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Efficient Methods For the Preparation Of Rhinovirus Protease Inhibitors,
Key Intermediates And A Continuons Membrane Reactor Useful For
Preparing The Same.

RELATED APPLICATION DATA:

This 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.
60/150,358 (Attorney Docket No.: 0125.0028) entitled “Efficient Synthgt.ic Routes
For The Preparation 02‘ Rhinovirus Protease Inhibitors And Key Intermediates” having
named as inventors: Q. Tian, N, Nayyar, S. Babu, J. Tao, T. Moran, R. Dagnino, Jr., T.
Remarchuk, M. Melnick, L. Mitchell, Jr., and S. Bender. This aforemelntioued
application also relates to synthetic routes for the preparation of rhinovirus protease
inhibitors and key intcrmédiates for use therein. |

The above-referenced applications are relied upon and are incorporated herein
by reference.

TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY

The present invention relates to an improved process for the preparation of
dhyl-3- {(5’-methylisoxazole-3 ’-carbonyl)-L-Val ‘P(COCHz)-L—(4-F-Phc)-L-((S)-
Pyrra[—AIa)}-E—propanoétc, its analogs and of pharmaceuticall y acceptable sailts

thereof. The present invention also includes a novel group of intermediate compounds

to be used in the above process. Additionally, the present invention includes a

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

invention.



Abstract: Efficient synthetic routes for the preparation of rhinovirus
protease inhibitors.of formula (1), particulary (1'), k&3 FRebtumrnRobat es
useful in thqs S}/nt hetic routes, as well as a continuous nmenbrane reactor
useful foret ﬁ%@g Pt hetic routes. These conpounds of for netEUSKHLIes2 AS
wel | as pharnaceutical conpositions that contain these conpounds, are
suitable for treating patients or hosts infected with one or nore

pi comavi r uses. 23 Febr uary 2004 WO 01/ 14576 PCT/ US00/ 23032 Effi ci ent
Met hods For the Preparation Rhi novirus Protease Inhibitors, -Key

I nt er nedi at es %%q% React or Useful For Preparing The
Sane. RELATE%@F h@gﬁﬁlﬁ@qappl lcation relates to U S
Provi si onal Pat ent |.(:at|on 3 rial No. 601150, 365, filed on August 24
1999. This appl i ca f ANLES pgpa @%%Y?Hﬂﬁfn@nsnvqmmupgsmM$md¢mA-

Appl i cation . 60/ 150, 358 (Attorney Docket No.: 0125. 0028) entitled
"Ef fici ent Syﬁﬂlfélﬂng Vﬂygﬁs@gm infect humans and other ammals These viruses include the

human rhinoviruses, human polioviruses, human coxsackieviruses, human
5  echoviruses, human and bovine enteroviruses, encephalomyocarditis viruses,
meningitis viruses, foot and mouth viruses, hepatitis A virus, and others. The human
‘) thinoviruses are a major cause of the common cold.

Proteolyti.c 3C enzymes are required for the natural maturation of the

picornaviruses. Thus, inhibiting the activity of these proteolytic 3C enzymes should
10 represent an important and useful approach for the treatment and cure of viral
 infections of this nature, including the common cold.

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

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

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

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

-



For The Preparation O Rhinovirus Protease I'nhibitors And Key

| nt er redi at es” having named as inventors: Q Tian, N Nagyeabruag 2@sbu, J.
Tao, T. l\/bra%m@”?%%ni no, Jr., T. Remarchuk, M Melnick, L. Mtchell, -
Jr., and % E¥S7Thi s af or enent i oned application al so rretratsesz3os
synthetic routes for the preparation of rhinovirus protease inhibitors and
key internediates for use therein. The above-referenced applications are
relied upon and are incorporated herein by reference. TECHNI CAL FI ELD AND
| NDUSTRI AL. APPLI CABI LI TY The present invention relates to an inproved

process for tRaeodiefil&rRhladN AQ i - . -

et hyl -3-{(5' -nmef hyl i sé@g?g‘l ‘é‘fH icularly promising compquady AGT088, falfing within the ()

+10 .Pyrrol Al a) }sEa te..i.fs anal ogs and of pharnmaceutically acceptable

salts ther eo%?ﬁ%ﬁgﬁ%?éﬁg’h?xwmééﬁﬁqgﬂt ag‘F'g'éaliPFRPPﬁﬁé%gawsh@méthogerup of

i nternedi ate @ﬁ‘?ﬁ]g?ra to bg,used in the above process. Additionally, the
[

present inven B and 1S YFenth g hyman linieal triale Slhe o354 mpplicdtiohor  use

with the procg\]ss s of the present invention. | 23 February 2004 WO

01/ 14576 |It: E%A%mmh@ﬁsaﬂdE‘?tPMAQMﬁs(ﬂxbquﬁocqmﬁwihinQMcaﬁﬂpo%n&ﬁm|y of
tiny non-envel oped positive-stranded RNA- containing viruses that infect
humans and® ot Fierexampleefencral Method M themirsdisolasksislgeneRPmeAda Bt sytha@Nd USES,
human pol i ovi ruses, human coxsacki eviruses, human 5 echoviruses, human and
bovi ne ent er othe rerspaundeofdomnni DiyelomE ibjbdiink a ch®Boviic 2583 D&k j Fuses,
foot and nouth viruses, hepatitis A vi rt]'s, gnd ot]ﬁ”elrcs.I %g&khdlrrg%ﬁﬂuia

rhi neyi ruses BB éo an ampide-forfdigSEacibn WiR af AT tic.3C.enzynes
are‘réquired for the natural maturati onggﬁgﬁg%egﬁlgg#ﬁk\eﬁlr%&?qe‘\'ﬁﬁfg,

i nhi biting thgodikt CCi 46h&n bdisse Proteol ytic 3C enzynmes should 10
represent an inportant and useful approach for the treatnent and cure of

viral

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

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

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



I nfections of this nature, including the coomon cold. Some small -nol ecul e
inhibitors of the enzymatic activity of picornaviral 3C 2pfebamse2(i4 e.
anti pi corhavi&gl @%?Pounds) have been recently di scovered. See, for
exanpl e: UgS. WPd? Application No. 08/850,398, filed My BCcrrii€@RBaoshy
Webber et 15 al.; U S. Patent Application No. 08/991, 282, fil ed Decenber
16, 1997, by Dragovich et al.; and U S. Patent Application No. 08/991, 739,
filed Decenber 16,1997, by Wbber et al. These U. S. patent applications,
t he di sclosures of which are incorporated herein by reference, describe
certain anti pi Lfal conpoun and nmethods for their synthesis. 20
Mor e recently,&g% gé%é@?ﬁ?qlé};)“ﬂgﬁ ﬁ“ﬁ@&%@?ﬂaﬁmf@@cmmmﬂlcagents have
been .discovered as, set forth in U S. Patent Application No.. 60/098, 354,
(the 354 app‘i"?‘lf’&l“?"aﬁf generak fprmuls Psithexgme 2988 cotmpoidida gOaeneRl Rkmala. 1 Whi ch
I's herein incorporated by reference. This application discloses, inter
alias, a groug® Wt"ielﬂ“bbrnavi ral agents 2 23 February 2004 WO 01/ 14576 5
PCT/ US00/ 23032 of gen.eral formula L A particularly prom sing conpound,
AG7088, falling w Shhilarlyhevo recappubtitations by m‘%ﬁﬁ"h 8ol ddicioie GatfifloredVirus
antiviral properties against a plethora of I novi ral sergﬁgbes and’is
currently Bn hpemsend|shitibladynthedicmsthodd ¥or thdz Sydils! & &N, als0 discl oses
net hods and i nt er medi at es ggef ul for i‘?ﬂ?’ﬁ%gu Zl nigs' ?%e%é“cé‘gﬁﬁsﬁlfﬁ&?s‘g’ifor
exanpl e, Gene BROBY] s neral .method for
synt hesi zi ng ﬁthf:‘g{rrpou'ndlg&%?[%or rruipgs}lr B?en?/rgﬁ’\lﬁgﬁ'ﬂ"‘g%”&i’f%ﬁcf refgassxyl i c
aci dof gener kil - ancam de; formn reaction with an am ne of
'.2| fornul a P%ggp%%?g%&%v P ’?ﬁ%%ﬁ‘p%f-%%wwﬁemmem H BB

gener

Dragovich et al., Journal of Medicinal Chemistry, ASAP, 1999; and Structure.Based
Design, Synthesis, and Biological Evaluation of Irreversible Human Rhinovirus 3C
10 Proteases Inhibitors. 4. Incorporation of P; Lactam Moieties as L-Glutamine
Replacements, Dragovich et al.., Journal of Medicinal Chemistry, ASAP, 1999, These
aforementioned articles are herein incorporated by r;zference in their entirety.
However, there is still a desire to discover improved, more efficient, processes
and novel intermediates for use in the syntheses of the compounds of the group of
gy 18 antipicornaviral agents. In particular, there is a need for improved methods for
synthesizing the compounds of general formulae L X and I1. |
The process of the present invenﬁon involves an enzymatic reduction step.
Due to the expense of certain catalysts, including enzymatic catalysts, there has been a
need to recycle these expensive catalysts. This has been done, inter alias, by use of a
20 continuous membrane reactor. The development of continuons mermbrane rcac;tors
-has made the use of these expensive catalysts economically feasible in the preparation
of compounds. However, up until the present invention, continuous membrane

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



N H CC H2ZN P 10 The " 354 application discloses nethods for synthesizing the
i nternedi ates of general fornulae BB and P, and teaches 23dtchadsy 2004
carrying out the am de-formng reaction referred to above. Thus, the 354
appl i cati op ¥AYAAE6syi t abl e net hods for  synt hesi zi ng t he ranpEeyds: of
general formula | froma carboxylic acid BB (within 3 23 February 2004 q9
WO 01/ 14576 PCT/ US00/ 23032 t he scope of the conpounds of general fornmula Il
referred to below) and the conpounds of general formula P (the sane as the
conmpounds of general forrmula IIl referred to below ) Simlarly, two recent
publ i cations ll‘)%t Dr@?)ﬁig\/i ch et_al. disclose antipicornavirus -5 agents and
sui t abl e synt &5 {rFRsHRR. t pecifipallys knowm dostinwous SembSine netwrsenidoyed Desi gn,
Synt hesi s, and Bi ol ogi cal Eval uation of Irreversible Human Rhi novirus 3C
Proteases | nfipliav Bber fidter Sagtorst o vehiohct majotity oBtheioRineXf the reagent(s) and

Ket onet hyl ene- Cont ai ni ng Pepti dom netics, Dragovich et al., Journal of

Medi ci nal  Cherizyme(s) isisseyt, WB&S theatidjorBy bP e ¢hAmBAS fdcrideslgR, Synthesi s,

and Bi ol ogi cal Evaluation of Irreversible Human Rhinovirus 3C 10 Proteases

| nhi bi tors. 4Actadiaglypoaiiyahe sthieRf thed&icasm, Mok .E:ﬁ%oﬁa&k‘bg ﬁi[e?@a&%\% 1999,

Repl acenents, Dragovich et al., Journal of Medicina emstry,
These af os engiprépRia®tiR dist beemaibfedn e Joncor porat ed. by reference in
their entirety. However, there ?sﬁgt ?F‘?'fél}éégéﬁlfgﬁt%hﬁ“gf&le "‘f’Fﬁ'J[r]"efved, mor e

efficient, prgges A lagter.nedi.ates for use in the syntheses of
t he conpounds of t Ee o %9@%%?% 321#&"35%%?‘%%\9? f GPntioyesraembraneEIq9re | ar |
thereyis a n L nproye thods.for synthesizing the conpounds of
general for wef%eifﬁl{emfmogﬁ% “%FEES tbcrem mcorporatc% by reference. gFurthf:r, duerig the

‘ expense of hollow fiber filter reactors, the known continuous membrane reactors tend

to be expensive. Thus, there is a need for a more economical and versatile continuous

10  membrane reactor.
SUMMARY OF THE INVENTION:
The present invention relates to the discovery of a cost effective and efficient
process for the preparation of the antipicornaviral agents of formula 1, such as
compound AG7088, as well as intermediates which are useful in that synthesis,

) 15 The antipicornaviral agents of formula I comprise:

o) Ry z
Rs
Re | P
N Z, @
H Ry
Re Ry
_wherein Ri is H, F, an alkyl group, OH, SH, or an O-alkyl group;

Rz and R; are each independently H;



The process of the present invention involves an enzymatic reduction step.
Due to the expense of certain catalysts, including enzynedd celwuaryldpétds,
t here has be OGUL@§Fd to recycle these expensive catalysts. This has beéen
done, inte® allas, by use of a 20 continuous nenbrane react BETUSM23032
devel opment of continuous nenbrane reactors has nade the use of these
expensi ve catal ysts economcally feasible in the pre par ation of
conmpounds. However, up until the present invention, continuous menbrane
reactors have been expensive and | acked the versatility to significantly
vary the scale of 4 23 February 2004 4D WD 01/ 14576 PCT/ US00/ 23032 t he
catalytic reaction. Specifically, known co@{inuous nenbrane reactors enpl oy
hol l ow fiber filter reactors, in which a maNgrity, of the volune of the
reagent (s) and enzyne(s)g s present, where t elﬁﬁ(nity of the enzymatic
of

reaction occurs. Accordingly, to vary thenscgle the reaction, a
different hollow,fiber fifjter reactor>~o } propifeft e size nust be
enpl oyed. See, ﬁftl‘e eE. Schet diff €c”al ., “purnal ;of Bi ot echnol ogy,

24 (1992) 315-327, "which di sdiBses a corRiffudus menbrane reactor. The
af orenentioned article is herein incorporated by reference. Further, due to
the expense of hollow fiber filter reactors, the known continuous nenbrane

reactors tendWhess njsarintegessiran O tThuk, iGN, &, sdRe@OA ‘%i‘ﬂ#%" onomi cal
and versatile continuous 10 nenbrane reactor. SUMVARY OF THE | NTI ON:

The present i seletdfom ORARE), NIRINGS, S{Of 815, Yandi0, dnf A2 s 1 PRIV € and
. a

efficient process for the preparation of the antipicomvira énts of

forrmula I, suwherasachqwgnqhm;gﬂﬁﬁﬁ B.or fw 1 i l.ate i ch are
useful in that synthesis. 1 The@gnﬁrpi COr NAV] %ﬂ@g@%gh@"@ﬁwﬁ{ﬂa I
conpri se: sheldérbathins becuftonSecuVel . Od. SH_or.an O al kyl group;
R2 and R3 are each independe?lctul y Méaﬁvg-lﬁgplcwdmgfdmedby&,,&, (Az)n,

A4 and C=0, and at least one of R, and Rjis

o
Ay

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

(Rg1XRyp)

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

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

Ryis

10 heterocycloalkyl group, an aryl group, or a heteroaryl group;
Rz and Rg are each independently H, an alkyl group, a cycloalkyl group, a

hcterocycloalkyl group, an aryl group, a heteroaryl group, -OR;7, -SRy7, -NR 7R3,

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



23 February 2004 * WO 01/14576 0 A4 ; or C 2 (R41)(R41) PCT/ USOQO 23032
where n is an integer fromO to 5 Al is CH or N A2 andZ28dEhrusdy 2084

i ndependent :—IX' o%el ict ed from C(R41){R41), N(R41), S, S(O, S(0)2, and O,
and A4 i s NS I{ﬁ‘i where each R4l is independently H or PCTvusoo/ad3ky| ,

provided that no nore than two 5 heteroatons occur consecutively in the
above-depicted ring forned by Al, A2, (A3),,, A4 and C=O, and at |east one
of R and R3is A4 ; or A/ (Aa)n 2 (Ri1)(R41l) 0 R5 and R6 are each

i ndependently H, F, an al kyl group, a cycloal kyl group, a 10
group; R7 and R8 are

het er ocycl oal u arvl grqup, or het er oar yl

each i ndepende 1@‘5 “ﬁ,’ Q%i%wwm&gﬁﬁﬁ&%yg?@m#w} angry gsoups 2 heteroaryl

het er ocycl oa@l %%Jg an aryl group, a heteroaryl group, -ORl7, -SR17,
-NR1L7R18, - o\ eyl ggpp. Iy 1t ayjgest endRif R; ard B g iscanchli3] grompeareach

i ndependent | yanll-ll,grguri) ;ﬁleter(oA3} n , Trr' 6 :
) , ary: group, ~ORy7, -SRy7, -NR7R s, -NR1sNR 7R 15, or -NR70R 5
Rg is a five-membered heterocycle having from one to three heteroatoms selected from
5 O,N,and S; and
Z and Z, are each independently H, F, an alkyl group, a cycloalkyl group, a
hcterocycloalkjl gznup, an aryl group, a heteroaryl group, -C(O)Rzy, -COR2;, CN,
-C(O)NR21R22, -C(O)NR3OR, -C(S)Ra, -C(S)NR3z1R22, -NOQ;, -SOR;;, -SO3R 21,
-SO;NR31Rz2, -SO(NR21)(ORz), -SONRy;, -SO3Ryy, -PO(OR21)2, -POR21)(R22),

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

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

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

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

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



23 February 2004 % WD 01/ 14576 PCT/ US00/ 23032 al kyl group, a cycl oal kyl
group, a heterocycloal kyl group, an aryl group, a heter o2BHebrupnoR@04 or an
acyl group, provided that at |east one of R7 and R8 is an al kyl group, an
aryl groupg a'R8V®aryl group, -ORL7, -SR17, -NR 7R18, - NRPOMRGRIBs or
-NR170RI's; R9 is a five-nenbered heterocycle having fromone to three

het eroat ons sel ected from 5 0, N, andS;and Z and Z, are each independently
H, F, an al kyl group, a cycloal kyl group, a heterocycloal kyl group, an
aryl group, a heteroaryl group, -C(OR21, -C02R2lI, CN, -C(O NR21R22,
-C(O) NR210OR22, -%S 1, -C(S)NR21R22, -NO2, -SOR21, -SO02R21, -SC2NR21R22,
- SO NR21) ( OR 2f 8 %Hlﬁ IT &g paitable. aptilecfopming ireackiy. RHS) @23 of thOpresent
-PO(NR21R22)(CR23&, -PQ)&NR21R22)(NR23R24), - C(0) NR21INR22R23, or

- C( S) NR21NR22 rexgnieppep edqamorreost effegive amtieffiZiénanethebstsyhteeagpgdent |y H an
al kyl group, a cycloal kyl group, a heterocycl oal kyl group, an aryl group,

a heteroaryl @§pmpeunds efiffomauta I fromules comtpoandsidr Gsailacdl fdyr O Where any of
two of R21, R22, R23, and R24, together with the atonm(s) to which they are

bonded, form a het Brequyasoaf the/preginOifiventiba aRb DYdviRd re not
both H, or Z1 and Rl, together with the atorrg to m“?%ﬁ&{sﬁﬁﬁ&gf‘%&%%nded,

form a cycs oabffiglentunethdustof el thy bonHohed and Rl.are as
defi ned above except for noieties that ug{?a*rllﬁr%oqtf orurr?ﬁ‘n]]‘gusc?avlfjﬂw or

het er ocycl oal ifiroei@verall Mlettod F5t -1 her .with.the atons to which they
are bonded, forma cycl oal Ky q%@ﬁ%@?@?@%%f%? agspsepforlede z and. Z1

are as defined aboyg;; for jeties th cannot formthe cycl oal kyl
or heferocycl oal ky‘?( gtr%(gl%ﬁp’?’ %"aﬁegg‘agiﬂélanaf% s noyel iermediates fsusainithey
agents of for I be synthesized by subjecting a conpound of general
formula I to%%%%seef °FE¥ RS SY5BEY 25d Reve 3 for thepreparation of those

novel intermediates.

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

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

15 INVENTION:

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

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

20 Where chiral carbons are included in chemical structures, unless a particular
-orientation is depicted, both sterioisorﬁeric forms are intended to be encompassed.

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

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



PCT/ US00/ 23032 of general formula Ill to a suitable am de-form ng reaction.
The process of the present invention provides a nore co28 Febhery 20® and
ef ficient method of synthesizing the conpounds of formula | fromthe
conmpounds f W48 11 and 11L The process of the presentpdriysfrbies al so
provi des nore cost effective and 5 efficient nethods of synthesizing the
conpounds of formula Il, thus, providing an inproved overall nethod for
synt hesi zing the anti picornaviral agents of fornula L Additionally, the
present invention provides novel internediates for use in the processes of
the present inv nL@qr}%}ﬁﬁd novel processes for the preparation of those
novel internmedt ©)q h{ED RraRyd150prepyb butyb (Bul iscbutyd) wiiueyt (t-BuRethemyj nuous
menbrane reactor that nay be used in the processes of -the present

i nvention. The¥Heryhbateny, prapenh edyeyd, tutyhyl, esipyrfspeatynyl) Be3ngS S thi ggention

will be more fully understood and appreciated by reference’to the w'itten

speci fi cat i onwhicihERgbe BEsubEBGRE HE , Cbhtahi ?I/El[\%l E 15
| NVENTI ON: As used in the present appli cn§t| on, the f%% gnl i ons

apply: 1 n acchby o emont $ifitable coNRiRALs 129 Befitag Pelo Seqised, in
structural fornmulas herein to depict c%he bong'(%%étoﬁé& SPHt> %Fh

at t achnments of as ) €1,/BY &Iy with F afd t cor bagkbone structure
20 Were chi raI car bonsjyare mclézgél%éjﬁg € r'richglf) gfé’ﬂatgﬁﬂ@s'“ﬂ‘ﬁl‘

particul ar oth sterioisoneric forns are |ntended
to be encorrpassed Ah Em}’ﬁh%ﬁ'géﬁoélﬂq t?g F’ﬂ%ﬂa@a%sm a straight- or
branched chai n nonpy l%gﬁw radi,cal of saturated and/or unsaturated carbon
at oms.)and h drogen At Svekyl group” s intendeg ¢ P ESRR A NYR-20NAtc mondvaddnt 14576

PCTI US00/ 230 et hyI (Et), propyl, isopropyl, butyl (Bu),
i sobutyl, %ﬁ?lﬂ;ﬁy{}% tBi('?jNF% l'adlc contammg3 4,5,6,7,8,9,10,11, 12, 13, 0or

14 carbon ring atoms, each of which may be saturated or unsaturated, and which may
10  be unsubstituted or subétituted by one or more suitable substituents as defined be16W.
_ and to which may be fused one or more heterocycloalkyl groups, aryl groups, or
heteroaryl groups, which themselves may be unsubstituted or substituted by one or

more subsﬁtuents. lustrative examples of cycloalkyl groups include following

oOOC&b
[@O A5

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

moieties:

L

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



pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl, pentynyl, hexynyl,
and the like, which may be unsubstituted (i.e., containi 2§ Febryargad®bn and
hydrogen) or substituted by one or nore suitable sustituents as defined
bel ow (e. gg, "591%”6? Srore hal ogens, such 5 as F, O, Br, or periMehhsds, and C
being preferred). A "lower alkyl group” is intended to nean an al kyl group
having froml| to 4 carbon atons in its chain. A "cycloal kyl group” is

i ntended to nean a non-aromati c nonoval ent nonocyclic, bicyclic, or .
tricyclic radical containing 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, or 14
carbon ring a h of which nmay be saturated or unsaturated and whi ch
may 10 be uns b‘é*tsrﬁ ?gds’dﬁ K313 i4.d8, b6 13ner lamngmmwmoamom@ybszl tuents
as defined below, and to which nay be fused one or nore heterocycloalkyl

groups, aryl ér ‘b@p § hetgroatomstselectad yitrogém VRFgenVdNdG BN RASE NG 2difRYs be
unsubstrtuted or substituted by one or nore substituents. Illustrative

exanpl es of _cyuiubaitiual ogsubtifisicd bg bt thét seMibMbub iRl £ 3rika b 2700 OH

A "heterocycl oal ky group” is intended to nean a non- Aronat| C nDnong 2nt
monocycl i c, bioowhith may 86 fuséd 616r nford &L saty

unsaturated containing 9 23 February é%%éigwgtf%? %2 %%%? /23932
3.4.5, 6, 9, &wn ’“%Qhﬂ%*me 18 ring atons, which
i ncl udes 1, 2§r % 4, or ttg %n%gbslng %%?fesagﬁﬁuttF%Bﬁé?Pe % AR Fhitabled

sul fur, whereg i s uns t ut ed or ubstrtuted by one or nore
sui tabl e substlfbfpﬁle}%%g lﬁﬁéuagfl xéﬂ’pgeél g Pleropyfloally WE%“%’H?E the follpswdng one or

nor e cycloal&*h Loups, aryl groups, or heteroaryl 5 groups, which

t hemsgl ves may e “unsubstituted or substituted by one or nore suitable
substituents. Illustrative exanpl es of heterocycloal kyl groups |nclude t he
foll ow ng

- QOOOOOKA

O

ob Laals

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



noieties: mR ONOC () RR An "aryl group” is intended to nean an
aromati ¢ nonoval ent nonocyclic, 10 bicyclic, or tricycli &% kelirgaty 2004
contai ni ng 6,w@@yadf . Or 18 carbon ring atons, which may be unsubstituted
or substiteted by one or nore suitable substituents as defiR&dUermae and
to which may be fused one or nore cycl oal kyl groups, heterocycl oal kyl
groups, or heteroaryl groups, which thenselves may be unsubstituted or
substituted by one or 10 23 February 2004 c¢ WO 01/ 14576 PCT/ US00/ 23032 nore
sui tabl e substituents. Thus, the term"aryl group” includes a benzyl group

i oties: 1. and A reropasns, Tl e ol AR atoie thcFienberer sateoiabi o

moieties: | , and A "heteroaryl group

monoval ent  MORGREHGE ' lic, or tricyclic radical containing 4, 5,
6, 7, 8, 9, 10, 11, °%5?m§1§%)6%’?igi‘?':j,l’si%’!“dﬁ}efeﬂmmagmop@eworrs, i ncl udi ng 1,
2, 3, 4, or 5 heteroatons selected fromnitrogen, oxygen, and sulfur,

whi.ch may be unsubstituted or substituted by one or nore suitabl
substituents as defined below, and to which nmay be fused one o

cycl oal kyl  grotgs QO ‘
t hensel ves nH f ‘ } R 2y (i t abl e
substituents. & t he
fol l ow ng noi &S

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

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

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

examples of heteroaryl groups include the followin g moieties;



23 February 2004 i WD 01/14576 ~NJ J NNNN--\N ' N-/ v 1N NN
NN |1 PCTIUSOQ 23032 N ,and A "heterocycle" is intended t23 frabawary 2004
het eroaryl or heterocycloal kyl group (each of which, as defined above,
Opti onal | i sWRMMFI¢ed). An "acyl group" is intended to nmeeoTaseodséd-' R
radical, where Ris a substituent as defined below. A "thioacyl group”
Intended to nean a -C(S)-R-radical, where Ris a substituent as defined
bel ow. 12 23 February 2004 WO 01/ 14576

N = Z N
I? @>\ \/ :,I

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

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

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

substituent as defined below. |

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

substituent as defined below.

12
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PCT/ USO0/ 23032 A "sul fonyl group” is intended to.nean a - SO2R radi cal,
where R- is a substituent as defined below. A "hydroxy &B8depruars200t ended
to mean the radical -OH An "amno group” is intended to nmean the radical
-NH2. 5 Ang" YPEYYEG no group” is intended to mean the radircalushirBas: wher e
Ra is an al kyl group. A "dial kylam no group” is intended to nmean the

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

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

like. . An "al koxygak tended to_nean the radical C(O) ORa,
where Ra is an al m&ﬁ'&%%&%gmé?@ﬁlgqﬁ’ SQyR geffieat ﬂ“&hﬁrﬁkéhﬁed to mean
the radical s an al kyl group. 15 An "al kyl am nocar bonyl
group” is int é%RﬁieFtoasﬁﬁﬁ?‘Fﬁtbﬁié’“’radl cal -C(ONHRa, where R is an alkyl
group. A "dial kyl am nocar bonyl group” is intended to nmean the radical

- C( O) NR$Rb, WnereARhY%FﬂWm“lﬁ'rléHé@dhdtmeqnehﬂambﬂm al kyl group. A
"mercapto group” is . intended to nean the radical -SH 20 An "alkylthio

group" is i ntendedA{l(‘)‘margmun’éisriauhdmnonﬁﬁatheWaE—m,i s an al kyl .dup. A
‘carboxy group" is intended to nmean the radical -C(O CH A "carbanoyl

31114576 PCTI US00) 23032 An " a1y 0%y o oo To Peredt g I Re e R B oo ca
-ORc, where &alkgl goupar yl
| A “dialkylamino group” is intended to mean the radical -NR Rs, where R, and
Ry, are each independently an alkyl group. |
An “alkoxy group” is intended to mean the radical -OR,, where R, is an alkyl
. 10 group. Exemplary alkoxy groups include methoxy, ethoxy, propoxy, and the like. |
- An “alkoxycarbonyl group” is intended to mean the radical —C(O)OR,, where
R, is an alkyl group.
An “alkylsulfonyl group” is intended to mean the radical -SO;R,, where R, is
an alkyl group. |
15 An “alkylaminocarbonyl group” is intended to mean the radical ~C(O)NHR,,
where R, is an alkyl group.
A “dialkylaminocarbonyl group” is intended to mean the radical ~C(O)NR Ry,
where R, and Ry, are eaéh independently an alkyl group.
A “mercapto group” is intended to me@ the radical -SH.
20 An “alkylthio group” is intended to mean the radical —SR,, where R, is an alkyl
group.
| A “carboxy group” is intended to mean the radical ~C(O)OH.

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

13



group A "heteroaryl oxy group” is intended to nean the radical -ORd, where
Rd is a heteroaryl group. 5 An "arylthio group” is integddéebtumaryyBddd t he
radical --SRc, where R, is an aryl group. A "heteroarylthio group” is
i ntended tg nW&94E radi cal - SRd, where Rd is a ' heteroarybrg§Rmgo A
"l eaving group” (Lv) is intended to nean any suitable group that w Iﬁ be 10
di spl aced by a substitution reaction. One of ordinary skill in the art wll
know t hat any conjugate base of a strong acid can act as a | eavi ng group.
[I'lustrative exanples of suitable |eaving groups include, but are not
limted to, -F, -, -Br, alkyl chlorides, alkyl bromdes, alkyl iodides,
al kyl sulfonates, aK{AYIoBereiRisintenred tosyeankheyhdipalt-ORYAMRSSRS RRALBA, al kY
met hanesul fonates, triflate, and any groups having a 15 bisulfate,” nethyl
sul fate, or sugbdmate i on. Typical protecting groups, reagents and sol vents
such as, but not limted to, those listed belowin table I have the

fol | owi'ng abbrevi atA thesradylosagod)® i€intndlt inﬂeaﬁ al iLled in
the art woul d understand that thlrebeconpgundg is%ﬁ%@%&@%‘g t;so‘hp may
be used inter lBkagp, for instance, a conpound |isted under "reagents 20

- and. solvents" maybe used as a protecting group, and so on. Further, one
skilled insthe artyy : »ot.her ssible protecting groups, reagents
and sol vents; these ar§ @Oﬁp@#dgsdhggd%goweﬂﬁ'ﬁr‘f‘ﬁ%’?ﬁ%@é’hﬁleﬂcm%ﬂ‘f'"ﬂi/ent i on.
14 23 Febr uar%ﬂ;‘l&_ﬁm WO 01/ 14576 Table | Ada 5 Alloc Allyl Boc

3 A “heteroarylthio group” is intended to mean the radical -SRy, where Ry is a
a heteroaryl group.
A “leaving group” (Lv) is intended to mean any suitable group that will be

10 displaced by a substitution reaction. One of ordinary skill in the art will know that any
conjugate base of a strong acid can act as a leaving group. Mustrative examples of
suitab}e leaving groups include, but are not limited to, -F, -Cl, -Br, alkyl chlorides,
alkyl bromides, alkyl iodides, alkyl sulfonates, alkyl benzenesulfonates, alkyl
p-toluenesulfonates, alkyl methanesulfonates, triflate, and any groups ilaving 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 fbllowing abbreviations as used herein and in the
claims. One skilled in the art would understand that the compounds listed within each
group may be used interchangeably; for instance, a compound listed under "reagents

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

intended to be within the scope of this invention.

