.
Schm dt et abooitksmr nal of Bi ot echnol ogy, 24 (1992) 315¥g2/isevd3inzh

di scl oses a continuous menbrane reactor. The aforenmentioned article is
herein incorporated by reference. Further, due to the expense of hollow
fiber filter reactors, the known continuous nenbrane reactors tend to be
expensive. Thus, there is a need for a nore econom cal and versatile
continuous 1o nenbrane reactor. SUMVARY OF THE | NVENTI ON: The present

i nventi on r el tht easalytiz redetionli Specifically, knowa comtinuows thentranegeastots eniffloxci ent
process for the preparation of the antipicornaviral agents of formula 1,

such as conpeltes fiber 6D reattBrsydalwhichs hAjérity 6fle adleme vhthe Feagane(s)mmaf ul i n t hat
synthesis. 15 The antipicornaviral agents of fornula |I conprise: OR2 Z RS

RA N Z1 (n Ky VA€ Wk tHR mdjSritylof the eymatiddkhetiah QétRrs, O1  SH, or an
O al kyl group; n%ﬁrFxgé’)éﬁﬂr R3 are eacnﬁjl ntgigpeﬁggzgt ly H 5 WD 01/ 14576

PCT/ US00/ 2 303@::cm‘3mgly, t éry ek 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.
The aforementioned article is herein incorporated by reference. Further, due to the
expense of hollow fiber filter reactors, the known continnous 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 I, such as
compound AG7088, as well as intermediates whic'h are useful in that synthesis.

15 The antipicornaviral agents of formula I comprise:

o) Rs z
Bs
R4
N 7 Z,
H R
Rg Ry

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

Rz and Rj are each independently H;



C ANH or (R11)(R41) 2 where nis an integer fromO to 5, A is CHor N,
A2 and each A3 are independently selected from C(R4L)(R41), N(R41l), S,
S(O, S(OWOHME60, and A4 is NH or NR41l, where each ReaT/UsSmizsdependent!|y
H or lower alkyl, provided that no nore than two 5 heteroatons occur
consecutively in the above-depicted ring formed by A1, A2, (A3),,, A4 and
C=0, and at least one of R and R3is OA4 A~ (A3)n - C A2 or NH2
(RMA1)(R41) R4 is ORT R N H118 O Rs and R6 are each independently H,
F, an al kyl group, a cycloal kyl group, a 10 heterocycl oal kyl group, an
aryl group, or a heteroaryl group; R7 d Its ‘are each independently H, an
al kyl group, a cycloal kyl group, a .het cycl.oal kyl group, an aryl group,
a heteroaryl group, -Ogl7, -SR17, -NRL7Rl§, - "\N\RI9NR17R18, or NR170RI 9,
where R17, R18, and R1lfY are each independently E,a)nan 6 WO 01/ 14576

PCT/ 1JS00/ 23 3’2 al kyl jlgroup, a cys au;&’l\gr})a a heterocycl oal kyl group,
an aryl group, t eroany! - or ~C A ;
NH, Rq1)(Rap)

where n is an integer from O to 5, A is CH or N, A, and each A; are independently
sel_ected from C(R41)(Ra1), N(Rap), S, S(0), S(O)2, and O, and A4 is NH or NRy,,
where each R41 is independently H or lower aikyl, provided that no more than two

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

A4 and C=0, and at least one of RyandRs is

R4is

o] Az
Rg)kN r"{ ;
H Ry
o
Rs and Re are each independently H, F, an alkyl group, a cycloalkyl group, a
10 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;7, -SR;7, -NR7R g, -

NR;9NR 7R3, or -NR1;0R 3, Where Ry, Rys, and Ry are each independently H, an




group, or an acyl group, provided that at |east one of R7 and Rs is an

al kyl group, an aryl group, a heteroaryl group, -ORl7, -SR17, -NR17R18,
-NR19NRI 7RI Syvo owr14b¥d8170RI s; R9 is a five-nenbered het er oegrlusodzeazng from
one to three heteroatons selected from 5 O N, and S; and Z and Z1 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,
-Q02R21, CN, -C(O NR21R22, -C(O NR210OR22, -C(S)R21, -C(S)NR21R22, N2,
-SOR21, -S02R21, -SO02NR21R22, -SQ(NR21)(OR22), -SONR21, -SO03R21,
-PO(OR21) 2, -4kl Booup,(ayclpalkyl groupcy strracsoloalky) mpovp, an apbgraup.1abetrealdo 3R24) |
-C(O NR21INR22R23, or -C(S)NR21INR22R23, Wiere R21, R22, R23, and Rea are
each i ndependgody, yr it acglrgravipkyrovidet thatpt least opecofdtalakg Rs igran ajkyl group, an

het er ocycl oal kyl group, an aryl group, a heteroaryl group, an acyl group,

or a thioacylarfifgdstip, a Rétervdiflig2oud ORI, -SRP, DR 1 1R%4| NIRSHR 17RZ30r -NRY,OR;
together with the atom(s) to which they are bonded, form a heterocycl oal kyl

group, 15 proyjifgdive RAinbére@dlerdbycRMaviRL troR@nb tothre heteibatoms sdRctedifrget her

with the atons to which they are bonded, forma cycl oal kyl or
heterocyclﬁalgyﬂ] &ﬁ@“ﬂ}d where Z1 and Rlare as defjned above except for
nmoi eti es that ~cannof formthe cycloal kyl or heterocycloal kyl group; or Z

ST 5 0T A, e AR 1 10,00, 00,
LT S oEbon ek e R B RGPS, oo
Syt 2o b Skt R AR B B8, BESRRRL L ol SBRg @

suitable am de-form ng reaction. The process of th resent ... nvention
provi des a moPORByRzeSORRuERa:SENR Zlnﬂ’lqggﬂgf S’Z{‘R?‘P\@%ﬁ)zi ng the

10 -PO(NR2:R2)(OR23), -POMNR21R22)(NR23R24), -C(O)NR21NR;R23, or
-C(S)NR21NR22R23, where Ray, Ras, Ras, 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 Ra1, Ra2, Ra3, and Rag,
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 R;, together with the atoms 'to which they are bonded, form a cycloalkyl or
heterocycloalkyl group, where Z; and Ryare 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

20  heterocycloalkyl group, where Z and Z; are as defined above except for moieties that
cannot form the cycloalkyl 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



conpounds of formula I fromthe conpounds of fornmulae Il and M The process
of the present invention also provides nore cost effective and 5 efficient

nmet hods oWOIA#Si€si zi ng t he conmpounds of fornula |1, tREIUSHI23032di ng an
i nproved overall method for synthesizing the antipicornaviral agents of
formula I. Additionally, -the present invention provides novel internediates

for use in the processes of the present invention, and novel processes for
the preparation of those novel internediates. 10 The present invention

also relates to a contjnuous, nenbrane reactor, that m be used in the
processes 8fecperal foprada it miarﬂfgﬁ? Hﬂ‘%“’%ﬁ'@é‘tﬁ rsistigy Lhe Hﬁé‘éﬁ?fég"e@eséﬂﬂ features
of the present invention will be nore fully understood and appreciated by
ref erence inyentioa pygvides a mosgrast effestive apd efficiomtrmethobofyatbrsizg &N OF A
PREFERRED EMBCODI MENT OF THE 15 I NVENTION: As used in the present

appl i cat i ocgmpduadstof foromiakfrabe fhieicompamds ofifpimulad M asdBhr dance with a
convention used in the art, is used in structural fornmulas hereinto

depi ct the bondTlepabdcessoftiecpresentrihvenfiomalicoprovides mak chdeffeativeand or
substituent to the core or backbone structure. 20 Wiere chiral carbons are

i ncl udesl i pfficieRith&Bdds DF §yneliesibiRE theltdnPEtnda okt W, tus, piévi@iRg &1 | on 1S
depi cted, both sterioisoneric torns are intended to be enconpassed. An

"al kyl gr ojfiproved ovErart R &t sHRASiAnsthé MiipltornaPiral AEEEIFEmmNAL N NONOVal ent
radi cal of saturated and/or unsaturated carbon atons and hydrogen atons,

such as 8 WO 414 35 sehiGh Ldndveliledm ropyl,
i gopropyl , but yiA (Bu)g{]ﬁ%%%tyl %t%g%}t)r)??ﬁ(t Bﬁg, et henyl ,r&gﬁe%t?flgyl E:)y

DUt e T PRRBA oy RN o) o AR SR n bR, o 11
hydrogen) gl HRShidittSd -
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 appreciated by reference to the written specification.
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, :51/ 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 sterioisomeric forms are intended to be encompassed.

An “alkyl group” is intended to mean a straight- or branched chain monovalent

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




by one or nore suitable sustituents as defined below (e.g., one or nore
hal ogens, such 5 as F, d, Br, or I, with F and C being preferred). A

"l ower al kyWwoatmspd is intended to nean an al kyl group Penuseg2fsom 1 to 4
carbon atons in its chain. A "cycloal kyl group” is intended to nmean a
non-aromati ¢ nonoval ent nonocyclic, bicyclic, or tricyclic radical
containing 3, 4, 5,6 6, 7, 8, 9, 10, 11, 12, 13, or 14 carbon ring atons,
each of which nay be saturated or unsaturated, and which may 10 be
unsubstituted or substituted by one or nore suitable substituents as

defi ned bel owmethyb(Mi): ethyh(FEth prapaly isbpropylhdmtyl (B, isobutmbtdutybitdhudethehylal kyl

groups, aryl groups, or heteroaryl groups, which thensel ves nay be

unsubst i t ut e gemenyk bitssiylpebpedylbsthynyk batynyl,peopgml fentyinyl, bexiysyl, and thedikeat i ve
exanpl es of cycloal kyl groups include followng noieties: da (3 0 Cc z:

, 0, 15 A " hehaicaeagbe Bhiabstiited (e, toatdinih@oiPehrbon 448 dikirdgeRPor-sabsafRdd C

m)noval ent nonocyclic, bicyclic, or tricyclic radical, which is saturated

or unsat ur at gdond o fidble sidtie its 39 defifed bel hd 6556k RESAHSGRIZ3032 3,
4, 5, 6, 7, g&jorb 10 11, i%‘% uensase % eov)@fg or 18 rlnég atons, which

TS b G o P G oS e iR
sui tabl e substltue ef.in W, an t. ch nay be fused one or
nore cycl oal ﬁ"e?n gr ?Ouﬁg‘“fl f"d’&gg ¥ eatoé’r'solgg aén groups, which
Subst i tuents. 1114 5%?&?%&%&2‘3#&&%?%%%&%% Ao Bps | nc ude ¢ he
Following  ocyelic, bicyclic, or tricyelic 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 substituted by one or more suitable substituents as defined below,
_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 substituents. Iliustrative examples of cycloalkyl groups include following

o O0OCOA
@O A7

A “heterocycloaltky group” is intended to mean a non-aromatic monovalent

moieties:

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



nmoieties: 0 ONRNNR O<N. . " NN. " RRRO 0O ~-NCLR1D CNR".
O NRORJ[:1:11111 and Z/, An "aryl group"” is intended to nean an
aromati c Mm@ovVEs®nt nonocyclic, to bicyclic, or tricycl PET/P{23032
containing 6, 10, 14,, or 18.carbon ring atons, which may be unsubstituted
or substituted by one or nore suitable substituents as defined below, and
to which may be fused one or nore cycloal kyl groups, heterocycloalkyl
groups, or heteroaryl groups, which thensel ves may be unsubstituted or

substituted by _one or 10 0%4145 0 / 13500/ 23032 _.nor e, gui tgble
substi t uentd % Ftfué, 8. Pnt: ﬂﬁgﬁa Sl 1§g1§ Sgimilﬁéﬂ“é a@g‘sa‘"'ﬂgﬁ‘?ﬁll“ﬁ‘g‘r’ogp (Bzl).
IlTustrative exanples of aryl groups include the follow ng npieties:

3, 4, or 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 one or more cycloalkyl groups, aryl groups, or heteroaryl

5  groups, which themselves may be unsubstituted or substituted by one or more suitable
substituents. Ilustrative examples of heterocycloalkyl groups include the following
moieties:

o]

N
PysYsiofolele;
o AaaC
Lo A

An “aryl group” is intended to mean an aromatic monovalent monocyclic,
10  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



k~l and | Colo A "heteroaryl group” is intended to nean an aromatic
nonoval ent nonocyclic, 5 bicyclic, or tricyclic radical containing 4, 5,

6, 7, 8, 9, wbhimn#ste 12, 13, 14, 15, 16, 17, or 18 ring etmusn.23mzl uding 1,
2, 3, 4, or 5 heteroatons selected fromnitrogen, oxygen, and sulfur,

whi ch may be unsubstituted or substituted by one or nore suitable
substituents as defined below, and to which my be fused one or nore

cycl oal kyl groups, heterocycl oal kyl groups, or aryl groups, which

t henmsel ves may be 10 unsubstituted or substituted by one or nore suitable
subst i t uent s mord uitehle subptitaentse I thederar “arwk gronp singludegadepayl graep Bed. t he
followng noieties: |11 WD 01/14570 PCT/ US00/ 23032 NJ NJ R, S > N >0>R

St i N (JMiDstatiNe ekamplds of byl grdpyihdiidutheNolRindimoieti®: N ' N N

SO0

A *“heteroaryl group” is intended to mean an aromatic monovalent monocyclic,
5  bicyclic, or tricyclic radical containing 4, §, 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 unsubstitated 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 aryl groups, which themselves may be
10 unsubstituted or substituted by one or more suitable substituents. Illustrative

examples of heteroaryl groups include the following moieties:



N R N ocLc(JcJoXcxN) \ / V' S NI N R/ and N A "heterocycle" is intended
to nmean a heteroaryl or heterocycloal kyl group (each of which, as defined
above, arewopt/i4smal |y substituted). 5 An "acyl group” | BCTHBWARIBY to nean a
-C(O-Rradical, where Ris a substituent as defined below A "thioacyl
group” is intended to nmean a -C(S)-R radical, where Ris a substituent as
defined below 12 WO 01114576 PCT/USQOQ 23032 A "sul fonyl group” is
intended to nmean a -SOZR radi cal, where Ris a substi tuent as defined

bel ow. A "hyd oxy group |s |ntended to nmea he radical -OH An "am' no

group” is ingen NNH y | angno gr oup i's
intendedto anth rad cab NHR |s al kil rou
"di al kyl am no‘wgroup” nte theN adr C re R and

Rb are each |r'?depe’nder‘?'tly an al kyI gr oup. An A al koxy gr oup" is Intended to
mean the radical -OR3, where Ra_{s an al 10 gr@up Exepypl ary al koxy

groups inclu thox t hox PRYPOX a koxycar bonyl
group" is | en @ t hg radijcal O) CRS wher i slan al kyl
group. An "a uI f OR §r OUP_ i 87 nt digdl - SO2R$,
where R is r"a'w/gl N N ,

PSS

A “heterocycle” is intended to mean a heteroaryl 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 a —C(S)-R radical, where R is a

substituent as defined below.

12



an al kyl group. 15 An "al kyl am nocar bonyl group"” is intended to nean the
radical -C(O NHRa, where Ra is an al kyl group. A "dial kyl am nocar bonyl
group” is iwoamdesdsto nean the radical -C(O NRJRb, wherecigsoansdsRb are
each independently an al kyl group. A "nercapto group” is intended to nean
the radical -SH 20 An "alkylthio group” is intended to nmean the radical
--SR$, where R is an alkyl group. A "carboxy group” is intended to nean
the radical -C(O OH _A "carbanoyl group” is intended to nean the radical
-C(ONH2. 13 WO 01/14576 PCT/ U500/ 23032 An "aryl oxy group" is intended to
mean the radi cal ACmEfonyligequp” is intended to mean 2 —SELR radical. whetedk §3r i oxy gr oup”
is intended to nmean the radical -ORd, where Rd is a heteroaryl group. 5 An
"aryl t hi o gr &ahstitupss af defimedibelow.o nmean the radical -SRS, where Rd is an aryl
group. A "heteroarylthio group” is intended to nean the radical -SRd, where
Rd is a heteroar}l“hygirouygréup” isdatcaded tgmoanthe fabiejl 4O¥.i nt ended t o nmean any

suitable group that will be lo displaced by a substitution reaction. One of
ordi nary skill i nAhhenigé growp ik irkshaed folhadan BRMadicxdINHgat e base of a strong
acid can act as a leaving group. Illustrative exanples of suitable |eaving

groups ingl ude, bph“akBarfiab globpr ik Bflerided to-thean tHelradicaPLNHRL, KdHereQt) i04n des,
al kyl brom des, al kyl 1 odides, al kyl sulfonates, alkyl benzenesul fonates,
al kyl p-tol um{,ljppnat es, al kyl nethanesul fonates, triflate, and any

groups having a
A “dialkylamino group" is intended to mean the radical -NR,Ry, 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 ~-SOsR,, 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)NRgRy,
where R, and Ry, are each independently an alkyl group.
A “mercapto group” is intended to mean 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(Q)OH.

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

13



15 bisulfate, nmethyl sulfate, or sulfonate ion. Typical protecting groups,
reagents and sol vents such as, but not |limted to, those listed belowin
tabl e 1 haweovtusre ol | owi ng abbreviations as used her ei nPERESI0R3®Ae  cl ai ns.
One skilled in the art would understand that the conpounds listed within
each group may be used interchangeably, for instance, a conpound |isted
under "reagents 20 and solvents" may be used as a protecting group, and so
on. Further, one skilled in the art would know ot her possible protecting
groups, reagents and solvents; these are int enaggé to_be within the scope
of this inventi okt “apioxy grougpiginendedia moan theiagdigab QR WheseReds an asylot ot i ng
G oups Ada Adamantane acetyl 5 Alloc Allyloxycarbonyl Alyl Aly] ester
Boc tert-bugphpxycar bonyl Cbz Benzyl oxycarbonyl Fnoc
Fl uor enyl net hyl oxycar bonyl 10 OBzl Benzyl ester OEt Ethyl ester Owe
Met hyl ester TosA {‘Heverddryloxy groupTdsimtendédioyhean hetradicdl pOBaywheet Ruisa 15
Reagents and Sol vents
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 -SRq, where Rqis 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. Ilustrative examples of
suitable 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, reagents and solvents such as, but not limited to,
those listed below in table 1 have the following 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 protecting group, and so on. Further, one skilled in the

art would know other possible protecting groups, reagents and solvents; these are

intended to be within the scope of this invention.

14



ACN Acetonitrile AcOH Acetic acid Ac.sub.2 0 Acetic acid anhydri de Adacd—l
Adamant i ne ace - 20 Al13N 2, 2-azobi sisobutyronitriie Al oc-Cl

Al'l yl oxycar bonyl
di car bonat e CDI

DCM Met hyl ene chl ori de

D-tert butyl

Chl or odi net hyl tri azi ne
DI PEA N, N-di i sopropyl et hyl am une

di et hyl f or mam de

acid Etsuub.3 Nﬁm%zt hy
u 9

dehydr ogenase

ethyl )- N-methylget hanam nAdamantane acetyl

bydr oxysucci ni m

5

10

15

20

25

30

35

40

45

Fnoc

Alloc

Allyl

Boc

Cbz

Fmoc

OBzl

OFt

OMe

Tos (Tosyl)
Trt

ACN
AcOH
Acsub2 0
AdacOH
AIBN
Alloc-Cl1
BHT
Boc.sub.2 0
CDI
CDMT
DCM
DIEA
DIPEA
DMA
DMF
DMSO
EDTA
Etsub.3 N
EtOAc
FDH
FmocQOSu

HATU

HOBT

HF

LDH
LiHMDS
MeOH

Mes (Mesyl)
MTBE

DVSO Di et hyl
| am ne Bt OAc Et hyl
-fl uor enyl net hyl oxy car bonyl
i ) -1H1,

T —

—_———

%q'(l:/k?l ;rj. de BHT 2,6-di-tert-butyl-4 nethyl ph | oB9S sub.2 0
1, 1' - car bonyl di i ni dazol e /33032
Dl EA Dii sopropyl et hyl am ne
DVA Di net hyl acet am de 30 DM N, N
sul f oxi de EDTA et hyl enedi am net etraacetic
acetate 35 FDH formate
HATU V
3-triazol

25

jag Sirpupsr ophosphat e N- oxi de

Allyloxycarbony]

Allyl ester
tert-butyloxycarbonyl
Bcnzyloxycarbonyl
P]uorenylmethyloxycarbonyl
Benzyl ester

Ethyl ester

Methyl ester
p-Toluenesulfonyl
Triphenylmethy]

Reagents and Solvents
Acetonitrile

Acetic acid

Acetic acid anhydride
Adamantane acetic acid
2,2-azobisisobutyronitrile
Allyloxycarbonyl chloride
2,§-di—ten—butyl-4-methy1phenol
Di-tert butyl dicarbonate
L,1’-carbonyldiimidazole
Chlorodimethyltriazine
Methylene chloride
Diisopropylethylamine

N N-diisopropylethylamine
Dimethylacetamide
N,N-dimethylformamide
Dimethyl sulfoxide
cthylenediaminetetraacetic acid
Triethylamine

Ethyl acetate

formate dehydrogenase
9—ﬂuorenyhnethyloxy catbonyl
N-hydroxysuccinimide ester

II:II-[(dimethylamino)-lH-l, 2, 3-triazol [4, 5-b]
-methylmethanaminium hexafluorophosph

1-Hydroxybenzotriazole
Hydrofluoric acid

lactate dehydrogenase
Lithiom bistrimethylsilylamidc

. Methano]

Methanesulfonyl
t-buty] methyl ether

15

pyridiylmethylene]-

ate N-oxide

4 5-b xd



HOBT 1- Hydr oxybenzotriazoie HF Hydrofluoric acid LDH | actate dehydrogenase
Li HVDS Lithium bistrinethylsilylamde MOH Methanol 45 |Ides (Mesyl)

Met hanesuWOIHiMs76 MTBE t - but yl met hyl ether 15 WO 01/ 145K/ B@VZHB00/ 23032
NAD Ni coti nam de adeni ne di nucl eoti de NADH Hydr ogen- per oxi de oxi dor educt ase
NaHVDS Sodi um bi strinethylsilylamde NW 1-nethyl-2-pyrrolidinone 5 nin.

Ni nhydrin i-PrOH I so-propanol Pip Piperidine PPL Lipase pTSA

p-tol uensul fonic acid m)nohydrat e 10 Pyr Pyridine TEA Triethylamne TET
triethyl enet L#aam ne A Tr i, or.oa et iic acid THE Tetrahydrofuran 15
Triflate (Tlg rifluor ? ‘F’HFR/ gPtider m " sui t abl e or gani ¢ noi et y"
is intended Hean any Mﬁﬂ’&m gkidoreductasecogni zabl e, such as by routine

testing, to 1‘(141'3\49 ski | 1 adiumbigtrimethylsilylamidet adver sel y
1-methyl-2-pyrrolidinone

5 nin. Ninhydrin
i-PrOH Iso-propanol
Pip Piperidine
PPL Lipase _
pTSA p-toluensulfonic acid monohydrate
10 Pyr Pyridine
TEA Triethylaminc
TET triethylenetetraamine
TFA Trifluoroacetic acid
THF Tetrahydrofuran

15 Triflate (Tf) Trifluoromethanesulfonyl

The term “‘suitable organic moiety” is intended to mean any organic moiety

20 recognizable, such as by routine testing, to those skilled in the art as not adversely
affecting the inhibitory activity of the inventive compounds. Ilustrative examples of
suitable organic moieties include, but are not limited to, hydroxyl groups, alkyl groups,
oxo groups, cycloalkyl groups, heterocycloalkyl groups, aryl groups, heteroaryl groups,
acyl groups, sulfonyl groups, mercapto groups, alkylthio groups, alkoxy groups, -

25  carboxy groups, amino groups, alkylamino groups, dia]kylamino groups, carbamoyl
groups, arylthio groups, heteroarylthio groups, and the like.

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

30  groups, halogens, oxo groups, alkyl groups, acyl groups, sulfonyl groups, mercapto
groups, alkylthio groups, alkyloxy groups, cycloalkyl groups, heterocycloalkyl groups,

aryl groups, heteroaryl groups, carboxy groups, amino groups, alkylamino groups,
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affecting the inhibitory activity of the inventive conpounds. Illustrative
exanples of suitable organic noieties include, but are not limted to,
hydr oxyl grwopsi4sad Kyl groups, oxo groups, cycloal kyl grerasno23032

het er ocycl oal kyl groups, aryl groups, heteroaryl groups, acyl groups,

sul fonyl groups, nercapto groups, alkylthio groups, al koxy groups, 25

car boxy groups, am no groups, alkylam no groups, dial kylam no groups,
carbanoyl groups, arylthio groups, heteroarylthio groups, and the Iike.
The term "substituent™ or suitable substituent” is intended to nean any

sui tabl e  suBilkylaming srowns: carigiroySrups dgrexyaioups, hetereapilaxy groypy Avltlior hr ough
routine testing, by those skilled in the art. Illustrative exanples of

sui t abl e subsgtoupss beteroanylhib grispswik tbxijke30 gr oups, hal ogens, oxo groups,

al kyl groups, acyl groups, sulfonyl groups, mercapto groups, alkylthio
groups, al kyl oxy Thiecterns optipmlle albsituted” 3 imendet & exprestrindiabtk shat theoups, aryl
groups, heteroaryl groups, carboxy groups, am no groups, alkylam no groups,
16 is Wc) Oigetitfed Group iy unkbclishidd OSshbstituted Iy brit/6r RfbréNuRatidesubstiiidndsy0y| gr oups,
aryl oxy groups, heteroaryl oxy groups, arylthio groups, heteroarylthio
groups, and LessthdSptiodd Sutls@tulits &EE*&&Q&'sﬁec%ﬂ%'&hﬁ&%@s'é_théteﬁn{“ ended to
expressly indicate that the specified group is unsubstituted or
substituted : i %ﬁl@ . pti onal
substi t uent s%%gg%%%ogpggg%@ﬁ@g@%% I cﬁ@ghée%ﬁgie?glrﬁrsrlﬁ{laﬁnl'cat es that
the group is ituted or substitu L. thy th peci fi stituents.
As defined aé%%%@tgir’?%uvsm 'rlso%'f%“splg %y%gé&ﬂxﬁé@f&%%q ‘it’rtsﬁl?szlgl?or({cs‘ﬁg?{s#?ut ed (i.e.,
they are optionally substituted). s _indi cated ot.herw s rein (e.g.,
by 1 nd cat | nGPERALY FREHED sbiets ke ivis? B B Biatod Bt e 1 o o
is intended to naco und that is converted under physi ol ogi cal

condi ti ons ofp%{;;%gé'f"UBf SYPteflet abol i cal Iy to a specified conpound that

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 “pharmacentically active metabolite” is intended to mean a
pharmacologically active product prodaced through metabolism in the body of 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 acetate, acetic acid, or

20 ethanolamine.

A “pharmacentically acceptable salt” is intended to mean a salt that retains the
biological effectiveness of the free acids and bases of the specified compound and that

is not biologically or otherwise undesirable. Examples of pharmaceutically acceptable

17



I s pharmaceutically active. A "pharmaceutically active netabolite" is.

I ntended to nean a pharnacol ogically active product produced through

met abol i siWOpt/t45% body of a 15 specified conpound. A "BETUSNR303Zs | ntended
to mean a pharmaceutically acceptable solvate formof a specified conpound
that retains the biological effectiveness of such conpound. Exanples of
sol vates i nclude conpounds of the invention in conbination with water,

i sopropanol, ethanol, nethanol, dinmethyl sulfoxide, ethyl acetate, acetic

acid, or 20 ethanol am ne. A "phar uticglly acceptable salt” is intended
to mean a ssaitsinglydg sulfates; pyrosylfates, ﬁg‘gf i ¢ }te%?‘ﬁéﬁfe?\ﬁ’g'ﬂgg’%wﬁf the free acids
and bases of the specified conpound and that is not biologically or

ot her wi se umershydragsnphosphasespdibydregenphosphates cnetaphosphptes. pymphagsphatess 7 \\o

01/ 14576 PCT/ USOQ 23032 salts include sulfates, pyrosulfates, bisulfates,

sul fi'tes, hihdarides, besnidgshiodidos aestates, propiohatels desanqates sqanaiates, acrylates,

di hydr ogenphosphat es, netaphosphates, pyrophaosphates, chlorides,

broni des, i fofihslessisobutyhtas, eaprogies; heptannbtes; propinlaicspoxalates, malonstesat es,
acrylates, formates, isobutyrates, caproates, heptanoates, propiolates,

oxal at ess NgkcERRESSuberates (e bdcaRs, Fomarates) @iatdaes, bugabd cédivates, hexgmedi s,
mal eat es, butyne-1, 4-dioates, hexyne-1, 6- dioates, benzoates, -

chl or obenzogbss, béiRb4ls, 6Y8PeHzEtes, HicthiylbesMdstes, daiitesbenzoates 0xybenzoat es,
met hoxybenzoat es, phthal ates, sul fonates, xylenesul fonates, phyl acetates,

phenyl propi Senzodid! Dkhykybefsoates, phitidfaRs, sulfataled] Bfencstlusles)x ybut yr at es,

glycol l ates,” tartrates, nethane-sulfonates, propanesul fonates,

ht hal - - | . Th
rboent. | nehiaiaee BBk broptcha N IALERR: drdts IRRRGSFINEIIEBAS B B2 1 Tor
one of the §‘1¥£‘ot119:%£,it£m§£s‘? Bietafd-sdifiuhds, ip{:bpmgulﬂfngég'ﬁ%plﬁﬁﬁ&ieﬁséﬁﬁﬁnaté, synthetic

met hod is
10 naphthalene-2-sulfonates, and mandelates.

