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I nvention T ent invention relates to spi ro antol n conpounds

phar maceut i c nposi tions containing them and nmethods of using such
conmpounds in treati ng inflammtory or imune disease. 15 Background of the
I nvention Cells adhere to other (igl I s!%nd 1o.substrates through specific,
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15 Background of the Invention

Cells adhere to other cells and to substrates through specific, regulated
processes that are critical to various biological functions. The proper functioning of
the immune system is dependent upon adhesive interactions and cell migration. A key
event in an immune response involves the migration of leukocytes to a disease site.

20  During an inflammatory response, leukocytes are recruited to the site of injury and
extravasated by a series of cellular interactions involving cell-cell and cell-substrate

adhesion.

One family of molecules that serves an important adhesive function is
integrins. Integrins are expressed on cell surfaces and function in cell-cell and cell-

25  substrate adhesion. Integrins are alpha-beta heterodimers: each integrin has an alpha
(o) subunit non-covalently bound to a beta (B) subunit. When activated, integrins bind
to extracellular ligands and induce adhesion (the expression of integrins on a cell
surface alone is inadequate for adhesion - they must be activated to become adhesive).
The integrin activation state is transient, such that there is a rapid flux between

30  adhesive and non-adhesive states which is important for cell movement, e.g., a cell 1s
endowed with the ability to rapidly adhere to various cell surfaces and matrices and to

migrate among cells and tissue.



m grate anong cells and tissue. -1 WO 03/029245 PCT/ US02/ 31283 There are
four known integrins having a (32 or CD 18 subunit which conprise the
CD11/ CD 1Woioatoeqas n sub-fam |y, nanely, Lynphocyte Functi eaTassezsi2as ed
Antigen 1 (LFA-1) (CD 11 a/CD 18 or (Xi j32); Mcrophage Antigen 1 (Mac-])
(CD11 b/ CD18 or aM 32); p150,95 (CD |c/CD18 or ax(32); and aD 32. The 5
CD11/ CD18 fami | yThﬁrenamfegrkrmwn istegrisphavariga Peot @Bl&waQEMIW@gmrms as they
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and | CAMs nﬁldnmwmnaathteg@nllmaemmnaMnmﬂee Diaedrd qombd) T ¥reriiaon; and

adhesi on betwe n the 15 en el iumand activate tes
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tissue. A condition ternmed "Leukocyte Adhesion Deficiency" has heen

i dentified | n pabtigapdsstoddiA-hgnd Mpst | %‘?f@?ﬂﬁ theninespredlugas palsiqrgmoleqtiese
t t h
patien Joars m)biégr y Sl"}%%’f)trm’?ar?@mk]bfg fegﬁﬁwwmr WHITHA & BRgpanae: they

suffer |sor as recurrent tions, poor wound healing,
gr anul ocyt oEiAM-P nod) FEARI-¥.dCRVs ard dodnidtdnssndatheliumiskells, dalkocyed asépthent i on.

See Anderson et al "Leukocyt e 150, 95 De d
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44 (1985), @ste?rﬁun%ﬁ&%Tlﬁ@RtZracm b&wed the CIeI¥linle8Mad, paficulal} 8 AL ¢ eﬁfdl ns
|nteract|ng wWith | CAMs are needed 25 to mount a normal imiune resgonse

si gni fi cant ICAMs mmeadnat@mltngms Qm:eentat}qm V-celproldenation,iand adhasiomi hetween tagmat or y
States e Rl PR R PR AR sl (SHEREXLRS o Midii | o Sease

si te. PR rom sels i i nfl amed
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ead to Deficiency” has been identified in patients having a deficiency in CD18 integrins.
These patients are unable to mount a normal inflammatory or immune response; they
suffer from disorders such as recurrent infections, poor wound healing,
20  granulocytosis, progressive periodontitis, and umbilical cord separation. See
Anderson et al., “Leukocyte LFA-1, OKMI, p150,95 Deficiency Syndrome: Functional
and Biosynthesis Studies of Three Kindreds,” Fed. Proc., Vol. 44 (1985), at pp. 2671-

2677.

While sufficient levels of CD18 integrins interacting with ICAMs are needed
25  to mount a normal immune response, significant cellular and tissue injury can result in
chronic inflammatory states where there is an inappropriate influx of leukocytes to the
disease site. Continuous recruitment of leukocytes from blood vessels into inflamed
tissue, as in chronic inflammatory states, can perpetuate tissue injury and lead to
excessive fibrous repair and autoimmune disease. Thus, inhibition of the interaction
30  between LFA-1 and/or Mac-1 and their ICAMs can be advantageous in treating
inflammatory or immune disease. For example, monoclonal antibody blockade of

either ICAM or LFA-1 has been shown to prevent the migration of leukocytes into
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excessive fibrous repair and autoi nmune di sease. Thus, inhibition of the
interaction 30 between LFA-1 and/or Mac-1 and their | CAMs can be

advant agewosnsiomo24s eat i ng i nflammatory or i mmune di sease. PearUSex/areps e,
nmonocl onal anti body bl ockade of either |ICAM or LFA-1 has been shown to
prevent the mgration of |eukocytes into -2 WO 03/029245 PCT/ US02/ 31283
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utilities 'ndﬁers%tmgcuzémIzﬁzmmb,%uozggy, b IR oRES TR8SE VBl BLH DoY), hiFA- 1
reportedly inhibits the influx of |eukocytes in alnost every system

i ncl udi ng tp@ 28ki285. peritoneum synovium lung, kidney, and heart, and

bl ocking | CAM1 woul d be expected to have simlar effects. 15 Al so, present
t her api es for ma@ympodrdaintabiting CAnd integrime I@AMsasranrhavéFdr kWbadks. For
exanpl e, current. treglgrrents for asthma incl 0? gﬁ ni.sts, . .inhal ed
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and inhaled corticosteroids raise safety concerns. To treat psoriasis, current therapies

include PUVA, methotrexate, cyclosporin A, and topical treatments. The first three of
20  these therapies raise toxicity issues over long-term (e.g., 6-9 month) use, whereas
topical treatments have limited efficacy. Additionally, these treatments typically are

applied only in response to flares and not as a prophylaxis measure.

Compounds that reportedly inhibit LFA-1/ICAM for use as anti-inflammatory
agents include thiadiazole-based compounds (see Intern. Pub. No. WO 99/20,618,

25  “Thiadiazole Amides Useful as Anti-Inflammatory Agents” filed by Pharmacia &
Upjohn Co.; and WO 99/20,617, also to Pharmacia and Upjohn); and thiazole
compounds linked to phenyl and pyrazole rings (Sanfilippo et al., “Novel Thiazole
Based Heterocycles as Inhibitors of LFA-1/ICAM-1 Mediated Cell Adhesion,” J. Med.
Chem.,Vol. 38 (1995) at pp.1057-1059). Small molecules that reportedly are

30  antagonists to the binding of ICAMs with CD18 integrins include various
benzylamines and 2-bromobenzoyltryptophan compounds (see Intern. Pub. No.

W099/49,856, “Antagonists for Treatment of CD11/CD18 Adhesion Receptor
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Upj ohn Co.; and WD 99/20, 617, also to Pharnmacia and Upjohn); and thiazole
conpounds |inked to phenyl and pyrazole rings (Sanfilippo et al., "Novel
Thi azol e wBasea24et er ocycl es as I nhibitors of LFA-1/1 CAM Pdvadioaseds Cel |
Adhesion,"” J. Med. Chem,Vol. 38 (1995) at pp.1057-1059). Small nol ecul es
that reportedly are 30 antagonists to the binding of | CAMs with CD18

i ntegrins i Ml Ravideus” filsd by ylenanteels lagd apd br(dduheddorephenylpt ophan

ooy cong smdar ST p it PNy PR EAE. st B e
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i m dazolidines (see Intern. Pub. No. W98/39303, "Small Ml ecul es Useful in
the Treat ninet SefalsmBoehringeiopajendapplipations WiQ @UOHS28MER P1/Q4848. Wigel hei m
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conpounds almerdi B&d. 0RBAWION00/59880r WO BOBOONG VO \VRY(2625,9880)2/0¥530Q41B&081, WO
02/ 02522, WD 02/02539 (all to Abbott Laboratories). LFA-1 %agoni st
conpounds af®baft §abesptarigRd LiFﬁ‘Wtaé‘%‘P@QQTPQ”‘(qSG“@ﬁ%H@E@# In 02/ 42294 (to
Cell tech), i f I

00/ 21690 andd? %%J(gg%%%&‘%ﬁgf PO 2004 (BTN hg%ggg)@%\g\%kﬂgg&%eﬁéé\g}d VO

00/ 48989 andeiNdolizly288®2atioa),|WODORI20 and WO OHPE&NT Gioth wddpibwans ar e

Tanabe. & yEROeR).orpsTina; wibIAaP G G TIFENHidhesi on » ana
in Intern. BYBanth@-colPoldsiid 8ikcloRidnh TsbR0 PdbiNG. VO FAPRIZR1 "Ad(@aRlished

Conmpounds Useful as Anti-Inflammatory Agents", to the present 15 assignee
and havi ng danfoR00 htefamabs SerakwiGoh LtdaSInfribjtobeofagape deditediCelt hose in t he
field of pharymaceutical .research.c i vel new conpounds and
conposi ti onng%fOW r%@%@f’h??l&'m&;{gbﬁgﬁﬂgﬁ gﬁ’f‘&ﬁ‘é edgﬁlg“ég% such as

i nhi bi tors ofodyeukahmbRIdmuRMIUS ull Sshbi-Inflaktnatdry Agkyts, o theeraesa of

i mmune response, rranﬁ/ i ndi vidual s respond differently to different drugs.
Thus, t her eagsiEnes agthhavingeasemon mvgniels irewithconsuners not only with

phar maceuti cal conpositions denonstrating increased effectiveness and

reduced si de- ef f dstnsaythgtapptesiatedl, fhfose mrthe fighdraf phanmasewicahvesereli eangingé act i on

to provide oY esvlélfg%rnsewvgotfnrf)o%ngsha()rlldcc%m%%si(tjlg;[ls! f%??r'eating inflammatory and immune

disease such as inhibitors of Leukointegrins and/or ICAMs. Particularly in the area of
immune response, many individuals respond differently to different drugs. Thus, there

20  is an interest in providing consumers not only with pharmaceutical compositions
demonstrating increased effectiveness and reduced side-effects but also different
structures or mechanisms of action to provide consumers with a choice of options.
The instant invention is directed to aryl or heteroaryl substituted spiro-hydantoin
compounds that are effective as antagonists of Leukointegrins and/or ICAMs.

25  Diazaspiroheptane compounds are disclosed in Park et al., “Preparation of a 990
Member Chemical Compound Library of Hydantoin and Isoxazoline-Containing
Heterocycles Using Multipin Technology,” J. Comb. Chem., Vol. 3(2) (2001), at pp.

171-76. Spiro heterocycles are also disclosed in Couture et al., “Chemistry of Cyclic
Aminooxycarbenes,” Can. J. Chem., Vol. 75(9) (1997) at pp. 1281-1294; Brandstetter
30  etal., “Glucofuranose Analogs of Hydantocidin,” Tetrahedron, Vol. 52(32) (1996), at
pp. 10721-10736; Brandstetter et al., “Spirohydantoins of Glucofuranose: Analogs of
Hydantocidin,” Tetrahedron Lett., Vol. 36(12) (1995) at pp. 2149-52; in US Pats.
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The instant invention is directed to aryl or heteroaryl substituted

spi ro- hydantoin conpounds that are effective as antagoni sts of

Leukoi nt egoioa®22asl/ or | CAMs. 25 Di azaspi rohept ane conmpouna€Tarse2/dizssl osed
in Park et at., "Preparation of a 990 Menber Chem cal Conpound Library of

Hydant oi n and | soxazol i ne- Cont ai ni n Het erocycl es Using Multipin
Technol ogy, Nog. 6,8%2%/5, 624 k208.\4gh606 ®%29nct33%1127 4, apd pemationpl pgentSpi r o

het er ocycl e S iC
A nooxycar Beduct S B ASERAT0 SRSt IGEs Pyt bimest S bodh- 448

Br andst et t ederd@itieés @l nenrokidin cbpoamasgonivial ogs of Hydantocidin, "
Tetrahedron, Vol. 52(32) (1996), at pp. 10721-10736; Brandstetter et at.

" Spi r ohydant oi nsggéh @tﬂ@?it@ﬁt@ﬁﬁ&(ﬁt a@ﬂﬁht@&ﬁ Ll ubﬂéitﬁﬁﬁs)&f&éﬁbed bded drahedr on
Lett., Vol. 36(12) (1995 9 in S Pats. -4 WO 03/ 029245

PCT/ US023 31h@sinafpysis lr@omatgii reip, byaefepoBe. 4, 066, 615, and 3, 941, 744, and

I nt ernati onal patent appllcatlon WO 01/45704 WO 01/ 94346 dlscloses
1,3,8-triaza-spiro' 4,5 decan-4-one derivatives as neurokinin receptor

ant agoni sts. Each of the patents, pate appl i cati ons and publications
referenced above and 5 herein5§¥¥§i$%éggﬂiﬂﬁ§ﬁh¥¥ed herein by reference.
Summary of the Ipvention The present invention rOV|des conpounds useful in

treating infl anmidPoPYFSYI INYERHRMBIOYIAEE SUBPOIAS H@e'%v H8 t%ﬁ%ﬁﬂﬁp AMJAOTYOT Ry 7

L L Rda Ihﬁﬁhﬂg%gﬁme£khgﬁg {He)formtiR@hs enantiomers, diastereoners, and
pharmaceuti cal | y- accept abl e salts, hydrates, solvates and prodrugs

thereof ;,yin which: L and K, taken independently, are O or S; 15 Zis Nor
CR4b; Ar is aryl or heteroaryl;
&\ /AI'

their enantiomers, diastereomers, and pharmaceutically-acceptable salts, hydrates,

@,

solvates, and prodrugs thereof, in which:
L and K, taken independently, are O or S;
15 Zis N or CRy;
Ar is aryl or heteroaryl;

G is attached to ring A at T or M; and (i) when attached to a carbon atom of ring A, G
is selected from a bond, -O-, -N-, -S-, Cj_salkylene, C; 4substituted alkylene, or
bivalent alkoxy, alkylthio, aminoalkyl, sulfonyl, sulfonamidyl, acyl, and

20 alkoxycarbonyl; or (ii) when attached to a nitrogen atom of ring A, G is
selected from a bond, C,.salkylene, C;4substituted alkylene, and bivalent acyl
or alkoxycarbonyl, or bivalent alkoxy, alkylthio, aminoalkyl, sulfonyl, or
sulfonamidyl wherein in (ii), each of said G groups have at least one carbon

atom directly attached to ring A;

25  Jis -O-, -S-, -NR3-, -N=, -S(=0)-, -SO,-, -NHSO»-, a substituted or unsubstituted C,.
salkylene a substituted or unsubstituted C,_szalkenylene, an unsubstituted C;.
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Gis attached toring Aat T or M and (i) when attached to a carbon atom
of ring AA G is selected froma bond, -0-, -N, -S-, Cl.4alkyl ene,

C _4substwouBweddzas kyl ene, or bival ent al koxy, al kylthi o, pamiusozaBicsgs ,

sul fonyl, sulfonam dyl, acyl, and 20 al koxycarbonyl; or (ii) when attached

to a nitrogen atomof ring A, Gis  selected froma _bond, Cl 4al kyl ene,
Cl4substi t ut ed gpwrgﬂéﬂeg«m spbsaytetbetgropikylege hayiRg KpEEPISIRYTTO CBboBi val ent
al koxy, - al kyl thi grondiTh PRAdFbalctbhd Qfidnt chlin, Gi4li{ QERH hatvxfp@r&wa'n (i),
each of said G groups have at |east one car%on atom di rect attached to
ring A, 25 J is tleg-me@bereddRy;, -N=, -S(=0 -, -SO2-, -NHSQ2-, a
substituted or unsubstituted Cl1_ 3al kylene, a substituted or unsubstituted

C2_3al kenyl &rieT, athett GsAbBtatthtHeddo Tland THwR QK102 AR4hePEITMJS02/ 31283
2het er oal kyl ene, a substituted heteroal kyl ene having fromone to two carbon

atoms i nsther Revigwaed GyAeRretadHeaitd M, a8 M Wwha GJAd i§ adleheédto 0 that ring A
is a three-nenbered ring; Tis Tl when GAr is attached to T, and T2 when

G Ar is attgchednt QrdMeretd fhgin My-WheNCR AL is attached to M and M2 when
GA is attat’:?ed t'orT;e T1 a‘ﬁ% ML ar e g{es gcted from-N and -C(R5)-; T2 and

M2 are sel egted om-0-. -S- =N(R6) znp N - U= - a5 SRy NHSO2-, and -
C(R7R8) -, p?&)@ﬁl%l&%af Sae?ec\t)e,d tﬁﬂmé & T areger et %‘Q}) f%oazt_’qﬁ}hsgo%&@ fines a

three to six medpRRyl, pabideatied JOM, pRd Tiadd Jelectédsalihtt aingd @yfircoaltigt or

het erocyclic 10 ring having 1 to 4 heteroatons, wherein no two adjacent

het er oat ons of sl 9% megthsredsprated ef prgtizllyaynsawrated evglraliod pyhaenogyglisd f r om

-0- and,;5-; R2 [ . : . i 1, OR12,
NRL2R13'0 O 0 RLITE ﬁ%ﬁ%ﬁ“@f‘fé@% %%’%%“?\E‘Ll% idé?‘%?gﬁét%ﬁ%g’%ﬁid&%ﬁls

S(O pR13a, NR12BGeRREJeic rBR2ARKXRNB]tameposlp atlkated fromt-@d-amdciSe, aryl, and
heteroaryl; 15 R4a, R4b and Roc are independently sel ected from hydrogen,
hal ogen, al Ryl sctestedtfidmihgdtoge, kiklyl, sabdsi@utyd alkgly Rt b, INR Rl ;2CkamRl,, nitro,
cyano, SR14, OR14, NR14R 5 NR14Cé:2%R15 C2R14, =0 R14, - C(=0) NR14R15,
aryl, heterocycl §0ReyE(TANRRR1:aNB165FM 2R 2CROMIRI OBy ndependent | y

selected from hymm&ﬂj MJNR;%IQB%HOH&?H h@éel‘ééklclob%?f, axy heteroaryl;

15 Rua, Rgpand Ry are independently selected from hydrogen, halogen, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, nitro, cyano, SRy4, OR 4, NR4R s,
NR 4C(=0O)R 5, COzR 14, C(=O)R 14, -C(=O)NR 4R |5, aryl, heterocyclo,
cycloalkyl, and heteroaryl;

R3 and Re are independently selected from hydrogen, alkyl, substituted alkyl, hydroxy,
20 alkoxy, alkenyl, substituted alkenyl, aminoalkyl, alkylthio, C(=O)H, acyl,
amide, alkoxycarbonyl, sulfonyl, sulfonamidyl, cycloalkyl, heterocyclo, aryl,

and heteroaryl;

Rs, R7, and Rg are (i) independently selected from hydrogen, alkyl, substituted alkyl,
halogen, nitro, cyano, hydroxy, alkoxy, alkenyl, substituted alkenyl,

25 aminoalkyl, alkylthio, C(=O)H, acyl, CO,H, amide, alkoxycarbonyl, sulfonyl,
sulfonamidyl, cycloalkyl, heterocyclo, aryl, and heteroaryl; or (ii) R; with Rg
may form a cycloalkyl or heterocyclic ring or a double bond to an oxygen
atom to define a keto (=O) group; or (iii) one of Rs or Rg may be a bond so
that there is a double bond between T and M, or between M and J,

30 respectively, so that ring A is partially unsaturated;

-6-



20 al koxy, al kenyl, substituted al kenyl, am noal kyl, alkylthio, C(=OH,

acyl, amde, al koxycarbonyl, sulfonyl, sulfonam dyl, cycloal kyl,
het er ocycwo,03ae9245 and heteroaryl; R5, R7, and R8 are (i)pdrmdependent|y
sel ected from hydr ogen al kyl, substituted al kyl, halogen, nitro, cyano,

hyd , | k btttdlk 25 i | kyl | kyl t hi o,
I aay Ko Koo R St this O drasslestedredsmondentiof G otherdams bydingenst
cycloal kyl, het eEI‘R‘E}I/%l?sutlﬁécyélk?rlaéf%(gh?ﬁfé%g{,)?ﬂéﬁeg&%ﬁrﬁ(:idd)he'f_go It oBﬁQt may form

a cycl oal kyI or erocyclic r to an oxygeén omto
define a keto (=R):igtakeptogethef mith)R areadel RRbisaakeRGogeslyer mathaR hondoswa t hat

there is a doubl bond . bet ween 'll' and M or between Mand J, 30
respectively, ﬁ%?@fxl betﬂoi%c B&Pgi ally unsaturated; -6 WD 03/029245
PCT/ U802/31283 R12 R13, R14 an H, are sel ect ed |ndependently of
each ot her R Wrgieddean a]é‘lykﬁPbSt%%%l Yiexdoakyyaryl bgieresarlkand  aryi

heteroaryl, and ReLgk GY¥Cin  Or (i1) R12 is taken together vmth R13,
and/or R14 is taken together with R15 to forma heteroaryl or heterocyclo
ring, 5 R13a1§§ P%l ected from al kyl, substituted al kyl, cycloal kyl, aryl,
het er oaryl , PEhd® fiet erocycl o; and pi slor2. The present invention is also

dlrectedto phar gpceut i 0 ef in treatin

inflamatory di Sggggrsese&cg Egﬁ rfg ngzo BEMWF%]ICQI C(Olnjpog niﬁse?m

phar maceut i ﬁﬁdréayang%mhab{ mfﬁairﬁa%orymﬁe@@fs compflsinp abMpEeds iog edrhwm?y: opt abl e
carriers or diluents. The invention further relates to nethods of treating

i mune &9 i phdravdeeticply-aericpeblscsslicbaisef, gmﬁgh@rmmtwléhamyptableapapmrs ent in

accor di g 1 AMEFEIPE Mol AFAEPERGiA slandh o Sp R AU RN

fol | ow ng adiedbed corhpriismsadrhinisedring tols atidnd i Mdedl of paehi théabdtitan and appended
clainms. The initial defjnition I’O%{I ded for, a group qor term herein applies
to that groti§rapsrtiqadyrmfient weoraptdraceefdingrio Sofenucd di- s,

individually or as part of anot her group, unless otherw se i ndi cat ed.
Detailed Description of the Invention

15 The following are definitions of terms used in this specification and appended
claims. The initial definition provided for a group or term herein applies to that group
or term throughout the specification and claims, individually or as part of another

group, unless otherwise indicated.

The term “alkyl” refers to straight or branched chain hydrocarbon groups

20  having 1 to 12 carbon atoms, preferably 1 to 8 carbon atoms. Lower alkyl groups, that
is, alkyl groups of 1 to 4 carbon atoms, are most preferred. When numbers appear in a
subscript after the symbol "C", the subscript defines with more specificity the number
of carbon atoms that a particular group may contain. For example, "C, salkyl" refers
to straight and branched chain alkyl groups with one to six carbon atoms, such as

25  methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, and so forth. The
subscript “0” refers to a bond. Thus, the term hydroxy(C, ,)alkyl or (C,_
yhydroxyalkyl includes hydroxy, hydroxymethyl and hydroxyethyl.

The term “substituted alkyl” refers to an alkyl group as defined above having
one, two, or three substituents selected from the group consisting of halo (e.g.,

30 trifluoromethyl), alkenyl, substituted alkenyl, alkynyl, nitro, cyano, oxo (=0), OR,,

-7-



The term"al kyl" refers to straight or branched chain hydrocarbon groups 20
having 1 to 12 carbon atons, preferably 1 to 8 carbon atons. Lower al kyl
groups, twato3oee4sal kyl groups of 1 to 4 carbon atons, ar@®Cmusn2/preserred.
When nunbers appear in a subscript after the synbol "C', the subscript
defines with nore specificity the number carbon atons _that a particul ar

group may cORAFM): “FEBRee DNy "‘]@}asé%ﬁ @RisngfneSQZRct@%NRaRght and

branched ch I @

methyl et hyP RO SRR O o - MR OB RS R
forth. The ,adlupee)NRIR,, CI'J(:OQNRE(§C!2¢Rba (b@f(m 4aTltmme)NRaibt, d‘ﬁmC(—O)Rb,

hydr oxy(CO0_2)al kyl or_(CO ro i ncl.ude dro ydroxyrret hyl
and hydroxy@%RhgpilRFFhIgRt(gﬂ Fﬁlkﬁ?ﬂ%‘sp@% &3}( éh(?& 6raglf)§’ra§¥]t Sy‘g%al blkyl group as
def i ned ﬁbOH&eII%@ydIQQandm?‘ﬁetePdﬁ?yl vﬂ{eréln'Re%néRpﬁlte'sElé@@H%o%?hﬁﬁbgéiin hikgm the

group consi sting” of o (e trifluoroneth yl'), al kenyl Substituted
al kenyl , al klynlyyl C@nlﬂ,r@z(a&&mﬁa ﬁXdO@kﬂ) phmh benzy'l MengisfhyR9zpsyl, a

PCT/ USOZ/ 31 SRa NRa S02R,, -SO02R,
N, O R reaiisd Hear o Bep Gy b 4 Ehestdee IR ospil of ML) Nt
-C(=0 (C1_ at‘ﬂ@hgd’ e s e mBogeChtofd) MiRa 1( ) 16N a heReddSéloda Hewtsingl) NRRRD,

- NRaC( —O)Rb - NRaCO2Rb, -NRa(Cl_4al kyl ene) CO2Rb, =N-OH, =N-Oal kyl, aryl,

cycl oal kyl , R51$rﬁél€é§€dcf§ﬂ@l Sﬁm%gfﬁlﬂléﬁras%taéﬂd?artw isvoe hdrazaea Eaelgmp e andel ect ed

from hydr og k , - phenyl,
benzyl , q(é)heﬁwvgﬁ ﬁ¥1 rthagk‘?&f)gén [%O%ur %%@ @{ O)Hal er eg%ﬁe@g% cﬁ%:%/ 0, Or a
five to si xSumﬁtmemedttﬁrm‘eelaoafyydvaﬂmﬂe wirbon oﬂtxtragéreaiommfmeR.ganRz rogen

atomnmay join tao forma heteroc?/clo or heteroaryl, aa%yls sel ected from
same gr oupsSH$ sybstigigat(Rbedigseles eﬁéfonh%rgé@wonemg a?@up) l{k& 10 Ro when

ot her than hy Eg}qeﬁ&dr&%ﬂhg@g %{,i arfl), AR, L i eakiivyiascEp dQojdpr ee further

substituents attached dat an i | abl e car’bon or itrogen atom of Ra, Rb,
and/ or R, C&OYCssistl), QiR CO((henlkyl)SWHEE)EC dabkghy t3€ . eplkydp -bbsi st i ng of

o CL batto ?‘f&ééeékﬁ@i 7 ke MRS SO R 1 DG Sl Rueits |

NHCO2( CL. 6 al ofirlikyl ) 2,
( atgzymg{ 138 kyl gxng)l) C(Nﬂ?ﬁ A8k Pk S Ga) ))z CJ\I;(ch:ll ArYkyl)

N(CH3) 3+1 SO kyl ene) NH2, =0
1. 4al kyl eneplmqe/h“ﬁrzym phep ey phendiy Petvaiayy Qraptiad «Sﬂu;@se@gl 7cycl oal kyl ,

phenyl, be né%hiber%ﬁ%@%’erc?cw Ior a ?Qg e LIQ WGm&?éhz%lteqéXryl. 'Wl%nhzyéubs@tu e(a%k)ll 0 seven

is substituted with an aryl, heterocyclo, cycloalkyl, or heteroaryl group, said ringed
20 systems are as defined below and thus may have zero, one, two, or three substituents,

also as defined below.

One skilled in the field will understand that, when the designation “CO,” is

Il
used herein, this is intended to refer to the group —C—0—,

When the term “alkyl” is used together with another group, such as in
25  “arylalkyl”, this conjunction defines with more specificity at least one of the
substituents that the substituted alkyl will contain. For example, “arylalkyl” refers to a
substituted alkyl group as defined above where at least one of the substituents is an
aryl, such as benzyl. Thus, the term aryl(Cy.4)alkyl includes a substituted lower alkyl
having at least one aryl substituent and also includes an aryl directly bonded to

30  another group, i.e., aryl(Cop)alkyl.



menbered heterocylo, or a five to six nmenbered heteroaryl. Wen a
substituted alkyl is substituted with an aryl, heterocyclo, cycloal kyl, or
het er oar yWwognmag4ssai d ri nged 20 systens are as defined belcawsandiashus nay
have zero, one, two, or three substituents, also as defined bel ow. One
skilled in the field will understand that, when the designation "C02" is O
used herein, thi $hpsermiadieauld f@@fsrtéfsgﬁlghtpfthﬁ@@%&lﬁ?m @@Cafmgrotlpﬁe term

calkyl s 46 boges Nabollhih 8L ORL.AheURnS et AL gRBoL B Y| Y1

this conjun nore sp act I'eas

subst i t uent sabbahtohisend blaging out ddutdé lsyﬂd e Irﬂoscptlafeaieﬂ. For exanpl e,
"arylal kyl" refers to a substituted al kyl group as defined above where at

| east one of theTheghi LUSAYE kferdl sudighl or b?h&iﬁhe@@héiﬁ*ﬂ?dﬁjocarﬂ_&il?rou phe term
aryl (QG0_4) al kyl includes a substituted |ower a@@YAgkhaVIHQ at Teast one

aryl substi haeng 2&@1&2 aiuben piogisiad at l@ﬁstamy triple b Yok gedps of 300 @not her

group, i.e ryl 9245 2/ 31283 The term
"al kenyl " re?%ox %’ 92%& Onelrﬁgﬁ ed°l %ﬁﬁ ggocarbon groups havi ng 2

to 12 carbon ato nd‘a east one | e bond s of 2to 6
carbon at ons and fVﬁb hﬁ%ﬂﬁoﬂﬂ?ﬁ %g Bﬁ?%ﬂﬁ%§9r6$@&5%f@g FcRbom,

“al kynyl " %f‘(ﬁfp§ hhiAnS 1 k@i B BArbeR aﬁ@h@nﬁﬂa@@ammlt@s RYBOR GRIMROR ¢J QU5 },, 5 havi ng
2 to 12 carbon atons and at |east one triple bond. Al kynyl roups of 2to 6

car bon at onmsvhgredn més/l gl peeferablyl le8.Hanvgr a lelﬁégl’OLWﬁéh@rlt? @éky em@r@@me

"al kyl qu.. of"fl ic&%ag CarﬁLeQ}e os'rirg%ege edmi“heb q?eng}ge% lg)fn lié?lgn e.g

gr oups haV|ng Son 4 efera

{-CH2-}n, wifer @ibivalent sadlcadlDoflalkengt afcmllaﬂaiyy gﬂou@s, rbspeaﬁveay, Iayheﬂnﬁedgr oups

that is, alkylene groups 10 of 1 to 4 carbon atons, are nost preferred. The
terns "al ked)P¥ne" and "al kynyl ene" refer to bivalent radicals of alkenyl
and al kynyl groups, respectively, as defined above. \Wen reference is nade
to a substi tut‘ed%\élnqnerﬁwencamp to aguRstitetaé alkenylkdikynydridkylee, al kynyl ene

group, thesg SRR o Eﬁﬁﬁﬁ?r?etdér%ﬁ;&?ﬁes@"g JLBQQI% LBsthliefSitnone I ARLd LUt ent's as

defi ned abov
15  substitutents as defined above for substltuted alkyl groups.

The term “heteroalkylene” is used herein to refer to saturated and unsaturated
bivalent straight or branched chain hydrocarbon groups having 2 to 12 carbon atoms,
preferably 2 to 8 carbon atoms, wherein one or two carbon atoms in the straight chain
are replaced by heteroatom(s) selected from —O—, —S—, —S(=0)—, —-SO,—, -NH-, and

20 —NHSO,-. Thus, the term “heteroalkylene” includes bivalent alkoxy, thioalkyl, and
aminoalkyl groups, as defined below, as well as alkylene and alkenylene groups
having a combination of heteroatoms in the alkyl chain. As an illustration, a
“heteroalkylene” herein may comprise groups such as —S-(CH»),.sNH-CH,-, —O-
(CHy),.5S(=0)-CH;,—, -NHSO,-CH,—, —CH,-NH—, and so forth. Preferably, a

25  heteroalkylene does not have two adjacent atoms simultaneously selected from —O-
and -S-. When a subscript is used with the term heteroalkylene, e.g., as in C,.
sheteroalkylene, the subscript refers to the number of carbon atoms in the group in
addition to heteroatoms. Thus, for example, a C;.oheteroalkylene may include groups
such as -NH-CH,-, -CH,-NH-CH;-, -CH,-CH;,-NH-, -S-CH;-, -CH,-S-CH;-, -O-CHj,-

30 NH-CH,-, CH,-O-CH; and so forth.



The term "heteroal kyl ene” is used herein to refer to saturated and
unsaturated bivalent straight or branched chai n hydrocarbon groups having
2 to 12 cwosmeusns, preferably 2 to 8 carbon atons, wheCaiusoBessr two
carbon atons in the strai ght chai n are repl aced by heteroaton(s) selected
from-0-, -S-, - O-,. 0 -NHSQ2-. Thus, the term

" het er oal kyI ene" T ﬁéqrﬁ’dégb%ﬁt‘%i%l B‘?’ff’m&]lklé(@%? re{qw ta1 Reperoalkitlene giguRadal Ky

groups, Q%Ae;&%ﬁo%’kﬁw’enﬁﬁ 1K1 Jtnhegc?f éﬁ&?ﬂogﬂgﬁ) @'a‘f&ﬂé’irﬁﬂ@ groups having

a conbi natlon 0 eteroatons I n an | ustratlon a

" het er oal kyhetamalkysmeichaimdy bomled to Sﬁsgbsouped witbha g&)up StheCHi2p hyditdgerCH2- , - 0-
(CH2) 1 58(= CH2- rth. Pr efe ably, a 25
het er oal kyl @Oa&&gnwttﬁ??ﬁ?}sr%\mlea%% mawﬁéﬂestgwﬁ@ M RB0Y 5 escéqdect ed

from -0- 5anﬁonﬁthose%@i’fhcﬁab%‘v’@?&rshlﬁ’stutdtéd h‘ﬁtgﬂgr%ﬂs of Qﬁh%@ﬁr@eﬂ%ﬁ@[ gal kyl ene,
e.g., as in C2 3het eroal kyl ene, the subscript refers to th nber of

carbon at orrsullsntutehbalgyl(gnwp Nltr@ghmatcpmmoﬁtbe hettmallayiapewhaiimey, bef or exanple, a

Cl_2h | |
G- G- ORI DR o spp SR TR ik BReR], TS s Ao M i so
forth. -9 \/\@h@&wx??s%bd%@Twm%/]&kZ&acz ﬁh&@@ﬁén(j SUsdnld! uted)-, -

het er oal kyl ene"” refers to a heteroal k roup as defi ned above wherein

at | east onE@P)NRe, G(EPDY N -6P20a18 2-i 9F t NR«CHet drdt R‘?Weﬁ‘e chain
bond t t Carb
e oondeg sy betbepliingd oL aw o Mo dcga,  Cirbon

5 fromt hosmlkﬁenet 84 Gbm&@la‘nerS@eLbﬁtCt ullledenzl Gy whgrebn psd A@ralk\poiehh a further

al kyl or substituted al kyl group, N trogen atons of the heteroal kyl ene
chai n may bérougaa@thr%W@ﬁowtf%%Cbﬁlaaﬁd eRfiuatly qustipiiedasidefinedhgrgin, fpr

al kynyl, cy r e, or
&2 3al keny gﬂ%tm%éq ésrﬁg&e“% Eé‘hydrc‘!%ﬁ ﬁkﬂ ﬁ‘Jbsﬂlt%te?l at?l%ndalk%) %l%ié%ﬁwt-g@soz-,

- S2NRd- , - @keayl, oyl heﬂ&mfxbzhetem@yqlcs OaCjadnzdkylcand RQis3ealektpgdl émm, hydrogen,

i KRR i 805 e R R e B 0 o

al kyl ene gﬁlmsﬂﬁu@rm&m@&h@mfsrnofshyc&bgéﬂwﬁaam Q@ush Apirk epdl Hondsubsti tut ed
as defined herein for substituted al kylene; Rh i s hydrogen, alkyl,

subst i t ut ed WiiekyRsis avkdwigroardyexsioallinl < heteracyplp, thegg §ngs diete fushr vl |
het erocycl 0,086y LAl with e Binted 368Gt Al B H B89 kinitions for

these terms.

20 The term “alkoxy” refers to an alkyl or substituted alkyl group as defined
above having one or two oxygen atoms (-O-) in the alkyl chain. For example, the term
“alkoxy” includes the groups -O-C, ,,alkyl, —(C, calkylene)-O-C, calkyl, —(C,_
salkylene-O-C,_,alkylene)-O-C, ,alkyl, and so forth.

The term “thioalkyl” or “alkylthio” refers to an alkyl or substituted alkyl group
25  as defined having one or two sulfur atoms in the alkyl chain. For example, the term
“thioalkyl” or “alkylthio” includes the groups -S-C, ,,alkyl, —(S-C, calkylene)-S-C,
calkyl, and so forth.

The terms “aminoalkyl” or “alkylamino” refer to an alkyl or substituted alkyl
group as defined above having one or two nitrogen (-NR-) atoms in the alkyl chain.

30  For example, the term “aminoalkyl” includes the groups -NR-C, ,,alkyl, -NR-C,

calkylene-NR-C, .alkyl, etc. (where R is preferably hydrogen but may include alkyl or

-10-



15 al kyl, and substituted al kyl, as defined herein, provided, however, that
for a substituted heteral kyl ene Rh is not hydrogen when A, Q and A2 are
each bondwo o3weensRh is aryl, heteroaryl, cycloal kyl, or Ietrarsoeyiss, these
rings are, in turn, optionally substituted with one to three groups as

defined bel ow in the definitions for these terns. 20 The term "al koxy"
refers to asubstiryed Ykylagdefined abere aNben agubigpiphis uaed WiHB&efeeBer/© aavi ng one

"o koxy~ ) el kot Bodie, e SiboefibieRtr futhe SAATR R B Y |
{515, 1 e it et i amanen
ZES as de%‘/l ngutz‘H%’\?Pééyldﬂ%l”@?s theyBroyups TQHZ"QH@F{#H ﬁ:%hgggﬁgkwﬁéh%{ﬁn lrogrJ P

Takyt 5 ( EHe Ry 48 Ay B AL s el SRR g = ©

"am noal kyl havihg 6@¢ toyfo@andamsn at@her“Amna’nreaérkyd thelgraiplIsHj.t ut ed al kyl group
as defined above having one or two nitrogen (-NR-) atons in the alkyl

chain. 30 For exasnik6xy,thiSalker, Bt amiHoBRe ¥lips m%b@ﬁ@ﬁodédn@m@f Bkt NR- C,
12al kyl, -NR-Cl1_ 6al kyl ene NR- C1_6al kyl , etc. ere Ris preferably

hydr ogen buByraenorpnfdé iamegnt that the g.r@ummmg@z%e PabTlity30 2p g 3vith

substituted alKyl,. ga&%)g &fdn?eﬂldaqgﬁ)ﬁfvﬂen\m? ik r%e H’fa? [Iier%‘oﬁspu%a%s e\gh—;[ c& %{ ers to

reference to an X hioa or am noa Scrip

t he nunmber ebo.CRbubdOr etadipic, atrhca‘[ovhl&ﬁt zgk@qpnalaaesogeam@ sach fs @idi t jatkyl t-0
het eroatons. Thus, for exa nonoval ent Cl. 2am noal kyl |ncI udes the

groups - CH2ONkikylemHOH.alky NFGQZ)EQKNP@ O-Qyalbstiens-(ed3 ,atkydHwhees-a CH3, and
-N- (CH3) 2. wer - am noa S oal k vin ne to four
carbon at ong\“’a eRhIkeY ‘l“%]flg?%grf’ﬁpst €0 gt &J’?:ngg.y?eﬁﬁ‘e_ lk%gla,enet'ﬁrfgal kyl, or
am noal kyl _INE T _Riva : : valent" it is
meant t hat %gﬂgfoWHg%yﬁggghg}y(la{e 8 dé%ﬁpfefle od %({)TB I'he with another
group), of one, ang y "bivalent” it meant roup has a val ency

t hat t he
oF 10 tvo. Thus, TRBPUIERS SpHaSoR ioh i aFieHiormIRCAEo T NGHES. Bibups. such s
- O Cl- 124l k)ﬁ'nmoalk%ﬂ-wﬁﬁb&bﬁ'a@@@y g}i&;kl-l%l ifi¥he field to provide stable compounds.
- Cl. 4al kyl ene- O- C1_4al kyl ene-'O- C1_4al kyl, whereas a bival ent al koxy
i ncl udes gr Shps feuxhmalk, in@oBipotadd wyfbenda (1), @endaliksttashel ©-aGlitrogen
atom (N*) of ring A and is selected from an alkoxy or alkylthio group, the alkoxy and
alkylthio groups will have at least one carbon atom bonded directly to ring A (at N*),
with the oxygen or sulfur atoms being at least one atom away from said nitrogen

20 atom.

The term “acyl” refers to a carbonyl group linked to an organic radical, more
particularly, the group C(=O)R., as well as the bivalent groups —C(=0)- or
—C(=0)R¢—, which are linked to organic radicals or ring A in compounds of formula
(I). The group R, can be selected from alkyl, alkenyl, alkynyl, aminoalkyl, substituted

25  alkyl, substituted alkenyl, or substituted alkynyl, as defined herein, or when
appropriate, the corresponding bivalent group, e.g., alkylene, alkenylene, etc.
Accordingly, in compounds of formula (I), when it is recited that G can be “acyl,” this
is intended to encompass a selection for G of —C(=0)— and also the groups
—C(=0)R.— or —R.C(=0)—, wherein in this instance, the group R, will be selected

30 from bivalent groups, e.g., alkylene, alkenylene, alkynylene, bivalent aminoalkyl,

substituted alkylene, substituted alkenylene, or substituted alkynylene.

-11-



6al kyl ene-, -Cl. 4al kyl ene- O C1_4al kyl ene- O- C1_4al kyl ene-, and so forth. It
shoul d be understood that the selections for al koxy, thioalkyl, and 15

am noal kywowsloko2b® made by one skilled in the field to pr®drdsossess e
conmpounds. Thus, for exanple, in conpounds of forrmula (I), when Gis
attached to a nitrogen atom (N) of ring A and is selected from an al koxy

or alkylthio groug, t he, al koxy and al kylthio groups will have at |east one
carbon” at om bondd8¢ e @ty ygaEbanyhgrefery tra gaehoxy gipym( ¢ fre %xy‘b’en or sul fur
atons being at beast one atomaway fromsaid nitrogen 20 atom The term

"acyl" ref erﬁotb—aéﬁﬁlﬁéaqg%h 8?%2%%&(:&1@25?’ ?ﬂ\g%gﬂhlie%i\ra%t g?o!u shore

particularly, the group as we Ival ent groups -C(=0O- or
-C(=O R - , -G, -CGOR | iwtitedart tinkéd@rurgani@didicalsin oompouigls Af formaln@uunds  of
formula (1). The group Re can be selected from al kyl, al kenyl, al kynyl,
ami noal kyl , wdamit Re greedetedabrys foragysThe ergaric sadigat{a Whigh thegmbexyut ed

al kynyl , ;as gfb%ﬁ@&‘tgacﬂ@d :ﬁbg pe. H{on}‘)‘gzﬁglet ,ﬁ’%?p [@(95-%1? f_aor ‘td@ﬁ%{r’lﬁgﬁ P A3he

bi val ent grGup, e.g., a ene, éne, Acc y, 1 n conpounds
of formula (dg., -Ghealkylend, SOCEED Jabg)1dnkeadtc.pACasrdngly, aicydmpouinks sf farsmulant ended
to enconpass_ a selection . for G of -C(=0- and gl so. the groups -C(=0O) Re- or
-ReC(=0)-, WhatREnA 1Sﬁe<ilﬁfi§hqtngf%h?e,%f@ﬁgéwg‘?wb S i ipiengied OEPERPRATs 80 from
bi val ent  gr o4BSionFodG of 2LOYL GRE als@tHEGRNILRNGO,R K ¥PY —, Rt

am noal kyl , suogt?tutoed g)lgky ezrilé, s&y‘gstpl%t uted al Eeiﬁ‘i/ ezné, or subtsltsi tuted
al kynyl ene. insfahca\Mhed@b0R B2 4451l BPEIIiTOPIr3rh 28 lenDgidups.teeg. mlkglekgxycar bonyl "

refers to a carhox ro (-C0- or, Q-0-C). Ii to an organic radical
(CO2R, ) 0 as akfeny e’%a]%ﬂ’éﬂg?%glvé‘ t@PB’l?ﬁ’&yl’-séﬁgﬁu,te‘P@%@ S&Pﬁ“&‘ﬁg re linked to

organi ¢ radigahfede) ofQROMRASIGyle@eul 2 (1), wherein Re is as defined
above for acyl.” The organic radical to which the carboxy 5 group is

attached nay be l.ent 1.6 : - & I i val ent
y TREORYA %%%d:e( O)%g‘?ﬁlgf/lld' Qol%fe?é K)ytkle g\{:ogg%gﬁﬂa%y k’v)nereﬂ{ th@

(e.g., -C02-al kyl ene, - ne, etc. y, I n conpounds of
formula (| grouphBparndRy &e deindded redigtl abbwan theedéfalidanipe subdsonydd dlkylhi s i s
intended to enconpass a selection for G of -C02- and al so the groups
-O2Re- or 2REBR-, wherein in this

15 The term “sulfonyl” refers to a sulphoxide group linked to an organic radical
in compounds of formula (I), more particularly, the monovalent group S(O);.,-Re, or
the bivalent group -S(O);.,- linked to organic radicals in compounds of formula (I).
Accordingly, in compounds of formula (I), when it is recited that G can be “sulfonyl,”
this is intended to encompass a selection for G of —S(=0)- or —~SO,— as well as the

20  groups —S(=0)R—, —ReS(=0)—, —SO;R.—, or —R.SO,—, wherein in this instance, the
group R, will be selected from those recited above for acyl and alkoxycarbonyl

groups.

The term “sulfonamidyl” refers to the group —S(O),NR,R;, wherein R, and Ry,

are as defined above for substituted alkyl groups. Additionally, the sulfonamidyl

25  group may be bivalent, in which case one of the groups R, and Rywill be a bond.
Thus, in compounds of formula (I), when it is stated that G may be sulfonamidyl, it is

intended to mean that G is a group —-S(O),NR,—.

The term “cycloalkyl” refers to fully saturated and partially unsaturated
hydrocarbon rings of 3 to 9, preferably 3 to 7 carbon atoms. The term "cycloalkyl"

30 includes such rings having zero, one, two, or three substituents selected from the
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i nstance, the group Re will be selected from bival ent groups, e.g.,

al kyl ene, 10 al kenyl ene, al kynyl ene, bival ent am noal kyl, substituted

al kyl ene, woubstdisit ed al kenyl ene, or substituted al kynyl eaa/uShve1288r m
"am de" or "amdyl" refers to the group C(=0O) NRaRb, wherein the groups Ra
and Rb are defined as recited above in the definition for substituted al kyl
groups. 15 SWEPcepsiitingof halegen, tifdyqrpmethyl. sridugrpmethogy arduyditithitdd to an

or gani ¢ radj i.n1C f a r i &Rl Yook he
nmonoval ent %lg‘gfaf}“d%% %%%iqsdggnylt’ ﬁfeﬂg#l\’/g{ﬂleo)h%y agrB’o(Sxﬁp @?()’O?Ilif@iﬁ ﬁ‘r?é’ed to

?r gan: c radNRaRs -N_(allcpnﬁomm_jSOgf—NﬁQ‘B(m.RCa-Sxoch -S';'(D@ﬁmdj -IE@''zIyJRa(f](_ﬁco:)_R[;l;p_oundsdo:‘j
o ShesroabsoHISBADA RO el EiBNER LA bR 0"
-S(=0 Res, cRaSMNIAS0,)REER G, AkyeRORFER,, -WRECEIDR ,“-Nﬂgcs)lzkgﬁglm&ﬁz the

group Re will be selected fromthose recited above for ac
al koxycar bormjkylengpnCOpn, =INa@H eNr*adyll fasplanydydikyly lefterpsyd @ ander gr oup

-S( O 2NRaRb, wherein Ra Rb re as fi.ned ove f.or tituted al kyl
ot oupe. AddPEFBRET e naaky ke ey Aty Ry st CART ardution whi o
case one of aidifre AlsQUR Suriap@dill Rewbstitut@Easrebigfithbovd Hide definiGeREUNds  of

formula (1), when it is stated that G nay be sulfonamdyl, it is intended

to mean thaﬁUb@iiuéed_aﬁﬂ@lfl(gwp&S@@ tERIRa cyclymkyl alsmindydassuskings hasings to ful ly
oreferany FpREhhe Ry (RIGSILE Mt MR Bnipoiyl findha or iy

ri ngs havi nhavigg o carboie-carbw® bridge dfly et Gulst dtbienWhes @logcloalityfisom t he - 12 WO
03/ 029245 PCT/ US02/ 31283 group caonsisting of halogen, trifluaromethyl,
trifluor omef4RsRiptedayil p furthepEpg {Qfihaga sgop |r1,ngem@éﬁ§frr?t0§d5§1trfrtguﬂé‘efnaw kenyl

al kynyl , ni : ~ , 1) (0 Nﬁglﬁbﬂ 5 +,
_NRaSC2, - Y. bt ,@ﬁ\%tslblgegwg%%eﬁﬁaqg% ok A0S BN ’sc%'éol—%}J ﬁa’y&y J%5%32,

- C(_ BO)NRa, sbz C)@Z@auitrOG(TEﬁ){KRaﬁlﬂiyl), o (€:0) @@P@_)&EDKWH@)WR@I\?JE COx(Cy. NRa( L
zcl-:gl_kill eRﬂéa) ) N—}%(-@@;\}Eﬁ&(g% ﬁg"ﬁgﬁﬁi’%yﬁ?&ﬁ%ﬂ%gﬁ@%w@ and§ or

hle}(elr oaryl, , a8 0,88, R 1)2C-BYC Atk yRnesteH), TREONTY ik 1o hic)UHEIy H 't ed
al kyl groups,

and/or C(=0)(C;.salkylene)N(C,;.salkyl),.

Accordingly, in compounds of formula (I), the term “cycloalkyl” includes
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, etc., as well

20  as the following ring systems,

oy, L0 T 33
2 ’ 2
N N
SO RESS
=, and the like, which optionally may be substituted at

any available atoms of the ring(s). Preferred cycloalkyl groups include cyclopropyl,

0,5
25  cyclobutyl, cyclopentyl, cyclohexyl, A and .
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and are also in turn optionally substituted as recited above in the
definition for substituted alkyl groups. The term "cycl oal kyl" al so

i ncl udes woa/oee2ags having a 10 second ring fused theretoPCago2/3i2ngl udi ng
benzo, heterocyclo, or heteroaryl rings) or having a carbon-carbon bridge
of 3 to 4 carbon_atons. Wen a cyclogalkyl is substituted with a further
ring (or has a sd&befdanyihaly”onskalogane refets)to chlare) bigmeg fluere agdhiofe.  optional |y
substituted with one to two of (Cl.4)al kyl, (C2_4)al kenyl, hal ogen,

hydroxy, cyano, Thi%terrm“h@DQIkyU(r@a_amaISkWﬁ)tutemks ha¥ingl)s, or@(mre))lel@l. 4al kyl ),

COz2H, C02(C1 - Kk H
NH( C1. 4al |(<yF5’b %ﬁ]t"&% %ﬁ E{%\?W?N;C%ékﬁa ‘i?éi‘ mgqgoa?‘ ﬁﬂé‘i"t‘&ﬁ%%
O (CL1. 4al kyl NH2, 4Ik| NH( al k d/ C(=0 (C
S( 4al) (kyl eng) N{Ce%gé.&qrﬁ’ylh)gé’a@ﬂggé‘i’@?%@% nq?‘l)éf g&@fﬂ)‘b%( § H%%Orﬁfac’r;f“i‘)‘?rigrﬂiaﬁ (?; t he
term"cygl O%B%lﬁtuenisnpéﬂ&%plecylﬁl@a‘?ﬁ&@y|mcllfdé§ Wt yl, cyclopentyl,
cycl ohexyl, cycl oheptyl, cyclooctyl, "etc., as well 20 as the foI | ow ng

ring systems, N B d at any
avai |l abl e atons (TP tﬂlﬁe rr?j'?yr% %&és t%ﬁef%g gglleg%}é:l 33’?33 %Hﬁl(i: %
cycl opropyl term2%rydy cchiaat ych raygs hayisgatb, orreyo)lr@bleohyde substaumghts skBecWdd

03/ 029245 P US02/ 31283 . The " "hal. refers to chl oro,
brono, fluo f8ma‘£8 gf%’@c?onsl*ﬁglgt%f&ﬁ{ogﬁ%ltBQP‘RrW‘et%éHg‘g‘ém&?HQ"ﬁ’t dkde al kyl

havi ng one QlinsiRi& z{lﬁilloalk&wsshbétﬂﬁ’t@aﬁlkeﬁﬂr alﬁ?@ﬁpﬁlﬁo cyabh,aBRK¥R;, (B¢ l-udes
nono, bi, and trifl uoronethyl. term oa means an al koxy gr oup

havi ng dhe NRaRar-éT(EHQYIQB BHRebOst- NBu%@i&c -ShR e&@ﬁfﬂ)ﬂi@b, “SEaNBaC @R, | ncl udes

OCF3. The t

2-napht hyl . SER. g%bﬁ) EF (5)1531{9&?? 'Q@Wﬁ?{; ; (ﬁé’%@@‘!‘]%gl%%e)ﬁgﬁ%b’ “two or
three subst OHOINE,(SOLRE! e:«bz(d r,aMy lcheNRRY, pNRac&t@ﬁRb NINRICAIR, CHRR(C.
trifluoronet hl¥y4 trifluoronethoxy, alkyl, substituted alkyl, alkenyl,

subst i t ut ed+«dk¥em)FOR, I@%WYCIOFilkb’lf é‘ete&%(ﬁ‘@ angffgy, hegrgaryl, wderein Ro Ryrais,
L) g iR o B R TR S
C( =0 NRag SORyHRbtutedCEA¢cedhbbkey | Addii difddlRbtwo- NBst(exD) Eilnachecﬂ\IRazﬁIﬁfb - NRa( Cl_

particularly a phenyl group, may join to form a further ring such as a fused or spiro-

ring, e.g., cyclopentyl or cyclohexyl, or fused heterocyclo or heteroaryl. When an

aryl is substituted with a further ring (or has a second ring fused thereto), said ring in

turn is optionally substituted with one to two of (C;_4)alkyl, (C,.4)alkenyl, halogen,

20  hydroxy, cyano, nitro, CFs, O(C,.salkyl), OCF3, C(=O)H, C(=0)(C|_4alkyl), CO,H,

CO,(C4alkyl), NHCO,(C_4alkyl), -S(C.qalkyl), -NH,, NH(C,_salkyl), N(C;_4alkyl),

N(C.4alkyl);*, SO5(C;4alkyl), C(=0)(C;_salkylene)NH,, C(=0)(C;.

salkylene)NH(alkyl), and/or C(=0)(C).salkylene)N(C,.salkyl),.

Thus, examples of aryl groups include:

Slselostontanioe
— — —— — — — N
7 S~ A~y L~ A~ LA
O €10 €0 €0 €0
T o T | |

A~ WA WAL SoAN” S,
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4al kyl ene) CO2Rb, aryl, cycloal kyl, heterocyclo, and/or heteroaryl, wherein
Ra, Rb and- Rc are as defined above for substituted al kyl groups, and are
al so in twornsopizddnal |y 15 substituted as recited above. AdditSozaeBsy, two
substituents attached to an aryl, particularly a phenyl group, may join to
forma further ring such as a fused or spiro- ring, e.g., cyclopentyl or
cycl ohexyl het erocycl o or heteroaryl. When an aryl is
substituted wt rther ring (or has a second ring fused thereto), said
ring in turn™ i paval thy likeibeiich optraaly iday bagubsdititedatainy @Cdilablal kyl |
(C2_4) al kenyl , hal ogen, 20 hydroxy, cyano, nitrq, CF3, O Cl_4al k){l), OCF3,
C(=O H, C(=eyrben ounifnegen atomap\prefatrsd @eylaxpyr s PPt pbsityisr phenyl.
-S(Cl_4al kyl), -NH2, NH(CL.4al kyl), N(CL.4alkyl)2, N(Cl1_4alkyl)3+,
S02(C1_4al kyl ), &hetyperhetenoryqlener teeroapekicd)fefers to syhstityied aed NH( al kyl ),

and/ or C(=Q - Aa| € . Aal i . I f roups

i ncl ude: \ i“g‘\%b%mﬁ%\d%hﬁa?@wﬁ%éwg‘)eé “}"T‘ggid?“eg;@% o it ﬁ?ﬁ‘&‘ﬁgl NS
O N O - 14 VBicHAUOSZDRES alRCTD tdSIRShBEBd triidylclic gtoulds,,in auhdcht A @edst de, ofwid ch
optionally may be substituted at any available carbon or nitrogen atom A
preferred aFifEs fpsalFastons hetesmem yOst Bs Ny taca dingios Hia heteragwelq gropg

"het erocycl g, |G ‘Pfée‘ht 2 En?ﬂéﬁ?r ut ed
non- ar omat i gon?fgi'gl ggﬁ&%ﬁ%@?@dda%gglg{gﬁr?g&g’rvigps, 7&%%%11 maéj ere 6%

bi cycli ¢ gr oup®, fomrmitrbgert o providedrtiea the fot) chinberpfdesoatoms wheach riag | east
one of the .rings has at.least one heteroatom (0, S or . _Each ring of the
het er ocycl olsggPB'g?f le?o?ﬂ(gﬁuﬁtgf‘fd’rg‘”ﬁg‘% g\%&‘?&rﬁg&gﬂ&@é A LR 0% éf‘argf’n £ oxygen or
sul fur ag onghan@e@Finkd &Mpleme: BidydiRWhd KidycRE LS RIAG cBA@M dfdcdhed the
total nunber of heteroatons in each ring  is four of |ess, and further
provi ded t hatomstad maypeconraieh Pagially satyratesh er ersapuricdtlhenitrogeriadf used

: | oti : oy i h b
i ons and mey TR by b bk anB R Ro R GRCRE) Bpiitially 68 0
ni trogen anguatsmlzedr Tat leodirio gpup anglbeatthehedat ahiyzodilaisid nithgemot r ogen

atons may optjonally _be . . )
carbon atomi. The heterocyclo ring may contain zero, one, two or three substituents

15 selected from the group consisting of halogen, trifluoromethyl, trifluoromethoxy,
alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, nitro, cyano, oxo (=0),
OR,, SR,, (=S), -NR,Ry, -N(alkyl);*, -NR,SO,, -NR,SO2R,, -SO,R. -SO;NR,Ry, -
SO,NR,C(=O)Rs, SO3H, -PO(OH),, -C(=0O)R,, -CO2R,, -C(=O)NR Ry, -C(=0)(C;.
salkylene)NR Ry, -C(=O)NR,(SO2)Rs, -CO(Cj.salkylene)NR Ry, -NR,C(=O)Ry, -

20  NR,CO;Ry, -NR,(C;.4alkylene)CO;Rp, =N-OH, =N-O-alkyl, aryl, cycloalkyl,
heterocyclo, and/or heteroaryl, wherein R,, R, and R are as defined above for
substituted alkyl groups, and are also in turn optionally substituted as recited above.
When a heterocyclo is substituted with a further ring, said ring in turn is optionally
substituted with one to two of (C;.4)alkyl, (C,.4)alkenyl, halogen, hydroxy, cyano,

25 nitro, CF3, O(C,_salkyl), OCFs, C(=0)H, C(=0)(C,.salkyl), CO,H, CO,(C;.salkyl),
NHCO,(C.4alkyl), -S(C).salkyl), -NH,, NH(C,_salkyl), N(C;_4alkyl),, N(C,qalkyl)s",
SO,(C).4alkyl), C(=0)(C,.salkylene)NH,, C(=0)(C,.salkylene)NH(alkyl), and/or
C(=0)(C,.salkylene)N(C;_salkyl),.

Exemplary monocyclic groups include azetidinyl, pyrrolidinyl, oxetanyl,

30  imidazolinyl, oxazolidinyl, isoxazolinyl, thiazolidinyl, isothiazolidinyl,
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guat erni zed. The heterocyclo group nmay be attached at any avail abl e
nitrogen or carbon atom The heterocyclo ring may contain zero, one, two
or three wolstwequents 15 sel ected fromthe group consi sti mgTafSotyai2esen,
trifluoromethyl, trifluoromethoxy, alkyl, substi tut ed al kyl, al kenyl,
substituted al kenyl al kynyl, nitro, cyano, oxo (=0, ORa, SRa (=9),
“NRaRb, - N( ftiehydratirany\miesrplyl, pigrrazgnd R oxapipermanyl SOpKpRipgidyl, 2-

SO2NRaC( =0) : SR PO 0)(d _

4al kyl ene) N% , -Aé(rl—y ﬁ&%@'}"ﬁ%&- 4(:? %&ﬁﬁv eneﬁ%ﬁgﬁnyhmq =O) Rb,

20 NRaCO2Rbmorpifedia ] tiahé&nphelie)l Gﬁ%ﬁlb,rplﬂmnﬂi;ulfekkﬁ midﬂydrph(ﬂrnyl sulfope] oal kyl ,
het erocycl o, _.and/ or heteroaryl, wherein Ra, Rc are as defined above

Rb a
for substifdréaxelpmsganddeEaiydro- L lioxashignyd gnd HletlﬂﬁenEiS‘HPPIBWd%‘?XF ligypst it ut ed
as recited gheygy Clo?{t@%s%g\% f 19 s substituted with a further ring,
opt 1 onal f‘@ st

said ring in turh i Ituted with one to two of

o c al Kyl ) ocER R *%A?C%I’i%gﬁ% s RS 1)

NHCO2( C1. 4al kyl ), -S(CL.4al kyl), -NH2, NH(CL.4al kyl), yg . 4al kyl ) 2,

N(Cl_4al kyl )\ 3 S02( Cls4al kyl) O) ( C 4a| ky
C(=0 (d . 4al Vl\ene)Nl\a 1), \ ﬁ 4I%) C |. 4al kyl) 2.
Exenpl ary no DTCI iC ps i de azet-Ndi n rroly |, oxetanyl, 30

i m dazol i nyl, Oxazol i di nyI i soxazolinyl, thiaz®lidi nyI i sot hi azol i di nyl,
-15 WO 03/ 0292 PCT/ /31283 tet rahydr of uranyl, piperidyl, piperazinyl,
2- oxopi per aziyl , p| eri gyl _ 2- oxo odi nyI , 2-o0xoazepinyl,

azepi nyl, 4- %‘Ee“ do , tet tNahyd'}‘ opyr a yI rphol i nyl, thianorpholinyl,
t hi anor phoI i nybs-sul f oxXhgle, r phgh@n f QUMsh o mBalw ﬁggb@ne and
tetrahydro-1I,I|-di oxot hi enyl’ and the 'l'i ke. Exenplary b| cyclic het er ocycl o

groups i ncl Eldl@tltwﬁ%ucl idinyl. Preferred heterocyclo groups i n conpounds of

formula (1) include N PIT[jo NNO NN
10 The term “heteroaryl” refers to substituted and unsubstituted aromatic 5 or 6

membered monocyclic groups, 9 or 10 membered bicyclic groups, and 11 to 14
membered tricyclic groups which have at least one heteroatom (O, S or N) in at least
one of the rings. Each ring of the heteroaryl group containing a heteroatom can
contain one or two oxygen or sulfur atoms and/or from one to four nitrogen atoms

15 provided that the total number of heteroatoms in each ring is four or less and each ring
has at least one carbon atom. The fused rings completing the bicyclic and tricyclic
groups may contain only carbon atoms and may be saturated, partially saturated, or
unsaturated. The nitrogen and sulfur atoms may optionally be oxidized and the
nitrogen atoms may optionally be quaternized. Heteroaryl groups which are bicyclic

20  or tricyclic must include at least one fully aromatic ring but the other fused ring or
rings may be aromatic or non-aromatic. The heteroaryl group may be attached at any
available nitrogen or carbon atom of any ring. The heteroaryl ring system may contain
zero, one, two or three substituents selected from the group consisting of halogen,
trifluoromethyl, trifluoromethoxy, alkyl, substituted alkyl, alkenyl, substituted

25  alkenyl, alkynyl, nitro, cyano, OR,, SR;, (=S), -NR Ry, -N(alkyl);", -NR,SO3, -
NR,SO2R(, -SO2R¢ -SO,NR Ry, -SO,NR,C(=0)R;, SO3H, -PO(OH),, -C(=O)R,, -
CO2R,, -C(=0)NR Ry, -C(=0)(C|.salkylene)NR Ry, -C(=O)NR,(SO2)Ry, -CO»(C;.
salkylene)NR Ry, -NR,C(=0)Ry, -NR,CO3Ry, -NR,(C; 4alkylene)CO;Ry, aryl,
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N NN NS and , which optionally nmay be substituted. 10 The term
"heteroaryl" refers to substituted and unsubstituted aromatic 5 or 6
nmenber ed wonseyehs c groups, 9 or 10 menmbered bicyclic grouwed/usamei2i to 14
menbered tricyclic groups which have at |east one het eroatom (0, Sor N) in
at least one of the rings. Each ring of the heteroa group. cont ai ning a

het er oat om ExHoalkynetgracyshe: agf/of hereorpdenhespindy) Rypn ag AefInse 2PP¥m one
to four nit T&%ﬁﬂstﬁﬁt@@?lk&ﬁgr% Veacﬁre aﬁ%tm rtLE bﬁ&\?%llgr%ufmﬁﬁte@les Qgﬁ&f oat ons_in

each ring is four or s” an ring as at ast one carbon atom The
fused ri ngsacorpWaich adgeteheariliic yasiititaineith pifoyer riog, grdugsinmay isont ai n onl y
carbon atons_and may he s tu ated, partiall r ur at ed.

The nitrogeﬁpté?f@ll%%’/tfs& ut ORGP ‘&EW%GWP@‘Y@Z ﬁ?a]%F’%dhaé‘?ﬁTnPlF@t Rt rogen
atons may OBfrdn%nﬁiltHo)/CP;e (S{@?Ea@l(ﬁ} Iﬁﬁig, U@I(?)Tp@r(ééb)(@] %112?) wrogh @vgcpi cyclic

20 or tricyclic nust include at | east one ful aromatic ring but the ot her
fused ring edkyl),NSOnEy «dkeylar-Stfatalkybr - Nﬂml\&i(@nmﬂlksd) NI(Eeﬂibﬂbr DéFyl group

e B T A S M e S R R T BT Y

sel ect ed frgﬁﬂ/bf@(zg))@]p@n@[me)ﬂ(lcnga] hal ogen, trifluoronethyl,
trifluoronethoxy, alkyl, substituted al kyl, al kenyl, substitut ed 25

al kenyl , al kynyl Ex&hf)lra%/ meY&Yelic %\oa@B@ro Ogs—@clucremg@f&w gN(z%lyK)" ) 3+,

-NRaSO2, - NRaSOQ2Rc 2Rc -SO2NR, Rb,” -'S -PQ(OH) 2,
-C(=0 Ra9 - pg@edtnyl, 4@4&3@))]34!2@%2013{1(15&@2@@1 tb,alaklyl m@1M1soth1azolyl

Nea( 1 ga Byt SHSRBYGETE iR PRSI oal k1

het er ocycl oan@ind/iie. heteroaryl, wherein Ra, Rb and Rc are as defined above
for substituted al kyl groups, and are also in turn optionally substituted

as recited aboveExthlarﬁblby‘ctn%rHa&wa{r | gio@[&éti§élh@é1ﬁqﬁglyWHeﬂzcﬁh1M§llher ring,
saldrlnglnturnls optlona]é stituted with one to two Of
)

(C1_4) al ky| berzodioapkyl, lbengdxazdizl, bezathi¢nydirqyaplinyks tassphipdroispiginelinybrF3,
Q(ClL. 4a|1§< y! )s’oqt%l%ﬂyl,cgeﬁg)x)ml_ildaz%ﬁil,qge(ng&pyz}ﬁlylf,nhgioliz%,l_ﬁen%)f%Fa%]yh chromonyl,
coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl,

furopyridyl, dihydroisoindolyl, tetrahydroquinolinyl and the like.

Exemplary tricyclic heteroaryl groups include carbazolyl, benzidolyl,

phenanthrollinyl, acridinyl, phenanthridinyl, xanthenyl and the like.

20 In compounds of formula (I), preferred heteroaryl groups include
N S §) N S
P N
L, . @ W
N/j (N\N N/S} N SN AN s
N Nf \ 7 Nl /‘L/ @

N /\

Xy
[ / ' S/v N’ :
27y
N K/ K/ s \=rN , and \—'\ ,and the like, which

optionally may be substituted at any available carbon or nitrogen atom.
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4al kyl ), NHCO2(Cl1_4al kyl), -S(Cl1_4alkyl), -NH2, NH(CL.4al kyl),

N(CLl. 4al kyl )2, N(Cl_ 4al kyl) 3+, S02(Cl_4al kyl), C(=0 (Cl_4al kyl ene) NH2,
C(=0) ( ClL.waldsywbkene) NH( al kyl ), and/or C(=0O) (Cl_4al kyl ene) McTiusdaBicgs ) 2.
Exenpl ary nonocyclic heteroaryl groups include pyrrolyl, pyrazolyl, 10
pyrazolinyl, im ol yl, oxazalyl, isoxazolyl, thiazolyl,. thiadiazolyl,
i sot hi azol yl , fgflﬁqawzheW%mC?tesx\a ‘hfféqfﬁé,e i Pefgin a gpﬁg;aﬁa%lﬂwrr{wd
pyrim di nyl oryp¥g b d50dniY! eyclidalid (A cycistdx i ehetdrb& el TR RoYdRiyBYE! | C
het er oaryl S?%pé’s’?ﬁégpﬁ’dceyci r?d%%l%l’ enzo%{%?’azeolrglﬁ’,c OE%en’zggxiroolxoP’gl :
benzoxazol yhetetvaryt ¢¢. bi, enihzolyjiumddss nthlerwisespeatiicdll pinslomtadribé refigrbnceis

i i nol i nyl i nj dazol b i ndoli zi nyl . .b f l

chr anonyl AR 11 EeS bR S R e Sy R e rRgT Bzl y1

pyrrol opyri ghse reclied Weifedthe afileoRIk§RhBERIcYLIo ahlof BB tg'hm?k,: Ayl and
(¢ ’

the |ike. Exenplary tricyclic hetéroaryl groups include carbaz
benzi dol yl , appbpmaeit hrol i nyl, acridi nyl, phenanthridinyl, xanthenyl and

nolude. NS O SR TreeRirdts Wafrichdee QRIE RIRRSERRRY SV /o
N N NN N~ nN NThe &rin ‘Datbollctiot mizagk 4 ieurhicl &r uiatgied @pinbeysdicloy may be

substituted at any avail.abl e carbon or nitro‘%%g atom -17 WO 03/029245
PCT/ US02/ 31bB3cliumrensviyenall gioss of allirngs ag caifioenThuss dedeigeincidamde to a

speci fical | gﬁg}q T : ( e I 1),
het er oc;q/@I ox)(dg. g.5 ag?/ﬁycl)ﬁﬁﬁgr?y}ﬁel)%%r% Xg'%lgtrg%ggr y %.S%t.gfegil?ﬁ@g@o(%%gﬁf\é unl ess
ot herw se spdésiifuen@alakyselavdiddadne thastescited aevrder ¢ysloalky emtlagy! groupncl ude

rings having O t gv 3, pr ef er abl r0- 5,, . Substi tuent rsel ected fromb5 those
recited above for'RRNGIEYR “URSARET kisusehareip S JRP O AR ShP= FRSAIRE
groups, as or group may be fully unsaturated or partially unsaturated.
Throughout the specification, groups and substituents thereof may be chosen
15 by one skilled in the field to provide stable moieties and compounds and compounds
useful as pharmaceutically-acceptable compounds and/or intermediate compounds
useful in making pharmaceutically-acceptable compounds. For example, in
compounds of formula (I), below, the groups J, M, and T are selected so that no two
adjacent members of the ring A (defined by J, M and T) are simultaneously selected
20  from S and O. As a further example, J is defined as being selected from groups
including heteroalkylene optionally substituted by Rg. One skilled in the field may

make the appropriate selections for Rg as substituents for the heteroalkylene to

provide stable compounds.