14
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Table 1
Protecting Groups

Ada Adamantane acetyl

Alloc Allyloxycarbonyl

Allyl Allyl ester

Boc tert-vutyloxycarbonyl

Cbz- Benzyloxycarbonyl

‘Fmoc Fluorenylmethyloxycarbonyl

OBzl Benzyl ester

OEt Ethyl ester

OMe Methyl ester

Tos (Tosyl) p-Toluenesulfonyl

Trt Triphenylmethyl
Reagents and Solvents

ACN Acetonitrile

AcOH Acetic acid

Acsub2 O Acetic acid anhydride

AdacOH Adamantane acetic acid

AIBN 2,2-azobisisobutyronitrile

Alloc-Cl Allyloxycarbonyl chloride

BHT 2,6-di-tert-butyl-4-methyiphenol

Boc.sub.2 O Di-tert butyl dicarbonate

CDI 1,1’-carbonyldiimidazole

CDMT Chlorodimethyltriazine

DCM Methylene chloride

DIEA Diisopropylethylamine

DIPEA N,N-diisopropylethylamine

DMA Dimethylacetamide

DMF N,N-dimethylformamide

DMSO Dimethyl sulfoxide

EDTA ethylenediaminetetraacetic acid

Etsub.3 N Triethylamine

EtOAc Ethyl acetate

FDH formate dehydrogenase

FmocOSu 9-fluorenylmethyloxy carbonyl

_ N-hydroxysuccinimide ester

HATU N-[(dimethylamino)-1H-1, 2, 3-triazol [4, 5-b] pyridiylmethylene]-
N-methylmethanaminium hexafluorophosphate N-oxide

HOBT 1-Hydroxybenzotriazole

HF Hydrofluoric acid

LDH lactate dehydrogenase

LiHMDS Lithium bistrimethylsilylamide

MeOH . Methanol

Mes (Mesyl) Methanesulfonyl

MTBE t-butyl methyl ether

15
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HATU 40 HOBT HF LDH LiHVDS MeOH 45 NFSI (-Ma\syl%J NgII':BE z%réqg?%éggfgrt
' | Allyloxycarbon
Protecting Groups Adamantane acety ol carbom Y Borms
nyl Benzyl oxycarbonyl Fluorenyl net hyl oxy y
LSE-ZLO)é{ﬁ?nggp@F’]‘%t Kyl ester p-Tol uenesul f_ogy!b\ T{! phenyclli,@gn gd, 303
ri‘d Sol vents Acetonitrile Acetic aci cetic aci |
232?@2% an acetic acid 22-azobisisobutyronitrile Allyloxycarbonyl

chloride 2,6-di-tert-butyl-4-nethyl phenol

NAD Nicotinamide adenirie dinucleotide
NADH Hydrogen-peroxide oxidoreductase
NaHMDS Sodium bistrimethylsilylamide
NMP I-methyl-2-pyrrolidinone
S nin. Ninhydrin
i-PrOH Iso-propanol
Pip Pipeiidine
PPL Lipase
pTSA p-toluensulfonic acid monohydrate
10 Pyr Pyridine
TEA Triethylamine
TET triethylenetetraamine
- TFA Trifluoroacetic acid
o) THF Tetrahydrofuran

15 Triflate (Tf) Triﬂuoromethanesulfoﬁyl

The term “suitable organic moiety” is intended to mean any organic moiety
20  recognizable, such as by routine testmg to those skilled in the art as not adversely

affecting the jnhibitory activity of the inventive compounds. Blustrative examples of
suitable organic moieties include, but are not limited to, hydroxyl groups, alkyl groups,
0Xo groups, cycloalkyl groups, keterocycloalkyl groups, aryl groups, heteroaryl groups,
acyl groups, sulfonyl groups, mercapto groups, alkylthio groups, alkoxy groups,

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

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

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

aryl groups, heteroaryl groups, carboxy groups, amino groups, alkylamino groups,

16



i -tert butyl dicarbonate 1,1'-carbonyldiimdazole Chlorodinmethyltriazine
BEt le Eane CKI oride Diisopropylethylamne N, NdiisopropyBdiehpaayrom
Di met hyl acet ani de N, N-di met hyl f ormami de Di net hyl sul f oxi de
et hyl enedi gr MOWid¥76aaceti ¢ acid Triethylamine Ethyl acet g8y, et r
dehydrogenase 9-fluorenyl met hyl oxy carbonyl N-hydroxysuccinimde este
N-[(di methylam no)-1H1, 2, 3-triazol [4, 5-b] pyridiylnethylene]- I

N- et hyl met hanami ni um hexaf | uor ophosphate N-oxide 1-Hydroxybenzotri a_zg e
Hydrofl uoric acid |actate dehydrogenase Lithium bistrinethylsilylarnide

Met hanol Met hgpesul fonyl t-butyl nethyl ether 15 23 February 2004 V\D
01/ 14576 10PC$‘P% gr9pps, carbamoyl groups, aryloxy groups, heteroaryloxy groups, arylthio
groups, heteroarylthio groups, and the like.
The term “optionally substituted” is intended to expressly indicate that the
specified group is unsubstituted or substitute_d by one or more suitable substituents,
5 unless the optional substituents are expressly specified, in which case the term
indicates that the group is unsubstituted or substituted with the specified substituents.
As defined above, various groups may be unsubstituted or substituted (i.e., they are
optidnally. substituted) unless indicated otherwise herein (e.g., by indicating that the
specified group is unsubstitted).
0 A “prodrug” is intended to mean a compound that is converted under
- physiological conditions or by sol\-rolysis or metabolically to a specified compound that
is pharmaceutically active. |
A “pharmaceutically active metabolite” is intended to mean a
pharmacologically active product produced through metabolism in the bodylof a
15  specified compound. |
A “solvate” is intended to méan a pharmaceutically acceptable solvate form of
a specified compound that retains the biological effectiveness of such compound,
Examples of solvates include compounds of the invention in combination with water,
isopropanol, ethanol, methanol, dimethyl sulfoxide, ethyl acelate, acetic acid, or
20 ethanolamine.
A “pharmaceutically acceptable salt” is intended to mean a salt that retains the
biological effectiveness of the free ac.ids and bases of the specified compound and that

is not biologically or otherwise undesirable,  Examples of pharmaceutically acceptable

*
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' i nam de adeni ne di nucl eotide NADH Hydr ogen- peroxi de oxi doreduct ase
gﬁ?ﬂb%gtSodiun1bistrinethylsilylanide NMVP 1-nethy|-2-pyrQGWb@ngX?E004
nin. Ninhydrin i-PrOH | so-propanol Pip PipeAdine OPPL Lipase pT
p- t ol uensuhf WP 8YHET6d nonohydrate PyrPyridine TEA TrlEthy|Qﬁhﬂ§dﬂ§Rn
triethyl enetetraam ne 5TFA Trifl uoroacetic acid TﬁE Tetrahydrof uran ety
Triflate (Tf)Trifluoromethanesul fonyl 20The term "suitable organlc ?p e y
is intended to mean any organic noiety recogni zable, such as by rﬁu in
testing, to those skilled in the art as not adversely affecting the

h . . . les of
I nhi bi tivity of the inventive conpounds. |llustrative exanp
' nhibitory ac salts mgiudc sulfates, pyrosulfates, bisulfates, sulfites, bisulfites, phosphates,

monohydrogenphosphates, dihydrogenphosphates, metaphosphates, pyrophaosphates,
chlorides, bromides, iodides, acetates, propionates, decanoates, caprylates, acrylates,
formates, 'isobutyratcs. caproates, heptanoates, p}opiolates, oxalates, malonates,

5  succinates, suberates, sebacates, fumarates, maleates, butyne-1, 4—di_oates, hexyne-1,6-
'dioates, benzoates, chlorobenzoates, methylbenzoates, dinitrobenzoates,
hydroxybenzoates, Vmethoxybenzoates, Phthalates, sulfonates, xylenesulforates,
phylacetates, phenylpropidnates, phylbutyrates, citfates, lactates,'%hydroxybutyratcs,
glycollates, tartrates, methane-sulfonates, prop_anesulfonatcs,l naphthalene-1-sulfonates,

10 naphthalene-2-sulfonates, and mandelates,

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

15 - step or have additional synthétic steps that may be associated with it. Such a synthetic
method can have a few additional synthetic steps or can have numerous additional
synthetic steps.

If the antipicomaviral agent of formula I formed from the process of the present
invention is a base, a desired salt may be prepared by any suitable method known to

20  the art, including treatment of the free base with an inorganic a«  such as
- hydrochloric acid; hydrobron;ic acid; sulfuric acid; nitric acid: phosphoric acid; and the
like, or with an organic acid, such as acetic acid; maleic acid; succinic acid; mandelic

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

_—
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e mar

suitabl e organic noieties include, but are not limted to, hydroxyl groups,
al kyl groups, oxo groups, cycloal kyl groups, heterocycl @alReptuagy 205, aryl
groups, heteroaryl groups, acyl groups, sulfonyl groups, nercapto groups,

al kyl thi o gr o¥@8yidatekoxy groups, 25 carboxy groups, anino q’r&iﬁ%ﬁzmn
al kyl am no groups, dial kyl am no groups, carbanoyl groups, ary 0 groups,
het eroaryl thio groups, and the like. The term "substituent" or suitable
substituent” is intended to mean any suitable substituent that may be
recogni zed or sel ected, such as through routine testing, by those skilled
inthe art. Illustrative exanples of suitable substituents include hydroxy

30 , groups, (PaRBERdY acidosochas@iEsronid dcid or@aRER fonicRM; araﬁ&lﬁpc&oxﬂtilié,onyl
groups, nercapto groups, alkylthio groups, alkyloxy groups, cycloal kyl

groups, het er cughcis oiikadid G tandRR. acideidino QLA UWRAS .0arvl _aroups, .carboxy
groups, anino groups, alkylanmino gr oupg, 6 Zléa%%%ﬁg%x%%ﬂgfﬁ%léll 14576

PCT/ US00/ 2303 2 4,30 4S5 : | . or s, aryl ox roups,
oHisi il 3R 1R 083 SRR LI HRS: oo LS O 0P

het er oaryl oxy groups, arylthio groups, heteroa and the

like. The ter Ttglggﬁg,ﬂm{cla\éid%gg&%%g#?elgﬁci%Oif;'&teiigded to expressly indicate

that the specifi group I's unsu Bstituted by one or nore

sui tabl e spbstitu e unl ess the tional substituents are expressly
speci fi ed, 4 in whi g@“%a?&%“‘?%‘éa"ﬂ ?ﬁef‘h?}'f%g‘m%lfpm&d frame thgpooness of thepredent i t ut ed
or substituted with.the spegitied substituents. As defined above, various
groups may be™YREIBL 3035t t desired salismay b psepated by any suimbleansthodipidwartal | v
substi t ut ed) ﬁpless i ndi cated otherw se herein (e.g., by indicating that

t he i ’speci f i eftegrongudine Gersment of thetfed pcid $6th An ‘iprgadic g organic BaEE REG@st O MEan
a -conpound that is converted under physiological conditions or by

sol vol ysi s or2aasmiph(primasy, becondary os peiirf); arhle0ipeing alkiBde earth metal
phar maceutically active. A "pharmaceutically active netabolite” is intended

to mean a phiaidraidst eghe ke ViluntbiiveoexampRk 6f suRable MR Ghdidie Wighid Bl gbo! i smin
t he body of a
| 10 derived from amino gcids such as glycine and arginihe; ammonia; primary, secondary,
and tertiary amines; and cyclic amines, such as piperidine, morpholine, and piperazine;
as well as inorganic salts derived from sodium, calcium, potassium, magnesium,
manganese, iron, copper, zinc, aluminum, and lithium. |
In the case of compounds, salts, or solvates that are solids, it is understood by
) 15 those skilled in the art that the compounds of formula I and the intermediates used in
the process of the present inventiqn, salts, and solvates thereof, may exist in different
crystal forms, all of which are intended to be within the scope of the present invention

and specified formulas.

The antipicornaviral agents of formula L, and the intermediates used in the
20 process of the present invention, may exist as single stereoisomers, racch*nates, 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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15 specified compound. A "solvate" is.intended to nmean a pharnmaceutically
accept abl-e solvate formof a specified conmpound that reRdiFebruaneg2004 -

bi ol ogi cal effectiveness of such conpound. Exanples of solvates include
conpounds gf WA&VI4Uention in conbination with water, isopgp 123032

et hanol , met hanol, dinethyl sulfoxide, ethyl acetate, acetic acid, or 20
et hanol am ne. A "pharmaceutically acceptable salt" is intended to nean a
salt that retains the biological effectiveness of the free acids and bases
of the specified conpound and that is not biologically or otherw se
undesirabl e.. Exanples of pharmaceutically acceptable 17 23 February 2004
41 WD 01/ 1457 Prsent/insotion Joserably, hewdver thedatentiédistt esmpeinaOsseh pthes

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

di hydr ogenphospérassaxf therpresaptinedntion &6 usédin QPRGBS RIAL B, ChI Ori des,
brom.des, iodides, acetates, propionates, decanoates, caprylates,

acryl ates, fornmat @8 generfFindério6 by d: no r opi ol at es,
oxal ates, mal onates, 5 succi nates, ysubgsg?}eeg?n[shte;%g%%@?cﬁf’{m%%& un
mal eat es, but ¥§\érelthat f FaRinfs; e 6 ,.di oates, benzoates, .

chl or obenzoat es, nethyl benzoat eg,i ﬁl'ni '958%5?{?{5'61&(5%?‘“‘ WPH?&Y}’B&%& es,
met hoxybenzoatfsnde® R t sul f onat es, | enegul fonates, phyl acet at es,
phenyl pr opi onat es, ph@%ﬁﬁc?/’rﬁjgf"é%%mapﬁg%égf,%téﬁ‘ gt amousy ef psigdlert yr at es,

gl ycofates, t .at es hane- sul f onat es, propanesul f onat es,
napht hal ene- 1%%‘?‘?%%&?8@1@%}#%%6 desirad pharmaealogical detivitydel at es. The

present invention further provides synthetic methods that are conprised of
one [ofy the sy I, “eptically pure” s ante efl to mpan pramippund diasadngeisésat ldssy Nt het i ¢
method is copprised of a synthetic step when the synthetic step-is at

| east part of H¥%Ref 2 single isomen (8@ ¢rentivebdrvexcdss), filded\prefefaBBi bt Gast 9shL (YNt het i c
met hod can be only the synthetic 15 step or have additional synthetic steps

that may be a$8dEvenmerepreitrably at Bost B7. A%9H%RAL), Gnd HBipRACERY aBYE 989 EW
addi tional synthetic steps or can have nunerous additi onal
10

(58% ¢.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 E:

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

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

Rz and R; are each independently H;

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

(RapXRyq)
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synthetic steps. If the antipicornaviral agent of formula | fornmed fromthe
process of the present invention is a base, a desired saBtebmpnb20Q epar ed
by any suitabl e nethod known to 20 the art, including treatnment of the free
base with gnWHBKYEHi c ac such as hydrochloric acid; hydr ogiQmEeeass d;
sulfuric acid; nitric acid; phosphoric acid; and the Ilike, or with an
organi c acid, such as acetic acid; maleic acid; succinic acid; nmandelic
acid; fumaric acid; malonic acid; pyruvic acid; oxalic acid; glycolic acid;
salicylic acid; 18 23 February 2004 It WO 01/14576 PCT/ US00/ 23032
pyranosi dyl acid, such as glucuronic acid or galacturonic acid;

al pha- hydroxy acid, such as citric acid or tartaric acid; amno acid, such
as apsartic acid or glutam c acid; aromatic acid, such as benzoic acid or

ci nnami ¢ aci dwhergirfio an integer SlomOuols, AsisICH 6f NEALHI DA S a8 Siddniient
et hanesul fonic acid; or the like. 5 If the ant?piconav?ra?iagg%%n3? formul a

| formed fromsetlbnaecm‘mm,m,mw&ﬁg@%gg%’%hid%éif%}ﬁégifg&'a desired

salt may be prepared by any suitable net nown 't o ¥cl udi ng

treatment of wherclhA@RA% iHdeHh ' Sy QL0 ic base, such as an
am ne (prinmary, secondary, éc% (gbgra?lwadr}%‘g&%ln@%{ ﬁoavl“?egﬁg"t‘&?wgﬂﬁ’fq ne earth

nmetal hydsoxyds: i . Ustrat i ve, exanpl es of suitable salts
i ncl ude or gan?éggrgzglg%éb%r {:jéedrglgc\yggél# ﬁ%egéﬁvﬁaiea’f%@é‘ﬁ“ﬁy i, fdsdand

arginine; a N as iy, secondary, —and tertiary am nes; and cyclic
am nes, such a h%%gr)’lag?ﬁgl?”irﬁ?% ﬁ%‘g,R?'éfhd pi perazine; as well as
inorganic salts derived fromsodium calcium potassium mnagnesium
manganese, iron, copper, zinc, alumnum -and lithium In the case of
conpotinds, salts, or solvates that are sglids, it is understood by 15
those skilled in the art that the conpoun of formula | and the
internediates used in tdie process of the i nvention, salts, and
solvates thereof, may ej)st in different rystay, forms, all of which are

intended to be_within t scope of wherprement isbantion and specified
f ormul as. ;LLL ;or r'E‘rC Ka'!\,-g/d ;
: NHp Rer)(Ray)

Ryis

- /’1 I
) R N/H/\rr'i ’
T H A
8 .
O

10 Rsand Rg are each independently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group;
Ry and Rg are each independently H, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, -OR,5, -Sﬁ;-;, -NR 7R3,

) -NR9NR 7R3, or -NR;70R 5, where Ri7, Rz, and Ry are each independently H, an

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

-~

21



The antipicornaviral agents of fornula I, and the internediates used in the
20 process of the present invention, may exist as singl e23thebasing o4 s,
racernates, and/or -mixtures of enantioneters and/or diastereoners. All
such single V@MHSTbners, racemates, and nixtures thereof pafRsipsgpded to
be within the broad scope of the 19 23 February 2004 WO 01/ 14575

PCT/ US00/ 23032 present invention. Preferably, however, the internedi ate
conmpounds .used in the process of the present invention are used in
optically pure form As generally understood by those skilled in the art,

an optically ound is one.that is enantiomerically pure. As used .
herein, the t%ﬁ'%ﬁﬁ%ﬁ@“%ﬂ%‘ dhat at lpas prpcef RyandBais an athyfrpoup,chn

conpri sing at Iel\ast a sufficient anbunt of a single enantionmer to yield a
conpound havi A" EFEPAR IRy ATemE@BI-o$Rea -NRe Ry HNBsNRBRES 6F 20K YORq:
"optically pure" is intended to nean a conpound that conprises at |east
90% of a si ngl%'?%ﬁﬁ%ﬂle@@@ﬂhmmjdﬁtmvirngmmﬂ,,ﬂr@ﬁgﬂg&ggﬁg L Bl | east
95% ( 90% e.e.c;, even nore preferably at |east 97.5% (95% e.eé%y, and most
preferably at 4-®h8ed $0d10 (98% e.e.) Preferably, the antipi cornaviral
agents of formula | forned fromthe process of the present invention are

optically Pur & andZe apreacteibiependeRily HOR, &l 0 rocess of preparing
anti pi cornaviral agents of Ijfeorrmf,a | : m%%‘f@f‘elyﬁ%‘e@oﬁ‘ 3F an al kyl

El |r-| ng; : c?r_L . Sw%t??cﬂb&ﬁh}&b, aflat @foup,'? h&é}gﬂﬁggrg‘gpe, -8(%33211 -r(]:%ezﬁilr.] C(i:?‘fr,]t 'y R0
3 -C(O)NR2iRaz, -C(O)NRz1OR s, -C(S)R21, -C(S)NR21Rz;, -NO,, -SOR31, -SO,Rzy,
-SO2NR21R22, -SO(NR2;)(ORyy), -SONR1, -8O3Ra1, -PO(ORy1),, -PO(R21)(R22),

“PO(NR21R22)(OR3), -PO(NR2;R2)(NR 23R 2), -C(O)NR2iNR3;R 3, or

10 -C(S)NR2;NR2Rg;, where Ry, Ras, Rys, and Ry are each independently H, an alkyl
group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
an acyl group, or a thioax.:yl group, or where any of two of Ry;, R23, Rys, and Ry,
together with the atom(s) to which they are bonded, form z keterocycloalkyl group,
provided that Z and Z, are not both H;

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

B

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

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

forming reaction:
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ra~ X-C A . (R41) (R41) 20 23 February 2004 WO 01/ 14576 PCT/ US00/ 23032 where
nis an integer from0O to 5 Al is CHor N, A2 and each A3 Febesary 2004
independentlxmsel ected fromC(R41) (R41), N(R41), S, S(O, S(0)2, and O,
and Aa is QHYRP XA, where each R41 is independently H orpdrayssibXy!
provided that no nore than two 5 heteroatons occur consecutively in the
above-depicted ring formed by A, A2, (A3),,, A4 and C=0O and at |east one
of RR and R3is RAis NH2 ; or 0 A1\A/ (A3)n (Rai)(R41) , 10 R5 and R6 are
each independently H, F, an al kyl group, a cycloal kyl group, a

het er ocycl oal kyl group, an aryl group, or a heteroaryl group; R7 and Its
are each independently H, an al kyl group, a.cycloal kyl group, a

het er ocycl oal kyl up, an arylr.group, a heteroaryl g oup,,-OR17, -SR17,
-NR17R18, -NRIONRIJR $, or-NRL70R18] where R17, RigJ| and R14 arje each

I ndependent | y 0.z cycl oal Ky, gy ou,
group, an aryl grjoup, a het®fodryll 21

PCT/ US00/ 23032 g, Fs

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 IT may be reacted with a

5  compound of formula II in the presence of HATU, DIPEA, CH;CN and H;O to yield
the desired compound of formula L Any suitable purification method may be used to
further purify the compound of formula L

More preferably, the compound of forﬁmla Lis prepared by an amide-forming

reaction comprising the steps of: | -
10 (a) reacting the compound of formula I with a compound of formula IMTA in the

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

Ry y4

S (A)

F3CCOOH . HoN Z,
Ry
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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group, or an acyl group, provided that. at least one of R7 and Rs is an

al kyl group, an aryl group, a heteroaryl group, -ORl7i -XSrrebruanyRO0R1S,
-NR1I9NRL17R, s, or -NR170RI8; RO is a five-nenbered heterocycle having from
one to three WOOUISH ons selected from O N, and S; and 2 BcFusawbsd: are
each independently H F, an al kyl group, a cycloal kyl group, a

het erocycl oal kyl group, an aryl group, a heteroaryl group, -C(O R21,
-CO2R21, CN, -C(ONR21R22, -C(O NR210OR22, -C(S)R21, -C(S)NR2I R22, N2,
-SOR21, -SO2R21, -SO2NR21R22, -SQ(NR21) (OR22), -SONR21, -SO3R21,

-PQ(OR21) 2, - 1) (R22),.. -PO(NR21R22) (OR23), -PQO(NR21R22)( NR23R24),
-0 NR21NR22F$(2?§C,§%6'¥5 ‘ﬁ%ﬁlsa‘glm%mrz ly, WiteenompRedd off@emulRA3nd dird R24 are
each independently H, an al kyl group, a cycloal kyl group, a

het er ocycl oal K¢mpeing 9 formuladiip inddMEpre camibéited imaiy\snitghlOghtain@TRCY!  gr oup,
or a thioacyl group, or where any of two of R21, R22, R23, and R24,
together with stuitebleatootairey istpeefedablyla sidptynedk Sadtonsaslis hayf ddvarel $iRaagyC! 0al kyl
group, provided that Z and Z1 are not both H, 15 or ZI and R, together

Wi t ht he at ons stitablesepthmi dad vowial bﬂﬁ‘ﬂ@%ﬂfefa?&gbﬁ)b&y ﬁﬁtg:?egggs i9lised to prge

bet erocycl oal kyl group, where ZI and RIare as defin ove exce
and 21 toget et Rar oo MR mcplnoEd &' 5c00 ool 298k oa by
oS o IS M B RSB e, | he
Dy s eot i-ng 4t Bs eaBfndgurt 6 e SPRR By est o U CoMomreibaabiv i o an
am de- form ng. [ eASkRI is 280153 to sbout B0 £ 2095 a0 OL/ oonnd o6 fortla Dot 2
is then added to the reaction mixture, More preferably, the solution of the compound
10 of formula Lv-X is a solution of the compound of formula Lv-X in DMF Even more
preferably, the compound of formula Lv-X is CDMT. The solution of the compound
of formula Lv-X is added to the reaction m.ixturé by any suitable method so as to
maintain the reaction mixture at a constant temperature. For examl;le, the solution of
the compound of fﬁnnula Lv-X may be added to the reaction mixture dropwise
15  utilizing a syringe. Upon completion of the addition of the solution of the compound
of formula Lv-X, the reaction mixture is aliowed to warm to about room temperature.
The progress of the reaction may be followed by monitoring the disappearance of the
compound of formula_ II by thin layer chromatography (hereinafter “TLC"). When the
reaction is at least substantially complete, the compound of formula I may be
20 précipitated out of solution to form a slurry by slowly adding water to the reaction
-mixture. The compound of formula I may then be removed from the slurry by any

suitable means known to one of ordinary skill in the art. For example, the compoﬁnd

of formula I may be removed from the slurry by filtration. Any sﬁitablc purification
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R= 0) The am de-form ng reaction may be achi:eved by any suitabl e method,
reagents and reaction conditions. Preferably, any one of23tAedruasy BOQK
disclosed in _the 354 application is utilized. For exanple, a conpound of
formul a | | gmeyP8¥5¥acted with a 5 conpound of formula in iFcHiseRiesence
of HATU, DI PEA, CH3CN and H20 to yield the desired conpound of fornula I.
Any suitable purification nethod my be used to further purify the
conmpound of forrmula |I. Mre preferably, the conpound of formula I is
prepared by an am de-formng reaction conprising the steps of: 10 (a)
reacting the %%@F nd of forgula Il with a conpound of fornmula MA in the
presence of N PR v Rneiof erdingry shilkingthe aoray be usedie purify then@bnipdGROOH .
H2N R, (b) adding a conpound of fornula Lv-X to the reaction m xture to
form a conpoufmfformplaiy Preferahlye theicompourd of foimrald iePheiidddyl de. 15
Preferably, the nethod for preparing the conmpound of fornmula I utilizing
the nore prefesryatlizationi de-forning reaction utilizes sonme or all of the
reagents and reaction 23 W WO 01/ 14576 23 February 2004 PCT/ US00/ 23032
condi ti ons di sclAmyenethe aiown Thuge ofith@h nd,of. formula Il
and the conpound of formula MA in Dwﬁﬂgéghﬁbﬁ%?ﬁgﬁgﬁﬁgﬁﬁgbgﬁWFg ®
cont ai ner . 5 Theomyschihd aPfo { | J a single neck flask which
is then covered I\}sxt\li;dth anemﬂggibt@aglsgc%%pt?ﬁ%hﬁg%é?&@koaﬁs{:lﬁs?at"é’?‘h’)lerature
probe. N trog ' r out sui tabl e container before
N- met hy! mor ph%lgtihﬁgﬁ)ir?ﬁagﬁggh% §°"?‘%é‘g‘?8§%’f‘P‘8ﬁhﬁﬁ$ﬁ?'ﬂP%%mg 16 SieP of eepctingisl y, t he
N met hyl nor phgl. i ! dded. vj a. ringe in one single portion and the
gl ot il b R B Lhe

reaqt‘ijon m xture coo en 5 Cand 5 C. Mre preferably,
| Rz z R, z
F
—_—
BocHN 2 FaCCOOH . HoN 7 zZ,
. RS Ra
Ry Ry .

(IlIB) (IIA)

Preferably, the method for preparing the compound of formula IMA from the
10 compound of formula IIIB utilizes some or all of the reagents and reaction conditions
_‘ ) disclosed below. Thus, preferably, the compound of formula INB and DCM are placed
into a suitable container and covered with a'septum. The container is then purged with
nitrogen followed by the addition of TFA. More preferably, the TFA is added via
syringe while stirring, The progress of the reaction may be followed by TLC. Once
15 the starting material has substantially disappeared the solvc;nt and excess TFA are
removed by any suitable means. .For example, the solvent and excess TFA may be
removed by vacuum distillation. Preferably, the compound of formula IIA is used

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

formula L
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reaction mxture is cooled to about 0 C. A solution of the conmpound of
formula Lv-X is then added to the reaction m xture. Mor@3febfuaraB0§4 the
solution of the conmpound 10 of fornula Lv-X is a solution of the conpound
of fornul a%L\WO(BIIHS‘mVF. Even nore preferably, the conmpounde@iydesdtsd a Lv-X
is COMI. The solution of the conpound of formula Lv-X is added to the
reaction mxture by any suitable nethod so as to mnmaintain the reaction

m xture at a constant tenperature. For exanple, the solution of the
conmpound of forrmula Lv-X nay be added to the reaction m xture dropw se 15
utilizing a syringe, Upon conpletion of the addition of the solution of the
conpound of f or mulTRe Piesset invegtionalsetrelates toi aprocess fos thel repastion of ther m t o about
roomtenperature. The progress of the reaction nay be foll owed by
nmoni t ori ng t heompoundsofifaamula Id: t he conpound of formula Il by thin layer
chromat ogr aphy (hereinafter "TLC'). Wien the reaction is at |east
substantially conpl eteRTthe conmpoundyof formula | may be 20 precipitated
out of solution to forfia slurry by glowy adding water to the reaction

m xture. The chpound f formula | y then be renoved fromthe slurry by
any suitable n¥ass inary skill in the art. For exanple,
t he conpound of f renmov& fr@Adhe slurry by filtration.
Any suitable purificatPen ebruary 2004 WO 01/ 14576 PCT/ US00/ 23032
met hod known to one of ordnary ®kill in the art may be used to purify the

conpound of for nuDae bf drddineryRki iR BRIl R REBRAVREG c%%éuﬁg{’?gﬂ Rrrhuth S

purified by recrystalization. Any nethod known to one nary skill in

Lhe ant My DA dithih t 8108 & ddied By SRR hBbest i TULAMBou TRUPVET - L e

present invention al so discloses a ndve prepar conmpound

\C/)\; t Lofl_g‘;\' a£|53 :)Lf_c'vﬁlm%ﬁ@( bR 1alg ubd? Sk fRaPes 54 ﬁ:r}:f:ar}gg?he an0py LTI ngn%rowl allB

formula L

The present invention discloses a process for preparing the compounds of

formula ITA, comprising the steps of:

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

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

Rg :

: 0
-Fl-;
OtBu '

ZHN X1V)

N ¢ o
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(111B) F30000H. H2ZN R1 (MA) Preferably, the method for preparing the
conpound of fornula MA fromthe 10 conpound of fornul a ME3iebruape20&bne or
all of the reagents and reaction conditions disclosed bel ow Thus,

pref erabl yg HEI¥¥MSound of fornmula |1 HB and DCM are pl acecPCTiusom 32

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

di sappear ed t%ﬁtﬁolvent anﬂ excess TFA are_ renoved by any suitable neans.
For exanpl e, (R SGIVERCN ghibe compaundpf formua XBY toasiepglat dbsormataXiviby
distillation. Preferably, the conpound of fornula DIA is used immediately
in the proces$easking fwith 2 eempeund of Eormuln X Vbupsepprimble révetimpegaditions; of  f or nul a
L 25 23 February 2004 V WO (c) 1/ 14576 PCT/ US00/ 23032 The present invention
also relates to a process for the preparation of the conpounds of formula
IA: R7 0 R6 One of ordinary skill in the art will recognize that the
conpounds of fornul RA fall- within the genus as defined by fornmula IL
Accordingly, the cofrpounds of 5 flprmula I1 A are al so useful internediates-
for preparing the i pi coxnavir agents of fornmula L The present

i nvention dis¢h Prgeal | nd®¥le conpounds of fornula IIA,
conprising the ste 8
l"‘\‘) o]
Re
NocH, VD

v

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

formula XVI;
R o
) HoN ocH, VD
Rg ‘
o Rg

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

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

10 wherein X is a halide; and

-
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rsion of a conpound of formula XIIl to a fl-ketoester of
@ rrLIh: g(ﬁlmtg; 10 reacti ngrrFt with a 1,1 -carbonyl di i m d&2diebruanyi2@04 i tzglozm
enol ate of t- 8t | acetate; Z'HN O Z'HN OH (XII1) Bu 26 23 Febru?r%/ 2004
f, WO 01/ 1@57‘2 ﬁé"l"FUSOO/ 23032 (b) the conversion of the corrq:mumim? ofs o] i
Xl V to an enolate of fornmula XV by reacting it with a conpound o ormu
XVl ‘under suitable reaction conditions; Z'HN (XV) (XVlI) 5 (c) tge f
hydrogenol ysis of the conpound of fornula XV:-to yield a corrp](c)u][l o] 2 XVl
formula XVI1; H2N (XVI1) (d) the acylation of the conpound o Ormjdat'ons
by reacting it with a conmpound formul a R2Q-X under sw_tabl_e C3n2|7 |23
to yield a conmpound of fornula , in Xis a halide; an
February 2004 WO 01/ 14576 PCT/ U$00/ 23032 ( XV

Hazo
\N

(XVIID

(e) the enzymatic hydrolysis of the compound of formula XVIH to yield the compound
of formula 1A,
= 5 Preferably, the method for converting the compound of formula X1 to that of
formnla XIV utilizes some or all of the reagents and reaction conditions disclosed
below. Thus, preferably, the compound of formula XIIT is stirred with CDJ 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, lithinm bistrimethylsilylamide
10 solution (LHMDS) is charged in THF under nitrogen, prior to cooling to -70° C.
‘t-Butyl acetate is added slowly to the LHMDS solution keeping the temperature below
about -60° C to form a reaction mixture. The acyl imidazole intermediate prepared as
7y disclosed above, is slowly added to the reaction mixture, comprising the lithium
enolate of t-butyl acetate, under nitrogen keeping the internal temperature at or below
15  about-60° C. Once this addition is completed, the reaction mixture is stirred at -60° C
for at least an additional 1 hour. The reaction mixture is then charged with 1M HCl to
quench the 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 HCI is added to z;djust the pH to
20  about between 6-7.5. Any solids that precipitate out are filtered off. Because warmerl

temperatures dissolve impurities the filtration is more preferably carried out cold and
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(e) the enzymatic hydrolysis of the conpound of fornmula XVI1I to yield the
conpound of formula ILA, Preferably, the nethod for con?Srhgbrgary g804
conmpound of forrmula XIlIl to that of formula XIV utilizes some or all of the
reagents agd WeauHisen conditions disclosed below Thus, prgieiqabhis,the
compound- of formula Xl is stirred wwith CDI in-THE under a nitrogen
streamfor at |east about 1 hour at roomtenperature to yield an acyl

i m dazol e internediate. Then, in a separate container, |ithium

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

nitrogen, prior to cooling to -70 C. t-Butyl acetate is added slowmy to

t he LHVDS sol JeRidly okereglitag Theyeolide prosheatwaskedbeittoMTRE) Ok fii®de S dilgteior m a
reaction m xture. The acyl im dazole internedi ate prepared as . di scl osed
above, is sl owith MEBEand HOl had aghaed forat Ihot bbbue 15 GRARES. THESH RGulkiibk hi um
enol ate of t-butyl acetate, under nitrogen keeping the internal tenperature
at or below thechlbustensitdthat a fHGLabbld barads i 13, Widr $heS? a%'ice]raﬁe‘i‘»is &:B% f.gaction
m xture is stirred at -60 C for at |least an addition T hodr P TR ‘

reaction m Xt iRayite chéked (3hea ' ] uench the reaction. The
HCl is added sl ovﬂ y, With ri gorg’ﬂ}geytsb icgl]%llngié, {< (Cahé‘ﬁ) Y Pt ProdiEs Affa

t enperat ure ofy.& Aidal QD e abqut -50_C. Higher tenperatures
during queﬁchiﬁiﬁ%ﬁ%’atfﬁes r&héﬁﬁzi’gﬁbgﬁ{gg@g%’eag%’ﬁ%' ofganic JyeRist 0 adj ust

the pH to 20 abqut be n.Q-7.5 __Any solids that precipitate out are
filtered of f. wé%ge(\%:ﬁ@ﬁ%‘a’ ”YIZ’FFB@P paitated for; abewy Lpeminyiss prierite thedapsrs
filtration is,nmore preferably carried out cold and 28 23 February 2004 Q&
WO 01114576 P& isperpiedoThe piganian ae woshed pesferably Withsamoliedimdime t hen washed
Wi tH MTBE. The filtrate is diluted with MBE and HO and agitated for at

| east about 1BicafPenateselutipnangagitted uforatienst abbuckSadinutes defure thetidyats ade pH i S
about between 1-2. After the organic layer is separated, -it may be checked
for chiral pu¥PeRptedy Tohorganic MPEiGs theh wathed giréfyrablyrveitibirR@dl The phdses &re desi r ed,
the chiral purity should be about 98%at this stage. The organic |ayer is
washed, plef esepinied hefore thdvbigaiic dayer indifiédapebrdvly oveh antlydrons HaPaksfin Prior to
the | ayers