The present invention further provides syx;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 least part of the final
synthetic method. In such a fashion, the synthetic method can be only the synthetic

15  step or have additional synthetic 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 antipicornaviral 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 acid, such as
hydrochloric acid; hydrobromic 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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conprised of a synthetic step when.the synthetic step is at |east part of
the final synthetic nmethod. In such a fashion, the synthetic nethod can be
only the sywolwtdses 15 step or have additional synthetic BUEYSS0RIN® nay be
associated with it. Such a synthetic nethod can have a few additi onal
synthetic steps or can have nunmerous additional synthetic steps. If the
antipicornaviral agent of fornmula | fornmed fromthe process of the present
invention is a base, a desired salt may be prepared by any suitable nmethod
known to 20 the art, including treatment of the free base with an inorganic
aci d, such apyratvgidylocid sich es glutuonicigeitt erigalaetimonigaicid; alpha-tiydraxy aeidi d; nitric
aci d; phosphoric acid; and the |like, or with an organic acid, such as
acetic aci d; suwhheciticacidey tastaric achd; amini adid, sualnasedpsartic add of; ghdtamigracid; aci d;

mal oni ¢ acid; pyruvic acid; oxalic acid; glycolic acid; salicylic acid; 18

WO 01/ 14576 HomatisSREY, 8283 berRyic atia st elianacaci; seiFshle @8, glcasr oni ¢ acid or
gal acturoni c acid; al pha-hydroxy acid, such as citric acid or tartaric

aci d; ami no g-%lganeﬁ%ﬁcﬁédépéﬁ{&l&foﬁeia&d;q{rtlQa'lH&.am c acid; aromatic acid,
such as benzoic acid or cinnamc acid; sulfonic acid, such as

Bt pi cor Ravi ral SBEaftior B ANERH ol Rfla itphied B I prcel Bt 4R PRl D, csent
nown to t nEVEPE i eafite M e P BpaEe B RSSO 1
al kal | et al BEan s Eeapdte A et S1d B HicnBEP ko omn St L1 o ve
26108 Such o BRPEIPRERhtEeam B PHET R ARAL Tt A Oy and

tertiary am nes; and cyclic _am nes, such as piperidine, norpholine, and
pi per azi ne; hydgoxjge; or the like, Jilustrative examples ‘tfé?#”@@éa\tsr‘éﬁ}‘%%%\‘ﬁ safts| ci um
pot assi um nmagnesi um nanganese, iron, copper, zinc, alum num and
| ithium 10 derived from amino acids such as glycine and arginine; 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, magnesinm,
manganese, iron, copper, zinc, aluminum, and lithinm.
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
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 formuia I, and the intermediates used in the
20  process of the present invention, may exist as single stereoisomers, racefnatcs, and/or

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

racemates, and mixtures thereof are intended to be within the broad scope of the
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In the case of conpounds, salts, or solvates that are solids, it is .
understood by 15 those skilled in the art that the conpounds of fornula I
and the i rwesHediGat es used in the process of the preseREVISRIEMZoN, salts,
and sol vates thereof, may exist in different crystal forns, all of which
are intended to be within the scope of the present invention and specified
formul as. The anti pi comaviral agents of formula |, and the internedi ates
used in the 20 process of the present invention, nmay exist as single

stereoi soners, racemates, ,and/or mxtures of enantiopeter.s and/ or

di ast er eo nPP"ES.e“%lf‘Yenélﬂ’(‘:hg’?feﬁ%&g%‘l’eé’le’é@eéﬁﬁg??,t‘m ?%@Hﬁ‘ge&?‘{lﬁ i xt ur es
thereof are intended to be within the broad scope of the 19 WO 01/ 14570
PCT/ US00123pracess pfrthe prgsent inyention avs used igoptically purefoffiever , the i nt er nedi at e
conpounds used in the process of the present invention are used in
optical |y pure fésgenerally gusierstantl by thesgiskilled dw theiast, arepticallyipure compownd he art,
an optically pure conpound is one that is enantionerically pure. As used
her ei n, t heistone tinat'is phantiaiknjcally paré. As ugedihatesm thedenmy “‘opticatly puredispound
conprising at least a sufficient anount of a single enantiomer to yield a

conpounds haistended th tnedf & coapount asmprisigag leastla safficient drgount 6F edreglabl v,
"optically pure" is intended to nean a conpound that conprises at | east

90% of a si gfihorhérWHield@H MY Having el desifodPhaacolbBieA aftivityer abl y at | east
95% (90% e.e.), evenh nore preferably at |least 97.5% (95% e.e.), and nost

preferably ﬁeféralﬁﬁﬁ f‘oél%%ﬁﬁﬂné’%@%&&nd@dtbn%aﬁﬁ%ﬁpédﬁd thad BorfptisePitdapsnavi r al

agents of formula rmmed fromthe process of the present invention are
optically p Pigot \ﬁs.nfvhm e;@e%%ﬁora referiblP 538t $5% @ogPar i ng
anti pi cor na\y}(?@gfgag lﬁgsgﬁﬁoéeo?{)kr mula s OR Z BS y
e.c.), even more preferably at least 97.5% (95% e.e.), and most preferably at least 99%
10 (98% e.e.) Preferably, the antipicornaviral agents of formula I formed from the process

of the present invention are optically pure.

The present invention relates to a process of preparing antipicornaviral agents

of formula I

0 Ry z
RBs
Ry

N A Z @
H Rs

Re Ry

15 wherein R, is H, F, an alkyl group, OH, SH, or an O-alkyl group;
R and R; are each independently H;
As

. 5’ {
'\ A1 (AS)n
~ N / .
. A M
;\1{\/”\ NHy O 'JJJU-S,)(RH) 2
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Ra NZ HR3I Re R 15 wherein Rl is H F, an alkyl group, OH SH, or an
O al kyl group; R2 and R3 are each independently HH 0 A4 OA (A3)n X-CA
NHa or (RalywbRat4s?@ 20 WO 01/ 145710 PCT/ US011/ 23032 wherRUSN0R®M3AN i nt eger
fromO to 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 orNR41l, where
each R4l is independently H or |ower alkyl, provided that no nore than two
5 heteroatons occur consecutively in the above-depicted ring formed by A1,
A2, (A3),,, A4 and C=O and at least one of R2 and R3is 0 0 At~ (As)n />
CANR ~or (RA)(R41) R4 is

where n is an integer from O to 5, A; is CH or N, A; and each A; are independently

selected from C(R41)(R41), N(Ra1), S, S(O), S(O),, and O, and A4 is NH or NRy,

where each Ry is independently H or lower alkyl, provided that no more than two

5 heteroatoms occur consecutively in the above-depicted ring formed by Ay, Az, (As)n,

A4 and C=0, and at least one of Ry and R3 is

Aq

0 \
A (Ag)n
?,-‘;r SN /S .
;LLL. ; OF C Az '
NH, Rg)Ry1)

Ryis
o) Ry
RQ/U\N r"‘{ ;
H R
o}

10 Rsand R are each independently 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 group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, -ORy7, -SR17, -NR17R 15,
-NR1sNR7R s, or -NR;70R 3, where Ry7, Ry, 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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O7 RO N R8O 10 R5 and R6 are each independently H F, an al kyl group,
a cycl oal kyl group, a heterocycloal kyl group, an aryl group, or a

het er oar ylwQwuis76 R7 and Its are each independently H, X6TABMB033roup, a
cycl oal kyl group, a heterocycloal kyl group, an aryl group, a heteroaryl
group, -OR17, -SR17, -NR17R1B, -NR19NR17R18, or NR170RI 8, where Rl7, R g
and RI O are each independently H, an 15 al kyl group, a cycl oal kyl group, a
het er ocycl oal kyl group, an aryl group, a heteroaryl 21 WO 01/14576

PCT/ U300/ 23032 rou or an . a rQu r Qi dedot.h sf_one of R7
and R8 is agfo‘éﬁ’l?g?“ @‘5’5&8‘,‘1”3??"‘@5‘1*‘9%‘?%%%?‘%&’%&?‘&o T %ﬁ "‘S&%ﬁ‘q’ *TOR17s - SR17,
-NR17R1s, -NR19NR17R18, or NR17 8; s a flve- ere rocycle
havi ng f ron%O?PoaﬁéFF@éngP@ﬁéﬁén%g%kRﬁgEPg&’m LN\ _M'(’a@,g'sand 527
and Z1 are each independently H_ F, an alkyl group, a cycloal kyl group, a
het er ocycl oRs¢ ikypifivgmesmpered hetgiogyclehaying from pas ethyes heterogtorhyselectedBond 1 |
-C2R21, CN, -C(ONR21R22, -C(O NR210OR22, -C(S)R21, -C(S)NR21R22, -NQ2,
-SOR21, - SCRR¥1and S; 8APNR21R22, - SO(NR2l) (OR22), - SONR21, - SOBR21,

-POQ(OR21) 2, -POR21)(R22), -PO NR21R22)(0OR23), -PQO(NR21R22)( NR23R24),

- C( O) NR24.NR2 3ftP2, are eachGndefngeitiy ], Ma® ARA grovpea cyckialkyl g2o@p, aR23, and R24 are
each independently H, an al kyl group, a cycloal kyl group, a

het er ocycl opdtdsytyclalkyPgrody) amiiryl growrm u hetervalyd poopaC(O)Ra; ARz, &N, acy|  group,
or a thioacyl group, or where any of two of R21, R22, R23, and R24,

toget her w @(@ﬁgzlggzgxdég)lqngom1 GQISIRE yc@)mgg@de@bz, ISDR®,aSORLr ocycl oal kyl
group, provided that | and Z1 are not both H
-SO;NR21R2, -SO(NR2;)(ORz), -SONRgz1, -SO3R21, -PO(OR21)2, -POR21)(R22),
-PONR21R22)(OR23), -POMNR21R22)(NR23R21), -C(O)NR21NR22R23, or

10 -C(S)NR2;NR2;Rz3, where Ray, Ryz, Ras, and Ro4 are each independently H, an alkyl
group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
an acyl group, or a thioacyl group, or where any of two of Rz, Rz, R23, 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;

15 orZ; and R;, 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
cannot form the cycloalkyl or heterocycloalkyl group;
or Z 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 II and a compound of formula III to an amide-

forming reaction:
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15 or Z1 and R1, together with the atons to which they are bonded, forma
cycl oal kyl or heterocycl oal kyl group, where Z1 and Rlare as defined above
except for wobeyiasm that cannot formthe cycl oal kyl or ReEF@SogeRzoal ky
group; or Z and Z1, together with the atons to which they are bonded, form
a cycl oal kyl or heterocycl oal kyl group, where Z and Z1 are as defi ned
above except for noieties that 20 cannot formthe cycloal kyl or

het er ocycl oal kyl group. The present invention discloses that a conmpound of
formula | nmay be prepared by subjecting a conpound of formula Il and a
compound of fornmula Il to an am de- form ng reaction: 22 WO 01/ 14576

PCT/ USCQO' 23032 O Z 0132 BRg z Pl4 + A 2N 4 -~ mzt R3 R3 Rs Rl
i i ileved by any| suitable
reacti

: : f the
in the %4 | applica&ion is utflized ForYexandle, a
conpound of formyla Il may bePeacted with a 5 cénpound B

ormula Il in
t he presence of HATU, DI PEA, CH3®N and H2C) to yf“’el d the d¥sired conpound
of formula |I. Angpsuitable puridghcati on method nmay be u®ed to further
purify the conmpound of formula |I. Mre preferably, the conmpound of formula
| is prepared by an am de-formng reaction conprising the steps of:

The amide-forming reaction may be achieved by any suitable method, reagents
and reaction conditions. Preferably, any one of the methods disclosed in the ‘354
application is utilized. For example, a compound of formula I may be reacted with a

5  compound of formula I in the presence of HATU, DIPEA, CH3CN and HO to yield

the desired compound of formula I. Any suitable purification method may be used to
further purify the compound of formula L

More preferably, the compound of formula I is prepared by an amide-forming
reaction comprising the steps of: ~

10 (a) reacting the compound of formula II with a compound of formula IIIA in the

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

R, y4

P (1a)

F3CCOOH . H N Z4
Rs
Ry
(b) adding a compound of formula Lv-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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10 (a) reacting the conpound of fornmula Il with a conmpound of formula Ill1A
in the presence of N-nethylnorpholine to forma reaction mxture; and R2 Z
F30000H . WOR/HS® 271 (m) R1 (b) adding a conpound of POTESHAsWE-X to the
reaction mxture to forma conpound of fornmula |, wherein X is any
suitable halide. 15 Preferably, the nethod for preparing the conmpound of
formula | utilizing the nore preferable amde-formng reaction utilizes
sonme or all of the reagents and reaction 23 WO 01/ 14576 PCT/1JS00/ 23032

condi tions di scl osed. bel.ow. Thus, eferably, th npound of fornula I
and the cdipoHRs WIM%"& ﬂﬁ?s’i?fg ¥l 3%@%&9@&@%&5@@@% abl e
container. The suitable container is preferably a single neck flask which
is then CO\FQWQH‘%#FP@H!?m@dPM@“%‘Bﬁ'ﬂ?ﬁ'&ﬁdY%@bké’ﬂ"twmmepterrperature
probe. Nitrogen gas is used to purge 5 out the suitable container before
N- met hy| norspiibile ¢patainer ispaferably asinglemeck flask whichyis therecovetddvdthpnef er abl y, t he
N- et hyl norpholine is added via a syringe in one single portion and the
reacti on miskitablesseptoml and coveretbwith a traipememre frobeC Nindgen(zasis ubkat to pprgef er abl y,
the reaction mxture is cooled to about 00 C. A solution of the conpound
of for msl a duvthXsuitabletchrainecistfste Nométhfmophokineds added tdhe reablidnamiriugd.er abl v,
the solution of the conmpound 10 of fornula Lv-X is a solution of the

conpound ofMére prefrably, theN-nfetiifiorpFRE i HAH&] vikh SjriizR B dne sf pgaound of
formula Lv-X is CDMI. The sol utirgn of the corrpoungel ofnefsodrg%ullfoa Lv-X is

added to tQﬁdﬂﬂ@é‘aﬁ:ﬁ&ﬂn&iﬁi’é%&e&%aﬁé&b&%wémghéﬂh@geﬁ?ﬁgaﬂgfbpﬁi ntain the

reaction mxture at a constant tenperature. For exanple, tion of
the conpounghogén hidhifulsobiia ¥ &kt (e, it REAGH P ety dropwi se
15 utilizing a %yri nges. oUpon corrtp g:t ?gn oosl%{eﬂgga [ or??o ﬁel‘qégl ution of

the compourgihen 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 mixture by any suitable method so as to
maintain the reaction mixture at a constant temperature. For example, the solution of
the compound of formula 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 allowed 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  precipitated 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 compo;md

of formula I may be removed from the slurry by filtration. Any suitable purification
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of formula Lv-X, the reaction mxture is allowed to warmto about room
tenperature. The progress of the reaction may be followed by nonitoring
t he di sappegjgigRs@f the compound of fornula Il by thinrcayses23032
chromat ography (hereinafter "TLC'). Wen the reaction is at |east
substantially conplete, the conpound of formula | may be 20 precipitated
out of solution to forma slurry by slowy adding water to the reaction
m xture. The conpound of formula | nay then be renoved fromthe slurry by
any suitable neans known to one of ordinary skill in the art. For exanple,
t he conpound metHodfkaowh toconk ofieryinary skitlin tedrtiayibe nied ts purify thetopmppundr at i on.
Any suitable purification 24 WO 01114576 PCT/ US00/ 23032 nethod known to
one of ordi NgfYorSiilall! Mofe priferably! theBompvand!6ffdrinda Pis pfifjeditye cormpound  of
formula L More preferably, the conpound of formula | is purified by
recrystali zat)oniizAdy. Mt hod known to one of ordinary skill in the art
maybe used to prepare the 5 conpound of formula MA. However, the present
i nvention al so d] : 3 ' d of
O.gé)?:l%étlﬁﬁcgﬁr[o%léﬂg ¥§époﬁ(§f&wsﬁ1?fn thE £PREY sk HEFARALE

formula |l IAcC reacting a conpound of forrmula I1'W

with TFA R Z R2 -P | i F3 _ PN 7 Ri
(111A) PréfeBpP ,%phgorw??ﬁﬁg- a8?’e%°’?%‘)’$?sﬁ‘ééﬁ%e‘@"o*"n@o‘ﬁ%@%%é"?°8"r’llr$ul| a ILIA
fromthe io conmpound of formula I11B. util.i sone, or, all qf the reagents
and reaction %‘?ﬂﬁ‘if?ﬁﬂm"mﬂfhg&w%}g‘é’&dBE#‘J’BWIMZIIﬁigf"" S’éligél?easﬁ?pyo?rﬁaﬁ%‘gcaorrpound of
formula I11 B and DCM are pl aced

compound of forroula IIB with TFA:

Rg Z RZ Z
————— /
BocHN = Z EsCCOOH . HoN Z,
Rs Rs
B1 R1 .

(IIIA)

—t

(I0B)

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

10  compound of formula INB utilizes some or all of the reagents and reaction conditions
disclosed below. Thus, preferably, the compound of formula IIB 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 stirting. The progress of the reaction may be followed by TLC. Once

15 the starting material has substantially disappeared the solvent 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 A is used
immediately in the process of the present invention to prepare the compound of

formula 1.
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into a suitable container and covered with a septum The container is then.
purged with nitrogen followed by the addition of TFA Mre preferably, the
TFA i s adwW@PAsd6 syringe while stirring. The progress PEI/USHER3IPRact i on nmay
be followed by TLC. Once 15 the starting material has substantially

di sappeared the solvent and excess TFA are renoved by any suitabl e neans.
For exanple, the solvent and excess TFA nay be renoved by vacuum
distillation. Preferably, the conpound of formula ILIAis used imrediately
in the process gf the present .invention to prepare the coppound of formula
|. 25 WD 01/145 HSE???‘HP@H@?’?%%’EE‘%%W@?E?&‘%?W%%BW 8o relates to a

"process for the preparation of the conpounds of fornula IlAX RT O R20° H

OH (~) ReceypeungsRf fomula AL oy skill in the art will recognize that the
compounds of formula [1A fall within the genus as defined by formula I1I.
Accordingly, the compounds of 5 fornula |1 A are al so useful internedi ates

for preparing the aphtipicornavir
invention dysclosesja progess fo
conprising the
a (-ketoester o
1,1 -carbonyldiim

| agents of formula |I. The present
preparing the conpounds of fornula HA,
&rlsio%f a conmpound of formula XIll to

to reactifnig’it with a
lithiumenolate of t-butyl acetate; R7

One of ordinary skill in the art will recognize that the compounds of formula
TIA fall within the genus as defined by formula Il Accordingly, the compounds of
5 formula IIA are also useful intermediates for preparing the antipicornaviral agents of
formula 1
The present invention discloses a process for preparing the compounds of
formula IIA, comprising the steps of:

(a) the conversion of a compound of formula XIII to a f-ketoester of formula XIV by

10 reacting it with a 1,1’-carbonyldiimidazole and a lithiuin enolate of t-butyl acetate;
Ry
OH
ZHN (X1
Rg .
0]
Ry
OtBu
ZHN X1v)
Rs
(o} 0
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OH THN-'OT (XIln R8 O R7 GBu THN R8 0 0 26 W41/ 14576 PCT/ USOQ 23032
(b) the conversion of the conpound of forrmula XN to an enolate of formula
XV by reactWhngt/Ms7%wi t h a conpound of formula XVI under PorwsaBoxzeacti on
conditions; R7 O ZZHNOCH3 (XV) Re OR6 ORe QXVI) Lv 5 (c) the

hydr ogenol ysis of the conpound of forrmula XV to yield a conpound of

formula XVI1; 7 O H2N OCH3 (XVI1) O R6

(b) the conversion of the compound of formula XIV to an enolate of formula XV by

reacting it with a compound of formula X VI under suitable reaction conditions;

R, 0
ZHN OCH; XV
Rs
0 Re
o)
Rs
\OCH3 XVD
Ly

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

formula XVII;
" Ry o)
HoN OCH, &VID
R
(o] Rg

(d) the acylation of the compound of formula XVII by reacting it with a compound of
formula Rao-X under suitable conditions to yield a compound of formula XVIII,

10  wherein X is a halide; and
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(d) the acylation of the conpound of fornula XVII by reacting it with.a
conpound of fornmula R2u-X under suitable conditions to yield a conmpound of
formul a X\WOUMAferein Xis a halide; and 27 WO 01/ 14576 PPUTSWEMIZ23032 R7
ORO NOCCH3 (XMM H4 ORs (e) the enzymatic hydrolysis of the conpound
of formula XVIIl to yield the conpound of forrmula IIlA 5 Preferably, the-
nmet hod for convefting the conpound of fornula XMto that of fornula XV
utilizes sonme or all of the reagents and reaction conditions disclosed

bel ow. Thus, preferably, thencorrpound of f&r mula Xl is stirred with CDI
in THE wunder a nitrogen str Amfor at |egst about 1 hour at room
tenperature to yield an acyl | imdazole internediate. Then, in a separate
contai ner, I|ithium bf [ ' sol uti qxvrHIVDS) is charged in
THE under nitrogen, priorNto|codfi -70 (OCHg -Butyl acetate is added
slowy to the LHVDS sol uti onRkegpi tle tenperature below about -60 Cto
forma reaction m xture. The ac I m da&gol e i nternmedi ate prepared as

di scl osed above, is slowy added to the reaction m xture, conprising the
lithiumenolate of t-butyl acetate, under nitrogen keeping the internal
tenperature at or below 15 about -60 C. Once this addition is conpl et ed,
the reacti o nal
hour. The r 251@% ?% t1 el&{lgs&qﬂééomc@g?@fﬁ %ﬁq{lﬁkvlh\f%lelﬂ&e% Bﬁ the
reaction. q} added slowy, with rigorous stirring, keep| ng the
I nt er nal terrper ure of the reaction mxture bel ow about -50 C. Hi gher
T AL S o b B GIH0d 526y A BB P roSRBER (TG T 1 S

added t o adj ust

formula XIV utilizes some or all of the reagents and reaction conditions disclosed
below. Thus, preferably, the compound of formula XIII is stirred with CDI in THF
under a nitrogen stream for at least about 1 hour at room temperature to yield an acyl
imidazole intermediate. Then, in a separate container, lithium 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 prépared as
disclosed above, is slowly added to the reaction mixture, comprising the lithinm
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 reaction. The HCl is added slowly, with rigorous stirring, keeping the
internal temperature of the reaction mixture below about -50° C. Higher temperatures
during quenching causes racemization. Concentrated HCl is added to ddjust the pH to
20 about between 6-7.5. Any solids that precipitate out are filtered off. Because warmer

temperatures dissolve impurities the filtration is more preferably carried out cold and
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20 about between 6-7.5. Any solids that precipitate out are filtered off.
Because warner tenperatures dissolve inpurities the filtration is nore
preferably o¥®oeimesfcout cold and 28 WO 01/ 14576 PCT/ USOOpepfidah/asizapi dl y
over celite: The solids are then washed with MIBE. The filtrate is diluted
with MIBE and HCl and agitated for at |east about 15 m nutes. The pH should
be checked to ensure that a pH is about between 1-2. After the organic

| ayer is separated, it nay be checked for chiral purity by chiral HPLC |If
chirally pure products are 5 desired, the chiral purity shoul d be about 98
%at this st agudly oves celiteyaFhesolidsusy theswashedswish MTBE: fRhe dilltrage widifited M HCl  and
agitated for about 15 mnutes prior to the |ayers being separated. The
organi cs ar e WithWEBE apt HCbandhigiyated fohat deastiabadtdd nsimetis. riihe pHehsdddBAt € sol ution
and agitated for at |east about 15 m nutes, before the |ayers are

separ at ed. Thbeckédyaehsind i pH & abdie Betwam e, AREIRSHBRV aytk ishefiritete.  The
phases are to separated before the organic layer is dried, preferably over

anhydr ous - MR @riAgyitéehected foRtiiral pirity By SRSNMBIC | RERMIG B phdduBEt.under vacuum

to renove solvents and unreacted "t -butyl acetate: I gh-vacuumis

R R et T M
puri LY, SRSty RSO SRR bYalSE KA BRalR 200ER T . (P
scet el hoxaely B MC3S el SO0 SoRORLions, Yl S, of betveen 60
Lorml X kbl ShySe RO B B Sa i (e

and reaction condit;r ns. An exanple of this %eneral . 20 'method is disclosed
in R V. Hoff ffRAafly The orgapic layeras thenwashed, proferablyswith ine. The plases apey 19- 7126,
1997, which is herein incorporated by reference in its entirety.
Preferablly, seppaedbeipmdheprganis jayesis drisdepreferably overaniysinous magabsiveact i on
condi tions disclosed bel ow are

sulfate. Itis 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 ensure the
removal of t-butyl acetate and siloxanes. At this stage, the product may be analyzed
for purity. Should the product be significantly less than about 90% pure, the product

15  can be chromatographed over silica using 20% ethyl acetate/hexanes. Under these
preferable conditions, yields of between 60 and 88% of compound XIV ate 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 example 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 berein 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 XTIV is first reacted with an alkali
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used. Thus, preferably, the conpound of fornmula XIVis first reacted with
an al kali 29 WD 01/ 14576 PCT/ US00/ 23032 netal hydride before reacting it
with the cwapuwst of fornmula XVI. Mre preferably the RCRESYW/238Ral hydri de
i s sodium hydride. The reaction with the alkali netal hydride is conducted
at between about 0 C and 3 C. The reagents are kept at.-between about 0 C
and 5 C during. the addition of conpound of fornula XVI to the reaction

m xture, 5 before the reaction mxture is slowy being warnmed to anbi ent

tenperature over at | east abaut,?2 hours. Any sui I drogenql ysi s

met hod nmy WBetal Rydgde beforg scasting ity Hl?r?ﬂwqdﬁf‘%’ﬁm I‘%Fll’mg‘?"&q%rabl Y,

pal | adi um h%gr ogenol ysi s under_ pressure is used. Any suitable reaction
condi ti ons thaplkpk metabhydride isisedigmhydeide Thsreaction,withthe alkali sogtaf hydnidef er ap) y,
the nethod and sone or all of the reagents and reaction conditions

di scl osed hiscenduatetl at beswveen about DZ€ dnd IHC.SThepeagenss arb kept at begwesnabeut®npound of
formula XV is dissolved in nethylene chloride and cooled to about 0 C

(i nternal termpésAC dukyg théaddition of corhpduind offeemela X\ito the aeaptien mixtire,g an

i cel salt bath under a bl anket of argon. The solution is charged with the

conpounds of béfexe kY Baddd miktis iSs1owis beidg wilne&l td ampienf tempdrhtire dvepatX i s R20-C .
Dii sopropylethyl amne i$ then added slowy. The reaction is allowed to

sl oWl y war mehd? ab&ie Phbaper ature. The reaction may- be nonitored by TLC and
finally by HPLC. Cenerally this reaction should be conplete wthin about 1

hour. The reacti g, iupallt RRrdlRAo1Ydi{ Metibd mal BE ek td EHRvaHbRRPSEnd RX]D | S

renoved and the organics are reextracted Wwth HCI. The aqueous phase is

B MRSV e Ao it s 0
The pr oduct i's th%P sufitiatlylé %%n%&gditign% %a%te ru@écﬂg ﬂ%@gﬁﬁﬁo\ﬁao?lé&ﬁbo&g
10 XVIL Preferably, the method and some or all of the reagents and reaction conditions
disclosed hereinafter are utilized. Thus, preferably, the crude compound of formula
XV is dissolved in methylene chloride and cooled to about 0° 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 Rao-X as a liquid. More
15  preferably, Ro-X is Ry-Cl. Diisopropylethyl amine is then added slowly. The
reaction is allowed to slowly warm to room temperature. The reaction may be
monitored by TLC and finally by HPLC. Generally 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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WO 01114.576 PCT/USOQ 23032 Any suitable enzymatic hydrol ysis nethod may
be used to convert conmpound XVIII to conmpound I LA However, the present

i nventi on dweal/ses that the use of enzynatic hydrol ysieCi/Esod/edosy t ant as
opposed to hydrolysis under standard conditions, because it produces
compound I1Awith less than 5% epiner at the carbon linking the 5 R7 and Rg
groups. Any suitable apparatus nay be used in the enzymatic hydrolysis
step. Preferably a continuous nenbrane reactor is used. Mre preferably,
the continuous nmenbrane reactor of the present invention is usgg as
di scl osed her ei nafesuitahls enzematin Rydrolysisapethod saay be useddo pegysd gompotgid o as t he
enzyne to hydrolyze conpound XVII1. Mre preferably, the enzymatic

hydrol ysi s i XV38 fxempeundlA aHpwevst, thelpsesgitdunentionrliscloses thatitheusaofir e of

bet ween about 37-40 C. Anot her aspect of the present invention is the

pr epar ati on efzymhatic lydrgysisris anpitantfas vppolsal th hydrblysisumplenstasiardoongditions] ng t he
steps of (a) the conversion of a conpound of forrmula XIX to the P-ketoester

of fornul a X¥edayse itpreducéstgmpbund A wikth kiss thar $% syindr itnhalarandinkink tewed by
treatment with lithiumenolate of 15 t-butyl acetate; A~ R7 OH OBzf

CozHN (XI'X) RbzddRrodps. Rﬁysx@ca@e%a%stds% b A5BASH B @fzyRiatit A ound of
Yy W

formula XX to a conpound of fornula XX reacting it h a conpound of

B‘i/r TA{{B?&ﬁ&fﬂﬁ%%&f%%%ﬁ%ﬁ&%&ﬂﬁ%&@%ﬁé W88 Mok preferably, the -~~~ VO

continuons membrane reactor of the present invention is used as disclosed hereinafter.
Preferably, porcine pancrease lipase is used as the enzyme to hydrolyze

compound XVIIL More preferably, the enzymatic hydrolysis is conducted at a pH of

10 about 7.2 at a temperature of between about 37-40° C,

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

formula IIA by a process comprising the steps of:

(a) the conversion of a 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;

Ry B,

OH OBzl
CbzHN XIX) CbzHN XX)

Rs Ra
o o o)

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

reacting it with a compound of formula XXII under suitable reaction conditions;
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0 OBzl R~ 0 CbzHN OBzl (XX)] Re ORs ORs () OBzl Lv (c) the

hydr ogenati on of the conmpound of fornula XXIl to yield a conpound of
formula Xowobinaard 7 0 H2S04 . H2N OH (XXM Re r YK O ReTHSQ0@3032he

acyl ation of the conpound of formula XXIIl by reacting it with R20-X under
suitable conditions to yield the conpound of forrmula Il A wherein X is any
suitable halide. Preferably, the nethod for converting the conpound of
formula XIX to the conpound of fornmula XX utilizes sonme or all of the
reagents and reaction_condi t'bggs lo discl osed bel ow. Thus, preferably the
conpound of forrmula XFRALS olved in THE before the

1,1 -carbonyl dii mi¥azol e to the solution at roomtenperature. The
32 WD 91/ 14576 PCT{ USOCO sulting mxture is stirred for about 1

hour at roomte tur a sol ut i(gm)of
CbzHN W OBzl :
Rs
o] Rs
o)
Rona (XX)
\|/ OBzl
Lv ’

(c) the hydrogenation of the compound of formula XXII to yield a compound of

formula 3CAIT; and

5  (d) the acylation of the compound of formula XXIII by reacting it with Ryo-X under
suitable conditions to yield the compound of formula IIA, 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 al! of the reagents and reaction conditions
10  disclosed below. Thus, preferably the compound of formula XIX is dissolved in THF

before the 1,1’-carbonyldiimidazole is added to the solution at room temperature. The
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an acyl imdazole internediate. In a separate contai ner, a-benzyl acetate
Is slowy added to a solution of LIiHVDS in THE to forma m xture. The
reaction i swaottasmwm c, therefore the 5 tenperature i s preefrasaiisys:

mai nt ai ned below -70 C. After stirring the mxture for about 30 m nutes
the acyl imdazole solution is slowy added to'it to forma reaction

m xture. The reaction is exothermc, thus, the tenperature of the reaction
m xture is preferably maintai ned under about -68 C. Any suitable neans for
cooling the reaction mxture may be used. For exanple, the cooling neans
may be a dry rpsultingixture/s stisred for aboytd honrat faem températas: to yishila sobfionpfiut es t he
reaction mxture may be renoved fromthe cooling neans. An acid is then
added t o t he anacgyimidazald mtermelidt® quench the reaction. Mre preferably, the
acidis IMHC1, the acid is added slowy, and the tenperature of the
reaction m xture [ba sepirate 2bmgiferpé-bétRplekcetald M KlovaP added W 4 Sutiofef addi ti on of

the acid. The organic |ayer of the quenched reaction mxture is then

separ at ed andjmmmomﬁlearﬁi&ﬁ]}érmlxymiémeﬁtchThEéﬁémLS washed wi th

saturated sodi um bi carbonate and brine. The organic layer 1s then dried

and concen el ELerb RO AT A MR RERT & 201

magnesi um sul fate 1s rying agent ven conposi tion of

t he conpound . nd .] r referably stored in a
refrigerator .a&gl(sgggﬂeﬂ é%é%%gfyltlpﬁdgg@re ﬁ%hc?nfloéo%q@ﬁg%erdﬁ? ﬁéom%%%nd of
formula XX to.the onpound of .for. a XXl utilizes,sone, or ,all .of the
reagents and react i@ﬁgg(%%tho&ilf ?XSH?nmgﬂI{E%gr %éeﬂlpﬁmf%{?@?“%%%%l y the
conmpound of forrmula XX is . slowy ad to a, solution of NaH in THF. Mre
pref erably, PFF@C% E‘f‘ﬁ“@r‘f"’ﬂf’“‘%ﬁ F‘Yquﬁ'é%i?—é ey spitable arepnsdoregoling the reaction g

PCT/ US00/ 23032 _at about -100 C whilst the conpound of fornmula XX is added
to it. Once THEWE &5Re- e pompls the sooling meppsanaybe sy icobatheABwl ution, the

reaction mxture is ) )
10  stirring for at least about 55 minutes the reaction mixture may be removed from the

cooling means. An acid is then added to the reaction mixture to quench the reaction.
More preferably, the acid is 1M HCI, the acid is added slowly, and the temperature of
the reaction mixture is maintained at under about 25° C during the addition of the acid.
The organic layer of the quenched reaction mixture is then separated and washed.