According to the foregoing definitions, the instant invention provides

25  compounds having the formula (Ia) or (Ib):

Ryc Ryc
WIS OWER
R4, = N//gQ /Mz Ry, Z N A MI\G/A"
K)\N\ T _Ar K)\N\ T
R, G (Ia) or Ry (Ib)
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appropriate. The term "heteroatons” shall include oxygen, sulfur and
nitrogen. The term "carbocyclic" neans a saturated or unsaturated
nonocycl i woas/o2egyclic ring in which all atons of all ri mrgg/@soe3rasbon.
Thus, the termincludes 10 cycl oal kyl and aryl rings. The carbocyclic ring
may be substituted in which case the substituents are selected fromthose

recited aboWheresy the gequpa Mty F. larls Zrk Myr b R2\Bverind Re.. g an definedit ur at ed”
is used herein.t j { y be fully
unsat ar at ed geins 81 B B0 B SRR M BINGAE of Bl REURRY % o oups
and substi t irehidsng, hétheod limigationgthe Hold@ning $Hechiyc exaenpidsi | 1 ed in the field to
provi de stable noieties and conpounds and conpounds useful as
pharmaceutical | y-accept abl e conpounds and/ or internedi ate conpounds useful
i n maki ng pharmaceuti cal | y-acceptabl e conpounds. For exanple, in conpounds
of fornmula (1), below, the groups J, M and T are selected so _that no two
adj acent nenb of the rin defined by-./J, and T) are 'ﬁultaneously
sel ected 20 fPo and O AsZa Marther exanple; is defin&d as™bei ng

sel ected fromgroups including heteroal kyl ene optionally substituted by
R9. One skilled in the field may nmake the appropriate selections for RO as
substituents for the heteroal kyl ene to provide stable conpounds. According

to the foregoing definitions, the instant inventg ]provides()z pounds
havi ng the fornulacéhi? or Jb): Eg) Ric Z L A~/ M,ArNR4a N 2 Rda
NA I "GKN T/ =2Ar KN TZ R22G (la) or R (Tb) -18 03/ 029245

PCT/ US02/ 31283~ rein thaéﬁﬂ&gps Ar, G, KWz, TI, M, T2,>MW2, R2, Rda,
and Roc,5are as defined’ herein, and the grfoup J nmay be sel’ected from

al kyl ene or heteroal kyl ene groups, including, without limtation, the
foll owi ng specific exanples:

EtO,C HO,C

/\5@ {;}_@ R _{i}\/coza

g/ﬁ\ﬁxﬂw 0 , g/h\?g:;jgj ’ ﬁ/N\T&N“ 0

(] \N

\_
VA

Z X
/g z
%N\
\/
Z
os)
z—’
bk\
Z
73
@]
o
\
@]
o=

10
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BUt 02C H3C OH HN HN CO02tBu ~--~ C02tBu CO2H H~NHCO2t Bu CO2H/ NH N/ N/ 2
/I~ N/ HNAONO 5 ,ar ~r -29 WD 03/029245 PCT/ US02/ 31283 M NH /- C02t Bu
_ ~OBu weNoz@uBu ,,-NO ,--N/ \\O andl aW The conpourrdg/wso2Bssrul a (1)
can formsalts which are also within the scope 5 of this invention. Unless
ot herw se indicated, reference to an inventive conpound is wunderstood to

i nclude reference to salt&» hereof. The term "galt(s)" denotes aciHi c

and/ or basic salQs Yo vml\}h |norg|c of Qr gani c agj ds Yvases. In
addi ti on, thetm Al t () may i ncl /tte¥Tons (inne 1th) Ne.g.,
when a conpoupd™8f fornula (1) co ms bothabasmrm y, Such:as an
am ne or a pyfidi'fhe or imdazole ring, and an aci dief noisty, su as a

carboxylic acid. Pharnaceutically acceptable (i.e., non-toxic,

physi ol ogically acceptable) salts are preferred, such as, for exanple,
acceptable nmetal and amne salts in which the cation does not contribute
significantly to the toxicity or biological activity of the salt. However,

other salts nay be useful, e.g., in isolation or purification steps whi ch
may be enpl oyed during preparation, and 15 thus, are contenpl ate hi n
t he scope of the invention. Salts of t he orrpounds of the forrru
be formed, for earrp[g reacting 0\ el of the formg a 1) han
anmount of a 0 \ sush as an e S pynt, in a such as
G 4.9 g as, an e ot e
AN A

CO,Et

0 = »—NH Y-NH
N
_~N
&;A\?ﬁi:j/ O HH o yﬁ/r—?&v
CO.H CO,CH
{\NYNH /\N>—N£I__/_
o W

N
CO,H SCH,5
0 HON Sy cH,
vy Vel o3
N =54 ; “CH,
\Hf / N
N}w >
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one in which the salt precipitates or in an aqueous nedi um foll owed by

| yophi l i zati on. Exenplary acid addition salts include acetates (such as

t hose forwed3we42hs 20 acetic acid or trihal oacetic acid, f@eCTaxanpi2es;
trifluoroacetic acid), adipates, alginates, ascorbates, aspartates,
benzoat es, benzenesul fonates, bisulfates, borates, butyrates, citrates,
canphor at es, canphorsul fonates, cyclg anent@pi onat es, di gl uconates,
dodecyl sul f at es, et ha Hl f onat es, ~fOQarat es, ¢ ucgﬁept anoat es,

gl ycer ophosphat e?,, /hemul f at oheptanoat es, hexanoates/~hydrochl ori des
(formed with hyg oghl oric 25 acgid), hydrobro 'desN(fdﬁrre hydr ogen
brom de), hyédrol pdi des, 2- Qﬁ? et hanesul f oriat es)... act at’es, fEeRRat es
(formed with mal eic acid), t hanesul fonates (formed with methanesul fonic
acid), 2-naphthal enesul fonates, nicotinates, nitrates, oxal ates,

pecti nates, persulfates, 3-phenyl propionates, phosphates, picrates,

pi val ates, propionates, salicylates, suyccinates, sulfates (such agg s 30 WO
03/ 029245 PCT/ US02/ 31@ t hose for w@ﬂhcezwd uric acid), ul ates
(such as those nenti ghed herei n)H ates, thiocyanates, N

t ol uenesul fona;;feg Su as tos s,\undecanoat es, algzgl\ e \i ke. Exenpl ary
basic salts incl ul\gﬁmaﬂ‘rmni um al tﬁwzﬂ kali netal salt's syekh~as sodium
lithium and potassiumsalts; alkaline earth netal salts such as cal ¢i um
and 5 magnesiumsalts; barium zinc, and alum numsalts; salts with
organi ¢ bases (for exd | e, organic am nes) such as trial kyl am nes such as
triethylam ne, procafng, Mgy benzyl ani ne, IN-A&nzyl - ( 3- phenetfyyl am ne,

1- ephenam ne, N, M—i benzyl et hyl Sﬁn/e\- Mm . dehydroabi | &mi ne,

N- et hyl pi per Pdi T nzyl am ne, d#Fcy®l ghexyl anine o i‘k_m aar

phar maceuti cal | y™accept abl e am nes and salts with am no“aci ds such as 10
arginine, lysine and the |ike. Basic nitrogen-containing groups nay be
gquaterni zed w th agents such as |ower alkyl halides (e.g., nethyl, ethyl,
propyl, and butyl chigrides, broni deM@and iodi des), dialkyl sulfates
(e.g., dinethyl, d%g_t\{ggl\{e di butyl, and MNiManyl sulfates), long chain

hal i des (e.g., syl Nl auryl, nmygisiyl Nand stearyl chlorides, bromdes and
i odi des), ar alfg?lﬁ'di Pdes (e.g., beneyt "and phenethyl bromdes), and 15
others. Preferred salts include nonohydrochl ori de, hydrogensul fate,

met hanesul f onate, phosphate or nitrate salts. Prodrugs and sol vates of the
i nventive conpounds are al so contenpl ated. The

H  co,B
q H CoH N0 Bu
_/OH N—/
N A~
/\j& /‘T& %N %
¥ N YN OB A
o O >
SCH;
ButO,C H;C
OH
HN HN HN
/—< CO,tBu % CO-tBu /‘ﬁ COH
NHCO,tBu
H 2 CO,H NH
H 2 H 2
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term "prodrug" denotes a conmpound which, upon adm nistration to a subject,
under goes chem cal conversion by nmetabolic or chem cal processes to yield a
20 conpouwo osfo2ezhe formula (1), and/or a salt and/or sol vaca/usesess. For
exanpl e, conpounds contai ning a carboxy group can form physiol ogically
hydrol yzabl e esters which serve as prodrugs b bei ng hydrolyzed in the

body to yield formula (1) onpounds per se. éﬁgdrugs are preferably
adm nistered orally lyﬁ?@n lysis in nany 8s occurs principally

under the influence the digestive enzynes Parenteral admi ni stration
may be used wh the ester per se is a t (tBihose instances where
hydr ol ysi s oggurs\i n-the bl ood Exanphfg\ S|0Iog|cally hydr ol yzabl e
esters of conpoun of fornulﬁ‘{l) i nclud 1 _6al kyl benzyl., 4-

met hoxybenzyl , indanyl, phthalyl, nmethoxynethyl, CI. 6a|kanoy|oxy-C1_6aIkyI,
e.g. acetoxynethyl, pivaloyloxynethyl or propionyloxynethyl,
Cl_6al koxycar bonyl oxy- 30 Cl1 6a|ky| e. g. nethoxycarbonyl - oxynet hyl or

(5- ot iyl - 2- o ASaBaNERL FT (e eSS0 oY sAp e Japah SE2899¢ ot hy

and ot heg wgf ihﬁ‘lﬂ@(‘!ﬁ’hoﬁhlﬁﬁ!egg QL GAd MdiXEd, %:ﬁé?éi‘i@é fo zﬁ*?ﬁﬁérﬁw‘é%%gy ol isexampl e,
in the penicillin and cephal osporin arts. Such esters may be prepared by

convent i onalmdetrﬂctbquu@sd«wmnqeno sélts thereof. Cbmmmridait(sl’ dehetes anidml a (1) and
salts thereof iLr. taut.one

oo are ¢ iR R el M ipd BoP TR orstut A T el e RO oo

bonds bet wegid ttaﬂme“@lt@rjr&lagflném@e IWikeHoHsQEnneF Sl eIeauRMtd donfRand anged. |t
shoul d be understood that the all tautoneric forns, insofar as they nay

exist, are farmuladbepniginnhaih obasic mady.isypn ARG 9&R PyTiding 9B HRidgzole
COWOU”‘?& ”Pﬁ{ hay&nt aEi?ibeméi% 1? as'asc%%r §/11998 rﬁz\énﬁﬁ’é%‘hﬁ&al}ygé&@ Sp%bl@‘“e

chiral centere, "therefore 6 in 10 enan ioneric an tereoneric
forns. The '(mav,ermmtoncj plqbiuﬂ@scaﬁbzlacéﬂpdbld)sﬂ[mrrspreéﬁredwaldh asforexdnples of cis
and trans isoner xtures of di ast m Xt ur es of

rs. and racem c,
enant i oner saqcemaﬁ@ametﬁ SPfepune s ﬁgﬁgﬁé tiop dogsRfticgpiribyte iGNty he

confi gurati Qnt ed:§eityt Jrfif'&o?&aﬁcﬁ(uty%f @k s@t FRIRIENAHePEalRImA b ARKITRL I C
carbon), then any dne of The isoners or a m xture of nore than one isomer

i s intendede-gTheisehtipn ocwsfwnf)mstepsr whigh amdydie eseployedaluriag enepassgion, and

enant | Oer Sth%rs a% ggr%teerglp Witk thsets%(r>;t>e SHhe invention. Salts of the compounds of

the formula (I) may be formed, for example, by reacting a compound of the formula
(I) with an amount of acid or base, such as an equivalent amount, in a medium such as

one in which the salt precipitates or in an aqueous medium followed by lyophilization.

Exemplary acid addition salts include acetates (such as those formed with

20  acetic acid or trihaloacetic acid, for example, trifluoroacetic acid), adipates, alginates,
ascorbates, aspartates, benzoates, benzenesulfonates, bisulfates, borates, butyrates,
citrates, camphorates, camphorsulfonates, cyclopentanepropionates, digluconates,
dodecylsulfates, ethanesulfonates, fumarates, glucoheptanoates, glycerophosphates,
hemisulfates, heptanoates, hexanoates, hydrochlorides (formed with hydrochloric

25 acid), hydrobromides (formed with hydrogen bromide), hydroiodides, 2-
hydroxyethanesulfonates, lactates, maleates (formed with maleic acid),
methanesulfonates (formed with methanesulfonic acid), 2-naphthalenesulfonates,
nicotinates, nitrates, oxalates, pectinates, persulfates, 3-phenylpropionates,

phosphates, picrates, pivalates, propionates, salicylates, succinates, sulfates (such as

-30-



materials. When enantioneric or diastereoneric products are prepared, they
can be separated by conventional nethods for exanple, chromatographic or
fracti onawo snyxusl | i zati on. The inventive conpounds may PETIUSO/BERSS ree or
hydrate form Conpounds of the Formula (1) may also have prodrug forns. Any
corrpound 20 that will be converted in vivo to provide the bioactive agent
(i.e., the Hwspiumgd mdth sulfrieasid), sylfonates (Hichds tpsamentipneddierd®ope and

spirit of t Qﬁtr %é ARatey/3S1h ulff&{ W% Qéh R tgg}rl&g%g%&) Yl\%ietés 5&9}{\{? %gbt iy

art. For exarrp es 0 uch” pr rug erlvatlves drugs,

edited by H Bungggﬁpﬂgfﬁgc&ggé 1n|21ud%‘\?18 omu sal 5al|¥§1t€ egeﬁ ssug%érml o9y,

Vol . 42, pp. 309 1985) ;

b) A Text boekdigh, lidhtign,[2as8 pgmsam sales/alk@nﬂ@eanh ekl ets b.ychlérsasgam find Larsen
and H Bundgaard, Chapter 5, " Des@égn and Appllcatlon of Prodrugs," by H
Bundgaard, FPEnepLED 14 ; partygn.zinca gad glgmanunpsalts; salg sarhoremic haseeffobr ug

ner i by 1 Ve YBiie InB s SRSl BB tBF Ay Bl e el L e “be

under st ood titahzygahinal ¥deheyl $-phdnydiyRinesg, 1adphtieniae PN HiitenoflctholkentH a (I)
are also with the scope of the present invention. Mthods of solvation are
general |y kABHEANG, dek Oaéhlfttylasnrm drethylpipending angylammce fisyelolexybpisaRtls ar e

those havi ngin{lf%f BHArﬁlagé&tmall)RaA'cceEtable attned-and Yaid Wiih Ritho™ AAds shchi§ N R2 (1)

10  arginine, lysine and the like. Basic nitrogen-containing groups may be quaternized
with agents such as lower alkyl halides (e.g., methyl, ethyl, propyl, and butyl
chlorides, bromides and iodides), dialkyl sulfates (e.g., dimethyl, diethyl, dibutyl, and
diamyl! sulfates), long chain halides (e.g., decyl, lauryl, myristyl and stearyl chlorides,
bromides and iodides), aralkyl halides (e.g., benzyl and phenethyl bromides), and

15  others. Preferred salts include monohydrochloride, hydrogensulfate,

methanesulfonate, phosphate or nitrate salts.

Prodrugs and solvates of the inventive compounds are also contemplated. The
term "prodrug" denotes a compound which, upon administration to a subject,
undergoes chemical conversion by metabolic or chemical processes to yield a

20  compound of the formula (I), and/or a salt and/or solvate thereof. For example,
compounds containing a carboxy group can form physiologically hydrolyzable esters
which serve as prodrugs by being hydrolyzed in the body to yield formula (I)
compounds per se. Such prodrugs are preferably administered orally since hydrolysis
in many instances occurs principally under the influence of the digestive enzymes.

25  Parenteral administration may be used where the ester per se is active, or in those
instances where hydrolysis occurs in the blood. Examples of physiologically

hydrolyzable esters of compounds of formula (I) include C, (alkylbenzyl, 4-

methoxybenzyl, indanyl, phthalyl, methoxymethyl, C, (alkanoyloxy-C, calkyl, e.g.

acetoxymethyl, pivaloyloxymethyl or propionyloxymethyl, C, (alkoxycarbonyloxy-
30  C, ¢alkyl, e.g. methoxycarbonyl-oxymethyl or ethoxycarbonyloxymethyl,

glycyloxymethyl, phenylglycyloxymethyl, (5-methyl-2-oxo-1,3-dioxolen-4-yl)-
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10 including enantioners, diastereoners, and pharmaceutically-acceptable
salts, hydrates, solvates, and prodrugs thereof, in which: L and K, taken
i ndependewDlog/02eae O or S; Z is N or CR4b; Gis a bond; RUN)us02/Arss s
directly attached to T or Mand is 15 Rra Jis -0-, -S-, -NH, -S(=0)-
-S2-, -NHS2-, a C1_3 al kK' ene optlonall substltuted W|th one to two R9,
or a C2 _3al E@H}YII anoler well kngyet physigl ‘R%}F%Wélytgﬁilﬂﬂ%q gs{ers sgHsior examRieni t h one

W50 W s T R Pt beph BoBLAERER R ol WiR:Sby Lonihartoc o

and M are mehmquwmmr'm{warand -CH, and T2 and M2 are selected from-0-,
-5-, -NH, -S(=0-, -S2-, -NHS®2-, -C(=0- and -CH2-; provided that J, M
and T are sel ect e:dntpolndﬁfdfmlee t@rﬁ@lur(l)ta@dsau@ tﬁaﬁbemeydes@ttmrtmﬁdu@mer@art i al | y
unsat urated cycl oal k or heterocyclo ri naéhaw ng fromlto 2 -33 WO

03/ 029245 P&’rmsnvzh@?i%@mgﬁ%ﬁt@%&feowsm 9 AthgoPartsef ks melsarlenardheat oms

of said het I I S-; Ra

and R b ar cCiaen sonld A elfine SO rRERIRLNICE SRl HupilFeain@d T

al koxy, hakloalklyd yndeadtaml thathie alt yaronerivi forrms, insﬁmlﬁs the@(ﬂ@é:tlst @Zal kyI , b5
=0) al kyl r CO2H, alk S | kyl ;

(CJ:E f%om ghe f(degé‘ﬁ@fl theé’l‘]"&‘ﬁ}?‘bﬁﬂ%%%ﬁl%%’( “VSHB Rey 31*“’6 ”\%% n each

group Ria apd i&nkr &&Mé{'cérﬁmﬁ%ﬁé Qﬁﬁ‘lb}é’clﬁﬂelp@én'térk'ttﬁéieﬁ)fre A¥ingayai | abI e
carbon or nitrogen atomwith one to two of 4al kyl', hal ogen, hydroxy,

al koxy, l(hal g@anklymerlhamcbénaktgwymeuyﬁnms e maentm@dnﬂudeS@éls@l;lmlsom:ecs, a&al kyl ,
and/ or -

each ot her S)P ﬁ&%ﬁ“ ﬁuﬁes X %235?2%"8%/%8%%& {‘W“ﬁrei gdfagt%fems aqddg(gfﬁygrenz\(l)m '; ihng;
R2 is sel echfgtufel @ﬂbﬂf@h@lbﬁﬁmop@daﬂsbmeﬁs\) bwhed b eskcatidvbatidaRd AadBLRB1 3,
Q=0 Ri2, configuration (cis, trans or R or S) of a compound (or of an asymmetric carbon), then
any one of the isomers or a mixture of more than one isomer is intended. The
15  processes for preparation can use racemates, enantiomers or diastereomers as starting
materials. When enantiomeric or diastereomeric products are prepared, they can be
separated by conventional methods for example, chromatographic or fractional

crystallization. The inventive compounds may be in the free or hydrate form.

Compounds of the Formula (I) may also have prodrug forms. Any compound
20  that will be converted in vivo to provide the bioactive agent (i.e., the compound for

formula I) is a prodrug within the scope and spirit of the invention.

Various forms of prodrugs are well known in the art. For examples of such

prodrug derivatives, see:

a) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and
25  Methods in Enzymology, Vol. 42, pp. 309-396, edited by K. Widder, et al.
(Acamedic Press, 1985);

b) A Textbook of Drug Design and Development, edited by Krosgaard-
Larsen and H. Bundgaard, Chapter 5, “Design and Application of Prodrugs,” by H.
Bundgaard, pp. 113-191 (1991); and

30 c) H. Bundgaard, Advanced Drug Delivery Reviews, Vol. §, pp. 1-38

(1992), each of which is incorporated herein by reference.
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C02R12, C(=0O) NR12R13, NR12C(=0) R13, NR12C(=0) OR13, SR12, S(0)pR1l3a,
NR12SC2R13a, SO02NR12R13, cycl oal kyl, heterocycle, aryl, and heteroaryl; 15
Rda and Rao mamneo2asl ogen, al kyl, cyano, hal oal kyl, hal oal kaxyr/usoz/3nssro; R4b
i s hydrogen, hal ogen, aIkyI substituted aIkyI, nitro, cyano, hydroxy,

al koxy, hal oal kox henyl ox =0 H, NH(al kyl N(al kyl) 2
coal Kyl e O) leg flg]t}%%y Pe >|lf}p<‘(1)erstqui\ t-b@ Nll(w @(ljg'p‘tatgs) )of the(compouxzds

- (=0 NH( CHgkﬁet eréa%ai(we)al r@l'ﬂg&e pﬁ}eq{f% senpfnvpﬁﬁcﬁlr Wﬁd(ﬁ of %t% n each

of the aryl het'er ocycl e groups are optionall

substi t ut edawgehemneknmm uwathetrthal ogen, G _  4al kyl, Owe, CF3, CN, OCF3,
C2H, -C(=OH, CQal kyl, and/or C(=Oalkyl; RO is -Al-QAZ-RlG; Al is a
bond, Cl_2al kyl ene, or C2_3al kenylene; Qis a bond, -CX:C»-, -C(=O NR17-,
-C(=S)NR1L7-, -S2-, -SO02NR17-, -C2-, or_ - 25 NRL7C2-; A2 is a bond,

G _3al kylene, C2_3al kenyl ene, - CErefenred Compoundy. .G " 4al kyl ene- NR
17¢(=0-, -C 1.4 or -C 1. 4al kyl ene-0O,

wherei n said A2 g{§¥#§2§ PB@%?“%F@g Eéhc%ﬁﬁﬁﬁglg%ralght chai n and

optionally substltuted with a group selected from-C>2H, -CO2(Cl_4alkyl),

-S(C1_4al kyl), 30 NH2, -NH(CL. 4al or -N(C 1 -4alkyl)2; -34 WO

03/ 029245 PCT/ US02/ 31283 R12 and 3 (| ) are sel ected independently of
each ot her from hydrogen, al kyI sti t d al kyl, cycl oal kyl, aryl,

het eroaryl, and heterocycl o; Mog trher forma het er oaryl or
het erocycl o; R13a is al kyl, stl t ut d G cycl oal kyl, aryl,

heteroaryl, or heterocyclo; 5 R16 i sxSeNect d from(i) hydrogen or a
Cl_8al kyl or C2_8al kenyl optionally subsﬁatuted W#th up to three of OR23,
SR23, -C02R23, -S02(al kyl), and/or NR23aR23b ron1(||) phenyl ,
napthyl, five to ten nenbered nonocyclic or blcycllc het er oaryl , four to
el even nenbered nonocyclic or bicgyclic heterocyclo, and three to _nine

menber ed® nonocyc}fichld&rg PHBYR/NETE, Qemre%mkrw and pharreacsuiacedly-aseepable sallg: R16

cyclic group drl‘lggs tHf telssangq)trbdw ¥ G§Fq§wh§ ted with up to three R18; R17
is selected Trom’hydrogen, Ii( substituted | ower alkyl;

L and K, taken independently, are O or S;
Z is N or CRyy;

G is a bond;

R
\/( 1b)n
Ar is directly attached to T or M and is \ yZ R,
1a

Jis -O-, -S-, -NH-, -S(=0)-, -SO;-, -NHSO»-, a C, 3 alkylene optionally substituted

15

with one to two Rg or a Cj.zalkenylene or Cj_sheteroalkylene optionally

substituted with one to two Rg;
T is T| when Ar is attached to T and T, when Ar is attached to M;
20 M is M, when Ar is attached to M and M, when Ar is attached to T;

T, and M, are selected from —N- and —CH-, and T, and M, are selected from —O-, -S-,
-NH-, -S(=0)-, -SO;-, -NHSO,-, -C(=0)- and -CH;-;

provided that J, M, and T are selected to define a four to six membered saturated or

partially unsaturated cycloalkyl or heterocyclo ring having from 1 to 2
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R18 is selected from-(CH2)ghal ogen, -(CH2)gnitro, -(CH2)gcyano,

- (CH2) ghal oal kyl , - (CH2) ghal oal koxy, -(CH2)gSR24, C3. 7cycl oal kyl, -S02R24,
-OR24, - (WOHBq@R@RR24, - (CH2) gNR24R25, - (CH2) gNHCO2R24, - @CIMSmiiBR8PR24,
15 C(=0) (CH2) gNR24R25, -Q(CH2), NR24R25, -C(=O) R24, -(CH2)gR24 and -C1

4al kyl or -C2_4al kenyl optionally substituted with CO2R24; R23, R23a, and
R23b are i ndependelstaaiomsseheseina thiosdiangr hetseoniemelofiaid hetermoyrle Eng ateect ed

from hydrogen, al EXJH&I{]Q&%Q’Y elecﬁgrrﬁ%‘?e% ?{‘gt §yc| oal kyl, five or six menbered

het eroaryl, and P vVen rrocyclo, in turn 20 optionally

substituted wit ne t.o.two h hydr tri uororreth I
trifluor ornetRﬁftﬂ{{;5 Lb@@éilfiepéﬁﬁ‘éiY&gF&%ﬁl fro@iha efeonXa g%’froxyllﬁl( amyno
and/ or am noCl 4%1'63{1'1(%{1 ﬂm@ylkdﬁp s, nwrcw c&z(a Ha@agslkyp a sul f onyl

group as in -S02R24 I s"not hy i's selecfed from
hydr ogenSand al kﬂ(*O)ﬂH@’l 21’5 @)NH(@Hz)rﬁOz& ( Q)Nﬁ(ﬁb}rc@;(alj(yi)sarﬁi 1, 2, 3, or

vmmands ot o2 Py of B MOt BT AR o RN o

preferably hal ogeuheretyédt.gré\d) Ralakdy Ry, indb@ab K?Mall?@ub%ﬂtdtém@ahy substi tut ed
phenyl or het eroaryl and Rib is absent or selected from hal ogen,
Cl_4al kyl, hydr 8% ab&qaéa@ymw&mg&p@gqm withiopa g of Cysalkyl, halogens, - copH,

-C(=OH, -C02alk 2):1..4 1 )

-C(=O NH(CH2) 1_ 4&%’ Y%l xy {)@r{l ?%F@WWRA%G %ﬁi rrg-g)j 0i n toget her
W th eaah ot her ﬁloza)lﬂtgl ﬂldtfomﬂ(—p()dlhyl bxoajerﬁwwel\mmmb@rdupsﬁ@n mgatHeused
benzo ring. In co ds.of for lg t)g ps Rda ocC are
preferably sel ectd ea‘i OER0R M| s g%b?rw F?do form ¢ Se‘lll PHRITIAR |
hal oal kyl, aryl oxy, and arylthio and nor e ref er abl R4a and Roc are
bot h chlof i Re! Wecissrsa st sshaptetgiyd K O MR R s CrdRen abl y a

bond; - the gr oups do,R1E Ko, RI:SAR! RRLS )RR NCEOIO,| SRATRE3IARLY CH
NR2SOzR 134, SO2NR 2R3, cycloalkyl, heterocycle, aryl, and heteroaryl;
15 Ry, and Ry are halogen, alkyl, cyano, haloalkyl, haloalkoxy, or nitro;

Ryp 1s hydrogen, halogen, alkyl, substituted alkyl, nitro, cyano, hydroxy, alkoxy,
haloalkoxy, phenyloxy, -CO,H, -C(=O)H, NH(alkyl), N(alkyl),, COalkyl,
C(=0)alkyl, alkylthio, -C(=O)NH(CH,),CO;H, -C(=0)NH(CH,)CO,(alkyl),
aryl, heteroaryl, or heterocycle, wherein each of the aryl, heteroaryl, and
20 heterocycle groups are optionally substituted with one to two of halogen, C;.

salkyl, OMe, CF3, CN, OCF;, CO,H, -C(=0)H, COsalkyl, and/or C(=O)alkyl;
Ro is -A-Q-Az-Ry¢;
A is a bond, C,alkylene, or C, 3alkenylene;

Q isa bond, -C(ZO)-, -C(=O)NR17-, -C(=S)NR17-, -SOQ-, -SOzNRn—, -—COz-, or —
25 NR7CO2-;

A, is a bond, Cj.zalkylene, C,.3alkenylene, -C;_salkylene-NR -, -C,.salkylene-
NR7C(=0)-, -C,.salkylene-S-, -C.jalkylene-SO,-, or -Cj_salkylene-O-,
wherein said A; alkylene groups are branched or straight chain and optionally
substituted with a group selected from -CO,H, -CO,(C,.salkyl), -S(C;.4alkyl),

30 NH,, -NH(C,.salkyl), or -N(C_salkyl),;
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15 I'n compounds of fornula (1), the group T is preferably Tl and is CH M

is preferably M and is CH2, and J is preferably an optionally-substituted
Clhet er oaWkyisene2450 that A is a five-nmenbered ring, nore pcafesoabizg3] is a
group - CH2-NR9-. 20 In conpounds of formula (1), the group R2 is

preferably O)Iovver al k% or Cl1_6al kyl Etlonally substituted with CO2H
or C02(al kyRyz ansidrie (ipprsse %@P@Qe@nﬂ}’r@f otles fianshy dspgenetlkdd ar e

N i e

salts, hydrates, t@ﬁdxepfo@ﬁhrajmerbmr@dfe,terocfyclmhl ch: 5 L and K, taken
i ndependently, are O or S§; Jis -0-, -S, -NH, -S(=0-, -SQ2-, -NHSQ2-, an

optionally nggsstam;utseﬁstﬁ&ceaahdyyIc@@l@alkyﬁ@rﬂmdt&a ?ri Yr ﬁ@tb@t;yéwt ed C2_3
al kenyl ene, or an optionally-substituted Cl 2heferoal kylene; T1 is -N or

(CH s 105 @, is hakiaggm 0490 fge%r@mmaﬁldrt}mé&ﬂ bGP RESYkurd

het er oaryl ; I's selecté rom hal ogen, hydf oxy, al koxy,
hal oal kyl, hal oaIWktdlxw to tloyanidOR mi, SR, -CQBRK,- SO@@&@)F@MJ@J‘Q&isJ&m or

%?ﬁﬂﬁéﬁil’ - on TG ShaEman ik 5 R e Rbfabr o by "

optionally subst héfoRell Wolifto@nSred PcnfbetdPomehocdlidad Bivfclic hdleR@§Blo, Madr oxy,
al koxy, hal oal kyl, hal oal kox%/ cyano, nitro, -CO2H, -C(=OH, - C02al kyl ,
and/ or -C(=0) al kghree to nine membered monocycllc or blcychc cycloalkyl wherein each of

10 said R cyclic groups in turn is optionally substituted with up to three Rys;
Ry71s selected from hydrogen, lower alkyl, and substituted lower alkyl;

R3 is selected from -(CH3)qhalogen, -(CHa)qnitro, -(CHz)qcyano, (CHz)qhaloalkyl -
(CHz)qhaloalkoxy, -(CH2)¢SR24, Cs.7cycloalkyl, -SO;R 24, -ORp4, -
(CH2)qCO2R 24, -(CH2)NR24R 25, -(CH2){NHCO2R 4, -C(=O)NH-SO2R 4, -

15 C(=0)(CH2)qNR24R 5, -O(CH2)NR24R25, -C(=O)R24, -(CH2)qR24 and -C;.
salkyl or -C,.4alkenyl optionally substituted with CO2R4;

R23, Ra3a, and Rysp are independentely selected from hydrogen and alkyl;

R.4 is selected from hydrogen, alkyl, phenyl, benzyl, C;.;cycloalkyl, five or six
membered heteroaryl, and four to seven membered heterocyclo, in turn
20 optionally substituted with one to two C,4alkyl, halogen, hydroxy,
trifluoromethyl, trifluoromethoxy, -CO,H, CO,C,.4alkyl, C,_salkoxy, -S(C,.
salkyl), amino, and/or aminoC,.salkyl, provided that when Ro4 is attached to a

sulfonyl group as in -SO2R24, then Ry4is not hydrogen;
Rys is selected from hydrogen and alkyl; and
25 nis0,1,or2;
pislor?2;
qis 0,1,2, 3, or 4; and

ris1,2,3,or4.
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R2 is selected from hydrogen, alkyl, substituted al kyl, O Cl_4al kyl),

am no, NH(Cl1_ 4alkyl), N(alkyl)2, C=OH C(=0alkyl, C02(alkyl),

SQ2al kyl ,wO33me9eat oal kyl , heterocycle, aryl, and heteroardrjusd®3fR4a and

Rdc are hal ogen, al kyl, cyano, trifluoronethyl, or nitro; and nisO, 1,or?2.

I n conpounds of formula (lc), as imediately def| ned above r‘r& % preferably
1b

Jis -CH2-, -CH2-CH(R9)-, or -CH2-N(R9)-, wherein: Q A2- R16;
-37 WO 03/ 029245 PCT/ US02/31283 Al is a bond, Cl1_ 2a| kyl or
C2_3al kenyl ene; is a bgnd or -

-C( = o2-
NRI7C02-; A2 is A& BYRRPY 351;;9“%@ b fhe@%@af}k@m%w@@ c1 4a| kyFene NR17-
- C1. 4al kyl e%‘eré\lﬁi’{ga%mg@)ferably%bgéﬁ lé%ﬁd]ﬁa@alkyr Gliodmbky | RRgHGERy, O

- Cl. 4al kyl ene- O erei n sai Kyl ene” groups are branched or
strai ght chanlstisiet! pEnyberdieteyoarylybad Rtbus abbeni artselgcigd digm bapgant €d4dlkydm

- CO2H, - C02(C1 4al (& NH? 4
“N(Cl_4al kyﬁ’ i %‘y‘i’gsy E%Pé eg"ﬁ %i%?gyc SYangy Gy %%(%P a@)é%l ?%@Fa“&é‘ -

C2_6al keBy| (ppO0a] I(=OWRBICTA) £TO,Hyiahly @@)N@I(Cmmtogdm@(c 1.4alkyl),
-C2H, -C02(C ].4alkyl), NH2, -NH(C 1 10 4alkyl), and/or N(C1 _4al kyl)2, or

from (b) f uv‘\éwwatIV¢lﬁdme:b gwpbmwn togsyhea ypiyaach piper o gne Ry miayigin,

pyridyl, py r I zolyl, imdazolyl, triazolyl,
tetrazol yl, E%‘%&/W& Rlber Lé,fﬂ%?rbreg%oslgﬁ? pyri dazi nyl , C3_7cyc| oal kyl ,

plpera2|nyl thlazolyl nDrphoIinyI 1,2,5, 6- tetrahydropyridyl
quinoxalinyl zothlazoly trlazoly odi oxa yI
benzooxadi azol yl ; ?“ EHTRONGE @Pé@’ P %t @Frgé?ﬂpall%qﬂﬂ e AHRTC eéﬁli’@’ %?t?ﬁcﬁ;ﬁﬁil inyl,

wher ei ngac o hzﬁ@%‘ﬂ megl b%n@l&tr%r UGk AR 1! SyRRY! Sladlrvhis Uhat i t ut ed
with up to three 17 i's’ sel ected Trom hydrogen; | ower al'kyl, and

substi t ut ed mqm\elrefqabdy,l Rs. RI@Risarg botbchbodiner om - C1_4al kyl , -S(C1_4al kyl),
C3_7cycl oal kyl, -S02(Cl1_4alkyl), -O(ClL_ 20 4al kyl), - 802 phenyl, hal ogen,
hydr oxy, nitro, cyano, -(CH2)qCO2H, - (CH2)gCRCL. 4al kyl, - (CH2) gNH2,
-Q(CH2) gC2H, - CH=CH CO2H, -CH=CH

In compounds of formula (I), the group G is preferably a bond; the groups L

and K are preferably oxygen; and Z is preferably CH.
15

In compounds of formula (I), the group T is preferably T; and is CH, M is
preferably M, and is CHj, and J is preferably an optionally-substituted

Ciheteroalkylene so that A is a five-membered ring, more preferably J is a group —

CH,-NRo- .
20
In compounds of formula (I), the group R; is preferably C(=O)lower alkyl or
Ci.salkyl optionally substituted with CO,H or CO,(alkyl), more preferably R, is
methyl.
25 Also preferred are compounds according to formula (Ic),
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C2(al kyl), -(CH2)gNH(al kyl), -(CH2)gNHCR2al kyl, -(C=0) NH SQal kyl , -

(CH2) gNH( benzyl ), -(CH2)gN(al kyl )2, -Q(CH2)rN(al kyl)2, -Cbenzyl, -

C( =0 ( CH2vONBID2924C( =O) ( CH2) gNH( al kyl ), -C(=0) ( CH2) gN( al kyIPa/US0251283

Q(CH2) rNH2, -Q(CH2) rNH(al kyl'), -Q(CH2)rN(al kyl)2, -C(=O pyridyl, --

(CH2) gphenyl, -(CH2)q pyridyl, -(CH2)gtriazolyl, -(CH2)gtetrazolyl,

(CH2) gi m dazol yl, -(CH2) gpyrazol Ve, - (CH2) gt hi am)rphol inyl, -

( CH2) gnor phol i nyI - (CH2) gt hi eny - (aH2) gpyr azi nyl, wherein each al kyl or
cyclic group of each R18 in tur optidnally substituted with one to two
Cl1_ 30 4al kyl, hal ogen, hydrgxy ~1riN ropet hyl, trifluoronethoxy, -CO2H,
CORCl_ A4al kyI Cl_4al koxy, - S( C1 441\ T1 ani (Fp)nand/ or ami noCl_4al kyl ;
38 WD 03/ 029245 PCT/ US02/ 31283 q is %3, or 4; and risl, 2, 3or4.
Further preferred are conpounds as |mre'%ﬁat defi ned above wherein RO is
5 -Cl_4al kyl ene-R16, -C(=O R16, or -C(=0) Cl. 4alfml qng- R16, nore preferably
-CH2R16, and R16 is as i mmedi ately defined above, nore preferably thienyl,
phenyl, or pyridyl, optionally substituted with one to two R18. Al so

preferred are co CLNJOT
YRb NR2 Ra ( 91‘3. @eﬁﬁgwceu?ét F %/][Eglé err'(“:‘)tlte%i gpirpq %s th?rreg’a and
prodrugs theh&nf, in V\/m ch J is -(CR9aR9b) x- or
-(CR9aR9b)y-NR90-(CR9aR9b)Z , Wherein xis 1, 2 or 3, yis 0, 1 or 15 2,

and z iss50, Lkn@K,2akeRfifdeheidnilade ® % z together are not greater than 2;

Jis -O-, -S-, -NH-, -S(=0)-, -SO,-, -NHSO,-, an optionally substituted C, zalkylene,
an optionally substituted C,.3 alkenylene, or an optionally-substituted C,.

sheteroalkylene;

T, is -N- or -CH-;

10 Ry, is halogen, cyano, or optionally-substituted phenyl or heteroaryl;

Rip is selected from halogen, C;.4alkyl, hydroxy, alkoxy, haloalkyl, haloalkoxy,
cyano, nitro, -CO,H, -C(=O)H, -COalkyl, -C(=0)alkyl, -C(=O)NH(CH,),.
4CO,H, and -C(=O)NH(CH;);.4COs(alkyl); or from phenyl, benzyl,
phenyloxy, benzyloxy, and heteroaryl in turn optionally substituted with one

15 to two of C,salkyl, halogen, hydroxy, alkoxy, haloalkyl, haloalkoxy, cyano,
nitro, -CO,H, -C(=0)H, -CO»alkyl, and/or -C(=O)alkyl;

R, is selected from hydrogen, alkyl, substituted alkyl, O(C,_salkyl), amino, NH(C,.
salkyl), N(alkyl),, C(=O)H, C(=0)alkyl, COy(alkyl), SOsalkyl Cs¢cycloalkyl,
heterocycle, aryl, and heteroaryl;

20  Rs, and Ryc are halogen, alkyl, cyano, trifluoromethyl, or nitro; and

nis O, 1, or 2.

In compounds of formula (Ic), as immediately defined above, more preferably

J is -CH;-, -CH»-CH(Ry)-, or -CH3-N(Ry)-, wherein:

25 Ry is -[\1—(2—/\2—1116;
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Tl is-N or -CH; R a is halogen, cyano, nitro, trifluoronethyl, OCF3,

het erocycl o, or heteroaryl; R b is hydrogen, hal ogen, Cl1 4al kyl, cyano,
nitro, -OCUPHB3/022450) H, -C02al kyl, or - C(=0al kyl; 20 R2 ireTasoz6t28sl from
hydrogen, Cl1_4al kyl, am no, NH(Cl_4al kyl), N(al kyl)2, C(=O H,

C(=0) Cl1_4al kyl., C02(C1.4al kyl), S02C1. 4al kyl, C3_6cycl oal kyl, heterocycle,
aryl, and hét & Haendh E'-@ﬂlk@nellall@wan%eﬂb@fl??t uted with one to three of amino,

NH( C1. 4al kyl ), N(al kyl) 2, =Q H, C(=0Q)Cl_4al kyl, CO2H, C02(Cl-4al kyl),
S2C1_4al kyR is 8depd. Ddr,%a&wizr, =9 WO @B/ ¥29¥B5ORET/ US02/ 31283 R9a
and ROb at each occurrence are independently sel ected from hydrogen,

hal ogen, ClA4a &kiyind, Cubrdkyilengt Eolsadkdoylene hirdnakyleneaNRoxy-Cihakypahdey|

"2 N ) 1 2SOl ey ey e B AT GO and Reb
t oget her s f or m kekdeferifdaid A, Ei%?lehé gERip§ Gle@flardchedMb Nyt i &Y @Rain Grd Bptidnally
substituted al kyl, hydroxy, alkoxy, hal oal _IE/ hal oal ko%ésso R16,

|,
C(=O) R16, S02NRI16¥bstitutedypih 8 groupseley kim0 o€ =tk (Ci.salkyl),
=O) NH(CH2) 1_4 , =0 2) 14 | kyl), henyl, C3_7cycl oal kyl ,
(=0 NH(CH2) 1_4CgH Ng@ﬁéws%_pﬁ%ga yl), pheny _rcycl oal ky

and five to six nmerber ‘oary terocycl o; and 10 R16 and R17 are
sel ected frgm.hydr I r. al kyl ubstituyted, al kyl ,. en . C3

eyol oal kyl Rigir saeq b GRuTast e CraRr Crnydn SrteRlaibuige
heterocycl o, or Riith&nk & tvoffBAPEICL.aRyY)! -CO,Hete,L@alkyl)] NHE, UNBM@©pt i onal |y
substituted wwth one to two of Cl_4al kyl, hal ogen, nitro, cyano, amno, Cl _

4ani noalkyl , C 1sakH).ead/RYN(Cmpbiybxyor fom (W) duiapyly indolybrarbazalgR(al kyl ), 15
=OH, -C(=0 al -C(= ) . | i to six
Er:(errb)er ed ﬁ(et ez oa%llla,zo%ﬁéy r(%lg%zégthlgl%'gf(&h%&ﬁh%?l% ééri%éb%gﬁfé%/%?xatﬁ?l&g i ded t hat

when R16 is attadhddzdlg, aiagollyf, arydzoyt, plpn @ spipéridyBORRLEdidyh@yriRdfnyls not
hydr ogen; and gi%p, 1 0{ F._ 20 . , . )
s.scycloalkyl, piperazinyl, thiazolyl, morpholinyl, 1,2,5,6-tetrahydropyridyl,
quinoxalinyl, benzothiazolyl, benzotriazolyl, benzodioxanyl,
15 benzooxadiazolyl, thienopyrazolyl, tetrahydroquinolinyl, and quinolinyl,

wherein each of said cyclic Rj¢ groups in turn is optionally substituted with up

to three Ris;

R71s selected from hydrogen, lower alkyl, and substituted lower alkyl;

Ris is selected from -Cj_salkyl, -S(C,.salkyl), Cs.scycloalkyl, -SO,(C;4alkyl), -O(C;.-

20 salkyl), -SO,-phenyl, halogen, hydroxy, nitro, cyano, -(CH;);CO,H, -
(CH2)qCO,C.salkyl, -(CH2)JNH;, -O(CH,){CO,H, -CH=CH-CO,H, -CH=CH-
COx(alkyl), -(CH;)qNH(alkyl), -(CH;)iNHCO»alkyl, -(C=0)NH-SO,alkyl, -
(CH,)¢{NH(benzyl), -(CH;)¢N(alkyl),, -O(CH)N(alkyl),, -Obenzyl, -
C(=0)(CHy)gNH,, -C(=0)(CH2){NH(alkyl), -C(=0)(CH2)qN(alkyl),, -

25 O(CH;),NH3, -O(CH,)NH(alkyl), -O(CH,),N(alkyl),, -C(=O)pyridyl, --
(CHz)qphenyl, -(CHz)q pyridyl, -(CHy)qtriazolyl, -(CHy)qtetrazolyl, -
(CH,)qimidazolyl, -(CH)qpyrazolyl, -(CHz)sthiamorpholinyl, -
(CHy)qmorpholinyl, -(CHz)qthienyl, -(CH;)qpyrazinyl, wherein each alkyl or
cyclic group of each Rjg in turn is optionally substituted with one to two C,.

30 salkyl, halogen, hydroxy, trifluoromethyl, trifluoromethoxy, -CO,H, CO,C,.
salkyl, Cj4alkoxy, -S(Cj.salkyl), amino, and/or aminoC, 4alkyl;
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I n conpounds of fornula (1d) as defined above, preferably y is 1 or 2 and z
is 0. Tl is preferably -CH, R2 is preferably hydrogen or Cl_4 al kyl, and
R9a and R®b @ames24pr ef erably hydrogen. 25 Al so preferred are€eTamopsizasls of
formula (1d), as defined above, where ROc is -Al-Q A2-R16, and Al, Q A2,
and R16 are as defined above for conpounds of formula (lc). Accor d| ng to
anot her aspect off i3, Z.iventiand, preferred conpounds are those 30 having
the formula (le), -40 WD 03/029245 PCT/US02/31283 C O RO C | N _N O-N,
XI (RRb)n R2 R Hsal,(ZI,é)or40r an enantioner, diastereoner, or salt thereof,
in which: R ais halogen, cyano, nitro, trifluoromethyl, OCF3, heteroaryl,
or heterocyclo; 5 Rib is hydrogen, hal ogen, Cl1 _4alkyl, cyano, nitro, -COQ2H,
-C(=OH, -002alkyl, or - C(=Oalkyl; R2 is hydrogen or ClL 4alkyl; RO is
sel ected from hyéﬁ@g@rpfef@iedtgalclsmbour@%als gﬁin&@meh dETHREQKYve @h&@mmg is

al kyl thio, hal oal kyl , hal oal koxy 6c ycl oal kyl, phen pyridyl,
pyri dazi hyl :CratkylepeiB, dpﬁw)Rxe,(@rQ&@ﬁim@kylene( &HZ)IISIQEIPFﬁﬁ@Zthyi—C{Iz Rys,

(G2 oo MmO 4 SO BRI T R8Py 1

- (CH2) spyr r eptydnally sgisHE)&l witdaaetg/two RCH2) Si soxazol yl, -( CHZ) sbenzof ur yI :

-(CGH2) Spyrazolyl, - C(=OH, -C(=0 (alkyl), -C(=0O Cl_i oaI kyl, -C(=0) phenyl,
-C(=O) pi peridyl, - 15 C(=O norpholinyl, -C(=0) C3_6cycl oal kyI
-C(=O)py_rroI|d|nyI, C(=0) qui nol yI , C( =0Q)i m dazol yl, -C( O)pyrazolyl,
-Q(=0 thiazolyl, a150{refhay hﬁ%ﬂiﬁoﬂb{(ﬁs’ aceSHam) B Y64 (1d),
-C(=0-1,2,5, 6- tetrahydropyrl dyl, -
10
Cl
cl N&7
O)\N\ Tl
R, _
Ria (14
and pharmaceutically-acceptable salts, hydrates, and prodrugs thereof, in
which
J is «(CRo,Rop)x- or -(CR9aRep)y-NRoc-(CRoaRop),-, wherein xis 1,2 or 3, yis 0, 1 or
15 2,and zis 0, 1 or 2, provided that y and z together are not greater than 2;

T; is—=N- or -CH-;

R1a 1s halogen, cyano, nitro, trifluoromethyl, OCF3, heterocyclo, or heteroaryl,;

Ripis hydrogen, halogen, C,.salkyl, cyano, nitro, -CO,H, -C(=0)H, -COsalkyl, or -
C(=0)alkyl;

20  Rjis selected from hydrogen, C,_4alkyl, amino, NH(C, 4alkyl), N(alkyl),, C(=O)H,
C(=0)C.4alkyl, CO,(C,.salkyl), SO,C).4alkyl Csecycloalkyl, heterocycle,
aryl, and heteroaryl, or C,.4alkyl substituted with one to three of amino,
NH(C.4alkyl), N(alkyl),, C(=O)H, C(=0)C,_salkyl, CO,H, CO,(C,4alkyl),
S0,C,_4alkyl, SO3H, and/or PO(OH),;
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O benzot hi azol yl, -C(=0) benzotriazolyl, -C(=0 benzodi oxanyl,

O) benzooxadi azolyl, -C(=0)1, 2, 3, 4-tetrahydroqui nolyl, 20

O t hi ewopgnares yl , - C(=0) (CH2)stetrazol yl, -C(=0) (CH2) Bayrusiyb1283
O (CH2) Sphenyl, -C(=0 (CH2)spyrrolidinyl, -C(=0 (CH2)spiperidyl,
O CH=CH( Egenyl‘g C( =0) CH=CH( pyri dyl) =0 CHZO( al kyl), -

O) CH2S( aReydnd, R &f cach oFpus(epge fraynde Pe“@?&@ stipa hwlrggen halogen,

0 ekt e St B EIB RS ROy S eny1
CH2) , SOZ(ﬁ! kyl l)n,tro— (@], G(E(O)Ihedéblzz)lk)l/l l@I(EI:O)‘deQlSl((X&@SOBN?I(EHlDG WUsS021 31283
A B Sl oo
C(=S) NH( phenyl), -(CH2)C(=O pyrrolidinyl, - &( —O) pi peridyl, -

( CH2) C( =0) pRpdp slpded fromchyzl(%ekﬁlyalkymzb%@ﬁ«}a yl, hyirpgpeatisapiy) halogkyl,

(1 & =0 i T S U g T BENG ey o

6cycl oal kyl ), (CKH)I@%@)ORNHC@@NHI(@HM GCHZHtC((@NTK@I’.\Im M(Dz@alﬁylb)
(CH2) t C(=O) NH( pi perazi nyl), O NH2 (CH2) t C(=0) NH(alkyl),
(CH2) t C(=0) N( al khhomyl, C3(7@’-‘Fi‘?2t”©(1~:@fll‘ﬁ("€1t° A Invars%eﬁmaryl Oibeterocyclo
(CH2)tC(=O N(C1_4@a] kyl) (thienyl), -(CH2)tC(=0O N(CL. 4al kyl) (thiazolyl), -
(CH2) t C( O)N(C 1. 4al kyl ) (benzyl ), or -(CH2)tC(=0) N(C 1.4al kyl ) C02(al kyl );
wh i I f i i
ther e nypach i oA USSR Py BRI L, 5

- Cl_4al kyI S( Chyéhalkyl, )ﬂve(stﬁ(my@hlﬁbad:d(l)Hteroa@QﬂV@lo dixlgthdered O C1_ 15
?&E)V'gémcfoiaf’Eﬁ%’oey%%%o?ey O RSN AR S e 8
Co2(al kyl ), - ( CHO M »Kbﬂ'l ))ne fo(t%%)f@’\l%%abgﬁﬁ en, nfn%‘Q}sz' RRR! &}’l
( CH2) qNH( benzyl) - (CH2) qN( al kyl) OCRDy r N(RL kyl) 2,7~ Chenzyl
C(=0) (CH2) gNH2, +aBfinQ@)IkBHL).ghealidyk Yy groxy (L =@KOCH2 L EMHaOAJIRYD), -20

ACR) N, - X RIS RS aliey, BEREDSRH gy, cHGARKN, Betto six

membered heteroaryl, and/or five to six membered heterocyclo, provided that

,-VQ,Q,Q,Q,Q,Q,Q,Q

when R ¢ is attached to a sulfonyl group as in -SO;R 6, then Rgis not

hydrogen; and
qis0,1or?2.
20

In compounds of formula (Id) as defined above, preferably yis 1 or 2 and z is
0. T, is preferably —CH-, R; is preferably hydrogen or C,.4 alkyl, and Ry, and Ry, are
preferably hydrogen.

25 Also preferred are compounds of formula (Id), as defined above, where Ry, is

-A1-Q-Ax-Ry6, and A} Q, Ay, and Ryg are as defined above for compounds of formula

(c).

According to another aspect of the invention, preferred compounds are those

30  having the formula (Ie),
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(CH2) gphenyl, -(CH2)q pyridyl, -(CH2)gtriazolyl, -(CH2)qtetrazolyl, -
(CH2) gi m dazol yl, -(CH2)gpyrazolyl, -(CH2)qthianorpholinyl, -

( CH2) gnorwbaBiozzhs - (CH2) qt hi enyl , - ( CH2) gpyr azi nyl , wher @cn/usazbi2as kyl or
cyclic group of each R18 in turn is optionally substituted with one to two
Cl_ 25 4al kyl, hal ogen, hydroxy, trifluoronethyl, trifluoromethoxy, -CO2H,
coz2C1_ 4a|ky| Cl. 4al koxy, -S(Cl.4al kyl), am no, and/or am noCl 4al kyl; n
is 0 1or 2, qis 0,1, 2, 3, or4; risl,2,3or4. 30sis 1, 2, 3 or 4
and tiso, I,or2. -42 WD 03/ 0292 PCT/ USO02/ 31283 Met hods of Preparation
The conpounds of the invention be(prepRs ed by the exenplary processes
described in the follow ng rea n hgqés A-K. Exenplary reagents and 5
procedures for these reacti Ols pedr inafter. Starting naterials are
comercially available or can be r r PR E! by one of ordinary skil
inthe art. For all of the scheméd, K, L, Ar, J, T, M Ri1,
R2, R3, R4a, Rob, and Roc, are as des | d-(herein for a conpound of
formula (1), unless otherw se indicated. G oupgy, dqﬁggnated generally as R,
R, X, and P as well as solvents, tenperatures, pressures, 10 starting

mat eri al s havi ng [ Ll on conditions, may be
readily selectedoggﬁg%ﬁﬁgkggdgmgﬁg%mr%g%?ﬁhng%ﬁéﬁ%ﬁll?ll inthe art. Schene
'ZA‘ 5422 Régofe\ 1348 Slgg?{l c§aé1o RIIIB, gﬁiuoi;@_rgf yl, El‘% heteroarylz,\or {wtyrco:c%c\loH AN

5  Rypis hydrogen, halogen, C,.salkyl, cyano, nitro, -CO,H, -C(=0)H, -CO»alkyl, or -
C(=0)alkyl;

R, is hydrogen or C,_salkyl;
Ry is selected from hydrogen, C;.jpalkyl, C,.jpalkenyl, hydroxy, alkoxy, alkylthio,
haloalkyl, haloalkoxy, phenyl, Cs¢cycloalkyl, phenyl, pyridyl, pyridazinyl,

10 pyrimidinyl, —(CH,),phenyl, —(CH)tetrazolyl, —~(CHa)spyridyl, -
(CHy)sthienyl, —(CHz)scarbazolyl, —(CH,)sindolyl, —(CH,)furyl, —
(CHa)squinolyl, ~(CH_)Cs.scycloalkyl, —(CH,)sthiazolyl, —(CH;)spyrrolyl, —
(CH3)simidazolyl, -(CH;)sisoxazolyl, —(CHj,)sbenzofuryl, —(CHz)spyrazolyl, -
C(=0)H, -C(=0)(alkyl), -C(=0)C.jpalkyl, -C(=O)phenyl, -C(=O)piperidyl, -

15 C(=O)morpholinyl, -C(=0)Cs.¢cycloalkyl, -C(=0)pyrrolidinyl, -
C(=0)quinolyl, -C(=0)imidazolyl, -C(=0)pyrazolyl, -C(=O)thiazolyl, -
C(=0)quinoxalinyl, -C(=O)pyridyl, -C(=0)-1,2,5,6-tetrahydropyridyl, -
C(=0)benzothiazolyl, -C(=O)benzotriazolyl, -C(=O)benzodioxanyl, -
C(=0)benzooxadiazolyl, -C(=0)1,2,3,4-tetrahydroquinolyl, -

20 C(=0)thienopyrazolyl, —C(=O)(CHa)stetrazolyl, -C(=O)(CHy)spyridyl, —
C(=0)(CH)sphenyl, —C(=0)(CH,);pyrrolidinyl, -C(=0)(CH,),piperidyl, —
C(=0)CH=CH(phenyl), —-C(=0)CH=CH(pyridyl), -C(=0)CH,O(alkyl), -
C(=0)CH;S(alkyl), -C(=O)CH,S(pyridyl), ~-C(=0)CH,SO»(alkyl), -
C(=0)CH,SOx(phenyl), —C(=0)CH,NH(phenyl), -C(=0)CH,NH(benzyl), —

25 C(=0)CH,NH(thiazolyl), —-C(=O)CH,;NHC(=0)pyridyl, -
C(=0)CH,NHC(=0O)phenyl, —(CH;)SO,(alkyl), -(CH,),SO,(phenyl), —
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2b: K=S 3b:K=S R4a 0 J -MGAr ZNN Rz Roc K(if): K=0 15 (l1g):K=S A
suitably functionalized amno acid 1 is reacted with an isocyanate 2a or an
i sot hi ocywoas@2b5in water in the presence of a base (suchrcaaSszeiigss KOH,
K2CO3, 20 KHCO3, Na2CO3 or NaHCOB) to yield after acidification the

urei doacid 3a or the thiourejdoaci , respecti V%@%S This internedi ate

product is then &P l%&meﬁyﬁﬂ‘(cméswfwﬁﬁwﬂiﬂc Qstwyl31283  organic or
aqueous sol vent t L&) you such as

hgdr ochl ori c aci B@Hs)rﬁ% Eéﬁ%?ggfséﬁ%ﬁ{)ﬁ&kgsﬁ(f g?n c a{glE 1&8@‘8# ]l t(JenesuI fonic
acid) to give tE@S}NH(@W@&)\t—(ﬁH\z)ﬁ&x@)pgrrblhrhnylo%ﬁlﬂzac(ﬂ@)plpandyl

spiro-2-thi ohydan Vi n ornul a spada et aI
Far maco, Vol . éﬁ@gﬁg)péﬁ arlnél &Sf @emﬁbo@ ‘g’fm % .
Chem, Vel. 40 (N@f@@ Rt pp at = _0
t hi our ei go acid can ze(alcgllg |(zccjadzlé %32%1%@%%%12 E%M\%)Ien(t deggléf#bas , THF,

DCM using a de@Ht)iﬁ(F@gNHgtérmyl()su&ﬂﬁ@(&lNHfthEmw) HEHWE(FP)BEHABe of an

hone mucl oaphi 11 cessEaO i RN I ORI i heaa 07 5
G A ~G A RO2@EH)(=B)NN(gipdladinyiiN(CH) ¢ = mNRz, ~(CH2)C(=O)NH(alkyl), -
(CH2)C(=0)N(alkyl),, ~(CH2)C(=0)N(C1.salkyl)(phenyl), -
10 (CH)(C(=O)N(C,_qalkyl)(thienyl), —(CH;){C(=O)N(C,.salkyl) (thiazolyl), —
(CH,)C(=0)N(C.4alkyl)(benzyl), or —(CH,)C(=0)N(C_salkyl)CO,(alkyl);

wherein each alkyl, alkenyl, or cyclic group of each Ry in turn is optionally

substituted with up to three Ryg;

Risg is selected from -C,_salkyl, -S(C.4alkyl), Cs.scycloalkyl, -SOy(C,salkyl), -O(Cy.

15 salkyl), -SO,-phenyl, halogen, hydroxy, nitro, cyano, -(CHz)qCO-H, -
(CH2)qCO1C,salkyl, -(CH3){NH,, -O(CH;){CO-H, -CH=CH-CO,H, -CH=CH-
COx(alkyl), -(CHz)NH(alkyl), -(CH2){NHCO»alkyl, -(C=0O)NH-SO,alkyl, -
(CH»){NH(benzyl), -(CH;)qN(alkyl),, -O(CH,)N(alkyl),, -Obenzyl, -
C(=0)(CH2)qNH, -C(=0)(CH2)qNH(alkyl), -C(=0)(CH)¢N(alkyl),, -

20 O(CH,),NH,, -O(CH,)NH(alkyl), -O(CH,)N(alkyl),, -C(=O)pyridyl, -
(CHy)qphenyl, -(CHy)q pyridyl, -(CHy)qtriazolyl, -(CHa)qtetrazolyl, -
(CHy)qimidazolyl, -(CHj)qpyrazolyl, -(CH,)sthiamorpholinyl, -
(CHz)qmorpholinyl, -(CH»)qthienyl, -(CHz)¢pyrazinyl, wherein each alkyl or
cyclic group of each Rys in turn is optionally substituted with one to two C;.

25 salkyl, halogen, hydroxy, trifluoromethyl, trifluoromethoxy, -CO,H, CO,C,.
aalkyl, C.alkoxy, -S(C|_4alkyl), amino, and/or aminoC,_salkyl;

nisQ, 1 or?2;
qis0,1,2,3,0r4;
ris1,2,3 or4.

30 sisl,2,3o0r4;and

tis 0, 1, or 2.
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R2 RAc KRoc Kz 4 2a:K=0 (If):K=0 2b: K=S (1g): K=S Conpounds having the
formula (If) or (Ig) can also be obtained in one step as depicted in
Schene B.wBaawmt92ehm of a suitably functionalized am no est @CcTASee/st28an 15

i socyanate 2a or isothiocyanate 2b in an organic solvent (such as THF,

met hyl ene chloride or DVF) in the presence of a base (such as TEA, K2CGO3
or KOH), yields the desired conpound having the fornmula (If) or (1Q)
respectively. See, e.g., Park et al. J. Oe. Chem, Vol. 63 (1998), at pp.
113-117; Johnson et al., J. Am Meptheds eflrepaxation 40 (1918), at p. 645; and
Schol | kopf et al., Liebigs Ann. Chem, (1981), at pp 439 20 458. Schenme C
R4da O J-M Rd4a S J-TMe c@npour@sf theNhienfion NNY Hedueprd®@bRbie esemplagy f) (1 h) -44
gecgﬁgzggggmggggy e e R e %@g%@géﬁt@‘; SN RN RIS Chiphard i ddde s hEgIeNt

1, 3-di t hi a- grotedlired s Bed RRGIchs Appiad Ubleirdfied SAINESS RAtcPials @RI Mmerchllyan
organi ¢ solvent such as toluene or dioxane, yields the corresponding

di t hi o- hydavailebler sawy baepadheprepaned ba ope b ordgwey skéll gn the@sly Forajt dfrihet al . |

J. Chem Sog,, % Egg a A3 2\§c$e - R R4, (li%g a%‘,-N~S\]+G—Ar
S Mo AR > ‘?0“955-2’ k Boas ?-T R %’ﬁﬁz "PRECSR .-S Rao 0
(I'i) 5 (11) described herein for a compound of formula (I), unless otherwise indicated. Groups
designated generally as R, R’, X, and P as well as solvents, temperatures, pressures,
10  starting materials having the desired groups, and other reaction conditions, may be

readily selected as appropriate by one of ordinary skill in the art.

Scheme A:
J-M R Raa Jl M GAr
Ho,c——T oA = = "y
2 + Z / N —— Z N\
HN \ % W n "
R, A K
Rsc Rec
2a:K=0 3a:K=0
1 2b:K=S 3b:K=8S
R
4a 0 J—M
>>_:_>' H—n—G-Ar
N / N
R Z” "R,
4c
If): K=0
s (lg):K=8

A suitably functionalized amino acid ] is reacted with an isocyanate 2a or an
isothiocyanate 2b in water in the presence of a base (such as NaOH, KOH, K,COs,
20 KHCO;, NayCO;3 or NaHCO3), to yield after acidification the ureidoacid 3a or the

thioureidoacid 3b, respectively. This intermediate product is then cyclized in an
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Di t hi o-hydantoins (1i) can be converted into 4-thio-hydantoins by

S-al kyl ati ng conmpounds (li) with a reagent such as nethyl iodide to give

i nt er medi woa3®29mbi ch is 10 hydrol yzed under m | d aci di c peandio2/seas to t he
4-t hi o- hydant oi ns having the fornmula (Ij). See, e.g., Carrington et al.,

J. Chem Soc., (1950), at p. 354. Schene E: R4da O J-Ar Rda OJ-M---GA G
Z N)T 2\ / Rigpnicor-agpeous pptventin fereyere of@ @talytidgmeunt pf geid Sugkas R, NR
N-acyl ati on i Kk by, 15
troa mont _wioaOREL ALY 408, HORaRL MG At By SRR SRR BB eir e,

a chl or of ottadperoRydaatoin Bmy@ﬂﬁtf&)mdlﬁl(Iﬁfbr&pgamtﬂlcﬁlgﬂatmh h@smglrheas THE or
acetonitrile) in the presence of a base (such NaH)

to gi ve hyd&iBihde)- ek ierfy Esﬁédaf@ﬂﬁuﬁﬁm VOlS‘é%(1980)gat F’H_llﬁii7 é¥43aI0f Eur

‘é -OC I\/Ecés g:he:lf(heolé/ sz al. E%n (J1 E‘ﬂé%g \g}é) 4@@?6%6&%%)6@ 42%6517%12\@94@6 u’re1é‘5' R

PCT/ USOZ/ 313831101$ahemdléan B aydizd@Ginfin dganiOsdlvddt(suchAs DMF NBHF,ADCMIT  \

~-NH ~-N 3 R.Roc 0 R4c.0 \O ny ation of dant Qi ns havi ng
the fornul aUfiPgy dFRYQH{ng aespt @ﬁ@%&é&@ﬁgml Hrthe Biesenshpf 2 ‘gﬁ?tﬁ’r‘"‘?lﬂ% in the
presence of ;& aseh Q§H@B@§r BHGA0RS- 7Ta'%@ben%tﬁ%le) aﬁld%yddnq{d&f‘eoﬁﬁlhm in an

organi ¢ solvent such as toluene to give the desired conpounds having the
formul a (I nfsuclseeTEA ay.DIPEARayama et al ., Agric. Biol. Chem,

10  Scheme B:

J—M Q I-Mm
—+—G-Ar — == »\‘__1'-_(5'”
RO,C——T ' Z N 5 N
HN_ N % \_/ N
R % | R K R
2 R4c K 4c
4 2a:K=0 (f):K=0
= 2b:K=S (Ig): K=8

Compounds having the formula (If) or (Ig) can also be obtained in one step as
depicted in Scheme B. Reaction of a suitably functionalized amino ester 4 with an
15  isocyanate 2a or isothiocyanate 2b in an organic solvent (such as THF, methylene
chloride or DMF) in the presence of a base (such as TEA, K,CO; or KOH), yields the
desired compound having the formula (If) or (Ig) respectively. See, e.g., Park et al. J.
Org. Chem., Vol. 63 (1998), at pp. 113-117; Johnson et al., J. Am. Chem. Soc., Vol.
40 (1918), at p. 645; and Schollkopf et al., Liebigs Ann. Chem., (1981), at pp 439-

20  458.
Scheme C
R R
4a o J—-M 4a S J—M
Z N —_— ¥4 N
\ / ?],N\R \ / »,N\R
R4c 2 R4c S 2
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Vol . 51 (1987), at pp. 1547-1552. Schenme G R4da OJ -MGA R~ _ OJ +GAr
Z X -2\ NN+T \ )-NT -NH MRZ Roc 0 R4c 0 (1k) (In) 10 Hydantoi ns havi ng
t he for muve (3bkJ248an be N-al kyl ated in an aprotic sol vent POrsusoty3es3 DVF,
THE or DVBO) by treatnment with one equivalent of a base (such as NaH,
NaHVDS, LDA, Li HVDS, KH, KHMVDS or tBuCK) followed by addition of a

sui t abl e al kyl at iTFeptmaes of hydaniginadDarithed reprent sechors P28s vy2.4tiséhi de, al kyl

chloride, a_ 10 of 2 &..esy) . Leld;. ' V] formul a
(iny: " see, “welfBVpRhends B} Bl Bt 8 L MEREIPMS IR eJ&nb1E | T655)
at pp. 749- Zb4rganoabbert ddch XS tolidde lor dioXade, Meld4he tordesPpbndingdifio- Z\ ~ N N 7
X Z NI RZ 30 '\R2 Roc Roc_. 6 -46 WD 03/029245 PCT/ USQ2/ 31283 Spiro

hydant oi ns 8¥¢aniiaphayangthe forrude dB)- depiect ehrRSteR Rtfe 1-Chem-Ras 6190% i s
treated g:itQ{eI;_ sggquentially or directly with two equivalents of a base
(such as NaH,® "KH, LiHWDS, KHWDS, LDA, tBuOK, KOH, nethyl magnesi um
carbonate o .in an organic solvent (such as THF, DMF, DMSO and

react ed V\At%@ﬁnd 7 5 bearing two | eaving groups X (such as d, Br, I,
OVt or OIs) go yield the desiredg, hydantoin having the fornula (1). See,

4a
e.g., Coll ado et A-MTet r ahedr on\Let t §, 4ol .., 37 S Im
— —9—1, 8;\I‘r — ;\ -—_}_—-—G Ar __ S& l—_ir—G Ar
Z\ / N —_— Z\ / N __ —_— Z\ / N
Ry s Ry S 0

4 4¢

(i) 5 ()

Dithio-hydantoins (Ii) can be converted into 4-thio-hydantoins by S-alkylating
compounds (Ii) with a reagent such as methyl iodide to give intermediate 5, which is
10 hydrolyzed under mild acidic conditions to the 4-thio-hydantoins having the formula

{dj). See, e.g., Carrington et al., J. Chem. Soc., (1950), at p. 354.