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

used. Thus, preferably, the compound of formula XIV is first reacted with an alkali
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_being separated. The organics are washed, preferably with saturated sodi um
bi carbonate solution and agitated for at |east about 15 @Brihgbawgry BRGbre the
| ayers are Rﬁgarat ed. The organic layer is then washed, preferably with
brine. ThegpNH3@K14EI6e 10 separated before the organic IayerPd-ﬁuqugﬁgz
preferably over anhydrous magnesium sulfate. It is then filtered and
striped under vacuumto renove solvents and unreacted t-butyl acetate. A
hi gh-vacuum i s maintained for at |east about 20 hours to ensure the

removal of t-butyl acetate and sil oxanes. At this stage, the product may be
analyzed for purity. Should the product be significantly |ess than about
90% pure, the "&%&M&iﬂeﬁfwmgmmm compnind bf ©tRilaSXV1 Mol préteraBR?o et hy!
acet at e/ hexanes. Under these preferable conditions, yields of betweén 60

and 88% of - cofthsclkali nxtital hydridedis scalium By Ride. TRE reaOXBASTHH m@aﬁ{gﬁm&gﬁ%md of
formula XIV to that of compound of formula XV by reacting it wt e

conpound of f Grovntucted\dt betrreriBoGaP |0 £d 30§ i L& del haod, reggents
and reaction conditions. An exanple of tﬁl:”gﬂ%%%erng%ré%tﬁte ' niagmgi cl osed

|0 RV HOf f M SUCuridhe ad AR B0ud R oty gnggﬁéwgf@tc;&%ugré,n%’

1997, which is herein incorporat yrerere

Preferablys &dF6re : l. nme of the reagents and reaction

condi tions discl orsmé&j&g%c’g\;[vg’é@e“s @éﬁﬁm@ﬁ&@@mtﬁmﬂm@w@gnd of
formula XV i%agtia%aftzr gact ed with an alkali 29 23 February 2004 WO 01/ 14576
PCT/ US00/ 23032 net a ﬁy&'?'l de before reacting it wth the conpound of .
formula XVI. More prefer b‘l the al kali netal hydride is sodi um hydri de.
The reaction with esugplﬁ% %"‘?EEP%IVSIW}"GM@&WJG ugadrid gortved campbeid e o about 0
C ahd/3 C. The reagents are kept at between about 0 C and 5 C during the
addi tion of c‘i??ﬂ?@ﬂgfﬂxgﬂ Peaferably, paiadier hydregenelysisivnderipiresbute 6 usad.bef ore t he

reaction mxture is slowy being warned to anbi ent tenperature over at

| east about 2 hourARY spitgblestgactiah cendirjmhs agpgbe hyed ia tiRdciiafon Scolfpolingd t O
convert conpound XV to conpound XVII. Preferably, palladi um hydrogenol ysis
under pr e¥surXViLsPreisahly, 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 (° C (internal temperature)
by any suitable means, for example, using an ice/salt bath under a blanket of argon.
The solution is charged with the compound of formula Ryg-X as a liquid. More

15 prcferaﬁly, R20-X is Ryy-ClL Diisopropylethyl amine is then added slowly. The
reaction is allowed to slowly warm to room temperature. The reaction may be
monitored by TLC and finally by HPLC. Gener#lly this reaction should be complete
within about 1 hour. The reaction is quenched with HCI, before the aqueous layer is
removed and the organics are reextracted with HCL. The aqueous phase is then

| 20 removed before the organics are extracted with saturated bicarbonate. The organics are

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

concentrated under vacuum.
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Any suitable reaction conditions may be used in the acylation of conpound
10 XVIL Preferably, the nethod and sone or all of the reZgdebaand0dleaction
conditions disclosed hereinafter are utilized. Thus, preferably, the crude
conpound ofs f WORMIETE XV i s di ssol ved in nethyl ene chloride aaglyspekad to
about 0 C (internal tenperature) by any suitable neans, for exanple, using
an ice/salt bath under a bl anket of argon.. The solution is charged with

t he conpound of fornula R20-X as a liquid. Mdre 15 preferably, R20-X is
R20-Cl . Diisopropylethyl amne is then added slowy. The reaction is
allowed to slowy mtao roomtenperature. The reaction nmay be nonitored
by TLC and fi nal | y Y TPt cesxmatichydjolysis method otay be ussdoa bohve compmindt e

wi t hin about 1_hour. The reaction is quenched with HCl, before the aqueous
layer is remo%dd! Bf@mpRendiidaHoweves the precent invedtide divicloSeshiat-tha e oRUEOUS
phase is then 20 renoved before the organics are extracted with saturated

bi car bonat e. T¢REymatighyidtolysisrieimportastas dppsred taHyafdysilnde s@gf@g,dstgga-
sul-fate. The product is then filtered and concentrat edr under vacl%ﬂr% 30 23

February 2004 becans@it@iodisdes 26rPEidIE0 Witk 303 2haABY, ezﬂél"é | ‘
hydrol ysis net hod may be used to convert conpoun W&%ﬁpﬁg%ﬂg%
However, the MResaRs gonpeNAORitabIS SRR %fsﬁe . use of en ti.c
hydrolysis is inportant ?as o}?gosed l%o hydé’ ysllisgéeﬁ'n e?nzgfnﬁﬂﬁ%é%%di tions,
because it pr Q@&f&%l'pgld&ﬁ-m | ess . than 5% epiner at the carbon
linking the 5 R7 and R8’ gr oupg#‘édﬁ%llﬁ%%l?'gﬁt@lﬁb "E%P‘i?ﬁ‘ﬁbé\éﬂﬂf’sed in the
enzymati c hydr@l¥si . Preferably a continuous nenbrane reactor is
used... More pr _ec?er altgﬁsy[?'&ﬁﬁ%nc A $FRHBYERHen isdised #srdisplosed berpinaftannt

i nvent'ion i s used ?‘F? C%tﬁd osed hereinafter. Preferably, porcine pancrease
lipase is used as & &G PRETEPARSrense lipase ivwsadaithel eneyimielto hpdrelyps ef er abl vy,
the enzymatic Q dr ol mbi's conducted at a pH of 10 about 7.2 at a
tenperature of Ro4Rd dpre preferably; thegnaymatic hydrdysis iptortdneted aresEH bf

invention is the preparation of the conpounds of
10 aﬂout 9.2 aP a temperature of between about 37-40° C.

Another aspect of the present invention is the preparation of the compounds of
formula HA by a process comprising the steps of:
(a) the conversion of 2 compound of formula XIX to the B-ketoester of formula XX by

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

15 t-butyl acetate;

) OH
© CbzHN OBzl
(XIX) CbzHN [6°0¢)
Rg _ Ay
o) . 3 4 |

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

&

reacpng it with a compound of formula XXII under suitable reaction conditions;
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formula Il A by a process conprising the steps of:
conpound of fornula XIX to the 13-ketoester of fornula XX3BEPYaEndPdhg it

with I,1" -carbonyl diim dazole followed by treatnment with |ithium enol ate of

15 t-butyleaé%‘?ﬁi;’é,s"‘R? 7 CbzHN R8 0 OH (XX) CbZHN 0 OBzl (KOTASEp2303E
conversion of the compound of formula XX to a conpound of fornmula XX by
reacting it with a conpound of forrmula XXII under suitable reaction

condi ti ons;

31 23 February 2004 4k WD 01114576 CbzHN PCT/ US00/ 23032 OBzl

(XXI') (c) the hydrogenation of the conpound of forrmula XXII to yield a

conmpound of
conpound of formul a
conditions to yield t

hal i de. .

vt
s

10

formul a XXI#I; and E SO4. H2N (d) the acylation of the
11 8 ing it with R20-X under suitable
e co

OBzl XXD

Rg
OBz! (XX1D)

Lv

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

Ry (o)
HpS0, . HoN ‘ OH (XXTI)
Rg
o Rg

(d) the acylation of the compound of formula XXIII by reacting it with Ry¢-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 all of the reagents and reaction conditions

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

before the I,I’carbonyldiimidazolc is added to the solution at room temperature. The
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Preferably, the nmethod for converting the conpound of fornula XIX to the
conpound of formula XX utilizes some or all of the reage@Bdekfiry 8804 on
conditions 10 . disclosed below. Thus, preferably the conpound of fornula-
XI X is di sgoMREUWHNSTHE before the I, 1' -carbonyl diini dazolpeTisoeasded to
the solution at roomtenperature. The 32 23 February 2004 % WO 01/ 14576
PCT/ US00/ 23032 resulting mixture is stirred for about 1 hour at room
tenperature to yield a solution of an acyl imdazole internediate. In a
separate container, a-benzyl acetate is slowy added to a solution of
LIHVDS in TTiF ta forma. . m xture. The reaction is exothermc, therefore the
5 t enper at ur e " FUIPE BRHnIgs shrred forrabpyidchoyp tgopm Tan@ratkt te yickita solitig of he

m xture for about 30 minutes the aryl imdazole solution is slowy added
to it to fornimkacybimidazele inimaediate. The reaction i s exothermc, thus, the
tenperature of the reaction mxture is preferably maintai ned under about
-68 C. Any sui t ablle aepmate tomainooi-begyl &t6afa28lb W kddel %ta%ﬁui%)if be used.
For exanple, the cooling nmeans nay be a dry ice bath. After stirring for

at | east aboutiHBMDSIMTHESo foid af@R&id. Clhehathibl £ ! %}g}x fromthe
cooling neans. An acid is then added tg the reaegta%g‘%ﬁ?ﬁtg urlgeq{'% guench the

reaction. s Nhﬁﬁp&ﬁ@fﬁ@@@féﬁblyﬁﬁmmqueﬁm}_%k@ Affehﬁ aci ﬂ'&i s_added sl owy,

and the tenperature of the rTeaction mxture’is FuEpreRtier about

25 C during tdpguesihni f .aci.d. . The qgrgani ayer of the guenched
reaction mxture is th%ﬁthggc Ilr?lg} eam%ﬁ(’dm{ﬁﬁéﬁgﬂgg’lﬁﬁ%ﬁoét 9ofemme? Kaeton t he
organi c layerpi& ed yith saghurat ed sodi um bi carbonate and_ brine. The
organi ¢ layer is then i af TN RS, the Sanpesanyieof thererstionmixsunads of
formuba XX 1t referabl y, magnesiumsulfate is used as the drying agent.
To prevent decor Sﬁafrf%‘ﬂe%‘?“dF‘F%%@@%Gn@ﬂmlwcm fiXcodling theaegeaumd | S
nore preferably stored in a refrigerator. 20 Preferably, the nethod for
converting t FEX¥EHEBPrssd. Fenexgmale. e cavling mearsomyyohenctirg fcefbathAfer XX
utilizes 1%oms_o_r all of the reagents and reaction conditions

stirring for at least about 55 minutes the reaction mixture may be removed from the

: cpoling means. An acid is then added to the reaction mixture to quench the reaction.
More preferably, the acid is 1M HCL, the acid is added slowly, and the temperature of
the reaction @mm is maintained at under about 25° C during fhe addition of the acid.
The organic layer of the quenched rt;.action mixture is then separated and washed.

15 More preferably, the organic layer is washed with saturated sodium bicarbonate and
L brine. The organic layer is then dried and concentrated to yield the compbund of
formula XX. More preferably, magnesium suifate is used as the drying agent. To
- prevent decomposition of the compound of formula XX, the compound is more
preferably stored .in a refrigerator.
20 Preferably, the method for converting the compound of fofmula XX to the
+ compound of formula XXT utilizes some or all of the reagents and reaction conditions
disclosed below. Thus, preferably the compound of formula XX is slowly added to a

solution of NaH in THF, More preferably, the solution of NaH in THF is maintained
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di scl osed bel ow. Thus, preferably the conmpound of formula XX is slowy
added to a solution of NaH in THF. Mre preferably, the Z3dfaruam2804NaH in
THE is mai ntai ned 33 23 February 2004 WO 01/ 14576 PCT/ US00/ 23032 at about
-10 C whi l gt WREESAPound of formula XX is added to it. Oncecthgeosgispround
of formula XX has been added to the solution, the reaction mxture is
allowed to warm for about 20 m nutes. A solution of the conmpound of fornula
XXI'l in methylene chloride is then added to the reaction m xture. The
progress of the .5 reaction may be nonitored by observing the di sappearance
of the starting materials using any suitable nethod. For exanple, HPLC may
be used to nonfteBeutri@ Gwhistabecompoundef fommain Xohis alial to @@ Qricothem Xt ure is
then stirred for about 48 hours before MIBE is added to it.. A suitable
acid is then aetpgundoffosnuleXct hasbest added @ thefdMittor, IR r@RHEO Mk Y el | S
separated and extracted using MIBE. More preferably, the acid is 1IMHC . 10

The organic | allewed & wark P alsdai R0 Affhtesd i &futichidf %ﬁg&éﬁg{ﬁﬁ@%@@g at o

yield the conpound of fornmula XXI. More preferably, ni c

ayer is driedninihylEhd oaf/ilds Un'ahes ML dhddof b4 i Eﬁﬁggf’ L pad of

silica gel. Preferably, the nmethod tor converting e formul a
XXl to thes cQaRAHR Em(ﬂg LI.utili.zes sone qr all of the reagents
and reaction condi t?lgggeh% |SB¥%ﬂssgla'l%e+%9dsapPﬁﬁr§f‘°ﬁp(?f Y HBPEMAREE o pound
of formula XX, . j ved degasse ixture of THE and concentrated
acid. Mre pr é’fc'iél?g‘g*é:ﬁapﬁém&#t%ﬂf?’éf’@ ag@?&:l}lygmlpqegﬁq:@oggqrmcm@d_c is
added to the re ctioE m'ﬁure befqore the mxture is stirred in a Parr

shaker under a ﬁ’reé%? PR e TERRYgR mixyuisds thep stimesbior about 48 heurs HefereNXBHie | s

t hen .di ssol Vedsk%lq% net hanol , filtered through celite to yield the conpound
of formula 20 3990 tpAefuitablp agid is then added tsothé practiommintire befotdthe sqizgp@uind of
formula XXI'll to the conpound of fornmula Il A utilizes sone or all of the
reagents and HRYEL Sengratestandientuanted wingMTBEJ Miet prwferdBlyishe aidisanaficy. t he
conpound of formula XXI'll is dissolved in
10 The organic layers are then combined, dried, filtered and concentrate to yield the
compound of formula XXI. More preferably, the combined organic layer is dried in
magnesium sulfate and filtered through a short pad of silica gel.
Preferably, the method for converting the compound of formula XX3 to the
compound of formula XXIII utilizes some or al] of the reagents and reaction conditions
i5  disclosed below. Thus, preferably the compound of formula XXIT is d.issolvéd ina
degassed mixture of 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 2 Parr shaker under a pressure at about 50 pst for about 5 hours. The mixture
is then dissolved in methanol, filtered through celite to yield the compound of formula
20 X
Preferably, the method for convertin g the compound of formﬂla XX to the

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

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

-
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34 It WD 01/14576 23 February 2004 PCT/ US00/ 23032 di oxane, followed by the
addition of diisopropylethylamne to forma suspension at23d:ebﬁlam2§64 ution
of the compound of formula R20-X in dioxane at a simlar tenperature to
that of thg SNAPHEBoN is added to the suspension to form apceesbhs

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

t hen sat'urated sodi um bi carbonate, dried with magnesi um sul fate and
filtered through a short pad of silica gel to yield the conpound of
formul a RA Thioxaasmbellowed oy tfeaddition of dilsopeopyletagharrive tp dorinf 2 aspdngionnyoeans
known to 10 one of ordinary skill in the art. For exanple, the conpound

may be purifi €l Ayolutiewsfylsd cnlpoand offormile RQF X G Hi0REH Q05 SRlIMr teflperaRfr€S Nt
invention also relates to an inproved process for the preparation of the

conpound of f @ thdt 6f tﬂ@@ulsgenﬁ&n fH RIabPReHe ﬁ.ﬁ ion tt&ﬁmﬁ%@%ﬂﬂﬁi nitfrudeOVERL 2 XXI

is inportant starting material for use in the process preparing the

OO S - AR By 6 agTOF THe0ERESy Pnf]xteie?@ Ed Qa6 SOURONBE £F

formula XXI'l conprises: reacting a conpound

triethylanmgnep, ive a conpound of roul a XXV; and 0
OH OH 35 23 Feﬁﬁgg%%hﬁ%%ﬁﬁﬁ 996‘?/‘%3’6%?58%6%’2‘“’?6’)5 Qo GEFAHAR ¢ he
corrppund of f%%rc 1&1}1@1& %g rs]gmnpa];:edfsgéurlrxljjnlb?ca)réﬁln;te dried with -

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

A

of formula ITA.

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

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

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

to give a2 compound of formula XXV; and

(o)

oH XXIV)

OH

OBzl (XXV)
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Preferably, the nethod for converting the conpound of fornmula XXIV to the
conpound of formula XXV utilizes some or all of the reag@rtrebasaay 2@0¢tti on
conditions 5 disclosed below Thus, preferably the conpound of fornula
XX1V i's dlgdeOQWH#ﬂB acetone, followed by the slow additi opefiisenrazoss
triethylamne at a tenperature less than about 30 Cto forma reaction
m xture. Benzyl bromde is then added to the reaction mxture which is
then stirred for at |east about 65 hours. MIBE is then added to the
reaction m xture and stirred for about 5 mnutes. The reaction mxture is
then filtered 10 through a short pad of silica gel to renove nost of a
triethylamne salt which precipitates out of the reaction m xture. Then
the silica gel is washed with MIBE before the filtrates are conbi ned. The

combi ned 1iT'tr@e cantening theadagbunblof il O¢VALR the bifpdhlt b Ml SRS oC
e |

with 1M HCl, saturated sodi um bi carbonate and brine. =~ Then t rate is
dried i n magnesi umPsaférablyathe helto8 #6GQ BWFQ*QQH F@EQ d_of X?Bg' cg gel 15
and concentrated to give the corrpoun((j) o} or?r‘l?ﬁn§ .Pﬁﬁnel&éo dﬂg’cof
formula XXV rBiiphrdof $6nit 2K KIEH;1 I ‘ stalline product. .
Preferably, the nethod for converth%%gsgﬁég”%éﬁt{)%ﬁ%g@fsWF?FIEF’%“W"{OB%he

conmpound ok f o o) or_al the_reagents and reaction
condi ti ons diggsgplé g?e%igtyél%ﬁv‘\{s’ %ga,b?yp"ggfoé?%?ﬂf’ DE{‘?E“@GPFBQUHEWIMFMI a XXV

i s dissolved i ne chloride and cooled to about -10 C. Al though
any suitable eé@?h@é&%ﬁy%{}“@%& frictiylagning atq temperatyrddess thagr oup of

t he conmpound gf la. XXV to yield a conmpound of formula XXII, preferably
the | eaving grg%(i?kgécgat‘tﬁm 2ABRCHPR My, Beagybbromidsfie theb hgded Tb B@réatiasgided t 0

the:sol uti on of the conmpound of formula XXV in 36 23 February 2004 % WO
01/ 14576 PCT/ BESREueivis thenstimedfor atleast atbet 65 lur WATBBEYs thbeadie@ws @ddi ti on
of 2,6-lutidine. Because the reaction is exothermc the tenperature of the

reaction ni xt FReERdnigRIEs andatinpd fariabowtiSmitdute @t THe kRIDEHBidYeSs @bn HiRE] about
-8 C. Once the 2,6-1utidine has been added to the reaction mxture, the
reacti on # xttreagh g skert padeaf silicd gelltb eatBsle infosV\GFTa Tt laRR Whir &hidRU' -
preéipitates out of the reaction mixture. Then the silica gel is washed with MTBE
before the filtrates are combined. The ctl)mbincd filtrate is then washed. More
preferably the filtrate is washed with 1M HC], saturated sodium bicarbonate and brine.
Then the filtrate is dried in magnesium sulfate, filtered through a short pad of silica gel
15 and concentrated to give the compound of formuia XXV. The compound of formula
XXV may be recrystalized to give a crystalline product.
Preferably, the method for converting the compound of formula XXV to the
compound of formula XXII utilizes some or all of the reagents and reaction conditions
disclosed below. Thus, preferably the compound of formula XXV .is dissolved in

20 methylene chloride and cooled to about -10° C. Although any suitable leaving group

-may be substituted with the hydroxy group of the compound of formula XXV to yield |
a compound of formula XXTJ, preferably the leaving group is ~OTY. Accordiﬁgly, 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 dissol védabrpane@dfes and
stirred on dry ice to precipitate out a lutidiniumsalt. The precipitate
is thenr \%‘HOWSM ltration through a thin layer of siligangedrsoFhe
filtrate is then concentrated to yield the conmpound of formula. XXII
wherein the | eaving group Lv is -OIf. to The present-invention also rel ates
to novel compounds falling within the scope the conmpounds of formulae I1A
XVILL XVIL; XV, BIB and I LIA respectively. These particular conpounds set
forth bel ow are rtr ul.arly useful as internediates in the process of the
present i nvenﬁ @3‘? ééf"?@dﬁé{r‘!‘? glow addition o2, 6lutidintei Becamsachei r al
conmpounds of the general formula I, including AG/088: 37 23 February 2004
10 WO 01/ 14578°2cpn is exatiormiptbe RBQSmtusn of the reaetiypanixné istphderabl9 Hiiaihey ent i on
relates to inproved processes for preparing conpounds falling vvrthr n the

scope of f or né afempptatireofdinidiabokte§® Cr Qﬂwﬂéaﬁ-lhﬁurﬁé"ﬁas%&%ﬁ%ﬁ
present invention for preparing conpounds of forrmula 5 UA 2[5 February

2004 4 WO 01/ 4Gl for th
TR )T Ne2:308 Rrit0R: if ridd 208 aﬂ&lféﬁ% wanfl fB6d Thoue" | 1°

preparation of conmpounds of forrmulae VII falling wt scope

conpounds ®f Thy ibdtidn Xatkiireid thed ver si e,conpound of
fornula VIl to the cgrrpound of %#%Eégwxﬁdgphwﬁgp °“%'8p39%‘rm9&1? ey er | aps

wi th the compgymdfly & thé RIrfdr3n &Ylis Eh)é}{ ufsdolved 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 XXTI wherein the leaving group Lv is —-OTY,

10 _ The present inveation also relates to novel corhpounds falling within the scope
the compounds of formnlae IIA; XVIII; XVIL; XV: IIB and HIA respectively. Thesc
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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5 wherein Rio is a halogen or an al kyl group; conprising the stegz)s of Step
A: converting a conmpound of fornula VI to a conpound of f rfrRirgany 2004
conprising t %&%ubsteps of: 10 (a) reacting a R o substituted benzal dehyde
of “fornul agV "R\ //  CHO with hydantoin in an aqueous pegiksdsk,t he
presence of a catalyst at reflux tenperature to forma reaction m Xture;
(b) treating the reaction mxture with an excess of an alkali netal

hydroxi de at reflux 15 tenperature to forma alkali netal

hydr oxi de-treated sol ution; 39 23 February 2004 WO 01114576 PCT/ US00/ 23032
(c) adding an alkali yetal halide to the alkali metal hydroxide-treated
solution to give a (d) acidifyinggt olutiion with a

concentrat ed acj pkeci pitate of flor nd 5 (e) optionally

washi ng the pré& i -forrfita V wi ; Step B: the
enzymati c reduc 1 cappaund  of la V 80 & copgpound of fornula
VI1; Optional step C an este cation bf the corrpoun formula VIl to a
conmpound of fornula X by res€ting the conpound of férmila VIT with a

conpound of formula 10' R'-GH, wherein R' is an alkyl or afyl; and (1)

. ) . - 10 1

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

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

5 IA
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Optional step D the conversion of the conpound of fornula to _the
conpound of formula XVIA Thus, the present invention dl@&%%%fytzﬁg’l‘ t he
reaction of the RIG substituted 15 benzaldehyde with the hydantoin in an
aqueous negi YR PHMIEKe presence of a catalytic quantity of apcRyidEREH6:L"
secondary am ne under reflux for at |east about 4 hours, 40 23 February
2004 t- WO 01/14576 PCT/ US00/ 23032 dependi ng upon the am ne used, wll
yield R o substituted 5-benzylidene hydantoin. The preferred am nes have
boi ling points above that of the aqueous nediumused. A particularly
preferable am ne i s 1-am no-2-propanol. \Wen 1-am no-2-propanol is used as
a catal yst, water irgeﬁ@é‘éf%e!St?@rwa%fmglempatanomomuhﬁdﬂﬂdmmﬁmﬂéﬂm of .
the Rio 5 substituted benzal dehyde to hydantoin to the catalyst is 1:1:0.1,

the reaction fallingwithih dteachpiernf tleaotmpduris of formMaCOX 4 dph oﬁﬂfgtﬁl{ esent
invention the Riff substituted 5-benzylidene hydantoin “can be hydr ol yzed

by an excess amunioncmfﬁ&rtoﬂb&ﬁidlofmhﬁlaWﬂfﬁéb&ﬁpoﬁﬁ%ff?cgﬁﬁ dI e alkali
- propan

nmet al hydroxi de used is sodium hydrOX| de 1-am no- %s used
10 as a cat al yope of WisichB¥eRaps Ak B8 Ok éﬂﬂé ?N[de to hydantoin are
individually 5:1, and the fr,eactl or‘i [ cargflr?fe’g:X under reflux, the

reaction is conpleted i.-n about 50 mnutes. The present invention also

di scl oses that the addition of an alkali netal halide to the alkali netal
hydr oxi de-treated sol uti on{ ncreases the precipitation ¢f 15 nonohydrated
al kali metal RPRp substjtutdgd phenyl pyruvate aUpon acidifjcation.

Preferably, th | i glgy 1 s sodi hen sodi um

chl qr:ihde is us all the sodiump yruv te pre0|&y&ptes out as
nmonohydr at ed soth phettyl pyruvate at .a p bout 18.5." Preferably, the
col | ect ed stonohydrated al kal i -nmetal phenyl pyrlivate precipitate 20 is
washed to renobve excess inpurities and to facilitate the drying process
shoul d t hat

wherein Ryo is a halogen or an alkyl group;
comprising the steps of:

Step A: converting a compound of formula VIto a compound of formula V comprising

the substeps of:
10 (a) reacting a R;( substituted benzaldehyde of formula VI:
- Rio/™
{ g y 10\

. \ / CHO (YD

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

temperature to form a reaction mixture;

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

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

-
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.be desired. Any suitable washing agent known in the art may be sel ected.
Preferably a primary alcohol is selected as the washi ng23d@kruarygped

pref erabl vy, oVES ing agent 41 23 February 2004 W) 01/ 14576

PCT/ US00/ 284 i'S t hanol because the nonohydrated al kal ipaTadssbzzo32

phenyl pyruvate precipitate is sparingly soluble therein. Any suitable
enzyme known in the an may be used in Step B to catalyze the reduction
reaction of the conpound of fornula V. Preferably, the reduction reaction
is 5 catalyzed by formate dehydrogenase and | actate dehydrogenase. Any

sui tabl e enzymat.i:e- t.lon od known in the art may be used.
Preferably, ’e:@ﬁg@néﬁ‘ggﬁﬁlmf’ lidr & (e alkal meiakhydroxidertredtgdsiofutivatdigide 4" t he
MEEC net hod") ar .t he coi mobilization nethod is used. These general nethods
are known in3PH%%rt. For exanple, see Bednarski et al., J. Am Chem -Soc.
1987, 109, 128 @éio' 1,28% f]gr a general discussion regarding

menbr ane- encl difying thetsplotiomwith y sbrcenthieed acid &LIVO) i Am

Chem Soc. 1980, 102, 6324-6336, for a general%scu‘i@%lﬁé%@foﬂléave

coi rmobi | i zati on nmet hod. These references are incorporated herein by
reference in their entirety. However, phen the enzymatic reduction reaction
of step B invol ves re than a small Hcal e preparation, preferably a

conti nuous menbrane r tor is 15 enpl pyed. More preferably, the continuous

menbrane reactor of t o i s usged. When the continuous
menbrane reactor of tf{le presgent i ntions used,” preferably all or sone
of the follow ng reagfnts an ijfions are used: 1% NAD, 4 -equivalents

of anjyoni um f or mat e, 7.3-7.4 for the effluents and a pH of 6.2- 6.3
for the substragtes, FDH 201200 (W L) and 1mM mer capt oet hanol are used.
20 I'f the coifrnobilization nethod is used, it is preferably carried out in
four steps. The first step is the preparation of N-acryloxysuccini mde.
The second st®Pptignallywashing thepsacimtatenit foromlLV by Rishinglagdtite 1 N the

coi nmmobi | i zati on nmethod. Preferably, the copolyner is PiN 500 which may be

prepared by 2PRiiteeenzpuopicapdeetion af iheBom¥ifd of formula V to a compound of
formula VI;

Optional step C: an esteriﬁcatio:g of the compound of formula VII to a compound of
formula XII by reacting the compound of formula VII with a compound of formula
10" R”-OH, wherein R” is an alkyl or aryl; and

O

)

Ryo

I\\ o D
/ OoH

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

formula XVIA,

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

quantity of a primary or secondary amine under reflux for at least about 4 hours,
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42 | | 23 February 2004 WD 01/14576 1V of ordinary skill in the art wll
recogni ze that PAN 500 is a water soluble copolymer of 28Fgbrusindd0@hd
N-acryl oxysucci ni m de which rel eases 500 (25) }tnol of N

hydr oxysucgi NYPHESEer gram of dry pol ymer on treatnent W tHCTRNGESS3:A0UEOUS
et hyl am ne solution. The third step is the coi mobilization of the enzynes.
5 Preferably, as disclosed above, the enzynes are fornmate dehydrogenase and
| actate dehydrogenase. The fourth step is the enzymatic reduction of the
reduction of the conpound of fornmula V to give the conpound of forrmula VJL

The conpound %f farmula YII may be isolated at this stage of the process
and used in ﬁ%enawggggrg AineRsed) will yigid R substitaedr5-bapzylidenchydamoind  of

formula I A Any 10 suitable nethod may be used to isolate and purify the

conpound of f JhRBrefmpd amings bavsrioiling poitteatveeriatiofthoiqubisddanyided Ry be
used to prepare the conmpound of fornula XVIA as disclosed bel ow. The

present | nvenprgpuladsprettrabld amios istld@hino2-[Rognbl, OMRD CarhibMpr8fand) j¢0POUNd
of formula VI1 is sought, the use of D-lactate dehydrogenase 1n Step B

descri bed abovsed at5 camlybt, wited i usl £ MR HquesHR Sol@fiod %’dr&,ﬁ @o% dafo ogz‘é{g h@%ove

Simlarly, the use of L-lactate dehydrogenase in Step B descri
Wil yiets asubshamdibeRRideRfdeftd hidbhidintoldh catdystR FRE] YRL Yeaa 004, d WO

01/ 14576 O (VUB)
completed in about 4 hours.
According to the present invention the R;q substituted 3-benzylidene hydantoin
can be hydrolyzed by an excess amount of an alkali metal hydroxide. Preferably, the
- alkali metal hydroxide used is sodium hydroxide. When 1-amino-2-propanol is used
10 as a catalyst, the molar ratios of sodium hydroxide to hydantoin are individua]ly 3,
and the reaction is carried out under reflux, the reaction is completed in about 50
minutes, | |
The présent invention also discloses that the addition of an alkali metal halide
to the alkali metal hydroxide-treated solution increases the precipitation of
15  monohydrated alkali metal R;g substituted phenylpyruvate upon acidification.
Preferably, the alkali metal halide is sodium chloride. When sodium chloride is used,
almost all the sodium phenylpyruvate precipitates out as monohydrated sodium
phcny]pyruvatc.at a pH of about 8.5.
.Preferably, the collected monohydrated alkali-metal phenylpyruvate precipitate
20  is washed to remove excess impurities and to facilitate the drying process should that

be desired. Any suitable washing agent known in the art may be selected. Preferably a

primary alcohol is selected as the washing agent. More preferably, the washing agent
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PCT/ US00/ 23432 The esterification reaction of optional step C may be
perforned with any -suitable reagents and conditions. Pr@PdehBiayy 200

esterificati Qg ilzl gerformad at about roomtenperature in the presence of
hydrochl org.c QPP438d di oxane. S Sinilarl y, the enantioner chishoadash VI | B

may be converted to enantioners X I A and Xl IB respectively by the sane
esterification process: (XI1A) (KITH) Any suitable nethod nay be used to
convert the compound of formula XIl to the conpound of formula XVIA in
optional step D of the present process. For 10 exanple suitable nmethods are

di sclosed in t al. . Liebigs. Ann. Chem 1996, 314, and
" Pept i doni net E:‘J;slétﬁﬂr 'Iop’Fg%g‘FSSE‘,‘C 'FB‘P‘?*‘H@WC@@?‘sér-mctqhahﬁwlmgts,prmime it) S A

1999, pp 103-124. These references are herein incorporated by reference.
Utilizing thi %Pzagg%s@ﬂﬁe Mstep D, enantioners X I A and XI 1B nmay be

converted to enantjoners XVIB and XVI C respectively; 44 23 February 2004 ik
WO 01/ 14576 PCT/ usé@%%@zcme@owm heamndy 6 uidaGn B BHTERIYEOThePr €PAT I NQ
conmpounds of faornmulae VII and XVIA conprises the steps of Step A

converting sefefiflion gagkien efdhpmmpsund of formui ¥. ‘ﬁéfeﬁ@l?ﬁthé %ﬂ%&%&%@g}? gl eps

of- 5 (a) converting serine to potassiumglycidate by a s process;
(b) opti oral I‘W&btmd'brfdmgtetchleym«\gca@sia,gtma&lat\gga(,,?ﬁtr ch@ed 0lycidic acid; and
-0 .

