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DATA: 5 This application relates to U S. Provisional Patent Application
Serial No. 60/150,358, filed on August 24, 1999.::This application al so
relates to U. S. Provisional Patent Application Serial No. 60/150, 365
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Key 10 Internediates And A Continuous Menbrane Reactor Useful For The

Preparation & The Sane" having naned as inventors: J. Tao, S. Babu, R

Dagni no, Jr. RERATEBAPPLICAAOR pAYky. K MGee, N Nayyar, and T. Moran.
The af orenenti oned application SO relates to synthetic routes for the

a
preparation of rhimavir rotease iphibitors, as '], as key.
i nt er rredisgt es use u% 4@@%@9@%&?&3:‘%&I%H‘.”s*f’ﬁél I%BWK’HL?EQ%M*‘}.@Q
applications | ed.upon and. i ncorporated herein.by reference.
TECHNI CAL FI %‘f’%ﬂﬁ%ﬂﬁ%@%ﬁﬂ%ﬁ?%& LITY OF I NVENTION: The present
invention relates_to an_inproved process for the preparation of ethyl-3-
{(5' - net hyl i soxaz&his-appligationalspl relatesvia US. (RooHgipnal-RatenE APpliation(Sefht Ny I 0l
Al a)}-E-propanoate, (also referred to as AG/088), its anal ogs and of 20
phar maceut i cé)/1§0,36% dpttabiey RBadkesNb hEH26®027)] Biso Bl Aikust 24,00 htiglkg O
i ncludes a novel group of key internediate conpounds to be used in the

above proc e§§fﬁcﬁﬁﬂ@ﬁﬁd§@oﬂ?h§ﬁ?e§aﬂﬁ€%f%nﬂiﬁ9 m&&emw&g,&; am |y of

tiny non-envel oped positive-stranded RNA- contal ning viruses- I nfect

humans amd Onk@medidtddBdmd A CESRudld Mﬁﬁﬁralhg Redélsr G0 l;or% L 1aAr'§t120% Of

PCT/ US00/ 23033  hunman rhi novi ruses, man pol 1 ovrruses,
coxsacki evi r%@%ﬁhg named as inventors: J. Tao, S. Babu, R. Dagnino, Jr., Q. Tian, T.

Remarchuk, K. McGee, N. Nayyar, and T. Moran. The aforementioned application
also relates to synthetic routes for the preparation of thinovirus protease inhibitors, as
well as key intermediates useful in their preparation. The above-mentioned
15 applicétions are relied upon and incorporated ﬁerein by reference.
~ TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY OF INVENTION:
The present invention relates to an improvéd process for the preparation of
ethyl-3-{(5’-methylisoxazole-3’-carbonyl)-L-Val‘l’(COCHz)-L-(4—F -Phe)-L-((S)-
Pyrrol-Ala)}-E-propanoate, (also referred to as AG7088), its analogs and of
20 phamaceutically acceptai)le salts thereof. The present invention also includes a novel
group of key intermediate compounds to be used in the above process.
BACKGROUND OF THE INVENTION:
Picoraviruses are a family of tiny non-enveloped positive-stranded RNA-

containing viruses that infect humans and other animals. These viruses include the



echovi ruses, human and bovi ne enteroviruses, encephal onyocarditis viruses,
meni ngi t'i Woém43zs, foot and nouth viruses, hepatitis A vi rRCI/Usso3033 her s.
The human rhinoviruses are a najor cause of the common cold. 5 Proteolytic
3C enzynmes are required for the natural maturation of the picornaviruses.
Thus, i nhi bi thungpntrhinosirtses] humai palioeireses, nine:l cokiakdirasssymgtars houl d
represent an inportant and useful approach for the treatment and cure of

viral i nfectdchéwin@s, hithianAad b6 ¢ine bMtetovitusd, tepleAoipotardilisvinney®e
smal | -mol ecul e i nhibitors of the enzymatic activity of picornaviral 3C 10

t I d.
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1997, by V\éb I Ilcat n No. 08/991, 282, filed
Decenber q%ﬁgﬁuﬁfgaﬁ%}é{ﬁrgg&é%?h%ﬁ% S Pat ent Application No.
08/ 991, 739 filed Fb 1997, by \Webber Fdj These U. S. patent
appl i catidns, the P Eee ehARCaRuired fPW@BPBW mamgenetihs py

ref erence, descrlbe certain antipicomaviral conpounds and nethods for their
synthesi's. Mpieorpasimies. yThugninhibiims the petivititadthesg praigolitic 3G enpmssishouldal
agents have been discovered as set forth in U S. Patent Application No.
60/ 098, 354, (represenBsr impptant et wsefi)l appioach R thestrearBent b8 Surelnf vidahgovi ch et
al., which is herein incorporated 20 by reference. This application

di scl oses, i hfetticisi cFshis da@fe) ithafin@iheicBngiriold.al agents of general
formula I. A particularly prom sing conpound, AG7088, falling within the

scope of this gr O%meeefﬁﬁlphfofecﬁl’é(iﬁhbg&% offifele iﬁ%tl@&cﬁgﬁgbfﬁﬁoﬁﬂ%ﬁ
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acid of gener ?I f ormul a
U.S. Patent Application No. 08/991,282, filed December 16, 1997, by Dragovich et

al.; and U.S. Patent Application No. 08/991,739, filed December 16, 1997, by Webber
et al. These U.S. patent applications, the disclosures of which are incorporated herein
15 by reference, describe certain antipicornaviral compounds and methods for their _
synthesis.
More recently, an especially potent group of antipicomaviral agents have been
discovered as set forth in U.S. Patent Application No. 60/098,354, (the ‘354
application) filed August 28, 1998, by Dragovich et al., which is herein incorporated
20 by reference. This application discloses, inter alias, a group of antipicofnaviral agents
of general formulal. A particularly promising compound, AG7088, falling within the
scope of this group, exhibits excellent antiviral properties against a plethora of
Rhinoviral serotypes and is currently in human clinical trials. The ‘354 application

also discloses methods and intermediates useful for synthesizing these compounds.



BB to an am de-formng reaction with an am ne of general fornmula P to .

provi de sydonabae product CC, as shown below. R7 ORI R2 pefusiitsgsi OH +
HORs RB3Z BBP RTOR2Z P4. jy\/NNZ HHR3OR6 R CC5 The .
" 354 application further discloses nethods for synthesizing the
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The *354 application further discloses methods for synthesizing the

intermediates of ge_neral formulae BB and P, and teaches methods for carrying out the
amide-forming reaction referred to above. Thus, the ‘354 application teaches suitable
methods for synthesizing the compounds of general _formula I_ﬁ'om a carboxylic acid
10 | BB (within the scope of the c_:ompounds of general formula Il referred to below) and
the compounds of general formula P (the same as the compounds of general formula
ITI referred to below.) Similarly, two recent publications by Dragovich et al. disclose

antipicornavirus agents and suitable synthetic methods for their synthesis. See

~ RAL -



WO 01/ 14329 PCT/ US00/ 23033 Structure Based Design, Synthesis, and

Bi ol ogi Calw@ok14328 i on of I rreversabl e Human Rhi novirus 3C RGHUS9R3033

I nhibitors.. 3. StructureActivity Studies of Ketonethylene- Containing

Pepti dom met | cs, Dragovich et al., Journal of Medicinal Chem stry, ASAP,
1999; and St r Seuctuee-Based Ddizs) gynthé.“vjmhMBidqgiM(EvBluatiagbﬁMevEmble&mm of 5
I rreversabl e Human Rhi novirus 3C Proteases Inhibitors. 4. |ncorporation of
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of Medicinal Chem stry, ASAP, 1999. These aforenentioned articles are
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still a desire to disc ver |nprove nore efficient, processes
novel i nt er megl, f _ ses 0 the group
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SUMVARY OF° THEF1eRAeRH %@“ﬁ%@’"ﬁ?’g}éﬁg&% @??g ?’E}H};'F‘E’F a‘f ecopporatien af gb overy of
a cost effective and efficient 15 process for_the preparation of the
ant i pi cor navi £astarddeiesessts k- Gilutamine Replacements, Drageviah oi ald Jovonalad Medicingl| |
as internediates which are useful in that synthesis. The anti pi cornaviral
agents of for ChemistrycASAP, $299. TheBR aférémenfiénéd afticlesarehefdn Ricorpolesteddbyn R1 i s
H F, an alkyl group, OH SH or an Oalkyl group; 20 R2 and R3 are each
i ndependent | yrdférefice in their entirety. '
However, there is still a desire to discover improved, more efficient, processes
10 and novel intermediates for use in the syntheses of the compounds of the group of

antipicornaviral agents. In particular, there is a need for improved methods for

synthesizing the compounds of general formulae II and III.

SUMMARY OF THE INVENTION:

The present invention relates to the discovery of a cost effective and efficient
15  process for the preparation of the antipicornaviral agents of formula I, such as e

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

The antipicornaviral agents of formula I comprise:

Rs Ry

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

20 R, and R; are each independently H;



WO 01/ 14329 PCT/ US00/ 23033, O O/(A3)n orC A2 NH2 (R41} R41 mhere nis
an integ¥P®A&RP0 to 5, Al is CHor N A2 and each A3 are St 1y
selected from C(R41) (R41), N(R41), S, S(O, S(O2, and O, and. A4 is NH or
NR41, where each R4l is independently H or |ower alkyl, provided that no
more than two 5 heteroatons occur consecugively in the above-depicted ring
formed by Al, A2, (A3),,, A4 and C=0, an t least one of R2 and R3 is O
Ad OJCA( Al (A3)n ; 2 or (41)(141) R4 is N HR8 O R5 and R6
are each i ndependently F, an al kyl group,f a cygl oal kyl group, a 10

het er ocycl oal kyl group,

each i ndepende H
het er ocycl oal k¥l ,
-NR17R18, 5 fl MO 01/14329 P

rodryl group, -OR17, -SR17,
/ US00/ 23@%"%@}])e

where n is an integer ﬁ'_om 0105, A; is CH or N, A, and each A; are independently
selected from C(Ra1)(Ra1), N(Ra1), S, S(O), S(O)z, and O, and A4 is NH or NRyy,
where each Ry, is independently H or lower alkyl, provided that no more than two

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

A4 and C=0, and at least one of R; and R; is

0]
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Rs and R are each 1ndependent1y H, F, an alkyl group, a cycloalkyl group, a
10 heterocycloalkyl group, an aryl group, or a heteroaryl group;
R7 and R are each independently H, an alkyl group, a cycloalkyl group, a

heterocycloalkyl group, an aryl group, a heteroaryl group, -OR;7, -SR;17, -NR17R3,

n aryI grou r aAheterpfsil group; R7 and R8 are
| kyl grgup?_rgf;c/ﬂ:lmg group, a
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- NR1I9NR17R18, or NR170R18, where R17, R18, and R19 are each independently
H an al WPOYIBED, a cycloal kyl group, a heterocycl oal kyl BEBUSN023033ar vl
group, a heteroaryl group, or an acyl group, provided that at |east one of
R7 and R8 is an_al kyl group,-an aryl group, a heteroaryl group, -ORl7,
-SR17, - NR17RESR1sNRiRurer 714 70Bn s, MkeRORE: SR s5aridR josreredch iadependeatle 41, an

het erocycl e having fromone to three heteroatons selected from 0, N, and

S; and Z and @kybgreupactycioatiop grabpna hstetdcydloalkyl grbgy, lan @i Weoup? a ¥ty kY |

group, a heterocycloal kyl group, an aryl group, a heteroaryl group,

-C(O R21, - CCRfsup, orGi acyt Q@ﬁ?,@ggﬂiﬁ@@that %%Wd: @5%{ §3yB a0

-C(S)NR21R22, - N2, -SOR21, R21, 10 - SO2NR2I R22,

ol NR21R22) ( R R R IHR S SR R e DRSS ROy
R22, R23, an ] h_independent | an al kyl _group, a cycl oal kyl
group, a hsgt glr{ggs;‘;acﬁ%e:ﬁ%%%e Pgﬁ e (0 eg}a;‘/'?;%&% gne tp tEedictegeaioms selegied fram
acyl group, Oﬁ&th‘iﬂaagﬁl group, or where any of two of R21, R22, R23, and
R24, 15 together & e aton(s) to which they are bonded, forma

het erocycl oal kyl group, _provided that Z and Z1 are not both H or Z1 and
RL, together $@nthZy pee arch independghtly: H, Fhayalkyleroam deyeloblyhgraupyc| oal kyl or

het er ocycl oal kyl group, where Z1 and R1L are as defi ned above except for

noi eties t hathethacUMalkyirgmumanayydgﬁmbkyhetefoaﬁ&tgﬁj@g@do)aggy(tomﬁm’ 20 or

Z and Z1, together with the atons to which they are bonded, forma

cycl oal kyl 0r-C(@eeNRmmchO@N%03529L@gsgké]?rcﬁ(sfg&g%%lb@g,&s@mgegbigﬁd above

except for noieties that cannot formthe cycl or “heter dc_yc oAl kyl
e Synt hosi o0 by Lo S g N Sl B 2O Bhadner "o 1 1
Cui tabl e am AR Ra PN R e "SRE Bopenlor | 1
-C(S)NR21NR2;R23, where Ry;, Raz, Ras, and Ry, are each independently H, an alkyl
group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroary! group,
an acyl group, or a thioacyl group, or where any of two of Ra1, Ra2, Ry3, and Ry,
15 together with the atom(s) to which they are bonded, form a heterocycloalkyl group,
provided that Z and Z, are not both H; |
or Z; and R, together with the atoms to which they are bonded, form a cycloalkyl or
heterocycloalkyl group, v_vhere Z, and R, are as defined above except for moieties that
cannot form the cycloalky! or heterocycloalkyl group;
20 orZ and Z,, together with the atoms to which they are bonded, form a cycloalkyl or
heterocycloalkyl group, where Z and Z, are as defined above except for moieties that
cannot form the cycloalkyl or heterocycloalkyl group.

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

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



invention, not only reduces the number of steps required i ze the
conmpoundOOH4RYyrnul a 111, but nore inportantly, it also ‘;e‘?ﬁﬁ%‘@}ég‘f’i

expensive-starting materi als and reagents. 5 These objects, advantages and
features of the present invention wll be nore full under st ood and

appr eci at ed obgenerdl Sormmde IH & 2 suitahlei anpiderforming reagtign. othe progessof thepresent

DESCRI PTI ON OF A PREFERRED EMBODI MENT OF THE | NVENTION: As used in the
present apphivenatiommot biily réducesthe ngmbler ofrstepis sequired 8¢ synthesize dooragepesiedsi t h a
convention used in the art,. is used in structural fornulas herein to

depi ct the bpfsmulyall, bt lfnbﬁ ifportanty, italdocatipiovd lesyf explassivenstatiyg arateiials
substituent to the core or backbone structure. Where chiral carbons are

i ncl uded i na&ﬁf‘eﬂ? structures, unless a particular orientation is

depi cted, bo erl 0| soneric forms are intended to be enconpassed. An

'rlgltllk%:/!il g%]?ugat ur a ﬁ%?so%ﬁ’vaﬁga%gur a‘ffeé ca?gg?g axtgé)e%{s]ﬁlge%l hy rn(%%ﬁ&gglrrgm |
isgggu?f/l 20t Eﬁh{] d"’ésﬁwecg’.ﬁ“ﬁt hi{l g(;fﬁd)b’y E(‘)‘I’Jﬂéﬁﬁ e 5 emﬁﬁgg’\é ny(/FU) et hynyl ,

b I h

uﬁtsﬁggt I tut 9&%@%&15 DS %&ﬁ’m e%nK ks hef%@6§mgg:f85%ubst ituted

by one or nore suitabl e sustituents as deflned bel ow (e.g., one or nore

hal ogens, sINWEMNIION:Cl, Br, or I, with F and C being prefered). A "l ower
al kyl group” 25 is intended to nmean an al kyl group having from1l to 4
carbon atons in iAsusedi the prefert hpplichtivi) thd follbddee RADII@EAPRIFO33 A
"cycl oal kyl group" is intended to nean a non-aromatic nonoval ent
monocyclic, bicyclic, or tricyclic radical containing 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, or 14 carbon ring atons, each of ich may be saturated or

unsaturated, and ol 6B HBY with a convention used in the art, " is used in structural

U
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formulas herein to depict the bond that is the point of attachment of the moiety or S
15  substituent to the core or backbone structure.
Where chiral carbons are included in chemical structures, unless a particular
orientation is depicted, both sterioisomeric forms are intended to be encompassed.
An “alkyl group” is intended to mean a straight or branched chain monovalent
radical of saturated and/or unsaturated carbon atoms and hydrogen atoms, such as
20  methyl (Me), ethyl (Et), propyl, isopropyl, butyl (Bu), isobutyl, t-butyl (t-Bu), ethenyl,
pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl, pentynyl, hexynyl, and the
~ like, which may be uﬁsubstitutec_l (e, cont_airﬁng.only carbon and hydrogen) or
substituted by one or more suitable sustituents as defined below (e.g., one or more .
halogens, such as F, C, Br, or I, with F and Cl being prefered). A “lowef alkyl group” E t
i

25  is intended to mean an alkyl group having from 1 to 4 carbon atoms 1n its chain.

e w - Em



be. unsubstituted or substituted by one or nore suitable substituents as
defi ned beV8W142%nd t o which may be fused one or nore het ePOTAISOOIbISY |
groups, aryl groups, or heteroaryl groups, which thensel ves may be

unsubstituted or substituted by one or nore substituents. Illustrative

exanpl es of cycl oaIA<y¢chJadiquroupC’Iwﬂmerﬁb¢td‘médrpal\tldigaroﬁﬁhefm&ﬁva@xﬂ and /
10 A "heterocycl oal ky group” is intended to nmean a non-aromati c nonoval ent

nonocyclic, binymicyelic, bicyélid, oy tidyelié Adicapé a
unsat ur at ed, cont ai ni ng y3 4, 5dy§é 7, 1ontéﬂi'1'n lﬁs %12% %?6’1@ 1%’513 : P65,