15 More preferably, the organic layer is washed with saturated sodium bicarbonate and
brine. The organic layer is then dried and concentrated to yield the compound of
formula XX. More preferably, magnesium sulfate 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 formula XX to the
compound of formula XXT utilizes some or all of the réagents 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

33



all owed to warm for about 20 m nutes. A solution of the conmpound of fornmula.
XXI'l in nmethylene chloride is then added to the reaction m xture. The
progress OVOPHWSE reacti on may be nonitored by observi nBCHEENA3BAppear ance
of the starting materials using any suitable nmethod. For exanple, HPLC may
be used to nonitor the progress of the reaction. The reaction mxture is
then stirred for about 48 hours before MIBE is added to it. A suitable
acid is then added to the reaction mxture before the aqueous |ayer is
separated and extr ed. usi ng MIBE. re feragbly, the acid is | MHCL 10
The organi Caan%r—y?’;(,Egg{lﬁél}? B‘Rﬁ‘?‘ﬁé’tﬁ?&]ﬁ“l%‘ﬂﬁ?‘@/’éﬁ (g?‘?ﬁat?oncentrate to
yield the conmpound of forpmula XXI. NMre preferably, the_ conbined organic

| ayer is dreempoppd of fapmma XX has been added o thersplutian, dbp reaction gixtaredhor t pad of
silica gel. Preferably, the nmethod for converting the conmpound of formula
XXI to the alloweptuwampfor dbnun20 minkies. A solutipn ofthe campound offormula XXk r eagent s
and reaction conditions 15 disclosed below. Thus, preferably the conpound
of fornul a Xshethydendichlorile Bdhdnraddedde eaeaetonmmittarec Theé progiessafitheconcent r at ed
acid. Mre preferably, the concentrated acid is sulfuric acid. 10% Pd-Cis
added t o5 t hekadtion Giay®8 nivnitbred by biskving thddisappedratice of the staiting bckriald a Parr
shaker under a pressure at about 50 psi for about 5 hours. The m xture is

t hen di ssol ngg 4;2? siieibftahéthod. fFok &bk, wau&i?&eﬂséd@ nsda_ituﬂtﬁéﬁmgll%@s conpound
e

of formula IL Preferably, the method for converting t conpound of
formul a XXI 4dnd Radtidh. THE FRGIAGNiRure i© tH befirddtHr stoht 4e2RRrsHRitre MITBE s Of the

reagents and reaction conditions disclosed below Thus, preferably the

compound ofuigs gt & X il B8 Bl e AR ARG BETLbESEY 23032

di oxane, by e addition o I sopropyl et hyl am ne t'o rma
suspensi on 0, | &ﬂﬁ C r a4l X in di oxane
at a siml a’%gﬁrgsn%egfgg?é\?%@ 0 t?‘ﬂ%s?[{go ﬁégég&‘ggégegﬁoyﬁi@s ad%%a%%l' t he

suspensign ‘}‘Ee grgarnrip: l%yerrse &¢ ttﬂeg rc]:orm)i)t(lé Eh@léd, %r%d and concentrate to yield the

compound of formula XXI. More preferably, the combined organic layer is dried in
magnesium sulfate and filtered through a shoert pad of silica gel.
Preferably, the method for converting the compound of formula XXI to the
compound of formula XXIIT utilizes some or all of the reagents and reaction conditions
15 disclosed below. Thus, preferably the compound of formula XXI is dissolved in a
degassed mixture of THF 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 a Parr shaker under a pressure at about 50 psi 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 converting the compound of formula XXIII to the
compound of formula IIA utilizes some or all of the reagents and reaction conditions

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

m xt ure bef av@oagrsr eaction mxture i s washed wi th | M HecTasewvesasat ur at ed
sodi um bi carbonate, dried with nmagnesiumsulfate and filtered through a
short pad of silica gel to yield the conpound of formula HA. The conpound
of formula Il A may then be purified by any neans known to 10 one of
ordinary skill in the art. For exanple, the conpound may be purified by
recrystallization and/ or chronmatography. The present invention also relates
to an i npr ovetioxane delksved by theladdiporeqfaliistprepyledfylantitecto formpomspensidn £td° nul a
XXI'l. As disclosed above, the conpound of fornmula XXII is 'an inportant

starting nat ar.i Alsolatén ¢f3ke dompbitd of EARRRH-Xin Blogmmrat H gniilactemperpatend of 15
formul a HA. The process of preparing the conpound of fornula XXII

conprises: (ap tha€afthé ﬁ@p@s@@mamdo%sﬁ@emﬂﬁowﬂn\émch& inidteehvosdn ne and
benzyl bromde to give a conpound of forrmula XXV; and Rs OH (XX1V) OH

20 rrpRzugEZ l)f fror nu?lgg&%( 2otQ(%l/e ﬁ‘ég?d%gﬁ%%%%@# %?t\eé%étallg?yt htehe
method T ors ¢ GRYE el Indiiient SHBAME Y adled b Habtich MidtatebekdiE the reaction
mixture is washed with 1M HCI then saturated sodivm bicarbonate, dried with
magnesium sulfate and filtered through a short pad of silica gel to yield the compound
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 XXII. As disclosed above, the compound of formula XXII is
*an important stmﬁng material for use in the process for preparing the compound of
15 formula IIA. The process of preparing the compound of formula XXII comprises:
(@  reacting a compound of formula XXIV with triethylamine and benzyl bromide

to give a compound of formula XXV; and

O

oH (XX1V)

OH

oBd (XXV)
OH
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compound of fornmula XXV utilizes some or all of the reagents and reaction
conditions 5 disclosed below. Thus, preferably the conpound of formula
XXIV is di%Q8VWs® i n acetone, followed by the slow addi PCOOUS®23032
triethylam ne at a tenperature less than about 30 Cto forma reaction

m xture. Benzyl bromide 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 mnutes. The reaction m xture is
then filtered to through a short pad of silica gel to renove nost of a
triethylam ne salt which precipitates out of the reaction mxture. Then the
silica gel is washed, wth MIBE before the filtrates are conbi ned. The
conbi ned fi®} r acenveding ks cofmpenrdiof fmrula XX Ve thegompoundeofformula(¥Ili s washed
with 1M HCl, saturated sodi um bicarbonate and brine. Then the filtrate is
dried i n magnesPeferably.ithe wmethod for enverting the.cgmpeurshaf formude X BTV @ithé ca gel 15
and concentrated to give the conpound of formula XXV. The conpound of
formul a Xtdmpeyndad foremia XX ¥ utitieet sbine gf albofahecredgehilahd RActivn@dhditions
Preferably, the nmethod for converting the conpound of fornmula XXV to the

conpound ofdisciused belowXIHus irfetabBtheaiponid 6f fornfifla XIXEV ied@eReSinand react i on
conditions disclosed below Thus, preferably the conpound of fornula XXV

s di sS0l vegethib, AMowed By e RRWHNiRh S RBYIAAAR £ tdnherid@tless thih C. Al t hough

any suitable leaving group may be substituted with the hydroxy group of

the conpounflogf3of €&t 2$aéibe miktfledBedy &Higlmé :
preferably the |eaving group is -OIf. ¢ ycor |nq€t§lgﬁ?r§)({r%g%‘ég?e rdalbly Tf 20

i s added t%&%@ﬁuﬂfslm S%ﬁ‘? %efgggpw%ﬂeog}sgr ddedd 0 01/ 14576

PCT/ USOQ' 23032 net hyl ene ¢ e S ow a dirtron of

2, 6- 1 Ut | di eycuBERANGE ek %%%&%&ﬁu@%ﬁl%ﬁh B SRE B Lo

react lon mxture 1s pre mal nt'al ned der about
-8 C. ce di been add .reactiron m xture, t he
react i (C)ﬂ) mt@%h“%h??& {.g 057111%\%’60 rl?‘?ﬂ“easglbﬂk“‘:g hour . :

precipitates out of the reaction mixture. Then the silica gel is washed with MTBE

before the filtrates are combined. The combined filtrate is then washed. More
preferably the filtrate is washed with IM HCl, 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 formula XXV. The compound of formula
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 XXTI, preferably the leaving group is —OTf. Accordingly, more

preferably, Tf;0 is added to the solution of the compound of formula XXV 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 dissolved in hexanes and
stirred on Woyiit45@6t 0 precipitate out a |utidinium sal tecifiseopsesri pitate
is then renmoved by filtration through a thin layer of silica gel. The
filtrate is then concentrated to yield the conpound of fornmula XXII
wherein the leaving group Lv is -OIf. to The present invention also rel ates
to novel conpounds falling within the scope the conpounds of fornulae HA
XVILL, XV, XV, 111 B and MA respectively. These particular conpounds set
forth bel ow metyleeg ehlaride dollgwaddwt the slaw aildition ofkif-lutidise.j Becanse thepr ocess of the
present invention to synthesize particularly useful antipicornaviral
conpounds of rea¢tiondgeexethetmit therterhperdtyre iofthe reiition nAiEHEBEIS prefrablyOnaiftainéd 70
PCT/USOCO' 23032 a ~q F 17 F 12 16 F 15 F fa ~aF FeCCOOH NyN 10 1f

Anot her aspegtia tethpdriteref 65d2Pibouf8eat IOnbe the RBLIBGdihcbas Biphddsd tptircesses for
preparing conpounds falling within the scope of formulae XXIV and XVI, key

reagents in fei&tioR nARMEe e reabtich MkMSER btidreVAR il Weditd tvakk £ @bdub 9 hegpounds  of
formula 5 ILA 38 WO 01/ 14570 PCT/USQOQ 23032 The first of these is a

e e A R et

normally in the form of an oil, is then dissolved in hexanes and stirred on dry ice to
precipitate out a lutidinium salt. The precipitate is then removed by filtration through a
thin layer of silica gel. The filtrate is then concentrated to yield the compound of
formula XXII wherein the leaving group Lv is —OTf.

10 The present invention also relates to novel compounds falling within the scope
the compounds of formulae IIA; XVIII; XVII; XV; IIIB and IIA respectively. These
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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conversion of the conpound of fornmula VII to the conmpound of formula XVIA,
the scope of which overlaps with the conpounds of formula XVL OO0 a \ R o
H (Vm OR' WO/Hs76 LV 5 wherein RIOis a hal ogen or an aPKYUSWRNGD;
conprising the steps of: Step A: converting a conpound of forrmula VI to a
conpound of forrmula V conprising the substeps of. 10 (a) reacting a RO
substituted benzal dehyde of formula VI: R Q)\/ CHO (vi) with hydantoin in
an aqueous mediumin the presence of a catalyst at reflux tenperature to
forma reaction myxt (b) treating the reaction mxture with an excess
of an al kali net§ igle at reflux 15 t¥nperatpre to forma al kali
met al hydr oxjde S tion; 39 W O US00/ 23032 (c) adding
an al kali ng t§ the alkal i @ al "hydf oxfde-treated sol ution to

give a sol Uy ; (d)” aci Ay Ng the WOl ution Wt ncentrated acid to
give a precipitate of for V; 0 R10 ﬂ '
F F

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

reagents in the process of the present invention for preparing compounds of formula

s DA
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ONa (V) and 5 (e) optionally washing the precipitate of formula Vwith a
washi ng agent; Step B: the enzymatic reduction of the conpound of fornula V
to a compouMtP®f4sHornula VI1; Optional step C an est er ipCrassiomzof the
conmpound of formula VII to a conmpound of forrmula XliI by reacting the
conpound of forrmula VII wth a conmpound of fornula 10 R'-OH, wherein R' is
an alkyl or aryl; and O RO (U OR'" OH Optional step D. the conversion
of the compound of formula Xl to the conpound of formula XVIA Thus, the
present invention_discloses that the reaction of the Rio substituted 15
benzal dehyde wi t hThe@rstrfdhnse isiaprocassder theprepasationeticampoundstaf forpulss ke of a
catalytic quantity of a primary or secondary am ne under reflux for at

| east about 4alliegiwithin the seape i the 46mpouRdSToffaa0H XXDBhd optipealigitieg  upon t he

am ne used, wll yield R o substituted 5-benzylidene hydantoin. The

preferred amcomersiomof tHeabinpound b forinala D hel ddtipowtid Jf R mARUEVIAS thigedi um used.
A particularly preferable amne is 1-am no-2-propanol. Wen

1- am no- 2- pr agspe of whith oveslagk with e S@hpulidsiof FMRLRIXVE Used as the aqueous
solution and the nmolar ratio of the Rio -5 substituted benzal dehyde to
hydantoin to the catalyst is 1:1:0.1, the reaction is conpleted in about 4

hour s.
o o
0 Ryg
= Ho VI \ D OR"
| |
/ OH . / Ly
5

wherein Ry is 2 halogen or an alky! group;
comprising the steps of:
Step A: converting a compound of formula VI to a compound of formula V comprising

the substeps of:

10 (a) reacting a Ry substituted benzaldehyde of formula VI:

Rw\

\ / 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

15 temperature to form a alkali metal bydroxide-treated solution;
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According to the present invention the R O substituted 5-benzylidene .
hydantoin can be hydrol yzed by an excess anmpbunt of an al kali netal

hydr oxi de. W@AHI4ST6abl y, the alkali netal hydroxide usedPFYUSHAIIH

hydr oxi de. When 1-am no-2-propanol is used 10 as a catal yst, the nolar
rati os of sodium hydroxide to hydantoin are individually 5:1, -and the
reaction is carried out under reflux, the reaction is conpleted in about 50
m nutes. The present invention also discloses that the addition of an
alkali metal halide . tq th | kal i tal hydroxi.de-treat sol ution

i ncreases t*‘? & 'égc‘\“;ﬁ“iagt"i‘%ﬁ h%{éf%uﬁgﬁ%ﬁm%gg%mgg?gﬁteﬁgf@pn& 8V&Ubstituted
phenyl pyruvate upon acidification. Preferably, the alkali nmetal halide is
sodi um chl ofal@#n; When sodi um chloride is used, alnost all the sodium
phenyl pyruvate precipitates out as nonohydrated sodium phenyl pyruvate at a
pH of about (3 agidifyingthe selutiop withaconesntrated acid togivny precipiate af ﬁ@&nvla\ﬁ’ét al

phenyl pyruvate precipitate 20 is washed to renbve excess inpurities and to
facilitate the drying process should that be desired. Any suitable washing
agent known in the art nmay be sel ect®®d. Preferably a primary alcohol is
referably, the washing agent 41 WO
ecause t he nonohydrated al kal i - net al

i ng™pNgol ulyg therein. Any suitable
enzynme known in thellart may be udpd in Step B to catalyze the reduction
reaction of the co for a V. Preferably, the reduction reaction
is b5 catalyzed by dehydfbgenase and | act ate dehydrogenase. Any

sui tabl e enz tic reddction nmethod known in the art may be used.
Preferably, t her the nenbrane-encl osed enzymatic catalysis nmethod ("the

ﬁf ﬁod ge talhce)((qu %BWQF al ;‘ \(l\alas?u%lgrrthrr-:[)[?ré:clill)itza(%leI (I)f (r)]rmu eE {}C\)ngl_thl asw s i%g hgeIn?;es e general

Step B: the enzymatic reduction of the compound of formula V to a compound of

formula VII;

Optional step C: an esterification of the compound of formula VII to a compound of

formula XTI by reacting the compound of formula VII with a compound of formula
10 R’’-OH, wherein R’ is an alkyl or aryl; and

18]

Ryo

™ o 0
A

Optional step D: the conversion of the compound of formula XII to the compound of
formula XVIA.
Thus, the present invention discloses that the reaction of the Ry substituted
15  benzaldehyde with the hydantoin inan 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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i.n the. art. For exanple, see Bednarski et al., J. Am Chem Soc. 1987, 109,
1283 10 1285, for a general discussion regardi ng nmenbrane-encl osed

enzymati c caméyigs®s. See also Pollak et al., J. Am ChenmcruSeso32980, 102,
6324- 6336, for a general discussion of the coimobilization nmethod. These
references are incorporated herein by reference in their entirety.
However, when the enzymatic reduction reaction of step B involves nore
than a snmall scal e preparation, preferably a continuous nmenbrane reactor is
15 enpl oyed. More preferably, the continuous nenbrane reactor of the
present i nverdepesding upon the aminppead, willeyield RioisnbstitieedEbinzylidens kydentoin. of t he
present invention is used, preferably all or sonme of the foll ow ng
reagent s and The préferied amings bavedeiling péinthlahyve dhat efthé apicaustosednfm vsettDAI um
formate, a pHof 7.3-7.4 for the effluents and a pH of 6.2- 6.3 for the
substrates, [paitictlbtFRefeP bR aptiherk ¥ -atititb-Zpishrnchr Woed Demineroprogunél ilsed. 20 | f
the coimuobilization nmethod is used, it is preferably carried out in four
steps. The fiygsdiasaaBlystswhttits Réed RSN hqRBusibiloR Gid/thOMvaEAED Of BE RS, The
second step is the preparation of the copolyner for use in the -

coi nmobi |.iszatg t f : LR 0 whi ch maybe
orepared by gh@gﬁ“i{%ﬁ R%%)dﬁ %‘%n‘i?ﬁlgﬁn%&‘g%{?@%y%%{f} i%é@é’é’ﬁgm/ US00/ 23032

of ordinary i i will recognize that PAN 500 is a water soluble
copol ynmer of %fgkﬂstf{jaﬁhn% gtglﬁl%'rﬁ\l- acryl oxysucci ni m de which rel eases 500 (25)

nmol of N hydroxysycci gim er gram.of..d | . n treatnment with
excess aqueous e#ﬁ%ﬁqﬁgﬁ%ﬁfﬁ?ﬂﬂf@%tgeF%isg%%‘{%{)s'g?z n%@’??&fﬁ'ﬂi l'ization
of the enzynes. Pr ef er abl as di scl pse bov he .e res, are fornate
dehydr ogenaséa“awa'yfi’é)&zﬁ‘iEya%ééﬁ%F@wgg@.ﬁk?ﬂmaﬁrﬂx’g?'gég%’ayh@eenzymat ic
reduction of reducti of the conmpound of fornula V to give the
comltj)oulnd of P@‘?Jﬁmw)fd[‘l’*?&é‘s%ﬁﬁmh "fi‘éﬁ‘ml‘\ﬂ@nﬁ@fﬂ@nﬂg&!‘s&@ed at this
stage of the process and wused in the process disclosed above for preparing
t he conpo@nd 2bt cqt@ysgﬂsheamplpxp(auqqrpf sodium hydroxide to hydantoin are individually 5:1,

and the reaction is carried out under reflux, the reaction is completed in about 50

minutes.
The present 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 Ry 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
phenylpyruvate 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 washing agent known in the att may be selected. Preferably a

primary alcohol is selected as the washing agent. More preferably, the washing agent
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10 suitable nethod may be used to isolate and purify the conpound of

formula VII. Optionally, the conmpound of fornmula VII nay be used to preparel
t he conpoW@oH1457¢ or nul a XVI A as di scl osed bel ow. The pPEEERW/2B§ent i on
al so discloses that if enantiomeric fornms of a conmpound . of forrmula VIl is

sought, the use of D-|actate dehydrogenase in Step B descri bed above 15
will yield an enantioner of formula VITA: O Rlp (Ml ) OH OH Simlarly,
the use of L-lactate dehydrogenase in Step B described above will yield an

enanti omer (Qf I , 576 PCT/ 3032. O.Rio (VIA OH

OH The este’?ﬂelthg{é ig‘?\a H%Qe%gmog%yggmgé@% gﬁq%?%nﬁh@?"%é e'pf)tg'l';f'%rrred w th any

sui tabl e reagents 3 @onditions. Preferably, the esterification is
g%‘é’tﬁ” %

per f or ned. a¥® Fﬁe_l“enper ature in the presence of hydrochloric acid
and dioxane. 5 Simlarly, the enantionmers VIIA and VI1B nay be converted to
enantioners X IA@?&H’&‘"’G $0ByIPe Kpavp in they agt may hepsed ipptendd ﬁ%adﬂéﬁiei on process:
00 RoR rgdu%tigx:\y reaction of the compound of formula V. Preferably, the reduction reaction is
5 catalyzed by formate dehydrogenase and lactate dehydrogenase.
Any suitable enzymatic reduction method known in the art may be used.
Preferably, either the membrane-enclosed enzymatic catalysis method (“the MEEC
method”) or the coimmobilization method is used. These general methods are known
in the art. For example, see Bednarski et al., J. Am. Chém. Soc. 1987, 109, 1283:-
10 1285, for a general discussion regarding membrane-enclosed enzymatic catalysis. See
also 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, a pH of 7.3-7.4 for the effluents and a pH of 6.2-
6.3 for the substrates, FDH/LDH=20/200 (U/mL) and 1mM mercaptoethanol are used.
20 If the coimmol;ilization method is used, it is preferably carried out in four
steps. The first step is the preparation of N-acryloxysuccinimide. The sgcond 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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OHOH, (XITA) (XI1B) Any suitable nethod may be used to convert the
conpound of fornmula Xl to the conpound of fornmula XVIA in optional step D
of the preswotmsacess. For 10 exanpl e suitabl e net hods eewUsdyzsosnsed i n
Ef f fenberger et al., J. Liebigs. Ann. Chem 1996, 314, and

"Peptidom netics 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, enantioners XIIA and Xl |IB may be
converted to enantioners XVIB and XVIC respectively: 44 Ain WO 01/ 14576
PCT/ USOQ' 2308bordiparg skifldn the ert will rognizsrthat PAN-500 ig amvgtersplublegomlymanaf second
of the processes for preparing conpounds of fornulae VII and XVIA

conpri ses t hecrglamfile and N-atiyloxysiccititmidewhich thleases 5002(126) (i of Nrpound of
formula VII conprising the substeps of 5 (a) converting serine to

pot assi um gl kgdrehaseeciiimide pérrbaabflir poIgRscon teltineRdhitsXabss Mqueaiy er ti ng t he

potassiumglycidate to a glycidic acid; and (c) carrying out a

regi osel ecti yg ﬁﬁﬂfé's&'ﬁnéd %c@ﬂﬁrkte?gsﬁgéﬁiﬂnﬂﬂﬂ%ﬁdﬁ&ﬂﬁ%m.d of formla
Ri o- phenyl - Q wherel n QiIs an activated bromde, a sulfate, or a primary

| odide; 10 Opfeg A ?Ehlgcﬂos@d abo¥l, thiSdnaihld Géfokfile fhyddfena @ ME Wit formul a

VIl to a conpoun

dehydrogenase. The fourth step is the enzymatic reduction of the reduction of the
compound of formula V to give the compound of formula VIL

The compound of fox:mula VII may be isolated at this stage of the process and
used in the process disclosed above for preparing the compound of formula ITA. Any

10  suitable method may be used to isolate and purify the compound of formula VII.

Optionally, the compound of formula VII may be used to prepare the compound of
formula XVIA as disclosed below.

The present invention also discloses that if enantiomeric forms of a 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:

Oftitisse.

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

yield an enantiomer of formula VIB:
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formula Xl I by reacting the conmpound of fornmula VII with a conpound of
formula R'-OH wherein R' is an alkyl or aryl; and Optional step C: the
conver si ormwo#/4s® conpound of fornmula Xl to the conpouRETES0028032 nul a XVI A
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 may be used. For exanpl e,
Larchevgque et at., Tetrahedron Lett. 1987, 28, 1993-1996, discloses the
preparation of potassiumglycidate fromserine. This reference is

i ncorporated herein by reference in its entirety. 45 WD 01114576

PCT/ USOQ/ 23032 Preferably, serine is reacted with nitric acid at a

sui tabl e tenperature to yielfld 2-brono 3-hydroxy propanoic acid. Mre
preferably, i COHDFISE@VEB m xture of sodiumnitrate and
hydrogen br eacthpn is carrled out at between about -10 C
and roomt he presence of an alkali nmetal halide. 5 Any

sui tabl e al i - ha#j de known in the art nay be used. However,

pref erabl y, i tal halide is potassium bromnide or sodlum

brom de. The 2-brono 3-hydroxy propanoic acid is then converted to
potassium glycidate by reacting it with potassiun1hydroxide. Preferably

br et orred 83&?%@%@%@%&%@0 Bphongap Ay b2 R e%fﬁ%'w the 20
65-70%
Bt i nabl o, S Raeaca coRlns: Breiendy %Ssrerxﬁ‘g%ex fred sy 7 '

enantiomeric L-serine or Dserln as t S rtln material in the process

descri bed aE’@V’e‘eWPmS'Pi%FIGPESWFS QY@‘Pﬁh 3?6‘3&5‘?@ %G L- pot assi um gl yci dat e

respectively.
5

Similarly, the enantiomers VIIA and VIIB may be converted to enantiomers

XIIA and XIIB respectively by the same esterification processf

o]

ORSI

(XIIB)

Aﬁy 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_hcrein incorpm_rated by reference.
ﬁﬁﬁzing this same optionai step D, enantiomers XIIA and XIIB may be

converted to enantiomers X VIB and XVIC respectively:



15 The potassium glycidate fromthe process disclosed above may be
converted directly into the conpound of fornmula VII. Reacting potassium

gl yci dat e wwbhwmszconpound of fornul a Rla- phenyl -Q wi | | mcEwrassn/23032

regi osel ective epoxide ring-opening reaction. Preferably, Qis an -MBr
group and the regi oselective ring-opening reaction is perfornmed at between
about -10C and roomtenperature in the presence of copper 20 iodide.

I nstead of converting the potassiumdirectly into a conpound of formula
VII, the potassiumglycidate nay first be converted to glycidic acid
before being converted to a%onpound of fornmula VII by thepepoxide

ri ng- openi ng et hod descri bedjabove. 46 0. WO 01/ 14570 PCT{lUS00/ 23032 The
pot assi um gl yt# verted to gl yuedj i met hod known
to one of o 4N theoprt. Prefe cidis
prepared by the zpotassiumglycid nitric
acid. If enaglti onerjc pot§§siun1glycidate i nmet hods descri bed
above, the espondi ng enantiomer of t ound & formula VIl wll
be synthesized. For exanple, if D potassiumdglycidate is used, a conpound
of formula VITAwll be fornmed. Simlarly, if L-potassiumglycidate is
used, a conpound of f@&viB)a VIIB will be formed. At &NIQ stage, the
conmpound of forrmula VIl may be isolated for use in the to process disclosed
above for preparing the conmpound of forrmula HA. Alternatively, the

conpound of for m§iR sdohd BFthe PrRcetSed Forl prephrif REPEERS of fobahles ¥l aR€! OW t O

prepare' the conpound of forrmula XVIA® Optional steps B and C correspond

to optional xm%%h%@p\s%ﬁe first disclosed process for synthesizing

t he conpound of roma conpound
Step A’ converting serine to the compound of formula VII comprising the substeps of:

5 (a) converting serine to potassium glycidate by a standard process;
(b) optionally converting the potassium glycidate to a glycidic acid; and
(c) carrying out a regioselective epoxide ring-opening reaction with a compound of
formula Ryo-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 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; and
Optional step C’: the conversion of the compound of formula XII to the compound of
formula XVIA.

15 Accordingly, substep (a) of Step A’ of this process requires the conversion of
serine to potassium glycidate by a standard process. Any such standard process known
in the art may be nsed. For example, Larchevéque et al., Tetrahedron Lett. 1987, 28,
1993-1996, discloses the preparation of potassium glycidate from serine. This

reference is incorporated herein by reference in its entirety.
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15 of fornula VI respectively. Thus, the preferred nethods, reagents and
reaction conditions disclosed above for optional steps C and D are al so

pr ef er abl ywaewtstén opti onal steps B' and C . The thirdPEVUBNEIPR ocesses
for preparing a conmpound falling within the scope of formula XVIA,
specifically a conpound of fornula XVIB, conprises the steps of 20 Step A":
the preparation of a conpound of formula XIIA froma conpound of formula

| X conprising the substeps of 47 WD 01/14576 PCT/US00/23032 (a) an
asymmetric di hydroxyl atign of atego ound qf fé)s}ruétngllga X to forma conpound

of fornmula XA~ deferably; sgrine isxear itpgacid gy ¢ Felf'@e'iaﬁ‘ée ‘6’&%€u nd of
formula IX with 1,1'-carbonyl diimdazole in the 5 presence of toluene to
form a conphmemod-hydsesnprepangic agighgMogre prefsrablyrshe nitrony aciq sqmpriegs8  CD2CH3 ( c)
a pal | adi um nedi ated reduction of the conpound of fornula XI; and Step B
t he conver sinixmrebf sodimncuitrate andihysifogen bromdide, xad the reactidnds easrigsomtet of f ornul a
between about —10° C and room temperature in the presence of an alkali metal halide. '
5  Any suitable alkali metal halide known in the art may be used. However, preferably,
'the alkali metal halide is potassium bromide or sodium bromide.
The 2-bromo 3-hydroxy propanoic acid is then converted to potassium
glycidate by reacting it with potassium hydroxide. Preferably the reaction is run at
between about ~40°C and room temperature.
10 - 'When the preferred conditions and reagents are used in accordance with the
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.
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 Rm-phenyi—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.