(c) carrying out a regioselective epoxide rin ening reaction with a

conpound of  f or mAny sRitabloERMhi QedMiEs B s an activated bromde, a
sulfate, or a primary iodi.de;wl W fefhoiPkhdfth S ire 13) 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. Chem, Soc. 1987, 109, 1283.—

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

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

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

the preparation of the copolymer for use in the coimmobilization method. Preferably

the copolymer is PAN 500 which may be prepared by a radical coploymerization. One
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30 Optional step B': an esterification of the conpound of formula VII to a

conpound of formula XI| by reacting the conmpound of for#aIFgbery 934 a
conmpound of forrmula R'-CH, wherein R' is an alkyl or aryl; and Opti onal
step q': the WOAVESH on of the conpound of formula to the oRRRARINGsSS
formula XVIA 15 Accordingly, substep (a) of Step A" of this process
requires the conversion of serine to potassiumglycidate by a standard
process. Any such standard process known in the art nay be used. For
exanpl e, Larcheveque et al., Tetrahedron Lett. 1987, 28, 1993-1996,

di scl oses the preparation of potassiumglycidate fromserine. This
reference is iHe@ W&f@@ﬁéﬂ@ﬂﬂlwogmeahmmﬁmkhwmkﬁlﬁa&)topd}ﬁn&%f
February 2004 V WD 01/ 14576 PCT/ US00/ 23032 Preferably, serine is reacted
with nitric accrylamidaasi N-beblorysuediinesiad Whieh kelea¥dsSod (+2%) RERIEr ¥- hydr oxy
propanoi'c acid. More preferably, the nitrous acid conpfises a mxture of

S0 1 2 Sy asanaly g ey Aokl S SILEGEIASE 01 L

bet ween about -10 C and room ure In the presence o

hal ide. 5 A”y“ﬂﬁiahﬁﬁwﬂ%h-aﬁ?m%g?%g?? KD\ Lh the art may be' used.

However, preferably, the alkali ne

brom de. The - ragpanoic acid i s en converted to

pot assi um bigl ﬁ%{gﬁg %ﬁ@ée | ﬂ‘Z“ﬂféRﬁF%“&&éE@?tﬁhgwmg;asﬁ@d lpstateer abl y
the reaction iz run af Wen about -40C and roomtenperature. 10 \Wen
the pref erred EDqHERRS s usthystep i§ e epzpmaticaedyctioneftbe trdnetionwif the ¢ he
présent invention, a 65-70%yield of potassiumglycidate fromserine is
att’ai nabl e.  TPBPYnd obtnrmpla\Votergive the parmpaynd of foseda Milat t he use of

enantioneric L-serine or D-serine as the starting material in the process .
described above wi The spmpotndyifomads Vilmaygkjoidial # tsiadedfdicysiodadstaal yCi dat e

respectively. . )
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 VIL
Optionally, the compound of formula VII ﬁay be used to prepare the compound of
formula XVIA as disclosed below.

The present invention also discioses that if enantiomeric forms of a2 compound

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

) 15 will yield an enantiomer of formula VIIA:

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

_yield an enantiomer of formula VIIB:
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15 The potassium glycidate fromthe process disclosed above may be
converted directiy into the conpound of fornula VII. RedStfebiians2824i um
glycidate with a compound of formula R o-phenyl-Q wi |l cause a

regi osel ecgi WO U4 de ring-opening reaction. Preferably, gass @]9{0-3%/9&
group and the regi osel ective ring-opening reaction is perfor rre3 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 nmay first be converted to glycidic acid
before being converted to a conpound of fornmula VII by the epoxide

ri ng-openi ng net hod descri bed above. 46 23 February 2004 V WO 01/ 14576

PCT/ US00/ 23032 The potassium ghyci date may be converted to glycidic acid by
any nmet hod kngwn to one of orfflinary skill in the art. Preferably, the
glycidic aci repared by rpacting the otassium gl ycidate with
concentrated- . enaqti omeriQ‘,m:Bgt assiumglycidate is used in

t he- net hods , the ©8 correspondi ng enanti oner of the
conmpound of f wi &l - be synthesized.: For exanple, if D potassium
glycidate is conmpodfd of fornula VIIAwill be formed. Simlarly,

if L-potassiumglycidate is used, a conpound of formula VIIBwIll be
formed. At this stage, the conpound of fornmula VIl may be isolated for use
in the 10 process discl osed above for preparing the conpound of formula
1A Al ternativel yiheeHerificadonpoanion of oftinnal dtep day B8 perlfimidd 98t dhyt he Process
di scl osed bel ow to prepare the conmpound of fornula XVIA Optional steps B

and C cor r eSpisthle reagentstand oadditivhe pBreferabily] 4R QferitiBfiohiid Sdrforfl SJ%%‘EP process
for synthesizing the conmpound of fornula XVIA froma conpound of

formula VI r 6o ewipeaiuse itheipresdabof iyRh IR al ah Bdyadcea0ENt S and react i on
condi tions disclosed above for optional steps C and D are also preferably

used in 5 Similarly, the enantiomers VIIA and VIIB may be converted to enantiomers

XTIA and XTIB respectively by the same esterification process:

O

OR"

X

E Ol

(XIIB)

Any suitable method may be used to convert the compound of formula XTI to
the compound of formula XVIA in optional step D of the present process. For
10 example suitable methods are disclosed in Efffenberger et al., J. Liebigs. Ann. Chem.
1996, 314, and “Peptidomimetics Protocols”, Hoffman et al., Human Press, NJ ,
U.S.A; 1999, pp 103-124. These references are herein incorporated by reference.
Utilizing this same optional step D, enantiomers XIIA and XIIB may be

converted to enantiomers XVIB and X VIC respectively:



optional steps B and .C. The third of the processes for preparing a
conpound falling within the scope of fornula XVIA speciZBikedryafy 80@bnpound

of formula X%%:F conprises the steps of.. 20 Step A": the preparation of a
: (H P

conpound iA¥6XI 1 A froma conpound of formula IX Coﬁﬁﬁhgb e
substeps of: 47 23 February 2004 k WO (c)1/14576 PCT/ US00/ 2303 ?g?&ﬂn

asymetric di hydroxylatron of a conpound of fornula I X to forma conpound
of formula XA: (b) reacting the conpound of fornula I X with

1,1 -carbonyldiimdazole in the 5 presence of toluene to forma conpound
of formula Xl; and (c) a pallagdi um nmedi ated reduction of the conmpound of
formula Xi; and Step B" the cofversion of the conpound of formila XIIAto
the conpound ¢f,,formula XVIB. |10 Preferably, the asymmetric
di hydroxyl ati o a | e symetric difwdr
about roomte [

asymetric di
Rev. 1994, 94}
reference in i

PCT/ USO0/ 23032 Preferably, the reaction of the
CDl in the presence of_toluene is perfornmed at about 80C. Preferably, the

pal | adi um nedi ated re dn step, Step A" (c), is perimvied Dby reacting
t he conmpound of formula XI with a m xture of hydrogen, palladium and

ydroxyll ati on 3 s di scussed geneflal*ly |
2483542547, This .reference is [ferein | ncorpofated by

) The second of the processes for preparing compounds of formulae VI and
XVIA comprises the steps of:
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 glyci&ate to a glycidic acid; aﬁd
(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 t(; a compound of
formula X by reacting the compound of formula VII with a compound of formula
R**-OH, wherein R’ is an alkyl or aryl; and
Optional .step C’: the conversion of the compound of formula XII to the coméound of
formula XVIA. |

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

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

reference is incorporated herein by reference in its entirety.
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5 carbon in the presence of formc acid at about roomtenperature. Step B"
corresponds to optional step D of the herein first discl 83&@bpiencddd for
synt hesi zi ng the conpounds of formula XVIA froma conpound of fornula VL
Thus, thegsd¥R®0MHETod, reagents, and reaction conditions dpegb&sashss or use
in optional step D are preferably also used'in Step B'. 10 The present

i nvention also relates to the conmpounds of formula IVA falling wthin the
scope of the.genus defined by fornmula IV as recited above. Accordingly, the
conmpounds of formula IVAw Il also be useful internediates in the processes
of the present invention for the preparation of conpounds of fornula L
Thus, the present PriAbly.carincis scasted wathmitrimpiduand swifable asmparature Vdyiel5 R10
(IT'VA Y Yis OH OSQ2CF31 OS2CH3, 0s02(p-tolyl), halide or any other

| eavi ng gr oup2-taowto 3flydioxy propaidit heidr Make/preBrBUR theRitRfu€ AR b¥mpRePal S 2@
4-fluoro group, Yis OHor OIf, and R is OH or Me. 49 23 February 2004 WO

01/ 14576 PCT/ Hﬁﬁﬁf&&@&ﬁuﬁ%i@dt@ﬂ!ﬁﬁﬂﬁbg@@ﬁmﬁé, Bfd ﬁ:'é?%@ﬁﬁn i g%ﬁg& {aﬁ'!n al so

relates to a continuous nenbrane reactor that can be use € processes

Of "t e pr &5 eNbei@e AP0 Cind i eefiure e SO DHOHS MR IRLANS et o

of the present invention is suitab or use - Fn-any e"Ch a
nzymbs. andl ane eeh e At ehalli 5Nl ot Cme bCiRPA evereR pilgRYR osed i n
3 00m ot 2o AR s U id 9% b i 2, L 2
Bi _-'Qphem , 1997, 6L5'?fcé"gr%9- 2033. The aforenentioned references are herein
di'scl osed by refer broo,3shydroxy propanoic acid is then converted to potassium
glycidate by reacting it with potassium hydroxide. Preferably tﬁe reaction is run at
between about —40°C and room temperature,
0 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.
J 15 The potassium glycidate from the process disclosed above may be converted
directly into the compound of formula VI Reacting potassium glycidate with a
compound of formula R;o—phcnyi-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 jodide.
Instead of converting the potassium directly into a compouﬁd of formuia VII,
the potassium glycidate may first be converted to glycidic acid before being converted
to a compound of formula VII by the epoxide ring-opening method described above.
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particularly, the continuous nenbrane reactor of the present invention is
of use in to those catalytic reactions in which there is 28 Fgdsiane2pes
recycle the catal yst. For exanple, the reactor of the present invention is
useful forgus¥0PHIEMzymatic reduction reactions utilizing githanLsasm cal
or bio-catalysts. The continuous nenbrane reactor of the present invention
havi.-ng a reactor volune conprises a tangential flow filter unit, a reactor
| oop to circulate the reagents 15 through the tangential flow filter, and
a substrate feed punp for feeding the substrate into the reactor |oop,
wherein the regctor | oop conprises: (a) a tube; and (b) a circul ation
punp. The t angelftRCRsEmglycidaiermaydrenonyarted o glgcidientiddly ahy Siethos Hied@ fi |t er
and a unit 20 for housing the filter. Any suitable tangential flow unit
may be used. Angeferdiiary skilbinghmart. dPreferably, tidiglycidic Sieis P ggd%glr&h\égné e
desired product, or permeate, to pass through it but r«gtain the J arger

nol ecul es of ipoassenglyeilatei with dbacdn@atel Qlric 4" €f erred exanple of the
tangential flowunit is the Pellicon 2 Module comrercially avail able 50 23

Feb 2004 WO O chdfmiten AT 32 f MLLI ion. Th
Pgl lrlug:‘)% 2 Modul e enpl oys eg%%’?tsset t éﬁglt%étleé{‘%%%‘hﬁ 3%3%%W$%§?%n ©
devi whi ¢h : - f t jon. Specifically,
ci ther & singe oot L erBid SEILE ctitpBlnd ol Bril Wl it besodieriead. gor”

cassettes can in.conbipnation to allow for a larger scale reaction

to be run. Thﬁ%jﬂn#ﬁgpbﬁ)p Hﬁ"ﬁ‘ﬂ?ﬁ’ﬁ algeis used A rompopngd ofiformule Niltrwitlde syst em

al rows for thf“"ﬁ"gcgﬁfﬂ?ﬂ?' f fluid volumes fromless than a liter up to

t hdusands of [Tté&rs: HeLPPBsiym glycidatg ismsed.ra componmd afifoinyuloVIBheill

catal yzed re t{.Pon ccurs, has an internal volune. The internal volune is
defined by th or of reagents and catalyst the reactor |oop can hold.
The reactor volune is defined by the.volune of reagents and 10 the catal yst
t he reactor |oop aﬁﬂh{sﬁ@g@,élmj@nmoahdMfomnulmivndﬂy&qmt&ﬁfoi,ggbigm hol d. The

10 process disclosed above for preparing the compound of formula IIA. Altematively, the
compound of formula VII may be used in the process disclosed below to prepare’ the
compound of formuia XVIA.,

Optional steps B* and C’ correspond to optiona‘l steps C and D of the first
disclosed process for synthesizing the compound of formula XVIA from a compound
j 15 of formula VI respectively. Thus, the preferred methods, reagents and reaction
copditiqns disclosed above for optional steps C and D are also preferably used in
optional sfeps B’ and C’,
The third of the processes for pfeparing a compound falling within the scope bf
formula XVIA, speciﬁcally a compound of formula XVIB, comprises the steps of;

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

- IX comprising the substeps of:
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reactor |loop of the reactor of the present invention has an internal vol une
of at |east .about 50% of the reactor volune. Preferabl 3 Fkﬁéﬁ¥%3€@%r | oop
has an inter| volume of at |east about 60% of the reactor volune. Mire
preferabl y& the®¥¥¥%t or 10op has an internal volume of at HoTasdeoadesit 70%
of the reactor volune. Even nore preferably, the 15 reactor | oop has -an
internal volume of at |east about 80% of the reactor volunme. In a nore
preferred enbodi nent of the present invention, the reactor |oop has an

i nt ernal volune of at Ieast about 90% of the reactor volune. In a nore
preferred enb 4B t.he ent jnvention, the reactor |oop has an
internal volu %?mthg g\'%Bﬁt"“Ma cmppwnd offamuis IX; tol forme 2 campdime
reactor | oop coqgrlsef a tube of any suitable size and nade from any
.suitabl e mat er %formy fably, the reactor |oop conprises tubing which is
flexible. Flexible tubing allows for the tubing to be cut to any desired

| ength as a neans for @asilygvarying the reactor volune. Exanpl es of

sui tabl e tubing,materiafs incjjude 51 23 February 2004 le WO 01/14576

PCT/ US00/ 23032 et hykene. a0l ypr opy; pol yur et hane, pol yvinyl, vinyl,
nyl on, butylen | i Copen,PTFE, ETFE PFA, Viton(r), stainless
steel, gl ass, eflcwgr) an aIkyI polyner and a perfluoro material.
Viton(r) is c gal |y eotai | abl e from Dupont Dow El astoners LLC and
conprises a 67% ™uorinated thermal set rubber. Teflon(r) is 5 comercially
avai l abl'e from El Dupont deNempburs & Co. and conprises tetrafluoro

et hiyl ene. When the continuous nenbrane reactor of the present invention is

used in the () caetisg thé cinipRuid 65Rhulh IY $/ikhi1oP G enzymatic
reduction, it has been found that PVC, Tygon § éﬂQ&XI %10 fnat ed

pol yner desmage p&ﬁendﬁéﬁblu&zﬁ:&@forhh&co Pﬁ%ﬁﬂﬁ heref ore not suitable
materials. Further, whilst silicone tub| n as 1 been found to suffer

fromthe sane problen1 silicon does tend to swell when used in the
processes of the present invengPon which can lead to a fluctuation in the
reaction condltlons due { e consequential change in the residence tine.

o,

= 0
Rio -E: 0 Ry
l I OCH,
_F CO,CHy _Z
3' ) (¢) a palladium-mediated reduction of the compound of forrula 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
di_hydroxylaﬁQn performed at about room temperature. Asymmetric dihydroxylation,
including Sharpless asymmetric dihydroxylation is discussed generally in Kolb et al.,

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

in its entirety.
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Any suitable circulation punp and substrate feed punp nay be enpl oyed in
the reactor |oop. Exanples of suitable circulation punps$3abiruaiy 2004
peristaltic, pbellows, 15 diaphragm progressive cavity, piston, flexible
linear, nugatVRJU4#¥e, nenbrane, rotary Iobe, flexible i mpptt@Eonkebary
vane, ‘or any vari abl e speed | ow shear type punp. Preferably, a
peristaltic, flexible linear, nutating disc, or nmenbrane punp is used. Not
suitable as the circulating punp or substrate feed punp is a gear type
punp. For the efficient operation of the continuous nenbrane reactor of the
present 20 inventic}pnf he substrate feed punp operates at a greater speed
than the circul ati di¥eRglypthe mactienefithe compohadiof fornde BX Wi QUIST gD ane
reactor is used with the processes .of the present invention, the reaction
performs nmost KFEPes fielngneiis parfoemeditsbowtgse’d.eed punp is set to a speed
about twenty tinmes faster than the circulation punp. 52 23 February 2004 t
VD 01/ 14576 PCT/ USTeriasbiyxht paladivtsineticd rliRA SRt A7 i€ Q1 IUOS
menbr ane reactuor of the present invention, ther éctgr I gﬁs% g nprises
any of the follyaedcting tha chmbdh@ of Fori e, & pHmnitor, a heat
exchanger, and a gate val vg%m I'n ano?ﬁ?%ﬁ?ﬁ%gﬁmwn&“%d
cont i nuous Srercaban & the fek j e or nore substrate feed 5 lines
whi ch conprise a substrgatée%?ge pﬁrs'rigi??g%b u 1I'OQ{S’tf’fBP“é'mfﬂ;eeferabl y conprise a
check val ve, a stegjhgfl d essure gage. The addition of nore
than one feed Ii nggebg Iécngs ﬁgﬂg{éﬁé’g?%ﬁﬁgpﬁéépeﬂ@rem festflisgosed pracgsstor at es,
and, ot hers ot es such as for_sanitation purposes. The addition
of.'q\'a sterile P f‘[“t‘“girﬁ'%ﬁ%%‘&%?&tﬁOW&sm agogpound effornndabialThes
particles andpgis%%gbea{oaef ore they can enter into the reactor. 10 Unwanted
particles cou 6ER P fRsPEsandfreaction ennditioandisdloset ifier vsegsptibhalstdpl HW
filter wunit, _whilst, mcrobes can kill certain enzynes. The addition of a
heat excha'nge?rec?é‘?{em‘ﬂé R u3edip SteriBit.ai n or vary the reaction tenperature. A
preferred Igonti nuous nenbrane reactor is depicted in figure 1. A nore

© present 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 ot: the
present invention for the preparation of compounds of formula L

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

i5

S

_ _Y is OH, OSO,CF;, OSO,CH;, OSO;(p-tolyl), halide or ény other leaving group; and
R’ is H, alkyl or aryl group. | |

Preferably, Ryq is a 4-fluoro group, Y is OH or OTf, and R’ is OH or Me.
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[ [ tion is depicted
conti nuous nenbrane reactor of the present inven
P:]e]: ?gr;lrj(racei 2, 15 parts | .and 2. 53 23 February 2004 WO O028FthrGarypem | 2 3

1: list of the parts of
8 9 10 11 12 13 14 PCTI U500/ 23032 Tabl e t of _
t4he5coﬁti7n@o Hed¥fane reactor depicted in figure 2 Descr|1:|@tmgijo,ilia{hgent|ta(;11a
flow filtration nenbrane housing; Pellicon 2 Gasket & clanp Sanitary

Cap

As discussed above, the present invention also relates to a continuous
membrane reactor that can be used in the processes of the present invention. In
particular, the continuous membrane reactor of the present invention is suitable for use
in any reaction in which a catalyst of a relatively large molecular size. is employed,

5  such as enzymes and anchored catalysts. Examples of such catalysts are disclosed in
‘ Rissorﬁ et al, Tetrahyedron: Asymmetry, 1999, 10, 923-928; Schmidt et al., J.

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

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

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

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

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

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

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

example of the tangential flow unit is the Pellicon 2 Module commercially available
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to hose -barb Filtration cartridge

' fl ange ;
cate valve Adapter sanitary uni og One way check val ve; | 23briaenl004

PLCGC Conpr essi on reduggrcla pressure Conpression union Sterile filter: 0.3

phessg:g, ngévoi\é‘gﬁ%glr conpression to nale NPT Tee fenale W}msl@g%ﬁgg'r' mal e
ﬁPT Itoo cgtrrpressi on 15 Pressure indicator 0-100 psi; glalyce“snee:j el
accurac f 3% 16 Peristaltic tubing 17 Masterflex varia ef I e)p: SOt
#77200-12 with peristaltic punp head #77201-62 18 Master

drive wth peristaltic punp head #77201-60
from Millipore Corporation. The Pellicon 2 Module employs a cassette style

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

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

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

N

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

easily varying the reactor volume. Examples of suitable tubing materials include
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i, ﬁ. R e T 21 23 28 . 24 25
staltic tubin 20 Adapter hose barb to male N _
‘}'gbrﬁgrgl Adapter sanitary flange to hose barb Punp |ine PBFebhiaey 2008 type

| gi i ial of
t hermocoupl e and digital readout Adapter tubeihsert to Mater 16 x

] i i i Si | | fOPBsof Y-
nsi ons§uPP PEMSTonst ructi on 316 SSWaters M'!Ilpore : 4
Brlné V\atersﬂm)llipore | rolene 3" x 1'h"x7/16"id Waters M1l pore

"odi ' | ene3"x7/16"i d
| ene Pol ypropyl enel" dia Waters M I Ilipore Pol ro
\?\ELZE;OWI | i pore >I;{)/DF?l// 32" x'h" od - Cole Parmer Regenerated cellul ose0.1

sq MMters M Il ipore
polyethylene, polypropylene, polyurethane, polyvinyl, vinyl, nylon, butylene-polymer,

silicone PTFE, ETFE, PFA, Viton®, stainless steel, glass, PVDF, Teflon®, a0 alkyl
polymer, and a perfluoro material. Viton® is commercially available from Dupont
Dow Elastomers LLC and comprises a 67% ﬂudﬁnated thermal set rubber. Teflon® is
5  commercially available from EI Dupont deNemours & Co. and éomprises tetrafluoro
ethylene, When the continuous membrane reactor of the present invention is used in
) : the process of the present invention to carry out an enzymatic reduction, it has been
found that PVC, Tygon® and any chlorinated polymer damage, or deactivate, the
enzymes and are therefore not svitable materials. Further, whilst silicone tubing has
10 ot been found to suffer from the same problem, silicon does tend to swell when used

in the processes of the present invention which can lead to a fluctuation in the reaction
conditions due to the consequentiaj change in the residence time.

Any suitable circulation pump and substrate feed pump may be employed in the
reactor loop. Examples of suitable circulation pumps include peristaltic, bellows,

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

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

pump is set to a speed about twenty times faster than the ctrculation pump,
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PVDF3/8" od x '/" odCol e Parmer PVDF/ Kalrez'/4"odx 1'h"Col e Parner
PVDF' /" odCol e Parnmer PVDF/ borosilicate '/s" od x 3 1/8"golFebRarywe004! ass

F PVD Cole Parner '/a" od x'/s" NPT '/" NPTCole Parner /"NPT x'/'Col e

Par mer PVL¥ 018457 4 NPT; 2h" faceCol e Partner Peroxi de peifRghSils cone
0.19" idCole Parmer 316 SS rollers Flow 10-333Col e Parnmer nmm n ( Wwth item
#16) 316 SS rollers Flow 0.2-20Cole Parmer mmn ( with item#19) Platinum

cured silicone 0.06" idCole Parmer

In a preferred embodiment of the contingos membrane reactor of the pregent
imvention, thé reactor lgop also comprises any of the following: a bubble trap, a
pressure gage, a pH monitor, a heat exchanger, and a gate valve. In another preferred
.embodiment, the continyous membr:_mc reactor c6mprises one or more substrate feed
5 lizes which comprise a substrate feed pump, and also more preferably comprise a
check valve, a sterile filter, and a pressure gage. The addition of more than ope feed
) lines allows for one to be used for feeding the substrates, and others other purposes,
such as for sanitation purposes. The addition of a sterile filter to each of the feed lines
aids in the removal of particles and microbes before they can enter into the reactor.
10 Unwanted particles could block the pores of the membrane in the tangential flow filter
. unit, whilst microbes can kill certain enzymes. The addition of a heat exchanger can
be used to maintain or vary the reaction temperature.
A preferred continuous membrane reactor is depicted in figure 1. A more
preferred continuous membrane reactor of the present invention is depicted in figure 2,

- 15  parts ] and 2.

53



PVDF 3/ 8"
Par mer

February 2%0

SS 30 31 3

od x'/"
PVDF 31/ 32"

x 3/8"

NPTCol e Par mer
odCol e Par ner

V4" odJ- KEM Tefl on 1/4"odx'/"28Col e Part ner _
Zonen AWPETA4BD0/ 23032 Item 26 27 28 29 PVDF PTFE PVPETB%G?:%_'&/ 316.

33 34

Per oxi de cured silicone 3/8"
Vi t onCol e Par ner23 Febhhzopn 20041t ed
54 WD 01/ 14576 55 23

i dCol e

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

Item Description Material of Dimensions Supplier
Construction
I | Tangential fiow 316 SS Waters Millipore
filtration membrane
housing; Pellicon 2 .
2 | Gasket & clamp Silicone & 13/16" x 1116 Waters Millipore
. polypropylene
3 | Sanitary tee Polypropylene 3" x 12" x 7/16™ id | Waters Millipore
4 |Cap Polypropylene 1" dia , Waters Millipore
5 | Gate valve Polypropylene 3" x 7/16" id Waters Millipore
) 6 | Adapter sanitary flange | PVDF 31/32" x %" od Cole Parmer
- 10 hose barb
7 | Filtration cartridge Regenerated cellulose | 0.1 sqM Waters Millipore
PLCGC ‘ '
8 | Compression reducing PVDF 3/8” od x " od Cole Parmer
union . :
9 | One way check valve; 1 | PVDF/Kalrez %" od x 11" Cole Parmer
psi seat pressure; max '
1235 psi back pressure
10 | Compression union PVDF 14" od Cole Parmer
11 | Sterile filter; 0.3 M PVDF/borosilicate % odx3 1/8" Cole Parmer
pore size glass '
12 | Adapter compressionto | PVDF ¥4 od x " NPT Cole Parmer
male NPT
13 | Tee female NPT %" NPT Cole Parmer
14 | Adapter male NPT to PVDF 14" NPT x %" od Cole Parmer
compression
- 15 ; Pressure indicator 0-100 | 316 SS %" NPT; 2%” face | Cole Parmer
i psi; glycerin filled;;
- accuracy + 3% :
16 | Peristaltic tubing Peroxide cured silicone | 0.19” id Cole Parmer
17 | Masterflex variable 316 SS roliers . Flow 10-333 Cole Parmer
speed drive #77200-12 mL/min (with item
with peristaltic pump #16)
head #77201-62
18 | Masterflex console drive | 316 SS rollers Flow 0.2-20 Cole Parmer
with peristaltic pump ml/min (with item
head #77201-60 #19)
19 | Peristaltic tubing Platinum cured silicone | 0.06” id Cole Parmer
20 | Adapter hose barb to PVDF 3/8” od x %" NPT | Cole Parmer
male NPT .
21 i Tubing Peroxide cured silicone | 3/8” id Cole Parmer
22 | Adapter sanitary flange | PVDF 31/32” x 3/8" od Cole Parmer
to hose barb
23 . | Pump line to filter Viton A" id Cole Parmer
24 | “T” type thermocouple | Teflon coated 30488 %" od J-KEM
.| and digital readout '
25 | Adapter tubeinsert to Teflon " od x 14" 28 Cole Parmer
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il e o e e A L i 0 Description femal e UNF
7 38 39 40 41 42 43 44 45 46 47 48 49 5
%?pglese?)mal e NPT Adapter Bushing nale NPT to fenal e NPT23debtary 2804 PTO

[ [ [ | ess metering Punmp V &
n FMO Qseries variable speed valvel:t
YR 400 Nass VP N speed peristaltic punp wth Eﬁ@ﬁ’/ﬁﬁﬁﬂso}} head

#R 405 Masy eWOPYEIISIar i abl e

Item Description Material of Dimensions Supplier
Construction
female UNF UNF
26 | Nipple male NPT PVDF 14" NPT Cole Parmer
27 | Adapter Bushing male PTFE Y” NPT x %" NPT | Cole Parmer
NPT to female NPT '
28 | Adapter male PTO to PVDF 1/2” NPT x %2 od Cole Parmer
compression
29 | FMI® Q series variable | Ceramic/316 8§ 14" piston dia. Flow | Cole Parmer
speed valveless metering 0-576 mL/min
pump #QV & #R 405
30 | Masterflex variable 316 S8 rollers Flow 29-29000 Cole Parmer
= speed peristaltic pump mL/min (with jtem
) with Easyload IT head #35)
#77201-62 .
31 | Milton Roy® #C731- Polypropylene/Teflon/c | 1" id port Flow Cole Parmer
25T variable speed eramic/PFA/PTFE 2.5-566 mi/min
solenoid diaphragm
pump
32 | Rigid tubing Polyethylene %" od x 3/8" id Cole Parmer
33 | Adapter compression to Polypropylene 2" odx 7/87 12 Cole Parmer
pump check valves ' {custom)
34 | Adapter male NPT to PVDF W’ NPT x3/8"od | Cole Parmer
hose barb :
35 | Peristaltic tubing Peroxide cured silicone | 0.38" id Cole Parmer
36 | Adapter male UNF to PVDF ¥” UNF x 1/16” od | Cole Parmer
hose barb ‘ :
37 | Adapter bushing male PTFE Y NPTx I"NPT | Cole Parmer
NPT to female NPT
38 | Tee female NPT PVDF 1" NPT Cole Parmer
~) { 39 | Adapter bushing male | PVDE 1" NPT x %" NPT | Cole Parmer
o NPT to female NPT
40 | PH indicator probe PVDF/Viton/glass 2" x %" NPT Cole Parmer
41 | Cooling and/or heating | Water (or other media) | N/A N/A
media flow
42 | Heat exchanger - a Glass 38 cminternal x 47 | San Diego Glass Tech
modified graham type cm total length;
condenser with tube reactor volume &0
fittings on both ends mL x cooling
: volume 510 mL
43 | Tubing Viton %" id Cole Parmer
44 | Rigid tubing PTFE Y id x 5/16” od Cole Parmer
45 | Mechanical agitator Glass/Teflon As required Chem Glass
46 | Gas Diffuser Glass Coarse frit Chem Glass
47 | Tubing Tygon R3603 5/16” id Fisher
48 | PH probe with digital Sealed gel filled 158 x 447 Cole Parmer
_[_readout; pn 59002-02
49 | Tubing Viton %" id Cole Parmer
50 | Reactor main loop Viton %" id Cole Parmer
(tubing) - --
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#77201-62 M|l ton Roy(r) #C731- 25T vari abl e -speed solenoid diaphragm um
Ri gi d tubi ng Pol ypropyl ene/ Tefl on/c eraniic/ PFA PTFE Polkgd&ehylaen200apt er
conpression to u check valves Adapter male NPT to hose barb Peristaltic

tubi ng Adagt SYOPR¥IE"UNF to hose barb Adapter bushing mal e emal e
NPT Tee femal e NPT Adapter bushing male NPT to female NPT P%{’é{g’lﬂ tor
probe Cooling and/or heating nedia flow Heat exchanger - a nodified
graham type condenser with tube fittings on both ends Tubi ng

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

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

10  below.
Scheme 1 .
P ) a
’ . NaNO,. H,50,
é 0Con. 6% i
O
4F-D-Phenyisiaine hydrochloide A
MeOH
HCUDioxane
n.2n
) 255%
) o
i
/O/\a‘/lk‘
2A
»Wihe
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Rid tubi ng I\/Echani cal agitator Gas Diffuser -Tubing PH probe with digital-

r eadout ; ;3)%.,%2 Tubin Reactor main loop tubin Mat28iFebruaty 2004

Const r UBt | | on S roll ers Pol ypropyl ene PVDF Peroxi de curemiusdolzbgzane PVDF
PTFE PVDF PVDF PVDF/ Viton/glass Water (or other .nedia) dass Viton PTFE

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

Scheme 2
0 0
1. 1-amino-2-jropancl (104
@—WO + '/<NH Toftx in waer )_ ONa
HN 2.NaOH,refius D
\, 3% e 30
4iorbeaidelyde hydantoin - - g‘:’gﬂm
kr'!'k‘f-s.fid:ys:ulizo
2%
[»] ]

MeOH .1 OH

gllll-
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glln
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A

Scheme 3

QOHJJ{BI K‘)Lc.wl ~KOH_ v/‘L F—Q_Mgar OH

Nj-.i2 lG’Cmn O,Ccul _6.