17, or 18 rlng4a;hfvasﬁnn\gmt&ﬁs IGH&Hmﬁlcﬁmaﬁ'b&scmféed&rfg’%ﬁﬂg%% {lo slgél}?cted

n|trogen oxygen, and sul fur, where t

ahi oh may b b‘eé‘“ﬁ‘b‘gﬁ‘“‘&r& SRR B SHE 5 e 2 Syt psciiopd below,

whi ch may be fu one or nore cyc
het er oaryl 5 L ch .thensel ves may_ be unsubstituted or substituted by
one or nore sw Q‘gqu“ﬂ r}flﬁﬁgrﬂ”se °r|mqra§f=tﬁ&cy¢)eallsxlasmu@sam groups, or

het er ocycl oal EX %Rﬁups [ ncI ude the following noieties: 8 WO 01/14329
PCT/ US00/ 2303351925y 250ypy) Whigh tiremsel ies mag be uRsybsttured or@ubstitited by one or

more substituents. Illustrative examples of cycloalkyl groups include the following

QOO
EQO A

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

moieties:

10

monocyclic, bicyclic, or tricyclic radical, whi;:h is saturated or unsaturated, containing
3,4,5,6,7,8,9,10,11, 12, 13, 14, 1l5, 16, 17, or 18 ring atoms, which includes 1,. 2,
3, 4, or 5 heteroatoms selected nitrogen, oxygen, and sulfur, where the radical is

15 unsubstituted or substituted by one or more suitable substituents as defined below, and
to which may be fused one or more cycloalkyl groups, aryl groups, or heteroaryl
groups, which themselves may be unsubstituted or substituted by one or more suitable

substituents. Illustrative examples of heterocycloalkyl groups include the following

moiecties:



NN (S) RO Oi. MNTfCQ Anr "aryl group” is intende n .
ar omat i cWOMA84RPent nonocyclic, bicyclic, or tricyclic Sg%ﬁggﬁag%ﬁtaining
6, 10, 14 or 18 carbon ring atons, which may be unsubstituted, or
substituted by one or nore suitable substituents as defined bel Ml 5 and to

whi ch may be fused one or nore cycl oal kyl groups, heterocycloal groups,
or heteroaryl groups, which thenselves nay b unsubstﬁtuted or ubstltuted

by one or nore suitable substltu groups
i ncl ude the follow/g |es " et ro ryI group S
i ntended to n aQ aro t C no o alent ocycl bicyglic rlcycllc
radi cal cont I ng , 8 9 & 13 1 15, , 16, ,or 18

ring atons, includi n : R5 hef ero&toms "sel Bct ed f pom nbt rogen,
oxygen, 9 MO 01/ 14329 PCT/USOO/23033 d sulfur, which may beX\ /

unsubstituted or substitouted by one nor e SU|tabIe t|t
defi ned bel ow, to Nch may be fuysgd one cycl
ves

het er ocycl oal/kyl {roups, ryl 0 ps, h t enB
unsubsti t.ut ed\or_sgubsyi tiut ed by bIe Sybstit
11 lustrative 5Sexanpl eteroaryl roup5|9uﬂude tRe fol | oW

noi eti es: . |
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An “aryl group” is intended to mean an aromatic monovalent monocyclic,

bicyclic, or tricyclic radical containing 6, 10, 14 or 18 carbon ring atoms, which may .
be unsubstituted: or substituted by one or more suitable substituents as déﬁnod below,

5  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

more suitable substituents. IHustrative examples of aryl groups include the following

moieties:
io A “hetéroaryl group” is intended to mean an aromatic monovalent monocyclic,

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,

. TR



ocoCed /Il "I N/ RSN, Oj SS CNNI RNN N/\N I/JI
11 1 COWOOMI4RN ~ o, ~" \'\ RN NNNII ~N\ N "%T’gs%’z}‘ |

Il RS, and N 10 WO 01/14329 PCTI US00/ 23033- A" heterocycl e" is |ntended

to mean a heteroaryl or heterocycl oal kyl group @éeach of which, as defined
above, are optndbwifurywhighmaytheasybstined erspbstifuted By ong of mosnsidiableo nean a

-C(O-Rradical, where Ris a 5 substituent as defined. below. A "thioacyl
group” is int srhsut!temsasrdefm@bﬂVS)anRtomMayWﬁlsdGileormores:ybbalkyhent as
defined below. A "sulfonyl group” is intended to nean a -S O2R radi cal,

where R is a gups thetensoycloatkyllgioups dr apil @voups, which themselves may be
unsubstituted or substituted by one or more suitable substituents. Illustrative

5 examples of heteroaryl groups include the following moieties:

O0occ0aa
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10 A "hydroxy group" is intended to nmean the radical -OH__An "am no group"
i s intenWOd114328ean the radi cal -NH2. An "al kyl ami no gr olfFTP023838nded to
nmean the radical NHRa, where R is an alkyl group. A "dialkylam no group”
is intended to nean the radical NRaRb, where R and 15 Rb are each

i ndependently an al kyl group. An "al koxy group" is intended to. nean the
radical -OR , where R is an alkyl group. Exenplary al koxy groups include
met hoxy, ethoxy, Afgersyyclelris intérriel idmean Ahetemiakyd oy betetooyslvalkylammip i s
intended to nean the radical -C(O OR4, where Ra is an al kyl group. 20 An

"al kyl sul f onydch@fHich, bs défile@ AB6¢E, bRk dptiohallywibstadiedp! - SO2Ra, where R s
an al kyl group. An "al kyl am nocarbonyl group” is intended to nean the

di |- O NH <, : . - i ¥
PCT) USCoRa033 A P T BRu s il lean 3 040) R BREICRY 1 the

radi cal - C(OQ.NRaRb [ and Rb are each independently an al kyl group.
A "mrcaﬁtosévsgﬁ'ﬁntﬁ%gkggyto mean the radical -SH An "alkylthio
group” is intended to nmean the radical -SR, I n@? { s .an gl.kyl 5 group.
A "carboxy group'A|@uqagylgten) 1?8“‘?%‘8&"‘{%3‘?%6 TI?- "‘d’&eﬁﬂ\ﬁ"%ér banoy!|
group” is intended to nean the radical -C(ONH2. An "aryloxy group" is

i nt ended t o swestituenk as defined delowoRe, where Rd is an aryl group. 10 A

"het eroaryl oxy group" is intended to nmean the radi cal -ORd, where Rd is a
het eroaryl group.A “sulfonyl group” is intended to mean a—SO,R radical, where R is a

substituent as defined below.
10 A “hydroxy groupf’ is intei;ded to rneaﬁ f_he radical ~OH.
An “amino grdil_p” is intended to mean the radical -NH,.
lAn “alkylamino group” is intended to mean the radical —NPiRa, where R, is an .
alkyl group. |
A “dialkylamino group" is intended to mean the radical -NR.Rs, where R, and
15 Ry are each independently an alkyl gi'oup.
An “alkoxy group” is intended to mean the radicéil —OR,, where R, is an alkyl
group. Exemplary alkbxy 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.
20 An “alkylsulfonyl group” is intended to mean the radical -SO2R,, where R, is
an alkyl group.
An “alkylaminocarbonyl group” is intended to mean the radical —C(O)NHR,,

where R, is an alkyl group.

11



An "arylthio gr Is intended to mean t he radi cal - SRS, LS

aryl gromf’ g?"gﬁgteroarylthl 0 group"” is intended to nean %&@M? - SRd,
where Rd is a 15 heteroaryl group. A "l eaving group" (Lv) is intended to
mean any suitable group that-will be dis aced t tution reaction.
One of ordinary skg‘l %£WW%W°WII3”‘RR\CJ ”ft‘FFé’Pd E’i‘ea‘?: Efb‘é&lpfcts QIR e, o
strong acid can act as a |eaving group. IIIustratlve exarrpl es of suitable
| eavi ng gr oup¥heredtaand Retsie eaghdndapendantlyas @liyb group, -Br, al kyl
chlorides, 20 al kyl brom des, al kyl iodides, alkyl suI f onat es, al kyl
benzenesul f onat es, Adhkgttaptcpgtompﬁisiamndédmanm,thatddidal w8 hanesul f onat es,
triflate, and any groups having a bisulfate, nmethyl sulfate, or sulfonate
ion. Typical proteahi“alkybhiousicup’tie dgeided e fdars te\radital ~SRG whére R arldlkyl
limted to, those listed belowin table 1 have the follow ng abbreviations
as used hegeigogngd in the 12 WO 01714329 PCT/US00/ 23033 claims. One
skilled in the art would understand that the conpounds listed wthin each

group may be used i\n b _gm&l i sted under
"reagents and sol ven?{hsggg%%gell%lgteegﬁé %’%&f‘%&%“?ﬁi‘g ,- and so on.
Furt her, one skilled, the. art, wqul d . know ot her possi rotecting
groups, reagents aﬁd °§%PV8W(%’°“Ph’é§’éteﬁﬁl tsmwgh&r@&%@-&@%mm n the scope
of this invention. Table 1 Protecting Groups. 10 Ada Adamant ane acetyl

Al l oc Al |yl oxycar b&ByRryloyy grour] isyate: p nRee theapdicaltQRo hererRadn gh arybyz |
Benzyl

group.
10 A “heteroaryloxy group” is intended to mean the radical -ORg4, where Rz is a
heteroaryl group.

An “arylthio group” is intended to mean the radical ~SR,, where R, is an aryl
group.

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

15 heteroaryl group.

A “leaving group” (Lv) is intended to mean any suitable group that will be
displaced by a substitution reacti‘oh. One of ordinary skill in the art will know that any
conjugate base of a strong acid can act as a leaving group. Illustrative examples of
suitable leaving groups include, but are not limited to, -F, -Cl, -Br, alkyl chlorides,

20  alkyl bromides, alkyl iodides, alkyl sulfonates, alkyl benzenesulfonates, alkyl
p-toluenesulfonates, alkyl methanesulfonates, triflate, and any groups having a
bisulfate, methyl sulfate, or sulfonate ion.

Typical protecting groups, reagents and solvents such as, but not limited to,

those listed below in table 1 have the following abbreviations as used herein and in the

12



15 Cbz Benzyl oxycarbonyl Fnoc Fl uorenyl met hyl oxycar bonyl _ OBzl Benzyl ester
OEt Et hyWod#HeR2% Ove Methyl ester 20 Tos (Tosyl) p- Tol uedESPTIHB3" Trt -
Tri phenyl met hyl Reagents and Sol vents ACN Acetonitrile AcOH Acetic acid
25 Ac.sub.2 0 Acetic acid anhydride AdacOH Adamantane acetic .acid _AlBN

2, 2- azobi si slbus\nsskilled in thexgrt weuldumderstand that te isamppundslisted yathipgach =
2,6-di-tert-butyl -4-nmet hyl phenol 30 Boc.sub.2 0 Di-tert butyl dicarbonate
CDl 1, 1' - caghmpyhali bewsed mtersharpesbly for instanop plcompphndlisted wiglepfrgagents

N, N- di i sopropyl et hyl ami ne DMA Di net hyl acet am de 35 DWF

N, N- di met hy bfidsoteeritstemaybéa3eBiase photecting|gioup, dmd $6000 Further, one skilled in the

et hyl enedi am netetraacetic acid Et.sub.3 N Triethylam ne Et QAc Et hyl

acetate 40 Rikhduld KR ofiRPYSHsRUSHBRRting Froasireaderhts uad solyéma it aey car bonyl

5 intended to be within the scope of this invention.

Table 1
.Protecting Groups -
10 Ada Adamantane acetyl
Alloc Allyloxycarbonyl
Allyl Allyl ester
Boc tert-butyloxycarbonyl
Bzl Benzyl
15 Cbz Benzyloxycarbonyl
Fmoc Flnorenylmethyloxycarbonyl
OBzl Benzyl ester _
OEt Ethyl ester
OMe Methy! ester
20 Tos (Tosyl) p-Toluenesulfonyl
Trt Triphenylmethyl-
Reagents and Solvents
ACN Acetonitrile
AcOH Acetic acid
25 Ac.sub.2 O Acetic acid anhydride
AdacOH Adamantane acetic acid
AIBN . 2,2-azobisisobutyronitrile
Alloc-Cl Allyloxycarbonyl chloride
- BHT . 2,6-di-tert-butyl-4-methylphenol
30 Boc.sub.2 O Di-tert butyl dicarbonate
CDI 1,1’-carbonyldiimidazole
DIEA Diisopropylethylamine
DIPEA N,N-diisopropylethylamine
DMA Dimethylacetamide
35 DMF N,N-dimethylformamide
DMSO Dimethyl sulfoxide
EDTA ethylenediaminetetraacetic acid
Etsub.3 N Triethylamine
EtOAc Ethyl acetate
40 FDH formate dehydrogenase
FmocOSu . 9-fluorenylmethyloxy carbonyl

13
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13 [loll WO 01/14329 PCT/ US00/ 23033 N- hydroxysucci ni m de m

N[ (di met WP - 141, 2, 3-triazol [4, 5-b] pyridiyl net %‘T’ IL‘J’:"

N- net hyl met hanam ni um hexafl uor ophosphat e N-oxi de HOBT

1- Hydr oxybenzot ri azol e g{;}q rof | uor ic acid LBH- act at e dehydrogenase
I

Li HVDS Lit hi um trineth OXNFUGE deester t hanol Mes
Vet hanesul f ony BASUVTEE - BN (meiby minelc Wi, JAUTRERIIE T srkhPYRsisienc]-

di nucl eoti de ~ NADH Hydr ogen¥ @ammma@aﬂag@p sephRtodN-gxtdeu m

bi strimet hyl si IHOBH de  NWVH- lyqnzsm@wlpol i di none 15 nin. N nhydrin

i -PrOH |sos progdRol  Pi p Piliedrofliore ackPL Li pase pTSA p-tol uensul fonic acid
nonohydrate 20LIP¥Mr Pyri di rlectdiedelydregdmgseam ne TET tri et hyl enet et raam ne
TFA Trifl uor oackiHfMDAaci d  Thifhitha bisatmethefsilylamide

MeOH Methanol
Mes (Mesyl) Methanesulfonyl
10 MTBE t-butyl methyl ether
NAD Nicotinamide adenine dinucleotide
NADH Hydrogen-peroxide oxidoreductase
NaHMDS Sodium bistrimethylsilylamide
NMP 1-methyl-2-pyrrolidinone
15 nin. Ninhydrin
i-PrOH Iso-propanol
Pip . Piperidine
PPL Lipase
pTSA p-toluensulfonic acid monohydrate
20 Pyr Pyridine-
TEA Triethylamine
TET triethylenetetraamine
TFA Trifluoroacetic acid
THF Tetrahydrofuran

25 Triflate (Tf) Trifluoromethanesulfonyl

30 The term “suitable organic moiety” is infended to mean any organic moiety
recognizable, such as by routine testing, to those ski_lled in the art as not adversely
affecting the inhibitory activity of the inventive compounds. Illustrative examples of
suitable organic moieties include, but are not lirnited to, hydroxyl groups, alkyl groups,
oxo groups, cycloalkyl .groups, heterocycloalkyl groups, aryl groups, heteroaryl

35  groups, acyl groups, sﬁlfonyl groups, mercapto éroups, alkylthio groups, alkoxy
groups, carboxy groups, amino groups, alkylamino groups, dialkylamino groups,

carbamoy! groups, arylthio groups, heteroarylthio groups, and the like.
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25 Triflate &Tf Trifl uoromet hanesul fonyl 30 The term "suitabl e gqrqgani c
noi et y" WQOA$RRded to nean any organic nmoiety recogni z3BEUSWURRBas by -
routine testing, to those skilled in the art as not adversely affecting

the inhibitory agtivity of the inventive conpoupnds. |llustrative exanples
of suitable orgﬁ&?ﬁ“ﬁ%i%i’?tggmitlﬁ@i'%H’é?b\iﬁﬁﬂ%sgglﬁn%éﬁ“ﬁnﬂ?‘ré’d“mmﬂydroxyI
groups, al kyl groups, oxo 'groups, cycloal kyl groups, heterocycl oal kyl
groups, arys gbstityentthainay beascognired or selested, gueh gsthrongh royiine tostiBgps,
mercapto groups, alkylthio groups, alkoxy groups, carboxy groups, am no
groups, al kiplyanoseskiledipthe adi dllisptativé examples gf shitablesubstimpnts gnodudss, aryl t hio
groups, heteroarylthio groups, and the like. 14 .WO 01/14329

PCT/ US00/ 23@3@roxy Bsupk falogens)loxd igttps} dlkyligroups) dcgbroups, buiforyligroups, s

i ntended to nean any suitable substituent that may be recogni zed or

sel ect eds Sm%f}’p e{lﬁé;lgh(y[tﬂiétggagpss S1kVIoRY gro H,@Bﬁﬁmyﬁé’rbhﬁs?d in the art.

Il1lTustrative ex s" of Suitable substituents include ups, sulfonyl
groups, hydr r I _ | gro 5
Ter capt o o SHBCCYERAT ol RYERRupg HRORYATouR, Blboly U, w82
het erocycl oal kyl grqups, aryl groups.. heteroaryl groups. carbox roups,
anino gr ou§§°,“¥’§’l %%Gﬁ%fﬁm?&fa'ypéu%&ﬁ‘y . ?<§T°&R§’ﬁ8%3P§X€%’,8“%SaWi%’ﬁ° oups,
aryl oxy groups, heteroaryloxy. groups, arylthio groups, heferoarylthio
groups, andhetgeoarylRey gTPHESﬂa@il%\‘“ gﬁﬂps@haqewnéﬁl&srpméadtheih(ﬁnt ended to
expressly indicate that the 10 specified group is unsubstituted or
substituted by. oifhetermrtoptionaliytsubstsutedbistintendadite exprasaleindicatetheihe onal
substituents are expressly specified, in which case the term indicates
t hat t heo gr epyeifiedl growpiisainsibstiatedoor sabistittited by ede v mbretsniatsip sabstituedts,
substituents. As defined above, various groups may be unsubstituted or
subst i t ut edyflessthe optishial SibftitueRisiafd\edprassiypedifiéd) i€ Whickthesthe teiahi cat ed-
otherwi se herein (e.g., by indicating that the 15 specified group is
unsubsti t ut Gfhicates that the group is unsubstituted or substituted with the specified substituents.