XVIB. 10 Preferably, the asymetric di hydroxylation is a Sharpl ess
asymetric dihydroxylation perfornmed at about roomtenperature. Asymmetric
di hydr oxyl| awibowids7é ncl udi ng Shar pl ess asymretri c di hydr ovykresonesnss s

di scussed generally in Kolb et al., Chem Rev. 1994, 94, 2483-2547. This
reference is herein incorporated by reference inits entirety. 48 WO
91114576 PCT/ USOQ 23032 Preferably, the reaction of the conpound of
formula | X with CDI in the presence of toluene is perfornmed at about 80C.
Preferably, the pal|adi umnmedi ated reduction step, Step A" (c), is
performed byhe petessiumglycidatedaaiihs sarveged ﬁocalmmacxf byviny Eeghogdiknewn © of

hydr ogen, palladiumand 5 carbon in the presence of formc acid at about
room t enper avue & ordinarp skl intbe ar sRrefieriblyt the glycidivraeid ispreparéd tyfreacting ther ei n
first disclosed process for synthesizing the conpounds of fornmula XVlIA

from a conpopmdssivim glocidasd withonddtinated nitheadddine net hod, reagents, and
reaction conditions disclosed for use in optional step D are preferably

al so used in St epgBnantibBerid PtaRRE RRtidae VAR Rithen&tBodsUeitkiBEd dHovs, iR

conpounds of fornmula IVA, falling wthin the scope of the.genus defined by

formula 1Yy aéorf'éas%ﬂliiﬁﬁ eRRRYRer o‘i‘?lfe@oﬁig&?dd%f forhiila VAP SizeflOFGUl a | VA

will also be use I'nter medi at es he processes of The present
R X e T TS
formed. Similarly, if L-potassium glycidate is used, a compound of formula VIIB will
be formed.
At this stage, the compound of formula VII may be isolated for use in the
10 process disclosed above for preparing the compound of formula IIA. Alternatively, the
compound of formula VII may be used in the process disclosed below to prepare the
compound of formula 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
15  of formula VI respectively. Thus, the preferred methods, reagents and reaction
conditions disclosed above for optional steps C and D are also preferably used in
optional steps B* and C’.
The third of the processes for prepating a compound falling within the scope of
formula XVTA, specifically a compoutiid of formula XVIB, comprises the steps of:
20  Step A’’: the preparation of a compound of formula XITA from a compound of formula

IX comprising the substeps of:
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Yis OH OSRCF3, OSR2CH3, 0sS02(p-tolyl), halide or any other |eaving.
group; and R is H alkyl or aryl group. Preferably, RLO is a 4-fluoro
group, Y iwo@i4ste OTf, and R is OH or Me. 49 WO 01/ 14B¢HUSAOR3E00123032
As di scussed above, the present invention also relates to a contihuous
menbrane reactor that can be used in the processes of the present
invention. In particular, the continuous nenbrane reactor of the present
invention is suitable for use in any reaction in which a catalyst of a

relatively | arge nol ecul ar, size is_enpl oyed, 5 sych, as. enzynes and anchor ed
catal ysts. @kanpvegegic dydrpxylation %@Wﬁ“‘b‘?f&%@eﬁ‘?ﬁmﬁ? UPRABE al .,

Tetrahyedron: Asymmetry, 1999, 10, 923-928; Schmdt et al., J.

Bi ot echnol ogyof fogaala XA 315-327; - and Lin et al., Biosci. Biotech.

Bi ochem, 1997, 61 2029-2033. The aforenentioned references are herein

di scl osed by referenggy Mirge particularly, the continuous nenbrane reactor
of the presgpt invent3 on i 4| of use in 10 those catal ytic reactions in which
there is a d&siLe to i ecyc the capgdyst. For exanple, the reactor of the
present i nveat\ ¥S usSe#ll cHySe i n enzymatic reduction reactions
utilizing ei hem ca& or bio-catal ysts. The continuous nmenbrane reactor
of the pres ent i orgdhavi ng a reactor volune conprises a tangenti al
flow filter um#, a reactor loop 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 conprises: (a) a tube; and
(b) a ci rcufbyiréaotingrheompbhad éfforpmis Daivith [1divcarhoryldiinigazoleds the t angent i al

fl ow menbrane filter and a unit 20 for housing the filter. Any suitable

tangentigl fl @yseide bf BRind1d foriesicontpoand offointla Kggéntial flow unit is one
which allows the desired product, or perneate, to pass

o]
9—{ a
Ry :_5 o Rio
\\ _ &0 I\\ AN OCHs )
l 2 CO,CHg P

(c) a palladium-mediated reduction of the compound of formula XT; and
Step B*’ the conversion of the compound of formula XTIA to the compound of formula
XVIB.

10 Preferably, the asymmetric dihydroxylation is a Sharpless asymmetric
dihydroxylation 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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through it but retains the |l arger nolecules of the catalyst in the reactor.
A preferred exanple of the tangential flow unit is the Pellicon 2 Mdul e
commer ci al | wowrdsbrmbl e 50 WO 01114576 PCT/ 1JS00/ 23032 f rremusbisozor e
Corporation. The Pellicon 2 Mdul e enploys a cassette style tangenti al
flow filtration device which allows for easy scale-up of the reaction.
Specifically, either a single Pellican 2 cassette may be enpl oyed or a
series of cassettes can be used in conbination to allow for a |arger scale
reaction to be run. Thus, the 5 utilization of a tangential flow cartridge
system al | ows f or Prdferalply.chesadtiog obthe Edmpotind offormmes X wishCDEgsthe han a liter
up to thousands of liters. The reactor loop, in which the ngjority of the
catal yzed r eagréseade of eshutins is feeforn@ed at abotneg0f@l vol ume. The internal volune is
defined by the vol une of reagents and catal yst the reactor |oop can hold.

The reactor Vol unprdf§raslfthdyittafibim!nQiaved rediReiH stép 865 AL S(cRedibrmidae cat al yst
the reactor loop and the tangential flow unit in conbination can hold. The

reactor | oop hotd. The
fredeify i BERAIund bt LBRVPKERAR sl RS WA AR aRRiHA bY

of at |east e reactor the reactor | oop

has an i nter ?«%l'bo}{%ﬂﬂggre&{n o 881, Jﬁ@g&dmﬂ%r ng!(%ﬂ%’rm?e reactor volunme. Mre

preferably, e reac Ras. an. . unme of at | east about 70%
of the reactor voI . Even ;. ef tor Ioo has an

i nternal vol unme ois HFB | E5ETPoq ﬁt° %?5'0}‘ bljt)égh E 3’5‘@8?“??8? ° " hore
preferred enbodi rrent f the nt tjon, the rea as an

i nt er nal VOIM FWMMW%%#%&@B QER{M nor e
preferred enbodi ment of the present invention, the reacgtor Ioogphas an

i nternal vol Uhesage r%ﬁthqdevggsenebe@tre%%coaMPMW@a%q for uspdn optionals

reactor |oop corrprl ses_a tube of any suitable size and nade from any

sui tabl e rat e eferablyedserusgsl ip Stpde’.r eact or 1 0oop conprises tubing which is

flexible. Flexible tubing allows for the tubing to be cut to any desired
| engt h as!@ neans Thepresent invention also relates to the compounds of formula IVA, falling

within the scope of the genus defined by formula IV as recited above. Accordingly, the
compounds of formula IVA will also be useful intermediates 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:

15

Ryo

D "
/ Y

(IVA)

Y is OH, OS0,CF3, 0SO,CHj, OSO,(p-tolyl), halide or any other leaving group; and
R’ is H, alkyl or aryl group.
Preferably, Ryg is a 4-fluoro group, Y is OH or OTY, and R’ is OH or Me.
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easily varying the reactor volunme. Exanples of suitable tubing materials

i nclude 51 WD 01114570 PCT/ US00/ 23032 Pol yet hyl ene. pol ypropyl ene,

pol yur et haM@M/H8T&/vi nyl , vinyl, nylon, butyl ene-pol yner PCTEB023082e PTFE,
ETFE, PFA, Viton(r), stainless steel, glass, PVDF, Teflon(r), an alkyl

pol ymer, and a perfluoro material. Viton(r) is comercially available from
Dupont Dow El astoners LLC and conprises a 67% fluorinated thernal set
rubber. Teflon(r) is 5 commercially available fromEl Dupont deNemours &

Co. and conpri ses telLa Iuor?l? et hgtl.ene.. en { he continuous nenbrane
reactor of the asgégpﬁse JRO% e reseR igention also relates 10 & EONURUGNS { he present

invention to carry out an enzymatic reduction, it has been _found that PVC
Tygon(r) arfRembranereacky that canbensed imthe pragessseof the presant invention, It he  enzynes
and are therefore not suitable materials. Further, whilst silicone tubing
has 10 not BgeicRlar therentinyous membrane wwasteraf theepreseptriovsintion issiiabledfor wiees tend to
swell when used in the processes of the present invention which can |ead
to a fl uct dmanymadtion irehicka catalyst of z whatiively dange miolecular sizeds enmplsyeduent i al
change in the residence tinme. Any suitable circulation punp and substrate

feed pursp rash ssenzmmEs eydahchored batalyste Examples opguch Exalyis &6 dRélosediis abl e
circul ation punps include peristaltic, bellows, 15 diaphragm progressive

cavity, pi Risom et hig)Tebhiyelitoneasymniztiy 9090009230028 B¢ aNRal Ot ary | obe,
flexible inpeller, rotary vane, or any variable speed | ow shear type punp.

Pr ef er abl y ,Bigtediblogy,ab93, 24, F15297,04n8 Lid &AR Bios2t BbrkddO Bfchém., ?7,’%,”“ ane punp
Is used. Not suitable as the circulating punp or substrate tfeéd punp is a

gear type pupR20330¢ht BordhdntibhednbreRRES e HRRiPdisdiliEd B?%‘gé pQ.UﬁroPée”br ane

reactor of the present 20 invention, the substrate unp operates at a

greater speaichiif) thd\BnhdoritlnBlubie 1By thePresATaBon HGL 1S CONt I NUOUS

menbrane réactor 1's use ith the processes ™ 0 present Tnvention, the
<2019 DAL RGO bl ST P s o 2
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
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) atube; and
. (b) acirculation pump.
The tangential flow unit comprises a tangential flow membrane 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
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52 WD 01114576 PCT/USOQ 23032 in a preferred enbodi nent of the continuos
menbr ane reactor of the present invention, the reactor |oop also conprises
any of the WOM#Hg: a bubble trap, a pressure gage, aPpghUsu3tar, a heat
exchanger, and a gate valve. In another preferred enbodinent, the

conti nuous menbrane reactor conprises one or nore substrate feed 5 |ines
whi ch conprise a substrate feed punp, and also nore preferably conprise a
check valve, a sterile filter, and a pressure gage. The addition of nore
than one feed. lipnes allows for_one to be used for feeding the substrates,
and ot hers ot¥p MillippsSoworatiop, TheRellicop 2Medulesmminys  Grssdiiestyle The additi on
of a sterile filter to each of the feed lines aids in the renoval of
particles andaigeaial fey filteation devigeayhichnallown fescasyiscade-uef thereaeton. 10 Unwant ed
particles could block the pores of the nenbrane in the tangential flow
filter unit,Spepifically, eitherotingle Rellivak 2ichsseteerhayi be employedoor.a st ofidgidtieon of a
heat exchanger can be used to maintain or vary the reaction tenperature. A
preferred contanhensed immmbimtion foalow @or g 1argelapilé teastiono bé MIHI Thiks, thé NoOr e
preferred continuous nmenbrane reactor of the present invention is depicted

In figure 2, wtilibatioRlof 5tahgeatisl fow GAriER Ysdrh 4l BIGRE ploCEkigg 0B RuiaTabl e 1:

list of the parts of the continuous nenbrane reactor depicted in figure 2

| t em Descr i ptyofiidy o 1bs3kthad h 1ikdr W BSthGRands WP Rlee”  Construction |
Tangential flow 316 SS Waters MTlipore filtration nenbrane housin ;

Pellicon 2 F54 GagkeleafiortbTh whibil 0 Rfijcfiey' ¥ thiataladd bBetiol LGS ! | POT €

internal volume. The internal volume is defined by the volume of reagents and catalyst

the reactor Joop 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

15 reactor loop has an internal volume of at least about 80% of the reactor volume. In a
more preferred embodiment of the present invention, the reactor loop has an internal
volume of at least about 90% of the reactor volume. In 2 more preferred embodiment
of the present invention, the reactor loop has an internat 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 a means for

easily varying the reactor volume. Examples of suitable tubing materials include
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pol ypropyl ene Sanitary tee Pol ypropylene 3" x 1'h" x 7/16" id Waters .
MIlipore' Ca Pol lene 1" dia Waters MIIi ore Gate valve Pol ypropyl ene
3" x 7/ 16'Wo et steers M | lipore 6 Adapter sanitary fl angBCHUSR0/2308232" x' h"
od Cole Parnmer to hose barb 7 Filtration cartridge Regenerated cellul ose
0.1 sg MWaters MIIlipore PLCGC 8 Conpression reducing PVDF 3/8" od x W
od Cole Partner union 9 One way check valve; | PVDF/ Kalrez 1/4" od x 1W
Col e Parmer psi seat pressure; max 125 psi back pressure 10 Conpression
union PVDF '[" O Parrrer 11 Sterile filter VDF/borOS|I|cate

"A" od x 3 Pplygthy F’é’° F‘W‘F“e' B pgfyiad, ‘i‘?ylﬁ&yg% B&ty BBYIETES on to PVDF
/" od xW' NPT Cole Parnmer male NPT 13 Tee fermal e NPT ' A" NPT Col e Parmer
14 Adapt er siligoae RFFE.(ETHBPFA; Yiton@\stainfess stegh, ghass.& ViR, Feflon® gpplaksi on 15
Pressure indicator 0-100 316 SS '/a" NPT; 2Wface Cole Parner psi;
gl ycerin figolyser, and aperflioromaesal.cVira® is commiersially pailgbleofomdPupent ur ed
silicone 0.19" id Cole Parnmer 17 Masterflex variable 316 SS rollers Flow
10- 333 Col éDdvaEhmtomers LLC and comprises a 67% fluorinated thermal set rubber. Teflon® is
5 commercially available from EI Dupont deNemours & Co. and comprises 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 suitable 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 consequential 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 speed low shear type pump.
Preferably, a peristaltic, flexible linear, nutating disc, or membrane pump is used. Not
suitable as the circulating 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 operates at a greater speed than the circulation
pump. For example, when the continuous membrane reactor is used 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 circulation pump.
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speed drive #77200-12 mLImn (with itemwth peristaltic punp #16) head
#77201-62 18 Masterflex console drive 316 SS rollers Flow 0.2-20 Cole
Parmer w tWwomahasséal tic punp nUrin (with item head #772Par6sho4ads) 19
Peristaltic tubing Platinumcured silicone 0.06" id Cole Parnmer 20 Adapter
hose barb to PVDF 3/8" od x y" NPT Cole Palnmer nmale NPT 21 Tubing Peroxide
cured silicone 3/8" id Cole Parnmer 22 Adapter sanitary flange PVDF 31/ 3T
"x 3/8" od Cole Parnmer to -hose barb 23 . Punp line to filter Viton '/" id
Cole Parmer 24 "T" type thernocouple Teflon coated 304SS '/a™ od J- KEM and
digital readout 2B amigsredrembadimentoféhercontinupemembrang mgacterpf she'presgntCol e Par rer
54 Wc) 01/14576 PCT/ USOQ 23032 Item Description Material of Di nensions
Suppl i er Congiventivn thereadtentadpealid\demiphises 26y of theefoltewing NFBubBi¢BiEp,1a 4" NPT Col e
Parmer 27 Adapter Bushing male PTFE 1/4" NPT x /" NPT Cole Farmer NPT to
femal e NPT 2gredsifeiiage, a Hl riortofatheat iexthangkt, dnd Nehle ¥albe. df ahihe pleferieder

conpr essi on
.embodiment, the continuous membrane reactor comprises one or more substrate feed
S lines 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 continnous membrane reactor is depicted in figure 1. A more

preferred continuous membrane reactor of the present invention is depicted in figure 2,

15 partsland2.
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|r: 29 F? 11(r) Qseries variable Ceramc/ 316 SS |a" piston dia. Flow Cole
art ner
vari abl e 36088570l | ers Fl ow 29- 29000 Col e Far mer
m:Jmin (with itemw th Easyload U head #35) #77201-62 31 MIton Roy
#C731- Pol ypropyl ene/ Teflon/c I/a" id port Flow Cole Partner 25T variable
speed eram ¢/ PFA/ PTFE 2. 5-566 nL/m n sol enoid diaphragm 32 R 'd tubin Pol
eth lene I " od x 3/8" id Cole Farner 33 Adapter conpression to

Pol ypropylene I " od x 7/8" 12 Cole Parmer check valves custom- punp 34
Adapt er maTeble\PTiist of timasts af the coptjnyous membraneygactos fepicted infiguedse barb 35

spee®CBABNABORt | ¢ punp

speed val vel ess netering 0-576 ndnn um# V & #R 405 30 Masterfex |

Peristaltjc tubin Peroxide cured silicaone Q0 38" {d Cole Partner 36 Adapter
mal e (UM | o PBscriptiongNE x| 1/ 1@Matesi@d afol e Par tDBensioNHse | bar b SPligdapt ef
bushilng nhle PTFE 1 " NPTl x ]Congjoptioy| o Farper NPT to fenmmle NPT 38! Tee
f emal e INPTTangfal flowNPT Cof H6B8r ner 39 Aflapt er bushi ngWeersMiBipere 1 NPT x
3/ 4" NPT |G8petiopsemb®pe NPT to fermal e NPT{40 PH indicator robe PVDF/ V| ton/
| ass 2" x W%Rﬂmmﬂl =) rt ner 41 Cool i ng-andior—hebtinag\Wat-er—Lor ot her
medi a2 Casket &lamps f | oy Silicone & 13716" x 1/16” Water's Millipore *
polypropylene
3 | Sanitary tee Polypropylene | 37 x 114" x 7/16” id | Waters Millipore
4 | Cap Polypropylene 1” dia “Waters Millipore
5 | Gate valve Polypropylene 3"x7/16” id Waters Millipore
6 | Adapter sanitary flange | PVDF 31/32” x %" od Cole Parmer
to hose barb : '
7 | Filtration cartridge Regenerated cellulose | 0.1sqM Waters Millipore
PLCGC ' - ' '
8 | Compression reducing PVDF 3/8” od x 4" od Cole Parmer -
union -
9 | One way check valve; 1 | PVDF/Kalrez 14” od x 1%%” Cole Parmer
psi seat pressure; max :
125 psi back pressure
10 | Compression union PVDF 14" od L Cole Parmer
11 | Sterile filter; 0.3 uM PVDF/borosilicate %’ odx3 1/8” Cole Parmer
pore size glass ]
12 | Adapter compression to | PVDF '| %" od x 14” NPT Cole Parmer
male NPT
13 | Tee female NPT | 14” NPT Cole Parmer
14 | Adapter male NPT to PVDF 14” NPT x ¥4” od Cole Parmer
compression ' '
15 | Pressure indicator 0-100 | 316 SS 14” NPT, 2V2” face | Cole Parmer
psi; glycerin fitled;; '
accuracy + 3%
16 | Peristaltic tubing Peroxide cured silicone | 0.19” id Cole Parmer
17 | Masterflex variable 316 SS rollers 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 14" NPT | Cole Parmer
male NPT S
21 | 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 13" id Cole Parmer
24 | “T” type thermocouple | Teflon coated 304SS Y% od J-KEM
and digital readout
25 | Adapter tube insert to Teflon 14” od x 14~ 28 Cole Parmer
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42 Heat exchanger - a 3 ass 38 cminternal

nodi fi ed graham type cmtotal

| engt h;

x 47 San Diego d ass Tech

condenser with tube reactor volune 80

fittings onwbatiusands nl x cooling volume 510 nL 43 Tubecw/BSodesesd rs” id
Cole Partner 44 R d tubi PTFE I/4" id x 5116" od Cole Partner 45
Mechanical a itator  ass/ Teflon As uured Chem 3 ass 46 Gas D ffuser d ass
Coarse frit Chemdass 47 Tub' T on 83603 5/16" id Fisher 48 PH probe with
digital Sealed gel filled "h" x 4W Cole Farmer readout; n 59002-02 49
Tubin Vit 1 /2" id Cole Partner 50 Reactor main loop Viton %" id Cole
Par t nerf ktemgbi n PesSptia® 01/ }45761\415!@15) SO0 230 PAmenFions f of | owi Supplistanpl are
provided merely for jllustidati Censpmtiomses the preseht invention and are
not tolhe rdempleddNFinjtinglthe scope of pid®™¥ction of fhe 5 present
i nvent ilo26 | AppiearhdlePT by t hEBVBBpended cl aif 4 NPEXANVPLES| Colg |Lowi ng
r eact i ¢n2% dialamer Bashingonaleex aRPFEes of t he pr éQAFPAXISINEGT | Cole Pomer conpounds
of thelpred®XTt femela®NPEn, Utilizing variods processes bf the present
i nvent i|o?8 |lAdapsermale@MO4p . { REDEChenes depi d2" NREAMd pf EPlaPamenns set| forth
her ei nlto hepmpessiochene 1
29 | FMI® Q series variable | Ceramic/316 SS 14” piston dia. Flow | Cole Parmer
speed valveless metering 0-576 mL/min
pump #QV & #R 405
30 | Masterflex variable 316 SS rollers Flow 29-29000 Cole Parmer
speed peristaltic pamp m/min (with item
with Easyload II head #35)
#17201-62
31 | Milton Roy® #C731- Polypropylene/Teflon/c | 4™ id port Flow Cole Parmer
25T variable speed eramic/PFA/PTFE 2.5-566 mL/min
solenoid diaphragm
pump
32 | Rigid tubing Polyethylene 15” od x 3/8” id Cole Parmer
33 | Adapter compressionto | Polypropylene 15" od x 7/87 12 Cole Parmer
mp cheek valves {custom)
34 | Adapter male NPT to PVDF 147 NPT x 3/8” od [ Cole Parmer
hose barb
35 | Peristaltic tubing Peroxide cured silicone | 0.38” id Cole Parmer
36 | Adapter male UNF to PVDF 4™ UNF x 1/16” od | Cole Parmer
hose barb
37 | Adapter bushing male PTFE %" NPT x 1" NPT | Cole Parmer
NPT to fernale NPT
38 | Tee female NPT PVDF 1” NPT Cole Parmer
39 | Adapter bushing male PVDF 1” NPT x 3" NPT | Cole Parmer
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 cm internal x 47 | San Diego Glass Tech
modified graham type cm total length;
condenser with tube reactor volame 80
fittings on both ends mL x cooling
volume 510 mL
43 [ Tubing Viton 16" id Cole Parmer
44 | Rigid tubing PTFE W 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 19” x 442" Cole Parmer
readout; pn 59002-02
49 | Tubing Viton 1" id Cole Parmer
50 | Reactor main loop Viton w%id Cole Parmer
(tubing)
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Sq. 7/NC . x,s04 CPCto rL. 46-72, 4FD Pheoyl d3nine hydMli tdde nmew .
HCl MSoxane rt..20h >95% OM 2A >97%e 56 WD 01/ 14576 PCT/ US0O0/ 23032
Schene 2 OW@MD4S76NH r d9uxi nevahi Na HN--~ 1. Nxof . r cf uxBEF/P823032 73% F 3

44 vwow ral dg* )rydfaloia D-1.DN. F7, NAD. HWMNa pH17.5.3d0 in Rio ar
78.60% 0 Ow MOHH JD OH2A 1A

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

invention. In particular, the schemes depict example preparations set forth herein

10 below.
Scheme 1
Rt
4F-D-Phenylalanine hydvochloride

McOH
., 20h
>95%
H
OH

2A

>97% e
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>99. 9% Scheme 3 OHO0 0 MyB 0 I~k OH ~K r COH Zj -kHN aNO, YHBr Dort OK COI F
OH NH2 lacon Sr .° aloa 1. MM p2AM npaaWCaddnxY 0\ 657096 445{naopti m am
to p mabbk IwideiH459¢dCUDI axaae n..20h >93R 0 |. MyBr, Culpc@usetsBisart JJYOWwe
OH 2. CuMeOH, HCI/dioxan aal )eidiaadid F 2A 5196 (aa apliniaal) a91% 5

Schenme 4 s 41 rt.=aye Br a.~iasoe~ 70% r~+ 1|-ua, eciae~wa S fawaseei
n.soa 3ai
Scheme 2
o]
F——< >—cuo + ’/<H Y amin 2 propnot (10%) wna
HN 2. NaOH, refux 50 min >
\& 5% F 3
4-flubenzaldchyde hydantoin - mﬂ.m
i‘f’vﬁ-winﬂzo

78-80%

Scheme 3
O
H O r—@-MgBr o
1 NaNO, _HBr OH Wu - %H
;ﬁa Br F "
’ ‘ gm %my “l {not W)
mmawh MeOl
HCDioxsne
n,20h
1 e %
o 'L h@—Mgar, Cul 9
ACuwn
v/‘km o L M
5$ 2. QMeOH;:ICiIdloxane OH
ghyeidic acid - F 2A
51% (nok optimizedy >9ce
5
Scheme 4
<0, lnhelc
[ 2&;1
l Jorevic acid
n, 208
3
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57 WD 01/ 14576 PCT/USOQ 23032 Schene 5 Tf20 2. 6Laddine -111gC >9096./ 071.
2A 1C Scheme 6 5 1.1.1 eq NsIVfHF 1. CDI OPG 30 nmbL :x;1A H 2 ChzMm 2.
13eq.tt. 1OMOAUHWS™. O O r O 6U 88Rr 14 ~-Js~/9 Sh 1de>9BOBUSIA2BSKi a 1C 3.
TFA/ C112C1 2 45-50% H2, PdIC. THE 04 , (40 pa)) Ftpso.Fi~re OCFb DI PEA.
C111C6 Oi FIl e O 16 17 1 / F Porcine Pancrense Lipase pH72.37.4ZPC

Scheme 5

p g

F

Scheme 6

Porcine Pancrease Lipase =
pH 2.2, 3740°C
65-70% from AG7174 =
Scheme 7
THO
I Et3N. acetone Y 2, 6-Lutidine H o8
5, BziBr.nt §H -10%C, >90% &
F F 6 F L}

1A
75-85%
90->95% (HPLC)
55%
o-benzyl ester
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65-70% from AC7174 >Z | Schene 7 Tf~O OBb 2.6-Luddine LEI, N acetone :1
an F | / Br.rt F .;00C.>90 FIA 6 7 75-85% 904-95% (HPLC) 55% o-benayl
ester 58 WWOOUMEHBA570 PCT/ USOQ 23032 Scheme 8 06n 1. GidhyuboddshstHF . x, OH
CertH~~r-(r)~~yny~v~~-m 1 1. d a 2cgLHVDS oss 2- (1 wide bate 90 9 %
pi PLo ~Yeline A-h8 02 w chiral alE~da8an yq F to

Scheme 8

1.Cot 0Bz
O —————— e CtaH)
2;1»- )
’ + 2eq LAMDS e

() amide base
ZValine %ﬂ % (HI:C)
T
10 % PC H’”‘I(\/ﬂ\ DIPEA, CH,Cl, 0
hydragenation é
[+
55-60% (two mps)\©\ ; 9
arnino acid salt F
2
Scheme 9

O

PP

p%v;l—- ;s*%

12 F
AG 7088

Scheme 10

H
o N H
TFA, CHCl 18°C
——
ovemigh!
BOC I F3°°°9“ .
O,
\/ \/
. o o
10 11
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00 10WM:C.- F DPBA CH=Cls.0C hydra;motiea ~ ~ H~ s .SS~IM fiwa
xtepe} 1 9.1 12 anhgacidsaL ~ F appnx. 70% 20 Scheme 9 5 O Ni EEL
ICA 8 O (MeMgSM | / 12 AG 7008 Schenme 10 H O N N RKI/ES0023082 C
ovemlphl BOGf Fad. 0 0 to 11

Scheme 11

oL “O.

J:a N
S

~$1000/Kg
The following examples more fully describe the preparation of compounds of

5 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-flucro-D-Phenyl-
10  alanine hydrochloride 1443-057 380g 219.5 1.73
1MH,; SO,
(389 mL 98% sulfuric acid
in 6.85 L water) Stock 7.24L - 124
15 '
99.99% sodium nitrite Aldrich 477.5g 69.0 6.92
magnesium sulfate Fisher 100g - -
20  t-butyl methyl ether (MTBE)} Fisher 3.6L - -
methylene chloride Fisher L - -
hexanes Fisher 2L - -
25
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59 WD.01/ 14576 PCT/US00/ 23032 Schene 11 o"mmanan, ayu, p M naMmi pi ern. dc
NCR* off ~~b H2)CMIRIftdW a 3 ~p F AcMald EalN 15 ~ocw CMI

w7- 17635 o Wioafiashd owi ng exanpl es nore fully describe thecyppsspasoat i on of
conpounds of 5 the present invention using the nethods of the present

I nvention. EXAMPLE 1 Preparation of conpound 1A by diazotization. (See
schenme 1 for the structure of 1A.) Raw Material Source Amount MN Mol es
4-fl uoro- D Phenyl 10 al ani ne hydrochl ori de 1443-057 380g 219.5 1.73

| MH2SO4 (389 _mL 98% sul furic acid in 6.85 L water) Stock 7.24L -- 7.24 15
99. 99% sodi uRrefedyret e Al drich 477.5g 69.0 6.92

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 cooled to ~5° C using
5 acetonefice. Then the solution was slowly charged with sodium nitrite (477.5 g
dissolved in 730 mL water), 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 more hours. It is
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 5
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 ('H NMR indicated at
15 least 70% purity). At this stage, ~380.5 g crude product was obtained. The crude solid
1A was taken up in 1 L methylene chloride and 2 L hexanes and brought to reflux (42°
C). It was held 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 chloride. The reaction 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(d, J=14Hz, J=4 Hz, 1H) 295 (dd, J= {4 Hz, /=8 Hz, 1H).
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magnesi um sul fate Fisher 1008 - - 20 t-butyl nmethyl ether (MIBE} Fisher
3.6L - - -- -- nethylene chloride Fisher IL hexanes Fisher 2L -- 25 60 WD
01/ 14576 MOFAMUBSE 23032 Procedure: In a 12 L reactor, PCT/US0N23032

4-f| uor o- D- phenyl al ani ne hydrochl oride (380 g) was dissolved in 7.24 L of
1 Msulfuric acid. The solution was cooled to -5 Cusing 5 acetone/ ce.
Then the solution was slowy charged with sodiumnitrite (477.5 g dissol ved
in 730 nL water), keeping the tenperature at or below 0 C. The addition
time is typtﬁw hours. The solution was held at 00 C for 3 or nore
hours. It i tant to maintain 0 C during and after the addition for
at least this stipulated tine  period. The reaction m xture was then warned
to anbi ent Pepgsationof 1 byeasymalsduetionyy hours and hel d overnight. At this
stage a white solid product, was seen floating in the _reaction m xture.