\ usl(au;;;mnd) u
MeOH

HCOUDioxane
l o Jn.m
iy >35%
- o 1.F—O-Mgar, Cul 2
- | v/"\ HCron
S~ OH 2. CuMcOH, HClfdioxane £
o - n,20h F OH
2A
51% (oot optismioed) | il
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Scheme 4
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Viton Dinensions UNF NPT 1/2" NPT x %od '/™ piston dia. Flow 0-576 rnUnin

Fl ow 29- Z%E)Qﬂﬁgjmfm'n (with item #35) '/s" id port Flow23Febrgpp2004m n W
Qd x 3/%8" 0dx7/8"12 (custom) 'A"NPTx 318"od 0. 38" PdT/ubelisbizx

1116"od W NPT x-1" NPT 1" NPT 1"NPTx3/a"NPT 2"x3/"NPT NVA 38 cminter hal X
47 cmtotal length; reactor volume 80 nL x cooling volunme 510 nL :

Scheme §

Scheme 6

L1 lchﬂHﬂ'HP
1.1 C.3Dm
curHy Cozhty 2 qu.rLlﬁl:

H,, PAC.THF
H,50, (40 psi)
—_— Y

Porcine Pancrease Lipase
pH 12, 3740PC f o
65-70% from AG7174 o

Scheme 7

Et,N acetone Tf 0
leBr n 2 6 Lutidine
E -16°c. >90%

15—85!
55% 90->95% (HPLC) -

gmu o

glll-

gll’rl

o-benzyl ester
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["id "/" 1dx5/16"0od As required Coarse frit 5/16" id ,/s"x4=/2" 16" id W
i d Supplier Cole Parmer Cole Parnmer Cole Partner Col e Par2@drebCane 2004 mer
Col e Parmer Cole Parnmer Cole Parmer Cole Partner Cole Parmer Col e Partner

Col € Part merWeIVUSEyr mer Cole Partner Cole Partner N A Sanpr@iregr&mass Tech
Col e Parner Col e Partner Chem d ass

Scheme 8

1. Nal. THF
——
A [+]
.qu:s

Ol

Y Obn
H

L 2

o
~ ws Y
90-95% GHPLC) 7
) §-4etoesier .

» F

Scheme 9
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Scheme 10
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Chem d ass Fisher Cole Parnmer Cole Parner Cole Farner. 23 February 2004 9 WO
01/ 14576 PCT/ US00/ 23032 The fol |l owi ng exanpl es are provi @8deaberasy 20040r
ill.ustrative purposes of the present invention and are. not to be read as
limting theWOBP&sTI6f protection of the 5 present inventiomherdsaighined by
t he appended clains. EXAMPLES: The foll owi ng reaction schenes 3ep| Cct
exanpl es of the preparation of various conpounds of the present invention,
utilizing various processes of the present invention. In particular, the
schenmes depict exanple preparations set forth herein 10 below. Schenme X 0
4FD. Phm by & 2A a97s ee 56 5 % WO 01/ 14576 Scherre 2 Schenme 3 ZA >~.9Ara

| VaNO NB
Scheme 11

-
E\’J\ uu-nuuu m,cn
acmr 1wt )j!\" i

o L - hON
B | | W)fELM ) \

COMY, PW=175.53
~$1000%g

5

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 sch;eme 1 for the structure of 1A.)

"~ Raw Material Source Amount MW Moles

4-fluoro-D-Phenyl-

10  alanine hydrochloride ‘ 1443.057 380g 219.5 1.73
1 MH, SO,
.(389 mL 98% sulfuric acid
s in 6.85 L water) Stock . 7.24L - 7.24
99.99% sodium nitrite Aldrich 471.5g 69.0 6.92
magnesium sulfate ' Fisher 100g - -
20 t-butyl methyl ether (MTBE) Fisher 3.6L - -
methylene chloride Fisher IL - -
s hexanes Fisher 2L - -



i RE; : i % JA OK Cul 63-7n  CQdom *ddw MyBr, , Cul
N eoee b Lo %algfcl\/gg:e ﬁCL?Jgi(:)xane gbci*mid 57 n-20h B3 Febedaky 2004 bi nd

-J69eeo n : 00/ 23032 | A OH 2A >97%e
bruary 2004 PCTfUS

-toC to a 4’%%(051?459 od) 23 Fe PCT/US00/23032

WO 01/ 1454 Schéme E Schenme 6 5 H2. Pd/C. THE

Pmcédurt;:
In a 12 L reactor, 4-fluoro-D-phenylalanine hydrochloride (380 g) was
dissolved in 7.24 L of 1 M sulfuric acid. The solution was coolc;d to -5° C using
5 .acctone!ice. 'I'heﬁ the sol=tion was slowly charged with sodium nitrite (477.5 g
dissolved in 730 mL wates), keeping the temperature at or below 0° C. The addition
time is typically 3 hours. The solution was held at 0° C for 3 or r;lore hours. Itis

oy important to maintain 0° C during and after the addition for at least this stipulated time
period. The reaction mixture was then warmed to ambient temperature over about §

10 hours and held overnight. At this stage a white solid product, was seen floating in the
reaction mixture. This product was extracted three times with MTBE (using 1.2 L
MTBE per extraction, remembering to agitate the mixture vigorously each time for at
least 15 min.) The organic extracts were dried with 100g anhydrous magnesium
sulfate, prior to filtration. The product was stripped to dryness ("HNMR indicated at

15 least 70% purity). At this stage, ~380.5 g crude product was obtained. The crude solid
1A was taken up in 1 L. methylene chloride and 2 L hexanes and brought to reflux (42°
‘©). 1t was heid for 2 hours at reflux with good agitation, before being cooled to

| ambient temperature. It was then held for a further 2 hours at ambient temperature
with stirring.  After filtration, the cake was rinsed with 2:1 hexanes/methylene

20 chioride. Thg rcacti;)n yielded 148 g (46%) of compound 1A; Chiral HPLC purity
>97%; 'H NMR (CD;0D) § 7.25-7.00 (m, 4H), 4.50 (AB quartet, J = 8 Hz, J = 4 Hz,

1H), 3.15(dd, J= 14 Hz,J=4Hz, 1H)295(dd, J= 14 Hz,J=8 Hz, 1H).
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EXAMPLE 2
Preparation of 1A by enzymatic reduction:

5  Step A—Preparation of compound 3. (See scheme 2 for structure of 3)

Raw material Sonrce Amount MW Moles
4-flvorobenzaldehyde Aldrich 11592¢ 124.11 0.934
0 hydantoin Aldrich 93.53¢ ‘ 100.08 0.934
1-amino-2-prapanol Aldrich 7.01g 75.11 0.0934
IS sodium hydroxide Fisher 187g 40.00 4.68
- sodium chloride Fisher 108.9g 5844 1.86
Conc. HCI (37%) Fisher 31imL — —
20
Procedure:

A mixtun; 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 sodium hydroxide solution (187 g of NaOH,
4.68 mol) and réfluxed for 50 minutes. The mixture was then cooled to0°C and
. charged with 108.9. g of sedium chloride. The PH of the solution was adjusted to about
Sy 8.5 using concentrated HCJ (37%, ca. 311 mL) at ¢° C, before being ﬁltered The
mother liquor was left to stand overnight and ﬁltered again, The precipitates were
30 combined and washed with methanol (about 5L) to get a HPLC purity of >80%.
(Note: this salt is pure enough for subsequent enzymatic reaction, but higher purity
can be obtained by washing with extra amounts of methanol). The precipitate 'was
dned under 2 house vacuum to get a white monohydrated sodium salt 3: yield 70-75%.
Analysis calculated for CoHsO3Fna . H,0: C,48.66; H, 3.63. Found: C, 48.64; H,
35  3.74.'HNMR (D20) §7.02-7.19 (m, 4H), 4.72 (s, 2H) (Note: this sait should be

stored in a refrigerator to prevent decomposition.)
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TFA, a4, 02 , Pc oveffigta 0 97 AG 70 8 23 February 2004 PCTI USO0/ 23032 59 23
February 2004 't WO 01/14576 Scheme 11 PCT/ US00/ 23032 COR%¥ Fegmuary3%)4

41CcoKp AG7M The foll owi ng exanples nore fully describe the preparation of
conmpounds W8 0ih7r esent invention using the nethods of $ReydEes pt
(Se

I nventi on. EXAIVPLE 1 Preparation of compound 1A by diazotizati on.
scheme | for the structure of 1A ) Raw Material 4-fluoro-D- Phenyl - 10

al ani ne hydrochl ori de 1MR2SO4 (389 nL 98% sul furic acid 15 in 6.85 L
wat er) 99.99% sodiumnitrite magnesiumsulfate 20 t-butyl methyl ether

(IvrI'BE) met hyl ene chl ori de
: Step B—-Preparation of 1A from 3

Either the MEEC method (procedure B1) or coimmobilization method (procedure B2)
5  may be used to prepare 1A.

Procedure B1: Preparaiion of 1A using the MEEC method
Raw material Source{catalog #) Amount MW Moles

10
Compound 3 - 1.1g 222 0.05
_ D-lactate dchydrogcnasc
; i'.ﬁ) s (D-LDH) Sigma (L 9636) 1900U - -
S formate dehydrogenase '
(FDH) Sigma (F 8649) 1250 — —_
" NAD Sigma (N 7004) 334mg 663.4 0.0005
Sodium formate Sigma (S 2140) 10.25¢ 68.01 0.15
mercaptoethanol Sigma (M 6250) 39mg 78.13 0.0005
25  Trizma ) .
hydrochloride Sigma (T 6666) 400mg 157.6 0.0025
EDTA Sigma (E 1644) 186mg 3722 0.0005
30  DL-dithiothreitol Sigma (D 5545) — —
Dialysis membrane |
(MWCO 12,000
) 35 -_14.000} VWR (25218-435) — — —_—
Procedure: |

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

tubing’s (ca. 2 mL each) using an Eppendorf pipette. The other ends of the tubing’s
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hexanes 25 Sour ceAmobunt MWDl es 1443-057380921951. 73 St ock7. 24E7. 24

Al drich477.59g69. 06. 92 Fi sherl 00g Fi sher3.6L_ Fisher | L Z2BiFeharap 2B
February 2004 14 WO 01/ 14576 PCT/ US00/ 23032 Procedure: In a 12 L reactor,
4-f1 uor o- De pRENI¥HF%ni ne hydrochl oride (380 g) was di ssol vgeriidbodsdst L Of
1 Msulfuric acid. The solution was cooled to -5 C using 5 acetone/ice.

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

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

It is. .
for at |east f"ﬁf“s“cgtaPnEEHsa?f@dﬂfllerfeaqﬁen-mrﬂlfyoteem& wantakindokSud@s t hen
war med to anbi ent tenperature over about 5 10 hours and held overni ght. At

this stage a WHFR&raaasebloandmaks suathesaos dol 10adap8O Arforl & seh@PGiY
m xture. This product was extracted three tines gmé)?h %TBE (gSSI ng Hfﬁg L

MIBE per ext r tequghthe sobsipnesemdge CO,.2Thd &k:Rurk s Thekls Wi ?e’tj“??l}f each

time for at least 15 min.) The organic extracts were dried W

an md,? ; ous m(agf:leSN s;ygzkgg;imééa e e vjﬁb.ltﬂf} pH-behe. Bdrdeed 20idd FUG HGSos, " PPed
-~ 5 conversion by HPLC). The dialysis tubing’s were then removed. The stirring was
continued for about 6 hours in 100 mL of 50 mM Tris buffer (pH 7.5, 5 mM
dithiothreitol). (Note; the enzyme-containing bags can be reused by storage at 4° C in
30 mL of 5 mM tris buffer (pH 7.5, 5mM dithiothreitol)). The agueous Jayers were |,
- combined and the solution adjusted to a PH of 3.0 by slowly adding concentrated HCL.
10 The solution was extract with MTBE (50 X 4 mL), dried with MgSO, and
concentrated to a .crude oil. The oil was solidified in 250 mL. of hexanes/methylene
- chloride (2:1) and filtered. The filtrate was then concentrated and solidified again in
50 mL of hexanes/methylene chloride (2:1). The white solids were combined and
dried under house vacuum to yield a white solid 1A: yield 7.2-7.4 g (78-80%); HPLC'

15 purity >95%.

-

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

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



15 least 70% purity). At this stage, -380.5'g crude product was obtai ned.
The crude solid 1A was taken up in i L nethylene chlori @8 Fehdiaky 2O0Exanes
and brought to reflux (42 C©. It was held for 2 hours at reflux with good
agi tati on,gb¥MWMNE4HEi ng cooled to anbient tenperature. |t ppgmsidishel d
for a further 2 hours at anbient tenperature wth stirring. After
filtration, the cake was rinsed with 2:1 hexanes/ nethylene 20 chloride. The.
reaction yielded *148 g (46% of conpound I A; Chiral HPLC purity >97% 1H
NVR (CD30D) 5 7 25-7.00 (m 4H), 4.50 (AB quartet, J =8 Hz, J = 4 Hz,

1H), 3.15 (dd = 14 -Hz, J= 4 Hz, 1H) 2.95 (dd, J=14 Hz, J = 8 Hz, 1H). 61
23 February 26@&@@%@5@%@@@@%&%&2 EXAMPLE 2 Preparation of |A by
enzymatic reduction: 5 Step A-Preparation of conpound 3. (See scheme 2 for
structure of Baywmmeniel vt or| Shucfionrt e Ammwint MA\tves Moles

4-f| uor obe Zaf‘f{ﬁ@iyngAI drichll15M 10S124.110. 934 ,

hydant oi n 00 0drigB4 1- aH0%0- 2- pr &8ahol Al dri.eh7. 01S75. 110. 0934
15sodi um hydr 87g#Q.004. 68 odi um chI or| deFi sher 108. 9g58. 441. 86
20Conc. HO (Bf%fl Fi sh‘%ﬁ%ﬁ%mq Hoy ocedU? Wre of 100

4-f | uor obenzakigtpinyghe, hydanh@ig, and gpam no 2131 1;3pano| {&O% in water (235

m.) was rédluxed for 4 hours (130-135 . The mxture was . .
_ 2,6-di-tert-butyl-4-
~ Procedure:
15

N

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

(m, 3H), 2.85 (s, 4H); FTIR (Nujol) 1800, 1775, 1735, 1260, 995, §70 cm™'.
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25 charged with 935 g of 20% hot aqueous sodi um hydroxi de solution (187 g
of NaOH, 4.68 nol) and refluxed for 50 m nutes. The m xRafFebweasy 20Eh
cooled to 00“@"%(1 760harged with 108.9.g of sodiumchloride. The pH of the
sol ution V\?S ad) us? ed to about 8.5 using concentrated HCl@EgfifsofiRgs311 )
at 0 C, before being filtered. The nother liquor was left to stand3
overnight and filtered again. The precipitates were 30 conbi ned and washed
w t h net hanol (about 5L) to get a HPLC purity of >80% (Note: this salt is
pure enough for subsequent enzymatic reaction, but higher purity can be
obt ai ned by 0 i ex unts of nethanol). The precipitate was
dried under ﬁgﬁéW%ﬁ%°Egﬁ£% whi t e nonohydrated sodiumsalt 3: yield
70-75%  Anal §si 5..5a] cul ated for COH6MBFna. H20: C, 48.66; H, 3.63. Found:
C, 48.64; H, e = 4. 72 (Moles2H) (Not e:
this salt shavhyidfucciingd.ed in a refrigerator to prevent deconposition.) 62
23 February 2004 $ W) 01/14576 5 . 10 15 3% 25 St epléB! Prepar @tizon of 1A
from 3 ' PCT/ 3898%i@3032 Ei t her t hggMFEC ma&.‘t}od (procedure B 1) or

coi mobi | i zatjon method (procedure B2) nay be used'®® prepasés 1A

Procedur g,BL: A eparation of 1A Aleicng t heyMgEC net hgd, Raw megerial Conpound

3 DIl act atoe q¢gRydrogenase (D-LDH) 1
Fisher 25L°

Procedure:

15

N~

Acrylamide, N-acryloxysuccinimide, AIBN, and THF (2.5 L) were charged in a
5 L flask. Thf. solution was degassed with argon for 30 minutes under vigorous

stimng and then refluxed at 50° C under argon for 24 hours, (Caution: this reaction is

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

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

2 ‘ :
0 4). The product was dried under house vacuum to yield PAN 500: yield ~304 gofa

very fluffy, white powder. FTIR (Nujol) 3340, 3200, 1730, 1660, 1210, 1070 ¢

(Note: this polymer should be stored in a drying dessicator),
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mer capt oet hanol Trizma

F NAD  Sodi um format e 2000
L%?gfzﬁl g(raihégrc&%_(la_gagg D(L(EJ):-? hi ot hreitol Dialysis nmenbran@3 Rebegy 2Q0

p‘g;ﬁe: Sou catalo # Anount MW Mbles Sigma (L 9636) 11.18

i Si gma
222 0. 05 19000 HE F8645) 1250 S (N 7004) 334ty S0%ctnyals SigT
' .01 0.15 Sigma 78.13 0. ( LS
300mg 157.6 0. 0025 Sigima (E 1644) 186m9 372.2 0.0008 Sigma (D 5545 R

(25218-435) 3, sodium formte,

mer capt oet hanol , Tri zma hydrochl ori de and

| ution was
EDTA were dissolved in deionized water (500 nL) and the solu

[ ' dto
' Lhutes. The sol ution was adjuste
degassed wt hswp@%iﬁ&okgw%ggbﬁom%qﬁli

a pH of about

10

15

20 -

7.5 using
Raw material Source Amount MW Moles
tricthylenctetramine 7
(60%, TET) Aldrich - 146.24 —
MgCl;6H,0 Sigma 50mg 2033 0.24mmol
Sodtum pyruvate Sigma 50mg 110.0 0.45mmcl
NADH Sigma SOmg 709.4 0.07mmol
sodium formate Sigma 306mg 68.01 4.5mmol
NAD Sigma 11img 663.4 0.17mmol
FDH . Sigma(F8645) 200U - -
D-LDH ' Sigma(L2395) 5000V ~ -

Hepes Sigma (H 9897) — — —
DL-dithiothreitol Sigma (D 5545) — — -

~ ammonium sulfate Sigma 1.32g 1321 0.01mol
Procedure:

30

5000 U of commercially available D-LDH in 3.2M (NH4).80, was centrifuged

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

35

Hepes buffer (pH 7.5), and dialyzed against 500 mL of 50 mM deoxygenated Hepes
buffer (pH 7.5) at 4° C under argon o;rcmight with stirring. This solution was charged
with 13.0 g of PAN 500 by adding it to a SOO-niL beaker to Yvhich was added 42 mL of
0.3 M Hepes buffcr {pH 7.5) contairing magnesium chloride, sodium pyruvate,
NADH, NAD and sodiym formate. The mixture was stirred vigorously for 1 minute -
before DL-dithiothreitol (650 uL, 0.50 M) and TET (5.53 mL, 0.50 M) were added to
the mixture. The mixture was then stirred for 1 minute before D-LDH énd FDH were
added. (Note: the mixture gelled after ca. two additional minutes of sti;ring). The gel

was kept at room temperature for 1 hour before ca, 200'm17, of 5 mM Hepes buffer (pH
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M, and NAD (1% added. Four dialysis tubing's (ca.4 cmlong each) were
rinsed with deionized water and one of the ends of each Md?g&bfluarﬁéto%f Wit h
t hread. FDH ofiss DH were dissolved in an 8-nlL aliquot of the reaction

m xture angt transferred to the 4 ‘tubing's (ca. 2 nL each) mSiA@oasi:
Eppendorf pipette. The other ends of the tubing's 63 23 February 2004 WO
01/ 14576 PCT/ US00/ 23032 were tied and suspend in the reaction m xture.
(Note: care was taken to exclude as nmuch air as possible and nake sure

there was no | eakage). Argon was gently bubbled through the solution to
roomtenperature for 3 days

renove CO2. T 1%L ur e S n.stirred at

keepi ng t he p? Sa@"?".g‘éﬂ? 1-\3% @ﬁk%‘iq) Wwag gidedo (The gelaviibroken in ®Wakinybldgder( >95%
5 conversion bty HPlﬁ?C%. The_ dialysis tubing's were then renoved. The
stirring was 2COXEPerdder 3 minuiesend then hchighsspiead 10980 sétondy TR BMaltidiss buffer
(pH 7.5, 5 mwwa%gghicz;ih&ei tolf%g.h (Note: the enzyne-containing bags can be
reused by sto Rafa Gentrifégation, vakhed Wit 20 # '
dithiothreitol)). The aqueous |ayers were coir?%idzgghgﬁg{ep%egusf%Qth

adj usted to a’ scpadtel ygaih bybanriFdeliigg, concentrated HCl. 10 The sol ution
was extract Vr\étth MIBE (50 X 4 nmL), dried with MgSO4 and concentrated to a
crude oil .5 Thitep#d! Praparation 6014 bl doimanPinghiQf hexanes/ met hyl ene chloride
(2:1) and filtered. The filt ratsglqgvvas tﬁglrllﬂ%:uéﬁcent rated and solidified again
in 50 nL of Rwesnesml met hyl ghge Gibhg) de (%ml»?. " The ite solids were

conbi ned and dried under house vacUUMTO VT € Hite—sol--Males: i el d
7.2-7.4 gm(78’9‘8@%";3 HPLC 15 purity >95% 1Erogcedu ey,B2: Prep%rogéi on of 1A
usi ng)t he coigmmmhi | i zation method This procedure was carried oUt in 4
steps. The fiy. ;? 'Z5hs t he preparation of N-acryl oxysuccininm de. The
second was the preparation of -PAN 500 by =& radical 20 copol yaeri zation.,

The third wasiap coi mobi | i %’lg%@,ﬂm FDH apd D-LDH. The last step was an
enzymati dSreduction of the a-keto dcid soth’U¥h salt %3¢o gi vePH2564

sodium formate Sigma (S 2140) 410z . 68.01 0.060
mercaptocthanol Sigma (M 6250) 19.5mg . 78.13 0.00025

20 Trizma . |
hydrochloride Sigma (T 6666) 150mg 157.6 0.00095
DL dithiothreitol Sigma (D 5545) -

25
Procedure:

. ) 3, sodium formate, mercaptoethanol, and Trizama hydrochloride were

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

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

removed by centrifugation, and washed twice with 50 mI. pbrtions of degassed water.
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23 February 2004 |1 WD 01/14576 t, PCT/ U500/ 23032 Step 1: Preparation of
N-acryl oxysucci ni mi de Raw materi al Source Amount MWDl es ZAdTeprusyy 2604 or i de

Al drich .10 10 N-hydroxysuccinimdc A drich |1159g115.101. 00 10tri et
0 /3
ylamne Algric 101. 191.09 2,6-di-tent butyl- 220.360. 00/23032

met hyi phenol (BHT) Aldrich 50 ng 15Procedure: N hydroxysuccinimde an
triethylamne were dissolved in 1.5 L of chloroform at 0 C. Acryl oyl
chl ori de was added dropwi se over a 20 mnute period and stirred for an
additional 20 mnutes at 0 C. The solution was washed with ice-cold 800 nL
portions ofg%t_ﬁﬁeghgglgsatur.ai ed prine, then dried with MgSO4 and filtered.
50 my of 20 BHI was” adaai iIe Rt cambeieused bynsooige i 491G inaSIML RS @iV at ed to
a vol une of-;-“:CpMd filtered. Slowy, -30 nL ethyl acetate and 200 nL
hexanes wer € 244& - RenMghithiathreitollhi | e stirring, before being left to
stand at 0 C foE[BZ hoursl. The white solid produced was filtered and washed
first wth ice-c8f&ueos Ipjerswora nambiatdyld the : e i,th 100 nL
K adﬁéa&%"l%éﬁr?@%yx 2).

hexanes/ethyl acetate (9:1), and finally with hexanes

(Not e: t hi $heheveadditioni of concest, 2EDHCN. The HSJMS h ration of PAN
500 di ;cl ;;Sd bel ow). The crystals .\/\/erg‘%gri 2%‘%’%3‘8‘?“’@6@@% gt t o yield
N- acr yPoxyduiodried iwithddgS Qi 2l dodcbBirfled ; 68-70 .C. 'H NVR (CDC13) 8
6.0-7.0 (m 3H, 2. 85 (54, 4H‘)D; FT|R‘?%?’%F?R‘f%ﬁ'b,mft}cfsfmi?éaaslzeo, 995,
870 Cm 1. SWmia iF oSy MBS B 0 20 e

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

) white solids were combined and dried under house vacuum to yield a white solid
product, compound 1A: yield 7.2g (78%); HPLC purity >95%.
10  EXAMPLE 2A -
Preparation of 1A by enz .ati i i i
e b, invenﬁo;}{: ymatic reduction using the continuous membrane reactor of
15
Step A—Preparation of compound 3.
Raw material i
‘ equiv,
. H_ﬂuoro-.benzladehyde D 1.0 12\30185 fZZV] I ;mﬂum
i) : yda‘ntmn 1.0 20 100.08 2 o
_1-amino-2-propano} 0.1 2 75 l'I S
Wat-er : 1 0.25L/mol of () — --. T
Sodium Hydroxide (pellets) | 5.0 100 40.00 000
‘ ;Nater ' 5.0 L/g of NaOH — —-‘ o
odium chioride (granular) | 2.0 40 58.44 5 Lg ‘
1 HCI (cone.) 150 100 36‘46 2
Methanol 3.33 L/mol of (I) — — 2622 IL:
- Procedure: |
20 i i
~ Toa50L reactor equipped with a temperature probe, reflux condenser, agitator

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

refluxed for about 10 hours. The solution was monitored for the disapp%w of p-
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LIEEERFEEE} LEREEERTIN wmwm“._”. L o R
: aration of PAN 500 SRaw material Source
Eﬁ:grii os;ggcci ni m do 30g169. 10. 178Ta(élr:yl ﬁm ge,éll_dlralr g?é;ﬁ?iﬁeggﬁﬁgﬁ4am e
[ 75 10. 164.210.011 S i sher 2. : 3
@2%{,?&;23&%’%&, Al BN, and THF-(2.5 L) \_/verte chargg? L{gﬁ%ﬁ,?ﬂﬁlask.
' [ was degassed with argon for 30 m nutes un o _
-sr'??rfio'n;t :agg t hen rgfl uxed at 50 C under argon for 24 hours.tECﬁuELgpgeéhl S
reaction is exothermc during the first 1-2 hours). It was e

i i inutes. The precipitate formed was
f fered off ond wasted i th ToF 12 LmX 20 4). Thg product was dried under

i ith THE _
LloLtsgr Sgcﬁfﬂn ?@ng%%gﬁ%i%mm (Z%ngamgbﬁgl Nﬁ(éﬁdcﬁqemnmﬁi hi s
wder. FTIR (Nujol) 3340, 3200, 1730, 1660, , . ote: Lh

B& ymer - shoul dldsydspetenifiom 18 pomyio 1@ shes s Thekabdon B F&%&% 1 Raw

3: i i 1ization of FDH and
gr]a-{ (]a-f;SZAI(SSE gl: Wi’s :h: 5&%@5&% [ABbWnly a 35% conversion, however,
| 'H NMR showed about a 90% conversion. It is thought that the HPLC method
5 . indicated an inaccurately Iow conversion due to the strong chromophore of
benzaldehyde.

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

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

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

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

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

s

between about 8.0-—8.5: Whilst #djusting the pH, the reaction temperature was
maintained at a temperature under about 30° C by regulating the rate of acid addition.
Aftex; about 4 hours, the resulting reaction mixture, in the form of a pale yellow slurry,
was filtered through a table top buchner funnel fitted with #1 filter paper. The wet
20 cake was then washed by-r returning it to the 50 L reactor, adding to it about 33.35L
methanol and then stirring it for I5 minutes. The solids are again filtered off using a
: _huchner funnel and the wet cake washed using the same procedure again using about

- 33.35 L methanol.

70



(60% TEI)Aldrichl146.24 MyCl2 6H20Si ena50ng203. 30. 24mmol  10Sodi um
pyruvat eSi gna50ng110. 00. 45l NADHSI gna50ng709. 40. 07moR3 Febawinu 004
format eSi gnadN6m68. 014. 5ol NADSI gnmalllng663. 40. 17nmol  FDHSI gna
( F8649) 20 'ﬂ%f‘f’ﬁl—ISi gma (L 2395)-50000 25Hepes Signa (H %gg,% Ry
DL-dithiothreitol Sigma (D 5545) - anmmoni um sul fateSi gma 1. 329 Vo o8 0lnol
Procedure: 30 5000.U of commercially available D-LDH in 3.2M (NRa) 234a was
centrifuged at 4 C for 10 mnutes. The resulting precipitate was di ssol ved
in 3 m of 0.3 M Hepes buffer (pH 7.5), and dial yzed agai nst 500 nL of 50

pH 7.5) at 40 C under argon overnight with

mM deoxygenat ed %Ss . buffer
stirring. This S8 {rsilting washed solidg axgre then dﬁeﬁﬁn&:&vdﬂfat%ﬁméﬁgeﬁ%n%addi ng it to
a 500-m, beaker to which was added 42 m, of 35 0.3 M Hepés butffer (pH

7.5) cont a?"ﬂ‘i“’l‘iémﬂﬁég’ﬁ@wmﬂwdiduofohddaysi@ﬁbldrﬁl\ﬂ)ﬂé‘waffﬁzhiteNﬁ%"b NAD gnd sodi um
f or mat e. Tgearlﬁgngre was stirred vigorously for 1 mnute = HBPYR

DL- di t hi ot Ar éne plodiad was 2809 phie bV RE > : 50 were added to
the m xture. The m xture vvag t hen sti(r;gggmﬁggtﬁ%y%&$?ﬁ@°‘b‘e7%efb LDH and FDH

ver e addedNMRNGD©) St7A02-711 {nblk ,48hledaf ter ca. two additional mnutes of
stirring). The gel 40 was kept at r'ooritenperature for 1. hour before ca.

200 mL of 5 mM Hepes buffer (pH 67 23 February 2004 WD 01/ 14576

Step B—Preparation of com i
- ompound 1A uvsing th i
ent invention : 1SIng the continvous membrane reactor of the

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

") Procedure:

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

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

was added 6.75 L of water that had beep filtered through a 0.2 uM or finer filter 'fhe
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o dded. The gel was
00/23032 7.5, containing 1.32 g (NH4)2SO4) was a

Eg{(gﬁ in a Waring blender at |ow speed for 3 minutes add Ftehmr)afﬁowﬂ ?h

spéed for 30, seconds. The gel particles were separated by centrifuga Lon,

washed wi t& gﬁ)%ﬁl“%f 50 mM Hepes buffer (pH 7.5), and segar_@g/gtd?ag%@fg 135/ 2o
' ' ; ' | A using coimmobiliz

centrifugation. 5 Step 4: Preparation of R e

terial Source catal o #Anount M\Wbl es conpoun . 10g . .
gii mbin?i zed D-LDH and FDH Sigma (N 7004) 167 ng663. 40. 00025 NAD sodi um
format eSigma (S 2140) 4. 10868. 010. 060 ner capt oet hanol Si gma (M

T ' 157. 60. 00095
0) 19. 5ny78 025 Tri.z Si %T 6666) 150m g _ _
ﬁsgréchl op?deﬂ%ﬁ?gvaﬂlgt fRdrged I@‘%&E" Isasizbayt30mmiottesiur e 3, sod: umd .
formate, mercaptoethanol, and Trizama hydrochl ori de were 30 di ssol ved i

i oni zed wat er PRSP &rvees thea addsidue therl 2defiesk andldiviol Ved a0 @ de@hssad
(rjn'elnatn:e;.e' The sol l(JtiOI’l was adjusted to a pH of about 7.5 and NAD (1% added.

The = coi nunobVHpLBereDiorgwithDem BbhiBmNommte WRY Bedsiethandy mﬂn&ﬁﬁ%gg@ te Iny
bubbl ed through the solution to remove CO2, and the m xture wa
stirred at r cwgon purge, the resulting solution was stirred until all the solids had dissolved. Once
5  dissolved, the pH of the solution was adjusted to about 7.0 using 1 N sodium
hydroxide. B-NAD was then added to the reaction solution, and stirred to dissolve the
. solids. The pH was thén adjusted to about 6.2 to yield a substrate solution.
| The enzymes, Formate Dehydrogenase and Lactic Dehydrogenase, were then
dissolved using 100 mL of the substrate solution before they were added to the reactor
10 by pumping them in through the substrate feed line. The rate of pumping began at
about 1.0 mL/min. Care was taken to maintain the pH of the substrate solution at
about 6.2. The effluent (or permeate) was monitored for conversion by HPLC (254
nm). The pH of the effluent was aiso checked frequently, which also helped to
monitor the conversion (should be PH =7.3-7.4. The feed rate (the rate of pumping)
15 was adjusted as necessary to increase the conversion and/or the throughput as it was
Y peeded
. Once the substrate had been completely fed through reactor the resulting
permeate was worked up.by acidification to a pH of about 3.0, using concentrated
hydrochloric acid. The resy lting solution was then extraction with MTBE, divided into
20  three separate portions. The MTBE extracted solution was washed with brine, dried
-over magnesium sulfate, filtered and concentrated on roto.vapour to yield a yellow oil.

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

. Slowly, 1.62 L he_xanes were added to the solution, and the solution heated to reflux,
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tenperature for 5 days at a pH of about 7.510.1 by the pHstar. controlled
addition of 1 35 MHC (>91% conversion by HPLC). (Note: Z3Heebiday@P0éxcess

to a shorter reaction time, see MEEC nethod.) The

sodi um f or mat,gql
R0l renmoved by centrifugation, andpremesmgsisyi ce

enzynme- con€ai ning gels were
with 50 niL, portions of degassed water. 68 23 February 2004 WO 01/ 14576

PCT/ US00/ 23032 (Note: the enzyme-containing gels can be reused by storage
at 40 Cin 50 nL of 5 MM Tris buffer (pH 7.5, 5 nMdithiothreitol)). The
aqueous | ayers were conbined and the solution adjusted to a pH of 3.0 by
the sl ow adggdsd $ t Cl . The product was extract, with MIBE
(50 X4 5 %@grlgeg%ﬁg%wd concentrated to yield a crude oil
product. The oil s.solidified in 250 m, hexanes/ nethyl ene chloride (2:1)
and filtered. Th%\é@HE’P CEwasien flioredoff and washethas saike siithi 1T agabn i n 50 nlL
|loride (2:1). The white solids were conbined and dried

hexanes/ rretg%l ene. |
AR BOPethang salutibi.t Bresdshell softOMS thenGRBRANAS RdAe Yi el d 7. 29

under house
(78%; HPLC purity >95% 10 EXAMPLE 2A Preparation of 1A by enzynmatic

reduct i on uSiCHYM fdhree days atousm termpeirae o FiBRGHRL d;”hen?r i nvention:
15 Step A-Preparation of conpound 3. Rawﬁrrateri'aelqjgc‘:]vui V. I’ﬁ%&gﬁ enzl adeh de
{nl es _FS- Wkt it% @atity 91% by HPLC) with a productivity of the reactor of 280 g/(dx L).