As defined above, various groups may be'unsubstitut_ec.l or substituted (i.e., they are
- optionally substituted) unless indicated otherwise herein (e.g., by indicating that the
15  specified group is unsubstituted).

A “prodrug”'is intended to mean a compound that is converted under
physiological conditidns or by Solvoleis of metabolicﬂly to a specified compound
that is pharma_celitically active. |

A “pharmaceuti.cally active métabolite” is intended to mean a

20 pharmacologically active product'prdduced throﬁgh metabolism in the body of a
specified compound. |
| A “solvate”I is intended to mean a phannaceuticélly acceptabie solvate form of

a specified compound that retains the biological effectiveness of such coinpound.

15
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A "prodru tended to nean a conpound that is convert
physi ol oglq%%Pﬁl:J&%dl tions or by solvolysis or netabolicall ye%ﬁlg&g}&'@ﬁf I ed
conmpound that i s pharnmaceutically active. A "pharnaceutically active

o7 oduced. ¢ hr obHPRIEt SpHT S PReR e fuhos pRGS RS W%’%ﬁat%n%‘ﬂ%ﬂ
2" Spedi f1 ehsc%%%ﬁgfﬂ B B0 e L L

compound. 15 ... 1| WO 01/14329 PCT/ US00/ 23033 Exanpl es of sol vat es

i ncl ude conpounds 4+ Phaanaceytisslly aacaptabivali’ iinteadeddormeanca salt thatirstainsdbainol |
et hanol , nethanol, DVBO ethyl acetate, acetic acid, or ethanolamne. A
"phar maceut i -c'aﬂolqgim cHedtviehess ohittte fréesacidstand basts bﬁthetspeciﬁed; cdmpdundtand ¢hai ns
the biological effectiveness of the free acids and bases of the specified
conpound and st biotogicallyr oktiepwizg ufiddsirubler ERhkipleybfphanmdesiticaly} SocepaBRP! €S

of pharmaceutically acceptable salts include sulfates, pyrosulfates,

bisul fates, sulifsiit@sde fifiesIyrotifaRB ORI At&SsulfiR qimﬁﬁg%egmﬁggat es,

di hydr ogenphosphat es, metaphosphates, pyr ophaosp at es

brom des, iod n ryI at

acryl at 65, f%@ﬁ&z Sfeﬁ@ﬁ%@%@%@*ﬁ% ehpnosp e AP Al b E R artatess
oxal at es, ucci hates, suberates, sebacates, fumarates,

mal eat es, but @ﬂ%ﬂ esdbr(?F‘B ‘?se’s"d“ﬁéﬁfﬁ@tef’ HoPiInass, decangatss, saprydates, acrylates,

chl orobenzoat es, nethyl benzoat es, dinitrobenzoates, hydroxybenzoates

met hoxybenzo af%@ateﬁﬁﬁmﬁféﬁe caprgatesheptanoates; peonielates.civalates, malonglescet at es,
phenyl propi onat es, phyl butyrates, citrates, |actates, y-hydroxybutyrates,

gl ycol | at #x, suecinates,cwberatss rsehasatas) funrasates, ma}hsatqsablﬂynd-i,éFdioaes, hexyne-1,6-
napht hal ene- | - sul fonates, 15 napht hal ene-2-sul fonates, and mandel ates. The
present i nvendioates,fbenzdatss, ghlorobeedatey, Théthylbendvrichaisitrobéizoates, conpri sed of

hydroxybenzoates, methoxybenzoates, phthalates, sulfonates, xylenesulfonates,

phylacetates, phenylpropionates, phylbutyrates, citrates, lactates, y-hydroxybutyrates,

glycollates, tartrates, methane-sulfonates, propanesulfonates, naphthalene-1-sulfonates,
15  naphthalene-2-sulfonates, and mandelates.

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

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

If the antipicornaviral agent of formula I formed from the process of the

present invention is a base, a desired salt may be prepared by any suitable method
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one of t s%‘%etic steps set forth in the present disclosure. Apisynt hetic
met hod ‘| YO I sed of a synthetic step when the synthet FET@ISW - at '
| east part of the final synthetic nethod. In such a fashion, the synthetic

nmet hod can ke only the synthetic 20 st r have ,additional synthetic steps
that nay beqﬁ‘é’é"'@i't,ti4 é]?"eﬂ't’\ﬂ\‘/‘iq\’fapg treaiment %fetg? %Fﬁgﬁedm%'rﬂ RekBaRigRcida fuchpst oy
addi tional synthetic steps or can have nunerous additional synthetic
steps. |f tHeydmehlosicasid; aysdrohromigapid; ifurisagids aitric peid;nhesphosimacideand ocess
of the present invention,is a base, a desired salt may be prepared by any
sui t abl e netthelke, b6 Wib adiorgae sci@GucluBO8HE 068; mileacid; sucdimc acit, i ncl udi ng
treatment of the free base with an inorganic acid, such as hydrochloric
aci d; hydr obnaidelic acid dfuntisilc facid; atomiicacid}ipyhivic ssid;bixalib acig)glyéoticaeidl; and
the like, or with an organic acid, such as acetic acid; naleic acid,

succi ni ¢ sacisaficyliTHOe bifan8&afl acid) Sihi 8 ghfcufbnidRiP6¢ SalabirdnicRtidy ¥ipha-2Ci d;
oxalic acid; glycolic aciid; .5 salicylic acid;.pyranosidyl acid, "such as

| ucuroni c | r turani. ¢l : oeY id, > itric

9 %glhﬂ)x9 acﬂakt?c(ﬁ alé_cgcm: %clgfblrgaatgﬁk B@iﬁ arﬂi’flg agf@,' s% gg;?aﬁ‘fé?ac‘?& mc

acid or tartaric-acl8; am no acl as aspartic’acl utam c aci d;

aromati c aci such.as bhenzoi c. aci,d qr ci.nnanpi ¢ .aci d; sulfanic aciid, such
25 bt of on ELtRR A FeotiG, Rotd RSt HeRERiF SEId o eitstsic i PRIgRETC f4idy e
anti pi cornaviral agent of formula I _formed fromthe process of the 10
present i nv&Reh dp-foduenssulfanic acid grethsnesulioniq agidier the Wkeepar ed by any
suitable method known to the art, including treatnment of the free acid

wi t h an i nor gani df the aptipigeinaviralagent of farmulasl formedifrom the progessyof theecondary, -
or tertiary); an alkali nmetal or alkaline earth nmetal hydroxide; or the
l'i ke. [ libuspresentiaventionyid sacid, asdesireddalt may bespreparkd by anysugtablecnethdd S -
derived fromam no acids such as glycine and arginine; ammonia; 15 primry,
secondary, &Aéwhes tHeakty irtfddieStreatinentf e FecdtidWith af ifdigaSc & dR4di€li ne,
rnor phol i ne, and pi perazine; as well as inorganic salts derived from
sodium cal @hiTiychRi o it tprifay 58t dtidhry "B GARES)S an bIkEH met BP Efkatifd NC

aluminum and Tit

earth metal hydroxide; or the like. Illustrative examples of suitéble salts include
organic salts derived from amino acids such as glycine and arginine; ammonia;

15  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 c:ompounds, salts, or solvates that are solids, it is understood by -
those skilled in the art fhat the compounds of formula I and the intermediates used in -

20 the process of the present invention, salts, and solvates thereof, may exist in different . -
crystal forms, all of which are intended to be within the scope of the present invention -
and specified formulas. ..

The antipicornaviral agents of formula I, and the intermediates used in the

process of the present invention, may exist as single stereoisomers, racemates, and/or

17
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I n. the casgo@ingeépounds, salts, or solvates that are soli 4’% .
. h?l °r°h§?3a| and

understood by those skilled in the art that the conpounds 0
the internediates used in i. 20 the process of the present invention,

salts, and s%maﬁeﬁoﬂéaﬁﬁ@aﬁetmmwuﬁst&éanﬁgPﬁ%@%@rhes eg@&mven o5 all of

whi ch are intended to be wwthin the scope o h and

specified for ts aof. fornm t he

i nt er nedi at es use% ' ¥fr1 process 0 ‘“%98"‘%?% ‘W?hlfl ‘HP?‘@?WPF@{/J Xi st as
single stere ner s nd/or 17 iii WD 01/14329 PCT/ US00/ 23033
m xtures of g’ﬁe}ﬁ?t IBKEUQPS %%?g}y’ PweYeL,the termediats campaynds repdan the

stereoi soners, rac tes, and m xtures thereof are intended to be within
t he broad scBb‘épeﬁ?oftngreﬁ?@é’é‘fmthlh%mSP@m opticallyparslform.however, the

i nt ernedi ate conmpounds used in the process of the present |nvent| on are
used in optical | y Angeactally nndérstaed by tese kkijlediithe attpatopyicallyipae coilpbh@dd i
the art, an optically pure conpound 1is one that is enantionerically pure.

As used her eiisxonetthat is enantionpiicaliyt pute.DAE @sed Kereih/¥he RO opBcdlBAgurér sonpound
conprising at |east a sufficient anobunt of a si ngl e enantioner to yield a

conpound ' hav iritéhdell @o 8R5h b RImPBAMdSPrRHLA |1ea§{3£ Sl ' J:ﬁént arhndrit 5 48

"optically pure" is intended to nean a conpound at conpri ses gl I east 10

90% of a sin of exces herei.nafter " nor e
pref erably a?lll ?Iﬁleggftém Xlg%%@%? BH@%%‘ %F‘é@?@@?&%?%%‘ﬁcm%t 97 5%
(95%e.e.), sk gﬁerabJ l,east 99% (98% e.e.) Preferably, the
anti pi cor navi ra?r ﬁgén? Y PYIg, P'%fn ¢ 9 me afqoamoeméﬂar ERIBRISES At lehss

pr esent 41ve§@ aﬂl} ate optically pure. The present invention relates to a
process Bt pels Pﬁ'FE@tOKaWHPm&@@ﬂ?E@SS (hsregafient‘'erel’ ), toreO R2 Z

preferably at least 95% (90% e.e.), even more preferably at least 97.5% (95% e.c.), and
most preferably at least 99% (98% e.e.) Preferably, the antipicornaviral agents of
formula I formed from the process of the present invention are optically pure.

The present invention relates to a process of preparing antipicornaviral agents

15 offormulal:

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

R; and R; are each independently H;

18



RS RAN/ Zi M HR3 Rs RL wherein RLis H F, an al kyl 81;%8
Wi

an O al kKMOY43?: R2 and R3 are each |ndependently H 1

SH or,

PCT/ US00/ 23033- 0 Aa O A (A3)n orC A2 NH2 (R41)(R41l) where nis an
integer fromO to 5 A is CHor N, A2 and each A3 are independently
selected from C(R41) (R41), N(R41), S, S(Q, S(O2, and 0, and A4 is NH or

nore than two 5 heteroatons occur consecutl
formed by Al, A2, (A3),,0 A4 and C=O and
O ;or A2 NH2 (R41XR41) R4 is OR/ AN

A (Ag)n
;—'{ AN .

‘-LLL : sor T c Ao ’

~ "NH, (Ra1)Ra)

NR4la where each R4l is independently. %wer al kyl, provided that no

A the above: depicted ring
Iea\§t one of R2 and R3is O

where n is an integer ﬁgm 0to 5, A; is CHorN, A; and each A; are independently
selected from C(Ra1)(Ra1), N(Ra), S, S(0), $(0)z, and O, and A4 is NH or NRy,
where each Ry) is independently H or lower alkyl, provided that no more than two

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

A4 and C=0, and at le_a_st one of R; and Rz is
-Aq
O

- | Y
~ / \ .
. A >

M NH »OF J_'H-(:g]x&l) ?

F2

o R |
Rg)l\N rr‘i
H RS )
O

Rsis

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

heterocycloalkyl group, an aryl group, or a heteroaryl group;

19
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R O 10 Roway¢lnReear e each independently H F, an alkyl gro cycl oal kyl
group, a heterocycl oal kyl group, an aryl group, or a heterﬁ?ﬁ“iﬁ%; 19

111111 | WO 01/ 14329 PCT/ US00/ 23033 R7 and Rg are each independently H, an

al kyl group, R;axCRa@e'eMén Bid Ay Be |kl an aryl group,
a heteroaryl g7roup, -OR17, - |7,e yNRf%r?Réﬂggyé}#ﬁgf%Eﬁwg&%P’Nmle 8,
where R17, Rlgsterd %5&1 %Po epdent | v H an _al kyl group, a

cycl oal kyl group,E%kE%?yel ocfg?l(q)a I% q‘g’rggﬁﬁm 1§F‘§HP’QQ€Up:§Ra7,ﬁE’E§TFsa,ry| 5
group, or an {&y!wgr . ptavided that _at | east, _one of R/ and R8 is an

al kyl group, }ﬁ%%’?\yﬁ#é%a Riz0Rs Wherg Rap, Ryp,nd Ris ayeeeach independentiyrdly mi 8,

- NR19NR17R18, g{l NR170R18; . RO is a five-nenbered heterocycle having from
one to three HEYIEro dcycloatkylgnoup 4 haterocycloalkyd group, amanyl groapgh Héterpagyl each
i ndependently H, F, an alkyl group, a cycloal kyl group, a 10

het er ocycloal KG¥P:GF 81 BCYlgmou, provigesithat 2 Idast anead Ry land R iPan alfIRrRed, an

- Q02R21, CN, -]C(O)NR21R22, -C(O NR210OR22, -C(S)R21, -C(S)NR21R22, - N2,
-SOR21, - S02Retl, grous@idR24R9PeroufmnCORRY, LER GRANR ;7R 15> R ;5580 372 .
_POQ(OR21) 2, -PQ R21) (R22). - PO(NR2IRZ2) (COR23) . ~ P NéZlIJw’g%Q’( NR%%Q}{,IS’

- C( O) NR21NR2 A8 a five-mésnBorbiRBdibIge 9612 Ravikh €lof re
each independently H, an al kyl 15?§§03‘3¥Qa cyc ogl y?hatfgo%ébo, a le%?eﬁﬁ‘%m

het er ocycl oalgoyN, ME®@endan aryl group, a heteroaryl group, an acyl group,
or a thioacyl group, or where any of two of R21, R22, R23, and R24,

together wt ggﬁj)- i y _are_bonded, form a heterocycl oal kyl
group, prov!zde t'%tg éﬁg%f\ﬁﬁealﬁglﬁ&e’aﬁﬁilﬁ'lﬁuaraﬂd%ﬂ%’&yllﬁﬁ’uﬁ:éget her with
t he at ong,to V\4‘Ii(§:ch %)h jare bonded, form a cycl oal kyl or 20

het er ocycP oaPRFO%YP 6@5’ FouP-AnALY grQum echeicraary o rpe €(@Rwr.e-GOeRap CN, or

noi eti es that
'C(O)NRZIRZZ, 'C(O)NRZIORZZ, 'C(S)RZI, -C(S)NRlezz, -NOz, -SOR21, -SOzR21,

-SO;NR21R22, -SONR21)(ORz2;), -SONR;1, -SO3R;1, -PO(ORz1),, -PO(R21)(R22),
-“PO(NR21R22)(OR3), -PO(NR;1R;;)(NR23R;4), -C(O)NR2NR22R33, or
~C(S)NR21NR2:R23, where Ry;, Rya, R,3, and Ry4 are each independently H, an alkyl
15 group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
an acyl group, or a thioacyl group, or where any of two of Ry, Raz, Rys, and Ras,
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 Ry, together with the atoms to which they are bonded, form a cycloalkyl or

20 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
heterocycloalkyl group, where Z and Z, are as defined above except for moieties that

cannot form the cycloalkyl or heterocycloalkyl group.
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cannot formthe cycloal kyl or heterocycl oal kyl group; or Z and Z1.  together

with theweemas200 whi ch they are bonded, form a cycl oal kyfCTAyS0023033-
het er ocycl oal kyl group, where Z and Z1 are as defined above except for

noi eties that cannot formthe cycloal kyl or heteraqcycl oal k roup., 20 WO
g‘? ﬂ'l“ﬁﬁ’eg ?pﬁﬂound of

01114329 PCT/ US(THe38e@at invemioprdissdoses that aeampmmgiof rep
formula | nmay be prepared by subjecting a conpound of fornmula Il _and a
conpound ofpyfsabjedting & témpoursl afifoniela llomdiaregmpewrd olfermula@il tyagmige-7  ~KOH
R4 RA + HZNZ1 HZ, R3 R3 1 RSR (Il) (Ill) (') 5 The am de-form ng
reacti on gy Rpcaedttisyed by any suitable method, reagents and reaction
condi ti ons. Pre%erably, any one of the nmethods disclosed in the 354
application is utilized. For exanple, a conpound of forrmula Il may be
reacted with a qgnpound of formula Ill in the presence o% HATUZ Dl PEA,
CH3CN and FQC)&O ield desirgd corfpound of formulaj. Any®suitgble

purific'atign t ipd nmay be usgd to 10furtheerur fyl the d of
formula I. G ably, nd -of—0t by an
am de-formng | reaction l?‘rpr sijng thé'steps of (j) reatt ir0g {t he conpound
of fornmula Il g th a conmpoun 3ofRformJIaIIIAin he presen of
N- et hyl nor pholine to forma reaction mixture; and R2 Z F30000H . H2N Zi
) () ®
5 The amide-forming reaction may be achieved by any suitable method, reagents

and reaction conditions. Preferably, any one of the methdds disclosed in the 354
application is utilized. For example, a compound of formula II may be reacted with a
compound of formula III in the presence of HATU, DIPEA, CH;CN and H,0 to yield
desired compound of f@n’nula I. Any suitable puriﬁcation:method may be used to
10 further purify the compound of formula L
More preferably, the compound of formula I is prepared by an amide-forming
reaction comprising the steps of:
(a) reacting the compound of formula II with a compound of formula IIA in the
presence of N-methylmorpholine to form a reaction mixture; and
R, z
/ (IIA)
F3CCOOH . HyN Zy |
Rs '
R4
15