Scheme E:
R R,

N 0 J-M \ 0 M

- »\H—G-Ar _ )\\P—T G-Ar
Z / N —_— 4 / N

N\ ?f—NH \! ?//N R’
R4c 0] Rdc o Z]/

(1K) (I R’ =OR, R, NR
N-acylation of hydantoins having the formula (Ik) can be obtained by
15  treatment with an acylating agent (such as an acyl chloride, an anhydride, a
chloroformate or an isocyanate) in an organic solvent (such as THF or acetonitrile) in
the presence of a base (such as TEA, DIPEA, DMAP or NaH) to give hydantoins
having the formula (Il). See, e.g., Link et al., Eur. J. Med. Chem., Vol. 19 (1984), at

pp- 261-266, and Ortin ef al., An. R. Soc. Esp. Fis. Quim. Ser.B, (1958), at p. 69.
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(1996), at pp. 6193-6196; Fujiwara et at., J. Chem Soc. Perkin Trans. 2,
(1980), at pp. 1573-1577; and Bel zecki et at., J. Org. Chem, Vol. 45
(1980), awopp029245-2217. Schene |: Rae L Ra8 - L X J M ®CawURa812BI-T G Ar

Z\ NNHZ2Z\ / N7 X2\ NNR 1 --~KPRao P Rac 89 (lo) R-_Lj -M
GAr z\ / NNH Rao 10 (IP) Nunsubstituted hydantoins having the formnul a
(I'p) can beﬁﬁbﬁﬂﬂéd using the sane or simlar procedure as for Schene H,

with the addition of a protection/deprotection sequence. Thus hydantoin 8
is protectedien the I’lIJt gen with a prot ecf‘i'ang gr qip EM such as BCC (see,
e.g., N lsson\et at. —+NMNed; Chem, Vol. 35 Y5 (1992),+aG-pp. 3270-3279)
to give the ipfe T9 whi ch_is Jdi al kyl gt'e rdviously with 7 to
yield the co d ithg the formula (10). ote Noanlves t he desired
N unsubsti bt d spi pohydantoi n having the fgrmul a (op) /,\\Scherre J: Raa _ Raa
- Lj -MGBFABO)2DLIGA N 2 - N2 tNtNO:OM/ R z RRac Rac z

(la) (Ir) 20 -47 (k) (Im)
Sulfonylation of hydantoins having the formula (Ik) is obtained by treatment
with a sulfonyl chloride in the presence of a base (such as such as TEA, DIPEA,
5  pyridine or DMAP) in an organic solvent such as toluene to give the desired

compounds having the formula (Im). See, e.g., Takayama et al., Agric. Biol. Chem.,
Vol. 51 (1987), at pp. 1547-1552.

Scheme G:
R R
4a O J—m R QO y-m
_ —G-Ar _ )\H—G-Ar
NN 4 4 N?]»N
4c 0 R4° o
(k) (In)
10 Hydantoins having the formula (Ik) can be N-alkylated in an aprotic solvent

(such as DMF, THF or DMSO) by treatment with one equivalent of a base (such as
NaH, NaHMDS, LDA, LiHMDS, KH, KHMDS or tBuOK) followed by addition of a
suitable alkylating agent (such as an alkyl iodide, alkyl bromide, alkyl chloride, a
tosylate or a mesylate) to yield hydantoins having the formula (In). See, e.g., Parmee

15 etal,Bioorg. Med. Chem. Lett., Vol. 9 (1999), at pp. 749-754.

Scheme H:
X

R ~J—M Ry,

4a L —+G-Ar

— }\\' T\x H_j-c; -Ar
N/ N_ z Z\ /N N

z/ R2 —_—> R \R2
6
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WD 03/ 029245 PCT/ US02/ 31283 Bronmpo Spiro hydantoins having the fornula (1q)
can be transforned into biaryl conpounds having the formula (Ir) by

reacti on wiotod/oa924mr omati ¢ or heteroaromatic boroni c aci dpPCa/isn2/s1283
presence of a palladiumcatalyst (such as Pd(PPh3)4) and a base (such as
K2CO3 or Na2CQO3) in an appropriate solvent (such as toluene or 5
wat er), under coﬁP’é‘th@ﬁ&m%lﬂkﬁo Requgnarethasclspigtad; ig pshenp H. Héd tomé‘lzukl et

al., Synth. alL A
Ao b 2 15 T g Hhenyiby iy Al Rip gyt Lsﬁéga%ﬁ% g
RONTVS 12 ZKHWMNNMDS, REMDS, (s, tBAOKY KaDH ahétbylthagaesibe cabbmit beDBLY) a
Knoevenagel ., condensation with an__aromatic aldehyde 10 ynder cl a%3| cal

condi ti ons {earyorgame spligAt4susch 36 d HEy, DME, IIMSGY and seacted v poyed 2t o obt ai n
11, which i Eez[rﬁ@%v@%a‘%r%g‘”‘gr?@s% (&%h%@@?VB@P'GM%P@ﬁ@ %Shield HeHEife S

trlfluoroacetlc acid spi ropyrrol é hydantoi'ns “having the formul a
(I's). -48 WyddioR 92\46g FPﬁ'IfbtxiSﬂakBJS_kBBe g.S€hBado dz al., Tetrahedron Lett., Vol. 37
(1996), at pp. 6193-6196; Fujiwara et al., J. Chem. Soc. Perkin Trans. 2, (1980), at pp.

1573-1577; and Belzecki et al., J. Org. Chem., Vol. 45 (1980), at pp. 2215-2217.

Scheme I:
Ria L X\J Rsa Loy
— )ﬁ +G-Ar — M_+G Ar
\ / z, / N 7 X 5 /N N,
—————-
R, > Ry P
Ry
8 9 (lo)
R,,
S& +G Ar
LN / N
R,
10 (Ip)

N-unsubstituted hydantoins having the formula (Ip) can be prepared using the
same or similar procedure as for Scheme H, with the addition of a
protection/deprotection sequence. Thus hydantoin 8 is protected on the nitrogen with

a protecting group P, such as BOC (see, e.g., Nilsson et al., J. Med. Chem., Vol. 35

15 (1992), at pp. 3270-3279) to give the intermediate 9, which is dialkylated as
previously with 7 to yield the compound having the formula (Io). Deprotection gives

the desired N-unsubstituted spirohydantoin having the formula (Ip).

Scheme J:
R, R,
N L J—m § L Jg-m
—-+—G Br +—G Ar
e NH—T < > ArB(OH), /= NH—T
\_/ z,N\ 10 \_/ z,N\
Ry Ry Ry R,

(lq) (In)
20
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Rae L r-ORaa L H CICOZ(1-C-10 Z N- N Ar N~-N\ Ar Rac K R2 Rac K R2
(Irt) (luy RMAa RL Z1 N RXor RCHO' NN Ar Rac KR2 (lv) Hydantoins
(I't) can we odebeazyl at ed usi ng, for exanple, 1-chl oroethylpCa/sob/eres or mat e
in a solvent such as DCM or DCE, to yield the NH derivatives having the
formula (lu). Conpounds of fornula (lu) can be_al kyl ated by reaction with
an al kyl hal i deBreQ &pigp hydgptomsihpring Shg {pemula; () £28 8¢ Yantfogppdintobiaryl
acetonitril ' . fure to
T i R e S S L I L o

al dehyde i nbeoroeicpcesHhioehopresence dfia patpdage nbtalysicludsas T (BRRIid)iand a baseet oxy

bor St e Sy RIEHS] UL e L 5,30 UE UL SRS T,
N RCOX 0§ RGIGREH rtidNcohvelNtiol Stzdki codplind! conlendS sSBE ehacstbulPer Gl UgydeAW) - 49

WO 03/ 029245 PCT/ US02/ 31283
Commun., Vol. 11 (1981), at p. 513.

Scheme K:
R4, L Raa L Ar
_ >\\' ArCHO b* }\\'/
z N 10 N/
\_/ L N,
W/N‘P _— W’ P
K Rac K
Rac
9 1n
R
RQ R4a L / ?
I —N
RO._N._TMS —
12 N N\/\/’N Ar
- = = P
Rac K
(1s)
10 Hydantoins 9 can be submitted to a Knoevenagel condensation with an

aromatic aldehyde 10 under classical conditions (e.g., sodium acetate in refluxing
acetic anhydride) to obtain 11, which is reacted with amine 12 under acidic catalysis

(such as trifluoroacetic acid) to yield spiropyrrolo hydantoins having the formula (Is).
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Compounds of fornula (lu) can also be acylated with an acyl halide (for
exanpl e, an acyl chloride or acyl brom de) in the presence of an organic
base (sucWwoas/024245 et hyl am ne or dii sopropyl et hyl am ne) or pam/isepsani c base
(such as sodium carbonate) in a solvent such as DCM at a tenperature
ranging from-15C to room5 tenperature to yield acylated derivatives of
formula (1w). Conpounds (lw) can also be obtained by reaction with an acid
RCO2H in the presence of a coupling agent such as dicycl ohexyl carbodiim de
in a sol venfickemblas DCM Scheme N0 O Rda L Rda L O=S-R N\\"° NZ~/ N
RS02CI Z~ Ar Ar 311 R4c K R2 Base Rdc K R2 flu) 10 (IX) Sul fonam des of

formula (Ix) can be obtai ned m conpounds of formula (lu) by reaction
V\nthasulfonﬁl hallde|n he sencefoabase(sugh as triethylamne or
sodi um car bonat® |n a soI fuch as DCM or THE at Tt rrperaturek}angl ng
from- 15Cto r a ure - 50 61C0Q3/crEDY245 PCT/ U 31 chene 0:
.M Rd4a HO DAL L Z~ N~ GB—=MNe Ar 1) Z-Z N, S 2) Mel
KRA 2 Rac N A

R, K R,

(1t) (1u)

R
4a L _N/R
RX or RCHO = »ﬁ\{
¥4 N
—_— N\ / 7],-N Ar
R4c

(v)

Hydantoins (It) can be debenzylated using, for example, 1-chloroethyl
5  chloroformate in a solvent such as DCM or DCE, to yield the NH derivatives having
the formula (Iu). Compounds of formula (Iu) can be alkylated by reaction with an
alkyl halide RX (e.g., an alkyl iodide), in a solvent such as acetonitrile or acetone at
temperature ranging from room temperature to reflux. Alternatively, alkylation can be
achieved by reaction with an aldehyde in the presence of a reducing agent such as
10 sodium triacetoxy borohydride or sodium cyanoborohydride in a solvent such as

acetonitrile or DCE to yield compounds of formula (Iv).

Scheme M:

Z\ )N RCOX or RCO,H Z\ / N

W—N\ Ar » »—' N Ar
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(lu) 13 RRaa O \\"" N Z2\/ Nth ROHrN,\ Ar Rao KR2 (ly) OR R4a L N
R N RNHR 20/ N~-N A Rac K (1z) Conpounds of formula (lu) can al so
be transfwoms@292at 0 t he activated 5 i nternedi ates 13 by seqaarsn2/ai2ss eacti on
wi th carbonyl diimdazole and net hyI i odi de See R A Batey et al.
Tetrahedron Lett Vol . 39 (1998) npounds 13 can then be
reacted with eit FEOMPSHANGY Q,f(fﬂ%lllm@)ﬁruéﬁana%ﬁ%@ chlaé“r‘lﬂélt%a‘i‘ pexdekde @or f or mul a

bt sz 31554 R @lérlorf ERREREIeY ) e prciindbgn I e g uch
Rac K R2 Ratridthy¥2minglon )iidehrédetBylBOGcRanaB@organic base (such as sodium
carbonate) in a solvent such as DCM at a temperature ranging from —15°C to room
5  temperature to yield acylated derivatives of formula (Iw). Compounds (Iw) can also
be obtained by reaction with an acid RCO,H in the presence of a coupling agent such

as dicyclohexylcarbodiimide in a solvent such as DCM.

Scheme N:

Q
R R =g-R

4a L \_H 4a L S N/S

7 N»\V:\{ r i N>\\V:\{

N/ 7]"N\ Ar RSO,CI \ / 7]’N\ Ar
Rac K R, Base R K R,
lu
10 () (ix)

Sulfonamides of formula (Ix) can be obtained from compounds of formula (Iu)
by reaction with a sulfonyl halide in the presence fo a base (such as triethylamine or
sodium carbonate) in a solvent such as DCM or THF at temperature ranging from —

15°C to room temperature.
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Na'04, Ru0O2 L ~~-NL N\W' " O -30Z~/ N+ Z-N rN\ Ar, rN\\ Ar Rac K R2
Rac KR2 1516 Raa 0 RRaa R L ZENL N NH~-N+Z O N A rN\ Ar Rac K
R2 Rac K WD oBloae)}s (1 ab) 5 Conpounds of forrmula (lu) can PeTtusamsfes ned
into internmediates 14 by reaction with di tert-butyl dicarbonate in a

sol vent such as THE or DCM Oxidation of 14 with, for exanple, sodium
periodate in the presence of rutheniumoxide then gives a mxture of

| act ones 15 and 16, which can be transfornmed under standard conditions
into conpoulideem¢ Otormul a (laa) and (lab). 10 Utility The conpounds and
conpositions of this invention are antagoni sts and/or inhibitors of LFA-1,
Mac-1, and/or | CAMs. They are useful in treating various inflamaMery

di seases andPai sordefs asggociated with the action of LFA- 19 c-4, 15

and/ or | CAME, rticu astN, LFA-1: 1 CAM 1. The tétm "Leukoi ntegriss | CAM
associ ated congl't Biﬁsxﬁéed herein for ease of \refergnce€™ o refer to
those diseases Y/ - 52N A3/ 029245068t/ US02/ 31 P Nsoﬁ s that are
associ ated whath the &ctiBp or | evel i CFA- 1, | apdNqr ArCAM 1,

| CAM 2, or \I,%B\ 3. As used herein, zﬁﬁl% term"tg,eati ng"lzfidncﬂzudes
prophylactic and tlgrapeutic uses and thus i nci udes tiy alleviation of
synptons of a Leukol ntegrin/| CAM associ ated condition Th a patient, the

i nprovenent of an o R
o)
R4a L _"?'
Z N>\\"\<
ROH Y7 Ty-N_ A
K

(1z)

Compounds of formula (Iu) can also be transformed into the activated
5 intermediates 13 by sequential reaction with carbonyl diimidazole and methyl iodide.

See R. A. Batey et al. Tetrahedron Lett., Vol. 39 (1998), at p. 6267. Compounds 13

can then be reacted with either an alcohol or an amine to give carbamates of formula

(Iy) or ureas of formula (Iz), respectively.
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5 ascertai nabl e measurenment associated with such a condition, or the
prevention of such a condition or its synptons. The term"patient" refers
to a mamwio,o3peeiier ably a human. In view of their inhibiticarusaesizesty, the
conpounds may be used to treat conditions involving the activation,
co-stinulation, or infiltration of T-cells and/or 10 |eukocytes, including
without Iimtation conditions involving the influx of |eukocytes in the
skin, peritoneum synovium |ung, kidney, and heart. The inventive
compounds HBelemePysed to treat conditions resulting froma response of the
specific or non- specific imune systemin a patient.
Leukoi nt egri n/ R@AM associ ahed condi tions tH& may he treB®€d with the 15
i nventive conpouRds ingl udd _acute or chronic s st reactions (e.g.,
i T ; and acute or c rRrRgpl ant rej ection

pancreatic isl al |
, Weu(t Ar | ung, pancgeas, ) neayﬁm{ow; cornea, snall
t

(e.g., kidney, |
bowel , skin al raftsg sk,n honografts, et/er ogr S,R,and/or cells
derived fromsdth organs). Additionally, th& conpounds nmy be used to
treat inflammatory camliti ons including, but not ljgmited to, nultiple 20
sclerosis, rheumatoid arthritis, psoriatic arthritTs, osteoarthritis,

ost eoporosis, diabetes (e.g., insulin dependent diabetes nellitus or
juvenile onset diabetes), cyiic fibregsi BocinflamraRgry bowel di Begse,

irritable boz}%ms%n rone, Crohp's ditsedsg, ul cerative \colitks, . zheinmer's
"Oa R t i LSO
oNx?I, e. Y,

di sease, sho  osing spgQ | i tASs stritis, conj
tNplre ppan injury

pancreatis (acute or chronic) N

secondary to 25 septicem a or Arau , ocardial infayction! 'R

at heroscl erosi s, stroke, reBerf usion injury (e.g., Riue to cardi opul nonary
bypass or kidney dialysis), acute | omerul onephritis, vasculitis, thernal
injury (i.e., sunburn), necrotizing-enterocolitis, granul ocy‘be t ransf usi on

associ ated syndronme, and/or Sjogren's syndrome. The inventive conpounds may
be used to treat inflanmmatory Fsenditign®ofRthe 30 skPBa incl udi ng Bczem,

atopic dermatitis, contact dernmatitis, ug\«\thari a, schleradermay pdriasis,
and der mat osi s_wtiracygte i nf | agimatory” ¢ onent s+ -53 0 /ﬂ
PCT/ US02/ 31283 The conpounds a /nay”—eﬂl SOAbe used to t ab;kﬂggmrs and

respiratory conditions, incluging ast hma,\FunI monary figdrosis, ®llergic
rhinitis, oxygen toxicity, ae o

(laa) (lab)

5 Compounds of formula (Tu) can be transformed into intermediates 14 by
reaction with di tert-butyl dicarbonate in a solvent such as THF or DCM. Oxidation of
14 with, for example, sodium periodate in the presence of ruthenium oxide then gives
a mixture of lactones 1S and 16, which can be transformed under standard conditions

into compounds of formula (Iaa) and (Iab).
10
Utility
The compounds and compositions of this invention are antagonists and/or
inhibitors of LFA-1, Mac-1, and/or ICAMs. They are useful in treating various
inflammatory diseases and disorders associated with the action of LFA-1, Mac-1,

15 and/or ICAMs, particularly LFA-1:ICAM-1. The term “Leukointegrin/ICAM-

associated condition” is used herein for ease of reference to refer to those diseases or
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enphysema, chronic bronchitis, acute respiratory distress syndronme, and any
chronic obstructive pul nonary di sease (COPD). The conpounds nay be used to
treat chreoios/2®4hepatitis infection, including hepatitispPBTarsd2bepatitis
C. Additionally, the conpounds of the invention may be used to treat

aut oi mune di seases and/or inflanmati on associ ated w th autoi rmune di seases

such as oré&ﬁrqersstwearwsewﬁﬁeﬁwéthdh%é%tsowréeaebs of LrEé‘yﬁaMaCé g8 toftd-,
aut ol mune 11 ARk kea gf!e)\é h%dh%)’e?ﬁ‘?ﬁ@t%rr}lu?@zft " WAEIER pShtachielgli P On” S

di sease, aut0|nnuné ygl andul ar  di sease t0|nnune
pol ygl andul #rergpgnie msm)md tnd indirdey dlesalldviasars ef syﬁimommnbmunds of this

i nvention also rrayb ed to .tr tastases or _as an ct to
i ni ni ze toiFElfOc“gfegﬁ”i 'WPH@"’&H%‘F IR i q RaHEnt, P‘@é’ﬁnﬁé‘ﬁ?m& dcers. The

conpounds OfasJehhlﬁaBIQYr?e'agdr&ﬂeﬁt%"swé%emﬂl?sdbth' d doh¥itioR, &iF tﬁ@bie’@&*nti]ﬂ% of such
hypogonadi sm frailty, sexual dysfunction, wasting, such as wasting

syndromes assuodifien editsdynptemscEne @ “patlbﬁt” rafeds torremimmaliipecfemhiycunds
further havg ut|I|ty in treating cancers, including but not limted to
cancers of H‘@ ¥Breast, brain, skin, ovary, endonetrium bladder, prostate,

| ung, col on, syste liver ki dney. The _inveptive corrpounds
are usef ul for gg"hiﬁ‘ie‘("l‘g II‘SWB]WI% W‘V%Yrttbes?ﬂm%%’ﬁgg may g UpeHg treghy g opeci a,

fibroids, hyaefiRddsOfivb)in é%g h&aflon RBLYiENHtoR, SviafiltBRion YRFLRIE andHOr eXi a,
contraception, drug with syndrome, pregnancy termnation, and benign

prost at é0 hmkmyrt@pmcludﬁt&wrtm@mtﬂlgom@cﬁmhe\rolusgmﬁ inflgx aﬁbumtgte@gem c
agents. Additiopall t he npounds usef ul inhibitors of protein
oeny i ransibihSRE; pefyanedFy SRR pAALneF, 0 detl o 3Be an Bl malont f on
of the oncogrR®epsat © teaReshdithhs 28uBitgTront beespaws%rﬂfkheesp@amipwﬂdrs may
potentially be useful for treating and/or preventing the di seases and

di sorders r epesiicammuge;systop ip /paigB4, i ncorporated herein by reference.
When used as anti-inflammtory agents, the conpounds rmay be adm ni stered
prior to the ons beukshntegnin/IGA Magssegiated eoridifianis abat oraydfe traatadawitathieon. Waen

gfseg_nf;o l? :]]9 r%}lt?\fetéo%?r e}s{%solrr]lglzldg r%é‘&? Qo <tq1r01§l % ra?tr\gsxha(‘)%p lagnol?llr, i \(;I d ncrea{lgdvance
shortly aft Qﬂethh@grbft}f&nd abfte MIQBﬁlG&@HéfEaIPGEfé&EQZé §.128;316y, liver, heart,
lung, pancreas, bone marrow, cornea, small bowel, skin allografts, skin homografts,
heterografts, and/or cells derived from such organs). Additionally, the compounds
may be used to treat inflammatory conditions including, but not limited to, multiple
20  sclerosis, rheumatoid arthritis, psoriatic arthritis, osteoarthritis, osteoporosis, diabetes
(e.g., insulin dependent diabetes mellitus or juvenile onset diabetes), cystic fibrosis,
inflammatory bowel disease, irritable bowel syndrome, Crohn's disease, ulcerative
colitis, Alzheimer’s disease, shock, ankylosing spondylitis, gastritis, conjunctivitis,
pancreatis (acute or chronic), multiple organ injury syndrome (e.g., secondary to
25  septicemia or trauma), myocardial infarction, atherosclerosis, stroke, reperfusion
injury (e.g., due to cardiopulmonary bypass or kidney dialysis), acute
glomerulonephritis, vasculitis, thermal injury (i.e., sunburn), necrotizing enterocolitis,

granulocyte transfusion associated syndrome, and/or Sjogren’s syndrome.

The inventive compounds may be used to treat inflammatory conditions of the
30  skin including eczema, atopic dermatitis, contact dermatitis, urticaria, schleroderma,

psoriasis, and dermatosis with acute inflammatory components.
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of an organ or tissue transplant but in advance of any synptons of organ
rejection). Admnistration of the conpounds nay prevent or attenuate

i nf | ammatwoyw3neepdHnses or synptons. The present inventi orQIfise2/preyi des
met hods for treating such conditions as 5 those |isted above, conprising
admnistering to_a patient in need thereof an effective anpunt of at |east
one conpound of fl8¢ gEMACYNdS alsp maygdioberysed kpireat allergies apdrespiionc  agent s

such as tho ri . he : .1, i ' ' t he
compounds. of RO R B S BHE A LE BFRLE B el I8,
ot her t her apphydemaadianhic Hronvhitispeuachaspiiasdre divtkey dyatrdnge, asd Myl dhamdous! y
with, or followng 10 the admnistration of the inventive conpounds. The
present i nveRIUSHYGPEEPrRNAIase (I a G oBPeuRSHBRE PG 1§ALO HayABI®ic of

Lreat| ngs ! NeARRY Snrtalon ARfifithslicdRARTS aANlliorders. The inventive

conpositions ~may contaln ot apeuti c agents and may be fornul at ed,

for exanple, by i C ent i id o L.aui L.cles or

di luents, as wel ﬁ%gglogﬁgﬂ%%%gﬁgogé??%hgﬁnyﬁnﬁne@ag#) ggéet%ﬁxjgl%gtppr opriate to

t he node of adleahmene didedsey |idratinfuinfohtion Bx@iptewithexwinmant dissBensiehs,
preservatives, stabilizers, flavors, etc.), according to techniques such
as those weP} CIZABWASUCHURBIEINE dispassh & sraR BMAPE & FYRAEPTHEN AYPBRMUNe conpounds

of fornmula : : AT - Skt condi tion
to be treat gﬂc??r Ol\aﬁ?é’c #}gs‘;%dsgg?%g&@g eébxhgéﬁ%%%ﬁ or lsg)lﬂtse(?gggeéia?"% gﬁ% r eat ment
or quanti®t ypolyghindigat disdaee (hddo knemadis aiimpnoahe pdiyghandilaatyndroney, g@ner al | y
preferred fg{r ski&‘n-rel ated di seases, and systematic treatnent preferred for
cancer ous A5 28t er ous conditions, although other nodes of delivery

are contenpl ated, For exanple, the conpounds may be delivered orally, such
as in the form ofih¢ awpg?@%s OF sy erdiongismaNele U R melastaspyr 4t an

formul ati ongqilRG!Y diRighiSY fodRSty WitRlyesHine/theSH§ h the tR8midht b&ntasm of
sol utions, suspensions, gels or ointnents; sublingually; bucally;

parenteral ly, sugy, agy é/ux&ik’BFPﬁsaiH@&Hﬁm fhﬂﬂerr%‘é%‘?églﬁa it Hgagtﬁlgfscu' ar, or

intrasternal injectroh or infusion techniques erile injectable
aqueous 19r hyppogaqaisnsirailg) sekua dgsfonctRnspestgigongh;as nasadd syndwoatesas by

i nhal ati on spray; .tapically, s Basin the, form of cl eam or  0i nt ment;
rectal ly sué%ofa‘gtefil’fv 1 Cé‘_n?‘?ﬂyraﬁflds’f% u?ﬂf’p@ﬁe%‘?"i ;COB\POS‘@PS%PB&M‘F Pty By s age
uni t formul gbipcatnt, 3hdlhdifg BN AXlikd (PERICERGE W trddst, brair Gk aPR baklye
vehicles or diluents may be adm ni stered. The conpounds nay be
endometrium, bladder, prostate, lung, colon, lymphatic system, liver and kidney. The
inventive compounds are useful for conditions such as hirsutism, acne, seborrhea,

20  alopecia, fibroids, hyperpilosity, cachexia, polycystic ovarian syndrome, anorexia,
contraception, drug withdrawal syndrome, pregnancy termination, and benign prostate
hypertrophy. The compounds are further useful as antiangiogenic agents.

Additionally, the compounds may be useful as inhibitors of protein prenyltransferases,
particularly farnesyltransferase and the prenylation of the oncogene protein Ras. As

25  such, the inventive compounds may potentially be useful for treating and/or

preventing the diseases and disorders referred to in WO 01/45704, incorporated herein

by reference.

When used as anti-inflammatory agents, the compounds may be administered
prior to the onset of, at, or after the initiation of inflammation. When used
30  prophylactically, the compounds are preferably provided in advance of any

inflammatory response or symptom (for example, prior to, at, or shortly after the time
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admnistered in a formsuitable for imedi ate rel ease or extended rel ease.

| mredi ate -55 WD 03/029245 PCT/ US02/ 31283 rel ease or extended rel ease may
be achi evwo oziotd243ui t abl e pharmaceutical conpositions or poarusSozsid2as |y in
the case of extended rel ease, with devices such as subcutaneous inplants
or osnotic punps. Exenplary conpositions for topical admnistration include
a topical c&Ff A} @§gan or Gysue tragspnAbY ipAdEanCe Af A HIMRPINS gprgan rajgatign).

pol yet hyl en E i1 0 ] A i i

B tspens! ons T EARACE QR ARF pln e AR bl BfePEse for
i mparting buykptoalsgi nic acid or sodium al ginate as a suspendi ng agent,

nmet hyl cel | ul ose as a viscosity enhancer, and sweeteners or flavoring

agents such as thogge kot inventiethak biovaded ndilieRl ifd teeatiah easifcohBitioabhet s
whi ch may contain, for exanple, mcrocrystalline cellulose, dicalcium
phosphat &, #tose Hpfed geyisecimprissgeakipistesing (o p PR Hskeed hlprenf aptefigetive

exci pi ent s, BRI teaf HhE BYRbSundli TR AIIARE S sallhbHRR AN edplidccant s

such as those known 1'n i nventive conpoun nmay al so be orally
del i ver ed bygatdsuchas dlosadebcobedbeteoamayadranmplsfedadh combinatign withitlieh nol ded,

conpressed, or freeze-dried tablets. Exenplary 15 conpositions may include
f ast - di ssol §PHEOHIEQ gl h e saespeds i thq piesegbi@Veringy i othegnd/ or

cycl odextri Walod i WM& : tdi i | ar
wbr ght exci RE LT R R e SOP g PR BRI, SO <

(PEG ; a0 éxcidpiieistration ditle mverdbalconphesison such as hydr oxypr opyl
cellul ose (HPC), hydroxypropyl nethyl cellul ose (HPMC), sodium
car boxymet hyl cel | ThepesdnbGMeptior?flsapavales phdreiaceaichychnisitoapodpaber (e. g. ,

GANTREZ(r)); .and. agents to control. rel ease. such as pol yacrylic copolyner
(e.qg., CARBEPEFalggAG3bove 'Efﬁ’iaf‘ﬁf‘éﬁ‘ilé‘?asﬁﬁ ang ‘,kjers-ff‘a‘i/'&V%%{WwPB‘nPPﬁBO'gsgent s

and stabi |1 264 Soffh Ah&ndepdle e OinEARPLOforhAALE fr ARy Use.

Exenpl ary conpositions for nasal "adm ni stration via aerosol or”inhalation

25 incl ude swplayingeonygritiohalmelid oohgeidyehiclss oestidueplse as welh 2y phameeduticalor
other syitable. preservatives, absorption.prompters.to.enhance absorption
onar or Bt oaddiiat R R ey AR TR RO B PR i AR SR e gt o
such as thosgcikieaibihders, peesafviativdsx aapiliadry, feRBROSL! ] Rasrdiny topeshalfues al

adm ni stration include injectable ) )
such as those well known in the art of pharmaceutical formulation.

The compounds of formula (I) may be administered by any means suitable

for the condition to be treated, which may depend on the need for site-specific

20  treatment or quantity of drug to be delivered. Topical administration is generally
preferred for skin-related diseases, and systematic treatment preferred for cancerous
or pre-cancerous conditions, although other modes of delivery are contemplated. For
example, the compounds may be delivered orally, such as in the form of tablets,
capsules, granules, powders, or liquid formulations including syrups; topically, such

25  as in the form of solutions, suspensions, gels or ointments; sublingually; bucally;
parenterally, such as by subcutaneous, intravenous, intramuscular, or intrasternal
injection or infusion techniques (e.g., as sterile injectable aqueous or non-aqueous
solutions or suspensions); nasally such as by inhalation spray; topically, such as in the
form of a cream or ointment; rectally such as in the form of suppositories; or

30  liposomally. Dosage unit formulations containing non-toxic, pharmaceutically
acceptable vehicles or diluents may be administered. The compounds may be

administered in a form suitable for immediate release or extended release. Immediate
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sol utions or suspensions which may contain, for exanple, suitable
non-toxic, 30 parenterally acceptable diluents or solvents, such as
manni t ol , wb,3/bezsmnedi ol , water, Ringer's solution, an | POTArNIZ3R8sli um
chl oride solution, or other suitable dispersing or -56 WD 03/029245

PCT/ US02/ 31283 wetting and suspendi ng agents,.  including synthetic nono- or
di gl yceri de&cleaspar ¢xiended releasganay; WCD@W?FgwﬁhéP’éabé%P@.m%ﬁiﬁﬂar y

compost L1 0NSohREsifiR!Rpaflialy 3 HR' Wbl ARhUEPRURP AR RVES syclflisch mBY
contain, for exanple, suita non-1rritating excipients, Such as cocoa 5
butter, synshu®hiaoeglsyimptanteoresinetis pomppol yet hyl ene gl ycol s, which are solid
at ordinary tenperatures but liquefy and/or dissolve in the rectal cavity

to rel ease the drugxemplaryeddngsisitioas &rdepital @limanisaiipaufdudd a obRapdaesant
invention may be _determ ned by one of ordinary skill in the art, and
£

i ncl udes’ ex &l AP-ARIdBPSERpuine=l oif gelled with pliethylene) om about 0.05 to 100

nmg/ kg of body weight of active conpound per 10 day, which may be
adm ni stered in a Eremgplerydsepositions farieeal fdmmigsfationdiclidusispatisivnglediichdoses,

such as from_.l 4 t] r Lol Ll be under st ood that .the specific
dose 1 evel Mahsbfedh, HRREmBE. i@t S e BRI By e

vari ed and et sddiurlapend as@ognsperwaf(ig et eletyd@dlialose ad ¢isbekity@nhdiRefahd Vi ty
of the specific conpound  enploye the netabolic stability and | ength of

action of t PMECtRSADRUIYOring agentevich as those kupwn WJh afcangtimmegeierelgasieal t h,
sex and,gie ' : - ] 1.Ni ion, rate of
excreti (l)ﬁ Eflrb %fés %gﬁgmcﬁg%n’g%%xgﬁgﬁbgggféﬂa’?@rﬂcgﬁ@gﬁ%ﬁﬁsg%ﬂé ht to be
treat ed andphésphateystarch,ymaghesbmrsteachts st/ @dbdofecandiar ediarexdipiens| bidéergni mal s,
nost preferably ma | i an species such as humans, and donestic j mal s such
2s dogs,  carEnery AsBuedanE qignin apd ubggg e ) thase kPN S5iHe A

associ at ed GRAAGVE QRHoARILRE Mso B8 BIAG eli®erédy AblinBEalaRanevE&hEr enced

di seases and di sorders. The 1 nventive conpounds and conpositions may be

enpl oyed al adiaingtratian, ecppith arolded, ednpressad.tor dtehes-dugdifabletsoEkemplenyi t abl e
t herapeytic s yseful .ip freatin i seases. and disqrders referenced
'Tll% &4 &ﬁt?onlg %aé/rlgclyﬂe %ast-c%tsgol\g gléu ngsssutcﬁ as mggﬂ@oq 1%“8?%’ puGrase,

above, r eéxa e, e "Second o]

nmechani sm ofindietdyolvdexiains.tAleo pickriedin aeNPaidaionExeNHediyh #bledblasuch ot her
t herapeutic agents include antj-inflammato

. ry agents, antibiotics,
anti-viral WEBShEXCiPighi ﬁuC@ﬂS&aWﬂIQS,eSéAHI%Eb@g s prlyethylsne glysels (BB eat or y
condi tions sy&heR%o Aditicosal adhesion such as hydroxypropyl cellulose (HPC),
hydroxypropyl methyl cellulose (HPMC), sodium carboxymethyl cellulose (SCMC),
20  and/or maleic anhydride copolymer (e.g., GANTREZ®); and agents to control release
such as polyacrylic copolymer (e.g., CARBOPOL 934®). Lubricants, glidants,

flavors, coloring agents and stabilizers may also be added for ease of fabrication and

use.

Exemplary compositions for nasal administration via aerosol or inhalation
25 include solutions which may contain, for example, benzyl alcohol or other suitable
preservatives, absorption promoters to enhance absorption and/or bioavailability,

and/or other solubilizing or dispersing agents such as those known in the art.

Exemplary compositions for parenteral administration include injectable
solutions or suspensions which may contain, for example, suitable non-toxic,
30  parenterally acceptable diluents or solvents, such as mannitol, 1,3-butanediol, water,

Ringer's solution, an isotonic sodium chloride solution, or other suitable dispersing or
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and asthma. Exanples of suitable other anti-inflammatory agents w th which
the inventive conpounds may be used include aspirin, cronolyn, nedocroml,
t heophyl | woe3/03@4zi | eut on, zafirl ukast, nontel ukast, pranlparasn2/31283

i ndonmet hacin, and |ipoxygenase inhibitors; non-steroidal anti inflamuatory
drugs (NSAIDs). (such as ibuprofen and -57 WO 03/029245 PCT/ US02/ 31283
naproxi n); YRENE and spspeedipg agavie ncudipghingighic apenor apdighcrndesy anddaity at i ves

t her eof), T . ontsts (e.qg., infliximb, Enbrel(r), D2E7,
OR1384) , cytg%ﬂsl’rllwgﬂl?rdﬁ %lg?:oa[ragé(e. g. TNF-al pha converting enzyne [ TACE]

inhibitors, Interleukin-1 converti enzyne. (.| i.nhi bitors,. .
Interleukin-1 receg %‘P&&Fﬁ%’é“ e 131t0g§ ?096%@#@6:%%%@ nd‘é%?‘é%eﬂﬁ)gé%tﬁg?s

cycl ooxygenasghi iy &intan Sof éxatple, Silable andiratatie¥xapienR] ich@s socddch as

Napr oxen§r) Cel ebrex(r), or Vioxx(r)),. CTLA4- Iq agtgni st s/ ant agoni st s
(LEA29Y)S bt synghetiel chicerndsarstess of pal xashylenenglyenls. ovhich arg snlidat agiddbhenol at e
[ Cel | Cept(r - 3 : E -4 nt i goni sts
(e.g., al ph?’f— ﬁ Ea&rg%ﬂ%%ﬁa_ A?(tgitégtsgl)%g%?th%éﬁﬁg%%%fbolﬁg%énf{#g?[%r S,

i nterferon gamm antagoni sts r.ost agl andi synt hesi s .i nhi bi.tors,
budesoni de, Jcl of au 1 Fon ikpmefudT Ry HRhSatite BES AN Rab)  pas
m t ogen- act ataingilePbPbRd 6F detlinasaskilnii the hA) &hd iRElodRiRemplabpisagkamases ( PTK)
inhibitors, KK inhibitors, therapies for the treatnent of irritable bowel

syndrone ( efdqj.a paientpd dromy abope Q8 terd P9 medsgpfibrdy Weighy obardivecemppwl RE t hose
a4 scl : . . 4 2 i nhi: i : h
ot phoats n, Uenith G} 604aidled fifa e e prdh ehrolfof RANAR AR Ut

4, 200, 750) ; dekes,ansload favrad tstdaimestser day Hewilkbaendeest@yal that the epdcetcodase

(i ncl udi ng 1, : : 4, and CX receptor antagoni.sts);
secretory a*%dcg_c%ﬂfjg_ %PFIEY%@&%??WQW”%F@F?W ' be ‘61”89618 Wﬁ coi ds,
sal i cyl at esgegahl rupgn 2%hEQy ofHdio?s, REudiAFTHRQASHIRY S5HE phear

HRifi Atk _
transl ocation inhibitors,  such as deoxyspergualin (DSG. 20 The inventive
conpounds neyplegediskaimeabelantiatnbityi and lengtinobadtien ohgencempmwd, the gpeaiesat

(<2 CONLL L 005 SYEb AR BRSO SEFR o SRR S SR DRI U

(3- adrener oni ne, rmoterol,

sal but amol , aginietaBio®)rate dplek@btic, dtug qinibatkti®ROdnd Ao Partienat einditjon
corticosteroids (such as becl onet hasone, trianti nol one, budesoni de,

f1 uti casoneSought i9ibedraated and dts senet iy Sosferred pubipeission eatgyegt include animals,

most preferably mammalian species such as humans, and domestic animals such as
dogs, cats, horses, and the like, subject to Leukointegrin/ICAM associated conditions

20  and/or subject to any of the above-referenced diseases and disorders.

The inventive compounds and compositions may be employed alone or in
combination with each other and/or other suitable therapeutic agents useful in treating
diseases and disorders referenced above, for example, where the second drug has the
same or different mechanism of action than the present compounds. Exemplary of

25  such other therapeutic agents include anti-inflammatory agents, antibiotics, anti-viral
agents, anti-oxidants, and agents used to treat respiratory conditions such as COPD

and asthma.

Examples of suitable other anti-inflammatory agents with which the inventive
compounds may be used include aspirin, cromolyn, nedocromil, theophylline,
30  zileuton, zafirlukast, montelukast, pranlukast, indomethacin, and lipoxygenase

inhibitors; non-steroidal antiinflammatory drugs (NSAIDs) (such as ibuprofen and
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25 dexanet hasone); |eukotriene antagonists (e.g., Accol ate
[Zafirlukast(r)], and Singulair [Mntelukast(r)]); Miscarinic M

chol i ner gwo oantegdni sts (e.g., Spiriva(r)), PDE 4 inhibi temasz3183
rolipram cilomlast [Ariflo(r)], piclamlast, or roflumlast), histamne
H, antagonists, Ale ra(_rI%}i (fexofenadine), Caritin(r) (loratidine), and/or
Cl arinex(r) namaélg};a}l\gi-ptdn bitors (8gh\wotans)ap 294 48papyFnscizrizapes th | es of

ol eos de- Bt APERS: € gPifutles boneds. PARTLORTED BRI '~ osendi y
i nhi bi tors. yyanRe&. ATTNFuApAPESIVRRIH RS8O PPACE] mhAdRR, IndQukuse I n

conbi nation with the 5 conpounds of ‘the present invention include
al endr onat econviegugreonyamne (IGETEphipTods, Ihieslgniant], reeeptendntagaristsy prasinisoné.n, RANK

| i gand apnt agoni st,s,. cal cium sensing.r.eceptor t agoni i~ JRAP [ nhibitors,
seloctive oSoruRurrESeiiaMaghSt MR Cergo R AR DR RirPrgbaucn
Exanpl es of a$Nhpraké® adbrox® daWisx{®F, I 4- &%lﬁk!tdﬁzﬂkégbﬂis‘_{ﬂ (UEADY),
conpounds 10 of the present invention include Tipid peroxidation

i nhi bi tors €A lgsngpamshgonaits, IBODIS Gdjbidrt GninasAnyddpheamdlate ECelAG@pt®@D67d and

a-lipoic acj The inventiv qunds al so nmay, be ysed in conpination with
ant i - di abet &%‘4%§eﬁfg’9tr%$&zl%dﬁt§ﬁ’i“ﬂ é%ta%‘él.lﬁ;/(%t ‘%18?%4 I'r??t,a'lg E&bf@%“d ase

i nhibitors (&a9) RAAIRAER) inhibitDSUintdMeréd Qﬁmgbﬁtgg@n&y,lcyr@s@g%{d@ﬂ agogues or
insulin sensitizers), meglitinides (e.g. 15 repaglinide), sulfonylureas
(e.g., @i neyithdsisanhibitgrsiridgsonaded clplazpminedeN]-1493, glxhaniagaglisphierd. de

conbi nati ong_.{e. ucovance thi ozol.i.di nedi.ones (e.qg.. trogl.itazone,
rosiglitazo reﬂ(‘%ll%bbipggF}lﬁ)gg%'ﬁcet;\fatelgﬁ& S lf)lﬁ%lseérg%ﬁ]it%rts ’séro'isglAtliéfod lnasggoni sts,
PPAR al pha/ gerkeinBibébrs A0OK iirsHiitor§EhekZpit s Hoir el ieeasmentdifiiditdbds ovadl fatty acid
bi ndi ng protein (aP2) such as those disclosed in U S Serial No. 09/519, 079
filed 20 Mapyir@ne gopoldmac®s4elgpae®  andiMaxipk @prnerg sedhgisdbose gisglosgdn- | i ke

peptide-1 ( -l u ph | ase, ..and di peptidyl tidase |V
(DP4) i nhi bﬁﬁﬁs%’a?ﬂ‘gfgﬁg@ﬁ%ﬁ%ﬁ@@%ﬁfﬂ&@%ﬁ%@ Glaietip AIBEE ¢ hat
i ncreases t hguihe¥ginss & dis 3R 19 USHAVNG. &, 88! 759); fddassbcldier ansuki ¢ benefit.
For exanple, the conpounds of the invention nay have advant ageous effects

when used i ghesepkierseapsr m@duhators (including CCR1, CCR2, CCR3, CCR4, and CXCR2

receptor antagonists); secretory and cytosolic phospholipase A2 inhibitors,

glucocorticoids, salicylates, nitric oxide, and other immunosuppressants; and nuclear

translocation inhibitors, such as deoxyspergualin (DSG).

20 The inventive compounds may be used in combination with other agents used
to treat respiratory conditions such as asthma, COPD, and allergic rhinitis, such as -
adrenergic agonists (such as albuterol, terbutaline, formoterol, salbutamol, salmeterol,
bitolterol, pilbuterol, and fenoterol); corticosteroids (such as beclomethasone,
triamcinolone, budesonide, fluticasone, flunisolide, dexamethasone, prednisone, and

25  dexamethasone); leukotriene antagonists (e.g., Accolate [Zafirlukast®], and Singulair
[Montelukast®]); Muscarinic M3 cholinergic antagonists (e.g., Spiriva®), PDE 4
inhibitors (e.g. rolipram, cilomilast [Ariflo®], piclamilast, or roflumilast), histamine
H, antagonists, Allegra® (fexofenadine), Claritin® (loratidine), and/or Clarinex®

(desloratidine).
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25 phosphodi esterase inhibitors, including PDELl inhibitors (such as those
described in Journal of Medicinal Chem stry, Vol. 40, pp. 2196-2210

[ 1997] ), WDHB/oeeas bitors, PDE3 inhibitors (such as reviziraango2/pizwbbendan,
or ol prinone), PDE4 inhibitors (referenced above), PDE7 inhibitors, or

ot her PDE inhibitors such as dipyridanole, cilostazol, sildenafil,

denbut yl i ne, the&pamples absyithblz-aglimsalagena frhiseath UKRINFEIMg CROPOPNGS, |

ci s-4-cyano-4-[3-(cycl. nt vl. axy.) - 4- met haxyphenyl.l.cycl ohexane- | - car boxylic
“55 o s ovsue RS NG LR AR M O OB e B0

BAY- 19- 8004 jnmehipasif vyl | i ne, SCH351591, YM 976, PD- 189659, nesi opram

pumaf entri ne, CDC-998, |C 485, and KW4490. In view of their usefulness in
treating ischem @xahpRs biMBRAblc\4atiCRIFBPLHAGES aBBHts fdPGsdBEDnitinARARIAchEON Wi th
agents for inhibiting FlFo- ATPase, including efrapeptin, 5 oligonycin,

aut over t § n Bpmpeunde of Higdresenipovendiondediedd dendroratd)gsphorate, BIFbIRTARt i on
Serial No. 60/339,108..fil ed.Dece 0, 2001 and assigned.to th resent
2ssi gnee. TAFBRL FUPfsar AR e B RS & TR Les e SLE P ube rersl

nadol ol , caky@gbdias, TRAR inhtifES StidtivedRirb@ndeteporag@inl fo:S USARBH aRdt r at es,
for exanple, sodiumnitrates, nitroglycerin, isosorbide nononitrate,

i sosor bi de d&iPn] tnhikiwrs.and nitrovasodil ators; 10 antiarrhythnic agents
including Cass | agents (such as propafenone); Cass Il agents

(propranol ol ); CExemples pf styehlesinfisuxedantssfoseicah sbmbuefien withdes campayads one,

azimli an ibhutil.ide). Class |V agents.(such.as difiazem a

Ver apan?) - Okbe ot iSRS P BERR ORI AR St T BTN bi ¢ or
of the K, 1es3ibfigmhihY,Ofitdfin E)ATNEl06PPAHARE-SpSiHGBid. as | Kur inhibitors (e.g.,
conpounds disclosed in U S. Application Serial No. 15 09/729,731, filed
Decenber 5, 2000y g@e% ' j i - i i

anti coagul ant or )rg%?}mé ﬂr 0 dgﬁB ghgﬁgﬁ({@qyhgpﬁjdﬁﬁgHglggﬁ???\w%??é?ﬁm

xi mel agt r anagdntsysmal asduguenidee (g tmdifpemin )nslu¢esidase aditiovefegx acabaxapar ai n,
and dalteparin), .antj-platelet agents such .as GPLIDb/GPl1la.bl ockers,
(e.g., abci %}SHQ ,(‘“Cé‘b‘i‘i‘g IR FEeENEU TS ‘Fd‘Fﬁ“B&ﬁ?‘}S“H‘fFSBn‘BS%JﬁWé“beFZ‘E:é‘pt or

ant agonii§t s rdp@glinide), §i8FIn9RAERs §e.g’.2§ﬁm39iriae,_dgl§’&1¥ﬂd% aaagﬁg@m'e;,t s (e.g.,

cl opi dogrel, ‘trcl 0})| dine, CS-747, and aspirin/clopidogrel conbinations),
and Factor RigupmiHe/slyboride ¢ambpjnatiang fielap giugovance)a Hdozplidnedioses €gech as

sodi um hydr a¥ h . .nhi bl ; LLormathi azi hydrn ) i azi de,
L uret hi et Qe AR, 3 308 B I RS SpopibS FRAN Rtk

met hyl chl or egdniag iPFPAR alpha/gamma dual agonists, SGLT?2 inhibitors, inhibitors of fatty acid

binding protein (aP2) such as those disclosed in U.S. Serial No. 09/519,079 filed

20  March 6, 2000 and assigned to the present assignee, glucagon-like peptide-1 (GLP-1),
glucagon phosphorylase, and dipeptidyl peptidase IV (DP4) inhibitors.

In addition, the compounds may be used with agents that increase the levels of
cAMP or cGMP in cells for a therapeutic benefit. For example, the compounds of the
invention may have advantageous effects when used in combination with

25  phosphodiesterase inhibitors, including PDE]1 inhibitors (such as those described in
Journal of Medicinal Chemistry, Vol. 40, pp. 2196-2210 [1997]), PDE2 inhibitors,
PDES3 inhibitors (such as revizinone, pimobendan, or olprinone), PDE4 inhibitors
(referenced above), PDE7 inhibitors, or other PDE inhibitors such as dipyridamole,
cilostazol, sildenafil, denbutyline, theophylline (1,2-dimethylxanthine), ARIFLO™

30 (i.e., cis-4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]cyclohexane-1-carboxylic
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trichl oronet hi azi de, pol ythiazi de, benzthiazide, ethacrynic acid
tricrynafen, 25 chlorthalidone, furosem de, nusolim ne, bunetanide,
triantrenaoe3o29ds ami | oride. The inventive conpounds nay paiTasoel2esef ul in
combi nation with antiangi ogenic agents, such as conpounds that are

i nhi bitors of VEGF recgftors or in conjunction with antitunor agents such

as pacl i t axefid), aenfylbng, € hl2940 €RC-8hle BAYdPKI04 GiprmiyHineeSEH3DI i n.
Exanpl es of m%&aﬂs%wﬁi{&%@s@gﬁ&gﬁg&&n éﬁﬁgfe§%$ﬁét48 Oam“bg@bsed in

conbi nation w th the inven e followng epothllone
derivatives as found in. . Germ at ent No, .4 97/ 190

051 29461 v os) h85y AHBTHER RS lestGe el ﬁxﬁﬁw%%ﬁ%m ™ wo

03/ 029245 PS&'bééﬁQ%&hBﬁﬁtmrQ%tﬁ%%é;&s fdmlkﬁ&/nﬁg&ﬂ%rAm&%@lﬁ@ ,efMg}:;ﬂﬂ{ 27890,
WO 99/ 28324, WO 99/43653, WD 99/54330, WO 99/54318, WO 99/

99/ 659133 WDig@uy@r2gmvenn Boyalroasl conpowslodysonrgsn US,paten agelitaHeent

i tors. 3o, $0ab Rd pifess 307 AFAILEM TR SR RES °0F e
t he i nventi vaplen wpbetadsirsverdic bldekers (dueh appioptanorgaikisiol, réayvepﬂiayaadt o have

additive and synergistic effects. The conmbj nati on may be  advantageous to
i ncrease t hBra&P¥ink aRiAngnal pgenis FHFMASIFAIES JAT Brample SeSER RiHaeHosage t o

reduce possiplg %bﬁbﬁ'ﬁ lg'JsBﬁﬁaémo&chmg 18RBMRIO ﬁ{ td DRI ARQVLIQIAGRDE S, when

enpl oyed in co nation with the conpounds o e present invention, nmay
be used]o f orntexduydinac ag¢nt$ oBdingrlasst Isagenty dswhmedrqpafenhm)ﬂigass Hiagergs Desk

Ref erence DR) o S vmse determn of ordinary..skill in the
arte o cnenarngteBorBinl HeabEn s s airte diE e BerEPhe REPE e o

agent (s) maypubigded CRs $V ap@fls RuEIPAs difazesi 44 Jeaapaﬁmsl N* ¥Mahhel rﬁédlﬂzﬁbﬂsow ng 15
the adm nistration of the inventive conmpounds. Corrpounds of formula (1),

i ncl udi ng t beches dpe inhdlitade st inhiditoisrf ek, lesudfamhibisoie T duhnellngoeerbewsh t est ed
0 ae () USSR S AR RSB B s TERRARBIG L, of 2oty

15 09/729,731, filed December 5, 2000); and gap-junction modulators such as
connexions; anticoagulant or antithrombotic agents including aspirin, warfarin,
ximelagtran, low molecular weight heparins (such as lovenox, enoxaparain, and
dalteparin), anti-platelet agents such as GPIIb/GPIIla blockers, (e.g., abciximab,
eptifibatide, and tirofiban), thromboxane receptor antagonists (e.g., ifetroban), P2Y,

20  and P2Y; antagonists (e.g., clopidogrel, ticlopidine, CS-747, and aspirin/clopidogrel
combinations), and Factor Xa inhibitors (e.g., fondaprinux); and diuretics such as
sodium-hydrogen exchange inhibitors, chlorothiazide, hydrochlorothiazide,
flumethiazide, hydroflumethiazide, bendroflumethiazide, methylchlorothiazide,
trichloromethiazide, polythiazide, benzthiazide, ethacrynic acid tricrynafen,

25  chlorthalidone, furosemide, musolimine, bumetanide, triamtrenene, and amiloride.

The inventive compounds may also be useful in combination with
antiangiogenic agents, such as compounds that are inhibitors of VEGF receptors, or in
conjunction with antitumor agents such as paclitaxel, adriamycin, epithilones,
cisplatin, and carboplatin. Examples of anticancer and other cytotoxic agents that

30  may be used in combination with the inventive compounds include the following:
epothilone derivatives as found in German Patent No. 4138042.8; WO 97/19086, WO
98/22461, WO 98/25929, WO 98/38192, WO 99/01124, WO 99/02224, WO
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Hl-Hel a cells were released fromtheir growth flask using versene (G bco,
Grand Island, NY). Follow ng centrifugation, the cells were resuspended in
growt h nweioreeo2BEM (G bco), 10% fetal calf serum (Hycl orer/isogaress UT), | %
Pen-Strep (G bco), and 1% L-glutam ne (G bco) and plated for growh at
5,000 cells/well in a 25 96-well plate. The next day, HSB-2 cells were

di vided to QQ/O%BAﬁM’Oi%?/(&ﬁé&xWQr%%BW, BIAPI218UE Wi9BESH24. W% FCS, 1%

Pen- Strep, I i T t : S were

centri fuged@g}tjmé%?ﬂr;'.fé@fg‘g?594 ?ﬁeertg)t %@?%s‘ﬁﬁ?9’§%%®r ;é%sg%sg g/eér?gz%fq?tn)l HBSS at 5x
107/ m . Cal 68i6723VIW Q@ NG 725D land W @ 100P048E £ yclEudppoadenORnasnidhib@Orsrabl 30

phorbol nyri_state t S , St. Louis, MJ). ywere added to the |abeling
and -61 vxofwﬁo%@@?%}@g@ [PEePYE Broteip fragferagnin Prslf’é&PEM iRd¥Pncubat i on
at 37C for 39,300 REwWa 68)5/060f HBSS was added and the cells centrifuged
as above. The cell pellet was then resuspended and counted. Wiile the

HSB-2 cells were | i : i . i 1 - HelLa
cells and the pl at@g%&/ah@%ggggﬁg{eﬁg\% Wl&@@@&??&v&ggi@Eﬂﬁ&lgeb%gg%%e?%sn of 50
t1  of HBSSmagpraadphaonadditt@ dndafyndiBisGe effedtai Then@ntonpoundayssd ut i on, DVSO,
or anti-CD 18 anti body was ther},added to each well. To the H 1-HelLa cells
were added 290HageRrsHRENIGCSE estiieacy of thedginistratign sideerepy? hheeas ion i n
the dark for.30e pdisihi §dc-effllqs. el I's were then washed three tinmes to renove
t he unbound cells. A 10 fluorescence plate reader was then used to

determ t he nunb =2 [0 0] L due to
t he corrggund was CZP%%%\{QS)E&SSH ng)et% H%ggégkﬁ?mhgpgrg@ﬁ)&ggm%dqu[gtlf?%oﬁfh\?l@? tion and
t he ant i bodyheldoapoendsastiibs presend i vEB(SH, intdyiteivsed) for exbbpkCirathbssamoumssay On
day 1, human uynbilical vein endothelial c HUVEC) . ssage 3, 15

Cl oneti cs, gﬁcaﬁdéa&e %}swwggifﬂ%féﬁem@biﬁé 950hp éﬂP@f‘d‘?{ netl igoneav

bul I etkit  gpgidhaty3IaNe (HeSh, MRHSHONGES o CHreldlR i FMES, WakiERG% conf | uent

(typically day 4),” 96-wel|l tissue culture plates were coated with 100
| /wel | of 2t®rapentic agent(e) Mypbe ddmioaitdredyprior to,Mvitapealsigivitt edfollowingl M

acetic qg : dtheFa lrrlir%\é\gré}g)nl or}(fl%leblarlltvzarﬁpvefcggnp%ltm S?aSt three hours,

Compounds of formula (I), including the compounds described in the
examples hereof, have been tested in assay(s) described below and have shown a
measurable level of activity as inhibitors of LFA-1 and/or ICAM-1.
Assays

20 Hil-HelLa Adhesion assay

H1-Hela cells were released from their growth flask using versene (Gibco,
Grand Island, NY). Following centrifugation, the cells were resuspended in growth
medium: DMEM (Gibco), 10% fetal calf serum (Hyclone, Logan, UT), 1% Pen-Strep
(Gibco), and 1% L-glutamine (Gibco) and plated for growth at 5,000 cells/well in a
25  96-well plate.

The next day, HSB-2 cells were divided to 2x10%/ml in growth medium: RPMI
1640 (Gibco), 10% FCS, 1% Pen-Strep, and 1% L-glutamine. The next day (day #3),
the cells were centrifuged at 534xG for 8 minutes, washed, and resuspended in HBSS
at 5x10’/ml. Calcein-AM, 10 UM (Molecular Probes, Eugene, OR) and 100 nM
30  phorbol myristate acetate (SIGMA, St. Louis, MO) were added to the labeling and
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20 the collagen was renoved and the plate washed three tinmes wth HBSS
(G bco). The HUVEC flask was trypsinized, and HUVEC were plated on the
col | agen woaBedomel | s at 1250 cel Il s/200 | /well for use fear/chaysi2Bat er.
Twenty hours prior to use, the nmediumwas renoved and cells were
stinulated with 200 | of | OnM phorbol nyristate acetate (PMA, Sigma, St.
Loui s, MO) ReHiVEDM m&vllpwmgclécub@tlma@ﬁﬁffm@ émmtw&qmml(qu%%may day 8),

and 50 1 of “bsRa A G SR bR AP HER oo RelPor B MRt i g

conpound sokgiidt&n, DIVBO or bl ocking anti -CD18 was then added to each well.
On day 7, HSB-2 cells were then divided to 2x 105/m in RPM 1640 (G bco),

30 10% FCS (Hycl ongie thOB8B.2 &8Ik 7we1=e/‘la|8@1%gsrtﬁeerﬁccf1@nmﬁ)a’sg1%9d f¥mlenghyt am ne

-62 WO 03/029245 PCT/ US02/ 31283 G bco he foll ow ng day, the cells were
cent ri f upedHal.a 68baBdftior plgtemimashiedsynce watbHEBIS S, dnlowakhisthe addidon nf HBES at
5x10/m . For activation and |abeling, calcein- AM 10 M (Ml ecul ar Probes,
Eugene, OR) °GHES$oHn ﬁﬂﬂhb‘ﬁ@)arléglmﬁfl OBt BE ‘éQfEPOU(“QlS@WEOHS}P Sthars, MO
wer e added an I ng the
addi tion of tggﬁﬂ% aﬁ&@s\g%qyﬁg ce %sea\%é%ééggﬁ?% uge reggt‘}g%eér(\@%

counted. To20(1e00HISBQ elsivee]Vviar1e0 adidellowéDb Phidutatioa Inedlea]aﬁk eBovat ed HSB- 2
cells/well in 100 |, followed by incubation in the dark for 30 m nutes. To
renove unbBumdes dhe wellp Wérqfsém svamiéhrﬁ@gﬁ@a tq igpoxe thenboypd eellsipss. A

{1 uor eSGenc e, ot fod ufcSAART wiRRHSEHh hcEhAThORuhBE AHIRES HEH.HSB- 2

cells bound he percent 1n Ition ue to e conpou was cal cul at ed
with the vetdlsl ’(Eh@pmterrmlinmlmtloxatlu@%the: cmnmlinldovasalat&utamel wirtg thodghidk ocked

adhesion set at 10 i biti 15 E The fol Exanpl es
illustrate EYRYO4R tlg Bftlopﬁﬁgr}fﬁ?@r@?@wpﬁ Aien aasn@%gf "ﬁ%}’ mat eri al's,
and are not _intended to limt the scope of the clains. For ease of
reference, HMYEGRIMGHORESSWhr evi ati ons are used herein: 20 Abbreviations
A1C13 = al um num chl ori de
On day 1, human umbilical vein endothelial cells (HUVEC) (passage 3,
15 Clonetics, San Diego, CA) were placed into a T-75 flask containing EGM bulletkit

media (Clonetics) for growth.

When the HUVEC were 90% confluent (typically day 4), 96-well tissue
culture plates were coated with 100 pl/well of 2.5 pg/ml mouse Type IV collagen
(Trevigen) diluted in 0.1 M acetic acid. Following incubation for at least three hours,

20  the collagen was removed and the plate washed three times with HBSS (Gibco). The
HUVEC flask was trypsinized, and HUVEC were plated on the collagen coated wells
at 1250 cells/200 pl/well for use four days later. Twenty hours prior to use, the
medium was removed and cells were stimulated with 200 pl of 10nM phorbol
myristate acetate (PMA, Sigma, St. Louis, MO) in EGM. When the cells were 90%

25  confluent (typically day 8), the PMA-containing medium was removed, the wells
were washed with HBSS, and 50 pul of HBSS was added to the wells. An additional
50 pl containing compound solution, DMSO or blocking anti-CD18 was then added

to each well.

On day 7, HSB-2 cells were then divided to 2x10°/ml in RPMI 1640 (Gibco),
30 10% FCS (Hyclone, Logan, UT), 1% Pen-Strep (Gibco), and 1% L-glutamine

-62-



Ac20 = acetic anhydride AcONa = sodium acetate bp = boiling point 25
CH3CN = acetonitrile DCC = di cycl ohexyl carbodii m de DCE = dichl oroethane
DCM = di cwibaBoeethane DVAP = 4-di rret hyl am nopyri di ne 30 DiPREAISO2/3DBEA =
N, N- di i sopropyl et hyI am ne DI\/E = , 2- di met hoxyet hane DMF = di et hyl
formam de EDCl = 1-3-djneth am nogropyl ) - 3-et dyI car bod| | m de Et20 =

di et hyl et hé‘ﬁle@) Tbgfollowing, hysterGeatifpeed atOomeG o1k minutescet at e - 63

WO 03/ 02924@ EH%E/ H&%éﬁéﬁlﬁéd u'?hg‘s‘g alé%:g!ﬂﬁll Fdr actlgﬁl"i‘(m S lgg%m hé’a(ijée zhloric

acid KOH = potassium pot assi um car iter

LiIAIH4A = 1i tAMulm;ﬁML(MdMumdﬁMHeéaEugNE@ﬂ)K) A et00 MMl phb@ol\ih‘]hlstﬁtem'eéthlanol 10
MySO4 = magnesi um sul fate NaH = sodi um hydri de NaZSOf} = sodium sul fate
NaOH = sodi (hgmgdrtokowia MPwereladded agd thecplls ngnhagedysdd °C for 30 minutes.

5  Following the addition of ten ml of HBSS, the cells were centrifuged, resuspended,

and counted.

To the HUVEC cells were added 200,000 labeled and activated HSB-2
cells/well in 100 pl, followed by incubation in the dark for 30 minutes. To remove
unbound cells, the wells were washed three times with HBSS. A fluorescence plate

10 reader was used to determine the number of HSB-2 cells bound. The percent
inhibition due to the compound was calculated with the vehicle control set at 0%

inhibition and the antibody-blocked adhesion set at 100% inhibition.

15 EXAMPLES
The following Examples illustrate embodiments of the inventive
compounds and starting materials, and are not intended to limit the scope of the

claims. For ease of reference, the following abbreviations are used herein:

20 Abbreviations

AIClz = aluminum chloride
Ac,0 = acetic anhydride
AcONa = sodium acetate
bp = boiling point
25 CH;CN = acetonitrile
DCC = dicyclohexylcarbodiimide
DCE = dichloroethane
DCM = dichloromethane
DMAP = 4-dimethylaminopyridine
30  DIPEA or DIEA = N,N-diisopropylethylamine
DME = 1,2-dimethoxyethane

DMF = dimethyl formamide
EDCI = 1-3-dimethylaminopropyl)-3-ethylcarbodiimide
Et,O = diethyl ether

35 HOBT = I-hydroxybenzotriazole

EtOAc = ethyl acetate
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15 PBr3 = phosphorus tribrom de (Ph3P)4Pd =

tetraki s(tri phenyl phosphi ne)pall adium{ O PS = pol ystyrene SOC12 = t hionyl
chl ori de wOmBA/029245 i et hyl amine 20 ng = mlligram(s) mM = mdriiseBess 1=
mcroliter mmol = mllinmle npl= mcronole 25 not = nole nmp = nelting
point RT = roomtenperature Preparation 1 30 4-(4-Bronophenyl)-4-oxobutyric
acid O CQoEPBr=etlnoi3 (128.8 g, 0.97 nmol) was added by portions within 20
mn to a 35gsUshMQsi on of succinic anhydride (44.3 g, 0.44 nol) and

br om)benzen?lc(ll_oho rrci)C 1Oi'c99id mol) in DCM (500 m) while the reaction flask
was cool ed i1 a WHEMBEHY After 1h30 -64 WO 03/ 029245 PCT/ US02/ 31283
mn at RT, &3 rFastassion hyidsaxidee was refluxed for 2h. After cooling, the

reacti ons nmgYCOIE sSih@Waybapawr ed into a m xture of ice (1.5 1) and
concentr at egzlil 100 m). The precipitate was washed twice with water,

with isopro anlefr, and finally with pentane. After drying
4- (4- br onop 4y~ lgthpwplymyining hydrid¢ was obtai ned as an off 5 white solid
(86.4 g, npMe(N8GetonittildIVR (CDC13): 7.85 (2H, d, J = 8.5 Hz), 7.62 (2H

d, J =28.5 k%)o 3. , t, J =6.5Hz), 2.82 (2H, t, J = 6.5 Hz).
Preparation Ijl-_( ‘gléa(rnc%iﬁophen | ) - 4- oxobutyric acid nethyl ester
10  MgSO4 = magnesium sulfate

NaH = sodium hydride
Na,SO, = sodium sulfate
NaOH = sodium hydroxide
NMP = 1-methyl-2-pyrrolidinone
15  PBrs = phosphorus tribromide
(PhsP)4Pd = tetrakis(triphenylphosphine)palladium(0)
PS = polystyrene
SOCI, = thionyl chloride
TEA = triethylamine
20  mg = milligram(s)
ml = milliliter
ul = microliter
mmol = millimole
umol = micromole
25  mol = mole
mp = melting point
RT = room temperature

Preparation 1
30 4-(4-Bromophenyl)-4-oxobutyric acid

(o)
Br

AlCl; (128.8 g, 0.97 mol) was added by portions within 20 min to a
35  suspension of succinic anhydride (44.3 g, 0.44 mol) and bromobenzene (100 ml, 0.99
mol) in DCM (500 ml) while the reaction flask was cooled in a water bath. After 1h30
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10 O CO2Me  Br 4-(4-Bronophenyl)-4-oxobutyric acid (86.4 g, 0.336 nol)
(Preparation 1) in MOH (1.7 1) containing H2SO4 (86 m ) was refluxed for
21 h. Aftwo ocodung, the light 15 precipitate was filteredTafdo2/ard3t he
reaction m xture concentrated to dryness. The obtained solid was placed in
water and extracted twice with EtOAc. The organic |layer was washed with
di | ut ed NaOmimART e Ecagiierhmigitirg avas defluxgd doieéh. RdzsCHOligdthe deastient r at ed to

ow el (1 ng BRI 511F5 S PPENGIA Aol oy Ko Al nERLOD, 1P 7

8.5 20 Hzml). Th@@re(cﬂiﬂatedvaslvash& ﬁwb’i)v;thiivafér (vﬁHaso‘@)opaBolZ&u(Rxhillytwuh] = 6.5
Hz) 2.76 (2H, t, éq Preparatlon 3
1- ( 4- Br oropBeH§ie) Aét&f awglgf* {-Briogiophomylfroppputpic a@d Wapobamsd 9 s off-

PCT/ US024 31%%% so‘hcfg%%% F% ?’3’ Oy 4k 3? g@ﬁ@{ )7 §5 RUGLrd. §Eﬂ?'7d62m3t hy|

ester (19g, ratlo ous thyI (100 m)
was added d(2ipw, de & HHa), mcaﬂnsu@mo'szl); ABE—I(QH& B= @SHIAD nmml ) in ether
(100 M), while the tenperature was kept below 5C with an ice bath. After
2h at RT, the reaction mxture was refluxed for 5 4h. It was then cooled to

5C and hydrol yzed with a saturated %%@pﬁuti on with the tenperature
kept bel ow 15C. The suspension was Tiltered over celite and concentrated

to yield a yellow oi | ¢1&Brompphenydrdwxebutyrisrmcidbmetiplesteover silica gel
(el uent 10 DCM MeOH 90/ 10) to yield 1-(4-bronophenyl)-butane-1,4-diol as an
oil (15°g). ' HNWR (CDC13): 7.40 (2H, d, J = 8.4 Hz), 7.12 (2H, d, J =
8.4 Hz), 4.65 (1 H, br 10 s), 4.50-4.60(1H m), 3.97 (1H br s), 3.4-3.65
(2H, m, 1.6-1.85 (2H, m), 1.45-1.6 cotte

2

Br

4-(4-Bromophenyl)-4-oxobutyric acid (86.4 g, 0.336 mol) (Preparation 1) in

MeOH (1.7 1) containing H,SO4 (86 ml) was refluxed for 21 h. After cooling, the light

15  precipitate was filtered off and the reaction mixture concentrated to dryness. The
obtained solid was placed in water and extracted twice with EtOAc. The organic layer
was washed with diluted NaOH and twice with brine, dried over Na,SO,4 and
concentrated to yield the desired 4-(4-bromophenyl)-4-oxobutyric acid methyl ester as
a low melting point solid (87.5 g, mp = 50°C). '"H NMR (CDCls): 7.85 (2H, d, J = 8.5

20 Hz),7.60 (2H, d, J=8.5 Hz), 3.71 (3H, s), 3.28 (2H,t,J = 6.5 Hz), 2.76 2H, t, J =
6.5 Hz).

Preparation 3
1-(4-Bromophenyl)-butane-1,4-diol
25
OH

QWC’H
Br
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(2H, m. Preparation 4 1-Brono-4-(1,4-dibronobutyl)benzene 15 Br D Br

Br PBr3 (4 m, 40 nmmol) was added dropwise in 10 mn to a solution of 1-(4-
br onophemyb)osbed2ane- 1, 4-diol (15 g, 61 mmol) (Preparati onP8/tisn2/e6i28s hyl
ethyl (300 20 m) nmintained at -10C. After 20 h at RT, the reaction

m xture was cooled with an ice bath and water (100 ‘%1?% was added rapidly.
The aqueous | ayef spsiogyf Addtbaemenlicas))-4piabutiseaecid mefaylestasi(Hieed 78r gani c

| ayers were i i | U ee tines
wi th water I&W?@ﬁ%@ﬁ%@ Lrﬂé’?&ﬁ%\%@%ﬁ%ﬁﬁ%@ﬁf% gégée%f‘cghé\s fgeCE)(pn‘rf':ent rat ed
to yield 1-buspaisich ¢fLiAdld] (5tog0ld0tnymdh) émedeae(100 sy )whils the walpeitaroias ' H 25
NVR (CDC13); 7.47 (520H d J =8.5Hz), 7.26 gZH, d, J.= 8.5 Hz%i, 4.8-5.0
(1H ), 3kep bebwy 59C with an frepaily ftep 2b apR 'l gihe sqactioy mixturg wasyeflongd fay
Prepar at4 on - sdied f SO I S - 31029245
beT S0y 1R 4t HasiBTeadied (b S ?9@?‘5‘8%@ @%@%@g&a&@%g@g ygg{cl)rti ons

t o br onobengenempardtarattept bdlow7 5A6! Theatusfeisiod-vBrsdntepedomiconglite eid or i de (259,
146 mol ) was added. dropwi se to .5 e.red sol ution kept at OC over 30 m n.
After Th at CREETETIE PoRH PoRInP e b s ThE P amageipbfd oyt st s

cool i ng, th&lﬁ@nl‘?l)@{[m}@%'ﬂﬁgto%){@lﬂ L @eSrvmbBherdNthutet 1 4@ ds wh bt (BEM The
organi c | ayer was dried over 2S04 and concentrated to ield

3-brono-1 - (8 tIJH(NMBHé:ml))Wélﬁéﬁil d,drre8.¢360) 7-Wh(Zdh dnvds &4 Visd.&1-63 A& bt r om
pet rol eym efngrso (Mg G8Y 3.07 AR o G335 off; 85 (&tsstonlmy, Ba1lg) . 7- 62

(2H,
(2H, m).