I
H NMR (CD;C1) §7.25-7.00 (m, 4H), 4.50 (AB quartet, J = 4, 8 Hz, 1H), 3.15 (dd, J

= 14 Hz, 1H), 2.95 (dd, J = 8, 14 Hz, 1H). The enantiomeric purity of the

) .
corresponding methyl ester of the sample was >99.99% (Chiralpak AS, 4.6 x 250 mm, -
10.0 pum).
10
EXAMPLE 2B
Preparation of 1A from 3 using the continuous membrane reactor of the present
invention:
Raw n.laterial equiyv. Millimoles F.W, amount
Ketoacid salt, 3 1.0 5400 222.14
| Mercaptoethanol 1.0 mM 27 78 1.3 21.2 kgg
o ) Ammonium formate 4.0 21600 . 3
) o 63.06 1.36 kg
ENAD . 3.0 L/mol of 3 — — 27L
e Do 001 54 663.4 3582 ¢
ydrogenase | 20,000 U/Liter of | — — 30,900 units
e reactor e
ctic Dehydrogenase 400,000 U/Liter | — i
Hd ( ), oot - 618,000 units
conc. —
— 36.46
M'.I‘BE 6.5 L/mol of 3 — — 3}'\5:1}]1650 .
Brine : 1.1 L/mol of 3 — — SS;
- 1 Magnesium sulfate — >
Dichloromethane 146 L/molof3 | — — 7.88 L
Hexanes 2.93 L/mol of 3 — - 15 8L

15 Procedure:

Once a continuous membrane reactor of the present invention had been
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100. 082002 | - ro ano0.12 WaterO

H dantoi nl 20124. 112482 0 am no-2 . W.0 40 0@3 Febtesy 20040- 4000

?Sr75.11150 Sodi um Hydr oxi deHersS --~'S. A -- : S vAngs
lar2 '20.0 L O HC1 . 2 conc.5 40
(I\)/Lt Egﬁ](;ll >0 %Chl 3% de {u PCT/US00/23032

assembled as shown in figure 2, parts 1 and 2, havipg a capacity off 1.545 L, the
reactor was washed with 0.02% v/v solﬁtion of peracetic acid in 0.2 pM filtered water,
Le., water that had been filtered through a 0.2 uM or finer filter, until about 15 L of the
solution had been removed from the permeate port. The reactor was then flushed with

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

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

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

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

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

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

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

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

- also helped to monitor the conversion (PH should be 7.3-7.4). Note: The feed rate may
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3 33 111- Procedure:ol of (I)lI --66.7 L 20 To a 50 L reactor equipped with
a tenperature probe, reflux condenser, agitator and cooP? fgban 4004as

added 2. 482 @%oﬂf 59'” uor o- benzl adehyde, 2.002 kg hydantoin, and 150 g of
1-ani no- 2-pr opandf>n water. The resulting mixture was heatedusabsosefl | uxed

for about 10 hours. The solution was nonitored for the di sappearance of p
69 23 February 2004 W 01/14576 PCT/ US00/ 23032 fl uor o- benzaadehyde by both
HPLC (254-nm and by 'H NWR (the novenent of the al dehyde proton from 10
ppmto 7.2 ppm) The reaction yielded a yellow slurry. HPLC anal ysis of

t he yel |l ow sl ed to show only a 35% conversion, however, 'H NWR
showed about %@%‘%@%ﬁ@%ﬁ%ﬁ?" “‘s@ﬁfé{&l@hﬂ threnshpytaatees siret. B 5

i ndi cated an gon‘e}ccurat eé}/] | ow conversion due to the strong chronophore of
benzal dehyde. “CR"E¥RAVat wuad o berfOA5d% bxHBBCi n wat er sol ution was t hen
prepared which was heated to about 98C. This solution was then carefully

added to the yel | &edhainitial solition comtaintrigatd0 Fof B8 bu&ed e me allixed for
about 3 hours, before being allowed to cool to 10 room tenperature. Again

t he reacti on aPthexsubstmtessohunioi: tonthing YO kS rfrgééedm)thcf Qe lﬁnge,ggrrpl ete

di sappearance of the condensed internedi ate peak. The res I'ng reaction

m xture wds idescribed dbonvewas prepiréadl E%E&[R& llzow sol utian. .Once the
reaction mxture was cooled to aboﬁ? 0 C %Q%%cgog'mwgeﬁegé’““%s added
and t he reactetairofm 3 bRy i i inin he cool ant flow a pH
15 probe was inserted and concent r'a%dé%ﬁﬁolg%?%ﬂncg%mﬁmstwfadj ust
the pH to bebysRay rbRll 5. Whilst, adjusting the pH, the reaction

t enpey at ur e vvasqﬁmai nt a?%%%tg%c%{wf@r?ﬂ@%a%#‘g WS dHad A begregrer tan 0% byul at i ng

t he rate of y ¢ addition. After about 4 hours, the resulting reaction
m xture, in the formof a pale yellowslurry, was filtered through a table

top buchner mLﬁi3tted with #1 filter paper. The wet

10
Preparation of 2: (See scheme 1 for the structures of 1A and 2A)
. ‘
OCH,
OH
2
I5  Raw material Source Amount MW Moles
| ) 1A 1443-111 144g 184.2 0.781
- 2 methanol Fisher 950 mL - -
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 stﬁppcd off under vacuum.
30 The concentrated product (oily at this stage) vfas agitated vigorously with an overhead

stirrer, whitlei 300 mL of hexanes was added slowly. Agitation was maintained for 30

75



20 cake was then washed by returning it to the 50 L reactor, addi%r’ltgqto It
b 4 ds are

about 33.35-L - nethanol and then stirring it for 15 ni nuge§ebrRy
and the wet cake washed using

again filtered off using a buchner funnel
the same peoctdM¥5%yai n using about 33.35 L methanol. 70 @rﬁﬁ?fa&bﬁ{y 2004
en dried

5 r WO 01/14576 PCT/ US00/ 23032 The resulting washed solids weré
house vacuum for about four days to

I n an oven at roomtenperature under
conpound 3. The product was >80% pure by

yield a white to off-white solid,
HPLC (254 nm with a yield of about 75% 111 NWR (D20) 3 7.02-7.19 (m 4H),

4.72 (s, 2H). St ~Preparation of conpound 1A using the continuous
menbr ane react’%?&gﬁ' I%'E?{%PJ')‘BF é4.¥ms aipawdenyisolirl atRais/stagd. F wad doolddqy I(M(Hﬂd"i ol esk
1 un 30. M 1350222 1299 149 ercapt oet hano

am v.W P2- hydroxy K 1 . U
tered to yield a solid product. Further, the filtrate upon concentration also yielded 4-

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

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

)
4.50 (AB quartet, J= 8 Hz, J =4 Hz, 1H), 3.82 (s, 3H), 3.15 (dd, J = 13 Hz,/J=4 Hz,
1H),2.95(dd, J= 14 Hz, J= 7 Hz, 1H), 2.85 (br.s, 1H). (Note: enzymatic methods
10 lead to compound 2A with >99.9% ee). |
EXAMPLE 4
Preparati@ of 1C: (See scheme S for the structures of 2A and 1C.)
15  Raw material __Source Amount _ MW Moles
2A - 200g 198.2 | 101
20 MTBE Fisher 4L - -
) 99.99% Triflic anhydride Aldrich 484g 202.1 L7 -
2,6 Lutidine Aldrich 184g 107.1 L.71
25 1 M Citric acid Stack 2x1L -
Satd. Sodium bicarbonate stock 2xIL - ]
o Anhyd. Magnesium sulfate— 150g - -
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‘5.0 LInp of 363.06340.5 6.75 L.

MML3 4.05400.527 mf 195 Fr:
0. Ogl 3. 2622784 20,000 U Liter of .4.800 units reactor 4083d®brugry20@4 96 000

units of re

k:
3
)
10
15
20

or - HCl (conc. 6 36.46, MIBE5 L/ nmol AR -450 nmmL f3 . o
0 01/14576 ' PCT/US00/23032

| Procedure:

200g of comipound 2A was dissolved in 4L. MTBE under nitrogen and cooled
to~10° C. The triflic anhydride was added via an addition funnel over 15 minutes,
followed by the slow addgition of 2,6-1uﬁﬁe via an addition funnel wherein the
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.r The top organic layer was then separated and washed twice
with 1L (1M) citric acid and then twice with 1L saturated sodium bicarbonate solution,
It was then dried over anhydrous magnesium sulfate, filtered over celite, and stripped
to an oil under vacuum to yield compound 1C. Yield of 1C, 340g (95%); '"H NMR
(CDCl3) should indicate that the compound is greater than 95% pure. (Note: If the
conversion is not complete, repeat the above steps depending on the extent of
conversion.) After this rework operation had been carried out the isolated product
conformed to >95% (‘H NMR) purity. This njﬂatc, cémpound 1C, shonld be stored
cold to prevent decomposition,
EXAMPLE 5

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

Teferred to in cxaniples 5-9).
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. VCE)

' ‘ 1.49 L o D chl oronmet hane
' 1 LUm | f 3. M esiumsulfateo 9 _
?“426&/ ?rblmofL 32 He00 L 10xanes2.93 1Jmol of 3. 3.96 L Prodediasy 280&uri ng

nmbrane reactor (240 nilL) was assenbled as set forth in the

thgsgg?thggﬁ@sﬂgﬁgﬁs shown in Figure 2, parts 1 and 2, th@ﬁltiﬁ%&éﬂ?;g\t/\gls o
Iorshed with 0.02% v/v solution of peracetic acid in wat_(le_[] u |hatotal ol
> i d 15 been renoved fromthe perneate port. en,

2.5 liters ha _ Li08 o) e

. , capt oet hanol _
2.5 L of 0.2iMfiltered water and O. 1n1\/|_|_ge; 12 L round bottomflask with

to flush-the react or.
8\23??\1{323 Stn‘:erSEduDJ-‘ neter and a_gas di ffuser_t was added 6TEZ\45&O;3Mter
t hat had- been%ﬁwn@raﬁﬁi—p.—l%

February 200%L%aiD 01/ 14576 copiochem 99 251 0.796
| 5  Carbonyldiimidazole (CDI) Aldrich 135g 162 0.836
Anhydrous THF Fisher 33L - - -
1M Lithium bistrimethylsilylamide
10 in THF (LHMDS in THF) Aldrich 2.78L 1M soln. | 278
t-Butyl acetate Aldrich 355g 116 3.06
‘ 1M HCI ‘ Stock 10L - -
° MTBE Fisher 8L - -
) Sat. Sodium bicarbonate Stock aL - -
20 Brine Stock 2L - -
Anydrous Magnesium
Sulfate Fisher 300 - -
25  Procedure:
200g Z-L-Valine was stirred with CDI in 3.3L THF under a nitrogen stream for
about 1 hour at room temperature. After an hour, the imidazolide formation should be
complete. In a 12L reactor, the reaction mixture was charged with 2.78L 1M lithium
30 bistrimethylsilylamide solution in mundcr nitrogen, then cooled to -70° C. t-Butyl
" ) . acetate (410g) was then added slowly over a period of about 1 hour keeping the

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

temperatures during quenching causes racemization. 200 mL concentrated 12M HC]
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PCT/ US00/ 23032 fl ask was then purged with argon for at |east about 30

m nutes. Conpound 3 was then added to the 12 L flask andZ2diF¢bsianed0®st o t he
degassed wa t herein, along with ammoni um formate and nercapt oet hanol .
Mai nt ai ni iy the"Y45%on purge, the resulting sol ution was stigmedossass | al |
the solids had dissolved. Once 5 dissolved, the pH of the solution was

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

Dehydr ogenase _and Aéacti(g Dehydr ogenase, were then dissolved using 100 ni
of the subst r 2e83dJ5d 9 pdipst ferrbl 10 betwopn 6% Attt ofisdlid felhoutratasltrion — 10 by

punpi ng themin through the substrate feed line. The rate of punping began
at about 1.0 Fostly imid@glecandrappediceganicimpnriitivis ahdarhiie sitld. AfheldBLEUWDSET at e

solution at about 6.2. The effluent (or perneate) was nonitored for

conversi on by fikpredoff28er celit) Bedauee Wit tetperafids i th d@&vglﬁéﬁﬁg? Ged

frequently, which also helped to nonitor the conversion 'be” pH =
7.3-7.4. The fitmton whecapiiditoui 618 aftf raBidJRiveLelikd ' as necessary
to increase the conversion and/or the throufﬁ%ﬁt@éo‘?@ﬁ%ég’gwé&é@ﬁ ce
the substrat eMTBE. RteFleRoRae8ihd tﬂ{;%lﬁgahn r roffe resultin

per neat e was wor ked up by aci dific‘gltﬁlg%lﬁ 0 a Slﬁlgﬁtgtf %.@mtﬁi*%SS
concentr at ed mbytlOFhd H1 nfas 8kd e resulting solution was then extraction
with MIBE, divided intgHZO t%cg%dtggﬁsﬂeaﬁ%‘&f’g?'&ﬁ%@e%% Thereeanie layert ed

sol ution was wash&iey rine,. dried over magnesiumsulfate, filtered and
concentrated on rot gé%%%%?"({%e%eglbac&@m%ﬂqbe’lﬂﬁ%)hé'hgbtganiaiayadded 810
L divchl orone‘;{gﬁgﬁg ‘Eﬁlf{ll}{}ﬁlﬁ t he oil had dissolved. Slowly, 1.62 L hexanes.

were added to Gl{d % He. agitptad fasrl S minutesiandahe Infdrsivepardibd2 3

February 2004-.WO 01/ 14576 PCT/ US00/ 23032 cool-ed to 10 C whil st being
agi t at ed. C Oorganics _Wcm again washed with 2 X 2L saturated sodium bicarbonate solution,

}0 agitated for 15 minutes, and the layers separated. The organic layer was washed with
2L brine, the phases separatefl, and the organic layer dried over anhydrous magnesium
sulfate. The dried organic layer was filtered and stripped under vacuum to remove
solvents and unreacted t-butyl acetate, m:;intaining a high-vacuum (pump) for at least
20 hours to ensure the removal of t-butyl acetate and siloxanes. A small sample was

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

L deuct purity should be close to 90%. If not, this compound can be chror'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 2L MTBE and wash twice with S00mL 1N HCJ, twice with 500mlL.
saturated NaHCO;, once with 500 mL brine and dry over MgSOy. Yield of 14, 220¢
(79%). ¥ chemically pure ﬁna;l product is sought, it is recommended that one should

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

. 3 25 a cake Wh 1.2 L of a
[ was then filtered off and washe _

é‘ io'l Lgxgﬁggugf chl or onet hane sol uti 0{1. The }[Afgﬁgggatsalrledtsiﬁffgtﬁﬁézpa V\(Ilhﬂir![gd

: e days at room ( te

powder | The WORHHEE O Loour 705 (puri by 015 by EPLO) it Incarsbadiet | vi ty

e« oot "H NMR (CD3CI) 6 7.25-7.00 (m 411), 4.50
of 280 gl (d x L). 'H 4.5
?LstgﬁaﬁfifTOS: 4, 8 Fg,(lkb, 3.15 (dd, J = 4, 14 Hz, | H), 2.95 (dd,

[ [ [ he correspondi ng net hyl ester
1H). The «enantioneric purity of t
g% 3ﬁeFZainZ was >99. 99% ( Chiral pak AS, 4.6 x 250 nm 10.0 nn). 10

' [ he conti nuous I\/Enbrane_ react or
EXAMPLE 2B Preparation of 1A from 3 using t continuous MBorane eact

ma%ﬁ ion: terial equiv. | _ _
i S ard T 0 o400 hanol 1.0 nmM 2778 g 132 1 .
F. Wanmunt 3 , .fﬁgfol.o 154002 k . Mercapt oet

Preparation of 15
5
Raw material Source Amon-t MW Moales
14 S 257g 351 0.732
10 Anhydrous THF " Fisher 4.5L - —-
60% Sodium hydride : .
in mineral ol Aldrich 29.2g 241 0.732
. 15 1C (90%) — 350g 330.3 0.952
Hi 1 M HCI Stock IL - -
MTBE Fisher 6L - -
20
Brine stock 1.6L - -
Trifluoroacetic acid (TFA)Aldrich 210 mL - -
- 25 Satd. Sodium bicarbonate Stock aL - -
Anhyd. Magnesium sulfateFisher 150g - -
Methylene Chloride Fisher “500mL - -
30
Procedure:
Sodium hydride was slurried in 2.5 THEF under argon and cooled to -5° C. 14
) (257g) was dissolved in IL THF and added vig an addition funnel to sodium hydride

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

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

agitated for 15 minutes. The organic layer was separated, washed twice with 800 mL
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R | | o ool ot 3 v AD 27
oNi 0006 L631 36 k Water.. g 5
f\rrgonbum ggrrlratS?l gGgiég F . grmate Dehydr ogenase 20, 00028/FePfusFy 39Q¢# 30 900
units react okyg dsdfGhisC Dehydro , enase 400 g I

brine and dried over anhydrous magnesium sulfate. The dried organic layer was then ,
filter over celite and stripped to dryness under vacuum yielding 510 g of intermediate
epimers which were taken.dircctly on to the decarboxylation step set forth below.
The intermediate apimers were dissolved in 500 mL methylene chloride to

| 5 which 210 mL trifluoroacetic acid (TFA) was added before being stirred for between
6-20 hours at ambient temperature. The resulting solution was analyzed by TLC (20%
ethyl acctate/hcxaucs with ceric ammonium sulfate/molybdic acid staining agent). One
major spot conespondiné to the compound 15 (Rf 0.3) was observed. The solvents
were stripped off under vacuum and the concentrated oil dissolved in 21, MTBE. The

10  .oil was tl;en washed with saturated sodjum bicarbonate solution (4x1L). Stir a
minimum of 15 minutes per wash, (Note: For effective removal of TFA, pour MTBE
extract into a rapidly stirring agueous bicarbonate solution.) The organics were then
washed with 500 mL of brine, dried over anhydrous magnesium sulfate, filtered over
celite and stripped under vacuum, Yield of crude 15 was 492g. The crude '"H NMR

15 spectrum run in CDCl; indjcated 2 purity level of about 60%.

| Crude 15 (492g) was preabsorbed on silica gel (1kilo). A column was charged

using a 9:1 loading (4 kilos, preferably 15:1) and eluted with 10% EtOAC/Hexanes ¢4
column volumes), 15% (2 column volumes), 20% (2 column volumes). The
compound elutes afier 5-6 column volu_mcs.r ~140g pure 15 was isolated containing a

20 ketone by-product that co-elutes with the desiréd 15. The final UV purity was found to
be ~88% with the remaining 12% being the ketone irr-tpurity. Note: This ketone
impurity was not removed until after the enzymatic ester hydrolysis set forth in

Example 9 below. Yield of 15 was 45%.
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,000 U Liter 618,000 units of reactor. HC (cone . 36.46A.R 1650 niL MIBE
6.51Jmpl of 3 35.1 L Brine 1. | L/nol of 3 5.94 L Magnestrdme8iiana2eo4
46 Unol of 37 88 L Hexanes L 93 L/nol of 3. 15.8 L

Di chl or onret h%
1. 5Proceduy (:'é 8 continuous menbrane reactor of the pr egeRised/AYHNL i on
had been 73 23 February 2004 0 WO 01/ 14576 PCT/ US00/ 23032 assenbl ed as

shown in figure 2, parts | and 2, having a capacity off 1.545 L, the

react or was washed with 0.02% v/v solution of peracetic acid in 0.2 pM

filtered water, i.e., water that had been filtered through a 0.2 yM or
sol ution had been renoved fromthe

finer filter, Fﬂ#ﬁﬂ’ ut 15 L of the
perneate port F’g?gtor was then flushed with 5 15 L of 0.2 pMfiltered

water. 15 L of. a solution of 0.2 Mfiltered water and 0. | .nM
paration of 16; _

5  Raw Material ____Source Amount MW Moles

15 - 183g 4294 0.364

10 THF ('_Im[lg) Fisher 1.3L — -
H,S0, (conc.) Fisher 37 18M 0.364

10% Pd/C (10 wi%) Aldrich 18g 10wt % -
Y15 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, evacunated three times, then
stirred under pressure (40 psi) for S-iO hours, until reaction was complete by HPLC,
25  Thereaction was monitored by TLC (50% THF/hexanes, with ceric sulfate,
phosphomolybdic acid stain) and HPLC (gluco method). The catalyst was then filtered
off through a pad of celite and the solvents stripped under vacuum on a rotary

evaporator. Yield of crude 16 was 170g (120%) as a yeliow oil.
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mer capt oet hanol was prepared and used to flush the reactaqy. Ip a %2 L round
bottonmed flask fitted with an overhead stirrer, pH neter ZnE %2004 f user
was added 9.0 L 0.2 pMfiltered water. The flask was then purged with

argon for @t WQYLHSE0 nminutes. 400 g of 3 was dissol ved inbgrhgﬁmﬂﬁ%assed
wat er along 10 with anmmoni um fornmate and mner capt oet hanol . intarnrmg the
argon purge, the solution was stirred until all the solids had dissol ved.
Once the solids had dissolved, the pH of the solution was adjusted to a pH
of about 6.26 using 1 N HCl. Then 13- NAD was added to the solution and the
sol ution stirhﬁﬂgggtil it dissolved. The resulting substrate solution was
kept at a pH %.26. 15 The enzynes (Formate Dehydrogenase and
Lacti c Dehydrogenase) were then dissolved in 600 nL of the substrate

sol uti on. ThePEp#ationafd7sol uti on containing the enzynes was then put into
the reactor by feeding the solution through the substrate feed line of the
reactor. The RewMatedstr of the subwsteate ol Uke masaéﬁen pugﬁﬁq into the
reactor at a _20 rate of 7.6 nL/mnute. Care was T in the pH
of the substrdte solution at --about- 6.26, awgch@ i fhai N a slgsght argon
purge. The eféﬁggp&x s nonitored for conversion by HPLC (254 nm. Al so
the pH of 1¢ he éffl'Uént was check@¥eroft en @kch al s hel ped to nonitor the

conversi on ( phired@utd dbg146- 3-7. 4)... Note: The feed rate may 74 23 February
2004 10 @6VM)01/145%% PCT/USOO/Zﬁﬁﬁgbbe alPit ed asi?hdcessar 760 vary the

conver si on or>-ndiyRugivpytacid at € asvgerkd €d. sgkhe convlgglgi on vag found to be
90- 95% by, HPLC. One the initial solution containing 0 g of 4% ad been fed
i nto--the Feac?f"&?d?‘weﬁ‘éhlesmbst rGhéne 6.0 Ut i on cont ai ni ng 400 g of 3,
prepared in t anme manner as described above was prepared and punped
into the reactor. This was repedt®® until08 total -of 1.2 kg.of 3 had been

used. 1N the sQuebdilal sichrbanal§d T Ung 0 fUrther enzynes were
20 ' -

Anhydrous. Sodium sulfate Fisher - 100g -
17 :
—_ 164 g 402.18 -
25  Procedure:

In a 5L rouad bottom flask, the crude 16 (170g) was dissolved -in methylene
chloride (2.9L) and cooled to 0° C (intemal temperature) with an ice/salt bath while
under 2 blanket of argoﬁ. The yeliow solution was charged with isoxazole acid

kS 30  chloride (58g) as a liquid (thawed at 35° C in a warm water bath). Due to stability
concerns, it is advisable to store the acid chloride cold. Slowly, the diisopropylethyl
amine (0.13L) was added via an addition funnel over 10 minutes. The reaction
mixture was then allowed to slowly warm to room temperature while monitoring the
reaction by TLC and finally by HPLC (generally complete within 1 hour). The
35  reaction was quenched with 1M HCI (400 mL), the aqueous layer removed and the
drganics m_:xtracted with IM HCI (400mL). The aqueous layer was removed and the

organics reextracted witb saturated bicarbonate (2 X 400mL). The organics were dried
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e

used by the reactor, and the conversion of 3 to |A was found to be greater
than 90% by HPLC. EXAMPLE 3 Preparation of 2: (See schers FEbfysry 2
structures o&,ﬁ@' and 2A) 15Raw mat eri al Sour ceAmount MAWDI es

| A1443- 111240184956, 781 )h 20met Fisher950 ni- anol 4M  PCT/US00/23032
HCl / Di oxaneAl dri chl18 nL hexanesFi sher300 nL_ 25Procedure: 144 g of conpound
1A was stirred in 950 nL nethanol and 18 nmL 4 M HCl/di oxane at anbi ent )
tenperature for 20 hours. The conpletion of the reaction was confirmed by
HPLC. Once conpl ete, the solvents were stripped off under vacuum 30 The
concentrated product Il thjs stage) was agitated vigorously with an
overhead sti EYeéF?‘ﬁW%ﬁga%ﬂ@%%f% ecnirated addier rasiuob yield\pBdeat i on was
mai ntai ned for. 30 75 23 February 2004 it, W 01/14576 PCT/ US00/ 23032

mi nut es. ConpddA® ofsompound bosseamydegellowiodlt this stage. It was cooled to 10
Cand filtered to yield a solid product. Further, the filtrate upon
concentrati onEXAMPLE 8| ded 4- 5 g of clean product also. Upon confirmng by
HPLC that the concentrated filtrate was indeed the clean prt;duct, both
solids werf%e chmepratied ofii2t dri ed under vacuumat 5 roomtenperature (note:
alternatively MIBE/ aq. saturated bicarbonate wash can be enployed to

renove aci di Ra fal i es casduk@d overgfLmam 1A) ield of ,conpound 2, 141 g.
(95% ; Chi raIHHPLC purity >97% ee. —2557=00 (rn 4H),

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

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

collecting the product and enzymes. The pad was dried. The receiver flask was
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= ‘ 3.15 (dd, J = 13
J=8Hz, J =4Hz, 1H), 3.82 (s, 3H),
ﬁ|'z50J(éB4ql£rt6t1H), 2.95 (dd, J = 14 Hz, J = 7 Hz, 1H), Zngsb(m%l?Eﬁ%LE .
the' enzy : i c_nmethods 10 lead to conpound 2A with >99. 9% ee). Ay
I(Dre ar atimr%bol"&s"( See scheme 5 for the structures of 2A p@ﬁugoazgguggggo/
mer |l SourceAmu (bl cs 24 119102 6 Lut i neAl dii chig4g107. 11, 71 251
i i vdri deAl dri ch484g202. 11. , u ) ) .
&rg!tlrfcagg?/grslt gngx | L Sagd. Sodi um bi car bonat est ock2xl L Anhyd. Magnesi um

2004 PCT/ US00/ 23032 Procedure:
sul fate-10g- 30 76 WD 01/ 14576 23 February N troges and oot ed Te

i | ved in 4L MIBE under |
2207 Thet rEpioel R 8RS thecek e ahers ko sy vadha wover 15
;n'nut'es, 5 fol |l owed %the slow addition of 2,6-lutidine via an additi

¥ LXT ur e
iFretPxiene chigride GaX 75Qmile Biewrganive vekepinbiiel QWmdv&ex b ThX!
I/v;gntelhe\r,\mgielr'red for one hour at 0O C before 1.9L water was added whil e

A L . it ; ' he to
stirring. Thémsmr]mrf pwasnsn?I%@;h#gﬁngﬁg%@%kg%%bgﬁéﬁc?%ﬁ%ﬂﬁri by
organi c | ayer was then separate _ _ Cor It was
o e, et i B LN B o
then dried over anhydrous na : ’ ' of 1C, 340g
stripped 5tovasmuaitb yleRUEg bAL Bl 45 p¥6d%t£’ A80Bas Qvgs ;:;La%kedY\lw?tH.S Kg silica

(95%; 'H NWR
slurried in a 4L 1:80:20 (i-PrOH: CHCl,: 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,: Hexancs) 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 sodium 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, Thé aqueous bical_-bbnate 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.

85



(CDC13) should indicate that the conpound is greater thag %%g)purg.

If the

extent of co
i sol at ed p®%o
conpound 1C, should be stored
Procedure for the Preparation of 14:
t he conpounds 20 referred to in exanples 5-9.).

01/ 14576 NPCT/ ETS00/ 23032 Raw nateri al

conversion is not conplete,

repeat the above steps FGepERY
) After this rework operation had been carried o

Not e:
on t he
ut the

i
Wq %E conformed to >95% (' H NVR) purity. Thlp@ThbeJd_@.}ze
MPLE 5

cold to prevent deconposition. EXA
(See schene 6 for the structures
77 23 February 2004

Sour ce Anpbunt MN Ml es

Z-L-valinecalhkg%ggggg_92510.796 Car bonyl di i m dazol e
(CDI') Al drichl35g 6 Anhydrous THEFi sher3.3L 101 M Lithium
bi stri met hyl St’%g% 2.78L1 Msoln.2.78 in THE (LHVDS in THF) Al dri

t - But yl

acet a

18 BrParBtonY comphinda: SSecichbne WEBERE ShRtdls Fake

bi car bonat eSt 0%4L 20Bri neSt ock2L Anydrous Magnesi um

IR
he '
A

5

10

15

20

fids referred to in Examples 10 & 11)

Procedure:

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
was stirred for about 65 hours at which time HPLC showed completion. 200 mL of
MTBE was added to the reaction mixture followed by minutes of stirring before the
mixture was filtered throu gh a short pad of silica gel to remove most of the precipitated
triethylamine salt. The silica gel was then washed with MTBE (200 mL) and the
filtrates combined. The filtrates were then washed with IM HCI (200 mL), saturated

sod_ium bicarbonate (100 mL X 2) and brine (200 mL), They were then dried with

of
WD)

ch
Sodi um

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,
EXAMPLE 11
Preparation of compound 7 from compound 6.
Procedure:

1.37g (5 mmol) of compound 6 was dissolved in 40 mL methylene chloride and
cooled to -10° C. 0.93 mL Tf20 (5.25 mmol) was then added to the solution followed

by the slow addition of 0.64 mi_ (5.25 mmol) 2,6-lutidine. Because the reaction was
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Fi sher300g Sul fate Procedure: 200g Z-L-Valine was stirred with CD in 3.3L
THE under a nitrogen streamfor about 1 hour at room t engéfgbiuas 2034 er an
hour, the i%%éﬁ%l&ge formati on should be conplete. In a 12L reactor, the
reaction rgxtour charged with 2.78L 1M lithium 30 PCT/US00/23032

bi strinmethylsilylamde solution in TEIl~ under nitrogen, then cooled to -70
C. t -Butyl acetate (410g) was then added slowly over a period of about 1
hour keeping the tenperature below -60 C. The reaction m xture was then
stirred for 30 mnutes at - 60 to -70 C. The anhydride prepared in the step
above was ta !mg?] Lidon funnel and slowy added to the enolate,
under nitrogeh W th good Sty “REBAIFiredmedas8T Gusingalicoolagbethat ur e at
or bel ow -60 Onceailg_e Sﬁjdi tion was conplete, the reaction mxture was
stirred at - 60 CF8V21py the coplingbath andestirming:the sdctivn thixuror bbbdriCihous| oW v,
with rigorous, stjrring, keeping the internal tenperature below -50 C.