(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.
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R3 R, 15 (b) adding a conmpound of formula Lv-X to the reaction mxture to
forma co fid32%f fornula |, wherein X is any suitabl e hEFTHS00/23033\0

01/ 14329 PCT/ US00/ 23033 Preferably, the nethod for preparing the conpound
of formula | utilizing the nore preferable am de-farm ng reaction utilizes

some or all of RgErahlyghemethodfoy prsparmgthe eomprundsd formule | wilizangtheanere Thus,

preferably, the conmpound of fornmula Il and the conpound of formula ILIA in
DVF are combpresetabla annge-frmingeactionnttidizesssomeTorallof4he reagints awireaitionr i s
preferably a single neck flask which is then covered with any suitable
septum and cecomslitishsuiidciosad belope rkius)freferadbE thd\bdnipp@ad of fmuta WaAditHeo pur ge
out the suitable container before N-nethylnorpholine is added to the

reaction m xgsthpoundFErmi1£ (IBA 30 DIMF hiteobibidid iy AP 5 bdld datditerapiged via a

syringe in one single portion and the reaction m xture cooled to about

e ben: 5o ittt fitner HbRRIA) ERhBlomeck Misk Wl A Bl Wi ah 992 !

to about 00 C. A solutio e’ conpoun or mul'a n” added to
t he reaction_pi_xt u Mor ref.er.gbl t he sol yti of the.co und of

formi a Ly xiHable deBrum Bl ol i a fmpirting Brobs, NirBeen 5 if Freippiesen

nor e preferabi}%, t,h% co oung ﬁ);quorrrul a Lv-X is CDMI. The so]ution of the
conpound  of OYtdResHitable container haforeiNrmgethyknqrpholine dhadded to the regetignynizture.ab| e
“nmethod so as to 15 maintain the reaction nmxture at a constant tenperature.
For exanpl e, Morepreirahlyothe df-methylmempheplineis addedi iz asyringein xnersinglegortiated t o
the reaction m xture dropwi se wutilizing a syringe. Upon conpletion of the

addi tion of arcths oéastiommixtiire dveledaonboutbetwedent-6f Crahd 5L.C: Xiort peeferablyt then
m xture is allowed to warmto about roomtenperature. The progress of the

react i ongmayreagtidnomixenreds £do16tidiabsiit 03¢, t AokiisRBPE8 campeuRf of fBAmMA 150RPouUNd
of formula Il by thin |layer chromatography (hereinafter "TLC'). Wen the
is then added to the reaction mixture. More preferably, the solution of the compound
of formula Lv-X is a solution of the compound of formula Lv-X in DMF. Even more
preferably, the compound of formula Lv-X is CDMT. The solution of the compound
~ of formula Lv-X is added to the reaction mixture by any suitable method so as to
15  maintain the reaction mixture at a constant temperature. For example, the solution of
the compound of formula Lv-X may be added to the reaction mixture dropwise
utilizing a syringe. Upon completion of the addition of the solution of the compound
of formula Lv-X, the reaction mixture is allowed to warm to about room temperature.
The progress of the reaction may be followed by monitoring the disappearaﬂce of the
20 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
precipitated out of solution to form a slurry by slowly adding water to the reaction

mixture. The compound of formula I may then be removed from the slurry by any

suitable means known to one of ordinary skill in the art. For example, the compound
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reaction is at |east substantially conplete, the conpound of fornmula |I may
be precW®@las¥ out of solution to forma slurry by sl oWwW§GTHEWZENater to
the reaction mxture. The conpound of forrmula |I may then be renoved from
the slurry by any suitable neans known to one of ordinary skill in the
art. For exafifirequla hmay bepamowed Fonyibeumydpofitrding. USep sutbBapurifisatiéror nul a |
may be renoved fromthe slurry by filtration. Any suitable purification

met hod knowmdtiiodiamval to@ne iofierdinasy skill in thetdnemay be usey tdpurnifydbe campaumdf y t he

compound of fornmula I. Mre preferably, the conpound of fornula I is
purified byofesimitd Bl M3 gréferably? tid Goniioane of formubyTtis pikifédiey di scl oses two -
alternate processes for the synthesis of the conpound of formula Il and

acid additig&{ssﬁmzaﬁ%&ereof. O these two routes, the second process is
currently preterre ecause it offers greater cost-effectiveness at a

comerci gl o<l o ety iSSR0, AR AR L e AR 8 o1

of a co S acl 1on salts rroma conpound
of formila \t{ie c%mp%url\xld 'c\>lf fo?m _ aAﬂI alifclllacﬁa gdditl%’n s/alts %%0546f Ellesg%lvo routes, the

second process is currently preferred because it offers greater cost-effectiveness at a
commercial scale.
The first of these two processes is for the preparation of'a compound of

10  formula IV and its acid-addition salts from a compound of formula V. -

)

)

One of ordinary skill will recognize that the compounds of formula IV are a

subgenus to those _of formula II1.

The compound of formula V may be prepared from commercially available N-

15 Boc L glutanic acid y- benzyl ester. Any suitable method may be used to prepare the

23
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ZZ7ZO0O~M(1 One of ordinary skill will recognize that th of
formul a’l SV‘APHIQ” subgenus to those of fornmula I1l. The co?ﬁf&?ﬂ%gég‘%f%or mul a
V may be prepared fromcomercially available N i 15 Boc L glutanic acid

y- benzyl ester. ﬁ% sui t abl:e nmet hod naybe used iq% repare the 23 WO
01/ 14329 PCTremponnsobiormulantobieierahly s the methed\dischsed &y it PatephApplisation
disclosed in U S. Patent Application No. 08/991,739 is used. U S. Patent
Appl i cation Ne. 08899989 i8esedsUlSe Pefent Applivation Noe@B/9%ly73% dexsircmconporated
entirety. The process of the present invention conprises the steps of : 5
(a) cyanonet ibylreferedice i it émiregnpound of fornula V using

bi s(trinethysily)anm de and bronpacetonitrile to yield a conmpound of

formula VI, O O @nelrodedsdofthd ptedent invhtibhcathiiiles (H)stdpd@f educt i on,

cyclization, and deprotection of the conpound of formula VI in that

respecti VS 385%6&&811%{11?’1&0& of ﬁ{m%%%uﬂé of Rita®y }{élhg bﬁ%ﬂ%ﬁ%ﬁﬂl&éﬁ?ﬂg

PCT/ USCO

bromoacetonitrile to yield a compound of formula VI;

Ry41

R4 (VD)

R1 ©oN

(b) the reduction, cyclization, and deprotection of the compound of formula VI in that

respective order to yield a compound of formula VII; and
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ON R4,. Ra, (gin R NHX OH (c) the oxidation and ol efination of the
conpoundweorelfiddzeul a VI by reacting the conpound with a BUBUSKN2E3Ne
conplex to yield a reaction m xture and reacting the reaction mxture with
a phosphorane of fornmula VIIl. Z PPh3 (M1I1) ZI 5 According to the
present invention, and as di schosed above, the preparation of - the conpound
of fornmula V from N-Boc gl utani®acid,y- benzyl ester may be carried out
by any suitable nethod known .in e ant. Further, the cyanonethyl ation of
the conpound of fornula V may befcarrigd out using any suitable nethod,.
reagents and reaction cegditions/ rably, the. 10 nethod di scl osed bel ow
and the use of all or gents and reaction conditions are
used. Thus, it is preferable,| that the corrpodMlDof formula V be added
dropwi se to a stirring solutijon of HVDS in THE at -70C in a nitrogen

at nosphere. over a period: | about 5 hours before being mxed with
bronmbacetonitrile. Thi é‘"‘l?ﬂ/anorret ylati on of the conpound of forrmula V using
15 bis(trimethylsilyl)am de and pronoacetonitrile affords the conmpound of
formula VI along with its epimadHin a 5:1 ratio. However, the conpound nay
be purifiedchy ahyoxidatiéd gnd olefination of the compound of formula VII by reacting the

compound with a SO;-pyridine complex to yield a reaction mixture and reacting the

reaction mixture with a phosphorane of formula VIII.

PPh;:,—J\ (VIO

5 According to the present invention, and as disclosed above, the preparation of
the compound of formula V from N-Boc glutanic acid y- benzyl ester may be carried
out by any suitable method known in the art.

Further, the cyanomethylation of the compound of formula V may be carried
out using any suitable method, reagents and reaction cdndifions. Preferébly, the
10 method disclosed below and the uée of all or some of the reagents and reaction
conditions are used. Thus, it is preferable, _that the compound of formula V be added
dropwise to a stirring solution of NaHMDS in THF at —70°C in a nitrogen atmosphere
over aperiod of at least about 5 hours before being mixed with bromoacetonitrile.
This cyanomethylation of the compound of formula V using
15  bis(trimethylsilyl)amide and bromoacetonitrile affords the compound of formula VI

along with its epimer in a 5:1 ratio. However, the compound may be purified by any

25
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WO 01/14329 PCT/ US00/ 23033 suitable nethod. Preferably, the conpound of
fornula VWO fied by filtration and chromatography, RETVERAA3E
titration. Under these preferred conditions, a 60% overall yield of the
conmpound of forrmula VI is attainable havi n% >99% di.astereoneric purity. 5
The three st &pitabigmsthognPrefsrably.the rempoundptdermula ¥d is pifeddytfiloatiarf amt ep
(b) to convert the conpound of forrmula VI to the conpound of fornula VII
may be carri ebromategraphyi followeddyititeation. Undercthese prefiirred eariditionsco6084t | ons.
Preferably, the nmethod disclosed below, using all or sone of the reagents

and react i onovenlliyisldbfthercenpeest of fhaulaMIiS attdififfl € hiNhy >999 AiERARING L Of
formula VI is reduced by adding a solution of 10 cobalt (11) chloride

hexahydrat e p@riey. sol ution of the conpound of fornula VI in tetrahydrofuran
in methanol. The resulting solution is cooled to about 0 C before sodium

Then, " p-tol uenoul Toree Sep ABRaE Uik AuRE el oy FBRT IR OV cr e
- anbi ent |t SN sPAREbaRhu gt Y1 Respmprutd of Ry Yih ey Beicaed s
di ssolved in_ethyl acet at‘g and vvash(g .Any sujtabl e washi ng agent nmay be

d.
used. More pPEFEMEALY sujtable feagents gnd rraption condiiong, Rreferaklydthe mebhasar bonat e.

The crude product is then charged with a solution of nmethanol in water.
More pr ef er apisglosed below, ysingalher soms! of theneagentsanddteaction conditions are aseict  nay
be renoved from solution by any suitable nmethod. For exanple, the crude 20
product may Bhereforeprefetaply, ithet comtrionnd afifortninin V1 istredriced by adding b 3blatoRbf a
rotary evaporator. The product is then dissolved in ethyl acetate, dried,

filter edi@ndcobati(ily chiofite Heltabyrat: 16 aUBRItioR 5P e tonfouh® b Tok@uld Vi inMoT €
preferably, the product is dried over MgSO4. The "crude corrpoundl of formula

L i 4 20 e S R S '
sodium borohydride is added in portions over a period of at least about 7 hours. Then,
Dp-toluensulfonic acid monohydrate is added to the solution of crude material in
methanol and allowed to react for at least about 18 hours at an ambient temperaiure.

15 After remov_al of the solvent, the residue is dissolved in .ethyl acetate and washed.
Any suitable washing agent may be used. More preferably, the washing agent is
saturated sodium bicarbonate. The crude product is then charged with a solution of
methanol in water. More preferably, a 2.5% methanol solution is used. The crude
product may be removed from solution by any suitable method. For example, the crude

20  product may be removed by filtration and the filtrate concentrated on a rotary
evaporator. The product is then dissolved in ethyl acetate, dried, filtered and

concentrated to the crude compound of formula VII. More preferably, the product is

dried over MgSO,, The crude compound of formula VII may be further purified by
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VI1 is purified through a titration process using 1:1 ethyl acetate and
hexanes w@@1/td3d? al | yield of at | east about 95% pure com!’y drnula
VII is attainable if the preferred three step reduction, cyclization, and
deprotection reaction 5 disclosed above is used. Any suitable nethod,
reagent s arayrseiahlé purificatidn prasass. Moretpeefamably, the crude compiovad obformule dat i on
and. ol efi nati on enpl oying a S03-pyridi ne conpl ex and the phosphorane of
formul a VI IVII igpurifiddchicngh a dingatiomprooéss fusinglt laeth¥l acBlatef and diskanest he net hod -
di scl osed bel ow and all or some of the reagents and reaction conditions are

10 used. "Accor di figbveralP§RIEs R 1east dbou€IIYS pare catpotindeififosmula VI $0! uti on of
the compound of fornula VIII and nethyl sul foxi de. The resulting solution

i's cool ed t.0,ph0NGfhe é‘gﬁ@dl%?éw?%dﬁé?ﬁn,aéyéiﬁiﬂaﬁ, #1d depdtbdtioh reaction

trioxi de-pyridine co e reaction is'stirred at about 50 C for at
| east agout éﬁ m{la teesi. Agdter renoving the source used to cool the
solutio té11 56 CBRE% eaction is stirred for at |east about an

additional 1 hour. 15 (Carboefhoxynet hyl enetri nyl ) - phosphorane is then
added and the ré%&)t’f"btﬁ&ﬁi%tb? re@%‘?‘??%%“&?“%ﬁ??‘gﬁ?\ﬁféﬁ?ggﬂ%ﬁ@ﬂ%r at | east
about 3 hours. Then, the reaction is uenched and extracted wth ethyl
acet ate. Msnbsegnest oxidstign andrelefination; employing s 8RepyHding goplexand ths on of
saturated brine. The conbi ned organi c phases are then washed, dri ed,

filtered aphosghocaetof foremild VIEtd yield the colepamdied dorthudd I'V.oPreferablyzhe Mor e 20 .
preferably, the conbined organi c phases are washed with saturated brine and

dried ovemdbisMiscldged eldw ¥ ALbrlsbatbftkelfebfiislaidGaatiohlvenditiopmarad of
formula IV may be purified by any suitable nethod. Preferably,

chr omat,gor qRby. Ryédr&ih%%g %ﬂﬁrﬁﬂﬁ &iEﬂa&ﬁiﬂiﬁH‘istaﬁ_&élille%ﬁlti%h%fH&Qﬁmﬁoﬁnﬂ be

preferable purificati echnique 1S used, yields ranging from55%to 60%

oare att aj qul%lnﬁa VIII and methylsulfoxide. The resulting solution is cooled to about 5° C,
followed by the addition of a sulfur trioxide-pyridine complex. The reaction is stirred
at about 5° C for at least about 15 minutes. After removing the source used to cool the

- solution to about 5°C, the reaction is stirred for at least about an additional 1 hour.
15 (Carboethoxymethylenet:ipheﬁyl)-phosphorane is then added and the reaction mixture
- stirred at ambient temperature for at least about 3 hours. Then, the reaction is
quenched and extracted with ethyl acetate. More preferably, the reaction is quenched
- by the addition of saturated brine. The combineLd organic phases are then washed, -
. dried, filtered and concentrated to afford crude compound of formula IV. More
20 - preferably, the combined organic phases are washed with saturated brine and dried .

over MgSO,.
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5 The second process for preparing the conpound of formula_l L}s acid
additiori ¥QN443% sc| osed by the present invention conpri sgﬁf%g&g%oé%s of

(a) the dianionic alkylation of a conpound of fornmula |IX using
bronmpacetonitrile_to vyield a_conpound of fornula:X; NHX H3CO OCH3 (I X) Y
O R41 Rai O NC N cmn%e%@m@ﬁﬁ‘{ rrr%xiaecaumée%gy apy shighlemaetheh of the
conmpound of formula X to yield an am ne of formula XI; 28 WO 01/14329
PCT/ US00/ 230Bwferablyshzommatography pugificatioqmand tikption echmdquesiaredisedc I theact i ng
the amine of formula XI with ET3Nto yield a lactamester of forrmula XlI;
0N R41 preferable purification technique is used, yields ranging from 55% to 60% are

attainable.

5 The second process for preparing the compound of formula IV, and its acid
addition salts, disclosed by the present invention comprises the steps of:

(a) the dianionic alkylation of a compound of formula IX using bromoacetonitrile to

yield a compound of formula X;

NHX

HsCO - OCH; IX)

NC
NHX

H3CO _ OCHj )
o) Rar Ry Fo)
10 :

(b) hydrogenation of the compound of formula X to yield an amine of formula XI;

28



R47 (Xll_b OCH3 XHN O (d) the reduction of the |actamester of formnula
X1 throt™ 94433 t abl e reduction 5 procedure to yield a B ’
formula XIIl; ON R41 . RAL (XM XHN OH 29 iii WD 01/14329 PCT/ US00/ 23033
(e) the oxidation and ol efmati on of the conpound of formula X1l to yield a
conpound of formnul aOX|V byOCkacting it with a conpound of fornula XV; and 0
N R41 R41 (XIV) XHN Z Z PPh3 (XV)

SNH,.HOAc  (XT)

(c) reacting the amine of formula XI with ETjN to yield a lactam ester of formula XII;

o)

Ra1

OCH,
XHN

o

(d) the reduction of the lactam ester of formula XII through a suitable reduction

5  procedure to yield a compound of formula XIIT;

0

Ra1

XHN///\\\]

OH

(XD
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Z1 5 (f) biEidd N9 the conpound of formula XIV to the co und of formula
| V. Furtfvg?, on%adof ordinary skill in the art wll realizgp GIAR002333 apove
di scl osed method may be used to prepare the conpound of formula Xl V.