Preparation 4
1-Bromo-4-(1,4-dibromobutyl)benzene

15
Br

@/Wm
Br

PBr; (4 ml, 40 mmol) was added dropwise in 10 min to a solution of 1-(4-

bromophenyl)-butane-1,4-diol (15 g, 61 mmol) (Preparation 3) in diethyl ethyl (300

20  ml) maintained at —10°C. After 20 h at RT, the reaction mixture was cooled with an
ice bath and water (100 ml) was added rapidly. The aqueous layer was extracted twice
with ether. The combined organic layers were washed with a diluted aqueous Na,CO;
solution then three times with water until neutrality, dried over magnesium sulfate and
concentrated to yield 1-bromo-4-(1,4-dibromobutyl)benzene (13 g) as a yellow oil. 'H

25 NMR (CDCly): 7.47 (2H, d, J = 8.5 Hz), 7.26 (2H, d, J = 8.5 Hz), 4.8-5.0 (1H, m),
3.42 (2H,t, J=6.4 Hz), 2.2-2.45 (2H, m), 1.8-2.2 (2H, m).

Preparation 5
3-Bromo-1-(4-bromophenyl)propan-1-one
30
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10d, J =8.5 Hz), 3.73 (2H, t, J =6.5 Hz), 3.55 (2H t, J = 6.5 Hz).
Preparation 6 3-Brono-|-(4-bronophenyl)propan-l1-ol OH~ Br Br ~ 15 NaBH4
(1.59, 39wW0 mred2is was added by portions to a solution of Chreson3izss

(4- bronophenyl ) propan-1-one (11.7g, 40 mvl) (Preparation 5) in MeOH while
keepi ng the tenperature below 10C. After | h at RT, 1N aqueous hydrochloric
acid 20 was added at 5Cto pH = 1 and th& mixture was concentrated in
vacuum The residue was di ssolved i aAwea d extracted three tinmes with
DCM The organic |layer was dried o Na2804 and concentrated to yield

3- brono-1 - (4-bronophenyl ) pr opan- IBrC as a yellowoil (11.1 g). 'H NWR
(CDbC13): 7.47 (2H, d, J =8.3 Hz), 7.22 (2H, d, J = 8.3 Hz), 4.87 (1H, br
s), 3.50-3.62 (1H, m, 3.31-3.42 (1H, m, 2.35 (1H, OH, br s), 2- 25 2.31

031 029045 PoT) LSS {5k & &8 it s JPEL) bl 8 AR IR s i G

added dropwi g2 nidd) & OS’GOBéBioﬁloﬁl@QonS}Déhll@mdUOSg OIf46 mmol) was added dropwise to
3-brono-1-(4- bromphen){(ﬁpprgﬁan | -ol (11 tg (Preparation 6) in
a mixtute B rbplution kepyatdhly oupr |38|”ﬂ’é1 ed emlh aﬁ,ﬂ% th?rﬁaftwmﬂvéﬁurezwam

120G, the  RERGE PSR KOUTE MRS OS] uRY Rl it YOBR ool ol G HCI -

The organic layer was washe Na2S
concent r at eekttasted witld DIZMell‘he)mganlc layekr2v® dyjed dijresﬂ‘ildzsﬁa land comeetrateé deiced

pressure gave (3- bro 10 c | or opr o yl).benzene as_a | orl ess
oil (5.1 Y‘Sbilﬂi%ol%@cﬁ’mﬁ‘os N-fppne b’%)‘““?“ﬁ“?“‘%f ?f n,
7.15-7.3 ( Zfi&trdléum ety (thp B 667L). '3 }41@113 (EpCih 7.81 (2H, d, J = 8.5 Hz), 7.62 (2H,

10 d,J/=8.5Hz),3.73 (2H,t,J = 6.5 Hz), 3.55 (2H, t, J = 6.5 Hz).

Preparation 6
3-Bromo-1-(4-bromophenyl)propan-1-ol

OH

) J@)\Am

NaBH;, (1.5g, 39.7 mmol) was added by portions to a solution of 3-bromo-1-

15

(4-bromophenyl)propan-1-one (11.7g, 40 mmol) (Preparation 5) in MeOH while

keeping the temperature below 10°C. After 1h at RT, 1N aqueous hydrochloric acid
20  was added at 5°C to pH = 1 and the mixture was concentrated in vacuum. The residue

was dissolved in water and extracted three times with DCM. The organic layer was

dried over Na;SO4 and concentrated to yield 3-bromo-1-(4-bromophenyl)propan-1-ol

as a yellow oil (11.1 g). '"H NMR (CDCls): 7.47 (2H, d, J = 8.3 Hz), 7.22 (2H, d, J =

8.3 Hz), 4.87 (1H, br s), 3.50-3.62 (1H, m), 3.31-3.42 (1H, m), 2.35 (1H, OH, br s), 2-
25 2.31 (2H, m).

Preparation 7 ‘
1-Bromo-4-(3-bromo-1-chloropropyl)benzene
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3.3-3.45 (1H, m, 2.35-2.65 (2H, m. Preparation 8 15

3-(3,5-D chl orophenyl ) -2-thi oxoi m dazolidin-4-one CI OO0 1-1 NH C S

3, 5- Di chlwoaplearys i sot hi ocyanate (5g, 24.5 nmol) was adde®CyuSpzst2edn to a
20 suspension of the HO salt of ethyl glycinate (3.4 g, 24.5 mol) in a
m xture of TEA (7.5 m, 53.9 mmol) and dry DCM (40 m ) while cooling the
flask in a water bath. After 60h at RT, the solution was concentrated to
dryness and partitioned between EtQAc agg aqueous HCl. The organic |ayer

was washed with water and concentrated. [The obtained anorphous solid was
washed with Et20 to yield 3-(3,5-di opttenydr) 25
2-t hi oxoi m dazol i di n-4-one as an or solid (5.3 g. "HNW (CDC13): 7.45

(1H, n), 7.25 (2H, n), 4.44 (2HB'Ss). “Preparation 9 -68 WD 03/029245

PCT/ US02/ 31283

3- (3, 5-Di chl orophenyl ) - 4- oxo- 2-t hi oxoi m dazol i di ne-I|-carboxylic acid
tert-butyl estefOCl, @8 8.6 INnGI)Mhs@Hd@ d}bbwl‘v!blk&a 50dle<$0l20‘td)(mhmbn

di -tert-buty] di carbonate ( f added to a
suspensidn B 3Brqmo-a:( abewpav@amﬂwypan -39 mlo%ﬁ?nfﬂda@a )i (erﬁarzctl%@ PR o4 g 4
mol ) (P epgfi ahledt somai do Phé“ﬁad(pééldm (3%163‘778%}1012)26‘1*}@% aﬁ526dd thf ter 2h

at RT, the mxture vvas evapor at taken into Et washed tw ce with
aqueous 10 i’élals@hmndumn% pawteld Qmartaarmxtambfﬁc:ermlldl )% HAt Ertteraagadc tageryi el d

? el(’ ? gu? nyhl O% g/lgg‘(ea vb&p ﬁ?teﬁ rlg u}(ﬂ 4 an gcg)nclegtlrart]gd tlo_yléa}a goy)éﬁtlbxlzv%llam d
(12.8 g). Distillation under reduced pressure gave 1-bromo-4-(3-bromo-1-
10  chloropropyl)benzene as a colorless oil (5.1 g, bp = 128-130°C/ 0.5 mm Hg). 'H
NMR (CDClj): 7.4-7.55 (2H, m), 7.15-7.3 (2H, m), 5.07 (1H, m), 3.45-3.6 (1H, m),

3.3-3.45 (1H, m), 2.35-2.65 (2H, m).

Preparation 8
15 3-(3,5-Dichlorophenyl)-2-thioxoimidazolidin-4-one

3,5-Dichlorophenylisothiocyanate (5g, 24.5 mmol) was added by portion to a
20  suspension of the HCI salt of ethyl glycinate (3.4 g, 24.5 mmol) in a mixture of TEA
(7.5 ml, 53.9 mmol) and dry DCM (40 ml) while cooling the flask in a water bath.
After 60h at RT, the solution was concentrated to dryness and partitioned between
EtOAc and aqueous HCI. The organic layer was washed with water and concentrated.
The obtained amorphous solid was washed with Et,0O to yield 3-(3,5-dichlorophenyl)-
25  2-thioxoimidazolidin-4-one as an orange solid (5.3 g). 'H NMR (CDCl;): 7.45 (1H,
m), 7.25 (2H, m), 4.44 (2H, s).

Preparation 9
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solid. "HNWR (CDC13): 7.46 (1H, m, 7.18 (2H, m, 4.54 (2H, s), 1.57 (9H,
s). Preparation 10 15

(5R*, 6S*)WO-0328amnoOphenyl ) - 3- (3, 5-di chl or ophenyl ) - 4- oxo- 2CtTiSox/61283 3-

di azaspi ro[ 4. 4] nonane- 1-carboxylic acid tert-butyl ester C OH NNOC S O
Me Br /Me M Using the same procedure as in Exanple 1 starting from

1- br ono- 4- ( 1343, 5Zbchlpmldms!mDt@;@;%éﬁhv@n@mdz@wgw lcarbmlly agipdergusyli on 4)
and 3-(3,5- dichlorophenyl)-4-oxo- 2- th| plnldazolldlne | - car boxylic acid
tert-butyl ester (361 ng, 1 mol) (Preparatlon 9),

(5R*, 6S*) - 6- (4- bronophenyl ) - 3- (3, 5-di chl or ophenyl ) -

4- 0x0- 2-t hi oxo-1, 3-di azaspi ro[ 4,,4] nona e- | -carboxylic acid tert-butyl ester
was obtained (54 ng) as a whi t¥\ sol i "H NMR (CDC13): 7.49 (2H, d, J =
8.4 Hz), 7.33 -69 WD 03/029245 P S% 1283 (1 H m, 7.09 (2H, d, J =
8.4 Hz ), 6.22 (2H, M, 4.17 (1 Hz, J2 = 5.4 Hz),
2.35-2.6 (3H m, 2-2.35 (3H, q% 1. 69 QFW/S reparation 11 5

3-(3,5-Di chl orophenyl) -2, 4-di ox |n1daz§I|anewk arboxylic acid tert-butyl
ester CI OON NOM C OOW Asolution of di-tert-butyldicarbonate
(7.72 ¢9,535.4 mmol ) in THE (100 nl) 10 was added to a suspension of

3-(3,5-dichl orophen dazo epar ed
according to Fujtf to&@ Qf“”té kﬁ3§589 (?Qgé 6QKW%P§6@RﬁgnyEﬁm@‘ﬁﬁb in
THE (150 m )addeﬁftB%rsu%J%nﬁbn Bi3-(3 bQhéﬂla%yﬁ&lyv)ﬁﬁttﬁé/ﬂ%m%&ﬂimha&ﬁq1 ;(l)ﬂtgo DCM

washed twice with | N aqueous HG and once’with brine, and final
concent r at ed mmol |(Bnegarat10n 8) and DMAP (73 mg, 0.6 mmol) in MeCN (5 mb). After 2h at

3-(3,5-dic thqr %hme&¥ur2: was evzgplo(r)a é) rtnak(él:r(’jl1 {8 o'E(?bR% \!vés 24 RY w1t(f1 aqueous
10  KHSO, and once with water, and finally concentrated to yield 3-(3,5-dichlorophenyl)-
4-0x0-2-thioxoimidazolidine-1-carboxylic acid tert-butyl ester (1.04 g) as a brown

solid. "H NMR (CDCls): 7.46 (1H, m), 7.18 (2H, m), 4.54 (2H, s), 1.57 (9H, s).

Preparation 10
15 (5R*,65%)-6-(4-Bromophenyl)-3-(3,5-dichlorophenyl)-4-0x0-2-thioxo-1,3-

diazaspiro[4.4]nonane-1-carboxylic acid tert-butyl ester

Cl Br

07<M6
M
Me €

Using the same procedure as in Example 1 starting from 1-bromo-4-(1,4-

20  dibromobutyl)benzene (423 mg, 1.1 mmol) (Preparation 4) and 3-(3,5-
dichlorophenyl)-4-oxo-2-thioxoimidazolidine-1-carboxylic acid ferz-butyl ester (361
mg, 1 mmol) (Preparation 9), (SR*,65%*)-6-(4-bromophenyl)-3-(3,5-dichlorophenyl)-
4-o0xo0-2-thioxo-1,3-diazaspiro[4.4]nonane- 1 -carboxylic acid tert-butyl ester was

obtained (54 mg) as a white solid. 'H NMR (CDCl3): 7.49 (2H, d, J=8.4 Hz), 7.33
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15 acid tert-butyl ester (10.17 g) as a white solid. 'H NVWVR (CDC13): 7.40
(1H, m, 7.37 (2H, m, 4.40 (2H, s), 1.58 (9H, s). Preparation 12

5- (4- Br onwplsrgd2is 5- oxopent anoi ¢ acid nethyl ester 20 O @@aNES02/Br28ssi ng
t he procedure described in Preparations | and 2, the above above-titled

conpound was obtained fromglutaric anhydride and br onobenzene. 'H NWR 25
(CDC13): 7. 88 (mMh7.Q9 (2Hl, &, B=8.4H3 ), 672?6@¥I( oy 4.47 (1H,ddg/ 5= 1L HRJ685S@3H, s),

2 2 STl B g ) ) 200 G

1- (4- Bronophenyl ) - pent ane- 1, 5- di ol | ~f OH Br 5 Using the procedure
described in Preparation 3, 5-(4- brormphenyl - oxopentanoi ¢ acid net hyl
ester (12.8 g, 45 mmol) (Preparati&l‘_ﬂﬂ)ﬁw&s—lreduced with LiAIH4 (3.4 g,

) 05 IS by A g, O

4.56 (1H, m, 3.63 (1H, br s), 3.45-3.6 (2H, n), 2.96 (1H, brs)12519
(6H, m. 10 Preparation 14 1- Bélom) 461 5-di bronopentyl ) benzene Br Br

Br ~ 15 >\ﬁ
QN)/N o_ Me
Cl (o] 7]/ 7<Me
O Me

A solution of di-fert-butyldicarbonate (7.72 g, 35.4 mmol) in THF (100 ml)
10 was added to a suspension of 3-(3,5-dichlorophenyl)-imidazolidin-2,4-dione (7.5 g,
30.6 mmol, prepared according to Fujinami e? al.. cited above) and DMAP (560 mg,
4.6 mmol) in THF (150 ml). After 3h at RT, the mixture was evaporated, taken into
DCM, washed twice with 1IN aqueous HCI and once with brine, and finally
concentrated to yield 3-(3,5-dichlorophenyl)-2,4-dioxoimidazolidine- 1-carboxylic
15  acid tert-butyl ester (10.17 g) as a white solid. 'H NMR (CDCls): 7.40 (1H, m), 7.37
(2H, m), 4.40 (2H, s), 1.58 (9H, s).

Preparation 12

5-(4-Bromophenyl)-5-oxopentanoic acid methyl ester

20
o)

/©/u\/\/COZMe
Br

Using the procedure described in Preparations 1 and 2, the above above-titled
compound was obtained from glutaric anhydride and bromobenzene. 'H NMR
25  (CDCl3): 7.83 (2H, d, J = 8.5 Hz), 7.60 (2H, d, J = 8.5 Hz), 3.68 (3H, s), 3.03 (2H, t, J
=7.1 Hz), 2.45 (2H, t, J=7.1 Hz), 2.06 (2H, m).

Preparation 13
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Usi ng the procedure described in Preparation 4, 1-(4-bronophenyl)-pentane-
1,5-diol (9.4 g, 36.3 mvl) (Preparation 13) was treated with PBr3 (3.4 nl,
36.2 mowp BBo29uel d 1- brono-4- (1, 5-di brom)pent yl ) benzene pCa/USOY}1283 a
yellow oil. 1H NWR (CDC1l3): 7.47 (2H, d, J 85Hz) 7.26 (2H, d, J = 8.5
Hz), 4.88 (1H, t, J = 7.5 20 Hz), 338(Ht,J—6 Hz)223(2Hn')
1.8-2.0 (2H, n), 1.55-1.8 (14 m@hqnylipswapsﬂﬁ fiol Preparation 15
(E)-4-[3-Acetyl -1-(3,5-di chl orophenyl) -2, 5-di oxoi m dazol i di n-4-yl i denenet hy
|1- 25 benzonitrile -71 WO 03/029245 PCT/ US02/31283 NC O N/ NM C 0
O A mxture of 3-(3,5-dichl orophenyl)-®H-di oxoi m dazol i di ne-1-carboxylic
acid tert-butyl ester (3.45 g, 10 ration 11),

4- cyanobenzal dehyde (1.31 g, 10 ) and Na®Hc (0.82 g, 10 mml) was
refluxed for 3 h in Ac20 (50 nig,- solid obtained after concentration
was taken into a m xture of ice/water and DCM The organic |ayer was dried
and concentrated to yield a solid (4.4 g) which was chromat ographed over
silica gel (eluent

di chl or ophenyl ) - 95’5“%d‘i‘f‘oB(BF"fﬁ“EFa%Fli‘léﬁdrinff";ﬂdf%ﬂ’é‘ﬁénét(ﬁﬂ‘]m%ﬁ%‘hﬁtr| le as a

LS St SR nde RO MR g afed sl
16 L1A1H4 (342,90 mmol) to yield 1-(4- bromophenyl) pentane-1,5-diol (9.4 g) as a
(E)-1- Acetyl

4- 15 dioneY %f“(@l e%&tde]n&)(ﬁl 8d3|ﬁw9 g%ﬁnc\{lf) éTP?za)lzé?Séd' ne-2,

(1H, m), 3.63 (1H, br s), 3.45-3.6 (2H, m), 2.96 (1H, brs), 1.25-1.9 (6H, m).

Preparation 14

1-Bromo-4-(1,5-dibromopentyl)benzene

Br

) D)\/wm

Using the procedure described in Preparation 4, 1-(4-bromophenyl)-pentane-
1,5-diol (9.4 g, 36.3 mmol) (Preparation 13) was treated with PBr3 (3.4 ml, 36.2

15

mmol) to yield 1-bromo-4-(1,5-dibromopentyl)benzene (6.1 g) as a yellow oil. 'H
NMR (CDCl,): 7.47 (2H, d, J = 8.5 Hz), 7.26 (2H, d, /= 8.5 Hz), 4.88 (1H, t,J = 7.5

20 Hz),3.38 (2H,t, J =6.6 Hz), 2-2.3 (2H, m), 1.8-2.0 (2H, m), 1.55-1.8 (1H, m), 1.4-
1.55 (1H, m).

Preparation 15

(E)-4-[3-Acetyl-1-(3,5-dichlorophenyl)-2,5-dioxoimidazolidin-4-ylidenemethyl]-

25 benzonitrile
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NFMe CI 0 O Using the sanme procedure as in Preparation 15, but starting
with Preparation 20 11 (34.5 g, 0.1 nol) and 4-bronobenzal dehyde (18.5 g,
0.1 nol),wole/adeve-titl ed conpound was obtai ned as a whipCa/s0/8128% 16. 8
g). np = 222C. '"HNWR (DMsO-d6) : 8.23 (1 H s), 7.79 (1 H m, 7.55-7.75
(6H, m, 2.65 (3H, s). -72 WD 03/029245 PCT“USOZ/31283 Preparation 17
(E)-4-]

1- (3, 5-di chl or ophenyl ) - 3-net hyl - 2, 5- d|0x0|n“dazolld|n 4-ylidenemet hyl ] -
benzonitrile 5 N C O/ NM d 0 Prep ion 17 was obtained via three
alternative nmethods: (1). A solution of
3-(3,5-dich|orophenyl)-l-nethyl-Epidazol
4- cyanobenzal dehyde (53 g, 0.404 1),
in acetic acid (I 1) was heated f reflux. The solution was cool ed
and kept at 50C for one hour. It t Nal lyppved to cool to 35C, and the
i nsol ubl e material was recovereq¥ y fluinat on to yield 35.5 g (0.095 nol)
of the above-titled conmpound. Yield 35% npC& 236C ; 15 (2). A m xture of
3- (3, 5-di chl orophenyl ) -1 -net hyl -i m dazol e- 2 4-di one’ (2.3 g, 5 nmmol),

4- cyanobenzal dehyde (0.98 g, 7.5 mml, 1. 5eq) pyrrolidine (0.3 m),

anhydr ous MgSO4 Q%H%' §3 8§ Pichl 5%%?& [?ﬁg for

ei ghteen hours. eugggctlgn n%x@%?h é%ﬁ%ere L%gb8£%§§m e solid
obt ai ned vvasermhstbrbﬂ;ter\@is #h ghtﬁ mﬁtcﬂ}(P@épaZz(nlomJ)l) 4rataeobdn2xldChyde )X 1.3 EgOH) ( 2x20
m.) and dr 'S mmol) N ec{ ﬁaogic ?(? 82 g, 1(9mmol) was refluxed for 3 h in Ac,O (50 ml). The solid

obtained after concentration was taken into a mixture of ice/water and DCM. The

-dione (70 g, 10 0.27 nol),
-alanine (16.1 g, 0.181 nol)

organic layer was dried and concentrated to yield a solid (4.4 g) which was
chromatographed over silica gel (eluent: DCM) to yield 4-[3-acetyl-1-(3,5-
dichlorophenyl)-2,5-dioxoimidazolidin-4-ylidenemethyl]-benzonitrile as a white solid

10 (1.25g). mp =212°C. '"HNMR (CDCls) : 8.52 (1H, s), 7.6-7.75 (4H, m), 7.43 (1H,
m), 7.37 (2H, m), 2.78 (3H, s).

Preparation 16

(E)-1-Acetyl-5-(4-bromobenzylidene)-3-(3,5-dichlorophenyl)-imidazolidine-2,4-

15 dione
Br
Cl (o} :
S
N
>//N Me
Cl (o o)

Using the same procedure as in Preparation 15, but starting with Preparation
20 11 (34.5 g, 0.1 mol) and 4-bromobenzaldehyde (18.5 g, 0.1 mol), the above-titled
compound was obtained as a white solid (16.8 g). mp = 222°C. '"H NMR (DMSO-ds) :
8.23 (1H, s), 7.79 (1H, m), 7.55-7.75 (6H, m), 2.65 (3H, s).
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(3) A mxture of 3-(3,5-dichlorophenyl)-1-nethyl-imdazol e-2,4-dione (1.3
g, 5 mmol), 4-cyanobenzal dehyde (0.98 g, 7.5 mmol, 1.5 eq), pyrrolidine
(0.3 m) wodsok2aH (35 M) was heated at 78 C for ei ght eerdrammog3izg8he
reaction mxture was filtered while hot and the solid obtai ned was washed
with hot EtOH (2x20 nL), water 25 (2x20 nlL), EtOH (2x20 nlL), and dried.
Yield: 2.78 g. Preparation 18 -73 WO 03/029245 PCT/ US02/ 31283

(BE)-5- (4-Bronpobenzyli dene) - 3- (3, 5- ¢ ehhkBRAGNY! ) - 1- met hyl -i m dazol i di ne- 2
4- dione Br C ONN M C 05 #;EESHWE—procedures as for Preparation 17
wer e fol | owad)-4eldi-@B¢p-dichlorophxny )z hobdlingl 255 -divxpimitazelidid-dcylidembareiat i Hehy de.
"H NV\R (DVMBO-d6) : 7.90 (2H, d), 7.72 éth m, 7.58 (4H, m), 6.65 (1H, s),
3.24 (3H, s). 10 Preparation 19 benzonitrile

3-(2,6-Dychl oropyridin-4-yl)-1-methyl -i m dazolidine-2,4-dione Cl O No N
eN M C 015 TEA (7.2 m, 51 mmol) was added to a suspension of the HC
salt of sarcosine ethyl ester (3.4 g, 24.5 ) in dry DCM (80 m). The
formed triethylam ne hydrochloride was filé red off and rinsed with DCM

(20 M). The filtrate was
Cl o
%}N)/M
Me
Cl o

Preparation 17 was obtained via three alternative methods:

(1). A solution of 3-(3,5-dichlorophenyl)-1-methyl-imidazole-2,4-dione (70 g,

10 0.27 mol), 4-cyanobenzaldehyde (53 g, 0.404 mol), and B-alanine (16.1 g, 0.181 mol)
in acetic acid (1 1) was heated for 32 h at reflux. The solution was cooled and kept at
50°C for one hour. It was then allowed to cool to 35°C, and the insoluble material was
recovered by filtration to yield 35.5 g (0.095 mol) of the above-titled compound.
Yield 35%. mp = 236°C ;

15 (2). A mixture of 3-(3,5-dichlorophenyl)-1-methyl-imidazole-2,4-dione (1.3 g,
5 mmol), 4-cyanobenzaldehyde (0.98 g, 7.5 mmol, 1.5eq), pyrrolidine (0.3 ml),
anhydrous MgS0, (0.9 g, 1.5 eq), and EtOH (35 ml) was heated at 78 °C for eighteen
hours. The reaction mixture was filtered while hot, and the solid obtained was washed
with hot EtOH (2x20 mL), water (2x20 mL), EtOH (2x20 mL) and dried. Yield: 1.58

20 g

(3) A mixture of 3-(3,5-dichlorophenyl)-1-methyl-imidazole-2,4-dione (1.3 g,
5 mmol), 4-cyanobenzaldehyde (0.98 g, 7.5 mmol, 1.5 eq), pyrrolidine (0.3 ml) and
EtOH (35 ml) was heated at 78 °C for eighteen hours. The reaction mixture was
filtered while hot and the solid obtained was washed with hot EtOH (2x20 mL.), water

25  (2x20 mL), EtOH (2x20 mL), and dried. Yield: 2.78 g.

Preparation 18
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transferred into a 3-necked round bottom flask and cooled to 5C. A solution
of 2,6 20 dichloropyridin-4-yl isocyanate (10 g, 53 nmmol) in DCM (25 m)
was addedworoapesse  over 10 min while keeping the inner teapdrsat/sres bel ow
10 C. After 96h at RT, the reaction mxture was refluxed for 10 h. After
cooling to RT, the solution was washed wth brine, dried over MJSO® and
concent r at edE)Phd-BrameheaaylideserAddS-dighlororheayl)chmsthal daidaznliding 24 si | i ca
gel (eluent : cycl ohexane/ Et OAc 80/ 20 {,20/50) to yield -74 WO 03/ 029245
PCT/ US02/ 31283 the above titled conpouna as a white solid (9.9 g). nmp =
134C. "H NWR (CDC13): 7.75 (2H, s), 4.07 (2H, s), 3.10 (3H, s).
Preparation 20 5 Br
(E)-4-[1-(2,6-Dichloropyridin-4-yl)-3-net hyl} 2, 5-di oxo-i m dazol i di n- 4-
yl i denenet hyl ] -benzonitrile CNCI O No eBNyMy Cl 0 10 Using the third
met hod described in Preparation 17, Prepar 19 (59, 19.2 nmol) was
reacted w th 4-cyanobenzal dehyde £B. 78 gg 2878 nmmol) to yield the above-

titled conmpound as a white solid ( g) \.mps/= 230C. "H NWR (CDC13) : 7.91
(2H, d, J = 8.1 Hz), 7.65-7.75 (4 N6. B0 (1H, s), 3.37 (3H, s). 15
Preparation 21 2-Hydroxynet hyl -t hi | e- %ﬂwboxylic acid S~ OHO,)--N

OH 20 The above-titled conpound wgg synt esi zed according to the procedure
described in DE 2548505 to Roussel -Ucl af (1975) and Chem Abstr., Vol. 85,
#46650. 5H NVR (DVsO-d6) 8.27 (1H, s), 4.77 (2H, s). Preparation 22 25
Et hyl 2-hydroxynet hyl -t hi azol e- 5- car boxyl at e
Y Y Y The g/ame procedures as for Preparg/tion 17 were followed, using 4-
bromobenzaldehyde in place of 4-cyanobenzaldehyde. 'H NMR (DMSO-ds) : 7.90

(2H, d), 7.72 (1H, m), 7.58 (4H, m), 6.65 (1H, s), 3.24 (3H, s).

10
Preparation 19
3-(2,6-Dichloropyridin-4-yl)-1-methyl-imidazolidine-2,4-dione
Cl (0]
N
N>>;>'N N.
)/ Me
Ci 0]
15

TEA (7.2 ml, 51 mmol) was added to a suspension of the HCI salt of sarcosine
ethyl ester (3.4 g, 24.5 mmol) in dry DCM (80 ml). The formed triethylamine
hydrochloride was filtered off and rinsed with DCM (20 ml). The filtrate was
transferred into a 3-necked round bottom flask and cooled to 5°C. A solution of 2,6-

20  dichloropyridin-4-yl isocyanate (10 g, 53 mmol) in DCM (25 ml) was added dropwise
over 10 min while keeping the inner temperature below 10 °C. After 96h at RT, the
reaction mixture was refluxed for 10 h. After cooling to RT, the solution was washed
with brine, dried over MgSO, and concentrated. The obtained amorphous solid was

chromatographed over silica gel (eluent : cyclohexane/EtOAc 80/20 to 50/50) to yield
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-75 WO 03/029245 PCT/US02/31283 S~ OHOB "N O K CH3 A solution of crude
Preparation 21 (300 ng, 1.9 mmol) and concentrated sulfuric acid (2 m) in
Et OH (30 wio)o3wa®4s ef | uxed during 5 hours. The sol vent was PETASApGr2at ed
under reduced pressure and the residue was partitioned between aqueous

Na2CC8 and Et OAc. The organic |ayer was washed with water, dried with

sodi um  sul fgrERoveedspRRIuAT a%a Hike SOl 8l mir 234G HNNMRICRPE)br own oi |
(320 nmg, 1. I ™4 ( v 8.28 (1H, s); 4.94 (2H, s); 4.33 (2H,
q; 1.35 (374,753?3’ 330“‘3?&%2{5 s D hyl 2- bromomet hyl t hi azol e
4-carboxylate S OBr-"} NOK CH3 15 A mxture of ethyl-2-nmethylthiazole
4-carboxylate (500 ng, 2.9 mmol), N- bronpsuccinimde (877 ng, 4.9 mol),
and benzoyl peroxide (5-10 ng) in Xrepayation2d .y \as heated at 70 C for 85
h. After<cool i ngtLr1.e0em; ,[l)pyl k) qiNas; -and washed

W th watser (3 tlgEr;e‘gF% elg}?ggfl cwlr“g?er \A/aléétgﬁﬁer’gdclﬁ\‘/%f“ﬂﬁgg‘%l(ﬁngnd
evaporated in vacuo. The resi dyidevemephyl]-bemzbniityilpr epar ati ve 20

chromat ography to yield the above-titled conpound (58 ng). 'H NVR (CDC13)
8.23 (1H, s), 4.77 (2H, s), 4.43 (2H, q), 1.42 (3H t). Preparation 24 25
Et hyl 5-brononet hyl i soxazol e-3-carboxylate o6 WO 03/ 029245 PCT/ US02/ 31283
CH3 O-N O0-/ Br HO

10 Using the third method described in Preparation 17, Preparation 19 (5g, 19.2
mmol) was reacted with 4-cyanobenzaldehyde (3.78 g, 28.8 mmol) to yield the above-
titled compound as a white solid (5.6 g). mp = 230°C. '"H NMR (CDCls):7.91 (2H, d,
J=28.1Hz), 7.65-7.75 (4H, m), 6.40 (1H, s), 3.37 (3H, s).

15 \ Preparation 21

2-Hydroxymethyl-thiazole-5-carboxylic acid

S/\>_<O
HO\)*N OH
20 The above-titled compound was synthesized according to the procedure

described in DE 2548505 to Roussel-Uclaf (1975) and Chem. Abstr., Vol. 85,
#46650. 'H NMR (DMSO-dg) 8.27 (1H, s), 4.77 (2H, s).

Preparation 22
25 Ethyl 2-hydroxymethyl-thiazole-5-carboxylate
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5 The above-titled conpound was synt hesi zed according to the procedure
described in Heterocycles, Vol. 23, 3 (1985), at pp. 571-585. 'H NMWR
(CDC13) oewodsogeky s), 4.50 (2H, q), 1.42 (3H, t). Prepar @crarso251289

4-[ (35S,

9R*) - 7- (2-Brono- acetyl)-3-(3, 5-di chl oro-phenyl ) - 1- net hyl - 2, 4- di oxo-
1,3,7-triaza-spiro [4.4] non-9-yl] -be&Wi le Br O\\~C O Nff,NM
CN C O 15 To a solution of Exanpsg &7 5nm, 0.9 nmol) in 7 mM THF,
were added TEA (1751, 1.26 mml) and bron??cetyl bromde (94 |, 1.08
mml ). After 15 mn. at RT, the reaction niﬁhure was evaporated to
dryness. The residue was partitioned betweerd OCM (20 m) and I N HC
solution (10 m). The DCM | ayer was washed wth brine, dried over sodium
sul fate and concentrated to yield 441.3 ng of crude 20 conpound. 'H NWR
(CDC13): 7.75 (2K sofhition of 4Rrdé- atadion 2M(306mg; 6.9Mmbéhlandtencefrfted 3- 65 (7H,
m, 3.25 (3H, m). Preparation 2 4-Tri fl uor onet hanesul f onyl oxy-benzoi c
aci d tent - bsl{uriceaside(2 mhan EYQH @Y o) weopisxqcinriogdiowin e sdmttirs O O S,

F'FFF Trif i i ...0, 2 | dded t
" cool ed ( 56 BB SRAPRMCENEBIMIAE S slade Ws PhriuBacs SR EQACTVE, [0
m xture of Na,OOMH(PEQONJ). Taadrghhi liyer vagtwasHedwitialer, difeldevitddodaim 5C, wat er

was added. The ) )
sulfate, and evaporated under reduced pressure to yield a brown oil (320 mg, 1.7

mmol). 'H NMR (CDCls) : 8.28 (1H, s); 4.94 (2H, s); 4.33 (2H, q); 1.35 3H, t).

10 Preparation 23

Ethyl 2-bromomethylthiazole 4-carboxylate
0]
$TN
B"\)gl}_f o)

CH,

15 A mixture of ethyl-2-methylthiazole 4-carboxylate (500 mg, 2.9 mmol), N-
bromosuccinimide (877 mg, 4.9 mmol), and benzoyl peroxide (5-10 mg ) in 1,2-DCE
(3 mL) was heated at 70° C for 85 h. After cooling to room temperature, DCM (10
ml) was added and washed with water (3 times). The organic layer was dried over
Na,SO, and evaporated in vacuo. The residue was purified by preparative

20  chromatography to yield the above-titled compound (58 mg). 'H NMR (CDCls) :
8.23 (1H, s),4.77 (2H, s), 4.43 (2H, q), 1.42 (3H, 1).

Preparation 24
25 Ethyl 5-bromomethylisoxazole-3-carboxylate
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organi c | ayer was separated, dried over MgSO and concentrated in vacuo.
The residue was chromat ographed over silica gel (eluent :

cycl ohexawe/a3Be2@ 95/5) to vyield the above-ti t | ed conpourdTaAsS0A31288 Or | ess
oil (1.45 g). 1H NWMR (CDC13): 8.09 (2H, d, J =8.6 Hz), 7.32 (2H, d, J =
8.6 Hz), 1.60 (9H, s). 10 Preparation 27 4- [(58 * 9R

*) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl orophenyl ;%fﬁet hyI 2, 4-di oxo-1, 3, 7-
triazaspiro[4.4] non-7-yl]-benzoic acodN utyl ester CO2tBu CI ON N ~
~=N NM 15 C A m xture of Exgrrpl 00 ng, 0.72 mmol), Cs2CA3 (330
ng, 1 mmol), racem c BINAP (33.7 7 0.05 f'?m)I), Pd(QAc)2 (8.1 ng, 0.036
nmmol ) and Preparation 26 (283 ng, 0.87 mmol) was heated at 80 C in di oxane
(5 M) for 24h. 20 After cooling to roomtenperature, the insoluble salts
were renoved. The filtrate was concentrated in vacuo and purified using
chromat ography on silica gel (eluent : DCM to yield the above-titled
conpound (139 ngThe abometitrd cappasid was, synthesiped agcorgling 19 the progglupd 03/ 029245

o 53 (211 oo 5o Ghgrlg gty geshp R sl PR e Bk o

Prepar at i on(128 sy 46002H0LY,11-42-BH, t)yl - 1H-tetrazole MRe, N N N N A sol ut| on
of triphenylnethyl chloride (348 ng, 1.25 mmol, 2 mMl DCM was 10 added
dropwi se to a mi xture of 5-(2-nethyl phenyl)-1Htetrazole (200.5 ng, 1.25
mol ) and TEA (174 R, 1.25 mmol) ip}efartikio The reaction m xture was
strirred overnight at RT, then wa J ter (10 mM). The organic

| ayer was dr ideldS9% @R*)-7-(2-Bromo-acetyl)-3-(3,5-dichloro-phenyl)-1-methyl-2,4-dioxo-

1,3,7-triaza-spiro[4.4]non-9-yl]-benzonitrile
Br

o

0 v/

cl /
QNVN\
Me
cl o

15 To a solution of Example 15 (373.5 mg, 0.9 mmol) in 7 ml THF, were added
TEA (175 pl, 1.26 mmol) and bromoacetyl bromide (94 ul, 1.08 mmol). After 15 min.

at RT, the reaction mixture was evaporated to dryness. The residue was partitioned
between DCM (20 ml) and 1N HCI solution (10 ml). The DCM layer was washed
with brine, dried over sodium sulfate and concentrated to yield 441.3 mg of crude

20 compound. 'HNMR (CDCl5): 7.75. (2H, d), 7.45-7.55 (3H, m), 6.7-6.9 (2H, m),
4.55-3.65 (7H, m), 3.25 (3H, m).

Preparation 26

4-Trifluoromethanesulfonyloxy-benzoic acid fert-butyl ester

25
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sodi um sul fate and evaporated in vacuo. The residue was purified by
preparative chromatography (Cyclohexane / EtQAc 95:5) to yield the
above-ti twedswmepdpund (159 15 ng). 1H NVR (CDC13): 8.1 (1HCTA)S02/31285-7.1
(18H, m, 2.5 (3H, s). Preparation 29
5- (2-Brononet hyl - phenyl )-1-trityl-1Hte
preparation 28 (96.9 ng, 0.24 mol ), N
nmol ) and benzoyl peroxide (5.8 ng, O.
di chl oronet hane was refl uxed under nit en for 7h. The crude titled
conmpound was -79 WO 03/029245 PCT/USOZ/ 283 obtained after evaporation in
vacuo and used wi thout purification. “HoNNR (CbC13): 8.15 (1H, m,
7.45-7.1 (18H, m, 4.9 (2H, s). Preati on 30 5 6- Hydroxynet hyl - ni coti nic
acid methyl ester OH4 NO O, M 10g above-titled conmpound was
synt hesi zed according to procedures d@scribed inthe literature (see, Y.
Langlois and P. Potier, Tetrahedron, Vol. 31 (1975), pp. 419-422). 'H NWR
(DVBO-d6) : 8.98 (1H, s) 8.30 (2H, d) 7.63 (2H,d), 5.64 (1H, t), 4.64
(2H d), 3.88 (34ﬂ'1ﬂé&% egl‘%ggsru%ﬂircaatnhﬁﬂld%](l 0@ nlﬁr 8 mBﬁXVas Qh&éﬁttbr&' ¢ acid
nmet hyl ester 61

cooled (5°C) solution of tert-butyl 4-hydroxybenzoate (1 g, 5.1 mmol) in a mixture of

5 DCM (25 ml) and TEA (1.1 ml, 7.8 mmol). After 4h at 5°C, water was added. The -

raﬁﬁle N Br / 20 N A mxture of
$Pe®succi ni m de (42.7 ng, 0.24
2. mol) in5mM 1, 2-

organic layer was separated, dried over MgSQOy and concentrated in vacuo. The
residue was chromatographed over silica gel (eluent : cyclohexane/iPr,O 95/5) to
yield the above-titled compound as a colorless oil (1.45 g). 'H NMR (CDCl3): 8.09
(2H, d, J=8.6 Hz), 7.32 (2H, d, J = 8.6 Hz), 1.60 (9H, s).
10
Preparation 27
4-[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-

triazaspiro[4.4]non-7-yl]-benzoic acid tert-butyl ester

CO,tBu

N -
Q »/N\ =N
cl o Me

A mixture of Example 15 (300 mg, 0.72 mmol), Cs,CO3 (330 mg, 1 mmol),
racemic BINAP (33.7 mg, 0.05 mmol), Pd(OAc); (8.1 mg, 0.036 mmol) and
Preparation 26 (283 mg, 0.87 mmol) was heated at 80 °C in dioxane (5 ml) for 24h.

15

20  After cooling to room temperature, the insoluble salts were removed. The filtrate was
concentrated in vacuo and purified using chromatography on silica gel (eluent : DCM)

to yield the above-titled compound (139 mg). 'H NMR (CDCl3): 794 (2H,d, J=8.5
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20 Phosphorus tribromde (1.4g; 5.32 mmol) was added slowy to a cool ed
solution (ice/water/sodiumchloride bath) of Preparation 30 (1 g, 5.7 nmol)
in tol uenwo o3he24s1 ). The reaction m xture was al |l owed t o PAYURL/G12BT
overnight and then refluxed for one hour. The reaction m xture was cool ed
to RT and DCM was added. 25 The organi c layer was washed wth a saturated

aqueous soI Hez). b %92Bs daf a1 BreArkBéAEL & J 3 Bddizi 663 (Hlah J =ft-5 8d).68vEr sodi um
sul f at e, ced pressure to yield an oil (m=
0.99¢q, vyi eI L@ﬁ%ﬁ@ﬁ}% ﬁ‘}'qq\/&/agquse thout further purification. "H NWR
(CDC13) : 9.18 (1H, s); 8.35 (1H, d); 7.56 (1H, d); 4.62 (2H, s); 4.00
(3H,s) -80 WD 03/029245 PCT/ US02/ 31283 Preparation 32

4- (1H Tetrazol - 5-yl ) -t hi ophene- 2- cdispazation284de 5 N, NN N H OHC S
Sodi um azide (2.9 g, 44.6 molg) jde (4.13 g, 30 nmol)

wer e adgéd to a solution of 55f00?H ﬁﬁﬁ'tgyﬂ‘gqgﬂéﬂgar bonitrile (2 g, 15
nmmol, prepared according to Intern. application WO 02/26718) in DWVF (50
m). The 10 solution was refluxed for 12h. After cooling to RT, water was
added and the solution was carefully ad with HClI. The sol ution was
extracted 3 tines with Et OAc. The pani c | ayers were dried over
Na2SO4 and concentrated under red gsufe to yield the desired
product as a brown solid (540 np) ad without further
purification. 15 EXAMPLE 1 (5R
* 6S*)-6-(4-Bronophenyl)-3-(3, 5-

N
fchir aphenyT) - 1- net hyl - 1, 3-

N Y

A solution of triphenylmethyl chloride (348 mg, 1.25 mmol, 2 ml DCM) was
10 added dropwise to a mixture of 5-(2-methylphenyl)-1H-tetrazole (200.5 mg, 1.25
mmol) and TEA (174 ul, 1.25 mmol) in 8 ml DCM. The reaction mixture was strirred
overnight at RT, then washed with water (10 ml). The organic layer was dried over
sodium sulfate and evaporated in vacuo. The residue was purified by preparative
chromatography (Cyclohexane / EtOAc 95:5) to yield the above-titled compound (159
15 mg). '"HNMR (CDCL): 8.1 (1H, d), 7.45-7.1 (18H, m), 2.5 (3H, s).

Preparation 29

5-(2-Bromomethyl-phenyl)-1-trityl-1H-tetrazole

938
o) Yl S

N. .N
20 N
A mixture of preparation 28 (96.9 mg, 0.24 mmol), N-bromosuccinimide (42.7
mg, 0.24 mmol) and benzoyl peroxide (5.8 mg, 0.024 mmol) in 5 ml 1,2-

dichloromethane was refluxed under nitrogen for 7h. The crude titled compound was
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di azaspiro[ 4. 4] nonane-2,4-dione CI 0 NN CI O M 20 Br KOCH flakes (1.3
g, 23.2 mol) were added at RT to a solution of 1-brono-4-

(1, 4- di broooBweyky benzene (4.08 g, 10.6 nmol) (Preparati orcajusanai28s ( 3, 5-

di chl orophenyl)-I.-nmethyli m dazol i di ne-2,4-dione (2.5 g, 9.6 mmvl, prepared
25 according to Fujinam et al. cited above) in d%y DNBQ}£4O nb%. After 30
h at RT, thebtajnsdafipisyappirtion & wgsuo perlivsed Withost piitfication d FERMREEREN t h

Et OAc. The gqr {C g ' rn Na2SO4 and concentrated to yield
an orange OIQI13?21_{9@‘),3%{%“%11‘3’%@%4@5,%g)l&{;@sb3/ 029245 PCT/ US02/ 31283

chr omat ogr aphed over silica gel (DCM pentane 50/50) to give

6- (4- br onophenyl ) -3- (3, 5-di chl orophenyl) -

1- met hyl -1, 3- di azaspi r o[ 4. 4] nonane-Exepagitiondd 2 1 g) as a white solid
having the relative sterg \ lepi ¢ ' MR (CDC13): 7.45
(2H, d,pJ = 8.4 H), 7.gg;’(@@,‘%ﬁﬁhy‘ijsgdé’ﬁ%‘%ﬂf@?'\éjﬁ'yieg.eﬁl Hz), 6.65 (2H, M),
3.36 (1H, dd, Jj _ 5 12.9 Hz, J2 = 6.2 Hz), 3.13 (3H, s), 2.4-2.65 (1H,
m, 1.8-2.4 (5H, m. EXAMPLE 2 o
(1S*,4R*) - 1- (4- Bronophenyl ) - 7- (3, 5-
di azaspi ro[ 3. 4] oct ane- 6, 8-di one 10 NrN CI Me Br Using the sane
procedure as in Exanple 1 starting frlomI-bgono-4-(3-brono-

1-chl or opropyl ) benzene (Preparation 7)~and3-(3, 5-di chl orophenyl)-1 15

met hyl i m dazol i di ne-2, 4-di one, the above tQ4] ed compound was obtained after
reverse phase HPLC purification (gradient om CH3CN H20/ TFA: 5/95/0.05 to
CH3CN H2O' TFA : 80/20/0.05). "H NWR (CDC13): 7.44 (2H, d, J = 8.4 Hz), 7.25
1H, .. 6.95-7 (4H, .. 4.05 (1H, t, J = 10.1 Hz), 3. 22 H, s), 2.65-2.85
ElH, E?,IQ]% o g1Be @%iﬂedﬁ?gﬁ@gnﬂ \ﬁz_is?y(l%q,slz# aqxﬂ)%dmg to proée%lures

described in the literature (see, Y. Langlois and P. Potier, Tetrahedron, Vol. 31
(1975), pp. 419-422). "H NMR (DMSO-dq) : 8.98 (1H, s), 8.30 (2H,d), 7.63 (2H,d), -
5.64 (1H, t), 4.64 (2H, d), 3.88 (3H, 1H).

I c“l orophenyl ) -5-nmet hyl -5, 7-

15 Preparation 31

6-Bromomethyl-nicotinic acid methyl ester

20
Phosphorus tribromide (1.4g; 5.32 mmol) was added slowly to a cooled

solution (ice/water/sodium chloride bath) of Preparation 30 (1 g, 5.7 mmol) in toluene
(100 ml). The reaction mixture was allowed to warm to RT overnight and then
refluxed for one hour. The reaction mixture was cooled to RT and DCM was added.

25  The organic layer was washed with a saturated aqueous solution of sodium
bicarbonate, then with water, dried over sodium sulfate, and concentrated under
reduced pressure to yield an oil (m = 0.99g, yield 76 %) which was used without
further purification. 'H NMR (CDCl5) : 9.18 (1H, s); 8.35 (1H, d); 7.56 (1H, d); 4.62
(2H, s); 4.00 (3H,s)
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20 EXAMPLE 3

(5R*, 6S*) - 6- (4- Bronophenyl ) - 3- (3, 5-di chl orophenyl ) - 1- net hyl - 1, 3-

di azaspi rejoh3bpeesane-2,4-dione Cl O,,,,, H NN C O M rea/1B02/31282 WO

03/ 029245 PCT/ US02/ 31283 Using the sanme procedure as in Exanple 1 starting
from 1-bronp-4-(1,5 di bronopentyl)benzene (4.2 g, 10.9 mml) (Preparation
14) and 3-(3,5- dichlorophenyl)-1-nmethylimdazolidine-2,4-dione (2.59 g, 10
mol ), the above titled conpound was obtained as a white solid (3.1 g, np
= 118C). "HNWR (CDCI3): 7.41 5 (2H, d, J = 8.4 Hz), 7.30 (1H, m, 7.00
(2H, d, J = 8.4 Hz), 6.90 (2H, m, Pepdratiohi32s), 2.91 (1H, dd, Jj = 12.9
li'_z 3. \}.26 (§H6 |rjr)|2) ’ EiAﬁ/gﬂ&%H‘-’{%g;z’ol-%'-yjl)-%liigplgelnlg’-Z-rc?lr’bo%él%el%y((l)eS (5H—m,

(5R*, 6S*3 - 6- (4- Bronophenyl ) - 3- (3, 5-di chl orophenyl ) - 2, 4- di oxo-1, 3-

di azaspi ro[ 4. 4] nonane- 1- carboxylic acid tern-butyl ester C OH 10- ~_ C
OO0 M Br Me Me Using the sane procedure"gs,"‘in Exanple 1 starting from

1- brono-4-(1,4- 15 di bronobutyl)benzene ( ng, 0.4 mmol) (Preparation 4)
and 3-(3,5- dichlorophenyl)-2, 4-di oxoi zol i dine-I-carboxylic acid
tert-butyl ester (113 ng, 0.33 nmmohg-(¥g-eparation 11), the above-titled
conpound was obtained (33 ng) as a white solid. ' HNW (CDC1l3): 7.48 (2H,
d, J = 8.3 Hz), Sod¥én(iidel(2.9)g, 44.6@4méid End FEAIydrochloride (4.13 g, 30 mmol)

were added to a solution of 5-formyl-thiophene-3-carbonitrile (2 g, 15 mmol,

prepared according to Intern. application WO 02/26718) in DMF (50 ml). The

10 solution was refluxed for 12h. After cooling to RT, water was added and the solution
was carefully acidified with HCL. The solution was extracted 3 times with EtOAc. The
combined organic layers were dried over Na,SO4 and concentrated under reduced
pressure to yield the desired product as a brown solid (540 mg) which was used
without further purification.

15

EXAMPLE 1
(SR*,6S5*)-6-(4-Bromophenyl)-3-(3,5-dichlorophenyl)-1-methyl-1,3-

diazaspiro[4.4]nonane-2,4-dione

20

KOH flakes (1.3 g, 23.2 mmol) were added at RT to a solution of 1-bromo-4-
(1,4-dibromobutyl)benzene (4.08 g, 10.6 mmol) (Preparation 4) and 3-(3,5-
dichlorophenyl)-1-methylimidazolidine-2,4-dione (2.5 g, 9.6 mmol, prepared

25  according to Fujinami et al. cited above) in dry DMSO (40 ml). After 30 h at RT, the
reaction mixture was poured into water and extracted with EtOAc. The organic layer

was dried over Na,SO4 and concentrated to yield an orange oil (4.98 g) which was
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=83 H ), 6.52 (2H, nm), 4.06 (1H, dd, Jj = 13.1 Hz, J2 = 5.5 Hz),
2.35-2.6 (3H, m, 20 2-2.35 (3H m, 1.66 (9H, s). EXAWMPLE 5 (5R

* 6S*) - 6-Wwo-Boeabphenyl ) - 3- (3, 5-di chl orophenyl ) - 2-t hi oxoPICTA3S02/31283

di azaspiro[ 4. 4] nonan-4-one 25 -83 WD 03/029245 PCT/ US02/31283 Cl OH N--
NH Cl S Br 6-(4-Bronophenyl)-3-(3 5-dichIoroghenyL)-4-oxo-2-thioxo-1,3-

di azaspi r o ghrematagERbed oversHisa el MM Rentags SOB0Y (fl give 644-bromorkgnylyanol )
(Preparatiop 4 qd. T _~£§%§- D)o %) 1:50] Mty I at
RT. After S@B%Q%hlr,l@té%}fe%qgggc@?tg 1n’15>2"dt1ur 1%241#11%%%%% a‘%“z‘% bl Pﬁ\?(‘él A e)ei ge
sol i d whi chsalaishavigftee relativielsteparrhanstiydeyiceddbove. 'H NMR (CDCls): 7.45 (2H,

6- (4- Bronmophenpyl) - 3-( - di_chl qQr op ygL- -1hioxo-1, 3-

di azaspi r o[ %.“4T &n’gﬁa Zzgﬁgh(l?ﬁ{%aggﬂ =§o‘ﬁ ﬁ&é'@@ﬁhﬁ)’(%ﬂﬂ’ dd, § 39 (1H,
), 7.5 (2o 1, 1)=%2814, a1} (3H; 32 4 BHés lgh rrg}; 18- A2HH,). J = 8.4 Hz ),
6.44 (2H, m, 3.36 (1 H dd, JiI'E12.9 Hz, 'J2 = 6.1 HZ),” 2.45-2.65 (2H,
m, 1.8-2.25 (4H nm. 10 EXAWMPLE 6 (5R *,6S *)-6-(4-B .
ronDphenyI)-S-(S,S-dlchIorophenyl)aézégggzﬁgfplro[4.4]nonan- 2,4-dione C
(052:- GEIH) gl (2 éS Br USidnﬁ ta?n? sa e as in Exanple 5,

, 65*) - 6- (4- byyupenyi4B ophenyl)-7-(3,5-dichlorophenyl)-5-methyl-5,7-
(3,5-dichIorophe%yl)-2,4-dioxq-f?3-gpazgspir§J4.']né%£ne-l-garboxylic acid
tert- butyl ester (80 ng, 0. 1diazaspirp(3Heetaped,.&yliopgs converted into
(5R*, 657) - 6- (4-

Using the same procedure as in Example 1 starting from 1-bromo-4-(3-bromo-
1-chloropropyl)benzene (Preparation 7) and 3-(3,5-dichlorophenyl)-1-

15 methylimidazolidine-2,4-dione, the above titled compound was obtained after reverse
phase HPLC purification (gradient from CH3CN/H,O/TFA: 5/95/0.05 to
CH3CN/H,O/TFA : 80/20/0.05). 'H NMR (CDCls): 7.44 (2H, d, J = 8.4 Hz), 7.25
(1H, m), 6.95-7 (4H, m), 4.05 (1H, t, J = 10.1 Hz), 3.22 (3H, s), 2.65-2.85 (1H, br q),
2.4-2.65 (2H, m), 2.1-2.3 (1H, br q).

20

EXAMPLE 3
(S5R*,65%)-6-(4-Bromophenyl)-3-(3,5-dichlorophenyl)-1-methyl-1,3-

diazaspiro[4.5]decane-2,4-dione

25
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br onophenyl ) - 3- (3, 5-di chl orophenyl ) -1, 3-di azaspi r o[ 4. 4] nonan- 2, 4-di one (58
ng). 20 "H NWR (CDC13): 7.48 (2H, d, J= 8.3 Hz), 7.32 (1H m, 7.18 (2H, d,
J= 8.3 HzwD,03/080268 (2H, n), 6.54 (1 H, br s), 3.22 (1 H ad1/uk02/31282. 7 Hz,

J2 = 6.2 Hz), 2.45-2.65 (2H, m, 1.9-2.25 (4H, m. EXAMPLE 7 25

4-[ (5R*, 6S*)-3- (3, 5-Di chl orophenyl)-1- et hyl - 2, 4-di oxo-1, 3-di azaspiro[4.4]n
on- 6-yl ] benzoni Veingdhe sagie pipgedareps 9 ks apple) I starping fiognl-begmerALoNN Yt ie CN

A m xture of;n6544: -3 - dli enyl -Aethyl-1,3 5

di azaspi ro[%‘.bg‘]“&fﬁpr?g{r?ew-ﬁg%sg&%é’ {(ﬁg"ﬁﬂe‘*}#ﬁ‘?%%?é (%3 and CUCN (0. 45
g, 5 nmmol) dichlonifiend$- 1 eeth@inidazd Bidd@-2,d+didhe(2.56fg, €0 nooall),ithgabdvheitleéact i on
m xt ure was oured on,a.mxture of |. nd eth iamne and extracted
twice with O“Pﬁé”ast?ib%draééli E:S\R/!ié?%ﬂlgo%t'_o 1@{%&&@%?@?&% el to
yield 4-§(5 L St ehhere ld,7=8. . .

1- et hyl { 2, %9??(08?4 g%?aé%@%ﬂ%{ﬁ@ no’r?} é y% ?§§%’260%9 %zrq Incla)’ 3838(.3}}.,08)1)& ge
solid. 'H NeR1(BDGUBY: =128HZ, Ikt 3ch H2), 2.58.(1HHY), 2.2:-2%(1H].3n), 38-2.0p (516, 67

(2H, br s),.3 ' d, J, = 12.8 Hz, J2 = 6.4 Hz), 3.16 (3H, s),
2.4.2.7 (1H‘,‘“)n$-?§16.(déﬁz. ~'(5H, n). EXAVPLE 8 15
(5R*, 6S*) - 6- Bi phenyl -4-yl -3-(3, 5-di chl orophenyl ) - 1-net hyl -1, 3-
di azaspiro[ 4. 4] nonane-2,4-dione CI OH O- ~- \ C O M A solution of
(5R*, 6S*) - 6- (4- br onophenyl ) - 3- ( 3, 5- BEXAMBEHheny!| ) - 1- et hyl -

10 (5R*,6S5*)-6-(4-Bromophenyl)-3-(3,5-dichlorophenyl)-2,4-dioxo-1,3-

diazaspiro[4.4]Jnonane-1-carboxylic acid tert-butyl ester
Cl

Cl

x

Me Me

Using the same procedure as in Example 1 starting from 1-bromo-4-(1,4-
15  dibromobutyl)benzene (153 mg, 0.4 mmol) (Preparation 4) and 3-(3,5-
dichlorophenyl)-2,4-dioxoimidazolidine-1-carboxylic acid tert-butyl ester (113 mg,
0.33 mmol) (Preparation 11), the above-titled compound was obtained (33 mg) as a
white solid. '"H NMR (CDCls): 7.48 (2H, d, J = 8.3 Hz), 7.30 (1H, m), 7.07 (2H, d, J
=8.3 Hz), 6.52 (2H, m), 4.06 (1H, dd, J; = 13.1 Hz, J; = 5.5 Hz), 2.35-2.6 (3H, m),
20 2-2.35(3H, m), 1.66 (9H, s).

EXAMPLE 5
(5R*,65%)-6-(4-Bromophenyl)-3-(3,5-dichlorophenyl)-2-thioxo-1,3-
diazaspiro[4.4]Jnonan-4-one

25
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20 1, 3-di azaspi ro[ 4. 4] nonane- 2, 4-dione (80 ng, 0.17 mml) (Exanple 1),
phenyl boronic acid (73 ng, 0.6 mml), (Ph3P)4Pd (20 ng, 0.02 mml) and
K2C03 (80wop3/002265 mmol ) in a mxture of DVE (1.5 nm) andpeateo2/4B831) was
heated at 80C for 12 h. The insoluble material was filtered off and the
filtrate concentrated. After chromatography,

(5R*, 6S*) - 6- bi phenyl - 4-y1-3- (3¢p- dIChIOOI’ senyl )-1-nmethyl-1,3 25

di azaspi ro[ 4. 4] nonane- 2, 4-di one 5) 4 \d'bt ained as a white solid. 'H
NVR -85 WD 03/ 029245 PCT/ US02/ N (

.5-7.6 (4H, m, 7.3-7.5
(3H m, 7.15-7.3 (3H n), 6.64 . dd, Ji = 12.4 Hz, J2 =
6.1 Hz), 3.18 (3H, s). 2.5-2.7p/(1H, (5H, n). EXAMPLE 9 5

(5R*, 6S*) - 3- (3, 5-Di chl orophenyl ) -6- (4'-f|u6rob| pf?ényl 4-yl)-1-nethyl -1, 3-

d 4.4 2 4.d NM, N q
d:agiffglegloi[n ELQ%—B?—E%HP@E@H@S%(:«; g'd(%%%ff?gch 019 &%hlog the procedure
(3, 5-di chl odophgms| 44]Loﬂmehubarb@;€yn@|aamg,pmghféstéﬂ @gnﬂg\eﬁ;gnﬂﬂ)m one (80 i

0.17 nrmml) (Exanple 1) was reacted with uorog boronic acid (7

nmy, 0.51 parpiéon, 1®|V@StadéecamBEMQ¢MG{z£b oA sqlonmgl)nﬂést R whitere

346 (11 NWW%C@H@%&% ttidgnlod %38?%3 bR Sajd wily s Sastaly
1. 85-2. 45 ( Skth pehtand o HAXANRIEB idIndpheidR3-(3,5- dlchlorophenyl) -2-thioxo-1,3-
* 6S*)-3-(3,5- D|chl oro hen‘%(]N 1- met hyl - 2, 4- di, 0x0- azas§)9|(rl?{4 5] dec- 6-

yl ] - benzoni GFzrpirold 4lappan-kne{ 2 langebeigs sefd). 'H Gk (CDC13) 8
7.51 (2H, d, J = 8.4 Hz), 7.35 (1H, m), 7.19 (2H, d, J = 8.4 Hz ), 6.44 (2H, m), 3.36

(1H, dd, J; =12.9 Hz, J; = 6.1 Hz), 2.45-2.65 (2H, m), 1.8-2.25 (4H, m).

4

10
EXAMPLE 6
(5R*,65%)-6-(4-Bromophenyl)-3-(3,5-dichlorophenyl)-1,3-diazaspiro[4.4]Jnonan-
2,4-dione

Cl (o]
N
O >//NH
Cl 0

15 Br

Using the same procedure as in Example 5, (SR*,65%)-6-(4-bromophenyl)-3-
(3,5-dichlorophenyl)-2,4-dioxo-1,3-diazaspiro[4.4]nonane- 1 -carbox ylic acid tert-
butyl ester (80 mg, 0.14 mmol) (Example 4) was converted into (SR*,65%)-6-(4-
bromophenyl)-3-(3,5-dichlorophenyl)-1,3-diazaspiro[4.4]nonan-2,4-dione (58 mg).

20 'HNMR (CDCly): 7.48 (2H, d, J = 8.3 Hz), 7.32 (1H, m), 7.18 (2H, d, J = 8.3 Hz ),
6.68 (2H, m), 6.54 (1H, br s), 3.22 (1H, dd, J;, = 12.7 Hz, J, = 6.2 Hz), 2.45-2.65 (2H,
m), 1.9-2.25 (4H, m).

EXAMPLE 7
25 4-[(5R*,65%)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-1,3-diazaspiro[4.4]non-

6-yl]benzonitrile
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Usi ng the sane procedure as in Exanple 7 starting from (5R*, 6S*)-6-(4-
br omophenyl ) - 3- (3, 5-di chl orophenyl )-1-nmethyl - | |, 3-di azaspiro
[ 4. 5] decawe-d/0292df one (1 g, 2.3 nmol) (Exanple 3) and Cu@NT(®0281283 4.2
mol ), the above-titled -86 WO 03/029245 PCT/ US02/ 31283 conpound was
obtained as a white solid (0.8 g, np = 192C). "HNWR (CDCI3): 7.59 (2H, d,
J =8.3 Hz), 7.25- 7 35 (3H, m, 6.89 (2H, m, 3.04 (3H, s), 3.02 (1H, dd,
Jj _ 12.9 Hz, J2 = 3.5 Hz), 2.6 (1H, dq) 2.1-2.3 (1H, m, 1.8-2.05 (5H,
M, 1.3-1.6 (1H m. 5 EXAMPLEE! ﬁ
*)-1- Acetyl - 7-benzyl - 3- ( 3, 5- di chyTrophemyX 2, '4- di oxo- 1, 3, 7-

NONNN C O~ -M 10 O
tion (5C of Preparation 15

TFA (7211, 0.9 mml) was added él a COM
(4.15 g, 10.4 mmol) and
N-(net hoxymet hyl ) - N-(tri methyl silyl rrethyl)benzyl am ne (2.9 g, 11.9 mmol)

in DCM (200 m ). After 20 h at RT, the solution was washed with 15 diluted
anmoni um hydr oxi de and water. The organic |layer was dried over Na2SO4 and

concentrated to I@JXdea0§61(?'&’“(@011’516@yl)\i\’)f‘ﬁ3c5r1dl\ﬁh1§r<lﬂ1??'@)ﬂht1d@?t hedt over silica

I I
ohi te sof t dipRRopeAhdffie s ont §1 o0 B ARESANKE T W EHCRABRBYS_*3 3
Hz), 7.45 ( 2thholdlin NMP Wwashehizji to 180°25for 640 AfteHcoating, the d&ictidiimixiuredwasl. 5 Hz) ,
4.62 (1H, dd, Jj 10. 3 Hz .. 20 4.04 1 Hz 3.79
(1 H, (d J 20%6414251 a I X PP ?ffcwnddetﬁxl ﬂg‘fb@n@wyl CX§ edr;fvl%wnbﬂaniFheé 02
(1H d, J =pifvrreiade wgs dirofndtd ra?n)led %Wk&géﬁto§ idld 51%5194%5*) -3-(3,5-
*)-7- Benzyl -3-(3, 5-dichl orophen )-2,4-di ox0-1
triazaspir oflmhlt*mngéﬂ@etbﬂﬁ&Mle ,8-diazg83pi#. @BIDOZTQSMEHMVrﬂlS@% 31283

10 beige solid. "H NMR (CDCl,): 7.62 (2H, d, J = 8.1 Hz), 7.25-7.3 (3H, m), 6.67 (2H,
brs), 3.45 (1H, dd, J; = 12.8 Hz, J, = 6.4 Hz), 3.16 (3H, s), 2.4-2.7 (1H, m), 1.8-2.4
(5H, m).

EXAMPLE 8
15 (5R*,65%)-6-Biphenyl-4-yl-3-(3,5-dichlorophenyl)-1-methyl-1,3-

diazaspiro[4.4]nonane-2,4-dione

Cl

Cl

A solution of (5R*,65%)-6-(4-bromophenyl)-3-(3,5-dichlorophenyl)-1-methyl-
20  1,3-diazaspiro[4.4]nonane-2,4-dione (80 mg, 0.17 mmol) (Example 1), phenylboronic
acid (73 mg, 0.6 mmol), (Ph3P)4Pd (20 mg, 0.02 mmol) and K,CO; (80 mg, 0.6
mmol) in a mixture of DME (1.5 ml) and water (50 ul) was heated at 80°C for 12 h.
The insoluble material was filtered off and the filtrate concentrated. After
chromatography, (5R*,65%)-6-biphenyl-4-yl-3-(3,5-dichlorophenyl)-1-methyl-1,3-
25  diazaspiro[4.4]nonane-2,4-dione (20 mg) was obtained as a white solid. 'H NMR
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r-OCl ON t NeNH Z27N Cl O A mxture of Exanple 11 (8.9 g, 16.7 mmol),
TEA (3.8 mM) and pyrrolidine (2.2 m) in THE (270 mM) was refluxed for 2 h
30 min. TWe ozioxf2us e was concentrated 5 in vacuo and takemdrriso2/BeRs t hen
washed with water. The organic |ayer was dried over MgSO4 and concentr at ed.