H gher t enp&igVifsdie Bixvyratp werom teiremylting wsiemre @acdtngiuakn undd? ol
concentrated 12M HC 78 23 February 2004 WO 01/ 14576 PCT/ US00/ 23032 was
added to adj y3euughdhgiesulingetade ofl was theh disfolv@t intex$b (0% and Wil
solution - nostly imdazole and trapped organic inpurities and amne salts.
These sol Bds owrdwicétdpz&fipidat@&fta@mrsogglglﬁﬁmﬁﬁpﬁﬂg%@@ nltgﬁ?tg%g_rperatur-es

tend to dissolve inpurities, the filtration was carri d and

rapi dl'y over firerkd tieoughtaghinWyerlss NGRS ith,4L.5 MIGE. The filtrate
was diluted with 20 MIBE and ing HCI%f%?Qg%H ‘F‘?%%aé‘h‘°f3’6f%18°l°ﬁhsﬁmles. The
pH was checkeshmpdn@nS thevikld be en 1-2. The organic |ayer was
t hen.geparat ed and checked #?ﬁ%@%ﬂpﬁé‘v‘\’?% rdie be y 'HAMR; gani ¢

| ayer was WRKAXFplY IMHCI (2 X 2L), agitated for 15 m nutes and the

| ayers separ at ed. e organics were again washed with 2 X 2L saturated
sodi um bi car bonatﬁ o) ut.d o 10 agitgted for 15 mnutes, and the | ayers
separated. The organi lémfﬁvg PIRR tgﬁﬁ's‘ﬁeﬁ?mﬂ‘)t"wlsﬂomz-‘faﬁn& (See scheme 8

16 for the structures of the compounds referred to in Examples 12- 15).
Procedure: |
50.26g (200 mmol) Z-valine followed by 35.0g (210 mmol) 1,1°-
carbonyldiimidazole were dissolved in THE (200 mL) at room temperature. The
resulting mixture was stirred for 1 hour at room temperature to yield an acyl imidazole
15 intenne@iate in solution. (Note: the reaction releases carbon dioxide.) In a separate
contained, LIHMDS (IM in THF, 642 mL) was added to THF (800 mL) at -78°
followgd by siow addition of o-benzyl acetate (30g, 200mmol). Because the reaction is
exothermic the tempcrature kept at under -70° C. Tlﬁs mixture was stirred for 30
minutes before the acyl imidazole solution was added to the mixture slowly and at a
20 temperature under -68° C. This reaction is also very exothermic, tﬁﬂs, the tcmperafure
was maintained under -68° C, The resulting reaction mixture was stirred for 55
:mnutcs then remove from the dry ice bath. 1M HCI (500 mL) was slowly added 1o

" the reaction mixmre keeping the temperature under 25° C. The organic layers were
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2L brine, the phases separated, and the organic |ayer dri ﬂ:gver [S dr ous
magnesi um sul fate. The dried organic | ayer was fil teredzg & 5‘{%{%@ under
vacuumto renove solvents and unreacted t-butyl acetate, maintaining a

hi gh- vacuugn P56 or at 1east 20. hours to ensure the rermvedoogiosi - butyl
acetate and sil oxanes. A snmall sanple was 15 anal yzed using 1H NWR

(CbClI 3), TLC (1:1 hexanes/ethyl acetate) and HPLC. Product purity shoul d be

close to 90% If. not, this conmpound can be chronat ographed over silica

usi ng 20% et hyl acet at e/ hexanes. In nost cases, the compound shoul d be _
use-tested first in the next step (set forth in Exanple 6 below with a | Oy
run, before ERFePaated, jashed with spiysated sofivm bicarbbnato @083 andbitaz@0@ peaks
(at 7.00 (s) and 7.62 (s) 20 ppn), rework with 2L MIBE and wash twice with
500nL | N HC , mL)idgied withtmapesium sslfdieiarmit codcdrintatadio yiemcempbidd 100 a Jedr i ne
and dry over MpSH. Yield of 14, 2209 (79%. If chemcally pure final
product is sowdfith (>72t0%}andeemBRHEW by oPhawedPol-g5o, 94 pRyagseed to the
next step unless chiral purity of conpound 14 exceeds 950/5, 79 23 February
2004 0 Pr eparﬁcbﬁpomonl&;ﬁﬂfnwigwagﬁgﬁgn§B§dge_rrat eri al Sour ceAnon , t MAWDI es
14 2579g3510. 732 10Anhydrous THE ' Fi sher4.5C 60% Sodi um hydride in m neral
oi | Al dri che9. ExR#m0k 132 151 C (90%) 3509330. 30. 952 1 M HO St ock1L_

20MTBEFi sher 6L--- Brinestockl. 6L

Procedure for the preparation of 19 from 18.

| N Procedure:
A solution of compound 18 (1.38 g, 3.60 mmol) in THF (10 mL) was added
slowly to a solution of NaH (60%,7158.4 mg, 3.96 mmol) in THF (20 mL) at -10° C.
10 The resulting reaction mixture was removed from the cooling bath and allowed to
warm while being stirred for 20 minutes. To the reaction mixture was then added a
solution of compound 7 (1.76g, 4.33 mmol) in methylene chloride (10 mL). The
progress of the reaction was monitored using HPLC to observe the disappearance of
the starting materials. The reaction mixture was then stirred for 48 hours before
) 15 MTBE (50 mL) was added. After IM HCl (75 mlL) was slowly added, the reaction
@XME was separated and the aqueous layer extracted by MTBE (50 mL X 2), The
combined organic layer was then dried in magnesium sulfate, filtered through a short
pad of silica gel and concentrated t§ yield a crude product of comf)ound 19. (Cale. MS
639, found: MH* 640 and MNa* 662). After chromatographic separation using
20 hexanes/ethyl acetate (4:1) this process produced yields of 50-60%.
- EXAMPLE 14 |

Preparation of compound 20 from compound 19.
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Trifluoroacetic acid (TFA) Al drich210 nlL, 25Satd. Sodi um bi carbonat est ock4L
Anhyd. Magnesi um sul f at eFi sher 150g Met hyl ene Chl ori deFi 2R&EPaEHY 49050

Pr ocedure: S%g h,}/dri de was slurried in 2.5L THE under argon and cool ed
to -5 C. 1% %? Swas dissolved in IL THE and added via aieasidld

funnel to sodium hydride 35 over 15 m nutes. The solution was stirred for
30 minutes keeping the internal tenperature at between 0 C and 3 C.
Compound |1 C (340g) was dissolved in 1L of THE and added via an addition
funnel to the solution, keeping the internal tenperature between 0 and 5 C
to forma rea i og m xture. The reaction m xture about was then slowy
war ned to an anbi 'ﬁrte‘terrperature over 2 hours and held at roomtenperature
40.for about 20 hours. 1L IMHO and 3L MIBE were added and the reaction
mxture agitated $URponsd 39 (A80asg, | T6ammol) aak ﬂis*""""'ari“%c.é%%%ﬁg'ﬁi%%g washed
twice with 800 nL 80 23 February 2004 t WD 01/ 14576 P df bri ne

and dried oveFHEfMmeond comgmesed sulfatib b o rgapi ¢ lLayer was '
e s ST 16T 10 00" SR st i ng 510

then -filter over celite and stripped to
g of i nter medwastaddedeli%Bd-€ B04 £18) WEHR thQkE il tly.on to the
decar boxyl ation step set forth below. The |?\€%‘%§§'§P§P’é‘“§‘p‘?’%?§e@ﬂ%

di ssol ved i n EafiGshaiter tRdePY bREGIELY U 5 which.210 nL trifluoroacetic
acid (TFA) was added bef o?e bei ngﬁ S?Ireorrtesgm%‘r B ORERE wag thep disselved iat

cot ot of noxanbo i - LA, MREA MRl heirohi s aovugheuas methgacioent ).
O oL SRPS mt Pl AR R S Gt T S emmped A o Ve The
: weight with overall yields 50-60% for the two-step sequence from corﬁpound 18),

which issued for the next process without further purification.

10 EXAMPLE 15
Procedure for the preparation of 12 from éornpound 20.
Procedure:
Compound 20 (300mg, 0.8 13 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 S-methyl-3-isoxazole-3-
carbonyl chloride (130mg, 0.894 mmol} in aioxane (10 mL) at 0° C. (Note: the
reaction is very exothermic.) The reaction was monitored by TLC and the reaction
mixture stirred for 1 hour, Methylene chloride (20 mL) was then added before the
mixture was \:vashgd with IM HCI (10 mL) and saturated sodium bicarbon.ate (10 mL),
20 dned with magnesium sulfate and filtered through a short pad of silica gel to yield the
compound 12 at yields of between 65-70% having a HPLC purity of 95% (cacl. MS
390, found: MNa*413) after column separation (methylene

chloride/hexanes/isopropancl = 79:20:3).
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were stripped off under vacuum and the concentrated oil dissolved in 2L
MIBE. The 10 oil was then washed with saturated sodi um BPE&PBERG2R04

sol ution (4xl‘¥b.0 ﬁt%ér a mnimmof 15 m nutes per wash. (Note: For
effective 'eermvaf/ 5 TFA, pour MIBE extract into a rapidl yrSingooi259:z ‘
aqueous bi carbonate solution.) The organics were then washed with 500 nL
of brine, dried over anhydrous magnesiumsulfate, filtered over celite and
stripped under vacuum Yield of crude 15 was 492g. The crude '"H NVR 15
spectrumrun in CDCl13 indicated a purity |evel of about 60% Crude, 15
(4929) was EXabEeERs on silica gel (1 kilo). A colum was charged using
a 9:1 loading (4 kilos, preferably 15:1) and eluted with 10% Et CAC/ Hexanes
(2 colum vol unes), 15% (2 colum vol unes), 20% (2 col um vol unes). The

conpound el WasMRlRl 5-6 Wm vol une -140g pure 15 was i sol ated
cont ai ni ng 3 ! h the desiApgu6. The

final UV pugghy was found be -88% wh-h the rensd26i38g 12% beld1gng he

ket one irrpuHctM. Not e: Thi 3%Ret one i mputéQy was notlig®2oved untismifter the
enzymatic ester d;Pglleégpl s 1Ol /eafdPn i - Exanpl e 9 -bel ow. Yiel 7 @f1l5 was
45% 81 23 E ‘l}% %W 01/ 14576 BAT/ USO0/ 23082.1EXAVPLE 7 6 mL
Preparation 16: Raw Mat émLigofd3ur ceArpunt MW Mbl-es 151839429 A} 364 THE

[ o Y

(7nllg) Fi shEPMB1 10 H2SOBOS conc. ) Fi shes 37918MD. 3645 sg
\?VMF 4ml/g of CDMT - | = fsll n"f
ater *
- Mmbgof12 - - 24.7 mL
i“if‘;:‘:)

.l.’reparation of compound 11 from compound 10.
5  Procedure: |

Compound 16 was dissolved in DCMin a 1 neck round bottom flask and cover
with a septum. The flask was then purged with nitrogen followed by tﬁe addition of
TFA via syringe while the solution was being stirred. The progress of the reaction was
monitored by TLC using 5% MeOH in DCM until after about 4 hours the starting

10 material disappeared. The solvent and excess TFA were removed u.nder vacuurm at

pressure of <50 mTorr at 45°C., The product, compound 11, was used immediately in
the step set forth below. |
Preparation of compound AG7088 frdm compounds 11 and 12.
Procedure:

15 Compounds 11 and 12 were dissolved in DMF in a 1 neck flask covered with a
septum and fitted with a temperature probe. The flask was purged with nitrogen. The
resulting solution was divided into two portions.. In a first portion was added n-
methylmorpholine via syringe and cooled to 0°C £ 5°C. Ina second portion of the

solution CDMT was dissolved. This CDMT solution was then added dropwise via
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10% Pd/ C (10 wt %9 Al drich18gl O wt. % 1516----- -1439393. 15 Procedure; Crude 15
(183g) was dissolved in 1.3L THE in a 2L hydrogenat or flgé%eﬁﬁ‘a%?q)%\ed by
the additi onng%fﬁﬂgent rated sulfuric acid (1.0 eq., 0.364 nol, 201,) 379
by wei ght . $The B8f/?i on was then purged with argon (sub-surtaesdassl’s
mnutes.) 10% by wei ght of palladiumcatal yst (18g) was charged to the
reactor maintaining the argon purge. The flask was then charged with

hydr ogen, evacuated three tinmes, then stirred under pressure (40 psi) for
5-10 hours, until reaction was conplete by HPLC. 25 The reacti on was

noni tored by J). & F/ hexa , With ceric sulfate, phosphonolybdic
acid stain) agr?c?gﬁén%%@ é\l;‘u%%g%&ﬁﬁ%ﬁ%"mem@amn}gnhemsﬁqnngnpémmtemf@dc of f

t hrough a pad, of lite and the solvents stripped under vacuumon a rotary
evapor.at or . Y'T"g %Qﬁ?"' resuliing regtign mixtmeavas R lowad @ wienltowogi femp&rdtudsd
February 2004 _WO 01/ 14576 PCT/ US00/ 23032 EXAMPLE 8 Preparation of 17: 5Raw
Mat er i al Sour cEKFEAFHOM PR Mesitared foF Bspuc | L IYTIZOTBE R hdQREAEDA TACSI i Sher
-2.9L-- DI PEA (2.1eq.) d= 0.742AI dri ch133 nL129. 30. 764 S- net hyl -3-car boxy

aci. dVaybr i dgeb8eraBRed12 8idappeabd. ODh@Ihd SRR Y . IN
HO St ock0. 8L Sai d. Sodi um bi car bonat eSt ockO a?c&nﬁl%ne{heeﬁoéu@ﬁ@mg?

3 was precipitated out of solution by the slow addition of water to reaction mixture. The

resulting slurry was filtered to obtain a yield of >85% white granular crystals of

) - compound AG7088 having a purity of >97%. 'I:he product may then be recrystallized
by dissolving it in hot McOH:EtOAc 1:1 followed by slow addition of hexanes 2
vois.) |

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

explanatory in nature, and is intended to illustrate the invention and its preferred
embodiments. Through routine experimentation, the anisan will recognize
apparent modifications and variations that may be made without departing from the
spirit of the invention. Thus, the invention is intended to be defined not by the

._:‘_._‘;_9 15 above description, but by the fbﬂowing claims and their equivalents,
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81 20. ---- , Anhydrous. Sodium sul fateFi sher100g 17 164 g402- 18
25Procedure: In a 5L round bottom flask, the crude 16 (1? @?b()&y%@%ol ved
in nethylene chloride (2.9L) and cooled to O C (internal tenperature) with
an icel sal § B¥@BAVMATE e under a bl anket of argon. The yel | QEra@obtion Was
charged with isoxazole acid 30 chloride (58g) as a liquid (thawed at 35 C
in awarmwater bath). Due to stability concerns, it is advisable to store
the acid chloride cold. Slowy, the diisopropylethyl amne (0.13L) was
added via an addition funnel over 10 m nutes. The reaction mxture was

t hen al |l oned warmto roomtenperature while nonitoring the
reaction by T@hﬂ#ﬂ@?ﬁy HPLC (generally conplete within 1 hour). The
35 reaction was quenched with M HC (400 nL), the aqueous |ayer renoved
and the orgadics Adsseessuscialifonptepaing dnGntigid@aatijal agthe ol &BRLSIAL ayer was
removed and the organics reextracted with saturated bicarbonate (2 X
400mL). The organics wereQdried B3 23 February 2004 WO 01/ 14576

PCT/ US00/ 23032 over sodi ufph sul faje (1008), filtered and concentrated under
‘vacuumto yield 1 17 as a crude yellow oil. EXAMPLE
9 Preparation of 12: 7, (IA)

Rs Ry
[ ) comprising:
5 Step A: preparing a compound of formula ITA:
Ry 0
Rao\
N TOH @A)
Rg
o Rs
comprising the substeps of:
(2) converting a compound of formula XII to 2 B-ketoester of formula XIV by
reacting said compound of formula XTI with 1,1 "~carbonyldiimidazole
‘- ) followed by treatment with a compound of formula XTIA;
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Amount MW Mol es 17----164g (crude)402. 20. 364 THFFi sher 115n1_ KH2PO4

Buf f er St ock12LO. I M. 15KH2PO4 (>99. 5% FI uka163gl36 11.2 b("l’W@%ck 40
, 40- - 20PPL- M@I é-; (crude.) Aldrichl23gcrude 0.75g/g HCl

(conc ) Fi ster it f21428390 2 25. Procedure: To make 12L pof/udedeidbiher .
163g of potassi um di hydrogen phosphate was added to 12L de-ionized water
(pH = 4-5), and the pH adjusted to between about 7.0-7.2 with 30 | OM NaCH
(--40nL) at a tenperature of 37-40 C. 17 (164g) was dissolved in THE
(115nL) and added to the buffer solution at 37-40 C. The sol ution may
appear biphasic at the onset of the reaction. The PPL enzyne (123g) was
added to the reaction mxture and stirred at 37-40 C before bei ng quenched
with 12M HC to a pH of betpgeen about 1-1.5. The resulting m xture was
stirred for 20 m nutes whilj® 35 cooling to roomtenperature. -Both the
enzynme and the product werg caused to crash ouLinto the aqueous phase.
The reaction m xture was j4fh\ eredObver a pad of |celite |l ecting the
product and enzynes. #HN S dried. The recgdiver fldsk was 84 23
February 2004

O
O
(X (XIIA)
R
o ’
OtBu
ZHN
Rg
O O
X1v)
(b) converting the B

-ketoester of formula XIV to an enolate of formula XV by

reactipg said B-ketoester of formula XIV with a compound of formuia XVI:

R, o)
o o)
) HN OCH; Hﬁ%
Fe OCH;,

N

.
_ XVD
5 (c) hydrogenolyzing the enolate of formula XV to yield a compound of formula
XVII;
R, o)
HaN OCH;4
Ry
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WO 01/ 14576 PCT/ US00/ 23032 replaced with a clean one, and _the top_half of
the celite pad slurry washed with nethyl ene chloride (3 X358y 296k

Or gani cs Wer gy, gﬂggﬁed (renove excess water by extraction if present in a
| ar ge quan%ity?, fied over magnesium sul fate, filtered andrcouenigsat ed
under vacuumto yield a white solid. The white solid was dried under 5
vacuumto yield 150g of a crude dry product. A colum was packed with 1.5
Kg silica slurried in a 4L 1:80:20 (i-PrOH CH2d 2: Hexanes) m xture. The
crude dry.product was dry | oaded on -250g silica and delivered to the
colum with -500nL space solvent. Two col umm volunmes (2 X 6L) were
added of the sane 8@5%@%‘9&%@0“%&%@“@%@sa@mgzﬂdcmnﬁusmbfmzm2:
Hexanes) were addep. ]]8&@ d of crude 12 was 150g. The conbi ned yield over
three steps after “CfP b aRgmpeinding fovemtn RiadKito yidid 2 08mpdld of 719 -
EXAMPLE 9A Purification_of 12 15 12 was purified via an aqueous sodi um

bi cabonat e ext r act ioFRvA XY B wisasejn Xnis anpsableibaBdd; @ng by aci dification. The
conmpound was partially dissolved in 60 volunes of saturated sodium

bi carbonate and extractedgmy th 10 vol ungs of methyl test-butyl ether. The
resulting organic |ayer. extracted tyjce with 10 vol unes of saturated
sodi um 20 bi car bog.?te sol us bi carbonate extracts were then

conmbi ned -and aci dffied . The rggg.hhi ng of f gassi ng of
car bon di oxi de mai nt ai{ﬁ [on at “@CHenp re of above about
20C. The product, AGr172, Bprdtipitatjed out of the solution upon the
acidification. The 12 was then filteged off, washed with 4 vol unes of
vvaterj;) and dried in vacuuo at 50C with a nitrogen purge. 85 23 February

2004 % WD 01/ 14576 PCT/ US00/ 23032
3 (€) enzymatic hydrolyzing of the compound of formula XVIIT to yield the

compound of formula ITA; and

Step B: subjecting the compound of formula IIA to an amide-forming reaction

R, Z

a (D

HoN Z,
Ra
Ry
with a compound of formula IT:

’-L"D wherein Lv is any suitable leaving group;
10 2’ is any suitable protecting group for an N atom;
R, is H, F, an alkyl group, OH, SH, or an O-alky! group;

R: and R; are each independently H

Ay

;- - - ) ¥ \
~ A (Agin
’L’L'{\/lkw or r'J{G/ \Az/

Ran)Ryg)) ’
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EXAMPLE 10 Procedure for the preparation of conpound 6: (See schene 7 for

the, structures of the conpounds referred to in Exanpl e$3f6bgiap) 00t

Pr ocedure: W?&ZOOM) of conpound 1A was dissolved in acetone (400nL)

before 2&26g mmol ) triethylam ne was sl oWy added, keepusa e

tenperature below 30 C. 37.6g (220mml ) benzyl brom de was then added to

forma reaction mxture which 10 was stirred for about 65 hours at which

time HPLC showed conpletion. 200 nL of MVE WAs added to the reaction

m xture followed by mnutes of stirring before the mxture was filtered
nove nost of the precipitated

t hrough a sh f. sili.ca l.to.r

triethyl ani nobherPR B ineeher 66 10,5, Apit CHoEN, fa shrierchids areNfidperideAdy ) and -
the fi Itratggla%gggi ne&gﬁ‘rThe filtrates were then washed with IMHC (200
m.), saturatée o8 PRy Bk & SO0F (@2, 2042, A, ¢ NHorgQ0 nL). They
were then drhﬁ%E%%th magnesi um sul fate, filter through a short pad of

silica gel a R inindependently & o lower alicy0 FROHASH Bar (i - 7504
35.5-37.59; having a HPLC purity of between 90- >95%§ 'Igﬁlergglggmg)%gund 6 may

t hen be recr§‘§‘F’é’ﬁﬁ°@é&°¢qﬂ0hm1y/inmtabw@d@-&galrg{' X 0 ield a
crystal line product. 20 EXAMPLE 11 Preparati on of glcfgér?rnpcgﬁ)xgz‘?ﬁ‘?’r(‘éﬁ?

6. Pr oceauréaalld@#@.i(!ﬂammoonsf:fnpmaq%qg 6 was dissolved in 40 m

met hyl ene chloride and 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 nL (5.25
mmol) 2,6-lutidine. Because the reacti g was 86 23 February 2004 WO

01/ 14576 PCT/ US00/ 23032 quite exotherm he tenperature was mai ntai ned
under./-8 C using a coahing bath. After r V fromthe cooling bath and
stirring the reaction|pmxture for about hour

~ A (Ag)n
,I;Ll-,_. o ~o 1\ / 3 ;
r C Az ;

NH, ReDRq;) '

Riis

| /IT\ I
Rg N J_r'r\r. ;
H Rg
O

Rs is H, F, an alkyl group, a cycloalkyl group, a heterocycloalky! group, an aryl group.

10 oraheteroaryl group;

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

heterocycioatkyl group, an aryl group, a heteroaryl group, -OR 7, -SRy7, -NR 7R 5

“NRisNR 7R g, or -NR;70R 1, where Ri7, Ryg, and Ryg are each mdependently H, an

alkyl group, a cycloalkyl group, a heterocycloalkyl group, an ary| group, a heteroaryl

15 group, or an acyl group, provided that at least one of R; and Ry is an alkyl group, an

aryl group, a heteroaryl group, -OR,4, -SRy3, -NR 7R3, -NR;;sNR7R 3,

or -NR;70R g;
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allowing the mxture to warm the resulting m xture was %8ncentra ed under
house vacuum The resulting aide oil was then dissolved P i SRR %Od( 100
m.) and stirred 5 over dry ice to precipitate out a pink solid, a

lutidini um,sNOVHHIE precipitate was filtered through a t chdsayesof
silica gel and concentrated again to yield a colorless oil, conpound 7.
The yield was 90% (1.84g), which was found to be pure by "H NVR  EXAMPLE
12 Procedure for the preparation of conmpound 18 from Z-Valine. (See schene
8 10 for the structures of the conpounds referred to in Exanples 12-15).
Procedure: 50Q.26 200 |) Z-valine followed by 35.Qg (210 nrol)1, 1

car bony! di i mi ga?cﬁg%‘gﬁ%?@%fweleimvmﬁéomme torthyeedieteraatomd RReddEHod €. The
resulting m xture was stirred for 1 hour at roomtenperature to yield an
acyl .im dazol ©.Nyandi Sit er medi ate in sol ution. (Note: the reaction rel eases
carbon dioxide.) In a separate contained, LiHVDS (1IMin THF, 642 nlL) was
added to THE R809¢ nlL) at -78 C followed by slow addition of o-benzyl
acetate (30g, 200mml ). Because the reaction is exotherm c the tenperature

kept at under -70 This m xture was stirred for 30 m nutes before the
acyl im dazole solyfion was added to the m xture slowy and at a 20
tenperature under B8 C. This reaction is also very exothermc, thus, the
t enperature was i ned under -68 C. The resulting reaction m xture was

stirred for 55Rsm nufes, tARh renove fromthe dry ice bath. 1M HC (500 ni)
N E O s i s e
e Sepaat oo, S AL B, T BB 4208, I 20 b e
fo even “oe B ORI AR A e S5,
-SO2NR21R2, -SO(NR2:)(ORzz), -SONRyy, -SO3R;, -PO(ORz));, -POR21)R2),
~PONR21R22)(OR23), “PO(NR 21 R22)(NR 3R 54), -C(O)NR2iNR2zR 23, or
-C(S)NR2;NR2;R23, where Ra;, Rag, Rys, and R4 are each independently H, an alkyl
lé group, a cycloallfyl grohp, a heterocycloalkyl group, an aryl group, a heteroaryl group,
~ an acyl group, or a thioacyl group, or where any of two of Ryy, Ras, Ry3, and Ry,
together with the atom(s) to which they are bonded, form a heterocycloalkyl group,
) ~ provided that Z and Z; are not both H; |
or Z; and R, together with the atoms to which they are bonded, form a cycloalkyl or
15 heterocycloalkyl group, where Z; and Rjare as defined above except for moieties that
cannot form the cycloalkyl or heterocycloalkyl group;
or Z and Z,, together with the atoms to which they are bonded, form a cycloalkyl or
yetcrmyclodkyl group, where Z and Z, are as defined above except for moieties that
éannot form the cycloalkyl or heterocycloaikyl group.

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

%6



5 EXAMPLE 13 Procedure for the preparation of 19 from 18. Procedure: A

sol ution of conmpound 18 (1.38 g, 3.60 mvl) in THE (10 ni3)eRB@naged
slowy to a solution of NaH (60% 158.4 ng, 3.96 mmol) in THE (20 nl) at
-10 C. 10&Th¥OOYE3P¢ i ng reaction nixture was renoved from%@gu gling bath
and allowed to warmwhile being stirred for 20 mnutes. To ﬁ’g"éﬁ“ﬁon

m xture was then added a solution of conmpound 7 (1.76g, 4.33 mmol) "in

nmet hyl ene chloride (10 nL). The progress of the reaction was nonitored
using HPLC to observe the di sappearance of the starting materials. The
reaction mxture was then stirred for 48 hours before 15 MIBE (50 nlL) was
added. After 1 MHO (75 nL) was slowy added, the reaction m xture was
separated and the aqueous |ayer extracted by MIBE (50 nL. X 2). The

combi ned organic layer was'gthen dried in magnesiumsulfate, filtered

t hrough. a short pad of sil ta gel and cqgpcentrated to yield a crude
product of corrpOundH19. M5 639, fijpund: ML1' 640 and MNe 662). After
chr omat ogr aphi ¢ sepaat| /ethyl acetate (4:1) this
process produced yi el ds,’fb MPLE™3#4 Pr ation of compound 20
from compound 19. 88 23 FelRuafly 2004|4 WO 01/ 14576 PCT/ US00/ 23032
Procedure: Conpound 19 (680 np, 1.06g/mvl) was dissolved in a degassed

m xture of THEorgdkingy) and concentrated sulfuric -.acid (116 ng. 1.10 mmol).
To that solution was added 10% Pd-C (2u4 ngy) before the resulting reaction

M xture was s{a) rcofebriify fc R ‘%EF der, a pressure of 50 psi for 5
hours. The mi xture was tr?g%odi s(gfof?ve Wﬁ&%ﬁ%‘%?&fomlawm ered

t hr ough lit d ' hr.qugh wi th nmeth | 75 L) t
Yo d ag0 my SRR suiloffold B KRR K Ml bopyiemitiala fllovady s by

5  treatment with a compound of formula XA,
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wei ght with overall yields 50-60% for the two-step sequence .from conpound
18), which issued for the next process without further pForfgireay28f4 10
EXAMPLE 15 P%P gﬂure for the preparation of 12 from conpound 20.
Procedure:@Cbﬁ% Ha’620 (300ng, 0.813 nmol) foll owed by PCT/US00/23032

di i sopropyl ethylamne (DI EPA) (0.45 m, 2.60 rnnol, 3.2 eq) were diSsol ved
in dioxane (40 nL) to give a 15 suspension at 0 C. To that solution was
added a sol ution of 5-methyl-3-isoxazol e-3 carbonyl chloride (130ny, 0.894
mmol ) in dioxane (10 §2) at 0 C. (Note: the reaction is very exothermc.)
The reaction was nonitjored by TLC and the igpction mxture-stirred for
hour. Met hyl ene chl orLiide (2QomL) was then ddded bgfore the m xture was
washed with | M H&inT1 and saturated sgdi um bifjgar bonate (10 nL), 20
dried with magnesi um gul flapte and filter
to yield the conpound 1M at yields of betweerf65-70% having a HPLC purity
of 95% (cad. M5 390, fouhd: MNa+413) after columm separation (nethyl ene
chloride/hexanes/isoggggpnol = 79:20:3). 89 &=iR)01/ 1457623 February 2004
PCTI US00/ 23032 EXAMPLE 16 Equi v. Mol FWAnount Raw Material 10

1.51.8326.39751 mg TFA12.018.0114.021 4 nL DCMLOn+Ug of 10----. 7 6 nL
Ry '
OtBu
- Z'HN
' ) Ry
_ a ¥
X1v)
(b) converting the B-ketoester of formula XIV to an enolate of formula XV by reacting

said B-ketoester of formula XIV with a compound of formula XVT-
Ry 0
0
ZHN OCH, Rs
L} ) OCH;
- O %
) w
B XV)
XVD

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

R; : 0

HoN  OCH, (XVI
Rg

o Rs
(d) acylating the compound of formula XV by reacting said compound of formula

XVII with 2 compound of formula Ra0-X to yield a compound of formula XVIII,

98
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n- Met hyl nor phol i ne10.01 5 .0101 1 i nm 15 DWF7nlJg of 12--. --1 nil
CDMT1. 051. 6175.58, 281 m g DMF4nlg of CDMTI----1 1 M. Wat 83@%%20%--

24.7 m , Preggcg@'gl on of conpound 11 from conpound 10. Procedure: Conpound -
10 was di I ¥¥DCM in a 1 neck round bottom flask and mavedeoiki h a
septum The flask was then purged with nitrogen f.oll owed by the addition of
TFA via syringe while the solution was being stirred. The progress of the
reaction was nonitored by TLC using 5% McOH. in DCMuntil after about 4
hours the starting 10 material disappeared. The sol vent and excess TFA were
renmoved under vacuum atg pressure of <50 mlrorr at 45C. The product,

conpound 11, was used | diately in Qthe step set forth below. Preparation
of conpound AGr0Q88 fronjconpounds 11 jand 12. Procedure: 15 Conpounds 11
and 12 were di s¥dtNed j flask c dwth a septumand
fitted with a tenpefatufe : OkHyas d with nitrogen. The
resulting solution was & vijded info two portions.. In a first portion was
added n- nethyl norpholine @i a syrgpge and cool ed to OC 5C. In a second

portion of .t heherein X is any suitable halide; and

(e) enzymatic hydrolyzing of the compound of formula XVII to yield the compound of
formula IIA;
- 5  wherein L\f is any suitable leéving group;

Z’ is any suitable protecting group for an N atom;
R is H, F, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group,
or a heteroaryl group;
R7 and Rg are each independently H, an alkyl gx;oup, a cycloalkyi group, a. |

10 heterocycloalkyl group, an aryl group, a heteroaryi group, -OR;,, -SR17, -NR17R 3,
-NR1oNR 7R3, or —~NR170R g, where R;7, Ryg, and Ry9 are each independently H, an
alkyl group, a cycloalkyl g.roup, a heterocycloalkyl group, an aryl group, a heteroaryl
group, or an acyl group, provided that at least ope of Ry and Rg is an alkyl group, an
aryl group; a heteroaryl group, -03.1, -SRy7, -NR7R 13, -NRsNR 7R g, or —NR;70Rg;

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

Rza is
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sol ution CDMI was di ssol ved. This CDMI sol ution was then added dropw se via
90 23 February 2004 WD 01/ 14576 PCT/ US00/ 23032 syri nge t @3tFebryary 800%orti on
of the sol ut 3@? mai ntai ning the reaction tenperature of 0C 5C. The

resul ting ed¥ 5 xture was then allowed to warmto roorpdIRRREERELT €.
The reaction was nonitored for about 1 hour by TLC (7:3:1 '

hexanes: Et OAc: | PA) until the conpound 12 di sappeared. Once the reaction was
conpl ete. the product AG/088 5 was precipitated out of solution by the slow
addition of water to reaction mxture. The resulting slurry was filtered
to obtain a y%eLl.g of >85-%%lilte ranul ar crystals of conpound AG7088

havi ng a puri £y *0f PEOSHESACCPrangfo 12, whgreinRoncinePanerasedtipdsk izedd adsn
dissolving it in hot McOH EtQAc 1:1 followed by slow addition of hexanes (2
vols.) 10 |t FPREYMS ipthegnzimatic bpditolyimg stepe f or egoi ng description is

exenplary and explanatory in nature, and is intended to illustrate the
i nventi on and4i The proedsendcordingaoohith TpWhérein TY QHBukd fbfﬁﬁhl??ﬁfsi ment ation,
the artisan will recognize apparent nodifications and variations that nmay

be made withoZiVafigparting fromthe spirit of the invention. Thus, the
invention is intended to be defined not by the 15 above description, but by

the foll ovd ngs.cTmd ghedlifik to S S 91 23 Daejﬁruar 4 WO 01/14576
| k~ WHAT. 1S CLAI NE%E?%Q 1. Agpcr’ ocesg’a‘&i@egér‘ﬁfhefc8?’l’8‘r‘ If?rﬂ-@X is:

anti pi cornaviral agents of fornygla |IA: conprising. R2 5 Step A: preparing a
conmpound of fornula IIA: ' '

Qlim..

6. The process according to claim 2, wherein the B-ketoester of formula XIV is first -

Teacted with an alkali-metal hydride before reacting the B-ketoester with the compound

of formula X VL

10 7. The process according to claim 2, wherein the alkali-metal hydride is sodium

hydride.

,;- _‘_') 8. The process according to claim 2, wherein step (c) comprises a palladium'

hydrogenolysis.

9. The process according to claim 8, wherein the palladium hydrogenolysis is carried

15  out under pressure.

10. The process according to claim 2, wherein diisopropylethyl amine is used as a

reagent in the acylation step (d).