Thi s pr otlucStepds—Breparatiomed compauad3; (Bee sgheme Afpptructysg of 0. 2 L MTBE per
extraction, renenbering to agitate the m xture vigorously each tinme for at

| east 15 mi Raw Bourcet ¢ oct gAm MW it b1 Males anhydr ous

magnesi um sul fate rior tQ filtratign. The product stripped to
dryness 61#&1\??%“%@8"[ edAwahlS |e3§'£#o% puf"igtli;). At th%‘l s stage, -380.5 ¢
crude plloduﬁdanms obt ai neg e crucbg_s%ol Id Johoyvas talesy up in 1 L

met hyl ene chloride and 2 L hexanes and brought to reflux (42 Q It was
hel d for 2 hehific2mbpatobf | UXIdidht h goadiggi t at i Tl bef or @0883i ng cooled to
anbient tenperature. It was then held for a further 2 hours at anbient

t enper aflfir esodipnhydrogigs 1 j nHishenaf t er 1878 r at i on¥0%®he cakdShas rinsed with 2:1
hexanes/ met shoxilugc

o .
g

atérial o

oride Fisher 108.9g _ 58.44 - 1.86
Conc. HC1 (37%) - Fisher 311mL - —_
20
Procedure:

A mixture of 4-fluorobenzaldehyde, 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 sodivm hydroxide solution (187 g of NaOH,
4,68 mol) and refluxed for 50 minutes. The mixture was then cooled to 0° C and
charged with 108.9 g of sodium chloride. The pH of the solution was adjusted to about
8.5 using concentrated HCI (37%, ca. 311 mL) at 0° C, before being filtered. The
mother liquor was left to stand overnight and filtered again. Thc.e 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
dried under a house vacuum to get a vyhite monohydrated sodium salt 3: yield 70-75%.
Analysis calculated for CoHgOsFna . HO: C, 48.66; H, 3.63. Found: C, 48.64; H,
35 3.74. 'H NMR (D,0) §7.02-7.19 (m, 4H), 4.72 (s, 2H) (Note: this salt should be

stored in a refrigerator to prevent decomposition.)
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20 chl.oride. The reaction yielded 148 g (46% of conpound IA; Chiral HPLC
purity >97% 'H NVR (CD3OD) 8 7.25-7.00 (m 4H), 4.50 (AB quartet, J = 8
Hz, J = 4 HwooiAddps 3.15 (dd, J = 14 Hz, J = 4 Hz, 1H) 2pObuswiezsd - 14 Hz,
J =8 Hz, 1H). 61 WO 01/14576 PCT/ US00/ 23032 EXAMPLE 2 Preparation of 1A
by enzymatic reduction: 5 Step A -Preparation of conpound 3. (See schene 2
for structure of 3.) Raw nmaterial Source Amount MN Mol es

4-fl uorobenzal dehyde Al drich 115.92g 124.11 0.934 10 hydantoin Al drich
93.53g 100.08 0.934 1-am no-2-propanol Aldrich 7.01g 75.11 0.0934 15
sodi um hydroxi de Fi sher 187g 40.00 4. 68 sodium chloride Fisher 108.9g 58. 44
1.86 Conc. BS@pR-FPrepardtioghLIABomd -- -- 20 Procedure: A mixture of

4-fl uor obenzal dehyde, hydantoin, and 1-am no-2-propanol (109 in water
(235 nl) was EithdrithetdBEC aiethbd fprocediude B1) ol dtmpbiliZdion Miethod (prossdwre B2) char ged
with 935 g OimayBustato pepeoLs. sodi um hydroxi de solution (187 g of NaOH,
4.68 nol) and refluxed for 50 m nutes. The m xture was then cooled to 0 C

and  char ged ppidelurk@: Préhabition S ANRIMNhOMERE methsy PH of the sol ution was
adjusted.to about 8.5 using concentrated HO (37% ca. 311 nL) at 0 C

bef ore bei ngghi hbfi#d. Thesoli-Rbe # | UOANGE | ef O St andygyer ni ght. and
filtered iggaln. e preciprtates were conbr ned and washed w t h net hanol

(about 5L) t Gometndd HPLC purity of >80% inig 222 0.05
D-lactate dehydrogenase
(D-LDH) Sigma (L 9636) 1900U — —
15
formate dehydrogenase
(FDH) Sigma (F §649) 1250 ~- -
NAD Sigma (N 7004) 334mg 663.4 0.0005
20
Sodium formate Sigma (S 2140) 10.25g 68.01 0.15
mercaptoethanol Sigma (M 6250) 39mg 78.13 0.0003
25  Trizma
hydrochloride Sigroa (T 6666) 400mg 157.6 0.0025
EDTA Sigma (E 1644) 186mg 3122 0.0005
30  DL-dithiothreitol Sigma (D 5545) - — —
Dialysis membrane
(MWCO 12,000
~14,000) VWR (25218-435) - — -
35
. 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

tnbing’s (ca. 2 mL each) using an Eppendorf pipette. The other ends of the tubing’s
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(Note: this salt is pure enough for subsequent enzymatic reaction, but
hi gher purity can be obtained by washing with extra anounts of nethanol).
The preci pvoavmswas dried under a house vacuumto get RCWHSME3M®nohydr at ed
sodiumsalt 3: yield 70-75% Anal ysis cal cul ated for COH6G3Fna. H2O C,
48.66; H, 3.63. Found: C, 48.64; H, 35 3.74. 1H NWR (D20) 57.02-7.19 (m
4H), 4.72 (s, 2H) (Note: this salt should be stored in a refrigerator to
p][even]'E decorrposihtion.) 62 WO 01(14576 PCT/ QS00/ 23032 Step B--Preparation
of 1A from 3 Either the MEEC nmet hod ,(procedure Bl) or coi ilization

‘8 S%&%E’Er};i%gei:

met hod ( pr ovetipdandspspend ipheteagion anixigre, (Npte; gare Ka
Preparation of | A using the MEEC nethod Raw material Source(catal na #1
Amount MW Mphcheir as@o andrraake sure there was np leakage). dagonwas geatlythubbledy dr ogenase
(D-LDH) Sigma (L 9636) 1900U -- -- 15 formate dehydrogenase (FDH) Sigma (F
8649) 125U through thhléalutiomyivareridve 004 JThS Buxigred &S thenBHOODS rodro tegpdiatine f or mat e
Signma (S 2140) 10.25g 68.01 0.15 nercaptoethanol Signa (M 6250) 39nmg 78.13
0.0005 25 fbf B dayR kbefikgOhb pHrat T6+®0]1 bypH {stht. @6hitfoled Adithen oF ™M GIC) (29526
5 conversion by HPLC). The dialysis tubing’s were then removed. The stirring was
continued for about 6 hours in 100 mL of S0 mM Tris buffer (pH 7.5, 5 mM
dithiothreitol). (Note: the enzyme-containing bags can be reused by storage at 4° C in
50 mL of 5 mM tris buffer (pH 7.5, SmM dithiothreitol)). The aqueous layers were
combined and the solution adjusted to a pH of 3.0 by slowly adding concentrated HCI.
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%.
Procedure 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 tht; preparation of PAN 500 by a radical

20  copolymerization. The third was a coimmobilization of FDH and D-LDH. The last

step was an enzymatic reduction of the a-keto acid sodium salt 3 to give 1A.
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BDTA Sigma (E 1644) 186ng 372.2 0.0005 30 DL-ditbhiothreitol Sigma (D 5545)
-- -- --- Dialysis nenbrane (MACO 12,000 -14,000) WWR (25218-435) --- ---
-- 35 Proce®p@rndse, sodium formate, mnercaptoethanol, Tripenasénedosochl ori de
and EDTA were dissolved in deionized water (500 nL) and the solution was
degassed with argon 40 for about 30 m nutes. 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 cmlong each) were rinsed with deionized water and one of
the ends of each were tied off with thread. FDH and D- LDH were di ssol ved
in an 8-nL al$tepibt Pwparstive of Nacrylorysuwcinimide and transferred to the 4
tubing's (ca. 2 nL each) u5| ng an Eppendorf pi pette The ot her ends of the
tubing' s 63 VawQdatetid : i fdesspend in the
reaction m xture. (Note: care was taken to excl ude as rruch air as possible
and make stureAmfrteBloidas no Aldiskage) . 108 gon wafJent |y BdBbled through the
solution to r ve CCR. ture S then red at, ;hoom tenperature
for 3 days ke’g"g'???ﬁ’sllcﬁ'émﬂ?-l eﬁ"m?g(SO 1 Y)Y? Ve pH sta’?sléontrol IOfe)d addition of 1 M
HO (>95% 5 cgmg,mé on by Hik& - Theud%al ysi s 14:ybi ng' s 1were then renoved.
The stirrygg was continued for about hours in 100 nL of 50 nM Tris
buffer (pH 7.%sdierbddr4di t hi othreitol). (Note: the enzyne-containing bags
can be reusedndiylpipbad B atAldicC in  HOnenl of 220981 tris WRBer (pH 7.5, 5nM
dithiothreitol)). The aqueous |ayers were conbined and the sol ution
adjusted to aPlpPPtblF‘CS 0O by slowy adding concentrated HClI. 10 The sol ution

was extradt with MIBE (50 X 4 nL), dried with SO and
N-hydroxysuccinimide and triethylamine were ssolved in 1.5 L of chloroform

at 0° C. Acryloyl chloride was added dropwise 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 MgSO4 and filtered. 50 mg of
20 BHT was added to the chloroform solution, and concentrated to a volume of 300 mL
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 finally 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 (CDCl;) 8 6.0-7.0

(m, 3H), 2.85 (s, 4H); FTIR (Nujol) 1800, 1775, 1735, 1260, 995, 870 cm™,
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concentrated to a crude oil. The oil was solidified in 250 nL of

hexanes/ nmet hyl ene chloride (2:1) and filtered. The filtrate was then
concent r amawdésol i dified again in 50 nL of hexanes/haIvVUspe/z8a32 chl ori de
(2:1). The white solids were conbi ned and dried under house vacuumto
yield a white solid 1A yield 7.2-7.4 g (78-80%; HPLC 15 purity >95%
Procedure B2: Preparation of 1A using the coinunobilization nethod This
procedure was carried out in 4 steps. The first step was the preparation of
N-acryl oxysucci ni m de, The second was the preparation of PAN 500 by a

radi cal 20 SteRds| Breraration of BAN third was a coi ni nmobilization of FDH and
D-LDH. The last step was an enzymatic reduction of the a-keto acid sodium
salt 3 to &Sewmatenal g4 up g B PCT RN 03MW gt op 1 Mdsepar ati on of
N-acryl xysucci ni m.de .Raw materi al Sour,ce Anmpount Mol es Acryl oyl
chiori de Aﬁ%ﬁ?‘é’ﬁ“ﬁ‘é‘b’b""‘go.m 1710 N hyc?rﬁ%xysucci h@ﬂde A &%h 115g 115. 10
1.00 trieldyidniddi ne Al drich f alaag 101. 195,1. 09 14 o8, 6- di - t3@pt butyl -4

met hyl phenol (BHT) Aldrich 50 ng 220.36 0.00023 Procedure: is

N- hydr oxysuiBN ni m de and tri etlitham ne visg e di sstdeed in Dob L of
chlorof @ m_at 0 C. Acryloyl chloride was.added dropw se over a 20 minute
period andT™Firred for an adf®hf onal 20Lminutes—at 0 C. The sol ution was
washed with ice-cold 800 nL portions of water and saturated brine, then
dried withPopedareand filtered. 50 ng of -

< 0 -

15 Acrylamide, N-acryloxysuccinimide, AIBN, and THF (2.5 L) were charged in a
5L flask. The solution was degassed with argon for 30 minutes under vigorous
stirring and then refluxed at 50° C under argon for 24 hours. (Caution: ﬂlis 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 THE (1 L, X

20 4). The product was dried ugder house vacuum to yield PAN 500: yield ~304 gof a
very fluffy, white powder. FTIR (Nujol) 3340, 3200, 1730, 1660, 1210, 1070 cm™.

(Note: this polymer should be stored in a drying dessicator).
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20 BHT. was added to the chl orof orm sol ution, and concentrated to a vol une
of 300 nL and filtered. Slowy, 30 nL ethyl acetate and 200 nL hexanes
wer e added twobtszésol uti on while stirring, before bei ngpcefgsoda0szt and at 0
C for 2 hours. The white solid produced was filtered and washed first with
ice-cold 100 nL hexanes/ethyl acetate (4:1), then with 100 niL
hexanes/ et hyl acetate (9:1), and finally with hexanes (100 nL 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 vacuumto yield
N acryl oxysukteR i saimobilizetion of FTBHgnd BIHH np 68-70* C. 'H NMR (CDCL3) S
6.0-7.0 (m 3H), 2.85 (s, 4H); FTIR (Nujol) 1800, 1775, 1735, 1260, 995,
870 cm . 65 \Evnom uESQQ Ofant St on VD son of PAN 500 Raw

2 Q
]

PO D0

S -~ 3L 1 Pr_engnvipies
mat eri al urce ﬁngunt MN Mol es 5 N-acryl oxysuccinimde -- 30g 169.1 0.178

acryl anmi de’ Al ;gﬁam 71.08.3.85 AIBN Aldrigh 1.759 164.21 0.011 10 THE
Fi sher 2.5L E?ﬁ’%y rocedureAgg'fB Acryl arni de, g?:ryl oxysucci ni m de, Al BN,

and THE (2.5 pgoi,egpbe chargeghnhn @ Ssolg f | ask. oghRe sol ulphgpmyvas degassed

with argon for 30 m nutes under vigorous stirring and then refluxed at 50
C under algorfodigypydathour s.Sig@aut i OrOmg hi s r ed®dioi on i s o4&l her m ¢ duri ng
the first 1-2 hours). It was then charged with | L of THE and stirred for
10 m nut es. reci pitat S88rmed weBEfi|ter @4off an@9Wemshed with THE (1

"
L X 20 4). The:Dr t was dried un house uumto,byiel.d PAN 500: yield
R T P L i

-304 g of s Uf fy, fe powder® FTIR {NUj ol ) 3328™'3200, 1730,
1660, 1210, Map0 cm 1. Sigma 11img 663.4 0.17mmol
FDH Sigma (F8649) 200U - —
20 D-LDH Sigma (L 2395) S000U - -
Hepes Sigma (H 9897) — — —
DL-dithiothreitol . Sigma (D 5545) --- — —
» ammoniuvm sulfate Sigma 1.32g 1321 0.01mol
Procedure:
30 5000 U of commercially available D-LDH in 3.2M (NH,),SO,4 was centrifaged

at 4° C for 10 minutes. The resulting precipitate was dissolved in 3 mL of 0.3 M
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-vemight with stirring. This solution was charged
with 13.0 g of PAN 500 by adding it to a 500-mL beaker to \_ivhich was added 42 mL of
35 0.3 M Hepes buffer (pH 7.5) containing magnesium chioride, sodium pyruvate,
NADH, NAD and sodium 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 and 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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(Note: this polyner should be stored in a drying dessicator). 66 WO .

01/ 14576 PCT/ US00/ 23032 Step 3: coimmobilization of FDH and D LDH Raw

mat eri al SWAPTESTwOUNt MWV Mol es 5 triethyl enetetram nePCHOSW2IBYT) Al drich
--- 146.24 --- M 6H20 Sigma 50ng 203.3 0.24mmol 10 Sodi um pyruvate
Sigma 50ng 110.0 0. 45mmol NADH Sigma 50ng 709.4 0.07tnnol  sodium formate
Sigma 306ng 68.01 4.5mvol 15 NAD Signa 111ng 663.4 0.17mmol FDH Si gma
(F8649) 200U --- - 20 D-LDH Signma (L 2395) 5000U --- -- Hepes Sigma (H
9897) --- --_DL-dithiothreitol Si gma& 5545) --- ammoni um sul fate

Si gma 1. 32¢/-%gontainged oy (NHap3Peaasad %T@eeéw&roke'bwe\‘@#%wndﬂau | abl e
D-LDHin 3.2M (NH SO4 was centrifuged at 4 C for 10 mnutes. The resulting
preci pi t at eatlgwsspeed fng Byeinutesand then abhigh sppedfor3@ secondn, fThe gel(particles5) , and

di al yzed agai nst 500 ni L of 50 mM deoxygenated Hepes buffer (pH 7.5) at 4
C under ar gwere sepearateiddiytcentiifuigativn| washedjwitli B0 snl safl 50tmM Hepesbuffea@ded with 13.0
g of PAN 500 by adding it to a 500-nL beaker to which was added 42 nlL of 35
0. 3 M Hepes7.$)addsepdrintt dgal byaendifigatiory nagnesi um chl ori de, sodi um pyruvate,

5  Step 4: Preparation of 1A using coimmobilization

Raw material Source (catalog #) Amount MW _Moles
compound 3 - 11.10g 222 0.050
10 PAN coimmobilized
D-LDH and FDH - — -— —
NAD Sigma (N 7004) 167 mg 663.4 0.00025
» sodium formate Sigma (S 2140) 4,10g 68.01 0.060
mercaptoethanol Sigma (M 6250) 19.5mg 78.13 0.00025
20  Trizma
hydrochloride Sigma (T 6666) 150mg 157.6 0.00095
DL-dithiothreitol Sigma (D 5545) — — —
25
Procedure:

3, sodium formate, mercaptoethanol, and Trizama hydrochloride were
30 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 (1%) added. The
coimmobilized FDH and D-LDH PAN gel were added. Argon was gently bubbled
through the solutic;n to remove CO;, and the mixture was then stirred at room
temperaturt.a for 5 days at a pH of about 7.5+0.1 by the pH-stat. controlled addition of 1
35 M HCI (>91% conversion by HPLC). (Note: the use of excess sodium formate leads
to a shorter reaction time, see MEEC method.) The enzyme-containing gels were

removed by centrifugation, and washed twice with 50 mL portions of degassed water.
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NADH, ,NAD and sodium formate. The m xture was stirred vigorously for 1

m nute before DL-dithiothreitol (650 L, 0.50 M and TET (5.53 nL, 0.50 M
wer e added wooiadse6 m xture. The m xture was then stirredrdTUsHd230BNUL €
before D-LDH and FDH were added. (Note: the m xture gelled after ca. two
additional mnutes of stirring). The gel 40 was kept at room tenperature
for 1 hour before ca. 200 nL of 5 mM Hepes buffer (pH 67 WO 01/ 14576
PCTI UTS0Q 23032 7.5, containing 1.32 g (NH4)2SO4) was added. The gel was
broken in a Waring blender at |ow speed for 3 mnutes and then at high
speed for QBtedhomayme-Tuntaining geiasanibe raused ystozags abHIGing® miy oemd i f ugat i on,
washed with 20 nL of 50 nM Hepes buffer (pH 7.5), and separated again by
cent r i f ugaTiishffeS(pHi %) 5mMidithjpthreitolpn of 1A usi ng coi nmobi l i zati on Raw
materi al Source | catal oe #) Amount MN Mol es conpound 3 --- 11.1Qg 222
0.050 10 PAN cmpé b Th @ebﬂiblﬁélﬂin&mdsolunonar% PHorB.0bN 7004) 167
ng 663.4 0.00025 5 sodiumformate Sigma (S 2140) 4. 109 68. 01 0. 060

o cab et UG AIEeL it R B T RS
(D 5545 “ml), daébwitl 19@§89£d% concentrated to yield a crude oil product. The oil was

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

concentrated and solidified again in 50 mL hexanes/methylene chloride (2:1). The

white solids were combined and dried under house vacuum to yield a white solid

product, compound 1A: vield 7.2g (78%); HPLC purity >95%.

10 EXAMPLE2A '
Preparation of 1A by enzymatic reduction using the continuous membrane reactor of

the present invention:

15
Step A—Preparation of compound 3.

Raw material equiv. Moles F.W. Amount
p-fluoro-benziadehyde (1) 1.0 20 124.11 2482
Hydantoin 1.0 20 100.08 2002¢g
1-amino-2-propanocl 0.1 2 75.11 150g
“Water 0.25L/mol of (I) — 50L
Sodium Hydroxide (pellets) | 5.0 100 40.00 4000g
Water 5.0 L/kg of NaOH —_ - 200L
Sodium chloride (granular) | 2.0 40 58.44 2338 g
HCI (conc.) 50 100 36.46 826 L
Methanol 3.33 L/mol of (I) — — 66.7L
Procedure:
20 To a 50 L reactor eqnipped 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-propano} in water. The resulting mixture was heated and

refluxed for about 10 hours. The solution was monitored for the disappearance of p-
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3, sodiumformate, nercaptoethanol, and Trizama hydrochl ori de were 30.

di ssol ved in deionized water (500 nL) and the solution degassed with argon
for 30 nNMWODEBISTGThe sol ution was adjusted to a pH of aBETUSP28033nd NAD
(1% added. The coimmobilized FDH and D-LDH PAN gel were added. Argon was
gently bubbled through the solution to renove CO2, and the m xture was
then stirred at room tenperature for 5 days at a pH of about 7.50.1 by the
pH-star. controlled addition of 1 35 M HCL1(>91% conversion by HPLC). (Note:

t he use of excess saodi for s . tq.a;, r reactiqn.tinme, see
MEEC et hooﬂ‘)“?ﬁ@‘%l}yﬁﬁ%ﬁ MZ#W‘@%&%@W%&WW&%M f'l\ef ugat i on,
and washed twice with 50 nL portions of degassed water. 68 WO 01/14576

PCTI | TSOQ 2@dedde prgondrom Hipnshioyhbprinh (The magipngaelded ayellpw sligysed by st or age
at 4 Cin 50 nmL of 5 M Tris buffer (pH 7.5, 5 nMdithiothreitol)). The
aqueous | ayHPEC analysisoafithe yellow alucry appearsd taishiowrpndig 35% cenversion, haweyer, 3. 0 by
the sl ow addition of concentrated HCl. The product was extract with MIBE
(50 X 4 5 HNMRlshoesd abduba BYBCEna&rsibne dris thobght tleat| thedIRLGnethed cr ude oi |
product. The oil was solidified in 250 nL hexanes/nethyl ene chloride (2:1)

and filté&r efldicdiB® ad inkécupitely lodscondepsioedierta tirdtrangicttarhoptofe ofd again in 50 nl
hexanes/ nmet hyl ene chloride (2:1). The white solids were conbined and dried

under housebéﬁgggéﬂg.ué_o yield a white solid product, conpound IA vyield 7.2g
(78%; HPLC purity >95% 10 EXAVMPLE 2A Preparation of | A by enzymatic

reduction using g M%Pm&m #8fr §ohitfon Was SHen phépRreR WdRAWasi Nvention:
15 Step A -Preparation of conpound 3. Raw naterial equiv. Mles F.W Anount
' heated to about 98°C. This solution was then carefully added to the yellow slurry. The
reaction mixture was then refluxed for about 3 hours, before being allowed to cool to
10 room temperature. Again the reaction mixture was monitoring by HPLC (254 nm) for
the complete disappearance of the condensed intermediate peak. The resuiting reaction
mixture was in the form of a transparent orange/yellow solution.
Once the reaction mixture was cooled 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
between about 8.0-8.5. Whilst adjusting the pH, the reaction temperature was
maintained at a temperature under about 30° C by regulating the rate of acid addition.
After 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 bg'y returning it to the 50 L reactor, adding to it about 33.35 L
methanol and then stirring it for 15 minutes. The solids are again filtered off using a

buchner funnel and the wet cake washed using the same procedure again using about

33.35 L methanol.
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fl uoro-benzl adeh de (1) 1.0 20 124.11 2482g Hydantoin 1.0 20 100.08 2002g
l-amno-2- o anol 0.1 2 75.11 150 Water 0.25L/nol of (I) - --- 5.QL

Sodi um Hydr oxodreémel | ets) 5.0 100 40.00 4000 Water 5.0 defrfemdzodaOH - -
20.0 L Sodiumchloride (granular) 2.0 40 58.44 2338 g HO conc. 5.0 100
36.46 826 L Methanol 3.33 LJnmol of -- 66.7 L Procedure: 20 To a 50 L
reactor equipped wth a tenperature probe, reflux condenser, agitator and
cooling coils was added 2.482 kg of p-fluoro-benzl adehyde, 2.002 kg
hydantoin, and 150 g of 1-am no-2-propanol in water. The resulting m xture
was heated and Thegéduiting wasted salitls wierelfierndrisdSn anldven atQboth kdipeyssre "ONI t or ed for
t he di sappearance of p 69 WO 01/ 14576 PCTI US00/ 23032 fl uor o- benzl adehyde

by both. Hilider htsdvaatm fordbity fourlddy¥in Yiklda Wwine B whaE sdifdeconiPodgyde prot on
from 10 ppmto 7.2 ppm) The reaction yielded a yellow slurry. HPLC

anal ysi's o8, Tiprict QU S0 ke RARREC ety SR yRAY o Bt 34iCORVEr S 0N

however, 1H NVR showed about a 90% conversion.” It is thought that the HPLC

met hod 5 i K I t I conversion due to the. strong

chr onophor eﬂg{ajzb g???@%g%;&.iﬁﬁfse%h@fe sodi um hydroxi de in water solution

was then prepared which was heated to about 98C. This solution was then
reaction mxture was then

f ul dded t | | .. Th
refluxed f P%g—b@ﬁv%;?fméf corpuie L i g S pesbrais Bacobotige  oom

t enper at ur &€ e reaction mxture was nonitoring by HPLC (254 nn) for

Raw material equiv. Millimoles F.W. amount

P2-hydroxy acid, 3 1.0 1350 222.14 2999¢g

Mercaptoethanol 1.0 mM 6.75 78.13 527mg+ 195 mg

Ammonium formate 4.0 5400 63.06 340.5¢

Water 5.0 L/mol of 3 — — 6.75L

-NAD 0.01 13.5 663.4

Formate Dehydrogenase 20,000 U/Liter of | - —_ 4,800 units
reactor -

Lactic DPehydrogenase 400,000 U/Liter | —- — 96,000 units
of reactor

HCl (cone¢.) -— — 3646 . | AR.~450mL

MTBE 6.5 L/mol of 3 — — 8.78 L

Brine 1.1 L/fmol of 3 — — 1.49L

Magnesium sulfate -

Dichloromethane 1.46 L/mol of3 | — —_ 200L

Hexanes 2,93 L/mol of 3 — —_ 3961

10
Procedure:

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

15 been removed from the permeate port. Then, a solution of 2.5 L of 0.2 uM filtered
water 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 been filtered through a 0.2 uM or finer filter. The

n



the conpl et e di sappearance of the condensed internedi ate peak. The .
resulting reaction mxture was in the formof a transparent orangel yell ow
sol ution. vWReHI4ETée reaction m xture was cool ed to about PRDUSIN2B03C. sodi um
chloride was added and the reaction m xture agitated. \Wi.le maintaining
the coolant flow a pH 15 probe was inserted and concentrated hydrochloric
acid added to .adjust the pH to between about 8.0-8.5. Whilst adjusting the
pH, the reaction tenperature was maintained at a tenperature under about
30 C by regulating the rate of acid additio .After about 4 hours, the
resul ting r@*&@f"faé efpyregd with argop a*@wt§°w“éesye| low slurry; was
filtered through a table top buchner funnel fitted with #1 filter paper.
The wet 20 cake Gampoundd wasther addsd tq the 32 hiflagk and dissolverbintothe degassedor | addi ng
to it about 33.35 L nethanol and then stirring it for 15 mnutes. The

sol i ds ar e watei therkin| dlengwith Athmosinmfomnatdandimescapfogthandl. Maihtainiegvhet cake
washed using the sanme procedure again using about 33.35 L nethanol. 70 WO
01114576 PGErgéipifdge; BidFesultingaolutianvas stigredvastiiadl tieodolidishadedissolvdie rOmbei ed i n an
oven at room tenperature under house vacuum for about four days to yield a

whi t e t o0s of §issofiiell &hé fHiofl the GolITGHWE adfisted beatiobOTIO ading\ BN sadidfib pur e by HPLC
(254 nm) with a yield of about 75% 1H NVR (D20) 8 7.02-7.19 (m4H), 4.72

(s, 2H). 5 Fdedkidd. P-RAD dsithsh addedad HRGEHRHod éblutfonhdisBReSRYidsBive e MEMDr ane
reactor of the present invention. Raw material equiv. MIlinioles F. W

amount  P2- fydt O3 AR Gras Berl adfusted 9 alotif6.2 40 igi adubliaiedolufied.hanol LO MM 6. 75
78.13 527 nmg + 1957 ng Amonium formate 4.0 5400 63.06 340. 59

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 efﬂuént (or permeate) was monitored for conversion by HPLC (254
nm). The pH of the effluent was also checked frequently, which also helped to
monitor the conversion (silould 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
needed.

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

20  three separate portions. The MTBE extracted solution was washed with brine, dried
over magnesium sulfate, filtered and concentrated on rotovapour to yield a yelow 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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Water 5.0 L/nol of 3 6.75 L 1VAD 0.01 13.5 663.4 Fornmate Dehydrogenase

20,000 ULiter of --- 4,800 units reactor Lactic Dehydrogenase 400, 000
Mter - -- @0008870nits of reactor HO (cone.) -- 36.46pcreR0023%0 nl. MIBE
6.5 LJmol of 3 8.78 L Brine 1.1 L(mol of 3 - - 1.49 L M esiumsulfate

D chl oromet hane 1.46 LInol of 3 - 2.00 L Hexanes 2.93 Linol of 3 3.96 L
10 Procedure: Ensuring the continuous nenbrane reactor (240 nlL) was
assenbled as set forth in the present disclosure as shown in Figure:2,
parts 1 and 2, the reactor was washed with 0.02% v/v solution of peracetic
aci d in weroeked tnt0° C whilsbheing agitated.5 | iters had 15 been renoved fromthe
pernmeate port. Then, a solution of 2.5 L of 0.2 pMfiltered water and

0. 1mM ner capt o dolid plodiict Sas thgd filtersd pfif epbwasbedasd caleowith b2 LlofisB:1t he reactor.
To a 12 L round bottom flask with overhead stirrer, pH neter and a gas

di ffuser hsemesdidkidrometband sohitionaTRe wishéd solidwdre then dtied widexchoulyr ough a 0.2 pM
or finer filter. The 71 WD 01/14576 PCT/US00/ 23032 flask was then purged

W th ar gonyabsim fok thr@afays 2 Rdut R 9R1d d¥PRPeWder3 THB §icldtey added to the
12 L flask and dissolved into the degaSsed
5  about 70% (purity 1% by HPLC) with a productivity of the reactor of 280 g/(d x L).

'H NMR (CDsCl) 6 7.25-7.00 (m, 4H), 4.50 (AB quartet, J = 4, 8 Hz, 1H), 3.15 (dd, J

=4, 14 Hz, 1H), 2.95 (dd, /= 8, 14 Hz, 1H). The enantiometric purity of the

corresponding methyl ester of the sample was >99.99% (Chiralpak AS, 4.6 x 250 mm, -

10.0 pm).