Th i lid hr omat hed i ] ] | (eluent : DCM MeCH
951'5) 10, yi GLBCENE T an00 A 1 - LR 53 gP1oe) & GhaE Mgt 1l =

200C). "H N D) )-8 ( )54 2H; AT .@Hz), 7. 60
(h y, 7 S B S5 Ry T (s DD, Gt )y
3-3.3 10 (4H, m. EXAMPLE 13 (5S *,9R

*)-7-Benzyl - 9- (4- bronophenyl ) - 3- (3, 5-dj chl or ophenyl )-1, 3, 7-

triazaspiro[ 4. 4] nonane- 2, 4-di one 1%@20 N/ \ Br N~NH C O Using
the samesprocediycsds.3ia SHRMRBPhdivIREL4 I Fuord3Biphény Ny B £RRUANIION 16

i nstead of Pr egg étsia?)n (?’5, t he ago%/lgy-)tai SI ed %onﬁ’oun V\lgSB ogft%al?’tne as a
white solid. 20 'H NWR ( DVS@ig@ispirod4]ondne-24rdiene 7.79 (2H, d), 7.62
(3H, m, 7.35-7.55 (3H mM, 7.20 (2H, d, J =8.4 Hz), 6.73 (2H, d, J =1.9
Hz), 4.6-4.9 (3H mM, 4.2-4.4 (2H, m, 3.65-3.8 (1H, m, 3.25-3.5 (1H m.
-88 WO 03/029245 PCT/ US02/ 312 EXAMPLEA~L4

4-[ (5S*, 9R*) - 7- Benzyl - 3- (3, 5-di¢hl or h‘w)H 1- met hyl - 2, 4- di oxo-

Cl

Using the procedure described in Example 8 (SR*,65*)-6-(4-bromophenyl)-3-
10 (3,5-dichlorophenyl)-1-methyl-1,3-diazaspiro[4.4]nonane-2,4-dione (80 mg, 0.17
mmol) (Example 1) was reacted with 4-fluorophenylboronic acid (71.4 mg, 0.51
mmol) to yield the above-titled compound (12 mg) as a white solid. "H NMR (CDCl3)
: 7.45-7.55 (4H, m), 7.05-7.25 (5H, m), 6.62 (2H, m), 3.46 (1H, dd, J; =12.9 Hz, J, =
6.3 Hz), 3.18 (3H, s), 2.5-2.75 (1H, m), 1.85-2.45 (5H, m).
15
EXAMPLE 10
4-[(5R*,65%)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-1,3-diazaspiro[4.5]dec-6-

yll-benzonitrile

20

Using the same procedure as in Example 7 starting from (5R*,65*)-6-(4-
bromophenyl)-3-(3,5-dichlorophenyl)-1-methyl-1,3-diazaspiro[4.5]decane-2,4-dione
(1 g, 2.3 mmol) (Example 3) and CuCN (0.38 g, 4.2 mmol), the above-titled
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1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile C ONNN N M 50C O
Exanple 12 (6.25 g, 12.7 mol) was added to a suspension of NaH (60% i n
oil, 0.75w@,0308285mmol) in dry DMF (60 m). After 2 h at RCI/Use2BI2A3 i odi de
(2.2 mM, 19.2 mol) was added. After 48 h, the m xture was concentrated in
vacuo and taken 10 into DCM and water. The organic Ia%(rar was dried over

C

MySO4 and cEfEReHNdaYaspbadnedpsaighite sofid §0.8 s minel Wa §)-c Hr Ve GgfPGbliddover

silica gel (of 5 yi.el-thot it | d, (5.1 9)
26 o ani'te CafT () eh 3y BgihFl ko, AY G Lk S GEMREUAR, D | 9
7.25-7.4 (8H.9Hz, J6=65 M2 6(1HJ)d®, 218 .3, ), T-832.05 ({HBHh), M3-1.8.(1H3. 35 (2H,
m, 3.22 (3H, s), 2.98 (2H, d, J = 10.9 Hz). 15 EXAMPLE 15 4-[(5S*, 9R
*)-3-(3, 5- DIeh orophenyl ) -1-net hyl -2, 4-di oxo- 1,3,7-triazaspiro [4.4

] non-9-yi] -benzonitrile CI O N-N,Me ~N 20 CI O 1-Chl oroethyl
chloroformate (4.4 m, 40.3 mml) was added to a cooled (5C) solution of
Exanple 14 (5.1 g, 10.1 nmmol) in DEXAMRILE{IL. After 1 h at 5C, the

reacti on m xtur irred at for ..The sol ution.was ncentr at ed
to dryness 25 ﬁ&&%@?”‘b&&s&@&F&W@&é&@ﬁhwyphwﬁé’%w%@
concentration in vacuo, thqrggﬁ%irqﬁa]ﬂm_ﬁ?{]%amtml US02/ 31283 residue
was triturated in Et20 to give the hydrochloride of the desired conpound

(4.9 g). After basification, the product was chromat ographed over silica
gel (DCM MeCH 90/10) to yield the above-tit]led conmpound (3.35 g) as an

anor phous solid. "HNWR (CDCI3) : 7.64 (2 , J =8.4 Hz), 7.25-7.32 (3H,
m, 6.72 (2H, d, J =2 Hz), 3.6-3.75

cl o N

r e

Cl (0]
10

TFA (72ul, 0.9 mmol) was added to a cooled solution (5°C) of Preparation 15

(4.15 g, 10.4 mmol) and N-(methoxymethyl)-N-(trimethylsilylmethyl)benzylamine
(29 g, 11.9 mmol) in DCM (200 ml). After 20 h at RT, the solution was washed with

15 diluted ammonium hydroxide and water. The organic layer was dried over Na,SO4
and concentrated to yield a solid (7.5 g) which was chromatographed over silica gel
(eluent: DCM/acetone 95/5) to yield the above-titled compound as a white solid (3.3
g). mp = 224°C. "H NMR (CDCl3) : 7.65 (2H, d, J = 8.3 Hz), 7.45 (2H, d, J = 6.9 Hz),
7.25-7.40 (6H, m), 6.53 (2H, d, /= 1.5 Hz), 4.62 (1H, dd, J; = 10.3 Hz, J, = 7 Hz),

20 4.04 (1H,d,J=13.1 Hz),3.79 (1H, d, J=1 Hz), 3.70 (1H, d, J = 10.2 Hz), 3.40-3.50
(2H, m), 3.02 (1H, d, J = 10.2 Hz), 2.71 (3H, s).

EXAMPLE 12

4-[(55*,9R*)-7-Benzyl-3-(3,5-dichlorophenyl)-2,4-dioxo-1,3,7-

25 triazaspiro[4.4]non-9-yl]-benzonitrile
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5(2H, m, 3.35-3.55 (3H, m, 3.20 (3H, s), 2.16 (1H br s). EXAMPLES 15A
AND 15B Conpound 15 was resolved into its enantioners Exanples 15A and 15B,
bel ow, uswogsldEi2&s a Chiral pak- AD col unm, and sol vent systrem2/Berane: 10
MeOH: Et OH or carbondi oxi de : MeOH. There are nunerous alternative ways of
resol vi ng conpounds of the present invention into their enanti omers.

Exanpl e 15a 4-[(5S, 9R)-3-(3, 5-Di chl orophe# )y 1- net hyl - 2, 4- di oxo- 15

1,3, 7-triazaspiro[4. 4] non-9-yl]-benzonitri w Cl ONNNMZN e d O
Retention tinme on a Chiral pak- AD col unmm ySi ng car bondi oxi de: MeOH as
eluent is 5.74 mnutes. [ a ]8 =+ 932 N, =1, MeOH) 20 Exanple 15b

4-[ (5R, 9S) - 3- (3, 5-Di chl or ophenyl ! 4- di oxo- 1,3, 7-triazaspiro
[4.4] non-9-yl] -benzonitrile 'NMe 25 C 0 -90 WO

03/ 029245 PCT/ US02/ 31283 Ret eN M on <Rl pak- AD col unm usi ng
car bondi oxi de: MeOH as el uentqf's 13.1 mnutes. [ alD=- 96.5 (c = 1,
MeOH) 5 EXAMPLES 16-21 HR9O "Cl ON_ 1) RCOCI or RSO2CI CI N

A mixture of Example 11 (8.9 g, 16.7 mmol), TEA (3.8 ml) and pyrrolidine

(2.2 ml) in THF (270 ml) was refluxed for 2 h 30 min. The mixture was concentrated

5  invacuo and taken into DCM, then washed with water. The organic layer was dried
over MgSO, and concentrated. The resulting solid was chromatographed over silica
gel (eluent : DCM/MeOH 95/5) to yield the above-titled compound (9.3 g) as a white
solid (mp = 200°C). 'H NMR (DMSO-d) : 9.32 (1H, br s), 7.84 (2H, d, J = 8.2 Hz),
7.60 (1H, m), 7.25-7.45 (7TH, m), 6.74 (2H, d, J = 1.9 Hz), 3.65-3.9 (3H, m), 3-3.3

10  (4H, m).

EXAMPLE 13
(58*,9R*)-7-Benzyl-9-(4-bromophenyl)-3-(3,5-dichlorophenyl)-1,3,7-

triazaspiro[4.4]nonane-2,4-dione

15

cli o M
QN)/NH Br
ci o

Using the same procedure as in Examples 11 and 12, but using Preparation 16
instead of Preparation 15, the above-titled compound was obtained as a white solid.
20 '"HNMR (DMSO-dg) : 10.3 (1H, br s), 7.79 (2H, d), 7.62 (3H, m), 7.35-7.55 (3H, m),
7.20 2H, d, J=8.4 Hz), 6.73 (2H, d, J = 1.9 Hz), 4.6-4.9 (3H, m), 4.2-4.4 (2H, m),
3.65-3.8 (1H, m), 3.25-3.5 (1H, m).
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CN O- NNPS-DIEAresin N~N. CN r Me 2) PS-trisamne resin 0-0 CI 0 CI M
O (lac) RO=COR or SO2R 10 A solution of Exanple 15 (12.4 ng, 0.03 mmol)
in |l m TwBosag2asided to the acid or sulfonyl chlorides (PCTOZ62/81288) .

After addition of the supported base PS- D EA (Argonaut, 3.56 mmvol /g, 15

ng, 0.05 nmmol), the suspensions were_agitated overnight at RT. The
scavenger PS-trisamine (Argonaut, SE_&BE‘MEL]& 36 nmg, 0.13 nmol) was then

added and the m xj uQs 9 gd ) L ek edaf hgh {bat hon.  Wien 15
necessary, the r e‘is E(trss i 1%\@2 gl Itiflt éﬁé %\Sfjfg %élﬁir;reog)t\ﬁgéﬁ \l;\n'q% e%%! ?’2‘0%'3815?1 ate
(Argonaut, 1.44 nmmol/g, BB, 7AwiazAspito[dAon-9yEren@bhitrileonrpounds havi ng t he
above fornula (lac), wherein RO has the values listed in Table 1, were
obtained after filtration and evaporation to dryness. For each conpound
the purity and the LC Mass results are repgrted (LCVS conditions : LC
M cromass platform (APCI +, DAD (210-400 nif] 20 Columm : TSK gel Super
ODS 4.6 M IDx 5cm Flowrate : 2.75 nL N, Gadient : from 100%
eluent Ato 100%eluent Bin 2 mn., with a plateau with 100% eluent B
during 1 min. Eluent A: H20 €I0. 05% ®FA), \Eluent B : CH3CN / H20 / TFA
(80/20/0.05)). 25 TABLE 1 -91 03/30239 / US02/ 31283 (Quan. Purity
Ret. Ex. RO Other (nmg) (%9 ti 6 S 4.3 90 2.09 688 (M+1l) N
.CHH3C S 3 7 Me =N

5 Cl 0]

Example 12 (6.25 g, 12.7 mmol) was added to a suspension of NaH (60% in
oil, 0.75 g, 18.8 mmol) in dry DMF (60 ml). After 2 h at RT, methyl iodide (1.2 ml,
19.2 mmol) was added. After 48 h, the mixture was concentrated in vacuo and taken
10 into DCM and water. The organic layer was dried over MgSO, and concentrated to
dryness. The residue was chromatographed over silica gel (DCM/acetone 95/5) to
yield the above-titled compound (5.1 g) as a white solid (mp = 164°C). '"H NMR
(CDCly) : 7.61 (2H, d, J = 8.1 Hz), 7.25-7.4 (8H, m), 6.65 (2H, d, J = 1.6 Hz), 3.7-3.9
(3H, m), 3.1-3.35 (2H, m), 3.22 (3H, s), 2.98 (2H, d, J = 10.9 Hz).
15
EXAMPLE 15
4-[(55*,9R*)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-

1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile

N

) %\
N —
Q )/N\ =N
Me
(0]

20 Cl

1-Chloroethyl chloroformate (4.4 ml, 40.3 mmol) was added to a cooled (5°C)
solution of Example 14 (5.1 g, 10.1 mmol) in DCM (250 ml). After 1 h at 5°C, the
reaction mixture was stirred at RT for 20 h. The solution was concentrated to dryness

25 and then refluxed in MeOH (350 ml) for 3 h. After concentration in vacuo, the oily
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HNVR (CDCL3): 7.9 (2Hd), 7.7- 7.5 (5H, m), 17 O.S-O 13.7 100 2.24
7.3-7.1 (3H, i nm, 6.6 (2H s), 4.0-3.65 (5H, m), 3.15 (3H, s) 0 18
9.9 87 2.0 03@9511.7 74 2.08 NO 20 sr 1.8 95 2.1 , OPRIT/US02/3128CH3 11. 3
100 1.96 573 (Mrl) 3 N I CH3 EXAMPLES 22-24 -92 WD 03/ 029245

PCT/ US02/31283 O OO Cl 1318a Rl OH1) CIS| 1~ OOAS Rlab O N r-aRC

| N,-( 18b residye was triturated in Et;O to give the hydrochloride of the desired compound (4.9
g). After basification, the product was chromatographed over silica gel (DCM/MeOH
90/10) to yield the above-titled compound (3.35 g) as an amorphous solid. 'H NMR
(CDCl3) : 7.64 (2H, d, J =8.4 Hz), 7.25-7.32 (3H, m), 6.72 (2H, d, J = 2 Hz), 3.6-3.75

5 (2H, m), 3.35-3.55 (3H, m), 3.20 (3H, s), 2.16 (1H, br s).

EXAMPLES 15A AND 15B

Compound 15 was resolved into its enantiomers Examples 15A and 15B,

below, using HPLC, a Chiralpak-AD column, and solvent system of hexane:
10 MeOH:EtOH or carbondioxide : MeOH. There are numerous alternative ways of

resolving compounds of the present invention into their enantiomers.

Example 15a
4-[(5S,9R)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-

15 1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile

H
) %\
»/ Me
Cli o]

Retention time on a Chiralpak-AD column using carbondioxide: MeOH as

eluent is 5.74 minutes. [ & ]p=+95.2 (c = 1, MeOH)

20
Example 15b
4-[(5R,9S)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-
1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile
O O,
>// Me
25 Cl (0]
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Me PS-DIEA resin Me 2) PS-isocyanate resin CN CN (lad) A solution of
Exanple 15 (18.7 ng, 0.045 nmmol) in 1 mM THE was added to 5 the sul fonyl
chl ori deswpO3022a%0l ). After addition of the supported baPeTRSIDEES3
(Argonaut, 3.56 nmol/g, 15 ng, 0.05 mmol ), the suspensions were agitated

overnight at RT._ The scavenger PS-isocyanante (Argonaut, 1.44 mol/g, 90
ng, 0.13 mmol) REEDHARHME ea&d-HIdPaknDroking wsdngwarkondioxids: MeQ@W éf ni ght  at

RT. The desiefugﬁltiéqlg%@%[}%%rg&gggj%.grgjb%éi(%%@gfvvherei n Rl18a and R18b have

the values liste wer e ter filtration and
evaporation to dryness. For each conpound, the purity and the LC Mass
results are reported (LCVMS conditions : LC Mcromass platform (APCl +, DAD
(210-400 nm), Columm : TSK gel Super ODS 4.6 mmID x 5 cm Flowrate :
2.75 nL mn, Gadient : from 10 ?ﬂl‘ﬁ ) 100% eluent Bin 2 mn.,
with a pfateau wi th 100% el uent B 1 ﬂSE? Eluent A : 15 H20 (0. 05%
TFA), Eluent B : CH3CN / H2O/ TFA (80/20/0.05)). TABLE 2 Ex. Rl18a R18b
Quan. Purity Ret. Oher (mg) (% tine 22 -CO2H -OH 7.3 80 1.;2 23 -H
-CO2H 15.1 80 2.15 HNWR (CDO 3): 8. H )., 8.36 (1H, d),® 8.1 (1H,
MEAGHSr BRI/, ) 75 W12 (3H m,

d, 7.7 24 ogO2H -0 8 8 .07 (1
6.7 (2H, s), 1- 3% ; CR8. 2{(3H—s)—02 A
N R PS-DIEA resin N c
?// Me 2) PS-trisamine resin >//N N
o Cl o

Cl WWe

(lac)

R,=COR or SO,R

10 A solution of Example 15 (12.4 mg, 0.03 mmol) in 1 m! THF was added to the
acid or sulfonyl chlorides (0.045 mmol). After addition of the supported base PS-
DIEA (Argonaut, 3.56 mmol/g, 15 mg, 0.05 mmol), the suspensions were agitated
overnight at RT. The scavenger PS-trisamine (Argonaut, 3.65 mmol/g, 36 mg, 0.13
mmol) was then added and the mixtures were filtered after overnight agitation. When

15  necessary, the resulting solutions were treated with PS-Isocyanate (Argonaut, 1.44
mmol/g, 90 mg, 0.13 mmol) overnight. Compounds having the above formula (Iac),
wherein Rg has the values listed in Table 1, were obtained after filtration and
evaporation to dryness. For each compound the purity and the LC Mass results are
reported (LCMS conditions : LC Micromass platform (APCI +, DAD (210-400 nm)),

20  Column : TSK gel Super ODS 4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min,
Gradient : from 100% eluent A to 100% eluent B in 2 min., with a plateau with 100%
eluent B during 1 min. Eluent A : H,O (0.05% TFA), Eluent B : CH3;CN / H,O / TFA
(80/20/0.05)).

25 TABLE 1
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WO 03/ 029245 PCT/ US02/ 31283 Exanple 24a
3-[(5S, 9R) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl orophenyl ) - 1- net hyl - 2, 4- di oxo-1, 3,
7- triazawpimsopst4sl] nonane- 7-sul fonyl | -benzoic acid 0 C ®COHSD3383) Cl /
NN O-N M CN5 To a m xture of

4-1(5S, 9R) - 33, 5-Pi-chlorophenyl)-1l-nethyl -2 4-dioxo-1,3
triazaspiro[4. %& on- 9-yl ]-begzonitrile @P&ﬁﬂpl Bunityz) Ref: 11 g, %6 mijol )
and (3- (Chlor | f onyl ) benzoic acid (0[O0 g, g%?G {;) n 2% one|and
water (1 : 1 was added sodi um bicarb te rioom tenperature. The
reacti on m xt ure was stirred at roomtenperature flor forty m nutes,
quenched by the sljow addition of 1IN 10 hydrochloric] acid (1 nL) and

partitioned betvveen\?:lgq 2x20 nL) and bfine (25 nl). The|DCM | ayer was
te
usin

dried over sodijgm s g comeentrated| aag col won | puoo f | edgggnng) sill i ca
gel chromat ogr aphy| an I\/EO—l tp yield the titled| conmpound (0.12
g). Retention ting: 3.3 Coprbi screen O0S 4.6 x 50 mm (4 ;m nute
gradient). Solvent| A = 10%}&4{0& §0% wat er and 0. 2% phosphoric 15 aci|d.
Solvent B = 90% MeOH, 10% water and 0. 2P6 phosphoric| acid. | Exanple 24b
3-[ (5R 9S) - 9{ (4- Oylanopheny! ) - 3- ( 3, 5- di chl or ophenvl ) 1- net hy#ll NMR- di oxo- 1, 3,
7 triazaspiro[4. 4]nonane-7-sul fonyl | -bepzoic acid |20 0 OHCECIY- ' |[S N

(2H,d), 7.7-
7.5 (5H, m),
17 \\/ 13.7 | 100 | 224 |7.3-7.1(3H,
g/ m), 6.6 (2H,
s), 4.0-3.65
(5H, m), 3.15
(3H, s)
s}
18 % 9.9 87 2.07
0O
19 11.7 74 2.08
I\
N~
O
B
20 B ' 1.8 95 2.1
~
N
({\/O
21 z%/ X‘YCH:s 113 | 100 | 196 | 573 (M+1)
CH;,

EXAMPLES 22-24
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Cl ON M\ -94N WD 03/029245 PCT/ US02/ 31283 Exanple 24b was made in a
simlar fashion to what is described in Exanple 24a starting from
4-[ (5R, 99VvO33(029285 di chl or ophenyl ) - 1- met hyl - 2, 4- di oxo- 1, 3, PCT/US02/31283
triazaspiro[4.4]non-9-yl]-benzonitrile (0.404 g, 0.97 muol) (Exanple 15b)
to yield 5 0.331 g of the titled conpound. Retention tinme: 3.36 mgn. YMC S5
ODS 4.6 x 50 mei (4 minute gradi en) 0 Sol vent A = 16% MeOH, 0% wai’etr and

i R cbglhori C

N\__0~

acid. 10 EXAVHLES 25236 ot O N 1) RI6CEPH
PS- car bodi i & $7T RS o B r‘}; esin CI O Me CN
(lae) 15 To a suspansijon of PS- Lim (Argonau(;, .96 mmol /g, 74 ny,

0.071 mml) in 0.%3,.4 hydr ox PaDPi#aesirot r i azol e sol ut i,\ﬁ@
DMF}, 0.05 nmol), -we added Og)pgiocfifad R8naci d sol ution 6 mM DCM {20%
DMF}, 0.033 nmmol) and70.25 m of a solution of Exanple 15[(120 nM DCM {20%
DMF}, 0.03 mol). Aft&M 24 h at RT, the mixtures were trefted with
PS-trisam ne (Argonaut, 20 3.65 mmol /g, 65 ng, 0.24 muol )gdayerni ght. After
evaporation to dryness of the filtered off solutions, conpounds having the
formula (lae), wherein R16 has the values I|isted in Table 3, were obtained
by SCX cartridge purification. For the N-Boc and/or CQO2tBu protected

actds, the comPOUNGRRPERB 15" (#8Y 5, ¥.043 did) 1A it wafhatdaqp Tor 2 N

5  the sulfonyl chlorides (0.03 mmol). After addition of the supported base PS-DIEA
(Argonaut, 3.56 mmol/g, 15 mg, 0.05 mmol), the suspensions were agitated overnight
at RT. The scavenger PS-isocyanante (Argonaut, 1.44 mmol/g, 90 mg, 0.13 mmol)
was then added and the mixtures were agitated overnight at RT. The desired
compounds having formula (Iad), wherein R;g, and R g, have the values listed in

10  Table 2, were obtained after filtration and evaporation to dryness. For each
compound, the purity and the LC Mass results are reported (LCMS conditions : LC
Micromass platform (APCI +, DAD (210-400 nm)), Column : TSK gel Super ODS
4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min, Gradient : from 100% eluent A to
100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min. Eluent A :

15 Hy0 (0.05% TFA), Eluent B : CH3CN / H,O / TFA (80/20/0.05)).

TABLE 2
Quan. Purity Ret.
Ex. Risa Risb (mg) (%) time Other
22 -CO.H —OH 7.3 80 1.72
23 -H —-CO,H 15.1 80 2.15
'H NMR
(CDCl5): 8.6 (1H,
s), 8.36 (1H, d),
8.1 (1H, d), 7.7
_ _ (1H, 1), 7.6 2H,
24 CO,H H 10.8 88 2.07 d).7.3.-7.12 (3H,
m), 6.7 (2H, s),
4.1-3.5 (5H, m),
3.2 (3H, s)
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TABLE 3 Quantity Purity Retention Ex. R16 (ng) (% tinme M5 (Mtl) -95 WO
03/ 029245 PCT/ US02/ 31283 NH2 25 ' / 14.3 95 1.83 534 26 NH2 15.7 95 1.88
534 O 27wB-03/019248 95 1.73 528 5 ~N H2N 28 15.6 96 1. 76 P&4AiSo291283 NH2 15
95 1.75 548 H2N 30 N 16 90 1.75 569 CH3 31 N 15.5 97 1.76 540 P-0 32

p_ CN-CH3 14.4 97 1.73 540 33 PCN) \ 9.7 81 1.75 538 CH3 34 14.1 95 1.87
570 35 N-CH3 21 90 1.97 562 H3C 3@32@8%9 4 94 2.11 562 CH3 EXAMPLE 37
5-1(5S*, 9R*)3 4 3 ' 7d| oxo-1,
3,7- triazasprror ;

Cl OH

Cl

5 To a mixture of 4-[(55,9R)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-
triazaspiro[4.4]non-9-yl]-benzonitrile (Example 15a) (0.11 g, 0.26 mmol) and (3-
(Chlorosulfonyl)benzoic acid (0.058 g, 0.26 mmol) in acetone and water (1 : 1 mL)
was added sodium bicarbonate at room temperature. The reaction mixture was stirred

_ at room temperature for forty minutes, quenched by the slow addition of 1N
10  hydrochloric acid (1 mL) and partitioned between DCM (2x20 mL) and brine (25
mL). The DCM layer was dried over sodium sulfate, concentrated and column
purified using silica gel chromatography using DCM and MeOH to yield the titled
compound (0.12 g). Retention time: 3.39 min. YMC S5 Combiscreen ODS 4.6 x 50
mm (4 minute gradient). Solvent A = 10% MeOH, 90% water and 0.2% phosphoric
15 acid. Solvent B = 90% MeOH, 10% water and 0.2% phosphoric acid.

Example 24b
3-[(5R.95)-9-(4-Cvanophenyl)-3-(3.5-dichlorophenyl)-1-methyl-2.4-dioxo-1,3,7-

triazaspiro[4.4]nonane-7-sulfonyl]-benzoic acid

20
0
cl /(/) OH
ol
N
cI NJSQ
Py



-96 WO 03/029245 PCT/ US02/31283 CO2Hr6s C O/N M\ ~N NeT C O

5- For nyl - 3-t hi ophenecar boxylic acid (45 ng, 0.29 mvol) was added to a
suspensi owoaB/ozds um sul fate (100 ng) and Exanple 15 (100 pag/Uus02/2é83mol ) in
1,2- 5 DCE (4 m). After 20h at roomtenperature, sodium

triacet oxyborohydride (75 ng, 0.34 mmol) was added, and the reaction

m xture was stirred at roomtenperature for 24h. Water was then added, and
the reaction m x t organic
| ayer was separa?géﬁgwgﬁbﬁékgh%gggs9¥%R%ER%§988§%%835Q&9%%H 4ﬁxa The
conbi ned or gdmitarting)fenns 4METR0SYess (Be8l divhidtopth ¢l - 1 -ile thel2 aviéx s 0dj7um 10

sul fate, and, conce % ted. The obtained solid was crystallized in NtCH to
yield the d&psriel 6}%1981%751 1-Renagmitiile (BAPd EaP 97 mme) ﬁ%’)am%l sh)tegicld Exanpl e
37a

5- [ (55, 9R) - 0-(4-5S anopheny IE4nRecrioa g Spiteminy YMC R2IRT 45 %24 o- 1, 3,
7- 15 tri az&%mlmm@ gradiennSalveitet:HYM] Mteﬁ)i[bﬁﬁ@rwat@rmalrﬂab%yﬁhnmkmncdcﬁOZH 65

1 (55, o) - 30fisnB 500t st y e oo P amtris i, 5 7-

triazaspiro[4.4]non-9-yl]-benzonitrile (0.1 g, 0.24 mol) (Exanple 15a) in
1,2-DCE 20 (4 nmL) were sequentially added 5-Fornyl -3-thi ophenecar boxylic
acid (0.045 g, 0.29 nmmol) and sodium sulfate (150 ngs) under a nitrogen

atmosphgpe at room EXAMPLES 25-36
RIG
o
Cl
1) R,,CO,H
PS-carbodiimide resin
2) PS-trisamine resin ci
(lae)
15 To a suspension of PS-carbodiimide (Argonaut, 0.96 mmol/g, 74 mg, 0.071

mmol) in 0.33 ml of hydroxyazabenzotriazole solution (150 mM DCM {25% DMF},
0.05 mmol), were added 0.5 ml of the acid solutions (66 mM DCM {20% DMF},
0.033 mmol) and 0.25 ml of a solution of Example 15 (120 mM DCM {20% DMF},
0.03 mmol). After 24 h at RT, the mixtures were treated with PS-trisamine (Argonaut,

20 3.65 mmol/g, 65 mg, 0.24 mmol) overnight. After evaporation to dryness of the
filtered off solutions, compounds having the formula (Iae), wherein R ;g has the values
listed in Table 3, were obtained by SCX cartridge purification. For the N-Boc and/or
CO,tBu protected acids, the compounds were first treated with DCM/TFA (1:1)
solution for 2 h at RT.

25
TABLE 3

Quantity | Purity | Retention

Ex. Ris (mg) (%) time

MS (M+1)
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t enper at ur e.
and

g,

DCM (15 nL) wa
reaction mxtu
separating fun
20 nL), dried
purified by si
0.1 g of the t
4.6 x 50 mm (4

phosphoric aci ¢

acid. Exanple
5-[(5R, 99)-9-(
7 triazaspiro|
ON ONWN, \
to what is des
4-[(5R, 9S) - 3-(
triazaspirol4.

Yield 20 0.0
m nut e gradi en
aci d. Sol vent

38-48 25 -98

The contents were stirred at
-97 WD 03/ 029245 PCT/ US02/ 31283
0. 336 woobk)2eas added. The reaction was

roomtenperature for twenty hours
sodi um tri acet oxybor ohydride (0.075
al | owed to comdrrise2/at28s oom

tenperature for six hours and quenched by the addition of water (15 ni).
s oxide gas was bubbled through the
e for tenm es and the contentstransferredintoaS
nels |The or NC | aygr wasy separgd ed, waghed (witksprine (2 x
over| so fate,| concent|rated under redyced pressure and
ical gel m_chr gmat ography using DCM ang MeCH to lyi el d
Féec conpo Nngtentlon tijme: 3.0 min. YMC S5 Conti screen
teig ent) gol vert A = 9% Meoh®890% wad¥ and 0. 2%
Sotvent 9096-Me-CH; O,u wat-eft—and—0-—2%phoesphari c
4- anophé‘rTV[t\)/ ( , 9-di ch81 oroph9e5nyl - 1-1'@1 hyl - 25%? di gxo-1, 3,
4ATmon-7- yHggt hyt T =thiopheng-3-carbpxytTttcagid —€SZH7 r6s C
~N e M 15 O Exgnpl e 379 was nade in a simlar fashion
crigoed for Example 37a, sy arftinggfrom g ¢ 548
B, 5-Di chl qro pyl)-1-nethyl -12, 4-di oxo-1,3, 7;
1] non- 9-yl enzonitriile (0.1 g, 0.24 mmol) (Exanple 15b).
1 g Ret on tinme: 368 mn. YMC $§5 ODS 476 X 50 nm (4
)29 |Sal v 210% MeOHs 90% wes er | and.78. 2% phesphorli ¢
B = 909 . 10% ' wdt er _and 0. 2% phosphoriclacid. EXAMPLES
HZN\/Z?
30 ,NQ 16 90 1.75 569
CH,
3] é/@ 15.5 97 1.76 540
32 é/CN’CHi* 14.4 97 1.73 540
33 E/Q 9.7 81 1.75 538
‘CH;
=~
34 14.1 95 1.87 570
35 @N—CH3 21 90 1.97 562
H3C
36 )§©\N,CH3 19.4 94 2.11 562
CH,
EXAMPLE 37

5-[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-

triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carboxylic acid
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WD 03/ 029245 PCT/US02/31283 RO | C O!N N C 0 Me CN (lac) Conpounds
having the formula (lac) were prepared, wherein RO has the values listed
i n Tabl e Ww@,030%9288 t he same procedure as for Exanple 37, carusomgi2Bs om
Exanpl e 15 and the appropriate al dehydes or ketones. 5 TABLE 4A Ex. # RO
Conpound Nane Data 0 2-[(5S *,9R *)-9-(4- Cyan phenyl) HO
3-(3, 5-di chl orophenyl) - 1- nethyl Wi te solid. 2, 4-di oxo-1, 3, 7- 38 S
CH3 triazaspiro[4. 4] non-7-ylmethyl]-5- = 1507
met hyl -t hi ophene-3-carboxylic acid 0 2-] % 9R *)-9-(4- Cyanophenyl) HO
3-(3,5-dichl orophenyl)-Il-nethyl- Wiite sdlid” np 39 ' 2,4-dioxo-1,3,7
triazaspiro[4.4]non-7-yl methyd] - = t hi ophene- 3-carboxylic acid O~
4-1(5S*,9R*)-3-(3,5 ON Dichl orgp y W -7-(2- White solid. np
nmor phol i n-4-yl -benzyl)-2, 4-di¢ ‘ \ ri azaspiro[4.4]non-9-yl]- =
~oR¢) 33Np. 5

207C benzonitrile CH3 4-[(5S chloNophenyl ) - I - met hyl - 7- ( 6-
N met hyl - pyri di n-2-yl net hyl ) -@}; 4- Bepge SO|Id np

5-Formyl-3-thiophenecarboxylic acid (45 mg, 0.29 mmol) was added to a
suspension of sodium sulfate (100 mg) and Example 15 (100 mg, 0.24 mmol) in 1,2-
5  DCE (4 ml). After 20h at room temperature, sodium triacetoxyborohydride (75 mg,
0.34 mmol) was added, and the reaction mixture was stirred at room temperature for
24h. Water was then added, and the reaction mixture was acidified by bubbling SO,
through it. The organic layer was separated and the aqueous layer extracted twice with
DCM. The combined organic layers were washed with water, dried over sodium
10  sulfate, and concentrated. The obtained solid was crystallized in MeOH to yield the
desired compound as white crystals (120 mg). mp = 188°C.

Example 37a
5-[(55,9R)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-

15 triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carboxylic acid
CO,H
I\
s
Cl o Ve N
N)//N\ =N
Me
(0]

To a solution of 4-[(55,9R)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-
triazaspiro[4.4]non-9-yl]-benzonitrile (0.1 g, 0.24 mmol) (Example 15a) in 1,2-DCE
20 (4 mL) were sequentially added 5-Formyl-3-thiophenecarboxylic acid (0.045 g, 0.29
mmol) and sodium sulfate (150 mgs) under a nitrogen atmosphere at room

temperature. The contents were stirred at room temperature for twenty hours and
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41 dioxo-1,3,7-triazaspiro[4.4]non-9 = 80-84C yl]-benzonitrile O
5-1(5S*, 9R*) - 9- (4- Cyanophenyl )- O f-white solid.
- (3, 5-diwllwsoohenyl ) - 1-met hyl - 42 2, 4-di oxo-1, 3, 7- np =PRTOR02/ZE88OH
i azaspiro[ 4. 4] non-7-yl met hyl ] - thio hene-2-carbox lic ¢ acid

3
tr
{4-[(5S*,9R*) - 9- ano f-white solid. 43 .
§ 5 87 ol BORET e 073 cab SXo el vas Hied Borgeactionisas
i rof 4. 4]non ¥ }-acetic
heid o oH " al O\LéTtﬁ)Qght]mueges? &%%&gﬁ%ﬁﬁgﬁ sg:%_ %@%@@&ﬁéﬁgu@% &ggﬁéﬂﬁo}l
3-(3,5-di Chbﬁwatphéldyth} DMt (h§ ImL)4vihas @d@id, ﬁndLSLdfm&loxmp%agwambblﬂ 9-182C
triazaspiro 4 Rn | met hyl ] furanZCﬁﬁB )
4-(5S*, 9R*;hr§u5](h§ G e Qo GBS 57 P g eﬁowen%&e ersgg} ingp @ np
di ox0- 7- § hi QAR 3 FAd¥E T organic2af &\Aa‘éstaﬁaédau%h&d m&%a&@kéoﬂm}on 9-yl]-
benzonitrile 5-[(5S*, 9R*) - %4 Cyanophenyl) white solid
3- (3, 5- di chdoedpies ﬁgdl)lmlwlfet[ehgqncem&ted under reduced pressure and punﬁed by silica

gel column chromatography using DCM and MeOH to yield 0.1 g of the titled

compound. Retention time: 3.09 min. YMC S5 Combiscreen 4.6 x 50 mm (4 minute

gradient). Solvent A = 10% MeOH, 90% water and 0.2% phosphoric acid. Solvent B
10 =90% MeOH, 10% water and 0.2% phosphoric acid.

Example 37b
5-[(5R,9S)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-
triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carboxylic acid

CO,H

15

Example 37b was made in a similar fashion to what is described for Example
37a, starting from 4-[(5R,9S5)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-
triazaspiro[4.4]non-9-yl]-benzonitrile (0.1 g, 0.24 mmol) (Example 15b). Yield =

20  0.091 g. Retention time: 3.68 min. YMC S5 ODS 4.6 x 50 mm (4 minute gradient).
Solvent A = 10% MeOH, 90% water and 0.2% phosphoric acid. Solvent B = 90%
MeOH, 10% water and 0.2% phosphoric acid.

EXAMPLES 38-48

25
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L NOH 2,4-dioxo-1,3,7- np = 166C triazaspiro[4.4] non-7-ylnmethyl] 1 H
rrol e-2-carbox lic acid 0 4-[(5S*, 9R*) - 9- (4- Cyanophenyl) OH
3- (3, 5-diwiolorephenyl ) - 1-nethyl - White solid. np 47 eN 2pPe1dicoxoet2d3 3, 7- =
180C triazaspiro[4.4]non-7-ylmethyl]- 1H pyrrole-2-carboxylic acid
4-1(5S*,9R*)-7-Cycl obutyl -3-(3,5- Wiite solid. np -nmethyl-2,4- 48
di oxo-1, 3, 7-triazaspi ro[ 4. 4] non-9- = 194'Rg yl ]-benzonitril e EXAMPLE 49
4-1(5S *,9R *)-7-Benzyl - 3-(3,5-di chl oropﬁenyl )-1-ethyl -2, 4-di oxo- 5
1,3, 7-triazaspiro[ 4. 4] non-9- ¥l - ben@onistrsle & 0O NNN\ ~N C 0 M -100
WO 03/ 029245 PCT/ US02/ 31283 thejsafre procedure as in Exanple 14, by
reaction of Exanple 12 (100 4 ) ‘W ethyl iodide (25 11, 0.31
nmol ), the above-titled conpg was /| obt a (70 mg) as a white solid (np
= 216C after crystallization®romis8pr¥gyi er). 'HNWR (CDC13) : 7.61
(2H, d, J = 8.3 Hz), 7.25-7.4 (84, m, 6.67 (2H, 6dac)J =5 1.5 Hz), 3.5-4
(5H, m, 3.25-3. 2H . 2.95:-3 2 (2H , 1.48 H .t = 7.2 Hz).
EXAMPLE 50 4-[ (5 "m,(pﬁk‘?dﬁ)rga‘é'-“(gé‘,‘%f-"ﬁ“l%’ﬁl(garcéﬁ’%eerFB‘?riq’é’f%}? in §9figsa‘f“8>¥§1-“es
1, 3, 7-tri azasted (0TI HAOGsS: the kakie prRBidre iab for EXAndple 37, starting from
Example 15 and the appropriate aldehydes or ketones.

5 TABLE 4A

Ex. # Ry Compound Name Data

O 2-[(55*9R *)-9-(4-Cyanophenyl)-
HO 3-(3,5-dichlorophenyl)-1-methyl- White solid. mp
/ \ 2,4-dioxo-1,3,7- .
CH,4 triazaspiro[4.4]non-7-ylmethyl]-5- | = 150°C
S methyl-thiophene-3-carboxylic
acid

38

0] 2-[(55*9R*)-9-(4-Cyanophenyl)-

HO 3—(3,§-dichloropheny])—1 -methyl-
39 / \ 2,4'd10X0'] ,3,7-

triazaspiro[4.4]non-7-ylmethyl]- =160°C

thiophene-3-carboxylic acid

White solid. mp

O/ﬁ 4-[(55*9R*)-3-(3,5-
Dichlorophenyl)-1-methyl-7-(2- White solid. mp

K/N morpholin-4-yl-benzyl)-2,4-dioxo- .
40 1,3,7-triazaspiro[4.4]non-9-yl]- =207°C

benzonitrile

CH, 4-[(55*9R*)-3-(3,5-
P Dichlorophenyl)-1-methyl-7-(6- ) )
N7 methyl-pyridin-2-ylmethyl)-2,4- | Beige solid. mp
41 A dioxo-1,3,7-triazaspiro[4.4]non-9- = 80-84°C

yl]-benzonitrile

I \__ 0O 5-[(55*%,9R*)-9-(4-Cyanophenyl)- | Off-white solid.
3-(3,5-dichlorophenyl)-1-methyl- .
42 S OH 2,4-dioxo-1,3,7- mp =270°C

triazaspiro[4.4]non-7-ylmethyl]-
thiophene-2-carboxylic acid
{4-[(55*,9R *)-9-(4-Cyanophenyl)- i .
43 3-(3,5-dichlorophenyl)-t-methyl- Off-white solid.
2,4-dioxo-1,3,7- mp = 246°C
triazaspiro[4.4]non-7-ylmethyl]-

-09.



Cl ONNNN C O M Using the procedure described in Exanple 15, Exanple
49 (3.5 g, 6.74 mmol) was reacted with 1-chloroethyl chloroformate (7.3
m, 66.9 womBp292e5yi el d t he above- 15 titled conpound (1. @CTjusay3ess
anor phous white solid. 'H NI\/R (CbC13) : 7.63 (2H, d, J =8.3 Hz), 7.25-7.35
(3H ), 6.73 (2H d_J =15 Hz) 3 35-3 85 (7H nj 117 (1H  br s),
1.45 (3H, t,|J =7.1 Hz) ﬁLE 51 phgnoxy}-acetic acid
4-[(58*,9R*)-3(~,5- ) )|- 2, 4- di oxo-
1,3, 7-triazgspiraql 4.4 -9- yI] erzoni trile C OONeNH~N C O 25
Usi ng the prlocedyredescri bed in E4anple 15, Exanple 12 (§ g, 10.17 nmol)
was reacted w th|lsehl oroethyl chlqroformate (11.1 m, 101.7 mml) to yjield
t he -101 V\(\FOQHIC29245 PCTH/ UsQ2/ 31’JRQ above-titled comound ( 2 n\ as-—\white
crystals, np = 198 C. o{d §5S*9R§) Ve Y:&a"PPheB}‘lys) JOff-vehitc(sphid. d, J
=8.2 Hz), 7.61,(1 H o 7. 2H, idwhéOf%PthB:))‘)leﬂe%‘- (|3kh <d 799724 9
Hz), 3.1-3. 45 (5H, mMJ.5 EXA E52254<E' -
*) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl or|d “Oé‘t7‘ me‘?yu d| oxo-1, 3, 7-
triazaspi r o[{4—4}Hon-7-yl methyl}-thi AWWA— 'ﬁar 0’9’ Hd CO2H rB6s d O
INNNN C| 0 M 10 = 4-{(5S*IR%)-3-(3,5-
P2 Dichlorophenyl)-1-methyl-2,4- Beige solid. mp
45 KC dioxo-7-thiophen-3-ylmethyl- = 206°C
1,3,7-triazaspiro[4.4]non-9-yl]- -
benzonitrile
T\ 0O 5-[(55*,9R*)-9-(4-Cyanophenyl)- | Off-white solid.
3-(3,5-dichlorophenyl)-1-methyl-
46 N b 2 4-dioxo-1,3,7- mp = 166°C
triazaspiro[4.4]non-7-ylmethyl]-
1H-pyrrole-2-carboxylic acid
@) 4-[(55*,9R *)-9-(4-Cyanophenyl)- ) )
OH 3-(3,5-dichlorophenyl)-1-methyl- | White solid. mp
47 — 2.,4-dioxo-1,3,7- = 180°C
s~ NH triazaspiro[4.4]non-7-ylmethyl]-
1H-pyrrole-2-carboxylic acid
4-[(55*,9R*)-T-Cyclobutyl-3-(3,5- | White solid. mp
dichlorophenyl)-1-methyl-2,4- o
48 ? dioxo-1,3,7-triazaspiro[4.4]non-9- | = 194°C
yl]-benzonitrile
EXAMPLE 49
4-[(55*,9R*)-7-Benzyl-3-(3,5-dichlorophenyl)-1-ethyl-2,4-dioxo-
5 1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile

0 :/N
N =N
& e

-100-



Usi ng the procedure described for Exanple 37 by reaction of 5-Fornyl-3-

t hi ophenecar boxylic acid (40 ng, 0.26 nmol) with Exanple 50 (100 ng, 0.23
mol ), twemboxaestitled conpound was obtai ned as a whit e pealisd2/6283 ny)
after crystallization from MeOH np = 182C. 15 EXAMPLE 53 5-[(5S*, 9R

*) - 9- (4- Cyanophenyl ) - 3 (3, 5-di chl orophenyl ) -2, 4-di oxo- 1

triazaspir o[ 4. 4] NoWe b sama porqduredsdp kaamp Habbé@@ﬂl?‘to%’mnpl@@ﬂ(}%s cl O

N NNH 20 C usQz/
descri bed fglfog;zjrg%l g\qég%f)&%aéég% r%’élbﬁgé n%il’gﬁéfle (H%lg[g% ene lgcg%ﬁel c acid
(43 ng, O. 26bmmtix7®\mlgma£a<whpd: eol El(n{{lHQ167Y; aﬁhrZEysmlﬂmda)mn fﬁohelsqhﬁpyil titled

ST Cesr  or sunes Tt EERASRENI .63 88, & BRIERLRSTA P07t 63T Bt divoxo- 1, 3
, 7- tf:\lagﬁ;l@'sf}@i)43él418@ﬁ% 32513@58(;2 lnjbfpgg'zc(z 89 P48@HQHJ—\7 %49“5/ a N

N O To a mxture
3-(chlorosul fonyl) benzoic acid (57 ng, 0.26 mml) |n THE (5 m) was added
DIEA (451, 0.26 mmol) at roomte The reaction m xture was

stirred at roomtenperature for 24ni?§1ﬁ§[#i]*Ejs

4-[(55%*,9R*)-3-(3,5-Dichlorophenyl)-1-ethyl-2,4-dioxo-
1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile

10
H
N

cl o
aTen v
Ci o ?Ile

Using the procedure described in Example 15, Example 49 (3.5 g, 6.74 mmol)

was reacted with 1-chloroethyl chloroformate (7.3 ml, 66.9 mmol) to yield the above-

15 titled compound (1.8 g) as an amorphous white solid. '"H NMR (CDCls) : 7.63 (2H, d,

J=8.3 Hz), 7.25-7.35 (3H, m), 6.73 (2H, d, J = 1.5 Hz), 3.35-3.85 (7TH, m), 1.17 (1H,
brs), 1.45 (3H, t, J =7.1 Hz).

EXAMPLE 51
20 4-[(55*,9R*)-3-(3,5-Dichlorophenyl)-2,4-dioxo-

1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile

N

Cl o
N%\\
%} Y NH =N
0

Cl

25 Using the procedure described in Example 15, Example 12 (5 g, 10.17 mmol)

was reacted with 1-chloroethyl chloroformate (11.1 ml, 101.7 mmol) to yield the

-101-



hours then concentrated under vacuum The residue was partitioned between
Et CAc and water. The pH was adjusted to pH=2. The aqueous | ayer was
extract edwowsoeowst h 15 Et OAc. The conbi ned organi c | ayer ecmarse2/seshed wit h
brine, dried over Na2SO4 and concentrated. The obtained solid was

chr omat of raphed over silica gel using DCIV!IVEO—l O/éj%v} to |eI d the

above- tit | edpsriilsdampend,g)g) apiyhite taystags, mpf 1 M8Osd)(1 H, s),

77k, 7 AU U TRy g R i, fel U %éﬁf‘?ﬁ%l?s é’ £ 8(1‘2%@“6 Y a

20 (7H, m, (2H,45JE3H) Hiz), 331-38585MHzih). EXAMPLE 55

3-[(5S*, 9R*) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl orophenyl ) - 2, 4- di oxo-1, 3, 7-
triazaspiro[ 4. 4] nonane-7-sul fonyl]-benzoic acid -103 WO 03/029245

PCT/ US02{ 31283 0 CI OH O QAS/ /| jphMprE3d O-_H CN Using the procedure
of Exanple 54, Exanple 51 (100 ng, 0. 25 mot) was reacted with

3-(chl or osul S-b(ﬁﬁf“,PRﬁbﬁz(éf(bympHer(ﬁ)]ﬁ@S diciiérophenyl)ilrethyE2 d&lioko-1,3,7-t he 5

f DIEA (48, | t t Id th
Bhove.t 1t ed conpodrizqsiordimons-umub B ThioBRRRES Bk fefe o 12 1n b

s), 8.35 (1H s), 8.29 (1H d, J =7.7 H), 8.18 (lH d, J= 7.7 Hz), 7.83

(3H, m, 7.61 (1H, s), 7.38 (2H, d, J =8.1 Hz) . 69 (2H d, J =1.5 Hz),
3.65-4.05 (4H, m, 3.5-3.6 (1 H m. 10 EXA 92%6 4-[ (55, 9R
*)-7-Benzyl - 9- (4- cyanophenyl ) - 3- (3, 5-di chl / henyl ) - 2, 4- di oxo-
1,3,7-triazaspiro[4.4]non-1-yl]-butyric aci s t hyl est er hydrochloride C O
N NN C O

OO,

Cl o Me

10
Using the procedure described for Example 37 by reaction of 5-Formyl-3-
thiophenecarboxylic acid (40 mg, 0.26 mmol) with Example 50 (100 mg, 0.23 mmol),
the above-titled compound was obtained as a white solid (93 mg) after crystallization
from MeOH. mp = 182°C.
15
EXAMPLE 53
5-[(585*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-2,4-dioxo-1,3,7-

triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carboxylic acid

20 Cl

-102-



HCI CO2Et 15 Using the procedure described for Exanple 14, Exanple 12 (100
ng, 0.2 nmol) was deprotonated with NaH (60% in oil, 12 ng, 0.3 mmol) in
DVF (1 mwoam@2ozmeacted with ethyl 4-bronobutyrate (44 |, PCTAISOmBI2B3 t O
yield the above-titled conpound which was converted into its hydrochl oride

by preci pltatlon in Et20/HCO 20 gas (86 _nmg). LC Mass : retention tinme =
2.27 min, Mb, =Uswg thaproyedurodgscrbedior frnnpled7 Iy asagon/olSTarmybsa

condi ti ons I 0 , TSK
gel Super Oggh% g& &E}Sﬁ}%ﬁ;? aéd%ai Hépg%%rﬁgmﬁwng%%?ﬁ&%m%g& JT'I%Bﬂ from
100% el uenthefaboee-li0Odcahpmind vidsiobtaZnadi 49 a, whitet dolid (92 g anp #1260°F,00% el uent
B during 1 mn. Eluent A: H20 (0.05% TFA), Eluent B : CH3CN/ H20/ TFA
(80/20/0.05)). 5 EXAVMPLES 57-58 Using the procedure described for Exanple
56, the followi ng two Exanples mrw by reaction of Exanple 12
(100 ng) with ethyl 5-brono-valerat et hyl 6-br ono- caproat e,
respecti vel y3-[@SAIR*E954- (Byz[l(disﬁtnﬁRii (3,5-dichlorophenyl)-1- ethyl -2,4-dioxo-1,3,7-

*) - 7- Benzyl - 9- (4- cyanophe b 1(3 5-di chl %‘/W? d| 0XO-
1,3, 7-tri azaspiro[ 4. 4] n# 2}5’ frpl ‘éﬁ?'é?ﬂﬁ' S 'glvg‘?’ﬁnﬁg O‘Ce%‘i'%r hydr ochl ori de
15r jo G ONNN\ ~-N C OHCO CO2Et Yleldc 55 ng. LC Mass :

retention time = 2.40 nin, Mbs g 618 (M1) otpnditions : LC
M cromass platform (APCl +, DADIfZlO 40Q) nr;? | umm : TSK
Cl o

10 To a mixture of Example 50 (100 mg, 0.23 mmol) and 3-(chlorosulfonyl)
benzoic acid (57 mg, 0.26 mmol) in THF (5§ ml) was added DIEA (45 ul, 0.26 mmol)
at room temperature. The reaction mixture was stirred at room temperature for 24
hours then concentrated under vacuum. The residue was partitioned between EtOAc
and water. The pH was adjusted to pH=2. The aqueous layer was extracted twice with

15 EtOAc. The combined organic layers were washed with brine, dried over Na,SO, and
concentrated. The obtained solid was chromatofraphed over silica gel using
DCM/MeOH (80/20) to yield the above-titled compound (63 mg), mp = 145 °C. 'H
NMR (CDCls) : 8.63 (1H, s), 8.41 (1H,d,J=7.5Hz), 8.17 (1H, d, J=7.4 Hz), 7.77
(1H,t,J=7.7Hz), 7.62 (2H, d, J=7.7 Hz), 7.18-7.26 (3H, m), 6.60 (2H, s), 3.4-4.2

20 (7H, m), 1.45 (3H, t, J =6.8 Hz).

EXAMPLE 55
3-[(55%*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-2,4-dioxo-1,3,7-

triazaspiro[4.4]nonane-7-sulfonyl]-benzoic acid

-103-



gel Super ODS 4.6 MmmID x 5 cm Flowrate : 2.75 nL / mn, Gadient : from
100% 20 eluent Ato 100%eluent Bin 2 mn., with a plateau with 100%

el uent B worosge2asnmin. Eluent A : H20 (0.05% TFA), El uentrCB/USOLZBREN / H20
/ TFA (80/20/0.05)). EXAMPLE 58

6-[ (5S*, 9R*) - 7- Benzyl - 9- (4- cyanophenyl ) - 3- (3, 5-di chl or ophenyl ) - 2, 4- di oxo-
25 1,3,7-triazaspiro[4.4] non-1-yl]-hexanoi c aci etoI ester hydrochl oride

-105 WD 03/ 029245 PCT/US02/3128F" 0 ONN@® O /0% Ho  cozet Yield : 54
my. LC Mass : retention tine = 9 min,0Nmb 32 (M1) (LCMB conditions
: LC M cromass platform (APCI AD 210z ), Colum : TSK gel Super
ODS 4.6 M ID x 5 cm Fl ow rate™~ 2N73\; mn, Gadient : from 100% 5
eluent Ato 100% eluent Bin 2 nin.)\ a plateau with 100% el uent B
during 1 min. Eluent A: H20 (0. 03% Eluent B: CH3CN/ H20/ TFA
(80/20/0.05)). EXAMPLES 59-61 co- [ 9R

*)-7-Benzyl - 9- (4- cyanophenyl ) -3- (3, 5-di rophenyl) -2, 4-di oxo- 1o

1,3, 7-triazaspiro[4.4] non-1-yl]-al kanoiclacids CI CI NCN e CX2H (laf) To
prepare Exanple 59 [the conmpound of f or miMa (laf) wherein e is 1], LiOH 15
(I'N, 600l) was added to a suspension of Exanple 56 (60.3 ng, 0.1 mmol) in
THE (2.5 m). The solution was heated at 50 C for 3h. After concentration
in vacuo, the r &singtthepgropecanieiof Exvnsple ok cixanmpioS Wal0O mgydi Zshmmad) veasi di i ed
oy Dubbling JasSouh ?ﬁgorgﬁﬁ%g%gagzgoi LSS A LIS QutoiPh HIE (SULn vas

collected b
5  presence of DIEA (48 ul, 0.27 mmol) at room temperature to yield the above-titled
compound (84 mg), mp = 150 °C. 'H NMR (DMSO-dg) : 9.14 (1H, br s), 8.35 (1H, s),
8.29 (1H, d, J=7.7 Hz), 8.18 (1H, d, J = 7.7 Hz), 7.83 (3H, m), 7.61 (1H, s), 7.38
(2H, d, J = 8.1 Hz), 6.69 (2H, d, J = 1.5 Hz), 3.65-4.05 (4H, m), 3.5-3.6 (1H, m).

10 EXAMPLE 56
4-[(55*,9R*)-7-Benzyl-9-(4-cyanophenyl)-3-(3,5-dichlorophenyl)-2,4-dioxo-

1,3,7-triazaspiro[4.4Inon-1-yl]-butyric acid ethyl ester hydrochloride

N -
Q N =N
cl 0
, HCI
CO,Et

15
Using the procedure described for Example 14, Example 12 (100 mg, 0.2
mmol) was deprotonated with NaH (60% in oil, 12 mg, 0.3 mmol) in DMF (1 ml) and
reacted with ethyl 4-bromobutyrate (44 ul, 0.3 mmol) to yield the above-titled
compound which was converted into its hydrochloride by precipitation in Et;O/HCI

20  gas (86 mg). LC Mass : retention time = 2.27 min, My, = 604 (M-1) (LCMS
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Yield : 17 ng, np = 148 C. Exanple 60 (e=2), and Exanple 61 (e=3), were
prepared -106 WO 03/029245 PCT/ US02/ 31283 using the sane nethod, starting
f r om Exanwioas/02®24and 58, respectively. For Exanple 60: (¥eTdA0S09pB128Yi el d :
22 ny, white crystals, np = 250 C.; for Exanple 61: (32.5 ng). Yield :
17.4 ng. "H NWR (CDC13) : 7.61 (2H, d, J =8 Hz), 7.25-7.40 (8H,_m, 6.64
(2H, s), 3. goudifons3z.C Mjicromass patgornptAPGh+, AR (2105400mN) g oluging BSK2H, 1y ,

©or ey o (Rl omR ey IOES ol Bl fin o Mk fof 1 (>

1, 3, 7-tri azaBphr Afd 1a]%Behedt B lij 2 adel withagiisteai With 1€6%etuchOBQ@UGEE 1 kih. O N N
-N~N C O~Me A mxture of Exanple 15 I%100 0.24 m*;olé et hyl brono
acet at e (29 Hluept A :dloKOfds YFAMG Rentds: ¢ BC.I%/%Q/&FZ’S(%&/ O t ol uene
(2ml) was heated to 100 C for 5h. After cooling to roomtenperature, the
precipitate (unreacted starting material) 15 was renoved by filtration. The
filtrate was concentrated and purified by chronatography over silica gel
(eluent : DCMthen acetone) to yi t ap -titled conpound as an oil
(47.2 ng). 'H NMR (CDC13) : 7.63 , iEﬁLﬁgh Hz), 7.25-7.30 (3H, m,
6.68 (2H, d, J =yking thZprocéiuédddsélibedor Example 56HRE folfowdflg two Bxaflfles Ji =
11.7 Hz , J2 = 6.3 Hz), 3.55-3.65 (2H, , 3.3-3.5 (3H, , 3.26 (3H,
3.05 (1H, dwere prepgedby practipn of Hxagipl¢ 3H(100 mg) witlyethyl-brongxpleiar B9

[ (5S*, 9R*) - 94 (A= CQvanophenyl ) - 3- (3, 5-di chl or ophenyl ) - 1- met hyl - 2, 4- di oxo-
1, 3, 7-tri|l{:;az§ts,h f?o . .%F?ch(r)\-t?’-rﬁf]eg%\é%f'i c acid tent-butyl ester 25 -107 WO
03/ 029245 PCT/ US02/ 31283

s),

EXAMPLE 57
5-[(55*,9R*)-7-Benzyl-9-(4-cyanophenyl)-3-(3,5-dichlorophenyl)-2,4-dioxo-

1,3,7-triazaspiro[4.4]non-1-yl]-pentanoic acid ethyl ester hydrochloride
15

BN
Q N =N
I

Cl
, HCI

CO,Et
Yield : 55 mg. LC Mass : retention time = 2.40 min, My = 618 (M-1) (LCMS
conditions : LC Micromass platform (APCI +, DAD (210-400 nm)), Column : TSK
gel Super ODS 4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min, Gradient : from 100%
20  eluent A to 100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min.
Eluent A : H,O (0.05% TFA), Eluent B : CH3CN / H,O / TFA (80/20/0.05)).

EXAMPLE 58
6-[(5S*,9R*)-7-Benzyl-9-(4-cyanophenyl)-3-(3,5-dichlorophenyl)-2,4-dioxo-
25 1,3,7-triazaspiro[4.4]non-1-yI]-hexanoic acid ethyl ester hydrochloride

-105-



~C2tBu CI 0O ~NNN-~N C O/ "Me A mxture of Exanple 15 (2 g, 4.81
nmmol ), tert-butyl bronpo acetate (2.4 m, 16.3 mmvol) and K2CO38 (2.4 g, 17.4
nol ) i n woasane4f 40 m ) was refl uxed for 24h. After coolPCmgSz3rzedm
tenperature, the solution was concentrated and partitioned 5 between

DCM wat er. The aqueous | ayer was extracted twice wwith DCM The conbi ned
organic | ayers were washed with brine, dr#eg over Na2SO4, and concentrated
to an oil which was purified by chronatog hy over silica gel (eluent

DCM acetone 95/5) to yield the above-tiffl ed conpound as an anorphous solid
(1.56 g). 'H NWR (CDC13) J =8.3 Hz), 7.25-7.30 (3H, m,
6.67 (2H, d, J =10 1.5 Hz) dd), 3.55-3.65 (2H, m, 3.3-3.5

80- 3
(3H, m, 3.26 (3H, s), 3.02 @ , 1.50 (9H, s). EXAMPLE 64
[ (5S *, 9R *)-9- (4- Cyanopheny

; Nyl ) - 1- met hyl - 2, 4- di oxo-
15 1,3, 7-triazaspiro[ 4. 4] nd& 7- y1 ~acetic acid (CO2ZH CI ON NN\ ~N M
Cl O\ Trifluoroacetic aci 59 .mvol) was added to a sol ution of
Exanple 63 (1.56 g, 2.95 rrm)l) |n DCI\/I(40 m ). TheH&bl ution was refl uxed
for 3h. It was then 20 concentrated in vaguo and partitioned between
Et OAc/ aqueous NHAOH . The aqueous | ayer %tam dified to pH=2 with SO2.

The white precipitate was separated by fiTiration. The aqueous | ayer was

extracted with con ated to yst b re
conbined with tﬁ\%aegd' &Wa ol mtl%[%é%\g/e %fﬁér (i\é’i"ﬁ’ %Bf(ﬁ?fﬂfg(‘(ﬂcﬂﬁs@
above-titl edos@BRUNL Mic@thags platfornr(ALPOI . DAD (210800 nm)) Column : TSK

gel Super ODS 4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min, Gradient : from 100%

s eluent A to 100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min.
Eluent A : H,O (0.05% TFA), Eluent B : CH;CN / H>O / TFA (80/20/0.05)).

EXAMPLES 59-61
o-[(55*,9R *)-7-Benzyl-9-(4-cyanophenyl)-3-(3,5-dichlorophenyl)-2,4-dioxo-

10 1,3,7-triazaspiro[4.4]non-1-yl]-alkanoic acids

Cl

(Taf)

To prepare Example 59 {the compound of formula (Iaf) wherein ¢ is 1], LiIOH
15 (1N, 600pl) was added to a suspension of Example 56 (60.3 mg, 0.1 mmol) in THF
(2.5 ml). The solution was heated at 50 °C for 3h. After concentration in vacuo, the
resulting product was taken into water which was acidified by bubbling gaseous SO;.
Example 59 precipitated out of the solution, was collected by filtration, and dried.

Yield : 17 mg, mp = 148 °C. Example 60 (e=2), and Example 61 (¢=3), were prepared
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WD 03/ 029245 PCT/ US02/ 31283 EXAMPLE 65

(5S*, 9R*) - 7- Benzyl - 9- (4- br onophenyl ) - 3- (3, 5-di chl orophenyl ) - 1-net hyl -1, 3, 7-
triazaspiwo (342945 nonane-2,4-dione CI 0 NNN_N Br C O Mpca/osizeg t he
procedure descri bed for Exanple 14, Exanple 13 (5.45 g, 10 mmol) was
reacted wth nmethyl iodide (0.93 ml, 14.9 mol) to yield the above-titled
conpound as UgingHietseme ghdtlepd, stantgiggdyom fsamplze 47 @nd 39, respantbrety.d®r Example

V) 13 7. B A §19d 3 WO RERECSR b e B B Yl R U e

N 15 A m xiig) eyiefd :-Bxanplge' IENMROCD81,587 BMRH, d, J = 8 Hz), 7.25-7.40 (8H, m),
5-trinet hyl stanglé/l -p%ri mdine (1.3 ? 5.35 mmuol , prepared according to
patent WO 96/868H6Y: 280 (3. k3 S(3-8 (HhaRy Bphds sBine) ad B 43HM.?)3-( 620 ny,
0.54 mml) bn<tolyu } ) Q) <Lz d for 10h under a nitrogen

at rmsphe#e. b%?t(girl’@’gl"li 2% (tmc;l Pm%g%g?g?ﬁ ‘e, the insoluble material was
filtered off and washed twi ce with toluene. The tol uene |ayers were

concentrated in vacuo. The resulti MM@” (3.1 g was chronmat ographed
-109 WD 03/ 029245 PCT/ US02/ 31283 gel (eluent : EtOAc) to yield

t he above-titl £ 1 i 804 | Yy i_Zatd:on, from MeCOH
(St move :Rgsz gQIacﬂwEgﬁﬁré@%H?&ﬂﬂ)% &04-afbhictopRénylj-YShéhyI-Zaldiow
1,3,7-triazaspiro[4.4]non-7-yl]-acetic acid ethyl ester
10

CO,Et

1
Cl 0 :/N
Ot O,
cl o Me

A mixture of Example 15 (100 mg, 0.24 mmol), ethyl bromo acetate (29 ul,

0.26 mmol) and K,CO; (36.6 mg, 0.26 mmol) in toluene (2ml) was heated to 100 °C

for 5h. After cooling to room temperature, the precipitate (unreacted starting material)
15  was removed by filtration. The filtrate was concentrated and purified by

chromatography over silica gel (eluent : DCM then acetone) to yield the above-titled

compound as an oil (47.2 mg). '"H NMR (CDCl,) : 7.63 (2H, d, J = 8.3 Hz), 7.25-7.30

(3H, m), 6.68 (2H, d, J=1.5Hz),4.23 (2H,q, J= 7.1 Hz), 3.89 (1H, dd, J; = 11.7 Hz

,J2=6.3 Hz), 3.55-3.65 (2H, m), 3.3-3.5 (3H, m), 3.26 (3H, s), 3.05 (1H,d, J=10.8
20 Hz),1.31 (3H,t,J=7.1 Hz).

EXAMPLE 63
[(55%*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-
1,3,7-triazaspiro[4.4]non-7-yl]-acetic acid fert-butyl ester

25
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5
(5S*,9R*) - 3- (3, 5-Di chl orophenyl ) - 1- et hyl - 9- (4- pyri m di n-5-yl - phenyl )-1, 3,7
- triazasworofo29243 nonane-2,4-dione H i C ONN N ~2Z) pRT@S231288 N 10
Usi ng the procedure described for Exanple 15, Exanple 66 (358 ng, 0.64

mmol ) was reacted with 1-chloroethyl chlorQformate (0.28 m, 2.6 muvol) in
DCM (3 m) to yield the above-titled co BdBYas an annrphous soild (88

ng). "HNWR (CDC1l3) : 9.22 (1 H, s), (2H s), 7.58 (2H, d, J = 8.2
Hz), 7.35 (2H, d, J—82Hz)C|721 1I—L/ 6.66 (2H, d, J = 1.6 Hz),
3.3-3.9 (5H, n), 3.23 (3H, s) 15 EXAMPLE 68

5-1(5S*, 9R*) - 3- (3, 5- D|chlorop =g 0x0- 9- (4-pyri m di n-5-yl -
phenyl )-1, 3, 7-tri azaspiro[ 4. 4] non- 7 r’r% yI] t hi ¢ ophene- 3-carboxylic acid

C2H r6s CI ONNN N 20 C '0 \ Me Usinhg the procedure descrlbed for

Ex | 37, Ex I 67 ted w

5 for meu -3 thig éﬁ‘é‘&ﬁ?ééé’%‘?ﬁgéé?%g(%%&b\?%;ége ‘5?“9 %etaﬁd@‘t%ﬂ’m) to
yield the ab@‘l@nﬁqbl? %@@p%ﬂg 254 afm(ﬁmr&&%é (@@fnh)dvm%ﬂﬁye)d for d11.110 WO
03/ 029245 PCT/ US02/ 3128 9.23 (1H, s), 6 (2H, s), 8.16

(1H, s), 7. A@er?ccs@ngmoom tempexziglre,zhie soluuornwas @nzemza)ted %dmﬂétmﬂedn') 6. 65

(2H d, 5] bélt e /%va?erllTh% (queOUSrByer was extractéc?’ twice mth D’iil\%al“lg s), 3.10
$1em P

(111, d,
combined organic layers were washed with brine, dried over Na;SOy, and

concentrated to an oil which was purified by chromatography over silica gel (eluent :
DCM/acetone 95/5) to yield the above-titled compound as an amorphous solid (1.56
g). 'H NMR (CDCls) : 7.62 (2H, d, J = 8.3 Hz), 7.25-7.30 (3H, m), 6.67 (2H, d, J =

10 1.5 Hz), 3.80-3.95 (1H, dd), 3.55-3.65 (2H, m), 3.3-3.5 (3H, m), 3.26 (3H, s), 3.02
(1H, d, J=10.9 Hz), 1.50 (9H, s).

EXAMPLE 64
[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-
15 1,3,7-triazaspiro[4.4Inon-7-yl]-acetic acid
rcozl-l
mi} %/N&@
N>fN\ =N
ci o Me

Trifluoroacetic acid (4.8 ml, 59 mmol) was added to a solution of Example 63

(1.56 g, 2.95 mmol) in DCM (40 ml). The solution was refluxed for 3h. It was then

20  concentrated in vacuo and partitioned between EtOAc/aqueous NH4OH . The aqueous
layer was acidified to pH=2 with SO,. The white precipitate was separated by
filtration. The aqueous layer was extracted with DCM and concentrated to give white
crystals which where combined with the precipitated solid to give, after drying, the
above-titled compound (1.04 g), mp = 220 °C.