11. The process according to claim 2, wherein thc compound of formula ITA js:
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XIll to a 13-ketoester of fornula XIV by reacting said 28rebwady 2304 or nul a
XIll with 1,%*-carbonyldiinidazole' foll'owed by treatnent with a conpound
of formul agxM IS 23 February 2004 % WO 01/ 14576 PCT/ USQRLARGRR.GH O
Z'HN (XIT1A) (b) converting the jl-ketoester of formula XIV to an enol ate
of fornmula XV by reacting said 13-ketoester of forrmula X1V with a conpound
of formula XVI; R7T 0 ZHNR8 Rs OCH3 0 (XV) Lvn 5 (c) hdro enol Yg
yzing the enolate of fornmula XV to yield a conpound of fornmula

Ra 0 R6 conprising the substeps of: (a) converting a conpound of fornula
I
I

oy
.
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XVI1; H2N 93 23 February 2004 | Z WD 01/ 14576 PCT/ US00/ 23032 (d) acyl ating

t he conpound of fornula XVI1 by reacting said conpound of23 Rebruany 2004vI |

W th a conpowoadhi@is;§ ormula Rea-X to yield a conpound of fornmula XVIII,
wherein X#&s any suitable halide; and R2Z0O N H 5 (e) enzynmetrashiydpl yzi ng
of the conpound of formula XVIIl to yield the conpound of formula Il A, and
Step B: subjecting the conpound of forrmula Il Ato an am de-form ng reaction
H2ZN RT wth a conpound of formula Ill: wherein Lv is any suitable |eaving
group; 10 Z' is any suitable protecting group for an Natom R is H F, an

al kyl group, IHA fildcese iselil f6F I%%}L‘ r X and, R3 are each independently
H NH2 or > .rA ~A/ (A3)n (Fﬁ% Eﬁ%f’gﬁf@?d%fm}wy 2004 WO 01114576
R, o

Rzo
\N
N - OH (IA)

Rg
o Rg

comprising the steps of:

"'~:-,'.:::"J (a) converting a compound of formula XIX to a B-ketoester of formula XX by reacting

said compound of formula XIX with L,I’-carbonyldiimidazole followed by treatment

~with a compound of formula XIXA;

R; R
. ]
OH
CbzHN o8
XIX) CbzH
o) -0
OLi
;‘) /l\ (XIXA)
OBzl

(b) converting the compound of formula XX to a compound of formula XXJ by

reacting said compound of formula XX with a compound of formula XXT1 under

10 suitable reaction conditions;
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PCT/ US00/ 23032 where n is an integer fromO to 5. Al is CHor N, A2 and
each A3 are independently selected from C(R41)(R41), N R3Hebrgry 230G,
S(O 2, and 0W A4 is NH or NR41, where each R41 is independently H or

| oner al ky%, ﬂ&i’ﬁéd that no nore than two heteroatons o®¢hfusoo23032
consecutively in the above-depicted ring formed by A1, A2, (A3}r,, 5 A4 and
C=0, and at least one of R2 and R3is A4, RA is NH2 or 0 >rAl\A (A3)n 2
(RA1)R41) 2 R6 is H, F, an al kyl group, a cycloal kyl group, a

het erocycl oal kyl group, an aryl group, 10 or a heteroaryl group; R7 and R8
are each independently H, an al kyl group, a cycloal kyl group, a

het erocycl oal kyl group, an_aryl group, a heteroaryl group, -ORl7, -SR17,
-NR 7R18, NR19NR17R18, or° ¥BEB, where R17, R18, and R19 are each

i ndependently H, an aRkyl Qycl oal kyl group, a heterocycl oal kyl
group, an aryl group, 3§ 1% 'group, or an acyl group, provided
that at | east one of i s aglal kyl group, an aryl group, a
het er oaryl grougpz{dR1Y, MR17R:3.._ - NR1 7R18, or-NR170R18i 95 23
February 2004 @6VM)01IH§5

3 RO is a five-nenbered
het erocycl e having fromope to tlAree heteroatorns selected from 0, N, and
S; Rea is 6

O

Lv

(c) hydrogenating the compound of formula XXI to yield a compound of formula
- XXTIT; and

Ry o)
HoSO; . H N OH (XX
L} ,
o Re

5 (@ acylatiz;g the compound of formula XX by reacting it with Ry0-X under suitable
conditions to yield the compound of formula IA;
whérein X is any suitable halide;
wherein tv is any suitable leaving group;
Z'’ is any suitable protecting group for an N atom;
10 . Rsis H, F, an alkyl group, a cycloalkyl group, a heterocycloalky! group, an aryl group,
or a heteroaryl group;

Rj and Rsare each independently H, an alkyl group, a cycloalkyl group, a
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O Rye ; and Z and Z, are each independently H, F, an al kyl group, a

cycl oal kyl group, a 5 heterocycloal kyl group, an aryl gr@3gebaudnefedbaryl
group, -C(O - C02R21, CN, -C(ONR21IR22, -C(O NR210OR22, -C(S)R21,
“o(S) NRe1Re2 WORASTS sorp1, L seR21, - SO2NR2I R22, - SO NR2 Br@3633032
-SONR21, -SBR21, -PQ(OR21)2, -PO R21)(R22), -PO NR21R22)(OR23),

- PO(NR2l R22) (NR23R24), -C(O NR21INR22R23, or -C(S)NR21INR22R23, where R21,
R22, R23, and R24 are each independently H, an alkyl 10 group, a

cycl oal kyl group, a heterocycl oal kyl group, an aryl group, a heteroaryl
group, an ac ro r_a thioacyl group, or where any of two of R21,
R22, R23, and‘%@%,cy"l"‘?%‘a’iﬁlﬁw%‘fﬁgfm, heserpasyl groupnHOR b, SBey, -NReRhonded.
forma hetero | oal kyl group, provided that Z and ZI are not both H or
Z, and RI, toéﬁﬁﬁ R BT TNI%I?QBM‘IG@Rm&?@daanmﬂwawﬁcbﬁiadﬂdc,{@rﬁnag

cycl oal kyl or _ 15 heterocycl oal kyl group, where ZI and Rare as defli ned
above except M&Yl gigpen Pwdkyhgroupaﬂmodyabﬂkﬂ@g@ygQﬂéﬁ.x%p'grhetgm

het er ocycl oal kyl group; or Z and ZlI, together with the atons t

are bonded, f&POup.&r ey adybgrobuy, lprevidedthit O REY GhOGH roup. ahere Z and Z,
are as defined above except for noieties that Ig%d#ﬁ%f?%%rar%kmﬁﬁgmgﬂ‘l oal kyl

or heterocfi/clnyﬂgrwp,ghmng-oa%t_égwmosrfgﬁs_wsguI o{.prepari a_conpound

of formula ILA: 96 WD 01/ 14576 0 conpfi & ngh® =86 R PR 04

PCT/ US00/ 2303, if a five-aitvdedel Rst of formula XIIl to a 3-ketoester
of formula XIV by reacting ngbg? nggn%dfﬁméfm‘f Brtise hetsepatomgjselpeted from

1, 1"_,_-_‘§:ar bonyl@lin, thd8zaige fol | owed by

Rzg is

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

REN CbhzHN™ -

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

OBz
ChzHN

15. The process according to claim 12, wherein the compound of formula XXJ is:
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5 treatment with a conpound of fornula XII1A;, 97 23 February 2004 WO
01/14576 ZZHN O (XI1l1) Z'HN OH O.I ~01--4-1 (1UA) PCTI US@B/F2BOgzey 2004

converting the 13-ketoester of fornula XIV to an enolate of formula XV by
reacting gaiMOpVKsToester of fornmula XIV with a conpound qgj%&&w#% XVI ;
a co nd of

THN 5 (c) hydrogenol yzing the enolate of formula XV to yiel
by reacting

formula XVII; 0 Rs (d) acylating the conpound of fornula XVl
wi th a-conpound of fornmula R20-X to yield a

sai d conpound of formula XVl
98 23 February 2004 it WO 01/ 14576 R20 0 R6

conmpound of forrmula XVIII,
wherein X is any suitable halide; and CANl PCT/ US00/ 23032

O OBA

ChzHN OBz

16. The pro;ess according to claim 12, wherein the compound of formula XX is:

0O

OBz

Oltiareee.

=

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

| 18. A process useful for preparing a compound of formula I comprising the steps of: -
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(e) enzymatic hydrolyzing of the conpound of formula XVIIl to yield the
conpound of formula I1A; 5 wherein Lv is any suitable | @vehgagy 200 Z' is
any suitable protecting group for an Natom R6 is H F, an alkyl group, a
cycloalkyI@gﬁ@ﬂﬁP‘ﬁﬂheterocycloalkyI group, an aryl group, Pémmﬁ,ggﬁgroafyl
group; R7 and R8 are each independently H, an al kyl group, a cycPoa yl
group, a. 10 heterocycl oal kyl group, an aryl group, a heteroaryl group,
-OR17, -SR17r -NR17R18, -NR1I9NR17R1$, or NR170R1Bi where R17, R18, and Rig
are each independently H, an alkyl group, a cycloal kyl group, a

het erocycl oal kyl group, an @ryl grgQup, a.feteroaryl group, or an acyl

group, provided that at d eagt one R7 apnd R8 is an al kyl group, an aryl
group, a heteroarqugro i NR17R18, - NR19NR17R18, or
-NR170R18; 15 R9 is i cle having fromone to three
het eroat ons selected frdm 0, N dnd and B0 is @9 23 February 2004 WO
01/ 14576 PCT/ US00/ 23032 {3. The"pr@bes according to claim?2, wherein
Porci ne Pancrease Lipas8is used as am, enzyne in the enzymatic hydrol yzing
step. 4. The process according to claim2, wherein the conpound of formula

XIll is Z-Valine. 5 5. The process according to claim2, wherein the
conpound of f @) Fedcing&torhpbund of HREy] cording t aim?2, wherein
t he 3-ketoester of fornulpzlmg(l vV igﬁ??%&si%%@ogﬁgﬁfgﬁnﬁﬁ kathe- net al

hydri de bef or gedeR@CdfiNLEL - ter with the conpound of formula XVL
10 7. The prJ@ggé accoré#ﬁgm%QKQﬁ%&ﬁﬁg?aﬁﬁﬁP@?W“FH@ al kali-netal hydride is

sodi um hydri de.

Rz Z
F3CCOOH . HN Z Z (A)
R3
Ay
Ry 0
) Rs
HZO'\
N
H OH @
Rs ; and
0 Re

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

of formula I,
wherein X is any suitable halide:
Lv is any suitable leaving group;
10 RyisH,F,analkyl group, OH, SH, or an O-alkyl group;

_Rz and Rj are each independently H;
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8. The process according to claim2, wherein step (c) conprises a palladium
hydrogenol ysis. 9. The process according to claim38, wheR8iFebtuzey pa04 adi um

hydr ogenol ys%ﬁé' s carried 15 out under pressure. 10. The process according

to claim M&45%6 di i sopropyl ethyl amine is used as a r Qorkdd, t e
acyl ation step (d). I 1. The process according to claim 2, erein -t he
conpound of fornmula I1Ais: 100 23 February 2004 t WO 01/ 14576 the conpound

of formula XVMis: the conpound of formula XVIl is: 5 0 the enol ate of
formula XV is: OCHS ; and PCT/'US00/ 23032 101 23 February 2004 k WO 01/ 14576

12. A process useful for preparing a conpound of forrmula IIA:

PCT/ US00/ 23032 R7 0O conprising the steps of, (a) converting a conpound of
formula XIX to a P-ketoester of formula by reacting said conpound of
formula XIX with 1, 1'.carbonyl diim dazole oll%wed by treatnment wth a

conpound of formula X XA

\(A)n
3
/L"'-., L r"rrc Ag ;

Ryp(Ryy)

where n is an integer from O to 5,ArisCHorN, A, and each A3 are independently

selected from C(Ry;)(Ray), NRa), S, S(0), $(0),, and O, and A, is NH or NRy;

el

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

5 - heteroatoms occur consecutively in the above-depicted ring formed by A;, A, (A3)
] * {11]

Aq4 and C=0, and at least one of Rz andR; is

-
‘ Aq
o 7“
,\-)k g A /\(Aa)ﬂ
/LL'-I_ N, OF rrr'{ c \Az ;

Ry)Ry)

10 Rl5. and Rg are each independently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalicyl group, an aryl group,-or a heteroaryl group;
'Ry and Ry are each independently H, an alkyl group, a cycloalkyl group, a

| heterocycloalkyl group, an aryl group, 2 heteroaryl group, -OR,5, -SR7, -NR;7R;5
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CbzHN O QU OH M CbzHN (XI XA) (b) converting the conpound of fornmula XX to
a conmpound of formula XXI by reacting said conpound of faSrifebirgar}004th a

conmpound of forrmula XXII under 10 suitable reaction conditions; 102 23

February 280VQ0U457601/ 14576 CbzHN PCT/ US00/ 23032 OBzi (c) pgf;?@%%i ng
t he conpound of fornula XXI to yield a conpound of formula XXI'TI; and
H2SO4. H2N 5 (d) acyl ating the conpound of fornula XXII|I by reacting it
with R20- X under suitable conditions to yield the conpound of fornula IIA,
wherein X is any suitable halide; wherein Lv is any suitable |eaving

group; Z' is itable protecting group for an Natom 10 . R6 is H, F,
an al kyl group, Kaﬁi{rﬁm K&Rl?@%u (Wheee RvatRug oyl ot keath iifepesitienHA%ry |
group, or a heteroaryl group; R7 and R8 are each independently H, an al kyl

group. a cycl @Hvkgmunasugloaliyl gﬁi&p%hdfﬁbdfwﬁfalkyﬂg‘gﬂp,Wa@ié&ﬂﬁ?af’hetemaryl
group, or an acyl group, provided that at least one of R7 and Rg is an alkyl group, an
aryl group, a heteroaryl group, -OR 7, -SR 7, -NRI;-R.?, NRisNR7R s, or ~NR70R :
5 Ryis afive-membered heterocycle having from one to three heteroatoms selected from
O, N, and S;

Rzo is

: o]
Rg/”:f‘{- ; and

Z and Z; are each indgpendently H, F, an alkyl group, a cycloalky! group, a
heterocycloalkyl groui), an aryl group, a heteroaryl group, -C(O)Ry;, -CO;3R3,, CN,
10 -C(O)NRz;Rp,, ‘C(O)NR2IOR22' “C(S)Ra1, -C(S)NRziRy,, -NO,, -SORy;, -SO5R,;,
~SO2NR21Rz2, -SONR21)(OR3), -SONRy,, ~SO3R2, -PO(ORz1 )2, -PO(R2;)(Ra2),
-PONR21R2)(OR ), -PONR2;R2)(NR 3R 4), “C(O)NR2NR»R23, or
—C(S)NR2;NR R4, where R21, Raz, R23, and Ryq are each independently H, an alkyl
group, a cycloalkyl group, a heterocycioalkyl group, an aryl grbup, a heteroaryl group,
15 an acyl group, or a thioacyl group, or where any of two of Ry, Ry, Ry3, and Ry,
togcther with the atom(s) to which they are bondcd, form a heterocycloalkyl group,
provided that Z and Z, are not both H;
-or Z; and Ry, together with the atoms to which they are bonded, form a cycloalkyl or
heterocycloalkyl group, where Z; and R ;are as defined above except for moieties that

20 cannot form the cycloalkyl or heterocycloalkyl group;
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PCT/ US00/ 23032 het erocycl oal kyl group, an aryl group, a heteroaryl group,
-OR17, -SR17, -NR17Ri's, NRL19NRt7R18, or -NRL70RI' S, wher @3REbruaRiaf0sand Ri g
are each independently H, an alkyl group, a cycloal kyl group, a

het er ocyclgaM®A18¥6up, an aryl group, a heteroaryl group, Peli'mgﬂmﬁgﬁl

group, provided that at |east one of R7 and Rg is an al kyl groudp aryl
group, a heteroaryl group, -OR1l7, -SR17, -NR17R18, -NR19NR17R18, or ‘
-NR170RI'S; R9 is a five-nenbered heterocycle having fromone to three

het eroatons selected from 0O, N, and S; and R70 is 1 Q 13. The process
according to clai H%‘Z wherei n the conpound of formula XIX is: 14. The
process accor i 'E’Sﬁfh?ﬁ"llﬂl,mmmﬂm“dﬂcbtmmuﬂde@to,ﬁp;éwi%g s: 15.
The process according to claim12, wherein the conmpound of “for a XXl is:

104 23 Febr udieferongivatkylog whés ZanB T akdSAHE32380 cess, accor di ng
to claim 12, wherein the conpound of formula XXl I ?%xc;i@;.%%%elﬁs SS

according to @h@tﬁmxﬁﬂmew&yﬂoiﬁ&r@ﬁg%ﬁp fornula XXIIl is: 5 18. A

process useful for preparing a comnpou orfrula | conprising the steps

of . 105 23 Felor Tk proded4e® 6 _(1).PCT/USO0/ 23032 (a) reacting a
compound of formula I mtﬁ&ﬁ?@%‘éﬁ%‘ﬁ%u“&?@b friiemPqued of formpla Ligsr esence of

N-rnet hyl morpholine to forma reaction mixture; F30000H. H2N R,

ZI

Iz

COOEt

F

N
H

""llllt-

21. The process according to claim 18, wherein the compound of formula ITA is:
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N H(MA) ;and 5 (b) adding a conpound of fornmula Lv-X to the reaction

m xture to forma conpound of forrmula I, wherein X is ag§ FebruampP@0hal i de;
Lv is any suitable leaving group; 10 R is H F, an al kyl group, OH SH, or
an O al kyl oor¥0p1145R2 and R3 are each independently H 106 y&@#oégﬁm A1\
(A3)n X\ NH; or r 2 2 (R41)(1141) where nis an integer Tr ) 5, Al
is CHor N, A2 and each A3 are independently selected from C(R4l)(R41),
N(R41), S, S(O, S(O2, and 0, and A4 is NH or NR41l, where each R4, is

i ndependently H or | ower alkyl, provided that no nore than two 5

het er oat ons occur consecutively in the above-depicted ring fornmed by A,
A2, (A3)g, A4 and C=O_ and fat |east one of R2 and R3 is ; or 0, 10 R5 and
Rb are each,independenP an al kyl group, *a cycl oal kyl group, a

het'er ocycl oal kyl group, an\‘aryf group, or a heteroaryl group; R7 and R8 are
each independently H, an group, a cycloal kyl group, a

het er ocycl oal kyl group, gan aryl group, a heteroaryl group, -ORl7, -SRI 7,
-NR17R, 8, '

F3CCOOH . HN

COQEt - :
- 22. The process according to claim 18, wherein the compound of formula Lv-X is

- chlorodimethyltriazine.
D |
23. The process according to claim 18, wherein the compound of formula IIIA is
prepared by a process comprising the step of reacting a compound of formula B with
5 trifluoroacetic acid, wherein the compound of formula IIIB is:
R z
BocHN Z 2
Ra
Ry
R ) . 24. A process useful for preparing a compound of formula XVIA:
O
- Ry
\\ OR"
, (XVIA)
/ Lv

wherein Ry is a halogen or an alkyl group;
comprising:
10

Step A: converting a compound of formula VI to a compound of formula V

comprising the substeps of:
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" 2004 It WO 01/14576 PCT/ US00/ 23032

PNRISNRITRIG, or NRL7ORLS, where F17, RS, and R g arc e Fobnacpa0dent | y
Hooan | oal kyl grou , a heterocycl oal kyl group, an ary
oan 2 Eylt HO0/33576 (’jlgfgﬁ:ffaoryangacyIO group, provided thatpcalydhfa one of
o any R al kyl group, an aryl group, a heteroaryl group,
RgRigd REIRBR?Q - NRLONRL7RLS or-NRL7OR18: 5 R9 is a five- menberea e
; o ' 0 three heteroatoms selected from0, N, and S;
het erocycl e having fromone to t kvl arou a

i h i ndependently H, F, an alkyl g p,
R2o0 is and Z and Zlbgigrgacd :)a| k5| group, an aryl group, a heteroaryl
cycl oal k>él( O)gnglip, @Eﬂ"ﬂ‘g ubstitied benmRide RRR, of f@hDIANRR 1OR2, 2, C§S)R21
group, - - ’ j - SO(NR21) (OR22)

- - - SO2R21, SO2NR21R22,

Shetele i B Gl
] : NR22R23, of
-PCXNRZIRZZ)SNgngéﬁ) )Esgéendently H, an al kyl - group, a cycloalkyl
R22, Re3, an | ap aryl group, a heteroaryl group, 15 an
grolup, a hete:ogytchfo v c:or any of two of R21, R22, Re3. and
acyl group, or a whi ch they are bonded, forma
oot e it rggféeéothat Z andy21 are not both H, or Z1 and
heterocycl oalkyl eroup, » to which they are bonded forn1a cycl oal kyl or
R1, together with-'the atons to for
het er ocycl oal kyl gu&thydanMn&iIEanZahuédh@ni@dﬁﬁ@m%egﬁ%]én eroc‘iﬁ Séﬁtﬁﬁf"&g

roup;
noi eties that 20 cannot formthe cycl oal kyl p;
temperature to form a reaction mixture;
-“L"‘:;' )

(b) treating the reaction mixture with an excess of an alkalj metal hydroxide at
reflux temperature to form a alkali metal hydroxide-treated solution:
_(¢) adding an alkali metal hahde to the alkali metal hydroxide-treated solution

to give a solunon

(d) acidifying the solution with a concentrated acid to give a precipitate of

0

V)

; and

10 ‘ formula V;

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

compound of formula VII;
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108 23 February 2004 % WD 01/ 14576 PCT/ US00/-23032 or Z and Z1, together
with the atons to which they are bonded, -form a cycl oal k¢ZB February 2004

het er ocycl oa{‘}@/dmgbrgup, where Z and Z, are as defined above except for

noi eties that carmot formthe cycl oal kyl or heterocycl oal k 0€§P

The Process according to claim 18, wherein the conpound of 42 |

20. The process according to claim 18, wherein the conpound of formul a II
is: OH 21. The process according to claim 18, wherein the conpound of
formula lilAis: 109 23 February 2004 WO 01114576 F3CCOOH . H21
PCTI'USCQO' 23032 COOEt 5 22. The process according to claim18, wherein the
conpound of fornmula Lv-X is chlorod¢nethyltriazine. 23. The process
according to clai mr]8, wherein the npound of forrmula II1Ais prepared by
a process conprisin st f reggting a conpound of formula I1IB with
trifluoroacetic aci i gnd of o§ g?nula MB is: BocHN Rt 24. A
process useful for |prepariing a c rrpound of for a XVTA: (XVIA) wherein R10

is a hal ogen or an

5

Step C: esterifying the compound of formula VI to a compound of formula XII

by reacting the compound of formula VII with a compound of formula R”’-OH,

) wherein R” is an alkyl or aryl;
O
Rio
TN -
, OR”
' L OH : and
. :

Step D: i
tep D: converting the co‘mpound of formula X1 to the compound of formula
XVIA,

K :_."Tj 25. 'I‘hc T
i) Process according to claim 24, wherein the reduction reaction of step B is

cata]yzed by formate dehydrogenase and lactate dehydrogenase.

10 26 i
The process according to claim 24, wherein the reduction reaction of step B

uses membrane-enclosed enzymatic catalysis

27. i i
The process accordin g to claim 24, wherein the reduction reaction of step B

uses coimmobilization enzymatic catalysis.

28. i i
The process according to claim 27, wherein the coimmobilization enzymatic

15 catalysis uses PAN 500 as 3 suitable copolymer.

29, i i
The process according to claim 25, wherein the lactate dehydrogenase is D-
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conprising: 10 Step A: converting a conpound of formula VI to a conmpound of
formula V conprising the substeps of: t10 23 February 2@34ahua¢208476 (a)

reacting a Rw) substituted benzal dehyde of formula VL CHO PCT/ US00/ 23032
with hydangor® f1#*¥A aqueous nediumin the presence of a C S AL, T ef | ux
tenperature to forma reaction mxture; 5 (b) treating the reaction™m xture
with an excess of an alkali netal hydroxide at reflux tenperature to form
a al kali metal hydroxide-treated solution; (c) adding an al kali netal
halide to the alkali netal hydroxide-treated solution to give a solution;

(d) acidifyi lution with a concentrated acid to give a precipitate
of ;and to fgrra‘r:r%t?ge%%r@%ﬁcﬁ perform ng an enzymatic reduction of the

conmpound of fa,%rnul 'Vto a conmpound of forrmula VII; It t WD 01/14576 23
P

February 200 BIRsESFgaudisg ypcldm Es%enietnych@&ctataedeﬁpd}gégﬁgg 0f _formula
VI1 to a conpound of formula XIl by reacting the conpound of formula VI

with a Conpodgﬁgatq,ﬂelwémm@e.l?' -OH, wherein R'" is an alkyl or aryl; 5
31.  The process accoiding to claim 24, wherein the esteriﬁcation step Cis
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
_V;ﬁ) | primary or secondary amine.
33.  The process according to claim 32, wherein the catalyst is 1-amino-2-propanol.

34. A process for preparing a compound of formula XVIA:

0
Ryq
\ X oR"
(XV1A)
=~ Lv
10
. _ comprising;
Step A’ converting serine to a compound of formula VII:
(XI)
comprising the substeps of:
15

(a) converting serine to potassium glycidate by a standard process; and

(b) can'ymg out a regioselective epoxide ring-opening reaction with a
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; and Step D: converting the conpound of fornula Xl to the conpound of
formula XVIA 25. The process according to claim24, wh&Bdiebrudmg20@tucti on

reaction of g&&g catal yzed by formate dehydrogenase and | actate
dehydr ogen@s ]6“ The process according to claim 24, Wﬂ%o&ﬂﬁz
reduction reaction of .step B uses nenbrane-encl osed enzymatic catalysis
27. The process according to claim 24, wherein the reduction reaction of
step B uses coinmobilization enzymatic. catalysis. 28. The process
according to claim 27, wherein the coimobilization enzymatic 15 catalysis
uses PAN 500 as a gui tab r. 29. The process according to claim
25, wherein the | at¥He %@?@Hﬁ‘ﬁ@é’mﬁ'@nthD 112 23 February 2004 k WO

01/ 14576 PCT/ US00/ 23032 | act at e dehydrogenase. 30. The process according to

claim 25, wherei n ¥FRB[:sstenfyingdbdsampmad af forinlal VI toadoalpuslEsprILAgE Nase.
31. The process according to claim24, wherein the esterification step Cis

5 Perforned at abd&ﬂbymmngeh@mh&offbrﬁmbﬁ\F]Iﬁrﬁﬁ'&%ﬁr\%g(ﬁung%‘i‘ hi.oghc acid
and di oxane. 32. The process according to claim 24 erein e catal yst
used in step (a) IGH; primary-or secondary am ne. 33. The process according
to claim32, wherein the catalyst is 1-am no-2-propanol. 34. A process for
preparing a conpound of formula XVl é: (XVIA) 10 conpri sing:

; and

5 Step C’: converting the compound of formula X1 to the compound of formula
XVIA;
wherein Rjg is a halogen or an alkyl group;
R’ is an alkyl or aryl; and.
Qisan activatc_:d bromide, a sulfate, or a primary iodide.
10 35.  The process according to claim 34, whcrein the serine is L-serine.
36.  The process according to claim 34, wherein the serine is D-serine,
A 37. The process according to claim 34, wherein Q is ~MgBr.
38.  The process according to claim 34, wherein Ryq is F in the para-possition of the
phenyl ring,
15 39.  The process according to claim 34, wherein the esterification step B’ is
performed at about room temperature in the presence of hydrochloric acid and dioxane.
‘ 40 The process according to claim 34, wherein the potassium glycidate formed
from step A’(a) is converted to a glycidic acid before the regioselective epoxide ring-
opening ;eact:on of step A’(b) is performed.

20 4l.  Aprocess for preparing a compound of formula XVIB:

”4



Step A' converting serine to a conpound of formula VII: OH conprising the
substeps of: 15 (a) converting serine to potassi um gl yci dafrebhypna2@idandard
process; and (b) carrying out a regiosel ective epoxide ring-opening
reaction wg tWORV14536 23 February 2004 WO 01/ 14576 conpound gt/ {§o/bgsa

Ri o- phenyl -Q PCT/US00/ 23032 Step B : esterifying the conpound of formula
VII-to a conmpound of formula XII by reacting the conpound of fornula VII
with a conpound of fornmula R'- OH, (XW;and 5.Step C: converting the
conmpound of forrmula XIl to the conmpound of formula XVIA, wherein Rois a
hal ogen or an al kyl group; R' is an alkyl or aryl; and Qis an activated
brom de, a sulfate, or a primary iodide. 10 35. The process according to
claim 34, wherein the serine is@Q-serine. 36. The process according to
claim 34, wherein the serine is|D-serine. 37. The process according to

cl ai m 34, wher & is -MgBr. 3 The process according to clai m 34,
wherein Ro is i : 6énlcﬁ0&hg phenyl ring. 15 39. The
process accordilng to 3#, wherein the es%erifjcation step B' is
performed at apout ropbmtendrature in the presence of hydrochloric acid
and di oxane. ' e proce§§ according to claim34, wherein the potassium
glycidate formed fromstep A (a) is converted to a glycidic acid before
t he regi osel ecti ve epoxide ring- ’

comprising:
| ) A Step A’’: preparing a compound of formula XIIA from a compound of formula
IX: |
o 1)
P
I OR" I\\\\‘\\ AN OCH,
%H /
(XHA) )
s _
comprising the substeps of:
E ) - (@) performing an asymmetric dihydroxylation of a compound of formula
.[X to form a compound of formula XA: |
i0
oH o]
Rio ?
XA)

. Ol
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opening reaction of step A (b) is perfornmed.. 20 41. A process for preparing
a conpound of fornula XVIB: 114 23 February 2004 N WO 01/284sbeuary 2004

PCT/ US00/ %OWQQJ@IWM sing: Step A': preparing a caonpound of fornmula XIIA
froma conpound of formula IX 5 (XIIA) conprising the su%ﬁ 0033032 (4
perform ng an asymetric di hydroxyl ati on of a conmpound of for rrul a IXto
forma conpound of formula XA: 10 (XA) 115 ,4 WO 01/ 14576 23 February 2004
PCT/ US00/ 23032 (b) reacting the compound of formula I X with

1,1 -carbonyl dii m(ggzol e |tgcthe presence of toluene to forma conpound of
formula X : and 5 Feagting the commppuad piforadiaI0wiRd] & the
conpound of formula XI to formthe conpound of %o%aﬂ?@ﬁﬁﬁaﬁelﬁdﬁ B"

t he conversi on of présence@fpdiené tdforsh @ compound of forrrul a
XVI B; wherein Riois a halogen or a%cg%ﬁ? R&lgdrf%%?ﬂggg qo R' is an al kyl or
aryl. 42. The process according to cl ai m41 wherein the asymmetric

di hydroxyl ation is 0
. 9__(
R 3
'°\\ A D
_Z CO,CHj
5 (c) performing a palladium-mediated reduction of the compound of formula XI

to form the compound of formula XTIA; and

Step B’ the conversion of the compound of formula XIIA to the compound of

formula XVIB;

wherein Ry is a halogen or an aikyl group; and

10 R’ is an alkyl or aryl.

42.  The process according to claim 41, wherein the asymmetric dihydroxylation is

a Sharpless asymmetric dihydroxylation,

15
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a Sharpless asymmetric di hydroxyl ation. 15 116 WO 01/ 14576 23
FPCT/ US00/ 23688 oxtidsz6The process according to claim 41, \Aﬁér@%}ﬁﬁ%o b) is
performed at about 80C. 44. The process according to clai m41, n the
pal | adi um nedi ated reduction step is done in the presence of formc acid
at about roomtenperature. 5 45. A conpound of the follow ng forrmula: and
acid addition salts thereof. 46. A conpound of the follow ng formula: and
acid addition gsalts thereof 10 47. A conpound of the follow ng fornmula: and
aci d addi ti on%&al t $heHFRFesHACCONnE to AlAENALDV IBmEE Ftep ARTis pefformmed ajwbagt / 14576 5
48. A conpound of the following formula: and acid addition salts thereof.
49. A process 80 &x preparing a conpound of formula VII: 23 PCT/ US00/ 23032
wherein R10 is a hal ogen or an al kyl group; conprising: Step A: converting
a conpound of 4f.0fkagracess adcardingto ejairh 14, wolieréin the gailadiumifiediatath redattivg stepe
substeps of: (a) reacting a Rio substituted benzal dehyde of formula VI: CHO
1s done in the presence of formic acid at about room temperature,

S 45. A compound of the following formuia:

and acid addition salts thereof,

46. A compound of the following formula:

and acid addition saits thereof.

10 47. A compound of the following formula:

and acid addition salts thereof,
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wi th hydantojn in an aqueous nmediumin the presence of a catalyst at reflux
tenperature MOWB#HFa reaction mixture; is (b) treating t%ﬁ@%@%

m xture wi.th an excess of an al kali nmetal hydroxide at 118 EET
(ARTI CLE 19) WD 01/ 14576 23 February 2004 PCT/ US00/ 23032 refl ux
tenperature to forma al kali netal hydroxide-treated solution; (c) adding
an al kali nef&l halcompound efithe flllowing fortala: hydr oxi de-treated sol ution to
give a solution; (d) acidifying the solution with a concentrated acid to
give a precipitate of 5 _foryula V: ONa M; and Step B: the enzymatic

reduction of the compgun formuba V to the conpound of fornmula VII. 50.
A process for pre'pari onpoundjjof formula VII 10 conprising the-steps:
(a) converting sg Sshy wcCi date by a standard process; (b)
carrying out a rgqgi ep®dxi de ring-opening reaction with a conpound
of formula Rio-phenyl-Qto yield exgonpound of forrmula VII, 15 wherein
Rio is a hal ogen‘for an al kyl group g Qis an activated brom de, a

sul fate, or a primary iodide. 119 AMERDED SHEET (ARTICLE 19) W61/ 14576

and acid addition saits thereof,

49. A process for preparing a compound of formula VII:

Ry
,\\ _ OH (VID
7 / OH
wherein Ry is a halogen or an alkyl group;
comprising: |
Step A: converting a compound of formula VI to a compound of formulza V

10 comprising the substeps of:

J (a) reacting a Ry, substituted benzaldehyde of formula VI:

Rw\

\ / CHO (VD

with hydantoin in 2n aqueous medium in the presence of a catalyst at reflux

temperature to form a reaction mixture;

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

118
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23 February 2004 PCT/US00/ 13032 51. The process accor di @3 fabrearii2d40,

wherein the PR 84S gl ycidate formed fromstep (a) is cog&;"g&q?aﬂ a
glycidic acid before the regi osel ective epoxide ring- opening reactron of
step (b) is perforned. 5 120 AVMENDED SHEET ( ARTI CLE 19) .

reflux temperature to form a alkali metal hydroxide-treated solution;
(c) adding an alkali metal halide to the alkali metal hydroxide-treated solution

to give a solution;

(d) acidifying the solution with 2 concentrated acid to give a precipitate of

5 formula V:

R1o

I\ N ONa 1\
_F 0 ;and

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

compound of formula VII.

30. A process for preparing a compound of formula VII

10

\\ OH (VII)
/ OH
comprising the steps:
(a) converting serine to potassium glycidate by a standard process;
(b) carrying out a regioselective epoxide ring-opening reaction with a compound of
formula R,o-phenyl-Q to yield the compound of formula VII,
13 wherein Ry is a halogen or an alkyl group; and

Q is an activated bromide, a sulfate, or a primary iodide.

119
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23 February 2004
PCT/US00/23032

WO 01114576

51.  The process according to claim 50, wherein the potassium glycidate formed
from step (a) is converted to a glycidic acid before the regioselective epoxide ring-

opening reaction of step (b) is performed.
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