10

EXAMPLE 2B

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

invention:

Raw material equiv. Millimoles F.W. amount

Ketoacid salt, 3 1.0 5400 22214 12kg

Mercaptoethanol 1.0 mM 27 78.13 21g

Ammoninm formate 4.0 21600 63.06 1.36kg

‘Water 5.0 L/mol of 3 -— — 27L

B-NAD 0.01 54 663.4 3582¢

Formate Debhydrogenase 20,000 UfLiter of | — — 30,900 units
reactor

Lactic Dehydrogenase 400,000 U/Liter | -— - 618,000 units
of reactor

HCI {conc.) - -— 36.46 A.R. 1650 mL

MTBE 6.5 L/mol of 3 —— - 35.1L

Brine 1.1 L/mol of 3 — — 594L

esium sulfate —=
Dichloromethane 146 L/mol of 3 | — — 7.88L
Hexanes 293 L/mol of 3 | - — 158L

15  Procedure:

Once a continuous membrane reactor of the present invention had been



water therein, along wth amoni um formate and nercapt oet hanol . Mai ntai ni ng:
the argon purge, the resulting solution was stirred until all the solids
had di ssolwedi14€rice 5 di ssol ved, the pH of the sol uti oRCHAHSORHNRsted to
about 7.0 using 1 N sodium hydroxide. (3-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, Formate Dehydrogenase
and Lactic Dehydrogenase, were then dissolved using 100 m'., of the
substrate solution before they were added to the (ea by punpi ng
themin thr%ﬁ@b@f?ésw&?’@zﬁ%‘ﬁll@ﬂg haVH@arcéP*é"%f’ﬁlﬂtﬁ?ﬁllhg‘ebegan at about
1.0 mb/mn. Care was taken to maintain the pH of_ the substrate solution at
about 6. 2. wmrenasm@mﬁm@ﬂ??&wgﬂleyowﬁ@m%m 0244M tiliered watebn by HPLC
(254 nm. The pH of the effluent was al so checked frequentl whi ch al so
hel ped to imywateythat hatl beemfiltered through b 82 M o fipsn filter; ugtil Abaut 1-’Fﬁéfﬂ|@ed rate
(the rate of punping) 15 was adjusted as necessary to increase the

conversi on sohfliof had been kénicved Fpmithapermtate\port. Theaeketbr wax then flashed wiibt r at e had
been conpletely fed through reactor the resulting perneate was worked up

by aci di §i csi 0.2 pMEfilRredbare@b ABL of aGoluticii 61D.Z v dihetedatatat and9.d medth| or i c.
acid. The resulting solution was then extraction with MIBE, divided into 20

three separgteafiuiidndl\Was pharehRFuRY td Asshesk ekett i O was washed with brine,
dried over nagnesium sulfate filtered and concentrated on rotovapour to

yield a yel | ow Gh{azz Tﬁ)gf‘n tgad.efmmﬁ&}m%emmpgm@m until all

the oil had dissol ve 62 L hexanes were added to the sol ution,

and the sol t| s&% &dd %d%t e%'bl ft%dmeplﬁkﬁlﬁw?% cool ed

to 10 C whi el ng aqgl product was tered off and

vasnec as a Ca%g,r 1fad 3 Binuel 4 Oéoﬂ% &%&a‘%&dﬂt&ma&@g@aa@eﬁﬂa@ ution. The

washed sol i #&°

10 with ammor_xium formate and mercaptoethanol. Maintaining the argon 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 HCI. .Then p-
NAD was added to the solution and the solution stirred until it dissolved. The
resulting substrate solution was kept at a pH of about 6.26.

15 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 of 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 substraté 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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vacuum for three days at roomtenperature to yield a white powder. The
yield was 5 about 70% (purity 91% by HPLC) wth a productivity of the
reactor of ®@Mmdsgel x L). tH NVR (CD3Cl) 5 7.25-7.00 (npcEbim23350 (AB
quartet, J = 4,8 Hz, iH), 3.15 (dd, J =4, 14 Hz, 1 H), 2.95 (dd, J = 8,
14 Hz, 1H). The enantioneric purity of the corresponding nethyl ester of
the sanple was >99.99% (Chiral pak AS, 4.6 x 250 nun, 10.0 pm. 10 EXAMPLE
2B Preparation of I A from3 using the continuous nenbrane reactor of the
present invention: Raw material equiv. MIlinoles F .W anmnount Ketoacid
salt, 3 1.0 beatusealas nacepsaryico vy thegonvsesionam diroughpuyrate aydesged Ihe. 1 Anmoni um
formate 4.0 21600 63.06 1.36 kg Water 5.0 |:Jmol of 3 27 L -FAD 0.01 54
663. 4 35. 82 cénvenivhevabidund tolgpedfe056 BOHPIOD U/ Li ter of 30,900 units reactor
Lacti c Dehydrogenase 400,000 U Liter --- -- 618,000 units of reactor HC

(conc. --- 36.46 @adine &l sdThtion'bEntng 208 £ 6PS hatf bedn fed into thedéacthr,l Brine 1.1
L/mol of 3 - 5.94 L Magnesiumsulfate D chloronethane 1.46 L/nol of 3 --

--- 7.88 L B Ssbsttatd SothtidiRon@hing 400 & of 3, phepafd lin 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)
'OCH;
OH
2
15 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 completion of the reaction was
confirmed by HPLC. Once complete, the solvents were stripped off under vacunm.
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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15 Procedure: Once a continuous nenbrane reactor of the present invention
had been 73 WO 01/14576 PCT/ U300/ 23032 assenbled as shown in figure 2,
parts 1 aW0o/14p%yvi ng a capacity off 1.545 L, the reacPEFU$8830hshed with
0.02% v/v solution of peracetic acid in 0.2 pMfiltered water, i.e., water
that had been filtered through a 0.2 pMor finer filter, until about 15 L
of the solution had been renoved fromthe perneate port. The reactor was
then flushed with 5 15 L of 0.2 pMfiltered water. 15 L of a solution of
0.2 pMfiltered water and,0.1 mVl .ner t get hanol, was pr red and used to
i ush t he. riiaties, Compml 24 sas s e sttt B Rhitoe ¥ eoBat I CA o or head
stirrer, pH.neter and as diffuser was_added 9.0 L 0.2 pMfiltered water.
The flask Witeredie webmﬁge prodpgt- Fugthes,the filtratgupppancenifstion glsg Weldeddyy g of 3
was di ssolved into the degassed water along 10 with amoni um formate and
mer capt oet Hagief cleappradust s Unonconfigung C thapthe congentratedfiliate stirred
until all the solids had dissolved. Once the solids had dissolved, the pH
of the sol uvisindead thezbtan productibotipsolids wére sbmbinedam@iairied nnder Yacuia@t . Then f 3-
NAD was added to the solution and the solution stirred until it dissolved.
The resul troo tangesitura (ots alltatnatvel T BEMg! sanirated pilchrbénatdowash cén 6. 15 The
enzynes (Formate Dehydrogenase and Lacti c Dehydrogenase) were then

di ssol ved idingfié¥ed fd-reftfové 2dis insikitiod carriedl ovér fedin 14N EYRIdSTicoMpGundR| Ut i on
containing the enzynmes was then put into the reactor by feeding the

sol ution t hAQuabssReribDEPI @bty S8 ob.i MENMR {QISCI)SALE527.00 R gHy,enai nder  of

. )
the substrate m xture was then punped into the reactor at a 20 rate of 7.6

Tl nut e, CRSEAGud Bk 30 slely, TUABAIRY R @R 3 10GuSrDIS BLP=adta I T on at

about 6. 26, maintain a slight argon purge. The effluent was

noni tored f kS by_ . h ef fl uent was
checked of tfe}??’ \2/\%?@?‘?1_12@&,)’_'7'%911(1)2,5%5?%, lﬁi?ﬁotk. &z?ﬂa@én&tﬁ@ds
10  lead to compound 2A with >99.9% ee).
- EXAMPLE 4

Preparation of 1C: (See scheme 5 for the structures of 2A and 1C.)

15 Raw material Source Amount MW Moles
2A - 200g 198.2 1.01
MTBE Fisher 4L - -

20 .
99.99% Triflic anhydride Aldrich 484g 202.1 1.71 -
2,6 Lutidine Aldrich 184g 107.1 1.71

25 1 M Ciric acid Stock 2x1L - -

Satd. Sodium bicarbonate stock 2x1L - -
Anhyd. Magnesium sulfate-— 150g - -
30
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al so hel ped to nonitor the conversion (pH should be 7.3-7.4). Note: The
feed rate may 74 WD 01114576 PCT![ TSOO 231132 be adjusted as necessary to
vary the corwengisens or throughput rate as desired. The comrsnEiz|2 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 solution containing 400 g
of 3, prepared in the sane manner as 5 descri bed above was prepared and
punped 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 enzynes were used by
the reactor, Prodedumes conversion of 3 to 1A was found to be greater than 90%
by HPLC. EXAMPLE 3 to Preparation of 2: (See schene 1 for the structures
of 1A and 2A) | QObjpofdomphindRAWasalisolved inSDAMTRBE Amdeonitrogdd/aed caded 1A
1443-111 144g 184.2 0.781 nethanol Fisher 950 nL -- - 20 4M HCUDi oxane

Al drich IS Myo=10>C. TiRMtaNR antydfidewasHIBedia an additiod Furieasedls Binuttd4 g of
conpound 1A was stirred in 950 nL nethanol and 18 nL 4 M HCl /di oxane at
anbi ent  t e§TPefHAL WLy RE sIeW adbititnof 2086 SRERA &% hditicn fudneBwheidf theOn Was
internal temperature was kept below 3° C. The mixture was then stirred for one hour at
0° C before 1.9L water was added while stirring. The solution was stirred for an
additional 15 minutes. The top organic layer was then separated and washed twice
with 1L (IM) citric acid and then twice with 1L saturated sodium bicarbonate solution.
10 Tt was then dried over anhydrous magnesium sulfate, filtered overcelite, and stripped
to an oil under vacuum to yield compound 1C. Yield of 1C, 340g (95%); 'H NMR
(CDCls) 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, compound 1C, should be stored
cold to prevent decomposition.
EXAMPLE 5§

Procedure for the Preparation of 14: (See scheme 6 for the structures of the compounds

20 referred to in examples 5-9.)
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confirmed by HPLC. Once conplete, the solvents were stripped off under
vacuum 30 The concentrated product (oily at this stage) was agitated
vi gor ous| YWODPYHSHN overhead stirrer, while 300 nL of heenuswmeygs added
slowy. Agitation was maintained for 30 75 WO 01/14576 PCT/ US00/ 23032
m nut es. Conpound 2A was a powdery solid at this stage. It was cooled to 10
Cand filtered to yield a solid product. Further, the filtrate upon
concentration also yielded 4- 5 g of clean product also. Upon confirm ng by
HPLC that the concgentrated filtrate was indeed t duct, both
sol i ds wer e CoRET fred—and—drettahaet—v R 3 SO+ PYEat ure (note:
alternativ E/ aq. sat ur ateg: hicar te wash.,can be | oyed to
renove aci %%v%\{%urities carr}(ggm%%/'gr fromlA). )%lel d (2)1‘5 g%ngo?ndm% 12158
95% ; Ghi rcalborlyldirdapele (CDY >97%dmen ' H NN§B (CDC13)628 7. 25- T, m 1 :
EAB/()quartet, J =8 Hz, J =4 Hz, 1H), 3!&’%2 (s, 3H, 3.15 (dd, J =13 Hz, J =
4 Hz, 1H) ArydosTHE], J =14 HFished= 7 HA3LH), 2.85 (br.s, IH). (Note:
enzymatic gﬁt h 0 Ie_glgi o conmpound 2A with >99. 9% ee). EXAMPLE 4

s Hngl

ds.. 1
. thy is U
Prepar ol Ol Lty 1yt o NEgplrUCtULER ST 2Aogd 1C) 18 Raw
20 99. 99% TBidiladetreanhydri de Alaghibch 48%58202. 1 1,41 2,6 Lb%i dine Al drich

184g 107.1 1.71 25 1 MCitric acid Stock 2x1L - - - Said. Sodium
bi car bonat dM3Gck 2x| L Stock 10L - -
15
MTBE Fisher 8L - —
Sat. Sodium bicarbonate Stock de . - -
20  Brine Stock 2L _ - -
Anydrous Magnesium
Sulfate Fisher ) 300g - -
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 TI-IF under 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 slowly added to the enolate, under nitrogen with good stirring, keeping the
35 internal temperature at or below -60° C. Once the addition was complete, the reaction
mixture was stirred at -60° C for 1 hour. It was then charged with 4.0L 1M HCJ,
slowly, with rigorous stirring, keeping the internal temperature below -50° C. Higher

temperatures during quenching causes racemization. 200 mL concentrated 12M HCl
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Anhyd. . Magnesi um sul fate--- 150g -- -- 30 76 WO 01/ 14576 PCT/ USQOQ 23032
Procedure: 200g of conpound 2A was di ssolved in 4L MIBE under nitrogen and
cooled to -wOefadasTehe triflic anhydride was added via an pegflishd/aosaf unnel
over 15 mnutes, 5 followed by the slow addition of 2,6-lutidine via an
addition funnel wherein the internal tenperature was kept below 3 C. The
m xture was then stirred for one hour at OC before 1.9L water was added
while stirring. The solution was stirred for an additional 15 m nutes. The
top organic | ayer was then separated and washed twice wth 1L (IM citric
aci d and t herwaswiddel toadjhst the phhtolbetneeni6-§SdiAllot dfisolid fetivat of selotiert +-0on. 10 |t
was then dried over anhydrous nmagnesium sulfate, filtered over-celite, and
stripped to msstigihideleind tagpsddrgaticynpirities arenindsaks.. Thésedolidowerd C, 3409
(95%;"H NVR (CDC 3) should indicate that the conpound is greater than 95%

pure. (Note: filferddtff oveORUR Pebihisé Warktie teﬁxg&’ﬁﬂu% fend "t@&l@s%ivetxﬁﬁurﬁﬁ@fﬁ‘e steps
dependi ng on the extent of conversion.) After this rewrk Operation had

been carried gifidnias bSBtabR dol maiﬁﬁfgwo%l‘érd&a&f ThoES SL Col‘%@(@taéd#m%)

purity. This triflate, corrpoun pe store 0 prevent

deconposi td o B, See schene 6
for the strumﬁnﬁe égﬁn%‘g%‘g“ﬁ%%&ﬁg@[@(ﬁﬁ“g g §§9 ) 77 WO
o gﬁgggegcggg,gotgﬁﬁ%ﬁ% WediBd & enire %L S0 BRTEL 119VHR orgamc%ayL valine

was then separated and checked by chiral HPLC (should be >98%). The organic layer

was washed with 1M HC1 (2 X 2L), agitated for 15 minutes and the layers separated.
The organics were again washed with 2 X 2L saturated sodium bicarbonate solution,
10 agitated for 15 minutes, and the layers separated. The organic layer was washed with
2L brine, the phases separated, 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, maintaining 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.
Product purity should be close to 90%. If not, this compound can be chrox-natographed
over 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 2I. MTBE and wash twice with 500mL IN HCI, twice with S00mL.
saturated NaHCOs, once with 500 mL brine and dry over MgSOy. Yield of 14, 220g
(79%). ¥ chemically pure ﬁna.l product is sought, it is recommended that one should

not proceed to the next step unless chiral purity of compound 14 exceeds 95%.
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5 Carbonyl diimdazole (CDI) Aldrich 135g 162 0.836 Anhydrous THE Fi sher

3.3L - - IMLithiumbistrinethylsilylamde 10 in THE (LHVDS in THF) Aldrich
2.78L | MWOPHI4STS 78 t -Butyl acetate Aldrich 355g 116PGT/U028MR HClI St ock
10L -- -- 15 MIBE Fi sher 8L -- -- Sat. Sodi um bicarbonate Stock 4L - -- 20
Brine Stock 2L - -- Anydrous Magnesium Sul fate Fi sher 300g - -- 25

Procedure: 200g Z-L-Valine was stirred wwth CD in 3.3L THE under a
nitrogen streamfor about 1 hour at roomtenperature. After an hour, the
i m dazolide formation should be conplete. In a 12L reactor, the reaction
m xture was %hﬁfﬂﬁﬂ with 2.78L IM lithium 30 bistrinethylsilylamde

sol ution inE 6 nitrogen, then cooled to -70 C. t-Butyl acetate
(410g) was then added slowy over a period of about 1 hour keeping the

t enper at ur PrepAraignof®S C. The reaction mixture was then stirred for 30
mnutes |t - 60 to -70 C. The anhydride prepared in the step above was
taken i n arRswimateriabn f unnel A es under
nitrogen with good stirring, keeping the_35 interpal tenperature at or
bel ow -60 G* Once the addi fqi on was corrp%gﬁe, t he eacti on %fPxture was
stirredypt sfQdst@ 1 hour. Iggdas thepscharged with 4. QL IMHC, slowy,
with rigorous stirring, keeping the internal tenperature below -50 C

H gher t enqoersadiuni ®driddur i ng quenchi ng causes racem zation. 200 nL

concent r at comihé&dlofHC| 78 Aldrich 29.2g 24.1 0.732

15 1C(90%) — 350g 330.3 0.952
1M HCI 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 * 500 mL - -

30
Procedure:

Sodium hydride was slurried in 2.5L THF under argon and cooled to -5° C. 14

(257g) was dissolved in 1L THF and added via 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

THF and added via an addition funnel 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 hours. 1L 1M HCI and 3L MTBE were added and the reaction mixture

agitated for 15 minutes. The organic layer was separated, washed twice with 800 mL
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MO 01/ 14576 PCT/ US00/ 23032 was added to adjust the pHto between 6-7.5. A
|l ot of solid fell out of solution -- nostly im dazole and trapped organic

i mpurities wWodt/assite salts. These solids were filtered ROTHUSOWRIO3XTel ite.
Because warner tenperatures tend to dissolve inpurities, the filtration
was carried out cold and rapidly over celite. The solids were washed with
4L 5 MIBE. The filtrate was diluted with 2L MIBE and 1M HO (2L) and
agitated for 15 mnutes. The pH was checked to ensure it was about between
1-2. The organic layer was then separated and checked by chiral HPLC
(shoul d be >busgandfied Qyeranhydropepegnesivm sulates g drigd orgamis fapgr wasthgn 2| ) |
agitated for 15 mnutes and the | ayers separated. The organics were again
washed wi t h ‘filtet oR¢ér colife andistipped daldmmasbursier omme gekivigfil) gof intgmedjate at ed f or
15 minutes, and the | ayers separated. The organic | ayer was washed with 2L
brine, the pbgimes whirhavend @kien divectlyt dncto cegiacartsoxllatian stepr seefdrth belowanhydr ous
magnesi um sul fate. The dried organic |layer was filtered and stripped under

vacuum t o renove THGhty@itdRteddind e dlseslvdd-iR S00/hL aefiyRhe chibidetb ai Ni ng a
hi gh- vacuum (punp) for at least 20 hours to ensure the renoval of t-butyl

acetate and ghlp¥en l-u;fﬁm%&aeédc %@k&@ﬂ&&%u&%&hm pelvddlyR (CDC13),

TLC (1:1 hexanes/ethyl acetate) and Product purity should be cl ose

to 90% I nghoshllh & GRAAAPHAREAAR e COLAELANARNS dhar B by F1.6 (8% UST NY 20%

et hyl acet at ethexanes. t cases, onpou _ se-tested
LTSt e Bl Lk o R b AP
20, (O 2k kol o it L A D Mg P "
o O ek A el o e 3L B %
e LS008 3005 was then washed With sahursted Sodi beatbonate saluion (4xiLy Stira. | o107
minimum of 15 minutes per wash. (Note: For effective removal of TFA, pour MTBE
extract into a rapidly stirring aqueous bicarbonate solution.) The organics were then
washed with 500 mL of brine, dried over anhydrous magnesium sulfate, filtered over
celite and stripped under vacuum. Yield of crude 15 was 492g. The crude 'H NMR
15  spectrum run in CDC}; indicated a purity level of about 60%.
Crude 15 (492g) was preabsorbed on silica gel (1 kilo). A column was charged
using a 9:1 loading (4 kilos, preferably 15:1) and eluted with 10% EtOAC/Hexanes (2
column volumes), 15% (2 column volumes), 20% (2 column volumes). The
compound elutes after 5-6 column volumes. ~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 izﬁpurity. 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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EXAMPLE 6 Preparation of 15 5 Raw material Source Amount MN Moles 14 ---

2579 351 0.732 10 Anhydrous THE Fi sher 4.5L -- -- 60% Sodi um hydride in

m neral oiwos/@sich 29.2g 24.1 0.732 15 1C (90% ---- BEDHS®AN3Z 0.952 1
MHA Stock IL -- -- MIBE Fisher 6L -- -- 20 Brine stock 1.6L - --
Trifluoroacetic acid (TFA)Aldrich 210 m, -- -- 25 Satd. Sodi um bi carbonate
Stock 4L -- -- Anhyd. Magnesi um sul f at eFi sher 1509 -- - Methylene Chloride
Fi sher 500 nL -- - 30 Procedure: Sodium hydride was slurried in 2.5L THE

under argon_and.cooled to -5 C. 14 (257g) was dissolved in 1L THE and
added via JBXAMEEEZn funnel to sodium hydride 35 over 15 ninutes. The
solution was stirred for 30 m nutes keeping the internal tenperature at
bet ween 0 CPrgparat®n®f 1&onpound | C (340g) was dissolved in 1 L of THE and
added via an addition funnel to the sol utionl,v[wkeepi ngh}?e i nt er nal

1)

t enper at ir eRaw Material _Source Amount Moles
15 — 183g 4294 0.364
THF (7mL/g) Fisher 13L - -
1 H,S0; (conc.) Fisher 37g 18M | 0.364
10% PA/C (10 wi%)  Aldrich 18g 10 wt.% -
15 16 — 143g 393.15 -
Procedure:

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

20 followed by the addition of concentrated sulfuric acid (1.0 eq., 0.364 mol, 20mL,) 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, evacuated three times, then
stirred under pressure (40 psi) for 5-10 hours, until reaction was complete by HPLC.

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 yellow oil.
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between 0 and 5 Cto forma reaction mxture. The reacti on m xture about
was then slowy warned to an anbient tenperature over 2 hours and held at
room t enperwowessd® for about 20 hours. 1L | M HC and 3ledviii@anesese added
and the reaction mxture agitated for 15 mnutes. The organic |ayer was
separated, washed twice with 800 nL 80 RIF WD 01114576 PCT/ USOQ' 23032
brine and dried over anhydrous nagnesi um sul fate. The dried organic |ayer
was then 'filter over celite and stripped to dryness under vacuum yi el di ng
510 g of internediate epinmers which were taken directly on to the
decar boxy| at EEAMPIEES8set forth bel ow. The internedi ate epi ners were
di ssolved in 500 nL nethylene chloride to 5 which 210 nL trifluoroacetic
acid (TFA) wBspaaitmchfli@f ore being stirred for between 6-20 hours at
anbi ent tenperature. The resul t| ng solution was anal yzed by TLC (20% ethyl
acet at e/ hex aRaeMuferis : | f Lyb 0 gésNi Ng agent) .
One mmj or spot correspondl ng to the co ound 15 Rf 0 3) was observed. The
solvents wetfe stri pped of f under vacuuni@mdehe éBdcent rat%éf* oi | di ssol ved
in 2L MIBE was the shed h saturated sodi um bi carbonate
4XEQ%Z%AC§? %:fﬁ%?

sol ution, ir a mni of 15 #inut es pér wash. (Note: For
effective reﬁgggb 184y aL'oAsg poOUr ,M,ﬁﬁ ext{;agk I ntoy@srapidl ysg4irring
aqueous bi carbonate solution.) The organics were then washed with 500 nL
of brine, drjachbs-exbosyabiydr ous MaHdgesi unssgul f at e, 1456l t ered od0er celite and
stripped under vacuum Yield of crude 15 was 492g. The crude 1H NVR 15
spect r umif unchodeiperde 3 dtadat edhemFori ty IeveI of about 60% Crude 15

(492g) was ph@?gsorbed on sili c% 199| (1 (ﬂ A col um was charged wusing
a 9:1 | oading kilos, preferably 15:1) and el ut&d with 10% Et OAC/ Hexanes

(2 colum vehdisaaRk bicabdiad 2 COlghn vol ungg), 20% (2 col umm _vol unes). The
conpound zel utes after 5-6 colum vol unmes. -140g pure 15 was isol ated
cont ai ni ng aAnhydrous. Sodium sulfate Fisher 100g - -

17 — 164 g 402.18 -

25  Procedure:

In a SL round bottom flask, the crude 16 (170g) was dissolved in methylene
chloride (2.9L) and cooled to 0° C (internal temperature) with an ice/salt bath while
under a blanket of argon. The yellow solution was charged with isoxazole acid

30 chloride (58g) as ﬁﬁquid (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
organics recxtracted with 1M HCI (400mL). The aqueous layer was removed and the

organics reextracted with saturated bicarbonate (2 X 400mL). The organics were dried
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20 ketone by-product that co-elutes with the desired 15. The final UV.
purity was found to be -88%w th the remaining 12% bei ng t he ketone

i mpurity. WOO#45Fhi s ketone inpurity was not renoved un®PCT/UEN28852¢ he
enzymatic éster hydrolysis set forth in Exanple 9 below. Yield of 15 was
45% 81 WO 01/14576 PCT/USQOQ 23032 EXAMPLE 7 Preparation of 16: 5 Raw
Mat eri al Source Amount MW Mbles 15 ---- 1839g.429.4 0.364 THE (7mJg)
Fisher 1.3L - - 10 H2SO4 (conc.) Fisher 37g 18M 0.364 10% Pd/C (10 wt %
Aldrich 189 10 wt.% 15 16 ---- 143g 393. 15 -- Procedure. de 15 (183Q)
was di ssol veNer sodium sylfate (Il&g)*rfﬂ&' anf, copcenftaieduger;vacuim t?é"q]‘ﬁéfh&/ved by the
addition of concentrated sulfuric acid { 1.0 eq., 0.364 nol, 20m.,) 37g by
wei ght . The(132%)ef compannd ¥iasa cpie yellowgit-h ar gon (sub-surface for 15
mnutes.) 10% by wei ght of palladium catal yst (18g) was charged to the
react or nmai BKAMPLE9t he argon purge. The flask was then charged with

hydr ogen, evacuated three tinmes, then stirred under pressure (40 psi) for
5-10 hous s, Pipdrationfofd2t i on was conplete by HPLC. 25 The reaction was
nonitored by TLC (50% THF/ hexanes, with ceric sulfate, phosphonolybdic
acid stain)Rewwlatih C (dl uSeneset hod)Amotiite cat MW/ st was Mdeen filtered off
through a pad of celite and the solvents stripped under vacuumon a rotary
evaporatu())r.l'Ni el d of crude—t6 was 1¢BEYND00424s a yel®P8wv oi | .

THF Fisher 115mL - -
KH,PO, Buffer Stock 12L 0.1M -
15  KH,PO, (>99.5%) Fluka 163g 136.1 12
NaOH (10N) Stock ~40mL 40 -
PPL-Type II (crude) .
20 0.75g/s Aldrich 123g crude - -
HCIl (conc.) Fisher ~80mL = --
12 —— 142g 390.2 -
25
Procedure:

. To make 12L of a buffer, 163g of potassium dihydrogen phosphate was added

to 12L 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 quenche.d 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 éﬁzyme and the product were caused to crash
out into the aqueous phase. The reaction mixture waé filtered over a pad of celite

collecting the product and enzymes. The pad was dried. The receiver flask was
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82 WD 01/14576 PCT/ 1QS00/ 23032 EXAMPLE 8 Preparation of 17: 5 Raw Materi al
Source Amount MV Mbles 16 ------ 170g crude 393,2 0.364 CH2C12 (ACS)

Fi sher - 2. $%0e1r1457610 DI PEA (2.1cq.) d= 0.742 Aldrich 133%cilusdos3e33 0. 764
5- et hyl - 3-car boxy aci d Maybridge 58g 145.6 0.400 15 chloride isoxazole 3
(1.1 eq.) Chem CO INHO Stock 0.8L - -- Said. Sodi um bi carbonate Stock
0.8L -- -- 20 Anhydrous. Sodium sulfate Fisher | OOy - 17 ----- 164 ¢
402.18 25 Procedure: In a 5L round bottom flask, the crude 16 (170g) was
di ssolved in nethylene chloride (2.9L) and cooled to O C (internal

t enper at ur e) repladed withiacleas one; arlabdtopmhall of theicalior pad sintrgmiastted ofithar gon. The

yel | ow sol ution was charged with isoxazole acid 30 chloride (58g) as a

li qui d (thawatetiflensohloride (3K Y$0iD) WRhEsrghtidsiere dantbired (1eindle dxcks wate@ncer ns,
it is advisable to store the acid chloride cold. Slowy, the

di i sopr opy! etyy\ektrachih T r&&t%g@@ﬁaﬁ%@%e&b@erd g nféuﬁﬂtefﬁd%ﬁan@"er 10

m nutes. The reaction "m xture was then al | owe Wy warmto room

tenperature v&a@eﬁum&g n?]wérre)k{ aﬁﬁé gy@dbm ‘%vﬁtcas'aﬁld Mm&édmﬁ%g HPLC

(general ly corrp ete wt reaction was quenched with 1M

5100 B bl BYUEHRE oY had B AL ol RpR R0 TSRE GG °0 W 11

1M HO (400 € “aqueo ayer renove
sharried in a 4L 1:80:20 (i-PrOH: CH,Cly: Hexanes) mixture. The crude dry product

was dry loaded on ~250g silica and delivered to the column with ~500mL of head
space solvent. Two column volumes (~2 X 6L) were added of the same eluent mixture
then ~ 2 X 6L 3:80:20 (i-PrOH: CH,Cl,: Hexanes) were added.