25
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5 EXAMPLE 69 (5S *, 9R

*)-3-(3,5-Di chl orophenyl ) - 1-net hyl -7- (1- et hyl et hyl ) -9- (4-pyri m di n-5-

yl - phenyl Wwob382924% r i azaspi ro[ 4. 4] nonane- 2, 4-di one Me\ / MPCTMISOEBMSN / N N
\' € 0OM N 10 A mxture of Exanple 67 (49.7 ng, 0.11 mmol), 2-iodo
propane (26 |, 0.26 mml) and K2CO3 (36 m% 0.26 mmol) was heated at 80C
for 25h in acetonitrile (2 m). AfEXAMBEE6) to roomtenperature, the

i nsol ubl e saltg.: ypk afl I ess. The
rosi due vas Ra8 PRy e ERMRURER R dlhenh i3 (8 iR SRRLTL Fimdy By P40
concentrated in vacuo and chnnmspgfo{a@h}iﬁnﬁnezdsdlbhea gel (eI uent :

DCM MeOH 95/5) to yield the above-titled conpound as an anor phous white
solid (38.1 ng). 1H NWMR (CDC13) : 9.21 (1H, s), 8.92 (2H, s), 7.56 (2H, d,
J =80 Hz), 7.33 (2H d, J=8.0 Hz), 7.20 H nm, 6.61 (2H, d, J= 1.5
Hz), 3.90 (1H, dd, JI =12 Hz , J2 = 6 Hz) 4-3.5 (2H, m, 3.2-3.4 (1 H,
m, 3.28 (3H, s), 3.09 (1 H d, J =11 20 2.79 (1 H m, 1.23 (6H m.
EXAMPLES 70-74 -111 WO 03/029245 PCT/ US04/31283 R9 C O"N N C 0 Me CN
(lac) Conpounds having the forcrrul a (Iac)/ gre prepared, wherein RO has the
values |isted in Table 4B, usi e the a roeedure as for Exanple 69,
starting from Exanple 15 and t @ dg, conpound.

5 Ci o

Using the procedure described for Example 14, Example 13 (5.45 g, 10 mmol)
was reacted with methyl iodide (0.93 ml, 14.9 mmol) to yield the above-titled
compound as a white solid (4.15 g), mp = 204 °C.

EXAMPLE 66
(55*,9R*)-7-Benzyl-3-(3,5-dichlorophenyl)-1-methyl-9-(4-pyrimidin-5-yl-phenyl)-

1,3,7-triazaspiro[4.4]nonane-2,4-dione

A mixture of Example 65 (2g, 3.58 mmol), S-trimethylstannyl-pyrimidine (1.3
g, 5.35 mmol, prepared according to patent WO 95/06636) and
tetrakis(triphenylphosphine)palladium(0) (620 mg, 0.54 mmol) in toluene (50 ml) was
20  refluxed for 10h under a nitrogen atmosphere. After cooling to room temperature, the
insoluble material was filtered off and washed twice with toluene. The toluene layers

were concentrated in vacuo. The resulting orange oil (3.1 g) was chromatographed
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5 TABLE 4B Ex. # R9 Conmpound Name Data 4-[(5S*,9R*)-3-(3,5- Wite solid
(180 H3C CH3 Dichl orophenyl)-I-nmethyl-7-(1 70 net hyl et hyl) -2, 4-di oxo- ng),
np = 208 WD 03829243 ri azaspiro[4. 4] non-9-yl]- C  benzonit r iPlC#/US02/31283
4- [(58* 9R*) - 7- Q/clopentyl 3- Wiite solid (132

(3,5-Dichlor ophenyl )-1-me 71 2, 4-di oxo-

1,3, 7-t ri az Q¥¢istlsRgeh| th?ﬁt ggtmc) t@ywldo@ﬁzbwertﬁqdémovéd 3ot White eplal

VeoH (105 75 G il PR Pl G SR SR ) g e T (2 Trem

1,3,7-triazaspiro[4.4]non-9-yl]- benzonitrile C. 0

4-[ (5S*, 9R*) - 9- (4- Cyanophenyl )- Yellow oil_ (199 COUCH

3-(3,5-dichl orophenyl)-1-nethyl 73 EXM%E—&ZO- ny) .

1,3, 7-triazagpes R i t

5.1 (55 OR0) B (A G anDaRaen i dohehih F eyt ATl Apina bt T
Yel | ow oi | (192 74 2, 4-di ox@rlaza?,pﬂ'otct.fﬂannmm 2dfdiodd non-7-yl ] - nm).

pent anoi ¢ acid nmethyl ester EXAMPLE 75
4-1(5S*, 9R*) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl orophenyl ) - 1- net hyl - 2, 4- di oxo-
-112

Cl

Cl

10 Using the procedure described for Example 15, Example 66 (358 mg, 0.64
mmol) was reacted with 1-chloroethyl chloroformate (0.28 ml, 2.6 mmol) in DCM (3
ml) to yield the above-titled compound as an amorphous soild (88 mg). 'H NMR
(CDCl3) : 9.22 (1H, s), 8.94 (2H, s), 7.58 (2H, d, J = 8.2 Hz), 7.35 (2H, d, J = 8.2 Hz),
7.21 (1H, m), 6.66 (2H, d, J = 1.6 Hz), 3.3-3.9 (5H, m), 3.23 (3H, s), 2.63 (1H, br s).
15
EXAMPLE 68
5-[(55*,9R*)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-diox0-9-(4-pyrimidin-5-yl-

phenyl)-1,3,7-triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carboxylic acid

20

Using the procedure described for Example 37, Example 67 (37.3 mg, 0.08
mmol) was reacted with 5-formyl-3-thiophenecarboxylic acid (15 mg, 0.096 mmol) in

DCE (3 ml) to yield the above-titled compound as an amorphous soild (43 mg). 'H
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WD 03/ 029245 PCT/ US02/ 31283 1,3,7-triazaspiro[4.4]non-7-yl]-butyric acid
('~COZH C ONO- N _N:::7N CI 0 M 5 NaCH (2nl, 1N) was added to a
sol uti on wbh Boasepse 73 (199 ng, 0.48 mMmmol) in THE (2ml). P&MIES02/3t28Ht room
tenperature the solution was acidified with SO2 and concentrated in vacuo.

The resulting solid was partitioned between water and Et OAc. The organic
| ayer was dﬂ\ﬁéﬂ (@P@rls)l\l&ég@Hast@érﬁ%]ém)r%\ﬂ@ﬁlH,@),yﬁ-‘éﬁ-Zi-GtSNéHamb\?eZ%GZH,ed

RO e o ey =) o, £5%6.63 O MEPH (£ Bo-a i, 73S S35 GHOAMPLE
*) - 9- (4- Cyangphenyl -s3-1. 8 GHlidc hkoriophgny! ) - 1- net hyl - 2, 4- di oxo-
1,3,7-triazaspiro[4.4]non-7-yl]-pentanoic acid CO2H CI O NNN 15 O ~
\Me Using the sanme procedure as for Exanple 75, Exanple 74 (190 ng, O0.36
mmol) wag converted into the above-g{hhepr ound (152 ng). Wite solid,
np = 24% C. 20 EXAWPLE 77 EXh E¥SP
[ (5%, 9R*) - 9655498 a3a@lteDidhlerdphényd)-Hinsdth o D ph-areghylethyied- (s pyRmddis - HX 0-

-tri i 4.4 -7- - tam de -113 WO 03/029245 PCT/ US02/ 31283
E’C:é’\laztrol azaapl rNo[ ] ny?-r;)hen;'/lg-]l,f&-%rigzrgspﬁom. nonane-z4-dzlone

]

Cl

10
A mixture of Example 67 (49.7 mg, 0.11 mmol), 2-iodo propane (26 ul, 0.26

mmol) and K,CO3 (36 mg, 0.26 mmol) was heated at 80°C for 25h in acetonitrile (2
ml). After cooling to room temperature, the insoluble salts were removed and the
filtrate concentrated to dryness. The residue was partitioned between DCM/water. The

15 organic layer was concentrated in vacuo and chromatographed over silica gel (eluent :
DCM/MeOH 95/5) to yield the above-titled compound as an amorphous white solid
(38.1 mg). '"H NMR (CDCl3) : 9.21 (1H, s), 8.92 (2H, s), 7.56 (2H, d, J = 8.0 Hz),
7.33 (2H, d, J = 8.0 Hz), 7.20 (1H, m), 6.61 (2H, d, J = 1.5 Hz), 3.90 (1H, dd, J; = 12
Hz ,J; = 6 Hz), 3.4-3.5 (2H, m), 3.2-3.4 (1H, m), 3.28 (3H, s), 3.09 (1H,d, J =11

20 Hz),2.79 (1H, m), 1.23 (6H, m).

) EXAMPLES 70-74
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ONN\ ~~N\ M C O lsobutyl chloroformate (27 |, 0.21 mmol) was added
to a cooled (5 C) suspension of Exanple 64 (90 ng, 0.19 mmol) and N-net hyl
nmor phol i n@o(38292450.2 mol) in DCM (4 m ). After |h, anmeaTased20ss, 0.5 M
in dioxane, 0.21 mvl) was 5 added. After 1 h at 5 C and 3h at RT, water (2
m ) was added. The organic |ayer was separated and the aqueous | ayer
extracted with DCM The conbi ned organi c lsayers were concentrated in vacuo
and the resulting material was purified ﬁy chromat ogr aphy over silica gel
(el uent : DCMIMeCH 95/5) to $leld tRe yje-titled conpound as a solid

(49.6 ng). 1H NVR (CDCL3) : 7.p&\(2H = 8.2 Hz), 7.25 10 7.30 (3H, ),
6.84 (1 H br s), 6.65 (2H, d¥¢ 3 =N 5yHzN\—€. 18 (1 H, br s), 3.87 (111,
t), 3.4-3.5 (5H ), 3.24 (3H~3), ¥ 16 ((1H ]d, J= 10.9 Hz). EXAMPLES
78-79 Using the experinmental ChroceduPe Mes *ég in Exanple 77, the

following 15 Exanples were prepared. EXAVPLE (I¢BSs *, 9R

*)-9-(4- Cyanophepyl ) - 3- 5-dichloro nyl )-1-net hyl -2, 4-di pxo-

V37 ¢ ot oppayts ey e W HEPATEY bis rfpdres. vttt Rp Riohe lugs 1
N-N\V ~N Gle@in mlUﬁBﬂlﬂsi@(@%Jﬁﬂ? Eﬂacé(ﬂﬂe BDfor BxARpl¥eY, XtaARG fFERA hyl am ne

(1051, 2 Min THF, 0.21 mol), the above-titled conpound was obtained as
a solid (47Ezample 15 and thdRpproprwtaigi@eeoperds PCT/ US02/ 31283 (CDC13) : 7.64

(2H, d, J = 8.1 Hz), 7.27-7.31 (3H, ﬂ,ﬁﬁi‘g (1H, br s), 6.65 (2H, d, J =

1.3 Hz),73.87 (1H, t), 3.35-3.5 (5H, ; ~—25 (3H, s), 3.16 (1H, d, J= 10.9
Hz), 2.89 | Ex.# Ry Compound Name Data
4-[(55*,9R*)-3-(3,5- White solid (180
H;C._CH;3 Dichlorophenyl)-1-methyl-7-(1-
70 \L methylethyl)-2,4-dioxo- mg), mp = 208
1,3,7-triazaspiro[4.4]non-9-yl]- °C.
benzonitrile
4-[(55*,9R*)-7-Cyclopentyl-3- White solid (132
(3,5-Dichlorophenyl)-1-methyl-
71 Q 2,4-dioxo- mg), mp = 178
1,3,7-triazaspiro[4.4]non-9-yl1]- °C.
benzonitrile
White solid
CH A-[(55* OR¥)-3-(3,5- recrystallized
7 3 Dichlorophenyl)-1-methyl-7-(2- from MeOH (105
H methylpropyl)-2,4-dioxo- _
Kk CHs 1,3,7-triazaspiro{4.4]non-9-yl}- mg), mp = 170
benzonitrile °C.
0 4-[(55*,9R*)-9-(4-Cyanophenyl)- | vellow oil (199

3-(3,5-dichlorophenyl)-1-methyl-
73 Jj\)\(yCHB 2,4-dioxo- mg).
1,3,7-triazaspiro[4.4]non-7-yl]-

butyric acid methyl ester
O 5-[(55*,9R*)-9-(4-Cyanophenyl)-

O,CH3 3-(3,5-dichlorophenyl)-1-methyl- | Yellow oil (192
74 2,4-dioxo- ng)
1,3,7-triazaspiro[4.4]non-7-yl]- &)

pentanoic acid methyl ester

EXAMPLE 75
4-[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-
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(3H, d, J = 4.9 Hz). 5 EXAMPLE 79

[ (5S*, 9R*) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl or ophenyl ) - 1- net hyl - 2, 4- di oxo-

1, 3, 7-triwpaspeyaf 4. 4] non-7-yl ] - N, N-di met hyl - acet am de O WCTNES02/€128©O N Me
NNel ~-N C OM 10 Using Exanple 64 (90 ng, 0.19 nmol) and

di mrethylamne (1051, 2 Min THF, 0.21 mmol), the above-titled conpound
was obtained as a solid (E&78riaggspiroi#.4or-T1-gibdugyric acide2 (2H, d, J = 8
Hz), 7.15-7.3 (3H, m, 6.68 (2H, d, J = 1.8 Hz), 3.92 (1H dd, Jj = 11.4
Hz, J2 = 6.2 Hz), 3.6-3.75 (2H, m, 3.35-3.5 (3H, M, 3.26 15 (3H, s),
3.05 (3H, s), 2.99 (3H, s), 2.95-3.0 (1H, _ COMMPLE 80

N-{5-[(5S*, 9R*) - 9- (4- Cyanophenyl ) - 3- ( 3, 5-(di chl or ophenyl ) - 1- net hyl - 2, 4- di oxo
- 1,3,7-triazaspiro[ 4. 4] non-7zyl net hyl ] - \i ophene- 3- car bonyl } 20

met hanesul f onanmi de -115 WO O PET,

C ON N N MZ:~N C O

cl o] Me

5 NaOH (2ml, IN) was added to a solution of Example 73 (199 mg, 0.48 mmol)
in THF (2ml). After 3h at room temperature the solution was acidified with SO, and
concentrated in vacuo. The resulting solid was partitioned between water and EtOAc.
The organic layer was dried over Na;SO4 and concentrated to yield the above-titled
compound which was crystallized from MeOH (23 mg), mp = 228 °C.

10
EXAMPLE 76
5-[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-

1,3,7-triazaspiro[4.4]non-7-yl}-pentanoic acid

(\/\002H

N -~
\
cl o Me

15

Using the same procedure as for Example 75, Example 74 (190 mg, 0.36
mmol) was converted into the above-titled compound (152 mg). White solid, mp =
240 °C.
20
EXAMPLE 77
[(55#,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-
1,3,7-triazaspiro[4.4]non-7-yl]-acetamide
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EDCI (84 ng, 0.44 mmol) was added to a solution of Exanple 37 (100 ng,

0.18 mmol ), nethanesul fonam de (38 ng, 0.38 nmol ), triethylamne (62 |,
0.43 5 nwolop/oagrds a trace of DVAP in DCM (5 ml) at room t eqparsat/sres After
48h, water was added and the m xture was acidified by bubbling SO2. The
organic |l ayer was separated and the aqueous | ayer extracted twice with
DCM The conbined organic |ayers were f&NHai t h brine and concentrat ed
in vacuo. The resulting product was chr t ographed over silica gel to
yiel d the above-titled conmpou@d (38. s an 10 anor phous solid al ong
with 55.6 ng of unreacted star 19 NVR (CDC13) : 8.04 (1 H,
s), 7.62 (2H, d, J 8 Hz), 7.4 §(3H m, 6.65 (2H, d, J
= 1.5 Hz), 3841(3H m, 3.86 ( . -34(2H m, 3.3.25 (3H, s),
3.15-3.3 (1H, m, 3.01 (1 HCW, J =011 F?). 15 EXAMPLE 81

N-{4-[(5S*, 9R*) - 9- g4 Cyanophe &%3 (3 5-di chl orophenyl ) - 1- net hyl - 2, 4- di oxo
- 1,3, 7-tri azaspiyspwl gfl]lﬂ’i?ﬁom%q tthy0-2 5’@??21)‘5}’?53 dedthakealed fokani de 0 0 0

N1~S~Me \ | 31283
Ui ng the saB-ay arodir naces 0l o A Mot st iedy BP0 200
nmg, 0.36 mmiolhit BCivethmbeAlitf tinammiﬁuz( @20l Mirdioxamk) 0.21 henol) was

b t tI d b 'H N 13 7.86 (2H, d,
3725 1 by aadsigAReY D 'S 2R 3y SER | WorcER) iyl gl T Selpie iergisy 5 ( 3i
m, 6 65 (2|§bi)aﬁ1ted]an'd the §qllé¥))lsl e@ex%%céd%th(ﬁ?h/[ Mhe &ﬂ%l&dﬁgiﬁﬁay&)s 3. 44

(3H, s), (3H, s), 5 (1 J=11.1
were concentrated in vacuo and the resulting material was punﬁed by

chromatography over silica gel (eluent : DCM/MeOH 95/5) to yield the above-titled
compound as a solid (49.6 mg). 'H NMR (CDCly) : 7.64 (2H, d, J = 8.2 Hz), 7.25-

10 7.30 (3H, m), 6.84 (1H, br s), 6.65 (2H, d, J = 1.5 Hz), 6.18 (1H, br s), 3.87 (1H, 1),
3.4-3.5 (5H, m), 3.24 (3H, s), 3.15 (1H, d, J = 10.9 Hz).

EXAMPLES 78-79

Using the experimental procedure described in Example 77, the following

15 Examples were prepared.

EXAMPLE 78
[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-

1,3,7-triazaspiro[4.4]non-7-yl]-N-methyl-acetamide
20

Cl o v

N -
N\
cl o Me

Using Example 64 (90 mg, 0.19 mmol) and methylamine (105 ul, 2 M in THF,
0.21 mmol), the above-titled compound was obtained as a solid (47.1 mg). '"H NMR
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4-1(5S *,9R

*)-3-(3,5-Di chl orophenyl ) - 1-net hyl - 2, 4-di oxo-7-pyrimdin-2-yl-1,3,7- 10
triazaspi wo[0d/0492adn- 9-yl ] -benzonitrile n NYN C O rN N NRCTasGh/31283Me A

m xture of Exanple 15 (100 rrg, 0.24 mol ), K2COA3 (37 ng, 0.27 mmol) 15 and
2- bronmo- pyri m di ne (42 27 mmol ) was heated at 100 Cin DVF (1 m) for
20h. After d¢ebClng7td (?Ho%&%ﬁﬂeﬂ@tﬂiz@7 31H@H;, meob-8h(1d1.3uik), 6.6A(RH, dghpved

and the f||t t tOAc agueous
ayer vas excs Bk ad UG o SR ec R Mot RRd b rghn 0 plP e er
washed with ®Hjdg,=408entrated in vacuo and purified using chromatography

on silica gel (eluent : 20 DCM acetone 95/5) to yield the above-titled
conmpound (36.1 ng). Wiite crystals from MeOH, np = 234 C. EXAMPLE 83

4-[(5S*, 9R*) - 7- (6- Chl or opyri dazi n- %Xlgﬁgg} ﬁ3795 di chl orophenyl)-1-methyl -2, 4

- 25 dioxo-1,3,7-triazaspiro[4.4]n zonitrile -117 WD 03/029245
PCT/ US02/ 31283[(5& 9R*)-DiYU- @anq)mﬂym-s-(s S-dithléiophef)-Wahetbyl-Dd-diaxe

experi nent al procedur s an % % ?é’ nple 15 (100 ng, 0. 24 mmol)
was reacted with 3,61 T‘B?%BS}'P PERY Y15, Nflimsthad-acatamide o yield 5 the
above-titled conpound (27 1 ng), np = 125 C. EXAMPLE 84

o)

’)LN,MS
N Me

N -
Q >//N =N
AN

ci o Me

Using Example 64 (90 mg, 0.19 mmol) and dimethylamine (105 pl, 2 M in
THF, 0.21 mmol), the above-titled compound was obtained as a solid (78.8 mg). 'H
NMR (CDCl3) : 7.62 (2H, d, J = 8 Hz), 7.15-7.3 (3H, m), 6.68 (2H, d, J = 1.8 Hz),
392 (1H,dd, J;=11.4Hz, J, = 6.2 Hz), 3.6-3.75 (2H, m), 3.35-3.5 (3H, m), 3.26
15 (3H,s),3.05 (3H, s), 2.99 (3H, s), 2.95-3.0 (1H, m).

EXAMPLE 80
N-{5-[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-
1,3,7-triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carbonyl}-

20 methanesulfonamide
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4- [(5S *,9R

*)-3-(3,5-di chl orophenyl) - 1-net hyl - 2, 4-di oxo-7-pyridin-2-yl-1,3,7-
triazaspiwo op#292hs non-9-yl] -benzonitrile 10 iN CI O /N RCWUS02/M28CI Me
Usi ng the sane experinental procedure as in Exanple 82, Exanple 15 (100
ng, 0.24 mmol) was reacted with 2-bronopyridine (251, 0.26 mvl) to yield
the 15 above-titled conpound (30 ng). 'H NMR 13) : 8.22 (1H m, 7.7
(2H, ), 7.55 (1 H m, 7.39 (2H m, 7.1 (loH -Me6.79 (2H, d), 6.70 (1
H m, 6.5 (1 H d), 3.95-4.3 (5H, m, 3.24 ¥3M, s). EXAMPLE 85 20 4- [(5S
*9R *)- 1 -Acetyl -3-(3,5-dichlorophenyl) - 4-'ai oxo- 1,3,7-triazaspiro
[4.4] non- 9-yl]-benzonitrile -118 WO 03/ 29»45 PCT/US02/31283 H | C O
"-NN-N\ / ~N ~M C 0 O Using the s ®xperinental procedure as in
Exanpl e 15, Exanple 11 (533 lS:rrg 1 Dl ) Nwas reacted with 1-chl oroet hyl
chloroformate to yield the aboOye-tit eo_k/S cogpound (76 nmg), nmp = 125 C. 'H
NVMR (CDC13) : 7.66 (2H, d, J = r R V.35 (3H, m, 6.52 (2H, d, J
= 1.5 Hz), 4.10 (1H, dd, JI = i N , 3.74 (1H, d, J=13.1
Hz), 3.45-3.60 (3H, m, 2.78 H br/s),Me 73 (3H, s). EXAWVPLE 86 10
4-[1(5S*,9R*)-9-(4- Q/anophenylcg'-S-(S, -di chl or ophenyl ) - 1- net hyl - 2, 4- di oxo- 1,
3, 7-

[7
EDCI (84 mg, 0.44 mmol) was added to a solution of Example 37 (100 mg,
0.18 mmol), methanesulfonamide (38 mg, 0.38 mmol), triethylamine (62 ul, 0.43
5 mmol) and a trace of DMAP in DCM (5 ml) at room temperature. After 48h, water
was added and the mixture was acidified by bubbling SO,. The organic layer was
separated and the aqueous layer extracted twice with DCM. The combined organic
layers were washed with brine and concentrated in vacuo. The resulting product was
chromatographed over silica gel to yield the above-titled compound (38.9 mg) as an
10 amorphous solid along with 55.6 mg of unreacted starting material. '"H NMR (CDCl,)
: 8.04 (1H, s), 7.62 (2H, d, J = 8 Hz), 7.40 (1H, s), 7.25-7.3 (3H, m), 6.65 2H, d, J =
1.5 Hz), 3.8-4.1 (3H, m), 3.86 (3H, s), 3.3-3.4 (2H, m), 3.3.25 (3H, s), 3.15-3.3 (1H,
m), 3.01 (1H, d, J=11 Hz).

15 EXAMPLE 81
N-{4-[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-

1,3,7-triazaspiro[4.4]non-7-ylmethyl]-benzoyl }-methanesulfonamide

0 oo

\ /s

H’S‘Me

Cl

20
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triazaspiro[4.4]non-7-yl]-4-oxo-butyric acid OZ /COzZH C 0 YN NNN C O
Me 15 A solution of Exanple 15 (100 ng, 0.24 nmol) and succinic anhydri de
(24.1 nogwoO3®292asr0l ) in DCM (2 m) was stirred at room t eapdarsat/sres f or
24h. After concentration to dryness the above-titled conpound was obtai ned
as an anorphous solid (128 ng). LC Mass : retention tine = 1.87 mn, Mbs
= 514 (M 1) (LCMVHsingdhedsamegrgcedure@sin ExampleSOdtyarefasiomaf R@mple, 185420¢ 210- 400

, Col : ~TSK 20 S S 4. | D = te : 2.75 nL /
mh " adi o OS8R e RR et ok B R . SR Reg 12
pl at eau W t Borhpoifidal asedtaifkddes infy. "H NMR (CBCUgnY 86 2HHRO £ 0.1 TH4) |

Eluent B : OHBON/ H2O | TFA (80720/0.05)). EXAVPLE 87 -119 VIO 03/029245
PCT/ US02/ 316335 d, /= 8 Hz), 7.55 (2H, d, J = 8 Hz), 7.25-7.3 (3H, m), 6.65 (2H, d, J = 1.3 Hz),

5-1(5S*, 9R* - pher , S ghl Qr [) - Vil - 2, #-di oxo- 1,
3 70 r| St rerH AT RO Tt CEL 6D, SAB ) £RREM 3 R h - B oA N
~N C 0 MeHz).Using the sane experinmental conditions as in Exanple 86,
Exanple 15 (100 ng, 0.24 nmol) was reacted with glutaric anhydride (41.5
ng, 0.36 nol) to yield the above-titled conpound as an anorphous solid
(132 ng). LC Mass : retention tinme ggaAMPOEgpn, Mbs = 528 (M 1) (LCM5
conditions : LC Mcromass platformTAPCT +, 10 DAD (210-400 nm), Colum :
TSK gel Suped-[GOSIR*B3+(%:SHDicklagophenyb- bmethyle2,4-dicXorBpptimidim-2vyl- 33501 ent

from 100% el uent A to 100% e] uent ibh 2 mn., wth. pl ateau with 100%
eluent B'during 1 nin. E uetﬁiazi‘?p.‘r%éj}loﬁfsglggﬁbfﬁl\?‘}'pr €uent B :

e
Cli O :/N
aTen o
cl o Me

A mixture of Example 15 (100 mg, 0.24 mmol), K»,CO3 (37 mg, 0.27 mmol)
15 and 2-bromo-pyrimidine (42 mg, 0.27 mmol) was heated at 100 °C in DMF (1 ml) for
20h. After cooling to room temperature, the insoluble salts were removed and the
filtrate was partitioned between water and EtOAc. The aqueous layer was extracted
twice with EtOAc. The combined organic layers were washed with brine,
concentrated in vacuo and purified using chromatography on silica gel (eluent :
20  DCM/acetone 95/5) to yield the above-titled compound (36.1 mg). White crystals
from MeOH, mp = 234 °C.

EXAMPLE 83
4-[(55*,9R*)-7-(6-Chloropyridazin-3-yl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-

25 dioxo-1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile
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CH3CN / H20 / TFA (80/20/0.05)). 15 EXAMPLE 88 4-[(5S*, 9R

*)-7-Cycl opropyl - 3- (3, 5-di chl orophenyl ) - 1- net hyl - 2, 4- di oxo-1, 3, 7-

tri azaspiwo[od/oddadn- 9-yl ] -benzonitrile CI O N N /N M CNPCTIUSRR/S2d3 um
cyanobor ohydride (202 ng, 3.25 mmol) was added to a nethanolic 20 solution
(10 m) of 1-ethoxy-Il-trinethylsilyl oxy-ge/cl opropane (871 1, 4.33 mmol),
Exanple 15 (300 ng, 0.72 mmol) and aceti laci d (413 1, 7.2 mmol). The
solution was refluxed for 2.5h, concen fd in vacuo and partitioned

bet ween DCM and brine. The aqueous | aygr s extracted twice with DCM The
conbi ned organic layers were dried over SO4 and concentrated. The
resulting product was crystallized from3p MeOH to yield the above-titled

conmpound as a white solid (10‘?I ny) , Z 216_C. -120 WD 03/ 029245

PCT/ US02/ 31283 EXAMPLE 89 4-[ *, 2

*)-3-(3,5-Dichl orophenyl)-1, 7- | -N2, 4- N3, 7- triazaspi ro [4.4]
non-9-yl] -benzonitrile M C(C " ~N/~ Nl ~ CN 5 CI O Me Fornal dehyde
(80 1, 37%in water, 1.1 mml?I was aflded to a solution of Exanpl e 15 (300
ng, 0.72 mol) in formc acid (1 m). After 4h at 90C, the solution was
cooled to OC, basified with NaOH 2N, and extracted with EtOAc. After
concentration, tbRingahpauidexpasmphtai prioeciuly astinFtadipld #BExampRf15 ¢180 TFA sal t
in ether. 10 After basification, the above-titled conpound was obtai ned as
a white sol g PEdanmgh was reaciryithchetghloropymdnzingi39 g, §.26 ngmol) g yield

7.25-7. 3% (#davBle-tiflePlorhpfdind®7.1 $adSmp = 125 °C.

EXAMPLE 84
4-[(55%,9R*)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-7-pyridin-2-yl-1,3,7-

triazaspiro[4.4]non-9-yl}-benzonitrile

Cl (0] _/N
N
»/N\ =N
cl o Me

Using the same experimental procedure as in Example 82, Example 15 (100
mg, 0.24 mmol) was reacted with 2-bromopyridine (25 pl, 0.26 mmol) to yield the
15 above-titled compound (30 mg). "H NMR (CDCls) : 8.22 (1H, m), 7.7 (2H, m), 7.55
(1H, m), 7.39 (2H, m), 7.1 (1H, m), 6.79 (2H, d), 6.70 (1H, m), 6.5 (1H, d), 3.95-4.3
(5H, m), 3.24 (3H, s).

EXAMPLE 85
20 4-[(58*,9R*)-1-Acetyl-3-(3,5-dichlorophenyl)-2,4-dioxo-1,3,7-triazaspiro[4.4]non-

9-yl]-benzonitrile
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(1H, dd, JI = 11.7 Hz, J2 = 6.0 Hz), 3.2-3.4 (2H m, 3.24 (3H s), 3.09
(1H, m, 2.94 (1H d, J = 1 9 Hz), 2.52 (3H, s). 15 EXAMPLES 90-101 RO
ROOCI or WB@EG2& O C N N N --~ Of N N PS-DIEA resinPCTUSM/BIE8E - ~N ON
Cl QU3 d 0\CH3 (lac) R9 =COR or SO2R 20 Using the sane procedure as
descri bed for Exanples 16-21 (Method A) or Exampl es 22-24 (Method B), the
conpounds havi ng the above formula (I ac) listed in Table 5, were obtained
after filtration and evaporatgpn to grypu s. Sone conpounds were further

purified by reverse phase HPLC gy adi\e - CH3CN H20/ TFA:  5/95/0.05 to
CH3CN H20/ TFA: 80/ 20/ 0. 05). ExdnmphNe @

() were obtained -121 WO

03/ 029245 PCT/ US02/ 31283 after %e t her N correspondi ng esters
foll owi ng the general Method 6|(0 060 in 3 mM THF, with a 2N sol ution
of LiOH (240 I, 0.48 mmol)). These corrpc9.mds were then purified by reverse
phase HPLC (gradient from CH3CN H20/ TFA: 5/95/0.05 to CH3CN H20/ TFA:

80/ 20/ 0.05). For each conpound 5 LC Mass results are reported (LCVS
conditions : LC Msmtgmlmmnqﬂx@emmema(ﬁlaéadute aQA[Ex@ﬁMb Fﬂ)ﬂ‘ixamb)e 11@g6B3M : TSK
gel Super ODS 4.6 mn I D X mn, Gadjient : from
100% el uent Hys tlan%b%dérmw Tt EC@OFHC y? cmomforénatwoaw&dhwwem@% el uent

B duringsl obfpolddi88ind, 8521@5@@ 03 KMER: &D@guefﬂ% BH, d, RIS, 129- 1 TFA
(80/20/0° 05)) -122 WO 29245 PCIT/ US02/ 312
7.35 (3H, m), 6.52 (2H d,J = 1.5 Hz), 4.10 (1H, dd, J; = 11.3 Hz, J, = 7.1 Hz), 3.74

(1H, d, J = 13.1 Hz), 3.45-3.60 (3H, m), 2.78 (1H, br s), 2.73 (3H, s).

EXAMPLE 86
10 4-[(558*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-

triazaspiro{4.4]non-7-yl]-4-oxo-butyric acid

OY\/COZH

15 A solution of Example 15 (100 mg, 0.24 mmol) and succinic anhydride (24.1
mg, 0.24 mmol) in DCM (2 ml) was stirred at room temperature for 24h. After
concentration to dryness the above-titled compound was obtained as an amorphous
solid (128 mg). LC Mass : retention time = 1.87 min, My = 514 (M-1) (LCMS
conditions : LC Micromass platform (APCI +, DAD (210-400 nm)), Column : TSK

20  gel Super ODS 4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min, Gradient : from 100%
eluent A to 100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min.
Eluent A : H,O (0.05% TFA), Eluent B : CH3;CN / H,O / TFA (80/20/0.05)).

EXAMPLE 87
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TABLE 5 Ex. Structure Method Quantity (ng) Retention tinme Analysis H o o=~
/' 1 NS90 OL 01l A23.92.31649 (M1) C OOOCH3 OO/ I K91 cl OA
20. 3 2. 28w0MB/0edH1) CH3 cl o Hc cl o ~c+. 92 A 4.2 2. 208450884283 Cl
~C. HBH OCd NH, 1 HNW (CDCI3): 7.69-7.58 93 C (31-1,m, 7.29-7.19
(3H, M, o HA 4.7 2.48 6.62 (2H,s), 4.17-3.69 (8H, nm, 3.20 (3H, s),
2.58 (3H, sp-KSHHE)I-(AeCyangphenyh-333c§-dghlagophinyl)-1-methyl-2,4-dioxo-1,3,7-

triazaspiro[4.4]non-7-yl]-5-0xo-pentanoic acid

OY\/\COZH

cl o N

N . =~
O O
0)/ \Me

Ci

:

Using the same experimental conditions as in Example 86, Example 15 (100
mg, 0.24 mmol) was reacted with glutaric anhydride (41.5 mg, 0.36 mmol) to yield
the above-titled compound as an amorphous solid (132 mg). LC Mass : retention time
= 1.89 min, Mgy = 528 (M-1) (LCMS conditions : LC Micromass platform (APCI +,

10 DAD (210-400 nm)), Column : TSK gel Super ODS 4.6 mm ID x 5 cm, Flow rate :_
2.75 mL / min, Gradient : from 100% eluent A to 100% eluent B in 2 min., with a
plateau with 100% eluent B during 1 min. Eluent A : H,O (0.05% TFA), Eluent B :
CH3CN / H,O / TFA (80/20/0.05)).

15 EXAMPLE 88
4-[(55*,9R*)-7-Cyclopropyl-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-

triazaspiro{4.4]non-9-yl]-benzonitrile

Cl

Cl

Sodium cyanoborohydride (202 mg, 3.25 mmol) was added to a methanolic
20  solution (10 ml) of 1-ethoxy-1-trimethylsilyloxy-cyclopropane (871 pl, 4.33 mmol),
Example 15 (300 mg, 0.72 mmol) and acetic acid (413 ul, 7.2 mmol). The solution
was refluxed for 2.5h, concentrated in vacuo and partitioned between DCM and brine.
The aqueous layer was extracted twice with DCM. The combined organic layers were
dried over Na,SO, and concentrated. The resulting product was crystallized from

25  MeOH to yield the above-titled compound as a white solid (107 mg), mp =216 °C.
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94/ NO A 4.7 2.47 631 (Mr1) C o CH NOGCHa o CH1 H NWVR (CDCl 3):

(2H,d),

cl

7.41 (1 H s),7.29-7.18 (3H, nm), 95 bH3 A 3.2 2.43 6.69

(2H s), 4wDb3B2@4$7H, nm), CL 3.19 (3H s), 2.65 (3H s) PCI/IGAEMS3 Cl
H'CH3 3C 096 NA3.82.34616 (M1) C CH3 H3C. CH3 C O N97 A 3.8

1.71 500 (M+rl) C CH3 O ~ N -123 WD 03/029245 PCT/ US02/ 31283 Table 5
(continued) Ex. Structure Method Quantity (ng) Retention tinme Analysis

C OSN) 98 A5.2 2.11 618 (M+l) EQE&I\&‘%&\]

10

20

4-[(55%*,9R*)-3-(3,5-Dichlorophenyl)-1,7-dimethyl-2,4-dioxo-1,3,7-

triazaspiro[4.4]non-9-yl]-benzonitrile

I/VIe
cl o _
N
D )//N\
cl o Me CN

Formaldehyde (80 ul, 37% in water, 1.1 mmol) was added to a solution of
Example 15 (300 mg, 0.72 mmol) in formic acid (1 ml). After 4h at 90°C, the solution
was cooled to 0°C, basified with NaOH 2N, and extracted with EtOAc. After
concentration, the compound was purified by crystallization of its TFA salt in ether.
After basification, the above-titled compound was obtained as a white solid (123 mg).
'H NMR (CDCl3) : 7.63 (2H, d, J = 8.0 Hz), 7.25-7.35 (3H, m), 6.67 (2H, m), 3.83
(1H, dd, J; = 11.7 Hz, J; = 6.0 Hz), 3.2-3.4 (2H, m), 3.24 (3H, s), 3.09 (1H, m), 2.94
(1H, d, J=10.9 Hz), 2.52 (3H, s).

EXAMPLES 90-101

R9
y RCOCI or RSO,CI |
cl 0 / cl o N
. CN — d
N PS-DIEA resin 3
<: >_ N N
)// ~ N CN
CH
cl 0 : cl g// ScH,
(lac)

R9 =COR or SO,R

Using the same procedure as described for Examples 16-21 (Method A) or
Examples 22-24 (Method B), the compounds having the above formula (Iac), listed in
Table 5, were obtained after filtration and evaporation to dryness. Some compounds
were further purified by reverse phase HPLC (gradient from CH;CN/H,O/TFA:
5/95/0.05 to CH3CN/H,O/TFA : 80/20/0.05). Examples 99 and 100 were obtained

-121-
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OCH3 O C OH iNS99\ n), A&C2421165 (M1 C OCHB' N OO
\'/ O C100 A& C5.9 1.45* 562 (M1)* CFt CF Il OsS\ / C C ON 101
\ HO 6 3 Wo3Bm2034 (M 1)* NrMN C OCH3 CN (APCl -) asPCT/Rez8pBe 152 5
EXAMPLE 102 4-[ (5S*,

9R*) - 3- (3, 5-Di chl or o- phenyl ) - 1- et hyl - 2, 4- di oxo- 7- (qui noxal i ne- 6-
car bonyl ) - 1,2fer7hydrolysia oEWick spresponding gstors| fokbawing e ganees! Method C (R060 ~, 6
G ONON  molin 3 ml THF, with a 2N solution of LiOH (240 ul, 0.48 mmol)). These

compounds were then purified by reverse phase HPLC (gradient from

CH;CN/H,O/TFA: 5/95/0.05 to CH3CN/H,O/TFA : 80/20/0.05). For each compound

5  LC Mass results are reported (LCMS conditions : LC Micromass platform (APCI +,

DAD (210-400 nm)), Column : TSK gel Super ODS 4.6 mm ID x 5 c¢m, Flow rate :

2.75 mL / min, Gradient : from 100% eluent A to 100% eluent B in 2 min., with a

plateau with 100% eluent B during 1 min. Eluent A : H,O (0.05% TFA), Eluent B :

CH3CN / H,O / TFA (80/20/0.05)).
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NN CI OCH3 10 -124 WD 03/029245 PCT/ US02/ 31283 To a sol ution of

qui noxal i ne-6-carboxylic acid (56.2 ng, 0.318 mmol) in 7 mM DWW were added
EDCl (62 wp,0302€25 mol ), TEA (53.9 |, 0.38 mmol) and HOBt pCTA%0331283 0. 36
mmol ). After 30 min, a solution of Exanple 15 (103.4 ng, 0.249 mml) in 1
m DMF was added. The reaction mxture was then stirred overnight at 5 RT
bef ore evaporation to dryness. The r dABLE Svas partiti oned bet ween DCM (50
m) and IN solution of HO (20 m ). The DCM | ayer was washed with 10%
solution of sodiumcarbonate (2 x 20 m), dried over sodium sulfate,
concentrated and purified by reverse phase HPLC (gradient from

CH3CN H2Q TBA] 5/ 95/ Qu@furd 0 CHIGIMhb# QlahifimeP HeRoRufd) t o Vhd)sd the titled
conpound (35 Q). Retemiion timg, 10(2.16 mn., 571 (NI (CCvMSTondili ons
: LC Mcrorass$ pl at fob APCI +,| DAD} (210-400 nm)), Qolumm : TSK gel | Super
ODS 4.6 mm|I D{x 5 iy sFl rate || 2.45 nL / |min, Gadient : from 100%

q

eluent A tq%00% e in 2 mnA |wit$°a gl at @é8u wijth 160%-+dl uent | B

during 1 m ept, AT H20 (0.[05% TFA), Eldent B : QH3CN / H2O / TFA
)15 EXAMPLES 103-1834 R 0::~ CIJONC ON / \ 1) RCO2H / \
I

(80/ 20/ 0. 05
~N - N _N PS-carpgeétimde resin /[T T O UH3 CN 2Z) [PS-trisamne resin Cl

n.
)
7
|
25- 36 (I\/Etfr%

OC\ H3 Chi |(lae) Usisng the same prjocedure |as descrifbed for Exanpl es
d| D), tHe~conpounds| haviing the gbove forrula (lae), listed in
Table 6, werd %anr A g 20.3 2.28 (619(1\2+1)
Ct OVN\CHa
92 Q : A 42 24 644 (M+1)

1H NMR (CDCI3): 7.69-7.58
(3H,m), 7.29-7.19 (3H, m),

9 . .
3o A 47 248 6.62 (2H.s), 4.17-3.69 (8H, m),
3.20 (3H, 5), 2.58 (3H, 5)
Cl,
94 O A 47 247 631 (M+1)
z
Cl o
fd T “o~CH
. o:N# o, 1H NMR (CDCI3): 7.67 (2H,d),
7.41 (1H, 5),7.29-7.18 (3H, m),
95 QNY" A 3.2 243 6.69 (2H.s), 4.11-3.9 (7H, m),
o I & 3.19 (3H, s), 2.65 (3H, s)

: s o

96 QN)//N A 38 2.34 616 (M+1)
3\
CH,

97 : A 3.8 1.71 500 (M+1)

Cl
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20 filtration and evaporation to dryness. For the N-Boc and/or CO2tBu
protected R, the conpounds were treated with DCM TFA (1:1) solution for 2
h at RT, wodstoke45resul ting basic or acidic conpounds wer ecfrarsover2spuri fi ed
by SCX or SAX cartridge, respectively (Method L). Sone conpounds were
further purified by reverse phase HPLC (gradient from 25 CH3CN H20/ TFA:
5/95/0.05 to CH3CN H20/ TFA : 80/ 2@ableGbicontimpeeddach conpound, the LC Mass
results are reported (LCVS conditions : LC Mcronmass platform (APCI +, DAD
(210-400 nm), Colum : TSK gel Super ODS 4.6 mMmmID x 5 cm Flowrate :
2.75 M./ mn, Gadient : from 100% eluent A to 100% el uent B in -125 WO

03/ 029245 PETFIS62/ 312832 wtip pateat—wth—100%etuvent—B—du{ i ng

1 min. Eluepfla - HOYYEU§50%  TEAMethd ﬂ\@ﬁ'ftvwg) ReterdieNime | Hp O /| AmAtvals

(80/20/0.05)).| TABLE 66 wStructjure Method QJantity (fqg) Retention tipe
Analysis N|C | &/ ~~, 1 @'3@(\{}\014910.802* 586 (Mr1)* NCH N o ,NN
Cl rSr~/ 10%@@ 68* 588 (Mi1); [cl g cH| / 9\ 548 (M} ;L,H NVR CI
fN (CDCl 3): . 6[B. 4 ) , | 7.45-7.%5 (3H, 1y, 7.4-7[15 105 -. cN/ D
16.1 1.77 (4H [, 6.8576&,7 (2H M, ¢ 0 4.45%-4.15 (1|H m, 4. 15 3.6p

o _N
99 D.}N A&C 2.4 211 650 (M+1)
o d &,
\\N
Q : H
c q . o
100] { ) : O A&C 5.9 1.45¢ 562 (M-1)*
J QAN
Cl

101 HO B 3 2.33* 651 (M-1)*
N,
TN\CH
0 3

*(APCI -} as in Example 152

5 EXAMPLE 102
4-[(55%*, 9R*)-3-(3,5-Dichloro-phenyl)-1-methyl-2,4-dioxo-7-(quinoxaline-6-

carbonyl)-1,3,7-triaza-spiro[4.4]non-9-yl]-benzonitrile

10
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(4H m,

3.2 (3H, s), 3.15-3.0 (2H,
15.1 1.76 554 (Mrl) Co N4, OO C
(Mr1) | Clwomsmens, O CF~ C 108 / \ D & L 15.4 1.74 558 PCVRED2/3089 Cl

109/ \ ND&L 15 1.76 526 cN Cl o -126 WD 03/ 029245 PCT/ US02/ 31283
Table 6 (continued) Ex. Structure Method Quantity gn‘g) Retention tine

Anal ysi s
514( M+1)

10

15

20

25

: chl DTeajsohuion of ggigosdme(Guarhoxyilic @cidCS6

DMEF were added EDCI (62 mg, 0.32 mmol), TEA (53.9 ul, 0.38 mmol) and HOBt
(49.3 mg, 0.36 mmol). After 30 min, a solution of Example 15 (103.4 mg, 0.249
mmol) in 1 ml DMF was added. The reaction mixture was then stirred overnight at
RT before evaporation to dryness. The residue was partitioned between DCM (50 ml)
and 1N solution of HCI (20 ml). The DCM layer was washed with 10% solution of
sodium carbonate (2 x 20 ml), dried over sodium sulfate, concentrated and purified by
reverse phase HPLC (gradient from CH3;CN/H,O/TFA: 5/95/0.05 to
CH;CN/H,O/TFA : 80/20/0.05) to yield the titled compound (35 mg). Retention time:
2.16 min., 571 (M+1) (LCMS conditions : LC Micromass platform (APCI +, DAD
(210-400 nm)), Column : TSK gel Super ODS 4.6 mm ID x 5 cm, Flow rate : 2.75 mL
/ min, Gradient : from 100% eluent A to 100% eluent B in 2 min., with a plateau with
100% eluent B during 1 min. Eluent A : H>O (0.05% TFA), Eluent B : CH;CN / H,O
/ TFA (80/20/0.05)).

EXAMPLES 103-134

Ci Cl
1) RCO,H
PS-carbodiimide resin

Ci 2) PS-trisamine resin

(lae)

Using the same procedure as described for Examples 25-36 (Method D), the
compounds having the above formula (Iae), listed in Table 6, were obtained after
filtration and evaporation to dryness. For the N-Boc and/or CO,tBu protected R, the
compounds were treated with DCM/TFA (1:1) solution for 2 h at RT, and the
resulting basic or acidic compounds were further purified by SCX or SAX cartridge,
respectively (Method L).

Some compounds were further purified by reverse phase HPLC (gradient from
CH3CN/H,O/TFA: 5/95/0.05 to CH3CN/H,O/TFA : 80/20/0.05). For each
compound, the LC Mass results are reported (LCMS conditions : LC Micromass
platform (APCI +, DAD (210-400 nm)), Column : TSK gel Super ODS 4.6 mm ID x
5 cm, Flow rate : 2.75 mL / min, Gradient : from 100% eluent A to 100% eluent B in
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ClL 00 112 D& 15 1.8 556( M+1)

598 (Mr1) ~N. Cl
\

534 (M+1)

OO0

0 11WoD30292%5 1. 73 534 ( M+l)

"CNcr{ OH 113 c /_\

\ ~N~ |

Cl

cl 0 IN114 / \ D 13.2 1.75 534 (M)
OO Cl IN 1l@cTiusorm2sd. 7 1.74

-127 WD 03/ 029245 PCT/ US02/ 31283 Table 6 (continued) Ex.

| D&L 17 1.93
\NIT A%

O

Structure Method Quantity (ng) Retention tinme Anal YSi s o/ 0/ C N117 / \
~D11.7 1. Q1n154gv1(h|\q+111yteal@;w§% 100% eluent B during 1 min. Eluent A : H,O (0.05%
TFA), Eluent B : CH3CN / H,O / TFA (80/20/0.05)).
TABLE 6
Ex. Structure Method Quantity (mg) | Retention time Analysis
}‘l_
a ~Cr >
103 QQ ;.k.(‘{@\ D 14.9 10.802" 586 (M+1)*
N5
‘et ° oj"@/ ~
104 m@‘}_p{ D 9.6 9.768* 588 (M+1)*
N
°W 548 (M+1); 1H NMR
o A (CDCI3):8.6-8.4 (2H, m),
: 7.75-7.55 (3H, m), 7.4-7.15
105 o, - D 16.1 1.77 (4H, m), 6.85-6.7 (2H, m),
o © 4.45-4.15 (1H, m), 4.15-3.65
(4H, m), 3.2 (3H, s), 3.15-3.0
(2H, m), 2.8-2.55 (2H, m)
Q
O
C KNZO\ N,
106 D&L 15.1 1.76 554 (M+1)
? AN
107 D&L 14.6 1.74 558 (M+1)
108 D&L 15.4 1.74 558 (M+1)
109 %}N% D&L 15 1.76 526
el B et
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o6/ \ d

11.6 1.77 577 (Mrl) C

0118 / \ D 5.2 1.79 566 (M-1)
/ \ CN d

o CH,

546( M-1) Wol030292@ 121 D 16.9 1.79 554 (M+1)

1.82 576 (M+1)

ClCH 00-/ C

OIl-N123 / \

CN Cl
IN 120 / \ N |

OO0

a o,
D12.7 1.79

H119 / \ ND

cl H.C 0 \ pCThRA2/302R8 21. 4

- D 15.5 1.99 501 (M+1)

CN

Gl O -128 WD 03/029245 PCT/US02/ 31283 Table 6 (continued) Ex. Structure
Met hod Quantity (ng) Retention ti kablafeicyuiinued)

Ex. Structure Method Quantity (mg) | Retention time Analysis
o Chira
c A
110 b—}W\Z@\W D&L 14.7 1.76 526 (M+1)
Cl IN\CHE
[0}
“ ‘/j_\—\_m
111 @—N% D&L 13.4 1.72 514 (M+1)
el
Q
. ’“NM
112 P: ‘ D&L 15 1.8 556 (M+1)
d JNCH" .
Q,
HN
| (}J_fj_k3
113 Q D&L 17 1.93 598 (M+1)
el e
OS
Cl, [»} (N
114 D 132 1.75 534 (M+1)
e
CH,
[}
R
c N
115 %3_ ; D 14,5 1.73 534 (M+1)
N\
Cct 0)/ “
=
o), N
116 Q D 11.7 1.74 534 (M+1)
el i
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o~ C,
0 0s Cl

7.39- 7. 24W03B029245 6. 78

2.06 578 (M+1)

124 D 12 2.17 611 (M1)
o N'H NMVR (CDCl 3):

Co

7.69 (2H,
(2H, d),

CF C125 D 4.6 1.75 542 (M)

126 / \ N N

4.6-3.78 (7H, m), C

~| ~
D 10.8 1.93 d),
| PCIMSB2/AB8E 6H, )

oar ~-N 127 ND 12.7 1.87 586 (Mtl) CI O CH3 N OCI N O iN 128 N D 10.3
CC CN NNH Cd OOiIiN
Table 6 (continued)
Ex. Structure Method Quantity (mg) | Retention time Analysis
°W
cl g/N
117 Q,% D 117 1.81 546 (M+1)
N\
ST
[e] S-
we
] o} /N
118 Qﬂ)\\,\z@\ D 5.2 1.79 566 (M+1)
Cl (J)/N\(}‘3 N
“ ] /T\”b
119 CIQN)"*CH D 116 1.77 577 (M+1)
°M®
Cl 0 e/N
120 N D 12.7 1.79 546 (M+1)
P,
Q
] -\ /N
121 O 7 O D 16.9 1.79 554 (M-+1)
cl o o d
"
122 N )‘gﬁ D 21.4 1.82 576 (M+1)
Cl r\w’ oN
o/
O,
N
Cl, Q _/N
123 Q% D 155 1.99 501 (M+1)
cf o)/\CHJ N
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129 D 9.5 1.92 560 (Mt1l) C O---CH \W\No\ C OIN 130 ND 17.1 2.13 577
(M) C O CHI CN -129 WD 03/029245 PCT/ US02/ 31283 Table 6 (continued)
Ex. Strucwores/ogee4det hod Quantity (ng) Retention tinme Anal peraiSoeB083 O - N
131 D 10.7 2 586 (Mtl) CIl OCHa CN CH NON C 0 &S CHy 132 D 19.6
2.13 593 (M+l) C OCH CN ' CIl ON 133 D 16.2 2.03 574 (Mtl) C 0 CHa

CN Table 6 (continued)
Ex. Structure Method Quantity (mg) | Retention time Analysis
0,
c o\ oﬁo/O/m,

124 O rk O D 12 2.17 611 (M+1)
Ci o N

Cl Q F
125 D 46 175 542 (M+1)
e r\‘“’ d
o O\\slzo
o,
o o A 'H NMR (CDCI3): 7.69 (2H,
126 e D 108 193 d), 7.39-7.24 (3H, m), 6.78
JN‘% (2H, d), 4.6-3.78 (7H, m),
o o 3.27-3.15 (6H, m)

_N
127 Q‘*}_N D 12.7 1.87 586 (M+1)

~N
N H
128 C'Q\o}'?‘ D 10.3 2.06 578 (M+1)
CH,
N,
=N
A
ol o‘)/d/
jwsos
129 “ }_N D 9.5 1.92 560 (M+1)
< &,

0
Ct, [} g/N Q
130 DN)/";\ D 17.1 213 577 (M+1)
cf I CH,
CN

-129-



NH C \ 134 G\ HND 4 2.1 587 (Mtl) (APCl -) as in Exanple 152 D :
Met hod D wi t hout PS-Trisam ne treatnent -130 WO 03/029245 PCT/ US02/ 31283
EXAMPLES waashd94R O- CI OClI O!N 1) RCOZH / EDCI / HOBCTNS028148CI CH3
CNCl OCH3 CN (lae) 5 To di-carboxylic acid reagents (0.24 nmol) were
added I m of a mxture of EDCl (95.9 0.5 mmol) and TEA (84 |, 0.6
mol) in DM (7 m) and 0.1 m ofTablgeﬁ"(%gmmwd)n (78 my, 0.57 mol in 0.7
m DW). After 15 min., 0.3 m of Exanple 15 solution (174.5 ny, 0.42
mmol, in 2.1 mM DWV), was added. The reaction mixtures were then stirred
overni gbf |at RhBekor e |evaRmbat | Phuahdly (o) RESmiok MRE[N0d Ehnapkhe 10 yesidues
wer e pJriilied by Teverge phase HPLC (gradient fronr CAH3SCNH2O0TFAT
5/95/0.]J05|to CH3 QY[TFA : 80/p0/0.05),] to provi|de conpounds hayi ng the
above |[forlrfyl ag(kae), lfisted in [fable 7. |LC Mass rjesults are repofted (LCVS
condi t i[&314 % M cromass pl atfprmi¢APCl| +, BDAD ({210- 468 (vw1) ), Cpl umm :
TSK gel| Sdper ¢ 4.6 M ID x 5/cm Flowrate : 2.75 nL / mn, Fadient :
from 100% el uent A to 125 100% el ient Bin 2 nin., mith a plateau with 100%

el uent Bgurmyg—t i Eruent—A H2O (- 05%TFA)—Etuent—B———CHBCN / H20
| TFA ({80/20/0. 05) S 131 WO 03/ P29245 PCT/ US02/ 31283 TABLE 7 Ex
Structure thg) ﬁ&lty(rrg) Retention{tinme Anallysis

132 Q )S\{Q 19.6 213 593 (M+1)

_N
133 Q»N D 16.2 2.03 574 (M+1)

134 QQ% D 4 2.1 587 (M+1)
N\

*: (APCI -) as in Example 152

D’ : Method D without PS-Trisamine treatment
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OOH OC 0IN135 ~\/~ | E8.11.489 562 (M1)- CLN~-~CN C OO
p OOCH 136 CL 0 NCH, E 13.8 2.06 591 (Mrl) NH O\ NNOH C p O 137 Cl
No _ E 20wWD 030824553 (Mrl) CH, O1; NOH C p N O 138 NPETAB0531895 564
(M) C pCH N ' OH ~\ N139 O NE 8.4 2.03 641 (M1) C P W". N

OH
EXAMPLES 135-140

Cl
1) RCO,H / EDCI/ HOBt
Cl
(lae)
5 To di-carboxylic acid reagents (0.24 mmol) were added 1 ml of a mixture of

EDCI (95.9 mg, 0.5 mmol ) and TEA (84 ul, 0.6 mmol) in DMF (7 ml) and 0.1 ml of
HOBt solution (78 mg, 0.57 mmol in 0.7 ml DMF). After 15 min., 0.3 ml of Example
15 solution (174.5 mg, 0.42 mmol, in 2.1 ml DMF), was added. The reaction mixtures
were then stirred overnight at RT before evaporation to dryness (Method E). The

10 residues were purified by reverse phase HPLC (gradient from CH;CN/H,O/TFA:
5/95/0.05 to CH3;CN/H,O/TFA : 80/20/0.05), to provide compounds having the above
formula (Iae), listed in Table 7. LC Mass results are reported (LCMS conditions : LC
Micromass platform (APCI +, DAD (210-400 nm)), Column : TSK gel Super ODS
4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min, Gradient : from 100% eluent A to

15 100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min. Eluent A :
H,0 (0.05% TFA), Eluent B : CH3CN / H,O / TFA (80/20/0.05)).
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ONOI N C NH140 - E 10 2.15 553 (Mtl) N C rN OCH \\ N=*: (APC
-) as in Exanple 152 -132 WD 03/029245 PCT/ US02/ 31283 EXAMPLES 141-151 OH
O~ R HWOWGI02:4ORO C N ~-N C 0 CH3 CN d O CH3 CN (Irag)uso®3ibe3
solutions of anhydride carboxylic acid reagents (0.072 mmol) in 1.5 m

THF, was added 0.5 ml of a solution of Exanple 15 (448.5 ng, 1.08 mmol, in
9 nm THF). The reaction mxtures werBABLE} ed overnight at RT before
evaporation to dryness (Method F). The compounds were then purified by SAX
cartridge and sone further purified by reverse phase HPLC (gradient from
CH3CN H2O' TFA._5195/0 05 10 to CN H20/ TEA - 80/20/0.05), to_provide

conpounds hav the a rmul 4 ) I i | C .
results are reg)g'rtnd < E%guignﬂf i Nr\eilk&glquénkﬁml_%mgﬁft%ew (ﬁggﬁglfr DAD
(210-400 nm)| Cglum : TSK wSyper OOS 4.6 MmIID x 5 cm FHowrate :
2.75 nL / mn] Gladient R f 100% el ugnt A to

Ci Q :/N
135 %})ﬁ\i@ E 8.1 1.489 562 (M-1)*
ST

(o]
3 OH
136 % E 13.8 2.06 591 (M+1)
\\N

[o]] fo) _/N o)
137 QN E 20.1 1.89 553 (M+1)
ol O%NCHa
\\N
o, :
N OH
Cl o) /N
H (o]
138 DN ] E 135 1.95 564 (M+1)
Ci (J)’(\:H:
\\N
o AT
139 ¢ E 8.4 2.03 641 (M+1)

fegs

0
cl Qo _
140 D E 10 2.15 553 (M+1)
N
¢ 0>//r\$:H

*: (APCI -) as in Example 152
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100% eluent Bin 2 mn., with a plateau with 100% el uent B during 1 m n.

El uent A: 15 H20 (0.05% TFA), Eluent B : CH3CN/ H20 / TFA (80/20/0.05)).
-133 WO OW0b03929235 PCT/ USO2/ 31283 TABLE 8 Ex. Structure MPOTOB0LBEARLItY
(nmg) Retention time Analysis o0 141 c¢' " F 4.9 2.01 579 (Mtl) "\ 1 CNC O
~ OI142C1/F3.12.01563(|VH% CIEN\ 1/ CNA~H 0O C 0 1IN 143
Ho F 0.6 1.85 607 (Mrl) C p CHE L -1 144 ¢ r" F 1 1.89 607
(Mtl) C pect' OH O145 1/ p~_ F 1.2 2.1 569 (Mr1l) ~N ~\*

090
cl ~/ ci
—_—
ci CN i
(tag)
5 To solutions of anhydride carboxylic acid reagents (0.072 mmol) in 1.5 ml

THF, was added 0.5 m] of a solution of Example 15 (448.5 mg, 1.08 mmol, in 9 ml
THF). The reaction mixtures were stirred overnight at RT before evaporation to
dryness (Method F). The compounds were then purified by SAX cartridge and some
further purified by reverse phase HPLC (gradient from CH3;CN/H,O/TFA: 5/95/0.05
10 to CH;CN/H,O/TFA : 80/20/0.05), to provide compounds having the above formula
(Iag), listed in Table 8. LC Mass results are reported (LCMS conditions : LC
Micromass platform (APCI +, DAD (210-400 nm)), Column : TSK gel Super ODS
4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min, Gradient : from 100% eluent A to
100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min. Eluent A :
15 H0 (0.05% TFA), Eluent B : CH;CN / H,O / TFA (80/20/0.05)).
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Cl p' CN

~H 146 c'
2.8 2.03 567 (M+l)
(conti nued 0Bx0292%t r uct ure Method Quantity (ng) Retention PCTASAI2$Si S

N, CN cl ct'

F 2 2.04 567 (M)

N

CN Cl p CH,

O' 147 c¢' F

-134 WD 03/029245 PCT/ US02/ 31283 Table 8

IN 148 p' p INF 8.2 1.84 564 (M1)

1. 98 553 (M+1)
(M18) C

p CN

ry~N 1 / ON NCH,

pd OH OF OI

CH3 p d

TABLE 8

H o 149 c'

H O

p~N_F7.6
150 OLN F 8.7 2.09 581

Ex.

Structure

Method

Quantity (mq)

Retention time

Analysis

141

o}
o)
Cl /N
Q’i\;'d\\z@\m
cr AR

4.9

2.01

579 (M+1)

142

SO

3.1

2.01

563 (M+1)

143

i

o)
<, o /N W
Q—‘ oy (>\CN
o e

06

1.85

607 (M+1)

144

OH

o]
O
Do
Cl [e) /N
DT
cl o o
OoH

1.89

607 (M+1)

145

s}
[0}
Cl 0 /N
N)\"\LQ\
Q N oN
o I

1.2

2.1

569 (M+1)

146

30
aZe ol

OH,

2.04

567 (M+1)

147

o

[e]
Cl /N
Q N O ~oN
cl 2// o

2.8

2.03

567 (M+1)
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OH 151 p' p/NF 4.5 2.06 551 (M18) CH3 Cl p -135 WD 03/029245

PCT/ US02/ 31283 EXAWMPLE 152 4-[ (5S*,

9R*) - 7- ( 2wBanamy92asri no- acet yl ) - 3- (3, 5- di chl or o- phenyl ) - 1- mPCMISOZ 31283

di oxo-1,3,7-triaza-spiro [4.4] non -9-y]] -benzonitrile HN O\~ CI OCN N
N G O/ CH3 5 To a solution of Exanple 15 (41.5 ng, 0.1 mmol) in 1 n
THF, were added TEA (0.0194 ni, @?hkrg@ﬁbtl?u@id chl oroacetyl chloride
(0.0095 m, 0.12 Mol ). After 15 mn. at RT, the reaction m xture was
evaporated to dryness to yield 47.8 ng of <crude internediate. To this
intermedi at @EX.37. 7 SRuctle077 MABthed | duahtitdimd)TRetein@ime] addegndrasDl EA
(Argonaut, 21 ng, 0.06 g¢mol), |benzyl amne (4{9 |, 0.045 mml) and PS-DVAP
(Argonaut, 20 ny, O. 06> Yo ). | The rleaction mixture was |stirred for 24h at
RT before eyapgration®yendryness. The residug¢ was puriflied by reverse phase
HPLC (gr adi g8 |t omCHE H20{ TRA: [5/ 958.9. 05{t 0o GH3CN H20/ Tkéa (M3Qf 20/ Of 05)
to yield the t|t

d (4.2 ). Retenfion tinme: {10.65 mn., 563
(M+1); 15 (_CM’F : HP 1100 MsD plafform (APCI| -, DAD (210-40p
nm), Colunmp_ TSK oel Suoer QDS 4.6 nmID x 10 cm_Fllowrate @ 1 ni
mn, Gadiept : from50/§**t09%eluent Bin 15 mn., wjth a plateau wifh

95% el uent B ddring 5°m hent A : H20 (0] 1% ammoni ym formate), Eluent B
: CH3CN). '"H N 7.6 (2H, d),|7.6-7.15 (]I8H, m, 7.75 (2H,
d), 4.25 (2H495¥ i 4.« (7H mkE 3. 3-37.95 (BH, 208n). |- 136 553 (M+1)

N CN
CH
Cl o

oH

o}

150| @ A ’ F 8.7 2.09 581 (M-18)
Q:w\ e
Cl (e} o

OH

o,

151 © { " F 4.5 2.06 551 (M-18)
OO
cl o] s
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WD 03/ 029245 PCT/ US02/ 31283 EXAMPLES 153-162 R C OCI ONRRCHBr ON
ON C CH3 CNCI O\CH3 CN (fah) Conpounds having the above formul a
(lah), |iwpedora4Table 9, were obtained 5 by addi ng Examplca/ukb2/46m83 9 ny,
0.045 mml ) and TEA (6.74 1, 0.048 mml) to solutions of appropriate alkyl,
aryl or heteroaryl brom de reagents ;RR‘ CHBr) (0.03 mmol) in 1 m dioxane.

The reaction m xtures were stirred 152t RT before evaporation to

dryness (Meth 0 Were u i-€ S

PS- | socyanat e&)f(g% é{}% &gﬂgéz Qﬁ) g’éé? ‘gﬂ‘qxgo'%e'y&?%'ﬁggl %Agre al so
10 purified by reverse dadsm133ﬁﬂlpﬁzﬁgpad[e41]ﬁmﬁrmm Gkﬁﬁ‘ﬂ,ﬁlﬂ@/ TFA: 5/95/0. 05
to CH3CN H20/ TFA: 80/20/0.05). Exanples 162-164 were obtained after

hydrol ysis of their correspondi ng esters folN\owi ng the general Method C as
i n Exanpl es 90-101. These conpounds were t purified by reverse phase
HPLC (gradient from CH3CN H20/ TFA: 5/95/0.05 to CH3CN H20/ TFA:

80/ 20/0.05). 15 LC Mass results are repogfjed (LCM5 conditions : LC

M cromass platform (APCI +, DAD (210-¢l00)Jnm)), Columm : TSK gel Super ODS
4.6 MIDx 5cm Flowrate : 2.75 nL mn, Gadient : from 100% el uent A
to 100% eluent Bin 2 mn. with a Dl aN au with 100% el uent B during |

mn. Eluent A : H2O (0.05% TF&l 4 /TN /| H2O/ TFA
(80/20/0.05)). -137 WD 03/ 0292@?}/ U BLE 9 Ex. Structure

Met hod Quantity m Retention ti

cH Cl o) 8

To a solution of Example 15 (41.5 mg, 0.1 mmol) in 1 ml THF, were added
TEA (0.0194 ml, 0.14 mmol) and chloroacetyl chloride (0.0095 ml, 0.12 mmol). After
15 min. at RT, the reaction mixture was evaporated to dryness to yield 47.8 mg of
crude intermediate. To this intermediate (37.7 mg, 0.077 mmol) in 1 ml THF, were

10 added PS-DIEA (Argonaut, 21 mg, 0.06 mmol), benzylamine (4.9 ul, 0.045 mmol)
and PS-DMAP (Argonaut, 20 mg, 0.06 mmol). The reaction mixture was stirred for
24h at RT before evaporation to dryness. The residue was purified by reverse phase
HPLC (gradient from CH3CN/H,O/TFA: 5/95/0.05 to CH;CN/H,O/TFA : 80/20/0.05)
to yield the titled compound (4.2 mg). Retention time: 10.65 min., 563 (M+1);

15 (LCMS conditions : HP 1100 MSD platform (APCT -, DAD (210-400 nm)), Column :
TSK gel Super ODS 4.6 mm ID x 10 cm, Flow rate : 1 mL / min, Gradient : from 5%
t0 95% eluent B in 15 min., with a plateau with 95% eluent B during 5 min. Eluent
A : H,O (0.1% ammonium formate), Eluent B : CH3CN). 'H NMR (CDCls): 7.75-7.6
(2H, d), 7.6-7.15 (8H, m), 7.75 (2H, d), 4.25 (2H, s), 4.2-3.6 (7H,m), 3.3-3.05 (3H,

20 m).
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d co !N/ 1IH NWR (CDCI3): 7.62 (4H,d), 7.41- CH, 7.1 (5H, n), 6.62
(2H,s), 4.62-4.31 154 c\ N-—~Hi : G 4.4 1.96 (3H n), 4.10-3.75 (3H m,
3. 62- 3. 58Wel03/029945 5H, M), 3.51-3.38 (1H m), 3.34 (3H s) @CT/USLE5L2G 12. 9
2.03 641 (M) C Ap C ON156/ NI \ G3.31.82563 d "H157 ¢' O-~
G9.92.11 594 (M1) C CH N (CH N (cpp 158 G 7.3 2.14 584 (M+1) Cl
H, CH 1H NVR (CDCI3): 7.6 (2H, dEXAMPLES 158-1624 d), 7.2 (1 H,s), 6.8 (1
Hs), 6.7 159 G 11.7 (2H,s), 6.2 (1Hs), 4.45 (2H q), 4.2 (2H s), 3.93
4.03 (1H M, 3.5-3.7 (3Hm, 3.3 (1Hd), 3.2 (3H,s), 1.4 (3Ht) -138 WD
03/ 029245 PCT/ US02/ 31283 R

Cl Cl

RR’CHBr
Cl Cl

(tah)

Compounds having the above formula (Iah), listed in Table 9, were obtained
5 by adding Example 15 (10.9 mg, 0.045 mmol) and TEA (6.74 ul, 0.048 mmol) to
solutions of appropriate alkyl, aryl or heteroaryl bromide reagents (RR’CHBr) (0.03
mmol) in 1 ml dioxane. The reaction mixtures were stirred overnight at RT before
evaporation to dryness (Method G). The compounds were purified by SCX cartridge
and PS-Isocyanate (Argonaut, 0.06 mmol) when desired; some compounds were also
10  purified by reverse phase HPLC (gradient from CH;CN/H,O/TFA: 5/95/0.05 to
CH;CN/H,O/TFA : 80/20/0.05). Examples 162-164 were obtained after hydrolysis of
their corresponding esters following the general Method C as in Examples 90-101.
These compounds were then purified by reverse phase HPLC (gradient from
CH;CN/H,0O/TFA: 5/95/0.05 to CH3CN/H,O/TFA : 80/20/0.05).
15 LC Mass results are reported (LCMS conditions : LC Micromass platform
(APCI +, DAD (210-400 nm)), Column : TSK gel Super ODS 4.6 mm ID x 5 cm,
Flow rate : 2.75 mL / min, Gradient : from 100% eluent A to 100% eluent B in 2 min.,
with a plateau with 100% eluent B during 1 min. Eluent A : H,O (0.05% TFA),
Eluent B : CH3CN / H,O / TFA (80/20/0.05)).
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Table 9 (continued) Ex. Structure Method Quantity m Retention tinme Anal ysis
OACHI "N O 160 ING&CS8.51.71 543 (Mtl) CI OCNa N\ Cqg~ 161 G &
C1.6 1.860888202M1) NC O\ \N OON 162 p ~N s G& C 6PCTABOD5RS{ Mr1)
Go CH / \ N-139 WO 03/029245 PCT/ US02/ 31283 EXAMPLES 163-181 R HH 0 X/
Cl 01 CD / TEAci ON 2) Ml 3) RXH/ TEANN CIl OCH3 CN CI CH3 CN
(lai) X=NorO 5 To a solution of Exanpi4BLE%873.1 ng, 2.1 nmol) and TEA
(408 1, 2.94
Ex. Structure Method | Quantity (mg) | Retention time Analysis
153 °G { 3.2 1.98 549 (M+1)
o 1H NMR (CDCI3): 7.62 (4H.d), 7.41-
Q" 9 ¢ 7.1 (5H,m), 6.62 (2H,s), 4.62-4.31
154 e 4.4 1.96 (3H,m), 4.10-3.75 (3H,m), 3.62-3.58
¢ ° Sy (5H,m), 3.51-3.38 (1H,m), 3.34
(3H,s)
155 .;, J’iw, . 12.9 2.03 641 (M+1)
156 33 1.82 563
<:|%;>7ZFN\CH2 X
_ﬁ’pﬁo
157 < 9.9 2.11 594 (M+1)
CQN(?/\:H:
<<:H,
s
158 °'>>: ¢ 7.3 2.14 584 (M+1)
o z//cn,
—N o_/m’
M 1H NMR (CDCI3): 7.6 (2H,d), 7.3
. A (2H,d), 7.2 (1H,s), 6.8 (1H,s), 6.7
(2H,s), 6.2 (1H,5), 4.45 (2H,q), 4.2
159 a@g’"\ 17 (2H,s), 3.93-4.03 (1H,m), 3.5-3.7
\ (3H,m), 3.3 (1H,d), 3.2 (3H,s), 1.4
(3H.1)
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SN 164 ¢ ~NH2.51.95558 (Ml) C OC INOHA4.5 2. 22 598 (M1)
ONaaH onn=0 166 a ol _No~ H 1.7 1.89 586 (Ml) NC OOCH O 167 C
H2. 7 1.86098629M1) \ Ncl tC, \a / CN o~ o cl N 16®CH 0932819 598

(Mrl) 0;0 169 a o I--.NH 3.7 2.07 570 (M) N CI O -141 WD 03/029245

PCT/ US02/ 31283 Table 10 (continued) Ex. Structure Method Quantity m

Retention time Analysis 170 H 1.@%&!&) a o

10

15

20

25

R
(o] /
y Y

o) 1) CDI/ TEA o} N

¢ 4 2) Mel ¢ 4
N 3) RXH/TEA N
)‘N\ N\
(lai)
X=NorO

To a solution of Example 15 (873.1 mg, 2.1 mmol) and TEA (408 ul, 2.94
mmol) in 5 ml THF was added dropwise a solution of 1,1’-carbonyldiimidazole
(479.3 mg, 2.94 mmol, in 6 ml THF). The reaction mixture was stirred at RT for 24h
before evaporation to dryness. The residue was partitioned between DCM (50 ml) and
brine (20 ml). The DCM layer was dried over sodium sulfate and concentrated. This
residue was stirred at 60°C overnight with methyl iodide (523 pl, 8.4 mmol) in 20 ml
ACN, and the reaction mixture was evaporated to dryness, furnishing the crude
reactive intermediate.