Specifically .1 a)- (e isclo a process arin the conpound
of formul a X‘e\)/sthggifiﬁ&ég%%‘%%ﬁﬁﬂa%f‘ Q?g?erﬁ?%ﬁ’ Pﬁﬂﬁj’ PZF?F&{) dgy any

sui tabl e net haod kn f in t&i % For .exanpl e, N-Boc L- (+) glutamc acid
di met hyl est &RRHR W@B& Y byppasting ifwih 2 rempoundofiforaile XV; ghdt ami ¢ aci d
di met hyl ester hydrochlorlde or conmmercially available L-glutamc acid
5-nmet hyl ester according fo literature procedures. See for exanple,
Shimanoto et al, J. Og. em 1991, 56, 4167 and 30 WO 01/14329

PCT/ US00/ 23033= Dural ski e -NTetrahedron Lett. 1998, 30, 3585. These
references are herein incorfporated by reference in their entirety.
Preferably, the dianRgni c alkyl atidon reaction is perfornmed using the nethod
and all or sone of th gent s”7and reaction conditions disclosed bel ow
Therefore, 5 pref t he conpound of fornmula I X is first dissolved in
THE to forma solution (which is added( Wi se to a stirring solution of
LiHVDS at -78C in an At at nosphere. e resulting mxture is then
stirred at about - hours before freshly distilled
bronoacetonitrile is added |dropwi se over a period of 1 hour. The reaction
m xture is stirred at aboutlf -78C for additional 2 hours. The reaction is
then 10 quenched. More bly, the reaction is quenched by adding 0.5 M
HC1 and H2Q  The resuling aqéeous |layer is separated and is extracted
further with nethyl tert-butyl ether. The conbi ned organic extract is
washed, dried and filtered. More preferably, the organic extract is washed
w th saturated NaHCO3 and brine and dried over MSO4. The solvent is
evapor ated under reduced pressure. :

Z

PPh3:< XV)

Z,

() converting the compound of formula XIV to the compound of formula IV.

Further, one of ordinary skill in the art will realize that the above disclosed
method may be used to prepare the compound of formula XIV. Specifically, steps
(a)-(e) disclose a process for preparing the compound of formula XIV.

10 The compound of formula IX may be prepared by any suitable method known
in the art. For example, N-Boc L~(+)-glutamic acid dimethy] ester may be prepared
from commercially available L-glutamic acid dimethyl ester hydrochloride or
commercially available L-glutamic acid 5-methyl ester according to literature

procedures. See for example, Shimamoto et al, J. Org. Chem. 1991, 56, 4167 and

30



15 The conpound of fornula | X may be hydrogenated to the ] or mul a,
Xl by aMWO@48%| e net hod known in the art. Preferably, ?ﬁtﬁﬁg‘g{?g%enation

is performed in the presence of 5% Pd/C. Mdre preferably, the
hydrogenation reaction is perforned in accordance with the nethod, using
some or al | Duralskhet afle%@h?‘g’oaﬁ&“rb??&3%ﬁ5§§nah?ﬁe'6?f§re&f5%scﬂf%§%ﬁmbel ow. |
According to this preferred hydrogenati on nmethod, the 20 conpound of

fornul a | X insorposatesl hyextferende@theimratisdfpken wi th 5% Pd on C under H2 gas,

at 50 psi pressure, for 3 days. The mixture is then filtered over celite.
The filtrate neprefdisbly/the dianjomicdleylatiomienctionds perforpred sismgéhemethodend esi due
repeatedly evaporated fromnethyl tert-butyl ether. 31 1111611 WO 01/ 14329

PCT/ US00/ 23486 so?ib:f‘offtﬁ@féa'%aﬁs ad feh@ioAbongitiehs disdloaeddeléw. Thidiefote3N may be -
achieved using any suitable conditions. Preferably, the nmethod and all or

some of { hsp{ege?%ggtg%ﬁéﬁpcﬁg%tﬂf%‘ﬁé’]f‘)@iéﬁx@ﬂﬁs&iv%ﬁ'iﬂm B g Sé1atiot .eil'

Accor di ngl vy, amne o formula Xl is dissolved in 1:

MeOH THF, before i s added to.the,sol utd ; ' m xture is
stirred at ‘5{5’8[195 gﬁ%yfi&mgﬁeoﬁta s}’gl%f?}%m&roﬁ}%w ﬁaé ’s&tgrq ?llhﬁg* erial has
di sappeared. The presence qf the startin terial be .nonitared by 'H
NMVR  Aft er aimosphsrsglies tesylting suxtyesis theﬁégﬂg;? attaé)ppt_-gg%forg[l}?élrs 1?"A‘gorﬁdded. The
precipitate is then filtered. 0.5 MHCO is added to the filtrate diluted
with H2O Afreshly distilled bromgacetenipsileisadded dropwirg overa priodof ddipupeTlist r act ed
with ethyl acetate. The 10 conbi ned organi c phases are washed, dried,

filtered an@activnafixturaisdirrelita eboup rZ8°€rfaibddditianiakb2 bourbi Thelreaetipmis thgphases™
are washed with brine and dried over MgJSO4. The phases nmay be concentrated

on a 1 ofVaghchdd. MbreRERIEBIY BicrRittioh s hehbial by wididge:s MHE aad HeO. f or mul a-

XI'l. Any suitable reduction method may be used to convert the | actam ester

of 15 for v &relliling QqdeBfis BRS Wihrithd SR kRackld furth B Wi FrtByY terl biBH 15 -

used as the
ether. The combined organic extract is washed, dried and filtered. More preferably,

the organic extract is washed with saturated NaHCO; and brine and dried over
MgSO;. The solvent is evaporated under reduced pressure.

15 The compound of formula IX may be hydrogenated to the amine of formula X1

. by any suitable metho;l- known in the art. Preferably, the hydrogenation is performed

in the presence of 5% Pd/C. More preferably, the hydrogenation reaction is performed
in accordance with the method, using some or all of the reagents and reaction
conditions disclosed below. According to this preferred hydrogenation method, the

20 compound of fonnﬁia IX is dissolved in HOAc and shaken with 5% Pd on C under H;
gas, at 50 psi pressure, for 3 days. The mixture is then filtered over celite. The filtrate
may then be evaporated under reduced pressure and the residue repeatedly evaporated

from methyl tert-butyl ether.
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reducin re preferably, the method, or any portio and
any or -galll opbl“ts%% reagents and reaction conditions discl o?é%ﬁﬁ%@%&?sare
used. Thus, nore preferably, LiBH4 is added to a stirring solution of the
| act am ester of fﬂ'i—;m“ a. Xl l:in THF. 'éhe Li BH4ﬂ_’in§z.-_%__;§dded i n_several portions
at 0 Cin an Argonn&F5ASUGHaf the amine ofdormyla XIyyth N may besackiqved usingeny C
for 10 m nutes E%}‘ore_ bei ng allowed to warmto anbient tenperature and
stirred for SHtablRgondtions. Brefeably, themethodand allassemeof the reagentstand.  Even
more preferably, the reaction is quenched by the dropw se addition of 0.5 M
HC  whil e cEoriomcanditiogs disclosed below areTimed s dlcoondingly, prefedatilye thewiniihie 6f hy |
acetate and H2O.  After splitting the phases, the agueous phase nay be
extracted wi fommata¥I isalisobvied in ThMEOHYHE, Wefcts BoNTs BUSDQ/ RS Soiatio 0T ned
organi ¢ phases are washed, dried, filtered and concentrated. Even nore

preferably, idssitiagmikmesisQtifedCabdifsPE BF Sole s GG urYol tnddr E‘F&H‘% dried
over MgSOH. The phases may be concentrated on a rot o%/g%tgrthg as

o1 Gat | on andar oy HesRaRpS. PARAALe 8wk Saldplilnl ol WrblieBahd o
f la XIV h f la X.11|. Pref bl.y, t hod,
any part ot eI eR PRPHEE e o Emeles st el d aded ToBrai 11 one.

descri bed bel ow are.used... Thuys, _in_accordance with the present invention,
benzoi ¢ aciQf?c‘P%%tF%é'Fﬂgktﬁ ¢ ry M B 5 added jo therfiltarn dliluted withiHiMEARer o
added to a solution 10 of the conpound of fornula XiIl in CH2d 2.

Dess- Mar t i n Pdiftingdthe pheses,sheragnsgus phastimay bo lextracted with sthybacetat@oThé ons, and
the reaction mxture is then stirred for at |east about 5 hours at anbi ent
t enper at ¥r e combihed érganic phasss dreofashed, iivied, fiftdréd sndxonadtitiabdd Woréi Sappears.
The presence of the conpound of forrmula X1l may be nonitored by '"H NWR

Sat ur at ed NegrefeRablylthe éomibined axgasid phafes bl w{vﬁbﬁe&‘\'w-‘fthll‘ﬁﬁf lafid gﬁ&d bl l\tigﬁo 50 15

mnutes to yield a precipitate. The precipitate is ter pri or 0 the

or gani ¢ phasgheqfhasds'ifay l!aé %(#&Eﬁté?&i 8Pa PHGHpBE. eﬂash\’\@ﬁgrﬁgfoggggy QRGRAL 3t ed to

yield the crude conpoun
lactam ester of formula XII.

Any suitable reduction method may be used to convert the lactam ester of

15 formula XII to the compound of formula XIII. Preferably, LiBH, is used as the
reducing agent. More preferably, the method, or any portion thereof, and any or all of
the reagents and reaction conditions disclosed below are used. Thus, more preferably,
LiBH, is added to a stirring solution of the lactam ester of formula XII in THF. The
LiBH, is added in several portions at 0° C in an Argon atmosphere. The reaction

20  mixture is stirred at 0° C for 10 minutes, before being allowed to warm to ambient
temperature and stirred for an additional 2 hours. Then, the reaction is quenched.
Even more preferably, the reaction is quenched by the dropwise addition of 0.5 M HCI
while cooling using an ice bath. The solution is diluted with ethyl acetate and H,0.

After splitting the phases, the aqueous phase may be extracted with ethyl acetate. The
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formula XIV. More preferably; the filtrate is washed with brin n
concent r WREVMIZH rotovapor. Any suitable nmethod may be Sﬁgﬁaﬂ%ify t he
crude conpound of fornula X'V. Mre preferably, the crude conpound of
formula XIVis purified by flash 20 chromatography, then dissolved in ethyl
acet ate. Ex€e@bingd orgaaic mée&%waa&é&pedgﬁa@raém@cwe@%e@ﬁmw sol uti on
to yield a precipitated. The precipitate is filtered and dried to afford

t he conpoungraférablyy thelceamkingd oganic phrasésaarayashediwith rinecindidrisd evéerdMg8Oed in
a vacuum oven for at |east about 12 hours. 33 WD 01/14329 PCT/ US00/ 23033
The fol | ow The ph@sspinmay barcondentrdied of avotoshporf Blash chroatataPraphy fumishesthe of t he
present invention and are not to be read as limting the scope of
protection gémbbithd dJFfeEANlL XInventi on, as defined by the appended cl ai ns.
EXAMPLES: 5 e followng illustrates an exanpl e of the am de-formng

reacti ong bet ween 4 g\ggltmg'g g,ﬁi?s‘}%@l%;,{ sibh! etﬂos(%:%p%%?% I?u%mermgae Il and

11 to prepare a conpound

Che reacti ofBp W?ﬁr@h?aﬂﬂs’ 38 "o o RRE0R A Boifretlieise “schene

| OONHNH %- H - + TFA, 2 O/ O\ HZN.| BocHN I E 2E
21 F JA Hmp%yo drprsay part thereof, c% El}or some of the reagents an% r%acl}lion COl/fldl%%St CozH

described below are use_d. Thus, in-accordance with the present invention, benzoic

-

acid, (carboethoxymethylenetriphenyl)phosphorane and DMSO are added to a solution

10  of the compound of férmula XIII in CH,Cl,. Dess-Martin periodinane is added to the
solution in several poftions, and the reaction mixture is then stirred for at least about 5
hours at ambient temperé,ture until the compound of formula XIII substantially
disappears. The presehce of the compound of formula XIII may be monitored by 'H
NMR. Saturated NaHCO; solution is added before the mixture is stirred for 30

15  minutes to yield a precipitate. The precipitate is filtered prior to the organic phase of

_ the filtrate being separated, washed, and concentrated to yield the crude compound of

formula XIV. More preferably, the filtrate is washed with brine and concentrated on a
rotovapor. Any suitable method may be used to purify the crude compound of formula
XIV. More preferably, the crude compound of formula XIV is purified by flash

20  chromatography, then dissolved in ethyl acetate. Excess hexanes are then added
gradually to the stirring :sollition to yield a prf_:cipitated. The precipitate is filtered and
dried to afford the compound of formula XIV. More preferably, the precipitate is dried

in a vacuum oven for at least about 12 hours.
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CH3CN, H2 OON N H HO/ p CO2Et AGr098 10 F_ 34 WO 01/14329
PCT/ USOO'l%(ggQ}‘&%]e foll ow ng exanpl es di scl ose the prepar aﬁqTé'llP"W%rrpound
| falling within the scope of formula IV. The first exanple, as depicted in
Schene 2 bel ow, i%h’(usstl@atesfthe use of the cyangret hyl ation route

di scl osed above. QEUWRg SX3Episs are meyided marely fot diustrativespuspossswof the
I1lustrates the second nore preferable cost effective route for 5 preparing
the same conBHERY. INEEtORENg arg not (o beyepd @ Nmitingh©S;0pF dF protét8icn of the
Brompacetonitrile BocN 60% BocN O p 3, N Acyloxazolidinone 4 1. NaBH4,
CoCl 2. 6H20 present invention, as defined by the appended claims. :

EXAMPLES:

5 The following illustrates an example of the amide-forming reaction between
two compounds falling within the scope of formulae I and III to prepare a compound
falling within the scope of formula I. Specifically, this example, as depicted in

Scheme 1 below, illustrates the reaction of 1 with 2 to prepare the protease inhibitor

AG7088.
Scheme 1
° o
NH NH
+ TFA, CH,Cl
Mol BocHN
2 1
F 1A
HATU, DIPEA

CH;CN, H,0

10
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MeOH: THF, OC-rt 47% over 3 steps 03M HCl, EtOAc 2. pTSA EM,#%;
DVBO 2.

Et OAc, advORMAR9 4 HexaneWEtOAc OO NH NH 1. Et3N, SO3!
Ph3P=CHCO2Et 3. Br| ne, Et OAc then col um chr omat ogr aphy BocHN 55- 61%
BocHN HO CQ2Et 135.- ..... L1111 WO 01/ 14329 PCT/ USQQ! 23033 Scherre

3 N HHBoc __ J-~ Jhﬁiolémwss examplpgdisclosethe preppigpen of serapounddafalling within 5y s
to OCH3 H3 OCH3 58%
. the scope of formula IV. The first example, as depicted in Scheme 2 below, illustrates

the use of the cyanomethylation route disclosed above. The second example, depicted

in Scheme 3 below, illustrates the second more preferable cost effective route for

5  preparing the same compound.

Scheme 2

NaHMDS, THF, -78° C
Bromoacetomtnle
60%

3, N—Acyloxazolidinone

F\\\\u
|\\\“‘

1. NaBH,, CoCl,.6H,0
. MeOH: THF, 0°Crt.
4T%over 3steps | O-SMHCL, EtOAG
2.pTSA,MeOH, 18 h
3. EtOAc, ag, MeOH
4, HexaneS/EtOAc

I. EN, SO,- Pyndme, DMSO
2 PhyP=CHCO,Et
3 Brine, EtOAc then
column chromatography
55-61%
: BocHN -

CO,E
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6 7 GZHSN\IH ET=N, McOH rHF, NHZ. HOAc 45 C. 10 h 1uUuBH4, THF, OC, then it.
Boc HY X300 SO OCH3 83% O 8 9 NH NH 1. Ph3CHORSHBUSOPRINE)
CHZCI2 DMSO 2. Dess-Martin per|od| neane Bodi N BOCHN OH it. 5h COOEt S
Ot r +~~ oa 55% Preparatlon Scheme 2) A solution of 3 (1.0 kg, 2.34
nmol, 1.0 equiv.) in THE (8. 0§ added ,gropvm se to a stirring solution
of NaHI\/DS I n THEuv-(a& Min THF, 2.96 L, 1.28 € gﬁﬁ -70C| Nop:] ni,d;a'ogen
at nosphere over @ period of2 «BLilwgbR 38°C The r esul |ng ution vva;i) &ty ,j;,;sed at
-70 r o r eSTT Y B StTTTets et r Loy (320270
equi Vv.) s then agded dropw se over a peri of 725 m nut es. The reaction
' at -70C 8% additi onal hour un'é; t he di sappearance
of the startimg material 3. The reaction was quenched by addition of
sat urated anmoni um chl ori de 36

OCH;Z
NH
o,N , MeOH/THF,
NH2.HOAC 45°C.10h -5, THF,
- o ' 0°C, thenrt., 2 h
o OCH,
BocHN . BocHN 83%
(o]
8 9
NH . NH
1. PhyCHCOOE!,

PhCOOH, CH,Cl,, DMSO

2. Dess-Martin periodineane

BocHN BocHN
OH
©:§ f.5h cooe
5 o

N 55%

AcO

Preparation of 4 (Scheme 2)
A solution of 3 (1.0 kg, 2.34 mol, 1.0 equiv.) in THF (8.0 L) .was added
dropwise to a stirring solution of NaHMDS in THF (1M in THF, 2.96 L, 1.28 equiv.)
5 at-70°C in a nitrogen atmosphere over a period of 5 hours. The resulting solution was
stirred at -70°C for 0.5 hours and freshly distilled bromoacetonitrile (320mL, 2.0
equiv.) was then added dropwise over a period of 25 minutes. The reaction mixture
was stirred at —70°C for additional 1 hour until the disappearance of the starting

material 3. The reaction was quenched by addition of saturated ammonium chloride
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WO 01/ 14329 PCT/ US00/ 23033, solution (7.0 L), and extrac | t hyl
tert-but WOMMEI® (24 L). The organi c phase was washed wi’ﬁﬂb’&q"?@"%x&o Q
The sol vent was renoved under reduce pressure to afford a dark brown oil