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
? 12 was purified via an aqueous sodinm bicabonate extraction and subsequent
precipitation by acidification. The compound was partially dissolved in 60 volumes of
saturated sodium bicarbonate and extracted with 10 volumes of methyl test-butyl ether.
The resulting organic layer was extracted twice with 10 volumes of saturated sodium
20  bicarbonate solution. The aqueous bicarbonate extracts were then combined and
acidified to a pH of about 1. The resulting offgassing of carbon dioxide maintained the
solution 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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organics reextracted with saturated bicarbonate (2 X 400nL). The organics
were dried 83 WO 01/14576 PCT/ USOQ 23032 over sodium sul fate (100g),
filtered aMAOUWATent rat ed under vacuumto yield 164g (RCPUS002803z2onmpound 17
as a crude yellow oil. EXAMPLE 9 5 Preparation. of 12: Raw Material Source
Amount MV Moles 17 ---- 1649 (crude) 402.2 0.364 10 THE Fi sher 115nL - --
KH2PO4 Buffer Stock 12L 0.1m-- 15 KH2ZPO4 (>99.5% Fluka 163g 136.1 1.2
NaOH (10N) Stock -40ni 40 -- PPL-Type Il (crude) 20 0.75g/g Aldrich 123g
crude HCl(ﬁgAm]flgmh -80M. -- -- 12 -- 1429 390.2 -- 25 Procedure: To
make 12L of 163g of pot assi um di hydrogen phosphate was added to
12L de-ionized water (pH = 4-5 and theﬁgelg adj usted to bet ween about

7.0-7.2 wi tmwu@dm%mqramfmawu& e for the strugtures ofthe ( 164g) was
dissolved in THE ( 115rrL) and added to the buf f er solution at 37-40 C. The
sol uti on nespmpgpedsrefempdipianExamples @&k dbset of the reaction. The PPL enzyne
(123g) was added to the reaction mxture and stirred at 37-40 C before
bei ng quencPrededureh 12M HCl to a pH
36.80g (200mL) of compound 1A was dissolved in acetone (400mL) before
22.26g (220mmol) triethylamine was Slowly added, keeping the temperature below 30°
C. 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 through 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 1M HC1 (200 mL), saturated
15 sodium 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%).
The compound 6 may then be recrystalized in hexanes / methylene chloride (8:1) to
yield a crystalline product.
20 EXAMPLE 11
Preparaﬁon 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 Tf,0 (5.25 mmol) was then added to the solution followed

25 by the slow addition of 0.64 mL (5.25 mmol) 2,6-lutidine. Because the reaction was
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of between about 1-1.5. The resulting m xture was stirred for 20 m nutes
while 35 cooling to roomtenperature. Both the enzyne and the product were
caused to cwash/459€t i nt o t he aqueous phase. The reacti orcTYOSINAIE2 WaS
filtered over a pad of celite collecting the product and enzynmes. The pad
was dried. The receiver flask was 84 WO 01/ 14570 PCT/[TS00/ 23032 repl aced
with a clean one, and the top half of the celite pad slurry washed with

met hyl ene chloride (3 X 75Q L). The organics were conbi ned (renove excess
water by extraction if present in a large quantity), dried over nagnesium
sul fate, fil guifesrothamiic theteransratere was maigaimed deden R tCovsinea qgolins it e sol i d.
The white solid was dried under 5 vacuumto yield 150g of a crude dry
product. A cdiflermemawal froactke cooling bath artdl skyingithe reaction mixtuiedor aboutd hour 1: 80: 20
(i-PrOH CH2Cl 2: Hexanes) m xture. The crude dry product was dry | oaded on
- 2509 si | i caatiowingithe mietredo ward, ke resultinginixtuted wasSohdehtraiéd indechousspace

sol vent. Two colum volunes (-2 X 6L) were added of the sane eluent m xture

then - 2 X 6kactn@0 frBQre@iheriT%@hae Siheds ten didealdEin hexve(100IgheSlandistirrdd €l d Of
0

crude 12 was 150g. The c i ned yield over three steps after

chr omat ogsapbyer 'c@ﬁ?ﬂ&%ﬂ}taﬁ%yﬁ pifiesolid 4 lufdiSiutn/shit Y@he precifiiel s A
\a%; 151 f1ed

Purification of was purifi via an aqueous sodi um bi cabonat e

par 16l 1y i Skt BERRNEfn LB ol G M Loln RS b il ol D0

d wi I f ~ I 1 i
g)r(zg;ﬁﬁ:el aye%&nvé)gn%zt ra@gg“{a\gﬁééé})(wﬁ%&s% lf ntsdr}g\[)e glgTEfé{ € sgizllngm 20

bi car bonat e M@E The aqueous bi carbonate extracts were then conbi ned
and acidifi Buz—l of about 1. The resulting offgassing of carbon

di oxi de nmi ntained the
Hoxd ! ! Procedure for the preparation of compound 18 from Z-Valine. (See scheme 8

10  for the structures of t.he compounds referred to in BExamples 12-15).

Procedure:
50.26g (200 mmol) Z-valine followed by 35.0g (210 mmol) 1,1°-

carbonyldiimidazole were dissolved in THF (200 mL) at room temperature. The
resulting mixture was stirred for 1 hour at room temperature to yield an acyl imidazole

15  intermediate in solution. (Note: the reaction releases carbon dioxide.) In a separate
contained, LiIHMDS (1M in THF, 642 mL) was added to THF (800 mL) at -78° C
followed by slow addition of o-benzy! acetate (30g, 200mmol). Because the reaction is
exothermic the temperature kept at under -70° C. This mixture was stirred for 30
minutes before the e.lcyl imidazole solution was added to the mixture slowly and at a

20 temperature under -68° C. This reaction is also very exothermic, thus, the temperature
was maintained under -68° C. The resulting reaction mixture was stirred for 55
minutes, then remove from the dry ice bath. 1M HCI (500 mL) was slowly added to

the reaction mixture keeping the temperature under 25° C. The organic layers were
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solution at a tenperature of above about 20C. The product, AG/172,

preci pitated out of the solution upon the acidification. The 12 was then

filtered ofdo/1asmshed with 4 volunmes of water, and dri eBCT/HS09E8MU0 at 50C
with a nitrogen purge. 85 WO 01/14576 PCT/U300/23032 EXAMPLE 10 Procedure
for the preparation of conmpound 6: (See scheme 7 for the structures of the
conpounds referred to in Exanples 10 & 11y 5 Procedure: 36.80g (200nL) of

conmpound 1A was di ssolved in acetone (400m.) before 22.26g (220mmol)

triethylamne was slowy added, keeping the te ture hel o 0 C 37.69
(220mmol ) Feemseparpiedyyashed Jith seneatedApdisen ?‘8“%%?@6&@2?%"31{‘%( ure which 10
was stirred for about 65 hours at which tinme HPLC showed conpletion. 200 nL
of MIBE wamL}ddetiwith magresiumessifate andgoreentiater 4 yigldeampoundi1§at a¥ields stirring
before the mxture was filtered through a short pad of silica gel to
renmove nost>85% (472.0pg)cenil having ®HPLE pimitylof betwieere90:91%.. Taprevent| i ca gel was
then washed with MIBE (200 nmL.) and the filtrates conbined. The filtrates

were t hen wasbspositidnlicoligonkd 18 @iikeplih a fidgeur at ed 15 sodi um bi car bonate (100
mL X 2) and brine (200 nL). They were then dried with nmagnesium sulfate,
filter toropgAnvpprest pad of silica gel and concentrated to yield the
conpound 6 (yields 71-75% 35.5-37.5g; having a HPLC purity of between

90->95% . The GQERAWRYARIFpdloR 0P fremi1gst al i zed in hexanes / nethyl ene
chloride (8:1) to vyield a crystalline product. 20 EXAMPLE 11 Preparation

of corrpoundPIY%BJ conpound 6. Procedure: 1.37g (5 mmol) of conpound 6 was
di ssolved in " met hyl ene chl ori de and

A solution of compound 18 (1.38 g, 3.60 mmol) in THF (10 mL) was added

slowly to a solution of NaH (60%, 158.4 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 1M HCI (75 mL) was slowly added, the reaction
mixture 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 to yield a crude product of compound 19. (Calc. 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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cooled to -10 C. 0.93 nL Tf20 (5.25 nmmol) was then added to the solution
followed 25 by the slow addition of 0.64 niL (5.25 mml) 2, 6-1utidine.
Because t hewoaaa4s7on was 86 WO 01114570 PCT/ US00/ 23032 pguiusee2msnt her mi ¢
the tenperature was naintai ned under -8 C using a cooling bath. After
removal fromthe cooling bath and stirring the reaction mxture for about 1
hour allowing the mxture to warm the resulting m xture was concentrat ed
under house vacuum The resulting crude oil was then dissolved in hexanes
(100 nL) and stirred 5 over dry ice to precipitate out a pink solid, a

| uti di ni um s&recedames precipitate was filtered through a thin |ayer of
silica gel and concentrated again to yield a colorless oil, conpound 7.
The yield was 90%¢ripdiddi]19 (680 mph 1 06 smndob)wa dissolizsel ip adegabsed iritkthieldf EXAVPLE
12 Procedure for the preparation of conpound 18 from Z-Valine. (See schene

8 1o for t hgHF(10&E)ndSontbntidied SGATOMO4RTIE 16 BELT. 10868mbl). To tHak®igogs 12-15) .
Procedure: 50.26g (200 ninol) Z-valine followed by 35.0g (210 mol )1, 1' -

car bony! di | mydaz ke 100 $8.CtB8 ey Bidort e Hielthg Ao mittiors @AMREATEY at Ure. The

resulting mxture was stirred 1 hour at roomtenperature to yield an
acyl imdazo i i 4 i YN oI el eases
ca?/bon di gxi ggr%ﬁﬁﬁgﬁirg%gérsg%ngof@&%ﬁgyﬁg%h u?%‘?ﬂglé]&#—?ébﬁgh m.) was
added to THE - I bt P zyl
acetate (30g ,’&3‘8‘8%% Tﬁ" glett(‘:z’%ﬂghem %%e&ﬁeégg? ?% ﬁéités)wasgg%{th%dg 8%1‘”%‘1{% gﬂﬁ J;eirrper ature
kept at under. -70 C.. This mxture was stisred f Q..mn s before the
hepl i dig o8 0 vieTHeR o a fatie PR RLorbRbann 20 Peck SRadttsEE B o0
tenperature under -68 C. This reactigon is also very exother lé}‘ t hus, the
B%fB‘Hl

t enper at ur e WIgEt With peslyis 07 fop the gwo-stpp sequenge frpm Gom m xture was

stirred for 55 mnutes, then renove fromthe dry ice bath. 1M HQO (500 ni)
was sl owl y allich issgpd for the next process without further purification.

10 EXAMPLE 15
Procedure for the preparation of 12 from compound 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-
carbony] chloride (130mg, 0.894 mmol) in dioxane (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 washed with 1M HCI (10 mL) and saturated sodium bicarbonate (10 mL),
20  dried with ma.gnesium sulfate and filtered through a short pad of silica gel to yield the
compound 12 at yields of between 65-70% baving a HPLC purity of 95% (cacl. MS
390, found: MNa*413) after column separation (methylene

chloride/hexanes/isopropanol = 79:20:3).
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the reaction m xture keeping the tenperature under 25 C. The organic |ayers:

were 87 WD 01/ 14576 PCTI USOO 23032 then separated, washed with saturated
sodi um bi W@ bUH&Te (200 nl) and brine (200 nl), dried RETHSWEFHRRsi um
sul fate and concentrated to yield conpound 18.at a yield >85% (>72.099)
and having a HPLC purity of between 90-95% To prevent deconposition,
conpound 18 was kept in a fridge. 5 EXAMPLE 13 Procedure for the '
preparation of 19 from 18. Procedure. A solution of compound 18 (1.38 g,
3. 60 mmlﬂ,%hmé 10 m.) was added slowy to a solution of NaH (60%
158.4 ng,” 3. ) in THE (20 nmL) at -10 C. 1o The resulting reaction
m xture was renoved fromthe cooling bath and all owed to warm whil e being
stirred for 20 m.nutes. i{,he react {4 lm' xture @S then addgd,.a.. sol ution
of conpodHd ST f et hyterre ) <
progress 9t the reactior#%
di sappearaffte of the st in terrars. ét on m xt s then
stirred fB¥M18 hours, bef’&FéJ&% BE &o nm.) was Added. After’ c (75 ni)
was sl owl y-Methylmorpholiser & i on i xt I8 was sepal®¥tled and thk eous | ayer
extract edOMF MIBE (50 n7ml/gpfl2rhe conbi ned organic | ayer vhs™hen dried
in magnesCOMBul fate, fil@%red throud® a short WAdP8of silic3Bldeg and
concentr abMF to yi el d a 4wligef GPMIct- of conmpound 19. (Cal c.l.M®L 639,
found: MWated0 and M\a+ 428i)g of¥2 er ehr omat ogr aphi ¢ separat i ¥/ mbi ng 20
hexanes/ et hyl acetate (4:1) this process produced yields of 50-60%
EXAMPLE 14 Preparation of conmpound 20 from conpound 19. 88

Preparation of compound 11 from compound 10.

5 Procedure:

Compound 10 was dissolved in DCM in a 1 neck round bottom flask and cover
with a septum. The flask was then purged with nitrogen followed by the 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 under vacuum 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 from 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. In a second portion of the

solution CDMT was dissolved. This CDMT solution was then added dropwise via
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WO 01/14576 PCT/ US00/ 23032 Procedure: Conpound 19 (680 ng, 1.06 nmol) was
di ssolved in a degassed m xture of THE (10 ng) and concentrated sulfuric
acid (116 nywowmniasyérmol ). To that solution was added 10%cPasésngide4 o)
before the resulting reaction mxture was stirred in a 5 Parr shaker under
a pressure of- 50 psi for 5 hours. The m xture was then dissolved in

nmet hanol (75 mL), flittered through celite and the celite washed through
with methanol (75 nmL) to yield 480 ng of a crude nmaterial of conpound 20
(yield quantitative by weight with overall yields 50-60% for the two-step
sequence fr oSYESAEEOES érslggr,tlon ofithevelution,umainthiping theareactisn tepipemesofli’Chout
further purification. 1 o EXAMPLE 15 Procedure for the preparation of 12

f r om conpound $0. Thresdtug reactioConiqyare s Sin (B0 wamBtbIosiiBimpefaird.oved by
di i sopropyl ethylam ne (DI EPA) (0.45 nmi, 2.60 mml, 3.2 eq) were dissolved

i n di oxane (merdaéﬁdnm@kmﬁit&edﬂdialﬁiuﬁpﬁﬂﬁibgmm@.q &xanE@Etdl@é:mAThhﬁli on was
added a sol'ution of 5-nethyl-3-isoxazol e-3 carbonyl chloride (130ngy, 0.894

mol ) in di oM@empdhdIR)isabpehied. ONRIES rebdiSn “xaeeﬁoa%&a%e?{owm ghermic.)

The reaction was nonitored by TLC and the reacti ure stirred for |
10U MEL 1 RAF kst PR 2 SRR A BBl O 53
o yield t ho s Wbef by el o R R ARV AR SRR BEos Lot pur ity
chl ort tel nex DRI RGTRERea VhEn 26 57 %. 35 piodest ey 6 Cp RIS 23035

by dissolving it in hot MeOH:EtOAc 1:1 followed by slow addition of hexanes (2

vols.) |

10 It is to be understood that the fotegoing description is exemplary and

explanatory in nature, and is intended to illustrate the invention and its preferred

embodiments. Through routine experimentation, the artisan 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

15 above description, but by the following claims and their equivalents.
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EXAMPLE 16 Raw Material Equiv. Mml FWAmunt 10 1.5 1.8 326.39 751 ng
TFA 12.0 18.0 114.02 1.4 mL DCMI1OMJg of 10 -- -- 7.6 nL

n- Met hyl nowplvi4siee 10.0 15.0 101.15 1.6 nL DVF 7ml Jg ofPCTASM0230324 1 rnL
COMI 1.05 1.6 175.58 281 ng DWF 4m1lJg of CDMI - - 1.1 nL Water 42m Jg of
12 -- - 24.7 mL Preparation of conpound 11 from conpound 10. 5 Procedure:
Conmpound 10 was dissolved in DCMin a 1 neck round bottom flask and cover
with a septum The flask was then purged with nitrogen foll owed by the

addi ti on of V| [nge while the solution was being stirred. The
progress ofmwséts nonitored by TLC using 5% MeOH in DCM unti |
after about 4 hours the starting . 1l o material, disa p% red, The sol vent and
excess TFA her e A Bio6ese yselitl dot Preppring a9 aptipicgmavisal agentyo uladdi v at 45C. The
product, conpound 11, was used imrediately in the step set forth bel ow.
Preparation of conpound AG708d%f rom donpounds 11 and 12. Procedure: 15
Conmpounds 11 and 12 werj¢ dissofjved inf DM in a 1 neck flask covered with a
septumand fitt@g wth robe. The flask was purged with
nitrogen. The res 1 ng Seruty o zi ded o two portions. In a first
portion was added n [net hyl mor ggiol fne via syringe and cooled to OCt 5C 1In
a second portion of g he soluti on,#:Dl\/IT was di ssol ved. This CDMI sol ution
was t hen added dropw se via

comprising:
5 Step A: preparing a compound of formula IIA:
R, o)
Rag_
Sy OH  (A)
H
Rs
o) Re

comprising the substeps of:
(a) converting a compound of formula XIII to a B—ketoéster of formula XIV by
reacting said compound of formula X with 1,1’-carbonyldiimidazole

followed by treatment with a compound of formula XTIITA;

b d
i

=

.I A0

50,



90 WO 01/14570" PCT/USOQ 23032 syringe to the first portion of the
solution, maintaining the reaction tenperature of 0C 5C The resulting
reacti on m W@PEI4HREs then all owed to warmto room t enper @cwSen23dBe
reaction was nonitored for about 1 hour by TLC (7:3:1 hexanes: Et CAc: | PA)
until the conpound 12 di sappeared. Once the reaction was conplete the
product AGr088 5 was precipitated out of solution by the slow addition of
water to reaction mxture. The resulting slurry was filtered to obtain a
yield of >85% white granul ar crystals of conpound AG/088 having a purity
of >97% The product may then be recrystallized by dissolving it in hot
McOH EtOAc 1:1 foll owed by slow addition of hexanes (2 vols.) 10 It is to
be understood that the for®goi ng description is exenplary and explanatory

in nature, and is intendedjto illustrate the iguentiop and its preferred
enbodi nents. Through routj imentation, tthe artf{san wll| recognize
apparent nodificati ormyntnd| v ations that maylbe madR” w t hout departing

fromthe spirit of the ingentlion. Thus,
defined not by the 15 above dgscription, but by the follow ng clains and
their equivalents. 91 WO 01114576 PCTI US00/ 23032 WHAT IS CLAIMED IS: 1. A
process useful for prepari@gnpan anti pi cornavi ral®8B8hts of formula IA: O 2
ZRANZIL QA R3 R R

Ry
OtBu
ZHN

Re
o 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 XVI;

Ry 0
o}
ZHN OCHj Re
o} R
Lv
XV)
_ XVD
5 (¢) hydrogenolyzing the enolate of formmla XV to yield a compound of formula
XVII;
Ry 0
HoN OCHj XV
Rg
0 Re

” A

*




conprising: 5 Step A: preparing a conpound of fornmula HA: 7 O R20 H.CH
(I'MA) Rg OR6 conprising the substeps of: (a) converting a conpound of
formul a XIwbot/o15% f - ket oester of forrmula XIV by reacti RGTUMEIBBnpound of
formula XIIl with 1,1 -carbonyldiimdazole followed by treatnent with a
compound of formula XIITITA;, 4Y LLiLrrrererrerererrrrererrrrrlr cLMms *, 92
WO 01/ 14576 PCT/USOQ 23032 OHZHNRa O O(XM (XIIIA) OBu ZHNRa OO

(0)

(d) acylating the compound of formula XVII by reacting said compound of
formula XV with a compound of formula Ry¢-X to yield a compound of

formula X VI, wherein X is any suitable halide; and

Ry o)
\H OCH, Xvi
Re
o} Re
5 (€) enzymatic hydrolyzing of the compound of formula XVIII to yield the

compound of formula ITA; and
Step B: subjecting the compound of formula ITA to an amide-forming reaction

R, y4

F (I

HoN z,
Rs
R,
with a compound of formula III:
wherein Lv is any suitable leaving group;
10 7’ is any suitable protecting group for an N atom;
R, is H, F, an alkyl group, OH, SH, or an O-alkyl group;

Rz and R; are each independently H,

O,
b

. /“‘3’"
LLLL-/\)]\ (ggﬂ)

N R A0



(b) converting the A-ketoester of formula XIV to an enolate of formula XV
by reacting said -ketoester of forrmula X1V with a conpound of formula XVi;

OO Z HN Oo@ofAgsie OCH3 O Rfi v (XV) (XVI) 5 (c) hyeceasspsyzi ng the
enolate of fornmula XV to yield a conmpound of fornmula Xvit R7 O H2N "0
0000 YJ OCH3 (X Rs ORB 93 Il il IllE BE 1111111111 ¢ L K s WO 01/ 14576
PCT/ US00/ 23032 (d) acylating the conpound of forrmula XVII by reacting said
compound of formula XVII with a conmpound of formula R20-X to yield a
conpound of formula XVIII1, wherein X is any suitable halide; and R7 ON

|1-.100 R20 \where@mHsan-inteigpr from QLG A5 iyent oeNz&ﬂmdleacmihwinﬂzpen@ndi t he
corrpound of formula XVIIIl to yield the
selected from C(Rs1)(R41), N(Rap), S, S(0), S(0),, and O, and A4 is NH or NR41,
where each Ry is independently H or Jower alkyl, provided that no more than two
heteroatoms occur consecutively in the above-depicted ring formed by Ay, Az, (As)a,

5 Agand C=0, and at least one of R, and Rj is

o)
)e

/\/“\ /\(As)n
;LLL' :R?u)?ﬂ)

R4is
)T\ [
Ry N rl"i
H g,
6]

Rs is H, F, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group,
10 oraheteroaryl group;

Rz and Ry are each independently H, an alkyl group, a cycloalkyl group, a

heterocycloalkyl group, an aryl group, a heteroaryl group, -ORy7, -SRy7, -NR7Rys,

-NR19NR7R13, or -NR;70Rys, where Ry7, Ry, and Ry are each independently H, an

alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl
15 group, or an acyl] group, provided that at least one of Ry and Ry is an alkyl group, an

aryl group, a heteroaryl group, -ORy7, -SR7, -NR17R 3, -NR9NR 7R3, or -NR;70R;g;
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conpound of forrmula IlA; and Step B: subjecting the conpound of fornula hA .
to an amde-formng reaction R2 Z H2N Zt R3 R, wth a conpound of
formula | IWOM/Erein Lv is any suitable |eaving group; PEHUSN232 5Ny
suitable protecting group for an Natom R is H F, an al kyl group, OH,

SH, or an O alkyl group; R2 and R3 are each independently H OA4 O ~
Al~ (A3)n or /C A2 NH2 (R41)(R41) 94 1t rrerererrer reerr reerrr €
L MS WO 01/ 14596 PCT/ US00/ 23032 where n is an integer fromO to 5, A is

CH or N, A2 and each A3 are independent | sel.ected from C(R4 R41),
NCRAL) S, Ty o fivmapbered efetgoyci GAving Hat pgs 1 Fmg DPEeros G acst i,

I ndependently H or |ower alkyl, provided that no nore than two heteroatons
occur conse®NiapdiSy in the above-depicted ring formed by At, A2, (A3)n, 5

A4 and C=0O, and at |least one of R and RB3is O
RzoiS.

O
Rs)La:{ ;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)Rz1, -CO2R2;, CN,
-C(O)NRz1R23, ~C(O)NR210R2z, -C(S)R21, -C(S)NR21R22, -NO2, -SOR31, -SOzR 2,
-SO:NRz1R22, -SO(NR21)(OR22), -SONRyi, -SO3R21, -PO(OR21)2, -POR21)(R22),
-PO(NR21R22)(OR23), -PO(NR21R22)(NR23R24), “-C(O)NR21NR22R23, or
-C(S)NR2;NR2:R73, where Ra;, R, Ras, and Ryg are each independently H, an alkyl
10  group, acycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
an acyl group, 01: a thioacyl group, or where any of two of Ra1, R2, R23, 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 R;are 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
heterocycloalkyl group, where Z and Z, are as defined above except for moieties that
cannot form the cycloalkyl or heterocycloalkyl group.

20 2. A process useful for preparing a compound of formula ITA:

_

oo N O O A



A ONH2 or (Rai)(Ral) RAis ORTRON~; HRBO Rsis H F, an alky
group, a cycloal kyl group, a heterocycl oal kyl group, an aryl group, 10 or
a heteroaryW@#adsys R7 and R$ are each independently H, aorTakdopbesgroup, a
cycl oal kyl group, a heterocycloal kyl group, an aryl group, a heteroaryl
group, -OR17, -SR17, NRL7R 8, -NRL19NR17R18, or NR170R1$, where R1l7, Rig,
and R19 are each independently H, an al kyl group, a cycloal kyl group, a
het er ocycl oal kyl group, an aryl group, a heteroaryl 15 group, or an acyl
group, provided that at |east one of R7 and R$ is an al kyl group, an aryl
group, a heteroaryl group, -ORl7, -SR17, -NR17Rls, -NR18NR17R1lg, or
NR170Rig; 95 111111~ 11121(112112112211211 1112 CL M S WD 01/14576

PCT/ US00123032 R9 is a fige-nmenbered hgterocycle having fromone to three
het eroatons selected from] 0, N, and S;J]R20 is. O R9 and Z and Z1 are each
i ndependently H, ﬁ%wan al kyl group, a cljcl oal kyl group, a

~ OH  (mA)

Iz

o) Rs
comprising:

(a) converting a compound of formula XIII to a B-ketoester of formula XIV by

reacting said compound of formula XIII with 1,1’-carbonyldiimidazole followed by

5 treatment with a compound of formula XTIIA;

97



5 heterocycl oal kyl group, an aryl group, a heteroaryl group, -C(O R21,
-C2R21, CN, -C(ONR21R22, -C(O NR210R22, -C(S)R21, -C(S)NR21R22, -NO2,
-SOR21, - WOMIMST6 SOPNR21R22, - SO(NR21) (0R22), - SONR21, PCHUSH/23032
-PQ(OR21) 2, -PQ(R21) (R22), -PQ(NR21R22)(OR23), -PO(NR21R22)(NR23R24),
-C(O NR21INR2 23, or -C(S)NR21INR22R23, where R21, R22, R23, and R24 are each
i ndependently H, an alkyl o group, a cycloal kyl. group, a heterocycl oal kyl
group, an aryl groupr, a heteroaryl group, an acyl group, or a thioacyl
group, or where any|of two of R21, R22, OBR3, and R24, together with the
aton(s) to which t aredwnded, form g heterdcyCl oal kyl group, provided
that Z and Z1lg h H or Z1 an I, - W
whi ch they are bon 8d, forma cycl oa o~ 15 hetérocycl oal kyl group,
where ZI and R are asOdefi ned above except for noieties that cannot form
t he cycl oal kyl or heterocycl oal kyl group; or Z and ZI, together with the
atoms to which theyxame bonded, forma cy )kyl or heterocycl oal kyl
group, where Z and ZI are as defined above except for noieties that cannot
formthe cycl oal kyl or heterocycl oal kyl group. 20 2. A process useful for

preparing a compoung, of formula I1A 96 | Ilillll 1111!! 01111111 Ii 1111 C
L MS w W 01/ 14576| PCT/ USOQ 23032 O Rya A$ O Rs conprising: (a)
converting a conpound of formula | to a D-ketoester of formula XN by

reacting said
fol |l oned by

a Il with 1,1 -carbonyl diimdazole

(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 XVIT;

Ry o)

ZHN OCH;

o) Re
XV)

Lv
XVD

5  (c) hydrogenolyzing the enolate of formula XV to yield a compound of formula XVII;

\
HoN OCHsg XVID

Re
o} Re
(d) acylating the compound of formula XVII by reacting said compound of formula

XVII with a compound of formula R¢-X to yield a compound of formula XVIII,

98
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5 treatment with a conpound of fornula XII1A;, 97 WO 01/ 14570 PCT/ US0O0/ 23032
7O OHZHNR8B O (XIIlI) (XI1l-) R7 Bu ZHNR8 OO (XV) (b)
converting tweodasset oester of forrmula XIV to an enol ate @brig8éabdsa XV by
reacting said J3-ketoester of fornmula XIV with a conpound of fornula XVI;
Rt 0OO. ...... .. 4.1~ ZHNOCH3 R6 ROCH3 O R6 Lv (XV) (XVlI) 5 (c)
hydr ogenol yzi ng the enolate of forrmula XV to yield a conpound of formula
XVIl; R7 O H2N OCH3 (XVII)

B, o

Rz
\ﬁ OCH, (XVI)

Rg
o) Re

wherein X is any suitable halide; and

(e) enzymatic hydrolyzing of the compound of formula XVIII to yield the compound of
formula ITA;
5  wherein Lv is any suitable leaving group;

Z is any suitable protecting group for an N atom;
Rg is H, F, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group,
or a heteroaryl group;
Ry7 and Rg are each independently H, an alkyl group, a cycloalkyl group, a

10 heterocycloalkyl group, an aryl group, a heteroaryl group, -OR 7, -SR17, -NRy7R13,
-NR1sNRp7Ris, or -NR;70R 5, where Riz, Rys, and Ry are each independently H, an
alkyl group, a cycloalky! group, a heterocycloalkyl group, an aryl group, a heteroaryl
group, or an acyl group, provided that at least one of Ry and Ry is an alkyl group, an
aryl group, a heteroaryl group, -OR,7, -SR17, -NR17R 13, -NR1gNR17R 18, or -NR70R3;

15 Ry is a five-membered heterocycle having from one to three heteroatoms selected from
O, N, and S; and

Ry is

O~ O
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R8)e' O R6 (d) acylating the conpound of fornula XVII by reacting said
conpound of fornmula XVII with a conpound of formula R2 -X to yield a
conmpound OWOPYI4SIA a XVI I, 98 1111111 ti Ifl iiii 1111 PCTOBO23@2L M S
W41/.14576 PCT/ USOQ 2382 R7 O R20,,,,HCH3 R$ ORs wherein X is any
suitable halide; and (e) enzymatic hydrolyzing of the conpound of fornula
XVI1l to yield the conpound of fornula HA;, 5 wherein Lv is any suitable

| eaving group; Z' is any suitable protecting group for an N atom R6 is H,

F, an al kyl _group, a cycloalk het e cl qal k . an aryl
group, or & HRAREpesEYaFFordin la‘ﬁ% é‘#’&‘eﬁgpﬁ?l@ ﬁsaeﬁdg éf?dgFf??{)F“H an al kyl
group, a cycloal kyl group, a 10 het erocycl oal kyl group, an aryl group, a
heteroaryl ezpugin thopeymaticiydralyzingstepr1 9, NR19NR17R18 or NRL70R18: where
R17, R18, and R19 are each independently H an alkyl group, a cycloalkyl
group, a hﬂeTwmkwlmnwpmhmwmgpmundo wlaXAis group, or an
acyl group, provided that at |east one of R7 and R8 is an al kyl group, an
aryl group, Zz&dlie¢.er oaryl group, -ORL7s -SR17, -NRL7R18, -NRI9NRL7Rl's, or
NR170R18; 15 RO is a five-nenbered heterocycle having fromone to three

het er oat 9165 SBhesrb&ss dctérding to claim 2, wherein the compound of formula X VI is:

Ofttnine-

6. The process according to claim 2, wherein the f-ketoester of formula XIV is first
reacted with an alkali-metal hydride before reacting the p-ketoester with the compound
of formula XVI.
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 the compound of formula ITA is:

_—

O 0 0 o
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0, N and S; and R0 is Re jJAIIJMIIE 10111 B"1111 1. 8 s 99 WD 01/ 14576
PCT/ USOQ' 23032 3. The process according to claim2, wherein Porcine
Pancrease LWn#44476 used as an enzynme in the enzynmati c REUUSINZABREG St ep.
4. The process according to claim2, wherein the conmpound of fornula Xl II
is Z-Valine. 5 5. The process according to claim2, wherein the conpound
of formula XVI is: 01 OV F 6. The process according to claim2, wherein
the fl-ketoester of formula XIVis first reacted with an al kali-netal
hydri de before reacting the (3-ketoester with the conmpound of fornula Xvi.
10 7. The process acsQréi ng to claim2, wherein the alkali-nmetal hydride is
sodi um hydri de accordl ng to claim2, wherein step (c)
conprises a p 0 olysis. 9. The process according to claim 8,
wherein the rogenol¥sis is carried 15 out under pressure. 10.

The process a rding to cl & wherein diisopropylethyl amne is used as
a reagent infthe acylation st).