To solutions of appropriately-substituted amine or alcohol reagents (RXH)
(0.072 mmol) in 1.8 ml (DCM/DMF: 8/2), was added 0.5 ml of a solution of the
reactive intermediate (1.62 mmol), with TEA (0.5 ml, 3.56 mmol), in 13 ml DCM.
The reaction mixtures were stirred overnight at RT before evaporation to dryness
(Method H). The compounds were purified by reverse phase HPLC (gradient from
CH;CN/H,O/TFA: 5/95/0.05 to CH3CN/H,O/TFA : 80/20/0.05), to provide
compounds having the above formula (Iai), listed in Table 10. Examples 174-179
were obtained after hydrolysis of their corresponding esters following the general
Method C as in Examples 90-101. These compounds were then purified by reverse
phase HPLC (gradient from CH3CN/H,O/TFA: 5/95/0.05 to CH;CN/H,O/TFA :
80/20/0.05). LC Mass results are reported (LCMS conditions : LC Micromass
platform (APCI +, DAD (210-400 nm)), Column : TSK gel Super ODS 4.6 mm ID x
5 cm, Flow rate : 2.75 mL / min, Gradient : from 100% eluent A to 100% eluent B in
2 min., with a plateau with 100% eluent B during 1 min. Eluent A : H,0O (0.05%
TFA), Eluent B : CH3;CN / H,O / TFA (80/20/0.05)).
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ONO d
(2H,d),

7.57-7.25 (4H m,
6. 75 (2H,@D,0342443. 88

r" H 6.9 2.05 534 (M 44)

530 (Mr1)

c C

/\

O!N 171 / H 4 1.87 534 (M44) cl
172 C1 H 7.2 1.89 7.14 (2H,d),
3.24 (3H, s)
Oll

"N (5H M,
H Cl

O~-NO d

HO 1 H NMR (CDCl 3):

7.71
7.00 (1 H d),

0 HOPCD/UW1/3128¥3 Cc O
OH 174 / \ H&C 8.2 1.83

"CHCNy C OOH O- 175 01 ~N H&C 4.8 1.85 544 (Mrl) N\ cl
Ol'r N 176 C HO H&C 1.1 2.04 570 (WABLE 10
EXx. Structure Method | Quantity (mq)| Retention time Analysis
RS
163 Q‘";\Eb o H 2.2 2.01 558 (M+1)
N CH, N
(),G‘a
OTN
164 Q < H 25 1.95 558 (M+1)
cl C?/N\m,
OTN
[ N
165 Q L H 4.5 2.22 598 (M+1)
Cl [} N\CH’ N
Y(Z:
166 o QN o H 1.7 1.89 586 (M+1)
C : cH,
Cl (?/N\ma N
167] @ % H 2.7 1.86 586 (M+1)
>>: I ol
DY%OV l
o, Ve
168 @_N% H 29 2.19 598 (M+1)
[~) )/N\G"]
ch\j
169| o " H 3.7 2.07 570 (M+1)
Cl Z/N\CH3 N
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cl 1r CC CN -142 WO 03/029245 PCT/ US02/ 31283 Table 10 (continued) Ex.
Structure Method Quantity (ng) Retention tinme Analysis O N 177 C1 !'" HO
H&C 3.2 IwBb3mZR4{Mtl) /// NHa | / CNCl C-r H C 0 /NPCTAISH2/bIRE3 3. 8
1.98 570 (Mtl) \~/ CNCl OOH | \/N179 C o INH&C 2.4 1.94 556 (M+l)

M HHI CN ¢l o CH o '"HNW (CDC13): 7.7 (2Hd), 7.5-7.3 (3H,m, 180 C1
| H3.8 1.95 6.8 (2H,d), 4.8 (1 Hable10 (continued)C'' 4.57 (1 H d), 4.1-3.89
(5HmM, 3.24 3Hs C1 0 "HNWR (CDCI3): 8.05 (2Hd), 7.7 (2H d), 7.45
Ex. Structure Method [ Quantity (mq)] Retention time Analysis

el

c, Q _'/"
170 c H 17 2.18 622 (M+1)

Cl, Q (7‘/
171 ] H 4 1.87 534 (M-44)

" 1H NMR (CDCI3): 7.71
X | (2H,d), 7.57-7.25 (4H,m),
N\

172 ¢ L %e H 7.2 1.89 7.14 (2H,d), 7.00 (1H,d),
%} . 6.75 (2H.d), 4.6-3.88
o I NS (5H,m), 3.24 (3H,8)

173 @ 0 /“ H 6.9 2.05 534 (M-44)
N.
-,
]

174 H&C 8.2 1.83 530 (M+1)

175| @ H&C 48 1.85 544 (M+1)
Q (TN\C": N

176 © £ H&C 1.4 2.04 570 (M+1)

.
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181" ,NH2.52.28 (2H,d), 7.4-7.2 (3H m, 6.8 (2H,d), 5.3 (2H d), 4.5
4.2 (L HmM, 4.2-3.75 (8Hn), 3.2 (3Hs) -143 WD 03/029245 PCT/ US02/ 31283
EXAVPLE 18D 0B[0¢ RS , PCT/US02/31283

9R*) - 9- (4- Cyano- phenyl ) - 3- (3, 5- di chl or o- phenyl) - 1- et hyl - 2, 4- di oxo-
1,3,7-triaza-spiro[ 4. 4] nonane-7-car bona/l] am no}-acetic acid ethyl ester 5
OCH3 tOO-NH COl O/N ON NxNahiglo ontinwedls sol ution of Exanple 15

(24.9 nmg, O ot T THELDVFT 97 1) TS, gd—gthyt -
i socyanat oau%xt te u{t‘l—%'m"rg—(rdc %‘ho mu‘uslja,"mgrg"('jg) %E%O*OE CErbm TR —tronas
stirred ovefni ght at QThe titled fonpound Wwas obtaingd (33.3 ng) affer

treatment Wth|PS-Tri Argonaut, 73 ng, |0.267 nmmol) and PS-1socyjanat e
( Argonaut , 857 0 o . fRgteentiongpinme] 1.991mnl, S544-(Mxi); (LCVB
condi ti ons %,)’Orﬂé@\ pl atform (APCI +, DAD (210-400 nn)), Columm || TSK
gel Super DS b ¢gm Flowrate : 2|75 nL / mn, Gadient : from
100% 15 el upnt | A to 100%e| ugnt Binf2 mn., with a plateau with 100%

eluent B dufing 1 mn. luent A : HRO (0.05% TFA), Eluent B : CH3CN /| H20
/ TFA (80/2p/0j05)). o PLES 183-216 R C O/N- RCHD G ONCN

cl o AN
178 3 H&C 3.8 1.98 570 (M+1)
)/N\CHJ CN
Ci o

.,
%YQ
179 | @ Ve H&C 2.4 1.94 556 (M+1)
QW”\
CH, N
Cl [o]

'H NMR (CDCI3): 7.7
(2H,d), 7.5-7.3 (3H,m),

OY o
180 & ¢ H 3.8 1.95 6.8 (2H,d), 4.8 (1H,d),
%}N)ru\ 4.57 (1H,d), 4.1-3.89
o § NS (5H,m), 3.24 (3H,s)
' 'H NMR (CDCI3): 8.05
a ° (2H,d), 7.7 (2H,d), 7.45
(2H,d), 7.4-7.2 (3H,m),

181 [° Qe H 25 2.28 Al LA
Q% 6.8 (2H,d), 5.3 (2H.d), 4.5
7o 4.2 (1H,m), 4.2-3.75
(8H,m), 3.2 (3H,s)
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~CN C OMCH3 C 0- O/ NL1CH3 20 (lal) Compounds having the above
formula (laj), listed in Table 11, were obtained either by Method I or

Met hod J,wbaBom24after SCX cartridge purification. Sone eEorgsansRSNer e
further purified by reverse phase HPLC (gradient from-144 WO 03/029245
PCT/ USO02/ 31283 CH3CN H20/ TFA: 5/95/0.05 to CH3CN H20/ TFA : 80/ 20/ 0. 05).
Exanpl e 207 was obtained after hydrolysis of its correspondi ng ethyl ester
foll owi ng the general Method C asmi%_mw- 101, and purified by
reverse phase HPLC (gradient fro FA: 5/95/0.05 to

CH3CN H20/ TFA[[{55B09R Q:ﬂ ané-peh B;5-diehRebphieRy1-1ahethiyl2 AV di6xs-eagent s
(0.12 mol) ;A{n[(l. 9] { % IJl“e\/\/eirllz'@a( dded sodlmgﬂffate 128 ng) and 0.5
m of Exanple 115,3,§drlam-mr()[6 41nang-7-carbonykashino}-acets acid ethyl ©6M) . The
reaction.m xtures were then stirred 24 h at RT before addition of sodium
triacet oxyborohydride (20 ng, 0.084 mmmol ). The reactions were allowed to
continue at RT for 24 h. 10 Method J: To gfoid,jltl ons of al dehyde reagents
(0.135 nmol) and triacet oxyborohydride 2. my, 0.09 mml) in 1.5 m of
1,2-DCE, were added 0.4 ml of a m xtur trlmsthyl orthoformate / acetic
acid: (10.5 nl / 0.225 nl) and 0.5 m ogf"" Exanpl e 15 sol ution (0.486 ny,
1.17 mmol, in 75 m 1,2-DCE). The react on m xtures were then stirred 24 h
at RT, before treatnent by PS- TENHNHR n@ en 15 159 ng, 0.405 mol).
For each conpound, LC Mass resul epo ed in Table 11 (LCVS
conditions : LC M cromass platform/(ARClct, DAD (210-400 nm)), Colum : TSK
gel Super ODS 4.6 M ID x 5 cm SFlow Pate”: 2.75 nL / nin, Gradient : from
100% eluent Ato 100% eluent Bin 2 mn., with a plateau with 100% el uent
B during 1 min. 20 Eluent A: H20 (0.05%TFA), Eluent B: CH3CN/ H20/ TFA
(80/20/0.05)). Tada5oMAoNaf BRARMS 1BCT4.9502 036283 0]) TW\BInk TIHEF/DMF (9/1),

was added ethyl isocyanatoacetate (11.6 mg, 0.089 mmol), and the reaction mixture

10  was stirred overnight at RT. The titled compound was obtained (33.3 mg) after
treatment with PS-Trisamine (Argonaut, 73 mg, 0.267 mmol) and PS-Isocyanate
(Argonaut, 85 mg, 0.122 mmol). Retention time: 1.99 min., 544 (M+1); (LCMS
conditions : LC Micromass platform (APCI +, DAD (210-400 nm)), Column : TSK
gel Super ODS 4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min, Gradient : from 100%

15  eluent A to 100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min.
Eluent A : H,O (0.05% TFA), Eluent B : CH3;CN / H,O / TFA (80/20/0.05)).

EXAMPLES 183-216

R
N r
cl 0 / RCHO cl o N
d CN 3
N N
7]/ ~ N CN
cl o cl gf “CH,
20 (1aj)

Compounds having the above formula (Iaj), listed in Table 11, were obtained either
by Method I or Method J, below, after SCX cartridge purification. Some

compounds were further purified by reverse phase HPLC (gradient from
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Ex. Structure Method Quantity m Retention tine Analysis 0 o c' O IN 183

N/J I 12.7 2.24 545 (M+l) C O CH / \ Ha N\pH 548 (M1); 1H NWR

(CDCl 3) : TWe 03pl292'4'15 (2H, d), 7.4-7.15 (5H, m, 6.85-6.6 182CWUsI3R8S 1. 87

(4H, m, 3.9-3.55 (3H, m, 3.45-2.85 pl CH (13H m NO ci o\ / off

185NNJ4185549 M-1) 0- ~ CNCA 00O HO186 a Or 4.5 1.91 579

(Mr1)  of f EHBEN/KLQ/TEAS SO58B0%5WECKMINAH,O/TRA : 80/2016509) NExample 207 wags J 2. 8

1.72 606 ( Mgl])'t)ameﬁ afterahydrolysm of its corresponding ethyl ester following the general
Method C as in Examples 90-101, and purified by reverse phase HPLC (gradient
from CH3CN/H2O/TFA: 5/95/0.05 to CH3CN/H,O/TFA : 80/20/0.05).

5 Method I: To solutions of aldehyde reagents (0.12 mmol) in 1.2 ml 1,2-DCE,
were added sodium sulfate (12.8 mg) and 0.5 ml of Example 15 solution (0.797 mg,
1.92 mmol, in 16 ml 1,2-DCE). The reaction mixtures were then stirred 24 h at RT
before addition of sodium triacetoxyborohydride (20 mg, 0.084 mmol). The reactions
were allowed to continue at RT for 24 h.

10 Method J: To solutions of aldehyde reagents (0.135 mmol) and
triacetoxyborohydride (19 mg, 0.09 mmol) in 1.5 ml of 1,2-DCE, were added 0.4 ml
of a mixture trimethyl orthoformate / acetic acid: (10.5 ml / 0.225 ml) and 0.5 ml of
Example 15 solution (0.486 mg, 1.17 mmol, in 75 ml 1,2-DCE). The reaction
mixtures were then stirred 24 h at RT, before treatment by PS-TsNHNH, (Argonaut,

15 159 mg, 0.405 mmol).

For each compound, LC Mass results are reported in Table 11 (LCMS
conditions : LC Micromass platform (APCI +, DAD (210-400 nm)), Column : TSK
gel Super ODS 4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min, Gradient : from 100%
eluent A to 100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min.

20  Eluent A : H,O (0.05% TFA), Eluent B : CH3CN / H,O / TFA (80/20/0.05)).
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cl 189/ \ NI J 3.6 1.89 471 (M1) cl 0 -146 WD 03/029245 PCT/ US02/ 31283

Table 11 (continued) Ex. Structure Method Quantity m Retention tine

Anal ysi s wodb3@o2kiN N 190 N N J 3.2 2.32 512 (Mrl) CH Cl poT@N02/6i28D 191 !

\~J 3.2 2.16 611 (Mr1) C C o\\\\ 192 J 3 1.99 580 (M+41); 540 (M+1)
OOH 193 C p NJ 2.5 1.84 549 (Mrl); 590 3%41) Cl N~\CNp CN Cl iN a' 194
J 6.4 1.69 568 (Mr41) C ON C N TaBINIl9 5 1.75 495 (M+rl) , CH C o
cN 196 N\ r J 1.3 1.82 579 (Mt1) G / p CI~N -147

Ex. Structure Method |Quantity (mg)| Retention time Analysis
O
N
Ct Q (N
183 %}N ) ! 127 224 545 (M+1)
cl o)/\CH;
\\N
e
N\cu,
548 (M+1); 1H NMR (CDCI3):7.6
o q (2H, d), 7.4-7.15 (5H, m), 6.85-6.6
1 H . .
84 QN I J 66 1.87 (4H, m), 3.9-3.55 (3H, m), 3.45-2.85
Rl 4w (13H, m)

o]
cl Q t/" : OH
185 %}";]\Z@\ J 4 1.85 549 (M+1)
o g o N
33
186 » J 4.5 1.91 579 (M+1)

187 J 4.5 1.88 575 (M+1)

188 U J 2.8 1.72 606 (M+1)

Cl, (o} ;//__/—CH,
189 Q)HQQ\ J 3.6 1.89 471 (M+1)
N\
el AN
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WO 03/ 029245 PCT/ US02/ 31283 Table 11 (continued) Ex. Structure Method
Quantity mRetention tinme Analysis HOCI O 197 J 13.6 1.84 555 (M+l) CH,
/ C p Clwooslo292M5 198 CI\ / o CH, 1 J 7.4 1.97 556 (M+1l) PRTAGHR/3128 O CH,
199 N~-; J 1.9 1.83 471 (Mt1) C O CH N N-\ cl 4H, 200 iN J 3.3 10.734*
650 (M1)* C pcH G O_\ N201 NNcH, J 14.6 2.02 560 (m+1) 1\ C p~
CHs N \-CH, C 202\ iNt J 16. dlable?l teontioned) H

Ex. Structure Method |Quantity (mq)| Retention time Analysis
S
&
. _/N/‘<Nj
190 %}%}.\z@\ J 3.2 2.32 512 (M+1)
O“G
c 0 N

191 J 3.2 2.16 611 (M+1)

Gl

192 e J 3 1.99 580 (M+41); 540 (M+1)
T
o : N

?iOH
193] « J 2.5 1.84 549 (M+1); 590 (M+41)

N
194 Q (] N J 6.4 1.69 568 (M+41)
o,

cl ~ N
195 Q%\i@ J 9.5 1.75 495 (M+1)
e, Ly
o]

196 J 1.3 1.82 579 (M+1)
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cl oN HC ~N 203 J 20.1 1.92 485 (Mtl) C p CH, -148 WO 03/029245
PCT/ US02/ 31283 Table 11 (continued) Ex. Structure Method Quantity m
Ret enti onwoimsm2emal ysis S H ¢ O-NJ 18.3 1.79 457 (MtPCT/IXOZ3(283 ~- | Cl
ONCH 205 GJ 9.6 2.02 519 (Mt1]) ~~NCH 1\ r-O C /N206 ~J 3.7 1.75

513 (M+tl) N~ CH / C HOO207 J & C12.5 1.75 513 (M+1) /\ \ rN'CN
Table 11 (continued)

Ex. Structure Method {Quantity (mqg)l Retention time Analysis
oo’ /
rgl
c QA
197 . 2 J 13.6 1.84 555 (M+1)
) -
Cl \\N

ha
198/, A J 7.4 1.97 556 (M+1)

CH,
cl U~ /_<CH3
N,
199 @‘;\l{\é@\ J 1.9 1.83 471 (M+1)
c & o,
\\N
/_\S
¢l —~ ‘KEH
200 O&\Q@\ J 3.3 10.734* 650 (M-1)"

201 D» el I 14.6 2.02 560 (M+1)
N
]

202 O I J 16.8 1.92 541 (M+1)
of o 2?“:

—N
203 D 3 J 201 1.92 485 (M+1)
N
r
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Cl 208 C " J 12.6 2.17 533 (Mtl) C 0209 c J 7.4 2.34 622 (Mr1) &NH 210
C" J7.81.9571 (M1l) C OCH -149 WD 03/029245 PCT/ US02/ 31283 Table 11
(conti nued 0B20292%t r uct ure Method Quantity (ng) Retention tcmashmaizgsis Q
IN 211 ~~-NC5.8 2.09 499 (Mtl) C o d O/NI / \ 212 NJ 7 2.11 544
(M) O CA~\Nr v 'CH C O/ IN213 6.5 2.12 485 (Mtl) C C CHe N 214
"NJ 4 1.69 571 (M+1) \/f,N C CiTable 11 {conkinugl) | N 215 9 2. 01 495 (M+1)

Ex. Structure Method |Quantity (mq)| Retention time Analysis

CH,
c Q :_Ng
204 D'«%: J 18.3 1.79 457 (M+1)
cf o b\cH,
N

205 QDNO 3 J 9.6 2.02 519 (M+1)
of 0)/1”2
N

l 2
206 J 37 1.75 513 (M+1)
)/N\OH:» CN
1 o
HQ
fo
207] @ : J&cC 12,5 1.75 513 (M+1)

jate oW

208| © e Q J 12.6 2.17 533 (M+1)
cl IN\CHA

209| ¢ J 7.4 2.34 622 (M+1)

IANH

210| @ q < J 7.8 1.9 571 (M+1)
<: >—N
ol I\CH-
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Cl CH C OINZ216 M/J+N J 20 1.85 556 (M+tl) CO O CH, ~\ N'(APC -) as
in Exanple 152 -150 WD 03/029245 PCT/ US02/ 31283 EXAMPLES 217-250 R NR
CO2H 40 OvOoN3@R92&s N RR NH O- NN - N NI C O CH3 CN O rOTYISHS3128CN
Exanpl e 64 (lak) 5 To a suspension of PS-carbodiimde (Argonaut, 0.96

mmol /g, 74 ng, 0.071 mol) in 0.33 m of hydroxyazabenzotriazol e sol ution
(153 mM DCM {25% DVF}, 0. 05 nmolTabledl écomtimeed)d. 5 nl of a sol ution of
Exanpl e 64 (60 nM DCM 120% DMF}, 0.03 mmol) and 0.5 ml of solution having
the desired am ne reagent RR NH (54 nM DCM 120% DWVF}, 0.027 nmol ). After

24 h at RT, the mytuwreswere 10 treated with Q-frlca.m_ne_(_ALc

mol /g, 65 ng, 022 mrelctiee o Mathod[Quantily (mall Betention tme] o o, ., Analysisyf 4 ho
filtered solutigns corrpo;tmdy“haon ng fhe formpla (lak)], listed in Table
12, were obtaing¢d. oc andy or C32t Bu prptected adids (Exanples

245-250), the coampo trefat @d Wit 5.8DCM TFA2.¢el: 1) solutiemw@@ay 2 h
at RT, follow ng res ec%v by|] SCX pr SAX cartridge gurification (Method
L). 15 Exanpl es|24p-244 were“obtlai ned| after hydrol ysis of their
correspondi ng estefs—tottowngthe—gpreral—Mpthot—Cag—+nBanptes—96
These conpounds i ed by SAX caftridge. Sonme conpounds we
obt ai ned after reverge phase|l HPLC (grddient from

CH3CN H20/ TFA: J 7 2.11 544 (M+1)

N'O

104
TOT.
re

|
213 DN ' J 6.5 2.12 485 (M+1
)/xm (M+1)

214 @_ g J 4 1.69 571 (M+1)
)/N‘c

Cl (N
215 DN ] J 9 2.01 495 (M+1)
an

A0
Cl Q (N =
216 %}N ] J 20 1.85 556 (M+1)
of c?/‘g“l
\\N

*(APCI -) as in Example 152
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CH3CN H20/ TFA: 80/20/0.05). 20 For each conmpound, LC Mass results are

reported in Table 12 (LCM5S conditions : LC M cronmass pl atform (APCl
(210- 400 wojop/0292a¢% urm . TSK gel Super ODS 4.6 nm I D x 5 @ar/UiRonsi2sat
mn, Gadient : from100% eluent Ato 100%eluent Bin 2 mn.,
with a plateau with 100% eluent B during 1 min. Eluent A: H20 (0.05%
TFA), Eluent B : CH3CN / H20O/ TFA (80/20/0.05)). -151 WD 03/ 029245
PCT/ US02/ 31283 TABLE 12 Ex. Str ég .;1 antity mRetention tine

2.75 L /

Anal ysi s
572 (M+1)

N\ ~~ 217 K2 2.25
w ~r_~A \--OF6 219|

[\
00 220 K 1.3 2.59 610 (M+1) OK 2.1 1.83 624 (M1) 221N-R-N CF%
)

N CO H 6222K19205 (M+1

10

15

20

Example 64 (lak)

To a suspension of PS-carbodiimide (Argonaut, 0.96 mmol/g, 74 mg, 0.071
mmol) in 0.33 ml of hydroxyazabenzotriazole solution (153 mM DCM {25% DMF},
0.05 mmol), were added 0.5 ml of a solution of Example 64 (60 mM DCM {20%
DMF}, 0.03 mmol) and 0.5 ml of solution having the desired amine reagent RR’NH
(54 mM DCM {20% DMF}, 0.027 mmol). After 24 h at RT, the mixtures were
treated with PS-trisamine (Argonaut, 3.65 mmol/g, 65 mg, 0.24 mmol) overnight.
After evaporation to dryness of the filtered solutions, compounds having the formula
(Iak), listed in Table 12, were obtained. For N-Boc and/or CO,tBu protected acids
(Examples 245-250), the compounds were treated with DCM/TFA (1:1) solution for 2
h at RT, following respectively by SCX or SAX cartridge purification (Method L).
Examples 242-244 were obtained after hydrolysis of their corresponding esters
following the general Method C as in Examples 90-101. These compounds were then
purified by SAX cartridge. Some compounds were obtained after purification by
reverse phase HPLC (gradient from CH3CN/H,O/TFA: 5/95/0.05 to
CH;CN/H,O/TFA : 80/20/0.05).

For each compound, LC Mass results are reported in Table 12 (LCMS
conditions : LC Micromass platform (APCI +, DAD (210-400 nm)), Column : TSK
gel Super ODS 4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min, Gradient : from 100%
eluent A to 100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min.
Eluent A : H>O (0.05% TFA), Eluent B : CH;CN / H,O / TFA (80/20/0.05)).
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223 ¢ K 1.9 2.07 612 (M+1l) wt i w -152 WO 03/029245 PCT/ US02/ 31283 Tabl e
12 (continued) Ex. Structure Method Quantity m Retention tinme Analysis 224
K1.7 2.2708040290M1) IN-/ OOCTf/ C 0225 \C ~ K 1.2 2CTAIS68812631) Cl
O RCNIT cN9YOC-6 0 226 OL ~ NK 1.7 2.16 626 (Mtl) / ~ NC 0 227 K
1.9 2.4 676 (M+l) Ne~-, Kc ati 228 , K1.7 2.47 686 (M+l) ot~~ ci v\~
~0O0at C229 K 1.8 2.15 600(Mr1) dABLME®o0 \ / 230 K 1.6 2.23 692 (M)

Ex. Structure Method |Quantity (mq)| Retention time Analysis
Ui
O
217| . A K 2 2.25 620 (M+1)

218 o ,fi K 1.6 1.97 572 (M+1)
] o IO
219 4 K 1.9 2.26 620 (M+1)
CI G‘,
X
Morhon,

220 Q}\'\ZO\ K 1.3 2.59 610 (M+1)
G,

221 Y K 2.1 1.83 624 (M+1)

222 ey K 19 2.05 612 (M+1)

223 q rg")’(/’ K 1.9 2.07 612 (M+1)
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-153 WD 03/ 029245 PCT/ US02/ 31283 Table 12 (continued) Ex. Structure Mt hod

Quantity mRetention tinme Analysis

231 K 1.7 2.29 660 (M)

If, 232 K

1.5 2.46 wO3(0k423 G O NGS' N~ cc 233 K1.7 2.13 @¢I/(sWviesNH Cl O
IN O- 234 N" K1.8 2.11 629 (Ml) O ~NN CI NQ@ 235 K 1.9 2.09 641
(Mrl) A'0c NQua/ O N2386 C! \ K5.52.08 528 (M1) , G 0CN ~OHC C
0 IN 237 K7 1.77 528 (Mr1) CI (oTahlgl2 (continued)
Ex. Structure Method |Quantity (mqg)! Retention time Analysis
224 K 1.7 227 646 (M+1)
AT
Cl Q P HCXCH
225 @_N : i K 1.2 2.14 586 (M-+1)
of 2’/N\m“ N
226 °'%}}\'/\"Z©t“ K 17 2.16 626 (M+1)
cf 2,/“\% o
227 o o /N%f:m K 1.9 24 676 (M+1)
He O
o
28|, . orgf::’ K 1.7 2.47 686 (M+1)
jogEhe
e
229 c & K 1.8 2.15 600 (M-+1)
I S m"‘“
H,:%""-
230 %}&@fi@ K 1.6 2.23 692 (M+1)
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WO 03/ 029245 PCT/ US02/ 31283 Table 12 (continued) Ex. Structure Method
Quantity mRetention tinme Analysis CH C N N~~a 238 K 12.2 1.97 514 (M1l)
cl o CH3 @ GodM N~ , O 239/ \ K16.7 1.8 516 (M1) cHarlus0z31288 C 240
/' \ K14.8 1.94 526 (M*t1l) N CN C OC 241 K (SCX) 13.6 2.12 562 (M#l)
,..NCNCl do242 c K& C 1.1 2.13 592 (Mtl) Cl o ax 243 K& C 1.3 1.8

584 (Mrl) ¢/ \ o ~06 | ~ a 244 Kalell (®ntingedb84 (M+l) ci -155 WO
03/ 029245 PCT/ US02/ 31283
Ex. Structure Method |Quantity (mg)] Retention time Analysis
231 /r‘ = K 17 2.29 660 (M+1)
Satwol
e
2%2| (Nf&%;:: K 15 2.46 700 (M+1)
a J ‘m,
f
233 /(,{ K 17 2.13 641 (M+1)

;z/\/\NH

cl Q N ° 04(
234 Qmuc{% K 18 2.1 629 (M+1)

of o : on

osém,
gt
235 g A ° K 1.9 2.09 641 (M+1)
N/\j’
) /J/4b
236 Q K 55 2.08 528 (M+1)
N
N\
cl 2// o N
N o,
ol

Q :/N
237 Q)\,\z@ K 7 177 528 (M+1)
I
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Tabl e 12 (continued) Ex. Structure Method Quantity m Retention tinme
245 (NK & L 1.5 1.71 574 (M+l)
Cl 0 r~c& 247 ¢ N K & L 4PeTIUSBI3R86 ( M+1)
249 NON K & L 17.7 1.59 529

Anal ysi s

HNC OH o
246 | K &WVD 08/079215 71 544 (M+1)
C248 cl, r" K&L 16.7 1.57 541 (M1l) cl

G, GGoaH 0 C

(M) (~C 0 G N250 K& L 17.5 1.57 541 (M1) o/ ¢ -156 WO
03/ 029245 PCT/ US02/ 31283 EXAVPLEEABs12tgmtinued) O C
EXx. Structure Method |Quantity (mq)| Retention time Analysis
AL
Cl, Q :/N N/(CHJ
238 : K 12.2 1.97 514 (M+1)
cm
[o]
s o _/N//(N/\/OH
239 : K 16.7 1.8 516 (M+1)
ST,
i
I N !
240 %}”}\'\Zﬂg\ K 14.8 1.94 526 (M+1)
ci c?/\OH’ N
241 Q e /\Q K’ (SCX) 13.6 212 562 (M+1)
¢ sz\C““ N
242 o g A° K&C 1.1 2.13 592 (M+1)
pageme
243 K&C 1.3 1.8 584 (M+1)
244 Cl -\ :”i ° K&C 15 1.81 584 (M+1)
CI J/N\w’ e
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N ~NCN-- -/ \VIrNN NCN G OCH3 C Oe CH3 (lal) 5 Conmpounds
having the fornmula (laj), listed in Table 13, were obtained using Method G
or |, as weasmedresl for Exanples 153-162 and 183-216, aftercI@sowarmsi dge
purification. Sone conmpounds were further purified by reverse phase HPLC
(gradient from CH3CN H20/ TFA: 5/95/0.05 to CH3CN H20/ TFA: 80/ 20/ 0. 05) .
Exanpl e 268 was obt ai ned after h'I)ahlc)llg'momtlofled)ts correspondl ng ethyl ester

oNn-104

(exarrpl e 26p oto \{I—l HO—tn —m—Exarptes—90—16+—+or
1 .
each conpoufd—tte wés",fﬂ‘TErsm—t—r s—a—v‘M r—rg"t"“ "fqekﬁe'e"" crﬂﬁge-—re—(-teéga—%sﬁhdﬁ-rons :

LC M cromasp atform (A +} DAD (210 400 nm ), Columm : TSK gel Super
ODS 4.6 mm 3 e : 2.75 ML |/ mn, Gadient : from 100%

eluent Ato Pk@n{, wih g plateau With 108%elyent B

during 1 m 0.05% TFA), Hluent B : |CH3CN / H20 15/ THA
(80/20/0.05)). P45 PCT/ USO2/ 31283 TABILE 13 Ex. Structure
Met hod Quanp Timp Andysi rd ~~ Cl 251 1 4.5 1.9 523
(Mt1) / \N 25 6 2,047 598 (M+|1) Nf~§ 253 | 7.6 1.97 557 (Mt 1) NS
254 1 8.5 1192 577 (M+,If£0) €| 255 | 10.3 1./82 566 (Ml )

246 Q %8 K&L 47 1.71 544 (M+1)
of O)/N\CH“ o

247 © % K&L 45 1.81 636 (M-+1)
ir IS

p
D
246

N~
[— N

248 ¢l }\;:NZO\ K&L 16.7 1.57 541 (M+1)
>>3 N
c o)/ b o

249 3 K&L 17.7 1.59 529 (M+1)

r=Ch

Ci

cl N D-NHz
250 Q‘?\'\L@\ K&L 17.5 1.57 541 (M+1)
N\
cl O)/ e N
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' \Nc 256 NI 11.2 1.81 543 (M+r1l) C, OO 257 | 18.1 1.72 523 (M+1) N
258 ¢\ ol 9.3 1.74 523 (M+l) N 259 ¢ \ \J'N I 16.5 1.7 509 (M+ 1) -158
WO 03/ 029w6o53pRa8)S02/ 31283 Tabl e 13 (continued) Ex. Strwemarse2/seshod
Quantity (nmg) Retention Tinme Andysis rAO 260 c~ 1 11.5 1.9 523 (M+l1) O
~ C:'t1 1 14.8 1.85 509 (Mr 1) ExAMPIRS 286364 8 1.82 508 (Mrl) Cl p r4lJ
263 1 6.1 1.89 525 (M+ 1) C ~r0T O 264 N/7~ryJ | 12.8 1.77 494 (Ml )
Gp"'y/ \N 265 C,p | 3.9 1.85 511 (M+l)

R
N r
ci o / ci o N
”, CN > <
N N
: CN
CH N.
cl o ? cl g// CH,

(taj)

5 Compounds having the formula (Iaj), listed in Table 13, were obtained using
Method G or 1, as described for Examples 153-162 and 183-216, after SCX cartridge
purification. Some compounds were further purified by reverse phase HPLC (gradient
from CH3CN/H,O/TFA: 5/95/0.05 to CH;CN/H,O/TFA : 80/20/0.05). Example 268
was obtained after hydrolysis of its corresponding ethyl ester (example 267) following

10  the general Method C as in Examples 90-101. For each compound, LC Mass results
are reported in Table 13 (LCMS conditions : LC Micromass platform (APCI +, DAD
(210-400 nm)), Column : TSK gel Super ODS 4.6 mm ID x 5 cm, Flow rate : 2.75 mL
/ min, Gradient : from 100% eluent A to 100% eluent B in 2 min., with a plateau with
100% eluent B during 1 min. Eluent A : H>O (0.05% TFA), Eluent B : CH;CN / H,O

15/ TFA (80/20/0.05)).
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10r 266 | 7.6 2 591 (M+ 1) 267 G2.5 1.97 584 (M+ 1) Gp/ 268 G+ C 2
1.76 557 (Mm+1l) -159 WD 03/029245 PCT/ US02/ 31283 EXAMPLES 269-278 NRR 0
-Br O\\J woo@od2& OrN RRNH NNIT i NOI NCN M/ M | PcT@sse/e280 Cl p
Preparation 25 (lal) 5 Conpounds havi ng the above formula (lal), listed in
Tabl e 14, were obtained by adding 0.1 ml of TEA solution (720 nMin THF,
0.072 m"rDI) 0.1 m of DVAP solutmﬁA@éfElﬁ\/nn THF, 0.006 nmol) and 1 m
of Preparation 25 solution (60 mMMin THF, 0.06 mml), to a solution of an
appropriatel y-substituted amine RRNH (0.5 m, 10 18 mMin THF, 0.09 nmol).
The reaction_mpitures were dqtirredlat RT_overnight and concentrated tlo
dryness (M} B¥dl M Stragtureesi|ddethogy Quantity(ima) &Pt?'@t\m Jimgp a AndyFisC
(gradi ent ffom]|CH3CN TFA: 5/95/[0. 05 to CH3CN H2O' TFA : 180/ 20/ 0. 08).

N-Boc and/of CQ2t Bu, | ctgd conmpqunds were tfeated with [PCM TFA (1:]1)
sol ution fof221 h fol ljlowed rgspectdgely by SCX1@ SAX|1528auin) doe
purification fofe =fgsul tijng basilc or acidic|conpounds (Mgthod L). LC

Mass resul tle_ar rpnnrfh'd (AP(‘I + _IDAD (?10-40) nng)),, Colum - TSK gpl

Super ODS K4.6 m‘nIDx/@\@n Flowrlate : 2.75 o / mn, Gadient : frgm

100% el uent| A tjo 7% el uent Binf2 mn,, wtl a plateau wi|th 100% el|uent
B during 1 p#%? ! 9.6 2.04 593 (M+1)

Id
253 @“%:b\ ! 7.6 1.97 557 (V1)

254| & “° | 8.5 1.92 577 (M+1)
ol g Of
255 b*gf« " | 10.3 1.82 566 (M+1)
056 Qw/ | | 11.2 1.81 543 (M+1)
cl (s} )}g
=
257 Qﬁ“ | 18.1 1.72 523 (1)
//’Lm
¢ -
258 % a 9.3 1.74 523 (V1)
[,
B
259 bﬂ; | 16.5 1.7 509 (M+1)
Ralba¥
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H20 (0. 05% TFA), Eluent B : CH3CN / H20 / TFA (80/20/0.05)). -160 WO

03/ 029245 PCT/US02/ 31283 TABLE 14 Ex. Structure Method Quantity (ntl)

Ret ent i orwoios@2enslysms  O- Cl -N 269 k\ m 5.3 1.86 572 ( MPOI/USG/3(383 270 M
3.5 1.86 612 (M+l) 271 ~ - M 7.8 189 612 (Mr1) C N O AN G Nv 272 M

9.1 1.86 528 (Mr1l) C 273 M11.2 1.7 516%&1%1) Np, CI 274 M 8.8 1.78 526

(Mr 1) O 275 C~ 7 \ ML 13.2 1%1541(‘{ pyed)G ~NM 276 M+ L 6.8 1.59
529 (M+l) G =FT=v 277 WMC—1p—7 % 54— ()T 27837186572 —(virl)
-161 WO 03/ DES2#5 Bffuctis@?/ 3{lMétho fityAi%y) | Retention Time | Andlysis
4-[ (5S*, 9R* [=FBenzyt=3—(2 6fdichtoro=pyrtdirm—d=—yH—t=—rethyt—2—4=dtoxo} 1, 3,
&)
cl N
260 | 11.5 1.9 523 (M+1
o3¢ )
261 | 14.8 1.85 509 (M+1)
262 | 8 1.82 508 (M+1)
263 | 6.1 1.89 525 (M+1)
264 | 12.8 1.77 494 (M+1)
265 | 3.9 1.85 511 (M+1)
266 | 7.6 2 591 (M+1)
267 G 25 1.97 584 (M+1)
ﬁ&
268 P os G+C 2 1.76 557 (M+1)
H0
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triazaspiro[4.4]non-9-yl]-benzonitrile ro C Oi NN \ NZN M 5C O
Usi ng the experinmental procedure described for Exanple 11, Preparation 20
(5.6 g, MwWomsbby4mas converted into the above-titled conpeamdsay3asnhite
solid (7.5 g), mp = 174-176C. 'H NVR (CDCl 3) : 7.60 (2H, d, J= 8 Hz),
7.25-7.35 (7H, m, 10 7.11 (2H, , 3.65-4.0 (4H m, 3.0-3.4 (2H, m, 3.23
(3H, s), 2.97 (1H, d, J = 10.9 A - 4-1(5S *,9R
*)-9-(4- Cyanophenyl ) - 3- (3, 5-di chl or ophenyl) - 1- net hyl - 2, 4-di oxo-1, 3, 7- 15
triazaspiro[4.4]non-7-yl]-benzoic acid C2H CI ONNN C O M
Trifluoroacetic acid (122 1, 1.6 mmvl) was added to a cool ed (5WR'sol ution
20 of Preparation B ng, 0.16 mol) in DCM (3nl). After Qwat RT,
wat er was added and)the pH was brought to 10 with NHAOH SQ2 s then
bubbled intelthe Gglution until pH=6. The organic | agter wa® separated. The
RS > 3/ 029245 PBTNBS02/ 31283 expract edstwieeswi t h
gani ers were—drired over MgSO4 dNg ncefit Lated in
a g ¥Wenpound ' was crystallized by addition deet Oni CNi | e.
The solid was washed with ether and pentane to yield the above-titled
conpound as an @fdpardlidnt2e solid (7.5 ng). Retention tine. 8.1 rian., 533
(M1); LCMS 5 conditions : HP 1100 MsD platform (APCI -, DAD (210-400 nm,
Colum : TSK gel Super ODS 4.6 nmID x 10 cm Flowrate : 1 nL / mn,
G adient5: from5%to 95% eluent Bin 15 mn., with a plateau with 95%
el uent B during éompgﬁndglh%sﬁtg tﬁé zibol\_/iezz (t%rmula (Ial), listed in Table 14, were obtained
by adding 0.1 ml of TEA solution (720 mM in THF, 0.072 mmol), 0.1 ml of DMAP

solution (60 mM in THF, 0.006 mmol) and 1 ml of Preparation 25 solution (60 mM in

THF, 0.06 mmol), to a solution of an appropriately-substituted amine RR’NH (0.5 ml,

10 18 mM in THF, 0.09 mmol). The reaction mixtures were stirred at RT overnight and
concentrated to dryness (Method M). The residues were purified by reverse phase
HPLC (gradient from CH3CN/H,O/TFA: 5/95/0.05 to CH3;CN/H,O/TFA :
80/20/0.05). N-Boc and/or CO,tBu protected compounds were treated with
DCM/TFA (1:1) solution for 2 h at RT, followed respectively by SCX or SAX

15 cartridge purification for the resulting basic or acidic compounds (Method L). LC
Mass results are reported (APCI +, DAD (210-400 nm)), Column : TSK gel Super
ODS 4.6 mm ID x 5 cm, Flow rate : 2.75 mL / min, Gradient : from 100% eluent A to
100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min. Eluent A :
H,0 (0.05% TFA), Eluent B : CH3CN / H,0O / TFA (80/20/0.05)).
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(0.1% amoni um formate), Eluent B : CH3CN. EXAMPLE 281 10
4-[(5S*,9R*)-3-(3,5-D chl orophenyl ) -1-net hyl - 2, 4-di oxo-7-(2-1H-tetrazol -
5-yl - acetwb)302R4¥-tri azaspiro[4.4] non-9-yl] -benzonitrilpeTasa2/3rrsy N C
O!'NNN NC OM N 15 Using the sanme procedure as in Exanple 102, the
above titled conmpound was obtained (33. 3 ng) after purification by reverse
phase HPLC (gradient from CH3CN H20/ 95/0.05 to CH3CN H2O TFA :
80/20/0.05) from Exanple 15 (41.3ny, O. 1 nmol ) and tetrazol e-5-acetic acid
(22 ng, O0.1Fmml)—HNVMR—(CDC13)}+— 7 65-7.5 (2H m 7 35-7 1 (34 :
6.67 (2H, d}Ex4 5.3 7 Stmturwmwmmm{ Argysis DR
*)-3-(3,5-Dichljgro h,é/‘ )-1-met hyl {2, 4-d{ oxo-7-[ 2- (|1H-tetrazol -|5-yl ) -
ethyl]-1, 3, Toédli 4-4] non- 91yl f- benzorg rilg 25 -5k63 V\()#gﬁ@&g P45

PCT/ US02/ 31283 | NN %EN /N Cl OIN N Cl p M CN To Exanpl e 15 9° hy,
0. 06 mm|) iln m (‘J—R(‘N were added sodium iodidg (8 4 ng 01084 ),

pot assi um car bgnat 5%wg, 0.06 mmol) @and 5-(2- §

chl or oet hyl Q}d-kg%ﬁiq_%fl e (5.3 ng, |0.Q4 ol )5 The react]ila%n nixtéﬁuz'mvs@

12}

stirred at

271 M 7.8 1.89 612 (M+1)
272| O N M 9.1 1.86 528 (M+1)
W XD
273 ' M 11.2 .
Q%b\ 1.7 516 (M+1)
o 7
M

cl, %/N
274 % M 8.8 178 526 (M 1)
LQ
275 §f>—~ M+ L 13.2
c ;L(}O\ + 3 1.64 541 (M+1)

OY\N/\/\NH,
. .
276 Q j M+ L 6.8 1.50 500 (M+1)
cf »}/ \W: N
°Y\m
277 M+ L 10.7 1.58 541 (V1)

278 M 3.7 1.86 572 (M+1)
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70C overnight. The above titled conpound was obtained (1.3 ng) after SCX
cartridge purification and PS-isocyanate treatnent (Argonaut, 83 ny).

Ret ent i orwDiog®29244. 36 min., Mbs = 511 (MH ) (LCVMS condi t iPomassn2/812s3

M cromass platform (APCI +, DAD (210-400 nm), Columm : TSK gel Super ODS
4.6 MmIDx 5 cm Flowrate : 10 2.75 nL / mn, Gadient : from 100% el uent
A to 100%eluent Bin 2 min., withEXAMBEB279with 100% el uent B during 1

L0 261 ook T EETR R SR o B ISl R BiRo-1.7-

*)-3-(3, 5-Di chl orophenyl ) - ltrigaiabpire[d.4n6li-941-Ferlzdnitdikk t et r azol - 5-yl ) - 15
benzyl]-1,3,7-triazaspiro[ 4.4 non-9-yl }-benzonitrile NN N, C ON NN

Cl p M CN 20 A mxture of Exanple 15 (33 ng, 0.08 mmol), Preparation 29
(57.8 ng, 0.12 nmol), TEA (16.7 I, 0.12 mul) and PS-DVAP (Argonaut, 5 np)
was stirred at RT overnight. The above tit conpound was obtained (4.1
ng) after purification by reverse phase HPRCA(gradi ent from CH3CN H20/ TFA:
5/95/0.05 to -164 WD 03/029245 PCT/ U802/31283 CH3CN H20/ TFA

80/ 20/0.05). Retention tinme: €49 m M. (Mtl) (LCVMs conditions : LC
M cromass platform (APCI +, DAD~10- Colum : TSK gel Super ODS
4.6 mMmIDx 5 cm Flowrate : .7 tepf : from 100% eluent A
to 100% el uent B). 5 EXAMPLE 2 (PS'me

*) - 9- (4- gyanophenyl ) - 3- (3, 5- dFthl orthenyI) 1- et hyl - 2, 4-

di oxo-1, 3,7-triazaspiro[4.4]non-7-ylmethyl]-nicotinic acid nethyl ester

Using the experimental procedure described for Example 11, Preparation 20
(5.6 g, 15 mmol) was converted into the above-titled compound as a white solid (7.5
g), mp = 174-176°C. 'H NMR (CDCls) : 7.60 (2H, d, J = 8 Hz), 7.25-7.35 (7H, m),
10 7.11 (2H, m), 3.65-4.0 (4H, m), 3.0-3.4 (2H, m), 3.23 (3H, s), 2.97 (1H, d, /= 10.9

Hz).
EXAMPLE 280
4-[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-
15 triazaspiro[4.4]non-7-yl]-benzoic acid
COH
cl o M

N ~
%} N =N
cl o Me

Trifluoroacetic acid (122 pl, 1.6 mmol) was added to a cooled (5°C) solution
20  of Preparation 27 (97 mg, 0.16 mmol) in DCM (3ml). After 24 h at RT, water was
added and the pH was brought to 10 with NH4OH. SO, was then bubbled into the

solution until pH=6. The organic layer was separated. The aqueous layer was
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Ol 0O M C ONN-% C O/ 10 CN The above titled conpound was

obt ai ned using the procedure described for Exanple 283 from Exanple 15 and
Preparatiwo i3D292Ret ention time: 1.47 mn., Mbs = 15 564/e0aS0Ma8s M-2)
(LCVs conditions : LC Mcronass platform (APCI +, DAD (210-400 nm)), Col umm
: TSK gel Super ODS 4.6 nm 1D x 5 cm Flowrate : 2.75 nlL/mn, Gadient :
from 100% eFtgartedimics it M et combingborgmi¢layes vege dried over MgSO4 and

6-[ (55, 9R* h thyl
di oxo- 1, 3, 7)3?‘?‘?{5@%%?'{10‘%9% re&'}tg‘?ﬁ go"?ém"% ?%?ggt%?‘%ﬁulz)gdéﬂgd‘&%“ | o4 a o

NNN C Oadéronifriie. Th]a@BhM@aQB/aQ%ﬂMﬂ) R@'ddﬂ&@ﬁﬁt&ﬂ&&%ﬂdﬂhﬂe athveitledt | ed
conpound was obtai ned from |l e 284 u3|n9 t he procedure described for
1

Exanpl e 59. CW@P@HIdﬁéﬁntoiffn‘éhlt‘?Lscé@ (#i5rmg). kystsatien 8mgy &1 mipp533 M- WkbEMS cvs
conditions Igﬂp Qﬁ% + :
TSK gel gupe(r)rln%f)&sﬂu rrir.:(nﬁ) I%b);ﬁﬂg&g&%}rﬁ ow rg{x %lga@g COMQI) ngédll ent
from 100% elSupentODS #od mHdP el demt FBw raleXAMALE 2id 6GAadj e(USSfrpﬁFS% to 95%

*
[ )4 2] ( ﬁoﬁ g @Fljlt Hle %lkﬂd,lt\ynitﬁg%lz?teau w”fﬁl ‘l)%/‘% eFueﬂt Ig dgl)"(ll’?g g’ 'min. EluexgtI/{jl Z?ISBI ro
(0.1% ammonium formate), Eluent B : CH;CN.
EXAMPLE 281
10 4-[(55*,9R*)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-7-(2-1H-tetrazol-

S-yl-acetyl)-1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile

15 Using the same procedure as in Example 102, the above titled compound was
obtained (33.3 mg) after purification by reverse phase HPLC (gradient from
CH3CN/H,O/TFA: 5/95/0.05 to CH3CN/H,O/TFA : 80/20/0.05) from Example 15
(41.3mg, 0.1 mmol) and tetrazole-5-acetic acid (22 mg, 0.17 mmol). '"H NMR
(CDCl3): 7.65-7.5 (2H, m), 7.35-7.1 (3H, m), 6.67 (2H, d), 4.5-3.7 (7H, m), 3.1 (3H,

20 d).

EXAMPLE 282
4-{(55*,9R*)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-7-[2-(1H-tetrazol-5-yl)-

ethyl]-1,3,7-triazaspiro[4.4]non-9-yl}-benzonitrile

25

-163-



10H C ON NNNOC O Me CN The above titled conmpound was obtained from
Exanpl e 279 using the procedure described for Exanple 15. Wihite solid, np
= 202 C. wb oMo E 287 4-{ (5S *,9R PCT/US02/31283
*)-3-(3.5-Di chl orophenyl)-1-net hyl -2, 4-di oxo-7-[4-(1Htetrazol -5yl) -

t hi ophen-2-ylnmethyl]-1,3,7-triazaspiro[4.4] non-9-yl )-benzonitrile N\ N, N
N Hr~lsC O~N I NCN 20 CO0 M EXNaRpl e 287 was prepared from
Exanpl e 15 and Preparation 32 by the rd®uftive am nation procedure

descri bed for Exanple 37. Retention tine: _38.40 mn., Mbs = 580 (Mt1l);
(LCMS conditions : HP 1100 MSD pI atform rAPCI +, DAD (210 25 400 nm),

Colum : TSK gel Super ODS 4.6 xl m Flowrate : 1 nL/ mn, -166
WO 03/ 029245 PCT/ US02/ 31283 Gad* %to 95%eluent Bin 15 mn.,
with a plateau with 95% el uent B r| g\ Eluent A : H20 (0.1%
amoni um formate), Eluent B : . EXAVPLE 288 5

5-1(5S*, 9R*) - 9- (4- Cyanophenyl ) - 3 (2 6- Di chl oro-pyridin-4-yl)-1-nmethyl-2,4-
di oxo-1, 3, 7-triazaspiro[ 4. 4] non-7-yl net hyl ] -t hi ophene- 3- car boxyl i ¢ acid

CO2H To Example 15 (24.9 mg, 0.06 mmol) in 1 ml CH3CN, were added sodium

iodide (8.4 mg, 0.084 mmol), potassium carbonate (5.5 mg, 0.06 mmol) and 5-(2-

5  chloroethyl)-1H-tetrazole (5.3 mg, 0.04 mmol). The reaction mixture was stirred at

70°C overnight. The above titled compound was obtained (1.3 mg) after SCX

cartridge purification and PS-isocyanate treatment (Argonaut, 83 mg). Retention time:

1.36 min., Mg = 511 (M+1) (LCMS conditions : LC Micromass platform (APCI +,

DAD (210-400 nm)), Column : TSK gel Super ODS 4.6 mm ID x 5 c¢cm, Flow rate :

10 2.75 mL / min, Gradient : from 100% eluent A to 100% eluent B in 2 min., with a

plateau with 100% eluent B during 1 min. Eluent A : H,O (0.05% TFA), Eluent B :
CH;CN / H,0O / TFA (80/20/0.05)).

EXAMPLE 283
4-{(55*,9R*)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-7-[2-(1H-tetrazol-5-yl)-

15 benzyl]-1,3,7-triazaspiro[4.4]non-9-yl}-benzonitrile

Cl

Cl

20
A mixture of Example 15 (33 mg, 0.08 mmol), Preparation 29 (57.8 mg, 0.12
mmol), TEA (16.7 ul, 0.12 mmol) and PS-DMAP (Argonaut, 5 mg) was stirred at RT
overnight. The above titled compound was obtained (4.1 mg) after purification by

reverse phase HPLC (gradient from CH;CN/H,O/TFA: 5/95/0.05 to
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r- d/\ SC O NN/ NC Ol / \Me CN 10 Exanple 288 was prepared as
descri bed for Exanple 287, using the appropriate al dehyde. White solid, np
= 230- 232WO0.03EX2NPLE 289 15 PCT/US02/31283
5-1(5S*, 9R*) - 9- (4- Cyanophenyl ) -3- (2, 6-Di chl oro-pyridi n-4-yl)-1-nmethyl -2, 4-
di oxo-1,3,7-tri azaiqgi rof 4. 4(%10%- 7-yl met hyl ] -t hi ophene- 2-car boxgl ic acid g
CozH C O t GHsGNGONFA : BNA0/BRS ExBetpntiom Gignenals4p maivar EB aM+desELOMRd f or
o e o syLaR (00 MRPRRARTH A Em YA EDAD (1800b %D Clumtl® TS

20 EXAMPLE

*) - 9- (4- Cyagelphgrey IODS 4 (63mbr I & anpPlenatd - 1.75eblin 2Gdd#n®X froh, 802
triazaspirof4. 4E]4[gon- 7-%} mtg;hﬁl ] -t hi ophene- 3-carboxylic acid nethyl ester
-167 WO 03/ 6b6pUd tpE)istienaEbs3 CI N NeN,Me Z:.N C 0 To a sol ution of
5-[(5S*, 9R*) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl or ophenyl ) - 1-

met hyl - 2, 4-di oxo-1, 3, 7-triazaspi ro[ 4. 4] non- 7-yl et hyl ] - t hi ophene- 3- car boxyl
ic acid 5 (exanple 37) (0.150 g, EXAMBLH 284 n DCM MeOH (5:1 nL) was added

over & peri b ob Il Rordecunaphn )18 S Bshr e Bromeitgid | e

RT for twen{ioxo-1,3,7-triazaspiro[4.4]non-7-ylmethyl]-nicotinic acid methyl ester

10

The above titled compound was obtained using the procedure described for

Example 283 from Example 15 and Preparation 31. Retention time: 1.47 min., Mgy =

15  564/566 (M and M+2) (LCMS conditions : LC Micromass platform (APCI +, DAD

(210-400 nm)), Column : TSK gel Super ODS 4.6 mm ID x 5 cm, Flow rate : 2.75
ml/min, Gradient : from 100% eluent A to 100% eluent B).

EXAMPLE 285
20 6-[(55%*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-

dioxo-1,3,7-triazaspiro[4.4]non-7-ylmethyl]-nicotinic acid
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m nut es, quenched by the slow addition of acetic acid (approximatly ten
drops) and partitioned between DCM (20 nL) and saturated aqueous sodi um

bi car bonawe 03029249 nl). The DCM | ayer was washed with bri me€T{i02/81283 dri ed
over sodiumsulfate and concentrated to yield a thick oil. LC retention
time = 3.34 min. Colum used: YMC S5 conbiscreen ODS 4.6 x 50 mm (4 mn.
gradi ent); Sol verdhe pabeve g9dede CrnpOEY, Wi @bigided frys HyRagile slﬂ4v9$1tlg Bhe: 90%
MeOH, 10% H 2% 245 R USO 128 Ve
claim 1. A%cgjgﬁg%rﬁrﬁf Qgr'lbc% ﬁxar’%p%fsg\?r%%?e&%{)&)'meﬁ EPé' rMK N5

R2 (1), itsarhanidOEIMS ajnaﬁitoag ednEMicréthasd p)iitﬁfrmagemi ¢aID/yDa(Q¢©-moabl e
salt, hydrate, solvate, prodrug thereof, in which: L and t aken
i ndependent R§), aﬁ;(éu‘@norT% geleqp§r QLY 46ram IR e, oy yateor2- %W@H’ﬁ yl: G

is attac eddTleg tHQdﬁlwogeR{e“%ﬁ‘g%b%_ ueﬁﬁgp attached to a carbon at om of

ring A 'S se ted froma -, G _4al kyl ene,
C _4substituted al kyl ene, or bival ent al koxy, aI kyl t hi o, am noal kyl ,

sul fonyl, sul fonam dyl, acyl, or i!lé éi(ﬁﬁg@? or (ii) when attached to
a nitrogen atomof ring A, Gis 15 om a bond, Cl4al kyl ene,
Cl_4substi tuted glf {9@% ).380%- Bicﬁf’dr@i}iyrﬁﬁ“h-ylﬁ’ﬂ nﬁéﬂﬁ?KM%PQ@!bﬂ-a”d a

bi val ent al koxy, am noal k sul fonyl, of onam dyl wherein
in (ii), each of sai d G grot!tpeasl’mm[4éilndne%c5'l] -lemgonitwrilton atom directly
attacheg toring A, Jis -0-, -S, -NR3-, -N=, -S(=0-, -SO2-, -NHSO2-, a
substitdfed or unsubstituted ClL_

H
Cl 0 _-N
/4
ND‘N)\‘\z@\
— N
N CN
Cl (o] Me

The above titled compound was obtained from Example 279 using the

procedure described for Example 15. White solid, mp = 202 °C.

15
EXAMPLE 287
4-{(55*,9R*)-3-(3.5-Dichlorophenyl)-1-methyl-2.4-dioxo-7-[4-(1H-tetrazol-5yl)-

thiophen-2-ylmethyl]-1,3,7-triazaspiro[4.4]non-9-yl}-benzonitrile

AN

N N’N
H
/ \
s
cl o N
ci 0 e CN

20

Example 287 was prepared from Example 15 and Preparation 32 by the

reductive amination procedure described for Example 37. Retention time: 8.40 min.,

Mops = 580 (M+1); (LCMS conditions : HP 1100 MSD platform (APCI +, DAD (210-

25 400 nm)), Column : TSK gel Super ODS 4.6 mm ID x 10 cm, Flow rate : 1 mL / min,
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20 3al kyl ene, a substituted or unsubstituted C2_3al kenyl ene, an
unsubstituted Cl_ 2heteroal kyl ene, a substituted heteroal kyl ene havi ng
from one wo Bwew2emr bon atons in the heteroal kyl ene strai gatr/ushasngsor J is
absent so that ring Ais a three-nenbered ring, T is T1 when G Ar is
attached to T, .and T2 3% é; is attached to Mis ML when GAr is
attached t oGbidigiid fign P Rrelpent &t i bhayne 6’”‘1‘1 a PlaifB’Q with 937oduentsB

PCT/ US02/ 31 r and M2 are
sol ected fr g%f’n%gmlﬁ‘rﬁué\fpt ATH @% ?&ﬂn@lggfo%m@]&lueﬁ ﬁHg&C}:%and ]
C(R7R8) -, provided that J, Nl and T are selected so that ring A defines a
three to six nenbered saturated OM&%& unsat urated cycl oal kyl or

het erocyclic 5 ring having 1 to 4 > Wherein no two adj acent

het er oat 9ns of.[e&i*hR Y, ed from
"0 and -S; FBOTe se”*’?éﬁ'éﬁf?'?é’#“ﬂz?géﬁnﬁ‘&‘ﬁ*’f“{*’f‘;ﬁﬁfﬁ’? nERFE Rz,
NR12R13, C(=0) Rigxo-1,8J2Rixzaspixei®INRmRYBnethRllAajopbemi-3; cakﬁd%(cra@mm

S(O pR13a, NR12SO2R13a, S2NR12R13, cycl oal kyl, heterocyclo, aryl, and
heteroaryl; 10 R4a, Rob and Roc are independently sel ected fron1hydrogen,
hal ogen, al kyl, substituted alkyl, alkenyl, substituted al kenyl, nitro,
cyano, SR14, OR14, NR14R15, NR14C(=0) R15, C02R14, C(=0O R14, -C(=0 NR14R15,
aryl, heterocyclo, cycloalkyl, and heteroaryl CRH and R6 are i ndependent |y
sel ected from hydrogen, al kyl, substitute?/?i;gl, hydroxy, 15 al koxy,

al kenyl, substituted al kenyl, am noal kyl, thio, C(=OH, acyl, amde,

al koxycar bonyl , sul fonyl, sul €onam d@l , ~Ncl oal kyl, heterocyclo, aryl, and
heteroaryl; R5, R7, and R8 are ¥ ingepentlently selected from hydrogen,

al kyl, subst | tuted al kyl, halMgemn—mit ano, hydroxy, al koxy, alkenyl,
substl tuted al kenyl, 20 am' noal Cé:O) H, acyl, CO2H, am de,

al koxycar bonyl , sul fonyl , suffonam ayl, Mecloal Xyl, heterocyclo, aryl, and

heteroaryl; or (ii) R7 with R8 may forma cycl oal kyl or heterocyclic ring
or a dodble bond to an oxygen atomto define a keto (=O group; or (iii)

one of RS or R8 ﬁ%}/m}gg 98?0\995 ?)(Pepared as described for Example 287, using the
appropriate aldehyde. White solid, mp = 230-232 °C.

EXAMPLE 289
15 5-[(85*,9R*)-9-(4-Cyanophenyl)-3-(2,6-Dichloro-pyridin-4-yl)-1-methyl-2.4-
dioxo-1,3,7-triazaspiro[4.4]non-7-ylmethyl]-thiophene-2-carboxylic acid

//Q\COZH

Cl OV \Me CN

Example 289 was prepared as described for Example 287, using the
appropriate aldehyde. Off-white solid, mp = 252 °C.
20
EXAMPLE 290
5-[(58*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-1,3,7-
triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carboxylic acid methyl ester
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that there is a double bond between T and M or between Mand J, 25
respectively, so that ring Ais partially unsaturated; Rl12, R13, R14 and
R15 (i) awe smbees ed i ndependently of each ot her from hydragarsp23eskyl ,
substituted al kyl, cycloal kyl, aryl, heter ﬂaryl , and heterocyclo; or (ii)

R12 is taken together with R13,cland/ orOR14 'ns taken together with R15 to
forma heteroaryl or heterocycl g—&i Nng\_: 03/ 029245 PCT/ US02/ 31283
R13a is selected fromal kyl, sub -uNed lal k oal kyl , aryl,

heteroaryl, and heterocyclo; anypi sﬁré’:MeS A c%rrpound according to
claim1l1, or a pharmaceutically-Gacceptaple salt, hydrate, prodrug, or
enanti oner thereof, wherein: Gis a bond;, Ar is an aryl or heteroaryl
substituted with one to three RI; Rl is selected fromal kyl, substituted
al kyl, hal ogen, cyano nitro, OR10, NRloR11l, 10 C(=O R o, CO2R10,

O NRI ORL1, N R11 NRl OS02R1Ca,
ﬁ(HCH% al kyl ) C02R1O? %{Iﬁfd’éﬁw% ga?%yam&% )0£§30 gR%g%Wh
het er oaryl ; M@l@mdﬁia—@ 3,7 fa fﬁ&ﬁ%nlmﬁféﬂﬂﬂ#iﬂidﬁheﬂé 3%@%xﬁ§é"&ﬁdf rom

hydr ogen, al kyl", ~substituted aI Ky %cl oal kyl,” aryl, heteroaryl, and
het er ocy2l o(eX@mpéq 3% (®1060 igs0. 213@%0(@@ (52\/1 ) Ras added or m a

heteroaryl ﬁm«%ﬁ&ﬁ{)ﬂﬁﬁ%rﬁetbeyc dl@[ S hﬁ%n 1n%gbasntel (5 35) n@J 6ﬁf7yrhfno yCl oal kyl,

aryl, heteroar conp un(ar 4ccor di ng

to claim 1, peiodofth@emiaess atclaTI Srhafaaamixﬁﬂﬁb@uﬁa»bds stirrBy éf RIT €or teQ@r ug, or
enantiomer thereof, in which: 20 J is selected from-0- S, -S(=0-,
-SO2-, or - Rjps, qu‘EﬂChSd (23 ﬂ@lsl%ﬁ‘{@lil‘éfh@f acggce aCIQéEI'HPéWW@Hlé tendifops) and

Cl_Zhet er Oagﬁllugﬁ@i RbEQNBEMY Miérfd%ﬁﬁﬁat% 5%126:89) rﬁwpcaﬁ%natel:(z% I'S

-Al- Q A2-R1 Is a bond, ene, or eny ene,
10 mL). The DCM layer was washed w1th brine (20 mL), dried over sodium sulfate and
concentrated to yield a thick oil. LC retention time = 3.34 min. Column used: YMC
S5 combiscreen ODS 4.6 x 50 mm (4 min. gradient); Solvent A = 10% MeOH, 90%

H>0 and 0.2% H3POg; solvent B = 90% MeOH, 10% H,0, 0.2% H3PO,.