(1.5 kg). This crude product was dissolved in nmethylene chloride (8.0 L)
and passed wlhwiony78d), and SXW@&IWIQEWG@BUGVIQ}%“U&&@%&‘* Lt B arganigphaseso 5
g). After rinsing the cake with nethylene chloride (4.0 L), the filtrate
was concenvaswashedwith britea(BX6Map dihasolventovasiremoviedundeyreduea progsusitp (1, 28
Kg), which was then dissolved in etthyl acetate (2.5 L). To the resulting

sol ution, exfR8a dakEo%s dilld.Hkg)l Thiveredeaodutt wasl dissolivghinanethyene ri ng and a
white solid precipitated out in 30 mnutes. The slurry was cooled with an

i ce-wat er . ' ? icaf ad@vdtéd daktson @O O :
afford 4 a@%ﬁﬁi%’r%ﬁ%%ﬁfﬁ%%%ﬁ%%ﬁl(' e NS T P

> 5o 3. 7. () Adpkpjping g ek Vilmeghylie Jusfaq o . Bl gyt % L1 1 -
(scheme 3) Paceb Aie BHmevieetiar W proRb A e rthn i 28 ROGPRED R Coco -

hydrochloride (commercially available fromLancaster) or L-glutayjc acid
5- net hyl esther disgalvadqinethyd arstatg 29 LdpiTe ﬂ?@rl@?ﬁ%&ﬁqlwﬂr)’ SRET la?g‘ﬁ@est@“%

literature procedures. Preparation of 7 (Scheme 3) A solution of N-Boc
L- (+) - gl ut d wera@ildeddindet wigorous stiming@nd a0vhite sglid preqipitated put MBOamimutes) | n
THE (100 nL) was added dropwise to a stirring solution of LiHVDS (77 ni,
1M in THF, The ddurfyWas cebldd @ithiad ije-witer BfiCandstirred Abr 45 hosrshfollewed by '
resulting dark m xture was stirred at -78C for 2 hours, and then freshly

distillgd MEARBREARM Uk 22ighiBrohe st (6528160%)3 'R QMR . (CDES s, -
dropwi se over a period of 1 hour. The reaction mxture was stirred at -78C
for additiong) 124d\QUs 12180 ()8 1B/ 1.7¥Q ¥l 438 27T 4156K) PAP3%5-3.15 (m, '
3 H), 3.36 (d, /= 10.8 Hz, 1 H), 3.62-4.10 (m, 3 H), 4.13-4.32 (m, 3 H), 4.70 (m, 1 H),
7.15-7.42 (m, 5 H).
Preparation of 6 (Schelhe 3)
15 Compound 6 was prepared from L-glutarﬁic acid dimethyl ester hydrochloride
(commercially available from Lancaster) or L-glutamic acid 5-methy] ester
(commercially available from Aldrich) according to literature procedures.
Preparaﬁon of .7 (Sch‘éme 3) |
A solution of N-Boc L~(+)-glutamic acid dimethy! ester (6, 10 g, 36.3 mmol, 1 .
20 equiv.) iﬁ THF (100:_mL) was added dropwise to a stirring solution of LIHMDS (77
mL, 1M in THF, 77.0 @ol, 2.1 equiv.) at -78°C in an Ar atmosphere. The resulting
dark mixture was stirrgd at -78°C for 2 hours, and then freshly distilled
bromoacetonitrile (lf;.l_g, 109.0 mmﬁl, 3 equiv.)' was ad_dgd dropwis¢ over aperiod of

1 hour. The reaction mixture was stirred at -78°C for additional 2 hours and the
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di sappear he starting material (6) was confirned by Si s.
The reacw(gﬁl’a{ﬁ; quenched by addition of HO (120nm., 0.5 &Zﬁ%a"%%g‘gx(zoo
m.). The |ayers were separated, and the aqueous |ayer was further
-extracted with nmeth rt- butyl ether (3 x 200:l:). The conbi ned organic
extract was MMCFH?%%¥%93WMWE® ®YDC anplysie The x 250
m.), dried over MgpSO4 and filtered. The solvent was evaporated under
reduce pressiRastionwgs quenchpd bywaddition ¢fBCP(1ZPmLEDAM) anhHePn2amEphThever
silica gel (3 : 1 hexanes/ethyl acetate) afforded a colorless oil (7, 6.67
g, 10.8 mol layeByere sepashtad,(aBDEHSIqueods 14Fer(veas fOrthdr ex@acted ﬁltﬁhﬁ(ﬂ@l tet-H)
2.77- 2.82 (m 2 H, 2.85-2.91 (m 1 H), 3.78 (s, 3 H, 3.79 (s, 3 H,

4.32-4.49 (nbutyl kther B 2 300LALY.IThd corbifed 8 gaﬁlclékua&%@s%é%@mﬁte@ 4,
28.6, 34.3, 38.6, 49.8, 53.1, 80.9, 117.5, 155.9, 172.4, 172.8; HRVB niz

314. 1481 £ cahgyiced e@ X 290 LY Ig%&gl)@élggo é_ﬁég&ﬁ%ﬁ%‘/a M@rﬁkﬂ%ﬁ% o Schene

3) Conpound 7 (4 g, 14.6 Snd 15
shaker 1 40 e M B 205 Rl 80672 B Sl

reduced pres he re |du repeat edl y evaporat ed from net hyl
tert-butyl Skhr a?‘f?‘%ﬂ | Y ERSIPCR B Q)r iﬂaexagveffp’féyk @et%e)éff%ﬂed ageleriesyeid (%/»s ed

directly in the next ste 1HN|\/R CD3OD) 8 1.47 (s, 9 H, 1.85-2.10 (m 4
H, 2.60-2.696 @198mm055§%)2}b CBCly) § 13648, QH), R139.24 872 IDO2.0%; 3
H, 4.22-4.26 (m 1 H); Note: Experinents have denonstrated that |ess 5% Pd
on C can dr288 (mhd He286+2001 (o IcH)BL78 (s 0H),i3. 29 (s, 1 H), ©52-8%9Reh, arHC5M8S
efficient for the reduction of 2 g of 7. Preparation of 9 (Scheme 3) 38 WO
01/ 143291°PCT(d,)3806.03033 H)CHOMR (@CIE)SSD, 4/@@6 R43; 38 bEf0¥ B3h @49, L) and

Et3N (7 mL) was added to the.solution. The resulfing mxture wds stirred at
45C for 10 hpyys, 14319, 172.8€172.8; HRMS m/z 314.1481 (calculated for C12HzN204,

314.1486).
Preparation of 8 (Scheme 3)
Compound 7 (4.60 g, 14.6 mmol) was dissolved in HOAc (120 mL) and
15 shaken with 5% Pd on C (20 g) under H; gas (50 psi) for 3 days. The mixture was
filtered over Celite. The filtrate was evaporated under reduced pressure and the
residue was repeatedly evaporated from methyl zert-butyl ether to yield a light pink
solid (8, 8.32 g), which was used directly in the next step. 'H NMR (CD;0D) 8 1.47
(s, 9 H), 1.85-2.10 (m, 4 H), 2.60-2.62 (m, 1 H), 2.92-2.96 (m, 2 H), 3.74 (s, 3 H), 3.77
20 (s, 3 H), 4.22-4.26 (m, 1 H); Note: Experiments have demonstrated that less 5% Pd on
C can drive the reaction to completion, i.e., 1 g of 5% Pd on C was efficient for the
reduction of 2 g of 7.

Preparation of 9 (Scheme 3)
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di sappearance of the starting material nonitored by 'H NVR_After stripping
of f the EQPYIR? on a rotovapor, methyl tert-butyl ether FSHYSMZ30Rs added
and a white solid 5 precipitated out. The solid precipitate was renoved by
filtration. The f||trate was_  diluted with 200 nL of H20O foll owed by

addi tion of 0.5 f#Fuge8 WSSWE?IVWHEId%@mK@WMdEBM7M‘&W§é phase
was extracted with ethyl acetate (4 x 200 nL). The conbined organic
phases. wer etofhs selution.t Fhdyesulting mixton: was)stiméd at45°C\fer 1MyB@yntilithe t er ed and

concentrated on a rotovapor.to give a light brown oil. Flash 10
chr omat ogr agisapplearancesditte staminigtnateridl Imbrﬁtared%ygl-DNNﬂl 7Aft&mhh &frthe H NWVR
(CDhC13) 8 1.37 (s, 9 H, 1.75-1.80 (m 2 , 2.04-2.09 (m , 2.39-2.42

2 47 (d,
07 70 g, T e aatiect @Jﬁf’“‘%’“&aﬁ% 13‘§}L%§%%“"§@dé%“%"h§ﬁ 36. 5

40.7, 5Z 7 I | at ed

£ Lot At et it
| ut f 85, : t f 3.0 L

added o sol it ¥8p 2008 O R) fotowed By ik ot G K B s By “ﬁs

equiv.) in neth noI . The resulting solution was cooled to OC and

sodi um . bor' B¢ §PiG fgﬂuij}“sl?h??f Yas extracted with ethy} acgtate (200 mb)pdkei ons

over a period of 7 hours The 20 reaction mxture was allowed to warmto

anbi ent t ergoarhanesk asgamielphases wers washed with boine £2x700imlg, deedaeyerdigSy ed by TLC

for the di sappearance of the starting material (4). The reaction was
cool ed t o (ilteaertarmglrencémixhtdolyoncahebitdviapor tofgivie Dlight HeEdwr{ 4id Elastand et hyl
acetate (12 L). The phases were separated and the aqueous phase was charged

with 200 krerhategdphyfuehisiesd dwhitesblid (9, 2.5 @f 8.94 mtholp6®hRt '#1 NMIe phases were
separated, and 39 lini WO 01/14329 PCT/ US00/ 23033 the organic phases were

o af ford ACErate ar or Pl Hag ) B RUIEES) S By g oror =
3,25-3.29 (m, 2 H), 3.67 (s, 3 H), 4.23-4.26 (m, 1 H), 5.47 (d, /=8.0 Hz, 1 H), 6.29
(s, 1 H); ®C NMR (CDCI3) 5 28.5. 28.6, 34.5, 38.5, 40.7, 52.7, 52.8, 80.3,156.1,
173.3, 180.0; HRMS m/z 286.1564 (calculated for Cy3H2,N20s, 286.1587).
15  Preparation of 5 from 4 (Scheme 2)
To a solution of 4 (400 g, 0.85 mol, 1 equiv.) in tetrahydrofuran (3.0 L) was
. added a solution of cobalt (II) chloride hexahydrate (200 g, 0.85 mol, 1 equiv.) in
~ methanol (3.0 L). The resulting solution was cooled to 0°C and sodium borohydride
(130 g, 3.51 mol, 4.4 equiv.) was added in portions over a period of 7 hours. The
20 reaction mixture was allowed to warm to ambient temperature and stirred for 20 hours
while being monitored by TLC for the disappearance of the starting material (4). The
reaction was cooled to 0°C and quenched by addition of 1.0 M HC1 (14 L) and ethyl

acetate (12 L). The phases were separated and the aqueous phase was charged with

2.0 kg of sodium chloride and 4.0 L of ethyl acetate. The phases were separated, and
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foll ow ng Is reaction. To a solution of the crude ' 440 g,
1 ‘equi v.) wWIﬁé%%anol (800 nm.) was added p-tol uensul foni c%oﬁ%ﬂ%ﬁydrate
(4.0 g, 0.015 5 equiv.). The reaction was stirred at anbient tenperature
overni ght. The solvent was: -renpyed on:a raqtary .evaporator and the residue
was di ssol velfeie® asﬁ%\??’?tcgg"(z’?‘.eg’ Yished yatrime (1 Xp.0de) concentmatedion am

bi carbonate (2X100 nlL). The conbi ned aqueous phases were extracted with

et hyl acet at ©WTY gyeReratoy to offard piemdermaterial (dbelewhiobrveas usedrirensly,in the
concentrated on a rotary evaporator to afford 275 g of the crude product,
10 whi ch wasfocllnmwb’dmg'hisaewﬁbmt Ton solutién bftheetiienmdteril (440.3, 1 equid) £r (780
m.) and stirred at anbient tenperature overnight. The granular solid
(chiral auxiiethaydl (866 mirevas uddedyy-tdlidrisiHénio Beid Rtbrohedrhie! (41034, ©.0¥8S
concentrated on a rotary evaporator. The residue was dissolved in ethyl

acetate (sl. Sbquiv.fir TRSreadifn Wes3ared'at hinbie Fﬁ‘?gﬁgﬁ%@%@%ﬁ% Sifint Y 2

viscous oil. The oil was further puriftie ati process

using 1: 1 ane 1 L). t f.fond.5 as (te
solid (104 g, ?@/OS%Z{’QP{ Jvﬁbgéﬁag’qg?@%sz?‘a‘#‘gﬁsaﬁl‘ﬁ??‘é‘% ip pihy1 Fockite gz'{ggé’hems
3) To a stirgi solution. of -7 ,. 6 ) .in THE (40 nlL) was added
Li BH4 (270 n‘ﬁé‘sq’%i s ,mrf'l’*e'isﬁwniusa?#q%a@e(eéﬁgﬁﬁaf fhe fembined @quepuan Ar gon
20 atnosphere. The reaction mxture was stirred at OC for 10 m nutes, then
al l owed to &Hﬁ?ﬁ\t’?{eamﬂté?ﬁ with giw} agetate (262004mL). rAld teorgandc phasesiwiere2 hour s.
The reaction was quenched by the dropw se addition of 0.5 MHO (24 nlL)
with cool i ngrombingd, cenceptratihd o Aiootery dvapomtor toafiérd P78 esofbs cralie prodack .  The
solution was diluted with ethyl acetate (100 nL) and H2O (50 nL). The

phases wir e wiuich tas ahatgedwith quselution ofig 5% iethadél (YOl 4268 (PSR 23033
extracted with ethyl acetate (6 x 150 nL). The conbi ned organi c phases were

dried over sMa®@it athblehtlefemfite S%ﬁ&ﬁi.rgﬁiﬁ\%ﬂpa{ s%tliﬁ\(létgf%l gﬁﬁilglé’ég’aggl | ghge

brown oil. Flash chronatography afforde te sol
mol, 83%: retoWf by filtration and the filtrate was concentrated on a rotary evaporator. The

residue was dissolved in ethyl acetate (1.5L), dried over MgSOs,, filtered and
concentrated to afford a viscous oil. The oil was further purified through a titration
15  process using 1: 1 ethyl acetate (1 L) and hexanes (1 L) to afford 5 as a white solid
(104 g, 47% overall yield from 4).
Preparation of 5 from 9 (Scheme 3)
To a stirring solution of 9 (1.75 g, 6.10 mmol) in THF (40 mL) was added
LiBH, (270 mg, 12.2 mmol, 2 equiv.) in several portions at 0°C in an Argon
20  atmosphere. The reaction mixture was stirred at 0°C for 10 minutes, then allowed to
warm to ambient temperature and stirred for additional 2 hours. The reaction was
quenched by the dropwise addition of 0.5 M HCI (24 mL) with cooling in an ice bath
(Note: formation of gases was observed). The solution was diluted with ethyl acetate

(100 mL) and H,O (50 mL). The phases were split, and the aqueous layer was
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(CDC13) 8 1.46 (s, 9 H, 1.61-1.67 (m | H), 1.82-1.91 ( 1 94 2, 00
(m | H WO 2 48 (m | H), 2.49-2.55 (m1 H), 3.32-3! §Z

3.58366(m 2 H, 3.68- 3.79 (m 2 H), 547 (d, J = 7.0 Hz, : 624
(s, 1 H; "CNW (CDC13) 8 28.8, 32.9, 38.4, 40.8, 51.5, 663 798
157.0, 181. Sxtraquedswith ethybacet®s 6 ¢ d 50 o) aThei combinedomapizhass wEEsdd6H0) .
Preparation of 1 from5 10 Procedure A (Schene 2) To a solution of 5 (50.0
g, 0. 184 nploverIMgf0i, filjeredand/donatritratddcm romdBpority givea light| thexivri oil. €Flagh ami ne
(116 m.). The resulting solution was cooled to 5Cwith an ice bath,

fol | owed by chekhdid@Eptaf afforiédid whité Sotidi®; 308 5] 5166 £ 83%): IBENMR The
reaction was stirred at that tenperature for 15 mn. The cold bath was

removed a“d)séﬁ@ 5% 188, oG, ¥ag - PS’! Sﬁl—l§ Q822 gl rhog'ﬁﬂ) 119413?05

( Car boet hox yI enetri phenyl’) - ane was a ne | ot

and the geagt, r n r h

reactlongwa 4&8%?1%@’(1?%@ a@j—? %cgﬂlngfl_ﬁs%t" ’tPa r}ﬂ%g 5%%6%(T’§yﬁzb?fgact ed

wi th ethyl t at 3X L. . T or d with
Sat ur at od bargdn SH): BHG r.@ﬁ%uﬁﬁ?@%a R NBR GRS e 1o
20 afford a dark red.oil. The oil was purified throu a chromat ogr aphy,

fol | owed by38&4, 40-8+ %3, &53pr78(,8e§%7 0sli8d ; HRMD ndé@?%ti@%(@ﬂlch@se dfpE excess of
hexanes (240 nL). 1 was obtained as a white solid (36.0 g, 60% . Procedure
B (Schene 3C:#k:N2Os, 258.1630011 WO 01/ 14329 PCT/ US00/ 23033 To a sol ution of
5 (1.0 9, 3.8 mol, 1 equiv.) in CHCl12 (80 nL) was added benzoic acid
(1.89 g, 15P5epnﬁhonoﬂ1mm\s ), (carboet hoxynet hyl enetri phenyl ) phosphor ane

(5.39g9, 15.5 mmol, 4 equiv.) and DMSO (4.8 nlL). Dess-Martin periodi nane
(4.1 9,48 1i’rm{1re3(§cﬁ'&ﬂé.ﬁ) ) was added : '
Toa solution. of 5 (50.0 g,.0.184 mol, 1 equiv.) methylsulfoxide (500 mL) was
added triethylamine (116 mL). The resulting solution was cooled to 5°C with an ice
bath, followed by addition of sulfur trioxide-pyridine complex (132 g). The reaction
‘was stirred at that temperature for 15 min. The cold bath was removed and the
15 reaction was stirred for additional 1 hour. (Carboemoxymethylenetriphenyl)-
phosphorane (112 g) was added in one lot and the reaction was stirred at ambient
temperature for 3 hours. The reaction was quenched by addition of saturated brine -
(3.0 L), extracted with ethyl acetate (3X1.5 L). The combined organic phases were
washed with saturated brine (3X1.5 L), dried o§er MgSOy, filtered and concentrated to
20- afford a dark red oil. The oil was purified through a chromatography, followed by a
titration process using ethyl acetate (60 mL) and excess of hexanes (240 mL). 1 was

obtained as a white solid (36.0 g, 60%).