F

the compound of formula XVII is:
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11. The process according to claim2, wherein the conmpound of formula.llA

IS mmmmmmmm - CLMS 100 WO 01114570 PCT/ US00/23032 0 0 the
conpound OWOPH#45I a XVIII is: H's OCHE the conpound of PCBUSN2303XVI | is: O
HgWI1hN and 5 the etiolate of formula XVis: 0 rtw~ -~ 2121 Il I !l

11111211 ( 1112121212111 101 WO 01/14576 PCT/ US00/ 23032 12. A process
useful for preparing a conpound of fornmula I1A: 7 O RO\ HOCH (IIA R$ O
R6

12. A process useful for preparing a compound of formula IIA:
R, O

Rz20
D )
":ll OH (IA)
Ra
o Re

comprising the steps of:
(a) converting a compound of formula XIX 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;
Ry Ry
OH OBzl
CbzHN XIX) CbzHN XX)
Rs R
o o] o
OLi
(XIXA)
OBzl

(b) converting the compound of formula XX to a compound of formula XXI by
reacting said compound of formula XX with a compound of formula XXTI under

10  suitable reaction conditions;

_

I

102



conprising the steps of: (a) converting a conmpound of fornmula XIX to a
J3-ketoester of formula XX by reacting 5 said conpound of fornula XIX with
1, 1' - car bonwolnirasnecdazol e foll owed by treatnment with a eeimssdeef formula
XIXA; 7 R7 OH OBzl 1-110 CbzHN (XIX) CbzHN (XX) Re Ra O O O QLi (Xl XA
OBzl (b) converting the conmpound of formula XX to a conpound of formula XX
by reacting said conmpound of formula XX with a conpound of formula XXII
under 10 suitable reaction conditions; ---------------- ca~ltrrrrrrmi
102 4 WD 01/ 14576 PCT/ USOQ/ 23932 R7 0 0 OBzl CbZHN OBzl () Re OR6 RS
(XXI1)

OBzl ( )

Lv

(c) hydrogenating the compound of formula XXI to yield a compound of formula

XXIIT; and

HoSO, . H,N OH (XXl

Rg
o Re
5  (d) acylating tpe compound of formula XX by reacting it with Ryp-X under suitable

conditions to yield the compound of formula ITA;
wherein X is any suitable halide;
wherein Lv is any suitable leaving group;
Z’ s any suitable protecting group for an N atom;

10 . Rgis H, F, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group,
or a heteroaryl group;

Rz and Ry are each independently H, an alkyl group, a cycloalkyl group, a

- WL A



Lv (c) hydrogenating the conpound of formula XXI to yield a conpound of
formula XXIlIl; and O H2SO4. H2N OH (XXB1) R8 O Re 5 (d) acylating the
conpound GVOPEMIIA a XXI 1| by reacting it with R20- X undB€ETAIGN0R3032 e
conditions to yield the conmpound of fornula Il A; wherein Xis any suitable
hal i de; wherein Lv is any suitable |leaving group; Z' is any suitable
protecting group for an Natom 10 Rs is H, F, an al kyl group, a cycl oal kyl
group, a heterocycl oal kyl group, an aryI group, or a heteroaryl group; R7

and RS are each in endently H an ou group, a 103
101110 111‘1°i°I?ﬁY91Pg]E £Foup, an anylgroyp, §ﬁ?f®%€ﬂ? a'éigesog@r%%%g‘?‘éeée

het erocycl oal kyl group, _an aryl group, a heteroaryl _group, -SR17,
“NRL7R18, -NEuNRFRzrersNRyORyRIvhorelRyr, Rynand Rare emhsldeeméeflﬂyﬁ&ae each

i ndependently H, an alkyl group, a cycloal kyl group, a heterocycl oal kyl
group, an gylggmpuqmyc!aa ptazoupan eterogycinalkyl groum an aryy group.usterqarybyi ded t hat

at least one of R7 and Rg is an al kyl group, an 5 aryl group, a heteroaryl
group, - ORlgrpup, SRin/acyl gdiRip/ prbBided Niafl &1dasfdnk 8f Rpand-Ryrd @atkA; groufQan s a
five-nmenbered heterocycle having fromone to three heteroatons sel ected
from 0,5 N, a:ﬂrgio@, a Bét&oaryl group, -OR7, -SRy7, -NR17R 18, -NR19NR7R 13, or -NR170R15;

Ry is a five-membered heterocycle having from one to three heteroatoms selected from

O, N, and S; and

Rzo is
Rs/"\.f\{

10  13. The process according to claim 12, wherein the compound of formula XIX is:

OH
CbzHN

4 _
14. The process according to claim 12, wherein the compound of formula XX is:

OBz
CbzHN

15. The process according to claim 12, wherein the compound of formula XXI is:

o



RROis 0O Ry
conpound of forrmula Xl X is:

1 0 13. The process according to claim 12, wherein the
OH CbzHN O 14. The process according to claim

12, wher ei nwhe/asmpound of formula XX is: OBzi CbhzHN OpCrisonzidae process

according to claim 12, wherein the conpound of formula XXl is: 104
11111211212121121211,2121111 ~~~1 Wc) 01/14576 PCT/US00123032 0 0821 0 CbhzHN

OBzE o0 )aF 16. The process according to claim 12, wherein the conpound of
formula XXIl is: OOBA | 6Tf F 17. The process according to claim 12,

wherein the conmpound of forrmula XXf is: O

16. The process according to claim 12, wherein the compound of formula XXII is:

0

OBzl

Ollllum

3

17. The process according to claim 12, wherein the compound of formula XXII is:

P4
2
=

=

18. A process useful for preparing a compound of formula I comprising the steps of:

AN R O
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H2SO4. H2ZN OH O F 5 18. A process useful for preparing a conpound of

formula | conprising the steps of 111 111121111 hill 111 111111 CL N s
105 WO 011WAB¥HSTCT/ US00/ 23032 O R2 Z5 R4 N Zi (1) PCRYSHERE (a)
reacting a conmpound of formula Il with a conpound of formula IRA in the

presence of N-nethyl norpholine to forma reaction m xture;
H2N z1 (MA)- Rs R, O 5 RO HOH (1)

O Rz 'z

R2 Z2 1

(a) reacting a compound of formula II with a compound of formula IIA in the

presence of N-methylmorpholine to form a reaction mixture;

Ra Z
P (IA)
F3CCOOH . HyN Z
A3
Ry
R, o)
Rs
Rzo
Sy OH (I
H Re ; and
0 Re

(b) adding a compound of formula Lv-X to the reaction mixture to form a compound

of formula 1,
wherein X is any suitable halide;
Lv is any suitable leaving group;
10 Ry isH,F, an alkyl group, OH, SH, or an O-alkyl group;

R; and Rj3 are each independently H;

R R A

106
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.Ra ; and ORs 5 (b) adding a conpound of fornula Lv-X to the reaction

m xture to forma conpound of forrmula I, wherein X is any suitable halide;
Lv i s any swDlogrbises | eaving group; 10 Rl is H, F, an al kyscrgusemupps2OH, SH, or
an O al kyl group; R2 and R3 are each independently H, 1111111111111 |ou
11212 11 111 * CL S 106 WO 01114576 PCT/ QS00/ 23032 O A4 Al~ ~ (Aa)n
C- ANHR " or 2 (R41)(R41l) where nis an integer fromO to 5 A is CHor
N, A2 and each A3 are independently selected from C(R41)(R41), N(R41l), S,
S(O, S(O2, and 0, and A4 is NH or NR41l, where each R41 is independently
H or lower alkyl, provided that no nore than two 5 heteroatons occur
consecutively in the above-depicted rin@Jfornmed by Al, A2, (A3)0, A4 and
C=0, and at |east one of R2 and R3 is O Aqg

/\/i')\ A \(A )n
~ 1 2

~ \ / .

;LLL, NH, »or %ﬂ) he ’

where n is an integer from 0 to 5, A; is CH or N, A, and each A3 are independently
selected from C(R41)(Rs1), N(R41), S, S(O), 5(0),, and O, and A4 is NH or NRy,,
where each Ry; is independently H or lower alkyl, provided that no more than two

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

A4 and C=0, and at least one of Ry and R3 is

Q
o b
T A (Ag)n
NS
;L‘{\/U\NHZ ;or I"J; 9“;“) Az ;

Rqis
0 Ry
R/ll\N r’-{ >
H Re
O

10  Rsand R 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

heterocycloatkyl group, an aryl group, a heteroaryl group, ~ORy7, -SRy7, -NRi7R1s,

mnrm
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Al (Aa)n A --" N ' U (841)(141) 2 R4 is ORT RaN HO 10 R$ and R6-
are each independently H, F, an al kyl group, a cycloal kyl group, a

het er ocycl WOIORY457§r oup, an aryl group, or a heteroaryl ®CEHSW/RPB2and R8 are
each independently H, an al kyl group, a cycloal kyl group, a

het er ocycl oal kyl group, an aryl group, a heteroaryl group, -ORl7, -SR17,
-NR17R18, 107 iii Il 1111111 S WD 01/14570 PCT/ US00/ 23032 -NR19NR17R18,
or NR170R18, where R17, R b, and Rig are each independently H an al kyl

group, a cycgloal kyl gro het er y;#oal roup, an ar roup, a
het er oar yl 'Ii:ﬁ'@t%l,? t?r°ra‘x\&at@$‘&g‘?’l&6%?” B\ﬁ"ﬁé{!9g‘ﬁ§?£é‘3&%"§§¥‘{yﬁ’emof R7 and
R8 is an aliﬁ%l group, an_ aryl group, a heteroaryl ?roup, -OR17,. -SR1,,
-NRL7R18, - Aldl@rgepyraxsioalkyl sipup; 8 hetgrocyrleadkyl groypanagl groupa hsterontyler ocycl e

having fromone to three heteroatorns selected from 0, N, and S; R0 is O
RO~ and group, or an acyl group, provided that at least one of Ry and R is an alkyl group, an

aryl group, a heteroaryl group, -OR;7, -SR7, -NR 7R3, -NR19NR 7R3, Or —NR;70R5;
5 Rgis afive-membered heterocycle having from one to three heteroatoms selected from
O, N, and S;

Ry is

0

P

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

heterocycloalkyl grou.p, an aryl group, a heteroaryl group, -C(O)R2;, -CO2R2;, CN,
10  -C(O)NR2iR7, -C(O)NR210R2, ~C(S)Rz;, ~C(S)NR2R2, -NO, -SOR3;, SO2R2,
-SO;NR21R22, -SO(NR'zl)(ORzz), -SONRg;, -SO3R21, -PO(OR2)2, -POR21)(R22),
-PO(NR2,R2:)(OR23), -PO(NR21R2)(NR23R24), -C(O)NRz1NR2R3, or
~C(S)NR2;NR22R23, where Rz, Ras, Ras, and Ry4 are each independently H, an alkyl
group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
15  an acyl group, or a thioacyl group, or where any of two of Ra1, R22, Rg3, and R4,
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
heterocycloalkyl group, where Z; and Rjare as defined above except for moieties that

20 cannot form the cycloalkyl or heterocycloalkyl group;
I —

AR W
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Z and Z1 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,

- 02R21, CNwofA457€( O) NR21R22, - C(O NR21OR22, -C(S)R21, pet/pddiRzesiR22, - NO2,
-SOR21, -S02R21, SO02NR21R22, -SQ(NR21) (OR22), -SONR21, -SO03R21, -PQ(OR21)2,
-POR21) (R22), PQ(NR21R22) (OR23), -PAO NR21R22) (NR23R24), -C(O NR21NR22R23,
or -C(S)NR21INR22R23, Where R21, R22, R23, and R24 are each independently
H, an al kyl group, a cycloal kyl group,” a heterocycl oal kyl group, an aryl
group, a heteroara/ group, 15 an acyl group, or a thioacyl group, or where
any of two oforRag ZRﬂ%eﬂlmth thpetome i, whiclothey dre bonded, Homtecyaloaliglsdr t 0 whi ch

t hey are bonded, form a heterocycl oal kyl group, provided that Z and Z1 are
not both H; bﬁtcmgy@a&ympup,(v@emﬁmnd\ﬂlhﬂaakﬂa‘imﬂalbm'ehmepﬂtbﬁxhoﬁadi&yhaar e bonded,
forma cycl oal kyl or heterocycloal kyl group, where Z1 and Rlare as defi ned
above except cimot forn eieicpdodlind br hedddody 616512919 spm t he cycl oal kyl or

het erocycl oal kyl group; 1111111 111111 11111 Prril [r1r .. 108 * CL as
VO 01114576 RETThp¥eddR3Rding o daif @, @herehﬂﬁ@&f}ﬁq' iﬁ {,oms to which

t hey are bonded, forma cycloal kyl or heterocyclo ar oup, where Z and
Z, are as defined above except for noieties that cannot formthe

cycl oal kyl or heterocycl oal kyl group. 19. The process according to claim
18, wherein the conpound of fornmula I is:o H OO0=fi [/ HO COCEt

~N
J
=z

21. The process according to claim 18, wherein the compound of formula INTA is:

O
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5 20. The process according to claim 18, wherein the conpound of forrmula II-
iIs: 00 NHOHQO = 21. The process according to claim 18, wherein the
conpound OWOMM4sIG a MA is: AIRIN loll TINIIIIIT 00.9 PSEUNI214570

PCTI USOQ' 23032 H N O F3CCOOH. H2N CooEt 22. The process according to
claim 18, wherein the conmpound of formula Lv-X is _chlorodinethyltriazine.
23. The process according to claim 18, wherein the conpound of formula | QA
is prepared by a process conprising the step of reacting a conpound of

formula ilIBwith 5 trifluoroacetic acid, wherein the conpound of formula
I11Bis: R2 Z BocHY._Z, 24. A process useful for preparing a conpound
of formula XVIA: O

F3CCOOH . HN

COOEt
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 IIA is
prepared by a process comprising the step of reacting a compound of formula IIIB with

5 trifluoroacetic acid, wherein the compound of formula IIIB is:

A2 y4

BocHN Z,
24. A process useful for preparing a compound of formula XVIA:

Rig
WY oR"

| (XVIA)
/ Lv

wherein R 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:

* c L M s *
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\. OR" (X) [/ Lv wherein RROis a halogen or an al kyl group; conprising: 10
Step A: converting a conpound of formula VI to a conpound of fornula V
conpri sing tweosuwsst eps of 1111111 1ILILT THLED 1V 110 PCr@sao/ansg \WO

01/ 14576 PCT/ US00/ 23032 (a) reacting a Ri o substituted benzal dehyde of
formula Vh \j-_-CHO (VI) with hydantoin in an aqueous nediumin the
presence of a catalyst at reflux tenperature.to forma reaction mxture; s
(b) treating the reaction mxture with an excess of an al kali netal

hydroxi de at reflux tenperature to forma alkali metal hydroxide-treated
solution; (c) addi@geasings Ruispbstited bepzgldehydeobformula My 51 i * et al

hydr oxi de-treated solution to give a solution; (d) acidifying the solution
with a concentrated acid to give a precipitate of 0 RL1O ONa (V) ; and O
10 formula V; Step_B: rmng an enzymatic reduction of the conpound of
formula Vto a R‘O\

with hydantoin in an aqueous medium in the presence of a catalyst at reflux
temperature to form a reaction mixture;

5 (b) treating the reaction mixture with an excess of an alkali metal hydroxide at
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 a concentrated acid to give a precipitate of

o)

4%

; and

10

Step B: performing an enzymatic reduction of the compound of formula V to a

compound of formula VII;

_—
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compound of formula VI;; 1 tIfiff hJJIf t1jij ij ijidl 111 WO 01/ 14576
PCT/ U500/ 23032 0 RI0 = OH (VU OH Step C. esterifying the conpound of
formul a VWO a1@45¥6conpound of fornmula XlII by reacting twex/gsompaosnd of
formula VII with a conpound of fornmula R'-CH, wherein R' is an al kyl or
aryl; O RLOR'" 1is OHand 5 Step D converting the conpound of fornula
XIl to the conpound of fornmula XVIA 25. The process according-to claim
24, wherein the reduction reaction of step Bis catalyzed by formate
dehydrogenase and | actate dehydrogenase. to 26. The process according to
claim 24, wherein the reduction rgaction of step B uses nenbrane-encl osed
enzymatic catal ygis. 27. The procHss according to claim 24, wherein the
reduction reactio coi nmobi | i zati on enzymatic catal ysis.

OH 441))

Step C: esterifying the compound of formula VII 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
NN
R
I / OH | : and

Step D: converting the compound of formula X1 to the compound of formula
XVIA.
25.  The process according-to claim 24, wherein the reduction reaction of step B is
' catalyzed‘by formate dehydrogenase and lactate dehydrogenase.
10 26.  The process according to claim 24, wherein the reduction reaction of step B
uses membrane-enclosed enzymatic catalysis.
27.  The process according to claim 24, wherein the reduction reaction of step B
uses coimmobilization enzymatic catalysis.
28.  The process according to claim 27, wherein the coimmobilization enzymatic
15  catalysis uses PAN 500 as a suitable copolymer.

29.  The process according to claim 25, wherein the lactate dehydrogenase is D-

S [T




28. The process according to claim 27, wherein the coi mobilization
enzymatic 15 catal ysis uses PAN 500 as a suitable copolyner. 29. The
process accefglings7s0 cl ai m 25, wherein the |actate dehydroyEsmgsnsts D 112 |
" ~1" 1~~~ ~~="11 e e 1" WO 01114576 PCT/ USOQ 23032 | actate

dehydr ogenase. 30. The process according to claim?25, wherein the |actate
dehydrogenase is L- |actate dehydrogenase. 31. The process according to
claim 24, wherein the esterification step Cis 5 perfornmed at about room
tenperature in the presence of hydrochloric acid and di oxane. 32. The
process accolaiaedehydrogentser 24, wherein the catal yst used in step (a) is
primary or secondary amne. 33. The process according to claim 32, wherein
the catal yst 30s 1Thsprocesaceordip@totlaim 254 wheeiptiedastate fehydiogemsaib by a conpound
of formula XVIAA- 0 RIOOR' Lv 10 conprising: Step A converting serine
to a conpoundacpfie deBiyditgenasél | : 0 RL OR' O conprising the substeps of:

31.  The process according to claim 24, wherein the esterification step C is

5  performed at about room temperature in the presence of hydrochloric acid and dioxane.
32.  The process according to claim 24, wherein the catalyst used in step (a) is
primary or secondary amine.
33.  The process according to claim 32, wherein the catalyst is 1-amino-2-propanol.

34.  Aprocess for preparing a compound of formula XVIA:

o}
Ryg
A oR"
| XVIA)
/ Lv
10
comprising:
Step A’ converting serine to a compound of formula VII:
o)
R
v (X1
| \ \ ORu
P OH ;
comprising the substeps of:
15 (a) converting serine to potassium glycidate by a standard process; and

(b) carrying out a regioselective epoxide ring-opening reaction with a

3 3
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15 (a) converting serine to potassiumglycidate by a standard process; and.
(b) carrying out a regiosel ective epoxide ring-opening reaction with a 113
11111 11WOom#3asel 111111111111 L~ WO 01114576 PCTI USOQ B3mem2¥8hpound of
formul a Ri o-phenyl-Q Step B : esterifying the compound of fornmula VIl to a
conpound of forrmula Xl I by reacting the conpound of fornula VII with a
conpound of fornmula R'- OH 0O R10 (~} OR' OH; and 5 Step C: converting
t he conpound of fornula XII to the conpound of fornmula XVIA, wherein R10
is a halogen or an al kyl _group; R is an alkyl or aryl; and Qis an
activated broni S‘EPPO&“QBf@&'{“Q?E&Ph&“ﬂrQ;Wary i odi de. 10 35. The process
according to claim34, wherein the serine is L-serine. 36. The process
according to cl 8temB3zesteqifyingthecompound of fermyls Vil to @ compound ®f formula pr ocess
according to claim 34, wherein Qis -MBr. 38. The process according to

cl ai m 34, wher eXHl H¥éactiag fhie compdvad pfifosmpla 341 withha cabpauhé of foirewlg R’*i ng. 15
39. The process according to claim 34, wherein the esterification step B
is performed aOHabout room tenperature in the presence of hydrochloric
acid and di oxane. 40. The process according to claim 34, wherein the

pot assi um gl yci date forned o :

R
10 \ (XI.[)
|\ oR"
A OH ;and
5 Step C’: converting the compound of formula XII to the compound of formula
XVIA;

wherein R, is a halogen or an alkyl group;
R’? is an alkyl or aryl; and
Qs an activated bromide, a sulfate, or a primary iodide.

10 35. The process according to claim 34, wherein the serine is L-serine.
36.  The process according to claim 34, wherein the serine is D-serine.
37. The process according to claim 34, wherein Q is -MgBr.
38. Tile process according to claim 34, whcréin Ry is F in the para-possition of the
pheny! 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 reaction of step A’(b) is performed.

20 41. A process for preparing a compound of formula XVIB:

—_—

[

—_—_—




fromstep A'(a) is converted to a glycidic acid before the regiosel ective
epoxi de ring- opening reaction of step A (b) is perfornmed. 20 41. A process

for prepari @@ angeépound of fornmula XVIB: 114 111 UChJI 11 BCTuSe®283214570
PCT/ USOQ 23032 0 Rio oa(xvlB) conprising: Step A": preparing a conpound
of formula XJIA froma conmpound of formula IX 00 RoRoOVN \ \ OCHs
OH (AHA) (DC) 5 conprising the substeps of. (a) performng an asymmetric
di hydroxyl ati on of a conpound of fornmula |X to forma conpound of formula

XA: 10 OHO Ftio OCH3 OH flijIftIffiQAfltQicliii
O

OR" (XVIB)

l:llllllu-

comprising:

Step A”*: preparing a compound of formula XIIA from a compound of formula

IX:

OR" \\ \ OCHg

:CIJ:IIIIW

(XIA) xy
5
comprising the substeps of:
(@  performing an asymmetric dihydroxylation of a g:ompound of formula
IX to form a compound of formula XA:
10

Ol

Wi

L
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115 WD 01/ 14576 PCT/ US00/ 23032 (b) reacting the conpound of fornula |X
with 1,1 -carbonyldiimdazole in the presence of toluene to forma
conpound 04194576l a XI; and O R10 O This Sheet Has Bee®CTREM2¥Wax] CO2CH3
L1 1Jrr 1t 5 (c) performng a palladi um nedi ated reduction of the
conmpound of forrmula XI to formthe conpound of formula XI1 A, and Step B"
the conversion of the conmpound of formula XII A to the conpound of formula
XVI B; wherein R10 is a hal ogen or an al kyl group; and 10 R' is an al kyl or

aryl. 42. The p cess agcordin clai m4l w(/) J:le as

di hydr oxyl ati on Ssrcac @ 5?%'?@0"2‘13&?%@@(8”@% Zf?'g’ 9¥1 IIIGI'he process
according to claim4l, erei d, at about 80C. 15 44.
The process accB‘Ffﬁ“ﬁ%ofttg{g?:‘}eé? rﬁ‘f‘&?ﬁ?@% ‘?ffg ﬁ)%f‘;%ﬂjl um medi at ed reduction
step is done in the presence of formc acid at about roomtenperature. 45.

A conpound of fornula I VA o

ul""'o.

(o)

Rio &0
T
l\ S This Sheet

P

5 (c) performing a palladium-mediated reduction of the compound of formula XI
to form the compound of formula XIIA; and
Step B”’ the conversion of the compound of formula XIIA to the compound of
formula XVIB;
wherein Ryg is a halogen or an alkyl 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.
43.  The process according to claim 41, wherein step (b) is performed at about
80°C.
15  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.

45. A compound of formula IVA:
-

N
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~ 1111112 2112222 (0 1kl €L M1111111 116 WO 01/ 14576 PCT/ US00123032

0 RRo OR (IVA) x wherein, R10 is a halogen or alkyl group; Xis OH,
OSQZCF3, OS@fdd4s76S02(p-tolyl), halide or any other | eapCTigsegaap; and R
is H alkyl or aryl group. 5 46. The conpound according to cl ai m 45,
wherein R10 is F. 47. The conpound according to claim46, wherein F is
substituted at the -Para position of the phenyl ring. 48. The conpound
according to claima45, wherein Xis OH 49. The conpound according to claim
45, wherein R is methyl. " 10 50. A conpound of the followi ng formula: This
Sheet Has Been Replaced z) ocry ii @gnd acid addition salts thereof. 51. A
conpound of the fol ggwing fornula: 1lflitl 11111111111 hill 11111 117
--------- -- \ WO 01/ 1457k PCT/ US00/ 23032

wherein, Ry is 2 halogen or alkyl group;
X is OH, OSO,CF3;, OSO,CHj, OSO,(p-tolyl), halide or any other leaving group; and
R’ is H, alkyl or aryl group.
5 46.  The compound according to claim 45, wherein Ry is F.
47.  The compound according to claim 46, wherein F is substituted at the para
position of the phenyl ring.
48.  The compound according to claim 45, wherein X is OH.
49.  The compound according to claim 45, wherein R’ is methyl.

10 50. A compound of the following formula:

-
This Sheet Has Been R,

0

and acid addition salts thereof.,

51. A compound of the following formula: —_—

IO
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Hl S04"N O and acid addition salts thereof. 52. A conpound of the follaow ng

formula: HI1 and acid addition salts thereof. 53. A conpound of the
following WOMMIASEE o0 ~H) OH / is 5 and acid additi onpsmiuserisber eof .
1111111212123212222 100tii 11 * CL MS it 118 WO 01/ 14576 PCT/ USOQO 23032

54. A process for preparing a conpound of fornmula VII: O Ro OH(VID OH
wherein R10 is a halogen or an al kyl group; 5 conprising: Step A
converting a conpound of formula VI to a conpound of fornula V conprising
t he substeps of:

and acid addition salts thereof,

52. A compound of the following formula:

and acid addition salts thereof.

53. A compound of the following formula:

\_{

and acid addition salts thereof.

(T
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(a) reacting a RIO substituted benzal dehyde of formula VI: R o cHO (vi) 10
with hydantoin in an aqueous nediumin the presence of a catalyst at reflux
t enper at ur ewtgoerf19s7n a reaction m xture; (b) treating thePCHEHSM28032 M Xt ure
with an excess of an alkali netal hydroxide at reflux tenperature to form
a al kali metal hydroxide-treated solution; (c) adding an al kali netal
halide to the al kali netal hydroxide-treated solution 15 to give a
solution; HiiJITI1iJfIhlQIf1111 119 WO 01/14576 PCT/[T300/ 23032 (d)
acidifying the solution with a concentrated acid to give a precipitate of
formula V: 0 RIO\ ONa (V) 0 and Step B: the enzymatic reduction of the
compound of formula V to the 5 conpound of fornmula VII. 55. A process for
preparing a &énpdueressder prenarpg acopppoundof femplell v )  OH conprising the

st eps:

o]

2 on (VD)
l / OH
wherein Ry is a halogen or an alkyl group;
5 comprising:
Step A: converting a compound of formula VI to a compound of formula V
comprising the substeps of:

(a) reacting a Ryg substituted benzaldehyde of formula VI:

Rw \
\ / CHO (VD)
10 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;

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

15 to give a solution;

s

¢

L
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10 (a) converting serine to potassiumglycidate by a standard process;. (b)
carrying out a regioselective epoxide ring-opening reaction with a conpound
of  for mul WORY#SHhenyl -Q to yield the conpound of for nulPETRISe023082er ei n R O
is a halogen or an al kyl group; and Qis an activated brom de, a sulfate,
or a primary iodide. 15 56. The process according to claimb55, wherein the
pot assium gl ycidate formed fromstep (a) is converted to a glycidic acid
before the regi osel ective epoxide ring- 120 I LLLEELE FEEenr reerr reernr of
111 WD 01114576 PCT/ U800/ 23032 opening reaction of step (b) is perforned.
57. A process for performng a | arge-catal yst catal yzed reaction
conprising: (a) Bl acl reagent and a |large catalyst in _a continuous
menbr ane r eact ofVHg g%};sp gn with 9 gpncgpirated acidhto givie gpresipitatedf| ar ge

catal yst catal yzed reaction to occur in the continuous nenbrane reactor,
and (c) collect if?rgmbﬂb'r oduct fromthe continuous nenbrane reactor, wherein
the continuous nenbrane reactor conprises a tangential flow filter unit, a
reactor loop to circulate the reagent and the | arge-catal yst through the
tangential flow 10 filter unit, angf a substrate feed punp for feeding the
reagent into the remgtor |oop, wherdin the reactor |oop has a reactor |oop
vol ume and conpri ses‘\ i) be; (ii) a circulation punp. 58. The
process as clai med g\ cl/'A erei rONahe | ¥)ge-catal yst is an enzyne.

1s 59. The process |fs claijned i njjcl aim 57, wherein the |arge-catalyst is an
anchored catalyst. o - and

Step B: the enzymatic reduction of the compound of formula V to the
5 compound of formula VIL

55. A process for preparing a compound of formula VII

comprising the steps:

10 (a) converting serine to potassinm glycidate by a standard process;
(b) carrying out a regioselective epoxide ring-opening reaction with a compound of
formula R¢-phenyl-Q to yield the compound of formula VII,
wherein Ry is a halogen or an alkyl group; and
Q is an activated bromide, a sulfate, or a primary iodide.
'15 56.  The process according to claim 55, wherein the potassium glycidate formed

from step (2) is converted to a glycidic acid before the regioselective epoxide ring-
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60. The process as clained in claim57, wherein the |arge-catalyst has a
nol ecul ar volune | arger than the nol ecul ar volune of the product. 61. The
process as ®Wémasf6i n cl ai m 57, wherein the reactor |ooprPeDsmwE3i3E at | east
20 50% of the reactor volume. 62. The process as clained in claimb57,
wherein the reactor |loop volune is at |least 80%of the reactor volune. |
(v ff 111 11 11HI1 111101 11111 L8 121 WO 01/14576

PCT/ US00/ 23032 63. The process as clainmed in claimb57, wherein the reactor
| oop volune is at leagst _95%of the r:é::act or volume. I1jliij 111111 Hi Il
Hll 11 1111 openypedgeaciionof step (b) is performed.

57. A process for performing a large-catalyst catalyzed reaction comprising:
(a8)  placing a reagent and a large catalyst in a continuous membrane reactor having
a reactor volume;
5 (b) allowing the large catalyst catalyzed reaction to occur in the continuous
membrane reactor; and |
{c)  collecting a product from the continuous membrane reactor,
wherein the continuous membrane reactor comprises a tangential flow filter unit, a
reactor loop to circulate the reagent and the large-catalyst through the tangential flow
10  filter unit, and a substrate feed pump for feeding the reagent into the reactor loop,
wherein the reactor loop has a reactor loop volume and comprises:
(i) atube; and
(ii) acirculation purmp.
38. The process as claimed in claim 57, wherein the large-catalyst is an enzyme.
15 59. The process as claimed in claim 57, wherein the large-catalyst is an anchored
catalyst.
60. The process as claimed in claim 57, wherein the large-catalyst has a molecular
volume larger than the molecular volume of the product.
61. The process as claimed in claim 57, wherein the reactor loop volume is at least
20  50% of the reactor volume.

62: The process as claimed in claim 57, wherein the reactor loop volume is at least

80% of the reactor volume. -
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63. The process as claimed in claim 57, wherein the reactor loop volume is at least

95% of the reactor volume.
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