15
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25 Qis a bond, -C(=0-, -C(=O NR17-, -C(=S)NR17-, -S2-, -S02NR17-, -C02-,
or - NRL7CO2-; A2 is a bond, Cl1_3al kyl ene, C2_3al kenyl ene,

- Cl_4al kywerms/oMRr1Y-, -Cl _4al kyl ene- NRL17C(=0) -, -Cl_4al kylremazs8z/31283

- Cl_4al kyl ene-SQ2-, or -Cl_4al kyl ene-O, wherein said A2 al kyl ene groups
are branched or straight chain and optionally -171 WO 03/ 029245

PCT/ US02/ 31283 substituted with a group selected from - CO2H,

-C2(Cl_4al KUAIMSS(CL _4al kyl), NH2, -NH(C 1.4alkyl), or -N(C 1.4alkyl)2;
R16 is selected fromal kyl, substituted al kyl, al kenyl, substituted

al kenyl , arwe claingt eroaryl, cycloal kyl, and heterocyclo; and R1l7 is
hydrogen or alkyl. 5 4. A conpound according to claim3, or a
pharmaceutigal |y prodrug, or enantiomner thereof,
i n which: RfliG |sAsel gc%@%%‘:&ﬁh 3t/oc Olgéﬁ{?ﬁ) het erocycl o, aryl or heteroaryl
optionally substituted wth one to three R 18; 10 R18 is selected from

Cl 6al kyl, substituted Cl_6al kyl, hal ogen, cyano, nitro, OR20, NR20R21,
C(=0 R20, CO2R20, C(=0 NR20R21, NR20SO2R20a, NR20C(=0) R21,

NR20C(=0) OR21, SR20, S(O) uR20a, 2R20a, NHCH(al kyl ) C02R20,

S02NR20R21, C3_7cycl oal kyl, phenyly, fpur 0jseven 15 menber ed heterocycl o,
or five or six nenbered heter0§r Aai M:ycloal kyl, phenyl, four to
seven nmenbered heterocyclo, or five or rheteroaryl groups in
turn being optionally substituted witk oﬁb to R22; R20 and R21 are

sel ectedsfrom hydrogen, al kyl, al kenyl, CSR_z?cycI oal kytL), phenyl, benzyl, 20
phenyl et hyl, napthyl, a four to seven nenbered heterocylo, or a five to six
nenber ed hetgERabhers0liaBRBrAkY éPagﬁlarhﬁc&fﬂi%aIWH@ceEzane%ﬁ RN sBRYte, Oi N T O
forma heterocycl o or het eroaryl erein each of and 11inturnis
optionally subst Pt prodengtherhofpirewhisht wo R22;

L and K, taken independently, are O or S;
Z is N or CRyp;
10 Aris aryl or heteroaryl;

G is attached to ring A at T or M; and (i) when attached to a carbon atom of ring A, G
1s selected from a bond, -O-, -N-, -S-, C|.4alkylene, C; 4substituted alkylene, or
bivalent alkoxy, alkylthio, aminoalkyl, sulfonyl, sulfonamidyl, acyl, or
alkoxycarbonyl; or (ii) when attached to a nitrogen atom of ring A, G is

15 selected from a bond, C;.salkylene, C;.4substituted alkylene, and bivalent acyl
or alkoxycarbonyl, and a bivalent alkoxy, alkylthio, aminoalkyl, sulfonyl, or
sulfonamidyl wherein in (ii), each of said G groups have at least one carbon

atom directly attached to ring A;

Jis =O-, -S-, -NR3-, -N=, -§(=0)-, -SO;-, -NHSO;-, a substituted or unsubstituted C;.
20 salkylene a substituted or unsubstituted C, salkenylene, an unsubstituted C;.
sheteroalkylene, a substituted heteroalkylene having from one to two carbon
atoms in the heteroalkylene straight chain, or J is absent so that ring A is a

three-membered ring;
T is Ty when G-Ar is attached to T, and T, when G-Ar is attached to M;
25 Mis M, when G-Ar is attached to M, and M; when G-Ar is attached to T;
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R20a is selected from hydrogen, al kyl, al kenyl, CO2H, C02(al kyl),
C3_7cycl oal kyl, 25 phenyl, benzyl, phenylethyl, napthyl, a four to seven
menber ed wetoaneorytl o, or a five to six nenbered heteroar pCI/tsazsE8h each
R20a in turn is optionally substituted with one to two R22; and R22 is
selected fromthe group consisting of (Cl 4)al kyl, (C2_4)al kenyl, hydroxy,
cyano, CF3Ti@p¢Mimag sgjecfed fompaN-@pdef Rs)€( =0) (C1. 4al kyl ), CO2H,

C02( Cl. 4al kyl'), 30 NHCO2(Cl_4al kyl), -S(Cl_4al kyl), -NH2, NH(CL.4al kyl),
N( C1. 4al kyl )I2 and Mp2ara\@laB OR2@249-PST/-DERF 3 N28 35 (=R)-CHIP 3:+NIBQ{-Cinddal kyl ) ,

Y. 2al kyl @ne) N(C. LU P10 oMt et g Higine AP 2

phar maceut i cal | y1@6i& eRindRk&1 sudlrhted oP Y4 Rl PunsBiPE Y Bycl ik BB REERRIDEL her eof
in which: 5 /(Rlb)n Ar is Ra T1 and M are selected from-N and -CH,

and T2 ahd M2 ar ¢ingdpeisgddo fhstareatorgs, whekgin 80 +@)p adjg@mt hple®@ms-@(sa@d) - and
-CH2-; Jis a - | kvl ene Qptionally substituted with one,to two RO,
-(CH2)y NH, or C%ef%%x%'éﬁz’)l@g ‘fg\llﬁée- ?mﬁhgp{eé)ﬁglylﬁflﬁagﬁ groflhﬁ‘éb%r}gd%ﬁt ly sel ected
from hal ogen, .Cl.4al kyl, .hydr oxy | koxy, . hal yl. . hal oal k , Ccyano,

i eron - ol Stk iyor agdbedy kst sépit s ffinE Do R el DRiooons

- A(=0) NH(CH2) 1_4€enRay, béJ=Q))N@Bﬂ13, ﬁﬁ%ébgﬂlsé NR'fzd(L.gm)@Pe@Qd) rRAENZYI, :
phenyl oxy, benzyl oxy and heteroaryl in 15 turn optionally shibstituted with
hal ogen, C1_4al k\NRiHydnox§O-MR kBxycycloalkyhltiigrocycloa bnyhldad oypteraaydno, nitro,

-C2H, -C(=OH, -002al kyl, and/or -C(=0O al kyl; or alternatively, two Rib
groups jl6i n Ruo&et dndrR matehndepehdaptiiseleced fmoe IRidoogeni haoganogléyheubstifutdd Rla t o

forma fused benz ing;. R4 c are.selected fr h gen, al kyl,

cyano, hal oal kyl ,aH(P([aIaugpwoﬁsgﬁﬁgetcﬁaglfené(51“5?’3?%‘3&, Réﬁg)rﬁdr"%l”?ﬁﬁé:
NR4C(=0)R 5, COsR 14, C(=O)R 4, -C(=0)NR 4R 5, aryl, heterocyclo,
cycloalkyl, and heteroaryl;

R3 and R are independently selected from hydrogen, alkyl, substituted alkyl, hydroxy,
15 alkoxy, alkenyl, substituted alkenyl, aminoalkyl, alkylthio, C(=0)H, acyl,
amide, alkoxycarbonyl, sulfonyl, sulfonamidyl, cycloalkyl, heterocyclo, aryl,

and heteroaryl;

Rs, R7, and Ry are (i) independently selected from hydrogen, alkyl, substituted alkyl,
halogen, nitro, cyano, hydroxy, alkoxy, alkenyl, substituted alkenyl,

20 aminoalkyl, alkylthio, C(=O)H, acyl, CO,H, amide, alkoxycarbonyl, sulfonyl,
sulfonamidyl, cycloalkyl, heterocyclo, aryl, and heteroaryl; or (ii) R; with Rg
may form a cycloalkyl or heterocyclic ring or a double bond to an oxygen
atom to define a keto (=O) group; or (iii) one of Rs or Rg may be a bond so
that there is a double bond between T and M, or between M and J,

25 respectively, so that ring A is partially unsaturated,

Ri2, Ri3, Rig and Ry (i) are selected independently of each other from hydrogen,
alkyl, substituted alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclo; or (ii)
R, is taken together with Ry3, and/or R4 is taken together with R;s to form a

heteroaryl or heterocyclo ring;
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R4b is hydrogen, hal ogen, alkyl, substituted alkyl, nitro, cyano, hydroxy,
al koxy, hal oal koxy, phenyl oxy, -CO2H, -C(=OH, -NH(al kyl), -N(al kyl) 2,

- @02al kylwo-03@¢92@ al kyl , al kylthio, -C(=0 NH(CH2)1_4CO2H, pCT(usQ)/BMRLH2) 1_
4CQ2(al kyl), aryl, heteroaryl, or heterocyclo, wherein each of the aryl, 25

het eroaryl, and heterocycl roups are optignally substituted with one to
two hal gger%”ﬂ(‘:ﬁs_e%ﬂtmi?m@ﬁﬁ,’s 1tut ?lk&%‘flo@@lﬁwa e 9aryloeh| kyl , and/ or
(=0 al kyl; n isnBerckyci®l ah and -173 WO 03/029245 PCT/ US02/31283 y is O,
1 or 2. 6. A conpound according to claim1, or a

phar maceuti?,qgll)é- gcceptabl e salt, hydrate, prodrug, or enantiomner thereof,
havi ng t he ofmila: 5 Roc Z L R4a N K~N T1 / (Rlb)n , R Ra 10 7. A
conpound according to claim6, or a pharmaceutically-acceptable salt,
hydrate, prqdrug, or enantiomer thereof, in which Riais halogen or cyano,
and Ria 3nd> Roc f’a?%ﬂﬁ%lae@ewgfgﬁg fgclaign bdrecPhrrmparentirbiyascerithly falt. cyano,

trifluoronethyl, namdieNbiddfue. ofenatiSRIPRERHs 3GRALFI Ng to claim 3, having the
formila (le), 15 I plafug, ofengfhi6 SOHE) R
G is a bond;

Ar i1s an aryl or heteroaryl substituted with one to three Ry;
R is selected from alkyl, substituted alkyl, halogen, cyano, nitro, OR 9, NR|gRy,
10 C(=0)R 9, COzR g, C(=O)NR R 1, NR(C(=O)R |, NR;(C(=0)OR, SR,
S(O)OR]oa, NR[()SOzR]()a, NHCH(alkyl)COleo, SO2NR10R1],CyClOalkyl,

heterocyclo, aryl, and heteroaryl;

Rio and Ry (1) are selected independently of each other from hydrogen, alkyl,
substituted alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclo; or (ii) Ryg is

15 taken together with Ry, to form a heteroaryl or heterocyclo;
Rioa 1s alkyl, substituted alkyl, cycloalkyl, aryl, heteroaryl, or heterocyclo; and

ois 1 or?2.

3. A compound according to claim 1, or a pharmaceutically-acceptable salt,

hydrate, prodrug, or enantiomer thereof, in which:
20

J is selected from —O-, -S-, -S(=0)-, -SO;,-, or -NHSO,-; or J is C;_zalkylene, C,.

salkenylene, or C;_;heteroalkylene optionally substituted with one to two Ro;
Rois -Aj-Q-Ax-Ryg;
Ay is a bond, Cj.alkylene, or Cy.zalkenylene;

25 Q isa bOIld, -C(=O)—, —C(=O)NR17—, -C(=S)NR|7-, -SOz-, -SOgNRn-, —CO2‘, or —
NR;7CO;-;

Ajis a bond, Cj.salkylene, Ca.3alkenylene, -Cj.salkylene-NR7-, -C;_4alkylene-
NR7C(=0)-, -Cjsalkylene-S-, -C,_salkylene-SO,-, or -C;_salkylene-O-,

wherein said A; alkylene groups are branched or straight chain and optionally
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Ria (le) or a pharmaceutically-acceptable salt, hydrate, prodrug, or
enantiomer thereof, in which: 20 -174 WO 03/029245 PCT/ US02/ 31283 R a and
Ri b are iwoapenatent|y sel ected from hal ogen, Cl _4al kyl, hydmasp2/3e8koxy,

hal oal kyl , hal oal koxy, cyano, nitro, -CQ2H, -C(=OH, -C02alkyl, -

C(=0 al kyl, -C(=O) NH(CH2) 1_4CO2H, -C(:g) NH(CHZI)Il 4C2(al kyl), and

S( O 2al kyl ; or erBlPﬁt'é)‘H%‘hWﬂ,TalﬁéWe,leCW M oxQH e erlkyBn (Retadpdhar yl i n

5 turn optionall ubstyit u it Ry hal , Cl1 4al kyl, hydroxy, al koxy,
hal oal kyl, hal Ogﬁ}%é?if’ﬂécvgﬁg{)‘!\é}# ﬁ(lg}_@_ H -C(=OH, -002alkyl, and/or

-C(=0) al kyl i or tecnativel t Ri.b grou [Qoln t t her th each

ot her or ong 'ﬁsﬁeljg%)tfﬁimn}%@gt %‘@Ptlﬂ\,?fetdl‘nauﬁi’gdnfe %3{" “ém?(ﬁglgﬁnﬁe%\gfo ring; and

nisO, 1 or 2. 1GeRroafylCORRAUN, AdtRicddyBlot endl aim 8, or a

phar maceuti cal | ;{l acceptabl e salt, hydrate, prodrug, or enantioner thereof,
y

in which; RRaisaydeeyenilkdyano, nitro, trifluoromethyl, OCF3, aryl or
heteroaryl; R b is halogen, Cl_4alkyl, cyano, nitro, -CX®RH, -C(=O H,
-C02al kyl, or -C(=0Oal kyl; R2 is hydrogen, C _6al kyl, or C _6al kyl

substituted,wth r i kyl )%; 15 . S L ect rnom.hydrogen, C
P51 ol kyf sudsobitng Rardne L biorky mapREUD a}"ggpst%tf%gﬁ‘i“ju_t ed

C2_i oal kenyl, C3p06¥e ?%K}Q, or B0 er M¥febeYh whRyt | dazi nyl . pyrim dinyl,

- (CH2) sphenyl, -(CTH2)S&tetrazol yl, -(CH2)Spyridyl, - (CH2)Sthienyl,

- ( CH2) Scar b&zik yélected Cbid) SiclvdiMyy, lheterdc$tid) Sfytibiyhetero2@1 otidth B ibiatirdd
- (CH2) SC3_6¢cycl oal kyl, -(CH2)sthiazolyl, -(CH2)Spyrrolyl, -
(CH2) Si mi dazol yl with(apei2) hréesBwazol yl , - (CH2) Sbenzof uryl, -(CH2)spyrazolyl,
- C(=OH -C(=0(alkyl), -C(=O0d _ioalkyl, -C(=0 phenyl, -C(=0piperidyl, -
(=0 mor phokiniklselectsld HOkB, L04e|sabdthited C; L) mwg&l, EftnBYsitro, SRz O qui nol yl,
FA=O T m dazolyl Nl{-z(%zl%&g)laéo?%zkzo, C ;(g)))l‘}l{]zlolgzzl ,Olc =0)NR208O2R20s,
NR70C(=0)R3;, NR2,C(=0)OR21, SR29, S(O)uR202, NR26SO2R 20,
NHCH(alkyl)CO2R 20, SO2NR39R2;, C3.scycloalkyl, phenyl, four to seven
15 membered heterocyclo, or five or six membered heteroaryl, said Cs.
scycloalkyl, phenyl, four to seven membered heterocyclo, or five or six
membered heteroaryl groups in turn being optionally substituted with one to
two Rao;
Rog and Ry are selected from hydrogen, alkyl, alkenyl, C3_7cycloalky1, phenyl, benzyl,
20 phenylethyl, napthyl, a four to seven membered heterocylo, or a five to six
membered heteroaryl, or when attached to the same nitrogen atom may join to
form a heterocyclo or heteroaryl; wherein each of Ryg and Ry in turn is
optionally substituted with one to two Rjy;
Ra0a is selected from hydrogen, alkyl, alkenyl, CO,H, CO,(alkyl), Cs.scycloalkyl,
25 phenyl, benzyl, phenylethyl, napthyl, a four to seven membered heterocyclo,
or a five to six membered heteroaryl; wherein each Ry, in turn is optionally
substituted with one to two R»,; and
R2; is selected from the group consisting of (C;.s)alkyl, (C,.4)alkenyl, hydroxy, cyano,
CF;, O(Cj.salkyl), OCF3, C(=O)H, C(=0)(C,.4alkyl), COH, CO»(C;.salkyl),
30 NHCO,(C,.salkyl), -S(C_salkyl), -NH,, NH(C,_salkyl), N(C,.salkyl),,
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25 C(=O qui noxalinyl, -C(=0Opyridyl, -C(=0-1, 2,5, 6-tetrahydropyridyl, -

C(=0) benzot hi azol yl , -C(=0) benzotriazolyl, -C(=0) benzodi oxanyl, -

C( =0 benzoosoeeasl yl , C( =0) 1, 2, 3, 4-t et rahydroqui nol yl , PCT/US02/31283
=0) t hi enopyr azol yl, - O)(CH2) stetrazol yl, C( O)(CH2) pyridyl, -

o
=0) (CH2) Sph CH2) S | i dinyl dyl, 30
=9 L) Sehemty i L U 2T Pl oS eI P s v

03/ 029245 PCT/ US yri dyI ),

- C(=0) CH2S2( al kjg/)alq {)‘%@féf{(%%gag%é% @&IKY‘C%)“@%?«%‘%&? phenyl ) |

- C(=0) CH2NH( benzyl), - =0) CH2NH(t hi azol yl'), -C(=0) CH2NHC( =0 pyri dyl, -
C( =0 CH2NHC( =O) phenyl , CHZ)tSOZ(aI kyl), -(CH2)tSC2(phenyl), 5
(CH2) t SO2( 't Ri enylA)comp( pe0ng ke elainof yqr)ap r@qzytl areapjable salt,
(CHZ) t S02( pyrrol %y% SQ2NH( phenyl e =S) C(=S) NH(al kyl'),

C( =S) NH( %henyl ), &i%p LU@) YY1 l?IB?r Freo CICWQ)C@( =0) pi peri dyl,
(CH2) C(=0) pi pera2| nyI -C02(al kyl), -Q02(phenyl), -C02(benzyl),

NHCO2( al kyl ), CH OhNH( phenyl ), -(CH2)t C(=O) NH( pi peridyl), 10
(CH2)tC(= O)NH(th| ) (CHZ)tC( =O) NH(t hi azol yl), -

(CH2)t C(=0 NH(lftyc 1), -(CH2)t C(=O) NH(cycl opentenyl), -

(CH2) t C(=O) NH( benzyl ), (aCHZ)tC( =O NH(pyrrolidinyl), -

= I | Kyl
E%i Eg(( Cow; é«%&f ;agezéerl] @iyqr&gﬁgﬁf?&ﬁ) '%Iéﬂwpﬁ?H sz??té??(w soc)té\l H§a , 5)

CH2) t C(=0O) N( C1- Loy( t N( C1- 4al kyl t hi azol yl -
(G2}t &9 N & eI tbeniily > (G BRE-GR(CL ta kyly))co(z(ai kil)”

wh R18 is
seleregft gde?f(ﬁ;ﬁ%@? dﬁ%{?h?ag‘ J&éll?};'%%& lﬁé&\ggh%g ?)(fg@) 99 yan& IEkl(llSle?i) ghal oal kyl ,
- (CH2) gtral oal ko(@Hz)deZ) qSR24, C3- 7cyc| oaI kyl, -S02R24, -COR24,

(CH2) qCO2R24, - (CH2) gNR24R25, - (CH2) gNHCO2R24, -C(=0) NH SOQ2R24, -

C( =0 ( CH2) gRR2AHRBAD,,, arc G ddpendehify 481e&ed froHAdfed, Crla®yR)yBarkyadldoxycl  4al kyl
or -C2-4al kenyl opt| onal ly substituted with (I)2R24 R24 is selected from
hydrogen, al kyl , hplrelkyh halBélh%/){ cyam, niipe Hedttky C(=QIH,eCOpalkyly-

C(=0)alkyl, -C(=0O)NH(CH,),.4CO,H, -C(=0)NH(CH>);.4CO,(alkyl), and
S(O),alkyl; or from phenyl, benzyl, phenyloxy, benzyloxy and heteroaryl in

15 turn optionally substituted with halogen, C;4alkyl, hydroxy, alkoxy, haloalkyl,
haloalkoxy, cyano, nitro, -CO,H, -C(=O)H, -CO»alkyl, and/or -C(=O)alkyl; or
alternatively, two R}, groups join together with each other or one Ry, joins

together with Ry, to form a fused benzo ring;

R4a and Ry are selected from halogen, alkyl, cyano, haloalkyl, haloalkoxy, nitro,

20 aryloxy, and arylthio;

R4y 1s hydrogen, halogen, alkyl, substituted alkyl, nitro, cyano, hydroxy, alkoxy,
haloalkoxy, phenyloxy, -CO,H, -C(=0)H, -NH(alkyl), -N(alkyl),, -COsalkyl, -
C(=0)alkyl, alkylthio, -C(=O)NH(CH3),.4CO,H, -C(=0O)NH(CH,),.
4COy(alkyl), aryl, heteroaryl, or heterocyclo, wherein each of the aryl,
25 heteroaryl, and heterocyclo groups are optionally substituted with one to two
halogen, Cj.4alkyl, OMe, CF;, CN, OCF;, CO,H, C(=O)H, COaalkyl, and/or
C(=0)alkyl;

nis 0, 1, or 2; and
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menbered heteroaryl, and four to seven nenbered heterocyclo, in turn 25
optionally substituted with one to two Cl-4al kyl, hal ogen, hydroxy,
trifluorowetdipk9245ri fl uoronet hoxy, -CO2H, CO2C1-4al kyl, Crkctaidezziess - S(CL
4al kyl), am no, and/or am noCl-4al kyl, provided that when R24 is attached
to a sulfonyl group as in -S02R24, then R24 is not hydrogen; R25 is

sel ected frons Bydelogen and alkyl; and 30 nis 0, 1, or 2; pislor2; -176 WO
03/ 029245 PCT/US02/31283 q is 0,1, 2, 3, or 4, r is 1, 2, 3, or 4, s is
0,1, 2, 3, or 4, and t is 1, 2, 3, or 4. 5 10. A conpound according to
claim1l1, or a pharmaceutically-acceptable salt, hydrate, prodrug, or
enantioner thereof, wherein J is selected from A QA CR1I8R19 A -Q ~(Rls)r
AQA2 N A~ 10 I"~(R18)f (R18)f Nr / R18)f HN~ NA A2 ~~/Q-A2 N AJ

(Ris)f A2 e3er HMecorfidl@lifaccordiRd t$dlbinNH IabptiirmAeutiéhllyQ@ceptatde QIE2

hydrate, prodrug, or enantiomer thereof, having the formula:

5
Rac
I
=
e )N\Jgé7 (Rip)
KZ N Ty ; y 1b)n
R» _
R1a
10 7. A compound according to claim 6, or a pharmaceutically-acceptable salt,
hydrate, prodrug, or enantiomer thereof, in which Ry, is halogen or cyano, and R4, and
Ry are independently selected from halogen, alkyl, cyano, trifluoromethyl, and nitro.
8. A compound according to claim 3, having the formula (Ie),
15
or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof, in
which:
20
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Al N (R8)f NSIL. (RIs)r ~/ -(R18)r QA QA2 QA2 NA i \A2 i -177 WD
03/029245 PCT/ US02/ 31283 /(R18)f & -(R 18)f N,, (RL8)f // A ~Q-A S A- QA2
/ 12 A QvaosNd4K Nc 1~ 2 1C /0 (R18f N(R18)f N ~(R18)f POQUSOfB12§- NAI
A2 1 A2 -NANAL A2” 5 N N~ (RI8)f NiQiQ'/~~8)f "Q (RI8)f AL A2 A

A2 A1 A2 , and Al is a ,bond, Cl1 2al kyl ene, or C2 3al kenyl ene; Q is a bond,
-(=0) -, - C(R-'EGWF&W are m@@gndentlmﬂ_ecteg?f/rom hatagenpS. sallyy, hygqui(yb@l;lggxy,

Cl. 3al kyl ene, al kyl ene- 10
NRL7C( é) ‘cl f%h&sgﬁéﬁg&my SYL“}L El‘fene oy?L éYH CQ: 3%514 kyl ene- O,
wher ei n sal d A2 ﬂ(k@b@l{}é @(@OWHQ@HQM@('M{]ed(ﬂ?)hﬁ{(ﬂ{é%hﬁ%%)( ?;?dj4 !,
opti onal | subs oup selecte rom al ky
- g( Cl_A4al iyl ), I%Fé)za K}HPC OH’aHh%W) ge‘l?b’l PRg ?O’Wap?(‘%y Joxy aRdf?teF@rY*ly’élr ogen or
a: tyl |1§cgéﬁ an%rﬁ%?u@ﬂa@ly%@bﬁﬁﬁ@&i“ﬁﬂhqm(gwr@qmyl hdroRY, Ak&K natb£ikyd)
al ken
Y haloalkoxy, cyano, nitro, -CO,H, -C(=O)H, -CO,alkyl, and/or -C(=0)alkyl; or
alternatively, two Ry groups join together with each other or one Ry}, joins

together with R, to form a fused benzo ring; and

nis0, 1 or 2.

10
9. A compound according to claim 8, or a pharmaceutically-acceptable salt,

hydrate, prodrug, or enantiomer thereof, in which:
R, is halogen, cyano, nitro, trifluoromethyl, OCF;, aryl or heteroaryl;
Ry is halogen, C,_salkyl, cyano, nitro, -CO,H, -C(=O)H, -COsalkyl, or -C(=0)alkyl;

R: is hydrogen, C;_salkyl, or Cj.salkyl substituted with CO,H or CO,(C;_4alkyl);

Ro is selected from hydrogen, C;_jpalkyl, substituted C;_jpalkyl, Cy.jpalkenyl,
substituted Cy-jpalkenyl, Cs ¢cycloalkyl, phenyl, pyridyl, pyridazinyl,
pyrimidinyl, —(CH)sphenyl, —(CHy)stetrazolyl, —(CH,)pyridyl, -
(CHy)sthienyl, -(CH,)scarbazolyl, -(CH;)sindolyl, —(CH,)sfuryl, —

20 (CH;)squinolyl, —(CH;)sCs.¢cycloalkyl, —(CHy)sthiazolyl, —(CH,)spyrrolyl, —
(CHz)simidazolyl, -(CHy)s isoxazolyl, —(CH,)sbenzofuryl, —(CH,)spyrazolyl, -
C(=0)H, -C(=0)(alkyl), -C(=0)C;.1palkyl, -C(=O)phenyl, -C(=O)piperidyl, -
C(=O)morpholinyl, -C(=0)Cj;_¢cycloalkyl, -C(=O)pyrrolidinyl, -
C(=0)quinolyl, -C(=0)imidazolyl, -C(=O)pyrazolyl, -C(=O)thiazolyl, -

25 C(=0)quinoxalinyl, -C(=O)pyridyl, -C(=0)-1,2,5,6-tetrahydropyridyl, -
C(=0)benzothiazolyl, -C(=0O)benzotriazolyl, -C(=0)benzodioxanyl, -
C(=0)benzooxadiazolyl, -C(=0)1,2,3,4-tetrahydroquinolyl, -
C(=O)thienopyrazolyl, -C(=O)(CH)stetrazolyl, —-C(=O)(CH,)spyridyl, —
C(=0O)(CH)sphenyl, -C(=0)(CH,),pyrrolidinyl, —-C(=0)(CH,)spiperidyl, —

30 C(=0)CH=CH(phenyl), -C(=0)CH=CH(pyridyl), -C(=0)CH,O(alkyl), —
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6al kyl), C(=OH, C(=0 (Cl.6alkyl), hal ogen, cyano, hydroxy, (Cl_4)al koxy,
(C 1.4)hal oal kyl, (C 1.4)hal oal koxy, NH2, NH(C 1.4alkyl), N(C 1.4al kyl) 2,
N(C 1 _ walswby3ds, -C(=0 (CH2)NH2, -NHCO2(C1_4al kyl), PCT/US02/31283

-C(=O) NHS02( C1. 4al kyl ), S02(C1_4al kyl), phenyl, C3_7cycloal kyl, five to

si X menbered het groar 20, f to_seyen per erocycl o, wherein
each group R18 aﬁ&' @féjlﬁsﬁﬁgﬂ?rTQ:(T@thB’(Sﬁ%éq/y?&/—gg'b@%‘ir}@gﬁégﬁwnfﬁ one to two
of (Cl1_4) alkyl, c(£e)cH,sd,kmexyl), CH:N 3. ¢85, RETWTP/ 31283
002( C1 al kyl )| Cé(:o H, i@)?’( . g y|)% Zhgﬁ%ﬁé%? c(%g% ﬁl‘jggox% 3( cl_
4) al koxy, triflu h&a@ 1(thiagol Y1) o CERRIGIENHC RPPyndylCr  4al kyl ), N(CL_
4al kyl )2, N(C1. 4alk C( 2 , nd/ or S02(C1_
4al kyl); fisQ 1&%@? Zﬁ%%%%#gﬁgﬁ%fg&wg%@éﬁo%%ﬁ ‘according to
claim1,s5or a phampseslthieall),y«(QEcRIOAnidasdyly, ~(CHYF G frylpr odr ug, or
enantiomer thereof, wherein Z is CR4b. 10 12. A conpound according to claim
3, having the fofGRDRO(merolyl). SReNHPhenyl)s 'CF(FS)NME&FS)W(@FW’ or a
phar maceuti cal | yrac Sa / : dr — h@aner thereof,
wherein J is sel ggf%ﬁﬁ—#(? gén%%’ghgd(%@ @féﬁ)%ﬁd ) l\f%&% @%@ﬁh ’
(CH,)C(=0O)piperazinyl, -CO,(alkyl), -CO,(phenyl), -CO,(benzyl),
NHCO»(alkyl), —(CH,),C(=O)NH(phenyl), —(CH)C(=O)NH(piperidyl), —

10 (CH,){C(=O)NH(thienyl), —(CH,),C(=O)NH(thiazolyl), —
(CH,)C(=O)NH(cyclopentyl), -(CH,)C(=O)NH(cyclopentenyl), —
(CH,)C(=0)NH(benzyl), —(CH,)C(=0)NH(pyrrolidinyl), —
(CH,){C(=0O)NH(piperazinyl), —(CH;)C(=O)NH,, —-(CH;){C(=O)NH(alkyl), —
(CH,)C(=0)N(alkyl),, -(CH,)C(=0)N(C}.4alkyl)(phenyl), —

15 (CH)(C(=O)N(C, salkyl)(thienyl), —(CH,){C(=O0)N(C,.4alkyl) (thiazolyl), —
(CH)(C(=O)N(C,qalkyl)(benzyl), -(CH»)C(=0O)N(C;.4alkyl)CO,(alkyl),

wherein each Rg is optionally substituted with one to two R;s;

Ri3 is selected from -(CHy)qhalogen, -(CHy)qnitro, -(CHz)qcyano, -(CHz)ghaloalkyl, -
(CHz)4haloalkoxy, -(CH3)qSR24, C3.5cycloalkyl, -SO2R24, -OR 24, -
20 (CH2)qCO3R 24, -(CH2)gNR24R3s5, -(CH2){NHCO2R 24, -C(=O)NH-SO2R 4, -
C(=0)(CH2)qNR24R 25, -O(CH2)INR24R 35, -C(=0)R24, ~(CH2)qR24 and -C;.
salkyl or -Cs.4alkenyl optionally substituted with CO2R24;

Ry is selected from hydrogen, alkyl, phenyl, benzyl, Cs.scycloalkyl, five or six
membered heteroaryl, and four to seven membered heterocyclo, in turn
25 optionally substituted with one to two C,_salkyl, halogen, hydroxy,
trifluoromethyl, trifluoromethoxy, -CO,H, CO,C;.salkyl, C,_salkoxy, -S(C;.
salkyl), amino, and/or aminoC;_4alkyl, provided that when R4 is attached to a

sulfonyl group as in -SO;R»4, then Ry4 is not hydrogen;
R,s is selected from hydrogen and alkyl; and
30 nis0,1,o0r2;

pislor?2;
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N NH
\

/" ~N
N ~V

/ 1

-180 WD 03/029245 PCT/US02/31283 CH3 CO2HO O s O ~N O ~N-CH3

Y Me

10

qis0,1,2,3,or4;
ris1,2,3,or4,;
sis0,1,2,3,0r4; and

tis1,2,3,or4.

10. A compound according to claim 1, or a pharmaceutically-acceptable salt,

hydrate, prodrug, or enantiomer thereof, wherein J is selected from:

@/(Rls)f
— = i Q_‘A/2
g_(_%NIIAI Q\/\Z/Cngng AI_Q\AE\\\//‘(RIS)f /’A/l
N 2 N
e v »
(Ryg) (Rig)s
74 /
ITI/J K | \/)/(RIS)f HN//\\
/AI/Q\ 2 ]/Q\Az/\ N \’J: Rip)k
N A2
LS v N ArQ
YN
(Ryg)
(fg/‘ (Ryg)¢ {,NI\{ 0~ 7 18f
o o T Rig [ I]I
/A l/(2\A2 AT \Az /Q\A/z\/
N
e N ’
Z\J\_)‘/(Rls)f (N (S\ﬁ)\/(Rls)r
I\(R ) \\
A]/Q\A/2 A /Q\A/\——N 18 AI/Q\A/2
% s %
N
AR M S
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15

20

Il CO2H N N"CNOL--1CO2H / O C¥H ZN CO2H \ | O-COH N

[ /11 O-s /1 O\ /I MNJrv/-,C02H <-N<-NNrM C2M CO2H /
Do3nkEo2e M Me N --N~ Me~Me NNEN >AIT Me Me WeTMES02/81283 Me N

029245 PCT/ US02/ 31283 HOZC OH HO-0- C HO2C H&ZC O/ \ OO/ \
F H20 COZMe NH 2 \--/<

A7 A, N Al A Q4
N N
BV , { o , S :
; 53(&8» S y ®ion ﬁb((mg)f
/A,/ A, /A]/ ™A, A /Q\Az
N N
W e N W
= N
0
I = Rag)s \ N
N ) (O\Q .
Al/Q\A/;) Ar ¥ (R Ar DA Ry

s
N N,
'54_— PNYS ‘é_l\gw and W, S
) n
A, is abond, C.alkylene, or C,.3alkenylene;
Qs abond, -C(=0)-, -C(=0)NR7-, -SO,-, -CO;-, or — NR7CO»-;

A is a bond, C,salkylene, C, salkenylene, -C)_salkylene-NR7-, -C;_salkylene-
NR7C(=0)-, -C4alkylene-S-, -C;_salkylene-SO;-, or -C.salkylene-O-,
wherein said A, alkylene groups are branched or straight chain and optionally
substituted with a group selected from -CO,H, -CO,(C,_salkyl), -S(C,.salkyl),
NH,, -NH(C,_4alkyl), or -N(C_4alkyl),;

R71s hydrogen or alkyl;

Rig and Ry are selected from hydrogen, (C,.6) alkyl, (Cy) alkenyl, CO,H, CO,(C,.
salkyl), C(=0)H, C(=0)(C,.salkyl), halogen, cyano, hydroxy, (C,4)alkoxy,
(Ci.e)haloalkyl, (C,.4)haloalkoxy, NH,, NH(C).4alkyl), N(C,_salkyl),, N(C,.
salkyl)s*, -C(=0)(CH,)NH;, -NHCOx(C, 4alkyl), -C(=0)NHSO4(C.4alkyl),
SO2(Cy.salkyl), phenyl, Csscycloalkyl, five to six membered heteroaryl, and
four to seven membered heterocyclo, wherein each group Rig and Ry in turn

is optionally substituted with one to two of (C,4) alkyl, (C,.4) alkenyl, CO,H,
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p NHOONO\ No-COZH N 11 fir' ~ "CNNHNH2 2/ / NH2 N <-N N NN\N
CH3 XH2 Ol \ NCH3 \ ~~-NCHN N3 Br / NN/ O~ I N\ NN NNS5\ NN

HO2C O OWO03M292d5-N HO2C N O O N N~ ON-N O N N N NORCY/USo2/B¥283 182 WO
03/ 029245 PCT/ US02/ 31283 N - Et2C CO2Et N

CO,(C4alkyl), C(=0)H, C(=0)(C,.qalkyl), halogen, cyano, hydroxy, (C;.
s)alkoxy, trifluoromethyl, trifluoromethoxy, NH,, NH(C.salkyl), N(C;.
aalkyl)z, N(C)_salkyl);", -C(=0)(CH;)NH,, -NHCO,(C|.4alkyl), and/or SO,(C;.
salkyl);

fi1s0,1,2or 3; and

gis-1,0,1,o0r2.
11. A compound according to claim 1, or a pharmaceutically-acceptable salt,
hydrate, prodrug, or enantiomer thereof, wherein Z is CRuyp.

10
12. A compound according to claim 3, having the formula,

or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof,

wherein J is selected from one of:
15

W T % L R

’ L ]

g o
/—'COZH /"COZEt N N
S ».11/— S
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O NN NvoosNg4s -183 WO 03/ 029245 PCT/ US02/ 31283 NHz Ma2/uS0Zbi283 ) - CO2H
O) r~r-rj CH3 H3C COZH HA NN-CH3 O O3 NCH3 O OHzN C02H 0 _CO2H O
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H S _
O D e
N ’ N
£a0 EE LA £\ 0
R
be ¥
FN % {\N/ﬂo COH
AWy
_N
N—=N N= \N
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0
lj\/ ) OH | A\ @ | D
[ [ ;
;Y Ny TNy YN

-180-



H2C H2C H2C OO N NCOZH N N-N-N CORZ2CH3 NH2 O'NH2 O5 0-1 CH3 OzH
S~ C0O2H O~ O O~ O--j 184 WO 03/029245 PCT/ US02/ 31283 CO2H CO2H / \ HO2C
O ON OCuDH302940~~}--N N N -16 -116 adv CO2H HO2C O OPOIAISOLRHSN - Naw
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{ AN { N
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0 -NOandZ -aM 5 13. A conpound according to claim1, having the formul a,

(R18)f A 1 s~
phar maceuwioaalobgz4mccept abl e sal t,

0-Nd NO- % (Rib)n R2
hydr at e,

Rla 10 or a
pr odrug,

or enaatriwowsi12zeher eof |

in which: R ais hal ogen

cyano, nitro,

trifluoronethyl,

het er oaryl ;
- C02al kyl ,

Ri b is hal ogen

or -C(=0) al kyl;

Cl. 4al kyl, cyano,
15 R2 is hydrogen

nitro,
Cl_6al kyl,

- CO2H,

OCF3, aryl o
-Q(=OH,

or Cl. 6al kyl

r

substituted with CO2H or COZ(O 4a|ky|)

al kyl ,
hydroxy,
NH( C1_4al kyl ),
4al kyl), -C(=
triazolyl, lyl,
VD 03/ 029245 PCT/U802/3128
the formula, (R18)f

CORH, C02(&1. 4al kyI)
(Cl_4) al koxy

N 4/Ikyl)
ol 4a|

=y
i ow

10

o

R18 is sel ected from (Cl. 4)
=0) (C1_4al kyl), hal ogen, %yano,

e ot
<4) al oal kyl , gEEC?E?QJoaIkoxy, NH2,
2, N 4a|ky|) F =0

CH2) NH2, - (Cl_ 20
kyI 2(CL Aal%y!), thieMy terTasol yl,
azonF

isO, 1, 2 o3: and @ nisOorl. -190
14 A conpound accordlng to claim1, having

O
w2

a \ ON

.
o o

I\;lf,;{'Me

Me

CO,Et

CO,Et
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t NON'" (Rb)n ,R2 Rla 5 or a pharmaceutically-acceptable salt,
hydrate, prodrug, or enantioner thereof, in which: R ais halogen, cyano,
nitro, trwbloaoeomet hyl, OCF3, aryl or heteroaryl; R b is matramsen31283
G _4al kyl, cyano, nitro, -CQ2H, -C(=OH -0C02alkyl, or -C(=Qalkyl; R2is
hydr ogen, C _6al kyl é?%:l 6a| Kyl substituted w CO2H or C02(C1_dal kyl);
10 R18 is sel ected %y" Cl_4) gl kylco,pC2H, Q0 ( —41%kyl ), C(=O KT

C(=0) (C1- 4al kyl ), ogen cyal}eN hydr oxy, ( al koxy, (Cﬂ’ 4 al kyl ,
(C . 4)hal oal koxx (ng kyl ), N( Cl 4 )2, N(C1 kYWY 3+,
- (=0 (CH2) ;MNHCIQ(CJ ﬁv

KNH%QZ Cl_4al k W

S02( C1. 4al kyl thienyl, tetrazol yI tr| azbly 15 pyrazol yl, and

i mdazol yl; fi sO, 1, 20r3; and nis 0or 1. 15. A conmpound havi ng the
formula, 20 -191 WD 03/029245 PCT/ US02/31283 Roc Z L R4 K~-N T1 (Rlb)n
R2 R a or a pharmaceutically-acceptable salt, hydrate, prodrug, or

enantionmer thereof, in V\/m ch: 5L and taken |ndepend , are 0 or S
Zis N or CR4b; O
Hgﬁ\ CO,H

M
N(CH,), HOG
0
}f\N
/’ CO,H
CO,tBu
O %\\p Q N
74 \ )\\/
5 N Hﬁﬁ\ % N
AL WY
CO,tBu

I e RN,

N s
et ©
N-N ~0 0]
o , Y ™ NV
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J is selected from-(CR9aR9c)z and - (CRO9aR9b)y NRI9c (CR9aR9b)z , wherein X
isl1l 2o 3, yisO 1o0r 2, and z is 0, 1 or 2, provided that y and z

t oget her woasne24fireater than 2; 10 Tl is -N or -CH; RPpCI/zzi3R8bH are

i ndependently selected from al kyl, substituted al kyl, hal ogen, cyano
nitro, ORlo, NR1IOR11l, C(=O R o, QO2RIO (( O)NRICRI I, NRLoQ(=O) RI |

NR10C(=0) OR11, SRI O (O @Hr\oa NR10S02 al kyl ) CO2R10,
S02NR10R11, cycl ocycl o, hm eroaryl {oXelgy
alternatively, I b group510|nto er Mith each ot I@ne RI b

10|nstogeth WIM R1lato for med benzorlng,ﬁgz' slectl\@edfrom
hydr ogen, aIkyI substituted aIkyI cycl oal kyl, aryl ycIo and

heteraryl; Rd4a, R4b, and Roc are sel ected from hal ogen, al kyl, cyano,

hal oal kyI, hal oal koxy, 20 aryloxy, arylthio, and nitro; ROa and R9b at
each occurrence are independently selected from hydrogen, hal ogen,

Cl _4al kyl, hydroxy, Cl_4al koxy, Cl_4hal oal kyl, Cl_4hal oal koxy, or cyano, or
R9a and R9b together formketo (=0 ; R9c is selected from hydrogen and
Al- Q A2-R16; 25 Al is a bond, Cl_2al kyl ene, or C2_3al kenyl ene; - WO

03/ 029245 PCT/ U%ZL21283 Qis a bong, -Q%CFO -, -C(=0 NR17- - $f2- 2-,
|
7"

or - NR17C02-; S ond, Cl 3a| kK ens al kenyl ene
, @| Kyl C(Cﬁ 4a |e)5re=/s

- Cl1_4al kyl er;,ng
- Cl_4al kyl ené- SRz or -Cl_4al ky en ,  wherein sal d kyl ene groups
are branched or "strai ght chain and G%glonally 5 substitute th a group
selected from-CO2H, -CO02(Cl.4alkyl), -S(Cl_4alkyl), NH2, -NH(Cl_4al kyl),
or -N(CI24al kyl)2; RIO and R11 (i) are sel ected independently of each ot her

from hydrogen, alkyl, gubstituted al kyl, Hal kyl, aryl, cbgter oaryl, and
het erocycl o; or (il 0 \s taken $og r Wth R12 to fesm a heteroaryl
or heterocycl o; 0l0 oxts$ al kyl, SL)?bs\IH tuted al kyl, ©@al kyl , aryl,
heteroaryl, or heterogyclo; N
. v A SRS
e
CO.H CO,CH
0 2 3
0
N>_NH >\‘—N{-I_/—
< N
TOM CO,H
OH OO 2
O:(I\)é@ O:/‘é O;:é
N N N
N % N <
CO,H SCH;
H,CN™N
O 3 N CH
R 7 3
o e G Vg
N =5\ ! N “CHj
NM~ e
10
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R16 is selected fromal kyl, al kenyl, aryl, heteroaryl, cycloal kyl, or

het erocycl o, wherein each R16 is optionally substituted with one to three
R18; R17 we oagelnegen or al kyl; R18 is selected from Cl_6acuso2/sizest it ut ed
Cl_6al kyl, hal ogen, cyano, nitro, OR20, 15 NR2oR21, C(=0)R20, C02R20,

C(=0) NR2oR21, C(=0) NR20S02R20a, Nmoggi—q R21, NR20C(=0) OR21, SR20,

S(O) uR2oa, NR20SO2R20a, NHCH( al kyl

COMPHA CH2) 1_4- CO2R20, S02NR20R21,

C3_7cycl oal kyl , o her,dco Jfour tg sele nber ed heté)rocycl o,._or five or six

menbered het er oprp

said C3 7°?y@| oal kyl, phenyl,
two R22; R20

R21 are selécted from

TP ven menber ed
het er ocycl o 71%/7"'1@ or five orwgtgxmer ed het eyoari gr oup £ohm bei ng
one, ahe

optionally stibst¥futed wit

hydr ogen, al kyl, al kenyl, C3 7cycl oal kyl , phenyl

benzyl, phenyl ethyl,

napt hyl, a four to seven nenbered het erocyl o, or afive to six nmenbered
heteroaryl, or when attached to the same nitrogen atommay join to 25 form

ch

optionally substitute th one to t EC
al kenyl, CO2H, C02 , C3.7cy
napt hyl, a foﬂ{‘tl&nm en menbegred he

het eroaryl ; wher

a heterocyclo or het e@ryl; wherei n

yl, phenyl, benzyl phenyl et hyl ,
rocylo or a f‘kﬁégﬂjx menber ed
each R20a inditn is optionally sub

of R20 and R21 in turn Me
is selectedfyom al kyl

uted with, 30

one to two R22; -193 WD 03/029245 PCT/ US02/31283 R22 is selected fromthe

group consisting of (§d_6)al kyl, (C2_6)al kenyl,

hydr oxy, cyano, CF3, Q(C

1. 6al kyl), OCF3, C(&DQ?F Ml =0 (C 1. 6al kyl,) , M&2H, CO2(C 1.6al kyl),
6al

NHCCR( C1_6al kyl ),

kyl ), -NH2, NNl 6al kyl), N(CL gl kyl)2,

N( CH3) 3+, S B kyl), (= C»(Q%/AMI ena) NH2, cI§ 5
4al kyl ene) NHE%I Kyka © and C(=0) ( C1Z4alyad 8ne) N(C1_4al yI O0 and u are
i ndependently 1 or 2; and nis0,1lor2.” 16. A conpound according tb claim 15,

or a pharnmaceutically-acceptable salt, hydrate,

t hereof, wherein R4a and Roc are chl OrQa

H \
N-Me N-Me
% (%
N _/OH /\( N /COH
Hﬁ/\g&, O %/\Ij}w" ()
SCH;
BUtOzC
2tBu CO,tBu
N (0] N 2
M HH/‘ . 0
NHCO,tBu
E 2 H\/\/COZH
~ N
§/\§P 0 N Y
W
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10 17. A conpound according to claim 15, or a pharnmaceutically-acceptable
salt, hydrate, prodrug, or enantioner thereof, wherein Rla is cyano or

hal ogen. WG 03829245 conpound accordi ng to claim 15, having tloa/fsoesesa, R4b
J 0 ki Rda N ~NN 11 (Rlb)n R2 Ria or a pharmaceutically-acceptable
salt, hydrate, prodrug, or enantioner thereof. pm20 19. A conpound accordi ng

to claim 18, or a phar sl Y- acceptable sal\t,ogydrate, prodrug, or
enanti onmer thereof, i ich: R2is selected hydrogen, Cl_6al kyl, and

Cl_6al kyl substi%ggﬁp wi th am no, NH(C1_ ﬁ?aky al kyl)2, C(=0 H,

C(=0) C1_4al kyl ~ CO2( Cl1. 4al kyl ), oAal k3? SBH, and/or PQ(OH) 2;

-194 WO 03/629245NPCT/U802/313§3 R4dhandgwéb are sel ect ed from hal ogen, c

i _4al kyl, cyano, halo C 1.4al kyl, and haloC 1 4al koxy; ‘J is -(CHROc) X- or

-(CH2)y-NR9c-; ROc is Al-C}AQ-RlG; 5 R16is selected from (a) hydrogen and

Cl_6al kyl or C2_6al kenyl optionally substituted wth one to two of OH,

Q( Cl_4al kyl), -CO2H, -C02(C -4al kyl), NH2, -NH(CL_ 4al kyl), and/or

N(C1_ 4a|ky|)2 or from(b) furanyl, indolyl, carbazolyl, pyrazolyl,

pyrronI thienyl, pyridyl, pyrimdinyl, benzofuranyl, isoxazolyl,

|n1dazolyl, triazolyl, tetrazolyl, phenyl, piperidyl, pyrrolidinyl,

pyridazinyl, 10 C3 7cyc|oalky| pi perazi nyl, thiazolyl, norpholinyl,

1,2,5 6-tety UXQ@QﬁLhdqxéndl PE%?I'H%Ln qugﬁ&Phazolyl, benzotriazol yl,
zooxa

benzodloxany hfeno razo t et rahydr oqui nol i nyl ,

and qui nol i nyl,
Cl \
jou @
cl NS
A

(R18)f

10

or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof, in

which:
Ry, is halogen, cyano, nitro, trifluoromethyl, OCFj, aryl or heteroaryl,

R is halogen, Cj.salkyl, cyano, nitro, -CO,H, -C(=O)H, -CO»alkyl, or -C(=O)alkyl;
15

R is hydrogen, C;ealkyl, or C;_ealkyl substituted with CO.H or CO»(C,.4alkyl);

R g is selected from (C;.4) alkyl, CO,H, CO,(C,.salkyl), C(=O)H, C(=0)(C,salkyl),
halogen, cyano, hydroxy, (C,.4)alkoxy, (C;.s)haloalkyl, (C;.s)haloalkoxy, NH»,
NH(C.4alkyl), N(C4alkyl)s, N(Cy4alkyl)s*, -C(=0)(CH,)NH,, -NHCO,(C;.

20 salkyl), -C(=O)NHSO(C,.4alkyl), SO,(C;.salkyl), thienyl, tetrazolyl, triazolyl,
pyrazolyl, and imidazolyl;

fis0,1,2or 3; and

nisOorl.
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wherein each of said cyclic RL6 groups in turn is optionally substituted
with up to three R18; R17 is hydrogen or alkyl; and 15 R18 is selected
from hydrwgea/292@._6) al kyl , (C2_6)al kenyl, CO2H, CO02( Cl_o6aichyisp2/312€¢ =0 H,
C(=0 (Cl1_6al kyl ), hal ogen, cyano, hydroxy, (Cl_4)al koxy, (Cl_ 4)hal oal kyl,
(C1_4) hal oal koxy, NH2, NH(Cl 4al kyl), N(Cl_4alkyl)2, N(CL_ 4al kyl) 3+,
-C(=0 (CH2) NH2 -NHCO2( C1_4al kyl), SQ2(C1. 4al kyl), phenyl, C3 20

7cycl oal Kyl 14 fA ¥&mb&undia¥ d}gﬂg% Qﬂlrgqtﬁ’zf ¥k foiditfda f our to seven membered
heterocyclo ereln each gr R1 |nt nis optionally substituted with
one to two of (Cl1_4) alkyl, (02_4) al kenyl, CO2H, CO2(Cl_4al kyl), C(=OH,
C(=0O (Cl1_4al kyl), hal ogen, cyano, hydroxy, (C1_4) al koxy, trifluoronethyl,
trifluoromethoxy, NH2, NH(Cl 4al kyl), N Cl _4dal KRR, N(C1_4al kyl )3+, 25

C(=0 (CH2) NH2, -NHCO2(Cl_4al kyl), C?md/ or m kyl). 20. A conmpound
according to claim19, having thejffornula, -195 03/ 029245 PCT/ US02/ 31283
(R1I8)f d Os NCLNoN"' (R ROR af 0

pharmaceutical | y-accept abl e sal dr

in which: 5 Rais cyano or ®&l ogen;N i
nitro, -C2H, -C(=OH, -0C02alkyl, o

Cl 6al kyl, or Cl_6al kyl substituted vmth
sel ect ed from (Cl4) al kyl, CORH, ©02(Cl_ lﬁ%ll

rodrug, or enantioner thereof,

h en, C _4al kyl, cyano,

Ib/n R2 is hydrogen,

r CO2(d _4dalkyl); R18 is
C( =OH, C(=0 (Cl_4al kyl),

or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof, in

which:
R, is halogen, cyano, nitro, trifluoromethyl, OCFs, aryl or heteroaryl;
Rypis halogen, C.4alkyl, cyano, nitro, -CO,H, -C(=O)H, -CO,alkyl, or -C(=0)alkyl;

R; is hydrogen, Cy.¢alkyl, or Cy.salkyl substituted with CO,H or CO,(C;.4alkyl);

Ris is selected from (C;.4) alkyl, CO,H, CO,(C,;_4alkyl), C(=O)H, C(=0)(C,salkyl),
halogen, cyano, hydroxy, (C;.s)alkoxy, (C;.s)haloalkyl, (Ci.4)haloalkoxy, NH,,
NH(C.4alkyl), N(C)_salkyl),, N(C;4alkyl);*, -C(=0)(CH)NH,, -NHCO,(C;.
salkyl), -C(=0)NHSO,(C,_qalkyl), SO»(C;.qalkyl), thienyl, tetrazolyl, triazolyl,

15 pyrazolyl, and imidazolyl;
fis0,1,2 or 3; and

nisQor 1.

15. A compound having the formula,
20
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hal ogen, cyano, hydroxy, (Cl_4)al koxy, (C1.4)hal oal kyl, (CLl.4)hal oal koxy,
NH2, 10 NH(C1.4al kyl), N(Cl_4al kyl)2, N(Cl_4al kyl)3+, -C(=0 (CH2) NH2,

- NHCO2( CIwo odmbdeys ) , - C(=0) NHSC2( C1_4al kyl ), SO2( Ct _4al kylpcr/gsezsimsenyl
tetrazolyl, triazolyl, pyrazolyl, and imdazolyl; fisO 1, 2or3;and

ni sOor 1. 15 21. A corrpound accor ﬁl ng to claim 19 havi ng the f ormul a,
(R18)f A I N C1 6NO (R 1 b)n N R2 Rla -196 WD 03/029245

PCT/ US02/ 31283 or a pharmaceuti - cept abl e salt, hydrate, prodrug, or
enanti omer thereof, in which: s n cyano, nitro,
trifluoromethyl, OCF3, aryl Beaheter I ogen, Cl1_4al kyl,
cyano, nitro, -C2H, -C(=OH, -C02a orT1- {é% kyl;  R2 is hydrogen,
Cl_6al kyl, or Ct_6al kyl substituted WlthR CO02(Cl _4dalkyl); 5 R18 is
selected from (CL_4) alkyl, CORH, C02(Cl_2al C(=OH, C(=0 (C1_4al kyl),
hal ogen, cyano, hydroxy, (Cl 4) al koxy, (C1.4)hal B kyl, (CLl.4)hal oal koxy,
NH2, NH(Cl_4al kyl), N(Cl_4al kyl)2, N(C1.4al kyl) 3+, C( =0 ( CH2) NH2,

-NHCO2( C1_  4al kyl ), -C(=0) NHSC2(Cl_4al kyl ), SO2(CL.4al kyl), thienyl,

t et B azgl yl, triagol plarmadddtiomlyad@bpthble 86 hyHiaga peddrhg, oref&dtiolne? tHedecind

ni sOor 1.

in which:
5 L and K, taken independently, are O or S;
Z is N or CR4y;
J is selected from —(CRg,Rgc)x- and —(CRgaRop)y-NRo.-(CR9aRop),-, Wherein x is 1, 2 or

3,yis0,10r2,and zis O, 1 or 2, provided that y and z together are not greater
than 2;
10 T;is -N-or-CH-;

Ri, and Ry, are independently selected from alkyl, substituted alkyl, halogen, cyano,
nitro, OR g, NRoR 1, C(=0)R 9, COzR 19, C(=O0)NRgR;, NR1(C(=O)Ry,
NR(C(=0)OR;1, SRi0, S(O)oR 102 NR106SO2R 0., NHCH(alkyl)CO2R 10,
SO,NRgR;, cycloalkyl, heterocyclo, aryl, and heteroaryl; or alternatively, two

15 Ry groups join together with each other or one Ry, joins together with Ry, to

form a fused benzo ring;

R, is selected from hydrogen, alkyl, substituted alkyl, cycloalkyl, aryl, heterocyclo,
and heteraryl;
Rya, Rap, and Ry. are selected from halogen, alkyl, cyano, haloalkyl, haloalkoxy,
20 aryloxy, arylthio, and nitro;
Roa, and Rgy, at each occurrence are independently selected from hydrogen, halogen,
C,.salkyl, hydroxy, C;.4alkoxy, Cishaloalkyl, C;_shaloalkoxy, or cyano, or Ro,
and Rgy, together form keto (=0);

Rg. is selected from hydrogen and A;-Q-Az-Rig;

25  Ajisabond, C.alkylene, or C,3alkenylene;
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22. A pharmaceutical conposition conprising at | east one conpound accordi ng
to 15 claim1 and a pharmaceutically acceptable carrier or diluent. 23. A
phar maceuwwpaalozeesrposi tion conprising at | east one conpouRdTASODSEBH] t O
claim15 and a pharmaceutically acceptable carrier or diluent. 20 24. A

met hod of '93%19%51’@9@(@05??@%@@% 23]_3%(92? ogqngk%gq} in a mammal

conpri si ng nist’ering erapeut | y ef fecti ve anount

of a conpoynd accardin o claimil. 25 _Th th of claim24 in which
LFA- 1/ | CAM _égoag‘?oé“:aeg“@gw Ry 18?1331_‘3“3'%6’5'9'@%5 g ‘a'_ccicjt“gllkéﬂ "hronic graft
vs host reacti onNR,AGLDS, O, alKyRheS-t I@NaIRYRAE-SOLEjoe ot AlkyldReld4, pl e

sclerosis, rheumatoid arthritis, psoriatic arthritis, osteoarthritis,
ost eoporosi s, di whetegssaikhsaikyleng prayps are trpohadrrastepight shaie land opidenady

irritabl g bowel r : hn' i Mhee ive i td einmer's
di sease, ys hock, %‘ﬁ%gﬁ%@g{ﬁ%}’ 9?&8)7] p\%egtgﬁ g@gg&a% ?@t%@l“gl%g‘g?:ts@bg@dﬂ] itis,
gastritis, conj uNg,j WH(GS.,alRANCITER(CSalkylL1 | pl e organ injury syndrome,
nyocardi al infarction, atherosclerosis, stroke, reperfusion injury, acute

gl omer ul oneRrlydnldirs,y (1Y aeGeletiel SndepBRIABY of Bidchrother MK RYdrdgdi] akil,er ocol i tis,
granul ocyte trans%l usi on associ ated syndrome, § ogren' s syndrone, eczenm,
atopi ¢ der mat i t i subsgtugasirallad cygbaatkant i aryls heteroprd sandaieteseqycker eaeD Rap 1s

psoriasis, ast hn&kexﬁt&'&%@%ﬁv?’tgfﬂlg{o%hﬁ’a he@r&a?grl%r%efeg%@{cw' s, oxygen toxicity,

enphysema, chronic cute respiratory réss syndrone,

chronic_obstructiv | monar i seas cop hepatitis B, . hepatitis C,
organ-ti%su ‘%&%“m@nt&i&?é’ﬁgﬂ’,Cyﬁﬁlﬂﬁﬁymg)“%t?ﬂ??%ﬁ&rﬁ’le%focé’\(}l@?ti s, systemc
| upus eryt hpiat a8édied ASHIaBG, Skéhy Q8 Chet@Bhgl, BYHIBEIKPR by Bétafdidlar di sease,
10 and Gaveﬁlgg di sease. ZangA rretyhggﬁof trel(fz’%imggl anpi nflam*ra%&ory or imune
di sease i n a nmanmwakreanéachR,¢ i @pponaiyrsgbsadmed wsthemeng three Rke manmmal i n need
of such treatnent a therapeutically- effective anount of a pharnmaceuti cal
conposi t i onRaebydtpgen arqlkylai m 22. 15 27. The nethod of claim 26 in which
the inflammatory or i mune disease is selected fromacute or chronic
transpl ant Regjiecélecdd fromalygatkgl, dubdtitited Ci salkyishaegnt byand] sitro, ORapet es,

ast hma, inflammatory bowel disease, and chronic_obstructive pul nonary

15 NR29Rz1, C(=0)R29, COzR20, C(=0)NR20R21, C(=0)NR20SO2R 04,
NR70C(=0)R21, NR2oC(=0)OR21, SR209, S(O)uR204, NR20SO2R 204,
NHCH(alkyl)CO;R29, NH-(CH3);.4-CO3R29, SO,NR20R2;, Cs.7cycloalkyl,
phenyl, four to seven membered heterocyclo, or five or six membered
heteroaryl, said Cs.;cycloalkyl, phenyl, four to seven membered heterocyclo,

20 or five or six membered heteroaryl groups in turn being optionally substituted
with one to two Ryy;

Ry and Ry are selected from hydrogen, alkyl, alkenyl, Cs_scycloalkyl, phenyl, benzyl,
phenylethyl, napthyl, a four to seven membered heterocylo, or a five to six
membered heteroaryl, or when attached to the same nitrogen atom may join to

25 form a heterocyclo or heteroaryl; wherein each of Ry and Ry in turn is
optionally substituted with one to two Ry

Ry0a is selected from alkyl, alkenyl, CO,H, CO,(alkyl), Csscycloalkyl, phenyl, benzyl,
phenylethyl, napthyl, a four to seven membered heterocylo, or a five to six

membered heteroaryl; wherein each Ry, in turn is optionally substituted with

30 one to two Rps;
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di sease. 20 28. An internedi ate useful for preparing a conpound having
therapeutic activity, the internediate having the formula: Rai Rra Z L\
(Rib)n RAeosiokb24N, R2 wherein: 25 Land K are O or S; - P28/0AR/BRRO29245
PCT/ US02/ 31283 Z is N or CR4b; Rla is selected from hal ogen and cyano; R b

NRLoRLT Ry MG somThP B B Rt (b 2 By kAN Bl
SR10, 5 S(O)omeaa ORMITOIRE,, WAl ZBEA) @@ﬁk\lm@ﬁﬂlléalwpl oal kyl

het er ocycl o, aryl, and het er oar is selected fromCl 6al kyl and

hcg =0 (G ﬁa: kyINHCI?hflﬁﬂwl)arﬁi\éR@%kﬁd} eNHaddHéraahiyly Née- cgé,l%)a frgm .
o Cyano. - SRCR RORr Rl EED R e NN OISy R,

-C(=0) NRL4R15, ajaylena@tH(adiayly, land CiyO)(CaldiylenedN(C hatkghaaryl ; R10 and R |
(i) are selected independently of each other from hydrogen, alkyl,
substitut edoahd(yhrelﬁ&éiieﬁ@édﬁbﬂl,o@)éhd het eroaryl, and heterocyclo; or (ii)
R10 is taken together with Rl1 to forma heteroaryl or heterocyclo; 15
Rioa is al kX 3%921' tuted al kyl, cycloal kyl, aryl, heteroaryl, or

het er ocycl o; Tan 4 and R15 (i) are sel ect ed independently of each ot her
from hydrogen al kyl, substituted al kyl, cycloal kyl, aryl, heteroaryl, and
heterocyclo egll) or R4 is taken together with R15 to forma

het er oar vyl @pg@ygmq)aqcpﬁbng to claim 15, or a pharmaceutically-acceptable salt,

hydrate, prodrug, or enantiomer thereof, wherein R4, and R4 are chloro.
10

17. A compound according to claim 15, or a pharmaceutically-acceptable salt,

hydrate, prodrug, or enantiomer thereof, wherein Rj, is cyano or halogen.

15  18. A compound according to claim 15, having the formula,

or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof.

20  19. A compound according to claim 18, or a pharmaceutically-acceptable salt,
hydrate, prodrug, or enantiomer thereof, in which:
R; is selected from hydrogen, C;.galkyl, and C;.¢alkyl substituted with amino, NH(C,.
salkyl), N(alkyl),, C(=O)H, C(=0)C,_4alkyl, CO,H, CO»(C.salkyl), SO.C;.
salkyl, SO3H, and/or PO(OH),;
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nis O, 1or 2, and 20 ois | or 2. 29. The internmedi ate according to
claim 28, selected fromone of: -199 WD 03/029245 PCT/ US02/ 31283 CN Br C
OC O GvNoao2bs N Cl O Cl OCNBr G O0OCI 0O Ne NO RerhNsoz3E30 0 Cl
a/ 0 -200

R4, and Ry are selected from halogen, C,_4alkyl, cyano, halo Cy.4alkyl, and haloC;.
salkoxy;

J is =(CHRg)x- or —(CHz)y-NRoc-;

Roc 18 A1-Q-Ax-Rie;

5  Rygis selected from (a) hydrogen and C,_galkyl or Cs.¢alkenyl optionally substituted
with one to two of OH, O(C,_alkyl), -CO,H, -CO,(C,4alkyl), NH,, -NH(C,.
salkyl), and/or N(C|_4alkyl),, or from (b) furanyl, indolyl, carbazolyl,
pyrazolyl, pyrrolyl, thienyl, pyridyl, pyrimidinyl, benzofuranyl, isoxazolyl,
imidazolyl, triazolyl, tetrazolyl, phenyl, piperidyl, pyrrolidinyl, pyridazinyl,

10 Cs.scycloalkyl, piperazinyl, thiazolyl, morpholinyl, 1,2,5,6-tetrahydropyridyl,
quinoxalinyl, benzothiazolyl, benzotriazolyl, benzodioxanyl,
benzooxadiazolyl, thienopyrazolyl, tetrahydroquinolinyl, and quinolinyl,
wherein each of said cyclic Ry¢ groups in turn is optionally substituted with up
to three Rs;

R;71s hydrogen or alkyl; and

. Rys is selected from hydrogen, (C,.¢)alkyl, (Cs.¢)alkenyl, CO,H, CO,(Cj.salkyl),
C(=0)H, C(=0)(Cj.salkyl), halogen, cyano, hydroxy, (C;.4)alkoxy, (C.
s)haloalkyl, (C,.4)haloalkoxy, NH,, NH(C,.4alkyl), N(C,.salkyl),, N(C;.
aalkyl)s*, -C(=0O)(CH,)NH,, -NHCO»(C|_salkyl), SO,(C,.4alkyl), phenyl, Cs.

20 scycloalkyl, five to six membered heteroaryl, and four to seven membered
heterocyclo, wherein each group Ryg in turn is optionally substituted with one
to two of (C,.4) alkyl, (C;.4) alkenyl, CO,H, CO,(C,_salkyl), C(=O)H,
C(=0)(C,.4alkyl), halogen, cyano, hydroxy, (C,.4)alkoxy, trifluoromethyl,
trifluoromethoxy, NH,, NH(C,_salkyl), N(C,.4alkyl),, N(C1_4alkyl)3+, -

25 C(=0)(CH2)NH,;, -NHCO,(C, 4alkyl), and/or SO»(C,.4alkyl).

20. A compound according to claim 19, having the formula,
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or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof, in

which:

R}, is cyano or halogen;
Ry is halogen, Cy.4alkyl, cyano, nitro, -CO,H, -C(=0)H, -COaalkyl, or -C(=O)alkyl;

R; is hydrogen, Cy.¢alkyl, or C;.salkyl substituted with CO,H or CO»(C.salkyl);

Rz is selected from (Ci.4) alkyl, CO,H, CO4(C;.4alkyl), C(=0)H, C(=0)(C,4alkyl),
halogen, cyano, hydroxy, (C;.4)alkoxy, (C;.s)haloalkyl, (C;_4)haloalkoxy, NH,,
NH(C.4alkyl), N(Cj_salkyl),, N(Cjalkyl);*, -C(=0)(CH2)NH,, -NHCO»(C;.
salkyl), -C(=0)NHSO,(C,_qalkyl), SO(C,.salkyl), ), thienyl, tetrazolyl,
triazolyl, pyrazolyl, and imidazolyl;

fis0, 1,2 or 3; and

nisOorl.

21. A compound according to claim 19, having the formula,

(Ryg)s
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or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof, in

which:
R, is halogen, cyano, nitro, trifluoromethyl, OCF;, aryl or heteroaryl;
Ry is halogen, C,.4alkyl, cyano, nitro, -CO,H, -C(=O)H, -COsalkyl, or -C(=0)alkyl;

R; is hydrogen, Cy.salkyl, or C;.galkyl substituted with CO>H or CO,(Ci.4alkyl);

R is selected from (C;.4) alkyl, COH, CO,(Cj.4alkyl), C(=O)H, C(=0)(C,.4alkyl),
halogen, cyano, hydroxy, (C;.4)alkoxy, (C;.4)haloalkyl, (Ci_4)haloalkoxy, NH,,
NH(C,4alkyl), N(C,_salkyl),, N(Cy.4alkyl)s*, -C(=0)(CH2)NH,, -NHCO,(C;.
salkyl), -C(=0)NHSO,(C;.4alkyl), SO,(C,.qalkyl), thienyl, tetrazolyl, triazolyl,
pyrazolyl, and imidazolyl;

fis 0, 1,2 or 3; and

nisOorl.

22. A pharmaceutical composition comprising at least one compound according to

claim 1 and a pharmaceutically acceptable carrier or diluent.

23. A pharmaceutical composition comprising at least one compound according to

claim 15 and a pharmaceutically acceptable carrier or diluent.

24, A method of inhibiting an LFA-1/ICAM-associated condition in a mammal
comprising administering to the mammal a therapeutically-effective amount of a

compound according to claim 1.

25. The method of claim 24 in which LFA-1/ICAM-associated condition is
selected from acute or chronic graft vs host reactions, acute or chronic transplant
rejection, multiple sclerosis, rheumatoid arthritis, psoriatic arthritis, osteoarthritis,
osteoporosis, diabetes, cystic fibrosis, inflammatory bowel disease, irritable bowel

syndrome, Crohn's disease, ulcerative colitis, Alzheimer’s disease, shock, ankylosing

-197-



10

15

20

25

WO 03/029245 PCT/US02/31283

spondylitis, gastritis, conjunctivitis, pancreatis, multiple organ injury syndrome,
myocardial infarction, atherosclerosis, stroke, reperfusion injury, acute
glomerulonephritis, vasculitis, thermal injury, necrotizing enterocolitis, granulocyte
transfusion associated syndrome, Sjogren’s syndrome, eczema, atopic dermatitis,
contact dermatitis, urticaria, schleroderma, psoriasis, asthma, pulmonary fibrosis,
allergic rhinitis, oxygen toxicity, emphysema, chronic bronchitis, acute respiratory
distress syndrome, chronic obstructive pulmonary disease (COPD), hepatitis B,
hepatitis C, organ-tissue autoimmune disease, autoimmune thyroiditis, uveitis,
systemic lupus erythematosis, Addison’s disease, autoimmune polyglandular disease,

and Grave’s disease.

26. A method of treating an inflammatory or immune disease in a mammal animal
comprising administering to the mammal in need of such treatment a therapeutically-

effective amount of a pharmaceutical composition according to claim 22.

27.  The method of claim 26 in which the inflammatory or immune disease is
selected from acute or chronic transplant rejection, rheumatoid arthritis, osteoarthritis,
diabetes, asthma, inflammatory bowel disease, and chronic obstructive pulmonary

disease.

28.  An intermediate useful for preparing a compound having therapeutic activity,

the intermediate having the formula:

Ruc Ri,
27N L R,
R, N
K)\N\
R,
wherein:
Land Kare OorS;
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Z is N or CRyp;
R, is selected from halogen and cyano;

Ry is selected from alkyl, substituted alkyl, halogen, cyano, nitro, OR 9, NRjoR 1,
C(=0O)R10, COzR 9, C(=O)NR R 1, NR;gC(=O)R 1, NR;(C(=0)OR 1, SRy,
5 S(O)oR 102, NR0SO;R 19,, NHCH(alkyl)CO2R 19, SO.NRgR 1, cycloalkyl,

heterocyclo, aryl, and heteroaryl;
R is selected from C,.salkyl and -C(=0)(C;.salkyl);

Rua, R4y and Ry are independently selected from hydrogen, halogen, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, nitro, cyano, SR4, OR 14, NR14R s,
10 NR14C(=0)R 5, COzR 4, C(=0)R14, -C(=O)NR 4R 5, aryl, heteroaryl,
cycloalkyl, and heteroaryl;

Ry and Ry, (i) are selected independently of each other from hydrogen, alkyl,
substituted alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclo; or (ii) Ry is

taken together with R;; to form a heteroaryl or heterocyclo;
15 Rjoais alkyl, substituted alkyl, cycloalkyl, aryl, heteroaryl, or heterocyclo; and

R4 and R;s (i) are selected independently of each other from hydrogen, alkyl,
substituted alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclo; or (ii) or Ry4 is

taken together with R;s to form a heteroaryl or heterocyclo ring;
nis 0, 1 or2; and

20 oislor?2.

29.  The intermediate according to claim 28, selected from one of:
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