Procedure B (Scheme 3)
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5.n sey I Bg%%l ons to the solution, and the reaction m xture was then
stirred fo° % at anbient tenperature until the di saPpEASMEEDHf t he
starting material 5. Saturated NaHCO3 sol ution was added, and the m xture
was stirred for m nut.es. (A white solid precipitated out, which was then
filtered of f' Th Q7 §oAHtien Bf3 Ele0 g¢3. %@mqutmx@)nvﬁﬂz@hﬁ&amumsmded Wi th
brine (250 niL), and concentrated on rotovapor to give a 10 brown oil, which
was pur|f|ed’%lﬁ%@méﬂrgoﬂrﬁﬁwndpwproduce a light brown foam (0.956
g). The foamwas dissolved in ethyl acetate (3 nL). Excess hexanes (12 ni)

was added gr(eatbedthgxyinethylenettiphenyDphosphattme(s. 30301515 Wb 4 $qhivy anaeci pi t at ed
out. The solid was filtered and dried in vacuum oven overnight to afford 1

(0.69g, 2. 1DMSOI( 4s&i%nemwnﬂéﬂb@naaégaag@z7ggx{(ldﬁsg&ﬁ) ?;Q-gaéggdéldsoner

1H NMR (CDC13) 8 1.22 15 (t, J = 58 (m
PAETIER s ch i ks e U LU
5, g e oy 1o b il -

326. 1840) i.on of 88 . from1l and 2 (Schene 1 20 751 ny of
conmpound 1 W g?f’é’o‘v‘i‘% and ghemyxgurg wag stifred @fs';ion‘gl)lnléteﬁeékwhlte)und
bottom f | ask a d cover with a septum The flask was then purged with
nitrogen fSPGRESEiPH3ted Qut, ddch wasthen filtered off. Tiha organisphasa gbthelfiltrgtet he
solution was being stirred. The progress of the reaction was nonitored by

TLC usi ng 5%asseparsted, BGshedwith briné (250 mby)ahd dortentigted B rdth v fﬂ%ﬁ@he“ al
di sappeared. The sol vent and excess 42 WO 01/14329 PCTI US00/ 230 TFA were

r enov ed 1undbroweiljwhich was parsfis )Oﬂasﬁ%ﬁrdiﬂ'éiéérﬁ@ggt?grroﬂég r?g%ﬂfig‘l?\wln Afoﬁt?x”pou nd

A, was used imediately in the step set for and 2
Septum and [ cre u proam e tigoled ol S LAl @ iOf ExendipRg B RV 11 ©
F”)'O'; { Iogﬁn TRés ﬁ(ﬁﬁﬂlg&écﬂﬂlﬁ e the'sﬁlq'm\'\asolu fo\xlllag da whqge%oilggr&;?pflgalte?i%%t 'II‘}Te afirst
solid was filtered and dried in vacuum oven overnight to afford 1 (0.69g, 2.11 mmol,
55%). Chiral HPLC: 97% pure, 98% de and 100% E isomer; 'H NMR (CDCL3) 6 1.22
15 (t,J=72Hz,3H), 138 (s, 9 H), 1.53-1.58 (m, 1 H), 1.66-1.84 (m, 1H), 1.85-2.00 (m,
1 H), 2.30-2.50 (m, 2 H), 3.20-3.37 (m, 2H), 4.13 (q, J= 7.2 Hz, 2 H), 4.20-4.35 (m, 1
H),5.13(d,J=7.5Hz, 1 H), 5.68 (s, 1 H), 5.90 (dd, T = 1.8, 15.6 Hz, 1 H), 6.80 (dd, J
=35.1,15.6 Hz, 1 H); HRMS m/z 326.1846 (calculated for Cy¢HysN;O, 326.1840).
Preparation of AG7088 from 1 and 2 (Scheme 1).

20 751 mg of compound 1 was dissolved in DCM (10 mL/g of 1) in a single neck
round bottom flask and cover with a septum. The flask was then purged with nitrogen
followed by the addition of 1.4 mL 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 material disappeared. The solvent and excess
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was added 1.6 nL n-net hyl norpholine via syringe and cool ed tao Ogi 5C. In a
second pwx0104328f t he sol uti on 281 ng CDMI was di ssol ved. PGH{P00 )
solution was then added dropw se via syringe to the first portion of the
solution, maintaining the reaction tenperature of QC f 5C. The resulting
reacti on ni FFAmerewsnadvied undér vatiumnecpressuicenfiis0mTan@ 4Efp fhetnieduct,The :
reaction was nonitored for about 1 hour by TLC (7:3:1 hexanes: Et QAc: | PA)
until the wafgjwﬂdm,dﬂasamaﬁﬂﬁaiatametmmpseemhrnelowvas conpl ete the
product AG7088 was precipitated out of solution by the slow addition of

water to reacti oBofhaiddsIA aHAS Ware Wissbived il IMPY(7WEE/gfof 2 B £éinglenedit ain a. .
yield of >85% white" granular crystals of conpound AG/088 having a purity of

15 >97% T r YRy, v | r6HeS FPk HaMwhi phrgelot
Veart £ one Hesk pOpUlE wfe dopfilh 2 ARSI fleneplturiter 100 ot plugell? |
understood that.the faregoi,ng description.ig.ex 2 ory in
nat ur e, and} nm‘?(gﬁﬁ'rdgée% “H"ﬁ%@{’ﬁ%ﬂ &aﬁ ﬁa@eﬁ\}‘@ﬂ%h&é‘@g?‘?‘s"' %kr&g %Flrg%d
enbodi ments. Through routine experipmentation, the arfisg LJ ecogni ze 20
appar ent no¥asadded R&ELMWXW‘&P?@% %MWE@%{]‘@W%V%?{ lrﬂé"parti ng
fromthe spirit of the invention. Thus, the invention is intended to be
def i ned notsebynd pratiombbibe solution 2Pt mgrCDMT wandissevedoThis GIM Tcsolption and
their equivalents. 43 111111 WO 01/14329 PCT/US00/ 23033 WHAT | S _CLAI MED
|S: 1. A prwashen addetiudropwiss viatsiengezto e first pgriion ofitheiselution, anginighieg
conprising: (a) perform ng cyanonethylation of a conpound of fornula V
using  bi s(the kemRlGY fintpératire $€ 080 d S9CO Mh8 eesultitigireadtion mixtyrewas thewonpound of
5 formula VI; 0O 0O :

10 allowed to warm to room temperature. The reaction was monitored for about 1 hour

by TLC (7:3:1 hexahes:EtOAc:IPA) until the compound 2 disappeared. Once the

reaction was complete the product AG7088 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 compbund AG?7088 having a purity of
15 >97%. The product may then be recrystallized by dissolving it in hot MeOH:EtOAc
1:1 followed by slow addition of hexanes (2 vols.)

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 artisan will recognize

20 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

above description, but by the following claims and their equivalents.
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N Rat R XNO O)-0 NU R4 NOCN NX O (b) perform.ng reduction,
t hen cycl i“g(}i/%]illﬁﬁzf' and then deprotection of the conpound o SISHRI3Y) ¢ o
yield a conpound of formula VII; and O NHcv,n | [1II~"1 1TLLELE 100 @1
[T 11"l RLGL ! _ NHX OH 44 WD 01/14329 PCT/ US00/23033 (c) performng
oxi dation and ol ew}ﬁ%Filﬁﬁ:WMm'I%bnpound of formila VIl by reacting the
conmpound of formula VIl with a SO03-pyridine conplex to yield a reaction
m xture and Feact Argoeaseusedaldn synthesizing patipigarhavarat comppannds, domprisingoul a VI | |
to forma conmpound of formula IV Z
(2) performing cyanomethylation of a compound of formula V using

bis(trimethysily)amide and bromoacetonitrile to yield a compound of

5 formula VI,

Ry

LT
Xo
N
3

X
(b) performing reduction, then cyclization, and then deprotection of the

compound of formula VI to yield a compound of formula VII; and

NH /

s o | T

Ry
NHX

OH
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PPh3~ (VILI1) NN ZI R41 Ra NHX Z° Z 5 wherein R1 is H, F,__an alkyl group,
OH, SH, dVOIKIeRY kyl group; where each R41 is independeﬁﬁ%wsﬁp%%s?ower ’
al kyl; and X is any suitable protecting group for nitrogen. 2. The process
of claim1, wherein the conmpound of fornula Vis prepared from_ 10 N-Boc L
gl utanic acid y- 3peyformaingeoxidagon mtolefipationof the compoynd of fommples YIkyi s a Boc
group. 4. The process of claiml, wherein Rat is H 5. The process of
claim 1, wherein ZIeictingithescomfioung pbformuladyll svithi 215Q;-pwirdine complex to - COOE .
15 7. A process useful in synthesizing antipicornaviral conpounds according
to claim1l, furtheieldamuction Agxtufecandtregrting the(rdictidaminture witheg dobpoandrpound

of formula IV to yield a conpound of formula |IVA 1121122001 011222220001011
ZO 111"~ L MS 45 folRhla WO 004 3 28mPSkldé3¢6iadRB3: O NH- Rat Rat
z Q.
' NH
PPhy===x( (vIm)
Z Ray
Ry
R av)
NHX l
Zy Z
5

‘wherein R, is H, F, an alkyl group, OH, SH, or an O-alkyl group;
where each Ry is independently H or lower alkyl; and
X is any suitable protecting group for nitrogen.
2. The process of claim 1, wherein the compound of formula V is prepared from
10 . N-Boc L glutanic acid 7—benzyl ester.
3. The process of claim 1, wherein X is a Boc group.
4. The process of claim 1, wherein Ry is H.
5. The process of claim 1, wherein Z, is H.
6. The process of claim 1, wherein Z is -COOEt.
15 7. A process useful in synthesizing antipicornaviral compounds according to claim 1,
further comprising the steps of:
(d) deprotecting the compound of formula IV to yield a compound of formula

IVA:

- | RN VDT
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R (!'VA) X‘w&f)‘r%ﬁflza and (e) subjecting a conpound of forrrull,%.rl(-‘i]ﬁg o&pe

conpound NAto 5 an amde-formng reaction to yie a conpound
of formumlalA H ON ORat OHRail--- R4 ORat R NZ, (1A Rs R
wherein R2 and R3 are each independentty H o NH2 or (Rnl (W) 10 where n
Is an integer fromO to 5, A is CH or A2 and each A3 are i ndependent |y
sel ected from C(R41) (R41), N(R41l), S, S(P-%S(O 2, and 0, and A4 is NH

or NR41l, where each R41 is independgntly/H oy |ower alkyl, provided that no
more than two [T1TITLEj FEEELE T IR 11l L NS 46 WO 01/14329

formed by Al, A2, (A3),,, A4 and

; and
(e) subjecting a compound of formula II and the compound of formula IVA to

5 an amide-forming reaction to yield a compound of formula IA:

N Z (1A)

Rs Ryt
Rs o Ra1
%OH . )
Rs A

wherein R; and R3 are each independently H;

¥~
/\)l\ \ /\(Aa)ﬂ
;LL‘* (R4|J(R4|) e '

10 wherenis an integer from 0 to 5, A, is CH or N, A; and each A; are independently
selected from C(Ra1)(R41), N(R41), S, S(0), S(0),, and O, and Ay is NH or NRy;,
where each Ry, is independently H or lower alkyl, provided that no more than two

_—

A
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o i ;or Nix RAixW R4 is R~.. ReN,~ AR O 5R5 an(iJ,R6 are each
independ(-}Wl)f’yl‘ﬁ29 F, an al kyl group, a cycloal kyl group, a Cﬁ&lS&WF@% oal kyl
group, an aryl group, or a heteroaryl group; R7 and R8 are each

i ndependent|y H, an al kyl group, a cycloal kyl. group, a _heterocycl oal kyl
group, an aP§ETagraTRS,OccHE ernSesugRely|in Heabpve-demated ringformed by 7 A2dAs)d 0
-NR19NR17R18, or NR170R18, where R17, R18, and R19 are each independently
H, an al kyl Agend =0 2nq e lgast ky¢ ofRoans Rrishet er ocycl oal kyl ‘group, an aryl
group, a heteroaryl group, or an acyl- group, provided that at |east one of
R7 and R8 is an al kyl group, an aryl group, a heteroaryl group, -ORl7,
-SR17, -NRL7R18, -NR19NR17R18, 2 R170R18; RO is a five-nenbered

het erocycl e having fpomone to threg heteroatons selected from 15

O N, andS; and Z_and Zj| are ezﬁp rMdeghdent |y H, F, an al kyl group, a

cycl oal kyl grouh"b., ef°d yéﬁqal'kyl group, ‘an aryl group, a heteroaryl
group, -C(OR21, -C2R21, CN, -C(ONR21IR22, -C(O NR21OR22, -C(C(S)R21,
-C(S)NR21R22, -NO2, -SOR21, -SQ2R21, -SM2NR21R22, -SQ(NR21)(OR22),

- SONR21, -SRBR21, -PQ(OR21)2, -PQR21)(R22), 47 VIIL VILL VLD 1L 1L
Lililllll LS 1111

. . Rp -
"o)i\,':/l.\“/\r’{ ;
o
R5 and Rg are each independently H, F, an alkyl grbup, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group;
Ryand Rg are each'independently H, an ﬂkyl group, a cycloalkyl gr,bup, a
heterocycloalkyl group; an aryl group, a heteroaryl group, -OR7, -SR17, -NR17R;s,

10 -NR;sNR;7R;s, or -NR;70R;s, where Ry7, Ry, and Ry are each independently H, an
alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl
group, or an acyl group, provided that at least one of R; and Rg is an alkyl group, an
aryl group, a heteroaryl group, -OR;7, -SR;7, -NR17R 1, -NR19NR17R1s, or -NR;70Rs;
Ry is a five-membered heterocycle haviﬁg from one to three heteroatoms selected from

15 O,N, and_S; and .
Z énd Z, are each independently H, F, an alkyl group, a cycloalkyl group, a
heterocyéloalkyl gl'ouﬁ, an arjrl group, a',.heteroaryl group, -C(O)R2;, 4C02R21, CN,
-C(O)NR2;R22, -C(O)NR21ORz2, -C(S)Ra1, -C(S)NR21R 22, -NO3, -SOR2;, -SO2Rz1,

-SO02NR2;Rz;, -SO(NR21)(ORz2), -SONR1, -SOsRa1, PO(ORa21)z, -POR21)Rz22),

————— %

AT
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VO 01/ 143390 85436500/ 23033 - PO( NR21R22) (OR23) , - PQ( lengéﬁﬁgsm@;,
-(O ]NR22R23,, or -C(S)NRZINR22R23, Were R21, R22, R23, 924033 o

each independently H, an alkyl group, a cycloal kyl group, a

het er ocycl oal_ r gu n, a rqQu eteroaryl group, an acyl group,
or a thi oacylﬁg%ﬂ&@@%ﬁbr'%émﬂgpemgﬂgﬂgﬂﬁd , »®nd R24, 5
together with t to which_they are bonded, form a heterocycl oal kyl
group, prov rﬂ%ﬁ‘ﬁaﬁﬁ(yﬁw@m RrieReny Roj 60t Re4 arp cachindependiintlytiget dlleyl wi t h
the atons to which they are bonded, forma cycloal kyl or heterocycl oal kyl
group, wher e 8PUPaAgYHadlke grounietheterecyslnaiiey] gronppin drok gromp, e hebroaryPeroup annot
formthe cycloal kyl or heterocycl oal kyl group; 10 or Z and Z1, together
with the atossaey) g or 8 Hegacyt grobp, utesheré aiyd AweYTRIARSY, R,9  and R. .

het er ocycl oal kyl group, where Z and Z1 are as defi ned above except for

. ) h tenwith th . 8. Th
noi eti es $ hatoge ©4toini($) 2o WhESHARLK ¥e %%délﬁgﬁﬁgﬁ}é&%@g%%éwg‘}gf%i €

process of claim7, wherein X is a Boc group. m 7,

wher ei n conpgoviled\haty, £h i . 15 10. The process of claim?7,
wherein the conmpound of fdl(\)trirﬁjr abﬂl\#mifg{’lllllll frerar i 1111111 e, *

C.. 48 WO Qxlﬁllélrfﬁzl%, E)O%E{hlé?%’tlh%ég g’t%ms?o gvh.hch:they are bonded, form a cycloalkyl or

heterocycloalkyl group, where Z; and R, are as defined above except for moieties that

cannot form the cycloaikyl or heterocycloalkyl group; |

10 or Z and Z,, together with the atoms to which they are bonded, form a cycloalkyl or
heterocycloalkyl group, where Z and Z; are as defined above except for moieties that
cannot form the cycloalkyl of heterocycloalkyl group. |
8. The process of claim 7, wherein X is a Boc group.

9. The process of claim 7, wherein compound IV is

NH

BocHN

‘COEt
15

10. The process of claim 7, wherein the compound of formula II is

. * . C L M 5. #-
-t
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11. The process of claim7, wherein the conpound of fornul | O NN
H=N COP WO 0MkB2%r ocess according to claim 7, wherein the P?(#@%@m%f )

formula IAis ON OOHON O0; Ot 5 13. A process useful in
synt hesi zi ng anti pi cornaviral conpounds, conprising: (a) performng

of agconmpound of fornula | X using bronoacetonitrile
rmula X; NC NHX NHX H3CO yyy OCHE (IM H3CO W
ot 0 (D) perforning hydrogenation of the compound of

di anionic al kyl ati

to prepare a copgRo

M Rot O Rot Rét F

formula X to eld an a 10 of fornmula XI; 1111111111121211211111111 |
11111 C L M SI 49 11111?\@1/ 14329 PCT/ US00/ 23033 0 H3 -

(]

11. The process of claim 7, wherein the compound of formula IVA 1s

13.

10

O,

OEt

A process useful in synthesizing antipicornaviral compounds, comprising:
(a) performing dianionic alkylation of 2 compound of formula IX using

bromoacetonitrile to prepare a compound of formula X;

. NC.
NHX C NHX

H,CO OCH, ) H3CO Hy 00

0 PRary o 5 Raky O . .
(b) performing hydrogenation of the compound of formula X to yield an amine

of formula XI;

A
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RA1 R NHz. HOAc (XI) OCH3 XHN O (c) reacting the conmpound of fornula Xl
wi'th ET3ANWOOY143tH a | actam ester of formula Xi1; 0 N R4IPGUYSOORPIP (OCH3
XHN O 5 (d) performng reduction of the lactamester of forrmula XIl to
yield a conpound of fornmula XIIl: O N R41 Rot (XII1) XHN and OH (e)

perform ng oxidation a I nati on of the compound of formula Xl to
yi el d a conmpound of f&or la XIV by reacting it with a conpound of formula

10 XV: AN

OCH.
XHN/\"/ 3

o}

NH, . HOAc (XI)

(c) reacting the compound of formula XI with ET;3N to yield a lactam ester of

formula X1I;

Ras
Ra . xXm

OCH;,3

5 (d) performing reduction of the lactam ester of formula XII to yield a

compound of formula XIII:

¥

Ray
(XIm)

XHN
sand

OH

\

(e) performing oxidation and olefination of the compound of formula XTII to
yield a compound of formula XIV by reacting it with a compound of formula

10 XV

z

Ppns=< oV

y-4

|
|
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z PPh3 (%éxvgﬂ t 111111111112111 1111111111111 M5 111 50 WO 01/ 14329
?

PCT/ US00/

o N R4, (XIV) XHN Z, Z wherein each RETNS0/23

i ndependently H or |ower alkyl; Z and Z1 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, -CO2R21, CN, 5 -C(ONR21R22, -C(O NR210OR22,

-Q(S) R21,

- SO(NR21) (OR22), - SONR21
- PO{ NR21R22) ( OR23),
- O( S) NR21INR22R23,

-C(S)NR21R22, - NO2, -SOR21, -SO2R21, -SO2NR21R22,

BR21, -PQ(OR21) 2, -PQ(R21) (R22),
21R22) (NR23R24), - C(O NR21NR22R23, or
R22, R23, and R24 are each independently H, an

al kyl group, a cyclbal Kyl grougﬂv)a het erocycl oal kyl group, an aryl group,

a heteroaryl group,,,
two of R21, R22, R23, an
bonded, form a heteroc

acyl group, or a thioacyl group, or where any of
R24, together with the aton(s) to which they are
| kyl group, provided that Z and Z1 are not both

H, or Z and Z1, togethér vmth the atons to which they are bonded, forma

cycl oal kyl .

10

15

or
wherein each Ry is in(_i'ependently H or lower alkyl;

Z and Z, are each indepéndently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a hetéroaryl group, -C(O)R;;, -CO3R;;, CN,
-C(O)NR21Rz3, -C(O)NR210R2, -C(S)Ra1, -C(S)NR21R2z, -NOy, -SORy1, -SO:R;1,
-SO;NR;Rz2, -SO(NR21)(ORz2), -SONR,, -SO3Rz1, -PO(ORa1), -PO(R21)(R22),
-PO(NR21R22)(ORz3), -PO(NR21R22)(NR23R24), -C(O)NR21NR2;R23, or
—C(S)NR1NR22R;3, where Rz1, Rz2, Rz3, and Ry are each independently H, an alkyl
group, a cycloalkyl group, 2 heterocycloalkyl group, an aryl group, a heteroaryl group,
an acyl group, or a thioé,cyl group, or where any of two of Rz, Rs, Ra3, 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 Z,, together with the atoms to which they are bonded, form a cycloalkyl or
heterocycloalkyl groui), where Z and Z, are as defined above except fof moieties that
cannot form the cycloalkyl or heterocycloalkyl group; and

X is any suitable protecﬁng group for nitrogen.

14. The process useful in synthesizing antipicornaviral compounds according to claim

13, further comprising:
—_—

Y
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het er ocycl roup, where Z and ZlI are as defined abov ﬁzﬁ r

noi et i eg t‘ﬁgk’ ’Y#%&cannot formthe cycloal kyl or heterocycl oa ?n%gr%g'p and

X is any suitable protecting group for nitrogen 14. ;I'he process USﬁfu| in
accor Jn {o clai er

conpr i oi ng: - PERE A OBPORAY of BBGIAL) ; SqavErg g (isnget Sy

PCT/ US00/ 23033 aring. a corrpound of fornmul a |V by converting the

- conpound of fyé‘?ﬂgh"a‘P ppund of fareuia MVie conpound of formula IV: ON Ref R

(IV) R NHX Z' Z wherein R is H_F, an alkyl group, O4 SH or an O alkyl

group. 15. The process efyl in synt hesi zi ng anti pi comavi ral conpounds

according to claim 5 14, [fukther conprising: Step A deprotecting the
conmpound of fornmul ark i#ld a conpound of forrmula IVA: 0O N R41 Rat

Ras
amw

NHX

wherein R, is ﬁ, F, ali alkyl group, OH, SH, or an O-alkyl group.
15. The process useful in synthesizing antipicornaviral compounds according to claim
5 14, further comprising:
Step A: deprotecting the compound of formula IV to yield a compound of -

formula IVA:

(Iva)

Ry
HzN/ I
;and
Zy

Step B: subjecting a compound of formula II and the compound of formula

10 IVA to an amide-forming reaction to yield a compound of formula IA:

. . )
0

Rs R4y

Ry o Ray 2
H @ Re
Rs
Re N F 2
H
Re Ry

O
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R (IVA nd ZI Z Step B: subjecting a conpound of f Zﬂ'g and the
conpound ‘B?H%Vb‘ﬁﬁ%l a tolIVAto an amde-form ng reaction tpg’lr 8%‘%3 ’
conmpound of formJIa A ON ORS R4~ R+ ORef Z fkOHW R6 Ra N/ Z,
(1A RGR L e il ¢ 101 111111 52 WO 01/ 14329

PCT/ USOOlZSG@@rCW\BéPE‘iIR e26h mdspendenthlp i ndependently H, o_A4 o or NHZ
(Ral (W where n is an integer fromO to 5 A is CHor N A2 and each A3

are independently selected fromC(R41)(R41), N(R41), S, S(O, S(0O2, and
0, and A4 is NH or NR41, 5 wheroe each R41 is independently H or |ower
al kyl,. provided that no nore t 4wWo heteroatons occur consecutively in

t he above depi cted rifng forrred b Al A2, (A3)n, A4 and C=0, and at | east
one of R2 and B3~is c/\/ o

tor
NH, ) (RaXRa)

where n is an integer from Oto 5, Ajis CH or N, A; and each A; are independently
selected from C(R41)(Ra1), N(Ra1), S, $(0), S(O)z, and O, and A4 is NH or NRy;,

5 whereeach Ry is indepéndex_ltly H or lower alkyl, provided that no more than two
heteroatoms oc;:ur con$ecuﬁvely in the above-depicted riﬁg formed by A, Aj, (As)n,

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

{Aq)n
‘H{\)k sor \ z/ B
- (n..xk..)

Rsis

R.)]\g/‘;u/\ﬁi‘

R;s and R are each independently H, F, an alkyl group, a cycloalkyl group, a

10

heterocycloalkyl group, an aryl group, or a heteroéryl group;

R7 and Rg are each indebendently H, an alkyl group, a cycloalkyl group, a

heterocycloalkyl group, an aryl group, a heteroaryl group, -OR;7, -SR;7, -NR17R;s,
15  -NR;9NR;7R;g, or -NR;70R;3, where R;7, Ryz, and R¢ are each independently H, an

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

_

N g gy
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(Aa)n /. o‘?, 91/%‘532 Ho IR*iHR4J R4 is OAN 10 R5 and R6 are each
I ndependen P an al kyl group, a cycloal kyl group, a RETESML2303Dal kyl

group, an aryI group, or a heteroaryl group; R7 and R8 are each

|ndependently an al k group, a cycloal kyl group, a heterocycl oal kyl
group, an aryP" YH&%‘POHPYI e@ﬂvﬂptleamﬂofREBﬂdYRgrsmﬁy 1h
-NR19NR17R18, or NR170R18 where R17, R18, and R19 are each |ndependently

H an al kyl gPdWgrous, & heteraryd\group; €OR, SRg-BIRMR4e, B, VR RO WP NRD g@é]
group, a heteroaryl 53 11111111111111 * 1111111111111111 WD 01/ 143"

PCT/ US00/ 2303Bs isg Hveomenbersd mcwrmnm el thhdhefdro f R7
and R8 is an al kyl group, an aryl group, a heteroaryl egroiﬁgﬁ%%%%‘?ﬁ'f’g’l?ll
-NR17R18, - NROONRad88, or NR'ORIS; R9 is a five-nmenbered heterocycle

having fromone to three heteroatons selected from 0, N, and S; 5 Z and Z1

T R e i L R TN
L S S o S S e T R MR
R SRS Lo RGO e, o seas somk g e
et b boyer on SpkNe bl SoiNEOBLS sioNR b Somat YO ORa P
~PO(R21)(Rz2),
“POMNR21R22)(ORz23), -PONR21R2;)(NR;3R14), -C(O)NR21NR2:R73, or

10 —C(S)NR21NR3;R,3, where R21, Ra2, Rz3, 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 thioacyl group, or where any of two of Ry;, Ra,, Ry3, and Ry,
together with the atom(s) to which they are bonded, form a heterocycloalky! 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
heterocycloalkyl group, where Z; and Rare as defined above except for moieties that
cannot form the cycloalkyl or heterocycloalkyl éroup;
or Z and Z,, together with the atoms to. which they are bonded, form a cycloalkyl or
heterocycloalkyl group, where Z and Z, are as defined above except for moieties that

20 cannot form the cycloalkyl or heterocycloalkyl group.
16. The process of claim 13, wherein X is a Boc group.

17. The process of claim 13, wherein Ry, is H.

18. The process of claim 13, wherein ZiisH.

19. The process of claim 13, wherein Z is ~COOEL. _
L
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an acyl group, or a thioacyl group, or where any of two o RéR. R23,.
and R24, WQW#43er with the aton(s) to which they are bong(e:ﬁ%&?oorm a
het er ocycl oal kyl group, provided that Z and Z1 are not both H 15 or Z1
and R1, together with the atons to whi c_hgt hey are bonded, form a cycl oal kyl
or het er oc3&| Bhe progess gf elaim 14uhaeirRidsH- R are as defined above except for
nmoi eties that cannot formthe cycloal kyl or heterocycloal kyl group; or Z
and Z1, tog2l hArprosessusefid for thesynthesisofatromnoynd pEfoggRladA. > 8261y cycl oal kyl
or heterocycloal kyl group, where Z and Z1 are as defi ned above except for
moi eti es t haiditicdDsalisepéoff or m t he cycl oal kyl or heterocycl oal kyl group. 16.
The process of claim 13, wherein X is a Boc group. 17. The process of
claim 13, wherein R41 is H 18. The process ofyclaim 13, wherein Z1 is H.
19. The process of claim13, wherein Zis S&Os. 54 | I~II~"Cll L MS
...... . e+ e ... .. WO 01/14329 PCT/ USOC P33 20. The process of claim
14, wherein R is H 21. A ycess usgful fOr~he synthesis of aconpound
of: formula A", and aci adqdition sfiltsfthereof: N O (IA, NH O COCElI 5
conprising the steps of ; irg~a conpodd of formula IV :

5 comprising the steps of:
Step A: preparing a compound of formula IV":
Q.

NH

av)

BocHN

CO,E!
comprising:

(a) perfoﬁning cyanomethylation of a compound of formula V’ using
bis(trimethysily)amide and bromoacetonitrile to yield a compound of formula

10 VI’;

T
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O.NH Boc conprising: (a) perform ng cyanonethylation of a
conpound o@b@r&éh?a V' using bis(trimethysily)am de and brRfHEW2808Btri | e

to yield a conpound of formula 10 VI'; oj o Nv BocN XO C 111111i55 I11
| ~ WD 01/ 14329 PCT/ US00/ 23033 (b) perform ng reduction, then cyclization,
and then deprotection of the conpound of fornula VI' to yield a conpound

of formula VII'; ?bd Oi; 07-0 N O CN M NH Bach XO () BxHN
performing reduction, then cyclization, and then deprotection of the

compound of formula VI’ to yield a compound of formula VII’; and

BoeN,

) ‘V"’
BocHN

OH

(c) performing oxidation and olefination of the compound of formula VII by

reacting the compound with a SOs-pyridine complex before the resulting

reaction mixture is reacted with Ph;P=CHCO,Et;

ARR R O A
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5 OH (c) perform ng oxidation and ol efination of the conmpound of formula _
VI by Mexeli4d2®.t he conpound with a SO03-pyridine conpl exPSWc??We
resulting reaction m xture is reacted with Ph3P=CHCQ2Et ; Frrrrr 111111
L T I T O O N S 01/1 /.USQ0/ 23033° Ste

depr ot ecti ng thes"ébﬁpémteﬁmg r?emowg?fépw igé%'ﬁ B P qEorrrula
IVA : 0 NH (IVA) HzN CQZB and Step C. subjecting a corrpound of formula H
and the conpoundfoshuladVAita 5 forrmula I VA to an anmide-formng reaction; O
O 22. The process of claim21l, wherein the conpound of formula Vis
prepared fromN Boc L glutanic acid 7-benzyl ester. 23. A process useful

i n synthesizing anti ph ornaviral conpounds, conprising: io (a) performng
di ani oni ¢ al kyl ati on off a \tconpound of formula I X using bronoacetonitrile
to prepare a conpound rmula X'; NHBoe H CO OCHa (X7 O O NC

(ava)

H,N

Step C: subjecting a compound of formula II’ and the compound of formula

5 formula IVA’ to an amide-forming reaction;

22. The process of claim 21, wherein the compound of formula V is prepared from N-
Boc L glutanic acid y-benzyl ester.
23. A process useful in synthesizing antipicornaviral compounds, comprising:

10 (a) performing dianionic alkylation of a compound of formula IX’ using

bromoacetonitrile to prepare a compound of formula X’;

H;coY\/\I(OCHs 0y
o}

H3CO

LR O AL AR
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NHBoc FE19CO CH3 M I~ L1l LIl 11t 1t ooibttirrrtrrtrrie Ms 57 WO

01/ 14329 MQPYUEIH 23033 (b) perform ng hydrogenati on of thecTrosnoasesd of
formula X' to yield an amine of fornmula XI', O OCH3 NH2. HOAc (X15 OCH3

BOCHN O (c) reacting the conpound of fornmula XI' wth ET3Nto yield a

| act am est er ®¥performinghydsogenation &f ﬂ'ut-lr:chrtqlsQund(B&ilflimﬁaflnbd|’\|td3y1(313):«J.nl%ﬁxfxé’Bfn ng
reduction of the lactamester of fornula XIl' to yield a conpound of
formula X || formml\KI¢ Xl | F) - BoCHN and

0, OCH, -

NHz HOAC 3 1o

OCH,
BocHN

(c) reacting the compound of formula XI’ with ET:N to yield a lactam ester of formula

5 XIr;

(XIr)

OCH,
BocHN

(d) performing reduction of the lactam ester of formula XII’ to yield a compound of

formula XIIT’:

NH

&ar)

BocHN
sand
OH

10 (e) performing oxidation and olefination of the compound of formula XIIT’ to yield a

compound of formula XIV’ by reacting it with Ph;P=CHCO,Et;

g



OH 10 (e) perform ng oxidation and ol efination of the conp&.;pgw%ogsgrrml a.

XTI tow@deNngd2? conpound of fornula XIV' by reacting it W
Ph3P=CHCO2Et; 1111111 111211211212 11111 11 58 ¢ L MS 111 WO 01/14329
PCT/ USQ0/ 23033 0 NH (Xiln BoCHN ZEt 24. The process useful in

synt hesi zi ng anti pi conpviral conpounds acording to claim 23, further
conprising: convertingXheyconpound of fornmula XIV to the conpound of
formula IV; 5 0 NH B@CHN CO2ElI 25. The process useful in synthesizing
anti pi cornaviral conp acording to claim 10 24, further conprising:
Step A: deprotecting fhe 'co.rrpo#,g.{j of formula IV to yield a conpound of
forrruIaIVA':ONBH |H2NII 1 T 1 R I I

ocHN

2L

24. The process useful in synthesizing antipicornaviral compounds acording to claim

23, further comprising:

converting the compound of formula XIV” to the compound of formula IV’;

av)

BocHN

COEt

25. The process useful in synthesizing antipicornaviral compounds acording to claim

10 24, further comprising:
Step A deprotecting the cdmpound of formula IV’ to yield a compound of

formula IVA’:

o)
NH

-
(IVA)

' A
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~Jrrrred I\AI(I)HIHSZJ S Et 59 ul[ WO 01/ 14329 PCT/USOQ 23033 and Step C

subj ecting a conpound of fornula Il' and the conpound of foRGR/USPO2B033' t o
an am de-formng reaction; OO S5 1110 1 10011111 111,11111111111
C L60 '

; and

Step C: subjecting a compound of formula II’ and the compound of formula

IVA’ to an amide-forming reaction;

\

g
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